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FUNCTIONAL INDEX I-
Part Number Description 

High Speed Microprogrammable Registered ALUs 

AI'n2901B 4-Bit Slice, 16 Registers 

Am2901C Higher Speed 4-bit Slice, 16 Registers 

Am2903 Expanded Function 4-Bit Slice, 16 Registers 

Am2903A Higher Speed Version of Am2903 

Am29203 Enhancement of Am2903A, Including BCD Arithmetic 

Am29116 16-Bit Microprocessor Optimized for High Speed Control 

Am29501 Multiport, Pipelined Processor, 8-Bit Slice 

ALU Auxiliary Circuits 

Am2902A Carry Lookahead 

Am2904 Status and Shift Control Unit for 2901, 2903, 29203 

Register File Extensions for ALUs 

Am29705 16-Word by 4-Bit Two-Port Register F'ile, for 2903 

Am29705A Higher Speed Version of 29705, for 2903A 

Am29707 16-Word by 4-Bit Two-Port Register File, for 29203 

Multipliers 

Am29510 16x 16 Parallel Multiplier, with Accumulator 

Am29L510 16 x 16 Parallel Multiplier, with Accumulator 

Am29510A Higher Speed Version of Am29510 

Am29516 16 x 16 Parallel Multiplier 

Am29516A Fastest Version of Am29516 

Am29L516 Low-Power Version .of Am29518, < 100ns 

Am29517 16 x 16 Parallel Multiplier with Clock Enables 

Am29517A Fastest Version of Am29517 

Am29L517 Low-Powe( Version of Am29517, < lOOns 

Am25LS14A 8-Bit Serial/Parallel Multiplier 

Am25S557 8 x 8 Parallel Multiplier, with Latchable Outputs 

Am25S558 8 x 8 Parallel Multiplier 

Microprogram Sequencers 

Am2909A 4-Bit Sequencer Slice 

Am2~10 12-Bit Single-Chip Sequencer for up to 4K Microwords 

Am2910A Fastest (IMOX) Version of Am2910, Plus Deeper Stack 

Am2911A 4-Bit Sequencer Slice, Compact Version of Am2909A 

Am2930 4-Bit Program Control Slice 

Am2932 4-Bit Program Control Slice, Compact Version of 2930 

Am29112 .Interruptible Sequencer, 31-Deep Stack, 8-Bit Slice 

Am29803A i6-Way Branch 'Control Unit, for 2909A and 2911A 

Am29811A Next Address Control Unit, for 2909A and 2911A 

Mieroprogrammable Controller 

Am29PL141 Fuse Programmable Controller 

Clocks 

Am2925 Single-Chip Clock, Microprogrammable Cycle Lengths 
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Part Number Description 

Interrupt Control 

Am2914 Vectored Priority Interrupt Controller, Expandable 

Am2913 Priority I nterrupt Expander 

Direct Memory Access 

Am2940 8-Bit DMA Slice, Microprogrammable 

Am2942 8-Bit DMA Slice, Compact Version of Am2940 

1/0 Ports 

Am2950 B-Bit Bidirectional I/O Port with Handshake 

Am2950A High Speed (IMOX) Version of Am2950 

Am2951 8-Bit Bidirectional I/O Port with Handshake, Inverting 

Am2951A High Speed (IMOX) Version of Am2951 

Am2952 8-Bit Bidirectional I/O Port, 24-Pin Slim Package 

Am2952A High Speed (IMOX) Version of Am2952 

Am2953 8-Bit Bidirectional 1/0 Port, 24-Pin Slim, Inverting 

Am2953A Hi\jh Speed (IMOX) Version of Am2953 

Am29118 8~Bit Bidirectional I/O Port, for 29116 . 

Dynamic Memory Support Circuits 

Am2960 Error. D.etectidn and Correction Unit, 16 Bits, Expandable 

Am2960A Fastest (IMOX) Version of Am2960 

Am2961 Multiple Bus Buffer for Am29E?O, Inverting 

Am2961A Error Detection and Correction Unit, 16 

At112962 Multiple Bus Buffer for Am2960, Noninvei1ing 

Am2962A Bits, Cascadable 

Am2964B Dynamic Memory Controller, 64K DRAMs, up to 256K Words 

Am2964C Dynamic Memory Controller;· 64K DRAMS up to 256K Words 

Am2965 Octal Dynamic Memory. Drivers, Three-State, Inverting 

Ani2966 Octal Dynamic Memory Drivers, Three-State, Noninverting 

Am2968 Dynamic Memory Controller, 256K DRAMs" up to 1 Megaword 

Am2969 Memory System Timing Controller 

Am2970 Memory System Timing Controller 

Am8163 Timing, Re!fresh,. and EDC Controller for MOS MPUs 

Am8167 Timing, Refresh, and EDC Controller for MOS MPUs 

Array Processing and Digital Signal Processing 

Am29501 Multiport, Pipelined Processor, 8-Bit Slice 

Am29520 Multilevel Pipeline Registers, 8-Bit 

Am29521 Multilevel Pipeline Registers, 8-Bit 

Am29526 Sine Generator-MSB 

Am29527 Sine Generator.LSB 

Am29528 Cosine Generator-MSB 

Am29529 Cosine Generator-LSB 

Am29540 FFT Address Sequencer 
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Part Number Description 

[-Diagnostics 

Am2960 Error Detection and Correction Unit,16 Bits, Expandable 

Am2960A Fastest (IMOX) Version 01 Am2960 

Am29818 Diagnostics Register, 8 Bits 

Pipeline Registers 

Am29818 Diagnostics Register, 8 Bits 

Am29520 Multilevel Pipeline Register, 8 Bits 

Am29521 Multilevel Pipeline Register, 8 Bits 

MSI Logic 

Am2921 One-ai-Eight Decoder, Three-State, Polarity Control 

Am2922 8-lnput Multiplexer with Control Register 

Am2923 8-lnput Multiplexer 

Am2924 Three-to-Eight Decoder/Demultiplexer 

Am29806 6-Bit Comparator 

Am29809 9-Bit Comparator 

Am25S05 Four-Bit by Two-bit Two's Complement MUltiplier 

Am25S07 Hex/Quad Parallel 0 Registers with Register Enable 

Am25S08 Hex/Quad Parallel 0 Registers with Register Enable 

Am25S09 Quad Two-Input, High-Speed Register 

Am25S10 4-Bit Shifter, Three-State Outputs 

Am25S18 Quad 0 Register with Standard and Three-State Outputs 

Am25LS07 Hex/Quad Parallel 0 Registers with Register Enable 

Am25LS08 Hex/Quad Parallel 0 Registers with Register Enable 

Am25LS09 Quad Two-Input, High-Speed Register 

Am25LS14A 8-Bit Serial/ Parallel Multiplier 

Am25LS15 4-Bit Serial/Parallel Adder /Subtractor 

Am25LS22 8-Bit Serial/Parallel Register, Sign-Extend 

Am25LS23 8-Bit Shift Register, Synchronous Clear 

Am25LS2513 Eight-to-Three Line Priority Encoder, Three-State 

Am25LS2517 4-Bit ALU/Function Generator 

AM25LS2518 Quad 0 Register with Standard and Three-State Outputs 

Am25LS2519 Quad Register with Two Independently Controlled Three-State Outputs 

Am25LS2520 Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 

Am25LS2521 8-Bit Comparator 

Am25LS2521A Fastest (IMOX) VerSion 01 25LS2521 

Am25LS2535 8-lnput Multiplexer with Control Register 

Am25LS2536 8-Bit Decoder with Control Storage 

Am25LS2537 One-ai-Ten Decoder, Three-State 

Am25LS2538 One-at-Eight Decoder with Three-State Outputs and Polarity Control 

Arri25LS2539 Duai 1-01-4 Decoder, Three-State 

Am25LS2548 Chip Select Address Decoder 

Am25LS2568 BCD Decode Up/Down Counter, Three-State 

Am25LS2569 4-Bit Up/Down Counter, Three-State" 
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Part Number Description 

Data Communications and Networking 

Am26LS27 Dual Party-Line Transceivers, Serial 

Am26LS28 Dual Party-Line Transceivers, Parallel 

Am26LS29 Quad Driver RS423, Three-State 

Am26LS30 Quad Driver RS422/423 

Am26LS31 Quad Driver RS422, High-Speed 

Am26LS32 Quad Differential Line Receivers 

Am26LS32B Quad Differential Line Receiver RS422/423 

Am26LS33 Quad Differential Line RE!ceiver, High Common Mode 

Am26LS38 Quad Differential Backplane Transceiver 

Am7960 Coded Data Transceiver 

Am7990 Local Area Network Controller for Ethernet 

Am7991 Serial Interface Adapter 

Description 4 J;lits 8 Bits 9 Bits 10 Bits 

Bus Drivers 2912 2958 29827 
2959 29828 
2965 
2966 

Bus Transceivers (Bidirectional) 2926 2946 29833 29861 
2929 2947 29834 29862 
26S10 2948 29863 
26S11 2949 29864 
26S12A 29853 

29854 

Registered Bus Drivers and Latched Receivers 2905 
2906 
2907 
2908 
2915A 
2916A 
2917A 
2927 
2928 

Latcl1es 2956 29843, 29841 
2957 29844 29842 
29845 
29846 

Registers 2918 2920 29823 29821 
29LS18 2954 29824 29822 
2919 2955 

29825 
29826 
8120 

Multilevel Pipeline Register 29520 
29521 

Diagnostics Register 29618 

Bidirectional, Double-Registered Bus Transceivers 2950/A 
2951/A 
2952/A 
2953/A 
29118 
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Bipolar Technologies 

Advanced Micro. Devices emphasizes Research and Devel
opment expenditures for developing the most advanced. 
technologies for Bipolar processing, circuit design, and 
Very large Scale Integra\ion (VlSI). 

Today, Advanced Micro Devices' bipolar products combine 
ECl-iriiernal circuitry, the super high performance IMOX™ 
process, and VlSI integration to offer the system designer 
the most compact high performance integrated circuits. 
This, plus AMD's systems solution approach to design 
problems, makes the Am2900 Family the best choice for 
fastest applications. 

IMOX 

First introduced in 1980, IMOX is the name of Advanced 
Micro Devices' proprietary bipolar process. IMOX is an 
Elcronym which means: 1) 10r]-lMpiantation of dopants for 
tighter parameter control and lower power consumption; 
and, 2) OXide-isolation of transistor structures which results 
in faster transistor switching and tighter packing. Older, lS
type processes used diffused isolation for isolating transis
tor structures; this had the disadvantage of a large die area 
and high parasitic capacitance. 

AMD is also applying IMOX to bring out higher-speed 
versions of earlier Am2900 devices. Figure 1 shows the 
evolution of the Am2901 Four-bit Microprocessor Slice. 
First introduced ill 1975, the Am2901 has been repeatedly 
redesigned and is now available in the IMOX Am2901C 
verSion, which is less than half the size and more tha.n twice 
the speed of the original Am2901 -and costs less. The 
current generation IMOX process has an 8 micron pitch 
(pitch equals the total of the "Width of metal lines plus the 
spacings between metal lines). In 1983, AMD brought into 

full scale production a completely new Fabrication Facility 
in San Antonio, Texas which will feature the state-of-the-art 
in process and masking equipnient, and allow products 
which. feature the IMOX process but with a pitch of only 4 
microns, by late 1983. This version of IMOX is termed 
IMOX-S2. The 50% reduction' in metal pitch will dramatical
ly increase the level of integration of new products and also 
provides > 30% increase in device speed. 

ECl·INTERNAl CIRCUITRY 

All Am2900 devices today are TIL-compatible on inputs 
and outputs and use standard + 5V and ground for supply 
voltages. TIL is a good interface standard for systems 
design today, but TIL gates are slow, and ECl gates are 
much faster. To offer TIL-compatibility but near-ECl 
speeds to our customers, AMD has adopted a cirCUit design 
approach which features all Eel-circuitry for the internal 
circuitry of all lSI and VlSI devices (see Figure 2). 

This approach, Eel-internal circuitry, provides near-ECl 
speeds to TIl-I/O designers. Of course the Eel gate 
structures inside the device are completely transparent to 
system designers because of the 100.% adherence to TIL 
standards for liD specs. Also, these chips only require 
+ 5V and ground because internal gates are not the same 
type of ECl gates as those used with 10K or lOOK logic. 
The final point to note is that ECl has a reputation for being 
very power intensive. While the Ain2900 Family are not low
power devices, they do significantly reduce the total power 
usage in a high performance systems design because of 
the large number of SSI/MSI devices they replace. These 
ECl gates are not run at the very high power levels of 
traditional ECl circuits. 

Figure 1. Bipolar Speed/DenSity Improvements 

Am2901 FOUR·BIT MICROPROCESSOR SLICE 

540 GATES 800mW 40·PIN DIP 

DIE Am2901 Am2901A Am2901B Am2901C 
SIZE 33,000 MILS' 20,000 MILS' 15,000 MILS' 15,000 MILS' 

SPEED 
80ns 65n& SOns 37n8 A, B _ G, P 

LOW·POWER 
DUAL LAYER 

PROJECTION 
ECL INTERNAL 

TECHNOLOGY METAL ION· TIL I/O 
SCHOTIKY 

IMPLANTATION 
PRINTING 

IMOX 

1975 1977 1978 1981 

IMOX is a trademark of Advanced Micro Devices. Inc. 
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, .; Using internal ECL with TIL-I/O does involve paying a 
en translation speed penalty at th!linputs and outputs of the 

, .2 device, but because tllesedevices a~ LSI and VLSI with 
g many levels of internal gating between input and output, the 
.,' translation penalty is more than compensated for by the extra 
~ performance gained by the multiple layers of high speed ECL 
t- gates. Figure 3 shows an approximate comparison of the :a IMOX- with-internal-ECL approach to other process/circuit 
'0 offerings available to designers utilizing high speed TIL 
Co compatiblelCs. IMOX offers an excellent combination of high 
iii speed and relatively low power. The speed comes not only 

from the IMOX process but also from the use of ECL gates for 
. internal circuitry. The FAST and ASI ALS Families are populat
ed'primarily with MSI devices where ECL-internal gating is not 
feasible due to the few layers of internal gating relative to the 
TIl/ECL translation delay penalty. Note also that Am29001 

Figure 2. Am2900 Circuit Design for 
Maximum Speed 

10,000 

,oo 

ECL Internal . 
Circuit Design 

for Speed 

TTL 
OutpUts for 
Compatibility 

AF002070 

• All ECL would be only 7-15% faster 
• Practical approach for LSIIVLSI 

Figure 4. Am2900 Bipolar LSIIVLSI 
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IMOX devices use an order of magnitude less power per gate 
than traditional EeL 10K and 100K devices. 

BIPOLAR VLSI 
Advanced Micro Devices is the leader in high integration, high 
performance integratl!!d circuits. Our largest device to date, 
the Am29116, is a 2500-gate device measuring 68,000 square 
mils in area, and currently in development are devices of four 
times that complexjty using our new IMOX-$2 process. AMD's 
emphasis on Very Large .Scale Integration bipolar is best 
illustrated in Figure 4 below. 

Figure 4 demonstrates AMD's commitment and leadership in 
large scale integration bipolar since the introduction of the 
original Am2901 in 1975. Another graphic demonstration of 
the growing complexity of our devices is the relative die sizes 
of successively complex arithmetic processors, as shown in 
Figure 5. 

Figure 3. ' 
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Figure 5, 
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DESIGNER'S GUIDE TO HIGH PERFORMANCE 

LOW~POWER SCHOTTKY LOGIC 
By David A. Laws and Roy J. Levy. 

INTRODUCTION 

Advanced Micro Devices is a leading supplier of low-power 
Schottky MSI and LSI devices. Two basic families of 
product are offered: 

Am54174LS Series 
• Typical tpd 10ns/gate at 2mW 
• Typical Register fmax = 40MHz 

Pin for pin and electrical alternate source devices to the 
standard performance LS logic family. 

Am25LS Series 
• Typical tpd 5ns/gate at 2mW 
• Typical Register fmax = 65MHz 

Advanced Micro Devices' proprietary high performance 
LS logic family. This includes both original designs and 
enhanced specification versions of the Am54174LS 
devices. Improvements include twice the fan-out over 
the military temperature range, higher noise margin and 
faster switching speeds. 

THE SCHOTTKY DIODE STRUCTURE 

The maior components of switching delays in digital inte
grated circuits are listed in Figure 1. One of the most 
significant of these is the storage time constant of a 
transistor driven into saturation Ts. Older TTL circuits 
minimized this parameter with process technique known as 
gold doping. This increased the rate of recombination of 

. charge stored in the base region. 

The desired result of improved speed was achieved. 
Unfortunately it also reduced available design ~ at low 
temperatures and was marginally effective when hot. This 
resulted in lowered performance over the full military 
temperature range. 

The development of the Schottky diode provides a more 
effective solution. A feature of the Schottky diode is its 
lower forward voltage at a given current level compared to 
a diffused (P-N) diode of the same area, Figure 2. Connect
ing a Schottky diode between the base and collector of a 
tranSistor, Figure 3, will shunt excess base current drive 
from the base to the collector, once the collector drops to a 
low enough voltage to forward bias the Schottky. This 
prevents' the build up of stored charge and eliminates the 
Ts component of the delay. 

A Schottky diode is formed at a l1)etal to semiconductor 
junction when the semiconductor doping is at the level 
normally found in the collector region of TTL devices. A 
Schottky-clamped transistor is constructed by extending the 
metal contact for the base region over the collector as shown 
in Figure 4. The same metallization structure forms a simple 
ohmic contact at the base, collector and emitter contact 
window because of the higher doping levels in the silicon at 
these locations. 

2-3 

iNPUT _---'I ~r __ _ 

I ~ I ~ OUTPUT 

~-+t- ---±:G~ 
Parameters Determining Factors 

T, 

T, 

R. C 
~, Cob, Base Drive, Signal Ampli-

tude 
Storage Time Constant of a Satu
rated Transistor 
Cob, Signal Amplitude 

Figure 1. Major Causes of Propagation Delay. 
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10-4 
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Figure 2. Comparison of VF for Schotty and 
Diffused Diodes. 

~: 
TC001510 

Figure 3. Schottky Clamped Transistor and' 
its Convential Circuit Symbol 
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The selection of the forward voltage drop across the Schottky 
diode, V S80, is a compromise between Ii high value. to insure a 
minimum VOL but low enough to prevent charge .storage in the 
base. Platinum silicide Schottky diodes provide this optimum 
voltage drop. Platinum is deposited and platinum-silicide is 
formed by sintering and an·nealing. As aluminum has a high, 
affinity for silicon, in order to prevent the aluminum intercon
nect metallization from diffusing through the platinum material, 
witli resulting lower VS80' a barrier of tungsten-titanium Is 
evaporated after the platinum and before the aluminum 
metaliization. This structure has been extensively evaluated 
and proven to have excellent reliability characteristics. It is 
now widely employed in the manufacture of Schottky devices. 
Reliability data is available from Advanced Micro Devices on 
request. 

CHARACTERISTICS OF SCHOTTKY DEVICES 

The primary reason for the development of Schottky devices 
was to improve AC (switching) performance and the first 
integrated circuits to employ this technique offered propaga
tion delays as fast as 3ns. However, their fast rise and fall 
times and high power requirements have restricted their 
application to highest performance systems. It was realized 
that the technique could be used 10 decrease the charging 
current required to achieve the 10ns speed specification of 
older TTL gates. This insures considerably lower operating 
power requirements. The resulting family of devices are known· 
as Low-Power Schottky (LS) circuits. 

2. D.C. Circuit Characteristics 
CIRCUIT CONFIGURATIONS 

The basic circuit design configuration of a Low-Power 
Schottky gate is Similar to. ttiat of the original standard TTL 
elements. However, certain refinements have been made to 
optimize device performance when fabricated with the LS 
process. 

In order to analyze the circuit configuration, Table 1 shows 
terms used in describing Advanced Micro Dei/ices' LS circuits: 

TABLE 1. 

D.C. CIRCUIT PARAMETER DEFINITIONS 

I'L The current out of an input at a specified LOW 
Voltage. 

I'H The current into an input at a specified HIGH 
voltage. 

10l The current into an output when in the LOW 
state. 

10H The current out of an output when in the HIGH 
state (pull-up circuit only); 

Isc The current out of an output in the HIGH state 
when shorted to ground. (Also called los) 

V <X The range of supply voltage over which the 
device is guaranteed to operate. 

V'l The guaranteed maximum iriput voltage that 
will be recognized by the device as a logic 
LOW. 

V'H The guaranteed minimum input voltage that will 
be recognized by the device as a logic HIGH. 

VOL The maximum guaranteed logic LOW voltage at 
the output terminal while sinking the speCified 
load current 10l' 

VOH The minimum guaranteed logic HIGH voltage at 
the output terminal when sourcing.the specified 
source current 10H' . 

10zH Three-state off,state output current, high level 
voltage applied. 

lozl Three-state off-Slate output current, low-level 
voltage applied. 

TITANIUM- TUNGSTEN ALUMINUM INTERCONNECT 
METALLIZATION 

p 

SUBSTRATE 

·AFOO1820 

t=igure 4_ Schottky Diode Clamped TranSistor Structure_ 

Both the input and output structures of the LS devices 
themselves have evolved through a number of configurations 
as designers have attempted to optimize circuit performance. 

{ 

Depending on the function of the device anyone of four 
commonly used inputs may be employed. The significant· 
characteristics of each of these configurations are summa
rized in Figure 5. 

2-4 

The first LS designs used the familiar multi-emitter TTL input 
of Figure 5a. However because of low breakdown voltage and 
slow speed it is now used only where the geometry offers a 
significant advantage in circuit mask layout. 

The second and still most widely used structure is the simple 
DTL style input of Figure 5b. This is the fastest version and it 
has good input breakdown voltage. In output functions having 

Refer to Page 13-1 for Essential Information on Military Devices 



only a single gate delay between input and output, such as a 
three-state enable input, the low threshold of the DTL configu
ration causes the output node to be at a sufficiently low 
voltage to risk leakage problems at high temperature. The 
input of Figure 5c raises the threshold by one diode to 
overcome this problem (Figure 6). However because it is 

slower and uses more silicon area, its use is limited to special 
situations. A PNP input, Figure 5d, insures low d.c. loading for 
devices with common input/output pins such as the 
Am25LS23. However it is slow and has low breakdown 
voltage, comparable to the multi-emitter TIL structure. 

IC000690 

a) TTL ' b) DTL 

IC000700 

c) High Threshold d) PNP 

DTL HIGH V,. TTL PNP 

Threshold @ 25°C 1.0V l.4V 1.3V 1.5V 

Gin 5.5pF 4.5pF 3.5pF 4.0pF 

I'L aR'N aR'N aR'N aBpNP 

Input BV > 15 > 15 ""8 ""8 

Gate Delay, ns 5+,5- 5+,6.5- 5.5+, 7.5- 5+, 6.5-

Figure 5. Low-Power Schottky Input Configurations. 
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Figure 6. LS Input Characteristics for DTL and High: Threshold Inputs. 
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Figure 7 compares the early LS output configuration with the -This example displays an Ise of approximately 35mA. Note that 
design most frequently used today_ .ihe.change was made to both of these designs include the .. squaring" network (A3,A, 
provide clamping 01 positive ringing and to allow the higher Ise and 0 5), at the base of the output pulklown transistor, a" 
currents now specified (see section 3). The typical VOH versus which was not included on standard TTL families. The result of 
10H curves 01 Figure S are similar lor both versions. this is a sharp transition of VOUT with V'N shown in Figure 9 for 

a simple gate function. 
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Figure 7. Low-Power Schottky Output Configurations. 
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Figure 8. Typical VOH for low-Power Schottky. Figure 9. Typical Output Versus Input 
Voltage Characteristic. 

The typical VOL versus 10l output characteristics of LS devices 16 
are shown in Figure 10. Most 74LS functions are specified at I. " VOL = OAV at 10l;" 4mA and 0.5V at SmA. Am25LS are 

12 J 
specified at OA5V for 10l = SmA. Some newer designs are f/ being guaranteed at IOl of 12mA and 24mA. This curve _10 

"" ~ 25lS ~ indicates that lack of (3 at low temperature will not permit ~ 8 74LS 
existing designs to be guaranteed to these higher values p 

6-1-- 2~~ " 1 
without severe yield loss. '(I, 25174LS .-I-tr--v, '1 f·f-2 ~ 

0 r/lJ 
0 0.1 0.2 0.3 0.' 0.5 

VOL (VOLTS) 

OPOO1520 
Figure 10. Typical LS VOL Versus IOL 

Characteristics. 
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INPUT IOUTPUT LEVELS These parameters for LS devices are shown in Table 2. LS 

Table 2 shows the guaranteed D.C. parameters of the 
has a minimum logic HIGH output voltage of VOH ;' 2.5V·for 
milita1)' and 2.7V fo~ the commercial temperature range. For 

Am54LS/74LS and second generation Am25LS families. Input 
standard TTL, VOH is 2.4V. V'H is 2.0V for both families. 

current requirements (I'H, I,d and therefore output drive needs 
(loH' lad are significantly reduced over older TTL. 

A one unit load input current at logic HIGH, I'H' for Am54LSI 
DRIVING DEVICE DRIVEN DEVICE 

MINIMUM LOGIC 
74LS is 20f..IA, compared with 40"A for Am54174 standard "HIGH" OUTPUT 

3.0 r VOLTAGE 
TTL. Similarly at logic LOW, III is reduced to -0 .. 36mA from 

~ 
2,81- COM'L VOHl 

-1.6mA. 
0 

2.6 r- MIL -:.~,' 

> 2 .. 
Corresponding reductions in the output drive requirements are , 3·STATE COM'L OR MIL 

2.2 r- VIH2 
10L = 4mA vs. 16mA at VOL = 0.4V and 10H = -400f..IA com- 2.0 -
pared to 800"A. ~ l.B i- NOise MINIMUM lOGIC 

w IMMUNITY "HIGH" INPUT 

" 1,6 r- {HIGH LEVEll VOLTAGE 

FAN-OUT CAPABILITY ~ 1.4 f-
0 

'-2 
The fan-out capability of a logic family indicates the number of 

> 

inputs which can be driven by a single output. It is defined as ~ 
1,0 f- ~,~~,u~u~fu~C 

VtL2 COM'L DB VOLTAGE 

VOL~.t== the maximum output drive current divided by the input current ~ 0.6 r- IOL '" SmA MIL 

available. := 
0.' MAXIMUM lOGIC 

~ 
0 02 'Ol'"4mA NOISE "lOW" INPUT 

IMMUNITY VOLTAGE 

Logic .HIGH Fan-out = 10H/I'H 0.0 ilOWLEVEl) 

logic LOW fan-out = 10LII'L 

Table 3 shows the fan-out capabilities of typical functions from -
the three families. The lower current operating levels of LS 
devices allow them to be specified at a logic LOW fan-out over 

0-
DRIVING VOH, V1h2 DRIVEN 

SCHOTTKY --:-:0 ------ .. r>- SCHOTTKY --:-:0 the commercial range of more than twice that of standard TTL DEVICE VOLI V'L2 DEVICE 

(22 vs. 10). The Am25LS family allows this advantage to be -extended to the military range. 
ICOOO210 

D_C. NOISE MARGIN 

The D.C. noise margins of digital system are defined from Figure 11. Input/Output Voltage Interface 
Figure 11 as follows: Conditions_ 
logic HIGH NOise Margin = VOHl - V'H' 
logic LOW Noise Margin = V'L' - VVOl1 

TABLE 2 
COMPARISON OF TTL DC PARAMETERS 

54LS174LS LOW-POWER SCHOTTKY 25LS LOW-POWER SCHOTTKY 

Parameters Conditions Min Typ Max Conditions Min Typ Max Units 

10L = 4.0mA 0.4 10L =4.0mA 0.4 
VOL 10L = 8.0mA (COM'L Only) 0.5 10L = 8.0mA (MIL, COM'L) 0.45 V 

MIL 2.5 3.4 MIL 2.5 3.4 
VOH 10H = -4001.lA COM'L 2.7 3.4 10H = -4401.lA COM'L 2.7 3.4 V 

MIL 0.7 MIL 0.7 
VIL Logic LOW COM'L 0.8 Logic LOW COM'L 0.8 V 

V'H Logic HIGH 2.0 Logic HIGH 2.0 V 

III VIN = O.4V -0.36 V'N = O.4V -0.36 mA 

I'H V'N = 2.7V 20 V'N = 2.7V 20 I.IA 

54SI74S AND 255 SCHOTTKY TTL STANDARD TTL 

Parameter Condition Min Typ Max Condition Min Typ Max Units 

VOL 10L = 20mA 0.3 0.5 10L - 16mA 0.2 0.4 Volts 

MIL 2.5 3.4 
VOH 10H = -1.0mA COM'L 2.7 3.4 10H = - 300I.lA 2.4 3.4 Volts 

VIL Logic LOW 0.8 Logic LOW 0.8 Volts 

V'H Logic HIGH 2.0 Logic HIGH 2.0 Volts 

III V'N = 0.5V -2.0 V'N = O.4V -1.6 mA 

I'H V'N = 2.7V 50 V'N = 2.4V 40 p.A 
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Table 3 compares the guaranteed noise margin values for the Am25LS D.C. FEATURES 
standard TTL and LS devices. LS devices offer improved 

The D.C. advantages offered by second generation Am25LS margin over standard TTL in the logic HIGH state, which is the 
most critical with regard to noise generation. At a similar fim- over 54/74LS devices can be seen from Table 3 as: 

out, 10 for standard TIL and 11 for LS, noise margins in the l.1n the logic LOW state at a fan-out of 22 (SmA), Am25LS has 
LOW state are the same over the commercial range. 50mV greater noise margin (350mV vs. 300mV). 
Military LS devices have a 100mV lower noise margin in the 

2.Am25LS products are guaranteed at a fan-out of 22 (SmA) LOW state than standard TTL. In most systems, this does not 
present a problem as the lower power supply currents being over the military range. Am54LS is specified at fan-out of· 1 0 

switched with LS generally result in lower system . noise (4mA) only. 

generation. 3.Am25LS offers a symmetrical fan-out of 22 in both logic 

The logic levels guaranteed over the operating temperature HIGH and logic LOW states, allowing full use of the logic 

ranges are of course worst case. Figures 12 and 13 show the LOW drive capability. 

typical values to be considerably better than these. 

TABLE 3 
FAN-OUT AND NOISE MARGIN COMPARISON OF TTL AND LS FAMILIES. 

a) LOGIC "HIGH" STATE 

INPUT OUTPUT FAN-QUT NOISE MARGIN 
FAMILY CURRENT CURRENT 

IIH 10H MILITARY COMMERCIAL MILITARY COMMERCIAL 

54174 40jiA -SOOfJA .. 20 20 400mV 400mV 

54LS/74LS 20fJA -400/1A 20 fO 500mV 700mV 

25LS 20fJA -440/1A 22 22 500mV 700iTlV 

b) LOGIC "LOW" STATE 

INPUT OUTPUT FAN-QUT NOISE MARGIN 
FAMILY CURRENT CURRENT 

IlL 10L MILITARY COMMERCIAL MILITARY COMMERCIAL 

54174 -1.6mA 16mA 10 10 400mV 400mV 

-0.36mA 4mA 11 11 300mV 400mV 
54LS174LS 

SmA No Spec. 22 No Spec. 300mV 

-O.36mA 4mA 11 ,11 300mV 400mV 
25LS 

SmA 22 22 250mV 350mV 

TRANSITION 
3.5 REGION 

VOHil~"'U.-
1.2 

~-~ 
3.0 I. 

THRESHOLD I..-H"1" I ! 
1.0 2.5 . GUARANTEE~ t -ACTUAL 

~ NOise MARGIN 
~ 0.8 

LOGIC "0" INPUT c5 2.0 
NOISE 

THRESHOLD 
> LOGIC "1" INPUT MARGIN 

0 
I-~CTUAl 

THRESHOLD _ ~ 

~f > 0.6 GUARANTEEO; tl- 1.5 
NOISE MARGIN I-- NOISE I\, .TRANSITION 

r-MARGIN . . RE~~.(lNl-
0.4 1.0 ..,... 

LOGIC "0" INPUT 

V~L~8mA~ p""'VOL@14~A 0.5 
THRESHOLD 

0.2 
4li -40 0 80 120 180 

-40 0 40 80 120 160 ·TA ('CI 
TA('C) 

OPOO1480 
OPOO1490 

Figure 12. LS Logic "0" Noise Margin. Figure 13. LS Logic " 1" Noise Margin. 
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3. Switching· Characteristics 

INTRODUCTION 

Many Low-Power Schottky functions have been designed 
specifically to replace standard TTL elements in existing 
system designs. Their A.C. performance characteristics usual
ly meet or exceed the limits of the earlier devices. The 
switching terms which are used on data sheets to describe the 
A.C. performance of these designs are summarized in Table 4. 
The more important parameters are discussed in detail in this 
section. 

TABLE 4. 

DEFINITION OF SWITCHING TERMS 

(All switching times are measured at the 1.3V logic 
level unless otherwise noted.) 

f MAX The highest operating clock frequency. 

tplH The propagation delay time from an input 
change to an output LOW-to-HIGH transition. 

tpHl The propagation delay time from an input 
change to an output HIGH-to-LOW transition. 

tpw Pulse width. The time between the leading and 
trailing edges of a pulse, measured at the 50% 
points. 

t, Rise time. The time required for a signal to 
change from 10% to 90% of its measured 
values. 

t f Fall time. The time required for a signal to 
change from 90% to 10% of its measured 
values. 

t. Set-up time. The time interval for which a signal 
must be applied and maintained at one input 
terminal before ari active transition occurs at 
another input terminal. 

th Hold time. The time interval for which a signal 
must be retained at one input after an active 
transition occurs at another input terminal. 

tHz HIGH to disable. The delay time from a control 
also input change to the three-state output HIGH-
tpHZ level to high,impedance transition (measured at 

0.5V change). 

tZH 
also 
t pZH 

tZl 
also 
tpZL 

LOW to disable. The delay time from a control 
input change to the three-state 'output LOW
level to high-impedance transition (measured at 
0.5V change). . 

Enable HIGH. The delay time from a control 
input change to the three-state output high
impedance to HIGH-level transition. 

Enable LOW. The delay time from a control 
input change to the three-state output high
impedance to LOW-level transition. 

,PROPAGATION DELAYS 

The standard designations for delays through Combinatorial 
logic networks are tpHl and tplH• A delay from an input change 
to an output going LOW is called tpHl, while tplH is the delay 
from an input change to an output going HIGH. 

Figure 14 shows a typical waveform with the output changing 
during the interval indicated by the diagonal, sloping line. Note 
that all switching times shown are measured at the 1.3 volt 
logic level. 
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~---"""\---- 3V 
SAME PHASE _..i. 'i. _ 13V 

INPUT TRANSITION ---1! ~ . 
tPLH~ tPHL5 OV 

'"""' 'j- I" }= ;~: 
tPLHr. tpHL 

OPPOSITE PHASE ~ ~ 3V 
INPUT TRANSITION ----1\ -,----- :~V 

WF003040 

Figure 14. Propagation Delay. 

Typical values for a single gate propagation delay tpHl in Low
Power Schottky functions are 8'-10ns into a 15pF load. Higher 
performance LS families such as Am25LS, exhibit delays in 
the 4 - 6ns range. These propagation delays will increase by 2 
- 4ns at an output loading of 50pF or approximately 0.1 ns per 
pF. 

EDGE RATES 

The rise and fall times of Low-Power Schottky devices are 
similar to those of standard TIL. Into a 50pF load fall time, tf, 
is typically 6-8ns, while rise time, 1" is in the 9-12ns range. 
A.C. parameters are measured at tf ~ 6ns and t, ~ 15ns. 

As with standard TTL, careful P.C. board layout rules should 
be employed to avoid problems which can occur at these 
relatively fast edge rates. In particular, precautions should be 
laken to insure that transmission line effects do not cause 
false switching or ringing and oscillation problems on lines 
longer than 18 inches. See Section 4 for more information. 

SEQUENTIAL DEVICES 

Set-up time, Is, hold time, th, are the most important parame
ters for specifying sequential elements such as latches, 
flipflops and registers. 

For these synchronous deviCes, inputs must be stable for a 
.certain period of time before the clock or enable pulse. This 
interval is the region in time during which devices are 
"sampling" their inputs. As an example, consider a latch with 
a D input and an active LOW clock. The latch will store the 
information present on its input .just before the clock goes 
HIGH. The question is, how long does the input level have to 
be present and stable before the clock goes HIGH? A 
particular device will" sample" its input at some exact instant, 
but in a group of devices some are slower than others. The 
result is an interval of some time called set-up time during 
which all devices, fast or slow, will "sample" their inputs. 

All devices exhibit a hold time. That is a period of time after the 
clock or enable pulse transition during which the data cannot 
be changed without loss of input intelligence. This hold time 
occurs after the clock goes HIGH. Figure 15 shows the input 
requirements and definitions for data entry. 
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WFOO3020 
Notes: 1. Diagram shown for HIGH data 

only. Output transition may be 
opposite sense. . 

2. Cross hatched area is don't 
care condition. 

Figure 15. Set-up and Hold Time Definitions. 

A frequently misunderstood parameter on data sheets is 
maximum clock frequency fMAx• This was defined by the early 
TTL manufacturers as the maximum toggle frequency which 
can be attained by the device under ideal conditions with no 
constraints on'l" 1" pulse width, or duty cycle. Although fMAx as 
specified cannot usually be attained in an operating system, it 
is a relatively easy parameter to test and provides a conve· 
nient measure of comparative performance between different 
devices. 

EFFECTS OF TEMPERATURE AND POWER 
SUPPLY VARIATIONS 

Standard TTL devices exhibit severe degradation in AC, 
performance at the recommended limits of the operating 
temperature and power supply voltage ranges. 

At elevated temperature and/or high Vce levels. charge 
storage begins to slow down A.C. response. At the other 
extreme, low temperature and/ or low V ce, the loss of ~ causes 
a similar problem. These combined effects can cause more 
than SO% degradation in performance over the full military 
temperature and power supply extremes. 

Low-Power Schottky technology reduces the impact of both of 
these effects on performance. ~ degradation at cold tempera
tures is far less severe and Schottky clamping largely elimi
nates the effects of charge storage at high temperature~ 
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TABLE 5. GUIDELINES FOR TYPICAL VARIATION 
OF A.C. PARAMETERS WITH COMBINED 
TEMPE~ATURE AND Vcc VARIATION 

AC Derating 
, Factor 

Vee 
Variation Sys- Compo-

Temperature Range (Nominal 5V) tem nent 

COM'L. None 'S% 10% 
QOC to +70°C 

COM'L. ±0.2SV 1S% 30% 
O°C to +70°C 

MIL. -
None 1S% 30% 

-SS'C to +12SoC 

MIL, 
±O.SV 2S% 50% 

- S5°C to + 12SoC 

The system's designer would like a factor which will allow his 
system to meet specification with minimum design overkill. 
However. the component engineer often requires maximum 
delays to be guaranteed. For system design guidelines, the AC 
derating factors of Table S may be useful. 

It must be emphasized that the values of Table 5 are typical. 
However as it is unlikely that any given system will contain all 
worst case devices they will usually yield a fairly, safe 
prediction of the system performance which can be achieved. 

Individual components will of course be slower than these 
typical numbers. These must be reflected on procurement 
specifications. Ageneral rule of thumb would be to double the 
system design guidelines of Table 5. Am25LSspecifications 
are published with worst case parameters guaranteed over the 
operating power supply and temperature ranges, as well as at 
a realistic system load condition of SOpF. A typical example of 
this format is shown in Table 6; 

SHORT CIRCUIT OUTPUT CURRENT 

To improve performance, in 1975 Tllowered the short-circuit 
current limiting resistor value, This increased the Isc (los) range 
from -6 to -42mA up to -30 to -130mA. The overall delay 
when driving very large capacitive ·Ioads (> 150pF) was 
reduced somewhat as a result. However. the inherent circuit 
performance still dominates in normal applications such that 
the Am25LS and other high performance families remain 
faster even when driving large capacitive loads. 
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TABLE 6 
Am25LS2513 THREE-STATE PRIORITY ENCODER 

A.C. SPECIFICATION FORMAT FOR Vee AND TEMPERATURE 
EXTREMES AND 50pF LOAD CONDITION 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee '" 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tplH ij to An (In-phase) 
17 25 

ns 
tpHl 17 25 

tPlH ij to An (Out-phase) 
11 17 

ns 
tpHl 12 18 

tplH ij to EO 
7.0 11 

ns 
tpHl 24 36 

tplH ri to EO Cl=15pF 11 17 
Rl = 2.0 kQ ns 

tpHl 23. 34 

tplH 
Ei to An 

12 18 
ns 

tpHl 14 21 

tZH 23 40 
Gl or G2 to An ns 

tZl 20 37 

tZH 
G3. G4. G5 to An 

20 30 
ns 

tZl 18 27 

tHZ 17 27 
Gl or G2 to An ns 

tLZ Cl=5.0pF· 19 28 

tHZ 
Ga. G4. G5 to An 

Rl = 2.0 kl1 16 24 
ns 

tLZ 18 27 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am25LS Am25LS 

Parameters Description Test Conditions Min Max Min Max Units 

tplH 
ij to An (In-phase) 

31 37 
ns 

tpHl 30 34 

tplH 
ij to An (Out-phase) 

22 27 
ns 

tpHl 22 25 

tplH 
ij to EO 

15 18 
ns 

tpHl 48 60 

tplH ri to EO Cl=50pF 19 21 
Rl = 2.0 kl1 ns 

tpHl 46 57 

tplH 
Ei to An 

22 25 
ns 

tpHl 27 32 

tZH 42 49 
Gl or G2 to An ns 

tZl 43 49 

tZH 
G3. G4. G5 to An 

36 43 
ns 

tZl 35 43 

tHZ 34 40 . 
Gl or G2 to .An n. 

tLZ Cl = 5.0 pF 34 40 

1Hz 
G3. G4. G5 to An 

Rl = 2.0 kQ 30 35 
n. 

tlZ 31 35 
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4. Design Guidelines 
POWER SUPPLY CONSIDERATIONS 

The. recommended power supply voltage (Vee) for all TTL 
circuits, including LS, is +5V. Commercial temperature range 
devices, designated 74LS or in the case of Am25LS with the 
suffix C, ar.e specified with a ±5% supply tolerance (±250mV) 
over the ambient range O·C to lO°C. Military range parts, 
designated 54LS or in the case of Am25LS with the suffix Mi 
are guarantEjed witha ±10% supply tolerance (±500mV) over 
an ambient temperature range of -55°C to + 125°C. The 
power supply should be well regulated with a ripple less than 
5% and with regulation better than 5%. Even though LS 
devices generate significantly smaller power supply spikes 
when switching than standard TTL, on·board regulation is still 

. preferable to isolate this noise to one board. 

. A lOw-inductance transmission line power distribution bus with 
good RF decoupling is necessary jor large systems. On all 
boards, ceramic decoupling capacitors of 0.01j.LF to 0.1/lF 
should be uS'ed at least one for every five packages, and one 
for every one-shot (monostable), line driver and line receiver 
package. In addition, a larger tantalum capacitor of 20/lF tei 
100/lF should be included on each card. On boards containing 
a large number of packages, a low impedance ground system 
is essential. The ground can either be a bus or a ground which 
is incorporated with the Vee supply to form a transmission line 
power system. Separate power transmission systems can be 
attached to the board to provide this same feature without the 
cost of a multi-layer PC card. 

UNUSED INPUTS 

An unused input to an AND or NAND gate should not be left 
floating as it can aCt as an antenna for noise. On devices with 
storage, such as latches, registers and coul1ters, it is particu
larly important to terminate unused inputs (MR, PE, PL, Cp) 
properly since a noise spike on these inputs might change the 
contents of the memory. This technique optimizes switching 
speed as the distributed capacitance associated with the 
floating input, bond wire and package leads is eliminated. To 
terminate, the input should be held betWeen 2.4V and the 
maximum input voltage. One method of achieving this is to 
conl1ect the unused input to Vee. Most LS inputs have a 
breakdown voltage > 7V and require no series resistor. 
Devices specified with a maximum 5.5 volt breakdown shQuld 
use a 1 kn to 10kn current limiting series resistor to protect 
against Vee transients. Another method is to connect the 
unused input to the output of an unused gate that is forced 
HIGH. Do not connect an unused input to another input of the 
same NAND or AND functiOn. Although recommended for 
standard TTL, with LS this increases the input coupling 
capacitance. and reduces A.C. noise immunity. 

TRANSMISSION LINE EFFECTS 

The relatively fast rise and fall times of Low-Power Schottky 
TTL (5 to 15ns) can cause transmission line effects with 
interconnections as short as 18 inches. With one TTL device 
driving another and the driver switching from LOW to HIGH, if 
the propagation delay of the interconnection is long compared 
to the signal rise time, the arrangement can behave like a 
·transmission line driven by a generator with a non-linear 
output. 

The initial voltage step at the output, just after the driver has 
switched, propagates down the line and reflects at thEj end. In 
the typical case where 'the line is open ended or terminated in 
an impedance greater than its characteristics impedance 
(ZOL), the reflected wave arrives back at the source and 
increases VOUT. If the total round-trip delay is longer than the 
rise time of the driving signal, a staircase response results at 
the driver output and along the .line. If one of the driven 

devices is connected close to the driver, the initial output 
voltage (VOUT) seen byit "light not exceed VIH. The state of 
the input. is undetermined until after the round trip of the 
transmission line, thus slowing down the response of the 

, system. 
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The longest interconnection that should be used with LS 
devices without incurring problems due to line effects is in the 
10-12 inch range. 

With longer interconnections, transmission line techniques 
should be used for maximum speed. Good system operation 
can be obtained by designing around 100 ohm lines. A 0.026 
inch (0.65mm) trace on' a 0.062 inch epoxy-glass board 
(Er = 4.7) with a ground plane on the other side represents a 
lOOn line. 28 to 30 gauge wire (0.25 to 0.30mm) twisted pair 
line has a characteristic impedance of 100 to 115n. 

LINE DRIVING AND RECEIVING 

For lines longer than 2 feet, twisted pairs or coaxial cable 
should be used. The characteristic impedance of the transmis
sion media should be approximately 120n such as twisted 
pairs of # 26 wire or lOOn coax. A possible choice is cables 
with a characteristic impedance Ro of lOOn such as ribbon 
cable or flat cable with controlled impedance. Resistive pull
ups at the receiving end can be used to increase noise margin. 
Where reflection effects are unacce[)table, the line must be 
terminated in its characteristic impedance. A method shown in 
Figure 16 has the output of the line tied to Vee through a 
resistor equivalent to the characteristic impedance of the line. 
As the output impedance of the LS driver is low and must sink 
the curreni through it, in addition to the current from the inputs 
being driven, a \lseful technique is to terminate the line in a 
voltage divider with two resistors, each twice the line imped
ance. 

RO "CHARA.CTERISTIC 
IMPEDANCE OF LINE 

ENABLE 

RA = RB= 2Z0 
R.(I.=ZO 

STROBE 

AF002041 

Figure 16. LS Driving Twisted Pair. 

This reduces the extra sink current by 50%. Where the line 
exceeds five feet in length it is preferable to dedicate gates 
solely to line driving. 

For additional noise immunity when driving long lines, a 
differential line driver and line receiver may be used. These 
dedicated line interface circuits drive a twisted pair of wires 
differentially, permit easy termination of lines and provide 
excellent common mode noise rejection. 

The Am26LS31 driver and Am26LS32 and Am26LS33 are 
quad differential line drivers and receivers satisfying the 
interface -requirements of EIA RS-422 and 423 as well as 
military applications, Figure 17. They are designed to operate 
off the standard 5V power supplies of the LS logic devices. 
More applicatiol1s information on line termination techniques is 
provided on the above mentioned device data sheets. 

Refer to Page 13·1 for Essential Information on Military Devices 



CROSS-TALK AND RINGING 

These two problems may be experienced with all forms of high 
speed digital logic. Crosstalk is the coupling of energy from 
one circuit to another via real or parasitic capacitance and 
inductance. Ringing is the possible rebound of the signal into 
the input threshold region (0.8 - 2.0V) following a HIGH-to
LOW level change. When a driver switches from a HIGH-to
LOW state the output voltage should fall below the threshold 
value. However, a line having a very low characteristic 
impedance does not allow transistor 05 in the NAND gate 
example to saturate, and the resulting output voltage may not 
be low enough to switch an adjacent device until two or more 
line delay times. The low current levels at which LS devices 

operate, coupled with the low output impedance in both HIGH 
and LOW Logic states, minimize crosstalk effects. Input clamp 
diodes provided on all LS devices are extremely effective in 
reducing ringing phenomenon. 

Care should be taken to insure that signals with falling edges 
faster than 2.5-3ns/V,olt are not coupled into the input of an LS 
function. Even though the signal may not pass into the 
threshold region, if. the pulse edge is fast enough, sufficient 
energy may be capacitively coupled onto a sequential device 
to cause it to change state: High speed Schottky elements in a 
test setup can exceed this limit. However in an active system, 
the edges will generally be slowed sufficiently to eliminate any 
problem. 

'tiC mm 
.~ 5!! 
0C) 
::u Z 
s::m 
»::J;! zc/) 
nC) 
me 
r-
OC 
~m 
.-1 
'tI0 
0::E: 
~mC) 

~------------------------------------------------------------------------------~::U::E: 

DATA 
INPUT 

OATA 
OUT 

SHIELD OR COMMON GROUND RETURN 

'OATA 
OUT 

DATA 
OUT 
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Figure 17. Differential Line Driving and Receiving with the Am26LS31 and Am26LS32. 

2-13 Refer to Page 13-1 for Essential Information on Military Devices 

~ ::E: 

3 
'" -< 

6 
C) 
c; 



xur-------------------~--------------------------~--------------------, 
CI-!8 
o~ 
t->
ILl:':: 01: 
-0 ;:)::t 
Cl U 
CIJCIJ 
D:a:: 
ILl ILl z;= 
S20 
ClJo. 

~:i 
9 
ILl 
U 
Z 
c( 
:& a:: 
f2 
a: 
~ 

DEFINITION OF STANDARD TERMS 

DEFINITION OF A,C. SWITCHING TERMS 

(All switching times are measured?t the 1.3Vlogic 
level for Low-Power Schottky and the 1.5V logic level 
for Schottky unless otherwise noted.) 

'MAX The highest operating cl<ick frequency. 

tpLH The propagation delay time from an input 
change to an output LOW-to,HIGH transition. 

tpHL The propagation delay time from an input 
change to an output HIGH-to-LOW transition. 

tpw PlJlsewidth. The time between the leading and 
trailing edges of a pulse. 

tr Rise time. The time required for a signal to 
change from 10% to 90% of its measured 
value,S. 

t, Fall time. The time required for a signal to 
change from 90% to 10% of its measured 
values. 

ts Set-up time. The time interval for which a signal 
must be applied and maintained at one input 
terminal before an active transition occurs at 
another input terminal. 

tLZ 

tZH 

tll 

Hold tlllie. The time interval for which a signal 
must be retained at one input after an active 
transition occurs at another input terminal. 

HIGH to disable. The delay time from a control 
input change to the three-state output HIGH
level to high-impedance transition (measured at 
0.5Vchange). 

LOW to disable. The delay time from a control 
input change to the three-state output LOW
level to high-impedance transition (measured at 
0.5V change). 

Enable HIGH. The delay timll from a control 
input change to the three-state output 'high
impedance to HIGH-level tranSition. 

Enable LOW. The delay time from a control 
input change to the three-state output high
impedance to LOW-level transition. 

H 

l 

I 

DEFINITION OF D.C. TERMS 

HIGH, applying to a HIGH voltage level. 

LOW, applying to a LOW lioltage level. 

Inpui 

o Output 

Negative Current flowing out of the device. 
Current 

Positive Current flowing into the device. 
Current 

III LOW-level input current with a specified 
LOW-level voltage applied. 

IIH HIGH-level input current with a specified 
HIGH-level voltage applied. 

IOl LOW-level output current. 

IOH HIGH-level output current. 

IsC Output short-circuit source current. 

IcC The supply current drawn by the device 
from the Vee power supply. 

IOlH 

lOll 

Vcc 

VOL 

VOH 

Three-state off-state output current, HIGH
level voltage applied. 

Three-state off-state output current, LOW
level voltage applied. 

The range of supply voltage over which the 
device is guaranteed to operate. 

The guaranteed maximum input voltage 
that will be recognized by the device as a 
logic LOW. 

The guaranteed minimum input voltage 
that will be recogriized by the device as a 
logic HIGH. 

The maximum guaranteed logic LOW 
voltage at the output terminal while sinking 
the. specified load current 'Ol. 

The minimum guaranteed logic HIGH 
voltage at the olltput terminal when 
sourcing the specified source current IOH. 

PARAMETER MEASUREMENTS 
LOAD TEST CIRCUIT SET UP, HOLD, AND RELAESE TIMES 

FOR THREE-STATE OUTPUTS 

FROM OUTPuT 

UNDERTEST J 
CL INCLUDES 

PROBE AND JIG 'I CAPACITANCE 

TEST 
POINT Vee 

1..1 s'~ 
'''I ~ 2:'BIln 

Rl ~ '7 ALL DIODES, 
lui ...; F- lN9160R 

""I7'N-
-~~ 

TC000350 

Note: For standard totem-pole outputs, 
remove R1. S1 and S2 closed. 

,~~~~ _-----_ :~v 
1--" 1-, ov 

. '-j 'h--l C_--,-__ ",--_ 3v 

TIMING f 
INPUT _ ------ 1.5v 

-------' ------- OV 

WF001460 

Notes: 1. Diagram shown for HIGH data only. Output 
transition may be, opposite sense. 

2. Cross hatched area, is don't care condition. 
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PROPAGATION DELAY 

SAME PHASE _ ~ ___ -- 3V 
INPUT TRANSITION ~~~.- -~--~~ ~ ~~- 1.5V 

I I ~ OV 
tpLH --+---l [PHl--+-------t 

r------.-I~- VOH 

OUTPUT -~~ ___ I_u _____ \,L -'- 1.5V 

-----' , ~ VOL 
tpLH ----t-------1 tpHL --r-----1 

~
I ,3V 

OPPOSITE PHASE 
INPUT TRANSITION ------ ,- i - - - - - - - ---- 1.5~ 

-~-- OV 

WF001420 

LOWHIGHLOW 
PULSE 

HIGH LOW-HIGH 
PULSE 

PULSE WIDTH 

WFOO) 270 

."c rnrn 
"en 
~5 
"z s:rn 
»~ 
zen 
OG) 
rne ,..-
OC 
::ern 
;,-1 
00 
::e:!: 

r---------------------------------------------------------------------------~rnG) 

ENABLE AND DISABLE TIMES 

Enable Disable 

\j _L- 3V 
CONTROL_i\ ~ __ ~~ 1.5V 

,:,:, ~~; 'C' I frO: '" 
NORMALLY LOW S2:0PE~( VOL 

~IZH 1HZ I I 
OUTPUT ' iQ~ ~~:V 

NORMALLY HIGH ~-··~"'~O\VI Q.5V 

WF001290 ! 

Noles: 1. Diagram shown for Inpul Conlrol Enable-LOW and Inpul Conlrol Disable-HIGH. 
2. S1 and S2 of Load Circuil are closed excepl where shown. 

Nole: 1. Pulse Generalor for All Pulses: Rale';;; 1.0MHz; Zo = son; I,';;; 2.5ns; If';;; 2.5ns for Schottky. 
Rale';;; 1.0MHz; Zo = 50n; I,';;; 15ns; If';;; 6ns for Low-power 
Schottky. 
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Am2900 Components Continuously Become 

Faster and Faster 

MORE SPEED: NO MORE POWER 

There's a good old tried and proven way to make faster 
IC's - burn more pOwer. (That's the only real difference 
between':lS" and "S" devices). But that solution isn't 
satisfactory for lSI devices like the Am2900 Family. Power 
is constrained to existing levels fOL reliability reasons. 

Am2900 parts are always designed to obtain the rnaximum 
speed at a power level which is safe for the package types 
and operating environment of the part. To increase speeds, 

. new technologies must be used to build faster components 
at no increa!je in power. 

NEW CIRCUIT DESIGN TECHNIQUES MAKE 
. FASTER GATES 

One way to make faster components is to use new circuit 
design techniques. The most obvious is internal ECl, which 
provides very fast gates at similar power levels to lS TTL. 
The Am29116 reaches microcycle times of 100ns through 
the use of internal ECL. Other design techniqlJes; such as 
low-level logic (with very small logic swings on-chip). can 
also provide higher speeds without introducing the time 
penalty of ECl to TTL conversion. 

Finally, very low power gateS used in non-critical speed 
paths make more power available for use in critical speed 
paths. As the 2900 Family develops, all these technologies 
will be used within a single component to achieve the 
highest speeds without increasing power. The Am2903A is 
one of tne first products to take advantage of this mixed 
circuit technology. 

IMPROVED PROCESS CONTROL ALLOWS 
TIGHTER SPECS 

Today's 2900 parts are carefully characterized over a wide 
range of voltages, temperatures, and process parameters 
before an AC specification is published. As manufacturing 
technology improves, the process is subject to smaller run-

Figure 1. Price/Performance Improvements 

82 

AF001390 

to-run variations, so that all of the product is closer to 
design nominal. This makes it possible to specify parame
ters more closely to typical without incurring large yield 
losses. The first product reflecting this is the Am2903. 

WHAT'S GOOD FOR THE GOOSE IS GOOD 
FOR THE GANDER 

Many new tools in production technology are emerging, 
primarily spurred by -the emphasis on high-speed MOS 
memories. The same tools, such as projection masking, 
also provide for smaller geometries in bipolar circuits. As 
MOS gets faster, so does bipolar. The Am2901 C obtains its 
speed improvement over the Am29018 through these 
tools .. ' 

PROCESS TECHNOLOGY TAKES A QUANTUM 
LEAP 

Current generation lSllVlSI bipolar devices call for state
of-the-art processing technologies. IMOX ™ ion-implanted 
micro-oxide technology gives the Am2901C its perfor
mance improvement 'over the Am2901 B. IMOX also gener
ates incredible packing densities - the Am29116 has 2500 
gates on a single bipolar chip! 

DESIGN FOR THE FUTURE 

Every Am2900 part will undergo an evolution as new 
technologies become practical fot production. Every part 
type will continuously become faster. The results are easy 
to observe - increases in performance at no-additional cost 
(see Figure 1). 

Most existing 2900 designs can be offered in higher 
performance versions simply by substitution of the 2901C 
for the 2901 B, the 2909A for the 2909, and 2903A for the 
2903, and so forth. Your 2900 design won't run out of 
speed in a few years. Advanced Micro Devices'2900 
Family will serve tomorrow's needs as well as today's. 
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Figure 2. Bipolar Speed/Density Improvements 

Am2901 FOUR,BIT MICROPROCESSOR SLICE 

II 
- 540 GATES 800mW 4(J..PIN DIP 

DIE Am290f Am2901A Am2901B Am.901C 
SIZE 33,000 MILS2 20,000 MILS' 15,000 MILS' 15,000 MILS2 

SPEED 
80ns 65n. 50ns 37n. 

A, B"G, P 

lOW-POWER ~~~~~~~ PROJECTION 
ECl 

TECH- INTERNAL 
NOLDGY SCHOTTKY IMPLANTATlQN PRINTING TTL I/O 

IMOX 

1975 1977 1978 1981 
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INTRODUCT-JON 

THREE GENERATlPN5 OF TTL 

Transistor-transistor logic has been the dominant technology 
for digital circuits since it was developed in the mid-1960's. It 
has proven itself to be manufacturable in high volume using an 
extremely reliable process technology. The processes used 
for TTL have evolved over the years, making components 
smaller, laster and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate on a circuit manufactured today 
occupies 1/5 the area, consumes 1/10 the power, is twice as 
fast and costs less than 1/1 00 the' price. 

The circuits built using TTL technology have gone through two 
generations; the Am2900 Family represents the beginning of 
the third. Each generation consists of circuits which are 
fundamental building blocks of systems - circuits which can 
be interconnected in many different ways to build many 
different systems. Only by producing such universal circuits 
can manufacturing volumes be high enough to generate the rapid 
cost reductions characteristic of the integrated circuit industry. 

The quality which distinguishes one generation from another is 
the level of integration used, and, because of the level of 
integration, the philosophy behind the circuit. 

If one draws a curve plotting the cost of an individual gate 
against the number of gates on a chip, Figure 1 results. 
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Figure 1. 
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At the left, cost per gate is inversely proportional to the 
number of gates on the chip. The chip, is small enough that it 
does' not represent a significant portion of the cost 'of the 
product - it is virtually free. The cost of the product is 
composed of labor in assembly and test, the cost of process
ing an order, shipping and fixed overhead. Doubling the 
number of gates on the chip doesn't materially affect the cost 
so the cost per gate halves. As the number of gates per chip 
increases, the die begins to cost more, reversing the down
ward trend. As die cost dominates, the cost Pllr gate remains 
relatively flat until the yield of the die begins to decline 
markedly. The cost per gate then begins 10 rise, again. The 
lowest cost per gate is aChieved at a level of integration corre
sponding to the flat region. This is the optimum level of integration. 

As technology improves, costs are constantly reduced and the 
optimum level of integration occurs at more and more gates 
per chip. 

The three curves of Figure 2 are the reason for the three 
generations of TTL. !=ach generation has consisted of funda-. 
mental system building blocks designed to take advantage of 
the optimum level of integration at the time. 
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In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems. They 
consisted of gates - 7400,7410,7420 - and, pressing the 
state of the art, some flip-flops. They were fundamental 
building blocks. 

GENERATION II -- MSI, 1970 

Beginning around 1968, it became economical'to put more 
gates on a chip and the industry was faced with a problem: 
How does one put 20 gates on a chip and build a universal 
building block? Clearly, one answer was to bring the inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer was to redefine funda
mental building blocks. The new building blocks fell into seven 
categories: 

• Counters 
• Decoders 
• Multiplexers 
• Operators (adders, comparators) 
• Encoders 
'. Registers 
• Latches 

All systems could be defined in terms of these seven 
functions, and integrated circuits could be defined at the 
20-50 gatel chip level which performed these functions effi
ciently. This, of course, is MSI. Over the, last six or seven 
years, more and more circuits of this type have been intro
duced, utilizing standard gold-doped technology, low-power 
TTL, high-speed TTL, Schottky TTL, and now low-power 
Schottky TTL technology. Today, there are over 250 different 
MSI circuits and new ones appear every month. But in today's 
technology, many of these circuits are not particularly cost 
effective. They are too small for today's technology and their 
costs are labor intensive. (Labor costs do not follow traditional 
semiconductor pricing patterns.) In 1977, the optimum level of 
integration for bipolar logic was around 500 gates chip. 

GENERATION III -- The Am2900 Family, 1976 

At a 500-gate-per-chip level of integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system functions, was needed. Advanced Micro 
Devices has defined these eight categories: 

• Data Manipulation 
• Microprogram Control 
• Macroprogram Control 
• Priority Interrupt 
• Direct Memory Access 
• 1/ 0 Control 
• Memory Control 
• Front Panel Control 

Refer to Page 13-1 for Essential Information on Military Devices 
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>-,~r-----~----------------------------------------------------~------T-----------~------------' iii! The Arri2900 Family includes circuits ,desig!1ed te perform MI~ROPROGRAMME ARCHITECTURE 
~ III those functions efficiently. They are fundamental system 
g :. building blocks; tl:!ey contain hundreds .of gates per chip; they 
.5 "C are fast"":' utilizing Low-Pewer Schottky TIL technelogyand 
- C AMD's proprietary IMOX ™ technology; they are expandable; a III they are flexible - useful in emulation; and they are driven 
U ~ under microprogram central. 
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IMOX AND ECl - ,THE NEXT STEP 

Ever increasing complexity placed' greater and greater de
mands on existing process technelegies. Advanced Micro 
Devices respended to this challenge by introducing its revolu
tienary IMOX ion-implanted micro-oxide techneiegy in 19S0. 
Oxide iselation generated faster transister switching and 
tighter packaging. len-implantatien meant tighter parameter 
centrel and lewer pewer censumptien. The bettem line - an 
unequalled cembinatien .of speed and density culminating in 
the Am29116 with a staggering 2500 gates-per-chip. Figure 3 
shews this climb in gate density. 
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Figure 3. Am2900 Bipolar lSI/VlSI 

Future refinements of IMOX and new device technelogies will 
keep AMD on the leading edge in bipelar LSIIVLSI. Designed 
te take advantage of these improvements in process technel
egy, a new family .of micrepregrammable 32-bit contreller 
products will set the pace fer bipolar VLSI in the mid-19S0s. 

THE Am2900 FAMILY 

The Am2900 Family censists .of a series .of LSI building blocks 
designed fer use in micropregrammed cemputers and contrel
lers. Each device is designed to be expandable and sufficient
ly flexible te be suitable fer emulatien of many existing 
machines. It is the wide variety .of machine architectures 
possible with the Am2900 Family which sets it apart from the 
,fixed-instructien micreprocessers such as the AmSOS6. 

While an AmSOB6 can be used to build a micrecempute'r with 
.only feur .or five pac' ,ages, an Am2900 design will require 30 .or 
40 .or mere. The AmBOB6 design Will, therefere, almost always 
be cheaper. But the AmBOB6, .or any other fixed-instruction 
processor, can execute only one instructien set, so it is not 
really suitable lor emulatien .of anether machine. 

Moreover, a fixed-inst;uction processor .operates .only on 
, werds .of a single length, e.g., sixteen bits. An Am2900 design, 

en the ether hand, can be censtructed fer any werd length 
which is a multiple .of feur bits. 

Many applicatiens require specialized eperatiens to be per
fermed at relatively high speed. Such functiens as multiply and 
divide and special graphic centrel eperatiens, can b6 done in 
microcede 10-100 times faster than in, fixed-instructien MOS 
processors. 
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Mest small precessers teday' are being designed using 'a 
technique called microprogramming.' In micrepregrammed 
systems, a largepertien of the system's centrol is perfermed 
by a read .only memery (usually PROM) rather than large 
arrays of gates and flip-fleps. This technique frequently 
reduces t,he package ceunt in the centroller and provides a 
highly .ordered structure in the centroller, net present when 
rlindem logic 'is used. Mereever, micrepregramming, makes 
changes in the machines' instructien set very simple te 
perferm - reducing the pest-productien engineering cests fer 
the system substantially. 

The Am2900 Family .of Bipelar LSI devices has been' designed 
fer use in microprogrammed systems. Each device perferms a 
basic system functien and is driven by a set .of centrol lines 
frem a micreinstructien . 

Figure 4 illustrates a typical system architecture. There are twe 
"sides" te the system. At the left is the contrel circuitry and en 
the right is the data manipulatien circuitry. The bleck labeled 
"2901 C array" consists .of the ALU, scratchpad registers, data 
steeringlegic (all internal te the Am2901Cs), plus left/right 
shift centrel and carry leekahead circuit. Data is processed by 
meving it from main, memery (net shewn) inte the 2901 C 
registers, perterming the required operations on it and return
ing the restJlt te main memery. Memery addresses may alse be 
generated in the 2901Cs and sent .out te the memery address 
register (MAR). The feur;status bits from the 2901Cs ALU are 
captured in Ihe status register after each eperatien. 

The logic en the left side is the centrol sectien of the 
cemputer. This is where the Am2909A, 2910A, .or 2911A is 
used. The entire system is centrolled by a memory, usually 
PROM, which 90ntains long words called micreinstructiens. 
Each micreinstructien contains bits te centrol each of the data 
manipulatien elements in the system. There are, fer example, 
nine bits fer the 2901 C instructien lines, eight bits for the A and 
B register addresses, twe or three bits to centrol the shifting 
multiplexers at the ends of the 2901C array (see Figure 19, 
2901 C data sheet), and bits te centrel the register enables on 
the MAR, instructien register, and various bus transceivers. 
When the bits in a microinstructien are applied to all the data 
elements and everything is clocked, then one small operation 
(such as a data transfer or a register-to-register add) will .occur. 

A "machine instructien" (such as a minicomputer ' instruction 
.or an ,SOS6 instructien) is perfermed by executing several 
microinstructiens in sequence. Each micreinstruction there
fere centains not only bits te, centrol the data hardware, but 
alse bits te define the fecatien in PROM .of the next microin
structien te be executed. The fields are labeled in Figure 4 liS 
I, CC, andBA. The I field centrols the sequencer. It indicates 
where the next address is lecated - the ",PC, the stack, or the 
direct Inputs - and whether the ,stack is to be pushed or popped. 

The CC field contains bits' indicating the conditiens under 
which the I field applies. These are cempared with the 
cendition cedes in the status register and may cause medifica
tien to the I field. The cempliring and medificatien .occurs in 
the bleck labeled" centrellegic" . Frequently this is a PROM or 
PLA. In the case of the Am2910, it is built inte the chip. The BA 
field is a branch address or the address .of a subroutine. 

PIPEllNING 

The address fer the microinstructions is generated by the 
sequencer, starting frem a cleck edge. The address gees from 
the sequencer te the ROM and, an access time later, the 
microinstructien is at the ROM .outputs. 

A pipeline register is a register placed en the .output .of the 
micropregram memery te essentially split the system in two. 

Refer to Page 13-1 for Essential Information on' Military Devices 



The pipeline register contains the microinstruction currently Note' that there is no sequential logic in the sequencer f » 
being executed CD. (Refer to the circled numbers in Figure 4.) between the select lines and the output. This is important () ~ 
The data manipulation control bits go out to the system because the loop CD to ® to ® to ° must occur during a ~ 8 
elements and a portion of the micrOinstruction is returned to single clock cycle. During the same time, the loop from CD to ID 0 
the sequencer ® to determine the address of the next ® must occur in the 2901 Cs. These two paths are roughly the ." n 
microinstruction to be executed. That address ® is sent to the same (around 200ns worst case for a 16-bit system). Th~ III 0 

PRIOpeMII'naendretghl.estener.xtsmoicwrohilnlestrtuhceti02n9001'cSsitsaaret theexeicnuPtUI'ntgOfothnee presence of the pipeline register allows the micrOinstruction S-.., "03 
fetch to occur in parallel with the data operation rather than 

instruction, the next instruction is being fetched from ROM. serially, allowing the clock frequency t6 be doubled. III ~ 

b---------------------------------------------------------------------------------------~Sl~ .. 
Figure 4. 
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The system shown in Figure 4 works as follows. A sequence of 
microinstructions in the PROM is executed to fetch an 
instruction fr.om main memory. This requires that the program 
counter, often in a 2901C working register, be sent to the 
memory address register and incremented. The data returned 
from memory is loaded into the instruction register. The 
contents of the instruction register is passed through a PROM 
or PLA to generate the address of the first microinstruction 
which must be executed to perform the required funs:tion. A 
branch to this address occurs through the sequencer. Several 
microinstructions may be executed to fetch data from memory, 
perform ALU operations, test for overflow, and so forth. Then 
a branch will be made back to the instruction fetch cycle. At 
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this point, there may be branches to other sections of 
microcode. For example, the machine might test for an 
interrupt here and obtain an interrupt service routine address 
from another mapping ROM rather than start on the next 
machine instruction. There are obviously many possibilities. 
Throughout this data book, in application notes, and within 
data sheets, some suggested techniques will be found. 

Additional application notes are in preparation and are 
planned for publication. Advanced Micro Devices' Applica
tions' staff is available to answer questions and provide 
technical assistance as well. They may be reached by calling 
(408) 732-2400, or, outside California (800) 538-8450. Ask for 
Am2900 Family Applications. 
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Am29100 High-Performance Controller Products 

A BETTER WAY IS HERE 

A new family of products from Advanced Micro Devices 
makes high-performance controller design a snap. 

MICROPROGRAMMING; BEST FOR 
COMPUTERS, BEST FOR CONTROLLERS 

Microprogramming, long the preferred approach for com
puter design, offers lots of advantages in controllers as 
well. The ease with which the functions of a micropro
grammed controller can be enhanced and modified made 
the original 2900 Family popular for many disk, printer and 
communications controllers. The high-speed operation of 
these microprogrammed systems makes it possible to 
handle higher data rates from newer peripheral devices and 
to build intelligence into the controller. 

But the original 2900 products are architecturally oriented 
toward computers, with design features optimized for 
arithmetic functions and short sequences of microinstruc
tions. MOS processors are good choices for many low
speed applications, but when the demand for speed and 
intelligence goes up, they cannot keep pace. Controllers 
need something better: the 29100 Family. 

The 29100 Family products have been designed from the 
ground up with peripheral control applications in mind. They 
are fast, they are optimized for bit-manipulation. character 
handling, data communication and long, sophisticated mi
croprograms and they are designed to work together in a 
system. 

FAST LIKE YOU'VE NEVER HAD 

The central element of our new high-speed controller family 
is the Am29116 - a 16-bit bipolar microprocessor. It's not a 
slice - it's a complete 16-bit processor, with three-input 
ALU, 32 scratchpad registers, an accumulator, data latch, 
barrel shifter, priority encoder and status register with 
conditional code generation logic. But the Am29116 is far 

'more than a very fast number cruncher - it's been 
optimized for controller -oriented applications. It's instruc
tion set has instructions often needed in controllers that are 
not available in any other processor. 

A WHOLE FAMILY OF FAST LSI 
CONTROLLER PARTS 

There's more to our controller family than just the 
Am29116. A new sequencer, the Am29112, has been 
expressly designed for 10MHz microprogram control, with 
features like real-time interrupt servicing and deep subrout
ining. Rapid internal data transfer is handled by the 
Am2940 DMA Address Generator and by the Am2950 
handshaking 1/0 port. the Am9520 Burst Error Processor 
will provide a solution for error' correction on disk reads. 
Now, more than ever, the 2900 Family is the better solution 
for high data rate and highly intelligent control problems. 

TypiCAL CONFIGURATION .USING THE 2900 
CONTROLLER FAMILY , 

A tyJ\.:cal intelligent controller configuration is shown below. 
The basic controller consists of the Am29116, a micropro
gram control unit and a high-speed buffer memory. Each 
microinstruction includes: a) a 16-bit instruction field to the 
Am29116, b) next-microinstruction selection bits, c) control 
for the buffer mempry, d and e) control fOr'the interface 
circuits and f) possibly an 8 or 16-qit data field. ' 

Interface circuits like the Am2940 and Am2950 are used to 
provide DMA and to pass data between the controller and 
the host computer, Other circuits are used to interface to 
the peripheral. In this example, a disk interface is shown 
with a serial-parallel converter, a FIFO and a burst error 
processor. Controllers for other peripherals use identical 
hardware except for the peripheral interface itself. 

HIGH-PERFORMANCE INTELLIGENT CONTROLLER 

80002680 
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The Am29500 Family 
A High-Performance Architecture 

For Digital Signal/Array Processing 

The new system designs of the '80s will continue to press 
the performance limits of technology. Parallel processing 
and pipelined architectures iNili become the standard ap
proach. The new architectures are best implemented with a 
chip set that has been designed from the ground up with 
high speed array processing in mind. 

The Am29500 Family is designed specifically for these new 
architectures. Every key product feature supports the 
system end obiective of maximum performance and flexibil
ity. These include: 
• Microprogrammable, parallel functions 
• Pipeline organization used throughout 
• IMOX ™ process and ECl internal structures 
• TTL I/O for easy interfacing 

The first members of the family are targeted for the efficient 
execution of DSP and array processing algorithms. The 
most common algorithms include Infinite Impulse Re
sponse (IIR) and Finite Impulse Response (FIR) digital 
filters and Fasl Fourier Transform (FFT) processors. 

The first major building blocks are designed to support 
maximum performance signal processing applications. 

Included are: 
• Am29501 Multi-Port Pipelined Processor 

A specialized parallel processor which executes mul
tiple simultaneous data operations. Its Register! AlU 
structure provides the key functional element for a 
high performance signal processing system. Eight-bit 
slice! 

• Am29540 FFT Address Sequencer 
This algorithm-specific VlSI chip generates data and 
coefficient addresses for the Fast Fourier Transform. 
It supports a wide variety of FFT algorithms in ei
ther radix-2 or radix-4. 

• Am29516/29517 High Speed 16 x 16-8it Parallel 
Multipliers 
Both are 16 x 16-bit Parallel Multipliers. The 
Am29516 is pin and functionally compatible with the 
MPY-16HJ, but with an added multiplexer to output 
the lSP at the MSP port. The Am29517 is the 
same function, but with clock enables for micropro
grammed applications. 

• Am29520/29521 Multilevel Pipeline Registers 
Both devices contain four 8-bit registers for dual 
two-stage (FFT butterfly) or single four-stage (gener
al purpose) data or address pipelining. Combined 
load-and-shift (Am29520) or separate load-and-shift 
(Am29521) control options are available. 

• Am29526/29527/29528/29529 High-Speed Sinel 
Cosine Function Generators 
The sine and cosine functions are necessary for 
Fast Fourier Transforms (FFT). The Am29526/527 
generate the most significant and least significant 
byte of the 16-bit sine function and the Am29528! 
529 generate the most sign'ificant and least signifi
cant by1e of the 16-bit cosine function. The sine 
and cosine functions are generated to provide a 
range of e for a half cycle, 0';;; e ,;;; rr, in· increments 
of rr/2048. All four units have' a 50ns maximum 
commercial generation time. 

HIGH PERFORMANCE SIGNAL PROCESSOR 

.. 
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A high-performance signal processor may be constructed .as 
shown' in the diagram, The processor is built entirely with new 
Am29500 digital signal processing and Am2900 devices, Such 
a processor is attached as a slave to the mail; system bus to 
perform the multitude of arithmetic operations which prevail in 
DSP algorithms, 

• Am29510 High-Performance 16 x 16 Bit Multiply Accu
mulator 
The multiply accllmulatbr provides single cycle multiply 
accumulation or subtraction. The Am2951 0 is a pin
and function-compatible alternate source for the TRW 
TDC10l0J. As illustrated with the Am29516/517, the 
multiply accumulator will have a speed improvement 
over existing multiply accumulators. Using this architecture it is possible to implement a radix-2 

FFT butterfly in four instruction cycles. This allows a 1024-
point complex FFT to be performed in approximately 2ms. 

• Am295XX to be announced. 

Fast multiplication is the key to high-speed digital-signal 
processing.and high-speed array processing, In addition to the 
Am29516 and Am29517, Advanced Micro Devices is develop
ing an extensive family of multipliers. The first addition to the 
high-performance multiplier group: 

~More Multipliers 
A proliferation of the existing multiplier architectures 
will generat~ a complete family of multipliers and mul
tiplier accumulators. 

-FlOating Point Processors (FPP) 
A 32-bit FPP capable of performing single-cycle dou
ble-precision floating-point addition, subtraction, and 
multiplication. The FPP performs the arithmetic opera
tions in DEC or IEEE format: Available 1984. 
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Am2960-70 Memory Support Family 

System 

Memory system designs are increasingly shaped by 
three requirements: 

1. Higher system performance 
2. More memory capacity in less space 
3. Increased reliability 

The Am2960-70 Memory Support Family is a family of 
LSI building blocks which excels in satisfying· these 
three requirements and provides a complete systems 
solution for designs using 64K or 256K DRAMS. The 
family members include: 

Am2960 Error Detection and Correction Unit 
Am2961/62 EDC Bus Buffers 
Am2964B Dynamic Memory Controller 
(64K DRAM Version) 
Am2965/66 Dynamic RAM Drivers 
Am2968 Dynamic Memory Controller 
(256K DRAM Version) 
Am2969 Timing Controller 
Am2970 Timing Controller 
Am8163/67 System and Timing Controller for 
MaS MPUs 

These are general purpose products. They will support any 
suppliers' DRAMs and will work with any processor type: 
8086,80186,80286,68000, Z8000, and Am2900 proces
sors. They may also be used to support word widths of any 
size from 8 bits to 64 bits. 

Figure 1 shows the system interconnection for a typical 
memory system for 256K DRAMs, and Figure 2 shows the 
system interconnElction for a typical memory system using 
64K DRAMs. In both cases, the memory support subsys
tem interfaces to the System Data Bus, Address Bus, and 
control signals. Also, in both cases all, or almost all, of the 
memory support functions are handled by AMD LSI de
vices. This simplifies the design of the memory system and, 
more importantly, allows the board space available for 
DRAMs to be maximized because the LSI solution for 
control and error correction is very _ compact. 

ERROR DETECTION AND CORRECTION 

It is important that memory systems function reliably. The 
-·number of bytes of storage is increasing rapidly in memory 
systems at the same time that the density of the MaS 
DRAMs is growing. With 64K and 256K DRAMs, alpha 
particle sensitivity is milch greater than that of smaller 
DRAMs because of the reduced size of the memory cells 
and the smaller stored charge of the cell. A Technical 
Report follows the Am2960 data sheet in this section and is 
entitled" Am2960 Boosts Memory Reliability." This techni
cal report gives some statistics on soft error rates for 
DRAMs and demonstrates the dramatic increase in memo
ry reliability gained from the use of Hamming Code Error 
Detection and Correction schemes, such as those used by 
the Am2960 EDC (Error Detection and Correction) unit. 

Data interface between the dynamic memories, the 
Am2960 EDC chip and the system data bus is accom
plished by means of the Am2961/62 bus buffers. Figure 3 
depicts the architecture of these devices along with a 

IMOX is a trademark of Advanced Micro Devices, Inc. 

Overview 

simplified block diagram of the Am2960. The Am2961 is 
inverting between the system data bus and the EDC bus 
while the Am2962 is noninverting. As shown in Figure 3, the 
Am2961 and Am2962 contain two internal latches, a 
multiplexer, and a RAM driver output buffer. 

These devices feature 4-bit-wide data paths to and from the 
RAM, the EDC, and the system data bus. The bus-input (81) 
latch is used predominantly in byte WRITE operations, so 
that an incoming byte from the system data bus can be 
stored while the memory is being read, and any necessary 
correction made in the bytes not being changed. The bus
output (BO) latch is used predominantly for storing the 
output data if the processor is in the single-step mode. In 
the single-step mode it is necessary to hold the output data 
on the system data bus, but the memory must be released 
for refresh. 

The Am2960 Error Detection and Correction Unit contains 
all the logic necessary to generate check bits on a 16-bit 
data field according to a modified Hamming code and to 
correct the data word when check bits are supplied. 
Operating on the data read from memory, the Am2960 will 
correct any single-bit error and will detect all double- and 
some triple-bit errors. For 16-bit words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 
words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome bits 
available on separate outputs for data logging. 

The Am2960 also features two diagnostic modes in which 
diagnostic data can be forced into portions of the device to 
simplify device testing and to execute system diagnostic 
functions. 

The 16-bit Diagnostic Latch is loadable from the bidirection
al data lines under control of the Diagnostic Latch Enable, 
LE DIAG. It contains check bit information in one byte and 
control information in the other, and is used for driving the 
device when in the Internal Control mode, or for supplying 
check bits when in one of the Diagnostic modes. 

The control logic determines the specific operating mode. 
Normally the control logic is driven by external control 
inputs; however, _ in the Internal Control mode, the control 
signals are instead read from the Diagnostic Latch. 

The Am2960 is a very fast EDC device, but even faster 
versions will soon be available. A speed selected version, 
the Am2960-1, is described in the Am2960 data sheet, and 
an IMOX ™ verSion, the Am2960A, will be available by 
early 1985. All speed-improved versions have identical 
functions and are electrically plug-compatible with the 
current Am2960. 

MEMORY SYSTEM CONTROL AND TIMING 

Two Dynamic Memory Controllers are available for generat
ing address, RAS, and CAS signals for memory banks. The 
Am2964B is designed to work with 64K DRAMs of which 
each device can handle up to four banks for a total control 
capacity of 256K words. The new Am2968 is designed to 
work with 256K DRAMs and can also handle up to four 
banks for a total control capacity of 1 Megaword (the words 
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can be as many bits wide as desired). Also. the Am2968 
does not require external driver chips as dqes the 
Am2964B - the Am2968 has the memory drivers. with all of 
the undershoot control and sl'leed features of \he Am2965! 
66. built right into its address, RAS, and CAS outputs. 

. For generating the timing and control signals required by 
the Am2964B!68 and the Am2960!61!62, there are sever
al different devices available, optimized for different system 
requirements. For MOS Microprocessor systems, use the 
Am8163or Am8167. Both of Ihese devices will interface ~O 
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Figure 1. Am2900 High Performance Memory Subsystem Using 256K DRAMs 
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Figure 2. Am2900 High Performance Memory Subsystem Using 64K DRAMs 
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Figure 3. EDC Data Path 
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easily to iAPX86/186/286, Z8000, or 68000 microprocessors. 
The Am8163 and Am8167 provide the control signals and 
. timing signals for the memory controllers, the EDC, and the 
data bus buffers - in addition, the Am8163/67 decode thll 
memory system control, signals direc1iy from the MaS Micro
processor, requirjng in most cases only a singiePAL™ for 
interfacing. 

For high-performance Am2900-based processors or other 
high-speed processor designs, use the Am2969 or Am2970to 
generate timing and control signals. 

Following is a description ofthe fun.;tion of the Ani2964B/65/ 
66 for Dynamic Memory Control for 64K DRAMs. The Am2968 
incorporates these features and more into a single IC for use 
with 256K DRAMs. 

The Am2964B Dynamic Memory Controller is .used to provide 
all address handling, as well as RAS and CAS decoding and 
control. A block diagram of the Am29648 Dynamic Memory 
Controller is shown in Figure 5. The device contains 18 input 
latches for capturing an 18-bit address for memory control; the 
two highest order addresses are decoded in the Am2964B to 
select one of four banks of RAM by selecting one of the four 
RAS outputs. 

The Am2964B is designed to operate with either 16K Dynamic 
RAMs or 64K Dynamic RAMs. Thus, the designer either uses 
14 of the multiplexer address inputs and 7 of the address 
outputs or all. 16 of the multiplexer address inputs and all 8 of 
the address outputs as needed by the memory. In the case of 
16K Dynamic RAMs, 7 address inputs are provided to the 
RAM during the RAS LOW signal, and then the 8-bit multiplex
er is switched so that 7 upper address bits are provided to the 
RAM for the CAS LOW part of the· cycle. The Am2964B 
Dynamic Memory Controller contains an 8-bit refresh counter 
that is used to supply the refresh address to the dynamic 

memory during the refresh cycle. This counter can be used in 
either the 128 or 256 line refresh mode. A CAS buffer is 
inclu<;led in the dynamic memory controller so that the CAS 
output can be inhibited during refresh. 

Normal operation of the Dynamic Memory Controller is to 
provide the address, close the input address latches and kick 
off a normal memory cycle. This is accomplished by bringing 
the RASI input LOW, which will cl!use one ofthe ~ outputs 
to go LOW, After the required memory timing, the MSEL input 
will be used to switch the .multiplexer to the other address 
latch, then, the CASI input will be driven LOW causing the 
CASO ~tput to go LOW and execute· the CAS part of the 
memory cycle. The refresh cycle is executed by driving the 
RFSH input LOW which causes the multiplexer to connect the 
refreSh counter to its address outputs. Then, the RASI input is 
driven LOW which causes all· four RAS outputs to go LOW. 
This will· simultaneously refresh all four banks of dynamic 
RAMs controlled by the Am2964B Dynamic Memory ContrOl
ler. When either the RFSH or RASI input is brought HIGH, the 
refresh counter is advanced so it will be ready for the next 
refresh cycle. . 

As can be seen in Figure 1, Dynamic RAM Drivers can be used 
in large memory systems to buffer the Address, RAS, CAS and 
WRITE ENABLE signals to the RAMs. The Am2965 and 
Am2966 are pin compatible devices with the Am74S240 and 
Am74S244. These RAM drivers are specifically deSigned for 
driving dynamic RAMs and ·feature high capacitance drive, 
guaranteed maximum undershoot of less than -0.5 volts 'and 
high'VOH of greater than Vee -1.15 volts. The Arri2965 is 
inverting and the Am2966 is noninverting. The devices feature 
symmetrical rise and fall times and have guaranteed minimum 
and maximum tpo specifications for both. 50pF and 500pF 
loads. ' 

Figure 5. Am2964B Dynamic Memory Controller 
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Am2900 Family Applications Literature 
Available from AMD's Customer Education Center 

Bit·Sllce Design: Controllers 
and ALUs, White D.E., 
Garland STPM Press, N.Y. @ 1981 
Price: $34.50 + Tax + Shipping 
ISBN 0-8240-7103-4 

Blt·Slice Microprocessor 
Design, Mick and Brick, 
McGraw-Hili Publishing Co. 
1221 Avenue of the Americas 
New York, N.Y. 10020 
Price: $18.50 + Tax + Shipping 
ISBN 0-07-041781-4 

ED2900A Study Guide 
Price: $18.00 + Tax + Shipping 

This book provides the inexperienced bit-slice design 
engineer with an easily understood description of how a 

. computer control unit and ALU is built with the fundamental 
Am2900 devices (Am2901B, Am2909/11, Am2903, 
Am2910 and Am2914). This book forms the basis of the 
introductory bit-slice design course (ED2900A) at the AMD 
Customer Education Center. 

This comprehensive book discusses in detail the design of 
a microprogrammed computer using the Am2900 Family for 
the more experienced bit-slice designer. The book also 
includes sections on DMA design with the Am29401 
Am2942 and Program Control Unit design with the 
Am2930/Am2932. The book's chapters are: 

I - Computer Architecture 
II - Microprogrammed Design 

III - The Data Path 
IV - The Data Path, Part Two 
V - Program Control Unit 
VI - Interrupt 

VII - Direct Memory Access 
VIII - The Hex 29 

IX - The Super Sixteen 

This study guide is used in conjunction with the ED2900A 
course and complements Bit-Slice Design: Controllers and 
ALUs. The study guide contains example design problems, 
exercises and example AMSYS® 29 programs. 

Microprogram Design with the Am2900 Family A discussion of the 'instruction-cracking' problem in micro
programmed machines. Discusses ways to translate op 
codes into microprogram addresses and control lines. 

Order 00575A - MPR 

ORDERING INFORMATION 

The above liferature may be ordered directly from: 

Customer Education Center 
Advanced Micro Devices, Inc. 
490-A Lakeside Drive, MS: 71 
Sunnyvale, CA 94086 
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School of Advanced Engineering. 

BIPOLAR APPLICATION DESIGN COURSES 

AMD's School of Advanced Engineering offers graduate-level instruction)n designing with the newest technologies. Bipolar 
design ,courses take you from the basics of bit~slice architecture through basic design with the 2900 Family on to the 
microprogram development system and its application to your design and finally to emulation and CPU architecture where 
students create microcode to drive an actual system, using the writable control store of the AmSYS29 development system . 

For More Information: 

Contact your AMD Sides Representative or write to: 

Advanced Micro Devices 
School of Advanced Engineering 
Customer Education Center 
490-A lakeside Drive 
P.O. Box 453 
Sunnyvale, California 94086 U.S.A. 
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Macro Meta Assembler from Microtec* 

The Macro Meta Assembler is a valuable programming tool 
for those faced with the problem of writing micro-programs 
for bit slice processors such as the AMD 2901 and other 
similar microprogrammable microprocessors. It is a neces
sity for anyone faced with the problem of micro-program
ming any wide-word driven micro-sequencer system. 

The Macro Meta Assembler is an enhanced version of 
Microtec's Meta Assembler. It is totally upward compatible, 
yet can perform many functions that are difficult or impossi
ble with more basic packages. 

The principal new feature of the Macro Meta Assembler is a 
powerful macro facility that enables the user to define 
variable length microinstructions using a single mnemonic; 
to encode complex overlayed instructions, and to encode 
non-contiguous fields. Macros may be passed a variety of 
parameter types: Symbols, Numbers, Opcodes, and Char
acter Strings. Within the Macro-expansion parameters may 
be dynamically concatenated to existing text or other 
parameters, Symbols may be declared Local to the current 
Macro or be defined globally, and a wide variety of 
operators have been implemented for use with conditional 
Macro expansion. Macro calls may be nested and may be 
recursive. 

Other features that have been added to the language 
include the availability of boolean and relational operators 
in expressions, automatic generation of parity bits and entry 
point PROMs. 

The Meta Assembler consists of three separate programs: 
the Definition Program, the Assembly Program, and the 
PROM Formatter Program. These programs allow the user 

. to define a unique assembly language, assemble a program 
written in the user-defined language, and organize the 
resulting object module into arrays that are compatible with 
the target ROM/PROM memories. 

The Definition Program allows the user to define instruction 
mnemonics and their associated formats. Instruction 
lengths may vary from 1 to 128 bits. An instruction format is 
defined by breaking the microword into fields as variables, 
constants, or "don't care" bits. The variable fields ate filled 
in at Assembly time. Default values and certain permanent 
attributes may also be assigned to variable fields at 
Definition time. The Definition Program produces an output 
listing and a disk file which contains the symbols and 
instruction mnemonics. This Definition file is used by the 
Assembly program as a reference when assembling a 
program. 

The Assembly Program is similar to a traditional two-pass 
'assembler. A symbolic source program utilizing the mne
monics and symbols defined in the Definition Program is 
read as input; a program listing and object module are 
generated as output. The Assembler provides symbolic 
addressing, relative addressing, paged addressing, and 
other features found in typical assembly programs. The 
instruction syntax and assembler directives are compatible 
with those utilized by AMD in its literature and software 
products. Additional directives have been implemented for 
versatile listing and output ·controls. 

*This information was provided by Microtec. AMD is not associated 
with Microtec and does not guarantee· their products. 

Both the Definition Program and the Assembly Program are 
implemented with Conditional Assembly Operators. Condi
tional statements may be nested up to 16 levels and can be 
made dependent on general expressions, character string 
equality, and symbol definition status. A full cross reference 
table is provided in both programs. ' 

The following directives are included in Microtec's Macro 
Meta Assembler Program: 

MACRO 
ENDM 
EXITM 
LOCAL 

IF 

ELSE 
ENDIF 

IFC 

IFNC 

IFD 
IFND 
MAP 

DUP 

DATA 

- Define a Macro 
- End a Macro Definition 
- Alternater Macro Exit 
- Define a Macro Local Symbol 
- Conditional Assembly if Expression is 

Non-Zero ' 
- Conditional Assembly Statement Converse 
- Conditional Assembly Statement End 
- Conditional Assembly if Character Strings 

Compare 
- Conditional Assembly if Character Strings 

Don't Compare 
- Conditional Assembly if Symbol Defined 
- Conditional Assembly if Symbol Not Defined 
- Generate Entry Point Table 
- Duplicate a Line (in timesharing version of 

AMDASM) 
- Define Data Word (in timesharing version of 

AMDASM) 

The PROM Formatter Program reads the object module 
produced by 'the Assembly Program and translates the 
format into one that can be read by a PROM programmer. 
BNPF, Data 1/0 ASCII hexadecimal, and the Step Engi
neering format are supported. Microwords in the object 
module can be divided into organizations that are compati
ble with the target PROMIROM array. The length and width 
of PROMS may be specified as well as the value of "don't 
care" bits. The PROM Formatter has three new features 
that add to the versatility of the program: single bit parity 
generation; column switching; and column overlaying. 

The Macro Meta Assembler is written in ANSI Fortran and 
will run. on any general purpose digital computer that has a 
Fortran IV compiler, a word length of at least 16 bits, a disk 
or magnetic tape facility and 20-24K words of program 
memory. In most systems these programs can be run in an 
overlayed mode if the required memory is not available. 

The programs are well commented and modular. A detailed 
manual, source listing, test programs, and test program 
output listings accompany each software order. The test 
programs allow the operation of the software to be verified 
quickly and easily. A manual is available for a small fee, if 
further information is desired. 

For additional information, contact Microtec, P.O. Box 
60337, Sunnyvale, California 94088. Telephone (408) 733-
2919. 
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Meta Assembler Program from Microtec* 

Microtec has available a Meta Assembler program for 
the AMD 2900 microprocessor and other similar micro
programmable microprocessors. The Assembler is com
patible with AMD's AMDASM program, but is written in 
ANSI standard Fortran IV and will run on any machine 
that has: 

1. A Fortran IV compiler 
2. A word length of at least 16 bits· 
3. A disc or magnetic tape facility 
4. 18K words of Random Access Memory· (in most 

systems these programs can be run in an over
layed mode if the required memory is not avail
able) 

The Meta Assembler Software Package actually consists of 
three separate programs; a Definition Program, an Assem
bly Program, and a PROM Formatter Program •. 

The Definition Program allows the user to define instruction 
mnemonics and their associated formats. Instruction 
lengths may vary from 1 to 128 bits. SymbOlic Constants 
and reserved words may also be defined in the Definition 
Program. An instruction format is defined by breaking the 
microword into fields and defining the fields as constants, 
don't care bits, or variables which are filled in at assembly 
time. Default values and certain permanent attributes may 
also be aSSigned to variable fields at Definition time. The 
Definition Program produces an output listing and a disk file 
consisting of the defined symbols and instruction mnemon
ics. This Definition file is used by the Assembly program as 
a reference when assembling a program. 

The Assembly program operates like a traditional assem
bler. A symbolic source program utilizing the mnemonics 
and symbols defined in the Definition Program is read as 
Input, and a listing and object modUle are generated as 
output The Assembler provides symbolic addressing, rela
tive addressing, paged addreSsing, and other ·features 
found in typical assembly programs. The instruction syntax 
and assembler directives are compatible with those utilized 
by AMD in its literature and software products. Additional 

"This lnIonnation _ provided by Microtec. AMD is not aosociated with Mlcrotoc. 
and does not guarantee their products. . 

directives have been implemented to provide for versatile 
listing and output controls. 

Conditional Assembly ·statements are provided in both the 
Definition and Assembly programs. These statements may 
be nested up to 16 levels and·can be made dependent on 
general eXp(ession. A full cross reference table is also 
provided in both programs. . 

Some features of Microtec's Meta Assembler are particu
larly helpful when assembling code for microprogrammable 
machines. The existence of don't care bits and instruction 
overlaying are included· among these features. Bits of a 
microword which are not relevant to a particular instruction 
format may be defined as don't care bits. Don't care bits 
are printed as X's on the listing and do not have to be 
defined until the PROM Formatter program is executed. An 
instruction format with don't care bits can be overlayed with 
other instruction formats. Therefore when useful, an in
struction format can be used to define only part of the 
microword, padding out the word with don't care bits. 

The PROM Formatter Program reads the object.module file 
produced by the Assembly program and translates the 
format into one that can be readby a PROM programmer. 
Both BNPF and Data 1I0's ASCII hexadecimal format are 
supported. Microwords in the. object module can be broken 
up into organizations that are compatible with the target 
PROM/ROM array. Users may specify PROMs of any width 
and length, as well as the value of don't care bits .. Any or all 
PROMs may be listed and/or punched. 

The programs are well commented and modular. A detailed 
manual, source listing, test programs, and test program 
output listings accompany each software order. The test 
programs allow the operation of the software to be verified 
quickly and easily. If the information given here is not 
suffICient, a manual is available for a small fee. 

,Coming soon is M29 MAD'S New Meta Assembler. Contact 
your local. sales office for details. 

For additional information, contact Microtec, P.O. Box 
60337 Sunnyvale, Ca. 94088 (408) 733-2919 
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Videotape Seminar Kits 

AdvanQed Micro Devices regularly prepares and presents seminars woi'dwide that describe the function and application of its 
Am2900 Family products. These seminars may also be presented at local factory or design centers through arrangement 
with the field Applications Engineer located at the AMD Sales Office. 

It is now also possible to order the following seminars in videotape form with literature kits. 

• 2Am29116 Sixteen-Bit Biplor Microprocessor and Peripherals 
• 2Am29500 Array Processing/Digital Signal Processing Familly 

The videotape is a 2 - 3 hour seminar covering the products function in detail and demonstrating aspects of system 
integration using the products, The literature kit includes a slide booklet, data sheets of all products covered in the seminar, 
and other relevant material. 

These kits may be ordered from AMD's Customer Education Center. Contact your AMD Sales Representative for more 
infomation. 

Am29116 Sixteen-Bit Blplor MIQrOprocessor snd Peripherals 
'- Videotape (includes one set of literature) 

- Literature Kit (each additional set) 

Am29500 Array Proceeslng (DIgital· Signal Processing Familly) 
- Videotape (includes one set of literature) 

- Literature Kit (each additional set) 

2-31 

Order Code Prlces(USA) 

Am29116-VIDEO $99lVideotape 

Am29116-lIT $5/set 

Am29116-VIDEO $99lVideotape . 

Am29116-lIT $5/set 
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Am29300 32 BIT 32-BIT ARITHMETIC LOGIC UNIT 
HIGH PERFORMANCE MICRO INTERRUPTIBLE SEQUENCER 
BUILDING BLOCKS 32-BIT FLOATING POINT PROCESSOR -

32x32 MULTIPLIER , 
II 
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Advanced Micro Devices reserves the right to make changes in its products· without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests,· correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 



Am29323 
32-Bit Parallel Multiplier 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• 32-Bit Three-Bus Architecture 
- The device has two 32-bit input ports and one 32-bit 

output port with maximum multiply time of Bans 
• Single Clock with Register Enables 

- The Am29323 is' controlled by one clock with 
individual register enables 

• Supports Multiprecision Multiplication 
- The device has dual 32-bit registers on each data 

input port to perform multiprecision multiplication 

• Transparent-Able Input, Output and Instruction Regis
ters 
- Input and output registers can be made transparent 

independently to eliminate unwanted pipeline delay 
• Supports Two's complement, unsigned or mixed mode 

numbers 
• Data Integrity Through Master-Slave Mode and Parity 

Check/Generate 
- Parity check/ generate catches inter-device 

connection errors and master/slave mode provides 
complete function check 

GENERAL DESCRIPTION 

The Am29323 is a high-speed 32 x 32-Bit Parallel Multipli
er with 67-Bit Accumulator. The part is designed to maxi
mize system level performance by providing three 32-bit 
bus architecture and a single clock with register enables. 

The Am29323 further enhances the system throughput by 
providing individual register feedthrough controls, byte 
parity checking on both input ports and generation on the 
output port, as well as, dual input registers on each data 
input bus to support multiprecision multiplication. The 
Am29323 can manage a wide variety of data types such as 

Two's complement, unsigned or mixed mode input formats. 
64 x 64 bit multiplication can be performed in seven clock 
cycles, including input and output. Additional features 
provided are format adjust control allowing for standard 
output or left shifted output suitable for Two's complement 
arithmetic. The part also features master/slave operation, 

The Am29323 is designed with the IMOX ™ process, which 
allows internal ECl circuits with TIL compatible I/O. The 
device is housed in a 16B-Iead pin-grid·array package. 

BLOCK DIAGRAM 

The Am29323 High-Speed 32 x 32-Bit Parallel Multiplier 

fiixAi~ -r
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"'""'""-

IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am29325 
32·SitFloating Point Processor 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• Single VLSI device performs high-speed floating-point 
arithmetic 
- Floating-point addition, subtraction and multiplication 

in a single clock cycle 
- Internal architecture supports sum-ot-products, 

Newton-Raphson division' 
• 32-bit, 3-bus flow-through architecture 

- Programmable I/O allows interface to 32- 'and 1£-bit 
systems 

• IEEE and DEC formats 
- Performs conversions between formats 
- Performs integer - floating point conversions 

• Six flags indicate operation, status 
• Register enables eliminate clock skew 
• Input and output registers can be made transparent 

independently . 

GENERAL DESCRIPTION 

The Am29325 is a'high-speed floating-point processor unit. 
It performs 32-bit single-precision floating-point addition, 
subtraction, and multiplication operations in a single LSI 
integrated circuit, using the format specified by the proposed 
IEEE floating-point standard P754. The DEC single
precision floating-point format is also supported. Operations 
for conversion between 32-bit integer format and f1oating
point format are available, as are operations for converting 
between the IEEE and DEC floating-point formats: Any op
eration can be performed in a single clock cycle. Six flags -
invalid operation, inexact result, zero, not-a· number, over
flow, and underflow - monitor the status of operations. 

Tht;1 Am29325 has a 3-bus, 32-bit architecture, with two 
input buses and one output bus. This configuration provides 

high 110 bandwidth" allows access to all buses and affords a 
high degree of flexibility when connecting this device in a 
system. All buses are registered, with each register having a 
clock eni\ble.lnput and output registers may be made trans' 
parent independently. Two other 110 configurations, a32-bit, 
2-bus archiiecture and a 16-bit, 3·bus architecture, are 
user-selectable, easing interface with a wide variety of sys
tems. Thirty-two-bit internal fet;1dforward data paths support 
accum\Jlation operations, including sum-of-products and 
Newton-Raphson division. 

Fabricated with the high-speed IMOX™ bipolar process, the 
Am29325 is powered by a single 5-volt supply. The device is 
housed in a 144-pin pin-grid-array package. 

Am29,300 FAMILY HIGH PERFORMANCE SYSTEM BLOCK DIAGRAM 

Am29331 
16-81T 

SEQUENCER 

f'6 
MICROPROGRAM 

MEMORY 

PIPELINE 
REGISTER 

1 
CONTROL 
SIGNALS 

• Am29323 - 32 x 32 Parallel Multiplier 
• Am29332 - 32-Bit ALU 
• Am29331 - 16-Bit Sequencer 

IMOX is a trademark of Advanced Micro Devices, Inc. 

05621A·l 

RELATED PRODUCTS 

• Am29334 - 64 x 18 Four-Port Dual-Access 
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BLOCK DIAGRAM 
Am29325 

PORTR PORTS 

1 
elK c:>--+- FLOATING-POINT 

AlU 

AND~~~~~~ PORT F 

LINES 

OE L.:>-----<I\;7 

DEFINITION OF TERMS 

AFFINE MODE 

One of two modes affecting the handling of operations on 
infinities - see the Operations with Infinities section under 
Operation in IEEE Mode below. 

BIASED EXPONENT 

The true exponent of a floating-point number, plus a constant. 
For IEEE floating-point numbers, the constant is 127; for DEC 
floating-point numbers, the constant is 128. See also True 
Exponent. 

BUS 

Data input or output channel for the floating-point processor. 

DEC RESERVED OPERAND 

A DEC floating-point number that is interpreted as a symbol and 
has no numeric value. A DEC reserved operand has a sign of 1 
and a biased exponent of O. 

DESTINATION FORMAT 

The format of the final result produced by the floating-pointALU. 
The destination format can be IEEE floating-point, DEC floating
point or integer. 
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FINAL RESULT 

OVERFLOW 

UNDERFLOW 

ZERO 

The result produced by the floating-point ALU. 

FRACTION 

The twenty-three least-significant bits of the mantissa. 

INFINITELY PRECISE RESULT 

Q5621A·2 

The result that would be obtained from an operation if both 
exponent range and precision were unbounded. 

INPUT OPERANDS 

The value or values on which an operation is performed. For 
example, the addition 2 + 3 = 5 has input operands 2 and 3. 

MANTISSA 

The portion of a floating-point number containing the number's 
significant bits .. For the floating-point number 1.101 x 2-3, the 
mantissa is 1.101. 

Refer to Page 13-1 tor Essential InformatiOn on Military 0eWleI 
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DEFINITION OF TERMS (Cont) 

NAN (Not-a-Number) 

An IEEE floating-point number that is interpreted as a symbol, 
and has no numeric value. A NAN has a biased exponent of 
25510 and a non-zero fraction. 

PORT 

Data input or output channel for the floating-point AlU. 

PROJECTIVE MODE 

One of two modes affecting the handling of operations on 
infinities - see the Operations with Infinities section under 
Operation in IEEE Mode below. 

PIN DESCRIPTION 

CLK 

ENR 

FTO 

R operand bus, input. RO is the least-signifi
cant bit. 

8 operand bus, input. 80 is the least-signifi
cant bit. 

F operand bus, output. Fo is the least
significant bit. 

Clock input for the internal registers. 

Register R clock enable, input. When ENR is 
lOW, register R is clocked on the lOW-to
HIGH transition of ClK. When ENR is HIGH, 
register R retains tl)e previous contents. 

Register 8 clock enabie, input. When EN8 is 
lOW, register 8 is clocked on the lOW'tC>
HIGH transition of ClK. When EN8 is HIGH, 
register 8 retains the previous contents. 

Register F clock enable, input. When ENF is 
lOW, register F is clocked on the lOW-to
HIGH transition of ClK. When ENF is HIGH, 
register F retains the previous contents. 

Input register feedthrough control, input. 
When FT 0 is HIGH, registers Rand 8 are 
transparent. 

Output register feedthrough control, input. 
When FT1 is HIGH, register F and the status 
flag register are transparent. 

Operation select lines, inputs. Used to select" 
. the operation to be performed by the AlU. See 
the ALU Operation Select Table for a list of 
operations and the corresponding codes. 

AlU 8 port input select, input. A lOW on 13 
selects register S as the input to the AlU S 
port. A HIGH on 13 selects register F as the 
input to the ALU 8 port. 
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ROUNDED RESULT 

The result produced by rounding the infinitely precise result to fit 
the destination format. 

TRUE EXPONENT (or Exponent) 

Number representing the power of two by which a floating-point 
number's mantissa is to be multiplied. For the floating-point 
number 1.101 x 2-3, the true exponent is ~3. 

IEEE/DEC 

INEXACT 

INVALID 

NAN 

ONEBUS 

OVERFLOW 

Register R input se.lect, input. A .LOW on 14 
selects Ro-R31 as the input to register.R. A 
HIGH selects the AlU F port as the input to 
register R. 

IEEE/DEC mode . select, input. When IEEEI 
DEC is HIGH, IEEE mode is selected. When 
IEEE/DEC is lOW, DEC mode is selected. 

Inexact result flag, output. A HIGH indicates 
that the final resullof the last operation was not 
infinitely precise, due to rounding. 

Invalid operation flag, output. A HIGH indi
'cates that the last operation performed was 
invalid, e.g., x times O. 

Not-a-number flag, output. A HIGH indicates 
that the final result produced by the last opera
tion is not to be interpreted as a number. The 
output in such cases is either an IEEE Not-a
Number (NAN) or a DEC reserved operand. 

Output enable, input. When OE is LOW, the 
contents Of register F are placed on Fa-F31. 
When OE is HIGH, Fa - F31 assume a high
impedance state. 

Input bus configuration control, input. A lOW 
on ONEBUS configures the input bus circuitry 
for two-input bus operation. A HIGH on 
ONEBU8 configures the input bus circuitry for 
single-input .bus operation. 

Overflow flag, output. A HIGH indicates that 
the last operation produced a final result that 
overflowed the floating-point format. 

Projectiveiaffine mode select, input. Choice of 
projective or affine mode determines the way 
in which infinities are handled in IEEE mode. A 
lOW on PROJ/AFF seleds affine mode; a 
HIGH selects projective mode. 



PIN DESCRIPTION (Cant) 

RNDO. RNDl 

516/32 

ARCHITECTURE 

Rounding mode selects. inputs. RNDo and 
RNDl select one of four rounding modes. See 
the Rounding Mode Select Table for a list of 
rounding modes and the corresponding con
trol codes. 

Sixteen- or thirty-twa-bit I/O mode select, 
input. A LOW on S16/32 selects the thirty-two
bit I/O mode; a HIGH selects the sixteen-bit I/O 
mode. In thirty-two-bit mode, inputs and out
put buses are 32 bits wide. In sixteen-bit 
mode, input and output buses are sixteen bits 

The Am29325 comprises a high-speed, floating-point ALU, a 
status flag generator, and a 32-bit data path. 

Floating-Point ALU 

The floating-point ALU performs 32-bit floating-point operations. 
It also performs floating-point-to-integer conversions, integer
to-floa1ing-point conversions, and conversions between the 
IEEE and DEC floating-point formats. The ALU has two 32-bit 
input ports, Rand S, and a 32-bit output port, F. 

Conceptually, the process perfprmed by the ALU can be divided 
into three stages - see Figure 1. The operation stage performs 
the arithmetic operation selected by the user; the output of this 
section is referred to as the infinitely precise result of the opera
tion. The rounding stage rounds the infinitely precise result to fit in 
the destination format; the output of this stage is called the 
rounded result. The last stage checks for exceptional conditions. 
If no exceptional condition is found, the rounded result is passed 
through this stage. If some exceptional condition is found, e.g., 
overflow, underflow, or an invalid operation, this section may 
replace the rounded result with another output, such as +x, - x, 

a NAN, or a DEC reserved operand. The output of this last stage 
appears on port F, and is called the final result. 

The ALU performs one of eight operations; the operation to be 
performed is selected by placing the appropriate control code on 
lines 10 -12. The ALU Operation Select Table gives the control 
codes corresponding to each of the eight operations. 

The floating-point addition operation (R PLUS S) adds the 
floating-point numbers on ports Rand S, ana places the 
floating-point result on portF.ln IEEE mode (IEEE/DEC = HIGH) 
the addition is performed in IEEE floating-point format; in DEC 
mode (lEEE/DEC = LOW) the addition is performed in DEC, 
format. 

- The floating-point subtraction operation (R MINUS S) subtracts 
the floating-point number on port S from the floating-point 
number on port R and places the floating-point result on port F. In 
IEEE mode (IEEElDEC = HIGH) the sutitraction is performed in 
IEEE floating-pointformat; in DEC mode (IEEElDEC = LOW) the 
subtraction is performed in DEC format. 

The floating-point multiplication operation (R TIMES S) multiplies 
the floating-point numbers on ports Rand S, and places the 
floating-point result on port F, In IEEE mode (IEEE/DEC = HIGH) 
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wide, with ihe least and most significant por
tions of the thirty-twa-bit input and output 
words being placed on the buses during the 
HIGH and LOW portions of CLK, respectively. 

UNDERFLOW Underflow flag, output. A HIGH indicates that 
the last operation produced a rounded result 
that.underflowed the floating-paint format. 

ZERO Zero flag, output. A HIGH indicates that the last 
operation produced a final result of zero. 

Figure 1. Conceptual Model of the Process Performed by 
the Floating-Point ALU 

R 

OPERATION STAGE 
(PERFORMS SELECTED OPERATION) 

J --INFINITELY PRECISE RESULT 

ROUNDING STAGE 
(ROUNDS INFINITELY PRECISE 

RESULT) 

1-ROUNDED RESULT 

EXCEPTION STAGE 
(CHECKS FOR UNUSUAL CONDITIONS) 

FINAL LSUlT 0562~A-3 

the multiplication is performed in IEEE floating-point format; in 
DEC mode (IEEElDEC = LOW) the multiplication is performed in 
DEC format. 

The floating-point constant subtraction (2 MINUS S) operation 
subtracts the floating-point value on port S from 2, and places the 
result on port F. The operand on port R is not used in this 
operation; its value will not affect the operation in any way, In 
IEEE mode (IEEEJDEC = HIGH) the operation is performed in 
IEEE floating-pointformat; in DEC mode (IEEE/DEC = LOW) the 
operation is performed in DEC format. This operation is used to 
support Newton-Raphson floating-point division; a description of 
its use appears in Appendix C. 

The integer-to-floating-point conversion (INT -TO-FP) operation 
takes a 32-bit, two's complement integer on port R and places the 
equivalent floating-point value on port F. The operand on port Sis 
not used in this operation; its value will not affect the operation in 
any way. In IEEE mode (IEEE/DEC = HIGH) the result is de
livered in IEEE format; in DEC mode (IEEEIDEC = LOW) 
the result is delivered in DEC format. 

Refer to Page 13.1 for Essential Information on MIlitarY Dev\ce8 
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ALU OPERATION SELECT TABLE 

Operation Output Equation 

0 0 0 Floating-point addition F=R+S 
(R PLUS S) 

0 0 1 Floating-point subtraction· F=R-S 
(R MINUS S) 

0 1 0 Floating-point mu~iplication F = R' S 
(R TIMES S) 

0 1 1 Floating-point constant F=2-S 
subtraction (2 MINUS S) 

1 0 0 Integer-to-floating-point F (floating-point) = R (integer) 
conversion (INT-TO-FP) 

1 0 1 Floating-point-to-integer F (integer) = R (floating-point) 
conversion (FP-TO-INT) 

1 1 0 IEEE-TO-DEC formai conversion F (DEC format) = R (IEEE format) 
(IEEE-TO-DEC) 

1 1 1 DEC-TO-IEEE format conversion F (IEEE format) = R (DEC format) 
(DEC-TO-IEEE) 

The floating-point-to integer conversion (FP-TO-INT) operation 
takes a floating-point number on port R and places the equivalent 
32-bit, two's complement integer value on port F. The operand on 
port S is not used in this operation; its value will not affect the 
operation in any way. In IEEE mode (iEEE!DEC = HIGH) the 
operand on port R is interpreted using the IEEE floating-point 
format; in DEC mode (IEEE/DEC = LOW) it is interpreted using 
the DEC floating-point format. 

The IEEE-to-DEC conversion operation (IEEE-TO-DEC) takes 
an IEEE-format floating-point number on pori R and places the 
equivalent DEC-format flQating-point number on port F. The 
operand on port S is not used in this operation; its value will not 
affect the operation in aJiy way. The operation can be performed 
in either IEEE mode (IEEE/DEC = HIGH) or DEC mode (IEEE! 
DEC = LOW). 

The DEC-to-IEEE conversion operation (DEC-TO-IEEE) takes 
a DEC-format floating-point number on port R and places the 
eqllivalent IEEE-format floating-point number on port F. The 
operand on pQrt S is not uSed in this operation; its value will not 
affect the operation in any way. The operation can be performed 
in either IEEE mode (lEEE/DEC = HIGH) or DEC mode (IEEE:! 
DEC = LOW). 

Status Flag Generator 

The status flag generator controls the state of six flags that report 
the status of floating-point ALU operations. The flags indicate 
when an operation is invalid (e.g., infinity times zero) or when an 
operation has produced an overflow, an underflow, a non
numerical result (e.g., a NAN or DEC reserved operand), an 
inexact result, or a result of zero. The flags representthe status of 
the most-recently-performed operation. Flag status is stored in 
the flag status register on the LOW-to-HIGH transition of CLK. 
When the output register feedthrough control FT, is HIGH, the 
flag status register is made transparent. ' . 

Data Path 

The 32-bit data path consists of the Rand S input buses, the F 
output bus, data registers R, S, and F,the register R input multi
plexer, and the ALU port S input multiplexer. 
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Input operands enter the floating-point processor through the 
32-bit Rand S input buses, Ro-R31 and SO-831. Results 
of operations appear on the 32-bit F bus, Fo-F31. The F 
bus assumes a high-impedance state when output enable 
OE is HIGH. 

The Rand S registers store input operands; the F register stores 
the final r,esult of the floating-point ALl) operation. Each register 
has an independent clock enable (ENR, ENS and ENF). When a 
registe(s clock enable is LOW,the register stores the datI! on its 
input at the LOW-to-HIGH transition of CLK; when the clock 
enable is HIGH, the register retains its current data. All data 
registers are fully edge-triggered - both the input data and the 
register enable need only meet modest setup and hold time 
requirements. Registers Rand S can be made transparent by 
setting FT 0, the input register feedthrough control, HIGH. Regis
ter F can be made transparent by setting FT 1 , the output register 
feedthrough control, HIGH. 

The register R input multiplexer selects either the R input bus or 
the floating-point ALU's F port as the inputto register R. Selection 
is controlled by 14 - a LOW selects the R input bus; a HIGH 
selects the ALU F port. The ALU port S input multiplexer selects 
either register S or register F as the input to the floating-point 
ALU's S port. Selection is controlled by 13 - a LOW selects 
register S; a HIGH selects register F. 

Data selected by 13 and 14 is described in the Mux Select Tables. 
When registers Rand S are transparent (FTo = HIGH) multi
plexer select 14 must be kept LOW, so that the register R input 
multiplexer selects Ro- R31. When register F is transparent (FT 1 
= HIGH) multiplexer select 13 must be kept LOW, SQ that the ALU 
port S input multiplexer selects register S. 

MUX SELECT TABLES 

13 Data selected for floating-pOint ALU Sport 

0 Register S 

1 Register F 

14 Data selected for register R input 

0 R bus 

" 
Floating-pointALU port F 

Refer to Page 13-1 for EaeentIaI Intonnation on Miliary Oe\/icee 



I/O MODES 

The Am29325 data path can be configured in one of three I/O 
modes: a 32-bit, two-input-bus mode; a32-bit, single-input-bus 
mode; and a 16-bit, two-input-bus mode. These modes affect 
only the manner in which data is delivered to and taken from the 
Am29325; operation of the floating-point AlU is not altered. The 
I/O mode is selected with the ONEBU8 and 816/32 controls. The 

I/O Mode Selection Table lists the control codes needed to 
invoke each I/O mode. . 

I/O ~ODE SELECTION TABLE 

S16/32 ONEBUS I/O Mode 

0 0 32-bit, two-input-bus mode 

0 1 32-bit; single-input-bus mode(.) 

1 0 16-bit, two-input-bus mode(.) 

1 1 Illegal I/O mode selection value 

(.)FTO must be held lOW in this mode (see text). 

32-Bit, Two-Input-Bus Mode 

In this I/O mode, the Rand 8 buses are configured as indepen
dent 32-bit input buses, and the F bus is configured as a 32-bit 
output bus. Figure 2 is a functional block diagram of the Am29325 
in this I/O mode. 

Am29325 

Rand 8 operands are taken from their respective input buses and 
clocked into the Rand 8 registers on the lOW-to-HIGH transition 
of elK. Register F is also clocked on the lOW-to-HIGH transition 
of elK. Figure 5(a.) depicts typical I/O timing in this mode. 

32-Bit, Single-Input-Bus Mode 

In this I/O mode, the Rand 8 buses are connected to a single 
32-bit mUltipiexed input data bus; the F bus is configured as an 
independent 32-bit output bus. Figure 3 is a functional block 
diagram of the Am29325 in this I/O mode. Note that both the R 
and 8 bus lines must be wired to the input bus. 

Rand 8 operands are multiplexed onto the input bus by the host 
system. The 8 operand is clocked from the input bus into a 
temporary holding register on the HIGH-to-lOW transition of 
elK and is transferred to register 8 on the lOW-to-HIGH transi
tion of elK. The R operand is clocked from the input bus into 
register R on the lOW-to-HIGH transition of elK. Register F is 
clocked on the lOW-to-HIGH transition of elK. Figure 5(b.) 
depicts typical I/O timing in this mode. 

When placed in this I/O mode, the data path will not function 
properly if the Rand 8 registers are made transparent. Therefore 
input register feedthrough control FT 0 must be held lOW in this 
mode. 

Figure 2. Functional Block Diagram for the 32-Bit, Two-Input-Bus Mode 

14 C>--+--I 

ENR C>----t--oIr;,;~--'--.., 
CLK C>--+..-il> 

ONEBUS (= LOW) D--1>'--

S18/32(=LOWj D--tl'--
FLOATIN!;-POINT 

ALU 

CLK ---i:::...---r--J 
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Figure 3. Functional Block Diagram for the 32-Blt, Single-Input-Bus Mode 

ONEBUS(= HIGH) ~ 

SI6/32(= lOW) ~ 

R S 

FLOATING-POINT 
AlU 

r-.....:"--;;)o-~-<:JENS 
L_-.-_3"-- elK 

ENFc:>---<f~--~---l 

CLK--~_...,..._J 

16-Bit, Two-Input-Bus Mode 

In this I/O mode, the Rand S buses are configured as indepen
dent 16-bit input buses, and the F bus is configured as a 16~bit 
output bus. Figure 4 is a functional block diagram of the Am29325 
in this I/O mode. Note that the 16 LSBs and 16 MSBs of the R, S 
and F bIlses must be wired to their respective system buses in 
parallel. 

Thirty-two-bit operands are passed along the 16-bit data buses 
b~time-multiplexing the 16 LSBs and 16 MSBs of each 32-bit 
word. For the R input bus, the host system multiplexes the 16 
LSBs and 16 MSBs olthe R operand onto the 16-bit R bus. The 16 
LSBs of the R operand are stored in a temporary holding register 
on the HIGH-to-LOWtransition of CLK. The 16 MSBs are clocked 
into register R on the LOW-to-HIGH transition of CLK; at the 
same time, the 16. LSBs are transferred from the temporary 
holding register to register R. Transfer of data from the S input bus 
to the S register takes place in a similar fashion. Register F is 
clocked on the LOW-to-HIGH transitionof CLK. Circuitry internal 
to the Am29325 multiplexes data from register F onto the 16-bit 
output bus by enabling the 16 LSBs of the F output bus when CLK 
is HIGH, and enabling the 16 MSBs of the F output bus when CLK 
is LOW. Figure 5(c.) depicts typical I/O timing in this mode. 

When placed in this I/O mode, the data path will not function 
properly if the Rand S registers are made transparent. Therefore 
input register feedthrough control FT 0 must be held LOW in this 
mode. Caution must also be taken ill controlling the register R 
input mu~iplexer control line, 14, in this I/O mode. 14 should be 
changed only when CLK is HIGH, in addition to meeting the setup 
and hold time requirements given in the Switching Characteris
tics section. 
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OPERATION IN IEEE MODE 

When input signallEEEJOEC is HIGH, the IEEE mode of opera
tion is selected. In this mode the Am29325 uses ihe floating-pOint 
format set forth in the IEEE Proposed Standard' fdrBinary 
Floating-Point Arithmetic. P754. In addition, the IEEE mode 
complies with most other aspects of single-precision floating
point operation outlined in the proposed standard - differences 
are discussed in Appendix A. 

IEEE Floating-Point Format 

The IEEE single-precision floating-point word is thirty-two bits 
wide, and is arranged in the format shown in Figure 6. The 
floating-point word is divided into three fields: a single-bit sign, 
an eight-bit biased exponent, and a 23.bit fraction. 

The sign bit indicates the sign of the floating-point number's 
value. Non-negative values have a sign of 0; negative values, a 
sign of 1. The value zero may have either sign. 

The biased exponent is al\eight-bit unsigned integer field repre
senting a multiplicative factor of some power of two. The ·bias 
value is 127. If, for example, the multiplicative factor for .a 
floating-point number is to be 2a, the value of the biased expo
nent woUld be a+127; a is called the true exponent. 

The fraction is a 23-bit unsigned fractional field containing the 23 
least-significant bits of the floating-point number's 24-bit man
tissa. The weight of fraction's most significant bit is 2- 1: the 
weight of the least-significant bit is 2-23. 

Refer to Page 13-1 for E..,.-,IiaI Information on Military DeYk:es 
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Figure 4. Functional Block Diagram for the 16-Bit, Two-Input-Bus Mode 

R,6-R31 Ro-R15 5 ,6-531 50-515 
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1 
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FLOATING-POINT 
AlU 
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A floating-point number is evaluated or interpreted per the fol
lowing conventions: 

let s = sign bit 
e = biased exponent 
f = fraction 

if e = 0 and f = O ... value = (-1)So(0) (+0, -0) 

if e = 0 and f < > 0 ... value = denormalized number 

if 0 < e < 255 .. value = (-1)So(2e- 127)0(1.I) 
(normalized number) 

iie = 255 and f = 0 .. value = (-1)So(x) (+x, -x) 

if e = 255 and f < > 0 ... value = not-a-number (NAN) 

Zero - The value zero can have either a positive or negative sign. 
Rules for determining the sign of a zero produced by an operation 
are given in the Sign Bit section on page 12. 

Denormalized Number - A denormalized number represents a 
quantity with magnitude less than 2- 126 but greater than zero. 
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Normalized Number - A. normalized number represents a 
..quantity with magnitude greater than or equal to 2 -126 but less 
than 2128. 

Example 1: 

The number +3.5 can be represented in floating-point format 
as follows: 

+3.5 = 11.12 x 2° 
= 1.112 X 21 

sign = 0 

biased exponent = 110+12710 = 12810 
= 100000002 

fraction = 110000000000000000000002 
(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
4060000016. 

R .... to pega 18-1 fOr e...nu.. Infonnation on MIWary Devicaa 
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Figure 5. Typical Bus Timing for the I/O Modes, with FTo = LOW, FT1 = LOW 
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a) 32-Blt, Two-Input-Bus Mode 
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FDATA 

b) 32-Blt, Slngle-lnpu1-Bus Mode 
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Figure 6. IEEE Mode Single-Precision Floating-Point Format 

SIGN BIASED 
BIT(S) EXPONENT (E) FRACTION (F) ---BIT NUMBER, 31 30 29 '28 27 26 25 2. 23 22 21 20 19 18 • 3 2 1 0 

I 127 '" 2· 24 2' 2' 21 20 12-1 2-' 2-' 2-:4 2-· ... 2-19 2-20 2-21 2-22 2-23j 
, 

VALUE = (-I)" (2E•I27) (1 ,F) 

05621A-8 • 
Example 2: Not-a-Number - A not-a-number, or NAN, does not represent a 

The number -11,375 can be represented in floating-point for- numeric value, but is interpreted as a signal or symbol. NANs are 

mat as follows: used to indicate invalid operations, and as a means of passing 

-11.375 = -1011,0112 x 20 
process status information through a series of calculations, NANs 
arise in two ways: they can be generated by the Am29325 to 

= -1.0110112 x 23 indicate that an invalid operation has taken place (e.g., infinity 
sign = 1 times zero), or they can be provided by the user as an input 

biased exponent = 310+12710 = 13010 
operand. There are two types of NANs: signalling and quiet. 

= 100000102 
These NANs have the formats shown in Figure 7. 

fraction = 011011000000000000000002 
(the leading 1 is implied in the format) 

IEEE Mode Integer Format 
Concatenating these fields produces 'the floating·point word 
C136000016· 

Infinity - Infinity can have either a positive or negative sign, The Integer numbers are represented as 32-bit, two's complement 
way in which infinities are interpreted is determined by the state of words; Figure 8 depicts the integer format. The integer word can 
the projective/affine mode select, PROJ/AFF, represent a range of integer values from _231 to 231 _1. 

Figure 7. Signalling and Quiet NAN Formats 

SIGN BIASED 
BIT EXPONENT FRACTION --31 30 2. 28 27 26 2. 2. 23 22 21 20 I. 18 17 16 I. I' 13 12 11 10 • 8 7 • • • 3 2 1 0 

SIGNALLING NAN I X 11 1 1 1 1 1 1 1 11 X X X X X X X X 'x x x x x x x X x X x x x x I 

3) 30 29 28 27 26 2. 2. 23 22 21 20 l' 18 17 16 I. I' 13 12 11 10 • 8 7 6 • , 3 2 1 0 

QUIET NAN Ix 11 1 1 1 1 1 1 11 0 x x x x x x x x x X x x x x x x X X X X X x I 
x = DON'T CARE AT LEAST ONE OF THE 

TWENTY·TWO LSB. OF A QUIET NAN 
MUST BE 1 

05621A-9 
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BIT NUMBER, 31 30, 29 28 27 26 2. 2. 8 7 6 • , 3 2 1 0 

1_2311 230 229 228 227 228 . " • 2 • ... •• .7 •• 2· .' .' 2' 21 I •• I 
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Operations 

All eight floating-point ALU operations discussed in the Func
tional Description section above can be performed in IEEE mode. 
Various exceptional aspects of the R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-II'IlT operations 
for this ·mode are described below. The IEEE-TO-DEC and 
DEC-TO-IEEE operations are discussed separately in the 
IEEE-TO-DEC and DEC-TO~IEEE Operations section on 
page 23. 

Operations with NANs - NANs arise in two ways: they can be 
generated by the Am29325 to indicate that an invalid operation 
has taken place (e.g., infinity times zero), orthey can be provided 
by the user as an input operand. There are two types of 
NANs: signalling and quiet. These NANs have the formats 
shown in Figurjl 7. 

Signalling.NANs set the invalid operation flag when they appear 
as an input operand to an operation. They are useful for indicating 
uninitialized variables, or for implementing user-designed exten
sions to the operations provided. The ALU never produces a 
signalling NAN as the final result of an operation. 

Quiet NANs are generated for invalid operations. When they 
appear as an input operand, they are passed through most oper
ations without setting the invalid flag, the floating-point-to
integer conversion operation being the exception. 

The sign of any input operand NAN is ignored. All quiet NANs 
produced as the final result of an operation have a sign of o. 
When iii NAN appears as an input operand, the final result of the 
operation is a quiet NAN that is created by taking the input NAN 
and forcing bit 22 LOW and. bit 21 HIGH. If an operation has two 
NANs as input operands, the resulting quiet NAN is created using 
the NAN on the R port. . 

When a quiet NAN is produced as the final result of an invalid 
operation whose input operand or operands are not NANs, the 
resulting NAN will always have the value 7FAOOOOOI6. 

The NAN flag will be HIGH whenever an operation produces a 
NAN as a final resu~. 

Example 1: 

Suppose the floating-point addition operation is performed 
with the following input operands: . 

R port: 3F80000016 (1.00 2°) 
Sport: 7FC1234516 (signalling NAN) 

Result: ThEi signalling NAN on the S port is converted to 
a quiet NAN by forcing bit 22 LOW and bit 21 HIGH. 
The operation's final result will be 7FA 1234516. Since 
one of the two input operands is a signalling NAN, 
the invalid. flag will be HIGH; the NAN flag will also 
be HIGH. 

Example 2: 
Suppose the floating-point multiplication operation is per
formed with the following input operands: 

R port: FFF1111116 (signalling NAN) 
Sport: 7FC2222216 (quiet NAN) 

Result: Since both input operands are NANs, the NAN on the 
R port is chosen for output. In addition to forcing tiit 22 
LOW, the sign bit (bit 31) is set LOW (bit 21is already 
HIGH, and need not be changed). The operation's final 
result will be 7FB1111116. Since one of the two input 
operands is a signalling NAN, the invalid flag is HIGH; 
.the NAN flag will also be HIGH. 

Example 3: 

Suppose the floatir]g-point subtraction operation is performed 
with the following input operands: 

R port: FF80000116 (quiet NAN) 
Sport: 7F80000016 (+x) 

Result: To create the final result, the quiet NANs sign bit (bit 
31) is forced LOW and bit 21 is forced HIGH (bit 22 is 
already L9W, and need riot be changed). The final 
resu~will be 7FA0000116. The NAN flag will be HIGH. 

Operations with Denormalized Numbers - The proposed 
IEEE standard incorporates denormalizecl numbers to allow a 
means of gradual und·erflow for operations that produce non-zero 
results too small to be expressed as a normalized floating~point 
number. The Am29325 does not support gradual underflow. If a 
floating-point operation produces a non-zero rour'lded result that 
is not large enough to be expressed as a normalized floating
point number,the final result will be a zero of the same· sign; the 
inexact, underflow, and zero flags will be HIGH. If an input 
operand is a denormalized number, the floating-point ALU will 
assume that operand to be a zero of the same sign. 

Operations Producing Overflows - If an operation has a finite 
input operand or operands, and if the operation produces a 
rounded resu~ that is too large to fit in the destination format, that 
operation is said to have overflowed. 

A floating-point overflow occurs if an R PLUS S, R MINUS S, R 
TIMES S, or 2 MINUS S operation with finite input operand(s) 
produces a result which, after rounding, has a magnitude greater 
than or equal to 2128. Positive or negative infinity will appear as 
the final result if the rounded result is positive or negative, respec-· 
tively, and the overflow and inexact flags will be HIGH. 

Integer overflow occurs when the fixed-to-floating-point conver
sion operation attempts to convert a number which, after round
ing, is greater than 231 _1 or less than _231. The final result will 
be quiet NAN 7FA0000016, and the invalid operation and NAN 
flags will be HIGH. Note that the overflow and inexact flags 
remain LOW for integer overflow. 

Operations Producing Underflows - If an operation produces 
a floating-point rounded result having a magnitude too small.\o be 
expressed as a normalized floating-point ·number, but greater 
than zero, that operation is said to have underflowed. Underflow 
occurs when an R PLUS S, R MINUS S, or R TIMES S op~lfation 
produces a result which, after rounding, has a magnitude in the 
range: 

0< magnitude < 2- 126. 

In such cases, the final result will be +0 (0000000016) if the 
rounded result is non-negative, and -0 (8000000016) if the 
rounded result is negative. The underflow, inexact, and zero flags 
will be HIGH. 

Underflow does not occur i(the destination format is integer. lithe 
infinitely precise result of a floating-point-to-integer conversion 
has a magnitude greater than 0 and less than 1 but the rounded 
result is 0, the underflow flag remains LOW. 

OperaticlOs with Infinities - In most cases, positive and nega
tive infinity are valid input arguments for the R PLUS S, R MINUS 
S, R TIMES S, and 2 MINUS S operations. Those cases for which 
infinities are not valid inputs for these operations are listed in the 
IEEE Mode Invalid Operations Table (see next page). 

Infinities in IEEE mode can be handled either as projective or 
affine. The projective mode is selected when PROJ/AFF is HIGH; 
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the affine mode is selected when PROJ/AFF is LOW. The only 
differences between the modes that are relevant to Am29325 
operation occur during the addition and subtraction of infinities: 

Operation 

(+~)+(+~) 

(-~)+(-x) 

(+~)-(-x) 

(-~)-(+~) 

Affine 
Mode 

Output +~ 

Output -~ 

Output +~ 

Output -x 

Projective Mode 

Output 7FAOOOOO' 6 (quiet NAN), 
set invalid and NAN flags 

Output 7FAOOOOO' 6 (quiet NAN), 
set invalid and NAN flags 

Output 7FAOOOOO' 6 (quiet NAN), 
set invalid and NAN flags 

Output 7FAOOOOO '6 (quiet NAN). 
set invalid and NAN flags 

If an R PLUS S, R MINUS S, R TIMES S, or 2 MINUS S operation 
has infinity as an input operand or operands, the final result, if 
valid, is presumed to be exact. For example, adding + x and 2.0 
will produce a final result of +x; since the result is considered 
exact, the inexact flag remains LOW. 

Invalid Operations - If an input operand is invalid for the opera
tion to be performed, that operation is considered invalid. When 
an invalid operation is performed, the floating-point ALU pro
duces a quiet NAN as the final result, and the invalid operation 
flag goes HIGH. The IEEE Mode Invalid Operations Table lists 
the cases for which the invalid flag is HIGH in IEEE mode, and the 
final results produced for these, operations. 

IEEE MODE INVALID OPERATIONS TABLE 

Operation Input Operand Final Result 

R PLUS S (+x) + (-x) 7FAOOOOO '6 
or (-~) + (+~) (quiet NAN) 

R PLUS S (+~) + (+~) 7FAOOOOO'6 
or (-~) + (-~) (Note 1) (quiet NAN) 

R MINUS S (+x) - (+x) 7FAOOOOO16 
or (-x) - (-x) (quiet NAN) 

R MINUS S (+x) - (-x) 7FAOOOOO'6 
or (-x) - (+x) (Note 1) (quiet NAN) 

R TIMES S (+0). (+x) 
or (+0). (-x) 7FAOOOOO16 
or (-0). (+x) (quiet NAN) 
or (-0) • (-x) 

R PLUS S R or S is a signalling NAN 
R MINUS S (Note 2) 
R TIMES S . 

2 MINUS S S is a signalling NAN (Note 2) 

FP-TO-INT, R is a signalling or quiet NAN (Note 2) 

FP-TO-INT R> 231-, 7FAOOOOO'6 
or R < - (231 ) (quiet NAN) 

Notes: 1. These cases are invalid in projective mode only. 
2. Results for these operations are described in the Operations 

with NANs section. 

-The Sign Bit 

For most floating-point operations, the sign bit of the final result is 
unambiguous, i.e., there is only one sign bit value that yields a 
numerically correct result. Operations that produce an infinitely 

Am29325 

precise result of zero, however, present a problem, as the IEEE 
floating-pointformat allows for representation of both +0 and -0. 
(It should be noted that floating-point operations producing 
underflow results output a zero of the same sign as the final 
result, and are therefore unambiguous.) The following rules can 
be used to determine the signs of zero produced in such cases: 

R PLUS S - The operations +x + (-x) and -x + (+x) produce a 
final result of zero; the sign of the zero is dependent on the 
rounding mode: 

Rounding Mode Sign of Final Result 

Round to nearest 0 

Round toward -x 1 

Round toward +~ 0 

Round toward 0 0 

The operation +0 + (+0) produces a final result of +0; the 
operation -0 + (-0) produces a final result of -0. 

R MINUS S - The operations + x - (+ x) and - x - (- x) produce 
a final result of zero; the sign of the zero is dependent on the 
rounding mode: 

Rounding Mode Sign of Result 

Round to nearest 0 

Round toward - x 1 

Round toward + x 0 

Round toward 0 0 

The operation +0 -. (-0) produces a final result of +0; the 
operation -0 - (+0) produces a final result of -0. 

R TIMES S - The sign of any multiplication result other than a 
NAN is the exclusive-OR of the signs of. the input operands. 
Therefore, if x is non-negative, 

+0 times +x produces a final result of +0, 
+0 times -x produces a final result of -0, 
-0 times +x produces a final result of -0, 
-0 times -x produces a final result of +0. 

2 MINt,JS S - If S equals 2, the final result is -0 for the round 
toward -x mode, and +0 for all other rounding modes. 

Rounding 

Rounding is performed whenever an operation produces an infi
nitely precise result that cannot be represented exactly in the 
destination format. For example, suppose a floating-point opera-

. tion produces the infinitely precise result 

3-13 

1.10101010101010101010101\01 x 23. 

In this example, the fraction portion of the mantissa has twenty
five bits; the IEEE floating-point format can accommodate only 
twenty-three. The backslash (\) in the mantissa represents the 
boundary between the first twenty-three bits of the fraction and 
any remaining bits. Rounding is the process by which this result is 
approximated by a representation that fits the destination format. 

Refer to Page 13-1 lor EaaentiaI Information on MMitary DeYice8 
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There are four rounding modes in IEEE mode: round to nearest, 
round toward +:c, round toward -:c, and round toward O. The 
rounding mode is chosen using the rounding mode select lines, 
RNDo and RND1. The Rounding Mode Select Table lists the 
select states needed to obtain the desired rounding mode. 

ROUNDING MODE SELECT TABLE 

RNDo Rounding Mode 

o o Round to nearest 

o Round toward -x 

o Round toward +x 

1 Round toward 0 

Round to Nearest - In this rounding mode the infinitely preCise 
result of an operation is rounded to the closest representation that 
fits in the destination format. If the infinitely precise result is 
exactly halfway between two representations, it is rounded to the 
representation having an LSB of zero. Rounding is performed 
both for floating-paint and integer destination formats. 

Figure 9 illustrates four examples of the round to nearest process 
for operations having a floating-paint destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate 
those values that can be represented exactly in the floating-paint 
format. 

Example 1: 

In Figure 9(a), the infinitely precise result of an operation is: 

220+2-4+2-5 = 1.00000000000000000000000 11 X 220. 

The result is rounded to the closest representable floating-point 
value, 

220+2-3 = 1.00000000000000000000001 x 220. 

Example 2: 

In Figure 9(b}, the infinitely precise result of an operation is: 

220-2-4+2-8 = 1.1111111111'1111111111111 0001 X 219. 

This result is rounded to the closest representable floating-paint 
value, 

220-2-4 = 1.11111111111111111111111 x 219. 

Example 3: 

In Figure 9(c), the infinitely precise result of an operation is: 

-(220+2-3+2-4) 
= -1.00000000000000000000001\1 x 220. 

This result is exactly halfway between two representable 
floating-point values. Accordingly, it is rounded to the closest 
representation with an LSB of zero, or 

-(220+2*2-3) = -1.00000000000000000000010 x 220. 

Example 4: ( 

In Figure 9(d), the infinitely precise rei;iult of an operation is: 

220+3'2-3 = i .00000000000000000000011 x 220. 

This result can be represented exactly in the floating-paint 
format, and is left unaltered by the roundiRg process. 

Figure 9. Floating-Point Rounding Examples for Round to Nearest Mode 

--~ • .-----~.~----~.~-----e.---e.---• .-~ • .---~~~.~--.e-~·~~tEl;~ • .-----~.~-----e.-------.e---
b) 220 - 2-4 + 2-8 

ROUND TO -(220 + 2-3) 

--~.~----~~~~!I-~.~----~.~-.~~.~-.~-'~~ .. ---e.--~.~-e.------•• ------.~-----e.-
_(220 + 2-3 + 2-4) c) NO CHANGE 

--~.~----~.~----~.~----~.~-.~~.~~.~-,~--.~--.~~.~-.~-----.~----~.~----~~.~
I 

d) 
220 + 3.2-3 
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Figure 10 illustrates four examples of the round to nearest 
process for operations having an integer destination formal. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be represented exactly in the integer formal. 

Example 1: 

In Figure 1 O(a),the infinitely precise result of an operation is: 

21°-2-2 = 00 ... 001111111111.11. 

The result is rounded to the closest representable integer value, 
210 = 00 ... 010000000000. 

Example 2: 

In Figure 10(b), the infinitely precise result of an operation is: 

21°+2°+2-3 = 00 ... 010000000001.001. 

This result is rounded to the closest representable floating-point 
value, 

210+20 = 00 ... 010000000001. 

Am29325 

Example 3: 

In Figure 10(c), the infinitely precise result of an operation is: 

-(210+20+2- 1) = 11 ... 101111111110.1. 

This result is exactly halfway between two representable integer 
values. Accordingly, it is rounded to the closest representation 
with an LSB of zero, or 

-(210+2_20) = 11 ... 101111111110. 

Example 4: 

In Figure 10(d), the infinitely precise result of an operation is: 

21°+3-20 = 00 ... 010000000011. 

This result can be represented exactly in the integer format, and 
is left unaltered by the rounding process. 

Figure 10. Integer Rounding Examples for Round to Nearest Mode 

ROUND TO 2'0 

• • • • • .~ • iJ • • • I I I I I I (I I I I 
_(2'0 + 3) _(2'0 + 2) _(2'0 + 1) _(210) _(210 - 1) 0 210 _ 1 2.0 210 + 1 210 + 2 210 + 3 

a) 
210 _ 2-2 

ROUND TO 2'0 +.1 

• • • • • .~A • • ~ • • 
0 • ROUND TO _(2'0 + 2) b) 21'!. + 2'1 +.2-3 

• n • • • ~ • • • • • 
• 0 

_(210 + ~ + 2-1) c) NO CHANGE 

• • • • • ~A • • • • Q 
+ 

d) 
210 + 3.2° 
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Round Toward -00 - In this rounding mode the .result of an 
operation is rounded to the closest representation that is less than 
or equal to the infinitely precise'result, and which fits the destina
tion format. Rounding is performed both for floating-point and 
integer destination formats, ' 

Figure 11 illustrates four examples of the round toward -x pro
cess for operations having a floating-point destination format. 
The infinitely precise result of an operation is represented by an X 
on the number line; the black dots on the number line indicate 
those values that can be represented exactly in the floating-point 
format. 

Example 1: 

In Figure 11(a). the infinitely precise result ot'an operation is: 

220+2~4+2-5 = 1,00000000000000900000000\11 x 220, 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-smaller floating-point repre
sentation: 

220 = 1.00000000000000000000000 x 220. 

Example 2: 

In Figure 11(b), the infinitely precise rasultof an operation is: 

220-2-4+2-8 = 1.11111111111111111111111\0001 x 219. 

This result cannot be represented 'exactly in floating-pOint for
mat, and is rounded to the next-smaller floating-point rep
resentation: 

220-2-4 = 1,11111111111111111111111 x 219, 

Example 3: 

In Figure 11 (c), the infinitely precise result of an operaiion is: 

-(220+2-3+2-4) 
= -1.00000000000000000000001\1 x 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-smaller floating-point 
representation: ' 

-(220+2*2-3) = -1,00000000000000000000010 x 220. 

Example 4: 

In Figure 11 (d), the infinitely precise result of an operation is: 

220+3*2-3 = 1.00000000000000000000011 x 220. 

This result can be represented exactly in the floating-point 
format, and is left unaltered by the rounding process. 

Figure 11. Floating-Point Rounding Examples for Round Toward - 00 Mode 

_(22• + 13 • 2-3) I _(22.1+ 2-3) I _(220 _12 • 2-4) 

_(220 + 2 • 2-3) _(221» 

--~.~-----.e------4'~----~'~-4'~-4.--~.~--t--f--v'~4'---4'~-4~I~.e------4.----__ ~.~-----.e---
I 

220 _ 2-4 + 2-8 
ROUND TO _(220 + 2 • 2-3) 

--~'~----.~--.~;~'~.~----~.~~.~-e.--~.~~~~-e.---.e--~.~~.~----.. ----~.~----~.~ 
b) 

_(220 + 2-3 + 2-4) c) NO CHANGE 

--~'~----~'~----~'~----~'~-4.--~.~-.e-~v~--•• ---e.--~.~-e.------•• -------.e-------~.'r
I 

22°+3-2-3 
d) 
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Figure 12 illustrates four examples of the round toward -x pro
cess for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 

Example 1: 

In Figure 12(a). the infinitely precise result of an operation is: 

210-2-2 = 00 ... 001111111111.11. 

The result is rounded to the next-smaller representable integer 
value. 

210-20 = 00 ... 001111111111. 

Example 2: 

In Figure 12(b). the infinitely precise result of an operation is: 

210+20+2-3 = 00 ... 010000000001.001. 

Am29325 

This result is rounded to the next-smaller representable integer 
value, . . 

210+20 = 00: .. 010000000001. 

Example 3: 

In Figure 12(c), the infinitely precise result of an operation 1s: 

-(210+20+2-1) = 11...101111111110.1. 

This result is rounded to the next-smaller representable integer 
value: 

-(210+2020) = 11...101111111110. 

Example 4: 

In Figure 12(d). the infinitely precise result of an operation is: 

210+3020 = 00 ... 010000000011. 

This result can be represented exactly in the integer format, and 
is unaltered by the rounding process. . 

Figure 12. Integer Rounding Examples for Round Toward - 00 Mode 

ROUND TO 2'0 - 1 

• • • • • vt--+-v (' .. • • • I I I I I I ( I I I I 
_(210 + 3) _(2'0 + 2) _(2'0 + 1) _(2'0) _(2'0 - 1) 0 210 - 1 210 2 10 + 1 210.+ 2 210 + 3 

a) 
210 _ 2-2 

ROUND TO 2'0 + 1 

• • • • • ."-f--I • • ~ • • 
0 I 

ROUND TO _(210 + 2) b) 210 + 20 + 2-3 

• ('. • • • vt--+-v • • • • • 
+ 0 

_(210 + 20 + 2-1) c) NO CHANGE q • • • • • Y~ • • • • 
d) 210 + 3.2° 
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'Round Toward +90 - In this rounding mode the result of an 
operation is rounded to the closest representation that is greater 
than or equal to the'infinitely precise result, and which fits the 
destination format. Rounding is performed both for floating-point 
and integer destination formats. 

Figure 13 illustrates four examples of the round toward +:" 
process for operations ,having a floating-paint destination 
format. The infinitely precise result of an operation is represented 
by an X on the number line; the black dots on the number line 
indicate those" values that can be represented exactly in the 
floating-point format. 

Example 1; 

In Figure 13(a), the infinitely precise result of an operation is; 

220+2-4+2-5 = 1.00000000000000000000000\11 x 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre
sentation; 

220+2-3 =-1.00000000000000000000001 x 220. 

Example 2; 

In Figure 13(b), the infinitely precise result of an operation is; 

220-2-4+2-8 = 1.11111111111111111111111\0001 x 219. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre
sentation; 

220 = 1.doooooooooooooooooooooo x 220. 

Exampie 3; 

In Figure 13(c), the infinitely precise result at-an operation is; 

-(220+2-3+2-4) 
= -1.00000000000000000000001\1 x 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre
sentation; 

-(220+2-3) = -1.00000000000000000000001 x 220. 

Example 4; 

In Figure 13(d), the infinitely precise result of an operation is; 

220+3_2-3 = 1.00000000000000000000011 x 220. 

This result can be represented exactly in the floating-point for
mat - no rounding takes place. 

Figure 13. Floating-Point Rounding Examples for Round Toward + 00 Mode 

, , _(2.0 - 3 ' 2-4)J 020 - 2-' ROUND TO 220 + 2-3 

220 - 3' 2-'l l 
• .1) • • • • • 

_(2.0 _ 2-4)] 

0---f--.,,' • • • •• • 
1 I I I ,I I I C 220 !2-3 I 220 +!'2-3 _(220 + 3 ' 2-3) _(220 + 2-3) -(020 - 2 ' 2-4) 0 020- 2' 2-4 

_(2'0 + 2' 2-3) -(220) a) 020 020 + 2 ' .-3 

• 0---f--." , 
ROUND TO 220Q 220 + 2-4 + 2-5 

• • • • • • • • • • elf • 
0 • ROUND TO 220 + 2-3 b) 2~"",:, 2-4 + 2-8 

• • D ,. • • • Y~' • • • • • • • 
+ 0 

NO CHANGE _(2.0 + 2-3 + 2-4) c) 

Q • • • • • • • Y~ • • • • • • 
0 • 220 + 3.2-3 
d) 
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Figure 14 illustrates four examples of the round toward +:x: pro
cess for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 

Example 1: 

In Figure 14(a), the infinitely precise result of an operation is: 

210-2-2 = 00 ... 001111111111.11. 

The result is rounded to the next-larger representable integer 
value, 

210 = 00 ... 010000000000. 

Example 2: 

In Figure 14(b), the infinitely precise result of an operation is: 

210+20+2-3 = 00 ... 010000000001.001. 
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This result is rounded to the next-larger representable integer 
value, 

210+2-20 ~ 00 ... 010000000010. 

Example 3: 

In Figure 14(c), the infinitely precise result of an operation is: 

-(210+20+2-1) = 11 ... 101111111110.1 

This result is rounded to the next-larger representable integer 
value: 

-(210+20) = 11 ... 1011111111110. 

Example 4: 

In Figure 14(d), the infinitely precise'result of an operation is: 

210+3-20 = 00 ... 010000000011. 

This result can be represented exactly in the integer format - no 
rounding takes place. 

Figure 14. Integer Rounding Examples for Round Toward + 00 Mode 

RoUNP TO 2'0 

• • • • • ~ • £J • • • , I , , , , 
(' I I I 

_(2'0 + 3) _(210 + 2) _(2'0 + 1) -(21"l _(2'0 - 1) 210 - 1 2'0 210 + 1 210 + 2 210 + 3 

a) 2'0 - 2-· ROUND TO 210 + 2 

• • • • • ~ • • ."-1 • 
• ROUND TO _(2'0 + 1) b) 

210 + 20 + 2-3 

D • • • • ~1 • • • • • 
• _(210 + zO + 2-1) 

c) 
NO CHANGE 

Q' • • • • :. ~1 • • • • 
+ 

d) 
210 + 3· 20 
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Round Toward 0 - In this rounding mode the result of an 
operation is rounded to the closest representation whose mag
nitudeis less than or equal to the infinitely precise result, and 
which fits the destination format. Rounding is performed both for 
floating-point and integer destination formats. 

Figure 15 illustrates four examples of the round toward 0 process 
for operations having a floating-point destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be represented exactly in the floating-point 
format. 

Example 1: 

In Figure 15(a), the infinitely precise result of an operation is: 

220-i-2-4+2-5 = 1.00000000000000000000000\11 x 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to: 
220 = 1.00000000000000000000000 x 220. 

Example 2: 

In Figure 15(b), the infinitely precise result of an operation is: 

22°-2-4+2-8 =.1.11111111111111111111111\001 x 219. 

This result cannot be represented exactly ill floating-point 
format, and is rounded to: 

220-2-4 = 1.11111111111111111111111 x 219. 

Example 3: 

In Figure 15(c), the infinitely precise result of.an operation is: 

-(22°+2-3+2-4) 
= -1.00000000000000000000001\1 x 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to: 

- (220+2-3) = -1.00000000000000000000001 x 220. 

Example 4: 
In Figure 15(d), the infinitely precise result of an operation is: 

22°+3*2-3 = 1.00000000000000000000011 x 220. 

This result can be represented exactly in the floating-point 
format, and is unaffected by the rounding process. 

Figure 15. Floating-Point Rounding Examples for Round Toward 0 Mode 

_(220 - 3 • 2-4)] 220 _ 2-4 
ROUND TO 220 

220 -3'2-4l .] OX. .• • • • • 
_(220 - 2-4)J 

• • ~ .. I I I I I I I L 220 ! 2-3 I 220 + ~ • 2-3 _(220 + 3 • 2-3) _(220 + 2-3) -(220 - 2 • 2-4) 220 - 2· 2-4 

_(220 + 2 • 2-3) _(220) a) 220 220 + 2 .. 2-3 

ROUND TO 220 - .. '220 + 2-4 + 2-5 

• • • • • • • ~ • • ill • • • • 
0 I 

ROUND TO _(220 + 2-3) b) 
220 _ 2-4 + 2-8 

• • rtf) • • • • ~ • • • • • • • 
! 

_(220 + 2-3 + 2-4) 
c) 

NO CHANGE 

Q • • • • • • • ~ • .' • • • • 
0 

d) 
220 +3"2-3 
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Figure 16 illustrates four examples of the round toward 0 process 
for operations having an integer destination format. The infinitely 
precise result of an operation is represented by an X on the 
number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 

Example 1: 

In Figure 16(a), the infinitely precise result of an operation is: 

210-2-2 = 00 ... 001111111111.11. 

The result is rounded to: 

210- 20 = 00 ... 001111111111. 

Example 2: 

In Figure 16(b), the infinitely precise result of an operation is: 

210+20+2-3 = 00 ... 010000000001.001. 

The result is rounded to: 

210+20 = 00 ... 010000000001. 

Example 3: 

In Figure 16(c), the infinitely precise result of an operation is: 

-(210+20+2-1) = 11 ... 101111111110.1. 

This result is rounded to: 

-(210+20) = 11 ... 101111111111. 

Example 4: 

In Figure 16(d), the infinitely precise result of an operation is: 

210+3'20 = 00 ... 010000000011. 

This result can be represented exactly in the integer format, and 
is unaffected by the rounding process. 

Am29325 

Flag Operation 

The Am29325 generates six status flags to monitor floating-point 
processor op~ration. The following is a summary of flag conven
tions in IEEE mode: 

Invalid Operation Flag - The invalid operation flag is HIGH 
when an input operand is invalid for the operation to be per
formed. The IEEE Mode Invalid Operations Table on page 12 
lists the cases for which the invalid operation flag is HIGH in IEEE 
mode, and the corresponding final result. In cases where the 
invalid operation flag is HIGH, the overflow, underflow, zero, and 
inexact flags are LOW; the NAN flag will be HIGH. 

Overflow Flag - The overflow flag is HIGH if an R PLUS S, 
R MINUS S, R TIMES S, or 2 MINUS S operation with finite in
put operand(s) produces a result which, after rounding, has a 
magnitude greater than or equal to 2128. The final result will be 
+x or -::c. 

Underflow Flag - The underflow flag is HIGH if an R PLUS S, R 
MINUS S, or R TIMES S operation produces a result which, after 
rounding, has a magnitude in the range: 

0< magnitude < 2- 126. 

The final result will be +0 (0000000016) if the rounded result is 
non-negative, and -0 (8000000016) if the rounded result is 
negative. 

Inexact Flag - The inexact flag is HIGH if the final result of an R 
PLUS S, R MINUS S, R TIMES S, 2 MINUS S, INT-TO-FP, or 
FP-TO-INT operation is not equal to the infinitely precise result. 
Note that ilthe underflow or overflow flag is HIGH, the inexactflag 
will also be HIGH. 

Figure 16. Integer Rounding Examples for Round Toward 0 Mode 

ROUND TO 2'0 - 1 

• • • • • ~ Q. • • • I I I I I I ( I I I I 
_(2'0 + 3) _(2'0 + 2) _.(2'0 + 1) _(2'0) _(2'0 - 1) 0 2'0 - 1 210 2'0 + 1 2'0 + 2 2'0 + 3 

a) 
2'0 _ 2-2 

ROUND TO 2'0 + 1 

• • • • • ~ • • ~ • • 
0 • ROUND TO _(210 + 1) b) 2'0 + 2!J + 2-3 

• • D • • I--J---0 • • • • • 
• 0 

_(2'0 + :!D + 2-1) c) NO CHANGE 

Q • • • • • I--J---0 • • • • 
0 

, 
d) 2'0 + 3.2° 
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Zero Flag - The zero flag is HIGH if the final result of an 
operation is zero. For operations producing an IEEE floating
point number, the flag accompanies outputs +0 (0000000016) 
and -0 (8000000016)' For operations producing an integer, the 
flag accompanies the output 0 (0000000016)' 

NAN Flag - The NAN flag is HIGH if an R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, or FP-TO-INT operation produces a NAN 
as a final result. 

OPERATION IN DEC MODE 

When input signallEEElDEC is LOW, the DEC mode of operation 
is selected. In this mode the Am29325 uses the single-precision 
floating-point format (floating F) set forth in Digital Equipment 
Corporation's VAX Architecture Manual. "In addition, the DEC 
mode complies with most other aspects of single-precision 
floating-point operation outlined in the manual - differences are 
discussed in Appendix B. 

DEC Floating-Point Format 

The DEC single-precision floating-point word is thirty-two bits 
wide, and is arranged in the format shown in Figure 17. The 
floating-point word is divided into three fields: a single-bit sign, 
an eight-bit biased exponent, and a 23-bit fraction. 

The sign bit indicates the sign of the floating-point number's 
value. Non-negative values have a sign of 0, negative values a 
sign of 1. 

The biased exponent is an eight-bit unsigned integer field repre
senting a multiplicative factor of some power of two. The bias 
value is 128. If, for example, the multiplicative factor for a 
floating-point number is to be 2a, the value of the biased expo
nent would be a+128; a is called the true exponent. 

The fraction is a 23-bit unsigned fractional field containing the 23 
. least-significant bits of the floating-point nUmber's 24-bit man

tissa. The weight of this field's most significant bit is 2-2; the 
weight of the least-significant bit is 2-24. 

A floating-point number is evaluated or interpreted per the fol
lowing conventions: 

let s = sign bit 
e = biased exponent 
f = fraction 

if e = 0 and s = 0 ... value = b 
if e = 0 and s = 1 ... value = DEC reserved operand 

if 0 < e,;; 255 .. value = (-1)s.(2e- 128).(.1f) 
(normalized number) 

Zero - The value zero always has a sign of zero. 

DEC Reserved Operand - A DEC reserved operand does not 
represent a numeric value, but is interpreted as a signal or sym
bol. DEC reserved operands are used to indicate invalid opera
tions and operations whose resu.lts have overflowedttiedestina
tion format. They may also be used to pass symbolic information 
from one calculation to another. 

Normalized Number - A normalized number represents a 
quantity with magnitude greater than or equal to 2-128 but less 
than 2127. 

Example 1: 

The number +3.5 can be represented in fJoating-pointformat as 
follows: 

+3.5 = 11.12 x 20 
= .1112 x 22 

sign = 0 

biased exponent = 210 + 12810 = 13010 
= 100000102 

fraction = 110000000000000000000002 
(the leading 1 is impliec! in the format) 

Concatenating these fields produces the floating-point word 
4160000016. 

Example 2: 

The number -11.375 can be represented in floating-point 
format as follows: 

-11.375 = -1011.0112 x 20 
= -.10110112 X 24 

sign = 1 

biased exponent = 410 + 12810 = 13210 
= 100001002 

fraction = 0110tl00000000000oo000~ 
(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
C236000016· 

DEC Mode Integer Format 

DEC mode integer format is identical to that of the IEEE mode. 
Integer numbers are represented as 32-bit, two's complement 
words; Figure 7 depicts the integer format. The integer word can 
represent a range of integer values from -231 to 231-1. 

Operations 

All eight floating-paint ALU operations discussed in the Gen
eral Description section can be performed in DEC mode. 

Figure 17. DEC-Mode Floating-Point Format 

SIGN BIASED 
BIT (5) EXPONENT (E) FRACTION (F) -BIT NUMBER: 31 30 29 28· V 26 25 24 23 22 21 20 19 18 0 

1 1 27 26 2" 24 23 22 2' 20 12- 2 2-3 2-' 2-" 2-6 2-20 2-21 2-22 2-23 2-241 
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Various exceptional aspects of the R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT operations 
for this mode are described below. The IEEE-TO-DEC and 
DEC-TO-IEEE operations are discussed separately in the 
IEEE-TO-DEC and DEC-TO-IEEE Operations section on 
page 23. 

Operations with DEC Reserved Operands - DEC reserved 
operands arise in two ways: they can be generated by the 
Am29325 to indicate that an invalid operation or floating-point 
overflow has taken place, or they can be provided by the user as 
an input operand. 

When a DEC reserved operand appears as an input operand, the 
final result of the operation is the same DEC reserved operand. If 
an operation has two DEC reserved operands as inputs, the DEC 
reserved operand on the R port becomes the final result. 

The NAN flag will be HIGH whenever an operation produces a 
DEC reserved operand as a final result. 

Example 1: 

Suppose the floating-point addition operation is performed with 
the following input operands: 

R port: 4080000016 (0.1*21) 
Sport: 8001234516 (DEC reserved operand) 

Result: This operation produces the DEC reserved operand on 
the Sport, 8001234516, as the final result. The NAN flag 
will be HIGH. 

Example 2: 

Suppose the floating-point multiplication operation is performed 
with the following input operands: 

R port: 8076543216 (DEC reserved operand) 
Sport: 8000000116 (DEC reserved operand) 

Result: Since both input operands are DEC reserved operands, 
the operand on the R port, 8076543216, is the final 
result of the operation. The NAN flag will be HIGH. 

Operations Producing Overflows - If an operation produces a 
rounded result that is too large to fit in the destination format, that 
'operation Is said to have overflowed. 

. A floating-point overflow occurs if a R PLUS S, R MINUS S, R 
TIMES S, or 2 MINUS S operation with finite input operand(s) 
produces a result which, after rounding, has a magnitude greater 
than or equal to 2127. The final result in such cases will be DEC 
reserved operand 8000000016; the overflow, inexact, and NAN 
flags will be HIGH. 

Integer overflow occurs when the fixed-to-f1oating-point conver
sion operation attempts to convert to integer a floating-point 
number which, after rounding, is greater than 231 -1 or less than 
-231. The final result in such cases will be DEC reserved 
operand 8000000016; the invalid operation flag will be HIGH. 
Note that the overflow and inexact flags remain LOW for integer 
overflow. 

Operations Producing Underflows - If an operation produces 
a floating-point result which, after rounding, has a magnitude 
too small to be expressed as a normalized floating-point num
ber, but greater than zero, that operation is said to have under
flowed. Underflow occurs when an R PLUS S, R MINUS S, or R 
TIMES S operation produces a result which, after rounding, 
has magnitude: 

0< magnitude < 2-128. 

The final result in such cases will be 0 (0000000016). The under. 
flow, inexact, and zero flags will be HIGH. 

Am29325 

Underflow does not occur if the destination format is integer. If the 
infinitely precise result of a f1oating-point-to-Integer conversion 
has a magnitude greater than 0 and less than 1, but the rounded 
result is 0, the underflow flag remains LOW. 

Invalid Operations - II an input operand is invalid for the opera
tion to be performed, that operation is considered invalid. In DEC 
mode, there are only two invalid operations: 

- Performing a f1oating-point-to-integer conversion on a value 
too large to be expressed aS,a 32-bit integer. In this case the 
final result will be DEC reserved operand 8000000016, and the 
invalid operation and NAN flags will be HIGH, 
Performing a f1oating-point-to-integer conversion on a DEC 
reserved operand. In this case the final result will be the input 
DEC reserved operand, and the invalid operation and NAN 
flags will be HIGH. 

Sign Bit 

For all operations producing a DEC floating-point result, the sign 
bit of the final result is unambiguous, i.e., there is only one sign bit 
value that yields a numerically correct result. 

Rounding 

There are four rounding modes for DEC operation: round to 
nearest, round toward +X, round toward -x, and round toward O. 
The round toward +x, round toward _·X, and round toward 0 
modes are performed in a manner identical to that for IEEE 
operation; refer to the Rounding section under Operation in 
IEEE Mode on page 12. The round to nearest mode is similar to 
that for IEEE operation, but differs in one respect: forthe case in 
which the infinitely-precise result of an operation is exactly 
halfway between two representable values, DEC round to 
nearest mode rounds to the value with the larger magnitude, 
rather than to the value whose LSB is O . 

Flag Operation 

The Am29325 generates six status fiags to monitor floating-point 
processor operation. The following is a summary of flag operation 
in DEC mode: 

Invalid Operation Flag - The invalid operation flag is HIGH ilthe 
FP-TO-INT operation is performed on a floating-point number too 
large to be converted to an integer, or on a DEC reserved 
operand. II the FP-TO-INT operation is performed on a f1oating
point number too large to be converted to integer, the final result is 
the DEC reserved operand 8000000016.11 the FP-TO-INT oper
ation is performed on a DEC reserved operand, that operand 
becomes the final result. 

Overflow Flag - The overflow flag is HIGH if an R PLUS S, R 
MINUS S, R TIMES S, or 2 MINUS S operation produces a result 
which, after rounding, has a magnitude greater than or equal to 
2127. The final result will be the' DEC reserved operand 
8000000016. 
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Underflow Flag - The underflow flag is HIGH if an R PLUS S, R 
MINUS S, or R TIMES S operation produces a result which, after 
rounding, has a magnitude in the range; , 

. 0 < magnitude < 2-128. 

The final result will be 0 (0000000016) in such cases. 

Inexact Flag - The inexact flag is HIGH if the final result of an R 
PLUS S, R MINUS S, R TIMES S, 2 MINUS S, INT-TO-FP,or 
FP-TO-INT operation is not equal to the infinitely precise result. 
Note that ilthe underflow or overflow flag is HIGH, the inexact flag 
will also be HIGH. 

Zero Flag - The zero flag is HIGH if the final result of an 
operation is zero. For operations producing an integer or a DEC 
floating-point number, the flag accompanies the output 0 
(0000000016)· (It should be noted that any operation producing a 
floating-point 0 in DEC mode will output QOOOOOOOI6.) 

NAN Flag - The NAN flag is HIGH if an R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, or FP-TO-INT operation produces a DEC 
reserved operand as the final result. 

IEEE-TO-DEC AND DEC-TO-IEEE OPERATIONS 

The IEEE-TO-DEC and DEC-TO-IEEE operations are used to 
convert floating-point numbers between the IEEE and DEC for
mats. Both operations work in a manner independent of the 
IEEE.lDEC mode control. 

IEEE-TO-DEC Conversion 

This operation converts an IEEE floating-point number to DEC 
floating-point format.' Most conversions are exact; in no case 

does the round mode have any affect on the final result. There 
are, however, a few exceptional cases; 

a.} ,If the IEEE floating-point input has a magnitude greater than 
or equal to 2127, it is too large to be represented by a DEC 
floating-point number. The final result will be the DEC re
served operand 8000000016; the overflow, inexact, and NAN 
flags will be HIGH. 

b.}. If the IEEE floating-point input is a NAN, the final result will be 
the DEC reserved operand 8000000016; the invalid and NAN 
flags will be HIGH. 

c.} If the IEEE' floating-point input is a denormalized number, 
the final result will be a DEC 0 (0000000016); the zero Ilag 
will be HIGH. 

d.} If the IEEE floating-pointinput is +0 or -0, the final result will 
be a DEC 0 (0000000016); the zero flag will be HIGH. 

DEC-TO-IEEE Conversion 

This operation' converts a DEC floating-point number to IEEE 
floating-point format. Most conversions are exact; in no case 
does the round mode have any affect on the final result. There 
are, however, a few exceptional cases; 

a.} If the DEC floating-point input is not 0, but has a magnitude 
less than 2-126, it is too small to be expressed as a nor
malized IEEE floating-point number. The final result will be an 
IEEE floating-point 0 having the same sign as the input 
(0000000016 for positive inputs and 8000000016 for negative 
inputs); the underflow, inexact, and zero flags will be HIGH. 

b.} If the DEC floating-point input IS a DEC reserved operand, the 
final result will be quiet NAN 7FA0000016; the invalid opera
tion and NAN flags will be HIGH. 

c.} If the DEC floating-point input is 0, the final result will be IEEE 
floating-point +0 (0000000016); the zero flag will be HIGH. 
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APPENDIX A: 

Differences Between the IEEE Proposed Standard for Binary 
Floating-Point Arithmetic and the Am2932S's IEEE Mode 

When operated in IEEE mode, the Am29325 High-speed 
Floating-Point Processor complies with the single-precision por
tion of the IEEE Proposed Standard for Binary Floating-Point 
Arithmetic (P754, draft 10.0) in most respects. There are, how
ever, several differences: 

Denormalized Numbers 

The Am29325 does not handle denormalized numbers. A de
normalized input will be converted to a zero of the same sign 
before the specified operation takes place. The operation pro
ceeds in exactly the same manner as if the input were +0 or -0, 
producing the same numerical result and flags. 

If the result of an operation, after rounding, has a magni
tude smaller than 2- 126, the result is replaced by a zero of the 
same sign. 

Representation of Overflows 

In some rounding modes, the proposed IEEE standard requires 
that overflows be represented as the format's most positive or 
most negative finite number. In particular: 

- When rounding toward 0, all overflows should produce a result 
of the largest representable finite number with the sign of the 
intermediate result. 

- When rounding toward -%, all positive overflows should pro
duce a result of the largest representable positive finite 
number. 

- When rounding toward +%, all negative overflows should 
produce a result of the largest representable negative finite 
number. 

The Am29325, however, always represents positive overflows as 
+ x. and negative overflows as -x, regardless of rounding mode. 

Projective Mode 

The proposed IEEE standard provides only for an affine mode to 
control the handling of infinities. The Am29325 provides both 
affine and projective modes; the desired mode can be selected by 
the user. 

Am29325 

Traps 

The proposed IEEE standard stipulates that the user be able to 
request a trap on any exception. The Am29325 does not support 
trap operation, and behaves as if traps are disabled. 

Resetting of Flags 

The proposed IEEE standard states that once an exception flag 
has been set, it is reset only at the user's request.The Am29325's 
flags, however, reflect the status of the most recent operation. 

Generation of the Underflow Flag 

The proposed IEEE standard suggests several possible criteria 
for determining if underflow occurs. These criteria generate 
underflow flags that differ in subtle ways. The underflow criteria 
chosen for the Am29325 stipulate that underflow occurs if: 

a) the rounded result of an operation has a magnitude in the 
range: 

0< magnitude < 2- 126 

and 

b) the final result is not equal to the infinitely precise result. 

Since the Am29325 never produces a denormalized number as 
the final result of a calculation, condition (b) is true whenever (a) is 
true. Note, then, that the operation of the Am29325's underflow 
flag is somewhat different than that of an "IEEE standard" system 
using the same underflow criteria. For example, if an operation 
should produce an infinitely precise result that is exactly 2- 127, 
an "IEEE standard" system would produce that value as the final 
result, expressed as a denormalized number. Since that system's 
final result is exact, the underflow flag would remain LOW. The 
Am29325, on the other hand, would output zero; since its final 
result is not exact, the underflow flag would be HIGH. 
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APPENDIX B: 

Differences Between DEC VAX and Am29325 DEC Mode 

Operation in DEC mode complies with most aspects of single
precision floating-point operation outlined .in the Digital Equip
ment Corporation's VAX Architecture Manual. However, there 
are some differences that should be· noted: 

Format 

The Am29325's DEC format is: 

sign - bit 31 
exponent - bits 30 - 23 
mantissa - 22 - 0 

The VAX format is: 

sign - bit 15 
exponent - 14:- 7 
mantissa - bits 6-0, bits 31-16. 

In both cases, fields are listed from MSB to LSB, with bit 31 the 
MSB of the 32-bit word.· The Am29325's DEC format can be 
converted to VAX format by swapping the 16 LSBs and 16 MSBs 
of the 32-bit word. 

Flags VS. Exceptions 

In DEC VAX operation, certain unusual conditions arising during 
system operation may incur an exception, or an indication to the 
operating system that special handling is needed. 

The VAX recognizes a number of arithmetic exceptions. The 
following exceptions are relevant to the operations supported by 
the Am29325: 

Integer overflow trap - indicates that the last operation 
produced an integer overflow. The LSBs olthe correct result 
are stored in the destination operand. 

Floating-point overflow traplfault - indicates that the last 
operation produced, after normalization and rounding, a 
floating- point number with magnitude greater than or equal 
to 2127. A trap replaces the destination operand with the 
DEC reserved operand 8000000016; a fault leaves the de-
stination operand unchanged. . 

Floating-point underflow traplfault - indicates that the last 
operation produced, after normalization and rounding, a 
floating-point number with magnitude less than 2- 128. A 
trap replaces the destination operand with zero; a fault 
leaves the destination operand unchanged. 

. Reserved operand fault - indicates that the last operation 
had a reserved operand as an input. The destination 
operand is unchanged. 

The Am29325 does not directly support DEC traps and faults. 
Rather, it indicates unusual conditions by setting one or more of 
the six status flags HIGH. Table d2 describes flag operation in 
DEC mode. 

Integer Overflow 

In cases of integer overflow, the VAX signals the integer overflow 
trap and stores the LSBs of the correct result. The Am29325 sets 
the invalid operation flag and outputs the DEC reserved operand 
8000000016. 

Floating-Point Underflow/Overflow Operation 

The VAX Architecture Manual specifies the action to be taken on 
the destination operand when floating-point underflow or over
flow is encountered. The Am29325 has no immedia,te control 
over this destination operand, as it resides somewhere off-chip, 
either in a register or memory location. This isn't so much a 
difference between the VAX specification and Am29325 opera
tion as it is a difference in scope. 

The Am29325 responds to floating-point underflow by producing 
a final result of 0 (0000000016); the underflow, inexact, and zero 
flags will be HIGH. It responds to floating-point overflow by pro
ducing the DEC reserved operand 8000000016 as the final result; 
the ?verflow, inexact, and NAN flags will be HIGH. 

Handling of DEC Reserved Operands 

II an operation has a DEC reserved operand as an inpiJt, the 
Am29325 will produce that operand as the final result. If an 
operation has two input arguments and both are DEC re.served 
operands, the operand on port R becomes the final result For the 
VAX, operations with a DEC reserved operand input or inputs do 
not modify the destination operand. As mentioned above, control 
of the destination 9perand is beyond the scope of the Am29325's 
operation. 

IneJC:act Flag 

The Am29325 provides an inexact flag to indicate that the final 
result produced by an operation is not equal to the infinitely 
precise result. The VAX does not provide this flag . 
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APPENDIXC: 

Performing Floating-Point Division on the Am29325 

While the Am29325 does not have a floating-paint division in
struction, it can be used to evaluate reciprocals. The division: 

C = AlB 

can then be performed by evaluating: 

C = A-(l/B). 

Only a modest amount of external hardware is needed to imple
ment the reciprocal function. 

The technique for calculating reciprocals is based on the 
Newton-Raphson method for obtaining the roots of an equation. 
The roots of equation: 

F(x) = 0 

can be found by iteratively evaluating the equation 

xi+l = xi - F(Xi)/F'(Xi)· 

The process begins by making a: guess as to the value of xi, and 
using this guess or "seed" value to perform the first iteration. 
Iterations are continued until the root is evaluated to the desired 
accuracy. The number of iterations needed to achieve a given 
accuracy depends both on the accuracy of the seed value and the 
nature of F(lII). 

Now consider the equation 

F(x) = Pix) - B. 

The root of F(x) is liB. The reciprocal of B, then, can be found by 
using the Newton-Raphson method to find the root of F(x). The 
,iterative equation for finding the root is 

xi+l = Xi - F(Xi)/F'(Xi) 

= Xi - (l/xi - B)/-(Xi)-2 

= Xi (2-B-~i). 

It can be shown that, in order for this iterative equation to con
verge, the seed value Xo must fall in the range 

0<xo<2/B ifB>O 

or 2/B < Xo < 0 if B < o. 
For example, if the reciprocal of 3 is to be evaluated, the seed 
value must be between 0 and 2/3. 

The error of Xi reduces quadratically; that is, if the error of Xi is e, 
the error is reduced to order e2 by the next iteration. The number 
of bits of accuracy in the result, then, roughly doubles after every 
iteration. While this is only an approximation of the actual error 
produced, it is a handy rule-of-thumb for determining the number 
of iterations needed to produce a result of a certain accuracy, 
given the accuracy of the seed. 

Example 1: 

Find the reciprocal of 7.25. 

Solution: 

The seed value must fall in the range 

o < Xo < 2/7.25 . 

or 0 < Xo < .275862. 

Suppose Xo is chosen to be .1 

Iteration 1: Xl = XO (2- B-xO) 
= .1(2-(7.25) (.1» 
= .1275 

Iteration 2: x2 = Xl (2-B-Xl) 
= .1275(2-(7.25) (.1275)) 
= .1371421875 

Iteration 3: x3 = X2(2-B-X2) 
= .1371421875-

(2-(7.25) (.1371421875)) 
= .1379265230 
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The actual value of 1/7.25, to ten decimal places, is 
.1379310345. 

The error after each iteration is: 

Iteration Xi Error to Ten Places 

0 .1 -0.0379310345 

1 .1275 -0.0104310345 

2 .1371421875 -0.0007888470 

3 .1379265230 -0.0000045115 

Example 2: 

Find the reciprocal of - .3. 

Solution: 

The seed value must fall in the range 

2/(-.3) < Xo < 0 

or -6.66 < Xo < O. 

Suppose Xo is chosen to be -2.0. 

Iteration 1: Xl = xo(2-S-xo) 
7 -2.0(2-(-.3) (-2.0)) 
= -2.8 

Iteration 2: x2 = Xl (2- B-Xl) 
= -2.8(2-(-.3) (-2.8» 
= -3.248 

Iteration 3: x3 = X2(2-B-X2) 
= -3.248(2-(-.3) (-3.248)) 
= -3.3311488 

Iteration 4: l4 = X3(2- B-X3) 
= -3.3311488-

(2-(-.3) (-3.3311488)) 
= -3.333331902 

The actual value of 1/(-.3), to ten decimal places, is 
-3.333333333. 

The error after each iteration is: 

Xi Error to Ten Places 

0 -2.0 1.333333333 

1 -2.8 0.533333333 

2 -3.248 0.085333333 

3 -3.3311488 0.002184533 

4 -3.333331902 0.000001431 

In order to implement the Newton-Raphson method on the 
Am29325, some means is needed to generate the seed used 

• in the first iteration. One approach is to place a hardware 
seed look-up table between the R bus and the Am29325; see 
Table cl. A more detailed diagram of the look-up table appears 
in Figure c2. > > 
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TABLE c1. CONTENTS OF THE SEED EXPONENT PROM 

DEC IEEE 

Address (16) Data (16) Address (16) Data (16) 

000 (Note 1) 100 FO 
001 (Note 1) 101 FC 
002 FF 102 FB 
003 FE 103 FA 
004 FO 104 F9 
005 FC 105 F8 
006 FB 106 F7 
007 FA 107 F6 
008 F9 108 F5 
009 F8 109 F4 
OOA F7 lOA 'F3 
OOB F6 lOB F2 
OOC F5 10C Fl 
000 F4 100 FO 
OOE F3 10E EF 
OOF F2 10F EE 
010 Fl 110 ED 
011 FO 111 EC 
012 EF 112 EB 

OEE 13 lEE OF 
OEF 12 lEF OE 
OFO 11 lFO 00 
OFl 10 lF1. OC 
OF2 OF lF2 OB 
OF3 OE lF3 OA 
OF4 00 lF4 09 
OF5 OC lF5 08 
01=6 OB lF6 07 
0F7 OA lF7 06 
OF8 09 lF8 05 
OF9 > 08 lF9 04 
OFA 07 lFA 03 
OFB 06 lFB 02 
OFC 05 lFC 01 
OFO 04 lFO (Note 2) 
OFE 03 lFE (Note 2) 
OFF 02 lFF (Note 2) 

Notes: 1, The reciprocals ollhese numbers ani too large to be represented in DEC 
lorma!. 

2, The reciprocal,s oIlhese numbers are too small to be represented in 
normalized IEEE lorma!. 

) Figure c1. Adding a Hardware Look-Up Table to the Am29325 
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SBUS 
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I HARDWARE I LOOK-UP 
TABLE 
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F BUS I 05621A~20 

3-28 



The look-up table has two sections: a biased exponent look-up 
PROM and a fraction look-up PROM. The seed biased exponent 
look-up table is stored in a 512-by-8-bit PROM. This table con
sists of two sections- the DEC format section, which occupies 
addresses 000-OFFI6, and the IEEE section, which occupies 
addresses 100-IFFI6.The appropriate table will be selected 
automatically if address line As is wired to the Am29325's IEEE/ 
DEC pin. The equations ir:nplemented by these table sections are: 

DEC table: seed biased exponent 
= 25710 -input biased exponent 

IEEE table: seed biased exponent 
= 25210 -input biased exponent 

Table cl lists the contents of this PROM. 

The seed fraction look-up table is stored in one or more PROMs, 
the number of PROMs depending on the desired accuracy of the 
seed value. The hardware depicted in Figure c2 uses two 4K
by-8-bit PROMs to implement a fraction look-up table whose 

Am29325 

inputs are the 12 MSBs of the input argument's fraction. These 
PROMs output the 16 MSBs of the seed's fraction field - the 
remaining 7 bits of fraction are set to O. The equation im
plemented in this table is: 

seed fraction = 1 + inpu~ fraction -1, 

where the value of the input fraction falls in the range 

o "" input fraction < 1. 

Note that the seed fraction must also be constrained to fall in 
the range 

o "" seed fraction < 1. 

Therefore, if the input fraction is 0, the corresponding seed frac
tion stored in the table must be .1111 ... 1112, not 1.~. The same 
seed fraction look-up table may be used for both IEEE and DEC 
formats. Table c2 contains a partial listing for the seed fraction 
look-up table shown in Figure c2. 

TABLE c2. CONTENTS OF THE SEED FRACTION PROMs 

Address (16) 

000 
001 
002 
003 
004 
005 
006 
007 
008 
009 
ooA 
ooB 
OOC 

FF6 
FF7 
FF8 
FF9 
FFA 
FFB 
FFC 
FFD 
FFE 
FFF 

Value of Input Fraction (10) Value of Seed Fraction (10) 

0.0 0.9999999999 (see text) 
0.0002441406 0.9995118370 
0.0004882812 0.9990239150 
0.0007324219 0.9985362280 
0.0009765625 0.9980487790 
0.0912207031 0.9975615710 
0.0014648438 0.9970745970 
0.0017089844 0.9965878630 
0.0019531250 0.9961013650 
0.0021972656 0.9956151030 
0.0024414063 0.9951290800 
0.0026855469 0.9946432920 
0.0029296875 0.9941577400 

0.9975585938 0.0012221950 
0.9978027344 0.0010998410 
0.9980486750 0.0009775170 
0.9982910156 0.0008552230 
0.9985351563 0.0007329590 
0.9987792969 0.0006107240 
0.9990234375 0.0004885200 
0.9992675781 0.0003663450 
0.9995117188 0.0002442000 
0.9997558594 0.0001220850 

Figure c2. The Hardware Lookup-Up Table 

. 
R BUS • . 

1 
SIGN 
(R3,) 

BIASED 
EXPONENT 
(R30-A23) 

12 

12 MSBs 
OF FRACTION 

(R22-A, ,) 

IEEE/DEC ----1----.1 
AS A7- AO 

Am27S15 512 )I 8 
seeD EXPONENT PROM 

0.,-00 

seeD SIGN seeD EXPONENT 
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PROM Outputs (16) 
R22- R15 R14- R7 

FF FF 
FF EO 
FF CO 
FF AO 
FF 80 
FF 60 
FF 40 
FF 20 
FF 00 
FE El 
FE CO 
FE Al 
FE 81 

00 50 
00 48 
00 40 
00 38 
00 30 
00 28 
00 20 
00 18 
00 10 
00 08 

1 

8 "0" 

r 
05621A-21 
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With the hardware look-up table in place, the reciprocal of value B 
can be calculated with the following series of operations: . 

1.) Place B on both the Rand S buses. The 2 : 1 multiplexer at 

4.) Load 2 - a.xo into register F. Selectthe R TIMES S operation 
and select register F as the input to the ALU S port. (see 
Figure o3-d) 

the output of the hardware look-up table should select the 
output of the look-up table. (see Figure c3-a) . 

5.) Load the value x1 (=xo(2-B'xo)) into registers Rand F. 
Select the R TIMES S operation. (see Figure c3-e) 

2.) Load the seed value Xo into register R and load B into register 
S. Select the R TIMES S operation. (see Figure o3-b) 

6.) Repeat steps 3 through 5 until the result has the accuracy 
desired. 

3.) Load product B.xo into register F. Select the 2 MINUS S 
operation, and select register F as the input to the ALU Sport. 
(see Figure o3-c) 

Figure c3-a. Data Flow for Step 1 of the Reciprocal Procedure 
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Figure c3-b. Data Flow for Step 2 of the Reciprocal Procedure 

BUSS--------------------------------------------~------------------
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Am29325 
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Figure c3-c. Data Flow for Step 3 of the Reciprocal Procedure 
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Figure c3-d. Data Flow for Step 4 of the Reciprocal Procedure 
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Figure c3-e. Data Flow for Step 5 of the Reciprocal Procedure 
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A tabular description of the operations above is given in Table c3. port S. The look-up table proauces the value 
The following examples, performed In IEEE format, illustrate the .0395278910 (3D21E80016)' The reciprocal is 
process. evaluated using the procedure described above; reg-

Example 1: ister values for each step are given in Table c4. The 
expected resu~, to the precision of the floating-point 

Find the reciprocal of 25.3. word, is .0395256910 (3D21E5B116).ln this case the 
Solution: The IEEE floating-point representation for 25.3 is expected result is produced after the first iteration. All 

41CA666616· The reciprocal process is begun by subsequent iterations produce the same result, and 
feeding this value to both the seed look-up table and are therefore unnecessary. 

TABLE c3. SEQUENCE OF EVENTS FOR EVALUATING RECIPROCALS • Clock 
Cycle 10- 12 13 14 ENR ENS ENF Register R Register S Register F 

1 Y X 0 0 0 X - - -
2 A TIMES S 0 X 1 1 0 Xo B -
3 2 MINUS S 1 X 1 1 0 Xo B B.Xo I A~ 4 A TIMES S 1 1 0 1 0 Xo B 2-·B.Xo iteration 
5 A TIMES S 0 X 1 1 0 Xl (= Xo(2-B.Xo)) B Xl (= Xo(2-B.Xo)) 

6 2 MINUS S 1 X 1 1 0 Xl B B,Xl I 7 A TIMES S 1 1 0 1 0 Xl B 2-B,Xl 
Second 
iteration 

8 A TIMES S 0 X 1 1 0 X2(= Xl (2-B.Xl )) B X2(= Xl (2-B.Xl» 
X = DONT CARE 

TABLE c4. INPUT BUS AND REGISTER VALUES FOR EXAMPLE 1 

Clock 
Cycle R Input S Input Register R Register S Register F 

1 3D21E800 41CA666616 - - -
(.03952789) (25.3) 

2 - - 3D21E80016 41CA6666.16 -
(.03952789) (25.3) 

3 - - 3D21E80016 41CA666616 3F8001D3l6 
(.03952789) (25.3) (1.0000556) 

4 - - 3D21E80016 41CA666616 3F7FFC5A16 
(.03952789) (25.3) (.99984419) 

5 - - 3D21E5Bll6 41CA666616 3D21E5Bll6 
(.03952569) (25.3) (.03952569) --- Aesult of first 

iteration 
6 - - 3D21E5Bll6 41CA666616 3F7FFFFF16 

(.03952569) (25.3) (.99999994) 

7 - - 3D21E5Bll6 41CA666616 3F800000l6 
(.03952569) (25.3) (1.0) 

8 - - 3D21E5Bll6 41CA666616 3D21E5Bll6 
--- Aesult of second (.03952569) (25.3) (.03952569) 

iteration 
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Example 2: 

Find ihe reciprocal of - .4725 .• 

So.lution: .The IEEE floating-point representation for - .4725 is 
BEF1EB8516. The reciprocal proc;ess is begun by 
feeding this value to both the seed look-up table and 
port S. The look-up table produces the value 
-2.1162109410 (C007700016). The reciprocal is 

evaluated using the procedure described above; reg
ister values for each step are given in Table c5 .. The 
expected result, to the precision of the floating~point 
word, is -2.11640210 (C007732216).lnthis ca!lethe 
expected result is produced after the first iteration. All 
subsequent iterations produce the same result, and 
are. therefore unnecessary. 

TABLE cS. INPUT BUS AND REGISTER VALUES FOR EXAMPLE 2 

Clock 
Cycle R Input S Input Register R Register S RegisterF 

COO7700016 BEF1EB8516 
(-2.1162109) (-0.4725) 

2 c007700016 BEF1EB8516 
(-2.1162109) (-0.4725) 

3 COO7700016 BEF1EB8516 3F7FFA1416 
(-2.1162109) (-0.4725) (0.99990963) 

4 COO7700016 BEF1EBB516 3FB002F616 
(-2'.1162109) (-0.4725) (1 .0000904) 

5 COO7732216 BEF1EB8516 COO7732216 
--Result of first (-2.116402) (-0.4725) (-2.116402) 

iteration 
6 COO7732216 BEF1EBB516 • 3F80000016 

(-2.116402) (-0.4725) (1.0) 

7 COO7732216 BEF1EB8516 3F80000016 
(-2.116402) (-0.4725) . (1.0) 

8 COO7732216 BEF1EB8516 COO7732216 
--Result of second ( -2.116402) (-0.4725) (-2.116402) 

iteration 
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APPENDIX D: 

Summary of Flag Operation 

Tables d1, d2, and d3 summarize flag operation for the IEEE 
mode, the DEC mode, and for the IEEE-TO-DEC and DEC-TO
IEEE operations. 

TABLE d1. FLAG SUMMARY FOR IEEE MODE 

Operation Condition(s) INV OVF UNF 

Any operation H L L 
listed in the 
IEEE Invalid 
Operations Table 

R PLUS S Input operands are finite, L H L 
R MINUS S I rounded result I '" 2128 
R TIMES S 
2 MINUS S 

R PLUS S 
R MINUS S 0< I rounded result I < 2- 126 L L H 
R TIMES S 

R PLUS S Final result does not equal L 
R MINUS S infinitely precise result 
R TIMES S 
2 MINUS S 
INT-TO-FP 
FP-TO-INT 

R PLUS S Final result is zero L L 
R MINUS S 
RTIMES S 
2 MINUS S 
INT-TO-FP 
FP-TO-INT 

R PLUS S Final result is a NAN L L 
R MINUS S 
R TIMES S 
2 MINUS S 
FP-TO-INT 

Notes: INV Invalid operation flag 
OVF Overflow flag 
UNF Underflow flag 
INE Inexact flag 
ZER Zero flag 
NAN NAN flag 
L LOW 
H HIGH 

State of flag 
depends on the 
input operands 
and the operation 
performed 
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INE ZER NAN • L L H 

H L L 

H H L 

H L 

H L 

L L H 
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TABLE d2. FLAG SUMMARY FOR DEC MODE 

Operation Condition(s) INV OVF UNF INE ZER NAN 

Fp·TO·INT Rounded result> 231-1 H L L L L H 
or rounded result < - 231 

FP·TO·INT Input is a DEC reserved H L L L L H 
operand 

R PLUS S 
R MINUS S I Rounded resutt I ;. 2127 L H L H L H 
RTIMESS 
2 MINUSS 

R PLUS S 
R MINUS S 0< I rouncled result I < 2-128 L L H H H L 
RTIMESS 

R PLUS S Final result does not equal L H 
R MINUS S infinitely precise result 
R TIMES S 
2 MINUS S 
INT·TO·FP 
Fp·TO·INT 

R PLUS S Final result is zero· L L H L 
R MINUS S 
RTIMES S 
2 MINUS S 
INT·TO·FP 
FP·TO·INT 

R PLUS S Final result is a DEC L L L H 
R MINUS S reserved operand 
R TIMES S 
2 MINUS S 
Fp·TO·INT 

Notes: INV Invalid operation flag H HIGH 
OVF Overflow flag State of flag 
UNF Underflow fl",g depends on the 
INE Inexact flag input operands 
ZER Zero flag and the operation 
NAN NAN flag performed 
L LOW 

TABLE d3.FLAG SUMMARY FOR IEEE-TO-DEC AND DEC-TO-IEEE CONVERSIONS 

Operation Condition(s) INV OVF UNF INE ZER NAN 

IEEE· TO· DEC Input is a NAN H L L L L H 

IEEE· TO· DEC I Input I ;. 2127 L H L H L H 

DEC· TO·IEEE Input is a DEC reserved operand H L L L L H 

DEC·TO·IEEE o· < I rounded result I < 2-126 L L H H H L 

DEC· TO·IEEE Final resutt isO L L H L 
IEEE·TO·DEC 

Notes: INV Invalid operation flag H HIGH 
OVF Overflow flag State of flag 
UNF Underflow flag depends on the 
INE Inexact flag input operands 
ZER Zero flag and the operation 
NAN NAN flag performed 
L LOW 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES" 
Storage Temperature ..................... -65 to +150°C Commercial (C) Devices 
Temperature Under Bias - TC ............ -55 to +125°C Temperature (TA) ......................... , . 0 to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ........................ +4.75 to +5.25V 

Continuous ............................. -0.5 to + 7.0V Military (M) Devices 
DC Voltage Applied to Outputs 
for High State ...................... -0.5V to +VCC Max 

Temperature (Tc) ....................... -55 to +125°C 

DC Input Voltage ......................... -0.5 to +5.5V 
Supply Voltage .......................... +4.5 to +5.5V 

DC Output Current, into Outputs .................... 30mA 
DC Input Current ........................ -30 to +5.0mA 

Opera'ng ranges define those limits over which the functionality of the 
device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM RATINGS 
may cause permanent device failure. Functionality at or above these 
limits is not implied. Exposure to absolute maximum ratings for ex
tended periods may affect device reliability. 

DC CHARACTERSITICS OVER OPERATING RANGE unless otherwise specified 

Test Conditions 
Parameter Description (Note 1) Min 

Vee = Min 
VOH Output HIGH Voltage V,N = V,l or V,H 2.4 

IOH = -0.4mA 

Vee = Min 
VOL Output LOW Voltage V,N = V,L or VIH. 

IOl = 4.0mA 

V,H Input HIGH Level 
Guaranteed Input Logical 

2.0 
HIGH Voltage for All Inputs 

V,l Input LOW Level 
Guaranteed Input Logical 
LOW Voltage for All Inputs 

V, Input Clamp Voltage Vee = Min· 
'iN = -18mA 

I,l Input LOW Current Vee = Max 
V,N = OAV 

I'H Input HIGH Current Vee = Max 
V,N = 2.4V 

I, Input HIGH Current Vee = Max 
V,N = 5.5V 

IOZH Fo - F31 Off State (High Vo = 2AV 
Vee = Max 

IOZl Impedance) Output Current Vo = .4V 

Output Short Circuit Current Vee = Max Fo-F31 Outputs -3 
Ise (Note 3) Vo = OV Flag Outputs -3 

COM'L, MIL TA = +25°C 

COM'L Only 
TA = Oto +70°C 

ICC Power Supply Current (Note 4) Vee = Max TA = +70°C 

MIL Only 
TA = -55 to +125°C 

TA = +125°C 

Typ 
(Note 2) 

2.7 

0.3 

Max 

0.5 

0.8 

-1.5 

-0.4 

75 

1 

25 

-25 

-30 

-30 

Notes: 1. For oondltlons shown as Mm or Max, use tpe appropriate value speCified under Operating Ranges for the apphcable device type. 
2. Typical values are for Vee = +25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with OE LOW, and with an output bits (Fo- F31 and flag outputs) LOW. 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

fJ-A 

mA 

fJ-A 

mA 

mA 
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SWITCHING CHARACTERISTICS COM'L (Note 2) MIL 
OVER OPERATING RANGE 

TA = 25°C TA = 0 to +70"C Te = -55 to 125°C 

I Test 'Vee = 5.0V Vee = +5V ±5% Vee = +SV ±10% 

Parameters Description Conditions Typ Min Max Min Max 

tASC 
Clocked Add, Subtract Time,(R PLUS S, 

ns 
R MINUS S, 2 MINUS S) 

tMC Clocked Multiply Time (R TIMES S) ns 

tcc 
Clocked Conversion Time (INT-TO-FP, 

ns, 
FP-TO-INT, IEEE-TO-DEC, DEC-TO-IEE;E) 

Unclocked Add, Subtract Time (R, S to F, 

tASUC Flags) for R PLUS S, R MINUS S, ns 
and 2 MINUS S Instructions 

tMUC 
Unclocked Multiply Time (R, S to F, Flags) FTo ~ HIGH 

ns 
lor R TIMES S Instruction FT1 ~ HIGH 

Unclocked Conversi,on Time (R, S to F, 

tcuc Flags) for INT-TO-FP, FP-TO-INT, IEEE- ns 
TO-DEC and DEC-TO-IEEE Instructions 

tpWH Clock Pulse Width HIGH ns 

tPWL Clock Pulse Width LOW ns 

tPOOF1 
FTo ~ LOW 

n~ 
Clock to Fo-FS1 and Flag Outputs FT1~ HIGH 

tPOOF2 FT1 ~ LOW ns 

tpZL 
OE Enable Time 

Zto LOW ns 

tpZH Zto HIGH ns 

tpLZ 
OE Disable Time 

LOW to Z ns 

tpHZ HIGH toZ ns 

tpZL1S ,Clocki to Fo-F15 Enable, Zto LOW S16/32 ~ HIGH ns 

tpZH16 16-6it I/O Mode Zto HIGH ONE6US ~ LOW ns 

tPLZ16 Clockt to Fo-F15 Disable, LOWtoZ ns 

tpHZ16 16-6it I/O Mode HIGH to Z ns 

tpZL16 Clockt to F16-F31 Enable, Zto LOW S16/32 ~ HIGH ns 

tpZH16 16-6it I/O Mode Zto HIGH ONE6US ~ LOW ns 

tpL'Z16 Clocki to F16-F31 Disable, LOW to Z ns 

tpHZ16 16-6it I/O Mode HIGH toZ ns 

tSCE Register Clock Enable Setup Time 
FTo ~ LOW 

ns 
FT1 ~ LOW 

tHCE Register Clock Enable Hold Time 
FTo ~ LOW 

ns 
FTl ~ LOW 

tS01 Ro-R3l , SO-S31 Setup Time (Note 1) ns 

Ro-R3l, SO-S31 Hold Time (Note 1) 
FTo ~ LOW 

tH01 ns 

tS02 Ro-R31' SO-S31 Setup Time (Note 1) FTo ~ HIGH ns 

tH02 Ro-RS1' SO-SS1 Hold l1me (Note 1) FT1 ~ LOW ns 

tSI02 10"-12 Instruction Select Setup Time FT for Destination ns 

tHl02 10-12 Instruction Select Hold Time Register ~ LOW ns 

tpOI02 10-12 Instruction Select to Fo-FS1' Flags FT1 ~ HIGH ns 

tSIS Is Port S Input Select Setup Time ns 

13 Port S Input Select Hold Time . 
FT1 ~ LOW 

tHI3 ns 

tSI4 14 Register R Input Select Setup Time (Note 1) ns 

14 Register R Input Select Hold Time (Note 1) 
FTo ~ LOW 

tHI4 ns 

tSRM Round Mode Select Setup Time FT for Destination ns 

tHRM Round Mode Select Hold Time Register ~ LOW ns 

tpRF Round Mode Select to Fo- Fs1, Flags FT1 ~ HIGH ns 

Notes: 1. See timing diagram for desired mode of operation \0 determine clock edge to which these setup and hold times apply. 
2. At air velocity of_linear feerper minute. 

Units 
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Am29325 

elK 

RNDo-Rim, 

CLOCKED OPERATION: FTO = LOW 
FTl :, HIGH 

~------~WH-------·~I~:=====:_'_PW_L_-_-_-_-_-_-_-_·~I 

~-------------\POOF1------------l 

VALID 

1--,--------:.\pOI02------------1 

1'------------·PRF------------1 

FLOW-THROUGH OPERATION (FTO = HIGH, FTl = HIGH) 

ASue 
tMUC 

'cue 
~ 

illll::lI 

J 
\Pow. 

'I' 
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,I 
~x ~ 

:X:X 
:x :x ,x. 

:x 

32-BIT, SINGLE-INPUT-BUS MODE 

05621A~33 

05621A-28 

3-42 Refer to Page 13-1 for Essential Informati.on on MNiiary Devices 



ClK 

R INPUT BUS. 
S INPUT BUS 

I. 
(NOTE') 

FO-F'5 

F' S-F31 

Am29325 

16-BIT, TWO-INPUT-BUS MODE 

~ I c'HOl I /,'H01 

==1:-~-f2:1=':'-r-'j.-
~ '6lSBs ~ 16 MSBs ~ 

~f- -1_ 
tpzL16, 
tpZH16 f-- tpLZ16, 

tpHZ16 

V VALID I 
HI~Z 

11\ 
tpLZl6, 
tpHZ16 f-- tpZL16, 

tpzH16 

V HI-Z I VALID 
1\ 

Note 1. 14 has special setup and hold time requirements in this mode. All other control signals have timing requirements as shown in the diagram 
"Clocked operation. FTo = LOW. FT, = LOW." 

05621A-29 

OUTPUT ENABLE/DISABLE TIMING 

I,-----------------------~~---------------V~ 
liE ------------------- 1.SV 

tpHZ 
I'-.,---------VOL 
~ 

Fo-F31 (HIGH lEVEL) YOH - .SV 

HIGH IMPEDANCE 

Fo-F31 
VOL + .SV 
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Am29325 

PACKAGE INFORMATION 

PACKAGE PHOTOGRAPHS 

Top View Lateral View 

Bottom View Isometric View 
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Am29325 

Am29325 PINOUT 

SORTED BY PIN SORTED BY FUNCTION 

Pkg 
Line # Pin Function Function Pkg Pin 

1 Al Inexact ClK Jl 
2 A2 Invalid ENF Dl 
3 A3 F29 ENR D3 
4 A4 F30 ENS E3 
5 A5 F23 
6 A6 F26 
7 A7 F21 

Fo E14 
Fl C15 
F2 C14 • 8 A8 F22 F3 814 

9 A9 F17 F4 B15 
10 Al0 F18 F5 A15 
11 All F13 Fe 813 
12 A12 F12 F7 A13 
13 A13 F7 FB A14 
14 A14 F8 Fg B12 
15 A15 Fs FlO C12 
16 Bl 12 Fll Cll 
17 B2 NAN F12 A12 
18 B3 Zero F13 All 
19 B4 F31 F14 Bll 
20 B5 Overflow F15 810 
21 B6 F27 F16 Cl0 
22 B7 F24 F17 A9 
23 B8 FIg FIB Al0 
24 B9 F20 FIg 88 
25 Bl0 F15 F20 B9 
26 Bll F14 F21 A7 
27 B12 Fg F22 A8 
28 813 Fe F23 A5 
29 B14 F3 F24 B7 
30 B15 F4 F25 C7 
31 Cl 11 F26 A6 
32 C2 10 F27 B6 
33 C3 GND. TTL F28 C6 
34 C4 GND. TTL F29 A3 
35 C5 FLI Underflow F30 A4 
36 C6 F28 F31 B4 
37 C7 F25 FTo E2 
38 C8 Vee. TTL FTI F2 
39 C9 Vee. TTL GND. ECl N3 
40 Cl0 FIe GND. ECl H14 
41 Cll Fll GND. ECl G13 
42 C12 FlO GND. ECl M3 
43 C13 GND. TTL GND.ECL H13 
44 C14 F2 GND. ECl J13 
45 C15 !:.L 
46 Dl ENF 

GND. TTL D15 
GND. TTL D14 

47 D2 IEEElDEC GND. TTL E13 
48 D3 ENR GND. TTL F13 
49 D13 GND. TTL GND. TTL C4 
50 D14 GNP. TTL GND. TTL C3 
51 D15 GND. TTL GND. TTL D13 
52 El 14 GND. TTL C13 
53 E2 & 10 C2 
54 E3 ENS 'I Cl 
55 E13 GND. TTL 12 Bl 
56 E14 'Fo 13 P9 
57 E15 PROJ/AFF '4 El 
58 Fl ONEBUS IEEE/DEC D2 
59 F2 FT1_ Inexact Al 
60 F3 S16/32 Invalid A2 
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Am29325 

Am29325 PINOUT (Cont) 

SORTED BY PIN SORTED BY FUNCTION 

Pkg 
Line # Pin Function Function PkgPin 

61 F13 GND. TTL NAN B2 
62 F14 81 OE G1 
63 F15 & ONEBU8 F1 
64 G1 OE Overflow B5 
65 G2 Vee. Eel PROJ/AFF E15 
66 G3 Vee. Eel Ro N9 
67 G13 GND. Eel Rl RB 
68 G14 82 R2 R9 
69 G15 83 R3 NB 
70 H1 Vee. Eel R4 PB 
71 H2 Vee. Eel R5 P7 
72 H3 Vee. Eel R6 R7 
73 H13 GND. Eel R7 R6 
74 H14 GND. Eel Rs N7 
75 H15 85 R9 N6 
76 J1 elK RlO P6 
77 J2 RNDo Rll P5 
78 J3 Vee. Eel R12 R5 
79 J13 GND. Eel R13 R4 
80 J14 84 R14 R5 
81 J15 87 R15 N4 
82 K1 R31 R16 P4 
83 K2 RNDl R17 R2 
B4 K3 R29 R18 R3 
B5 K13 88 R19 P3 
B6 K14 89 R20 R1 
B7 K15 86 R21 P1 
88 l1 R30 R22 P2 
89 l2 R27 R23 N2 
90 l3 R26 R24 N1 
91 U3 813 R25 M1 
92 l14 810 R26 l3 
93 l15 811 R27 l2 
94 M1 R25 R28 M2 
95 M2 R28 R29 K3 
96 M3 GND. Eel R30 U 
97 M13 814 R31 K1 
9B M14 815 RNDo J2 
99 M15 812 RNDl K2 

100 N1 R24 80 F15 
101 N2 R23 81 F14 
102 N3 GND. Eel 82 G14 
103 N4 R15 83 G15 
104 N5 R14 84 J14 
105 N6 R9 85 H15 
106 N7 Rs 86 K15 
107 N8 R3 87 J15 
108 N9 Ro 88 K13 
109 N10 828 89 K14 
110 N11 827 810 U4 
111 N12 Vee. Eel 811 U5 
112 N13 Vee. Eel 812 M15 
113 N14 818 813 U3 
114 N15 817 814 M13 
115 P1 R21 815 M14 
116 P2 R22 816 P15 
117 P3 R19 816/32 F3 
118 P4 R16 817 N15 
119 P5 Rll 818 N14 
120 P6 RlO 819 R15 

3-46 ReSer to Page 13-1 lor E&sential In/ormation on Militaly Devices 



line # 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 

Am29325 PINOUT (Cont) 

SORTED BY PIN SORTED BY FUNCTION 

Pkg 
Pin 

P7 
P8 
P9 
Pl0 
Pll 
1"12 
P13 
P14 
P15 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
Rl0 
Rll 
R12 
R13 
R14 
R15 

SYSTEM 
GROUN~---"" 

PLANE "-

Function Function 

R5 S20 
~ 821 
13 822 
Sal 823 
826 824 
825 825 
822 826 
821 827 
816 82B 
R20 829 
R17 830 
R1B 831 
R13 Underflow 
R12 Vee. ECl 
R7 Vee. ECl 
R6 Vee. ECl 
Rl Vee. ECl 
R2 Vee. ECl 
S30 Vee. ECl 
829 Vee. ECl 
S24 Vee. ECl 
823 Vee. TTL 
820 Vee. TTL 
819 Zero 

POWER SUPPLY WIRING CONSIDERATIONS 

ECL 
GND 

['. 

TTL 
GND 

.1JLF 

100pF 
CERAMIC 

ECL 

Vee 
TTL 

Vee , r-tm29325 
/ PACKAGE 

.I 

PkgPin 

R14 
P14 
P13 
R13 
R12 
P12 
Pll 
Nll 
Nl0 
Rll 
Rl0 
Pl0 
C5 
J3 
G2 
G3 
H2 
N13 
N12 
H3 
Hl 
C8 
C9 
63 

Am29325 

05621A-34 

Notes: 1. All power supply pins must be connected. 
2. Eel GND and TTL GND should not be connected directly into the main system ground plane. Using signal plane traces as short and wide as 

possible. Eel GND pins should be connected together. as should TTL GND pins. but without interconnection. These separate ground buses 
should be connected together and to the system ground plane at adecoupling capacitor close to the package. Eel Vee and TTL Vee should b!! 
treated similarly. See diagram above. 
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Am29325 

SUGGESTED PRINTED CIRCUIT BOARD LAYOUT 
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THERMAL CHARACTERISTICS 

AIR VELOCITY 
liNEAR FEET PER MINUTE 
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PHYSICAL DIMENSIONS 
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I-~ ACO 

• Subject to change. 

The International Standard of Quality 
guarantees theAQL on all electrical parameters. 

AC and DC. over the entire operating~e. 
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Am29331 
16-Bit Microprogram Sequencer 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• 16-B1ts Address Up to 64K Worda 
Like the other mernbers of the Am29300 family, the 
Am29331 supports 80-90ns microcycle for the 32-
bit high;>erformance system. 

• Real Time Interrupt Support 
Micro-TRAP and interrUpts are handled transparently 
at any microinstruction boundary. 

• Built-In Conditional Teat logic 
Generates inequality evaluation branch conditions 
from four ALU status bits, eight external test inputs 
and a polarity control input. 

• Break.polnt logic 
Built-in address comparator allows break-points in 
the microcode for debugging and staiistics collection. 

• Master/Slave Error Checking 
Two sequencers can operate in parallel as a master 
and a slave. The slave generates a fault flag for 
unequal results. 

• 33-Levet Stack 
Provides support for interrupts, loops and subroutine 
nesting. It can be accessed through the D-bus to 
support diagnostics. 

GENERAL DESCRIPTION 

The Am29331 is a 16-bit wide high-speed single chip 
sequencer designed to control the execution sequence of 
microinstructions stored in the microprogram memory. The 
instruction set is designed to resemble high level language 
constructs, thereby bringing high level language program
ming to the micro level. 

The Am29331 is interruptible at any microinstruction 
boundary to support real time interrupts. Interrupts are 
handled transparently to the microprogram mer as an imex
pected procedure call. Traps are also handled transparent
ly at any microinstruction boundary. This feature allows re
execution of the prior microinstruction. Two separate buses 

. are provided to bring a branch address directly into the chip 
from two sources to avoid slow- tum-on and tum-off times 

for different sources connected to the data input bus. Four 
sets of multiway inputs are also provided to avoid slow tum
on and tum-off times for different branch address sources. 
This feature allows implementation of table look-up or use 
of extemal conditions as part of a branch address. The 
thirty-three-deep stack provides the ability to support inter
rupts, loops and subroutine nesting. The stack can be read 
through the D-bus to support di8gnostics or to implement 
r:lultltasking at the micro-architecture level. The mastar / 
slave mode provides a complete function check for the 
device. 

The Am29331 is designed with the IMOX™ process which 
allows intemal Eel circuits with TTL compatible 110. It is 
housed in a 120 pin-grid-array package. 

RELATED PRODUCTS 

Part No. 

Am29323 
Am29325 
Am29332 
Am29334 

!MOX is • _ of Advanced Micro Devices. Inc. 

Descrlptton 

32 x 32 Parallel Multiplier 
32-811 Floating Point Processor 
32-811 ALU 
64 x 18 Four-Port, Dual-Access Register File 

05729A 
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Am29332 
32·Bit Arithmetic, Logic Unit 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• SIngle Chip, 32-8" ALU 
Suppcirts 80-90ns microcycle for' the 32-bit data 
path. It is a combinatorial ALU with equal cycle 
time for all instructions 

• FloW Through ArchIteCture 
A combinatorial ALU with two input data ports and 
one output data port allows implementation of paral
lel or pipelined, architectures 

• 64-8" In, 32-8lt Out Funn .. Shifter 
This unique functional block allows n-bit shift-up, 
shift-dpWn, 32-bit barrel shift or 32-bjt field extract 

'. Supports All 'Data Types 
It supports one-, two-, three..' and four-byte data for 
all operations and variable-length flelds for logical 
operations 

• Multiply and Dlvld. SUpport 
Built-in hardware to support two-bit at a time modi

,fled Bootl\'s algorithm and one-bit at a time division 
algorithm 

• Extensive Error CheCking 
Parity check and generate provides data transmis
sion check. Master/slave mode provides complete 
functional checking 

GENERAL DESCRIPTION 

The Am29332 Is a 32-bit wide non-cascadable ALU with 
integration of functions that normally don't c,ascade such as 
barrel shifters, priority encoders and mask generators. Two 
Input data ports and one output data port provide flow 
through architecture and allow the designer to implement 
his/her architecture with any degree of pipelining and no 
built-In penalties for branching. Also, the simplicity of a 
three-bus ALU allows easy implementation of parallel or 
reconflgurable architectures. The register file is off-chip to 
allow unlimited expansion and regular addressability: 

The Am29332 supports one-, two-, three- and four-by!e 
data for arithmetic and logic operations. It also supports 

multiprecision arithmetic and shift operations. For logical 
operations, it can support variable-length fields up to 32 
bita. When fewer than four bytes are selected, unselected 
bita are passed to the destination without modification. The 
device also supports two-bit at a time modified Booth's 
algorithm for high-speed multiplication and one-bit at a time 
division. Both signed and unsigned Integers for all byte 
aligned data types mentioned above are supported. 

The Am29332 is designed to suppcirt 80-90 ns microcycle 
'time. The device is packaged In a 168 pin-grid-array 

package. 

RELATED PRODUCTS 

Part No. Description 

Am29323 32 x 32 Parallel Multiplier 
Am29325 ' 32-811 Floating Point Processor 
Am29331 16-BI1 Microprogram Sequencer 
Am29334 64 x 18 Four-Port, Dual-Access Register File 

05730A 
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Am29334 
Four-Port, Dual-Access Register File 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Faat 
With an a~ time of 20ns, the Am29334 sup
ports 80-90ns microcycle when used with the 
Am29300 family for' 32-bit systems. 

• 64 x 18 'Bits Wide Register File 
The Am29334 is a high-performance, high-speed, 
dual-access RAM with two READ ports and two 
WRITE ports. 

• CUcadable 
The Am29334 is cascadable, to support either wider 
word width, deeper register files, or both. 

• Simplified Timing Control 
Control for write enable timing and for on-chip 
read/write multiplexer are derived from a single
phase clock input., 

• Byte Parity, Storage 
Width of 18 bits faCilitates byte parity storage for 
each PQrt and provides consistency with the 
Am29332 32-bit ALU. 

• Byte Write Cepabillty 
Byte-write enable pins allow byte or full word writes. 

GENERAL DESCRIPTION 

The Am29334 is a 84-word deep and 18-bit wide dual
aecess register file designed to support other members of 
the Am29300 family by providing high-speed storage. It has 
two write and two read ports for dat8 and four 6-bit address 
ports. Two address ports are assoqiated with each pair of 
read and write data ports; one to read data and the other to ' 
write. The device Is capable of performing two reads and 
two writes in one cycle. The 18-bit wide register file allows 

storage of byt~ parity to support parity check and generate 
in the Am29332 32-bit ALU. Independent control for each 
read and write data port allows the Am29334 to be used as 
a high-speed shared memory or as a mailbox for a 
multiprocessor system. The device is designed to support 
an access time of 2Ons. It is housed in a 120 pinijrid-array 
package. 

BLOCK DIAGRAM 

Part No. 

Am29323 
Am29325 

0 .. 

DUAL ACCESS 
RAM ... ,. 

\E. 

80003020 

RELATED PRODUCTS 

Description Part No. Deecrtptlon 

32 x 32 Parallel Multiplier ' Am29331 16-Bit Microprogram Sequencer 
32-Bit Floating, Point Processor Am29332 32-Bit ALU 

05731 A 

3-54 R_ to Page 13·1 for eaoantial Information on Military Oovices 



Am29360 
32-Bit Error Detection and Correction Unit 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Boosts memory reliability 
- Corrects all single bit errors 
- Detects all double and some triple bit errors 
- Reliability of dynamic RAM memory system is in-

creased 
• Very high speed 

- Perfect for microprocessor, minicomputer and main
frame systems 

• All necessary features are built-in to the Am29360 
including memory testing, Reconfiguration, Diagnostics; 
and Data InlOut, Data Bits Out and Check Bits Out 
latches 

• Handles data word widths from 8- to 32-bits 
- Byte writes on all word widths from 8- to 32-bits 

• Diagnostics built-in 
- The processor may exercise the memory or Am29360 

under software control to check for proper operations 
• Built-in Memory TIming COntroller (MTC) 

- Supports byte writes 
- Delay line controlled timings 
- Arbitrates between refresh and memory request 
- Refresh internal timer for generating refresh requests 

independent of processor 

GENERAL DESCRIPTION 

The Am29360 Error Detection and Correction Unit (EDC) 
contains the logic necessary to generate check bits on a 
32-bit data field according to a modified hamming code, 
and to correct a data word when check bits are supplied. 
Operating on data read from memory, the Am29360 will 
correct any single-bit error and will detect all double and 
some triple bit errors. For 32-bit words, 7 check bits are 
used. In all configurations, the device makes the error 
syndrome bits available on output signals S/Go-S/C7 for 
data logging. 

The Am29360 also features diagnostic modes, in which 
diagnostic data can be forced into portions of the chip to 
simplify device testing and to execute system diagnostic 
functions. 

The built-in MTC (Memory Timing COntroller) generates all 
timing signals for the on-board error detection and correc
tion function. The Am29360 also has a general purpose 
CPU interface and a Power-up sequence which includes 
eight RAS-only Wake-Up cycles, a two part Test (Readl 
Write, Increment) and memory Initialize. 

BLOCK DIAGRAM 
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TIMING 
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Am29368 
1 M-Bit Dynamic Memory Controller (DMC) 

. ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

.• Provides control for 16K, 64K, 256K, and 1M-bit dynam
ic RAMs 

• Outputs directly drive up to 88 DRAMs, with a guaran
teed worst-case undershoot 

• Highest-order tWo address bits select one of four banks 
of RAMs . 

• Separate 9utput enable for multi-channel access to 
memory 

• SUPP<!rts scrubbing operations and nibble-mode access 
• IMOX ™ proceSsing 

GENERAL DESCRIPTION 

The Am29368 Dynamic Memory Controller (DMe) is intend
ed to be used with ·today's high-performance memory 
systems. The DMC will act as the address controller 
between any processor and dynamic memory array, using 
its two 10-bit address latches to hold the Rowand Column 
addresses for any DRAM up to 1 M-bil. These latches, and 
the two Row/Column refresh address counters, feed into a 
10-bit, 4-input MUX for ciutput to the dynamic RAM address 
lines. A 2-bit bank select latch for the two high-order 
address bits is provided to select one each of the four 
RASN and ~ outputs. 

The Am29368 has two basic modes of operation, read/ 
write and refresh. In refresh mode, the two counters cycle 
through the refresh addresses. If memory scrubbing is not 
being implemented, only the Row Counter is used, generat
ing up to 1024 addresses to refresh a 1024-cycle-refresh 
1 M-bit DRAM. When memory scrubbing is being performed, 
both the Rowand Column counters are used to perform 
read-modify-write cycles. In this mode all RASN outputs will 
be active while only one ~ is active at a time. The 
Am29368 is available in a 52-pin dual in-line package. 
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lie, 

llseL 

co 
LE 

sa, 

RA .. 
CA .. 

ROW 
ADDRESS ... 
(Ao-Ao) V 

C~ 
ADDRESS ... 
(.,.-.... 

-
ROW 

LATCH 

COLUMN f--LATCH 

'--~ 

,~ 

B_ 2 
LATCH 

IMOX is a regI_ trademark of Advanced M;oro 08_ •• tile. 

ROW 
COOHTER 

Ct. 

COLUMN 
tOUNTER 

r- CL 

B_ 
COUNTER 

Ct. 

3-56 

,. 
,. 

ADDRESS .. ,. ,. IIUX O' a. 

~ 

-'--

,---
MUX 

CHTRo,1 - CONTROL 

r"'_ 

I 2 

... 4 

RAS. 

RAS/CAS 
DECODE 

4 .... 
CAS,. 

80003080 

05712A 

. Refer to Page 13-1 for Essential Information on Military DevIces 



Am2960!70 DYNAMIC MEMORY CONTROL 
MEMORY MEMORY TIMING/CONTROL UNITS 
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Am2960-70 Memory Support Family 

System Overview 

INTRODUCTION 

Memory system designs are increasingly shaped by three 
requirements: 

1. Higher system performance 
2. More memory capacity in less space 
3. Increased reliability 

The Am2960-70 Memory Support Family is a family of LSI 
building blocks which excels in satisfying these three 
requirements and provides a complete systems solution for 
designs using 64K or 256K DRAMs. The family members 
include: 

Am2960 Error Detection and Correction Unit 
Am2961/62 EDC Bus Buffers 
Am2964B Dynamic Memory Controller (64K DRAM 
Version) . 
Am2965/66 Dynamic RAM Drivers 
Am2968 Dynamic Memory Controller (256K DRAM 
Version) 
Am2969 Timing Controller 
Am2970 Timing Controller 
Am8163/67 System and Timing Controller for MOS 
MPUs 

These are general purpose products. They will support any 
supplier's DRAMs and will work with any processor type: 
8086,80186,80286,68000, Z8000, and Am2900 proces
sors. They may also be used to support word widths of any 
size from 8 bits to 64 bits. 

Figure 1 shows the system interconnection for a typical 
memory system for 256K DRAMs, and Figure 2 shows the 
system interconnection for a typical memory system using 
64K DRAMs. In both cases, the memory support subsys
tem interfaces to the System Data Bus, Address Bus, and 
control signals. Also, in both cases all, or almost all, of the 
memory support functions are handled by AMD LSI de
vices. This simplifies the design of the memory system and, 
more importantly, allows the board space available for 
DRAMs to be maximized because the LSI solution for 
control and error correction is very compact. 

ERROR DETECTION AND CORRECTION 

It is important that memory systems function reliably. The 
number of bytes of storage is increasing rapidly in memory 
systems at the same time that the density of the MOS 
DRAMs is grOwing. With 64K and 256K DRAMs, alpha 
particle sensitivity is much greater than that of smaller 
DRAMs because of the reduced size of the memory cells 
and the smaller stored charge of ,the cell. A Technical 
Report follows the Am2960 data sheet in this section and is 
entitled "Am2960 Boosts Memory Reliability." This techni
cal report gives some statistics on soft error rates for 
DRAMs. It also demonstrates the dramatic increase in 
memory reliability gained from the use of Hamming Code 
Error Detection and Correction schemes, such as those 
used by the Am2960 EDC (Error Detection and Correction) 
unit. 

Data interface between the dynamic memories, the 
Am2960 EDC chip, and the system data bus is accom-

IMOX is a trademark of Advanced Micro Devices. Inc. 

plished by means of the Am2961162 bus buffers. Figure 3 
depicts the architecture of these devices along with a 
simplified block diagram of the Am2960. The Am2961 is 
inverting between the system data bus and the EDC bus 
while the Am2962 is noninverting. As shown in Figure 3, the 
Am2961 and Am2962 contain two internal latches, a 
multiplexer, and a RAM driver output buffer. 

These devices feature 4-bit-wide data paths to and from the 
RAM, the EDC, and the system data bus. The bus-input (BI) 
latch is used predominantly in byte WRITE operations, so 
that an incoming byte from the system data bus can be 
stored while the memory is being read, and any necessary 
correction made in the bytes not being changed. The bus
output (BO) latch is used predominantly for storing the 
output data if the processor is in the single-step mode. In 
the single-step mode it is necessary to hold the output data 
on the system data bus, but the memory must be released 
for refresh. . 

The Am2960 Error Detection and Correction Unit contains 
all the logic necessary to generate check bits on a 16-bit 
data field according to a modified Hamming code and to 
correct the data word when check bits are supplied. 
Operating on the data read from memory, the Am2960 will 
correct any single-bit error and will detect all double- and 
some triple-bit errors. For 16-bit words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 
words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome bits 
available on separate outputs for data logging. 

The Am2960 also features two diagnostic modes in which 
diagnostic data can be forced into portions of the device to 
simplify device testing and to execute system diagnostic 
functions. 

The 16-bit DiagnostiC Latch is loadable from the bidirection
al data lines under control of the Diagnostic Latch Enable, 
LE DIAG. It contains check bit infQrmation in one byte and 
control information in the other, and is used for driving the 
device when in the Internal Control mode, or for supplying 
check bits when in one of the Diagnostic modes. 

The control logic determines the specific operating mode. 
Normally the control logic is driven by external control 
inputs; however, in the Internal Control mode, the control 

. signals are instead read from the DiagnostiC Latch. 

4-1 

The Am2960 is a very fast EDC device, but even faster 
versions will soon be available. A speed selected version, 
the Am2960-1, is described in the Am2960 data sheet, and 
an IMOX™ version, the Am2960A, will be available by late 
1984. All speed-improved versions have identical functions 
and are electrically plug-compatible with the current 
Am2960. 

MEMORY SYSTEM CONTROL AND TIMING 

Two Dynamic Memory Controllers are available for generat
ing address, "RAS, and CAS signals for memory banks. The 
Am2964B is designed to work with 64K DRAMs of which 
each device can handle up to four banks for a total control 
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capacity of 2561< words. The new Am29.68 is designed to Vfork 
with 256K DRAMs and can also handle up to four banks for a 
total control capacity of 1 MegawOrd (the words can be as 
many bits wide as desired). Also, the Am2968 does not require 
external driver chips as does the Am2964B - the Am2968 has 
the memory drivers, with all of the undershoot control and 

speed fe!ltures of the Am2965/66, built right into its address, 
ftAS, and ~. outputs. . 

For generating the timing and control signals required by the 
Am2964B/68 and the Am2960/61/62, there are several 
different devices available, optimized fOr' different system 
requirements. For MOS Microprocessor systems, use the 
Am8163 or Am8167. 

2(1)'~--------------------~~--------------------~----------------------~ 
o 
t:-:: !is -as g:u. 
~ 

Figure 1. New Generation Am2900 High Performance Memory Subsystem 
Using 256K or 64K DRAMs 
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Figure 2. Am2900 High Performance Memory Sul)system Using 64K DRAMs 
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Figure 3. EDC Data Path 
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Both of these devices will interface easily to iAPX86/186, 
Z8000, or 68000 microprocessors. The.Am8163 and Am8167 
provide the control signals and timing signals for the memory 
controllers, the EDC, and the data bus buffers - in addition, the 
Am8163/67 decode the memory system control signals direct
ly from the MOS MicroprOcessor, requiring in most cases only. 
a few gates and at most a single PAL 1M for interfacing. In this 
section are detailed block diagrams of systems showing how 
to interface the Am2960-70 Family devices to the most 
popular MOS microprocessors. 

For high-performance Am2900-based processors or other 
high-speed processor designs, use the Am2969 or Am2970 to 
generate timing and control. signals. 

Following is a description of the. function of the Am2964B/65/ 
66 for Dynamic Memory Control for 64K DRAMs. The Am2968 
incorporates these features and more into a single IC for use 
with 256K DRAMs. 

The Am2964B Dynamic Memory Controller is used to provide ' 
all address handling, as well as RAS and CAS decoding and 
control. A block diagram of the Am2964B Dynamic Memory 
Controller is shown in Figure 5. The device contains 18 input 
latches for capturing an 18-bit address for memory control; the 
two highest order addre~s are decoded in the Am2964B to 
select one of four banks of RAM by selecting one of the four 
RAS outputs. . . 

The Am2964B is designed to operate with either 16K Dynamic . 
FlAMs or 64K Dynamic RAMs. Thus, the deSigner either uses 
1i4 of the multiplexer address inputs and 7 of the address 
outputs or all 16 of the multiplexer address inputs and all 8 of 
the address outputs as needed by the memory. In the case of 
16K DynamiC RAMs, 7 address inputs are provided to the 
RAM during the m LOW Signal, and then the 8-bit multiplex
er is switched so that 7 upper address bits are provided to the ' 
RAM for the CAS LOW part of the cycle. The Am2964B 

Dynamic Memory Controller contains an B-bit refresh counter 
that is used to supply the refresh address to the dynamic 
memory during the refresh cycle. This counter can be used in 
either the 128 or 256 line refresh mode. A CAS buffer is 
included in the dynamic memory controller so that the CAS 
output can be inhibited during refresh. 

Normal operation of the Dynamic Memory Controller is to 
provide the address, close the input address latches and kick 
off a normal memory cycle. This is accomplished by bringing 
the ~ input LOW, which will cause one of the RAS outputs 
to go LOW. After the required RAS hold time, the MSEL input 
will be used to switch the multiplexer. to the other address 
latch. Then the CAS! input will be driven LOW, causing the 
~ output to go LOW and execute the CAS part of the 
memory cycle. The refresh cycle is executed by driving the 
~ input LOW, which causes the multiplexer to connect the 
refresh counter to its address outputs. Then the RASI input is 
driven LOW, which causes all four RAS outputs to go LOW. 
This will simultaneously refresh all four banks of dynamic 
RAMs controlled by the Am2964B Dynamic Memory Control· 
ler. When either the ~ or ~ input is brought HIGH, the 
refresh counter is advanced so it will be ready for the next 
refresh cycle. . 

As can be seen in Figure 1, Dynamic.RAM Drivers can be used 
in large memory systems to buffer the Address, RAS, CAS and 
WRITE ENABLE signals to the RAMs. The Am2965 and 
Am2966 are pin~compatible devices with the Am74S240 and 
Am74S244. These RAM drivers are specifically designed for 
driving dynamic RAMs and feature high capacitance drive, 
guaranteed maximum undershoot of less than -0.5 volts, and 
·high VOH of greater than Vee = 1.15 volts. The Am2965 is 
inverting and th~ Am2966 is noninverting. The devices feature 
symmetrical rise and fall times and have guaranteed minimum 
and· maximum Ipo specifications for both 50pF and 500pF 
loads. 

Figure 5. Am296"B Dynamic Memory Controller 
~L-------------------------' 
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Am2960/ Am2960A 
16-Bit Error Detection and Correction Unit 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Boosts Memory Reliability 
Corrects all single-bit errors. Detects all double and 
some triple-bit errors. Reliability of dynamic RAM 
systems is increased more than 60-fold. 

• Very High Speed 
Perfect for MOS microprocessor, minicomputer, and 
main-frame systems. 
- Data in to error detect: 32ns worst case. 
- Data in to corrected data out: 65ns worst case. 

High performance systems can use the Am2960 EDC 
in check-only mode to avoid memory system slow
down. 

• Handles Data Words From 8 Bits to 64 Bits 
The Am2960 EDC cascades: 1 EDC for 8 bits or 
16 bits, 2 for 32 bits, 4 for 64 bits. 

• Easy Byte Operations 
Separate byte enables on the data out latch simpli
fy the steps and cut the time required for byte 
writes. 

• DiagnostiCS Built-In 
The processor may completely exercise the EDC 
under software control to check for proper operation 
of the EDC. 

GENERAL DESCRIPTION 

The Am2960 Error Detection and Correction Unit (EDC) 
contains the logic necessary to generate check bits on a 
16-bit data field according to a modified Hamming Code, 
and to correct the data word when check bits are supplied. 
Operating on data read from memory, the Am2960 will 
correct any single-bit error and will detect all double and 
some triple-bit errors. For 16-bit words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 

words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome avail
able on separate outputs for data logging. 

The Am2960 also features two diagnostic modes, in which 
diagnostic data can be forced into portions of the chip to 
simplify device testing and to execute system diagnostic 
functions. The product is supplied in a 48 lead hermetic DIP 
package. 
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CONNECTION DIAGRAM 
TC)~ View 
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Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

.... ) 

DIE SIZE: 0.200· x 0.183" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2960 

Device type 

D C B l L L S~r:~i~9 s~~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
D-48-pin CERDIP (0-48-2) 
X-Dice 

Cascadable 16-Bit Error Detection 
and Correction Unit 

4-6 

Valid Combinations 

DMB 
Am2960 I DC, DCB, OM, 

Am2960A XC, XM 

Valid Combination. 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 
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PIN DESCRIPTION 

Description 
16 bidirectional data lines. They provide input to llie Data Input Latch and Diagnostic Latch, and receive output from 
the Data Output Latch. DATAo is the least signifICant b~; DATA'5 the most significant. 

Seven Check BR input lines. The check bit lines are used to input check bits for error detection. Also used to input 
syndrome bits for error correction in 32 and 64-bR configurations. 

Latch Enable - Oats Input Latch. Controls latching of the input data. When HIGH, the Data Input Latch and Check Bit 
Input Latch follow the input deta and input check bits. When LOW, the Data Input Latch and Check Bit Input Latch are 
latched to their previous state. 

Generate Check Bits input. When this Input is LOW, the EDC is in the Check Bit Generate Mode. When HIGH, the 
EDC is in the Detect Mode or Correct Mode. 
In the Generate Mode the circuit generatas the check bits or partial check bRa specific to the data in the Data Input 
Latch. The generated check bits are placed on the SC outputs. 
In the Detect or Correct Modes the EDC detects single and multiple errors, and generates syndrome bRa based upon 
the contents of the Data Input Latch and Check Bit Input Latch. In Correct Mode, single-bR errors are also 
autometlcally corrected - corrected data is placed at the inputs of the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded form the number of errors and the bit·in·error. 

Syndrome/Check Bit outputs. These seven lines hold the check/partial·check bits when the EDC is in Generate 
Mode, and will hold the syndrome/partial syndrome bits when the device is in Detect or Correct Modes. These are 3· 
state outputs. 

Output Enable - Syndrome/Check Bits. When LOW, the 3·state output lines SCo _ 6 are enabled. When HIGH, the SC 
outputs are in the high impedance atate. 

Error Detected output. When the EDC is in Detect or Correct Mode, this output will go LOW if one or more syndrome 
bits are asserted, meaning there are one or more bit errors in the data or check bRa. If no syndrome bits are asserted, 
there are no errors detected and the output will be HIGH. In Generate Mode, ERROR is forced HIGH. (In a 64·bit 
configuration, ERROR must be externally implemented.) 

Multiple Errors oetectad output. When the EDC is in Detect or Correct Mode, this output if LOW indicates that there 
are two or more bit errors that have been detected. If HIGH, this indicates that either one or no errors have been 
detected. In Generate mode, MULt ERROR is forced HIGH. (In a 64·bit configuration, MUL T ERROR must be 
externally implemented.) 

Correct input. When HIGH, this signal allows the correction network to correct any single·bit error in the Data Input 
Latch (by complementing the bR·in·error) before pulling it into the Data Output Latch. When LOW, the EDC will drive 
data directly from the Data Input Latch to the Data Output Latch without correction. 

Latch Enable - Data Output Latch. Controls the latching 01 the Data Output Latch. When LOW, the Data Output Latch 
is latched to its previous atate. When HIGH, the Data Output Latch follows the output 01 the Data Input Latch as 
modHied by the correction logic network. In Correct Mode, single·bit errors are corrected by the network before 
loading into the Data Output Latch. In Detect Mode, the contents of the Data Input Latch are passed through the 
correction network unchanged into the Data Output Latch. The inputs to the Data Output Latch are unspecified if the 
EDC is in Generate Mode. 

Output Enable - Bytes 0 and I, Data Output Latch. These lines CQ"trol the 3·state outputs for each of the two bytes of 
the Data Output Latch. When LOW, these lines enable the Data Output Latch, and when HIGH these lines force the 
Data Output Latch into the high impedance state. The two enable lines can be separately activated to enable only one 
byte 01 the Data Output Latch at a time. 

Pass Thru input. This line when HIGH forces the contents of the Check BR Input Latch onto the Syndrome/Check BR 
outputs (SCo _ 6) and the unmodified contents of the Data Input Latch onto the inputs 01 the Data Output Latch. 

Diagnostic Mode Select. These two lines control the imialization and diagnostic operation 01 the EDC. 

Code ldentificetion inputs. These three bits identify the size of the total data word to be processed and which 16-bit 
slice of larger data words a particular EDC is processing. The three allowable data word sizes are 16, 32 and 64 bits 
and their respective modified Hamming codes are designated 16/22,32/39 and 64/72. Special CODE 10 input 001 
(102,10,,100) is also used to instruct the EDC that the signals CODE 100-2, DIAG MODEa_I, CORRECT and PASS 
THRU are to be taken from the Diagnostic Latch, rather than from the input control lines. 

Latch Enable - Diagnostic Latch. When HIGH, the Diagnostic Latch follows the 16·bit data on the input lines. When 
LOW, the outputs of the Diagnostic Latch are latched to their previous states. The Diagnostic Latch holds diagnosticf' 
check bRa, and internal control signals for CODE 100 _ 2, DIAG MODEo -I, CORRECT and PASS THRU. 

4·7 
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EDC Architecture 

The EDC Unit is a powerful 16-bit cascadable slice used for 
check bit generation, error detection, error correction and 

. diagnostics. 

As shown in the block diagram, the device consists of the 
following: 

- Data Input Latch 
,.. Check Bit Input Latch 
- Check Bit Generation Logic 
- Syndrome Generation Logic 
-. Error Detection Logic 
- Error Correction Logic 
- Data Output Latch 
- Diagnostic Latch 
- Control Logic 

Data Input Latch 

16 bits of data aie loaded from the bidirectional DATA lines 
under control of the Latch Enable input, LE IN. Depending on 
the control mode, the input data is either used for check bit 
generation or error detection/correction. 

Check Bit Input Latch 

Seven check bits are loaded under control of LE IN. Check 
bits are used in the Error Detection and Error Correction 
modes. 

Check Bit Generation Logic 
This block generates the appropriate check bits for the 16 bits 
of data in the Data Input Latch. The check bits are generated 
according to a modified HammillQ code. 

Syndrome Generation Logic 
In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read 
in from memory. If both sets of check bits match, then there 
are no errors. If there is a mismatch, then one or more of the 
data or check bits is in error. 

The syndrome bits are produced by an exclusive-OR of the 
two sets of check bits. If the two sets of check bits are 
identical (meaning there are no errors) the syndrome bits will 
be all zeroes. If there are errors, the syndrome bits can be 

4-8 

decoded to determine the number of errors and the bit-in
error. -

Error Detection Logic 
This section decodes the syndrome bits generated by the 
Syndrome Generation Logic. If there are no errors in either the 
input data or check bits, the'~ and MULT ERROR 
outputs remain HIGH. If one or more errors are detected, 
ERROR goes LOW. If two Or more errors are detected, both 
~ and MOLT ERROR go LOW. 

Error Correction Logic 
For single errors, the Error Correction Logic complements 
(corrects) the single data bit in error. This corrected data is 
loadable into the Data Output Latch, which can then be read 
onto the bidirectional data lines. If the Single error is one of the 
check bits, the correction logic does not place corrected 
check bits on the syndrome/check bit outputs. If the corrected 
check bits are needed, the EDC must be switched to Generate 
Mode. 

Data Output Latch 
The Data Output Latch is used for storing the result of an error 
correction operation. The latch' is loaded from the correction 
logic under control of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU control, 
input. 

The Data Output Latch is split into two 8-bit (byte) latches 
which may be enabled independently for reading onto the 
bidirectional data lines. 

Diagnostic Latch 
This is a 16-bit latch loadable from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte 
and control information in the other byte. The Diagnostic Latch 
is used for driving the device when in Internal Control Mode, or 
for supplying check bits when in one of the Diagnostic Modes. 

Control Logic 
The control logic determines the specific mode the device 
operates in. Normally the control logic is driven by external 
control inputs. However, in Internal Control Mode, the control 
signals are instead read from the Diagnostic Latch. 
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DETAILED DESCRIPTION 

The EOC contains the logic necessary to generate check bits 
on a 16-bit data field according to a modified Hamming code. 
Operating on data read from memory, the EOC will correct any 
single-bit error, and will detect all double and some triple-bit 
errors. The Am2960 may be configured to operate on 16-bit 
data words (with 6 check bits), 32-bit data words (with 7 check 
bits) and 64-bit data words (with 8 check bits). In fact the EOC 
can be configured to work on data words from a to 64 bits. In 
all configurations, the device makes the error syndrome bits 
available. on separate outputs for error data logging. 

Code and Byte Specification 

The EDC may be configured .in several different ways and 
operates differently in each configuration. It is necessary. to 
indicate to the device what size data word is involved and 
which bytes of the data w.ord it is processing. This is done with 
input lines CODE 100-2, as shown in Table I. The three 
modified, Hamming codes referred to in Table I are: 

• 16/22 - 16 data bits 
- 6 check bits 
- 22 bits in total. 

• 32/39 code - 32 data bits 
- 7 check bits 
- 39 bits in total. 

• 64172 code - 64 data bits 
- 8 check bits 
- 72 bits in total. 

CODE 10 input 001 (102, 101, 100) is a special code used to 
operate the device in Internal Control Mode (described later in 
this section). 

Control Mode Selection 
The device control lines are GENERATE, CORRECT, PASS 
THRU, DIAG MODEO-l and CODE 100-2. Table III indicates 
the operating modes selected'by various combinations of the 
control line inp!lts. \ . 

Diagnostics 
Table II shows specifically how DIAG MODEO_l select be
tween normal operation, initialization, and one of two diagnos
tic modes. 

The Diagnostic Modes allow the user to operate the EOC 
under software control in order to verify proper functioning of 
the device. 

Check and Syndrome Bit Labeling 
The check bits generated in the EDC are designated as 
follows: 
• 16-bit configuration -. CX CO, C1, C2, 04, CB; 
• 32-bit configuration - CX, CO, C1, C2, C4, ca, C16; 
• 64-bit configuration - CX, CO, C1, C2, C4, CB, C16, C32. 

Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits, 
and 8 syndrome bits in the 64-bit configuration. 

Initialize Mode 
The inputs of the Data Output latch are forced to zeroes. The 
check bit outputs (SC) are generated to correspond to the all
zero data. ERROR and MUL T ERROR are forced HIGH in the 
Initialize Mode. 

Initialize Mode is useful after power up when RAM contents 
are random. The EOC. may be placed in initialize mode and its' 
outputs written in to all memory locations by the processor. 

TABLE 1_ HAMMING CODE AND SLICE IDENTIFICATION. 

CODE CODE CODE 
102 101 100 Hamming Code and Slice Selected 

0 0 0 Code 16/22 
0 0 1 Internal Control Mode 
0 1 0 Code 32/39, Bytes 0 and 1 
0 1 1 Code 32/39, Bytes 2 and 3 
1 0 0 Code 64172, Bytes 0 and 1 
1 0 1 Code 64172, Bytes 2 and 3 
1 1 0 Code 64172, Bytes 4 and 5 
1 1 1 Code 64172, Bytes 6 and 7 

TABLE II. DIAGNOSTIC MODE CONTROL. 

~--------~--------~------------------~------------------------------~) DIAG DIAG 
MODEl MODEo 

0 0 

0 1 

1 0 

1 1 

Diagnostic Mode Selected 

Non-diagnostic mode. The EDC functions normally in all modes. 

Diagnostic Generate. The contents of the Diagnostic latch are substituted for the normally 
generated check bits when in the Generate Mode. The EDC functions normally in the Detect or 
Correct modes. 

DiagnostiC Detect/Correct. In t~e Detect or Correct Mode, the contents of the DiagnostiC latch 
are substituted for the check bits normally read from the Che9k Bit Input latch. The EDC 
functions normally in the Generate Mode. 

Initialize. The outputs of the Data Input latch are forcli'd to zeroes (and latched upon removal of 
. the Initialize Mode) and the check bits generated correspond to the all-zero data. 
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HAMMING CODE SELECTION 

The Am2960 EDC uses a modified Hamming Code that allows 
.1. the EDC to be cascaded, 2. all double errors to be detected, 
3. the gross error conditions of all Os or 1 s to be detected. 

The error correction code can be selected independent of the 
processor with the exception of diagnostics software. 

Diagnostic softwere run by a processor to check out the EDC 
system must know specifically which code is being used. This 

is only a problem when the EDC replaces an existing MSI 
implementation on an existing computer. In this case, the 
computer's software must first determine which of two codes 
(the old one used by the MSI implementation or the new one 
used by the EDC) is used by the computer's memory system. 

This is easily determined by writing a test data word into 
memory and then examining whether the generated check bits 
are typical of the old or the new code. From then on the 
software runs only the diagnostic appropriate for the code 
used on that particular computer's memory system. 

TABLE III. Am2960 OPERATING MODES 

Operetlng Diagnostic Mode" GENERATE 

Mode OM, DMo 0 1 

Normal 0 0 Generate Correct' 

Diagnostic 
0 1 

Diagnostic 
Correct' Generate Generate 

Diagnostic 1 0 Generate Diagnostic 
Correct Correct' 

Initialize 1 1 Initialize Initialize 

Pass Thru When PASS THRU is asserted, the Operating 
Mode is defaulted to the Pass Thru Mode. 

'Correct if the CORRECT Input is HIGH, Detect if the CORRECT 
Input is LOW. 
"In Code IIj2-0001(ID2, 10" 100) OM, and DMo are taken from the 
Diagnostic Latch. 

16·BIT DATA WORD CONFIGURATION 
The 16-bit format consists of 16 data bits, 6 check bits and is 
referred to as 16/22 code (see Figure 5.) 

The 16-bit configuration is shown in Figure 6. 

Generate Mode 
In this mode, check bits will be generated that correspond to 
the contents of the Data Input latch. The check bits generat
ed are placed on the outputs SCo-s (SC6 is a logical one, or 
high). 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table IV. Each check bit is generated as either an 
XOR or XNOR of eight of the 16 data bits as indicated in the 
table. The XOR function results in an even parity check bit, the 
XNOR is an odd parity check bit. 

Figure 1 shows the data flow in the Generate Mode. 

Detect Mode 
In this mode the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
all single-bit errors, all double-bit errors and some triple-bit 
errors. If one or more errors are detected, EFiFiOFi goes LOW. 
If two or more errors are detected, MUL T ERROR goes LOW. 
Both error indicators are HIGH if there are no errors. 

Also available on device outputs SCo-s are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. 
Table V gives the chart for decoding the syndrome bits 
generated by the 16-bit configuration (as an example, if the 
syndrome bits SX/SO/S1/S2/S4/S8 were 101001, this would 
be decoded to indicate that there is a single-bit error at data bit 
9). If no error is detected, the syndrome bits will all be zeroes. 

4-11 

In Detect Mode, the contents of the Data Input Latch are 
driven directly to the inputs of the Data Output Latch without 
correction. 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct 
(complement) any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data Output Latch. (See 
Figure 2.) If multiple errors are detected, the output of the 
correction network is unspecified. If the single-bit error is a 
check bit, there is no automatic correction. If check bit 
correction is desired, this can be done by plaCing the device in 
Generate Mode to produce a correct check bit sequence for 
the data in the Data Input Latch. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
contents of the Check Bit Input Latch are placed on outputs 
SCo-s. ERROR and MUL T ERROR are forced HIGH in this 
mode. 

Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and 
internal control uses. It is loaded from the DATA lines under 
the control of LE DIAG. Table VI shows the loading definitions 
for the DATA lines. 

Diagnostic Generate 
DiagnostiC Detect 
Diagnostic Correct 

These are special diagnostic modes selected by DIAG 
MODEO_1 where either normal check bit inputs or outputs are 
substituted for by check bits loaded into the Diagnostic Latch 

03S6SC 
Refer to Page 13-1 for Essential Information on Military 0evice8 

II 



(see Table III for details). Figures 3 and 4 illustrate the flow of 
data during the two diagnostic modes. 

Internal Control Mode 

This mode is selected-by CODE IDO.2 input 001 (ID2. ID1. IDo) . 

.. our O~-----, 

Whe.n in Internal Control Mode. the EDC takes the· CODE 
ID0-2. DIAG MODEO.1. CORRECT and PASS THRU control 
signals from the internal Diagnostic Latch rather than from the 
external input lines. 

Table VI gives the format for loading the Diagnostic Latch. 

OiBYTE 00'"":"----, 
c~~o~~--~r-r---------------, 

LEIN o---++-~ 

LEDIAG 0 _____ -1 

COOEmO~~---~ 

OIAG""""~gg~~~ PA5STHAU 

GENERATE 
CORRECT 

.. OUT 0------, 
OiBVTEO 0------, 

Figure 1. Check Bit Generation 

c~~~O~~--~r-r--~-----------, 

LE" 0--++--1 

LEDIAG 0------1 COOEIO§ 
OIAGIIOOE 
PASS TttAU -CORRECT 

'---<JOisc 

t---C>iiiiiOii 

i-'---c> MULT I!RAOR 

DFOOO2S0 

L...--<JOisc 

I---C>EA_ 

1---C>iiii.iiiiiiOii 

DF0002SO 

Figure 2. Error Detection and Correction 
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L"OUT o-------, 
~.nEOO~----, 

(CHECK~ 0.....;'-1---+-+---------------, 

L.IN 0----1-+---' 

L"""", 0 __ -----1 

CODE 10 O"";'{---ool 

OIAGMODE ~~~~~3 PASSTHRU 

GENliW"! 
CORAECT 

Figure 3. Diagnostic Check Bit Generation 

"OUT 0_-----..., 
Oi'.YTEO 0-----.., 

(CHECK~ O.....:,....,r---+-+---------------, 

I.E IN 0 ___ --1-+_-1 

I.Eo.AG 0 __ -----1 

COOEIO O"";'{---ool 

OJAGMOOf ~~~~~3 PASSTHRU 

GeNiiml 
CORRECT 

Figure 4. Diagnostic Detect and Correct 

ht-ll-,. .. "':"f-oC> ~DAOMEI 
CHECK BITS 

t...---<:J Of SO 

I---{::> EiiROii 

1---{::>iiUi:f'EiiAOi 

DF000280 

DF000280 
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DATA CHECK BITS 

BYTEQ 

DFOOO220 

Uses Modified Hamming Code 16/22 
- 16 data bits 
- 6 check bits 
- 22 bits in total 

INPUT CHECK BITS 
FOR ..... CONFIGURATION 

EDC 

SYNDIIOIE/CHECK BIT OUTPUTS 
FOR .a.B/T CONFIGURATION 

DFOOO210 

Figure 5. 16-Blt Data Format Figure 6. 16-Bit Configuration 

~ 

SYNDROME DECODE 
TO BIT -IN-ERROR 

8-BIT MODE 

Syndrome S4 0 1 0 
Bits S2 0 0 1 

SO S1 

0 0 . C4 C2 

0 1 C1 3 TM 

1 0 CO 2 1 

1 1 TM 4 0 

• - no errors getected 
TM - two or more errors 

4-14 
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TABLE IV. 16-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART 

Generated 
Participating Data Bits 

Check Bits Parity 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CX Even (XOR) X X X X X X X X 

CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 

C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 

C8 Even (XOR) X X X X X X X X 

The check bit is generated as either an XOR or XNOR of the eight data bits noted by an "X" in the table. 

TABLE V. 
SYNDROME DECODE TO BIT -IN-ERROR 

Syndrome S8 0 1 0 1 0 1 0 
Bits S4 0 0 1 1 0 0 1 

S2 0 0 0 0 1 1 1 
SX SO SI 

0 0 0 . C8 C4 T C2 T T M 

0 0 Cl T T 15 T 13 7 T 

0 0 CO T T M T 12 6 T 

0 T 10 4 T 0 T T M 

0 0 CX T T 14 T 11 5 T 

0 T 9 3 T M T T M 

1· 0 T 8 2 T T T M 

M T T M T M M T . - no errors detected 
Number - location of the single bit-in-error 
T - two errors detected 
M - three or more errors detected 

32·BIT DATA WORD CONFIGURATION 
The 32-bit format consists of 32 data bits and 7 check bits and 
is referred to as 32/39 code (see Figure 7). 

The 32-bit configuration is shown in Figure 8. 

The upper EDC (Slice 011) handles the least significant·bytes 
o and 1 - the external DATA lines 0 to 15 are connected to the 
same numbered inputs of the upper device. The lower EDC 
(Slice 2/3) handles the most significant bytes 2 and 3-the 
external DATA lines for bits 16 to 31 are connected to inputs 
DATAo through DATA15 respectively. 

The valid syndrome and check bit butputs are those of Slice 
2/3 as shown in the diagram. In Correct Mode thesE! must be 
read into Slice 011 via the CB inputs and are selected by the 
MUX as inputs to the bit-in-error decoder (see block diagram). 
This requires external buffering and output enabling of the. 
check bit lines, as shown. The OE SC signal can be used to 
control enabling of check bit inputs - when syndrome outputs 
are enabled, the external check bit inputs will be disabled. 

The valid ERROR and MUL T ERROR outputs are those of the 
Slice 2/3. The ERROR and MUL T ERROR outputs of Slice 01 

4-15 

TABLE VI. 
DIAGNOSTIC LATCH LOADING -

16-BIT FORMAT 

Data Bit Internal Function 

0 Diagnostic Check Bit X 

Diagnostic Check Bit 0 

2 Diagnostic Check Bit 1 

3 Diagnostic Check Bit 2 

4 Diagnostic Check Bit 4 

5 Diagnostic Check Bit 8 

6, 7 Don't Care 

8 CODE 100 

9 CODE lD 1 

10 CODE ID 2 

11 DIAG MODE 0 

12 DIAG MODE 1 

13 CORRECT 

14 PASS THRU 

15 Don't Care 

1 are unspecified. All of the latch enables and control signals 
must be input to both of the devices. 

Generate Mode 

In this mode, check bits will be generated that correspond to 
the contents of the Data Input Latch. The check bits generat
ed are placed on the outputs SCO-6 of Slice 2/3. 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table X. Check bits are generated as either an 
XOR or XNOR of 16 of the 32 data bits as indicated in the 
table. The XOR function results in an even parity check bit, the 
XNOR in an odd parity check bit. 

Detect Mode 

In this mode, the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
all single-bit errors, all double-bit errors, and some triple-bit 
errors. If one or more errors are detected, ERROR goes LOW. 
If two or more errors are detected, MUL T ERROR goes LOW. 
Both error indicators are HIGH if there are no errors. The valid 
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ERROR and MUL T ERROR signals are those of Slice 21 TABLE VII. 
3 - those of Slice. 011 are undefined. SYNDROME DECODE TO BIT ·IN·ERROR 

Also available on Slice 2/3 outputs SCo-s are the syndrome Syndrome 816 0 1 0 1 0 1 0 
bits generated by the error detection step. The syndrome. bits Bits 88 0 0 1 1 0 0 1 
may be decoded to determine if a bit error was detected and, 84 0 0 0 0 1 1 1 
for single-bit errors, which of the data or check bits is in error. SX SO sf S2 
Table VII gives the chart for decoding the syndrome bits 
generated for the 32-bit configuration (as an example, if the 0 0 0 0 . C16 C8 T C4 T T 30 
syndrome bits SX/SO/S1/S2/S4/SB/S16 were 0010011, this 0 0 0 C2 T T 27 T 5 M T 
would be decoded to indicate that there is a single-bit error at 
data bit 25)_ If no error is detected, the syndrome bits will be all 0 0 0 C1 T T 25 T 3 15 T 

zeroes. 0 0 T M 13 T 23 T T M 

In Detect Mode, the contents of the Data Input Latch are 0 0 0 CO T T 24 T 2 M T 

driven directly to the inputs of the Data Output. Latch without 0 0 T 1 12 T 22 T T M 
corrections. O' f 0 T M 10 T 20 T T M 

Correct Mode 0 16 T T M T M M T 

0 0 0 CX T T M T M 14 T 

In this mode, the EDC functions the same as in Detect Mode 0 0 T M 11 T 21 T T M 
except that the correction Iwtwork is allowed to correct 
(complement) any single-bit error of the Data Input Latch 0 0 T M 9 T 19 T T 31 

before putting it onto the inputs of the Data Output Latch. If 0 M T T 29 T 7 M T 
multiple errors are detected, the output of the correction 
network is unspecified. If the single-bit error is a check bit, 0 0 T M 8 T 18 T T M 

there is no automatic correction; if desired, this would be done 0 17 T T 28 T 6 M T 
by placing the device in Generate Mode to produce a correct 
check bit sequence for the data in the Data Input Latch. 0 M T T 26 T 4 M l 

T 0 M T M T T M 
Fordata correction, both Slices 011 and 2/3 require access to . - no errors detected the syndrome bits on Slice 2/3's outputs SCO-6. Slice 2/3 has 
access to these syndrome bits through internal data paths, but Number - number of the Single bit-in-error 

for Slice 011 they must be read through the inputs CBo_s. The T - two errors detected 

device connections for this are'shown in Figure B. When in M - three or more errors detected 

Correct Mode, the SC outputs must be enabled so that they 
are available for reading in through the CB inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output latch, and the 
contents of the Check Bit Input Latch are placed on outputs 
SCo-s of Slice. 2/3. ERROR and MULT ERROR are forced 
HIGH in this mode. 

DATA CHECK BITS 

BYTE,3 I BYTE 2 I ~I I BnEO 

31 :1023 ,.15 87 

DF000460 

Figure 7. 32·Blt Data Format 
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INPUT DATA INPUT CHECK BITS 

OATA ,6.31 DAT"o.'5 CX CO C1 C2 C. ca C .. 

fDC 
BYTI!S 0 AND , 

lDC" 
8VTES2811d3 

-

SC, SC2 SC3 SC" SCs SC6 

lJUimi iiULi'i SX/CX SOJCO 511C1 52/C2 S41C4 SSlCI S161C16 
ERROR 

OUTPUT SYNQROMEtCHECK BITS 

DFOOOll0 

·Check Bit Latch is Forced Transparent in this Code 10 Combination for this Slice. 

Figure 8. 32·Blt Configuration 

TABLE VIII. 
KEY.AC CALCULATIONS FOR THE 32·BIT CONFIGURATION 

32·Blt 
Propagation Delay 

Component Delay from Am2960 
From To 

DATA Check Bits 
Out 

DATA In 
Corrected 
DATA Out 

DATA 
Syndroll1es 
Out 

DATA 
ERROR 
for 32 Bits 

DATA 
MULT ERROR 
for 32 Bits 

AC Specifications, Table C 

(Data to SCI + (CB to SC, CODE ID 011) 

(DATA to SCI + (CB to SC, CODE 10 011) + 
(CB to DATA, CODE 10 010) 

(DATA to SCI + (CB to SC, CODE ID 011) 

(DATA to SCI + (CB to ERROR, 
CODE 10 011) 

(DATA to SCI + (CB to MULT ERROR, 
CODE 10011) 
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TABLE IX. 
DIAGNOSTIC LATCH LOAD.ING - 32-BIT FORMAT-

Data Bit Ihtemal Function 

0 Diagnostic Check Bit X 

1 Diagnostic Check Bit' 0 

2 Diagnostic Check Bit 1 

3 Diagnostic Check Bit 2 

4 Diagnostic Check Bit 4 

5 Diagnostic Check B~ 8 

6 Diagnostic Check Bit 16 

7 Don't Care 

8 Slice 0/1 - CODE 10 0 

9 Slice 0/1 - CODE 10 1 

10 Slice 0/1 - CODE 10 2 

11 Slice 0/1 - DIAG MODE 0 

12 Slice 0/1 - DIAG MODE 1 

13 Slice 0/1 - CORRECT 

14 Slice 0/1 - PASS THRU 

15 Don't Care 

18-23 Don't Care 

24 Slice 2/3 - CODE 10 0 

25 Slice 2/3.- CODE 10 1 

26 Slice 2/3 - CODE 10 2 

27 Slice 2/3 ,- DIAG MODE 0 

28 Slice 2/3 - DIAG MODE 1 

29 Slice 2/3 - CORRECT 

30 Slice 2/3 - PASS THRU 

31 Don't Care 

TABLE X. 
32-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART 

Generated Participating Data Bits 
Check 

Bits Parity 0 1 2 3 4 5 6 7 8 9 1011 12 1314 15 

CX Even (XOR) X X X X X X X X 

CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 

C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 

C8 Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 

Generated participating Data Bits 
Check 
Bits Parity 16 17 18 19 20 212223 24252627 2829 30 31 

CX Even (XOR) X X X X X X X X 

CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 

C2 'Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 

C8 Even (XOR) X X X X X X X X 

C16, Even (XOFl) X X X X X X X X 

The check bit IS generated as eother an XOR or XNOR 01 the sixteen data bits noted 
by an "X" in the table. 

4-18 
03565C 

Reier to Page 13-1 for Essential Infomlation on MHItary DevIces 



64-BIT DATA WORD CONFIGURATION 
The 64-bit format consists of, 64 data bits, 8 check bits and is 
referred to as 64172 code (see Figure 9.). 

The configuration to process 64-bit ,format is shown in Figure 
6. In this configuration, a portion of the syndrome generation 
and error detection is implemented externally of the EDCs in 
MSI. For error correction, the syndrome bits generated must 
be read back into all four EDCs through the CB inputs. This 
necessitates the check bit buffering shown in the connection 
diagram of Figure 10. The OE SC signal can control the check 
bit enabling; when syndrome bit outputs are enabled, the 
external check bit lines will be disabled so that the syndrome 
bits may be read onto the CB inputs. 

The error detection signals for the 64-bit configuration differ 
from the 16- and 32-bit configurations. The ERROR Signal 
functions the same~ it is LOW if one or more errors are 
detected, and HIGH if no errors are detected. The DOUBLE 
ERROR signal is HIGH if and only if a double-bit error is 
detected; it is LOW otherwise. All of the MUL TERROR 
outputs of the four devices are valid. MUL T ERROR is LOW 
for all three ERROR cases and some DOUBLE ERROR 
combinations. (See TOME definition in Functional Equations 
section.) It is HIGH if either zero or one errors are detected. 

This is a different meaning for MUL T ERROR than in other 
configurations. 

Generate Mode 
In this mode, check bits will be generated that correspond to 
the contents of the Data Input Latch. The check bits generat
ed appear at the outputs of the XOR gates as indicated in 
Figure 10. 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table XII. Check bits are generated as either an 
XOR or XNOR of 32 of the 64' bits as indicated in the table. 
The XOR function results in an even parity check bit, the 
XNOR in an odd parity check bit. 

Detect Mode 
In this mode, the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
all single-bit errors, all double-bit errors and some triple-bit 
errors. If one or more errors are detected, ERROR goes LOW. 
If exactly two errors are detected, DOUBLE ERROR goes 
HIGH. If three or more errors are detected, MUL TERROR 
goes LOW - the MUL T ERROR output of any of the four EDCs 
may be used. 

Available as XOR gate outputs are the generated syndrome 
bits (see Figure 10). The syndrome bits may be decoded to 
determine if a bit error was detected and, for single-bit errors, 
which of the data or check bits is in error. Table XIII gives the 
chart for encoding the syndrome bits generated for the 64-bit 
configuration (as an example, if the syndrome bits SX/S1/S21 
S4/S8/S16/S32 were 00100101, this would be decoded to 

indicate that there is a single-bit error at data bit 41). If no error 
is detected, the syndrome bits will all be zeroes. 

In Detect Mode, the contents of the Data Input Latch are 
driven directly to the inputs of the Data Output Latch without 
corrections. 

Correct Mode 
In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct 
(complement) any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data Output Latch. If 
multiple errors are detected, the output of the correction 
network is unspecified. If the single-bit error is a check bit, 
there is no automatic correction. Check bit correction can be 
done by placing the device in generate mode to produce a 
correct check bit sequence for the data in the Data Input 
Latch. 

To perform the correction step, all four slices require access to 
the syndrome bits which are generated externally of the 
devices. This access is provided by reading the syndrome bits 
in through the CB inputs, where they are selected as inputs to 
the bit-in-errOr decoder by the multiplexer (see Block Dia
gram). The device connections for this are shown in Figure 10. 
When in Correct Mode, the SC outputs must be enabled so 
that the syndrome bits are available at the CB inputs. 

Pass Thru Mode 
In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
contents of Check Bit Input Latch are passed through the 
external XOR network and appear inverted at the XOR gate 
outputs labeled CX to C32 (see Figure 10). 

Diagnostic Latch 
The Diagnostic Latch serves both for diagnostic uses and 
internal control uses. It is loaded from the DATA lines under 
the control of LE DIAG. Table XIV shows the loading defini
tions for the DATA lines. 

Diagnostic Generate 
Diagnostic Detect 
Diagnostic Correct 
These are special diagnostic modes selected by DIAG 
MODEO_l where either normal check bit inputs or outputs are 
substituted for by check bits from the Diagnostic Latch. See 
Table II for details. 

Internal Control Mode 
This mode is selected by CODE IDO-2, input 001 (ID2, ID1, 
IDa)· 

When in Internal Control Mode, the EDC takes the CODE 
IDO_2, DIAG MODEO_l, CORRECT and PASS THRU signals 
from the internal Diagnostic Latch rather than from the 
external control lines. Table XIV gives format for loading the 
Diagnostic Latch. 

OATA CHECK SITS 

l BYTE 7 I BYTE' I BYTES" I BYTE. ISYTE3 I 8YTE2 I BYTE1 I BYTEO lex I co I elT C2 T C41 calC11 IC321 
63 48147 32131 1el,s 01 

DFOO0920 
Uses Modified Hamming Code 64/72 

- 64 data bits - 8 check bits - 72 bits in total 

Figure 9. 64·Bit Data Format 

4-19 
03565C 

Reter to Page 13-1 for Essential Information on Military Devices 

II 



~ 

:D 

~ 
c; 

" ~ 
~ 
g 

i 
;!. 
§: 

.... 
3: 
~ 
~ g 
g 
;:: 

~ 
-< 

" 0 

~. 
Co> 
Ul 

'" Ul 
() 

~KL4 14 II 4+H-H~ 

.... 

...... r----- 0 

ti"" "" ,"00 "" ,"" 
... 

Oi!ac: mum::ANOl wtTIIloUIO' 1'I'lIS4NflJ5 rtTESJANDi 

ii 
.". sc. SCi sc. SCJ ~ ~ se-se. leli sc. SC, ~ sc, ICe ae. SCf sc. $Cs 8C~ SCI SI1 sc. SC, sc. sc, sc, sc:, $Co 

iiii:iiiiIiiiii L--

f--+-

t 
YuY ~ tIJ' , .. ?J r I-XOR 

~ 9.... ~Q 9.""" '""a l",'" 

""'" 'VC. ""'" ...a "'." 

60001250 
Notes: 1. In Pass Thru Mode the Contents of the Check Latch Appear on the XOR Outputs Inverted. 

Am29601 Am29S0A 

2. In Diagnostic Generate Mode the Contents of the Diagnostic Latch Appear on the XOR Outputs Inverted. 

Figure 10. AM2960-64-Bit Data Configuration 



TABLE XI. 
KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION 

64·Blt 
Propagation Delay 

CompOnent Delays from Am2960 
From To AC Specifications, Table C (plus MSI) 

DATA Check Bits Out (DATA to sC) + (XOR Delay) 

DATA In Corrected DATA Out 
(DATA to sC) + (XOR Delay) + (Buffer Delay) + 
(CB to DATA, CODE ID 1xx) 

DATA Syndromes (DATA to sC) + (XOR Delay) 

DATA ERROR for 64 Bits (DATA to sC) + (XOR Delay) + (NOR Delay) 

(DATA to SC) + ,(XOR Delay) + (Buffer Delay) + 
DATA MOL f i:FiFiOFi for 64 Bits 

(CB to MULT i:FiFiOR. CODE ID 1xx) 

DATA 
DOUBLE ERROR for 64 

(DATA to sC) + (XOR Delay) + (XOR/NOR Delay) 
Bits 

TABLE XII. 64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE 

Generated 
Check Bits Parity 0 1 2 3 4 

CX Even (XOR) X X X 
CO Even (XOR) X X X X 

C1 Odd (XNOR) X X X 
C2 Odd (XNOR) X X 

C4 Even (XOR) X X X 
C8 Even, (XOR) 

C16 Even (XOR) X X X X X 
C32 Even (XOR) X X X X X 

Generated 
Check Bits Parity 16 17 18 19 20 

CX Even (XOR) X X X 
CO Even (XOR) X X X X 

C1 Odd (XNOR) X X X 
C2 Odd (XNOR) X X 

C4 Even (XOR) X X X 
C8 Even (XOR) 

C16 Even (XOR) 
C32 Even (XOR) 

4·21 

PartiCipating Data Bits 

5 6 7 8 9 10 11 12 13 14 15 

X X X X X 
X X X X 

X X X X X 
X X X X X X 

X X X X X 
X X X X X X X X 

X X X 
X X X 

PartiCipating Data Bits 

21 22 23 24 25 26 27 28 29 30 31 

X X X X X 
X X X X 

X X X X X 
X X X X X X 

X X X X X 
X X X X X X X X 

X X X X X X X X 
X X X X X X X X 
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Refer to Page 13~ 1 for Essential Information on Military Devices 

• 



TABLE XII. 
64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE (Cont.) 

Generated 
Participating Data Bita 

Check Blta Parity 32 33 34 a5 36 37 38 39 40 41 42 43 44 45 46 47 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
C8 Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 
C32 Even (XOR) X X X X X X X X 

Generated 
Participating Data Bits 

Cheek'Blta Parity 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (~NOI;'I) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
CB Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 
C32 !. Even (XOR) X X X X X X X X 

. . II •• The check bit IS generated as either an XOA or XNOA 01 the 32 data bits noted by an X' In the tabla. 

dtU.E Xnll SYNDROME DECODE TO BIT-IN-ERROR 

Syndrome ~2 6 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
Bits S16 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 

SIt' 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
54' 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

SX SO 'Sl S2 

0 0 0 0 • C32 C16 T CS T T M C4 T T M T 46 62 T 

0 0 0 1 C2 T T M T 43 59 T T 53 37 T M T T M 

0 0 1 0 C1 T T M T 41 57 T T 51 35 T 15 T T 31 

0 0 1 1 T M M T 13 T T 29 23 T T 7 T M M T 

0 1 0 0 CO T T M T 40 56 T T 50 34 T M T T M 

0 1 0 1 T 49 33 T 12 T T 28 22 T T 6 T M M T 

0 1 1 0 T M M T 10 T T 26 20 T T 4 T M M T 

0 1 1 1 16 T T 0 T M M T T M M T M T T M 

1 0 0 0 cx· T T M T M M T T M M T 14 T T 30 

1 0 0 1 T M M T 11 T T 27 21 T T 5 T M M T 

1 0 1 0 T M M T 9 T T 25 19 T T 3 T 47 63 T 

1 0 1 1 M T T M T 45 61 T T 55 39 T M T T M 

1 1 0 0 T M M T 8 T T 24 18 T T 2 T M M T 

1 1 0 1 17 T T 1 T 44 60 T T 54 38 T M T T M 

1 1 1 0 M T t M T 42· 58 T T 52 36 T M T T M 

1 1 1 1 T 48 32 T M T T .M M T T M T M M T 

• - no errors detected T - two errors detected 
Number - the number of the single bit-in-error M - more than two errors detected 
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TABLE XIV. DIAGNOSTIC LATCH LOADING - 64·BIT FORMAT 

Data Bit Internal Function 

0 Diagnostic Check Bit X 

Diagnostic Check Bit 0 

2 Diagnostic Check Bit 1 

3 Diagnostic Check Bit 2 

4 Diagnostic Check Bit 4 

5 Diagnostic Check Bit 8 

6, 7 Don't Care 

8 Slice 011 - CODE ID 0 

9 Slice 011 - CODE ID 1 

10 Slice 011 - CODE ID 2 

11 Slice 011 - DIAG MODE 0 

12 Slice 011 - DIAG MODE 1 

13 Slice 011 - CORRECT 

14 Slice 011 - PASS THRU 

15 Don't Care 

16-23 Don't Care 

24 Slice 2/3 - CODE ID 0 

25 Slice 2/3 - CODE ID 1 

26 Slice 2/3 - CODE ID 2 

27 Slice 2/3 - DIAG MODE 0 

28 Slice 2/3 - DIAG MODE 1 

29 Slice 2/3 - CORRECT 

30 Slice 2/3 - PASS THRU 

SYSTEM DESIGN CONSIDERATIONS 

High Performance Parallel Operation 

For maximum memory system performance, the EDC should 
be used in the Check-Only configuration shown in Figure 11. 
With this configuration, the memory system operates as fast 
with EDC as it would without. 

On reads from memory, data is read out from the RAMs 
directly to the data bus (same as in a non-EDC system). At the 
same time, the data is read into the EDC to check for errors. If 
an error exists, the EDC's error flags are used to interrupt the 
CPU andlor to stretch the memory cycle. If no error is 
detected, no slowdown is required. 

If an error is detected, the EDC generates corrected data for 
the processor. At the designer's option the correct data may 
be written back into memory; error logging. and diagnostic 
routines may also be run under processor control. 

The Check-Only configuration allows data reads to proceed as 
fast with EDC as without. Only if an error is detected is there 
any slowdown. But even if the memory system had an error 
every hour this would mean only one error every 3-4 billion 
memory cycles. So even with a very high error rate, EDC in a 
Check-Only configuration has essentially zero impact on 
memory system speed. 

On writes to memory, check bits must be generated before the 
full memory word can be written into memory. But using the 
Am2961/62 Data Bus Buffers allows the data word to be 
buffered on the memory board while check bits are generated. 
This makes the check bit generate time transparent to the 
processor. 

4-23 

Data Bit Internal Function 

31 Don't Care 

32-37 Don't Care 

38 Diagnostic Check Bit 16 

39 Don't Care 

40 Slice 4/5 - CODE ID 0 

41 Slice 4/5 - CODE ID 1 

42 Slice 4/5 - CODE ID 2 

43 Slice 4/5 - DIAG MODE 0 

44 Slice 4/5 - DIAG MODE 1 

45 Slice 4/5 - CORRECT 

46 Slice 4/5 - PASS THRU 

47 Don't Care 

48-54 Don't Care 

55 Diagnostic Check Bit 32 

56 Slice 617 - CODE ID 0 

57 Slice 617 - CODE ID 1 

58 Slice 617 - CODE ID 2 

59 Slice 617 - DIAG MODE 0 

60 Slice 617 - DIAG MODE 1 

61 Slice 617 - CORRECT 

62 Slice 6/7 - PASS THRU 

63 Don't Care 

EDC in the Data Path 

The simplest configuration for EDC is to have the EDC directly 
in the data path, as shown in Figure 12 (Correct-Always 
Configuration). In this configuration, data read from memory is 
always corrected prior to putting the data on the data bus. The 
advantages are simpler operation and no need for mid-cycle 
interrupts. The disadvantage is that memory system speed is 
slowed by the amount of time it takes for error correction on 
every cycle. 

Usually the Correct-Always Configuration will be used with 
MOS microprocessors which have ample memory timing 
budgets. Most high performance processors will use the high 
performance parallel configuration shown in Figure 11 (Check
Only Configuration). 

Scrubbing Avoids Double Errors 

Single-bit errors are by far the most common in a memory 
system, and are always correctable by the EDC. 

Double-bit memory errors are far less frequent than single-bit 
(50 to 1, or 100 to 1) and are always detected by the EDC, but 
not corrected. 

In a memory system, soft errors occur only one at a time. A 
double-bit error in a data word occurs when a single soft error 
is left uncorrected and is followed by another error in the data 
word hours, days, or weeks after the first. 

"Scrubbing" memory periodically avoids almost all dOUble-bit 
errors. In the scrubbing operation, every data word in memory 
is periodically checked by the EDC for single-bit errors. If one 
is found, it is corrected and the data word written ,baok into 
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memory. Errors are not allowed to pile up, and most double-bit 
errors are· avoided. 

The scrubbing operation is generally dorie as a background 
routine when the memory is not being used by the processor. 
If memory is scrubbed frequently, errors that are detected and 
corrected during processor accesses need not be Immediately 
written back into 'memory. Instead, the error will be corrected 
in memory during scrubbing. This reduces the time delay 
involved in a processor access of an incorrect memory word. 
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Correction of Double-Bit Errors 

.In some cases, double-bit memory errors can be corrected I 
This is possible when one ofthe two bit errors is a hard error. 

When a double bit error is detected, the data word should be 
checked to determine if one of the errors is a hard error. If so, 
the hard error bit may be corrected by inverting it, leaving only 
a single, correctable error. The time for this operation is 
negligible, since it will occur infrequently. 
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Figure 12. Correct-Always Configuration 
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The procedure after detection of a double error is as follows: 

• Invert the data bits read from memory. 

• Write the inverted data back into the same memory word. 

• Re-read the memory location and XOR the newly read out 
value with the old. If there is no hard error, then the XOR 
result will be all l's. If there is a hard error, it will have the 
same bit value regardless of what was written in. So it will 
show as a 0 after the XOR operation. 

• Invert the hard error bit (this will "correct" it) leaving only 
one error in the data. 

• The EOC can then correct the single bit error. 

• Rewrite the correct data word into memory. This does not 
change the hard error, but does eliminate the soft error. So 
the next memory access will find only a single-bit, correct
able error. 

An example helps to illustrate the procedure: 

Example of Double-Bit Error Correction When One 
Is a Hard Error 

1. Data Read from 
Memory (01) 

2. EOC detects a 
multiple error. 
Syndromes: 

3. Syndrome de
code indicates a 
double·bit error. 

4. I nvert the bits 
read from memo-

16 data bits 
1111111100000011 

ry (01) 0000000011111100 

5. Write 01 back to 
the same memory 
location 

6. Read back the 
memory location 
(02) 0000000011111101 

7.XOR 01 and 02 1111111111111110 

8. So the last data 
bit is the hard er
ror. Use this to 
modify 01 1111111100000010 

9. Pass the modified 
01 through the 
EOC. The EOC 
detects a single 
bit correctable er
ror and outputs 
corrected data: 1111111100000000 

10. Write the correct
ed data back to 
memory to fix the 
soft error. 

6 check bits 
011010 

011000 

100101 

100101 

111111 

011010 

011010 

4-25 

Error Logging and Preventative 
Maintenance 
The effectiveness of preventative maintenance can be in
creased by logging information on errors detected by the EDC. 
This is called error logging. 

The EOC provides syndromes when errors are detected. The 
syndromes indicate which bit is in error. In most memory 
systems, each individual RAM supplies only one bit of the 
memory word. So the syndrome and data word address 
specify which RAM was in error. 

Typically a permanent/hard RAM failure is preceded by'a 
period of time where the RAM displays an increasing frequen
cy of intermittent, soft errors. Error logging statistic can be 
used to detect an increasing intermittent error frequency so 
that the RAM can be replaced before a permanent failure 
occurs. 

Error logging also records the location of already hard failed 
RAMs. With EDC a hard failure will not halt system operation. 
EDC can always correct single-bit errors even if it is a hard 
error. EDC can also correct double-bit errors where one is 
hard and one soft (see "Correction of Oouble Bit Errors" 
Section). The ability to continue operation despite hard errors 
can greatly reduce the need for emergency field maintenance. 
The hard-failed RAMs can be instead replaced at low cost 
during a regularly-scheduled preventative maintenance ses
sion. 

Reducing Check Bit Overhead 
Memory word widths need not be the same as the data word 
width of the processor. There is a substantial reduction in 
check bit overhead if wider memory words are used: 

Memory Word 
Check 

# Data Bits # Check Bits Bit Overhead 

8 5 38% 
16 6 27% 
32 7 14% 
64 8 11% 

UEMORY BOARD 

~ 
DATA 

EDC 
.., 

" CHECKS 

~ · · ~ · ! 
MEMORY BOARD 

A " 
DATA 

f"r 
EDC 

V 

V 
CHECKS 

TO CPU 

DFOOOl60 

Figure 13. EDC Per Board 

This reduction in check bit overhead lowers cost and in
creases the amount of data that can be packed on to each 
board. 
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The trade-off is that when writing data pieces into memory that 
are narrower than the'memory word width, more steps are 
required. These steps are exactly the same as those de
scribed in Byte Write in the Applications' section. No penalty 
exists for reads from memory. 

EDC Per Board vs EDC Per System 

The choice of an EDC per system or per board depends on the 
economics and the ,architecture of the system. 

Certainly the cheape(approach is to have only one EDC per 
system and this is a viable solution if only one memory 
location is accessed at a time. 

This solution does require that the system has both data and 
check bit lines (see Rgure 14). This makes retrofitting a 
system difficult and creates complications if static or ROM 
memory, which do not require check bits, are mixed in with 
dynamic RAM. 

If the system has an advanced architecture, it is quite likely 
that it is necessary to simultaneously access memory loca
tions on different memory boards (see Figure 13). Architectur
al features that require this are interleaved memory, cache 
memory, and DMA that is done simultaneously with processor 
memory accesses. EDC per board is a simpler system from a 
design standpoint. 

MEIIORY SOARD 

DATA 

CHECKS ' 

MEMORY BOARD 

DATA 

CHeCKS 

DF000150 
The EDC is designed to work efficiently in either the per 
system or per board configurations. Figure 14. EDC Per System 

FUNCTIONAL EQUATIONS 

The following equations and tables describe in detail how the output values of the AM2960 EDC are determined as a function of the 
value of the inputs and the internal states. Be sure to carefully read the following definitions of symbols before examining the tables. 

Definitions 

OJ -(DATA! if LE IN is HIGH or the output of bit i of the Data Input 
Latch if LE IN is LOW) 

OJ -(CBI if LE IN is HIGH or the output of bit i of the Check Bit 
Latch if LE IN is LOW) 

DLj -Output of bit i of the Diagnostic Latch 
5j -Internally generated, syndromes (same as outputs of 5Cj 

if outputs enabled) 
PA -ooeDI eD2eD4eD6eD8eDl0eDl2 
PB -ooeDI eD2eD3eD4eD5E&D6eD7 
flC -D8eDgeDl0eDII eD12eD13eD14e 
PO -DoeD3eD4eD7eDgeDl0eDl3eDl5 
PE -DOeDI eD5eD6eD7eD11 eD12eD13 
PF -D2eD3eD4eD5eD6E&D7eDI4eDI5 
PGl -DOeD4eD6eD7 
PG2-D1 eD2eD3eD5 
PG3 -D8eDgeDII eD14 
PG4 -Dl0eD12eD13eD15 

Error Signals 

~ -(56 • (101 + 102)) • 55 • 54 • 53 • S2 • 51 • SO + GENERATE + INITIALIZE + PA55THRU 

MULT ERROR (16 and 32-Bit Modes)-«S6'ID1)e55e54e53eS2e51 e50) (ERROR) + TOME 
+ GENERATE + PASSTHRU + INITIALIZE 

MuLt ERROR (64-Bit Modes)-TOME+ GENERATE + PASSTHRU + INITIALIZE 
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TOME (Three or More Errors)-

I so 
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

··56 0 0 1 1 0 0 1 1 0 '0 1 1 0 0 1 1 
S5 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
54 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

51 S2 S3 

0 0 0 0 0 0 1 0 1 1 1 0 1 1 1 0 0 0 0 

0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 

0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 

1 0 0 0 I I I 0 0 0 0 0 0 0 0 1 1 1 1 

1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 

1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 

1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 

'(56, S5, ... so are internal syndromes except in Modes 010, 100, 101, 110, 111 (CODE 102, 101, IDo). 
In these modes the syndromes are input over the Check·Bit lines. 56~C6, 55~C5, ... 51 ~Cl, 50~CO. 
"The 56 internal syndrome is always forced to 0 in COOE 10 000. 

se Outputs 

Tables XV, XVI, XVII, XVIII, XIX show how outputs SCa.6 are generated in each control mode for various CODE IDs (internal control 
mode not applicable). 

TABLE XV. 

GENERATE 
CODE 102.0 

Mode (Check Bits) 000 010 011 100 101 110 111 
5Co_ PG2,"PG3 PG1,"PG3 PG2,"PG4'"CBo PG2," PG3 PG2,"PG3 PG1,"PG4 PG1'"PG4 
SCt~ PA PA PA,"CBt PA PA PA PA 

SC2~ PO PO PO,"CB2 PO PO PO PO 

5~~ llE llE PE,"CB3 llE PE PE PE 

SC4~ PF PF PF,"CB4 PF PF PF PF 

5C5~ PC PC PC,"CB5 PC PC PC PC 

5Cs~ 1 PB PC ,"CBs PB PB PB PB 

TABLE XVI. 

Detect and Correct 
CODE 102-0 

Modes (Syndromes) 000 010 011- 100 101 110 111 

SCo~ 
PG2,"PG3 PG1,"PG3 PG2,"PG4 PG2,"PG3 

PG2,"PG3 PGt,"PG4 PGt,"PG4 '"co '"co ,"CBo '"co 
SCt~ PA,"Cl PA,"Cl PA'"CBt PA,"Cl PA PA PA 

SC2~ PO'"C2 PO'"C2 PO,"CB2 PO'"C2 PO PO PO 

SC3~ PE'"C3 PE'"C3 PE'"CB3 PE'"C3 PE PE PE 

5C4~ PF,"C4 PF'"C4 PF'"CB4 PF'"C4 PF PF PF 

SC5~ PC'"C5 PC '" C5 PceCB5 PC '" C5 PC PC PC 

SC6~ 1 PB'"C6 PC '"CBs PB PB PB'"C6 PB'"C6 

'In COOE 102.0 011 the Check-Bit Latch is forced transparent; the Oata Latch operates normally. 

TABLE XVII. 

Diagnostic 
CODE 102-0 

Read Mode 000 010 011- 100 101 110 111 

5Co~ 
PG2," PG3 PGt,"PG3 PG2,"PG4 PG2,"PG3 

PG2,"PG3 PGt," PG4 PGt,"PG4 ,"Ole '"Ole ,"CBo ,"Ole 

5Cl~ PA,"OLI PAeOLt PA'"CBl PA,"OLl PA PA PA 

5~_ PO '" OL2 PO,"OL2 PO,"CB2 PO,"OL2 PO PO PO 

5~_ llE,"OL3 llE,"OL3 PE'"CB3 llE,"OL3 PE PE PE 

5C4_ PF,"O~ PF,"O~ PF'"CB4 PF,"O~ PF PF PF 

SC5~ PC,"OLs PC,"OL5 PC,"CB5 PC,"OL5 PC PC PC 

SC6~ 1 PB,"Olij PC ,"CBS PB PB PB,"Olij PB,"OL7 

·In COOE 102.0 011 the Check·Bit Latch is forced transparent; the Oata Latch operates normally. 
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TABLE XVIII. 

Diagnostic CODE 102.(1 

Write Mode 000 010 011' 100 101 110 111 

SCo- DLo DLo CSo DLo 1 1 1 

SCl- DL1 DL1 CB1 DL1 1 1 1 

8C:!- DL2 DL2 CB2 OL2 1 1 1 

SC:!- DL3 Dl3 CB3 Dl3 1 1 1 

SC4_ Dl4 Dl4 CS4 Dl4 1 1 1 

SC5- DLe DLe CB5 OL5 1 1 1 

SCs- I DLe CBs 1 1 DLe DL7 

"In CODe ID2-O 011 the ,Check-Bn Latch is forced transparent; the Data Input Latch operates normally. 

TABLE XIX_ 

PASS THRU CODE 102.(1 

Mode 000 010 011' 100 101 110 111 

SCo- co co CBo co 1 1 1 

SC1_ Cl Cl CB1 Cl 1 1 1 

SC:!- C2 C2 CB2 C2 1 1 1 

SC:!- C3 C3 CB3 C3 1 1 1 

8C4_ C4 C4 CB4 C4 1 1 1 

SC5_ C5 C5 CB5 C5 1 1 1 

SCs- I C6 CBs 1 1 C6 C6 

"In CODE 102-0 011 the Check-Bn Latch is forced transparent; the Data Input Latch operates normally. 

Data Correction 
Tables XX to XXVI shows which data output bits are corrected 
(inverted) depending upon the syndromes and the CODE 10 
position. Note that the syndromes that determine data correc-

, lion are in some cases syndromes input externally via the CS 

TABLE XX. CODE 102-0 = 000* 

85 0 0 0 0 1 t 1 1 
84 0 0 1 1 0 0 1 1 
S3 0 1 0 1 0 1 0 1 

S2 Sl 

0 0 - - ,... 5 - 11 14 -
0 1 - 1 2 6 8 12 - -
1 0 - - 3 7 9 13 15 -
1 1 - 0 4 - 10 - - -
·Unlisted S combinations are no correction. 
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inputs and in some cases syndromes generated internally by 
that EDC (Si are the internal syndromes and are the sanie as 
the value of the SCi output of that EDC if enabled). 

The tables show the number of data bit inverted (corrected) if 
any for the CODE 10 and syndrome combination. 

TABLE XXI. CODE 102-0 = 010* 

CBe 0 0 0 0 1 1 1 1 
CBS 1 1 1 1 0 0 0 0 
CB4 0 0 1 1 0 0 1 1 

r--- CB3 
CB2CBl 

0 1 0 1 0 1 0 1 

0 0 - 11 14 - - - - 5 

0 1 8 12 - - - 1 2 6 

1 0 9 13 15 - - - 3 7 

1 1 10 - - - - 0 4 -
·Unlisted CS combinations are no correction. 
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TABLE XXII. CODE 102.0 = 011* TABLE XXIII. CODE 102-0 = 100* 

56 0 0 0 0 1 1 1 1 CBO 0 0 0 0 1 1 1 1 
55 0 0 0 0 1 1 1 1 CBs 0 0 0 0 1 1 1 1 
54 0 0 1 1 0 0 1 1 CB5 1 1 1 1 0 0 0 0 
53 0 1 0 1 0 1 0 1 CB. 0 0 1 1 0 0 1 1 

52 51 r--- CB3 0 1 0 1 0 1 0 ·1 

0 0 - - - 5 - 11 14 - CB2CB, 

0 1 - 1 2 6 8 12 - - 0 0 - 11 14 - - - - 5 

1 0 - - 3 7 9 13 15 - 0 1 8 12 - - - 1 2 6 

1 1 - 0 4 - 10 - - - 1 0 9 13 15 - - - 3 7 

·Unlisted S combinations are no correction. 1 1 10 - - - - 0 4 -
'Unlisted CB combinations are no correction. 

TABLE XXIV. CODE 102-0 = 101* TABLE XXV. CODE 102-0 = 110* 

CBo 0 0 0 0 1 1 1 1 CBO 0 0 0 0 1 1 1 1 
Cae 0 0 0 0 1 1 1 1 CBS 1 1 1 1 0 0 0 0 
CBS 0 0 0 0 1 1 1 1 CBS 0 0 0 0 1 1 1 1 
CB. 0 0 1 1 0 0 1 1 CB4 0 0 1 1 0 0 1 1 
CB3 0 1 0 1 0 1 0 1 r--- CB3 0 1 0 1 0 1 0 1 

CBZCB1 CBzCB, 

0 0 - - - 5 - 11 14 - 0 0 - - - 5 - 11 14 -
0 1 - 1 2 6 8 12 - - 0 1 - 1 2 6 8 12 - -
1 0 - - 3 7 9 13 15 - 1 0 - - 3 7 9 13 15 -
1 1 - 0 4 - 10 - - - 1 1 - 0 4 - 10 - - -
·Unlisted CB combinations are no correction. ·Unlisted CB combinations are no correction. 

TABLE XXVI. CODE 102-0 = 111* 

CBo 0 0 0 0 1 1 
CBS 1 1 1 1 0 0 
CBs 1 1 1 1 0 0 
CB4 0 0 1 1 0 0 

r--- CB3 0 1 0 1 0 1 
CBzCB, 

0 0 - 11 14 - - -
0 1 8 12 - - - 1 

1 0 9 13 15 - - -
1 1 10 - - - - 0 

·Unlisted CB combinations are no correction. 
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1 1 
0 0 
0 0 
1 1 
0 1 

- 5 

2 6 

3 7 

4 -
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APPLICATIONS 

Byte Write 

Byte operations are increasingly common for 16-bit and 32-bit 
processors. These complicate memory operations because 
check bits are generated for a complete 16-bit or 32-bit or 64-
bit memory word - not for a single byte. 

To write a byte into memory with EDC requires the following 
steps: 
• Latch the byte into the Am2961/62 bus buffers (Figure 

15) 
• Read the complete data word from memory (Figure 15) 
• Correct the complete data word if necessary (Figure 15) 
• Insert the byte to be written into the data word (Figure 16) 
• Generate new check bits for the entire data word (Figure 

16) 
• Store the data word back into· memory (Figure 16) 

(In fact, these steps must be taken for any piece of data being 
written into memory that is not as wide as a full memory word.) 

The Am2960 EDC is designed with the intent of keeping byte 
operations Simple in EDC systems. The EDC has separate 
output enables for each byte in the Data Output Latch. As 
shown in Figures 15 and 16, this allows the data word to be 
read from memory, the new byte to be inserted among the old, 
and new check bits to be generated using less time and less 
hardware than if separate byte enables were not available. 

DATA DATA I CHECK 
MEMORY MEMORY MEMORY 

HIGH BYTE LOWeYTE 

t I , t r--
r-- HIGH 

BYTe 

~ 
OUTPUT 

MULTIPLE LATCH 
BUS ~ BYTE BUFfERS -

Am .... -Atn2961162 - r--- HIGH 
BYTe - INPUT 

MULTIPLE LATCH 
BUS 

lOW 
BYTE 

BUFFERS -
DATA BUS t 

ERROR , 
AF000730 

Figure 15. Byte Write, Phase 1: Read Out 
the Old Word and Correct 
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DATA DATA CHECK 

MEMORY MEMORY MEMORY 
HIGH BYTE LoweVTE 

I , , t .--
r-- HIGH 

BYTE 
I-- OUTPUT 

MULTIPlE urCH 
BUS r-- lOW 

BUFFERS ~ 
Am .... 

Am2Ml/62 r--
L..- - HIGH 

~ INPUT 
MULTIPLE UTCH 

BUS lOW 

BUFFERS 
BYTE 
'--

ERROR 
DATA BUS • I 

AFOOO730 

Figure 16. Byte Write, Phase 2: Insert the 
New Byte, Generate Checks and Write Into 

Memory . 

Diagnostics 

EDC is used to boost the reliability of the overall system. It is 
necessary to also be able to check the operation of the EDC 
itself. For this reason the EDC has an internal control mode, a 
diagnostic latch, and two diagnostic modes. 

To check that the EDC is functioning properly, the processor 
can put the EDC under software control by setting CODE ID2-0 
to 001. This puts the EDC into Internal Control Mode. In 
Internal Control Mode the EDC is controlied by the contents of 
the Diagnostic Latch which is loaded from the DATA inputs 
under processor control. 

The EDC is set into CORRECT Mode. The processor loads in 
a known set of check bits into the Diagnostic Latch, a known 
set of data bits into the Data In Latch, and forces data errors. 
The output of the EDC (syndromes, error flags, corrected 
data) is then compared against the expected responses. By 
exercising the EDC with a string of data/check combinations 
and comparing the output against the expected responses, 
the EDC can be fully checked out. 

Eight Bit Data Word 

Eight bit MOS microprocessors can use EDC too. Only five 
check bits are required. The EDC configuration for eight bits is 
shown in Figure 17. It operates as does the normal 16-bit 
configuration with the upper byte fixed at O. 

Check bit overhead for 8-bit data words can be reduced two 
ways. See the sections "Single Error Correction Only" and 
"RedUCing Check Bit Overhead." 
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Vee 

OEDATA 

ili!"BYTEI 

OEBYTE2 

ERROR 

EDC 

iiiirf SYNDROMEs! 
~ CHECKBITS 

AFOOO590 

Figure 17. 8·81t Configuration 

Other Word Widths 
EDC on data words other than 8, 16, 32, of 64 bits can be 
accomplished with the AM2960. In most cases the extra data 
bits can be forced to a constant, and EDC will proceed as 
normal. For example, a 24-bit data word is shown in Figure 18. 

Single Error Correction Only 
The EDC normally corrects all single-bit errors and detects all 
double-bit and some triple-bit errors. To save one check bit 
per word, the. ability to detect double bit errors can be 
sacrificed - single errors are still detected and corrected. 

DATAn-f. DATA'500 CHECKS 

0, ... 

EDC 

SCo-s 

EDC OESe~--____________ ~~ 

AF000430 

Figure 18. 24·8it Configuration 
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Data Bits 

8 
16 
32 
64 

Vee 

OEDATA 

Check Bits Required 

Single Error Single Error Correct 
Correction Only & Double Error Detect 

4 
5 
6 
7 

OEBYTE I 

DEBYTE 2 

5 
6 
7 
8 

CHECKS 

EDC 

CODE ID 

sc ... 

SYNDROMES! 
CHECK BITS 

000 

AFOO0420 

Figure 19. 8·8it Single Error Correction Only 

CB ... ~ ______ -, 

EDC 

CODEID 000 

SC1_S 

SYNDROMES! 
CHECK BITS 

AFOOO410 

Figure 20. 16-8it Single Error Correction 
Only 
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OATA3"" 

1 't'7 -Y I 

.I-~ 
ca, .. 

ClIo 
~ 

EOC i5E sc 
~ 

SC, .. 
CODEID "--0'0 

• PARTIAL SYNDROMES/CHECKS 

ca, .. 
ClIo 
~ 

EOC' aEsc 

sc, .. CODE ID 1---0" 

t l.ll y-
iIIii6Ii SYNDROMESICHECK BITS 

Figures 19, 20, 21, 22 show single error correction onlyconf!g
urations for 8, 16, 32, and 54-bit data words respectively. 

Check Bit Correction 

The EDC detects single bit errors whether the error is a data 
bit or a check bit. Data bit errors are automatically corrected 
by the EOC. To generate corrected ",heck bits once a single 
check bit error is detected, the EDC need only be SWitched to 
GENERATE mode (data in the DATA INPUT LATCH is valid). 

The syndromes' generated by the EOC may be decoded to 
determine whether the single bit error is a check bit. 

In many memory systems, a check bit error will be ignored on 
the memory read and corrected during a periodic "scrubbing" 
of memory (see section in System Design Considerations). 

Multiple error. 

The bit-in-error decode logic uses syndrome bits SO through 
832 to correct errors, SX is only used' in developing the 
multiple error signal. This means that some multiple errors will 
cause a data bit to be inverted. 

AFOOO44O 

For example, in the 16-bit mode if data bits 8 and 13 are in 
error the syndrome 111100 CSX, SO, S1, S2, S4, S8) is 
produCed. This is flagged a double error by the error detection 
logic, but the bit-in-error decoder only receives syndrome 
11100 (SO; S1, S2, S4, sa), which it decodes as a single error 
in data bit 0 and inverts that bit. If it is desired to inhibit this 
inversion, the multiple error output may be connected to the 
correct input as in Figure 23. This will inhibit correction when a 
multiple error occurs. Extra time delay may be introduced in 
the data to correct data path when this is done. 

• The Code 10 Combination for this Slice 
Forces the Check Bit Latch Transparent. . 

Figure 21. 32·811 Single Correct Only 

ill IlAT ...... 

D,... ceo.. 
IOC 

BYTES. a 7 

ca, .. 

C_CKS OAT-..7-32 

I 
D,s;o C8o.& 

EOC 
BYTES 4 & 5 

I 
0, .. c .... D,~ ca... 

IOC EOC 
8YTes 2 & 3 CIlsc h 8VTESOi.1 

ca, .. C81-6 

t7 7 

I II,..-----~ 

I XOftS" • Same as" ..... e except without SX/CX ~OA gate. 

SYNDROMES/CHECK BITS 

Notes: 1. In Pass Thru Mode the Contents of the Check Latch Appear·on the XOR Outputs Inverted. 
2. In Diagnostic Generate Mode the Contents of the Diagnostic Latch appear on the XOR Outputs 

Inverted. 

Figure 22. 64·Blt Single Correct Only 

llrsc Il, 

AFOOO6OO 
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DATA CHECKS CORRECT 

I I 
o C8 -EDC CORRECT I--{ t= -iiiiGi 

iiiROii ERAoA 

AFOOO530 

Figure 23. Inhibition of Data Modification 

4-33 
03565C 

Refer to Page 13-1 for Essential Information on Military Devices 

• 



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ............... , .......... -65°C to +150°C Commercial (C) Devices 
Temperature (Case) Temperature .......••.......••....••........••.... O°C to + 70·C 

Under Bias .....•........•...........•........ -55°C to + 125°C Supply Voltage .•...•••.......•.....•..•.... + 4. 75V to + 5.25V 
Supply 'Voltage to Ground Potential 

Military (M) Devices 
Continous •..•......•.......•.•.••............••.. -O.5V to + 7.0V 

Temperature ....•...••.....•.••..•.•........ -55°C to + 125°C 
DC Voltage Applied to Outputs For 

High Output State ......••..••............. -O.5V to VCC Max 
Supply Voltage ....••...••••..•....••..••••.•. + 4.5V to + 5.5V 

DC Input Voltage ....••.•.........•........••..... -O.5V to +5.5V 
Operating ranges define those limItS over which the function-

DC Output Current, Into Outputs ..............•.••........ 30mA 
ality of the device is guaranteed. 

DC Input Current .: ..........•.•........•..... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Descriptions Test Conditions (Note t) Min (Note 2) Max Units 

Vee=MIN, I COM'L 2.7 
VOH Output HIGH Voltage 

VIN - VIH or Vil 
IOH--0.8mA MIL 2.4 Volta 

VOL Output LOW Voltage Vee-MIN, IOl=8mA 0.5 Volts 
VIN = VIH or Vil 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Volts Voltage for all Inputs (Note 7) 

Vil Input LOW Voltage Guaranteed Input Logical LOW 0.8 Volts Voltage for all Inputs (Note 7) 

VI Input Clamp Voltage Vee- MIN,IIN=-18mA -1.5 Volts 

Vee-MAX DATAO.15 -410 
III Input LOW Current 

VIN =O.SV All Other Inputs -360 pA 

VCC=MAX DATAo.15 70 
IIH Input HIGH Current VIN =2.7V All Other Inputs 50 pA 

II Input HIGH Current Vcc = MAX; VIN = S.SV 1.0 rnA 

Vo = 2.4 70 
DATAo.15 VO-O.S -410 

IOZH Off State (High Impedance) VCC MAX VO-2.4 50 pA 
IOZl Output Current SCo·6 

VO-O.S -50 

los 
Output Short Circuit Current Vee = Vee MAX + O.SV, Vo = O.SV -25 -85 rnA (Note 3) 

TA = 25°C 275 390 

Power Supply Current TA-O to +70·C 400 
lee (Note 6) Vee = MAX COM'L 

TA = +70·C 365 rnA 

MIL TC - -55 to + 125·C 400 
TC = + 12S·C 345 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable devioe type. 
2. 
3. 
4. 
5. 
6. 
7. 

Typical limits are at Vcc = S.OV, 2S·C ambient and maximum loading. 
Not more titan one output should be shorted at a time. Duration of the short circuit last should not exoeed one second. 
These are three·state outputs internally connected to TTL inputs. Input Cheracteristics are measured with output enables HIGH. 
"MIL" - Am2960XM, DM, FM. "COM'L" - Am2960XC, DC. 
Worst case Icc is at minimum temperature. 
These input levElls provide zero noise immunity and should only be tested ina static, noise-free environment 
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SWITCHING TEST CIRCUIT 
Vee 

! 
Vee 

TCOOO420 

TCO00430 

Figure 24. Three-State Outputs Figure 25. Normal Outputs 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. SI, S2, S3 are closed during function test and all A.C. tests, except output enable tests. 
3. SI and S3 are closed while 52 is open for tpZH test. 

51 and S2 are closed while S3 is open for tPZL test. 
4. R2 = 1 K for three-state output. 

R2 is determined by the IOH at VOH = 2.4V for non-three-state outputs. 
5. Rl is determined by IOL (MIL) with Vee = 5.0V minus the current to ground through R2. 
6. CL = 5.0 pF for output disable tests. 

TEST OUTPUT LOADS 

Test 
Pin # Pin Label Circuit Rt R2 

- 00-015 Fig. 24 430n lKn 

24-30 SCo-SCe Fig. 24 430n lKn 

32 ~ Fig. 25 470n 3kn 

33 MULTERROR Fig. 25 470n 3Kn 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 

Notes on Testing 
Incoming test procedures on this device should be carefully 
planned, taking into account the complexity and power levels 
of the part. The following notes may be useful. 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
may allow the ground pin at the device to rise by 100's of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
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noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL .;; 0.4V and VIH';; 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers documentation on our test 
procedures and, in most cases, can provide Fairchild Sentry 
programs, under license. 

7. Changing the CODE 10 inputs can cause loss of data in 
some of the Am2960 internal latches. Specifically, the entire 
checkbit latch and bits 6 and 7 of the diagnostic latch are 
indeterminate after a change in CODE 10 inputs. 

Logic simulations should store "x" (i.e., "don't care") in these 
bits after CODE 10 change. Test programs should reload 
these registers before they are used. 
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1. Am2960 Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960 over the commercial operating range of O·C to 

+ 70·C, with Vee from 4.7SV to S.2SV. All data are in ns, with 
inputs sWitching between OV and 3V at 1V Ins and measure
ments made at I.SV. All oufputs have maximum DC load. 

This data applies to the following part numbers: Am2960DC, 
XC. 

A. Combinational Propagation Delays 
CL=50pF 

To Output 

From Input SCC).6 DATAo.15 ERFiOfi i\jUL'i' ERROR 
DATAo·15 32 65' 32 50 

CB()'6 
28 56 29 47 (CODE 1D2-oOoo,011) 

CB().6 
(CODE 102.0010,100, 28 45 29 34 
101,110,111) 

GENERATE 35 63 36 55 

CORRECT 
(Not Intemal Control Mode) - 45 - -
DIAG MODE 
(Not Intemal Control Mode) 50 78 59 75 

PASS THRU 
(Not Internal Control Mode) 36 44 29 46 

CODE; ID2'() 61 90 60 80 

LE IN 
(From latched to transparent) 39 72' 39 59 

LE OUT 
(From latched to transparent) - 31 - -
LE DIAG 
(From latched to transparent; 45 78 45 65 
Not Internal Control Mode) 

Internal Control Mode: 
LE DIAG 67 96 66 86 
(From latched to transparent) 

Internal Control Mode: 
DATAo.15 67 96 86 86 
(Via Diagnostic Latch) 

'Date In (or LE In) to Correct Data Out measurement requires timing as shOwn In Figure 0 opposite. 
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B. Set-up and Hold Times 
Relative to Latch Enables 

To 
(latching 

From Input Up Data) 

DATAo.15 LE IN 

CB0-6 LE IN 

DATAo.15 LE OUT 

CBO.6 
(CODE 10 LE OUT 
000,011) 

CBO.6 
(CODE 10 010, LE OUT 
100, 101, 110, 111) 

~I:NI:FiATE LE OUT 

CORRECT LE OUT 

DIAG MODE LE OUT 

PASS THRU LE OUT 

CODE 102-0 LE OUT 

LE IN LE OUT 

DATAo-15 LE DIAG 

DATAo-15 

LEIN 

OEBVTEO&1 

Set-up 
Time 

VALID 
PUT IN 

DATA 

6 

5 

44 

35 

27 

42 

26 

69 

26 

81 

51 

6 

1/ 
.AAX, 
.AA. I" 

Hold 
Time 

7 

6 

5 

0 

0 

0 

1 

0 

0 

0 

5 

8 

\-
~ 

c. Output Enable/Disable Times 
Output disable tests performed with CL = 5pF and 
measured to 0.5V change of output voltage level. 

Input Output Enable 

C5E BYTE 0, 
C5E BYTE 1 DATAo.15 30 

C5E SC SCo.6 30 

D. Minimum Pulse Widths 

I LE IN, LE OUT, LE DIAG 

DATA INTO 
CORRECT 
DATA 

Dlaable 

30 

30 

15 

CORRECT DATA OUT OUTPUT 

~ \1I 
I~ ,IIIIIY,\ 

DATATD LEIN 
SET-UPTIME 

DATA TO LE IN 
HOLD TIME , 

~ 
WF001520 

Figure D. 
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1. Am2960 Guaranteed Military 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960 over the military operating range of - 55°C to 
+ 125°C case temperature, with Vee from 4.5V to 5.5V .. AII 

data are in ns, with inputs switching between OV and 3Vat 1 VI 
ns and measurements made at 1.5V. All outputs have maxi
mum DC load. 

This data applies to the following part numbers: Am2960DM, 
FM, XM. 

A. Combinational Propagation Delays 
. CL=50pF 

To Output 

From Input SCQ-6 DATAo-15 ERROR MULi' ERR~R 
DATAo-15 35 73" 36 56 

CBO-6 
30 61 31 50 (CODE 102_0000,011) 

CBO-6 
(CODE 102_0010,100, 30 50 31 37 
101,110,111) 

13ENEFiA'fe 38 69 , 41 62 

CORRECT 
(Not Internal Control Mode) - 49 - -
DIAG MODE 
(Not Internal Control Mode) 58 89 65 90 

PASS THRU 
(Not Internal Control Mode) 39 51 34 54 

CODE 102-0 69 100 88 90 

LE IN 
(From latched to transparent) 44 82" 43 88 

LE OUT 
(From latched to transparent) .,. 33 - -
LE DIAG 
(From latched to transparent; 50 88 49 72 
Not Internal Control Mode) 

Internal Control Mode: 
LE DIAG 75 106 74 96 
(From latched to transparent) 

Internal Control Mode: 
DATAo_15 75 106 74 96 
(Via Diagnostic Latch) 

. . 
'Data In (or LE In) to Correct Data Out measurement reqUIres tImIng as shown In FIgure 0 OppOSIte • 
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B. Set-up and Hold Times 
Relative to Latch Enables 

, To 
(latching Set-up 

From Input Up Data) Time 

DATAo-15 LE IN 7 

CB0-6 LE IN 5 

DATAo-15 LE OUT 50 

CBO-6 
(CODE ID LE OUT 38 
000, 011) 

CBO-6 
(CODE ID 010, LE OUT 30 
100,101,110,111) 

G~N~f'iA'f~ LE OUT 46 

CORRECT LE OUT 28 

DIAG MODE LE OUT 84 

PASS THRU LE OUT 30 

CODE ID2-0 LE OUT 89 

LE IN LE OUT 59 

DATAo_15 LE DIAG 7 

VALID 
INPUT 
DATA 

DATAa.15 
x 

LE IN 

OEBVTEO&1 

Hold 
Time 

7 

7 

5 

0 

0 

0 

1 

0 

0 

0 

5 

9 

~r-
1\ 

c. Output Enable/Disable Times 
Output disable tests performed with CL = 5pF and 
measured to 0.5V change of output voltage level. 

Input Output Enable 

OE BYTE 0, 
OE BYTE 1 DATAo_15 35 

OE SC SCo-6 35 

D. Minimum Pulse Widths 

I LE IN, LE OUT, LE DIAG 

DATA IN TO 
CORRECT 
DATA 

Disable 

35' 

35 

15 

CORRECT DATA OUT OUTPUT 

"\XXXXX).J \1 xxxxxxx 
I /.x x x x x y '\ 

DATA TO LE IN 
SET-UPTIME 

DATATOLEIN 
HOLD TIME 

~ 
1\ 

WF001520 

Figure D. 
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Am2960A Guaranteed Commercial 
Range Performance 

The tables· below specify the guaranteed performance of the 
Am2960A over the commercial operating range of O·C to 

+ 70'C, with Vee from 4.75V to 5.25V. All data are In ns, with 
inputs switching between OV arid 3V at 1V Ins and measure
ments made at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960ADC, 
XC . 

. A. Combinational Propagation Delays 
CL=50pF 

To Output 

From Input SCo-e DATAo-15 ~ MOtT (I!II!I~I!I 

DATAo.15 

CB().6 
(CODE ID2-oOoo,OII) 

CBO-6 
(CODE ID2.0010,loo, 
101,110,111) 

GENERATE 

CORRECT 
(N01 Intemal Control Mode) 

DIAG MODE 
(N01 Internal Control Mode) 

PASS THRU 
(N01 Internal Control Mode) 

CODE ID2-0 

LE IN 
(From latched to transparent) 

LE OUT 
(From latched. to transparent) 

LE DIAG 
(From latched to transparent; 
N01 Intemal Control Mode) 

Intemal Control Mode: 
LE DlAG 
(From latched to transparent) 

Internal Control Mode: 
DATAo·15 
(Via Diagnostic Latch) . Data In (or LE In) to Correct Data Out measurement requires timing as shown In Figure D opposite. 
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B_ Set-up and Hold Times 
Relative to Latch Enables 

To 
(latching 

From Input Up Data) 

DATAo_15 LE IN 

CBO-6 LE IN 

DATAo_15 LE OUT 

CBO_6 
(CODE 10 LE OUT 
000, 011) 

CBO_6 
(CODE 10010, LE OUT 
100,101,110,111) 

~i:Ni:RAi'E LE OUT 

CORRECT LE OUT 

DIAG MODE LE OUT 

PASS THRU LE OUT 

CODE 102-0 LE OUT 

LE IN LE OUT 

DATAo-15 LE DIAG 

DATAo-15 I1I.II 

LEIN 

OEBYTEO& 1 

Set-up 
Time 

VALID 
NPUT I 
DATA 

[/ 

1,\ 

Hold 
Time 

~r-
1\ 

C. Output Enable/Disable Times 
Output disable tests performed with CL = 5pF and 
measured to O.5V change of output voltage level. 

Input Output Enable 

Ol: BYTE 0, 
DATAo-15 Ol: BYTE 1 

~SC SCo-6 

D. Minimum Pulse Widths 

I LE IN, LE OUT, LE DIAG 

DATA IN TO 
CORRECT 
DATA 

Disable 

CORRECT DATA OUT OUTPUT 

'\1I.1I.1I.1I.1I.lo./ '\' 11.11.11.11.11.11.11. 
1\ /11.11.11.11.11.7''\ 

DATATOLEIN 
SET-UPTIME 

DATATOLE1N 
HOLD TIME , 

1\ 
WFOOI520 

Figure D. 
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Am2960A Guaranteed Military Range 
Performance 
The tables below specify the guaranteed performance of the 
Am2960A over the military operating range of -55°C to 
+ 125°C case'temperature, with Vcc from 4.5V to 5.5V. All 

data are in ns, with inputs switching between OV and 3V at 1 V I 
ns and measurements made at 1.5V. All outputs have the 
maximum DC load. 

This data applies to the following part numbers: Am2960ADM, 
FM, XM. 

A. Combinational Propagation Delays' 
CL=50pF 

To Output 

From Input SCo-e DATAO-15 ERROR MiJLT ERROR 

DATAo.15 

CB().6 
(CODE 102.0000,011) 

CB().6 
(CODE 102.0010,100, 
101,110,111) 

GEFiEFlA'i'E 

CORRECT 
(Not Internal Control Mode) 

DIAG MODE 
(Not Internal Control Mode) 

PASS THRU 
(Not Internal Control Mode) 

CODE ID2'() 

LE IN 
(From latched to transparent) 

LE OUT 
(From latched to transparent) 

LE DIAG 
(From latched to transparent; 
Not Internal Control Mode) 

Internal Control Mode: 
LE DIAG 
(From latched to transparent) 

Internal Control Mode: 
DATA()'15 
(Via Diagnostic Latch) . ' , Data In (or LE In) to Correct Data Out measurement requires Umlng as shown In Figure 0 opposite. 

'4·42 
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B. Set-up and Hold Times 
Relative to Latch Enables 

To 
(Latching Set·up 

From Input Up Data) Time 

DATAo-15 LE IN 

CBO-6 LE IN 

DATAo-15 LE OUT 

CBO-6 
(CODE 10 LE OUT 
000,011) 

CBO-6 
(CODE 10010, LE OUT 
100,101,110,111) 

GENERATE LE OUT 

CORRECT LE OUT 

DIAG MODE LE OUT 

PASS THRU LE OUT 

CODE 102-0 LE OUT 

LE IN LE OUT 

DATAo-15 LE DIAG 

VAUD 
INPUT 
DATA 

.XXXXXXXXXXXX ./ 
DATAo.15 XXXXXXXXXIXXX" 

XXIXXIXXIIXX 

LE IN 

OEBYTEO& 1 

Hold 
Time 

, 
\. 

c. Output Enable/Disable Times 
Output disable tests performed with CL = 5pF and 
measured to 0.5V change of output voltage level. 

Input Output Enable 

OE BYTE 0, 
OE BYTE 1 DATAO_15 

rn: SC SCO-6 

D. Minimum Pulse Widths 

I LE IN, LE OUT, LE DIAG 

o DATA INT 
CORRECT 
DATA 

Disable 

CORRECT DATA OUT OUTPUT 

\. ./ \11 
I~ , \. 

DATA TO LEIN 
SET-UPTIME 

DATATOLEIN 
HOLD TIME 

~ 
~ ~ 

WF001520 

Figure D. 
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Am2961/ Am2962 
4-Bit Error Correction Multiple Bus Buffers 

DISTINCTIVE CHARACTERISTICS 

• Provides complete data path interface between the 
Am2960 Error Detection and Correction Unit. thesys
tem data bus and dynamic RAM memory 

• Three-state 24mA output to data bus 
• Three-state data output to memory 

., Inverting data bus for Am296l and nonlnvertlng for 
Am2962 

• Data bus latches allow operation with multiplexed buses 
• Space saving 24-pin 0.3" package 

GENERAL DESCRIPTION 

The Am2961 and Am2962 are high-performance. low
power Schottky multiple bus buffers that provide the 
complete data path interface between the Am2960 Error 
Detection and Correction Unit. dynamic RAM memory and 
the system data bus. The Am2961 provides an inverting 
data path between the data bus (BI) and the Am2960 error 
correction data input (Vi) and the Am2962 provides a 
noninverting configuration (Bi to Vi). Both devices provide 
inverting data paths between the Am2960 and memory 
data bus. thereby optimizing internal data path speeds. 

The Am2961 and Am2962 are 4-bit devices. Four devices 
are used to interface each 16-bit Am2960 Error Detection 
and Correction Unit with dynamic memory. The system cen 
easily be expanded to 32 or more bits for wider memory 
applications. The 4-bit configuration allows enabling the 
appropriate devices two-at-a-time for intermixed word. or 
byte. read and write In l6-bit systems with error correction, 

Data latches between the error correction data bus and the 
system data bus faCilitate byte writing in memory systems 
wider than 8-bits. They also provide a data holding capabili
ty during single-step system operation. 

BLOCK DIAGRAM 

...- OUTPUT -DATA ...... ....... 
WIll' IE&.I!CT lOV or: ... • j 

~ IMTA . 
'7 · r-.e ¥-c 

-.~ ...... ............ 
4' DATAaut 

v .... . 
~ 

t-LATCH LATCH ENABLE ....... ...,- .- TODATAIUI 
LIV LU 

DATA INPUT I . I OATA OUTPUT 

UVCH ~~ 8UlOUfl'UT 

r 
~ 

.. t OAT\ ___ 

Boo01170 

• Am2962 is the same function but noninverling to the system data bus, B. 

ADVANCED INFORMATION 
• 25 - 30% speed improvement plug-in replacenlents for Am2961! Am2962. 

035348 
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CONNECTION DIAGRAM LOGIC SYMBOL CONNECTION DIAGRAM 

Top View Leadless Chip Carrier 

D-24-SLIM L-28-1 

• ~ ! IS! ~ llil 
OEY 

IRSo 
(110)110 ' ... IV, 

•• •• • 2Y. .... ilIii v, 
Iio I5io LEY v, - ' ... ,Y. 
iii, lit OE'I' v, 

La ., •• Qii 
v, 2Y. 2Ao 

.. ~ ,~ ,y. 
IIl5t 

LSOOO480 
C5D 

LEa i i i ~ i " 
CDOO4860 

Note: Pin 1 is marked for orientation. B-Bus is noninverting for Am2962. 

METALLIZATION AND PAD LAYOUT 
Am2961 Am2962 

s , 24 Vee S , 24 Vee 

OEY 2 23 OED OEY 2 23 oro 

000 3 22 ell, 500 3 2200, 

Bo 4 218'3 90 4 21 B3 

Yo 5 20~ Yo 5 20 V3 

!IIo 6 19UI3 Dlo 6 19 0i3 
6f1 7 18 0i2 Oi, 7 18 0i2 

V, 8 17Y2 V, 8 17Y2 

B1 9 '6 il2 9. 9 1682 

00, 10 .5002 00, 10 15002 

LEY11 140EB LEV 11 '4 0Eii 
OND.2 13 LEB 13lEB 

DIE SIZES .102" X .087" 

-ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2961 
Am2962 

Device type 

D C B l L L S~r:~~i~g s~~~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 24-pin CERDIP (D-24-SLIM) 
L - 28-pin leadless chip carrier (L-28-1) 

4-Bit Error Correction Multiple Bus Buffers 

4-45 

Valid Combinations 

DC, DCB, DM, 

Am2961 DMB 

Am2962 LC, lCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

035348 
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PIN DESCRIPTION 

Pin No. Name 110 Description 

4,9, eo. BI, 110 The four bidirectional system data bus inputs/outputs. The B·to-Y path is inverting for the Am2961 (8i) and 
16,21 B2, B3 noninverting for the Am2962 (BI). 

14 ~ I The thr_te OuIput Enable for the system data bus output drivers. When orn is LOW, data from the Data Output 
Latch is output to the system data bus. When l5EIi Is HIGH, the bus drivers are in the high-impedance state and the 
Data Input Latch can receive input data from the system data bus. 

13 LEB I Latch Enable for the Data Output Latch: When LEB is HIGH, the latch is transparent and Y -Bus data is output to the 
B·Bus. When LEB goes LOW, Y-Bus data meeting the latch set-up and hold time requirements is latched for output to 
the B-Bus . 

5,8, Yo, YI, I/O . The four bidirectional EDC data Inputs/outputs for connection to the EDC data I/O port. 
17,20 Y2, Y3 

11 LEY I The Latch Enable control for the Data Input Latch for the data input from the system data bus (B). When LEY is HIGH 
the latch is transparent and B input data is available at the MUX input for selection to the Y outputs. When LEY goes 
LOW, B input data meeting the latch set-up and hold time requirements is latched for subsequent .selection to the Y 
outputs. 

2 OEY I Output Enable for the Y (EDC) Bus outputs. When OEY is HIGH, data selected by the Input data multiplexer Is output 
to the V-bus. When OEY is LOW, the MUX output is in the high-impedance state and the V-Bus can receive input data 
from the EDC Unit: 

1 S I The Select input for the input data multiplexer. A LOW input selects data from the memory data input, 01, for output to 
the EDC bus (Y). A HIGH input selects data from the system data bus Data Input Latch (B or li). 

3,10, ggo, GGI' 0 The Data Outputs to the memory data inputs. The N5 outputs .are inverted with respect to the EDC Bus (Y). These 
IS, 22 2, 3 outputs are "RAM Driver" outputs with a collector resistor in the lower output driver to protect against undershoot on 

the HIGH-ta-LOW transition. 

23 l:iEI5 I Output Enable for the N5 outputs. An active LOW input causes the iX5 outputs to output inverted data from the EDC 
(Y) Bus and a HIGH Input puts the N5 outputs in the high~mpedance state. 

6,7, 15lo, 15lI , I The Data Inputs from memory. rn InPuts are selected by the data input MUX for output to the EDC (Y) Bus (controlled 
18,19 15l2, 1513 by S and OEy) and/or output to the system data bus (B) (controlled by LEB and orn). 

FUNCTION TABLES 

V-BUS OUTPUT B-BUS OUTPUT 

LEY Oi, It· B,· 
S OEY Y 

Y· if B 
Am2961 Am2962· Input LEB DEI Am2961 Am2H2 

X X X X X L Z X X H Z Z 

X L X X L H H L H L H L 
X H X X L H L H H L L H 

H X L H H H H X L L NC NC 
H X H L H H L "OEY = LOW for 8 data input 
L X X X H H NC 
"QEEj = HIGH for 8 data input 

DO PORT OUTPUT 

Y OED 00 
X H Z 

L L H 
H L L 

\ 
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CONTROLS· 

APPLICATION 

Am2961/62 
(4') 

SYSTEM DATA BUS 

MEMORY 

CONTROLS 

Am2960 
EDC 

AF000340 

·Since the EDC Data Bus Buffers are four-bit wide devices, controls can be paired to device inputs to provide byte level controls 
(lor any data width), 

4·47 
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I ,... 

I 
ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature Under Bias Temperature .......................•...•...•.••.. O·C to + 70·C 

Power Applied ................••..••..•...... - 55·C to + 125·C Supply Voltage .......•...••.......•.•..... + 4.75V to + 5.25V 
Supply Voltage to Ground Potential 

Military (M)Devices 
COntinous .............•.•........•....•..•......•... -O.5Vto + 7.0V 
DC Voltage Applied to Outputs For 

Temperature .••......•.•.....••.....••••.•.•. -55·C to + 125·C 

High Output State ...•.........••...•.•.•..... -O.5V to Vee Max 
Supply Voltage ............................... + 4.5V to + 5.5V 

DC Input Voltage ........••..•..........••. ; ...•......••..••..... 5.5V 
Operating ranges define those limits over which the function-

DC Output Curreni, Into Outputs .......................... 30mA 
. ality of the device is guaranteed. 

DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above thB$6 limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

,. 

DC CHARACTERISTICS OVER OPERATING RANGE - Y BUS 

Typ 
Parametera Descriptions Test Conditions (Note 1) Min (Note 2) Max Unite 

VOH output HIGH Voltage Vee~MIN IOH =-3.0mA 2.4 3.4 Volts VIN .. VIH or VIL 

Vee = MIN IOL-8mA 0.3 0.45 
VOL OUtput LOW Voltage VIN .. VIH or VIL IOL=16mA 0.35 0.5 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs I COM'L 0.8 Volts 

VI Input Clamp Voltag!> Vee- MIN• IIN--18mA -1.5 Volts 

IlL Input LOW Current' Vee = MAX, VIN" OAV OEY-LOW -2.0 mA 

IIH Input HIGH Current Vee" MAX, VIN" 2.7V IOEY-LOW 100 j.IA 

II Input HIGH Current Vee - MAX, VIN" 5.5V IOEY-LOW 1.0 rnA 

Ise 
Output Short Circu~ Current ,Vee-MAX -30 -130 mA (Note 3) 

DC CHARACTERISTICS OVER OPERATING RANGE - B BUS 

Typ 
Parametera Descriptions Test Conditions (Note 1) Min (Note 2)' Max Unite 

Vee-MIN IOH =-3.0mA 2.4 
VOH Output HIGH Voltage VIN = VIH or VIL IOH--15mA 2.0 Volts 

Vee" MIN IOL-12mA 0.3 0.45 
VOL Output LOW Voltage VIN .. VIH or VIL IOL-24mA 0.35 0.50 Volts 

VIH Input HIGH Level Guarantaed input logical HIGH 2.0 Volts voltage for all inputs 

G~ Input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs I COM'L 0.8 Volts 

VI Input Clamp Voltage Vee .. MIN, liN" -18mA -1.5 Volts 

IlL Input LOW Current Vee .. MAX, VIN" 0.4V m~HIGH -1.0 rnA 

IIH Input HIGH Current Vee - MAX, VIN" 2.7V m-HIGH 100 j.IA 

II Input HIGH Current Vee .. MAX, VIN" 5.5V m-HIGH 1.0 mA 

ISC 
Output Short Clrcu~ Current Vee-MAX -50 -150 rnA (Note 3) 

Notes: 1. For conditions as MIN or MAX, use the appropriate value specifie~ under Operating Range for the applicable device type. 
2. Typical limits are at Vee - 5.0V, 25·C ambient and maXImum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit teat should not exceed one second. 

035348 
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DC CHARACTERISTICS OVER OPERATING RANGE - DO OUTPUTS 

Typ 
Parameters Descriptions Test Conditions (Note 1) Min (Note 2) Max Units 

Vee-MIN MIL IOH = -50IJA 2.5 Volts 
VOH Output HIGH Voltage 

VIN = VIH or VIL COM'L IOH = - tOO/JA 2.7 Volts 

VOL Output LOW Voltage Vee-MIN IOL=lmA 0.4 Volts 
VIN - VIH or VIL 

Ise 
Output Short Circuit Current Vee-MAX -50 -150 mA (Note 3) 

VO=0.4V -100 
10 Off-State Out Current Vee-MAX Vo= 2.4V +100 IJA 

DC CHARACTERISTICS OVER OPERATING RANGE - DI INPUTS AND CONTROLS 

Typ 
Parameter. Descriptions test Conditions (Note 1) Min (Note 2) Max Units 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage lor all inputs 

Guaranteed ,nput logical LOW I MIL 0.7 
VIL Input LOW Level voltage lor all inputs I COM'L 0.8 Volts 

Ve Input Clamp Voltage Vee = MIN, liN = -18mA -1.5 Volts 

I 01 Inputs -1.0 mA 
IlL Input LOW Current Vee - MAX, VIN = 0.4V I Controls -1.6 mA 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 50 IJA 

II Input HIGH Current Vee - MAX, VIN = 5.5V 1.0 mA 

DC CHARACTERISTICS OVER OPERATING RANGE - POWER SUPPLY 

Typ 
Parameters Descriptions Test Conditions (Note 1) Min (Note 2) Max Units 

Icc Power Supply Current Vee-MAX ItO t55 mA 
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SWITCHING TEST CIRCUIT 

R ..- lI.n 
DEVICE 

1 CL 

0U11'UT 

I~ 
TCOOO530 

TC000400 

Figure 1. Figure 2. 

SWITCHING CHARACTERISTICS over operating range unless. otherwise specified" 

Am2961 

Vee 
~LZ'ZL 

1 

"J" 
TCOO041 0 

Figure 3. 

COMMERCIAL MILITARY 

Parameters 08scrlptlon Test Conditions Min Max Min Max 

tPLH Propagation Delay § to Y (Latch 25 28 

tpHL Transparent, OEY = LEY - HIGH) 25 28 

tPLH Propagation Delay rn to Y 15 18 

tpHL (OEY - HIGH. S - LOW) 15 18 

tpLH Propagation Delay S to Y 25 28 

tpHL (OEY=HIGH) Figure 1 
25 28 CL = 5pF 

tpLH Propagation Delay LEY to Y RL-390n 25 30 

tpHL (OEY - S - HIGH) R2- 1kn 
35 40 

tPZH Y Bus Output Enable Time 18 21 

tPZL OEY to Y 18 21 

tpHZ Y Bus Output Disable TIme 18 21 

tpLZ OEY to Y 18 21 

tpLH ~gation Delay LEB to B 25 30 

tpHL ( E = LOW) Figure 1 
35 40 CL - 50pF 

tpLH Propagation ~. Y to B (Latch Transparent. RL - 270n 18 21 

tPHL LEB - HIGH, - LOW, OEY - LOW) 
R2 -lkn 

20 23 

tPLH Propagation ~ Y to § (Latch Transparent. 
Figure 1 26 30 CL - 300pF 

tPHL 
LEB - HIGH. - LOW. OEY - LOW) RL -270n 

31 35 R2=lkn 

tPZH B Bus Output Enable Time 18 21 

tpZL 
~to§ . Figure 1 

18 21 CL - 50pF 
IpLZ § Bus O!!IPut Disable TIme RL-270n 18 21 

IpHZ ~toB R2=lkn 
18 21 

IpLH ~gation Delay Y to 00 Figure 2 15 18 
CL = 50PF 

IpHL 
( -OEY-LOW) R-2kn 20 23 

tPZH 00 Outi1ut Enable Time S-2 28 30 

tpZL ~ to tx5 ~ Figure 3 28 30 

\pHz 00 0u1J!l!! Disable TIme S-2 
CL = 50pF 

16 18 R-680n 

tpLZ ~toOO I S=1 24 28 

Is B to LEY Set·up Time (OEB = HIGH) 
Figure 1 
~-50pF 6 6 

IH B to LEY Hold Time (OEB = HIGH) 
RL=390n 
R2- 1kn 9 10 

Is Y to LEB Set·up TIme (OEY - LOW) 
Figure 1 

8 6 
CL -50pF 

tH Y to LEB Hold Time (OEY = LOW) 
RL -270n 
R2 = lkn 9 10 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

OS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

Am2962 

COMMERCIAL MILITARY 

Parameters Description Test Conditions Min Max Min Max Units 

tPLH Propagation Delay B to Y (Latch 27 28 ns 

tPHL Transparent,OEY - LEY = HIGH) 27 28 ns 

tpLH Propagation Delay Of to Y 15 18 ns 

tpHL (OEY = HIGH, S - LOW) 15 18 ns 

tpLH Propagation Delay S to Y 25 28 ns 

tPHL (OEY=HIGH) Figure 1 
25 30 ns CL = 5pF 

tpLH Propagation Delay LEY to Y AL =3oon 25 30 ns 

tpHL (OEY = S = HIGH) A2 = 1kn 
35 40 ns 

tPZH Y Bus Output Enable Time 18 21 ns 

tPZL OEY to Y 18 21 ns 

tpHZ Y Bus Output Disable Time 18 21 ns 

tpLZ OEY to Y 18 21 ns 

tpLH ~gation Delay LEB to B 25 30 ns 

tpHL ( B-LOW) Figure 1 
35 40 ns CL = 50pF 

tpLH Propagation D~ Y to B (Latch Transparent, AL=270n 20 23 ns 

tPHL LEB = HIGH, - LOW, OEY = LOW) A2 = lkn 
21 24 ns 

tPLH 
Figure 1 28 32 ns Propagation D~ Y to B (Latch Transparent, CL = 300p F 

tpHL 
LEB = HIGH, = LOW, OEY = LOW) AL = 270n 

32 36 A2=lkn ns 

tPZH B Bus Output Enable Time 18 21 ns 

tPZL OEB to B Figure 1 
18 21 ns CL = 50pF 

tpLZ B Bus Output Disable Time AL = 270n 18 21 ns 

tpHZ OEB to B A2 = lkn 
18 21 ns 

tPLH ~gation Delay Y to 00 Figure 2 15 18 ns 
CL = 50pF 

tPHL 
( -OEY=LOW) A=2Kn 20 23 ns 

tPZH 00 Out"",t Enable Time S=2 28 30 ns 

tPZL OED to 00 r-s;-;-- Figure 3 28 30 ns 

tpHZ 1m Output Disable Time S=2 
CL = 50pF 

16 18 ns A=saon 
tpLZ OED to 00 f-g:-;- 24 28 ns 

Is B to LEY Set-up TIme (OEB = HIGH) Figure 1 8 8 ns CL = 50pF 

tH B to LEY Hold Time (OEB = HIGH) 
AL =3oon 

8 9 ns A2 = lkn 

ts Y 10 LEB Sel-up TIme (OEY - LOW) Figure 1 8 8 ns CL = 50pF 

IH Y 10 LEB Hold Time (OEY = LOW) 
AL = 270n 

8 9 ns A2 = 1kn 

'AC performance over the operating temperature range is guaranleed by testing defined in Group A, Subgroup 9. 
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Am2964B/ Am2964C* 
Dynamic Memory Controller 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Dynamic Mllmory Controllllr for 16K and 64K MOS 
dynamic RAMs 

• 8-Bit Rllfrllsh Countllr for rllfrllsh address generation, 
has clear input and terminal count output 

• Refresh Counter terminal count selectable at 256 or 128 

• Latch input RAg Decoder provides 4 ~ outputs, all 
active during refresh 

• Dual 8-Bit Address Latches plus separate RAg Decoder 
Latches 

• Burst mode, distributed refresh or transparent refresh 
mode· determined by user 

GENERAL DESCRIPTION 

The Am2964B Dynamic Memory Controller (DMC) replaces 
a dozen MSI devices by grouping several unique functions. 
Two 8-bit latches capturll and hold the memory address. 
These latches and a clearable, 8-bit refresh counter feed 
into an 8-bit, 3-input, Schottky speed MUX for output to the 
dynamic RAM address lines. 

The same silicon chip also includlls a special RAg decoder 
and ~ buffer. Placing these functions on the same chip 
minimizes the time skew between output functions which 
would otherwise be separate MSI chips, and therefore 
allows a faster memory cycle time by the amount of skew 
eliminated. 

The RAS Decoder allows upper addresses to select one-of
four banks of RAM by determining which bank receives a 
~ input. During refresh (~= LOW) the decoder 
mode is changed to four-of-four and all banks of memory 
receive a RAg input for refresh in response to a RASI 
active LOW input. CAS is inhibited during refresh. 

Burst mode refresh is accomplished by holding RFSR LOW 
and toggling R'ASi. 

A15 is a dual function input which controls the refresh 
counter's range. For 64K RAMs it is an address input. For 
16K RAMs it can be pulled to + 12V through 1 KO to 
terf!1inate the refresh count at 128 instead of 256. 

BLOCK DIAGRAM 

-a--------------------, 

u ___ -+ __ -...J 

&ii ----+----1 

.... 
-. 
.. ---------+--i 
~------------~---+ 

~-----------i 
80001230 

ADVANCED'INFORMATION 
Am2964C 

• Uses EeL internal circuitry with IMOX ™ processing 
to . offer higher performance 

• Plug-in replacement for Am2964B 

.. C' _ inoorporaIe8 higher speed/plug In compatoblllty 
IMOX 10 a _ 01 Advanced Micro Devicos. Inc. 035278 
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DIP 

liiia 
liiia 
lIDi ..... 

Ma, 

5iO 
5'Ii 
lD 
III 

·co 
A,. 

Or 
A, 

A" .. ...... 
At 

A .. .. 
At 

liAI, 
liiia .. 
Co 

'" At 

" 0, 

At 
At .... 
0, 

A" 
At 
0, 

CONNECTION DIAGRAM 
Top View 

Leadless Chip Carrier 

.hIfIfIU~n 

.... ... 
/ill 

III ... 
A. 

0, 

" AM -.. , .. .. 
' .. • ~:8z:al .r ~ ~ 

.. 
" .. .. .. -Or 

'. 
" 0, 

CDOO1530 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

RAS2 t ----------. 

~ 32 ~~~~~rlli1G~~~ .. An, 

RASf 39Wo 
RSELo 4 38 Au 
RSEL 1 5 3700 

CAsO 6 
ClI!l 7 
CD! 8 

TC9 
Vee 10 

"15 '1 

07 12 
A7 13 

A1414 

°a 15 
MSEL 16 

DIE SIZE 0.156" x 0.143" 

ORDERING INFORMATION 

36lE 

35 As 
34A, 
330, 

32A. 
31 A2 
30GND 
2.0, 
284,0 
27 .. 
260, 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2964B 

Device type 

DeB l L L S~f:~~i~9 s~~~oa~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
D-40-pin CERDIP (D-40-1) 
L - 44-pin leadless chip carrier (L-44-1) 
P-40-pin plastic DIP (P-40-1) 
X-Dice -

Dynamic Memory Controller 

4-53 

Valid Combinations 

Am2964B I DC, DCB, OM, DMB 
Am2964C LC, LM, LMB 

XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. 

11 

16 

25 

9 

8 

36 

4. 
5 
3 

39.40. 
1.2 

7 

6 

I 

PIN DESCRIPTION 

Name 1/0 Description 

Ao- A7 I The low order Address inputs are used to latch eight Row Address inputs lor the RAM. These inputs drive the outputs 
00 - Or when MSEL is HIGH. 

A8- A15 I The high order Address inputs aie used to latch eight Column Address inputs lor the ·RAM. These inputs drive the 
outputs 00 - 07 when MSEL is LOW. 

A15 I A15 is a dual input With normal TIL level inputs A15 acts as address input A15 lor 64K RAMs. If A15 is pulled up to 
+ 12V through a 1 Kn reSistor. the terminal count output. T!::. will go LOW every 128 counts (lor 16K RAMs) instead 01 
every 256 counts. 

00-07 0 The RAM address outputs. The eight-bit width is designed for dynamic RAMs up to 64K. 

MSEL '1 The Multiplexer-SELect input determines whether low order or high order address inputs appear at the multiplexer 
outputs 00 - 07. When MSEL is HIGH the low order address latches (Ao - A7) are connected to the outputs. When 
MSEL is LOW the high order address latches are connected to the outputs. 

RI'SFi I The Refresh control input. When active. LOW the lWSFi input switches the address output multiplexer to output the 
inverted contents of the B-bit refresh counter. I'iI'sFi LOW also inhibits the eAS buller and chan~ the mode 01 the 
~ decoder Irom one-ol-Iour to four-ol-Iour so thai all four ~ decoder outputs. RASa. ~1. A 2 and RASa. go 
LOW in response to a LOW input at RASi. This action relreshes one row address in each 01 the lour ~ decoded 
memory banks. The relresh counter is advanced at the end 01 each refresh cycle by the LOW-to-HIGH transition 01 
lWSFi or FlASl (whichever occurs first). In burst mode relresh. 'RFSFI may be held LOW and relresh accomplished by 
toggling RASI. 

TC 0 The Terminal Court output. A LOW output at re indicates that tha refresh counter has been sequenced through either 
128 or 256 refresh addresses d~ng ~. Tha re output remains active LOW until the refresh counter is 
advanced by the rising edge 01 I or RF . 

Wi I The refresh counter Clear input. An active LOW input at c:m resets the relresh counter to all LOW (refresh address 
oulput to all HIGH). 

LE I The address latch enable input. An active HIGH input at LE causes the two 8-bit address latches and the 2-bit RAS 
Select input latch to go transparent. accepting new input data. A LOW input on LE latches the input data which meets 
set-up and hold time requirements. 

RSELO and I The m decoder Select inputs. Data (latched) at these i~ (normally ~er order addresses) is decoded by the Ri\S Decoder 
RSELI to "~ Select" one 01 lour banks 01 memory with RA o. mt. RA 2 or Ri\Sa. 

FlASl I The Row Address Strobe Input. During normal memory cycles the selected RAS Decoder outP~lASo. RAS1• ~ 
or ~ will go active LOW in remie to an active LOW input at FlASl. During refresh (R H = LOW). all R 
outputs go LOW in response to 1- LOW. . 

~. 0 Row Address Strobe outputs (rornj). Each provides a Row Address Strobe lor one 01 the lour banks 01 memory. Each 
~1. will go active LOW only when select~ RSE~RSELI and only when RASI goes active LOW. All RASo-a 

~. outputs go active low in response A when goes LOW. . 
A a 

CASi I The Column Address Strobe. An active LOW input at eASi will result in an active LOW output at CASO. unless a 
relresh cycle is in progress (IWSFI - LOW). 

CASe 0 The Column Address Strobe output. The active LOW ~ output strobes the Column Address into the dynamiC 
RAM. CASe is inhibited during relresh (RI'SFi. LOW). 

RAS OUTPUT FUNCTION TABLE 

RFSH RASI RSELI RSELo RASo RASI RASz RAS3 

L H X X H H H H 

L L X X L L L L 

H H X X H H H H 

H L L L L H H H 

H L L H H L H H 

H L H L H H L H 

H L H H H H H L 

CASO FUNCTION TABLE ADDRESS OUTPUT 

RFSH CASI CASO 

H L L 

H H H 

L X H 

4-54 

FUNCTION TABLE 

MSEL RFSH 00007 

H H Ao-A7 
L H Aa-AI5 

X L Refresh Address 
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CLR 

iiHii 

iiAii 

TC 

0, 

:: 
0. 

~ .. 
COUNT 

H 
H 
H 
H 
H 
H 
H 
H ... 

REFRESH ADDRESS COUNTER FUNCTION TABLE 

A,S CLR RFSH 

X L X 

X H L 

X H S 

X H L 

X H L 

Lor H H X 

+12V· H X 

• Through 1 Kn resistor. 

H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H L 
H L H ... '54 ... 

RASI TC REFRESH COUNT FUNCTION 

X X FFH 

X X NC 

L X Count - 1 

L X NC 

S X Count - 1 

X L OOH 

X L OOH and 80H 

BURST REFRESH TIMING 

'--
_ J 

H H L 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
H L H n. , .. '27 

Clear Counter 

Output Refresh Address 
No Change for Counter 

Return to Memory Cycle 
Mode and Decrement Counter 

Output all RAS; to RAM 
No Change for Counter 

Return RAS; to HIGH and 
Decrement Counter 

Terminal Count for 
256 Line Refresh 

Terminal Count for 128 Line 
Refresh 

NOTE, TC .. OCCURS 
BEFORE ADORESS 
ZERO IS REFRESHED 

12' LINE _ 
REfRESH TC 
AU; PULLED 
UP TO +12V 
THROUGH 1kU 

L 
L 
L 
L 
L 
L 
L 
H 

'-- _J 

The timing shown assumes that burst mode applications may power-down the Am2964B with the RAM. 
Therefore the counter is cleared prior to executing the refresh sequence. 

ADDRESS ZERO IS 
REFRESHED HERE 

I 

258UNE _ 
AEFFlESH TC 
A15 = nL LEvelS 

H 
H 
H 
H 
H 
H 
H 
H ... 

AFOO0780 
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APPLICATION 
Architecture 

The Dynamic Memory Controller (DMC) provides address 
multiplexing, refresh address generation and AM;/CAS con
trol for the MaS dynamic RAM memories of any data width. 
The eight bit address path is designed for 64K RAMs and Can 
be used with 16K RAMs. 

Sixteen address input latches and two RAS Select latches (for 
higher order addresses) allow the DMC to control up to 256K 
words of memory (with 64K RAMs) by using the internal AM; 
decoder to select from one-of-four banks of RAMs. 

Speed With Minimum Skew 

The DMC provides Schottky speed in all of the critical paths. In 
addition, time skew between the Address, RAS and CAS paths 
is minimized (and specified) by placing these function on the 
same chip. The inclusion of the CAS buffer allows matching of 
its propagation delay, plus provides the CAS inhibit function 
during AM; - only refresh. 

A, 

A, 

A. 

A" 

'" 
A" 

OMC 
RSELO 

RSEu 

ADOR 

00 

0, 

RAsO 
RAS, 

AS, 

RA 3 

"m2965 
Am2966 

Input Latches 

The eighteen input latches are transparent when LE is HIGH 
and latch the input data meeting set-up and hold time 
requirements when LE goes LOW. In systems with separate 
address and data buses, LE may be permanently enabled 
HIGH. 

Refresh Counter 

The 6-bit refresh counter provides both 126 and 256 line 
refresh capability. Refresh control is external to allow maxi
mum user flexibility. Transparent (hidden), burst, synchronous 
or asynchronous refresh modes are all possible. 

The refresh counter is advanced at the LOW-to-HIGH transi
tion of RF'SFi (or RASI). This assures a stable counter output 
for the next refresh cycle. The counter will continue to cycle 
through 256 addresses unless reset to zero by CLR. This 
actually causes all outputs to go HIGH since the output MUX is 
inverting. (Address inputs to outputs are non-inverting since 
both the input ·Iatches and output MUX are inverting). 

64K WORD X 22-81T MEMORY 

DATA MEMORV 

UPPER BYTE 

I 
22 Am9Ot6s 

I I 

CHECK 
81TS 

--+--+--
AOOR I I 

22 Am901k 

I I --+--+--
I I 

22 Am901&s 

~ I I --+--+--
I I 
I 22 Am9O'I6s 

Am2966 I--------------i 

" 
( 8YTE ) 

LOCATION 
CONTROl 

TIMING 
AND 

CONTROL 
LOGIC 

Am2960 
EOC UNIT 

Address and ~/CAS drivers each drive 22 RAM inputs al each output. Timing skew is minimized by using one 
device for address lines and one device for ~/CAS, spreading the CAS loading over four drivers to equalize the 
capacitive load on each driver. 

Figure 1. Dynamic Memory Control with Error Detection and Correction 
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Refresh Terminal Count 

The refresh counter also provides a Terminal Count output for 
burst mode refresh applications. 'IT: normally occurs at count 
255 (00 to 07 all LOW when RFSR is LOW). fC can be made 
to occur at count 127 for 126 line burst mode refresh by pulling 
A15 up to + 12V through a 1 Kil± 1 0% resistor. The counter 
actuall~ cycles thro~gh 256 with fC determined by A15. 
Otherwise, A15 functions as an address input when driven at 
normal TTL levels. 

Three Input 8-Blt Address Multiplexer 

The address MUX is 6-bits wide (for 64K RAMs) and has three 
data sources: the lower address input latch (Ao to A7), the 
upper address input latch (As to A15) and the internal refresh 
counter. The lower address latch is selected when MSEL is 
HIGH. This is normally the Row address. The upper address 
latch is selected when MSEL is LOW. This is normally the 
Column address. The third source, the refresh counter, is 
selected when RFSR is LOW and overrides MSEL. 

When RFSR goes LOW, the MUX selects the refresh counter 
address and ~ is inhibited. Also, the RAS Decoder 

"0-. 
A, "0 
A. A, 

As Ao 
Ao A3 

As Ao 
Ao As 
A7 Ao 
He A7 

Ao Ao 
Ao At DMC 

A,. A,. 

A" A" 
A12 . A12 

A13 A13 

A,. AM 

.'2V A,. 
.1eI1 
A,. RSE'<I 

A .. ASEL, 

function is changed from one-of-four to four-of-four so aU RAS 
outputs RASo-1'iAS3 go LOW to refresh all banks of memory 
when RASi goes LOW. When RFSH is HIGH only one RAS 
output goes low. This is determined by the RAS Select inputs, 
RSELo and RSEL1. In either case the RAS Decoder output 
timing is controlled by RASI to make sure the refresh count 
appears at 00-07 before RASo-RASa go LOW. This assures 
meeting Row address Set-up time requirement of the RAM 
(tASR)· 

Maximum Performance System 

The typical organization of a maximum performance 16-bit 
system including Error Detection and Correction is shown in 
Figure 1. Delay lines provide the most accurate timing and are 
recommended for RAS/MSELI~ timing in this type of 
system. 

Controlling 16K RAMs or Smaller Systems 

16K RAMs require seven address inputs and 126 line refresh. 
Also, Ao is often used to designate upper or lower byte 
transactions in 16-bit systems. These modifications are shown 
in Figure 2. 

BYTES WORDS 

RASo 0.32K 0.14IK 

RAS, 3U4K ,6-321< 

AASo - 32-48K 

RASo 96-.28K -
AFOOO350 

• Ao Controls Byte Select Logic 

Figure 2. Word Organized Memory Using 16K RAMs 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -:6S·C to + 1S0·C Commercial (C) Devices 
Ambient Temperature under Bias ......... -SS·C to + 12S·C Temperature ..................................... O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + S.2SV 
Continous ........................................... -O.SV to +7.0V 

Military (M) Devices 
DC Voltage Applied to Outputs For . 

Temperature ................................ -SS·C io + 12S·C 
High Output State ............................ -O.SV to VCC,Max 
DC Input Voltage ................................. -O.SV to + S.5V 

Supply Voltage ............................... + 4.SV to + S.SV 

Output Current, Into Ouiputs ............................... 20mA 
Operating ranges define those limits over which the function· 

DC Input Current ..... , ....................... -30mA to +S.OmA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Test Conditions Typ 
Psrameters Descriptions (Note 1) Min (Note 2) Max Units 

Vee=MIN re 2.S Volts 
VOH Output HIGH Voltage V,N = V,H or V,l 

IOH --lmA Others 3.0 Volts 

Vee = MIN All outputs 
VOH Output HIGH Voltage V,N = V,H or V,l except'i'C 2.0 Volts 

IOH=-lsmA 

Vee-MIN 
All outputs except O.S Volts 

VOL Output LOW Voltage re, IOl = 16mA 
V,N = V,H or V,l 

'i'C, IOl - BmA O.S Volts 

V,H Input HIGH level Guaranteed inpUt logical HIGH 2.0 Volts voltage for all Inputs 

V,l Input LOW level Guaranteed input logicai LOW O.B Volts voltage for all inputs 

V, Input Clamp Voltage Vee - MIN, liN - -lBmA -l.S Volts 

RAm -3.2 mA 

III Input LOW Current Vee-MAX e7iSi, MSEL, ~ -1.6 mA 
V'N-0,4V 

Ao -A1S, rnJi 
RSELo,l, LE -0.4 mA 

~ 100 JJA 

IIH Input HIGH Current Vee-MAX e7iSi, MSEL, ~ SO JJA 
V,N -2.7V 

Ao·A15, rnJl' 
RSELo,l, LE 20 JJA 

Vee = MAX RAm 2.0 mA 

V,N =S.SV e7iSi,MSEL, ~ 1.0 mA 
'I Input HIGH Current 

Vee-MAX Ao-A15, m 
V'N-S.5V RSELo,l, LE 0.1 mA 

ISC Output Short Circuit Current Vee = MAX (Note 3) -40 -100 mA 

2S·C, SV 122 mA 

O·C t070·C 173 mA 
Power Supply Current 70·C COM'L 

lee (Note 4) 
-5S·C to + 125·C 164 mA 

+ 12S·C MIL 150 mA 

IT A15 Enable Current A15 connected to + 12V through 
1 K.Il± 10% S mA 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate vaiue specified under Operating Range for the applicable device type, 
2. 
3. 
4. 

Typicai limits are at Vee = 5.0V, 2S·C ambient and maximum loading. 
Not more than one output should be shorted at a time. Duration of the short clrcuH test should not exceed one second, 
lee is worst case when the Address inputs are latched. HIGH, the refresh counter is at terminal count (2S5), RAm and e7iSi are 
HIGH and ell other inputs are LOW. 
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SWITCHING CHARACTERISTICS over operating range for CL = 50pF 

Am2964B (Notes 5, 6) 

Test 
COMMERCIAL MILITARY 

Parameter Description Conditions Typ Min Max Min Max Units 

1 IpO At 10 OJ Delay 14 19 23 ns 

2 IPHL RASl to fiASi (RFSR ~ H) 14 20 23 ns 

3 tpHL fiii§ to RASi (RFSR = L) 14 20 23 ns 

4 IpO MSEL to OJ 17 9 9 ns 

5 tpo MSEL to OJ 17 21 25 ns 

6 tpHL ~toeASO~=H) 12 17 t9 ns 

7 tPHL ASELj to RASi (LE - H. RAm = L) 15 20 24 ns 

8 tpLH RFSR to 'f'C (RASi = L) 30 40 50 ns 

9 tPLH RAm to 'f'C (J!if!SR = L) 25 35 40 ns 

10 tpw RAm-L ~=L) 10 50 50 ns 

tl Ipw RASl = H (R'FSR = L) 10 50 50 ns 

12 tpo "IWSR to OJ (mISi = X) 17 21 25 ns 

13 tpHL RFSR to 'RAS; (RASi - L) 19 26 29 ns 

14 tpw <mi=L 10 30 35 ns 

15 tpLH 
RFSRIO~ CL = 50pF 16 21 25 ns (RASl = L ~ = L. Note 7) 

16 Ipo LE to OJ 25 35 40 ns 

17 tpHL LE to RAllI 30 40 45 ns 

18 IPLH <mi 10 'f'C 35 45 56 ns 

19 tpLH rot to 0; (IW§I - L) 31 44 54 ns 

20, ts At to LE Set-Up Time 0 5 5 ns 

21 tH At to LE Hold Time 5 12 15 ns 

22 ts ASEL; to LE Set-Up Time 0 5 5 ns 

23 tH ASEL! 10 LE Hold Time 10 17 25 ns 

24 ts erR Aecovery Time 10 16 18 ns 

25 tsKEW OJ to RAS; (RrnFl- H, Note B) 2 5 6 ns 

26 tsKEW 0; to ~ (Note B) 6 8 8 ns 

27 tsKEW OJ to ~ (RFSR = L. Note 9) 6 B 10 ns 

28 tsKEW 0110 RA§j ('MSIT- L. Note 10) 1 5 5 ns 

Notes: 5. Minimum spec limits for Ipw. Is and tH are minimum system operating requirements. Umits for tSKEW and tpo are 
guaranteed test limits for the device. 

6. All AC parameters are specHied at the 1.5V level. 

7. RFSFi inhibits CASO during refresh. Specification is for CASO inhibit time. 

B. 0i to RASi (RFSH = HIGH) skew is guaranteed maximum difference between fastest ~ to RASi delay and slowest 
Ai to 0i delay. within a single device. 0i to CASO skew is maximum difference between fastest ~ to CASO delay 
and slowest MSEL to 0i delay within a single device. See application section entitled Memory Cycle Timing for 
correlation to System Timing requirements. 

9. 0i to RASi (RFSH - LOW) skew is guaranteed maximum difference between fastest ~ to RASi delay and slowest 
AFSH to 0i delay within a single device. See application section on Refresh Timing for correlation to system refresh 
timing requirements. 

10.0i to RASi (MSEL = L) skew is guaranteed maximum difference between fastest MSEL L to OJ delay and 
slowest RASi to RASi delay within a single device. 
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SWITCHING CHARACTERISTICS over operating range for CL = 50pF 
Am2964B (Notes 5, 6) 

Test 
COMMERCIAL MILITARY 

Parameter Description Conditions Typ Min Max Min Max Units 

1 tpo Ai to OJ Delay 20 25 ·30 ns 

2 tpHL RAm to RASi (mH = H) 18 24 27 ns 

3 tPHL RAm 10 RASi (mH =L) 18 24 27 ns 

4 tpo MSEL to 0; 23 12 12 ns 

5 tpo MSEL to 0; 23 27 31 ns 

6 tPHL ~ to ~ (rwsFi - H) 17 24 26 ns 

7 tpHL ASELj to RJ!iSi (LE - H, RAm - L) 19 27 30 ns 

8 tpLH RFSH to Te (RAm = L) 34 45 \ 55 ns 

9 tpLH RASI to Te (rwsFi - L) 32 45 55 ns 

10 tpw ~=L (RFSH=L) 10 50 50 ns 

11 tpw ~ - H (RI!§H -L) 10 50 50 ns 

12 tpo l!W§H to OJ (RAm = X) 21 27 30 ns 

13 tpHL RFSH to RJ!iSi (RAm = L) 25 33 36 ns 

14 tpw l:U! - L 10 30 35 , ns 

15 tPLH 
~to~ CL = 150pF 21 27 31 ns ~-L ~-L, Note 7) 

16 tpo LE 10 OJ 

17 tPHL LE to RiiSI 

18 tpLH l:U! 10 Te 
19 IPLH l:U! to OJ (~= L) 

20 ts Ai 10 LE Set-Up Tjme 

21 IH Ai to LE Hold Time 

22 ts RSEL; to LE Set-Up Time 

23 IH RSElj to LE Hold Tjme 

24 1$ l:U! Recovery Time 

25 tsKEW 01 to RA§j (AJ!!SR - H, Note 8) 

26 tsKEW OJ to ~ (Note 8) 

27 tsKEW 0; to RA§; (RI!§H - l, Note 9) 

28 tsKEW OJ to ]!!ASj (1VlSE[ = L, Note 10) 

Notes on Testing 

Incoming test procedures on· this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 

1.Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due. to Vee changes. 

2.00 not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3.00 not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 

4-60 

30 40 50 ns 

34 45 54 ns 

39 55 60 ns 

38 50 62 ns 

0 5 5 ns 

5 12 12 ns 

0 5 5 ns 

10 17 25 ns 

10 16 18 ns 

3 6 7 ns 

6 8 8 ns 

6 9 10 ns 

1 5 5 ns 

may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4.Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL .;; O.4V and VIH;;' 2.4V for AC tests. 

5.To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct .groups 
of tests. 

6.To assist in testing,AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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SWITCHING CHARACTERISTICS over operating range for CL = 50pF 

Am2964C (Notes 5,6) 

Test 
COMMERCIAL MILITARY 

Parameter Description Conditions Typ Min Max Min Max Units 

1 IpD Ai to OJ Delay ns 

2 IpHL RAm 10 FiAS; ~ = H) ns 

3 \PHL ~ 10 RASi (~-L) ns 

4 IpD MSEL 10 OJ ns 

5 IPD MSEL 10 OJ ns 

6 IPHL Ci;Si 10 ~ (m=sH - H) ns 

7 IpHL RSEl.; 10 FiAS; (LE = H. RASI = L) ns 

8 \PLH IWSFI to Te (~a L) ns 

9 IpLH ~ 10 Te (m=sH = L) ns 

10 IPW flAm - L (m=sH - L) ns 

11 IpW RASI=H ~=L) ns 

12 IPD m=sH to OJ (RAm - X) ns 

13 \PHL m=sH to RASi (J!iASi - L) ns 

14 tpw ~=L ns 

15 IpLH 
m=sHlo~ CL = 50pF ns (RAm = L Ci;Si = L. Nole 7) 

18 IPD LE to OJ ns 

17 \PHL LE 10 m; ns 

18 IpLH ~loTe ns 

19 tPLH ~ 10 01 (m=sH - L) ns 

20 !s Aj to LE Sel-Up Time ns 

21 IH Aj to LE Hold Time ns 

22 !s RSEl.; to LE Set-Up Time ns 

23 tH RSEl.; to LE Hold Time ns 

24 !s ru Recovery Time ns 

25 !sKEW Oi to m; ~-H. Note 8) ns 

26 tSKEW 0, 10 ~ (Note 8) ns 

27 !sKEW 0, to roiS, (Fil'SH = L. Note 9) ns 

28 !sKEW OJ to ~ (MSEL- L. Note 10) ns 

Notes: 5. Minimum spec IImHs for Ipw. ts and tH are minimum system operating requirements. Limits for !sKEW and tpD are 
guaranteed test limits for the device. 

6. All AC parameters are specified at the 1.5V level. 

7. J!WSFj inhibits ~ during refresh. Specification is for ~ inhibit time. 

8. 0i to ~i (JWSFI - HIGH) sk_ is guaranteed maximum difference between fastest ~ 10 RASi delay and siowesl 
Ai to 0i delay within a single device. 01 to ~ sk_ is maximum difference between fastest ~ to ~ delay 
and slowest MSEL to 0i delay within a single device. See application section entiHed Memory Cycle Timing for 
correlation to System Timing requirements. 

9 .. ~~ RASi (~ = LOW) sk_ is guaranteed maximum difference between fastest ~ to RASj delay and slowest 
H to 0i delay within a single device. See application section on Refresh Timing for correlation to system refresh 

timing requirements. 

10. 0i to ~~SEL - L) skew is guaranteed maximum difference between fastest MSEL L to OJ delay and 
slowest R I to l'iAS1 delay within a single device. 
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SWITCHING CHARACTERISTICS over operating range for CL = 150pF 

Am2964C (Notes 5,6) 

Test 
COMMERCIAL MILITARY 

Parameter Description Conditions Typ Min Max Min Max Units 

1 tpo A; to 01 Delay ns 

2 tpHL ~ to IfI\Si (m=sFl- H) ns 

3 tpHL ~ to IfI\Si (ro=sFi - L) ns 

4 tpo MSEL 10 01 ns 

5 tpo MSEL to OJ ns 

6 tpHL mJ to ~ (RFSH E H) ns 

7 tPHL RSEL; to ~ (LE = H, RASl- L) ns 

8 tPLH ~toTC~=L) ns 

9 tpLH ~ to TC (ro=sFi - L) 
. 

ns 

10 tpw RASl - L (I'imFI = L) ns 

11 tpw ~=H(~=L) ns 

12 tpo ~ to OJ (RASl- X) ns 

13 tPHL RFSFi to IfI\Si (RASi - L) n8 

14 tpw ern-L ns 

15 tpLH 
RrSRto~ CL -15OpF ns (~=L ~=L, Note 7) 

16 tpo LE to OJ 

17 tPHL LE 'to .'Fro:j 

18 tpLH ern to 1'0 

19 tPLH ' ern to OJ (Fi'F'SR - L) 

20 !s Aj to LE Set-Up TIme 

21 tH AI toLE Hold TIme 

22 !s RSELj to LE Set-Up TIme 

23 IH RSEL; to LE Hold TIme -
24 !s ern Recovery TIme 

25 tSKEW OJ to !!lASj (mFi - H, Note 8) 
26 !sKEW OJ to ~ (Note 8) 

27 !sKEW OJ to !!lASj (ro=sFi - L, Note 9) 

28 !sKEW OJ to 'RASi (~- :""L, Note 10) 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 

1.1nsure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to V cechanges. 

2.Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3.Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5·8ns. Inductance in the ground cable 
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ns 

ns 

ns 

ns 

n8 

ns 

n8 

ns 

ns 

ns 

n8 

ns 

ns 

may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4.Use extreme care in defining inpullevels for AC lests. Many 
inputs may be changed at once, so there will be significant 

. noise at the device pins and they may not actually reach VIL 
or VIH .until the noise has settled. AMD recommends using 
VIL "OAV and VIH;;' 2AV for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6.To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild. Sentry programs, under license. 
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MEMORY CYCLE TIMING 

The relationship between DMC specifications and system 
timing requirements are shqwn in Figure 3. T1 •. T2 and T3 
represent the minimum timing requirements at the DMC inputs 
to guarantee that RAM timing requirements are met and that 
maximum system performance is achieved. 

.. , 
--' 

--0-

)()()O _ADDRUSVAIJO 

- @ ~ , 
--<D I = 

\~\\i 
'C' 

The minimum requirement for T 1. T 2 and T 3 are as follqws: 

T 1 MIN = IRAH + 128 
T2MIN = T1 +t28 + tASC 
T 3MIN - tASR + t25 

See RAM data sheet for applicable values for tRAH. tASC and 
tASR' . 
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b. Desired System Timing 
Figure 3. Memory Cycle Timing 
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REFRESH CYCLE TIMING 

The timing relationships for refresh are shown in Figure 4. 
T 4 minimum is calculated as follows: T 4 = tASR + t27 

~ 
1\ 

-!3-

XXX) REFRESH ADDRESS VALID 

~ 
r-.. 

~ 

1\\ \ \\ 
f--®-

.a. Test Waveforms 

@. GUARANTEED MAX DIFFERENCE BETWEEN FASTEST 100II TO 
~ DELAY AND st.OWEST RFSH TO 0; DELAY ON 
ANY SINGLE DEVICE. 

b. Desired System Timing 

Figure 4. Refresh Timing 
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Am2965/ Am2966 
Octal Dynamic Memory Drivers with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Controlled rise and. fall characteristics 
Internal reSistors provide symmetrical drive to HIGH 
and LOW states, eliminating need for external series 
resistor. 

• Output swings designed to drive 16K and 64K 
RAMs 
VOH guaranteed at Vee -1.1SV. Undershoot going 
LOW guaranteed at less than O.SV. 

• l-arge capacitive drive capability 
3SmA min source or sink current at 2.0V. Propaga
tion delays specified for SOpF and SOOpF loads. 

• Pin-compatible with '8240 and '8244 
Non-inverting Am2966 replaces 74S244; inverting 
Am296S replaces 74S240. Faster than 'S240/244 
under equivalent load. 

• No-glltch outputs 
Outputs forced into OFF state during power up and 
down. No glitch coming out of three-state. 

GENERAL DESCRIPTION 

The Am2965 and Am2966 are deSigned and specified to 
drive the capacitive input characteristics of the address and 
control lines of MOS dynamic RAMs. The unique design of 
the lower output driver includes a collector resistor to 
control undershoot on the HIGH-to-LOW transition. The 
upper output driver pulls up to Vee - 1.15V to be compati
ble with MOS memory and is designed to have a rise time 
symmetrical with the lower output's controlled fall time. This 
allows optimization of Dynamic RAM performance. 

The Am2965 and Am2966 are pin-compatible with the 
popular 'S240 and 'S244 with identical 3-state output 
enable controls. The Am2965 has inverting drivers and the 
Am2966 has non-inverting drivers. 

The inclUSion of an internal resistor in the lower output 
driver eliminates the requirement for an external series 
resistor, therefore reducing package count and the board 
area required. The internal resistor controls the output fall 
and undershoot without slowing the output rise. 

These devices are designed for use with the Am2964 
Dynamic Memory Controller where large dynamic memo
ries with highly capacitive input lines require additional 
buffering. Driving eight address lines or four RJIS and four 
~ lines with drivers on the same silicon chip also 
provides a significant performance advantage by minimiz
ing· skew between drivers. Each device has specified skew 
between drivers to improve the memory access worst case 
timing over the min and max tpD difference of unspecified 
devices. 

BLOCK DIAGRAM 

Am2965 Am2966 
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CONNECTION DIAGRAM 
Top View 

Am2965 

Inputs Outputs 

G A Y 

H X Z 
L H L 
L L H 

Am2966 

Inputs Outputs 

(i A Y 

Leadless Chip Carrier 
If & • II , 1& If 

COoIiO iii .... 
v, " 
iii iii 
NO NO 

III; iii ., 
" 

,0"I!; iii .... 

18 § I II ~ II II 
H X Z 
L L L 

CD004870 
Note: Pin 1 is marked for orientation 

L H H 

METALLIZATION AND PAD LAYOUT 

1A1 2 

2V4 3 

1A2 4 

2Y3 5 

1A3 6 

2Y2 7 

1A4 8 

Am2965 

19 2G 

,. lVl 

17 2A4 

I. lV2 

15 2A3 

14 IV3 

13 2A2 

12 lV4 

2Y1 9 11 2A1 

Am2966 
lG 1 -----, 

lAl 2 

2V4 3 

lA2 4 

2V3 5 

lA3 6 

2V2 7 

lAO • 

19 2G 

18 1V1 

17 2A4 

16 1Y2 

15 2A3 

14 1V3 

13 2A2 

12 1Y4 

2Y1 9 --==rTJ;==~ 11 2A1 

DIE SIZE 0.094" x 0.060" DIE SIZE 0.094" x 0.066" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2965 
Am2966 

Device type 

o C B l L L S~r:~~i~g S~~~o;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D-20-pin CERDIP (0-20-1) 
F - 20-pin flatpak (F-20-1) 
L - 20-pin leadless chip carrier (L-20-1) 
P- 20-pin plastic DIP (P-20-1) 
X-Dice 

Octal Dynamic Memory Drivers 
with Three-state Outputs 

4-67 

Valid Combinations 

PC 
DC, DCB, DM, 

Am2965 DMB 
Am2966 FM, FMB 

LC, LM, LMB 
XC,·XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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DYNAMIC 
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APPLICATION 
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AF000400 

• Address and RAS/eAS drivers each drive 22 RAM inpuls aleach output. Timing skew is minimized by 
using one device for address lines and one device for RAS/CAS. spreading the CAS loading over four 
drivers to equalize the capacitive load on each driver. . 

DYNAMIC. MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION 

4·68 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......••................. -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Temperature .....•.....•...•.•.....•..•.••.•.••.. O°C to + 70°C 

Under Bias ................................... -55°C to + 125°C Supply Voltage ••.........•................ + 4.75V to + 5.25V 
Supply Voltage to Ground Potential 

Military (M) Devices 
Continous .••...•.........•......••........•.•.•.. -O.5V to + 7.0V 

DC Voltage Applied to Outputs For 
Temperature .................•.............. -55°C to +125°C 

High Output State ....................•.... -O.5V to VCC Max 
Supply Voltage •..••...•......•••............• + 4.5V to + 5.5V 

DC Input Voltage •...•.....•.•.....•...........•.. -O.5V to +7.0V 
Operating ranges define those limits over which the function-

DC Output Current. Into Outputs ..•.•........•.•......... 200mA 
ality of the device is guaranteed. 

DC Input Current .....•.....•.......•.....•... -30mA to +5.0mA 

Stresses al10ve those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Test Conditions Typ 
Parameter. Descriptions (Note 1) Min (Note 2) Max Units 

VOH Output HIGH Voltage Vcc-MIN IOH--lmA Vee -1.15 Vcc -0.7V Volts 
VIN = VIH or Vil 

Vee-MIN IOl= lmA 0.5 
VOL Output LOW Voltage VIN = VIH or Vil IOl=12mA 0.8 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH voltage 2.0 Volts for all inputs 

Vil Input LOW Level Guaranteed input logical LOW voltage 0.8 Volts lor all inputs 

VI Input Clamp Voitage Vcc=MIN.IIN--18mA -1.2 Volts 

I DATA -200 
III Input LOW Current Vcc - MAX, VIN = O.4V TG. m -400 jJA 

IIH Input HIGH Current Vee - MAX. VIN = 2.7V 20 jJA 

II Input HIGH Current Vee = MAX. VIN = 7.0V 0.1 mA 

IOZH OIl-State Current VO=2.7V 100 )J.A 

IOZl OIl-State Current Vo=0.4V -200 jJA 

IOl Output Sink Current VOL = 2.0V 50 mA 

IOH Output Source Current VOH= 2.0V -35 mA 

ISC Output Short Circuit Current Vcc=MAX -80 -200 mA (Note 3) (see IOH 
Ail Outputs HIGH 24 50 

Am2965 All Outputs LOW VCC=MAX 88 125 

All Outputs Hi·Z 
Outputs Open 

88 125 
ICC Supply Current mA 

All Outputs HIGH 53 75 

Am2966 All Outputs LOW VCC-MAX 92 130 

All Outputs HI-Z 
Outputs Open 

116 150 

Notes: 1. For conditions shown as MIN or MAX. use the appropriate value specified under Operating Range for the applicable device type. 
2. 
3. 

Typical limits are at Vcc - 5.0V, 25°C ambient and maximum loading. 
Not more than one output should be shorted at a time. Duration 01 the short circuit test should not exceed one second. 
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SWITCHING TEST ClRCUIT 
Vee - ~~n -~ OUTPUT , F_ ' iIOO 

* R ~~ S l cL 
.".2It.!l '1~ 1~ZH 

TCOOO440 

TCOOO450 

*tpd specified at e = 50 and 500pE 
Figure 1. Capacitive Load Switching. Figure 2. Three-State Enable/Disable. 

TYPICAL OUTPUT DRIVER 

---t·, Vee 

OUTPUT TO 
RAM ADDRESS 
OR CONTROL 
LINES 

R ~25U 

---t) 
GMO 

TCOOO520 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 
CL cOpF 6 (Note 4) 

tPLH 
Propagation Delay Time from CL - 50pF 6 9 15 ns LOW-to-HIGH Output 

Figure 1 Test Circuit CL = 500pF 18 22 30 
Figure 3 Voltage' Levels 

CL - OpF 4 '(Note 4) and Waveforms 

tPHL' 
Propagation Delay Time from 

CL - 50pF 5 7 15 ns HIGH-Io-LOW Oulput 
CL - 500pF 18 22 30 

tpLZ Output Disable Time from Figures 2 and 4, S = 1 11 20 
ns 

IPHZ LOW, HIGH Figures 2 and 4, S - 2 6.5 12 

tPZL Output Enable Time from Figures 2 and 4, S - 1 12 20 
ns 

IpZH LOW, HIGH Figures 2 and 4, S = 2 12 20 

ISKEW Output-to-Output Skew Figures 1 and 3, CL = 50pF :to.5 ±3.0 ns (Nole 5) 

VONP Output Voltage Undershoot Figures 1 and 3, CL = 50pF 0 -0.5 Volts 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 6) 

COMMERCIAL MILITARY 

Parameters Description Test Conditions Min Max Min Max Units 

Propagation Delay Time CL - 50pF 4 17 4 20 
,IpLH Figures 1 and 3 ns LOW-Io-HIGH Oulput CL = 500pF 18 35 18 40 

Propagation Delay Time CL - 50pF 4 17 4 20 
tPHL Figures 1 and 3 ils 

HIGH-ta-LOW Outpul CL = 500pF 18 35 18 40 

'IpLZ Output Disable Time from S=1 24 24 
Figures 2 and 4 ns 

tPH,Z LOW, HIGH S=2' 16 16 

tPZL Output Enable Time from S=1 28 28 
Figures 2 and 4 ns 

IpZH LOW, HIGH S,=2 28 28 

VONP Output Voltage Undershool Figures 1 and 3, CL = 50pF -0.5 -0.5 Volts 

Noles: 4. Typical lime shown for reference only - not tested. 
5. Time Skew specification is guaranteed by design but nol lested. 
6. AC performance over the operating temperalure range is guaranteed by testing defined in Group A, Subgroup 9. 
7. T C = - 55 10 + 125°C for Flatpak versions. 
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TYPICAL SWITCHING CHARACTERISTICS 

VOLTAGE WAVEFORMS 

Am2965 
~-----3.0V 

..... _____ ...1)1( 1~5V Am2966 

~~j 
OV 

VONP 

O.8V 

=::=::=::=::~~ ____ ~~==========~~~~VOl - "_' ov 

tr = tf = 2.5ns 
f=2.5MHz 
tpw = 200ns 

WFOO2120 

Figure 3. Output Drive Levels. 

The RAM Driver symmetrical output design offers significant 
improvement over a standard Schottky output by providing a 
balanced drive output impedance (""25n both HIGH and 
LOW), and by pulling up to MaS VOH levels (Vee -1.5V). 
External resistors, not required with the RAM Driver, protect 
standard Schottky drivers from error causing undershoot but 
also slow the output rise by adding to the internal R. 

LL 
Co 

I 
..oJ 

() 

1000 r---;--...,-----,-----;---, 

w 100 
() 
Z 
j! 
(3 

~ 
<C 
() 

C 
<C o 
..I 

MAX @ +25°C 

10~--+---~---+--~---1 

1.0 0 L. ---'10--2 ... 0--3 ... 0-...... 40---'50 

Figure 5. tpLH for VOH = 2.7 Vol vs. CL. 

\1.5V 

3.0V 

ov 

ENABLE~15V INPUT . 

lpZH 

VOH 

'----~-I~-------OV elm 
- vee 

tr - tf = 2.5ns 
f= lMHz 
tpw= 800ns 

O.8V 

Figure.4. Three-State Control Levels. 

VOL 

WF002130 

The RAM Driver is optimized to drive LOW at maximum speed 
based on safe undershoot control and to drive HIGH with a 
symmetrical speed characteristic. This is an optimum ap· 
proach, because the dominant RAM loading characteristic is 
input capacitance. 

The curves shown below provide performance characteristics 
typical of both the inverting (Am2965) and non-inverting 
(Am2966) RAM Drivers. 

LL 
Co 

I 
..oJ 

() 

1000 ~-.,.....-.....---,...-......,----. 

~ 100 
z 
j! 
o 
~ 
<C 
() 

c 

9 

MAX@ +25°C 

10~--~---4----,1----4---~ 

1.0 '--_.1...-_.1.-_..1..._...1.._ .... 

o 10 20 30 40 50 

tpHL - ns 

Figure 6. tpHL for VOL = 0.8 Volts vs. CL. 

The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums 
and maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads. 
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Am2968 
Dynamic Memory Controller (DMC) 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• Provides control for 16K, 64K, and 256K dynamic RAMs 
• Outputs directly drive up to 88 DRAMs, with a guaran

teed worst-case limit on the undershoot 
• Highest-order two address bits select one of four banks 

of RAMs 

• Separate output enable for multi-channel access to 
memory 

• Supports scrubbing operations and nibble-mode access 
• 48-pin dual in-line package 

GENERAL DESCRIPTION 

The Am2968 Dynamic Memory Controller (DMC) is intend
ed to be used with today's high performance memory 
systems. The DMC acts as the address controller between 
any processor and dynamic memory array, using its two 9-
bit address latches to hold the Rowand Column addresses 
for any DRAM up to 256K. These latches, and the two· 
Row/Column refresh address counters, feed into a 9-bit, 4-
input MUX for output to the dynamic RAM address lines. A 
2-bit bank select latch for the two high-order address bits is 
provided to select one each of the four RA'Si and eASi 
outputs. 

The Am2968 has two basic modes of operation, read/write 
and refresh. In refresh mode, the two counters cycle 
througtl the refresh addresses. If memory scrubbing is not 
being implemented, only the Row Counter is used, generat
ing up to 512 addresses to refresh a 512-cycle-refresh 
256K DRAM. When memory scrubbing is being performed, 
both the. Rowand Column counters are used to perform 
read-modify-write cycles. In this mode all ~ outputs will 
be active while only one eASi is active at a time. 

BLOCK DIAGRAM 

Oi -- -LA_ 
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_ RELATED PRODUCTS 

Part No. D.scriptlon 
Am2960 16-BH Error Detection and Correction UnH 

Am2969 Memory TIming Controllers 
Am2970 

04564B 

~72 R_ \0 Page 13-1 for Essential Information on Military Dovtcea 



CS 

MSEL 

Au 
As 
A, 

A'0 

~ 
A,l 

A3 

A'2 

A4 

A13 

GND 
LE 

As 

A'4 

Ae 
A ,S 

A7 

A,S 

As 
A17 

SELO 

SEL, 

CONNECTION DIAGRAM 
Top View 

CASI 

RASO 

CASu 

RAS, 

CAS, 

QO 

Q, 

Q2 

Q3 

Q4 

GND 

OE 

Vee 
Qs 

Oe 
~ 
Q8 

RAS2 

CA~ 

RAS3 

CAS3 

RASI 

MCo 

MC, 

CDOO5050 

ORDERING INFORMATION 

CHIP PAK™ 
L-52-1 

CDO04182 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2968 

Device Type 
DMC 

DeB l L L Screening Option 
B - Burn-in 
Blank - Standard processing 

Commercial (C) Devices 
Military (M) Devices 

Package 
D- 48-pin Hermetic DIP 
P- 48-pin plastic DIP 

CHIP PAK is a registered trademark of Advanced Micro Devices, Inc. 

4-73 

Valid Combinations 

I PC, PCB 
Am2968 DC, DCB 

DMB 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

3-12 Ao- A17 I Address Inputs. Ao - As are latched in as the nine·bit Row Address for the RAM. These inputs drive 00 - Os when the 
15-22 Arn2968 is in the Read/Write mode and MSEL is LOW. A9 - A17 are latched in as the Column Address, and will drive 

00 - Os when MSEL is HIGH and the DMC i.s in the Read/Write mode. The addresses are latched with the Latch 
Enable (LE) signal. 

23,24 SElc, I Bank Select. These !we Inputs are normally.the two hlgher-order address bits, and are uSed in the Read/Write mode 
SELl to select which bank of memory will be receiving the ~i and ~i signals after RASI and CASI go HIGH. 

14 LE I Latch Enable. This active-HIGH input causes the Row, Column, and Bank Select latches to become transparent, 
allowing the latches to accept new input data. A LOW input on LE latches the input data, assuming it meets the setup 
and hold time requirements. 

2 MSEL I Multiplexer Select. This input determines whether the Row or Column Address will be sent to the memory address 
inputs. When MSEL is HIGH the Column Address is selected, while the Row Address is selected when MSEL is LOW. 
The address m!lY come from either the address latch or refresh address counter depending on MCo,I' 

1 CS I Chip Select. This active-LOW input is used to enable the DMC. When CS is active, the Aml!968 operates normally in 
all four modes. When CS goes HIGH, the device will not entar the Read/Write mode. This allows other devices to 
access the same memory that the DMC is controlting (e.g., DMA controller). 

37 ~ I Output Enable. This active-LOW input enables/disables the output signals. When rn;: is HIGH, the outputs of the DMC 
enter the high~mpedance state. The rn: signal allows more than one Am2968 to control the same memory, thus 
providing an easy method to expand the memory size. 

26,25 MCo, MCI I Mode Control. These inputs are used to specify which of the four operating modes the DMC should be using. The 
description of the four operating modes is given in Table 1. 

43-39 Oo-Os 0 Address Outputs. These address outputs will feed the DRAM address inputs, and provide drive for memory systams 
32-35 up to 500 picofarads in capacitance. 

27 RASI I Row Address Strobe Input. During narmal memory cycles, the decoded flA"S; output (RASo, flA"SI, RAS2, or malls 
forced LOW after receipt of RASI. In either Refresh mode, all four ~ outputs will go LOW following RASI going 
HIGH. 

'(7, 45, 31, ~- 0 Row Address Strobe. Each one Of the Row Address Strobe outputs provides a RAS; Signal to one of the four bsnks of 
29 m3 dynamic memory. Each will go LOW only when selected by SElc and SELl and oryly after RASI goes HIGH. All four go 

LOW in response to RASI in either of the Refresh modes. 

48 CASI I Column Address Strobe Input. This' input going active will cause the selected m; output to be forced LOW. 

46, 44, 3D, ~- 0 Column Address Strobe. During normal Read/Writa cycles the two select bits (SElc, SELl) detarmine whichm; 
28 m3 output will go active following CASI going HIGH. When memory scrubbing is ~erformed, only the ~ signal selected 

by CNTRo and CNTRI will be active. For non-scrubbing cycles, all four ·m; outputs remain HIGH. 

Table 1. Mode Control Function Table 

MCl MCo Operating Mode 

0 0 

0 1 

1 0 

1 1 

Refresh without Scrubbing. Refresh cycles are performed with only the Row Counter being used to generate 
addresses. In this mode, all four RASi outputs are active while the four ~i signals are kept HIGH. 

Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the Rowand Column counters 
generating the addresses. MSEL is used to select between the Rowand Column counter. All four fiiiJii go active in 
response to RASI, while only one ~i output goes LOW in response to CASI. The Bank Counter keeps track of 
which ~i output will go active. This mode is. also used on system power-up so that the memory can be written with 

a known data pattern. 

Read/Write. This mode is used to perform Read/Write cycles. Both the Rowand Column addresses are latched and 
multiplexed to the address output lines using MSEL. SElo and SELl are decoded to determine which RASi and CASj 
will be active. 

Clear Refresh Counter. This mode will clear the three refresh counters (Row, Column, and Bank) on the HIGH-to-

LOW transition of RASI, putting them at the start of the refresh sequence. In this mode, all four fiiiJii are driven LOW 
upon receipt of RASI so thai DRAM wake-up cycles may be performed. 
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CS 

0 

1 

RASI ~ 

0 X 

0 

1 

1 

CASI CS 

0 

1 

1 

0 X 

ADDRESS OUTPUT FUNCTION TABLE 

MCl MCa MSEL Mode MUX Output 

0 0 X Refresh without Scrubbing Row Counter Address 

1 Column Counter Address 
0 1 Refresh with Scrubbing 

0 Row Counter Address 

1 Column Address Latch 
1 0 Read/Write 

0 Row Address Latch 

1 1 X Clear Refresh Counter Zero 

0 0 X Refresh without Scrubbing Row Counter Address 

1 Column Counter Address 
0 1 Refresh with Scrubbing 

0 Row Counter Address 

1 0 X Read/Write Zero 

1 1 X Clear Refresh Counter Zero 

RAS OUTPUT FUNCTION TABLE 

MCl MCa SELl SELo Mode RASa RASl RAS2 RAS3 

X X X X X 1 1 1 1 

0 0 X X Refresh without Scrubbing 0 0 0 0 

0 1 X X Refresh with Scrubbing 0 0 0 0 

0 0 0 1 1 1 

0 1 1 0 1 1 
1 0 Read/Write 

1 0 1 1 0 1 

1 1 1 1 1 0 

1 1 X X Clear Refresh Counter 0 0 0 0 

0 0 Refresh without Scrubbing 0 0 0 0 

0 1 Refresh with Scrubbing 0 0 0 0 
X X 

1 0 Read/Write 1 1 1 1 

1 1 Clear Refresh Counter 0 0 0 0 

CAS OUTPUT FUNCTION TABLE 

Inputs Internal Outputs 

MCl MCa' SELl SELo CNTRl 

0 0 X X X 

0 

0 
0 1 X X 

1 

1 

0 0 

0 1 
1 0 

1 
X 

0 

1 1 

1 1 X X X 

0 0 X X X 

0 

0 
0 1 X X 

1 

1 

1 0 
X X X 

1 1 

X X X X X 

4-75 

CNTRa 

X 

0 

1 

0 

1 

X 

X 

X 

0 

1 

0 

1 

X 

X 

CASa CASl CAS2 CAS3 

1 1 1 1 

0 1 1 1 

1 0 1 1 

1 1 0 1 

1 1 1 0 

0 1 1 1 

1 0 1 1 

1 1 0 1 

1 1 1 0 

1 1 1 1 

1 1 1 1 

0 1 1 1 

1 0 1 1 

1 1 0 1 

1 1 1 0 

1 1 1 1 

1 1 1 1 
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APPLICATION 

ARCHITECTURE 

The Am2968 provides all the required data and refresh 
addresses needed by the dynamic RAM memory. In normal 
operation, the Rowand Column addresses are multiplexed to 
the dynamic RAM by using MSEL, with the corresponding 
RASj and OOj signals activated to strobe the addresses into 
the RAM. High capaoitance drivers on the outputs allow the 
DMC to drive four banks of 16-bit words, including a 6-bit 
checkword,for a total of 88 DRAMs. 

INPUT LATCHES 

For those systems where addresses and data are multiplexed 
onto a single bus, the DMC has. latches to hold the address 
information. The twenty input latohes (Row, Column, and Bank 
Select) are transparent when Latch Enable (LE) is HIGH and 
will latch the input data meeting setup and hold time require
ments when LE goes LOW. For systems where the processor 
has separate address and data buses, LE may be permanently 
enabled HIGH. ' 

REFRESH COUNTERS 

The two 9-bit refresh counters make it possible to support 128, 
2~6, and 512 line refresh. External oontrol over what type of 
refresh is to be performed allows the user maximum flexibility 
when ohoosing the refreshing scheme. Transparent (hidden), 

burst, synohronous or asynohronous refresh modes are all 
possible. 

The refresh counters are advanced at the HIGH-to-LOW 
transition of RAS!. This assures a stable oounter output for the 

, next refresh cycle. 

REFRESH WITH ERROR CORRECTION 

The Am2968 makes it possible to correct single-bit errors in 
parallel with performing dynamic RAM refresh cyoles. This 
"scrubbing" of memory can be done periodically as a baok
ground routine when the memory is not being used by the 
processor. In a memory scrubbing cycle (MC1,O = 01), the 
Row Address is strobed into all four banks with all four RASj 
outputs going LOW. 

The Column Address is strobed into a single bank with the 
activated OOj output being selected by the Bank Counter. 
This type of cycle is used to simultaneously refresh the 
addressed row in all banks and read and correct (if necessary) 
one word in memory; thereby reducing the overhead associat
ed with Error Detection and Correction. When dOing refresh 
with memory scrubbing, both the Rowand Column counters 
are multiplexed io the dynamio RAM address lines by using 
MSEL. Using the Refresh with Memory Scrubbing mode 
implies the presence of an error correcting facility such as the 
Am2960A EDC unit. When doing refresh without scrubbing, all 
four RASj still go LOW but the CASj outputs are all driven 
HIGH so as not to activate the output lines of the memory. 

Figure 1. 

h 

h 

a. One Megaword Dynamic Memory with Error Detection and Correction 
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b. One Megaword Dynamic Memory 

ADDRESS 

TIMING CONTROL 

To obtain optimum performance and maximum design flexibili
ty, the timing and control logic for the memory system has 
been kept a separate function. For systems implementing 
Error Detection and Correction, the Am2969 Memory Timing 
Controller (MTC) provides all the necessary control signals for 
the Am2968, Am2961 162 EDC Bus Buffers, and the Am2960A 
EDC unit (See Figure 1a). Systems not using EDC, can use the 
Am2970 MTC to provide the control for the Am2968 (See 
Figure 1 b). Both the Am2969 and Am2970 Memory Timing 
Controllers use a delay line to provide the most accurate 
timing reference from which the control signals are derived. 

DECOUPLING 

Due to the high switching speeds and high drive capability of 
the Am2968, it is necessary to decouple the device for proper 
operation. (See Fig. 2a) Recommended values for decoupling 
capacitors are between 0.01 j.lF and 1 j.lF. For example to filter 

OHE MEGAWORD 1II 1 ... 81T 
MEMORY 

DATA8US 

AF000800 

noise at different frequencies we can make Cl = 0.01/lF in 
parallel with a 1/lF and C2 = 0.01/lF. It is important to mount 
the capacitors as close as possible to the power pins (Vee, 
GND) to minimize lead inductance and noise. 

MEMORY EXPANSION 

With a 9-bit address path, the Am2968 can control up to one 
megaword memory when using 256K dynamic RAMs. If a 
larger memory size is desired, the DMC's chip select (~) 
makes it easy to double the memory size by using two 
Am2968s. Memory can be increased in one megaword incre
ments by adding another DMC unit. A four-megaword memory 
system implementing EDC is shown in Figure 3. 

VONP 

The guaranteed maximum undershoot voltage cif the Am2968 
is ..,0.5 volts. VONP is measured with respect to the ground of 
pin 38 (Fig. 2b). Note that the ground of the capacitive load 
must be the same as for pin 38. 

Figure 2. 

GND 1 PIN 13 

~I:" 
~ 

GND I (PIN 38) 

TC001550 

Figure 2a. 

Vee 

PIN 38 D---r ...... ------
Cz (DECOUPUNG) 

GND 
PIN 38 ::::::.C>----+-----, 

4-77 

OUTPUT ....... -
TCO01541 

Figure 2b. 

045648 
Refer to Page 13-1 for Essential Information on Military Devices 

II 



~ 

:n 

~ 
& 

I 
~ 
~ 

i a 
l!!. 

! .. 
~ 
g 

I 
f-

e ... 
~ 
III 

TWO MOST 
SIGNIFICANT 

AOORESS 
BITS 

CHIP 
SELECT 

"--_ OECOOEA 

I-

r 

-

MS! 
OR 

PAL 

Am2968 

CHECK 

I 
BITS 

7 CSo 
AODA I I 

Am2968 
RAS ONE MEGAWORD I OMC ,. Mea CAS MEMORY ARRAY I 

Me, 

t t ~~~~~-~-~+~~l ·CS. 
h.. 

Am2968 RAS I 
OMC ,. MC. ONE MEGAWORD I 

MC, CAS MEMORY ARRAY . 

1 t 
WE I __________ -L ___ 

- f-- ~ I 
"" 

ADOR 

Am2968 RAS I OMC ONE MEGAWORD 

MCo MEMORY ARRAY I Me. CAS 

t t t ,.-.-- WE I 
cs, ~~R ----------t---

.... - I Am2968 
DMC RAS ONE MEGAWORD I 

MCo CAS MEMORY ARRAY 

I 
MC. 

I" I t MSE~ 
CASI 

RASI I I DECODE r I 
I DELAY I I - 1 • E • • I LINE RAM DRIVER , .. 

[ 22·BlT COUNTER J I l,., hl Am296'1 

+ .. A .. 4 ENCODE I 

.0 Am2962 

MC. ~ EDC K DATA) 
WE BUS BUFFERS ..-----v Mea (4) cs. Cs, cs. ~ Am2960A , Am2969 {'\. EDC 

MEMORY CONTROL MEMORY UNIT 

-v' TIMING ..: 
CONTROL EDCCONTROL J'6 V V 

~ DATA BUS ~ 
80001550 

Figure 3. Four Megaword Error Correcting Memory 



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature with TA ..................................................... O to +70°C 

Power Applied ............................... - 55°C to + 125°C Vee ................................................... 5.OV ± 10% 
Supply Voltage to Ground Potential Min ............................................................ 4.50V 

Continuous ...................................... -0.5V to +7.0V Max ..............................................•............ 5.50V 
DC Voltage Applied to Outputs For Military (M) Devices 
High Output State .......................... -0.5V to -+ VCC mal< TC ................................................ -55 to + 125°C 
DC Input Voltage ................................. -0.5V to +5.5V VCC ................................................... 5.0V ± 10% 
DC Output Current, Into Outputs .......................... 30mA Min ............................................................ 4.50V 
DC Input Current ............................. -30mA to +5.0mA Max ...........•.........................................•..... 5.50V 

Stresses above those listed under ABSOLUT£ MAXIMUM Operating ranges define those limits over which the function· 
RA TlNGS may cause permanent device failure. Functionality ality of the device is guaranteed. 
at or above these limits is not implied. £xposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating. range unless otherwise specified 

Parameters 

VOH 

VOL 

VIH 

Vil 

VI 

III 

IIH 

II 

IOZH 

IOZl 

IOl 

Ise 

lee 

Notes: 1. 
2. 

Descriptions Test Conditions (Note 1) Min Typ Max Unlta 

Vee = MIN I COMM 2.7 
Output HIGH Voltage VIN = VIH or Vil I MIL 

Volts 
IOH--lmA 2.5 

Vee = MIN IIOl=lmA 0.5 
Output LOW Voltage 

VIN = VIH or Vil IOl -12mA 0.8 Volts 

Input HIGH Level Guaranteed input logical HIGH voltage 2.0 Volts for all inputs 

Input LOW Level Guaranteed input logical LOW voltage 0.8 Volts for all inputs 

Input Clamp Voltage Vee = MIN, IIN=-18mA -1.2 Volts 

Input LOW Current Vee = MAX -400 p.A 
VIN=0.4V 

Input HIGH Current Vee-MAX 20 p.A 
VIN - 2.4V 

Input HIGH Current Vee = MAX 100 p.A 
VIN - 5.5V 

Off·State Current VO=2.4V 50 p.A 

Off·State Current VO=0.4V -50 p.A 

Output Sink Current VOL -2.0V 45 mA 

Output Short Circuit Current Vee = MAX (Note 2) -60 -95 -275 rnA 

25°C, 5V 230 

O·C to 70·C 280 

Power Supply Current Vee = MAX +70·C 200 260 

-55'C to 125·C 295 

+ 125·C 195 255 

For conditions shown as Min or Max, use the appropriate value specified under Operating Range for the applicable device type. 
Not more than one output should be shorted at a lime. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS 

--

Parameter Description 
1 lPO AI to OJ Delay 

2 lPO RASI to ~I 

3 Ipo CASI 10 eA!li 

4 !PO MSEL 10 01 

5 lPO MC; to OJ 
6 IPO LE to ml 
7 IPO LE to eA!li 

8 Ipo MCiIO~i 

9 IPO MCiIO~i 

10 IPO LE 10 01 

11 IPwL RASI, CASI 

12 IPwH RASI, CASI 

13 Is Ai to LE 

14 IH AI 10 LE 

15 IPO ~loOi 

16 lPO ~ 10 RAS; 
17 IPO ~IO~i 

18 IPO SEL; 10 FlASi 

19 Ipo SEL;IO~i 

20 Is SELi 10 LE 

21 IH SEL; to LE 

22 IsKEW Oi 10 'RASi (Me; - 10) 

23 IsKEW OJ 10 RJilII (MC; = 00,01) 

24 ISKEW 0110 'RASi 

25 IsKEW OilO~i 

IPLZ Output Disable Time 

IPHZ From LOW, HIGH 

IPZL Outpul Enable TIme 

IPZH From LOW, HIGH 

VONP Output Undershool Voltage 

I 

over operating range for CL - 50pF 

Test 
Condltlona 

Fig_ 4 and 6 
CL -5OpF 

~=50pF 

Fig. 5 and 7 
S=l 

S=2 

Fig. 5 and 7 
S-l 

S=2 

Fig. 4 and 6 

4-80 

COMMERCIAL AND 
MILITARY 

Typ Min Max . Unite 
12 3 20 ns 

10 3 18 ns 

8 3 17 ns 

12 3 20 ns 

16 5 24 ns 

15 25 ns 

14 24 ns 

14 3 21 ns 

12 3 19 ns 

15 5 25 ns 

10 20 ns 

10 20 ns 

1 5 ns 

1 5 ns 

16 23 ns 

12 , 20 ns 

11 19 ns 

12 ·20 ns 

11 18 ns 

1 5 ns 

1 5 ns 

10 17 ns 

10 17 ns 

2 10 ns 

12 17 ns 

15 22 ns 

13 20 ns 

13 19 ns 

14 21 ns 
0 -0.5 V 
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SWITCHING CHARACTERISTICS over operating range for CL = 150pF 

Parameter Description 

1 Ipo Aj 10 OJ Delay 

2 IpO RASI 10 J!iAS; 

3 Ipo CASI 10~j 

4 lPO MSEL to OJ 

5 tpo MC; 10 OJ 

6 Ipo LE 10 J!iASj 

7 IpO LEIO~; 

8 Ipo MC; to J!iAS; 

9 tpo MC; 10 ~j 

10 tpo LE to OJ 

11 IpwL RASI, CASI 

12 IPWH RASI, CASI 

13 !s A; to LE 

14 IH A; 10 LE 

15 IpO ~IOO; 

16 IpO ~ 10 riASj 

17 tpo c:;s 10 ~j 

18 IpO SEL; 10 riAS; 

19 tpo SEL;IO~j 

20 IS SEL; 10 LE 

21 tH SEL; 10 LE 

22 tSKEW OJ 10 ~j (MC; = 10) 

23 !sKEW OJ 10 J!iASj (MC; - 00,01) 

24 tSKEW O;IO~j 

25 !sKEW Ojlo~j 

VONP Output Undershool Voltage 

Teat 
Condltlona 

Fjg. 4 and 6 
CL = 150pF 

CL = 150pF 

Fig. 4 and 6 

4-81 

COMMERCIAL AND 
MILITARY 

Typ Min 'Max Units 

16 9 24 ns 

15 9 23 ns 

14 9 22 ns 

17 9 26 ns 

18 10 28 ns 

20 28 ns 

19 27 ns 

19 9 25 ns 

17 9 23 ns 

20 10 27 ns 

10 20 ns 

10 20 ns 

1 5 ns 

1 5 ns 

19 27 ns 

14 22 ns 

14 22 ns 

15 23 ns 

14 22 ns 

1 5 ns 

1 5 ns 

10 15 ns 

10 17 ns 

2 8 ns 

15 17 ns 

0 -0.5 V 
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SWITCHING CHARACTERISTICS over operating range for CL = 500pF 

Test 
Parameter Description Conditions 

1 Ipo Aj to OJ Delay 

2 Ipo RASI 10 RAS; 
3 Ipo' CASllo CASj 

4 IpO MSEL 10 Qj 

5 !po MC; 10 Q, Fjg. 4 and 6 

6 11'0 LEloRPJi, CL = 500pF 

7 Ipo LE to eASj 

8 Ipo MCjlomj 

9 IpO ,MCjIO~j 

10 IpO LE to OJ 

11 IPWL RASI, CASI 

12 IPWH RASI, CASI 

13 !s Aj 10 LE 

14 IH Aj 10 LE 

15 IpO es 10 OJ 

18 Ipo eslom, 

17 IpO ~Io~j 

18 Ipo SEL; to mj 
CL - 500pF 

19 IPO SEL,lo ~, 

20 !s SEL; 10 LE 

21 IH SEL,IO LE 

22 ISKEW Qj 10 RAS; (MCj = 10) 

23 ISKEW Q, 10 m, (MC,- 00,01) 

24 ISKEW Qj 10 mj 

25 !sKEW Qjlo~j 

VONP Oulpul Undershool Voltage Fjg. 4 and 6 

4-82 

COMMERCIAL AND 
MILITARY 

Typ Min Max Unite 
29 12 40 ns 

28 12 40 ns 

28 12 37 ns 

29 12 42 ns 

30 12 44 ns 

32 46 ns 

31 45 ns 

30 12 40 ns 

28 12 40 ns 

32 12 46 ' ns 

10 20 ns 

10 20 ns 

1 5 ns 

1 5 ns 

30 45 ns 

27 40 ns 

26 38 ns 

31 42 ns 

28 41 ns 

1 5 ns 

1 5 ns 

10 18 ns 

10 18 ns 

2 8 ns 

15 20 ns 

0 -0.5 V 
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3-STATE 
COHrROL 

SWITCHING TEST CIRCUIT 

FROM DEVlCEtl OUTPUT r CL' -: ~k" 

TCOOO490 

*tpd specified at CL = 50, 150 and 500pF 

Figure 4. Capacitive I-oad Switching. 

~R ,VCCLZ,ZL 

FROM aeou 
DEVJce s 

OUTPUT 
CL . lsoPF 21 HZ,ZH 

TCOOO51 0 

Figure 5. Three-State Enable/Disable. 

TYPICAL SWITCHING CHARACTERISTICS 

VOLTAGE WAVEFORMS TYPICAL OUTPUT DRIVER 

~ ,..-----3.0V 

INPUT ~ _____ --I*_"_5V ____ ov 

IpLH -=+= ~IPH\Lj 
2.4V r I VONP 

j 

t 

OUTPUT 

~VOl _ OV 

-_-_--t)t-R-~-"'-' -0 Vee 

~-< OUTPUT TO 

+-__ ~:~~~o:~~s 
~ LINES 
rR~25U 
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----+----0 GND 

TCOOO500 
WF002122 

Figure 6. Output Drive Levels. 

THREE-5TATE TIMING 

L ~ ------------w ...., 
~ (ill) _____ J ----------- 1.5V 

'-----:--------- OV 
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VOH 

I ~ 
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] 
VOL 

1(o.~,.'iLE) 
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(ENAeLE) 
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_L 2.4V 

(HIGH IMPEOANCE) 

~ VOL'" .5V ....;~ O.8v 

'--------- VOL 
IpZL 
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WFR02941 

Note: Oecoupling is needed for all AC tests 

Figure 7. Three-5tate Control Levels. 
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I 
E c 

The RAM Driver syminetricai output design offers significant 
impr!,vement over a standard. Schottky output by providing a 
balanced drive output impedance ("'25S1 both HIGH and 
LOW), and by pulling up to MOS VOH levels (VCC - 1.5V). 
External resistors, not required with the RAM' Driver, protect 
standard Schottky drivers from error causing undershoot but 
also slow the output rise by adding to the internal R. 

The RAM Driver is optimized to drive LOW at maximum speed 
based on safe undershoot control and to drive HIGH with a 
symmetrical speed characteristic. This is an optimum ap
proach because the dominant RAM loading characteristic is 
input capacitance. 

Am2968 Dynamic Memory Controller Timing 
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MEMORY CYCLE TIMING 

The relationship between DMC specifications and system 
timing requirements are shown in Figure 8. T 1. T 2 and T a 
represent the minimum timing requirements at the DMC inputs 
to guarantee that RAM timing requirements are met and that 
maximum system performance is achieved. 

The minimum requirement for T 1. T 2 and T a are as follows: 

T1 MIN ~ tASR + t22 
T2 MIN = tRAH + t24 
Ta MIN = T2 + t25 +tASC 

See RAM data sheet for applicable values for tRAH. tASC and 
tASR· 

Figure 8. Memory Cycle Timing 
a. Specifications Applicable to Memory Cycle Tlmlmg (MCI = 1, 0) 
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REFRESH CYCLE TIMING T 4 minimum is calculated as follQws: 

The timing relationships for refresh' are shown in Figure 9: T4 MIN" tASR + t23 

0, 

RASI 

MSEL 

CASI 

CAs. 

® 
@ 
@

@ 

Figure 9. Refresh Cycle Timing 
a. Specifications Applicable to Refresh Cycle Timing (MCj = 00, 01) 
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REFRESH CYCLE TIMING 

Figure 9. Refresh Cycle Timing (Cont.) 

c. Desired Timing: Refresh without Scrubbing 
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NANOSECONDS VERSUS PICOFARADS 

To help calculate how the AC performance of the DMC will 
vary for capacitive loads other than 50, 150, and 500pF refer 
to the table below. 

Example: For a system capacitive load of 250pF, add the 
delay associated with 100pF from the table to the AC specs 
done at 150pF. 
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Am2969 
Dynamic Memory Timing Controller 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Supports memory scrubbing during refresh • Provides complete timing control for 64K/256K memory 
systems which utilize· the Am2960, Am2961 162, ancl 
Am2968 

• Burst (up to 512-cycle), distributed, or hidden refresh 
• Performs memory initialization 

• Supports byte-writes up to 32-bits wide • Memory accessl refresh request arbitration 

GENERAL DESCRIPTION 

The Am2969 is a high-performance Memory Timing Con
troller (MTC). The Ain2969 is designed to be used in 
memory systems which use the Am2968 Dynamic Memory 
Controller (DMC) as well as the popular Am2960 circuits for 
Error Detection and Correction (EDC). All of the control 
sigrials needed by the DMC and EDC circuits are generated 
by the Am2969 MTC. The EDC enable signals are config
ured for both word and byte operations including the data 
controls for byte write with error correction. 

The Am2929 uses a delay-line to provide maximum flexibili
ty to the memory system designer as well as allowing him to 
achieve maximum performance. The delay-line is the timing 
reference from which the MTC generates the control 
signals. 

The Am2969 provides an internal refresh interval timer to 
generate refresh requests independent of the CPU. This 
guarantees proper refresh timing under all combinations of 
CPU and DMA requests. 
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PIN DESCRIPTION 

ADDRESS BITS 0 and 1, Input 
These are the two least significant bits of the CPU· 
address. They are used to cOntrol byte and 16-bit 
word operations. Aoand Al are latched on the 
HIGH-to-120W transition of CVCREd. 
BUS RETRY MODE, Input 
When this input is LOW, the Am2969 enters the 
Bus Retry Mode. In this mode the INTERR and 
INTACK pins assume the BERR and HALT func
tions respectively. An explanation of the Bus Retry 
Mode is given in the "Application"section. 
BYTEiWORD, Input ' 
This input indicates a byte ' operation is to be 
performed whenHIGH, and a word operation when 
LOW. 
CLOCK, Input 
For systems requiring synchronous arbitration of 
memory access and refresh requests, this input 
would receive the system clock. For asynchronous 
arbitration thiS input must be tied HIGH. 
CHIP SELECT, Input 
When "OS is LOW, the MTC is enabled. A memory 
read/write cycle can only be performed when "OS 
is active, while refresh cycles occur independent of 
"OS. When CS is HIGH, all memory requests 
(HIGH-to-LOW transition of~) will be inter
preted as refresh requests (" Hidden" refresh). 
CYCLE REQUEST, Input 
When CS is LOW, this input will generate an 
internal memory request for the Am2969 or the 
HIGH-to-LOW transition of ~. 
DATA TRANSFER ACKNOWLEDGE, Output 
The HIGH-to-LOW transition of iJ'fACK informs the 
CPU that a write cYcle has begun, or that data will 
be on the system bus at the correct time during a 
read cycle. 
ERROR, Input 
When this signal goes LOW, it indicates that an 
error has occurred on a read cycle. This input 
should be connected to the ERR output of the 
Am2960 EDC unit. 
FORCED REFRESH, Input 
This input is used to force a refresh cycle at user
designated times. The falling edge of l=R latches 
an internal refresh request. if the memory is busy, 
the refresh is done at the completion of the current 
cycle. 
HALF/FULL, Input 
This input indicates the relative size of the system 
bus with respect to the memory bus. It is HIGH if 
the system bus is half the memory width, and LOW 
if the system bus width is equal to the memory 
width. 
INTERRUPT ACKNOWLEDGE (BUS 
ERROR), Input (Output) 
When INTACKgoes LOW itwill .reset the Interrupt 
Request (INTERR) output of the Am2969. In the 
Bus Retry Mode, this pin will act as the BUS 
ERROR output. An explanation for BERR is given 
in the "Application" section'. 
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INTERRUPT ERROR (HALT), Output 
(Output) , 
The INTERR output interrupts the processor if a 
single-bit error is detected in the "Fly-By" mode, 
or if a multiple-bit error is detecied in the Flow-Thru 
mode (see "Application" section for descriptions 
of "Fly-By" and "Flow-Thru" modes). In the Bus 
Retry Mode, this pin will' act as the HALT ()utput 
which is explained in the "Application" section. 
INITIALIZE/NORMAL, Input 
When the Am2969 detects a falling edge on this 
input, it will enter the initialize mode of operation. 
This allows the memory to be initialized easily with 
a minimum of CPU overhead. When this input is 
HIGH, normal read/write and relresh cycles may 
be performed. 
LATCH ENABLE BUFFER, Output 
This output is intended to be connected to the LEB 
input of the Am2961/62 EDC Bus B.uffers. It 
controls the latching of data going from the EDC 
Bus Buffers to the system bus. When LEB is HIGH, 
the latch is transparent; when LOW, the data is 
latched. 
LATCH ENABLE IN, Output 
This output is intended to be connected to the LE 
IN input of the Am2960 EDC unit. It controls the 
latching of data (data and check bits) into the EDC 
unit. The data is latched in when LEI is LOW. 
LATCH ENABLE OUT/GENERATE, Output 
This output is intended to be connected to the LE 
OUT and GENERATE inputs of the Am2960 EDC 
unit. LE OUT controls the latching of corrected 
data from the EDC into its output latch. GENER
ATE instructs the Am2960 to generate check bits 
for the data in its input latch. When LEO/GEN is 
HIGH, the latch is transparent; when LOW, data is 
latched and the EDC unit goes into the Check Bit 
Generation, mode. 
MODE CONTROL BITS 0 AND 1, Output 
1hese outputs are connected to the MCo,l inputs of 
the Am2968 DMC. They indicate the type of memory 
cycle to be performed, as shown in Table A. 

TABLE A. MODE SELECT TABLE 

MCo Mode 

0 Refresh without Scrubbing 
1 Refresh with Scrubbing or Initialize 
0 Read/Write 
1 Clear Refresh Counter 

MULTIPLE ERROR, Input 
This input identifies that a multiple error has been 
detected by the EDG unit. This input is intended to 
be connected to the MERR output of the Am2960. 
OUTPUT ENABLE BUS HIGH, LOW, Output 
These outputs are used when interfacing to a 
system bus, which can either be the same width as 
memory or half the width. They control the mUlti
plexing of the half-words on to the system bus from 
the EDG Bus Buffers. OEBH and OEBL are en
abled as shown in TableB. These outputs are 
intended to be connected to the appropriate OEB 
inputs of the Am2961/62. 
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OSC 

TABLE B. OEB TRUTH TABLE 

H/F AI OEBH OEBL 

0 X 0 0 
1 0 1 0 
1 1 0 1 

X = Don't Care 

OUTPUT ENABLE HIGH AND LOW, Output 
These signals are used to select the appropriate 
output from the EDC Bus Buffers and EDC unit(s), 
when performing either byte writes or word writes 
when H/F is high. Ao and AI are decoded so that 
the selected byte or word may be written into 
memory. These Signals are intended to be con
nected to the corresponding OE inputs of the 
Am2960 and OEY input of the Am2961162. Table 
C shows how these outputs are enabled. 
OUTPUT ENABLE SYNDROMES, Output 
This output is intended to be connected to the C5E 
~ input of the Am2960 EDC unit. It controls the 
feedback of the syndrome bits in the 32-bit and 64-
bit modes. 
OSCILLATOR, Input 
This input signal is used to generate an intemal 
refresh clock. It is this oscillator which initiates a 
refresh cycle if FA does not go active. The OSC 
signal may come from either extemal components 
(RC circuit) or a TIL clock source. 

RASI 

RMO-2 

R/W 

S 

ROW ADDRESS STROBE INPUT, Output r 
This output is connected to the RASI input of the N 
Am2968 DMC. It is used to start a memory access :g 
for the DMC. The RASI output is also connected to CD 
the delay line to start the timing sequence. The 
rising edge of RASI initiates both actions. 
REFRESH MODE, Input 
These inputs control the type of refresh cycle the 
Am2969 is supposed to initiate, as specified in 
Table D. . 
READ/WRITE, Input 
This input indicates a memory read request when 
HIGH, and a write request when LOW. 
SELECT, Output 
The S output is intended to be connected to the S 
input of the Am2961/62 EDC Bus Buffers. It 
controls the source of data for the Am2960 EDC 
unit. When HIGH, data comes from the system 4 
bus; when LOW, data comes from memory. 
SUPPRESS, Input 
When &iF> is driven LOW, it will inhibit access to 
memory by disabling WE. It can be used to prevent 
illegal access in memory-access-protected sys
tems. 
TIMING TAPS, Input 
These inputs are the positive-edge triggered timing 
tap outputs from the timing reference (delay-line). 
They provide the necessary timing information for 
the Am2969 to control memory cycles. Definition 
of the ten timing taps is given in Table E. 
WRITE ENABLE, Output 
When WE is LOW, it causes data to be written into 
memory. WE is inhibited if &iF> is LOW, or if a 
multiple error is encountered during a read-modify
write cycle. 

TABLE C. OUTPUT ENABLE TRUTH TABLE 

H/F B/W AI 
0 0 0 
0 0 0 
0 0 1 
0 0 1 

0 1 0 
0 1 0 
0 1 1 
0 1 1 

1 0 0 
1 0 0 
1 0 1 
1 0 1 

1 1 0 
1 1 0 
1 1 1 
1 1 1 

Ao OEHl OEHo OELl OELo Cycle Type 

0 0 0 0 0 
1 0 0 0 0 Full Word Wr~e 0 0 0 0 0 
1 0 0 0 0 

0 0 0 0 1 
1 0 0 1 0 Byte Wr~e 0 0 1 0 0 
1 1 0 0 0 

0 0 0 1 1 
1 0 0 1 1 Word Write 0 1 1 0 0 
1 1 1 0 0 

0 0 0 0 1 
1 0 0 1 0 Byte Write 0 0 1 0 0 
1 1 0 0 0 

TABLE D. REFRESH MODE SELECT TABLE 

RM2 RMl 

0 0 
0 0 
0 1 
0 1 

1 0 
1 0 
1 1 
1 1 

RMo 

0 
1 
0 
1 

0 
1 
0 
1 

Refresh Mode 

Not Scrubbing/Not Burst 
Not Scrubbing/128-Cycle Burst 
Not Scrubbing/256-Cycle Burst 
Not Scrubbing/512-Cycle Burst 

Scrubbing/Not Burst 
Scrubbing/128-Cycle Burst 
Scrubbing/256-Cycle Burst 
Scrubbing/512-Cycle Burst 
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TABLE E. TIMING TAP DEFINITION TABLE 

Taplil .Functl°rt 
1 Controls when i5"i'ACK will go active during read cycles. 

2 Identified when 'ERR flag is valid d!Jring a read cycle. 
Also used to control wilen the RAg. outputs of Am2968 
should be taken HIGH for read and full-word write 
cycles. 

3 Indicates that corrected data is avaiiable at output of 
EOC unit during a read cycle with a singl~bit error. 

4 Controls when i5"i'ACK will go active during read-modify
write cycles. 

5 Identifies when data and check bits are available on the 
memory bus during write cycles. 

6 Identifies when corrected data and check bits are 
available on the memory bus during read-modify-write 
cycles. 

7 Indicates that valid data is available from memory at 
inputs of EDC unit during read cycles. 

8 Identifies when a new memory cycle may begin after a 
read or write cycle has been performed. 

9 Controls when RAS outputs of DMC should go HIGH for 
read-modify-write cycles. 

10 Identifies when a new memory pycle may begin after a 
read-modlfy-write cycle has been performed. 

APPLICATION 
ARCHITECTURE 

The Am2969 MTC is designed to replace much. of the MSI 
"glue" logic which is commonly necessary in controlling 
dynamic memory systems. It is responsible for contrOlling/ 
arbitrating memory access and refresh, error detection and 
correction processes, and handshaking with the processor. 
The Am2969 supports both multiplexed and demultiplexed 
busas by controlling the outp!Jt enable signals of the EDC Bus 
Buffers .. 

The Am2969 performs seven basic types of memory cycles -
READ WITHOUT ERROR, READ' WitH ERROR, FUll 
WORD WRITE, PARTIAL WORD WRITE, REFRESH, SCRUB
BING, and INITIALIZE. The cycles READ WITHOUT ERROR, 
FUll WORD WRITE, REFRESH, and INITIALIZE are normal 
(read/write) accesses to memory, while the others require 
eXtended (read-modify-write) accesses. 

ARBITRATION: SYNCHRONOUS vs 
ASYNCHRONOUS 

The Am2969 arbitrates between procesllOl' (read/write) and 
refresh requests for ,a memory cycle. If both the refresh and 
processor cycle are requested at the same time, the proces
sor request is serviced, first followed by the refresh request. A 
third type of access, memory initialization,.is given priority over 
both processor and refreSh requests. It is possible fQr the 
arbiter to be either synchronous with the system' clock, or 
asynchronous. Synchronous arbitration requires that the in

. puts requesting memory, FA and ~, be clocked into 
the Am2969 by using the ClK inp!J\. In this mode, ~ 
and rn are examined on the negative edge of ClK. When 
elK is not used (tied HIGH), the AM2969 detects is absence 
and enters the asynchronous mode. In this mode the first 
memory request to occur will be serviced, but not until after an 
intema! delay to avoid metastable states. ' 

4-92 

FLOW-THRU va FLY-BY READ CYCLES 

The simplest way to use error-correcting memory is to extend 
all read cycles long enough to have single-bit errors detected 
before the data transfer acknowledge (D'I'AO<) is asserted. In 
this way, cycles can be extended by the Am2969 on detection 
of a single-bit error with no external logic. When a multiple-bit 
error is detected, the prOCessor is' interrupted and an error
handling subroutine can be initiated. The problem with this 
type of "flow-thru" operation is that faster memory must be 
used to allow for the single-bit error flag to become valid 
before asserting 0'f'Arn<. If faster memory is unavailable or 
undesirable, wait-states maY have to be inserted into the read 
cycle and memory bandwidth is compromised. 

In "fly-by" operation, the assumption is made that all reads 
will result in correct data; therefore, 15"i"AQ( is asserted earlier 
in the cycle, which results in improved memory bandwidth. The 
processor will be interrupted' whenever an error occurs. 

One problem associated .with fly-by operation Comes from 
15"i"AQ( being asserted prior' to ERR going active when a 
single-bit error is detected. In this case, the processor will be 
receiving incorrect data unknowingly. To correct this situation, 
additional logic may be required to cause the processor to 
accept the "true" corrected data. 

The Am2969 determines whether flow-thru or fly-by opera
tions should be performed by checking the relationship of T 1 
and T 2. The Fly-By mode is entered when T 1 occurs before 
T 2, and the flow-thru mode is identified by T 2 going lOW prior 
to Tl. 

BUS RETRY MODE 

If the System processor can support a bus retry request, the 
Am2969 has a read access mode which offers the best of 
flow-thru and fly-by operation. 

052218 
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In ,tnis mode, read cycles are normally performed as fly-by. 
However, instead of interrupting the processor when a single
bit error is encountered, the Am2969 requests the last cycle to 
be "rerun" by asserting ~ and Hm simultaneously. An 
internal status flip flop is set which reserves the next proces
sor request for a read cycle to the same location. On this 
access, l5'i'ACK is delayed until the erroneous data has been 
corrected. If a multiple error is detected, EiEAR is asserted and 
the processor cen enter an error recovery subroutine. 

MEMORY INITIALIZATION 

Error-correcting memories are normally initialized to avoid the 
read errors associated with memory which powers up in a 
random state. The Am2969 facilitates this procedure via the 
m /NORM input. The data pattern written to memory can 
either be all zero, using the INITIALIZE mode of the Am2960, 
or any desired pattern present on the system bus during the 
first memory cycle of the initialize routine. 

Upon entering the INITIALIZE mOde2Jhe Am2969 performs 
eight "wake-up" cycles and then 2 write/refresh cycles. 
Upon completion of the initialization, the Am2969 begins 
normal memory arbitration. 

REFRESH OPERATIONS 

The Am2969 can support a variety of refresh schemes. The 
type of refresh is controlled via the RM0-2 inputs. Basic 
refresh types include distributed, as well as 128-, 258- or 512-
cycle burst. 

The internal refresh request is controlled by the FA" input, or 
the output of the internal oscillator as follows: 
• In the burst mode of operation, the FR input is always the 

refresh clock. 
• The FA input can also be used as the refresh clock in the 

distributed refresh (non-burst) mode. However, the internal 
oscillator takes over as the refresh clock if it goes through 
three cycles without a LOW level appearing on the FA 
input. This provision allows the primary refresh clock (FA) 
to be interrupted while it is in the HIGH logiC state, and for 
refresh operations to be resumed at the internal oscillator 
frequency. 

• It is also possible to use the on-chip oscillator as the 
refresh clock in distributed refresh mode. In this case, the 
FA" input should be tied HIGH. However, since the on-chip 
oscillator is asynchronous to the external eLK input, it is 
necessary to provide a synchronous refresh clock via the 
FA Input if synchronous arbitration is de!lired. 

The Am2969 has the ability to increase memory bandwidth by 
inserting refresh requests when the processor is accessing 
other devices or performing I/O operations (~ .. LOW, 
c::s .. HIGH). A hidden refresh can only be performed once 
every refresh clock period, and occurs only with distributed 
refreshing. When a hidden refresh is performed, the Am2969 
will skip the next refresh request. Figure 1 shows the timing 
involved to perform a hidden refresh cycle. 

Depending on the system configuration and operation, it is 
possible for the DRAM to appear "static," providing that a 
hidden refresh can be performed every refresh clock period. 

Figure 1. Hidden Refresh Cycle 
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MEMORY ERRORSCFiUBBING 

Memory scrubbing is a housekeeping operation in which 
memory is checked for errors during normal· refresh opera
tions. On each refresh cycle, one memory location is read, 
checked for errors, and if necessary, corrected and written 
back to memory. This is a preventative operation to minimize 
the amount of error accumulation. If the processor is not 
attempting to access memory during a scrubbing cycle, the 
processing throughput for that cycle is increased over that of a 
system. nOt implementing scrubbing. ThiS is made possible 
because a non-scrubbing system forces the processor to wait 
after an error is detected, to allow the corrected data to be 
written .back to memory. This occurs during a normal read 

cycle. For a scrubbing "System, the extra tinie needed to write 
Corrected data back into memory can be "hidden" from the 
processor since this occurs during refresh. 

Once the Em=I signal goes l-OW during a scrubbing cycle, the 
Am2969 extends the cycle by not issuing i5"i"Aa<. The writing 
of corrected data back. into memory is accomplished by 
controlling the output enables of the EDC unit and EDC Bus 
BUffers. The Am2969 is also responsible for having the 
Am2968 DMC perform a write cycle so that the corrected data 
can be written into the same memory location. If a multiple-bit 
error is encountered during a scrubbing cycle, WE will be 
inhibited. The total time required to."scrub" a one-megaword 
memory of all single-bit errors is 16 seconds· (assuming one 
refresh cycle every 16 j.lS9c). 

One Megaword DynamiC Memory System 
with Error Detection and Correction 
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Am2970 
Dynamic Memory Timing Controller 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Provides complete timing control for 64K/256K memory • Internal or external control of refresh 
systems which utilize the Am2968 Dynamic Memory • Burst (up to 512-cycle), distributed, or hidden refresh 
Controller • Memory access/refresh request arbitration 

• Supports extended cycle timing needed for byte-write • 24-pin 0.3" space-saving package 
operations 

GENERAL DESCRIPTION 

The Am2970 is a high-performance Memory Timing Con- achieve maximum performance. The delay-line is the timing • troller (MTC). The Am2970 is designed to be used in reference from which the MTC generates the control 
memory systems which use the Am2968 Dynamic Memory signals. 
Controller (DMC). 

All of the control Signals needed by the DMC are generated The Am2970 provides an internal refresh interval timer to 

by the Am2970 MTC. generate refresh requests independent of the CPU. This 
guarantees proper refresh timing under all combinations of 

The Am2970 uses a delay-line to provide maximum flexibili- CPU and DMA requests. 
ty to the memory system designer as well as allowing him to 
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RELATED PRODUCTS 

Part No. Description 

Am2968 Dynamic Memory Controller 

Am2971 Programmable Event Generator 
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PIN DESCRIPTION 

B/W BYTE/WORD; Input 
This input indicates a byte operation is to be 
performed when HIGH, and a word operation when 
LOW. When B/W is LOW, the Am2970 will provide 
an eXtended cycle so that a read-modify:write 
operation can be performed. ' 

CLK CLOCK, Input 
For systems requiring synchronous arbitration of 
memory access and refresh requests. this input 
would receive the system clock. For asynchronous 
arbitration, this input must be tied HIGH. 
CHIP SELECT, Input 
When ~ is LOW, the MTC is enabled. A memory 
read/write cycle can only be performed when ~ 
is active, while refresh cycles occur independent of 
~. When ~ Is HIGH, all memory requests 
(HIGH-to-LOW transition of ~ will be inter
preted as refresh requests ("Hidden" refresh). 

~ CYCLE REQUEST, Input 
When ~ is LOW, this input will generate an 
internal memory request for the Am2970 on the 
HIGH-to-LOW transition of ~. 

6Ti'eK DATA TRANSFER ACKNOWLEDGE, Output 
The HIGH-to-LOW transition of ~ informs the 
CPU that a write cycle has begun, or that data will 
be on the system bus at the correct time during a 
read cycle. 
FORCED REFRESH, Input 
This input is used to force' a refresh cycle at user 
designated times. Tha falling edge of J!I=f latches 
an internal refresh request. If the memorY is busy, 
the refresh is done at the completion of the current 
cycle. 

Met MODE CONTROL, OUtput 
This output should be connected to the MCI input 
of the Am2970. MCo of the Am2970 should be tied 
LOW. When ~CI is HIGH, the Am2970 will per
form a read/write cycle; when LOW, refresh will be 
done. 

OSC OSCILLATOR. Input 
This input slgnal is used to generate an internal 
refresh clock. It is this OSCillator which initiates a 
refresh cycle if J!I=f does not go active. The OSC 
signal may come from either external cOmponents 
(RC circuit) or a TTL clock source. 

RASI ROW ADDRESS STROBE .INPUT, Output 
This output is connected to the RASI input of the 
Am2970 DMC. It is used to'start a memory access 
for the DMC. Tha RASI output is also connected to 
the delay line to stsrt the timing sequence. The 
rislng edge of RASI initiates both actions. 

RMo, I REFRESH MODE, Input 
These inputs co~rol the type of refresh cycle the 
Am2970 is sUpposed to initiate, as specified in 
Table A. 
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R/W READ/WRITE, Input 
This input indicates a memory read request when 
HIGH, and a write request when LOW. 

SUP SUPPRESS, Input 
When D is driven LOW, it will inhibit access to 
memory by disabling WE. It can be used to prevent 
illegal access in memory-access-protected sys
terns. 

Tt-a TIMING TAps, Input 
These inputs are the positive-edge triggered timing 
tap outputs from the timing reference (delay-line). 
They provide the necessary timing information for 
the Am2970 to oontrol memory cyCles. Definition 
of the eight timing taps is given in Table B. 

W! WRITE ENABLE, Output 
When WE is LOW, it causes data to be written into 
memory. WE is inhibited if ffiJi5 is LOW, 

TABLE A. REFRESH MODE SELECT TABLE 

RM't RMo Refresh Mode 

0 0 Not Burst (Distributed) 
0 1 128-Cycle Burst 
1 0 256-Cycle Burst 
1 1 512-Cycle Burst 

TABLE B. TIMING TAP DEFINITION TABLE 

Tap 
# 

1 

2 

3 

4 

5 

S 

7 

S 

Function 

Controls when I5TACR will go active· during 
read cycles. 

Controls. when DTArn< will go active during 
read-modify-write cycles. 

Identifies when data is available on the memory 
bus during write cycles: 

IdentifieS when valid data is available on the 
memory bus during read-modify-write cycles. 

Indicates that valid data is available from mem-
ory during read cycles. 

Identifies when a new memory cycle may begin 
after a read or write cycle has been performed. 

Controls when m outputs of DMC should go 
HIGH for read-modify-write cycles. 

Identifies when a new memory cycle may begin 
after a read-modify-write cycle has been per-
formed. 
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APPLICATION 

ARCHITECTURE 

The Am2970 MTC is designed to replace much of the MSI 
"glue" logic which is commonly necessary in controlling 
dynamic memory systems. It is responsible for contrOlling/ 
arbitrating memory access and refresh, and handshaking with 
the processor. The Am2970 also provides an extended (Read
Modify-Write) cycle which is needed for byte operations. 

ARBITRATION: SYNCHRONOUS va 
ASYNCHRONOUS 

The Am2970 arbitrates between processor (read/write) and 
refresh requests for a memory cycle. If both the refresh and 
processor cycle are requested at the same time, the proces
sor request is serviced first, followed by the refresh request. A 
third type of access, memory initialization, is given priority over 
both processor and refresh requests. It is possible for the 
arbiter to be either synchronous with the system clock, or 
asynchronous. Synchronous arbitration requires that the in
puts requesting memory, FR, and CYCREQ be clocked into 
the Am2970 by using the CLK input. In this mode, ~ 
and FR are examined on the negative edge of CLK. When 
CLK is not used (tied HIGH), the Am2970 detects its absence 
and enters the asynchronous mode. In this mode, the first 
memory request to occur will be serviced, but not until after an 
internal delay to avoid metastable states. 

REFRESH OPERATIONS 

The Am2970 can support a variety of refresh schemes. The 
type of refresh is controlled via the RMO,1 inputs. Basic refresh 

types include distributed, as well as 128-, 256-, or 512-cycle 
burst. 

The internal refresh request is controlled by FR input, or the 
output of the internal oscillator as follows: 
• In the burst mode of operation, the FR input is always the 

refresh clock. 
• the FR input can also be used as the refresh clock in the 

distributed refresh (non-burst) mode. However, the internal 
OSCillator takes over as the refresh clock if it goes through 
three cycles wilhout a LOW level appearing on the FR 
input. This provision allows the primary refresh clock (FA) 
to be interrupted while it is in the HIGH logic state, and for 
refresh operations to be resumed at the internal OSCillator 
frequency. 

• It is also possible to use the on-chip oscillator as the 
refresh clock in distributed refresh mode. In this case, the 
FR input should be tied HIGH. However, since the on-chip 
oscillator is asynchronous to the external CLK input, it is 
necessary to provide a synchronous refresh clock via the 
FR input if synchronous arbitration is desired. 

The Am2970 has the ability to increase memory bandwidth by 
inserting refresh requests when the processor is accessing 
other devices or performing I/O operations (CYCREQ = LOW, 
es = HIGH). A hidden refresh can only be performed once 
every refresh clock period, and occurs only with distributed 
refreshing. When a hidden refresh is performed, the Am2970 
will skip the next refresh request. Figure 1 shows the timing 
Involved to perform a hidden refresh cycle. 

Depending on the system configuration and operation, it is 
possible for the DRAM to appear "static," providing that a 
hidden refresh can be performed every refresh clock period. 

Figure 1. Hidden Refresh Cycle 
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Am2971 
Programmable Event Generator (PEG) 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Twelve 32-bit programmable timing events, with regis- • Programmable clock output (Fo) frequency - 1 /5 or 1 /10 
tered outputs of internal 100MHz clock 

• Resolution between events down to 10ns • Internal clock reference derived from either an external 
• Up to eight programmable starting addresses to pick clock or crystal 

first event occurrence • 24-pin, 0.3" space saving package 

GENERAL DESCRIPTION 

The Am2971 is a high-performance Programmable Event circuits (Am2968 Dynamic Memory Controller, Am2969/70 II 
Generator (PEG). The PEG is a digital replacement for an Dynamic Memory Timing COntrollers), as well as being 
analog delay-line. It replaces several different delay-lines, capable of generating up to 12 unique digital timing 
because the resolution of the output signals is user waveforms. The main advantage of the Am2971 is that all 
selectable. The high-speed timing outputs may be used to of the events are user programmable, versus the fixed, 
control the Am2960 series of Dynamic Memory Support single event of a delay-line's outputs. 

BLOCK DIAGRAM 
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ro ! Am8163/Am8167 
= Dynamic Memory· Timing, Refresh and EDC Controllers ... 
I 

DISTINCTIVE CHARACTERISTICS 

• Complete CPU to dynamic RAM control Interface • EDC error flag latches for error logging under software 
• RAS/MS,EL/~ SeqUencer to eliminate delay lines control 
• Complete EDC/data path controls for Word/Byte read • Two timing configurations support a broad range of 

or write processors (Z80, Z8000, 8086, 8088; MC68000) 
• Automatic write-back of, corrected 'data and check bits 

when single errors are detected on any read cycle 

"-
GENERAL DESCRIPTION 

The Am8163 and Am8167 are high speed bus interface refresh arbitration and all EDC enables and controls. The 
controllers forming an Integral part of the 6086 and enable controls are configured for both word and byte 
AmZ8000· memory support chip set using dynamic MOS operations including the data controls for byte write with 
RAMs with Error Detection and Correction (EDC). The error correction. The Am816317 generates bus and operat-
complete chip set includes the Am8284A and AmZ8127 ing mode controls for the Am8160 EDC Unit 
Clock Generators, the Am2964B Dynamic Memory Control; 

The Am818317 uses the AmZ8127 oscillator output to 
ler, the Am2961/62 EDC Bus Buffers, the Am2960 EDC generate RASI Address MUX/CAS timing. An intemal re-
Unit and Am2965/66 RAM Drivers. 

fresh interval timer generates the memory refresh request 
The Am81,63 and Am8167 provide all of the control independent of the CPU to guarantee the proper refresh 
interface functions including RASI Address-MUX/~ tim- timing under all combinations of CPU and DMA memory 
ing (without delay lines), refresh timing, memory request! requests. 

BLOCK DIAGRAM 
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RELATED PRODUCTS 
Part No. Deacrlptlon Part No. o.ecrlpUon 

Am296Q ) 6-Blt Error DetectiOn and CorrectiOn Unit Am2964B Dynamic Memory Controller 
Am2968 Dynamic Memory Controller Am2961 162 Error Correction Bus Buffers 
Am2969/70 Memory Timing Controllers Am2965/66 Octal Dynamic Memory DrIVers 
Am2971 Memory Timing Controller 

'zaooo ,s a tradematk of Zilog, 01553A 
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Am8163 

co. 

CONNECTION DiAGRAM 
Top View 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am8163 
Am8167 

Device type 

o C B l L L S~~:~i~9 S<;>:"~a':d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
D-40-pin CERDIP (D-40-1) 
X- Dice 

Dynamic Memory Timing, Refresh, 
and EDC Controller 

4-101 

Valid Combinations 

DC, DCB, OM, 
Am8163 DMB 

XC, XM 

Am8167 DC, DCB 
XC 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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CD ... 
CO 

~ 
('I) 
CD ... 
CO 
E 
II( 

Pin No. Name I/O 

BUB ContrOl 

28 CLK I 

14 RCLK I 

13 FR I 

26 lVICR 0 

25 ~ 0 

11 SUJ5 I 

12 OS I 

33 AO I 

34 AS I 

15 BIW I 

16 R/W I 

32 MIlO I 

31 c:s I 

27 STR I 

Address Control 

35 LE 0 

36 RFSFi 0 

37 ~ 0 

39 MSEL 0 

38 CAS 0 

Error Logging and Control 

19 ERR I 

20 Mrn1f I 

18 LERR 0 

22 LMERR 0 

17 INTEFiR 0 

PIN DESCRIPTION' 

Description 

Clock. The CLK input determines memory cycle timing via the internal state machine from ,Which the control outputs 
are derived. It is normally 18MHz for the AmBl63 and 22MHz for the AmB167. The clock can run at lower frequencies, 
but not higher, because of other memory timing con,slraints. 

Refresh Clock. This input determines the period of the inlernal refresh interval + 16 timer and is normally 1 MHz. This 
results in a refresh cycle every 16 microseconds. This provides an internal refresh request to guaranlee valid memory 

,data independent of other system operating m~s, (memory request, OMA, etc.). 

Forca Refresh. FR is used to forca a refresh cycle at user-designaled limes. One example is transparent refresh 
during 1/0 operations. The refresh interval timer is reset so the next refresh occurs 16 RCLK cycles later if no other rn pulses occur. I!R can be used to minimize comsions with memory requests, thereby reducing the amount of time 
the CPU waits for refresh. 

Transfer ACknowledge (open collector). This active LOW output indicates thai corrected data has been latched In the 
Am8160 EOC oulput latch (as opposed to indicaling data is valid on the system bus). 

Advanced AckiiOWledge (open collector). This active LOW output indicates that a memory acceSs has started. It can 
be used to run without wait states when the memory system liming is synchronous with the CPU clock. Multibus or 
asynchronous configuration should use XAl::R 10 control Ihe CPU Ready input. 

Suppress. This active LOW input inhibits accass to the RAM in memory access protected systems. It must be valid 
before the HIGH-ta-LOW transition of OSlo ~press a read cycle. II must remain valid until after the cycle (flAS). 
This is required because SUJ5 simply inhibits on a write and inhibits orl!"R, ~, and C5rnW on a read, without 
haiting the internal stale generator. 

Data Str0b8. This active LOW input is used during read cycles to generate <5EB[, OEBH and OEBW. These signals 
control when data is enabled onto the system data bus. 

Address' Bit O. AO data input is latched inlernally on Ihe LOW-to-HIGH transition of AS. It is, used during byte 
operalions 10 deSignate whether high byle or low byle data is being accessed. 
AO = LOW for high byte operations and AO = ,HIGH for low byte operationS with the AmZ8000 Family CPU's. AO 
~~'Wwg is opposite for 8086 and inversion can be avoided by interchanging Ihe roles of orr and OEFI (and <5EB[ and 

). 

Address Strobe. The AS input is used to control the AO lalch. When HIGH, AO data is lalched. For non-multiplexed 
buses, the AS, input is tied LOW to make the latch transparent. 

Byte/wora. This input designales a byte operation if HIGH and a word operation if LOW: II must be valid Ihroughout 
the memory transaction. The Am8163/7 uses this input to delermine OEFI and m. 
Read/Wriiii. This input indicates a read operalion when HIGH and ,a write operation when LOW. It must be valid 
throug~B.JJthe memory transaction. The Am8163/7 uses this input to determine the outputs om, bE[, OE§R, ornr. 
and . ' 

MemorylinputOO!ut. This'signal serves as an active HIGH chip select for memory operations. It is used in 
conlunction with to determine if sm is valid. It must be HIGH before the LOW-to-HIGH transition of SfI!i if the sm 
input command is a pulse (AmZ8000). When using II level input (mUllibU~ start the cycle, MIlO musl become valid 
no laler than one clock period after the HIGH-ta-LOW transition of . 

Chip Select. This active LOW input is one of the enables for the AmB16317. II must be LOW before the LOW-to-HIGH 
transition of 8m when using a pulse to start a memory access. When using a level illflut to start the cycle, c:s must 
become valid no later Ihan one clock period after the HIGH-to,LOW transition of sm. 
Siiirt. This active LOW input can be a pulse or a level. It is used to indicale when memory access Is requested, It must 
nol extend past the LOW-to-HIGH transition of JJS. 

Latch Enable. This output controls'the LATCH ENABLE Input of the Dynamic Memory Controller. When LE is HIGH, 
the OMC address input latch is transparent. When LE is LOW, the address is latched. This signal is AS inverted. 

RefreSh. This active LOW output indicates a refresh operation is to be done. The Dynamic Memory Controller uses 
this Signal to sele!,! the refresh address output. 

Row Address Slr0b8. This active LOW output strobes the row address into memory. The liAS HIGH-to-LOW transition 
occurs during to if Si'R, MIlO and c:s have selected a memory~e. Additionally, RAS will be active one t-state after 
the RFSFi HIGH-ta-LOW transition occurs during refresh. The LOW-ta-HIGH transition at the end of each cycle 
starts an internally timed liAS precharge time con~isting of three t-states. , 

Multiplexer Select. This output controls the row and column address selection in the OMC. When MSEL is HIGH, the 
row address is, selected and when LOW, the column address is selected. MSEL is normally HIGH and goes LOW only 
during memory accesses, 

COlumn Address Strobe. This active LOW output strobes the column address into memory. It is generated only during 
memory accesses. 

Error. Thi$ active LOW signal from the Am81 eo EDC indicates when an error has occurred. The' AmBle3 samples this 
input just before the HIGH-ta-LOW transition of rrn. Single errors cause an automatic write-beck of corrected data. 

Multiple Error. This active LOW signal from the EDC indicates when a multiple error has occurred. Write back to 
memory is inhibited if a MULTIPLE ERROFi occurs on ,a read cycle. 

Latched Error. This active HI(3H output is set HIGH as a result of the EFiR input becoming active, LERR HIGH 
indicates an error has occurred. LERR is normally used to control error logging. It is reset when EmiACK goes LOW. 

Latched Multiple Error, This active HIGH output is set HIGH as a result of the MEFiFi input When HIGH, it indicates a 
multiple 'error has occurred. It is reset when ERRACK goes low. 

Interrupt Error (open collector). This active LOW output is used to interrupt the CPU when an error occurs. This can be 
used for diagnostic$ or error logging. ~ has high output drive capability in order to drive system buses, 
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Pin No. Name 110 Description 

Error logging and Control (Cont.) 

23 ~ 0 Interrupt MultIple Error (opan collector). This active LOW ~used to Interrupt the CPU when a multiple error 
occurs. This can be used for diagnostics or error logging. INTME R has high output drive capability in order to drive 
system buses. 

24 JNTACK I Interrupt Acknowledge. This active LOW input resets both the ,1iiI'fEFIR and ~ signals. 

21 ERRACK I Error Acknowledge. This active LOW input resets the rNt'E IfRging flWb~ERR and LMERR. It is only effective when 
JNTACK has previously cleared the interrupt flags, R and I RR. 

. EDC Control 

5 LEB 0 Latch Enable Bus. LEB is used to latch corrected data in the extemal Am8161/2 EDC Data Bus Buffers. By latching 
data output to the system data bus, the CPU can be oparated in a single-step mode. The data latch is required to 
capture data so the memory can be released for refresh immediately after a read (or write) cycle. 

I LEO 0 Latch Enable Output. LEO is used to latch corrected data in the Am8160 EDC data output latch. Correct data is then 
available to regenerate correct check bits for the write portion of the read-modify-write cycle. LEO can also control 
LEV of the Am8161/2 EDC Data Bus Buffers (the input latch from the system data bus). This is required in systems 
where the CPU removes data from the systam data bus before the Am8163/7 has completed a write cycle. 

2 LEI 0 Latch Enable Inpul. LEI is used to control the Am8160 EDC's input latch. It is normally LOW when a memO/)' cycle is 
not in progress. This prevents transitions on the bus from toggling the EDC logic, thereby raducing power dissipation 
and system noise. LEI latches the input data so the EDC data bus (V bus) can be TURNED AROUND WHILE the EDC 
is correcting the data. Cycle time is reduced by doing these functions in parallel. 

6 S 0 Select. This output controls the multiplexer thet selects EDC input data. It is normally HIGH to select data from the 
system bus. When LOW, ~ selects data from memO/)'. Since all cycles are a read-modify-writes, S switches every 
cycle. All memory oparations take the same number of internal t-states. There is no difference in the length of a cycle 
on read or write, error or no error. 

8 C5Elm 0 Output Enable Bus High. 15EliFi output enables the high byte data onto the systam data bus during byte read 
operations. It is used when interfacing to 8-bit data buses or the Multibus. * . 

7 QEB[ 0 Output Enable Bus Low. QEB[ output enables the low byte of data onto the system data bus during Byte Read 
operations. It is used when interfacing to 8-b~ data buses or the Multibus. 

9 OEBW 0 Output Enable Bus Word. OEBW output enables data onto the system data bus. It occurs on every read cycle 
independent of B/W. It is used for 16-bit systems or Multibus systems. 

4 l5EF! 0 O\rtPut Enable Hlgh.l5EF! controls the high byte of the EDC data bus (y ~ When OEH is HIGH, the Am2961/62 are 
driving the bus. When om is LOW, the Am8160 EDC is driving the bus. is HIGH during word writes and goes low 
on reeds and byte writes. 

3 QE[ 0 OUtput Enable LoW. m controls the low byte of the EDC data bus (Y bus). When HIGH, the Am2961/62' s are driving 
the bus. When LOW, the Am2960 is driving the bus. QE[ is HIGH during word writes and goes LOW on reads and byte 
writes. 

Other Controls 

40 WE 0 Write Enable_ WE controls the memory dUrln\l'e wr~ operation. It is generated during a byte or word wr~e and also 
during a read if a single error has occurred. E always occurs at the end of the memory cycle. Thus, the RAM is 
always doing a late write. 

29 J;iCE I Memory cycle Extend. This input is normally no! used and is pulled up Internally to produce "normal" timing. When 
tied LOW ~. extends the mem cycle (adds 5 t2 states for Am8163 and adds 4 i3 states for Am816?)_ This allows use 
of slower RAMs. Note that affects the refresh cycle as well as the normal cycle. By adding external.logic, the 
user may extend the cycle by I, 2 or 3 t-states instead. This is done by keeping MCE lew until 2, 3, or 4 clocks after 
MS for the 8163 or 2, 3, or 4 clocks after ~ for the 8167. 

*Multibus is a registered trademark of Intel Corporation. 

FUNCTION TABLES 

Am8163/8167 

R/W B/W AO 0EFi oa ~ 

L L L H H X 
L L H H H X 
L H L H L X 
L H H L H X 
H L L L L L 
H L H L. L L 
H H L L L L 
H H H L L L 

OEH and OEL are enabled by 
H 

appropriate sequencer "T" states. 
(See Timing Diagram) 
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R/W 

L 
L 
L 
L 
H 
H 
H 
H 
X 

B/W AO OEBH OEBL OEBW 

L L H H H 
L H H H H 
H L H H H 
H H H H H 
L L L H L 
L H H L L 
H L .L H L 
H H H L L 
X X H H H 
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Am8163/67 DETAILED DESCRIPTION 

The Am8163/67 provides timing and control for Error Detec
tion and Correction (EDC) using dynamic Random Access 
Memories (RAM) together with the Am2960 family of EDC 
devices. See Table 1 to determine which device (Am8163/67) 
is best suited to which processor. 

The Am2960 family proVides an optimized, but also flexible 
solution to the interface between MOS microprocessorS and 
. dynamic MaS RAMs. 

. The Am2960 performs the function of error detection and 
correction, using a modification of the well-known Hamming 
Code algorithm. 

The Am2961 and Am2962 are bus buffers optimized for 
operation with the Am2960. 

TABLE 1. 

ProceAOr Am8163 Am8167 

ZooA X 
ZooB X 
Z8000 - 4MHz X 

- 6MHz X 
- 8MHz X X 

8086 - 5MHz X 
- 10MHz X 

8088 - 5MHz X 
- 10MHz X 

68000 - 4MHz X 
- 6MHz ) X 
- 8MHz X X 
- 10MHz X X 
- 12MHz X X 

Note: Where X's appear in both columns, either 
device may be used. 
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The Am2964B performs address latching and multiplexing for 
the RAS/CAS sequence. It also contains a refresh counter 
that can be multiplexed onto the address outputs. 

The Am2965 and Am2966 are octal memory address bus 
drivers, similar and pin-compatible to the popular 74LS240 
and 74LS244, but with on-chip resistorS that reduce the 
problem of undershoot on unterrninated address lines. 

None of the above-mentioned circuits contain timing ele
ments. To achieve the greatest versatility, this function is 
concentrated in the Am8163 . 

The Am8163/67 performs two indePendent functions: 

1. It provides timing and control to the Am2964B Dynamic 
Memory Controller, i.e., the RAS/CAS Refresh address 
multiplexer. 

2 .. lt provideS timing and control for the 2960, 2961, or 2962 
EDC circuits and interfaces with the microprocessor's 
interrupt lines and WAIT input. 

RAS/CAS and Refresh 

The Am8163/67 accepts several. control Signals from the 
microprocessor (BYTE/W5Fil5,' READ/WRi'i'E, Address 
Strobe, Data Strobe, MemoryllO) and a Refresh clock signal 
from the clock generator. 

From these inputs, the Am8163/67 generates control signals 
for the 2964B RAS/CAS and Refresh multiplexer. 

The LE output, when HIGH, makes the 2964B input latches 
transparent. The HIGH-to-LOW transition of LE latches ad
dress information· into the 2964B. 

The ~ output is activated when the apprOjJriate combina
tion of sm, M/iO, and es occur or when a refresh operation 
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is to be performed. MSEL goes LOW one clock period after 
RAS goes LOW. 

~ goes LOW a short specified delay after MSEL goes LOW. 
MS, MSEL and CAS go HIGH together, eight clock periods 
after RAS goes LOW. The RAS/CAS timing is thus derived 
from a high frequency (16MHz clock) without any monostables 
or delay lines. 

The Am8163 and Am8167 are comparable except for the CAS· 
timing sequence. 

The Am8163 timing is optimized for operation with a 4MHz 
microprocessor clock, derived from a 16MHz oscillator. The 
RAS to MS delay is one oscillator period (62ns) and the MS to 
CAS delay is combinatorial, 16ns minimum. 

The Am8167 timing is optimized for operation with a 5.5MHz 
microprocessor clock, derived from a 22MHz oscillator. The 
RAS to MS delay is one oscillator period (47ns) and the MS to 
m delay is also one oscillator period (47ns). 

Dynamic Memory Refresh 
The proper sequencihg of refresh operations can be per
formEid either by the CPU (transparent refresh) or by the 
memory controller (stand-alone refresh). 

Transparent refresh, as implemented in the Z80 and Z8000 
microprocessors is simple and aVOids all memory contention, 
but it wastes processor time and is not fully compatible with. 
DMA operation. 

"Stand-alone" refresh puts the responsibility of refresh ad
dress ·generatlon and timing on the memory controller. The 
Am8163/87 performs the necessary timing and access arbi
tration. The internal refresh interval timer generates a refresh 
request aftEir every 16 clock pulses on the RCLK refresh clock 
input (typically 1 MHz). When FR (force refresh) goes LOW, the 
+ 16 counter is cleared and the internal refresh request is 
generated. 

Refresh requests and memory requests are synchronized 
inside the Am8163/67 where the arbiter circuit resolves 
potential conflicts. If Ii. refresh request occurs after a memory 
request or during a memory operation, this refresh request will 
be honored after the memory transaction is complete and the 

. necessary additional precharge time has elapsed. 

Similarly, if a memory request occurs after a refresh request or 
during a refresh operation, this memory request will not be 
acknowledged until the refresh operation is completed and the 
necessary precharge time has elapsed. When memory and 
refresh requests occur simultaneously, the arbiter favors the 
memory request. 

Error Detection/Correction 
The other function of the Am8163/67 is timing and control for 
Error Detection and Correction using the 2960, 2961 or 2962 
Circuits. 

The Am8163/67 drives the ECC Control Bus and receives 
ERROR or MULTIPLE ERROR inputs from the 2960 Error 
Detection and Correction Unit. The Am8163/67 also inter
faces with the microcomputer interrupt structure and with the 
error-logging circuitry. 

The 2960 can support two methodS of error correCtion: 
"Correct Only On Error" and "Correct Always". 

"Correct Only On Error" relies on the fact that error detection 
is faster than correction. Data read from the memory is fed 
directly to the processor. A read error will insert a wait state 
while the error is being corrected and data is also being written 
beck into the memory. At reasonably low error rates, this 
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scheme achieves the highest possible throughput, but it is 
incompatible with all present microprocessors, since they 
sample their WAIT input too early in the cycle. 

The Am8163/67 implements the other scheme- "Correct 
Always"-which is compatible with all modern microproces
sors. 

This scheme allocates time to insure that corrected data is 
sent to the CPU. Additionally, the Am8163/67 allows time 
after each memory read operation, to write the corrected 
result back into the memory. This write operation, however, is 
executed only if there was a Single error; there is no need to 
write correct data back, and it is undesirable to write the wrong 
result of a double error. 

the Am8163/67 also provides the proper control signals to 
allow byte write operation in 16-bit memory systems with Error 
Correction. The Am8163/67 automatically first performs a 
word read operation, retains the corrected unused byte in the 
2960, and then writes the composite word and check bits into 
the memory. Outputs LEO, LEI, C5EFi, ()E[ and S are 
responsible for this. 

()E[ is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO - 0 
(even addresS) 

OEH is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 1 
(odd address) 

OEBW is pulsed LOW during every read operation 

~ is pulsed LOW during every read operation with 
AO - 1 (odd address) 

0liR is pulsed LOW during every read operation with 
AO - 0 (even address) 

Note: The 5E and 5EB outputs interpret AO in opposite ways. 
This is consistent with 2960/61 operation. 

RI 
W 
L 
L 
L 
L 
H 
H 
H 
H 

BI AO OEH em: 0EiiW OEBH OEBL W 
L L H H H H 
L H H H H H 
H L H L H H 
H H L H H H 
L L L L L L 
L H L L L H 
H L L L L L 
H H L L L H 

OEBW, 0EBFi, and 5EB[ can be active 
(LOW) only if: ~ = CS = L AND SUP = H 

H 
H 
H 
H 
H 
L 
H 
L 

Note that 16-bit memory with EDC must always be initialized 
with word write operations in order to allow a later byte write 
operation. (An uninitialized memory would most likely read 
multiple errors and would then not allow byte write operation.) 

Error Interrupt Control 
The Am8163/67 clocks in the ERROR and MULTIPLE ER
R<5R signals coming from the 2960 and stores them in both 
the Interrupt LogiC and in the Error Control LogiC. 

Interrupt Acknowledge clears both INTERR and INTMERR. 
The latter must therefore always be the higher priority inter
rupt. 

The Error Logic Control circuit latches up the two bits in the 
Error Interrupt Control circuit. The LERR and LMERR outputs 
are cleared by ERRACK, provided that the interrupts have 
been cleared first. These signals are normally used to control 
updating of the syndrome latch or other diagnostic circuitry. 
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Am8163/67 APPLICATION WITH 
MC68000 

nA 1~----------7'U~=~~----------~ '--____ ...1 

.,.,. ""1--------.. U=378M,---------t 
'-----_...1 

ADDRESS sus 

t:>----ics 

r---------------------------------~~ 

Ii!lI t--------------------t--~rb----~ s/w 

~r---------------------~~----------~~ 

1---tMliO 

~ACK~------------------------~------------~~~ 

HI'll r----------------------------------------... H/W 

"Timing refers to 10MHz MC68000. 

L 

AF000540 

Am8163/67 

AFOO0550 

Note 1: M/iO may be tied HIGH or connected to an address pin. It may also be connected to an 1/0 port. 
The main consideration is not to start the 8163/67 when communicating with the 2960 Diagnostic 
Latch. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150'C 
Ambient Temperature Under Bias ...•..... -55'C to + 125'C 
Supply Voltage to Ground Potential 

Commercial (C) Devices \ 
Temperature ................................. ; .•. O·Cto +70'C 
Supply Voltage ..............•...•......... +4.75V to +5.25V 

Military (M) Devices 
Continuous ..•......•.....••••.....•••••....••••• -O.5V to +7.0V 

DC Voltage Applied to Outputs For 
High Output State ..•...••........•••....•. -O.5V to Vee Max 

DC Input Voltage .•..........•. : ......•••....•.•.. -O.5V to +5.5V 
DC Output Current, ,Into Outputs ..•.•....•.•....•.•.••.•.. 30mA 

Temperature •..•....••.••..... ; •....•...•... -55·C to +125'C 
Supply Voltage ............................... +4.5V to +5.5V 

Operating ranges define those limits over which the function-

DC Input Current.. .............................. 30mA to + 5.0mA 
alffy of the device is guaranteed. ' 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

(Group A, Subgroups 1, 2 and 3) 

Parameters Description Test Conditions (Note 1) 

Vex;- MIN Outpul(s): MIL, IOH = -1.0mA 
VOH Output HIGH Voltage VIN • VIH or VIL All except open collectors, COM'L, IOH· - 2.6mA 

Outpul(s): IOL-SmA LERR, LMERR 
~,m,~,mc IOL=12mA 

Vex;- MIN l5rn, ~, m;sw, Rrn! IOL-12mA 
VOL Output LOW VoRage VIN • VIH or VIL LEO, LEI, WE IOL ~12mA 

LEB, LE, S, MSEL IOL-12mA 
~, iIiimiFf IOL-16mA 
~.~ IOL = 32mA 

VIH 
Guaranteed Input Inpul(s): All Logical HIGH VoRage 

Guaranteed Input MIL 
VIL Logical LOW Voltage Inpul(s): All COM'L 

VI Input Clamp Voltage Vex;- MIN Inpul(s): All IIN--18mA 

Inpul(s~ MIL 
~~~, ~~~b~/W, R/W COM'L 

MIL 
IlL Input LOW Current Vex; = MAX m,~,~,MC:E 

VIN -0.5V COM'L 

m, <::S, ITS, Elm MIL 

COM'L 

~ MIL 

COM'L 

=s): 
MIL 

COM'L 

CLK, <::S, D§, EFi1'i MIL 

VCC~MAX 
COM'L 

IIH Input HIGH Current VIN = 2.7V FR, gop, Met, ERRACK 

M/I~, AD, RClK, B/W, RIW 

~, §fR, INTACK 

Vex; = MAX 
Inpu~ 
ClK, ,D§, EFi1'i, JJElm 

VIN= 5.5V SUJ5, Met, rn 
II Input HIGH Current 

W+ic:~O' RCL~W, R/W 
Vee-MAX ,~, 
VIN-7.0V 
~ 

~: Vex;- MIN I , iR'fEim 
IOH Output HIGH Current VQH= 5.5V XACK, AACK 

Typ 
Min (Note 2) Max 

2.4 

2.4 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 
0.50 

2.0 

0.7 

O.S 

-1.5 

-0.42 
-0.40 

-0.82 

-O.S 

-2.1 

-2.0 
-2.6 

-2.4 

100 

70 

70 

50 

40 

20 

20 

1.0 

1.0 

0.10 

0.20 

100 

150. ' 

Units 

Volts' 

Volts 

Volts 

' Volts 

Volts 

rnA 

rnA 

mA 

rnA 

IJA 

IJA 

IJA 

rnA 

IJA 
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Parameters 

lOS 

ICC 

Notes: 1. 
2. 
3. 

Typ 
Description Test Conditions (Note 1) Min (Note 2) Max Units 

Output Short Circuit Vee = MAX 

Current +0.5V Output(8): All (Note 3) -15 -85 mA 
Vo=0.5V 

25"C, 5V 280 mA 
8183 o to 70"C 365 mA 

8167 o to 70"C COM'L 390 mA POWfl( Supply Current 
8163 -55 to + 125"C 385 mA 

8167 -55 to + 125"C MIL 420 mA 

For conditions shown as MIN or MAX, use the appropriate value specnied under Operating Range for the applicable device type. 
Typical limits are at Vcc = 5.0V, 25"C ambient and maximum loading. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING TES1' CIRCUIT 

INTERR,INT MERR OTHER OUTPUTS 
Vee 

-1: I\-eem 

1.-4 
, .... :"! 

~ 
~: 

... 
III ::l~ IIQpF ::l~ 

TCOO0640 
":' 

TCOO0650 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Deecrlptlon 
1 Is M/~I or ~I to elK Setup Time 

2 IH MI~I or ~I to ~I Hold Time 

3. Is FFi I to elK Setup Time 

4 \f>wL FFi lOW Pulse Width 

5 IpLH ASI to lE I Propagation Delay 

6 IpHL ASI to LEI Propagation Delay 

7 Is AO to ASI Setup Time 

8 IH AO to 1iSI Hold Time 

9 tPWL 1iS, STR lOW Pulse Width 

10 Is M/~I or ~I to STRlSetuP Time 

11 Is ~I to SWiI Setup Time 

12 Is STFiI to elK Setup Time 

13 tpHL elK to ml Propagation Delay 

14 tpLH elK to ]!i1iSI Propagation Delay 

15 IpHL elK to USE[I Propagation Deley 

16 IpLH elK to USE[ I Propagation Delay 

17a tpHL USE[I to ~I Propagation Delay - 8163 

17b tPHL elK to ~I Propagation Delay - 8167 

18a tpLH elK to ~I Propagation Delay - 11163 

18b tpLH elK to ~I Propagation Delay - 8167 

19 tPLH S"I'R I to mRI Propagation Delay 

20 tPHL eLK to mRl Propagation Delay 

21 IpHL elK to WE I Propagation Delay 

22 IpLH elK to WE I Propagation Delay 

23 tpHL elK to SI Propagation Delay 

248 tpLH LEI! to SI Propagation Delay - 8163 

24b IpLH elK to SI Propagation Delay - 8161 

25 IpLH elK to lEI! Propagation Delay 

26 IpHL elK to LEI! Propagation Delay 

27 IpLH LEOI to LEII Propagation Delay 

288 tPHL lE11 to ~I, ml Propagation Delay - 8163 

28b IPHL eLK to ~I. ml Propagation Delay - 8167 

29 If>LH elK to OEi=jl, ml Propagation Delay 

30 Is R/W, B/W to l5S1 Setup Time 

31 tH R/W. B/W to WEI Hold Time 

32 tPHL elK to LEOI Propagation Delay 

33 tpLH elK to ·LEOI Propagation Delay 

34 IpLH eLK to LEB I Propagation Delay 

35 IpHL elK to lEBI Propagation Delay 

36 IPHL elK to l<ACR I Propagation Delay 

37 IpLH OSI to l<ACR I Propagation Delay 

38 tPHL OSI to l:lES[I, l5E§HI, t5EBW I Propagation Delay 

4-112 

XACT,AACK 

-1: 
I 11QpF 

TCOOO660 

MIn Typ Max Unite 
0 -4 ns 
0 -10 ns 

5 2 ns 

1p+5 Ip + 2 ns 

12 18 ns 

12 18 liS 

1 0 ns 

9 5 ns 

20 9 ns 

2 0 ns 

-Ip -(Ip+ 10) ns 

10 6 ns 

36 41 ns 

26 34 ns 

17 22 ns 

21 26 ns 

18 23 n8 

17 22 ns 

34 43 n8 

21 26 ns 

30 35 ns 

33 41 ns 

17 22 ns 

20 26 ns 
16 22 ns 

1.0 3.0 ns 

21 26 ns 

20 26 nil 
17 22 ns . 

15 20 ns 
4.5 7.0 ns 

24 30 ns 

24 30 ns 
0 -1.5 ns 
0 -10 ns 

15 21 ns 
21 26 ns 

21 26 . ns 

24 30 ns 
29 36 ns 

24 30. ns 
13 18 ns 
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Parameters Description 
39 tpLH OSt to <:mer t. mH"t. OE'BWt Propagation Delay 

40 Is ~. ~ to LEOI Setup Time 

41 tH ~. ~ to L!,OI Hold TIme 

42 tpHL LEOI to lNTERAl. liiITMEFiRl Propagation Delay 

43 tPLH ~I to ~I.~t Propagation Delay 

44 tPLH LEO I to LERR I. LMERR I Propagation Delay 

45 IpHL ~I to LERRI. LMERRI Propagation Delay 

46 tPWL ~ LOW Pulse Width 

47 tPWL ~ LOW Pulse Width 

48 Is MiJ51 to i5S1 Setup Time 

49 tH WEI to SUP, Hold TIme 

50 tpHL CLK to ~I Propagation Delay 

51a tPWL ~ LOW Pulse Width (~- HIGH) - 8163 

51b tPWL ~ LOW Pulse Width (~- HIGH) - 8167 

52a tPWL 
Rim LOW Pulse Width During Refresh 
~ - HIGH) - 8163 

52b tPWL 
Rim LOW Pulse Width During Refresh 
(~- HIGH) - 8167 

53a tPWL ~ LOW Pulse Width (~= LOW) - 8163 

53b tPWL ~ LOW Pulse Width ~ - LOW) - 8167 

54a tPWL 
Rim LOW Pulse Width During Relresh 
(~- LOW) - 8163 

54b tPWL 
m LOW Pulse Width During Refresh 
(~ - LOW) - 8167 

55a lose CLK Frequency - 8163 

55b lose CLK Frequency - 8167 

4·113 

Min Typ Max Unite 
13 18 ns 

1.5 0 ns 

6.5 4 ns 
19 24 ns 
23 30 ns 

30 39 ns 

9 14 ns 
20 9 ns 

20 9 ns 

0 -5 ns 
0 -10 ns 

16 21 ns 

41p 

51p 

31p 

41p 

71p 

91p 

6tp 

81p 

16 MHz 

22 MHz 
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Switching Characteristics (Cont.) 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description 

1 Is M/~t or <:Sl to elK Setup Time 

2 IH Mi~1 or <:St to'RASt Hold Time 

3 Is FFilto elK Setup Time 

4 tPWl FA LOW Pulse Width 

5 tplH ASI to lEt Propsgation Delay 

6 tPHL ASt to lEI Propsgation Delay 

7 Is AO to ASt Setup Time 

8 tH AO to ASt HoldTime 

9 tPWL AS, SiR lOW Pulse Width 
10 Is M/~t or <:SI to S'mt Setup Time 

11 Is <:SI to S'm I Setup Time 

12 Is S'ml to elK Setup Time 

13 tpHL elK to F!AS1 Propsgation Delay 

14 tpLH elK to F!ASt Propagation Delay 

15 tPHL elK to mal I'ropsgation Delay 

16 tpLH elK to ma f Propsgation Delay 

17a tpHL mal to /::AS1 Propsgation Delay - 8163 I 

17b tpHL elK to /::ASI Propagation Delay - 8167 

18a tpLH elK to /::ASI Propagation Delay - 8163 

18b tpLH elK to /::ASI Propagation Delay - 8167 

19 tpLH ST!t1 to ~ f Propsgation Delay 

20 tpHL elK to mKl Propsgation Delay 

21 tpHL elK to WEI Propsgation Delay 

22 tpLH elK to WE! Propagation Delay 

23 tpHL elK 10 51 PropsgatiOn Delay 

24a tpLH lEU to St Propsgation Delay - 8163 

24b tpLH elK to St PropsgatiOn Delay - 8167 

25 tpLH elK to lEI t Propagation Delay 

26 tPHL elK 10 lEI I Propsgation Delay 

27 tpLH lEO I to lEI! PropsgatiOn Delay 

28a tpHL lEU to 0EFi1, ~I Propsgation Delay - 8163 

28b tpHL elK to OEHI, l5E[1 - 8167 

29 tpLH elK to OEFit, l5E[t Propsgation Delay 

30 Is R/W, B/Vi to 1551 Setup Time 

31 IH R/W, B/Vi to WEt Hold Time 

32 tpHL elK to lEO I Propagation Delay 

33 tpLH elK to lEO! Propagation Delay 

34 tplH elK to lEB t Propagation Delay 

35 tpHL elK to lEB I Propagation Delay 

36 tpHL elK 10 mR! Propagation Delay 

37 tpLH 155t to mRt Propsgation Delay 

38 tpHL 
051 to ~I, 0Elffi1, 0EiiW1 
Propagation Delay 

39 IpLH 155t to OEBi:t, C>Eim t, OEiiWt 
Propagation· Delay 

40 Is Elm, iiilERFi to lEO I Setup Time 

41 IH Elm, ~ to lEOI Hold Time 

42 tpHL 
lEOI to ~I, ~I 
Propsgation Delay 

43 tpLH 
iiiii'ACK1 10 INTERRt, ~t 
Propagation Delay 

44 tpLH 
lEOI to lERRt, lMERRt 
Propagation Delay 

45 tpHL 
~I to lERRI, lMERRI 
Propsgation Delay 

4-114 

COMMERCIAL MIUTARY 

Min Max Min Max Units 

5 5 ns 
5 5 ns 

9 9 ns 

tp+l0 tp+ 10 ns 

22 22 ns 

22 22 ns 

1.5 1.5 ns 

10 10 ns 
20 20 ns 

5 5 ns 

-tp . -tp ns 

10 12 ns 

45 45 ns 

40 40 ns 

25 25 ns 

30 30 ns 

16 16 ns 

25 25 ns 

50 50 ns 

30 30 ns 

40 40 ns 

46 46 ns 

25 25 ns 

30 30 ns 

25 25 ns 

0 0 ns 

30 30 ns 

30 30 ns 

25 25 ns 

10 10 ns 

4.0 4.0 ns 

35 35 ns 

35 35 ns 

0 1.0 ns 

0 0 ns 

25 25 ns 

30 30 ns 

30 30 ns 

35 35 ns 

40 41 ns 

35 35 ns 

22 22 ns 

22 22 ns 

. 2.0 3.0 ns 

8.0 8.0 ns 

28 28 ns 

38 38 ns 

46 46 ns 

20 20 ns 

01553A 
Refer to Page 13-1 for Essential Information on MIUtary Devices 



COMMERCIAL MILITARY 

Parameters Description Min Max Min Max Units 

46 IpWL INTACK LOW Pulse Width 20 20 ns 

47 tpWL ERRACK LOW Pulse Width 20 20 ns 

48 ts SUI> I to l5S I Setup Time 5 5 ns 

49 tH WEr to SUPr Hold Time 5 5 ns 

50 tpHL CLK to RF§i I Propagation Delay 25 25 ns 

518 tPWL 
RFSH LOW Pulse Width 4lp-3ns 4tp-3ns (MCE - HIGH) - 8163 

51b tPWL 
Rf!SFi LOW Pulse Width 5tp-3ns 5lp-3ns (MCE = HIGH) - 8167 

52a tPWL 
RAS LOW Pulse Width During Refresh 3tp-3ns 31p-3ns (MCE = HIGH) - 8163 

52b tPWL 
RAS LOW Pulse Width During Refresh 
(MCE = HIGH) - 8167 4tp-3ns 4tp-3ns 

53a tPWL 
m'SR LOW Pulse Width 7tp-3ns 7tp-3ns (MCE = LOW) - 8163 

53b tPWL 
RFSH LOW Pulse Width 9tp-3ns 9lp-3ns (MCE = LOW) - 8167 

54a tPWL 
RAS LOW Pulse Width During Refresh 
(MCE = LOW) - 8163 

6tp-3ns 6tp-3ns 

54b tPWL 
RAS LOW Pulse Width During Refresh 81p-3ns 61p-3ns 
(MCE = LOW) - 8167 

55a lose CLK Frequency - 8163 16 16 MHz 

55b lose CLK Frequency - 8167 22 22 MHz 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

4-115 
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Am2901B/ Am2901C 
Four-Bit Bipolar Microprocessor Slice 

DISTINCTIVE CHARACTERISTICS 

• Two-address architecture -
Independent simultaneous access to two working regis
ters saves machine cycles. 

• Eight-function ALU -
Performs addition, two subtraction operations, and five 
logic functions on two source operands. 

• Expandable-
Connect any number of Am2901s together for longer 
word lengths. 

• Left/right shift Independent of ALU -
Add and shift operations take only one cycle. 

• Four status flags -
Carry, overflow, zero, and negative. 

• Flexible data source selection -
ALU data is selected from five source ports for a total of 
203 source operand pairs for every ALU function. 

GENERAL DESCRIPTION 

The Am2901 industry standard four-bit microprocessor 
slice is a high-speed cascadable ALU intended for use in 
CPUs, peripheral controllers, and programmable micropro
cessors. The microinstruction flexibility of the Am2901 
permits efficient emulation of almost any digital computing 
machine. 

The device, as shown in the block diagram below, conSists 
of a 16-word by 4-bit tWo-port RAM, a high-speed ALU, and 
the associated shifting, decoding and multiplexing circuitry. 
The nine-bit microinstruction word is organized into three 

groups of three bits each and selects the ALU source 
operands, the ALU function, and the ALU destination 
register. The microprocessor is cascadable with full look 
ahead or with ripple carry, has three-state outputs, and 
provides various status flag outputs from the ALU. AMO's 
ion-implanted micro-oxide (lMOX) processing is used to 
fabricate the 4O-lead LSI chip. 

The Am2901C is a plug-in replacement for the Am2901B, 
but is 33% faster than the Am2901B. 

MICROPROCESSOR SLICE BLOCK DIAGRAM 

80002120 

IMOX is a trademark of Advanced Micro Devlces. 016568 
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RELATED PRODUCTS 

Part No. Descrlpt.ion 

Am2902 Carry Look·Ahead Generator 

Am2904 Status and Shift Control Unit 

Am2910 Microprogram Controller 

Am2914 Vectored Priority Interrupt Controller 

Am2917 Bus Transceiver 

Am2916 Pipeline Register 

Am2920 Octal Register 

Am2922 Condition Code MUX 

Am2925 System Clock Generator 

Am2940 DMA Address Generator 

Am2952 Bidirectional 1/0 Port 

Am27S35 Registered PROM 

For applications information see Chapters III and IV of 
Bit Slice Microprocessor Design, 

by Mick and Brick, McGraw Hill Publishers. 

016568 
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ORDERING INFORMATION 

L-44-1 

Coo0412O 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2901B 
Am2901C 

Device type 

DeB l L L ~~:~i~ s~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O'C to + 70'C) 
M - Military (-55'C to + 125'C) 

Package 
D- 4O-pin CERDIP 
F - 42-pin f1alpak 
L - «-pin leadless chip carrier 
P - 4i)-pin plastic DIP 
X-Dice 

Four-Bil Microprocessor Slice 

5-3 

Valid Combinations 

PC 

Am2901B DC, DCB, DMB 
FMB 
XC, XM 

PC 
DC, DCB, DMB 

Am2901C FMB 
LC, LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

01656B 
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PIN DESCRIPTION 

Description 
The lour address inputs to the register stack used 10 select ona register whose contents are displayed through the A· 
port • 

The lour address inputs to the register stack used 10 select one register whose contents are displayed through the B· 
port and into whiCh new data can be written when the clock goes LOW. 

The nine instruction control lines. l)sed 10 datennine what data sources will be applied to the ALU (1012), whatlunction 
the ALU will perform (1345), and what data is to be deposHed in the Q.register or the register stack (1678)' 

A shill line at the MSB 01 the Q register (03) and the register stack (RAM3). Electrically these lines are three-state 
outputs connected 10 TIL inputs intemal to the device. When the destination code on 1678 indicates an up shift (octal 
II or 7) the three-state outputs are enabled and the MSB 01 the Q register is available on the Q3 pin and the MSB 01 
the ALU output is available on the RAM3 pin. Otherwise, the three·state outputs areeiectrically OFF (high·impedance) 
and the pins are electrically LS-TIL inputs. When the destination code calls lor a down shift, the pins are used as the 
data inputs to the MSB 01 the Q register (octal 4) and RAM (octal 4 or 5). 

Shill lines like Q3 and RAM3, but at the LSB 01 the Q·register and RAM. These pins are tied 10 the Q3 and RAM3 pins 
01 the adjacent device 10 transler data between devices lor up and down shilts 01 the Q register and ALU data. 

Direct data inputs. A 10ur·bH data field which may be selected as one 01 the ALU data sources lor entering data into 
the device. Do is the LSB. 

The lour data outputs. These are three-state output lines. When enabled, they display either the lour outputs 01 the 
ALU or the data on the A·port 01 the register stack, as determined by the destination code 1678. 

Output Enable. When C5E is HIGH,the Y outputs are OFF; when C5E is LOW, the Y outputs are active (HIGH or LOW). 

The carry generate and propegate outputs 01 the internal ALU. These signals are used with the Am2902 lor carry· 
lookahead. 

Overflow. This pin is logically the Exclusive·OR 01 the carry·in and carry·out 01 the MSB 01 the ALU. At the most 
significant end 01 the word, this pin indicates that the result 01 an arithmetic two's complement operation has 
overflowed into the slgn·bH. 

This Is an open collector output which goes HIGH (OFF) ff the'data on the lour ALU outputs FO.3 are all LOW. In 
positive logic, it indicates the result 01 an ALU operation is zero. 

The most slgnfficent ALU output bit. 

,The carry·in 10 the internal ALU. 

The carry-out 01 the internal ALU. 

The clock input. The Q register and register stack outputs chenge on the clock LOW·to·HIGH transition. The clock 
LOW time is internally the write enable to the 16 x 4 RAM which compromises the "master" latches 01 the register 
stack. While the clock is LOW, the "slave" latches on the RAM outputs are closed, storing the data previously on the 
RAM outputs. This allows synchronous master·slave operation 01 the register stack. 

DETAILED Am2901C MICROPROCESSOR BLOCK DIAGRAM 

, 1 

Figure 2. 
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ARCHITECTURE 
A detailed block diagram of the bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4-
bit 2-port RAM and the high-speed ALU. 

Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled 
by the 4-bit A address field input. Likewise, data in any of the 
16 words of the RAM as defined by the a address field input 
can be simultaneously read from the B-port of the RAM. The 
same code can be applied to the A select field and B select 
field in which case the identical file data will appear at both the 
RAM A-port and B-port outputs simultaneously. 

When enabled by the RAM write enable (RAM EN), new data 
is always written into the file (word) defined by the B address 
field of the RAM. The RAM data input field is driven by a 3-
input multiplexer. This configuration is used to shift the ALU 
output data (F) if desired. This three-input multiplexer scheme 
allows the data to be shifted up one bit position, shifted down 
one bit position, or not shifted in either direction. 

The RAM A-port data outputs and RAM B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. 

The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit 
input words Rand S. The R input field is driven from a 2-input 
multiplexer, while the S input field is driven from a 3-input 
multiplexer. Both multiplexers also have an inhibit capability; 
that is, no data is passed. This is equivalent to a "zero" 
source operand. 

Referring to Figure 2, the ALU R-input multiplexer has the 
RAM A-port and the direct data inputs (D) connected as 
inputs. Likewise, the ALU S-input multiplexer has the RAM A
port, the RAM B-port and the 0 register connected as inputs. 

This multiplexer scheme gives the capability of selecting 
various pairs of the A, B, 0, 0 and "0" inputs as source 
operands to the ALU. These five inputs, when taken two at a 
time, result in ten possible combinations of source operand 
pairs. Thes,e combinations include AB, AD, AO, AO, BD, BO, 
BO, DO, DO and 00. It is apparent that AD, AO and AO are 
somewhat redundant with BD, BO and BO in that if the A 
address and B address are the same, the identical function 
results. Thus, there are only seven completely non-redundant 
source operand pairs for the ALU. The Am2901 microproces
sor implements eight of these pairs. The microinstruction 
inputs used to select the ALU source operands are the 10, 11, 
and 12 inputs. The definition of 10, 11, and 12 for the eight source 
operand combinations are as shown in Figure 3. Also shown is 
the octal code for each selection. 

The two source operands not fully described as yet are the 0 
input and 0 input. The 0 input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise, this input can be used in 
the ALU to modify any of the internal data files. The 0 register 
is a separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding register for some applications. 

The ALU itself is a high-speed arithmetic/logic operator 
capable of performing three binary arithmetic and five logic 
functions. The 13, 14, and 15 microinstruction inputs are used to 
select the ALU function. The definition of these inputs is 
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shown in Figure 4. The octal code is also shown for reference. 
The normal technique for cascading the ALU of several 
devices is in a look-ahead carry mode. Carry generate, G, and 
carry propagate, P, are outputs of the device for use with a 
carry-Iook-ahead-generator such as the Am2902. A carry-out, 
Cn + 4,is also generated and is available as an output for use 
as the carry flag in a status register. Both carry-in (Cn) and 
carry-out (Cn + 4) are active HIGH. 

The ALU has three other status-oriented outputs. These are 
F3, F = 0, and overflow (OVR). The F3 output is the most 
significant (sign) bit of the ALU and can be used to determine 
positive or negative results without enabling the three-state 
data outputs. F3 is non-inverted with respect to the sign bit 
output V 3. The F = 0 output is used for zero detect. It is an 
open-collector output and can be wire OR'ed between micro
processor slices. F = 0 is HIGH when all F outputs are LOW. 
The overflow output (OVR) is used to flag arithmetic opera
tions that exceed the available two's complement number 
range. The overflow output (OVR) is HIGH when overflow 
exists. That is, when Cn + 3 and Cn + 4 are not the same polarity. 

The ALU data outputis routed to several destinations. It can 
be a data output of the device and it can also be stored in the 
RAM or the 0 register. Eight possible combinations of ALU 
destination functions are available as defined by the Ie, 17, and 
la microinstruction inputs. These combinations are shown in 
Figure 5. 

The four-bit data output field (V) features three-state outputs 
and can be directly bus organized. An output control (OE) is 
used to enable the three-state outputs. When DE is HIGH, the 
V outputs are in the high-impedance state. 

A two-input multiplexer is also used at the data output such 
that either the A-port of the RAM or the ALU outputs (F) are 
selected at the device V outputs. This selection is controlled 
by the Ie, 17, and la microinstruction inputs. Refer to Figure 12 
for the selected output for each microinstruction code combination. 

As was discussed previously, the RAM inputs are driven from 
a three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted 
down one position (+2). The shifter has two ports; one is 
labeled RAMo and the other is labeled RAM3. Both of these 
ports consist of a buffer-driver with a three-state output and an 
input to the multiplexer. Thus, In the shift up mode, the RAM3 
buffer is enabled and the RAMo multiplexer input is enabled. 
Likewise, in the shift down mode, the RAMO buffer and RAM3 
input are enabled. In the no-shift mode, both buffers are in the 
high-impedance state and the multiplexer inputs are not 
selected. This shifter is controlled from the Ie, 17 and Ie 
microinstruction inputs as defined in Figure 5. 

Similarly, the 0 register is driven from a 3-input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the 
o register. In either the shift-up or shift-down mode, the 
multiplexer selects the 0 register data appropriately shifted up 
or down. The 0 shifter also has two ports; one is labeled 00 
and the other is 03. The operation of these two ports is similar 
to the RAM shifter and is also controlled from la, 17, and la as 
shown in Figure 5. 

The clock input to the Am2901 controls the RAM, the 0 
register, and the A and B data latches. When enabled, data is 
clocked into the 0 register on the LOW-to-HIGH transition of 
the clock. When the clock input is HIGH, the A and B latches 
are open and will pass whatever data is present at the RAM 
outputs. When the clock input is LOW, the latches are closed 
and will retain the last data entered. If the RAM-EN is enabled, 
new data will be written into the RAM file (word) defined by the 
B address field when the clock input is LOW. 

0165eB 
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FUNCTIONAL TABLES 

MICRO CODE ALU SOURCE· MICRO CODE 
OPERANPS Mnemonic ALU 

SYMBOL Mnemonic 15 14 13 
Octal Function 

Octal Code 
12 11 10 Code 

R S 
ADD l- I- L 0 R Plus S R+S 

Aa L I- L 0 A a SUBR L L H 1 S Minus R S-R 
AB L L H 1 A B SUBS L H L 2 R Minus S R-S 
za L H L 2 0 a OR L H H 3 R OR S RvS 
ZB L H H 3 0 B AND H L i 4 RAND S RAS 
ZA H L L 4 0 A NOTRS H L H 5 RAND S RAS 
DA H L H 5 0 A EXOR H H L 6 REX-OR S RVS 
DO H H L 6 0 a EXNOR H H H 7 R EX·NOR 5 RVS 
DZ H H H 7 0 0 

Flg!Jre 3. ALU Source Operand Control. F"l9ure 4. ALU Function Control. 

MICRO CODE RAM Q-REG. RAM 0 
FUNCTION FUNCTION Y SHIFTER SHIFTER 

Mnemonic 
OUTPUT Octal 

18 17 I., Code 
Shift Load Shift Load RAMo RAM3 00 03 

QREG L L. L 0 X NONE NONE F~O F X X X X 

NOP L L H 1 X NONE X NONE F X X X X 

RAMA L H L 2 NONE F~B X NONE A X X X X 

RAMF L H H 3 NONE F~B X t'lONE F X X X X 

RAMeO H L L 4 DOWN F/2~B DOWN 0/2~0 F Fo IN3 00 IN3 

RAMO H L H 5 DOWN F/2~B X NONE F Fo IN3 00 X 

RAMOU H H L 6 UP 2F~B UP 2Q~0 F INo F3 INo 03 
RAMU H H H 7 UP 2F~B X NONE F INo F3 X 03 

X - Oon't care. Electrically, the shift pin is a TIL input internally connected to a three·state output which' is in the high·impedance state. 
B = Register Addressed by B inputs. 
UP is toward MSB, DOWN is toward LSB. 

Figure 5. AL\.I Destination Control. 

IZ100CTAL 

0 1 2 3 4 5 6 7 

OCTAL ALU ALU Source 

1643 Function A,O A,a 0,0 o,a O,A D,A D,O D,O 

Cn-L A+O A+B 0 B A O+A 0+0 0 
0 R Plus S 

Gn=H A+0+1 A+B+1 0+1 B+1 A+1 0+A+1 0+0+1 0+1 

Cn=L 0-A-1 B-A-1 0-1 B-1 A-1 A-0-1 0-0-1 -0-1 
1 S Minus R 

Cn·=H· O-A B-A 0 B A A'-o 0-0 -0 

Cn=L A-0-1 A-'B-1 -0-1 -B-1 -A-1 0-A-1 0-0-1 0-1 
Z R Minus S 

Cn=H A-O A-B -0 -B -A o-A 0-0 0 

3 ROftS AvO AvB Q B A OvA OVO 0 

4 RAND S AAO AAB 0 0 0 oAA oAO 0 

6 FI AND S AAO AAB Q B A DAA DAO 0 

6 R EX"()R S AVO AVB 0 B A OVA oVO 0 

7 R EX-NOR S AVC:l AV§ II II A DVA 15vc:! 15 
+ = Pius; _ = Minus; v - OR; A - AND; V - EX·OR 

Figure 6. Source Operand and ALU Function Matrix. 
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SOURCE OPERANDS AND ALU 
FUNCTIONS 

There are eight source operand pairs available to the ALU as 
selected by the 10, 11, and 12 instruction inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The Is, 
14, and 15 instruction inputs control this function selection. The 
carry input, Cn, also affects the ALU results when in the 
arithmetic mode. The Cn input has no effect in the logic mode. 
When 10 through 15 and Cn are viewed together, the matrix of 

OCtal 
Group Function 

1543. 1210 

40 A"a 
4 1 

AND A"B 
45 D"A 
46 D"a 

30 Ava 
3 1 

OR 
AvB 

3 5 OvA 
36 Ova 

60 Ava 
6 1 

EX-OR 
AVB 

6 5 DVA 
66 DVa 

70 AVO 
7 1 

EX-NOR 
AV§ 

7 5 OVA 
76 lWO 
7 2 i5 
7 3 

INVERT 
B 

74 A 
7 7 D 

62 a 
63 B 
64 

PASS 
A 

6 7 D 

32 a 
3 3 

PASS 
B 

34 A 
3 7 D 

42 0 
43 

"ZERO" 
0 

44 9 
47 0 

50 A"a 
5 1 

MASK A"B 
5 5 D"A 
5 6 D"a 

Figure 7. ALU Logic Mode Functions. 

5-7 

Figure 6 results. This matrix fully defines the ALU/source 
operand function for each state. 

The ALU functions can also be examined on a "task" basis, 
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logiC mode, 
the carry will have no bearing on the ALU output. Figure 7 
defines the various logic operations that the Am2901 can 
perform and Figure 8 shows the arithmetic functions of the 
device. Both carry-in LOW (Cn - 0) and carry-in HIGH (Cn = 1) 
are defined in these operations. 

0ctsI Cn=L Cn=H 
15430 
1210 Group Function Group Function 

00 A+O A+0+1 
01 ADD A+B ADD plus A+B+1 
05 D+A one D+A+1 
06 D+O D+0+1 

02 0 0+1 
03 PASS B Increment B+1 
04 A A+1 
07 D D+1 

12 0-1 0 
1 3 Decrement B-1 PASS B 
14 A-1 A 
27 D-1 D 

22 -0-1 -0 
23 1's Compo -B-1 2'8 Comp. -B 
24 -A-1 (Negate) -A 
1 7 -D-1 -D 

1 0 0-A-1 O-A 
11 Subtract B-A-1 Subtract B-A 
1 5 (1's Comp) A-D-1 (2'8 Comp) A-D 
16 0-D-1 O-D 
20 A-0-1 A-O 
21 A-B-1 A-B 
25 D-A-1 D-A 
26 D-0-1 D-O 

Figure 8. ALU Arithmetic Mode Function •• 
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LOGIC FUNCTIONS FOR G, P, Definitions (+ = OR) . 
en + 4, AND OVR 

Po=Ro+So Go= RoSa 

The four signals G, P, Cn + 4, and OVA are designed to PI = Rl +SI Gl =R1Sl 
P2= R2+S2 G2= R2S2 

indicate carry and overflow conditions when the Am2901 is in 
P3- R3+ S3 G3=R3~ 

the add or subtract mode. The table below indicates the logic 
equations for these four signals for each of the eight ALU C4 = G3 + P3G2 + P3P2Gl 
functions. The Rand S inputs are the two inputs selected + P3P2P1GO + P3P2P1POCn 
accOrding to Figure 3. C3 = G2 + P2Gl + P2P1GO· + P2P1POCn 

1543 Function P G I Cn+4 OVR 

0 ·R+S P3P2P,PO G3 + P3G2 + P3i52G, + i53P2P,GO I C4 C3VC4 

1 S R 4 Same as R + S equations, but substitute ~ for Ri in definitions ~ 

2 R S 4 Same as R + S equations, b~ substitute S; for Si in definitions ~ 

3 RvS LOW P3P2P,PO I ~+Cn P3P2P,PO + Cn 

4 RAS LOW G3 + G2 + Gl + Go I G3 + G2 + Gl + Go +Cn G3+G2+Gl +Go+Cn 

5 'RAS LOW 4 Same as RAS equations, but sobsiltute ~ for RI in definitions ~ 

6 RVS 4 Same as 1rVS, but substitute Ai for Ri in definitions ~ 

7 RVS G3+G2+Gl +GO G3 + P3G2 + P3P2Gl + P3P2P,PO I 
G3 + P3G2 + P3P2Gl 

See note 
+ P3P2Pl Po(Go + ~n) 

Note: [i52 + G2Pl +G~IPO + G2G1GOCnl V + =OR 

[153+ G3P2 + G3G2Pl + G3G2G1PO + G3G2G1GOCnl 
Figure 9. 

MINIMUM CYCLE TIME CALCULATIONS FOR 16·BIT SYSTEMS 

Speeds used in calculations for parts other than Am2901C are representative for available MSI parts. 

~0 SEQU'NC," I @ Am2910A 

j 

1_( MICROPROGRAM 
@ MEMORY 

Lr- r-
m 

P-
.... 

o ® .... . . . 
0 

REGISTER ~ A.B.I.e" 
C ...... 4 + STATUS ~us Am2I01C OVR REGISTER 

I- " 

L-_~ 
Am2IOIC ,-c. 

,., ® 
v 

---.J !® 
---',...-

J, J, J, 
0 -1 DATA 

Co Am2902A 
REGISTER 

c"., 

..J1J L- I 
CCOCK 

(!)Register 
+®2901C 
+@,2902A 
+@2901C 

+®Register 

AFOO1621 

Pipellned System. Add without Simultaneous Shift. 

DATA LOOP 

Clock to Ou-fut 9 (!)Register 
A.SIoG. 37 +®MUX 
GO. ]50 10 Cn+z 7 + (f)291OA 
Cn to Cn + 4. OVR. 25 + ®pROM 
F3. F=O. Y 
Setup Time 2 + (!)Register ---

SOns 
Minimum clock period - 94ns 

CONTROL LOOP 

Clock to Output 9 
Salect to Output 13 
CC 10 Output 30 
Access Time 40 

Setup Time 2 ---
94ns 

016568 
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AF001631 

Pipelined System. Simultaneous Add and Shift Down. 

DATA LOOP 

Q)Register Clock to Output 9 Q)Register 
+®2901C A B to ~.P 37 +®MUX 
+®2902A ilo. Po to Cn + z 7 +Q)291OA 
+02901C Cn to F3. OVR 22 +®PROM 
+ ®XOR and MUX 21 + Q)Register 
+®2901C RAM3 Setup 12 

108ns 
Minimum clock period - 108ns 

Figure 10. 

5·9 ' 

CONTROL LOOP 

Clock to Output 9 
Select to Output 13 
CC to Output 30 
Access Time 40 
Setup Time 2 

94ns 

016568 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES "-

Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature Under Bias ......... -55°C to +125°C Temperature .................................. : .. O·C to +70·C 
Supply Voltage to Ground Potential Supply Voltage ..... ; ...................... + 4.75V to + 5.25V 

Continuous ...................................... -0.5V to +7.0V MHitary (M) Devices 
DC Voltage Applied to Outputs For , Temperature ................................ -55·C to +125°C 

High Output State ....................... -0.5V to + Vee max 
Supply Voltage ............................... + 4.5V to + 5.5V 

DC input Voltage ................................. -0.5V to+5.5V Operating ranges define, those limits over which the function-
DC Output CUrrent. Into Outputs .......................... 30mA ality of the device is guaranteed. 
DC Input Current ............................. -30mA to +5.0mA 

I 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failura. Functionality 
at or above these limits is not implied. ExPOSure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Paramete,. Description 

VOH Output HIGH VOltage 

lcex Output Leakage Current 
For F - 0 Output 

VOL Output LOW Voltage 

VIH Input HIGH Level 

VIL Input LOW Level 

VI Input Clamp Voltage 

IlL Input LOW Current 

IIH Input HIGH Current 

Teet Conditione (Note 1) Min Max Unite 

Vee = MIN 
VIN - VIH or VIL 

Vee - MIN. VOH - 5.5V 
VIN - VIH or VIL 

Vo. Vj. V2. V3 

Vee = MIN. ~, F=O 

VIN-VIH Cn +4 

or VIL OVR, J5 
F3, RAMo, 3. 
90,3 

Guaranteed input logical HIGH 
voltage for aU inputs (Note 6) 

Guarantaed input logical LOW 
voltage for aU inputs (Nota 6) 

Vee-MIN,IIN--1BmA 

Vee • MAX, VIN - 0.5V 

Vee· MAX, VIN- 2.7V 

5-10 

IOH=-I.6mA 2.4 
Vo VI. V2. V3 

IOH--l.0mA. Cn +4 2.4 

IOH - -800pA. OVR. J5 2.4 

IOH = -800pA. F3 . 2.4 Volts 

IOH = - 600pA 2.4 
RAMo. 3. 90.3 
IOH--l.6mA. ~ 2.4 

250 pA 

IOL - 20mA (COM'L) (Note 4) 0.5 

IOL = 16mA (MIL) (Note 4) 0.5 

IOL-lemA 0.5 

IOL-l0mA 0.5 

IOL-B.OmA 0.5 

IOL-6.0mA 0.5 

2.0 Volts 

0.8 Volts 

-1.5 Volts 

Clock, C5l: -0.36 

Ao. A10 A2. Aa -0.36 

Bo. Bl. B2, B3 -0.36 

Do. 01. 0 2. Da -0.72 

10, II. 12, Ie, Ie -0.36 mA 

13. I", 15, 17 -0.72 

RAMo, 3, 90,3 (Note 3) -O.B 

Cn -3.6 

Clock, C5l: 20 

Ao. AI. A2. A3 20 

SO. B10 B2. B3 20 

Do, 01, 0 2, Da 40 

1o. Ii. 12. Ie. Ie 20 pA 

13, 14. Is. 17 40 

RAMo, 3. 90,3 (Note 3) 100 

Cn 200 

016568 
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Parameters 
II 

10ZH 
10Zl 

los 

lee 

Note: 
1. 
2. 
3. 

4. 
5. 
6. 

Description Test Conditions (Note 1) Min Max Units 
Input HIGH Current Vee - MAX, VIN - S.SV 1.0 rnA 

Yo, VI, Voc2.4V 50 
Y2, Va Vo=0.5V -50 

011 State (High Impedance) Vee = MAX Vo-2.4V 
100 p.A Output Current RAMo, a (Note 3) 

00, 3 Vo=0.5V 
(Note 3) -800 

Va, VI, Y2, Y3, G -30 -85 

Cn+4 -30 -85 
Output Short CircuH Current Vee - MAX + 0.5V, Vo - 0.5V OVR, is -30 -85 rnA 
(Note 2) 

F3 -30 -85 

RAMo, 3, 00, 3 -30 -85 

COM'lOnly TA = O·C \0 +70·C 265 

Power Supply Current (Note 4) TA - +70·C 220 

(Note 5) Vee-MAX MIL Only Te - -SS·C to+ 12S·C 280 rnA 

(Note 4) Te· + 12S·C 198 

Vee conditions shown as MIN or MAX, refer to the military (±10%) or commercial (±S%) Vee limits. 
Not more thsn one output should be stored at a time. Duration of the short circuit test should net exceed one second. 
These are three-stste outputs internally connected to TIL inputs. Input characteristics are measured with 1678 in a state such that 
the three-stste output is OFF. 
"MIL" = Am2901CXM, OM, FM, LM, "COM'l" - Am2901CXC, PC, DC, lC. 
Worst case lee is measured at the lowest temperature in the specWied operating range. 
These input levels provide zero noise immunity and should only be static tested in a noise-free environment, (not functionally tested). 
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I. Am2901B Guaranteed Commercial A. Cycle Time and Clock Characteristics. 
Range Performance 

Read-MOllify-Write Cycle (from selection of A, 
69ns 

The tables below specify the guaranteed performance of the 
B registers to end of cycle.) 

Am2901 B over the commercial operating range of O·C to Maximum Clock Frequency to shift a (50% 
16MHz + 70·C, with Vee from 4.75V to 5.25V. All data are in os. with duty cycle. I = 432 or 632) 

inputs switching between OV and 3V at WIns and measure-
Minimum Clock LOW Time 30ns ments made at 1.5V. All outputs have maximum DC load. 
Minimum Clock' HIGH Time 30ns 

This data applies to the following part numbers: Am290 1 B PC Minimum Clock Period 69ns 
Am2901BDC 

B. Combinational Propagation Delays. (Note 1) 
CL= 50pF 

To Output 

RAMO 00 
From Input Y F3 Cri+4 ~, ji F=O OVR RAM3 03 

A, B Address 60 61 59 50 70 67 71 -
0 38 36 40 33 48 44 45 -
Cn 30 29 20 - 37 29 38 -
1012 50 47 .45 45 56 53 57 -
1345 51 52 52 45 60 49 53 -
1678 28 - - - - - 35 35 

A Bypass ALU 
37 - - - - - - -(1~2XX) 

Clock S 49 48 47 37 58 55 59 29 

C. Set-up and Hold Times Relative to Clock (CP) Input. (Note 1) 

CP: ~ 
~ "'" ~ - --I-- ---./ Input 

Set-up Time Hold Time Set-up Time Hold Time 
Before H ~L After H ~L Before L ~H After L ~H 

A, B Source Address 20 o (Note 3) 69 (Note 4) 0 

B Destination 
15 Do Not' Change (Note 2) 0 

Address 

0 - - 51 0 

Cn - - 39 0 

1012 - - 56 0 

1345 - - 55 0 

1678 11 Do Not Change (Note 2) 0 

RAMO, 3, 00, 3 - - 16 0 

D. Output Enable/Disable Times. 

Output disable tests performed with CL = 5pF and 
measured to O.5V change of output voltage level. 

I 
Input 

I 
Output 

I 
Enable 

I 
Disable 

I ITE y 35 25 

NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 
2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 

the phrase "do not change". 
3. Source addresses must be stable prior to the clock H - L transition to allow time to access the source 

data before the latches close. The A address may then be c\'>anged. The B address could be changed ij n is not 
a destination: I.e., if data is not being written back into the RAM. Normally A and B are not changed during the 
clock LOW time. 

4. The set-up time prior to the clock L - H transition is to allow time for data to be accessed, passed through the 
ALU, and returned to 1I1e RAM. It indicates all the time from stable A and B addresses to the clock L - H 
transition, regardless of when the clock H - L transition occurs. 
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II. Am2901B GuarantEted Military Range A. Cycle Time and Clock Characteristics. 
Performance 

Read-Modify-Write Cycle (from selection of A, 
88ns 

The tables below specify the guaranteed performance of the B registers to end of cycle.) 

Am2901B over the military operating range of -55°C to Maximum Clock Frequency to shift Q (50% 
15MHz + 125°C, with Vee from 4.5V to 5.5V. All data are in ns, with duty cycle. I = 432 or 632) 

inputs switching between OV and 3V at WIns and measure-
Minimum Clock LOW Time 30ns ments made at 1.5V. All outputs have maximum DC load. 
Minimum Clock HIGH Time 30ns 

This data applies to the following part numbers: Am2901 BOM Minimum Clock Period 88ns 
Am2901BFM 

B. Combinational Propagation Delays. (Note 1) 
CL= 50pF 

To Output 

RAMO QO 
From Input Y F3 Cn+4 G, P F=O OVR RAM3 Q3 

A, B Address 82 84 80 70 90 86 94 -
0 44 38 40 34 50 45 48 -. 
Cn 34 32 24 - 38 31 39 -
1012 53 50 47 46 65 55 58 -
1345 58 58 58 48 64 56 55 -
1678 29 - - - - - 27 27 

A Bypass ALU 
50 - - - - - - -(1=2XX) 

Clock ..J 53 50 49 41 63 58 61 31 

C. Set-up and Hold Times Relative to Clock (CP) Input. (Note 1) 

CP: ~ 

'----
..., It-

Input ----- ---../ 
set-up Time Hold Time Set-up Time Hold Time 

Before H ~L After H ~L Before L ~H After L ~H 

A, B Source Address 30 o (Note 3) 88 (Note 4) 0 

B Destination 15 Do Not Change (Note 2) 0 Address 

0 - - 55 0 

Cn - - 42 0 

1012 - - 58 0 

1345 - - 62 0 

1678 14 Do Not Change (Note 2) 0 

RAMO, 3. QO, 3 - - 18 3 

D. Output Enable/Disable Times. 

Output disable tests performed with CL = 5pF and 
measured to O.5V change of output voltage level. 

I 
Input 

I 
Output 

I 
Enable 

I 
Disable 

I rn: y 40 25 

NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 
2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 

tha phrase "do not change". . 
3. Source addresses must be stable prior to the clock H-L transition to allow time to access the source data before 

the latches close. The A address may then be changed. The 8 address could be changed if ~ is not a destina-
tion: i.e., if data is not being written back into the RAM. Normally A andB are not changed during the clock LOW 
time. 

4. The set-up time prior to the clock L - H transition is to allow time for data to be accessed, passed through the 
ALU, and returned to the RAM. It includes all tha time from stable A and 8 addresses to tha clock L - H 
transition, regardless of when the clock H - L transition occurs. 
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III. Am2901C Guaranteed Commercial A. Cycle TIme a"d CIQCk Characteristics. 
Range Performance 

Read-Modify-WriteCycle (from selection of A, 
The ta!>les below specify the guaranteed, performance of the e registers to end of cycle.) 

31n8 

Am2901C over the commercial operating range of O·C to 
Maximum Clock Frequency to shift Q (50% + 70·C, witll Vee from 4.75V to 5.25V. All data are in ns, with 32MHz 

inputs switching between OV and 3V at WIns and measure'- duty cycle, I z 432 or 632) 

ments made at 1.5V. All outputs have maximum DC load. Minimum' Clock LOW Time 15n8 

This data applies to the follQwing part numbers: Am290 1 CPC Minimum Clock HIGH 11me 15ns 
Am2901CDC 
Am2901CLC 

Minimum Clock Period 31ns 

B. Combinational Propagation Delays. (Note 1) 
CL=50pF 

'to Output 

RAMO QO 

From Input Y F3 Cn+4 <I, ., F=O OVR RAM3 03 

A, B Address 40 40 40 37 40 40 40 -
D 30 30 30 30 38 30 30 -
Cn 22 22 20 - 25 22 25 -
1012 35 35 35 37 37 ,,35 35 -
1345 35 35 35 ;35 38 35 35 -
1678 \ 25 - - - - - 26 26 

A Bypass ALU 35 ' 
(I = 2XX) - - - - - - -
Clock S 35 35 35 35 35 \ 35 35 28 

C. Set-up and Hold Times Relative' to Clock (CP) Input. (Note 1) 

CP: --' K- -, It-
Input --1--- -

Set-up Time Hold Time set·up Time Hold Time 
Before H -L After H -L Before L -H After L -H 

A, B Source Address 15 1 ,(Note 3) 30, 15+TpwL 1 (Note 4) 

B Destination 15 Op Npt Change (Note 2) 1 Address 

D - - 25 0 

Cn - - 20 0 

1012 - - 30 0 

1345 - - 30 0 

1678 10 Do Not Change (Note 2) 0 

RAMO, 3, 00, 3 - - 12 0 

D. Output Enable/Disable TImes. 

Output 'disable tests performed with ci. '" SpF and 
measured to O.SV change of output voltage level. 

I 
Input 

I 
OUtpu~ 

I 
Enable I DIsable 

I ~ y 23 23 

NOTES: 1. A dash indicates a propagation delay path or sat-up time constraint does not exist. 
, 

2. Certain signals must be stable during the I!nIire clock LOW time to avoid erroneous operation. This is indicated by 
the phrase "do not change": 

3. Source addresses must be stable prior to the clock H - L transition to allow time to access the source deta before 
the latches close. The A address may then be changed. The B address could be changed H H is not a destina-
tion; i.e." if data is not being written back into the RAM. NormaUy A and ., ara not changed durlnll the Clock' 
LOW time. '. 

4.' The set-up time prior to the plock L - H transition is to allow time for data to be accessed, passed through the 
ALU, and returned to the RAM. ,It includes all the time from stable A and B addresses to the clock L - H 
tranSition, regardless of when the clock H - L transition occurs. 
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IV. Am2901C Guaranteed Military Range 
Performance 

A. Cycle Time and Clock Characteristics. 

Read·Modify-Write Cycle (from selection of A, 
B registers to end of cycle.) The tables below specify the guaranteed performance of the 

Am2901C over the military operating range of -55°C to 
+ 125°C, with Vee from 4.5V to 5.5V. All data are in ns, with 
inputs switching between OV and 3V at 1V/ns and measure
ments made at 1.5V. All outputs have maximum DC load. 

Maximum Clock Frequency to shift a (50% 
duty cycle, I = 432 or 632) 

Minimum Clock LOW Time 

This data applies to the following part numbers: Am2901 COM Minimum Clock HIGH Time 

From Input 

A, B Address 

D 

Cn 

1012 

1345 

1678 

A Bypass ALU 
(I =2XX) 

Clock S 

Input 

Am2901CFM 
Am2901CLM 

Minimum Clock Period 

B. Combinational Propagation Delays. (Note 1) 
CL=50pF 

To Output 

Y F3 Cn+4 ~, Ii F=O 

48 48 48 44 48 

37 37 37 34 40 

25 25 21 - 28 

40 40 40 44 44 

40 40 40 40 40 

29 - - - -
40 - - - -
40 40 40 40 40 

OVR 

48 

37 

25 

40 

40 

-
-

40 

C. Set-up and Hold Tlmell Relative to Clock (CP) Input. (Note 1) 

CP: ...... K- ~ t----r--.-- -

RAMO 
RAM3 

48 

37 

28 

40 

40 

29 

-
40 

32ns 

31MHz 

15ns 

15ns 

32ns 

QO 

Q3 

-
-
-
-
-
29 

-
33 

Set-up Time Hold Time Set-up Time Hold Time 
Before H ~L After H -L Before L -H After L -H 

A, B Source Address 15 2 (Note 3) 30, 15+TpwL 
2 (Note 4) 

B Destination 15 Do Not Change (Note 2) 2 Address 

D - - 25 0 

Cn - - 20 0 

1012 - - 30 0 

1345 - - 30 0 

1678 10 Do Not Change (Note 2) 0 

RAMO, 3, 00, 3 - - 12 0 

D. Output Enable/DllIable Times. 

Output disable tests performed with CL = SpF and 
measured to O.SV change of output voltage level. 

Input Output Enable Disable 

y 25 25 

NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 
2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 

the phrase "do not change". 
3. Source addresses must be stable prior to the clock H - L transition to allow time to access the source data before 

the, latches close. The A address may then be changed. The B address could be changed if it is not a destina
tion: i.e., if data is not being written back into the RAM. Normally A and B are ,",ot changed during the clock 
LOW time. 

4. The set-up lime prior to the clock L - H transition is to allow time for data to be accessed, passed through the 
ALU, and retumed to the RAM. It includes all the time from stable A and B addresses to the clock L - H 
transition, regardless of when the clock H - L transition occurs. 
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SWITCHING TEST. CIRCUIT .. 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
OUTPUTS 

Vee 

I 
50 / 

$V $V 

5, 
R, R, ~"' "'~l 

1.11 
5, 

IA 
$, 

1"1 :s VOUT o---o"'C VOUT ()--()"'( 

~ 1 1"1 :'S7 ..; .... F-

~I 
1K ::s ~ R2 ICL ::s~ r ¥ ::s~ 

£' 
-=- -=-

TCOO1080 TC001090 

TCOO1100 

2.4V 
R2=-

IOH 

5.0 ~ V8E - VOL 5.0 - VSE - VOL 5.0-VOL 
R1 = . Rl = R1=---

IOL +VOL/1K IOL +VOL/R2 IOL 

Notes: 1. CL = 50pF includes scope probe. wiring and stray capacitances without device in test fixture. 
2. 81. 82. Sa are closed during function tests and all AC tests except output enable tests. 
3. 81 and 53 are closed while 52 is open for tPZH test. 

81 and 52 are closed while 53 is open for tpZL test. 
4. CL =5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2901C (DIP) 

Pin # Pin Label 

8 RAM3 

9 RAMo 

11 F=O 

16 03 

21 00 

31 F3 

32 G 

33 Cn +4 

34 OVR 

35 P 

36·39 YO-3 

Test Circuit 

A 

A 

C 

A 

A 

B 

B 

B 

B 

B 

A 

5·16 

Rl R2 
560 1K 

560 lK 

270 -
560 lK 

560 1K 

620 3.9K 

220 1.5K 

360 2.4K 

470 3K 

470 3K 

220 1K 

016568 
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TTL INPUT/OUTPUT CURRENT INTERFACES 

SCHOTTKY PNP MET 
DRIVEN INPUT V~ __________ r-____________________ OO~IW~N~IN~P~~~ ________________ -=DR~W~EN~IN:P:~~ ____ __ 

J~ 
R 

... 

R= 

2k 

00 ... RAMo •• 15k 

1HfIE6.STATE 
DUTP~ 

SOIl NOM 

J~ 
R 

R= 

....... 7 10k 

10.1 ••• 8 ... 
O! ... 
00-. 10k 

CI ~5.0pF. all inputs 

NORMAL 

SOIl NOM 

-= 

Co ~5.0pF. all outputs 
Figure 11. 

[ 

r 

R 

R= 
CP 8k 

10k 

....... IIM 8k 

IC000430 

OPEN COlLECTOR 
DUTPUT 

G 
ICOOO440 

016566 
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· LIFE TEST AND BURN·IN CIRCUIT FOR MILITARY CLASS B PARTS. 

Vee 
11 171,013 I. 15 Is /'8 

Vee ,. 
:~O.'.F 

MR CE' eEl '0 " '2 '3 Vee 
GND r!---. 

Ami3'S ':" 
2 '5 CLOCK CP TC r--

00 0, °2 03 

r ,3 r 11 

'5 17 ,8 '9 20 6 V cc 
CP 80 8, 82 83 '8 ,. 

11 '70. 
-'2 F-O 

~'3 
1'35 

580 

o----E.. '. 
~'5 ~ 32 

270 

34 580 

~ liE 
Am2901 OVR 

33 .70 ,. ':" 
3' 

C,,+4 

~ 
F3 

03 '8 880 

RAMO 
680 

00 RAM3 8 

'0 
" 

'7 Cn DO 0, 02 03 '6 Vee GND A3 A2 A, Ao Yo Y, Y2 Y3 

Vee 
Freq 

,. 

s5.0V 
uency = 100KHz 

• 125"e 

1'2 1'3 r 1'91'5 124 1'3 122 15 10 .d:,.3Q 

lto'~F 
Vee 

, 2 3 ~38137 38 39 

270 270 270 270 

TA 

This circuit conforms to MI L-5TD-883 method 1015 condition D. vee 

TCO01070 

(Contact Factory for Commercial Burn-in Conditions) 

Figure 12. 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to Vee changes. 

2. Po not leave inputs floating during any tests, as they may 
start to OSCillate at high frequency. 

3. Po not attempt to perform threshold iests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5·8ns. Inductance in the ground cable 

may allow the ground pin at the device to rise by 100' s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMP recommends using 
VIL ..; OV and VIH;;' 3.0V for AC tests. 

5. To simplify failure analysiS, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 

For additional inforrnlltion on testing, see section 
"Guidelines on Testing Am2900 Family Devices" 

in the Bipolar Microprocessor Logic and Interface Data Book. 

5·18 
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Am2902A 
High-Speed Look-Ahead Carry Generator 

DISTINCTIVE CHARACTERISTICS 

• Provides look-ahead carries across a group of four 
Am2901 or Am2903 microprocessor ALU's 

• Capability of multi-level look-ahead for high-speed arith
metic operation over large word lengths 

• Typical carry propagation delay of 4.5ns 

GENERAL DESCRIPTION 

The Am2902A is a high-speed, look-ahead carry generator 
which accepts up to four pairs of carry propagate and carry 
generate Signals and a carry input and provides anticipated 
carries across four groups of binary ALU's. The device also 
has carry propagate and carry generate outputs which may 
be used for further levels of look-ahead. 

or active HIGH input operand mode by reinterpreting the 
carry functions. The connections to and from the ALU to 
the look-ahead carry generator are identical in both cases. 

The logic equations provided at the outputs are: 

Cn +x -Go + PoCn 
Cn + y -Gl + PIGO + P1POCn 

The Am2902A is generally used with the Am2901 bipolar 
microprocessor unit to provide look-ahead over word 
lengths of more than four bits. The look-ahead carry 
generator can be used with binary ALU's in an active LOW 

Cn + z - G2 '+ P2Gl + P2Pl Go + P2P1 PoCn 
G = G3 + P3G2 + P3P2G1 + P3P2P1 Go 
P =P3P2P1PO 

BLOCK DIAGRAM 

RELATED PRODUCTS 

Part No. Description 

Am2901 4-8it Microprocessor Slice 

Am2903 4-8it Microprocessor Slice 

Am29203 Improved 2903 

Am29501 Multiport Pipelined Pr~essor 

BDOOISSO 

03595B 
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13 

II, 

F, 

110 
;0, 

F., 

-

P-16, D-16 

'ee ,. 
I, 
c. 
CR +. 
Cn +, 
II .... 

CONNECTION DIAGRAM 
Top View 

.. .. .. .. 

CDO0401 0 

L-2Q..1 

.r 

.. I j a 

F-16 pin configuration identical to 0-16, P-16. 
Note: Pin 1 is marked for orientation 

.. .. 

.... .... 
Ii 

CDOO4000 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

12 

2 14 15 5 

Am2902A 
lOOK-AHEAO CARRY 

GENERATOR 

11 

0, 1------------~ 

Vee 

16 
,------------- 15 P2 

'0 
ii. 4 ---+ ..... 
0

3 
5--+-__ 

ii3 6 ---HN. 

LSOOO850 ii 

GND 

Cn+z 

ORDERING INFORMATION 

_ __ 1+-- 12 Cn+x 

'---- 11 Cn+y 
'------- 10 0 

DIE SIZE 0.062" x 0.067" 

AMO products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2902A A 

Device Type 

Dl CL L Screening Option . 
. Blank - Standard processing 

• B - Bum-in 
Temperature (See Operating Range) 

C - Commercial (O°C to + 70°C) 
M - MilitarY (-55°C to+ 125°C) 

Package 
0- l6-pin CERDIP 
F - l6-pin flatpek 
L - 20-pin leadless chip carrier 
P - l6-pin plastic DIP 
X -Dice 

Spead Select 
A - High Speed Option 

Look-Ahead Carry Generator 

5-20 

Valid Combinations 

PC 
DC, DCB, OM, 
DMB 

Am2902A FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMO sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03595B 
Refer to Page 13-1 for Essential Information on Military Devices 



Pin No. Name 1/0 

13 Cn I 

12, 11,9 Cn+j 0 

1-6,14,15 G;, Pi I 

10,7 G, P 0 

PIN DESCRIPTION 

Description 

Carry-in. The carry-in input to the look-ahead generator. Also the carry~n input to the nth Am2901 microprocessor 
ALU input. 

Carry-out. U = x, y, z). The carry-out output to be used at the carry-in inputs of the n + I, n + 2 and n + 3 
microprocessor ALU slices. 

Generate and propagate inputs respectively (i = 0, I, 2, 3). The carry generate and carry propagate inputs from the n, 
n + I, n + 2 and n + 3 microprocessor ALU slices. 

Generate and propagate outputs respectively. The carry generate and carry propagate outputs that can be used wnh 
the next higher level of carry look-ahead n used. 

TRUTH TABLE 

Inputs Outputs 

Cn Go Po Gl PI 0'2 P2 0'3 P3 Cn+x Cn+y Cn+z G Ii 

X H H 
L H X 
X L X 
H X L 

X X X H H 
X H H H X 
L H X H X 
X X X L X 
X L X X L 
H X L X L 

X X X X X H H 
X X X H H H X 
X H H H X H X 
L H X H X H X 
X X X X X L X 
X X X L X X L 
X L .x X L X L 
H X L X L X L 

X X X X X H 
X X X H H H 
X H H H X H 
H H X H X H 
X X X X X L 
X X X L X X 
X L X X L X 
L X L X L X 

H X X 
X H X 
X X H 
X X X 
L L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

L 
L 
H' 
H 

L 
L 
L 
H 
H 
H 

H 
X 
X 
X 
X 
L 
L 
L 

X 
X 
X 
H 
L 
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L 
L 
L 
L 
H 
H 
H 
H 

H 
H 
H 
H 
L 
L 
L 
L 

H 
H 
H 
H 
L 
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CARRY·IN 

CARRY·IN 

APPLICATIONS 

c;. Am2IiOI - c;. Am2901 - Cn 
Am2901 

r0-
C Am2901 

n Cn+4 r-- CARRY·OUT 

G P G P G P 

G9 Po Cn+x G1 Pi c;.+y G2 P2 en+. 

"""- Cn Am2902 

AFOO1331 

16·BIT CARRY LOOK·AHEAD CONNECTION. 

" .................................................... -Am290I--................................................ ~, 

CARRY.QUT 

AFOO1321 

32·BIT ALU, THREE LEVEL CARRY LOOK·AHEAD. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature with Temperature ..................................... O°C to + 70°C 

Applied Powers ............................. - 55°C to + 125°C Supply Voltage ............................ + 4.75V to + 5.25V 
Supply Voltage to Ground Potential 

Military (M) Devices 
Continuous ...................................... -O.5V to +7.0V 

Temperature ................................ -55°C to + 125°C 
DC Voltage Applied to Outputs For 

High Output State ....................... -O.5V to + Vcc max 
Supply Voltage ............................... + 4.5V to + 5.5V 

DC Input Voltage ................................. -O.5V to +5.5V 
Operating ranges define those limits over which the function-

DC Output Current, Into Outputs .......................... 30mA 
ality of the device is guaranteed. 

DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. ExpoSure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

II 

ISC 

lee 

Notes: 1. 
2. 
3. 

Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Vee ° MIN, IOH=-lmA MIL 2.5 3.4 
Output HIGH Voltage 

VIN - VIH or VIL COM 2.7 3.4 Volts 

Output LOW Vollege Vee - MIN, IOL - 20mA 0.5 Volts 
VIN - VIH or VIL 

Input HIGH Level Guaranteed input logi.cal HIGH voltage for all 
Inputs 2.0 Volts 

Input LOW Level Guaranteed Input logical LOW vollege for all 0.8 Volts inputs 

Input Clamp Voltage Vee- MIN,IIN--18mA -1.2 Volts 

Cn -2 

P3 -4 

Input LOW Current Vee = MAX, VIN - O.SV P2 -6 mA 
Po, PI, ~3 -8 

~o, ~2 -14 

~1 -16 

Cn 50 

153 100 

Input HIGH Current Vee = MAX, VIN = 2.7V "2 150 ,..A 
Po, PI, ~3 200 

~o, ~2 350 

~1 400 

Input HIGH Current Vee - MAX, VIN = 5.5V 1.0 rnA 

Output Shorl Circun Vee - MAX, VOUT = O.OV -40 -100 mA (Note 3) 

Vee = MAX MIL 69 99 

All Outputs LOW COM'L 69 109 mA 

Power Supply Current MIL 35 Vee-MAX mA All Outputs HIGH COM'L 35 

Typical limns are at Vee = 5.0V, 25°C ambient and maximum loading. 
For conditions shown as MIN or MAX, use the appropriale value specHied under Operating Ranges for the applicable device type. 
Not more than one output should be shorled at a time. Duration of the shorl clrcun test should not exceed one second. 

5-23 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee - 5.0V) 

Parameters Description Test. Conditions Min Typ Max Units 

tplH 
Cnto cn + x• Cn + y• or Cn+i 

6.5 - 10 
ns 

tpHl 7 10.5 

tplH 15,·or 13i to Cn + x• Cn + y• or Cn + z 
4.5 7 

ns 
tpHl Ct~15pF 4.5 7 

IplH Pi or 131 to 13 
RL = 260 Sl 5 7.5 

ns 
tpHl 7 10.5 

tplH 
~toP 

4.5 6.5 
ns 

ipHl I 6.5 10 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am2902A Am2902A 

Parametera !)ascription Test Conditions Min Max Min Max Units 

tplH 13 15 ns 

tpHL 
Cn to cn + x• Cn+y or Cn+z 

14 16.5 ns 

tpLH 
PI or 13, to Cn + x• Cn + y• or Cn + z 

8 9.5 ns 

IpHL CL-50pF 9 11.5 ns 

tplH 15, or G, to 13 
RL -280Sl 12 16.5 ns 

tpHL 12 13.5 ns 

tpLH P, to P 
9.5 11.5 ns 

tpHL 11 12 ns 

·Switching Chsracteristics' performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 

5-24 
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Am2903A 
Four-Bit Bipolar Microprocessor Slice 

DISTINCTIVE CHARACTERISTICS 

• Expandable Register File -
The Am2903A includes the necessary "hooks" to 
expand the register file externally to any number of 
registers. 

• Built-in Parity Generation and Sign Extension Circuitry -
Can supply parity across the entire ALU output and 
provide sign extension at any slice boundary. 

• Built-in Division Logic -
Executes non-restoring, multiple-length division with 
correction of the quotient. 

• Built-in Normalization Logic -
The mantissa and exponent of a floating-point num
ber can be developed using a single microcycle per 
shift. Status flags indicate when the operation is 
complete. 

• Built-in Multiplication and Division Logic -
Performs unsigned multiplication, two's complement 
multiplication and the last cycle of a two's comple
ment multiplication. 

GENERAL DESCRIPTION 

The Am2903A is a four-bit expandable bipolar microproces
sor slice. The Am2903A performs all functions performed 
by the industry standard Am2901 and, in addition, provides 
a number of significant enhancements that are especially 
useful in arithmetic-oriented processors. Infinitely expand
able memory and three-port, three-address architecture are 

provided by the Am2903A. In addition to its complete 
arithmetic and logic instruction set, the Am2903A provides 
a special set of instructions which facilitate the implementa
tion of multiplication, division, normalization. and other 
previously time-consuming operations. The Am2903A is 
identical to the Am2903A llU! up to 30% faster. 

BLOCK DIAGRAM 

Bo .• .... 
CP Wi 

0>. 

"'0 .• 
DB, • 

... 

en." RO· l 

",. 
P/OVA 

.." 

""" 

~C)------------~ 

~ 
~. 

LSi PL": 
WRffiJiiiS • 

1 

" . TOPlA 

80002784 

IMOX is a trademark of Advanced Micro Devices, Inc. 035798 
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RELATED PRODUCTS 

Part No. 

Am2902A 

Am2904 

Am2910A 

Am2914 

Am2918 

Am2920 

Am2922 

Am2925 

Am2940 

Arn2952 

Am29705A 

Am27S35 

Description 

Carry Look·Ahead Generator 

Status and Shift Control Unit 

Microprogram. Controller 

Vectored Priority Interrupt Controller 

Pipeline Register 

Octal Register 

Condition Code MUX 

System Clock Generator 

DMA Address Generator 

Bidirectional I/O Port . 

TwO-Port RAM 

Registered PROM 

5-26 
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.. ~I 

;; .:: 
;; .:: 
~ .< 
; ~ 

...... 
IX • ... . .., ... ... , 
~ , .. 
~ .. 

c.. •• 11 ....... 

DIP 
0-48-1 
F-48-1 

.. .... 
" .. .. .. .. " .. .. 
a .. 

• '. ........ .. .. 
iii 
v" .. .. 
" .. .. , 
o, .. . .. .. ... ... 

CDO04291 

CONNECTION DIAGRAM 
Top View 

Leadless Chip Carrier 
L-52-1 

CD004281 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

Am"'" 

L1l::tS ~WtllSttff::ltlat 

LS000910 

10 

11 

12 

/GND) 13 

" 
IS 

16 

17 

18 

6 54 3 21484746454443 

19 20 21 22 GND 23 24 25 26 27 28 29 

DIE SIZE 0.163" x 0.197" 

ORDERING INFORMATION 

42 

41 

40 
3 • 

39 

37 
GNO 

36 (Vee! 
35 
34 

33 
32 

31 
30 

AMD products are available in several packages and operating ranges. The order number is formed by a combinaiion of the following: 
Device number. speed option (if applicable). package type, operating range and screening option (if desired). 

Am2903A 

Device Type 

DeB l L L S~r:;~i~9sc;:n~~d processing 
B - Burn-in 

. Temperature .(S88 Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
D- 48·pin CERDIP 
F - 48·pin f1atpak 
L - 52·pin lsadless chip carrier 
x- Dice 

Four·Bit Microprocessor Slice 

5-27 

Valid Combinations 

DC, DCB, OMB 
Am2903A FMB 

LC, LMB 
XC, XM 

ValId Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PfNDESCRIPTION 

Pin No. Name 1/0 Description 

AO-3 I Four RAM address inputs which contain the address of the RAM word appearing at the RAM A output port. 

BO-3 I Four RAM address inputs which contain the address of the RAM word appearing at th'" RAM B output port and into 
which new data is written when the WE input and the CP input are LOW. 

37 WE I The RAM write enable input. If WE is LOW, data at the Y I/O port is written into the RAM when the CP input is LOW. 
\,A';hen "-.JE is HiGH, writing data into the .RAM is inhibited. 

DAo_3 I A four-bij external data input which can be selected as one of the Am2903A ALU operand sources; DAo is the least 
significant bij. 

2 EA I A control input which, when HIGH selects DA0-3 as the ALU R operand, and, when LOW, selects RAM output A as the 
ALU R operand and the DA0-3 output data. 

DBO-3 I/O A four-M extemal data input/output. Under control of the OES input, RAM output port B can be directly read on these 
lines, or input data on these lines can be selected as the ALU 5 operand. 

31 0Es I A control input which, when LOW. enables RAM output B onto the DBO-3 lines and, when HIGH, disables the RAM 
output B tn-state buffers. 

10 Cn I The carry-in input to the Am2903A ALU. 

10-8 I The nine instruction inputs used to select the Am2903A operation to be performed. 

38 Jrn I The instruction enable input which, when LOW, allows the a Register and the Sign Com~ flip-flop to be written. 
When lEN is HIGH, the a Register and Sign Compare flip-flop are in the hold mode. lEN also controls WRITE. 

11 Cn +4 0 This output generally indicates the carry-out of the Am2903A ALU. Refer to Table 5 for an exact definition of this pin. 

14 G/N 0 A multi-purpose pin which indicates the carry generate, G, function at the least signifu:ant and intermediate slices, and 
generally indicates the sign, N, of the ALU result at the most significant Slice, Refer to Table 5 for an exact definition of 
this pin. 

12 II/OVR 0 A multi-purpose pin which indicates the carry propagate, P, function at the least significant and intermediate slices, 
and indicates the conventional two's complement overflow, OVR, signal at the most significant slice. Refer to Table 5 
for an exact definition of this pin. 

22 Z I/O An open-collector input/output pin which, when HIGH, generally Indicates the outputs are all LOW. For some Special. 
Functions, Z is used as an input pin. Refer to Table 5 for an exact definition of this pin. 

20,21 5100, I/O Bidirectional serial shift inputs/outputs for the ALU shifter. During a shift-up operation, 5100 is an input and 5103 an 
SIOs output. During a shift-down operation, 5103 is an input and 5100 is an output. Refer to Tables 3 and 4 for an exact 

definition of these pins. 

1,48 0100, I/O Bidirectional serial shift inputs/ outputs for the a shifter which operate like 5100 and 5103. Refer to Tables 3 and 4 for 
010s an exact definition of these pins. 

39 [SS I An input pin whiC~ ~~~n tied LOW. prog.JQRl~r~ to act as the least significant slice (LSS) of an Am2903A array 
and enables the R output onto the / pin. When [SS is tied HIGH, the chip is programmed to operate 
as either an intermediate or most significent slice and the WIm'E output buffer is ciisabled. 

40 ~/ I/O When m is tied LOW, the WRifE output signal appears at this pin; the WRITE si~ is LOW when an instruction 
M§S which writes data into the RAM is being executed. When ~ is tied HIGH, WRITE/M is an input pin; tying it HIGH 

programs the chip to operate as an intermediate slice (IS) and tying it LOW programs the chip to operate as the most 
significant slice (MSS). 

Yo-3 I/O Four data inputs/outputs of the Am2903A. Under control of the OEY input, the ALU shifter output data can be enabled 
onto these lines, or these lines can be used as data inputs when extemal data is written 'directly into the RAM. 

15 OEV I A control input which, when LOW, enables the ALU shifter output data onto the YO-3 lines and, when HIGH, disables 
the Y 0-3 three-state output buffers. ' 

43 CP I The clock input to the Am2903A. The a Register and Sign Compare flip-flop are clocked on the LOW-ta-HIGH 
transition of the CP signal. When enabled by WE, data is written in the RAM when CP is LOW. 

ARCHITECTURE OF THE Am2903A output ports. Identical data appear at the two output ports 

The Am2903A is a high-performance, cascadable, four-bit 
bipolar microprocessor slice designed for use in CPU's, 
peripheral controllers, microprogrammable machines, and nu-
merous other applications. The microinstruction flexibility .. of 
the Am2903A allows the efficient emulation of almost any 
digital computing machine. The nin&-bit microinstruction se-
lects the ALU sources, function and destination. The 
Am2903A is cascadable with full lookahead or ripple carry, 
has three-state outputs, and provides various ALU status flag 
outputs. Advanced Low-Power Schottky processing is used to 
fabricate this 48-pin LSI circuit. 

All data paths within the device are four bits wide. As shown in 
the block diagram, the device consists of a 16-word by 4-bit, 
two-port RAM with latches on both output ports, a high-
performance ALU and shifter, a multi-purpose Q Register with 
shifter input, and a nine-bit instruction decoder. 

Two-Port RAM 

Any two RAM words addressed at the A and B address ports 
can be read simultaneously at the respective RAM A and B 

when the same address is applied to both address ports. The 
latches at the RAM output ports are transparent when the 
clock input, CP, is HIGH and they hold the RAM output data 
when CP is LOW. Under control of the DEB three-state output 
enable, RAM data can be read directly at the Am2903A DB 
(I/O) port. 

External datae at the Am2903A Y I/O port can be written 
directly into the RAM, or ALU shifter output data can be 
enabled onto the Y 110 port and entered into the RAM. Data is 
written into the RAM at the B address when the write enable. 

,input, WE, is LOW and the clock input, CP, is LOW. 

5-28 

Arithmetic Logic Unit 
The Am2903A high-Pllrformance ALU can perform seven 
arithmetic afld nine logic operations on two 4-bit operands. 
Multiplexers at the ALU inputs provide the capability to select 
various pairs of ALU source operands. The tA input selects 
either the DA external data input or RAM output port A for use 
as one ALU operand and the OEB and 10 inputs select RAM 
output port B, DB external data input, or the" Q Register 
content .. for use as the second ALU operand. Also,,, during 
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some ALU operations, zeroes are forced at the ALU operand 
inputs. Thus, the Am2903A ALU can operate on data from two 
external sources, from an internal and external source, or from 
two internal sources. Table I shows all possible pairs of ALU 
source operands as a function of the ~, 0Ee, and 10 inputs. 

When instruction bits 14, la, 12, 11, and 10 are LOW; the 
Am2903A executes special functions. Table 4 defines these 
special functions and the operation which the ALU performs 
for each. When the Am2903A executes instructions other than 
the nine special functions, the ALU operation is determined by 
instruction bits 14, la, 12, and 11. Table 2 defines the ALU 
operation as a function of these four instruction bits. 

TABLE 1. ALU OPERAND SOURCES 

EA 10 ()Es ALU Operand R ALU Operand S 

L L L RAM Output A RAM Output B 

L L H RAM, Output A DBo.:a 

L H X RAM Output A a Register, 

H L L DAo-a RAM Output B 

H L H DAo-a DBo-a 

H H X DAo-a a Register 

L=LOW H=HIGH X = Don't Care 

TABLE 2. Am2903A ALU FUNCTIONS 

Hex 
14 13 12 11 Code ALU FUNCTIONS 

L L L L 0 
10 = L I Special Functions 

10=H IFi=HIGH 

L L L H 1 F - S Minus R Minus 1 plus 
Cn 

L L H L 2 
F = R Minus S Minus 1 Plus 

Cn 

L L H H 3 F = A Plus S Plus Cn 

L H L L 4 F=S Plus Cn 

L H L H 5 F=S Plus Cn 

L H H L 6 F=A Plus Cn 

L H H H 7 F=R Plus Cn 

H L L L 8 Fi = LOW 

H L L H 9 FI-Ri AND Si 

H L H L A Fi = Ri EXCLUSIVE NOR Si 

H L H H B Fr = Ri EXCLUSIVE OR Si 

H H L L C Fj=Aj AND Sj 

H H L H D Fi=Rj NOA Si 

H H H L E Fi = Ai NAND Si 

H H H H F Fj=Ri OR Sj 

H=HIGH i-Ot03 

Am2903As may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am2903As are 
cascaded, each slice must be programmed to be a most 
significant slice (MSS), intermediate slice (IS), or least signifi
cant slice (LSS) of the array. The carry generate, G, and carry 
propagate, P, signals required for a lookahead carry scheme 
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are generated by the Am2903A and are available as outputs of 
the least significant and intermediate slices. 

The Am2903A also generates a carry-out signal, Cn + 4, which 
is generally available as an output of each slice. Both the 
carry-in, Cn, and carry-out, Cn + 4, signals are active HIGH. 
The ALU generates two other status outputs. These are 
negative, N, and overflow, OVA. The N output is generally the 
most significant (sign) bit of the ALU output and can be used 
to determine positive or negative results. The OVA output 
indicates that the arithmetic operation being performed ex-
ceeds the available two's complement number range. The N 
and OVA signals are available as outputs of the most 
significant slice. Thus, the multipurpose' G/N and P/OVA 
outputs indicate G and j5 at the least significant and intermedi-
ate slices, and sign and overflow at the most significant slice. 
To some extent, the meaning of the Cn + 4, P/OVA, and G/N 
Signals vary with the ALU function being performed. Refer to 
Table 5 for an exact definition of these four signals as a 
function of the Am2903A instruction. 

ALU Shifter 
Under instruction control, the ALU shifter passes the ALU 
output (F) non-shifted, shifts it up one bit position (2F), or shifts • 
it down one bit position (F /2). Both arithmetic and logical shift 
operations are possible. An arithmetic shift operation shifts 
data around the most significant (sign) bit position of the most 
significant slice, and a logical shift operation shifts data 
through this bit position (see Figure A). SIOo and SIOs are 
bidirectional serial shift inputs/outputs. During a shift-up oper-
ation, SIOo is generally a serial shift input and' SIOa a serial 
shift output. During a shift-down operation, SIOa is generally a 
serial shift input and SIOo a serial shift output. 

To some extent, the meaning of the SIOo and SI03 signals is 
instruction dependent. Aefer to Tables 3 and 4 for an exact 
definition of these pins. 

The ALU shifter also provides the capability to sign extend at 
slice boundaries. Under instruction control, the SIOo (Sign) 
input can be extended through YO, Y 1, Y 2, Y 3 and propagated 
to the SI03 output. 

A cascadable, five-bit parity generator/checker is designed 
into the Am2903A ALU shifter and provides ALU error 
detection capability. Parity for the Fo, Fl, F2, F3 ALU outputs 
and SI03 input is generated and, under instruction control, is 
made available at the SIOo output. Refer to the Am2903A 
applications section for a more detailed description of the 
Am2903A sign extension and parity generation/checking 
capability. 

The instruction inputs determine the ALU shifter operation. 
Table 4 defines the special functions and the operation the 
ALU Shifter performs for each. When the Am2903A executes 
instructions other than the special functions, the ALU shifter 
operation is determined by instruction bits la, 17, Is, 15. Table 3 
defines the ALU shifter operation as a function of these four 
bits. 

Q Register. 
The 0 Register is an auxiliary four-bit register which is clocked 
on the LOW-to-HIGH transition of the CP input. It is intended 
primarily for use in multiplication and division operations; 
however, it can also be used as an accumulator or holding 
register for some applications. The ALU output, F, can be 
loaded into the a Register, and/or the a Register <;an be 
selected as the source for the ALU S operand. The shifter at 
the input to the 0 Register provides the capability to shift the 
a Aegister contents up one bit position (20) or down one bit 
position (0/2). Only logical shifts are performed. 0100 and 
010s are bidirectional shift serial inputs/outputs. During a a 
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Register shift-up operation. 0100 is a serial shift input and Am2903A Logical Shift Path 
010s is a serial shift output. During a shift-down operation. 
0103 is a serial shift input and 0100 is a serial shift output. 

I :: : I SIo, SID. 
Figure A. AI, 

Am2903A Arithmetic Shift Path --
DFOOO420 

SI~-fP:: I Double-length arithmetic and logical shifting capability is 
8'0" provided by the Am2903A. The double-length shift is per~ 

formed. by connecting al03 of the most significant slice to - 5100 of the least significant slice. and executing an instruCtion SigNficMt .... which shifts both the ALU output and the a Register . 
DFOOO430 The a Register and shifter are controlled by the instruction 

inputs. Table 4 defines the Am2903A special functions and the 
operations which the a Register and shifter perform for each. 

I : : : I When the Am2903A executes instructions other than the SODa 8'0" special functions. the a Register and shifter operation is 
controlled by instruction bits '8. '7. '6. '5. Table 3 defines the a ..... Register and shifter operation as a function of these four bits. Silnificentor 

IntInnId_lUict 

DFOO0410 Output Buffers 
The DB and Y ports are bidirectional 110 ports driven by three-
state output buffers with external output enable controls. The 
Y output buffers are enabled when the 0Ev input is LOW and 
are in the high impedance state when 0Ev is HIGH. The DB 
output buffers are enabled when the 0i:B input is LOW. 

TABLE 3. ALU DESTINATION CONTROL FOR 10 OR 11 OR 12 OR 13 = HIGH, lEN = LOW. 

SIOs Ys Y2 

HIX ALU ShIfter Most SIg Other Most Slg Other MoSt Sig 
18 17 16 15 Code Function Slice SlIces Slice Slices Slice 
L L L L 0 Arith. F/2~Y Input Input F3 SiCa SiCa 
L L L H 1 Log. F/2~Y Input Input SiCa SIOS Fs 

L L H L 2 Arith. F/2~Y Input Input F3 SIOa SIOa 

L L H H 3 Log. F/2~Y Input Input SiCa SiCa Fa 

L H L L 4 F~Y Input Input Fa Fa F2 

L H L H 5 F~Y Input Input Fa Fa F2 

L H H L 6 F~Y Input Input Fa F3 F2 
L H H H 7 F~Y Input Input Fa Fa F2 
H L L L 8 Arith. 2F~Y F2 Fa Fa F2 F, 
H L L H 9 Log. 2F~Y Fa F3 F2 F2 F, 

H L H L A ArHh. 2F~Y F2 Fa Fa F2 F, 

H L H H B Log. 2F~Y F3 Fa F2 F2 F, 

H H L L C F~Y FS F3 Fa F3 F2 

H H L H 0 F-Y Fs Fa Fa Fa F2 

H H H L E SIOo~YO. SIOo SIOo SIOo SIOo SIOo Y,. Y2. Ya 
H H H H F F~Y Fs Fs Fs F3 F2 

Parity - Fs V F2 V F, V FO V SIOs L~LOW 
V - Exclusive OR H-HIGH 
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Other 
SlIces Y, 

Fs F2 
Fa F2 

Fa F2 

Fs F2 

F2 F, 

F2 F, 

F2 F, 

F2 F, 
F, Fo 
F, Fo 

Fl Fo 

F, Fa 

F2 F, 

F2 F, 

SIOo SIOo 

F2 F, 

a Reg' 
Shifter 

Yo SIOo Wriii Function 0103 0100 
F, Fa L Hold Hi-Z Hi-Z 
F, Fo L Hold Hi-Z Hi-Z 

F, Fo L Log. Q/ Input Qo 2~Q 

F, Fo L Log. Q/ Input Qo 2-Q 

Fo Parity L Hold Hi-Z Hi-Z 

Fo Parity H Log. Q/ Input Qo 
2~Q 

Fo Parity H F~Q Hi-Z Hi-Z 

Fo Parity L F-Q Hi-Z Hi-Z 

SIOo Input L Hold Hi-Z Hi-Z 
SIOo Input L Hold Hi-Z Hi-Z 

SIOo Input L Log. Qa Input 2Q~Q 

SIOo Input L Log. Qa Input 
2Q~Q 

Fo Hi-Z H Hold Hi-Z Hi-Z 

Fo Hi-Z H Log. Qa Input 
2Q~Q 

SIOo Input L Hold Hi-Z Hi-Z 

Fo Hi-Z L Hold Hi-Z Hi-Z 

Hi-Z - High Impedance 
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TABLE 4. SPECIAL FUNCTIONS FOR 14 = 13 = 12 = 11 = 10 = LOW (Note 4) 

SI03 o Reg & 
(Hex) ALU Shifter Most Sig Other Shifter 

18171615 , Special Function ALU Function Function Slice Slices SIOo Function 0103 0100 WRITE 

0 Unsigned Multiply F-S+Cn if Z=L Log FI2~Y 
Hi-Z Input Fo 

Log 0/2 Input 00 L F=R+S+Cn if Z-H (Note I) ~O 

1 (Note 5) 

2 Two's Complement F~S+Cn if Z=L Log F/2~Y Hi-Z Input FO 
Log 0/2 Input 00 L Multiply F=R+S+Cn if Z=H (Note 2) ~O 

3 (Note 5) 

4 Increment by F=S+I+Cn F~Y Input Input Parity Hold Hi-Z Hi-Z L One or Two 

5 Sign/Magnitude F=S+Cn if Z-L F~Y 
Input Input Parity Hold Hi-Z Hi-Z L Two's Complement F=~+Cn if Z=H (Note 3) 

6 Two's Complement F=S+Cn if Z-L Log F/2~Y Hi-Z Input Fa Log 0/2 Input 00 L Multiply, Last Cycle F=S-R-I +Cn if Z=H (Note 2) ~O 

7 (Note 5) 

8 Single Lengtb F=S+Cn F-Y F3 F3 Hi-Z Log 20 
03 Input L Normalize ~O 

9 (Note 5) 

Double Length Log 20 A Normalize and First F=S+Cn Log 2F~Y R3 V F3 Fa Input ~O Oa Input L 
Divide Op 

B (Note 5) 

C Two's Complement F=S+R+Cn if Z=L Log 2F~Y R'3'V'l' F3 Input Log 2Q Oa Input L Divide F=S-R-1+Cn if Z=H ~O 

D (Note 5) 

Two's Complement F=S+R+Cn if Z-L Log 20 E Divide Correction F-S-R-I +Cn if Z-H 
F~Y F3 F3 Hi-Z ~O 03 Input L 

and Remainder 

F (Note 5) 

Notes: I. At the most significant slice only, the Cn + 4 signal is internally gated to the Y3 output. 
2. At the most significant slice only, F3 V OVR is internally gated to the Y3 output. 
3. At the most significant slice only, Sa V F3 is gen'1rated at the Y3 output. 
4. The 0 R'1gister cannot be used explicilly as an operand for any Special Functions. It is defined implicilly wHhin the functions. 
5. Not valid. 

L = LOW Hi-Z = High Impedance 
H = HIGH V - Exclusive OR 
X ~ Don't Care Parity = SI03 V F3 V F2 V FI V Fo 

The zero, Z, pin is an open collector input/output that can be 
wire-OR'ed between slices. As an output it can be used as a 
zero detect status flag and generally indicates that the Y 0-3 
pins are all LOW. To some extent the meaning of this signal 
varies with the instruction being performed. Refer to Table 5 
for an exact definition of this signal as a function of the 
Am2903A instructions. 

Instruction Decoder 

The Instruction Decoder generates required internal control 
signals as a function of the nine instruction inputs, 10-8; the 
Instruction Enable input, iEiii; the LSS input; and the WRITEI 
MSS input/output. 

The WRITE output is LOW when an instruction which writes 
data into the RAM is being executed. Refer to Tables 3 and 4 
for a definition of the WRITE output as a function of the 
Am2903A instruction inputs. 

5-31 

On the Am2903A, when iEiii is HIGH, the WFITi'E output is 
forced HIGH and the Q Register and Sign Compare Flip-Flop 
contents are,preserved. When lEN is LOW, the WRITE output 
is enabled and the Q Register and Sign Compare Flip-Flop can 
be written according to the Am2903A instruction. The Sign 
Compare Flip-Flop is an on-chip flip-flop which is used during 
an Am2903A divide operation (see Figure B). 

Programming the Am2903A Slice Position 

Tying the LSS input LOW programs the slice to operate as a 
least significant slice (LSS) and enables the WRITE output 
signal onto the WRITE/MSS bidirectional I/O pin. When [SS 
is tied HIGH, the WFITi'E/MSS pin becomes an input pin; tying' 
the WRITE/MSS pin HIGH programs the slice to operate as 
an intermediate slice (IS) and tying it LOW programs the slice 
to operate as a most significant slice (MSS). The WRITE/MSS 
pin must be tied HIGH through a resistor. WRiTE/MSS and 
[SS should not be connected together. 
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TASLE 5. Am2903A STATUS OUTPUTS 

J5/0VA GIN Z(i5ry = LOW) 

(Hex) (Hex) GI PI Moat SIg Other MostSig Other Mo.tSlg Intermediate Least SIg 
18171al5 14131211 10 (1=0 to 3) (1=0 to 3) Cn+4 SlIce Slices SlIce Slices Slice SlIce Slice 

X 0 H 0 1 0 0 0 F3 ~ YOY1Y2Y3 YOY1Y2Y3 YOY1Y2Y3 

X 1 X 'Rj"Sj 'RI v SI Gv Cn +3 V J5 F3 ~ YOY1Y2Y3 YOY1Y2Y3 c 'fOY1'f2Y3 PCn Cn +4 

X 2 X Rj"Sj Rj v Sj Gv Cn +3 V IS F3 ~ YOY'Y2Y3 YOY1Y2Y3 YOY1Y2'f3 PCn Cn +4 

X 3 X RI"Sj Rj v Sj Gv Co+3 V IS F3 ~ YOY1Y2'f3 YOY1Y2'f3 YOY1Y2Y3 PCn Cn+4 

X 4 X 0 Sj Gv Cn +3 V IS F3 ~ YOY1Y2Y3 YOY1Y2Y3 YOY;Y2'f3 PCn Cn +4 

X 5 X 0 Sj Gv Co+3 V IS F3 ~ 'fOY1Y2Y3 'fOY1Y2Y3 'fOY1'f2Y3 PC. Co+4 

X 6 X 0 RI 
Gv Co +3 V IS F3 ~ YOY1Y2Y3 YOY1Y2Y3 YOY1Y2'fa PC. Co +4 

X 7 X 0 fij Gv Co+3 V IS F3 ~ YOY1'f2Y3 'f0'f1Y 2'f3 'f0'f1Y 2'f3 PC. Co +4 
X 8 X 0 1 0 0 0 F3 ~ YO'f1'i2Y3 YO'i1Y2Y3 'fOY1'i2Y3 
X 9 X fij"Sj 1 0 0 0 F3 ~ 'i0'f1'i2'f3 'i0'i1'i2'i3 YOY1Y2'i3 
X A X Rj"Sj Rj v Sj 0 0 0 F3 G 'iOY1'i2Y3 'iOV1'i2'i3 'fOY1Y2Y3 
X B X 'Rj"SI Rj v Sj 0 0 0 F3 ~ 'i0'f1'f2'f3 'fOY1Y2Y3 YOY1Y2Y3 
X C X Rj"Sj 1 0 0 0 F3 ~ YO'i1'i2'f3 'i0'i1'i2'i3 'i0'i1'i2Ya 
X D XRI"Sj 1 0 0 0 F3 G 'i0'i'Y2'i3 YO'i1'i2'i3 YOy,'i2'f3 
X E X RI"Sj 1 0 0 0 F3 G 'i0'i,'f2'i3 YO'i'Y2'i3 YO'f'Y2Y3 
X F X ,'Rj"Sj 1 0 0 0 F3 ~ YO'!JY2Y3 YOY'Y2Y3 YOY'Y2'i3 

o H Z-L SjHZ-L Gv Cn +3 V IS ~ 00 0 0 L R;"Sj H Z-H Rj v Sj H PC. Co+4 
F3 Input Input 

Z-H 

1 0 L (Note 6) 

1 8 L (Note 6) 

o it Z= L SjitZ-L Gv Co+3 V. IS ~ 2 0 L Rj"S, it Z-H Rj v Sj if F3 Input Input 00 
Z-H PCn Cn +4 

3 0 L (Note 6) 

4 0 L (Note 1) (Note 2) Gv Co+3 V IS F3 ~ YOY,Y2'f3 YO'f'Y2Y3 YO'f'Y2Y3 PC. Co+4 

~ H Z-L Gv Co+3 V j5 F3 ifZ - L 
~ 5 0 L 0 j if Z-H PCn Cn +4 F3ZV_~ if S3 Input Input 

o if Z- L ~ it Z-L Gv Cn +3 V 6 0 L 'Rj"Sj if Z- H j v Sj if J5 F3 ~ Input Input 00 
Z=H PCn Cn +4 

7 0 L (Note 6) 

8 '0 L 0 Sj (Note 3) Q2 V Q, IS Ca ~ OoO,i'lA 0001i'l~ 0001i'lA 
9 0 L (Note 6) 

9 8 L (Note 6) 

A 0 L 0 Sj (Note 4) F2 V F, IS F3 ~ (Note 5) (Note 5) (Note 5) 

B 0 L (Note 6) 

RI v Sj if 
Co+3 V 

Sign 
R'''S; H Z - L ft- L Gv IS ~ C 0 L tf;"Sj H Z- H j v SI jf Pc., Co+4 

F3 Compare FF Input Input 

Z=H Output 

D 0 L (Note 6) 

RIVSjH 
Cn+3 V 

Sign 
E 0 L ~"Sj it Z-L ft=L Gv IS F3 ~ Compare FF Input Input j"Sj if Z-H j v Sj H PCn Co+4 Output Z-H 

F 0 L (Note 6) 

Notes:1- If m Is LOW, Go - So and G, 2 3 - O. If m is HIGH, Go ~ 2 & -O. 
2. If is LOW,~1 and Pb.,2 a- S, f3 If m Is HIGI1. c:: '. 
3. At the most sig nt slice, .,: 4 - Ca' 2. At other slices, + 4 = G v PCn. 
4. At ~ most s~"nt ~, g., + 4 - F3 V F2. At other slices, Co + 4 .. G v PCn. 
5. Z - i'l, i'l2 0 '1', F2 '1'3. 
6. Not. valid. 

L-LOW-O 
H-HIGH -1 
v-OR 
,,-AND 
V - EXCLUSIVE OR 

~:~3P~P~P~ v G P P v G P P P 
Co+3- ~2 v ~'~2 v aO~'~2 v ~n~0~'~2 
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Am2903A SPECIAL FUNCTIONS 
The Am2903A provides nine Special Functions which facilitate 
the implementation of the following operations: 
• Single- and Double-Length Normalization 
• Two's Complement Division 
• Unsigned and Two's Complement Multiplication 
• Conversion Between Two's Complement and Sign/Magni-

tude Representation 
• Incrementation by One or Two 

Table 4 defines these Special Functions. 

The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 

Three Special Functions which can be used to perform a two's 
complement, non-restoring divide operation are provided by 
the Am2903A. These functions provide both single- and 
double-precision divide operations and can be performed in 
"n" clock cycles, where "ri" is the number of bits in the 
quotient. 

The Unsigned Multiply Special Function and the two Two's 
Complement Multiply Special Functions can be used to 
multiply two n-bit, unsigned or two's complement numbers, 
respectively, in n clock cycles. These functions utilize the 
conditional add and shift algorithm. During the last cycle of the 
two's complement multiplication, a conditional subtraction, 
rather than addition, is performed because the sign bit of the 
multiplier carries negative weight. 

The Sign/Magnitude-Two's Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be convert
ed to the Two's Complement representation, and vice-versa, 
in one clock cycle. 

The Increment by One or Two Special Function can be used to 
increment an unsigned or two's complement number by one 
or two. This is useful in 16-bit word, byte-addressable ma
chines, where the word addresses are multiples of two. 

Refer to Am290SA applications section for a more detailed 
description of these Special Functions. 

Figure B. Slg" Compare Flip-Flop 

SPECIAL 
FUNCTION 

AORC 
1 ]Jr:-... :_L_K_-_: .. ~ :M' 

DFOO0400 
The sign compare signal appears at the Z output of the most signifi

cant slice during special functions C and E. Refer to Table 5. 

CYCLE TIMES FOR 16-BIT SYSTEM FOR 
COMMON OPERATIONS 
The illustration below shows a typical configuration using 4 
Am2903A Superslices, an Am2902A carry lookahead chip, 
and the Am2904 for shift multiplexers, status registers, and 
carry-in control. For the system enclosed within the dashed 
lines, there are four major switching paths whose values for 
various kinds of cycles are summarized below, and shown on 
the timing waveform. 

1. MICROCYCLE TIME (TCHCH). 
The minimum time which must elapse between a 
LOW-TO-HIGH clock transition and the next LOW-TO
HIGH clock transition. 

2. DATA SET-UP TIME (TDVCH). 
The minimum time which must be allowed between 
valid, stable data on the D inputs and the clock LOW
TO-HIGH transition. 

3. D TO Y (TDVYV). 
The maximum time required to obtain valid Y output 
data after the D inputs are valid. This is the combina
tional delay through the parts from D to Y. 

4. CP TO Y (TCHyv). 
The maximum time required to obtain valid Y outputs 
after a clock LOW-TO-HIGH transition. 

5-33 

The types of cycles for which data is summarized are as 
follows: 

1. Logic - Any logical operation without a shift. 
2. Logic Rotate - Any logic operation with a rotate or 

shift. 
3. Arithmetic - An add or subtract with no shift. 
4. Multiply - The first cycle of a 2's complement multiply 

instruction. Subsequent cyCles require less 
time. 

5. Divide - The iterative divide cycle. The first divide in
struction and the last divide (correction) in
struction require less time. 

Time In ns Over Commercial 
Operating Range 

CYCLE TCHCH TDVCH TDVYV TCHYV 

LOGIC 99 79 59 81 

LOGIC ROTATE 118 99 79 98 

ARITHMETIC 130 109 91 112 

MULTIPLY 152 113 95 135 

DIVIDE 139 113 95 121 
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16·Bit System with Am2903A, Am2902A, Am2904 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150'C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55·C to +125'C Temperature ..................................... O·C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ............................ +4.75V to +5.25V 

Continuous ...................................... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55'C to + 125'C 

High Output State ....................... -O.5V to +Vcc max Supply Voltage ............................... + 4.5V to + 5.5V 
DC Input Voltage ................................. -O.5V to +5.5V Operating ranges define those limits over which the function-
DC Output Current, Into Outputs .......................... 30mA ality of the device is guaranteed. 
DC Input Current.. ........................... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description 

VOH Output HIGH Voltage 

ICEX 
Output Leakage Current 
for Z Output (Note 4) 

VOL Output LOW Voltage 

VIH Input HIGH Level 

Vil Input LOW Level 

VI Input Clamp Voltage 

IlL Input LOW Current 

IIH Input HIGH Current 

Test Conditions (Note 2) Min Typ Max Units 
(Note 1) 

IOH=-1.6mA 2.4 
YO-Y3, ~/N 

VCC~MIN IOH=-~OItA Volts VIN - VIH or Vil DBa.3, P/OVR 
SIOo, S103, 0100, 0103, 2.4 
~.Cn+4 

Vcc - MIN, VOH = 5.5V 250 ItA VIN = VIH or Vil 

Yo, Y" Y2 
IOl = 20mA (COM'L) 

Y3, Z IOl = 16mA (MIL) 0.5 

OBo, DB" 
IOL = 12mA (COM'L) 

0.5 
VCC=MIN OB2, DBa IOl - 6.0mA (MIL) 

~/N IOl -18mA 0.5 Volts 
VIN = VIH or - Vil 

P/OVR IOl-10mA 0.5 

Cn +4, SIOo 
S103, 0100 IOl -8.0mA 0.5 
0103,~ 

Guaranteed input logical HIGH 2.0 Vol1s voltage for all inpuls (Note 6) 

Guaranteed input logical LOW 0.8 Volts voltage for all inputs (Note 6) 

Vcc = MIN, liN = -18mA -1.5 Valls 

Cn -3.6 

Yo, Y" Y2, Y3 -1.13 

10, I" 12, 13, 14 
Vcc = MAX, VIN = O.5V DAo, DA" OA2, DA3 -0.72 

(Note 4) SIOo, SiCa, 0100, rnA 

0103, ~, OBo, DB, -0.77 
OB2, DB3 
All other inputs -0.36 

Cn 200 

Yo, Y" Y2, Y3 110 

Vcc = MAX, VIN = 2.7V 10-14, OAo-OA3 40 

SIOo, S103, 0100, ItA 
(Note 4) 

~' OBO-3, 90 

All other Inpuls 20 
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Parameters Deecrlption 'test Conditions (Note 2) Min Typ Max Units 
(Note 1) 

II Input HIGH Current Vee - MAX, VIN - 5.5V .1.0 . mA 

VO=2.4V 110 

011 State Yo-Y3 VO-0.5V -1130 
IOZH (HIGH Impedance) Vee = MAX, 

DB().3,OIOo,~ Vo= 2.4V 90 p.A 
IOZl Output Current (Note 4) 

SIOo, SI03, I~ VO=0.5V -770 

lOS 
Output Short Circuit Vee = MAX + 0.5V -30 -85 mA Current (Note 3) VO=0.5V 

TA -25·C 220 335 

TA=Ot070·C 350 

Power Supply Current COM'L TA -70·C 291 
lee (Note 5) Vee-MAX 

TC - -55 to 125·C 
mA 

395 
MIL 

Tc· 125•C 258 

Notes: 1. Typical limits are at Vee - 5.0V, 25·C ambient and maximum loading. 
2. For oonditione shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the' applicable device type. 
3. Not more then one oolput should be shorted at a time. Duration of the ahort circuH test should not exceed one second. 
4. YO-3, DBo.s, SlOo 3, 0100 3 and WRITE/MSS are three stete outputs internally connected to TIL inputs. Z is an' open-collector 

output internally cOnnected to a TIL Input. Input characteristics are measured under conditions such that the outputs are in the OFF 
stete. 

5. Worst case lee is at minimum temperature. 
6. These input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally tested). 
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I. Am2903A GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 

The Am2903A switching characteristics are a function of the 
power supply voltage, the temperature, and the operating 

mode of the devices. The data has been condensed onto the 
tables below. All numbers in the tables are in ns. 

INDEX TO SWITCHING TABLES 

Table Data Type Conditions Applicable to 

A Clock and Write Pulse 4.75 to 5.25V, 0 to 70·C All Functions 

B Enable/Disable Times 4.75 to 5.25V, 0 to 70·C All Functions 

C Setup and Hold Times 4.75 to 5.25V, 0 to 70·C All Functions 

1-2 Combinational Delays 4.75 to 5.25V, 0 to 70·C Standard Function and Incre-
ment by 1 or 2 

1-3 Combinational Delays 4.75 to 5.25V, 0 to 70·C Multiply Instructions 

1-4 Combinational Delays 4.75 to 5.25V, 0 to 70·C Divide Instructions 

1-5 Combinational Delays 4.75 to 5.25V, 0 to 70·C Sign Magnitude to Two's 
Complement Conversion 

1-6 Combinational Delays 4.75 to 5.25V, 0 to 70·C Single Length Normalization 

1-1. Am2903A GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 

TABLE B. ENABLE/DISABLE 
TIMES ALL FUNCTIONS 

The tables below specify the guaranteed performance of the 
Am2903A over the commercial operating range of 0 to + 70·C 
with Vee from 4.75 to 5.25V. All data are in ns, with inputs 
switching between 0 and 3V at 1V Ins and measurements 
made at 1.5V. All outputs have maximum DC load. 

TABLE A. CLOCK AND WRITE PULSE CHAR
ACTERISTICS ALL FUNCTIONS 

Minimum Clock Low Time 30ns 

Minimum Clock High Time 30ns 

Minimum TIme CP and WE both Low to Write 15ns 

5-37 

From To Enable Disable 

OEY y 25 21 

OEB DB 25 21 

OEA DA 25 21 

18 SIO 25 21 

18 010 38 38 

18765 010 38 38 

143210 010 38 38 

rn WFi 25 21 

Note: CL = 5.0pF for output disable tests. 
Measurement is made to a 0.5V 
change on the output. 
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TABLE C. SETUP AND HOLD TIMES ALL FUNCTIONS 

HIGH-to-LOW LOW-to-HIGH 

...... Tpwl f 
From With Respect to Setup Hold I Setup Hold Comments 

y CP Don't Care Don't Care 114 3 Store Y in RAM/O (Note 1) 

~ High CP 1.5 Tpwl 0 Prevent Writing 

WI: LOW CP Don't Care Don't Care 115 0 Write into RAM 

A, B Source CP 20 3 I Don't Care Don't Care Latch Data from RAM Out 

B Destination CP 6 Tpwl 3 Write Data into B Address 

0 100,3 

18765 

l£N High 

l£N Low 

143210 

Note 1: 
Note 2: 

Note 3: 

Note 4: 

Note 5: 
Note 6: 
Note 7: 

Note 6: 

CP, Don't Care Don't Care .117 3 Shift 0 

CP 12 - 120 0 Write into 0 (Note 2) 

CP - 0 Prevent Writing into Q 

CP Don't Care Don't Care 121 0 Write into 0 

CP 18 - 132 0 Write into 0 (Note 2) 

The internal Y -bus to RAM setup condition will be met 5ns after valid Y output (~= 0). 
The setup time with respect to CP failing edge is to prevent writing. The setup time with respect to CP riSing edge is to 
enable writing. 
For all other set up conditions not specified in this table, the set up time should be the delay to stable Y output plus the Y 
to RAM internal setup time. Even if the RAM is not being loaded, this set up condition ensures valid writing into the 0 
register and sign compare flip flop. 
WE controls writing into the RAM. l£N controls writing into 0 and, indirectly, controls WE'through the ~/MSS output. 
To prevent writing, l£N and wt must go HIGH during the entire clock LOW time. They may go LOW after the clock has 
gone LOW to cause a write provided the WI: LOW and l£N LOW set-up times are met. Having gone LOW, they should not 
be returned HIGH until after the clock has gone HIGH. 
A and B addresses must be set-up prior to the clock HIGH-to-LOW transition 10 latch data at the RAM output. 
Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 
Because 18765 controls the writing or not writing of data Into RAM and 0, they should be stable during the entire clock 
LOW time unless l£N Is HIGH, which prevents writing. ' 
The set-up time prior to the clock LOW-to-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH-to-
LOW transition and the clock LOW time. The actual set-up time requirement on 143210 relative to the clock LOW-to-HIGH 
transition is the longer of (1) the set-up time prior to clock L ~ H, and (2) the sum of the set-up time prior to clock H ~ Land 
the clock LOW time. 

, 
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SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified. 

1-2 STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF 4) 

To 

WFii'l'EI SIOo 
From y Cn +4 <I,P Z N OVR DB IiSS QIOo, 3 SIOo SI03 Parity 

A, B Addr 67 55 52 74 61 67 28 - - 41 62 78 

DA, DB 58 50 40 65 54 58 - - - 35 59 65 

Cn 33 18 - 35 28 26 - - - 23 30 38 

18-0 64 64 50 72 61 _ 62 - 34 26 50 62 74 

CP 58 42 43 61 54 58 22 - 22 37 54 80 

S100,3 23 - - 29 - - - - - - 29 19 

~ 44 - 44 44 44 44 - - - 44 44 44 

Notes: 1. A "-" means the delay path does not exist. 

Standard Functions: See Table 2 Increment SF 4: F = S + 1 + Cn 

V ~ Z w1:l+WV~ ~~ I 1 e2Q 

EA ~ OUTPUT = DA ~ OUTPUT 

1-3 MUl TIPl Y INSTRUCTIONS (SF 0, SF 2, SF 6) 

To 

Wl'H'i'EI 
From Slice y Cn +4 <I, P z N OVR DB Mfi QIOO,3 SIOo 

MSS 67 55 - - 61 67 28 - - 41 

A, B Addr IS 67 55 52 - - - 28 - - 41 

LSS 67 55 52 - - - 26 - - 41 

MSS 58 50 - - 54 58 - - - 35 

DA, DB IS 58 50 40 - - - - - - 35 

LSS 58 50 40 - - - - - - 35 

MSS 35 18 - - 28 27 - - - 23 

Cn IS 33 18 - - - - - - - 23 

LSS 33 18 - - - - - - - 23 

MSS 94 75 - - 88 88 - - 26 73 

Is-o IS 94 75 71 - - - - - 2& 73 

LSS 94 75 71 30 - - - 34 26 73 

MSS 58 42 - - 54 58 22 - 22 37 

CP IS 58 42 43 - - - 22 - 22 37 

LSS 90 71 67 26 - - 22 - 22 69 

MSS 64 45 - - 58 58 - - - 43 

Z IS 64 45 41 - - - - - - 43 

LSS - - - - - - - - - -
S100.3 Any 23 - - - - - - - - -
Notes: 1. A "-" means the delay path does not exist. 

Unsigned Multiply Two's Complement Multiply Two's Complement Multiply Last Cycle 

SF 0: F-S+Cn H Z-O SF 2: F-S+Cn H Z-O SF 6: F-S+Cn H Z-O 
F=S+R+Cn if Z=l F=R+S+Cn" Z=l F=S-R-l+CnllZ-1 
V = Log_ F/2 V - Log. F/2 V= Log. F/2 
0- Log. 0/2 0- Log. 0/2 0= Log. 0/2 

Y3-Cn+4 (MSS) V3 - F3 .. OVR (MSS) V3 = OVR .. (MSS) 
Z-Oo (LSS) Z=Oo (LSS) Z-Oo (LSS) 

, 
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SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified. 

1-4 DIVIDE INSTRUCTIONS (SF A. SF C, SF E) 

From Slice y Cn +4 <i,1i 
MSS 67 61155 -

A, B Addr IS 67 55 52 
LSS 67 55 52 
MSS 58 55/50 -

DA, DB IS 58 50 40 
LSS 58 50 40 
MSS 33 33/18 -

en IS 33 18 -
LSS 33 18 -
MSS 84184 75/68 -

Is-o IS 84184 84/68 50170 

LSS 84184 84/68 50170 
MSS 58/80 46184 -

CP IS 58 42 43 
LSS 58 42 43 
MSS - - -

Z IS -155 -139 -/41 

LSS -155 -/39 -/41 

SIOO·3 Any 23 - , -
Notes: 1. A "-" means the delay path does not exist. 

Double Length Normalize and First Divide Op 

SF A: F~S+Cn 
Va Log. F/2 
Oa Log. 0/2 
SI03 - Fa E9 R3 (MSS) 
Cn + 4 = F3 E9 F2 (MSS) 
OVR K F2 E9 F, (MSS) 
z-c:io 0, 02 03 Fa F1 F2 F3 

Two's Complement Divide 

SF C: F-R+S+Cn if Z=O 
F -S - R - 1 + Cn if Z = 1 
V= Log. F/2 
0- Log. 0/2 
SI03 a F3 E9 R3 (MSS) 
Z -~ (MSS) from previous cycle 

Two's Complement Divide Correction and Remainder 

SFE: F - R + S + Cn if Z - 0 
F=S-R-1 TCn if Z=1 
V-F 
0= Log. 0/2 
Z - F3iTs (MSS) from previOUS cycle 

To 
Z N 

74/- 61 

74/- -
74/- -
65/- 54 

65/- -
65/- -
35/- 28 

35/- -
35/- -

72/29 61177 

72/- -
72/- -

61/25 54168 

61/- -
61/- -
- -
- -
- -
- -

OVR DB WR Q10O,3 Sl03 
67 28 - - 62 

- 28 - - 62 

- 28 - - 62 
58 - - - 59 

- - - - 59 

- - - - 59 
27 - - - 32 

- - - - 30 

- - - - 30 

62177 - - 28 63/83 

- - - 28 62/83 

- - 34 28 62/83 

58/68 22 - 22 54179 

- 22 - 22 54 

- 22 - 22 54 

- - - - -
- - - - -/54 

- - - - -/54 

- - - - -
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SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified. 

1-5 SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5) 

To 

WRiTEI 
From Slice y Cn +4 Ci. Ii z N OVR DB iiSi 01003 SI03 

MSS 97 81 - 42 89 89 28 - 102 

A. B Add, IS 67 55 52 - - - 28 - 78 

LSS 67 55 52 - - - 28 - 78 

MSS 94 76 - 37 84 84 - - 97 

DA, DB IS 58 50 40 - - - - - 65 

LSS 58 50 40 - - - - - 65 

MSS 33 18 - - 32 27 - - 38 

Cn IS 33 18 - - - - - - 38 

LSS 33 18 - - - - - - 38 

MSS 85 67 - 28 82 73 - - 28 88 

Is-o IS 85 67 63 - - - - - 26 88 

LSS 85 67 63 - - - - 34 26 88 

MSS 94 76 - 37 84 84 22 - 22 97 

CP IS 58 42 43 - - - 22 - 22 60 

LSS 58 42 43 - - - 22 - 22 60 

MSS - - - - - - - - - -
Z IS 57 39 35 - - - - - - 80 

LSS 57 39 35 - - - - - - 60 

S100·3 Any - - - - - - - - - -
Notes: 1. A "-" means the delay path doss not exist. 

SF 5: F=S+Cn if Z-O Y3-S3 ED F3 (MSS) 0-0 
F-S+Cn if Z-l Z-S3 (MSS) N-F3 il Z-O 

N-F3 ED Sa ff Z-l 

1-6 SINGLE LENGTH NORMALIZATION (SF 8) 

To 

WRi'l'EI 
From Slice y Cn +4 Ci. Ii z N OVR DB iiSi 01003 SI03 

MSS 67 - - - - - 28 - - 62 

A. B Add, IS 67 55 52 - - - 28 - - 62 

LSS 67 55 52 - - - 28 - - 62 

MSS 58 - - - - - - - - 59 

DA, DB IS 5& 50 40 - - - - - - 59 

LSS 5& 50 40 - - - - - - 59 

MSS 33 - - - - - - - - 30 

en IS 33 18 - - - - - - - 30 

LSS 33 18 - - - - - - - 30 

MSS 84 37 - 29 24 24 - - 26 62 

Is-o IS 84 84 50 29 - - - - 26 62 

LSS 84 64 50 29 - - - 34 26 62 

MSS 5& 29 - 26 26 29 22 - 22 54 

CK IS 5& 42 43 26 - - 22 - 22 54 

LSS 5& 42 43 26 - - 22 - 22 54 

MSS - - - - - - - - - -
Z IS - - - - - - - - - -

LSS - - - - - - - - - -
SIOo-3 Any 23 - - - - - - - - -
Notes: 1. A "-" means the deley path does not exist. 

SF 8: F=S+Cn Cn+4-~ ED ~MSS) OVR - 02 ED 01 (MSS) 
N-Oa (MSS) Z- 111 2Cl3 
Y-F 
0- Log. 0/2 
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II. Am2903A GUARANTEED MILITARY 
RANGE PERFORMANCE 

The Am2903A switching characteristics 8/'e a function of the mode of the devices. The data has been condensed onto the 
power supply voltage, the temperature, and the operating tables below. All numbers 8/'e in ns. 

INDEX TO SWITCHING TABLES 

Table Data Type Conditions Applicable to 

A Clock and Write Pulse 4.75 to 5.2.5V, 0 to 70·C All Functions 

B EnablelDisable Times 4.75 to 5.25V, 0 to 70·C All Functions 

C Setup and Hold Times 4.75 to 5.25V, 0 to 70·C All Functions 

1-2 Combinational Delays 4.75 to 5.25V, 0 to 70·C 
Standard Function and Incre-

ment by 1 or 2 

1-3 Combinational Delays 4.75 to 5.25V, 0 to 70·C Multiply Instructions 

1-4 Combinational Delays 4.75 to 5.25V, 0 to 70·C Divide Instructions 

1-5 Combinational Delays 4.75 to 5.25V, 0 to 70·C 
Sign Magnitude to Two's 
Complement· Conversion 

1-6 Combinational Delays 4.75 to 5.25V, 0 to 70·e Single Length Normalization 

11-1. Am2903A GUARANTEED MILITARY TABLE B. ENABLE/DISABLE 
RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the . 
Am2903A over the military operating range of 0 to + 70·e, with 
Vee from 4.75 to 5.25V. All data are in ns, with inputs 
switching between 0 and 3V at WIns and measurements 
made at 1.5V. All outputs have maximum DC load. 

TABLE A. CLOCK AND WRITE PULSE CHARAC-
TERISTICS ALL FUNCTIONS 

Minimum Clock Low Time 30ns 

Minimum Clock High Time 30ns 

Minimum Time CP and WE both Low to Write 30ns 

5-42 

TIMES ALL FUNCTIONS 

From To Enable Disable 

~ y .25 21 

OEB DB 25 21 

OEA DA 25 21 

18 SIO 25 21 

18 QIO 38 38 

18765 QIO 38 38 

143210 QIO 38 35 

~ WR 30 25 

Note: CL = 5.0pF for output disable tests. 
Measurement is made to a 0.5V 
change on the output. 
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TABLE C. SETUP AND HOLD TIMES ALL FUNCTIONS 

HIGH·to-LOW LOW·to-HIGH 

Tpwl 

From With Respect to Setup Hold 1 Setup Hold Comments 

Y CP Don't Care Don't Care 114 3 Store Y in RAM/Q (Note 1) 

Wi: High CP 15 Tpwl 0 Prevent Writing 

Wi: LOW CP Don't Care Don't Care 115 0 Write into RAM 

A, B Source CP 20 3 1 Don't Care Don't Care Latch Data from RAM Out 

B Destination CP 6 Tpwl 3 Write Data into B Address 

0100,3 

18765 

fEN High 

fEN Low 

143210 

Note 1: 
Note 2: 

Note 3: 

Note 4: 

Note 5: 
Note 6: 
Note 7: 

NoteS: 

CP Don't Care Don't Care 117 3 Shift 0 

CP 12 - 120 0 Write into 0 (Note 2) 

CP 24 0 Prevent Writing into 0 

CP Don't Care Don't Care 1 21 0 Write into 0 

CP 18 - 132 0 Write into 0 (Note 2) 

The internal V-bus to RAM setup condition will be met 5ns after valid Y output (DEY - 0). 
The set·up time with respect to CP falling edge is to prevent writing. The setup time with respect to CP rising edge is to 
enable writing. 
For all other set up conditions not specified in this table, the set up time should be the delay to stable Y output, plus the Y 
to RAM internal setup time. Even if the RAM is not being loaded, this set up condition ensures valid writing into the 0 
register and sign compare flip flop. 
Wi: controls writing into the RAM. lEN controls writing into 0 and, indirectly, controls Wi: through the WRi'fE/~ 
output. To prevent writing, fEN and Wi: must go HIGH during the entire clock LOW time. They may go LOW after the 
clock has gone LOW to cause a write provided the WE LOW and fEN LOW set-up times are met. Having gone LOW, they 
should not be returned HIGH until after the clock has gone HIGH. 
A and B addresses must be set-up prior to the clock HIGH·to-LOW transition to latch data at the RAM output. 
Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 
Because 18785 controls the writing or not writing of data into RAM and 0, they should be stable during the entire clock 
LOW time unless fEN is HIGH, which prevents writing. 
The set-up time prior to the clock LOW-to-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH-
to-LOW transition and the clock LOW time. The actual set-up time requirement on 143210 relative to the clock LOW-to-
HIGH transition is the longer of (1) the set-up time prior to clock L - H, and (2) the sum of the set~up time prior to clock H 
- L and the clock LOW time. 
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified. 

/1-2 STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF 4) 

To 

Wifi'fE1 SIOO 
From Y Cn+4 G,'" Z N OVR 08 illS 0100,3 SIOO SI03 Parity 

A, B Addr 70 58 52 78 68 67 28 - - 47 71 84 

DA, DB 80 52 40 66 55 58 - .- - 35 61 74 

Cn 35 19 - 41 31 29 - - - 23 33 40 

18-0 72 69 56 80 71 69 - 36 26 56 75 69 

CP 80 42 43 67 55 58 22 - 25 41 61 68 

S100.3 26 - - 29 - - - - - - 29 19 

~ 44 - 44 44 44 44 - - - 44 44 44 

Notes: 1. A "-" means 1he delay pa1h does not exist 

Standard Fu!"ctions: See Table 2 Incremen1 SF 4: F ~ S + 1 + en 
Y~ZWM+r-H) lER ~ /'Iim!! ~ 20 
EA ~ OUTPUT - DA ~ OUTPUT 

/1-3 MUL TIPL Y INSTRUCTIONS (SF 0, SF 2, SF 6) 

From Slice Y Cn +4 G,P Z 
MSS 72 58 - -

A, B Addr IS 72 58 52 -
LSS 72 58 52 -
MSS 62 52 - -

DA, DB IS 80 52 40 -
LSS 80 52 40 -
MSS 40 19 - -

Cn IS 35 19 - -
LSS 35 19 - -
MSS 108 84 - -

18-0 IS 108 84 80 -
LSS 108 84 80 33 

MSS 62 42 - -
CP IS 80 42 43 -

LSS 104 80 74 29 

MSS 75 51 - -
Z IS 75 51 47 -

LSS - - - -
SIOo-3 Any 23 - - -
Notes: 1. A "-" means 1ha delay pa1h does not exist. 

Unsigned Mu\llply Two's Complement MuHiply 

SF 0: F-S+Cn n z-o SF 2: F=S+Cn H Z-O 
F-S+R+Cn H Z= 1 F-R+S+Cn if Z-l 

V3- Cn +4 (MSS) V3 - F3 til OVR (MSS) 
Z-Oo (LSS) Z-Oo (LSS) 
V· Log. F/2 V = Log. F/2 
0- Log. 0/2 0-Log.0/2 

To 

N 
68 

-
-
55 

-
-

31 

-
-
98 

-
-
55 

-
-
65 

-
-
-

WRiTEI 
.OVR 08 illS 0100,3 SIOo 

67 28 - - 47 

- 28 - - 47 

- 26 - - 47 

58 - - - 35 

- - - - 35 

- - - - 35 

29 - - - 23 

- - - - 23 

- - - - 23 

98 - - 26 81 

- - - 26 81 

- - 36 26 81 

58 22 - 25 41 

- 22 - 25 41 

- 22 - 25 77 

65 - - - 48 

- - - - 48 

- - - - -
- - - - -

Two's Complemen1 Multiply Last Cycle 

SF 6: F-S+Cn if Z-O 
F-S-R-l +Cn H Z-l 

V3 - OVR til F3 (MSS) 
Z-Oo (LSS) 
V = Log. F/2 
0= Log. 0/2 
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified. 

11-4 DIVIDE INSTRUCTION (SF A, SF C, SF E) 

From Slice Y Cn +4 G,P 
MSS 70 72/58 -

A, B Addr IS 70 58 52 
LSS 70 58 52 
MSS 60 88/52. -

DA, DB IS 60 52 40 

LSS 60 52 40 
MSS 35 37/19 -

Cn IS 35 19 -
LSS 35 19 -
MSS 72/96 89179 -

la-o IS 72/96 69179 56179 

LSS 72/96 69179 56179 

MSS 60191 51/74 -
CP IS 80 42 43 

LSS 60 42 43 
MSS - - -

Z IS -/63 -/46 -/46 

LSS -/63 -/46 -/46 

SIOO·3 Any 26 - -
Notes: 1. A "-" means the delay path does not exist 

Double Length Normalize and First Divide Op 

SF A: F=S+Cn 
SI03 = F3 (jl R3 (MSS) 
Cn +4=F3 (jl F2 (MSS) 
OVR = F2 (jl F1 (MSS) 
Z = 00 01 02 03 Fa F1 F2 F3 
y~ Log. F/2 
0- Log. 0/2 

Two's Complement Divide 

SF C: F=R+S+Cn if Z=O 
F=S-R-1 + Cn if Z-1 
y= Log. F/2 
0- Log. 0/2 
SI03 = F3 (jl R3 (MSS) 
Z -~ (MSS) from previous cycle 

Two's Complement Divide Correction and Remainder 

SF E: F=R+S+Cn if Z=O 
F=S-R-1 +Cn if Z=1 
Y-F 
0= Log. 0/2 
Z = F3 (jl R3 (MSS) from previous cycle 

To 
Z N 

78/- 68 
78/- -
78/- -
88/- 55 
88/- -
66/- -
41/- 31 
41/- -
41/- -

80133 71/91 

80/- -
801- -

67/28 55174 

67/- -
671- -
- -
- -
- -
- -

5-45 

OVR DB WR QIOO,3 SI03 
67 28 - - 71 

- 28 - - 71 

- 28 - - 71 
58 - - - 61 

- - - - 61 

- - - - 61 
29 - - - 36 

- - - - 33 

- - - - 33 

69/91 - - 26 76/98 

- - - 26 75/96 

- - 36 26 75/96 

58174 22 - 25 61/93 

- 22 - 25 61 

- 22 - 25 61 

- - - - -
- - - - -/65' 

- - - - -/65 

- - - - -
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified. 

11.5 SIGN MAGNITUDE TO TWO'S· COMPLEMENT CONVERSION (SF 5) 

To 

WRli'EI 
From Slice Y Cn +4 (I, Ii z N OVR DB ii§S QIOO,3 SI03 

MSS 114 95 - 49 106 106 26 - - 125 

A. B Add. IS 70 58 52 - - - 28 - - 84 

LSS 70 58 52 - - - 28 - - 84 

MSS 108 89 - 43 101 101 - - - 119 

DA. DB IS 60 52 40 - - - - - - 74 

LSS 60 52 40 - - - - - - 74 

MSS 36 19 - - 35 29 - - - 40 

On IS 35 19 - - - - - - - 40 

LSS 35 19 - - - - - - - 40 

MSS 98 79 - 33 97 86 - - 26 109 

18-0 IS 98 79 73 - - - - - 26 109 

LSS 98 79 73 - - - - 36 26 109 

MSS 108 89 - 43 101 101 22 - 25 119 

CP IS 60 42 43 - - - 22 - 25 66 

LSS 60 42 43 - - - 22 - 25 66 

MSS - - - - - - - - - -
Z. IS 65 46 40 - - - - - - 76 

LSS 65 46 40 - - - - - - 76 

~ 

S100·3 Any - .:. - - - - - - - -
Notes: 1. A "-" means the delay path does not exist. 

SF 5: F·S+On if Z-O V3 - 83 6> F3 (MSS) 0-0 
F·S+Cn If Z-1 Z=S3 (MSS) N=F3; Z-O 

V-F N=F3 6> 83; Z=1 

11-6 SINGLE LENGTH NORMALIZATION (SF 8) 

To 

WRi'i'E1 
From Slice y Cn +4 (I, Ii z N OVR DB MB QI003 SI03 

MSS 70 - - - - - 26 - - 71 

A. B Add. IS 70 58 52 - - - 28 - - 71 

LSS 70 58 52 - - - 28 - - 71 

MSS 60 - - - - - - - - 61 

DA. DB IS 60 52 40 - - .,. - - - 61 

LSS 60. 52 40 - - - - - - 61 

MSS 35 - - - - - - - - 33 

On IS 36 19 - - - - - - - 33 

LSS 35 19 - - - - - - - 33 

MSS 72 47 - 33 27 27 - - 26 75 

la-o IS 72 69 58 33 - - - - 26 75 

LSS 72 69 56 33 - - - - 26 75 

MSS 60 31 - 28 26 31 22 - 25 61 

CP IS 60 42 43 28 - - 22 - 25 61 

LSS 60 42 43 28 - - 22 - 25 61 

MSS - - - - - - - - - -
Z 15 - - - - - - - - - -

LSS - - - - - - - - - -
5100.3 Any 26 - - . - - - - - - -
Notes: 1. A "-" means the delay path does not exist 

SF 8: F-S+Cn Cn +4=Q3 6> O&~SS) OVR - 02 6> 01 (MSS) 
N-03 (MSS) z=110 c:il 2 c:ia 
V-F 
0= Log. 0/2 
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SWITCHING TEST CIRCUIT 

A. THREE~STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
OUTPUTS 

Vee 

t. Vee Vee 

., R, ., s, s, 
I.A IA ~" YOUT CI-O""C YOUT.~ VOUT.~ 

'I 
~1" 1 1'1 ""7 

,K .~ 
-'~ 

~1" 
R. Ie. ~~ r ~~ 

I~ .". .". 

TCOOl150 TCOO1091 

TCOO1160 
2.4V 

R2=-
IOH 

R1 = 
5.0 - VSE - VOL 

R1 = 
5.0 - VSE - VOL 5.0-VOl 

IOl + VOL IOl + VOL 
R1=---

IOl ---
1K R2 

Notes: 1. Cl = 50pF includes scope probe, wiring and stray capac~ances without device in hand in test fixture. 
2. 81, 82, 83 are closed during function tests and all A.C. tests except output enable tests. 
3. 81 and 83 are closed while 82 is open for tpZH test. 

81 and 82 are closed while ~ is open for tpZL test. 
4. CL - 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2903A (DIP) 

Pin '" Pin Label Test Circuit R1 Rz 

1 QIOo A 458 1K 

11 Cn +4 8 478 3K 

12 P/OVR 8 383 3K 

14 GIN 8 212 1.5K 

16-19 YO-3 A 241 1K 

20 SIOo A 458 1K 

21 SID3 A 458 1K 

22 Z C 281 -
23-26 080-3 A 458 1K 

40 ~/Jil'SS A 458 1K 

48 QI03 A 458 ·lK 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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Am2904 
Status and Shift Control Unit 

DISTINCTIVE CHARACTERISTICS 

• Replaces most MSI used around any ALU -
including the Am2901, Am2903, Am29203 and MSI 
ALUs. 

• Generates Carry .. n to the ALU -
Carry signal is selectable from 7 different sources. 

• Contains shift linkage multlplexera -
Connects to shift lines at the ends of an Am2901 , 
Am2903, or Am29203 array to implement single and 
double length arithmetic and logical shifts and rotates -
32 different modes in all. 

• Contains two edge-triggered status registers -
Use for foreground/background registers in controllers 
or as microlevel and machine level status registers. Bit 
manipulating instructions are provided. 

• Condition Code Multiplexer on chip -
Single cycle tests for any of 16 different conditions. 
Tests can be performed on either of the two status 
registers or directly on the ALU output. 

GENERAL DESCRIPTION 

The Am2904 is designed to perform all the miscellaneous 
functions which are usually performed in MSI around an 
ALU. These include the generation of the carry-in signal to 
the ALU and carrylookahead unit; the interconnection of 
the data path, auxiliary register, and carry flip-flop during 
shift operations; and the storage and testing of ALU status 
flags. These tasks are accomplished in the Am2904 by 
three nearly independent blocks of logic. The carry-in is 

generated by a multiplexer. The shift linkages are estab
lished by four three-state multiplexers. There are two 
registers for storing the carry, overflow, zero, and negative 
status flags. The condition code multiplexer on the Am2904 
can look at true or complement of any of the four status bits 
and cartain combinations of status bits from either of the 
Storage registers or directly from the ALU. 

BLOCK DIAGRAM 

.... .... 

."'. 

. .... 
c. •• 
ETC. 

..." 

.." 

c. •• ... .. "VOFat01.,1IOh OR __ 

-
.... .... 

C. 

...; ..., 
ITC . 

110, 

..." 
CAM' 
FUHt.OP 
ETC. 

c .... 
..... PLOP 

ITC. 

BASIC FEATURES OF Am2904 80001852 
All the logic shown except the array of 2901 S, 29038, or 292038 is contained in the Am2904. 

035828 
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RELATED PRODUCTS 

Part No. Description 

Am2901 4-Bit Microprocessor Slice 

Am2903 Advanced 4-BH Bipolar Microprocessor Slice 

Am29203 4-Bit Bipolar Microprocessor Slice 

Am2910 Microprogram Controller 

Am29811 Next Address Control UnH lor 2909A111A 

For additional applications refer to Chapter 4 of Bit Slice 
Microprocessor Design, Mick & Brick. McGraw Hill Publications. 
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CONNECTION DIAGRAM 

~ 
So. ., 

NO 

Iz 
Yc:c 

lie 
Ie .. .. ..... 

IIC 

""" co 
~ 
~ 

illy 
It 
~, 

~. 

Top View . 

F-42-1 

Ox-.. ____ ..s-

Coo0414O 

Note: Pin 1 is marked for orientation 

NC ~ No Connection. 

.. Chlp-Pak ™ 
L-44-1 

C000415O, 

LOGIC SYMBOL 
(DIP) 

METALLIZATION AND PAD LAYOUT 

Am2904 

-=", lC 
LS000872 

GND 

2627 28 29 30 31 32333435 
GND 

DIE SIZE. 0.140" X 0.161" 
Pad Numbers correspond to DIP pInout 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2904 Dl CL L Screening Option 
Blank - Standal'\l processing 
B - Bum-In 

Tamparsture (See Oparallng Range) 
C - Commercial· (O·C to + 70·C) 
M - Military (- 55·C to + 125·C) 

Package 
0- 4()..pin CEROIP 
F - 42-pin flatpak 
L - 44-pin leadless chip carrier 

, X-Dice 

Device type 
Status and Shift Control Unit . 

Chlp-Pak Is a Ilademark of Advanced MicrO Devices, Inc. 
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ValId CombInations 

~C, DeB, OMB 

Am2S04 FMB 
LC, LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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BLOCK DIAGRAM 

.. 

MUX MUX 

r-----r-~~--------~--~----~c.--r_~CJCP 

8 

10-5 

.. 
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I· GEN. 
IOVA TO 
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DECODE 
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CT 
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MC 

o 
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Co 

80001840 
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PI" No. Name 

9 IZ 
12 Ie 
14 IN 

16 IOVR 

10-12 
7 ~ 

8,11,13, ~Ee 
15 

~ 
2 ~ 

32,31,29, YZ, Ye, 
28 YN, 

YOVR 
20 orv 
27 CT 

2B l56 
36,35,34, SIOo, 
33 SIOn 

0100 
OIOn 

37 ~ 

25 Co 

24 Cx 

17 CP 

1/0 
I 

I 

I 

I 

I 

I 

I 

I 

110 

I 

0 

I 

110 

I 

0 

I 

I 

PIN DESCRIPTION 

Description 
Zero status input pin, intended for connection to the Z outputs of the Am2903 or the F - 0 outputs of the Am2901. 

Carry status input pin, intended for connection to the On + 4 output of the most significant ALU slice. 

Sign status Input pin, intended for connection to the most significant ALU slice. lihe connection is to the N pin on the 
Am2903, and the F3 pin on the Am2901. 

OVerflow status input pin, intended for connection to the OVR pin on the most significant ALU slice. 

The thirteen Instruction pins which select the operation the Am2904 is to perform. 

This pin, used in conjunction with rz, rc, ~, EOvR acts as the overall enable for the Machine Status Register. When 
the pin is LOW, MSR bits ml\Y be modified, according to the states ~ rc, ~, EOvR. When HIGH, the MSR will 
retain the present state, regardless of the stata of rz, EG, EN, OVR. 

These pins, when LOW, enable the corresponding bits In the Machine Status Register. When HIGH, they will prevent 
the corresponding bns from changing state. By using these pins together with the eEM pin, MSR bits can be 
selectively modified. 

This pin, when LOW, enables all four bits of the Micro Status Register. When this pin is HIGH, the JlSR will not change 
state. 

These pins form a three-state bidirectional bus over which MSR aOd JlSR status can be read out or the MSR can be 
loeded In parallel. 

When LOW, this pin enables the Y pins as outputs. When HIGH, the Y outputs are in the high impedance state. 

The conditional test output. The outpul of the Condition Code multiplexer IIPpears here. 

When this pin is LOW, the CT pin is active. When HIGH the CT pin is in the high impedance state. 

These pins complete the linking for the various shift and rotata conditions. 5100 is i.ntended for connection to the SIOO 
pin of the least significant Am2903 slice (RAMo for Am2901). SIOn conneeta to the SlOa pin of the most significant 
Am2903 slice, (RAMa for Am2901). 0100 connects to the 0100 pin of the least significant Am2903 slice (0100 for 
Am2901) and OIOn connects to the OIOa pin of the most significant Am2903 slice (03 for Am2901). 

This pin controls the state of the shift outputs. When LOW, the shift outputs are enabled. When HIGH, the shift outputs 
are in the high impedance state. 

This pin is the output of the Carry-In Control Multiplexer. II connects to the On input of the least significant ALU ,sHce, 
and the Cn input of the Am2902A. 

This pin is used as an input to the Carry-In Control Multiplexer which can route ilto the Co pin. The Cx pin is Intended 
for connection to the Z' output of. the Am2903 to facilitate some of the Am2903 special Instructions. 

The clock input to the device. The JlSR and MSR are modified on the LOW to HIGH transition of the clock input. All 
other portions of the Am2904 are combinational and are unaffected by CPo 
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Am2904 ARCHITECTURE 
The Am2904 Status and Shift Control Unit provides four 
functions which are included in all processors. These· are: a) 
Status Register. b) Condition Code Multiplexer. c) Shift Link
ages and d) Carry-in Control. The architecture and instruction 
codes have been designed to complement the flexibility of the 
2900 Family. 

Status Register 
The Am2904 contains two four-bit registers which can store 
the status outputs of an ALU: Carry (C). Negative (N). Zero (Z). 
and Overflow (OVR). They are designated Micro Status 
Register (IISR) and Machine Status Register (MSR). Each 
register can be independently controlled. The registers use 
edge-triggered D-type flip-flops which change state on the 
LOW to HIGH transition of the Clock Input. 

The IISR can be loaded from the four status inputs (Ie. IN. Iz. 
IOVR) or from the MSR under instruction control (10-5). The bits 
in the IISR can also be individually set or reset under 
instruction control (10-5). When the ~ input is HIGH. the 
IISR is inhibited from changing. independent of the 10-5 inputs. 

The MSR can be loaded from the four status inputs (Ic. IN. Iz. 
IOVR). from the IISR. and from the four parallel input/output 
pins (Yc. YN. Yz. YOVR) under instruction control (10-5). The 
MSR can also be set. reset or complemented under instruction 
control (10-5). The bits in the MSR can be selectively updated 
by controlling the four bit-enable inputs (~. EN. EG. EOVR) 
and the ~ input. A LOW on both the GEM input and the bit 
enable input for a specific bit enables updating that bit. A 
HIGH on a given bit enable input prevents the corresponding 
bit changing in the MSR. A HIGH on <::EM prevents any bits 
changing in the MSR. 

The four parallel bidirectional input/output pins (yz. YN. Yc. 
YOVR) allow the contents of both the IISR and the MSR to be 
transferred to the system data bus and also allows the MSR to 
be loaded from the system data bus. This capability is used to 
save and restore the status registers during certain subrou
tines and when servicing interrupts. 

Condition Code Multiplexer 
The Condition Code Multiplexer output. CT. can be selected 
from 16 different functions. These include the true and 
complemented state of each of the status bits and combina
·tions of these bits to detect such conditions as "greater than". 
"greater than or equal to". "less than" or "less than or equal 
to" for unsigned or two's complement numbers. 

The Am2904 can perform these tests on the contents of the 
IISR. the MSR or the direct status inputs. (Iz. IN. Ie. IOVR). The 
CT output is used as the test (eG) input of the Am291 0 and is 
provided with an output enable. aEcT to make the addition of 
other condition inputs to this point easy. 

Shift Linkage Multiplexer 
The Shift Linkage Multiplexer generates the necessary link
ages to allow the ALU to perform 32 different shift and rotate 
functions. Both single length and double length shifts and 
rotates. with and without carry (Me). are provided. When the 
SE input is HIGH. the four input/output pins (SIOo. SIOn• 
0100. OIOn) are disabled. The SIOo. SIOn• 0100. OIOn pins of 
the Am2904 are intended to be directly connected to the 
RAMo. RAMa. 00 and Oa pins of the AM2901 or the SIOo. 
SIOa. 0100. OIOa pins of the Am2903. 

Carry-In Control Multiplexer 
The Carry-In Control Multiplexer generates the Co output 
which can be selected from 7 functions (0. 1. Cx. lie. Mc. lie. 
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Me). These functions allow easy implementation of both single 
length and double length addition and subtraction. The Cx 
input is intended to be connected io the Z output of the 
Am2903 to facilitate execution of some of the Am2903 special 
instructions. The Co pin is to be connected to the Cn pin of the 
least significant Am2901 or Am2903 and the Cn pin of the 
Am2902A. 

Am2904 INSTRUCTION SET 

The Am2904 is controlled by manipulating the 13 instruction 
Iines.Jg_12. together with the nine enable lines. CEM. CEil' Ez. 
'EG. EN. EOVR. DEY. OECT. SE. Most systems will save on 
microword bits by tying some of these lines to a fixed level or 
by connecting certain lines together. or by decoding microin
structions to generate appropriate Am2904 controls. 

Status Registers 

Instruction lines 15. 14. la. 12. 11. 10 control the Status Registers. 
Below. these lines are referred to as two octal digits. 

Micro Status Register (pSR) • 

The instruction codes for the Micro Status Register fall into 
three groups: Bit Operations. Register Operations and Load 
Operations (See Table 1 and Map 1). All operations require 
that CEil be LOW to operate. 

TABLE 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 

Bit Operations 

1543210 j.tSR 
Octal Operation Comments 

10 0-IIZ RESET ZERO BIT 
11 l_IlZ SET ZERO BIT 
12 0_1Ie RESET CARRY BIT 
13 1_11e SET CARRY BIT 
14 0-IIN RESET SIGN BIT 
15 1-IIN SET SIGN BIT 
16 0-IlOVR RESET OVERFLOW BIT 
17 1-IlOVR SET OVERFLOW BIT 

Register Operations 

1543210 j.tSR 
Octal Operation 

00 MX-IIX 
01 1-IIX 
02 MX-IlX 
03 0-IlX 

Comments 

LOAD MSR TO IISR 
SET IISR 
REGISTER SWAP 
RESET IISR 
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Load Operations 

1643210 IlSR 
Octal Operation Comments 

06.07 IZ-IlZ 
Ie-lAC LOAD WITH 
IN-lIN OVERFLOW RETAIN 
IOVR + IlOVR -IlOVR 

30.31 IZ-IlZ 
50. 51 iC-1AC LOAD WITH 
70. 71 IN-liN CARRY INVERT 

IOVR-IlOVR 

04.05 IZ-IlZ 
20·27 Ie-lAC LOAD DIRECTLY 
32·47 IN-liN FROM 
52·67 IOVR-IlOVR Iz. Ie. IN. IOVR 
72·77 

Note: The above .tables assume CEil is LOW. 

1210 

'''' 
aoo 

MAP 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 

aoo 001 010 on 100 I 101 no I 

I.OAO 
SET flEG fIESET LOADW1TH ..... OVEAf1.OW 

TOILaR . ... &NA.P '.R RETAIN 

111 

001 
RESET SET fIESET seT 

RESET I SET 
RESET I SET .. 'Z "" "0 "N .. I'OVA *'OVR 

01Q 

011 LOAD WITH 
CARRv INVERT 

02e This instruction SWAPS the Contents of the iLSR 
and the MSA. It will.also COpy one register to the 
other if the register to be copied is not enabled .. 

038 This instruction RESETS aU IlSR bits. 

All instruction codes except those mentioned in 
the above two sections cause a LOAD operation 
from the Iz. Ie. IN. IOVR inputs. 

068. 07 e When a series of arithmetic operations are being 
executed sometimes-it is not necessary to test for 
an overflow condition after each operation. but 
rather it is sufficient simply to know that an 
overflow occurred during anyone of the opera· 
tions. Use of these instructions captures the 
overflow condition by loading the iLSR overflow 
bit with the LOGICAL OR of its present state and 
IOVR. Thus. once an overflow occurs. 1l0VR will 
remain set throughout the remaining operations. 

308. 31 8. 
508. 51e. 
70e. 71e 

All 
others 

These instructions cause a load. from the I inputs. 
but invert the carry bit. The reason for this is 
explained more fully under the "BORROW 
SAVE" section. 

The remaining instructions load the iLSR directly 
from the Iz. Ie. IN. IOVR inputs. 

Machine Status Register (MSR) 

The instruction -codes for the MSR fall into two groups; 
REGISTER Operations and LOAD Operations. All operations 
require that CEM be LOW to operate (See Table 2 and Map 2). 
BIT operations are accomplished by the use of Register or 
Load Operations with the ez. EG. EN. EOVR inputs selectively 
set LOW. 

Instruction codes ooe"()38 and 058 are REGISTER operations. 
I- They affect only those bits enabled byez. 'EG. EN. EOVR. 

100 

101 LOAOWITH 
CARRY INVERT 

110 

111 lOAOWITli I CARRY INVERT 

I I I I I I IOFOOO890 

Notes: 1. AU unmarked locations are a load 
direct from Iz. Ie. IN. IOVR. 

Instruction Codes 108 to 178 are BIT operations. These 
operations set or reset the individual bits in the 1lSR. 

Instruction Codes 008 to 038 are REGISTER operations. 
These operations affect all bits in the liSA. 
008 This Instruction loads the IlSR with the contents 

of the MSR while loading the MSR from the Y 
inputs and is further explained under "INTER· 
RUPTS". 

018 This instruction SETS all iLSR bits. 
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01 8 

028 

03e 

05e 

This instruction loads the MSR from the Y inputs 
while transferring the present contents to the 
iLSR. The use of this instruction Is further ex· 
plained under "INTERRUPTS". 

This instruction SETS all enabled MSR bits. 

This instruction SWAPS the contents of the iLSR 
and the MSR. It will also COpy one register to the 
other if the register to be copied is not enabled. 

This instruction RESETS all enabled MSR bits. 

This instruction COMPLEMENTS aU enabled 
MSR bits. 

All instruction codes except those mentioned in the above 
section cause a LOAD operation from the Iz. Ie. IN. IOVR 
inputs. 

04e The Am2904 Shift Unkage Multiplexer allows for 
shifts and rotates through the MSR CARRY bit. 
Some machihes require a shift or rotate through 
the OVERFLOW bit. By using this code. which 
swaps the contents of the MSR CARRY bit (Me) 
and OVERFLOW bit (MOVR). the shift or rotate 
can be made to appear to take place through the 
OVERFLOW bit. The prOcedure is to swap .the 
bits. shift or rotate (any number or positions) then 
swap the bits again. 
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TABLE 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES 

Register Operations 

1543210 MSR 
Comments 

Octal Operation 

LOAD Yz, Ye, YN, 00 Yx-Mx YOVR TO MSR 
01 I_Mx SET MSR 
02 IlX-MX REGISTER SWAP 
03 O_Mx RESET MSR 
05 Mx-Mx INVERT MSR 

Load Operations 

1543210 MSR 
Comments Octal Operation 

Iz-Mz LOAD FOR SHIFT 
04 MOVR-Me THROUGH OVERFLOW 

IN-MN OPERATION 
Me-MOVR 

10, 11 Iz_Mz 
30,31 ie-Me LOAD WITH 
50,51 IN-MN CARRY INVERT 
70,71 IOVR-MOVR 

06,07 IZ_MZ 
12-27 Ie-Me LOAD DIRECTLY 
32-47 IN-MN FROM Iz, Ie 
52-67 IOVR-MOVR IN,IOVR 
72-77 

Notes: 1. The above tables assume OEM, EZ, EG, EN, 
EOVR are LOW. 

2. A shift-through-carry instruction loads Me irre-
spective of 15-10. 

Condition Code Multiplexer 

The two instruction lines 14, 15 select whether the IlSR, the 
MSR or the direct inputs Iz, Ie, IN, IOVR are used as the inputs 
to the Y output buffer and the CT output (see Tables 3 and 4). 

The four instruction lines 13, 12, 11, 10 will select one of 16 
possible operations to be carried out on the Input bits, the 
result being routed to the Conditional Test Output (CT). Eight 
of the operations supply an individual status bit or its comple-
ment to the CT output. Another four do more complex 
operations while the remaining four are the complemented 
results of these (See Table 4). 

The more complex operations are intended to follow the 
calculation A-B to give an indication of which is the larger (A, B 
unsigned) or more positive (A, B in 2' s complement form). See 
Table 5. 

Instruction codes 168 and 178 form the EXCLUSIVE - OR and 
the EXCLUSIVE - NOR functions of MN and IN. The use of 
these instructions is explained under "NORMALIZING". 

5-55 

MAP 2. MACHINE STATUS REGISTER IN-
STRUCTION CODES. 

1543 1210 000 I 001 °'°1°" 1 '00 1 '°' 1 110 I 111 

LOAD r 1 000 MSR SET REG 1 RESET I~WAP ,I ~VERT 1 
FROMY MSR SWAP MBA Me.MaVR MSR 

t-
001 LOAD WITH 

CARRY INVERT 

t-
010 

c-

LOAOWITH 011 
CARRY INVERT 

-
100 

I 
-

101 LOAD WITH 
CARRY INVERT 

I-
110 

I-
LOADWITli 111 
CARRY INVERT 

I I I I I I I 

DFOOO900 

068, 078 These instructions load the MSR directly from the 
128-278 Iz, Ie, IN, IOVR inputs. 
328-478 
528-678 
728-778 

108, 118 These instructions cause a load from the I inputs 
308, 31 8 but invert the CARRY bit. The reason for this is 
508, 51 8 explained more fullu under the 'BORROW SAVE' 
708, 71 8 section. 

TABLE 3. V OUTPUT INSTRUCTION CODES. 

()Ey 15 

H X 

L L 

L H 

L H 

Notes: 1. 

2. 

14 Y Output Comment 

X Z 
Output Off 

High Impedance 

X IlI-Yi See Note 1 

L Mi-Yi 

H li-Yi 

For the conditions: 
15, 14, 13, 12, 11, 10 are LOW, Y is an input. 
OEY is "Don't Care" for this condition. 
X is "Don't Care" condition. 
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TABLE 4. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES. 

13- 0 
13 12 11 10 15=14=0 15=0,14=1 1571,14=0 15=14=1 HEX 

0 0 .0 0 0 (IlNEIlPOVAl + IlZ IPNEIlIlOVA) + IlZ (MNEIlMOVA) + MZ (lNEIlIOVA) + IZ 
1 0 0 0 1 (1lN0IlOVA)·jiZ IPN0IlOVAl·jiz (MN0MovAl""'Z (IN0IovAl-iz 
2 0 0 1 0 IlNEIlIlOVA IlNEIlIlOVA MNEIlMOVA INEIlIOVA 
3 0 0 1 1 1lN0I1OVA 1lN011OVA MN0MOVA IN010VA 
4 0 1 0 0 IlZ IlZ MZ IZ 
5 0 1 0 1 jiz jiz Dz Iz 
6 0 1 1 0 IIOVA !!.OVA MOVA IOVA 
7 0 1 1 1 iioVA IIOVA MOVA IOVA 
8 1 0 0 0 IlC + IlZ IlC + IlZ Mc+Mz lC+ Iz(2) 
9 1 0 0 1 Iie·jiz Iie·jiz Mc"",z IC'li(2) 
A 1 0 1 0 IlC !!.C Mc Ic 
B 1 0 1 1 IlC IlC Dc lC 
e 1 1 0 0 lie: IlZ lie + IlZ Dc+ Mz lC+ Iz 
0 1 1 0 1 llC'IlZ llC·jiZ Mc.f01z IC'li 
E 1 1 1 0 INEIlMN IlN MN IN 
F 1 1 1 1 IN0MN jiN UN IN 

NOTES: 1. e Represents EXCLUSIVE-OR 2. Correcf code as stated. 
o Represents EXCLUSIVE-NOR or coincidence. 

TABLE 5. CRITERIA FOR COMPARING TWO NUMBERS 
FOLLOWING "A MINUS B" OPERATION. 

For Unsigned Numbers For 2's Complement Numbers 

13-0 13-0 

Relation Status CT=H CT=L Status CT=H CT=L 

A-B Z-l 4 5 Z-l 4 5 

A*B Z-O 5 4 Z~O 6 4 

A;;'B e-l A B N00VR-l 3 2 
A<B e-o B A NeoVR-l 2 3 

A>B e·Z-l 0 e (N00VR)'Z - 1 1 0 
A<B c:; +Z-l e 0 (NmoVR)+Z-l 0 1 

E9 = Exclusive OR H-HIGH Note: For Am2910. the CC input is active LOW, 80 use 
13-0 code to produce CT - L for the desired test. ° -Exclusive NOR L~LOW 

Shift Linkage Multiplexer 
The five instruction lines 110, 19, Ie, 17, 16 control the SHIFT 
LINKAGE multiplexer. All instructions set up the linkages for 
both the ALU shifter (RAM shifter on the Am2901 A) and the Q 
register. 

UP and DOWN shifts are decided by 1,0 which should be 
connected to 18 of the Am2903's instruction lines or 17 of the 
Am2901's instruction lines. A wide range of input and output 
connections are provided, allowing for single' or double length 
shifting or rotating with or without the use of the MSR CARRY 
or SIGN bits (See Table 6). 

In the following discussion of some of the shifts the instruction 
codes are given as two octal digits AB; A represents 110, 19, B' 
represents 18, 17, 16. 

When adding and down shifting on the same microcycle, (i.e. 
when doing multiplication or averaging) the shifter input must 
be the present CARRY, Ie, rather than the carry resulting from 
the last cycle (Me). Instruction Code 13e accomplishes this for . 
unsigned arithmetic. For 2's complement arithmetic, the re-
quired shifter input is: IN Ell IOVR. This is provided by Instruction 
Code 168. 

Instruction Codes 148, 158, 178 provide the RIGHT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RD-
TATE WITHOUT CARRY functions respectively. 

Instruction Codes 348,358, 378 provide the LEFT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO-
TATE WITHOUT CARRY functions. respectively. 

5-56 

The shift outputs are in ·the high impedance state unless SE is 
LOW. 

Loading of the Me bit by a shift operation overrides any 
loading or holding of the Me bit by MSR Instructions (10-5, ~ 
and 'Ea. 
"CARRY-IN" Control Multiplexer 

The two instruction lines 1,2, 111 control the source of the 
CARRY output (Co). 

When 1,2 - OCo= 111 

When 112 = 1 and 111 = 0, the external carry input Cx is 
presented to the carry output. 

When 1,2 = 111 = 1 the carry output is selected from PC. pc, 
Me or J.rc as defined by 16, 13, 12, 11 (See Table 7). 

APPLICATIONS INFORMATION 

Borrow -' Save 

One of the capabilities of the Am2900 Family is the complete 
emulation of other processing machines. One requirement of 
an emulator is that. when a calculation is being performed, not 
only must the answer Obtained from the Am2900 chips be the 
same as that from the machine being emulated, but after each 
machine level instruction, the status bits must be identical. 
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110 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

TABLE 6. SHIFTLINKAGE MULTIPLEXER INSTRUCTION CODES. 

19 18 17 16 Me RAM Q 

0 0 0 0 
MSB LSB MSB LSB 

O·--t:::=::}-·-c=::r 
0 0 0 1 O·--c=J--·--c=J--
0 0 1 0 [] . =BJ .. --c=J--
0 0 1 1 O·~ 

0 1 0 0 o----r:=J--E]--

0 1 0 1 O .. ~ 
0 1 1 0 O·~ 

0 1 1 1 [] .::a::=:GJ 
1 0 0 0 ~ CGJ 
1 0 0 1 Ci=E]J CGJ 
1 0 1 0 0 CGJ CGJ 
1 0 1 1 O.~ 

1 1 0 0 O---l I I-j.l 

1 1 0 1 ~ 
~e .... 

1 1 1 0 0 ~ 

1 1 1 1 0 4-1 I-j.l 

MSB LSB MSB LSB 

0 0 0 0 o---c:=::J-. -c=J-. 

0 0 0 1 o---c:=::J-. -c=J-. 

0 0 1 0 0 -c:=:::J-. -c=J-. 

0 0 1 1 0 -c:::::J-. -c=:J-. 

0 1 0 0 ~. 

0 1 0 1 ~. 

0 1 1 0 0 ~. 

0 1 1 1 0 ~. 

1 0 0 0 ~CGJ 

1 0 0 1 
o::::=GJ CGJ 
0 CGJ CGJ 

1 0 1 0 
[] -I-~ -c=:J-. , 

1 0 1 1 
0---1-1 I-J.I 

1 1 0 0 
o-l-J-I I-~ 

1 1 0 1 [] -I-I 1- J.I 
1 1 1 0 

0 ~ 
1 1 1 1 

Notes: 1. Z = High impedance (outputs o~ state. _ 
2. Outputs en8bled and Me loede only if SE is LOW. _ 
3. Loading of Me from 110-6 overrides control from Is-o,CEM,Ee. 
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5100 

Z 

Z 

z 
Z 

Z 

Z 

z 
z 
Z 

z 
Z 

z 
z 
Z 

Z 

Z 

0 

1 

0 

1 

OIOn 

OIOn 

OIOn 

OIOn 

SIOn 

Me 

SIOn 

Me 

OIOn 

OIOn 

OIOn 

OIOn 

SIOn QIOO QIOn 
Loaded 
Into Me 

0 Z ci 

1 Z 1 

0 Z Mn SIOo 

1 Z SIOo 

Me Z SIOo 

MN Z SIOo 

0 Z SIOo 

0 Z SIOo 0100 

SIOo Z 0100 SIOo 

Me z 0100 SIOo 

SIOo Z 0100 

Ie z SIOo 

Me z SIOo 0100 

0100 Z SIOo 0100 

IN e 10VR Z 5100 

0100 Z 5100 

Z 0 Z SIOn 

Z 1 Z SIOn 

Z 0 Z 

Z 1 Z 

Z 0 Z SIOn 

Z 1 Z SIOn 

Z 0 Z 

Z 1 Z 

Z OIOn Z SIOn 

z OIOn Z SIOn 

Z OIOn Z 

z 0 Z 

Z Me z SIOn 

Z SIOn Z SIOn 

Z Me z 
Z SIOn Z 
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TABLE 7. CARRY-IN CONTROL 
MULTIPLEXER INSTRUCTION CODES. 

112 111 15 13 12 11 Co 

0 0 X X X X 0 

0 1 X X X X 1 

1 0 X X X X Cx 

1 1 0 0 X X IlC 

1 1 0 X 1 X IlC 

1 1 0 X X 1 IlC 

1 1 0 1 0 0 IlC 

1 1 1 0 X X Me 

1 1 1 X 1 X Me 

1 1 1 X X 1 Me 

1 1 1 1 0 0 Me 

There are alternative methods for subtracting in a digital 
machine and the state of the CARRY after the calculation 
depends on the method. For instance, the subtraction of 0100 
from 1010 by the 2' s complement add method generates a 
result of 0110 with a CARRY. Direct subtraction however, 
yields an answer of 0110 with no BORROW. 

Many machines store the state of the CARRY for subtract 
operations, and this is the recommended method for maxi
mum effective use of the Am2904, but, to allow those 
machines which store the BORROW to be efficiently emulat
ed, the Am2904 has allocated special instructions. Using 
these codes causes the CARRY bit to be inverted before 
storage in the status registers and also re-inverts these status 
bits before using them as carry inputs. These codes are 10s, 
11e, 30s, 31s, 50s, 51s, 70s, 71 8 (15-0). 

Notice that when these codes are used to load the inverted 
CARRY to either of the status registers, the CT output 
selected by the Condition Code Multiplexer assumes the 
CARRY is inverted and still defines whether A > B or A';;; B 
(See Table 4). 

Similarly, when doing a compare on a machine which saves 
the BORROW, testing for A> B, A';;; B forces the comple
ment of the CARRY to be stored in the status registers· (See 
Tables 1 and 2). 

Normalizing 

Normalizing is the process of stripping off all leading sign bits 
until the two most significant bits are complementary. The 
Am2904 facilitates both single and double length normaliza-

5-5S 

tion in the Am2901 and the Am290S. When using the 
NORMALIZE special instructions with the Am290S, the EX
CLUSIVE - OR of the most significant two bits is generated at 
the Cn + 4 pin of the most significant Am290S. The EXCLU
SIVE - OR of the two bits next to the most significant bit is also 
generated at the OVR pin. The procedure for normalizing then 
is to loop on the normalize instruction with a branch condition 
on the Cn + 4 state or the OVR state, depending on the 
architecture employed. The Cn + 4 or OVR output is routed to 
the Am2910 CC input through the Am2904Condition Code 
multiplexer. As the contents of the status registers always 
refer to the last cycle, not the present one, the last operation 
in normalizing is to downshift, bringing the sign bit (MN) back 
into the most significant bit position. This is achieved using the 
shift operations 05s (110-6) for double length normalizing,and 
02s for single length normalizing. For more details regarding 
normalizing with the Am2903 see the Am2903 data sheet. 

The Am2901 does not have the EXCLUSIVE"'" OR gates to 
help with normalizing, so the Am2904 includes in the Condition 
Code multiplexer the EXCLUSIVE - OR and EXCLUSIVE -
NOR functions of MN (the sign bit resulting from the last 
operation) and IN (the sign bit resulting from the present 
operation). Instruction codes16s and 178 (15-0) form the 
EXCLUSIVE-OR and EXCLUSIVE-NOR functions of MNand 
IN· 

Interrupts 

Some machines allow interrupts only at the machine instruc
tion level while others allow them at the microinstruction level. 
The Am2904 is designed to handle both cases. 

When the machine is interrupted, it is necessary to store the 
contents of either the MSR (machine instruction level inter
rupts) or both the status registers (micro instruction level 
interrupts) into an external store. This transfer is intended to 
take place over the Y input/output pins (See Table 3). 

After the interrupt has been serviced the registers must be 
restored to their pre-interrupt state. This is accomplished by 
two operations of instruction OOs (15-0) which loads the MSR 
from the Y inputs while loading the IlSR from the MSR. Thus, 
the pre-interrupt contents of the IlSR are first loaded to the 
MSR (first instruction OOs), then this data is transferred to the 
IlSR while the MSR is restored to its pre-interrupt state 
(second instruction 008). 

In controllers and some other microprogrammed machines the 
applications program itself is often in the microprogram 
memory; that is, there is no macroinstruction set. These 
machines require only a microstatus register since there is no 
separate machine status. The MSR in the Am2904 can be 
used as a one-level stack on the microstatus register. When 
an interrupt occurs, the IlSR and the MSR are simply swapped 
(15-0 = 02s)· 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... - 65°C to + 150°C Commercial (C) Devices 
(Case) Temperature Under Bias ........... -55'C to +125'C Temperature ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ +4.75V to + 5.25V 

Continuous ...................................... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs for 
Temperature ................................ - 55 'c to + 125°C 

High Output State ....................... -O.5V to +VCC max 
Supply Voltage ............................... + 4.5V to + 5.5V 

DC Input Voltage ................................. -O.5V to +5.5V Operating ranges define those limits over which the function-
DC Output Current, Into Outputs .......................... 30mA a/ity of the device is guaranteed. 
DC Input Curren!.. ........................... -30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise speeified 

Parameters Description Test Conditions (Note 2) Min Typ Max Units 
(Note t) 

IOH - -1.6mA 2.4 Volts Yz, Ye, YN, YOVR 

VOH Output HIGH Voltage Vee = MIN, 10H =-0.8mA VIN = VIH or Vil 5100, SIOn, 0100 2.4 Volts 
OIOn, CT, CO 

Yz, Ye 10l = 24mA (COM'L) 0.5 

Val Output LOW Voltage Vee = MIN, YN, YOVR 10l = 16mA (MIL) 0.5 Volts 
VIN = VIH or Vil 5100, 0100, CT, 10l =8mA 0.5 SIOn, OIOn, CO 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all inputs (Note 7) 2.0 Volts 

Vil Input LOW Voltage Guaranteed Input Logical LOW Voltage for all inputs (Note 7) 0.8 Volts 

VI Input Clamp Voltage Vee - MIN, liN - -18mA -1.5 Volts 

CP -0.7 

CE,;;, CE;; -1.8 

Iz, Ie, IN, 10VR -1.2 

III Input LOW Current 
Vee = MAX, 10-112, Ez, Ee, EN mA VIN = 0.5V 

EOVR, DEy, QECT, -0.45 
CX, YZ, Ye, YN, YOVR 

SE, 5100, SIOn -1.35 0100, OIOn 

CP, 10-112, EZ, EG, 
20 EN, EOVR, DEy, OEeT, Cx 

CErn, CE~ 80 

IIH Input HIGH Current Vee = MAX Iz, Ie, IN, 10VR, SE 60 ~ VIN = 2.7V 
5100, SIOn, 0100, OIOn 110 

YZ, Ye, YN, YOVR 70 

II Input HIGH Current Vee - MAX, VIN - 5.5V 1.0 mA 

Va - 2.4 50 
CT Vo=0.5 -50 

10ZH Off State (High Impedance) SIOO, SIOn, 0100, OIOn Va = 2.4 110 

10Zl Output Current Vee = MAX (Note 4) Va - 0.5 -1350 ~ 

Yz, Ye, YN, YOVR Va = 2.4 70 

(Note 4) Va = 0.5 -450 

los 
Output Short Circuit Current Vee = 5.75V, Va = 0.5V -30 -85 mA (Note 3) 

TA=O'C to +70'C 318 

Power Supply Current Am2904DC TA= +70'C 262 
lee Vee = MAX mA 

(Note 6) Te=-55'C to + 125'C 348 
Am2904DM, FM Te = + 125'C 222 

Notes: 1. Typical limits are at Vee - 5.0V, 25'C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3: 
4. 
5. 
6. 
7. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 
"MIL" = Am2904 XM, OM, FM, "COM'L" = Am2904 XC, PC, DC. 
Worst case ICC is at minimum temperature 
These input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally tested.) 
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~ SWITCHING CHARACTERISTICS 

a The tables below define the Am2904 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 
input levels at OV or 3V. All values are in ns. All outputs have maximum DC loading. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(TA= 0 to +70°C. VCC= 4.75 to +5.25V.CL=50pF). 

A. Set·vp and Hold Times (ns) B. Combinational Delays (ns) 

Input 

Iz. IN. IOVR 

Ic (11 12 13 =' 001) 

Ic(lt 12 13 "* 001) 

CEil 
CEM 

Ez. Ec. EN. EOVR 

10- 15 

Is-ll0 

SE 

Yz. Yc. YN. YOVR 
(10.5= LOW) 

5100 • Sian. 
0100 • alan 

Is th From (Input) To (Output) 

14 5 Iz. Ic. IN. IOVR Yz. Yc. YN. YOVR 

27 5 CP Yz. Yc. YN. YOVR 

14 5 14. 15 Yz. Yc. YN. YOVR 

18 3 Iz. Ic. IN. IOVR CT 

23 3 CP CT 

22 3 10- 15 CT 

41 1 Cx Co 

40 1 CP Co 

36 0 11.2.3.5, 11. 12 Co 

15 5 Sian. alan SIOo 

SIOo• 0100 Sian 

20 5 Ic. IN. IOVR Sian 

Sian. alan 0100 

SIOo• 0100 alan 

CP SIOo. Sian. 0100 • 

alan 

Is-ll0 
SIOo• Sian. 0100 • 

alan 

C. Clock Requirements (ns) 

Minimum Clock LOW Time 

Minimum Clock HIGH Time 

D. Enable/Disable Times (ns) 

CL = 5.0pF for output disable tests 
measured to O.5V change of output voltage level. 

From To Enable Disable 
(Input) (Output) 

OECT CT 23 18 

SE SIOo• SIOn 30 12 
QIOo• QIOn 

110 
SIOo• SIOn 39 29 
QIOo. QIOn 

DEy Yz. YC. YN. YOVR 26 21 

10.15 Yz. YC. YN. YOVR 28 40 

tpd 

38 

41 

35 

33 

36 

33 

20 

27 

39 

19 

19 

26 

19 

19 

30 

26 
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GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Te = -55 to + 125°C, Vee = 4.5 to +5.5V, CL = 50pF) 

A. Set-up and Hold Times (ns) B. Combinational Delays (ns) 

Input 

Iz. IN. 10VR 

Ie (11 12 13 = 001) 

Ie (11 12 13 *" 001) 

~j.I 

GEM 
Ez. Ee. EN. EOVR 

10- 15 

16- 110 

SE 

Yz. Ye. YN. YOVR 
(10-5= LOW) 

SIOo. SIOn• 
0100. OIOn 

t. th from (Input) To (Output) 

15 5 Iz. Ie. IN. IOVR Yz. Ye. YN. YOVR 

28 5 
CP Yz. Ye. YN. YOVR 

15 5 14. 15 Yz. Ye. YN. YOVR 

20 3 Iz. Ie. IN. IOVR CT 

23 4 
CP CT 

23 4 10- 15 CT 

48 2 Cx Co 

44 2 
CP Co 

40 0 11.2.3.5. 11. 12 Co 
SIOn• OIOn SIOo 

16 6 
SIOo. 0100 SIOn 

20 5 Ie. IN. IOVR SIOn 

SIOn• OIOn 0100 

SIOo. 0100 OIOn 

CP 
SIOo SIOn• 0100. 
OIOn 

16-110 
SIOo• SIOn• 0100. 
OIOn 

C. Clock Requirements (ns) 

Minimum Clock LOW Time 

Minimum Clock HIGH Time 

D. Enable/Disable Times (ns) 

eL = S.OpF for output disable tests 
measured to O.SV change of output voltage level. 

From To 
Enable Olaable 

(Input) (Output) 

OECT CT 25 18 

SE 
SIOo• SIOn 35 16 
0100• OIOn 

110 
SIOo• SIOn 43 32 
0100. OIOn 

OEy Yz. Ye. YN. 28 23 
YOVR 

10-15 
Yz. Ye. YN. 30 41 
YOVR 

tpd 

40 

45 

38 

44 

40 

41 

22 

28 

42 

20 

20 

29 

20 

20 

32 

31 
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SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 

Vee 

I Vee .. 
? 

s, 
., ., 

VOUT~ IA 
., 

L . 

'I 
". ~z VOUT~ 

I' 
~7 F-,. ~~ 

..... 
.=!z 

., 
~~ 

~~ 

IS, -:: -:: 

TC001130 

TC001120 
2AV 

R2 = -
IOH 

R1= 
5.0 - VSE - VOL 

R1 = 
5.0 - VSE - VOL 

IOL + VOL/1K IOL + VOL/R2 

Notes: 1. CL = 50pF includes scope probe,. wiring and stray capacitances without device in text fixture. 
2. 81, 82, 8a are closed during function all tests and AC tests except output enable tests. 
3. 81 and 33 are closed while S2 is open for tPZH test. 

SI and S2 are closed while S3 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2904 

Pin # 
(DIP) Pin Label Test Circuit R1 R2 

25 Co 8 470 3K 

27 CT A 430 1K 

28 YOVR A 220 1K 

29 YN A 220 1K 

31 YC A 220 1K 

32 YZ A 220 1K 

33 OION A 430 1K 

34 0100 A 430 1K 

35 SION A 430 1K 

36 SIOo A 430 1K 

Notes on Testing may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

Incoming test procedures on this device should be carefully 4. Use extreme care in defining input levels for AC tests. Many 
planned, taking into accountthe high complexity and power inputs may be changed at once, so there will be significant 
levels of the part. The following notes may be useful: noise at the device pins and they may not actually reach VIL 

1. Insure the part is adequately decoupled at the test head. 
or VIH until the noise has settled. AMD recommends using 

Large changes in VCC current as the device switches may 
VIL ",;. OV and V,H;;' 3.0V for AC tests. 

cause erroneous function failures due to V CC changes. 5. To simplify failure analysis, programs should be designed to 

2. Do not leaye inputs floating during any tests, as they may 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

start to oscillate at high frequency. 
6. To assist in testing, AMD offers complete documentation on 

3. Do not attempt to perform threshold tests at high speed. our test procedures and, in most cases, can provide 

Following an input transition, ground current may change by Fairchild Sentry programs, under license. 

as much as 400mA in 5·8ns. Inductance in the ground cable 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 

035828 
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Am2905 
Quad Two-Input OC Bus Transceiver with Three-State Receiver 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver 
• Open-collector bus driver output can sink 100mA 

at O.SV max 
• Two-port input to Ootype register on driver 

• Receiver has output latch for pipeline operation 
• Three-state receiver outputs sink 12 mA 
• Advanced low-power Schottky processing 

GENERAL DESCRIPTION 

The Am2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces
sor system applications. The device consists of four Ootype 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open
collector bus drivers. Each bus driver is internally connect
ed to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four Ootype 
latches that feature three-state outputs. 

This LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to 100mA at O.SV maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When ~ is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OA operations to be performed on the bus. 

The input register consists of four Ootype flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when S is HIGH, the Bi data is stored. 
The buffered common clock (ORCP) enters the data into 
this driver register on the LOW-to.-HIGH transition. 

Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D
type latch that is controlled from the buffered receiver latch 
enable (ALE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted and 01: LOW). When the ALE input is 
HIGH, the latch will close and retain the present data 
regardless of the bus input. The four latches have three
state outputs and are controlled by a buffered common 
three-state control (01:) input. When 01: is HIGH, the 
receiver outputs are in the high-impedance sta~e. 

BLOCK DIAGRAM 

.;,o----r'\ 

Boo----+-l.J 

A,o---I-r'\ 

8, <>-'--t-LJ 

., <>-'--+-..-"""1 

" c>---+-LJ 

'3 c>---t-,'\ 

83 C>---+-LJ 
SELECT 

o~~~= DRCPC>--Doo--------' 

ENA~ iEo-q)>__-------------' 

1-"-1><>---0 ·3 

RECEIVER 
'-------<Jc>---om LATCH 

ENABLE 

60001860 
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LOGIC SYMBOL 
4 3 8 • 1~ 16 20 21 

CONNECTION DIAGRAM 
Top View 

D-24-1 

flU 24 Vee 

"0 23 DRep 

·0 22 "3 

Ae 21 83 

iDio 20 A3 

GND, ,. sus. 
Am2905 

BUS, 18 GND2 

AI 17 .U"" ., ,. A2 

", 10 I. 82 

BE 11 I. "2 

DE 12 13 

CDOO2090 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

--;:;;;;;;;d:J:±;;;;;;;;~- 23 DRCP 

17 BUS2 
16 A2 

15 92 

14 R2 

DIE SIZE 0.080" x 0.130" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option Of applicable), package type, operating range and screening option (if desired). 

Am2905 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O'C. to + 70'C) 
M -Military (-55'C to +125'C) 

Package 
0- 24-pin CERDIP 
F - 24-pln flatpak 
P-24~pin plastic DIP 
X-Dice 

OC Bus Transceiver 

5-66 

Valid Combinations 

PC 
DC, DCB, OM, 

Am2905 DMB 
FM, FMB 
XC, XM 

Valid Combinations 
Consult the AMD . sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

05397A 
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Pin No. 

4, 8, 16,20 

3,9,15,21 

13 

23 

11 

5 
7 
17,19 

2,10 
14,22 

1 

12 

PIN DESCRIPTION 

Name 1/0 Description 

P.o, At, I The "A" word data input into the two input muhiplexer of the driver register. 
A2, Aa 

Bo, Bl, I The "B" word data input into the two input multiplexers of the driver register. 
B2, Ba 

S I Select. When the select input is LOW, the A data word is applied to the driver register. When the select input is HIGH, 
the B word is applied to the driver register. 

DRCP I Driver Clock Pulse. Clock pulse for the driver register. 

~ I Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high impedance state. 

~' I/O The four driver outputs and receiver inputs (data Is inverted). 

~' 
Ro, Rt, 0 The four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 
R2, Ra 

m£ 0 Receiver Latch Enable. When m is LOW, data on the BUS inputs is passed through the receiver latches. When m 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 

OE I Output Enable. When the (5E input is HIGH, the four three state receiver outputs are in the high-impedance state. 

FUNCTION TABLE 

INTERNAL 
INPUTS TO DEVICE BUS OUTPUT 

S AI " DRCP BE FiLE OE 0. QI 1011 RI FUNCTION 

X X X X H X X X 

X X X X X X H X 

X X X X H L L X 
X X X X H L L X 

X X X X X H X X 

L L X t X X X L 
L H X t X X X H 
H X L t X X X L 
H X H t X X X H 

X X X L X X X NC 
X X X H X X X NC 

X X X X L X X L 
X X X X L X X H 

H = HIGH Z = HIGH Impedance 
L =LOW NC = No change 

X 
t 

X Z X Driver output disable 

X X Z Receiver output disable 

L L H Driver output disable and 
H H L receive data via Bus input 

NC X X Latch received data 

X X X 
X X X Load driver register 
X X X 
X X X 

X X X No driver clock restrictions 
X X X 

X H X Drive Bus 
X L X 

= Don't care i = 0, 1, 2, 3 
= LOW to HIGH transition 

5-67 
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I AOOREG AND 
DATA OlSPLAV 

~ I r-
A CONTROL 8 

A 

• 
I 

ALU 

OUT 

1 

1 I 
B CONTROL 

........ 
BUS 

DATA 
ius 

APPLICATIONS 

A 

• 

IN 
CONTROL 

SCRATCHPAO 

OUT 

+ 
8 CONTAOL 

Am2905 

BUS 

ADDRESS 
BUS 

I--
~ 

A 

R 

LJ 

I 
MASTER 

CONTROL 

I 
I 
B CONTROL 

Am .... 

BUS 

CONTROL 
BUS 

I 
I REMOTE I I OPERATION 

AFOO1350 

The Am2905 is a universal Bus Transceiver useful for many system data, address, control and timing 
input! output interfaces. . 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55°C to + 125°C Temperature .•.•..........•....•......•..••...... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ....••••...............•.... + 4.75V to + 5.2sV 

Continuous •••.••..•...•••••...............••..•• -O.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs for 
Temperature ....•..........•........•....... -55°C to + 125°C 

HIGH Output State ....•......•..•......• -O.5V to +VCC max 
DC Input VOltage •..•...••••.......•........••.....• -O.5V to +7V 

Supply Voltage .............................•. + 4.5V to + 5.5V 

DC Output Current, Into Outputs 
Operating ranges defina those limits over which the function-

(Except Bus) ..........•...........••......••.....•....•...... 30mA 
ality of the device is guaranteed. 

DC Output Current, Into Bus ............ ; ••............... 200mA 
DC Input CUrrent.. ••......................... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Receiver Output Vee-VIN MIL, 10H = -1.0mA 2.4 3.4 
VOH HIGH Voltage VIN = VIL or VIH COM'L, 10H = - 2.6mA 2.4 3.4 Volts 

IOL-4mA 0.27 0.4 

VOL 
Receiver Output Vee-MIN IOL-8mA 0.32 0.45 Volts LOW Voltage VIN - VIL or VIH 

IOL=12mA 0.37 0.5 

VIH 
Input HIGH Level Guaranteed input logical HIGH 2.0 Volts (Except Bus) for all inputs 

Input LOW Level Guaranteed input logical LOW I MIL 0.7 
VIL Volts (Except Bus) for all inputs I COM'L 0.8 

VI 
Input Clamp Voltage Vee· MIN, liN ~-18mA -1.5 Volts (Except Bus) 

IlL 
Input LOW Current Vee = MAX, VIN = 0.4V -0.36 mA (Except Bus) 

IIH 
Input HIGH Current Vee = MAX, VIN = 2.7V 20 p.A (Except Bus) 

II 
Input HIGH Current 

Vee - MAX, VIN - 5.5V 100 p.A (Except Bus) 

Receiver Off-State I Vo-2.4V 20 
10 Output Current Vee-MAX I Vo=0.4V -20 

p.A 

Ise 
Receiver Output Vee = MAX -12 -65 mA Short CircuH Current 

ICC Power Supply Current Vee = MAX, All inputs = GND 69 105 mA 

Notes: 1. Typical IimHs are at Vee = 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duralion ot tha short circu" test should not exceed one second. 

BUS INPUT IOUTPUT CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Nota 1) 

[ IOL-40mA 

VOL Bus Output LOW Voltage Vee = MIN 10L= 70mA 

IOL-l00mA 

VO-0.4V 

10 Bus Leakage Current Vee = MAX 
VO·4.5V 

10FF 
Bus Leakage Current VO=4.5V (Power OFF) 

Receiver Input HIGH 
VTH Threshold Bus E.nable = 2.4V 

Receiver Input LOW 
VTL Threshold Bus enable = 2.4V 

5-69 

0.32 0.5 

0.41 0.7 Volts 

0.55 0.6 

-50 

MIL 200 p.A 

I COM'L 100 

100 p.A 

MIL 2.4 2.0 

COM'L 2.3 2.0 Volts 

MIL 2.0 1.5 

COM'L 2.0 1.6 Volts 

05397A 
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TYPICAL PERFORMANCE CURVES 

Bus Output Low Voltage 
Versus Ambient Temperature 

Receiver Threshold Variation 
Versus Ambient Temperature 

~ 1.0 

g 
~ 0.8 

~ 
~ 0.6 g 

I ~4 
i 0.2 
I 

o 

Vcc~+"OV 

~ I-LJ'l00mA 

ISUS- 10mA 

:SUS-4OmA 

I I 

~ 
g 2.5 

I 2.4 

~ U 
g 2.2 

9 2.1 

~ 2.0 

a: 1.9 

~ 1.8 
0: 
~ 1.7 

I I I 
I I I 

VCC· 5.5Y I 
f Vcc-5.25V 

_MIL< - r:l:ll~ !-«"'L , 
VCC=4.5V 

I 
-55 -36 -15 6 26 45 65 86 105 126 

~ 1.6 
0: 1.5 I I 
I -55 -35-15 5 25 45 55 85 105 125 

$" TA - AMBIENT TEMPERATURE _ °c 

OPOO1330 

T A - AMBIENT TEMPERATURE _ °C 

OPOOl340 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

BUS DRIVEN INPUT DRIVING OUTPUT 

VOC--------~------+_--------~~~--~--~--------~---
1m-3.3W I m-o"" 
1m. 0"" 
A.B,S·tOkO I 
ORep· 101d} 

BUS 

I 
I 1'0 

Ij INPUT o---~T--f(}-+-

I 
I 
I 

15O<l 

ICOOO390 

Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am2905 Am2905 

Typ Typ 
Parameters Description Test Conditions Min (Note 1) Max Min (Note 1) Max Units 

IpHL 

IPLH 

IpHL 

IpLH 

I. 

Ih 

Is 

Ih 

Ipw 

IpLH 

IPHL 

IPLH 

IpHL 

Is 

It1 
IZH 

IZl 

1Hz 
tLZ 

Noles: 

21 36 21 40 
Driver Clock (DRCP) 10 Bus ns 

CL (SUS) = 50 pF 21 36 21 40 

Bus Enable (~) 10 Bus 
RL (BUS) = 50 n 13 23 13 26 

ns 
13 23 13 26 

23 25 
Data Inputs (A or B) ns 

7.0 8.0 

30 33 
Select Input (S) ns 

7.0 8.0 

Driver Clock (DRCP) Pulse Width 25 28 ns (HIGH) 

Bus 10 Receive Outpul 18 34 18 37 
ns (Latch Enable) CL = 15 pF 18 34 18 37 

Rl -2.Okn 21 34 21 37 
Lalch Enable 10 Receiver Output ns 

21 34 21 37 

Bus 10 Latch Enable (R[E) 
18 21 

ns 
5.0 7.0 

14 25 14 28 
Oulpul Control 10 Receiver Output ns 

14 25 14 28 

14 25 14 28 
Outpul Control to Receiver Output ns 

14 25 14 28 

1. Typical limits are at Vee = 5.0 V, 25°C ambient and maximum loading. 
2. For condHions shown as MIN or MAX, use the appropriate value specnied under Operating Ranges for the applicable device type. 
3. Nol more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

SWITCH!NG TEST CIRCUIT 

TEST 
POINT 

-A 

Am2905 R 
CL,l '5"1 BUS 

{NOTE 11 ':' 

T R. TEST 

500 
POINT 

CB 
50" 

~(NOTElI 

5-71 

r RL 
2'0 

5, 

IA 

'''1 ~ ... ~ 
=~n :s ~ 

::s ~ 

S't 

TCOO0870 
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SWITCHING WAVEFORMS 

WFOO2280 

Note: Bus to Receiver output delay is measured by clocking data into the driver register and measuring the BUS to R 
combinatorial delay. 

5-72 
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Am2906 
Quad Two-Input OC Bus Transceiver with Parity 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus transceiver. 
• Open-collector bus driver output can sink 100mA at 

0.8V max. 
• Two-port input to Ootype register on driver. 

• Internal 4-bit odd parity checker! generator. 
• Receiver has output latch for pipeline operation. 
• Receiver outputs sink 12 mAo 

GENERAL DESCRIPTION 

The Am2906 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces
sor system applications. The device consists of four Ootype 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open
collector bus drivers. Each bus driver is internally connect
ed to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four Ootype 
latches. The device also contains a four-bit odd parity 
checker! generator. 

This LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When "BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four Ootype flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 

the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when S is HIGH,the B; data is stored. 
The buffered common clock (ORCP) enters ,the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 0-
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the ALE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted). When the ALE input is HIGH, the latch 
will close and retain the present data regardless of the bus 
input. 

The Am2906 features a built-in four-bit odd parity checker! 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is 
enabled, parity is generated and if the driver is in the high
impedance state, the BUS parity is checked. 

BLOCK DIAGRAM 

AO 

'0 

A, 

" 
A, 

" 
A, 

g~~~A ORep <>-____ ----' 

:~~8LE iE<>------------o[>...J 
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'3 

23 

11 

LOGIC SYMBOL 
"4 If 3 8 9 16 15 20 21 

000 

R. 
ORCP 

Am2906 R, 

BE 
R2 

RLE R3 

17 ,. 

CONNECTION DIAGRAM 
Top View 

0.24·1 

IILE 24 Vee 

R. 23 DROP 

So 22 R3 

Ae 2' ·3 

BUs" 20 A3 

GND, 
Am2906 

,B BUS, 

BUS, 'B GND2 

A, 17 BUS2 ., 
'6 A2 

R, ,. ,. B2 

BE 11 ,. R2 

000 '2 '3 

CDOO3000 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

RLE , 
"0 2 

'2 ·0 3 

Ae 
BUSO ,. 
GND, 6 ,. 
BUSt 7 

A, • 22 ., 9 

AT 10 

BE 11 

,-----23 DRCP 

22 A3 

21 83 

20 A3 

19 .Ma 

17 BUS2 
16 A2 

15 82 

14 R2 

'-----'3 S 

LSOOO770 

DIE SIZE 0.080· x 0.130" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number" speed option (if applicable), package type, operating range and screening option (if desired). 

Am2906 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D- 24-pinCERDIP 
F - 24-pin flatpak 
P- 24-pin plastic DIP 
X-Dice 

DC Bus Transceiver 

5-74 

Valid Combinations 

PC 
DC, DCB, OM, 

Am2906 DMB 
FM, FMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. 

4,8 
16,20 

3,9 
15,21 

13 

23 

11 

5 
7 
17,19 

2, 10 
14,22 

1 

12 

PIN DESCRIPTION 

Name I/O Description 

"0, AI, I The "A" word data input into the two input multiplexer of the driver register. 
A2, A3 
80, SI, I The "s" word data input into the two 'input multiplexers of the driver register. 
S2, S3 
S I select. When the select input Is lOW, the A data word is applied to the driver register. When the select input is HIGH. 

the S word is applied to the driver register. 

ORCP Driver Clock Pulse. Clock pulse for the driver register. 

~ Sus Enable. When the Sus Enable is HIGH, the four drivers are in the high impedance state. 

~, 0 The four driver outputs and receiver inputs (data is inverted). 
!iUSl 
1iUS2, 
1iUS3 
RO, Rl, 0 The four receiver outputs. Data from the bus is inverted while data from the A or S inputs is non~nver1ed. 
R2, R3 

!ill 0 Receiver latch Enable. When !ill is lOW, data on the SUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 

ODD 0 Odd parity output. Generates parity w"h the driver enabled, checks parity with the driver in high-impedance state. 

FUNCTION TABLE 

INTERNAL 
INPUTS TO DEVICE BUS OUTPUTS 

S AI BI DRCP H FiLE 01 QI ~I RI ODD FUNCTION 

X X X X H X X X Z X PO Driver output disable 

X X X X L X X X X X PO Driver output enable 

X X X X H L X L L H H Driver output disable and 
X X X X H L X H H L H receive data via Bus input 

X X X X X H X NC X NC X Latch received data 

L L X t X X L X X X X 
L H X t X X H X X X X Load driver register 
H X L t X X L X X X X 
H X H t X X H X X X X 

X X X L X X NC X X X X No driver clock restrictions 
X X X H X X NC X X X X 

X X X X L X t X H X H Drive Bus 
X X X X L X H X L X H 

H=HIGH X = Don't care NC = No change 
L=LOW i = 0, 1, 2, 3 PD= Parity of 0 flip flops 
Z = HIGH Impedance t = LOW to HIGH transition PO = Parity of 0 latches 

PARITY OUTPUT FUNCTiON TABLE 

BE 

L 
H 

ODD PARITY OUTPUT 

000= 10,"11,"12,"13 
000-00"'01 "'02"'03 

Ii - Selected input Ai or Si 

5-75 
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I 
E 

011( 

APPLICATIONS 
SELECT ---1r---,------------1r-'--'-------------. 
(:L()Ct( - .... -+-------------t-+-----------.. 

I 
I 
I 

ORCP I 0"'" ......... I A_ 
lE 

:::.LE - .... ,-----,-- --- .,.-I--.... _ir------,.::....::...--,---4-+--. 
~!~~E---4------~----------r-ir..~ITS=--4------+--------J 

BITS 
.... 3 

BITS 
4-7 

8-11 

EVEN 

0"'" 

CHECK 
PARITY OUTPUT 

Generating or checking parity for 16· data bits. 

AFOO1040 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55·C to + 125·C Temperature ..................................... O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ...........................• + 4. 75V to + 5.25V 

'Continuous ........•...•.....•.............•.•••• -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs for 
HIGH Output State ................... , .. -O.5V to +VCC max 

Temperature ................................ -55·C to + 125·C 

DC Input Voltage ................................. -O.5V to +5.5V 
Supply Voltage ..............•...........•.... + 4.5V to + 5.5V 

DC Output Current. Into Bus .............................. 200mA 
Operating ranges define those limits over which the function-

DC Output Current. Into Outputs 
a/ity of the device is guaranteed. 

(Except Bus) ................................................. 30mA 
DC Input Current.. ........................... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
re/iability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Receiver Output Vee-MIN I MIL IOH=-1.0mA 2.4 3.4 

HIGH Voltage VIN = VIL or VIH COM'L IOH --2.6mA 2.4 3.4 
VOH MIL 2.S 3.4 Volts 

Parity Output Vee = MIN, 10H = -66011A 
HIGH Voltage VIN - VJH or VIL COM'L 2.7 3.4 

IOL-4mA 0.27 0.4 

VOL 
Output LOW' voltage Vee = MIN 10L =8mA 0.32 O.4S Volts (Except Bus) VIN = VIL or VIH 

10L = 12mA 0.37 0.5 

VIH 
Input HIGH Level Guaranteed input logical HIGH 2.0 Volts (Except Bus) for all inputs 

Input LOW Level Guaranteed input logical lOW I Mil 0.7 
VIL Volts (Except Bus) for all inputs I COM'L 0.8 

VI 
Input Clamp Voltage Vee - MIN, liN = -18mA -1.2 Volts (Except Bus) 

IlL 
Input LOW Current 

Vee - MAX, VIN = 0.4V -0.36 mA (Except Bus) 

IIH 
Input HIGH Current Vee = MAX, VIN = 2.7V 20 IIA (Except Bus) 

II 
Input HIGH Current 

Vee - MAX, VIN - S.5V 100 IIA (Except Bus) 

Ise 
Output Short Circuit Current Vee = MAX -12 -65 mA (Except Bus) (Note 3) 

ICC Power Supply Current Vee = MAX, All inputs = GND 72 lOS mA 

Notes: 1. Typical limits are at Vee - 5.0 V, 2S"C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

BUS INPUT IOUTPUT CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions (Note 2) 

10L -40mA 
VOL Bus Output LOW Voltage 10L -70mA 

10l = 100mA 

Vo - O.4V 

10 Bus leakage Current Vee = MAX VO=4.SV 

IOFF 
Bus Leakage CUrrent Vo=4.SV (Power OFF) 

Receiver Input HIGH 
VTH Threshold Bus Enable = 2.4V 

Receiver Input LOW' 
VTL Threshold Bus enable = 2.4V 

5-77 

Min 
Typ 

Max Units 
(Note 1) 

0.32 O.S 

0.41 0.7 Volts 

0.S5 0.8 

-SO 

MIL 200 IIA 
COM'L 100 

100 IIA 

MIL 2.4 2.0 

COM'L 2.3 2.0 Volts 

MIL 2.0 1.5 

COM'L 2.0 1.6 Volts 

05398A 
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TYPICAL PERFORMANCE CURVES 

Bus Output LoW Voltage 
Versus Ambient Temperature 

~ 1.0 

g VCC~·5.OV 
I o.B 

~ g 0.6 --U'100mA 

I 0.4 

~ 0.2 
I 

'BUS' 7IlmA 

:BUS'4OmA 

I I o 
-55 -35 -15 5 25 45 85 85 106 125 

TA - AMBJENTTEMPERATURE _ °c 

OPOO1340 

Receiver Threshold Variation 
Versus Ambient Temperature 

~ 
g 2.5 

~ 2.4 

~ 2.3 

~ 2.2 

9 2.1 

~ 2.0 
II: 1.9 
~ 1.8 

" ~ 1.1 

lrl 1.6 

" 1.5 

I 
I II 

VCC·5.6V I 
I~ VcC·5.25V 

_MIL< r-~']7~ ~M' 

" VCC· 4.5V 

I 
I 

I -55-36-16 5 25 45 65 66 105 125 
.J; 'fA - AMBIENT TEMPERATURE _·C 

OPOO1330 

INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

DRIVEN INPUT BUS DRIVING OUTPUT 

V~--------t-------~---------.--~--~--t---------~----

'6011 

INPUT o---.,....-E--iQ-+--

ICOOO340 

Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am2906 Am2906 

Typ Typ 
Parameters Description Test Conditions Min (Note 1) Max Min (Note 1) Max Units 

IpHL 

tpLH 

tpHL 

tpLH 

Is 
th 

ts 

'" tpw 

tPLH 

tpHL 

tPLH 

tpHL 

Is 
th 

tpLH 

tpHL 

tpLH 

tpHL 

tPLH 

tpHL 

Notes: 

21 36 21 40 
Driver Clock (DRCP) to Bus ns 

CL (BUS) - 50 pF 21 36 21 40 

Bus Enable (BE) to BUS 
RL (BUS) - 50 n 13 23 13 26 

ns 
13 23 13 26 

23 25 
Data Inputs (A or B) ns 

7.0 8.0 

Select Inputs (S) 
30 33 

ns 
7.0 8.0 

Clock Pulse Width (HIGH) 25 28 ns 

Bus to Receiver Output 18 34 18 37 
ns (Latch Enabled) 18 34 18 37 

21 34 21 37 
Latch Enable to Receiver Output ns 

CL-15pF 21 34 21 37 

Bus to Latch Enable (RLE) 
RL - 2.0 kn 18 21 

ns 
5.0 7.0 

A or B Data to Odd Parity Output 21 36 21 40 
ns (Driver Enabled) 21 36 21 40 

Bus to Odd Parity Output 21 36 21 40 
ns (Driver Inhib~ed, Latch Enabled) 21 36 21 40 

Latch Enable (m) to 21 36 21 4<i 
ns Odd Parity Output 21 36 21 40 

1. Typical limits are at Vee - 5.0 V, 25'C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

-A 

-B R 
Am2906 OR 

PARITY 

cLJ 

-5 '6·'1 
1M 

INOTE 11 -=-

T "8 TEST 

50n POINT 

Co 
50._ 

~(NOTE1) 

t 

5-79 

r RL 
2.n 

5, 

IA 
I~ ~ 

~ ... 
:~o ::s ~ 

~ ~ 

52y 
TCOO0820 
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DRIVER 
CLOCK 

A,BorS 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

SWITCHIN.G WAVEFORMS 

WFOO2280 

Note: Bus to Receiver output delay is measured by clocking data into the driver register and measuring the 80S ·to R 
combinatorial delay, 

5-80 
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Am2907 / Am2908 
Quad Bus Transceivers with Interface Logic 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver 
• D-type driver register with open-collector bus driver 

output can sink lOOmA at O.BV max. 
• Internal 4-bit odd parity checker/generator 
• Receiver has output latch for pipeline operation 

• Three-state receiver outputs sink 12mA 
• Am2907 has 2.0V input receiver threshold; Am290B is 

"DECO or LSI-II bus compatible" with 1.5V receiver 
threshold 

GENERAL DESCRIPTION 

The Am2907 and Am290B are high-performance bus trans
ceivers intended for bipolar or MOS microprocessor system 
applications. The Am290B is Digital Equipment Corporation 
"Q or LSI-II bus compatible" while the Am2907 features a 
2.0V receiver threshold. These devices consist of four 0-
type edge-triggered flip-flops. The flip-flop outputs are 
connected to four open-collector bus drivers. Each bus 
driver is internally connected to one input of a differential 
amplifier in the receiver. The four receiver differential 
amplifier outputs drive four D-type latches, that feature 
three-state outputs. The devices also contain a four-bit odd 
parity checker/generator. 

These lSI bus transceivers are fabricated using advanced 
low-power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to lOOmA at O.BV maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE: is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four Ootype flip-flops with a 
buffered common clock. The buffered common clock 
(DRCP) enters the Ai data into this driver register on the 
LOW-to-HIGH transition. 

Data from the A input is inverted at the BUS output. 
. Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 0-
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the ALE Input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted and <:5E LOW). When the ALE input is 
HIGH, the latch will close and retain the present data 
regardless of the bus input. The four latches have three
state outputs and are controlled by a buffered common 
three-state control (<:5E) input. When <:5E is HIGH, the 
receiver outputs are in the high-impedance. state. 

The Am2907 and Am290B feature a built-in four-bit odd 
parity checker/generator. The bus enable input (BE:) con
trols whether the parity output is in the generate or check 
mode. When the bus enable is LOW (driver enabled), odd 
parity is generated based on the A field data input to the 
driver register. When BE: is HIGH, the parity output is 
determined by the four latch outputs of the receiver. Thus, if 
the driver is enabled, parity is generated and if the driver is 
in the high-impedance state, the BUS parity is checked. 

The Am2907 has receiver threshold typically of 2.0V while 
the Am2908 threshold is typically 1.5V. 

05399A 
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·'o-D ...... +-I 

·'o-D ...... +-I 

'3 0-1> ...... -+-1 

~~~~A DRCP 

~~!8LE BE o-------~-_o[>_..J 

BLOCK DIAGRAM 

RECEIVER 
'-------<l<J-OR'U LArOe 

~NA6LE 

5-82 

PARITY 

Boo01890 
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CONNECTION DIAGRAM 
Top View 

1>-20-1 

CDO03060 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
13 17 

RLE 1 ,..--___ 19 DRCP 

". 2 ---;~~~~dbd;~~-- 18 R3 

,. 000 " Ao 3 

R. 

Am2907 BUSO 4 

Am2908 
., 
R, 12 GND, • 

11 R3 '8 

BUS, • 
Al 7 I. 18 

LSOOO840 ., 8 

Bl': 9 

DIE SIZE 0.088" x 0.103" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29071 
Am2908 

Device type 

o C B l L L S~r:~~i~9 S~~~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (- 55·C to + 125·C) 

Package 
D- 20-pin CERDIP 
F - 20-pin flatpak 
P- 20-pin plastic DIP 
X-Dice 

Quad Bus Transceivers 

5-83 

Valid Combinations 

PC 

Am2907 
DC, DCB, DM, 

Am2908 DMB 
FM, FMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 110 
3,7 Ao. Al I 
13,17 ~,As 

19 ORCP I 
9 Br I 
4 ~: I/O 
6 
14 ~. 16 
2,8,12,18 ROo Rj, 0 

R2, Rs 
1 m:E 0 

10 000 0 
11 ~ I 

Ai DRCP 

X X 

X X 

X, X 
X X 

X X 

L f 
H ! 

X L 
X H 

X X 

H -HIGH 
L -LOW 

PIN DESCRIPTION 

Deacrlptlon 

The four driVer register inputs. 

Driver Clock Pulse: Clock pulse for the driver register. 
Bus Enable. When the Bus Enable is HIGH. The four drivers are In the high Impedance state. 
The four driver outputs and receiver inputs (dais is Inverted). 

The four receiver outputs. Dais from the bus Is inverted while dais from the A inputs is non-inverted. 

ReCeiver Latch Enable. When m is LOW, dais on the BUS inputs is passed through the receiver latches. When ~ 
is HIGH. the receiver latChes are closed and will retaln, the dais independent of all other Inputs. 
Odd parity output. Generates parity with the driver enabled, checks parity with the driver in the high-impedance slste. 
Output Enable. When the ~ input is HIGH. the four three-slste receiver outputs are in the high-impedance slste. 

TRUTH TABLE 

INTERNAL 
INPUTS TO DEVICE BUS OUTPUT 

BE iU O! DI 01 BI RI FUNCTION 

H X X X X H X Driver output disable 

X X H X X X Z Reclliver output disable 

H L L X L L H Driver output disable and 
H L L X H H L receive data via Bus input 

X H X X NC X X , Latch received data 

X X X L X X X Load driver register 
X X X H X X X 

X X X NC X X X No driver clock restrictions 
X X X NC X X X 

L X X H X L X Drive Bus 

Z - HIGH Impedance X = Don't care i - 0, 1. 2, 3 
NC = No change ! = LOW to HIGH transition 

PARITY OUTPUT FUNCTION TABLE 

BE 
L 

H 

ODD PARITY OUTPUT 

ODD - Ao ED Al ED A2 ED As 
ODD - 00 ED 01 ED 02 ED 03 

./ 
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I/O 
BuS 

APPLICATIONS 

saus 

• BUS 

fLAGS V 

Am200IA 
BIPOLAR 

MICROPROCESSOR 

o 

AF001000 

The Am2907 can be used as an 1/0 Bus Transceiver and 
Main Memory 110 Transceiver in high-speed Microprocessor Systems. 

5-85 
05399A 

Refer to Page 13-1 for Essential InIormaIion on MiNtary Devices 



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under Bias •.••... -55·C to + 125·C Temperature ....••......••••.......•..........•.. O·C to + 70·C 
Supply Voltage to' Ground Potential Supply Voltage ..•.••.......•..••........•• + 4.75V to + 5.25V 

Continuous ...................................... -0.5V to +7.0V 
' Military (M) Devices 

DC Voltage Applied to Outputs for 
Temperature ................................ -55·C to +125·C 

High Output State ....................... -0.5V to +Vcc max 
DC Input Voltage ............... , ................. -0.5V to +5.5V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Bus .............................. 200mA 
Operating ranges define those limits over which the function-

DC Output· Current, Into Outputs 
allty of the device Is guaranteed. 

(Except Bus) ................................................. 30mA 
DC Input Current.. ..................... ; ..... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits Is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parametera Description Teat Condltlona (Nole 2) 

Receiver Vee-MIN I MIL:IOH--1.0mA 
VOH Output HIGH Voltage VIN = VIL or VIH I COM'L:IOH -':'2.6mA 

VOH Parity Vee - MIN, IOH - -660jJA I MIL 
Output HIGH Voltage VIN - VIH or Vil I COM'L 

liol -4mA 

VOL Output LOW voltage Vee-MIN IIOl=8mA 
(Except Bus) VIN = VIL or VIH 

IloL-12mA 

VIH Input HIGH Level Guaranteed Input logical HIGH 
(Except Bus) for all inpuls 

Input LOW Level Guaranteed input logical LOW I MIL 
Vil (Except Bus)( for all inputs ~COM'L 

VI Input Clamp Voltage Vee- MIN,IIN--18mA (Except Bus) 

IlL 
Input LOW Current Vee - MAX; VIN - 0.4V (Except Bus) 

IIH 
Input HIGH Current 

Vee - MAX, VIN - 2.7V (Except Bus) 

II Input HIGH Current Vee - MAX, VIN - 5.5V (Except Bus) 

ISC Output Short Circuit Current Vee-MAX (Except Bus) 

\ Am2907 
lee Power Supply Current Vee - MAX, All Inputs - GND I Am2908 

10 
Off-State Output Currant Vee = MAX 

I VO-2.4V 
(Receiver Outputs) I VO=0.4V 

-

, 5-86 

Min TyP Max Unite (Nole 1) 

2.4 3.4 

2.4 3.4 Valls 

2.5 3.4 
Valls 

2.7 3.4 

0.27 0.4 

0.32 0.45 Valls 

0.37 0.5 

2.0 Valls 

0.7 

0.8 Volts 

-1.2 Valls 

-0.38 mA 

20 JJA 

100 JJA 

-12 -85 mA 

75 110 

80 120 mA 

20 

-20 
JJA 

" 
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BUS INPUT IOUTPUT CHARACTERISTICS over operating temperature range 

Parameter. Oascrlptlon Test Conditions (Nole 2) Min Typ Max Units (Note 1) 

IOL =40mA 0.32 0.5 

VOL Bus Output LOW Voltage Vcc=MIN IOL =70mA 0.41 0.7 Valls 

10L = 100mA 0.55 O.B 

VO=0.4V -50 
10 Bus Leakage Current Vcc=MAX MIL 200 p.A 

Vo=4.5V COM'L 100 

IOFF Bus Leakage Current (Power Off) VO-4.5V 100 p.A 

MIL 2.4 2.0 
Am2907 COM'L 2.3 2.0 

VTH Receiver Input HIGH Threahold Bus Enable = 2.4V Valls 
MIL 1.9 1.5 

Am290B COM'L 1.7 1.5 

MIL 2.0 1.5 
Am2907 COM'L 2.0 1.6 

VTL Receiver Inpul LOW Threshold Bus Enable = 2.4V MIL 1.5 1.1 Valls 

Am2908 COM'L 1.5 1.3 

V, Input Clamp Voltage Vcc=MIN, IIN=~lBmA -1.2 Valls 

TYPICAL PERFORMANCE CURVES 

Bu. Output Low Voltage Veraus Ambient 
Temperature 

~ 1.0 

g Vee = +5.0V , 
O.B w 

-U=I00mA 

" .. 
::; 0.6 I-0 
> 
I- ISUS' 70mA ::> 
~ 0.4 
::> 
0 :BUr~A 
!!l 0.2 .. 

II I 
oJ 
0 0 > -55 -35 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE _ °c 

OPOO1340 

Am2907 Receiver Threshold Variation Am2908 Receiver Threshold Variation 
Versus Ambient Temperature 

~ 
oJ 
0 
> 2.5 

I I I , 
2.' w I I '" I 

~ 2.3 
Vcc' 5.5V 1 0 2.2 

> I~ Vcc' 5.25v 
0 2.1 

~ _MIL~ ~P.7~ 2.0 I- COM" 
ff] 

'" 1.9 
" :z: 

I- 1.8 
VCC=4.5V 

'" ~ 1.7 
J W 1.6 

~ 1 
'" 1.5 
I -55--'15-15 5 25 45 65 85 105 125 

t" T A - AMBIENT TEMPERATURE _ °c 

OPOO1330 

5-87 

Versus Ambient Temperature 

~ 
0 
> 2.0 , I w 1.9 

'" 1 1 .!_ I- V59 ' 5.25 V .. 1.9 I-::; Vee =5.5V 
0 1.7 
> I 
:3 1.6 'I " 0 1.5'- MIL" -- COM'L 
:z: 
ff] 1.4 

'" :z: 1.3 
Vee "4.5V '\ -I-

~ 
1.2 

1 11 ~ccl'4t > 1.1 I-w 
~ 

1.0 
0.9 

I 55 
l-

35-15 5 25 45 85 85 105 125 
> 

T A - AMBIENT TEMPERATURE -"C 

OPOO1420 
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INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

I BUS I DRIVING OUTPUT 

V~------~~--~~--------~~~--~--t-------~~---
1m ••.• "" I !I m·."" -2S 
!IE •• "" ~ 
A.B •• "."" I - I ORCP-l0kO 

',L I I BUSt --I~'C»t, ~~ I '0 I 
IN~T II''JA I j I "; 

"JC-~ ON i--r::lf i " F 
~~ :S~ I 3 I 

:s~ I I LJ) 

DRIVEN INPUT 

'&011 

* I I 
ICQOO390 

Note: Actual current flow direction shown. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am2907 Am2907 

Typ Typ 
Parametera Description Test Conditions Min (Note 1) Max Min (Note 1) Max Units 

IPHL 21 36 21 40 
Driver Clock (DRCP) to Bus ns 

IpLH CL (BUS) - 50 pF 21 36 21 40 

IpHL 
Bus Enable (BE) to Bus 

RL (BUS) = 50 n 13 23 13 26 

IpLH 
ns 

13 23 13 26 

Ie 15 18 
Dais Inputs ns 

It. 7.0 8.0 

tpw Clock Pulse Width (HIGH) 25 28 ns 

IpLH Bus to Receiver Output 18 34 18 37 
ns 

IpHL (Lalch Enabled) 18 34 18 37 

IpLH 21 34 21 37 
Latch Ensble to Receiver Oulput ns 

IpHL CL -15pF 21 34 21 37 

Ie Bus to Latch Enable (R[E) 
RL =2.0kn 18 21 

. ns 
It. 5.0 7.0 

IpLH Dais to Odd Parity Oul 21 36 21 40 
ns 

IPHL (Driver Ensbled) 21 38 21 40 

IPLH Bus to Odd Parity Out 21 38 21 40 
ns 

IpHL (Driver Inhibit) 21 38 21 40 

IpLH Latch Enable (R[E) to Odd 21 36 21 40 
ns 

tPHL Parity Output 21 36 21 40 

tzH 14 25 14 28 
Output Control to Output 

14 
ns 

tZl 25 14 28 

1Hz CL -5.0pF 14 25 14 26 
Output Control to Output ns 

III RL -2.0kn 14 25 14 28 

Notes: 1. Typical"limits are at Vee - 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value sp8cIlied under Operating Ranges for the applicable devica tYPe. 
3. Not more then one output should be shorted al a time. Duration of the short circuit lest should not exceed one second. 

05399A 
5-88 R_ to Page 13-1 lor Esssntial Informalio!1 on Miliary Devices 



SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am2908 Am2908 

Typ Typ 
Parameters Description Test Conditions Min (Note 1) Max Min (Note 1) Max Units 

IpHL 

IpLH 

IpHL 

IpLH 

t, 

If 

I. 

Ih 

Ipw 

IpLH 

IpHL 

IpLH 

IpHL 

Is 
Ih 

IpLH 

IpHL 

IpLH 

IpHL 

IpLH 

IpHL 

IZH 

IZL 

1HZ 

ILZ 

Noles: 

21 36 21 40 
Driver Clock (DRCP) 10 Bus ns 

21 36 21 40 

Bus Enable (8£) 10 Bus 
13 23 13 26 

ns 
CL (BUS) - 50 pF 13 23 13 26 

Bus Outpul Rise Time RL (BUS): 7 10 5 10 
91 n to Vee ns 

Bus Outpul Fall Time 200n 10 GND 4 6 3 6 

15 18 
Dala Inputs 

7.0 8.0 
ns 

Clock Pulse Widlh (HIGH) 25 28 ns 

Bus to Receiver OUlpul 18 35 18 38 
ns (Lalch Enabled) 18 35 18 38 

CL-50pF 21 35 21 38 
Lalch Enable to Receiver Oulpul ns RL -2.0kn 21 35 21 38 

Bus 10 Lalch Enable (FiLE) 
18 21 

ns 
5.0 7.0 

Data 10 Odd Parity Oul 21 36 21 40 
ns (Driver Enabled) 21 36 21 40 

Bus 10 Odd Parity Oul 21 36 21 40 
ns (Driver Inhibn) CL -15pF 21 36 21 40 

Latch Enable (m) to Odd RL - 2.0 kn 21 36 21 40 
ns Parity Oulput 21 36 21 40 

14 25 14 28 
Oulput Conlrol 10 Oulpul ns 

14 25 14 28 

CL = 5.0pF 14 25 14 28 
Oulput Control to Oulpul ns 

RL - 2.0kn 14 25 14 28 

1. Typical limns are at Vee = 5.0 V, 25°C ambienl and maximum loading. 
2. For conditions shOwn as MIN or MAX, use ihe appropriate value specified under Oparating Ranges for Ihe applicable device type. 

DRIVER 
CLOCK 

A INPUT 

iUs 
OUTPUT 

SWITCHING WAVEFORMS 

Ji \ Jir-- 3.0V 

J! '-----J;r~--"--. _ 1.'V 

~,t,~ I 'E-~: 
'PLH-j t:: ____ 'PHL_~..:.-..-:--f--_. 

f ~-::: 
-------' ~ VOL 

INPUT SET-UP AND HOLD TIMES. 
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SWITCHING TEST CIRCUIT 

+5.0V 

An --;----11>----1 An -....j--{>----I 

I D~P-_+~>O--~ 

II --+-ct>---------I I II--r~>_--------______ ----.1 

TCOO0950 

Am2907 Am2908 
DRIVER SWITCHING TEST CIRCUIT DRIVER SWITCHING TEST CIRCUIT 

SWITCHING TEST CIRCUIT 

-. ---T--D~---I 

11[1 --+-i:>O----I 

iII!--t-<t~---~---..J 

Note: CL = 15pF for Am2907 
CL = 50pF for Am2908 

+S.DV 

2K1l 

ALL DIODES 
ARE n0084 

TC000970 

Am2907/OS RECEIVER SWITCHING TEST CIRCUIT. 

DEVICE 

Note 1: CL = 15pF for lZL. tZH 
CL = 5pFfor ILZ. 1HZ 

AU. DIODES 
ARE 1N3084 

TCOOO990 

LOAD FOR RECEIVER TRI-STATE TEST 

+I.oV 

DEVICE 2kIl 

ODDt--.---KI---+ 

TCOO1000 

LOAD FOR PARITY OUTPUT 

+IoOV 

tlO 

2000 

TCO00960 
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SWITCHING WAVEFORMS 

ft--------------------------------w 
An /r------~\.--------------------3V 

.....J ~----W 

An ~r---------~~---. .s-V-------------w 

IS=l-c:_'" --..;...., :=======: 
DROP 1.5V 1.5V 

DRCP ____ •• _SV.J/ LJ ..... -SV----- 3V 

I. ¥~, ~" I :-~-I :--.sv·,W 

DV 
11-·----1PW-----t 

1.5V\ , •. IV 

__ ~_IPHl:1 i---t"'"" 
IIOlIn UV~ •• 5V 

WFOO2340 WFOO2330 

DRIVER CLOCK (DRCP) TO BUS BUS ENABLE (IE) TO BUS 

----------------------------------W 
ll! ------------DV 
~ t:;::-:::;j 

1IilI. 1": I itL- -Jk-l-i~-V------- 3V 
~I """r::=,,--DV 

L \1.5V F 
Ip"" --l I--IPL":J 

BE ---------------------------- 4.5V 

_------____ ~------------3V 

\'----W 
t: IPW::1 __ 3V 

1.IV, 

lPHL=9 I~H~ W 

--------- ~~I._5V __________ J~ 

1.SV 

WFOO2370 ----------------------------------4.5V 
WF002360 

BUS TO RECEIVER OUTPUT (LATCH ENABLED) LATCH ENABLE TO RECEIVER OUTPUT 

SWITCHING WAVEFORMS 

--:-::::\i r------- 3V 
lS! 1.5V " I'.sv 

~-IZL:1----.Jf-.LZ1-.-.v DV •• OUTPUT 
NORIIAI.lY 

LOW 

.. 
OUTPUT 

NORMAllY 
_H 

.i. \ •. IV F I YOL SIANO .. 

O~tZH-I' I - t I YOH CLOSED 

I 1.._ S1ANDS2 

St OPEN '.IV l!'---- t CLOSED 

'Hz-1 .5V 

WFOO2420 

RECEIVER TAI·STATE WAVEFORMS 
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ODD 

--_ ,.------"" r--- 3V loSV* . loSV)( 
__ ...J ~-tPL-H-_-tPH-L5 

1.5Vf 1.5v,"-

OV 

-------------------------------OV 
WFOO2400 

A INPUT TO PARITY OUTPUT 

BUS0-3 
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iii! -----------,.....--____________ 405V 

m -----------__ -----___ ---_ OV 
WFOO2410 

BUS TO PARITY OUTPUT 
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Am2909A/ Am2911A 
Microprogram Sequencers 

DISTINCTIVE CHARACTERISTICS 

• 4-bit slice cascadable to form longer word width 
• Branch input for N-way branches 
• 4 x 4 file with stack pointer and push pop control for 

nesting microsubroutines 
• Zero input for returning to the zero microcode word 

• Individual OR input for each bit for branching to higher 
microinstructions (Am2909 only) 

• Am2909 in 28-pin package & Am2911A in 20-pin 
package 

GENERAL DESCRIPTION 

The Am2909A is a four-bit wide address controller intended 
for sequencing through a series of microinstructions con
tained in a ROM or PROM. Two Am2909As may be 
interconnected to generate an eight-bit address (256 
words), and three may be used to generate a twelve-bit 
address (4K words). 

The Am2909A can select an address from any of four 
sources. They are: 1) a set of external direct inputs (0); 2) 
external data from the R inputs, stored in an internal 
register; 3) a four-word deep push/pop stack; or 4) a 
program counter register (which usually contains the last 

address plus one). The push/pop stack includes certain 
control lines so that it can efficiently execute nested 
subroutine linkages. Each of the four outputs can be OR' ed 
with an external input for conditional skip or branch 
instructions, and a separate line forces the outputs to all 
zeroes. The outputs are three-state. 

The Am2911A is an identical circuit to the Am2909A. 
except the four OR inputs are removed and the 0 and R 
inputs are tied together. The Am2911A is in a 20-pin, 0.3" 
centers package. 

MICROPROGRAM SEQUENCER BLOCK DIAGRAM 

80002171 

035788 
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00 
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D_ 

OR, 

D, 

0"0 

D. 
GND 

CONNECTION DIAGRAM 
Top View 

P-28, 0-28 CHIP-PAK™ 
L-28-1 

.. Vo< 

u CP 

C ,r ,r iii! } ts ~ 
26 pup 

25 FE .. i'I! 
24 c ... 

OR, c,,+4 
23 Cn 

o, c" 
22 OE 

Am2909A ORa a;; 
21 '. o, " 20 v_ 

OR, '. 10 19 v, ., 
" 11 18 vo 

1. '7 " ~ r1 ~ I .8 .. .,!' I. 16 So 
,. 15 ZERO COO04311 

(:0004332 

Note: Pin 1 is marked for orientation 

RELATED PRODUCTS 

Part No. Description 

Am2~18 Pipeline Register 

Am2922 Condition Code MUX 

Am29803A l6-Way Branch Control Unit 

Am2~811A Next Address Control 

Am25LS163 4-Bit Counter 

Am27S35 Registered PROM 

For applications information, see Chapter 11 of Bit Slice Microprocessor Design, 
Mick & Brick, McGraw Hill. Publications. 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number. speed option (if applicable). package type. operating range and screening option (if desired). 

Am2909A 
Am2911A 

Davice type 

Dl CL L S~:~i~9 s~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55"C to + 125"C) 

Package 
o - 2S-pin CERDIP 
F - 2S-pin flatpak 
L - 2S-pin leadless chip carrier 
P - 2S·pin plastic DIP 
X- Dice 

Microprogram Sequencers 

Chip-Pat< Is a regis~ered trademark of Advanced Micro Devices. 

5·94 

Valid Combinations 

PC 
Am2909A DC, DCB, DMB 
Am2911A FMB 

LC, LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03578B 
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~ 
CONNECTION DIAGRAM 3 

Top View I P-20,D-20 CHIP PAK™ .... 
L-20-1 ~ 

3 
CP pUP I!! ~ rs i ~ 

~ ... 
v .. FE 

.... 
~ 

RE c ... o. 0. •• 

'" c. 
o. "-

O2 0. 
0, liE 0, V. 

DO V2 
Do V, 

GND V, 
GND V, 

ZERO Vo 

So ., I .t .Ii ~ .> 

CDOO4321 CD004301 

Note: Pin 1 is marked for orientation -1----------------1l1:li 
METALLIZATION AND PAD LAYOUT 

Am2909A 

23 22 212D 1919 

DIE SIZE 86 X 98 Mils 

Chip-Pak is a register trademark of Advanced" Micro Devices. 

5·95 

Am2911A 

y3 15 -----. 
OE 16---------, 
en 17 

Cn+4 18 

.. " 
PUP 20 

CP , 

Vee 2 .. , 
0, 4 

0, 5 

,----14 V2 

13 V, 

12 Yo 

11 8, 

" So 9 ZERO 
8 GNO 

7 .. 
'---------.0, 
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m 

! 
!!!. 
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g 
!!; 
Ii 
"I 

I-
0 

'" '" .... 
CD 
m 

Am2909AI Am2911A 

L-POP pup~_-..,..-----------, 
H" PUSH L.:. 

FILE >----t> I ~ -
rL ._E_N_A_BL_E ___ EN_A.;.B.;.LE ___ .:--._I-+ ____ --\,:A8Li ;::: 'E:::~ 

~ 00 li,o, 
ii' i 

-.J I I L 

o ~. ·1" 0 I' 0 I~ 0 ~:::.~ :~413ij.~ '" ',' 
0, 

0, fiE 
r, °0 0, °2 °3 

%~~~--~--~~rrrfft------~~~~----~~~~H------H~~h 

ZERO>-~--~~~---_t----~----_t-----+---_t========~----t~ 

~~~~~~~~~~ 
Cn 0 

Vo 0 V,O V2 0 V3 0 

Note: Ri and OJ connected together on Am2911A and OR t removed. 

Figure 1. Microprogram Sequencer Block Diagram. 

USE ~ FOR INPUT SIGNALS 

USE CJ-- FOR OUTPUT SIGNALS 

l 
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PIN DESCRIPTION 

Pin No. Name 110 Oescription 

17, 16/11, 10 S" So I Control lines for address source selection. 

25, 26/19, 20 IT, PUP I Control lines for pushlpop stack. 

1/3 FiE I Enable line for internal address register. 

6,8, 10, 12 ORi I Logic OR inputs on each address output line. (2909A ONLy) 

15/9 ZERO I Logic AND input on the output lines. 

22/16 OE I Output Enable. When OE is HIGH, the V outputs are OFF (high impedance). 

23/17 Cn I Carry·in to the incrementer. 

2,3,4,5 Ri I Inputs to the internal address register. (2909A ONL V) 

7, 9, II, 13/4-7 Di I Direct inputs to the multiplexer. 

27/1 CP I Clock input to the AR and "pc register and Push-Pop stack. 

18-21/12-15 Vi 0 Address outputs from Am2909A. (Address inputs to control memory.) 

24/18 Cn + 4 0 Carry out from the incrementer 

ARCHITECTURE OF THE Am2909AI 
Am2911A 

The Am2909A1 Am2911 A are bipolar microprogram sequenc-
ers intended for use in high-speed microprocessor applica-
tions. The device is a cascadable 4-bit slice such that two 
devices allow addressing of up to 256-words of microprogram 
and three devices allow addressing of up to 4K words of 
microprogram. A detailed logiC diagram is shown in Figure 1. 

The device contains a four-input multiplexer that is used to 
select either the address register, direct inputs, microprogram 
counter, or file as the source of the next microinstruction 
address. This multiplexer is controlled by the So and SI inputs. 

The address register consists of four Ootype, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is LOW, new data is entered .into the register 
on the clock LOW-to-HIGH transition. The address register is 
available at the multiplexer as a source for the next microin-
struction address. The direct input is a four-bit field of inputs to 
the multiplexer and can be selected as the next microinstruc-
tion address. On the Am2911 A, the direct inputs are also used 

, as inputs to the register. This allows an N-way branch where N 
is any word in the microcode. 

The Am2909A1 Am291 M contains a microprogram counter 
(j.lPC) that is composed of a 4-bit incrementer followed by a 4-
bit register. The incrementer has carry-in (Cn) and carry-out 
(Cn + 4) such that cascading to larger word lengths is straight· 
forward. The j.lPC can be used in either of two ways. When the 
least significant carry·in to the incrementar is HIGH, the 
microprogram register is loaded on the next clock cycle with 
the current Y output word plus one (Y + 1 - j.lPC.) Thus 
sequential microinstructions can be executed. If this least 
significant Cn is LOW, the incrementer passes the Y output 
word unmodified and the microprogram register is loaded with 
the same Y word on the next clock cycle (Y _ j.lPC). Thus, the 
same, microinstruction can be executed any number of times 
by using the least significant Cn as the control. 

5-97 

The last source available at the multiplexer input is the 4 x 4 
file (stack). The file is used to provide return address linkage 
when executing microsubroutines. The file contains a built-in 
stack pointer (SP) which always points to the last file word 
written. This allows stack reference operations (looping) to be 
performed without a push or pop. 

The stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file 
enable input is LOW and the push/pop input is HIGH, the 
PUSH operation is enabled. This causes the stack pointer to 
increment and the file to be written with the required return 
linkage - the next microinstruction address following the 
subroutine jump which initiated the PUSH. 

If the file enable Input is LOW and the push/pop control is 
LOW, a POP operation occurs. This implies the usage of the 
return linkage during this cycle and thus a return from 
subroutine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable is HIGH, no 
action is taken by the stack pointer regardless of any other 
input. 

The stack pointer linkage is such that any combination of 
pushes, pops 'or stack references can be achieved. One 
microinstruction subroutines can be performed. Since the 
stack is 4 words deep, up to four microsubroutines can be 
nested. 

The ZERO input is used to force the four outputs to the binary 
zero state. When the ZERO input is LOW, all Y outputs are 
LOW regardless of any other inputs (except DE). Each Y 
output bit also has a segarate OR input such that a conditional 
logic one can be forced at each Y output. This allows jumping 
to different microinstructions on programmed conditions. 

The Am2909A1 Am2911 A feature three-state Y outputs. These 
can be particularly useful in designs requiring external equip· 
ment to provide automatic checkout of the microprocessor. 
The internal control can be placed in the high·impedance 
state, and preprogrammed sequences of microinstructions 
can be executed via external access to the control ROM/ 
PROM. 
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ABSOLUTE MAXIMUM RATINGS OP!ERAT!NG RANGES 
Storage Temperature ......................... -65'C to +' 5Q'C Commercial (C) DeviCe!! 
(Ambient) Temperature Under Bias .•••.•• -55'C to + 125'C Temperature ..................................... Q'C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ., ......... , .......................... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
TemperatUre ..................... ~ .......... -55'C to·+ 125'C 

High Output State ....................... -O.5V to + Vee max 
DC Input Voltage ................................. -O.5V to + 7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operaflng ranges define those limits over which the function-

DC Input Current .•••.....•.•.•.••.......••••• -30mA to +5.0mA 
aRty of the devir;e is guaranteed. 

Stresses above' those listed under ABSOLUTE MAXIMUM 
RATINGS may cause. permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absplute 
maximum ratings for ext~nded periods may affect device 
reliability. 

DC CHARACTeRISTICS over operating range unless otherwise specified 

P,rameters Description Teat Conditions (Note 2) Min Typ Max Units 
(Note 1) 

Vee-MIN, MIL IOH=-1.0mA 2.4 
VOH Output HIGH Voltage 

VIN - VIH or VIL COM'L IOH--2.6mA 2.4 Volts 

Yee=MIN 

VOL Output LOW Voltage Vee-MIN, 10L - 16mA, 2909A111 A 0.5 Volts 
VIN • VIH or VIL 

VIH Input HIGH Level Guaranteed Input lOgical HIGH . 2.0 Volts voltage for all inputs 

Guaranteed input lOgical LOW MIL, 2909A111A 0.7 
VIL Input LOW level voltage for all inputs All others 0.8 Volts 

VI Input Clamp Voltage Vee· MIN, liN --18mA -1.5 Volt. 

Cn -1.08 

IlL Input LOW Current Vee-MAX, Push/Pop, OE -0.72 rnA VtN-0.4V 
Others (Note 6) -0.36 

Cn 40 

IIH Input HIGH Current Vee-MAX, Push/Pop. OE 40 jJA 
VIN = 2.7V 

Others (Note 6) 20 

Vee-MAX, Cn, Push/Pop 0.2 
II Input HIGH Current 

VIN=7.0Y Others (Note 6) 0.1 rnA 

Output Short ClrcuH Current Vcc=6V Yo-Ya -30 -100 
lOS (Note 3) VOUT-0.5V Cn+4 -30 -85 rnA 

COM'L.OntY TA-O to +70'C 130 

lee Power ~uppIy Current Vee-MAX TC·-55 to + 125'C 140 rnA (Note 4) MIL Only Tc- + 125'C 110 

10ZL ~-MAX, 
VOUT-0.4V -20 

10ZH 
Output OFF Current =2.7 Yo-3 VoUr = 2.7V 20 jJA 

Notes: 1. Typical IlmHo are at Vee = 5.0V, 25'C ambient and maximum loading. 
2. For·conditions shown as MINor MAX, use the epproprlate 'value spacilled under Operating Ranges for the applicable device type. 

Not more than one output sh&uld be shorted at' a time. Duration of th4il short circuH test should' not exceed one seCOnd. 3. 
4. 

5. 

Apply GNO to Cn, Ro, Rl, R2. R3, ORo, ORI. OR2, OR3, Do, 01, 02 and 03. Other inputs high. All outputs open. Measured after a 
LOW-tb-HIGH clock transition. . . 
For the Am2911A, Dt and ~I are internally connected. Loading is doubled (to same values as Push/Pop). 
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Am2909AI Am2911A SWITCHING 
CHARACTERISTICS OVER OPERATING 
RANGE 

Tables I, II and III below define the timing characteristics of the 
Am2909A1 Am2911 A over the operating voltage and tempera
ture range. The tables are divided into three types of parame
ters; clock characteristics, combinational delays from inputs to 
outputs, and set-up and hold time requirements. The latter 
table defines the time prior to the end of the cycle (i.e., clock 
LOW-ta-HIGH transition) that each input mUl;t be stable to 
guarantee that the correct data is written into one of the 
internal registers. 

Measurements are made at 1.5V with VIL = OV and 
VIH = 3.0V. For three-state disable tests, CL = 5.0pF and 
measurement is to 0.5V change on output voltage level. All 
outputs have maximum DC loading. 

TABLE I 
CYCLE TIME AND CLOCK CHARACTERISTICS 

Time COMMERCIAL MILITARY 

Minimum Clock LOW Time 20 20 

Minimum Clock HIGH Time 20 20 

TABLE III 

TABLE II 
MAXIMUM COMBINATIONAL PROPAGATION 

DELAYS 
(all in ns, CL = 50pF (except output disable tests)) 

COMMERCIAL MILITARY 

From Input Y Cn +4 Y Cn +4 

OJ 17 22 20 25 

50,51 29 34 29 34 

ORi 17 22 20 25 

Cn - 14 - 16 

ZERO 29 34 30 35 

OE LOW (enable) 25 - 25 -
OE HIGH (disable)' 25 - 25 -

Clock t 51 So = LH 39 44 45 50 

Clock t 51 So = LL 39 44 45 50 

Clock t 51So = HL 44 49 53 58 

'CL = 5pF 

GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 

COMMERCIAL MILITARY 

From Input Notes set-Up Time Hold Time Set-Up Time Hold Time 

RE 19 4 19 5 

RI 2 10 4 12 5 
PUP 25 4 27 5 
FE 25 4 27 5 
Cn 18 4 18 5 

01 25 0 25 0 

ORI 25 0 25 0 

So. S, 25 0 29 0 
~ 25 0 29 0 
Notes: 1. All times relative to clock LOW-to-HIGH transition. 

2. On Am2911A, Ri and OJ are internally connected together and labeled 0i. Use Ri set-up and hold times when 0 inputs are used to 
load register. 

CP 

ALL INPUTS 
(EXCEPTOE) 

YOUT 
Cft+4 
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OPERATION OF THE Am2909A/Am2911A for the control of the push/pop stack. Figure 3 shows in detail 
the effect of So, S1, FE: and PUP on the Am2909A. These four 

Figure 2 lists the select codes for the multiplexer. The two bits signals define what' address appears on the Y outputs and 
applied from the mlcroword register (and additional combina- what the state of all the internal registers will be following the 
tional logic ·for branching) determine which data source clock LOW-to-HIGH edge. In this illustration, themicropro-
contains the address for 'the next microinstruction. The con- gram counter is assumed to contain initially some word J, the 
tents of the selected source will appear on the Y outputs. address register some word K, and the four words in the push/ 
Figure 2 aiso shows the truth table for the output control and pop stack contain Ra through Rd. 

Address Selection Output Control 

S1 So SOURCE FOR Y OUTPUTS SYMBOL OR, ZERO OE V, 

L L Microprogram Counter jlPC X X H Z 
L H Address/Holding Register AR X L L L 
H L Push-Pop stack 5TKO 

H H L H 
H H Direct inputs Di 

L H L SOurce selected by So 51 

Z = High Impedance 

Synchronous Stack Control 

FE PUP PUSH-POP STACK CHANGE 

H X No change 

L H Increment stack pointer, then 
push current PC onto STKO 

L L 
Pop stack (decrement stack 
pointer) 

H= High 
L=Low 
X = Don't Care 

Figure 2. 

CVCLE S" So, FE, PUP pPC REG STKO STK1 STK2 STK3 VOUT COMMENT PRINCIPLE 
USE 

N L L L L J K Ra Rb Re Rd J Pop Stack End 
N+1 - J+1 K Rb Rc Rd Ra - Loop 

N LLLH J K Ra Rb Rc Rd J Push "pc Sat-up 
N+ 1 - J + 1 K J Ra ' Rb Re - Loop 

N LLHX J K Ra Rb Re Rd J Continue Continue N+1 - J + 1 K Ra Rb Re Rd -
N L H L L J K Ra Rb Rc Rd K Pop Stack; End 

N+t - K+1 K Rb Rc Rd Ra - Use AR for Address Loop 

N L HL H J K Ra Rb Re Rd K Push "pc; JSR AR N+1 - K+1 K J 'Ra Rb Rc - Jump to Address in AR 

N LHHX J K Ra Rb Rc Rd K Jump to Address in AR JMP AR N+1 - K+l K Ra Rb Re Rd -
N HLLL J K Ra Rb Re Rd Ra Jump to Address in STKO; RTS N+1 - Ra+1 K Rb Rc Rd Ra - Pop Stack 

N HLLH J K Ra Rb Rc Rd Ra Jump to Address in STKO; 
N+1 - Ra+1 K J Ra Rb Re - Push j,lPC 

N HLHX J K Ra Rb Re Rd Ra Jump to Address in STKO Stack Ref 
N+1 - Ra+1 K Ra Rb Re Rd - (Loop) 

N HHLL J K Ra Rb Re Rd 0 Pop Stack; End 
N+1 - 0+1 K Rb Re Rd Ra - Jump to Address on 0 Loop 

N HHLH J K Ra Rb Re Rd 0 Jump to Address on 0; JSR 0 N+1 - 0+1 K J Ra Rb Re - Push "pc 
N HHHX J K Ra Rb Re Rd 0 Jump to Address on 0 JMP 0 N+l - 0+1 K Ra Rb Re Rd -

X = Don't care, 0 - LOW, 1 - HIGH, Assume Cn - HIGH 
Note: STKO is the wcation addressed by the stack pointer, 

Figure 3. Output and Internal Next-Cycle Register States for Am2909A1Am2911A. 
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Figure 4 illustrates the execution of a subroutine using the and the Am2909A inputs are set-up to execute the jump and 
Am2909A. The configuration of Figure 6 is assumed. The save the return address. The subroutine address A is applied 
instruction being executed at any given time is the one to the D inputs from the IlWR and appears on the Y outputs. 
contained in the microword register (IlWR). The contents of The first instruction of the subroutine, I(A), is accessed and is 
the IlWR also control (indirectly, perhaps) the four signals So, at the inputs of the IlWR. On the next clock transition, I(A) is 
SI, FE, and PUP. The starting address of the subroutine is loaded into the IlWR for execution, and the return address 
applied to the D inputs of the Am2909A at the appropriate J + 3 is pushed onto the stack. The return instruction is 
time. executed at T 5. Figure 5 is a similar timing chart showing one 

In the columns on the left is the sequence of microinstructions 
subroutine linking to a second, the latter conSisting of only one 

to be executed. At address J + 2, the sequence control portion 
microinstruction. 

of the microinstruction contains the command "Jump to 
subroutine at A". At the time T 2, this instruction is in the IlWR, 

CONTROL MEMORY 

Microprogram Execute Cycle To T1 T2 T3 T4 T5 T6 T7 Ta T9 
Execute n... n.J ru ru ru ru D 1.J U U Cycle Address 

Sequencer Clock -Instruction Signals 

J-1 - Am2909A S~So 0 0 3 0 0 2 0 0 
To J - Inputs H H L H H L H H 
Tl J+I - (from PUP X X H X X L X X 
T2 J+2 JSR A "WR) D X X A X X X X X 
T6 J+3 -

"PC J+I J+2 J+3 A+I A+2 A+3 J+4 J+5 
T7 J+4 - STKO - - - J+3 J+3 J+3 - -- - Internal STKI - - - - - - - -- - Registers STK2 - - - - - - - -- - STK3 - - - - - - - -- -

- - Am2909A V J + I J+2 A A+I A+2 J+3 J+4 J+5 
T3 A I(A) Outplll 
T4 A+I - ROM 
Ts A+2 RTS Output (Y) I(J + I JSR A I(A) I(A+ I) RTS I(J+3) I(J+4) I(J +5) 

- -
- - Contents 
- - of "WR 
- - (Instruction "WR I(J) I(J + I) JSR A I(A) I(A+I) RTS I(J +3) I(J +4) 
- - being 
- - a,ecllled) 
- - CN-HIGH 

Figure 4. Subroutine Execution. 

CONTROL MEMORY 

Microprogram Execute Cycle TO T1 T2 T3 T4 T5 T6 T7 Ta T9 
Execute Clock L U U U U U U U U U Cycle Address 

Sequencer Signals -Instruction 
Am2909A S"'tESo 0 0 3 0 0 3 2 0 2 0 

J-I - Inputs H H L H H L L H L H 
To J - (from PUP X X H X X H L X L X 
Tl J+1 - "WR) D x X A X X B X X X X 
T2 J+2 JSR A 

"PC J + 1 J+2 J+3 A+I A+2 A+3 B + I A+4 A+5 J+4 T9 J+3 -
- - STKO - - - J+3 J+3 J+3 A+3 J+3 J+3 -
- - Internal STK1 - - - - - - J+3 - - -
- - Registers STK2 - - - - - - - - - -
- - STK3 - - - - - - - - - -

T3 A - Am2909A y J + I J+2 A A+I A+2 B A+3 A+4 J+3 J+4 T4 A+1 - Output 
Ts A+2 JSR B 

ROM T7 A+3 - (V) I(J + 1) JSR A I(A) I(A+I) JSR B RTS I(A+ 3) RTS I(J + 3) 1(J+4) 
T8 A+4 RTS Outplll 

- - Contents 
- - of "WR - - (Instruction "WR I(J) I(J + 1) JSR A I(A) I(A+ I) JSR B RTS I(A+3) RTS I(J +3) 
- - baing 

T6 B RTS executed) 
- -- - eN-HIGH 

Figure 5. Two Nested Subroutines. Routine B Is Only One Instruction. 
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~ rU;-;;;S:;;IN:;:G~·-:T:;H;-;;E:-A-::m::2;:9;:O;:9:-;A;-;A;-;N:;;D=-A:-m-:2:::9-:1-:1A-:---~---=.'--:-M:-o-re-co-m-PI:-ex-:-I·n-str-uct--io-n-se-t-n-e-ed-e-d-th-an-Is-a-v-al-·la..:..bl-e-o-n--, 
". Am291 0 I The Am2909A and Am2911A are four-bit slice sequencerS Architecture of the Control Unit 
_ which are cascaded to form a microprogram memory address :c generator. Both products make available to the user several The recommended architecture using the Am2909A or 
G) lines which are used to directly control the internal holding Am2911 A is shown in Figure 6. Note that the path from the i register, multiplexer and stack. By appropriate control of these pipeline register output through the next- address logic, multi-
.~ lines, the user can implement any desired set of sequence plexer, and microprogram memory is all combinati.onal. The 
S control functions; by cascading parts he can generate any pipeline register contains the current microinstructio.n being 
_ desired address length. These two qualities set the Am2909A executed. A portion of that microinstruction consists of a 

and Am2911A apart from the Am2910, which is architecturally Sequence control command such as "continue", "loop", 
similar, but is fIXed at 12 bits in length and has a fixed set of 16 "return-from-subroutine", etc. The bits representing this se-
sequence control instructions. The Am2909A or Am2911 A quence command are logically combined with bits represent-
should be selected instead of the Am291 0 under the following ing such things as test· conditions and system state to 
conditions: generate thEi required control Signals to the Am2909A or 
• Address less than.8 bits and not likely to be expanded Am2911A. The block labeled "next address logic" may 
• Address longer than 12 bits consist of simple gates, a PROM or a PLA, but it should be all 

~ . VARIOUS 
TEST ~ CONOltlONS 

I 

OTHER BRANCH 
ADORess SOURCE 

~ 
:> 
0 

INTERRUPT 

TEST 

SYSTEM STATE 

combinaiional. . 

ADORESS 

AFOO1371 

Figure 6. Recommended Computer Control Unit 
Architecture Using the Am2911A or Am2909A. 
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The Am29811A is a combinational circuit which implements-
16 sequence control instructions; it may be used with either an 
Am2909A or an Am2911A. The set of instructions is nearly 
identical to that implemented internally in the Am2910. 

Figure 7 shows the CCU of Figure 6 with the Am29811A in 
place. The Am29811 A. in addition to controlilng the Am2911 A. 

also controls a loop counter and several branch address 
sources. The instructions which are Implemented by the 
Am29811A are shown in Rgure 8. along with the Am29811A 
outputs for each instruction. Generating any instruction set 
consists simply of writing a truth table and designing combina
tionallogic to Implement It. For more detailed Information refer 
to "The Microprogramming Handbook". 

BRANCH 
ADDRESS 

IN 

... . , 
~--------------t-~~-------------t--~-----~ 

MICROINSrRUCTION 

Figure 9. Twelve Bit Sequencer. 

RI 
CP 

AFOOI641 

AF001511 

Figure 10. Branch Address Structures. 

5-103 
035786 

Refer 10 Page '3-' for E ... ntial Information on Military Oevices 

II 



Expansion of ,the Am2909A or Am2911A 

Figure 9 shows the interconnection of three Am2911A's to 
form a 12-bit sequencer. Note that the only interconnection 
between packages, other than the common clock and control 
lines, is the ripple carry between J,LPC incrementors. This carry 
path is not in the critical speed path if the Am2911A Y outputs 
drive the microprogram memory, because the ripple carry 
occurs in parallel with the memory access time. If, on the other 
hand, a micro-address register is placed at the Am2911A 
output, then the carry may lie in the critical speed path, since 
the last carry-in must be stable for a set-liP time prior to the 
clock. 

Selecting Between the Am29WA and Am2911A 

The difference between the Am290!;lA and the Am2911A 
involves two signals: the data inputs to the holding register 

INPUTS 

MNEMONIC 

JZ 

CJS 

JMAP 

CJP 

PUSH 

JSRP 

CVJ 

JRP 

RFCT 

RPCT 

CRTN 

CJPP 

lDCT 

lOOP 

CONT 

JP 

l-LOW 
H-HIGH 

FUNCTION 

PIN NO. 

JUMP ZERO 

CON JSB Pl 

JUMP MAP 

COND JUMP Pl 

PUSH/COND lD CNTR 

COND JSB R/Pl 

COND JUMP VECTOR 

COND JUMP R/Pl 

REPEAT lOOP, CTR # 0 

REPEAT Pl, CTR # 0 

COND RTN 

COND JUMP Pl & POP 

LD CNTR & CONTINUE 

TEST END LOOP 

CONTINUE 

JUMP Pl 

13 12 11 10 

14 13 12 11 
l l l l 
l l l l 

l L l H 
l L L H 

l L H L 
l L H l 

l l H H 
l l H H 

l H l l 
l H L l 

l H l H 
l H l H 

l H H l 
l H H L 

l H H H 
l H H H 

H L l l 

H L l H 
H L L H 

H l H l 
H l H l 

H l H H 
H l H H 

.H H l L 
H H l l 

H H l H 
H H L H 

H H H l 
H H H l 

H H H H 
H H H H 

and the "OR" inputs: In the Am2909A, separate four-bit fields 
are provided for the, holding register and the direct branch 
inputs to the multiplexer. In the Am2911 A, these fields ~re 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 10. USing the 
Am2909A, the register inputs may be connected directly to the 
microprogram memory; the internal register replaces part of 
the pipeline register. The direct (D) inputs may be tied to the 
mapping logic which tral1slates, instruction op codes into 
microprogram addresses. White the same technique might be 
used with the Am2911A, it is more common to connect the 
Am2911A's D inputs to a' branch address bus onto which 
various sources may be enabled. Shown in Figure 10 is a 
pipeline register and Ii. mapping ROM. Other sources might 
also be applied to the same bus. The internal register is used 
only for temporary storage of some previous branch address. 

OUTPUTS 

NEXT FILE COUNTER 
ADDR 

SOURCE 
TEST S1 So FE PUP 'i:OAD EN MAP E PL E 

10 4 5 3 2 6 7 1 9 

l H H H H l L H L 
H H H H H l l H L 

L l L Ii Ii H H H l 
H H H L H H H H l 

l H H H H H H l H 
H H H H H H H l H 

L L l H H H H H l 
H H H H H H H H l 

l L l l H H H H l 
H l L l H L H H l 

L l H L H H H H L 
H H H L H H H H l 

l l L H H H H H H 
H H H H H H tj H H 

l L H H H H H H l 
H H H H H H H H l 

H l L L L H H H l 

l H H H H H L H l 
H 'L . L H H H H H l 

l L l H l H H H l 
H H l l l H H Ii l 

l L l H L H H H l 
H H H l l H H H l 

L l L H H L H H l 
H l l H H l H H L 

L H L H L H H H l 
H L l l l H H H l 

l l L H H H H H l 
H L l H .H H H H L 

l H H H H H H H ~ 
H H H H H H H H l 

Figure 8. AM29811A TRUTH TABLE 
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BRANCH 
ADDRESS 

IN 

.. . , 
~--------------~~~---------------+--~~----~ 

MICROINSTRUCTION 

Figure 9. Twelve Bit Sequencer. 

AF001521 

Figure 10. Branch Address Structures. 

RE 
ep 

AFOO1641 

Am2911A 

AF001511 
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~second difference betv.(een the Am2909A and Am2911A 
is that tIie ,Ain2909A has OR inputs available on each address 
output line. These pins can be used to generate multl-way 
single-cycle branches by simply tying' several test conditions 
into the Of'llines. See Figure 11. Typically" a branch is taken to 
an address with zeroes in the least significant bits. These bits 
are replaced with 1's or 0' s by test conditions applied to the 
OR lines~ In Figure .11, the states of the two test conditions X 
and Yresult In a branch to 1100, 1101, 1110, or 1111. 

[}
v . ~:--+--+-t 

'. T.--t-. 
• T. 

v xl 
AFOO1610 

Figure 11. Use of OR Inputs to 
Obtain 4 - Way Branch. 

The Am29803A has been designed to selectively apply any or 
all of four different test conditions to an Am2909A. Figure 12 
shows the truth table for this device. A nice trade off between 
flexibility and board space is achieved by Using a single 28-pin 
Am2909A for the least significant four bits of a sequencer, and 
using the space-saving 20-pin Am2911 A' s for the remainder of 
the bits. A detailed logic design for such a system is contained 
in "The Microprogramming Handbook." 

I TOAin2IIOIA OR_ 

AFOO1601 
Figure 12. 

5-106 

How to Perform Some Common Functions 
with the Am2909A or Am2911A 

1. CONTINUE 

COntents of PC placed on Y outputs; PC incremented. 

2. BRANCH 

MUXIYOUT 

D H H H X 

Feed data on 0 inputs straight through. to memory address 
lines. Increment address. and place in PC. 

3. JUMP-TO-SUBROUTINE 

8180 FE PUP 

H H L 'H 

Subroutine address fed from D inputs to memory 
address .. Current PC is pushed onto stack, where it is 
saved for the return. 

4. RETURN-FROM-SUBROUTINE 

MUX/YOUT 

STACK 

The address at the top· of the stack is applied to the 
microprogram memory, and is incremented for PC on the next 
cycle. The stack is popped to remove the return address. 

NONE 

Two-way 

Branches 

Four-Way 

Branches 

Eight.Way 

Branches 

Sixteen· 
Way 

Branch 

Am29803 FUNCTION TABLE 

BRANCH ON 13 12 1, 10 OR3 OR2 OR, ORo 

NONE L L L L L L L L 

To L L L H L L L To 

T, L L H L L L L T, 

T2 L H L L L L L T2 

T3 H L L L L L L T3 

T, & To L L H H L L T, 10 
T2 & To L H L H L L T2 To 

T3 & To H L L H L L T3 To 

T2 & T, L H H L L L T2 T, 

T3 & T, H L H L L L T3 T, 

Ta & T2 H H L L L L Ta' T2 

T2. Tt. To L H H H L T2 T, To 

Ta. T,. To H L H H L Ta T, To 

T3, T2. To H H L H L T3 T2 To 

T3. T2. T1 H H H L L T3 T2 T, 

T3, T2, Tlo To H H H H T3 T2 T, To 

03578B 
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Burn-In Circuit for Am2909A (Flatpack and CERDIP) 

Notes: 
Max. Icc = 200mA 
TA = +12S0C 
Aesistors = :!: 5% 

A, = 3900 
A2 = 5600 
A3 = lkn 

vccO--?"----r--~_1---P_r--., 

R, 

'ino--H-+-+-+---.. +-27""tr. 26 251 24 231 22 21 20 19 18 17 16 15 

Vee CP PUSHI f!! Cn+4 en i5I5 Y3 Vi Y, Yo $, So BiiO 
POP 

.......... 
fin = 100kHz, 50% duty-eycle, 0-3V 

Vee min. = 5.0V 
Vee max. = S.W 

RE R3 Ai R, flo 0113 ~ OR2 ~. OR, D1 ORo Do GND 

1 L 21 3 • • 01 7 • • ,. 11 12 13 14 

This circuit conforms to MIL-STD-B83, Method 100S and 1015, Condition D. Parallel excitation. 

Notes: 
Max. Icc = 200mA 
TA = +125°C 
AesiStors = :!: S% 

Al = 3900 
A2 = 56(){l 

A3 = lill 
fin = 100kHz, 50% duty-cycle, Q-3V 

From clock buffer on each board: 
Vee min. = 5.0V 
'4ce max. = S.W 

Burn-in Circuit for Am2911A 

20 " " 17 18 115 14 13 12 11 

PUSHI ~ Cn+4 en OE "3 Y2 Yl Yo S, 
POP 

Am2911A 

CP Vee FiE ~ O2 0, Do GNO ~ So 
2 3 4 S 6 7 8 .+-'-'0+ ___ .... 

93 
~co-----~---~r-----...I 

This circuit conforms to MIL-STO-883, Method 1005 and 1015, Condition D. Parallel excitation. 

BCO00011 

BCO00021 
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SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS 

A, 

I'" 
1"1 

IK 

TCO01140 

B. NORMAL OUTPUTS 

2.4V 
R2=-

IOH 

5.0 - VSE - VOL 
R, = 

IOL +VOL/R2 

TCOO1150 

Notes: 1. CL = SOpF includes scope probe, wiring and stray capacitances without device in text fixture. 
2. 5" 52, Sa are closed during function tests all and AC tests except output enable tests. 
3. 5, and 33 are closed while 52 is open for tpZH test. 

S, and S2 are closed while Sa is open for tPZL test. 
4. CL = 5.0pF for output disable tests. 

TEST OUTPUT LOADS 

Am2909A 

Pin # Pin Label Test Circuit 

18-21 YO-3 A 220 1K 

24 Cn +4 B 220 2.4K 

TEST OUTPUT LOADS 

Pin # Pin Label 

12-15 YO-3 

18 Cn +4 

Notes on Testing 
Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. ' 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 

Am2911A 

Test Circuit 

5-108 

A 220 lK 
B 220 2.4K 

may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settted. AMD recommends using 
VIL .;; OV and VIH;> 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
Pllrform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2912 
Quad Bus Transceiver 

DISTINCTIVE CHARACTERISTICS 

• Input to bus is inverting • Bus compatible with Am2905, Am2906, Am2907 
• Quad high-speed open collector bus transceiver • Advanced Schottky processing 
• Driver outputs can sink 100mA at 0.8V maximum • PNP inputs to reduce input loading 

GENERAL DESCRIPTION· 

The Am2912 is a quad Bus Transceiver consisting of four 
high-speed bus drivers with open-collector outputs capable 
of sinking 100mA at 0.8 volts and four high-speed bus 
receivers. Each driver output is connected internally to the 
high-speed bus receiver in addition to being connected to 
the package pin. The receiver has a Schottky TTL output 
capable of driving 10 Schottky TTL unit loads. 

An active LOW enable gate controls the four drivers so that 
outputs of different device drivers can be connected 
together for party-line operation. The enable input can be 
conveniently driven by active LOW decoders such as the 
Am25LS139. 

The bus output high-drive capability in the LOW state 
allows party-line operation with a line impedance as low as 
lOOn. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiv
er typical switching point is 2.0 volts. 

The Am2912 features advanced Schottky processing to 
minimize propagation delay. The device package also has 
two ground pins to improve ground current handling and 
allow close decoupling between Vee and ground at the 
package. Both GNDI and GND2 should be tied to the 
ground bus external to the device package. 

BLOCK DIAGRAM 

'0 
" 

., 

80002130 

05400A 
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CONNECTION DIAGRAM 
Top View 

D·16~1 

Zo '0 '1 Z1 Bj GND2 

CD004260 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

Zo 
Am2912 21 

TRA~~~VER Z2 
Z3 

2 1 9 16 

• I. 
14 

LSOOO890 

Vee 
GNO, 1 ___ ,-, '6 

Zo 3 

'0 4 

',5 

Z, 6 

" 7 

ORDERING INFORMATION 

DIE SIZE 0.059' X 0.075' 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number. speed option (if applicable). package type. operating range and screening option (if desired) . 

Am2912 

Device type 

D C B l L L S~r:~~i~g S~~o~rd processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D-16-pin CERDIP 
F - 16-pln flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Bus Transceiver 

5·110 

.valid Combinations 

PC 
DC. DCB. DM. 

Am2912 DMB 
FM. FMB 
XC. XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

05400A 
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Pin No. Name 

4,5.11.13 10. 11. 
12, 13 

12 E 

2.7.9, 15 ~~ B2. 3 

3.6.10.14 ZOo Zl. 
Z2. Z3 

IT!'I , 
'0 'I '2 '3 

, 
'0 I--
z, r- RECEIVER 

Am:1912 22 f-- OUTPUTS 

" I--

. " So ;; B, iii 

'000 I I 
"00 1 I_ 
loaO 

loon PART'!' LINE OPERATION 

PIN DESCRIPTION 

110 Description 

Bo 

1 

I The four driver inputs. 

I Enable. When the Enable is HIGH. the four drivers are disabled. 

1/0 The four driver outputs and receive. inputs (data is inverted). 

0 
The four receiver outputs. Data from the bus is inverted while data from the I 
inputs is non-inverted. 

TRUTH TABLE 

Inputs Outputs 

E I B z 
L L H L 
L H L H 
H X Y Y 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
y - Voltage Level of Bus 

(Assumes Control by Another 
Bus Transceiver) 

TYPICAL APPLICATION 

sTRo8E I tORESj 
G A • 
112 OF Am25LSl39 

yO vi V, V, 

I I L: 
ITTI ITT I ITTI 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ..... ~ ................... -65°C to + 150°C Commercial (C) Devices 
(Am!lient) Temperature Under Bias ...... , -55°C to + 125°C Temperature ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to + 7.0V Military .. (M) Devices 
DC Voltage Applied to Outputs For 

Temperature ................................ -55°C to + 125°C 
High Output State ....................... -O.SV to +VCC max Supply Voltage ............................... + 4.5V to + 5.5V 

DC Input VOltage ................................. -O.5V to+5.5V 
Operating ranges define those limits over which the function-

DC Output Current, Into Bus .............................. 200mA 
DC Output Current, Into Outputs 

ality of the device is guarantead. 

(Except Bus) ................................................. 30mA 
DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listad under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent diJVice failure. Functionality 
at or above these limits is not impliad. Exposure to absolute 
maximum ratings for extended periods may affect device, 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

V'H --.. 
Vtl 

VI 

IlL 

IIH 

II 

ISC 

ICCl 

Notes: 1. 
2. 
3, 

Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

, Output HIGH Voltage Vcc = MIN, IOH = -1.0mA MIL 2.5 3.4 

(Receiver Outputs) VIN eVil or VIH COM'L 2.7 3.4 Volts 

Output LOW Voltage Vcc - MIN, IOl = 20mA 0.5 Volts (Receiver OUtputs) VIN = Vil or VIH 

Input HIGH Lev,,1 Guaranteed inpUt logical HIGH 2.0 Volts (Except Bus) for all inputs 

Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs 0,8 Volts 

Input Clamp Voltage Vee - MIN, liN --18mA -1 .. 2 Volts (Except Bus) 

Input LOW Current Enable -0.36 

(Except Bus) Vcc - MAX, VIN - O.4V Data -0.54 rnA 

Input HIGH Current Enable 20 

(Except Bus) .. Vcc = MAX, VIN = 2,7V Data 30 pA 

Input HIGH Current Vee - MAX, VIN = 5,5V 100 pA (Except Bus) 

Output Short Circuit Current MIL -20 -55 

(Except Bus) Vee - MAX (Note 3) I COM'L -18 -60 mA 

Power Supply Current VCC-MAX 45 70 mA (All Bus Outputs LOW) Enable=GND 

Typical limits are at Vcc = 5 .. 0V, 25·C ambient and maximum loading. 
For conditions shown as MIN or MAX, use the appropriate value specifl9d under Operating .. Ranges for the applicable deviCe type .. 
Not more than one output should be shorted at a time.. Duration of the short circuit test should not exceed one second. 
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BUS INPUT IOUTPUT CHARACTERISTICS over operating temperature range 

Parameters 

VOL 

10 

IOFF 

VTH 

VTL 

Notes: I. 
2. 
3. 

Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

IOL-40mA 0.33 0.5 

MIL IOL-70mA 0.42 0.7 

Output LOW Voltage Vcc=MIN 10L= 100mA 0.51 O.B Volts 
10L -40mA 0.33 0.5 

COM'L 10L -70mA 0.42 0.7 

10L= 100mA 0.51 O.B 

Vo=O.BV -50 

MIL Vo=4.5V 200 
Bus Leakage Current VCC-MAX 

COM'L VO-4.5V 100 iJ.A 
Bus Leakage Current (Power Off) Vo=4.5V 100 iJ.A 

Bus Enable = 2.4V MIL 2.4 2.0 
Receiver Input HIGH Threshold Vcc=MAX COM'L 2.25 2.0 Volts 

Bus Enable - 2.4V MIL 2.0 1.6 
Receiver Input LOW Threshold VCC-MIN COM'L 2.0 1.75 Volts 

Typical limits are at Vcc = 5.0V, 25"C ambient and maximum loading. 
For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
Not more than one output should be shorted at a time. Duration of the short circuij test should not exceed one second. 

TYPICAL PERFORMANCE CURVES 

Typical Bus Output Low Voltage 
Versus Ambient Tempenlture 

~ 1.0. 
0 vee" +5.OV > 

f 0..8 ... 

-U.l00.A '" '" !:i 0.6 f-0 
> .. 'sus = lOrnA :::> 
~ 0..4 
:::> 

i Ur 40mA 
0 

'" :::> 0..2 .. 
I I I ... 

0 0. > -55 -35-15 5 25 45 65 B5 105 125 
T A - AMBIENT TEMPERATURE _ °c 

OPOOl460 
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Receiver Threshold Variation 
Versus Ambient Temperature 
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2.3 
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2.1 
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C"i ... 
GI 
C'I e 
c( 

SWITCti'NG CHARACTERISTICS (TA=+25°C, Vcc= 5.0V) 

'Pa.-ameteri Description Test Conditions Min Typ Max Units 
IpLH 

Data Inpul to Bus 
10 15 

ns 
IpHL Ra= .. son 10 15 

IPLH Ca = 50 pF (Nole 1) 14 18 
Enable Inpul to Bus 

18 
ns 

IPHL 13 

IPLH 
Bus 10 Receiver Out Ra-son, RL"'280n 10 15 

ns 
IPHL Ca - SO pF (Nole 1), CL = 15 pF 10 15 

Ii Bus Ra=son 4.0 10 ns 

If Bus Ce = SO pF (Note 1) 2.0 4.0 ns 

Note 1, Includes probe and Jig capecilance. 

I INPUT 

E INPUT 

i TEST POINT 

ZTEST POINT 

SWITCHING TEST CIRCUIT 

Z 
TEST 

POINT 

Note 1. Include Probe and Jig Capacitance. 

SWITCHING WAVEFORMS 

TCOO1180 

==t--t-~--~-t:::: 

! ! l }'"---====::: 
"L .. --I j-- "HL--I j-- --l j--IpLH --l j--'PHL 

-t'--,---, r ,~~~==::: 
'PHL~ r- -1 t;"L~ '-----VOL 

-\ f-\--f~' --:.:: 
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Am2913 
Priority Interrupt Expander 

DISTINCTIVE CHARACTERISTICS 

• Encodes eight lines to three-line binary • Similar in function to Am54LS174LS/25LS148/2513 
• Expands use of Am2914 • Gaied three-state output 
• Cascadable • Advanced Low-Power Schottky processing 

GENERAL DESCRIPTION 

The Low-Power Schottky Priority Interrupt Expander is an 
extentionof the Am2900 series of Bipolar Processor family 
and is used to expand and prioritize the output of the 
Am2914 Priority Interrupt circuit. Affording an increase of 
vectored priority interrupt in groups of eight, this unit 
accepts active LOW inputs and produces a three-state 
active HIGH output prioritized from active i7 to io. The 

output is gated by five control signals, three active LOW 
and two active HIGH. Also provided is a cascade input (i:I) 
and Enable Output (EO). 

One Am2913 will accept and encode group signal lines 
from up to 8 Am2914's (64 levels of interrupt). Additional 
Am2913's may be used to encode more interrupt levels. 

BLOCK DIAGRAM 

B0001700 

RELATED PRODUCTS 

Part No. Description 

Am2914 Vectored Priority Interrupt Controller 

Am25LS2513 8 to 3 Line Priority Encoder 

03596A 
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I, 

I. 

To 
it 
ii 
A. 

A, 

A. 

ii, 

GND 

P-20, D-20 

CONNECTION DIAGRAM 
Top View 

Vee 

To r, 
13 Ii 
I. 

Ao 
i, 

A, 

G. 
At 

O. 

0, 

G3 

CDO02030 

" 

iJ 

F-20 pin COnfiguration identical to 0-20, P-20. 
Note: Pin 1 is marked for orientation 

L-2G-1 

~ \2 

" T, 

;; 

T, .. 
to' .. .r 

CDOO:!!,20 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
T, 

T. 2 

,..------20 Vee 

,..-----19 Eil 

181516171234 

'9 

T. 3 

'" T, 4 ,. 
Ei • 11 

,. A2 • 

Al 7 
LSOOO760 

AD 8-_____ -' 

G4 9--------~ 

18 To 

hoIIlIt-- 17 '3 

16 12 . 

15 11 

.,,1+-- 14 lis 

11f1 .. It-- 13 G2 

t!I!..KI--12 G, 

L....----11 133 

L....-----'O GND 

DIE SIZE 0.082' x 0.085' 

ORDERING INFORMATION 
AMO products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2913 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (- 55·C to + 125·C) 

Package 
0- 20-pin CERDIP 
F - 20cpin flatpak 
L - 20cpin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

Priority Interrupt Expander 

5-116 

Valid Combinations 

PC 
DC, DCB, OM, 
DMB 

Am2913 FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Valid ComblnaUons 
Consult the AMO· sales office in your area to 
determine if a device is currentfy available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

8.7,6 AO, Al, a Three·state, active high encoder outputs. 
A2 

5 Ei I Enable input provided to allow cascaded operation. 

19 El) a Enable output providad to enable the next lower order priority chip. 
12,13 G1, G2 a Active high three-state output controls. 
11,9,14 ch G4, 

Gs 
a Active low three-state output controls. 

iO-7 I Active low encoder inputs. 

TRUTH TABLE 

Inputs Outputs 

li io i1 i2 i3 i4 i5 i6 i7 Ao A1 A2 EO 

H X X X X X X X X L L L H 
L H H H H H H H H L L L L 
L X X X X X X X L H H H H 
L X X X X X X L H L H H H 
L X X X X X L H H H L H H 
L X X X X L H H H L L H H 
L X X X L H H H H H H L H 
L X X L H H H H H L H L H 
L X L H H H H H H H L L H 
L L H H H H H H H L L L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
For G1 = H, G2 = H, G3 = L, G4 = L, Gs = L 

5-117 

G1 G2 G3 (f,i as Ao A1 A2 

H H L L L Enabled 
L X X X X Z Z Z 
X L X X X Z Z Z 
X X H X X Z Z Z 
X X X H X Z Z Z 
X X X X H Z Z Z 

Z = HIGH Impedance 

03596A 
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INSTRUCTION 
ENABLE 
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INSTRUCTION 12 

INPUT 11 
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" 
'0 

iI 
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" 
'0 

iE 

" 
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" 
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" 
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" 
'6 

IE 
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" 
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RIPPLe 
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RO 

V, 
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Vo r--

RO 

V, 
V'r--~ 
Vo~ 

RO --<l i7 

I 
L-----< Is 

is ",I--V, 
v'r--+-- i4 ",I--Am2913 

VOt--

I 
i3 
;; "01--

~ 
ij 

RD iQ 

Vs 

v, 

v, 

VECTOR 

fs 

V, 
V,t--+--

OUTPUT 

VO~ -iE, '0.'1.12.13 v, 
RD v, 

.---- Vo 
V, 
V,t--t--
VO~ 

RD 

V, 
V'r--r--
vo~ 

RD 

v, 
v, 
Vo 

AF001300 

Shown above is the connection of the instruction lines and vector output lines in a 54-input priority interrupt 
system. The Am2913 is used to encode the most significant bits associated with the vector output. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65DC to + 150DC Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55DC to + 125DC Temperature ..................................... ODC to + 70DC 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ _55DC to + 125DC 

High Output State ....................... -O.5V to + Vee max 
DC Input VOltage ................................. -O.5V to +7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the f(lnction-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters DeSCription Test Conditions (Note 2) Min 
Typ 

Max Units (Note 1) 

MIL,IOH=-1.0mA 2.4 3.4 

Vcc=MIN COM·L. IOH - -2.6mA 2.4 3.2 
VOH Output HIGH Voltage 

VIN = VIH or VIL [ MIL 2.5 3.4 Volts 

m.IOH=-44011A I COM'L 2.7 3.4 

IOL-4.0mA 0.4 

VOL Output LOW Voltege VccsMIN IOL=8.0mA 0.45 Volts 
VIN - VIH or VIL 

IOL = 12mA(An Outputs) 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts Voltage for all inputs 

G~ranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs I COM'L 0.8 Volts 

VI Input Clamp Voltege Vcc = MIll!. liN =-18mA -1.5 Volts 

Vee = MAX S, Gl. G2. ~3. il4• il5. 10 0.4 
IlL Input LOW Current VIN=0.4V All others 0.8 rnA 

VCC=MAX EI. G,. G2. il3. il4. il5. 10 20 
IIH Input HIGH Current VIN- 2.7V All others 40 IIA 

VCC-MAX ~. G,. G2. ~3. il4. il5. To 0.1 
II Input HIGH Current VIN-7.0Y All others 0.2 rnA 

Off-Stete (High-Impedance) VO=0.4V -20 
10 VCC-MAX IIA 

Output Current VO=2.4V 20 

180 
Output Short Circuit Current VCC=MAX -15 -85 mA (Note 3) 

ICC 
Power Supply Current VCC=MAX 15 24 mA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V. 25"C ambient and maximum loading. 
2. For conditions shown as MIN or MAX. use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 

Not more then one output should be shorted at a time. Duration· of the short circuit test should not exceed one second. 
All inputs and outputs open. 
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~ ~----------------------~------------------------------------~~~------------~ .... g: 
E 
< 

LOW-POWER SCHOTTKY INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

Vee 
DRIVING OUTPUT ' ORIVING OUTPUT DRIVEN INPUT 

I I 
I I 

[' [!] 
I 
I 

I I! 
.,.. .,.. I .,.. 

ICOO071 0 

Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max. Units 

tplH 
f; to An (In·phase) 

17 25 
ns 

lPHl 17 25 

tPLH f; 10 An (Oul·phase) 
11 17 

ns 
IpHl 12 18 

IPlH f; to ro 7.0 11 
ns 

IpHl 24 36 

IPlH Ei 10 EO Cl=15pF 11 17 
Rl - 2.0 kn ns 

IpHl 23 34 

IplH 
Ei 10 An 

12 18 
ns 

IpHl 14 21 

IZH 23 40 
Gl or G2 to An ns 

IZl 20 37 

IZH 
~3, ~4, ~s 10 An 

20 30 
ns 

IZl 18 27 

1HZ 17 27 
Gl or G2 to An ns 

ILZ Cl = 5.0 pF 19 28 

1HZ 
~3, ~4. ~S 10 An 

Rl = 2.0 kn 16 24 
ns 

ILZ 18 27 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Am2913 Am2913 

Parameters Description Test Conditions Min Max Min Max Units 

IPlH Ii 10 An (In'phase) 
31 37 

ns 
IPHl 30 34 

tplH Ii 10 An (Out'phase) 
22 27 

ns 
tpHl 22 25 

tPlH Ii to ro 15 18 
ns 

IpHl 48 60 

IPLH Ei to EO Cl=50pF 19 21 
Rl =2.0kn 57 

ns 
IpHl 46 

IplH Ei to An 
22 25 

ns 
IpHl 27 32 

IZH 42 49 
Gl or G2 to An ns 

IZl 43 49 

IZH 
~3, ~4' ~s 10 An 

36 43 
ns 

IZl 35 43 

tHZ 34 40 
Gl or G2 to An ns 

tLZ Cl - 5.0 pF 34 40 

1HZ 
~3, G4, Gs 10 An 

Rl = 2.0 kn 30 35 
ns 

ILz 31 35 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
NOle: i-O 10 7 

n=Ot02 
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Am2914 
Vectored Priority Interrupt Controller 

DISTINCTIVE CHARACTERISTICS 

• Accepts 8 interrupt inputs -
Interrupts may be pulses or levels and are stored 
internally 

• Built-in mask register -
Six different operations can be performed on 
mask register . 

• Built-in status register -
Status register holds code for lowest allowed in
terrupt 

• Vectored output -
Output is binary code for highest priority un
masked interrupt 

• Expandable-
Any number of Am2914's may be stacked for 
large Interrupt systems 

• Microprogrammable-
Executes 16 different microinstructions 
Instruction enable pin aids in vertical micropro
gramming 

GENERAL DESCRIPTION 

The Am2914 is a high-speed, eight-bit priority interrupt unit 
that is cascadable to handle any number of priority interrupt 
request levels. The high-speed of the Am2914 makes it 
ideal for use in Am2900 family microcomputer designs, but 
it can also be used with the Am9080A MOS microproces
sor. 

The Am2914 receives interrupt requests on 8 interrupt input 
lines (PO-P7). A LOW level is a request. An internal latch 
may be used to catch pulses on these lines, or the latcl") 
may be bypassed so the request lines drive the level
triggered interrupt register directly. An 8-bit mask register is 
used to mask individual interrupts. Considerable flexibility is 
provided for controlling the mask register. Requests in the 
interrupt register are ANDed with the corresponding bits in 
the mask register and the results are sent to an 8-input 
priority encoder, which produces a three bit encoded vector 
representing the highest numbered iriput which is not 
masked. 

An internal status register is used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the status register are compared with the output of the 
priority encoder, and an interrupt request output will occur if 
the vector is greater than or equal to status. Whenever. a 
vector is read from the Am2914 the status register is 
automatically updated to point to one level higher than the 
vector read. (The status register can be loaded externally or 
read out at any time using the S pins.) Signals are provided 
for moving the status upward across devices (Group 
Advance Send and Group Advance Receive) and for 
inhibiting lower priorities from higher order devices (Ripple 
Disable, Parallel Disable, and Interrupt Disable). A status 
overflow output indicates that an interrupt has been read at 
the highest priority. 

The Am2914 is controlled by a 4-bit instruction field 10-13. 
The command on the instruction lines is executed if IE is 
LOW and is ignored if IE is HIGH, allowing the 4 I bits to be 
shared with other devices. 

RELATED PRODUCTS 

Part No. Description 

Am2902A Carry Look-ahead Generator 

Am2913 Priority Interrupt Expander 

Am25LS138 3·to-8 Decoder 

Am27S19 Mapping PROM 

035768 
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GROUP ADVANCE 
RECEIVE 

GROUP ENAIILE 

INTERRUPT 
OISAeLE 

PARALLEL 
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" 
So 
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V, 
Vo 
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CONNECTION DIAGRAM 
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'0 
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.. 
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Note: Pin 1 is marked for orientation 

Chip Pak™ 
L·44·2 

'. 

CD004220 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

LSO00920 

10 

11 

12 
13 

,. 
15 

543 21403938373635 

16 17 18 19 20 21 22 23 24 25 26 

DIE SIZE 0.133" x 0.187" 

Numbers correspond to DIP pin-out. 

3. 
33 

32 

31 

3' 
29 
28 
27 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2t14 

Device type 

Dl CL L ~r:~i~gS=d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O'C to + 70'C) 
M - Military (-SS'C to + 12S'C) 

Package 
D - 4O-pin CERDIP 
F - 42-pin flatpak' 
L - 44-pin Chip Pak 
X-Dice 

Priority Interrupt Controller 

'Note: Flatpak available for military only. 

Chip Pak is a registered trademaf1< of Advanced Micro DevIces. 

5-123 

Valid Combinations 

I DC, DCB, DMB 
FMB 

Am2914 LC, LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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g: will be accepted. e The Microinstruction Decode circuitry decodes the Interrupt 
0( Microinstructions and generates required control signals for The three-bit Comparator compares the Interrupt Vector with 

the chip. the contents of the Status Register and indicates if the 
Interrupt Vector is greater than or equal to the contents of the 

The Interrupt Register holds the Interrupt Inputs and is an Status Register. 
eight-bit, edge-triggered register which is set on the rising 
edge of the CP Clock signal. The Lowest Group Enabled Flip-Flop is used when a number 

of Am2914's are cascaded. In a cascaded system, only one 
The Interrupt latches are setlreset-type latches. When the Lowest Group Enabled Flip-Flop is LOW at a time. It indicates 
Latch Bypass signal is LOW, the latches are enabled and act the eight interrupt group, which contains the lowest priority 
as negative pulse catchers on the inputs to the Interrupt intetrupt level which will be accepted and is used to form the 
Register. When the Latch Bypass signal is HIGH, the Interrupt higher order status bits: 
latches are transparent. 

The Interrupt Request and Group Enable logic contain various 
The Mask ~egister holds the eight mask bits associated with gating to generate the Interrupt Request,Paraliel Disable, 
the eight interrupt levels. The register may be loaded from or Ripple Disable, and Group Advance Send signals. 
read to the M Bus. Also, the entire register or individual mask 
bits may be set or cleared. The Status Overflow signal is used to disable aU interrupts. It 

indicates the highest priority Interrupt Vector has been read 
The Interrupt Detect circuitry detects the presence of any and the Status Register has overflowed. 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest, priority, non-masked Interrupt, Input The Clear Control logic generates the eight individual clear 
and forms a binary coded Interrupt Vector. Following a Vector signals for the bits in the Interrupt Latches and Register. The 
Read, the three-bit Vector' Hold Register holds the binary Vector Clear Enable Flip-Flop indicates if the last vector read 
coded interrupt vector. This stored vector is used for clearing was from this group. When it is set, it enables the Clear 
interrupts. Control Logic. 

The three-bit Status Register holds the status bits and may be The,CP clock signal is used to clock the Interrupt Register, 
loaded from or read to the S Bus. During a Vector Read, the Mask Register, Status Register, Vector Hold Register, and the 
Incrementer increments the Interrupt Vector by one, and the Lowest Group Enabled, Vector Clear Enable and Status 
result is clocked into the Status Register. Thus the Status Overflow Flip-Flops, aU on the-clock LOW-to-HIGH tranSition. 

8~~D---, 

'; 
.NTERftUPT 

INPUTS 

'NSTA~~l~~ D---------, 

'; 
INSTRUCTION 
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BLOCK DIAGRAM 
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TABLE 1. 

MICROINSTRUCTION SET FOR Am2914 PRIORITY INTERRUPT CIRCUIT 

1110 LDM 
0111 ROM 
1100 CLRM 
1000 SETM 
1010 BCLRM 
1011 BSETM 

1001 LDSTA 

0110 RDSTA 

1111 ENIN 
1101 DISIN 

0101 RDVC 

0001 CLRIN 
0011 CLRMR 

0010 CLRMB 
0100 CLRVC 

0000 MCLR 

Instruction 

Mask Regletar Functions 
Load mask register from M bus 
Read mask register to M bus 
Clear mask register (enables all priorities) 
Set mask register (inhibns all interrupts) 
Bn clear mask register from M bus 
Bit set mask register from M bus 

Statu. Reglater Function. 
Load status register from S bus and LGE flip-
flop from GE input 
Read status register to S bus 

Interrupt Reque.t Control 
Enable interrupt request 
Disable interrupt request 

Vectored Output 
Read vector output to V outputs, load V + 1 
into status register, load V into vector hold 
register and set vector clear enable flip-flop. 

PrlorHy Interrupt Register Clear 
Clear all interrupts 
Clear interrupts from mask register data (uses 
the M bus). 
Clear interrupts from M bus data 
Clear the individual interrupt associated with 
the last vector read 

U •• ter CIe.r 
Clear all interrupts, clear mask register, clear 
status register, clear LGE flip-flop, enable 
interrupt request. 
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INSTRUCTION 
ENABLE 

'. 
" 

" 
'3 

PASS AU. 

VECTOR CLEAR 
ENABLE 

MICROINSTRUCTION 
DeCODE 

CIRCUITRY 
(SEE TABLE 1. 

Figure 2. 

5-126 

A 

M 

PA.RAI.LEl 
DISABLE 

PFOOl130 

B0002700 

035768 
R_to Page 13-1 for EssentIallnfonnatlon on MlUtary __ 



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ........•................ -65'C to + 150'C Commercial (C) Devices 
(Ambient) Temperature Under Bias •...... -55'C to + 11O'C Temperature ................................•.... O·C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ..........•..............•..........•. -0.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ......•.. , ..••............•..... -55'C to + 125'C 

High Output State ....................... -0.5V to + VCC max 
DC Input Voltage .........•...•.•................. -0.5V to + 5.5V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .....•.................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current. ...•........................ -30mA to + 5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unl,ess otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Vce=MIN, MIL, IOH = -1.0mA 2.4 
VOH Output HIGH Voltage 

VIN = VIH or Vil COM'L, IOH - -2,6mA 2.4 Volts 

ICEX 
Output Leakage Current Vee = MIN, Vo = 5.5V 250 p.A for IR Output 

IOl -4,OmA 0.4 

VOL Output LOW Voltage Vee = MIN, IOl =8,OmA 0.45 Volts 
VIN = VIH or Vil 

IOl -12mA 0,5 

VIH Input HIGH Level Guaranteed input logical HIGH voltage 2.0 Volts for all inputs 

Vil Input LOW Level Guaranteed input logical LOW voltage 0.8 Volts for all inputs 

VI Input Clamp Voltage Vee = MIN, liN - -18mA -1.5 Volts 

MO.7 -0.15 

50·2 -0.1 

Vee = MAX, L. B. -0.4 
III Input LOW Current VIN =0.4V ["D. -2.0 rnA 

IE -1.08 

All Others -0.8 

MO-7 150 

50-2 100 

Vee-MAX, ~,GAR 40 
IIH Input HIGH Current VIN= 2.7V IE 60 p.A 

I. D. 60 

All Others 20 

II Input HIGH Current Vee = MAX, VIN - 5.5V 1.0 mA 

M0-7 -150 

IOZl Vour=0.5V 50-2 -100 

VO_2 -50 
Off-State Output Current Vee = MAX 

MO-7 150 p.A 

IOZH Vour=2.4V 50_2 100 

VO.2 50 

O'C 305 
COM'L 70'C 250 

lee Power Supply Current Vee = MAX -55'C 310 rnA 

MIL 125'C 200 

Ise 
Output Short Circuit Current Vee = MAX -30 -85 mA (Note 3) 

Notes: 1. Typical limits 'are at Vee = 5.0V, 25'C ambient and maximum loading. 
2. For cond~ions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE ·RANGE 

(Group A, subgroup 10 and 11 tests and limits) All outputs fully loaded, Cl = 50pF. Measurements made at 1.5Vwith input levels of 
o and 3.0V. For Interrupt Request Output, Rl = 390n, VLOAD" 5.0V. 

TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 

Time COMMERCIAL , MILITARY 

Minimum Clock lOW TIme 30 30 

Minimum Clock HIGH Time 30 30 

Minimum Interrupt Input (PO,P7) lOW Time 40 40 for Guaranteed Acceptance (Pulse Mode) 

Maximum Interrupt Input (PO-P7) 'lQW Time 8 8 for Guaranteed Rejection (Pulse Mode) 

Minimum Clock Period, ~ - Hon current 50 55 cycle and previous cycle 

Minimum Clock Period, ~ = l on current 100 110 cycle or previous cycle 

TABLE II. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 

To Output 

COMMERCIAL MILITARY 

Group Group 
M S Irpt Ripple Advance SM S Irpt Ripple Advance 

From Input BUI BUI V012 Req Disable Send BUI BUI V012 Req Disable Send 

~ 52 80 65 - - 56 80 68 70 - - 62 

10123 52 80 65 - - 56 80 68 70 - - 62 

Irpl. Disable - - 45 52 20 30 - - 46 60 22 33 

TABLE III. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns) 

COMMERCIAL MILITARY 

To To To To 
To Irpt To To To StatUI To To Irpt To To To StatuI To 

Clock Path V012 Req PD RD ~ O'flow os V012 Req PD RD ~ O'flow os 
Irpt latches and Register 76 97 67 67 80 - - 82 105 75 75 85 - -
Mask Register 76 97 67 67 80 - - 82 105 75 75 85 - -
Status Register 67 68 63 63 70 - - 73 96 66 68 76 - -
lowest Group Enabled Flip-Flop - - 48 52 - - 38 - - 54 58 - - 45 

Irpt Request Enable Flip-Flop - 62 - - - - - - 66 - - - - -
Status Overflow Flip-Flop - - - - - 35 - - - - - - 40 -

TABLE IV. SETUP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW·to-HIGH transition) 

COMMERCIAL 

Am2914 

From Input Set-Up Time Hold Time 

S-Bus 15 10 

M-Bus 15 10 

150-15-, 15 8 

latch Bypass 20 0 

~ 55 0 
10123 (See Note) IpwL + 33 

liE 15 13 

~ 15 13 

Irpt Disable 42 O' 

Po-P7 Hoid Time - 25 Relative to LB 
Note: IpwL is the Clock LOW Time. Both Set-up times must ,be met. 
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NILITARY 

Am2914 

Set-Up Time Hold "Time 

15 10 

15 10 

15 8 

20 0 

55 0 tpwL +40 

15 13 

15 13 

42 0 

- 25 
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SWITCHING TEST CIRCUIT 

C. OPEN-COLLECTOR OUTPUTS D. THREE-STATE OUTPUTS 

VLOAD= IiY vLOAD == IV 

'~.' 240 

"ouT ()-O""( Vour 

f r -::-

TCOOl200 TCOO121 0 

TEST OUTPUT LOAD FOR Am2914 

Pin '* Pin Label 

3 Group 
Signal 

Group 
4 Advance 

Receive 

7 Ripple 
Disable 

8 Parallel 
Disable 

9 Interrupt 
Request 

13-11 SO-2 

14 Status 
Overflow 

18-16 VO-2 

MO-7 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to V CC changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5·8ns. Inductance in the ground cable 
may allow the ground pin at the device to rise by 100s of 

. millivolts momentarily. 

Test Circuit R1 R2 

5-129 

C 2K 

C 2K 

C 2K 

C 2K 

C 390 

0 240 240 

C 2K 

0 240 240 

0 240 240 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V1L 
or V1H until the noise has settled. AMD recommends using 
VIL ..; OV and VIH;;' 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2915A 
Quad Three-State Bus Transceiver with Interface Logic 

DISTINCTIVE CHARACtERISTICS 

• Quad high-speed LSI bus-transceiver 
• Three-state bus driver output can sink 48mA at O.5V 

max. 
• Two-port input to Ootype register on driver 

• Receiver has· output latch for pipeline operation 
• Three-state receiver outputs sink 12mA 
• 3.5V minimum output high voltage for direct interface to 

MOS microprocessors 

GENERAL DESCRIPTION 

The Am2915A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces
sor system applications. The device consists of four Ootype 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four three
state bus drivers. Each bus driver is internally connected to 
the input of a receiver. The four receiver outputs drive four 
Ootype latches that feature three-state outputs. 

This LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The three-state bus output can 
sink up to 48mA at O.5V maximum. The bus enable irlput 
(BE) is· used to force the driver outpull! to the high
impedance state. When m: is. HIGH, the driver is disabled. 
The VOH and VOL of the bus driver are selecte!i for 
compatibility with standard and low-power Schottky inputs. 

The input register consiSts of four Ootype flip-flops with a 
buffered common clock and two-Input multiplexer at the 

input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the regisler and when S Is HIGH, the Bi data is stored. 
The buffered common clock (ORCP) enters the data into 
this driver register on the LOW-Io-HIGH transition. 

Oata from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is Inverted at the receiver 
output. Thus, data is nOli-inverted from driver input to 
receiver output. The four receivers each feature a built-in D
type latch that is controlled from the buffered receiver latch 
enable (m) input. When the n input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted and OJ: LOW). When the m:E input is 
HIGH, the latch will close and retain the present data 
regardless of the bus input. The four latches have three
state outputs and are controlled by a buffered common 
three-state control (~) input. When OJ: is HIGH, the 
receiver outputs are in the high-impedance state. 

BLOCK DIAGRAM 
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CONNECTION DIAGRAM 
Top View 

0.24-1 

m 2' Vee 

"0 O"CP 

·0 "3· 

Ao 21 ·3 

iiiJOg A3 

GND, 
Am2916A 

1. 8Us3 

BUst I. GND2 

Al 17 BUS2 

., 16 A2 

"I 10 I. ·2 
BE 11 I. "2 

Of 12 13 

C0003010 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
4 3 8 9 18 15 . 20 21 IiIE 1 23 ORCP 

RO , 22 R3 
13 '0 .0 3 21 ·3 

23 00a> 
0, 10 

AO 4 20 A3 

8USO 5 ,. M3 
11 Am2916A 

·2 14 
GND, 6 18 GNU2 

80S, 7 17 BUS2 

12 °3 22 A, 8 16 A2 . , • 15 82 

Rll0 14 R, 

17 ,. 
LSOOO780 BEl1---....J L----13 S 

DE 

DIE SIZE .074" x 0.130"' 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), Package type, operating range and screening option (if desired). 

Am2915A 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
D- 24-pin CERDIP 
F - 24-pln flatpak 
P- 24-pin plastic DIP 
X-Dice 

Quad 3-state Bus Transceiver 

5-132 

Valid Combinations 

PC 
DC, DCB, DM, 

Am2915A DMB 
FM, FMB 
XC, XM 

Valid Combinations 
. Consult the AMD sales office in. your area to 
determine if a device is currently available in the 
combination you wish. 

05401 A 
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Pin No. 

8.16.20 

3.9. 15.21 

13 

23 

11 

5.7,17. 19 

2.10. 14, 
22 

1 

12 

PIN DESCRIPTION 

Name 1/0 Description 

Ao. AI. I The "A" word data input into the two input multiplexer of the driver register. 
A2, Aa 
BO, BI. I The "B" word data input into the two input multiplexers of the driver register. 
B2, Ba 
S I Select. When the select input is LOW. the A data word is applied to the driver register. When the select input is HIGH. 

the B word is applied to the driver register. 

DRCP I Driver Clock Pulse. Clock pulse for the driver register. 

BE I Bus Enable. When the Bus Enable is HIGH. the four drivers are in the high impedance state. 

~, 1/0 The four driver outputs and receiver inputs (data is inverted). 
Iim!I 

~. BU a 

Ro, RI, 0 The four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 
R2, Ra 
1m: 0 Receiver Latch Enable. When m is LOW, data on the BUS inputs is passed through the receiver latches. When Jm: 

is HIGH, the receiver latches are closed and will retain the data independent· of all other inputs. 

~ 0 Output Enable. When the ~ input is HIGH. the four three state receiver outputs are in the high-impedance state. 

FUNCTION TABLE 

INTERNAL 
INPUTS TO DEVICE BUS OUTPUT 

S AI BI DRCP IE ALE OE 01 QI sus. RI FUNCTION 

X X X X H X X X 

X X X X X X H X 

X X X X H L L X 
X X X X H L L X 

X X X X X H X X 

L L X .T X X X L 
L H X T X X X H 
H X L T X X X L 
H X H T X X X H 

X X X L X X X NC 
X X X H X X X NC 

X X X X L X X L 
X X X X L X X H 

H = HIGH Z = HIGH Impedance 
L =LOW NC = No change 

X 
T 

X Z X Driver output disable 

X X Z Receiver output disable 

L L H Driver output disable and 
H H L receive data via Bus input 

NC X X Latch received data 

X X X 
X X X Load driver register 
X X X 
X X X 

X X X No driver clock restrictions 
X X X 

X H X Drive Bus 
X L X 

= Don't care i =0,1,2,3 
= LOW to HIGH tranSition 
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R 

L.J 

MASTER 
CONTROL 

l 
B CONTROL 

Am29I5A 

8US 

CONTROL 
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l 
RElftOTE 

OPlRATION 

AFOO1010 

The Am2915A is a universal Bus Tr8(1sceiver useful for many 
system data, address, control and timing input! output interfaces. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias •..••.• -55°C to + 125°C Temperature .•...•..•...••.........•............. O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage •..................••.•..... + 4.75V to + 5.25V 

Continuous ..•..•...•.•••........•....•...•..•••. -0.5V to +7.0V 
Military (M) Devices DC Voltage Applied to Outputs For 

High Output State ....•........•••......• -0.5V to + Vee max 
Temperature .........•.........•...•.....•.. -55°C to + 125°C 

DC Input Voltage ....•..•........•••...........•.... -0.5V to + 7V 
Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs 
Operating ranges define those limits over which the function· 

(Except Bus) ..........•...•..••......•..•.........••......... 30mA 
a/ity of the device is guaranteed. 

DC Output Current, Into Bus .............................. 100mA 
OC Input Current ....•.•........•.........•... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA riNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min Typ Max Units 
(Note 1) 

Vee = MIN I MIL: IOH=-1.0mA 204 3.4 

VOH Receiver VIN = VIL or VIH I COM'L:IOH - -2.6mA 2.4 3.4 Volts 
Output HIGH Voltege 

VCC=5.0V,IOH--100,..A 3.5 

IloL=4.0mA 0.27 0.4 

VOL 
Output LOW Voltage VCC-MIN IIOL-8.0mA 0.32 0.45 Volts (Except Bus) VIN = VIL or VIH 

IIOL -12mA 0.37 0.5 

VIH I~ut HIGH Level 
( xcept Bus) 

Guaranteed Input logical HIGH 
for all inputs 2.0 Volts 

Input LOW Level Guaranteed input logical LOW I MIL 0.7 
VIL (Except Bus) for all inputs I COM'L 0.8 Volts 

VI I~t Clamp Voltege 
( xcept Bus) Vee = MIN, liN - -18mA -1.2 Volts 

IlL 
Input LOW Current 

Vee - MAX, VIN - MV 
I~,m -0.72 

(Except Bus) I All other inputs -0.36 
mA 

IIH 
Input HIGH Current 
(Except Bus) Vee - MAX, VIN = 2.7V 20 ,..A 

II 
Input HIGH Curient 

Vee - MAX, VIN - 7.0V 100 ,..A (Except Bus) 

Isc 
Output Short ClrcuR Current 
(Except Bus) Vee-MAX -30 -130 mA 

lee Power Supply Current Vee-MAX 63 95 mA 

10 
Off·Stete Output Current Vee = MAX 

I Vo=2.4V 50 
,..A (Receiver Outputs) I Vo=0.4V -50 

Notes: 1. Typical limits are at Vee - 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

BUS INPUT IOUTPUT CHARACTERISTICS over operating temperature range 

Parameters Description 

VOL Bus Output LOW Voitege 

VOH Bus Output HIGH Voltege 

10 
Bus Leakage Current 
(High Impedance) 

10FF Bus Leaka~e Current 
(Power OF) 

VIH 
Receiver Input HIGH 
Threshold 

VIL Recsivsr Input LOW Threshold 

ISC Bus Output Short Circuij Current 

Test Conditions (Note 2) Min Typ Max Units 
IOL =24mA 0.4 

Vee-MIN IOL-48mA 0.5 Volts 

COM'L, 10H - -2OmA 
Vee-MIN MIL,loH--15mA 

Vo -OAV 
Vee-MAX VO-2.4V 
Bus enable = 2.4V Vo=4.5V 
VO-4.5V 
Vee=OV 

Bus enable = 2AV 

I COM'L 
Bus enabie = 2.4V I MIL 
Vee-MAX 
Vo=OV 

5·135 

204 Volts 

-200 
50 ,..A 
100 

100 ,..A 

2.0 Volts 

0.8 
0.7 Volts 

-50 -120 -225 mA 
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INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

DRIVEN INPUT I BUS I DRIVING OUTPU]" 

17"" 

J 
I 
I 
I 
I 

INPUT o-...... -i rAO ...... t--t ..... ;J'II-__ - - I 
oN 1'.;1 "'oJ I 

""I::s~ I 
::Sf I 

son 5"" 

YI 

I 
I 
I 
I 

.. ~ I 
.. ~ I 

I 
I 

Note: Actual current flow direction shown. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL 

Am2915A 

Typ_ 
Parameters Description ,Test Conditions Min (Note 1) Max 

tpHL 21 32 
Driver Clock (DRCP) to Bus 

tpLH CL (BUS) = 50 pF 21 32 

tZH. tZL 
Bus Enable (BE) to Bus 

RL (BUS) - 130 Sl 13 23 

1Hz. tLl 13 18 

Is 12 
Date Inputs (A or B) 

It. 6.0 

Is 25 
Select Input (S) 

It! 6.0 

tpw Driver Clock (DRCP) Pulse Width 17 (HIGH) 

tPLH Bus to Receiver Output 18 30 

tpHL (Latch Enable) CL=15pF 18 27 

tpLH RL = 2.0 kSl 21 30 
Latch Enable to Receiver Output 

tpHL 21 27 

Is Bus to Latch, Enable (~ 
13 

4.0 th 

tZH. tZL 14 23 
Output Control to Receiver Output 

CL - 5pF. RL =2.0 kSl 1Hz. tLl 14 23 

Notes: 1. Typical limits are at Vee - 5.0 V. 25°C ambient and maximum loading. 

Min 

15 

8.0 

28 

8.0 

20 

15 

6.0 

BOn 

ICOOO460 

MILITARY 

Ani2915A 

Typ_ 
(Note 1) Max Units 

21 36 

21 36 
ns 

13 26 

13 21 
ns 

ns 

ns 

ns 

18 33 

18 30 
ns 

21 33 

21 30 
ns 

ns 

14 26 
ns 

14 26 

2. For conditions shown as MIN or MAX. use the appropriate value specified under Operating Ranges lor the applicable device type. 
3. Not more than one output should be shorted, at a time. Duration of the short circuit test should not exceed one second. 
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INPUT A 
OR 

INPUT B 

DRIVER 
CLOCK 

A,BorS 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

Am~lM og~~---4----~----~-tJ--4--~~)t-c~~~~_ 

BUS 

SWITCHING WAVEFORMS 

'CL = 15pF for tPLH. tpHL. 
tZL. tZH 

CL = 5pF for tHZ. tLZ 

TCOO0880 

-'- \ ~,...--- 3.0V 

}. .... ____________ J/I-,-___________ :.:V 

Ji'T'~ \ : 'E-~:: 
"LH~ t= "HL---j r--

--~, 1-'1 -------.;.'.LH--l ....... ~--:--I__- ::: 

F'~ VOH 

\ .. .,...-___________ ....J --- ::: 

WFOO2280 

Note: Bus to Receiver output delay is measured by clocking data into the driver register and 
measuring the BUS to R combinatorial delay. 
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Am2916A 
Quad Three-State Bus Transceiver with Interface Logic 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver 
• Two-port input to Ootype register on driver 
• Three-state bus driver output can sink 48mA at O.5V 

max. 

• Internal 4-bit odd parity checker/generator 
• Receiver output la,tch can sink 12mA 
• 3.5V minimum output high voltage for direct interface to 

MOS microprocessors 

GENERAL DESCRIPTION 

The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces
sor system applications. The device consists of four Ootype 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four three
state bus drivers. Each bus driver is internally connected to 
the input of a receiver. The four receiver outputs drive four 
D-type latches. The device also contains, a four-bit odd 
parity checker/generator. ' 

The LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The three-state bus output can 
sink up to 48mA at O.5V maximum. The bus enable input 
(BE) is used to force the driver outputs to the high- ' 
impedance state. When BE is HIGH, the driver is disabled. 

The input register consists of four Ootype flip-flops with a 
buffered common clock and two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when S is HIGH, the Bj data is stored. 

The buffered common clock (ORCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in O· 
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted). When the RIT input is HIGH, the latch 
will close and retain the present data regardless of the bus 
input. ' 

The Am2916A features a built-in four-bit odd parity check
er/generatQr. The bus enable input (BE) controls whether 
the parity output is in the generate or check mode. When 
the bus enable is LOW (driver enabled), odd parity is 
generated based on the A or B field data input to the driver 
register. When BE is HIGH, the parity output is determined 
by the four latch outputs of the receiver. Thus, if the driver 
is enabled, parity is generated and if the driver is in the 
high-impedance state, the, BUS parity is checked. 

BLOCK DIAGRAM 

., 

seLECT 

~~~iR DRep 0-----_-' 

:~8LE 00--------____ (>-' 

ODD 
PARITV 

80001600 

05402A 
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'3 

23 

11 

LOGIC SYMBOL 
4 3 8 • 16 16 ~ 21 

ODD 

AO 
DAeP 

Am28'8A A, 

8E 
A2 

ALE A3 

17 ,. 

CONNECTION DIAGRAM 
Top View 

0..24-1 

IILE Vee 

RO DReP 

BO '3 

... B3 

BUSg A3 

GND, BUS3 

BUs, GN02 

A, BU52 

B, A2 

A, B2 

BE A2 

ODD 

COO03020 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

'2 

'0 

,. 
22 

m 1-----, 

00 2 

.0 3 

AD 4 

BUSo 5 

BUS, 7 

A, • 

., 9 

R, 10 

r---- 23 DRCP 

22 R3 

21 B3 

20 A3 

19 BUS3 

LSOOO790 BE 11---....1 L-___ 13 S 

DIE SIZE .074" x .130" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2916A 

Device type 

D C B l L L S~r:~~i~g Sc;:n~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (OGC to + 70GC) 
M - Military (-55GC to + 125GC) 

Package 
D- 24-pin CERDIP 
F - 24-pin flatpak 
P- 24-pin plastic DIP 
X-Dice 

Quad 3-state Bus Transceiver 

5·139 

Valid Combinations 

PC 
DC, DCB, DM, 

Am2916A DMB 
FM, FMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

05402A 
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Pin No. 

4,8, 16, 20 

3, 9, 15, 21 

13 

23 

11 

5, 7, 17, 19 

2, 10, 14, 
22 

1 

12 

PIN DESCRIPTION 

Name 1/0 De,lCriptlon 

Ao, Al, I The "A" word data input into the two input multiplexer of the driver register. 
A2, Aa 
So, Bl, I The "B" word data, input Into the two input 'multiplexers of the driver register. 
E!2, B3 

S I Select. When the select input is LOiN, the A data word is applied to the driver register. When the select input is HIGH, 
the B word is applied to the dmcer register. ' 

PRep I Driver Clock Pulse. Clock pulse for the driver register. 

~ I Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high-Impedance state. 

~~' 110 The four, driver outputs and receiver Inputs (data Is inverted). 

~' 
RO, Rl, 0 ,The four receiver outputs. Data from the bus is inverted while data from the A or B inputs Is non-inverted. 
R2, R3 

1m: 0 Receiver Latch 'Enable. When 1m: is LOW, data on the BUs inputs is passed through the receiver latches. When m 
is HIGH, the receiver latches are closed and will retain the data inctependant of all other inputs. 

ODD 0 Odd perity output. Generates parity with the driver enabled, checks perity wHh the driver in the high-impedance state. 

FUNCTION TABLE 

INTERNAL 
INPUTS TO DEVICE BUS OUTPUTS 

S 

X 

X 

X 
X 

X 

L 
L 
H 
H 

X 
X 

X 
X 

AI 81 DRCP IE RLE DI 01 iUSl RI ODD FUNCTION 

X X X H X X ~ Z X PO Driver output disable' 

X X X X X X X X PO Driver output enable 

X X X H L X L L H H Driver output disable and 
X X X H L X H H L H receive data via Bus input 

X X X X H X NC X NC X Latch received data 

L X 1 X X L X X X X 
H X 1 X X H X X X X Load driver register 
X L 1 X X L X X X X 
X H 1 X X H X l< X X 

X X L X X NC X X X X No driver clock restrictions 
X X H X X NC X X X X 

X X X L X L X H X H Drive Bus 
X X X L X H X L X H 

H =HIGH Z ;. HIGH Impedance X = Don't care i =0,·1,2,3 
L -LOW NC= No change t = LOW to HIGH transition 
PQ-Parity of Q latches 
PO-Parity of 0 flip-flops 

PARITY OUTPUT FUNCTION TABLE 

IE 
,L 
H 

" " 

ODD PARITY OUTPUT 

000-10,"11,"12,"13 
000- Oo,"Ql,"Qi'"Os 

II - Selected input Ai or Bj 

5-140 
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APPLICATIONS 
SELECT --.... ------------'--...,.. ___________ -, 

CLOCK - .... -+--------------~_t-----------, 

DRCP DRCP 
Am2016A Am2916A BE BE 

RLE 

:~BLE --+-t------+_ -----t--t--+-+------+'-"~---... -I_, 

~~~~E--~~-----4-------t-~BI~TS~~------1-------~ 

BITS 
0-3 

BITS 
4-' 

8-11 

AmB2S62 

EVEN 

DRep 

CHECK 
PARITY OUTPUT 

Generating or checking parity for 16 data bits. 

Am2918A 

AFOOO990 
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AB~C)LUTE MAXIMUM RATINGS OPERATING RANGES 
Storage TlllTlperature ......................... -65'0 to + 150'0 Commercial (0) Devices 
(Ambient) Temperature Under Bias ••••••• -55'0 to + 125'0 Temperature ••••••.•• : ••••••••••••.••••••••.••••• 0·0 to +70'0 
Supply Voltage to Gr!)und Potential Supply Voltage ............................ +4.75V to +5.25V 

Continuous ................. ; .................... -O.5V to +7.0V 
Millll!ry (M) ~Ices 

DO Voltage Applied to Outputs For 
Temperature .; .............................. -55·0 to +125'0 

High Output State ....................... -0.5V to + Vee max 
DO Input Voltage .................................... 0.5V to + 7.0V 

Supply Voll!&ge ......... , ..................... + 4.5V to + 5.5V 

DO Output Ol,llTent, Into Outputs 
Operating iarlgf1S define those limits over which the function-

(Except Bus) .. ~ .............................................. 30mA 
allty. of the device is gua~nteed. 

DO Output Ourrent, Into Bus .............................. 1 OOmA 
DC Input Ourrent .. , .......................... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause pelmanent device failure. Functionality 
at or above these Ilmlttl is not Implied. Exposure to absolute 
maximum ratings for ext~ periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parametera DelCl'lptlOn Teet Conditions (Nole 2) Min Typ 
MIX Units 

(Ncte 1) 

Vcc-MIN I MIL: IOH· -1.0mA 2.4 3.4 

VOH Receiver VIN - Vit or VIH I COM'L: IOH - -2.6mA 2.4 3.4 VOlts 
Output HIGH Voltage 

Vcc - 5.0V, IOH - -l00/IA 3.~ 

Parity Vcc - MIN', IOH - -660/IA 
MIL 2.5 3.4 

VOH Output HIGH Voltage VIN • VIH or VIL COM'L 2.7 3.4 
Volts 

IOL-4.0mA 0.27 0.4 

VOL 
Output LOW Voltage Vcc-MIN IOL " 8.0"", 0.32 0.45 VOlts (Except Bus) VIN .. Vil or VIH 

IOl-12mA 0.37 0.5 

VIH InP\lt HIGH l.eVet GU$rallleed input logical HIGH for -'I Inputs 2.0 Volls (Except Bus) 

Vil input LOW Level Gu"'nteed "InPUt IogicsJ LOW I MIL 0.7 
Volts (Except Bus) for all Inputs I COM'L U.II 

VI Input qlamp Voltage 
(Except Bus) Vcc .. MIN. liN" -18mA -1.2 VOlts 

IlL Input LOW Current Vcc .. MAX. VIN" O.4V se,m -0.72 mA 
(Except Bus) All other inputs -0.36 

IIH 
Inpuf HIGH Current 

Vcc - MAX. VIN" 2.7V 20 /IA (Except Bus) 

II Input HIGH Current Vcc .. MAX. VIN" ~.OV 100 /IA (Except Bus) 

lac 
OutPut'Short Cifcuit Current VCC-MAX 

I ReCEIVER -30 -130 
mA (Except Bus) l PARITY -20 -100 

Icc Power Supply Current Vee .. MAX, All Inputs .. GNO 75 110 rnA 
Notes: 1. Typical limits are at Vcc" 5,0 V, 25°C ambient and maximum loading. 

2. For conditions shown a. MIN or MAX. use the appropriate value specified under Operating Range. for the appliCable device type. 
3. Not mor~ than one output should be shorted lit a time. Ol.ll'8tion m .the 8harl circu" teet should not exceed one second. 
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05402A 

ROrer to Page 13-1 fOr Eo_I Infotn!atIon on MiiWl' 0evi0eI 



BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions (Note 1) Min Typ 
IOL-24rnA 

VOL Bus Output LOW Voltage Vee = MIN 
10L ~48mA 

VOH Bus Output HIGH Voltage Vee-MIN 
COM'L, 10H - -20mA 

MIL, 100 = -15mA 2.4 

VO-0.4V 

10 
Bus Leakage Current Vee = MAX VO-2.4V 
(High Impedance) Bus enable - 2.4V 

VO-4.5V 

10FF 
Bus Leakage Current VO-4.5V 
(Power OFF) Vee=OV 

V,H 
Receiver Input HIGH Bus enable = 2.4V 2.0 Threshold 

I COM'L 
V,L Receiver Input LOW Threshold Bus enable = 2.4V I MIL 

ISC Bus Output Short CircuH Current VCC=MAX -50 -120 
Vo=OV 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

DRIVEN INPUT 1 

mn 

j 
I 
I 
I 
I 

INPUT 0-....... - .. c.tO--<_f .... ,~'i-_--- I 
oN r.A II"J I 

"''4 ::5~ I 
::5; I 

BUS 

50n 

f " 

Okn 

11"1 

I 

I 
I 
I 
I 
I 
I 
I 
I 

Note: Actual current flow direction shown. 

DRIVING OUTPUT 

Max. Units 
0.4 

0.5 Volta 

Volta 

-200 

50 JJA 
100 

100 JJA 

Volts 

0.8 

0.7 Volts 

-225 rnA 

eon 

ICOOO460 

5·143 
05402A 

Refer 10 Page 13.1 for Essel1\ial Information on MUllary 0ev1oB. 

~ 
:I 
N 
CD ... 
eft 
~ 

• 



SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Aml!916A Am2916A 

Typ Typ 
Parameters Description Test Conditions Min (Note 1) Max Min (Note 1) Max Units 

tPHL 21 32 21 36 
Driver Clock (DRCP) to Bus ns 

tPLH CL (BUS) = 50 pF 21 32 21 36 

tZH. tZL 
Bus Enable (tIE) 10 Bus 

RL (BUS) = 130 n 13 23 13 26 

IHZ.ILZ 
ns 

13 18 13 21 

Is 12 15 
Dats Inputs (A or B) ns 

It! 6.0 8.0 

Is 
Select . Inputs (S) 

25 28 

It, 
ns 

6.0 8.0 

tpw Clock Pulse Width (HIGH) 17 20 ns 

tpLH Bus to Receiver Output 18 30 18 33 
ns 

tpHL (Latch Enabled) 18 27 18 30 

tpLH 21 30 21 33 

tpHL 
Latch Enable to Receiver Output 

21 27 21 30 
ns 1 

Is 
Bus 10 Latch Enable (m) 

13 15 
ns 

It! CL=15pF 4.0 6.0 

tPLH A or B Oats to Odd Parity Output RL -2.0kn 32 42 32 46 
ns 

tpHL (Driver Enabled) 26 36 26 40 

\pLH Bus to Odd Parity Output 21 32 21 36 
ns 

tpHL {Driver Inhibiled. Latch Enabled) 21 32 21 36 

tpLH Latch Enable (Rm) to 21 32 21 36 
ns 

tpHL Odd Parity Outpul 21 32 21 36 

Noles: 1. Typical limits are al Vee - S.O V. 2SoC ambienl and maximum loading. 
2. For conditions shown as MIN or MAX. use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more Ihan one outpOt should be shorted at a. time. Duration of the short circuil lest should nol exceed one second. 

~; 
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INPUT A 
OR 

INPUT B 

OFIIVER 
CLOCK 

A.BorS 
INPUT 

iUs 
OUTPUT 

RECEIVER 
OUTPUT 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

Am2916A Ofl 1----'--~--...... __+(I_--'-_oI_Dl__f)f_""1-< 
R ~ 000 ., ":" 

L-_...;;.BU;.;;S __ ..J 

SWITCHING WAVEFORMS 

TCOOO890 

'Cl = 1SpF for tplH. tpHl. tZl. tZH 
Cl = SpF for tHZ. tLZ 

WF002281 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2917A 
Quad Three-State Bus Transceiver with Interface Logic 

DISTINCTIVE CHARACTERISTICS 

, • Quad high-speed LSI bus-transceiver 
• p.type driver register with tri-state bus driver output can 

sink 48mA at O.5V max. ' 
• Internal 4-bit odd parity checker/generator 

• Receiver has output latch for pipeline operation 
• Thr~-state receiver outputs sink 12mA 
• 3.5V minimum output high voltage for direct interface to 

MOS microprocessors 

GENERAL DESCRIPTION 

The Am2917A is a high-performance, low-power Schottky 
bus transceiver, intended for bipolar or MOS microproces
sor system applications. The device consista of four Ootype 
edge-triggered flip-flops. The flip-flop outp~ are connect
ed to four three-state bus drivers. Each bus driver is 
internally connected to the inpul of a reCeIver. The four 
receiver outputs drive four Ootype latches, that feature 
three-state outputs. T~e device also contains a four-bit odd 
parity checkerl generator. 

This LSI bus tr8l1~eiver is fabricated using advanced low
power Schottky' processing. All inputs (except the BUS 
inputs) are one LS unit load. The three-state blls output can 
sink up to 48mA at O.5V maximum. The bus enable input 
(l!iE) is used to forpe the driver outputs to the high
impedance state. When E!E: is HIGH, the driver is disabled. 

The input regillter consists of four Ootype flip-flops with a 
blJllered cOmmon clock. The buffered', common clock 
(ORCP) enters the AI data into this driver register on the 
LOW-to-HIGH tranSition. 

Data from the' A input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 

output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 0-
type latch that is controlled from the buffered raceiver latch 
enable, (RIE) input. When the m input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted and OE LOW). When the m input is 
HIGI-!, 'the latch wiil close and retain the present data 
regardless of' the bus input. The four latches have three· 
state outputs and lire controllEld by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the' high-imjlEldance state. 

The Am2917 A features a built-in four-bit odd parity chack
er/generator. The bus enable input (l!iE) controls whether 
the parity output is in the generate or check mode. When 
the bus enable Is LOW (driver enabled), odd parity is 
generated based on the A field data input to the driver 
register. When m: is HIGH, the parity output is determined 
by the four latch outputs of the receiver. Thus, if the driver 
is enabled, parity is generated and if the driver is in the 
high-impedance state, the BUS parity is" checked. 

BLOCK DIAGRAM 

.. 

" 

A, 

A, 

g~~"0ACf' 

::.L( aeo------.o[> ..... 

6ooo,lS90 
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,. 

11 

LOGIC SYMBOL 

13 17 

ORep 

Am2917A 

ODD 

·0 
R, 

R. 
R3 

BUSQ BUS, BUS2 BUSa 

14 Ie 

• 
CONNECTION DIAGRAM 

Top View 

0-20-1 

m Vee 

·0 

Ao ·3 

BuSo A3 

GND1 iUS3 

iUs, GND2 

A, BUs2 

., A. 
BE •• 

OE 

C0004160 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

ill 1----, .----- 19 DRCP 

AD , 18 R3 

'0 

AD 3 

BiJSo 4 

12 GNO, 5 

'8 BUS, 6 

A, 7 

LSOOO880 

BE 9 -----' ~',~"L---_ 11 BE 

DIE SIZE .074" x .130" 

ORDERING INFORMATION 
AMO products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (If applicable), package type, operating range and screening option (if desired). 

Am2917A 

Device type 

D C B l L L S~~:~~i~9 S~~°a';d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O'C to + 70'C) 
M - Military (-55'C to + 125'C) 

Package 
0- 20-pin CERDIP 
F - 20-pin flatp~k 
P- 20-pin plastic DIP 
X-Dice 

Quad 3-state Bus Transceiver 

5-147 

Valid Combinations 

PC 
DC, DCB, OM, 

Am2917A DMB 
FM, FMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

05403A 
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Pin No. Name I/O 

3,7 "0, A1, I 
13,17 A2, Aa 
19 ORCP I 

9 BE I 

4, 6, 14, 16 BUSo, 1/0 
BUS1, 
BUS2, 
BUS3 

2,8, 12,18 RO, R1, 0 
R2, R3 

1 m I 

10 ODD 0 

11 ~ I 

A, DRCP 

X X 

X X 

X X 
X X 

X / X 

L t 
H t 

X L 
X H 

X X 
X X 

H -HIGH 
L -LOW 

• 
PIN DESCRIPTION 

Description 

The four driver register inputs. 

Driver Clock Pulse. Clock pulse for tile driver register. 

Bus Enable. When tile Bus Enable is HIGH, the four drivers are in \he high impedance state. 

The four driver outputs and receiver inputs (data is inverted). 

The four receiver outputs. ~ Data from the bus is inverted while data from tile A inputs Is non-inverted. 

Receiver Latch Enable. When m is LOW, data on the BUS inputs is passed through the receiver latches. When m 
is HIGH, the receiver latches are closed and. will reteln the date independent of !III other Inputs. 

Odd parity output. Generates parity witllthe driver enabled, checks parity with the driver in tile high-impedance stete. 

Ouiput Enable. When the <:lE input Is HIGH, the four three-stete receiver outputs are in the high· impedance state. 

FUNCTION TABLE , 

INTERNAL 
INPUT$ TO DEVICE BUS OUTPUT 

BE iKE: (jE 0, 0, BUS, R, FUNCTION 

H X X X X z X Driver output disable 

X X H X X X Z Receiver output disable 

H L L X L L H Driver output disable and 
H L L X H H L receive data via Bus input 

X H X X NC X X Latch receiVed data 

X X X L X X X Load driver register 
X X X H X X X 

X X X NC X X X No driver clock restrictions 
X X X NC X X X 

L X X L X H X Drive Bus 
L X X H X L X ; 

Z = HIGH Impedance X - Don't care i = 0, 1, 2, 3 
NC = No change t = LOW to HIGH transition 

PARITY OUTPUT FUNCTION TABLE 

BE 
L 

H 

ODD PARITY OUTPUT 

ODD = Ao EllA! Ell A2 Ell A3 

ODD = 00 Ell Q1 Ell Q2 6) Q3 
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I/O 
BUS 

r 

BUS 

r 

A 

Am2917A 

R 

APPLICATIONS 

S BuS 

1 
A 

Am2917A 
ADDRESS REGISTER 

BUS 

T I AmnIB ~ STATUS REGISTER 

A 
Am29I7A MAIN 

OATA BUS 
REGISTEA MEMORY 

R 

FLAGS Y 

I Am2909 

~ 
MICROPROGRAM 1 Am2901 

SeQUENCER BIPOLAR 
MICROPROCESSOR 

! 0 

AOM/PAOM 
MICROCOOE 

I 

-i Am2918 
MICROWORD 

REGISTER 

R BUS I 
AF001380 

The Am2917 A can be used as an 110 Bus Transceiver and 
Main Memory 1/0 Transceiver in high-speed Microprocessor Systems. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature Under Bias ......... -55·C to + 125·C Temperatu~e ............. , ....................... O·C to +70·C 
Supply Voltage to Ground Potential Supply Voltage ............................ +4.75V to +5.25V 

Continuous .. < ...... : ............................. -0.5V to +7.0V 
Millta~ (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55·C to + 125·C 

< High Output State ...................... -0.5V to +VCC max. 
DC Input Voltage ........................... " .... -0.5V to +7.0V 

Supply Voltage ...................... " ....... + 4.5V to + 5.5V 

DC Output Current, Into Bus .............................. 1 OOmA 
Operating ranges define those limits over which the function-

DC Output Current, Into Outputs 
ality of the device is guaranteed. 

«Except Bus) .. " ............................................. 30niA 
DC Input CUrrent ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA riNGS may cause permanent device failure. Functionality 
at or above these limits Is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otilSrwise specified 

Paramete,. Description Test ConditIOns (Note 2) Min Typ Max Units (Note 1) 

Vcc- MIN I MIL: 10H - -1.0rllA 2.4 3.4 

VOH 
Receiver V,N - VIL or VIH I CoM'L: 10H - -2.8mA 2.4 3.4 Volts Output HIGH Vollege 

Vcc - 5.0'11, 10H· -100jJA 3.5 

Parity Vcc - MIN, IOH - -680jJA 
MIL 2.5 3.4 

VOH Output HIGH Voltage V,N - V,H or V,L COM'L 2.7 3.4 Volts 

IOL-4.0mA 0.27 0.4 

VOL 
Output LOW Voltage Vcc'- MIN IOL-8.omA 0.32 0.46 VoHa (Except Bus) V,N - VIL or V,H 

IOL-12mA 0.37 0.5 

V,H Input HIGH Level Guaranteed input logical HIGH for all Inputs 2.0 Volts (Except Bus) 

Input LOW Level Guaranteed input logical LOW I MIL , 0.7 
VIL 

(Except Bus) for all inpulS I COM'L 0.8 
Volts 

V, Input Clamp Vollege 
Vcc - MIN. liN - -18mA -1.2 Volts (Except Bus) 

Input LOW Current 
Vcc - MAX, V,N - 0.4'11 

BE. 1m! -0.72 
mA I,L 

(Except Bus) All other inputs -0.36 

I'H 
Input HIGH Current 

Vcc - MAX. V,N - 2.7V 20 jJA (Except Bus) 

I, Input HIGH Current VCC· MAX, VIN - 7.0'11 100 jJA (Except Bus) 

Output Short Circuit Current I RECEIVER -30 -130 
ISC (Except Bus) VCC=MAX 1 PARITY -20 -100 mA 

ICC Power Supply Current VCC=MAX 63 95 mA 

Off-State Output Current 1'110- 2.4'11 50 
10 (Receiver Outputs) VCC-MAX 

1'110- 0.4'1/ -50 
jJA 

5-150< 
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BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions (Note 2) Min Typ 

IOL = 24mA 
VOL Bus Output LOW Voltage Vee = MIN IOL -48mA 

COM'L, IOH - -20mA 
VOH Bus Output HIGH Voltage Vee-MIN MIL,IOH=-15mA 2.4 

Vo = O.4V 

10 
Bus Leakage Current Vee = MAX Vo - 2.4V 
(High Impedance) Bus enable - 2.4V 

Vo = 4.5V 

IOFF 
Bus Leakage Current VO=4.5V 
(Power OFF) Vee = OV 

VIH Receiver Input HIGH Threshold Bus enable - 2.4V 2.0 

COM'L 
VIL Receiver Input LOW Threshold Bus enable = 2.4V I MIL 

Ise 
Bus Output Short Circuit Vee = MAX -50 -120 Current Vo=OV 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

DRIVEN INPUT I 

17kO 

J 
I 
I 
I 
I 

,NPUT o-....... ---Irn-A ...... -1 .... D·t-r ...-- - - - I 
.1"'1 rA ....... I 

.......~~ I 

T I 

8US 

50n Skll 

11"1 

I 

I 
I 
I 
I 

J~ I 
~~ I 
~~ I 

I 

Note: Actual current flow direction shown. 

DRIVING OUTPUT 

Max Units 

0.4 

0.5 Volts 

Volts 

-200 

50 iJA 
100 

100 iJA 

Volts 

0.8 

0.7 Volts 

-225 mA 

eon 

ICO00460 

05403A 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am2917A Am2917A 

Typ Typ 
Parameters Description Test Conditions Min. (Note 1) Max. Min. (Note 1) Max. Units 

tpHL 2t 32 21 36 

tpLH 
Driver Clock (DRCP) to Bus 

32 
ns 

CL (BUS) = 50 pF 21 21 36 

tZH. IZL 
Bus Enable (BE) to Bus 

RL (BUS) = 130 n 13 23 13 26 

tHZ. tLZ 
ns 

13 18 13 21 

ts 12 15 

th 
A Data Inputs 

6.0 
ns 

8.0 

tpw Clock Pulse Width (HIGH) 17 20 ns 

tpLH Bus to Receiver Output 18 30 18 33 
(Latch Enabled) 18 

ns 
tpHL 27 18 30 

tpLH 21 30 21 33 

tpHL 
Latch Enable to Receiver Output ns 

21 27 21 30 

ts 
Bus to Latch Enable (RLE) 

13 15 

th 4.0 
ns 

CL=15pF 6.0 

tpLH A Data to Odd Parity Out RL = 2.0kn 32 42 32 46 
(Driver Enabled) ns 

- tpHL 26 36 26 40 

tpLH Bus to Odd Party Out 21 32 21 36 

tpHL (Driver Inhibit) 32 
ns 

21 21 36 

tpLH Latch Enable (RLE) to Odd 21 32 21 36 

tpHL Parity Output 21 32 36 
ns 

21 

tZH. tZL 14 23 14 26 

ltiz. tLl 
Output Control to Output 

CL = 5 pF. RL = 2.0 kn 23 26 
ns 

14 14 

Notes: 1. Typical limits are at Vee = 5.0 V. 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX. use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT A 
OR 

INPUT B 

DRIVER 
CLOCK 

A INPUT 

BUS 
OUTPUT 

RECEIVER 
OI,lTPUT 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

Am2917A OR 1----4---+--.... -tc~--4-i)lHDt__t.:>t__...,.-C 
R ~ ~ ~ ~ 

BUS 

SWITCHING WAVEFORMS 

TCOO1170 

·CL = 15pF for tpLH. tpHL. tZL. tZH 
CL = 5pF for tHZ. tLZ 

WF002580 

Note: Bus to Receiver output delay is measured by clocking data into the driver register and measuring the 
BUS to R combinatorial delay. 
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Am2918 
Quad 0 Register with Standard and Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Advanced Schottky technology • Four three-state outputs 
• Four O-type flip-flops • 75 MHz clock frequency 
• Four standard totem-pole outputs 

GENERAL DESCRIPTION 

New Schottky circuits such as the Am2918 register provide 
the design engineer with· additional flexibility in system 
configuration - especially with regard to bus structure, 
organization and speed. The Am2918 is a quadruple Ootype 
register with tour standard totem-pole outputs and four 
three-state bus-type outputs. The 16-pin device also fea
tures a buffered common clock (CP) and a buffered 
commOn output control (~) for the Y outputs. Information 
meeting the set-up and hold requirements on the 0 inputs Is 
transferred to the a outputs on the LOW-to-HIGH transition 
of the clock. 

The same data as on the a outputs is enabled at the three
state Y outputs when the "output control" (ot) input is 

LOW. When the or: input is HIGH, the Y outputs are in the 
high-impedance state. 

The Am2918 register can be used in bipolar microproces
sor designs as an address register, status register, instruc
tion register or for various data or microword register 
applications. 8ecause of the unique design of the three
state output, the device features very short propagation 
delay from the clock to the a or Y outputs. Thus, system 
performance and architectural design can be improved by 
using the Am2918 register. Other applications of Am2918 
register can be found in microprogrammed display systems, 
communication systems and most general or special pur
pose digital Signal processing equipment. 

BLOCK DIAGRAM 

-
"0----1 D 0 Do 

°1 STANDARD 

r--CCP lll-- a" OUTPUTS 
.,..--

- oa 

0,---+--1 0 01--

-CoP II .... - ,J 
Vo 

-
0 0 °2---+--1 .... v, 

-C~~ lJ THREE-8TATE 
OUTPUTS 

.... V2 -
.J D 0 

c. II ... Va ----- 1 
CLOCK CP -Dc~ ..... ....q 

:w.;~~L ~ -O~I>------___ """....J 
80002150 

RELATED PRODUCTS 

Part No. Description 

Am29LS18 Low Power Version 

Am2919 auad Register 

036248 
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CONNECTION DIAGRAM 
Top View 

0-16-1 L-20-1 

II " " , ~ Do Vee 
Qo Da .. '. 
Vo QI .. 
0, Va 

Go '. Q, D. 

" .. 
V, Gt .. .. 

ill v. 

GNO CP 
III I & ,!' II 

00004250 00004240 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

12 16 

CP 

2 6 11 14 3 6 10 13 

LSOO0900 

DO 1 

0 0 • 
'0 , 
D, • 
a, • 
" • 

iii 7 ___ -' 

• GND 

15 D, 

,. a. 

13 " 
12 D. 

11 a, 
10 " 

'-----I CP 

DIE SIZE 0.070' x 0.072' 

ORDERING INFORMATION 
AMD products are available In several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (If applicable), package type, operating range and screening option (if desired). 

Am2918 

Device type 

D C B l L L ~r:~~i~gs~~:~ processing 
B - Burn-in 

. 
Temperature (See Operating Range) 
C - Commercial (O'C to + 70'C) 
M - Military (-55'C to + 125'C) 

Package 
D-16-pin CERDIP 
F - 16-pln flatpak 
L - 20-pin leadless chip carrier 
P-16-pin plastic DIP 
X-Dice 

Quad 0 Register 

5-155 

Valid Combinations 

PC 
DC, DCB, OM, 
OMB 

Am2918 FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Valid COmblnstions 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036248 
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Pin No. Name 1/0 
OJ I 

OJ 0 

VI 0 

9 CP 

7 <:lE 

PIN DESCRIPTION 
. 

Description 
The four data inputs to the register. 

The four data oillpuiS Of the register with standard totem-pole active pull·up outputs. Data is paseed non-inverted. 

The four three-state data outputs Of the regiSter. When· the three-state outputs are enabled, data is paseed non-
Inverted. A HIGH on the "output control" Input foroes the VI outputa to thelligh-impedanoe state. 

CP Clock. The buffered common clock for t~e register. Enters data on the LOW-ta-HIGH transition. 

rn;: Output Control. When the rn;: input is HIGH, the Vj outputa are in the high-impedanoe state. When the rn;: input is 
LOW, the TRUE reglst~r data is present at the Vj outputs. 

TRUTH TABLE 

INPUTS OUTPUTS 

CLOCK 
OE cP D Q y NOTES 

H L X NC Z -
H H X NC Z -
H t L L Z -
H t H H Z -
L t L L L -
L t H H H -
L - - L L 1 
L - - H H 1 

L=LOW NC = No change 
H -HIGH t = LOW to HIGH transition 
X - Don't care Z - !'Ugh impedance 

Note: 1. When DE is LOW, the Y output will be in 
the same logic state as the Q output. 

. 
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Am2901A 
BIPOLAR 

MICROPROCESSOR 

FLAGS OVERFLOW { 
CARRV 

ZERO 
NEGATIVE 

CONTINUOUS 
FLAG DATA 

FLAG DATA 
FOR BUS USE 

The Am2918 as a 4-Bit status register 

CLOCK 

OUTPUT 
CONTROL 

-
-
-
-

00 Do 
a, 
a, 
a. 

Vo 

I I 
I I 

0, 

"" 
03 

Am2918 

v, V2 V3 

l I 

APPLICATIONS 

1 

DATA 
OUT 

I 
1 

aJ 
aE~ 

I 
I I 
·0 ., 

Am2901A 
BIPOLAR 

MICROPROCESSOR 

Am26StO 
BUS 

TRANSCEIVER 

DATA 
BUS 

ADDRESS 
BUS 

AFOO1660 

The Am2918 used as data-in, data-out and address 
registers. 

BUS A 

I 
I 
1 

I 

L I 
V3 

CP 

r- OE 
0 3 

I 
I 

1 
I 
I 

·2 .us. 

I 
I 

V2 V, Vo 

Am2918 

02 0, DO 

I 

I 

Oor--
a'r--
a, f--
o,r--

CLOCK 

OUTPUT 
CONTROL 

AFOO1580 

The Am2918 can be connected for bi-directional interface between two buses. The device on the left stores 
data from the A-bus and drives the A-bus. The device on the right stores data from the B-bus and drives 
the A-bus. The output control is used to place either or both drivers in the high-impedance state. The 
contents of each register are available for continuous usage at the Nand M ports of the device. 

.. x, 
SERIAL 

DATA ------, 
'N 

Am281B 

CLOCK - ..... -/----+__1--+-+------' 
CONT:~---4-----+--I--+-+------~ 

Am2918 

DE 

SERIAL 
DATA 
OUT 

AF001650 

8-Bit serial to parallel converter with three-state output (W) and direct access to the register word (X). 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. , .......... - 65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Uncler Bias ....... -55°Cto +125°C Temperature ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

(Pin 16 to Pin 8) Continuous ............... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

High Output State ....................... -O.5V to + VCC max 
Supply Voltage ..................•............ + 4.5V to + 5.5V 

DC Input Voltage ................................. -O.5V to + 5.5V Operating ranges define those limits over which the function-
DC Output Current, Into Outputs .......................... 30mA ality of the device is guaranteed. 
DC Input Current ............................. -30mA to + 5.0mA 

Stresses above those listed tinder ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

I MIL 2.5 3.4 
Q 10H~-lmA I COM'l 2.7 3.4 

VOH Output HIGH Voltage Vee~MIN, Volts 
VIN ~ VIH or VIL I XM, 10H ~ -2mA 2.4 3.4 

Y I XC, 10H ~ -6.5mA 2.4 3.4 

VOL Output lOW Voltage (Note 6) Vee ~ MIN, 10L ~ 20mA 0.5 Volts 
VIN ~ VIH or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH voltage for all 2.0 Volts inputs 

VIL Input lOW Level Guaranteed input logical LOW voltage for all 0.8 Volts inputs 

VI Input Clamp Voltage Vee-MIN, IIN~-18mA -1.2 Volts 

IlL Input lOW Current Vee ~ MAX, VIN ~ 0.5V -2.0 mA (Note 3) 

IIH Input HIGH Current Vee ~ MAX, VIN ~ 2.7V 50 I'A (Note 3) 

II Input HIGH Current Vee ~ MAX, VIN ~ 5.5V 1.0 mA 

Y Output Off-State I Vo - 2.4V 50 
10 Leakage Current Vee~MAX I VO~O.4V -50 

jjA 

Ise 
Output Short Circuit Current 

Vee~ MAX -40 -100 mA (Note 4) 

lee Power Supply Current Vee ~ MAX (Note 5) 80 130 mA 

Notes: 1. Typical limits are at Vee ~ 5.0V, T A ~ 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Actual input currents ~ Unit Load Current x Input Load Factor· (see Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. lee is measured with all inputs at 4.5V and all outputs open. 
6. Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open. 

03624B 
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SCHOTTKY INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

V Y DRIVING OUTPUT I Q DRIVING OUTPuT DRIVEN INPUT 
~--------~~~~--+-----~~~~~~--~--~~~~----

son NOM I 600 NOM 

----j::,.'-_-r-vl t ! ---~ ~tOH IILI 

I I ,~ ~~ 

Gt ~ rj u frOL 

- ....... -.... I 

Note: Actual current flow direction shown. 

UNIT LOAD 
2.81<.0 NOM 

ICOO0410 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V, Rl = 280n) 

Parameters Description 
tpLH 

Clock to Q Output 
tPHL 

I HIGH 
Ipw Clock Pulse Width 

I LOW 

Is Data 

th Data 

tpLH Clock to Y Output 
(~ LOW) tpHL 

tZH 

tZL 
Output Control to Output 

tHZ 

tLl 

fmax Maximum Clock Frequency 

5-159 

Test Conditions Min Typ Max Units 
6.0 9.0 

8.5 13 
ns 

7.0 

e:o ns 

CL=15pF 5.0 ns 

3.0 ns 

6.0 9.0 

8.5 13 
ns 

12.5 19 
CL=15pF 

12 18 
ns , 

CL - 5.0pF 
4.0 6.0 

7.0 10.5 

CL=15pF 75 100 MHz 

036246 
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Am29lS18 
Quad D Register with Standard and Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 
. I 

• Low-power Schottky version of the popular Am2918 • Four three-state outputs 
• Four standard totem-pole outputs • Four O-type flip-flops 

GENERAL DESCRIPTION 

The Am29L518 consists of four D-type flip-flops with a standard outputs are used in a recursive algorithm and the 
buffered common clock. Information meeting the set-up three-state outputs provide access to a data bus to dump 
and hold requirements on the 0 inputs is transferred to the the results after a number of iterations. 
Q outputs on the LOW-ta-HIGH transition of the Clock. 

The device can also be used as an address register or 
The same data as on the Q outputs is enabled at the three- status register in computers or computer peripherals. 
state Y outputs when the "output control" (0£) input is 

Ukewise, the Am29L518 is also useful in certain display 
LOW. When the O£ input is HIGH, the Y outputs are in the 

applications where the !ltandard outputs can be decoded to 
high-impedance state. 

(jrive LED's (or equivalent) and the three-state outputs are 
The Arn29LS 18 is a 4-bit, high-speed register intended for bus organized for occasional interrogation of the data as 
use in real-time, signal processing systems' where the displayed. 

BLOCK DiAGFiAM 

.----
DO 0 0 00 

Q1 STANDARD 
-<lCP ll~ ~ OUTPU~ 

'----

- 03 

0, 0 or--

......, CP II ... -
~ 

Yo 

-
O2 0 0 ... Y, 

......,~~ W THREE-5TATE 
OUTPUTS 

.... Y2 -
~ 03 O. 0 

CLOCK CP 
.... 

CP II ... 
Y3 ... - 1 ~~;~L.lJE 

_ ... 
-,.. 

80002160 

RELATED PRODUCTS 

Part No. Description 

Am25518 Quad 0 Register 

Am25L52518 Quad 0 Register 

Am25L52519 Quad Register 

03623A 
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CONNECTION DIAGRAM 
Top View 

0-16·1 

CDOO4270 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

12 15 

CP 

2 5 11 14 3 6 10 13 

LSOOO900 

00 ,----, r-----16 Vee 

Vo 3 

0, 4 

0, 5 

v, , 

OE 7 

DIE SIZE 0.083" X 0.099" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29LS18 

Device type 

DeB l L L S~r:~~i~g s~~~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastiC DIP 
X-Dice 

Quad D Register 

5-161 

Valid Co~blnations 

PC 
DC, DCB, OM, 

Am29LS18 DMB 
FM, FMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03623A 
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Pin No. Name 110 
Di I 

OJ 0 

Vi 0 

9 CP 

7 ~ 

PIN DESCRIPTION 

Description 
The four data inputs to the register. 

The four date outputs of the register with standard totem-pole active pull-up outputs. Date Is passed non-Inverted. 

The four three-state date outputs of the register. When the three-stete outputs are enabled, date is passed non-
inverted. A HIGH on the "output control" input forces the Vi outputs to the high-Impedance state. 

CP Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 

~ Output Control. When the ~ input Is HIGH, the Vi outputs are in the high-Impedance state. When the ~ Input is 
LOW, the TRUE register date is present at the Vi outputs. 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLOCK 
~ CP P Q y NOTES 

H L X NC Z -
H H X NC Z -
H t L L Z -
H t H H Z -
L t L L L -
L . t H H H -
L - - L L 1 
L - - H H 1 

L =LOW NC = No change 
H = HIGH t = LOW to HIGH transition 
X = Don't care Z = High impedance 

Note: 1. When C5E is LOW. the Y output will be in 
the same logic state as the Q output. 

-

5·162 
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CL.OCK 

LENGTH IA 
CONTROL 8 

ENABLE 

APPLICATIONS 

The Am29LS18 used as a display register with bus interrogate capability. 

~ ~ ~ ~ 
0, 0, 0, 0, 0, 0, 0, 0, 

"> a, 0, 
~ 

0, 0, 
~ 

0, 0, 
~ 

0, 

0, ~ 
0, 0, § 0, 03 

~ °3 0, § 0, 

Vor---- ~ Vo - Vor---- ~ Vof-----
~ v, r--- . ~ V,~ ~ V,I--- < V,r--

V,,-- V,~ V,r-- V,r--

AF001410 

Xo 
x, x, x, 

OE vJ --r T T -~~ • V, 
-8 ~V2 
--c G ~ V, . --

} DATA 
.us 

AF001400 

The Am29LS18 as a variable length (1, 2, 3 or 4 word) shift register. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias •....•• -55°C to +125°C Temperature ...•... ; ••........•..•...........•... DoC to + 70°C 

, Supply Voltage to Ground Potential Supply Voltage ••.•.. ; •.......•............ + 4.75V to + 5.25V 
Continuous ..••......•.......•..........•....•.•. -O.5V to +7.0V 

Military (M) Devices 
DC Voltage Applied to .outputs For 

Temperature ....•...••........••••.. , ....... -55°C to + 125°C 
High .output State ....••....•.....••....• -O.5V to + Vee max 

DC Input Voltage •••••....••.••.••••........••.... -O.5V to +7.0V 
Supply Voltage ......................... : ...... + 4.5V to + 5.5V 

DC Output Current, Into 'Outputs ..••.....•••...•••....•... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ........••...........•...••.. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABS.oLUTE MAXIMUM 
RA T1NGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods maY affect device 
reliability. 

DC CHARACTERISTICS over operatIng range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min Typ Max Units 
(Note 1) 

I MIL 2.5 3.4 
Q, IOH = -6601lA I COM'L 2.7 3.4 

VOH Output HIGH Voltage Vee-MIN I MIL, IOH=-1.0mA Volts 
VIN - VIH or VIL 2.4 3.4 

Y I COM'L, IOH = 2.6mA 2.4 3.4 

IloL=4.0mA 0.4 

VOL Output LOW Voltege Vee-MIN IIOL -8.0mA 0.45 Volts 
VIN = VIH or VIL 

IIOL=12mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts . voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs I COM'L 0.8 Volts 

VI Input Clamp Voitege Vee = MIN, liN = -18mA -1.5 Volts 

IlL Input LOW Current Vee = MAX. VIN = 0.4V -0.36 mA 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 20 IlA 
II Input HIGH Current Vee = MAX, VIN = 7.0V 0.1 mA 

Off·Stete (High·lmpedance) I VO=0.4V -20 
10 Output Current Vee = MAX I VO· 2.4V • 20 IlA 

Ise 
Output Short Circutt Current 

Vee = MAX -15 -85 mA (Note 3) 

lee 
Power Supply Current Vee-MAX' 17 28 mA (Note 4) 

Notes: 1. Typical limits are at Vee" 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges fqr the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
lee is measured with all inputs at 4.5V and all outputs open. 
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LOW-POWER SCHOTTKY INPUT IOUTPUT 
CURRENT INTERFACE CONDITIONS 

Y DRIVLNG OuTPUT I a DRLVING OUTPUT DRIVEN INPUT 
Vee 

: I 
5OnNOM 50n NOM 

vtl u .KL J 
I I I'A 
I J:r J ..... 

U 
....... 

Ii G! 
,," ::s ~ 

';; ~ ::S~ 

-= I -= -= 
ICOO0420 

Note: Actual current flow direction shown. 

SWITCHING CHARACTERISTICS (T A = + 25'C. Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tPLH 18 27 
Clock to 0; ns 

tPHL 18 27 

tPLH 
Clock to Y; (~ LOW) 

18 27 
ns 

tpHL 18 27 

I LOW CL-15pF 18 
tpw Clock Pulse Width ns 

J HIGH RL=2.0kn 15 

Is Data 15 ns 

th Data 5.0 ns 

tZH 
~toYi 

7.0 11 
ns 

IZL 8 12 

1HZ rn: to Yi CL = 5.0pF 14 21 
RL -2.0kn ns 

tLZ 12 18 

.fmax Maximum Clock Frequency (Note 1) 35 50 MHz 

Note 1. Per industry convention. fmax is the worst case value of the maximum device operating frequency with no constraints on Ir. tf. pulse 
width or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Am29LS18 Am29LS18 

Parameters Description Test Conditions Min Max Min Max Units 

IpLH 38 45 
Clock to 0; ns 

tpHL 38 45 

tpLH 
Clock to Yi (~ LOW) 

35 40 
ns 

tPHL 35 40 

I LOW CL-50pF 20 20 
Ipw Clock Pulse Width ns 

I HIGH RL = 2.0 kn 20 20 

t. Data 15 15 ns 

It! Data 5.0 5.0 ns 

IZH or to Yi 
15 17 

ns 
tZL 16 17 

tHZ ClE to Yi CL-50pF 27 30 
RL = 2.0 kn ns 

tLl 24 30 

fm .. Maximum Clock Frequency (Note 1) 30 25 MHz 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 
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Am2910A 
Microprogram Controller 

DISTIN.CTIVE CHARACTERISTICS 

• Twelve Bits Wide 
Addresses up to 4096 words of microcode with one 
chip .. All internal elements are 'a full 12 bits wide. 

• Internal Loop Counter ' 
Pre-settable 12-bit down-counter for repeating instruc
tions and counting loop iterations. . 

• Four Address Sources 
Microprogram Address may be selected from micropro
gram counter, branch address bus, 9-level push/pop 
staCk, or internal holding register. 

• Sixteen Powerful Microinstructions 
Executes 16 sequence control instructions, most of 
which are conditional on extemal condition input, state 
of intemal loop counter, or both. 

• Output Enable Controls for Three Branch Ad
dress Source. 
Built-in decoder function to enable external devices onto 
branch address bus. Eliminates external decoder. 

• Fast 
The Am2910A supports lOOns cycle times and is 25-
30% faster than the Am2910. 

GENERAL DESCRIPTION 

The Am2910A Microprogram controller is an address 
sequencer intended for controlling the sequence of execu
tion of microinstructions stored in microprogram memory. 
Besides the capability of sequential access, it provides 
conditional branching to any microinstruction within its 
4096-microword range. A last-in, first-out stack provides 
microsubroutine return linkage and looping capability; there 
are nine levels of nesting of microsubroutines. Microinstruc
tion loop count control is provided with a count capacity of 
4096. 

During each microinstruction, the mi~roprogram controller 
provides a 12-bit address from one of four sources: 1) the 

microprogram address register (pPC), which usually con
tains an address one greater than the previous address; 2) 
an external (direct) input (D); 3) a register/counter. (R) 
retaining data loaded during a previous microinstruction; or 
4) a nine-deep last-in, first-out stack (F). 

The Am2910A is a speed improved plug-in replacement of 
the Am2910 featuring AMO's ion-Implanted micro-oxide 
(IMeX) processing and offering 25 - 30% speed improve
ment. The Am2910A also features a nine-word deep stack 
versus the five-deep stack of the Am2910. 

BLOCK DIAGRAM 

BDR02320 

IMOX Is • trademark of Advanced Micro. Devices, Inc. 04522B 
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CONNECTION DIAGRAM 
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Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

Die Size 0.170" x 0.194" 

ORDERING INFO~MATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), packalje type, operating range and screening option (if desired). 

Am2910A o C B l L L S~~:~~i~g S~~~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O'C to + 70'C) 
M -Military (-55'C to +125'C) 

Package 
D-40-pin CERDIP (0-40-1) 
F - 42-pin flatpak (F-42-1) 
L- 44-pin leadless chip carrier (L-44-1) 
P - 40-pin plastiC DIP (P-40-1) 
X-Dice 

Device type 
Microprogram Controller 

Chip-Pak Is a trademark of Advanced Micro Devices. Inc. 
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Valid Combinations 

PC 
DC,DCB,DMB 

Am2910A FMB 
LC,LMB 
XC,XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No.' Name ilo Description 

OJ I Direct input to register/counter and multiplexer. Do is LSB. 

Ii I SelectS one-of-sixteen instructions for the Am2910A. 

14 ~ I U~ as test criterion. Pass test is a· LOW on a::. 
13 ~ I Whenever the signal is HIGH, ~ is ignored and the part oparates as though ~ were true (LOW). 

32 CI I Low order carry input to incrementer for microprogram coUnter. 

15 m:D I When LOW forces loading of register/ Counter regardless of instruction or condition. 

29 ~ I Three-state control of YI outputs. 

31 CP I Triggers all Internal state changes at ·LOW-ta-HIGH edge. 

YI 0 Addrass to microprogram memory. YO is LSB, Yll is MSB. 

16 f!U[[ 0 Indicates that nine items are on the stack. 

6 \5[ 0 Can select # 1 source (usually Pipeline Register) as direct input source. 

7 Jm5 0 Can select # 2 source (usuaily Mapping PROM or PLA) as direct input source: 

5 m:T 0 Can select #3 source (for example, Interrupt Starting Address) as direct input source. 

'DIP only. 

PRODUCT· OVERVIEW 
The Am2910A is a bipolar microprogram controller intended 
for use in high-speed microprocessor applications; It allows 
addressing of up to 4K words of microprogram. 

The controller contains a four-inpu1 multiplexer that is used to 
select either the register/counter, direct input, microprogram 
counter, or stack as the source of the next microinstruction 
address. 

The register/counter consists of 12 Ootype, edge-triggered 
flip-flops, with a common clock enable. When its load control, 
RIl5,.is LOW, new data is loaded on a positive clock transition. 
A few instructions Include load; in most systems, these 
instructions will be sufficient, simplifying the microcode. The 
output of the register/counter is available to the. multiplexer as 
a source for the next microinstructiOn address. The direct input 
furnishes a source of data for loading the register/counter. 

The Am2910A contains a microprogram counter (pPC) that is 
composed of a 12-bit incrementer followed by a 12-bit register. 
The !LPC can be used in either of two ways: When the carry-in 
to the incrementer is HIGH, the microprogram register is 
loaded on the next clock cycle with the current Y output word 
plus one (Y + 1 ~ !LF'C). Sequentialmicroinlltructionll are thus 
executed. When the carry-in is LOW, the incrementer passes 
the Y output word unmodified so that !LPC is reloaded with the 
same Y word on the next clock cycle (y ~ !LPC). The same 
microinstruction is thus executed any number of times. 

The third source for the multiplexer is the direct (D) input. This 
source is used for branching. 

The fourth source available at the multiplexer input is a 9-word 
by 12-bit stack (file). The stack is used to provide return 
address linkage when executing microsubroutines or loops. 
The stack contains a built-in stack pointer (SP) which always 
points to the last file word written. This allows stack reference 
operations (looping) to be performed without a pop. 

The stack pointer operates as an up/down counter. During 
microinstructions 1,4, and 5, the PUSH operation may occur. 
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This causes the stack pointer to increment and the file to be 
written with the required return linkage. On the cycle following 
the PUSH, the return data is at the new location pOinted to by 
the stack pointer. 

During five microinstructions, a POP operation may occur. The 
stack pointer decrements at the next rising clock edge 
following a POP, effectively removing old information from the 
top of ,the stack. 

The stack pointer linkage is such that any sequence of 
pushes, pops, or stack references can be achieved. At RESET 
(Instruction 0), the depth of nesting becomes zero. For each 
PUSH, the nesting depth increases by one; for each POP, the 
depih decreases by one. The depth can grow to nine. After a 
depth of nine is reached, FOiI goes LOW. Any further 
PUSHes onto a full stack overwrite information at the top of 
the stack, but· leave the stack pointer unchanged. This 
operation will usually destroy useful. information and is normal-
Iy avoided. A POP from an empty stack may place non-
meaningful data on the Y outputs, but is otherwise safe. The 
stack pointer remains at zero whenever a POP is attempted 
from a stack already empty. 

The register/counter is operated during three microinstruc-
tions (S,9,15) as a 12-bit down counter, with result - zero 
available as a microinstruction branch test criterion. This 
provides efficient iteration of microinstructions. The register/ 
counter is arranged such that if it is preloaded with a number N 
and then used as a loop termination counter, the sequence will 
be executed exactly N + 1 tim6ll: During instruction 15, a 
three-way branch under combined control of the loop counter 
and the condition code is available. 

The device provides three-state Y outputs. These can be 
particularly useful in designs requiring automatic checkout of 
the processOr. The microprogram controller outputs can be 
forced into the high-impedance state, and pre-programmed 
sequences of microinstructions can be executed via extern81 
access to the address lines. 
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BLOCK DJAGRAM 

OPERATION 

The Table of Instructions shows the result of each instruction 
in controlling the multiplexer which determines the Y outputs, 
and in controlling the three enable signals PL, MAP, and 
VEC::'f. The effect on the register/counter and the stack after 
the next positive-going clock edge is also shown. The multi
plexer determines which internal source drives the Y outputs. 
The value loaded into IlPC is either identical to the Y output, or 
else one greater, as determined by CI. For each instruction, 
one and only one of the three outputs PL, MAP, and VECT is 
LOW. If these outputs control three-state enables for the 
primary source of microprogram jumps (usually part of a 
pipeline register), a PROM which maps the instruction to a 
microinstruction starting location, and an optional third source 
(often a vector from a DMA or interrupt source), respectively, 
the three-state sources can drive the D inputs without further 
logic. 

Several inputs (see Functional Pin Description), can modify 
instruction execution. The combination ~ HIGH and ~ 

5-169 

BDR02320 

LOW is used as a test in 9 of the 16 instructions. FlI"P, when 
LOW, causes the D input to be loaded into the registerl 
counter, overriding any HOLD or DEC operation specified in 
the instruction. rn:, normally LOW, may be forced HIGH to 
remove the Am2910A Y outputs from a three-state bus. 

The stack, a nine-word last-in, first-out 12-bit memory, has a 
pointer which addresses the value presently on the top of the 
stack. Explicit control of the stack pointer occurs during 
instruction 0 (RESEn, which makes the stack empty by 
resetting the SP to zero. After a RESET, and whenever else 
the stack is empty, the contents of the top of stack are 
undefined until a PUSH occurs. Any POPs performed while the 
stack is empty put undefined data on the F outputs and leave 
the stack pointer at zero. 

Any time the stack is full (nine more PUSHes than POPs have 
occurred since the stack was last empty), the FOII warning 
output occurs. This signal first appears on the microcycle after 
a ninth PUSH. No additional PUSH should be attempted onto 
a full stack; if tried, information within the stack will be 
overwritten and lost. 
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TABLE OF INSTRUCTIONS 

REGI FAIL PASS 
CNTR C'ClIR = L and ~ = H ~=Hor~=L 
CON· REGI 

Ia-Io MNEMONIC NAME TENTS Y 

0 JZ JUMP ZERO X 0 
1 CJS COND JSB PL X PC 

2 JMAP JUMP MAP X D 
3 CJP COND JU~P PL X PC 

4 PUSH PUSH/COND LD CNTR X PC 

5 JSRP COND JSB R/PL X R 
6 CJV COND JUMP VECTOR X PC 

7 JRP COND JUMP R/PL . X R 

REPEAT LOOP, *0 F 
8 RFCT CNTR*O -0 PC 

*0 0 
9 RPCT REPEAT PL, CNTR * 0 -0 PC 

10 CRTN CONO RTN X PC 

11 CJPP COND JUMP PL & .POP X PC 
12 LocT LD CNTR & CONTINUE X PC 

13 LOOP TEST END LOOP X F 
14 CONT CONTINUE X PC 

*0 f. 
15 TWB THREE-WAY BRANCH -0 0 

Note 1: If eem - L and ~ - H, hold; else load. 

THE Arn2910A INSTRUCTION SET 

The Am2910A provides 16 instructions which select the 
address of the next microinstruction to be executed. Four of 
the instructions are unconditio.nal - their effect depends only 
on the instruction. Ten of the instructions have an effect which 
is partially controlled by external. data-dependent condition. 
Three of the instructions have an effect which is partially 
controlled by the contents of the internal register/counter. In 
this discussion it is assumed the Ci is tied HIGH. 

In the ten conditional instruCtions, the result of the data-
dependent test is applied to reo If the re input is LOW, the 
test is considered to have been passed, and the action 
specified in the name occurs; otherwise, the test has failed 
and an alternate (otten simply the execution of the next 
sequential microinstruction) Occurs. Testing of ~ may be 
disabled for a specific microinstruction by setting CCEN HIGH, 
which unconditionally forces the action specified in the name; 
that is, it forces a pass. Other ways of using ~ include (1) 
tying it HIGH, which is useful if no microinstruction is data-
dlilpendent; (2) tying it LOW if data-dependent instructions are 
never forced unconditionally; or (3) tying to the source of 
Am2910A instruction bit 10, which leaves instructiOns 4,6 and 
10 as data-dependent but makes others unconditional. All of 
these tricks save one bit of microcOde width. 

The effect of three instructions depends on the contents of the 
register/counter. Unless the counter holds a value of zero, it is 
decremented; if it does hol~ zero, it is held and a different 
microprogram next address is selected. These instructions are 
useful for executing a microinstruction loop a known number 
of times. Instruction 15 is affected both by the external 
condition code and the internal register/counter. 

Perhaps the best technique for understanding the Am291 OA is 
to simply take each instruction and review its operation. In 
order to provide some feel for the actual execution of these 
instructions, examples of all 16 instructions are included. 

STACK y . STACK CNTR ENABLE 
CLEAR 0 CLEAR HOLD PL 
HOLD' D PUSH HOLD PL 
HOLD 0 HOLD HOLD MAP 
HOLD D HOLD HOLD PL 
PUSH PC PUSH Note 1 PL 
PUSH 0 PUSH HOLD PL 
HOLD 0 HOLD HOLD VECT 
HOLD D HOLD HOLD PL 
HOLD F HOLD DEC PL 
POP PC POP HOLD PL 

HOLD 0 HOLD DEC PL 
HOLD PC HOLD HOLD PL 
HOLD F POP HOLD PL 
HOLD 0 POP HOLD PL 
HOLD PC HOLD LOAD PL 
HOLD PC POP HOLD PL 
HOLD PC HOLD HOLD PL 
HOLD PC POP DEC PL 
POP PC POP HOLD PL 

H-HIGH L-LOW X = Don't Care 

The examples given should be interpreted in the following 
mannlilr: The Intent is to show microprogram flow as various 
microprogram memory words are executed. For example, the 
CONTINUE instruction, instruction number 14, simply means 
that the contents of microprogram memory word 50 are 
executed, then the contents of word 51 are executed. This is 
followed by the contents of microprogram memory word 52 
and the contents of microprogram memory word 53. The 
microprogram addresses used in the examples were arbitrarily 
chosen and have no meaning other than to show instruction 
flow. The exception to this is the first example, JUMP ZERO, 
which fOrces the microprogram location counter to address 
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ZERO. Each dot refers to the time that the contents of the 
microprogram memory word is in the' pipeline register. While 
no special symbology is used for the conditional instructions, 
the text to follow will explain what the conditional choices are 
in each example. 

It might be appropriate at this time to mention that AMD has a 
microprogram assembler called AMDASM, which has the 
capability of using the Am2910A instructions in symbolic 
representation. AMDASM's Am2910A instruction symbolics 
(or mnemonics) are given in the examples, and again in the 
Tl!ble of Instructions. 

o JUMP ZERO (JZ) 

0 

~ 1 

2 

PFR00830 

InstructiOn 0, JZ (JUMP to ZERO, or RESET) unconditionally 
specifies that the address of the next micrOinstruction is zero. 
Many designs use this feature for power-up sequences and 
provide the power-up firmware beginning at microprogram 
memory word I.ocation O. 
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1 COND JSB PL (CJS) 

50 

51 

52 t"=----. 
53 

54 

55 

PFR00950 

Instruction 1 is a CONDITIONAL JUMP-TO-SUBROUTINE via 
the address provided in the pipeline register. As shown in 
Figure 4, the machine might have executed words at address 
50, 51, and 52. When the contents of address 52 is in the 
pipeline register, the next address control function is the 
CONDITIONAL JUMP-TO-SUBROUTINE. Here, if the test is 
passed, the next instruction executed will be the contents of 
microprogram memory location 90. If the test has failed, the 
JUMP-TO-SUBROUTINE will not be executed; the contents of 
microprogram memory location 53 will be executed instead. 
Thus, the CONDITIONAL JUMP-TO-SUBROUTINE instruction 
at location 52 will cause the instruction either in location 90 or 
in location 53 to be executed next. If the TEST input is such 
that location 90 is selected, value 53 will be pushed onto the 
internal stack. This provides the return linkage for the machine 
when the subroutine beginning at location 90 is completed. In 
this example, the subroutine was completed at location 93 and 
a RETURN-FROM-SUBROUTINE would pe found at location 
93. 

2 JUMP MAP (JMAP) 

50~ 51 

52 

53 90 

91 

PFR00960 

Instruction 2 is the JUMP MAP instruction. This is an uncondi
tional instruction which causes the MAP output to be enabled 
so that the next microinstruction location is determined by the 
address supplied via the mapping PROMs. Normally, the 
JUMP MAP instruction is used at the end of the ins.truction 
fetch sequence for the machine. In the example of Figure 4, 
microinstructions at locations 50, 51, 52 and 53 might have 
been the fetch sequence and at its completion at location 53, 
the jump map function would be contained in the pipeline 
register. This example shows the mapping PROM outputs to 
be 90; therefore, an unconditional jump to microprogram 
memory address 90 is performed. 
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3 COND JUMP PL (CJP) 

50 

51 

52 

53 

54 30 

31 

PFR00820 

Instruction 3, CONDITIONAL JUMP PIPELINE, derives its 
branch address from the pipeline register branch address 
value (BRo - BR 11). This instruction provides a technique for 
branching to various microprogram sequences depending 
upon the test condition inputs. Quite often, state machines are 
designed which simply execute tests on various inputs waiting 
for the condition to come true. When the true condition is 
reached, the machine then branches and executes a set of 
microinstructions to perform some function. This usually has 5 
the effect of resetting the input being tested until some point in 
the future. The ·example shows the conditional jump via the 
pipeline register address at location 52. When the contents of 
microprogram memory word 52 are in the pipeline register, the 
next address will be either location 53 or location 30 in this 
example. If the test is passed, the value currently in the 
pipeline register (30) will be selected. If the test fails, the next 
address selected will be contained in the microprogram 
counter which, in this example, is 53. 

4 PUSH/COND LD CNTR (PUSH) 

50 53 k STACK 

51 

52 . REGISTER! 
53 COUNTER 

N 

PFR00840 

Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER 
instruction and is used primarily for setting up loops in 
microprogram firmware. In this example, when instruction 52 is 
in the pipeline register, a PUSH will be made onto the stack 
and the counter will be loaded based on the condition. When a 
PUSH occurs, the value pushed is always the next sequential 
instruction address. In this case, the address is 53. If the test 
fails, the counter is not loaded; if it is passed, the counter is 
loaded with the value contained in the pipeline register branch 
address field. Thus, a single microinstruction can be used to 
set up a loop to be executed a specific number of times. 
Instruction 8 will describe how to use the pushed value and the 
register/counter for looping. 
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90 
91 

92 

93 
94 

5 COND JSB' R/PL (JSRP) 

50 

PFROO940 

Instruction 5 is a CONDITIONAL JUMP·TO-SUBROUTINE via 
the register/counter of the contents of the PIPELINE register. 
A PUSH is always performed and one of two subroutines 
executed. In this example, either the subroutine beginning at 
address 80 or the subroutine beginning at address 90 will be 
performed. A RETURN·FROM·SUBROUtINE (instruction 
number 10) retums the microprogram flow to address 55. In 
order for this microinstruction control sequence to operate 
correctly, both the next address fields of instruction 53 and the 
next address fields of instruction 54 would have to contain the 

, proper value. Let's assume that the branch address fields of 
instruction 53 contain the value 90 so that it will be in the 
Am2910A register/counter when the contents of address 54 
are in the pipeline register. This requires that the instruction at 
address 53 load the register/counter. Now, during the execu· 
tion of instruction 5 (at address 54), if the test failed, the 
contents of the register (value - 90) will select the address of 
the next microinstruction. If the test input passes, the pipeline 
register contents (value = 80) will determine the address of 
the next micrOinstruction. Therefore, this instruction provides 
the ability to select one of two subroutines to be executed 
based on a test condition. 

6 CONDJUMP VECTOR (CJV) 

50 

51 

52 

53 

54 

20 

21 

PFAOO920 

Instruction 6 is a CONDITIONAL JUMP VECTOR instruction 
which provides the capability to take the branch address from 
a third source heretofore not discussed. In order for this 
instruction to be useful, the Am2910A output iie<::f is used to 
control a three-state control input of a register, buffer, or 
PROM containing the next microprogram address. This in· 
struction provides one technique for performing interrupt type 
branching at the microprogram level. Since this instruction is 
conditional, a pass causes the next address to be taken from 
the vector source, while failure causes the next address to be 
taken from the microprogram counter. In the example, if the 
CONDitiONAL JUMP VECTOR instruction is contained at 
location 52, execution will continue at vector address 20 if the 

~ input is LOW and the microinstruction at address 53 will be 
executed if the ~ input is HIGH. 

7 COND JUMP R/PL (JRP) 

70 

71 

50 

51 

52 

80 

81 

PFA00930 

Instruction 7 is a CONDITIONAL JUMP via the cOntents of the 
Ani2910A REGISTER/COUNTER or the contents of the 
PIPELINE register. This instruction is very similar to instruction 
5; the CONDITIONAL JUMp·TO·SUBROUTINE via R or PL. 

, The major difference between instruction 5 and instruction 7 is 
that no push onto the stack is performed with 7. The example 
depicts this instruction as a branch to one of two locations 
depending on the test condition. The example assumes the 
pipeline register contains the value 70 when the Contents of 
address ,52 is being executed. As the contents of address 53 is 
clocked into the pipeline register, the value 70 is loaded into 
the register/counter in the Am2910A. The value 80 is available 
when the contents of address 53 is in the pipeline register. 
Thus, control is transferred to either address 70 or address 80 
depending on the test condition. 
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8 REPEAT LOOP, CNTR * 0 (RFCT) 

50 

51 

52 

53 

54 

55 

STACK 
(PUSH) 

REGISTER! 
COUNTER 

PFA00910 

Instruction 8 is the REPEAT LOOP, COUNTER * ZERO 
instruction. This microinstruction makes USj3 of the decrement· 
ing capability of the, register/counter. To be useful, some 
previous instruction, such as 4, must l1ave loaded a count 
value into the register/counter. This instruction checks to see 
whether the register/counter contains a non'zero value. If so, 
the register/counter is decremented, and the address of the 
next micrOinstruction is taken from thEi top of the stack. If the 
register/ counter contains zero, the, loop exit condition is 
occurring; control falls through to the next sequential microin· 
struction by selecting !,PC; the stack is 'POP'd by decrement· 
ing the stack pOinter, but the contents of the top of the stack 
are thrown away. 

In this example, location 50 most likely would contain a PUSH/ 
CONDITIONAL LOAD COI,!NTER instruction which would 
have caused address 51 to be PUSHed on the stack and the 
counter 'to be loaded with the proper value for looping the 
desired number of tim,es. 

In this example, since the loop test is made at the end of the 
instructions to, be repeated (microaddress 54), the proper 
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value to be loaded by the instructions at address 50 is one 
less than the desired number of passes through the loop. This 
method allows a loop to be executed 1 to 4096 times. If it is 
desired to execute the loop from 0 to 4095 times, the firmware 
should be written to make the loop exit test immediately after 
loop entry. 

Single-microinstruction loops provide a highly efficient capabil
ity for executing a specific microinstruction a fixed number of 
times. Examples include fixed rotates, byte swap, fix8d point 
multiply, and fixed point divide. 

9 REPEAT PL, CNTR * 0 (RPCT) 

50 (LDCn ~
COUNTER 

51 

52 
53 

PFR00890 

Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT
ER *" ZERO instruction. This instruction is similar to instruction 
8 except that the branch address now comes from the pipeline 
register rather than the file. In some cases, this instruction may 
be thought of as a one-word file extension; that is, by using 
this instruction, a loop with the counter can still be performed 
when subroutines are nested nine deep. This instruction's 
operation is very similar to that of instruction 8. The differ
ences are that on this instruction, a failed test condition 
causes the source of the next micrOinstruction address to be 
the D inputs; and, when the test condition is passed, this 
instruction does not perform a POP because the stack is not 
tieing used. 

In this example, the REPEAT PIPELINE, COUNTER *" ZERO 
instruction is instruction 52 and is shown as a single micrOin
struction loop. The address in the pipeline register would be 
52. Instruction 51 in this example could be the LOAD 
COUNTER AND CONTINUE instruction (number 12). While 
the example shows a single microinstruction loop, by simply 
changing the address in a pipeline register, multi-instruction 
loops can be performed in this manner for a fixed number of 
times as determined by the counter. 

10 COND RETURN (CRTN) 

50 

51 

52 
53 

54 

55 

90 

91 

92 

93 

94 

95 
96 

97 

PFR00900 

Instruction 10 is the conditional RETURN-FROM-SUBROU
TINE instruction~ As the name implies, this instruction is used 
to branch from the subroutine back to the next microinstruc
tion address following the subroutine call. Since this instruc
tion is conditional, the return is performed only if the test is 
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passed. If the test is failed, the next sequential microinstruc
tion is performed. This example depicts the use of the 
conditional RETURN-FROM-SUBROUTINE instruction in both 
the conditional and the unconditional modes. This example 
first shows a JUMP-TO-SUBROUTINE at instruction location 
52 where control is transferred to location 90. At location 93, a 
conditional RETURN-FROM-SUBROUTINE instruction is per
formed. If the test is passed, the stack is accessed and the 
program will transfer to the next instruction at address 53. If 
the test is failed, the next microinstruction at address 94 will be 
executed. The program will continue to address 97 where the 
subroutine is complete. To perform an unconditional RE
TURN-FROM-SUBROUTINE, the conditional RETURN
FROM-SUBROUTINE instruction is executed unconditionally; 
the microinstruction at address 97 is programmed to force 
reEN HIGH, disabling the test and the forced PASS causes 
an unconditional return. 

11 COND JUMP PL & POP (CJPP) 

STACK 

50 
(PUSH) 

51 

52 70 

53 90 71 

54 91 72 

55 92 

56 

PFROO850 

Instruction 11 is the CONDITIONAL JUMP PIPELINE register 
address and POP stack instruction. This instruction provides 
another technique for loop termination and stack mainte
nance. The example shows a loop being performed from 
address 55 back to address 51. The instructions at locations 
52, 53, and 54 are all conditional JUMP and POP instructions. 
At address 52, if the ~ input is LOW, a branch will be made to 
address 70 and the stack will be properly maintained via a 
POP. Should the test fail, the inlltruction at location 53 (the 
next sequential instruction) will be executed. Likewise, at 
address 53, either the instruction at 90 or 54 will be subse
quently executed, respective to the test being passed or failed. 
The instruction at 54 follows the same rules, going to either 80 
or 55. An instruction sequence as described here, using the 
CONDITIONAL JUMP PIPELlt:lE and POP instruction, is very 
useful when several inputs are being tested and the micropro
gram is looping waiting for any of the inputs being tested to 
occur before proceeding to another sequence of instructions. 
This provides the powerful jump-table programming technique 
at the firmWare level. 

12 LD CNTR & CONTINUE (LDCT) 

5O~N COUNTER 
51 

52 

53 

PFR00870 

Instruction 12 is the LOAD COUNTER AND CONTINUE 
instruction, which simply enables the counter to be loaded with 
the value at its parallel inputs. These inputs are normally 
connected to the pipeline branch address field which (in the 
architecture being described here) serves to supply either a 
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branch address or a counter value depending upon the 
microinstruction being executed.· Altogether there are three 
ways of loading the counter' - the explicit load by this 
instruction 12; the conditional load included as part of instruc
tion 4; and the use of FiD5 input along with any instruction. The 
use of FiD5 with any instruction overrides any counting or 
decrementation specified in the instruction, calling for a load 
instead. Its use provides additional microinstruction power, at 
the expense of One bit of microinstruction width. This instruc
tion12 is exactly equivalent to the combination of instruction 
14 and FiD5 LOW. Its purpose is to provide a simple capability 
to load the register/counter in those implementations which 
do not provide microprogrammed control for FiD5. 

13 TEST END LOOP (LOOP) 

50 STACK 

51 
52 (PUSH) 

52 

53 

54 

55 

56 

57 

PFR00860 

Instruction 13 is the TEST END-Of-LOOP instruction, which 
provides the capability of conditionally exiting a loop at the 
bottom; that is, this is a conditional instruction that will cause 
the microprogram to loop, via the file, if the test is failed else to 
continue to the next sequential instruction. The example 
shows the TEST END-Of-LOOP micrOinstruction at address 
56. If the test fails, the microprogram will branch to address 
52. Address 52 is on the stack because a PUSH instruction 
had been executed at address 51. If the test is passed at 
instruction 56, the loop is terminated and the next sequential 
microinstruction at address 57 is executed, which also causes 
the stack to be POP'd; thus, accomplishing the required stack 
maintenance. 

14 CONTINUE (CONT) 

~! 52 

53 

PFROO860 

Instruction 14 is the CONTINUE instruction, which simply 
causes the microprogram counter. to increment so that the 
next sequential microinstruction is executed. This is the 
simplest microinstruction of all and should be the default 
instruction which the firmware requests whenever there is 
nothing better to do. 

15 THREE·WAY BRANCH (TWB) 

STACK 

62 (PUSH) 

63 REGISTERI 
64 COUNTER 

65 72 

66 73 

PFROO810 

Instruction 15,THREE-WAY BRANCH, is the most complex. It 
provides for testing of both a data-dependent condition and 
the counter during one microinstruction arid provides for 
selecting among one of three microinstruction addresses as 
the next microinstruction to be performed. Like instruction 8, a 
previous instruction will have loaded a count into the register I 
counter while pushing a microbranch address onto the stack. 
Instruction 15 performs a decrement-and-branch-until-zero 
function Similar to instruction 8. The next address is taken from 
the top of the stack until the count reaches zero; then ihe next 
address comes from the pipeline register. The above action 
continues as long as the test condition fails. If at any execution 
of instruction 15 the test condition is passed, no branch is 
taken; the microprogram counter register furnishes the next 
address. When the loop is ended, either. by the count 
becoming zero, or by paSSing the conditional test, the stack is 
POP'd by decrementing the stack pOinter, Since interest in the 
value contained at the top of the stack is then complete. 

The application of instruction 15 can enhance performance of 
a variety of machine-level instructions. for instance, (1) a 
memory search.instruction to be terminated either by finding a 
desired memory content or by reaching the search limit; (2) 
variable-field-Iength arithmetic terminated early upon finding 
that the content of the portion of the field still unprocessed is 
all zeroes; (3) key search. in a disc controller processing 
variable length records; (4) normalization of a floating point 
number. 

As one example, consider the case of a memory search 
instruction. As shown, the inStruction at microprogram address 
63 can be instruction 4 (PUSH), which will push the value 64 
onto the microprogram stack and load the number N, which is 
one less than the number of memory locations to be searched 
before giving up. Location 64 contains a microinstruction 
which fetches the next operand from the memory area to be 
searched and compares it with the search key. Location 65· 
contains a microinstruction which tests the result of the 
comparison and also is a THREE-WAY BRANCH for micropro
gram control. If no match is found, the test fails and the 
microprogram goes back to location 64 for the next operand 
address. When the count becomes zero, the microprogram 
branches to location 72, which does whatever is necessery if 
no match is found. If a match occurs on any execution of the 
THREE-WAY BRANCH at location 65, control falls through to 
location 66 which handles this case. Whether the instruction 
ends by finding a match or not, the stack will have been POP'd 
once, removing the value 64 from the top of the stack. 
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ARCHITECTURES USING THE Am2910A 
(Shading shows path(s) which usually limit speed) 

One Level Pipeline Based (Recommended) 

MAP 

Figure 1. 

PFOOO990 

One level pipeline provides better speed than most other architectures. The j.lProgram Memory and the 
Am2901 array are in parallel speed paths instead of in series. This is the recommended architecture for 
Am2900 designs. 
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This drawing shows the timing relationships in the CCU illustrated above. 
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OTHER ARCHITECTURES USING THE Am2910A 
(Shading shows path(s) which usually limit speed) 

Figure 2. 

a. Instruction Based 

CLOCK 

S!A~ 

PF001001 

A Register at the Microprogram Memory output contains 
the microinstruction being executed. The microprogram 
memory and Am2901 C delay are in series. Conditional 
branches are executed on same· cycle as the ALU 
operation generating the condition. 

c. Data Based 

MAP 

PF001021 

The Status Register provides conditional Branch control 
based on results of previous ALU cycle. The Microprogram 
Memory and Am2901C are in series in the critical paths. 

b. Addressed Based 

MAP 

CLOCK 

SIA) 

PFOO10ll 

The Register at the Am2910A output contl!ins the address 
of the microinstruction being executed. The Microprogram 
Memory and Am2901C are in series in the critical path. 
This architecture provides about the same speed as the 
Instruction based architecture, but requires fewer register 
bits, since only the address (typically 10 - 12 bits) is 
stored instead of the instruction (typically 40 - 60 bits). 

d. Two Level Pipeline Based 

MAP 

PFOO1051 

Two level pipeiine provides highest possible speed. It is 
more difficult to program because the selection of a 
microinstruction occurs two instructions ahead of its 
execution. 
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Am2910A HIGH SPEED APPLICATION 
Optimal Am2910A configurations can support high speed bit 
slice designs. When used with high speed registers and 
PROMs. the Am2910A can execute simple. instructions in 
100ns. 

The followin!l figure illustrates the usual critical path in the 
sequencer. 

Timing· on the critical paths becomes 

Device Path Delay 

Status Register Clock - Output 11n8 
Fast MUX Select - Output 18ns 
Am2910A ~-y 30lis 
Fast PROM Addr -:' Output 35n8 
Pipeline Register Setup 4ns 

99ns 

The following gives one suggested parts configuration to meet 
this design criterion. . 

Status Register 
MUX (8 to 1) 
PROM 
Pipeline Register 

Am29825 
74S151 
Am27S35 
Am2918 

One Level Pipeline Based 
(Recommended) 

MAP 

Figure 3. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to +150'C Commercial (C) Devices 
·Case Temperature with Power Applied .. -55'C to + 125'C Temperature ........ , ............................ O·C to +70'C 
Supply Voltage to Ground Potential Supply Voltage(VcC) to ................. + 4.75V to + 5.25V 

Continuous ........ · .............................. -0.5V·to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature ................................. -55·C to +125'C 

High Output State ........... : ........... -0.5V to + Vee max Supply Voltage(Vcc) ........................ + 4.5V to + 5.5V 
DC Input Voltage ................................. -0.5V to +5.5V Operating ranges define those limits over which the function-
DC Output Current, Into Outputs (Except Bus) ........ 30mA ality of the device is· guaranteed. 
DC Input Current .................................. -30 to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parametera DeSCription Test Conditions (Note 1) Min (Note 2) Max Units 
VOH Output HIGH Voltage Vee = MIN, IOH ~ -1.SmA, VIN = VIH or Vil 2.4 

VOL Output LOW Voltage Vee = MIN I YO·l1o IOl = 12mA 
0.5 VIN = VIH or Vil L 15[, ~, MAP, 1'iJII, IOl = SmA 

VIH Input HIGH Level (Note 4) Guaranteed input logical HIGH voltage lor all Inputs 2.0 Volts 

Vil Input LOW Level (Note 4) Guaranteed Input logical LOW voltage lor all inputs O.S 

VClMP Input Clamp Voltage Vee- MIN,IIN--lemA -1.5 

Do.ll -0.87 
Cl,~ -0.54 

III Input LOW Current Vee - MAX, VIN = 0.5V 1Q.3, ~,m:D -0.72 mA 
~ -1.31 
CP -2.14 

00-11 SO 
Cl,~ 30 

IIH Input HIGH Current Vcc = MAX, VIN = 2.7V 10.3, QE, lllii 40 p.A 

~ 50 

CP 100 
Vee = MAX, VIN -.5.5V 1.0 

ISC Output Short Circu~ Currant Vee-MAX -30 -S5 mA (Note 3) 

IOZl VOUT-0.5V -50 

IOZH 
Output OFF Current Vee - MAX, ~ = 2.4V VOUT- 2.4V 50 p.A 

fA -.0 to +70'C 344 
Am2910APC, DC TA - +70'C 2S0 

lee Power Supply Current Vee = MAX TC =.-55 to + 125'C 340 mA 
Am2910AOM, FM Tc· + 125'C 280 

Notes: 1. For cond~ions shown as MIN or MAX, use the appropriate value specified under Operating Ranges lor the applicable device type. 
2. Typical limits are at Vee - 5.0V, 25'C ambient and a. maximum loading. 

·3: Not more than one output shOUld be shorted at a time. Duration 01 the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise·lree environment (not 

functionally. tested). 

Notes on Testing 

1. Insure the part is adequately decoupled at the test head. 
Large changes in supply current when the device switches 
may cause function failures due to VCC changes. 

2. Do not leave inputs floating during any tests, as they may 
oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5 - 8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 
hundreds of millivolts momentarily. 

5-180 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. ,4,MD recommends using 
VIL .,;;,OV and VIH;;'3V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide actual 
Sentry programs, under license from Sentry. 
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SWITCHING TEST CIRCUIT 

THREE-STATE OUTPUTS NORMAL OUTPUTS 

$1 

VOOT~>-~~---K·~~ 

~I 
,K 

-= 

S, 

TCR01350 

$1 

VoUT~ 

R2 

R2= 

Rl = 

r -= 

2.4V 

IOH 

5.0 - V6E - VOL 

IOL +VOL/R2 

vee 

-= 
TCR01370 

Notes: 1. CL = 50pF includes scope probe. wiring and stray capacities without device in test fixture. 
2. 5,. 52. 53 are closed during function tests and all AC tests except output enable tests. 
3. 5, and 53 are closed while 52 is open for tpZH test. 

5, and 52 are closed while 53 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2910A 

Pln# 
(DIP) Pin Label 

- YO-l1 

5 VEer 

6 PL 

7 MAP 

16 FULL 

Test 
Circuit 

A 

B 

B 

B 

B 

5-181 

Rl 
300 

470 

470 

470 

470 

R2 

lK 

1.5K 

I.SK 

I.SK 

I.SK 
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Am2910A SWITCHING CHARACTERISTICS 

The tables below define the Am2910A switching characteristics. Tables A are set up and hold times relative 
to the clock LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requiniments. 
All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns. All outputs have 
maximum DC loading. . 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL 
. OPERATING RANGE Am2910APC, DC 

(TA = 0 to + 70·C, v6c';' 4.75 to 5.25V, CL = 50pF) 

A. Set-up and tlold Times B. Combinational Delays 

Input Ie 
OJ_R 16 

°i_ PC 30 

10-13 35 

~ 24 

~ 24 

CI 18 

RiJ) 19 

Oi_ PC 30 

10-13 38 

~ 35 

eom 35 

CI 18 

Jm:i 20 

It. Input Y PI:, VEeT, 'IJii5 
0 00-0 11 20 

0 10-13 35 

0 ~ 30 

0 ~ 30 

0 CP 40 

0 OE (Note 1) 25/27 

0 

Minimum Clock LOW TIine 

ISTICS OVER MILITARY 
E Am2910ADM, FM 

·C, v+ = 4.5 to 5.5V, CL = 50pF) 

30 

B. Combinational Delays 

Input Y 

00-0 11 25 

10-13 40 35 

0 ~ 36 

0 eom 36 

0 CP 46 

0 OE (Note 1) 25/30 

0 

C. Clock Requirements 

Minimum Clock LOW Time 25 ns 

Minimum Clock HIGH Time 25 ns 

Minimum Clock Period fi1 ns 

Note 1. ~nable/Disable. Disable times measured to 0.5V change on output voltage level with CL - 5.0pF. 

FuiI 

31 

35 
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SWITCHING WAVEFORMS 

INPUTS 1.5V 1.5V 3.0V=~~==~ 
OV 3.0V 

CLOCK 

OV 

OUTPUTS 

1----.. ---+---+-'. 

J 1.5v 

'------' 

INPUT 

CLOCK ~ OU~~UT -
'--- TO DELAY 
,---- OUTPUT 

DELAY 

WFR02990 

~------~------~. RELATED PRODUCTS 

Part No. Description 

Am2914 Vectored Interrupt Controller 

Am2916 Pipeline Register 

Am2922 Condition Code MUX 

Am25LS377 Status Register 

Am27S35 Registered PROM 

Am29616 SSR Diagnostics/Pipeline Register 

For applications information. see Chapter II of Bit Slice 
Microprocellor Design. Mick & Brick. McGraw Hill Publications. 
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Am2919 
Quad Register iNith Dual Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Four Ootype flip-flops 
• Two sets of three-state outputs 
• Polarity control on one set' of outputs 
• Buffered common clock enable 

• Buffered common' asynchronous clear 
• Separate buffered common output enable for each set 

of outputs 

GENERAL DESCRIPTION 

The Am2919 consists of four Ootype flip-flops with a 
buffered common clock enable. Information meeting the 
set-up and hold time requirements of the 0 inputs, is 
transferred to the flip-flop outputs on the LOW-to-HIGH 
transition of the clock. Data on the Q outputs of the flip
flops is enabled at the three-state outputs when the output 
control (OE) input is LOW. When the appropriate rn: input 
is HIGH, the outputs are in the high impedance state. Two 
independent sets of outpuls-W and Y-are provided Ijuch 

that the register can simultaneously and independently 
drive two buses. One set of outputs contains a polarity 
control such that the outputs can either be inverting or non
inverting. 

The deVice also features an active LOW asynchronous 
clear. When the clear input is LOW, the Q output of the 
internal flip-flops are forced LOW independent of the other 
inputs. The Am2919 is packaged in a space-saving (0.3-
inch row spacing) 20-pin package. 

BLOCK DIAGRAM 

80002400 

RELATED PRODUCTS 

Part No. Description 

Am25LS2519 Quad Register 

Am25LS2518 Quad 0 Register 

035978 
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P-20 
0-20 
F-20· 

CDOO4590 

CONNECTION DIAGRAM 
Top View 

.. 
w, 

Y, -.." 

L-20-1 

'F-20 pin configuration identical to 0-20, P-20. 

Note: Pin 1 is marked for orientation • 
r--------------i 

LOGIC SYMBOL 

17 

8 

18 

,. 

4 13 18 

METALLIZATION AND PAD LAYOUT 

DO ,'------,-, 

Va 3 

D, 4 

W, 5 

,------- 20 Vee 

r--;---- 19 C'['R 

,---..,.-- 18 POL 

tIL 17 , 

2 6 12 16 3 8 " 14 

LSOO1000 V, • 

OE·Y a -----. '------ 11 Y2 

CP 9 --------' 
GND '0 _______ .J 

DIE SIZE 0.083" x O.otI" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2919 D C B 

Device type 
Quad Register 

Blank - Standard processing 
B - Bum-in l L L Screening Option 

Temperature (See Operating Range) 
C - Commercial (ODC to + 70DC) 
M - Military (_55DC to + 125DC) 

Package 
0- 2O-pin CERDIP 
F - 2O-pin flatpak 
L - 2O-pin leadless chip carrier 
P - 20-pin plastic DIP 
X-Dice 

5-185 

Valid Combinations 

PC 
DC, DCB, OM, 
OMB 

Am2912 FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Vl!lld ComblnaUons 
Consult the AMO sales office in your area to 
determine if a device is currently available in the 
combination you wish. . 

03597B 
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PIN DESCRIPTION 

Pin No. Nam&' 110 Description 

1,4, 13, Di I Any of the four D flip-flop data lines. 
16 

17 E I Clock Enable. When LOW, the data is entered into the register on the next clock LOW-to-HIGH transition. When 
HIGH, the data in the register remains unchanged, regardless of the data in. 

9 CP I Clock Pulse. Data is entered into the register on the LOW-to-HIGH transition_ 

7,8 ~,lV( I OUtput Enable. When C5E is LOW, the register is enabled to the ou~ When HIGH, the output is in the high-
impedance state. The OE-W controls the W set of outputs, and - controls the Y set. 

3,6, II, Yi 0 Any of the four non-inverting three-state output lines. 
14 
2,5,12, Wi 0 Any of the four three-state outputs with polarity control. 
15 

18 POL I Polarity Control. The Wi oUtputs will be non-Inverting when POL is LOW, and when it is HIGH, the outputs are 
inverting. 

19 rot I Asynchronous Clear. When erR is LOW, the internal Q flip-flops are reset to LOW. 

GUARANTEED LOADING RULES LOW·POWER SCHOTTKY INPUT IOUTPUT 
OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 
20jlA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW. 

Output Output 
Pin Inputl Input HIGH LOW 

No.'s Output Load MIL COM'L MIL COM'L 

I DO 1.0 - - - -
2 Wo - 50 130 33 33 

3 Yo - 50 130 33 33 

4 01 1.0 - - - -
5 WI - 50 130 33 33 

6 Yl - 50 130 33 33 

7 OE-W 1.0 - - - -
8 OE-Y 1.0 - - - -
9 CP 1.0 - - - -

10 GNO _. - - - -
11 Y2 50 130 33 33 

12 W2 50 130 33 33 

13 02 1.0 - - - -
14 Y3 - 50 130 33 33 

15 W3 - 5'0 130 33 33 

16 03 1.0 - - - -
17 E 1.0 - "'" - -
18 POL 1.0 - - - -
19 UR 1.0 - - - -
20 VCC - - - - -

, 

Vee 

5-186 

CURRENT INTERFACE CONDITIONS 
DRIVING OUTPUT I DRIVEN INPUT 

I 
I 

[i] ----
y 

I r.A 
I .1"1 

~ 
J'o, 

I 
I ::s ~ I "H '2 ~ I ::s ~ I 
I 

-= I .". 

ICOOOO90 
Note: Actual current flow direction shown. 
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FUNCTION TABLE 

Inputs Internal Outputs 
Function 

CP DI E CUi POL OE·W OE·V Q WI VI 
X X X X X H L NC Z Enabled 

Output Three-State Control X X X X X L H NC Enabled Z 
X X X X X H H NC Z Z 
X X X X X L L NC Enabled Enabled 

Wi Polarity X X X X L L L NC Non-Inverting Non-Inverting 
X X X X H L L NC Inverting Non-Inverting 

Asynchronous Clear X X X L L L L L L L 
X X X L H L L L H L 

I X H H X X X NC NC NC 
I L L H L L L L L L 

Clock Enabled T L L H H L L L H L 
T H L H L ,L L H H H 
I H L H H L L H L H 

L-LOW 
H=HIGH 
Z = High Impedance 
NC = No Change 
X = Don't Care 
1 - LOW-to-HIGH Transition 

APPLICATION 

'r--
CATA BUS 

" IO{ v 

8f 4{ SRC 41' OEST 

INSTRUCTION I 
REGISTER Am25LS37'7 I Am2919 I . Am2919 I 

1 ' . '1 '1 '{ 
~ L 

, 
A 

Am29BTl 
, 

Am29n's 
4 8 Am2901 

I 
ARRAY 

4 -, 

I I 0 
MEMORY 

I 
16 

SOURCE DESTINATION 

I PIPELINE REGISTER I Am2919 I Am2919 I I 2-Am2921 

J,. 
, '{ '{ '.{ 

I 

AFOO1850 

The Am2919 provides for easy control of the selection of source and destination register addresses for the 
Am2901. These controls can emanate from both the instruction register and the pipeline register. The 
control is accomplished by three-state action at the Am2919 outputs. Four different register outputs can be 
selected by the B address which is the destination register in the Am2901. Two registers can be selected 
for the Am2901 A input which is a second RAM source. 

The other pair of three-state outputs can be used for function control select as shown with the Am2921. 
Here, bit set, bit clear, bit toggle and bit test on any of the 16, bits can be performed. 
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AB$OLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .•• ~ .................... -65·C to +150°C Commercial' (C) Devices 
(Ambient) Temperature Under Bias ....... -55°C to +12.5'C 
Supply Voltage to Ground Potential ' 

Temperature ...................................... O'C to + 70'C 
Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous .................. , ...................... -O.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ............................. , .. -55·C to +125'C 

High Output State ....................... -O.5V to +VCC max 
DC Input Voltage ................................. -O.5V to +7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 
Operating ranges' define those limits over which the function-

DC Output Current, Into Outputs .......................... 30mA ality of the device is guaranteed. 
DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
rnBximum . ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters . Description Tast Conditions (Note 2) Min (Note 1) Max Units 

Vcc~MIN 
MIL.IOH=-1.0mA 2.4 3.4 

VOH Output HIGH Voltage 
VIN - VH or VIL COM·L. iOH" -2.6mA 2.4 3.4 Volts 

IOL=4.0mA 0.4 

VOL Output LOW Voltage 
VCC- MIN, 10L - 8.OmA 0.45 Volts 
VIN .. VIH or VIL 

IOL = 12mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voItsge lor all inputs 

Guaranteed Input logical. LOW IMIL 0.7 
VIL Input LOW Level voltage lor all Inputs ' ICOM'L 0.8 Volts 

VI Input Clamp Voltsge VCC- MIN,IIN--18mA -1.5 Volts 

IlL Input LOW Current Vcc .. MAX, VIN = 0.4V -0.36 mA 

hH Input HIGH Current Vcc - MAX, VIN -2.711 ' 20 pA 

II Input HIGH Current Vcc - MAX, VIN" 7.0V 0.1 mA 

OII-5tate (High-Impedance) VO-0.4V -20 
10 Output Current VCC- MAX I VO-2.4V 20 pA 

ISC 
Output Short CircuH Current Vcc- MAX -15 -85 mA (Note 3) 

Power Supply Current IMIL 24 36 
ICC (Note 4) VCC- MAX ICOM'L 24 39 mA 

Notes: 1. Typical "mils are at Vcc - 5.0V, 25·C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropria:te value specffied under Operating Ranges lor the applicable devica type. 
3. Not more than one output should be shorted at a time. Duration 01 the short circuit test should not exceed one second. 
4. Inpuls grounded: outputs. open. 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tpHL 22 33 
Clock to Vi ns 

tpHL 20 30 

tpLH Clock to Wi 24 36 
ns 

tPHL (Either Polarity) 24 36 

tpHL Clear to Vi 29 43 ns 

tpLH 25 37 
Clear to Wi ns 

tpHL 30 45 

tpLH 23 34 
Polarity to Wi ns 

tpHL CL -15pF 25 37 

tpw Clear RL =2.0kn 18 ns 

I LOW 15 
tpw Clock Pulse Width I HIGH 

ns 
18 

ts Data 15 ns 

th Data 5 ns 

ts Data Enable 20 ns 

th Data Enable 0 ns 

ts 
Set-up Time, Clear 

20 15 ns 
Recovery (Inactive) to Clock 

tZH 11 17 
Output Enable to W or V ns 

tZL •. 13 20 

tHZ CL= 5.0pF 13 20 
Output Enable to W or V ns 

tLl RL" 2.0kn 11 17 

Imax Maximum Clock Frequency (Note 1) CL" 15pF 35 45 MHz 
RL =2.0kn 

Note 1. Per industry convention, Imax is the worst case value 01 the maximum device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 
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SWiTCHING CHARACTERISTICS over operating range unless otherwise specified" 

Commercial Military 

Am2919 Am2919 

Parameters Description Test Conditions Min Max Min Max Units 

tpLH 39 42 
Clock to Vi ns 

tpHL 39 45 

tpLH Clock to Wi 41 43 

(Either Polarity) 
ns 

tpHL 44 48 

tpHL Clear to Vi 52 58 ns 

tpLH 42 43 
Clear to Wi ns 

tpHL 51 53 

tpLH 41 45 
Polarity to Wi ns 

tpHL CL = 50pF 42 44 

tpw Clear RL =2.0kil 20 20 ns 

I LOW 20 20 
tpw Clock I HIGH 

ns 
20 20 

ts Data 15 15 ns 

th Data 10 10 ns 

ts Data Enable 25 25 ns 

th Data Enable 0 0 ns 

ts 
Set-up Time, Clear 

23 24 ns 
Recovery (Inactive) to Clock 

tZH 24 27 
Output Enable to Wi or Vi ns 

tZL 29 35 

tHZ CL = 5.0pF 33 45 
Output Enable to Wi or Vi ns 

tLZ RL =2.0kil 22 26 

fmax Maximum Clock Frequency (Note 1) 
CL = 50pF 

30 25 MHz 
RL =2.0kil 

·Switching Characteristics' performance over the operating temperature range is guaranteed by testing defined in Group A, 
Subgroup 9. 
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Am2920 
Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 

DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 
• Buffered common asynchronous clear input 
• Three-state outputs 

• B-bit, high-speed parallel register with positive edge
triggered, D-type flip-flops 

GENERAL DESCRIPTION 

The Am2920 is an B-bit register built using advanced Low
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear 
input, and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates 
in the normal fashion. 

When the three-state output enable (0 E) input is LOW, the 
Y outputs are enabled and appear as normal TIL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 

BLOCK DIAGRAM 

CLOCK 
ENABLE 

CLOCK 

CLEAR 

OUTPUT 
ENABLE 

0, 

Y, 

0, 0, 

Y, 
8D001310 

RELATED PRODUCTS 

Part No_ Description 

Am25LS2520 Octal D-type Flip-Flop 

Am291B Quad D-Registers 

Am2954/55 Octal D-Registers 

Am29B21-26 B, 9, 10-Bit Registers 

03598A 
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C) 
N 
CI'I 
N 
E 
c( 

CONNECTION DIAGRAM 
Top View 

F-24 P-22 L-28-1 
0-22 

!! ,r ,'! ~ ~ ... ~ 
..... v", 

i!ilI v",. 
vo 

I' '" NC -0 .. 011 
III! .. -, -, 

D, -, .. -, -, 0., -, -, 0., -, .. Do -, .. .. -, .. -, .. -, 
Do -, -, .. -, -, -, .. -, .. 

D, 
~ NC .. D, 

"" -, - -, - CDOO1900 Ii !; ! !! '" II !! 
CDOO1910 

CDOO4900 

Note: Pin 1 is marked for orientation 
"RESERVED - do not use. 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
= 1 22 Vee 

3 4 , • 13 14 11 ,. 
Yo , " r 

Z1 '0 Ol' 

DO 3 19 Y7 ,. 
D, 4 18 D7 

20 Y, 5 
17 06 

Y, 6 16 VB 

D2 7 15 Ys 

• 12 15 ,. ,. D3 8 14 DS 

LSOOO720 
Y3 9 

13 D4 

CP 10 '-----12 Y4 

GND 11 ___ --' 

DIE SIZE 0.080' x 0.111" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2920 

Device type 

o C B l L L S~r:~~i~g s~t~~O;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
D- 22-pin CERDIP 
F - 24-pin flatpak 
L - 28-pin leadless chip carrier 
p"" 22-pin plastic DIP 
X-Oice 

Octal D-Type Flip-Flop 

5-192 

Valid Combinations 

PC 
DC, DCB, DM, 
DMB 

Am2920 FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Valid Combination!! 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. . 

03598A 
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PIN DESCRIPTION 

Pin No. Name 110 Oescrlptlon 

1 

10 

21 

20 

°i I The 0 flip-flop data inputs. 

ern I When the clear input is LOW. the Oi outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 
data can be entered into the register. 

CP I Clock Pulse for the Register; enters data into the register on the LOW·to·HIGH transition. 

Vi a The register three· state outputs. 

E I Clock Enable. When the clock enable is LOW, data on the 0i input is transferred to the Oi output on the LOW-to-
HIGH clock trans~ion. When the clock enable is HIGH, the Oi outputs do not change state, regardless of the data 
or clock input transitions. 

rn: I Output Control. When the rn: input is HIGH, the Vi outputs are in the high impedance state. When the rn: input is 
LOW, the TRUE register data is present at the Vi outputs. 

GUARANTEED LOADING RULES FUNCTION TABLE 
OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TT2 Unit Load is defined as 
20pA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW. 

Am2920 

Output Output 
Pin Inputl Input HIGH LOW 

No.'s Output Load MIL COM'L MIL COM'L 

1 ITA 1 - - - -
2 Yo - 50 130 22 22 

3 Do 1 - - - -
4 Dl 1 - - - -
5 Yl - 50 130 22 22 

6 Y2 - 50 130 22 22 

7 D2 1 - - - -
8 D3 1 - - - -
9 Y3 - 50 130 22 22 

10 CP 1 - - - -
11 GND - - - - -
12 Y4 - 50 130 22 22 

13 D4 1 - - - -
14 Ds 1 - - - -
15 Ys - 50 130 22 22 

16 Ys - 50 130 22 22 

17 Ds 1 - - - -
18 D7 1 - - - -
19 V7 - 50 130 22 22 

20 OE 1 - - - -
21 E 1 - - - -
22 Vee - - - - -

5-193 

Inputs Internal Outputs 

Function OE CLR E DI CP QI VI 

Hi-Z H X X X X X Z 

Clear H L X X X L Z 
L L X X X L L 

Hold H H H X X NC Z 
L H H X X NC NC 

Load H H L L 1 L Z 
H H L H 1 H Z 
L H L L ! L L 
L H L H ! H H 

H=HIGH NC = No Change 
L=LOW ! = LOW-to-HIGH transition 
X = Don't Care Z = High-Impedance 

LOW-POWER SCHOTTKY INPUT IOUTPUT 
CURRENT INTERFACE CONDITIONS 

Vee 
DRIVING OUTPUT I DRIVEN INPUT 

I 
I 

[i] ----
V 
r I rA 

I • .1'1 

~ 
..r.... 

I 
I ~~ I IIH I:.:: 

~ I '" ~ ~ I 
I 

-= I -= 
ICOOOOgo 

Note: Actual current flow direction shown. 

03S98A 
Refer to Page 13-1 for essential Information on Military Oevk:es 



Am2923 

APPLICATIONS 

~m29811 

12 

AF001940 

A typical Computer Control Unit for a microprogrammed machine. 

AFOO1930 

The Am2920 is a useful device in interfacing with the Am90BOA system buses. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55·C to + 125·C Temperature ..•.......•.............•...••.• ; .... O·C to +70·C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ....................................... -O.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Ternperature .........•.....•................ -55·C to + 125·C 

High Output State .........•..•..•....... -O.5V to + VCC max 
DC Input Voltage ...............•.......•..•...... -O.5V to + 7.0V 

Supply Voltage ..............................• + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......•.................. 30mA 
Operating ranges define those limits over which the function-

DC Input Current.. •.....•.................... -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vee = MIN MIL,IOH=-1.0rnA 2.4 3.4 
VOH Output HIGH Voltage 

VIN = VIH or VIL COM'L, 10H = -2.SmA 2.4 3.4 Volts 

Vee = MIN IOL-4.0mA 0.4 
VOL Output LOW Voltage 

VIN = VIH or VIL 
Volts 

10L -S.OmA 0.45 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs I COM'L 0.8 Volts 

VI Input Clamp Voltage Vec = MIN, liN = -18mA -1.5 Volts 

VIL Input LOW Current Vee - MAX, VIN = 0.4V -0.36 rnA 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 20 IlA 
II Input HIGH Current Vee = MAX, VIN = 7.0V 0.1 rnA 

Off-State (High-Impedance) I Vo=0.4V -20 
10 Output Current I VO=2.4V 20 IlA 

ISC 
Output Short CircuH Current Vee = MAX -15 -85 rnA (Note 3) 

ICC 
Power Supply Current 

Vee = MAX 24 37 rnA (Note 4) 

Notes: 1. Typical limits are at Vee - 5.0V, 25·C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short circuH test should not exceed one second. 
All outputs open, ~ = GND, 01 inputs - CLR rn;: - 4.5V. Apply momentary ground, then 4.5V to clock input. 
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SWITCHING CHARACTERISTICS '(T A - + 25°C. VCC - 5.0V) 

Parameters Description ' Test Conditions Min Typ Max ,Units 

tplH 
Clock to Vi (OE LOW) 

18 27 
ns 

tpHl 24 36 

IpHl Clear 10 Y 22 35 ns 

Is Data (Oi) 10 - 3 ns 

th Data (0;) 10 3 ns 

Enable (E) 
I Active 15 10 

Is I Inactive 
ns 

Cl = 15pF 20 12 

th Enable (E) Rl =2.0kn 
0 0 ns 

Is Clear Recovery (In-Active) to Clock 11 7 ns 

I HIGH 20 14 
tpw Clock I LOW 

ns 
25 13 

Ipw Clear 20 13 ns 

tZH 
OE 10 Yi 

9 13 
ns 

IZl 14 21 

tHZ 
OE 10 Yi 

Cl =5.0pF 20 30 

Rl = 2.0kn 
ns 

ILZ 24 36 

fmax Maximum Clock Frequency (Nole 1) 40 MHz 

Nole 1. Per industry convention. fmax is the worst case value of Ihe maximum device operating frequency with no conlrainls on tr. II. 
pulse width or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless olherwise specified· 

COMMERCIAL MILITARY 
Am2920, Am2920 

Parameters Description Test Conditions Min Max Min Max Units 

tpLH 
Clock to Vi (01: LOW) 

33 39 
ns 

tpHL 45 54 

tPHL Clear to V 43 51 ns 

t. Data (O~ 12 15 ns 

th Data, (0,) 12 15 ns 

Enable (£) 
I Active 17 20 

Is I Inactive 
ns 

CL - 50pF 20 23 

Ih Enable (I:) RL-2.0kfl 0 0 ns 

Is Clear Recovery (In-Active) to Clock 13 15 ns 

I HI~H 25 30 
Ipw Clock I LOW 30 

ns 
35 

Ipw Clear 22 25 ns 

tZH 
~to Vi 

19 25 
30 

ns 
tZL 39 

1Hz OE to Vi 
CL =5.0pF 35 40 
RL -2.0Kfl 

ns 
tLZ 39 42 

Imax Maximum Clock Frequency (Note 1) 25 20 MHz 
'Switching Characteristics' performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 

5-196 
03598A 

Refer to Page 13-1 for Essential Information' on MIIi1aIy Devices 



Am2921 
One-at-Eight Decoder with Three-State Outputs and Polarity Control 

DISTINCTIVE CHARACTERISTICS 

• Three-state decoder outputs 
• Buffered common output polarity control 
• Inverting and non-inverting enable inputs 

• AC parameters specified over operating temperature 
and power supply ranges. 

GENERAL DESCRIPTION 

The Am2921 is a three-line to eight-line decoder/demulti
plexer fabricated using advanced Low-Power Schottky 
technology. The decoder has three buffered select inputs 
A, B, and C, which are decoded to one-of-eight Y outputs. 
Two active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 

separate active-LOW output enables (rn:) inputs are pro
vided. If either rn: input is HIGH, the output is in the high 
impedance (off) state. When the POL input is LOW, the Y 
outputs are active-HIGH and when the POL input is HIGH, 
the Y outputs are active-LOW. 

The device is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. 

BLOCK DIAGRAM 

1',----""""_ 
~-----_i ~-ttH--~H_~Kt~~+-~++~++~~~_, 

ENABLE I :: 

80002550 

RELATED PRODUCTS 

Part No. Description 

Am25LS2536 8-Bit Decoder 

Am25LS2537 1 of 10 Decoder 

Am25LS2538 1 of 8 Decoder 

Am25LS2539 Dual 1 of 4 Decoder 

Am2924 
3 to 8 Line Decoder/ 
Demultiplexer 

035998 
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CONNECTION DIAGRANI 
Top View 

P-20 L-20-1 
D-20 
F-20* 

" ,: ~ ,'" 
... ' . ... 

I, 

I, 

" .. 

" ~ ~ J 

COO0471 0 CD004700 

*F-20 pin configuration identical to D-20, P-20. 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL 
METALLIZATION AND PAD LAYOUT 
Y2 1 20 Vee 

12 17 Y, 2 19 Y, 

,. Yo 3 18 Y. 

" ,. 
13 DE, 4 17 e 

0E2 5 16 E, 
A 6 

15 E2 
8 , 

14 '3 

3 '2 1 19 18 8 9 11 

LSO01070 

Ya 9-__ ---' 

GND 10-------' 

'---- 13 E4 

'------- 12 POL 
L-______ 11 Y, 

DIE SIZE 0.081" x 0.096" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is fprmed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2921 0 C B 

Device type 
1-01-8 Decoder 

Blank - Standard processing 
B - Burn-in l L L Screening Option 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D- 20-pin CERDIP 
F - 20-pin flatpak 
L ~ 20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

5-198 

Valid Combinations 

PC 
DC, DCB, DM, 
DMB 

Am2921 FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the 'AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

035998 
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Pin No. Name 
6,7,17 A, B, e 
16, 15 ~I, E2 
14,13 Ea, E4 

12 POL 

4,5 DEI, iJE2 

Yi 

· 
1/0 

I 

I 

I 

I 

I 

0 

PIN DESCRIPTION 

Description 
The three select inputs to the decoder/demultiplexer. 

The active LOW enable inputs. A HIGH on either the El or E2 input forces all decoded functions to be disabled. 

The active HIGH enable inputs. A LOW on either Ea or ~ inputs forces all the decoded functions to be inhibited. 

Polarity Control. A LOW on the polarity control input forces the output to the active-HIGH state while a HIGH on the 
polarity control input forces the Y outputs to the active-LOW state. 

Output Enable. When both the DEI and 0E2 inputs are LOW, the Y outputs are enabled. If either DEI or DEi! input 
is HIGH, the Y outputs are in the high impedance state. 

The eight outputs for the decoder/demultiplexer. 

GUARANTEED LOADING RULES LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 
201lA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW 

Pin Input! 
No.'s Ouput 

2 Yl 

3 Yo 

4 OEl 

5 0E2 

6 A 

7 B 

8 Y5 

9 Ya 
10 GND 

11 

12 POL 

13 

14 E3 

15 

16 

17 c 
18 

19 

20 Vee 

Output 
Input HIGH 
Load MIL COM'L 

50 130 

50 130 

50 130 

1.0 

1.0 

1.0 

1.0 

50 130 

50 130 

50 130 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

50 130 

50 130 

Output 
LOW 

MIL COM'L 

33 33 

33 33 

33 33 

33 33 

33 33 

33 33 

33 33 

33 33 

5-199 

DRIVING OUTPUT I DRllJEN INPUT 

vee --------1---7-----....... --

[ J 

ICO00090 

Note: Actual current flow direction shown. 
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FUNCTION TABLE 

INPUTS OUTPUTS 
FUNCTION 

011 012 1, E2 Ea E4 POL C B A Vo V, V2 Va V4 Vs Va V7 

High-Impedance H X X X X X X X X X Z Z Z Z Z Z Z Z 
X H X X X X X X X X Z Z z Z Z Z Z Z 
L L H X X X L X X X L L L L L L L L 
L L H X X X H X X X H H H H H H H H 
L L X H X X ·L X X X L L L L L L L L 

Disable L L X H X X H X X X H H H H H H H H 
L L X X L X L X X X L L L L L L L L 
L L X X L X H X X X H H H H H H H H 
L L X X X L L X X X L L L L L L L L 
L L X X X L H X X X H H H H H H H H 

L L L L H H L L L L H L L L L L L L 
L L L L H H L L L H L H L L L L L L 
L L L L H H L L H L L L H L L L L L 

Activ .... HIGH Output L L L L H H L L H H L L L H L L L L 
L L L L H .H L H L L L L L L H L L L 
L L L L H H L H L H L L L L L H L L 
L L L L H H L H H L L L L L L L H L 
L L L L H H L H H H L L L L L L L H 
L L L L H .H H L L L L H H H H H H H 
L L L L H H H L L H H L H H H H H H 
L L L L H H H L H L H H L H H H H H 

Activ .... LOW Output L L L L H H H L H H H H H L H H H H 
L L L L H H H H L L H H H H L H H H 
L L L L H H H H L H H H H H H L H H 
L L L L H H H H H L H H H H H H L H 
L L L L H H H H H L H H H H H H .H L 

H-HIGH' L-LOW X - Don't Care Z = High Impedance 

APPLICATIONS 

FROM 

~~ 
POL A S C 0 

,-----.J 

ENABLES ~ 

I 
A S C " A S C " '-- " E4~H -', "~ l...--<: ., Am2921 --<l ., Arn2921 

r- POL 

o.~ r- POL DEl '0 VI '(2 Y3 "4 '(5 '1'6 " '0 VI '(2 '1'3 '1'4 '1'5 ""a " 
OUTPUT 
CONTROL 

0 , , , , 5 • , . 9 10 11 " " " " 
=> 

168ITOATABUS 

I ~ Am290T 
DATA 

MICROPROCESSOR 

1/ 
INPUT 

ARRAY 

AFOOI860 

Two Am2921's can be used to perform a bit. set, bit clear, bit toggle or bit test on any of sixteen bits in a microprocessor system. 
Examples of the operations performed are as follows: 

Microprogram 
Control 16-Bit Field From Am2921 

0 C B A POL 0 1 2 3 4 5 6 7 8 . 9 10 11 

0 0 1 1 0 0 0 0 1 0 0 0 0 0 () 0 0 
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 
1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 
1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Note: BIt test Is performed u81ng F = 0 .output of Am2901_ 

5-200 

I 

12 13 

0 0 
1 0 
1 1 
1 1 
0 0 

Am2901 Bit Function 
ALU Performed On 

14 15 Function Selected Register 

0 0 OR BIT SET 
0 0 AND BIT TEST 
1 1 AND BIT CLEAR 
1 1 EX NOR BIT TOGGLE 
0 0 EX OR BIT TOGGLE 

03599B 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55·C to +125·C Temperature ..................................... O·C to +70·C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature ................................ -55·C to +125·C 

High Output State ....................... -O.5V to + Vec max 
DC Input VOltage ................................. -O.5V to +7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Strasses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless. otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vee-MIN IOH - 1.0mA (MIL) 2.4 3.4 
VOH Output HIGH Voltage 

VIN - VIH or VIL 10H - -2.6mA (COM'L) 2.4 3.4 Volts 

IOL-4.0mA 0.4 

VOL Output LOW Voltage Vee-MIN 10L-B.OmA 0.45 Volts VIN - VIH or VIL 
IOL-12mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs I COM'L 0.8 Volts 

VI Input Clamp Voltage Vee- MIN,IIN--18mA -1.5 Volts 

IlL Input LOW Current Vee - MAX, VIN· 0.4V -0.36 mA 

IIH Input HIGH Current Vee - MAX, VIN - 2.7V 20 p.A 

II Input HIGH Current Vee· MAX, VIN - 7.0V 0.1 mA 

OIl-State (High-Impedance) VO·0.4V -20 
10 Output Current Vee-MAX VO· 2.4V 20 p.A 

ISC 
Output Short CircuR Current Vee-MAX -15 -85 mA (Note 3) 

lee 
Power Supply Current Vee-MAX 21 34 mA (Note 4) 

Notes: 1. Typical limits are at Vee - S.OV, 2S"C ambient and maximum lOading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test conditions: A - e· C - E, - E'2 - GND: E3 - ~ - POL -l5E, - 0E2 - 4.SV. 

SWITCHING CHARACTERISTICS (T A = + 25·C, VCC a 5.0V) 

Parameters Description 
tpLH 

A, e, C to VI 
tpHL 

tPLH 101, E2 to VI 
tPHL 

If>LH E3, E4 to Vi 
tpHl 
tpLH 

POL to Vi 
tPHL 

tZH OE;', l5E2to Vi 
IzL 

1Hz OE;', 0E2 to Vi 
tLZ 

5-201 

, 

Test Conditions Min Typ Max Units 
20 30 

15 22 
ns 

19 28 

20 30 
ns 

CL -15pF 21 31 

RL-2.0kfl 
ns 

23 34 

16 24 

20 30 
ns 

17 25 

14 21 
ns 

CL - 5.0pF 17 25 

RL-2.0kfl 
ns 

20 30 

035998 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified· 

COMMERCIAL MILITARY 
Am2921 Am2921 

Parameters Description Test Conditions Min· Max Min Max Units 

tpLH 
A,B,CtoYi 

36 42 
ns 

tpHL 29 37 

tPLH 
"Ej, ~ tOYi 

34 39 

45 
ns 

tpHL 38 

tpLH CL = 50pF 38 45 
E3, ~ to Yi 

RL=2.0kU 
ns 

tPHL 43 52 

tpLH 29 34 
POL to Yi ns 

,tPHL 39 49 

tZH 
QE1, c:iE2 to Yi 

38 45 
ns 

IZL 23 25 

tHZ 
QE1, c:iE2 to Yi 

CL = 5.0pF 29 33 

RL -2.0kU 
ns 

tLZ 33 36 

'Switching Characteristics' performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

5-202 
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Am2922 
Eight Input Multiplexer with Control Register 

DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer 
• On-chip Multiplexer Select and Polarity Control Register 
• Output polarity control for inverting or non-inverting 

output 

• Three-state output for expansion 
• Common register enable, asynchronous register clear 
• AC parameters specified over operating temperature 

and power supply ranges 

GENERAL DESCRIPTION 

The Am2922 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to 
output and is intended for use in high speed computer 
control units or structured state machine designs. 

The Am2922 contains an internal register which holds the 
A, Band C multiplexer select lines as well as the POL 
(Polarity) control bit. When the Register Enable input (RE) 
is LOW, new data is entered into the register on the LOW
to-HIGH transition of the clock. When RE is HIGH, the 
register retains its current data. An asynchronous clear 
input (CLR) is used to reset the register to a logic LOW 
level. 

The A, Band C register outputs select one of eight 
multiplexer data inputs. A HIGH on the Polarity Control flip-

flop output causes a true (non-inverting) multiplexer output, 
and a LOW causes the output to be inverted. In a computer 
control unit, this allows testing of either true or complemen
ted flag data at the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows the 
selected multiplexer input to be passed to the output. When 
ME is HIGH, the output is determined only by the Polarity 
Control bit. 

The Am2922 also features a three-state Output Enable 
control (OE) for expansion. When OE is LOW, the output is 
enabled. When OE is HI!3H, the output is in the high 
impedance state. 

BLOCK DIAGRAM 

Boo02410 

03600B 
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P-20 
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CONNECTION DIAGRAM 
Top View 

co 

l!IlI 

• 

~ 

L-2G-1 
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ill 

.. 
I G II or 

CDOO461 0 CD004720 

LOGIC SYMBOL 

~ l' l' '17 14 13· 12 11 

Note: Pin 1 is marked for orientation 
F-20 pin configuration identical to 0-20, P-20. 

METALLIZATION AND PAD LAYOUT . . --.,------, 
CP 7 -----,--, 

CLR 8 --+In ... 
18 POL 9 

GND 10 

LSOO1010 
07 11 

D. 12 --+l_1'IIM 

Os 13 

04 14 -----' 

Y 1S------~ 

r-------s C 

4 A 

........ ,--3 RE 

ME 

00 

20 Vee 

19 0, 

'----- 18 02 

'------ 17. 03 

'------ 1. OE 
DIE SIZE O.oeo" X 0.099" 

ORDERING INFORMATION 
AMO products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if appUcable), package type, operating range and ~creening option (if desired). 

Am2922 

Device type 

D C S l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
D- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

a-Input Multiplexer 

5-204 

Valid Combinations 

PC 
DC, DCB, DM, 
OMB 

Am2922 FM, FMB 
LC,. LCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036008 
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Pin No. Name 

4,6,5 A, B, C 

9 POL 

2 m: 
3 FiE' 

a (TIl' 

01-0S 

7 CP 

16 rn: 
15 Y 

MODE 
C 

Clear X 

~ 
Reg. Disable X 

Select • L 
(Multiplex) L 

L 
L 
H 
H 
H 
H 

Multiplexer X 
Disable 

Tri-state 
Output 
Disable 

NC - No Change 
X - Don't Care 
H - High 
L-Low 
f - Low-to-High Transition 
Z - High-Impedance 

PIN DESCRIPTION 

1/0 Description 

I Multiplexer Select Lines. One of eight multiplexer data inputs is selected by the A, Band C register outputs. 

I Polarity Control Bit. A HIGH register output causes a true (non-inverted) output and a LOW causes the output to be 
inverted. 

I Multiplexer Enable. When LOW, it enabled the a-inp~t multiplexer. When HIGH, the Y output is determined by only 
the Polarity Control bit. 

I Register Enable. When LOW, the Mu~iplexer Select and Polarity Control Register Is enabled for loading. When 
HIGH, the register holds its current data. 

I Clear. A LOW asynchronously resets the Multiplexer Select and Polarity Control Register. 

I Data Inputs to the a-input multiplexer. 

I Clock Pulse. When m: is LOW, the Multiplexer Select and Polarity Control Register changes state on the LOW-to-
HIGH transition of CPo 

I Output Enable. When LOW, the output is enabled. When HIGH, the output is in the high impedance state. 

0 The chip output. 

FUNCTION TABLE 

INPUTS INTERNAL INPUTS OUTPUT 

B A POL JiE CLR CP QC QB QA QpOL ME OE y 

X X X X L X L L L L H L H 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
L L llo 
X H Z 

X X. X H H X NC NC NC NC L L Oi/Oj 
(Note 1) 

L L LlH L H f L L L LlH L L Do/Do 
L H 

1 1 1 1 
L L H 

1 1 1 
01/0 1 

H L L H L ~/02 
H H L H H 103 
L L H L L Q4/0 4 
L H H L H Q5/0 5 
H L H H L 06/0 6 
H H H H H 07/07 

I X I I I I X X X L H L H 
X X X H H L L 

1 1 1 1 1 X X X .X X H Z 

Note 1: The output will follow the selected input, OJ, or ns complement depending on the state of the POL flip-flop 

5-205 
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INSTRUCfION I .-ns 
fROM'"'ELINE 

REGISTER 

TEST 
INPUTS 

,. 
11 

'2 
'3 ,. 
'5 ,. 

APPLICATIONS 

.,..----
~ ...... ,. MlCROPROGftAM 

MEMORY Y; ~ 
'2 

ee' OUTPIITS 

t I' , 
Y 

ME r-- • "0 - 0, "0 ' 0, - 0, Am25I.S'711 - Do , lIE 
PIPeLINE REGISTER 

- 0. p "0 Q, 0, 

- "" 
C - "" • - '" ~ 
A 

t 

I 
---- V. UNCONDITIONAL D. ME 

- 0, - 02 - "3 ~ lIE - o. ~ 
p - "" 
C - O. 8 

- 0, 
Y 

A 

j 

AF001840 

A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 

5-206 
036008 

Refer to Page 13-1 for Essential Information on Military Devices 



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ..•...................... -65°C to + 150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias ...•... -55°C to + 125°C Temperature ..........•..........•......•.......• O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage .........•......•.....•..... + 4.75V to + 5.25V 

Continuous ...................................... -0.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ........•....................... _55°C to +125°C 

High Output State ..•........•........... -0.5V to + Vee max 
DC Input Voltage .....................•.........•• -0.5V to +5.5V 

Supply Voltage ••...•....•....••.•...•.•••...• + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ..........•.................. -30mA to +5.0mA 
aJity of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 
. 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

VCC$MIN MIL, 10H = -2.0rnA 2.4 3.4 
VOH Output HIGH Voltage V,N = V,H or V,L COM'L, 10H - -6.5rnA 2.4 3.2 Volts 

10L -4.0mA 0.4 

VOL Output LOW Voltage Vcc=MIN 10L =6.0mA 0.45 Volts V,N = V,H or V,L 
IOL =20mA 0.5 

V,H Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
V,L Input LOW Level voHage for all inputs I COM'L 0.6 Volts 

V, Input Clamp Voltage Vcc=MIN,I'N=-16mA -1.5 Volts 

Vcc=MAX, 
ME, <:iE, RE -0.72 

IlL Input LOW Current V,N= 0.4V ON, A, B, C, POL, CP, ~ -2.0 mA 

Vcc-MAX, ME, CE, RE 40 
I'H Input HIGH Current V,N -2.7V ON, A, B, C, POL, CP, ~ 50 11 

VCC=MAX, ~,<:iE,1'iE 0.1 
I, Input HIGH Current V,N = 5.5V ON, A, B, C, POL, CP, ~ 1.0 rnA 

Off-State (High·lmpedance) Vo - O.4V -50 
10Z Output Current VCC=MAX Vo = 2.4V 50 IlA 

ISC 
Output Short Circuit Current VCC=MAX -40 -100 mA (Note 3) 

ICC 
Power Supply Current Vce=MAX 97 146 mA (Note 4) 

Notes: 1. Typical limits are at Vcc - 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
ON, A, "B, C, POL, ~ at Gnd. All other inputs and outputs open. Measured after a momentary ground then 4.5V applied to clock 
input. 

5-207 
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SWITCHING CHARACTERISTICS (T A - + 25°C, Vee - 5.0\1) 

Parameters Description Test Conditions Min Typ Max Units 

IA.H 
Clock 10 Y POL - LOW 

21. 32 
ns 

IPHL 19 29 

IA.H 
Clock to Y POL - HIGH 

16 24 , ns 
IpHL 19 29 

IpLH 10 16 
On to Y ns 

IpHL 13 19 

IpLH 
CLR to Y 

CL -15pF 22 33 

RL-2.0kn 
ns 

IPHL 22 33 

IpLH 
gelo Y 

12 18 
ns 

IpHL 12 18 

IZL 8 14 
ns 

IZH OJ: to Y 
8 14 

ILZ CL -5.OpF 10 17 , ns 
1Hz RL-2.0kn 10 17 

A, B. C, POL 10 
Is ce ns 

15 

Is CLA Recovety CL -15pF 5 ns 

Clock RL-2.0kn 10 
Ipw 

Clear (LOW) 
ns 

10 

III A. B. C. POL. ce 0 ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 
Am2922 Am2922 

Parameters Description Teat Condltlona Min Max Min Max Units 
IpLH 40 47 

Clock to Y POL - LOW ns 
IpHL 34 38 

IpLH 
Clock 10 Y POL - HIGH 

29 33 
ns 

\pHL 35 41 

IpLH 19 21 
On to Y ns 

IPHL 22 24 

IpLH CL - 50pF 39 45 
ClR to Y 

RL -2.0kn 
ns 

IPHL 39 45 

IpLH 
J;iE to Y 

22 28 
ns 

IpHL 19 20 

IZL 19 24 
ns 

IZH O'E to Y 
22 29 

ILZ CL - 5.0pF 24 30 

RL-2.0kn 
ns 

1HZ 24 30 

A. B. C. POL 11 12 
Is CE 

ns 
18 20 

Is CLR Recovery CL -50pF 6 7 ns 

Clock RL-2.0kn 11 12 
Ipw Clear (LOW) 

ns 
11 12 

III A. B. C. POL. CE 3 3 ns 

'Switching Characterisllcs' performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 

5·208 
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LOW-POWER SCHOTIKY INPUT IOUTPUT ~ 
3 

CURRENT INTERFACE CONDITIONS 1'1) 
fD 
1'1) 

DRIVING OUTPUT I DRIVEN INPUT 
1'1) 

Vee 

I 
--~ [IJ -----

" ~ I "-
- .--< 

,f' .... 

rl"" 
~2: 

~ ~ 
'2~ 

~2: 

-=- I 
ICOO0381 

Note: Actual current flow direction shown. .. 
1---------------1 .. 

RELATED PRODUCTS 

Part No. Description 

Am25LS2535 a-Input Multiplexer 

Am2923 a-Input Multiplexer 

5-209 
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Am2923 
EighHnput Multiplexer 

PISTINCTIVE CHARACTERISTICS 

• Advanced Schottky technology • Sw~ches one of eight inputs to two complementary 
• 3-state output for bus 'organized systems outputs 

GENERAL DESC~I~TION 

The Am2923 is an a-input multiplexer that switches one of The Am2923 features a 3-state output for data bus organi-
eight inputs onto the inverting and non-inverting outputs zation. The active-LOW strobe, or "output control", applies 
under the control of a 3-bit select code. The inverting to both the inverting and non-inverting output. When the 
output is one gate delay faster than the non-inverting output control is HIGH, the outputs are in the high-
output. impedance state. When the output control is LOW, the 

active pull-up output is enabled. 

BLOCK DIAGRAM 

i ... 

Do ""'- )--

., -L 

.. -L 
....~v ~ 

Do 

I ~ W 

D. -L I ~ 

Do "'-

Do -L -

Dr 

c 
~ 

r-:-. 
. 

60002360 

RELATED PRODUCTS 

Part No. DeSCription 

Am2922 a Input MUX with Register Control 

Am25LS2535 a Input MUX with Register Control 

036016 
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P·16 
0·16 
F·16* 

CONNECTION DIAGRAM 
Top View 

Vee 

O. 
D, 

O. 
Do 

06 

0, ..-
A 

CD004530 

Note: Pin 1 is marked for orientation 

L·20·1 

K .. G J$ if 

.. 
Do 

0, 

,. ~ 

CDOO4540 

*F-16 pin configuration identical to 0-16, P-16. .. f-----------a:. 
METALLIZATION AND PAD LAYOUT 

D3 15 D4 

D2 2 14 D5 

D1 3 13 D6 
DO 4 12 D7 

Y 5 11 A 
W 6 10 B "S" 7 

9 

GND 8 

DIE SIZE: 0.064" x 0.067" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2923 

Device type 

o C B l L L S~r:~~i~g s?:~~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (ODC to + 70DC) 
M - Military (-55DC to + 12SDC) 

Package 
D-16-pin CERDIP 
F - l6-pin flatpak 
L - 20-pin leadless chip carrier 
P-16-pin plastic DIP 
X-Dice 

8-lnput Multiplexer 

5-211 

Valid Combinations. 

PC 
DC, DCB, OM, 
DMB 

Am2923 FM, FMB 
LC, LCB,LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03601B 
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PIN DESCRIPTION 

Pin No. Name 110' Description 

9,10,11 A,B,C I The three select Inputs" of the multiplexer, 

Do.Ol I The 'eight data inputs of the multiplexer, 
02,03; 
04,05 
0&,0-, 

5 Y 0 The true multiplexer output. 

6 W 0 The complement multiplexer output. 

7 ~ I Output Control. HIGH on the output control (or strobe) forces both the W and Y outputs to the high-impedance (off) 
state. 

FUNCTION TABLE 

INPUTS OUTPUTS 

SELECT 
Output Control 

C B A S y W 
X X X H Z Z 
L L L L 00 00 
L L H L 01 01 
L H L L 02 02 
L H H L 03 03 
H L L L 04 04 
H L H L 05 05 
H H L L 06 Os 
H H H L D7 07 

H=HIGH X = Dcn't Care 
L=LOW Z = High Impedance 
00.07 = The output will follow the HIGH·level or LOW· 

level of the selected input. 
00-07 = The output will follow the complement of the 

HIGH-level or LOW·I,evel of the Selected input. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING.OUTPUT I DRIVEN INPUT 
Vee 

son NOM UNIT lOAD 
2.8kONOM 

n t 1..57"'-----;K V 

tJ 
oJ"' r ,," .~~ 

.". ':' 

ICOO0370 
Note: Actual current flow direction shown. 

5-212 

LOADING RULES (In Unit Loads) 

Fan-out 

Input! Input Output Output 
Output Pin No.'s Unit Load HIGH LOW 

03 1 1 - -
02 2 1 - -
01 3 1 - -
DO 4 1 - -
Y 5 - 20 10 

W 6 - 20 10 

S 7 1 - -
GNO 8 - - -
C 9 1 - -
B 10 1 - -
A 11 1 - -
07 12 1 - -
06 13 1 - -
05 14 1 - -
04 15 1 - -
Vee 16 - - -

A Schottky TIL Unit Load is defined as 501LA 
measured at 2.7V HIGH and -2.0mA measured at 
0.5V LOW. 

03601B 
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A, 
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APPLICATIONS 
LOGIC FUNCTION GENERATION 

D 

0 

p:r I 
Vee 

DO 0, 02 03 0, Os 06 0, 
A_A 

B-B Am2923 1: 

e'-e J. 
W y 

! ! 
AF002060 

Z - ABCD + ABCD + ACD + AB + ACD + BCD 

32-INPUT MULTIPLEXER 

INPUTS 

O~··········n ........... 7 8 .. ·_········· .. •• .. ···15 16········u ••• ... ········23 24 .... • .. •••• ..... •• .. ·······31 

r-

Do D, D, D, D. Do Do D,\ 

~~ 
00 0, 02 03 O~ Os Os 0, 

~~ 
D,D, D, D, D. D, Do D, \ ~:s Do D, D, D,D, Do D, D,\ . . ....." Am"', Am2823 Am:nil23 

C 
8-INPUT MUL TlPL£XER 8-INPUT MULTIPLEXER 8-INPU-:'" MOL TlPLEXeA ; 8-INflU:MULTI:LEXER 

I .., y w y w y 

I 1 1 

MULTIPLeXeR OUTPUT MULTIPLEXER OUTPUT 

5-213 

AFOO1690 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65"C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55·C to + 125·C Temperature .•..•.•..............•..••••...•...•. O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage .......•...•.•....•..•••.... +4.75V to +5.25V 

(Pin 16 to Pin 8) Continuous ........••.•... -O.5V to +.7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ..••................•.....••.•.• -55·C to +125·C 

High Output State .......•• ' ..•.......••.. -O.5V to + Vee max 
DC Input Voltage ......•••.......••.•••........••. -O.5V to +5.5V 

Supply Voltage ....•..•..•..••...•.•...•....•. + 4.5V to + 5.5V 

DC Output Current, Into Outputs ••......•.......•.•...••... 30mA 
Operating ranges define those limits over which the function-

DC Input Current .•..••..........•.•.......... -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied Exposure to absolute 
maximum ratings for extended per/ods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

Vcc=MIN, I MIL, IOH = -2mA 2.4 3.4 
VOH Output HIGH Voltage 

VIN = VIH or VIL I COM'L, IOH = -6,5mA 2.4 3.2 

VOL Output LOW Voltage Vee = MIN, IOL = 20mA 0.5 Volts 
VIN - VIH or VIL 

VIH Input HIGH Level Guaranteed input logical' HIGH 2 Volts voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Volts voltage for all inputs 

VI Input Clamp Voltage Vee - MIN, liN = - 18mA -1.2 Volts 

IlL UnH Load 
Vee - MAX, VIN = 0.5 -2 mA (Note 3) Input LOW Current 

IIH Unit Load Vee = MAX, VIN=2,7 50 pA (Note 3) Input HIGH Current 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1 mA 

10(0ft) Off-State (High-Impedence) Vee = MAX, Vo - 2.4V 50 pA Output Current VIN - VIH or VIL Vo - 0.5V -50 

ISC 
Output Short Circuit Current Vee = MAX Your = O.OV -40 -100 mA (Note 4) 

lee Power Supply Current Vee - MAX (Note 5) 55 85 mA 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limHs are at Vee - 5.0V, 25·C ambient and maximum loading. 
3. Actual input currents = UnH Load Current x Input Load Factor (see Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. ICC is measured with all outputs open and all inputs at 4.5V. 

SWITCHING CHARACTERISTICS (T A = 25"C) 

Parameters Description Test Conditions 

tpLH 

tPHL 
,A, B, or C to Y; 4 Levels of Delay 

tpLH 

tPHL 
A, B, or C to iN; 3 Levels of Delay 

tpLH Vee=5.0V, RL=280n, CL=15pF 

tPHL 
AnyDtoY 

tpLH 

tpHL 
AnyDtoiN 

tZH 

IZL 
Output Enable to Y 

tZH' 
VCC = 5.0V, RL = 280n, CL = 15pF 

IZL 
Output Enable 10 iN 

1HZ 

ILZ 
Output Enable to Y 

1Hz Vee - 5.0V, RL -280n, CL = 5pF 

ILZ 
Output Enable 10 iN 

5-214 

Min Typ Max Units 

12 18 

13 19.5 ns 

10 15 

9 13.5 ns 

8 12 

8 12 ns 

4.5 7 

4.5 7 ns 

13 19.5 

14 21 ns 

13 19.5 

14 21 ns 

5.5 8.5 

9 14 ns 

5.5 8.5 

9 14 ns 

036018 
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Am2924 
Three-Line to Eight-Line Decoder/Demultiplexer 

DISTINCTIVE CHARACTERISTICS 

• Advanced Schottky technology • Inverting and non-inverting enable inputs 

GENERAL DESCRIPTION 

The Am2924 is a 3-line to 8-line decoder/demultiplexer One active-HIGH and two active-lOW enables can be used 
fabricated using advanced Schottky technology_ The de- for gating the decoder or can be used with incoming data 
coder has three buffered select inputs A, Band C that are for demultiplexing applications. When the enable input 
decoded to one of eight Y outputs. function is iii the disable state, aU eight Y outputs are HIGH 

regardless of the A, Band C select inputs. 

BLOCK DIAGRAM 

GI rl-, Yo 

G;A 

k 
lili 

Y, 

t--i-
V; 

i---i.--
V; 

0-;. 
I ... ... Yo 

A ... ..... 
o-j..... 

Yo 

• ..... 1 -"-... ..... -L 
Yo 

c 
.to.. -"'- :--i-... ... V, 

80002380 

RELATED PRODUCTS 

Part No. Description 

Am25lS2536 8-Bit Decoder 

Am25lS2537 1 of 1 0 Decoder 

Am25lS2538 1 of 8 Decoder 

Am25lS2539 Dual 1 of 4 Decoder 

Am25lS2548 Chip Select Address Decoder 

Am2921 1 of 8 Decoder 

036028 
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CONNECTrON DIAGRAM 
Top View 

P·16 L·20·1 
D·16 
F·16* 

II ~ ~ 
'A Vee 

Yo 
NO 

V, 
iliA V, 

G2A Y2 
IlII v, 

ii5 Va 
Yo 

G' V, 
01 

v:; V. 
NC V, 

GND Yo 
~ II pi' .... II 

CDOO4550 
g 

CD004560 

*F-16 pin configuration identical to 0-16, P-16. 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

A 1 IS Yo 
B 2 I' V, 

13 '2 
C 3 

GiA , 
Y3 Wi! S 

12 

Gl 6 

11 Y, 

'7 7 10 Yo 
GND 8 9 Yo 

DIE SIZE: 0.065" x 0.070" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed. option (if applicable), package type, operating range and screening option (if desired). 

Am2924 o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (0 to + 70·C) 
M - Military (-55 to + 125·C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
L - 20-pin lead less chip carrier 
P-16-pin plastic DIP 
X-Dice 

Device type 
Decoder/Demultiplexer 

5-216 

Valid Combinations 

PC 
DC, DCB, OM, 
DMB 

Am2924 FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036028 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 
1,2,3 A, B, C I A, B, C Select. The three select inputs to the decoder. 

6 Gl I The active-HIGH enable input. A LOW on the G 1 input forces all Y outputs HIGH regardless of any olher inputs. 

4,5 <i2A, Gm I The active·LOW enable input: A HIGH on either the <i2A or Gm input forces all Youtputs HIGH regardless of any 
other inputs. 

15,14, 13 ~,Yi,~, 0 The eighl decoder outputs. 
12, II, 10 ~~' 5, 9,7 

FUNCTION TABLE 

Inputs 

Enable Select Outputs 

Gl G2A <mi C B A Vo VI V2 V3 V4 V5 Va V7 
L X X X X X H H H H H H H H 
X H X X X X H H H H H H H H 
X X H X X X H H H H H H H H 
H L L L L L L H H H H H H H 
H L L L L H H L H H H H H H 
H L L L H L H H L H H H H H 
H L L L H H H H H L H H H H 
H L L H L L H H H H L H H H 
H L L H L H H H H H H L H H 
H L L H H L H H H H H H L H 
H L L H H H H H H H H H H L 

H ",HIGH 
L~ LOW. 
i< = Don't care 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DRIVEN INPUT 
Vee 

600 NOM UNIT LOAD 
2.8knNOM 

t j ---~ V 
r ~ 

0--

tJ 
....... r "H 

~~ 

.". .". 

ICOO0370 

Note: Actual current flow direction shown. 

5·217 

LOADING RULES (In Unit Loads) 

Fan-out 
Inputl Pin Output Output 
Output No.'s Unit Load HIGH LOW 

A 1 1 - -
B 2 1 - -
C 3 1 - -
G2A 4 1 - -
G2B 5 1 - -
Gl 6 1 - -
Y7 7 - 20 10 

GND 8 - - -
Ya 9 - 20 10 

Ys 10 - 20 10 

Y4 11 - 20 10 

Y3 12 - 20 10 

Y2 13 - 20 10 

Yl 14 - 20 10 

YO 15 - 20 10 

Vee 16 - - -
A Schottky TTL Unit Load is defined as 5011A 
measured at 2.7V HIGH and -2.0mA measured at 
0.5V LOW. 

036028 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... - 55°C to + 125°C Temperature ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

(Pin 16 to Pin 8) Continuous ............... -O.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature ................................ - 55°C to + 125°C 

High Output State ....................... -O.5V to + Vee max 
DC Input Voltage ................................. -O.5V to +5.5V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent deilice failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note I) Min (Note 2) Max Units 

Vec= MIN, IOH = -lmA IMIL 2.5 3.4 
VOH Output HIGH Voltage 

VIN = VIH or VIL ICOM'L 2.7 3.4 Volts 

VOL Output LOW Voltage Vec = MIN,IOL = 20mA 0.5 Volts 
VIN = VIH or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Volts voltage for all inputs 

VI Input Clamp Voltage Vee = MIN, liN = -18mA r -1.2 Volts 

IlL Input LOW Current Vee = MAX, VIN = O.SV -2 rnA (Note 3) 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 50 p.A (Note 3) 

II Input HIGH Current Vee = MAX, VIN = S.5V 1.0 rnA 

ISC 
. Output Short Circuit Current 

Vee = MAX, VOUT = O.OV -40 -100 rnA (Note 4) 

ICC Power Supply Current Vee = MAX (Note 5) 49 74 rnA 

Notes: 1. For conditions shown as MIN or MAX, use the the appropriate value specified under Operating Ranges 'for the applicable device type. 
2. Typical limits are at Vee = 5.0 V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Output enabled and open. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

Parameters Description Test Conditions 

tpLH Two Level Delay 
tpHL Select to Output 

tplH Three Lavel Delay 
tpHL Select to Output 

tpLH G2A or G2B 
Vee = SV, CL = 15pF, RL =280n 

tpHL to Output 

tpLH 

tpHL 
Gl to Output 

5-219 

Min Typ Max Units 

4.5 7 

7 10.5 ns 

7.5 12 

8 12 ns 

5 8 

7 11 ns 

7 11 

7 11 ns 

03602B 
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Am2925 
Clock Generator and Microcycle Length Controller 

DISTINCTIVE CHARACTERISTICS 

• Crystal controlled oscillator 
Stable operation from 1MHz to over 31MHz 

• Four microcode controlled clock outputs 
Allows clock cyclE! length control for 15-30% in
crease in system throughput. Microcode selects one 
of eight clock patterns from 3 to 10 oscillator cy
cles in length 

• System controls for Ruii/Halt and Single Step 
Switch debouriced inputs provide flexible halt con
trols 

• Slim 0.3" 24-pin package 
LSI complexity in minimum board area 

GENERAL DESCRIPTIOti 

The Am2925 is a single-chip general purpose clock genera
tor/driver.lt is crystal controlled, and has microprogramma
ble clock cycle length to provide significant speed-up over 
fixed clock cycle approaches and meet a variety of system 
speed' requirements. The Am2925 generates four different 
simultaneous clock output waveforms tailored to meet the 
needs of Am2900 and other bipolar and MOS microproces
sor based systems. One-of-eight cycle lengths may be 
generated under microprogram control using the Cycle 
Length inputs L 1, L2, and La. 

The Am2925 oscillator runs at frequencies to over 31 MHz. 
A buffered oscillator output, Fo, is provided for external 
system timing in addition to the four microcode controlled 
elock outputs C1, C2, Ca. and C4. 

System control functions include Run, Halt, Single-Step, 
Initialize and Ready/Wait controls. In addition, the FIRST/ 
t:AST input determines 'where' a' halt occurs and the Cx 
input determines the end point timing of wait cycles. 
WAITACK indicates that the Am2925 is in a wait state. 

BLOCK DIAGRAM 

x,_ 
..... lIT'" " x,- ooc 

r-L .... 

- ..... C, ... 
- CLOCK ... 

C, 
L,_ I- CONTROL GENER- ... 

"'ATE MlCROCYCLE DECO"",, AlOII ... L,_ CONTROL I- _ IlEGlSTER 

LATCfI .... C, 

L,_ I- - ... ,..- C, 

lEN 
i..--

FtAST'LD'r_ 

Aii'f-
I--

_HALT 
D- AND 

SINGLE STEP 
-.:- CONTROL I I ~ 

WAn' ...... - CONTROL I 
II1II' t I -IIDIIY 

ex 
80002590 
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aND 

IIDIW 

L, .. 
La 
c, 
c, 
c, 
c, 

...., 

...., 
OND 

CONNECTION DIAGRAM 
Top View 

D·24·Slim L·28·1 

Vee ¥ .:r I I or 
c, 

iiiiT .. - .. -- e, 
iiilII 

C, 
IIlii.i 

F1RST/lliT" 
c, 

x, c, 

X, NC 

'0 
Vee 

M i ~ .e or 

CDOO4620 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

READY 2 ------, 

l,3------. 
r------ 24 VCC 

23 ex 
l2 4 c----±,-----_±_-±--=±=---=-_±_= 221NIT 

C,6 

C3 8 

SSNC 10 

SSN011 

21 WAITREQ 

20WAITACK 

19 RUN 

18 HALT 

17 FIRST/LAST 

GND 12 ---------' 
"-----15X2 

"------ 14 Fo 

Vcc 

DIE SIZE: 0.097" x .122" 

ORDERING INFORMATION 

""""" ........ 
1l1li 

IIlIt'r 

_""" 
X, 

CD004610 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2925 

Device type 
Clock Generator 

Dl CL L S~r:~~i~9 S~~;rd processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
D - 24-pin SLlMDIP 
L - 26-pin leadless chip carrier 
X - Dice 

5-221 

Valid Combinations 

I DC, DCB, DMB 
Am2925 LC, LCB, LMB 

XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03367A 
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LOGIC DIAGRAM 
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PIN DESCRIPTION 

Pin No. Name 110 Description 

6.7.8.9 Cl. C2 a System clock outputs. These outputs are all active during every system clock cycle. Their timing is deter· 
C3. C4 mined by clock cycle length controls. L 1. L2. and l3. 

a. 4. 5 Ll. L2. l3 I Clock cycle length control inputs. These inputs receive the microcode bits that select the microcycle 
lengths. They form a control word which selects one of the eight microcycle waveform patterns F3 
through Flo. 

14 Fo a The buffered oscillator output. FO internally generates all of the timing edges for outputs C,. C2. C3. C4 
and WAITACK. FO rises just prior to all of the C,. C2. C3. C4 transitions. 

18. 19 HAIT and 
RUN 

I Debounced inputs ...!!!...Erovide HAIT control. These inputs determine whether the output clocks run or not. 
A LOW input on HALT (AtiN = HIGH) will stop all clock outputs. 

17 FIRST/LAST I HALT time control input. A HIGH input in conjunction with a HALT command will cause a halt to 0.2£!!L 
when C4 = LOW and C, = C2 = C3 = HIGH (see clock waveforms). A LOW input causes a HALT 
to occur when C, = C2 = ~ = LOW and C4 = HIGH. 

11. 10 SSNO and I Single Step control inputs. These debounced inputs allow system clock cycle single stepping while HAIT 
SSNC is activated LOW. 

21 WAITREQ I The Wa~ Request active LOW input. When LOW this input will cause the outputs to hall during the next 
oscillator cycle after the Cx input goes LOW. 

2a Cx I Wait cycle control input. The clock outputs respond to a wait request one oscillator clock cycle after Cx 
goes LOW. Cx is normally tied to anyone of C,. C2. ~ or C4. 

20 WAITACK a The Wait Acknowledge active LOW output. When LOW. this output indicates that all clock outputs are in 
the "WAIT" state. 

2 READY I The READY active LOW input is used to continue normal clock output patterns after a wait stage. 

22 INIT I The Initialize active LOW input. This input is intended for use during power up initialization of the system. 
When LaWall clock outputs free run regardless of the state of the Hall. Single Step. Wait Request and 
Ready inputs. 

16.15 X,. X2 I. a External crystal connections. X, can also be driven by a TTL frequency source. 

DETAILED DESCRIPTION 

The Am2925 is a dynamically programmable general·purpose current state register. The Microcycle Control Latch is latched 
clock generator/driver. It can be logically separated into three when C, is HIGH. This means that it will be loaded during the 
parts. There is an oscillator. a state machine decoder and a last state of each microcycle (C, = C2 = Ca = LOW. 
state machine control section. C4 = HIGH). This internal latch selects one of eight possible 

The oscillator is a linear inverting amplifier which may be 
microcycle ·Iengths. Fa to F,o. 

configured with a minimum of external parts as a 1st harmon· The state machine control logic. which determines the mode 
ic· crystal oscillator. 3rd harmonic* crystal oscillator. L·C of operation of the state machine. is intended to be connected 
oscillator or used to buffer an external clock. The buffered. to a front panel. There are four basic modes of operation of 
inverted output of this oscillator is available as Fo. the Am2925 comprised of Run. Halt. Wait and Single Step. 

The state machine takes microcode information from the 
Microcycle Length "L" inputs L 1. L2 and La and counts the 
fundamental frequency of the internal oscillator. Fo. to create 

SYSTEM TIMING 

the clock outputs. C,. C2. Ca' and C4. In the typical computer. the time required to execute different 

The clock outputs have a characteristic wave shape relation· instructions varies. However. the time allotted to each instruc· 

ship for each microcycle length. For example. C, is always tion is the time that it takes to execute the longest instruction. 

LOW only on the last Fo clock period of a microcycle and C4 is The Am2925 allows the user to dynamically vary the time 

always LOW on the first. Ca has an approximately 50% duty allotted for each instruction. thereby allowing the user to 

cycle. and C2 is HIGH for all but the last two periods. realize a higher throughput. 

The current state of the machine is contained in a register. This application section will cover several aspects of the 
part of which is the Clock Generator Register. C,. C2. Ca and Am2925. The first topic to be covered is the oscillator section 
C4 are the outputs of this register. These outputs and the which is responsible for providing the baSis of all system 
outputs of the Microcycle Control Latch are fed into a set of timing. Second will be how to operate the Am2925; last will be 
combinatorial logic to generate the next state. On each falling an example of an Am2925 in a 16·bit microprogrammed 
edge of the internal clock the next state is entered into the machine. 

*It is understood that the terms "fundamental mode" and "3rd overtone" are generally regarded as more technically 
correct. but "1st harmonic" and "3rd harmonic" are used here because of their more generally accepted usage. 
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OSCILLATOR 

The Am2925 contains an inverting, linear amplifier which is 
intended to form the basis of a crystal oscillator. In designing 
this oscillator it is necessary to consider several factors 
related to the application. 

The first consideration is the desired frequency accuracy. This 
may be subdivided into several areas. An oscillator is consid
ered stable if it is insensitive to variations in temperature and 
supply voltage, and if it is unaffected by individual component 
changes and aging. The design of the Am2925 is such that the 
degree to which these goals are met is determined primarily by 
the choice of external components. Various types of crystals 
are available and the manufacturers' literature should be 
consulted to determine the appropriate type. For good temper
ature stability, zero temperature coefficient capacitors should 
be used (Type NPO). For extreme temperature stability, an 
oven must be used or some other form of temperature 
compensation applied. 

Absolute frequency accuracy must also be considered. The 
resonant frequency varies with load capacitance. It is there
fore important to match the load specified by the crystal 
manufacturer for a standard crystal (usually 32pF), or to 
specify the load when.ordering a speCial crystal. It should then 
be possible to determine from the crystal characteristics tlie 
load tolerance to maintain a given accuracy. If the "set-on" 
error due to load tolerance is unacceptable, a trimmer 
capacitor should be incorporated for fine adjustment. 

The mechanism by which a crystal resonates is electrome
chanical. This resonance occurs at a fundamental frequency 
(1 st harmonic) and at all odd harmonics of this frequency 
(ev!3n harmonic resonance is not mechanically possible). 
Unless otherwise constrained crystal oscillators operate at 
their fundamental frequency. However, crystals are not gener
ally available with fundamental frequencies above 20-25MHz. 
At higher frequencies, an overtone oscillator must be used. In 
this case, the crystal is designed to oscillate efficiently at one 
of its odd, harmonic frequencies and additional components 
are included in the oscillator circuit to prevent it oscillating at 
lower harmonics. 

Where a high degree of accuracy or stability is not required, 
the amplifier may be configured as an L-C oscillator. It may 
also be driven from an external clock source· if operation is 
required in synchronism with that source. 

1st Harmonic (Fundamental) Oscillator 

The circuit of a typical 1 st harmonic oscillator is shown in 
Figure 1. The crystal load is comprised .of the two 68pF 
capacitors in series. This 34pF approximates the standard 
32pF crystal load. If a closer match is required then one of the 
capacitors should be replaced with a parallel combination of a 
fixed capacitor and a trimmer. The nominal value of the 
combination should be 60pF to provide proper crystal loading. 

A typical crystal specification for use in this circuit is: 

Frequency Range: 5-20MHz 
Resonance: Parallel Mode 
Load: 32pF 
Stability: .01 % or to match systems requirements 
Case: H-17-for smaller size 
Temp Range: -30 to + 70·C 

Note: Frequency will change over temp 

Am2925 

R 

c, Hm-- Co 

68pFI 168pF 
~ '::' 

DFOO0810 

Figure 1. Connections for 5-20 MHz. 

It is good practice to ground the case of the. crystal to 
eliminate stray pick-up and keep all connections as short as 
possible. 

Note: At fundamental frequencies below 5MHz it is possible 
for the oscillator to operate at the 3rd harmoniC. To prevent 
this a resistor should be added in series with the X2 pin as 
shown in the circuit diagram. 
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The resistor value should match the impedance of C2: 

1 
R=Xc =--

2 211" f C2 

3rd Harmonie Oscillator 

At frequencies greater than 20MHz the crystal can be operat
ed at its 3rd harmonic. A typical circuit is shown in Figure 2. 
Two additional components are included; an inductor, L1, and 
a capacitor, C3. The purpose of the capacitor is to block the 
d.c. path through the inductor and thereby maintain the correct 
amplifier bias. C3 should be large (;;" 1 OOOpF). 

The inductor forms a parallel tuned circuit with C1. This circuit 
has its resonance set between the 1 st and 3rd harmonics of 
the crystal and is used to prevent the OSCillator operating at 
the 1 st harmoniC. In the 1 st harmonic oScillator (Figure 1), the 
crystal appears as an inductor and forms a 1I"-network with the 
two capaCitors, thus providing the necessary phase shift for 
oscillation. In the 3rd harmoniC oscillator, L1 and C1 are 
chosen such that at the 3rd harmonic the impedance of circuit 
is equivalent to .that of the capacitor C2 in the 1 st harmonic 
oscillator (Figure 3b). Thus, the same 1I"-network is formed 
(Figure 3c) and oscillation is possible. At the 1 st harmonic the 
tuned circuit appears as an inductor (Figure 3a), the 1I"-network 
is not formed and oscillation is not possible. 

The following specification is typical for a crystal to be used in 
a 3rd harmonic oscillator. 

Frequency Range: Above 20MHz 
Resonance: Parallel Mode 
Load: 32pF 
Stability: .01 % or to match systems requirements 
Case: H-17 - for smaller size 
Temp Range: -30 to + 70·C 

Note: Frequency will change temp 

Again it is good practice to ground the crystal case and keep 
connections short. 
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Figure 2. Connections for Frequencies above 20M Hz. 

+----1 0 I-----i x 
FREO : ___ n 

CllARACTERIS11C AT THE T 
FUNDAMENTAL, I. " I'mA. 

I", 
31 

DFOO0820 
"'-- FUNDAMENTAL. 1 

DF000840 

a) Fundamental Equivalent b) Trap Impedance 

+----1 0 I-----i 

.:-P CHAAACTEAIS11CS AT~ 
THIRD HARMONIC 

DF000830 

c) 3rd Harmonic Equivalent 

Figure 3. Forcing Third Harmonic Oscillation. 
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Design Procedure 

(1) Assume Cl a 82pF and C2 = 68pF (this gives a sensible 
inductor value). Ll is calculated according to the formula; 

1151 
Ll=-

f02 
fo = Operating frefquency in MHz 

Ll inllH 

This sets the resonant frequency of the L-C com
bination at 0.52 fo .. 

(2) Select the closest standard value inductor for Ll. Using this 
value calculate Cl such that the resulting crystal load at the 
3rd harmonic is 32pF. 

25330 
Cl =60+--2 Cl in pF. 

Ll'fO 

Choose the closest standard capacitor value to this. 

Using standard values both the resonant frequency of the L-C 
circuit (fr) and the crystal load are non-optimal. This will cause 
a slight error in the oscillating frequency. If this is not 
permissible Cl may be a fixed capacitor in parallel with a 
trimr:ner such that the range of adjustment inclu,des the 
calculated value for Cl. This is then set to give the desired 
frequency. In either case the approximate inductor value will 
cause the resonant frequency to the L-C circuit to change. 
This frequency, fr, may be computed and should remain 

. approximately midway between the 1 st and 3rd harmonic. 

L-C Oscillator 

fr in MHZ 
Ll in IlH 
Cl in pF 

The Am2925 can be operated as an L-C tuned oscillator 
(Figure 4) and will perform as a stable oscillator within the 
restrictions of the chosen frequency determining components 
(i.e., inductor and capacitors). The circuit chosen is a classical 
1r-network with DC loop isolation. The Am2925 oscillator is a 
DC biased linear amplifier. This DC bias is necessary and 
therefore Ca is included to block the DC path through the 
inductor. If a variable slug tuned inductor is used a moderate 
range of frequency adjustment tuneability (approximately 2:1) 
can be achieved. The range can be enhanced by switching the 
two resonant capaCitors (Cl, C2) to larger or smaller values. 
The specific frequency of oPeration can be determined by the 
formula: 

1 
f=--
21r~ 

(where C is Cl and C2 in series). 

Am2925 

DFOO0870 

Figure 4. L-C Tuned Oscillator. 
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External Clock Drive 
The Am2925 can be driven from an external clock source at a 
signal level of 1.0Y P-P or greater. This is accomplished by 
reducing the gain of the amplifier and AC coupling the input 
signal (Figure 5). The gain is reduced by feeding the amplifier 
output back to the input through a 4.7kn resistor. AC coupling 
is provided by a O.OIIlF capacitor. The controlled gain 
minimizes ringing caused by the fast rising edges of the driver. 
The AC coupling maintains oscillator output symmetry by 
preserving oscillator DC bias levels. 

XI can be driven directly by TTL levels meeting the DC input 
requirements: 

DFOO0880 

Figure 5. External Clock Drive. 

Am2925 Control Inputs 
The control inputs fall into two categories, microcycle length 
control and clock control. Microcycle length control is provided 
via the "L" inputs which are intended to be connected to the 
microprogram memory. The "L" inputs are used to select one 
of eight cycle lengths ranging from three oscillator cycles for 
pattern Fa to ten oscillator cycles for pattern F 10. This 
information is always loaded at the end of the microcycle into 
the Microcycle Control Latch. The Microcycle Latch performs 
the function of a pipeline register for the microcycle length 
microcode bits. Therefore, the cycle length goes in the same 
microword as the instruction that it is associated with. 

The clock control inputs are used to synchronize the micropro
gram machine with the external world and 110 devices. Inputs 
like RUN, RA[i, SSNO and SSNC, which start and stop 
execution, are meant to be connected to switches on the front 
panel of the microprogrammed machine (see Figure 6). These 
inputs have internal pull-up resistors and are connected to an 
R-S flip-flop in order to provide switch debouncing. The 
FIRST ILAST input is used to determine at what point of the 
microcycle the Am2925 will halt when HALT or a SINGLE 
STEP is initiated. In most applications the user wires this input 
HIGH or LOW depending on his design. 

Vee 
SPDTSWITCH 

SSNC 

NO 
SSNO 

GNO 

SPOT PUSHBUTTON SWITCH 

DFOOO860 

Figure 6. Switch Connection for RUN/HALT 
and Single Step. 
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U1 

Figure 7. Am2925 WAIT/READY Timing. ~ 

~------------------------~~ 
When HALT is held low (RUN = HIGH) the state machine will 
start the halt mode on the last (Cl = LOW) or the first 
(C4 = LOW) state of the microcycle as determined by the 
FIRST lLAST input. When RUN goes low (HALT = HIGH) the 
state machine will resume th.e run mode. 

The WAITREQ, CX, READY and WAITACK signals are used 10 

synchronize other parts of a computer system (memory, 1/0 
devices) to the CPU by dynamically stretching the microcycle. 
For example, the CPU may access a slow peripheral that 
requires the data remain on the data bus for several microsec
onds in which case the peripheral pulls the WAITREQ line 
LOW. The Cx input lets the designer specify when the 
WAITREQ line is sampled in the microcycle. This has a dh'ect 
impact on how much time the peripheral has to respond in 
order to request a wait cycle (see Figure 7). The READY line is 
used by the peripheral to signal when it is ready to resume 
execution of the rest of the microcycle. The WAITACK line 
goes LOW on the next oscillator cycle after the Cx input goes 
LOW and remains LOW until the second oscillator cycle after 
READY goes LOW. 

The SSNO and SSNC inputs are used to initiate the SINGLE 
STEP mode. These debounced inputs allow a single microcy
cle to occur while in the halt mode. SSNO (normally open) and 
SSNC (normally closed) are intended to· be connected to a 
momentary SPDT switch. After SSNO has been low for one 
clock edge, the state machine will change to the run mode. 
The microcycle will end on the first or last state of the 
microcycle depending on the state of the FIRST I LAST. 

AC Timing Signal References 
Set-up and hold times in registers and latches are measured 
relative to the clock signals that drive them. In the Am2925, 
the crystal oscillator provides a free running clock signal that 
drives all the registers on the devices. This clock is provided 
for the user through the buffered output of Fo. Therefore, FO is 
used as the reference for set-up, hold and clock to output 
times. However for the Microcontrol Latch, the set-up and hold 
times are referenced to the Cl output which is the buffered 
version of the latch enable. This reference is appropriate for 
the Microcontrol Latch because in a typical application this 
latch is considered part of the pipeline register which is also 
driven by one of the "c" outputs. 

Clock Outputs 

There are four clock outputs provided for the user which have 
different duty cycles. The user must make a decision as to 
which one best fits his purposes. For example, in a three 
address architecture, with the Am2903 (Figure 8), the C3 clock 
(approximately 50% duty cycle) could be used to drive the 
clock input while C2 (always low last two oscillator cycles) 
drives Instruction Enable. This guarantees, for microcycle 
lengths greater than four, that the internal RAM data latches of 
the Am2903 are closed and the destination address is 
multiplexed onto the B address bus before the RAM begins 
the Write cycle (Figure 9). 

16-81T MACHINE WITH Am2925 

The block diagram in Figure 10 shows a l6-bit micropro
grammed machine which uses an Am2925 to generate system 
timing. The design decisions include oscillator frequency and 
clock pattern selections. 

Selecting the Crystal 

In order to pick the oscillator frequency, a detailed timing 
analysis of the machine must be done in order to determine 
the execution length of every operation to be performed. For 
each operation there will be several delay paths, which usually 
include the ALU and the microprogram control. 

SOURCE 
A3-0 

QUAD "'-Do 
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A B 
'X' 
IIUX DEST 

c.-Co 
CP Am2903 S 

WE 

lEN WRITE 

DF000930 

Figure 8. Am2903 Three Address Architecture. 
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· JI::====-=--=--=-~-' Cy"'-.------I 
C3.CLOCK L--____ ---I 

A&8~H~ __________________ ._J~ 

Cz.INST ENA8&..E CADDMSS_'-____ ~ 
WF003091 

Figure 9. Am2903 Three Address Operation. 

aa,TA8US 

r-----------~cp 

SS,", 
L, • 

x, 
SSNO 

RUN ... -
HAL.T 

AOORESSaus 

DFOOO771 

Figure 10. i6-Blt Microprogrammed Machine. 
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Table 1 is an example of two of these paths. PATH 1 is a path 
through the Am291 0 (Figure 10) for a microprogram Condition
al Jump Subroutine. PATH 2 is a data flow path through the 
Am2903 for an Add instruction. Therefore, if the operation 
were an Add with a Conditional Jump Subroutine the maximum 
delay would be 170ns. If there were a Program Control Unit 
also, then delays through it would have to be considered. 

After the execution times all of the instruction types have been 
calculated, the oscillator frequency can be selected. It is 
desirable to minimize the difference between the most com
monly used instructions and multiples of the oscillator period. 
In this way the most efficient use can be made of the variable 
microcycle scheme. 

For example, in the hypothetical machine in Figure 10 there 
are five instruction types (most machines will have more). 
Table 2 is a table which lists each instruction type, corre
sponding execution time, and anticipated percentage of the 
typical instruction stream for each instruction. Several possible 
frequencies are shown which contain the next highest multiple 
of the corresponding oscillator period for each instruction. 
20MHz is the best choice because it comes closest to 
matching instructions A and C which compose 90% of the 
typical instruction stream. 

In this example, 20MHz was chosen. AT 20M Hz there is a 
choice between fundamental or overtone crystals. Fundamen
tal frequency crystals are commonly available up to 25M Hz 
and 3rd harmonic crystals are available above 17MHz. A 
fundamental crystal was selected for the example machine 
because the component count for the osc.illator design is 
lower than for the overtone deSign. However, if it had turned 
out that 30MHz was a better choice then overtone operation 
would be chosen since fundamental crystals above 25MHz 
are not generally available. 

Fixed Bandwidth Buses 

For those designs that require a data bus with fixed bandwidth 
and fixed time slots for each memory access, the designer 
should consider using cycle lengths which are a multiple of the 
shortest cycle length, i.e., cycle lengths 3, 6 and 9 or cycle 
lengths 4 and 8. 

Instruction 
Type A B 

Execution Time 143 180 

Percentage of 60% 8% 
Instruction Stream 

Closest Multiple 
Oscillator Period 
20MHz P= 50 150 (3P) 200 (4P) 
25M Hz P=40 160 (4P) 200 (5P) 
30MHz P= 33 167 (5P) 200 (6P) 
33M Hz P= 30 150 (5P) 180 (6P) 

The design could further require that the bus be accessed only 
during the shortest cycle length. Therefore, by using multiple 
cycle lengths it can be predicted when the CPU will access the 
bus and for how long, thereby maintaining the fixed bandwidth. 

Performance Comparison 

Estimated performance can be calculated directly from Table 
2. For a fixed microcycle machine the longest instruction 
execution time would have to be used for all instructions, 
yielding an average instruction time of 228ns. With a variable 
microcycle machine the average instruction time is the sum of 
the products for each instruction, of the percentage of the 
instruction stream and the next highest multiple. The average 
instruction for the example machine with a 20MHz crystal is: 

(0.6 x 150 + .08 x 200 + .3 + 200 + 
.01 x 200 + .01 + 250) = 170.5ns 

This represents a 25% increase in system performance 
without requiring any other system speed-ups and without 
requiring faster devices. . 

Device No. Device Path Path 1 Path 2 

Am27S27 CP - Q 27 27 
Am2904 INST - CT 58 -
Am2903A IIAB - GP - 50 
Am2910A CC - Y 30 -
Am2902A GP - CN+Z - 7 
Am27S27 TS 55 -
Am2903A CN-Z - 35 
Am2904 TSZ - 17 

Total ns 170 136 

Table 1: Delay Path Totals for an Add and a 
Condition Jump Subroutine. 

C D E Unit 

184 200 228 ns 

30% 1% 1% % 

200 (4P) 200 (4P) 250 (5P) ns 
200 (5P) 200 (5P) 240 (6P) ns 
200 (6P) 200 (6P) 233 (7P) ns 
210 (7P) 210 (7P) 240 (8P) ns 

Table 2_ Instruction Time Analysis. 
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Am2925 OSCILLATOR APPLICATIONS 

EXTERNAL COMPONENT CALCULATIONS SUMMARY 

AF001770 
1 

R = XC2 = - for 1 - 6MHz 
TfC2 

R = 0 for 6 - 20MHz 

FUNDAMENTAL OSCILLATOR 

AF001740 

3rd HARMONIC OSCILLATOR 

TVPICALEXTERNAL CONNECTIONS 
l000pF 

l000pF 

PF001070 

5-230 

~ .. ~.', " • I INPUT~~ 
O.01p.F 4.7kfl 

1.0Vp.p -.s:: VIN < Vee 

AF001760 

EXTERNAL CLOCK DRIVE 

fO= 21Tk 
C1 =C2 =C 

Xe3 .. XL 

AF001750 

L-C OSCILLATOR 

DESIGN CONSIDERATIONS 
1. Oscillator external connections should be less than 1" long 

- wirewrap is not recommended. 

2. Vcc and GND connections should be less than 1.12" long to 
power plane. 

3. Supply decoupling includes both high frequency and bulk 
storage elements. 

4. The same considerations apply for 3rd overtone configura
tions. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65'C to + 150'C Commercial (C) Devices 
Ambient Temperature Under Bias ......... -55'C to + 125'C Temperature ..................................... O'C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to + 7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature ................................ -55·C to +125'C 

High Output State ....................... -O.5V to + Vee max Supply Voltage ............................... + 4.5V to + 5.5V 
DC Input Voltage ................................. -O.5V to + 5.5V Operating ranges define those limits over which the function-
DC Output Current, Into Outputs .......................... 30mA ality of the device is guaranteed. 
DC Input Current.. ........................... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA T1NGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

V,H 

V,l 

V, 

III 

IIH 

II 

ISC 

lee 

Notes: 1. 
2. 
3. 
4. 
5. 

Typ 
Description Test Conditions (Note 2) Min (Note 1) Max Units 

Output HIGH Voltage Vee = MIN IOH=-1.0mA 2.5 Volts 
VIN = V,H or V,l 

IOl =4.0mA 0.4 
WAITACK IOl =8.0mA 0.45 

Output lOW Voltage Vee = MIN C; 
IOl -12mA 0.5 Volts 

V,N = V,H or V,l 
FO IOl = 16mA 0.5 Volts 

Input HIGH level Guaranteed input logical HIGH 2.0 Volts (Note 3) voltage for all inputs 

Input lOW level Guaranteed input logical lOW I Mil 0.7 

(Note 3) voltage for all inputs I COM'L 0.8 Volts 

Input Clamp Voltage 
Vee- MIN,I'N=-18mA -1.5 Volts (Note 3) 

READY, lNi'i', Ll, L2, La -0.4 mA 

WAITREQ, XI (See Figure 11) -0.8 mA 

Input LOW CUrrent Vee = MAX SSNO, SSNC, ~, HArT -1.0 mA 
V,N =O.4V 

Cx -1.2 mA 

FIRST/OO'i' -1.5 mA 

REAliV, lNi'i', Ll, L2, L3 20 IlA 
~ 50 p.A 

Input HIGH Current Vee = MAX SSNO, SSNC, ~, HArT -500 IlA 
VIN =2.7V 

Cx 70 IlA 
FIRST/LAST -750 IlA 
XI (See Figure 11) 500 p.A 

Y,N = 5.5V REAliV, lNi'i', Ll, L2, La 100 IlA 
Y,N = Vee SSNO, SSNC, RUN, HALT 100 p.A 

Input HIGH Current Vee = MAX Y,N = 5.5V ~,Cx 1.0 mA 

Y,N -Vee FIRST/OO'i' 1.0 mA 

Y,N -4.0V XI (See Figure 11) 1.0 mA 

Output Short Circuit 
Vee = MAX -30 -85 mA Current (Note 4) 

Power Supply CUrrent Vee = MAX 85 120 mA (Note 5) 

Typical values are at Vee = 5.0V, 25'C ambient and maximum loading. 
For conditions shown as MIN or MAX use the appropriate value specHied under Operating Ranges for the applicable device type. 
Does not apply to XI and X2. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
ICC varies with temperature and oscillation frequency as shown in Figure 12. The parameters specified (worst case) applies to 
fo = 0, + 25'C, Cl e C2 = C3 = LOW, C4 - HIGH, Xl = 2.4V, X2 = open and Fo = LOW. The variations' shown in Figure 12 apply to 
typical values. 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Mall Units 

1 fMAX' Fo Frequency (Cx Connected) (Note 6) CL ~ 15pF 31 

2 fMAX2 Fo Frequency (Cx - HIGH) RL~280n 42 MHz 

3 toFFSET Fo(J ) to C" C2, C3. C4 or iI\iAi"i'ACI( (J ) 0 5.0 7.5 ns 
4 toFFSET Fo (J ) 10 Ct. C2. ~. C4 or WAi'TimK (J ) 3 11.5 16 ns 

5 ISKEW c, (J ) to C2 (J ) 0 0.5 2 ns 

6 tSKEW c, (J ) 10 ~ (J ) 0 0.5 2 ns 

7 tSKEW C, (J ) 10 C4 (J ) Opposile Transilion 4 7 10 ns 

8 IS L,. L2. La 10 c, (J ) 5 ns 

9 IH L,. L2. La to c, (J ) 9 ns 

10 Is Cx to Fo (J.) (Note 7) 20 '7 ns 

11 IH Cx to Fo (J ) (Note 7) CL = 50pF 0 -10 ns 

12 ts WAi'fFim 10 Fo (J ) (Note 8) RL~2.0kn 20 17 ns 

13 tH WAi'fREQ to Fo (J ) (Note 8) 0 -10 ns 

14 ts ~ 10 Fo (J ) (Nole 8) 20 17 ns 

15 tH READY 10 Fo (J ) (Nole 8) 0 -10 ns 

'6 Is RUlil. FiACi' (J ) to Fo (J ) (Notes 8. 9) 20 14 ns 

'7 Is SSNC. SSNO to Fo (J ) (Notes 8. 9) 20 14 ns 

18 Is FIRST 1I:AST to Fo (-! ) (Note 10) 25 17 ns 

19 Is TIiiIT (J ) to Fo (J ) (Nole 8) 30 ns 

20 tPWL lNIi' LOW Pulse Width 15 10 ns 

21 tpLH lNIi'to~ 16 23 ns 

22 tPLH Propagation Delay (Note 11) CL ~ ,5pF 13 16 ns 

23 tpHL X, to Fo RL=280n 14 17 ns 

Noles: 6. The frequency guarantees apply wilh Cx connected 10 Ct. C2. ~. C4 or HIGH. The Cx Input load must be considered part of the 
5OpF/2.0kn clock oulput loading _ 

7. These set·up and hold times apply to the Fo LOW·to-HIGH transition of the period in which Cx goes LOW 
8. These inputs are synchronized internally. Failure to meet Is may cause a lIFo delay bul will nol cause incorrect operation. 
9. These inputs are "debounced" by an internal R·S flip·flop and are intended to be connected to manual break·before:maka swilches. 

10. FIRST ILAST normally wired HIGH or LOW. 
11. Reference point of T offsel has been moved forward which has increased T offsets. 

1.0 

. 

0.8 Tc. -wc 
T =:zsoc 

0.8 

OA TC = 12rC 

0.2 c 
E 
I 

J 0 
TC" 12S'C 

=:wc. 
-0.2 

T .. -we 

.- 4k 
-OA 

-O.S -
-0.8 

-1.G 0 '.0 2.0 3.G 4.0 s.o 
V,N - VOLTS 

PF001080 
X, is not a TTL input. It is a crystal connection to an inverting linear oscillator amplifier. and is specified primarily for test 
convenience. 

Figure 11. Am2925 X1 Input Characteristics (Typical, Vec = 5.0V). 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am2925 Am2925 

Test 
Parameters Description Conditions Min' Max Min Max Units 

1 fMAXl Fa Frequency (CX Connecled) (Nole 6) CL = 15pF 31 31 

2 fMAX2 FO Frequency (CX - HIGH) RL = 280n MHz 

3 IOFFSET Fa(...J ) 10 Cl. C2. Ca. C4 or ~ (...J ) 8.5 8.5 ns 

4 IOFFSET Fa (J ) 10 Cl.G2. Ca. C4 or WAITACK (J ) 17.0 18.0 ns 

5 IsKEW Cl (J ) 10 C2 (...1 ) 2 2 ns 

6 ISKEW Cl (...1 ) 10 C3 (...1 ) 2 2 ns 

7 ISKEW Cl (...J ) 10 C4 (...J ) Opposite Transilion 11 11 ns 

8 IS Ll. L2. La to Cl (J ) 6 7 ns 

9 IH LI. L2. L3 10 CI (...1 ) 11 11 ns 

10 Is Cx 10 Fa (...1 ) (Nole 7) 25 25 ns 

11 IH Cx 10 Fa (...J ) (Nole 7) CL =50pF 0 0 ns 

12 IS WAITREQ 10 Fo (J ) (Nole 8) RL =2.0kn 25 25 ns 

13 IH WAITREQ 10 Fo (...1 ) (Nole 8) 0 0 ns 

14 IS "I1"EAI5'( 10 Fo (...1 ) (Nole 8) 25 25 ns 

15 IH "I1"EAI5'( 10 Fo (...J ) (Nole 8) 0 0 ns 

16 IS mlN. RArI' L...f ) 10 Fo L J ) (Noles 8. 9) 25 25 ns 

17 Is SSNC. SSNO to Fo (...1 ) (Notes 8. 9) 25 25 ns 

18 IS FIRST 1lJ\ST to Fo (...1 ) (Note 10) 30 35 ns 

19 Is iNi'f (...J ) 10 Fa (...J ) (Note 8) 33 35 ns 

20 tPWL iNii' LOW Pulse Width 20 25 ns 

21 tPLH iNii' to WAITACK 25 27 ns 

22 tpLH Propagation Delay (Note 11) CL = 15pF 23 26 ns 

23 tpHL XI to FO RL=280n 21 23 ns 

Notes: 6. The frequency guarantees apply with Cx connected to CI. C2. Ca. C4 or HIGH. The Cx input load must be considered part of the 

7. 
8. 
9. 

10. 
11. 

50pF/2.0kn clock output loading 
These set-up and hold times apply to the Fo LOW-to-HIGH transition of the pertod in which Cx goes LOW 
These inputs are synchronized internally. Failure to meet Is may cause a lIFo delay bul will nol cause incorrecl operalion. 
These inputs are "debounced" by an internal R-S flip-flop and are .intended 10 be connecled to manual break-before-make swllches. 
FIRST ILAST normally wired HIGH or LOW. 
Reference poinl of T offset has been moved forward which has increased T offsets. 

2.0 

1.9 

1.8 I 
1_7 

u 1.8 J:> / I 1.5 
51 II , 
~ fA 

i 1.3 JJ4 
a: A'.. 0 1.2 z 

""" ~ 1.1 
Tc = -55"C I-~ 

Tp = 25"C -l- t:;:::: ~ 
1.0 

TG = 125"C --0.9 

0.1 0.2 0.5 1 2 3 4 5 7 10 20 3040 -
FREQUENCY - MHz 

PF001090 

Figure 12. Am2925 Icc Normalized vs Frequency (VCC = 5.5V). 
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PATTERN 

INPUT WAVEFORMS 
AND CODE 11MING La 1.0 L, 
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AM2925 CLOCK WAVEFORMS 
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SWITCHING WAVEFORMS 

WF003070 

NORMAL CYCLE WITHOUT WAIT STATES (Pattern F6 Shown) 

c. 

'. 

" INTERNAL) 

c,---------------t--------~, 

WAiiiiiQ ------------.. 1 

Wii'iiCi -----------'------------------+.I 

~--------------------------------------~ 

WFOO3061 

WAIT TIMING (Cx Connected to Cl) 
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Am2927 / Am2928 
Quad Three-State Bus Transceivers With Clock Enable 

DISTINCTIVE CHARACTERISTICS 

• Three-state bus driver outputs can sink 48mA, and 
Three-state receiver outputs sink 24mA - both at O.5V 
max. 

• D-type register on drivers 
• Latch output on Am2927; Registered output on Am2928 

• Output data to input wrap around gating; Input register 
to output transfer gating with or without driving data bus 

• Clock enabled registers 
• 3.0V minimum VOH for direct interface to MaS micro

processors 

GENERAL DESCRIPTION 

The Am2927 and Am2928 are high-performance, low
power Schottky, quad bus transceivers intended for use in 
bipolar or MaS microprocessor system applications. 

Botli devices feature register enable lines which function as 
clock enables without introducing gate delay in the clock 
inputs. The four transceivers share common enables, 
clock, select and three-state control lines. 

The Am2927 consists of four D-type edge-triggered flip
flops. Each flip-flop output is connected to a three-state 
data bus driver and separately to the input of a correspond
ing receiver latch input. The receiver latch can select input 
from the driver or the data bus. The select line determines 
the source of input data for the bus driver choosing 
between input data or data recirculated from the receiver 
output. The receiver output also has a three-state output 
buffer. 

The combination of the select input, S, the driver input 
enable, ENDR, and the receiver latch enable, RLE, provide 
seven different data path operating modes not available in 

other transceivers. For example, transmitted data can be 
stored in the reCeiver for subsequent retransmission. Also, 
received data can be output to the system and simulta
neously fed back to the driver input. 

The Am2928 is similar to the Am2927, but with aD-type 
edge-triggered register in the receiver and a receiver 
enable, ENREC, which functions as a common clock 
enable. 

Data from each D input is inverted at the bus output. 
Likewise, data at the bus input is inverted at the receiver 
output. 

All three-state controls and enable lines are active low (the 
Am2927 receiver latch is transparent when RLE is LOW). 
The select input, S, determines whether the enabled driver 
input accepts data from the data input, D, or from the 
cOrresponding receiver output, Y. Similarly, the select line 
determines whether the receiver accepts input data from 
the data bus, or the driver output. 

BLOCK DIAGRAM 

Am2927 Am2928 

ENOii 
RLE S ENDR BE ENREC O£ S CP BE RECEIVER O£ CP 

SELE~T DRIVER CLOCK BUS LATCH OUTPUT 
SELECT DRIVER BUS RECEIVER CLOCK OUTPUT 

ENABLE INPUT ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE INPUT ENABLE 

80002610 80002600 

010328 
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CONNECTION DIAGRAM 

0·20·1 

s-myo .0. BU80 v, Ow sus, CP GND 

CDOO4831 

Note: Pin 1 is marked for orientation 
*ENREC for Am2928 

LOGIC SYMBOL 

13 

v, 

v, 

v, 

" 
LSOOll0l 

*ENREC for Am2928 

Top View 
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Bus" 

R, 

A, 

NC 

S 

RlE 

RD 

AD 
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A, 
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NC 
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Ao 

Bus" 
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METALLIZATION AND PAD LAYOUT 
Am2927* 

1 20 

19 

2 18 

3 17 

4 16 

5 15 

6 14 

7 13 

8 12 

9 11 

Vee 

ENoR 
liE 

R3 

A3 

BUS3 

R, 

A, 

BUS2 

BE 

GND 10 --------' 
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DIE SIZE 0.087" x 0.144" 
NOTE: The Am2928 is similar to the 
Am2927, but with a D-type edge-triggered 
register in the receiver and a receiver en
able, ENREC, which functions as a common 
clock enable. 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges: The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2927/2928 

Device type 

D C B l L· L- S~r:~~i~g s~:n~a~d processing 
B- Burn-in 

Temperature (See Operating Range) 
C - Commercial (O'C to + 70'C) 
M - Military (- 55'C to + 125'C) 

. Package 
0- 20-pin CEROIP 
L - 28-pin leadless chip carrier 
X-Dice 

Quad 3-state Bus Transceivers 

5-238 

Valid Combinations 

DC, OM 
Am2927 LC, LCB, LM, 
Am2928 LMB 

XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

010328 
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PIN DESCRIPTION 

Pin No. Name 110 Description 

9 CP I Clock Pulse to internal registers enters data on the LOW·to·HIGH transition. 

tl BE I Bus Enable. When Bus Enable is LOW the four drivers drive the BUS outputs. 

5.8. 'Mo. 1/0 The four driver outputs and receiver inputs. 
liiJSl. 

12. 15 BUS2. 
BUSa 

4.7. Do. Dl. I The four driver data inputs inverting from D to 60S. 
13. 16 D2. Da 

3,6, Yo, Yl, 0 The four receiver data outputs inverting from BUS to Y. 
14, 17 Y2. Ya, 

I S I Select input controls data path modes in conjunction with ENDR and ALE (or ~). 

18 DE I Output Enable. When Output Enable is LOW the four receiver outputs Yare active. 

19 ENDR I Driver Enable. Common clock enable for the input register. Allows the data on the D inputs to be loaded 
into the driver register on the clock LOW-to-High transition. 

2 ALE I Receiver Latch Enable (Am2927 only). When Receiver Latch Enable is LOW, the four receiver latches are 
transparent.The lalches hold received data when ALE Is HIGH. 

2 ~ I Receiver Enable (Am2928 only). Common clock enable for the receiver register. Allows the BUS driver or 
previous receiver data to enter the receiver register on the rising edge of the clock. II 

Am2927 FUNCTION TABLES 

Driver Register Control Receiver Latch Control 

ENDR S RLE Driver Register ENDR S RLE Receiver Output 

H X X Hold Previous Data X X H Data Latched 

L L X Load from 0 Input H H L 
Driver Register Output at Y output 
(Latch Transparent) 

L H L Load from 80S X L L 
Bus Data at Y Output 

L H H Load Latched Receiver Data L X L . (Latch Transparent) 

Am2928 FUNCTION TABLES 

Driver Register Control Receiver Register Con.trol 

ENDR S Driver Register ENDR S ENREC Receiver Output 

H X Hold Previous Data X X H Hold Previous Data 

L L Load from 0 input H H L Load from Driver Register 

L H Load from Receiver Register X L L 
Load from BUS 

L X L 

01032B 
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Am2927 AND Am2928 FUNCTION TABLE 

Driver Input Receiver Input 
Control Input Condition 

From From S EN DR . Signal Flow BE 

~ BUS L L L -@) A H 
0 

Input 
~ffi}-(No Load) L L H L 

BUS H L L rIID4IDr H 

Receiver 

rrnrlmrr (No Load) H L H L 

BUS L H L @)4J- H 

(No Load) Driver H H L [Q}i.I]}- X 

(No Load) X H H [Ql-1®- L 

*R'CE: for Am2917 (asynchronous) or ENREC for Am2928 ( -1). 

APPLICATION 

"-
DATA BUS 

I I 
V 

BUS BUS 

4 Am2928'. -CONTROL CONTROL_ 4 Am2928'. 

Y D Y 
, 

0 

I I I I 
IN OUT IN OUT 

Am2903 
ARRAY 

Am2904 MEMORY 

Am2902 

AFOO1800 

The Am2927 and Am2928 can be used to provide Data Bus, Address Bus and Control Bus Interface in a 
high-speed bipolar microprocessor system. 

/ 

, 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ......................... -6S·C to + lS0·C 
Ambient Temperature Under Bias ......... -SS·C to + 12S·C 
Supply Voltage to Ground Potential 

Continuous ...................................... -O.SV to + 7.0V 
DC Voltage Applied to Outputs For 

High Output State ....................... -O.SV to + Vee max 
DC Output Current, Into Bus .............................. 1 OOmA 
DC Output Current, Into Outputs 

(Except Bus) ................................................. 30mA 
DC Input Current ............................. -30mA to +S.OmA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Temperature ..................................... O·C to + 70·C 
Supply Voltage ............................ +4.7SV to + S.2SV 

Military (M) Devices 
Temperature ................................ -SS·C to + 12S·C 
Supply Voltage ............................... + 4.SV to + S.SV 

Operating ranges define those limits over which the function
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating ranlJe unless otherwise specified 

Parameters Description Test Conditions (Note 1) Min 
Typ 

Max Units 
(Note 2) 

Vee = MIN 

VOH 
Receiver Output HIGH 

Volts 
Voltage 

VOL Outpu1 LOW Voltage Volts 

V,H Input HIGH Level 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Vee - S.OV, 25°e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. This parameter is typical of device characterization data and is not tasted in production. 
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BUS ,NPUT IOUTPUT CHARACTERISTICS over operating temperature range 

Parameters Description 

VOL Bus Output LOW Voltage 

1. For condijions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable devica type. 
2. Typical limits are at Vee - 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not excaed one second. 
4. This parameter is typical of devica characterization data and is not tested in production. 
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SWITCHING TEST CIRCUIT 

TEST 
POINT Vee 

FROM OUTPUT ---1r-+--KIf-9--O'S, ~ 
UNDER TEST 

AU. DIODES 
lN9180R 1_ 

TCO01470 

Note: For standard totem-pole outputs, remove R1: S1 and S2 closed. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
Am2927 

COMMERCIAL 

Am2927 

Parametera Description Test Conditions Min Typ Max Min 
(Note 2) 

tpLH 
Driver Clock, CP, to 80S 

18 26 
CL (BUS) = 50pF 

tpHL RL!BUS) = 130n 
18 26 

tZH • tZL 
Bus Enable, BE, to BUS 

14 

tHZ • tLl RL = 130n, CL = 5pF 

tpw Min Clock Pulse Width (HIGH or LOW) 

tpLH 
BUS to Receiver Output (Latch Enabled) 

tpHL 

tpLH 

tPHL 

tZH • tZL 23 

tHZ • tLl 21 

Is 10 9 

th 3 3 

ts 18 15 

Ih 3 2 

tpLH CL =50pF 26 
Select S, to Receiver Output 

tpHL RL = 270n 35 

ts 9 7 
Data Inputs 0, to Clock 

th 5 4 

Is 11 10 
BUS to Latch Enable, ALE 

th 4 3 

Notes: 1. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 

MILITARY 

Am2927 

Typ Max Units 

18 23 
ns 

23 

23 
ns 

16/23 

ns 

20 
ns 

20 

18 23 
ns 

18 .23 

21 
ns 

14 18 

ns 

ns 

23 
ns 

30 

ns 

ns 

2. For conditions shown as MIN or MAX, use the appropriate value apecnled under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING· CHARACTERISTICS· over operating range unless otherwise specified 
Am2928 

Parameters Desprlptlon 

1-'-='----, Driver Clock, CP, to'BUS 

1-=:":'-=-, Bus Enable, BE, to BUS 

f-'------j S to Clock 

1-::.----, Data Inputs, D, to Clock 
(Driver Register) 

Test Conditions Min 
(Note 2) 

CL (BUS) = 50pF 

RL(BUS) = 130n 

Notee: 1. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable 
~~. . 

3. Not more than one output should be shorted a! a time. Duration of the short circuit test should not exceed one second. 
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Am2930 
Program Control Unit 

DISTINCTIVE CHARACTERISTICS 

• Powerful, 4·blt slice address controller for memories 
Useful with both main memory and microprogram mem
ory 
Expandable to generate any address length 

• Executes 32 Instructions 
Capable of executing branch and subroutine call 
and return 

• Twelve different relative address instructions 
Including JUMP-TO·SUBROUTINE relative and RE· 
TURN-FROM-SUBROUTINE relative 

• Built·in condition code input 
Sixteen instructions are dependent on external con
dition control 

• Seventeen·level push/pop stack 
On-chip storage of subroutine return addresses 
nested up to 17 levels deep 

• Separate incrementer for program counter 
A relative address may be computed and PC may 
be incremented by one on a single cycle 

GENERAL DESCRIPTION 

The Am2930 is a four-bit wide Program Control Unit 
intended to perform machine level addressing functions, 
although the device can also be used as a microprogram 
sequencer. Four Am2930's may be interconnected to 
generate a 16-bit address (64K words). The Am2930 
contains a program counter, a subroutine stack, an auxiliary 
register, and a full adder for computing relative addresses. 

The Am2930 performs five types of instructions. These are: 
1) Unconditional Fetch; 2) Conditional Jump; 3) Conditional 
Jump-to-Subroutine; 4) Conditional Return-from-Subrou
tine; and 5) Miscellaneous Instructions. 

There are four sources of data for the adder which 
generates the Address outputs (Yo-Y 3). These are: 1) the 
Program Counter (PC); 2) the Stack (S); 3) the auxiliary 
Register (R); and 4) the Direct inputs (D); Under control of 
the Instruction inputs (10-14), the multiplexers at the adder 
inputs allow various combinations of these terms to be 
generated at the three-state Y address outputs. The 
instruction lines also control the updating of the program 
counter and the auxiliary register. A condition code input is 
provided for conditional instructions. 

BLOCK DIAGRAM 

'" 

80002460 

036428 
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1 

23 

21 

22 

" 

D-28 
F-28* 

Vee 

'" ,.. 
or .. 
D, 
D, 
o, 

CONNECTION DIAGRAM 
Top View 

ill! 

CI+' 

C, 

v. 

v, 

v, 

v, 

'" 

Chip-Pak™ 
L-28-1 

J Ii ~ IA or 
c 

~ 

EN .. .. 
D, 

or 

CD004350 CD004730 

LOGIC SYMBOL 

2726 ,.2< 20 '. '. 17 

I. 11 

• F-28 pin configuration identical to D-28. 
Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 
~ 

FUO: 2 28 Vcc 
EMPTY 3 27 

" 
26 

" 
25 

" c, 4 
24 

" CE 5 

13 23 cc 
0]'4 • 

12 22 lEN 

16 C, 7 
21 RE 

VD • 20 DD 
V, 19 0, 

V, ,. , . .. 
v, 11 

LS0010S<f 
17 0, 

il 12 ,. P 
15 CP 

_13 14 

en + 4 GND 

DIE SIZE: O. j 33" X 0.200" 

Pad numbers correspond to DIP pinout 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2930 

Device type 

DeB l L· L S~r:~i~g S~~~~d processing 
B - Burn-in 

. Temperature (See Operating Range) 
C - Commercial (O'C to + 70'C) 
M - Military (-55'C to + 125'C) 

Package 
D- 28-pin CERDIP 
F - 28-pin flatpak 
L - 28-pin leadless chip carrier 
X-Dice 

Program Control Unit 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Valid Combinations 

DC, DCB, DMB 

Am2930 FMB 
LC, LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 

10-4 

22 1m 

23 ~ 

21 J!iE 

7 Cn 

13 Cn+4 

16,12 15, G 

4 Cj 

6 Cj+4 

YO-3 

5 tiE: 

Do-3 

PIN DESCRIPTION 

1/0 Description 

The five Instruction control lines to the Am2930, used to establish data paths and enable internal registers_ 

I The Instruction Enable Input, used to enable and disable internal registers_ When 1m is LOW, all internal 
registers are under control of the Instruction inputs. When iEiiI is HIGH, all internal registers except Rare 
inhibited from changing state. A is controlled by the J!iE input. The 1m input does not affect the combinatorial 
data paths and the outputs established by the Instruction inputs. 

I The Condition Code input determines whether or not a conditional instruction (Instructions 16-31) is performed. 
If ~ is LOW, the conditional instruction is executed. If ~ is HIGH, Fetch PC (Instruction 1) is executed. The 
~ input may be e~her HIGH or LOW for unconditional instructions (Instructions 0-15). 

I The Aegister Enable input for the Auxiliary Aegister (A). A LOW on ~ causes the Auxiliary Aegister (A) to be 
loaded from the 0 inputs unless Instruction 8 or 9 is being executed and iEiiI is LOW. 

I The carry-in to the Full Adder. 

o The carry-out of the Full Adder. 

o The carry generate and propagate outputs of the Full Adder. 

I The carry-in to the program counter incrementer. 

o The carry-out of the program counter incrementer. 

o The four address outputs of the Am2930. These are three-state output lines. When enabled, they display the 
outputs of the Full Adder. 

Output Enable. When tiE: is HIGH, the Y outputs are OFF (high-impedance); when tiE: is LOW, the Y outputs 
are active (HIGH or LOW). 

The four Direct inputs which are used as inputs to the Auxiliary Aegister, the AAM, and the Full Adder, under .. 

3 Empty 
~~ ____ ~~~ __________ ~~ __ ri=n_st_ru~cti~·~o~n_c~o_n~tr~OI~.~~~~ __ ~~~~~ __ ~ ______________________________________ ,~ 

o The Empty output is LOW when the Stack is empty. 

2 Full 

15 CP 

*INTERNAL 

o The Full output is LOW when the LIFO stack is full - during and after the 17th push operation. 

I The clock input to the Am2930. All internal registers (A, SP, PC) and the AAM are updated on the LOW-to
HIGH transition of the clock Input. 

CEN" 

BLOCK DIAGRAM 

1 

~
s 

MULTIPLEXER 
RIEL" 

~
-AUX'CE 

REGISTER ,., 
RCE· 

-
PROGRAM 
COUNT£R 
REGISTEFI 

(PC) 

INCREueNTER 

• o_+--------,----' L.---i------<:::J c, 

~.:o_+_--------------+_--------~ ~ 
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ARCHITECTURE OF THE Am2930 
The Am2930 is a bipolar Program Control Unit intended for 
use in high-speed microprocessor applications. The device is 
a cascadable •. four-bit slice such that three devices allow 
addressing of up to 4K words of memory and four devices 
allow addressing of up to 64K words of memory. 

As shown in the. Block Diagram. the device consists of 
the following: 

1. A full adder with input multiplexers 
2. A Program Counter Register with an incrementer and 

an input multiplexer 
3. A 17 x 4 Last-In. First-Out (LIFO) stack consisting of 

an input multiplexer. a 17 x 4 RAM. and a Stack 
Pointer 

4. An auxiliary register with an input multiplexer 
5. An instruction decoder . 
6. Four 3-state output buffers on the address outputs 

The following paragraphs describe each of these blocks in 
detail. ,. 

Full Adder 

The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition and provision is made for further 
lookahead by including both carry propagate (15) and carry 
generate (G) outputs. In slower systems. the carry output 
(Cn + 4) can be connected to the next higher Cn to provide 
ripple block arithmetic. The carry input to the adder (Cn) is 
internally inhibited· during those instructions which do not 
require an addition to be performed. For these instructions. the 
data is passed directly through the adder. independent of the 
state of Cn. 

The multiplexers at the A and B inputs of the adder are 
controlled by the Instruction decoder which selects the appro
priate adder inputs for the selected instruction. 

Program Coun~er 

The program counter consists of a register preceded by an 
incrementer. The Program Counter Register (PC) is a four-bit. 
edge-triggered. D-type register which is loaded from the 
incrementer output on the LOW-to-HIGH transition of the 
clock input (CP) at the end of every instruction. 

The incrementer utilizes full lookahead logic for high speed. 
For cascading devices. the carry output of the incrementer 
(Ci + 4) is connected to the incrementer carry input (Ci) of the 
next higher device. The output of the incrementer. which is 
loaded into the PC. is equal to the incrementer input plus Ci. 
Therefore. It Is possible to control the' entire cascaded 
incrementer from the Ci input of the least significant device; a 
LOW on the Cj input of the least Significant device will simply 
pass the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be increment
ed before they are loaded into PC. During three instructions 
(unconditional Hold and conditional Hold and Suspend when 
the ~ input is LOW). the Cj input is internally inhibited; 
therefore. data is passed from the multiplexer output to the PC 
without incrementing. The multiplexer selects the input to the 
incrementer from either PC or the output of the Full Adder. 
depending upon ,the instruction being executed. During the 
Jump. Jump-to-Subroutine. and Return instructions. the multi
plexer chooses the Full Adder outputs as the input to the 
incrementer if the ~ inputis LOW .. The Full Adder output is 
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also selected for the Reset instruction. For all other instruc
tions. the PC is selected as the' input to the incrementer. 

17 x 4 LIFO Stack 

The 17 x 4 LIFO stack consists of a multiplexer. a 17 x 4 RAM. 
and a Stack Pointer (SP) which address the words in .the RAM. 

The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 

Data is pushed onto the Top of the Stack from either 0 or PC. 
It is written into memory .Iocation SP+ 1. The SP is increment
ed on the LOW-to-HIGH clock transition at the end of the 
cycle so that it still points to the last data written into the RAM. 

For a Pop operation. the contents of the RAM are not 
changed. but the SP is decremented at the end of the cycle so 
that it then points to the neW Top of the Stack. 

The SP is an up/down counter which changes state on the 
LOW-ta-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full. 
the RAM write circuitry is also inhibited. 

The active LOW Empty output (8i:Wf"i') is LOW when the 
stack is empty (after the Reset instruction and after the last 
word has been Popped from the stack); the active LOW Full 
output (FlJII) is LOW either when the stack is full or when the 
current instruction being executed will fill the stack (during and 
after the 17th Push). 

Auxiliary Register (R) 

The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is .Ioaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Register 
Enable input (RE) is LOW or if the Instruction inputs call for it 
to be loaded. When 'RE is LOW. R is loaded from the D inputs 
unless tbe Instruction dictates that R be loaded from the 
output of the Full Adder. 

Instruction Decoder 

The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC. 
R. SP. and RAM. 

For unconditional instructions. the ~ input is not utilized; it 
may be either HIGH or LOW. For conditional instructions, if ('jC 
is LOW. the condition is met and the conditional operation is 
performed; if lX: is HIGH. a Fetch PC is performed. 

Output Buffers 

The Address outputs (Yo-y 3) are three-state drivers which 
may be disabled either under Instruction control or by a HIGH 
on the Output Enable input (DE). Disabling the Y outputs does 
not affect the execution of instructions inside the Am2930. 

Instruction Enable 

When HIGH. the Instruction Enable input (iEN) forces PC and 
SP into the hold mode and disables the write circuitry to the 
RAM. The auxiliary register (R) is under control of the 'RE input 
when iEN is HIGH, independent of the state of the Instruction 
inputs. The iEN input does not affect the combinatorial data 
paths or Y outputs in the Am2930. The data paths are 
selected by the Instruction and ~ inputs and are not affected 
by TEN. 
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Am2930 INSTRUCTION SET 

The Am2930 Instruction set can be divided into five types of 
instructions. These are: 
• Unconditional Fetches 
• Conditional Jumps 
• Conditional Jumps-to-Subroutine 
• Conditional Returns-from-Subroutine 
• Miscellaneous Instructions 

The following paragraphs describe each of these types in 
detail. 

Unconditional Fetches 

As can be seen from Table 1, there are nine unconditional 
Fetch instructions (Instructions 1-9). Under control of the 
Instruction inputs, the desired value is placed at the Y outputs. 
For all Fetch instructions, PC is incremented if Ci of the least 
significant device is HIGH. For Instructions 1 through 7, the 
auxiliary register is under control of the RE input. For Instruc
tions 8 and 9, R is loaded with PC and R + D, respectively. The 
RAM and Stack Pointer are not changed during a Fetch 
instruction. 

Conditional Jumps 

There are six conditional Jump instructions (Instructions 16 
through 21). Under control of the Instruction inputs, the 
desired value is placed at the Y outputs. Additionally, the value 
is incremented if Cj of the least significant device is HIGH and 
loaded into PC. During these instructions, R is controlled by 
RE. The RAM and Stack Pointer are not changed during these 
instructions. The above operations are performed if the CC 
input is LOW; if CC is HIGH, a Fetch PC operation is 
performed. 

Conditional Jumps-to-Subroutlne 

There are six conditional Jump-to-Subroutine instructions 
(Instructions 22 through 27). Under control of the Instruction 
inputs, the desired value is placed on the Y outputs. On the 
rising edge of the clock the value is incremented" and loaded 
into PC; PC is loaded into the RAM at location SP + 1, and SP 
is incremented. 

As with Conditional Jump Instructions, R is controlled by RE 
and whether the Jump-to-Subroutine or Fetch PC is performed 
depends upon the state of the CC input. -

Conditional Return"from-Subroutine 

There are two conditional Return-from-Subroutine instructions 
(Instructions 28 and 29). Under control of the instruction 
inputs, either S or S + D is placed at the Y outputs. Additional
ly, the selected value is incremented" and loaded into PC and 
SP is decremented at the end of the cycle (on the rising edge 
of the clock). 

"If Ci of the least significant device is HIGH. 
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As with the Condition Jump and Jump-to-Subroutine Instruc
tions, R is controlled by RE and whether the Return-from
Subroutine or Fetch PC is performed depends upon the state 
of the CC input. 

Miscellaneous Instructions 

Each of the nine miscellaneous instructions is described 
individually. 

Reset (Instruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Ci input of the least 
significant device, and resets SP. The RAM is unchanged and 
R is controlled by RE. 

Load R (Instruction 10) 

This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Ci of the least 
significant device. The SP and RAM are not changed. 

Push PC (Instruction 11) 

This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 

Push D (Instruction 12) 

This instruction is the same as Fetch PC except that D is 
loaded into the RAM and SP is incremented at the end of the 
cycle; i.e., external data is Pushed onto the stack. 

Pop S (Instruction 13) 

This instruction places the Top of the Stack (S) at the Y 
outputs and decrements SP at the end of the cycle. The PC is 
incremented if the Ci input of the least significant device is 
HIGH. R is controlled by RE. 

Pop PC (Instruction 14) 

This instruction is the same as Fetch PC except SP is 
decremented at the end of the cycle, causing the data at the 
top of the stack to be lost. 

Hold (Instruction 15) 

This instruction places PC at the Y outputs and inhibits any 
change in PC, SP, and RAM. R is controlled by RE. 

Conditional Hold (Instruction 30) 

This instruction is the same as Hold except CC must be LOW. 
If CC is HIGH, the Fetch PC instruction is performed. 

Suspend (Instruction 31) 

The Suspend instruction is the same as the Conditional Hold 
instruction except the Y outputs are forced into the high
impedance state if CC is LOW. 

036428 
Refer to Page 13-1 for Essential Information on Military Devices 

II 



0 
C') 
0) 

'" E 
<C 

TABLE 1- Am2930 INSTRUCTION SET 

Next State (after CP -1) (Note 3) 

R 
Mne- Instruction 

monic Number 14 13 12 11 10 CC lEN Instruction YO-Y3 PC RE~L RE~H RAM SP 

X X X X X X H Instruction Note 1 - 0 - - -
Disable 

PRST 0 L L L L L X L RESET "0" "0" +Cj 0 - - Reset 
FPC 1 L L L L H X L FETCH PC PC PC+Cj 0 - - -
FR 2 L L L H L X L FETCH R R PC+Cj 0 - - -
FO 3 L L L H H X L FETCH 0 0 PC+Cj 0 - - -
FRO 4 L L H L L X L FETCH R + 0 P + 0 + Cn PC+Cj 0 - - -
FPO 5 L L H L H X L FETCH PC+ 0 PC+O+Cn PC+Cj 0 - - -
FPR 6 L L H H L X L FETCH PC+ R PC+R+Cn PC+Cj 0 - - -
FSO 7 L L H H H X L FETCH S+ 0 S+O+Cn PC+Cj 0 - - -
FPLR 8 L H L L L X L FETCH PC _ R PC PC+Cj PC PC - -
FROR 9 L H L L H X L FETCH R+O _ R R+O+Cn PC+Cj R+O+Cn R+O+Cn - -
PLOR 10 L H L H L X L LOAD R PC PC+Cj 0 0 - -
PSHP 11'1 L H L H H X L PUSH PC PC PC+Cj 0 - PC_Loc SP + 1 SP + 1 
PSHO 12 L H H L L X L PUSH 0 PC PC+Cj 0 - O_Loc SP + 1 SP + 1 
POPS 13 L H H L H X L POP S S PC+Cj 0 - - SP-l 
POPP 14 L H H H L X L POP PC PC PC+Cj 0 - - SP-l 
PHLD 15 L H H H H X L HOLD PC - 0 - - -

16·31 H X X X X H L FAIL CONO'L PC PC+Cj 0 - - -
TEST (FETCH PC) 

JMPR 16 H L L L L L L JUMP R R R+Cj 0 - - -
JMPO 17 H L L L H L L JUMP 0 0 O+Cj 0 - - -
JMPZ 18 H L L H L L L JUMP "0" "0" "0" +Ci 0 - - -
JPRO 19 H L L H H L L JUMP R + 0 R + 0 + Cn R+O+Cn+Cj 0 - - -
JPPO 20 H L H L L L L JUMP PC + 0 PC+O+Cn PC+O+Cn+Cj 0 - - -
JPPR 21 H L H L H L L JUMP PC+ R PC+R+Cn PC+R+Cn+Cj 0 - - -
JSBR 22 H L H H L L L JSB R R R+Cj 0 - PC_Loc SP + 1 SP + 1 
JSBO 23 H L H H H L L JSB 0 0 O+Cj 0 - PC_Loc SP + 1 SP + 1 
JSBZ 24 H H L L L L L JSB "0" "0" "0" +Cj 0 - PC_Loc SP + 1 SP + 1 
JSRO 25 H H L L H L L JSB R + 0 R+O+Cn R+O+Cn+Cj 0 - PC_Loc SP + 1 SP + 1 
JSPO 26 H H L H L L L JSB PC+O PC+O+Cn PC+O+Cn+Cj 0 - PC_LocSP+l SP+3 
JSPR 27 H H L H H L L JSB PC+R PC+R+Cn PC+R+Cn+Ci 0 - PC_Loc SP + 1 SP+ 1 
RTS 28 H H H L L L L RETURN S S S+Cj 0 - - SP-l 
RTSO 29 H H H L H L L RETURN S+ 0 S+O+Cn S+O+Cn+Cj 0 - - SP-l 
CHLO 30 H H H H L L L HOLD PC - 0 - - -
PSUS 31 H H H H H L L SUSPEND Z (Note 2) - 0 - - -

PC - Program Counter SP - Stack Pointer S - Stack Top 
R - Auxiliary Register o - Direct Inputs 

Notes: 1. When lEN is HIGH, the Yo-Y3 outputs contain the same data as when lEN is LOW, as determined by 10-14 and CC. 
2. Z = High impedance state (outputs "OFF"). 
3. - = No change. 

APPLICATIONS 

The Am2930 is shown in a typical 16·bit, 2900 Microcomputer 
design in Figure 1. 

The Direct inputs (D) of the Am2930 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16· 
bit register (two Am2920 S·bit Registers), and the output of the 
Am2901's via a 16-bit register. 

The Address outputs (Y) of the Am2930 are loaded into a 16· 
bit Memory Address Register (MAR). Although the MAR is 
shown as part of the CPU, in some applications it may be part 
of the memory. ' 

An Am2902 High-Speed Lookahead Carry Generator is uti
lized to provide high-speed relative and indexed addressing. In 
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slower systems, the Cn + 4 output can be wired to the next 
higher Cn input to provide ripple block arithmetic. 

The Condition Code input (CC) is derived from the same 
condition code multiplexer which generates the condition code 
input for the microprogram sequencer. 

The control inputs of the Am2930 (10 _ 4, lEN, RE, OE, and Ci 
and Cn of the least significant device) are shown originating at 
the Pipeline Register. Although it is not shown in Figure 1, it is 
possible to share the Pipeline Register outputs which go to 
these pins with another device. This can be accomplished if 
both the Am2930 and the other device do not operate on the 
same microcycle. Forcing the lEN input HIGH inhibits any 
changes in the Am2930 internal registers, independent of the 
state of these seven inputs. This allows the Am2,930 to be 
placed in a hold mode while the other device is using the same 
Pipeline Register outputs as' control signals. 

03642B 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under Bias •...... -55·C to + 125·C Temperature .................................... , O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous .•......•.••••..•..•.....•.... , •.....•• -0.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ....................... : ....•..• -55°C to +125·C 

High Output State ....................... -0.5V to + Vcc max 
DC Input Voltage ................................. -0.5V to + 5.5V 

Supply Voltage .....•....•••..... : ............ + 4.5V to + 5.5V 

DC Output Current, Into Outputs .....................•.... SOmA 
Operating ranges define those limits over which the function-

DC Input Current ......•........•.....•.... ; .. -SOmA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description ,Test Conditions (Note 2) Min (Note 1) Max Units 

tf.' Y" Y2, Y3 
Vcc=MIN, ' Cn +4 IOH=-1.6mA 2.4 

VOH Output HIGH Voltage VIN = Vil or VIH Ci+4 Volts 

p, FULL, 
IOH =-1.2mA 2.4 EMPTY' 

IOl-20mA 0.5 (GOM'l) 
YO, Y" Y2, Y3 IOl -16mA (Mil) 0.5 

VOL Output LOW Voltage 
VCC=MIN Ci; Cn +4 Ci+4 IOl = 16mA 0.5 Volts VIN = Vil or VIH 

is, J!!U[[ 
IOl=12mA 0.5 EMPTY 

VIH Input HIGH Level (Note 4) 2.0 Volts 

Vil Input LOW Level (Note 4) O.B Volts 

VI Input Clamp Voltage Vcc = MIN, liN = - t 8mA -1.5 Volts 

Do.a -.360 

10.4, RE, lEN, -,702 
CP, OE 

III Input LOW Current VCC = MAX, VIN = 0.5V ex: rnA 
-.657 

Ci -2.31 

en -3.25 

00.3 20 

1()..4, RE, lEN, 40 CP, DE 
IIH Input HIGH Current Vcc = MAX, VIN = 2.7V 

CC 50 
IlA 

Ci 90 

Cn 250 

II Input HIGH Current Vec - MAX, VIN - 5.5V 1.0 mA 

Isc 
Output Short Circuit Vee = MAX -30 -85 mA 
Current (Note '3) 

IOZl 
'gf==~'1' I YO.a 

VOUT-0.5V -50 

IOZH 
Output OFF Current VOUT= 2.4V 50 IlA 

TC = -55 to + 125·C 239 

TC - + 125·C 170 
ICC Power Supply Current (Note 5) VCC-MAX TAmO to 70·C 220 mA 

TA -70·C 185 

Notes: 1. Typical limits are at Vcc - 5.0V, 25·C ambient and maximum loading. 
2: For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 
5. 

Not more than one output should be shorted at a time. Duration of the short circuij test should not exceed one second. 
These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 
Minimum ICC is at maximum temperature. • 
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SWITCHING TEST CIRCUIT 

A. THREE STATE OUTPUTS B. NORMAL OUTPUTS 

Vcc 

$, $, 

VOUT ~o-...... - ...... --K. 
VOUT ~o-"--"--K.---' 

'K 

. 5.0-VSE- VOL 
Rl=---=-=--=-= 

IOL +VOL/1K 

TCR01350 

r 
2.4V 

R2=
IOH 

5.0 - VSE - VOL 
Rl = . 

IOL + VOL/R2 

TCROI370. 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. 51, 52, 53 are closed during function tests and all AC tests except output enable tests. 
3. 51 and 53 are closed while 52 is open for tPZH test. 

51 and 52 are closed while 53 is open for tpZL test. 
4. CL - 5.0pF for output disable tests. 

Pln# 
(DIP) 

2 

3 

6 

8-11 

12 

13 

16 

TEST OUTPUT LOADS FOR Am2930 

Test 
Pin Label Circuit Rl 

FULL B 300 

EMPTY B 300 

Ci+4 B 240 

Y0-3 A 240 

G B 240 

Cn +4 B 240 

P B 300 

For additional information on testing, see section 
"Guiqelines on Testing Ain2900 Family Devices." 

R2 
2K 

2K 

1.5K 

1K 

1.5K 

1.5K 

2K 

03642S 
5-253 Refer to Page 13-1 for Essential Information on Military Devices 

~ 
3 
~ 
w o 

II 



C) 

~ Am2930 SWITCHING CHARACTERISTICS 

~ Tables A, B, C and 0 define the timing characteristics of the Am2930. Measurements are made at 1.5V with VIL S OV and 
VIH = 3.0V. For three-state disable tests, CL = 5.0pF and measurement is to 0.5V change on output voltage level. 

From 
Input 

14-0 

~. 

Cn 

Ct 
CP 

0 

TEN 

I. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE 
Vee =4.75 to 5.25V, TA-O to 70·C 

TABLE IA 
Clock Characteristics. 

Minimum Clock LOW Time 

Minimum Clock HIGH Time 

TABLE IC 
Combinational Propagation Delays. 

All in ns. ' 
Outputs fully loaded. CL = 50pF. 

To Output 

CI+4 CI+4 
Y ~, is Cn +4 14=L 14=H Full 
81 67 77 80 91 69 

63 45 55 - 72 42 

32 - 25 - 45 -
- - - 22 22 -
69 53 61 43 78 55 

49 33 40 - 59 -
- - - - ~ 40 

Empty 

-
-
-
-
55 

-
-
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TABLE IB 
Output Enable/Disable Times. 

All in ns. 
Cl = 5.0pF for output disable tests. 

From To Enable Disable 

OE y 27 26 

~ 
Y 55 37 (Note 1) 

14-0 y 80 55 (Note 1) 

Note 1: "Suspend" instruction. 

14-0 

~ 

lEN 

Cn 

Cj 

TABLE 10 
set-up and Hold Times. All in ns. 

All relative to clock 
LOW-to-HIGH transition. 

CP: 

Set-up 
Input Time 

114 

75 

55 

43 

32 

,..---

Hold 
Time 

0 

0 

0 

0 

5 

o (l'fE:-L 
25 2 

14-0 - 0-8 or 10-15) 

~E 24 4 
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II. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE 
vee = 4.5 to 5.5V, TC = -55 to + 125°C 

From 
Input 

CC 

Ci 

CP 

D 

TABLE IIA 
Clock Characteristics. 

I Minimum Clock LOW Time I 35ns I 
L Minimum Clock HIGH Time I 35ns I 

TABLE IIC 
Combinational Propagation Delays. 

All in ns. 
Outputs fully loaded. CL = 50pF. 

To Output 

CI+4 CI+4 
Y G, P Cn +4 14=L 14=H Full 

88 74 82 87 97 78 

68 52 60 78 47 

37 30 46 

23 23 

74 58 66 48 84 60 

55 38 45 65 

45 

Notes on Testing 

60 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current when the device switches 
may cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshClld tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-3ns. Inductance in the ground 
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TABLE liB 
Output Enable/Disable Times. 

All in ns. 
CL = 5.0pF for output disable tests. 

From To Enable Disable 

OE Y 32 31 

~ Y 60 42 (Note 1) 

14-0 y 85 60 (Note 1) 

Note 1: "Suspend" instruction. 

TABLE 110 
Setup and Hold Times. All in ns. 

All relative to clock 
lOW-to-HIGH transition. 

I~ 
Set-up 

Input Time 

14-0 124 

cc 80 

f§\j 69 

Cn 52 

Ci 37 

D (RE= L 
30 

14-0 = 0-8 or 10-15) 

D (All .other conditions) 72 

RE 29 

,.--

Hold 
Time 

0 

0 

0 

0 

5 

2 

2 

4 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL .;;; OV and VIH ~ 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 
Driven Inputs 

voc ________ ~~-----------
V~----------~~~-------

,J II~ 

"H 

ALL OTHERS 

ICq00570 ICOOO560 

Note: Cj input is connected to both configurations in parallel. 

Driving Outputs 

ALL OTHER OIP', VO-3 
DRIVING OUTPUT DRIVING OUTPUT 

Voc Vee 
I I 
I I 

[i [i 
I I 
I I 

I 
I 

II I 
I 
I 
I 

-= I -= I 
ICOOO550 ICOOO540 

Note: Actual current flow direction shown. 

RELATED PRODUCTS 

Part No. Description 

Am2902A· Carry Look·Ahead Generator 

Am2904 Status and Shift Control Unit 

Am2920 8·Bit Register 

Am2922 Condition Code MUX 

For applications information, see Chapter V of Bit Slice Microprocessor Design, Mick & Brick, McGraw Hill Publications. 
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Am2932 
Program Control Unit/Push-Pop Stack 

DISTINCTIVE CHARACTERISTICS 

• Powerful, 4-blt slice address controller for memories 
Useful wHh both main memory and microprogram mem
ory 
Expandable to generate any address length 

• Executes 16 Instructions 
Automatic generation of address and update of pro
gram counter for fetch cycles, branch cycles, and 
subroutine call and return 

• Eight relative address Instructions 
Including Jump relative and Jump-to-Subroutine rela
tive 

• Seventeen-level push/pop stack 
On-chip storage of subroutine return addresses 
nested up to 17 levels deep 

• Separate Incrementer for program counter 
A relative address may be computed and PC may 
be incremented by one on a single cycle 

GENERAL DESCRIPTION 

The Am2g32 is a four-bit wide Program Control Unit 
intended to perform machine level addressing functions, 
although the device can also be used as a microprogram 
sequencer. Four Am2932s may be interconnected to gen
erate a 16-bit address (64K words). The Am2932 contains a 
program counter, a subroutine stack, an auxiliary register. 
and a full adder for computing relative addresses. 

The Am2g32 performs five types of instructions. These are: 
1. Fetch; 2. Jump; 3. Jump-ta-Subroutine; 4. Return-from
Subroutine; and 5. Miscellaneous Instructions. 

There are four sources of data for the adder which 
generates the Address outputs (YO-Y3). These are: 1. the 
Program Counter (PC); 2. the Stack (S); 3. the auxiliary 
Register (R); and 4. the Direct inputs (D). Under control of 
the Instruction inputs (10-13). the multiplexers at the adder 

. inputs allow various combinations of these terms to be 
generated at the three-state Y address outputs. The 
instruction lines also control the updating of the program 
counter and the auxiliary register. 

BLOCK DIAGRAM 

'--t---<o c, 

.... o-I------+---..J 

60002390 

·INTERNAL 

036416 
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" 

Cj 

C. 

co 

D-20 

LOGIC SYMBOL 
(DIP) 

1 l' l' 17 l' 15 , .. 13 

e· 

CONNECTION DIAGRAM 
Top View 

IT 

II 

Chlp-Pak™ 
L-28-1 

Ii ~ ., :? .r 

II I fI j ,r 

JI' 

Is 

Me 

NO 

NO 

NO 

Do 

D, 

,r 

CD00451 0 CDOO4520 

FULL 

Note: Pin 1 is marked for orientation 

12 

LSOOO950 

METALLIZATION AND PAD LAYOUT 

{ 

. ,----, 
"'" . 
" , 

' .. 
" " 
'. 
" 

" , 
" , 

DIE SIZE: 0.134" x 0.200" 

Pad numbers correspond to DIP pinout. 

. ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2932 

Device type 

D C B l L L ~r:~~i~9 S?f~~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C. to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
L - 28-pin leadless chip carrier 
X-Dice 

Program Control Unit 

Chip-Pak is a trademark of Advanced Micro Oevices,-Inc. 

5·258 

Valid Combinations 

I DC, DCB, DMB 
Am2932 Le, LMB 

XC, XM 

Valid Combinations 
Consult the AMD sales office In your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 1/0 

10-3 I 

5 Cn I 

12 Cn +4 0 

3 Ci I 

4 Ci+4 0 

YO-3 0 

00-3 I 

2 Full 0 

11 CP I 

Cn 

Cn+4 

"INTERNAL 

PIN DESCRIPTION 

Description 

The four Instruction control lines to the Am2932. used to establish data paths and enable internal registers. 

The carTY·in to the Full Adder. 

The carTY·out of the Full Adder. 

The cany-in to the program counter incrementer. 

The carTY·out of the program counter incrementer. 

The four address outputs of the Am2932. These are three-state output lines. When enabled. they display the 
outputs of the Full Adder .• 

The four Direct inputs which are used as inputs to the Auxiliary Register, the RAM, and the Full Adder, under 
instruction control. 

The Full output is LOW when the LIFO stack is full - during and aft~r the 17th push operation. 

The clock input to the Am2932. All internal registers (R, SP, PC) and the RAM are updated on the LOW-to-HIGH 
transition of the clock input. 

BLOCK DIAGRAM 

0 FULL 

4 

, 
I MUL TI~LEXE: 

IS) 

RSEL- I STACK ~ POINTER 

I 
(SP) 

AUK. CE 
REGISTER 

.!T. IR) 
RC~· 

"0" "0" 

l Il I 
I MULTI:LEXER I I MUL TI:LEXER I , , 

.-- A ";-FULL ADDER 

CEN" 

I 
INC· 

..... ~7 OEN· CEN·-
~ RSP-

4 DEN·-

6 6 6 
INC·-

{ 
RSEL· -
RCE·-

YO-3 CP Vee GND 
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, I 
STACK 

MULTIPLEXER 

t ! 
Do 0; 

A 
17X4 

REGISTER 
STACK 

IS) 
(LIFO) 

PROGRAM 
COUNTER 
REGISTER 

(PC) 

INCREMENTER Ci+4 

C; 

PC 
MULTIPLEXER 

t t 
~I 

INSTRUCTION 
DECODER 

BOO02560 
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ARCHITECTURE OF THE Am2932 
The Am2932 is a bipolar Program Control Unit intended for 
use in high-speed microprocessor applications. The device is 
a cascadable, four-bit slice such that three devices allow 
addressing of up to 4K words of memory and four devices 
allow addressing of up to 64K words of memory. 

As shown in the Block Diagram, the device consists of the 
following: 

1. A full adder with input multiplexers 
2. A Program Counter Register with an incrementer and 

an input multiplexer 
3. A 17x 4 Last-In, First-Out (LIFO) stack consisting of an 

input multiplexer, a 17 x 4 RAM, and a Stack Pointer 
4. An auxiliary register with an ihput multiplexer 
5. An instruction decoder 
6. Four 3-state output buffers on the address outputs 

The following paragraphs describe each of these blocks in 
detail. 

Full Adder 

The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition. The carry output (Cn + 4) can be 
connected to the next higher en to provide ripple block 
arithmetic. The carry input to the adder (Cn) is internally 
inhibited during those instructions which do not require an 
addition to be performed. For these instructions, the data is 
passed directly through the adder, independent of the state of 
Cn· 

The multiplexers at the A and B inputs of the adder are 
controlled by the Instruction decoder which selects the appro
priate adder inputs for the selected instruction. 

Program Counter 

The program counter consists of a register preceded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the 
incrementer output on the LOW-to-HIGH transition of the 
clock input (CP) at the end of every instruction. 

The incrernenter utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer. 
(Ci + 4) is connected to the incrementer carry input (Ci) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Ci. 
Therefore, it is possible to control the entire cascaded 
incrementer from the Ci input of the least significant device; a 
LOW on the Ci input of the least significant device will simply 
pass the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be increment-

Am2932 INSTRUCTION SET 
The Am2932 Instruction set can be divided into five types of 
instructions. These are: 
• Fetches 
• Jumps 
• Jumps-to-Subroutine 
• Return-from-Subroutine 
• Miscellaneous Instructions 

The following paragraphs describe each of these types in 
detail. 

Fetches 

As can be seen from Table I, there are four Fetch instructions 
(Instructions 4, 8, 9, 10). Under control of the Instructions 

5-260 

ed before they are loaded into PC. During the suspend 
instruction, the Cj input is internally inhibited; therefore, data is 
passed from the multiplexer output to the PC without incre
menting. The multiplexer selects the input to the incrementer 
from either PC or the output of the Full Adder, depending upon 
the instruction being executed. During the Jump, Jump-to
Subroutine, and Return instructions, the multiplexer chooses 
the Full Adder outputs as the input to the incrementer. The Full 
Adder 'output is also seleCted for the Reset instruction. For all 
other instructions, the PC is selected as the input to the 
incrementer. 

17 x 4 LIFO Stack 

The 17 x 4 LIFO stack consists of a multiplexer, a 17 x 4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 

The SP always pOints to the last word written into the RAM 
(Top of the StaCk). The Top of the Stack (S) is available at the 
output of the RAM. 

Data is pushed onto the Top ~f the Stack from either D or PC. 
It is written into memory location SP + 1. The SP is increment, 
ed on the LOW-to-HIGH clock transition at the end of the 
cycle so that it still points to the last data written into the RAM. 

For a Pop operation, the contents of the RAM are not 
changed, but the SP is decremented at the end of the cycle so 
that it then points to the new Top of the Stack. 

The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 

The active LOW Full output (FULL) is LOW either when the 
stack is full or when the current instruction being executed will 
fill the stack (during and atter the 17th Push). 

Auxiliary Register (R) 

The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Instruc
tion inputs call for it to be loaded. 

Instruction Decoder 

The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 

Output Buffers 

The Address outputs (Y 0-Y 3) are three-state drivers which 
may be disabled under Instruction control. 

inputs, the desired value is placed at the Y outputs. For all 
Fetch instructions, PC is incremented if Cj of the least 
significant device is HIGH. For Instruction 10, R is loaded with 
PC. The RAM and Stack Pointer are not changed during a 
Fetch instruction. 

Jumps 

There are three Jump instructions (Instructions 5, 11, 12). 
Under control of the Instruction inputs, the desired value is 
placed at the Y outputs. Additionally, the value is incremented 
if Cj of the least significant device is HIGH and loaded into PC. 
The RAM, Stack Pointer and R are not changed during these 
instructions. 

036418 
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Jumps-to-Subroutine 

There are two Jump-Io-Subroutine instructions (Instructions 13 
and 14). Under control of the Instruction inputs, the desired 
value is placed on the Y outputs. On the rising edge of the 
clock the value is incremented" and loaded into PC; PC is 
loaded into the RAM at location SP + 1; and SP is increment
ed. 

During these instructions, R is not changed. 

Return-from-Subroutlne (Instruction 7) 

Under control of the instruction inputs, S is placed at the Y 
outputs. Additionally, the value of S is incremented" and 
loaded into PC and SP is decremented at the end of the cycle 
(on the rising edge of the clock). During this instruction, R is 
not changed. 

Miscellaneous Instructions 

Each of the nine miscellaneous instructions is described 
individually. 

Reset (Instruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Ci input of the least 
significant device, and resets SP. The RAM and Rare 
unchanged. 

Load R (Instruction 15) 

This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Ci of the least 
significant device. The SP and RAM are not changed. 

Push PC (Instruction 6) 

This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 

Push 0 (Instruction 2) 

This instruction is the same as Fetch PC except that D is 
loaded into the RAM and SP is incremented at the end of the 
cycle; i.e., external data is Pushed onto the stack. 

Pop S (Instruction 3) 

This instruction places the Top of the Stack (S) at the Y 
outputs and decrements SP at the end of the cycle. The PC is 
incremented if the Ci input of the least significant device is 
HIGH. R is not changed. 

Suspend (Instruction 1) 

The Suspend instruction inhibits any change in PC, SP, Rand 
RAM and forces the Y outputs into the high impedance state. 

TABLE I-Am2932 INSTRUCTION SET 

Instruction 
Number la 12 11 10 Mnemonic 

0 L L L L PRST 
I L L L H PSUS 
2 L L H L PSHD 
a L L H H POPS 
4 L H L L FPC 
5 L H L H JMPD 
6 L H H L PSHP 
7 L H H H RTS 
8 H L L L FR 
9 H L L H FPR 
10 H L H L FPLR 
II H L H H JMPR 
12 H H L L JPPR 
13 H H L H JSBR 
14 H H H L JSPR 
15 H H H H PLDR 

Notes: I. Z = High impedance state (outputs "OFF"). 
2. - = No change. 

°If Cj of the least significant device is HIGH. 

APPLICATIONS 

Instruction 

RESET 
SUSPEND 
PUSH D 
POP S 
FETCH PC 
JUMP D 
PUSH PC 
RETURN S 
FETCH R 
FETCH PC+ R 
FETCH PC_R 
JUMP R 
JUMP PC+ R 
JSB R 
JSB PC+ R 
LOAD R 

The Am2932 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 

The Direct inputs (D) of the Am2932 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16-
bit register (two Am2920 B-bit Registers), and the output of the 
Am2901Cs via a 16-bit register. . 

Next State (after CP S) - Note 2 

Yo-Ya 
"0" 
Z (Note I) 
PC 
S 
PC 
D 
PC 
S 
R 
PC+R+Cn 
PC 
R 
PC+R+Cn 
R 
PC+R+Cn 
PC 

PC 

"0" +Cj 

PC+Cj 
PC+Cj 
PC+Cj 
D+Cj 
PC+Cj 
S+Cj 
PC+Cj 
PC+Cj 
PC+Cj 
R+Cj 
PC+R+Cn+Cj 
R+Cj 
PC+R+Cn+Cj 
PC+Cj 

PC - Program Counter 
R - Auxiliary Register 
S - Stack Top 

R RAM SP 

- - Reset 
- - -
- D_Loc SP + I SP+ I 
- - SP-I 
- - -
- - -
- PC_Lee SP+I SP+ I 
- - SP-I 
- - -- - -

PC - -
- - -
- - -
- PC_Lee SP+I SP+ I 
- PC_Lee SP+I SP+ I 
D - -

SP - Stack POinte" 
D - Direct Inputs 

The Address outputs (V) of the Am2932 are passed to tRe 
address bus. 

The Cn + 4 output can be wired to the next higher Cn input to 
provide ripple block arithmetic. 

The control inputs of the Am2932 (10-3, Ci and Cn of the least 
significant device) are shown originating at the Pipeline 
Register. 

For applications information, see Chapter V of Bit Slice 
Microprocessor Design, Mick & Brick, McGraw Hill Publicati(:ms. 
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11 10 INSTRUCTION 

L L RESET 
L H SUSPEND 
H L PUSH 0 
H H POP S 

Y OUTPUTS 

"0" 
Z (HIGH IMPEDANCE) 
SEE NOTE 1 
TOP OF STACK 

AFOO1811 

Do 0, '" "" 

10 17XCFU[[ 
'1. LIFO 
CP STACK 

'YO Y1 Y2 Y3 

AF001991 

Equivalent Logic Symbol for 
AM2932 with 12, 13 Grounded 

This figure shows the use of four Am2932s as a H-word by 16-bit LIFO stack by grounding 12 and 13. 
The effect of grounding 13 is shown in Figure 3. 

Note 1. During this instruction, PC is placed on the Y outputs. If Ci is held LOW, the Y outputs will be 
LOW for this instruction after the device is initialized with a Reset instruction. 

Figure 2. Application of Four Am2932s as a 17-Word by 16-8it LIFO Stack. 

Ne 

12 11 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

DoD1~D3 

10 FULL 
I, 
12 Am2932 
13 

CI Ci+4 

en Cn+4 Ne 
CI' 
Yo V, Y2 Y3 

AFOO2030 

10 INSTRUCTION 

L RESET 
H SUSPEND 
L PUSH 0 
H POP S 
L FETCH PC 
H JUMP 0 
L PUSH PC 
H RETURN S 

c.,. 

'----+--I-c; 

AF002020 

AF002000 

Figure 3. Equivalent Circuit of Am2932 with 13 Grounded. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -6S·C to .+ 1S0·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....•.. -5S·C to + 12S·C Temperature •.........•...•••••....•....••....•.. o·e to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ..•.••.....•••........•..•. , +4.7SV to +S.2SV 

Continuous ...................................... -O.SV to +7.0V 
Military 1M) Devices 

DC V;oltage Applied to Outputs For 
Temperature ................................ -SS·C to + 12S·C 

High Output State .............. , ........ -O.SV to + Vee max 
Supply Voltage ............................... + 4.SV to + S,SV 

DC Input Voltage ................................. -0.5V to + S.SV Operating ranges define those limits over which the function-
DC Output Current. Into Outputs .......................... 30mA ality of the device is guaranteed. 
DC Input Current ................................. -30 to +S.OmA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or abol(e these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

, 
VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

\ 

II 

Ise 

IOZL 

IOZH 

lee 

Notes: 1. 
2. 
3. 
4. 
5. 

Typ 
Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vo. V1. V2. V3 

Vee=MIN, Cn+4 IOH =-1.6mA 2.4 
Output HIGH Voltage 

VIN = VIL or VIH Ct+4 Volts 

~ IOH--1.2mA 2.4 

IOL = 20mA (COM'L) 0.5 
VO, V1, V2. V3 IOL -16mA (MIL) 0.5 

Output LOW Voltage Vee-MIN Cn +4, 
IOL=16mA 0.5 Volts VIN = VIL or VIH Ct +4 

~ IOL=12mA 0.5 

Input HIGH Level (Note 4) 2.0 Volts 

Input LOW Level (Note 4) 0.8 Volts 

Input Clamp Voltage Vee = MIN, liN - -18mA -1.5 . Volts 

0 0.3 -.360 

10-3, CP -.702 
Input LOW Current Vee = MAX, VIN = 0.5V Cj -2.0 mA 

Cn -3.69 

0 0.3 20 

10-3. CP 40 
Input HIGH Current Vee = MAX, VIN = 2.7V Cj 90 jJA 

Cn 250 

Input HIGH Current Vee - MAX, VIN = 5.5V 1.0 mA 

Output Short Circuit Vee-MAX -30 -85 mA Current (Note 3) 

Vee=MAX, I V0-3 
VOUT=0.5V -SO 

Output OFF Current rn: = 2.4V VOUT- 2.4V SO 
jJA 

Te = -55 to + 125"C 210 

Power Supply Current Te=+125"C 145 

(Note 5) Vee = MAX TA-O to 70"C 190 mA 

TA -70"C 160 

Typical limits are at Vee = 5.0V, 25"C ambient and maximum. loading. 
For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges fOr the applicable device type. 
Not more than one output should be shorted at a time. Duration of the short circuH test should not exceed one second. 
These input levels provide no guaranteed noisa immunity and should only be tested in a static·, noisa·free environment. 
Minimum lee is at maximum temperature. 

, 
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SWITCHING TEST CIRCUIT 

A. THREE STATE OUTPUTS 

51 

VOOT~~1---1---~I~ 

~I 
lK 

5.0 - VBE - VOL 
Rl= 

IOL + VOL 

lK 

~ 

TCR01350 

B. NORMAL OUTPUTS 

51 

VoUT~ 

R2 r 
-=-

5.0 - VBE - VOL 
Rl = --,-==---'::": 

IOL + VOL 

R2 

VCC 

-=-

TCR01370 

Notes: 1. CL = 50pF includes scope probe,wiring and stray capacitances without device in test fixture. 
2. 51, 52, 53 are closed during function tests and all AC tests except output enable tests. 
3. 51 and 53 are closed while 52 is open for tpZH test. 

51 and 52 are closed while 53 is open for tPZL test. 
4. CL = 5.0pF for output disabled tests. 

Pin# 
(DIP) 

2 

4 

6-9 

12 

TEST OUTPUT LOADS FOR Am2932 

Test 
Pin Label Circuit R1 

FULL B 300 

Ci+4 B 240 

YO-3 A 240 

Cn +4 B 240 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 

R2 

2K 

1.5K 

1K 

1.5K 

5-265 
036416 

Refer to Page 13·1 for E~ntial Information on Military Devices 

II 



Am2932 SWITCHING CHARACTERISTICS 

Tabies A, B, C anll D define the timing characteristics of the Am2932. Measurements are made at 1.5V with Vil = OV and 
VIH = 3.0V. For three-state disable tests, Cl = 5.0pF and measurement is to 0.5V change on output voltage level. 

I. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE. 

Vee = 4.75 to 5.25V, T A = 0 to + 70·C 

TABLE IA 
Clock Characteristics. 

Minimum Clock LOW Time 

Minimum Clock HIGH Time 

TABLE IB 
Output Enable/Disable Times. 

All in ns. 
Cl = 5.0pF for output disable tests. 

TABLE·IC 
Combinational Propagation Delays. 

All in ns. 
Outputs fully loaded. Cl = 50pF. 

To Output 

From CI+4 CI+4 
Input 

13-0 

Cn 

Cj 

CP 

D 

TABLE 10 
Set-up and Hold Times. 

All in ns. 
All relative to clock 

LOW-to-HIGH transition. 

CP: ~ 

Set-up Hold 
Input Time Time 

Cn 43 0 

Cj 32 5 

D 52 2 

13-0 114 0 

Y CI+4 (Note 1) (Note 2) 

81 77 91 80 

32 25 45 -
- - 22 22 

69 61 78 43 

39 - 50 -

Note: 1. Instructions 5, 7, 11, 12, 13, 14. 
2. All instructions except 5, 7, 11, 12, 13, 14. 

Full 

69 

-

-
55 

-
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II. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE. 

vee = 4.5 to 5.5V. Te = -55 to + 125°C 

TABLE IIA TABLE IIC Clock Characteristics. 
Combinational Propagation Delays. 

I Minimum Clock LOW Time I 35ns All in ns. 
I Minimum Clock HIGH Time I 35ns Outputs fully loaded. CL = 50pF. 

TABLE liB To Output 
Output Enable/Dlsabie Times. From CI+4 CI+4 

All in ns. Input Y CI+4 (Note 1) (Note 2) Full 
CL = 5.0pF for output disable tests. 

'3-0 88 82 97 87 78 

I From I To I Enable I Disable. Cn 37 30 46 - -
I '3-0 I y I 85 I 60 Ci - - 23 23 -

CP 74 66 84 45 60 

0 44 - 55 - -
TABLE 110 

Set-up and Hold Times. All in ns. 
All relative to clock 

LOW-to-HIGH transition. 

CP: 
,.---

Set-up Hold 
Input Time Time 

Cn 52 0 

Cj 37 5 

0 60 2 

'3-0 124 0 

Note: 1. Instructions 5.7. 11. 12. 13. 14. 
2. All instructions except 5. 7. 11. 12. 13. 14. 

Notes on Testing cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

Incoming test procedures on this device should be carefully 
4. Use extreme care in defining input levels for AC tests. Many planned. taking into account the high complexity and power 

levels of the part. The following notes may be useful: inputs may be changed /It once. so there will be significant 
noise at the device pins and they may not actually reach VIL 

1. Insure the part is adequately decoupled at the test head. or VIH until the noise has settled. AMD recommends using 
Large changes in Vee current when the device switches VIL .;;; OV and VIH ~ 3.0V. for AC tests. 
may cause erroneous function failures due to Vee changes. 

5. To simplify failure analysis. programs should be designed to 
2. Do not leave inputs floating during any tests. as they may perform DC. Function. and AC tests as three distinct groups 

start to oscillate at high frequency. of tests. 

3. Do not attempt to perform threshold tests at high speed. 6. To assist in testing. AMD offers complete documentation on 
Following an input transition. ground current may change by our test procedures and, in most eases. can provide 
as much as 400mA in 5-8ns. Inductance in the ground Fairchild Sentry programs. under license. 

RELATED PRODUCTS 

Part No. 

Am2902A 

Am2904 

Am2920 

Am2922 

Description 

Carry Look-Ahead Generator 

Status and Shift Control Unit 

8-Bit Register 

Condition Code MUX 
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Am2940 
DMA Address Generator 

DISTINCTIVE CHARACTERISTICS 

• DMA Address Generation 
Generates memory address, word count and DONE 
signal for DMA transfer operation. 

• Expandable Eight-bit Slice 
Any. number of Am2940's can be cascaded to form 
larger memory addresses - three devices address 16 
megawords. 

• Repeat Data Transfer Capability 
Initial memory address and word count are saved 
so that the data transfer ca!! be repeated. 

• Programmable Control Modes 
Provides four. types of DMA transfer control plus 
memory address increment/decrement. 

• High Speed, Bipolar LSI " 
Advanced Low-Power Schottky TIL technology pro
vides typical CLOCK to DONE propagation delay of 
50ns and 24mA output current sink capability. 

• Mlcroprogrammable\ 
Executes 8 different instructions. 

GENERAL DESCRIPTION 

The Am2940, a 28-pin member of Advanced Micro De
vices' Am2900 family of Low-Power Schottky bipolar LSI 
chips, is a high-speed, cascadable, eight-bit wide Direct 
Memory Access Address Generator slice. Any number of 
Am2940's can be cascaded to form larger addresses. 

The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data 
to or from a memory. It also maintains a data word count 
and generates a DONE signal when a programmable 
terminal count has been reached. The device is designed 

for use· in peripheral controllers with DMA capability or in 
any other system which transfers data to or from sequential 
locations of a memory. 

The Am2940 can be programmed to increment or decre
ment the memory address in any of four control modes, and 
executes eight different instructions. The initial address and 
word count are saved internally by the Am2940 so that they 
can be restored later in order to repeat the data transfer 
operation. 

BLOCK DIAGRAM 

A~~~<>-t_-~--4-----~-t-r----------, 

il"EAC>--t--_ .... 

(~~;~~~-~r----~----------------~ 

INSTRUCTIONS THAT LOAD REGISTERS' 
CLOCKED WiTH RISING EOOE Of CLOCK 

Am2940 DMA Address Generator 80002450 

For applications information see the last part of this data sheet and Chapter VII of 
Bit, Slice Microprocessor Design, by Mick and Brick, McGraw-Hili Publishers. 
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CONNECTION DIAGRAM 
Top View 

D-28 F-28 Chip-Pak™ 
L-28 

.. a,. & .r ~ ~ .r r1 ~ .. D, 
wei Vee a,. A, 

WCij DONE 

"" ~ 
0, 

" ED 
A, .. " ACO ... '0 Do 0, -. ~ 

DON. G.D D, a,. 

" .. Vee GND 
Vee cP " " Wi!l CI' 
WOl orA 0, D, 

WOO A, 0, D, liiilll liI, 

" .. .., .. liI, m- Ao .. .. c • 

DO ., GND '0 
~ 8 ,; • J' & &' D, A, CDOO4630 

CDOO4740 
CDOO4620 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Note: Numbers refer to DIP pin connection. 

0, 

a,. .. Os " 
D, .. 
0, Am2940 .. .. 

ADORESS 
A, 

0, .. 
Do ., 

A, 

" 
,'NSTRUCTION 

.. 10 

" , 
'0 D'A 

12 1314 ,'5161718 19 

DIE SIZE: 0:178" x 0.181" 
LSOO1021 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2940 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (ODC to + 70'C) 

- M - Military (-55'C to + 125DC) 

Package 
D- 28-pin CERDIP 
F - 28-pin flatpak 
L - 28-pin leadless chip carrier 
X-Dice 

DMA Address Generator 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Valid Combinations 

DC, DCB, DMB 

Am2940 FMB 
LC, LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

23. 24. 25 10·2 I Selects one of eight instructions. 
11 Am I Carry'in to the. address counter. 
6 ~ 0 Carry·out from the address counter. ~ 

9 wrn I Carry·in to the word counter. 
10 ~ 0 Carry·out from the wo{~ counter. 

D()'7 1/0 External data. 

Ao-7 0 Address outputs under control of Output Enable input. ~A. 
20 l5EA I Address output enable. 
7 DONE 0 Transfer complete signal. 
21 CP I Clock input. Registers and counters change on the LOW·ta-HIGH transition. 

Am2940 ARCHITECTURE 

As shown in the Block Diagram. the Am2940 consists of the 
following: 
• A three·bit Control Register 
• An eight-bit Address Counter with input multiplexer 
• An eight-bit Address Register 
• An eight-bit Word Counter with input multiplexer 
• An eight-bit Word Count Register 

• Transfer cornplete circuitry 

• An eight-bit wide data multiplexer with three-state output 
buffers 

• Three-state address output buffers with external output 
enable control 

• An instruction decoder 

Control Register 

Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines 00-D7. Control 
Register bits 0 and 1 determine the Am2940 Control Mode, 
and bit 2 determines whether the Address Counter incre(llents 
or decrements. Figure 1 defines the Control Register format. 

Address Counter 

The Address Counter, which provides the current memory 
address, is an eight-bit, binary, up/down counter with full look-
ahead carry generation. The Address Carry Input (ACi) and 
Address Carry Output (ACX5) allow cascading to accommo· 
date larger addresses. Under instruction control, the Address 
Counter can be enabled, disabled, and loaded from the DATA 
inputs, 00-D7, or the Address Register. When enabled and the 
ACI input is LOW, the Address Counter increments/decre· 
ments on the LOW-to-HIGH transition of the CLOCK input, CPo 
The Address Counter output can be enabled onto the three-
state ADDRESS outputs Ao-A7 under control of the Output 
Enable input, OEA. 

Address Register 

The eight-bit Address Register ,saves the initial address so that 
it can be restored later in order to repeat a transfer operation. 
When the LOAD ADDRESS instruction is executed, the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, Do·D7. 

Word Counter and Word Count Register 
The Word Counter and Word Count Register. which maintain 
and save a word count. are similar in structure and operation 
to the Address Counter and Address Register. with the 
exception that the Word Counter increments in Control Modes 
1 and 3, decrements in Control Mode 0, and is disabled in 
Control Mode 2. The LOAD WORD COUNT instruction simul-
taneously loads the Word Counter and Word Count Register. 

Tra,nsfer Complete Circuitry 
The Transfer Complete Circuitry is a combinational logic 
network which detects the completion of the data transfer 
operation in three Control Modes and generates the DONE 
output signal. The DONE signal is an open-collector output, 
which can be dot·anded between chips. 
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Data Multiplexer 
The Data Multiplexer is an eight-bit wide, 3-input multiplexer 
which allows the Address Counter, Word C9unter, and Control 
Register to be read at the DATA lines, Do-D7. The Data 
Multiplexer and three-state Data Output Buffers are instruction 
controlled. 

Address Output Buffers 
The three-state Address Output Buffers allow the Address 
Counter output to be enabled onto the ADDRESS lines, Ao-A7, 
under external control. When the Output Enable input, OEA, is 
LOW, the Address output buffers' are enabled; when C5EA is 
HIGH, the ADDRESS lines are in the high-impedance state. 
The Address and Data Output Buffers can sink 24mA output 
current over the commercial operating range. 

Instruction Decoder 
The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION. inputs, 10-12 and 
Control Register bits, CRo-CR1. 

Clock 
The CLOCK inpllt, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW-to-HIGH transition of the CP 
signal. 

035758 
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Control Regl.ter 

I CR2 I CRl I CRo I 

Control Mode Control Word 
DONE Output Signal 

CRl CRo Number Mode Type Counter WCi=LOW WCI = HIGH 

L L 0 Word Count Equals Zero Decrement HIGH when HIGH when 
Word Counter = 1 Word Counter = 0 

HIGH when HIGH when 
L H 1 Word Count Compare Increment Word Counter + 1 Word Counter 

= Word Count Reg. = Word Count Reg. 

H L 2 Address Compare Hold HIGH when Word Counter = Address Counter 

H H 3 Word Counter Carry Out Increment Always LOW 

I CRz I Addre.. Counter I 
I L I Increment I 
I H I Decrement I 

L=LOW 
H = HIGH 

Figure 1. Control Register Format Definition. 

Am2940 CONTROL MODES 
Control Mode 0 - Word Count Equals Zero 
Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry·in, WCI, is LOW, the Word Counter decrements on the 
LOW-to-HIGH transition of the clock input, CPo Figure 1 
specifies when the DONE signal is generated: 

Control Mode 1 - Word Count Compare Mode 

In this mode the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and clears the Word 
Counter. When the Word Counter is enabled and the Word 
Counter Carry-in, wei, is LOW, the Word Counter increments 
on the LOW-to-HIGH transition of the clock input, CPo Figure 1 
specifies when the DONE signal is generated. 

Control Mode 2 - Address Compare Mode 

In this mode, only an initial and final memory address need be 
specified. The initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 
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address is loaded into the Word Count Register and Word 
Counter. The Word Counter is always disabled in this mode 
and serves as a holding register for the final memory address. 
When the Address Counter is enabled and the ACi input is 
LOW, the Address Counter increments or decrements (de· 
pending on Control Register bit 2) on the LOW·to·HIGH 
transition of the CLOCK input, CPo The Transfer Complete 
Circuitry compares the Address Counter with the Word Count-
er and generates the DONE signal during the last word 
transfer; i.e., when the Address Counter equals the Word 
Counter. 

Control Mode 3 - Word Counter Carry Out 
Mode 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word 
Counter is enabled and the WCI input is LOW, the Word 
Counter increments on the LOW-to-HIGH transition of the 
CLOCK input, CPo A Word Counter Carry Out signal, WCO, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. .. 

r 
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Mrc;ROINSTRUCTION REG. 

TEST 
INPUT +5V 

WCll 

.. 
. j .. ... 
~ 
If .. ... .. 
Z 
11< 
w 

! 

8 

3 

8 

MICROPROGRAM 
CLOCK 

10-12 

Am2940 

00-0 7 

CLOCK 

10 -12 
Am2940 

0 0-07 . 
CLOCK 

DONE 

AO-A7 
8 

DONE 

AO-A7 

OEA 

!!l !!l .. 
~ 

.. .. 
a: I-
0 .. 
0 0 .. :; 
:; w 

I-w .. 
Iii ,. ,. .. .. 

INTERFACE 
CONTROL 
SIGNALS 

PFOOO981 

Figure 2. Am2940 Interconnections. 

Am2940 INSTRUCTIONS 

The Am2940 instruction set consists of eight instructions. Six 
instructions load and read the Address Counter, Word Counter 
and Control Register; one instruction enables the Address and 
Word counters; and one instruction reinitializes the Address 
and Word Counters. The function of the REINITlALIZE 
COUNTERS, LOAD WORD COUNT, and ENABLE COUNT
ERS instructions varies with the Control Mode being utilized. 
Table 1 defines the Am2940 Instructions as a function of 
Instruction inputs 10-12 and the four Am2940 Control Modes. 

The WRITE CONTROL REGISTER instruction writes DATA 
input 00-02 into the Control Register; DATA inputs 03-07 are 
"don't care" inputs for this instruction. The READ CONTROL 
REGISTER instruction gales the Control Register outputs to 
DATA lines, 00-02. DATA lines 03-07 are in the HIGH state 
during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter outputs 
to DATA lines 00-07. The LOAD WORD COUNT instruction is 
Control Mode dependent. In Control Modes 0,2, and 3, DATA 
inputs 00-07 are written into both the Word Count Register 
and Word Counter. In Control Mode 1, DATA inputs 00-07 are 
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written into the Word Count Register and the Word Counter is 
cleared. 

Tt]p READ ADDRESS COUNTER instruction gates the Ad
dress Counter outputs to DATA lines 00-07, and the LOAD 
ADDRESS instruction writes DATA inputs 00-07 into both the 
Address Register and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS 
instruction enables b.oth the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the Word 
Counter holds its contents. When enabled and the carry input 
is active, the counters increment on the LOW-to-HIGH transi
tion of the CLOCK input, CPo Thus, with this instruction' 
applied, counting can be controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 
cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 

03575B 
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~ TABLE I. Am2940 INSTRUCTIONS 

Octal Control Word Word Address Address Control Data 
12 11 10 Code Function Mnemonic Mode Reg. Counter Reg. Counter Register 00-07 

WRITE 
L L L 0 CONTROL WRCR 0,1,2,3 HOLD HOLD HOLD HOLD Do-D2~CR INPUT 

REGISTER 

READ 
CR~Do-D2 L L H 1 CONTROL RDCR 0,1,2,3 HOLD HOLD HOLD HOLD HOLD 

REGISTER 
(Note 1) 

READ 
L H L 2 WORD RDWC 0,1,2,3 HOLD HOLD HOLD HOLD HOLD WC~D 

COUNTER 

READ 
L H H 3 ADDRESS RDAC 0,1,2,3 HOLD HOLD HOLD HOLD HOLD AC~D 

COUNTER 

REINITIALIZE 0,2,3 HOLD WCR~WC HOLD AR~AC HOLD Z 
H L L 4 COUNTERS REIN 1 HOLD ZERO~WC HOLD AR~AC HOLD Z 

H L H 5 LOAD LOAD 0,1,2,3 HOLD HOLD D~AR D~AC HOLD INPUT ADDRESS 

LOAD 0,2,3 D~WR D~WC HOLD HOLD HOLD INPUT 
H H L 6 WORD LDWC 1 D~WR ZERO~WC HOLD HOLD HOLD INPUT COUNT 

ENABLE ENABLE 

ENABLE 0,1,3 HOLD COUNT HOLD COUNT HOLD Z 
H H H 7 COUNTERS ENCT 2 HOLD HOLD HOLD ENABLE HOLD Z 

COUNT 

CR - Control Reg. WCR - Word Count Reg. L-LOW 
AR - Address Reg. WC - Word Counter H-HIGH 
AC - Address Counter 0- Data Z - High Impedance 
Note 1: Data Bits 03-07 are high during this instruction. 

APPLICATIONS The Am2940 interconnections are shown in detail in Figure 2. 

The Am2940 is designed for use in peripheral controllers with 
Two Am2940's are cascaded to generate a sixteen-bit ad-
dress. The Am2940 ADDRESS and DATA output current sink 

DMA capability or in any other system which transfers data to capability is 24mA over the commercial operating range. This 
or from sequential locations of a memory. One or more allows the Am2940's to drive the System Address Bus and 
Am2940's can be used in each peripheral controller of a Internal Three-State Bus directly, thereby eliminating the need 
distributed DMA system to provide the memory address and for separate bus drivers. Three-bits in the Microinstruction 
word count required for DMA operation. Register provide the Am2940 Instruction Inputs, 10.12. The 

Figure 3 shows a block diagram of an example micropro· microprogram clock is used to clock the Am2940's and, when 

grammed DMA peripheral controller. The Am2910A Micropro- the ENABLE COUNTERS instruction is applied, address and 

gram Sequencer, Microprogram Memory, and the Microin- word counting is controlled by the CNT bit of the Microinstruc-

struction Register form the microprogram control portion of tion Register. 

this peripheral controller. The Am2940 generates the memory 
address and maintains the word count required for DMA Asynchronous interlace control circuitry generates System 
operation. An internal three-state bus provides the communi- Bus control signals and enables the Am2940 Address onto the 
cation path between the Microinstruction Register, the System Address Bus at the appropriate time. The open-
Am2917 Data Transceivers, the Am2940, the Am2901 C collector DONE outputs are dot-anded and used as a test 
Microprocessor, and the Device Interlace Circuitry. input to the Am2910A Microprogram Sequencer. 
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Figure 3. DMA Peripheral Controller Block Diagram. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Under Bias ......... - 55°C to + 125°C Temperature ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

High Output State ....................... -O.5V to + VCC max 
Supply Voltage .................... . ....... + 4.5V to + 5.5V 

DC Input Voltage ................................. -O.5V to + 5.5V Operating ranges define those limits over which the function-
DC Output Current, Into Outputs .......................... 30mA a/ity of the device is guaranteed. 
DC Input Current ............................. -30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA T1NGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vce ~ MIN, MIL IOH ~ -1.0mA 
VOH Output HIGH Voltage 

VIN ~ VIH or Vil COM'L IOH ~ -2.6mA 2.4 Volts 

WCO, AGO 
MIL IOl ~ 8.0mA 

Vee~ Min., COM'L IOl ~ 12mA • VOL Output LOW Voltage VIN ~ VIH or Vil MIL IOl - 16mA 0.5 Volts 
(Note 5) AO·7, 00·7 

DONE COM'L IOl ~24mA 

VIH Input HIGH Level (Note 4) Guaranteed Input Logical HIGH voltage for all inputs 2.0 Volts 

VIL Input LOW Level (Note 4) Guaranteed Input Logical LOW voltage for all inputs 0.8 Volts 

VI Input Clamp Voltage Vee~MIN, IIN--18mA -1.5 Volts 

00.7 -0.15 
III Input LOW Current Vee ~ MAX, VIN = 0.5V All Others -0.8 mA 

00·7 150 
IIH Input HIGH Current Vee = MAX, VIN = 2.7V All Others 40 iJ.A 

leEX Output Leakage on DONE Vee ~ MAX, Vo - 5.5V 250 IJ.A 

II Input HIGH Current Vee - MAX, VIN - 5.5V 1.0 mA 

Ise 
Output Short Circuit Current Vee ~ MAX + 0.5V, Vo ~ 0.5V -30 -85 mA (Note 3) 

AO·7 -50 
IOZl VOUT ~ 0.5V 

00·7 -150 
Output OFF Current Vee~ MAX 

IJ.A 
OE ~ 2.4V AO·7 50 

IOZH VOUT ~ 2.4 
00·7 150 

TA=ooe to + 70°C 290 
Am2940DC TA=+70°c 235 

Icc Power Supply Current Vee~MAX Te - -55°C to + 125°C 315 mA 

Am2940DM, FM Te = + 125°C 225 

Notes: 1. Typical limits are at Vee - 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not 

functionally tested). 
5. IOL limit on Ai and Di (i ~ 0 to 7) applies to either output individually, but not both at the same time. The sum of the loading on Ai 

plus Di is limited to 24mA MIL or 32mA COM'l. 
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, SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 

Vee 

I 

I.A 

1'4 'S 7' 
....::.. . 

lK :5 2: 

5.0 - VeE - VOL 
Rl = ---==-:--= 

IOL + VOL 

1K 

:52: 

TC001100 

5.0 - VeE - VOL 
Rl - ---==-:-.= 

IOL + VOL 

R2 

Vee 

TC001081 

C. OPEN-COLLECTOR 
OUTPUTS 

TCOO1220 

5.0-VOL 
Rl= --

IOL 

Notes: 1. CL = 50pF includes scope probe. stray wiring and capacitances without device in test fixture, 
2. 81. 82. 83 are closed during function tests and all AC tests except output enable tests, 
3. 81 and 83 are closed while 82 is open for tPZH test. 

81 and 82 are closed while 83 is open for tPZL test. 
4. CL = 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2940 (DIP) 

Pin# Test 
(DIP) Pin Label Circuit R1 

- Ao-7 A 220 

- 00-7 A 220 

6 AGO B 
" 

, 470 

7 DONE e 270 

10 weo B 470 

For additonal information on testing. see section 
"Guidelines on Testing Am2900 \amily Devices." 

R2 
1K 

1K 

2AK 

-
2AK 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2940 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 
input levels at OV or 3V. All values are in ns with CL = 50pF except output disable times (OE to A and I to D) which are specified or a 
5pF load. \ 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

Am2940DC (TA=O to +70"C, Vee =4_75 to 5_25V, CL=50pF) 

A. Set-up and Hold Times B. Combinational Delays 
(Relative to clock 

LOW-to-HIGH transition) Input ACO WCO A0-7 DONE 00-7 

ACI 20 
Input - -

ts th 
wei 

00-7 24 4 (Note 2) 20 46 -
1012 46 5 

10-2 - - 37 
ACi 30 4 CP 

(Note 3) 
58 58 54 85 -

WCI 
30 3 (Note 1) 

C. Clock Requirements D. Enable/Disbable Times 

Minimum Clock LOW Time 23 ns From To Disable Enable 

Minimum Clock HIGH Time 34 ns 1012 00-7 35 35 ns 

Maximum Clock Frequency 17 MHz OE AO-7 25 25 ns 

II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

Am2940DM, FM (Te=-55 to + 125'C, Vee = 4.5 to 5.5V, CL=50pF) 

A. Set-up and Hold TImes 
(Relative to clock 

LOW-to-HIGH transition) Input 

ACI 
Input t. th 

wei 
00-7 27 6 (Note 2) 

1012 49 5 10-12 
ACi 34 5 CP 
wei (Note 3) 
(Note 1) 

34 5 

C. Clock Requirements 

Minimum Clock LOW Time 23 ns From 

Minimum Clock HIGH Time 35 ns 1012 

Maximum Clock Frequency 16 MHz OE 

Notes: 1. 
2. 

3. 
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B. Combinational Delays 

ACO WCO Ao-7 DONE 00-7 

21 -
- 21 - 54 -
- - 41 

64 64. 62 88 

D. Enable/Disable Times 

To Disable Enable 

00-7 42 42 ns 

AO-7 30 30 ns 

Control modes 0, 1, and 3 only. 
WCI to DONE occurs only in control modes 0 
and 1. 
CP to DONE occurs only in control modes 0, 1, 
and 2. 
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OV 
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CLOCK 

OV 

OUTPuTS 

WF003101 

Figure 4. Switching Waveforms. 

See Tables A for ts and th for various inputs. See Tables. B for combinational delays from clock and other inputs to outputs. 

Notes on Testing 
Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in V cc current when the device switches 
may cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to OsCillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 

, as much as 400mAin 5-8ns. Inductance in the ground cable 
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may allow the ground pin at the device to rise by 100's of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL"; OV and VIH;;;' 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, FunCtion, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD olfers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2942 
Programmable Timer/Counter DMA Address Generator 

DISTINCTIVE CHARACTERISTICS 

• Expandable eight-bit slice 
- Any number of Am2942s can be cascaded. Three 

devices provide a 4B-bit counter. 
• Reinltlallze capability 

- Counters can be reinitialized from on-chip registers. 
• Executes 16 Instructions 

- Eight DMA instructions plus eight Timer/Counter 
instructions. 

• Programmable control modes 
- Provide four types of control. 

• Two Independent programmable 8-blt up/down 
counters 
- Counters can be cascaded to form single-chip 16-bit 

up/down counter. 
• High speed bipolar LSI 

- Typical count frequency of 25MHz and 24mA output 
current sink capability. 

GENERAL DESCRIPTION 

The Am2942, a 22-pin version of the Am2940, can be used 
as a high-speed DMA Address Generator or Programmable 
Timer/Counter. It provides multiplexed Address and Data 
lines, for use with a common bus, and additional Instruction 
Input and Instruction Enable pins. The Am2942 executes 
16 instructions; eight are the same as the Am2940 instruc
tions, and eight instructions facilitate the use of the 
Am2942 as a Programmable Timer/Counter. The Instruc
tion Enable input allows the sharing of the Am2942 
instruction field with other devices. 

When used as a Timer/Counter, the Am2942 provides two 
independent, programmable, eight-bit, up-down counters in 
a 22-pin package. The two on-chip counters can be 
cascaded to form a single chip, 16-bit counter. Also, any 
number of chips can be cascaded - for example three 
cascaded Am2942s form a 4B-bit timer/counter. 

Reinitialization instructions provide the capability to reinitial
ize the counters from on-chip registers. Am2942 Program
mable Control Modes, identical to those of the Am2940, 
offer four different types of programmable control. 

BLOCK DIAGRAM 

ilIO =-t---, 

(~~~)~~----~r---~--------------------------------------~ 
INSTRUe""" 
ENABLE' (IE) 

INSTRUCTION 
1 .... 3l 

CLOCK~ 

For applications information see the last part of this data sheet and Chapter VII of 
Bit Slice Microprocessor Design, by Mick and Brick, McGraw-Hili Publishers. 

80002520 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2942 

Device type 

D C B l L L ~r:~~i~g S~:~~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (ODC to + 70DC) 
M - Military (-55DC to + 125DC) 

Package 
0- 22-pin CERDIP . 
F - 22-pin flatpak 
L - 28-pin leadless chip carrier 
X-Dice 

DMA Address Generator 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 

5-28P 

Valid Combinations 

DC, DCB, DMB 

Am2942 FMB 
LC, LMB 
XC, XM 

Valid COmbinations 
Consult the AMO sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name I/O Description 

12,13,14,15 10-3 I Selects one of sixteen instructions. 

3 ACi I Carry-in to the address counter_ 
20 AGO 0 Carry-out from the address counter. 
1 wei I Carry-in to the word counter. 
2 wro 0 Carry-out from the word counter. 

00-7 1/0 Bidirectional data bus. 
9 OED I Data bus output enable. 
S IE I Instruction enable for 10-2. 
21 DONE 0 Transfer complete signal. 
10 CP I Clock input. Regis1ers and counters change on the LOW-to-HIGH transition. 

Am2942 ARCHITECTURE 

As shown in the Block Diagram, the Am2942 consists of the 
following: 
• A three-bit Control Register. 

• An eight-bit Address Counter with input multiplexer. 

• An eight-bit Address Register. 
• An eight,bit Word Counter with input multiplexer. 
• An eight-bit Word Count Register. 
• Transfer complete circuitry. 
• An eight-bit wide data multiplexer with three-state output 

buffers. 
• An instruction decoder. 

CONTROL REGISTER 

Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines 00-07. Control 
Register bits 0 and 1 determine the An)2942 Control Mode, 
and bit 2 determines whether the Address Counter increments 
or decrements. Figure 1 defines the Control Register format. 

Address Counter 

The Address Counter, which provides the current memory 
address, is an eight-bit, binary, up/down counter with full 
lookahead carry generation. The Address Carry input (ACi) 
and Address Carry Output (AGO) allow cascading to accom-
modate larger addresses. Under instruction control, the Ad-
dress Counter can be enabled, disabled, and loaded from the 
DATA inputs, 00-07, or the Address Register. When enabled 
and the ACi input is LOW, the Address Counter increments/ 
decrements on the LOW-to-HIGH transition of the CLOCK 
input, CPo 

Address Register 
The eight-bit Address Register saves the initial address so that 
it can be restored later in order to repeat a transfer operation. 
When the LOAD ADDRESS instruction is executed, the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, Do-D7. 

. Word Counter and Word Count Register 

, 
5-281 

The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the 
exception that the Word Counter increments in Control Modes 
1 and 3, decrements in Control Mode 0 and is disabled in 
Control Mode 2. The LOAD WORD COUNT instruction simul-
taneously loads the Word Counter and Word Count Register. 

Transfer Complete Circuitry 

The Transfer Complete Circuitry is a combinational logic 
network which detects the completion of the data transfer 
operation in three Control Modes and generates the DONE 
output signal. The DONE signal is a open-collector output, 
which can be dot-anded between chips. 

Data Multiplexer 

The Data Multiplexer is an eight-bit wide, three-input multiplex-
er which allows the Address Counter, Word Counter and 
Control Register to be read at DATA lines 00-07. The Data 
Multiplexer output, YO-Y7, is enabled onto DATA lines 00-07 if 
and only if the Output Enable input, OED, is LOW. (Refer to 
Figure 2.) 

Instruction Decoder 

The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION inputs, 10-13, 
Control Register bits, CRo-CR1, and the INSTRUCTION EN-
ABLE input, TE. 

Clock 
-

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW-to-HIGH transition of the CP 
signal. 
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Control Register 

I CR2 I CRl I CRO I 

Control Mode Control Word 
DONE OUtput Signal 

CRt CRo Number Mode Type Counter WCI = LOW WCI = HIGH 

L L 0 Word Count Equals Zero Decrement 
HIGH when HIGH when 
Word Counter = 1 Word Counter = 0 

HIGH when HIGH when 
L H 1 Word Count Compare Increment Word Counter + 1 Word Counter 

= Word Count Reg. = Word Count Reg. 

H L 2 Address Compare Hold HIGH when Word Counter = Address Counter 

H H 3 Word Counter Carry Out Increment Always LOW 

CR2 Address Counter 

L Increment 

H Decrement 

H = HIGH 
L=LOW 

Figure 1. Control Register Format Definition. 

OED 00- 0 7 

L DATA MULTIPLEXER OUTPUT, va-v? 
H HIGH Z 

Figure 2. Data Bus Output Enable Function. 

Am2942 CONTROL MODES When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de-

Control Mode 0 - Word Count Equals pending on Control Register bit 2) on the LOW-to-HIGH 

Zero Mode transition of the CLOCK input, CPo The Transfer Complete 
Circuitry compares the Address Counter with the Word Count-

In this mode, the LOAD WORD COUNT instruction loads the er and generates the DONE signal during the last word 
word count into the Word Count Register and Word Counter. transfer; i.e., when the Address Counter equals the Word 
When the Word Counter is enabled and the Word Counter Counter. 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW-to-HIGH transition of the CLOCK input, CPo Figure 1 Control Mode 3 - Word Counter Carry 
specifies. when the DONE signal is generated in this mode. Out Mode 

Control fJIIode 1 - Word Count Compare For this mode of operation, the user can load the Word Count 
Mode Register and Word Counter with the two's complement of the 

In this mode the LOAD WORD COUNT instruction loads the 
number of data words to be transferred. When the Word 

word count into the Word Count Register and clears the Word 
Counter is enabled and the WCI input is LOW, the Word 
Counter increments on the LOW-to-HIGH transition of the 

Counter. When the Word Counter is enabled and the Word CLOCK input, CPo A Word Counter Carry Out signal, WCO, 
Counter Carry-in, WCi, is LOW, the Word Counter increments 
on the LOW-to-HIGH transition of the clock input, CPo Figure 1 

indicates the last data word is being transferred. The DONE 

specifies when the DONE signal is generated. 
signal is not required in this mode and, therefore, is always 
LOW. 

Control Mode 2 - Address Compare Mode 
Am2942 INSTRUCTIONS 

In this mode, only an initial and final memory address need to 
be specified. The initial Memory Address is loaded into the The Am2942 instruction set consists of sixteen instructions. 
Address Register and Address Counter and the final memory Eight are DMA Instructions and are similar to the Am2940 
address is loaded into the Word Count Register and Word instructions. The remaining eight instructions are designed to 
Counter. The Word Counter is always disabled in this mode facilitate the use of the Am2942 as a Programmable Timer I 
and serves as a holding register for the final memory address. Counter. Figures 3 and 4 define the Am2942 Instructions. 
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Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input Do-D2 into the 
Control Register; DATA inputs Da-D7 are "don't care" inputs 
for this instruction. The READ CONTROL REGISTER instruc
tion gates the Control Register to Data Multiplexer outputs Yo
Y2. Outputs Ya-Y7 are HIGH during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER Instruction, which gates the Word Counter to Data 
Multiplexer outputs, YO-Y7. The LOAD WORD COUNT instruc
tion is Control Mode dependent. In Control Modes 0, 2, and 3, 
DATA inputs Do-D7 are written into both the Word Count 
Register and Word Counter. In Control Mode 1, DATA inputs 
Do-D7 are written into the Word Count Register and the Word 
Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Ad
dress Counter to Data Multiplexer outputs, YO-Y7, and the 
LOAD ADDRESS instruction writes DATA inputs Do-D7 into 
both the Address Register and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS 
instruction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the Word 
Counter holds its contents. When enabled and the carry input 
is active, the counters increment on the LOW-to-HIGH transi
tion of the CLOCK input, CPo Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 
cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 

When IE is HIGH, Instruction inputs, 10-12, are disabled. When 
la is LOW, the function performed is identical to that of the 
ENABLE COUNTERS instruction. Thus, counting can be 
controlled by the carry inputs with the ENABLE COUNTERS 
instruction applied or with Instruction Inputs 10-12 disabled. 

HEX 
iE 13 12 11 10 CODE 
0 0 0 0 0 0 WRITE CONTROL REGISTER 
0 0 0 0 1 1 READ CONTROL REGISTER 
0 0 0 1 0 2 READ WORD COIJNTER 
0 0 0 1 1 -3 READ ADDRESS COUNTER 
0 0 1 0 0 4 REINITIALIZE COUNTERS 
0 0 1 0 1 5 LOAD ADDRESS 
0 0 1 1 0 6 LOAD WORD COUNT 
0 0 1 1 1 7 ENABLE COUNTERS 
1 0 X X X 0-7 INSTRUCTION DISABLE 

Instructions 8-F facilitate the use of the Am2942 as a 
Programmable Timer/Counter. They differ from instructions 0-
7 in that they provide independent control of the Address 
Counter, Word Counter and Control Register. 

The WRITE CONTROL REGISTER, TIC instruction writes 
DATA input Do-D2 into the Control Register. DATA inputs Da
D7 are "don't care" inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 

The Word Counter Clln be read, using the READ WORD 
COUNTER, TIC instruction. Both counters are enabled when 
this instruction is executed. 

When the READ ADDRESS COUNTER, TIC instruction is 
executed, both counters are enabled and the address counter 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS and WORD COUNTERS in
struction is identical to the REINITIALIZE COUNTERS instruc
tion and provides the capability to reinitialize both counters at 
the same time. The Address Counter contents appear at the 
Data Multiplexer output. 

DATA inputs Do-O] are loaded into both the Address Register 
and Counter when the LOAD ADDRESS, TIC instruction is 
executed. The Word Counter is enabled and its contents 
appear at the Data Multiplexer output. 

The LOAD WORD COUNT, TIC instruction is identical to the 
LOAD WORD COUNT instruction with the exception that the 
Address Counter is enabled. . 

The Word Counter can be independently reinitialized using the 
REINITIALIZE WORD COUNTER instruction. The Address 
Counter is enabled and the Word Counter contents appear at 
the Data Multiplexer output. 

When the IE input is HIGH, Instruction inputs, 10-12, are 
disabled. The function performed when la is HIGH is identical 
to that performed when la is LOW, with the exception that the 
Word Counter contents appear at the Data Multiplexer output. 

DMA 
INSTRUCTIONS 

0 1 0 0 0 8 WRITE CONTROL REGISTER, TIC 
0 1 0 0 
0 1 0 1 
0 1 0 1 
0 1 1 0 
0 1 1 0 
0 1 1 1 
0 1 1 1 
1 1 X X 

O=LOW 1 = HIGH 

1 9 REINITIALIZE ADDRESS COUNTER 
0 A READ WORD COUNTER, TIC 
1 B READ ADDRESS COUNTER, TIC 
0 C REINITIALIZE ADDRESS & WORD COUNTERS 
1 D LOAD ADDRESS, TIC 
0 E LOAD WORD COUNT, TIC 
1 F REINITIALIZE WORD COUNTER 
X 8-F INSTRUCTION DISABLE, TIC 

X = DON'T CARE 

TIMERICOUNTER 
INSTRUCTIONS 

Notes: 1. When 13 is tied LOW, the Am2942 acts as a DMA circutt: When 13 is tied HIGH, the Am2942 acts 
as a Timer/Counter circuit 

2. Am2942 instructions 0 through 7 are the same as Am2940 instructions. 

Figure 3. Am2942 Instructions. 
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, Data 
13121110 Control Word Word Adr. Adr. Control Multiplexer, 

IE (Hex) Function Mnemonic Mode Reg. Counter Reg. Counter Reg. Output 

L 0 WRITE CONTROL WRCR 0, 1,2,3 HOLD HOLD HOLD HOLD 00.2 ~ CR FORCED 
REGISTER HIGH' 

L 1 READ CONTROL RDCR 0, 1,2,3 HOLD HOLD HOLD HOLD HOLD CONTROL 
REGISTER REG, 

L 2 READ WORD RDWC 0, 1,2,3 HOLD HOLD HOLD HOLD HOLD WORD 
COUNTER COUNTER 

L 3 READ ADDRESS RDAC 0, 1,2,3 HOLD HOLD HOLD HOLD HOLD ADR. 
COUNTER COUNTER 

REINITIALIZE 0,2,3 HOLD WR ~ WC HOLD AR ~ AC HOLD ADR. CNTR. 
L 4 REIN 

HOLD COUNTERS 1 HOLD ZERO ~ WC HOLD AR ~ AC ADR. CNTR. 

L 5 LOAD LOAD 0, 1,2,3 HOLD HOLD o ~ AR o _ AC HOLD WORD 
COUNT COUNTER 

LOAD WORD 0,2,3 0_ WR 0_ WC HOLD HOLD HOLD FORCED HIGH 
L 6 LDWC 

COUNT 1 0_ WR ZERO _ WC HOLD HOLD HOLD FORCED HIGH 

L 7 
ENABLE 

ENCT 
0,1,3 HOLD ENABLE HOLD ENABLE HOLD ADR. CNTR 

COUNTERS 2 HOLD \ HOLD HOLD ENABLE HOLD ADR. CNTA. 

INSTRUCTION 0,1,3 HOLD ENAt;lLE HOLD ENABLE HOLD ADR. CNTA. 
H 0·7 DISABLE 2 HOLD HOLD HOLD ENABLE HOLD ADA. CNTA. 

L 8 WRITE CONTROL WCRT 0, 1,2,3 HOLD ENABLE HOLD ENABLE 00.2 _ CR CONTROL . REGISTER, TIC REG . 

L 9 REINITIALIZE , REAC 0, 1,2,3 HOLD ENABLE HOLD AR ~ AC HOLD ADA. 
ADR. COUNTER COUNTER 

L A READ WORD RWCT 0, 1,2,3 HOLD ENABLE HOLD ENABLE HOLD WORD 
COUNTER, TIC COUNTER 

L B READ ADDRESS RACT 0, 1,2,3 HOLD ENABLE HOLD ENABLE HOLD ADA. 
COUNTER. TIC COUNTER 

REINITIALIZE 0,2,3 HOLD WR ~ WC HOLD AR ~ AC HOLD ADA. CNTA. 
L C ADDRESS AND RAWC 

1 HOLD ZERO _ WC HOLD AR ~ AC HOLD ADR. CNTA. 
WORD COUNTERS 

L 0 LOAD LDAT 0, 1,2,3 HOLD ENABLE o _ AR o _ AC HOLD WORD 
ADDRESS, TIC COUNTER 

LOAD WOflD 0,2,3 0_ WR 0_ WC HOLD ENABLE HOLD FORCED HIGH 
E LWCT L 

COUNT, TIC 1 0_ WR ZERO _ WC HOLD ENABLE HOLD FORCED HIGH 

REINITIALIZE 0,2,3 HOLD WR _ WC HOLD ENABLE HOLD WD. CNTR. 
L F REWC 

WORD COUNTER 1 HOLD ZERO ~ WC HOLD ENABLE HOLD WD. CNTR. 

INSTRUCTION 0,1,3 HOLD ENABLE HOLD ENABLE HOLD WD. CNTR. 
H 8-F DISABLE, TIC 2 HOLD HOLD HOLD ENABLE HOLD WD. CNTA. 

WR = WORD REGISTER AC = ADDRESS COUNTER 
WC = WORD COUNTER CR = CONTROL REGISTER 
AR - ADDRESS REGISTER 0= DATA 

Figure 4. Am2942 Function Table. 

APPLICATIONS 

Figure 5 shows an Am2942 used as two independent, 
programmable eight-bit timer/counters. In this example, an 
Am2910A Microprogram Sequencer provides an address to 
Am27S27 512 x 8 Registered PROMs. The on-chip PROM 
output register is used as the Microinstruction Register. 

The Am2942 Instruction input, 13, is tied HIGH to select the 
eight Timer/Counter instructions. The iE, 10-12, and OED inputs 
are provided by the microinstruction, and the 00-07 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate enable controls for the respective Word 
Counter and Address Counter. The DONE, ACO and iNCO 

5-284 

output signals indicate that a pre-programmed time or count 
has been reached. 

Figure 6 shows an Am2942 used as a single 16-bit program-
mabie timer/counter. In this example, the Word Counter carry-
out, iNCO, is connected to the Address Counter carry-in, AGi, 
to form a single 16-bit counter which is enabled by the GATE 
signal. 

Figure 7 shows two Am2942s cascaded to form a 32-bit 
programmable timer/counter. The two Word Counters form 
the low order 16 bits, and the two Address Counters form the 
high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time. 

035748 
Refer to Pag~ 13-1 for Essential Information on Military Devices. 



OT.... I 
~ 

IIU. 

~---------------------i~ ....... 
~--------------------~~ 

DONE 

~------------------------------------------~~_+w 

wa 1---- .... TE we 

lei GATEAC 

AF001911 

Figure 5. Two 8-Blt Programmable Counters/Timers In a 22-Pln Package. 
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Figure 6. 16-Blt Programmable Counter/Timer Using a Single Am2942. 
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Figure 7. 32-Blt Programmable CounterlTlmer Using Two Am2942s. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65'C to + 150'C CO/Tlmercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55'C to + 125'C Temperature .......•.....•...•....•......•....... O'C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ......•....••............... +4.75V to +5.25V 

Continuous ..............................•....... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................••.......•..•... -55·C to +125'C 

High Output State •....•...•............. -O.5V to + VCC max 
DC Input Voltage .•.......•....•.................. -O.5V to +5.5V 

Supply Voltage ......•.......•.•........•..... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS .may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note I) Max Units 

vcc = MIN, MIL IOH - -1.OmA 
VOH Output HIGH Voltage 

VIN = VIH or VIL COM'L IOH = -2.6mA 2.4 Volts 

~,~ 
MiL IOL = 8.0mA 

Vee = MIN, COM'L IOL = 12mA 
VOL Output LOW Voltage VIN = VIH or VIL MIL IOL = I SmA 0.5 Volts 

Do.7, DONE COM'L IOL = 24mA 

VIH Input HIGH Level (Note 4) Guaranteed Input Logical HIGH voltage for all inputs 2.0 Volts 

VIL Input LOW Level (Note 4) Guaranteed input Logical LOW voltage for all inputs 0.8 Volts 

VI Input Clamp Voltage VCC=MIN,IIN=-18mA -1.5 Volts 

00.7 -0.15 
IlL Input LOW Current Vee = MAX, VIN = O.5V All Others -0.8 mA 

00.7 150 
IIH Input HIGH Current Vee = MAX, VIN = 2.7V All Others 40 p.A 

ICEX Output Leakage on DONE Vee = MAX, Vo = 5.5V 250 p.A 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 mA 

ISC 
Output Short Circu~ Current Vee = MAX + O.5V, Vo = 0.5V -30 -85 mA (Note 3) 

IOZL Vee = MAX I VOUT=O.5V I 00-7 -150 

IOZH 
Output OFF Current ~=2.4V I VOUT= 2.4 I 00-7 150 

p.A 

TA = O'C to + 70'C 265 
Am2942PC, DC TA-+70'C 220 

ICC Power Supply Current Vee = MAX TC=-55'C to + I 25'C 285 mA 

Am2942DM, FM TC=+125'C 205 

Notes: I. Typical limits are at Vee - 5.0V. 25'C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be sholled at a time. Duration of the shert circuit test should not exceed one second. 
These input levels provide no guaranteed noise immun~ and should only be static tested in a noise-free environment (not 
functionally tested). 
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SWITCHING TEST CIRCUIT 

A. THREE STATE OUTPUTS B. NORMAL OUTPUTS 

IA 

S.O - VBE - VOL 
Rl"" ---'=-

IOL + VOL 

1K 

Vee 

I 

TCOOll00 

2.4V 
R2= -

IOH 

Vee 

TCOO1081 

C. OPEN~LLECTOR 
OUTPUTS . 

TCOO1220 

S.O-VOL 
Rl= --

IOL 

Notes: 1. CL = SOpF includes scope Probe. wiring and stray capacitances without device in test fixture. 
2. 51. 52. ~ are closed during function tests and all AC tests except output enable tests. 
3. 81 and 83 are closed while 82 is open for tpZH test. 

81 and 82 are closed while 83 is open for tPZL test. 
4. CL = S.OpF for output disable tests. 

TEST OUTPUT LOADS FOR Am2942 (DIP) 

Pln# Test 
(DIP) Pin Label Circuit R1 

- 00-7 A 220 

20 AGO B 470 

21 DONE C 270 

2 WOO B 470 

For additional information on testing. see section 
"Guidelines on Testing Am2900 Family Devices." 

1K 

2.4K 

.2.4K 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2942 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 
input levels at OV or 3V. All values are in ns with CL = 50pF except output disable times (I to D) which are specified for a 5pF load. 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

Am2942, DC JYA = 0 to +70°C, Vec = 4.75 to 5.25V, CL = 50pF) 

A. Set-up and Hold Times B. Combinational Delays 
(Relative to clock 

LOW-to-HIGH transition) Input ACO WCO DONE 00·7 

Input t. th ACI 20 

DO-7 24 6 WCI 
20 46 

10-3 46 5 
(Note 1) 

ACi 30 4 
10-3 37 

WCI 30 3 
CP 
(Note 2) 

58 58 85 59 

IE 46 5 IE 37 

C. Clock Requirements D. Enable/Disable Times 

Minimum Clock LOW Time 23 ns From I To I Disable I Enable I I 
Minimum Clock HIGH Time 34 ns m: I DO-7 I 25 I 25 I ns I 
Maximum Clock Frequency 17 MHz 

II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

Am2942DM, FM (TC = -55 to + 125°C, VCC = 4.5 to 5.5V, CL = 50pF) 

A. Set-up and Hold Times 
(Relative to clock 

LOW-to-HIGH transition) 

Input t. lh 
DO-7 27 7 

10-3 49 5 

ACI 34 5 

wei 34 5 

IE 49 5 

C. Clock Requirements 

Minimum Clock LOW Time 23 ns 

Minimum Clock HIGH Time 35 ns 

Maximum Clock Frequency 17 MHz 

B. Combinational Delays 

Input ACO WCO DONE DQ.7 

ACi 21 

WCI 
21 54 

(Note 1) 

10-3 41 

CP 
64 64 88 68 

(Note 2) 

IE 41 

D. Enable/Disable Times 

I From I To Disable I Enable I I 
I OE I DO-7 30 I 30 I ns I 

Notes: 1. wei to DONE occurs only in control modes 0 and 
1. 
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2. CP to DONE occurs only in control modes 0, 1, 
and 2. 
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'NO\JTS 

C<.OCK 

OUTPUTS 

WF003101 

Figure 8. Switching Waveforms. 

See Tables A for ts and th for various inputs. See Tables B for combinational delays from clock and other inputs to outputs. 

Notes on Testing 
Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current when the deyice switches 
may cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 

5-290 

may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL ..: OV and VIH;;' 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 

035748 
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Am2946/ Am294 7 
Octal Three-State Bidirectional Bus Transceivers 

DISTINCTIVE CHARACTERISTICS 

• 6-bit bidirectional data flow reduces system package 
count 

• 3-state inputs/outputs for interfacing with bus-oriented 
systems; PNP inputs reduce input loading 

• Vee - 1.15VOH interfaces with TTL, MOS and CMOS 
• 46mA, 300pF bus drive capability; Low power - 6mA per 

bidirectional bit 

• Am2946 inverting transceivers; Am2947 noninverting 
transceivers; Transmit/Receive and Chip Disable simpli
fy control logic 

• Bus port stays in hi-impedance state during power upl 
down 

GENERAL DESCRIPTION 

The Am2946 and Am2947 are 6-bit state Schottky trans
ceivers. They provide bidirectional drive for bus-oriented 
microprocessor and digital communications systems. 
Straight through bidirectional transceivers are featured, 
with 24mA drive capability on the A ports and 46mA bus 
drive capability on the B ports. PNP inputs are incorporated 
to reduce input loading. 

One input, Transmit/Receive, determines the direction of 
logic signals through the bidirectional transceiver. The Chip 
Disable input disables both A and B ports by placing them 
in a 3-state condition. Chip Disable is functionally the same 
as an active LOW chip select. 

The output high voltage (VOH) is specified at Vee - 1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 

BLOCK DIAGRAM 

TRANSMIT/ 
IIEmIIE -"""'!L-' 

(Till) 

Am2947 

B000253 

Am2946 has inverting transceivers. 

05406A 
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CONNECTION DIAGRAM 
Top View 

D-2G-1 

Vee "0 B, liz Bz .. .. .. '" Tiii 

Ao A, ... ... ... Ao Ao A7 CD GND 

CD004760 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am2947 

AI'ORT Vee 20 

Ao ,. "0 
3 • 5 • 7 • 

A, '8 8, 

CD 
A2 17 liz - A3 '6 B3 

_7 
" TIJi ... '5 B, 

Ao " Ss 
Ao '3 86 

'9 '8 17 16 ,. ,. '3 '2 
A, 

eD '2 '" BI'ORT 

LSOO1060 GND ,. 
" Tlii 

DIE SIZE .069" x .089" 
Nota: Tha Am2946 has Invertlng transcelvars 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2946/2947 

Device type 

o C B l L L ~~:~~i~9 S?f~~;d processing 
. . B - Burn-in 

. Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
X-Dice 

Bidirectional Bus Transceivers 

5-292 

Valid Combinations 

PC 
Am2946 DC, DCB, OM, 
Am2947 DMB 

XC 

,Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

05406A 
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Pin No. Name I/O 

AQ·A7 I/O 

80-87 110 

9 CD I 

11 T/R I 

PIN DESCRIPTION 

Description 

A port inputs/outputs are receiver output drivers when T /R is LOW and are transmit inputs when T /A" is HIGH. 

8 port inputs/outputs are transmit output drivers when T/R is HIGH and receiver inputs when T/A" is LOW. 

Chip Disable forces all output drivers into 3-slale when HIGH (same function as active LOW chip select, OS). 
Transm~/Rec91Ve direction control delermines whether A port or 8 port drivers are in 3-stale. With T /R HIGH A 
port is Ihe input and 8 port is Ihe output. W~h T /A" LOW A port is the outpul and 8 port is the Input. 

FUNCTION TABLE 

Inputs 

Chip Disable L 

Transmit/Receive L 

A Port Out 

B Port In 

5-293 

Conditions 

L 

H 

In 

Out 

H 

X 

HI-Z 

HI-Z 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .......................... -65·C to + 150·C Commercial (C) Devices 

Supply Voltage ..•.••....•...•.•..•..•..••....•.•..•.•••..•.•••.•• 7.0V Temperature ••••••••.••.•••.••••••.•••.••••.••••• O·C to + 70·C 

Input Voltage •.....••.••.••...•.••••••.••••••••••••.•••.••••••.••• 5.5V Supply Voltage •.•••.••••.•.•.•..........•. + 4.75V to + 5.25V 

Output Voltage ••.•••••••••.••.•••••••••••••••••.••.•••.••..•.•..•• 5.5V Military (M) Devices 
Lead Temperature (Solder, 10 seconds) •.•••.•••••..••. 300·C Temperature •.••••••.••••••••••••••••••••••• -55·C to + 125·C 

Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage .••••..•.••.•..•••.... , •...•... + 4.5V to + $.5V 

RA TlNGS may cause permanent device failure. Functionality Operating ranges define those limits over which the function-
at or above these limits is not implied. Exposure to absolute ality of the device is guaranteed. 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified . 

Parameters Deacrlption Test Conditions Min 
Typ 

Max Units 
(Note 1) 

A PORT (Ao-A71 

VIH Logical "I" Input Voltage CD~VIL MAX, T/R-2.0V 2.0 Volts 

CD- VILMAX ICOM'L O.S 
VIL Logical "0" Input Voltage T/J!i - 2.0V JMIL 0.7 Volts 

CD- VIL MAX. 10H --0.4mA Vee-US Vec- 0.7 

VOH Logical "1" Output Voltage T/J!i - O.SV IIOH = - 3.0mA 2.7 3.95 Volts 

Logical "0" Output Voltage CD_= VIL MAX, IIOL = 12mA 0.3 0.4 
VOL T/R = O.SV ICOM'L 10L = 24mA 0.35 0.50 Volts 

lOS Output Short Circu~ Current eo - VIL MAX. T IR ~ O.SV, Vo - OV, -10 -38 -75 mA Vee - MAX, Note 2 

IIH Logical "I" Input Current CD - VIL MAX, T/J!i - 2.0V, VI- 2.7V 0.1 80 IJA 
II Input CUrrent at Maximum Input Voltage CD = 2.0V, Vee MAX, VI = Vee MAX I mA 

IlL Logical "0" Input Current CD - VIL MAX, T 1J!i = 2.0V, VI = 0.4V -70 -200 IJA 
Ve Input Clamp Voltage CD - 2.0V, liN - -12mA -0.7 -1.5 Volts 

Vo-0.4V -200 
100 Outputllnput 3·Stat. Current CO-2.0V VO-4.0V SO IJA 

8 PORT (110-871 

VIH Logical "I" Input Voltage CD - VIL MAX, T 1J!i = VIL MAX 2.0 Volts 

CD~VIL MAX. ICOM'L O.S 
VIL Logical "0" Input Voltage T/J!i -VIL MAX IMIL 0.7 Volts 

10H =-0.4mA Vee-US Vee-O.S 

VOH Logical "I" Output Voltage ~~R=}~~o~AX, 10H --5.0mA 2.7 3.9 Volts 
10H --IOmA 2.4 3.6 

CD=VIL MAX, IOL-2OmA 0.3 0.4 

VOL Logical "0" Output Voltage T/R = 2.0V 10L -48mA 0.4 0.5 Volts 

lOS Output Short Circu~ Current CD - VIL MAX, T IR - 2.0V, Vo = OV -25 -50 -ISO mA Vee - MAX, Note 2 

IIH Logical "I" Input Current CD-VIL MAX, T/J!i - VIL MAX, VI = 2.7V 0.1 80 IJA 
II Input Current at Minimum Input Voltage CD = 2.0V, Vee = MAX, VI - Vec MAX I mA 

IlL Logical "0" Input Current CD ~ VIL MAX, T IR - VIL MAX, VI - 0.4V -70 -200 IJA 
Ve Input Clamp Voltage CD=2.0V,IIN--12mA -0.7 -1.5 Volts 

IVo-0.4V -200 
leo Outputllnput 3-8tate Current CD~2.0V 

IVo-4.0V 200 IJA 

CONTROL INPUTS CD, TIft 

VIH Logical "I" Input Voltage 2.0 Volts 

ICOM'L O.S 
VIL Logical "0" Input Voltage 

IMIL 0.7 Volts 

IIH Logical "I" Input CUrrent VI = 2.7V 0.5 20 IJA 
II Input Current at Maximum Input Voltage Vee - MAX, VI - Vee MAX 1.0 mA 

IT/J!i -0.1 -0.25 
IlL Logical "0" Input Current VI =0.4V 

ICD -0.1 -0.25 mA 

Ve Input Clamp Voltage liN --12mA -q.S -1.5 Volts 

POWER SUPPLY CURRENT 

CD = VI - 2.0V, Vee - MAX 70 100 
Am2948 

CD - OAV, VINA - TIll - 2.0V, Vee - MAX 100 ISO 
lee Power Supply CUrrent CD - 2.0V, VI - OAV, Vee - MAX 70 100 mA 

Am2947B CO - VINA = 0.4V, T IR - 2.0V, Vee - MAX 90 140 

5-294 
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SWITCHING TEST CIRCUIT 

TCOO1480 

Note: Cl includes test fixture capacitance. 

SWITCHING TIME WAVEFORM 

WFOO3150 

t, = tj < 10n8 10%-to 90% 

Figure 1. Propagation Delay from A Port to B Port or from B Port to A Port. 

Vee 

t-r---~8f1ORT 
Vee 

"'V~~ 3.OV 

l'--oV 

'r"L~J!N ..... T 

'T"" 
... IV 

TCOOI390 WFOO3110 

Note: C2 and C3 include test fixture capacitance. t, = tf < 10ns 10% to 90% 

Figure 2. Propagation Delay from T/R to A Port or B Port. 

Vee 

.=:: 0-------1 ~~----o~ 
INPUT DlVICE 

r---....., U:" 
1-.... ...--1 co 

Vee .. 
"" 

TCOO1400 

Note: C4 includes test fixture capacitance. Port input is in 
a fixed logical condition. 

WF003011 

t, = tf < 10ns 10% to 90% 

Figure 3. Propagation Delay from CD to A Port or B Port. 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 
Am2946 

Typ 
Parameter Description Test Conditions (Note 1) Max Units 

A PORT DATA/MODE SPECIFICATIONS 

tpOHLA 
Propagation Delay to a Logical "0" from CD ~ O.4V. TfR ~ O.4V (Figure 1) 

8 12 ns 8 Port to A Port Rl = 1k, R2 = 5k, Cl = 30pF 

tpOLHA 
Propagation Delay to a Logical "1" from CD = O.4V, TIR = O.4V (Figure 1) 11 16 ns 
8 Port to A Port Rl = lk, R2 = 5k. Cl = 30pF 

tPLZA 
Propagation Delay from a Logical "0" to 3-State 80 to 87 - 2.4V. T fR - O.4V (Figure 3) 10 15 ns from CD to A Port S3 = 1, RS = 1k, C4 =15pF 

tPHZA 
Propagation Delay from a Logical "1" to 3·State 80 to 87 = O.4V, T fR = O.4V (Figure 3) 8 15 ns from CD to A Port S3 = O. RS = lk, C4 = 15pF 

tPZLA 
Propagation Delay from 3-Stale to a Logical "0" 80 to 87 = 2.4V. T fR = O.4V (Figure 3) 19 25 ns from CD 10 A Port S3=1, RS=lk. C4=30pF 

tpZHA 
Propagation Delay from 3-State to a Logical "1" 80 to 87 = 0.4V. T fR = O.4V (Figure 3) 19 25 ns from CD to A Port S3 = 0, RS = 5k, C4 = 30pF 

B PORT DATA/MODE SPECIFICATIONS 

CD - O.4V, TIR - 2.4V (Figure 1) 1 
Propagation Delay to a Logical "0" from IRI = lOOn, R2 = lk, Cl = 300pF 12 18 ns 

tpOHLB A Port to 8 Port 
IRI = 667n, R2 - 5k, Cl = 45pF 7 12 ns 

CD = O.4V. TfR = 2.4V (Figure 1) 1 
Propagation Delay to a Logical "1" from 1 Rl = lOOn, R2 = lk. Cl = 300pF 

15 20 ns 
tpOLHB A Port to B Port 

·1 Rl = 667n, R2 = 5k, Cl = 45pF 9 14 ns 

tPLZB 
Propagation Delay from a Logical "0" to 3-State Ao to A7 - 2.4V, T fR - 2.4V (Figure 3) 13 18 ns from CD to 8 Port S3=1, Rs=lk, C4=ISpF 

tPHZB 
Propagation Delay from a Logical "1" to 3-State Ao to A7 - O.4V. T fR - 2.4V (Figure 3) 8 15 ns from CD to 8 Port S:j = 0, RS = lk. C4 = 15pF 

AO to A7 ~ D.4V, T fR ~ 2.4V (Figure 3) 1 
Propagation Delay from 3-State to a Logical "0" IS3 ~ 1. RS - lOon; C4 - 300pF 25 35 ns 

tPZLB from CD to 8 Port 
IS3 ~ 1. RS = 667n. Cl = 45pF 16 22 ns 

Ao to A7 - D.4V .. T fR = 2.4V (Figure 3) 1 
Propagation Delay from 3-State to a Logical "1" lS3 ~ O. RS = lk. C4 = 300pF 

22 35 ns 

tPZHB from CD to 8 Port 
IS3 ~ O. RS = 5k. Cl = 45pF 14 22 ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 
CD ~ O.4V (Figure 2) 

tTAL 
Propagation Delay from Transmit Mode to Receive 
a Logical "0". TfR to A Port 

SI~I,R4~ lOOn, C3 ~ 5pF 23 33 ns 

S2 ~ 1, R3 ~ lk. C2 = 30pF 

CD ~ O.4V (Figure 2) 

tTAH 
Propagation Delay.Jrom Transmit Mode to Receive SI ~ 0, R4 = lOOn, C3 ~ 5pF 22 33 ns 
a Logic~1 "1". TIR toA Port 

S2 ~ O. R3 ~ 5k, C2 ~ 30pF 

CD- O.4V (Figure 2) 

tRTL 
Propagation Delay-Yrom Transmit Mode to Receive SI = 1,.R4~ lOOn, C3 = 300pF 26 35 ns 
a Logical "0", TfR to 8 Port 

S2 = 1. R3 ~ 300n, C2 ~ 5pF 

CD = O.4V (Figure 2) 

tRTH 
Propagation Delay.Jrom Transmit Mode to Receive SI = 0, R4 ~ lk, C3 ~ 300pF 27 35 ns 
a Logical "1", TfR to 8 Port 

S2 ~ O. R3 = 300n. C2 = 5pF 

Note: 1. All typical values given are for Vee ~ 5.0V and TA ~ 25"C. 
2. Only one output at a time should be shorted. 

05406A 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
Am2946 

Parameter 

.tpDHLA 

tpDLHA 

tpLZA 

IpHZA 

tPZLA 

tPZHA 

tpDHLB 

tpDLHB 

tpLZB 

tPHZB 

tPZLB 

tPZHB 

trRL 

trRH 

tATL 

tRTH 

COMMERCIAL MILITARY 
Am2946 Am2946 

Description Test Conditions Max Max Units 

A PORT DATA/MODE SPECIFICATIONS 

F.o\,P~!l,,:::og ~~~~~oAap~~gical CD - 0.4V, T/A - 0.4V g'igure I) 
A, =Ik, A2=5k, C, = OpF 16 19 ns 

F.\\,P~!l,,:::og ~~Yt~OA a p~~gical CD 0.4V, T/~. 0.4V g'igure I) 
A, = Ik, A2=5k, C, = OpF 20 23 ns 

F.o\'Ptga~~ta\!elr,~.:,r°B'D '0 L~gi~~~ ~g !\BA; ~'{~' J:~ 150p~V (Figure 3) 18 21 ns 

F.\\'P~ga~~a\!elr,~nf,roB'D '0 L~gi~~~ ~ !"o,BA~ 2'{~' J:~ 15~~V (Figure 3) 18 21 ns 

Propaaation Delay from 3-State to 
a logIcal "0" from CD to A Port ~ !\B~; ~'{~' J:~ 30~~V (Figure 3) 28 33 ns 

Propagation Delay from 3-State to 
a logIcal "1" from CD to A Port ~g !Oo,BA~ 2·t~, J:~ 30~~V (Figure 3) 28 33 ns 

B PORT DATA/MODE SPECIFICATIONS 

CD - O.4V, T/A - 2.4V (Figure I) I 
Propagation Delay to a Logical IA, = lOOn. A2 = Ik, C, = 300pF 24 29 no 
"0" from A Port to B Port 

I A, = 667n, A2 = 5k, C, = 45pF 16 19 ns 

CD = O.4V, T IF! = 2AV (Figure I) I 
Propagation Delay to a Logical l A, = lOOn, A2 = Ik, C, = 300pF 25 30 ns 
"1" from A Port to B Port 

I A, = 667n, A2 = 5k, C, = 45pF 19 22 ns 

Propagation Delay from a Logical Ao to A7 - 2AV, T IA - 2.4V (Figure 3) 23 26 ns "0" 10 3-Stale from CD to B Port 53-I, As-Ik, C4=15pF 

Propagation Delay from a Logical Ao to A7 - OAV, T IF! - 2.4V (Figure 3) 18 21 ns "1" to 3-State from CD to B Port 53=0, As=lk, C4=15pF 

AO to A7 = 2.4V, T IR = 2.4V(Figure 3) I 
Propagation Delay from 3-5tate to 153 -I, AS = lOOn, C4 - 300pF 38 43 ns 

a Logical "0" from CD to B Port 
153 -I, As = 667n, C4 = 45pF 26 30 ns 

Ao to A7 = O.4V, T IR = 2.4V(Figure 3) I 
Propagation Delay from 3-5tate to ISa = 0, AS = Ik, C4 = 300pF 38 43 ns 

a Logical "1" from CD to B Port 
153=0, As-5k, C4=45pF 26, 30 ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

Propagation Delay from Transmit CD = OAV (Figure 2) 
Mode to Aeceive a Logical "0", 5, = I, A4 = lOOn. C3 = 5pF 38 43 ns 
T/R to A Port 52=1, Aa=lk, C2=30pF 

Propagation Delay from Transmit CD - O.4V (Figure 2) 
Mode to Aeceive a Logical "1", 5, = 0, A4 = lOOn. Ca = 5pF 38 43 ns. 
T/R to A Port 52 = 0, Aa = 5k, C2 = 30pF 

Propagation Delay from Aeceive CD = OAV (Figure 2) 
Mode to Transmit a Logical "0", 5, = I, A4 = lOOn, Ca = 300pF 41 47 ns 
T/R to B Port 52 = I, A3 = 300n, C2 = 5pF 

-
Propagation Delay from Aeceive CD - O.4V (Figure 2) 
Mode 10 Transmit a logical "1". 5, = 0, A4 = Ik, C3 = 300pF 41 47 ns 
T/R to B Port 52 = 0, A3 = 300n, C2 = 5pF 
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SWITCHING CHARACTERISTICS (T A = + 25°C. Vee = 5.0V) 
Am2947 

Typ 
Parameter Description Test Conditions (Note 1) Max Units 

A PORT DATA/MODE SPECIFICATIONS 

IpDHLA 
Propagation Delay to a Logical "0" from CD = 0.4V, TfR = 0.4V (Figure 1) 14 18 ns 8 Port to A Port Rl = lk, R2 = 5k, C, = 30pF 

IpDLHA 
Propagation Delay to a Logical "1" from CD = 0.4V, T fR = 0.4V (Figure 1) 13 18 ns 8 Port 10 A Port . Rl = lk, R2 = 5k, Cl = 30pF 

IPLZA 
Propagation Delay from a Logical "0" 10 3·Stale 80 10 87 - 0.4V, T!l'i = 0.4V (Figure 3) 11 15 ns from CD 10 A Port Sa-I, RS-lk, C4-15pF 

IpHZA 
Propagation Delay from a Logical "1" 10 3-Stale 80 10 87 - 2.4V, TlR - O.4V (Figure 3) 8 15 ns from CD 10 A Port Sa = 0, Rs = lk, C4 = 15pF 

IPZLA 
Propagalion Delay from 3·Stale to a Logical "0" So 10 87 = 0.4V, T fR = 0.4V (Figure 3) 19 25 ns from CD to A Port 53=1, RS=lk, C4-3OpF 

IPZHA 
Propagation Delay from 3-State to a Logical "I" 80 10 87 - .2.4V, T fR - 0.4V (Figure 3) 19 25 ns from CD to A Port . 53 - 0, RS - Sk, C4 - 30pF 

B PORT DATA/M.ODE SPECIFICATIONS 

CD - O.4V, TfR - 2.4V (Figure 1) 1 
Propagation Delay to a Logical "0" from IRI = lOOn, R2 = lk, C, = 300pF 18 23 ns 

tpDHLB A Port 10 8 Port 
I Rl - 667n, R2 - Sk, C, - 45pF 11 18 ns 

CD - 0.4V, TfR - 2.4V (Figure 1) 1 
Propagalion Delay to a Logical "1" from IRI = lOOn, R2 = lk, C, = 300pF 16 23 ns 

IPDLHB A Port to 8· Port 
I R, - 667n, R2 = 5k, C, - 45pF 11 18 ns 

IpLZB 
Propagalion Delay from a Logical "0" to 3·Stata AD 10 A7 = 0.4V, T IR = 2.4V (Figure 3) 13 18 ns from CD to 8 Port 53, = I, Rs = lk, C4 = ISpF 

tPHZB 
Propagation Delay from a Logical "1" 10 3·Stata AD to A7 - 2.4V, T IR - 2.4V (Figure 3) 8 15 ns from CD 10 8 Port 53, = 0, RS = lk, C4 -ISpF 

AD to A7 - O.4V, T IR = 2.4V (Figure 3) I 
Propagation Delay from 3·State to a Logical "0" 153 =1, Rs -lOOn, C4 = 300pF 25 35 ns 

tPZLB Irom CD to 8 Port 
IR3 -I, Rs - 667n, Cl - 45pF 16 22 ns 

AD to A7 - 2.4V, T IR" = 2.4V (Figure 3) I 
Propagation Delay from 3-State to a Logical "1" 153 - 0, RS - lk, C4 - 300pF 

26 35 ns 
tpZHB from CD to 8 Port 

153 -0, RS - Sk, Cl -45pF 14 22 nS 
TRANSMIT RECEIVE MODE SPECIFICATIONS 

CD = 0.4V (Figure 2) 

!TRL 
Propagation DelaLfrom Transmtt Mode to Receive 
a logical "0", T/R to A Port 5, = I, R4 - lOOn, C3 = 5pF 28 38 ns 

52-I, R3-1k, C2- 3OpF 

CD = 0.4V (Figure 2) 

!TRH 
Propagation Delay.Jrom Transmtt Mode to Receive 5, = I, R4 - lOOn, C3 - 5pF 28 38 ns a Logical "1", TfR to A Port 

52 = 0, R3 = Sk, C2 = 30pF 

CD = 0.4V (Figure 2) 

IRTL 
Propagation Delay.Jrom Transmit Mode to Receive 
a Logical "0", T/R to 8 Port 5, - I, R4 - lOOn, Ca = 300pF 

52 = 0, R3 = 300n, C2 = SpF 

31 40 ns 

CD = O.4V (Figure 2) 

tRTH 
Propagation Delay from Transmit Mode to Receive 
a Logical "1", T IR to 8 Port 5, = 0, R4 = lk, C3 = 300pF 

52 = I, R3 = 300n, C2 = SpF 

31 40 ns 

Note: 1. All typical values given are for Vee = 5.0V and T A = 25°C. 
2. Only one output at a time should be shorted. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
Am2947 

Parameter 

tpDHLA 

tpDLHA 

tPLZA 

tPHZA 

tPZLA 

tpZHA 

tpDHLB 

tpDLHB 

tpLZB 

tPHZB 

tPZLB 

tpZHB 

!TAL 

!TRH 

tRTL 

lATH 

COMMERCIAL MILITARY 
Am2947 Am2947 

Description Test Conditions Max Max Units 

A PORT DATA/MODE SPECIFICATIONS 

~b9P~Il,~og ~g~Yt~OA a p~~gical CD - 0.4V, T/~.- O.4V g'igure 1) 
AI = lk, A2=5k, CI = OpF 21 24 ns 

~\9P~~:~og ~g~~~o A a p~~9ical CD = O.4V, T IA = 0.4V g'igure 1) 
Al=lk, A2=5k, CI= OpF 21 24 ns 

~b9P~8a~~ta?.el~~~°8'D ~o ~9i~~ ~g !\B~5 2'{~' J:~ 15~~V (Figure 3) 18 21 ns 

~\9P':8a~~ta?.el~~,:rro8'D ~o L~9i~~~ ~g !OO,B~; :'{~' J:~ i5~~V (Figure 3) 18 21 ns 

Propagation Delay from 3-State to 
a LogIcal "0" from CD to A Port ~g !01 ,B~; 2'{~' J:~ ;o~~V (Figure 3) 28 33 ns 

Propagation Delay from 3-State to 
a LogIcal "1" from CD to A Port ~g !Oo,B~~ :·t~' J:~ ;o~~V (Figure 3) 28 33 ns 

B PORT DATA/MODE SPECIFICATIONS 

CD - O.4V, T/A - 2.4V (Figure 1) I 
Propagation Delay to a Logical I AI = lOOn, A2 = lk, CI = 300pF 28 34 ns 
"0" from A Port to B Port I AI = 667n, A2 = 5k, CI = 45pF 22 25 ns 

CD - O.4V, T/A - 2.4V (Figure 1) I 
Propagation Delay to a Logical IAI = lOOn, A2 = lk, CI - 300pF 28 34 ns 
"1" from A Port to B Port I AI = 667n, A2 - 5k, CI = 45pF 22 25 ns 

Propagation Delay from a Logical Ao to A7 = O.4V, T IR = 2.4V (Figure 3) 23 26 ns "0" to 3-State from CD to B Port 53=1, As-lk, C4=15pF 

Propagation Delay from a Logical Ao to A7 = 2.4V, T Il'i = 2.4V (Figure 3) 18 21 ns "1" to 3-State from CD to B Port 53=0, As-lk, C4=15pF 

Ao to A7 = O.4V, T IA = 2.4V (Figure 3) I 
Propagation Delay from 3-Stata to 153 -1, As -lOOn, C4 = 300pF 38 43 ns 
a Logical "0" from CD to B Port 

153 = 1, As = 6Bm, C4 = 45pF 26 30 ns 

Ao to A7 = 2.4V, T If! = 2.4V (Figure 3) I 
Propagation Delay from 3-State to 153 = 0, As = lk, C4 = 300pF 38 43 ns 
a Logical "1" from CD to B Port ISa = 0, As - 5k, C4 = 45pF 26 30 ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

Propagation Delay from Transmit CD = O.4V (Figure 2) 
MC!Qe to Aeceive a Logical "0", 51 - 0, A4 = lOOn, C3 = 5pF 42 48 ns 
T/A to A Port 52=1, A3=lk, C2-3OpF 

Propagation Delay from TransmR CD - O.4V (Figure 2) 
M~e to Aeceive a Logical "1", 51 - 1, A4 = lOOn, Ca - 5pF 42 48 ns 
T/A to A Port 52 = 0, A3 = 5k, C2 = 30p!; 

Propagation Delay from Aeceive CD = 0.4V (Figure 2) 
Mode to TransmR a Logical "0", 51 = 1, A4 = lOOn, Ca = 300pF 45 51 ns 
T/R to B Port 52 = 1, A3 = 300n, C2 = 5pF 

Propagation Delay from Aeceive CD = O.4V (Figure 2) 
Mode to Transmit a Logical "1", 51 - 0, A4 = lk, C3 = 300pF 45 51 ns 
T/R to B Port 52 = 1, A3 = 300n, C2 = 5pF 
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Am2948/ Am2949 
Octal Three-State Bidirectional Bus Transceivers 

DISTINCTIVE CHARACTERISTICS 

• B-bit bidirectional data flow reduces system package 
count 

• 3-state inputs/outputs for interfacing with bus-oriented 
systems; PNP inputs reduce input loading 

• Vee. -1.15V VOH interfaces with TTL, MOS, and CMOS 
• 4BmA, 300pF bus drive capability; Low power - BmA per 

bidirectional bit 

• Am294B has inverting transceivers; Am2949 has non
inverting transceivers - both have separate TRANSMIT 
and ~. Enables 

• Bus port stays in hi-impedance state during power upl 
down 

GENERAL DESCRIPTION 

The Am294B and Am2949 are B-bit, 3-state Schottky 
transceivers. They provide bidirectional drive for' bus
oriented microprocessor and digital communications sys
tems. Straight through bidirectional transceivers are fea
tured, with 24mA drive capability on tha A ports and 4BmA 
bus drive capability on the B ports. PNP inputs are 
incorporated to reduce input loading. 

Separate TRANSMIT and RECEIVE Enables are provided 
for microprocessor system with separated read and write 
control bus lines. 

The output high voltage (VOH) is specified at Vee - 1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 

BLOCK DIAGRAM 

Am2949 

8000250 

Am294B has inverting transceivers. 
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CONNECTION DIAGRAM 
Top View 

0-20-1 

Vee .. . , .. .. .. .. .. ., R 

.. A, A2Ao ....... A7'T'GND 

CDO04770 

Note: Pin 1 is marked for orientation 
Am2948 is inverting from Ai to Bi 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am2949 

APORT Vee 2 • .. 1 19 .. 
2345878 

A, ,. "1 

'T' A2 17 "2 

11 11 
11.3 16 "3 ... 1S BO .. 10 "S 

Ae 13 B6 
19 18 17 16 15 14 13 12 

11.7 

B PORT l' 12 "7 

LSOO0990 
GND ,. 11 li 

DIE SIZE .069" x .089" 
Note: The Am2948 has Inverting transeelvers 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening. option (if desired). 

Am2948/2949 

Device type 

o C B l L L ~~~:n~n~t~~J:~ processing 
B -' Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
P- 20-pin plastic DIP 
X-Dice 

Bidirectional Bus Transceivers 

5-301 

Valid Combinations 

PC 
Am2948 DC, DCB, OM, 
Am2949 DMB 

XC 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

05407A 
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Pin No. Name 1/0 

"c-A7 110, 

Bo-B7 1/0 

9,11 Transmit, I 
Receove 

PIN DESCRIPTION 

Description 

A port inputs/R0utPuts are receiver ortput drivers when ReceIVe is LOW and Transmit is HIGH, and are lransmH 
inputs when eceive is HIGH and ransmlt is LOW. 

B port Inputs/.putpuis are transmH ~ut drivers when TransmH is LOW and ReceIVe is HIGH, and are reoeiver 
Inputs when ransmlt is HIGH and eoeive is LOW. 

These controls determine whether A pQ!! and B port drivers are in 3-stste. With both Transmit and Reoeive HIGH 
both ports are in 3-stste. TransmH and Recewe both LOW activate both drivers and may cause oscillations. This is 
not an intended logic cond~th transmit HIGH and Receive LOW A port is the output and B port is the input. 
WHh Transiiilt LOW and Receive HIGH B port is the output and A port is the input. 

FUNCTION TABLE 

Control Inputs Resulting Conditions 

Transmit Receive A Port BPort 

H L Out In 

L H In Out 

H H 3-State 3-State 

L L Both Active' 

'This is not an. intended logic condition and may cause 
oscillations. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Supply Voltage ................................................... 7.0V Temperature ..................................... O·C to + 70·C 
Input Voltage ..................................................... 5.5V Supply Voltage ............................ + 4. 75V to + 5.25V 
Output Voltage ................................................... 5.5V Military (M) Devices 
Lead Temperature (Soldering, 10 seconds) ............. 300·C Temperature ................................ -55·C to + 125·C 
Stresses above those /isted under ABSOLUTE MAXIMUM Supply Voltage ............................... + 4.5V to + 5.5V 
RA T1NGS may cause permanent device failure. Functionality Operating ranges define those limits over which the function-
at or above these limits is not implied. Exposure to absolute a/ity of the device is guaranteed. 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions Min Typ Max Units 

A PORT (Ao-A7) 

VIH Logical "1" Input Voltage T = O.BV, R = 2.0V 2.0 Volts 

ICOM'L O.B 
VIL Logical "0" Input Voltage T = O.BV. R = 2.0V 

IMIL 0.7 Volts 

T = 2.0V. R = O.BV 
10H = -0.4mA Vee-1.15 Vee- 0.7 

VOH Logical "1" Output Voltage 10H= -3.0mA 2.7 3.95 Volts 

I 10L -12rnA 0.3 0.4 
VOL Logical"O" Output Voltage T = 2.0V. R = O.BV I COM'L 10L = 24mA 0.35 0.50 Volts 

lOS Output Short Circuit Current 
T = 2.0V. R = O.BV. Vo - OV. 

-10 -3B -75 rnA Vee = MAX; Note 2 

IIH Logical "1" Input Current T = O.BV. R = 2.0V. VI = 2.7V 0.1 80 p.A 

II 
Input Current at Maximum Input T = Fi = 2.0V. Vee = MAX. VI = Vee MAX 1 rnA Voltage 

IlL Logical "0" Input Current T = O.BV. R = 2.0V. VI = O.4V -70 -200 p.A 

Ve Input Clamp Voltage T=R=2.0V. IIN= -12mA -0.7 -1.5 Volts 

IVo - O.4V -200 
100 Outputllnput 3·State Current T=R=2.0V IVo=4.0V BO p.A 

B PORT (Bo-B7) 

VIH Logical "1" Input Voltage T - 2.0V. R - O.BV 2.0 Volts 

ICOM'L O.B 
VIL Logical "0" Input Voltage T = 2.0V. R = O.BV IMIL 0.7 Volts 

10H = -O.4mA Vee-1.15 Vee- O.B 

VOH Logical "1" Output Voltage T = O.BV. Fi - 2.0V 10H - -5.0mA 2.7 3.9 Volts 
10H= -10mA 2.4 3.6 

10L =20mA 0.3 0.4 
VOL Logical "0" Output Voltage T = O.BV. Fi = 2.0V IOL-4BmA 0.4 0.5 Volts 

lOS Output Short Circuit Current T = O.BV. R = 2.0V. Vo = OV -25 -50 -150 rnA Vee = MAX. Note 2 

IIH Logical "1" Input Current T = 2.0V. R - O.BV. VI - 2.7V 0.1 BO p.A 

II 
Input Current at Maximum Input T = Fi = 2.0V. Vee = MAX. VI = Vee MAX 1 rnA Voltsge 

IlL Logical "0" Input Current T = 2.0V. R = o.av. VI = 0.4V -70 -200 p.A 

Ve Input Clamp Voltage T = Fi = 2.0V. liN = -12mA -0.7 -1.5 VoltS 

IVO=0.4V -200 
100 Output/Input 3·State Current T=R=2.0V IVO-4.0V 200 p.A 
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DC CHARACTERISTICS (Cont.) 

CONTROL INPuTS T, n 
VIH Logical "I" Input Voltage 2.0 Volts 

ICOM'L 0.8 
VIL Logical "0" Input Voltage 

IMIL 0.7 Volts 

IIH Logical "I" Input Current VI-2:7V 0.5 20 p.A 

II Input Current at Maximum Input 
Vee - MAX. VI- Vee MAX 1.0 mA Voltage 

If! -0.1 -0.25 
IlL Logical "0" Input Current VI-0.4V 

IT -0.25 -0.5 mA 

Ve Input Clamp Voltage liN- -12mA .-0.8 -1.5 Volts 

POWER SUPPLY CURRENT 

'f = R = 2.0V. VI = 2.0V. Vee = MAX 70 100 
Am2948 i' = 0.4V. VINA = R = 2.0V, Vee - MAX 100 150 mA 

lee Power. Supply Current T - R - 2.0V, VI - OAV, Vee - MAX 70 100 
Am2949 T - VINA - OAV, R - 2.0V, Vee - MAX 90 140 mA 

SWITCHING TEST WAVEFOR,M SWITCHING TEST CIRCUIT 

Vee Vee -, .~~ INPUT INPUT OUTPUT 
R, 

AnORBn 'f 1.5V 

1 I .----Am21149 ov 
.::s ~ ::! ~ tpDLH tpDHL I PULSE L DEVICE 

UNDER 

::!~ 
B~~~! 1.5V 

GENERATOR I TEST 
1.5V 

R, ::! ~ 
WF003130 "::" 'I "::" "::" 

TCOOI500 

tr=tj< 10ns Note: Cl includes test fixture capacitance. 
10% to 90% 

Figure A. Propagation Delay from A Port to B Port or, from B Port to A Port. 

3.oV " t, 
1.6V\; 

CONTROL"y 1 5V Vee INPUT . 

OV 

'PZH- - 2AVO--O 
PORT 

-~-r C 
PORT OUTPUT 
INPUT S. 

PORT ~ CONTROL Vee 
OUTPUT O.4V 'T DEVICE ,,-1 

~ UNDER - ..J TEST Re 
'PHZ- - I PULSE I - ~ GENERATOR I RORT "'1 - 1 rC

' 

PORT Jv 1.6V 

OUTPUT ,L ---L .". 

- r-- tpzL TCOOI490 

WFOO3120 

t,=tj<10ns Note: C4 includes test fixture capacitance. Port input is in 
10% to 90% ,a fIXed logical condition. See ACtable. 

Figure B. Propagation Delay to/from Three-State ,from R to A Port and f to B Port. 
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SWITCHING CHARACTERISTICS (T A = + 2SoC, Vee = S.OV) 
Am2948 

Parameter 

tpDHLA 

tpDLHA 

tpLZA 

tPHZA 

tPZLA 

tPZHA 

tpDHLB 

tpDLHB 

tpLZB 

tPHZ8 

IpZLB 

tPZHB 

Description Test Conditions Typ Max Units 

A PORT DATA/MODE SPECIFICATIONS 
Propagation Delay to a Logical "0" from T = 2.4V. R = O.4V (Figure A) 8 12 ns 8 Port to A Port Rl = lk, R2 - 5k, Cl = 30pF 

Propagation Delay to a Logical "I" from T = 2.4V, R = O.4V (Figure A) 11 16 ns 8 Port to A Port Rt ~ lk, R2 = 5k, Ct = 30pF 

Propagation Delay from a Logical "0" to 3·State 80 to 87 - 2.4V, T - 2.4V (Figure 8) 10 15 ns from R to A Port Sa-I, R5=lk, C4=15pF 

propaMation Delay from a Logical "I" to 3·Stete So to 87 = 0.4V, T = 2.4V (Figure 8) 8 15 ns from to A Port Sa-O, R5=lk, C4=15pF 

Propagation Delay from 3-State to a Logical "0" 80 to 87 = 2.4V, T - 2.4V (Figure 8) 20 27 ns from R to A Port Sa =1, RS =lk, C4 - 30pF 

propa~ation Delay from 3-State to a Logical "I" So to 87 - O.4V, 'f - 2.4V (Figure 8) 20 27 ns from to A Port Sa=O, R5= lk, C4=30pF 

B PORT DATA/MODE SPECIFICATIONS 

'i' = 0.4V, R - 2.4V (Figure A) 1 
Propagation Delay to a Logical "0" from 1 Rt= lOOn, R2 = 1 k, Ct - 300pF 12 18 ns 
A Port to B Port 

1 Rt = 667n, R2 ~ 5k, Ct - 45pF 8 12 ns 

T = 0.4V, R = 2.4V (Figure A) 1 
Propagation Delay to a Logical "I" from LRt - lOOn, R2 - lk, Ct = 300pF 

15 20 ns 
A Port to 8 Port 

1 Rt = 667n, R2 = 5k, Ct = 45pF 9 14 ns 

Propa,9ation Delay from a Logical "0" to 3·State Ao to A7 - 2.4V, R = 2.4V (Figure 8) 13 18 ns from T to 8 Port Sa=I; R5=lk, C4-15pF 

Propa,9ation Delay from a Logical "I" to 3·State AD to A7 - O.4V, R = 2.4V (Figure B) 8 15 ns from T to 8 Port Sa-O, R5-1k, C4=15pF 

AD to A7 = 2.4V, A = 2.4V (Fogure B) 1 

Propa,9ation Delay from 3·State to a Logical "0" ISa = 1, R5 = lOOn, C4 = 300pF 25 35 ns 
from T 10 8 Port 

ISa = 1, R5 - 667n, Ct - 45pF 18 25 ns 

AD to A7 = 0.4V, R = 2.4V (Fogure B) 1 

Propa,9ation Delay from 3-State to a Logical "I" ISa = 0, R5 - lk, C4 - 300pF 25 35 ns 
from T to 8 Port 

ISa = 0, R5 = 5k, C4 = 45pF 16 25 ns 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
Am2948 

Parameter 

IpDHLA 

tPDLHA 

tpLZA 

tpHZA 

tPZLA 

tPZHA 

tPDHLB 

tpDLHB 

tPLZB 

IPHZB 

IPZLB 

IPZHB 

COMMERCIAL MILITARY 
Am2948 Am29411 

Description Test Conditions Max Max Units 

A PORT DATA/MODE· SPECIFICATIONS 

F.H~P1~~0~ ~~~~oA ap~~ICai T - 2.4V, _R = 0.4V (Figure A) 
Rl-11<, R2-5k, CI- 3OpF 19 16 ns 

F.\?P~~o::.io~ ~~~~oA a p~~9iCai J: - 2.4V, R - O.4V (Figure A) 
Rl = lk, R2 = 5k, CI = 30pF 23 20 ns 

F.~~ga~~Ia~I:~CW' tg kO~~1 ~~ 1°1,B~; :·t~' J4:. 21~~F(FigUre B) 21 18 ns 

F.\?P~ga~~"ta~I:~,:,rCW' tg ko~g~ ~~ !Oo,B~~ 2·t~, J4 -}l~~F(FigUre B) 21 18 ns 

:r~~rc~io'~op,e/:;rmfrW" to3f~~rt to ~~ !\B~~ :·t~' J4 -}3~~F(FigUre B) 35 30 ns 

Propa98tion Delay frll/ll 3-Slate to 
a LogIcal "I" from R to A Port 

~. to B~ - O.4V,!- 2.4V (Figure B) 
= 0, ~5 = 5k, C4 = 30pF 35 30 ns 

B PORT DATA/MODE SPECIFICATIONS 

f= O.4V, R = 2.4V (Figure A) 
Propagation Delay to a Logical IRI -lOOn, R2 -lk, Cl - 300pF 
"0" from A Port to B Port 

IRI = 66m, R2 - 5k, Cl = 45pF 

'f = 0.4V, ~ - 2.4V (Figure A) 
Propagation Delay to a Logical IHI -lOOn, R2 -lk, CI - 300pF 
"I" from A Port toB Port 

IRI = 6671'2, R2 = 5k, Cl - 45pF 

Propagation Delay frC1..m a Logical Ao to At = 2.4V, R = 2.4V (Figure B) 
"0" to 3-8late from T to B Port 83=1, R5-lk, C4=15pF 

Propagation Delay fro_m a Logical Ao ·to A7 = 0.4V, R = 2.4V (Figure B) 
"I" 10 3-8late from T to B Port Sa ",0, R5=lk, C4=15pF 

Ao to A7 - 2.4V, R - 2.4V (Figure B) 
Propagation Delay from 3-8lale to 183 = I, R5 = lOOn, C4 = 300pF 
a Logical "0" from f to B Port 

183 -I, R5 = 6671'2, C4 - 45pF 

Ao to A7 = O.4V, ~ - 2.4V (Figure B) 
Propagation Delay from 3-8lat. to 183 - 0, R5 = lk, C4 - 300pF 
a Logical "I" fromf to B Pcirt 

183 - 0, R5 - 5k, C4 - 45pF 

, 

5-306 

1 

1 

29 24 ns 

19 16 ns 

30 25 ns 

22 19 ns 

26 23 ns 

21 18 ns 

I 
43 38 ns 

33 28 ns 

I 
43 38 ns 

33 28 ns 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 
Am2949 

Parameter 

IpOHLA 

IpOLHA 

IPLZA 

IpHZA 

IPZLA 

IpZHA 

IpOHLB 

lPOLHB 

IpLZB 

IpHZB 

IPZLB 

tpZHB 

Description Test Conditions Typ Max Units 

A PORT DATA/MODE .SPECIFICATIONS 

Propagation Delay 10 a Logical "0" from 'f = 2AV. R = 0.4V (Figure A) 14 18 ns B Port to A Port Rl = 1k. R2 = 5k; Cl e 30pF 

Propagalion Delay to a Logical "1" from 'f = 2.4V. R = 0.4V (Figure A) 13 18 ns B Port to A Port Rl = 1k. R2 = 5k, Cl = 30pF 

propa~ation Delay from a Logical "0" 10 3-Slale Bo 10 B7 - O.4V. 'f = 2.4V (Figure B) 11 15 ns from to A Port S3 = 1. R5 = 1k, C4 = 15pF 

propa~alion Delay from a Logical "1" 10 3-$tate Bo 10 B7 = 2AV, 'f = 2.4V (Figure B) 8 15 ns from 10 A Port S3 = O. R5 = 1k. C4 = 15pF 

propa~alion Delay from 3·Stale 10 a Logical "0" Bo 10 B7 = 0.4V. T = 2.4V (Figure B) 20 27 ns from 10 A Port S3=1, Rs=1k, C4=30pF 

PrOp8jlalion Delay from 3-Stale 10 a Logical "1" Bo 10 B7 = 2AV, 'f = 2.4V (Figure B) 20 27 ns from R 10 A Port S3=1, R5=5k. C4=30pF 

B PORT DATA/MODE SPECIFICATIONS 

'f - 0.4V. R = 2.4V (Figure A) I 
Propagalion Delay 10 a Logical "0" from IAI = 100Sl, A2 = 1k. Cl = 300pF 18 23 ns 
A Port to B Port 

1 AI = 667Sl, A2 - 5k. Cl - 45pF 11 18 ns 

T = O.4V. A = 2.4V (Figure A) I 
Propagation Delay 10 a Logical "1" from IAI = 100Sl. A2 = 1k. Cl = 300pF 16 23 ns 
A Port 10 B Port 

1 AI - 867Sl. A2 - 5k. Cl = 45pF 11 18 ns 

PrOpaJlalion Delay from a Logical "0" 10 3-State Ao to A7 = OAV. R= 2.4V (Figure B) 13 18 ns from T 10 B Port Sa=1. R5=1k, C4=15pF 

propa~tion Delay from a Logical "1" to 3-State Ao to A7 - 2.4V, i!i - 2.4V (Figure B) 8 15 ns from 10 B Port S3-0, A5=1k. C4=15pF 

Ao 10 A7 - 0.4V. it = 2.4V (Figure B) 1 
propa~alion Delay from 3-$tate to a Logical "0" IS3 =1, A5 -100Sl, C4 - 300pF 25 35 ns 
from 10 B Port 

LSa - 1, AS - 667Sl, Cl - 45pF 17 25 ns 

Ao to A7 = 2.4V, i!i = 2.4V (Figure B) 1 
fr~,:,~a~o~ ~~:r from 3-Stale to a Logical "1" ISa = 0, A5 = 1k, C4 = 300pF 24 35 ns 

IS3 = 0, AS = 5k, Cl = 45pF 17 25 ns 
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SWITCHING CHARACTERISTICS Qver operating range unleSfl otherwise specified 
Am2949 

Parameter 

IPDHLA 

IpDLHA 

IpLZA 

IpHZA 

IpZLA 

tPZHA 

tpDHLB 

IpDLHB 

IpLZB 

IPHZB 

tPZLB 

IpZHB 

COMMERCIAL MILITARY 
Am2949 Am2949 

Description Test Conditions Max Max Units 

A PORT DATA/MODE SPECIFICATIONS 

r.g?pa~~iog ~g~y~OA ap~ical ! = 2.4V, ~R - 0.4V (Figure A) 
Rl - lk, R2 = Sk, Cl = 30pF 24 21 ns 

r.\?pa~~g ~g~y~OA ap~ical ! - 2.4V, 11 - 0.4V (Figure A) 
Rl = lk, R2 - Sk, Cl = 30pF 24 21 ns 

r.h?Plf9a~~"taP.:'I:~"W' ~ kop~1 Bo 10 B~ = OAV, ! = 2.4V (Figure B) 
Sa-I, s=lk, C4-15pF 21 18 ns 

r.\'?P~9a~~"taP.:'I:~~"W ~ k"~~1 Bo 10 B~ - 2.4V, ! - 2.4V (Figure B) 
S3 = 0, S - lk, C4 = ISpF 21 18 ns 

Propsgation Delay frw'l 3-Stale 10 
a LogiCal "0" from to A Port 

Bo 10 B~. 0.4V, ! = 2.4V (Figure B) 
S3=I, s=lk, C4=30pF ' 35 30 ns 

~r~~~~'~I!?"J~frW'l03f~~ to Bo to B~ = 2.4V, ! - 2'~~f (Figure B) 
S3=O, ~5-5k, C4=30 F 3S 30 ns 

B PORT DATA/MODE SPECIFICATIONS 

T = OAV, R = 2.4V (Figure A) 
Propsgalion Delay to a Logical IRI = lOOn, R2 = lk, Cl - 300pF 
"0" from A Port to B Port 

I Rl = 667n, R2 = 5k, Cl - 45pF 

T - 0,4V, 'R' - 2.4V (Figure A) 
Propagation Delay to a Logical IR1·100n, R2 .lk, Cl = 300pF 
"I" from A Port to B Port 

I Rl = 667n, R2 - 5k, Cl = 45pF 

Propsgation Delay from a Logical Ao 10 A7 = 0.4V, R = 2.4V (Figure B) 
"0" to 3·State from T to B Port Sa-I, Rs=lk, C4=15pF 

Propsgation Delay fro_m a Logical Ao to A7 = 2.4V, R" - 2.4V (Figure B) 
"I" to 3-State from T 10 B Port S3=O, Rs=lk, C4=15pF 

Ao to A7 - 0.4V, R = MV (Figure B) 
Propagation Delay from 3·Stale to ISa = I, RS - lOOn, C4 - 300pF 
a Logical "0" from T to B Port 

ISa = I, Rs - 667n, C4 - 45pF 

Ao to A7 = 2.4V, R - 2,4V (Figure B) 
Propagation Delay from 3·Stale to ISa = 0, R5 - lk, C4 - 300pF 
a Logical "I" from T to B Port 

ISa=o, R5-5k, C4- 45pF 
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I 

J 

34 28 ns 

25 22 ns 

34 28 ns 

2S 22 ns 

26 23 ns 

21 18 ns 

I 
43 3B ·ns 

33 28 ns ' 

I 
43 38 ns 

33 28 ns 

, , 
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Am2950-50A/ Am2951-51A 
Eight-Bit Bidirectional I/O Ports with Handshake 

DISTINCTIVE CHARACTERISTICS 

• Eight-Bit, Bidirectional 1/0 Port with Handshake
Two eight-bit, back-to-back registers store data moving 
in both directions between two bidirectional busses. 

• Register Full/Empty Flags-
On-chip flag flip-flops provide data transfer handshaking 
Signals. 

• 24mA Output Current Sink Capability. 

• Separate CloCk, Clock Enable and Three-State Out
put Enable for Each Register. 

• Separate, Edge-Sensitive .Clear Control for Each 
Flag Flip-Flop. 

• Fast-
The Am2950A and Am2951A will be 25-30% faster 
than the Am2950 and Am2951. 

GENERAL DESCRIPTION 

The Am2950 and Am2951, members of Advanced Micro 
'Devices' Am2900 Family, are designed for use as parallel 
data 1/0 ports. Two eight-bit, back-to-back registers store 
data moving in both directions between two bidirectional, 3-
state busses. On chip flag flip-flops, set automatically when 
a register is loaded, provide the handshaking signals 
required for demand-response data transfer. 

Considerable flexibility is deSigned into the Am29501 
Am2951. Separate clock, Clock Enable and Three-State 
Output Enable signals are provided for each register, and 

edge-sensitive clear inputs are provided for each flag flip
flop. A number of these circuits can be used for wider 1/0 
ports. 80th inverting and non-inverting versions are avail
able. 

24mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am29501 Am2951. 

The Am2950A and Am2951A feature AMO's ion-implanted 
micro-oxide (IMOX TM) processing. They are plug-in re
placements for the Am2950 and Am2951 respectively but 
will be approximately 30% faster. 

BLOCK DIAGRAM 

.... ... 

... ... 

.. .. 
" " .. " .. .. .. .. .. " .. .. 
" 

0, 

... .. 
". ". 
". ". 

80002420 80002421 

Note: The Am2951 provides inverting data outputs (80-7)' 
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CONNECTION DIAGRAM 
Top View 

0·28 F·28 Chip-Pak™ 
L·28 

~ ~ ~ ~ ~ c ~ 
AI 17 vee .. ., 

FA .. .. -CLA. N .... .. At """ ""'" .. .. iSis AS ., .. .. 
B. .. Vee GIlD ... ., .. .. ... .. " Oil .. M .. CPO 

CPR - FA -CiA CPO 

iSis .. .. § .r or .r II • .r 
C0004660 

COOO4650 COOO4640 

Note: Pin 1 is marked for orientation 
Bi is inverted on Am2951. 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

28 

'D 

28 

7 

oM 

AS 

AS 

A7 

• 

33 

IS 20 21 

AIiI2IIIO 

24 " 12 

18 

SI 17 
. 2. 

112 11 
23 

B3 IS 

a. 14 22 

as 13 21 

as 10 

S7 20 

10 
11 11 I. 

LS001030 DIE SIZE 0.107" x 0.138" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicsble), package type, operating range and screening option (if desired). 

Am2950/50A 
Am2951/51A 

Device type, 

D C B l L L ~r:~i~9s~~~~d prOcesSing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
0- 28-pin CERDIP 
F - 28-pin flatpak 
L - 28-pin leadless chip carrier 
X-Dice 

B-Bit Bidirectional 110 Ports 

Chlp-Pak Is • trademark of Advanced Micro Oav-. Inc. 

5-310 

Valid Combinations 

DC, DCB, DMB 
Am2950/SOA FMB 
Am2951 151 A Le, LMB, 

XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. 

20 

21 

19 

11 

12 

24 

23 

25 

5 

4 

D 

X 

L 

H 

PIN DESCRIPTION 

Name 1/0 Description 

AO-7 1/0 Eight bidirectional lines carrying the R Register inputs or S Register outputs. 

80-7 1/0 Eight bidirectional lines carrying the S Register inputs or 8 Register outputs. 

CPR I The clock for the R Register and FR Flip-Flop. When ~R is LOW, dala is entered into the R Register and the FR 
Flip-Flop is set on the LOW-to-HIGH transijion 01 the CPR signal. 

~R I The Clock Enable for the R Register and FR Flip-Flop. When CER is LOW, data is entered into the R Register and 
the FR Flip-Flop is set on the LOW-to'HIGH transition of the CPR signal. When CER is HIGH, The R Register and 
FR Flip-Flop hold their contents, regardless of CPR signal transitions. 

OEBR I The Output Enable for the R Register. When OEBR is LOW, the R Register three-st8.te outputs are enabled onto 
the BO-7 lines. When OEBR is HIGH, the R Register outputs are in the high-impedance slate. 

FR 0 The FR Flip-Flop output. 

CLRR I The clear control for the FR Flip-Flop. The FR Flip-Flop is cleared on· the LOW-to-HIGH transition of CLRR signal. 

CPS I The clock for the S Register and FS Flip-Flop. When ~S is LOW, data is entered into the S Register and the FS 
Flip-Flop is set on the LOW-to-HIGH transition of the CPS signal. 

CES I The clock enable for the S Register and FS Flip-Flop. When ~S is LOW, data i~ntered into the S Register and 
the FS Flip-Flop is set on the LOW-to-HIGH transition of the CPS signal. When CES is HIGH, the S Register and 
FS Flip-Flop hold their contents, regardless of CPS signal transitions. 

OEAS I The output enable for the S Register. When OEAS is LOW, the S Register three-state outputs are enabled onto the 
AO-7 lines. When i5EAS is HIGH, the S Register outputs are in the high-impedance state. 

FS 0 The FS Flip-Flop output. 

CLRS I The clear control for the FS Flip-Flop. The FS Flip-Flop is cleared on the LOW-to-HIGH transition of CLRS signal. 

REGISTER FUNCTION TABLE . OUTPUT CONTROL 
(Applies to R or S Register) 

Inputs 

CP 

X 

t 
t 

OE Internal V-Outputs 
Internal 

Q Function 
CE Q Function Am2950 Am2951 

H NC Hold Data H X Z Z Disable Outputs 

L L Load Data L L L H 
Enable Outputs 

L H L H H L 

FLAG FLIP-FLOP FUNCTION TABLE 

CE 
H 

X 

L 

H=HIGH 
L=LOW 
X = Don't Care 
Z = High Impedance 

(Applies to R or S Flag Flip-Flop) 

Inputs 

CP CLR 

X .f. 
X t 
t 1-

F-output Function 

NC Hold Flag 

L Clear Flag 

H Set Flag 

NC = NO CHANGE 
t = LOW-to-HIGH Transition 
.f. = NO LOW-to-HIGH Transition 
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APPLICATIONS 
The Am2950/Am2951 provides data transfer handshaking 
signals as well as eight-bit, bidirectional data storage. Its 
flexibility allows it to be used in any type of computer system, 
including ·Am2900, 8080, 8085, 8086, Z80, and Z8000 sys
tems. 

Figure 1 shows an Am2950 used to store data moving in both 
directions between a bidirectional system data bus and a 

bidirectional'peripheral data bus. The on-chip Flag flip-flops 
provide the data in, data out handshaking signals required for 
data transfer and interrupt request generation. 

Figure 2 shows a multiple 110 port system using Am2950's. 
Two Am2.950's are used at each p!>rt to interface the 16-bit 
system data bus. The Am2950 flags are used to generate 110 
interrupt requests. 

r---. --------------_ 
~DNEWDUA<:r_~~-----------------------------------------~~~~, 

Q t-------;----------t---...-C DATA READY 

E~~ D __ --lr-I:r....;;,· ------------+------+ 

A 

CE 
CP 

R 
REG 

S 
REG 1----------------' 

CP 
CE 

~C)----r-~------~ ces 
-~-------------------_+===:t:=======t:=g CLOCK ENABLE r- SEND NEW DATA 

R~<:r-~~--------------~ H 

DATA TAKEN 

CPs I I---..... -------------+--<::J CLOCK 

. CLRS ______ . ____ J 
SYSTEM 

AFOO1951 

Figure 1. A Bidirectional 1/0 Port with Handshaking Using the Am2950. 
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CPU 

MEMORY 

IRPT'GINf£~~RU~PT~~~~=l=l-l PRIORIrY 
ENCODER 

.0 
PORTO 

110 
PORT 1 

I/O 
PORT 2 

Figure 2. Multiple I/O Port System. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55°C to + 125°C Temperature ..•....••..........•....•....•.....•. O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage .•.......................... + 4.75V to + 5.25V 

COntinuous •.....................••.......•....•. -O.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ......•...•••...••....••...•..•• -55°C to + 125°C 

High Output State .....•..... , ............ -O.5V to + Vcc max 
DC Input Voltage ..•......•..•....•.••......•..... -O.5V to +5.5V 

Supply Voltage ...•....••...••....•••..•...... + 4.5V to + 5.5V, 

DC Output Current, Into Outputs ........ ; ...........•..... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ..•.........•..........•....• -30mA to + 5.0mA 
ality of the device, is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for eXtended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 
Am2950/ Am2951 

Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

FR, FS 10H= -1mA 2.4 3,4 

VOH Output HIGH Voltage Vee-MIN MIL, 10H - - 2mA 2.4 3.4 Volts VIN = V,H or V,L Ao.7, BO·7 COM'L, 10H - - 6.5mA 2.4 3.4 

FR,FS IOL=12mA 0.5 

VOL Output LOW Voltage Vee = MIN MIL 10L - 16mA 0,5 Volts 
V,N - V,H or V,L Ao.7, BO·7 COM'L, 10L = 2.4rnA 0.5 

V,H Input HIGH Level Guaranteed input logical HIGH 2,0 Volts voltage for all inputs 

V,L Input LOW Level Guaranteed input logical LOW 0.8 Volts voltage for all inputs 

V, Input Clamp Voltage Vee - MIN, liN - -18rnA -1.5 Volts 

Ao.7, BO·7 -250 /AA 
I,L Input LOW Current Vee - MAX,V,N - 0.5V CLRR,CLRS -2,0 rnA 

Others -360 /AA 
Ao.7, BO·7 70 

I'H Input HIGH Current Vee = MAX, V,N = 2.7V CLRR, CLRS 100 /AA 
Others 20 

I, Input HIGH Current Vec - MAX, V'N- 5.5V 1.0 rnA 

Output Off-state Vo = 2.4V 70 
10 Leakage Current Vee = MAX Ao.7' B0-7 Vo= 0.4V -250 /AA 

Ise 
Output Short Circutt Current Vee-MAX -30 -85 rnA (Note 3) 

TA=O·C to +70·C 275 
COM'L TA= +70·C 228 Power Supply Current 

Icc (Notes 4,5) Vee = MAX Tc· -55"C to + 125"C 309 rnA 

MIL Te = + 125"C 202 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

.' 

2. Typical limits are at Vee - 5.0V, 25"C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circutt test should not exceed one second. 
4. lee is measured with all Inputs at 4.5V and all outputs open. 
5. Worst case ICC is at minimum temperature. 
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SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS 

JA 

5.0 - VBE - VOL 
AI· --"-=---'=-= 

IOL + VOL 

lK 

TCOOll00 

B. NORMAL OUTPUTS 

5.0 - VBE - VOL 
Al = ----'=--=-= 

IOL + VOL 

A2 

Vee 

TCOO1081 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. 51, 52, 53 are closed during function tests and all AC tests except output enable tests. 
3. 51 and 5a are closed while 52 is open for tPZH test. 

51 and 52 are closed while 53 is open for tPZL test. 
4. CL = 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2950/2951 (DIP) 

Pln# Test 
(DIP) Pin Label Circuit 

- A0-7 

- 80-7 

5 F5 

11 FR 

Notes on Testing 
Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current when the device switches 
may cause erroneous function failures due to Vee changes~ 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in !H!ns. Inductance in the ground 

A 

A 

8 

8 

5·315 

R1 R2 

220 1K 

220 1K 

300 2.4K 

300 2.4K 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL < OV and VIH;;' 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild 5entry programs,under license. 

035818 
Refer to Page 13-1 for Essential Information on Military Devices 



, 
Am2950A/Am2951A SWITCHING CHARACTERISTICS 

The tables below define the Am2950Al Am2951 A switching characteristics. Tables A are setup and hold times relative to a clock 
LOW·to·HIGH tr~nsition. Tables Bare propagational delays. Tables C are recovery times. Tlibles 0 are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RLon 
Ai and Bi - 220n and Ri.. on FS and FR" 300n. CL - 50pF except output dis,able times which are specified at CL - 5pF. 

GUARANTEED CHARACTERISTICS OVER C:OMMERCIAL OPERATING RANGE 

(TA-O to +70·C, Vce = 4.75 to 5.25V, CL=50pF) 

A, Set-up and Hold Times. B. Propagation Delays 

With Input AO-7 B0:-7 FS FR 
Inplit Reepect To ts ' th 

CPS ..J 
AO·7 CPR ..J CPR ..J 
BO·7 CPS ..J CLRS ..J 
~S CPS ..J 

CLRR ..J 
~R CPR ..J 

C. Recovery Times D. Pulse-Width Requirements 

From To tREe Min LOW Min HIGH 

CLRS ..J CPS ..J Input Pulae Width ,Pulse Width 

CLRR ..J CPR ..J CPS . CPR 

CLRS 

CLRR 

E. Enable/Disable Times 

From To Dluble Enable 

OEAS AO·7 

OEBR BO·7 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc--55 to +125·C, Vcc-4.5 to 5.5V, CL=50pF) 

A. Set-up and Hold Times. S. Propagation Delays 

With Input, Ao-7 B007 FS FR 
Input Reapect To ts th CPS ..J 
AO·7 CPR ..J CPR ..J 
BO·7 CPS ..J CLR$ ..J 
~S CPS ..J CLRR S 
~R CPR ..J 
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C. Recovery Times D. Pulse-Width Requirements 

From To tREC Min LOW Min HIGH 

CLRS S CPS S Input Pulse Width Pulse Width 

CLRR S CPR S CPS 

CPR 

CLRS 

CLRR 

E. Enable/Disable Times 

From To Disable Enable 

OEAS AO-7 

DEBR BO-7 

Am2950/Am2951 SWITCHING CHARACTERISTICS 

The tables below define the Am2950/ Am2951 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables Bare propagational delays. Tables C are recovery times. Tables 0 are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL on 
Ai and Bi - 2200 and RL on FS and FR = 300n. CL - 50pF except output disable times which are specified at CL = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(TA-O to +70·C, Vcc=4.75 to 5.25V, CL=50pF) 

A. Set-up and Hold Times. B. Propagation Delays 

With Input AG-7 BO-7 FS FR 
Input Respect To ts th 

CPS S *30/26 - 20 -
AO-7 CPR S 7 5 

CPR S *30/26 20 - -
S BO-7 CPS 7 5 

CLRS S 22 - - -
a:S CPS S *19/15 4 

C/..RRS 22 - - -
a:R CPR S *19/15 4 

C. Recovery Times D. Pulse-Width Requirements 

From To tREC Min LOW Min HIGH 

CLRS S CPS S 31 
Input Pulse Width Pulse Width 

CLRR S CPR S 31 
CPS 20 20 

CPR 20 20 

CLRS 20 20 

CLRR 20 20 

E. Enable/Disable· Times 

From To Disable Enable 

DEAS AO-7 22 27 

C5EBR B0-7 22 27 

'Where two numbers appear, the first is the Am2950 spec, the second is the Am2951 spec. 
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GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc = -55 to + 125°C, Vee = 4.5 to 5.5V, CL = 5OpF) 

A. Set-up and Hold Times. B. Propagation Delays 

With Input A0-7 80-7 FS FR 
Input Respect To ts th 

CPS S *35/28 20 - -
AO·7 CPR S 11 8 CPR S *35/28 20 - -

S BO·7 CPS 11 8 
CLRS S 22 - :- -

eEs CPS S *20/15 4 
CLRR S 22 - - -

eEFi CPR S *20/15 4 

C. Recovery Times D. Pulse-Width Requirements 

From To tREe Min LOW Min HIGH 

CLRS S CPS S 34 
Input Pulse Width Pulse Width 

CLRR S CPR S 34 
CPS 20 20 

CPR 20 20 

CLRS 20 20 

CLRR 20 20 

E. Enable/Disable Times 

From To Disable Enable 

C5i:AS AO·7 24 '28 

C5i:BR BO·7 24 28 

*Where two numbers appear, the first is the Am2950 spec, the second is the Am2951 spec. 

/ 

, 

5·318 
035818 

Refer to Page 13-1 !of Essen1Ial Infofmation on Military Devices 



Am2952-52A/ Am2953-53A 
Eight-Bit Bidirectional liD Ports with Handshake 

DISTINCTIVE CHARACTERISTICS 

• Eight-Bit, Bidirectional I/O Port - • Inverting and Non-Inverting Versions -
Two eight-bit, back-to-back registers store data moving The Am2952 provides non-inverting data outputs. 
in both directions between two bidirectional busses. The Am2953 provides inverting data outputs. 

• Separate Clock, Clock Enable and Three-State Out- • 24-pln Slim Package 
put Enable for Each Register. • Fast -

• 24mA Output Current Sink Capability. The Am2952A and Am2953A wilt be 25-30% faster 
than the Am2952 and Am2953. 

GENERAL DESCRIPTION 

The Am2952 and Am2953, members of Advanced Micro edge-sensitive clear inputs are provided for each flag flip-
Devices' Am2900 Family,are designed for use as parallel flop. A number of these circuits can be used for wider 110 
data I/O ports. Two eight-bit, back-to-back registers store ports. Both inverting and non-inverting versions are avail-
data moving in both directions between two bidirectional, 3- able. 
state busses. On chip flag flip-flops, set automatically when 24mA output current sink capability, sufficient for most 
a register is loaded, provide the handshaking signals three-state busses, is provided by the Am2952/ Am2953. 
required for demand-response data transfer. 

The Am2952A and Am2953A feature AMD's ion-implanted 
Considerable flexibility is designed into the Am2952/ micro-oxide (IMOX TM) processing. They are plug-in re-
Am2953. Separate Clock, Clock Enable and Three-State placements for the Am2952 and Am2953 respectively but 
Output Enable signals are provided for each register, and will be approximately 30% faster. 

BLOCK DIAGRAM 
cp. 

I 
<f. ! ..... OEaR .. Do CP co ... 

.. v, ~ .. ~ 
A, : v, .,~ 

D, a, 
: v, .. .,~ 

0, 0, 

: v, .. 
m 

.,~ - 0, 0, 

: v, .. ! ., 
D, 0, 

:. v, As .. 
'" 0, 

:. v, ~ .. 
Do Do 

.. 
~ v, -

~., ., 
0, 0, .... -

v'r:l- 00 D,-
~~ a, D,-

v'lA a, 0, 

v,c: 
0, I 0, 

y,~ 
y,r::: 

0, D. 

v, r::: 
0, lis 

v, :::: 
Do Do 

~ o,ce cPo, 

OE .. .. T cPs 
.... 

Cfa 

80002371 

Note: The Am2953 provides inverting data output 

IMOX is a trademark of Advanced Micro Devices, Inc. 014028 
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17 

11 

11 

20 

21 

12 

23 

LOGIC SYMBOL 
Am2952 

15· 10 11 

At Be 
~ B1 

Ao Bz 
As Am2IIi2 Bz 
A.o B. 

At B. 

At Be 

'" a, 

13 14 

CONN!:CTION DIAGRAM 
. Top View 

GND 

IiUOV 

L, 

L, 

L, 

c, 

c. 
C3 

c, 

IISNC 

88NO 

GND 

Am2952 
D-24·SLlM 

Vee 

cx 
Iii 

wmiIIiI 

WAii'lCK 

Jiiij 

iiliL'I' 

F1ASTiWi' 

x, 
x. 

'0 
Vee· 

CD004820 

Note: Pin 1 is marked for orientation 
Bj is inverted on Am2953 

METALLIZATION AND PAD LAYOUT 

21 20 1$ 18 17 16 15 

22 

23 

24 

4 

3 

34 56 78 

LSOO1140 DIE SIZE 0.107" x 0.138" 

ORDERING INFORMATION 

14 

13 

12 

11 

10 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, op"!rating range and screening option (if desired). 

Am2952/52A 
Am2953/53A 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M -Military (-55°C to +125°C) 

Package 
0- 24-pin SLlMDIP 
X-Dice 

8'8it Bidirectional I/O Ports 

5-320 

Valid Combinations 

Am2952/52A I DC, DCB, DMB 
Am2953/53A XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is curreritly available in the 
combination you wish. 

014028 
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Pin No. 

10 

11 

9 

14 

13 

15 

D 

X 

L 
H 

PIN DESCRIPTION 

Name 110 Description 

AO·7 110 Eight bidirectional lines carrying the R Register inputs or S Register outputs. 

BO-7 110 Eight bidirectional lines carrying the S Register inputs or R Register outputs. 

CPR I The clock for the R Register. When CER is LOW, data is entered into the R Register on the LOW-to-HIGH 
transition of the CPR signal. 

CER I rhe Clock Enable for the R Register. When CER is LOW, data is entered into the R Register on the LOW-to-HIGH 
transition of the CPR signal. When CER is HIGH, the R Register holds its contents, regardless of CPR signal 
transitions. 

GEBR I The Output Enable for the R Register. When OEBR is LOW, the R Register three-state outputs are enabled onto 
the BO-7 lines. When GEBR is HIGH, the R Register outputs are iii the high-impedance state. 

CPS I The clock for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH transition' 
of the CPS signal. 

CES I The clock enable for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH 
transition of the CPS signal. When CES is HIGH, the S Register holds its contents, regardless of CPS signal 
transitions. 

OEAS I The output enable for the S Register. When GEAS is LOW, the S Register three-state outputs are enabled onto the 
AO-7 lines. When OEAS is HIGH, the S Register outputs are in the high-impedance state. 

REGISTER FUNCTION TABLE OUTPUT CONTROL 
(Applies to R or S Register) 

Inputs 

CP CE 
Internal 

Function a 
X H NC Hold Data 

! L L 
Load Data 

! L H 

5-321 

OE 

H 

L 
L 

Y.()utputs Internal 
Function a 

x 
L 
H 

Am2950 Am2951 

Z Z Disable Outputs 

L H 
Enable Outputs 

H L 

014028 
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ABSOLUTE MAXIMUM RATI.NGS OPERATING RANGES 
Storage Temperature ......................... -6S'C to + 150°C Commercial (C) Devices 
Ambient ·Temperature Under Bias ......... -SS'C to + 12S'C . Temperature .....•....... : ....................... O·C to +70'C 
Supply Voltage to Ground Potential Supply Voltage .•.•......•..•.•.•.........• + 4.7SV to + S.2SV 

Continuous ...................................... -O.SV to +7.0V 
Military (M) Devices 

DC Voltage Applied to. Outputs For Temperature ..........•...........•..•....•. -SS'C to + 12S'C 
High Output State .............. : ..•..... -O.SV to + VCC max 

DC Input Voltage ......•....•.....••...•.......... -O.SV to + S.SV 
Supply Voltage ..................•...••....... + 4.SV to + S.SV 

DC Output Current. Into Outputs ....•....••.....•.......•. 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +S.OmA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

Vcc=MIN MIL. IOH - - 2mA 2.4 3.4 
VOH Output HIGH Voltage V,N = V,H or V,l AO-7. BO-7 COM'L, IOl = - B.5mA 2.4 3.4 Valls 

Vcc=MIN MIL, IOl - 1BmA 0.5 
VOL Output LOW Voltage V,N = VIH or Vil AO.7 BO.7 COM'L, IOl - 24mA 0.5 Valls 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Valls voHage for all inputs 

Vil Input LOW Level Guaranteed input logical LOW 0.8 Volts voltage for all inputs 

V, Input Clamp Voltage VCC - MIN, liN = -18mA -1.5 Volls 

Ao.7, BO_7 -250 iJA 
III Input LOW Current Vcc = MAX, VIN - 0.5V Others -360 iJA 

AO-7, BO-7 70 
IIH Input HIGH Current Vcc = MAX, V,N = 2.7V Others 20 iJA 

II Input HIGH Current Vcc = MAX, VIN = 5.5V 1.0 rnA 

Output Off-state 
Ao-7, BO-7 

VO-2.4V 70 
.10 Leakage Current VCC=MAX Vo = 0.4V -250 iJA 

Isc Output Short Circuit Current Vcc=MAX -30 -85 rnA (Note 3) 

TA-O to+70'C 275 
COM'L TA= +70'C 228 Power Supply Current 

ICC (Notes 4, 5) Vcc=MAX Tc· -55 to+125'C 309 mA 

MIL Tc - + 125'C 202 

Notes: 1. FOr condHions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical lim"s are at Vcc - 5.0V, 25'C ambient and maximum loading. 
3. Not more than one output· should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Icc is measured wHh all inputs at 4_5V and all outputs open. 
5. Worst case ICC is at minimum temperature. 

5,322 
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SWITCHING TEST CIRCUIT 

A. THREE·STATE OUTPUTS 

IA 
1'1 

IK 

TCOOll 00 

5.0 - VBE - VOL 
AI - --::.::..---':.:: 

IOL + VOL 

lK 

B. NORMAL OUTPUTS 

5.0 - VBE - VOL 
Al = 

IOL + VOL 

A2 

Vee 

TCOO1081 

Notes: 1. CL = SOpF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. Sl, S2, S3 are closed during function tests and all AC tests except output enable tests. 
3. Sl and S3 are closed while S2 is open for tpZH test. 

Sl and S2 are closed while S3 is open for tpZL test. 
4 .. CL = S.OpF for output disable tests. 

TEST OUTPUT LOADS FOR Am2952/2953 

Pin# Test 
(DIP) Pin Label Circuit R1 R2 

16-23 A0-7 A 220 1K 

1~ B0-7 A 220 1K 

For additional information on testing, see section 
"Guidelines on Testing Am2g00 Family Devices." 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the pMt. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current when the device switches 
may cause erroneous function failures due to V cc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the. ground 

5-323 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL <.OV and VIH ~ 3.0V for AC tests. 

S. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 

014029 
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Am2952AI Am2953A SWITCHING CHARACTERISTICS 

The tables· below define the Am2952/Am2953A switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-ta-HIGH transition. Tables Bare propagational delays. Tables C are pulse-width requirements. Tables 0 are enable/disable 
times. All measurements are made at·l.5V with input levels at OV or3V. All values are in ns with RL on Aj and Bj = 220P and RL on 
FS and FR = 300n. CL = 50pF except output disable times which are specified at CL =5pF. 

, GUARANTEED CHARACTERtSTICS OVER COMMERCIAL OPERATING RANGE 

(fA = 0 to +70·C, Vee - 4.75 to 5.25V, CL = 50pF) 

A. Set-up and Hold Times 

With 
Input Respect To 

Ao-7 S CPR 

BO-7 S CPS 

CESS CPS 

CER S CPR 

C. Pulse-Width Requirements 

Input 

CPS 

CPR 

Min LOW 
Pulse Width 

Min HIGH 
Pulse Width 

B. Propagation Delays 

Input AO.7 BQ.7 

CPS S 
CPR S 

D. Enable/Disable Times 

From To Disable Enable 

OEAS Ao-7 

OEBR BO-7 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Te = -55 to + 125·C, Vee = 4.5 to 5.5V, CL = 50pF) 

A. Set-up and Hold Times. 

With 
Input Respect To 

AO-7 S CPR 

BO-7 S CPS 

CES S CPS 

CER S CPR 

C. Pulse-Width Requirements 

Input 

CPS 

CPR 

Min LOW 
Pulse Width 

Min HIGH 
Pulae Width 

5-324 

B. Propagation Delays . 

Input AQ.7 Bo·7 
CPS S 
CPR S 

D. Enable/Disable Times 

From To Disable Enable 

OEAS Ao-7 

OEBR BO-7 

014028 
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Am29521 Am2953 SWITCHING CHARACTERISTICS 

The tables below define the Am2952/Am2953 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables Bare propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable 
times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL on Ai and Bi = 220n and RL on 
FS and FR = 300n. CL = 50pF except output disable times which are specified at CL = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(TA=O to +70·C, Vee =4.75 to 5.25V, CL=50pF) 

A. Set-up and Hold Times 

With 
Input Respect To t. th 

Ao.7...J CPR 7 5 

BO-7 ...J CPS 7 5 

CES ...J CPS *19/15 4 

CER ...J CPR *19/15 4 

C. Pulse-Width Requirements 

Input 

CPS 

CPR 

Min LOW 
Pulse Width 

20 

20 

Min HIGH 
Pulse Width 

20 

20 

B. Propagation Delays 

Input Ao-7 Bo.7 

CPS...J *30/26 

CPR ...J *30/26 

D. Enable/Disable Times 

From To Disable Enable 

C5EAS Ao·7 22 27 

C5EBR Bo.7 22 27 

*Where two numbers appear, the first is the Am2952 spec, the second is the Am2953 spec. 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Te= -55 to + 125·C, Vee = 4.5 to 5.5V, CL=50pF) 

A. Set-up and Hold Times 

With 
Input Respect To t. th 

Ao.7 S CPR 11 8 

BO.7 ...J CPS 11 8 

CES ...J CPS *20/15 4 

CER ...J CPR *20/15 4 

C. Pulse-Width Requirements 

Input 

CPS 

CPR 

Min LOW 
Pulse Width 

20 

20 

Min HIGH 
Pulse Width 

20 

20 

B. Propagation Delays 

. Input Ao-7 Bo.7 

CPS...J *35/28 

CPR ...J *35/28 

D. Enable/Disable Times. 

From To Disable Enable 

OEAS Ao.7 24 28 

OEBR BO-7 24 28 

*Where two numbers appear, the first is the Am2952 spec, the second is the Am2953 spec. 

014028 
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Am2954/ Am2955 
Octal Registers with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Eight-bit, hi!!h-speed parallel registers 
• Am2954 has non-inverting inputs; Am2955 has inverting 

inputs 
• Positive, edge-triggered, D-type flip-flops 

• Buffered common clock and buffered common three
state control 

• VOL = 0.5V'(max) at IOL = 32mA 
• High-speed -. Clock to output 11 ns typical 

GENERAL DESCRIPTION 

The Am2954 and Am2955 are 8-bit registers built using' 
high-speed Schottky technology. The registers consist of 
eight D-type flip-flops with a buffered common clock and a 
buffered 3-state output control. When the output enable 
(C5E) input is LOW, the eight outputs are enabled. When the 
C5E input is HIGH, the outputs are in the 3-state condition. 

Input data meeting the set-up and hold time requirements 
of the D inputs is transferred to the Y outputs on the LOW
to-HIGH transition of the clock input. 

The devices are packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 

BLOCK DIAGRAM 

80002440 

Inputs Do through D7 are inverted on the Am2955. 

RELATED PRODUCTS 

Part No. Description 

Am29821-26 8, 9, 10-Bit Registers 

Am2918 Quad. D-Register 

Am2920 Quad D-Type Flip-Flop 

036038 
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CONNECTION DIAGRAM 
Top View 

0-20, L-2D-1 
P-20, 
F-20* 

cf ~ rcl ~ ~ 

Vee Y7 0, De v. Vs Ds D. V. cp 
0, 0, 

Y, o. 

" ' . 
... " 
o, 0, 

Vo 0. D, v, v. II, D3 V3 GND 

CD004780 

~ " " .. - ~ z 

" 
CDOO4580 

Note: Pin 1 is marked for orientation 

*F-20 pin configuration identical to D-20, P-20. 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am29S4 

3 4 7 8 13 ,. 17 18 

" CP 

. Am29&4 

2 5 6 9 12 15 16 19 

LS000970 

Note: Inputs Do through 07' are inverted 
on the Am2955 

.. 
" 

' . , 
" 
" . 
" 

, 

.. , 
" . 

" , 
GNDla~---...-J 

DIE SIZE 0.085" x 0.110" 

~ '00 .. " 

.. " 
" " .. " .. " 
.. " 
" '. 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2954/2955 o C B 

Device type 
Octal Registers 

Blank - Standard processing 
B - Burn-in l L L Screening Option 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D- 20-pin CERDIP 
F - 20-pin flatpak . 
L - 20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

5-327 

Valid Combinations 

PC 
DC, DCB, DM, 

Am2954 DMB 

Am2955 FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036038 
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10 
10 
~ 
('I 

E 
CI: Pin No. Name 110 ..... .., 

Dj/!:ij 10 
gJ 11 CP I 

E Vi 0 
CI: ~ 

AOOR£SS 

PIN DESCRIPTION 

Description 
The D flip-flop data inputs (Am29~4, non~nvertingl Am2955, inverting). 

Clock Pulse for, the register. Enters data on the LOW-to-HIGH transition. 

The register three-state outputs. 

Output Control. An active-LOW three-state control used to enable the outputs_ A HIGH level input forces the 
outputs to the high impedance (off) state. 

Function 

Hi'Z 

LOAD 
REGISTER 

H=HIGH 
L-LOW 

()E 

H 

H 

L 
L 
H 
H 

X = Don't Care 

FUNCTION TABLE 

Inputs Internal Outputs 

Am2954 Am2955 
Clock DI DI Q, VI 

L X X NC Z 

H X X NC Z 

t L H L L 
t H L H H 
t L H L Z 
t H L H Z 

NC = No Change 
Z = High Impedance 
t = LOW-Io-HIGH transition 

APPLICATION 

INCOMING DATA sus 

AF001870 

Dual, 16-word by 16-bit non-inverting high-speed data buffer. 

5-328 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... - 6S·C to + lS0·C Commercial (C) Devices 
Ambient Temperature Under Bias ......... -SS·C to + 125·C Temperature .......................•....•....•... O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage .•.••••.•••..........•...•.. + 4.7SV to -+' S.25V 

(Pin 16 to Pin B) Continuous .............•. -O.SV to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -SS·C to + 125·C 

High Output State ....................... -O.SV to + Vee max 
DC Input Voltage ......•.•..•...•...•.••.........• -0.5V to +5.SV 

Supply Voltage ............................... + 4.5V to + 5.SV 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ................................. -30 to + S.OmA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

Vee = MIN MIL, IOH = - 2.0mA 2.4 3.4 
VOH Output HIGH Voltage Volts 

VIN = VIH or VIL COM'L, IOH = - 6.5mA 2.4 3.1 

Vee-MIN IOL= 20mA .45 
VOL Output LOW Voltage Volts 

VIN = VIH or VIL IOL = 32mA .5 

VIN Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

VIL Input LOW Level Guaranteed input logical lOW 0.8 Volts voltage for all inputs 

VI Input Clamp Voltage Vee = MIN, IIN= -18mA -1.2 Volts 

IlL Input LOW Current Vee = MAX, VIN = 0.5V -250 pA 

liN Input HIGH Current Vee - MAX, VIN -2.7V 50 pA 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 rnA 

Off-State (High-Impedance) VO=0.5V -50 
IOZ Vee = MAX pA Output Current VO=2.4V 50 

ISC 
Output Short Circun Current Vee = MAX -40 -100 rnA (Note 3) 

lee 
Power Supply Current Vee = MAX 90 140 rnA (Note 4) 

Notes: 1. For conditions shown as MIN or MAX use the appropriate value specHied under Operating Ranges for the applicable device type. '. 
2. Typical limits are at Vee - 5.0V, 25°C ambient and maximum loading. , 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Am2954 measured at ClK = LOW-to-HIGH, ~ = HIGH and all data inputs are LOW. 

Am2955 measured at ClK = lOW-to-HIGH, Of = HIGH, and all data inputs are ~ - HIGH, and all data inputs are lOW. 

5-329 
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II) 
II) 

&l 
E 

SWITCHING CHARACTERISTICS (T A = + 25°C. Vee = 5.0V) 

Am2954 / Am2955 ~ 
II) Parameters 
&l 

Description Test Conditions Min Typ Max Units 

~ 
IZH 

IZl 

1Hz 

Ipw 

IS 

fmax 

8 15 ns 
Clock 10 Oulpul. Vi 11 17 ns Cl = 15pF 

Rl = 280n 8 15 ns 
()E to Vi 11 18 ns 

Cl =5pF 5 9 ns 
()E to Vi Rl = 280n 7 12 ns 

L HIGH 6 ns 
Clock Pulse Width I lOW 7.3 ns 

Cl = 15pF 5 ns 
Oats to Clock Rl = 280n 

2 ns 

Maximum Clock Frequency (Nole 1) 75 100 MHz 

Nole: 1. Per industry convenlion. fmax is Ihe worsl case value of Ihe maximum device operaling frequency wijh no constraints on Ir• If. 
pulse widlh or duty cycle. 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

V~ _____ DR_'V~EN~'N_ru_T ___ +-I _______ B~~~ __ ~~Ir-_D_Rl_V'N_G_OO_~~T __ _ 

ar-3.3kO I 
m·6kn 
lJE-6kn 
A,8,S"'10kO I 
DRCP"10kO 

I 
I 

'50n 

__ 1«- I _1_ --I 

'OM ~ 'IA Ij 
-(" I,-l:~)-

':.j~ ~7 I ,~ 
~7 I (' 

* I 

I 
I 
I-
I 
I 
I 
I 

R, 

F 
ICO00390 

Note: Actual current flow direction shown. 
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Am2956/ Am2957 
Octal Latches with Three-State Outputs 

• 8-bit, high-speed parallel latches 
• Am2956 has non-inverting inputs 
• Am2957 has inverting inputs 
• Val = O.5V (max) at IOl = 32mA 

DISTINCTIVE CHARACTERISTICS 

• Hysteresis on latch enable input for improved noise 
margin 

• 3-state outputs interface directly with bus organized 
systems 

GENERAL DESCRIPTION 

The Am2956 and Am2957 are octal latches with 3-state 
outputs for bus organized system applications. The latches 
appear to be transparent to the data (data changes 
asynchronously) when latch enable, G, is HIGH. When G is 
LOW, the data that meets the set-up times is latched. Data 
appears on the bus when the output enable, OE, is LOW. 

When OE is HIGH the bus output is in the high-impedance 
state. 

The Am2956 presents non-inverted data at the outputs 
while the Am2957 is inverting. 

The devices are packaged in a space-saving (O.3-inch row 
spacing) 20-pin package. 

BLOCK DIAGRAM 

~~ G---l)O~~~r-~~--r-~~--r---~--r---~--+---~--+---+---+---

Yo v, Y5 Y6 Y7 

"' 80002430 

Inputs Do through 07 are inverted on the Am2957. 

RELATED PRODUCTS 

Part No. Description 

Am29841-46 8, 9, 10-Bit Latches 

copyright @ '980 by Advanced Micro Devices. Inc. 036048 
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11 G 

D-20, P-20 

CONNECTION DIAGRAM 
Top View 

Do D1 Y1 Y2 D2 D3 Y3 GND 

COOO4570 

Note: Pin 1 is marked for orientation 

F-20 pin configuration identical to 0-20, P-20. 

CDOO4580 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am2956 

34711314171. .. '" . " .. .. 0, - 0, " " 
" " 

" " " 
2 5 • • 12 15 18 I' 

0, " ... 
lSOOO980 

Note: Inputs DO through 07 are Inverted 
on the Am2957 

DIE SIZE 0.066" x 0.119" 

ORDERING INFORMATION 
AMO products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am2956/2957 

Device type 

DeB l L L ~r:~~i~9s~~~a~d proces$ing 
B - Burn-in . 

Temperatur. e (See Operating Range) 
C - Commercial (O·C to + 70·C) 

. M - Military (-55·C. to + 125·C) 

Package 
0- 2Q.pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadless chip carrier 
P-20-pin plastic DIP 
X':' Dice 

Octal latches with 3-State Outputs 

5-332 

Valid Combinations 

PC 
DC, DCB, OM, 

. Am2956 DMB 

Am2957 FM, FMB 
LC, LCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMO sales office in your area to 
determine if a device is currently available in the 
combination you wish. . 

036048 
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PIN DESCRIPTION 

Pin No. Name 110 Description 

DjllY; I The latch data inputs (Am2956, non-invertingl Am2957, inverting). 

11 G I The latch enable input. The latches are transparent when G is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

Vi 0 The 3-state latch outputs. 

1 Of I The output enable control. When m: is LOW, the outputs Vj are enabled. When OE is HIGH, the outputs Vj are in 
the high-impedance (011) state. 

FUNCTION TABLES 

Am2956 Am2957 

Inputs Internal Outputs Inputs Internal Outputs 

OE G 

H X 

L H 

L H 

L L 

6 

I 

Function Function 
01 01 VI OE G OJ 01 VI 

X X Z Hi-Z H X X X Z Hi-Z 

L L L L H L H H 

H H H 
Transparent 

L H H L L 
Transparent 

X NC NC Latched L L X NC NC Latched 

H= HIGH 
NC = No Change 

L=LOW 
X = Don't Care 

Z = High Impedance 

APPLICATION 

DATA BUS 9 
1I-r 1If 

DDLATCH ZLATCH 
-(2) I -(2) I 

II 

J 
I ZOLATCH I ZI LATCH I _7(2) -(2) 

'i' II 
DA 

AnI2803 II_ I ALU ..-
y 

1 

I Am2tllO 
SEQUENCER 

AFOO1880 

Transparent Latches are used in high performance CPU designs. The Z Latch 
configuration shown provides overlapped fetch of machine instructions and operand data. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature •.•....•...•..... '.' .•.... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ...•..• -55°C to + 125°C Temperature ••.......•......•.........•..•.....•. O°C to + 70°C 
Supply Voltage to Ground Potential . Supply Voltage .••..••.......•........•.... + 4.75V to + 5.25V 

(Pin 16 to Pin 8) COntinuous ••.•.....•..•.• -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature .•.•.....•......•......•••••.••• -55°C to +125°C 

High Output State .•..•..•...........•... -O.5V to + Vee max 
DC Input Voltage .....••••.......••......•..•....• -O.5V to + 5.5V 

Supply Voltage •..•..•..........••....•....... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .....•••.•..•....••....... 30mA 
Operating ranges define those iimits over which the function-

DC Input Current.. ....•••........•......•••••...• -30 to +5.0mA 
ality of the device is quaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause peimanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parametera Description Test Condltons (Note 2) Min (Note 1) Max Units 

Vee = MIN MIL, JOH - - 2.0mA 2.4 3.4 
VOH Output HIGH Voltage VIN ~ VIH or VIL COM'L, 10H = -6.5mA 2.4 3.1 Volts 

Vee=MIN IOL-20mA .46 
VOL Output LOW Voltage 

VIN = VIH or VIL 10L =32mA .5 Volts 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts voltage for all inputs 

VIL Input LOW Level 
Guaranteed input logical LOW 

0.8 Volts voltage for all inputs 

VI Input Clamp Voltage Vee = MIN, liN =-18mA -1.2 Volts 

IlL Input LOW Current Vee = MAX, VIN - 0.5V -250 jjA 

liN Input HIGH Current Vee = MAX, VIN - 2.7V 50 jjA 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 rnA 

Off-State (High-Impedance) I Vo-0.5V -50 
10Z Output Current Vee = MAX I Va = 2.4V 50 jjA 

Ise 
Output Short Circuit Current 

Vee-MAX -40 -100 rnA (Nota 3) 

Power Supply Current ~ 105 160 
lee Vee = MAX mA 

(Note 4) 2957 ·110 168 

Notes:l. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX use the appropiate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circu~ test should not exceed one. second. 
4. Inputs grounded; outputs open. 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 
Am2956 

Parameters Description Test Conditions Min Typ Max Units 

tPLH 7 14 ns 

tpHL 
Enable to Output 12 18 ns 

tPLH 5 9 ns 

tpHL 
Data Input to Output 9 13 ns 

Is(H) HIGH Data to Enable 0 ns 

Is(L) LOW Data to Enable CL = 15pF 0 ns 
th(H) HIGH Data to Enable RL = 2800 10 ns 

th(L) LOW Data to Enable 10 ns 

tpwH 6 ns 

tpwL 
Enable Pulse Width 7.3 ns 

tZH 8 15 ns 

tZL 
OE to Vi 11 18 ns 

tHZ CL = 5pF 6 9 ns 

tLZ 
OE to Vi RL =2800 8 12 ns 

'SWitching Characteristics' performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 
Am2957 

Parameters Description Test Conditions 

tPLH 

tpHL 
Enable to Output 

tpLH 

tpHL 
Data Input to Output 

t.(H) HIGH Data to Enable 

t.(L) LOW Data to Enable Cl = 15pF 
th(H) HIGH, Data to Enable RL-2800 

th(L) LOW Data to Enable 

I \pwH 
tpwL 

Enable Pulse Width 

tZH 

tZL 
~toVi 

1HZ CL = 5pF 
tLZ 

OE to Vi' RL =2800 

5-335 

Min Typ Max Units 

17 24 ns 

19 26 ns 

10 14 ns 

14 20 ns 

0 ns 

0 ns 

10 ns 

10 ns 

6 ns 

7.3 ns 

8 15 ns 

11 18 ns 

6 9 ns 

8 10 ns 

, 
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Am29203 
Four-Bit Bipolar Microprocessor Slice 

DISTINCTIVE CHARACTERISTICS 

• Expandable Register FilII, - , 
The Am29203 includes the necessary "hooks" to 
expand the register file externally to any number of 
registers. 

• Built-In Multiplication Logic -
Performing multiplication with the Am2901A requires 
a, few external gates - these gates are contained 
on-chip in the Am29203. Three special instructions 
are used for unsigned multiplication, two's comple
ment multiplication and the last cycle of a two's 
complement multiplication. 

• Built-In Division Logic -
The Am29203 contains all logic and interconnects 
for execution of a non-restoring, multiple-length divi
sion with correction of the quotient. 

• Built-In Normalization Logic -
The mantissa and exponent of a floating-point num
ber can be developed using a single microcycle per 
shift. . 

• BuliNn Parity Generation and Sign Extension 
Circuitry -
Can supply parity across the entire ALU outputs 
and provide sign-extension at any slice boundary. 

• BCD Arithmetic -
The Am29203 features automatic BCD add and 
subtract and conversion between binary and BCD. 

• Two Bidirectional Data Lines 
• Improved I/O Capability -

Both the OA and DB data buses are bidirectional 
on the Am29203. In addition, the Y port is also bi
directional. 

GENERAL DESCRIPTION 

The Am29203 is a four-bit expandable bipolar microproces
sor slice. The Am29203 performs all functions performed 
by the industry standard Am2901 and Am2903A, in addi
tion, provides a number of significant enhancements that 
are especially useful in arithmetic-oriented processors. 
Infinitely expandable memory and three-port, three-address 
architecture are provided by the Am29203. In addition to its 

complete arithmetic and logic instruction set, the Am29203 
provides a special set of instructions which facilitate the 
implementation of multiplication, division, normalization, 
BCD arithmetic and conversion, and other previously time
consuming operations. The Am29203 has three bidirection
al ports and featuresAMO's ion-implanted micro-oxide 
(IMOX™) technology, 

BLOCK DIAGRAM 

1100-+-.--4\7 
... -. !:::!I-t-t--F--i 

.... !:::!I-t------i 
~!:::!I~---~--+---l 

... C>---.1----I 

Ve-s 

IMOX is a trademark of Advenced' Micro Devices, 'nc. 
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30 

29 

26 

27 

42 ., 

36 

34 

33 

32 .. 
38 

OJOo 
III 

'Ao .. , 
0.2 .,.. 

'2 

" '. 
e. 

Cn-+ 4 

P/OVA 

""D 
~IN -v. 
v, 
v2 

v, 
SlOo 
SID, 

... 
DB, 

CONNECTION DIAGRAM 
Top View 

0-48 L-52-1 

OJo, .. .. W { i i l~ S i G G .. It 
B, .. 
CI' 

'. 
" liI!l'i'r_ c. -[II c. •• liS 
rm 
ill! ....... EN 

vee ..., Wi 

'. "" v'" '. l5O'i' 

" '. v, 

lmi v, 
Ao v, ., .. Qiii ., 
D" ,!' ~ S N i! DB2 i ! ~ ~ • ~ 

CD004501 
CD004881 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL 

Ao .. .. ., B, .. ., B, 46 ., .. ., 
WE 37 DAo ... 23 

D', 
D., 

DB, 26 

oa, 26 
D'3 

D" 26 fA DE. 31 

Cn +4 
C. ,. ... -'. GIN " 

" 
P/OVR 12 

" 
22 

'3 '. WRITEJiiSS .. '. W 38 

'. " 
SIOO 20 

'. S'o, 21 

CP OJOo , 
lEN orv mo, 4B 

's 19 18 17 1. 

LSOO0961 

I. 
11 

'2 

(GND) 13 ,. I. 
" 
17 ,. 

5·337 

METALLIZATION AND PAD LAYOUT 

, .. 3 2 1 48 47 46 4S 44 43 

.2 

41 

4. 

3. 

3. 

3' 
GNO 

36 (Vee) 
35 
3. 

33 
32 

31 
3. 

" 20 21 22 GND 23 24 25 26 27 28 29 

DIE SIZE 0.163" x 0.197" 

Note: Pin numbers correspond to DIP package.' 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges; The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29203 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

. Temperature (see. Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
0- 48-pin CERDIP 
F - 48-p!n flatpak 
L - 52-pin leadless chip carrier 
X-Dice 

Bipolar Microprocessor Slice 

RELATED PRODUCTS 

Part No. D88C,lplton 

Am2902A Carry Look·Ahead Generator 

Am2904 Status and Shift Control Unn 

Am2910A Microprogram Controller 

Am2914 
Vectored Priority Interrupt 
Controller 

Am2917A Bus Transceiver 

Am2918 Pipeline Register 

Am2920 Octal Register 

Am2922 Condition Code MUX 

Am2925 System Clock Generator 

Am2940 DMA Address Generator 

Am2952 Bidirectionaf 110 Port 

Am29707 Two·Port RAM 

Am27S35 Registered PROM 

5-338 

Valid Combinations 

Am29203 

DC, DCB, DMB 
FMB 
LC, LMB 
XC, XM 

Valid Combinations 
Consult the AMP sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name 11O Description 

Ao·3 I Four RAM address inputs which contain the address of the RAM word appearing at the RAM A output port. 

80-3 I Four RAM address inputs which contain the address of the RAM word appearing at the RAM 8 output port and into 
which new data is written when the ~ input and the CP input are LOW. 

37 ~ I The RAM write enable input. If ~ is LOW, data at the Y 110 port is written into the RAM when the CP input is 
LOW. When WE is HIGH, writing date into the RAM is inhibited. 

DAo_3 110 A four-bit external data input which can be selected as one of the ALU operand sources; DAo is the least 
significant bit. On the AM29203, the DA path is bidirectional, operating as either an ALU source operand or as an 
external output for the RAM A-port. 

2 ~ I A control input which, when HIGH selects DAo-3 as the ALU R operand, and, when LOW, selects RAM output A as 
the ALU R operand and the DAo-3 output data. 

080_3 110 A four-M external data inputloutput. Under control of the OEB input, RAM output port 8 can be directly read on 
these lines, or input date on these lines can be selected as the ALU S operand. 

31 orn' I A control input which, when LOW, enables RAM output 8 onto the 080_3 lines and, when HIGH, disables the RAM 
output 8 tri-state buffers. 

10 Cn I The carry-in input to the AM29203 ALU. 

10-8 I The nine instruction inputs used to select the Am29203 operation to be performed_ 

38 iEN I The instruction enable input which, when LOW, allows the a Register and the Sign Compare flip-flop to be written. 
When iEN is HIG~he a Register and Sign Compare flip-flop are in the hold mode. On the Am29203, WRITE is 
not affected by I ,but internally disables the RAM write enable. 

11 Cn+4 0 This output generally indicates the carry-out of the Am29203 ALU. Refer to Table 5 for an exact definition of this 
pin. 

14 ~IN 0 A multi-purpose pin which indicates the carry generate, ~, function at the least Significant and intermediate slices, 
and generally indicates the sign, N, of the ALU result at the most significant slice. Refer to Table 5 for an exact 
definition of this pin. 

12 J510VR 0 A multi-purpose pin which indicates the carry propagate, 15, function at the least Significant and intermediate slices, 
and indicates the conventional two's complement overflow, OVR, signal at the most significant slice. Refer to 
Table 5 for an exact definition of this pin. 

22 Z 110 An open-collector inputloutput pin which, when HIGH, generally indicates the outputs are all LOW. For some 
Special Functions, Z is used as an input pin. Refer to Table 5 for an exact definition of thiS pin. 

20,21 SIOo 110 8idirectional serial shift inputsloutputs for the ALU shifter. Curing a shift-up operation, SIOo is an input and SI03 
SI03 an output. During a shift-down operation, SI03 is an input and SIOo is an output. Refer to Tables 3 and 4 for an 

exact definition of these pins. 

1,48 0 100 110 8idirectional serial shift inputsloutputs for the a shifter which operate like SIOo and SiCa. Refer to Tables 3 and 4 
0103 for an exact definition of these pins_ 

39 ~ I An input pin which, when tied LOW, programs the Ch~ act as the least significant slice (LSS) of an Am29203 
array and enables the WRITE output onto the WRITE/M pin. When ~ is tied HIGH, the chip is programmed to 
operate as enher an intermediate or most Significant slice and the WRiTE output buffer is disabled. 

40 ~I 110 When ~ is tied LOW, the WRiTE output signal appears at this pin; the WRIT£~I~'t is LOW when an instruction 
~ which writes data into the RAM is being executed. When ~ is tied HIGH, I~ is an input pin; tying it 

HIGH programs the chip to operate as an intermediate slice (IS) and tying it LOW programs the chip to operate as 
the most significant slice (MSS). 

YO-3 110 Four data inputs/outputs of the Am29203. Under control of the ~ input, the ALU shifter output data can be 
enabled onto these lines, or these lines can be used as data inputs when external data is written directly into the 
RAM. 

15 ~ I A control input which, when LOW, enables the ALU shifter output data onto the YO-3 lines and, when HIGH, 
disables the Y 0-3 three-stete output buffers. 

43 CP I The clock input to the Am29203. The a registe!..!.nd Sign Compare flip-flop are clocked on the LOW-to-HIGH 
transition of the CP Signal. When enabled by WE, data is written in the RAM when CP is LOW. 

ARCHITECTURE OF THE Am29203 Two-Port RAM 

The Am29203 is a high-performance, cascadable, four-bit 
bipolar microprocessor slice designed for use in CPUs. periph-
eral controllers, microprogrammable machines, and numerous 
other applications.· The microinstruction flexibilitY of the 
Am29203 allows the efficient emulation of almost any digital 
computing machine. The nine-bit microinstruction selects the 
ALU sources, function and destination. The Am29203 is 
cascadable with full lookahead or ripple carry, has three-state 
outputs, and provides various ALU status flag outputs_ Ad-
vanced Low-Power Schottky processing is used to fabricate 
this 48-pin LSI circuit 

All data paths within the device are four bits wide. As shown in 
the block diagram, the device consists of a 16-word by 4-bit. 
two-port RAM with latches on both output ports, a high-
performance ALU and shifter. a multi-purpose Q Register with 
shifter input, and a nine-bit instruction decoder. 

5-339 

Any tWo RAM words addressed at the A and B address ports 
can be read simultaneously at the respective RAM A and B 
output ports. Identical data appear at the two output ports 
when the same address is applied to both address ports_ The 
latches at the RAM output ports are transparent when the 
clock input, CP, is HIGH and they hold the RAM output data 
when CP is LOW. Under control of the C5EB three-state output 
enable, RAM data can be read directly at the Am2903 DB 110 
port. On the Am29203. EA provides the same feature at the 
DA port. 

External data at the Am29203 Y 110 port can be written 
directly into the RAM, or ALU shifter output data can be 
enabled onto to Y 110 port and entered into the RAM. Data is 
written into the RAM at the B address when the write enable 
input, WE, is LOW and the clock input, CP, is LOW. 
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Refer to Page 13-1 for Essential Information on Military Devices 



Arithmetic Logic Unit 

The Am2920a high-performance ALU can perform seven 
arithmetic and nine logic operations on two 4-bit operands. 
Multiplexers at the ALU inpu1s provide the capability to select 
various pairs of ALU source operands. The ~ input selects 
either the DA external data input or RAM output port A for use 
as one ALU operand and the OEB and 10 inputs select RAM 
output port B, DB external data inpu1, or the Q register content 
for use as the second ALU operand. Also, during some ALU 
operations, zeroes are forced at the ALU operand inputs. 
Thus, the Am2920a ALU can operate on data from two 
external sources, from an internal and external source, or from 
two internal sources. Table 1 shows all possible pairs of ALU 
source operands as a function of the ~, ~. and 10 inputs. 

TABLE 1. ALU OPERAND SOURCES 

EA 10 OEB ALU Operand R ALU Operand S 

L L L RAM Output A Ram Output B, 
L L H RAM Output A OBO-3 
L H X RAM Output A Q Register 
H L L DAo-a Ram Output B 
H L H DAo-a DBO-3 
H H X DAo-a Q Register 

L = LOW 
H = HIGH 
X = Don't Care 

TABLE 2. Am29203 ALU FUNCTIONS 

14 13 12 11 10 ALU Functions 

L L L L L Special Functions 

L L L L H FI z HIGH 

L L L H X F = S Minus R Minus 1 Plus Cn 

L L H L X F = R Minus S Minus 1 Plus Cn 

L L H H X F ~ R Plus S Plus Co 
L H L L X F ~ S Plus Cn 

L H L H X F = ~ Plus Cn 

L H H L L Reserved Special Functions 

L H H L H F=RPlusCn 

L H H H L Reserved Special Functions 

L H H H H F=RPlusCn 

H L L L L Special Functions 

H L L i.. H Fj = LOW 

H L L H X Fj - if; AND Si 

H L H L X Fi K Ri EXCLUSIVE NOR Sj 

H L H H X Fi = Rj EXCLUSIVE OR S; 

H H l L X Fj = Rj AND Sj 

H H L H X Fj = Rj NOR Sj 

H H H L X Fj ;. Rj NAND Sj 

H H H H X Fj -RjORSj 

L = LOW 
H = HIGH 
i = 0 to 3 
X - LOW or HIGH 

When instruction bits 14, 13, 12, 11, and 10 are LOW, the 
Am2920a executes special functions. Table 4 defines these 
special functions and the, operation which the ALU performs 
for each. When the Am2920a execu1es instructions other than 
the 16 special functions, the ALU operation is determined by 

instruction bits 14, 13, 12, and 11. Table 2 defines the ALU 
operation as a function of these four instruction bits. 

Am2920as may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of, Am2920a,s are 
cascaded, each slice must be programmed to be a most 
significant slice (MSS), intermediate slice (IS), or least signifi-
cant sl,ice (LSS) of the array. The carry generate, G, and carry 
propagate, P, signals required for a lookahead carry scheme 
are generated by the Am2920a and are available as outputs of 
the least significant and intermediate slices. 

The Am2920a also generates a carry-out signal, Cn + 4, which 
is generally available as an output of each slice. Both the 
carry-in, Cn, and carry-out, Cn + 4, signals are active HIGH. 
The ALU generates two other status outputs. These are 
negative, N, and overflow, OVR. The N output is generally the 
most significant (sign) bit of the ALU output and can be used 
to determine positive or negative results. The OVR output 
indicates that the arithmetic operation being performed ex-
ceeds the available two's complement number range. The N 
and OVR signals are available as outputs of the most 
significant slice. Thus, the multipurpose GIN and P/OVR 
outpu1s indicate G and is at the least significant and intermedi-
ate slices, and sign and overflow at the most significant slice. 
To some extent, the meaning of the Cn + 4, P/OVR, and GIN 
signals vary with the ALU function being performed. Refer to 
Table 5 for an exact definition of these four signals as a 
function of the Am2920a instruction. 

ALU Shifter 
Under instruction control, the ALU shifter passes the ALU 
outpu1 (F) non-shifted, shifts it up one bit position (2F), or' shifts 
it down one bit position (F/2). Both arithmetic and logical shift 
operations are possible. An arithmetic shift operation shifts 
data around the most significant (sign) bit position of the most 
significant slice, and a logical shift operation, shifts data 
through this bit pOSition (see Figure A). SIOo and SiCa are 
bidirectional serial shift inputs/outputs. During a shift-up oper-
ation, SIOo is generally a serial shift input and SiCa a serial, 
shift output. During a shift-dOWn operation, SI03 is generally a 
serial shift, input and SIOo a serial shift output. 

To some extent, the meaning of the SIOo and SI03 signals is 
instruction dependent. Refer to Tables a and 4 for an exact 
definition of these pins. 

The ALU shifter also provides the capability to sign extend at 
slice boundaries. Under instruction control, the SIOo (sign) 
input can be extended through Yo, Y 1, Y 2, Y 3 and propagated 
to the SI03 outpu1. 

5-340 

A cascadable, five-bit parity generator! checker is designed 
into the Am2920a ALU shifter and provides ALU error detec-
tion capability. Parity for the Fo, Fl, F2, F3 ALU outputs and 
SI03 input is generated and, under instruction control, is made 
available at the SIOo output. Refer to the Am2920a applica-
tions sectiOn for a more detailed description of the Am2920a 
sign extension and parity generationlchecking capability. 

The instruction inputs determine the ALU shifter operation. 
Table 4 defines the special functions and the operation the 
ALU shifter performs for each. When the Am2920a executes 
instructions other than the special functions, the ALU shifter 
operation isdetermined by instruction bits Is, 17, 16, 15. Table a 
defines the ALU shifter operation as a function of these four 
bits. 

Q Register 
The Q Register is an auxiliary four-bit register which is clocked 
on the LOW-to-HIGH transition of the CP input. It is intended 
primarily for use in multiplication and division operations; 
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however, it can also be used as an accumulator or holding Double-length arithmetic and logical shifting capability is 
register for some applications. The ALU output, F, can be provided by the Am29203. The double-length shift is per-
loaded into the 0 Register and/or the 0 Register can be formed by connecting 0103 of the most significant slice to 
selected as the source for the ALU 5 operand. The shifter at 5100 of the least significant slice, and executing an instruction 
the input to the 0 Register provides the capability to shift the which shifts both the ALU output and the 0 register. 
o Register contents up one bit position (20) or down one bit 

The a register and shifter are controlled by the instruction position (0/2). Only logical shifts are performed. 0100 and 
0103 are bidirectional shift serial inputs/outputs. During a a inputs. Table 4 defines the Am29203 special functions and the 

Register shift·up operation, 0100 is a serial shift input and operations which the 0 register and shifter perform for each. 

0103 is a serial shift output. During a shift·down operation, When the Am29203 executes instructions other than the 

0103 is a serial shift input and 0100 is a serial shift output. special functions, the 0 register and shifter operation is 
controlled by instruction bits IB, 17, 16, 15. Table 3 defines the 0 
register and shifter operation as a function of these four bits. 

Figure A. 

Am29203 Arithmetic Shift Path 

5103 -1f: : I SIOO 
SI03 I : : : I SIOO 

Moo< ...... 
Signific:lnt Signific:Mltor 

Slke Intennedhn. $lie. 

DFOOO7BO 
DFOOO600 

Am29203 Logical Shift Path 

510, I : : : I SIOO 

AU 
Slk:ePosftjol'll 

DFOOO790 

TABLE 3. ALU DESTINATION CONTROL FOR 10 OR 11 OR 12 OR 13 = HIGH, lEN = LOW 

SI03 V3 

Hex ALU Shllter Most Slg. OIher Mosl Sig 18 17 16 15 Code FuncUon Slice Slices Slice 

L L L L 0 Arith. F/2_ Y Input Input F3 
L L L H 1 ' Log. F/2_ Y Input Input SI03 
L L H L 2 Arith. F/2_ Y . Input Input F3 
L L H H 3 Log. F/2_ Y Input Input SI03 
L H L L 4 F_Y Input Input F3 
L H L H 5 F_Y Input Input F3 
L H H L 6 F_Y Input Input F3 
L H H H 7 F_Y Input Input F3 
H L L L 6 Arith. 2F_ Y F2 F3 F3 
H L L H 9 Log.2F_Y Fa F3 F2 
H L H L A Arith. 2F_ Y F2 F3 F3 
H L H H B Log. 2F_Y Fa Fa F2 
H H L L C F_Y F3 F3 F3 
H H L H 0 F_Y Fa Fa Fa 

H H H L E SIOo- YO. Y" SIOo SIOo SIOo Y2, Y3 
H H H H F F_Y F3 Fa Fa 

Parity - Fa v F2 V F, V FO SI03 
V = Exclusive OR 
L=LOW 
H-HIGH 
Hi·Z - High Impedance 

V2 

Other Mosl Sig Olher 
Slice. Slice Slice. 

SI03 SI03 F3 
SI03 F3 F3 
SI03 SI03 F3 
SiCa F3 F3 
F3 F2 F2 
F3 F2 F2 
F3 F2 F2 
F3 F2 F2 

F2 F1 F, 

F2 F, F, 

F2 F, F1 
F2 F, F, 

Fa F2 F2 
Fa F2 F2 

SIOo SIOo SIOo 

F3 F2 F2 
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Wiii'i'E 
a Reg" 

V, Vo SIOo Shllter 0103 0100 
Function 

F2 F, Fo L Hold Hi-Z H~Z 

F2 F, Fo L Hold Hi-Z Hi·Z 
F2 F, Fo L Log. 0/2_0 Input 00 
F2 F, Fo L Log. 0/2_0 Input 00 
F, FO Parity L Hold Hi-Z Hi·Z 
F1 Fo Parity H Log. 0/2_0 Input 00 
F, FO Parity H F_O Hi·Z Hi-Z 
F, FO Parity L F_O Hi·Z Hi-Z 

Fo SIOo Input L Hold Hi·Z Hi·Z 

Fo SIOo Input L Hold Hi·Z Hi·Z 

FO SIOo Input L Log.2Q_O Oa Input 

Fo SIOo Input L Log. 20_0 Oa Input 
F, Fo H~Z H Hold Hi-Z Hi-Z 
F, Fo Hi-Z H Log. 20_0 Oa Input 

SIOo SIOo Input L Hold Hi-Z Hi-Z 

F, Fo Hi·Z L Hold Hi-Z Hi·Z 
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TABLE 4. SPECIAL FUNCTONS (Note 7) 

SI03 

(Hex) (Hex) Special ALU Shifter Most SlSI Other a Reg a 
WIftTE 18171815 14 13121110 Function ALU Function Function Slice Slices SlOo Shifter 0103 QIOo 

Function 
0 L 0 Unsigned Multiply F=S+G"lfZ-L Log F/2 ~ Y Z Input Fa· ~Ol Input 00 L 

F=R+S+G" W Z=H (Note 1) 2_0 

1 L a BCD to Binary (Note 4) Log F/2 ~ Y Input Inp~ Fa Log 01 Input 00 L 
Conversion 2~0 

1 H 0 Multiprecision (Note 4) Log F/2 ~ Y Input Input Fa HOLD Z 00 L 
BCD 10 Binary 

2 L 0 Two's Complement F-S+G" W Z-L Log F/2 ~ Y Z Input Fa Log 01 Input 00 L 
Multiply F-A+S+Cn if Z-=H (Note 2) 2~0 

3 L 0 Decrement by F-S-2+G" F ~ Y Z Z Parity Hold Z Z L 
One or Two 

4 L 0 Increment by F-S+1+G" F _ Y Input Input Parity Hold Z Z L 
one or Two 

5 L 0 Sign/Magnitude F-S.+G"KZ=L F _ Y 
Input Input Parity Hold Z Z L 

Two's Complement F=!+Cn W Z=H (Note 3) 

6 L 0 Two's Complement F=S+ G"KZ=L Log F/2 _ Y Z Input FO Log 01 Input 00 L 
Multiply, L .. t F-S-R-1 +Cn K Z-H (Note 2) 2_0 
Cyete 

7 L 0 BCD Divide (Note 4) P - Y' Z Z Parity Hold Z Z L 
by Two 

6 L 0 Single Length F-S+G" F _ Y F. F. Z Log 2Q 00 Input L 
Normalize -a 

9 L 0 Binary 10 BCD (Note 5) Log2F_Y F. F. Input Log 20 00 Input L 
Conversion - a 

9 H 0 Muhiprecision (Note 5) Log2F_Y F. Fs Input Hold Z Input L 
Binary 10 BCD 

A l 0 Double length F-S+Cn Log2F_Y R. V F. F. Input log 20 A. Input l 
Normalize and _a 
First 
Divide Op 

B l 0 BCD Add F- R + S +G"BCD F _ Y 0 0 Z Hold Z Z L 
(Note 6) 

C l 0 Two's Complement F-S+R+Cn K Z-l Log2F_Y li3'Ti' Fa Input Log 20 A. Input . l 
Divide F-S-R-1 +G" K Z-H -a 

0 l 0 BCD Subtract F-R-S-1 +G" BCD F _ Y 0 0 ? Hold Z Z l 
(Note 6) 

E l 0 Two's Complement F-S+R+Cn K Z-l F _ Y F. Fa Z Log 20 A. Input l 
Divide COrrection F-.S-R-1 +G" K Z-H _a 
and Remainder 

F l 0 BCD Subtract F=S-R-1+G" BCD F _ Y 0 0 Z Hold Z Z l 
(Note 6) 

Notes: 1. At the most significant slice only, the Cn + 4 signal is internally gated to the V3 output. 
2. At the most significant slice only, F3 V OVR is Internally gated to the V3 output. 
3. At the most slgnnicant slice only, 53 V F3 is generated at the V3 output. 
4. On each slice, F - 5 if magnitude of 50-3 is less than 8 and F - 5 minus 3 if magnitude of So-3 is 8 or greater. 
5. On each slice, F = 5 if magnitude of So-a is )ess than 5 and F - 5 plus 3 if magnHude of So-a is 5 or gnsater. Addition is module 

16. 
6. Additions and subtractions are BCD adds and subtracts. Results are undefined if R or 5 are not in valid BCD format. 
7. The Q Register cannot be used explic)tly as an operand for any 5pecia) Functions. It is defined impliciUy within the functions. 

L = LOW Hi-Z ~ High Impedance 
H = HIGH V = Exclusive OR 
X = Don't Care Parity'" 5103 V F3 V F2 V Fl V Fo 

Figure B. Sign Compare Flip-Flop 

---- -Ra v Fa r-<lI -
SPECIAL --FUNCTION 

0 Q I---AORC 

lEN CP- CLK 
_ SIGN 

Q n- COMPARE 

DFOOO760 

The sign compare signal appears at the Z output of the most significant slice during special functions C, 0 

and E, F. Refer to Table 5. 
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Output Buffers 
The DB, DA, and Y ports are bidirectional 110 ports driven by 
three-state output buffers with external output enable controls. 

The Y output buffers are enabled when the ()EY input is LOW 
and are in the high impedance state when ()EY is HIGH. The 
DB output buffers are enabled when the OEB input is LOW 
and the DA buffers are enabled when EA is LOW. 

The zero, Z, pin is an open collector input/output that can be 
wire-OR'ed between slices. As an output it can be used as a 
zero detect status flag and generally indicates that the Y 0-3 
pins are all LOW. To some extent the meaning of this Signal 
varies with the instruction being performed. Refer to Table 5 
for an exact definition of this signal as a function of the 
Am29203 instructions. On the Am29203, the Z pin will be 
HIGH if ()EY is HIGH, allowing zero detection on less than the 
full word. 

Instruction Decoder 
The Instruction Decoder generates required internal control 
signals as a function of the nine Instruction inputs, 10-8; the 
Instruction Enable input, lEJii; the ~ input; and the WRITE/ 
MSS input! output. . 

The WRITE output is LOW when an instruction which writes 
data into the RAM is being executed. Refer to Tables 3 and 4 
for a definition of the WRITE output as a function of the 
Am29203 instruction inputs. 

On the Am29203, when lEJii is HIGH, the Q register and Sign 
Compare Flip-Flop contents are preserved. When lEJii is LOW, 
the Q register and Sign Compare Flip-Flop can be written 
according to the Am29203 instruction. The Sign Compare Flip
Flop is an on-chip flip-flop which is used during an Am29203 
divide operation (see Figure B). On the Am29203, lEJii controls 
internal writing, but does not affect~. The lEJii signal can 
then be controlled separately at each chip to facilitate byte 
operations. 

Programming the Am29203 Slice Position 
Tying the J:SS input LOW programs the slice. to operate as a 
least significant slice (LSS) and enables. the WRITE output 
signal onto the WRITE/MSS bidirectional 110 pin. When ~ 
is tied HIGH, the WRitE/~ pin becomes an input pin; tying 
the WRITE/~ pin HIGH programs the slice to operate as 
an intermediate slice (IS) and tying it LOW programs the slice 
to operate as a most significant slice (MSS). The VV/MSS pin 
must be tied HIGH through a resistor. vv/MSS and ~ should 
not be connected together. 

Am29203 SPECIAL FUNCTIONS 
The Am29203 provides 16 Special Functions which facilitate 
the implementation of the following operations: 

• Single- and Double-Length Normalization 
• Two's Complement Division 
• Unsigned and Two's Complement Multiplication 
• Conversion Between Two's Complement and Sign/Magni-

tude Representation 
• Incrementation and Decrementation by One or Two 
• BCD add, subtract, and divide by two. 
• Single-and double-precision BCD to Binary and Binary to 

BCD conversion. 

Table 4 defines these Special Functions. 

The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 

5-343 

Three Special Functions which can be used to perform a two's 
complement, non-restoring divide operation are provided by 
the Am29203. These functions provide both single- and 
double-precision divide operations and can be performed in 
"n" clock cycles, where "n" is the number of bits in the 
quotient. 

The Unsigned Multiply Special Function and the two Two's 
Complement Multiply Special Functions can be used to 
multiply two n-bit, unsigned or two's complement numbers, 
respectively, in n clock cycles. These functions utilize the 
conditional add and shift algorithm. During the last cycle of the 
two's complement multiplication, a conditional SUbtraction, 
rather than addition, is performed because the sign bit of the 
multiplier carries negative weight. 

The Sign/Magnitude-Two's Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be convert
ed to the Two's Complement representation, and vice-versa, 
in one clock cycle. 

The Increment by One or Two Special Function can be used to 
increment an unsigned or two's complement number by one 
or two. This is useful in 16-bit word, byte-addressable ma
chines, where the word addresses are multiples of two. 

The BCD arithmetic special functions can be used to add or 
subtract two BCD numbers and generate a valid BCD result in 
one microcycle. In addition a BCD divide by two adjust 
instruction can be used to obtain a valid BCD representation 
after shifting a number down by one bit. 

The BCD/Binary conversion special function instructions facili
tate single- and double-precision algorithms to convert from 
BCD to Binary and from Binary to BCD. 

Refer to Am29203 applications section for a more detailed 
description of the.se Special Functions. 

035948 
Refer to Page 13-1 for Essential Information on Military Devices 

II 



li/OVA li/N X (OEY=L) 

(Ho., (Hex) Gi PI Moat S1g. Other MOIl S1g. Other Most SIg. Intennodiate Least SIg. 
18171S15 1413121, 10 p=O 10 3) (1=0103) c,,+4 Slice Slices Slice Slices SlIce Slie. Slice 

X 0 H 0 , 0 0 0 Fa ~ Yo Y, Y2 Ya Yo V, Y2 'i'3 YoY1\'2'i'3 
X , X Ai A Sj Rj v S; G v PCn c,,+a V c,,+4 j5 Fa ~ Yo Y, Y2 Ya Yo Y1 \'2 'i'3 'fo'V1 \'2 Ya 
X 2 X Rj A Sj Rj v S; G v PCn c,,+a V c,,+4 j5 Fa ~ YoY, Y2Ya Yo Y, Y2 'i'3 'fo'V1Y2'i'3 

X 3 X Ri A Sj Rj v 5j G v PCn c,,+a V c,,+4 j5 Fa ~ Yo Y, Y2 Ya Yo Y1 Y2 Ya Yo Y, Y2 'i'3 

X 4 X 0 Sj G v PCn c,,+a V c,,+4 II Fa ~ YoY, Y2'i'3 Yo Y, \'2 Ya Yo Y, \'2 'i'3 
X 5 X 0 S; G v PCn c,,+a V Cn +4 j5 Fa ~ Yo Y1 Y2 Ya Yo Y, Y2 Ya Yo Y1 Y2 Ya 
X 6 X 0 Rj G v PCn Cn +a VCn+4 p Fa ~ Yo Yj Y2 Ya Yo Y1 Y2 Ya Yo Y1 \'2 Ya 

X 7 X 0 R; G v PCn c,,+a V Cn +4 j5 Fa ~ Yo Y, Y2 Ya YoY1\'2Y'3 YoY1\'2'i'3 
X 8 H 0 , 0 0 0 Fa ~ Yo Y, Y2 Ya Yo Y1 \'2 Y'3 YoY1\'2'i'3 
X 9 X Rj A 5j , 0 0 0 Fa ~ Yo Y1 Y2 Ya Y(} Y1 \'2 Y'3 Yo Y1 \'2 Ya 
X A X Ri 1\ Sj Rjv Sj 0 0 0 Fa ~ Yo Y1 Y2 Ya YoY1Y2V3 Yo Y, Y2 'i'3 

X B X Ai A Sj Rj v Sf 0 0 0 Fa 1l: Yo Y1 Y2 'i'3 YoY, Y2Ya Yo Y, Y2 Ya 

X C X Ri 1\ Sj , 0 0 0 Fa ~ Yo Y, Y2 Ya Yo Y, Y2 Ya Yo Y, Y2 Ya 

X 0 X Rj , S; , 0 0 0 Fa ~ Yo Y, Y2 Ya Yo Y, Y2 Y'3 Yo Y1 Y2 Ya 

X E X Rj 'Sj , 0 0 0 Fa ~ Yo Y, \'2 Ya Yo Y, Y2 Ya Yo Y, Y2 Ya 

X F X R;'S; , 0 0 0 Fa ~ Yo Y, Y2 Ya· Yo Y, Y2 Va Yo Y1 Y2 Ya 

o jf Z-L 5j if Z=L 
Cn~a VCn +4 j5 ~ 0 0 L Rj'StifZ=H Rj v 5j if G v PCn Fa Input Input 00 

Z=H , 0 L 0 St G v PCn c,,+a V C+4 p Fa ~ Yo Y, Y2 'i'3 Yo Y, Y2 Y3 Yo Y, Y2 Ya , 8 L 0 St 0 0 0 Fa ~ Yo Y, \'2 Ya Yo Y1 Y2 Ya Yo Y, Y2 Ya 

o if Z=L 5IifZ-L 
P ~ 2 0 L 

RI ' 5j if Z=H RI v 51 if G v PCn Cn+a V Cn +4 Fa tnput Input 00 
Z-H 

3 0 L (Note 6) (Note 7) G v Pen Fn+3 VCN+4 p F3 ~ YoY1\'2'i'3 Yo Y1 \'2 Y3 Yo Y, \'2 'i'3 

4 O. L (Note') (Note 2) G v pc" Fn+3 V CN+4 p F3 ~ YoY1Y2'i'3 Yo Y1 \'2 V3 Yo Y1 Y2 'i'3 

5 0 L 0 ~ if Z=L G v pc" c,,+3 V Cn+4 p F3 if Z-L ~ 53 Input Input I if Z=H Fa V Sa H=H 

o H Z=L ~ H Z=L 
6 0 L Rj,SjifZ;'H j v 51 if G v PCn Cn +3 V Cn +4 j5 Fa ~ Input Input 00 

Z-H 

7 0 L 0 Sj G v PCn Cn+a V c,,+4 J5 F3 ~ Yo Y, Y2 Y3 YoY1\'2Y'3 YoY1\'2'i'3 
8 0 L 0 St (Note 3) 02 V 0, J5 Oa ~ llOO1Oi!03 tiOO1Oi!03 tiOO1Oi!03 
9 0 L 0 Sj G v PCn Cn+a V Cn+4 p F3 ~ llO 01 02 03 llOO1Oi!03 tiOO1Oi!03 
9 8 L 0 51 0 0 0 F3 ~ tiOO10203 llOO1Oi!03 tiOO1Oi!03 
A 0 L 0 51 (Note 4) F2 V F, II F3 ~ (1IIote 5) (Note 5) (Note 5) 

B 0 L Rj , St Rj v 51 G v PCn (Note 8) (Noie 8) (Note 9) (Note.9) YoY1\'2'i'3 Yo Y, Vii Ya YoY, Vii'i'3 

Rjv 5j if 

C 0 L ~'SjifZ=L Z=L G v PCn Cn+a VCn+4 II F3 ~ Sign Compare Input Input 
j'StHZ=H R;vS;if FF Output 

Z=H 

0 o· L Rj , S; Rj v S; Gv PCn Cn+a V c,,+4 p Fa ~ Yo Y1 Y2 Ya Yo Y, Vii Ya YoY, Vii'i'3 

RI v 51 if 

E 0 L .!!i'StHZ-L Z-L G v PCn Cn+a V Cn +4 p Fa ~ Sign Compere Input Input 
Rj'StifZ=H R;vS;if FF Output 

Z=H 

F 0 L Ai,Sj Ai v 5j G v PCn Cn+a VCn+4 p Fa ~ Yo Y1 Y2 Y3 Yo Y, Y2Y'3 YoY1'f2'i'3 

Notes: 1. If m is LOW, Go = So and Gl, 2, 3 = O. If rns is HIGH, Go", 2. 3 = O. L-LOW-O 
2. If rns is LOW, Po = 1 and P" 2, 3 - 5,,2,3. If m is HIGH, Pi = 5i H=HIGH=1 
3. At the most significant slice, Cn + 4 = 03 V 02. At other slices, Cn + 4 ';' G v PCn. V=OR 
4. At the most sigoific~nt slice, Cn + 4 = F3 V F2. At other slices, Cn + 4 = G v PCn· A=AND 
5.Z=ao~~ 3 0l'11=2~. V = EXCLUSIVE OR 
6. If ~ is LOW, Go· 0 and G" 2, 3 = 5" 2, 3. If LSS is HIGH, Go, " 2, 3 = So, " 2, 3· P- P3P2P,PO 
7. If m is LOW, P~- 5Q..and P', ~3 =.!:. If rns is HIGH, Po, " 2, 3 = 1. G = G3 V G2P3 G,P2P3 v GOP,P2P3 
8. On all slices P = ( 0 + P31 (Po + 21 (Po + G, + j521. Cn+3-G2 v G,P2 v GOP,P2 

v CnPoP, P2 
9. On all slices G = G3 (Go + G, + j521 (Go + G,I (P1 + G21 (153 + 15, • P 2 • Gol. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature Under Bias ...•..... -55·C to + 125·C Temperature ..................................... O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage •........................... + 4. 75V to + 5.25V 

Continuous ...................................... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55·C to + 125·C 

High Output State ......•..•......•..•... -O.5V to + VCC max 
DC Input Voltage ................................. -O.5V to + 5.5V 

Supply Voltage .........................•..... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current.. ........................... -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Unite 

IOH= .::1.6mA 
2.4 Yo-Ya,G/N 

VOH Output HIGH Voltage Vee = MIN IOH - .:: 8001tA , 
Volts 

VIN = VIH or VIL OBo.a,P/OVR 
8100,~IOa,0100,010a, 

2.4 

WRIT, Cn+4 

leEX 
Output Leakage Current Vee = MIN, VOH - 5.5V 250 ItA for Z Output (Note 4) VIN = VIH or VIL 

YO,Yl,Y2 IOL = 20mA(COM'L) 

Ya,Z IOL - 16mA(MIL) 0.5 

OBO,OB1, IOL = 12mA(COM'L) 

OB2,OBa IOL = 8.0mA(MIL) 0.5 

VOL Output LOW Voltage Vee = MIN 
GIN IOL=18mA 0.5 Volts VIN = VIH or VIL 
IS/OVR IOL -10mA 0.5 

Cn+'\:.~ 
81Oa,Ol00 IOL=8.0mA 0.5 
010a,51Oo 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts VOltage for all inputs (Note 6) 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Vo~s voltage for all inputs (Note 6) 

VI Input Clamp Voltage Vee = MIN, liN - -18mA -1.5 Volts 

Cn -3.6 

YO,Yl,Y2,Ya -1.13 

lo,ll.i2.13.14 
-0.72 

Vee = MAX, VIN = 0.5V OAO,OA1,OA2,O~ 
IlL Input LOW Current (Note 4) 5100.5103,OIOo,~ mA 

010a.OBo,OB1, -0.77 
OB2,OB3 

All other inputs -0.36 

Cn 200 

YO,Yl,Y2,Ya 110 

10-14,OAo-OAa 40 
IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

5100,510a,~ ItA (Note 4) 
0103,OBo·3, 90 
0100 
All other inputs 20 
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Parameters 

II 

10ZH 
10ZL 

lOS 

Icc 

Notes: 

Typ 
Description Test Conditions (Note 1) Min (Note 2) Max Units 

Input HIGH Current Vcc = MAX, VIN = 5.5V 1.0 mA 

Vo - 2.4V 110 

011 State Yo-Ya VO=0.5V -1130 
(HIGH Impedance) Vee-MAX, jJA 
Output Current (Note 4) 

DBo-a,OiO~?IF3 
Vo= 2.4V 90 

~,SIOa, R TEl Vo=O.5V -770 

Output Short Circuit Vee = MAX + 0.5V -30. -85 mA Current (Note 3) Vo=0.5V 

TA=O to 70·C 350 
COM'L TA -70·C 291 Power Supply Current 

(Note 5) Vee = MAX Te = -55 to 125·C 395 mA 

MIL 
Tc- 125•C 258 

1. For conditions shown as MIN. or MAX, use the appropriate value specified 
under Operating Ranges for the applicable device type. 

,2. Typical limits are at Vee-5.OV, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short 

circuit test should not exceed one second. 
4.YO-3, DBO_3, SIOo 3, 01003, and WRITE/MSS are three state outputs internally 

connected to TIL' inputs. Z is an open-collector output internally connected to a 
TIL input. Input characteristics are measured under conditions such that the 
outputs are in the OFF state. 

5. Worse case ICC is at minimum temperature. 
6. Three input levels provide zero noise immunity and should only be static tested 

in a noise-free environment (not functionally tested). 
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Am29203 Burn-in and Life Test Circuit 

Vee CLOCK 
Vee 

•• 
Vee 

•• 14332343 39 38 15 31 

27O!l .7 
e, CP '. '. DAo DA2 EA i:SS 'EN OEY OEe _ .. 

G 

j9 
27 

'0 

PE CP 11 4' ~ P, G, I-- ~ 

~ P2 ~ 
.2 20 

4 
G2 

~ P, • -
3 

G, '3 45 r-- Po Am9316 

C '0 ..-.- CET .4 
7 

Go r---..-.- CEP .. 
• iiii '5 30 - Tel Vee GN: 4. 

I 40 

A, 

Cn 

e 2 

A2 

5100 

QK)o 

e, 

A, 

'2 

eo 

Ao 

" 
USS 

Z 
22 3000 

16 3000 
Yo 

17 3000 
V, I. 3000 
Y2 

V, 
'9 3000 

470ll 
ji 

.2 

11 5600 
Cn + 4 

2. 58O!l 
SIO,~--~~-----+ 

5600 48 
QK),~--~~-----+ 

23 58O!l 

DBa 1---""""---+ 
24 560n 

De,~--~~ ____ -+ 
5600 

5600 

O.;~F ,!. Vee GNO 17 Is 14 '3 .. DA, DA, WE 

Vee = 5.0V 
Frequency = 100kHz 
TA = +125°C 

136 13 33 35 9 

~e----~iHr-+-~~--~~~~~~ 
0 .• ;;' 

All registers are 1/4 watt :!:5% 
This circuit conforms to MIL-STO-883, Methods 1005 and 1015, Condition O. 
One Am9316 Can Drive Maximum of Five Am29203s. 

Notes on Testing 
Incoming test procedures on this device should be carefully 
planned taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1.1nsure the part is adequately decoupled at the test head. 
Large changes in Vee current when the device switches 
may cause erroneous function failures due to Vee changes. 

2.Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

S.Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
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may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL .;;, OV and VIH;;' S.OV for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 

6. To assist in testing AMD, offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 

035948 
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SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR' 
OUTPUTS 

Vee 

I 
liz Vee Vee 

? 

~' II, A, A, 

VQUTo--cY"( I.A 
5, 

LA 
5, 

~f 
1"1 "i 7' VOUT~ 1 1"1 ~7 

Vour~ 
..:'-

.:!~ 
.or.., 

'K I CL ~~ 
A • 

I' .:!~ 
~~ 

":" ":" ~ 

ISz TCOOl380 TCOO1420 

TCOOl430 

2.4V 
R2~-

IOH 

R,· 
5.0 - VBE - VOL 

R,· 
5.0 - VBE - VOL 5.O- VOL 

IOL + VOL IOL + VOL 
R,---

IOL 
1K R2 

Notes: 1. CL - 50pF includes scops probe. wiring and stray capacitances without device in hand in test 
fixture. 

2. Sl. S2. S3 are closed during function test and all AC tests except output enable tests. 
3. Sl and S3 are closed while S2 is opsn for tpZH test. 

Sland S2 are closed while Sa is opsn for tPZL test. 
4. CL ~ 5.0pF for output disable. tests. 

TEST OUTPUT LOADS FOR AII129203 

Test 
Pin# Pin Label Circuit R1 R2 

1 QIOo A 458 1K 

11 Cn +4 B 478 3K 

12 P/OVR B 383 3K 

14 ~IN B 212 1.5K 

16-19 Yo-a A 241 1K 

20 SIOO A 458 1K 

21 SI03 A 458 1K 

22 Z C 281 -
23.026 DB()'3 A 458 1K 

40 WRi'fE/MSS A 458 1K 

48 QI03 A 458 1K 

For additional information 'on testing. see section 
"G.uidelines on Testing Am2900 Family Devices." 

5-348 
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Am290203 GUARANTEED COMMERCIAL RANGE PERFORMACE 

The Am290203 switching characteristics are a function of the mode of the devices. The data has been condensed onto the 
power supply voltage, the temperature, and the operating tables below. 

INDEX TO SWITCHING TABLES 

Table Data Type Conditions Applicable To 

A Clock and Write Pulse 4.75 to 5.25V, 0 to 70·C All Functions 

B Enable/Disable Times 4.75 to 5.25V, 0 to 70·C All Functions 

C Setup and Hold Times 4.75 to 5.25V, 0 to 70·C All Functions 

1-2 Combinational Delays 4.75 to 5.25V, 0 to 70·C Standard and Increment/Decrement by 1 or 2 

1-3 Combinational Delays 4.75 to 5.25V, 0 to 70·C Multiply Instructions 

1-4 Combinational Delays 4.75 to 5.25V, 0 to 70·C Divide Instructions 

1-5 Combinational Delays 4.75 to 5.25V, 0 to 70·C BCD Instructions 

1-6 Combinational Delays 4.75 to 5.25V, 0 to 70·C Sign Magnitude to Two's Complement Conversion 

1-7 Combinational Delays 4.75 to 5.25V, 0 to 70·C Single Length Normalization 

Am29203 Guaranteed Commercial TABLE B_ ENABLE/DISABLE TIMES 
Range Performance ALL FUNCTIONS 

The tables below specify the guaranteed performance of the From To Enable Disable 

Am29203 over the commercial operating range of 0 to + 70·C, OEY Y 25 21 
with Vee from 4.75 to 5.25V. All data are in ns, with inputs 

(jEB DB 25 21 switching between 0 and 3V at Wins and measurements 
made at 1.5V. All outputs have maximum DC load. EA DA 25 21 

TABLE A. CLOCK AND WRITE PULSE 18 SIO 25 21 

CHARACTERISTICS 18 010 38 38 
ALL FUNCTIONS 

18765 010 38 38 

Minimum Clock LOW Time 30ns 143210 010 38 38 

Minimum Clock HIGH Time 30ns r:ss WR 25 21 

Minimum Time CP and WE 
15ns 

Note: CL = 5pF for output disable tests. Measure-
both LOW to Write ment is made to a 0.5V change on the 

output. 

COMBINATIONAL PROPAGATION DELAYS 
CL= 50pF 

1-2 STANDARD AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS 

To 

From Y Cn +4 ~, p Z N OVR DA, DB WR QIOo, 3 SIOo SI03 SIOo 
Parity 

A, B Addr 67 55 52 74 64 71 30 - - 44 62 84 

DA, DB 58 50 44 65 54 60 - - - 35 59 68 

Cn 30 18 - 35 26 26 - - - 21 27 40 

18-0 64 64 50 72 59 62 - 34 26 48 62 74 

CK 58 42 43 61 54 60 21 - 21 35 54 65 

MSS 33 - 41 40 36 44 - - - 40 40 44 

SIOo,3 23 - - 29 - - - - - - 29 19 

035949 
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TABLE C. SET-UP AND HOLD TIMES ALL FUNCTIONS 

HIGH·to-LOW I LOW·to-HIGH 

Tpwl 

From With Respect to Set-ilP Hold ., Sel-up Hold Comments 
y CP Oon't Care Oon't Care J 14 3 Store Y in RAM/O 

WE HIGH CP 15 Tpwl 0 Prevent Writing 

WE LOW CP Oon't Care Don't Care I 15 0 Write into RAM 

A, B Source CP 20 3 I Oon't Care Oon't Care Latch Dats from RAM Out 

B Destination CP 6 Tpwl 3 Write Data into B Address 

0100,3 CP Oon't Care Don't Care I 17 3 Shift a 
18765 CP 28 Tpwl 0 

iEiii HIGH CP 24 Tpwl 0 Prevent Writing into a 
iEiii LOW CP Don't Care Don't Carel 21 0 Write into a 
143210 CP 24 TpwI 0 

Note: 1. The internal Y ·bus to RAM set-up condffion will be met 5ns after valid Y output (~- 0). 

1-5 BCD INSTRUCTIONS (SF 1, SF 7, SF 9, SF B, SF D, SF F) 

To 

From Slice y Cn +4 G, P z N OVR 
MSS 77 55 - 72 68 68 

A, B Addr IS 77 55 61 72 - -
LSS 77 55 61 72 - -
MSS 61 50 - 65 58 59 

DA, DB IS 61 50 49 65 - -
LSS 61 50 49 65 - -
MSS 36 23 - 35 33 33 

Cn IS 36 23 - 35 - -
LSS 36 23 - 35 - -
MSS 72 84 - 72 59 62 

I~ IS 72 84 60 72 - -
LSS 72 64 60 72 - -
MSS 68 52 - 68/29 64 60 

CK IS 68 . 52 55 68/29 - -
LSS 68 52 56 68/29 - -
MSS - - - - - -

Z IS - - - - - -
LSS - - - - - -

lEN Any - - - - - -
SIOo-a Any 23 - - - - -

Note 1: Binary to BCD and multiprecision Binary to BCD Instructions only. 

BCD to Binary converslon (SF 1) Binary to BCD co,nverslon (SF 9) 
BCD divide by two (SF 7) BCD add (SF B) 

5-350 

DA SIO 
DB WR QIO SIOo SI03 Parity 

30 - - 44 62 84 

30 - - 44 62 84 

30 - - 44 62 84 
- - - 35 59 68 

- - - 35 59 68 

- - - 35 59 68 

- - - 29 34 40 

- - - 29 34 40 

- - - 29 ' 34 40 

- - 26 48 62 74 

- - 26 48 62· 74 

- 34 26 48 62 74 

21 - 21 35 54 65 

21 - 21 35 54 65 
21 - 21 35 54 65 

- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -

BCD substract (SF D, SF F) 

03594B 
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Guaranteed C.ombinational Delays 
TA = 0 to +70·C, Vee = 4.75 to 5.25V 

1·3 MULTIPLY INSTRUCTIONS (SF 0, SF 2, SF 6) 

To 

DA SIO 
From Slice y Cn +4 G, is z N OVR DB WR 0100 SIOo Parity 

MSS 67 55 - - 64 71 30 - - 44 -
A. B Addr IS 67 55 52 - - - 30 - - . 44 -

LSS 67 55 52 - - - 30 - - 44 -
MSS 59 50 - - 54 60 - - - 35 -

DA. DB IS 58 50 44 - - - - - - 35 -
LSS 58 50 44 - - - - - - 35 -
MSS 34 18 - - 26 26 - - - 21 -

Cn IS 30 18 - - - - - - - 21 -
LSS 30 18 - - - - - - - 21 -
MSS 104 76 - - 90 96 - - 26 68 -

I~ IS 91 76 74 - - - - - 26 68 -
LSS 91 76 74 31 - - - 34 26 68 -
MSS 62 42 - - 54 60 21 - 21 35 -

CK IS 58 42 43 - - - 21 - 21 35 -
LSS 95 79 79 29 - - 21 - 21 71 -
MSS 72 50 - - 64 64 - - - 42 -

Z IS 66 50 50 - - - - - - 42 -
LSS - - - - - - - - - - -

irn Any - - - - - - - - - - -
SI00-3 Any 23 - - - - - - - - - -

Unsigned Multiply Two's Complement Multiply Two's Complement Multiply Last Cycle 

SF 0: F=S+Cn if Z=L SF 2: F=S+Cn ff Z=L SF 8: F=S+Cn ff Z=L 
F=S+A+Cn ff Z=H F=A+S+Cn ff Z=H F=S-A-1+Cn ff Z=H 
V3 = Cn +4 (MSS) Va = Fa V OVA (MSS) Va = OVA' V F3 (MSS) 
Z=Oo (LSS) Z=Oo (LSS) Z=Oo (LSS) 

Guaranteed Combinational Delays 
TA = 0 to +70·C, Vec = 4.75 to.5.25V 

1·2 STANDARD AND INCREMENT/DECREMENT 
BY ONE OR TWO INSTRUCTIONS (SF 3 and SF 4) 

To 

From y Cn +4 G, is z N OVR DA, DB 

A, B Addr 67 55 52 74 64 71 30 

DA. DB 58 50 44 65 54 60 -
Cn 30 18 - 35 26 26 -
16-0 64 64 50 72 59 62 -
CK 58 42 43 61 54 60 21 

fV1SS 33 - 41 40 36 44 -
5100.3 23 - - 29 - - -

Decrement 5F3: F = 5 - 2 + Cn Increment 5F4: F = 5 + 1 + C n 

5-351 

WR 0100,3 SIOO SI03 SIOo 
Parity 

- - 44 62 84 

- - 35 59 68 

- - 21 27 40 

34 26 48 62 74 

- 21 35 54 65 

- - 40 40 44 

- - - 29 19 
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SF 5: 
F 
F 
Va 
Z 

GUaranteedComlilnatlonal Delays 
TA = 0 to +70°C, Vee = 4.75 to 5.25V 

1-6 SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5) 

From Slice y Cn +4 G,P Z 
MSS 98 !!8 - 42 

A,B Addr IS 67 55 52 -
LSS 67 55 52 -
MSS 93 < 83 - 37 

DA, DB IS 58 50 44 -
LSS 58 50 44 -
MSS 30 18 - -

Cn IS 30 18 - -
LSS 30 18 - -
MSS 89 73 - 28 

'8-0 IS 86 73 72 -
LSS 86 73 72 -
MSS 96 82 - 36 

CK IS 58 42 43 -
LSS 58 42 43 -
MSS - - - -

Z IS 62 46 44. -
LSS 62 46 44 -

lER ATrf - - - -
SIOo-a ATrf - - - -

- S+Cn n Z-L 
- ~+Cn n Z-H 
D Sa V Fa (MSS) 
= Sa (MSS) 

, 

To 

N OVR 
9.7 104 

- -
- -

92 99 

- -
- -

29 26 

- -
- -

91 84 

- -
- -

89 96 

- -
- -
- -
- -
- -
- -
- -

5·352 

DA SIOO 
DB WR QIO SiO Parity 
30 - - - 132 

30 - - - 84 

30 - - - 84 

- - - - 127 

- - - .. 68 

- - - - 68 

- - - - 40 

- - - - 40 

- - - - 40 

- - - - 118 

- - - - 96 

- 34 - - 96 

21 - - - 126 

21 - - - 65 

21 - - - 65 

- - - - -
- - - - 90 

- - - - 90 

- - - - -
- - - - -

035948 
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From Slice y 

MSS 67 

A,B Add, IS 67 

LSS 67 

MSS 58 

DA, DB IS 58 

LSS 58 

MSS 30 

Cn IS 30 

LSS 30 

MSS 55 

10-5 IS 52 

LSS 52 

MSS 58 

CK IS 58 

LSS 58 

MSS -
Z IS -

LSS -
~ Arry -
S100-3 Any -

SF 8: 
F -S+Cn 
N -03(MSS) 

Cn +4 -Q3VQ2(MSS) 
OVR = Q2VQ1(MSS) 
Z -00 <:l1 ~ 03 

Guaranteed Combinational Delays 
TA = 0 to +70'C, Vcc = 4.75 to 5.25V 

1-7 SINGLE LENGTH NORMALIZATION (SF 8) 

To 

DA SIO 
Cn +4 G, j5 Z N OVR DB WR QI03 SI03 Parity 

- - - - - 30 - - 62 -
55 52 - - - 30 - - 62 -
55 52 - - - 30 - - 62 -
- - - - - - - - 59 -
50 44 - - - - - - 59 -
50 44 - - - - - - 59 -
- - - - - - - - 27 -
18 - - - - - - - 27 -
18 - - - - - - - 27 ~ 

46 - 29 24 25 - - 26 60 -
50 30 29 - - - - 26 54 -
50 30 29 - - - 34 26 54 -
26 - 29 23 27 21 - 21 54 -
42 43 29 - - 21 - 21 54 -
42 43 29 - - 21 - 21 54 -
- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -
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Guaranteed Combinational Delays 
TA = 0 to +70·C, Vee = 4.75 to 5.25V 

1-4 DIVIDE INSTRUCTIONS (SF A, SF C, SF E) 

To 
SIO 

. From Slice y Cn+4 G,P z N OVR SI03 DA,DB QI03 WR Parity 
MSS 67 55/60 - 74 64 71 30 - - 62 -

A, B Addr IS 67 55 52 74 - - 30 - - 62 -
LSS 67 55 52 74 - - 30 - - 62 -
MSS 58 50/55 - 65 54 60 - - - 59 -

'DA, DB IS 58 50 44 65 - - - - -. 59 -
LSl? 58 50 44 65 - - - - - 59 -
MSS 30 18/411 - 35 26 26 - - - 30/271 -

Cn IS 30 18 - 35 - - - - - 27 -
LSS 30 18 - 35 - - - - - 27 -
MSS 80/55 75 - 47 /31' 77 77 - - 26 90171 -

I~ IS 80/551 75 - 471 - - - - 26 85/52 -
LSS 80/55 75 - 47 - - - 34 26 85/52 -
MSS 58 /8g< 50173< - 61 /29< 54 /92< 60 /92< 21 - 21 87</54 -

CK IS 58 42 43 61' - - 21 - 21 54 -
LSS 58 42 43 61 - - 21 - 21 54 -
MSS - - - - - - - - - - -

Z IS 61 44 46 - - - - - - 58 -
LSS 61 44 46 - - - - - - 58 -

IER Any - - - - - - - - - - -
SIOo-a Arry 23 - - - - - - - - - -

Notes: 1, Only 151 divide and normalization. 
2. Only two's complement divide and two's complement divide correction. 

Double Length Normalize and F.irst Divide Op , 

SF A: F.-S+C,,! 
N-F.3 (MSS) 
SiCs ;. F3 V R3 (MSS) • 
en +4 - Fs V F2 (MSS), 
OVR - ~ V F~MSS) 
Z-~ 1~ s~!!1~J!3 

Two's Complement Divide 

SF c: F-R+S+Cn ij Z=L 
F=S-R-l+CnHZ=H 
SiCs", - ~ RV R3 (MSS) 
Z = 3 3 (MSS) from previous cycle 

Two's Complement Divide Correction and Remainder 

SF E: F=R+S+Cn ij Z-L 
, 

F-S-R-l+CnHZ-H 
Z - F'3""VR3 (MSS) from previous cycle 
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Am29803A 
16-Way Branch Control Unit 

DISTINCTIVE CHARACTERISTICS 

• 16 separate instructions - 2, 4, 8 or 16-way branch in 
one microprogram execution cycle 

• Four individual test inputs 
• Advanced Low-Power Schottky processing 

• Four individual outputs for driving the four OR inputs on 
the Am2909A Microprogram Sequencer 

• Provides maximum branch capability in a microprogram 
control unit using the Am2909 

GENERAL DESCRIPTION 

The Am29803A is a Low-Power Schottky processed device 
that provides 16-way branch control when used in conjunc
tion with the Am2909A Microprogram Sequencer. 

The device features 16 instructions that provide all combi
nations of simultaneous testing of four different inputs. The 
device has four outputs that are used to drive the four OR 
inputs of the Am2909A Microprogram Sequencer. 

The "zero" instruction inhibits the testing of any of the four 
test (T) inputs. The remaining 15 instructions are used to 

test combinations of 1, 2, 3 or 4 of the T inputs simulta
neously. If one T input is being tested, the Am29803A will 
select one of two possible addresses. If two T inputs are 
being tested, the device will select one of four possible 
addresses. If three T inputs are being tested, the device will 
select one of eight possible addresses. If aU four T inputs 
are being tested, the device will select one of sixteen 
addresses as the field used to drive the OR inputs of the 
Am2909A. 

BLOCK DIAGRAM 

T3 
.... 

1'3 OR3 
~ 

...... ...... OR3 

T2 .... 
1'2 OR2 

..r-
...... ...... OR2 

DeCODE 

..r:-.... MATRIX 

T,- ...... 'f, OR, .... OR, 

TO .... To ORo ..r:-
...... To I, '2 '3 .... ORO 

..l~ t ,n J.~ 

'0 " '2 '3 

80002570 

03648A 
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CONNECTION DIAGRAM 
Top View 

D16 
P16 

F·16* 

CDO04790 

*F-16 pin configuration identical .to 0-16, P16. 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL 

$ I 14 

" DE, 13 

"" " 0" OR,oo, 0", 

I til IT 12 

LSOO10BO 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29803A 

Device type . 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (- 55·C to + 125·C) 

Package 
D-16-pin CERDIP 
F - l6-pin flatpak 
P-16-pin plastic DIP 

l6-Way Branch Control Unit 

5-356 

Valid Combinations 

Am29803A I :;g, DCB, DMB 
FMB 

Valid Combinations 
Consult the AMD sales office in your aree to 
determine if a device is currently available in the 
combination you wish. 

03648A 
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Pin No. Name 110 
3.2 10. 1,. I 
1. 15 12. 13 

5.6 To. T,. I 
7.4 T2. T3 

9. 10. 11. ORO.OR, 0 
12 OR2. 0R3 

13. 14 mi,. ~2 I 

PIN DESCRIPTION 

Description 

The four instruction inputs to the device. 

The four test inputs for "the device. 

The four outputs of the device that are connected to the four OR inputs 6f the Am2909. 

Output Enable. When either ~ input is HIGH. the OR; outputs are in the high impedance state. When 
both the mi, and mi2 inputs are LOW. the OR outputs are enabled and the selected data will be 
present. 

GUARANTEED LOADING RULES 

OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined 
as 20jiA measured at 2.7V HIGH and -O.36mA 
measured at O.4V LOW. 

Pin Inputl Input 
No.'s Output Load 

1 12 0.5 

2 1, 0.5 

3 10 0.5 

4 T3 0.5 

5 To 0.5 

6 Tl 0.5 

7 T2 0.5 

8 GND -
9 ORo -

10 ORI -
11 OR2 -
12 OR3 -
13 OEI 0.5 

14 0E2 0.5 

15 13 0.5 

16 Vee -

5·357 

Output 
HIGH 

-

-
-
-
-
-
-
-

100 

100 

100 

100 

-
-
-
-

Output 

LOW 
MIL COM'L 

-
-
-
-
-
-
-

. -
44 

44 

44 

44 

-
-
-
-

-
-
-
-
-
-
-
-
44 

44 

44 

44 

-
-

-
-

0364BA 
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I 
E 
c( 

Function 
No Test 

Test To 

Test Tl 

Test To & Tl 

Test T2 

Test To & T2 

Test Tl & T2 

Test To. Tl & T2 

Test T3 

Test To & T3 

Test Tl & T3 

Test To. Tl & T3 

Test T2 & T3 

Test To. T2 & T3 

Test T1..T2 & T3 

13 12 
L L; 

L L 

L L 

L L 

L H 

L H 

L H 

L H 

H L 

H L 

H L 

H L 

H H 

H H 

H H. 

" 

FUNCTJON TABLE 

11 10 T3 
L L X 

L H X 
X 

H L X 
X 

X 

H H X 
X 
X 

L L X 
X, 

X 

L H X 
X 
X 

X 

H L X 
X 
X 

X 
X 
X 

H H X 
X 
X 
X 
X 

L L L 
H 

L 

H L L H 
H 

L 

H L L 
H 
H 

L 
L 
L 

H H L 
H 
H 
H 
H 

L 

L L L 
H 
H 

L 
L 
L 

L H L 
H 
H 
H 
H 

L 
'L 
L 

H L L 
H 
H 
H 
H 

5-358 

T2 
X 

X 
X 

X 
X 

X 
X 
X 
X 

L 
H 

L 
L 
H 
H 

L 
L 
H 
H 

L 
L 
L 
L 
H 
H 
H 
H 

X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 

L 
L 
H 
H 
L 
L 
H 
H 

L 
L 
H 
H 
L 
L 
H 
H 

Tl To OR3 OR2 ORI ORo 
X X L L L L 

X L L L L L 
X H L L L H 

L X L L L L 
H X L L L H 

L L L L L L 
L H L L L H 
H L L L H L 
H H L L H H 

X X L L L L 
X X L L L H 

X L ,L L L L 
X H L L L H 
X L L L H L 
X H L L H H 

L X L L L L 
H X L L L H 
L X L L H L 
H X L L H H 

L L L L L L 
L H L L L H 
H L L L H L 
H H L L H H 
L L L H L L 
L H L H L H 
H L L H H L 
H H L H H H 

X X L L L L 
X X L L L H 

X L L L L L 
X H L L L H 
X L L L H L 
X H L L H H 

L X L L L L 
H X L L L H 
L X L L H L 
H X L L H H 

L L L L L L 
L H L L L H 
H L L L H L 
H H L L H H 
L L L H L L 

,L H L H L H 
H L L H H L 
H H L 11 H H 

X X L L L L 
X X L L L H 
X X L L H L 
X X L L H H 

X L L L L L 
X H L L L H 
X L L L H L 
X H L L H H 
X L L H L L 
X H L H L H 
X L L H H L 
X H L H H H 

L X L L L L 
H X L L L H 
L X L L H L 
H X L L H H 
L X L H L L 
H X L H L H 
L X L H H L 
H X L H H H 
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FUNCTION TABLE (Cont.) 

Function 

H=HIGH 
L=lOW 
X = Don't care 

r- TC 

-. 
CARRY_ 1 

DVR- 6 

ZERO_ 6 

SIGN_ 4 

INRPT_ 3 

ETC_ 2 

I 
0, 

COUNTER 

LOAD/COUNT 

.["' 
L---r_...J 

I 
I 

12 10 T3 T2 T1 To OR3 OR2 OR1 
L L L L L L L 
L L L H L L L 
L L H L L L H 
L L H H L L H 
L H L L L H L 
L H L H L H L 
L H H L L H H 
L H H H l H H 
H L L L H l L H H H H 

H L L H H L L 
H l H L H L H 
H L H H H L H 
H H L L H H L 
H H L H H H L 
H H H L H H H 
H H H H H H H 

APPLICATION 

DATA BUS 

I 
INSTRUCTION REGISTER 

opcooe I OTHER 

ADDRess 

!i?a~~ ()l,~ 
OUTPUT 

, , 

Atn29811A 
NEXT 

ADDReSS 
CONTROL 

POLARITY 
CONTROL r--- TEST 

I 

1-1--

I 
I 

I REG'STER I 
I SUBROUTINE I 1 AND LOOP srACII. 
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1 ~I ~~":;'H~~.,LTVA:S I MICROPROGRAM 
COUNTE R AEGISTE R 

I 
o PC 

5 MULTiPLEXER 
50 NEXT ADDRESS I 

I 
I OUTPUT INCREMEfIITfR TEST 

BRANCti 
ADDRESS 

I 

Am2980JA 

-------+--~+.;.<:.l 16WAY r- OR I OR BRANCH 
CONTROL U"'IT 

ADDRESS 

MICROPROGRAM MEMORY 

NeXT ADDRESS I 
SELECT 

I I 

INSTRUCTION 
AND ENABLES 

, 

~L~ __ -r __ ~ __ ·~"_PE_"_'E~R_EG_"_TTER __ ~ __ -r--J 

I I I I L '-_________ --' TO Am2901 

OR Am2903A 

OTHER 

ORO 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

AF001831 

A typical computer control unit using the Am2909. Am2911. Am29803A and Am29811A. Note that the least 
significant microprogram sequencer is an Am2909 and the more significant sequencers are Am2911' s. 
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·' 
ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Commercial (C) Devices Storage Temperature ......................... -:65°C to + 150°C 
Ambient Temperature Under . Bias ••....•.. -55°C to + 125°C Temperature ••.•.... ~ .....................••••... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

(Pin 16 to Pin 8) COntinuous .....•••...••.. -O.5Vto +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature .••...........•.••....•........• -55°C to + 125°C 

High Output State •••.•.•....••.•.••••... -O.5V to +Vcc max 
DC Input Voltage ................................. -O.5V to +5.5V 

Supply Voltage ............•................•. + 4.5V to + 5.5V 

DC Output Current, Into Outputs ..•.......••.••.....•..... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality , 
at or above these limits is not implied. Exposure to absolute 
maximum' ratings for extended periods may affect device 
reliabifity. 

DC CHARACTERISTICS over operating fange unless otherwise specified 

Typ 
Parameters Dee.c:ription Test Conditions Min (Note 1) Max Units 

VOH Output HIGH Voltage Vee - MIN, IOH = - 2.0mA 2.4 Volts 
VIN = VIH or VIL 

VOL Output LOW Voltage Vee = MIN, IOL = 16mA 0.45 Volts 
VIN = VIH or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts 
vo~age lor all inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Volts voltage for all inputs 

IlL Input LOW Current Vee = MAX, VIN = 0.45V -0.010 -0.250 rnA 

IIH Input HIGH Curren1 Vee = MAX, VIN = 2.7V 25 pA 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 rnA 

ISC Output Short Circuit Current Vee - MAX, Vour = O.OV (Note 2) -20 -40 -90 rnA 

lee Power Supply Current All inputs = GND 95 130 rnA Vee-MAX 

VI Input Clamp Voltage Vee- MIN,IIN--18mA -1.2 Volts 

L VO-4.5V 40 

ICEX Output Leakage Current Vee-MAX 1 VO=2.4V 40 pA vm-2.4V' .1 VO=O.4V -40 

CIN Input Capacitance VIN = 2.0V @ I - 1 MHz (Note 3) 4 

Output Capacitance 
pF 

COUT VOUT = 2.0V @ I = MHz (Note 3) 8 

Notes: 1. Typical limitS are at Vee = 5.0V and T A = 25"C. 
2. Not more than one output should be shorted at a time. Duration 01 the short circuH should not. be more than one second. 
3. These parameters are. not 100% tested, but are periodically sampled. . 

SWITCHING CHARACTERISTICS (T A = + 25°C, VCC = 5.0V) 

Parametera Description Test Conditions 

tpLH 

IPHL 
I; to OR; 

tPLH CL -15pF 
tPHL 

T; to OR; RL -2.0k!2 

tZH 

IzL 
~ltoOR; 

1Hz 
l5E; to OR; CL - 5.OpF 

tLZ RL = 2.0k!2 

5·360 

Min Typ Max Units 

25 35 ns 

25 35 ns . 
15 j8 ns 

15 18 ns 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Parameters Description Test Conditions Min Max Min Max Units 

IPLH 

IPHL 
I; 10 OR; 45 60 ns 

IpLH 

IpHL 
T; to ORI 45 60 

CL = 15pF 
ns 

IZH 
~; to ORI 

Rl=2.0kO 

IZl 
30 30 ns 

1Hz 
<5E; to ORI 

ILZ 
20 20 ns 

LOW-POWER SCHOTTKY INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

Vee 
DRIVING OUTPUT I DRIVEN INPUT 

I 
I 

[i] ----
-Y' 

I rA 
I ""I 

4l 
.ro- ji '. ~ ::::i ~ 

L -:l. ~ 
::::i ~ I 

I 
":" I ":" 

ICOOOO90 

Note: Actual current flow direction shown. 

5-361 
03648A 

Refer to Page 13-1 for Essential Information on Military Devices 

II 



Am29811A 
NeXt Address Control Unit 

DISTINCTIVE CHARACTERISTICS 

• Next address oontrol unit for the Am2911 A Micropro
gram Sequencer 

• 16 next address instructions 
• Test input for conditional instructions 

• Separate outputs to control the Am2911A, an indepen
dent event counter, and a mapping PROM/branch 
address interface . 

• Advanced Low-Power Schottky technology 

GENERAL DESCRIPTION 

The Am29811A is a Low-Power Schottky device designed 
specifically for next address control of the Am2911 A 
Microprogram Sequencer,' The device contains all outputs 
required to control a high-performance computer control 
unit or a structured state machine design using micropro
gramming techniques. 

Sixteen instructions are available by using a four-bit instruc
tion field 10-3. In addition, a test input is available such that 
conditional instructions can be performed based on a 
condition code test input. 

The full instruction set consists of such functions as 
conditional jumps, conditional jump-to-subroutine, condi
tional return-from-subroutine, conditional repeat loops, con
ditional branch to starting address, and so forth. 

One Am29811A can be used to control any number of 
Am2911 A Microprogram Sequencers. The Am2911 A Se
quencer is a four-bit slice itself. Thus, one Am29811 A Next 
Address Control Unit and three Am2911A Microprogram 
Sequencers can be used to build a powerful, microprogram 
sequencer capable of controlling 4k words of microprogram 
memory. 

BLOCK DIAGRAM 

MATRIX 
D£COQING 

ARRAY 

P= Pass 
F= Fail 

" 

s, 

.. 

~ 
80002580 

·03649A 
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CONNECTION DIAGRAM 

MAP E 

PUP 

FE 

S, 

So 

CNT LOAD 

CNT E 

GNO 

Top View 

016 
P16 

F-16* 

Vee 

CE 

'3 

'2 

" 
'0 

TeST 

PrE 

CDO04800 

*F-16 pin configuration identical to 0-16, P-16. 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL 

10 TEST 

'5 OE 
PUP 

S, 

14 13 12 11 

LSO01090 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29811A 

Device type 

o C B l L L S~f:~~i~g S~a"~~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
. C - Commercial (O°C to + 70°C) 

M - Military (- 55°C to + 125°C) . 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 

Next Address Control Unit 

5-363 

Valid Combinations 

Am29811A 16g, DCB, OMS 
FMS 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03649A 
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Pin No. ...ame 1/0 
11.12 10. 11 I 
13.14 .12.13 

10 TEST I 

6 ·COunter 0 
I.Oiiil 

7 Counter 0 
Enable 

1 fP, 0 
nabe 

9 pipe~ne 0 
Ena Ie 

3 ~ File 0 
Enable 

2 PUP 0 

5.4 So. SI 0 

PIN DESCRIPTION 

Description 

The four instruction· inputs to the Am29811A. 

The condition code input to the device. When the test input is LOW. the device assumes the test has failed. When 
the test input is HIGH. the device assumes the condition code required has been met; the test·has passed. 

This output is used to drive the parallel load input of an Am25LS2569 up/down counter. 

This output is used to driVe the counter enable input of an Am25LS2569 up/down counter. 

This output is used to control the three-state outputs of the mapping PROM or PLA used to provide the in~ial 
starting address for each machine instruction. 

This output is used to control the three-state output of the pipeline register (Am2918) containing the branch 
address for the computer control unit. 

This output is used to drive the file enable input of the Am2911. When the file enable output is LOW. a stack 
operation will take place. 

Push/Pop. The PUP output is used to drive the push/pop input of the Am2911 Microprogram Sequencer. When 
the PUP output is HIGH. a push will take place when the file is enabled. When the PUP output is LOW. a pop will 
take place when the file is enabled. 

These two outputs are used to drive the So and SI inputs to the Am2911 Microprogram Sequencer. These outputs 
control whether the direct input. the register. the microprogram counter. or the stack is selected as the source of 
the next address for the microprogram memory. 

GUARANTEED LOADING RULES 

OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 
20jJA measured at 2.7V HIGH and -0.36mA measured 
at O.4V LOW. 

Input! 
Pin No.'s Output 

1 MAP E 

2 PUP 

3 FE 

4 SI 

5 So 
6 CNT LOAD 

7 CNT E 

8 GND 

9 PL E 

10 TEST 

11 10 

12 II 

13 12 

14 13 

15 OE 
16 Vee 

Input Output 
Load HIGH 

- 100 

- 100 

- 100 

- 100 

- 100 

- .100 

- 100 

- -
- 100 

0.5 -
0.5 -
0.5 -
0.5 -
0.5 

- 100 

- -

5-364 

Output 

MIL 

44 

44 

- 44 

44 

44 

44 

44 

-
44 

-
-
-
-
-
44 

-

LOW 

! 

COM'L 

44 

44 

44 

44 

44 

44 

44 

-
44 

-
-
-
-
-
44 

-
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MNEMONIC 13 12 11 

JZ L L L 
CJS L L L 
JMAP L L H 
CJP L L H 
PUSH L H L 

JSRP L H L 

CJV L H H 
JRP L H H 
RFCT H L L 
RPCT H L k. 
CRTN H L H 
CJPP H L H 
LOCT H H L 
LOOP H H L 
CONT H H H 
JP H H H 

INSTRUCTION 
MNEMONIC 

13 12 11 10 

JZ L L L L 

CJS L L L H 

JMAP L L H L 

CJP L L H H 

PUSH L H L L 

JSRP L H L H 

CJV L H H L 

JRP L H H H 

RFCT H L L L 

RPCT H L L H 

CRTN H L H L 

CJPP H L H H 

LDCT H H L L 

LOOP H H L H 

CaNT H H H L 

JP H H H H 

H = HIGH 
L=LOW 
X = Don't Care 

INSTRUCTION TABLE 

10 INSTRUCTION 

L Jump to Address Zero. 
H Conditional Jump-ta-Subroutine with Jump Address in Pipeline Register. 
L Jump to Address at Mapping PROM Output. 
H Conditional Jump to Address in Pipeline Register. 
L Push Stack and cond~ionally load counter. 

H Jump-to-Subroutine with starting address conditionally selected from Am2911 R-Register or 
Pipeline Register. 

L Conditional Jump to Vector Address. 
H Jump to Address cond~ionally selected from Am2911 R-Register or Pipeline Register. 
L Repeat Loop if counter is not equal to Zero. 
H Repeat Pipeline Address if counter is not equal to Zero. 
L Conditional Return-from-Subroutine. 
H Conditional Jump to Pipeline Address and Pop Stack. 
L Load Counter and continue. 
H Test end. of Loop. 
L Continue to next address. 
H Jump to Pipeline Register Address. 

Am29811A FUNCTION TABLE 

INPUTS OUTPUTS 

TEST NEXT 

FUNCTION ADDR FILE COUNTER MAP-E PL-E INPUT SOURCE 

JUMP ZERO X 0 HOLD LL* H L 

COND JSB PL L PC HOLD HOLD H L 
H 0 PUSH HOLD H L 

JUMP MAP X 0 HOLD HOLD L H 

COND JUMP PL L PC HOLD HOLD H L 
H 0 HOLD HOLD H L 

PUSH/COND LD CNTR L PC PUSH HOLD H L 
H PC PUSH LOAD H L 

COND JSB R/PL L R PUSH HOLD H L 
H 0 PUSH HOLD H L 

COND JUMP VECTOR L PC HOLD HOLD H H 
H 0 HOLD HOLD H H 

COND JUMP R/PL l R HOLD HOLD H L 
H 0 HOLD HOLD H L 

REPEAT L F HOLD DEC H L 
LOOP,CNTR * 0 H PC POP HOLD H L 

REPEAT PL, CNTR *0 L 0 HOLD DEC H L 
H PC HOLD HOLD H L 

COND RTN L PC HOLD HOLD H L 
H F pdp HOLD H L 

COND JUMP PL & POP L PC HOLD HOLD H L 
H 0 POP HOLD H L 

LOAD CNTR & X PC HOLD LOAD H L CONTINUE 

TEST END LOOP L F HOLD HOLD H L 
H PC POP HOLD H L 

CONTINUE X PC HOLD HOLD H L 

JUMP PL X 0 HOLD HOLD H L 

DEC = Decrement 
* LL = SpeCial Case 

5-365 
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MNEMONIC FUNCTION . 
PIN NO. 

JZ JUMP ZERO 

CJS COND JSB PL 

JMAP JUMP MAP 

CJP COND JUMP PL 

PUSH PUSH/COND LD CNTR 

JSRP CONDJSB R/PL 

CJV COND JUMP VECTOR 

JRP COND JUMP R/PL 

RFCT REPEAT LOOP. CTR "" 0 

RPCT REPEAT PL. CTR = 0 

CRTN COND RTN 

CJPP COND JUMP PL & POP 

LDCT LD CNTR & CONTINUE 

. LOOP TEST END LOOP 

CONT CONTINUE 

jp JUMP PL 

H=HIGH 
L-LOW 

Am29811A TRUTH TABLE 

INPUTS 

13 12 11 10 TEST 

14 13 12 11 10 
L L L L L 
L L L l H 

L L l H L 
L L L H H 

L L H L L 
L L H L H 

L L H H L 
L L H H H 

L H L L L 
L H L L H 

L H L H L 
L H L H H 

L H H L L 
L H H L H 

L H H H L 
L H H H H 

H L L L L 
H L L L H 

H L L H L 
H L L H H 

H L H L L 
H L H L H 

H L H H L 
H L H H H 

H H L L L 
H H L L H 

H H L H L 
H H L H H 

H H H L L 
H H H L H 

H H H H L 
H H H H H' 

5·366 

OUTPUTS 

NEXT ADDR 
FILE COUNTER 

SOURCE 
S1 So FE PUP LOAD EN MAP E PL E 

4 5 3 2 6 7 :1 9 

H H H H L L H L 
H H H H L L H L 

L L H H H H H L 
H H L H H H H L 

H H H H H H L H 
H H H H H H L H 

L L H H H H H L 
H H H H H H H L 

L L L H H H H L 
L L L H L H H L 

L H L H H H H L 
H H L 'H H H H L 

L L H H H H H H 
H H H H H H H H 

L H H H H H H L 
H H H H H H H L 

H L H L H L H L 
L L L L H H H L 

H H H H H L H L 
L L H H H H H L 

L L H L H H H L 
H L L L H H H L 

L L H L H H H L 
H H L L H H H L 

L L H H L H H L 
L L H H L H H L 

H L H L H H H L 
L L L L H H H L 

L L H H H H H L 
L L H H H H H L 

H H H H H H H L 
H H H H H H H L 
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0; 

r- TC COUNTER 

LOAD/COUNT 

- . 
CARRY _ 7 

OVR- • ~ 
8 

ZERO- 5 ~ 
"GN- • ~ 

Q 
INRPT_ 3 z 

8 
ETC- 2 

["' 

3 

-

APPLICATION 

DATA BUS , 
INSTRUCTION REGISTER J 

OPeaOE OTHER I 
I 

ADDRESS 

STARTING 5E_ FE, pup 
ADDRESS 
DECODEA 

I 
OUTPUT 

I 
J 
i 

, 
0 

So 

I 5, 

:::=ll 
---------

Am2911A MICROPROGRAM SEQUENCERS 

J 
I 

STACK POINTER 

I 
REGISTER 

l 
R F PC 

I NEXT ADDRESS 
MULTIPLEXER I OUTPUT 

I 
SUBROUTINE 

AND LOOP S1 ACK 

1 
1 

MICAOPROGRAM 
COUNTER REGISTER 

1 
INCREMENTER 

I 
I 

I III 
I 

~ 'f, J , Lit ---t--Am29811A 
NEXT 

ADDRESS ADORESS 
CONTROL MICROPROGRAM MEMORY POLARITY - TEST - I--CONTROL 

J I BRANCH NEXT ADDRESS OTHER ADDRESS SELECT 

I I I , 
--I5E {. 

PIPELINE REGISTER 

, I ! I ~, I 

OTHER 

AFOO1970 

A Typical Computer Control Unit Using the Am2911 and Am29811A. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Commercial (C) Devices Storage Temperature ......................... -65·C to + 150·C 

Ambient Temperature.Under Bias .••• ; .. ,.-55·C to +125·C Temperature •••..•.••••••...•.•••••••.••.••••••.• O·C to + 70·C 

Supply Voltage to G(ound Potential (Pin 16 to Pin 8) Supply Voltage ............................ +4.75V to +5.25V 

Continuous ...................................... -O.5V to + 7.0V Military (M) Devices 
DC Voltage Applied to Outputs ~or 

High Output State ....................... -O.5V to +Vcc max 
Temperature ................................. -55·C to + 125·C 

DC Input Voltage: ................................ -O.5V to +5.5V 
Supply Voltage ............. ; ................. + 4.5V to + 5.5V 

Operati.ng ranges define those limits over which the function-
DC OUtput Current, Into Outputs .......................... 30mA 
DC Input Current ............................. -30mA to +5.0mA 

ality of the device Is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Deecrlptlon Teet Condltlona Min (Note 1) Max Units 

'VOH Outpt.!t HIGH Voltage Vee - MIN, IOH - -2.0mA 2.4 Volts VIN.-VIH or VIL 

VOL Output LOW VoItsge Vee - MIN, IOL = 16mA 0.45 Volts 
VIN - VIH or VIL 

VIH Input HIGH Level Guaranteed input logiCal HIGH 2.0 Volts voltage lor all inputs 

VIL Input LOW Level Guaranteed iOput logical LOW 0.8 Volts VOltage for all inputs 

IlL Input LOW Current Vee - MAX, VIN - O.45V -0.010 -0.250 mA 

IIH Input HIGH Current Vee - MAX, VIN - 2.7V 25 pA 

II Input HIGH Cumint Vee· MAX, VIN· 5.5V 1.0 mA 

Isc Output Short Circuit Current Vee - MAX, VOUT - O.OV (Note 2) -20 -40 -90 mA 

lee Power Supply Current All inputs - GND 90 115 mA Vee-MAX 

VI Input Clamp Voltage Vee - MIN, liN - -18mA -1.2 Volts 

VO-4.5V 40 

ICEX Output Leakage Current Vee-MAX VO-2.4V 40 pA VllB·2.4V 
Vo-0.4V \ -40 

CIN Input Cspacitance VIN - 2.0V @ I - MHz (Note 3) 4 

CooT Output Cspacltancl! VOUT - 2.0V @ 1- 1 MHz (Note 3) 8 pF 

Noles: 1. Typical limits are at Vee -5.0V and TA - 25°C. 
2. Not more !han one output should be shorted,at a time. Duration of the short circuit should not be more !han one second. 
3. These paramaters are not 100% tested but are periodically sampled. ! 

LOW·POWER SCHOTTKY INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DRIVEN INPUT 
Vee 

I 
I 

[I] ----
V-

I r.A 
1 ....... 

LJ 
....,.,.. 

II "Ii ~ ~ 
::!~. 

::!~ 

':' I ':' 

ICOOOO90 

Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS (T A = + 25°C. Vee = 5.0V) 

Parameters Description 

tplH 

tpHl 
I; to Any Output 

tplH 

tpHl 
Test to Any Output 

tZH. 
OE to Any Output 

tZl 

tHZ 
OE to Any Output 

tlZ 

SWITCHING CHARACTERISTICS 

Parameters Description 

tplH 

PHl 
I; to Any Output 

tPlH 
tpHl 

Test to Any Output 

tZH 
OE to Any Output 

tZl 

tHZ 
OE to Any Output 

tLZ 

Test Conditions Min Typ Max Units 

25 35 ns 

Cl = 15pF 
Rl =2.0kfi 25 35 ns 

15 20 ns 

Cl- 5.0pF 
Rl = 2.0kfi 15 20 ns 

over operating range unless otherwise specified 

Test Conditions 

Cl = 15pF 
Rl = 2.0kfi 

5-369 

COMMERCIAL MILITARY 

Min Max Min Max Units 

40 50 ns 

40 50 ns 

25 30 ns 

25 30 ns 
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Am29100 High-Performance Controller Products 

Application Note 

INTRODUCTION 

MICROPROGRAMMING; BEST FOR 
COMPUTERS, BEST FOR CONTROLLERS. 

Microprogramming, long the preferred approach for com
puter design, offers lots of advantages in controllers as 
well. The ease with which the functions of a micropro
grammed controller can be enhanced and modified made 
the original 2900 Family popular for many disk, printer and 
communications controllers. The high-speed operation of 
these microprogrammed systems makes it possible to 
handle higher data rates from newer peripheral devices and 
to build intelligence into the controller. 

But the original 2900 products are architecturally oriented 
toward computers, with design features optimized for 
arithmetic functions and short sequences of microinstruc
tions. MOS processors are good choices for many low
speed applications, but when the demand for speed and 
intelligence goes up, they cannot keep pace. Controllers 
need something better: the 29100 Family. 

The 29100 Family products have been designed from the 
ground up with peripheral control applications in mind. They 
are fast; they are optimized for bit-manipulation, character 
handling, data communication and long, sophisticated mi
croprograms; and they are designed to work together in a 
system. 

FAST LIKE YOU'VE NEVER HAD 

The central element of our new high-speed controller family 
is the Am29116 - a 16-bit bipolar microprocessor. It's not a 
slice - it's a complete 16-bit processor, with three-input 
ALU, 32 scratchpad registers, an accumulator, data latch, 
barrel shifter, priority encoder and status register with 
conditional code generation logic. But the Am29116 is far 

more than a very fast number cruncher - it's been 
optimized for controller-oriented applications. lis instruction 
set I)as instructions often needed in controllers that are not 
available in any other processor. 

A WHOLE FAMILY OF FAST LSI 
CONTROLLER PARTS. 

There's more to our controller family than just the 
Am29116. A new sequencer, the Am29112, has been 
expressly designed for 10MHz microprogram control, with 
features like real-time interrupt servicing and deep subrou
tining. Rapid internal data transfer is handled by the 
Am2940 DMA Address Generator and by the Am2950 
handshaking I/O port. The Am9520 Burst Error Proces.sor 
will provide a solution for error correction on disk reads. 
Now, more than ever, the 2900 Family is the better solution 
for high data rate and highly intelligent control problems. 

TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 

A typical intelligent controller configuration is shown below. 
The basic controller consists of the Am29116, a micropro
gram control unit and a high-speed buffer memory. Each 

. microinstruction includes: a 16-bit instruction field to the 
Am29116, next-microinstruction selection bits, control for 
the buffer memory, control for the interface Circuits and 
possibly an 8- or 16-bit data field. 

Interface circuits like the Am2940 and Am2950 are used to 
provide DMA and to pass data between the controller and 
the host computer. Other circuits are used to interface to 
the peripheral. In this example, a disk interface is shown 
with a serial-parallel converter, a FIFO and a burst error 
processor. Controllers for other peripherals use identical 
hardware except for the peripheral interface itself. 

HIGH·PERFORMANCE INTELLIGENT CONTROLLER 

80002680 

05404A 

6-1 Refer to Page 13-1 for Essential Information on Military DevIces 



N .... .... 
GI 
N 

~ 
Am29112 

A High-Performance 8-Bit Slice Microprogram Sequencer 

DISTINCTIVE CHARACTERISTICS 

• Expandable • Interruptible at the microprogram level 
8-bit Slice, cascadable up to 16-bits Two kinds of interrupts: maskable and unmaskable. 

• Deep stack 
A 33 deep on-chip stack is used for subroutine link
age, interrupt handling and loop control. 

• Hold feature 
A hold pin facilitates multiple sequencer implementa
tions. 

• Powerful loop control 
When cascaded, two counters can act as a single 
16-bit counter or two independent 8-bit counters. 

• Powerful addressing modes 
Features direct, multiway, multiway relative and pro
gram counter relative addressing. 

GENERAL DESCRIPTION 

The Am29112 is a high performance interruptible micropro
gram sequencer intended for use in very high speed 
microprogrammed machines and optimized for the new 
state-of-the-art ALU's and other processing components. 

Interrupts are accepted at .the microcycle level and ser
viced in a manner completely transparent to the interrupted 
microcode. 

The Am29112 is designed to operate in 10MHz micropro
grammed systems. 

APPLICATION NOTES REFERENCE 
- Microprogrammed CPU using Am29116 
- An intelligent fast disk controller 

It has an instruction set featuring relative and multiway 
branching, a rich variety of looping constructs, and provi
sion for loading and unloading the on-chip stack. 

- Am29116 architecture speeds pixel manipulation in 
·interactive bit-mapped graphics 

BLOCK DIAGRAM 

EMERGENCY I LFO I = h I 
I L ID 

Fr i I ~ t-_INT_REO_-t 

~ I ~uPr !NT ACK 

_12 

==~ 
J.. 

'-i-r--' 

r--"QE"-

VECTOR 

SEQUENCER 

y 

'- :::;. 1-----+ 

----
, 

PlPEUNE REGISTER 

IL-
80002190 

Figure 1. Am29112 In a Single Pipellned System. 

03657A 

6-2 Refer to Page 13·1 for Essential Information on MIlitary Devices 



RELATED PRODUCTS 

Part No. 

Am29ll6 

Am2904 

Am29l0A 

Am29ll4 

Am2925 

Am2940 

Am2942 

Am29501 
51/52153 

Am29118 

Description 

A l6·Bit Bipolar Microprocessor 

Status and Shift Control Unit 

Microprogram Controller 

Vectored Priority Interrupt Controller 

System Clock Generator and Driver 

DMA Address Generator 

Programmable Timer/Counter/DMA 

8·Bit Bidirectional 110 Port 

8·Bit Bidirectional 110 Portl Accumulator 

6·3 
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~ Pin No. Name 

00-07 

YO-Y7 

Mo-M3 
HOLD 

~ 

CCEN 

POL 

10-14 

11;-16 

STKERR 

tmm! 
~ 

INTO 

J,;UN'TA 

LSS 

RST 

CP 

ACIO 

PCIO 

CIO 

CZIO 

1/0 
.1/0 

1/0 

I 

I 

I 

I 

I 

I 

I 

0 
I 

I 

I 

0 
I 

I 

I 

1/0 

1/0 

1/0 

1/0 

PIN DESCRIPTION 

Description 

Bidirectionaj.data input for direct ·input to address multiplexer. counter and other control registers and stack output. 

Bidirectional microprogram addresS bus outputs microprogram address and inputs interrupt vector. 

Multiway input pins for up to 16-way ·branches. 

When this signal is high, the Y bus is three-stated and the carry-in to the program counter incrementer is forced low. 
Also, the CMUX output is selected at the incrementer input. 

Test input for the sequ\ncer. (See Table 2.) 

Test enable for the seqoencer. (See Table 2.) 

Polarity input for test. (See Table 2.) 

Instruction input. 

Mods control input. Select one of three modes: normal, extended or forced continue. (See Table 1.) 

Indicates stack overflow or underflow. 

Unmaskable interrupt request input. 

Maskable interrupt request input. 

Disable for maskable interrupts. 

Maskable interrupt acknowledge. 

Programs the least significant chip when high, most significant chip when low. 

Reset input. Selects zero as the next microprogram address, resets the stack pOinter and interrupt logic, and disables 
maskable interrupts. 

Clock input. 

Bidirectional adder 1/0 line for cascaded Am29112s. 

Bidirectional program counter 1/0 line for cascaded Am29112s. 

Bidirectional counter 1/0 line for cascaded Am29112s. 

Bidirectional counter zero 1/0 line for cascaded Am29112s. 

6-4 
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PRODUCT OVERVIEW 
The Am29112 is designed for use in single-level pipelined 
systems. A typical configuration is shown in Figure 2. 

Branch addresses, constants for the various registers, and 
stack pointer values are supplied to the Am29112 through the 
o port which is bidirectional to allow the stack to be unloaded 
onto an extemal LIFO. The next address generated by the 
sequencer is output on the Y port and directly drives the 
microprogram memory. A single register at the output of the 
microprogram memory contains the microinstruction being 
executed, while the next is being fetched. External conditions 
are applied to the ~ input of the Am29112 via the condition 
code MUX and also to the multiway inputs. 

A vectored priority interrupt controller generates a prioritized 
interrupt request (Pi.UN'm) to the Am29112, which acknowl-

-..cv = -

-

I 

edges the request via the 'fiiiilij"j'A pin. llpon receiving the 
acknowledge, the priority interrupt control puts out the en
coded priority of the interrupt, which is translated to a vector 
by the vector mapping PROM. The MINTA output of the 
Am29112 turns on the PROM output and simultaneously turns 
off the Y port, enabling the interrupt vEictot onto the micropro
gram address bus. In the Am29112, internal states are 
automatically saved on the stack while the interrupt vector is 
transmitted through the Y port and incremented to form the 
next microprogram address. 

The emergency detect circuit generates an unmaskable inter
rupt request upon power failure or stack error. On receiving an 
unmaskable interrupt, the sequencer branches to the unmask
able interrupt routine; the address of this routine is stored on 
the Am29112 in the INTVECT register. Detailed interrupt 
handling is discussed in a later section. 

I' L-

TUT -

eoOo1921 

Figure 2_ Control Path In a Single Plpellned System Using the Am29112. 
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ARCHITECTURE OF THE Am29112 
The internal organization of the Am29112 is shown in Figure a. 
The most important <;antrol loop inside the seque,ncer consists 
of the CMUX, incrementer, and PC register. The CMUX selects 
the next microprogram address based on the instruction and 
condition code, inputs. The next microprogram address is 
selected from the PC register for a continue, the ,0 port for a 
branch, the adder for relative and multiway branches, thE! 
interrupt register' for unmaskable interrupts, the stack for 
subroutine returns or loop repeats, or aI/ zeros for the JUMP 
ZERO instruction. 

The Am29112 has many registers other than the'pC register 
and the interrupt register. There is an B-bit counter used for 
loop control; the OWIOTH register is' a 4-bit register which 
programs the number of least significant bits of the 0 port that 
are added to the PC in relative addressing modes; the stack 
pointer is a B-bit counter/register that points to the top of stack 
element; the 3-bit command register is used to program the 
chip on power-up for compatibility with the external hardware 

<J SlKERII 

D vee 1 3 

D GIiD/2 

DLSS 
DRST 
D""'CP"'--__ 

C ACIO 

c PCtO 

C""CIO",---:-
CCZlO 
CCEII 

~ 
INS11WC11ON 

MODE 

DBUS FB1/8 

HOLD 

configuration; final/y, there is thelNTRTN register which is 
used for saving the CMUX output on the stack when ,an 
interrupt occurs. 

With the exception of the INTRTN register and the stack 
pointer, each of the above registers can be loaded directly 
from the 0 port of the Am29112. 

The Am29112 features a high speed adder with ful/ carry 
lookahead acrossB-bits. The adder Is used for PC relative 
addressing (branch address is PC + 0), multiway relative 
addressing (branch address is 0 + M, where M is the 4-bit 
multiway input), and for testing the stack pOinter against the 0 
bus. In cascaded configurations, carry ripples from the LSS 
adder to the MSS adder over the CIO line. 

The on-chip stack is aa deep, and the Am29112 has instruc
tions to save the 0 inputs, counter, multiway register, and PC
register on the stack. The stack output bus is connected via 
three-state buffers to the 0 port. It is possible to pop the stack 
to the 0 port. 

AMUX t-------+-++.-<:::1 

80001931 

Figure 3. Am29112 48-Pin Package. 
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INSTRUCTION SET OF THE Am29112 
MODE BITS (IS, 5) 

The Am29112 is controlled by 5 instruction inputs, two mode 
inputs, and the condition code. In typical applications it is 
expected that the instruction inputs are driven directly from the 
pipeline, whereas the mode inputs are either permanently 
wired high or low to select the desired operating mode, or 
driven indirectly via extemal logic. (In some applications it 
might be justifiable to drive the mode bits directly from the 
pipeline.) The two mode bits select among three operating 
modes: normal (00), extended (01) and forced continue (10 
and 11). In the normal mode, the entire instruction set of the 
Am29112 applies. 

TABLE 1. MODE CONTROLS 

IS,5 Mode Description 

00 Normal 
For cascaded Am29112s, two inde-
pendent S-bit counters 

01 Extended 
For cascaded Am29112s, one 16-bit 
counter 

10 Forced 
The Am29112 executes a continue 

- Continue 
instruction regardless of instruction, 

11 condition code, and multiway inputs. 

EXTENDED MODE 

The instruction set includes instructions that differentiate 
between upper and lower counters (when there are two 
cascaded Am29112s). In the normal mode, the two counters 
on cascaded Am29112s function independently, and it is 
possible to set up a doubly nested loop without having to save 
and restore counter values on the stack. In the extended 
mode, however, the counters on cascaded Am29112s behave 
like one 16-bit counter and instructions that differentiate 
between the counters degenerate into identical instructions. 
Hence in a system with only one Am29112 there is no use for 
the extended mode. 

FORCED CONTINUE MODE 

In the forced continue mode the Am29112 executes a 
continue in every cycle regardless of the instruction bits, 
condition code, and multiway inputs. The simplest application 
(if mode bits are driven directly from the pipeline) is to use 
forced continue for straight-line segments of code thereby 
permitting most of the sequencer control fields of the pipeline 
to be shared. The forced continue also has an important 
application in systems with a writeable control store where it is 

6-7 

necessary to step through the addresses sequentially while 
loading the WCS. 

The instructions of the Am29112 are classified into four 
groups: 

• Branching and subroutine linkage 
• Looping 
• Stack and register 
• Interrupt 

The sequencer has an instruction repertoire of altogether 40 
different instructions. In order to encode these instructions 
with only 5 instruction Jines, the condition code is used in some 
cases to differentiate between two distinct instructions sharing 
the same opcode. This way of encoding is used for the stack 
and register, and interrupt groups of instructions. For these 
instructions, therefore, the condition code multiplexer is not 
used to select an extemal condition. However it is required to 
force the condition code to unconditional Pass or Fail. The 
condition code enable and polarity logic has been designed 
with this in mind. Using the enable and polarity, it is possible to 
generate both unconditional Pass and unconditional Fail 
(regardless of the condition code input). Hence the condition 
code for these instructions is like a sixth instruction line, and 
the condition code multiplexer field of the pipeline can be 
shared for these instructions (see Figure 4 and Table 2). 

PFOO1060 

Figure 4. Condition Code Circuit. 

TABLE 2. CONDITION CODE TABLE 

CCEN CC POL Condition 

0 
0 
0 
0 
1 
1 
1 
1 

0 0 PASS 
1 0 FAIL 
0 1 FAIL 
1 1 PASS 
0 0 PASS 
1 0 PASS 
0 1 FAIL 
1 1 FAIL 

03657A 
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Am29112 Instruction Set 

O~ode (140) Condition MnemOnic Description 

0 X JZ.U UNCONDITIONAL JUMP ZERO 
1 PASS PUSHD.P PUSH D (PASS) 
1 FAIL' LDCMD:F LOAD COMMAND REGISTER FROM D (FAIL) 
2 COND POP.C POP; CONDITIONALSTACKOUT TO D 
3 COND CJD.C CONDITIONAL JUMP D 
4 CONO CJSD.C C()NDITIONAL JUMP SUBROUTINE D 
5 COND CJMW.C CONDITIONAL JUMP MULTIWAY D 
6 COND CJSMW.C CONDITIONAL JUMP SUBROUTINE MULTIWAY D 
7 CONi:> CRTN.C CONDITIONAL RETURN 
8 COND 'PUSHPLC PUSH PC; cONi:> LOAD LOWER COUNTER 
9 COND LDLC.C LOAD LOWER COUNTER; .COND PUSH COUNTER 
10 X POPLC.U POP TO LOWER COUNTER 
11 PASS RSTSP.P RESET STACK POINTER (PASS) 
11 FAIL LDINTV.F LOAD UNMASKABLE INTERRUPT VECTOR (FAIL) 
12' PAgg RFCTU.P REPEAT L.OOP, UPPER COUNTER -0 (PASS). 
12' FAIL RFCTLF REPEAT LOOP, LOWER COUNTER = 0 (FAIL) 
13" PASS RPCTU.P REPEAT PIPELINE, UPPER COUNTER = 0 (PASS) 
13" FAIL RPCTLF REPEAT PIPELINE, LOWER COUNTER - 0 (FAIL) 
14 COND LOOP.C TEST END LOOP 
15 PASS ENINT.P ENABLE INTERRUPTS (PASS) 
15 FAIL DISINT.F DISABLE INTERRUPTS (FAIL) 
16*·· COND TWBLC THREE-WAY BRANCH, LOWER COUNTER 
17*·· COt4D TWBU.C THREE-WAY BRANCH, UPPER COUNTER 
18 PASS TSTSP.P TEST SP WITH D (PASS) 
18 FAIL TSTMT.F JUMP 0 IF STACK NOT EMPTY 
19 COND CJDF.C COND JUMP D/STACK AND POP 
20 COND CJSDF.C COND JUMP SUBROUTINE D/STACK AND POP 
21 COND CJMWR.C COND JUMP MULTIWAY RELATIVE D 
22 CONO CJSMWR.C COND JUMP SUBROUTINE MULTIWAY RELATIVE D 
23 COND CJPP.C COND JUMP PIPELINE AND POP 
24 COND PUSHPU.C PUSH PC; COND LOAD UPPER COUNTER 
25 COND LDUC.C LOAD UPPER COUNTER; COND PUSH COUNTER 
26 PAsS POPUC.P POP TO UPPER COUNTER (PASS) 
26 FAIL POPDW.F POP TO DISPLACEMENT WIDTH (FAIL) 
27 coNO LDDW.C LOAD DISPLACEMENT WIDTH; COND PUSH OW 
28 CONi:> CJR.C COND JUMP D PC REL 
29 COND CJRN.C COND JUMP 0 PC REL NEGATIVE 
30 COND CJSR.C COND JUMP SUBROUTINE D PC REL 
31 COND CJSRN.C COND JUMP SUBROUTINE D PC REL NEGATIVE 

• These instruC1ions are identical in the extended mode. 
"These too. 
"'These too. 

Extensions: U - unconditional; C - conditional; P - PASS condition; F - FAIL condition. 
Note: PASS/FAIL condition can be produced as follows. P stands for polarity and I for input: 

~ CCEN 

X 1 

X 1 

I 0 

POL 

0 

1 

P 

Condition 

PASS 

FAIL 

COND 
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o Jump Zero (JZ.U) 

00 

01 

02 

03 

SA 

5B 

IIC 

50 

PFOOO600 

UNCONDITIONAL 

2 Pop and Conditional Stack
out to D (POP.C) 

.~ 32 ' 

33 STACK 

34 DPORT 

35 PASS 

PFOOO571 

CONDITIONAL 

5 Conditional Jump Multlway D 
(CJMW.C) 

AU 

AI 

A2 

A3 B2 

A4 B3 

AS B4 

AI as 

FAIL PASS 

PFOOO560 

CONDITIONAL 

1 Push D (PUSHD.P) 

10 

51 

un:\._--

53 

54 

PFOOO620 

FORCED PASS 

3 Conditional Jump D (CJD.C) 

fA 

IB 

IIC 

ID (0) 

IE (0) + 1 

IF (0) +2 

70 (0) +3 

FAIL PASS 

PFOOO580 

CONDITIONAL 

Load Command Register 
from D (LDCMD.F) 

71 

PFOO0611 

FORCED FAIL 

4 Conditional Jump Subroutine 
D (CJSD.C) 

11 

12 

t3 

94 

15 (0) + 1 

88 (D)+2 

117 (0) +3 

FAIL PASS 

PFOOO590 

CONDITIONAL 

6 Conditional Jump Subroutine 
Multlway D (CJSMW.C) 

7 Conditional Return (CRTN.C) 

1111 

SA 

BB 

Be 

BD B3 

BE B4 

BF as 

FAIL 

PFOOO550 

CONDITIONAL 

6·9 

25 

28 

'Z1 

28 

28 15 

2A 

28 

FAIL PA$S 

PFOOO540 

CONDITIONAL 
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E 
c:C 

8 Push PC and Conditional 
Load Lower Counter 

25 

26 

'Z7 

28 

28 

2A 

11 

lA 

18 

lC 

lD 

(PUSHPL.C) 

LOWER COUNTER 

PASS 

PFOOO511 

CONDITIONAL 

Reset Stack Pointer 
(RSTSP.P) 

0 

STACK POINTER 

PFOO0460 

FORCED PASS 

12 Repeat Loop, Lower Count
er (RFCTL.F) 

4A 

4B 

4C 

4D 

4E 

4F 

50 POP 

51 

PFOO0440 

FORCED FAIL 

9 . Load Lower Counter and 

11 

Conditional Push Counter 
(LDLC.C) 

37 

38 

38 

3A 

38 

3C 
STACK 

PASS 

PFOOO521 

CONDITIONAL 

Load Unmaskable Interrupt 
Vector (LDINTV.F) 

2C 

2D 

2E D 

21' INTVECT 
REGISTER 

30 

PF000470 

FORCED FAIL 

13 Repeat Pipeline, Upper 
Counter (RPCTU.P) 

18 

17 

18 

I' 

20 

21 

22 

PFOO0451 

FORCED PASS 

6-10 

10 Pop to Lower Counter 
(POPLC.U) 

4A 

48 

4C 

4D 

4E 

4F 
LOWER COUNTER 

PF000531 

UNCONDITIONAL 

12 Repeat Loop, Upper Count
er (RFCTU.P) 

22 

23 

24 

28 

26 

'Z7 

28 

PFOOO790 

FORCED PASS 

13 Repeat Pipeline, Lower 
Counter (RPCTL.F) 

II 

17 

18 

19 

20 

21 

22 

PFOO0781 

FORCED FAIL 
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14 Test End Loop (LOOP.C) 

4F 

50 

51 

52 

63 

5C 

55 

pop 

PASS 

PFOOO421 

CONDITIONAL 

16 Three-Way Branch, Lower 
Counter (TWBL.C) 

48 

47 

48 

48 

4B PASS 

4C 
(0)+1 

(0)+2 

(0)+3 

PFOO0411 

CONDITIONAL 

18 Jump D if Stack Not Empty 
(TSTMT.F) 

48 

48 

48 

48 

4A 

STACK 
EMPTY 

(D) 

(D)+ 1 

(D) + 2 

STACK 
NDTEMPTY 

PFOOO66O 

FORCED FAIL 

15 Enable Interrupts (ENINT.P) 15 Disable Interrupts (DISINT.F) 

12 

13 

14 

15 ENABLE 
IlASKABLE 
INTERRUPTS 

PFOOO430 

FORCED PASS 

17 Three-Way Branch, Upper 
Counter (TWBU.C) 

48 

47 

48 

4' 
4A..., __ _ 

4B PASS 

4C 
(0)+1 

(0)+2 

(0)+3 

PF000411 

CONDITIONAL 

19 Conditional Jump D/Stack 
and Pop (CJDF.C) 

70 

71 

72 

73 

(STK)+ 1 

(STK)+ 2 

(STK) + 3 

FAlL 
(STACK) 

(D) 

(D) + 1 

(0)+2 

PASS 
(D) 

PFOOO691 

CONDITIONAL 

6-11 

12 

13 

14 

15 DISABLE 
IlASKABLE 
INTERRUPTS 

PFOOO390 

FORCED FAIL 

18 Test SP with D (TSTSP.P) 

Cl 

C2 
POP 

C3 

C4 

C5 

48 

48 

NOT 4A 
ENOUGH ENOUGH 
SPACE SPACE 

PF000400 

FORCED PASS 

20 Conditional Jump Subrou
tine D/Stack and 

Pop (CJSDF.C) 

70 

71 

72 

73 

(STK)+ 1 

(STK) + 2 

(STK)+3 

FAlL 
(STACK) 

STACK 

(0) 

(0)+1 

(0)+2 

PASS 
(0) 

PF000681 

CONDITIONAL 
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~ ~----------~----------------------------------------------.-----------------, .... 21 Conditional Jump Multlway 22 Conditional Jump Subrou- 23 Conditional Jump Pipeline 
~ Relative P (CJMWR.C) tine Ml,lltiway Relative D ' and Pop (CJPP.C) ! (CJSMWR.C) 

FAIL 

II 

!It 

PAIl 

PF000670 

CONDITIONAL 

24 Pu.h PC and Conditional 
Load Upper Counter 

(PUSHPU.C) 

21 

21 

ZI 

311 

It 

2A 

UPPER COUNYER 
PASS 

PFOOO730 

CONDmONAL 

26 Pop to Displacement Width 
(POPDW.F) 

71 

12 

72 

7' DWIOTHREG 

75 

PFOOO720 

FORCED FAIL 

FAIL PAIl 
PFOOO700 

CONDITIONAL 

25 Load Upper Counter and 
Conditional PU8h Counter 

(LDUC.C) 

37 

311 

311 

3A ,. 
STACK 

ac PAIl 

3D 

PFOOO71 0 

CONDITIONAL 

27 Load DI8placement Width 
and Conditional PU8h DW 

(LDDW.C) 

,. 
'" ,. 
1C 

1D 
STACK 

1E PAIl 

PFOOO740 

CONDmONAL 

6·12 

17 

II 

POP STACK 
FPASS 

(01 

(0) + 1 

(0)+2 

PFOOO760 

CONDITIONAL 

26 Pop to Upper Counter 
(POPUC.P) 

4A 

48 

4C 

4D 

4E 

4F 

PFOOono 

FORCED PASS 

28 Conditional Jump D PC 
Relat!~. (CJR.C) 

4A 

48 

4C 

4D 

FAIL 4E 

4F 

0-:-.2 

_ADDRESS IS 
(PC) +.,.. 

PFOOO750 

c·· Is displacement (see Note 1). 
CONDITIONAL 

03657A 
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29 Conditional Jump D PC Rel
ative Negative (CJRN.C) 

30 Conditional Jump Subrou
tine D PC Relative (CJSR.C) 

31 Conditional Jump Subrou
tine D PC Relative Negative 

(CJSRN.C) 

49 
D·· =-2 

4A 
PASS 

4B 

4C 
JUIIP ADDRESS IS 

4D (PC)+D" 

FAIL 

49 

4A 

4B 

4C 

4D 

FAIL 

JUIIP ADDRESS IS 
(PC) + D" 

PF000490 

~ •• =; -2, should be two's comple
ment (see Note 2). 

PF000480 

D··is displacement (see Note 1). 

PFOOO 

D·· = -2, should be two's comple
ment (see Note 2). CONDITIONAL 

CONDITIONAL CONDITIONAL 

Notes: 1. The number of bits of 0 used as displacement is stored in DWIDTH register. The remaining high order bits are 
zero-extended. 

2. The number of bits of 0 used as displacement is stored in DWIDTH register. The remaining high order bits are 
one-extended. 

BRANCHING INSTRUCTIONS 

Direct Branching 

Instruction 0 Is the unconditional jump to zero instruction. This 
instruction also resets the stack pointer and the interrupt logic 
as well as setting command register as follows: CR(O) - I, 
CR(I) - LSS, CR(2) = 1. 

Direct branching is implemented by instruction 3 (COND JUMP 
D) and 4 (COND JSB D). The branch address is input through 
the 0 port. If the condition is PASS, the branch is taken, 
otherwise the sequencer executes a continue. Two-way direct 
branching is implemented by instruction 19 (COND JMP 01 
STACK) and instruction 20 (COND JSB D/STACK). If the 
condition is Pass, the branch address is taken from the 0 input 
port, otherwise, the branch address is taken from the stack. In 
either case the stack is popped. This instruction assumes that 
the alternative address was pushed on the stack by a previous 
instruction. Jump to subroutine differs from JUMP in that the 
PC register is pushed on the stack. This enables the subrou
tine to use COND RETURN (7) to return to the point of call. 
Note that the two-way jump to subroutine (20) causes a 
simultaneous pop and push so that the stack pointer is 
unaffected but the top of stack element is replaced' by the 
return address. 

Relative Branching 

In the relative branch instructions, a dynamically alterable 
subfield of the 0 inputs is added to the PC to' form the branch 
address. The remaining most significant bits of the 0 inputs 
are ignored and internally converted to all 0' s for forward 
branches and all l's for b,ackward branches. The displace
ment width (DWIDTH) register in the Am29112 holds the 
number of least significant bits of 0 that participate in the 
relative branch as the displacement, and can be loaded from 
the lower four bits of the 0 port. In cascaded systems, the 
displa~ment width has to be loaded consistently in the two 
chips. For example, for a displacement width of 9, the Iow,er 
order chip gets a displacement width of 8 and the higher order 
chip gets a displacement width of 1. As another example, if the 
lower order chip has a displacement width of less than 8 bits, 
the higher order chip must have a displacement width of zero. 
If the displacement width register is loaded with any value 
greater than 8, it is exactly as, if it were loaded with 8. 
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Instruction 28 (29) is the relative jump Oump back) instruction, 
and instruction 30 (31) is the relative jump to subroutine Oump 
back to subroutine) instruction. For backward relative branch- II 
es, the displacement must be coded as a two's complement 
negative number. When the displacement width is the same as ' 
the microaddress width the forward and backward relative 
branch instructions are identical. When the displacement 
width is less than the microaddress width, the more significant 
bits of 0 outside the displacement are forCEld to all zeros for 
positive branches and to all ones for negative branches. This 
is effectively sign extension except that the sign information is 
contained in the instruction rather than the displacement, and 
there is no need for sign information to propagate between 
cascaded chips since it is assumed' that the displacement 
width registers in the two chips have been consistently loaded. 

The disadvantage of having the sign information in the 
instruction rather than the displacement can be overcome by a 
judicious choice of instruction format. The opcodes for forward 
and backward relative branch instructions have been chosen 
to differ in the least significant bit position only, with a '0' in 
that bit for forward branches and a 'I' for backward branches. 
If the sequencer instruction field is contiguous with and on the 
more significant side of the displacement field in the pipeline 
register, then the least significant instruction bit is like the sign 
bit for the displacement for relative branch instructions. This 
permits the assembler to use the same opcode for forward 
and backward relative branch instructions, but overlap the 
displacement field (now declared to be one bit longer than the 
actual displacement field in the pipeline) with the sequencer 
instruction field by one bit. If the assembler now generates a 
negative displacement, the sequencer opcode formed is the 
beckward branch; while if the displacement is positive, the 
sequencer opcode formed is, forward branch. 

When the instruction is executed; the PC already has been 
incremented and points to the next sequential instruction, 
hence a forward branch with a displacement of 0 causes the 
next sequential instruction to be executed. 

Multlway Branching 

Two variants of multiway branching are available on the 
Am29112 - multiway substitute 0 and multiway relative D. In 
muitiway substitute 0 the 4 multiway inputs directly replace the 
4' least significant bits of the branch address input at D. 
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Instruction 5 is a conditional multiway branch and instruction 6 
a conditional multiway subroutine call. In these instructions, 
the least significant 4 bits of the D input port are not used by 

'the sequencer, and may be shared, for instance to' select 
among different sets of multiway inputs. 

Multiway branching has the disadvantage that the jump table 
must be aligned on a 16 word boundary. This disadvantage is 
overcome in the Am29112 multiway relative branching instruc
tions. In these instructions, the number input on the multiway 
pins is added to the branch address input at D. Instruction 21 
is a conditional multiway relative branch and instruction 22 a 
conditional multiway relative subroutine call. 

One of the advantages of multiway branching is that it enables 
a 16 way decision to be made in exactly one microcycle. 
However, the 16 target addresses are constrained to be 
contiguous in memory. Hence, if the target routines need more 
than one microword each, as is very likely, they are addressed 
indirectly through a table of 16 contiguous branch instructions. 
For very high speed applications, the extra microcycle needed 
to branch indirectly off the jump table may not be acceptable. 
This penalty is avoidable if the multiway bits are offset with 
respect to the D inputs. When two cascaded Am29112s are 
used, there are two sets of 4-bit multiway inputs. The least 
significant chip has' a multiway input with no offset, while the 
most significant chip has a multiway input with an a-bit offset. 
The Am29112 command register has a bit CR(l) that enables 
or disables multiway branching on the chip. In a system with 
two cascaded Am29112s, each chip has a command register 
bit. Multiway branching may be disabled in either chip by 
resetting the command register bit on that chip, or enabled by 
setting the command register bit. When multiway branching is 
disabled on a chip, for that chip both multiway and multiway 
relative branches are converted to direct branches, and the 
multiway inputs are a Don't Care. Multiway branching with an 
a-bit offset is implemented by disabling multiway in the least 
significant slice and enabling it in the most significant slice. In 
this case, the 16 target addresses are dispersed in memory, 
separated by 256 locations each. Another useful configuration 
is obtained by enabling multiway on both chips. In this case, up 
to 16 sets of target addresses are dispersed in memory, 
separated by 256 locations each. 

The Am29112 does not have an unconditional continue in its 
instruction set. This is not expected to be a drawback because 
the instruction set requires that both unconditional PASS and 
unconditional FAIL are programmable by the sequencer to 
select among different instructions sharing the same opcode. 
Hence, a continue is obtained by executing instruction 3 
(COND JUMP D) with a forced FAIL condition. 

LOOPING INSTRUCTIONS 

The looping instructions on the Am29112 are of two kinds: 
conditional, which depend on an external condition to signal 
loop termination, and iterative, which decrement the Am29112 
counter and check for a count of zero. There is also a three
way branch instruction that combines the check for external 
condition with the check for count of zero in a single 
instruction. 

All the looping instructions are similar in two respects. Firstly, 
the check for the loop condition is done at the end of the loop. 
This implies that the loop body is always executed at least 
once. Secondly, in the case that the loop has to be repeated, a 
backward branch to the loop head is made by using the 
address on top of stack. This frees the D inputs for other use, 
but makes it necessary to push the address of the start of the 
loop on the stack before entering the loop. Also, if the loop is 
iterative, it is necessary to load a count value in the counter at 
the same time. Instructions 24 (PUSH PC; COND LOAD 
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UPPER COUNTER) and a (PUSH PC; COND LOAD LOWER 
COUNTER) combine both these requirements. 

Instruction 14 implements a simple conditional repeat loop. If 
the condition is FAI L the sequencer loops back using the top 
of stack address, and if the condition is PASS, the sequencer 
performs a continue to the next sequential address, and 
simultaneously pops the stack to remove the address of the 
loop head. The instruction may be described in Pascal-like 
syntax as: 

repeat PUSH PC 
LOOP BODY 
until condition = TRUE; 

Instruction 23 (COND LOOP EXIT) implements a loop exit that 
may be used with any of the Am29112 loop instructions. It is a 
conditional jump to D, which simultaneously pops the stack. If 
the condition is FAIL, it simply performs a continue. 

As discussed earlier, the counters present in cascaded 
Am29112s may be used independently or cascaded as a 
single 16-bit counter under microprogram control. The mode 
bits select the cascaded configuration only in the extended 
mode. There are separate repeat and three-way branch 
instructions for upper and lower counters. In the case of the 
repeat instructions, the condition code is used to differentiate 
between the repeat on the upper and the repeat on lower 
counter (a condition of PASS selects the upper counter). In the 
case of the three-way branch, which needs the condition code . 
input for the external condition, there are two separate 
opcodes for three-way branch on upper (opcode 17) and 
three-way branch on lower (opcode 16). When a single 
Am29112 is used only the repeat on lower counter instructions 
are useful; and when two Am29112s are cascaded but 
operated in the extended mode, the repeat instructions on 
upper and lower counter are identical in effect and both 
operate on the 16-bit cascaded counter. 

Instruction 12 (REPEAT LOOP IF COUNTER NOT ZERO) is 
the iterative analog of instruction 14 (CONDITIONAL REPEAT 
LOOP). Instruction a (PUSH PC; COND LOAD COUNTER) is 
used with condition code as forced PASS and the desired 
count in the D field of pipeline. This causes the address of the 
loop head to be pushed on the stack, and the lower counter 
loaded with the count. At the end of the loop body, the repeat 
instruction checks if the count is zero. If it is not zero, it 
performs a loop back using the top of stack address and 
simultaneously decrements the counter; if it is zero, it pops the 
address of the loop head off the stack and simultaneously 
selects the next sequential address thereby exiting the loop. A 
repeat loop on the upper counter can be set up using 
instruction 24 instead of a to push PC and load upper counter 
and using instruction 14 to loop back with condition code as 
forced PASS. Note the potential off-by-one error: since the 
count is checked before it is decremented, a count of 1 causes 
two iterations: the first iteration finds a count of 1 and 
decrements; on the second iteration the count is found to be 
zero and the loop terminates. Hence, the value of count 
loaded should be one less than the desired number of 
iterations. In the example above, loading the counter with 7 
resulted in a iterations. 

The single instruction repeat (instruction 13) is provided for 
applications where the loop body is a single microinstruction, 
for example, an ALU shift. The loop is set up as before using 
instruction 9 or 25 (LOAD COUNTER AND COND PUSH 
COUNTER). The repeat instruction then presents its own 
address to the D inputs of the sequencer. As with the repeat 
loop instruction, the single instruction repeat checks for 
counter = o. If the counter is equal to zero, it continues to the 
next sequential instruction; otherwise it repeats' the address 
presented to the Dinputs, which is its own address, and 
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decrements the count by one. Instruction 13 can also be used 
in place of instruction 12 where there is no stack location 
available to hold the address of the loop head. 

Often it is necessary to repeat an action until either some 
external condition becomes true or a predetermined count is 
reached: for example, searching a character string for an 
occurrence of some character. The three-way branch instruc
tions of the Am29112 combine the test for count and external 
condition in one cycle. At any loop iteration, if the condition 
becomes PASS when the three-way branch is executed, then 
the sequencer performs a continue to the next sequential 
instruction, and pops the stack. If the condition is FAIL when 
the three-way branch is 'xecuted, the sequencer tests the 
count. If the count is zero, then the search is unsuccessful and 
the sequencer performs a branch to the address input at the 0 
port, simultaneously popping the stack. If the count is not zero, 
and the condition is FAI L, the sequencer performs a loop back 
via the stack. The instruction' always decrements the counter 
by one if the counter is non-zero. 

Since interrupts may occur at any point in the execution of 
microcode, it is necessary to be able to save counter values 
on the stack so that'the interrupt routines can use the counter 
without interfering with the operation of the interrupted code. 
The sequencer provides instructions that permit arbitrary 
nesting of loops and subroutine calls. Instruction 9 (LOAD 
LOWER COUNTER; CONDITIONAL PUSH COUNTER) can 
be used to load the lower counter from the 0 port. If the 
conditiqn is PASS, then the instruction also causes the old 
counter value to be pushed on the stack. To restore the 
counter from the stack, instruction 10 (POP TO LOWER 
COUNTER) can be used with a forced FAIL condition. 
Instructions 25 (LOAD UPPER COUNTER; CONDITIONAL 
PUSH COUNTER) and 26 (COND POP TO UPPER COUNT
ER/POP TO DISPLACEMENT WIDTH) are the counterparts 
for operating on the upper counter. Note that in cascaded 
systems, when the counter is pushed, regardless of whether 
instruction 25 or instruction lOis executed, the entire counter 
is pushed to keep the stack balanced in the two Am29112s. 

STACK AND REGISTER INSTRUCTIONS 

In addition to all the instructions mentioned earlier that 
explicitly or implicitly alter the stack, the Am29112 has some 
specialized instructions for stack manipulation. 

The stack on the Am29112 is 33 deep. Attempting to push 
when the stack is full or to pop when the stack is empty 
causes the STACK ERROR signal out of the Am29112 to be 
generated. The error is latched internally and persists until 
either the chip is reset or the-stack is popped in case of 
overflow or pushed in case of underflow. When the stack 
overflows, the stack pointer does not wrap around, and all 
subsequent pushes on the full stack write over the top-of
stack location. 

The stack on the Am29112 can be loaded through the 0 port 
using instruction 1 (COND PUSH D/LOAD COMMAND REG
ISTER) with condition as forced PASS and unloaded out of the 
o pOrt using instruction 2 (POP; COND STACKOUT TO D) with 
a forced PASS condition. In the stackout instruction the 0 port 
becomes an output port. Care must be taken to avoid 
contention on the 0 bus when this instruction is executed. The 
o bus is output enabled while CP is low for this instruction. The 
ability to load and unload the stack is useful for implementing 
context switches. For fast unloading of the stack, a tight two
instruction loop can be set up using instruction 12 (POP; 
COND STACKOUT TO D) with a forced FAIL condition and 
instruction 18 (COND TEST SP/BRANCH STACK NOT EMP
TY) also with a forced FAIL condition. The branch instruction 
performs a branch to D if the stack is not empty. 
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The stack nesting level in an interruptible sequencer varies 
dynamically. Hence, the Am29112 is provided with instructions 
for checking the available stack space: instruction 18 (COND 
TEST SP/BRANCH STACK NOT EMPTY). Two distinct in. 
structions for testing the stack pointer have been packed into 
the same opcode and are differentiated by the condition code. 
A condition code of PASS selects the Test Stack POinter 
instruction. In this instruction, the sequencer tests the stack to 
see if there is enough space, as determined by a constant 
input at the D port; if there is enough space, the sequencer 
performs a continue, whereas if there is not enough space, the 
sequencer performs a subroutine return. The number of stack 
locations required is input at the 0 port. I n a system with only 
one Am29112, the least significant 6 bits of the 0 are used 
within the chip for this instruction. In a system with two 
cascaded Am29112s the determination is made independently 
in the two chips (since the stack pointer is at all times identical 
in the two chips). Hence, the same number must be presented 
to the two chips. The adders in the two Am29112s are not 
cascaded for this instruction but function independently. In 
both Am29112s only the 6 LSBs of the D port are actually 
used in the comparison. 

INTERRUPT HANDLING 

The Am29112 recognizes two kinds of interrupts: maskable 
and unmaskable. Maskable interrupts cause automatic saving 
of status on the internal stack and can be inhibited, either 
externally via the INTERRUPT DISABLE pin, or internally via 
instruction 15 (COND ENABLE/DISABLE INTERRUPT). In 
addition, maskable interrupts are disabled when theril is not 
enough space on the stack to service the interrupt, though this 
internal inhibit can be overridden be clearing a bit in the 
command register. The unmaskable interrupt, on the other 
hand, cannot be disabled and does not cause saving of status 
on the internal stack. It is intended for handling abnormal and 
irrecoverable situations like power failure or stack overflow. 
When an unmaskable interrupt occurs, the sequencer branch
es to the address of the unmaskable interrupt routine stored in 
the INTVECT register. This address is stored on chip at 
system initialize time using instruction 11 (COND RESET SP/ 
LOAD INTERRUPT REGISTER) with a condition of FAIL. If a 
maskable interrupt is being processed when the unmaskable 
interrupt occurs, the unmaskable interrupt may be delayed at 
most one cycle to prevent contention on the Y bus. In any 
case, the unmaskable interrupt request should persist for at 
least one clock edge. 

The Am29112 contains an interrupt disable flip-flop on-chip. 
The flip-flop is set by the DISABLE INTERRUPT instruction 
(opcode 15 with forced FAIL) and reset by the ENABLE 
INTERRUPT instruction (opcode 15 with forced PASS). The 
flip-flop output performs the same function as the interrupt 
disable pin. On reset, or on receiving an unmaskable interrupt, 
the flip-flop is set thereby disabling maskable interrupts. 
Hence, at the end of initialization, the ENABLE INTERRUPT 
instruction will have to be executed to reset the flip-flop and 
enable maskable interrupts. 

In the case of maskable interrupts, the interrupt return address 
is saved on the stack automatically using the INTRTN register. 
the INTRTN register is loaded with the CMUX output with 
every clock. When an interrupt is acknowledged, the Am29112 
output is turned off and the vector applied externally. Howev
er, the sequencer executes the instruction which is in the 
pipeline register in that cycle. The re!jult of executing the 
interrupted instruction, namely the next address, does not 
come out of the Am29112 Y bus because the Y bus is used to 
input the interrupt vector. It is clocked into the INTRTN 
register. On the first cycle of the interrupt routine, the 
sequencer pushes the return address on the stack so that the 
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interrupt routine returns by doing a COND RETURN, like any 
other subroutine. 

THE INVISIBLE STACK PUSH THAT THE SEQUENCER 
EXECUTES WHEN IT IS INTERRUPTED OCCURS IN THE 
FIRST CYCLE OF THE INTERRUPT SERVICE ROUTINE. 
HENCE, THE FIRST INSTRUCTION OF THE INTERRUPT 
SERVICE ROUTINE MAY NOT BE ANY INSTRUCTION 
THAT USES THE STACK. 

Before acknowledging an interrupt, the sequencer checks the 
stack to see If there Is a minimum of five locations to handle 
the Interrupt. If there is ins!Jfficient space on the stack, the 
acknowledge is not generatlilc;\. This feature may be disabled 
by a bit in the command register. 

CR(O) -1 INHIBIT ACKNOWLEDGE ON STACK FULL (DE
FAULT) 

CR(O) "" 0 GENERATE ACKNOWLEDGE ON STACK FULL 

MASKABLE INTERRUPTS 
The branch vector for maskable interrupts is applied externally 
to the Y port of the Am29112. This section discusses the 
system timing considerations and their impact on interrupt 
handling in the Am29112. 

Figure 5(a) shows a general system configuration highlighting 
the interrupt portion of the circuitry and the' control loop. A 
priority interrupt controller generates an interrupt request for 
the highest priority pending interrupt. This request is applied to 
the MiNTR pin of the Am29112. If the request is not ,maSked, 
the Am29112 puts out an acknowledge on the Ji.liNTA pin. The 
interrupt controller then puts out the encoded priority of the 
highest priority interrupt to the vector PROM, which maps thlil 
priority code into a vector. 

The Ji.liNTA line turns on the vector PROM output at the same 
time as the Y port on the Am29112 is three-stated. Hence, the 
interrupt vectOr gets onto" the micro memory address bus and 
is also input into the Am29112, and incremented to form the 
next address. The Am29112 saves the return address on the 
stack so that when the interrupt service routine does a 
subroutine return, control returns to the instruction following 
the interrupted instruction. 

The maSkatile interrupt request is synchronized on the 
Am29112. If there is no disable, therefore, the acknowledge 
~Iways is active in the cycle following the request However, 
the acknowledge to Y bus three-stating delay is programma
ble: the Y bus three-stating signal can occur either in the same 
cycle as, or in the cycle following, the MINTA acknOWledge, 
depending on a bit in the command latch of the Am29112. 

The command register bit that programs the postdelay option 
is bit 2, the third least significant bit. The command register 
has 3 bits altogether Ifnd is loaded from the 3 LSBs of the 0 
inputs using instruction 1 (COND PUSH D/LOAD COMMAND 
REGISTER) with a condition of PASS. Note that in a system 
with two cascaded Am29112s, the 0 and 2 bits of the 
command rlilgisters in the two chips must both be loadect with 
the same data on system initialization. The postdelay bit in the 
command rlilgister selects the postdelay option when it is zero, 

Figure 5(b) shows the configuration without postdelay, includ
ing a simplified view of the acknowledge circuit. The acknOWl
edge is granted at the same time the Y,output of the Am29112 
is three-stated and the vector PROM enabled by the MINTA' 
signal out of the Am29112. The critical delay path in this case 
is clock to acknowledge (Am29112) + acknowledge to priority 
out (Interrupt controller) + vector PROM access 
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time + microprogram memory access ,time + pipeline setup 
time. ObviouSly, this delay will have a significant impact on 
overall cycle time. However, in slow systems or in systems 
where the vector is always available immediately with ac
knowledge, this configuration is acceptable. It is also accept
able if the vector mapping PROM Is made part of the 
microprogram memory by dedicating the locations in low 
memory addressed by the priority to hold vectors to the 
correSponding interrupt routines. 

Figure 5(c) shows a simplified view of the Am29112 configured 
with postdelay active. An external D-type flip-flop adds a one 
cycle delay to the MINTA signal before it switches the output 
enable on the vector register. The interrupt request to ac
knowledge delay is the same as in the circuit with postdelay 
inactive, but thE[l Y bus three-stating signal occurs one cycle 
later than the acknOWledge. The critical path has been broken 
into two with th.e register at the vector PROM output. In this 
case'the Critical delay path is cut short by the microprogram 
memory access time. While the vector PROM accesses the 
interrupt vector, the· microprogram memory accesses the next 
sequential instruction. This implies that one more instruction of 
the interrupted code executes after the cycle in which the 
acknowledge is granted. (If that instruction happens to be a 
DISABLE INTERRUPT instruction, then even though no more 
interrupts will be accepted by the Am29112, the interrupt 
which has been acknowledged goes through and the corre
sponding interrupt service routine may enable interrupts again 
using the ENABLE INTERRUPT instruction.) 

The command register bits are summarized below: 

CR(O) : Interrupt acknowledge on stack full 

CR(O) = 1 : inhibit acknowiedge on stack full 
(default) , 

CR(O) = 0 : generate acknowledge on stack full 

CR(l) : Multiway enable 

CR(l) = 1 : enable multiway branching 
(default for LSS) 

CR(l) = 0 : disable, multiway branching 
(default for MSS) 

CR(2) : Interrupt postdelay flip-flop 

CR(2) = 1 : no postdelay (default) 
CR(2) = 0 : postdelay 

On reset & JZU: CR(O) = 1 
CR(l) - LSS 
CR(2) = 1 

HOLD 

The Am29112 is equipped with a HOLD pin for configurations 
utilizing more than one sequencer driving a common micropro
gram address bus. In such situations, it is necessary to cause 
the unselected sequencer to hold its internal state while some 
other sequencer executes, so that it can resume execution at 
the point where it was held. The HOLD pin, when asserted, 
three-states the Y bus, forces low the carry into the PC 
incrementer, and selects the internal CMUX output (instead of 
the Y bus) at the incrementer input. To complete the HOLD 
function, it is also necessary to disable interrupts and to put 
the sequencer into the forced continue mode. Under these 
conditions, the, value of the PC is recirculated through the 
CMUX and the incrementer until the HOLD is released, and all 
the remaining state bits in the sequencer are not altered 
because of, the forced' continue. ' 
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Am29114 
Real-Time Interrupt Controller 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Accepts 8 Interrupt Inputs 
Interrupts may be pulses or levels and they are 
stored internally. 

• Supports Real-Time Interrupts 
Interrupts are handled at microinstructions boundary. 

• Built-In Mask Register 
Enables or disables individual interrupt inputs. 

• Built-In In-Service Register 
• Vectored Output 

Output is binary code for highSst priority unmasked 
input. 

• , Expandable 
Any number of the Am29114's may be cascaded 
for larger interrupt systems. 

GENERAL DESCRIPTION 

The Am29114 is a high-speed eight-bit priority interrupt 
controller that is cascadable to handle any' number of 
interrupt request levels. Its interface specification is de
signed to make it suitable for use with the Am29112 
microsequencer faCilitating the handling of real-time micro-
interrupts. • 

The Am29114 contains an interrupt register which is used 
to store requests until they are serviced, and an eight-bit in-

0 .... 

service register which is used to store requests that are 
currently being serviced. 

The contents of the in-service register are compared with 
the contents of the interrupt register. Interrupt requests 
having a lower or . to the highest priority bit in 
the in-service 1I0wed, thus forming a fixed 
priority r 

80001940 

Am29114 - REAL-TIME INTERRUPT CONTROLLER 

05190A 

1>-18 Refer to Page 13-1 for EssentiaJ Information on MUIlary Devices 



Am29116 
A High-Performance 16-Bit Bipolar Microprocessor 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• Optimized for High-Performance Controllers 
Excellent solution for applications requiring speed 
and bit-manipulation power. 

• Fast 
Supports lOOns microcycle time/l0MHz data rate 
for all instructions. 

• 16-Blt Barrel Shifter 
Contains a 16-bit Barrel Shifter which can shift or 
rotate a word up to 15 positions in a single instruc
tion cycle. 

• Immediate Instruction Capability 
May be used for storing constants in microcode or 
for configuring a second data port. 

• Powerful Field Insertion/Extraction and Bit Ma
nipulation Instructions 
Rotate and Merge, Rotate and Compare and bit 
manipulation instructions provided for complex bit 
control. 

• 32-Worklng Registers 
Single port RAM may be configured to accept dif
ferent source and destination addresses within sin
gle cycle. 

• 52·Pin Hermetic DIP 

GENERAL DESCRIPTION 

The Am29116 is a microprogrammable 16-bit bipolar micro
processor whose architecture and instruction set is opti
mized for high performance peripheral controllers, like 
graphics controllers, disk controllers, communications con
trollers, front-end concentrators and modems. The device 
also performs well in microprogrammed processor applica
tions, especially when combined with the Am29517 16 x'16 

multiplier (65ns worst-case 16 x 16 multiply). In addition to 
its complete arithmetic and logiC instruction set, the 
Am29116 instruction set contains functions particularly 
useful in controller applications; bit set, bit reset, bit test, 
rotate and merge, rotate and compare, and cyclic-redun
dancy-check (CRC) generation. 

BLOCK DIAGRAM 

Boo02200 

Am29116 BASED HIGH PERFORMANCE PERIPHERAL CONTROLLER 

02112C 
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RELATED PRODUCTS 

OTHER LITERATURE 

• An Intelligent Fast Disk Controller using the 
Am29116 Application Note. 

• A Microprogrammed CPU Using the Am29116 
Application Note. 
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Vcc AND GROUND PIN CONNECTIONS 

I,. ... I,. 
I" 

1'0 .. 
Ie .. 
Ie 

GNO IS 

I • .. 
10 
I, 

10 
CP 

D 
SiiE 

CT 

OET 
T. 

T. 
GIlD 

~-' ____________ -r-

+5V 

CDOO4201 

Notes: 1. All Vee and all GND pins must be connected as shown. Offsets between any two VCC pins or 
between any two GND pins should be avoided. 

2. C1 = 1.0/LF, C2 = Ca = O.01/LF. 

The C1, C2, and Ca capacitors should be used to shunt low- and high-frequency noise from Vee. Do not 
replace with one capacitor. 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29116 D C B l L L S~r:~~i~9 s~tn~Oa~d processing 
B - Burn-in 

. Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
0- 52-pin CERDIP 
L - 52-pin Chip-Pak 
X-Dice 

Device type . 
A High-Performance 16-Bit. Bipolar Microprocessor 
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Valid Combinations 

I DC, DCB, DMB· 
Am29116 LC, LMB 

XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 1/0 

YO'Y,5 110 

36 OLE I 

43 ~y I 
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t9 iEN I 

20 'Sl!iE 

18 CP I 
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24,23 

22 OET I 

21 CT a 
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.. D---
1liiC>--
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LATCH • 

I t-
MTA. 

DECODE 

I I I 
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W-

. 
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~. 

T'.4 

PIN DESCRIPTION 

Description 

Dala Input/Output Lines. When ~y is HIG~ 0" Y 15 are used as ex1ernal data inputs which allow data to be directly 
loaded into the 16-bit data latch. Having y LOW allows the ALU data to be output on Yo' Y 15. 

Data Latch Enable. When OLE is HIGH, the IS-bit data latch is transparent and is latched when OLE is LOW. 

Output Enable. When ~y is HIGH, the IS-bit Youtputs are disabled (high-impedance); when ~Y is LOW,the IS-bit 
Y outputs are enabled (HIGH or LOW). 

Six1een Instruction Inputs. Used to select the operations to be performed in the Am29116. Also used as data inputs 
while performing immediate instructions. 

Instruction Enable. With lEN LOW, data can be written into the RAM when the clock is LOW. The Accumulator can 
accept data during the LOW·HIGH transition of the clock. Having iEN LOW, the Status Register can be updated when 
'Sl!iE is LOW. With iEN HIGH, the conditional test output, CT, is disabled as a function of the instruction inputs. lEN 
should be LOW for the first half of the first cycle of an immediate instruction. 

Status Register Enable. When 'Sl!iE and lEN are both LOW, the Status Register is updated at the end of all instructions 
with the exception of NO·OP, Save Status, and Test Status. Having either 'Sl!iE or lEN HIGH will inhibit the Status 
Register from changing. 

Clock Pulse. The clock input to the Am29116. The RAM latch is transparent when the clock is HIGH. When the clock 
goes LOW, the RAM output is latched. Data is written into the RAM during the low period of the clock provided lEN is 
LOW and if the instruction being executed designates the RAM as the destination of operation. The Accumulator and 
Status Register will accept data on the LOW-HIGH transition of the clock if iEN is also LOW. The instruction latch 
becomes transparent when it exits an immediate instruction mode during a LOW-HIGH transition of the clock. 

Input/Output Pin. Under the control of OET, the four lower status bits Z, C, N, OVR become outputs on T,-T4, 
respectively when OET goes HIGH. When OET is LOW, T 1- T 4 are used as inputs to generate the CT output. 

Output Enable. When OET is LOW, the 4-bit T outputs are disabled (high-impedance); when OET is HIGH, the 4-bit T 
outputs are enabled (HIGH or LOW). 

Conditional Test. The condition code multiplexer selects one of the twelve condition code signals and places them on 
the CT output. A HIGH on the CT output indicates a passed condition and a LOW indicates a failed condition. 

MU' 

~i5EY 
~ .. 

I I .... I 
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I 16-BIT I I , ..... I 
OI.E 

32·WORDX ACe .. LATCH 
1f.81'rR ..... 
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PRIORITV I ENCODER 
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Figure 1. Detailed Am29116 Block Diagram. 
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ARCHITECTURE OF THE Am29116 

The Am29116 is a high~performance, microprogrammable 16-
bit bipolar microprocessor. 

As shown in the Block Diagram, Figure 1, the device consists 
of 'the following elements interconnected with 16-bit data 
paths. 

• 32-Word by 16-Bit RAM 
• Accumulator 
• Data Latch 
• Barrel Shifter 

• ALU 
• Priority Encoder 
• Status Register 
• Condition-Code Generator/Multiplexer 
• Three-State Output Buffers 
• Instruction Latch and Decoder 

32-Word by 16-Bit RAM 

The 32-Word by 16-Bit RAM is a single:port RAM with a 16-bit 
latch at its output. The latches are transparent when the clock 
input (CP) is HIGH and latched when the clock input is LOW. 
Data is written into the RAM while the clock is LOW if the iEN 
input is also LOW and if the instruction,being executed defines 
the RAM as the destination of the operation. For byte 
instructions, only the lower eight RAM bits are written into; for 
word instructions, all 16 bits are written into. With the use of an 
external multiplexer on five' of the instruction inputs, it is 
possible to select separate read and write addresses for the 
same instruction. This two-address operation is not allowed for 
immediate instructions. 

Accumulator 

The 16-bit Accumulator is an edge-triggered register. The 
Accumulator accepts data on the LOW-to-HIGH transition of 
the clock input if the iEN input is LOW and if the instruction 
being executed defines the Accumulator as the destination of 
the operation. For byte instructions, only the lower eight bits of 
the Accumulator are written into; for word instructions, all 16 
bits are written into. 

Data Latch 

The 16-bit Data Latch hol!ls the data input to the Am29116 on 
the bi-directional Y bus. The latch is transparent when the OLE 
input is HIGH and latched when the OLE input is LOW. 

Barrel Shifter 

A 16-bit Barrel Shifter is used as one of the ALU inputs. This 
permits rotating data from either the RAM, the Accumulator or 
the Data Latch up to 15 positions. In the word mode, the Barrel 
Shifter rotates a 16'bit word; in the byte mode, it rotates only 
the lower eight bits. ' 

Arithmetic Logic Unit 

The Am29116 contains a 16-bit ALU with fuli carry lookahead 
across all 16 bits in the arithmetic mode. The ALU is capable 
of operating on either one, two or three operands, depending 
upon the ,instruction being executed. It has the ability to 
execute all conventional one and two operand operations, 
such as pass, complement, two's complement, add, subtract, 
AND, NAND, OR, NOR, EXOR, and EX-NOR. In addition, the 
ALU can also execute three-operand instructions such as 
rotate and merge and rotate and compare with mask. All ALU 
operations can be performed on either a word or byte basis, 
byte operations being performed on the lower eight bits only. 

The ALU produces three status outputs" C (carry), N (negative) 
and OVR (overflOW). The appropriate flags are generated at 
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the byte or word level, depending upon whether the device is 
executing in the byte or word mode. The Z (zero) flag, 
although not generated by the ALU, detects zero at both the 
byte and, word level. 

i 
The carry input to the ALU is generated by the Carry 
Multiplexer which can select an input of zero, one, or the 
stored carry bit from the Status Register, ac. Using ac as the 
carry input allows execution of multi preciSion addition and 
subtractions. 

Priority Encoder 

The Priority Encoder produces a binary-weighted code to 
indicate the locations of the highest order ONE at its input. 
The input to the Priority Encoder is generated by the ALU 
which performs an AND operation on the operand to be 
prioritized and a mask. The mask determines which bit 
locations to eliminate from prioritization. In the word mode, if 
no bit is HIGH, the output is a binary zero. If bit 15 is HIGH, the 
output is a binary one. Bit 14 produces a binary two, etc. 
Finally, if only bit 0 is HIGH, a binary 16 is produced. 

In the byte mode, bits 8 thru 15 do not participate. If none of 
bits 7 thru 0 are HIGH, the output is a binary zero. If bit 7 is 
HIGH a binary one is produced. Bit 6 produces a binary two, 
etc. Finally, if only bit 0 is HIGH, a binary 8 is produced. 

Status Register 

The Status Register holds the 8-bit status word. With the 
Status-Register Enable, (SRE) input LOW and theiEN input 
LOW, the Status Register is updated at the end of all 
instructions except NO-OP, Save-Status and Test-Status in
structions. SRE going HIGH or iEN going HIGH inhibits the 
Status Register from changing. 

The lower four bits of the Status Register contain the ALU 
status bits of Zero (Z), Carry, (C) Negative (N), and Overflow 
(OVR). The upper four bits contain a Link bit and three user
definable status bits (Flag 1, Flag 2, Flag 3). 

With SRE LOW and iEN LOW, the lower four status bits are 
updated after each instruction except those mentioned above, 
NO-Op, Save Status, Status Test and the Status Set/Reset 
instruction for the upper four bits. Under the same conditions, 
the upper four status bits are changed only during their 
respective Status Set/Reset instructions and during Status 
Load instructions in the word mode. The Link-Status bit is also 
updated after each shift instruction. 

The Status Register can be loaded from the internal Y -bus, 
and can also be selected as a source for the internal Y -bus. 
When the Status Register is loaded in the word mode, all 8-
bits are updated; in the byte mode, only the lower 4 bits (Z, C, 
N, OVR) are updated. 

When the Status Register is selected as a source in the word 
mode, all eight bits are loaded into the lower byte of the 
destination; the upper byte of the destination is loaded with all 
zeros. In the byte mode, the Status Register again loads into 
the lower byte of the destination, but the upper byte remains 
unchanged. This Store and Load combination allows saving 
the restoring the Status Register for interrupt and subroutine 
processing. The four lower status bits (Z, C, N, OVR) can be 
read directly via the bidirectional T bus. These four bits are 
available as outputs on the T 1-4 outputs whenever OET is 
HIGH. 

Condition-Code Generator IMultiplexer 

The Condition-Code Generator/Multiplexer contains the logic 
necessary to develop the 12 condition-code test signals. The 
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multiplexer portion can select one of these test signals and 
place it on the CT output for use by the microprogram 
sequence. The multiplexer may be addressed in two different 
ways. One way is through the Test Instruction. This instruction 
specifies the test condition to be placed in the CT output, but 
does not allow an ALU operation at the same time. The 
second method uses the bidirectional T bus as an input. This 
requires extra bits in the microword, but provides the ability to 
simultaneously test and execute. The test instruction lines, 
10-4, have priority over T 1-4, for testing status. 

Three-State Output Buffers 

There are two sets of Three-State Output Buffers in the 
Am29ll6. One set controls the bidirectional, l6-bit Y bus. 
These outputs are enabled by placing a LOW on the l5E input. 
A HIGH puts the Y outputs in the high-impedance state, 
allowing data to be input to the Data latch from an external 
source. 

The second set of Three-State Output Buffers controls the 
bidirectional 4-bit T bus and is enabled by placing a HIGH on 
the OEl input. This allows storing the four internal ALU status 

bits (Z, C, N, OVR) externally. A LOW OEl input forces the T 
outputs into the high-impedance state. External devices can 
then drive the T bus to select a test condition for the CT 
output. 

Instruction Latch. and Decoder 

The l6-bit Instruction Latch is normally transparent to allow 
decoding of the Instruction Inputs by the Instruction Decoder 
into the internal control signals for the Am29ll6. All instruc
tions except Immediate Instructions are executed in a single 
clock cycle. 

Immediate instructions require two clock cycles for execution. 
During the first clock cycle, the Instruction Decoder recognizes 
that an Immediate Instruction is being specified and captures 
the data on the Instruction Inputs in the Instruction LatCh. 
During the second clock cycle, the data on the Instruction 
Inputs is used as one of the operands for the function 
specified during the first clock cycle. At the end of the second 
clock cycle, the Instruction Latch is returned to its transparent 
state. 

INSTRUCTION SET 

The instruction set of the Am29ll6 is very powerful. In 
addition to the single and two operand logical and arithmetic 
instructions,· the Am291l6 instruction set contains functions 
particularly useful in controller applications: bit set, bit reset, 
bit test, rotate and merge, rotate and compare, and cyclic
redundancy-check (CRC) generation. Complex instructions 
like rotate and merge, rotate and compare, and prioritize are 
executed· in a single microcycle. 

Three data types are supported by the Am29ll6. 

• Bit 
• Byte 
• Word (16-bit) 

In the byte mode data is written into the lower half of the word 
and the upper half is unchanged. The special case is when the 
status register is specified as the destination. In the byte mode 
the LSH (OVR, N, C, Z) of the status register is updated and in 
the word mode all eight bits of the status register are updated. 
The status register does not change for save status and test 
status instructions. In the test status instructions the CT output 
has the result and the Y -bus is undefined. 
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The Am29ll6 Instruction Set can be divided into eleven 
types of instructions. These are: 

• Single Operand • Rotate and Compare 
• Two Operand • Prioritize 
• Single Bit Shift • Cyclic-Redundancy-Check 
• Rotate and Merge • Status 
• Bit Oriented • No-Op 
• Rotate by n Bits 

Each instruction type is arbitrarily divided into quadrants. Two 
of the sixteen instruction lines decode to four quadrants 
labelled from 0 to 3. The quadrants were defined mainly for 
convenience in classification of the instruction set and ad
dressing modes and can be used together with the OP 
CODES to distinguish the instructions. 

The following pages describe each of the instruction types in 
detail. Throughout the description 0Ey is assumed to be LOW 
allowing ALU outputs on the V-bus. 

Table 1 illustrates operand source-destination combinations 
for each instruction type. 
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TABLE 1. OPERAND SOURCE DESTINATION COMBINATIONS 

Instruction Type Operand Combinations (Note 1) Instruction Type Operand Combinations (Note 1) 

Source (RtS) Destination Source (R) Mask (S) Destination 

RAM (Note 2) RAM 
ACC ACC 

Prioritize (Note 3) 
RAM RAM RAM 
Ace Ace ACC 

Single Operand 0 Y Bus 0 I Y Bus 
O(OE) Status 0 

O(SE) ACC and 
Status Cyclic 

Data In Destination Polynomial 

I 
0 

Redundancy 
QLlNK RAM Ace 

Check 

Source (R) Source (S) Destination No Operation -
RAM ACC RAM Bits Affected 

Two Operand 
RAM I Ace 

0 RAM Y Bus 
0 Ace Status 

Ace I ACC and 
.0 I Status 

OVR, N, C, Z 

Set Reset Status 
LINK 
Flag1 
Flag2 
Flag3 

Source (U) Destination 
Source Destination 

RAM RAM 

Single Bit Shift 
ACC ACC 
ACC Y Bus 

0 RAM 

Store Status 
Status RAM 

Ace 
Y Bus 

0 Ace Source (R) Source (S) Destination 
0 Y Bus 

Source (U) Destination 
Status Load 0 ACC Status 

Ace I Status and 

Rot~te n Bits 
RAM RAM 
Ace Ace 

Ace 
0 I 

0 Y Bus Test Condition (CT) 

Source (RtS) Destination (NE90VR)+Z 

Bit Oriented 
RAM RAM 
Ace ACC 

0 Y Bus 

Rotated 
Non-Rotated 

Sourcet 

NE90VR 
Z 

OVR 

Test Status 
Low 
C 

Z+ l:: 
Source (U) Mask (S) Destination (R) N 

0 I ACC 

Rotate and Merge 0 RAM Ace 
0 I RAM 
0 ACC RAM 

LINK 
Flag 1 
Flag 2 
Flag 3 

ACC I RAM 
RAM I Ace 

Rotated 
Non-Rotat~ 

Sourcet 
Source (U) Mask (S) Destination (R) 

Rotate and 
Compare 0 I 

0 I RAM 
0 ACC RAM 

RAM I Ace 

Notes: 1. When there is no dividing line between the R&S OPERAND or SOURCE and DESTINATION, the 
two must be used as a given pair. But where there exists such a separation, any combination of 
them is possible. 

2. In the SINGLE OPERAND INSTRUCTION, RAM cannot be used when both ACC and 
STATUS are designated as a DESTINATION. 

3. In the PRIORITIZE INSTRUCTION, OPERAND and MASK must be differen.t sOurces. 
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SINGLE OPERAND INSTRUCTIONS 

The Single Operand Instructions contain four indicators: byte B·bit to 16·bit conversion is needed, the Am29116 is capable 
or word mode, opcode, source and destination. They are of extending sign bit (D(SE» or binary zero (D(OE)) over 16-bits 
further subdivided into two types. The first type uses RAM as a in the word mode. The least significant four bits of the Status 
source or destination or both, and the second type does not Register (OVR, N, C, Z) are affected by the function performed 
use RAM as a source or destination. Both types have different in this category. The most significant bits of status register 
instruction formats as shown below. Under the control of (FLAG1, FLAG2, FLAG3, LINK) are not affected. The only 
instruction inputs, the desired function is performed on the limitation in this type is that the RAM cannot be used as a 
source and the result is either stored in the specified destina· source when both ACC and the Status Register are specified 
tion or placed on the Y -bus or both. For a special case where as a destination. 

SINGLE OPERAND FIELD DEFINITIONS 

15 14 13 12 9 B 54 0 

SOR I 8/W I Quad I Opcode I SRC-Dest I RAM Address I 
SONR 18/wI Quad I Opcode I SRC I Dest I 

SINGLE OPERAND INSTRUCTION 

1514 1312 9 8 5 4 0 

Instruction 1 B/W2 Quad3 Opcode R/54 Dest4 RAM Address 

1100 MOVE SRC_Dest 0000 SORA RAM ACC 00000 ROO RAM Reg 00 
1101 CaMP SAC_Dest 0010 SORV RAM V Bus .. .. .... 
1110 INC SRC+ 1_Dest 0011 SORS RAM Ststus 11111 R31 RAM Reg 31 
1111 NEG ~+1_Dest 0100 SOAR ACC RAM 

SOR O-B 10 0110 SODR D RAM 
1=W 0111 SOIR I RAM 

1000 SOZR 0 RAM 
1001 SOZER D(OE) RAM 
1010 SOSER D(SE) RAM 
1011 SORR RAM RAM 

Instruction B/W Quad Opcode R/54 Destination 

1100 MOVE SRC_Dest 0100 SOA ACC 00000 NRV V Bus 
1101 CaMP ~_Dest 0110 SOD D 00001 NRA ACC' 

SONR O-B 1110 INC SRC+ 1_Dest 0111 SOl I 00100 NRS Status5 
1=W 11 1111 NEG ~+1_Dest 1000 SOZ 0 00101 NRAS ACC, Status5 

1001 SOZE D(OE) 
1010 SOSE D(SE) 

Notes: 1. The instruction mnemoni:;n~esignates different instruction formals used in the Am29116. They are useful in assembly microcode with 
the System 29 AMDASM mets assembler. 

2. B = Byte Mode, W = Word Mode. 
3. See Instruction Set description. 
4. R = Source; S = Source; Dest = Destination. 
5. When status is destination, 

Status i_Vi i = 0 to 3 (Byte mode) 
i = 0 to 7 (Word mode) 

Y BUS AND STATUS - SINGLE OPERAND INSTRUCTIONS 

Instruction Opcode Description B/W Y - Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

SOR MOVE SRC_Dest O-B V _ SRC NC NC NC NC 0 U 0 U 

SONR CaMP ~ ... Dest 1 =W V _ SA<:! NC NC NC NC 0 U 0 U 

INC SRC +1 _ Dest V _ SRC +1 NC NC NC NC U U U U 

NEG srn:: + 1 _ Dest V _ SAC +1 NC NC NC NC U U U U 

SRC=Source 0= Reset 
U - Update 1 = Set 
NC - No Change i = 0 to 15 when nOl specified 

.. 
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TWO OPE~ANDINSTRUCTIONS 

The Two Operand Instructions contain five indicators: byte or sPecified destination or placed on the Y -bus or both, The least 
word mode, opcode, R source, S source, and. destination. significant four bits. of the status register (OVR, N. C, Z) are 
They are further subdivided into two types. The first type uses affected by the arithme.tic functions performed and only the N 
RAM as tlie source and/or destination arid the second type and Z bits lire affected by the logical functions performed. The 

, does not use RAM as source or destination. The firsftype has OVR and C bits of the status register are forced to ZERO for 
two formats; the only difference is in the quadrant. Under the logical functions. Add with carry lind Subtract with carry 
control of instruction Inputs, the desired function is performed instructions are useful for Multiprecision Add or Subtract. 
on the specified sourcas and the result is stored in the 

TWO OPERAND FIELD DEFINITIONS 

15 14 13 12 98 54 0 
\ 

!B/W I Quad I s~g:c I I I TOR 1 Opcode RAM Address 

TOR2 ! B/W I Quad I s~g:~c I Opcode I RAM Address I 
TONR I B/W I Quad I SRC-SRC I Opcode I Dast I 

TWO OPERAND INSTRUCtIONS 

Instruction B/W Quad Rl Sl Destl Opcode RAM Add,.. 

O-B 00 0000 TORM RAM Ace Ace 0000 ~~~~C2 ~ ~:~~: ~ 00000 ROO RAM Reg 00 
l-W 0010 TORIA RAM I ACC 0001 .. , . . . ... 

0011 TODRA 0 RAM Ace with .cany 11111 R31 RAM Reg 31 
1000 TORAY RAM Ace Y Bus 0010 SUBS R minus S 
1010 TORIY RAM I Y Bus 0011 SUBsc2 R minus S 
1011 TOORY 0 RAM Y Bus with carry 
1100 TORAR RAM ACC RAM 0100 ADD R plus S 

TORI 1110 TORIR RAM I RAM 0101 ADDC R plus S 
1111 TODRR 0 RAM RAM with cany 

0110 AND B...!..§ 
011.1 NAND R • S 
1000 EXOR B....fIl....§ 
1001 NOR R+S 
1010 OR B....±....i 
1011 EXNOR RE9S 

Instruction B/W Quad R1 Sl Dest1 Opcocte RAM Addren 
O-B 10 0001 TODAR D Ace RAM 0000 ~~~~c2 ~ ~~: ~ 00000 ROO RAM Reg 00 
l-W 0010 TOAIR Ace I RAM 0001 . . . . .... 

0101 TODIR 0 I RAM with carry 11111 R31 RAM Reg 31 
0010 SUBS R minus S 
0011 SUBSC2 R minus S 

, 
. ADD 

with cany 
0100 R plus S 

TOR2 0101 ADDC R plus S 
with cany 

0110 AND B...:.Ji 
0111 NAND R • S 
1000 EXOR B-.I1l..§ 
1001 NOR R + S 
1010 OR fL±....§ 
1011 EXNOR RE9S 

Nole 1: R - Source 
S - Source 
Des! - Destination 

Note 2: During subtrectlon the cany is interpreted as borrow. 
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TWO OPERAND INSTRUCTIONS 

Instruction B/W Quad R1 51 Opcode Destination 

O-B 11 0001 TODA 0 ACC 0000 SUBR S minus R 00000 NRV V Bus 
l=W 0010 TOAI ACC I 0001 SUBRC S minus R with 00001 NRA ACC 

0101 TOOl 0 I carry 00100 NRS Status2 
0010 SUBS R minus S 00101 NRAS ACC, Status2 

TONR 0011 SUBSC R minus S w~h 
carry 

0100 ADD R plus S 
0101 ADDC R plus S with 

carry 
0110 AND R.S 
0111 NAND R.S 
1000 EXOR B.ffi§ 
1001 NOR R+S 
1010 OR B..±..§ 
1011 EXNOR RE9S 

Notes 1: ReSource 
S - Source 

2: When status is destination, 
Status i_Vi i a 0 to 3 (Byte mode) 

i = 0 to 7 (Word mode) 
3: During subtraction the carry is interpreted as bOrrow. 

Y BUS AND STATUS CONTENTS - TWO OPERAND INSTRUCTIONS 

Instruction Opcode Description B/W 

SUBR S minus R 0= B 

SUBRC 
S minus R with 
carry 

1=w 

SUBS R minus S 

TOR 1 SUBSC R minus S with 
TOR2 carry 
TONR 

ADD R plus 5 

ADDC 
R plus S with 
carry 

AND R'S 

NAND Fr-"S 

EXOR REllS 

NOR R+""S 

OR R+S 

EXNOR RIDS 

U = Update 
NC = No Change 
0= Reset 
1 =.5et 
i = 0 to 15 when not specified 

Y - BUB 

Y _S + R + 1 

Y_S+R+QC 

Y_R+"S+1 

Y_R +S+QC 

Y_R+5 

Y_R+S+QC 

Y_Ri AND Si 

Yi_Ri NAND 5i 

Vi-Ri EXOR 5i 

Yi_Ri NOR Si 

Yi_Ri OR 5i 

Yi_Ri EXNOR Si 
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Flag3 Flag2 
Fisg LINK OVR N C Z 

1 

NC NC NC NC U U U U 

NC NC NC NC U U U U 

NC NC NC NC U U U U 

NC NC NC NC U U U U 

NC NC NC NC U U U U 

NC NC NC NC U U U U 

NC NC NC NC o· U 0 U 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 0 0 U 
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SINGLE BtT SHIFT I~STRUCTIONS 

The Single Bit Shift Instructions contain four indicators: byte or 
word mOde, direction and shift linkage, source and destination. 
They are further subdivided into two types. The first type uses 
RAM as the source and/or destination and the second type 
does not use RAM as source or destination. Under the control 
of the instruction inputs, the desired Shift function is performed 
on the specified source and the result is stored in the speclfled 
destination or placed on the. Y -bus or both. The direction and 
shift linkage indicator defi[lEls the direction of the shift (up or 
doWn) as well as what will be shifted into the vacanlbit.On a 
shift-up instruction, the LSB may be loaded with ZERO, ONE, 

or the Wnk-Status bit(OLINK). The MSB is loaded into the 
Wnk-Status bit as shown in Figure 2. On a shift-down 
instruction, the MSB may be loaded with ZERO, ONE,the 
contents of the Status Carry flip-flop, (OC), the Exclusive,OR 
of the Negative~Status· bit and the Overflow-Status bit (ON E9 

OOVR) or the Wnk-Status bit. The LSB is loaded into the Wnk
Status bit as shown in Figure 3. The Nand Z bits of the Status 
register are affected but the OVR and C bits are forced to. 
ZERO. The Shift-Down with ON E9 OOVR is useful for Two's 
Complement multiplication. 

SINGLE BIT SHIFT FIELD DEFINITIONS: ' 

SHFTR 

SHFTNR 

QUNK 

QC 

ONeClOVR 
QUNK 

1514 13 12 98 54 0 

B/W I Ouad I SRC-Dest I Opcode RAM Address I 

B/W I Quad I SRC Opcode 

SHIFTER 

DESTINATION 

Figure 2. Shift Up Function. 

SOURCE 

SHIFTER 

DESTINATION 

Figure 3. Shift Down Function. 

6-30 

Dest 

OUNK 

PFOOO360 

PFOOO350 
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SINGLE BIT SHIFT INSTRUCTIONS 

SINGLE BIT SHIFT 

Instruction B/W Quad U' Dest' Opcode RAM Address 

O=B 10 0110 SHAA AAM AAM 0000 SHUPZ Up 0 00000 Aoo AAM Aeg 00 
I=W 0111 SHDA 0 AAM 0001 SHUPI Up 1 .. . . . ... 

SHFTA 0010 SHUPL Up OLiNK 11111 A31 AAM Aeg 31 
0100 SHDNZ Down 0 
0101 SHDNI Down 1 
0110 SHDNL Down OLiNK 
0111 SHDNC Down OC 
1000 SHDNOV Down QNGlQOVA 

Instruction B/W Quad U' Opcode Destination 

O=B 11 0110 SHA ACC 0000 SHUPZ Up 0 00000 NAY Y Bus 
I=W 0111 SHD 0 0001 SHUPI Up 1 00001 NAA ACC 

SHFTNA 0010 SHUPL Up QLINK 
0100 SHDNZ Down 0 
0101 SHDNI Down 1 
0110 SHDNL Down QLlNK 
0111 SHDNC Down QC 
1000 SHDNOV Down QNGlQOVA 

Note 1. U = Source 
Dest = Destination 

Y BUS AND STATUS - SINGLE BIT SHIFT INSTRUCTIONS 

Instruction Opcode Description B/W Y - Bus 

SHUPZ Up 0 I=W YI-SACI_l, i = 1 to 15; 
SHUPI Up 1 Yo-Shift Input 
SHUPL Up QLINK Yi-SACI_l, i=1 to 7; 

SHA O=B YO - Shift Input; 
SHNA YS-SAC7. Yj-SACI_s 

fori=9tol5 

SHDNZ Down 0 Yj-SACj + 1. i - 0 to 14; 
SHDNI Down 1 I=W y,s-Shift Input 
SHDNL Down OLiNK Yi-SACj + 1. i = 0 to 6; SHDNC Down QC 
SHCNOV Down 'QNGlQOVA O=B Yj-SACI_7. i = 8 to 14; 

Y715-Shift Input 

SAC = Source 
U = Update 
NC - No Change 
0= Aeset 
1 = Set 
i - 0 to 15 when not specified 

6-31 

Flag3 Flag2 Flag1 LINK OVR N C Z 
NC NC NC SAC,S· 0 SAC'4 0 U 

NC NC NC SAC7· 0 SAGe 0 U 

Shift 
- 1--

NC NC NC SACc· 0 Input 0 U 

Shift NC NC NC SACc· 0 Input 0 U 

·Shifted Outpul is loaded into the OLINK. 

02112C 
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BIT ORIENTED INSTRUCTIONS 

The Bit Oriented Instructions contain four indicators: byte or which forces the nth bit to ZERO leaving the other bits 
word mode, operatipn, sourcel destination, and the bit position unchanged; Test Bitn, which sets the· ZERO Status Bit 
of the.bit to be operated on (Bit 0 is the .Ieast significant bit). depending on the state of bit n leaving all the bits unchanged; 
They are further subdivided into two types. The first type !ilSeS Load 2", which loads ONE in Bit position n and ZERO in all 
the RAM as both source and destination and haS two kinds of other bit positions; Load 2" which loads ZERO in bit position n 
formats which differ only by quadrant. The second type does aiId ONE in all other bit positions; increment by 2", which adds 
not use the RAM as a source or a destination. Under the 2" to the operand; and decrement by 2" which subtracts 2" 
control of the instruction inputs, the desired function is from the operand. For all the Load, Set, Reset and Test 
performed on the specified source and the result is stored in instructions, the N and Z bits are affected and OVR and C bit 
the specified destination or placed on the V-bus or both. The of the Status register are forced to ZERO. For all arithmetic 
operations which can be performed are: Set Bit n which forces instructions the LSH (OVR, C, N, Z bits) of the Status register 
the nth bit to a ONE leaving other bits unchanged; Reset Bit n is affected. 

BIT ORIENTED FIELD DEFINITIONS 

Instruction B/W Quad 

O=B BORl l-W 
·11 

Instruction B/W Quad 

O=B BOR2 l-W 10 

Instruction B/W Quad 

BONR O-B 11 l=W 

15 14 13 129 8 54 0 

BORl I B/W I Quad I n I Opcode I RAM Address I 

BOR2 I B/W I Quad I n I Opcode I RAM Address I 

BONR I B/W I QJad I n I 1100 I Opcode I 

, 
BIT ORIENTED INSTRUCTIONS 

n Opcode RAM Address' 

1101 SETNR Se1 RAM, bH n 00000 ROO RAM Reg 00 
o to 15 1110 RSTNR Reset RAM •. bH " .. .. . ... 

1111 TSTNR Tesl RAM. bH " 11111 R31 RAM Reg 31 

n Opcode RAM Address 

1100 LD2NR 2"_RAM 00000 ROO RAM Reg 00 1101 LDC2NR 2" _RAM 01015 1110 A2NR RAM plus 2" _ RAM 
.. .. . ... 

1111 S2NR RAM minus 2" _ RAM 11111 R31 RAM Reg 31 

n OJ)!:ode 

00000 TSTNA Test Ace. bH n 
00001 RSTNA Reset Ace. bH " 
00010 SETNA Se1 Ace, bil n 
00100 A2NA Ace plus 2" _Ace 
00101 S2NA ACC minus 2" _ACC 
00110 LD2NA 2" _Ace 

01015 1100 00111 LDC2NA 2" _Ace 
10000 TSTND Test 0, bH n 
10001 RSTND Reset 0, bH n 
10010 SETND Sel 0, bH n 
10100 A2NDY o plus 2" _ YBUS 
10101 S2NDY o minus 2" _ Y Bus 
10110 LS2NY 2"_YBus 
10111 LDC2NY 2" _ Y Bus 

I 
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BIT ORIENTED INSTRUCTIONS 

Y BUS AND STATUS - BIT ORIENTED INSTRUCTIONS 

Instruction Opcode Description B/W 

SETNR Set RAM B~ n O-B 
BORI RSTNR Reset RAM, 8i\ n l-W 

TSTNR Test Ram, B~ n 

LD2NR 2n-RAM 

LDC2NR 2"-RAM 
BOR2 

A2NR RAM+2n-RAM 

S2NR RAM-2n-RAM 

TSTNA Test ACC, B~ n 

RSTNA Reset ACC, Bit n 

SETNA Set ACC, B~ n 

A2NA ACC+ 2n-ACC 

S2NA ACC-2n-ACC 

LD2NA 2n-ACC 

LDC2NA 2"-ACC 
BONR 

TSTND Test D, Bit n 

RSTND Reset D, Bit n* 

SETND Set D, Bit n* 

A2NDY D +2n_y Bus 

S2NDY D_2n_y Bus 

LD2NY 2n_y Bus 

LDC2NY 2"-Y Bus 

SRC-Source 
U- Update 
NC- No Change 
0- Reset 
I-Set 
I - 0 to 15 when not specHled 

*Destination Is not D Latch but Y Bus. 

Y - Bus 
Yi'"'RAMi for I""n; Yn-l 
Vi-RAMi for I ""n; Yn-O 

YI-O for I""n; Yn-SRCn 
Yi-O for I .. n; Yn-l 

Yi-l for I"n; Yn-O 

Yi-RAM+2n 

Yi-RAM-2n 

Yi-O for I .. n; Yn-ACCn 

YI-ACCi for I "n; Yn-O 

Yi-ACCi for I ""·n; Yn-l 

YI-ACC + 2n 

YI-ACC-2n 

Yi-O for I"n; Yn-l 

Yi-1 for I""n; Yn-O 

Yj-O for i*n; Yn-Dn 

Vi-Oj for I""n; Yn-O 

YI-Di for I"",,; Yn-l 

Y-D + 2n 

Y-D_2n 

Yi-O for I""n; Yn-l 

Yi-1 for I""n; Yn-O 

6-33 

Flag3 Flag2 Flag 1 LINK OVR N C Z 

NC NC NC NC 0 U 0 0 
NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 0 

NC NC NC NC 0 U 0 0 

NC NC NC NC U U U U 

NC NC NC NC U U U U 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 0 

NC NC NC NC U U U U 

NC NC NC NC U U U U 

NC NC NC NC 0 U 0 0 

NC NC NC NC 0 U 0 0 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 U 

NC NC NC NC 0 U 0 0 

NC NC NC NC U U U U 

NC NC NC NC U U U U 

NC NC NC NC 0 U 0 0 

NC NC NC NC 0 U 0 0 
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ROTATE BY n BITS INSTRUCTIONS 

The Rotate by n Bits Instructions contain four indicators: byte is either stored in the specified destination or placed on the Y-
or word mode, source, destination and the number of places bus or both. An example of this instruction is given in Figure 4. 
t.he source is to be rotated. They are further subdivided into In the Word mode, all 16-bits are rotated up while in the Byte 
two types. The first type uses RAM as a source and/or a mode, only lower 8-bits (0,7), are rotated up. In the Word 
destination and the second type does not use RAM as a mode, a rotate up by n bits.is equivalent to a rotate down by 
source or destination. The first type has two different formats (16-n) biiS.Simiiarly, in the Byte mode a rotate up by n bits is 
a,!d the only difference is in the quadrant. The second type equivalent to a rotate down by (8-n) bits, The Nand Z bits of 
has only one format as shown in the table. Under the control the Status Register are affected and. OVR and C bits are 
of instruction inputs, the n indicator specifies the number of bit forced to ZERO. 
positions the source is to be rotated up (0 to 15), and the result 

EXAMPLE: n = 4, Word Mode ROTATE BY n BITS FIELD DEFINITIONS 

Source 0001 0011 0111 1111 
15 14 13 129 8 54 0 Destination 0011 0111 1111 0001 

EXAMPLE: n = 4, Byte Mode ROTRll B/W I Quad I n I SRC-Dest I RAM Address I 
Source 0001 0011 0111 1111 

Destination 0001 0011 1111 0111 ROTR21 B/W I Quad I n I SRC-De~t I RAM Address I 
Figure 4. Rotate by n Example ROTNR I B/W I Quad I n I 1100 I SRC-Dest I 

ROTATE BY n BITS INSTRUCTIONS 

Instruction B/W Quad n U1 Oest1 RAM Address 

O-B 1100 RTRA RAM Ace 00000 ROO RAM Reg 00 
ROTR1 1-W 00 a to 15 1110 RTRY RAM Y Bus . . . . .... 

1111 RTRR RAM RAM 11111 R31 RAM Reg 31 

Instruction B/W Quad n U1 0.st1 RAM Address 

O-B 0000 RTAR Ace RAM 00000 ROO RA¥ Reg 00 
ROTR2 1-W 01 o to 15 0001 RTDR D RAM 

.... . . . ... 
11111 R31 RAM Reg 31 

Instruction B/W Quad n U1 Dest1 

11000 RTDY D Y Bus 

ROTNR O-B 11 o to 15 1100 11001 RTDA D ACC 
1-W 11100 RTAY Ace Y Bus 

11101 RTAA ACC ACC 

Note 1: U - Source 
Dest - Destination 

Y BUS AND STATUS - ROTATE BY n BITS INSTRUCTIONS 

Instruction 
Op- B/W Y - Bus Flag3 

code 

ROTR1 1-W Yi-SRC(i.n)mOdI6 NC 

ROTR2 O-B Yi_SRCj + B - SRC(i.n)modB NC ROTNR lori-Ol07 

SRC- Source 
U -No Change 
0= Reset 
1-Set 
i - 0 to 15 when not specifl8d 

. 

6·34 

Flag2 

NC 

NC 

Flag! LINK OVR N C Z 

NC NC 0 SRC 15-n 0 U 

NC NC 0 SRCB-n 0 U 

. 
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ROTATE AND MERGE INSTRUCTION 

The Rotate and Merge Instructions contain five indicators: input. A ZERO in bit i of the mask will select the ith bit of the R 
byte or word mode, rotated source, non-rotated source I input as the ith output bit, while ONE in bit i will select the ith 
destination, mask and the number of bit positions a source is rotated U input as the output bit. The output word is stored in 
to be rotated .. The function performed by the Rotate and the non-rotated operand lOcation. The Nand Z bits are 
Merge instruction is illustrated in Figure 5. The rotated source, affected. The OVR and C bits of the Status register are forced 
U, is rotated up by the Barrel Shifter n places. The mask input to ZERO. An example of this instruction is given in Figure 6. 
then selects, on a bit by bit basis, the rotated U input or R 

ROTATE AND MERGE FIELD DEFINITIONS: 

u S(MASK) 15 14 13 129 8 5 4 0 

1 ROT SRC-

I ~ I 
ROTM B/W Quad n Non ROT SRC- RAM Address . BARREL Mask 

SHIFTER R 

..... 
I ..... , EXAMPLE: n = 4, Word Mode 

I I I I 
U 0011 0001 0101 0110 

AND AND 
Rotated U 0001 0101 0110 0011 

I I 
R 1010 1010 1010 1010 
Mask (S) 0000 1111 0000 1111 

I I 
Destination 1010 0101 1010 0011 

OR 

Figure 6. Rotate and Merge Example. 

PF000630 

Figure 5. Rotate and Merge Function. 

ROTATE AND MERGE INSTRUCTION 

Instruction B/W Quad n u1 R/Dest1 S1 RAM Address 

0111 MDAI D ACC I 
1000 MDAR D ACC RAM 00000 ROO RAM Reg 00 0-8 1001 MDRI D RAM I ROTM 1=W 01 o to 15 1010 MDRA D RAM ACC 

.. .. .... 
1100 MARl ACC RAM I 11111 R31 RAM Reg 31 
1110 MRAI RAM ACC I 

Note 1. U = Rotated Source 
R/Dest = Non-Rotated Source and Dastination 
S-Mask 

Y BUS AND STATUS - ROTATED MERGE 

Instruction Opcode B/W Y - Bus Flag3 

1-W VI": (Non Rot Op);-(iilaSk); + NC 
ROTM 

(Rot 0P)(i-nlmod 16'(mask); 

0-8 V; - (Non Rol Op);. (mask); + NC (Rot OP)(I-nlmod s'(mask); 

U - Update 
NC - No Change 
0= Reset 
1-Set 
; - 0 to 15 when not specified 

6-35 

Flag2 Flag 1 LINK OVR N C Z 

NC NC NC 0 U 0 U 

NC NC NC 0 U a U 
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ROTATE AND COMPARE INSTRUCTIONS 

The Rotate and Compare Instructions contain five indicators: with the output of the Barrel Shifter and R input. Thus, a ONE 
byte or word mode, rotated source, non·rotated spurce, mask, in the mask input eliminates that bit from the comparison. A 
and the number of bit positions the rotated source is to be ZERO allows the comparison. If the comparison passes, the 
rotated up. Under the control of instruction inputs, the function Zero flag is set. If it fails, the Zero flag is reset. The Nand Z bit 
performed by the Rotate and Compare instruction is illustrated are affected. The OVR and C bits of the Status register are 
in Figure 7. The rotated operand is rotated by the Barrel Shifter forced ,to Z.ERO. An example of this instruction is given in 
n places. The mask is inverted and ANDed on a bil·by·bit basis Figure 8. 

ROTATE AND COMPARE FIELD DEFINITIONS 

u s (MASK) R 15 14 13 129 8 54 0 

1 Rot Src· \ 

ROTC B/W Quad n Non Rot Src· RAM Address 
n IIARlIEL 

Mask. 
IIHFTER 

"i7 

l EXAMPLE: n = 4, Word Mode 

U 0011 0001 0101 0110 

I U Rotated 0001 0101 0110 0011 
AND AND R 0001 0101 1111 0000 

Mask (5) 0000 0000 1111 1111 

1 J Z (status) = 1 

COMPARATOR I Figure 8. Rotate and Compare Examples. (XOR) 

I 
PFOO0650 

Figure 7. Rotate and Compare Function. 

ROTATE AND COMPARE INSTRUCTIONS 

Instruction B/W Quad 

0-8 ROTC 1-W 01 

Note 1. U = Rotated Source 
R - Non-Rotated Source 
S-Mask 

Instruction Opcode B/W 

1-W 
ROTC 

0-8 

U - Update 
NC - No Change 
0- Reset 
I-Set 
i - 0 to 15 when not specified 

n U1 Rl 81 RAM Address 

0010 COAl D ACC I 00000 ROO RAM Reg 00 0011 CDRI D RAM I o to 15 0100 CDRA D RAM ACC 
., 

" '" 

0101 CRAI RAM ACC I 11111 R31 RAM Reg 31 

Y BUS AND STATUS - ROTATE AND COMPARE 

Y - Bus Flag3 

Vi-(Non Rot OP)I'~" 
(Rot OP)(i-n)mod 16' mask)i 

NC 

Vi-(No" Rot Op)i' (mas~;<D 
. (Rot 0P)(I-nlmod 8'(mas )1 

NC 

6-36 

Flag2 Flag1 LINK OVR N C Z 

NC NC NC 0 U 0 U 

NC NC NC 0 U 0 U 
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PRIORITIZE INSTRUCTION 

The Prioritize Instructions contain four indicators: byte or word The priority encoder accepts a IS-bit input and produces a 5-
mode, operand source (R), mask source (S) and destination. bit binary-weighted code indicating the bit position of the 
They are further subdivided into two types. The function highest priority active bit. If none of the inputs are active, the 
performed by the Prioritize instruction is shown in Figure 9. output is ZERO. In the Word mode, if input bit 15 is active, the 
The R operand is ANDed with the complement of the Mask output is I, etc. Figure 1,0 lists the output as a function of the 
operand. A ZERO in the Mask operand allows the correspond- highest-priority active-bit position in both the Word and Byte 
ing bit in the R operand to participate in the priority encoding mode. The Nand Z bits are affected and the OVR and C bits 
function. A ONE in the Mask operand forces the correspond- of the status register are forced to ZERO. The only limitation in 
ing bit in the R operand to a ~ERO, eliminating it from this instruction is that the operand and the mask must be 
participation in the priority encoding function. different sources. 

PRIORITIZE INSTRUCTION FIELD DEFINITIONS 
R S(MASK) 

15 1413 12 98 54 0 

'i7 B/W I Quad I Destination I Source (R) I RA~a:~d(;S1 

AND B/WIQuadl Mask (S) I D f f I RAM Addressl es Ina Ion Source (R) 

f16 B/wiauadl Mask (S) I Source (R) 1 RAM ~dd~essl 
Destination 

PRIORITY I B/W I Quad ! ! Source (R) ! ENCODER Mask (S) Destination ! 

DESTiNAlIDN f 5 

PF000640 WORD MODE BYTE MODE-

Highest Encoder Highest 
Encoder 

P~lorHy Output Priority Output 
Figure 9. Prioritize Function. Active Bit Active Bit 

None 0 None 0 
, 15 1 7 1 

14 2 6 2 

1 15 1 7 
0 16 0 8 

'Bits 8 through 15 do not participate. 

Figure 10. 

PRIORITIZE INSTRUCTION 

Instruction B/W Quad Deetlnatlon 

O-B 1000 PRIA Ace 0111 PRT1 l-W 10 1010 PR1Y Y Bus 1001 1011 PR1R RAM 

Instruction B/W Quad Mask (S) 

O-B 1000 PRA Ace 0000 PRT2 
l~W 

10 1010 PRZ 0 0010 1011 PRI I 

Instruction B/W Quad Mask (S) 

O-B 1000 PRA Ace 0011 
PRT3 l-W 10 1010 PRZ 0 0100 

1011 PRI I 0110 

Instruction B/W Quad Mask (S) 

O-B 1000 PRA Ace 0100 
PRTNR l-W 11 1010 PRZ 0 0110 1011 PRI I 

6-37 

Source (R) RAM Addreee/Mask (S) 

RPT1A Ace 00000 ROO RAM Reg 00 

PR1D 0 
.. .. .... 

11111 R31 RAM Reg 31 

Destination RAM Address/Source (R) 

PR2A ACC 00000 ROO RAM Reg 00 

PR2Y Y Bus 
.. .. .... 

11111 R31 RAM Reg 31 

Source (R) RAM Address/Dest 
PR3R RAM 00000 ROO RAM Reg 00 
PF!3A Ace .. .. .... 
PR3D 0 11111 R31 RAM Reg 31 

Source (R) Destination 

PRTA Ace 00000 NRY Y Bus 
PRTD 0 00001 NRA ACC 

02112C 
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Y BUS AND STATUS· PRIORITIZE INSTRUCTION 

Instruction Opcod.!' B/W V - Bus' Flag3 Flag2 Flagt LINK OVR N C Z 

Yi~CODE (SCRn·maskn); 
PRTl l-W Ym~O; 1-0,10 4 and " .. 0 to 15 NC NC NC NC 0 U 0 U 
PRT2 m-51015 

PRT3 YI_CODE (SCRn·maSkn); 
PRTNR 0=8 Ym_O; i=O to 3 and n=O 10 7 NC NC NC NC 0 U 0 U 

m=4to15 

SRC=Source NC - No Change, 1 =Sel 
U - Update 0- Reset i = 0 10 15 when not specified 

CRC INSTRUCTION 

The CRC (Cyclic-Redundancy-Check) Instructions contain one Figure 12 illustrates method used for the 2CRC Reverse 
indicator: address of a RAM register to use as the check sum function. The ACC serves as a polynominal mask to define the 
register. The CRC instruction provides a method for genera- generating polynomial while the RAM register holds the partial 
tion of the check bits in a CRC calculation. Two CRC result and eventually the calculated check sum. The LINK-bit 
instructions are provided - CRC Forward and CRC Reverse. is used as the serial input. The serial input combines with the 
The reason for providing two instructions is that CRC stan- MSB of the check-sum register, according to the polynomial 
dards do not specify which data bit is to be transmitted first, defined by the polynomial mask register. When the last input 
the LSB or the MSB, but they do specify which check bit must bit haS" been processed, the check-sum register contains the 
be transmitted first. Figure 11 illustrates the method used to CRC check bits. The LINK, Nand Z bits are affected and the 
generate these check bits for the CRC Forward function and OVR and C bits of the Status register are forced to ZERO. 

CYCLfC·REDUNDANCYoCHECK DEFINITIONS: 

15 14 13 12 98 54 0 

CRCF I 1 I Quad I 0110 I 0011 I RAM Address I 
CRCR I 1 I Quad I 0110 I 1001 I RAM Address I 

} 

QLIIIJ( 

1 
CHECKSUM 

POLYNOMIAL MASK REGISTER 

1 (ACe) (!WI) r-
l 15 14 I 1 

1 
1 o 1 115.1 M I I 1 o I 

I 1 

~. 
I 

l 8AAAEL SHIFTER N = 1 
1 

{~ ( J I ( 

0 

9l t l r 1 
"Thls bit must be transmitted firsI. 

PFOO0330 

Figure ,1. CRC Forward Function. 
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CRC INSTRUCTION 

au. 
CHECKSUM 

POLVNOMIAL_ 

1 
REGISTER I (ACC) (RAIl) I 

I '5 I ,. I I , o I I '5 I ,. I , O· I 
I I 1 

~ 
l l l l 

I BARREL SHIFTER N = '5 I 
(J ( ~ ( ( 

I 

0 

f j 
-This bh must be transmitted first. ylL 

Instruction B/W 

CRCF 1 

Instruction B/W 

CRCR 1 

Instruction Opcode B/W 

CRCF I=W 

CRCR l-W 

U - Update 
NC = No Change 
o ~ Reset 
1 = Set 
i = 0 to 15 when not specified 

PF000320 

Figure 12. CRC Reverse Function. 

CYCLIC REDUNDANCY CHECK 

Quad RAM Address 

00000 ROO RAM Reg 00 
10 0110 0011 -- -- .... 

11111 R31 RAM Reg 31 

Quad RAM Address 

00000 ROO RAM Reg 00 
10 0110 1001 -- -- .... 

11111 R31 RAM Reg 31 

Y BUS AND STATUS - CYCLIC REDUNDANCY CHECK 

Y - Bus 

Yj-[(OUNK .. RAM1S)-ACCjl 
.. RAMj_, for i=15 to 1 
Yo-[(OLINK .. RAM1S)-ACCol .. 0 

Yj-[(OLINK .. RAMo)-ACC;) 
eRAMj+l fori=14toO 
Y1S-[(OLINK .. RAMo)- ACC1S1 .. 0 

6-39 

Flag3 Flag2 Flag1 LINK OVR N C Z 

NC NC NC RAM1S· 0 U 0 U 

NC NC NC RAMo' 0 U 0 U 

'OUNK is loaded with the shifted out bit from the checksum register_ 
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STATUS INSTRUCTIONS 

Status Instructions - The Set Status Instruction contains a status register on CT outPl,lt. See the discussion on the status 
single indicator. This indicator specifies which bit or group of register for a full description. 
bits, contained in the status register (FigLire 13), are to be set . 
(forced to a ONE). T4 T3 T2 T1 

14 13 12 11 
CT 

7 6 5 4 3 2 1 0 

I I I I I IN I C I Z I 
0 0 0 0 (N e OVR) + Z 

Flag3 Flag2 Flag1 LINK OVR 
0 0 0 1 N e OVR 

MPR-775 
0 0 1 0 Z 

Figure 13. Status Byte. 
0 0 1 1 OVR 

The Reset Status Instruction contains a single indicator. This 0 1 0 0 LOW 
indicator specifies which bit or group of bits, contained in the 
status register, are to be reset (forced to ZERO). 0 1 0 1 C 

The Store Status Instruction contains two indicators; bytel 0 1 1 0 Z+C 

word and a second indicator that specifies the destination of 0 1 1 1 N 
the status register. The Store Status Instruction allows the 

1 0 0 0 LINK status of the processor to be saved and restored later, which 
is an especially useful function for interrupt handling. 1 0 0 1 Flag1 

The status register is always stored in the lower byte of the 1 0 1 0 Flag2 
RAM or the ACC register. Depending upon byte or word mode 
the upper byte is unchanged or loaded with all ZEROs 

1 0 1 1 Flag3 

respectively. 

The Load Status instructions are included in the single 
STATUS operand and two operand instruction types. 

.' 
The Test Status Instructions contain a single indicator which 15 14. 13 12 98. 54 0 
specifies which one of the 12 possible test conditions are to 

SETST 
I 

0 1 Quad 1 1011 1 1010 1 Opcode 
1 be placed on the Conditional-Test output. Besides the eight 

bits in the Status register (QZ, ac, QN, QOVR, QllNK, 
QFlag1, QFlag 2, and QFlag3), four logical func.tions (QN e 

RSTST 
I 

0 1 Quad 11010 1 1010 1 Opcode I QOVR, (QN e aoVR) + QZ, QZ + OC and LOW may alsO be 
selected. These functions are useful in testing results of Two's 
Complement and unsigned number arithmetic operations. The 

SVSTR I B/W 1 Quad 1 0111 1 1010 1 RAM Address/Des! 1 status register may also be tested via the bidirectional T bus. 
The code to test the status register via T bus is similar to the 
code used by instruction lines 11 to 14 as shown below. 

SVSTNR 1 B/W 1 Quad 1 0111 1 1010 1 Destination 
1 Instruction lines 10 _ 4 have priority over T bus for testing the 

STATUS INSTRUCTIONS 

Instruction B/W Quad 

00011 
00101 

SHST 0 11 1011 1010 00110 
01001 
01010 

Instruction B/W Quad 

00011 
00101 

RSTST 0 11 1011 1010 00110 
01001 
01010 

Instruction B/W Quad 

O=B 00000 
SVSTR I=W 10 0111 1010 .. 

11111 

SVSTNR 
O=B 11 0111 1010 00000 

.1=W 00001 

Opcode 

SONCZ Sel OVR, N, C, Z 
SL Set LINK 
SFI Set Flagl 
SF2 Set Flag2 
SF3 Set Flag3 

Opcode 

RONCZ Reset OVR, N, C, Z 
RL Reset LINK 
RFI Set Flagl 
RF2 Set FIsg2 
RF3 Set Flag3 

RAM Address/Dest 

ROO RAM Reg 00 .. .... 
R31 RAM Reg 31 

Destination 

NRY Y Bus 
NRA ACC 

02112C 
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STATUS INSTRUCTIONS 

Instruction B/W Quad Opcode (Cn 
00000 TNOZ Test (N6lOVR) + Z 
00010 TNO Test N6lOVR 
00100 TZ Test Z 
00110 TOVR Test OVR 
01000 TLOW Test LOW 

Test 0 11 1001 1010 01010 TC Test C 
01100 TZC Test Z+~ 
01110 TN Test N 
10000 TL Test LINK 
10010 TFl Test Flagl 
10100 TF2 Test FIag2 
10110 TF3 Test Flag3 

Note: lEN • test status instruction has priority over T 1 _ 4 instruction. 

Y BUS AND STATUS - FOR STATUS INSTRUCTIONS 

Instruction Opcode Description B/W Y - Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

SONCZ Set OVR, N, C, Z O=B Vi-1 for i=O to 15 NC NC NC NC 1 1 1 1 

SL Set LINK NC NC NC 1 NC NC NC NC 

SETST SFl Set Flagl NC NC 1 NC NC NC NC NC 

SF2 Set Flag2 NC 1 NC NC NC NC NC NC 

SF3 Set Flag3 1 NC NC NC NC NC NC NC 

RONCZ Reset OVR, N, C, Z O=B Vi-O for i-O to 15 NC NC NC NC 0 0 0 0 

RL Reset LINK NC NC NC 0 NC NC NC NC 

RSTST RFl Reset Flagl NC NC 0 NC NC NC NC NC 

RF2 Reset Flag2 NC 0 NC NC NC NC NC NC 

RF3 Reset Flag3 0 NC NC NC NC NC NC NC 

SVSTR Save Status' O=B Vi-Status for i-O to 7; NC NC NC NC NC NC NC NC SVSTNR l=W Vi-O for i=8 to 15 

TNOZ Test (NESOVR) + Z O=B .. NC NC NC NC NC NC NC NC 

TNO Test NESOVR NC NC NC NC NC NC NC NC 

TZ Test Z NC NC NC NC NC NC NC NC 

TOVR Test OVR NC NC NC NC NC NC NC NC 

TLOW Test LOW NC NC NC NC NC NC NC NC 

Test TC Test C NC NC NC NC NC NC NC NC 

TZC Test Z+~ NC NC NC NC NC NC NC NC 

TN Test N NC NC NC NC NC NC NC NC 

TL Test LINK NC NC NC NC NC NC NC NC 

TFl Test Flagl NC NC NC NC NC NC NC NC 

TF2 Test Flag2 NC NC NC NC NC NC NC NC 

TF3 Test Flag3 NC NC NC NC NC NC NC NC 

U - Update 
NC = No Change 
0= Reset 
l-Set 
i = 0 to 15 when not specified 

'In byte mode only the lower byte from the V bus is loaded into the RAM or ACC and in word mode all 16·bits from the V bus are loaded into 
the RAM or ACC. 

"V ·Bus is Undefined. 
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NO-OP INSTRUCTION 

The NO-OP Instructi.on has a fixed 16-bit code. This instruction 
does not change any internal registers in the Am29116. It 
preserves the status register, RAM register and the ACC 
register. 

NOOP 

NO OPERATION FIELD DEFINITION 

15 1413 12 9 8 5 4 0 

I 0 I 11 I 1000 I· 1010 I 00000 I 
NO-OP INSTRUCTION 

Instruction I B/W I Quad I I I 
NooP I o I 11 I 1000 I 1010 I 00000 

Y BUS AND STATUS- NO-OP INSTRUCTION 

Instruction I Opcode J B/W 1 Y - Bus I Flag3 I Flag2 J Flag1 J LINK 1 OVR J N J C L z 
NOOP I I O=B I • I NC I NC I NC I NC I NC I NC I NC I NC 

SRC-Source 
U - Update 
NC = No Change 
0= Reset 
1 = Set 
i = 0 to 15 when not specified 
'Y -Bus is undefined. 
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SUMMARY OF MNEMONICS 

Instruction Type 

SOR Single Operand RAM 

SONR Single Operand Non-RAM 

TORt Two Operand RAM (Quad 0) 

TOR2 Two Operand RAM (Quad 2) 

TONR Two Operand Non-RAM 

SHFTR Single Bit Shift RAM 

SHFTNR Single Bit Shift Non-RAM 

ROTR1 Rotate n Bits RAM (Quad 0) 

ROTR2 Rotate n Bits RAM (Quad 1) 

ROTNR Rotate n Bits Non-RAM 

BORI Bit Oriented RAM (Quad 3) 

BOR2 Bit Oriented RAM (Quad 2) 

BONR Bit Oriented Non-RAM 

ROTM Rotate and Merge 

ROTC Rotate and Compare 

PRTI Prioritize RAM; Type 1 

PRT2 Prioritize RAM; Type 2 

PRT3 Prioritize RAM; Type 3 

PRTNR Prioritize Non-RAM 

CRCF Cyclic Redundancy Check Forward 

CRCR Cyclic Redundancy Check Reverse 

NOOP No Operation 

SETST Set Status 

RSTST Reset Status 

SVSTR Save Status RAM 

SVSTNR Save Status Non-RAM 

TEST Test Status 

SOURCE AND DESTINATION 

Single Operand 

SORA Single Operand RAM to ACC 

SORY Single Operand RAM to Y Bus 

SORS Single Operand RAM to Status 

SOAR Single Operand ACC to RAM 

SODR Single Operand D to RAM 

SOIR Single Operand I to RAM 

SOZR Single Operand 0 to RAM 

SOZER Single Operand D(OE) to RAM 

SOSER Single Operand D(SE) to RAM 

SORR Single Operand RAM to RAM 

SOA Single Operand ACC 

SOD Single Operand D 

SOl Single Operand I 

SOZ Single Operand 0 

SOZE Single Operand D(OE) 

SOSE Single Operand D(SE) 

NRY Non-RAM Y Bus 

NRA Non-RAM ACC 

NRS Non-RAM Status 

NRAS Non-RAM ACC, Status 

6-43 

Two Operand 

TORAA Two Operand RAM, ACC to ACC 

TORIA Two Operand RAM, I to ACC 

TODRA Two Operand D, RAM to ACC 

TORAY Two Operand RAM, ACC to Y Bus 

TORIY Two Operand RAM, I to Y Bus 

TODRY Two Operand D, RAM to Y Bus 

TORAR Two Operand RAM, ACC to RAM 

TORIR Two Operand RAM, I to RAM 

TODRR Two Operand D, RAM to RAM 

TODAR Two Operand D, ACC to RAM 

TOAIR Two Operand ACC, I to RAM 

TODIR Two Operand D, I to RAM 

TODA Two Operand D, ACC 

TOAI Two Operand ACC, I 

TODI Two Operand D, I 

Single Bit Shift 

SHRR 

SHDR 

SHA 

Shift RAM, Store in RAM 

Shift D, Store in RAM 

Shift ACC 

SHD Shift D 

Rotate n Bits 

RTRA Rotate RAM, Store in ACC 

RTRY Rotate RAM, Place on Y Bus 

RTRR Rotate RAM, .Store in RAM 

RTAR Rotate ACC, Store in RAM 

RTDR Rotate D, Store in RAM 

RTDY Rotate D, Place on Y Bus 

RTDA Rotate D, Store in ACC 

RTAY Rotate ACC, Place on Y Bus 

RTAA Rotate ACC, Store in ACC 

Rotate and Merge 

MDAI Merge Disjoint Bits of D and ACC Using 
I as Mask and Store in ACC 

MDAR 

MDRI 

MDRA 

MARl 

MRAI 

Merge Disjoint Bits of D and ACC Using 
RAM as Mask and Store in ACC 

Merge Disjoint Bits of D and RAM Using 
I as Mask and Store in RAM 

Merge Disjoint Bits of D and RAM Using 
ACC as Mask and Store in RAM 

Merge Disjoint Bits of ACC and RAM 
Using I as Mask and Store in RAM 

Merge Disjoint Bits of RAM and ACC 
USing I as Mask and Store in ACC 

Rotate and Compare 

CDAI Compare Unmasked Bits of D and ACC 
USing I as Mask . 

Mnemonics copyright © 1980 
Advanced Micro Devices, Inc. 
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CD CDRI Compare Unmasked Bits of 0 and RAM SHDNZ Shift Down Towards LSB with 0 Insert .... .... Using I as Mask C» SHDN1 Shift Down Towards LSB with 1 Insert N 
CORA Compare Unmasked Bits of 0 and RAM E SHDNL Shift Down Towards LSB with LINK Insert 

CC Using ACC as Mask 
SHDNC Shift Down Towards LSB with Carry Insert 

CRAI Compare Unmasked Bits of RAM and ACC SHDNOV Shift Down Towards LSB with Sign EXOR 
Using I as Mask Overflow Insert 

Prioritize Loads 
PR1A Ace as Destination for Prioritize- Type 1 

Load 2" into RAM PR1Y Y Bus as Destination for Prioritize Type 1 
LD2NR 

PR1R RAM as Destination for Prioritize Type 1 
LDC2NR Load 2" into-RAM 

PRT1A Ace as Source for Prioritize Type 1 
LD2NA Load 2" into ACC 

PR1D o as Source for Prioritize Type 1 LDC2NA Load 2" into ACC 

PR2A Ace as Destination for Prioritize Type 2 
LD2NY Place 2" on Y Bus -

PR2Y Y Bus as Destination for Prioritize Type 2 LDC2NY Place 2" on Y Bus 

PR3R RAM as Source for Prioritize Type 3 Bit Oriented 
PR3A Ace as Source for Prioritize Type 3 

SETNR Set RAM, Bit n 
PR3D o as Source for Prioritize Type 3 SETNA Set ACC, Bit n 
PRTA ACC as source for Prioritize Type 

SETND Set 0, Bit n 
Non-RAM 

PRTD o as Source for Prioritize Type Non-RAM 
SONCZ Set OVR, N, C, Z, in Status Register 

PRA ACC as Mask for Prioritize Type 2, 3, 
SL Set LINK Bit in Status Register 

and Non-RAM SF1 Set Flag1 Bit in Status Register 

PRZ Mask Equal to Zero for Prioritize Type SF2 Set Flag2 Bit in Status Register 

2, 3, and Non-RAM SF3 Set Flag3 Bit in Status Register 

PRI I as Mask for Prioritize Type 2, 3, and RSTNR Reset RAM, Bit n 

Non-RAM RSTNA Reset ACC, Bit n 

RSTND Reset 0, Bit n 
OPCODE 

RONCZ Reset OVR, N, C, Z, in Status Register 
Addition RL Reset LI N K Bit in Status Register 

ADD Add without Carry RF1 Reset Flag1 Bit in Status Register 

ADDC Add -with Carry RF2 Reset Flag2 Bit In Status Register 

A2NA Add 2" to Ace RF3 Reset Flag3 Bit in Status Register 

A2NR Add 2" to RAM TSTNR Test RAM, Bit n 

A2NDY Add 2" to 0, Place on Y Bus TSTNA- Test ACC, Bit n 

TSTND 
Subtraction 

Test 0, Bit n 

SUBR Subtract R from S without Carry Arithmetic Operations 

SUBRC Subtract R from S with Carry MOVE Move and Update Status 

SUBS Subtract S from R without Carry COMP Complement (1's Complement) 

SUBSC Subtract S from R with Carry INC Increment 

S2NR Subtract 2" from RAM NEG Two's Complement 

S2NA Subtract 2" from Ace 

S2NDY Subtract 2" from 0, Place on Y Bus 
Conditional Test 

TNOZ Test (N ffi OVR) + Z 
Loglcsl Operations TNO Test N ffi OVR 

AND Boolean AND TZ Test Zero Bit 

NAND Boolean NAND TOVR Test Overflow Bit 

EXOR Boolean EXOR TLOW Test for LOW 

NOR Boolean NOR TC Test Carry Bit 

OR Boolean OR TZC Test Z + ~ 
EXNOR Boolean EXNOR TN Test Negative Bit 

TL Test LINK Bit 
SHIFTS TF1 Test Flag1 Bit 

SHUPZ Shift Up Towards MSB with 0 Insert TF2 Test Flag2 Bit 
SHUP1 Shift Up Towards MSB with 1 Insert TF3 Test Flag3 Bit 
SHUPL Shift Up Towards MSB with LINK Insert Mnemonics copyright @ 1980 

Advanced Micro Devices, Inc. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ......................... -65'C to + 150'C 
(Case) Temperature Under Bias ........... -55'C to + 125'P 
Supply Voltage to Ground Potential ......... -0.5V to + 7.0V 
DC Voltage Applied to Outputs For 

High Output State ....................... -0.5V to + VCC max 
DC Input Voltage ................................. -0.5V to +5.5V 
DC Output Current, Into Outputs .......................... 30mA 
DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Temperature ..................................... O'C to + 70'C 
Supply Voltage ............................ + 4.75V to + 5.25V 

Military (M) Devices 
Temperature ................................ -55'C to + 125'C 
Supply Voltage ............................... + 4.5V to + 5.5V 

Operating ranges define those limits over which the function
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

IOZH 

IOZL 

106 

lee 

Notes: I. 
2. 
3. 
4. 

5. 
6. 
7. 

Vee = MIN YO-5 IOH - -1.6mAl-l.2mA Output HIGH Voltage 
VIN = VIH or VIL TI_4 . (COM'UMIL) 2.4 Volts 

CT 

Vee = MIN YO-I 5 IOL = 16mAll2mA Output LOW Voltage 
VIN = VIH or VIL T1-4 (COM'L/MIL) 0.5 Volts 

CT 

Guaranteed Input Logical All Inputs Volts HIGH Voltage (Note 6) 

Guaranteed Input Logical 0.8 Volts LOW Voltage (Note 6) 

Input Clamp Voltage Vee = MIN -1.5 Volts 

-0.50 
-0.50 
-1.00 
-1.00 

Input LOW Current -0.50 rnA -0.50 
-0.50 
-1.50 
-0.55 
-0.55 

50 
50 
100 
100 
50 pA 50 

. 50 
150 
100 
100 

Input HIGH Current Vee = MAX All Inputs 1.0 rnA VIN-5.5 Volts 

Off State (HIGH Impedance)' Vee = MAX T1-4 100 pA Output Current Vo - 2_4 Volts (Note 4) YO-IS 
Off State (HIGH Impedance) Vee-MAX TI-4 -550 pA Output Current Vo - 0.5 Volts (Note 4) YO-IS 

Output Short Circu~ Current Vee - MAX + 0.5 Volts -30 -85 mA Vo - 0.5 Volts (Note 3) 

TAL - 0 to 70'C 735 
COM'L (Note 7) 

TA = 70'C 535 
Power Supply Current (Note 5) Vee = MAX TC =-55 to 125'C rnA 

745 
MIL (Note 7) 

Tc= 125"C 485 

Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
Not more than one output should be shorted at a time. Duration of the short circuit tast should not exceed one second. 
YO _ IS, T 1 _" are three-state outputs internally connected to TTL inputs. Input characteristics are measured under conditions such 
that the outputs are in the OFF state. 
Worst case lee is at minimum tamperature. 
These input levels provide zero noise immunity and should be tasted only in a static, noise-free environment. 
Cold start. 
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SWITCHING CHARACTEFtISTICS 

GUARANTEED CHARACTERISTICS OVER' COMMERCIAL OPERATING RANGE 
(TAzO to+70·C, Vee-4.75 to 5.25V, CL=50pF) 

A. Combinational Delays (nsec) 

Outputs 

YO-15 T1-4 CT 

10-4 (ADDR) 79 84 -
10-15 (DATA) 79 84 -
10-15 (INSTR) 79 84 48 

Input OLE 58" 60 -
Tl-4 - - 39 

CP 56 62 36 

YO-15 62** 84" -
lEN - - 43 

"Yo _ 15 must be stored In the Data Latch and IS source disabled 
before the delay to YO _ 15 as an output can be measured . 

. "Guaranteed indirectly by other tests. 

,tTiming for immediate instruction for first cycle. 
tt Status register and accumulator destination only. 

Notes on Testing 

Incoming test procedures on this device should be carefull 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1 . Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failure due to Vee changes. 

2. Do not leave inputs floating during any tests, as they m~y 
start to OSCillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
FollOWing an input transition, ground current may change by 
as much as 400 rnA in 5-8ns. Inductance in the ground 

) 

6·46 

B. Enable/Disable Times (nsec) 
(CL = 5pF for disable only) 

Enable Disable 

From Input To Output tPZH tPZL tpHZ tpLZ 
~v YO-15 20 20 20 20 

OET Tl_4 25 25 25 25 

cable may allow may allow the ground pin at the device to 
rise by 100s of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL .;;; OV and VIH;;' 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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SWITCHING CHARACTERISTICS (Cont.) 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(Tc = -55 to+ 125°C, Vcc = 4.5 to 5.5V, CL = 50pF) 

A. Combinational Delays (nsec) 

Outputs 

YO-15 Tl-4 
10-4 (ADDR) 100 103 

10-15 (DATA) 100 103 

10 _ 15 (INSTR) 100 103 

Input DLE 68 70 

TI_4 

CP 70 73 

VO-15 70 72 

lEN 
'VO _ 15 must be stored in the Date Latch and its sourc 
before the delay to Vo _ 15 as an output can be measu 
"Guaranteed indirectly by other tests. 

Input 

10-4 (RAM ADDR) 

10 _ 4 (RAM ADDR) CP and irn 
both LOW 

10-15 (DATA) CP 

10-15 (INSTR) CP 

fEjij HIGH CP 

lEN LOW CP 

SF'lE CP 

v CP 

V DLE 

DLE CP 

tTIming for immediate instruction for first cycle. 
tt Stetus register and accumulator destination only. 

CT 

50 

46 

43 

6-47 

B. Enable/Disable Times (nsec) 
(CL = 5pF for disable only) 

Disable 

From Input To Output tpLZ 
DEy 

26 

25 25 

30 30 

50 

20 

Two ADDR 
(Destination) 

Immediate 
first cycle 
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CP 

lEi! 
DlSA8LE 

WRITE 

EIii 
ENABLE 

WRITE 

DLE 

Y 
(INPUT) 

CP 

~ 

'X.'X 

, 

Am29116 

SINGLE ADDRESS ACCESS TIMING 

ONE CYCLE 

' .. ::-1 . ! ... 
." 
!--"'-
.1iI 
[I 

~ ~-'htl 

t.n 
.1I 

I '.,4 ""'-1 
I ~\\~ ~~~I 

- -.,2 '.'2-

1--'" .... - r----

I Ia,. ...,. 
WFOO2560 

If tt,S is satisfied, th13 need not be satisfied. 

DOUBLE ADDRESS ACCESS TIMING 

ONE CYCLE 

-'., '., r- '.2 _,.,~ 
RAIl 
~ 

oes:T1ON W :x:x:/'x SOURCE 
~ 'I 

"'-1--1 t.11 

EN~LE' 
... " 

DISABLE 
WRITE WRITE :X. (X 'X 

WFOO2540 
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CP 

IMMEDIATE INSTRUCTION CYCLE TIMING 

1-----ISTCYCU;---_+ ____ 2NDCYCLE ____ """ 

I .. 

, 
I lhO 

I 
r:- los -1-100 j , 

CAPTURES Ja[ 
INSTRUCT10N 1'1' 'I\, 

10- 11 = INSTRUC110NS 

6-49· 

WB------fu1 '.,1 . "'" 
'I 

loa 1111 

ElCECUTES If 
INSTRUCTION 11\ 

WFOO2550 
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Am29116A/29L 116A 
A High-Performance 16-Bit Bipolar Microprocessor 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Second Generation of the Am29116 16-Blt 
Mlcroproce880r 
Internal Eel circuitry and second generation of Ion 
implanted Oxide-Isolated (IMOX TM) process technol: 
ogy are combined to provide, a faster version of the 
Am29116 and a lower power version of the 29116 

• Plug-In Replacement for the Am2li116 
The Am29116A and Am29l116A are pin-for-pin re
placements for the Am29116 

• Improved Speed 
The 29116A has,25 - 30% speed improvement on 
the critical paths relative to Am29116 

• Reduced Power 
The 29l116A operates at reduced power require
ments and compatible performace relative to the 
291116 

GENERAL DESCRIPTION 

The Am29116A1L116A microprogrammable 16-bit bipolar 
microprocessors were fabricated using the second genera
tion of AMD's IMOX process technology. The architectures 
of the Am29116A1l116A are identical to the Am29116's, 
optimized for high-performance peripheral controllers such 

~C>-------r----~ 

IMOX is trademark of Advanced Micro Devices. Inc. 

as graphics controllers, disk controllers, communication 
controllers, front-end concentrators and modems. The 
Am29116A is also extremely suitable for high-speed, gen
eral-purpose, 16-b' cations when combined with 
the Am29517 

v-Sua 

B0001951 

0576tA 
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Am29117 
A High-Performance 16-Bit Bipolar Microprocessor 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Optimized for High-Performance Controllers 
Architecture and instruction set optimized for high
performance, intelligent controllers 

• Flow-Through Architecture 
Separate input and output ports avoid bus turn
around for higher throughput 

• 32 Working Registers 
Contains 32 working registers with latched outputs 

• Fast 
Supports lOOns microcycle time/l0MHz data rate 
for all instructions 

• 16-Blt Barrel Shifter 
Contains a 16-bit Barrel Shifter which can shift or 
rotate a word up to 15 positions in a single instruc
tion cycle 

• 68-Pln Pin Grid Array Package 

GENERAL DESCRIPTION 

The Am29117 is a microprogrammable 16-bit bipolar micro
processor whose architecture and instruction set are identi
cal to the Am29116's except for the I/O bus structure. 
Since the device has separate input and output ports, 
designers can avoid quick bus turnaround requirements. 

The architecture and instruction set are not only optimized 
for high-performance peripheral controllers, but also suit-

'o-'5D-+-"I---

CT 

able for microprogrammed processor applications when 
combined with the Am29517 A 16 x 16 multiplier. 

V-Bus 

6-51 

YO-15 

contains unique functions besides 
functions: bit manipulation 

rotate merge/compare 
and CRC instruction. 

'---='f---<:J Do-,. 
I--<JDLE 

80001971 
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Am29118 
Eight-Bit Am29116 1/0 Support 

DISTINCTIVE CHARACTERISTICS 

• Eight-bit bidirectional I/O port • 24mA output current sink capability 

• Reads both registers on A-port • 24-pin slim package 

• Separate clock, clock enable. and three-state output • Additional accumulator to support certain Am29116 
enable to ,synchronize data between two bidirectional applications. 
buses 

GENERAL DESCRIPTION 

The Am29118 is an eight-bit wide bidirectional parallel data be used as a parallel data input! output port, like the 
input! output port designed to provide an additional accu- Am2!i152. The Am29118 is a metal mask option of the 
mulator when used with the Am29116 or with any micropro- Am2952A, and so requires no additional pins to support the 
cessor with single bidirectional data port. In addition, it can Am29116 input!output structure. 

BLOCK DIAGRAM 

........... - .... W i!l,. .... 
m!8R 

Ao-A7 -= ....... ... 
--.,.--

r-."""7 J -
~ 0- 8-.EO :::::: 8.-87 

I!I! .. '--

VocC>-- ~ ~CI. 

GllDC>-- ~CI's 

80002182 

Figure 1 

RELATED PRODUCTS 

Part No_ Description 

Am29116 
High Performance 16-Bit Bipolar / 

Microprocessor 

Am2910A Microprogram Controller 
, 

Am2914 Vectored Priority Interrupt Controller 

Am2925 System Clock Generator and Driver 

Am2940/2 DMA Address Generator 

Am2950-3 8-Bit Bidirectional I/O Ports 

Am29800 
High Performance Bus Interface 

Family 

051828 
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CONNECTION DIAGRAM 
Top View 

D-24-1 

a. VCC 

lie Ar 
s. Ae 
s. Ao 
So Ae 

So As 
s, "-
110 A, 
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LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
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LSOOO930 DIE SIZE 0.148' xO.110' 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number,speed option (if applicable), package type, operating range and screening option (if desired). 

Am29118 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - 96 hour Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (- 55·C to + 125·C) 

Package 
D- 24-pin CERDIP 
X-Dice 

8-Bit Am29116 I/O Support 
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Valid Combinations 

Am29118 I DC, DCB, DMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 
AQ.7 Eight bidirectional lines carrying the R Register inputs or outputs or S Register outputs. 

BO·7 Eight bidirectional lines· carrying the S Register inputs or R Resister outputs. 

CPR The clock for the R Register. When ~R Is LOW and ~AS is HIGH data is enterad into the R Register on the LOW-
to-HIGH transition of the CPR signal. 

CER The Clock Enable for the R Register: When ~R is LOW and ~ is HIGH data Is enterad into the R Register on the 
LOW-to-HIGH transition of the CPR signal. When ~R is HIGH, the R Register holds its contents, regardless of CPR 
signal transitions. 

'~BR The Output Enable lor the R Register. When ~BR is LOW, the R Register three-staie outputs are enablad onto the 
BQ.7 lines. When ~BR is HIGH, the R Register outputs are in the high-impedance state. 

CPS The clock for the S Register. When rn:'S is LOW, data is entered into the S Hegister on the LOW-to-HIGH transition of 
the CPS signal. 

~S The clock enable for the S Register. When ~S is LOW, data is enterad into the S Register on the LOW·to-HIGH 
transition of the CPS signal. When CES is HIGH, the S Register holds Hs contents, regardless of CPS Signal 
transitions. 

~AS The output enable for the S Register. When ~AS is LOW, the R or S Register three-state outputs are enablad onto 
the AO-7 lines. When ~S is HIGH, the S Register outputs are in the high-impedance state. 

DETAILED DESCRIPTION 
The Am29 1 18 has two eight-bit wide registers (R-Register and 
S-Register) connected back to back for moving data in both 
directions between two buses. The R-Register serves the dual 
purpose of transmitting data from one bus (device's internal 
bus) to another (system bus), and serving' as an additional 
accumuiator for the Am29116. 

The accumulator function is implemented by allowing the A-
port to provide read and write data from the R-Register and 
read data from the S-Register; the B;port provides read data 
for the R-Register and write data for the S-Register (similar to 
the Am2952). This additional function in the Am29118 is 
implemented with a two-input multiplexer, as shown in Figure 
I. Each register has an individual clock (CPR and CPs), a 
Clock Enable, (CER and CEs), and a three-state Output 

, 
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Enable (~AS ,and ~BR). The clock enable signal for the R-
Register (eER) and the Output Enable Signal for the S-
Register (~AS) are encoded to make the R-Register an 
accumulator, in addition to all the Am2952 functions as shown 
in Table I. Recause of this encoding, transferring data from 
the S-Register to the R-Register is not permissible. 

OEAS 
L 

L 

H 

H 

TABLE 1. 

CER Function 

L Read R, Disable CPR 

H Read S, Disable CPR 

L Enable CPR 

H Disable CPR 
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APPLICATIONS 

In the Am29116 system, there is only one 1/0 port availabllil 
for data communication with the ALU. In such a system, the 
Am29118 acts as an additional accumulator (temporary stor
age) to increase performance, and also provides capability of -
a bidirectional 1/0 port (like the Am2952). 

Figure 2 shows the connections necessary for the Am29118 
to be used as an accumulator as well as a bidirectional 1/0 
port. The A-port is connected to the V -bus (internal bus) of the 
Am29116, and B-port is connected to the system data bus. 
Four microcode are used for source and destination control for 
the V-bus and the system data bus. Figure 3 shows the timing 
waveforms to modify an accumulator (R-Register) in two 
microcycles. During the first cycle, data is read from the R
Register, modified in the Am29116 and stored in one of the 
internal registers. A two-address architecture is required if the 
second operand to modify the R-Register is in one of the RAM 
registers, and the result has to be stored in another RAM 
register. For stable operation, data from the R-Register is 
latched in the D-Latch halfway through the clock during the 

y-- SYSBU8 

first cycle. The instruction is executed and the result stored 
into a scratchpad register. In the second cycle, data is moved 
from the internal result register to the R-Register of the 
Am29118. 

Figure 4 shows the timing waveforms to modify an accumula
tor (R-Register) in a single microcycle. In the first half of the 
cycle the source register is enabled on the V -bus into the D
Latch of the Am29116. The D-Latch is transparent during the 
first half of the cycle. In the second half of the cycle, data is 
latched in the D-Latch and the bus source is disabled. During 
the second half of the cycle, the output buffer of the Am29116 
is enabled to bring the result on the Y -bus to be loaded into 
the destination. These two techniques provide different advan
tages and disadvantages to modify the external accumulator 
using the Am29116. The first technique (Figure 3) takes two 
microcycles but allows a shorter microcycle time. The second 
technique (Figure 4) takes only one microcycle but needs a 
longer microcycle time. 

There is also a requirement for the system bus to transfer data 
as input to the Am29116. The S-Register is used in this case 
to receive data from the system bus (like the Am2952). 

SYSJEM_ 

r---------
'---....., ... i5i!8R 

'---+---~'" 

OE. 

r~I~-CPs 
~--~--------~R-~Ii--~r__~ 1..-_ ..... ,...._-11-+-- ~s 

L 
y~ ___ -t __________________ -+~A~O-~A~1~-+ ___________ __ 

DE 

Figure 2. System Configuration. 

6-55 

80002490 

051828 
Refer to Page 13-1 for Essential Information on Military Devices 



CD ... ... g: 
E 

<C 

/----I .. CYCU!--_f--~. 2ndCYCLE---! 

CI' 
r----

l 1 

!Am2l!118} 

lIiAII I J 

CEil 
(Am2l!118) 

(Am2l!116) • OLE I I 
(Am2l!116) 

llI'y I 
WF002622 

Figure 3. Timing Waveforms for Modifying R-Register in Two Mlcrocycles using the Am29116. 
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Figure 4. Timing Waveforms for Modifying R-Register using the Am29116. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature under Bias ........ -55°C to + 125°C Temperature ..................................... O°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For 

Temperature ................................ -55°C to + 125°C 
High Output State ....................... -O.5V to +Vcc max 

Supply Voltage ............................... + 4.5V to + 5.5V 
DC Input Voltage ................................. -O.5V to +5.5V Operating ranges define those limits over which the function-
DC Output Current, into Outputs .......................... SOmA ality of the device is guaranteed. 
DC Input Current ............................. -SOmA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 1) Min Typ 
Max Units 

(Note 2) 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

II 

10 

IsC 

lec 

Notes: 

vee = MIN MIL, IOH - -2mA 2.4 3.4 
Output HIGH Voltage 

VIN = VIH or VIL Ao-7' BO·7 COM'L, IOL = -6.5mA 2.4 3.4 Volts 

Vee-MIN MIL, IOL = 16mA 0.5 
Output LOW Voltage VIN = VIH or VIL AO·7, Bo·7 COM'L, IOL - 24mA 0.5 Volts 

Input HIGH Level Guaranteed input logical HIGH 2.0 Volta 
voltage lor all inputs 

Input LOW Level Guaranteed input logical LOW 0.8 Volts 
voltage lor all inputs 

Input Clamp Voltage Vee = MIN, liN = -18mA -115 Volts 

AO.7, BO.7 -250 p.A 
Input LOW Current Vee = MAX, VIN = 0.5V Others -360 p.A 

Ao.7,BH 70 
Input HIGH Current Vee = MAX, VIN=2.7V Others 20 p.A 

Input HIGH Current Vee = MAX, VIN=5.5V 1.0 mA 

Output Off-state Vo= 2.4V 70 
Leakage Current Vee = MAX Ao·7' BO·7 Vo - O.4V -250 p.A 

Output Short Circuit Current Vee-MAX -30 -85 rnA 
(Note 3) 

TA - 25·C 156 263 

TA = 0 \0 +70·C 275 

Power Supply Current Vee-MAX 
COM'L TA= +70·C 228 mA 

(Notes 4, 5) Te=-55 to + 125·C 309 
MIL TC· + 125·C 202 

1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the 
applicable device type, 

2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading, 
S, Not more than one output should be shorted at a time. Duration of the short Circuit test should not exceed 

one second. 
4. ICC is measured with all inputs at 4.5V and all outputs open. 
5. Worst case Icc is at minimum temperature. 
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SWIl'CHING CHARACTERISTICS 

PRELIMINARY 

The tables below define the Am29118 switching characteristics. Tables A are setup and hold times relative to a clock LOW-to-HIGH 
transition. Tables Bare propagational delays. Tables C are pulse-width requirements. Tables 0 are enable/disable times. All 
measurements are made at 1.5V with input levels at 0 or 3V. All values are in ns with RL on Ai and Bi = 220.11 and RL on FS and 
FR = 300.11. CL - 50pF except output disable times which are speCified at CL - 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA=Oto + 70°C. Vee = 4.75 to 5.25V. CL = 50pF) 

A. Setup and Hold Times B. Propagation Delays 

With Input Ao~7 BO-7 
Input Respect to t. th CPS ...1 24 -

Ao-7 CPR J 7 5 CPR ...J - 24 

BO-7 CPS .J 7 5 

~s CPS .s 7 4 

~R CPR .s 7 4 

C. Pulse-Width Requirements D. Enable/Disable Times 

Min LOW Min HIGH From To Disable Enable 
Input Pulse Width Pulse Width OEAS Ao-7 22 27 
CPS 20 20 ~BR BO-7 22 27 
CPR 20 20 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(Tc = -55 to + 125°C. VCC =,4.5 to 5.5V. CL = 50pF) 

A. Setup and Hold Times 

With 
Input Respect to t. Ih 

Ao-7 CPR .J 
BO-7 CPS ..f 
~S CPS ...1-
~R CPR .J 

C. Pulse-Width Requirements 

Min LOW Min HIGH 
Input Pulse Width Pulse Width 

CPS 
CPR 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned. taking into account the high complexity and power 
levels of the part., The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests. as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition. ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 1 ODs 
of millivolts momentarily. 
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B. Propagation Delays 

Input AO-7 BO-7 
CPS ...1 
CPR .s 

D. Enable/Disable Times 

From To Disable Enable 

OEAS Ao-7 

OEBR 80-7 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once. so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL:50V and VIH:::3.(,lV for AC tests. 

5. To simplify failure analysis. programs should be designed to 
perform DC. Function. and AC tests as three distinct groups 
of tests. 

6. To assist in testing. AMO offers complete documentation on 
our test procedures and, in most cases. can provide 
Fairchild Sentry programs under license. 
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Am29PL141 
Fuse Programmable Controller (FPC) 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Implements complex fuse programmable state ma
chines 

• 64 words of 32-bit-wide microprogram memory 
• Serial Shadow Register (SSR TM) diagnostics on chip 

(programmable option) 
• 20MHz clock rate, 28 pin DIP 

• 29 high-level microinstructions 
- Conditional branching 
- Conditional looping 
- Conditional subroutine call 
- Multiway branch 

• 16 outputs, 7 conditional inputs 

GENERAL DESCRIPTION 

The Am29PL 141 is a single-chip Fuse Programmable 
Controller (FPC) which allows implementation of complex 
state machines and controllers by programming the appro
priate sequence of microinstructions. A repertoire of jumps, 
loops, and subroutine calls, which can be conditionally 
executed based on the test inputs, provides the designer 
with powerful control flow primitives. 

The Am29PL 141 FPC also allows distribution of intelligent 
control throughout the system. It off-loads the central 
controller by distributing FPCs as the control for various 

SSR is a trademark of Advanced Micro Devices, Inc. 

self-contained functional units, such as register filel ALU, 
1/0, interrupt, diagnostic, and bus control units. 

A microprogram address sequencer is the heart of the FPC. 
It provides the microprogram address to an internal 64-
word by 32-bit PROM. The fuse programming algorithm is 
almost identical to used for AMD's Programmable 
Array LogiC famil 

BDR02340 

Figure 1. 

041798 
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Pin No. Naine 
26 CCISDI) 

27 CLK 

P[15:8) 

P[7:0) 
[DCLK, 
MODE) 

19 RESET 

T[5:0) 

~ 
[SOO) 

CONNECTION DIAGRAM 
Top View 

D-28-1 

SCO/ZERciC ~ P Vee 

'[oJC a Z7 pcu< 
'[lJ C 3 .. P CC/lID1 

.[aJ C e .. p T[oJ 
'[3JC' .. PT[lJ 

.[eJ C • .. p T[2J 

.[sj C 7 22 ::J T[3J 

"",,",'[IJ C I 21 =:J T[eJ 

DCL",'[7J c: I .. =:J T[SJ 

.[IJC 10 .. =:J-
'[IJ C 11 18 =:J .[lSJ 

.[10J C 12 17 =:J '["J 

P[11J C 13 .. =:J .[ .. J 
GND c:: 14 15 ::J p[ 12] 

CDR04480 

Note: Pin 1 is marked for orientation 

Figure 2. 

PIN DESCRIPTION 

I/O Description 
I Condition code test input. When the TEST (P[24:221J field of the executing microinstruction is set to 6 (binary 110), CC 

is selected to be the .conditional input. (Note: In the SSR diagnostic configuration, CC is also the Serial Data Input 
SDI.) 

I 

a 

a 

I 

I 

a 

Clock. The rising edge clocks the microprogram counter, count register, subroutine register, pipeline register, and EO 
flag. 

Upper eight, general-purpose microprogram control outputs. They are enabled by the OE signal from the 
microprogram pipeline register. When OE is High,P[15:8) are enabled, and when LOW, P115:8) are three-stated. 

Lower eight, general-purpose microprogram control outputs. They are permanently enabled. (Note: in the SSR 
diagnostic configuration, P[7) becomes the diagnostic clock input DCLK and P[6) becomes the diagnostic control 
input MODE.) 

Synchronous reset input. When it is Low, the output of the PC MUX is forced to the uppermost microprogram address 
(63). On the next rising clock edge, this address (63) is loaded into the microprogram counter; the microinstruction al 
location 63 is loaded into the pipeline register and the EO flag i. cleared. 

Tesi inputs. In conditional micrOinstructions, the inputs cen be used as individual condition codes selected by the 
TEST field in the pipeline register. The T[5:0) inputs cen also be used as a branch address when performing a 
microprogram branch, or as a count value. 

Zero output. A Low state indicetes that the CREG value is zero. (Note: In the SSR diagnostic configuration, ~ 
becomes the Serial Data Output SOO. This change is only on the output pin; internally, the zero detect function is 
unchanged. 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29PLI41 

Device Type 

DeB l L L- Screening Option 
Blank - Standard processing 
B - 96 Hour Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (_55°C to + 125°C) 

Package 
D- 28-pin CERDIP 
X-Dice 

Fuse Programmable Controller 

Valid Combinations 

Am29PL141 I DC, OMS 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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DETAILED DESCRIPTION 

Figure 3, the block diagram of the Am29PL141 FPC, shows 
logic blocks and interconnecting buses. These allow parallel 
performance of different operations in a single microinstruc
tion. The FPC consists of four main logic blocks: the micropro
gram memory, microaddress control logic,· condition code 
selection logic, and microinstruction decode. A fifth optional 
block is the Serial Shadow Register (SSR). 

The microprogram memory contains the user-defined instruc
tion flow and output sequence. The microaddress control logic 
addresses the microprogram memory. This control logiC 
supports high-level microinstruction functions including condi
tional branches, subroutine calls and returns, loops, and 
multiway branches. The condition code selection logic selects 
the condition code input to be tested when a conditional 
microinstruction is executed. The polarity of the selected 
condition code input is controlled by the POL bit in the 
microword. The microinstruction decode generates the control 
Signals necessary to perform the microinstruction specified by 

the microinstruction part (P[31 : 16]) of the microword. The 
SSR enables in-system testing that allows isolation of prob
lems down to the IC level. 

MICROPROGRAM MEMORY 
The FPC microprogram memory is a 64-word by 32-bit PROM 
with a 32-bit pipeline register at its output. The upper 16 bits 
(P[31 : 16]) of the pipeline register stay internal to the FPC and 
form the microinstruction to control address sequencing. The 
format for microinstructions is: a one-bit synchronous Output 
Enable OE, a fwe-bit OPCODE, a one-bit test polarity select 
POL, a three-bit TEST condition select field, and a six-bit 
immediate DATA field. The DATA field is used to provide 
branch addresses, test input masks, and counter values. 

The lower 16 bits (P[15: 0]) olthe pipeline register are brought 
out as user-defined, general purpose control outputs. The 
upper eight control outputs (P[15 : 8]) are three-stated when 
OE is programmed as a LOW. The lower eight control bits (P[7 
: 0]) are always enabled. The microword and general microin
struction format are shown in Figure 4. 

r------------------------~ 

1- 1 

cc:-. 

I _LDGIC 1 

1 1 
I 1 
1 1 
1 1 
1 I 
I 1 

PC .... 

I 
I 
I 
1 

I 
1 

1 

I 
1 

-------- -------~ r-------- -------, 
I 

r-H-----...----+ I 
I 
I 
I 

1 

I ...... 
--;-.;;.--~ ,. --,-;-----~ 

PtPEUNEMGlSm: I 

--~ --
P[15;') P[7:1)·· 

""""'" 
BDR02330 

Figure 3. Am29PL 141 Block Diagram . 

• Note: These pins available only in SSR mode. 
··Note: These pins available only in normal mode. 
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The general microinstruction fomiat is shown below: 

Am29PL 141 General Microinstruction Format 

31 30 '26 25 24 22 21 16 

[ OE ] [ OPCODE ] [ POL J [' TEST ] [ DATA ] 

DFR00730 

WHERE: 

OE ~ Synchronous Output Enable for P[15:8). 

OPCODE ~ A five-bit opcode field for selecting one of the twenty-eight single data field microinstructions. 
POL ~ A one-bit test condition polarity select. 

o = Test 'for true (HIGH) condition. 
1 = Test for false (LOW) condition. 

TEST = A three-bit test condition select. 

TEST[2:0] 

000 
001 
010 
011 
100 
101 
110 
111 

UNDER TEST 

T[O) 
T[1) 
T[21, 
T[3) 
T[4) 
T[5) 
CC 
EO 

DATA A six-bit co'nditional branch microaddress, test input mask, or counter value field deSignated as 
PI in microinstruction mnemonics. 

The special two data field comparison microinstruction format is shown below: 

Am29PL 141 Comparison Microinstruction, Format 

31 30 28 27 22 21 16 

[ OE ] [ OPCODE ] [CONSTANT ] [ DATA ] 

DFROO740 

WHERE: 

OE = Synchronous Output Enable for P[15:8). 

OPCODE Compare microinstruction (binary 100). 
CONSTANT = A six-bit constant for equal to comparison with TOM. 

DATA A six-bit mask field for masking the incoming T[5:0) inputs. 

Figure 4. 
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MICROADDRESS CONTROL LOGIC 
The microaddress control logic consists of five smaller logic 
blocks. These are: 

PC MUX - The microprogram counter multiplexer 

P CNTR - Microprogram counter (PC) and incrementer 
(PC + 1) 

SUBREG -Subroutine register (SREG) with subroutine 
mux (S MUX) 

CNTR 

GOTO 

- Count register (CREG) with counter mux 
(C MUX), decrementer (COUNTER-l) and zero 
detect 

- Specialized branch control logic 

The PC MUX is a six-bit, four-to-one multiplexer. It selects 
either the PC, PC+ 1, SREG, or GOTO output as the next 
microaddress input to the microprogram memory and to the 
PC. The PC thus always contains the address of the microin
struction in the pipeline register. During a Reset, the PC MUX 
output is forced to all ones, selecting location 63 of the 
microprogram memory. 

The P CNTR block consists of a six-bit register (PC) driving a 
six-bit combinatorial incrementer (PC+ 1). Either the present or 
the incremented values of PC can address the microprogram 
PROM. The incremented value of PC can be saved as a 
subroutine return address. The present PC value can address 
the microprogram PROM when waiting for a condition to 
become valid. PC+ 1 addresses the microprogram PROM for 
sequential microprogram flow, for unconditional microinstruc
tions, and as a default for conditional microinstructions. 

The SUBREG block consists of a six-bit, three-Io-one multi
plexer (5 MUX) driving a six-bit register (5REG). The three 
possible 5REG inputs are PC+ 1, CREG, and SREG. SREG 
normally operates as a one-deep stack to save subroutine 
return addresses. PC+ 1 is the input source when performing 
subroutine calls and PC MUX is the output destination when 
performing return from subroutine. 

The CNTR block consists of a six-bit, four-to-one multiplexer 
(C MUX); driving a six-bit register (CREG); a six-bit, combinato
rial decrementer. (COUNTER-1); and a zero detection circuit. 
The CNTR logic block is typically used for timing functions and 
iterative loop counting. 

The 5UBREG and CNTR can be considered as one logic 
block because of their unique interaction. To explain this 
interaction, notice that both have an additional input source 
and output destination not used in typical operation-each 
other. This allows the CREG to be an additional stack location 
when not used for counting, and the SREG to be a nested 
count location when not used as a stack location. Thus, the 
SREG and CREG can operate in three different modes: 

1. As a separate one-deep stack and counter. 
2. As a two-deep stack. 
3. As a two-deep nested counter. 

The GOTO logic block serves three functions: 

1. It provides a six-bit count value from the DATA Field in the 
, pipeline register (P[21 : 16ll or from the TEST inputs (T[S : 

0]) masked by the DATA Field (P[21 : 16]). 
(This is represented by T*M.) 

2. It provides a branch address from the DATA Field in the 
pipeline register (P[21 : 16]) or from the TEST inputs 

6-63 

(T[S : Oll masked by the DATA Field (P[21 16ll. 
(This is represented by PM.) 

3. It compares the TEST inputs 
(T[S: Oll masked by the DATA Field (P[21 : 16ll, calledT*M, 
to the CONSTANT Field from the pipeline register (P[27 : 
22ll. If a match occurs, the EO Flip-flop is set. EO remains 
unchanged if there is no match. Constant field bits that 
correspond to marked test bits must be ZERO. 

The EO flag can be tested by the condition code selection 
logic. Multiple tests of any group of T inputs in a manner 
analogous to Sum-of-Products can be performed since a no 
match comparison does not reset the EO flag. Any conditional 
branch on EO will reset the EO flag. Conditional returns on EO 
will not change the EO flag. RESET input LOW will reset the 
EO flag. 

NOTE: A zero in the DATA Field blocks the corresponding bit 
in the TEST Field; a one activates the corresponding 
bit. 

CONDITION CODE SELECTION LOGIC 

The condition code selection logic consists of an eight-to-one 
multiplexer. The eight test conditon inputs are the device 
inputs (CC and T[S : 0]) and the EO flag. The TEST field 
P[24 : 22) selects one of the eight conditions to test. 

The polarity bit POL in the microinstructions allows the user to 
test for either a true or false conditon. Refer to Table 2 for 
details. 

MICROINSTRUCTION DECODE 

The microinstruction decoder is a PLA that generates the 
control for 29 different microinstructions. The decoder's inputs 
include the OPCOOE Field (P[30 : 26]), the zero cletection 
output from the CNTR, and the selected test condition code 
from the conditional code selection logic. 

Am29PL 141 SSR DIAGNOSTICS OPTION 

As a programmable option, the Am29PL141 FPC may be 
configured to coritain Serial Shadow Register (SSR) diagnos
tics capability. SSR diagnostics is a simple, straightforward 
method of in-system testing that allows isolation of problems 
down to the IC level., 

The SSR diagnostics configuration activates a 32-bit-wide, 0-
type register, called a "shadow" register, on the pipeline 
register inputs. The shadow register can be serially loaded 
from the SOl pin, parallel loaded from the pipeline register, or 
held. The pipeline register can be loaded from the micropro
gram memory in normal operation or from the shadow register 
during diagnostics. A redefinition of four device pins is required 
to control the different diagnostics functions. CC also func
tions as the Serial Data Input (SOl), ZERO becomes the Serial 
Data Output (SOO), P[7) becomes the diagnostic clock 
(OCLK), and P[6) becomes the diagnostic mode control 
(MODE). The various diagnostic and normal modes are shown 
in Table 1. 

Serially loading a test microinstruction into the shadow register 
and parallel loading the shadow register contents into the 
pipeline register forces execution of the test microinstruction. 
The result of the test microinstruction can then be clocked into 
the pipeline register, as in normal operation mode, parallel 
loaded into the shadow register, and serially shifted out for 
system diagnostics. 

041798 
Refer to page 13-1 for Essential Information on Military Devices 

~ 
3 
~ 

" r .... .... .... 



,.. 
"III' ,.. 
..J 
a. g: 
~ 

TABLE 1. 

Inputs Outputs 

SOl MODE DClK ClK SDO Shadow Pipeline 
Openitlon 

Register Register 

0 L t H,L,t So 
Sj_1- Sj 

Hold Serial Right Shift Register 
S31- 0 

X L H,L,! t So Hold Pj-PROMj 
Normal Load Pipeline Register from 
PROM 

L H t H,L,! L SI-Pj Hold 
Load Shadow Register from Pipeline" 
Register 

.. X H H,L,! t SOl Hold PI-Sj 
Load Pipeline Register from Shadow 
Hegister 

H H t H,L,! H Hold Hold Hold Shadow Register 

·S7, S6 are undefined. S15 - S8 load from the source driving pins P[15] - P[6]. If P[3l] in the microword is a ONE, S15 
- S8 are loaded from the pipeline register. If P[3l] in the microword is a ZERO, S15 - S8 are loaded from an external 
source. 

FUNCTION TABLE DEFINITIONS 

INPUTS 
H=HIGH X = Don't Care 
L=LOW t = LOW-to-HIGH transition 

! = High-to-Low transition 

Input 
Condition 

Being Tested 

0 

0 

1 

1 

TABLE 2. 

POL 

0 

1 

0 

1 

6-64 

Condition 

Fail 

Pass 

Pass 

Fail 

-

I 
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PROGRAMMING AND VERIFICATION 

The Am29PL141 FPC is programmed and verified using a 
simple algorithm that is almost identical to that used for AMD's 
Programmable Array logic family. The internal programmable 
array of the Am29Pl141 is organized as a 64 word by 32 bit 
(column) PROM. The fuse to be programmed is selected by its 
address (1 of 64), the by1e at that address (1 of 4), and the bit 
in the by1e (1 of 8). Control of programming and verifying is 
accomplished by applying a simple sequence of voltages on 
two control pins (ClK and CG). 

The fuse address is selected using a full decode of the T[5 : 0] 
inputs, where T[5] is the MSB and T[O] the lSB. The one of 
four by1e addressing is done on the P[7] (MSB) and P[6] (lSB) 
outputs. The bit selection is done one output at a time by 
applying the programming voltage (Vop) to the output pin. The 
output pins that accept Vop are P[15 : 8]. A graphical 
representation of the fuse array organization for programming, 
with fuse numbering compatible to the JEDEC standard 
programmable logic transfer format, is shown in Figure A. 

The complete program and verify cycle timing is shown in 
Figure B. A programming sequence is initiated by raising the 
ClK pin to VHH. This places the device in the program mode 
and disables the output pins so that they may be used as fuse 
addressing inputs. The next step is to address the fuse to be 
blown as previously stated. Note that bit selection, with Vop, 
should follow address and by1e selection. Raising the CC pin 
to VHH initiates programming and lowering Vop terminates 
programming. lowering the ClK pin to a TTL lOW level 
places the device in the fuse verification mode by enabling the 
programming outputs, P[15 : 8]. Following a clock pulse the 
fUlie may be verified on the same output as bit selection was 

performed. This scheme allows fuses to be verified in parallel 
as a by1e if desired. The verification mode is terminated by 
lowering the CC pin back to a normal TTL level. 

SSR DIAGNOSTICS CONFIGURATION 
PROGRAMMING 
One additional fuse (# 2048) is used to alter the configuration 
of the Am29Pl141 to include on-chip SSR Diagnostics. This 
fuse is addressed by applying VHH to the RESET and T[5], 
followed by VOP on pin P[15]. To verify the diagnostic fuse, 
P[7] and P[6] must select by1e #3, i.e., P[7] must be low and 
P[6] must be high. 

PROGRAMMING YIELD 
AMD programmable logic devices have been designed to 
insure extremely high programming yields (> 98%). To help 
insure that a part was correctly programmed, once the 
programming sequence is completed, the entire fuse array 
should be reverified at both low and high VCC (VCCL and 
VCCH). Reverification can be accomplished in a verification 
only mode (CC at VHH) by reading the outputs in parallel. This 
verification cycle checks that the array fuses have been blown 
correctly and can be sensed under varying conditions by the 
outputs. 

AMD programmable logic devices contain many internal test 
features, including circuitry and extra fuses which allow AMD 
to test the ability of each part to perform programming before 
shipping. to assure high programming yields, and correct 
logical operation for a correctly programmed part. Program
ming yield losses are most likely due to poor programming 
socket contact, programming equipment that is out of calibra
tion, or improper usage of said equipment. 

JEDEC 
FUSE 31 

JEDEC 
FUSE 2047 

P[15 :8] 

PROGRAMMING CONFIGURATION 

PFR00970 

JEDEC FUSE NUMBER = 32 (FUSE ADDRESS) + 8(3 - BYTE) + (7 - BIT) 

Figure A. Programming Configuration. 
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BYTE SELECT 

BYTE P[7] P[6] 

0 H L 
1 H H 
2 L L 
3 L H 

BIT SELECT 

BIT P[15] P[14] P[13] P[12) P[11) P[10) 

0 L L L L L L 
1 L L L L L L 
2 L L L L L H 
3 L L L L H L 
4 L L L H L L 
5 L L H L L L 
6 L H L L L L 
7 H L L L L L 

COLUMN DECODE 

0 CO C8 C16 
1 C1 C9 C17 
2 C2 C10 C18 
3 C3 C11 C19 
4 C4 C12 C20 
5 C5 C13 C21 
6 C6 C14 C22 
7 C7 C15 C23 

6-66 

P[9) P[8] 

L H 
H L 
L L 
L L 
L L 
L L 
L L 
L L 

C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 

\ 
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FUSE ADDRESS DECODE 

FUSE 
ADDRESS T[5] T[4] T[3] 

0 L L L 
1 L L L 
2 L L L 
3 L L L 
4 L L L 
5 L L L 
6 L L L 
7 L L L 
8 L L H 
9 L L H 
10 L L H 
11 L L H 
12 L L H 
13 L L H 
14 L L H 
15 L L H 
16 L H L 
17 L H L 
18 L H L 
19 L H L 
20 L H L 
21 L H L 
22 L H L 
23 L H L 
24 L H H 
25 L H H 
26 L H H 
27 L H H 
28 L H H 
29 L H H 
30 L H H 
31 L H H 
32 H L L 
33 H L L 
34 H L L 
35 H L L 
36 H L L 
37 H L L 
38 H L L 
39 H L L 
40 H L H 
41 H L H 
42 

~ 
H L H 

43 H L H 
44 H L H 
45 H L H 
46 H L H 
47 H L H 
48 H H L 
49 H H L 
50 H H L 
51 H H L 
52 H H L 
53 H H L 
54 H H L 
55 H H L 
56 H H H 
57 H H H 
58 H H H 
59 H H H 
60 H H H 
61 H H H 
62 H H H 
63 H H H 
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T[2] T[1] T[D] 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
L L L 
L L H 
L H L 
L H H 
H L' L 
H L H 
H H L 
H H H 
L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
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PROGRAMMING PARAMETERS TA" 25°C 

Parameters Description Min Typ Max Units 

Icc @ 10-40mA 19.5 20 20.5 
VHH Control Pin Extra High Level I Volts 

CLK@ 10-40mA 19.5 20 _ 20.5 

Vop Program Voltage. P [15:8] @ 15-200mA 19.5 20 20.5 Volts 

VIHP Input High Level During Programming and Verify 2.4 5 5.5 Volts 

VILP Input Low Level During Programming and Verify 0.0 0.3 0.5 Volts 

Vccp Vcc During Programming @ ICC = 5O-200mA 5 5.2 5.5 Volts 

VCCL Vcc During First Pass Verification @ Icc = 50 - 200mA 4.1 4.3 4.5 Volts 

VCCH V cc During Second Pass Verification @ ICC .. 50 - 200mA 5.4 5.7 6.0 Volts 

VSlown Successful Blown Fuse Sense Level @ Output 0.3 0.5 Volts 

dVop/dt Rate of Output Voltage Change 20 250 V/jJSec 

dVFE/dt Rate of Fusing .Enable Voltage Change (CC Rising Edge) 100 1000 V/jJSec 

tp Fusing Time First Attempt 40 50 100 j.lSec 
Subsequent Attempts 4 5 10 msec 

tD Delays Between Various Level Changes 100 200 ns 

tv Period During which Output is Sensed for VSlown Level 500 ns 

VONP Pull-Up Voltage on Outputs Not Being Programmed Vccp-0.3 Vccp VCCP + 0.3 Volts 

R Pull-Up Resistor on Outputs Not Being Programmed 1.9 2 2.1 Kn 

SSR DIAGNOSTICS CONFIGURATION PROGRAMMING WAVEFORMS 

iim'i' W 
T{51 

I~ 
FUSIi IdlOIIESS 

CLK:--, 
FUSING 

, 
\ 

TillE 

I , 
PAOGR=~ z I ~I 

P['5: aJ: --'-1.J \ 

cc: 1/ 
I 

r--to- -'0 to ... - f--to 

~NG 

H 

L 

to 

~VHH 

V'LP 

VHH 

~~ 
v ..... , V'LP 

VoP 

" 
I VOH 

\ '" 
'. 

VOL 

>-- VHH 

\ 
VILP 

to Iv '0 CYCLE to ENOS 

VERIFY 

WFR03001 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias ....... -55°C to + 125°C Temperature ................................••... O°C to + 70°C 

Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

(Pin 28 to Pin 14) Continuous .........•... -0.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs Temperature ....................••.......... -55°C to + 125°C 

(Except During Programming) ......... -0.5V to + VCC max 
DC Voltage Applied to Outputs 

Supply Voltage ............................... + 4.5V to + 5.5V 

During Programming ......................................•... 21V 
Operating ranges define those limits over which the function-

DC Output Current, Into Outputs During 
ality of the device is guaranteed. 

Programming (Max Duration of 1 sec) .............. . 200mA 
DC Input Voltage ..•.............................. -0.5V to + 5.5V 
DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions Min Max Units 

P[t5:0]. IOH = -

ZERO, IOH =- COM'L 
SOO.IOH=-

VOH Output HIGH Voltage Vee = MIN,VIN = VIH or Vil P[t5:0], IOH = - 2.4 Volts 

ZERO, IOH =- MIL 
Soo,IOH=-

P[t5.0], IOl = 

ZERO, IOl = COM'L 
500, IOl = 

VOL Output LOW Voltage Vee = MIN. VIN = VIH or VIL P[t5.0], IOL- 0.50 Volts 

ZERO,IOl= MIL 
SOO,IOl= 

VIH Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs 2.0 Volts (Note 1) 

Vil Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs O.B Volts (Note t) 

IlL Input LOW Currerit Vee = MAX, VIN = 0.40V ,..250 p.A 

IIH Input HIGH Current Vee - MAX, VIN = 2.7V 25 p.A 

II Input HIGH Current Vee - MAX, VIN = 5.5V 1.0 rnA 

Ise Output Short Circuit Current Vee - MAX, Your = 0.5V (Note2) rnA 

lee Power Supply Current All Inputs = GNO Vee = MAX rnA 

VI Input Clamp Voltage Vee = MIN, liN =-IBmA -t.2 Volts 

IOZH Output Leakage Current Vee = MAX, VIL = O.BV VO-2.7V 100 

IOZl '(Note 3) VIH=2.0V VO-O.4V -100 p.A 

CIN Input CapaCitance VIN=2.0V@f-tMHz (Note 4) 

Cour Output Capacitance VOUT-2.0V@f-1MHz(Note4) pF 

Notes: 1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
2, Not more than one output should be tested at a time. Duration of the short pircuit should not be more than one second. 

Your = 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
3. 1/0 pin leakage is the worst case of lozx or IIX (where X = H or L). 
4. Those parameters are not 100% tested, but are periodically sampled. 

RELATED PRODUCTS 

Part No. Description 

Am2914 Vectored Priority Interrupt Controller 

Am291 00' Controller Family Products 
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The Am29500 Family 
A High-Performance Architecture 

For Digital Signal! Array Processing 

As new system designs continue to press for maximum 
performance, high-speed array processing is becoming an 
increasingly attractive alternative. Parallel processing and 
pipelined architectures implemented in the fastest technol
ogies are requisites for maximum performance array and 
signal processing applications. 

The Am29500 Family is designed specifically for maximum 
performance and flexibility. Key product features include: 
• Microprogrammable for maximum versatility 
• Pipelined organization for efficient use of resources 
• IMOX™ process and ECl internal-structures for maxi-

mum speed 
• TIL I/O for ease of interface 

The Am29500 family components are targeted for the 
efficient execution of Digital Signal Processing (DSP) and 
Array Processing algorithms, including Infinite Impulse 
Response (IIR) and Finite Impulse Response (FIR) digital 
filters, Fast Fourier Transform (FFT) processors, graphics 
processors, etc. 

The Am29500 family components include: 
• Am29501 Multi-Port Plpellned Processor 

A specialized eight-bit wide parallel processor which 
executes multiple simultaneous data operations. Its 
Register I AlU structure provides the key functional 
element for a high-performance signal processing sys
tem. 

• Am29516/29517 High Speed 16 x 16-81t Parallel 
Multipliers 
Both are 16x 16-bit Parallel Multipliers. The Am29516 is 
pin and functionally compatible with the MPY-16HJ, but 
with an added multiplexer to output the lSP at the MSP 
port. The Am29517 is the same function, but with clock 
enables for microprogrammed applications. low power 
and speed enhanced versions are also available. 

• Am29520/29521 Multilevel Pipeline Registers 
Both devices contain four 8-bit registers for dual two
stage or single four-stage data or address pipelining. 
Combined load-and-shift (Am29520) or separate load
and-shift (Am29521) control options are available. 

• Am29526/29527/29528/29529 High-Speed Sinel 
Cosine Function Generators 
The sine and cosine functions are necessary for Fast 
Fourier Transforms (FFT). The Am29526/527 generate 
the most significant and least significant byte of the 16-
bit sine function and the Am29528/529 generate the 
most significant and least significant byte of the 16-bit 
cosine function. The sine and cosine functions are 
generated to provide a range of () for a half cycle, 
0';;; ().;;; 1T, in increments of 1T/2048. 

• Am29540 FFT Address Sequencer 
This algorithm-specific VlSI chip generates data and 
coefficient addresses for the Fast Fourier Transform. It 
supports a wide variety of FFT algorithms in either radix-
2 or radix-4. 

HIGH PERFORMANCE SIGNAL PROCESSOR 

-~ 8 ~ _7 
CONJIIO<. ......... ~ 

IIEGIOTER 

~ '\£1 AIIITHIIE1IC 
......... TOII PROCESSOR 

_"'PORT 
........... PIIOCE8IIOII 

80002640 

tMOX is a trademark of Advanced Micro ~ices. Inc. 06139A 
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• Am29509 and Am29510 Multiplier-Accumulators 
These devices are 12 x 12 and 16 x 16 multipliers with built
in accumulators. They are often used in constructing digital 
filters. The Am29509 is pin- and function-compatible with 
the TDC1009 and the Am29510 is pin- and function
compatible with the TDC1010. 

_ A Iligh-performance signal processor may be constructed as 
shown in the diagram. The processor is built entirely with 
Am29500 digital signal processing and Am2900 devices. Such 
a processor is attached as a slave to the niain system bus to 
pertorm the multitude of anthmetic operations which prevail in 
DSP algorithms. 

• Am29325 Floating Point Pl:ocessor 
Support both IEEE and DEC 32-bit floating point formats, 
the Am29325 will perform a full parallel 32-bit floating point 
multiply in a Single clock cycle. This device can replace 
more than a full circuit board of logic. 32-bit floating pOint is 
useful in filters for reducing errors and noise, and can be 
used to conveniently extend the number range in array 
processors. 

Am29500 ARRAY PROCESSOR 

HOST COIIPUTER .n. 
_ACe 
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Am29501 
Multi-Port Pipelined Processor (Byte-Slice TM) 

DISTINCTIVE CHARACTERISTICS 

• Expandable Byte-Slice ™ Register-ALU 
- Sign extend input and output 
- Carry and J5 /~ expansion with force/inhibit! normal 

carry modes 
• Eight instruction ALU 

- Four arithmetic operations 
- Four logic operations 

• Ten intemal data paths 
- Highly parallel architectures 

- Multiple simultaneous data manipulations 
• Pipelining register file has six a-bit registers 

- Multilevel pipelining 
- Multiple register-to-register moves 

• Completely microprogrammable 
- No instruction encoding 
- All operation combinations available 

• Three I/O ports for maximum system interconnect 
flexibility 

GENERAL DESCRIPTION 

The Am29501 is an expandable Byte-Slice™ register-ALU 
designed to bring maximum speed to array processor and 
digital Signal processor systems. It provides a flexible 
processor building block for implementing highly pipelined. 
highly parallel architectures where speed is achieved by a 
combination of optimized integrated circuit technology 
(IMOX ™ process and intemal ECL circuitry) and custom
ized system architecture. I/O port flexibility and multiple 
concurrent data moves make it possible to construct 
processors capable of very high throughput. Parallel pro
cessors are especially efficient for array/vector operations 
or signal processing algorithms requiring complex number 
arithmetic (e.g. FFT. convolution. correlation •. etc.). 

The Am29501's Pipeline Register File provides data stor
age and pipelining flexibility. Any combination of register 
instructions, ALU instructions. and I/O instructions can be 
microprogrammed to occur in the same cycle. This allows 
overlap of extemal multiplication. ALU operations, and 
memory I/O. 

Three I/O ports support a wide variety of parallel, pipelined 
architectures by providing separate I/O ports for the 
multiplier and the memory data bus. Either of two bidirec
tionalI/O ports. 010 and MIO, can interface to the data bus 
or multiplier Y -input port, and a separate MI port connects 
to the multiplier output port. 

BLOCK -DIAGRAM 
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RELAtED PRODUCTS 

Part No. . Description 

Am2902A Carry look-ahead generator 

0-64-3 
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'" ... ... ... ... .... ... 
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"ouT 
c". 
Vee 
CLOCK 

Am29516/17 16 x 16-bit high speed 
multipliers 

Am25S558 8 x 8-bit multiplier 
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METALLIZATION AND PAD LAYOUT 

' .... , M', 
',,63 , .', 
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.,,59 7 .~ 
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'20 55 
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OVERFLOW 47 200105 

ZERO· 46 21 MIOs 

SEOUT 45 220106 

',8 44 
23 MIOs 

240107 
'17 43 

25 Mr07 

"6 42 2610 

',5 41 271, 

"4 40 2812 

113 39 -29 13 

'12 38 
-30t4 

'U 37 3115 

',0 36 . --_._--- "0, 

',35 -33'7 

Die Size: .289" x .222" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29501 

Device type 

PCB l L L Screening Option 
Blank - Standard processing 
B - Burn-in (Note 1) 

Temperature (see Operating Range) 
C - Commercial (0 to + 70'C) 
M - Military (- 55 to + 125'C) 

Package 
D- 54-pin CERDIP (D-64-3) 
L - 68-TERMINAL Leadless Chip Carrier 

Multi-port Pipelined Processor 

Note 1: 160 Hour Burn-in 
Heatsink Parts. T A = 125'C 
Non-Heatsink Parts. T A = 85'C 

7-5 

Valid Combinations 

A 29501 I DC, DCB, 
m DMB, LC, LMB 

-valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

·Pln No. Name 1/0 Deacrlptlon 
50 CIN I Carry-ln input to the intemal 8-bit ALU. 

51 Cour 0 Carry-out output from the internal 8-bit ALU. 

48 CP I Clock input fOr the internal pipeline register file. Data selected by 17-118, meeting the set-up and hold time 
requirements of the respective register, is clocked into the register on the clock LOW-to-HIGH transition. 

9, II, 13, 0100-0107 110 Bidirectional data 110 port (see Nota). 
15,18,20, 
22,24 

53,52 ~, J5 0 The carry generata and propagate Outputs of the Internal ALU. These signals are used with the Am2902A for carry-
Iookeheed. 

28-44, 10-128 I Instruction inputs designed to be driven under microprogram control. All instnuction inputs control multiplexers or 
54-57, drivers or the ALU directiy. There is no instruction encoding. See Control Input Function Tables for operating 
59-84 modes. 

1-8 Mlo-MI7 I Data Input port 
(Multiplier Input - see Note). 

10,12,14, MIOo-MI07 110 Bidirectional data 110 port 
17,19,21, (Multiplier 110 - see Note). 
23,25 

47 OVR 0 Overflow 
This pin is logically the Exclusive-OR of the carry-ln and ca/ry-out of the MSB of the ALU. At the most significant 
end of the word, this pin indicates that the result of an arithmetic two's complement operetion h!'S overflowed jnto 
the sign-bit. ' 

45 SEOUT 0 The most significant bit of the S-operand. This is used in multiple precision arithmetic operations for sign extension 
of two's complement numbers. 

58 SEIN i A single-bit input which generates an 8-bit sign extension R-operand for multiple precision two's complement 
arithmetic operatiolll\. 

46 ZERO ·0 This Is an open collector· output which goes HIGH ~ the data on the ALU outputs are all LOW. 

Note: This Is a general purpose data port. The names are derived from the typical usage in a typical Am29500 system but are' not restricted 
to this interconnection scheme. 

"DIP Configuration 

CONTROL INPUT FUNCTION TABLES 

1. Data 110 Port (010) Output Select 

13 12 10 Source 16 

L L L A2 L 
L H L Aa L 
H L L B2 L 
H H L B3 L 

X X H Output Disabled H 
H 
H 
H 

X 

3. Reglater A1 Data Source Select 

18 17 Source 

L L MSP (MI) 
L H 01 (010) 
H L B3 
H H AI (Hold) 

7-6 

2. MuHlpller 1/0 Port (MIO) Output Select 

15 14 11 Source 

L L L Al 
L H L A2 
H L L Aa 
H H L Bl 
L L L B2 
L H L B3 
H L L ALU 
H H L 01 

X X H Output Disabled 

4. Re"l8ter A2 Data Source Select 

110 

L 
L 

H 
H 

19 Source 

L LSP (MIO) 
H ALU 

L Al 
H A2 (Hold) 

03564A 
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CONTROL INPUT FUNCTION TABLES (Cont.) 

5. Register A3 Data Source Select 6. Register 81 Data Source Select 

112 111 Source 114 113 Source 

L L MSP (MI) L L MSP (MI) 
L H ALU L H 01 (010) 
H L A2 H L As 
H H Aa (Hold) H H 91 (Hold) 

7. Reg/ster 82 Data Source Select 8. Register 83 Data Source Select 

118 115 Source 118 117 SOurce 

L L LSP (MIO) L L MSP (MI) 
L H ALU L H ALU 
H L 91 H L 92 
H H 92 (Hold) H H 9a (Hold) 

9. ALU Operating Instructions 

122 121 120 119 OP GoUT P G 

L L R+S+CIN 
L H R-S-CIN 

j5 G H L L L R+CIN Carry Normal Operating Mode" 

H H -R+S-CIN 

L L R+S+CIN Inhibit Carry Mode 
L H R-S":CIN 
H L L H R+CIN L H H 

H H -R + S-CIN 

L L R +S+CIN Force Carry Mode 
L H R-S-CIN 

j5 H L H L R+CIN H L 

H H -R + S-CIN 

L L R XOR S Logic Operations 
L H RAND S 
H L H H fl (L)' (H)' (H)' 

H H R OR S 

'COUT, P and G are not applicable to logic operation, Am29501 functions as shown. 
"Carry is used for 16-bit expansion. j5 and G are used with an Am2902A for expansion to more than 16 bits. 

10. ALU R Operand Selection 

125 124 12a Source 

L L L A1 
L L H A2 
L H L As 
L H H B1 
H L L 92 
H L H Ba 

H H L 
Sign Extend Input 
Bussed to All Bits 

H H H 
Arithmetic Zero 

(All Inputs LOW) 

/28 

L 
L 
L 

L 
H 
H 

H 
H 
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11. ALU S Operand Select/on 

/27 126 Source 

L 
L 
H 

H 
L 
L 

H 
H 

L A1 
H A2 
L As 
H B1 
L 92 
H Ba 

L MSP (MI) 
H LSP (MIO) 

oa564A 
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DETAILED DESCRIPTION 

Figure I contains a block diagram of the Am29501. It shows four major sections - an eight-bit cascadable ALU. a register file 
, consisting of six eight-bit registers. three I/O ports. and a microcode control section. ' 

DETAILED Am29501 BLOCK DIAGRAM 

~) ... . r-= 
/-~-/ ........ 

r-

c.p.a .... 
' ....... ow 

JU 111. ~ 
laou..ce:IIUIf 

/ ......•.... - ............ / .. ~~ ... ~ ... / 
_L . . 
. y 

cy T I:::: '. ~~·'I ~ ... 
co 

t- , , 
' .. ..... t . .. -.... """"" 

Figure 1_ 

ALU 

The ALU performs arithmetic on an eight-bit Byte-Slice ™ with 
full internal carry lookahead and carry input and output for 
cascading. The carry can ripple between byte-slices by 
connecting the GoUT of one slice to CIN of the next byte-slice. 
Carry generat,e (G') and propagate (15) outputs are also 
provided for faster operation when the ALU is used in 
conjunction with a carry lookahead generator such as the 
Am2902A. 

There are three arithmetic modes - cascade. carry inhibit and 
forced carry. The cascaae mode produces an output carry 
based on the results of the operation and is the normal mode. 
The carry inhibit mode produces no carry output and is used to 
decouple cascaded ALUs. A IS-bit ALU consisting of two 
Am2950ls can operate as two S-blt ALUs simultaneously by 
programming the carry inhibit mode. This mode could also be 
used with a second 16-bit ALU for double precision where the 
more significant slice is programmed in the carry inhibit mode 
for single precision and in the cascade mode for double ' 
precision. The less significant slices would be programmed in 
normal, mode for either case. The forced carry mode is the 

Byt&sIice Is a trademark of Advanced MiO'O Devices, Inc. 
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I I 

~ ~ ~ ""1 ... ... ~ 
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I 
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I~~'i;:;-~i 

I . ... 11 ,-_'" r-
t~..;~~-~i t~";;'~-~i .. 

ry ...... . " - , .. 
DFR00710 

converse and always produces a carry. All three modes treat 
the input carry in the same way. The Am29501 uses the input 
carry as a true borrow during subtraction as opposed to most 
two's complement ALUs which !lse borrow. The usual require
ment is that input borrow be programmed HIGH (inactive) 
when dOing a subtraction. Since the Am29501 has a true 
borrow. the input carry is programmed to be LOW for both 
addition, and subtraction. This is consistent with the carry 
inhibit mode discussed previously. 

In addition to arithmetic operations the ALU also does bitwise 
logic operations - OR. AND. exclusive OR. and invert. Carries 
are not applicable for these operations and are inactive. 
Codes to program the ALU function are contained in Control 
Input Function Table 9. 

Each operand of the ALU has eight possible sources. Operand 
R can be any register in the register file or one of the I/O ports 
MI or MIO as shown in Table 10. Operand S can be aflY 
register. zero or a sign extension input (SEIN) from another 
ALU (Table II). The ALU result can be steered to registers 
A2. A3. B2. and B3 of the register file or the MIO I/O port. 

03564A 
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REGISTER FILE 
The register file provides for fully independent use of the 
registers. Each register has a four-input mux which can be 
programmed so that the register holds its previous contents or 
is loaded from the ALU and 110 port or the "preceding" 
register. If all registers are programmed for the preceding 
register, a ring is formed and data circulates through all the 
registers. This facilitates constructing a pipelined data flow. 
Various combinations of 1/0 ports and the ALU make up the 
remaining inputs to each register. The sources for each 
register are shown in the Control Input Function Tables 3-8. 

I/O PORTS 
The Am29501 has two bidirectional ports (010 and MIO) and 
one input port (MI). As an input the 010 port can be loaded 
into registers A1 and 91 and directed to the MIO output port. 
Output from the 010 comes from registers A2, A3, 92 or 93 
using the codes from Control Input Function Table 1. This 
separation of input and output registers connected to the 010 
port is in keeping with the pipelined organization of the part 
when the 010 port is used for data flow in and out of the 
processor. 

Input through the MIO port can be directed to registers A2 and 
92 in the register file and to the ALU. Output can come from 
any of the six registers, the 010 input port or from the ALU. 

7-9 

This structure allows the user to direct operands to an auxiliary 
processor (such as a multiplier or barrel shifter) from any point 
in the pipeline. The MIO port could be connected to a 
processor with bidirectional data bus. The auxiliary processor 
would receive data and return its results to registers A2 and 
92 through the MIO port. 

The MI port provides another entry point for inserting data in 
the processing pipeline. An auxiliary processor with flow
through architecture could receive data from the MIO port and 
return data through the MI port which can be directed to 
registers A1, A3, 91 and 93 and to the ALU. 

A potential use of the ports is connecting the bidirectional bus 
of an Am29116 microprocessor to the MIO port. An Am29516 
would have its inputs connected to the same MIO port and its 
output to the MI port. This architecture could calculate 
magnitudes by computing the sum of the squares with the 
Am29516 and Am29501 and the square root with the 
Am29116. 

CONTROL 
The Am29501 is controlled by 29 microcode bits which select 
operations with no encoding. This provides the maximum 
flexibility for the independent control of parallel operations. 
Sources may be directed to multiple destinations simulta
neously wherever data paths are provided. 

03564A 
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I ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......••................... -65 to + 15Q'C 
Temperature Under Bias-TC ................... -55 to + 125~C 
Supply Voltage to Ground Potential 

Continuous ......................•................. -0..5 to + 7.QV 
DC Voltage Applied to Outputs For 

High Output State ....................... -Q.5V to + VCC max 
DC Input Voltage ................................... -0..5 to + 5.5V 
DC Output Current. Into Outputs .......................... 30mA 
DC Input Current ............. ; ................... -3Q to +5.QmA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cauSe permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Temperature 
DIPs ..................................... TA = Q'C to +7Q·C 
Chip Carriers .............................. T C = Q·C to 85'C 

Supply Voltage ............................ + 4.75V to + 5.25V 

Military (M) Devices 
Temperature ................................ -55'C to + 125'C 
Supply Voltage ............................... + 4.5V to + 5.5V 

Operating ranges define those limits over which the function
ality of the device is guaranteed. . 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters DescripHon Test Conditions (Note 1) Max Units 

VO,lts VOH Output HIGH Voltage Vcc=MIN 
VIN = VIH or VIL 

COM'L 0.5 

0.5 
Volts Output LOW Voltage VCC=MIN 

VIN - Viti or VIL VOL 

0.5 

VIH Input HIGH Level Volts 

VIL Input LOW Level 0.8 Volts 

VI . Input Clamp Voltage .-1.5 Volts 

IlL Input LOW Current -0.4 rnA 

IIH Input HIGH Current 20 IJA 
0.1 rnA 

-55 
IJA 

- IOZH t-v-'o=---_0._5v _____ -t __ -t-__ t-_--; 

100 IOZL ~ _______ ~~VO~=~2~.4~V __ ~ __ +-_~~_~~~+-_~ 

ISC 

Icc 
COM'L Only 
Vcc=MAX 

MIL Only 
Vcc=MAX 

TA - 25'C 
fA - ° to +70'C (Note 4) 

Tc - -55 to + 125'C 

TC-+ 125'C 

-30 -100 rnA 

300 

400 

375 rnA 

Notes: 1. For conditions shown as MIN or MAX. use the appropriate value speciiiad under Operating Ranges for the applicable deVice type. 
2. Typical limits are at Vcc = 5.0V. 25'C ambient and maximum loading. 
3. Not mote than one output shculd be shortad at a time, Duration of the short circuit test should not exceed one second. 
4. Chip Carriers: T C - 85'C, 

7-10. 
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PULSE WIDTH ENABLE AND DISABLE TIMES 

Enable Disable 

r---- 3V 

LOW.H.'GHLOW_1 . ~-.:J, L---- 1.5V 

. ~tM-1 

----1.6V 

----ov 

OUTPUT 
NORMALLY -t.5V 

LOW 

HIGHL~ 1"---
PULSE-~ T --- 1.5V 

S3 09EN VOL 

I-t:'ZH 'HZ ! t 
OUTPUT ~~---::::::= VOH 

WFR02790 

NORMALLY 15V "-t- -, 5V 

HIGH 52 OPEN Q5V 
---OV 

WFR02660 

Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 

2 .. 51. 52 and 53 of Load Circuit are closed except 
where shown. 

NOTE: 1. Pulse generator for all pulses: Rate';; 1.0MHz; Zo = 50n; Ir';; 2.5ns; tf';; 2.5ns. 

SWITCHING CHARACTERISTICS AT ROOM TEMPERATURE 

From Input 

elK 
010 

MIO 

MI 

SEIN 

17_18(REG) 

123-28(ALU SELl 

Parameters 

tLZ 

tZl 

tZH 

Typical Set-up/Hold Times and Propagation Delays 
Vee = S.OV, T A = + 2S"C, CL = SOpF 

To Output 

Set-up, telHold, t., Propagation Delay TIm .. , tpD 

Register Reg via MIO MIO vis 010 
Input ALU Port ALU Port CoUT P G 

17 27 17 23 

12 

19 19 19 22 

31 ,20 20 20 25 

29501 Three-State Timing 

Typ Max Commercial 

Test Vec=SV Vcc=SV 
Conditions TA=25"C TA=2S"C Max 

11-MI00-7 
10 15 

Cl -5pF 
10- 0100-7 Rl = 667n 

11-MI00-7 
10 15 

10- 0100-7 

11- MIOo-7 
12 20 

Cl =50pF 
10- 0100-7 Rl = 667n 

11-MIOO-4 
12 20 

SEOUT Units 
18 ns 

ns 

17 ns 

17 ns 

ns 

19 ns 

ns 

ns 

ns 

19 ns 

22 14 ns· 

Military 

Max Units 

ns 

ns 

ns 

ns 

7-11 
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SWITCHING CHARACTERISTICS, COMMERCIAL 

Minimum. Set-up/Hold· Times and Maximum Propagation Delays 

To Output 

Set-up, ta/Hold, th Propagation Delay Tim ... tpD 

Register Reg via MIO MIO via 010 
From Input Input ALU Port ALU Port COUT J5 n z Overflow SEouT Units 

ClK 23 35 24 31 31 31 39 34 26 ns 

010 1015 17 ns 

MIO 1015 20/0 29 29 29 34 29 24 ns 

MI 1015 20/0 32 30 29 29 34 29 24 ns 

CIN 1015 25 15 26 1~ ns 

S~IN 20/0 29 27 27 22 32 ns 

12-3(010) 21 ns 

14-6(MI0) 22 .. ns 

17_1S(REG) 1015 1 ns 

119_22(AlU OP) 20/0 32 32 29 ns 

123-2S(ALU SELl 20/0 29 29 35 32 22 ns .. 
SWITCHING CHARACTERI 

, 
M s and Maximum Propagation Delays 

To Output 

Sa p, Is/Hold, th Propagation Delay Times, tpD 

Register Reg via MIO MIO via 010 
from Inp Input ALU Port ALU Port COUT P n z Overflow SEOUT Units 

ClK ns 

010 ns 

MIO ns 

MI ns 

CIN ns 

SEIN ns 

12_3(010) ns 

14_6(MI0) ns 

17_1S(REG) ns 

119-22(AlU OP) ns 

123-2S(AlU SEl) ns 

Note: Please refer to Guidelines for Testing Am2900 Family Devices in section 13 of this data book_ 

Am29501 Minimum Clock Pulse Widths 

Parameter Description TYPICAL COMMERCIAL MILITARY Units 

I High 15 ns 
tpw Clock Pulse Width I low 15 ns 

7-12 
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A. THREE-STATE OUTPUTS 

SWITCHING TEST CIRCUIT 

B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
OUTPUTS 

Vee 

I 
52 

TCR01340 TCOO1420 

TCR01330 

Notes: 1. CL = SOpF includes scope probe, wiring and stray capacitances without device in test 
fixture. 

2. 51. 52, 53 are closed during function tests and all AC tests except output enable 
tests. 

3. 51 and 53 are closed while 52 is open for tPZH test. 
51 and 52 are closed while 53 is open for tPZL test. 

4. CL = S.OpF for output disable tests. 

SET-UP, HOLD, AND RELEASE TIMES 

DATA 
INPUT _ _::V 

~"t:,"-l 
1IUING -------f ------- 3V 

INPUT _ ------- 1.5V 
________ J _____ ~ _____ ~ 

WFR02970 

Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don't care condition. 

7-13 

PROPAGATION DELAY 

SAME PHASE f------\ --- :.:v 
---:~ s=~,. 
-, T I jc;: 'PLH? 'PHL 

OPPOS,::::::-\i ~ 1 3V 
INPUT TRANSITION - ---"f\ .,II --- ::v 

WFR02980 

03564A 
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INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

DRIVEN INPUT 

R R 

.... ~L 

J J 

ICR00530 

CI a! 5.0pF. all inputs 

THREE-STATE NOAIIAL OPEN COLLECTOR 
V~----______ ~t· __________ ~~~~ __________ =~~ __ ~~ __ ~OO~~~~~ ______ _ 

ICROO520 

Co a! 5.0pF. all outputs 
Note: Actual current flow direction shown. 

7-14 
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Am29509/L509 
12 x 12 Multiplier Accumulator 

ADVANCED INFORMATION 

• Uses two's complement or unsigned inputs and outputs 
• Round control 
• 27 -bit product accumulation result 

- 24-bit product 
- 3-bit extended product 

• Output register preload 
• Three-state output control 
• IMOX™ processing 

- ECl internal circuitry for speed 
- TTL 110 

GENERAL DESCRIPTION 

. The Am29509 is a high-speed 12 x 12-bit multiplier/accu
mulator (MAC). The X and Y input registers accept 12-bit 
inputs in two's complement or unsigned magnitude format. 
A third register stores the Two's Complement (TC), Round 
(RND), ACcumulate (ACC), and Subtraction SUB/ADD 
control bits. This register is clocked whenever the X or Y 
input registers are clocked. 

The 27 -bit accumulator/output register contains the full 24-
bit multiplier output which is sign extended or zero-filled 

based on the TC control bit. The accumulator can also be 
pre loaded from an external source through the bidirectional 
P-port. The operation of the accumulator is controlled by 
the Signals ACC, SUB/ ADD, and PREl (Preload). Each of 
the input registers and output register has independent 
clocks. 

The Am29l509 is a low-power version of the Am29509. 
The Am29l509 is expected to dissipate 50% less power 
than the high-speed Am29509. 

BLOCK DIAGRAM 

TC RHO 

~., ----~------------~ 

C~. --~rf---------------r~r--r~ 

ACC ----------, 

SUB/ADD ------, 
LEX/Oil( 

LEwoe,. 
LEt,tOil 

IMOX is a trademn of Advanced Micro Devices, Inc. 
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CD 
0 
II) 
-I ...... 
CD 
0 
II) 
CD 
~ 
E 
III( 

CONNECTION DIAGRAM 
TOil View 

Leadless Chip Oarrier 

x4 Xs 
X3 Xs 
X2 x7 
x, xa 

leo leg 

I~ ACC x,o 
~ ~ l a f SUB/ADD X11 

~. or l' .r ;: .e ~ .r: ~ ~ i 
RND CLKX 

,LELlOEL CLKV LEuOEL 
'" Po Vo RHO 0" 

P, V, SUB/,i;oo '" P2 V2 ACe 0" 
P3 V3 Xo 0" 
P4 V4 x, 

0" Ps Vs x, 
0" 

GND Vee x, 
Ps Vs 

0" 

'" P7 V7 0" 

Pa Va 
.. 0" 

Pg Vg 
.. 0" 

P,o v,o 
x, 

"" 
P11 V" 

lit 0" 

CLKP TC 
x, 

0" 

PREL LEx/OEx 
x" '" 

LEMlOEu P26 x" LEx/OEx 

P'2 P25 eLXx Te 
P'3 P24 
P'4 P23 a ./! ,; t' t' ,! ~ ~ 

0 0 0 .. c:: .. ,!!' ~ j 
P'5 P22 

{I {I {I 

P,s P2' CDR04460 
P'7 P20 
P,a P,g 

CDR04450 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

II 
,.f J or ,: ,( .J' ,,"',:r or .r ,. .i' ~ i ~ 
585&50 61 62 63 64 5618 

~cc 49 

V" 43 

40 3iI 38 37 36 35 34 33 J:1 31 

~ Ilf a.'tC. f a.r. ... ';l :f 0." f rf l ~ l f ,f l ~ 
> ' , 
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04986C 
Refer ~ Page 13-1 for Essential Information on Military Oev\ceS 



ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29509/L509 

Device Type 
12 x 12 Multiplier 
Accumulator 

PCB l L L S~r:~~i~g S~~~:rd processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D=64-Pin Top-Brazed with Heat Sink 

64-Pin Top-Brazed without Heat Sink' 
L = Leadless Chip Carrier 
P = Molded DIP' 

'For low-power version. 

Note 1. 160-hour burn-in -
Heat sink parts: T A = 125°C 
Non-heat sink parts: T A = 85°C 

• 7-17 

Valid Combinations 

Am29509 I ~B?t~: LMB 
Am29L509 j PC' PCB' 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

• 
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" PIN DESCRIPTION 

·Pln No, Nama 1/0 Description 

8 RND I Round 
When RND is High, a bit with a weight of Pll is added to the multiplier product. RND is loaded on the rising edge of 
CLKx or CLKy. 

42 TC I Two's Complement 
When High, the X and Y inputs are defined as two's complement data, or as unsigned data when Low. The TC 
control is loeded on the rising edge of CLKx or CLKy. 

24 PREL I Preload 
When High, data Is preloadad into the specific output register when its respective Load Enable is High. When Low, 
the accumulator register is available at the P-porI when the Output Enables are Low. 

41 LEx/t5Ex I Load Enable Extended/Output Enable Extended 
Active High Load Enable for the XTP port during preloedlng. Active Low three-state control for the XTP port during 
normal operation (see Preloed Function). (TSX)** 

25 LEM/t5EM I Load Enable Most/Output Enable Most 
Active High Load Enable for the MSP port during preloadlng. Active Low three-state control for the MSP port 
during normal operation (see Preload Function). (TSM)** 

9 LEL/C5EL I Load Enable Least/Output Enable Least 
Active High Load Enable for the LSP port during preloading. Active Low three-state control for the LSP port during 
normal operation (see Preload Function). (TSL)** 

57,56 CLKX, CLKy I, CLOCKS 
Load X and Y date respectively and TC, RND, ACC and SUB/ADD on the rising edge. 

23 CLKp I CLOCK 
Loads data into, the XTP, MSP and LSP registers on the rising edge. 

1-5, Xl1-Xo I Multiplier Data Input 
68-64 Data is loaded into the X register on the rising edge of CLKx. 

43-48, Y11-YO I Multiplier Data Input 
50-55 Data is loaded into the Y register on the rising edge of CLKy. 

38-40 P26-P24 I/O Bidirectional Port 
Product output for Extended Product (XTP) and input to preload XTP register. 

26-37 P23-P12 I/O Bidirectional Port 
Product output for the Most Significant Product (MSP) and Input to preload MSP register. 

10-15, Pl1-PO I/O Bidirectional Port 
17-22 Product output for the Least SignHicant Product (LSP) and inpu! to preloed the LSP register. 

6 ACC I Accumulate 
When High, the multiplier product is accumulated in the accumulator. When Low, the multiplier product is written 
into the accumulator (see Accumulator Function Table). The ACC control is loeded on the rising edge of CLKX or 
CLKy. 

7 SUB/AIm I Subtraction/ Addition 
When High, the accumulator contents are subtracted from'the multiplier product and the result written back into 
the accumulator. When Low, the multiplier product Is added into the accumulator (see Accumulator Function 
Table). The SUB/ADD control Is loaded on the rising edge' of CLKx or CLKy. 

*DIP Configuration 
**TRW TDC1009PIN DESIGNATION 

PRELOAD FUNCTION 

Output Reglstar 

'ifi: ~: ~ PREL XTP liSP LSP 

0 v 0 0 0 Q Q Q 
0 0 0 1 Q Q Z 
0 0 1 0 Q Z Q 
0 0 1 'I Q Z Z 
0 1 0 0 Z Q Q 
0 1 0 1 Z Q Z 
0 1 1 0 Z Z Q 
0 1 1 1 Z Z Z 
1 0 0 0 Z Z Z 
1 0 0 1 Z Z PL 
1 0 1 0 Z PL Z 
1 0 1 1 Z PL PL 
1 1 0 0 PL Z Z 
1 1 0 1 PL., Z PL 
1 1 1 0 PL PL Z 
1 1 1 1 PL PL PL 

Z - output buffers at High impedance (disabled). 
Q - output buffers at Low impedance. Contents of 

output register available through output ports. 
PL - output disabled. Preload data supplied to the 

output pins will be loaded into ,the output 
register at the riSing edge of CLKp. 

7-18 

. ACCUMULATOR FUNCTION TABLE 

PREL 

L 

L 

L 

H 

SUBI 
ACC m:s P OPERATION 

L X Q Load 

H L Q Add 

H H Q Subtract 

X X PL Preload 
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DETAILED DESCRIPTION 
The Am29509 is a high-speed 12 x 12-bit multiplier/accumula
tor (MAC). It comprises a 12-bit parallel multiplier followed by a 
27 -bit accumulator. Two 12-bit input registers are provided for 
the X and Y operands. A third register stores two control bits, 
TC and RND. TC selects either a two's complement or an 
unsigned magnitude format for both data inputs. The RND 
control, when High, causes a bit to be added to the multiplier 
product with the weight of Pll. This causes the most 
significant 12-bits of the product to be rounded to the value 
nearest to the full 24-bit product. Using the RND control once 
during an accumulation causes the most significant 15-bits of 
the accumulator to be rounded to the value nearest the full 27-
bit accumulation. The TC/RND register is clocked whenever 
the X or Y input registers are clocked. 

The 24-bit multiplier output is zero-filled or sign-extended as 
appropriate to provide a 27-bit input to the accumulator. The 
accumulator has four functions: the product may be loaded 
into the accumulator, the product may be added into the 

accumulator value, the previous accumulator value may be 
subtracted from the product and the result stored in the 
accumulator or the accumulator may be preloaded from an 
external source. The operation of the accumulator is con
trolled by the signals ACC, SUBI ADD and PREL. ACC and 
SUBI ADD are stored in a register clocked whenever the X or 
Y registers are clocked. ACC in conjunction with SUB/ADD 
selects one of the first three accumulator functions (see 
Accumulator Function Table). For output and preloading 
purposes the accumulator is considered in three sections: 
Extended Product (XTP, P26-P24) controlled by LEx/0Ex, 
Most Significant Product (MSP, P2a--PI2) controlled by LEMI 
OEM and Least Significant Product (LSP, Pll-PO) controlled 
by LEL/OEL. When PREL is Low these controls are active
Low Output Enables for the three-state output buffers. When 
PREL is High the output buffers automatically become high 
impedance, and the controls operate as active High Load 
Enables to the three sections of the accumulator to permit 
preloading of data applied to the bidirectional P port. The P
port has 27 -bits. 

Am29509/L509 
INPUT FORMATS 

Fractional Two's Complement Input 

11 10 9 8 7 6 543 2 0 111 10 

-f! 2.1 

(Sign) 

9 8 7 6 5 4 3 2 0 

Integer Two's Complement Input 

11 10 9 8 7 6 5 4 3 2 0 

~1~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f! 
(Sign) 

111 10 9 8 7 6 4 3 2 0 

_211 210 29 ~ 27 26 25 24 23 22 21 ~ 

(Sign) 

Unsigned Fractional Input 

11 10 9 8 7 6 5 4 3 2 o 111 10 9 8 7 6 5 4 3 2 o 

Unsigned Integer Input 

11 10 9 8 7 6 5 4 3 2 0 

211 210 29 ~ 27 ~ 25 ~ ~ 22 21 20 

7-19 

111 10 9 8 7 6 5 4 3 2 0 

211 210 29 28 ' 27 26 25 24 ~ 22 21 f! 
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XTP 

12625241 123 22 21 20 19 

-~ ~ ~ 21 t' 2"1 2"2 2-3 

(Sign) 

XTP 

I 26 25 241 123 22 21 20 19 

_~ ~5 ~4 ~3 222 ~1 220 219 

(Sign) 

XTP 

1 26 25 241 123 22 21 20 19 

~ 21 t' 2"1 2"2 2"3 2"4 2"5 

XTP 

12625241 123 22 21 20 19 

~ 225 ~4 ~3 ~2 221 220 219 

Am29509/L509 
OUTPUT FORMATS 

Two's Complement Fractional Output 

MSP LSP 

18 17 ·16 15 14 13 121 111 10 9 8 7 6 5 4 3 2 1 . 0 

~ 2"5 2-6 2"7 ~ 2"9 2"10 2"11 2"12 2"13' 2"14 2"15 2"16 2"17 2"18 2"19 2"20 2"21 2"22 

Two's Complement Integer Output 

MSP· 

16 17 

218 217 

MSP 

18 17 

2"6 2"7 

MSP 

18 17 

218 217 

, 

LSP 

16 15 14 13 121 111 10 9 8 7 6 5 4 3 2 1 0 

216 215 214 213 212 211 210 29 28 27 2.6 25 2.4 ~ ~ 21 t' 

Unsigned Fractional Output 

LSP 

16 15 14 13 121 111 10 9 8 7 6 5 4 3 2 1 0 

~ 2"9 2"10 2"11 2"12 2"13 2"14 2"15 2"16 2"17 2"18 2"19 2"20 2"21 2"22 2"23 2"24 

Unsigned Integer Output 

-
16 15 14 13 121 111 10 

216 215 214 213 212 211 210 

7"20 

LSP 

9 8 7 6 5 4 3 2 1 0 

29 ~ 27 ~ 25 ~ ~ 22 21 t' 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ............................ -65 to + 150°C 
Temperature Under Bias-T C ................... - 55 to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Temperature 
Supply Voltage to Ground Potential DIPs ........................................ TA = 0 to +70°C 

COntinuous ........................................ -0.5 to +7.0V , Chip Carriers .............................. T C = 0 to + 85°C 
DC Voltage Applied to Outputs For Supply Voltage ................................. 4.75V to 5.25V 

High Output State ....................... -0.5V to + VCC max Military (M) Devices 
DC Input Voltage ................................... -0.5 to + 5.5V 
DC Outpu1 Current, Into Outputs .......................... 30mA 

Temperature ................................ -55°C to + 125°C 

DC Input Current.. ............................... -30 to +5.0mA 
Supply Voltage .................................... 4.5V to 5.5V 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits over which the function
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 
Am29509/L509 

Parameters Description Test Conditions (Note 1) 

VOH Output HIGH Voltage Vee-MIN, IOH=-0.4mA 
VIN - VIH or Vil 

VOL Output LOW Voltage Vee = MIN, IOl -4.0mA VIN = VIH or Vil 

VIH Input HIGH Level 

Vil Input LOW Level Guaranteed Input Logical LOW Voltage for All I 

VI Input Clamp Voltage Vee = MIN, liN = -18mA 

III Input LOW Current 

IIH Input HIGH Current 

II Input HIGH Current 

IOZH 011 State (High Impedance) 
IOZl Output Current 

ISC VO=OV 

STD Devices 

L Devices 

TA = 0 to +70'C STD Devices 

(Note 4) L Devices 

TA = 70'C STD Devices 
lee (Note 4) L Devices 

STD Devices 

MIL Devices TC - -55 to + 125'C L Devices 
VCC= Max STD Devices 

Tc = + 125'C L Devices 

Min 
Typ 

Max Units 
(Note 2) 

2.4 2.7 Volts 

.5 Volts 

Volts 

.8 Volts 

-1.5 Volts 

-0.4 mA 

100 !JA 
mA 

25 !JA 
-25 

-20 -85 mA 

mA 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circu~ test should not exceed one second. 
4. Chip carriers: T C = 85'C. 

7-21 
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SWITCHING CHARACTERISTICS over operating range unless otherWise specified 

Parameter. De.criptlon , 

tMA Multiply Accumulate Time 

Is Xi, Vi, AND, TC, Ace, SUB/Al5i5 
Set-up Time 

tH 
X;, Vi, AND, TC, Ace, SUB/Ai515 
Hold Time 

Is PAEL Set-up Time 

tH PAEL Hold Time 

IpwH Clock Pulse Width High 

tPWL Clock Pulse Width Low 

tpDP Output Clock to P 

IpHZ LEx/O'Ex, LEM/O'EM, High to Z 

tPLZ 
LEL/~L to Low to Z P Disable Time 

tPZH LEx/OEx, LEM/O'EM, Z to High 

tPZL 
LEL/OEL to Z to Low P Enable Time 

tHCL Aelative Hold Time 

SWITCHING CHARACTERISTICS 

Parameters Description 

tMA Multiply Accumulate Time 

Is Xi, Vi, AND, TC, Ace, SUB/Al5i5 
Set-up Time 

tH 
XI, Vi, AND, TC, Ace, SUB/AlX) 
Hold Time 

Is PAEL Set-up Time 

tH PAEL Hold Time 

tPWH Clock Pulse Width High 

tPWL Clock Pulse Width Low 

tpDP Output Clock to P 

tpHZ LEx/~x,LEM/rn:M, High to Z 

tpLZ 
LEL/O'EL to Low to Z P Disable Time 

tpZH LEx/O'Ex, LEM/O'EM, Z to High 

tPZL 
LEL/O'EL to Z to Low P Enable Time 

tHCL Aelative Hold Time 

COMMERCIAL MILITARY 

29509 29509 

Test 
Conditions Typ Min Max Min Max Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

over operating range unless otherwise specified 

Test 
Conditions Typ 

7-22 

COMMERCIAL MILITARY 

Min 

29L509 29L509 

Max Min Max Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ri" 
ns 

ns 

ns 

ns 

ns 

04986C 
Refer to Page 13-1 for Essential In!ormation on Military DevIcea 



SWITCHING TEST CIRCUIT 

Normal Load Three-State Delay Load 

Vx 

TO 5000 

8100 

~·-lJ~ TO IA _ 
OUTPUT .... I'" "i 

1::: -' 
4OpI' .::s ~ 1N3062 

.::s ~ LQA02 -= 

LOAD 1 .". 

TCR01300 
TCR01290 

SWITCHING TEST WAVEFORMS 

Test Vx Output Waveform - Meaaurement Level 

VOH 

~1.5V Alilpos Vee 
VOL 

VOH ..L 

tpHZ o.OV \. 0.5V 

O.OV 

0.5V -Lf 2.6V 

tpLZ 2.6V 
VOL I 

7·5V 

VOH 

tpZH o.OV 
O.OV 

2.6V~ 
tpZL 2.6V .5V 

VOL 

WFR02810 

SET-UP AND HOLD TIME PULSE WIDTH 

--3V 

DATA 
1.SV LOW-H~ ~15V INPUT 

OV 
PULSE . 

~"1::: .. ~ 
3V 

~TPW----1 
TIMING f HIGH-LOW-HtGH - ---- 1.5V 
INPUT 1.5V PULSE 

OV 
WFR02850 

WFR02970 

Notes: 1. Diagram shown for HIGH data only. 
Output transition may be opposite sense. 

2. Cross hatched area is don't care condition. 

04986C 
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3-STATE 
CONTROL 

3-STATE 
OUTPUT 

Am29509/L509 
TIMING DIAGRAMS 

I---TPWH---,---J r--t--- THCL 

ClKx I I. CLKy 
, 

.~ !-TPWL-H TH 
INPUT 

XI. YI 
AND, TC 

ACC. SUS/ADD 

eLK, I 
OUTP~ TpDP 

eLKp 

PAEL 
LEx/liEx . 

LEu/OEu 

LELiOEL 

OUTPUT 
PINS 

(NGHL£VEL) 

(LOW LEVEL) 

WFR02910 

Am29509/L509 
PRELOAD TIMING DIAGRAM 

.' 

V 
TS 

If 

f(.!:iI 

~ 
~ 

7 ~. 

f(~LiI 

f---TPWH~ 

I I I 
I-TPWL--j 

\ 
-TH" 

Am29509/L509 \ 
THREE-STATE 

TIMING DIAGRAM 

TPZH 
(ENABLE) 

VOH -.5V 

, (HtGH IMPEDANCE) 

VOL + .s" 
. TpZL 

(ENABLE) 

7-24 

WFR02890 

VOH , 
._SV 

I 
VOl. 

! 
--l-

VOH 

I 
1.5V 

~ 
f\ '.SV 

VOl. 

WFR02900 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DRIVEN INPUT 

---~l 
~L 

j ~---

-- -- r ----- ...... 
~H 

v 

ICROO500 

RELATED PRODUCTS 

Part No. 

Am29526/527 

Am29528/529 

Am29540 

Am29520/21 

Description 

High speed Sine function generator 

High speed Cosine function generator 

Programmable FFT address sequencer 

Multilevel pipeline registers 

7-25 
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Am29510/L510 
16 X 16 Multiplier Accumulator 

DISTINCTIVE CHARACTERISTICS 

• Uses two's complement or unsigned Inputs and 
• Round control. 
• Output register preload 
• 35-bit product accumulator result 

- 32-bit product 
- 3-bit extended product 

• IMOX ™ processing' 
- ECl intemal circuitry for speed 
- TIL I/O, Single 5V Supply 

• FAST 
- High speed version multiply accumulate time BOns 
- low power version multiply accumulate time lIOns 

GENERAL DESCRIPTION 

The Am29510 Is a high-speed 16xl6-bit multiplier/accu
mulator (MAC). The X and Y input registers accept 16-bit 
inputs in either two's complement or unsigned magnitude 
format. A third register stores the Two's Complement (TC), 
Round (RND), Accumulator (ACC), and Subtraction/ Addi
tion (SUB/AtiD) control bits. This register is clocked 
whenever the X or Y input registers are clocked. 

The 3S-bit accumulator/output register contains the full 32-
bit multiplier output which is sign .extended or zero-filled 
based on the TC control bit. The accumulator can also be 

preloaded from an external source through the bidirectional 
P port. The opel"/ltion of the accumulator is controlled by 
the Signals ACC; (Accumulator), SUB/ ADD (Subtraction/ 
Addition), and PREl (Preload). Each of the input registers 
and the output register has Independent clocks. 

The Am29l510 is a low-power version of the Am29510. 
The Am29l510 consumes only one-half the power of its 
standard power counterpart while maintaining nearly two
thirds the speed. 

BLOCK DIAGRAM 

x TC RHO 

~x ------~-------------;. 

~Y----~t---------------+--+_--I_-I 

ACe ----------, 

SUB/AOO ---------, 

LEx/lSix -------, 
LEuloe.. 
LEVlSiL 

PREL 

eLK" 

IMOX Ie • _ of Advanced Micro Devloes, Inc. 

MULTIPLIER 
AMAY 

BDR02280 

03563B 
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CONNECTION DIAGRAM 
Top View 

Dual In-Line Leadless Chip Carrier 

.. X7 x. .. 
,!' >" ~ ,:> ~~ ,:> .: ; ; ,: ,: ; ,. 

x. x, t t ~ ~ ~ i i1 ~ ~ ~I i l f l l l x. x,o co 

X. x" x, x,. P,.Y, PIT 
Xo x,. 

PI' Yo P" Yo. Po x,. 
v,.,, x,. .. P,. 

Y2. P2 LEoJOEt. X, P,. 

V3,'3 RND X, P" 
Y ... P" SUB/ADD x, 
VI,'S ACC P" 

V.,P, CLKx .. PH 

Y7,P7 ClK~ .. P" 
GND Vec .. 

Ya.P, TC 
P,. 

V •• P, LEx/OEx 
x, 

P" 

Y'O,P,0 PREl .. P" 

V11 ,P,1 lEu/OEM .. P" 
¥'2,P'2 elKp 

'" P" 
V'3. P'3 p .. 

'" Y'4. P'4 p .. p .. 

Y,5,P,5 p .. '" P" 

. P'8 p., x" P" 
P17 P30 '" P" PlI p .. 
P,. PH 
Pzo P27 1rl i 1 ~ " > u u 

~ ~. i! I~ r 1.1 ~ .f .. il ,/I ,/I ~ p., PH ? d ? ~ " p .. p .. 
p •• p .. 

CDR04430 

CDR04440 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

X'2 X'O .. .. X- x. 

DIE SIZE: .291' x .258' 

7-27 

Xo 

H---·'OY. p. 

~ ___ t---c:--18Y •• p. 

oIM ___ I----20'Yl1. Pl1 
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ORDERING INFORMATION 
AMD products are avaiiable in several packages 'and operating ranges. rhe order number is formed by a combination of the following: 
Device number, speed option (if applicable), package' type, operating range and screening option (if desired). 

Am29510/L510 

Device Type 

PCB l L L S~r:~~i~9 S<:~~;d Processing 
B - Burn-in (Note 1) 

Temperature (See Operating Ranges) 
C - Commercial (0 to + 70'C) 
M - Military (-55 to + 125°C) 

, Package Code 
L - 68-Pin Leadless Chip Carrier 
0= 64-Pin Top-Brazed with Heat Sink 

or 64-Pin Top-Brazed withQut Heat Sink 
P = 64-Pin Molded DIP' 

Multiplier Accumulator 

Note 1. 160-hour burn-in -
Heat sink parts: T A = 125°C 
Non-heat sink parts: T A = 85°C 

7-28 

Valid Combinations 

Am29510 J DC, DCB, DMB, 

Am29L510 I ~gB~MB, PC", 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

035638 
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PIN DESCRIPTION 

·Pin No. Name 1/0 Description 

54 RND I Round 
When RND is High. a bit with a weight 01 PIS is added to the multiplier product. RND is loaded on the rising edge 01 
CLKX or CLKy. 

48 TC I Two's Complement 
When High, the X and Y inputs are delined as two's complement data, or as unsigned data when Low. The TC 
control is loaded on the rising edge 01 CLKX or CLKy. 

46 PREL I Preload 
When High, data is preloeded into the specilic output register when its respective Load Enable is High. When Low, 
the accumulator register is available at the P-port when the Output. Enables are Low. 

47 LEx/OEx I Load Enable Extended/Output Enable Extended 
Active High Load Enable lor the XTP port during preloading. Active Low three-state control lor the XTP port during 
normal operation (see Preload Function). (TSX)"" 

45 LEM/OEM I Load Enable MostlOutput Enable Most 
Active High Load Enable lor the MSP port during preloading. Active Low three-state control lor the MSP port 
during normal operation (see Preload Function). (TSM)"" 

55 LEL/OEL I Load Enable LeastlOutput Enable Least 
Active High Load Enable for the LSP port during preloading. Active Low three-state control for the LSP port during 
normal operation (see Preload Function). (TSL)"" 

51,50 CLKX, CLKy I CLOCKS 
Load X and Y data respectively and TC, RND, ACC and SUB/ ADD on the rising edge. 

44 CLKp I CLOCK 
Loads data into the XTP, MSP and LSP registers on the rising edge. 

1-7, XIS-Xc I Multiplier'Data Input 
56-64 Data is loaded into the X register on the rising edge of CLKX. 

8-15, YIS-YO 110 Bidirectional Port 
17-24 PIS-PO Data is loaded into the Y register on the rising edge of CLKy. Product output for Least Significant Product (LSP) 

and input to preload LSP register. 

41-43 P34-P32 110 Bidirectional Port 
Product output for Extendad Product (XTP) and input to preload XTP register. 

25-40 P31-PIS 110 Bidirectional Port 
Product output for the Most Significant Product (MSP) and input to preload MSP register. 

52 ACC I Accumulate 
When High, the multiplier product is accumulated in the accumulator. When Low, the multiplier product is written 
into the accumulator (see Accumulator Function Table). The ACC control is loaded on the rising edge of CLKX or 
CLKy. 

53 SUB/ADD I Subtraction I Addition 
When High, the accumulator contents are subtracted from the multiplier product and the result written back into 
the accumulator. When Low, the multiplier product is added into the accumulator (see Accumulator Function 
Table). The SUB/AD"D control is loaded on the rising edge 01 CLKx Or CLKy. 

"DIP Configuration 
""TRW TDC10l0 Pin Designation 

PRELOAD FUNCTION ACCUMULATOR FUNCTION TABLE , 

Output !'Ieglater 

~: ~~ ~{ PREL XTP MSP LSP 

, 0 0 0 0 Q Q Q 

0 0 0 1 Q Q Z 
0 0 1 0 Q Z Q 
0 0 1 1 Q Z Z 
0 1 0 0 Z Q Q 

0 1 0 1 Z Q Z 
0 1 1 0 Z Z Q 

0 1 1 1 Z Z Z 
1 0 0 0 Z Z Z 
1 0 0 1 Z Z PL 
1 0 1 0 Z PL Z 
1 0 1 1 Z PL PL 
1 1 0 0 PL Z Z 
1 1 0 1 PL Z PL 
1 1 1 0 PL PL Z 
1 1 1 1 PL PL PL 

Z = output buffers at High impedance (disabled). 
Q = output buffers at Low impedance. Contents of 

output register available through output ports. 
PL = output disabled. Preload data supplied to the 

output pins will be loaded into th~ output register 
at the rising edge of CLKp. 

P!'IEL 

L 

L 

L 

H 

7-29 

SUBI 
ACC ADD P OPERATION 

L X Q Load 

H L Q Add 

H H Q Subtract 

X X PL Preload 
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C) ;-----------------------------~----~.~ .. ----~--------~----------------------------------~ 
... DETAILED DESCRIPTION accumulator value. the previous accumulator value may be 
~ subtracted from the product and the result stored. in the 
C; The Am29510 is a high-speed 16 x IS-bit multiplier/accumula- accumulator or the accumulator may be preloaded from an 
... tor(MAC)_ltcomprisesa 16-bitparallel multiplierfollowedbya external source_ The operation of the accumulator is con-
~ 35-bit accumulator_Two 16-bit input registers 'are provided for trolled by the signals ACC; SUB/ADD and PREL. ACC and 
." the X and Y operands_ A third register stores two control bits. SUB/ADD are stored in a register clocked whenever the X or 
~ TC and RND_ TC SE!lects either a two's complement or an Y registers are clocked_ACC in conjunction with SUB/ADD 

unsigned magnitude format for both data inputs_ The RND selects one of the first three accumulator functions (see 
control. when High. causes a bit to be added to the multiplier Accumulator Function Table)_ For output and preloading 
product with the weight of P15- This causes the most purposes the accumulator is considered in three sections: 
Significant 16-bits of the product to be rounded to the value Extended Product (XTP. P34-P32) controlled by LEx/OEx. 
nearest to the full 32-bit product. Using the RND control onca Most Significant Product (MSP. P31-PI6) controlled by LEM/ 
during an accumulation causes the most significant 19-bits of OEM and Least Significant Product (LSP. PI5-PO) controlled 
the accumulator to be rounded to the value nearest the full 35- by LEL/OEL_ When PREL is Low these controls are active-
bit accumulation_ The TC/RND register is clocked' whenever Low Output Enables for three-state output buffers_ When 
the X or Y input registers are clocked_ , PREL is High l/1e output buffers automatically become high 

impedance. and the controls operate as active-High Load 
The 32-bit multiplier output is zero-filled or sign-extended as Enables to the three I\Bctions of the accumulator to permit 
appropriate to provide a 35-bit input to the accumulator_ The preloading of data applied to the bidirectional P port_ The P-
accumulator has four functions: the product may be loaded port has 35 bits. the least significant 16 of which share pins 
into the accumulator. the product may be added into the with the Y input_ 

Am29510/L510 
INPUT FORMATS 

Fractional Two's Complement Input 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

_2°2-1 2-2 2-3 2-4 2"5 2-6 2"7 2-8 2-9 2"1°2-112-122"132"142-15 _~ 2"1 2"2 2-3 ;r4 2"5 2-6 2-7 2-6 2-9 2-1°2-112-122-132"142-15 

(Sign) (Sign) 

Integer Two's Complement Input 

XIN YIN 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 01 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o I 
_215 214 213 212 211 210 29 ~ 27 26 25 ~ 23 ~ 21 ~ _215214 213 212 211 210 29 26 27 26 25 ~ 23 22 21 2° 

(Sign) (Sign) 

Unsigned Fractional Input 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 115 14 13 12 11 10 9 8 76 5 4 3 2 1 0 

Unsigned Integer Input 

115 14 13 12 11 10 9 8 7 '6 5 4 3 2 1 0 I 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

7-30 
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XTP MSP 

Am29510/L510 
OUTPUT FORMATS 

Two's Complement Fractional Output 

LSP 

134 33321 131 3029 28 27 26 25 24 23 22 21 20 19 18 17 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

-2" ~ 22 21 20 2"12-22-32-42"52-62"7 z-8 2"9 2-10 2-11 2"12 2-13 2-14 2"152-162-172-182-192-202-212"222-232-242-252-26 2-27 2"28 2-29 2"30 

(Sign) 

Two's Complement Integer Output 

XTP MSP LSP 

134 33 321 131 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 
_~4 .233 ~2 231 230 229 228 227 226 ~5 224 223 222 221 220 219 218 217 216 215 214 213 212 211 210 29 ~ 27 26 25 2" 23 22 21 20 

(Sign) 

Unsigned Fractional Output 

XTP MSP LSP 

134 33321 131 3029282726 25 24 23 22 21 20 19 18 17 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

~ 21 tJ 2-1 2-2 z-3 2"4 2-5 2-6 2-7 z-8 2-9 2-10 2-11 2-122-132-142-152-18 2-17 2-18 2-19 2-20 2-212-222-232-242-252-262-272-282-292-302-31 z-32 

Unsigned Integer Output 

XTP MSP 

134 33 321' 131 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 

234 233 232 231 230 229 228 227 ~ 225 224 ~3 222 221 220 219 218 217 216 

7-31 

LSP 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 01 

215 214 213 212 211 210 29 28 27 ~ 25 2" 23 ~ 21 tJ 

03563B 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ............................ -65 to + 150·C 
Temperature Under Bias-Tc ................... -55 to +125°C 
Supply Voltage to Ground Potential 
, Continuous ........................................ -0.5 to + 7.0V 
DC Voltage Applied to Outputs For 

High Output State ....................... -0.5V to +Vcc max 
DC Input Voltage ................................... -0.5 to + 5.5V 
DC Output Current, Into Outputs ......•................... 30mA 
DC Input Current.. ............................... -30 to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Temperature 
DIPs ........................................ TA = 0 to +70°C 
Chip Carriers .............................. T C = 0 to + 85°C 

Supply Voltage ................................. 4.75V to 5.25V 

Military (M) Devices 
Temperature ......................... Tc = -55°C to + 125°C 
Supply Voltage .......•.......... .' ................. 4.5V to 5.5V 

Operating ranges define thqse limits over which the function
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 
Am29510 

Parameters Description Test Conditions (Note 1) 

VOH IOH--O.4mA 

ICC mA 

MIL Only Vcc = Max 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25·C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circu" test should not exceed one second. 
4. Chip camers: T A - 85·C. 

7-32 
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DC CHARACTERISTICS over operating range unless otherwise specified 
Am29L510 

Parameters Description 

VOH Output HIGH Voltage 

VOL Ou1pu1 LOW Voltage 

VIH Input HIGH Level 

VIL Inpul LOW Level 

VI Input Clamp Yoltage 

IlL Input LOW Current 

IIH 

IOZH 

IOZL 

ISC 

ICC Power Supply Current 

Test Conditions (Note 1) 

Yee=MIN 
VIN = VIH or VIL 

Vee-MIN 
VIN = YIH or YIL 

Product 

COM'L Only Vee = Max 

MIL Only Vee - Max 

VO= 2.4V 

YO = O.4Y 

VO=OV 

YO=OY 

TA - 0 to +70·C 
(Note 4) 

TA = +70·C 
(Note 4) 

Tee = -55 to + 125·C 

Tee = + 125·C 

Units 

Volts 

.5 Volts 

Volts 

.8 Volts 

.8 

-1.5 Volts 

-0.4 mA 

75 p.A 

mA 

25 

-25 p.A 

-3 -30 

-3 -30 mA 

330 

450 

mA 

350 

535 

375 

Notes: 1. .For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25·C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration 01 the short circuit test should not exceed one second. 
4. Chip Carriers, T e = 85·C. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

29510 29510 
Test Typ 

Parameters Description Conditions (Note 1) Min Max' Min Max Units" 

'tMA Multiply Accumulate Time 50 80 90 ns 

Xi, Yi, AND, TC, ACC, SUB/Al5i5 
, 

ts Set-up Time 12 25 30 ns 
J 

Xi, Vi, AND, TC, ACC, SUB/Al5i5 
tH Hold Time 0 5 5 ns 

ts PAEL Setup Time 10 25 30 ns 

tH PAEL Hold Time 0 0 2 ns 

tPWH Clock Pulse Width High 10 20 25 ns 

tPWL CloCk Pulse Width Low 10 20 25 ns 

tpop Output Clock to P 25 40 40 ns 

tpOY Output Clock to Y 25 40 I ill' 40 ns 

tpHZ LEx/OEx, LEM/OEM High to Z 21 35 40 ns 

tpLZ to P, LEL/OEL Low to Z 20 35 40 ns to Y Disable Time 

tPZH LEx/OEx, LEM/OEM Z to High 28 4Iw·40 ns 

tPZL 
to P, LEL/OEL Z to Low 24 40 ns to Y Enable Time 

tHCL Aelative Hold Time 0 ns 

SWITCHING CHARACTERISTIC ver ness otherwise specified * 
0 

COMMERCIAL MILITARY 

29L510 29L510 
Test Typ 

Parameters Conditions (Note 1) Min Max Min Max Units 

tMA Mu ime 70 110 120 ns 

ts Xi, Vi, TC, ACC, SUBI ADD 20 40 45 ns Set-up 

tH 
Xi, Vi, AND, TC, ACC, SUBI ADD -3 0 0 ns Hold Time 

ts PAEL Set-up Time 15 27 35 ns 

tH PAEL Hold Time -5 0 0 ns 

tpWH Clock Pulse Width High 15 25 30 ns 

tpWL Clock Pulse Width Low , 15 25 30 ns 

tpop Output Clock to P 35 45 50 ns 

tpOY Output Clock to Y 35 45 50 ns 

tpHZ LEx/OEx, LEM/OEM High to Z 24 35 40 ns 

tpLZ 
to P, LEL/OEL • Low to Z 25 35 40 ns to Y Disable Time 

tPZH LEx/OEx, LEM/OEM Z to High 38 45 50 ns 

tpZL to P, LEL/0EL Z to Low 32 40 45 ns to Y Enable Time 

tHCL Aelative Hold Time 0 0 ns 

Note: 1. Typical limits are VCC = 5V and T A = 25"C. 

035638 
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. SWITCHING TEST CIRCUIT 

Normal Load Three-State Delay Load 

Vx 

TO 5000 

8100 omP~~ PIN 
TO IA OUTPUT 
PIN 

~t 
1'1 "I; 

~ -~ .. -' 

...: ~ 1N3062 

:::S~ 
LOAD 2 -=-

LOAD 1 =E=-

TCR01270 
TCR01280 

SWITCHING TEST WAVEFORMS 

Test Vx Output Waveform - Measurement Leve, 
VOH 

?(1.SV All tpD$ Vee 
VOL 

VOH ..L 

tpHZ O.OV \O.5V 

O.OY 

o.5v ...L.f 
2.6V 

tpLZ 2.6V 
VOL I 

7·sv 

VOH 

tpZH O.OV 
O.OV 

2.6V~ 
tpZL 2.6V .5V 

VOl 

WFR02810 

SET-UP AND HOLD TIME PULSE WIDTH 

• 'filii 
3V 

DATA 
1.5V LOW-HIGH-LOW - -I- \ --- ISV INPUT 

OV 
PULSE . 

t--t,!::: '" ~ ~TPW----1 3V 
TIMING f 1.5V HIGH·LOW·HIGH -, f --- ISV INPUT 

OV 
PULSE . 

WFR02850 

WFR02970 

Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don't care condition. 

035638 
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i 

.STATE 
CONI'RDI. 

.STATE 
DUTl'IIT 

Am29510/L510 
TIMING DIAGRAMS. 

I--TPWH--j 
1 THCL 1 

ClKx I I CLKy 

-' TH 1 J 
INPUT 

I 

m~ 
I 

let. v. -RND. TC, 
ACe. SUB/ADD 

y 

CLKp I 

~-
TpDP 
TpDV 

CLKp 

PREl 
LEx/OEx 

LEu/OEu 

lELIOEl 

\ 
DUTPUT 

PlNlI 

I 

_LEVE~ 

(LOW LEVELl 

0 

WFR02820 

Am29510/L510 
PRELOAD TIMING DIAGRAM 

V 
Ts 

1/ 

~"!""':.iI 
) 

" 

7 
,-, 

f(~-

I--TPWH---j 

I I I 
I-TPWL--'--J 

\ 
'H' 

WFR02830 

Am29510/L510 
THREE-STATE 

TIMING DIAGRAM 

VOH 
1.5V 

VDL 
TPZH 

(ENABLE) 

~ 
VOH 

VOH -.IV 
7 1.5Y 

(HIGH _DANCE) 

VOL + .5V J t ' 1.5Y 

VDL 
TPZl. 

(ENABLE) 

7-36 
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INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

~L 

J 
~H 

ICR00490 

RELATED PRODUCTS . 

Part No. 

Am29526/527 

Am29528/529 

Am29540 

Am29520/21 

Description 

High speed Sine function 
generator 

High Speed Cosine function 
generator 

Programmable FFT address 
sequencer 

Multilevel pipeline registers 
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Am29516/17 Family 
16 x 16-Bit Parallel Multipliers 

DISTINCTIVE CHARACTERISTICS 

• High speed 16 x 16 multiplier 
• Two's complement, unsigned or mixed operands 
• Full product multiplexed at outPut 
• Improved speed: 38!,s clocked multiply (A devices) 

Reduced power dissipation: 2W (L devices) 

• Am29516 pin and functionally compatible with TRW 
MPY-16HJ - Am29517 optimized for microprogram
ming, single clock with register enables 

., TIL I/O-single + 5V supply - 64-pin 'package 

GENERAL DESCRIPTION 

The Am29516 and Am29517 are high speed parallel 16 x 
16-bil multipliers utilizing internal ECL logic to generate a 
32-bit product. 17 -bit input registers are provided for the X 
and Y operands and their associated mode controls XM 
and YM. The$e mode controls are used to specify the 
operands as two's complement or unsigned numbers. 

At the output of the multiplier array, a format adiust control 
(FA), allows the user to select either a full 32-bit product or 
a left-shifted 31-bit product suitable for two's complement 
only. 

Two 16-bit output registers are provided to hold the most 
and least significant halviS of the product (MSP and LSP) 
as defined by FA. For asynchronous output, these registers 
may be made transparent by taking the feedthrough control 
(FT) high. A round control (RND) allows the rounding of the 
MSP; this control is registered, and is .entered whimever 
either input register is clocked. 

The two halves of the product may be routed to a 16-bit 3-
state output port (P) via a multiplexer, and in addition, the 

LSP is connected to the Y -input port through a separate 
three-state buffer. 

The Am29516 X, Y, MSP and LSP registers have indepen
dent clocks (CLKX, CLKY, CLKM, CLKL). The output 
multiplexer control (MSPSEL) uses a pin which is a supply 
ground in the TRW MPY 16HJ. When this control is LOW 
the function is that of the MPY16HJ, thus allowing full 
compatibility. 

The Am29517 differs in that it has a single clock input 
(CLK) and three register enables (EiiI5<, ENY, ENi5) for the 
two input registers and the entire product, respectively. This 
facilitates the use of the part in microprogrammed systems. 
In both parts data is entered into the registers on the 
positive edge of the clock. 

The Am29516A and Am29517 A are higher speed versions 
of the Am29516 and Am29517, respectively, offering great
er than 40% speed improvement while the Am29L516 and 
Am29L517 low-power versions consume only one-half the 
power of their standard power counterparts. 

BLOCK DIAGRAM 

C~. 

c~, 

Ant29516/29516A/29L516 

80002840 

Ant29517/29517A/29L517 

IIIULTIPUEA 
ARRA' 

... 
REG.TEA 

80002850 

03562C 
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RELATED PRODUCTS 

Part No. 

Am29501 

Am29526/27 

Am29528/29 

Am29520/21 

Am29540 

Description 

Multi'port Pipelined Processor 

Sine Function Generator 

Cosine Function Generator 

Pipeline Register 

Address Generator 

7-39 
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>-
E :. 
..... D-64-3 .... 
...... 
CD .... 
II) 
01 
('I .. 1 

E .. . 
CC .. .. 

~ 

CONNECTION DIAGRAM 
Top View 

L-68-3 

II .1 ; .1 .t .tor :.r of it .t 

... ... .. , 
CU. .... 

... 
v. 

v .. 

V .. 

..., 
OND -" F, 
00i' 

"",M 

NC 

~ ~ f f j f f ~ f P ~ 
j t j .t 

CDR04380 
! J Ii i I ,: 

METALLIZATION AND PAD LAYOUT 

X, 
x. 
x, 
x. 
X, 

X'I! 
X" 
X" 

x" 
x" 
X" 

CLKX 

X. 
v. 

+Vcc 
+Vcc 
GND 
GND 

MSPSfi 
FT 

FA 

"'" elKU 

'31.1',5 
'30. p,. 
P29. '13 
'28, PH! 
'27.'" P26- P,o 
'2S· P9 
'24< 'e 

Arn29516A/29L516/29516 

64-·- ---, X, 

" 
, x, 

" 
, x, 

" 4 X, 
so , 

~ " 
, 

" 7 CLKL 
57 . el.KY 

" . po. Yo 
54 

10 P,. V, 

" P2. Y2. 

" P3, "3 

" p •• Yc 

" " 's. Y5 

" " '" v, 
50 " P7. Y7 .. 17 P8. Ya .. 18 P9. Y9 

47 " PIO. v,o .. 30 P11. Yl1 

" " P,:I.- Y1'2 

" '13. V'3 
44 " p,c,v,. 

" P'5. Y",; .. 
41 

" po. P'6 

" p,. P'7 
38 1'2. P'8 
37 P3. P'9 
36 ---- P4. '20 
35- 's· P21 
34 --

'" '22 33 P-,.P23 

STANDARD DEVICE DIE SIZE: 250 X 222 MILS 

'A' DEVICE DIE SIZE: 178 X 190 MILS 
'L' bEVICE DIE SIZE: 250 X 222 MILS 

,z"x " III 
; ~ 

NC 

v"Po 

V"P, 

v .. p, 
v ... 

V",'. 
v"Ps 
V .. p, 
y,." 
V"', 
v"p. 

"1(10'. 
Yn,'n 

Yu·P,z 

Yu-P,s 

y,.,p,. 
V",P'5 

P l l .;; l ~' 

j .t t .t .t 

CDR04410 
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x, 1 
x, 
x. 
x, , 
"0 -CLK 7 -Po. Yo P,. V, 10 

PJ. V2 " Pit Va 12 

'4. V .. 
,. 

Ps. Vs .. 
PI. V • .. 
p,. Y7 '" pt. V, 17 

Pto v, ,. 
',0. v,e .. 
P.n,Yl1 .. 
P,2. Yl2 .. 
P'3. V,3 22 
P,.. V, • .. , 
P'5. VIS .. 
Po. p,. 25 
P,. P'7 26 
P2. p,. 27 
P3. p,. 2:fr 

P4. Pm 29 
Ps. Pt.": 30 
p ..... " ..,"" .. 

CONNECTION DIAGRAM 
Top View 

1>-64-3 L-68-3 

.. x, !i .1 ~ .1 .:t .. X. .:t ... ;t .:t .r ,: .. x, 
I' X. x" .. .. 
II x,. x,. .. Xu x,. 

" x,. 
II x,. EiilI .. x,. ... .. X" 
53 6ill ... 
12 RND V. 
51 Xu Vee 50 Yy 

•• +Vee Vee .. +Vcc ... 
41 GHO .. GND ... .. - -.. FT ., FA 
42 I5D 'A 
41 -.. P31. P'5 

l5fji .. P300 P'4 6jji .. PH. P'3 
Me 

37 PH.P12 
30 P27. P11 ,. .... P,o 

f f ~ ; ; .. Pas. pt f f f f f of 
33 ..~ .. l . f l ~ ~ .t .t i- .t .. .. 

I 
CDR04390 

Xs 64 

METALLIZATION AND PAD LAYOUT 
Am29517A/29L517/29517 

X, 63 ---.---~---~---, 

X7 62 ::====---=:::::===~-=;l Xs 61 
Xg 60 

X,0 59 
X, 1 58 
X,2 57 

X13 56 

X14 55 

b> 54 
ENX 53 

AND 52 

XM 51 
YM 50 

+VCC 4. 
+VCC 48 
GND 47 
GND 46 

MSPSEL 45 
FT 44 

FA 43 
OEP 42 

ENP 41 

P31. P,S 40 
P30. P'4 3. 
P29. P'3 38 
P28. P'2 37 
P27. P11 36 

P26. P,o 35 
P25. Pg 34 
P24. Ps 33 

STANDARD DEVICE DIE SIZE: 250 X 222 MILS 
'A' DEVICE DIE SIZE: 178 X 190 MILS 
'L' DEVICE DIE SIZE: 250 X 222 MILS 

• 10 
11 
12 
13 
14 
15 
16 
17 
18 ,. 
20 
21 
22 
23 
24 

25 
26 
27 
28 
2. 
30 
31 
32 

or .. .:t iii d II 

Nt 

Yo-po 

Y,.P, 

Yf,Pt 

Y30 P, 

V..,P. 

V"P, 

V .. p, 

Y"P, 

V"P, 

v .. p. 
V,.PlO 

Yu,Pu 

V'I- P,2 

v".p" 
Y14' P'. 

V'S,P,S 

; l l ~ l ~ 
~ t t ~ .t 

CDR04400 

X4 
X, 
X2 
X, 
x. 
OEl 
elK 
ENY 

Po. Yo 
Pt. Y, 
P2. Y2 
P3. Y3 
P4. Y4 
Ps. Ys 
P6. Y6 
P7. Y7 
Pa. Ya 
Pg. Yg 
Plo· Y10 
Pl1· Y11 
Pt2. Yt2 
P13. Y13 
P14. Y14 
P1S. Y1S 

Po. P16 
Pt. PH 
P2. Pta 
PJ. P19 
P4· P20 
Ps. P21 
Ps. P22 
P7. P23 
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Xu 41 

~ 10 

~ 11 
CLIO( 52 

AND 13 

lIM 14 
VII &I 

+VCC &I 

+VCC S1 
GND &I 

GND 58 

iiiPliIt 10 

FT '1 
FA 82 

alP 83 

CLICM 14 

PlNI~ :fOR MAlIK 

F·64·3S 

jll~~.~~~~~~~~~5 
41 .47 41 41 44 41 42 41 40 •• 1fT 38 35 34 33 

Am29516 

~. 

1 it 3 4 & 678.1011121314151. 

?iii?ii;"'iio:J"'ill?1 
11ll~1~~:P~JI~~ Jl3'J' 

, 

i 
32 Pp.VO 

31 'ttY, 
ao ~V2 
21 P .. V. 
28 '4' Y, 
rr p .. VI 
28 p .. V. 
25 ""V7 
24 PI.V. 
23 P .. V, 
22 P1OtY10 

21 'U'Y11 
"20 P120 Y12 

I' P13' Y13 I. P1. Y" 
17 p,.. V,. 

CDR04370 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29516 

Device Type 
29516, 29516A 
29517, 29517A 
29L516, 29L517 

p C B 

L L Screening Option 
Blank - Standard processing 
B - Burn-in (Note 1) 

Temperature (see Operating Range) 
C - Commercial (0 to + 70'C) 
M-Military (-55 to +125°C) 

Package 
D - TD-64-2 (64-pin CERDIP) -

with heat sink' 
F - F-64-35 (64-pin flatpak) 
L L-68-3 (68-TERMINAL 

Chip Carrier) 
P = 64-pin Molded DIP 

Speed Select 
38ns = 29516A, 29517A 
65ns = 29516, 29517 
90ns = 29L516, 29L517 

*TD-64-1 (64-pinCERDIP) without heat sink 
for Low-Power versions 

Note 1. 160-hour burn-in -
Heat sink parts: T A = 125°C 
Non-heat sink. parts: T A = 85°C 

7-43 

Valid Combinations 

DC, DCB, DMB -

Am29516 with heat sink 
FMB, LMB-
without heat sink 

Am29517 
DC, DCB, DMB -

Am29516A with heat sink 

Am29517A LMB -
without heat sink 

Am29L516 
PC, PCB, DC, DCB, 

Am29L517 OM, DMB, LMB 
without heat sink 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03562C 
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PIN DESCRIPTION 

·Pin No. Name 1/0 Description 
1-5, Xo-X1S I Multiplicand Data inputs. 
54-64 

9-24 Yo-Y1S, PO-PIS 1/0 Multiplier Data inputs or Least Significant Product (LSP) output. , 
25-40 P1S-P31o 0 MSP product port when ~ is LOW. LSP product port when ~ is HIGH. 

PO-PIS 

51,50 XM,YM I . Mode control inputs for each data word; LOW for unsigned data. and HIGH for two's complement data. 
(TCX, TCy)" 

43 FA(RS)" I Format adjust control selects eHher a full 32-~ product (HIGH) or a left shifted 31-bH product with the sign bH 
replicated in the LSP (LOW). This control is normally high, except for certain fractional two's complement 
applications. (See Multiplier output formats table.) 

44 FT I Feedthrough control (HIGH) makes both MSP and LSP registers transparent. 

45 ~ I Selects eHher' MSP (LOW) or LSP. (HIGH) to be available at the product output port. 

52 RND I Control for rounding the MSP. Adds a binary one to the most significant bH of the LSP for two's complement and 
unsigned numbers. 

42 W(TRIM)" I Three-state enable for product output port. 

6 ore (TRIL)" I Three-state enable for routing LSP through Y inputloutput port. 

Am29516 ONLY 

53,8, CLKX I Register Clock, XIS -0, XM, RND 
41, 7 CLKY Register Clock, Y1S-0, YM, RND 

CLKM MSP Register Clock 
CLKL LSP Register Clock 

Am29517 ONLY 

7,53 CLK I Clock, All Registers 
8,41 £'Nj( Register Enable, X15-0, XM, RND 

a;w Register Enable, Y15-0, YM, RND 
mI5 Register Enable MSP, LSP 

'DIP Configuration 
"TRW MPY 16HJ pin deSignation 

INPUT FORMATS 
(All Devices) 

Fractional Two's Complement Input Format 
XM. YM = 1 

XIN VIN 

1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 01 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o I 
-tJ 2.1 2-2 2-3 2-4 2-5 2-6 2-7 ~ ~~0~1~2~3~4~5 _20 2-1 2-2 :r3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2"112"122"132"14 2-15 

(Sign) 

XM, YM= 1 

1 15 14 13 12 11 10 9 

"215214 213 212 211 210 29 

(Sign) 

XM. YM=O 

1 15 14 13 12 11 10 9 

2-1 2-2 2-3 2-4 2"5 2-8 2-7 

XM. YM=O 

115 14 13 12 .11 10 9 

215 214 213 212 211 210 29 

(Sign) 

Integer Two's Complement Input Format 

XIN VIN 

8 7 6 5 4 3 2 1. 01 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o I 
2" 27 2" 25 2'4 23 22 21 20 _215214 213 212 211 210 29 2" 27 2" 25 ~ ~ 22 21 tJ 

(Sign) 

Unsigned Fractional Input Format 

XIN VIN 

8 7 6 5 4 3 2 1 01 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o I 
2-8 ~2"ro~I~2~3~4~5~~ 2-1 2-2 2-3 2-4 2-5 ~ 2-.7 ~ ~~0~1~22"U~4~5~6 

XIN 

8 7 6 

2" 27 2" 

Unsigned Integer Input Format 

5 4 3 2 1 

25 , 24 23 22 21 

VIN 

01 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o I 
20 215 214 213 212 211 210 29 2" 27 ~ ~ ~ ~ 22 21 20 
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FA=O 

MSP 

OUTPUT FORMATS 
(All Devices) 

Fractional 2's Complement (Shifte(j)* Output 

LSP 

131 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

_20 2"1 2·2 2.3 2"" 2.5 ~ 2.7 2"8 .2.9 2"102.112.122.132-142.15 

(Sign) 

_20 2.162.172.182.192.20 2.21 2.22 2.23 2.24 2-25 2-26 2-27 2.282.292.30 

(Sign) 

Fractional 2's Complement Output 
FA= 1 

MSP LSP 

131 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

_21 20 2.1 2.2 2.3 2"" 2"5 2-6 2.7 ~ 2-9 2"102.112.122.132.14 2.152.162.172-182.192.20 2.212.222.232.242.252.262-272.282"292.30 

(Sign) 

Integer Two's Complement Output 
FA= 1 

MSP LSP 

I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 
_231~ 229 228 227 226 ~5 ~4 ~3 222 ~1 220 219 218 217 216 

(Sign) 

Unsigned Fractional Output 
FA= 1 

MSP LSP 

131 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2' 1 0 

2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 Z·9 2-102-112-122-132-142-152-16 2-172-182-192-202-212-22 2-23 2-24 2-25 2"26 2"27 2-28 2-29 2-30 2-31 2-32 

FA= j 
Unsigned Integer Output 

MSP LSP 

I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 

"In this format an overflow occurs in the attemped multiplication of the two's complement number 
1.000 ... (-1) with itself, yielding a prodoct of 1.000 ... or -1. 

'---------------------------------------------' 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ............................. -65 to + 150·C Commercial (C) Devices 
Supply Voltage to Ground Potential Temperature 

Continuous ......•..••..........•..•...••.••.....•. -0.5 to + 7.0V DIPs ..................................... T A = O·C to + 70·C 
DC Voltage Applied to Outputs For Chip Carriers ...........•..............•.•• T C = O·C to 85·C 

High Output State ........••........•.... -0.5V to + Vee max Supply Voltage .•................••.....•.. + 4.75V to + 5.25V 
DC Input Voltage ....•.•.•••.....•..•••...... : .....• -0.5 to + 5.5V Military (M) Devices 
DC Output Current, Into Outputs ..•....••••••..••••...•.•. 30mA Temperature ................................ -55·C to + 125·C 
DC Input Current ......•.........•..••.......•.... -30 to + 5.0mA Supply Voltage ......•.......••.............•• + 4.5V to + 5.5V 

Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function-
RA TINGS may cause permanent device failure. Functionality ality of the device is guaranteed. 
at or above these limits is hot implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 
Am29516/29517 

Parameters Description Test Conditions Min 
Typ 

Max Units 
(Note 1) 

VOH Output HIGH Voltage Vee = MIN IOH =-0.4mA 2.4 2.7 Volts 
VIN = VIH or VIL 

VOL OutRut LOW Voltage Vee = MIN IOL -4.0mA .3 .5 Voils 
VIN = VIH or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 2.0 Volts 

VIL Input LOW Level Guaranteed input logical LOW voltage for all inputs .8 Volts 

VI Input Clamp Voltage Vee'· MIN, liN --18mA -1.5 Volts 

IlL Input LOW Current Vee = MAX, VIN = 0.4V -0.4 mA 

IIH Input HIGH Current Vee = MAX, VIN = 2.4V 75 p.A 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1 mA 

IOZH Off State (High Impedance) Vee = MAX Product Vo=2.4V 25 
p.A 

IOZL 
Output Current VO=0.4V -25 

Isc 
Output .Short Circuit Current Vee = MAX Y, Product VO=OV -3 -30 mA (Note 2) 

TA = + 25'C 600 

COM'L Devices TA = 0 to +70'C (Note 4) 800 

lee Power Supply Current Vee-MAX T A = + 70'C (Note 4) 750 mA 
(Note 3) 

MIL Devices TA=-55 to + 125'C 900 
i Vee = MAX TA = + 125'C BOO 

Notes: 1. Typical limits are at Vee - 5.0V, + 25·C ambient and maximum loading. 
2. Not more than one output should be shorted at a time. Duration of the short circu" test should not exceed one second. 
3. l5EP and (5E[ LOW w"h all product (MSP and LSP) b"s LOW. 
4. Chip Carriers: T C = 85'C: 

I 
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DC CHARACTERISTICS over operating range unless otherwise specified 
Am29516A129L516/Am29517A/29L517 

Parameters Description Test Conditions Min 
Typ 

Max Units 
(Note 1) 

VOH Output High Voltage Vee = MIN 
VIN = VIH or VIL IOH = -O.4mA 2.4 2.7 Volts 

VOL Output LOW Voltage Vee = MIN 
VIN = VIH or VIL IOL= 4.0mA .3 .5 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 2.0 Voits 

VIL Input LOW Level Guaranteed input logical LOW voltage for all inputs .8 Volts 

VI Input Clamp Voltage Voc = MIN, liN --18mA -1.5 Volts 

IlL Input LOW Current Voc - MAX, VIN - O.4V -0.4 mA 

IIH Input HIGH Current Vee - MAX, VIN = 2.4V 75 jJ.A 

II Input HIGH Current Vee - MAX, VIN - 5.5V 1 mA 

IOZH Off State (High Impedance) VO= 2.4V 25 

IOZL Output Current VOC- MAX Product VO=0.4V -25 jJ.A 

Ise 
Output Short Circuit Current 
(Note 2) VOC=MAX V, Product VO=OV -3 -30 mA 

A Devices 600 
TA = + 25'C L Devices 300 

TA=O to +70'C A Devices 800 
COM'L Devices 
VOC=MAX (Note 4) L Devices 400 

TA=+70'C A Devices 750 
ICC Power Supply Current mA 

(Note 3) (Note 4) L Devices 350 

A Devices 900 

MIL [)evices 
Te = -55 to +125'C L Devices 440 

VOC=MAX A Devices 800 
Tee = + 125'C L Devices 350 

Notes: 1. Typical limits are at Vce - 5.0V, 25'C ambient and maximum loading. 
2. Not more ~ one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
3. OEP and L LOW with all product (MSP and LSP) bits LOW. 
4. Chip Carriers: T C = 85·C. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 1) 
Am29516/29517 

COMMERCIAL MILITARY 
Test 

Parameters Description Conditions Typ Min Max Min Max Units 

tMUC Unclocked Multiply Time 50 85 95 ns 

tMC Clocked Multiply Time 40 65 75 ns 

Is XI, Vi, RND Set-up Time 10 20 25 ns 

tH Xi, Vi, RND Hold Time 0 3 3 ns 

tPWH Clock Pulse Width High Load 1 10 15 15 ns 

tPWL Clock Pulse Width Low 10 15 15 ns 

tPOSEL MSP8E[ to Product Out 20 30 35 ns 

tpDP Output Clock to P 20 30 35 ns 

tpDV Output Clock to V 20 30 35 ns 

tpHZ High to Z 12 
, 

23 28 ns 

tpLZ 
OEP Disable Time Low to Z 15 23 28 ns 

tPZH Z to. High 25 32 35 ns 

tPZL 
C5EP Enable Time Z to Low 25 32 35 ns 

tpHZ High to Z Load 2 12 23 28 ns 

tpLZ 
QE[ Disable TIme Low to Z 15 23 28 ns 

tPZH Z to High 25 32 35 ns 

tPZL 
QE[ Enable TIme Z to Low 25 32 35 ns 

Is 
Clock Enable Set-up TIme 5 10 15 ns (Am29517 Only) 

tH 
Clock Enable Hoid Time Load 1 0 3 3 ns (Am29517 Only) 

Clock Low Hold Time CLKXV 
tHCL Relative to CLKML (See Note 2) 

(Am29516 Only) 
0 0 0 ns 

Notes: 1. Switching Characteristics are measured and guaranteed for TA as specifled wnh 200 Lf/min flowing across the device. 
2. To ensure that the correct product is entered in the output registers, new data may not be .entered into the input registers before 

the output registers have been clocked. 
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~ 
E SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 1) 
:. Am29L516/29L517 

.... ,.. .... 
~ Parameters Description 
~ !Muc Unclocked Multiply TIme 

E !Mc Clocked Multiply Time 

~ ·~~~ ______ ~~~:~~~::7:~:~~~~=,m~~~:~p~TI~lm_e~ __ ~~ 
tH RND Hold TIme 

IPWH Clock Pulse Width High 

li>wL Clock PulSe Width Low 

IpDSEL M'SJ5SE[ to Product Out 

tpDP Output Clock to P 

IpDY Output Clock to Y 

rlp"-H:.::Z"--____ -l~ Disable Time 
tpLZ 

I-Ip.:.;Z=H"'-__ --l~ Enable Time 
IpZL 

tpHZ 
1-\pLZ~"------l~ Disable TIme 

rlp:'-Z:::H-'-----ll5E[ Enable TIme 
tPZL 

High to z 
Low 10 Z 

Z to High 

Z to Low 

High to Z 

Low to Z 

Z to High 

Z to Low 

Is 
Clock Enabie Set-up TIme 
(Am29L517 Only) 

tHCL 

Clock Enable Hold TIme 
(Am29L517 Only) 

Clock Low Hold Time CLKXY 
Relative to CLKML (See Note 2) 
(Am29L516 Only) 

Test 
Conditions 

Losd 1 

Load 2 

Losd 1 

Typ 
90 

70 

25 

25 

25 

20 

20 

25 

25 

20 

20 

25 

25 

10 

COMMERCIAL 

Min Max 
120 

90 

25 

o 
3 

20 

20 

35 

35 

35 

30 

30 

35 

35 

30 

30 

35 

35 

15 

3 

o 

MILITARY· 

Min Mex 
135 

100 

25 

o 
3 

20 

20 

40 

40 

40 

35 

35 

40 

40 

35 

35 

40 

40 

20 

5 

o 

Notes: 1. Switching Characteristics are measured and guaranteed for TA as specHied with 200 Lf/min flowing across the device. 

Units 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. To ensure that the correct product is entered in the output registers, new data may not be. entered. into the input registers before 
the output registers have been clocked. ' . 

·PRELIMINARY 
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SWITCHING CHARACTERISTICS, over operating range unless otherwise specified (Note 1) 
Am29516A/517A 

COMMERCIAL , MIUTARY 
Test 

Parameters Description Conditions Typ Min Max Min Max Units 

IMUC Unclocked Multiply TIme 45 58 65 ns 

IMC Clocked Multiply Time 30 38 42 ns 

IS Xi. V. Set-up Time 4 7 8 ns 

IH Xi. Vi. Hold Time 1 3 ns 

IS RND Set-up Time 4 7 ns 

IH RND Hold TIme Load 1 1 3 ... !III' ns 

IPWH Clock Pulse Width High 7 7,. 8 ns 

IPWL Clock Pulse Width Low 7 3 ns 

tPOSEL ~ 10 Product Out 1 21 ns 

\pop Output Clock 10 P "'20 23 ns 

tPOY Output Clock to V 20 23 ns 

IpHZ High to Z '1111'" 15 17 ns 

tpLZ 0EJ5 Disable Time 
Low to 15 17 ns 

IpZH Z 20 23 25 ns 

tpZL 
0EJ5 Enable Time 15 23 25 ns 

IpHZ d 2 13 15 17 ns 

tPLZ 
OIT 12 15 17 ns 

tPZH Z I igh 20 23 25 ns 

IpZL Z to Low 15 23 25 ns 

Is Clock I~e Set-up Time 
(Am2951 A Only) 10 15 ns 

tH Clock Enable Hold Time Load 1 3 3 ns (Am29517A Only) 

Clock Low Hold TIme CLKXV 
IHCL Relative to CLKML (See Note 2) -1 ns 

(Am29516A Only) 

Notes: 1. Switching Characteristics are measured and guaranteed for T A as specified wnh 200 Lf/min flowing across Ihe device. 
2. To ensure that Ihe correct product is entered in the output registers. new data may nol be entared into the input registers before 

the output registers have been clocked. 

Notes on Testing 
IncOming test procedures on this device should be carefully 
planned. taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in VCC current as the device, switches may 
cause erroneous function failures due to V cc changes. 

2. Do not leave inputs floating during any tests. as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition. ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 

, 

7-49 

" 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily, 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once. 1>0 there will be significant 
noise at the device pins and they may not actually reach V,L 
or V,H until the noise has settled. AMD recommends using 
V,L "O.OV and V,H ~ 3.0V for AC tests. 

5. To simplify failure analysis. programs should be designed to 
perform DC. Function. and AC tests as three. distinct groups 
of tests. 

6. To assist in testing. AMD offers complete documentation on 
our test procedures and. in most cases. can provide 
Fairchild Sentry programs under license. 

\ 
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SWITCHING TEST CIRCUIT 

Normal Load (Load 1) Three-State . D~lay Load (Load 2) 

Vx 

TO 5000 
8100 

~.-q~ TO IA 
OUTPUT 1'1 PI'! 

~ ... 
.Op": :s ~I-

:s ~ 
":" 

TCR01260 
TCR01250 

TEST WAVEFORMS 
(All Devices) 

Teat Vx' Output Waveform - Mea8u1'8lll8llt Level 

VOlt 

~1.5V All tpos Vee 
VOL 

VOlt ..l.. 

IpHZ O.OV \O.5V 

O.OV 

o.sv...L-f 
2J;V 

tpLZ 2.6V 
, VOL I 

~VOIt 
IpZH O.OV . 1,5V . 

O.OY 

2.6V~ 
tpZL 2.6V 1.5V 

. VOl. 

WFR02780 

SETUP AND HOLD TIME PULSE WIDTH 
(All Devices) (All Devices) 

•. - 3V • 
DATA 

1.5V LOW~Nl~~ -f . \ INPUT 1.SV 

ov 

~"1::: .. -J 
3V ~TPW-1 

TIMING f HIGH-LO~~~ - t . -I-INPUT 1.5V. 
1.SV 

ov 

WFR02850 

v.:FR02970 

Notes: 1. Diagram shown for HIGH data only. Output tran-
sition may be opposite sense. 

2. Cross hatched. area is don't care condition. 
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3-STATE 
·COHTROL 

3-51"ATE 
OUTPUT 

CLKX 
CLKV 

(1IOH1.EVE1.I 

(LOW LEVEL) 

THREE-STATE TIMING DIAGRAM 

f(~~-
~ t 

7 r-

(~~-

TPZI/ 
(ENABLE) 

VOIt - .5V 

(HIGH IMPED_ 

VOL + .IV 

TPZL 
(ENABLE) 

TIMING DIAGRAM 
Arn29516/29516A/29L516 

f---- TPWH ----I 

, 
~ 

-+--i--TH 1---- TPWL --+--1 

vOlt 
uv 

VOL 

VOlt 
uv 

1.5V 

VOL 

~ t 

WFR02730 

INPUT ~111~====t~ . X,. V" 
RND 

CLKL 

I---------T~------------__ ~ 

f--TPOY 

f-------------TMOC-----------~ 

7-51 
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:r:-
E 
&II u.. 
..... ,.. .... c.o ,.. 

CIJ( II) 
G> 
N 
E 
c( 

ilNi 
ENV 

X. 
V, 

RHO 

iiiP 

TIMING DIAGRAM 
Am29517/29517A/29L517 

1--- TPWH ---I 

OUTPUT 
p 

WFR02750 

, INPUT/OUPUT CURRENT INTERFACE CONDITIONS 
(All Devices), 

DAMNG OUTPUT 

IIH 

7-52 

. DRIVEN INPUT 

ICR00480 
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CLK 

SIMPLIFIED TIMING DIAGRAM 

TYPICAL APPLICATION 

11--,----Tuc-----i 

I 

Ol----------o---!!'~~.!-l~~~--_i 
~~~~ ~~OO~ 

TO X. Y TO MSP. LSP 
REGISTERS REGISTERS 

--l I--T HCL (Am295!6) 
RECEIVE MSP OR LSP 

O~------------cr---------~--~ 
~TA ~PUT ~TA OUTPUT 

TO X. Y TO MSP. LSP 
REGISTERS REGISTERS 

AFR01700 
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Am29520/ Am29521 
Multilevel Pipeline Registers 

DISTINCTIVE CHARACTERISTICS 

• Four B-bit high speed registers • Hold. transfer and load instructions 
• Dual two-level or single four-level push-only stack oper- • Provides temporary address or data storage 

ation / • 24-pin 0.3"' package 
• All registers available at multiplexed output 

GENERAL DESCRIPTION 

The Am29520 and Am29521 each contain four 8-bit 
positive edge-triggered registers. These may be operated 
as a dual 2-level pipeline or as a single 4-level pipeline. A 
single 8-bit input is provided and any of the four registers is 
available at the 8-bit. 3-state output. 

The Am29520 and Am29521 differ only in the way data is 
loaded into and between the registers. in dual 2-level 

operation. This difference is illustrated in Figure 1. In the 
Am29(i20 when data is entered into the first level (I - 2 or 
I - 1) the existing data in the first level is moved to the 
second level. In the Am29521 these instructions simply 
cause the data in the first level to be overWritten. Tran&fer 
of data to the second level is achieved using the 4-level 
shift instruction (I = 0). This transfer also causes the first 
level to change. In either part I = 3 is a HLD. 

BLOCK DIAGRAM 

INSTRUCTION 
10.1, 

2 

BDR02270 

• Multilevel Pipeline Register 

03569A 
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Am29520 

Am29521 

CONNECTION DIAGRAM 
Top View 

D-24-SLIM 

(INSTRUCTION) 10 Vee 

(INSTRUCTION) I, 2 So(UUXSEL) 

Do a S,(MUXSEL) 

D, 4 Yo 

D2 I Y, 

Da • Am2tI52O AND ,. Y2 

D4 7 Am2I521 Ya 

Ds 8 Y4 

De • YI 

D7 10 Ya 

CLK 11 Y7 

GND 12 OE 

CDR04470 

Note: Pin 1 is marked for orientation 

DUAL 2-LEVEL 

~ [E] G ~ @ 0 82 

1=2 1=1 

em [E] G rn 
GJ m GJ G 

1=2 1=1 

Figure 1. 

7·55 

SINGLE 4-LEIIEL 

~ A2 82 

1=0 

~ A2 82 

1=0 

TB2 

1=3 HLD 
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METALLIZATION AND PAD LAYOUT 
CHIP TOPOGRAPHY 

Am29520/21 

(INSTRUC11ON) 10 , " So {MUX SELl 
(INSTRUCTION) ., , " 5, (MUX SEll 

0, , 21 Y, 

0, " 
20 Y, 

0, S 19 Y, 

o, • " Y, 

0, 7 17 Y, 

0, 0 

" Y, 

0,. g 

0 7 10 14 Y7 

,elK 11 _--'.-4' '-'--'---- 13 OE 

DIE SIZE: 0.117" X 0.131" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number. speed option (if applicable). package type. operating range and screening option (if desired). 

Am29520/21 

Device Type 

PCB l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (0 to + 70°C) 
M - Military (-55 to + 125°C) 

Package 
D- 24-pin SLIM 

Multilevel Pipeline Registers 

7-56 

Valid Combinations 

Am29520 I DC. DCB. OM. 
Am29521 OMB 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combinatiOn you wish. 

03569A 
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PIN DESCRIPTION 

·Pln No. Name I/O Description 

3·10 00·07 I Register input port. 

11 ClK I Clock input. Enter data into registers on lOW·ta-HIGH transitions. 

1.2 I Instruction inputs. See Figure 1 and Instruction Control Tables. 
23.22 So. 81 I Multiplexer select. Inputs either register AI. A2. 81 or 82 data to be available at the output port. 
t3 OE Output enable for 3·state output port. 
14·21 YO'Y7 a Register output port. 
"DIP Configuration 

APPLICATIONS control inputs and can be changed by the user without 

The IMOX ™ Am29520 and Am29521 multilevel pipeline 
interrupting the data flow. 

registers are specifically designed as a temporary address ANALOG/DIGITAL BUFFER 
storing register for array processing and digital signal process-

In the example shown in Figure 2 the Am29520/21 acts as a ing applications using the Am29500 Family. 
4-byte buffer between an AID converter and a controller (or 

In AP/DSP applications a single data address may be used a microprocessor). Four digitized samples are sequentially 
multiple number of times. The multilevel pipeline register stored in the Am29520/21 from the AID converter. This is 
allows saving addresses within its registers for use at a later accomplished by applying a READ control input to the clock 
time. input of the Am29520/21 as well as to the READ input of the 

Below are a number of applications where the use of a A/D. Since I = O. the data output from the AID will be stored in 

multilevel pipeline register can be implemented. the Am29520/21 as shown in Figure 3. 

CLOCK CONTROLLER, BYTE-WIDE DELAY While the fifth sample is being acquired by the AID. the 

LINE/SHIFT REGISTER controller will read all registers of the Am29520/21 by 
manipulating So. 51. Note that the three-state output (con-

The Am29520/21 can be utilized as a byte-wide shift register trolled by OE) can be tied directly to a microprocessor bus and. 
capable of delaying a byte of data from one to four clock that the registers of the Am29520/21 can be easily memory 
cycles. The number of delay cycles is controlled by the So. 51 mapped. 

Am29500 PROCESSOR / 

--=D 
1ft_face 

I-"l .J\. -- =) ·~·F ---v' -_2' 0. .. RAil 

IA, __ n , 

~ 
iI 
:3 
< 

I~_n~ ~ 
Sine/Cosine -.. Function Generators 

PilMtine Am29S26127 
Anl29825 

Am29528/29 

Mic'OfN'OII".""",ed 
Controillftit: 

Am27S35/2910A/29112 

7-57 

A 

....... ,.o.u 

" A 

~ 2 
",0." 

I; ROM 111'--'11 i Proce.s. Processor 
""2950'1 Ant2950t 

L I i~ ~~ l' 
MIO I I 

~F!-16x t. 
Multipli ... 

l\. AmH516A/ p 
X 17& 

V 

80002711 
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Figure 2. AID Buffer 

Aml108 

iiEAD 
iiiADl----.....:..--..... - CONTROL L.. ____ --' INPUT 

Figure 3. AID Buffer Timing 

AFR01720 

iiEAiilNPUT _---, -+-r--J ----r---r----~-
Am29520/21 INPUT SAMPLe I ~ SAMPt.E 2 SAMPU! 3 SAMPLE' 

L 
SAMPLeS SAMPLE 6 

SAMPLE 4 SA .... PLE 5 

SAMPLE 3 SAMPLE 4 

SAMPLE 2 SAMPLE 3 

SAMPLE 1 SAMPLE 2 

SOlS' INPUT R DO 10 01 I II m 
Am2tS2Oj21 OUTPUT -1 5, 5, I S31 54 t-

AFR01710 

The. AID will acquire four more samples before the Am29520/21 registers need to be read. 

Note that the Am29520/21 can be simultaneously written and read. A two byte ping-pong memory is realizable by 
switching between I modes 1 and 2. While the AID is writing registllrs 81 and 82, the microprocessor Can be reading 
registers A1 and A2. 

Also, note that the Am29520/21 is easily cascadable in width for applications involving 12-bit and 16-bit AID converters. 

7-58 
03589A 

Refer to Pag. 13·, for Essential Information on Military DovIce. 



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ............................ - 65 to + 150°C Commercial (C) Devices 
Temperature Under Bias-Tc ................... -55 to + 125°C Temperature ...........•.................. T A = O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ................•....................... -0.5 to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature .................•....... TC = -55°C to + 125°C 

High Output State ...................•.... -0.5V to + VCC max 
DC Input Voltage ................................... -0.5 to +5.5V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs ..•...............•....... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ..................••..•...... -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality " 

at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 1) Min 
Typ 

Max Units 
(Note 2) 

VOH Output HIGH Voltege Vee = MIN IOH = -S.SmA (GOM'L) 2.4 Volts 
VIN = VIH or Vil IOH = -2.0mA (MIL) 2.4 

VOL Output LOW Voltege Vee=MIN IOl = 12mA 0.45 Volts 
VIN = VIH or Vil IOl =20mA 0.50 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage lor all inputs 

Vil Input LOW Level Guaranteed input logical LOW 0.8 Volts voltege for all inputs 

VI Input Clamp Voltage Vee = MIN, liN --IBmA -1.2 Volts 

I~ -2.0 
IlL Input LOW Current Vee - MAX, VIN = 0.5V I Other Inputs -0.4 mA 

IIH Input HIGH Current Vee = MAX, VIN - 2.7V 50 p.A 

II Input HIGH Current Vee ~ MAX, VIN = 5.5V 1.0 mA 

IOZH 011 Stete (High Impedance) Vee = MAX I Vo=2.7V 50 
IlA 

IOZl Output Current I Vo=0.4V -50 

Ise 
Output Short Circuit Current 

Vee~MAX -30 -100 mA (Note 3) 

GOM'L and MIL TA = 25·C 125 

COM'L Only TA-O to +70·C t85 

lee 
Power Supply Current Vee = MAX TA = +70·C 155 mA (Note 4) Te = -55 to + 125·C 200 MIL Only 

Vee = MAX Te-+ 125•C 150 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. 
3. 
4. 

Typical limits are at Vee = 5.0V, 2S·C ambient and maximum loading. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
All inputs LOW. 
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\ PULSE WIDTIi 

LOW~=-f' \ 1.5V 

~TPW~ 
~~LOW~~ ~\ -I- 1.5V 

WFR02850 

SET-UP AND HOLD TIME 

- - 3V 
""TA 

1.5V INPUT 

~"1:::"~ 
.. 
3V 

TIMING f 1.5V "PUT .. 
WFRO?970 

Notes: 1. Diagram shown for HIGH data only. Output transition may be opposite sense. 
2. Cross hatched area is don't care condition. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified -

COMMERCIAL MILITARY 

Parameters Description Test Conditions Min Typ Max Min Max Min Max Units 

.!!:!L Clock to Data OUtput 
12 18 21 24 

tpo 
tpHL 12 20 22 24' 

ns 

~ So, 8, to Data 12 18 20 22 
\POSE Output 12 18 20 22 

ns 
tpHL RL-280n 

Is CL - 50pF 10 10 10 

IH 
Input Data to Clock 3 3 3 ns 

Is Instruction (Register 10 10 10 

IH Enable) to Clock 3 3 3 ns 

tPHZ ~.to Output CL - 5pF 5 11 13 14 ns 

tpLZ OE to Output CL - 5pF 6 13 15 16 ns 

tpZH OE to Output 12 18 20 22 ns 

tpZL OEto Output RL-280n 
13 20 21 22 ns 

tPWH 
Clock Pulse CL = 50pF 10 10 10 ns Width HIGH 

\PWL 
Clock Pulse 10 10 10 ns Width LOW 

Nota: Please refer to Guidelines for Testing Am2900 Family Devices in Section 13 of this data book. 
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SWITCHING TEST CIRCUIT 

SWITCHING TEST CIRCUITS FOR DELAY MEASUREMENTS 

·CL = 50pF for all IpD. IZH and IZL 
CL = 5pF for 1HZ and ILZ 

TEST WAVEFORMS 

TCR01310 

Test Output Waveform - Measurement Level 

VOH 

~1.5V All tpOS 
VOL 

VOH ..L 

tr>Hz ,,"O.SV 

o.sv...Lf tpLZ 
VOL I 

tpZH f1.SV 
O.OV 

vee 
\.1.SV tpZL 

7·61 

S,CIosed 

82 Closed 

8, Closed 

-1.SV 82 Closed 

-1.SV 8, Closed 

8; Closed 

VOH 8, Open 

82 Closed 

8, Closed 

VOL 82 Open 

WFR02920 

03569A 
Refer to Page 13-1 for Essential Information on MNitary Devices 



p r---------------------------------------------------------~----------------~------, 
'" Am29520/21 
~ TIMING DIAGRAM 

E 
~ 
~ 
." 

~ 
E 

CC ~ ____ ~r=-=1~ __ i 
I- Is --~ Itt - .1 ..... ---IpWL---, -I-I 

INST ----, II' ~ 1/ 
(10. 111 i il\ 

~----------------------------------
I------Is Itt-

DATA ,'/ ,'/ 

(Oo-Dr) ___ .....J)\ )\'--_______ ....,.. ___ -----

MUXSEL 'II 
($o.SlI ) 

____ .....J '------4--------J 

OUTPUT 'II' 
YO.Y7 j 1\.,.SV ________ ~--------~---J ~ ________________________________ ___ 

3-STATE 
CONTROL 

(ill) 

VOH 

3-STATE 
OUTPUT 

(YO'Y7) 

VOL 

~--IpDSEL---~ 

J ~ 

I(o.:::LE) 

~ 1\ 

J ~ 

I(DIS'TaLE) 

Am29520/21 
THREE-STATE TIMING 

VOH - .5V 

(HIGH IMPEDANCE) 

VOL + .5V 

7-62 

WFR02930 

3V 

~ t 1.5V 

OV 

IPZH 
(ENABLE) 

VOH 

J 
jL 1.5V 

- 1\ -1.5V 

VOL 

Ip~L 
(ENABLE) 

WFR02940 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

DRMNG OUTPUT DRIVEN INPUT 

~L 

J 

ICR00510 

RELATED PRODUCTS 

Part No. 

Am29540 

Am29116 

Am2925 

Am29517 

Am29510 

Am610B 

Am912B-70 

Am21L47-55 . 

Description 

FFT Address Sequencer 

16-bit Bipolar Microprocessor 

System Clock Generator I3nd Driver 

16 x 16-bit High Speed Multiplier 

16 x 16-bit Multiplier Accumulator 

B-bit Microprocessor Compatible 
AID Converter 

2K x B Static RAM 

4K x 1 Static RAM 

7-63 
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Am29526 • Am29527 
Am29528 • Am29529 

High Speed Sine, Cosine Generators 

DISTINCTIVE CHARACTERISTICS 

• Provides values for sine/cosine functions in ,,/204B 
increments 

• Outputs are 16.-bit two's complement fractions 
• Fast generation time of SOns max Com'l 
• S/LS compatible 
• Three-state outputs 
• IMOXT• processing 

RELATED PRODUCTS 

Part No. Description 

Am29516/17 
Am29510 
Am29540 
Am29825 

16 x 16-Bit High Speed Multipliers 
16 x 16-Bit Multiply Accumulator 
FFT Address Sequencer 
High Performance 8-Bit Register 

CONNECTION DIAGRAMS - Top Views 

DIP 

A, Vee 

A, A, 

'A, A, 

A. A .. 

A, E, 

A, E, 

A, E, 

A, F, 

F, F. 

F, F, 

F, F. 

GNO F, 

Chip·Pak™ 

:t .. ~ ~ J! if ~ 

A, A, 

A. A .. 

A, NC 

A, E, 

A, E, .. Eo 

oe Ne 

F, F, 

F, F, 

,[' ~ 
Q ol' ~ .: ol' z 
" 

ABL-006 

ABL-007 

IMOX and Chip-Pak are trademarks of Advanced Micro Devices, Inc_ 

FUNCTIONAL DESCRIPTION 

Thll Am29526/27 and Am2952B/29 provide high speed 
generation of sine and cosine functions over the range 
o '" 0 < " in increments of ,,/204B. 0 is determined by an 
ll-bit input word. Each device provides an B-bit output and 
two are used to give the full 16-bit value. The Am29526 
and Am29527 generate the MS and LS bytes respectively 
for the sine function. Similarly, the Am2952B and Am29529 
generate the cosine functions. 

The outputs are fractional two's complement numbers with 
the radix point located immediately to the right of the sign 
bit (in between the bits weighted -2" and 2-1). As this 
format does not allow for the representation of +1 the 
functions generated are --sinO and -cosll. In this way the 
output values are restricted to the range -1 '" flO) < +f' 
which is representable. The outputs are three-state with 
one active Low enable and two active High enable. 

7·64 

While providing general purpose sine and cosine function 
capability, the Am29526/27/2B/29 satisfy the requirements 
of the Am29540 FFT Address Sequencer. 

e; 

Eo 

E. 

BLOCK DIAGRAM 

SINE/COSINE 
FUNCTION GENERATOR 

Fo-F7 

ABL-008 
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Am29526/27/28/29 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise specified: 
COM'L TA = 0 to +70'C VCC = 5.0V ±5% (MIN = 4.75V 
MIL TC = -55to +125'C VCC = 5.0V ±10% (MIN = 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

MAX = 5.25V) 
MAX = 5.50V) 

Parameters Description Test Conditions Min 
Typ 

(Note 1) Max Units 

Voo Output HIGH Voltage Vee = MIN, 100 = -2.0mA 2.4 Volts 
VIN = VIH or VIL 

VOL Output LOW Voltage Vee = MIN, IOL = 16mA 0.50 Volts 
VIN = VIH or VIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts voltage for all inputs 

VIL- Input LOW Level 
Guaranteed input logical LOW 0.8 Volts voltage lor all inputs 

IlL Input LOW Current Vee = MAX, VIN = 0.45V ·-0.010 -0.250 mA 

.IIH Input HIGH Current Vee = MAX, VIN = 2.7V 25 /LA 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 mA 

Vee = MAX, VOUT = O.OV 1 MIL --15 -40 -90 
Ise Output Short Circuit Current mA 

(Note 2) .1 COM'L -20 -40 -90 

Icc Power Supply Current All inputs = GND, Vee = MAX 115 185 mA 

VI Input Clamp Voltage Vee = MIN, liN = -18mA -1.2 Volts 

Vee = MAX 1 Vo = Vee 40 
leEX Output Leakage Current 

Ves = 2.4V 1 Vo = 0.4V -40 
/LA 

CIN Input Capacitance VIN = 2.0V @I = lMHz (Note 3) 4.0 
pF 

COUT Output Capacitance VOUT = 2.0V @f = lMHz (Note 3) 8.0 

Notes: 1. TYPical hmlts are at Vee = 5.0V and TA = +25'C. 
2. Not more than one output should be shorted at a time. Duration 01 the short circuit should not be more than one second. 
3. lhese parameters are not 100% tested, but are periodically sampled. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs 

DC Input Voltage 

DC Input Current 

DEFINITION OF FUNCTIONAL TERMS 
Data Input Values 
Input, 0, corresponding to 0 = 0 (000) to 2047",1 
2048 (3FF). AlO is MSB. 

Output Enables 
When El is Low and E2 and E3 are High, the 

F7- FO 

7-65 

-65 to +150'C 

-55to + 125'C 

- 0.5 to + 7.0V 

. - 0.5V to + VCC max 

- 0.5 to + 5.5V 

-30 to +5mA 

outputs Fo - F7 are enabled. Otherwise the out
puts are in the high impedance state or off. 

Data Output Values 
The outputs corresponding to -sinl! or -cosH. 
F7 is MSB. 

R_ to Page 13·1 for Eseen1IaI Information on MlIIIaIy Devtces 
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~ Am29526/27/28/29 
~ SWITCHING CHARACTERISTICS 
~ OVER OPERATING RANGE 
N 
(I)-

~ 
~ 

COM'L MIL 

" TA = +2S·C ,TA = Oto +70·C Te = -SS to +12S·C , 
Vee = sv Vee = SV ±S% Vee = SV ±10% 

Test 
Parameters Description Typ Max Max Units Conditions 

tpLH Sin/Cos Generation Time 30 50 65 ns 

tpHL A; to F; 30 50 65 ns 

tpHZ 
" E,. E2. E3 HightoZ 10 25 30 ns RL = 600n 

tpLZ Disable Time LowtoZ 10 25 30 ns CL = 30pF 

ZtoHigh 
(Notes 1 and 2) 

tpZH E,. E2. E3 10 25 30 ns 

tpZL Enable Time Zto Low 10 25 30 ns 

Notes: 1, tpLH and tPHL are tested with switch S, closed and CL = 30pF. , 
2, For three-state outputs. the disables time is tested with CL = 30pF to the 1,5V level; S1 is open for Z to High test and closed for Z to Low test 

The enable time is tested with CL = 5pF. High to Z tests are made to an output voltage to VOH -0.5V with S, open; Low to Z tests are made 
to the VOL - 0.5V level with S1 closed. 

SWITCHING WAVEFORMS 

~------------------------- 3.0V 

A~-A10 =.71\ 1.SV 

I ~----'------'-ov 

E .. :: =:~=="AA=----j======t.~ t~'EA-l- ~v 
Fa-

F
7 ~~~~~~~=XXX*,--, .................. ,->-~~~~~~~~~~~-·_-... )~1H~Z~71I..JH---:-:-: =-:-::-:--f(~~H~!--~f-{-- :: 

Note: Level on output while chip is disabled is determined extemally. ABL-099 

ACTESTLOAD 

ABL-010 
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Decimal 
Input 

0 
512 

1024 
1536 
2047 

Decimal 
Input 

0 
512 

1024 
1536 
2047 

TABLE 1. -COSIO) TABLE 

Actual 
Hexadecimal Angle Decimal Value Hex Value Am29526 Am29527 

Input in Radians of -CosIO) of -CosIO) MS Device LS Device 

0 0 -1.000000 1000 10 00 
200 rr/4 -0.707107 A57E A5 7E 
400 ,,/2 0.000000 0000 00 DO 
600 3rr/4 +0.707107 5A82 5A 82 
7FF 2047,,/2048 +0.999999 7FFF 7F FF 

TABLE 2. -SIN(O) TABLE 

Actual 
Hexadecimal Angle Decimal Value Hex Value Am29528 Am29529 

Input in Radians of -Sin(O) of -Sin(O) MS Device LS Device 

000 0 0 0000 00 00 
200 rr/4 -0.707107 A57E A5 7E 
400 rr/2 -1.00000 8000 80 00 
600 3rr/4 -0.707107 A57E A5 7E 
7FF 2047rr/2048 -0.001534 FFCE FF' CE 

Figure 1. The Minus Sine Function 

INPUT 

OUTPUT 
000 400 7FF HEXADECIMAL 

2'S COMPLEMENT DECIMAL 0 102' 2047 DECIMAL 

0.000000000000000 0.0 

W 1.000000000000000 -1.0 r---- ! 

OUTPUT = - SINE INPUT x ~ 
ABL-011 

Figure 2. The Minus Cosine Function 

OUTPUT 

2'S COMPLEMENT DECIMAL 

0.111111111111111 +0.999999 r-----T 
0.000000000000000 0.0 

l/~ 
2047 DECIMAL 

000 400 7FF HEXADECIMAL 

INPUT 

1.000000000000000 -1.0 

OUTPUT = - COSINE INPUT x ~ 
, ABL·012 
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g: 
~ ORDERING INFORMATION 
~ Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

~ 

~ 
E 

01( 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 3) (Note 2) 

AM29526PC P-24-1AA C C-l 
AM29527PC P-24-1AA C C-l 
AM29528PC P-24-1AA C C-l 
AM29529PC P-24-1AA C C-l 
AM29526PC-B P-24-1AA C B-1 
AM29527PC-B P-24-1AA C B-1 
AM29528PC-B P-24-1AA C B-1 
AM29529PC-B P-24-1AA C B-1 
AM29526DC D-24-1AA C C-l 
AM29527DC D-24-1A~ C C-l 
AM29528DC D-24-1AA C C-l 
AM29529DC D-24-1AA C C-l 
AM29526DC-B D-24-1AA C B-1 
AM29527DC-B D-24-1AA C B-1 
AM29528DC-B D-24-1AA C B-1 
AM29529DC.B D-24-1AA C B-1 
AM295;!6DM D-24-1AA M C-3 
AM~9527DM D-24-1AA M C-3 
AM29528DM D-24-1AA M C-3 
AM29529DM D-24-1AA M C-3 
AM29526DM-B D-24-1AA M B-3 
AM29527DM-B D-24-1AA M B-3 
AM29528DM-B D-24-1AA M B-3 
AM29529DM-B D-24-1AA M B-3 
AM29526LC L-32-2 C C-l 
AM29527LC L-32-2 C C-l 
AM29528LC L-32-2 C C-l 
AM29529LC L-32-2 C C-l 
AM29526LM L-32-2 M C-3 
AM29527LM L-32-2 M C-3 
AM29528LM L-32-2 M C-3 
AM29529LM L-32-2 M C-3 
AM29526LM-B L-32-2 M B-3 
AM29527LM-B L-32-2 M B-3 
AM29528LM-B L-32-2 M B-3 
AM29529LM-B L-32-2 M B-3 

Notes: 1. P = Molded DIP, D ="Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. See 
Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 
3. C = 0 to + 70"C, Vee = 4.75 to 5.25V, M = -55 to + 125°C, Vee = 4.50 to 5.50V. 
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Am29540 
Programmable FFT Address Sequencer 

DISTINCTIVE CHARACTERISTICS 

• Generates data and coefficient addresses 
• Programmable transform length 2 to 65,536 points 
• Radix-2 or Radix-4 . 
• In-place or non-in-place transformation 

• Decimation in frequency (DIF) or decimation in time 
(DIT) FFT algorithms supported 

• 40-pin DIP package, 5 volt single supply 

GENERAL DESCRIPTION 

The Am29540 Fast Fourier Transform Address Sequencer 
generates all the data (RAM) and coefficient (ROM) ad
dresses necessary to perform the repetitive butterfly opera
tions of the FFT. Decimation in time and decimation in 
frequency algorithms are supported (control DIT /DIF) in 
radix-2 or radix-4 (RADIX 4/2). A radix-2 real valued input 
(RVI) transform is also supported. For radix-2 operation the 
transform length is programmable in powers of 2 from 2 to 
65,536 points. In radix,4 the range is 4 to 65,536 in powers 
of 4. 

Address sequences can be selected to be compatible with 
data which mayor may not have been pre-scrambled ('bit
reversed'). If the data has been pre-scrambled the control 
J5SD must be LOW to select the correct sequence. If the 
data is not pre-scrambled (J5SD HIGH) and an in-place 
transform is performed, the output data will necessarily be 
in bit-reversed order. If this is not desirable, alternate 
addresses are available for a non-in-place, non-bit-revers
ing algorithm. 

The butterfly counter operates on the positive clock edge 
and responds to four instructions. COUNT causes the 
counter to increment to the next butterfly. RESET causes 
the counter to initialize for the specified transform length. 
RESET/LOAD causes the counter to initialize and a data 
address offset to be loaded into the part via the bi
directional 3-state ADDRESS port. This offset is effectively 
OR-ed onto the higher significant bits of the address which 
are unused for the selected transform length. A HOLD I 
instruction is also provided. Three status lines are provided. 
ODD/EVEN" (KNZ/KZ) controls the alternation of read and 
write memories for non-in-place transforms and determines 
the butterfly structure in the RVI transform. The flag has the 
function KNZ/KZ when RVI data addresses are selected 
(AS = 12 to 15). Iteration complete (IT COMP) flags the 
bottom of a "column" of butterflies and is used in conjunc
tion with block floating pOint schemes. FFT CaMP identifies 
the last butterfly of the transform. 

BLOCK DIAGRAM 

r---L....--......L..l-_-I-_ ITCOIIP• 

'" --------1 FFrCOW. 

L--~--~--r--t--~~~ 
,. 

.~~----------~---+--_;~--J 

~----------------~ 

BDR02240 

FFT Address Sequencer 

03567C 
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RELATED PRODUCTS 

Part No. 

Am29501 

Am29516/17 

Am29520/21 

Am295261 
~7/28/29 

Am29825 

Byte-Slice is a trademark of AdvSnced Mtcro Devices. Inc. 

Description 

Multi-port ¥illelined processor 
(Byte-slice M) 

16 x 16 parallel multiplier 

Multilevel pipeline nigister 

High speed sine/cosine 
generators 

High performance 8-bit 
register 

7-70 
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D-40-1 

ABo .. ... .. .. .. .. .. .., 
""" .. .. ... , 
Au 

A" 

A" 

A" 

A" 

liE 
FFTCOIIP 

CONNECTION DIAGRAM 
Top View 

AS, ... ... 
00Di!\lIIi KNl/R2 
'IIIi: Pi 
'I11III MAP 

no I, 

n., .. 
.... Vee 
'n., I, 

Vee .. 
Ie CCEii 
I, cc 
CP iiLD 
m: Ne 
fiiiii 
Qffji5iF 

Pi5 
RADlX4/f 
rrcOliP 

CDR04360 

L-44-1 

~~8.;'rI':G,:'G,:'a 
Y, 

Do 
Yo 

NC 

CI 
CP 

GNO 
NC 

Of 
Y" 

\:j tf':o~,r~,r~ 2 2 
~ 0 >-

CDOO4690 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

.. 
A, .. . 
.. s 

.. . 
As 7 

As 
A, 

ONO 10 

As " 
As " Al0 13 

Au 14 
A12 15 
AI3 16 

A14 17 

A'5 18 -----' OE 19====~J FFTCOMP 20 

r-.~---- 39 AS2 
38 AS, 
37 ODD/EVEN (KNZ/KZ) 

36 TSEr 

31 TLa 

30 Vee .. , .. " 
27 CP 

26 SEt. 

25 STRB 

24 DIT/iftF 

ZI PSD 
~---- 22 RADIX 4fi 

DIE SIZE: 254 X 273 MILS 

ORDERING INFORMATION 
AMD products are available in several packages and opera:ting ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29540 

Device Type 

PCB l L L S~r:~~i~9 S?~~O;d Processing 
B - Burn-in 

Temperature (see Operating Range) 
, C - Commercial (0 to + 70°C) 

M - Military (-55 to + 125°C) 
Package 
0- 40 pin CERDIP 
L - 44 pin Leadless Chip Carrier 
X-Dice 

Programmable FFT Address Sequencer 

7-71 

Valid Combinations 

Am29540 I DC, DCB, DMB 
LC, LMB 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03567C 
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PIN DESCRIPTION 

·Pln No. Name I/O Description 
31·34 TLa. TL2 I Transform length control de\!lrmines the numbe, of points to be transfo~. (See Figure 1.) 

TLI. TLo 
36.35 ~. TS'I'l'IS I TransfOrm l'!f'e!!:,atch e~s. These active LOW inputs are ANDed to control the lat~h. The latch is transparent 

when bofh EL and T B are LOW. 
29.28 10. h I Counter Instruction inputs determine one of four available butterfly counter instructions: Hold. Reset. Reset/Losd 

and Count (See Figure 2.) 
27 CP I Butterfly counter clock (positive edge active). 
22 Radix 4/2 I The Radix control determines whether addresses will be generated for Radix-4 (HIGH) for Radix·2 (LOW) 

transforms." I 

23 m I The Pre-Scrambled Data, m. input is used to SEilect an appropriate transform for input data which has previously 
been digit reversed. Refer to individual transform flow charts for other cases. 

24 DIT/DIF I Control input for selection of the Decimation in Frequency algorithm (LOW) or Decimation In Time algorithm 
(HIGH). 

26.25 1m. mit! I Transform typa (Radix 4/2. PSD. DIF/~tch enables. These active LOW inputs are ANDed to control the latch. 
The latch is transparent when both and STAB are LOW. ' . 

1. 38-40 AS3. AS2. I Address Setact control determines address selection. (See Figure 3.) 
AS" ASo 

19 10E I Three·state output enable. The 3·state output is controlled solely by OE. The output does not automatically 
become high impadance during the Reset/Load instruction. . 

2-9.11-18 AIs'Ao I/O Bidirectional 16-bit port to output selected addresses or to input an address offset. 
Address Out· 
put 
(offset input) 

37 ODD/EVrn. 0 For address select 0 to 11 the ODD/EVrn output controls the alternation of separate read and write memories for 
(KNZ/1<2)' non·in·place transforms. For Address select 12 to 15 KNZ/RZ - (LOW) indicates that the rotational constant to 

be used In the RVI transform Is we and that an alternative butterfly must be implemented. 
20 FFT COMP 0 FFT Complete. - HIGH identifies the last buttarfly (or end) of the transform. (See Figure 4.) 
21 IT COMP 0 Iteration Complete - HIGH flags the bottom of a . column' of butterflies. (See Figure 4.) 

"DIP ConfIguration 

DETAILED DESCRIPTION 

The Am29540 can be pictured as consisting of sixteen 16·bit 
counters that output on a bidirectional three·state address 
port. AI5-Ao. These sixteen counters generate the data and 
coefficient addresses required to support the' ~rious FFT 
algorithms. 

Decimation·ln·Time (DIT) and Decimation-ln·Frequency (DIF) 
algorithms are supported in Radix·2 and Radix-4. Two inputs. 
DIT 1'Di'i= and Radix4/2. control these two parameters without 
encoding. A third microcode bit. PID5, enables input data to be 
bit reversed. PID5 must be LOW for all transforms with 
prescrambled (bit reversed) input data. FOr all in-place tran~ 
forms with normally·ordered input data, J5Si5must be HIGH. 
For all non·in~place DIT transforms. J5Si5 must be LOW, and 
for all non-in·place DIF transforms, J5Si5 must be HIGH. These 
three microcode bits can be latched. 5fRB and sa are the 
latch enables. They are ANDed so that the latch is transparerit 
when both are LOW. 

The transform length is latched via the Tl3-TLo inputs. 
mJ:m and ~ are the latch enables. They are ANDed so 
that the latch Is transparent when both are LOW. For Radix-4 
operations, the transform length is programmable in powers of 
4, from 4 to 65,536 points. In Rallix-2, the range is 2 to 65,536 
points in powers of 2. A Radix-2 Real Valued Input (RVI) 
algorithm is also supported for transform lengths from 2 to 
65,536, in powers of 2. Codes to program the transform length 
are contained in Figure 1.-

Two microcode bits, 11-10, control the operation of the 
Am29540. The four possible instructions are: 

1. HOLD. All counters hold their last values. This instruction is 
used at any time the counter values must remain constant 
and could be used during iriitialization of the part. . 

2. RESET. All counters are reset to the start of the transform. 
All unused address lines are set to zero. Contro! bits DIT 1 
'Di'i=, Radix 4/2 and J5Si5' are unaffected. 

7-72 

3. RESET ILOAD. All counters are reset to the start ·of the' 
transform. All unused address lines are set to the current 
value of the address port. This allows loading of an offset 
address via the bidirectional address port. This offset is 
effectively OR'ed onto the higher significant bits of the 
address which are unused for the transform length. Only 
data address counters are affected. Coefficient address 
counters are not affected. 

4. COUNT. All counters are incremented to their next valid 
address. 

CQdes for all four instructions are contained in Figure 2. 

Four address select controls, AS3-ASo. choose which of the 
sixteen counter outputs are available at the address port. 
Typically, these bits would come from the microcode. Data 
addresses are right·justified, A15 being the MSB. Coefficient 
addresses are left-justified: A15 is the MSB for Radix·4 
operations; A14 is the MSB for Radix-2 operations. Codes for 
AS3'"ASo are contained in Figure 3. 

Two output flags. ITCOMP and FFTCOMP. indicate counter 
status. When the bottom of a column of butterflies is reached, 
Iteration Complete (ITCOMP) goes HIGH. When the last 
butterfly (or end) of the transform is reached, FFT Complete 
(FFTCOMP) also goes HIGH. These two flags would typically 
be condition code inputs to the microprogram sequencer. 

A third flag is used to iridicate end of column for non·in-place 
transforms or one of two butterfly types for RVI transforms. 
For column indication, the flag is called ODD/EiiEiii and can 
be used to switch memory banks. The flag will be a HIGH for 
the last column of butterflies. In the RVI transform the flag is' 
called KNZ/KZ. The equations for the butterfly when the 
rotational constant is WO are different from when the rotational 
constant is not WO. When KNZ/KZ is LOW, it inllicates that 
the rotational constant to be used is WO and that the 
alternative butterfly equations must be executed. Typically 
there are two microcOde segments. The KNZ/KZ flag would 
be a condition code input to tbe sequencer to select one of the 
two segmE/nts. 

03567C 
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AS= 

0 
1 
2 
3 

4 
5 
6 
7 

8 
9 

10 
11 

12 
13 
14 
15 

Transform Length 

TL3 TL2 TL1 TLo Radlx-2 Radlx-4 RVI 

L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

11 

L 

L 

H 

H 

AS3 

L 
L 
L 
L 

L 
L 
L 
L 

H 
H 
H 
H 

H 
H 
H 
H 

L L L 2 4 4 
L L H 4 4 8 
L H L 8 16 16 
L H H 16 16 32 
H L L 32 64 64 
H L H 64 64 128 
H H L 128 256 256 
H H H 256 256 512 
L L L 512 1024 1024 -
L L H 1024 1024 2048 
L H L 2048 4096 4096 
L H H 4096 4096 8192 
H L L 8192 16384 16384 
H L H 16384 16384 32768 
H H L 32768 65536 65536 
H H H 65536 65536 Not Used 

Figure 1. Transform Length Control 

10 Counter Function 

L Hold 

H Resel. Reset counter to start of transform 
with unused address outputs set to o. 

L Resell Load. Reset counter to start of transform 
with· unused address outputs set to the current 
value of the address bus. 

H Counl. Increment butterfly counter. 

Figure 2. Counter Instruction Control 

FFT Type AS3 AS2 

Complex Input L X 
X L 

Real Valued Input (RVI) H H 

Figure 28. Offset Address Control 

AS2 AS1 ASg Description Usage 

L L L Data Address 1 Radix 2/4 
L L H Data Address 2 Radix 2/4 

' L H L Data Address 3 Radix 4 
L H H Data Address 4 Radix 4 

H L L All. Data Mdress 1 Radix 2/4 
H L H All. Data Address 2 Radix 2/4 
H H L All. Data Address 3 Radix 4 
H H H All. Data Address 4 Radix 4 

L L L Const Address 1 Radix 2/4. Shading 
L L H Const Address 2 Radix 4 
L H L Const Address 3 Radix 4 
L H H Const Address 1 Shading 

H L L RVI Data Address 1 RVI 
H L H RVI Data Address 2 RVI 
H H L RVI Data Address 3 RVI 
H H H RVI Data Address 4 RVI 

Figure 3. Address Select Control 
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'cr: 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ............................ -65 to + 150°C Commercial (C) Devices 
Temperature Under Bias-TC ..••...••••........ -55 to + 125°C Temperature 
Supply Voltage to Ground Potential DIPs ..................................... TA = O°C to +70°C 

Continuous ........................................ -0.5 to + 7.0V Chip Carriers .............................. TO = O°C to 85°C 
DC Voltage Applied to Outputs For Supply Voltage ............................ + 4.75V to + 5.25V 

High Output State ....................... -0.5V to +Vtc max Military (M) Devices 
DC Input VOltage ................................... -0.5 to +5.5V Temperature ......................... TC - -55°C to + 125°C 
DC Output Current, Into Outputs .......................... 30mA 
DC Input Current ............................. -30mA to +5.0mA 

Supply Voltage ............................... + 4.5V to + 5.5V 
Operating ranges define ~hose limits over which the function-

Stresses above those listed under ABSOLUTE MAXIMUM ality of the device is guaranteed. 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 
. 

Parameters Description Test Conditions (Note l) Min 
Typ 

Max Units 
(Note 2) 

VOH Output HIGH Voltage Vcc-MIN IOH - -2.6mA, COM'L 
2.4 Volts 

VIN = VIH or VIL IOH - -mA, MIL 

VOL Output LOW Voltage Vcr;- MIN IOL -12mA 0.5 Volts 
VIN = VIH or VIL 

VIH Input HIGH Level Guarant"ed input logical HIGH 2.0 Volts voltage for all Inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Volts voltage for all inputs 

VI Input Clamp Voltage Vcr; = MIN, IIN=-18mA -1.5 Volts 

IlL Input LOW. Current Vcr; - MAX, VIN = 0.4V -0.4 mA 

IIH Input HIGH Current Vcr; = MAX, VIN = 2.7V 20 p.A 

II Input .HIGH Current Vcr; = MAX, VIN = 5.5V (See Note 5) 100 p.A 

IOZH Off State (High Impedance) VIN-2.7V 20 p.A 

IOZL Output Current Vcr; - MAX 
VIN-0.4V 0,4 mA 

ISC 
Output Short Circuit Current 

Vee = MAX -30 -85 mA (Note 3) 

COM'L and MIL TA-25°C 320 450 

COM'L Only TA - 0 to +70·C (Note 6) 450 

Icr; 
Power Supply Curren' 

Vcr;- MAX TA - +70·C (Note 6) 400 mA 
(Note 4) 

MIL Only TC = -55 to + 125°C 470 

Vcr;- MAX TC=+125·C 350 

Noills: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. 
3. 
4. 
5. 
6. 

Typical limits are at Vcr; - 5.0V, 25·C ambient and maximum loading. , 
Not more than one output should be shorted at a time. Duration of the short circuH test should not exceed one second. 
OE LOW and all Inputs LOW. ( 
It is limited to 5.5V because Ao to A15 Inputs also connect to output transistors. 
Chip Csrrlers: T C = 0 to 85·C. 

\ 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

(T A = 2SoC, Vee = S.OV) 

Parameters Description 

1 tpo CP to Ao-15(AS = 0) 

1 tpo CP to Ao_15(AS = 1) 

1 tpo CP to Ao_15(AS = 2) 

1 tpo CP to AO_15(AS - 3) 

1 tpo CP to Ao-15(AS - 4) 

1 tpo CP to AO_15(AS = 5) 

1 tpo CP to AO_15(AS = 6) 

1 tpo CP to AO_15(AS = 7) 

1 tpo CP to AO_15(AS = 8) 

1 tpo CP to AO_15(AS - 9) 

1 tpo CP to AO_15(AS - 10) 

1 tpo CP to Ao_15(AS=11) 

1 tpo CP to AO_15(AS = 12) 

1 tpo CP to AO_15(AS = 13) 

1 tpo CP to AO_15(AS = 14) 

1 tpo CP to AO_15(AS = 15) 

IWith A2 LOW 
2 tpo Address Select to AO-15 .I With A2 Active 

3 tpHZ DE to AD-15 Disable Time 

4 tpLZ DE to AD-15 Disable Time 

5 tPZH DE to Ao-15 Enable Time 

6 IpZL DE to AO-15 Enable Time 

7 tpo CP to IT COMP 

8 tpo CP to FFT COMP 

9 tpo CP to ODD/EiirnI (KNZ/RZ) 

10 tpo Address Select to ODD/l:ii'EIiil (KNZlKL) 

11 ts Offset Address Input Ao-I5 to CP Set-up Time 

12 tH Offset Address Input Ao-I5 to CP Hold Time 

13 Is Counter Instruction to CP Set-up Time 

14 tH Counter Instruction to CP Hold TIme 

15 Is Transform Length Select to CP Set-up Time 

16 tH Transform Length Select to CP Hold Time 

17 Is Transform Length Select to 'i'S'fRB , Set-up TIme 

18 tH Transform Length Select to TSTRB , Hold TIme 

19 ts TSEL (HIGH to LOW) to TSTRB I Set-up Time 

20 tH 'fSE[ to TSTRB, Hold Time 

21 Is RADIX 4/2 to CP Set-up Time 

22 tH RADIX 4/2 to CP Hold Time 

23 Is RADIX 4/2. J5SD. DIT IDif to S'mEi , Set-up Time 

24 tH RADIX 4/2. J5SD. DIT IDif to S'mEi , Hold Time 

25 Is 5E[ (HIGH to LOW) to "S'l'I'm , Set-up Time 

26 tH 5E[ Hold Time to STREi I Hold Time 

27 ts STAB or TSTRB to CP Set-up Time 

28 tPWSL Minimum Strobe Pulse Width LOW 

29 tPWH CP Pulse Width HIGH 

30 tPWL CP Pulse Width LOW 

0: 
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Test 
Conditions Min Typ Max Units 

21 30 ns 

21 30 ns 

21 30 ns 

21 30 ns 

21 30 ns 

21 30 ns 

21 30 ns 

21 30 ns 

25 32 ns 

25 32 ns 

30 40 ns 

21 40 ns 

21 30 ns 

21 30 ns 

21 30 ns 

21 30 ns 

30 40 ns 

45 60 ns 

20 30 ns 

20 35 ns 

18 30 ns 

CL = 50pF 16 25 ns 
See Test 20 30 ns Circuits 

20 30 ns 

30 40 ns 

20 30 ns 

10 4 ns 

0 -1 ns 

20 11 ns 

0 0 ns 

40 25 ns 

0 0 ns 

8 4 ns 

5 3 ns 

15 10 ns 

15 10 ns 

25 16 ns 

0 0 ns 

8 5 ns 

0 0 ns 

15 10 ns 

15 10 ns 

45 30 ns 

15 10 ns 

15 10 ns 

15 10 ns 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Parameters' DeSCription 
1 ,!Po CP to AO-I5(AS - 0) 

1 !Po CP to Ao-I5(AS - 1) 

1 !po CP to Ao.15(AS - 2) 

1 !po CP to Ao-I5(AS - 3) 

1 !Po CP to Ao.15(AS'= 4) 

1 !po CP to Ao.15(AS = 5) 

1 tpo CP to Ao-I5(AS - 6) 

1 !Po CP to Ao.15(AS - 7) 

1 tpo CP to Ao-I5(AS - 8) 

1 tpo CP to Ao-ls(AS = 9) / 

1 tpo CP to Ao-I5(AS -10) 

1 tpo CP to Ao-lIj(AS = 11) 

1 tpo CP to Ao-I5(AS = 12) 

1 tpo CP to Ao-I5(AS -1'3) 

1 ,IPO CP to Ao-I5(AS -14) 

1 IPO CP to Ao-I5(AS - 15) 

IWilh A2 LOW 
2 tpo Address Select to 1.0.15 I With A2 Active 

3 IPHZ ~ 10 AO-15 Disable Time 

4 IPLZ ~ to Ao-16 Disable Time 

5 IPZH ~ 10 Ao-15 Enable Time 

6 IpZL ~ to 1.0.15 Enable Time 

7 IpO CP to IT COMP 

8 tpo CP to FFT COMP 

9 !PO CP to ODD/'E\iER/(KNZ/i<Z) 

10 tpo Address Select to ODD/MN/(KNZ/K2) 

11 Is Offset Address Input 1.0.15 to CP Setup Time 

12 tH Offset Address Input 1.0.15 to CP Hold Time 

13 Is Counter Instruction 10 CP Setup Time 

14 tH Counter Instruction to CP Hold Time 

15 Is Transform Length Select to CP Setup Time 

16 Itt Transform Length Select to 'CP Hold Time 

17 IS Transform Length Select to 'fS'fRB 1 Setup Time 

18 tH Transform Length Select to fSTi!!S 1 Hold Time 

19 Is ~ (HIGH to LOW) to TS'i'Im 1 Setup Time 

20 tH TSEL toTSTm! 1 Hold Time 

21 Is RADIX 4/2 to CP Setup Time 

22 Itt RADIX 4/2 to CP Hold Time 

23 Is RADIX 4/2. m. DIT ImF to S'mli' T Setup Time 

24 Itt RADIX 4/2. m. DIT ImF to Si'RB T Hold Time, 

25 Is SEI: (HIGH to LOW) to Si'RB T Setup Time 

26 Itt m Hold Time to g'fRlj T Hold Time 

27 Is STIm or TS'I'mi to CP Setup Time 

28 tPWSL Minimum Strobe Pulse Width LOW 

29 IPWH CP Pulse Width HIGH 

30 IPWL CP Pulse Width LOW 

Test 
Conditions 

CL = 50pF 
' See Tesl 

Circuits 

, 
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COMMERCIAL MILITARY 

Min Max Min Max Units 
35 40 ns 
35 40 ns 

35 40 ns 
35 40 ns 

35 40 ns 

35 40 ns 

35 40 ns 

35 40 ns 

42 50 ns 
42 50 ns 
53 60 ns 

53 60 ns 
35 40 ns 
35 40 ns 

35 40 ns 

35 40 ns 

45 50 ns 

65 70 ns 

32 35 ns 
40 45 ns 

35 40 ns 
30 35 ns 

40 50 ns 
4d 50 ns 
53 60 ns 

36 45 ns 

11 12 ns 

1 2 ns 

22 25 ns 

0 0 ns 

45 50 ns 

0 0 ns 

9 10 ns 

7 8 ns 

16 20 ns 
18 20 ns 

28 30 ns 

0 0 ' ns 

9 10 ns 

1 2 ns 

18 20 ns 

18 20 ns 

50 55 ns 

18 20 ns 
18 20 ns 

18 20 ns 
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SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS 

Rl-

T 

'K 

TCR01230 

5.0 - VeE - VOL 

IOL + VOL 

1K 

B. NORMAL OUTPUTS 

Vcc 
9 

R, 
5, 

VOOT~r-~~~-K :4---1 

r :5 
:5 

-= 
TCR01240 

5.0 - VeE - VOL 
Rl = 

IOL + VOL 

R2 

Notes: 1. CL = 50pF includes scope probe. wiring and stray capacitences without device in test fixture. 
2. 51. 52. 53 are closed during function tests and all AC tests except output enable tests. 
3. 51 and 53 are closed while 52 is open for tpZH test. 

51 and 52 are closed while 53 is open for tPZL test. 
4. CL = 5.0pF for output disable tests. 

~--------------~D 
SWITCHING TEST WAVEFORMS 

Test 

All tp08 

'" 

tpHZ 

tpLZ 

tpZH 

tpZL 

Output Waveform :... Measurement Level 

VOH 

*l.SV 
VOL 

VOH ..L 

\o.SV 

VOL 
O.SV -Lf 

I 

o.OV 
fl.SV 

3V 

\:.l.SV 
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O.OV 

3V 

VOH 

VOL 

WFR02681 
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PULSE WIDTH 

LOW-HK1~~ - f . \---- 1.5V 

~TPW---1 
HIGH-LOW-HK1H _ ~ . --'-___ _ 

PULSE ." ;'I. 1.5V 

DATA 
INPUT 

WFR02850 

SET-UP AND HOLD TIME 

·-'-_TTT"T'TT~----'fIfJIf&""''''''''''''''''''''''''~ ::V 

~'"1=~j ov 

------f ------3V 
~:~~~ _ ---------'- 1.SV 

---------------'----------------OV 

WFR02970 

Notes: 1. Diagram shown for HIGH data only. Output transition may be opposite sense. 
2. Cross hatched area is don't care condition. 
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CLOCK 

ADDRESS 
SElECT 

ADDRESS 
OUTPUT 

ODO/EVeN 
(KNZtKZl 

OFFSET 
AODRESS 

TRANSFORM 
LENGTH 

COUNTER 
INSTRUCTION 

RADIX 4i2 

iffiii 
--.Q!! 
TSTRS 

!TCOMP 

FFTCOMP 

~® 

,I{ 
)~ 

-@ 

" ~ 
I-@ 

W' 
)/\ 
I-® 

W' 
)~ 

I-@-

" )/\ 

TIMING DIAGRAM 

L 
I @)ftL ., 

,/ 
I\. 

I--<D 
® , 

I\. 
--:.-@-

W' 
)~ 

@ 

" 1\ 

@ 

" J\ 

@ 

W' 
-'~ 

@ 

/ . 
-'~ 

0 
\/ 
J\ 

® ,II 
)~ 

I ® 

~~ ____________________________________ ~)K~ __________________ _ 
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Ao. •• 

LATCH TIMING DIAGRAM 

ts, ftI 
I------@ @-----+---@ @ 

LATcH ---'" 
INPUT 

DMA ___ ~ ~------ts----------+-------' 
@@------------~ 

sa -----'" 
OR TSEL _____ 

,.1 

~ ------------------~ 
OR 

TSTRB 

'AIz 

+ 
(HIGH LEVEL) 

-' \" 

-: ~ 

(LOW LEVEL) 

~ Itu 
(DISAIII.E) 

3-STATE 
TIMING DIAGRAM 

VOH - '5V 

(HIGH IMPEDANCE) 

VOL + .5V 

, 
tm. 

(ENABLE) 

I 

• ...... 
(ENABLE) 

-: <-

--' .-

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS \ 

DRIVEN INPUT 

In. 

J 

ICR00510 

WFR02701 

VOH 

'.5V 

VOL 

VOH 

1.SV 

1.5V 

VOL 

WFR02720 
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DATA ADDRESS 

o 000 

001 

2 010 

011 

100 

101 

• 110 

111 

!!IIIT. !!OIT/LOAD 

a. Sequence of Operations for Typical FFT 

r---~~~" .~ : AS = 014· 

.... __ ~_ .. AS = 1 "_~""--' AS = 115· 

DFR00670 

'Note: AS = 4 and AS = 5 are alternate addresses used in non·in-place transformations. 

b.Single RADIX·2 Butterfly 

Figure 4. 

DATA ADDRESS 

000 0 

010 

110 6 

001 

101 

011 

111 

DFR00660 
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rrCOllP 
,FTCOIII' 

TYPICAL HIGH PERFORMANCE RADIX-2 
ADDRESS GENERATION 

________________ J 

7·82 

DFROO690 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N = 16) 
• RADIX-2 

• DIF 
• Normally ordered input data 

(Bit-reversed output data order) 
• In-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'=A+B A'=A+B 
B' = (A-B)Wk B' = (A - B)W-k 

(N =' 8) (N '"' 4) 

o 

2 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

DIT/DW PSD RADIX 4/2 

L H L 

7-83 

A 

8 

TYPICAL BUTTERFLY 

A' 

8' 

DFROO640 

(N- 21 

o 

o 10 

6 

14 

9 o 

13 

11 

7 

15 

DFROO700 

Address of 

AS= 

03567C 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N - 16) 
• RADIX-2 
• DIF 
• Normally ordered output data 

(Bit-reversed input data order) 
• In-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'=A+B 
B'=(A-B)Wk 

o 

8 

12 

10 

14 

9 

13 

3 

11 

7 

15 

DIT/DiF 

L 

A'=A+B 
B'=(A-B)W-k 

I~I RADIX 4/2 

L 

A 

B 

7-84 i 

TYPICAL BUTTERFLY 

A' 

B' 

DFR00640 

11 

12 

13 

14 

15 

DFROO630 

Addre .. of 

AS= 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N = 16) 
• RADIX-2 

• DIF 
• Norma"y ordered input and output data 

(Non-bit-reversing) 
• Non-in-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'=A+B 
B'=(A-B)Wk 

o 

2 

4 

5 

8 

7 

8 

9 

10 

11 

12 

13 

14 

15 

DIT/DIF 

L 

A'=A+B 
B' = (A - B)W-k 

PSD RADIX 4/2 

H L 

A 

B 

7-85 

TYPICAL BUTTERFLY 

A' 

B' 

DFROO640 

8 

7 

8 

9 

10 

11 

12 

13 

14 

15 

DFROO650 

Address of 

AS= 
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TRANSFORM CHARACTERISTICS 
• 16-foint (N = 16) 
• RADIX-2 
• DIT 
• Normally ordered input data 

(Bit-reversed output data order) 
• In-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFO~M 

A'=A+BWk 
B'=A-BWk 

DIT/im' 

H 

A' =A+ BW-k 
B'=A-BW-k 

I~I RADIX 4/2 

L 

(N,. 4) 

7-86 

TYPICAL BUTTERFLY 

A A' 

B B' 

DFROO590 

(N .. 2) 

o 

4 

12 

2 

10 

8 

14 

9 

5 

13 

11 

7 

15 

DFR00620 

Addre .. of 

AS= 

035670 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N = 16) 
.·AADIX-2 

• DIT 
• Normally ordered output data 

(Bit-reversed input data order) 
• In-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'=A+BWk 
B'=A-BWk 

o 

8 

4 

12 

10 o 

14 

o 

13 o 

11 o 

15 

DIT/W 

H 

A'=A+BW-k 
B' = A-BW-k 

IN = 2) 

I~I RADIX 4/2 

L 

IN = 4) 

7·87 

TYPICAL BUTTERFLY 

A A' 

8 8' 

DFROO590 

IN= 8) 

o 

6 

8 

9 

10 

11 

12 

13 

14 

15 

DFROO470 

Address of 

AS= 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N -16) 
• RADIX-2 
• DIT 
• Normally ordered input and output data 

(Non-bit-reversing) 
• Non-in-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'=A+BW< 
B'=A-BWk 

DIT/DiF 

H 

A'=A+BW-k 
B' .. A-BW-k 

I~I RADIX 4/2 

L 

7-88, 

TYPICAL BUTTERFLY 

A A' 

B B' 

DFROO590 

o 

4 

10 

11 

12 

13 

14 

15 

DFR00560 

Addre •• of 

AS= 

03567C 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N = 16) 
• RADIX-4 
• DIF 
• Normally ordered input data 

(Digit-reversed output data order) 
• In-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'=A+B+C+D 
B' = (A-jB-C + jD)Wk 
C' = (A-B + C_D)W2k 
D' = (A + jB-C_jD)W3k 

o 

2 

4 

6 

8 

A'=A+B+C+D 
B' = (A + jB -C- jD)W--k 
C' = (A- B + C- D)W-- 2k 
D' = (A - jB - C + jD)W--3k 

(N z 4) 

TYPICAL BUTTERFLY 

A A' 

8 8' 

C C' 

D D' 

DFR00510 

o 

12 

13 

10 
!.~~~€==~6 L 10 

11 

12 

13 

14 

15 

DIT/DIF 

L 

Address. of 

AS= 

H 

7-89 

14 

15 

DFR00570 

RADIX 4/2 

H 
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TRANSFORM CHARACTERISTICS 
• 16-Poini (N" 16) 
• RAOIX-4 
• OIF 
• Normally ordered output data 

(Oigit-reversed input data order) 
• In-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'-A+B+C+O 
B' = (A-jB-C + jO)Wk 
C' = (A-B + C_O)W2k 
0' .. (A+ jB_C_jO)W3k 

A'=A+B+C+O 
B' .. (A + jB-C-jO)W-k 
C' - (A-B + C_O)W-2k 
0' = (A-jB-C+ jO)W-3k 

eN = 4) 

o 

12 

13 

6 ====~~===L 10 

14 

15 

Addre88 Of 

AS= 

7-90 

A 

B 

c 

D 

TYPICAL, BUTTERFLY 

DFROO51 0 

o 

2 

,3 

4 

8 

9 

10 

11 

12 , 

13 

14 

15 

DFR00500 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N = 16) 
• RADIX-4 

• DIF 
• Normally ordered input and output data 

(Non-digit reversing) 
• Non-in-place 
• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'=A+B+C+D 

o 

2 

3 

4 

5 

8 

7 

8 

9 

10 

11 

12 

13 

14 

15 

B' = (A-jB-C + jD)Wk 
C' = (A - B + C - D)W2k 

D' = (A + jB - C - jD)W3k 

A'=A+B+C+D 
B' = (A + jB-C-jD)W-k 

C' = (A- B + C- D)W-2k 

D' = (A-jB-C + jD)W- 3k 

DIT/DIF 

L 

Address of 

AS= 

PSD 

H 

7-91 

TYPICAL BUTTERFLY 

A A' 

B B' 

C C' 

o 0' 

DFROO510 

o 

2 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

DFROO580 

RADIX 4/2 

H 
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Refer to Page 13-1 for Essential Information on Military DevIces 

II 



TRANSFORM CHARACTERISTICS 
• 16-Point (N - 16) 
• RADIX-4 
• DIT 
• Normally ordered input data 

(Digit-reversed oulput data order) 
• In-place 
• Complex valued input data 

o 

• 
10 

11 

12 

13 

14 

15 

FORWARD TRANSFORM 

A' ~ A + BwI< + CW2k + DW3k 
B' = A - jBWk _ CW2k + jDW3k 
C' = A-BWk + CW2k _DW3k 
0' = A + jBWk'_ CW2k - jDw3k 

DIT/DIF 

H 

Address of 

AS= 

H 

7-92 

TYPICAL BUTTERFLY 

A ~ 

c ~ 

D 

DFROO530 

INVERSE TRANSFORM 

A' = A + BW-k + cw-2k + DW-3k 
B' = A + jBW-k- CW-2k _ jDW-3k 
C' = A - BW-k + CW-2k ;.. DW-3k 

0' = A - jSW-k - CW-2k + jDW-3k 

DFROO540 

RADIX 4/2 

H 

03567C 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N = 16) 
• RAOIX-4 

• OIT 
• Normally ordered output data 

(Digit-reversed input data order) 
• In-place 
• Complex valued input data 

FORWARD TRANSFORM 

A' = A + BWk + CW2k + OW3k 
B' = A - jBWk _ CW2k + jDW3k 
C' = A - BWk + CW2k _ DW3k 

0' = A + jBWk - CW2k _ jOW3k 

12 

8~ 
13 

14 

OIT/OIF 

H 

Address of 

AS= 

IN =4) 

PSO 

L 

7-93 

TYPICAL BUTTERFLY 

A W 

B r 

c c' 

o 

DFR00530 

INVERSE TRANSFORM 

A' = A + BW-k + cw- 2k + OW-3k 
B' = A + jBW-k_CW-2k_jOW-3k 
C' = A- BW-k + CW-2k _OW-3k 
0' = A_jBW-k_cw-2k + jOW-3k 

10 

11 

12 

DFROO550 

RADIX 4/2 

H 

03567C 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N = 16) . 
• RADIX-4 

• DIT 
• Normally ordered input and output data 

(Non-digit reversing) 
• Non-in-place 
• Complex valued input data 

FORWARD TRANSFORM 

A' - A + swk + CW2k + DW3k 
B' = A - jBWk - CW2k + jDWSk 
C' = A-BWk + CW2k _DW3k 
0' = A + jBWk _ CW2k _ jOW3k 

DIT/DIF 

H 

.;Address of. 

AS= 

L 

7-94 

A 

B 

C 

o 

TYPICAL BUTTERFLY 

A' 

B' 

C' 

0' 

DFR00530 

INVERSE TRANSFORM 

A' = A + sw-k + CW-2k + OW-3k 
B' = A + jSW-k - CW-2k _ jOW-3k 
C' = A-BW-k + CW-2k _OW-3k 
0' = A_jBW-k _CW-2k + jOW-3k 

DFR00520 

RADIX 4/2 

H 

03567C 
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TRANSFORM CHARACTERISTICS 
• 16-Point (N = 16) 
• RAOIX-2 
• Normally ordered output data 

(Unique input data order) 

• OIF 
• In-place 
• Real valued output data 
• Inverse Transform 

TYPICAL BUTTERFLIES 

A 

B 

C 

D 

KNZ/KZ= LOW 
(k=O) 

A' 

B' 

C' 

D' 

DFROO600 
A' = Re [A + ;B + C - jO) 
B' = 1m [A + ;B + C - ;0) 
C' = Re [(A + ;B - C + ;O)~) 
0' = 1m [(A + jB - C + ;O)~) 

WN =e;2'9N 

.0 

(lie) 4 

(1m)' 

(Re)2 

~m)2 

(Re)& 

(1m) & 

(Re) 1 

(1m) 1 

(Re)7 

(Im)7 

(Re)3 

(1m) 3 

(Re) 5 

(1m) 5 

eN = 41 

DIT/DIF PSD RADIX 4/2 

L L L 

7-95 

A 

B 

C 

D 

KNZ/KZ = HIGH 
(k=O) 

A' 

B' 

C' 

D' 

DFROO610 
A' = Re [A + ;B + C - ;0) 
B' = Re [(A + ;B - C + ;O)W~) 
C' = 1m [A + ;B + C - ;0) 
0' = 1m [(A + ;B - C + ;O)W~) 

WN = e;2'9N 

IN= 81 

o 

,. 
11 

12 

13 

,. 
15 

DFR00480 

03567C 
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TRANSFORM! CHARACTERISTICS • Normally ordered input .data 
• 16-Point (N = 16) (Unique output data order) 

• RADIX-2 • In-place 

• DIT • Real Valued Input (RVI) data 
• Forward Transform 

TYPICAL BUTTERFLIES 

A 

8 

C 

o 

KNZ/KZ=LOW 
(k=O) 

DFR00600 

A' = Re [A + jB + (C + jD)~1 
B' = 1m [A + jB + (C + jD) I 
C'=Re[A + jB - (C +jD) I 
D' - 1m [-A - jB + (C - jD)wR!1 

-j21T 
WN=e N 

IN= 8) 

o 

6 

10 

11 

12 

13 

15 

DIT/DiF ' RADIX 4/2 

H H L 

7-96 

A 

8 

C 

o 

KNZ/KZ = HIGH 
(k*O)· . 

A' 

8' 

C' 

0' 

DFR00610 

A' = Re [A + jC + (B + jD)W~1 
B' = 1m [A + jC + (B + jD)W~1 
C' = Re [A + jC - (B - jD)W~1 
D' = 1m [- A - jC + (B + jD)W~1 

-j21T 
WN=e N 

IN =4) 

4 (ReI 

2 (ReI 

2 (Iml 

I (ReI 

I(lml 

1 (ReI 

1 (1m) 

7 (ReI 

7 (Iml 

3 (ReI 

3 (1m) 

SIRe) 

S(lml 

DFR00490 
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High Performance Bus Interface Family 
David A. Laws and Peter Alfke 

Advanced Micro Devices, Inc., Sunnyvale, CA 

Standardizes Around Slim 24-Pin 
Package 
Most IC designers tend to focus their attention on ever 
more complex VlSI solutions to improve the package 
count, cost, and reliability of microprocessor based sys
tems. In many cases, however, greater impact could be 
achieved with much less effort by designing a more efficient 
bus interface. The last major innovation in this area was the 
advent of the popular 20-pin octal interface, which occurred 
not so coincidentally with the boom in 8-bit microprocessor 
sales. 

The Octal Explosion 
The 20-pin package was ideal for 8-bit interface elements 
as it allowed for eight input lines, eight output lines, two 
control inputs, power supply, and ground. Octal configura
tions of registers, latches and transceivers appeared in 
Schottky, low-power Schottky, and CMOS technologies 
from every major integrated circuit supplier, and as technol
ogy improved, a proliferation of polarity, pin rotation, high 
current drive; and low power options became available to 
meet every conceivable 8-bit need. 

However, as the designers' world became more complex, it 
became apparent that modular sizes larger than 8 bits were 
needed. For. example, systems that use a parity check 
scheme need 9 bits for each byte, and if a clock line is 
added, a 10-bit part is needed. The 1 O-bit part also fits 
nicely with the 20-bit addressing schemes used with many 
16-bit microprocessors. 

A 9- or 10-bit function previously required the one octal and 
one 4-bit part, which left the designer with two packages 
and potential problems. Clearly, the answer was a new 
approach. 

The 24-Pln Solution 
Two factors contributed to the 24-pin solution. First was the 
development of a more compact 24-pin package. Until 
recently the only package available for this pin count was a 
600-mil wide DIP. Now a slimline, 24-pin 300-mil wide 
package, called Thin-DIP by AMD, is entering production at 
a number of package manufacturers. Second, advanced 
Schottky technologies made it possible to pack increased 
functional complexity onto chips small enough to fit into the 
narrow cavities of these new packages. AMD calls itS 
version of this process IMOX™,Ilrl acronym which means 
ion,implanted and oxide-isolated. 

The fabrication and packaging problems overcome, AMD 
proceeded to define a complete family of functions from the 
ground up. While the previous 20-pin octal interface de
vices had been a great improvement over their predeces
sors, the piecemeal approach to their conception had led to 
a bewildering array of inconsistent configurations. So be
fore starting design on anyone device, AMD applications 
engineers looked at all the ,essential interface functions 
required by a system. The result is the new Am29800 
series. 

The Am29800 Family includes registers, latches, buffers, 
and transceivers; most functions are supplied in 8- or 9-

IMOX is a trademark of Advanced Micro Devices. Inc. 
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and 10-bit wide configurations. De facto standards have 
determined that most systems are noninverting internally, 
while most bus configurations are inverting. To meet all 
these needs, both inverting and noninverting versions of 
the Am29800 devices are available to the designer. 

Now that two-layer metal interconnect is an established 
manufacturing process, it is possible to give careful consid
eration to the physical location of input and output pins. All 
inputs on the new Am29800 Family have been placed on 
one side of the package with corresponding outputs on the 
other. so data can flow in a direct physical path from the 
microprocessor CPU through thll interface unit and onto 
the bus. This permits a much cleaner board layout. In 
addition, power supply, ground, and control function pins 
are always in the same position. 

AMD also decided to standardize pinouts between logiC 
functions. For example, all 10-bit elements, i.e., latches, 
registers, or transceivers, have the same input and output 
pin assignment, as do all 9- and 8-bit devices. 

Electrical Performance 

For many years, TIL devices, such as the 'S240 series, 
employed PNP inputs to achieve very low input current 
characteristics. Unfortunately, while the DC input current is 
indeed low, the dynamiC performance of the device is 
severely downgraded because of the large capaCitance 
asSOCiated with the PNPs. The Am29800 devices were 
designed with low capacitance loading at the inputs and 
outputs. 

Most IC data sheets specify AC performance at 15pF test 
conditions only. While this is adequate for general purpose 
logic applications, a realistiC bus structure will typically see 
much higher loa~ing, and all Am29800 series devices are 
designed to provide optimum performance under more 
realistic system conditions. Specified sink currents of 48mA 
over the commercial temperature operating range (0 to 
70°C) and 32mA over the military temperature range ( - 55 
to + 125°C) ensure adequate capacitance drive .and fan
out for bus systems. And since drivers must charge load 
capacitance in both falling and rising directions, source 
current is also fully characterized at both 2.0 and 2.4V. 

Critical AC specifications such as propagation delays and 
disable times for the three-state outputs are specified for 
300pF load conditions both at 25°C and over the full 
operating temperature range and power supply tolerance; 
specific delays depend on the function being considered. 
Typical values for a D-type register at 50pF are 6 to 7ns, 
comparable to those achieved with AS or FAST devices 
under the same conditions and an improvement over higher 
power Schottky products. At 350pF, loading delays in
crease to the 12 to 14ns range. Simple buffers and 
inverters exhibit typical values of 4ns. 

Registers 

The Am29821-26 Bus Interface Registers are specifically 
designed to provide extra width for wide address or data 
paths and buses carrying parity. 

05405A 
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The Am29821 is a 10-bit wide version of the popular '374 8-bit 
register. It has ten inputs, ten outputs, common buffered clock 
enable and three status Output Enable lines. The inverting 
version, Am29822, is comparable with the '534 8-bit device. 

The 9-bit registers, Am29823 and Am 29824, give up one bit to 
gain two additional control Jines which are used for Clock 
Eii8lire iEN), and Clear (C[Fij. This combines '273, '374 and 
'377 functions in one single package. The extra pins available 
on the 8-bit parts, Am29825 and Am29826, provide gate 
output enable capability, which eliminates the need for exter
nal gate packages when used in DMA or Multibus· control 
applications. The Am298?5 can also be used to implement 
high source/sink drive on the data port for the AmZ8000·· or 
8088 16-bit CPUs. The registers can be controlled from WR 
and CS, can be cleared and can be disabled for DMA 
operations. The two 24-pin parts replace four of the earlier 
octal devices plus one gate package, and system perfor
mance is improved up to three or four times because of the 
reduced number of gate delays and shorter wiring traces. 

Other Functions 

Other functions in the Am29800 Family include latches, 
buffers and transceivers, compar"tors, and special parity 
transceivers. 

The Am29841 through Am29846 latches follow the pattern as 
the registers. The 10.bit device is similar in function to the 
popular 'S373 octal latch; control lines available are latch 
enable (LE) and three-state output enable (OE). The nonin
verting device is analogous to the '533 element. The 9-bit 
latches add preset (PRE) and clear (CLR) and the 8-bit options 
have added gated output enable controls. 

Buffers and inverters, Am29827 and Am29828, are 1 O-bit wide 
high performance versiC:lns of the '240 and '244 devices, while 
the transceivers emulate the '245 and 8304B octal elements. 
For improved Qperation in a noisy bus environment, all data 
inputs have 200mV minimum input hysteresis. 

The Metastable Problem 

One problem faced by designers is the interfacing of asyn
chronous digital signals. Although most difficulties can be 
overcome somewhat easily, there is also a more fundamental 
problem that defies a perfect solution. The following is a 
general overview of the metastable problem. 

Latches and flip-flops are normally considered bistable de
vices, since they have two unconditionally stable operating 
points, either HIGH or LOW. There is, however, a third 
operating point when the cross-coupled arrangement is exact
ly balanced. This operating point is stable only if there is no 
nOise in the system and the system is perfectiy balanced. The 
condition is called ml!ltastable (meta - Greek for "between"). 
A metastable condition will last only long enough for the circuit 
to fall into one of the two stable operating points. This time can 
be many microseconds, even milliseconds, for devices as fast 
as a 74874 flip-flop. In other words, if a flip-flop has reached 
the balanced, metastable condition, it may remain in this state 
for an undetermined time, parhaps 1000 times longer than its 
normal response speed. 

When Does This Cause A Problem? 

In almost everY digital system certain asynchronous events 
(key-strokes, incoming data, interrupts), must be synchronized 
to the computer clock. The textbook solution is a fast, clocked 
flip-flop, like the 74S7 4, in which the asynchronous signal is 
applied to the 0 input and clocked with the system clock. This 
results in a perfectly synchronized output (usually). 

"Mullibus iB • regiBtered _mark of Intel CorporaIlQn. 
"zeooo is a trademark of Zitog~ Inc. , 

Let's analyze the timing more carefully: the data sheet 
specified a setup time requirement (for this device, is = 3ns). 
This means that any Signal that arrives at least 3ns before the 
clock edge will 'achieve the intended result, i.e., an H will set, 
an L will reset the flip-flop. Great for synchronous systems. But 
what happens when the asynchronous input violates, this 
setup time requirement and changes iess than 3ns before the 
clock edge? Well, most of the time, nothing. The actual 
moment where the flip-flop samples the 0 input is somewhere 
in the guaranteed range, i.e., somewhere less than 3ns before 
the clock. So the flip-flop makes the decision. It either senses 
the change on the asynchronous input and therefore changes 
its a output, or it ignores the change and doesn't change the 
a output. So the only thing lost is one clock cycle. Unfortu
nately, that's not always true. 

"Going metastable" here means that the synchronizer output 
is within a mid-level or oscillation range for an unpredictable 
time. Most occurrences will last less than 50ns, but may, 
occasionally last much longer - perhaps many microseconds. 
This certainly can upset the timing chain. 

A metastable latch or flip-flop /las an unpredictable delay and 
will therefore change its output at a time that differs from the 
value obtained from the worst case timing analysis. In a slow 
system this usually doesn't matter, but in a fast system it can 
lead to a "crash." 

In Conclusion: 
The Am29800 Family registers provide an additional bonus; 
they recover extremely fast from a metastable condition. 

The metastable condition occurs in all flip-flops any time the 
active clock' edge interrogates the input at exactly the same 
time the input changes state. When this happens, the cross 
coupled latch at the output can reach a balanced, symmetrical 
condition which it will hold for some microseconds or even 
milliseconds before retuming to its proper state. Previously, 
the deSigner of an asynchronous system had only one remedy 
for the metastable problem. Two or even three synchronizer 
flip-flops could be cascaded. This reduced probability of a 
metastable output but increased throughput delay. 

The Am29800 registers, while not totally immune to this 
problem, are "metastable hardened'! by means of a unique 
circuit design that reduces both the probability and the delay 
of any metastable condition under test. Artificially induced, a 
metastable condition failed to produce any output oscillations 
and increased the clock-to-input delay by a: mere 6ns. This is 
an improvement of many orders of magnitude over previously 
available designs. 

It is Now Necessary to Look Beyond the 
Data Sheet 
If the 0 input changes exactly at the same moment that the 
flip-flop makes its decision, it might transfer exactly the 
amount of energy to kick the output latch into the metastable 
balanced condition, from which it will recover after an unpre
dictable delay (measured in nanoseconds, microseconds or 
even milliseconds). 

In other words: any latch, flip;flop, or register has a "moment 
of truth" somewhere inside the guaranteed range of setup 
time where it actually makes up its mind, and if the input 
changes at that verY moment, the output is no longer 
-synchronous. This "moment of truth" is a verY short window. 
For TTL flip-flops it is of the order of 10ps; for MOS devices it 
is more like 50ps to 100ps. For purposes of this diSCUSSion this 
timing window will be called "t." 

How often does this happen?, 

05405A 
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Here are two extreme examples. In each case there is a need 
to synchronize asynchronous inputs that have no phase or 
frequency relationship with the computer clock. 

• Date signal derived from a disk, roughly 6MHz with enough 
frequency modulation and jitter to make it totally asynchro
nous to the 10MHz computer clock. How often will the TTL 
synchronizer go m~tastable? 

The answer is: every time the Data Signal falls into the 
"window." The probability of hitting the window is t divided 
by, the clock period, or even simpler: clock frequency times t. 

M = Metastable Rate = fo ' tc ' t 

fo = Device Frequency = 6MHz '1 OMHz ' 10ps = 600Hz 

tc = Clock Frequency 

The synchronizer goes metastable 600 times per 
second. . 

• Keyboard entry: one keystroke per second synchronized 
with a 100KHz clock. 

M = Metastable Rate = 1 Hz ' 10"Hz • 1 Ops = 1 0-6Hz 

The synchronizer goes metastable with a statistical probability 
of once per 10· sec, i.e., once every six weeks (assuming 5 
eight-hour days/week). 

29800 Design Guidelines 

The 29800 Family offers short delay and setup times, high 
drive capability (fan-out), and low input capacitance-attrac
tive features for modern high performance TTL systems. 

As in any high speed bus interface (,S240 series, FAST or 
Advanced Schottky), high edge rates and high drive capability 
mean that a certain amount of care must be exercised in the 
design of both signal paths and the grounding system. Since 
every data path is really a transmission line, the relationships 
between loading, termination, noise margins and ringing must 
be given more than cursory consideration. 

8-3 

Similarly, the grounding network may require either heavier 
busing or a grid approach depending on the number of drivers 
in a given area. 48mA per bit, plus the AC impact of charging 
bus lines can cause large ground currents. Distributed supply 
decoupling is required to provide local charging current for bus 
drive. 

Here are some general suggestions to minimize the potential 
for system induced grounding and noise problems. These 
suggestions, in conjunction with the deSigner's own practical 
experience handling similar problems with high performance 
S, AS or FAST logiC families, will result in an optimum 
Am29800 design. 

• Minimize Crosstalk 

Provide Tight Ground 
- Use topside links to create a ground "grid" 
- In multi-layer boards, use a' ground plane 
- In flat cables, make every other wire a ground 
- Minimize spacing between signal lines and ground 
- Maximize spaCing between signal lines 

For backplane or wire-wrap systems, use a twisted pair for 
sensitive functions - clock, asynchronous set! clear lines. 

Use of 4 layer boards is recommended. 

• Increase Decoupling 

Distribute System Capacitance 
- Provide one bypass cap close to each buffer package 
- Provide one bypass cap for every two logic pack-
, ages 

Use High Frequency Capacitors 
- Take care in the selection of decoupling capacitor 

materials. Good choices include high frequency tanta
lum and ceramic types. 

- Do not use low frequency capacitors or aluminum 
electrolytics 

• Be Sure All Unes Are Terminated 

05405A 
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Am29806/ Am29809 
6-Bit Chip Select Decoder 
9-Bit Equal-to-Comparator 

DISTINCTIVE CHARACTERISTICS 

• High-speed. expandable. 9-bit "equal-to" comparator 
(Am29809) 

• High-speed comparator with chip select decoder 
(Am29806) 

• Multibus TMcompatible. operi-collector acknowledge 
output. 

• Internal pull-up resistors on all B inputs 
• Acknowledge timing control input 

, • Fully TTL:compatible inputs arid outputs 

GENERAL DESCRIPTION 

Am29809 9-81t Comparator 

The Am29809 is a 9-bit "equal-to" comparator, Its combi
natorial. active LOW output. EOUT. responds to the combi
nation of a LOW input on the enable input G and a match 
between input words A and B. 

Am29806 Chip select Decoder 

The Amli!9806 combines a 6-bit "equal-to" comparator with 
a 2- to 4-line decoder to select one-of-four active LOW chip 
select outputs. The selected output becomes active in 
response to the select inputs So. 51 and is enabled by an 
active LOW input on the enable input G and a match 
between comparator inputs A and B. The active LOW 
output. Any Enable (AN'i'E). responds to a valid comparison 

of A and B and is intended for use as an output enable 
control for data path buffers associated with the selected 
peripheral or board. 

Both devices have open collector. active LOWacknowl
edge outputs with a conditional timing input ~ that may be 
driven by a timing circuit or wait state generator: The 
acknowledge output responds to a valid comparison. 
G=LOW and ~=LOW. 

Both devices have internal pull-up resistors on the compar
ator B-inputs for easy connection to 5P5T switches to 

. ground selected input lines. The comparator function is 
described by: 

EOUT-(~Ao-0~.nBO~)7~rl-·~B~1T)~~~2~··B~2~)-.. -.7~ri~0~BrrJ~G 

BLOCK DIAGRAM 

Am29806 (6-Blt) Am29806 (9-Blt) 

Iii 
vcc 

A-----'----'- COMPAR-j-+';-____ B 
• ----g- . ATOR 9 

A~~ I ~ ANiE 

, ; ~=1"""'11----~ 
90001010 

90001000 

Multibus IS a trademark of Intel CorporatiOn. 
IMOX I •• _ of Advanced MIcro DevIces. Inc, 034248 
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8, 

D-24-SLIM 

Ii 
"0 

'" A, 

.... 

.... B. 
As Bs 
So EO 

loCK .. E3 
GND " ANYE 

CDOO1460 

LOGIC SYMBOL 
Am29806 

CONNECTION DIAGRAM 
Top View 

L-28-1 

C .f "" 
u z " ij rC m 

A, B, 

103 B3 

A. B • 

NC NC 

A. B. 

So EQ 
5, E, 

lu 
!~ 

0 u r '~IN Z Z > .... w 

" Z 

'" CDOO1480 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 
Am29806 

G 1- 24 Vee 

'0 2 23 BO 

" 3 

" . 
'3 5 

" 6 

" 7 

16 E, 

15 E2 
LSOO0490 

GNO 12 -----.. --~------ 13 ANYE 

DIE SIZE:.066" x .098' 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29806 

Device type 

D C B l L L S~r:~~i~9 S?:~~:rd processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 24-pin ceramic SLlMDIP (D-24-SLlM) 
L - 28-pin Leadless Chip Carrier (L-28-1) 
X-Dice 

Am29806 - 6-Bit Chip Select Decoder 
Am29809 - 9-Bit Equal-to-Comparator 

8-5 

Valid Combinations 

DC, DCB, OM, 
Am29806 DMB 
Am29809 LC, LM, LMB 

XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

034248 
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C 

CONNECTION DIAGRAM 

D-24-SLIM 

Vee 
Bo 

A, B, 

Ao So 
A, a, 
Ao B. 

As Bs 

As Bs 
A7 Br 
As B8 

ACK C 
GND EOUl 

Note: Pin 1 

LOGIC SYMBOL 
Am29809 

EouT ACK 

LSO00500 

Top View 

L-28-1 

~ (,) " c ," z §I If rli 

A2 B. 

A3 B3 

"- B. 

HC HC 

As Bs 

As Bs 
A7 B7 

.l ~ 
c (,) 

/j 
,(,) ,: Z Z 

" CDOO1490 

is marked for orientation 
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METALLIZATION AND PAD LAYOUT 

Vee 

"0 

A, 

A, • 

A3 5 

.A, 

" 8 
,. ., 

" 9 ", 
AS 10··---!!II.· 

14 C 

GND 12 ~.-~ •. -----~-.---' L-____ 13 EOUT 

DIE SIZE:.066" x .98" 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

A;. Bj I Comparator data inputs. Each Aj is compared with each Bj on a bit basis. The comparator output is 
valid when all Aj bits match all Bj bits. 

11 ACK a Active LOW open collector acknowledge output. This output acknowledges memory of 1/0 transfers 
when A and B match and C and G are LOW. 

13 ANYE a Active LOW output. Any Enable (ANYE) is LOW when G = LOW and there is a match between A and 
(Am29806) B. 

10 C I Active LOW input. This input is used to control when ACK is active. It will normally be connected to 
GND when no wait states or timing delays need to be inserted. It may be connected to a wait state 
generator or timer. 

13 EOUT a Active LOW output. The comparator output is active for G = LOW and a match between A and B. 
(Am29809) 

1 G I Active LOW input. The comparator's input enable determines if the comparator's output is valid. G is 
normally used as an expansion input (connected to Am29809 EOUT). 

Am29806 Only 

9,8 51, So I Decoder select inputs. These inputs are decoded to produce a 1-of-4 selection of the Ej outputs. 

17-14 Eo, El, a Active LOW outputs. 1-of-4 outputs is active as selected by 51 and So. 
i:2, i:3 

FUNCTION TABLES 

COMPARATOR FUNCTION TABLE ACKNOWLEDGE FUNCTION TABLE 

G A B 

H X X 

A=B 
L 

A*B 

EOUT or ANYE ANYE or EOUT C ACK 

H H X H* 

L X H H* 

H L L L 

* Assumes pull-up resistor. 

DECODER FUNCTION TABLE (Am29806) 

ANYE SI So 
H X X 

L L 

L 
L H 
H L 
H H 

8-7 

Eo El 

H H 

L H 
H L 
H H 
H H 

E2 

H 

H 
H 
L 
H 

E3 

H 

H 
H 
H 
L 

034246 
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TYPICAL APPLICATION 
MICROPROCESSOR ENABLE CONTROLLED, SELECTABLE, ADDRESS DECODER 

r--

! .. 
I 
a: 

I 
u 
i 

~ 

A .. 
G~ .... As Be 

"'7 
AJ .. 

A,. 
As Be ... 

"'" As 8. "'. -Ac 8. 
Au 

As .. 
A12 

As .. 
A" 

'" a, 
410 

Ao 
\ , 

110 
Eotrr .... 

G ... ="S::~-<I c .. 
As 

As 8. 

As 
Ac .. 

A7 
110 .. 

As 
As 

As B, Am2II808 
As 

A, 110 
Ac 

Ao Eo .... 
As 

5, Eo VO CHIP SELEC7 
As OUTI'UTS 

So E, 

ACK~-----C ACK Eo 
ANYE 

DATAIUFFER 

, AFOO0330 

MAX ENABLE (HIGH - to - LOW) DELAY OVER 15 BITS 
(Commercial Range) 

tpHL I Aj or 6j to EOUT 

tpHl 1 G to ANYE 

Total 

8·8 

13 

11 

24 
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TYPICAL APPLICATION 
ADDRESS DECODING 

Am29806 Decodes and Enables 1 of 4 Banks of Memory 

A 
IIICIIOPAOCESSOR ADDRESS BUS 

'I 

A,. A'5 A,. A17 A,. A,. 

~ AIn27IM 
(11(.1lI0II) 

r-- f--<l CE 

1 

i~ AIn27IM 
'- A3 B3 . (IK. 8 lIOII) 

'---- A2 ~ ~ ... 
A, B, r- I---<JCE 

-o~ Ao Bo 0 c 
Am29806 -::-

E. 

E. 

~ 
5, E, Am2714 

So Eo L 
(8K.8ROII) 

---<J CE 

FUNCTIONAL DESCRIPTION 

- A3 - Ao address inputs to Am29806 are 
compared to B:3 - So inputs 

- A match between A3 - Ao and B:3 - So enable -A. Am2714 

the 2-t0-4line decoder ----v (IK.811011) 

- Address inputs 51 50 are decoded to provide 
CE 

the one appropriate output of E3 - Eo active 

~ DATA BUS 

" ) .. 

f--J\r-
~ 

F) 
t!; 
I 

of .. .. 
~ 
~ 

--,\a 
-.I 

~ 

"-7 "-
.... 

AF000320 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature with Temperature ..................................... O·C to + 70·C 

Power Applied ..................•............ -55·C to + 125·C Supply Voltage ............................... + 4.5V to + 5.5V 
Supply Voltage to Ground ., ................... -O.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs Temperature ................................. -55·C to +125·C, 

for High Output State ..................... -O.5V to Vccmax Supply Voltage ............................... + 4.5V to + 5.5V 
DC Input Voltage ................................. -O.5V to +7.0V Operating ranges define those limits over which the function-
DC Output Current, into Outputs .......................... 30mA ality or the device is guaranteed. 
DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device ·failure. Functionality 
at or above these limits is not implied. EJcposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

II 

ISC 

ICC 

Notes: I. 
2. 
3. 
4. 

Typ 
Description Test Conditions Min (Note I) Max Units 

Output HIGH Voltage Vee-MIN, 
IOH~-3.0mA 2.4 Volts (Note 2) VIN - VIH or VIL 

Vee-MIN, ~ IOL-32mA 
Output LOW Voltage 

VIN = VIH or VIL All Others IOL - .24mA 0.5 Volts 

Input HIGH Level Guaranteed Input Logical HIGH 2.0 Volts Voltage for All Inputs 

Input LOW Level Guaranteed Input Logical LOW 0.8 Volts Voltage for All Inputs 

Input Clamp Voltage VCC- MIN,IIN--18mA -1.2 Volts 

Ai -0.6 

Input LOW Current Vee - MA.X, VIN - 0.5V B; -1.0 mA 

All Others -0.6 

Ai 20 

Input HIGH Current Vee - MAX, VIN - 2.4V BI (Note 4) -250 IlA 
All Others 20 

Ai 0.1 

Input HIGH Current Vcc = MAX, VIN = 5.5V B; 0.1 rnA 

All Others 0.1 

Output Short CircuH Vcc=MAX -60 -150 rnA Current (Note 3) 

o to 70·C 35 50 

+70·C 45 
Power Supply Current VCC=MAX mA 

-55 to + I 25·C 35 50 

+ 125·C 40 

Typical limits an; TA - 25·C Vcc - 5.0V 
Except one-rolleclor acknowledge outpuL 
Not more than one output should be shorted at a time. Duration of the short circuH test should not exceed one second. 
Due to internal pull-up resistor: 27kSl ·nominal. 

8-10 
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SWITCHING TEST CIRCUIT 

Normal Output Open-Collector Output 
7.ov 

0 Ct I SOpF 

I~' 
o TEST 

AL POINT 3750 

lOUT L 7EST 

I I 

t~F 
POINT 

AL 3750 

TCOOO310 
.". 

TCOOO320 

Note: CL includes scope probe, wiring and stray capacitances without device in test fixture. 

Figure 2. 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions (See Figure 2) Min Typ Max Units 

tpLH 8 11 

tPHL 
Ai or Bi to ~i and ~ 8 11 ns 

CL - SOpF 
IpLH RL = lkf! 8 10 

tpHL ~to~iand~ 8 10 ns 

tpLH (Nole I) 9 12 

tPHL 
A; or Bi to AC:R 8 12 ns 

tpLH (Note 1) CL =50pF 9 12 

tpHL 
~ to AC:R RL = 375f!. 7 11 ns 

tpLH (Note 1) 9 12 

tpHL 
~ to AC:R 7 11 ns 

IpLH CL Q 50p! 7 11 

tpHL 5i to Ei RL=lkf! 7 11 ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Test Conditions COMMERCIAL MILITARY 

Parameters Description (See. Figure 2) Min Max Min Max Units 

tPLH 
A; or Bi to Ei and ANVE 

IpHL 
13 14 ns 

CL - 50pF 
tpLH 

ilto EI and ~ 
RL = lkf! 

tpHL 11 12 ns 

tpLH (Note 1) 
Ai or Bi to AC:R tpHL 

14 15 ns 

tpLH (Note 1) 
~ to AC:R CL - 50pF 

IpHL RL-375f! 13 14 ns 

IpLH (Note 1) 
~ to AC:R tpHL 

13 14 ns 

tpLH 
5i to Ei 

CL = 50pF 
tpHL RL = lkf! 13 14 ns 

Note: 1. This propagation time is dependent on the RC time constant of the external load applied. 

8-11 
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SWITCHING CHARACTERISTICS (T A = + 2SoC, Vee =S.OV) 

Parameters Description Test Conditions (See Figure 2) Min Typ Max Units 

tpLH 8 11 

tpHL Ai or B; to EooT 8 11 ns 
CL-SOpF 

tpLH RL-1kO 7 10 

tpHL G to EooT 7 10 ns 

tPLH (Note 1) 9 12 

tpHL A; or B; to Al::R 8 12 ns 

tpLH (Note 1) CL -5OpF 9 12 

tpHL C to Al::R RL-3750 7 11 ns 

tPLH (Note 1) 7 12 

tpHL G.to ACK 7 11 ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Test Conditions 
COMMERCIAL MILITARY 

Parameters Description (See Figure 2) Min Max Min Max Units 

tpLH 
A; or B; to EooT tpHL 13 14 ns 

CL = 50pF 
tPLH 

G to EooT 
RL= 1kO 

11 
tPHL 

12 ns 

tPLH (Note 1) 
Ai or BI to ACK 

tPHL 
14 15 ns 

tpLH (Note 1) c to Al::R CL - 50pF 
tpHL RL -3750 13 14 ns 

tPLH (Note 1) 
G to Al::R 

tPHL 
13 14 ns 

Note 1. This propagation time is dependent on the RC ti~e constant of the external load applied. 

INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 
OPEN COLLECTOR 

NORMAL OUTPUT 

SCHOTTKY !OIl NOM DRIVEN INPUT 

J Rl ~ -----~C ~ .' Ilot 10 

F r. ~ ~z .J F ~ ~Z L[Q 
~ <----; 

10000020 ~ 

~ 

10000010 

CI '" 5.0pF, all inputs 
R 1· - 27k nominal 
R2 - 10k nominal 

·Used only on Bi inputs. 

8-12 
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Am29818 
SSR™ Diagnostics/WCS Pipeline Register 

DISTINCTIVE CHARACTERISTICS 

• High-speed noninverting 8-bit parallel register for any 
data path or pipelining application 

• WCS (Writable Control Store) pipeline register 
- Load WCS from serial register 
- Read WCS via serial scan 

• Alternate sourced as SN54174S818 

• High-speed 8-bit "shadow register" with serial shift 
mode for Serial Shadow Register (SSR) Diagnostics 
- Controllability: serial scan in new machine state 
- Observability: serial scan out diagnostics routine re-

sults 

GENERAL DESCRIPTION 

The Am29818 is a high-speed, general-purpose pipeline 
register with an on-board shadow register for performing 
Serial Shadow Register (SSR) Diagnostics and/or Writable 
Control Store loading. 

The D-to-Y path provides an 8-bit parallel data path pipeline 
register for normal system operation. The shadow register 
can load parallel data to or from the pipeline register and 
can output data through the 0 input port (as in WCS 
loading). 

The 8-bit shadow register has multiplexer inputs that select 
parallel inputs from the Y -port or adjacent bits in the 

shadow register to operate as a right-shift-only shift regis
ter. This register can then participate in a serial loop 
throughout the system where normal data, address, status 
and control registers are replaced with Am29818 Diagnos
tic Pipeline Registers. The loop can be used to scan in a 
complete test routine starting point (data, address, etc.). 
Then after a specified number of clock cycles, the data 
clocked out can be compared to the expected results. WCS 
loading can be accomplished using the same technique. An 
instruction word can be serially shifted into the shadow 
register and written into the WCS RAM by enabling the 0 
output 

BLOCK DIAGRAM 

SD! 

DCLK 

MODE 

PCLK 

80001020 

IMOX and SSR are trademarks of Advanced Micro Devices, Inc. 03425C 
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CD ... 
CD 
G) 
N 
E 
CC 

CONNECTION DIAGRAM 
Top View 

D-24-SLIM CHIP PAK™ 
L-28-1 

OEY 'Icc a 15 !! ~ B 8 '" DCLK MODE 

Do Yo D, v,' 
0, Y, .. v, 
0, 'I. .. v, 
D. 'I. 

NC NC 
0, " 0, v, 
Os 'Is 

o. v. 
Ds v, 

0, v, Ds v, 

SOl SOO 

GND PClK .r Ii I !! !I § ., 
~ 

CDOO1100 CDOOll60 

METALLIZATION AND PAD LAYOUT 
Am29818 

OEV 'Icc 
DClK MODE 

00 Vo 

0 , V, 

0, V2 

0, 'I, 

0 4 V4 

Os Vs 

O. v. 

0, v, 

SOl _-,===j--II--'t=~_ SOO 

GND PCLK 

DIE SIZE: .105x.124 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29818 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M -Military (-55°C to +125°C) 

Package 
0- 24-pin SLIM DIP (D-24-SLlM) 
L-28-pin Leadless Chip Carrier (L-28-1) 
X-Dice 

SSR ™ Diagnostics/WCS Pipeline Register 

Chip Pak is a trademark of Advanced· Micto Devices~ loc. 

8-14 

Valid Combinations 

DC, DCB, OM, 
DMB 

Am29818 LC, LCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name I/O Description 

10-3 07- 00 I Paralle) data input to the pipeline register or parallel data output from the shadow register (see Function Table for 
control modes). 

2 OCLK I Oiagnostics/WCS clock for loading shadow register. (serial or parallel modes - see Function Table). 

23 MODE I Control input for pipeline register multiplexer and shadow register control (see Function Table). 

1 OEY I Active LOW output enable for Y - port. 

13 PCLK I Pipeline register clock input loads 0 - port or shadow register contents on LOW-to-HIGH transition. 

11 501 I Serial Data Input to shadow register. (See Function Table.) 

14 500 0 Serial Data Output from shadow register. 

15-22 Y7- YO 0 Data Outputs from the pipeline register and parallel inputs to the shadow register. 

Am29818 FUNCTION TABLE DESCRIPTION the data source is the data input or the shadow register output. 
Because of the independence of the clock inputs data can be 

Data transfers into the shadow register occur on the LOW-to- shifted in the shadow register via DCLK and loaded into the 
HIGH transition of DCLK. MODE and SDI determines what pipeline register from the data input via PCLK simultaneously. 
data source will be loaded. The pipeline register is loaded on As long as no set-up or hold times are violated. this simulta-
the LOW-to-HIGH tranSition of PCLK. MODE selects whether neous operation is legal. 

SOl 

DCU< 

MODE 

PCU< 

6iY 

Inputs Outputs 

Shadow Pipeline 
SOl MODE DCLK PCLK SDO Register Register Operation 

x L t X 57 5;-Si-1 NA Serial Shift; 07 - Do Disabled 50_501 

X L X t 57 NA Pi-D; Normal Load Pipeline Register 

L H t X L Si_Yj NA Load Shadow Register from Y; 07 - DO Disabled 

X H X t 501 NA PI-Si Load Pipeline Register from Shadow Register 

H H t X H Hold' NA Hold Shadow Register; 57 - DO Enabled' 

• Although not shown. Hold is implemented by gating DCLK internally. 

FUNCTION TABLE DEFINITIONS 

INPUTS 

H ~ HIGH 
L-LOW· 
X = Don't Care 
t = LOW-to-HIGH transition 

BLOCK DIAGRAM 

Dr-Do 
I 

B-BIT 

I 'iOO ......,., ........ 

llJ6 • .,-.. 

i$ 
1 8-BIT I PlPEUNE 

IIEGI8mI 

• "-Po 

• 
l~ .,-., 
80001020 

OUTPUTS 

57- SO - Shadow Register outputs 
P7- PO = Pipeline Register outputs 
07- 00 = Data 1/0 port 
Y7- YO = Y 1/0 port 
NA = Not applicable oUtput is not a function of the 

specified input combinations. 

SHADOW REGISTER 

" " " " 
SOl 

~~ 
~ 

-b~~~ 4" " 
~ 

8-15 

~, J 1/ 
5, ~ 

OFOOO061 
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I REGISTER (SSR) DIAGNOSTICS 

:e .... DIAGNOSTICS 

A diagnostics capability provides the necessary functionality 
as well as a systematic method for detecting and pin-pointing 
hardware-related failures in a system. This capability must be 
able to both ob~e intermediate test points and control 
intermediate signals - address, data, control and status - to 
exercise all portions of the system under test. These two 
capabilities - observability and controllability - provide the 
ability to establish a desired set of input conditions and state 
register values, sample the necessary outputs; lind determine 
whether the system is functioning correctly. 

TESTING COMBINATIONAL 
AND SEQUENTIAL NETWORKS 

The problem of testing a combinational logic network is well 
understood (Figure 1). Sets of input signals (test vectors) are 
applied to the network and the network outputs are compared 
to the set of computed outputs (result vectors). In some cases 
sets of test vectors and result vectors can be generated in a 
computer-aided environment, minimizing engineering effort. 
Additionally, fault coverage analysis can be automated to 
provide a measure of how efficient a set of test vectors is at 
pin-pointing hardware fail~res. For example, a popular mea
sure of fault coverage computes the percentage of stUCk-at
ones (nodes with outputs always HIGH) and stuck-at-zeros 
(nodes with outputs always LOW) a given set at test vectors 
will discover. 

Figure 1. 

INPUTS---~ COUIIIATOIIIAL 
LOGIC t---- OUTP\II'S 

DFOOOO70 

A sequential network (Figure 2) is much more difficult to test 
systematically. The outputs. of a sequential. network depend 
not only on the P!esent inputs but also on the internal state of 
the network. Initializing the internal state register to the value 
necessary to test a given set of inputs is difficult at best, and 
not easily automated. Additionally, observing the internal state 
of a sequential network can be very difficult and time 
consuming if the state information Is not directly available .. For 
example, consider the problem of determining the vaiue of an 
internal IS-bit counter if only a carry-out signal is available. 
The counter must be clocked. until it reaches the carry-out 
state and the starting value computed. Up to 65,535 clock 
cycles may be necessary! An easier method must exist. Serial 
Shadow Register diagnostics provides this method. 

...... 
Figure 2. 
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Serial Shadow Register diagnostics provides sufficient observ
ability and controllability to turn any sequential network into a 
combinational network. This is accomplished by providing the' 
means to both initialize (control) and sample (observe) ,the 
state elements of II sequential network. Figure 3 shows the 
method by which serial shadow register diagnostics accom
plishesthese two functions. 

Figure 3. 

r---~~--------~--~ -.... 
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..... ........ 
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Serial Shadow Register diagnostics utilizes an extra multiplex
er on the Input of each state register and a duplicate or 
shadow of each state flip/flop in an additional register. The 
Shadow register can be loaded serially via the serial data input 
(thus the name Serial Shadow· Register diagnostics) for 
controllability. Once the desired state information is loaded 
into the serial register it can be transferred into the internal 
state register by selecting the multiplexer and clocking the 
state register with PLCK. This allows any internal state to be 
set to a desired state in a simple, quick, and systematic 
manner. 

Internal state information can be sampled by loading the serial 
register from the state register outputs. This state information 
can then be shifted out via the serial data output to provide 
observability. Notica that the serial data inputs and outputs 
can be cascaded to make long chains of state information 
available on a minimum number of connections. 

In effect, Serial Shadow Register diagnostiCS breaks the 
normal feedback path of the sequential network and estab
lishes a logical path with which inputs can be defined and 
outputs sampled (Figure 4). This means that those techniques 
which have been developed to test combinational networks 
can be applied to any sequential network in which Serial 
Shadow Register diagnostics is utilized. 

1NPUTS---001 

Figure 4. 
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A TYPICAL COMPUTER ARCHITECTURE WITH 
SSR DIAGNOSTICS 

When normal pipeline registers are replaced by SSR diagnos
tics pipeline registers system debug and diagnostics are easily 
implemented. State information which was inaccessible is now 
both observable and controllable. Figure 5 shows a typical 
computer system using the Am29818. 

Serial paths have been added to all the Important state 
registers (macro instruction, data, status, address, and micro 
instruction registers). This extra path will make it easier -to 
diagnose system failures by breaking the feed-back paths and 
turning sequential state machines into combinatorial logic 

blocks. For example, the status outputs of the ALU may be 
checked by loading the micro instruction register with the 
necessary micro instruction. The desired ALU function is then 
executed and the status outputs captured in the status 
register. The status bits can then be serially shifted out and 
checked for validity. 

A Single diagnostic loop was shown in Figure 5 for simplicity, 
but several loops can be employed in more complicated 
systems to reduce scan time. Additionally, the Am29818s can 
be used to sample intermediate test pOints not associated with 
normal state information. These additional test points can 
further ease diagnostics, t~stability and debug. 

Figure 5. Typical System Configuration 

DIAGNOSTICS 
"NDWCS 

COHTROll.ER 
INSTRUCTION 

MAPPING 
PROM 

CONTROL STORE 
RAM OA PROM 

SVSTEM CONTROlS 

REGISTER 
FILES 

ALU 

SSR DlAGNOSTICS/WCS PIPELINE REGISTERS 
REPLACE NORMAL ReGISTERS WITH DlAGHOSTICS LOOP 

USE OF THE Am29818 PIPELINE REGISTER IN 
WRITABLE CONTROL STORE (WCS) DESIGNS 

The Am29818 SSR diagnostics/WCS Pipeline Register was 
designed specifically to support writable control store deSigns. 
In the past, designers of WCS based systems needed to use 
an excessive amount of support circuitry to implement aWeS .. 
As shown in Figure 7, additional input and output buffers are 
necessary to provide paths from the parallel input data bus to 
the memory, and from the instruction register to the output 
data bus. The input port is necessary to write data to the 
control store, initializing the micromemory. The output port 
provides the access to- the instruction register, indirectly 
allowing the RAM to be read. Additionally, access to the 
instruction register is useful during system debugging and 
system diagnostics .. 

8-17 

DFOOO030 

The Am29818 supports all of the above operations (and more) 
without any support circuitry. Figure 6 shows a typical WCS 
design with the Am29818. Access to memory is now possible 
over the serial diagnostics port. The instruction register 
contents may be read by serially shifting the information out on 
the diagnostics port. Additionally, the instruction register may 
be written from the serial port via the shadow register. This 
simplifies system debug and diagnostics operations consider
ably. 

CONCLUSION 

Serial Shadow Register diagnostics provides the observability 
and controllability necessary to take any sequential network 
and turn it into a combinational network. This provides a 
method for pin-pointing digital system hardware failures in a 
systematic and well-understood fashion. 

03425C 
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Figure 6. Am29818 Based WCS Application. 
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Figure 7. WCS Application without Am29818s. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature with Temperature .•...•••.•......••.....•............. O°C to + 70°C 

Power Applied •••...................•........ -55°C to + 125°C Supply Voltage .......•.................... +4.75V to +5.25V 
Supply Voltage to Ground Potential 

Military (M) Devices 
Continuous ....••....••....•••....•••••.........• -O.5V to +7.0V 

Temperature ..........••.....•.......•..•... -55°C to +125°C 
DC Voltage Applied to Outputs 

for High Output State .•....•••..•.....•.•. -O.5V to VCcmax 
Supply Voltage ........•...................•.. + 4.5V to + 5.5V 

DC Input Voltage .....•......••...•..•...........• -O.5V to + 5.5V 
Operating ranges define those limits over which the function-

DC Output Current, into Outputs .••...............•....... 25mA 
ality of the device is guaranteed. 

DC Input Current ....•.....•.•....•••.•.•..... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

VOH Output HIGH Voltage Vee-MIN, YO-Y7: IOH~-3mA 2.4 Volts 
VIN - ViH or Vil 00-07, SOO: 10H = -lmA 

Vee-MIN, Yo - Y7: 10l = 16mA (Mil) 24mA (Comm) 
VOL Output LOW Voltage 

VIN = VIH or'Vll 00 - 07, SOO: 10l = 4mA (Mil), 8mA 0.5 Volts 
(Comm) 

VIH Input HIGH Level Guaranteed Input Logical HIGH Voltage for all Inputs 2.0 

Vil Input LOW Level Guaranteed Input Logical LOW Voltage for all Inputs 0.8 Volts 

VI Input Clamp Voltage Vee-MIN, -1.2 Volts IIN--18mA 

PCLK -2.0 

III Input LOW Current Vee - MAX, VIN - 0.5V DCLK -0.6 mA 
MODE, SOl, ~ -.45 

YO-Y7,Oo-07 -0.45 

DCLK, rn:v, MODE, SOl 50 
IIH Input HIGH Current Vee - MAX, VIN - 2.4V PCLK, YO-Y7, 00-07 100 p.A 

II Input HIGH Current Vee - MAX, VIN - 5.5V 1.0 mA 

Off-Stata VO-0.5V -450 
10 (High-Impedance) Vee-MAX p.A 

Output Current Vo = 2.4V 100 

Output Short CircuR YO-Y7 -30 -100 
ISC Current (Note 3) Vee-MAX 00-07, SOO -15 -50 mA 

o to ·+70·C 120 155 

Power Supply Current +70·C 140 
lee (Note 4) Vee-MAX -55 to + 125·C 120 165 mA 

+ 125·C 130 

Notes: 1. For conditions shown as MIN or· MAX, use the sppropriate value specified under Operating Range for the applicable device type. 
2. 
3. 
4. 

Typical limns are TA - 25·C Vee = 5.0V. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
All three-state outputs are In the HIGH impedance state. 

8-19 
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SWITCHING TEST CIRCUIT 

SDQ OUTPUT THREE-STATE OUTPUTS 

Vee 
TEST 

VCC POINT 

SI~ R_II( FROM OUTPUT I.A . R2, 
_ OIITPIII" 

lA _ UNDER TEST i 1 ''1 ~Z UNDERlESI' 

t~ 
1"1 ... CL INCLUDES ... ~ ALL DIODES 

~ -~""I 
Rl :::Sr- lN918DR ...; 

CAPACITANCE 

*'~ :::~ 
:::2: 

-=- TCOOO340 
TCOO0330 

R1 R2 

YO-Y7 1K 280 

Do- D7 5K 2K 

Note 1. CL - 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Parameters Description Test Conditions Min Max Min Max Units 

PCLK~Yx 13 18 ns 

MODE~SDO 16 18 ns 
IpO 

SDI~SDO 16 18 ns 

DCLK~SDO 25 30 ns 

Dx_PCLK 8 10 ns 

MODE~PCLK 15 15 ns 

Yx~DCLK 5 5 ns 

IS MODE~DCLK 12 12 ns 

SDI~DCLK 10 12 ns 

DCLK~PCLK 15 15 ns 

DCLK~DCLK 40 45 ns 

Dx~PCLK 2 2 ns 

MODE~PCLK 
See Tesl 

0 0 ns 

IH Yx~DCLK Output Load 5 5 ns 
MODE~DCLK 

Conditions 
2 5 ns 

SDI~DCLK 0 0 ns 

~~Yx 15 20 ns 
ILZ 

DCLK~Dx 45 45 ns / 

~~Yx 25 30 ns 
1Hz 

DCLK~Dx 65 90 ns 
~~Yx 15 20 ns 

IZl 
DCLK~Dx 30 35 ns 

l5E'i' ~ Yx 15 20 ns 
IZH 

DCLK~Dx 25 30 ns 
PCLK (HIGH and LOW) 15 15 ns 

Ipw 
DCLK (HIGH and LOW) 25 25 ns 

• AC performance over the operaling range is guaranlaed by'lesting defined in Group A, Subgroup 9. 

8·20 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Pescrlptlon Test Conditions Min Typ Max Units 

PCLK~Vx 10 12 ns 

MODE~SDO 10 14 ns 
IpO 

SDI~SDO 10 14 ns 

DCLK~SDO 17 22 ns 

Dx~PCLK 8 ns 

MODE~PCLK 12 ns 

Vx~DCLK 5 ns 

Is MODE~DCLK 10 ns 

SOI~DCLK 10 ns 

DCLK~PCLK 12 ns 

DCLK~DCLK 35 ns 

Dx~PCLK 0 ns 

MODE~PCLK 
See Tesl 

0 ns 

IH Vx~DCLK output Load 5 ns 

MODE~DCLK 
Condilions 

0 ns 

SDI~DCLK 0 ns 

0E'i' ~ Vx 12 ns 
ILZ 

DCLK~Dx 37 ns 

0E'i' ~ Vx 22 ns 
1HZ 

DCLK~Dx 80 ns 

0E'i' ~ V, 15 ns 
IZl 

DCLK~Dx 25 ns 

~~V, 15 ns 
IZH 

DCLK~Dx 20 'liS 

PCLK (HIGH and LOW) 15 ns 
Ipw 

DCLK (HIGH and LOW) 25 ns 

SWITCHING WAVEFORMS 

SET UP, HOLD, AND RELEASE TIMES ENABLE AND DISABLE TIMES 
Enable Disable 

CONTROl~ ~~:V 
I~~~~ __ __ ::v '~~;~ I " 'Zl 'lZ-

!-"1='h--l . ov OUTPUT -~4.5V O.5V. 
NORMAllY lOW 1.5V ~~_1.5V 

3V S2 0PEN " VOL 
TIMING f 1.5V I---t-:'ZH~' ·HZ----j I t INPUT 

OV ~VOH 
WFOOI460 

OUTPUT _ 
NORMAllY HIGH 1.5V 1.5V 

.10PEN __ OV O.5V 

WFOO1290 

Notes: 1. Diagram shown for HIGH data only. Output Notes: 1. Diagram shown for Input Control Enable-LOW 
transition may be opposite sense. and Input control Disable-HIGH. 

2. Cross hatched area is don't care condition. 2. 51 and 52 of load circuit are closed except 
where shown. 

Note: 1. Pulse Generator for All Pulses: Rate" 1.0MHz; Zo = 50.0; tr " 2.5ns; tf" 2.5ns. 
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SWITCHING WAVEFORMS 

. PULSE WIDTH PROPAGATION DELAY 
3V 

SAME PHASE _1 ~~ 
INPUT TRANSITION ~--- . ---~. - !\.:== 1.5V 

tPLH' L _, tpHL . L-: OV 
~ ~ __ VOH· 

OUTPUT -I- ~~.~~~ 

~tPLH I I .tPHLF C 3V 

OPPOSITE PHASE 
INPUT TRANSITION --- - 1.SV 

'--___ ---J..~ ___ OV 
WFOO1270 

WF001420 

Note: 1. Pulse Generator for All Pulses: Rate ~ 1.0MHz; Zo = 50n; tr ~ 2.5ns; tf ~ 2.5ns. 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 
- ....... - ...... --Vee 

~H 

ICOOOO30 

Vee 

I 110-"'· vo-v, 

ICOOOO50 

8-22 

--~--Ycc 

I ALL OTHER I INPUTS 

ICOOOO40 

Vee 

~ 
~ 

G 
ICOOOO6O 
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Am29821-26 
High Performance Bus Interface Registers 

DISTINCTIVE CHARACTERISTICS 

• High-speed parallel registers with positive edge-trig
gered D-type flip-flops 
- Noninverting CP-Y tpo = 7.5ns typ 
- Inverting CP-Y tpo = 7.5ns typ 

• Buffered common Clock Enable (EN) and asynchronous 
Clear input (ClR) 

• Three-state outputs glitch free during power-up and 
down. Outputs have Schottky clamp to ground 

• 48mA Commercial IOL, 32mA Mil IOL 
• low input! output capacitance 

- 6pF inputs (typical) 
- 8pF outputs (typical) 

• Metastable "Hardened" Registers 

GENERAL DESCRIPTION 

The Am29820 Series bus interface registers are designed 
to eliminate the extra packages required to buffer existing 
registers and provide extra data width for wider address 1 
data paths or buses carrying parity. The Am29821 and 
Am29822 are buffered, 10-bit wide versions of the popular 
'3741'534 functions. The Am29823 and Am29824 are 9-bit 
wide buffered registers with Clock Enable (EN) and Clear 
(CLR) - ideal for parity bus interfacing in high performance 
microprogrammed systems. The Am29825 and Am29826 
are 8-bit buffered registers with all the '823/4 controls plus 

multiple enables (0E1' 0E2, 0E3) to allow multiuser control 
of the interface, e.g., CS, DMA, and RD/WR. They are ideal 
for use as an output port requiring high IOL/IOH. 

All of the. AM29800 high performance interface family are 
deSigned for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 

BLOCK DIAGRAM 

'0 " '2 " '. Yn 

80001080 

PRODUCT SELECTOR GUIDE 

Device 

1D-Blt 9-Bit 8-Bit 

I Noninverting Am29821 Am29823 Am29825 

I Inverting Am29822 Am29824 A,m29826 

IMOX is a trademark of Advanced Micro Devices, Inc. 01420C 

8-23 Refer to Page 13~1 for Essential Information on Military Devices 

• 



~ 
.,.. 
C'II 

I 
C'II 
E 
c( DE 

Do 

0, 

Dz 

Dz 

D. 

Os 

Do 

0, 

'" 
'" GND 

CONNECTION DIAGRAM 
Top View 

Am29821/Am29822 1G-BIT REGISTERS 

00001360 

v, 

V. 

V. 

NC 

v, 

V. 

v, 

,r.r~!I!fl';·'; 

00001370 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
10-Blt· Registers 

D~D 

Q 
CP I 

CP J 
or 

10 

LSOOO45O 

Am29821* 
0.1----, 

Do 2 

0, 3 

0, 4 

D3 5 

D •• 

D, 7 

D •• 

0, • 

0 8 10 

D911--~ 

GND12-------' 

r------ 24 Vee 

23 Yo 

21 V, 

20 V3 

15 Va 

L---14 Vg 

L---~13CP 

DIE SIZE 0.084" II 0.064" 
"Note: Am29822 Is Inverted 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applic8ble), package type, operating range and screening option (if desired). 

Am29821-26 

Dl· CL L S~~:Qi~g S~~C:d processing 

. B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O"C to + 70"C) 

. M - Military (- 55"C to + 125"C) 

Package 

Device type 
High Performance 

0- 24-pin SLIM DIP (D-24-SLlM) 
L-28-pin Leadless Chip Carrier (L-28-1) 
X-Dice . 

Bus Interface Registers 

8-24 

Valid Combinations 

Am29821 DC, DCB, OM, Am29822 
Am29823 DMB 

Am29824 LC, LCB, LM, 

Am29825 LMB 

Am29826 XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

01420C 
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CONNECTION DIAGRAM 
Top View 

Am298231 Am29824 9-BIT REGISTERS 

Of vee 

Do Vo 

D, v, 

o, v, 

a, V3. 

0. V. 

Do v, 

Do v. 

'" v, 

Do v, 

CUi Eli 

GND "" 
CDOO1220 

LOGIC SYMBOL 

o· 0 

CP 

E1i-"'----' 

CUi --------' 

Of--------.... 
LSOOO430 

Do 

Do 

D. 

NC 

Ds 

De 

0, 

8-25 

.r rf 18 ~ ~ ~ ,: 

v, 

v, 

V. 

He 

v, 

v, 

v, 

rf l:'i 
.. ~ t; 115 .;! z 

'" CDOO1230 

METALLIZATION AND PAD LAYOUT 

DEl 

Do 2 

D, 3 

D, 0 

D, 5 

Do , 

D, 7 

D, • 

D, 9 

0 8 10 

CLR 11 

GNO 12 

9-Bit Registers 
Am29823* 

24 Vee 

23 Yo 

22 Y, 

21 Y2 

20 v, 
19 Y4 

18 Ys 

17 Y6 

16 Y7 

15 Va 

14 EN 

13 CP 

DIE SIZE 0.084" X 0.064" 
'Note: Am29825 18 Inverted 
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• 8 

CP 

iii 

i5A 

aEj 

ilEa 
ilEa 

OE, 

0Eii 
Do 

" 
o, 

o, 

Do 

lis 

Do 

Dr 

CUI 

GND 

CONNECTION DIAGRAM 
Top View 

Am29825! Am29826 8-BIT REGISTERS 

Vee rf Ii 18 !l 

0Eii 
v. " 
v, 

" v, 
0, 

v, 
Ne 

v. 
v, " 
v. " 
'i7 Do 
iii 

CP 
0 Id I !l 

~ Ii ~ 

v, 

v, 

v, 

v. 

fl li5 ~ 

CDOO1200 c0001210 

LOGIC SYMBOL 

• 

LSOOO420 

8-26 

METALLIZATION AND PAD LAYOUT 

DE, 1 

0E2 2 

'0 3 

" 4 

D, 5 

D3 • 

D. 7 

D, • 

D. 9 

0 7 10 

CLR 11 

GND 12 

8-Blt Registers 
Am29825* 

24 Vee 

23 ~ 

22 Yo 

21 Y, 

20 v, 
19 V3 

18 Y4 

17 Ys 

16 Ya 

15 Y7 

14 EN 

13 CP 

DIE SIZE 0.084' X 0.064' 
·NOTE: m29826 .. Inverted 
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PIN DESCRIPTION 

Pin No. Name I/O Description 

OJ I The 0 flip-flop data inputs. 

11 W'i I For both inverting and noninverting registers, when the clear input is LOW and OE is LOW, the Qj 
outputs are LOW. When the clear input is HIGH, data can be entered into the register. 

13 CP I Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 

Yj, Yj a The register three-state outputs. 

14 EN I Clock Enable. When the clock enable is LOW, data on the OJ input is transferred to the Qj output on the 
LOW-to-HIGH clock transition. When the clock enable is HIGH, the Qj outputs do not change state, 
regardless of the data or clock input transitions. (Note 5.) 

OE I Output Control. When the OE input is HIGH, the Yj outputs are in the high impedance state. When the 
OE input is LOW, the TRUE register data is present at the Yj outputs. 

Note 5: The Am29823 thru Am29826 registers achieve short throughput delay and setup time and reduced power consumption by 

OE 

H 
H 

H 
L 

H 
L 

H 
H 
l 
L 

H 
L 
X 

means of ~Iock gating and latching circuit. This circuit is sensitive to very short ( < 3ns) HIGH-to-LOW-to-HIGH going 
spi~es on EN while CP is HIGH. The designer should be aware of this and avoid the use of decoders or other potentially 
glitching devices in the EN logic. 

FUNCTION TABLES 

Arn29821 129823129825 

Inputs Internal Outputs 

CLR EN 01 CP 01 VI Function 

X L L t L Z Hi-Z X L H t H Z 

L X X X L Z 
Clear 

L X X X L L 

H H X X NC Z Hold 
H H X X NC NC 

H L L 1 L Z 
H L H 1 H Z 

Load 
H L L 1 L L 
H L H 1 H H 

= HIGH NC = No Change 
= LOW t = LOW-ta-HIGH Transition 
= Don't Care Z = High Impedance 

. 

8-27 

OE 

H 
H 

H 
L 

H 
L 

H 
H 
L 
L 

H 
L 
X 

Arn29822/29824/29826 

Inputs Internal Outputs 

CLR EN OJ CP 01 Vi Function 

X L L t H Z Hj-Z 
X L H t L Z 

L X X X L Z Clear 
L X X X L L 

H H X X NC Z 
Hold 

H H X X NC NC 

H L L 1 H Z 
H L H 1 L Z 

Load 
H L L 1 H H 
H L H 1 L L 

= HIGH NC = No Change 
= LOW t = LOW-to-HIGH Transition 
= Don't Care Z = High Impedance 

01420C 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (Cl Devices 
Ambient Temperature with Temperature ..................................... O·C to + 70·C 

Power Applied ......•••.••.••......•.•••...•. -55·C to + 125·C Supply Voltage ............................ +4.75V to +5.25V 
Supply Voltage to Ground Potential 

Military (Ml Devices 
Continuous •.....•.•........•..•••....•.•.....••. -O.5V to +7.0V· 

Temperature ••..••••...•...•..••......•.•... -55·C to +125·C 
DC Voltage Applied to Outputs 

Supply Voltage •••••..........•••....•..•. : .•. +4.5V to +5.5V 
for High Output State .••.•••.•.•..•••••••• -O.5V to VCCmax Operating ranges define those limits over which the function-

DC Input Voltage ..•..••••.......•••....••••.....• -O.5V to + 5.5V 
ality of the device is guaranteed .. 

DC Output Current, into Outputs ..••••.•••.••.•..•••.•••• 1 OOmA 
DC Input Current .............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE: MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extend6cJ periods may affect devica 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

II 

IOZ 

Ise 

Icc 

Notes: 1. 
2. 
3. 
4. 

Typ 
Description Test Conditions (Note 1) Min (Note 2) Max Units 

Vee-MIN IOH--15mA 2.4 3.3 
Output HIGH Voltage Volts 

VIN = VIH or VIL IOH--24mA 2.0 3.1 

Output LOW Voltage Vee = MIN MIL,loL - 32mA 0.31 0.5 
Volts 

VIN - VIH or VIL COM'L, IOL - 48mA 0.38 0.5 

Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Input LOW Level Guaranteed input logical LOW 0;8 Volts voltage for all Inputs 

Input Clamp Voltage Vee· MIN, liN --18mA -0.7 -1.2 Volts 

I Oata. ~ . -0.3 -1.0 
Input LOW Current Vee - MAX, VIN - 0.4V I~,EN, CP -1.2 -2.0 mA 

Input HIGH Current Vee - MAX, VIN - 2.7V 50 jJA 

Input HIGH Current Vee - MAX, VIN - 5.5V 1.0 mA 

Output Off-State (High Impedance) I VO-0.4V -50 

Output Current Vee-MAX I VO-2.4V 50 jJA 

Output Short Circuit Current Vee-MAX -75 -160 -250 mA (Note 3) 

Vee-MAX lOver Temperature Range 140 

Supply Current (Noie 4) Outputs Open I +70·C 130 mA 
EJiI- LOW + 125·C 120 

For conditions shown as MIN or MAX, use ths appropriate value specified under recommended Operating Range. 
All typical values are Vee - 5.0V, TA - 25·C. 
Not more than one output should be shcrted at a time, and duration .of ths short-circuit should not exceed one secbnd. 
Clock input, CP, is HIGH after clocking in data to produce outputs - LOW. 

-

I 
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SWITCHING TEST CIRCUIT 

TEST 
POINT Vee 

FROM OUTPUT Lot Sl~ 
UNDE. TEST t 1 

1'1 '* "''''' 
C INCLUDES 

., ~ ALL DIODES "'-''1 CAPACITANCE I kO ...;: INIIS OR 
'S IN .... 

~~ 
TCOO0350 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Test Conditions 
Parameters Description (Note 4) Min Typ Max Units 

IpLH 3.5 8.5 ns 

IpHL 
CL = 50pF 

3.5 10.5 p6f!galion Delay Clock 10 Vi ns 

IPLH ( = LOW) 14 ns 

IpHL 
CL - 300pF 

18 ns 

Is Data to eP Selup TIme 2.0 0 ns 

IH Data 10 eP Hold TIme 2.0 0.5 ns 

Is Enable (rn L) to CP Setup Time 3.0 1.5 ns 

Is Enable (EN S) 10 CP Setup TIme CL = 50pF 3.0 1.5 ns 

IH Enable (ER) Hold Time 0 -1.5 ns 

IpHL Propagation Delay, Clear to Vi 12.9 15.0 ns 

Is Clear Recovery (rn:R" S) Time 5.0 1.1 ns 

IpwH I HIGH 5.0 3.5 ns 
Clock Pulse Width 

I LOW CL - 50pF IPWL 5.0 3.0 ns 

IPWL Clear (om = LOW) Pulse Widlh 5.0 4.0 ns 

IZH 17 ns 

IZL 
CL = 300pF 

21 ns 
Output Enable Time ~ L to Vi 

IZH 11.5 12 ns 

IzL 
CL - 50pF 

11.0 12 ns 

1HZ 9 ns 

lIZ 
CL - 50pF 

9 ns Output Disable Time C5E S to Vi 
1HZ 5.2 8 ns . 

lIZ 
CL = 5pF 

5.5 8 ns 

Nola: 4. See lesl circuil and waveforms. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Test Conditions 
COMMERCIAL MILITARY 

Parameters Description (Note 4) Min Max Min Max Units 

tpLH 3.5 10 3:5 10 ns 

IpHl 
Cl = 50pF 

3.5 12 3.5 12 ns ~gation Delay Clock to VI 
tPLH ( - LOW) 16 16 ns 

tpHl 
Cl·=300pF 

20 20 ns 

Is Data to ~ Setup Time 4 4 ns 

tH Data to ~ Hold Time 2 2 ns 

ts Enable (EN L) to CP Setup Time 4 4 ns 

Is Enable (~S) to CP Setup Time Cl - 50pF 4 4 ns 

tH Enable (Sil) Hold Time 2 2 ns 

IpHl Propagation Delay, Clear to Vi 20 20 ns 

Is Clear Recovery (ern L) TIme 7 7 ns 

tPWH ~ 
7 7 ns 

Clock Pulse Width 
LOW tPWl 7 7 ns 

tPWl Clear (ern - LOW) Pulse Width 7 7 ns 

tZH 20 22 ns 

IZl 
Cl '" 300pF 

23 25 ns Output Enable Time 15E L to Vi 
tZH 

Cl =50pF 
14 15 ns 

tZl 14 15 ns 

tHZ 16 18 ns 

tLZ 
Cl = 50pF 

12 12 ns Output Disable Time 15E S to Vi 
tHZ 9 10 ns 

ILZ 
Cl = 5pF 

9 10 ns 

Note: 4. See tesl circuil and waveforms. 

SWITCHING WAVEFORMS 

SET UP, HOLD, AND RELEASE TIMES ENABLE AND DISABLE TIMES 
Enable Disable 

~ 3V 

I~~~~ _. _ :.~v 
CONTROl_. ~ 1.5V 

'''~,-H I .. 'Zl 'lZ-

~'s1::: --l OV OUTPUT -~4.5V O.5V 
'h . NORMAllY lOW 1.5V r~\ ~1.5V 

- 3V 52 OPEN" VOL 
TIMINGf 1.5V f--t-: 'zl; ~~ 'HZ I---l ! t INPUT 

OV . ~VOH 
WFOO1460 OUTPUT 

NORMAllY HIGH 1.5V . -1.5V 
., OPEN_~OV O.5V 

) 
WF001290 

Notes: 1. Diagram shown for HIGH data only. Output Notes: 1. Diagram shown for input Control Enable-LOW 
transition may be opposite sense. and Input Control Disable-HIGH. 

2. Cross hatched area is don't care condition. 2. 81 and 82 of Load Circuit are closed except 
where shown. 

Note: Pulse Generator for All Pulses: Rate";; 1 OMHz; Zo = 5On; tr";; 2.5n5; tf";; 2.5ns. 
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PROPAGATION DELAY PULSE WIDTH 
3V 

SAME PHASE _ JL }L_ 
INPUT TRANSITION ---.I!--- ------!\==: 1.5V 

tPLH~ tPHL5 __ ::H 

OUTPUT -I ·t 1.5V 

t
PLH? tpHL tF_ :,:.5

L
v 

OPPOSITE PHASE ~ 
INPUT TRANSITION ---- r\; -----

OV 

LOW HIGH LOW _1 ~_ 
PULSE ---.I!--- ~--- 1.5V 

",c"'~",o" ----,j->w-!r-- '" 
PULSE -1\ T-

WF001270 

WF001420 

Nole: Pulse Generalor for All Pulses: Rale';; 10MHz; Zo = son; Ir';; 2.5ns; If';; 2.5ns. 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 
INPUTS OUTPUTS 

v~------~~--____________________ ~ ____________ +-__ ~~~ __ ___ 

15kll 

~~O-------+--4(~--+-

'k!} 

DE. 
~o-------t-~<r--+
EN 

8-31 

I 
I 
I 
I 
I 
I 

.50 

+-~--o OUTPUT 

--'OL 

ICO00080 
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Am29827 / Am29828 
High Performance Buffers 

DISTINCTIVE CHARACTERISTICS 

• High-speed buffers and inverters 
- Noninverting tpD - 5.0ns typ 
- Inverting tpD = 4.5ns typ 

• 200mV minimum. input hysteresis on input data ports 

• Three-state outputs glitch-free during ·power-up and 
-down. Outputs have Schottky clamp to ground 

• 48mA commercial IOL. 32mA military IOL 
• High capacitance load capability 
• Low capacitance inputs' and outputs 

GENERAL DESCRIPTION 

The Am29827 and Am29828 10-bit bus buffers provide 
high performance bus interface buffering for wide datal 
address paths or buses carrying parity. The 10-bit buffers 
have NOR-ed output enables for maximum control flexibili
ty. All buffer data inputs have ,200mV minimum input 
hysteresis to provide improved noise rejection. 

. All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both Inputs and 
outputs. All inputs are Schottky diode inputs. and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 

BLOCK DIAGRAM 

Am298271Am29828 10-BIT BUFFERS 

Vo v, v, v, 

D, Dg OE, OEz 

80001090 

IMOX is a trademark of ~ M~ Devices, Inc. 033719 
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CONNECTION DIAGRAM 
Top View 

Am298271Am29828 10-BIT BUS DRIVERS 

Oi, Ycc 

Do Yo 

III Y, 

0, Yo 

Os Y. 

0. Y. 

lis Y. 

Do Y. 

Dr Y7 

Do V. 
Do Y. 

OM) 

CDOO1170 

LOGIC SYMBOL 

~~o.rr .0 y 
OE. 

0E2 

Am29827 (NONlNVERTING) 

LSOO0390 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29827 
Am29828 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 

. Temper:.tu~e B(~~n Operating Range) 
C - Commercial (O°C to + 70°C) , 
M - Military (-55°C to + 125°C) 

Package 
0- 24-pin SLIM DIP (D-24-SLlM) 
L - 28~pin Leadless Chip Carrier (L-28-1) 
X-Dice 

High Performance Buffers 

8-33 

Valid Combinations 

DC, DCB, OM, 

Am29827 DMB 

Am29828 LC, LCB, LM, 
LMB 
XC, XM 

VaUd Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

033718 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

oq I When both are LOW the outputs are enabled. When either one or both are HIGH the outputs are HI·Z. 

Di I 10-bit data input. 

Yi 0 10-bit data output. 

FUNCTION TABLES 

Am29827 (Nonlnvertlng) Am29828 (Inverting) 

. Inputs Outputs 

()E 01 VI Function 

L H H Transparent 

L L L Transparent 

H X Z HI-Z 

, 

"i' 

I 

.-

Inputs 

OE 
L 

L 

H 

8-34 

Outputs 

01 Vi Function 

H L Transparent 

L H Transparent 

X Z HI-~ 

033718 
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ABSOLUTE MAXIMUM 'RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature with Temperature ..............•.•..•................. O·C to + 70·C 

Power Applied .•........•.................... -55·C to +125·C Supply Voltage .....•...................... + 4.75V to + 5.25V 
Supply Voltage to Ground Potential 

Military (M) Devices 
Continuous ........•.•......••.•..•...••.......•. -O.5V to + 7.0V 

DC Voltage Applied to Outputs 
Temperature .............•.•...•............ -55·C to + 125·C 
Supply Voltage ..•.•..........•.••............ + 4.5V to + 5.5V 

for High Output State ........••........... -1.5V to Vccmax Operating ranges define those limits over which the function-
DC Input Voltage •..................•.•......•.... -O.5V to +5.5V ality of the device is guaranteed. 
Output Current, into Outputs ...•..••.•.••.......•......••. 1 OOmA 
DC Input Current ....•••••...............••... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

VHYST 

IlL 

IIH 

II 

IOZH 

IOZL 

ISC 

lee 

Note: 'I 

Typ 
Description Test Conditions Min (Note 1) Max Units 

Vee-MIN IOH--15mA 2.4 
Output HIGH Voltage 

VIN - VIH or VIL IOH--24mA 2.0 V 

Vee-MIN MIL, IOL - 32mA 0.5 
Output LOW Voltage 

VIN - VIH or VIL COM'L, IOL = 4BmA 0.5 v 

Input HIGH Level Gueranteed input logical HIGH voltage 2.0 V for all inpula 

Input LOW Level Guaranteed input logical LOW voltage O.B V for aU inputs 

Input Clamp Voltage Vee - MIN, liN - -IBmA -1.2 V 

Input Hysteresis Output under test connected to Switching Test Circuit 200 mV 

Input LOW Current Vee - MAX VIN - 0.4V -1.0 rnA 

Input HIGH Current Vee - MAX, VIN - 2.7V 50 vA 
Input HIGH Current Vee - MAX, VIN - 5.5V 1.0 rnA 

Output Off-State Vee - MAX, Vo - 2.4V 50 vA Output Current (HI-Z) 

Output Off-State Vee - MAX, Vo = 0.4V -50 vA Output Current (HI-Z) 

Output ShOrl Circuit Current Vee = MAX -75 -250 rnA 

Over Tempersture Range 80 

Supply Current Vee-MAX +70"C 75 rnA 
Outpula Open I + 125"C 70 

Typical Units are Vee = 5V, TA - 25·C 

B-35 
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SWITCHING TEST CIRCUIT 
TEST 

VCC POINT 
) Sl~ 

FROM OUTPUT IA 
Rl 

UNDER TEST 1 
I~ 1 .~ Cl INCLUDES R All DIODES 

,,~, """ I 1 lN9160R 
CAPACITANCE 1.0kU lN3064 

~ 
TC000360 

Note: Pulse Generator for All Pulses: Rate';; 10MHz; 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee ~ 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 
IPLH 4.8 6.0 ns 

IpHl Data (Oi) 10 Outpul (Vi) 
Cl - 50pF 

5.2 8.2 ns 

IPlH 
Am29827 (Noninverting) 8.0 11 nS 

IPHl 
Cl = 300pF 

10.8 13.2 ns 
IplH 4.0 5.2 ns 

IpHl Data (01) to Outpul (VI) 
CL -50pF 

4.9 5.9 ns 
IPlH 

Am29828 (Inverting) 7.3 10 ns 

IpHl 
Cl = 300pF 

10.5 12.9 ns 

IZH 
CL = 50pF 

6.5 12 ns 

IZl Outpul Enable Time rn: 10 VI 9.5 12 ns 

IZH 11 17 ns 

IZl 
Cl - 300pF 

18 21 ns 

1HZ 3.5 8.0 ns 

ILZ Output Disable Time rn: 10 Vi 
Cl - 5pF 

3.5 8.0 ns 

1HZ 
Cl - 50pF 

11.2 16 ns 

ILZ 4.5 11 ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Psrameters Description Test Conditions Min Max Min Max Units 
IplH 8 10 ns 

IpHl Data (Oi) to Output (VI) 
Cl =50pF 

8 10 ns 
IplH 

Am29827 (Noninverting) 15 17 ns 
IpHl 

Cl = 300pF 
15 17 ns 

IplH 7.0 9.0 ns 
IpHl Dala (Oi) to Oulput (VI) 

Cl - 50pF 
7.5 9.5 ns 

IPlH 
Am29828 (Inverting) 

14 16 ns 

IPHl 
Cl -300pF 

14 16 ns 

ItH 15 17 ns 
IZl Output Enable Time rn: 10 Vi 

CL - 50pF 
15 17 ns 

IZH 
CL - 300pF 

20 22 ns 

IZL 23 25 ns 

1HZ 9 10 ns 

ILZ Outpul Disable Time rn: 10 Vi 
CL - 5pF 

9 10 ns 

1HZ 17 19 ns 

ILZ 
CL = 50pF 

12 12 ns 

8-38 
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SWITCHING WAVEFORMS 

PROPAGATION DELAY 

SAME PHASE f. ~ 3V 

INPUTTRANSITIONtpLH I. --jLl-----u~-.-I--tpH-L :.:V 

~ T I t=:: 
IPLH? tpHL 

IN~!-~-~~-~-N-"'\~ f---- ::V 
WF001300 

OUTPUT 
NORMALLY 

LOW 

ENABLE AND DISABLE TIMES 
Enable Disable 

'ZL 'LZ 

1.6V 

3V 

1.5V 

ov 

-1.SV 

S2~IZH 'HZ i t VOL 

OUTPUT~~~VOH 
NORMALLY 1.5V "-t-- -t.5V 

HIGH S, OPEN __ -OV O.5V 

WF001310 

Notes: 1. Diagram shown for Input Control Enable-LOW 

8-37 

and Input Control Disable-HIGH. 
2. Sl and S2 of Load Circuit are closed except 

where shown. 

033718 
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·Am29833-34/ Am29853-54 
Parity Bus Transceivers 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• High-speed bidirectional bus transceiver for processor 
organized devices 

• Error flag with open-collector output 
• Generates odd parity for all-zero protection 
• Buffered direction three-state control 

• Output short-circuit protected to Vee limits 
• 200mV minimum input hysteresis on input data ports 
• High-capacitance drive capability 

48mA commercial IOL 
32mA military IOL 

GENERAL DESCRIPTION 

The Am29833/34/53/54 are high-performance bus trans
ceivers designed for two-way communications. They each 
contain an 8-bit data, path from the R (port) to the T (port), a 
9-bit data path from the T (port) to the R (port), and a 9-bit 
parity checker/generator. Two options are available. The 
Am29833/34 register ,option, and the Am29853/54 latch 
option. With the register option, the error flag can be 
clocked and stored in a register and read at the open
collector ERR output. The clear (rnJij input is used to clear 
the error flag register. With the latch option, the error can 
be either passed, stored, sampled or cleared at the error 
flag o,utput by using the EN and ern controls. 

The output enables 08' and OER are used to force the 
'port outputs to the high-impedance state so that the device 
can drive bus lines directly. In addition, the OER and 08' 
can be used to force a parity error by enabling both lines 
simultaneously. This transmission of inverted parity gives 
the designer more system diagnostic capability. The 
Am29833 and Am29853 are non inverting, while the 
Am29834 and Am29854 present inverting data at ,the 
outputs. The devices are specified at 48mA output sink 
current over the commercial range and 32mA over the 
military range. 

BLOCK DIAGRAM 

Am29833 
(Device Shown Noninverting) 

A, T, 

~~-------r.------~~ 

,----I>O--..,...--------1<::::::i1 ..... TV 

o Q t-t-i>--C> 
CU< 

D-----------------------iCP CLA Q o.c. 

80001040 

'Nonlnverting buffer for Am29833; inverting buffer for Am29834. 

°Note that the inverting device converts the positive logic "R" bus levels to negative logic levels on the "T" bus. 

003708 

8-38 R_ to Page 13-1 for Essential Information on MiHtary Devices 



CONNECTION DIAGRAM 
Top View 

8·BIT TO 9·BIT PARITY TRANSCEIVERS Leadless Chip Carrier 

L·28·1 

Oiii vee Oiii vee 

... r • ... T. 

R, T, R, T, 

R, T, R, T, 

R, T, R, T, 

R. T. R. 

R, T, lis T, 

... T. ... T. 

'" T7 R7 T7 

ERR PARm' ERR PARITT 

~ iii'i' CUi Oef CDOO1110 

GNO cue GND EN 

CDOO1120 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29833-34 
Am29853-54 

Device type 

D C B l L L S~r:~~i~g S?:~~o;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 24-pin SLIM DIP (D-24-SlIM) 
L- 2B-pin Leadless Chip Carrier (L-2B-1) 
X-Dice 

Parity Bus Transceivers 

8-39 

Valid Combinations 

Am29833 
DC, DCB, OM, 

Am29B34 DMB 

Am29853 LC, LCB, LM, 

Am29B54 LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

00370B 
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PIN DESCRIPTION 

Pin No. Name I/O Description 

Am29833-34 
1 OER I . RECEIVE enable Input 

RI 0 B-bH RECEIVE data output. 

10 ERR 0 Output from fault registers. Registers detection of odd parity fiwlt on using clock edge (ClK). A registered ERF! output 
remains lOW until cleared. . . 

11 00f 0 Clears the fault register output 

TI 0 8-bit TRANSMIT data output. 

15 PARITY 0 l-bH PARITY output 

14 m I . TRANSMIT enable input 

13 ClK I External clock pulse input for fault register flag. 

Am29853/54 
1 OER I RECEIVE enable input. 

Ri 0 8-bit RECEIVE data output. 

10 ERR 0 Output from fault latches. Latches detection of odd parity fault on active enable EliI. A latched ERR output remains 
lOW until cleared. 

11 00f 0 .Clears the fault latch output. 

TI 0 8-bH TRANSMIT data output 

15 PARITY 0 l-blt PARITY output, 

14 m I TRANSMIT enable input. 

13 E1iI I Enable latch input for fault flag. 

BLOCK DIAGRAM 
Am29853 

(Device Shown Noninvertlng) 

!... I 
. T, 

• 

~(; 
V • -

... -......., 0iT ... ,. 
-.... 

~ f---n. 
... ... • • 

a IIUX I 
v ~ 

I .. lIT I _v TREE 

I .... p - iiiii 
iii .... 

~ -- I ~ CLR ~ 
80001030 

• Noninverting buffer for Am29853; inverting buffer for Am29854. 
·Note that the inverting device converts the positive logic "R" bus levels to negative logic levels on the "T" bus. 

8-40 
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FUNCTION TABLES 

Am29833 NONINVERTING OPTION 

Inputs Outputs 

~ ()ER ClR ClK RI (1: of H'a) TI 100 Parity (1: of H'a) RI TI Parity EiiRl Function 

L H - - H (Odd) NA NA H L NA Transm~ data from R Port 
L H - - H (Even) NA NA H H NA to T Port with parity, 
L H - - L (Odd) NA NA L L NA receiving path is disabled 
L H - - L (Even) NA NA L H NA 

H L H I NA H (Odd) H NA NA H Receive data from T Port 
H L H I NA H (Even) H NA NA L to R Port with parity 
H L H I NA L (Odd) L NA NA H test resulting in flag, 
H L H I NA L (Even) L NA NA L transmitting path is disabled 

- - L - - - - NA NA H Clear the state of error 
flag register 

H H H - - - Z Z Z NC 80th transmitting and 
H H L - - - Z Z Z H receiving paths are disabled. 
H H H I L (Odd) - Z Z Z H Parity logic defaults to 
H H H I H (Even) - Z Z Z L transmit mode 

L L - - H (Odd) NA NA H H NA Forced·error checking 
L L - - H (Even) NA NA H L NA 
L L - - L (Odd) NA NA L H NA 
L L - - L (Even) NA NA L L NA 

Am29834 INVERTING OPTION* 

Inputs Outputs 

OET ()ER CUi ClK RI (1: of L'a) TI 100 Parity (1: of H'I) RI TI ParIty EiiRl Function 

L H - . - H (Odd) NA NA L H NA Transm~ data from R Port 
L H - - H (Even) NA NA L L NA to T Port with parity, 
L H - - L (Odd) NA NA H H NA receiving path is disabled 
L H - - L (Even) NA NA H L NA 

H L H I NA H (Odd) L NA NA H Receive data from T Port 
H L H I NA H (Even) L NA NA L to R Port with parity 
H L H I NA L (Odd) H NA NA H test resulting in lIag, 
H L H I NA L (Even) H NA NA L transmitting path is disabled 

- - L - - - - - - H Clear the state of error 
flag register 

H H H - - - Z Z Z NC 80th transmitting and 
H H L - - - Z Z Z H receiving paths are disabled. 
H H H I L (Odd) - Z Z Z L Parity logic d!3faults to 
H H H I L (Even) - Z Z Z H transmit mode 

L L - - H (Odd) NA NA L L NA Forced ... rror checking 
L L - - H (Even) NA NA L H NA 
L L - - L (Odd) NA NA H L NA 
L L - - L (Even) NA NA H H NA 

H -High Z - High impadance Odd = Odd number of logic one's 
L -Low NA = Not applicable Even= Even number 01 logic one's 
I = Low to high transition of clock - = Don't care or irrelevant i =0,1,2,3,4,5,6,7 
NC - No change 

°Note that for the negative logic levels on the 8 Port, an "H" rapresents a logic "0" while an "L" represents a logic "1." 
1. Output state assumes HIGH output pre-state. 

ERROR FLAG OUTPUT TRUTH TABLE 

Am29833 - Am29834 (REGISTER OPTION) 

Internal Outputs 
Inputs to Device Pre-etste Output 

ClR ClK Point "P" ERRn-l ERR Function 

H T H H H Sample· 
H T - L L (l's 
H t L - L Capture) 

L - - - H Clear 

·Enable is used as strobe for the latch in sampled 
operation. 

8-41 

Am29853/ Am29854 (LATCH OPTION) 

Inputs 

EN ClR 

L L 
L L 

L H 
L H 
L H 

H L 

H H 
H H 

Internal Outputs 
to Device Pre-state Output 

Point "P" ERR".l ERR Function 

L - L Pass H - H 

L - L Sample· 
- L L (l's 
H H H Capture) 

- - H Clear 

- L L 
Store· - H H 

003706 
Refer to Page 13-1 for Essential InformatiOn on Military Devices 

II 



Am29853 NONINVERTING OPTION 

Inputs Outputs 

cmT cm:i &R ei..K AI II of H'I) TI IncI Parity (1: of H'I) RI TI Parity m 1 Function 
L H - - H (Odd) NA NA H L NA TransmH data from A Port 
L H - - H (Even) NA NA H H NA to T Port with parity, 
L H - - L (Odd) NA NA L L NA receiving path Is disabled 
L H - - L (Even) NA NA L H NA 

H L L L NA H(Odd) H NA NA H Aeceive data from T. Port 
H L L L NA H (Even) H NA NA L to . A Port wtth parity 
H L L L NA' L (Odd) L NA NA H test resuHlng in flag, 
H L L L NA L (Even) L NA NA L lra!tsmitting path is 

disabled 

H L H L NA H (Odd) H NA NA H Aeceive clata from T Port 
H L H L NA H (Even) H NA NA L to A Port, pass the 
H L H L NA L (Odd) L NA NA H error leSt resulting to 
H L H L NA H (Even) L NA NA L ertor flag, transmitting 

path is disabled 

H L H H NA - - NA NA EAAn-1 Store the stale of error 
flag register 

- - L H - - - NA NA H Clear the stete 01 error 
flag register 

H H H H - - Z Z Z NC Both transmitting and 
H H L H - - Z Z Z H receiving paths are disabled. 
H H - L L (Odd) - Z L Z H Parity logic defauHs 
H H - L H (Even) - Z Z' Z 'L to transmH mode 

L L - - H (Odd) NA NA H H NA Forced-error checking 
L L - - H (Even) NA NA H L NA 
L L - - L (Odd) NA NA L H NA 
L L - - L (Even) NA NA L L NA 

. 
Am29854 INVERTING OPTION* 

Inpula Outpute 

~ ~ mf eLK RI (t 01 H'e) TI Inel ParIty II 01 H'I) RI TI Parity DIII' Function 

L H - - H (Odd) NA NA L H NA Transmft data from A Port 
L H - - H (Even) NA NA L L NA to T Port wtth parity, 
L H - - L (Odd) NA NA H H NA receiving path Is disabled 
L H - - L (Even) NA NA H L NA 

H L L L NA H (Odd) L NA NA H Aecelve data from T Port 
H L L L NA H (Even) L NA NA L to A Port with parity 
H L L L NA L (Odd) H NA NA H test resulting in flag, 
H L L L NA L (Even) H NA NA L transmitting path Is 

disabled 

H L H L NA H (Odd) L NA NA H Aeceive data from T Port 
H L H L NA H (Even) L NA NA L to A Port, pass the 
H L H L NA L (Odd) H NA NA H error test resulting to 
H L H L NA L (Even) H NA NA L error flag, transmitting 

, path is disabled 

H L H H NA - - NA NA EAAn_l Store the stale 01 error 
flag register 

- - L H - - - NA NA H Clear the stele 01 error 
flag register 

H H H H - - Z Z Z NC Both transmitting and 
H H L H - - Z Z Z H receiving paths are disabled. 
H H - L L (Odd) - Z Z Z L Parity logic defaults 
H H - L L (Even) - Z Z Z H to transmft mode 

L L - - H (Odd) NA NA L L NA Forced-error checking 
L L - - H (Even) NA NA -L H NA 
L L - - L (Odd) NA NA H L NA 
L L - - L (Even) NA NA H H NA 

H -High NA - Not applicable Odd - Odd number of logic one's 
L = Low ~n-1- Pre-stele 01 ERR Even- Even number 01 logic one's 
Z - High impedance - - Don't care or irrelevant i = 0, I, 2, 3, 4, 5, 6, 7 
NC - N!l changs 

'Note that lor the negative logic levels on the B Pori, an "H" represents a logic "0" while an "L" represents a logic "I." 
1. Output stete assumes HIGH output pre-state. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65'C to + 150'C Commercial (C) Devices 
Ambient Temperature with Temperature ..................................... O'C to + 70'C 

Power Applied ............................... - 55'C to + 125'C Supply Voltage ............................ + 4.75V to + 5.25V 
SUpply Voltage to Ground Potential Military (M) Devices 

Continuous ...................................... -O.5V to +7.0V 
DC Voltage Applied to OutP!!t 

Temperature ................................ -55'C to + 125'C 

for High Output State ..................... -1.5V to Vccmax 
Supply Voltage ............................... + 4.5V to + 5.5V 

Operating ranges define those limits over which the function' 
DC Input Voltage ................................. -O.5V to +5.5V ality of the device is guaranteed. 
DC Output Current, into Outputs ......................... 100mA 
DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions Min (Note 1) Max Units 

VOH Output HIGH Voltage (Except ERR) 

VOL Output LOW Voltage 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

VI Input Clamp Voltage 

VHYST Hysteresis lor Inputs RI, TI 

IlL Input LOW Current 

IIH Input HIGH Current 

II Input HIGH Current 

IOZH Off-State Output Current 
IOZL (High Impedance) 

Ise Output Short Circu~ Current 

ICC Power Supply Current 

Note: 1 Typical un~ are TA = 25°C, Vcc = 5V . 

. 

Vcc~MIN 
IOH--15mA 2.4 

VIN = VIH or VIL IOH=-24mA 2.0 V 

ERR IOL -48mA 0.5 

VCC-MIN All Other 
Outputs 

IOL = 32mA MIL 0.5 V 

VIN - VIH or VIL IOL = 48mA COM'L 0.5 

Guaranteed Input Logical HIGH Voltage lor All Inputs 2.0 V 

Guaranteed Input Logical LOW Voltage for All Inputs 0.8 V 

Vee = MIN, IIN--18mA -1.2 V 

Output Connected to AC Test Load Circuit 200 mV 

VCC=MAX Data -1.0 

VIN= 0.4V Control -2.0 rnA 

Vee = MAX, VIN - 2.7V 50 pA 

Vcc = MAX, VIN - 5.5V 1.0 rnA 

VO-2.4V +100 pA 
Vcc-MAX VO-O.4V -1.0 rnA 

Vcc=MAX 75 250 rnA 

Over Temperature Range 195 
Vcc=MAX +70'C 180 rnA (All Outputs Are Open) 

+ 125°C i70 

8-43 
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SWITCHING TEST CIRCUIT 

CIRCUIT NO. 1 CIRCUIT NO. 2 

LA 
Tvee r- Vee 

"-0UlPUI' 0 W" _lEST ..... R, .. liz II01l 

~~ 
ll1C11l 

F_OUTPUT 
.-ERlEST 

R, ~~ llU1 

~~ 
C!.INCLUDES 

liz 
PROBEANDJIO I C!.INCLIIDES CAPACITANCE 5100 

---I ~~ CAPACITANCE 
":' 

TCOOO370 
TCOOO380 

Note: fest Circuit No.1 is used with Propagation delay 

SWITCHING CHARACTERISTICS (TA = + 2SoC, Vee = S.OV) 

Parameters Description 

IPLH 

IpHL Propagation Delay Ri to Ti, TI to RI 
IpLH 

IpHL 

IpLH 

IpHL Propagation Delay Ri to PARITY 
IpLH 

IpHL 

IZH 

IZL OUtpul Enable TIme rn:A.m 10 Rio T\ 
IzH 

IZL 

1HZ 

tLZ OUtput Disable Time ~. OET 10 RI. Ti 
!tiz 
tLZ 

Is Ti. PARITY to CLK Setup TIms' . 

.IH TI. PARITY to CLK Hold Time' 

Is Clear Recovery Time rn:R" to CLK" 

IPWH 
Clock Pulse Widlh' ~ tPWL LOW 

IPWL Clear Pulse Width I LOW 

IPHL' Propagation Delay CLK 10 EmI' 
IPLH Propagation Delay rn:R" 10 'ERR' 

IpLH Propagation·Delay ~. PARITY EJ!iR 
(PASS Mode Only) Am29853/54 IpHL 

IPLH 

IpHL PropagatiOn Delay l5ER" to Parity 
IpLH 

IpHL 

'For Am29853/54 replace CLK with EN. 
"Nols: Nol applicable 10 Am29853/54. 

8·44 

Test Conditions 'Min Type Max units 
. 12 ns 

CL = SOpF 12 ns 
16 ns 

CL =300pF 16 ns 

15 ns 
CL = 50pF 15 ns 

22 ns 
CL - 300pF 22 ns 

15 ns 
CL = 50pF 15 ns 

20 ns 
CL = 300pF 23 ns 

9 ns 
CL = 5pF 10 ns 

17 ns 
CL - SOpF 12 ns 

15 ns 

0 ns 

CL - 50pF 
15 ns 

10 ns 

10 ns 

10 

CL - 50pF 15 ns 

CL - 50pF 15 ns 

22 ns 
CL = SOpF 

18 ns 

15 ns 
CL - SOpF Test Ckt #1 15 ns 

22 ns 
CL - 300pFTesl Ckl # 1 22 ns 

/ 

00370B 
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Am29833/53 SWITCHING WAVEFORMS (NONINVERTING OPTION) 

0E'f ov 0E'f 3V 

OEA 3V OEA OV 

(EVEN) 
3V 3V 

A, 1.5V T, 1.5V 

OV OV 

Ti • PARITY" A, 

WF001380 WFOO1390 

8. RI to TI. PARITY 

'Calculation must be done from last arriving signal. 

iiEii 3V OET -------------------------------3V 
3V _---.;.·3V 

OET I.SV OER +.--------J<----- I.SV 

ILZ 

T,. PARITY A, 
OUTPUT OUTPUT 

NORMALLY _MALLY 
LOW LOW 

IZL IZL 

Ti. PARITV R, 
OUTPUT OUTPUT 

NOAMAUY NOAMALLY 
HIGH HIGH 

IZH 1HZ 

WFOO1320 WF001370 

c. OET to T., PARITY d. OER to RI 

0E'f ------------ ov 0E'f ov 

T, 

I 
3V 

Oft" I :v 
I.SV 

ov 

• I 1F: 1.SV 
T, J\ 

IPHL l=, IPHL~ ~ IPLH~ 

OER \\----___ '+ __ _ 

WFOO1350 WFOO1360 

e. OER to PARITY 

8-45 
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Am29834/54 SWITCHING WAVEFORMS (INVERTING OPTION) 
I 

OET OV 

OER 3.0Y 

(EVEN) 
3V 

R, 1.5V 

OV 

TI• PAAITV* 

I--+--'PLH tpHL 

WFOO1340 

8. RI to TI. PARITY 

'Calculation must be done from last arriving signal. 

OER ...... ---------------- 3V 

Tj,PARITY 
OUTPUT 

NORMALLY 
LOW 

TI• PARITY 
OUTPUT 

NORMALLY 
HIGH 

(jfi 

----~ 
~--------------·~~-------l~V 

1.5V 

'ZL 

1.5V 

'ZH 'HZ 

WF001320 

c. OET to Ti. PARITY 

~ 

Gfft\ 
* I 

I :.:v 

IF:· T, J\ tPHL~ ~ tPLH~ 
WFOO1360 

0E'f ----------------- 3.0V 

OER -----------------------------~ 
,-------,-----------3V 

T, ----1.5V 
'-____ 'OV 

T, 

I--+--'PLH 

WFOO1330 

b. Tj to Rj 

OET ---------------- 3V 

,-____ 3V 

--------------~---- 1.5V 

R, 
OUTPUT 

NORMALLY 
LOW 

R, 
OUTPUT' 

NORMALLY 
HIGH 

(jfi 

0lR\ 
T, 

tpLH ~ 

'ZL 

tZH 

WF001370 

ov 

I 
3V 

1.5Y 

ov 

1.5V 

tpHL t 
WFOO1350 

e. OER to PARITY 
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SWITCHING WAVEFORMS (REGISTER OPTION, Am29833/34) 

3V 

ov 

(EVEN) (EVEN) 

L 
3V 

ov 

Ti+PA~TY' II? ~\ / 
__ ... llf~ ~ . '. '. ~~ ________ ...,j 

eLK 

O£T 

6Eii 

Ti + PARITY 

'PHL 

3V 

oV 

3V 

ov 

WF001430 

8. ClK, ClR to ERR 

SWITCHING WAVEFORMS (LATCH OPTION, Am29853/54) 

PASS 

3V 

ov 

3V 

1.5V 

------ •. 5V 

~-----OV 

r--4-~,-----3V 

--+--\---- 1.5V 

'----oV 

STORE CLEAR SAMPLE 

WFOO1440 

b. Ti, PARITY, EN, ClR to ERR 

'Calculation must be done from last arriving signal. 
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. Am29841 - 46 
High Performance Bus Interface Latches 

DISTINCTIVE CHARACTERISTICS 

• High-speed parallel latches 
- Nonimierting transparent tpo ~ 5.25ns typ 
- Inverting transparent tpo = 6.0ns typ 

• Buffered common latch enable, clear and preset input 
• Three-state outputs glitcMree during power-up and 

down. Outputs have Schottky clamp to ground 

• 48mA Commercial IOL, 32mA MIL IOL 
• Low input/output capacitance 

- 6pF inputs (typical) 
- 8pF outputs (typical) 

• IOH specified 2.0V and 2.4V 

GENERAL DESCRIPTION 

The Am29840 Series bus interface latches are designed to 
eliminate the extra packages required to buffer existing 
latches and provide extra data width for wider addressl dats 
paths or buses carrying parity. The Am29841 and Am29842 
are buffered, 10-bit wide versions of the popular '373 
function. The . Am29843 and Am29844 are 9-bit wide 
buffered latches with Preset (mE) and Clear (aJi) - ideal 
for parity bus interfacing in high performance systems. The 
Am29845 and Am29846 are 8-bit buffered latches with all 
the '843/4 controls plus multiple enables (C5El, 0E2, aE3) 

to allow multiuser control of the interface, e.g., CS, DMA, 
and RD/WR. They are ideal for use as an output port 
requiring high IOL"OH. 

All of the Am29800 high performance interface family 
products are designed for high capacitance load drive 
capability while providing low capacitance, bus loading at 
both inputs and outputs. All inputs are Schottky diode 
inputs, and all outputs are designed for low capacitance 
bus loading in the high impedance state. 

BLOCK DIAGRAM 

Am29843 

80001050 

PRODUCT SELECTOR GUIDE 

Device 

1G-Bit 9-Blt 8-Bit 

I Noninverting Am29841 Am29843 Am29845 

I Inverting Am29842 Am29844 Am29846 

IMaX is a trademark of Advanced Micro Devices, Inc. 01972C 

8-48 Refer to Page 13·1 for e ... _ Information on Military ~ 



l> 
CONNECTION DIAGRAM 3 

N 
Top View CD 

011 
",. 

Am29841/Am29842 10-BIT LATCHES -0. 

I 

li'l ~ 
u ",. 

Q If ;t ~ ,; G) 
0. Vee 

D. v. 

0, v, 0, v, 

0, v, 0, v, 

0, v, 0, v. 
D. v. 

NC He 
0, v, 

o, v. 0, v, 

0, v, D. v. 

0, v. 0, v, 

'" v, 

GND lE 
c" 8 c ~ ~ ~ ~ z 

CDOO1380 " CDOO1390 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am29841* 

10-Blt Latches 
DE 1 .~ 24 Vee 

00 2 23 Yo 

0 , 22 V, 

D~O O2 4 21 Y2 

a 10 0 3 5 20 V3 

L' D. S 19 V4 

I 0 5 7 18 Y5 l' 0, B 17 V6 
0. 0 7 9 16 V7 

LSOOO460 
0 8 10 15 Va 

0 9 11 ~ 14 Yg 

GND 12 ---- - 13 lE 

1-
__________________________________________________________ m __ E_s_IZ_E __ ~_O~ __ "_X_O._O~ __ " ______________ ~II. Note: the Am29842 18 Inverted 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29841-46 

Device type 

D C B l L L S~r:~~i~g S?:~~~~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 24-pin SLIM DIP (D-24-SLlM) 
L - 28-pin Leadless Chip Carrier (L-28-1) 
X-Dice 

High Performance Bus Interface Latches 

8-49 

Valid Combinations 

Am29841 DC, DCB,DM, Am29842 
Am29843 DMB 

Am29844 LC, LCB, LM, 

Am29845 LMB 

Am29846 XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

01972C 
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CONNECTION DIAGRAM 
Top View 

Am298431 Am29844 9·BIT LATCHES 

OE Vee 

Do '0 
0, " 
0, " 
0, " 
0, " 
Os " .,. 

" 
0, " 
Do " 

CLA iiiiE 

GND LE 

CDOOl400 

LOGIC SYMBOL 

D • 

LE 

iiRE-----' 

CUi -------' 

~--------~ 
LSOOO470 

o. 
o. 
0, 

NC 

Do 

Do 

0, 

8-50 

Il!l u ~ tf 8 z ,!' ,: 

" 
" 
" 
NC 

" 
" 
" 

tf I~ " u ~ II ;!' z z 
" CDOO1410 

METALLIZATION AND PAD LAYOUT 

OE 
00 

0, 3 

O2 4 

03 5 

0 4 6 

0 5 7 

0, 8 

0, 9 

0 8 10 

CLR 11 

Am29843* 
9-Blt Latches 

24 Vee 

23 Yo 

22 Y1 

21 Y2 

20 V3 

19 Y4 

18 Ys 
17 V6 

16 V7 

15 Va 

14 PRE 
GNO'2 ____ --..1 L-. ___ '3LE 

DIE SIZE 0.084" X 0.064" 
Note: the Am29844 Is Inverted 

01972C 
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iiE, 

ii£, .. 
0, 

0, 

o, .. .. 
Do 

0, 

CUi 

GNO 

CONNECTION DIAGRAM 
Top View 

Am29845/ Am29846 8-BIT LATCHES 

Vee 

ii£, 

v, 

v, 

v, 

v, 

v, 

v, 

v, 

v, 

PM 

LE 

CDOO1340 

tf Ii lif ~ :} Ii .:' 

v, 

v, 

v, 

NC 

v, 

Y, 

v, 

o Id I ~ ~ If ; 
CDO01350 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am29845* 

LE 

PAe-----' 

CLA --------' 

ClE, 

OE,---~ 

O£, 
-LSOOO440 

8-51 

8~Bit Latches 
0E1 1 -- --- 24 Vr:e 

0E2 2 - 230E J 

DO 3 - 22 Yu 

0, 21 VI 

0, - 20 Y2 

03 19 V3 

0, 18 Y4 

0 5 • 17 Y5 

D. 9 - 16 Y6 

D7 10 15 Y7 

14 PRE 

13 LE 

DIE SIZE 0.084" x 0.064" 
Not.: the Am29846 Is Inverted 

01972C 
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PIN DESCRIPTION 

Pin No. Name 1/0 DescriptIon -

Am29841/43/45 (Nonlnvertlng) 

11 ~ I When cm:i is LOW, the outputs are LOW if O'E is LOW. When cm:i is HIGH, data can be entered into !he latch. 

DI I The latch data inputs. 

13 LE I. The latch enable input. The latches are transparent when LE is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

V, 0 The 3-state latch outputs. 

1 O'E I The output enable control. Whim O'E is LOW, the outputs are enabled. When OE is HIGH, the outputs Vi are in the 
high-impedance (off) state. 

14 PFlE I Preset line. When J5I'i'E is LOW, the outputs are HIGH ff O'E is LOW. Preset ovenides ~. 

Am29842/44/48 (Inverting) 

11 ~ I When cm:i is LOW,the outputs are LOW if O'E is LOW. When ~ is HIGH, data can be entered into the latch. 

0; I The latch inverting data inputs. 

13 LE I The latch enabla input. The latches are transparent when LE is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

V, 0 The 3-state latch outputs. 

1 O'E I The output enable control. When OE is LOW, the outputs are enabled. When OE is HIGH, the outputs Vi are In the 
high-impedance (off) state. 

14 PFlE I Preset line. When J5I'i'E is LOW, the outputs are HIGH if O'E 'is LOW. Preset overrides ~. 

FUNCTION TABLES 

29841/43/45 .(Noninverting) 29842/44/46 (Inverting) 

Inputs Internal Outputs 

cmi PRE OE LE OJ 0, V, Function cmi 
H H H X X X Z Hi-Z H 

H H H H L L Z Hi-Z H 

H H H H H H Z Hi-Z H 

H H H L X NC Z 
Latched 

H 
(Hi-Z) 

H H L H L L L Transparent H 

H H L H H H H Transparent H 

H H L L X NC NC Latched H 

H L L X X H H Preset H 

L H L X X L L Clear L 

L L L X X H H Preset L 

L H H L X L Z 
Latched 

L 
(Hi-Z) , 
Latched 

H L H L X H Z 
(Hi-Z) 

H 

8-52 

Inputs Internal Outputs 

PRE 
H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

OE LE OJ 0, V, Function 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

X X X Z Hi-Z 

H H L Z Hi-Z 

H L H Z Hi-Z 

L X NC Z 
Latched 
(Hi-Z) 

H H L L Transparent 

H- L H H Transparent 

L X NC NC Latched 

X X H H Preset 

X X L L Clear 

X X H H Preset 

L X L Z 
Latched 
(Hi-Z) 

I Latched 
L X H Z 

(Hi-Z) 

01972C 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to +150'C Commercial (C) Devices 
Ambient Temperature with Temperature ..................................... O·C to + 70'C 

Power Applied ............................... -55'C to + 125'C Supply Voltage ............................ + 4.75V to + 5.25V 
Supply Voltage to Ground Potential 

Military (M) Devices 
Continuous ...................................... -O.5V to +7.0V 

Temperature ........ : ....................... -55'C to + 125'C 
DC Voltage Applied to Outputs 

for High Output State ..................... -O.5V to Vccmax 
Supply Voltage ............................... + 4.5V to + 5.5V 

Operating ranges define those limits over which the function-
DC input voltage ................................. -O.5V to +5.5V ality of the device is guaranteed. 
DC Output Current, into Outputs ......................... 100mA 
DC input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA T1NGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

II 

loz 

Ise 

ICC 

Notes: 1. 
2. 
3. 

Typ 
Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vcc=MIN IOH=-15mA 2.4 3.3 
Output HIGH Voltage Volts 

VIN = VIH or VIL IOH=-24mA 2.0 3.1 

VCC-MIN MIL, IOL = 32mA 0.5 
Output LOW Voltage Volts 

VIN - VIH or VIL COM'L, IOL = 4BmA 0.5 

Input HIGH Level Guaranteed input logical HIGH voltage 2.0 Volts for all inputs 

Input LOW Level Guaranteed input logical LOW voltage O.B Volts for all inputs 

Input Clamp Voltage Vcc - MIN, liN = -lBmA -1.2 Volts 

Input LOW Current Vcc = MAX, VIN = OAV -1.0. rnA 

Input HIGH Current Vcc = MAX, VIN = 2.7V 50 p.A 

Input HIGH Current Vcc - MAX, VIN - 5.5V 1.0 rnA 

Output Off-State (High Impedance) Vo=0.4V -50 

Output Current VCC=MAX 
VO=2.4V 50 

p.A 

Output Short Circuit Current"· VCC=MAX -75 -250 rnA 

Over Temperature 120 Range 

Supply Current VCC=MAX +70 110 rnA Outputs Open 
+ 125'C 100 

All typical values are TA = 25'C, Vcc = 5.0V. 
For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

8-53 
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SWITCHING TEST CIRCUIT 

TEST 
,VCC POINT 

SI~ 
FROM OUTPUT 1..-1 

RL, 

UNDER TEST 1 
I~l ,~ CL INCLUDES R ALL DIODES 

,,~''''' .. I 1 lN9160R 
CAPACITANCE 1.0k!l lN3064 

~ 
TCOOO360 

SWITCHING CHARACTERISTICS over operating range unless, otherwise specified 

Test Conditions 
Parameter. Description (Note 4) 

tPLH 
(Am29841, 3, 5) CL = 50pF 
tpHL Data (D~ to Output Vi (LE .. HIGH) 
tpLH 

tPHL 
CL - 300pF 

Is Data to LE Setup Time 

Data to LE Hold Time 
CL - 50pF 

tH 

IA.H 
(Am29842, 4, 6) 

CL = 50pF 
tPHL Data (~ to Output (V~ (LE - HIGH) 

tPLH 
CL = 300pF 

tpHL 

tPLH Data to LE Setup Time 

tpHL Data to LE Hold TIme 
CL =.5OpF 

IpLH 

IpHL 
CL = 50pF 

tpLH 
Lstch Enable (LE) to Vi 

IpHL 
CL - 300pF 

IpLH Propagation Delay, Preset to Vi 

Is Preset Recovery (PRE S) Time 
CL - 5OpF, 

IpHL Propagation Delay, Clasr to Vi 

Is Clasr Recovery (i%R S) Time 

tPWH LE Pulse Width HIGH 

tPWL Preset Pulse Width LOW CL" 50pF 

tPWL Clear Pulse Width LOW 

tZH 

tZL 
CL =300pF 

tZH 
Output Enable Time or L to VI 

tZL 
CL =50pF 

1Hz 
tLl 

CL = 50pF 

tHZ 
Output Disable TIme ~ S to Vi 

tLl 
CL" 5pF 

Note: 4. See test circuit and waveforms. 

8-54 

COMMERCIAL MILITARY 

Min Max Min Max Units 

3.5 9.5 3.5 11 ns 

3.5 9.5 3.5 11 ns 

12.5 14 ns 

13 15 ns 

2.5 2.5 ns 

2.5 3 ns 

3.5 10 12 ns 

3.5 10 12 ns 

12.5 14 ns 

13 15 ns 

2.5 2.5 ns 

2.5 3 ns 

12 16 ns 

12 16 ns 

16 20 ns 

16 20 ns 

ns 

ns 

12 14 ns 

14 17 ns 

21 23 ns 

14 17 ns 

6 6 ns 

B 9 ns 

B 9 ns 

20 22 ns 

23 25 ns 

14 15 ns 

14 15 ns 

15 15 ns 

12 12 ns 

9 10 ns 

9 10 ns 

01972C 
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SWITCHING CHARACTERISTICS (T A = + 2SoC, Vee = S.OV) 

Test Conditions 
Parameters Description 

tplH 
(Am29841. 3. 5) 

tpHl Data (OJ) 10 Outpul Vj (LE = HIGH) 
IplH 

tPHl 

Is Data 10 LE Selup Time 

tH Data to LE Hold Time 

tPlH 
(Am29842. 4. 6) 

tpHl Data (OJ) 10 Outpul ('?j) (LE = HIGH) 
IplH 

tpHl 

Is Data to LE Setup Time 

tH Data to LE Hold Time 

IplH 

IpHl 

IPlH 
Lalch Enable (LE) 10 Vi 

IpHl 

tplH Propagation Delay, Preset to Vj 

IS Preset Recovery (PRE L) Time 

tpHl Propagation Delay, Clear to Vj 

Is Clear R~overy (Ci}i J) Time 

tPWH LE Pulse Wldlh. HIGH 

IPWl Preset Pulse Width LOW 

tPWl Clear Pulse Wldlh LOW 

tZH 

tZl 

IZH 
Outpul Enable Time ~Lto Vi 

IZl 

1HZ 

ILZ 
Outpul Disable Time C5EJ 10 Vi 

1HZ 

ILZ 
Nole: 4. See lest circuil and waveforms. 

5. Nol lesled. 
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(Note 4) Min Typ Max Units 

3.5 5.7 8 ns 
Cl = 50pF 

3.5 6.2 8 ns 

10 13 no 
Cl = 300pF 

10 13 no 

2.0 -0.2 ns 
Cl = 50pF 

2.5 0.7 ns 

3.5 6.2 8.5 no 
Cl = 50pF 

3.5 6.5 8.5 ns 

10 13 ns 
Cl = 300pF 

10 13 ns 

2.5 0.3 ns 
Cl - 50pF 

2.5 0.2 ns 

8 10.5 no 
Cl = 50pF 7.5 10 ns 

15 ns 
Cl - 300pF 

15 ns 

ns 

ns 

6.5 9 ns 
Cl = 50pF 

7.3 12 ns 

15 18 ns 

7.8 12 ns 

4 2.5 ns 

Cl = 50pF 5 ns 

6 ns 

17 ns 
Cl = 300pF 

21 ns 

7.3 12 no 
Cl = SOpF 

9.7 12 ns 

10.4 14 ns 
Cl- 50pF 

4.7 11 ns 

Cl - 5pF 3.4 8 ns 
(Note 5) 3.8 8 ns 

01972C 
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SWITCHING WAVEFORMS 

SET UP,. HOLD, AND RELEASE TIMES 

~ 3V 

i::i~E ----- 1\ 1.5V 
'------OV 

WFOOl400 

Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don't care condition. 

PROPAGATION DELAY 

3V 
SAME PHASE _1 ~_ 

INPUT TRANSITION ---1'!-----~ 1.5V 

IPLH~ IPHL:5 OV 

OUTPUT f t~ ;~~ 
IpLH~ 'pHL 

~-I~ 'j==3V 
OPPOSITE PHASE . . 

INPUT TRANSITION .--- --- ;;;V 

WF001420 

ENABLE AND DISABLE TIMES 
Enable Disable 

CONTROL =f----I-t------.;;j--....:~---- 3.0V 
INPUT - ~ 1.5V 

.... ·---OV 

-I-'ZL 
--4.5V 

'LZ 
OUTPUT 

NORMALL V -1.5 V 
LOW S2 OPEN VOL 

I ,f'''''' L~ '" OUTPUT 
NORMALL Vs OPEN 1.5V . -1.5 V 

HIGH 1 _ -OV O.5V 

WFOO1410 

Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 

2. 81 and 82 of Load Circuit are closed except 
where shown. 

PULSE WIDTH 

LOW·HIGH·LOW ==f ~ 
PULS~ --- r-'PW~ --- 1.5V 

HIGH·LOW·HIGH ~ ~ 15V 
PULSE -1'\ T- . 

WFOO1270 

Note: Pulse Generator for All Pulses: Rate';;; 10MHz; Zo - SOil; It-';;; 2.5ns; tl';;; 2.5ns. 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 
INPUTS OUTPUTS 

'cc -----1r-------t---~---

7.5kU 

INPUT O----..... -'-+~I_-... 

8-56 

I 
I 
I 
I 
I 
I 

3511 

+-~--oOUTPUT 

-10l 

ICOOO070 

.01972C 
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Am29861-64 
High Performance Bus Transceivers 

DISTINCTIVE CHARACTERISTICS 

• High-speed symmetrical bidirectional transceivers 
- Noninverting tpo = 5.0ns typ 
- Inverting tpo = 4.5ns typ 

• 200mV minimum input hysteresis on input data ports 

• Three-state outputs glitch-free during power-up and 
down. Outputs have Schottky clamp to ground 

• 48mA commercial IOL, 32mA military IOL 
• Low inputloutput capacitance 
• IOH specified 2.0V and 2.4V 

GENERAL DESCRIPTION 

The Am29860 Series bus transceivers provide high perfor
mance bus interface buffering for wide datal address paths 
or buses carrying parity. The Am29863/64 9-bit transceiv
ers have NOR-ed output enables for maximum control 
flexibility. All transceiver data inputs have 200mV minimum 
input hysteresis to provide improved noise reiection. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 

BLOCK DIAGRAM 

Am298611Am29862 10-BIT TRANSCEIVERS 

80001060 

lMOX is a trademark of Advanced Micro Devices, Inc. 033698 

8-57 R_ to 'Page 13-1 lor Essential Information on MUllary Devices 

~ 
3 
N, 

I en .... 
I 

~ 

II 



CONNECTION DIAGRAM 
Top View 

Am298611 Am29862 10-BIT TRANSCEIVERS 

0llI Vee 

Ro To 

A, T, 

R. T. 

R. T. 

R. T. 

R. T. 

flo T, 

R7 T7 

RS Ts 

As T. 

GNO 6ET 

CDOO1150 

LOGIC SYMBOL 

R 

6Eii -<ll>---' 

Am2IIIMS, (NOMNVERTING) 

LSOOO370 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am29861-64 

Device type 

D C B l. L L S~r:~~i~9 S?fn~;d processing 
B - Burn-in . 

. 
Temperature (See Operating Range) 

. C - Commercial (O·C to + 70·C) 
M - Military (-55°C to + 125·C) 

Package· 
0- 24-pin SLIM DIP (D-24-SLlM) 
L-28-pin Leadless Chip Carrier (L-28-1) 
X-Dice 

High Performance Bus. Transceiver 

8-58 

Valid Combinations 

Am29861 DC, DCB, OM, 

Am29862 DMB 

Am29863 LC, LCB, LM, 

Am29864 LMB 
XC,XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

033698 
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CONNECTION DIAGRAM 
Top View 

Am29863/ Am29864 9·BIT TRANSCEIVERS 

OEA. Vee 

Ro TO 

A, T, 

A, T, 

A, T. 

A. T. 

AS Ts 

R. T. 

A7 T7 

A. T. 

DEA, DET, 

GND DET, 

CDOO1140 

LOGIC SYMBOL 

T 

Am29863 (NONINVEATlNG) 

LSOOO380 

8-59 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

Am21l8611 Am29862 

1 om I When LOW in conjunction with ~ HIGH activates the RECEIVE mode. 

13 00 I When LOW in conjunction with ~ HIGH activates the TRANSMIT mode; 

Ri 1/0 lO-bR RECEIVE input/output 

Ti 1/0 lO-bH TRANSMIT input/output. 

Am21l8631 Am29864 

OH 
L 

L 

H 

H 

H 

~ I When both are LOW in conjunction with any ~ HIGH indicates the RECEIVE mode. 

OET, I When both are LOW in conjunction with any l:5ERi HIGH Indicates the TRANSMIT mode. 

Ri 1/0 9-bH RECEIVE inputloutput. 

T, 1/0 9-bi! TRANSMIT input/output. 

FUNCTION TABLES 

Am29861/Am2983 (Nonlnvertlng) . Am298621 Am29864 (Inverting) 

Inputs 

CSER RI 

H L 

H H 

L N/A 

L N/A 

H X 

" " 

~n 

~J ~J 

.. ., 

Outputs Inputs Outputs 

TI RI TI Function ~ OER RI fj RI fj Function 

N/A N/A L Transmitting L H L N/A N/A H Transmitting 

N/A N/A H Transmitting L H H N/A N/A L Transmitting 

L L N/A Receiving H L N/A L H N/A Receiving 

H H N/A Receiving H L N/A H L N/A Receiving 

X Z Z Hi-Z H H X X Z Z Hi-Z 

H-HIGH X = Don't Care 
L=LOW NI A - Not Applicable 
Z = High Impedance 

Am298631 Am29864 
9-BIT TRANSCEIVERS 

" " " " " " " lilli, -. 

~1 ~n ~l ~n ~n ~l ~1 ~n V 
~U ~J ~U ~J ~U ~J ~J A .. .. .. .. :'< 

8-60 

.. .. 6i'f, ill'f, 

80001070 

033698 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature with Temperature ..••..........••.................•... O·C to + 70·C 

Power Applied ..•..•....••...••.......•...•.. - 55·C to + 125·C Supply Voltage ••....•.....•.••............ + 4.75V to + 5.25V 
Supply Voltage to Ground Potential 

Military (M) Devices 
Continuous ......•.......................•....... -O.5V to +7.0V 

DC Voltage Applied to Output 
Temperature ..••..........••................ -55·C to + 125·C 
Supply Voltage •...............•.......••...•• + 4.5V to + 5.5V 

for High Output State ................•.... -1.5V to Vccmax Operating ranges define those limits over which the function-
DC Input voltage ...........•..................•.. -O.5V to + 5.5V ality of the device is guaranteed. 
DC Output Current, Into Outputs ............•...•...•..•. 100mA 
DC Input Current. ..••...................••... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameter Description Teat Condltlona Min Typ Max Units 

VOH Oulput HIGH Voltage 

VOL Oulput LOW Voltage 

VIH Input HIGH Level 

VIL Input LOW Level 

VI Input Clamp Voltage 

VHYST Input Hysteresis 

III Input LOW Current . 

IIH Input HIGH Current 

II Input HIGH Current 

IOZH 
Oulput OIl-State 
Oulpul Current (HI-ZJ 

IOZl 
Oulput OIl-Stale 
Output Current (HI-Z) 

Isc Outpul Short Circun Current 

lee Supply Current 

Vee-MIN IOH=-15mA 2.4 

VIN = IIIH or Vil IOH --24mA 2.0 V 

Vee-MIN MIL, IOl - 32mA 0.5 

VIN = VIH or Vil COM'L, IOl = 48rnA 0.5 V 

Guaranteed input logical HIGH voltage 2.0 V for all inputs 

Guaranteed input logical LOW voltage 0.8 V for all inputs 

Vee = MIN, liN = -18mA -1.2 V 

Tested output is connected to AC load test circun 200 mV 

Vee = MAX, VIN = 0.4V -1.0. rnA 

Vee = MAX, VIN = 2.7V 50 "A 
Vee = MAX, VIN - 5.5V 1.0 rnA 

Vee = MAX, Vo = 2.4V 50 "A 

Vee - MAX, Vo - 0.4V -1.0 mA 

Vee-MAX -75 -250 rnA 

Over Temperature Range 160 
Vee-MAX 
Outputs Open 

+70·C 150 rnA 

+ 125·C 140 

r. 

8-61 
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SWITCHING TEST CIRCUIT 

TEST 
Vee POINT 

S'~ , 
FROM OUTPUT IA 

R, 

UNDER TEST : 1 I~ r '000 
CL INCLUDES R ~ ALL DIODES 

PROBE AND JIG I 1.~kn ~ ~~~OR CAPACITANCE 

*~ 
TCOOO390 

, 

Note: Pulse Generator for All Pulses: Rate" 1 OMHz; Zo = 50n; tr " 2.5ns; tf" 2.5ns. 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tpLH 4.8 6.0 ns 

tpHL 
CL - 50pF 

5.2 6.2 Propagation Delay from Ri to Ti or Ti to Ri ns 

tPLH Am29861 I Am29863 (Noninverting) 8 11 ns 

tpHL 
CL = 300pF 

11 14 ns 

tpLH 4.0 5.2 ns 

tpHL 
CL = 50pF 

4.9 5.9 Propagation Delay from Ri to 'F; or 'F; to Ri ns 
tpLH Am298621 Am29884 (Inverting) 7.3 10 ns 

tpHL 
CL - 300pF 

10.5 12.9 ns 

tZH 6.5 12 ns 

tZL 
CL - 50pF 

9.5 12 ~ut Enable TIme ~ to Ti and ns 

tZH to Ri 11 17 ns 

·tZL 
CL = 300pF 

17 21 ns 

tHZ 
CL = 5pF 

3.5 8.0 ns 

tLZ Output Disable TIme OEl to Ti and 3.5 6.0 ns 

tHZ OER to Ri 11.2 16 ns 

tLZ 
CL - 50pF 

4.5 9.0 ns 

I 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions 

tpLH 

tPHL Propagation Delay from 
CL - 50pF 

tPLH 
Ri to Ti or Ti to Ri 
Am29881 I Am29863 (Noninv!,rting) CL =300pF 

tPHL 

tpLH 

tpHL propa"tion Delay from 
CL - 50pF 

tpLH 
Rito ior'F;toRI 
Am298821 Am29884 (inverting) CL =300pF 

tpHL 

tZH 

tZL 
CL = SOpF 

Output Enable Time ~ to 
tZH Tlor~toRi 

CL = 300pF 
tZL 

tHZ 

tLZ 
CL = 5pF 

Output Disable Time ~ to 
1Hz Tlor~toRi 

tLZ 
CL = 50pF 

8-62 

COMMERCIAL MIUTARY 

MIn Max Min Max Units 

8 10 ns 
8 10 ns 

15 17 ns 

15 17 ns 

7.0 9.0 ns 

7.5 9.5 ns 
14 16 ns 

14 16 ns 

15 17 ns 

15 17 ns 

20 22 ns 

23 25 ns 

9 10 ns 

9 10 ns 

17 19 ·ns 

12 12 ns 

033698 
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SWITCHING WAVEFORMS 

PROPAGATION DELAY 

( SA~~.!.~~~~_1 ~ _ 3V 

INPUTTR~~------ ~ :~V 

~- f I t=:: 'PlH? 'PHl 
OPPOSI~ V- 3v 

INPUT TRANSITION-~ T ---- ::V 

WFOO1470 

ENABLE AND DISABLE TIMES 
Enable Disable 

r----- 3V 

----1.5V 

--___ oV 

OUTPUT 
NORMALLY ..... 15V 

LOW 

S, i=--T, 'ZH 'HZ j t VOL 

OUTPUT~~-=::=VOH 
NORMALLY 1 5V 1"--1-- -1 5V 

~ ~~N o~ 
---OV 

WF001450 

Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 

8-63 

2. 81 and 82 of Load Circuit are closed except 
where shown. 
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HIGH PERFORMANCE SCHOTTKY LOGIC 
Am25S LOW-POWER SCHOTTKY LOGIC 
Am25LS 8x8 PARALLEL MULTIPLIERS II 



Am2SS and Am25LS 
Logic Family Index 

Am25S05 
Am25LS07/ Am25LS08 
Am25S07/ Am25S08 
Am25LS09 
Am25S09 
Am25S10 
Am25LS14A 
Am25LS15 
Am25S18 
Am25 LS22 
Am25LS23 
Am25LS2513 
Am2sLS381/ Am54LS381 
Am7 4LS381/ Am25LS2517 

Am25LS2518 
Am25LS2519 

Am25LS2520 

Am25LS2521 
Am25LS2535 
Am25LS2536 
Am25LS2537 

Am25LS2538 

Am25LS2539 

Am25LS2548 
Am25S557/ Am25S558 
Am25LS2568/ Am25LS2569 

Four-Bit py Two-Bit Two's Complement Multiplier .................. 9-1 
Hex/Quad Parallel 0 Registers with Register Enable ............. 9-8 
Hex/Quadilarallel 0 Register with Register Enable ............. 9-13 
Quad Two-Input, High-Speed Register ...................... ~ ........ 9-20 
Quad Two-Input, High-Speed Register ............................... 9-26 
Four-Bit Shifter with Three-State Outputs ........................... 9-32 
8-Bit Serial/Parallel Two's Complement Multiplier ................ 9-38 
Quad Serial Adder/Subtractor· ............. ~ ........................... 9-45 
Quad 0 Register with Standard ~nd Three-State Outputs ..... 9-51 
8-Bit Serial/Parallel Register with Sign Extend .................... 9-57 
8-Bit Shift/Storage Register with Synchronous Clear .. : ......... 9-64 
Three-State Priority Encoder ........................................... 9-69 

Arithmetic' Logic Unit/Function Generator Low-Power 
SchottkY Integrated Circuits ................................ , ........ 9-77 

Quad 0 Register with Standard and Three-State Outputs ..... 9-89 
Quad Register with Two Independently Controlled 

Three-State Outputs ........................ ~ .......................... 9-95 
Octal O-Type Flip-Flop with Clear, Clock Enable and 

Three-State Control .................................................. 9-101 
Eight-Bit Equal-to Comparator ................................ , ...... 9-108 
Eight-Input Multiplexer with Control Register. .................... 9-113 
Eight-Bit Decoder with Control Storage ................... , ....... 9-120 
One-ot-Ten Decoder with Three-State Outputs and 
, Polarity Control .................................................•..... 9-125 
One-of-Eight Decoder with Three-State Outputs and 

Polarity Control ....................................................... 9-131 
Dual One-ot-Four Decoder with Three-State Outputs arid 

Polarity Control ............... -" .......... , ................ , ........... 9-138 
Chip Select Address Decoder with Acknowledge ............... 9"144 
Eight~Bit by Eight-Bit Combinatorial Multiplier ..................... 9-150 
Four-Bit Up/Down Counters with Three-State Outputs ........ 9-157 

A<;Ivanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specitic testing details contact your local AMO sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 



Am25S05 
Four-Bit by Two-Bit Two's Complement Multiplier 

DISTINCTIVE CHARACTERISTICS 

• Provides 2's complement multiplication at high speed 
without correction. 

• Can be used in a combinatorial array or in a time 
sequenced mode. 

• Multiplies two 12-bit signed numbers in typically 115ns. 
• Multiplies in active HIGH (positive logic) or active LOW 

(negative logic) representations. 
• Reduced input loading as compared to Am2505. 

GENERAL DESCRIPTION 

The Am25S05 is a high-speed dipit~! multiplier that can 
multiply numbers represented in the 2' s complement nota
tion and produce a 2' s complement product without correc
tion. The device consists of a 4x2 multiplier that can be 
connected to form iterative arrays able to multiply numbers 
either directly, or in a time sequenced arrangement. The 
device assumes that the most significant digit in a word 
carries a negative weight, and can therefore be used in 
arrays where the multiplicand and multiplier have different 
word lengths. The multiplier uses the quaternary algorithm 
and performs the function S = XV + K where K is the input 
field used to add partial products generated in the array. At 
the beginning of the array the K inputs are available to add 
a signed constant to the least significant part of the 
product. Multiplication of an m bit number by an n bit 

number in an array results in a product having m + n bits so 
that all possible comDinauons of product are accounted for. 
If a conventional 2's complement product is required the 
most significant bit can be ignored, and overflow conditions 
can be detected by comparing the last two product digits. 

A number of connection schemes are possible. Figure 1 
shows the connection scheme that results in the fastest 
multiply. If higher speed is required an array can be split 
into several parts, and the parts added with high-speed 
look-ahead carry adders. 

Provision is made in the design for multiplication in the 
active high (positive logic) or active low (negative logic) 
representations simply by reinterpreting the active level of 
the input operands, the product, and a polarity control P. 

BLOCK DIAGRAM 

80001580 

RELATED PRODUCTS 

Part No. DeSCription 

Am25LS14A 8-Bit Serial/Pa~allel Multiplier 

Am25LS557/8 8-Bit by 8-Bit Multiplier 

Am29516/7 16-Bit by 16-Bit Multiplier 

036108 
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LOGIC SYMBOL 

ACTIVe LOW 

7 6 5· 4 3 1 19 18 17 16 

>3 >3 
» A",25S05 >2 
21 4x2 

" 2" COMPLEMENT 
> MUL TlPlIER en." 13 > 

20 20 

8 9 10 11 14 15' 

CONNECTION DIAGRAM 
Top View 

COOO201 0 

Note: Pin 1 Is marked for orientation 

METALLIZATION AND PAD LAYOUT 

ACTIVE HIGH 

] 6 S 4 3 1 19 18 11 16 

'0 
1'.",25506 

4x2 
'I 2', COMPLEMENT 
c" MULTIPlIE.R en •• 13 

8 9 10 11 14 IS 

LSOOO700 

ORDERING INFORMATION 
AMO products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25S05 

Device type 

D C B l L L S~r:~~i~~s?fn~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
, C - Commercial (O'C to + 70'C) 

M - Military (-55'C to + 125'C) 

Package 
0- 24-pin CERDIP 
F - 24-pin flatpak 
P- 24-pin plastic DIP 
X-Dice 

4-Bit by 2-Bit Multiplier 

9-2 

Valid Combinations 

PC 

Am25S05 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is c(!rrently available in the 
combination you wish. 

03610B 
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SWITCHING TIME TEST TABLE 

Input Outputs 

Cn Cn + 4, S0123, S45 

kO Cn + 4, S0123, S45 
kl Cn + 4, S123, S45 
k2 Cn + 4, S23, S45 
k3 S3 
k3 S45 

X-l Cn + 4, 50123, S45 
Xo Cn + 4, SOl23, S45 
Xl Cn + 4, S123, S45 
X2 Cn + 4, S123, S45 
X3 S3 
X3 S45 
X4 S45 

y-l Cn + 4, 50123, S45 
Yo Cn + 4, 50123, S45 
Yl Cn + 4, S0123, S45 

DEFINITION OF TERMS 

SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used 
with Vee to indicate high Vee value. 
I Input. 
L LOW, applying to LOW logic level or when used with 
Vee to indicate low Vee value. 
o Output. 

FUNCTIONAL TERMS: 

Cn The carry input to the high-speed adder. 
Cn + 4 The carry output from the high-speed adder. 
KI The constant field used for accumulating partial prod
ucts. i = 0, 1, 2, 3. At the beginning of the array the K 
field can be used to add a 2's complement number to 
the least significant half of the double length product. 
P The polarity control input. This input must lie at a low
logic level for numbers in the active high logic represen
tation, and held high for numbers in the active low logic 
representation. 
SI The product outputs. i = 0, 1, 2, 3, 4, 5. 
XI The multiplicand inputs. i = -1, 0, 1, 2, 3, 4. At the 
first column of the array lLl must be held at logic '0', 

MSI INTERFACING RULES 

Equivalent 

interfacing 
Input Unit Load 

Digital Family HIGH LOW 

Advanced Micro Devices 5417400 
1.25 1.25 

Series 

Advanced Micro Devices 9300/2500 
1.25 1.25 

Series 

FSC Series 9300 1.25 1.25 

TI Series 5417400 1.25 1.25 

Signetics Series 8200 2.5 2.5 

National Series OM 75/85 1.25 1.25 

DTL Series 930 15 1.25 

Inputs at OV (remaining Inputs at 4_5V) 

9-3 

P, Y-l, Yl, All X 

P, Y-l, Yl, All X 
P, Y-l, Yl, All X 
P, Y-l, Yl, All X 
P, Y-l, Yl, All X 
P, Y-l, Yl, All X, Cn 

P, Yl, All k 
P, Y-l, Yl, All k 
P, Y-l, Yl, All k 
P, Y-l, Yl, All k 
P, Y-l, Yl, All k 
P, Y-l, Yl, All k, Cn 
P, Yl, All k, Cn 

P, Xl, X2, X3, X4, AII.k 
P, Xl, X2, X3, X4, All k 
Xc, Xl, X2, X3, X4, All k 

and at the last column of the array X4 is connected to 
X3· 
V, The multiplier inputs. i = -1, 0, 1. 
At the first row of the array Y -1 must be held at logic 
'0'. 

OPERATIONAL TERMS: 

IlL Forward input load current. 
IOH Output HIGH current, forced out of output in VOH 
test. 
IOL Output LOW current, forced into the output in VOL 
test. 
Icc The current drawn by the device from Vee power 
supply with input and output terminals open. 
IIH Reverse input load current. 
Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 
VIH Minimum logic HIGH input voltage. 
VIL Maximum logic LOW input voltage. 
VIN Input voltage applied in IlL, IIH tests. 
VOH Minimum logic HIGH output voltage with output 
HIGH current IOH flowing out of output. 
VOL Maximum logic LOW output voltage with output LOW". 
current IOL flowing into output. ~ 

OPERATION TABLE 

V Multiplier 

o 0 0 
100 
010 
1 1 0 
001 
1 0 1 
o 1 
1 1 

Operation 
X Multiplicand 

K+O 
K+X 
K+X 
K+2X 
K-2X 
K-X 
K-X 
K-O 

Active Low Inputs and Outputs 
'1' = Low, '0' = High, P = High 

Active High Inputs and Outputs 
'1' = High, '0' = Low, j5 = Low 

03610B 
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." 

m Am25S05. LOADING. RULES IN UNIT LOADS 
('II 

~ Input 
Unit Load Fan-out 

Pin Input Input Output Output 
Input/Output Nos. HIGH LOW HIGH LOW 

X4 1 0.2 0.2 - -
Cn 2 0.2 0.2 - -
X3 3 0.2 0.2 - -
x2 4 0.4 0.4 - -
xl 5 0.4 0.4 - -
XO 6 0.4 0.4 - -
)(.1 7 0.2 0.2 - -
So 8 - - 20 10 

Sl 9 - - 20 10 

S2 10 - - 20 10 

S3 11 - - 20 10 

GND 12 - - - -
Cn +4 13 - - 20 10 

S4 14 - - 20 10 

S5 "15 - - 20 10 

k3 16 2 2 - -
k2 17 2 2 - -
kl 18 2 2 - -
ko 19 2 2 - -
j5 20 1 1 - -
Yl 21 0.6 0.6 - -
Yo 22 0.6 0.6 - -
Y-l 23 0.6 0.6 - -
Vee 24 - - - -

A Schottky TTL Unit Load is defined as 501lA at 2.7V at the 
HIGH Logic Level and -2.0mA at 0.5V at the LOW Logic 
Level. 

USER NOTES 

1. Arithmetic in the multiplier is performed in the 2's comple
ment notation, which requires a carry in at tl\9 first stage. 
This is accomplished by connecting the Yi multiplier bit to 
the appropriate carry input terminal i = 1, 3, 5 ... 

2. The multiplier can perform multiplication in either the active 
high (positive logic) or active low (negative logic) represen
tations. by reinterpreting the active logic level and by 
grounding or leaving the polarity control pin j5 open circuit 
respectively. 

3. Multiplication can be performed in number representations 
other than 2' s complement by either correcting the 2' s 
complement product or adding in a correction at the 
beginning of the multiplication at the K inputs. 2's comple
ment numbers are represented as: X2 = x - xs2n -1. 

9-4 

Number 
j 

Representation Correction ' 

2'$ complement None 
l's complement Add X.V2 + ysX2 + xsVs at K inputs 
UnSigned Extended multiplier and multiplicand one bn 
(Magn"ude) at the least significant end. Form 

"OYO + Vox + "OY with conditional adder and 
add to array shifted two places up at k in-
puts. Force ks, y., Xs - O. 

Sign magnitude x.=o, Y.- 0 None 
Xs =; 1, Ys = 0 Form [(XY)2 + 2~ -'Y] 
xs=O, Y. = 1 Form ~(X)')2 + 2 -'~A 
xs= 1, y.-l Add2 -'(x+y)-2 -2 

4. For the highest speed array with the multipliers arranged in 
a parallelogram structure carries between certain multipliers 
are exchanged with the y carry-ins needed for 2's comple
ment subtract. The deiays in the array are then equalized as 
best possible as shown in Figure 1. 

5. For higher speed multiplication the array can be split into several 
parts that can be added together with high-speed adders. 

6. Rounding off to a single length product can be achieved by 
adding a '1' to the array' at the most significant positive k 
input of the array, ignoring the most significant product digit, 
and using the remainder of the most significant part of the 
product. 

7. Truncation of a product without round off enables some of 
the multipliers in the array to be removed. 

CONNECTION SCHEMES 

PARALLELOGRAM 
CARRIES STAY 
IN SAME ROW 

2 
PARALLELOGRAM 
CARRIESFROU 
LOWER ORDER 
UUlT1PL1ERSSI(.1P 
rOALTEFINATE ROWS 
WHEREI'OSS18LE 

3 

HIGH·SPUD SCIoIOTTICY 
..... ...,.,..--' ..... "TT--' ..... .,.,..--' CARRY LOOI(AHEAO ADDU 

AFOOO820 

Figure 1 
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TYPICAL MULTIPLICATION TIMES 

Array 
Size 
Bits 

4x4 
8x8 

12 x 12 
12x 12 
16x 16 
16x 16 
16x 16 
20x20 
20x20 
24x24 
24x24 
24x24 
28x28 
28x28 
32x32 
32x32 
32x32 

Total Package Count 
Multiplication 

Time (ns) Am25S05 Am54S174S181 

35 
75 
115 
82 
155 
111 
98 
195 
130 
235 
149 
125 
275 
168 
315 
187 
152 

Figure 2 

9-5 

2 
8 
18 
18 
32 
32 
32 
50 
50 
72 
72 
72 
98 
98 
128 
128 
128 

5 

7 
16 

9 

11 
24 

13 

15 
32 
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_/ ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Temperature(Ambient) Under Bias ........ -55°C to + 125°C TemperattJre ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

(Pin 24 to Pin 12) Continuous ............. -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

High OutplJtSiate ...................... ;-O.5V to +VCC max 
DC Input Voltage ................................. -O.5V to + 5.5V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define· those limits over which the function-

DC Input Current.. ........................... -30mA to +5.0mA 
ality of. the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure. to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions Min Typ Max Units (Note 1) 

Vee = MIN., IOH ~ -1.0mA IXM 2.5 3,3 
VOH Output HIGH Voltage 

VIN = VIH or VIL IxC 2.7 3.3 Volts 

VOL Output LOW Voltage Vee - MIN., IOL = 20mA 0.3 0.5 Volts .. VIN = VIH or VIL 

VIH Input HIGH Lev81 Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Volts voltage for all inputs 

IlL (Note 2) Unit Load Vee = MAX., VIN = 0.5V -2.0 mA Input LOW Current 

Un~ Load 

IIH (Note 2) Input HIGH Current Vee - MAX., VIN - 2.7V 50 pA 

Input HIGH Current Vee = MAX., VIN = 5.5V 1.0 mA 

Iso Output. Short Circuit Current Vee - MAX., Vour - O.OV -40 -100 mA 

ICC Power Supply Current Vee = MAX., VI = .OV 120 175 mA 

Note 1. Typical Umits are at Vee - 5.0V, 25°C ambient and maximum loading. 
Note 2. Actual input currents are obtained by multiplying un~ load current by the input load factor (See loading rules). 

9-6 
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SWITCHING CHARACTERISTICS (Vcc = 5V. TA = 25°C. CL = 15pF. RL = 280n) 

Parameters From (Input) To (Output) 

tPLH 
tPHL c n Cn +4 

IpLH 
tpHL Cn 50,1,2,3 

IpLH 
tpHL Cn 84,5 

IPLH 
IPHL Any k Cn +4 

IpLH 
IpHL Any k 50,1,2,3 

IpLH 
IPHL Any k 84,5 

IpLH 
tPHL Any x Cn +4 

IpLH 
tPHL Any x 50,1,2,3 

tPLH 
tPHL Any x 84,5 

IpLH 
Cn +4 tpHL Any y 

IpLH 
IpHL Any y 50,1,2,3 

tpLH 
tpHL Any y 84,5 

9-7 

Test Conditions Min Typ Max Units 

4 8 12 
4 9 14 ns 

6 12 18 
5 10 15 ins 

7 15 22 
6 13 20 ns 

3 6.5 12 
5 10 15 ns 

6 13.5 20 
4 9.5 14 ns 

3 15.5 23 
3 12.5 19 ns 

8ee Test Table 8 17 26 
9 18 27 ns 

10 21 32 
10 21 32 ns 

6 23.5 35 
5 21.5 32 ns 

11 23 34 
10 20 30 ns 

11 23 34 
11 23 34 ns 

12 25 37 
12 25 37 ns 
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Am25LS07/Am25LS08 
Hex/Quad Parallel D Registers with Register Enable 

DISTINCTIVE CHARACTERISTICS 

• 4-bit and 6-bit parallel registers 
• Common Clock and Common Enable 
• Positive edge triggered D flip flops 
• Second sourced by TI as 54lS174lS378 and 379 

• Am25lS D.C. parameters including: 
VOL = 0.45V at IOL = 8mA 
Fan-out over military range = 22 
4401lA source current 

GENERAL DESCRIPTION 

The Am25lS07 is a 6-bit low Power SChottky register with 
a buffered common register enable. The Am25LS08 is a 4-

. bit register with a buffered common register enable. The 
devices are similar to the. Am54LSI74LS174 and Am54kSI 
74lS175 but feature the common register enable rather 
than common clear. 

Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the !mable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. 
When the enable is HIGH, the register will not change state 
regardless of the clock or data input transitions. 

BLOCK DIAGRAM 

Am25LS07 

Am25LS08 

CP--i)~----~--t-------~-+-------1--4-------< 

RELATED PRODUCTS 

Part No. Description 

Am2918 Quad D Register 

Am2919 Quad D Register 

OJ Q3 

80001520 

80001450 

036998 
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Am25LS07 

CONNECTION DIAGRAM 
Top View 

Am25LS08 

vee "" 03 03 02 112 Q2 CP 

E 00 DO 01 01 02 02 GND 

CD001730 

E 00 Co DO 0, 01 0, GND 

CDOO1720 

CP 

Note: Pin 1 is marked for orientation 

Am25LS07 

t 3 .4 6 11 13 14 

Am25lS07 
6-BIT REGISTER 

2 5 7 10 12 15 

LOGIC SYMBOL 

LS000630 

CP 

ORDERING INFORMATION 

Am25LS08 
12 13 

Am25LS08 
4-BIT REGISTER 

3 2 6 7 11 10 14 15 

LSOO0640 

AMD products are available in sev!lral packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS07/08 D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Device type 
Hex/Quad Parallel 0 Registers 

9-9 

Valid Combinations 

PC 

Am25LS07/08 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036996 
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Pin No. Name I/O 

Dj I 

1 E I 

9 CP I 

OJ 0 

OJ 0 

PIN DESCRIPTION 

De.criptlon 

The D flip-flop data inputs. 

Enable. When the enable is LOW, data on the Dj inputs is transferred to the OJ outputs on the LOW-
to-HIGH clock transition. When the enable is HIGH, the OJ outputs do not change regardless of the 
data or clock input transitions. 

Clock. Pulse for the register. Enters data on the LOW-to-HIGH trimsition. 

The TRUE register outputs. 

The complement register outputs. 

, 
. 

E 

H 

L 

L 

L 

L 

H=HIGH 
L=LOW 

FUNCTION TABLE 
, 

Inputs Outputs 

DJ CP Q, Qi 

X X NC NC 

X H NC NC 

X L NC NC 

L t L H 

H t H L 

NC = No Changer= LOW-to-HIGH Transition 
X = Don't Care 01 on Am25LS08 Only 

9.10 

, 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias ....... -55°C to + 125°C Temperature ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ +4.75V to +5.25V 

(Pin 16 to Pin 8) Continuous ............... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

HIGH Output State ...................... -O.5V to + VCC max 
DC Input Voltage ................................. -O.5V to +7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Vce = MIN., IOH = -440pA COM'L 2.7 3.4 
VOH OlJlput HIGH Voltege 

VIN = VIH or VIL MIL 2.5 3.4 Volts 

Vee = MIN. IOL -4mA 0.4 
VOL Output LOW Voltage 

VIN = VIH or VIL IOL= 8mA 0.45 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage lor all inputs 

Guaranteed input logical LOW ICOM'L 0.8 
VIL Input LOW Level voltage lor all inputs IMIL 0.7 Volts 

VI Input Clamp Voltage Vee - MIN., liN - -18mA -1.5 Volts 

Clock, E -0.36 
IlL Input LOW Current Vee = MAX., VIN ~ 0.4V Others -0.24 mA 

Clock, E 20 
IIH Input HIGH Current Vee = MAX., VIN = 2.7V Others 14 pA 

II Input HIGH Current Vee = MAX., VIN - 7.0V 0.1 mA 

ISC 
Output Short Circuit Current Vee = MAX. -15 -85 rnA (Note 3) 

I LS07 16 22 
lee Power Supply Current Vee = MAX. (Note 4) I LS08 11 18 mA 

Notes: 1. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 

9-/1 
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SWITCHING CHARACTERISTICS (T A"" + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min typ Max Units 

tPLH Clock to Output 13 20 ns 

If>HL Clock to Output 13 20 ns 

Ipw Clock Pulse Width 17 ns 

t. Data ~-15pF 20 no 
Is Enable RL=2.0kSl 30 no 
th Data 5.0 n. 

It. Enable 5.0 ns 

Imax (Note 1) Maximum Clock Frequency 40 65 MHz 

Note 1. Per industry convention, lmax is the worst case .value 01 the maximum device operating Irequency with no constraints on 1,', tf, pulse width 
or duty cycle, 

" 
SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am25LS. Am25LS 

Parameters Description Test Conditions Min Max Min ,Max Units 

tpLH Clock to Output 30 35 ns 

tpHL Clock to Output 30 35 ns 

tl'W Clock Pulse Width 26 30 ns 

Is Daia CL - 50pF 30 35 ns 

Is Enable RL-2.0kSl 43 50 ns 

th Data 11 12 ns 

th Enable 11 12 ns 

Imax (Note 1) Maximum Clock Frequency 30 25 MHz 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

LOW·POWER SCHOTTKY INPUT IOUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DRIVEN INPUT , Vet; 

I 
I 

[i] ----
,--t; I rA ; 

'c,.) I .I'" 

~ 
....... r I "" ~ ~~ 

I .t. ~ 
~~ I 

I 
-=- I -=-

IGOOO180 

Note: Actual current flow direction shown. 

9-12 
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Am25S07 / Am25S08 
Hex/Quad Parallel 0 Registers with Register Enable 

DISTINCTIVE CHARACTERISTICS 

• 4-bit and S-bit high-speed parallel registers • Positive edge triggered 0 flip-flops 
• Common clock and common enable 

GENERAL DESCRIPTION 

The Am25S07 is a S-bit, high-speed Schottky register with a 
buffered common register enable. The Am25S08 is a 4-bit 
register with a buffered common register enable. The 
devices are similar to the Am54S174S174 and Am54S1 
74S 175 but feature the common register enable rather than 
common clear. ." 

Both registers will find application in digital systems where 
information is associated with a logiC gating signal. When 
the enable is LOW, data on the 0 inputs is stored in the 
register on the positive going edge of the clock pulse. 
When the enable is HIGH, the register will not change state 
regardless of the clock or data input transitions. 

00 

CP 

00 

Part No. 

BLOCK DIAGRAM 

, Am25S07 

0, 

Am25S08 

DO 0, 

aD OJ a, 

RELATED PRODUCTS 

Description 

Am25LS07/08 Low Power Versions 

Am2918 Quad 0 Register 

Am2919 Quad Register 

Am29821-2S 8, 9, 10-Bit Register 

9-13 

0 3 <l4 0, 

80001450 

0, 03 

a, a, a, Q3 

80001520 

037028 
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LOGIC SYMBOL 
Am25S07 

I 3 • , 
" 13 

Am25S07 CP 
6-BIT REGISTE R 

2 • 7 10 12 

I. 

" 
LSOOO590 

CONNECTION DIAGRAM 
Top View 

Am25S07 

Clo 00 01 0, 02 ~ GND 

CDOO1680 

Note: Pin 1 is marked for orientation 

METALLIZATION AND. PAD LAYOUT 
Arri25S07 

E 1 16 Vce 

00 2 15 aS 

00 3 14 05 

01 4 13 04 

0, 5 12 04 

02 6 11 03 

02 7 10 03 

GNO 8 9 cp 

DIE SIZE: 0.070" x 0.083" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Ain25S07/08 

Device type 

D C B l L L. S~f:~~i~g s?:~~a~d processing 
B - Burn-in 

re,mperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 

. M - Military (-55°C to + 125°C) 

Package' 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Hex/Quad D Registers 

9·1,4 

Valid Combinations 

PC 

Am25S07/08 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

037028 
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CONNECTION DIAGRAM 
Top View 

Am25S08 

CDO01690 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL 
Am25S08 

12 

00 0, 0, 

CP Am25S08 
4·81T REGISTER 

00 

Y 
3 , 6 7 11 10 14 

13 

03 

15 

LSOOO600 

9·15 

METALLIZATION AND PAD LAYOUT 
Am25S08 

E 1 

Qo 2 

00 3 
DO 4 

Dl 
a, 
Ql 7 

GND 8 

16 Vee 

15 Q3 

14 53 
13 D3 

12 D2 
11 i12 
10 Q2 

9 ep 

DIE SIZE: 0.067" x 0.073" 
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Pin No. Name I/O 

OJ I 

1 f: I 

9 CP I 

OJ 0 

~ 0 

, 

PIN DESCRIPTION 

Description 

The 0 flip-flop data inputs. 

Enable. When the enable is LOW, data on the OJ inputs is transferred to the OJ outputs on the LOW-
to-HIGH clock transition. When the enable is HIGH, the OJ outputs do not change regardless of the 
data or clock input transitions. 

Clock Pulse for the register. Enters data on the LOW-Io-HIGH transition. 

The TRUE register outputs. 

The complement' register outputs. 

FUNCTION TABLE 

Inputs 

'E 01 

H X 

L X 

L X 

L L 

L H 

H-HIGH 
L=.LOW 
X = Don't Care 

Outputs 

CP 01 01 

X NC NC 

H 'NC NC 

L NC NC 

t L H 

t H L 

t z LOW-to-HIGH Transition 
NC - No Change 
OJ on Am25S08 Only 

, 

~-16 

037028 
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-. 
-B 

ENABLE --<G 

CLOCK 

APPLICATIONS 

"0 00-
D, 0,_ 
a, 0, --\ Am25S0' 

OATA8US '" 0,_ 
o. <4_ 
o, o, -CP e 

WORD 1 

,--JJ 
DO "of---
D, O'r--
02 02 f---Am25S07 

'0 p-- D, O,f---
D. <4f---

WORD 2 

o, as f---
CP e 

" 
AmS4S174S139 I ~I 

" 
Do "or--

'3 
0, o,f---
D, 0, r--Am2SS01 

'" "'f---
WORQ3 

0, "'r--
DS o, f---c. e 

~r 
DO OOf---
D, O'r--
02 Q2 f---Am25507 
D, <l'f---

WOR04 

D, <4f---
DS o, f---

CP E 

I I 
AFOOl180 

Selective Register Loading of Data on Synchronous Clock. 
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ABSOLl4TE MAXIMUM RATINGS OPERATING RANGES 
Siorage Temperature .... , .................... -65·C to + 150·C Commercial (C) Devices 
Temperature (Ambient) Under Bias ....... -55·C to + 125·C Temperature ..................................... O·C to + 70·C 

j Sup~ly Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 
(Pm 16 to Pin 8) Continuous ............... -O.5V to +7.0V Military (M) Devices 

DC Voltage Applied to Outputs For , Temperature ......... , ...................... -55·C to +125·C 
High Output State ....................... -O.5V to + Vee max 

DC Input Voltage ................................. -O.5V to +5.5V 
Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits o~er which the function-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters DeSCription Test Conditions (Note 2) Min Typ Max Units 
(Note t) 

Vee - MtN., IOH - -lmA IXC 2.7 3.4 
VOH Output HIGH Voltage 

VIN = VIH or Vil IXM 2.S 3.4 Volts 

VOL Output LOW Voltage Vee - MIN., IOl = 20mA O.S Volts 
VIN - VIH or Vil 

VIH Input HIGH Level . Guaranteed input logical HIGH 2.0 Vo~s 
vo~ge for all inputs 

Vil Input LOW Level 
Guaranteed input logical LOW O.B Volts voltage for all inputs 

VI Input Clamp Voltage , Vee· MIN., liN --IBmA -1.2 Volts 

III Unn Load 
Vee· MAX., VIN - O.SV -2 mA (Note 3) Input LOW Current 

IIH Unit Load 
. Vee - MAX., VIN - 2.7V 50 

'"'" (Note 3) Input HIGH Current 

II Input HIGH Current Vee = MAX., VIN = S.SV 1.0 mA 

Isc 
Output Short Circun Current 

Vee = MAX. -40 -100 mA (Note 4) 

Power Supply Current 1507 90 144 
lee (Note S) Vee-MAX. 1 SOB 60 96 mA 

Notes: 1. Typical limits are at Vee - S.OV, 2S'C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Outputs open; enable grounded; data inputs at 4.SV, measured after a momentary ground, then 4.SV applied to the clock Input. 

9-18 
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SWITCHING CHARACTERISTICS (T A - + 25°C) 
J 

Parameters Description Test Conditions Min Typ Max Units 
tpLH Clock to Output 4 8 12 ns 

tpHL Clock to Output 4 11.5 17 ns 

Ipw Clock Pulse Width 7 ns 

Is Data Vee - 5.0V, CL s 15pF, RL = 2800 5.5 ns 

Is Enable 9 ns 

ill Data 3 ns 

th Enable 3 ns 

Am25S07 LOADING RULES Am25S08 LOADING RULES 
(In STTL Unit Loads) (In STTL Unit Loads) 

Fan-out Fan-out 

Pin Input Output Output Pin Input Output Output 
Input/Output Nos. Unit Load HIGH LOW Input/Output Nos: Unit Load HIGH LOW 

E 1 1 - - i: 1 1 - -
00 2 - 20 10 00 2 - 20 10 

DO 3 1 - - 00 3 - 20 10 

01 4 1 - - DO 4 1 - -
01 5 - 20 10 01 5 1 - -
02 6 1 - - 01 6 - 20 10 

02 7 - 20 10 01 7 - 20 10 

GNO 8 - - - GNO 8 - - -
CP 9 1 - - CP 9 1 - -
Os 10 - 20 10 02 10 - 20 10 

03 11 1 - - 02 11 - 20 10 

04 12 - 20 10 02 12 1 - -
04 13 1 - - 03 13 1 - -
05 14 1 - - 03 14 - 20 10 

05 15 - 20 10 03 15 - 20 10 

Vec 16 - - - Vce 16 - - -
A Schottky TTL Unit Load is defined as 5011A measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Vee 
DRIVING OUTPUT I DRIVEN INPUT 

I 
50n NOM I UNIT LOAD 

- t : j 28knNOM 

----:K v I 7i I ""l I (1\-1 
.~ I o--~ 

Gt "' r! IIH 

~ ~ 

-=- I -=-
ICoo0150 

Note: Actual current flow direction shown. 

9·19 
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Am25LS09 
Quad Two-Input, High-Speed Register 

DISTINCTIVE CHARACTERISTICS 

• 4-bit register accepts data from one-of-two 4-bit· input 
fields 

•. Am25LS D.C. parameters including: 
- VOL - O.45V at IOL - SmA· 

• Edge triggered clock action - Fan-out over military range -.22 
• Second sourced by T.I. as 54LS174LS399 - 440/AA source current 

GENERAL DESCRIPTION 

The Am25LS09 is a dual port four~bit register using 
advanced Low Power Schottky technology. to reduce the 
effect of transistor storage time. The register. consists of 
four 0 flip-flops with a buffered common clock, and a two
input multiplexer at the input of each flip-flop. A common 
select line, S, controls the four multiplexers. Data on the 

four inputs selected by the S line is stored in the four flip
flops at the clock LOW-to-HIGH transition. When the S 
input is LOW, the DiA input data will be stored in the 
register. When the S input is HIGH, the DiB·input data wil( 
·be stored in the register. 

BLOCK DIAGRAM 

B0001460 

RELATED PRODUCTS 

Part No. Description 

Am25S09 High Speed Register 

Am25S07/08 6/4-9il Registers 

Am25LS07/08 6/4-9it Low Power Registers 

03701B 
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LOGIC SYMBOL 

3 4 6 5 11 12 14 13 

Am25LS09 
ep 

10 
" 

CONNECTION DIAGRAM 
Top View 

CDO01740 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

DOA 

DOB 

0" 
D'A 

Vee 
0, 

13 D38 

~1t--12 D2B 

LSOO0650 GND 

0, 
'------9 ep 

DIE SIZE 0.075' x 0.061" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS09 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-SS·C to + 12S·C) 

Package 
0- l6-pin CERDIP 
F - l6-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Two-Input, High-Speed Register 

9-21 

Valid Com~inations 

PC 

Am2SLS09 DC, OM 
FM 
XC, XM 

Valid Combinations 
COnsult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

037018 
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PIN DESCRIPTION 
, 

Pin No. Name 110 Description 

3, 6, 11, DoA, I The "A" word into the two·input. multiplexer of the 0 flip·flops. 
14 01A, 

02A, 
°iiA 

4, 5, 12, OOB, I The "8" word into the two-input multiplexer of the 0 flip-flops. 
13 01B, 

02B, 
03B 

00,01, a The outputs of the four Ootype flip-flops c;>f the register. 
02,03 

1 S I Select. When the select is LOW, the A word is applied to the 0 inputs of the flip~flops. Wl:len the 
select is HIGH the 8 word is applied to the 0 inputs of the flip-flops. 

9 CP I Clock Pulse. Clock pulse for the register. Enters data on the LQW-to-HIGH transition of the clock line. 

FUNCTION TABLE 

SELECT CLOCK DATA INPUTS OUTPUT 
S CP DIA DIB QI 

L 1 L X L 

L 1 H X H 

H 1 X L L 

H 1 X H H 

H = HIGH Voltage Level L = LOW Voltage Level 
X - Don't Care i = 0, 1, 2, or 3 
1 = LOW-to-HIGH Transition 

, 

03701B 
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CLOCK 
LOAD/RECIRCULATE 

STATIC TEST/OPERATE 

~:-:: 
'---- 018 0, ----, 

Ooe~ 
°3A ~ 
O'A 

0, ---l 

O'A 
00 0 .. 

II +'-

· . 
APPLICATIONS 

'>2 
.1---, 

A""" 

ro;;-- I 

~I 
0, 

L 0,. ., " 0,. 
'" Am2802 Ooe§ 

256.4 DVNAMIC ~A ~ SHifT REGISl'EA 

I r-- D2A '" °1 

rr=t~ 

AF001210 

Am25LS09 used in 258 x 4 memory system with load/recirculate control. and 1 x 4 static test capability for the system. MOS 
interface is one load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single 
step operation for testing purposes. 

WOAD A WORDB ----

I I III J 
DoA 0,,, 0,,, DlA Oce 0'1 Da 038 

51 S 

Am25LS09 
CPl or 

00 Q, 0, 0, 

-'- -'- -'- I 
WORD' 

I I III I 
DoA C,A 020\ DlA Doe 0'8 o,e 038 

52 S 

Am25LS09 
Of' 

00 0, '" QJ 

I I I I 
WORD 2 

I I III I 
00A 01A D:lA DlA Doe 0 18 ~8 038 

53 S 

Am2SLS09 
en CP. 

00 Q, '" 0, 

I I I I 
WORD 3 

AFOO1220 

Am25LS09 used to store a word from either data bus A or data bus B. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65'C to + 150'C Commercial (C) Devices 
Temperature (Ambient) Under Bias ....... -55'C to + 125'C Temperature ...................................... O·C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

(Pin 6 to Pin 8) Continuous ................ -O.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature ................................ -55·C to + 125·C 

High Output State ......................... -O.5V to Vee max 
DC Input Voltage ................................. -O.5V to + 7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +5.0mA 
a/ity of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maXimum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Vee = MIN., IOH = -440jJA COM'L 2.7 3.4 
VOH OUlput HIGH Voltage 

VIN = VIH or VIL MIL 2.5 3.4 Volts 

Vee-MIN. IQL-4mA 0.4 
VOL Output LOW Voltage 

VIN .. VIH or VIL IOL-8mA 0.45 Volts 

VIH Input HIGH' Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW MIL 0.7 
VIL Input LOW Level vollage for all inputs COM'L 0.8 Volts 

VI Input Clamp Voltage Vee = MIN., IIN=-18mA -1.5 Volts 

Clock, S -0.36 
IlL Input LOW Current Vee .. MAX., VIN" 0.4V Others -0.24 mA 

Clock, S 20 
IIH Input HIGH Current Vee" MAX., VIN" 2.7V Others 14 JJA 

II Input HIGH Current Vee - MAX., VIN - 7.0V 0.1 mA 

ISC 
Output Short Circuit Curr~nt Vee-MAX. -15 -85 mA (Note 3) 

lee Power Supply Current .Vee .. MAX. (Note 4) 11 18 mA 

Notes: 1. Typieal limits are al Vee - 5.0V, 25"C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuH test should not exceed one second. 
4. Measured wHh Select and Clock inputs at 4.SV; all data inputs at OV; all outputs open. 

9-24 
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SWITCHING CHARACTERISTICS (T A = + we, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tpLH Clock to Q HIGH 13 20 ns 

tpHL Clock to Q LOW 13 20 ns 

tpw Clock Pulse Width 17 ns 

ts Data Set-up Time CL = 15pF, 20 ns 

t. Select Input Set-up Time RL=2.0kn 30 ns 

th Data Hold Time 5 ns 

th Select Input Hold Time 0 ns 

fmax (Note 1) Maximum Clock Frequency 40 65 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on 1" tf, pulse width 
or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Am25LS Am25LS 

Parameters Description Test Conditions Min Max Min Max Units 

tpLH Clock to Q HIGH 30 35 ns 

tpHL Clock to Q LOW 30 35 ns 

tpw Clock Pulse Width 26 30 ns 

ts Data Set-up Time CL - 50pF 30 35 ns 

ts Select Input Set-up Time RL = 2.0kn 43 50 ns 

th Data Hold Time 11 12 ns 

th SeleGt Input Hold Time 4 5 ns 

'max (Note 1) Maximum Clock Frequency 30 25 MHz 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS • Am54LS174LS 
LOW-POWER SCHOTIKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DRIVEN INPUT 
Vee 

[ 'J ----
V 

l ""l rA 
~ J 

~ 
.......... r "H '2 ~ 

-::- -::- , 
ICOOO180 

Note: Actual current ,flow direction shown. 
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Am25S09 
Quad Two-Input, High-Speed Register 

DISTINCTIVE CHARACTERISTICS 

• High-speed Schottky technology. • Four-bit register accepts data from one of two 4-bit input 
fields . 

• Edge-triggered clock action. 
• Electrically tested and optically inspected dice for the, 

assemblers of hybrid products. 

GENERAL DESCRIPTION 

The Am25S09 is a dual port high-speed. four-bit register 
using advanced Schottky technology to reduce the effect of 
transistor storage time. The register consists of four D flip
flops with a buffered common clock. and a two-input 
multiplexer at the input of each flip-flop. A common select ' 
line. S. controls the four multiplexers. Data on the four 

inputs selected by the S line is stored in the four flip-flops at 
the clock LOW-to-HIGH' transition. When the S input is 
LOW. the DiA input data will be stored in the register. When 
the S input is HIGH. the Di6 input data will be stored in the 
register. 

BLOCK DIAGRAM 

0, 

RELATED PRODUCTS 

Part No. Description 

Am25LS09 Low Power Version 

Am25S07/08 6/4-8it Register 

Am25L~07/08 6/4-8it Low Power Register 

03 

B0001500 

037006 
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CONNECTION DIAGRAM 
Top View 

S 00 DOA DOB 018 D1A a, GND 

CDO01700 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

CP 

3 4 6 6 tf 12 14 13 

Am25S09 

10 IS 

LSOO0610 

S 1 -----, 

00 2 

DOA 3 
DaB 4 

DIB 5 
DIA 6 

01 7 

GND 8 ------' 

DIE SIZE: 0.067" x 0.073" 

ORDERING INFORMATION 

16 Vcc 

15 03 

14 D3A 
13 D3B 

12 D2B 
11 D2A 

10 02 

9 cp 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25S09 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Two-Input, High-Speed Register 

9-27 

Valid Combinations 

PC 

Am25S09 
DC, OM 
FM 
XC, XM 

Valid Combinations 
.' Consult the AMD sales office in your area to 

determine if a device is currently available in the 
combination you wish. 

03700B 
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Pin No. Name 110 

3 DoA, I 
6 01A, 

11 02A, 
14 OSA 

4 \ Dos, I 
5 01B, 

12 02B, 
13 03B 

2,7 00,01, ,a 
10,15 02, Os 

1 S I 

9 CP I 

PIN DESCRIPTION 

DeScription 

The "A" word Into the two-il1l)ut multiplexer of the 0 flip-flops. 

The "8" word into the tWo·input multiplexer of the 0 flip·f1ops. 

I ~ , 
The outputs of the four D-type flip-flops of the register. 

Select. When the select is lOW, the A word is applied to the 0 inputs of the flip-flops. When the' 
select is HIGH, the 8 word is applied to the 0 inputs of the flip-flops. 

Clock Pulse. Clock pulse for the register. Enters data on the lOW-ta-HIGH transition of the clock line. 

FUNCTION TABLE 

SELECT CLOCK 
S CP 

l t 

l t 

H t 

H t 

H = HIGH Voltage level 
X = Don't Care 
t = lOW-to-HIGH Transition 

. 

DATA INPUTS OUTPUT 
DIA DIB 01 

l X l 

H X H 

X l l 

X H H 

l = lOW Voltage level , 
i = 0, 1, 2, or 3 

J 

9-28 
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CLOCK 
LOAD/RECIRCULATE 

STATIC TEST/OPERATE 

APPLICATIONS 
~ 

.'---' 

I AmOO,. 

~~ 
0'8 Cl-

_0'8 "'h " " 
Do8 , Am2802 

o,A 
256~4DYNAM.C 

0,. Q'~ 
SHIFT REGISTER 

O'A 

DcA Do 

IT "T-t--

-;;;:---' I 

~I 
0, 

0'8 

O'B 02 

Do8 ~ 

::: 1 0, ,.-----. 

Ir't~ 

AF000760 

Am25S09 used in 258 x 4 memory system with load/recirculate control, and 1 x 4 static test capability for the system. MOS 
interface is one load at each end. This circuit is especially useful in di!;!ital filterin!;! where special al!;!prithms require a static single 
step operation for testing purposes. 

WORD A WORDB 

I I I r I r 
DeJA D'A 02A DlA 001 0'8 028 Daa 

S' S 

Am25S09 

CP' c. 
Do 0, 0, 0, 

I I I I 
WORD 1 

I I I I I I 
DoA D'A 02A 03A 008 0'8 028 Daa 

S2 s 
Am25S09 

en CP 

Do 0, 0, 0, 

I I I I 
WORD 2 

II III I 
00A O'A D2A DaA Doe O'B D2B '?38 

53 S 

Am25S09 

CP3 CP 

Do 0, "' 0, 

I I I I 
WORD 3 

AFOO0770 

Am25S09 used to store a word from either data bus A or data bus B. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias ....••. -55°C to + 125°C Temperature .........•...........•.••............. O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

(Pin 16 to Pin 8) Continuous ..........•.... -0.5V to +7.0V 
Military' (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

High Output State .......•.......••..•..• -0.5V to +VCC max 
DC Input Voltage •............••.....•.......•.... -0.5V to + 5.5V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .•••...••......•.•...•••.. 30mA 
Operating ranges define those limits over which the function-

DC Input Current.. .•..........•.....•••.....• -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE .MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vee· MIN, IOH --1.0mA ICOM'L 2.7 3.4 
VOH Output HIGH Voltage 

VIN - VIH or VIL IMIL 2.S 3.4 Volts 

VOL Output LOW Voltage Vee - MIN, IOL = 20mA 0.3 O.S Volts 
VIN - VIH or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts Voltege for all inputs , 
Guaranteed input logical LOW 

VIL Input LOW Level voltage for all inputs 0.8 Volts 

VI Input Clamp Voltage Vee- MIN,IIN--18mA -1.2 Volts 

IlL Input Load 
Vee - MAX, VIN - O.SV -2 rnA (Note 3) Input LOW Current 

IIH Unit Load Vee = MAX, VIN - 2.iV 50 p.A (Note' 3) Input HIGH Current 

II Input HIGH Current Vee = MAX, VIN - S.5V 1.0 rnA 

ISC 
Output Short Circuit Current Vee = MAX -40 -100 rnA (Note 4) 

lee Power Supply Current Vee - MAX (Note 5) 75 120 mA 

Notes: 
1. Typical limits are at Vee = 5,OV, 2SoC ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one ou1put should be shorted at a time. Duration of tbe short circuit tes1 should not exceed one second. 
S. Measurad with Select and Clock inputs at 4.SV; all date inputs at OV; all outputs open, 

SWITCHING CHARACTERISTICS (T A = + 25°C) 

Parameters Description Test Conditions 

IPLH Clock to Q HIGH 

tpHL Clock to Q LOW 

\pw Clock Pulse Width 

Is Date Set-up Time Vee = S.OV, CL -lSpF, 
RL=280n 

Is Select Input Sel-up Time 

th Date Hold Time 

th Select Input Hold Time 

-

9-30 

Min 

7 

S.S 

10 

3 

3 . 

Typ Max Units 
8 12 ns 

11.S 17 ns 

ns 

ns 

'ns 
ns 

ns 
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LOADING RULES (In Unit Loads) 

Fan-out 

Pin Input Output Output 
Input/Output Nos. Unit Load HIGH LOW 

S 1 1 - -

00 2 - 20 10 

DoA 3 1 - -

DOB 4 1 - -

D1B 5 1 - -
D1A 6 1 - -
01 7 - 20 10 

GND 8 - - -
CP 9 1 - -
02 10 - 20 10 

D2A 11 1 - -
02B 1 1 - -

DaB 13 1 - -

DaA 14 1 - -

Oa 15 - 20 10 

Vee 16 - - -
A Schottky TIL Unit Load is defined as 501lA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPur 1 DRIVEN INPUT 
Vee 

I 
son NOM / UNIT LOAD 

2.Bkn NOM 

t / j ---~ V-
/ 

l ~ 
/ 7J\-J I 

Kf 
/V" 
/ 

, 

LJ / "H 
I '2~ / 
I 
I 

-= I ~ 
ICOOO150 

Note: Actual current flow direction shown 

-
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Am25S10 
Four-Bit Shifter with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Shifts 4-bits of data to 0, 1, 2 or 3 places under control 
of two select lines. 

• Three-state outputs for bus organized systems. 

• 6.5ns typical data propagation delay 
• Alternate source is 54517 4S350 

GENERAL DESCRIPTION 

The Am25S10 is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined by a two
bit select field So and S1. An active-LOW enable controls 
the three-state outputs. This feature allows expansion of 
shifting over a larger numl1er of places with one delay. 

By suitable interconnection, the Am25510 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where the sign 
bit is repeated during a shift down; or end around, where 
the data word forms a continuous loop. 

BLOCK DIAGRAM 

'-3 '·2 '., " 

v, 

80002480 

RELATED PRODUCTS 

Part No. Description 

Am2901 Bit Slice ALU 

Am2903 Superslice 

Am29501 Multiport Pipeline Processor 

036118 
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10 

13 

L. 

,-. 
L, 

to 
I, 

Iz 

.. 
OND 

0-16, P-16 

CONNECTION DIAGRAM 
Top View 

Vee 

'0 

" 
Oi 

'. 
'. 
So .. 

'., 

CD004060 

Note: Pin 1 is marked for orientation 

L-20-1 

~ I or ~ 

CDO04050 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT .. vee 
1234567 '-. , 15 V, 

'-, , 
'l v, 

'-, a 

" .. ~ 
" 
" 

e 
" v, 

'. 7 11 v, 

ON •• 10 So 

s, .-----' 

15 14 12 11 DIE SIZE 0.067" x. 0.056" 

. LSOOO750 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25S10 

Device type 

DeB l L L S~r:~i~g s?:~~a~d processing 
. B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O'C to + 70'C) 
M - Military (-SS'C to + 12S'C) 

Package 
0-16-pin CERDIP 
F - 16-pin flatpak 
L - 20-pin leadless chip carrier 
P-16-pin plastic DIP 
X-Dice 

4-Bit Shifter with Three-State OutpUts 

9-33 

Valid Combinations 

PC 
DC, OM 

Am2SS10 LC, LM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036118 
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PIN DESCRIPTION 

Pin No. Name I/O Oescrlptlon 

Ii I The seven data inputs of the shifter. 

13 rn: Enable. When the enable is HIGH, the four outputs are in the high impedance state. When the enable 
is LOW, the selected Ii inputs are present at the outputs. 

10,9 50,'51 I Select inputs; Controls the number of places the inputs are shifted. 

II, 12, Vi a The four outputs ,of the shifter. 
14, 15 

LOADING RULES (In Unit Loads) 

Fan-out 

Input Output Output 

Pin Unit Load 
HIGH LOW 

Input/Output Nos. (Note 1) XM XC 

1-3 1 1 - - -
1-2 2 1.5 - - -
1-1 3 1.5 - - -
10 4 1.5 - - -
11 5 1.5 - - -
12 6 1.5 - - -
13 7 1 - - -
GND 8 - - ~ -
51 9 1 - - -
So 10 1 - - -
V3 11 - 40 130 10 

V2 12 - 40 130 10 

~ 13 1 - - -
VI 14 - 40 130 10 

Vo 15 - 40 130 10 

Vee 16 - - - -
A Schottky TTL Unit Load is defined as 501lA at 2.7V at the 
HIGH and -2.0mA at 0.5V at the LOW. 

Note 1. The fan-in on 1.2, 1.1, 10, 11 and 12 will not exceed 
1.5 Unit Loads when measured at VIL = 0.5V. As VIL is 
decreased to a OV, the input current IlL MAX. increases to 
-4, -6, -8, -6 and -4mA respectively due to the decrease 
.in current sharing with the internal select buffer outputs. 

-.-

9-34 

LOGIC EQUATIONS 

VO=SOSI 10 + SoSI'-1 + ScSI '-2 + 8051'-3 

Vl- S0Sl l\.+ SOS110 + ScSI '-1 + 505 1'-2 

V2-S0S1 12 + 505111 + ScSI 10+ SoSI'-1 

V3- S0S113 + SOS112 + ScsI 11 + 8051 10 

TRUTH TABLE 

OE SI So 13 Iz 11 10 1-1 I.z 1-3 V3 Vz VI Vo 

H X X X X X X X X X Z Z Z Z .• 
L L L 03 02 0, Do X X x Da 02 0, Do 
L L H X 02 0, Do 0·1 X X 02 01 Do 0-1 
L H L x X 01 Do 0.1 0.2 X 01 Do 0·1 0.2 
L H H X X x Do 0.1 0·2 0-3 Do 0·1 0-2 0-3 

H=HIGH X = Don't Care 
L=LOW Z = High Impedance Slate 

On at input In may be either HIGH or LOW and output Y m 
will follow the selected On Input level. 

036118 
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APPLICATIONS 
0' 23 4561 891011 

" Am25S10 " Am25SIO " Arn26S10 

'o~~+---+---+-~r--+--~+i--~---+---r--+---~+----r--+-~+-r-r-~ 
',--~+---+---+-~r--+----~--~---+---r--+---~+----r--+---+-r-r---J 
~----~--+---t-~r--+----~--~---+---r--+-----~---r--+---+-r-r---~ 

',So 
L NOSH.FT 
H SHIFT I PLACE 

H L SHIFT 2 PLACES 
H H SHIFT J PLACES 

s,s,so 

So 
" s, 

" 
L l L HOSHIFT 
L L H SHIFT END 
L H L SHifT END 
L H H SHIFT END 
H l L SHIFT END 
H L H SHIFT END 
H H L SHIFT END 

r-So 
r-- " 

rOE 

AROUND 1 
AROUND 2 
AROUND 3 
AROUND4 
"ROUNDS 
"ROUNDS 

H H H SHIFT END AROUND 7 

01 23 

1-3 1-2 •• , 10 ., '2 I, 
Am25S10 

Yo Y, Y, Y, 

16-Bit Shift-Up 0, 1, 2, or 3 Places. 

4567 

r--
1-3 1_21.,10 

" 
'2 13 '-3 1·2 L, 10 

" '2 '3 '0 -'0 
r- " Am25SIO .-- " Am25S10 

-< OE 
rOE Yo V, v, v3 Vo v, " v, 

> 
3 

12131415 N 

8J ... 
0 

" A11125S10 

13 16 

AF001240 

II 
1-3 L2 L, '0 

r-- So " " 
'3 

-" Am25510 

~OE . Vo Y, V Y3 

AFOO1230 

B-Bit End Around Shift 0, t, 2, 3, 4, 5, 6, 7 Places 

~--------------~. 
12 11 10 9 8765 

" Am26510 " Am25S10 

So-+~---r~--+--r--~----~4--+~~~ 
"--~----~r--+---+---r----~-----r--+---+-~r---~ 

12 11 10 

13-Bit 2's Complement Scaler 

9-35 

4321 

" Am25SIO 

AF001250 

03611B 
Refer to Page 13-1 for Essential Information on Military [)evtces 



\ 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... .;.6S·C to + tSO·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ••..... -SS·C to + 12S·C Temperature ...•••.......••.•............•••..••. O·C to -+ 70·C 
Supply Vpltage to Ground Potential Supply Voltage ...•.............•••.... : ... +4.7SV to +S.2SV 

Continuous ••••••.••.....••.••..•••.•.••••....••. -O.SV to. +7.0V 
Military (M) Devices 

DC Voltag,eApplied to Outputs For 
Temperature •.••...••.••..•.......••.•..••.. -SS·C to + 12S·C 

High Output State-: •.•.•...•••...••....•. -O.SV to +Vcc max 
DC Input Voltage .•.•••.• , .•••..•..•..•..•..•....• -O.SV to +S.SV 

Supply Voltage •...•.••..........••........... + 4.SV to + S.SV 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define tfJose limits over which the function-

DC Input Current ..•.••....••••••...••......•• -30mA to +S.OmA 
ality o.f the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum retings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Vee = MtN. IXM 10H --2mA 2.4 3.4 
VOH Output HIGH Voltage 

VIN - VIH .or VIL Ixc 10H = -6.5rnA 2.4 3.2 Volts 

VOL Output LOW Voltage Vee = MIN., 10l - 20rnA 0.5 Volts 
VIN - VIH or VIL 

VIH Input HIGH Level Guaranteed Input logical HIGH 2.0 Volts voltage for all Inputs 

VIL Input LOW Level Guaranteed Input logical LOW 0.8 Volts voltage for all inputs 

VI Input Clamp Voltage Vee - MIN., liN - -18rnA -1.2 Vetts 

IlL Un" Load Vee - MAX., VIN - 0.5V -2.0 rnA (Note 3) Input LOW Current 

IIH Un" Load Vee = MAX., VIN - 2.7V 50 p.A (Nota 3) Input HIGH CUrrent 

Off Siaia (High Impedance) IVO-2.4V 50 
10 Output CUrrent Vee-MAX. IVo=O.5V -50 p.A 

II Input HIGH CUrrent Vee - MAX., VIN - 5.5V 1.0 mA 

Isc 
Output Short Circu" CUrrent Vee - MAX., VOUT - O.OV -40 -100 mA (Note 4) 

lee Power Supply CUrrent Vee - MAX., All outputs open, 60 85 mA All inputs - GND 

Notes: 1. Typical limits at!> at Vee - 5.0V, 2SoC ambient arid maximum loading. . .' 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Actual input currents - Un" Load CUrrent x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time: Duration of the short circuH test should not exceed one second. 

~ 
I 

>-
~ 
c 
z 
Q 
0-« 
f 
0 :: 
I 

~ 

PERFORMANCE CURVES 
SWITCtilNG CHARACTERISTICS 

\ 

., 

Data to Output Select to Output 
(Typical) (Typical) 

9 ·14.0 

r- IP~~ ~ ! 1'\. - I 13.~ 8 >- I ........ tP~L '" « ~ ul 13.0 
7 c 

z 
0 

12.5 i= 

\ 6 I « co 
~ 12.0 r-.... t-4./ot 0 "\ 5 :: 
I 11.6 
~ ....... ~ ~ 4 11.0 

-75 -51) -25 0 25 51). 75 100 125 -75 -50 -25 0 25 50 76 100 125 

T A - AMBIENT TEMPE.RATURE _ °c 

OPOO1390 

9·36 

TA - AMBIENT TEMPERATURE _ °c 

OPOO1400 
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SWITCHING CHARACTERISTICS (T A = + 25°C) 

Parameters 
tpLH 

tPHL 

tPLH 

tpHL 

tZH 

tZL 

tHZ 

tLZ 

Description Test Conditions Min Typ Max Units 
5 7.5 

Data Input to Output ns 
8 12 

Vcr:; = 5.0V, CL = 15pF, RL - 2800 
11 17 

Select to Output ns 
13 20 

Output Control l5E to Output 
19.5 

ns 
21 

Output Control l5E to Output 
5 8 

Vcr:; - 5V, CL - 5pF, RL - 2800 ns 
10 15 

SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

Vee 
DRIVING OUTPUT I DRIVEN I~PUT 

50n NOM UNIT LOAD 
2.8knNOM 

---~ V t j 

r ~ 
",..... "H 

11 
"::' 

.. ICOOO370 

Note: Actual, current flow direction shown. 

-
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Am25LS14A 
8-Bit Serial/Parallel Two's Complement Multiplier 

DISTINCTIVE CHARACTERISTICS 

• Two's complement multiplication without correction • 50MHz minimum clock frequency 
• Magnitude only multiplication 
• Cascadable for any number of bits 

• Second sourced by T.I. as the SN54lS174lS384 
• IMOX ™ process with ECl internal 

• 8-bit parallel multiplicand data input 

GENERAL DESCRIPTION 

The Am25lS14A is an 8-bit by 1-bit sequential logic 
element that performs digital multiplication of two numbers 
represented in two's complement form to produce a two's 
complement product without correction. The device ac
cepts an 8-bit multiplicand (X input) and stores this data in 
eight internal latches. The X latches are controlled via the 
clear input. When the clear input is lOW, all internal flip
flops are cleared and the X latches are opened to accept 
new multiplicand data. When the clear input is HIGH, the 
latches are closed and are insensitive to X input changes. 

The multiplier word data is passed by the Y input in a serial 
bit stream - least significant bit first. The product is' clocked 
out the S output least significant bit' first. 

The multiplication of an m-bit multiplicand by an n-bit 
multiplier results in an m + n bit product. The Am25lS14A 
must be clocked for m + n clock cycles to produce this 
two's complement product. Likewise, the n-bit multiplier (Y
input) sign bit data must be extended for the remaining m
bits to complete the multiplication cycle. 

The device also contains II K input so that devices can be 
cascaded for longer length X words. The sum (S) output of 
one device is connected to the K input of the succeeding 
device when cascading. LikeWise, a mode input (M) is used 
to indic~te which device contains the most significant bit. 
The mode input is wired HIGH or LOW depending on the 
position of tl'le 8-bit slice in the total X word length. 

BLOCK DIAGRAM 

80001650 

IMOX is a _ark of Advanced Micro 0avIces, 017670 
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CONNECTION DIAGRAM 
Top View 

Note: Pin t is marked for orientation 

LOGIC SYMBOL 

,. ,. 
• 

K 

M 

CI' 

11 12 13 '4 2 3 4 5 

Am25U14A 

LS000660 

METALLIZATION AND PAD LAYOUT 
CLR 1 

X3 2 

X, 3 

X, 4 

Xo 5 

S 6 

Cp 

GND 

ORDERING INFORMATION 

,.-------16 Vee 

r----- 15 Y 

13 Xs 

12 X6 

11 X7 

10 K 

'----- 9 M 

DIE SIZE 0.084" x 0.095' 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS14A 

Device type 
8-Bit Multiplier 

o C B 

Blank - Standard processing 
B - Burn-in l L L Screening Option 

Temperature (See Operating Range) 
C - Commercial (O.OC to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D- 16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

9-39 

Valid Combinations 

PC 

Am25LS14A DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

01767C 
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PIN DESCRIPTION 

Pin No. Name 110 Description 

Xo. x" I The eight data inputs for the multiplicand (Xl data. 
X2. Xa. x... Xs. 
>Ce. X7 

15 Y I The serial Input for the multiplier (y) .deta-least slgnifocant bit first 
6 S 0 The seriel output for the product of X • Y-Ieasl significant b~ first. 
7 CP I Clock. The buffered common clock Input for the serial/parallel multiplier. All functions occur on the LOW-te-HIGH 

transition of the clock. 
1 CLR I Clear. The buffered common clear for all flip-flops within the device. When the clear is LOW all flip-flops are cleared. 

Also the buffered X-input latch enable. When the clear input is LOW. the X latches will accept new X-input deia.-
10 K I The sum expansion input to the serial/parallel multiplier. Allows for cascading devices. 
9 M I The mode control input for the most significant bit of the multiplier. It is used in conjunction. with cascading to 

determine the most significant bit. 

FUNCTION TABLE 

INPUTS INTERNAL OUTPUT 

CLR CP K M XI V V.l S 

- - L L - - - -
- - CS H - - - -
L - - - OP - L L 

H - - - - - - -
H ! - - - L L AR 

H ! - - - L H AR 

H ! - - - H L AR 

H 1 - - - H H AR 

H = HIGH 
L = LOW 
t - LOW·to-HIGH transition 
CS = Connected to S output of higher order device 
OP .. Xi latches open for new data (i = o. 7) 
AR = Output as required 

DEFINITION OF STANDARD TERMS 

H HIGH. applying to a HIGH voltage level. 
L LOW. applying to a LOW voltage level. 
i Input. . -

o Output. 
Negative Current Cllrrent flowing out of the. device. 
Positive Current Cllrrent flowing into the device. 
IlL LOW-levElI input current with a specified LOW-level 
voltage applied. 
IIH HIGH·level input current with a specified HIGH-level 
voltage applied. 

9·40 

r 

FUNCTION 

Most Significant Multiplier Device 

Devices Cascaded in Multiplier String 

Load New Multipl!candand Clear Internal Sum and Carry 
Registers 

Device Enabled 

Shift Sum Register 

Add Multiplicand to Sum Register and Shift 

Subtract Multiplicand from Sum Register and Shift 

Shift Sum Register 

IOL LOW-level output current. 
IOH HIGH-level output. current. 
Isc Output short-circuit source current. 
Icc The supply current drawn by the device from the 
Vee power supply. 
VIL Logic LOW inplltvoltage. 
VIH Logic HIGH input voltage. 
VOL LOW-level output voltage with IOL applied. 
VOH HIGH-Ievel.output voltage with IOH applied. 

01767C 
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v 

L 

L 

CLEAR 

CLOCK 

APPLICATIONS 

See also Digital Signal Processing Applications Section for more information. 

Z4·BIT MULTIPL.ICAND 

A23A22~' -'20"18"18 A17 A16 A'SAI4 A
'
3 A'2A'1 AID Ag AS 

li'l"il]1'Jr I " I I I I I [I r II I I f 
I I I ILL I I I I I I I 
V " )(6 Xs )(4 X3 )(2 x, Xo V )(7 )(6 )(5 X4 X3 )(1 x, x. V )(7 )(6 )(5 )(4 X3 X2 XI Xo 

M H- M H-M 

• S • S K 

----c CLR 
Am25LSI4A 

----c Am25LSI4A Am25LS14A 
CLR IF'" -c. r- c. r- c. 

S 

. .J~T 
SERfAL 
OUTPUT 

AFOO1120 

Basic 24-Bit Serial/Parallel Connection 

se'UAl/PAAALlEI. 

ClOCtC ENABLE 
6 

H== 

D. 
R, SEA""R 

D. 
L- MUX 
H~ CLEAR "".lS22 Co StGN EXTEND S. 8·BIT SHIFT REGISTER 

CLOCK CP 
OUTf'UT CONTROl. o. 

DY7DYeOYsDYcDY3DY2DY1DYo 

., .. .. 
•• ., MUL TI'l.IEA lNf'uT ., 
., .. 

I 

CLOCK c. )(7 )(6 )(5 x. X3 X2 X, Xo 

v Am25t.Slo4A 
L-' SERIAL/PARALLEL 

L-M MULTIPLIER 

CLEAR CLR 
S 

AFOO1130 

8-Bit by 8-Bit Multiplier, Bus Organized, 
with 8-Bit Truncated Product 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ...•.....•••. " ..•.. " ..• -65'C to +150'C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55'C to + 125'C, Temperature .•... : •......... , ....•......•........ O'C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ..•...•...•.......•......•.. + 4.75V to + 5.25V 

Continuous ........................ , .......•..... -O.5V to +7:0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature •.••......••.................... -55'C to +125'C 

High Output State ....•.................. -O.5V to + Vee max 
DC Input Voltage .••••...•.•...••......•......••.. -O.5V to + 5.5V 

Supply Voltage •.....•.•..••. , ••.......•• , ...• +4.5V to +5.5V 

DC Output Current, Into Outputs •....•......••.••..•...•.• 30mA 
Operating ranges define those limits over which the function-

DC I.nput Current .•••.•...•.....•..•.•........ -30mA to +5.0mA 
ality of the device it! guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maXimum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min Typ' Max Units 
(Note 1) 

Vee - MIN., IOH = -1.0mA MIL 2.5 3.4 
VOH Output HIGH Voltage 

VIN = VIH or VIL COM'L 2.7 3.4 Volts 

Vee = MIN. IOL= 8.0mA 0.4 
VOL Output LOW Voltage 

VIN = VIH or VIL IOL=12mA 0.45 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Volts voltage for all inputs 

VI Input .Clamp Voltage Vee = MIN., IIN=-18mA -1.2 Volts 

X, M -0.48 

K, !TIt -1.2 
IlL Input LOW Current Vee = MAX., VIN - 0.4V CP -1.6 mA 

y -3.2 

X, M 20 

K. !TIt 30 
IIH Input HIGH Current Vee = MAX., VIN - 2.7V CP 40 iJA 

y 80 

II Input HIGH Current Vee = MAX., VIN - 5.5V 1.0 mA 

ISC 
Output Short Circuit Current Vee = MAX. -15 -85 mA (Note 3) 

ICC .Power Supply Current Vee-MAX. 45 65 mA 

Notes: 1. Typical limits are at Vee = 5.0V. 25'C ambient and maximum loading. 
2.· For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Duration of the short circuit test should not exceed one second. 

9-42 
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SWITCHING CHARACTERISTICS (TA = + 25°C, VCC= 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 
tpLH 8 14 

Clock to Output ns 
tPHL 10 18 

tpHL Clear 10 Oulpul 9 17 ns 

Is Y 10 Clock 
15 

ns 
It! 0 

Is 15 

Ii> K to Clock CL = 15pF 0 ns 

Is RL -2.0k.!l 13 
Xi 10 Clear ns 

Ih 0 

Clock (HIGH) 10 
Ipw 

Clock (LOW) 10 
ns 

Ipw Clear Pulse Widlh 10 ns 

Is Clear Recovery Time (Inactive Stale) 5 ns 

'max (Nole 1) Maximum Clock Frequency 50 60 MHz 

Nole 1: Per industry convenlion, fmax is Ihe worsl case value of Ihe maximum device operaling 'requency w"h no conslrainls on I" I,. pulse 
width or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

Am25LS COMMERCIAL Am25LS MILITARY 

Parameters Description Test Conditions Min Max Min Max Units 
IpLH 18 20 

IPHL 
Clock to Outpul 22 25 ns 

tpHL Clear to Outpul 22 25 ns 

Is 22 25 

Ih 
Y 10 Clock 0 '0 ns 

Is 20 22 

Ih 
K 10 Clock 0 0 ns 

Is CL - 50pF 20 22 

Ih 
Xi to Clear RL = 2.0kn 0 0 ns 

Clock (HIGH) 10 10 
Ipw Clock (LOW) 10 10 ns 

Ipw Clear Pulse Width 10 10 ns 

Is 
Clear Recovery TIme 5 5 no (Inactive State) 

fmsx (Note 1) Maximum Clock Frequency 50 50 MHz 

• AC performance over the operating temperature range is guaranteed by tesling defined in Group A, Subgroup 9. 
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LOW CURRENt SCHOTTKY INPUT IOUTPUT 
CURRENT INTERFACE CONDITIONS 

~ 
> 
I 
~ ; 

~ 
i z 
g 
§ 

ORWING DEVICE DRIVEN DEVICE 

MINIMUM LOGIC 
"HIGH" OUTPUT 

3.0. r- VOLTAGE 

2.8 r- COM'L VOH1 

2.8 - MIL 

2.4 
2.2 _ 3-STATECOM:LOR MIL 

VIHa 
2.0. -

NOISE MINIMUM LOGIC 
1.8- IMMUNITY "HIGH" INPUT ... - (HIGH LEVELl VOLTAGE 

'.4 _ 

'.2 

1.0 - ~.=~6t~iC VIL2 COM'L 0.8 VOLTAGE 

0.8 IOL-smA VOL_ MIL 
0.. MAXIMUM LOGIC 

IOl-4mA NOISE "LOW" INPUT 
0.2 IMMUNITY VOLTAGE 
0.0 lLOW LEVEL) 

DRIVING VOHl VIH2 DRIVEN 
SCHOTTKY 

DEVice 
SCHOTTKY ------

DEVICE VOL1 VIL2 

ICOO021 0 

Note: Refer to Electrical Characteristics for measure currents. 

INPUT/OUTPUT INTERFACE CONDITIONS 

DRMNGOUTPUT DRlVENINPUT 

y~--------------~~---+---------.----~--~----~-, 

tl , 
'F' I~ I 

L-----+-:- , 

ICOO0200 

Note: Actual current flow direction shown. 
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Am25LS15 
Quad Serial AdderlSubtractor 

DISTINCTIVE CHARACTERISTICS 

• Four independent adder/ subtractors • Magnitude only addition/subtraction 
• Use with two's complement arithmetic • Second sourced by T.I. as Am54LS/74LS385 

GENERAL DESCRIPTION 

The· Am25LS15 is a serial two's complement adder/ 
subtractor designed for use in association with the 
Am25LS14 serial/parallel two's complement multiplier. 
This device can also be used for magnitude only or one's 
complement addition or subtraction. 

Four independent adder/subtractors are provided with 
common clock and clear inputs. The add function is A plus 
B and the subtract function is A minus B. The clear function 
sets the internal carry function to logic zero in the add 

mode and to logic one in subtract mode. This least 
significant carry is self propagating in the subtract mode as 
long as zeroes are applied to the A and B inputs at the 
LSB's. All internal flip-flops change stat~ on the LOW-to
HIGH clock transition. 

The Am25LS15 is particularly useful for recursive or non
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 

BLOCK DIAGRAM 

(One of Four Similar Functions) 

CL~--~~----------------------------------~------------------------- TO 3 OTHER 
AODERlSU8TRACTDRS 

Af--~~----------~------~t 
F1 SUM 

SuM 

c. If ---0 ....... --\1 

CLA 

SET 
Cf 

CARRV 
~f 

CP ~ 
CL" 

CL~:---C~~--i)~----------------------------------------------~-----
} T030THER 

AODERISUB'TRACTORS 

80001670 

036636 
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11 

LOGIC SYMBOL 

CONNECTION DIAGRAM 
Top View 

., A, ....... '. GND 

CDO01790 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 
CP 1 -----, r---- 20 Vee 

5 4 3 6 7 8 15 14 13 16 17 18 
F, 2 19 F4 

CLOCK 
Am25LS15 

OUAD ADOER/SUBTRACTOR 
CLEAR' 

12 '9 
LSOOO680 

5, ., 

·2 
52 

'2 9-----' 
GND 10----...... 

'--___ '2., 
'-----_ 11 ClR 

DIE SIZE 0.095" x 0.095" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS15 

Device type 

o C B l L L S~r:~~i~g s~:~J'a~d processing 
B - Burn-in . 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
F - 20-pin flatpak 
P- 20-pin plastiC DIP 
X-Dice 

Quad Serial AdderlSubtractor 

9-46 

Valid Combinations 

PC 

Am25LS15 
DC, OM 
FM 
XC,XM 

Valid Combinations 
Consult the AMD' sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036638 
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Pin No. Name I/O 
5,6,15,16 Al, A2, I 

A3, At, 

4,7,14,17 61,62, I 
63,64 

3,8,13,18 51,52, I 
53,54 

2,9,12,19 Fl, F2, 0 
F3, F4 

1 CP Clock I 

11 CLR Clear I 

PIN DESCRIPTION 

Description 

The "A" input into each adderlsubtrac:tor. 

The "6" input into each adder/subtrac:tor. 

The IIdd subtrac:t control for each adder I subtractor. When 5 is LOW, the F function is A + B. When 5 is HIGH, the F 
function is A - 6. 

The four independent serial outputs of the adder/subtractor. 

The clock input for the device. All internal flip-flops change state on the LOW-to-HIGH transition. 

When the clear input is LOW, the four independent adderlsublractors are asynchronously reset. The sum flip-flop is 
always set to logic "0". The carry flip-flop is set to logic "0" in the add mode and logic "I" in the subtract mode. 

FUNCTION TABLE 

Internal 
External Inputs Point Output 

CP CLR S A B C C, F Function 

X L L X X L L L Clear 
X L H X X H H L 

L H X X X NC NC NC 
H H X X X NC NC NC 

t H L L L L L L 
t H L L L H L H 
t H L L H L L H 
t H L L H H H L· Add 
t H L H L L L H 
t H L H L H H L 
t H L H H L H L 
t H L H H H H H 

t H H L L L L H 
t H H L L H H L 

t H H L H L L L 
t H H L H H L H Subtract 
t H H H L L H L 
t H H H L H H H 
t H H H H L L H 

t H H H H H H L 

C = Data in the Carry Flip-Flop Before the Clock 
Transition 

CI = Data in the Carry Flip-Flop After the Clock 
X = Don't Care 
NC = No Change 
H 
L 
t 

= HIGH 
= LOW 
= LOW-to-HIGH Transition 

9-47 
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APPLICATIONS 

The normal butterfly. network associated with the Cooley
Tukey Fast Fourier Transform (FFT) algorithm is shown below. 
Here we assume A, B, C, 0 and W are all complex numbers 
such that: 

A~AR+jA, 

B=BR + jB, 

W'=WR+jW, 

The outputs C and 0 are also complex numbers. and are 
evaluated as: 

C = CR + jC, = (AR + BRWR - B,W,) + i(A, + BRW, + B,WR) 

o - CR + iD, = (AR - BRWR + B,W,) + j(A, - BRW,- B,WR) 

The four multiplications can b9 implemented using four 
Am25LS14 serial-parallel multiplierS (the appropriate numb.er 
of bits must, of course, be used). The additions and the 
subtractions are implemented using the Am25LS15 quad 
serial adder/subtractors. This diagram depicts only the basic 
data flow; binary weighting of the numbers, rounding, trunca
tion, etc. must be handled as required by the individual design 
parameters. 

FAST FOURIER TRANSFORM (FFT) BUTTERFLY 

An FFT butterfly connection for complex arithmetic inputs and outputs. 

9-48 
036638 

Refer 10 Page 13-1 for Essential Information on Military Devices 



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage T~mperature ...••••.•................ -65·C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55·C to + 125·C Temperature ..........••.••••.•...............•.. O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ......•........•............ + 4. 75V to + 5.25V 

Continuous .•......••.•..........•..•.•.......... -0.5V to + 7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature ..........•......••..••..•...•.• -55·C to +125·C 

HIGH Output State ..................•... -0.5V to + VCC max 
DC Input Voltage ..........•..............•....... -0.5V to +7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......•.........•.......• 30mA 
Operating ranges define those limits over which the function-

DC Input Current.. .....•..•..........•••..•.• -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent dE/vice failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Vee = MIN., IOH = -440pA 
MIL 2.5 

VOH Output HIGH Voltage VIN = VIH or Vil COM'L 2.7 Volts 

Vee-MIN. IOl =4.0mA 0.4 
VOL Output LOW Voltage 

VIN = VIH or Vil IOl =8.0mA 0.45 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage lor all inputs 

Guaranteed input logical tow IMIL 0.7 
Vil Input LOW Level voltage lor all inputs ICOM'L 0.8 Volts 

VI Input Clamp Voltage Vee - MIN., liN - -18mA -1.5 Volts 

III Input LOW Current Vee = MAX., VIN - O.4V -0.36 rnA 

IIH Input HIGH Current Vee - MAX., VIN - 2.7V 20 pA 

II Input HIGH Current Vee - MAX., VIN - 7.0V 0.1 rnA 

ISC 
OutputSho.rt Circun Current Vee = MAX. -15 -85 mA (Note 3) 

lee 
Power Supply Current Vee = MAX. 48 75 rnA (Note 4) 

Notes: 1. Typical limits are at Vee - 5.0V, 25·C ambient and maximum loeding. 
2. For conditions shown as MIN or MAX, use the appropriate value spec~ied under Operating Ranges lor the applicable device type. 
3. Not more than one output should be shorted at a time. Duration 01 the short circuit test should not exceed one second. 
4. All inputs HIGH, measured alter a LOW-ta-HIGH clock transmission. 

Functional Diagram 
for FFT Butterfly Connection 

A • 

w- _w 

t t 
AFOOl160 
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SWITCHING CHA~ACTERISTICS (T A" + 25°C. Vee" 5.0V) 

Parameter. Description Test Conditions Min Typ Max Units 
IPLH 

Clock 10 Outpul 
14 22 

ns 
IPHL 14 22 

IPHL Clear 10 Outpul 20 30 ns 

I. 
A. B. S 

10 
ns 

Ih 0 

I. Clear Recovery CL ~ 15pF 25 ns 

Ih Clear Hold TIme 
RL-2.0kO 

0 ns 

iHIGH 17 
Ipw Clock ns I LOW 17 

Ipw Clear LOW 20 ns 

'max (Nole 1) Maximum Clock Frequency 30 40 MHz 

Note 1. Per Industry convenlion. fmax' i$ the worst case value of the maximum device' operating frequency with no constraints on the Ir. If. pulse 
widlh or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am25LS Am25LS 

P.rameter. Oeserlptlon Test Conditions Min Max Min Max Units 
IpLH 33 38 

IPHL 
Clock 10 Outpul 33 38 ns 

IpHL Clear to OutpUt 43 50 ns 

Is 17 20 

Ih 
A. B. S CL = 50pF 4 5 ns 

Is Clear Recovery RL-2.0kO 37 42 ns 

Ih Clear Hold TIme 4 5 ns 
I HIGH 26 30 

Ipw Clock J LOW 26 30 ns 

Ipw Clear LOW 30 35 ns 

fmax (Nole 1) Maximum Clock Frequency 23 20 MHz 

• AC performance over the operaling lemperature range is guaranleed by testing defined in Group A. Subgroup 9. 

Am25LS • Am54LS174LS 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 
DRIVING OUTPUT I DRIVEN INPUT 

Vee 
I 
I 

[i] ----
V 

~ I rA 
V I J"I 

4t 
0./"0.. I! "H '2 :::~ 

~ 
:::~ 

"" I ':: 

ICOOO180 

Note: Actual current flow direction shown. 
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Am25S18 
Quad D Register with Standard and Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Advanced Schottky technology • Four three-state outputs 

• Four Ootype flip-flops • 75MHz clock frequency 

• Four standard totem-pole outputs 

GENERAL DESCRIPTION 

The Am25S18 consists of four Ootype flip-flops with a where the standard outputs are used in a recursive algo-
buffered common clock. Information meeting the set-up rithm and the three state outputs provide access to a data 
and hold requirements on the 0 inputs is transferred to the bl:ls to dump the results after a number of iterations. 
Q outputs on the LOW-to-HIGH transition of the clock. The device can also be used as an address register or 
The same data as on the Q outputs is enabled at the three- status register in computers or computer peripherals. 
state Y outputs when the "output control" (~) input is Likewise, the Am25S18 is also useful in certain display 
LOW. When the ~ input is HIGH, the Y outputs are in the applications where the standard outputs can be decoded to 
high-impedance state. drive LED's (or equivalent) and the three-state outputs are 
The Am25S 18 is a 4-bit, high speed Schottky register bus organized for occasional interrogation of the data as 
intended for use in real-time signal processing systems displayed. 

BLOCK DIAGRAM 

-
DO 0 Q 00 , 

Q 1 STANDARD 

-< CP Ci- 02 
OUTPUTS 

-
- r-Q, 

" • Q-

--CCP II 
'" - J 

Vo 

-
'2 0 Q I-- ... v, 

~~~ U THREe.sTATE 
OUTPUTS 

... V2 -
~ 0, 0 Q 

CLOCK CP 
... 

CP II '" v, .... - 1 ~~~L ~ .'" ... 
80001510 

RELATED PRODUCTS 

Part No_ Description 

Am25S07 Register 

Am25S08 Register 

Am25S09 Register 

Am25S3Z4 Register 

Am29821-26 Register / 

036138 
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CONNECTION DIAGRAIII 
Top View 

DO 00 Vo 01 a, Yt zre GND 

CDO01710 

Note: Pin 1 is marked for orientation 

.LOGIC SYMBOL 
METALLIZATION AND PAD LAYOUT 

12 15 

Am25S18 

2 5 11 14 3 6 10 13 

LS000620 

0, 
0, 

12 02 

11 a, 

L.-. ___ • CP 

• 
GNO 

DIE SIZE o.on: x 0.079" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25518 

Device type 

D C B l L L...... S~r:~ci~9 S~~~;d proceSSing 
B - Burn-in 

Temperature (See ope.rating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + t25·C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad 0 Register with Standard 
and Three-State Outputs 

9-52 

>- Valid Combinations 

PC 

Am25S18 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03613B 
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PIN DESCRIPTION 

Pin No. Name 110 Description 

OJ I The four data inputs to the register. 

OJ 0 The four data outputs of the register with standard totem·pole active pull-up outputs. Data is passed 
non-inverted. 

Yi 0 The four three-state data outputs of the register. When the three-state outputs are enabled, data is 
passed non-inverted. A HIGH on the "output control" input forces the Yj outputs to the high-
impedance state. 

CP I Clock. The buffered common clock for the register. Enters data on the LOW-ta-HIGH transition. 

C5E 0 Output Control. When the C5E input is HIGH, the Yi outputs are in the high-impedance state. When the 
C5E input is LOW, the TRUE register data is present at the Yj outputs. 

TRUTH TABLE LOADING RULES (In Unit Loads) 

INPUTS OUTPUTS 

CLOCK 
OE CP D Q y NOTES 

H L X NC Z -
H H X NC Z -
H , L L Z -
H , H H Z -
L , L L L -
L , H H H -
L - - L L 1 
L - - H H 1 

L = LOW NC = No change 
H = HIGH , = LOW to HIGH transition 
X = Don't care Z = High impedance 
Note: 1. When OE is LOW, the Y output will be 

in the same logic state as the a output. 

, 

9-53 

Fan-out 

Pin Input Output Output 
input/Output Nos. Unit Load HIGH LOW 

Do 1 1 - -
00 2 - 20 10' 

Yo 3 - 40/130 10' 

01 4 1 - -
01 5 - 20 10' 

Y1 6 - 40/130 10' 

OE 7 1 - -
GND 8 - - -
CP 9 1 - -
Y2 10 - 40/130 10' 

02 11 - 20 10' 

02 12 1 - -
Y3 13 - 40/130 10' 

03 14 - 20 10' 

03 15 1 - -
Vee 16 - - -

A Schottky TIL Unit Load is defined as 501lA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 

"Fan-out on each OJ and Yi output pair should not exceed 
15 unit loads (30mA) for i = 0, 1, 2, 3. 
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APPLICATIONS 

INPUTI~~~~~~~ DATA === 

INTERROGATE 

CLOCK 

, 

-:-j:: 
1- B ~;; 

LENGTH/' 
CONTROL a 

ENABLE --c G ~ V3 

~ 

AFOO0720 

The Am25S18 Used As Display Register With Sus Interrogate Capability. 

I 1 
Do CP "0 00 C> "0 
0, 0, 0, 0, 

"> 

i 
"> 02 

~ 
.. 

0, 

0_ D_ 
o, 

Vo~ Vol---
V, I-- c v,f---
v2f-- '21--

0< '- 0< '-
Y 1 

1 
Do CP "0 
0, 0, 

02 
fj 

.. 
0_ oo 

i Vo~ .,1--
'21--

0< '3 

1 

00 00 
0, .. 
0, i 

DE 

"0 
0, .. .. 
vol----
',1--
'2f--
'3 

"" ., 
'2 
'3 

AFOO0710 

The Am25S18 As A Variable Length (1, 2, 3 or 4 Word) Shift Register. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -6SoC to +1S0·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -SsoC to + 12S·C Temperature ..................................... O·C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.7SV to + S.2SV 

(Pin 16 to Pin 18) Continuous ............. -O.SV to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -SS·C to + 12SoC 

HIGH Output State ...................... -O.SV to + Vee max 
DC Input Voltage ................................. -O.5V to' +5.SV 

Supply Voltage ............................... + 4.SV to + S.SV 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those Nmits over which the function-

DC Input Current ............................. - 30mA to + S.OmA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min Typ Max Units 
(Note 1) 

[Mil 2.5 a.4 
a IOH--lmA ICOM'l 2.7 a.4 Vee-MIN. 

VOH Output HIGH Voltage VIN ,. VIH or Vil IXM,IOH--2mA 2.4 a.4 Volts 
y J XC, IOH = -6.5mA 2.4 a.2 

VOL Output LOW Voltage (Note 6) Vee = MIN., IOl" 20mA 0.5 Volts 
VIN = VIH or Vil 

VIH Input HIGH level Guaranteed inpul logical HIGH 2.0 Volts voltage for all inputs 

Vil Input lOW level Guaranteed input logical lOW O.S Volts voltage for all inputs 

VI Input Clamp Vbltage Vee-MIN., liN ,,-ISmA -1.2 Votts 

III Input lOW Current Vee - MAX., VIN" 0.5V -2.0 mA (Note a) 

IIH Input HIGH Current Vee" MAX., VIN" 2.7V 50 "A (Note a) 

II Input HIGH Current Vee ,. MAX., VIN" 5.5V 1.0 mA 

IVo - 2.4V 
, 

50 
10 

Y Output Off-State Vee = MAX. 
lvo - 0.4V "A leakage Current -50 

Isc 
Output Short CIrCU~ Current Vee = MAX. -40 -100 mA (Note 4) 

lee Power Supply Current Vee ,. MAX. (Note 5) SO lao mA 

Notes: 1. Typical lim~ are at Vee" 5.0V, T A" 25°C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., usa the appropriate value specified under Operating Aanges for the applicable device type. 
a. Actual input currents ,. Unit load Current x Input load Factor (See loading Aules). . 
4. Not more than one output should be shorted at a time. Duration of the short circu~ lesl should not exceed one second. 
5. Icc is measured w~ all inputs at 4.5V and all outputs open. 
6. Measured on a outpuls ~ Y outputs open. Measured on Y outputs ~h a outputs open. 
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\ 
SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V,RL =-280n) 

Parameters 

IPlH 

IPHL 

Ipw 

Is 
In 

IpLH 

IpHl 

IZH 

IZl 

1HZ 

ILZ 

1m .. 

Description Test Conditions Min Typ Max Units 
6.0 9.0 

Clock 10 Q Oulpul ns 
8.5 13 

I HIGH 
Clock Pulse Widlh I LOW 

7.0 

9.0 
ns 

Data ~=15pF 5.0 ns 

Data 3.0 ns 

Clock to Y Outpul 6.0 9.0 

~LOW) 8.5 13 
ns 

12.5 19 

I 
CL = 15pF 

12 
, 

18 
Output Control 10 Output ns 

4.0 6.0 
Cl = 5.0pF 

7.0 10.5 

Maximum Clock Frequency Cl -15pF 75 100 MHz 

SCHOTTKY INPUT IOUTPUT 
, 

CURRENT INTERFACE CONDITIONS 

Vee 
Y DRIVING OUTPUT I Q DRIVING OUTPUT I DRIVEN INPUT 

6OSlNOM I 
5OnNOM 1- I UNIT LOAD I I 2.8knNOM • 

t ., . ~t!J ----h V ---~ 
l 

r ·v I 

Ld 
........ 

l) ~ r'j IIH 

1 ~ .:: I -

ICOOO170 

Note: Actual current flow direction shown. 
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Am25LS22 
8-Bit Serial/Parallel Register with Sign Extend 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs with multiplexed input • Sign extend function 
• Multiplexed serial data input • Second sourced by T.I. as Am54LS/74LS322 

GENERAL DESCRIPTION 

The Am25LS22 is an eight-bit serial/parallel register built 
using advanced Low-Power Schottky processing. The de
vice features an eight-bit parallel multiplexed input! output 
port to provide improved bit density in a 20-pin package. 
Data may also be loaded into the device in a serial manner 
from either input DA or DB. A serial output, 00 is also 
provided. 

The Am25LS22 is specifically designed for operation with 
the Am25LS14 serial/parallel two's complement multiplier 
and provides the sign extended function required for this 
device. 

When the Register Enable (RE) input is HIGH, the register 
will retain its current contents. Synchronous parallel loading 

is accomplished by applying a lOW to RE and applying a 
lOW to the Serial/Parallel (S/P) input. This places the 
three-state outputs in the high-impedance state indepen
dent of "DE and allows data that is applied on the input! 
output lines (DYj) to be clocked into the register. When the 
SIP input is HIGH, the device will shift right. The Sign 
Extend (SE) input is used to repeat the sign in the 07 flip
flop. This occurs whenever ~ is LOW when the SHIFT 
mode is selected. When SE is high, the serial two-input 
multiplexer is enabled. Thus, either DA or DB can be 
selected to load data serially. The register changes state on 
the LOW-to-HIGH transition of the clock. A clear input 
(elR) is used to asynchronously reset all flip-flops when a 
lOW i!l applied. 

BLOCK DIAGRAM 

R~~re~ Re~I~~;---------r------r-----'r-----'-----~------T-----~-----' 

16 

OV6 OV. 

I. 
OV. OVa 

RELATED PRODUCTS 

Part No_ Description 

Am25lS23 8-Bit Shift/Storage Register 

I. 
OV2 OV, 

1~ 

OVo 

Booo1470 

036228 
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CONNECTION DIAGRAM 
Top View 

Vee 5 Sl! De DVs DY4 DY2 OVa 00 CP 

Coo01750 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

RE 20 Vee 
SIP ,. S 

,. Sf 

DA 3 17 D. 

DY, 4 1. DY. 

DY, , 15 DY4 

DY3 • 14 DY, 

DY, 7 13 DYD 

DE • 12 00 

eLR • 11 ep 
10 GND 

DIE SIZE 0.096" X 0.112" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS22 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - .Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D- 20-pin CERDIP 
F - 20-pin flatpak 
P- 20-pin plastic DIP 
X-Dice 

8-Bit Serial/Parallel Register 
with Sign Extend 

9·58 

Valid Combinations 

PC 

Am25LS22 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name I/O Description 
DYi 1/0 The multiplexed parallel inputloutput port to the device. Data may be parallel loaded into the register or data can be 

read in parallel from the register on these pins. These outputs can be forced to the high-impedance state, i ~ 0 
through 7. 

12 00 a The continuous output from the 00 flip-flop of the register. This output is used for serial shifting. 

1 RE I Register Enable. When ~ is LOW, the register functions are enabled. When ~ is HIGH, the register functions 
(parallel load, shift right and sign extend) are inhibited. 

2 SIP I Serial/Parallel. When SIP is LOW, the register can be synchronously parallel loaded. This input forces the register 
output buffers to the high-impedance state independent of the ~ input. When SIP is HIGH, the register contents are 
shifted right on the clock LOW-to-HIGH transition. 

18 SE I Sign Extend. When the SE in~ is LOW, the contents of the 07 flip-flop will be repeated in the 07 flip-flop as the 
register is shifted right. When E is HIGH, the two-input multiplexer (DA and DB) is enabled to enter data during the 
serial shift right. The 07 flip-flop (DY7) is normally considered the MSB of the register for arithmetic definitions. 

3, 17 DA, DB I The serial Inputs to the device. 

19 S I Multiptexer Select. When S is LOW, the DA serial input is selected. When S is HIGH, the DB serial input is selected. 

9 CLR I Clear. The asynchronous clear to the register. When the clear is LOW, the outputs of the flip-flops are set LOW 
independent of all other inputs. When the clear is HIGH, the register will perform the selected function. 

11 CP I Clock. The clock pulse for the register. Register operations occur on the LOW-to-HIGH transition of the clock pulse. 

8 BE I Output Control. When the OE input is HIGH, the eight DYi outputs are in the high-impedance state. When OE is LOW, 
data in the eight flip-flops will be present at the register parallel outputs unless SIP is LOW. 

FUNCTION TABLE 

Inputs Outputs 

Mode Register Serlall Sign Mux Clear Enable Parallel Extend Select OE* Clock DY7 DY6 DYs DY4 DY3 DYz DYI DYo Qo 

L H X X X L X L L L L L L L L L 

Clear L L H X X L X L L L L L L L L L 
L L L X X L X Z Z Z Z Z Z Z Z L 
L X X X X H X Z Z Z Z Z Z Z Z L 

Parallel Load H L L X X X 1 07 Os 05 04 03 02 01 Do Do 

Shift Right H L H H L . L 1 DA Y7n YSn Y5n Y4n Yan Y2n YIn YIn 
H L H H H L 1 DB Y7n YSn Y5n Y4n Yan Y2n YIn YIn 

Sign Extend H L H L X L 1 Y7n Y7n YSn Y5n Y4n Yan Y2n YIn YIn 

Hold H H X X X L 1 NC NC NC NC NC NC NC NC NC 

L=LOW X - Don't care NC = No Change 
1 = Clock LaW-to-HIGH Transition H=HIGH Z = High-Impedance Output State 

'When the OE Input is HIGH, all input/oUlput terminals are at the high-impedance state; sequential operation or clearing of the register is not affected. 

07, Os ... DO - the level of the steady-state Input at the respective DY n terminal is loaded into the flip-flop while the flip-flop outputs (except 00) are isolated 
from the DY n terminal. 

DA, DB = the level of the steady-state inputs to the serial multiplexer input. 

Y7n, YSn ... YOn = the level of the respective On flip-flop prior to the last Clock LOW-to-HIGH transition. 
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APPLICATION 

CO.TROL { 

I 
INPUTS 

C H 

), ), 6 
s, SIP R, SE SIP R' 

L- S L- S 

-'- °A 00 °A 
tLR Am25LS22 tLR Am25LS22 

tP ,--- CP 

- -< 0' r< 0' 
0'17 0'16 DYS DY4 OV3 OY2 DY t avo DY, 0'16 OVa OY4 0'13 DV2 OY1 0'10 

CLEAR 

CLOCK 

ill 

, v,s '1 ,4 "13 '1 ,2 Y11, "lQ v. Vs v, V. V. v. v, V2 v., Vo 

"MS8 LSS MS. LSS 

UPPER BYTE LOWER BYTE 

16·BIT DATA BUS 

AFOO1190 

Am25LS22 Am25LS22 Function 
System Operation Upper Byte Lower Byte 

IE SIP FiE ~ ~ SIP FiE or Description 

Load lower byte and extend lower H H L X X L L X Load from Bus 

byte sign to upper byte L H L H X X H H 7 clock cycles to extend sign. 

X L L X X X X X Load from Bus 
Load upper byte and extend upper 
byte sign while shifting value to lower 8 clock cycles to extend upper 
byte position H H L H H H L H byte sign and shift upper byte into 

lower byte position 

Read 16-bit word to Bus X X X L X X X L Unload 

Two Am25LS22 8-bit registers can be used to perform the sign extend associated with two's complement 8-bit bytes for arithmetic 
operations in a 16-bit machine. If the upper byte value is to be used, it is shifted to the lower bit positions and its sign is extended. If 
the lower byte value is t6 be used, it is held in place while the sign is extended down~ard from the MSB position of the upper byte. 

036228 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ..... , ................... -65°C to +150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ... -55°C to +125°C Temperature ............................. : ....... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

HIGH Output State ......................... -O.5V to +Vcc max 
DC Input Voltage (OE, SIP, RE, 

Supply Voltage ............................... + 4.5V to + 5.5V 

CP, CLR) ........................................ -O.5V to +7.0V 
Operating ranges define those limits over which the function-

DC Input Voltage (Others) ..................... -O.5V to +5.5V 
ality of the device is guaranteed. 

DC Output Current, Into Outputs .......................... 30mA 
DC Input Current ............................. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

MIL 2.5 
QQ, IOH = -440/lA CQM'L 2.7 

VOH Output HIGH Voltage Vee = MIN Volts V,N - V,H or V,L DY" IOH = -1.OmA MIL 2.4 

DY" IOH = -2.6mA COM'L 2.4 

Vee-MIN IOL-4.0mA 0.4 
VOL Output LOW Voltage V,N - V,H or V,L IiOL-e.OmA 0.45 Volts 

V,H Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
V,L Input LOW Level voltage for all inputs I COM'L 0.8 Volts 

V, Input Clamp Voltage Vee- MIN,I'N--18mA -1.5 Volts 

~ -1.08 

I,L Input LOW Current Vee - MAX, Y,N = O.4V S - 0.72 rnA 
Others -0.36 

~ 60 

IIH Input HIGH Current Vee = MAX, Y,N = 2.7V S 40 /lA (Except DY,) 
Others 20 

V,N -7.0V ~,S/P,RE,CP,CLR 0.1 

Vee = MAX, ~ 0.3 
I, Input HIGH Current (Except DY,) Y,N = 5.SV S 0.2 rnA 

Others 0.1 

011 state (High·lmpedance) Iva = 2.4 40 
IOZ Output Current (DY,) Vee = MAX IVo = 0.4V -100 rnA 

Isc 
Output Short Circuit Current Vee = MAX -15 -85 rnA (Note 3) 

lee Power Supply Current Vee-MAX 40 65. rnA 

Notes: 1.· Typical limlls are at Vee - 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN, or MAX, use the appropriate value spec~ied under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the sho'1 circuli test should not exceed one second. 
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SWITCHING' CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 
IPLH 

Cr:k 10 DYi 
16.5 24 

IpHL 18 26 
ns 

IpHL Clear 10 DYi 23 30 ns 

IpLH 
Clock Ie 00 AL-2.0kO, 16.5 24 

CL -15pF 
ns 

IpHL 18 26 

IpHL Clear Ie 00 23 30 ns 

IZH 13 21 

IZL OE 10 DYI 
18 26 

AL-2.0kO, 21 
ns 

1HZ 13 

ILZ CL = 5pF 18 26 

IZH AL=2.0kO. 18 26 

IZL 
SEA/PAR Ie DYi 

CL = 15pF 23 32 

RL-2.0kO. 
ns 

1HZ 18 26 

ILZ CL = 5pF 23 32 

Is AE 10 Clock 20 

Is SE Ie Clock 10 

Is S 10 Clock 15 

DA and DB Ie Clock 
ns 

Is 15 

Is DYI (Load) 10 Clock 15 

Is Clear Aecovery Ie Clock AL =2.0kO, 8.0 

Is SIP 10 Clock CL = 15pF 15 

Any Inpul 
ns 

Ih 0 

th Clear Hold 0 os 

Clock 
I HIGH 8.0 

tpw ns I LOW 8.0 

Ipw Clear 20 os 

Imax (Note I) Maximum Clock Frequency 35 50 MHz 

Note I. Per industry c.onvention, lmax is the worsl case value 01 the maximum device operating frequency wilh no constraints ,on 1,. If. pulse width 
or duty cycle. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Am25LS Am25LS 

Parameters Description Test Conditions Min Max Min Max Units 

tpLH 35 41 

IpHL 
Clock to DYj 38 44 ns 

IpHL Clear 10 DYj 43 50 ns 

IpLH CL = 50pF 35 41 

IpHL 
Clock 10 00 RL = 2.0kil 38 « ns 

IpHL Clear 10 00 43 50 ns 

IZH 32 36 

IZL 38 44 

1HZ 
OE 10 DYj 

CL = 5.0pF 28 31 ns 

ILZ RL = 2.0kil 34 39 

IZH CL = 50pF 38 44 

IZL RL = 2.0kil 46 53 

1HZ 
SER/PAR 10 DYj 34 39 ns 

CL = 5.0pF 
ILZ RL = 2.0kil 42 48 

Is RE 10 Clock 30 35 

Is SE 10 Clock 17 20 

Is S 10 Clock 24 27 

Is DA and DB 10 Clock 24 27 ns 

Is DYj (Load) 10 Clock 24 27 

Is Clear Recovery 10 Clock CL = 50pF 15 17 

Is SIP 10 Clock RL=2.0Kil 24 27 

th Any Input 4 5 ns 

Ih Clear Hold 4 5 ns 

I HIGH 15 17 
Ipw Clock I LOW 15 17 ns 

low Clear 30 35 ns 

'max (NOle 1) Maximum Clock Frequency 26 23 MHz 

• AC performance over Ihe operaling temperalure range is guaranleed by lesling defined in Group A, Subgroup 9. 

INPUT IOUTPUT 
CURRENT INTERFACE CONDITIONS 

DYIOnly Other Pins. 

I DRIVING OUTPUT j DRIVEN INPUT 
Vee 

[ 
I I 
I [iJ -----~ 
I 

.... ------ I ---

~ I v 

v f<l-r-- I I "') I rA 

~~ jll" 
........ 1' I V I .1"'4 

""~ * I ~ 
J'o,. 

Ii IIH 

'2 
~~ 

.t. sr I ~ 
::!:~ ~ I 

"::" I .". I "::" 

ICOOOI20 

Note: Actual current flow direction shown. 
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Am25LS23 
a-Bit Shift/Storage Register with Synchronous Clear 

DISTINCTIVE CHARACTERISTICS 

• Synchronous clear • Caseadable shifting 
• Three-state outputs • Second sourced by T.I. as 54LS174LS323 
• Common input/output pins 

GENERAL DESCRIPTION 

The Am25LS23 is an 8-bit universal shiftl storage register 
with 3-state outputs. The function is similar to the 
Am25LS299 with the E!xception of a synchronous clear 
function. Parallel load inputs and register outputs are 
multiplexed to allow the use of a 20-pin package. Separate 

continuous outputs are also provided for flip-flops 00 and 
07. 

SR 
SHIFT 

RIGHT ,,-l1!...::;:='F'i~lJ,W~ful~mu~ SERIAL 
INPUT 

CLEAR 9 
CLR 

Four modes of operation are possible - Hold (store). Shift
left. Shift-right and Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz. The Am25LS23 is packaged in a 
standard 20-pin package. 

BLOCK DIAGRAM 

SL 
SHIFT 
LEFT 
SERIAL 
INPUT 

Oo...:s'-----t_+---' 1 L-t-..J '--t--' I ''---+_---' 1 L-t-...1 1'-,-+----1 '--+-~ I '---1--'"1--,,-17 01 

OUTPUTI Gl-'2'---3I::)-..... +--f..4.-+_--+ ....... +_+L.....;f------j~+-+~+_-~_I-_I..J. 
CONTROLS G2 3 

1 

OVo 

13 
DV, 

,. 
OV. 

RELATED PRODUCTS 

Part No. Description 

Am25LS22 8-Bit Serial/Parallel Register 

80001480 

036618 
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" 1. 

'2 

LOGIC SYMBOL 

•• 

Am26LS23 
B-SIT SHIFT REGISTER 

.3 •• 15 

CONNECTION DIAGRAM 
Top View 

DY6 DY 4 DY2 DVO 00 CLR GND 

CDOOI760 

Note: Pin 1 is marked for orientation 

0, 17 

•• 
LSO00670 

METALLIZATION AND PAD LAYOUT 
,------ 20 Vee 

~~ii~~= '9 5, l"iI 18 SL 

17 07 

16 DY7 

15 DY5 

14 DY3 

13 DY, 

12 CP 

ClR 9 ==~~:Jl~~~~~--" SA 
GND 10 

DIE SIZE: O.ll96' X 0.112' 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS23 

Device type 

D C B l L L S~r:~~i~9 S~~oa~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
F - 20-pin flatpak 
P- 20-pin plastic DIP 
X-Dice 

8-Bit Shift Storage Register 
With Synchronous Clear 

9-65 

Valid Combinations 

PC 

Am25LS23 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036618 
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PIN DESCRIPTION 

Pin No. Name I/O Description 

11 SA I Shift right data input to Q7. 

18 SL I Shift left data input to QO. 

e Clear I Active LOW synchronous input forcing the 00 through Q7 register to see LOW conditions, visable only if outputs are 
enabled. 

12 Clock I A LOW·lo-HIGH transition will result in the regisler changing stale to next state as described by mode and input data 
condition. 

1,19 So,Sl I Mode selection control lines used to control input (output during load) ·conditions. 

2,3 ~I' ~2 I Active LOW input to control three-state output in active LOW AND configuration. 

8,17 Qo, Q7 0 The only two direct outputs; used 10 cascade shift operations. 

7,13,6,14, DYo-DY7 110 Input/Output line dependent on mode and output control. Input only with mode select LOAD. Output in all other 
5, 15,4,16 modes but subject to output select (~1' ~2l. 

TRUTH TABLE 

INPUTS· OUTPUTS INPUTS/OUTPUTS 

FUNCTION· SR SL CLEAR CLOCK So SI Gl G2 00 07 OYO OYI OY2 OY3 OY4 OY5 OYa OY7 

Clear X X L t (Note 1) L L. L L L L L L L L L L 

X X X X X X H L NC NC Z Z Z Z Z Z Z Z 
Output X X X X X X L H NC NC Z Z Z Z Z Z Z z· Conlrol 

X X X X X X H H NC NC Z Z Z Z Z Z Z Z 

Hold X X H X L L L L NC NC NC NC NC NC NC NC NC ·NC 
M Load (Nole 2) X X H t H H L L A H A B C 0 E F G H 
0 Shift Righi L X H t H L L L L DYe L DYo DYI DY2 DYa DY4 DY5 DYe 
0 Shift Righi H X H 1 H L L L H DYe H DYo DYI DY2 DYa DY4 DY5 DYe 
E Shift Left X L H I L H L L DYI L DYI DY2 DYa DY4 DY5 DYe DY7 L 

Shift Left X H H t L H L L DYI H DYI DY2 DYa DY4 DY5 DYe DY7 H 

L -LOW Z = High Impedance 1 = Transition LOW·to-HIGH Notas: I. Eithar LOW to obse.rve outputs. 
H = HIGH X = Don't Care 

T 
D, 

I 
SHIFT OYa DV, 

RIGHT s. 
Do 

.......---(l CLEAR 

r-- So 
_ S, 

00 

SERIAL 
OUTPUT 

LEFT 

CLEAR 

CL.OCK 

OUTPUT 
CONTROL 

MODE { 
CONTROL 

NC = No Change 2. In this mode DY 1 are inputs. 

APPLICATION 

INPUT/OUTPUT DATA 
) 

D, D3 D. DS D. 0, 
OJ 

D. 

Dr T T T T T I I I I j I I 
DV, DV3 DV. OYs DYe DV, OVo DY, l?:w'2 DV3 DY4 OYs DYe DV, 

SHIFT s,_ s. SLt---LEFT 
INPUT 

r--<= CLK - CLEAR C'. r---Am25LS23 Am2SLS23 G,o- -So G,Io-
G20- _ s, G, 10-

0, 00. 0, 

I I l SERIAL 
OUTPUT 
RIGHT 

AFOOlll0 

16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65'C to + 150'C Commercial (C) Devices 
(Ambient) Temperature Under Bias ... -55'C to + 125'C Temperature ..................................... O'C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ............... , ............ +4.75V to +5.2SV 

Continuous ...................................... -O.SV to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
HIGH OutputState ......................... -O.SV to +Vcc max 

Temperature ................................ -5S'C to + 12S'C 

DC Input Voltage So, 51, Gl, G2, 
Supply Voltage ............................... + 4.SV to + 5.SV 

CLR, CP) ........................................ -O.SV to + 7.0V 
Operating ranges define those limits over which the function-

DC Input Voltage (Others) ..................... -O.SV to +S.SV 
ality of the device is guaranteed. 

DC Output Current, Into Outputs .......................... 30mA 
DC Input Current ............................. -30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is riot implied. Exposure to absolute 
maximum ratings for. extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Nole 1) 

IMIL 2.5 

Vee=MIN. 0a, 0 7 IOH = - 440I'AJ COM'L 2.7 
VOH Output HIGH Voltage VIN =VIH MIL, IOH = -1.0mA 2.4 Volts 

or VOL DYO·DY7 COM'L.IOH=-2.6mA 2.4 

Vee = MIN. IOL =4.0rnA 0.25 0.4 
VOL Output LOW Voltage 

VIN = VIH or VIL IOL -8.0rnA 0.35 0.45 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW MIL 0.7 
VIL Input LOW Level voltage for all inputs COM'L 0.8 Volts 

VI Input Clamp Voltage Vee = MIN., liN = -18mA -1.5 Volls 

So,SI -0.8 
IlL Input LOW Current Vee - MAX .• VIN = O.4V All others -0.4 rnA 

Vee = MAX .• VIN = 2.7V So. 51 40 
IIH Input HIGH Current (Except DYj) All others 20 p.A 

150. 5 1 0.2 

II Input HIGH Currenl Vee = MAX.. VIN = 7V I Gl. G2, CLR. CP 0.1 rnA 
(Except DY~ I VIN = 5.5V I Others 0.1 

Off-State (High Impedallce) Vo=0.4V -100 
loz Output Current Vee = MAX. Vo= 2.4V 40 p.A 

Ise 
Output Short Circun Current Vee = MAX. -15 -85 rnA (Note 3) 

IcC Power Supply Current Vee = MAX. (Note 4) 38 60 rnA 

Notes: 1. Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. 
4. lee-measured with clock input HIGH and output controls HIGH. 
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SWITCHING CHARACTERISTICS (T A = + 25°C. Vee"" 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

IpLH 18 28 

IpHL 
Clock to 00 or 07 

23 28 
ns 

IpLH 18 26 
Clock to DYi ns 

IpHL 21 28 

I. 51. So Sel·up Prior 10 Clock CL -15pF 12 ns 

Is DYi or SR. SL Sel-up Prior 10 Clock RL -2.OkSl 12 ns 

tpw Pulse Widlh (Clock) 15 ns 

I. Clear 10 Clock 15 ns 

IZH 
51. Be. 'G1• G2 10 DYi 

18 30 
ns 

IZL 20 30 

ILl 
51. Be. G1. G2. to DYi 

CL = 5.0pF 22 33 

RL -2.0kSl 
ns 

1Hz 16 23 

Imax Maximum Clock Frequency (Note 1)' 35 50 MHz 

Nole 1. Per industry convention. Imax is Ihe worsl case value ot Ihe maximum device operating Irequency with no constraints on I,. If. pulse width 
or duly cycle. 

SWITCHING, CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am25LS Am25LS 

Parameters Description Test Conditions Min Max Min Max Units 

IpLH 38 44 

IpHL 
Clock 10 00 or 07 40 47 ns 

IPLH 38 44 

IpHL 
Clock to DYi 40 47 ns 

I. 51. Be Sel·up Prior 10 Clock CL - 50pF 20. 23 ns 

I. DYi. or SR. SL Set·up Prior 10 Clock RL=2.OKSl 20 23 ns 

Ipw Pulse Width (Clock) 24 27 ns 

I. Clear 10 Clock 24 27 ns 

,IZH 
S1. Be. 'G1• G2.IO DYi 

43 50 
ns 

IZL 43 50 

ILZ 
S1. Be: G1. G2 10 DYi 

CL = 5.0pF 43 50 
RL-2.0KSl ns 

1HZ 30 35 

Imax Maximum Clock Frequency (Nole 1) 28 23 MHz 

• AC performance over lhe operating lemperalure range is guaranteed by lesting defined in Group A. Subgroup 9. 

INPUT IOUTPUT 
CURRENT INTERFACE CONDITIONS 

DYIOnly Other Pins 

I DRIVING OUTPUT I DRIVEN INPUT 
Vee 

[ 
I I 
I [i] -----~ 
I 

------ I ---

~ I v 
v 1}1 I I "1 I rA 

L(~ 1110 

........ iN T I rY I 
",'4 

~ 
2 * I W 

.r.... 

Ii ,," 
'2 ~ 

* I ~ 
::!:~ 

I 
-=- I -=- I -=-

ICOOO120 

Note: Actual current' flow direction shown. 
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Am25LS2513 
Three-State Priority Encoder 

DISTINCTIVE CHARACTERISTICS 

• Encodes eight lines to three-line binary • Three State inverted output version of Am54LSI74LS/ 
25LS148 • Expandable 

• Cascadable • Gated three-state output 
• Advanced Low-Power Schottky processing 

GENERAL DESCRIPTION 

The Am25LS2513 Low-Power Schottky Priority Encoder 
performs priority encoding of 8 inputs to provide a binary
weighted code of the priority order of the 3 tri-state active 
HIGH outputs Ao. A1. A2. Three active LOW and two active 
HIGH inputs in AND-OR configuration allow control of the 
tri-state outputs. The use of the input enable (Ei) combined 

with the enable output (EO) permits cascading without 
additional circuitry. Enable input (Ei) HIGH will force all 
outputs LOW subject to the tri-state control. The enable 
output is LOW when all inputs iii through i7 are HIGH and 
the enable input is LOW. 

BLOCK DIAGRAM 

8DOOl660 

RELATED PRODUCTS 

Part No. Description 

Am2913 Priority Interrupt Expander 

Am2914 Vectored Priority Interrupt Controller 

036098 
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r. 

0-20-1 

CONNECTION DIAGRAM 
Top View 

L-2G-1 

.. ! .r .; J' 

CDO01810 CDOO1820 

Note: Pin 1 is marked for orientaiion 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
T4 

Ts 2 

,------20 Vee 

,..----19 EO 

18 15 16 17 1 2 3 4 

19 

T6 3 

12 
T, 4 

13 
El s 

11 

14 
A2 6 

Al 7 
LSOO0690 

AO 8 -C-_____ --' 

04 9------------------' 

.=111+--18 To 

14 G5 

_Rt--13 G2 
ItS.Dl---12 Gl 

'-----11 03 

'-------10 GND 

DIE SIZE 0.082 x 0.085 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2513 

Device type. 

o C B l L L S~r:~Qi~g S?:~~oa~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
D- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadless· chip carrier 
P- 20-pin plastiC DIP 
X-Dice 

3-State Priority Encoder 

9-70 

Valid Combinations 

PC 
DC, DM 

Am25LS2513 FM 
LC, LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036098 
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PIN DESCRIPTION 

Pin No. Name IIQ Description 

8,7,6 AO, Al, 0 Three-state, active high encoder outputs. 
A2 

5 EI I Enable input provided to allow cascaded operation. 

19 EC5 0 Enable output provided to enable the next lower order priority chip. 

12, 13 Gl, G2 0 Active high three-state output controls. 

11,9, 14 Gs, G4, 0 Active low three-state output controls. 
Gs 

18,15,16, 10-7 I Active low encoder inputs. 
17,1,2,3,4 

TRUTH TABLES 

Inputs Outputs 

EI 10 11 12 i3 i4 i5 is i7 Ao A1 A2 EO 

H X X X X X X X X L L i... H 
L H H H .H H H H H L L L L 
L X X X X X X X L H H H H 
L X X X X X X L H L H H H 
L X X X X X L H H H L H H 
L X X X X L H H H L L H H 
L X X X L H H H H H H L H 
L X X L H H H H H L H L H 
L X L H H H H H H H L L H 
L L H H H H H H H L L L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
For G1 = H, G2 = H, Gs = L, G4 = L, Gs = L 

9-71 

G1 G2 G3 G4 G5 Ao A1 A2 

H H L L L Enabled 
L X X X X Z Z Z 
X L X X X Z Z Z 
X X H X X Z Z Z 
X X X H X Z Z Z 
X X X X H Z Z Z 

Z = HIGH Impedance 

OS6098 
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AmOOBOA 

+5.0V 

ACTIVE 
LOW 

IN TEAAUPTS 

TO 9090A INT 

+5.0V 

A FAOM8228 

PRIORITY ENCODED RST INTERRUPT 
INSTRUCTION FOR THE Am9080A 

D80 
DB, 

OB2 

DATA H- AmB22B 0" 0" 
DB. 

0" 
DB, 

I I I J J 
Gl G2 EI G4 G5 

To Ao 
i, A, 

i2 A2 

i, 
Am25LS2613 

i. 

i. 

i6 
I, 

Ell G3 
I 

t .6. 

S.8K T 

9-72 

~ 

... S.OV 

DATA 
BUS 

AF001070 
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~EI EO GS 

APPLICATION 

IAI..... 1'1'1 ... 

IA~-'" IY2 ... 

1A3", 1'1'3 ... 

lA4...... 1'1'4 ... 

2AI ... 2'1'1 ... 

2A2 to. 2'1'2 ... 

2A31"-o 2'1'3 ... 

Ie>..... 2G 

J.. J.. 

~~ } veCTOR r--;::::::= ~~ OUTPUT 

r- Va 

AF001140 

64 Input Priority Encoder Connected for Parallel Enable 

036098 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .......... : .............. -65·C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55·C to + 125·C Temperature ............................... , ..... O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ................. : .......... + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature ................................ -55·C to +125·C 

High Output State ....................... -O.5V to + Vee max 
DC Input Voltage ................................. -O.5V to +7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

. DC Input Current.. ........................... -30mA to +5.0mA 
ality of the device is guaranteed . 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

I MIL, 10H = -1.0mA 2.4 3.4 

Vee=MIN. Ai I COM'L. IOH - -2.SmA 2.4 3.2 
VOH Output HIGH Vollege 

VIN = VIH or VIL IMIL 2.5 3.4 Volts 

rn.IOH=-44OIlA ICOM·L 2.7 ,3.4 

10L -4.0mA 0.4 

VOL Output LOW Voltage Vee-MIN. 10L -8.0mA 0.45 Volts 
VIN = VIH or VIL 

10L = 12mA(An· Outpute) 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW IMIL 0.7 
VIL Input LOW Level vollege for all inputs ICOM'L 0.8 Volts 

VI Input Clamp Voltage Vee = MIN .• IIN=-18mA -1.5 Volts 

Vee = MAX. lIT. Gl. G2, Ga, G4, Gs. 10 -004 
IlL Input LOW Current VIN = OAV All others -0.8 mA 

Vee-MAX. lIT. Gl, G2, Ga, G4, Gs. 10 20 
IIH Input HIGH Current VIN = 2.7V All others 40 IlA 

Vee,:" MAX. lIT, Gl. G2. Ga, G4, Gs, 10 0.1 
II Input HIGH Current VIN= 7.0V All other. 0.2 mA 

Off-State (High Impedance) Vo - OAV -20 
10 Output Current Vee = MAX. Vo - 2AV 20 IlA 

Isc 
Output Short Circu" Current Vee = MAX. -15 -85 mA (Note 3) 

lee 
Power Supply Current Vee=MAX. t5 24 mA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V, 2SoC ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., ·use Iheappropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output snould be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs and outputs open . 

. 

9-74 
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SWITCHING CHARACTERISTICS (T A = + 25°C. Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 
IplH 

f; 10 An (In-phase) 
17 25 

ns 
IpHl 17 25 

IplH f; 10 An (Out-phase) 
11 17 

ns 
tpHl 12 18 

IplH 
f; to Eel 

7.0 11 
ns 

tpHl 24 36 

tplH Ei to Eel Cl = 15pF 11 17 

Rl = 2.0kn 
ns 

IPHl 23 34 

IplH Ei to An 
12 18 

ns 
tpHl 14 21 

IZH 23 40 
Gl or G2 10 An ns 

tZl 20 37 

tZH 
G3. G4. Gs to An 

20 30 
ns 

tZl 18 27 

tHZ 
Gl or G2 to An 

17 27 
ns 

ILZ Cl = 5.0pF 19 28 

1HZ 
G3. G4. G5 to An 

Rl -2.0kn 16 24 
ns 

ILZ 18 27 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

Am25LS COMMERCIAL Am25LS MILITARY 

Parameters Description Test CondlUons Min Max Min Max Units 

IplH 31 37 

IPHl 
Ii 10 An (In-phase) 30 34 ns 

tplH 22 27 

IpHl 
II 10 An (Out-phase) 22 25 ns 

tplH 15 18 

tpHl Ii to ECi 48 60 ns 

tplH Cl - 50pF 19 21 

tpHl 
Ei 10 iill Rl = 2.0kn 46 57 ns 

tPLH 22 25 

tPHl 
EI to An 27 32 ns 

IZH 42 49 

tZl 
Gl or G2 to An 43 49 ns 

tZH 36 43 

IZl G3. G4. Gs 10 An 35 43 ns 

1HZ 34 40 

tlZ 
Gl or G2 to An. Cl = 5.0pF 34 40 ns 

1Hz Rl = 2.0kn 30 35 

ILZ G3. G4. G5 to An 31 35 ns 

• AC performance over the operating temperalure range is guaranleed by testing defined in Group A. Subgroup 9. 

Note:i=0107 
n~0102 

036098 
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Am25LS 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 
m DRIVING OUTPUT At DRIVING OUTPUT ORIVEN INPUT 

v~ ____________ ~ ____ ~ __________ ~~ ____ ~ ________ ~ __ _ 

I 

[

OH : 

[----
......... w..--+---o' 

I 

11....,....-........ +--1: 

I 
IC000130 

Note: Actual current flow direction shown. 
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Am25LS381/Am54LS381/Am74LS381 
Am25LS2517 

Arithmetic Logic Unit/Function Generator Low-Power Schottky Integrated Circuits 

DISTINCTIVE CHARACTERISTICS 

• Three arithmetic functions 
• Three logic functions 
• Preset and clear functions 
• Carry output (Cn + 4) and overflow (OVA) outputs on 

Am25LS2517 
• Generate and propagate outputs for full lookahead carry 

on Am25LS381 

• 8mA sink current over the military temperature range on 
Am25LS 

• 50mV Improved VOL on Am25LS compared to 
Am54LS174L5 

• 44011A source current at HIGH outpul. 

GENERAL DESCRIPTION 

The Am25LS381 and Am54LS174L5381 are arithmetic 
logiC units (ALU)/function generators that perform three 
arithmetic operations and three logic operations on two 4-
bit words. The device can also output forced 0000 (clear) or 
1111 (preset). These eight operations are selected using 
three function select inputs So; 51 and 52 as shown in the 
function table. Full carry lookahead is used over the four-bit 
field within the device. When devices are cascaded, multi
.Ievel full carry lookahead is implemented using a '182 carry 
lookahead generator and the G and P outputs on the 
Am25L5381 or Am54L5174LS381. The device is packaged 
in a space-saving (0.3-inch row spacing) 20-pin package. If 
the Cn + 4 carry output function is required, the 
Am25L52517 should be used. 

The Am25L5381 is a high-performance version of the 
Am54L5/74L5381. Improvements include faster A.C. spec-

ifications, higher noise margin and twice the fan-out over 
the military temperature range. 

The Am25L52517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic operations and 
three logic operations on two 4-bit words. The device can 
also force output 0000 (clear) or 1111 (preset). These eight 
operations are selected using three function select inputs 
So, 51 and 52 as shown in the function table. Full carry 
lookahead is used over the four-bit field within the device. 
When devices are cascaded, the carry output (en + 4) is 
connected to the carry input (Cn) of the next device. The 
Am25LS2517 can also detect two's complement overflow. 
The overflow output (OVA) is defined logically as Cn + 3 (fj 

Cn +4' 

BLOCK DIAGRAM 

A,'~~r '2~ 

60001790 

03728B 

9-77 Refer to Page 13·1 for Essential Information on Military Devices 



~~.---------------------~------------~----~----------------------------~----------~ 

~~ 
.. HI) ...... 
~U'I 

~·ce ..... CC 
P-

I 
!l 
~ 
~ ..... 

~ 
~ 
~ 

Part No. 

Am2901 

Am2903 

Am29203 

Am29501 

RELATED PRODUCTS 

Description 

Bit Slice 

Bit Slice 

Super Slice 

Multrport Pipeline Processor 

9·78 
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Am25LS2517 

CD004040 

CONNECTION DIAGRAM 
Top View 

Am25LS381 
Am54LS174LS381 

Leadless Chip Carriers 

.. .. 

.. 

.. 
F. 

CDOO4030 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

A, ., 

AO 

·0 
'0 

" 
" 

'0 
" GND 10 -------' 

, 
'0 Vcc 
19 A, 

18 ., 
17 A, 

'6 ., 
15 Co ,. p 

13 G 
'-----12 F3 

'-_____ 11 " 

L-20-1 

~ .. • ~ ~ 

.. .. 
·s 
c, .. .. 

.. ! .r .r ~ 

CDOO4020 

,. 
3 
~ 
U'I 

Iii 
Co) 
C» .. ..... ,.,. 

33 
~U'I 
U'lA 

Iii Iii 
~Co) 
U'lC» .... .......... ,. 

3 ..... 
A 

Iii 
Co) 
C» .. 

DIE SIZE 0.091" x 0.108" .. 

1-------------iU 
ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS381 
Am25LS2517 

Device type 

o C B l L . L ~r:~~i~9 S?a"~~~~d processing 
B - Burn-in 

Temper~ture (See Operating Range) 
C - Commercial (O°C to + 70·C) 
M - Military (- 55°C to + 125°C) 

Package 
D- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadless Chip-Pak 
P- 20-pin plastic DIP 
X- Dice 

ALU Function Generators 

9-79 

Valid Combinations 

PC, PCB 
DC, DCB, DM, 

Am25LS381 OMB 
FM, FMB 
XC, XM 

PC, PCB 
DC, DCB, DM, 

Am25LS2517 DMB 
FM, FMB 
LC, LM, LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

037288 
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Pin No. Name I/O 

3.1.19.17 "'0. Al. I 
A2. A3 

4.2.18.16 BO. Blo I 
B2. B3 

So. 51. I 
52. 53 

FO. Fl. 0 
F2. F3 

16 Cn I 

Cn +4 0 

13 ~ 0 

14 !5 0 

13 OVR 

PIN DESCRIPTION , 

Description 

The A data inputs. 

The B data inputs. 

The control inputs used to determine the arithmetic or logic function performed. 

The data outputs of the ALU. 

The carry'in input of the ALU. 

The carry-Iookahead output of the four-b~ input field .. 

The carry-generate output for use in multi-level 100kahead schemes. 

The carry-propagate output for use in multi-level lookahead schemes. 

Overflow. This pin is logically the Exclusive-OR of'the carry-in and carry-out of the M5B of the ALU. At the most 
significant end of the word. this pin indicates that the result of an arithmetic two's complement operation has 
overflowed into the sign-bit. 

, 

FUNCTION TABLE 

Selection 
Arithmetic/Logic 

52 5, So Operation 

L L L Clear 
L L H B Minus A 
L H L A Minus B 
L H H A Plus B 
H L L MB 
H L H A+B 
H H L AB 
H H H Preset 

H = High Level. L = Low Level 
See Truth Table for full description. 

9-80 
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GUARANTEED LOADING RULES OVER OPERATING RANGE 
(In Unit Loads) 

A Low-Power Schottky TIL Unit Load is delined as 201lA measured at 2.7V HIGH and -O.36mA measured at O.4V LOW. 

Am25LS Am54LS174LS 

Output Output Output Output 
HIGH LOW HIGH LOW 

Pin Nos, InpuUOutput Input Load -44OIlA MIL COM'L Input Load -440j.tA MIL COM'L 

1 A1 4.0 - - - 4.4 - - -
2 81 4.0 - - - 4.4 - - -
3 Ao 4.0 - - - 4.4 - - -
4 Bo 4.0 - - - 4.4 - - -
5 50 1.0 - - - 1.1 - - -
6 51 1.0 - - - 1.1 - - -
7 52 1.0 - - - 1.1 - - -
8 Fo - 22 22 22 - 20 11 22 
9 F1 - 22 22 22 - 20 11 22 

10 GND - - - - - - - -
11 F2 - 22 22 22 - 20 11 22 
12 F3 - 22 22 22 - 20 11 22 

13 G or OVR' - 22 44 44 - 20 44 44 

14 15 or Cn +4 - 22 22 22 - 20 11 22 

15 Cn 3.0" - - - 4.4 - - -
16 B3 4.0 - - - 4.4 - - -
17 Aa 4.0 - - - 4.4 - - -
18 82 4.0 - - - 4.4 - - -
19 A2 4.0 - - - 4.4 - - -
20 Vee - - - - - - - -

'OVR Drive ;s 22 Un;l Loads. 

"4.0 lor Am25L52517. 
Am25LS/54LS17 4LS381 

TEST TABLE 

Path Same Bit Other Data Bits Output 
In Out So SI S2 Cn 4.5V GND 4,5V GND Waveform 

Cn Any F 1 0 0 -
Cn F; 1 0 0 -
A; G 1 1 0 X 
B; G 1 1 0 X 
A; j5 X X 1 X 
B; j5 1 1 0 X 
A; F; 0 1 0 0 
Ai F; 0 1 0 1 
B; F; 0 1 0 0 
Bi F; 0 1 0 1 
A; F;+1 0 1 0 1 
B; Fi+1 1 0 0 1 
80 F; - 0 0 1 
80 G - 1 0 X 
80 j5 - 1 0 X 
81 F; 0 - 0 1 
81 G 1 - 0 X 
81 j5 1 - 0 X 
82 F; 0 1 - 1 
82 G. 1 1 - X 
82 j5 1 1 - X 

X = Don't care 

- - All A's & B's 
B; A; All A's"& B's 
B; - All B's 
A; - All B's 
B; - All A's & B's 
- A; All B's 
- B; -
- B; -
- A; -
- Ai -
Bi - A's & B's 
Ai - A's & B's 
B; A; All B's 
- - A's & B's 
- - All B's 
A; B; All A's 
- - A's & B's 
- - All A's 
A; B; All A's 
- - A's & B's 
- - All A's 

9-81 

- out-ol-phase 
- in-phase 

All A's out-ol-phase 
All A's out-ol-phase 

- out-ol-phase 
All A's out-ol-phase 

A's & B's out-ol-phase 
A's & B's in-phase 
A's & B's out-ol-phase 
A's & B's in-phase 

- out-ol-phase 
- out-ol-phase 

All A's in-phase 
- out-ol-phase 

All A's out-ol-phase 
All B's in-phase 

- out-ol-phase 
All B's out-ol-phase 
All B's out-ol-phase 

- in-phase 
All B's in-phase 

037288 
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~~'r---------------------------------------~--------------------------------------, co ... 

~~ 
~II) 

~E ..... cc ... 
~ 
:i 
E 
~ ... 
~ 
~ 
~ 

FUNCTION 
CLEAR 

B MINUS A 

A MINUS B 

A PLUS B 

AEilB 

A+B 

AB 

PRESET 

So 
0 

1 

0 

1 

0 

1 

0 

1 

Am25LS/54LS174LS381 
TRUTH TABLE 

INPUTS 

Sl S2 Cn An Bn' FO 
0 0 X X X 0 

0 0 0 1 
0 0 1 0 
0 1 Ii 0 

0 0 0 1 1 1 
1 0 0 0 
1 0 1 1 
1 1 0 1 
1 1 1 0 

0 0 0 1 
0 0 1 0 
0 1 0 0 

1 0 0 1 1 1 
1 0 0 0 
1 0 1 1 
1 1 0 1 
1 1 1 0 

0 0 0 0 
0 0 ·1 1 
0 1 0 1 

1 0 0 1 1 0 
1 0 0 1 
1 0 1 0 
1 1 0 0 
1 1 1 1 

X 0 0 0 
0 1 X 0 1 1 

X 1 0 1 
X 1 1 0 

X 0 0 0 
0 1 X 0 1 1 

X 1 0 1 
X 1 1 1 

X 0 0 0 
1 1 X 0 1 0 

X 1 0 0 
X 1 1 1 

X 0 0 1 

1 1 X 0 1 1 
X 1 0 1 
X 1 1 1 

9-82 

F1 
0 

1 
1 
0 
1 
0 
1 
0 
0 

1 
0 
1 
1 
0 
0 
1 
0 

0 
1 
1 
1 
0 
0 
0 
1 

0 
1 
1 
0 

0 
1 
1 
1 

0 
0 
0 
1 

1 
1 
1 
1 

OUTPUTS 

F2 F3 G P 
0 0 0 0 

1 1 1 0 
1 1 0 0 
0 0 1 1 
1 1 1 0 
0 0 1 0 
1 1 0 0 
0 0 1 1 
0 0 1 0 

1 1 1 0 
0 0 1 1 
1 1 0 0 
1 1 1 0 
0 0 1 0 
0 0 1 1 
1 1 0 0 
0 0 1 0 

0 0 1 1 
1 1 1 0 
1 1 1 0 
1 1 0 0 
0 0 1 1 
0 0 1 .0 
0 0 1 0 
1 1 0 0 

0 0 1 1 
1 1 1 1 
1 1 1 0 
0 0 0 0 

0 0 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 0 

0 0 0 0 
0 0 1 1 
0 0 0 0 
1 1 1 0 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 0 
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Path 

In Out So S1 S2 Cn 

Cn Any F 1 0 0 -
Cn Fj 1 0 0 -
Aj Fj 0 1 0 0 
Aj Pj 0 1 0 1 
Aj OVRF 0 1 1 1 
Aj Cn +4 0 1 1 1 
Bj Fj 0 1 0 0 
Bj Fj 0 1 0 1 
Bj OVRF 0 1 1 0 
Bj Cn +4 0 1 1 0 
Aj Fj+1 0 1 0 1 
Bj Fj+1 1 0 0 1 
50 Fj - 0 0 1 
50 OVRF - 1 1 0 
50 Cn +4 - 1 1 0 
51 Fj 0 - 0 1 
51 OVRF 0 - 1 X 
51 Cn +4 0 - 1 X 
52 Fj 0 1 - 1 
52 OVRF 0 1 - 0 
52 Cn +4 0 1 - 0 

Am25LS2517 
TEST TABLE 

Same Bit Other Data Bits 
Output 

4.SV GND 4.SV 

- - A's & B's 
Bj Aj A's & 8's 
- Bj None 
- Bj None 
Bj - A's.& B's 
Bj - A's & B's 
- Aj None 
- Aj -
Aj - A's & 8's 
Aj - A's & B's 
Bj - A's & B's 
Aj - A's & B's 
Bj Aj All B's 
- - None 
- - None 
Aj Bj All A's 
- - None 
- - None 
Ai Bi All A's 
- - None 
- - None 

9-83 

GND Waveform 

None out-ol-phase 
None in-phase 

A's & B's out-ol-phase 
A's & B's in-phase 

None in-phase 
None in-phase 

A's & B's out-ol-phase 
A's & B's in-phase 

None out-ol-phase 
None out-ol-phase 
None out-ol-phase 
None out-ol-phase 

All A's in-phase 
A's & B's out-ol-phase 
A's & B's out-ol-phase 

All B's in-phase 
A's & B's in-phase 
A's & B's in-phase 

All B's in-phase 
A's & B's out-ol-phase 
A's & B's in-phase 
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_~r-----------------------------------------------~------------~--------------------. 
«1_ 
(1)\1) 
U)N 

~~ 
~\I) 

r~ .... ce -! 
\I) 

E ce .... -
~ 
\I) 
N 

~ 

FUNCTION 

CLEAR 

B MINUS A 

A MINUS B 

A PLUS B 

AffiB 

A+B 

AB 

PRESET 

So S1 

0 0 

1 0 

0 1 

1 1 

0 0 

1 0 

0 1 

1 1 

Am25LS2517 
TRUTH TABLE 

INPUTS 

S2 Cn An Bn 

0 0 X X 
1 X X 

0 0 0 
0 0 1 
0 1 0 

0 0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 0 
0 0 1 
0 1 0 

0 0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 0 
0 0 1 
0 1 0 

0 0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 0 
0 0 1 
0 1 0 

1 0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 0 
0 0 1 
0 1 0 

1 0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 0 
0 0 1 
0 1 0 

1 0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 0 
0 0 1 
0 1 0 

1 0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

9-84 

Fo F1 
0 0 
0 0 

1 1 
0 1 
0 0 
1 1 
0 0 
1 1 
1 0 
0 0 

1 1 
0 0 
0 1 
1 1 
0 0 
1 0 
1 1 
0 0 

0 0 
1 1 
1 1 
0 1 
1 0 
0 0 
0 0 
1 1 

0 0 
1 1 
1 1 
0 0 
0 0 
1 1 
1 1 
0 0 

0 0 
1 1 
1 1 
1 1 
0 0 
1 1 
1 1 
1 1 

0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
1 1 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

OUTPUTS 

F2 Fa (i Ii 
0 0 1 1 
0 0 1 1 

1 1 0 0 
1 1 0 1 
0 0 0 0 
1 1 0 0 
0 0 0 1 
1 1 0 1 
0 0 0 0 
0 0 0 1 

1 1 0 0 
0 0 0 0 
1 1 0 1 
1 1 0 0 
0 0 0 1 
0 0 0 0 
1 1 0 1 
0 0 0 1 

0 0 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 1 
0 0 0 0 
0 0 0 1 
0 0 0 1 
1 1 0 1 

0 0 1 1 
1 1 0 0 
1 1 0 0 
0 0 1 1 
0 0 0 0 
1 1 0 0 
1 1 1 1 
0 0 1 1 

0 0 1 1 
1 1 0 0 
1 1 0 0 
1 1 0 0 
0 0 0 0 
1 1 0 0 
1 1 0 0 
1 1 1 1 

0 0 1 1 
0 0 0 0 
0 0 1 1 
1 1 0 0 
0 0 1 1 
0 0 0 0 
0 0 1 1 
1 1 1 1 

1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 1 1 
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5, 
5, 
5, 

USER NOTES 

APPLICATIONS 

BVTE 
OVERFLOW 

TYPICAL SPEED CALCULATIONS 

Output 
Path 

F Cn +4.0VR 

,Ai or Bi to Cn+4 24 ns 24 ns 
Cn to Cn +4 15 ns 15 ns 
Cn to Cn +4 15 ns 15 ns 
Cn to Fi 16 ns -
Cn to Cn + 4, OVR - 15 ns 

16-Bit Speed 70 ns 69 ns 

The Am25LS2517 in a 16-Bit Ripple Carry ALU Connection. 

TYPICAL SPEED CALCULATIONS 

Output 
Path 

F Cn +4.0VR 

AiorBitoGorP 20 ns' 20 ns' 
Gi or Pi to C,i+i 
(Am2902) 

8 ns 8 ns 

Cn to F 16 ns -
Cn to Cn + 4, OVR - 15 ns 

16-Bit Speed 44 ns 43 ns 

• Note that Si to G or P may be longer path. 
The Am25LS2517 and Am25LS381 in a 16-Bit Carry Lookahead ALU Connection. 

'our 

AF001430 

AFOO1420 II 

1. Throughout this data sheet, the active HIGH input and 
output terminology has been used. 

4. Arithmetic in 1's complement notation requires an end 
around carry. 

5. Subtraction in 2' s complement notation requires a carry in 
(Cn = HIGH) for the active HIGH case. 2. Arithmetic operations are performed on a word basis. 

3. Logic operations are performed on a bit basis. 

9-85 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias •....•• -55°C to + 125°C Temperature ...•............•.....•........ , ...•• O°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage ...•..........••.••..•...... + 4.75V to + 5.25V 

Continuous •.....••...•.••..••..•.........••..... -0.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

High Output State ....................... -0.5V to +VCC max 
DC Input Voltage (Except Am25LS2517, 

Supply Voltage ....••••................•....•. + 4.5V to + 5.5V 

eN input ... 5.5V) .•.........•..•.....•....••... -0.5V to + 7.0V 
Operating ranges define those limits over which the function-

DC Output Current, Into Outputs .....•......••............ 30mA 
ality of the device is guaranteed. 

DC Input Current .......•....•...........••... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Am25LS381 • Am25LS2517 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max . Units 

Vcc - MIN, IOH = -44011A MIL 2.5 3.4 
VOH output HIGH Voltege VIN ~ VIH or Vil COM'L 2.7 3.4 Volts 

IIOl -4.0 mA 0.4 

'vOL Output LOW Voltage VCC-MIN I IOL= 8.0mA 0.45 Valls VIN = VIH or VIL 
I ~, IOl - 16mA 0.55 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltege for all inputs 

Guaranteed input logical LOW MIL 0.7 
Vil Input LOW Level voltege for all inputs. COM'L 0.8 Volts 

VI Input Clamp Voltege Vcc = MIN, liN = -18mA -1.5 Valls 

Any S -0.36 

AnyAorB -1.44 
II~ Input LOW Current VCC = MAX, VIN = 0.4V 'LS381 , Cn -1.08 mA 

'LS2517, Cn -1.44 

Any S 20 

Any A or B 80 
IIH Input HIGH Current Vcc = MAX, VIN - 2.7V 'LS381, Cn 60 IIA 

'LS2517, Co 80 

Any S 0.1 

AnyAorB 0.4 
II Input HIGH Current Vcc = MAX, VIN = 7.0V 'LS381, Cn 0.3 mA 

Vcc = MAX, VIN';' 5.5V 'LS2517, Cn 0.4 

ISC Output Short Circun Current VCC=MAX -15 -85 mA (Note 3) 

Am25LS381 40 
MIL Am25LS2517 43 

ICC Power Supply Current Vcc = MAX mA (Note 4) Am25LS381 25 43 
COM'L Am25LS2517 27 47 

Notes: 1. Typical limits are at Vcc = ~.OV, 25°C ambient and maximum loading. 
2. For conditions shown as MIN· or MAX, use the appropriate value specifoed under Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
Test conditions: LS381: So = S, = S2" GND, all other inputs open. 

LS2517: So = Cn = open, all other inputs = GND. 

9-86 
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DC CHARACTERISTICS over operating range unless otherwise specified 

AM54LS17 4LS381 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

vee = MIN, IOH = -400"A I MIL 2.5 3.4 
VOH Output HIGH Voltage 

VIN = VIH or VIL I COM'L 2.7 3.4 Volts 

IOL=4.0 mA 0.4 

VCC=MIN 74LS only, IOL = 8mA 0.5 
VOL Output LOW Voltage 

VIN = VIH or VIL P, IOL - 8.0mA 0.5 Volts 

ll, IOL - 16mA 0.65 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for aU inputs 

Guaranteed input logical LOW MIL 0.7 
VIL Input LOW Level voltage for aU inputs. I COM'L 0.8 Volts 

VI Input Clamp Voltage Vcc = MIN, liN = -18mA -1.5 Volts 

Any S -0.4 
IlL Input LOW CUrrent (Note 5) Vee = MAX, VIN = 0.4V Others -1.6 mA 

AnyS 20 
IIH Input HIGH Current (Note 5) Vee = MAX, VIN = 2.7V Others 80 "A 

Any S 0.1 
II Input HIGH Current (Note 5) VCC = MAX, VIN - 7.0V Others 0.4 mA 

ISC 
Output Short Circuit CUrrent Vcc = MAX -15 -100 mA (Note 3) 

lee Power Supply Current Vee-MAX 25 43 rnA (Note 4) 

Notes: 1. Typical limits are at Vee - 5.0V, 25'C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Aanges for the applicable device Iype. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Tesl conditions: LS381: So = S, = S2 = GND, all other inputs open. 

LS2517: So - Cn - open, all other inputs - GND. 
5. Limits chosen by AMD based on SN545174S381, T, I, LS data unavailable .. 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5,OV) 

Parameters Description Test Conditions Min 

tpLH 

tpHL 
Cn to Fi 

tpLH 

tpHL Ai to Bi to F; 

tpLH 

tpHL S; to F; 

tPLH 

tpHL 
A; or Bi to II ('LS381 Only) 

tpLH 

tpHL 
Ai or B; to j5 ('LS381 Only) 

tpLH CL -15pF 
tpHL 

Si to G or j5 ('LS381 Only) AL=2.0k.l1 

tpLH 

tpHL 
Ai or B; to OVA ('LS2517 Only) 

tpLH 

tPHL 
A; or B; to Cn + 4 ('LS2517 Only) 

tpLH 

tpHL S; to OVA or Co + 4 ('LS2517 Only) 

tpLH 

tpHL 
Cn to Cn +4 (,LS2517 Only) 

tpLH 

tPHL 
Cn to OVA ('LS2517 Only) 

9-87 

Am25LS Am54LS174LS 

Typ Max Min Typ Max Units 
14 21 26 

18 24 30 ns 

16 24 30 

23 35 40 ns 

20 30 35 

25 37 40 ns 

20 30 35 

15 23 30 ns 

17 26 34 

15 23 30 ns 

32 48 55 

23 35 42 ns 

23 34 -
24 36 - ns 

21 32 -
24 36 - ns 

27 41 -
37 55 - ns 

14 21 -
15 22 - ns 

15 22 -
15 22 - ns 

037288 
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Am25LS only 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Am25LS Am25LS 

Parameters Description Test Conditions Min Max Min Max Units 
tpLH 27 30 

tpHL Cn to FI 35 42 ns 

tpLH 32 36 

tpHL 
Ai or Bj to Fj 44 50 ns 

tpLH 38 42 

tpHL 
5j to Fj 48 55 ns 

tpLH 37 40 

tpHL 
Aj or Bj to ~ ('LS381 Only) 31 36 ns 

tpLH 34 39 

tpHL 
Aj or Bj to j5 (' LS381 Only) 34 42 ns 

tpLH CL = 50pF 57 63 

tpHL 
5j to G or j5 ('LS381 Only) RL -2.0KSl 47 55 ns 

tpLH 41 45 

tPHL 
Ai or Bj to OVR ('L52517 Only) 47 55 ns 

tpLH 38 40 

tpHL AI or Bj to Cn + 4 (,LS2517 Only) 46 52 ns 

tpLH 
5j to OVR or Cn ;'4 ('LS2517 Only) 

52 60 

tpHL 66 75 ns 

tpLH 28 32 

tpHL 
Cn to Cn + 4 (,LS2517 Only) 28 30 ns 

tpLH 30 35 

tpHL 
Cn to OVR ('LS2517 Only) 28 30 ns 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A,Subgroup 9. 

Am25LSI Am54LS174LS 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 
DRIVING OUTPUT I DRIVEN INPUT 

Vee 
I 
I 

[i] ----

~ I rA 
tV I J'I 

~ 
.J"<I. 

Ii "H 
'2~ 

:::i ~ 
:::i ~ 

'::' I '::' 

ICOOOl80 

Note: Actual current flow direction shown. 

I 
9-88 
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Am25LS2518 
Quad D Register with Standard and Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Low-Power Schottky version of the popular Am2918 and • Four three-state outputs 
Am25S18 • Four Ootype flip-flops 

• Four standard totem-pole outputs • Second sourced by T. I. as the SN54174LS388 

GENERAL DESCRIPTION 

The Am25LS2518 consists of four Ootype flip-flops with a standard outputs are used in a recursive algorithm and the 
buffered common clock. Information meeting the set-up three-state outputs provide access to a data bus to dump 
and hold requirements on the 0 inputs is transferred to the the results after a number of iterations. 
Q outputs on the LOW-to-HIGH transition of the clock. 

The device can also be used as an address register or 
The same data as on the Q outputs is enabled at the three- status register in computers or computer peripherals. 
state Y outputs when the "output control" (OE) input is 

Likewise, the Am25LS2518 is also useful in certain display 
LOW. When the DE input is HIGH, the Y outputs are in the 
high-impedance state. 

applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are 

The Am25LS2518 is a 4-bit, high-speed register " intended bus organized for occasional interrogation of the data as 
for use in real-time signal processing systems where the displayed. 

BLOCK DIAGRAM 

-
DO 0 a Clo 

0, 
STANDARD 

r<' CP 1I~ a, OUTPUTS 

-
r--

0 3 

0, 0 0'---

f-o CP 0 ..... ----- J" 
Yo 

r--
Di 0 a 

.... Y, 

f-o~l .J THREE·STATE 
OUTPUTS 

.... Y, r---

J" 03 0 a • 
ClOCK CP ..... 

CP 1I ... 
Y3 .... 

'---- 1 ~~~~~L OE 
....... 
-..... 

8DOO1510 

RELATED PRODUCTS 

Part No. Description 

Am25S18 Quad 0 Register 

Am2918 Quad 0 Register 

Am29LS18 Quad 0 Low Power Register 

Am29LS2519 Quad 0 Low Power Register 

036188 
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110 .. 
~ 
~ 
10 
N 
E 
c( 

CONNECTION DIAGRAM 
Top View 

D-16, P-16 L-2001 

~ 6 8 ~ If 

Do vee 

00 Da 
" IIC 

" 0, .. .. 
0, " 
0, Da 

.. Ys 

" 0, " .. 
or " IIC .. 

GND CP 

CDOO1670 
I!J I ,!' ~ 

CDOO1660 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
,12 16 DO , ,. ·cc 

00 2 ,. 0 3 

CP 

"0 3 ,. tl:! 0, • 
a, 5 '3 V3 

2 5 11 14 3 6 10 13 

V, • '2 O2 
LSOOO580 

t1 Gz 
OE 7 

GNO • V2 
CP 

DIE SIZE 0.083" x 0.099" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2518 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M -Military (-55·C to +125·C) 

Package 
0- 16-pin CERDIP 
F - 16'pin flatpak 
L - 20-pin leadless chip carrier 
P-16-pinplastic DIP 
X-Dice 

Quad 0 Register 

9-90 

Valid Combinations 

PC 
DC, OM 

Am25LS2518 FM 
LC, LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036186 
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Pin No. Name 1/0 

Di I 

°i 0 

Vi 0 

9 CP I 

7 C5E I 

, 

\. 

if 

PIN DESCRIPTION 

Description 
The four data inputs to the register. 

The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed non-invertad. 

The four three-state data outputs of the register. When the three-state outputs are enabled. data is passed non-
inverted. A HIGH on the "output control" input forces the Vi outputs 10 the high-impedance state. 

Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 

Output Control. When the C5E input is HIGH, the Vi outputs are in the high-impedance ·state. When the C5E input is 
LOW, the TRUE register data is present at the Vi outputs. 

TRUTH TABLE 

INPUTS OUTPUTS 

CLOCK 
Of CP D Q Y NOTES 

H L X NC Z -
H H X NC Z -
H 1 L L Z -
H 1 H H Z -
L 1 L L L -
L 1 H H H -
L - - L L 1 
L - - H H 1 

L -LOW NC = No change 
H -HIGH 1 - LOW-to-HIGH transition 
X = Don't care Z = High-Impedance 
Note: 1. When Of is LOW, the Y output will be in 

the same logic state as the Q output. 

9-91 
036168 

Rete( to Page 13-1 for Essential Inf""""lion on Military Device. 



APPLICATIONS 

" a, 
D, a, 
a, a, 

" a, 

" " " 
" " " 
" " or " or " 

DATAI~~~~~~~~~~IDATA BUS === BUS 

CLOCK 

LENGTH IA 
CONTROL 8 

ENABLE 

-
-
--0 

r--
A ~ Yo 

~ Y, 

8 1 Y2 

G S Y3 

~ 

AF000701 

The Am25LS2518 used as display register with bus interrogate capability. 

1 1 1 
DO el' "0 DO CP "0 DO CP "0 DO CP "0 
0, 0, 0, 0, 0, 0, 0, 0, 

02 ~ a, 02 ~ °2 02 ~ °2 O2 ~ °2 

03 ~ °3 °3 ~ °3 03 ~ °3 03 § °3 

~ Yo-
~ Yof--- ~ Yof--- ~ Yof---

E Y,- y,l--- E Y1 .........:....- ~ Y,-< < < 
Y2 - Y2 r-- y2 ,...- Y2 ,.....-

liE Y3 liE Y3 f-, liE Y3 liE Y3 

Y r r 
, 

} 
DATA 
BUS 

AF000691 

The Am25LS2518 as a variable length (1, 2, :3 or 4 word) shift register. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -6S·C to + 1S0·C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -SS·C to + 12S·C Temperature ..................................... O·C to + 70·C 
Supply Voltage to Ground Potential, Supply Voltage ............................ + 4.7SV to + S.2SV 

Continuous ...................................... -O.SV to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -SS·C to +12S·C 

High Output State ....................... -O.SV to + Vcc max 
DC Input VOltage ................................. -O.SV to +7.0V 

Supply Voltage ................ : .............. +4.SV to +S.SV 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current.. ........................... -30mA to +S.OmA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

I MIL 2.5 3.4 
Q, !OH=-660j.iA ICOM'L 2.7 3.4 

YOH Output HIGH Yoltage Vee-MIN 
y I MIL, IOH=-1.0mA 

Volts 
YIN = YIH or Vll 2.4 3.4 

I COM'L, IOH=-2.6mA 2.4 3.4 

IOl=4.0 mA 0.4 

VOL Output LOW Voltage Vee-MIN 
VIN = VIH or Vll 

IOl =8.0mA 0.45 Volts 

IOl ~ 12mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW L MIL 0.7 
VIL Input LOW. Level voltage for all inputs. I COM'L 0.8 Volts 

VI Input Clamp Voltage Vee- MIN,IIN=-18mA -1.5 Volts 

III Input LOW Current Vee - MAX, VIN = 0.4V -0.36 mA 

IIH Input HIGH Current VCC - MAX, VIN = 2.7V 20 j.iA 

II Input HIGH Current VCC - MAX, VIN - 7.0V 0.1 mA 

Off-State (High-Impedance) VO=0.4V -20 
loz Output Current Vee = MAX Vo= 2.4V 20 j.iA 

Isc 
Output Short Circuit Current Vee-MAX -15 -85 mA (Note 3) 

lee 
Power Supply Current VcC-MAX 17 28 mA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V, 2SoC ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
Icc is meesured with all inputs at 4.5V and all outputs open. 
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SWITCHING CHARACTERISTICS (T A - + 25°C, Vee ~ 5.0V) 
" 

Parameters Description Test Conditions Min Typ Max Units 
tPLH 18 27 

II>HL 
Clock to Q; 18 27 ns 

tpLH 18 27 

tPHL 
Clock 10 VI ('OE LOW) 18 27 ns 

[LOW CL = 15pF 18 
Ipw Clock Pulse, Width !HIGH RL-2.0kSl 15 ns 

Is Oats 15 ns 

ft, Oats 5.0 ns 

IZH 7.0 11 

tZL 
'OE to VI 8 12 ns 

tHZ CL = 5.OpF 14 21 

III 
~loVj RL-2.OkSl 12 18 ns 

fmax Maximum Clock Frequency (Note 1) 35 50 MHz 

Nole'l. Per industry convention. fmax is the worst case value of lhe maximum device operating frequency with no constraints on Ir. If. pulse 
width or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am25LS2518 Am25LS2518 

Parametera Description T .. t Conditions Min Max Min Max Unlta 
tpLH 38 45 

tpHL 
Clock to OJ 38 45 ns 

tpLH 35 40 

IpHL Clock to VI ~ LOW) 35 40 ns 

!LOW CL - 50pF 20 20 
Ipw Clock Pulse Width !HIGH RL~2.0kSl 20 20 ns 

Is Oats 15 15 ns 

It! Dats 5.0 5.0 ns 

IZH 15 17 

iZl 
~toVj 16 17 ns 

1HZ Cl = 5.0pF 27 30 

III 
~loVj RL=2.0kSl 24 30 ns 

fmax Maximum Clock Frequency (Note. 1) 30 25 MHz' 

• AC perfonnanoe over the operating lemperature range is guaranteed by testing defined In Group A. Subgroup 9. 

Am25LS2518 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

Vee 
v ORIVING OUTPUT Q DR)VING OUTPUT I OfUVEN INPUT 

! : vt tlJ J I 
w 

I .~ I r.A 

--r 
.V I ,,"4 

t) l1 --ri "H ::12: 
~ ~ 

::I~ 

.". .". I .". 

'ICOOOll0 

Note: Actual current flow direction shown. 
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Am25LS2519 
Quad Register with Two Independently Controlled Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Two sets of fully buffered three-state outputs 
• Four Ootype flip-flops 
• Polarity control on W outputs 
• Buffered common clock enable 

• Buffered common asynchronous clear 
• Separate buffered common output enable for each set 

of outputs 

GENERAL DESCRIPTION 

The Am25LS2519 consists of four O-type flip-flops with a 
buffered common clock enable. Information meeting the 
set-up and hold time requirements on the 0 inputs is 
transferred to the flip-flop outputs on the LOW-to-HIGH 
transition of the clock. Data on the Q outputs of the flip
flops is enabled at the three-state outputs when the output 
control (C5E:) input is LOW. When the appropriate C5E: input 
is HIGH, the outputs are in the high impedance state. Two 
independent sets of outputs - Wand Y - are provided such 

that the register can simultaneously and independently 
drive two buses. One set of outputs contains a polarity 
control such that the outputs can either be inverting or non
inverting. 

The device also features an active LOW asynchronous 
clear. When the clear input is LOW,' the Q output of the 
internal flip-flops are forced LOW independent of the other 
inputs. The Am25LS2519 is packaged in a space saving 
(O.3-inch row spacing) 20-pin package. 

BLOCK DIAGRAM 

f 
EHABLE " CLOCK 

• 
erA . POL or=Y OE - W 

CLEAR POlARITY OUTI'UT ENABLE 

B0001320 

RELATED PRODUCTS 

Part No_ Descrlptlon 

Am25S18, Am2918 Quad 0 Register 

Am25LS2518 Quad 0 Register 

036608 
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~ r-----~--------------~--------------------------------------------------------, ... 
~ 
~ 
~ 

D-2O-1 

CONNECTION DIAGRAM 
Top View 

.. 
-. 
'. 

.... 

L-20-1 

Do 

-. 
'. 

~ I ... ~ or 

00001880 
00001870 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

DO ' -------, 

0, 4 

W, 5 

Y, 6 

OE,W 7 

OE·Y 8 ------' 

CP 9-------' 

,.------- 20 Vee 
,-----19 ClR 

r----18 POL 

17 E 

GND 10 _______ ---J 

DIE SIZE 0.083" X 0.099' 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number. speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2519 D C B l L L S~r:~~i~9 S<:~~:rd processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M -Military (-55·C to +125·C) 

Package 

Device type 
Quad.D Register 

0- 20-pin CEROIP 
F -20-pin flatpak 
L - 20-pin leadless chip carrier 
P- 20-pin plastiC DIP 
X-Dice 

9-96 

Valid Combinations 

PC 
DC, OM 

.4,m25LS2519 FM 
LC. LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03660B 
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PIN DESCRIPTION 

Pin No. Name 110 Description 

Di I Any of the four D flip-flop data lines. 

17 ~ I Clock Enable. When LOW/the data is entered into the register on the next clock LOW·to·HIGH transition. When 
HIGH. the data in the register remains unchanged. regardless of the data in. 

9 CP I Clock Pulse. Data is entered into the register on the LOW·te-HIGH transition. 

7.8 OE·W, a Output Enable. When ~ is LOW, the register is enable to the output. When HIGH, the output is in the high·impedance 
OE-V state. The rn::w controls the W set of outputs, and ~ controls the Y set. 

Yi a Any of the four non·inverting three·state output lines. 

Wi a Any of the four three·state outputs wijh polarity control. 

18 POL a Polarity Control. The Wi outputs will be non·inverting when POL Is LOW, and when it is HIGH, the outputs are inverting. 

19 m! I Asynchronous Clear. When m! is LOW, the internal Q flip·flops are reset to LOW. 

FUNCTION TABLE 

INPUTS INTERNAL OUTPUTS 
FUNCTION 

CP 0, E CLR POL OE·W ~ Q W, VI 

X X X X X H L NC Z Enabled 

Output Three-State Control X X X X X L H NC Enabled Z 
X X X X X H H NC Z Z 
X X X X X L L NC Enabled Enabled 

Wi Polarity X X X X L L L NC Non·lnverting Non.lnverting 
X X X X H L L NC Inverting Non·lnverting 

Asynchronous Clear X X X L L L L L L L 
X X X L H L. L L H L 

r X H H X X X NC NC NC 
r L L H L L L L L L 

Clock Enabled , L L H H L L L H L , H L H L L L H H H , H L H H L L H L H 

L-LOW X - Don't Care 
H-HIGH NC = No Change 
Z - High·lmpedance , - LOW to HIGH Transition 

APPLICATION 

DATA8US 

Vee 

~ ~ ~ 3300 

.:!~ ~ ~ ::s z 

{~ 
0, W3 

, , , F;: HPSOO2·46!O 
Leos 

DATA 
0, W2 

INPUTS OJ w, 
0. w. 

- CP Am25lS2S19 

---oe 

CONTROL ---< CL Y3 
INPUTS ---< ae:w Y2 

---< or:v Y, 

r POL Y. 

OTHER DISPl.AY 
INPUTS 

AFOOO681 

Convenient Register Content Monitor or Test Point 

9·97 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature Under Bias ...•..... -55·C to + 125·C Temperature ••...••....•.••...•.••••••..•.•.....• O·C to + 70·C 
Supply Voltage to Ground Potentia.1 Supply Voltage ....••.•...•..•......••..... +4.75V to +5.25V 

Continuous ......••..••.......•••.....•......••.. -O.5V to +7.0V 
Military' (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ...•..•.......•.......•.•••••... - 55·C to + 125·C 

High Output State .............•..•...... -O.5V to + Vee max 
DC Input Voltage ....•...••••.•............•...... -O.5V to +7.0V 

Supply Voltage •....•••....•.••.........•.•.•• + 4.5V to + 5.5V 

DC Output Current, Into Outputs ...•.......•.•..........•• 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those list8ci under ABSOLUTE MAXIMUM 
RA T1NGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parametera Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vee-MIN MIL, IOH = -1.OmA 2.4 3.4 
VOH Output HIGH Voltage 

VIN = VIH or Vil OOM'L, IOH=~2.6mA 2.4 3.4 Volts 

IOl =4.0 mA 0.4 

VOL Output LOW Voltage Vee-MIN IOl =B.OmA 0.45 Volts 
VIN - VIH or Vil 

IOl -12mA 0.5 

VIH ,Input HIGH Level Guaranteed. Input logical HIGH 2.0 Volts voltage for aU Inputs 

Guaranteed input logical LOW I MIL 0.7 
Vil Input LOW Level voltage for aU inputs. 1 COM'L O.B Volts 

VI Input Clamp Voltage Vee = MIN, IIN=-1BmA -1.5 Volts 

III Input LOW Current Vee = MAX, VIN = O.4V -0.36 mA 

IIH Input HIGH Current Vee = MAX, VIN - 2.7V 20 pA 

II Input HIGH Cu~ent Vee - MAX, VIN - 7.0V 0.1 mA 

Off-State (High-Impedance) VO= MV -20 
IOZ Output Current Vee = MAX VO-2.4V 20 pA 

ISC 
Output Short Circuit Current Vee = MAX -15 -B5 mA (Note 3) 

Power Supply Current I MIL 24 36 
lee. (Note 4) Vee-MAX I COM'L 24 39 mA 

Notes: I. Typical limns are at Vee - S.OV, 2S0C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the. applicable devtce type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration. of the short circutt test should not exceed one second. 
Inputs grounded; outputs open. 

9-98 
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SWITCHING CHARACTERISTICS (T A" + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 
tpHl 22 33 

tpHl 
Clock to Yi 20 30 ns 

tpLH Clock to Wi 24 36 

tpHL (Either Polarity) 24 36 ns 

tPHL Clear to Yi 29 43 ns 

tpLH 25 37 

tpHl Clear to Wi 30 45 ns 

tpLH 23 34 

tpHl 
Polarity to Wi 

Cl =,15pF 25 37 no 

tpw Clear Rl =2.0kn 18 no 

ILOW 15 
Ipw Clock Pulse Width lHIGH 18 ns 

ts Data 15 no 

th Data 5 ns 

Is Dala Enable 20 no 

th Data Enable 0 ns 

Is 
Set·up Time, Clear 20 15 ns Recovery (Inactive) to clock 

tZH 11 17 

tZl 
Output Enable to W or Y 13 20 ns 

tHZ CL = 5.0pF 13 20 

tLZ Output Enable to W or Y RL=2.0kn 11 17 ns 

Imax Maximum Clock Frequency (Note 1) CL = 15pF 
Rl =2.0kn 

35 45 MHz 

Note 1. Per industry convention, Imax is the worst case value 01 the maximum device operating frequency with no constraints on Ir, tf, pulse 
width or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Am25LS2519 Am25LS2519 
, 

Parameters Description Test Conditions Min Max Min Max Units 

IPlH 39 42 

tpHl 
Clock to Yi 39 45 no 

IplH Clock 10 WI 41 43 

tPHL (Either Polarity) 44 48 ns 

tpHL Clear to Yi 52 58 ns 

tplH 42 43 

IpHL 
Clear to Wi 51 53 ns 

tplH 41 45 

tPHL 
Polarity to WI Cl =50pF 42 44 ns 

Ipw Clear Rl=2.0kn 20 20 ns 

I LOW 20 20 
Ipw Clock 

I HIGH 20 20 ns 

Is Data 15 15 ns 

th Data 10 10 ns 

ts Data Enable 25 25 ns 

Ih Data Enable 0 0 no 

Is 
Set·up Time, Clear 23 24 no 
Recovery (Inactive) to Clock 

tZH 24 27 

tZL 
Output Enable to Wi or Yi 29 35 

tHZ Cl- 5.0pF 33 45 

ILZ 
Output Enable 10 Wi or YI Rl=2.0kn 22 26 ns 

lmax 
Maximum Clock Frequency Cl = 5.0pF 30 25 MHz 
(Note 1) Rl=2.0kn 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

9·99 
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Am25LS2519 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRI'IEN INPUT 
V~ ______________ ~ ____ L-________ ~~ ___ 

ICOOO090 

Note: Actual current flow direction shown. 

9-100 
036606 

Refer to Page 13·1 for Essential Infonnatlon on Military DeYices 



Am25LS2520 
Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 

DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 
• Buffered common asynchronous clear input 
• Three-state outputs 

• 8-bit, high-speed parallel register with positive edge
triggered. Ootype flip-flops 

• Am25LS Family offers improved sink current, source 
current and noise margin 

GENERAL DESCRIPTION 

The Am25LS2520 is an 8-bit register built using advanced 
Low-Power Schottky technology. The register consists of 
eight Ootype flip-flops with a buffered common clock, a 
buffered common clock enable, a buffered asynchronous 
clear input, and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH. the register operates 
in the normal fashion. 

When the three-state output enable (CE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 

When the output enable (CE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E) is used to selectively load data 
into the register. When the l: input is HIGH, the register will 
retain its current data. When the l: is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 

This device is packaged in a space-saving (O.4-inch row 
spacing) 22-pin package and in a 24-pin flatpack. 

BLOCK DIAGRAM 

Vo V, V, V, V, 

RELATED PRODUCTS 

Part Ho_ Description 

Am25S18 Quad 0 Register 

Am2920 Octal 0-Type Flip-flop 

Am2954/5 Octal D Registers 

9-101 

V, V. V> 

80001310 
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0 
C"I 
10 

~ 
...I 
10 
C"I 
E 

CC 

CONNECTION DIAGRAM 
Top View 

F·24 1)..22, P·22 L·28·1 

CUI Vco 
II 8. ~- ; ~ ... II!I 

'. iD Vco .. co '. r .. IIC 

... .. R 
" " " 

" 
.. " Dr " Dr 

" " Dr .. Do .. 
" .. .. '. Do Y, Do " .. " .. " " " " .. 
" .. ... IIC .. 
CI' .. 

"" " GIll " - II 
CDOO1900 

fl I II .. t1 II 

CDOQ1910 CD004900 

Note: Pin 1 is marked for orientation 
• Reserved - do not use. 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

• 4 • " I. 
21 

10 

20 

'1 

• • • " I. 

17 ,. 

I. " LSOOO720 

ITR 1-----, 

Yo 2----, 

DO 3 

D, 4 

Y, 5 

Y2 6 

D2 7 

D3 8 

CP 10----' 

GND 11------' 

,-----22 Vee 

,-----2' l' 

20 o~ 

'--------12 Y4 

DIE SIZE 0.080' x 0.111" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the follciwing: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2520 

Device type 

D C B l L L S~r:~~i~g S?:~~;d processing 
B - Burn-in . 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 22-pin CERDIP 
F - 24-pin flatpak 
L - 28-pin leadless chip carrier 
P-22-pin plastic DIP 
X-Dice 

Octal D-type Flip-Flop 

9-102 

Valid Combinations 

PC 
DC,DM 

Am25LS2520 FM 
LC, LM 
XC, XM 

Valid Combinationa 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036986 
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PIN DESCRIPTION 

Pin No. Name I/O Description 

°i I The 0 flip-flop data inputs. 

1 Wi I When the clear input is LOW, the Qj outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 
data can be entered into the regisler. 

11 CP I Clock. Pulse for the Register; enters data into the register on the LOW·te-HIGH transilion. 

Vi 0 The register three-state outputs. 

21 ~ I Clock Enable. When the clock enable is LOW, data on the 0; input is transferred to the Qi output on the LOW·to·HIGH 
clock transition. When the clock enable is HIGH, the Qi outputs· do not change state, regardless of the data or clock 
input transitions. 

20 ~ I Output Control. When the ~ input is HIGH, the Vi outputs are in the high impedance slale. When the ~ inpul is 
LOW, Ihe TRUE register data is· present at the Vi outputs. 

FUNCTION TABLE 

Inputs Internal Outputs 

Function OE CLR e- 01 CP QI VI 

Hj.Z H X X X X X Z 

Clear H L X X X L Z 
L L X X X L L 

Hold H H H X X NC Z 
L H H X X NC NC 

Load H H L L , L Z 
H H L H , H Z 
L H L L , L L 
L H L H , H H 

H=HIGH , = LOW·lo·HIGH Transition 
L-LOW X = Don't Care 
NC a No change Z = High·lmpedance 

036988 
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INSTRUCTION REGISTER ( 

M""NGPROM { 

MICROPROCESSOR { 
S£aUENCER 

APPLICATIONS 
lS·8IT DATA BUS 

MICROPROGRA.M { 
MEMORY 

~~-----r----~----~----~----~--~~~ 

PIPELINE I REGISTER 

AFOO0670 

A typical Computer Control Unit for a microprogrammed machine. 

AFOOO660 

The Am25LS2520 is a useful device in interfacing with the Am9080A system buses. 

9-104 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .....••.........•.•...... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55°C to + 125°C Temperature ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to + 7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

High Output State ....................... -O.5V to + VCC max 
DC Input Voltage ................................. -O.5V to +7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM· 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min Typ Max Units (Note 1) 

Vcc .. MIN MIL, IOH" -1.0mA 2.4 3.4 
VOH Output HIGH Voltage 

VIN - VIH or Vil COM'L, IOH~-2.6mA 2.4 3.4 Volts 

VCC-MIN IOl =4.0 mA 0.4 
VOL Output LOW Voltage 

VIN = VIH or Vil IOl~8.0mA 0.45 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
Vil Input LOW Level voltage for all inputs. I COM'L 0.8 Volts 

VI Input Clamp Voltage Vcc = MIN, liN" -18mA -1.5 Volts 

III Input LOW Current Vcc - MAX, VIN .. 0.4V -0.36 mA 

IIH Input HIGH Current VCC - MAX, VIN - 2.7V 20 p.A 

II Input HIGH Current Vcc - MAX, VIN = 7.0V 0.1 mA 

Off-State (High-Impedance) VO·0.4V -20 
10 Output Current Vcc-MAX I Vo = 2.4V 20 p.A 

IsC 
Output Short Circuit Current VCC-MAX -15 -85 mA (Note 3) 

Icc 
Power Supply Current VCC-MAX 24 37 mA (Note 4) 

Notes: 1. Typical limits are at Vcc - 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
All outputs open, E = GND, Di inputs = CLR .. C5E = 4.5V. Apply momentary ground, then 4.5V to clock input. 

9-105 
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SWITCHING CHARACTERISTICS (T A = + 25°C. Vee = 5.0V) 

Parameters Description Test Condltloris Min Typ Max Units 
tpLH 18 27 

tpHL 
Clock 10 Vi (~ LOW) 24 36 ns 

tpHL , Clear to V 22 35 ns 

Is Data (0;) 10 3 ns 

It! Data (0;) 10 3 ns 

I Active 15 10 
I. Enable (E) I Inactive CL -15pF 20 12 ns 

It! Enable (E) RL=2.0kU 0 0 ns 

I. Clear Recovery (In.Active) 10 Clock 11 7 ns 

I HIGH 20 14 
Iw Clock. I LOW 25 13 ns 

Ipw Clear , 20 13 ns 

IZH 9 13 

IZL 
~loVi 14 21 ns 

1Hz CL =5.0pF 20 30 

ILZ ~to VI RL-2.OkU 24 36 ns 

lmax Maximum Clock Frequency (Note 1) 40 MHz 

Note 1. Per industry convention. lmax is the worst case value 01 the maximum device operaling Irequency with no constraints on Ir. I,. pulse 
widlh or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 
, 

Am25LS2520 Am25LS2520 

Parameters Description Test Conditions Min Max Min Max Units 
IpLH 33 39 

IPHL 
Clock 10 Vi (~ LOW) 45 54 ns 

IpHL Clear 10 V 43 51 ns 

Is Dala (0;) 12 15 ns 

It, Data (OJ 12 15 ns 

I Active 17 20 
Is Enable (~) I Inactive CL = 50pF 20 23 

ns 

Ih Enable (~ Rl -2.0kU 0 0 ns 

Is 
Clear Recovery (In·Active) to 13 15 ns 
Clock 

I HIGH 25 30 
Ipw Clock I LOW 30 35 ns 

II)W Clear 22 25 ns 

IZH 19 25 

IZl 
~loVi 30 39 ns 

1HZ Cl = 5.0pF 35 40 

ILZ 
~loVi 

Rl - 2.0kU 39 42 ns 

Imax 
Maximum Clock Frequency 25 20 MHz 
(Nota 1) 

·AC performance over the operating lemperature range is guaranteed by lesting defined in Group A. Subgroup 9. 

9·106 
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Am25LS2520 
LOW·POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Vee -------...... -~-----...... --
I 
I 

[i] 
I 
I 

Fi 
I 

ICO00090 

Note: Actual current flow direction shown. 
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Am25LS2521 
Eight-Bit Equal-to Comparator 

DISTINCTIVE CHARACTERISTICS 

• B-bit byte oriented equal comparator 
• Cascadable using EIN 

• tpd A • B to EOUT in 9ns 
• Standard 20-pin package 

• High-speed, Low-Power Schottky technology 

GENERAL DESCRIPTION 

The Am25LS2521 is' an B-bit "equal to" comparator 
capable of comparing two B-bit words for "equal to" with 
provision for expansion or external enabling. The matching 
of the two B-bit inputs plus Ii logic LOW on the EIN 
produces an active LOW on the output EOUT. 

The logic expression for the device can be expressed as: 

(A5 0 Bs) yeAS 0 BS) (A7 0 B7) EIN. It is obvious that the 
expression is valid where Ao - A7 and Bo - B7 are 
expressed as either assertions or negations. This is also 
true for pair of terms i.e. Ao can be compared with Bo at the 
same lime Al is compared with 81. It is only essential that 
the polarity of the paired terms be maintained. 

EoUT = (AO 0 Bo) (Al 0 Bl) (A2 0 B2) (A30 B3) (A4 0 B4) 

BLOCK DIAGRAM 

EOUT 

[INo----{>O-------......J 

80001390 

RELATED PRODUCTS 

Part No. Description 

Am29BOS Chip Select Decoder 

Am29B09 9-Bit Comparator 

03619B 
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CONNECTION DIAGRAM 
Top View 

0-20-1 L-20-1 

f'N Vee rI Z " 1 J 
AI) roUT .. ., 

At .. 
A, A, .\ .. . \ .. 
A2 

.. .. ... 
·2 .. .. .. 
A3 ... .. .. 
·3 .. 

aND ... .t I ~ J Z 

00001610 00001600 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

18 17 18 15 14 13 12 11 9 .. 7 8 5 4 3 2 20 Vee 

·'N 
EOUT 

,. 
LSOOO530 

EIN 1----, 

Ao 2---, 

BO • 

B. 9-----' 

DIE SIZE 0.088" l' 0.058" 

ORDERING INFORMATION 

19 EOUT 
18 B, 

17 A7 

16 B. 
15 A. 
I. Bs 

" As 

12 B. 

11 A, 
10 QND 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2521 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125°C) 

Package 
D- 20-pin CERDIP 
F - 20-pin flatpak 
L --20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

8-Bit Equal-to-Comparator 

9-109 

Valid Combinations 

PC 
DC, DM 

Am25LS2521 FM 
LC, LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if. a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name 1/0 -Description 

I A input to comparator. 

I B input to comparator. 

I Enable active LOW. 

19 EOUT a EQUAL output active LaW. 

APPLICATION 

I---,A,,,-, -f:: ~ ~ 
I---,A,=-, -f AS Bs __ ~ 

·'4 -

WAIn :NA8lE 
READ EtwAau: 

OFlRO'rH 

AF000651 

MAX, ENABLE (HIGH-to-LOW) DELAY 
OVER 16-BITS 

(Commercial Range) 

tpHL 
Ai or Bi 19ns 
to EOUT 

tpHL EIN to 12.5ns 
EOUT 

Total 31.5ns 

Note: This part does not have internal pull up resistors. In this application external pull ups should be added 
to the 16 porta. 

MICROPROCESSOR ENABLE CONTROLLED, 
SELECTABLE, ADDRESS DECODER 

9·110 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .•.•..................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....•.. -55°C to + 125°C Temperature ..................................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage .........................•.. +4.75V to + 5.25V 

Continuous ..•.•.....••.......................... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 125°C 

High Output State ...................••.. -O.5V to + VCC max 
DC Input Voltage ................................. -O.5V to + 7.0V 

Supply Voltage ........................•...... + 4.5V to' + 5.5V 

DC Output Current, Into Outputs ......•..•.............•.. 30mA 
Operating ranges define those limits over which the function-

DC Input Current .... , ...............•........ -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA T1NGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vee = MIN I MIL 2.5 
VOH Output HIGH Voltage . VIN = VIH or VIL IOH = -440jJA I COM'L 2.7 Volts 

I IOL = 4.0 mA 0.4 

VOL Output LOW Voltage Vee = MIN IIOL =8.0mA 0.45 Volts 
VIN = VIH or VIL 

IIOL -12mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs. I COM'L 0.8 Volts 

VI Input Clamp Voltage Vee = MIN, liN = -1 8mA -1.5 Volts 

Ai,8i -0.36 
IlL Input LOW Current Vee = MAX, VIN = OAV E -0.72 mA 

Ai,8i 20 
IIH Input HIGH Current Vee = MAX, VIN = 2.7V E 40 jJA 

Ai,8i 0.1 
II Input HIGH Current Vee - MAX, VIN - 7.0V E 0.2 mA 

Ise 
Output Short Circuit Current Vee = MAX -15 -85 mA (Note 3) 

lee 
Power Supply Current 

Vee = MAX 27 40 mA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
E = GND, all other inputs and outputs open. 
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SWITCHING CHARACTERISTICS (T A .. + 25°C, Vee" 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tpLH 9 15 

tPHL 
A; or Bj to rqUaI CL -15pF 9 15 

ns, 

tPLH RL -2.011'1 5 7 

tPHL 
l: to EqUal 6 8 ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am25LS2521 Am25LS2521 

Parameters Description Test Conditions Min Max Min Max Units 

tpLH AI or BI to 20 22 

tpHL rqUaI Output CL -50pF 19 21 ns 

tpLH RL-2.0k'1 10.5 12 

tPHL' 
l: to rqUaI Output 12.5 15 ns 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 

Am25LS2521 
LOW·POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 
DRIVING OUTPUT I DRIVEN INPUT 

Vee 
I 
I 

[i] ----
y 

I ~ I rA 
V I ..1'4 

~ 
....... rl, .. ::s 2: 

I '" ~ ::s 2: I I 
I 

-=- I -=-
ICOOOt80 

Note: Actual current flow direction shown. 

, 

, 

I 
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Am25LS2535 
Eight-Input Multiplexer with Control Register 

DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer 
• On-chip Multiplexer Select and Polarity Control Register 
• Output polarity control for inverting or non-inverting 

output 
• Common register enable 

• Asynchronous register clear 
• Three-state output for expansion 
• Am25LS features improved noise margin, higher drive, 

and faster operation 

GENERAL DESCRIPTION 

The Am25LS2535 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to 
output and is intended for use in high speed computer 
control units or structured state machine deSigns. 

The Am25LS2535 contains an internal register which holds 
the A, B, and C multiplexer select lines as well as the POL 
(polarity) control bit. When the Register Enable input (m::) is 
LOW, new data is entered into the register on the LOW-to
HIGH transition of the clock. When m:: is HIGH, the register 
retains its current data. An asynchronous clear input (a:R) 
is used to reset the register to a logic LOW level. 

The A, Band C register outputs select one of eight 
multiplexer data inputs. A HIGH on the Polarity Control flip-

flop output causes a true (non-inverting) multiplexer output, 
and a LOW causes the output to be inverted. In a computer 
control unit, this allows testing of either true or complemen
ted flag data at the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows the 
selected multiplexer input to be passed to the output. When 
ME is HIGH, the output is determined only by the Polarity 
Control bit. 

The Am25LS2535 also features a three-state Output En
able control (DE) for expansion. When OE is LOW, the 
output is enabled. When DE is HIGH, the output is in the 
high impedance state. 

BLOCK DIAGRAM 

80001620 
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CONNECTION DIAGRAM 
Top View 

0-20-1 L-20-1 

Do Veo II! • 4 ¥ G 

III 

ill .. .. .. .. 
01 

co 
Cl' .. 

a-o aJI .. 
Do 

"lL Do 

GND ., 2 ! /; II II 

CDOO1860 CDOO1920 

LOGIC SYMBOL 

1 '1 18 17 14 13 12 11 

I. 

Note: Pin 1 is marked for orienl8tion 

METALLIZATION AND PAD LAYOUT 
'B 6 ------,. 

GP ,----, 

,. GLR • 
POL 9 

GND 10 

LSOOO540 

0, 11 

D. 12 

05 13 

D. I. 
V 15 

,-----5 G 

4 A 

.1 ..... ...,--3 RE 

..... RL_2 ME 

DO 

20 Vee 

19 01 

'-----___ 18 02 

'--------- 17 03 

'--------- ,. OE 

DIE SIZE 0.080" x 0.099" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2535 

Device type 

D C B 'l L L S~r:~~i~9 S~:~~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

a-Input Multiplexer 

9-114 

Valid Combinations 

PC 
DC, OM 

Am25LS2535 FM 
LC, LM 
XC.XM 

Valid Combinations 
Consult the AMD sales office in your area to 
,determine if a device is currently available in the 
combination you wish. , 

036978 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

4,6,5 A, B, C 0 Multiplexer Select Lines. One of eight multiplexer data inputs is selected by the A, Band C register outputs. 

9 POL 0 Polarity Centrol Bit. A HIGH register output causes a true (non·inverted) output and a LOW causes the output to be 
inverted. 

2 ~ Multiplexer Enable. When LOW, it enabled the 8·input multiplexer. When HIGH, the Y output is determined by only the 
Polarity Centrol bit. 

3 RE Register Enable. When LOW, the Multiplexer Select and Polarity Control Register is enabled for loading. When HIGH, 
the register holds its current data. 

8 ro:i Clear. A LOW asynchronously resets the Multiplexer Select and Polarity Centrol Register. 

01·0S I Data Inputs to the 8·input multiplexer. 

7 CP Clock Pulse. When RE is LOW, the Multiplexer Select and Polarity Centrol Register changes state on the LOW·to-
HIGH transition of CPo 

16 ~ 0 Output Enable. When LOW, the output is enabled. When HIGH, the output is in the high-impedance state. 

15 Y 0 The chip output. 

FUNCTION TABLE 

INPUTS INTERNAL INPUTS OUTPUT 
MODE 

C B A POL RE CLR CP QC QB QA QpOl' ME OE y 

Clear X X X X X L X L L L L H L H 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L L Do 
X H Z 

Reg, Disable X X X X H H X NC NC NC NC L L °ilOi 
(Note 1) 

Select L L L LlH L H t L L L LlH L L OolDo 
(Multiplex) L L H 

1 1 1 1 
L L H 

1 1 1 
01 /01 

L H L L H L ~/02 
L H H L H H 3103 
H L L H L L Q4/04 
H L H H L H 05/ 05 
H H L H H L 06/06 
H H H H H H 1571DJ 

Multiplexer X X X X X H I X X X L H L H 
Disable X X X H H L L 

Tri-state 1 Output X X X X X H Z 
Disable 

NC = No Change 
X - Don't Care 

Note 1: The output will follow the selected input, Oi, or iis complement depending on the state of the POL flip-flop, 
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AF001980 

A versatile one-ol-sixteen Test Select with Polarity Control and Test Select Hold. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ........ -55°C to +125°C Temperature .............•....................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ....•...........•..........• + 4.75V to + 5.25V 

Continuous ....•.........•.........•..•.......•... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ••.............................. -55°C to +125°C 

High Output State .........•.........•..• -O.5V to + Vcc max 
DC Input Voltage ............•............•.••...• -O.5V to + 5.5V 

Supply Voltage .....•.....••.................. + 4.5V to + 5.5V 

DC Output Current, Into Outputs ......................•... 30niA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to +S.OmA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

vee = MIN MIL, IOH = -2.0mA 2.4 3.4 
VOH Output HIGH Voltage 

VIN - VIH or VIL COM'L,IOH a -6.5mA 2.4 3.2 Volts 

IOL=4.0 mA 0.4 

VOL Output LOW Voltege vee = MIN IOL =8.0mA 0.45 Volts 
VIN - VIH or VIL 

IOL-20mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltege for all inputs 

Guaranteed input logical Low I MIL 0.7 
VIL Input LOW Level voltage for all inputs. I COM'L 0.8 Volts 

VI Input Clamp Voltege Vee = MIN, liN = -18mA -1.5 Volts 

Vee = MAX ii.lE,0E,~ -0.72 
IlL Input LOW Current VIN = O.4V ON, A, S, C, POL, cp, ern -2.0 mA 

Vee = MAX ii.lE,0E,~ 40 
IIH Input HIGH Current VIN -2.7V ON, A, S, C, POL, CP, ern 50 pA 

Vee-MAX ~,OE,~ 0.1 
II Input HIGH Current VIN ~5.5V ON, A, S, C, POL,CP, ern 1.0 mA 

Off-Stete (High-Impedance) Vo -O.4V -50 
loz Output Current Vee-MAX Vo = 2.4V 50 pA 

ISC Output Short Circu~ Current Vee-MAX -40 -100 mA (Note 3) 

lee 
Power Supply Current Vee-MAX 97 148 mA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V, 25°C amQient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short cirCUit test should not exceed one second. 
01-07, A, S, C, POL, ~, CLR at GNO. All other inputs and outputs open. 
Measured after a momentery ground then 4.5 V applied to clock input. 

9-117 
036978 

Refer to Page 13-1 for Essential Information on Military Devices 



SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

IpLH 21 32 

IPHL 
Clock to Y POL - LOW 19 29 ns 

IPLH 16 24 

IPHL 
Clock 10, Y POL - HIGH 19 29 ns , 

IPLH 10 16 

IpHL 
On 10 Y 13 19 ns 

IpLH CL = 15pF 22 33 

IpHL 
~loY RL-2.OkSl 22 33 ns 

IpLH 12 18 

IpHL 
ME 10. Y ,12 18 ns 

IZL 8 14 

IZH 8 14 ns 

ILZ 
~ to Y 

CL - 5.0pF 10 17 

1HZ RL=2.0kSl 10 17 ns 

A, B, C, POL 10 
Is m: 15 ns 

Is ~ Recovery CL = 15pF 5 ns 

Clock RL =2.0kSl 10 
\pw N.i8r (LOW) 10 ns 

Ih A, B, C, POL, ~ 0 ns 

SWITCHING CHARACTERISTICS over operating range uniess otherwise specified" 

COMMERCIAL MILITARY 

Am25LS2535 Am25LS2535 

Parameters Description Test Conditions Min Max Min Max Units 

IpLH 40 47 

IpHL 
Clock 10 Y. POL-L 34 36 ns 

IPLH 29 33 

IPHL 
Clock 10 Y, POL-H 35 41 

IPLH 19 21 

IpHL 
ON to Y CL = 50pF 

RL-2.0kSl 
22 24 ns 

IPLH 39 45 

IpHL 
~loY 39 45 ns 

IpLH 22 26 

IpHL 
ME 10 Y 19 20 ns 

IZL 19 24 

tZH 
or: 10 Y 22 29 ns 

tLZ CL - 5.0pF 24 30 

tHZ 
l:lt to Y RL -2.0kSl 24 30 ns 

A, B, C POL 11 12 
t. ~ 18 20 ns 

I. aJ! Recovery CL = 50pF 6 7 ns 
RL =2.0kSl 

Clock 11 12 
\pw N.i8r (LOW) 11 12 ns 

Ih A. B, C, POL, m: 3 3 ns 

* AC performance over the operating temperature range is guaranteed by testing defined In Group A, Subgroup 9, 
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Am25LS2535 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

Vee ___ D_"_'V_'NG_D_U_TP_UT ___ .L.1 __ D_"_"'_EN_'NP_UT __ _ 

[ J 
... r.A 

I '" ~~ 
t-----' 

ICOOOO90 

Note: Actual current flow direction shown. 

RELATED PRODUCTS 

Part No. Description 

Am2922 8 Input Multiplexer 

Am2923 8 Input Multiplexer 
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Am25LS2536 
Eight-Bit Decoder with Control Storage 

DISTINCTIVE CHARACTERISTICS 

• 8-bit decoder/demultiplexer with control storage • Common clear 
• a-state outputs • Polarity control 
• Common clock enable • Advanced Low-Power Schottky Process 

GENERAL DESCRIPTION 

The Am25LS2536. is an eight-bit decoder with control 
storage. It provides a conventional 8-bit decoder function 
with two enable inputs which may also be used for data 
input. This can be used to implement a demultiplexer 
function. In addition, the exclusive "OR" gate allows for 
polarity control of the selected output. The 3-state outputs 
are enabled by a LOW on the (~) output enable. 

The three control bits representing the output selection and 
the single bit polarity control are stored in "D" type flip
flops. These flip-flops have both Clear, Clock, and Clock 
Enable functions provided. The ~1 and G2 input provide 
either polarity for input control or data. 

BLOCK DIAGRAM 

a-Bit Decoder IDemultlplexer with Control Storage 

80001630 

RELATED PRODUCTS 

Part No. Description 

Am25LS2537 1 of 1 0 DeCoder 

Am25LS2538 1 of 8 Decoder 

Am25LS2539 Dual 1 of 4' Decoder 

Am25LS2548 Chip Select Address Decoder 

Am2921 1 of 8 Decoder 

Am2924 3 to 8 Line Decoder/Demultiplexer 

036668 
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CONNECTION DIAGRAM 
Top View 

D-20-1 L-20-1 

CI' Vee III ; a I to 

ID 

iii! CIa .. .. Y, 
Y, 

• Y, 
Y, 

C Y. .... Y, ..... Y • 

III Y. 
III Y. 

Yo Y. 

GIlD Y, ,: J .: ,: .-
COOO1930 CDOO1940 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

0' '0 .. " " 18 '2 '2 
'3 13 

" 
,. 

Y. " c# '0 .. 
'1 11 

A • e I'Ol 

• • 0 7 

LSOOO730 

ep 2 ----------, 

CE 3 
A 4 

• 5 

e • 

POL 7 

/5£ • _--+"1'1 

'0 9 -----' 

GND 10 ------' 

,------ 20 Vee 

,..----19 01 

'------ 12 Y2 

'------- 11 V, 

DIE SIZE 0.084" X 0.099" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: • 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2536 

Device type 
8-Bit Decoder 

D C B l· L L S~r:~~i~g S~~~:rd processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

9-121 

Valid CombInations 

PC 
DC, OM 

Am25LS2536 FM 
LC, LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 
2 WI 

1 CP 

3 eE: 

4,5,6 A, B, C 

7 POL 

19 Gl 

18 G2 

Yn 

8 rn! 

, 

Mode C 

Clear X 
X 

Hold X 

Select L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
X 
X 

Output X Disable 

PIN DESCRIPTION 

1/0 Description 
I Clear. When the CLEAR input is LOW, the Control register outputs (OA, OS, Oc;. OPOLl are set LOW regardless of any 

other Inputs. 

I Clock. Enters data into the control register on the LOW·to·HIGH transition. 

I Clock Enable. Allows data to enter the control register when eE: is LOW. When eE: is HIGH, the Oi outputs do not 
change state, regardless of data or clock input transnions. , Inputa Ia the control register which are entered on the LOW·ta-HIGH clock transition H eE: is LOW. 

I Input' to the control register bit used for determining the polarity of the selected output. 

I Active LOW part of the expression G - Gl EO G2 where G is either data input for the selected, Y n or is used as an input 
enable. 

I Active HIGH part of the expression G - G1G2. 

0 The three-state outputs. When active (~ - LOW), one of eight outputs is selected by the code stored in the control 
register, with the polarHy of all eight determined by the bn stored in the POL flip·flop of the control register. The 
selected output can' further be controlled by G according to the expression Y SELECTED = G"'i'OPOL. 

Output Enable. When OE is HIGH the 'Yn outputa are in the hi&impedance state; when OE is LOW the Yn's are in 
their active state as determined by the other control logic. The E input affects the Y n output buffers only and has no 
effect on the control register or any other logic. 

FUNCTION TABLE 

Internal 
Inputs Registers Three-State Outputs 

B A POL CE CLR G* OE CP Qc Qs QA QpOL Vo V1 V2 V3 V4 V5 V6 V7 

X X X X L L L X L L L L H H H H H H H H 
X X X X L H L X L L L L L H H H H H H H 

X X X H 'H NC L I NC NC NC NC NC NC NC NC NC NC NC NC 

L L H L H H L I' L L L H H L L L L L L L 
L H H L H H L I L L H H L H L L L L L L 
H L H L H H L I L H L H L L H L L L L L 
H H H L H H L I L H H H L L L H L L L L 
L " L H L H H L I H L L H L L L L H L L L 
L H H L H H L I H L H H L L L L L H L L 
H L H L H H L I H H L H L L L L L L H L 
H H H L H H L I H H H H L L L L L L L H 
L L L L H H L I L L L L L H H H H H H H 
L H L L H H L I L L H L H L H H H H H H 
H L L L H H L I L H L L H H L H H H H H 
H H L L H H L I L H H L H H H L H H Ii H 
L L L L H H L I H L L L H H H H L H H H 
L H L L H H L I H L H L H Ii H H H L H H 
H L L L H 'H L I H H L L H H H H H H L H 
H H L L H H L I H H H ,L H H H H H H H L 
X X H L H L L I X X X H L L' L L L L L L 
X X L L H L L I X X X L H H H H H H H H 

X X X X X X H X NC NC NC NC Z Z Z Z Z Z Z Z 

NC = No Change X = Don't Care Z - High·lmpedance 1= Low·Ia-High Transition 

* 
~1 

L 
L 
H 
H 

G2 

L 
H 
L 
H 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ......................... -65·C to + 150·C 
Ambient Temperature 

Under Bias ................................... -55·C to + 125·C 
Supply Voltage to Ground Potential 

Continuous ...................................... -O.5V to +7.0V 
DC Voltage Applied to Outputs For 

High Output State ....................... -O.5V to +Vcc max 
DC Input Voltage ................................. -O.5V to + 7.0V 
DC Output Current, Into Outputs .......................... 30mA 
DC Input Current. ............................ -30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Temperature ..................................... O·C to + 70·C 
Supply Voltage ............................ + 4.75V to + 5.25V 

Military (M) Devices 
Temperature ................................ -55·C to + 125·C 
Supply Voltage ............................... + 4.5V to + 5.5V 

Operating ranges define those limits over which the function
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

(Note 1) Max Units 

VOH 

VOL 

10 

Isc 

lee 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Off-State (High-Impedance) 
Output Current 

Output Short Circuit Current 
(Note 3) 

Power Supply Current 
(Note 4) 

Vee=MIN 10H - -2.6mA, COM'L 

VIN - VIH or VIL 

Vee = MIN 10L = 24mA, COM'L 

VIN = VIH or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

I MIL Guaranteed input logical LOW 
voltage for all inputs. JCOM'L 

Vee - MAX, VIN· 0.4V 

Vce = MAX, VIN· 2.7V 

Vee = MAX, VIN = 7.0V 

VO=0.4V 
Vee = MAX VO· 2.4V 

Vee-MAX 

2.4 3.2 

2.4 3.4 Volts 

0.4 0.5 

0.35 0.4 Volts 

2.0 Volts 

0.7 

0.8 Volts 

-1.5 Volts 

-0.4 mA 

20 

0.1 mA 

-20 

20 

-15 -85 mA 

37 56 rnA 

Notes: 1. Typic;al limits are at Vee· S.OV, 2S'C ambient and maximum loading. , 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuij test should not exceed one second. ... 
4. Test CondHions A = B = C - lit = ~ = CE = GND; CLK = CLR = POL = G2 = 4.SV. ~ 
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SWITCHING CHARACTERISTICS (T A = + 25°0. Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 
IPLH 17 25 

IPLH 
ll, 10 Yo - Y7 23 34 ns 

IPLH 20 30 

~L 
G2 10 Yo - Y7 26 39 ns 

tpLH 24 36 

IPHL 
CP to Yo - Y7 CL -45pF 30 45 ns 

IPLH RL=6670 24 36 

IPHL 
erR to Yo - Y7 31 46 ns 

Is 25 

It. 
Clock Enable 10 CP 0 ns 

Is 15 

It. 
A, e, C, POL to CP 0 ns 

1HZ CL -5pF 9 14 

ILZ 
01: to Yo - Y7 RL = 6670 11 17 ns 

IZH 15 22 

IZL 
l5E 10 Yo - Y7 CL = 45pF 16 24 ns 

Is Set-up Time, Clear Recovery 10 CP RL -6670 20 ns 

I Clock ,. 15 
Ipw Pulse Widlh I Clear 15 ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified· 

COMMERCIAL MILiTARY 

Am25LS2536 Am25LS2536 

Parameters Description Test Conditions Min Max Min Max Units 
tpLH 29 31 

tpHL 
III 10 Yo - Y7 39 42 ns 

tpLH 34 37 

IPHL 
G2 10 Yo - Y7 44 48 ns 

tpLH 40 42 

tpHL 
CP 10 Yo - Y7 

CL - 45pF 51 ~8 
tpLH RL=6670 47 54 

tpHL 
~ to Yo - Y7 58 66 ns 

Is 27 30 

It. 
Clock Enable to CP 0 0 ns 

Is 17 20 

It. 
A, B, C, POL 10 CP 0 0 ns 

1Hz "' CL - 5.0pF 
17 18 

ILZ 01: 10 Yo - Y7 RL-667!l 27 34 ns 

IzH 25 27 

tZL 
01: to Yo - Y7 28 30 ns 

I. Set-up Time, Clear Recovery 10 CP CL - 5.0pF 23 25 ns 
I Clock 

RL-6670 17 20 , 
Ipw Pulse Width I Clear 15 15 ns 

'AC performance over the operaling temperalure range is guaranteed by lesting defined in Group A, Subgroup 9. 
-
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Am25LS2537 
One-of-Ten Decoder with Three-State Outputs and Polarity Control 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs • Does not respond to codes above nine 
• Separate output polarity control • A.C. parameters specified over operating temperature 
• Inverting and non-inverting enable inputs and power supply ranges 

GENERAL DESCRIPTION 

The Am25LS2537 is a demultiplexer/one-of-ten decoder outputs are enabled. The polarity (POL) input is used to 
that accepts four active high BCD inputs and selects one- drive the Y outputs to either the active-HIGH state or the 
of-ten mutually exclusive outputs. The device features active-LOW state. When the POL input is LOW, the outputs 
three-state outputs as well as a buffered common polarity are active-HIGH. When the POL input is HIGH, the Y 
control such that the outputs are mutually exclusive active- outputs are active-LOW. The device features one active-
low or mutually eXClusiVe active-high. The logic design of HIGH and one active-LOW enable input which can be used 
the Am25LS2537 ensures that all outputs are unselected for gating the decoder or can be used with incoming data 
when the binary codes greater than nine are applied to the for demultiplexing applications. 
inputs. The inputs A, B, C, and 0 of the Am25LS2537 The Am25LS2537 is packaged in a space saving (O.3-inch 
correspond to the respective binary weight of 1, 2, 4, and 8. row spacing) 20-pin package. The device also features 
The output enable (OE) input controls the three-state Am25LS family faster switching specifications, higher noise 
outputs. When the OE input is HIGH, the outputs are in the margin, and twice the fan-out over the military temperature 
high-impedance state. When the OE input is LOW, the range when compared with Am54LS/74LS devices. 

BLOCK DIAGRAM 

'0 " " " '. " '. " " '. 

~~~~~~~~~~ 
o<l-- Of 

..... POL 

), 
~ J. ~ J, 

~ 
), 
~ 

J, .... 

~ 'r T rr rr h" ~" 
II 11 1 I - " ... ... 

:"' .... A 

..... ..... . .... .... 

..... A c 
'" .... 

-\ ... ... .... .... D 

B0001330 

RELATED PRODUCTS 

Part No. Descrtptlon 

Am25LS2536 8-Bit .Decoder 

Am25LS2538 \ 1-of-8 Decoder 

Am25LS2539 Dual 1-of-4 Decoder 

Am25LS2548 Chip Select Address Decoder 

Am2921 1-of-8 Decoder 

Am2924 3-t0-8 Une Decoder/Demultiplexer 

03665B 
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CONNECTION DIAGRAM 
Top View 

D-20-1 L-2D-1 

Va Vee ,!' .; ~ ~ ,:' 

V, Va 

Vo v. - V. 

POL D 
0 

i5i c ,. 
C 

A il 
• Ii 

8 &2 

VI V, 
y. a 

v. V. 

GND V7 ,!' ! ~ ,!' ,!' 

COOO1960 

Note: Pin 1 is marked for orientation 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2537 D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M -Military (-55°C to +125°C) 

Package 

Device type 
1-of-1 0 Decoder 

D- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin lead less chip carrier 
P- 20-pin plastic DIP 
X-Dice 

9-126 

Valid Combinations 

PC 
DC, DM 

Am25LS2537 FM 
LC, LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 

6, 7, 16, 17 A, B, C, 0 

15 n-
14 E2 

4 POL 

5 C5E 

Yi 

FUNCTION 

3-State 

Disable 

Active-HIGH Output 

Active-LOW Output 

H=HIGH 
L=LOW 

PIN DESCRIPTION 

1/0 Description 

I To select inputs to the decoder. 

I The active-LOW enable input. A HIGH on the n- input inhibits the decoder function regardless of any other inputs. 

I The active-HIGH enable input. A LOW on the E2 input forces all the decoder functions to the inactive state regardless 
of any other inputs. 

I The polarity control for the output function. When the polarity control is HIGH, the,QUtputs are active-LOW. When the 
POL input is LOW, the outputs are active-HIGH. 

0 Output Enable. An active-LOW three-state control used to enable the outputs. A HIGH level input forces the output to 
the high-impedance (off) state. 

0 Decoder outputs. The ten outputs of the decoder. 

FUNCTION TABLE 

INPUTS OUTPUTS 

()E E1 E2 POL D C B A Vo V, Va V3 V4 Vs Vs V7 Va Vg 
H X X X X X X X Z Z Z Z Z Z Z Z Z Z 

L H X L X X X X L L L L L L L L L L 
L H X H X X X X H H H H H H H H H H 
L X L L X X X X L L L L L L L L L L 
L X L H X X X X H H H H H H H H H H 

L L H L L L L L H L L L L L L L L L 
L L H L L L L H L H L L L L L L L L 
L L H L L L H L L L H L L L L L L L 
L L H L L L H H L L L H L L L L L L 
L L H L L H L L L L L L H L L L L L 
L L H L L H L H L L L L L H L L L L 
L L H L L H H L L L L L L L H L L L 
L L H L L H H H L L L L L L L H L L 
L L H L H L L L L L L L L L L L H L 
L L H L H L L H L L L L L L L L L H 
L L H L H L H L L L L L L L L L L L 
L L H L H L H H L L L L L L L L L L 
L L H L H H L L L L L L L L L L L L 
L L H L H H L H L L L L L L L L L L 
L L H L H H H L L L L L L L L L L L 
L L H L H H H H L L L L L L L L L L 

L L H H L L L L L H H H H H H H H H 
L L H H L L L H H L H H H H H H H H 
L L H H L L H L H H L H H H H H H H 
L L H H L L H H H H H L H H H H H H 
L L H H L H L L H H H H L H H H H H 
L L H H L H L H H H H H H L H H H H 
L L H H L H H L H H H H H H L H H H 
L L H H L H H H H H H H H H H L H H 
L L H H H L L L H H H H H H H H L H 
L L H H H L L H H H H H H H H H H L 
L L H H H L H L H H H H H H H H H H 
L L H H H L H H H H H H H H H H H H 
L L H H H H L L H H H H H H H H H H 
L L H H H H L H H H H H H H H H H H 
L L H H H H H L H H H H H H H H H H 
L L H H H H H H H H H H H H H H H H 

X - Don't Care 
Z = High-Impedance 
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APPLICATIONS 
A 

A o 

POL Am26LS2537 POL 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

POLARITY 

AFOOO751 

One-of-Twenty Decoder with Active-High or Active-Low Output Polarity. 
Could be used for 110 Decoding in an Am9080A system. 

THUMB-WHEEL 
SWITCH 

POLARITY 
CONTROL 

E2 

EI 

POL 

Y. 

Y. 

Y, 

~ 
Y. 

Y. 

~ 
Y. 

" Ya 

Y2 

Y, 

m: Yo 

AFOOO741 

SCDlo Decimal (One-of-Ten) Decoder. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .................•....... -65·C to + 150·C Commercial (C) Devices 
(Ambient) Temperature Under B.ias ....... -55·C to + 125·C Temperature ..................................... O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................................... -0.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55·C to + 125·C 

High Output State ....................... -0.5V to + Vee max 
DC Input VOltage ................................. -0.5V to +7.0V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to + 5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Nole 1) Max Units 

Vee-MIN MIL, IOH = -1.0mA 2.4 3.4 
VOH output HIGH Voltage 

V,N - V,H or V,L COM'L, IOH = -2.6mA 2.4 3.4 Volts 

IOL =4.0 rnA 0.4 

VOL 
Output LOW Voltage Vee = MIN IOL= 8.0mA 0.45 Volts (Note 5) V,N - V,H or V,L 

IOL = 12mA 0.5 

V,H Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW MIL 0.7 
V,L Input LOW Level voltage for all inPuts. COM'L 0.8 Volts 

V, Input Clamp Voltage Vee- MIN,I,N'=-18mA -1.5 Volts 

I,L Input LOW Current Vee = MAX, V,N = 0.4V -0.36 rnA 

IIH Input HIGH Current Vee - MAX, V,N = 2.7V 20 IJA. 

'I Input HIGH Current Vee - MAX, V,N = 7.0V 0.1 rnA 

Off-State (High-Impedance) VO-0.4V -20 
IOZ Output Current Vee = MAX Vo = 2.4V 20 IJA. 

Isc 
Output Short Circuit Current Vee = MAX -15 -85 rnA (Note 3) 

lee 
Power Supply Current Vee = MAX 25 40 rnA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specHied under Operating Ranges for the applicable device type. 
3. 
4. 
5. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
Test conditions: A = B - C - D - ~ - GND; E2 = POL - ~ - 4.5V. 
VOL is specified with total device IOL = SOmA (max). 
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SWITCHING CHARACTERISTICS (T A -= + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Unit. 
tpLH 22 33 

tpHL 
A,B.C.OtoVi 17 25 ns 

tpLH 19 28 

tPHL 
E1 to VI 21 31 ns 

IpLH CL -15pF 21 31 

IpHl 
E2 to Vi Rl-2.0kn 23 34 ns 

IpLH 18 27 

tPHL 
POL to VI 21 31 ns 

tZH 22 33 

tZL 
rn: Control to Vi 14 21 ns 

1Hz CL -5.0pF 19 28 

tu rn: Control to VI RL=2.0kn 23 34 ns 

SWITCHING CHARACTERI$TICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Am25LS2537 Am25LS2537 

Parametera Description Test Conditione Min Max Min Max Unite 

tPLH 41 48 

tPHL 
A,B.C,OtoVi 32 39 ns 

IPLH 34 40 

tpHL 
El to Vi 38 45 

ns 

IPLH CL- SOpF 
38 45 

tpHL 
E2 to VI RL-2.Okn 42 49 ns 

IPLH 32 37 

IPHL 
POL to Vi 42 52 ns 

tzH 44 55 

IZL 
rn: Control to VI 23 25 ns 

1Hz Ct = 5.OpF 33 37 

tu rn: Conlrol to Vi RL-2.0kn 38 42 ns 

'AC performance over the operating temperature range is gueranteed by testing defined in :Group A. Subgroup 9. 

9·13Q 
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Am25LS2538 
One-of-Eight Decoder 

with Three-State Outputs and Polarity Control 

DISTINCTIVE CHARACTERISTICS 

• Three-state decoder outputs 
• Buffered common output polarity control 
• Inverting and non-inverting enable inputs 

• A. C. parameters specified over operating temperature 
and power supply ranges 

GENERAL DESCRIPTION 

The Am25LS2538 is a three-line to eight-line decoder/ 
demultiplexer fabricated using advanced Low-Power 
Schottky technology. The decoder has three buffered 
select inputs-A, B, and C-thaf are decoded to one-of-eight 
Y outputs. Two active-HIGH and two active-LOW enables 
can be used for gating the decoder or can be used with 
incoming data for demultiplexing applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 
separate active-LOW output enables (OE) inputs are pro-

vided. If either OE input is HIGH, the output is in the high
impedance (off) state. When the POL input is LOW, the Y 
outputs are active-HIGH and when the POL input is HIGH, 
the Y outputs are active-LOW. 

The device is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. It also features Am25LS family 
improved switching speCifications, higher noise margin, and 
twice the fan-out over the military temperature range when 
compared with Am54LS/74LS devices. 

BLOCK DIAGRAM 

One-ot-Eight Decoder 

ENABL.e I '3 
'4 

POL.AA~~~ --I>c>-----_+-..-l-...... +--t-+-...... +-~H_-_I_......, 

OUTPUT J eel ~--....... ---+-..... +-4-I_ ...... + ...... -t---< ___ +-....... -+~ 
CONTROL l DE2 ~ 

80002350 

036648 
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Part Ho. 

Am25LS2536 

Am25LS2537 

Am25LS2539 

Am25LS2548 

~m2921 

Am2924 

RELATED PRODUCTS 

Description 

8-Bit Decoder 

1-01-10 Decoder 

Dual 1-01-4 Decoder 

Chip Select Address Decoder 

1-01-8 Decoder 

3-to-8 Line Decoder tDemultiplexer 

9-132 
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:.. 
CONNECTION DIAGRAM 3 

I\) 

Top View UI 
r-

D-2D-1 L·20·1 
tn 
I\) 
UI 

" 
Co) 

~ ,; ;- ~ ." C» 
Y, 

Y, 

Y, ill, '. 
iii, • iii, 

iii, 
E, 

i, 

'. " 

~ ! ,; .: 
CDOO1970 CDOO1980 

,Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

Yz , zo Vee 

Y, 2 19 '3 

'0 3 " '4 

OE, 4 " e 

0E2 5 , . E, 
A • 15 E2 , 7 

14 '3 

'5 8 '----13 E4 

' •• ___ -.l '------- 12 POL 

GND 10 -----' '-------------11 Y7 

DIE SIZE 0.081" xO.096" .. 
I---c--------------i_ 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired), 

Am25LS2538 

Device type 
1-of-8 Decoder 

o C B 

Blank - Standard processing 
B - Burn-in l L L Screening Option 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

9-133 

Valid Combinations 

PC 
DC, OM 

Am25LS2538 FM 
LC, LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036648 
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Pin No_ Name 1/0 
6,7,17 A, B, C I 

16,15 1:1, E2 I 

14,13 E3, E4 I 

12 POL I 

4,5 <5E1, Cl'!:2 I 

Vi 0 

FUNCTION 
0E1 

High-Impedance 
H 

X 

L 
L 
L 

Disable L 
L 
L 
L 
L 

L 
L 
L 

Active-HIGH Output 
L 
L 
L 
L 
L 

L 
L 
L 

Activ .... LOW Output 
L 
L 
L 
L 
L 

H=HIGH 
L=LOW 
X ~ Don't care 
Z - High-Impedance 

PIN DESCRIPTION 

Description 
The three !'EIlect inputs to the decoder/demultiplexer. 

The active LOW enable inputs. A HIGH on either the 1:1 or 1:2 input forces all decoded functions io be disabled. 

The aCtive i-UGH enable inputs. A LOW on either the E3 or E4 input forces all the decoded functions to be inhibited. 

Polarity Control. A LOW on the polarity control input forces the output to the active-HIGH state while a HIGH on the 
polarity control input forces the V outputs to the active-LOW state. 

Output Enable. When both the l:5E1 and 0E2 inputs are LOW, the V outputs are enabled. If either i5E1 or Cl'!::i input is 
HIGH, the V outputs are in the high-impedance state. 

The eight oulputs for the decoder/demultiplexer. 

FUNCTION TABLE 

INPUTS 

0E2 E1 E2 ES E4 POL C B 

X X X X X X X X 

H X X X X X X X 

L H X X X L X X 
L H X X X H X X 
L X H i< X L X X 
L X H X X H X X 
L )( X L X L X X 
L X X L X H X X 
L X X X L L X X 
L X X X L H X X 

L L L H H L L L 
L L L H H L L L 
L L L H H L L H 
L L L H H L L H 
L L L H H L H L 
L L L H H L H L 
L L L H H L H H 
L L L H H L H H 

L L L H H H L L 
L L L H H H L L 
L L L H H H L H 
L L L H H H L H 
L L L H H H H L 
L L L H H H H L 
L L L H H H H H 
L L L H H H H H 
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A 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

L 
H 
L 
H 
L 
H 
L 
H 

L 
H 
L 
H 
L 
H 
L 
L 

OUTPUTS 

YO Y1 Y2 Y3 Y4 Y5 YB Y7 
Z Z Z Z Z Z Z Z 

Z Z Z Z Z Z Z Z 

L L L L L L L L 
H H H H H H H H 
L L L L L L L L 
H H H H H H H H 
L L L L L L L L 
H H H H H H H H 
L L L L L L L L 
H H H H H H H H 

H L L L L L L L 
L H L L L L L L 
L L H L L L L L 
L L L H L L L L 
L L L L H L L L 
L L L L L H L L 
L L L L L L H L 
L L L L L L L H 

L H H H H H H H 
H L H H H H H H 
H H L H H H H H 
H H H L H H H H 
H H H H L H H H 
H H H H H L H H 
H H H H H H L H 
H H H H H H H L 
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ENABLES I 

APPLICATIONS 

ABC D E 

0-7 8-15 16-23 24-31 

One-of-thirty-two decoder without additional decoding devices. 
Can be used for 110 decoding in an Am9080A system. 

FROM
MICROPROGRAM MEMORY 

POL A 

I 

• 8 C " L.- "3 

----c " Am26LS2538 

r- POL 

Vo v, V, V3 V. Vs 

0 , , 3 • , 

E4~H -
----c 

O"~ -
V. v, 

6 , 
16-81T DATA sus 

=> 
Am2901 DATA 

INPUT MICROPROCESSOR 
ARRAY 

I 
• 8 C 

"3 

" Am25LS2538 

POL 

Vo V, V, V3 V. 

• 9 '0 11 12 

". 

V, v. 

13 ,. 

AFOO1091 

" h 
v, oel] 

'S 

OUTPUT 
CONTROL 

AF001081 

Two Am25LS2538s can be used to perform a one-of-sixteen-bit mask function or a one-of-sixteen-bit 
select function to perform bit manipulation in a microprocessor system. 

Examples: 

0 C B A POL 0 1 2 3 4 

0 0 1 1 0 0 0 0 1 0 
1 1 0 0 0 0 0 0 0 0 
0 1 1 0 1 1 1 1 1 1 
1 0 1 0 1 1 1 1 1 1 

5 6 7 8 9 

0 0 0 0 0 
0 0 0 0 0 
1 0 1 1 1 
1 1 1 1 1 

9-135 

10 11 12 13 14 15 Function 

0 0 0 
0 0 0 
1 1 1 
0 1 1 

0 0 0 Bit Select 
0 0 0 Bit Select 
1 1 1 Bit Mask 
1 1 1 Bit Mask 

036648 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Under Bias •.••••.•• -55°C to + 125°C Temperature .•.....•.....•••..•..•..•............ O°C to + 70°C 
Supply Voltage to Ground Potential, Supply Voltage .................•.......... +4.75V to +5.25V 

Continuous •......•....•... ',' ....•..•...•.......• -0.5V to + 7.0V 
Military (M) Devices 

• DC Voltage Applied to Outputs For 
Temperature .••••...•..•...•..•...••.••.••.. -55°C to +125°C 

High Output State ..•••...•••••• , .....••• -0.5V to +VCC max 
DC Input Voltage ................................. -0.5V to + 7.0V 

Supply Voltage ..•.....•..........•.........•. + 4.5V to + 5.5V 

DC Output Current, Into Outputs ......•..•••••••• , ••..•••• 30mA 
O~rating ranges define those limits over which the function-

DC Input Current.. ..•.••...•..•••• v ••••••••• -30mA to +5.0mA. 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause ~rmanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended ~riods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max' Units 

Vee-MIN IOH s -1.0mA (MIL) 2.4 3.4 
VOH Output HIGH Voltage V,N = V,H or V,L IOH = -2.6mA (COM'L) 2.4 3.4 Volts 

IOL=4.0 mA 0.4 

VOL 
Output LOW Voltege Vee-MIN IOL -8.0mA 0.45 Volts (Note 5) V,N = V,H or V,L 

IOL -12mA 0.5 

V,H Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
V,L Input LOW Level voltage for all inputs. I COM'L 0.8 Volts 

V, Input Clamp Voltage Vee = MIN, liN --18mA -1.5 Volts 

I,L Input LOW Current Vee = MAX, V,N = O.4V -0.36 mA 

I'H Input HIGH Current Vee = MAX, V,N - 2.7V ,2.0 p.A 

'I Input HIGH Current Vee = MAX, V,N = 7.0V 0.1 mA 

Off·State (High·lmpedance) VO= O.4V -20 
IOZ Output Current Vee = MAX VO· 2.4V 20 p.A 

ISC Output Short Circutt Current Vee-MAX -15 -85 mA (Note 3) 

lee 
Power Supply Current Vee = MAX 21 34 mA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 
5. 

Not more than one output should be shorted at a time. Duration of the short circutt test should not exceed one second. 
Test conditions: A - B - C = D = 1:1 = 1:2 = GND: E3 = E4 = POL = ~1 = ~2 = 4.5V. ' 
VOL is spec~ied with total device IOL - SomA (max). 

'i 

I 

I 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max 

IPlH 20 30 

IPHl 
A. B. C 10 Vi 15 22 

IPlH 19 28 

IpHl El. E2 10 Vi 20 30 

IplH Cl = 15pF 21 31 

IpHL Ea. E.t 10 Vi Al-2.Ok!2 23 34 

IpLH 16 24 

IpHL POL to Vi 20 30 

IZH 17 25 

IZl DEI. DE2 10 Vi 14 21 

1HZ Cl = 5.0pF 17 25 

tll DEI. DE2 to Vi AL=2.0k!2 20 30 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am25LS2538 Am25LS2538 

Paramsters Description Test Conditions Min Max Min Max 

tpLH 36 42 

tpHl A. B. C to Vi 29 37 

IplH 34 39 

tPHl . 
El. 1:2 to Vi 38 45 

tplH Cl- 50pF 38 45 

IpHL Ea. E4 to Vi AL =2.0k!2 43 52 

IplH 29 34 

IpHL POL to Vi 39 49 

IZH 38 45 

tZl 0E'1. DE2 to Vi 23 25 

tHZ CL ~ 5.0pF 29 33 

III DEI. DE2 to Vi Al =2.0k!2 33 36 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 

Am25LS2538 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

V~ _______ O_R'_V'_~_O_U_TP_U_T~ ____ ~I ____ O_R'_VE_N_'N_P_UT.-__ __ 

r 
[ J 

rA 

ICOOOO90 

Note: Actual current flow direction shown. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 
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Am25LS2539 
Dual One-of-Four Decoder with Three-State Outputs and Polarity Control 

DISTINCTIVE CHARACTERISTICS 

• Two independent decoders/demultiPlexers 
• Three-state outputs . 
• Buffered common polarity control 

• A. C. parameters specified over operating temperature 
and power supply ranges 

GENERAL DESCRIPTION 

The Am25LS2539 is a dual two-line to four-line decoder/ 
demultiplexer fabricated using advanced Low-Power 
Schottky technology. Each decoder has two buffered select 
inputs - A and B which are decoded to one-of-four Y 
outputs. An enable input (E) is used for gating or can be 
used as a data input for demultiplexing applications. When 
the enable input goes HIGH. all four decoder functions are 
inhibited. 

An output enable (l:5l:) input is used to control the three
state outputs of the device. When the l:5l: input is LOW. the 
outputs are enabled. When the. OE input is HIGH. the 

outputs are in the. high-impedance (off) state. The device 
also has separate buffered polarity (POL) inputs to force 
the outputs to either an active-HIGH state or an active
LOW state. When the POL input is LClW. the outputs are 
active-HIGH and when the POL input is HIGH. the outputs 
are active-LOW. The device is packaged in a space saving 
(O.3-inch row spacing) 20-pin package. The device features 
Am25LS family improved switching specification. higher 
noise margin. and twice the fan-out over the military 
temperature range when compared with· Am54LS174LS 
devices: 

BLOCK DIAGRAM 

1POL -f>o---' 2POL -i>o---' 

80001400 80001410 

RELATED PRODUCTS 

Part No. Description 

Am25LS2536 8-Bit Decoder 

Am25LS2537 1-of-10 Decoder 

Am25LS2538 1-of-8 Decoder 

Am25LS2548 Chip Select Address Decoder 

Am2921 1-of-8 Decoder 

Am2924 3-t0-8 Line Decoder/Demultiplexer 

036208 
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0-20-1 

2V2 

2V , 

2VO 

2 POL 

WE 

IA 

I. 

IV, 

IV2 

GND 

LOGIC SYMBOL 

13 

IS ,. 
14 

12 11 9 8 

LSOOO560 

CONNECTION DIAGRAM 
Top View 

L-20-1 

Vee t: i t :? t 
2V, 

2. 
2POL ,. 

2A ;or 

n 
H 

IE 

WE 
IE 

I POL ", WE 

IVO 

1V, ~ ~ ~ .. g 
CDOO1630 CDOO1620 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

17 18 

19 

LSOOO550 

2Y 2 
2Y , 

2YO 

2POL 

20E 

lA 

lB 

1Y3 

1Y2 

,------- 20 Vee 

,------ 19 2Y3 

18 28 

17 2A 

16 2E 

15 fE 

14 fOE 

GNO 10 ____ ~ 

13 1 POL 

"------12IYa 

"------- 11 1Y, 

DIE SIZE 0.081' X 0.096' 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2539 

Device type 

o C B l L L S~r:~Qi~g S~:~~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70·C) 
M - Military (-55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
F - 20-pin Ilatpak 
L - 20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X- Dice 

Dual 1-01-4 Decoder 

9-139 

Valid Combinations 

PC 
DC, OM 

Am25LS2539 FM 
LC, LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036208 
Refer to Page 13--1 for Essential Information on Military Devices 

:J> 
3 
I\) 
en 
Ii) 
I\) 
en 
Co) 
CD 



Pin No. Name I/O 

A, B I 

15, 16 EO Enable I 

13. 4 POL I 

14, 5 m: I 

Yo, Y1. '0 
Y2, Y3 

PIN DESCRIPTION 

Description 

Select the two select inputs to the decoder/demultiplexer. 

The enable input to the decoder. A HIGH input forces the decoding functions to be inhibited 
regardless of the A and B inputs. 

Polarity Input. The polarity input forces the outputs to either an active-HIGH state or an active·LOW 
state. A LOW on the polarity input forces the output active·HIGH. A HIGH on the polarity input forces 
the outputs active· LOW. 

Output Enable. A LOW on the rn: input enables the outputs. A HIGH on the m: inputs forces the 
outputs to the high high·impedance (off) t;tate. 

The four decoder/demultiplexer outputs. 

FUNCTION TABLE 

Inputs Outputs 
Function 

()E E POL B A Vo V, V2 V3 
High-Impedance H X X X X Z Z Z Z 

Disable 
L H L X X L L L L 
L H H X X H H H H 

L L L L L H L L L 
Active-High L L L L H L H L L 

Output L L L H L L L H L 
"- L L L H H L L L H 

L L H L L L H H H 
Active-Low L L H L H H L H H 

Owtput . L L H H L H H L H 
L L H H H H H H L 

H = HIGH X = Don't Care 
L=LOW Z = High-Impedance 

9-140 
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APPLICATIONS 

CLOCK CP Am25l$l83 

lA 18 

112 Am25LS2539 1 POL 1/2 Am25LS2S39 2POL 

o T 2 '3 

AF000831 

CLOCK 

O..-J L ", I 
I 

T L 

2 ------------------, 

3 IL-_____ ---I 

,..-J 
AFOO0840 

FOUR PHASE CLOCK GENERATOR 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150'C Commercial (C) Devices 
Ambient Temperature Under Bias ...•.•... -55°C to + 125°C Temperature •..........••...•••....•.••.......... O°C to + 70°C 
Supply Vol~ge to Ground Potential Supply Voltage ....•..... , ...•.•••......... + 4.75V to + 5.25V 

Continuous ....••.........•...•..............•.... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55°C to + 1~5°C 

High Output State .......•.........••.... -O.5V to + Vcc max 
DC Input Voltage •..............•................. -O.5V to +7.0V 

Supply Voltage ...•......•.................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs ..•......•...•.......••.•• 30mA 
Operating ranges define those lii'nitsover which the function-

DC Input Current ....••............••...•••••• -30mA to +5.0mA 
alitjt of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTER'ISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

Vee=MIN MIL, IOH - -LOrnA 2.4 3.4 
VOH Output HIGH Voltage 

V,N - V,H or V,L COM'L, IOH = -2.6mA 2.4 3.4 Volts 

IOL -4.0 rnA 0.4 

VOL 
Output LOW Voltage Vee = MIN IOL=8.0mA 0.45 Volts (Note 5) V,N - V,H or V,L 

IOL = 12mA 0.5 

V,H Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
V,L Input LOW Level voltage for all inputs. I COM'L 0.8 Volts 

V, Input Clamp Voltage Vee - MIN, liN = -18mA -1.5 Volts 

I,L Input LOW Current Vee - MAX, V,N - O.4V -0.36 rnA 

IIH Input HIGH Current Vee - MAX, V,N = 2.7V 20 jJA 

I, Input HIGH Current Vee = MAX, V,N ~ 7.0V 0.1 rnA 

Off-State (High-Impedance) I VO=O.4V -20 
IOZ Output Current Vee = MAX I VO· 2.4V 20 jJA 

ISC 
Output Short Circuit Current Vee = MAX -15 -85 rnA (Note 3) 

Icc 
Power Supply Current Vee = MAX 22 37 rnA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. 
4. 
5. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
Test conditions: A = B = E = GND: POL = C5E = 4.5V. 
VOL is specified with total device IOL = 60mA (max). 

9-142 
036209 

Refer to Page 13·1 for Essential Information on Military Devices 



SWITCHING CHARACTERISTICS (T A = + 25°C. Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tpLH 22 33 
A, B to Vi ns 

tpHL 17 25 

tpLH 
);' to Vi 

19 28 
ns 

tpHL CL = 15pF 21 31 

tpLH RL = 2.0 kfl 16 24 
POL to Vi ns 

tpHL 19 28 

tZH C5E to Vi 
15 23 

ns 
tZL 15 22 

1HZ C5E 10 Vi CL = 5.0pF 19 28 
ns 

tLZ RL = 2.0kfl 23 34 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Am25LS2539 Am25LS2539 

Parameters Description Test Conditions Min Max Min Max Units 

tpLH 41 48 

IpHL 
A, B, to Vi 34 42 ns 

IpLH 34 40 

IpHL 
);' to Vi CL = 50pF 38 45 ns 

IpLH RL = 2.0kfl 29 34 

tpHL 
POL 10 Vi 39 49 ns 

tZH 38 45 

IZL 
C5E 10 Vi 24 25 ns 

tHZ CL = 5.0pF 33 37 

ILZ 
C5E to Vi RL-2.0kfl 36 37 ns 

• AC performance over the operating lemperature range is guaranteed by tesling defined in Group A, Subgroup 9. 

Am25LS2539 • Am54LS174LS 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DRIl/EN INPUT 
Vee 

I 

[ J , 
----

-t' r.A 
.1"! 

~ 
........ 

I "H '2 
:s 2: 

~ :s 2: 
I 

.". I .". 

ICOOO090 

Note: Actual current flow direction shown. 
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Am25LS2548 
Chip Select Address Decoder with Acknowledge 

DISTINCTIVE CHARACTERISTICS 

• One-of-Eight Decoder provides eight chip sel411ct outputs • Open-collector Acknowledge output for wired-OR appli
cation • Acknowledge output responds to enables and read or 

write command • Inverting and non-inverting enable inputs for upper 
address decoding 

GENERAL DESCRIPTION 

The Am25LS2548 Address Decoder combines a three-line 
to eight-line decoder with four qualifying enable inputs (two 
active HIGH and two active LOW) and the acknowledge 
output required for "ready" or "wait state" control of all 
popular MOS microprocessors. 

The eight chip select outputs are individually active LOW in 
response to the combination of all enables active and the 
corresponding 3-bit input cOcte at inputs A, B, and C. 

The acknowledge output, Aa<, is active LOW and re
sponds to the combination of all enables active and a read 
(lID) or write (WR) input command. 

The Am25LS2548 is intended for chip select decoding in 
small, medium or large systems where multiple chip selects 
must be generated and address space must be allocated 
conservatively. 

ENABLE I:: --3 INPUTS ., .. 
liD 
Wi! 

BLOCK DIAGRAM 

v, v, v, V. v, v, v, Vo 
80001610 

RELATED PRODUCTS 

Part No. Description 

Am25LS2536 8-Bit Decoder 

Am25LS2537 1-of-10 Decoder 

Am25LS2538 1-of-8 Decoder 

Am25LS2539 Dual 1-of-4 Decoder 

Am2921 l-of-8 Decoder 

Am2924 3-to-8 Line Decoder/Demultiplexer 

036218 
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CONNECTION DIAGRAM 

D-20-1 

Y2 Vee 

Y, v, 
ACK v. 
"iii c 
AD I, 

A i!2 

• Ea 

'15 E. 

'Is '10 

GNO v. 
CDOOl990 

Note: Pin 1 

LOGIC SYMBOL 

ACK 

lS000741 

Top View 

L-2o-1 

~ ,.: ,,:' ~ ,,:' 

Mi V. 

iii c 

A I, 

• r., 
V. .. 

,,:' i ,:: t:' .; 

CDOO2000 

is marked for orientation 

METALLIZATION AND PAD LAYOUT 

V, 
Y, 

ACK 

Wii 

Ail 
A 

B 

i, 
i. 

GNO 10------' 

,------ 20 Vee 
,-----1. i, 

18 Y4 

17 C 

'6 &, 

,. E, ,. E, 

13 E4 
'-------12 Vo 

'--------11 '7 

l> 
3 
I\) 
U'I 
{i) 
I\) 
U'I ... co 

DIE SIZE 0.081" X 0.096" .. 

I---------'----------------llf.ll 
ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25LS2548 D C B l L L S~r:~~i~9 S?:~~o;d processing 
B - Burn-in 

. Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M -Military (-55°C to +125·C) 

Package 

Device type 
Address Decoder 

D- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadless chip carrier 
P- 20-pin plastic DIP 
X-Dice 

9·145 

Valid Combinations 

PC 
DC, DM 

Am25LS2548 FM 
LC, LM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 110 
6.7.17 A. B. C I 

16. 15 ~1. ~2 I 

14. 13 Ea. Eo4 I 

4.5 vm.1m I 

3 ~ 0 

VI 0 

C 

L 

L 

L 

L 

H 

H 

H 

H 

X 

X 

X 

X 

£1 

H 

X 

X 

X 

L 

L 

PIN DESCRIPTION 

Description 

Three-line to eight·line chip select decoder inputs. 

The active LOW enable inputs. A HIGH on either the ~1 or ~2 input forces all decoded functions to be disabled. and 
forces ~ HIGH. . 

The active HIGH enable Inputs. A LOW on either the Ea or Eo4 input forces all the decoded functions to be inhibited. 
and forces ~ HIGH. 

The write inpu~. and read Input. 1m .. are active LOW inputs used. as cOnditions tor an active LOW output at the 
acknowledge. . K. output. 

The aCknowled~put. ACK. is an active LOW ou\Jlt!t used to signal the microprocessor that SWRiliC devices have 
been selected. C goes LOW only when E1 and ~2 are LOW. E3 and E4 are HIGH and or 1m is LOW. 

The eight active LOW chip select outPuts. 

FUNCTION TABLES 

CHIP SELECT OUTPUTS VI 

B A £1 £2 E3 E4 Vo V1 V2 V3 V4 V5 Y6 Y7 

L L L L H H L H H 'H H H H H 

L H L L H H H L H H H H H H 

H L L L H H H H L H H H H H 

H H L L H H H H H L H H H, H 

L L L L H H H H H H L H H H 

L H L L H H H H H H H L H H 

H L L L H H H H H H H H L H 

H H L L H H H H H H H H H L 

X X H X X X H H H H H H H H 

X X X H X X H H H H H H H H 

X X X X L X H H H H H H H H 

X X X X X L H H H H H H H H 

ACKNOWLEDGE OUTPUT ACK 

E2 E3 E4 

X X X 

H X X 

X L X 

X X L 

L H H 

L H H 

9-146 

RD 

X 

X 

X 

X 

L 

X 

Yni ACK 

X H 

X H 

X H 

X H 

X L 

L L 

, 
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TO Am9080A OR 
MULTlSUS'· 

YO_OR 
MULTI1U$'" 

o. 
A, 

A, 

A, .. 
A, .. 
A, 

ADDRESS A, 

As 
A .. 

A" 
Au 

A" 
A .. 

A" 

'-A 

'-- . 
'--- C 

E, 

E, 

E, 

!L.- .. 

~ Ie: -{
DO 

DATA : 
D, 

uow 

iCi( 

o. 
A, 

A, 

A, .. 
As 
As 
A, 

ADDRESS At 
As 
A .. 

A" 

A" 

A" 

A" 

A" 

A 

'-- . 
'--- c 

--< E, 

'----< " M 
BUS " - .. 

[7: 
iiOii 
iiirw 

iCi( 

SYSVE 

DAT:a~ 
CON~{ 

APPLICATIONS 

I 
I 
I, 
r 
i 
I 
I 
I 

Vo 
V, 

V, 

~l ! V, 0- TO ; V, 0-- OTHER 

~ V, o-~ 
V, 0- INPUT. 

v, 
~ ACK 

I 
I 
I , 
f 
i 
j 

I 

Vo 
Y, 

i "~ l V3 TO y::: OTHER 
-4 CHIP 

Ys ~ SELECT 
Y6 b- INPUTS 

V, b-
AOK 0-

9-147 

o. K=> PORT A, 
A 

....... 
~DO K=> DATA.US : PORT 

• D, 

K=> PORT AD C 
WR c. 

r 
o. 

K=> A, PORT 
A 

....... 

K=> ~DO PORT 
DATA8UB ~ • 

RD PORT K=> c 
WR c. 

y 

AFOO1050 

o. 
~ 

--.m .v ...... ...... , 
<=5r 

---!!..!! 

~ 
~ 

AD ~ 
WR 

co 

r 
A, 
~ 

--.m ...... , .v ...... 
---!!..!! 

<=5~ D, ~ 

~ 
AD ~ 
WR 

cs 

y 

AF001060 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Pevices 
Ambient Temperature Under Bias ......... -55·C to + 125·C Temperature ..... ; ............................... O·C to +70·C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous, ...................................... -O.5Vto + 7.0V 
Military (M) Devices 

PC Voltage Applied to Outputs For Temperature ................................ -55·C to' + 125·C 
High OutpuIStale .. , .................... -O.5V 10 +Vcc max 

PC Input Voltage ................................. -O.5V to + 7.0V 
Supply Voltage ............................... + 4.5V 10 + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current.. .... " ..................... -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameters Description Test Conditions (Note 2) Min (Note 1) Max Units 

VOH Output HIGH Voltage Vee-MIN IOH = -44011A 2.4 3.4 Volts 
VIN - VIH or VIL 

Vee-MIN IOL-4.0rnA 0.4 
VOL Output LOW Voltage 

VIN = VIH or VIL IOL-B.OmA 0.45 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input, logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs I COM'L O.B Volts 

VI Input Clamp Voltage Vee- MIN,IIN--18mA -1.5 Volts 

IlL Input LOW Current Vee - MAX, VIN = 0.4V -0.36 rnA 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 20 IIA 
II Input HIGH Current Vee = MAX, VIN = 7.0V 0.1 mA 

Isc 
Output Short Circuit Current Vee = MAX -15 -85 mA (Note 3) 

ICC 
Power Supply Current Vee = MAX 15 20 mA (Note 4) 

Notes: 1. TyPical limits are at Vee - 5.0V, 25"C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 3. 
4. Test conditions: A - B - C - ~1 - E2 - GND: RD - WR - E3 - E4 - 4.5V. 

9-148 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee':' 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tpLH 14 20 ns 

tpHL 
A. B or C to Yi (Three Level Delay) 19 27 ns 

tpLH 13 18 ns 

tpHl 
A. B. or C to Yi (Two Level Delay) 15 21 ns 

.tpLH 13 18 ns 

tpHL 
r1. r2 to Vi 16 23 ns 

tpLH CL = 15pF 15 21 ns 

tpHL 
E3. E4 to Yi RL -2.0kSl 19 27 ns 

tpLH 25 35 ns 

tpHL 
WR. RD to ~ 16 22 ns 

tpLH 29 40 ns 

tpHL 
rio r2to~ 25 35 ns 

tpLH 29 40 ns 
Ea. E4 to ~ 

tpHL 25 35 ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am25LS2548 Am25LS2548 

Parameters Description Teat Conditions Min Max Min Max Units 

tpLH 27 30 ns 

tpHL 
A. B or C to Vi (Three Level Delay) 34 38 ns 

IpLH 23 25 ns 

tpHL 
A, B or C to Vi (Two Level Delay) 28 31 ns 

tpLH 23 25 ns 

tpHL 
r 1• r2 to Yi 29 31 ns 

tpLH CL - 50pF 27 28 ns 

IpHL 
Ea. E4 to Vi RL -2.0kSl 34 36 ns 

IpLH 45 45 ns 

tPHL. 
WR'. m5 to ~ 31 35 ns 

IpLH 45 45 ns 

IpHL 
E1. E2to~ 39 40 ns 

IpLH 45 45 ns 

tpHL 
E3. E4 to AeK 39 40 ns 

Am25LS2548 
LOW-POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DAIVEH INPUT I mOUTPUT 
Vee 

i 

[IJ I 
--- I 

~ I 

I I rA I J"I 

~ 
J"'o. 

~ 
J"o, 

Ii "H ~~ 
:::!2: I 
:::!2: I 

I 
':" I ':" I ':" 

ICDDD28D 

Note: Actual current flow direction shown. 
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Am25S557/ Am25S558 
Eight-Bit by Eight-Bit Combinatorial Multiplier 

DISTINCTIVE CHARACTERISTICS 

• Multiplies two 8'bit numbers - 16-bit output • Unsigned, two's complement or mixed operands 
• Combinatorial - no clocks required • Implements common rounding algorithms with addition-
• Full 8 x 8 multiply in 45ns typo al logic 
• Cascades to 16 x 16 in 110ns typo • Three-state outputs 
• Expandable to multiples of 8 bits • Transparent 16-bit latch in Am25S557 
• MSB and MSS outputs for lilasy expansion • Industry standard pin-outs 

GENERAL DESCRIPTION 

The Am25S557 and Am25S558 are high-speed, combina
torial, 8 x 8-bit multipliers. Both use an array of full adders 
to form and add partial products in a l1ingle unclocked 
operation, resulting in a 16-bit parallel output product. 

Mode control inputs XM and YM allow the multiplier to 
accept either unsigned or two's complement numbers from" 
either respective input to provide an unsigned or signed 
output. The mode control lines are held LOW for unsigned 
input words and HIGH for two's complement. 

The Am25S557 and Am25S558 are easily expandable to 
longer work lengths. Both S15 and S15 are available to 
allow expansion in either signed or unsigned modes without 
external inverters. In the 16-bit by 16-!:>it configuration (32-
bit output) the typical multiply time is 110ns. 

Both configurations offer three-state output flexibility and 
the Am25S557 adds a 16-bit transparent latch between the 
multiplier array and the three-state output buffers (including 
S15). 

Rounding provisions for 8-bit truncated output configura
tions are particularly optimized for maximum flexibility. The 
Am25S557 internally develops proper rounding for either 
signed or unsigned numbers by combining rounding input R 
with XM, YM, XM and YM as follows: 

Ru = XM. YM. R .. Unsigned Rounding input to 27 ad
der. 

RS" (XM + YM) R" Signed Rounding input to 26 adder. 

Since the Am25S558 does not require the use of pin 9 for 
the latch enable input, (G), Rs and Ru are brought out 
separately. 

BLOCK DIAGRAM 

Y, 

I 
I 

• I • I ~ I 
e I 

• I 
Y, 

x. 

" )",. 
---f" -- --, 

E~~~ 0' TR~:=NT I--- Am2SSSS7 ONLY L ____ .J 

Oii 
OUTPUT .N ..... 

1&-8IT PRODUCT 

60001780 

·Pin 11 is G for Am25S557 and Ru for Am25S558. 
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" x, 
x. 

" X. 
x. 

" x, ,."" 
v" 

(G)Ru 

" " " " " " '. 
" '. 

0-40-1 

'. 
'" s, 
0, 
s, 
s, 
s, .. 
s, 
S, 
GNO .. 
s" 
0" 
0" 
s" 
s .. 
s" 
SIS 

OE 

CDOO3030 

CONNECTION DIAGRAM 
Top View 

...... 
" 

" 
" 

L-44-1 

.. 

.. 

.. 
~~~"~B.llllW 

COO03040 

Pin assignments shown are for Am25S558. G and R shown in 
parentheses are pin assignments for Am25S557. 

METALLIZATION AND PAD LAYOUT 
Am25S557 Am25S558 

'0 :::::::::::::::::::::~l " " , 
" X. 

" '0 Xo , 
" " " 

" x. 
39Sc 

" . 
x. , 

'" . .. , 

Vee 10 

" '. " " · 3653 

35$4 .. , 
" s. X. · "', " 

, 
3257 " · ~ S, R, , 

'CO " 
" " 2959 

'0 " " '" " " 215" 

" " 
2115'2 " " 
25513 

24$'4 '. " 
235'5 " " 
2'25,5 " " 210!" " " '. " 
DIE SIZE 0.171" X 0.165" 

385, 

37 $2 

36 $a 

3554 

3455 

"" 
32 $7 

31 Sa 

29 $9 

28S,0 

27$" 

26S,. 

255'3 

245,. 

235,5 

22 S'5 
21 OE 

ORDERING INFORMATION 
AMD products are available ,in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am25S557 
Am25S558 

Device type 

D C B l L L S~r:~~i~g S~~;d procE!ssing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
D- 40-pin CERDIP 
L - 44-pin leadless chip carrier 
X-Dice 

8-Bit by 8-Bit Multiplier 

9-151 

Valid Combinations 

Am25S557 DC, OM 
LC, LM 

Am25S558 DC, DM 
LC, LM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

036149 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

Xo-X7 I Multiplicand 8-b~ data inputs. 

YO-Y7 I Multiplier 8·bit data inputs. 

XM, YM I Mode control inputs fOr each data word; LOW for unsigned data and HIGH for two's complement data. 

So-SI5 0 Product 16-bit Output. 

23 S15 Inverted MSB for expansion. 

9, II AS, Au I Aounding inputs for signed and unsigned data, respectively (Am25S558 only). 

11 G 

21 ~ 

9 A 

, 

Operating 
Mode 

UNSIGNED 

MIXED 

SIGNED' 

Transparent Latch Enable (Am25S557 only). 

0 Three-state enable for 80-$15 outputs. 

I A,ounding input for signed or unsigned data (combined internally with XM, YM in Am25S557 only), 

MODE CONTROL INPUTS ROUNDING INPUTS 
Am25S557 

Mode 
Input Data Control Inputs Inputs Adds 

Xo-X7 YO-Y7 XM YM XM YM R 27 26 

UNSIGNED UNSIGNED L L L L H YES NO 

UNSIGNED 2'8 COMP L H L H H NO YES 

2'8 COMP UNSIGNED H L H L H NO YES 

2's COMP 2's COMP H H H H H NO YES 

X X L NO NO 

Am25S558 

Inputs Adds Normally Used With 

Ru Rs 27 26 XM I YM 

L L NO NO X I X 

L H NO YES XM+YM=H 

H L YES NO L I L 

H H YES YES . I . 
• Most rounding applications require a HIGH level for RU 

or RS, but not both. 

1/0 MAPPED INTERFACE 
WITH MOS MICROPROCESSOR 

NIT DATA 8U8 

.ra f" a 

M~ ........ I CP 
......:II! I ........ • IIEGIIITER 

----c ., .tl i' ----co, y.p-- ::J ....... -o, Y,P--... - .. 
--,-. -- ......... 
-~ 

iOiiX:O 
y.p-- -y,p--

l f" i6WT- ... ~ I f~ 

m +. ........ I OE - I ...... "'""" 
f" f" , 

AFOOl270 
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APPLICATION 

"0 ----- '1,-'1', ----- Y,~ Xa ----- x!~ 

Ill'" 

II II 
C,n A.,.,2SLS2SI7 Co C, .. Am2SlS2517 C" C,,, Am2SLS2S17 C~ 

I 
AF001310 

Figure 1. High-Speed 16 x 16 2'5 Complement Multiplication. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150'C Commercial (C) Devices 
Ambient Temperature Under Bias ......... -55'C to + 125'C Temperature ..................................... O'C to + 70'C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

Continuous ...................... , ................. -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55·C to + 125'C 

High Output Staie .............. , ........ -O.5V to + Vcc max 
DC Input Voltage ................................. -O.5V to +5:5V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current ............................. -30mA to· + 5.0mA 
ality of the device. is guaranteed. 

Stresses above those listed under'ABSOLUTE MAXIMUM 
RA T1NGS may cause permanent device failure. Functionality 
at or above these ljmits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min Typ 
Max Units 

(Note 1) 

Vee = MIN VIL =0.8V 
IIOH = -2.0mA VOH Output HIGH Voltage VIN =VIH' or VIH = 2.0V 2.4 3.0 Volts 

VIL 
Vee-MIN VIL -0.8V 

VOL Output LOW Voltage VIN =VIH or VIH-2.0V 0.3 0.5 Volts 
VIL IOL=8,OmA 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all Inputs 

Guaranteed input logical LOW IMIL 0.8 
VIL Input LOW Level voltage for all inputs JCOM'L 0.8 )lolts 

VI Input Clamp Voltage Vee = MIN, liN = -18mA -1.5 Volts 

IlL Input LOW Current Vee = MAX, VIN = 0.5V -1.0 mA 

IIH Input HIGH Current Vee - MAX, VIN - 2.4V 100 p.A. 

II Input HIGH Current Vee = MAX, Vllil = 5,5V 1 mA 

Off State (High Impedance) IVo=0.5V -100 
10 Output Current Vee = MAX 

IVo - 2.4V +100 p.A. 

Ise 
Output Short Circuit Current Vee = MAX. -20 -90 mA (Note 3) 

lee Power Supply Current (Note 4) Vee-MAX 280 mA 

Notes: 1. Typical limits are at Vee - S.OV, 2S'C ambient and maximum loading. 
2, For conditions shown as MIN or MAX, use the appropriate value specified under .operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test wnh pin 21 at 4.SV, all other input pins at GND, all outputs open Am2SSS57 conditions the same except initialize with G (pin 11) 

at 4.5V, then GND. 
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SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORMS 

Test Vx Output Waveform - Measurement Level 

VOH 

*'.5V All !Pos 5.0V 

v, 
VOL 

. ~ IN9'6 OR IN3064 

VOH ...L 

IpHZ O.OV 
\. 0.5V 

TEST -f- O.ov 

POf 56011 

0.5v ...Lf 2.8V 

FROM OUTPUT IpLZ 5.0V 
UNDER TEST 

eL ± 
VOL I 

112011 

~VOH -= IpZH O.OV 1.5V 

TCOOI460 
O.OV 

IpZL 5.0V 
2.8V~ 

'.5V 

VOL 

WF002350 

CL Includes probe and jig capacitance. 

SET-UP AND HOLD TIMES PULSE WIDTH 

I~:~~_ ._ :~v LOW·HIGH·LOW ==f t= PULSE 15V 

1-"1='h-l OV ~'PW---1 
3V 

TIMING f 1.5V HIGH·LOW·HIGH ===\ F15V INPUT PULSE 
ov 

WFOO1460 WFOO1270 

Notes:1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don't care condition. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am25S557 Am25S557 

Parameters Description Test Conditions Min Typ Max Min Typ Max Units 

IpO Xi, Vi 10 So 10 57 45 60 55 70 ns 

tpo Xi, VI to Sa 10 515 or 5,5 50 80 60 90 ns 

Is Xi, Vi to G Set-up Time 65 75 ns 

Ih Xi, Vi to G Hold Time -5 -5 ns 

IpO G 10 5, 30 45 30 50 ns 

Ipw Latch Enable Pulse Widlh 
CL - 30pF 

25 ,5 30 15 ns RL - soon 
IPHZ <5E 10 So to 5,5 (See lest figures) 15 30 15 40 ns 

IpHZ <5E 10 5,5 25 40 25 50 ns 

IpLZ OE 10 5, 15 30 15 40 ns 

IpZH OE to 5, 20 35 20 40 ns 

tPZL OE to 5, 20 35 20 40 ns 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL MILITARY 

Am25S558 Am256558 

Parameters Description Test Conditions Min Typ Max Min Typ Max Units 

IpD XI. VI 10 So 10 S7 35 55 35 65 ns 

IpD XI. VI to So to SIS or SIS 55 75 55 85 ns 

tpHZ ~ to So 10 SIS 15 30 15 40 ns 

tpHZ ~ to SIS 
CL - 30pF 

25 40 25 50 ns RL-580n 
IpLZ ~loSI (See lesl figures) 15 30 15 40 ns 

IpZH ~toSI 20 35 20 40 ns 

IpZL ~to SI 20 35 20 40 ns 

• AC performance over the operall'ng temperature range is guaranteed by testing defined in Group A. Subgroup 9. 

Am25S5571 Am25S558 
INPUT IOUTPUT CURRENT INTERFACE CONDITIONS 

DRIV .. G. OUTPUT I DRIVEN INPUT 

~----

IC000380 

RELATED PRODUCTS 

Pafl No. Description 

Am2951617 16 by 16·Bit Multiplier 

Am25S05 4 by 2·Bit Multiplier 

Am25LS14A a·Bit Serial/Parallel Multiplier 
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Am25LS2568/ Am25LS2569 
Four-Bit Up/Down Counters with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• 4-bit synchronous counter, synchronously programma
ble 

• Both synchronous· and asynchronous clear inputs 
• Three-state counter outputs interface directly with bus 

organized systems 
• Internal look-ahead carry logic and two count enable 

lines for high speed cascaded operation 

• Ripple carry output for cascading 
• Clock carry output for convenient modulo configuration 
• Fully buffered outputs 
• Second sourced as the 54LS174LS568 and LS569 
• Advanced Low-Power Schottky technology 

GENERAL DESCRIPTION 

The Am25LS2568 and Am25LS2569 are programmable 
up/down BCD and Binary counters respectively with three
state outputs for bus organized systems. All functions 
except output enable (C5E) and asynchronous clear (ACLR) 
occur on the positive edge of the clock input (CP). 

With the [(5jij) input LOW, the outputs will be programmed 
by the parallel data inputs (A, B, C, D) on the next clock 
. edge. Counting is enabled only when CEP and CE'f are 
LOW and LOAD is HIGH. The up-down input (UfO) controls 
the direction of count, HIGH counts up and LOW counts 
down. Internal look-ahead carry logic and an active LOW 
ripple carry output (RCO) allows for high-speed counting 

and cascading. During up-count, the AGO is LOW at binary 
9 for the LS2568 (binary 15 for the LS2569) and upon 
down-count, it is LOW at binary o. Normal cascaded 
operations require only the FiCO to be connected to the 
succeeding block at CE'f. When counting, the clocked carry 
output (CCO) provides a HIGH-LOW-HIGH pulse for a 
duration equal to the LOW time of the clOCk pulse and only 
when ROO is LOW. Two active LOW reset lines are 
available, synchronous clear (SCLR) and a master reset 
asynchronous clear (AC'CR). The output control (aE) input 
forces the counter output into the high-impedance stste 
when HIGH and when LOW, the counter outputs are 
enabled. 

BLOCK DIAGRAM 

Am25LS2568 (BCD) Am25LS2569 (BINARY) 

VB 

L!======1:J-- ceo 
,*===='O ... cco 

80001420 
80001430 
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G) 
CD 
II) 
N 

~ 
~ 
E 
~ .... 
CIO 
CD 
II) 
N 

~ 
II) 
N 
E 
~ 

CONNECTION DIAGRAM 
Top View 

0·20·1 L·20·1 

ulii Va: . ~ '~ Jl ~ 
c. RcO 

A ceo 

DE iii 

VA 

'. 
0 VB 

Ciii '. W Vc 
ACiJi '0 

ACLR Vo 

seLR m 
GNO LOAD ra ~ 19 ~ 

CDOOl640 CDOO1650 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am25LS2568 

12 
11 

ulii 
CEO 
CET 
LOAD 
CP 

3 4 5 8 

16 15 14 13 

17 ,. ,. 

LSOOO570 

CP 

A 

B 

C 

D 

CEP 

ACLR 

SCiR 
GND 10 

,--------- 20 Vee 

,---~---19 RCO 
,----- 18 Cco 

17 OE 

15 VB 

14 Yc 

13 Yo 

L-_____ 11 LOAD 

DIE SIZE 0.087" x 0.103" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if deSired)., 

Am25LS2568/69 D C B 

Device type 

l L L S~r:~Qi~9 S?:~~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
0- 20-pin CERDIP 
F - 20-pin· flatpak 
L - 20-pin lead less chip carrier 
P- 20-pin plastic DIP 
X-Dice 

BCD and Binary Counters 

9-158 

Valid Combinations 

DC, DCB, OM, 
DMB 

Am25LS2568/ FM, FMB 
Arri25LS2569 LC, LM, LM8 

PC, PCB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin NO. Name I/O Description 
3,4,5,6 A, B, C, 0 I The four programmable data inputs. 

7 CEll I Count Enable Parallel. Can be used to enable and inhibit counting in high speed cascaded operation. CEll must be 
LOW to count. 

12 W I Count Enable Trickle. Enables the ripple carry output for cascaded operation. Must be LOW to count. 

2 CP I Clock Pulse. All synchronous functions occur on the LOW·to·HIGH transition of the clock. 

11 LOAD I Enables parallel load of counter outputs from data inputs on the nex! clock edge. Must be HIGH to count. 

1 U/D I Up/Down Count Control. HIGH counts up and LOW counts down. 

8 ACIJf I Asynchronous Clear. Master reset of counters to zero when ACIJf is LOW, independent of the clock. 

9 ~ I Synchronous clear of counters to zero on the nex! clock edge when ~ is LOW. 

17 bE I A HIGH on the output control sets the four counter outputs in the high·impedance, and a LOW enables the output. 

16,15 YA, YB, a The four counter outputs. 
14, 13 Ye, YO 

19 J!IC<:j a Ripple Carry Output. Output will be LOW on the maximum count on up·count. Upon down·count, AGO is LOW at 0000. 

18 CCO a Clock Carry Output. While counting and AGO is LOW, CCO will follow the clock HIGH·LOW:HIGH transition. 

Am25LS2568/2569 
FUNCTION TABLE 

INPUTS OUTPUTS 

ASYNC SYNC CLOCK 
MODE LOAD CEP CET U/O CLEAR CLEAR 0E(1) DO 01 02 03 CP QO Q1 Q2 Q3 RC CARRY 
Clear X X X 1 0 X 0 X X X X X 0 0 0 0 1 1 
(ASYNC) X X X 0 0 X 0 X X X X X 0 0 0 0 0 LI(2) 

Clear X X X 1 1 0 0 X X X X t 0 0 0 0 1 1 
(SYNC) X X X 0 1 0 0 X X X X t 0 0 0 0 0 LI(2) 

0 X 1 X 1 1 0 X X X X t Qn = On 1 1 
Load 0 X Q 0 1 1 0 0 0 0 0 t 0 0 0 0 0 LI(2) 

0 X 0 1 1 1 0 1 1 1 1(3) t 1 1 1 1(3) 0 LI(2) 

Count Up 1 0 0 1 1 1 0 X X X X t Qn + 1 (4) (5) 

Count Down 1 0 0 0 1 1 0 X X X X t Qn-l (6) (5) 

1 0 1 X 1 1 0 X X X X t N.C. N.C. 1 
Inhibit 1 1 0 X 1 1 0 X X X X t N.C. N.C. 1 

.... 1 1 1 X 1 1 0 X X X X t N.C. N.C. 1 

Output X X X X X X 1 X X X X X Z Z Z Z N.C. N.C. 
Disable 

t - CLOCK LOW·to-HIGH transition Qn + 1 = Nex! higher count in binary sequence 
X = Don't Care Qn-l = Nex! lower count in binary sequence· 
On = Do thru 03 input level prior to clock transition N.C. - No change 

Notes: 1. 
2. 
3. 
4. 
5. 
6. 

Register performs all correct logic for any state of ~, but bE = 0 to view outputs. 
Follows CLOCK if CET = CEP = O. otherwise remains HIGH. 
1001 for LS68. 
LOW for one full CLOCK cyete when ma>dmum count is reached, otherwise remains HIGH. 
Follows CLOCK when RC - O. 
LOW for one full CLOCK cycle when mtnlmum count is reached, otherwise remains HIGH. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .•••.....••••..•...•.•••• -65·C to + 150·C Commercial (C) Devices 
Ambient Temperature Under Bias ......... -55·C to + 125·C Temperature ..................................... O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ....................... : .... + 4.75V to + 5.25V 

Continuous ...................................... -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -55·C to + 125·C 

High Output State ....................... -O.5V to + Vee max 
DC Input Voltage .................... , ............. -O.5V to +7.0V 

Supply Voltage ....... : ....................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs ..................... , .... 30mA 
Operating ranges define those limits over which the function, 

DC Input Current ............................. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device. 
reliability. 

DC CHARACTERISTICS over operating range' unless otherwise specified 

Typ 
Parametel'll Description Test Conditions (Note 2) Min (Note 1) Max Units 

MIL,IOH=-1.0mA 2.4 3.4 

Vee-MIN Vi COM'L, IOH = -2.6mA 2.4 3.2 
VOH OUtput HIGH Voltage VIN=VIH IMIL 2.5 3.4 Volts 

or VIL ~, 
IOH - -4401lA I COM'L ceo 2.7 3.4 

Vee = MIN IOL= 4.0rnA 0.4 
VOL OUtput LOW Voltage 

VIN,- VIH or VIL IOL= 8.0mA 0.45 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs. I COM'L 0.8 Vol1s 

VI Input Clamp Voltage Vee- MIN,IIN--18mA -1.5 Volts 

I ACrn, !:lE, UfD, UiAI5 -0.3 

IlL Input LOW Current Vee-MAX, I A, B, C, D, CP, CEP -0.4 mA VIN-0.4V 
m,~ -0.65 

IIH ·Input HIGH Current Vee = MAX, VIN = 2.7V 20 IlA 
II Input HIGH Current Vee = MAX. VIN = 7.0V 0.1 mA 

Off-State (High-Impedance) I Vo=0.4V -20 
loz Output Current Vee = MAX I Vo=2.4V 20 IlA 

ISC 
OUtput Short CircuH Current Vee = MAX -15 -85 mA (Note 3) 

lee 
Power Supply Current Vee-MAX 28 43 rnA (Note 4) 

Notes: 1. Typical limits are at Vee = 5.0V. 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX. use the appropriete value specHied undar Operating Ranges for the applicable device type. 
3. 
4. 

Not more than one output should be shorted at a time. Duration of the short circuH test should not exceed one second. 
OE = HIGH. all other inputs - GND. all outputs open. 

, 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 
tplH 

Clock to Any Q; Load = LOW 
12 18 

ns 
tPHl 14 21 

tplH 
Clock to Any Q; [Oaij - HIGH 

12 18 
ns 

IpHl 14 21 

tplH CE'f to ReO 
11 16 

ns 
tpHl 6 10 

tplH Ul15 to ReO 
15 23 

ns 
tPHl 13 20 

tplH 
Clock to ReO 24 35 

ns 
tpHl 18 26 

tplH 
Clock to ceo 10 15 

ns 
tpHl 10 15 

tplH CE'f or W to ceo Cl = 15pF 10 15 

Rl = 2.0kf! 
ns 

IpHl 17 25 

tPlH AC[R to Any Q 
N.A. N.A. 

17 26 
ns 

tPHl 

A. B. C, D 22 

sern 20 

ts Set-up [Oaij 30 ns 

Uti:) 30 

m.w 25 

t. sern Recovery (inactive) to Clock 30 ns 

th Data Hold 0 ns 

fmax Maximum Clock Frequency (Note 1) 25 40 MHz 

tpw Clock Pulse Width 25 ns 

tPZH rn: to Any Q; Enable 
11 

ns 
IPZl 19 

tpHZ rn: 10 Any Q; Disable 
Cl = 5.0pF 18 

Rl =2.0kf! 
ns 

tPLZ 24 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on 1,. If, pulse width 
or duty cycle. 

9-161 
036228 

R_ 10 Page 13-1 101" ~I IntOfMation on Military Devices 



SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 

COMMERCIAL 

Am25LS 

Parameters Description 

tpLH 
rt'-'PH"'L'------l Clock to Any Q; r:OaiI - lOW 

tPLH 
rt::.:PH"'L'------l Clock to Any Q; r:OaiI = HIGH 

tpLH 
f-t-"PH"'L'------l CE'f to Reo 

tpLH 
rt::.:PH"'L'------l UfD to Reo 

tpLH 
f-t'-'PH:::.L'------l Clock to Reo 

tpLH 
rt::.:PH"'L'------l Clock to ceo 

tpLH 
f-t'-'PH:::.L'------l CE'f or ~ to ceo 

tPLH 
f-t-"PH:::.L'------l ACm!i to Any Q 

A, B, C, D 

Set-up 
Ufi5 

t. SClR Recovery (inactive) to Clock 

Data Hold 

'max Maximum Clock Frequency (Note 1) 

Clock Pulse Width 

tZH 
f-t=ZL"------l OE to Any Q; Enable 

1Hz 
rt:!.!LZ=------l OE to Any Q; Disable 

Test Conditions 

CL = 50pF 
RL=2.0KO 

CL = 5.0pF 
RL-2.0KO 

Nlln 

29 

25 

38 

38 

33 

39 

o 
20 

31 

Max 

22 

29 

22 

29 

18 
17 

26 

26 

39 

34 

17 

22 

16 

36 

N.A. 

37 

16 

26 

20 

30 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
N.A. not applicable. 

Arn25LS2568/2569 
LOW·POWER SCHOTTKY INPUT IOUTPUT 

CURRENT INTERFACE CONDITIONS 

MILITARY 

Am25LS 

Min Max 

24 

35 

24 

35 

19 

21 

28 

30 

40 

39 

18 

27 

17 

45 

N.A. 

45 

35 

30 

45 

45 

40 

50 

5 

18 

37 

20 

34 

22 

36 

liCO. ceo ·Vi I 
v« ____ D_RI_VI_~_O_U_~_~_.--~I~---~-IV-'N-G-~--T~--~--D-R_'V_EN_'N_P_UT~ __ 

I 
I 

[i] 
I 

[ 
I 

I J' 

II''" ~~ 
I-+-. ----' 

ICO00270 

Note: Actual current flow direction shown. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

os 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 
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Arn26S HIGH PERFORMANCE SCHOTTKY BUS INTERFACE 
Arn26LS DATA COMMUNICATIONS INTERFACE 



Am26S and Am26LS 
Interface Family Index 

Am26S02 

Am26S10/Am26S11 
Am26S12/ Am26$12A 
Am26LS27/ Am26LS28 
Am26LS29 
Am26LS30 

Am26LS31 
Am26LS32/ Am26LS33 
Am26LS32B 
Am26LS34 
Am26LS38 

Schottky Dual Retriggerable, Resettable 
Monostable Multivibi'ator .............................................. 10"1 

Quad Bus Transceivers .................................................. 10-7 
Quad Bus Transceivers ............................................... 10-15 
Dual EIA RS-485.Party Line Transceivers ........................ 10-19 
Quad Three-State Single Ended RS-423 Line Driver .......... 10-20 
pual Differential RS.-422 Party Line/Quad 

Single Ended RS~423 Line Driver................................ 10-26 
Quad High Speed Differential Line Driver ........................ 10-33 
Quad Differential Line Receivers .... , ............................... 10-39 
Quad Differential Line Receiver ..................................... 1 0-42 
Quad Differential \...ine Receiver ..................................... 10-46 
Quad Differential Backplane Transceiver .......................... 10-50 

Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance. characteristics. The performance 
characteristics listed in this data book are guaranteed by. specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 



Am26S02 
Schottky Dual Retriggerable, Resettable Monostable Multivibrator 

DISTINCTIVE CHARACTERISTICS 

• Advanced Schottky technology with PNP inputs 
• Retriggerable 0% to 100% duty cycle 
• 28ns to 00 output pulse width range 
• 100kn maximum timing resistor value 

• Am26S02XM typical pulse width change of only 1.0% 
over -SS·C to + 12S·C with Rx = 100kn 

• Am26S02XC typical pulse width change of only 0.4% 
over O·C to + 70·C with Rx = 100Kn 

GENERAL DESCRIPTION 

The Am26S02 is a dua) DC level sensitive, retriggerable, 
resettable monostable multivibrator built using advanced 
Schottky technology. The output pulse duration and accu
racy depend on the external timing components of each 
multivibrator. The Am26S02 features PNP inputs to reduce 
the input loading. 

Provision is made on each multivibrator circuit for triggering 
the PNP inputs on either the rising or falling edge of an 
input signal by including an inverting and non-inverting 
trigger input. These PNP inputs are DC coupled making 
triggering independent of the input rise or fall time. Each 
time the monostable trigger input is activated from the OR 

trigger gate, full pulse length triggering occurs independent 
of the present state of the monostable. 

The direct clear PNP input allows a timing cycle to be 
terminated at any time during the cycle. A LOW on the clear 
input forces the Q output LOW regardless of the To or i 1 
inputs. 

The Am26S02XM has a typical pulse width change of only 
1.0% over the full military -SS·C to + 12S·C temperature 
range and the Am26S02XC has a typical pulse width 
change of only 0.4% over the commerical O·C to + 70·C 
temperature range with a Rx = 100kn. . 

SCHEMATIC DIAGRAM 
(One Monostable Multivibrator Shown) 

60002140 

04597A 
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CONNECtiON DIAGRAM 
Top View 

ex Rx/ex eo 11 iO Q l'.i GND 

CDO030SO 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

Cx ' -----, ,-----15 Cx 

r-II.,...-A/Iro,--()'vcc 

LSOO0830 

RX/eX 2 

co 3 

" 4 

iQ 5 

a 6 

~---1--'1-

13 co 
12 It 

11 fQ 

10 Q" 

Q 7 9 5. 
Vcc = Pin 16 GND 

GND = Pin 8 DIE SIZE 0.062" x 0.071" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26S02 

Device type 

o C B l L L S~r:~~i~g sC:~~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D-16-pin CERDIP 
F - l6-pin flatpak 
P-16-pin plastic DIP 
X-Dice ' 

Schottky Dual Multivibrator 

10-2 

Valid Combinations 

PC 

Am26S02 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

04597A 
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PIN DESCRIPTION 

Pin No. Name I/O Description 

13 ~D I Asynchronous direct CLEAR. A LOW on the clear input resets the monostable regardless of the other inputs. 
11 10 I Active-LOW input. With 11 LOW, a HIGH-to-LOW transition will trigger the monostable. 
12 11 I Active-HIGH input. With 10 HIGH, a LOW-to-HIGH transition will trigger the monostable. 
10 Q 0 The TRUE monostable output. 
9 l:i 0 The Complement monostable output. 

FUNCTION TABLE 

INPUTS I OUTPUTS 
LOADING RULES (In Unit Loads) 

OSCD 1, 1, 10 Q 
Fan-out 

L X X L H 
H H X L H Input! Input Output Output 
H L j SL "'IS Output Pin. No.'. Unit Load HIGH LOW 
H X L L H 

Cx Mono 1 1 - - -
H ! H SL "'IS 

-HIGH 
Rx/Cx 2 - - -

H 
L = LOW Co 3 0.4 - -
! = LOW-to-HIGH Transition 

11 4 0.4 - -
j = HIGH-to-LOW Transition 

SL = LOW-HIGH-LOW Pulse 10 S 0.4 - -
"'IS = HIGH-LaW-HIGH Pulse Q 6 40 10 -

X = Don't Care 
Q 7 - 40 10 

GND 8 - - -
Q Mono 2 9 - 40 10 

Q 10 - 40 10 

10 11 0.4 - -
11 12 0.4 - -
~o 13 0.4 - -
Rx/Cx 14 - - -
Cx lS - - -
Vee 16 - - -

A Schottky TTL Unit Load is defined as SO,..A measured at 
2.7V HIGH and -2.0mA measured at O.SV LOW. 

OPERATION RULES 2. Remote adjustment of timing. 

TIMING 

1. Timing components Cx and Rx values. 

Operating Temperature Range 

O'C to 70'C -S5'C to + 12S'C 

Rx MIN SkS'! SkS'! 
Rx MAX lOOkS'! SOkS'! 
Cx any value any value 

10-3 

-r-Vcc 

", n Cx ", r 1 "x/Cx TE"MINAL 

Cx 
TERMINAL 

TC001040 

R1 + R2 = Rx 
R1 ;;"R.MIN. 

R2 < R.MAX. - R1 

In the above arrangement, R1 and ex should be as close as 
possible to the device pins to minimize stray capacitance and 
external noise pickup. The variable resistor R2 can be located 
remotely from the device if reasonable care is used. 

04597A 
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OPERATION RULES (Cont.) 
3. Pulse width change measurements. 

The pulse width tpwQ is specified and measured with compo
nents of better than 0.1 % accuracy. If measurements are 
made with reduced component tolerances, the expected 
accuracy should be adjusted accordingly. Note that pulse 
width temperature stability improves as Rx increases. 

4. Timing for Cx .;; 1000 pF. 

When using capacitor of less than or equal to 1000 pF in 
value, the output pulse width should be determined from the 
output pulse width versus external timing capacitance graph. 

5. Timing for Cx > 1000 pF. 

For capacitors of greater than 1000 pF in value, the output 
pulse width, tpwO, is determined by, -

where 

. (0.11) tpwO - 0.30CxRx 1 +
Rx 

Rx is in kilohms 
Cx is in picofarads 
tpwO is in nanoseconds 

Vee 

ex ~ 7 01 • lN3064 OR r ..; ... EQUIVALENT 

TO RX/eX TERMINAL 
TOCX 

TERMINAL 

TCOO1030 

R1 .;; 0.6 x Rx MAX. 

- .... --1>--vcc 

+ OR EQUIVALENT Mi1 • 2• 25" 

ex 

I TO RX/Cx TERMINAL 
TOC)( 

TERMINAL 

TCOO1020 

R2 < 0.7 x hFEQ1 x Rx 

6. Protection of electrolytic timing capacitors. 

If the electrolytic capaCitor to be used as Cx cannot withstand 
1.0 volt reverse bias, one of the two circuit techniques shown 
below should be used to protect the electrolytic capacitor from 
the reverse voltage. The accuracy of the pulse width may be 
dependent on the diode (transistor) characteristics. 

The output pulse width, tpwO for the diode circuit modifies the 
previous timing equation as follows: 

. (0.13) 
tpwO - 0.26CxRx 1 + -

Rx 

The output pulse width for the transistor circuit is: 

. - (0 1~ tpwO - 0.21CxRx . 1 + _.-
Rx 

Notice that the transistor circuit allows values of timing resistor 
R2 larger than the Rx MIN. < Rx < RxMAX. to obtain longer 
output pulse widths' for a given Cx. 

TRIGGER AND RETRIGGER 

1. Triggering. 

The minimum pulse width signal into input io or input 11 ito 
cause the device to trigger is 20ns. Refer to the truth table for 
the appropriate input conditions. 

2. Retriggering. 

The retriggered pulse width, tpwrO, is the time during which the 
output is activll after the device is retriggered during a timing 
cycle. It differs from the initial pulse width tpwO timing 
equations as follows: 

where tPLH is the propagation delay time from the To or 11 input 
to the output. Note that tPLH is typically 14ns and therefore 
becomes relatively unimportant as tpwO increases. 

3. Rapid retriggering. 

A minimum retriggering time does exist. That is, the device 
cannot be retriggered until a minimum recovery time has 

_ elapsed. The minimum retrigger time is approximately: 

10-4 

CLEAR 

lretrigMIN. = 0.2Cx 
C is in picofarads 
t . is in nanoseconds 

tPLH--{ ~tpwa.-------1 OUTPUT WITH I r----I RETRIGGER 

~ Lr---~ 
OUTPUTWITHour......... ~ 
'RETR'GGER 

tretrig. MIN. \. ,I tpwr a .' 

INITIAL RETRIGGER 
TRIGGER PULSE 

PULSE 

WF002460 

A LOW on the clear inputs terminates the timing cycle. A new 
trigger cycle cannot be initiated while the clear is LOW. With 
the clear HIGH, the device is under the command of the 11 and 
To inputs. 

04597A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Under Bias ......... -55°C to +125°C Temperature .••....•..•..••.•......•............. O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ............................ + 4.75V to + 5.25V 

(Pin 16 to Pin 8) COntinuous .......••••.... -O.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature ................................ -55°C to + 125°C 

HIGH Output State ....•...........•....• -O.5V to + Vee max 
DC Input VOltage .•.........•......•.............. -O.5V to +5.5V 

Supply Voltage ............................... + 4.5V to + 5.5V 

DC Output Current, Into Outputs ...................•...... 30mA 
Operating ranges define those limits over which the function-

DC Input Current .........•...............••.. -30mA to +5.0mA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

VOH Output HIGH Voltage Vee 0 MIN, IOH 0 -2mA 2.5 2.8 Volts 
VIN - VIH or Vil 

VOL Output LOW Voltage Vee - MIN, IOl - 20mA 0.38 0.5 Volts VIN = VIH or Vil 

VIH Input HIGH Level Guaranteed input logical HIGH voltage 2.0 Volts for all inputs 

Vil Input LOW Level Guaranteed input logical LOW voltSge 0.8 Volts for all inputs 

VI Input Clamp Voltage Vee- MIN,IIN--18mA -0.4 -1.2 Volts 

IlL (Note 3) Input LOW Current Vee - MAX, VIN - 0.5V -0.15 -0.4 mA 

IIH (Note 3) Input HIGH Current Vee - MAX, VIN - 2.7V 0.1 20 vA 
II Input HIGH Current Vee - MAX, VIN - 5.5V 1.0 mA 

IsC 
Output Short Circuit Current Vee - MAX, VOUT - 1.0V -8 -15 -35 mA (Note 4) TA-25"C Only 

lee Power Supply Current Vee - 5.0V, IIX -0.33rnA (Notes 5 & 6) 48 69 mA 

Notes: 1. Typical limits are at Vee = 5.0V, 2.5"C ambient and maximum loading. 
2. For conditions shown as MIN, or MAX, U$8 the appropriate value specified under Electrical Characteristics for the applicable device 

3. 
4. 
5. 
6. 

type. 
Actual input currents - Unit Load x Input Load Factor (See Loading Rules). 
Not more than one output should be· shorted at a time. Duration of the short circuit test should not exceed one second. 
lee is measured with pin 5 and 11 grounded and IIX applied to pins 2 and 14. . 
IIX is the current into the RxCX node to simulate Rx. 

TYPICAL PERFORMANCE CURVES 

Typical Normallzect 
Output Pulse Width 

Versus Case Temperature 
\ 

?03 
Vee =5.0V 

1.02 1'\ 
ex - 1000pF 

'\ 
1.01 

"-~~ RX = ~ookO 

1.00 

"'i;~ -t... 
"-

t-
0.99 

RX i rokO "" 0.98 
- I I I 

-60 -20 0 20 60 60 100 

TC - CASE TEMPERATURE -"C 

OPOOI280 

10-5 

Normalized Output Pulse Width 
Versus Operating Duty Cycle 

1.02 

1.01 

1.00 

0.99 

0.98 
0 

TA = 25°C 
Vee =5.0V 
RX = 10kD: 

ex'"' 1000pF 

_i--" 

10 20 30 40 50 60 70 80 90 100 

OPE RATING DUTY CYCLE - % 

OPOO1320 
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Typical Normalized 
Output Pulse Width Versus Output Pulse Width 

External Timing Capacitance Versus Supply Voltage , 

10k TA - 25°C :J: 1.04 
! I b 1.03 

TA "2SoC 
I Vee "'s.ov iO RX "'0"kO I-'" 

:J: 
:-ttiRX 50kn. 

w 1.02 I- ex = 1000pF 
0 / ~ ./ 
iO lk Ax'" 100knl 

'\ £ 1.01 
1/ w I- 1.00 

~ :::l / £ ~ 0.99 
I-

100 - '" Ri=20kU 
0 0.98 / 

£ ./ iil I- 0.97 :::l ..... ./ ..... \1 II~ 
N V 0 ::i 

I RX "10kn '" 0.96 
L 0 ~ 

J. - f-RX -s.okli 
a: 0.95 

I II 0 
10 

z 0.94 
1.0 10 100 1k 4.0 4.5 5.0 5.5 6.0 

ex - EXTERNAL TIMING CAP~CITANCE - pF Vee - SUPPLY VOLTAGE - VOLTS 

OPOOI260 OPOO1270 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description 

IpLH io 10 Q 

IpHL io 10 <:I 
IPLH 1,10 Q 

IpHL 1, 10 <:I 
IpLH Clear to <:I 

IpHL Clear 10 Q 

LTc HIGH or 1, LOW 

Ipw Pulse Widlh I ic LOW 10 1, HIGH 
I Clear LOW 

Is Clear Recovery (inactive) 10 Trigger 

~ Minimum Pulse Widlh Q Outpul 

IpwO Pulse Widlh Q Oulpul 

Rx Timing Resislor 

Test Conditions Min Typ Max Units 

13 20 ns 

15 23 ns 

12 20 ns 

12 20 ns 

Vee = 5.0 V, RL = 280 n, CL = 15 pF, 
21 ns 

Rx=5kn, Cx=OpF 9 13 ns 

20 10 ns 

16 7 ns 

24 16 ns 

-.10 -22 ns 

Vcc=5.0V, Rx-5.O kn, Cx-OpF 
RL-l.0 kn 

27 33 39 ns 

Vcc=5.0V, RL=280n, CL= 15pF 
3.23 3.42 3.61 Rx -10 kn, Cx = 1000 pF (CK05 Type) IJS 

O'C 10 70'C 5 100 
kn 

- 55'C to + 125'C 5 50 

10-6 
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Am26S10/ Am26S11 
Quad Bus Transceivers 

DISTINCTIVE CHARACTERISTICS 

• Input to bus is inverting on Am26S10 • Bus compatible with Am2905, Am2906, Am2907 
• Input to bus is non-inverting on Am26S11 • Advanced Schottky processing 
• Quad high-speed open collector bus transceivers • PNP inputs to reduce input loading 
• Driver outputs can sink 100mA at 0.8V maximum 

GENERAL DESCRIPTION 

The Am26S10 and Am26S11 are quad Bus Transceivers 
consisting of four high-speed bus drivers with open-collec
tor outputs capable of sinking 100mA at 0.8 volts and four 
high-speed bus receivers. Each driver output is connected 
internally to the high-speed bus receiver in addition to being 
connected to the package pin. The receiver has a Schottky 
TTL output capable of driving ten Schottky TTL unit loads. 

An active LOW enable gate controls the four drivers so that 
outputs of different device' drivers can be connected 
together for party-line operation. The enable input can be 
conveniently driven by active LOW decoders such as the 
Am25LS139. 

The bus output high-drive capability in the LOW state 
allows party-line operation with a line impedance as low as 
loon. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiv
er typical switching point is 2.0 volts. 

The Am26S10 and Am26S11 feature advanced Schottky 
processing to minimize propagation delay. The device 
package also has two ground pins to improve ground 
current handling and allow close decoupling between Vee 
and ground at the package. Both GND1 and GND2 should 
be tied to the ground bus external to the device package. 

BLOCK DIAGRAM 

Am26S10 Am26S11 

80001770 80001760 

RELATED PRODUCTS 

Part No. Description 

26512 Quad Bus Transceiver 
26S12A Quad Bus Transceiver 
2915A Quad Three-State Bus Transceiver with Interface LogiC 
2916A Quad Three-State Bus Transceiver with Interface Logic 
2917A Quad Three-State Bus Transceiver with Interface Logic 

04598A 
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CONNECTION DIAGRAM 
Top View 

Zo '0 " 2, Wi GND2 

COO02080 

Note: Pin 1 is marked for orientatiOn 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am26S10 

Zo 
Am28StO Z, 

TRA~~VER Z2 
Z3 

2 7 8 15 

'0 

'4 

LSOOO81 0 

Vee = Pin 16 
GND1 = Pin 1 
GND2- Pin 8 

GNOT 1 -_-"'-____ --. 

'0 3 

'0 4 

" 5 

Z, 6 

ORDERING INFORMATION 

DIE SIZE 0.059" x 0.075" 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26S10/11 

Device type 

D . C B l L L ~r:~~i~9 S~f~::rd processing 
. B - Burn-in 

. 
Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M -Military (-55°C to +125°C) 

Package 
0- 16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Bus Transceivers 

10-8 

Valid Combinations 

PC 
Am26S10 DC, OM 
Am26S11 FM 

XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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LOGIC SYMBOL 

12 • 5 11 13 

20 3 

Am26S1t 2, .. 
QUAD 2, 10 

TRANSCEIVER 
23 

" 

, 7 • 15 

LSOOOBOO 

Vee = Pin 16 
GND1- Pin 1 
GND2 = Pin 8 

CONNECTION DIAGRAM 
Top View 

GND, BQ Zo TO i1 Z, !1 GND2 

CDOO40BO 

Note: Pin 1 is marked for orientation 

10-9 

METALLIZATION AND PAD LAYOUT 
Am26S11 

GND, , 

So 2 

'0 3 

iQ 4 

" 5 

'I • 
8, 7 

GN02 8 

15 83 

14 '3 

13 '3 

12 E 

II ;; 

10 " 

9 " DIE SIZE 0.059" x 0.075" 
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~ r-----------------------------------------------------------~------~----------------------__, .,... 
.~ 
N 

~ .,... 

~ 
~ 

'5V 

lGOO 

lGOO 

loon 

1000 

E 

L 
L 
H 

Am26S10 

Inputs 

I 

L 
H 
X 

Outputs 

B Z 
H 
L 
Y 

L 
H 
Y 

TRUTH TABLES 

E 

L 
L 
H 

Am26S11 

Inputs 

L 
H 
X 

Outputs 

B Z 

L 
H 
Y 

H 
L 
Y 

H = HIGH Voltag~ Level X = Don't Care L = LOW Voltage Level 
Y = Voltage Level of Bus (Assumes Control by Another Bus Transceiver) 

IT!"I 
10 '1 /2 13 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature •..............•......•.. -6S·C to + lS0·C Commercial (C) Devices 
Ambient Temperature Under Bias •.......• -SS·C to +12S·C Temperature •.....•...•.••....•.•...•.•....•....• O·C to + 70·C 
Supply Voltage to Ground Potential Supply Voltage ............•............... + 4.7SV to + S.2SV 

Continuous .......•............•..•....••.•...... -O.SV to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For 

Temperature .......••......•......•......... -SS·C to + 12S·C 
High Output State ....................... -O.SV to + Vee max 

Supply Voltage ...........•.............•..... + 4.SV to + S.SV 
DC Input Voltage ..•..•.•......................... -O.SV to + 5.5V 

Operating ranges define those limits over which the function-
DC Output Current, Into Bus .......•.............•........ 200mA 

ality of the device is guaranteed. 
DC Output Current, Into Outputs 

(Except Bus) ................................................. 30mA 
DC Input Current ...••..............•••....••. -30mA to +S.OmA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 

, at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

VIH 

Vil 

VI 

III 

IIH 

II 

Isc 

leel 

Notes: 1. 

2. 

3. 

Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Output HIGH Voltage Vee = MIN, IOH=-1.0mA I MIL 2.5 3.4 

(Receiver Outputs) VIN Q Vil or VIH I COM'L 2.7 3.4 Volts 

Output LOW Voltage Vee = MIN, IOl = 20mA 0.5 Volts (Receiver Outputs) VIN - Vil or VIH 
Input HIGH Level Guaranteed input logical HIGH 2.0 Volts (Except Bus) for aU inputs 

Input LOW Level Guaranteed input logical LOW 0.8 Volts (Except Bus) for all inputs 

Input Clamp Voltage 
Vee - MIN, liN - -18mA -1.2 Volts (Except Bus) 

Input LOW Current Enable -0.36 

(Except Bus) Vee - MAX. VIN - 0.4V Data -0.54 mA 

Input HIGH Current Enable 20 

(Except Bus) Vee - MAX, VIN - 2.7V Data 30 p.A 

Input HIGH Current 
Vee - MAX, VIN - 5.5V 100 p.A (Except Bus) 

Output Short Circuit Current MIL -20 -55 

(Except Bus) Vee - MAX (Note 3) COM'L -18 -60 mA 

Power Supply Current Vee = MAX 
Am28S10 45 70 

(AU Bus Outputs LOW) Enable-GND Am26S11 80 mA 

Typical limits are at Vee - 5.0V, 25°C ambient and maximum loading. 
For conditions shown as MIN or MAX, use the approprtate value specified under Electrical Charactertstics for the applicable device 
type. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Buslnput/Output Characteristics 

Parameter. 

VOL 

10 

IOFF 

VTH 

VTl 

Notes: 1. 
2. 

3. 

I , 

Description .Test Conditions (Note 2) Min 
Typ 

MaX Units 
(Note 1) 

IOl= 40mA 0.33 0.5 

MIL IOl=70mA 0:42 0.7 

Output LOW Voltage Vee = MIN IOl= 100mA 0.51 0.8 Volts 
IOl -40mA 0.33 0.5 

COM'L IOl -70mA 0.42 0.7 

10l= 100mA 0.51 0.8 

Vo=0.8V -SO 

Bus Leakage Current Vee-MAX MIL Vo=4.5V 200 p.A 

I COM'L Vo=4.5V 100 

Bus Leakage Currer]l (Power Off) Vo=4.5V 100 p.A 

Bus Enable = 2.4V MIL 2.4 2.0 
Receiver Input HIGH Threshold Vee-MAX COM'L 2.25 2.0 Volts 

Buli Enable = 2.4V MIL 2.0 1.6 
Receiver Input LOW Threshold Vee = MIN COM'L 2.0 1.75 Volts 

Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
For conditions shown as MIN or MAX, use the appropriate value spec~ied under Electrical Characteristics for the applicable device 
type. 
Not more than one output should be shorted at a time. Duration of the short circun test should not exceed one second. 

TYPICAL' PERFORMANCE CURVES 

Typical Bus Output Low Voltage 
Versus Ambient Temperature 

~ 1.0 

v~cl+5.Jv 0 
> 
I O.S 

w 

f- !sus. l00mA -

" « .. a 0.6 c-r- - r-
> .. 'BUS· 70mA 

~ 0.' 

" a 'SUS"40mA 
3 .. 0.2 

I I 

B 
> . 0 

-55 -35 -15 6 25 45 65 85 105 125 
TA - AMBIENT TEMPERATURE _oC 

OPOO1370 
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Receiver Threshold Varlstlon 
Versus Ambient Temperature 

2.5 
I I I 2.' 
I I 2.3 

Vee· S'SV I 2.2 
~. Vee =5.25V 

2.1 

_MIL, ~ •• 17J~ 2.0 - COM'l 

1.9 , 
1.8 

VCC ·4.5V 
1.7 

I 1.6 
I 1.5 
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SWITCHING TEST CIRCUIT 

z 
Vee 

TEST 
POINT Vee 

Am26S11 R. Rl 
ONLY .. n 280n I PULSE o. - .~ GENERATOR _ ..... 

NO.1 I ... -L.J ::b e. 

I'" 
INPUT 

e l "" z: I50PF= I '5PF ....; 
-::" (Note 11 .". (No" 11 :::s ALL DIODES 

~ ~~~'I~~~ENT 
ii I PULSE I -""" TEST 

:::s z: POINT 
GENERATOR 

NO.2 I IN~UT·Y 
.". 

TCOO0900 

Note 1. Includes Probe and Jig CapaCitance. 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test conditions Min Typ Max Units 

IpLH 10 15 

IpHL Am26S10 10 15 
Data Inpul 10 Bus ns 

IpLH 12 19 

tpHL 
Am26S11 

RB=50n 12 19 

IpLH CB = 50 pF (Nole 1) 14 18 

IpHL 
Am26S10 13 18 

Enable Inpul 10 Bus ns 
tpLH 15 20 

IpHL 
Am26S11 14 20 

IPLH RB=50n, RL=280n 10 15 
Bus 10 Receiver Oul ns 

IpHL CB = 50 pF (Nole 1) CL -15 pF 10 15 

Ir Bus RB=50n 4.0 10 ns 

If Bus CB - 50 pF (Note 1) 2.0 4.0 ns 

Nole 1. Includes probe and jig capacitance. 

~ Am26S11 
IINPUT 

=={ Am26S10 
I INPUT 

I E INPUT 

I 
tPLH~ 

f I TEST POINT 

'PHlj I 
Z TEST POINT \ 

, 

WAVEFORMS 

r 
1 i I 

tPHL---l I :.j .r; 'pLH 

\ I 
j !r'PLH 

1- \ 
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av 

3.0V 

\ 1.5V 

j !-'PHL 

av 

VOH 

~ 2.0V 

VOL 

VOH 

I 1.5V 

VOL 
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Vee 
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Z 3 
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/14J 

Vee • Pin 16 
GND, = Pin 1 
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Connect for Am26S10 
Remove R,. Q1. 01 for Am26S10 
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Am26S12/ Am26S12A 
Quad Bus Transceivers 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed bus transceivers • Choice of receiver hysteresis characteristics 
• Driver outputs can sink 100mA at 0.7V typically 

GENERAL DESCRIPTION 

The Am26S12/Am26S12A are high-speed quad Bus 
Transceivers consisting of four high-speed bus drivers with 
open-collector outputs capable of sinking 100mA at 0.7 
volts and four high-speed bus receivers. Each driver output 
is brought out and also connected internally to the high
speed bus receiver. The receiver has an input hysteresis 
characteristic and a TTL output capable of driving ten TTL 
loads. 

An active LOW, two-input AND gate controls the four 
drivers so that outputs of different device drivers can be 
connected together for party-line operation. The enable 
inputs can be conveniently driven by active LOW decoders 
such as the Am54S174S139. 

The high-drive capability in the LOW state allows party-line 
operation with a line impedance as low as 100f!. The line 

can be terminated at both ends, and still give considerable 
noise margin at the receiver. The hysteresis characteristic 
of the Am26S12 receiver is chosen so that the receiver 
output switches to a HIGH logic level when the receiver 
input is at a HIGH logic level and moves to 1.4 volts 
typically, and switches to a LOW logic level when the 
receiver input is at a LOW logic level and moves to 2.0 volts 
typically. This hysteresis characteristic makes the receiver 
very insensitive to noise on the bus. 

The Am26S12A is functionally identical to the Am26S12 but 
has a different hysteresis characteristic so that the output 
switches with the input being typically at 1.2 volts or 2.25 
volts. In both devices the threshold margin, the difference 
between the switching points, is greater than 0.4 volts. 

BLOCK DIAGRAM 

80001800 

RELATED PRODUCTS 

Part No. Description 

26510 Quad Bus Transceiver 
26511 Quad Bus Transceiver 
2915A Quad Three-State Bus Transceiver with Interface Logic 
2916A Quad Three-State Bus Transceiver with Interface Logie 
2917A Quad Three-State Bus Transceiver with Interface Logie 

05395A105396A 
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CONNECTION DIAGRAM 
Top VI~w 

Coo04070 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

79 2 5 11 14 

Zo 
Am28S12. Am28St2A 2, 

TRA~~gveR Z2 
23 

1 4 12 15 

10 

13 

LS0OO860 

Vee'" Pin 16 
GND-Pin 8 

'02 
20 3 
8,4 

'" 2,6 

78 9 

E GND E 

DIE SIZE: 0.071" x 0.072" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number.is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26S12/12A 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-SS·C to + 12S·C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Bus Transceivers 

10-16 

Valid Combinations 

PC 
Am26S12 DC, OM 
Am26S12A FM 

XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

05395A105396A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Under 9ias ...•... -55°C to +125°C Temperature .........•.........•.......• : .•...... O°C to + 70°C 
Supply· Voltage to Ground Potential Supply Voltage ........................•..• + 4.75V to + 5.25V 

(Pin 16 to Pin 8) Continuous •••...•........ -0.5V to +7.0V 
. Military (M) Devices DC Voltage Applied to Outputs For 

Temperature .........••....•................ -55°C to + 125°C 
High Output State •..........•........... '-0.5V to + VCC max 

DC Input Voltage .............•.••..•.......•..... -0.5V to + 5.5V 
Supply Voltage .............•.•..••..........• + 4.5V to + 5.5V 

DC Output Current, Into (Bus) •...••...................... 200mA 
Operating ranges define those limits over which the function-

,DC Output Current, Into Outputs 
ality of the device is guaranteed. 

(Receiver) ............••........••..........•......•......•.... 30mA 
DC Input Current .....•.•....•...••..•..... ; .. -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions Min Typ Max Units 
(Nole 1) 

lee Power Supply Current Vee = MAX 46 70 mA 

IBUS Bus Leakage Current Vee = MAX or OV; 100 pA VBUS = 4.0V; Driver in OFF State 

Driver Characteristics 
COM'L IOL= 100mA 0.7 0.8 Volts 

VOL Output LOW Voltage Vee-MIN IOL -BOmA 0.55 0.7 
(Note I) VIN - VIH or VIL MIL IOL = toOmA 0.7 0.85 Volts 

VIH Input HIGH Voltage 2.0 Volts 

VIL Input LOW Voltage 0.8 Volts 

VI Input Clamp Voltage Vee = MIN, liN = -IBmA -1.2 Volts 

II 
Input Current Vee = MAX, VI = 5.5V 1.0 mA at Maximum Input Voltage 

IIH 
Unit Load 

Vee - MAX, V, - 2.4V 1.0 40 pA Input HIGH Current 

IlL 
UnH Load 

Vee - MAX, V, - 0.4V -0.4 -1.6 mA Input LOW Current 

Receiver Characteristics 

VOH Output HIGH Voltage Vee - MIN, IOH - -800pA 2.4 Volts V,N - V,L (Receiver) 

VOL Output LOW Voltage Vee = MIN, IOL = 20mA 0.4 0.5 Volts V,N = V,L (Receiver) 

Input HIGH Level Threshold 
Am26S12 1.8 2.0 2.2 

V,H ~-H Am26S12A 2.05 2 . .,5 .,.45 Volts' 

Am26S12 1.2 1.4 1.8 
V,L Input LOW Level Threshold E=H Am26S12A 1.0 1.2 1.4 Volts 

Vn.l Input Threshold Margin E=H 0.4 Volts 

lOS Output Short, CircuH Current Vee - MAX, Vour - O.OV -20 -55 mA 

Notes: I. Typical liinita are at Vee = 5.0V, 25°C ambient and maximum ,loading. 
2. For the Am26S12FM, Am26S12AFM the output current must be limited at SOmA or the maximum case temperature limited to 125°C 

for correct operation. 
3. Hysteresis characteristiCS, data tested at 25°C only. 

SWITCHING CHARACTERISTICS (T A = + 25°C, VCC = 5.0V) 

Parameters Description 

tPLH Turn Off Delay Input to Bus 

tpHL Turn On Delay Input to Bus 

tPLH Turn Off Delay Enable to Bus 

tPHL Turn On Delay Enable to Bus 

tpLH Turn Off Delay Bus to Output 

tpHL Turn On Delay Bus to Output 

Conditions Min Typ Max Units 
CLB-15pF, RLB-Ioon 7 II ns 

CLB - 300 pF. RLB - 50 n 14 21 ns 

CLB = 15 pF, RLB = 50 n 10 15 ns 

CLB - 15pF, RLB = 50 n 10 15 ns 

CL-15pF 18 26 ns 

CL-15pF 18 26 ns 

10-18 
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Am26LS27 / Am26LS28 
Dual EIA RS·485 Party line Transceivers 

DISTINCTIVE CHARACTERISTICS 

• Dual EIA AS-aaa party line transceiver • High Z output at Vee = max. and zero 
• 5MHz max. baud rate • Separate enable gating for serial applications (27lS27) 
• Drives dual terminated twisted pair line with up to 

32 transcievers on line 
• Output short cicuit protected to V CM limits 

• Three state receiver outputs with common enable 
(26lS28) 

BLOCK DIAGRAM 

Am26LS27 Am26LS28 

DIA 0-------,1 

EiiiDio---,t--cr, 

iiiiiio----of...J 

OOBo------~ 

,----oDA 

'----0 iii 

"" 
iii 

DB 

iii 

.. 
iii 

------~~.--r_~ 

---------+~.--~~ 
Ii! 

!III 
DO 

111 

Iii 

co - .. 
lI1II 

iii 

I I 
L__ --....J 

~o---------~ 
80001720 

80001710 

CONNECTION DIAGRAM 
Top View 

CD002050 

Note: Pin 1 is marked for orientation 

CDOO2040 

05390A/05391 A 
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Am26LS29 
Quad Three-State Single Ended RS-423 Line Driver 

DISTINCTIVE CHARACTERISTICS 

• Four single ended line drivers in one package for 
maximum package density 

• Output short-circuit protection 
• Individual rise time control for each output 
• High capacitive load drive capability 
• Low ICC and lEE power consumption (26mW/driver typ.) 
• Meets all requirements of RS-423 
• Three-state outputs for bus oriented systems 

• Outputs do not clamp line with power off or· in hi
impedance state over entire transmission line voltage 
range of RS-423 

• Low current PNP inputs compatible with TTL, MOS and 
CMOS 

• Available in military and commercial temperature range 
• Advanced low power Schottky processing 

GENERAL .DESCRIPTION 

The Am26LS29 is a quad single ended line driver, designed 
for digital data transmission. The Am26LS29 meets all the 
requirements of EIA Standard RS-423 and Federal STD 
1030. It features four buffered outputs with high source and 
sink current, and output short circuit protection. 

A slew rate control pin allows the use of an external 
capacitor to control slew rate for suppression of near end 
cross talk to receivers in the cable. 

The Am26LS29 has three-state outputs for bus oriented 
systems. The outputs in the hi-impedance state will not 
clamp the line over the transmission line voltage of RS-423. 
A typical full duplex system would use the Am26LS29 line 
driver and up to twelve Am26LS32. line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS29 line 
drivers with only one enabled at a time and all others in the 
three-state mode. 

The Am26LS29 is constructed using advanced low-power 
Schottky processing. 

BLOCK DIAGRAM 

r---- SR CONTROL A 

INPUT A OUTPUT A 

r--+- SIfCONTROL 8 

INPUTS OUTPUTS 

r--+- SR CONTROL C 

INPUTC OUTPUTC 

r--+- SR CONTROL D 

INPUT 0 OUTPUT 0 

VEE--

80001730 

RELATED PRODUCTS 

Part No. Description 

26LS30 Dual Differential RS-422 party Line/Quad Single Ended RS-423 Line Driver 
26LS32 Quad Differential Line Receiver 
26LS33 Quad Differential Line Receiver 

04599A" 
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CONNECTION DIAGRAM 
Top View 

Vee 
SLEW RATE 
CONTROL A 

INPUT A OUTPUT A 

INPUT B OUTPUT 8 

ENA.it'E SLEW RATE 
CONTROL B 

aND SLEW RATE 
CONTROL C 

INPUTC OUTPure 

INPUT D OUTPUT D 

VEE SLEW RATE 
CONTROL 0 

CDOO2060 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

INPUTD 

SLEW RATE 
Vee CONTROL A 

VEE SLEW RATE 
CONTROLD 

DIE SIZE 0.070" x 0.094" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26LS29 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (DOC to + 7D°C) 
M -Military (-55°C to +125°C) 

Package 
D-16-pin CERDIP 
F - l6-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Single Line Driver 

10-21 

Valid Combinations 

PC 

Am26LS29 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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TYPICAL APPLICATION 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -6SoC to + lS0°C Commercial (C) Devices 
Supply Voltage Temperature ........•............................ O°C to + 70°C 

V+ .......•.............................•........................ 7.0V Supply Voltage (Vce> ..•................ +4.7SV to +S.2SV 
V- .........•..•.•..••.....•................................... -7.0V (VEE) ..................... -4.7SV to -S.2SV 

Power Dissipation •.....•.................................... 600mW Military (M) Devices 
Input Voltage ......•........................•..•... -O.S to + lS.0V Temperature .............•.................. -SSoC to + 12SoC 
Output Voltage (Power Off) .................................. ±lSV 

Supply Voltage (VCe> ...................... +4.5V to +5.5V 
Lead Soldering Temperature (10) seconds) ......•..... 300°C (VEE) ......................... -4.75 to -S.SV 

Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function-
RA TINGS may cause permanent device failure. Functionality ality of the device is guaranteed. 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions Min 
Typ 

Max Units 
(Note 1) 

Vo VIN- 2.4V 4.0 4.4 6.0 Volts 

Va Output Voltage RL - oo(Note 3) 
VIN - OAV -4.0 -4.4 -6.0 Volts 

VT VIN -2.4V 3.6 4.1 Volts 

v,: Output Volta~e RL -450n VIN =OAV -3.6 -4.1 Volts 

IVrHVrl Output Unbalance IVeel = IVEEI, RL = 4S0n 0.02 0.4 Volts 

Ix + Vo = 10V 2.0 100 pA 

Ix- Output Leakage Power Off Vee = VEE = OV Vo--l0V -2.0 -100 pA 

Is+ VIN - 2.4V -70 -150 mA 

IS-
Output Short Cirouit Current VO=OV VIN - O.4V 60 150 rnA 

ISLEW Slew Control Current VSLEW = VEE + 0.9V ±110 pA 

lee Positive Supply Current VIN = 0.4V, RL = 100 18 30 mA 

lEE Negative Supply Current VIN = 0.4V, RL = 00 -10 -22 mA 

Off State (High Impedanoe) Vee-MAX I VO·,0V 2.0 100 pA 
10 Output Current . I VO=-10V -2.0 -100 pA 

VIH High Level Input Voltage 2.0 Volts 

VIL Low Level Input Voltage 0.8 Volts 

VIN = 2.4V 1.0 40 pA 
IIH High Level Input Current VIN",lSV 10 100 pA 

IlL Low Level Input Current VIN=0.4V -30 -200 pA 

VI Input Clamp Voltage IIN--12mA -1.5 Volts 

Notes: 1. Typical limits are at Vee - 5.0V, VEE = - S.OV, 2S·C ambient and maximum loading. 
2. Symbols and definitions oorrespond to EIA RS-423.where applicable. 
3. Output voltage is +3.9V minimum and -3.9V minimum at -5S·C. 

TYPICAL PERFORMANCE CURVES 

Slew Rate (Rise or Fall Time) 
Versus External Capacitor 

lk 

100 

V 

10 V 
~ 

1 
10 100 lk 10k 

CAPACITANCE - pF 

OPOO1290 

.-
04599A 

-----~-----~--
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SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 

'1 .-----"8 
Vee ----, i'... / l.l 

INPUT 21 I.......... I Tee 

I V 115 1 I I eLI 
I I 
~ I ~ 
~ I I 
VEE~~~~ 

OUTPUT INPUT 

O·9Vss ..r"';"-... r---:i.. o .• Vss 

j Vss I\. 
0.1Vss + 1_ ~l'""o_.,...:VSS;;;.. __ _ 

--/ .. - _.,1--
OUTPUT 

WF002270 

TCOO0850 

Figure 1. Rise Time Control. 

SWITCHING TEST CIRCUIT SWITCHING. TEST WAVEFORM 

OUTPUT wi 
-I-.... z 

- -::t- 0.1 VSsIRL 
(INPUT A HIGH) "'-

------+-' 
- ~ ... -L-Z--OUTP-UT-----t-pz,~II-O'3 VSsfAt 

(INPUT A LOW) 

"L 

0.1 YssfIIL Q.5 VSsIRL 

TCOOO880 WF002260 

Figure 2. Three State Delays 

SWITCHING CHARACTERISTICS (TA = + 25°C, Vee = 5.0V, VEE = -5.0V) 

Parameters Description 

Ir Rise Time 

tf Fall Time 

Src Slow Rale Coefficient 

ILZ 

1HZ 
Output Enable to Output 

IZL 

IZH 

Test Conditions Min Typ Max Units 

RL - 450 n"CL = 500 pF. Fig. 1 
Cc-50pF 3.0 "S 
Cc" OpF 120. 300 ns 
Cc-SOpF 3.0 p.s 

RL - 450 n. Q" 500 pF. Fig. 1 Cc-OpF 120 300 ns 

RL ,. 450 n. CL" 500 pF. Fig. 1 .08 p.s/pF 

RL-4S0n. CL-500pF. Cc- OpF. Fl\!. 2 
180 300 

250 350 
ns 

RL = 450 n. CL" 500 pF. Cc" 0 pF. Fig. 2. 
250 350 

180 300 

10·24 
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Am26LS30 
Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 

DISTINCTIVE CHARACTERISTICS 

•. Dual RS-422 line driver or quad RS-423 line driver 
• Driver outputs do not clamp line with power off or in hi

impedance state 
• Individually three-state drivers when used in differential 

mode 
• Low ICC and lEE power consumption 

RS-422 differential mode 35mW/driver typo 
RS-423 single-ended mode 26mW/driver typo 

• Individual slew rate control for each output 
• 50n transmission line drive capability (RS-422 into 

virtual ground) 
• Low current PNP inputs compatible with TIL, MOS and 

CMOS 
• High capacitive load drive capability 
• Exact replacement for DS16/3691 
• Advanced low 'power Schottky processing 

GENERAL DESCRIPTION 

The Am26LS30 is a line driver designed for digital data 
transmission. A mode control input provides a choice of 
operation either as two differential line drivers which meet 
all of the' requirements of EIA Standard RS-422 or four 
independent single-ended RS-423 line drivers. 

In the differential mode the outputs have individual three
state controls. In the hi-impedance state these outputs will 
not clamp the line over a common mode transmissin line 
voltage of ± 1 OV. A typical full duplex system would be the 

Am26LS30 differential line driver and up to twelve 
Am26LS32 line receivers or an Am26LS32 line receiver and 
up to thirty-two Am26LS30 </ifferential drivers. 

A slew rate control pin allows the use of an external 
capacitor to control slew rate for suppression of near end 
cross talk to receivers in the cable. 

The Am26LS30 is constructed using Advanced Low Power 
Schottky processing. 

BLOCK DIAGRAM 
Logic for Am26LS30 with Logic for Am26LS30 with 

Mode Control HIGH (RS·423) Mode Control LOW (RS-422) 

Part No. 
26LS29 
26LS32 
26LS33 

. ~ SRCONTROLA 

INPUTA0-V-- OUTPUT A 

~. SACONTROLB 

INPUT. -v-- OUTPUT. 

~ SRCONTROLC 

INPUTC -v-- OUTPUTC 

~ .RCONTROLO 

INPUTO -v-- OUlPUTO 

Vcc __ 

GROUNO-

VEE-- MOOE 
-- CONTROL 

80001750 

SH CONTROL A ENA.LE.~ 
OUTPUT A 

INPUT A 
OUTPUT 8 

SA CONTROL B 

OUTPUTC 
INPUT 0 ~ 

.R CONTROL C 

OUTPUT D 

__ .SA CONTROL 0 
ENABLE C 

VCC __ 

GROUND-
VEE __ __ MODE 

CONTROL 

80001740 

RELATED PRODUCTS 

Description 
Quad Three-State Single Ended RS-423 Line Driver 
Quad Differential Line Receiver 
Quad Differential Line Receiver 

04600A 
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CONNECTION DIAGRAM 
Top View 

Vee SLEW RATE 
CONTROL A 

INPUT A OUTPUT A 

INPUT/ENABLE B OUTPUT. 

MODE SlEW RATE 
CONTROL B 

GND SLEW RATE 
CONTROL C 

INPUT/ENABLE C OUTPUT C 

INPUT 0 OUTPUT 0 

VEE SLEW RATE 
CONTROL 0 

CDOO2070 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

INPUT A Vee 

INPUT 0 VEE 

SLEW RATE 
CONTROL A 

SLEW RATE 
CONTROL 0 

DIE SIZE 0.070" x 0.094" 

ORDERING INFORMATION 
AMD products are al(ailable1n several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26LS30 

Device type 

D C B l L L S~f:~~i~g s<:~~oa~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M -Military (-55°C to +125°C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 

Dual Differential Line Driver 

10-27 

Valid Combinations 

PC 

Am26LS30 DC, DM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

04600A 
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Am26LS30/32 

Am26LS30 FUNCTION TABLE 

INPUTS OUTPUTS 

MODE A(D) B(C) A(D) B(C) 

0 0 0 0 1 

0 0 1 Z Z 

0 1 0 1 0 

0 1 1 Z Z 

.1 0 0 0 0 

1 0 1 0 1 

1 1 0 1 0 

1 1 1 1 1 

TYPICAL APPLICATION 

TWISTED PAIR 

DATA 

THREE-STATE 
ENABL_,;.E ___ -, 

DATA ___ .... 

Am26LS30/32 

10-28 

Am26LS30!32 

AFOOll00 

04600A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Supply Voltage Temperature ..................................... O°C to + 70·C 

V+ .............................................................. 7.0V Supply Voltage (Vce) ................... +4.75V to +5.25V 
V- ............................................................ -7.0V (VEE) .............•........................ GND 

Power Dissipation ........................................... 600mW 
Military (M) Devices 

Input Voltage ...................................... -0.5 to + 15.0V Temperature ................................ -55°C to + 125°C 
Output Voltage (Power Off) .................................. ± 15V 

Supply Voltage (Vce) ...................... +4.5V to +5.5V 
Lead Soldering Temperature (10 seconds) ............. 300°C 

(VEE) ..............................•....... GND 

Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function-
RA T1NGS may cause permanent device failure. Functionality ality of the device is guaranteed. 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

EIA RS-422 Connection, Mode Voltage .;; O.SV 

Parameters Description 

Vo 

Vo 
Differential Output Voltage, VA, B 

VT 

\iT Differential Output Voltage, VA. B 

Vos. \iDs Common Mode Offset Voltage 

IVTI-IVTI Difference in Differential Output Voltage 

IVosl-IVosl Difference in Common Mode Offset Voltage 

Vss IVT-VTI 

VCMR Output Voltage Common Mode Range 

IXA 

IXB 
Output Leakage Current 

011' State (High Impedance) 
lOX Output Current 

ISA,ISB Output Short Circuit Current 

ICC Supply Current 

VIH High Level Input Voltage 

VIL Low Level Input Voltage 

IIH High Level Input Current 

IlL Low Level Input Current 

VI Input Clamp Voltage 

Test Conditions (Note 3) Min Typ Max Units 
(Note 1) 

RL=oo 

RL = loon 

RL = loon 

RL-l00n 

RL= loon 

RL= loon 

VENABLE - 2.4V 

VCC=OV 

VCC=MAX 

VIN = 2.4V 

VIN = O.4V 

VIN = 2.4V 

VIN" 15V 
VIN - O.4V 

IIN=-12mA. 

10-29 

VIN = 2.0V 3.6 6.0 Volts 

VIN - 0.8V -3.6 -6.0 Volts 

VIN = 2.0V 2.0 2.4 Volts 

VIN = 0.8V -2.0 -2.4 Volts 

2.5 3.0 Volts 

0.005 0.4 Volts 

0.005 0.4 Volts 

4.0 4.8 Volts 

±10 Volts 

VCMR = 10V 100 p.A 

VCMR=-10V -100 p.A 

VCMR" 10V 100 p.A 

VCMR;;'-10V -100 p.A 

VOA-6.0V 80 150 rnA 

VOB-OV -80 -150 rnA 

VOA=OV -80 -150 rnA 

VOB= 6.0V 80 150 rnA 

18 30 rnA 

2.0 Volts 

O.B Volts 

1.0 40 p.A 

10 100 p.A 

-30 -200 p.A 

-1.5 Volts 

04600A 
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DC CHARACTERISTICS over operating range unless otherwise specified 

EIA RS-423 Connection, Mode Voltage ;;. 2.0V 

Parameters Description Test Conditions Min 
Typ 

Max Units 
(Note 1) 

Vo 
RL .. ""(Note 3) VIN = 2AV 4.0 404 6.0 Volts 

Yo Output Voltage 
IVeel = IVEEI =4.75V VIN -0.4V -4.0 -4.4 -6.0 Vo~s 

VT RL=450n VIN = 2AV 3.6 4.1 Volts 

VT 
Output Voltage 

IVeel = IVEEI = 4.75V VIN-0.4V -3.6 -4.1 Volts 

IVTI-IVTI Output Unbalance I Vee I = IVEEI. RL=450n 0.02 0.4 Volts 

Ix + VO=6.0V 2.0 100 IlA 
IX- Output Leakage Power Off Vee = VEE = OV Vo --6.0 -2.0 -100 IlA 
Is + VIN = 2AV -80 -150 rnA 

IS-
Output Short Circuit Current Vo=OV 

VIN - OAV .80 150 mA 

ISLEW Slew Control Current 'VSLEW = VEE + 0.9V ±140 IlA 
lee Positive Supply Current VIN = OAV. RL = 00 18 30 mA 

lEE Negative Supply Current VIN = OAV. RL = 00 -10 -~? mA 

VIH High Level Input Voltsge 2.0 Vo~s 

VIL Low Level Input Voltsge 0.8 Volts 

VIN -2.4V 1.0 40 IlA 
IIH High Level Input Current VIN<;;15V 10 100 IlA 
IlL Low Level Input Current VIN,= OAV -30 -200 IlA 
VI Input Clamp Voltsge IIN--12rnA -1.5 Volts 

Notes: 1. Typical Imits are at Vee c 5.0V. VEE = -5.0V. 25·C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
3. Output voltage is + 3.9V minimum and - 3.9Vminimum at - 55·C. 

PERFORMANCE CURVE 

Slew Rate (Rise or Fall Time) 
Versus External Capacitor 

lk 

~ 100 

I V 
w 
:IE 
>= "I w 
en 10 a: I' 

1 "I 
10 100 lk 10k 

CAPACITANCE - pF 
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EIA RS-423 CONNECTION 

SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 

INPUT o--i,...---! >--t-:::-~ ...... --~-o OUTPUT INPUT 

I 
I n I 

VEE-L_D~~ 

OUTPUT 

WF002270 

TCOO0940 

Figure 1. Rise Time Control for RS-423. 

RS-422 CONNECTION 

SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 

INPUT 

I 

J4 I 
VEE-L_D~~ 

·TEKcm 
CURRENT TRANSF. 
OR eQUIVALENT 

TC000930 

INPUT~""''''''' ~""~ \----- 3.0V 

... ·----ov 

OUTPUT + 
VSS/RL 

i 

WF002310 

'Current probe is the easiest way to display a differential waveform. 

Vee 

INPUT A 

INPUTB 

SWITCHING TEST CIRCUIT 

A 

B 

DUT 

Figure 2. 

'TEKCTR 
CURRENT TRANSF. 
OR EQUIVALENT 

TC000920 

SWITCHING TEST WAVEFORM 

WF002260 

Figure 3. Three State Delays. 
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SWITCHING CHARACTERISTICS 
ErA RS-422 Connection, Vee = 5.0V, VEE = GND, Mode = O.4V, T A = 25°C 

Parameters Desc:ription Test Conditions Min Typ Max Units 

I, Differential Output Rise Time Fig. 2. RL - tOO n. CL - SOO pF 120 200 ns 

If Differential Output Fall Time Fig. 2. RL -100 n. CL = SOO pF 120 200 ns 

tpOH Output Propagation Delay Fig. 2. RL -100 n. CL = 500 pF 120 200 ns 

tpOL Output Propagation Delay Fig. 2. RL =100 n. CL = SOO pF 120 200 ns 

tLZ 
RL = 4S0n. CL = SOO pF. Cc = 0 

180 300 

tHZ 
pF. Fig. 3 

2SO 350 
Output Enable to Output ns 

tZL 2S0 350 

tZH 
RL = 4SO n. CL - 5OOpF. Cc = 0 pF. Fig. 3 

180 300 

Notes: 1. Typical limits. are at Vee - S.O V. VEE = GND. 2S'C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS422 where applicable. 
3. RL connected between each output and its complement. 

. 
SWITCHING CHARACTERISTICS 
RS-423 Connection, Vee = 5.0V, VEE = -5.0V, Mode = 2.4V, T A = 25°C 

Parameters Desc:ription Test Conditions Min Typ Max Units 

Fig. 1. RL'; 4S0 n. CL - SOO pF 
Cc=50pF 3.0 "" tr Rise Time 
Cc=O 120 300 ns 

Fig. 1. RL - 4SO n. CL - 500 pF 
Cc=SOpF 3.0 "" tf Fall Time 
Cc=O 120 300 ns 

Src Slow Rate Coefficient Fig. 1. RL - 4S0 n. CL - SOO pF .06 I'S/pF 

tpOH Output Propagation Delay Fig. 1. RL=4SOn. CL=SOOpF. Cc=O 180 300 ns 

tpOL Output Propagation Delay Fig. 1. RL=4SOn. CL=SOOpF. Cc=O 180 300 ns 

Am26LS30 EQUIVALENT CIRCUIT . 
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Am26LS31 
Quad High Speed Differential Line Driver 

DISTINCTIVE CHARACTERISTICS 

• Output skew - 2.0ns typical 
• Input to output delay - 12ns 
• Operation from single + 5V supply 
• 16-pin hermetic and molded DIP package 
• Outputs won't load line when Vee = 0 
• Four line drivers in one package for maximum package 

density 

• Output short-circuit protection 
• Complementary outputs 
• Meets the requirements of EIA standard RS-422 
• High output drive capability for lOon terminated trans

mission lines 
• Available in military and commercia.1 temperature range 
• Advanced low-power Schottky processing 

GENERAL DESCRIPTION 

The Am26LS31 is a quad-differential line driver, designed 
for digital data transmission over balanced lines. The 
Am26LS31 meets all the requiremimts of EIA standard RS-
422 and federal standard 1020. It is designed to provide 
unipolar differential drive to twisted-pair or parallel-wire 
transmission lines. 

The circuit provides an enable and disable function com
mon to all four drivers. The Am26LS31 features 3-state 
outputs and logical OR-ed complementary enable inputs. 
The inputs are all LS compatible and are all one unit load. 

The Am26LS31 is constructed using advanced low-power 
Schottky processing. 

BLOCK DIAGRAM 

ENABLE ENABLE 
INPUT 

o 

GND Vee OUTPUT OUTPUT 
0+ 0-

Part No. Description 

INPUT 
C 

OUTPUT OUTPUT 
C+ c-

INPUT 
B 

OUTPUT OUTPUT 
B+ 8-

RELATED PRODUCTS 

INPUT 
A 

OUTPUT OUTPUT 
A+ A-

80001590 

26LS30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 

05392A 
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CONNECTION DIAGRAM 
Top View 

INPUT A +5.0V 

A OUTPUTS { 
INPUT 0 

I o OUTPUTS 
ENABLE 

B OUTPUTS { 
ENAiiLE 

I C OUTPUTS 
INPUT B 

OND INPUT C 

CDOO3070 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

INPUT A 15 INPUT D 

CHANNEL A { 2 

I. 

CHANNEL D 
OUTPUTS OUTPUTS 

3 13 

ENABLE • 12 ENABLE 

CHANNEL B I' "I CHANNEL C 
OUTPUTS OUTPUTS 

6 10 

INPUT B 7 INPUT C 

GNO 

DIE SIZE 0.067" x 0.084" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if .applicable), package type, operating range and screening option (if desired). 

Am26LS31 

Device type 

D C B l L L Screening Option 

Blank - Sl.andard procReaSnSgineg) B - Burn-in 

Temperature (See Operating 
C - Commercial (O°C to + 70°C) 
M - Milil.ary (- 55°C to + 125°C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Differential Line Driver 

10-34 

Valid Combinations 

PC 

Am26LS31 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMp sales office In your area to 
determine if a device is currently available in the 
combination you wish. 

05392A 
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DATA 
INPUT 

TYPICAL APPLICATION 

DATA 
OUT 

SHIELD OR COMMON GROUND RfTURN 

10-35 

DATA 
O<JT 

DATA 
OUT 

60002080 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature Range •.••..••..•.... -65°C to +150°C COmmercial (C) Devices 

Supply Voltage ................................................... 7.0V Temperature .................•................... O°C to + 70°C 

Input Voltage ...................................................... 7.0V Supply Voltage ............................ + 4.75V to + 5.25V 

Output Voltage ....•......•.....••..•.••..•..•....... ; ............ 5.5V Military (M) Devices 

Stresses above those listed under ABSOLUTE MAXIMUM Temperature ................................ ..:55°C to + 125°C 

RA T1NGS may cause permanent device failure. Functionality Supply Voltage ................ : .............. + 4.5V to + 5.5V 

at or above these limits is not implied. Exposure to absolute Operating ranges define those limits over which the function-
ality of the device is guaranteed. maximum ratings for extended periods may affect device 

reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VOH 

VOL 

VIH 

VIL 

IlL 

IIH 

II 

10 

VI 

ISC 

ICC 

tpLH 

tpHL 

SKEW 

It.z 
tHZ 

tZL 

tZH 

Notes: 1. 
2. 

Description Test Conditions (Note 2) Min 
Typ 

Max Units 
(Note 1) 

Output HIGH Voltage Vee = Min. 10H = -20mA 2.5 3.2 Volts 

Output LOW Voltage Vee = Min, 10L = ?OmA 0.32 0.5 Volts 

Input HIGH Voltage Vee = Min 2.0 Volts 

Input LOW Voltage Vee- Max O.B Volts 

Input LOW Current Vee - Max, VIN - O.4V -0.20 -0.36 mA 

Input HIGH Current Vee - Max, VIN = 2.7V 0.5 20 pA 

Input Reverse Current Vee - Max, VIN = 7.0V 0.001 0.1 mA 

Off·State (High Impedance) I VO=2.5V 0.5 20 

Output Current Vee-MAX I VO-O.SV 0.5 -20 
pA 

Input Clamp Voltage Vee = Min, liN = lBmA -O.B -1.5 Volts 

Output Short Circuit Current Vee = Max -30 -60 -150 mA 

Power Supply Current Vee = Max, all outputs disabled 60 BO mA 

Input to Output Vee = 5.0V, T A = 25'C, Load = Note 2 12 20 ns 

Input to Output Vee = 5.0V, T A = 25'C, Load = Note 2 12 20 ns 

Output to Output Vee = 5.0Y, TA = 25'C, Load = Note 2 2.0 6.0 ns 

Enable to Oulput Vee = 5.0V, rA = 25'C, CL = 10pF 23 35 ns 

Enable to Oulput Vee = 5.OV, TA = 2S'C, CL = 10pF 17 30 ns 

Enable to Oulput Vee - 5.0V, TA = 2S'C, Load = Note 2 35 45 ns 

Enable to Oulput Vee = 5.0V, TA = 25'C, Load = Note 2 30 .40 ns 

All typical values are Vi::c = 5.0V, TA - 25'C. 
CL=30pF, VIN=I.3V to Vour=l.aV, VPULSE=OV to +3.0V, See Below. 

PERFORMANCE CURVES 

Guaranteed VOH and VOL 
(TA=:-SS'C to + 12S"C) 

·5.0 
I I I I I 

4.0 toJ.~ccl=5~V 
~ VOH • Vce = 5.OV 

3.0 

~ I r 
5 VOH • Vcc' 4.5V 

2.0 
0 I I I I I > 

I I I I I 1.0 
VOL. 4.5V" Vce "5.5V 

0 I 
0 4.0 8.0 12 16 20 

10L OR -IOH (mAl 

OPOOI440 

10·36 

5.0 

4.0 

~ 
..J 3.0 
0 
~ 

~ 2.0 

1.0 

a 

VOUT Versus Vee 

I I 
I I 
~~ -- V 2s'c' ..... /[.,/'I25'C 

/' Col 1'1 

~ PIN 4" o.sy, PIN 12;;> 2.0V 
RL = IOkn TO GROUND 

f- AREA INSIDE ENVELOPE 
IS LOW IMPEDANCE. (-501l) 

I-- AREA OUTSIDE ENVELOPE 
IS HIGH IMPEDANCE (;;>1/4MIlI. 

a 1.0 2.0 3.0 4.0 
VOUT (VOL TSI 

OPOO131 0 
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SWITCHING TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 

PROPAGATION DELAY 
(Notes 1 and 3) 

TEST 
POINT Vee INPUT _1 _____ ~_ ~:V 

TRANSITION --I!-- ~ 

tPLHt-! tPHL:±:j OV 

OUTPUT ---:-1 'I \:: ;~~ 
FROM OUTPUT _-..-1>--___ --orS1 ~ 180n 9 

UNDER TEST : 1 o---Wi.--J 
CllNCLUDES 

PROBE AND JIG I 
CAPACITANCE 

", 
7S0 

~ i C V,.OSVH 
OUTPUT ---1- 1\,-----+-,11-

tPHlD tPLH--+--l VOL 

TCOOO980 

ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 

ENABLE_ ~~~~.;~ 
INPUT :.7r - "--- o'v 

tZL tLZ-~11 
OUTPUT - -4.5 V . 0.5 V 

NORMALLY T.3V -1.5V 
LOW ~OPEN v 

l---I-tzH t Hz----I7 OL 

OUTPUT b.~~ V OH 

NORM~~~~ ~·~~v 1':1; -1.5V 

WF002380 

WF002390 

Notes: 1. Diagram shown for Enable LOW. 
2. 81 and 82 of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate";; 1.0MHz; Zo = 50.\1; t,";; 15ns; tj";; 6.0ns .. 

10-37 
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OUT 

EQUIVALENT CIRCUIT (1/4 Am26LS31) 

;-~r---~-----1---'----1-----~----------------~~r---~--1-----~----1---~--oV~ '. "4 "'4 "2 ", 
17K 

",. ·22 ". "1 ". 50tI 

L-~~~--------+-+-~----------------~--~------~------~~r-~--~--~--~~~--~GNO 

10-38 

"40 
(FEEOTHAU) 

"36 

"31 

"36 

"39 

TOOTHEA 
THREE 
DRIVERS 

ICOOO31 0 
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Am26LS32/ Am26LS33 
Quad Differential Line Receivers 

DISTINCTIVE CHARACTERISTICS 

• Input voltage range of 15V (differential or common 
mode) on Am26LS33; 7V (differential or common mode) 
on Am26LS32 
- ±0.2V sensitivity over the input voltage range on 

Am26LS32; 
- ±0.5V sensitivity on Am26LS33 

• 6k minimum input impedance with 30mV input hysteresis 

• The Am26LS32 meets all the requirements of RS-422 
and RS-423 

• Operation from single + 5V supply 
• Fail safe input-output relationship. Output always high 

when inputs are open 
• Three-state drive, with choice of complementary output 

enables, for receiving directly onto a data bus. 

GENERAL DESCRIPTION 

The Am26LS32 is a quad line receiver designed to meet 
the requirements of RS-422 and RS-423, and Federal 
Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 

The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range of ±7V. 

The Am26LS33 features an input sensitivity of 500mV over 
the input voltage range of ± 15V. 

The Am26LS32 and Am26LS33 provide an enable and 
disable function common to all four receivers. Both parts 
feature 3-state outputs with SmA sink capability and incor
porate ·a fail safe input-output relationship which keeps the 
outputs high when the inputs are open. 

The Am26LS32 and Am26LS33 are constructed using 
Advanced Low-Power Schottky processing. 

BLOCK DIAGRAM 

GNO Vee OUTPUT 0 OUTPUT C OUTPUT B OUTPUT A 

B0001640 

RELATED PRODUCTS 

Part No. Description 

26LS29 Quad Three-State Single Ended RS-423 line Driver 
26LS30 Dual Differential RS-422 Party line/Quad Single Ended RS-423 line Driver 
26LS31 Quad High Speed Differential line Receiver 

05393A105394A 
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CO) 
CO) 

!J 
~ 
E 
~ 
('II 

~ 
CD 
('II 

E 
c( 

CONNECTION DIAGRAM 
Top View 

~TSA{ Vee 

} .'HPUTSB 
OUTfUTA 

ENABLE OUTPUT I 

OUTfUTC !NAm 

'NPUTSC { 
OUTPUT 0 

} ,NPUTSD 
GND 

COOO1780 

Note: Pin 1 is marked for orientation 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26LS32/33 

Device type 

o C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Line Receivers 

10-40 

Valid Combinations 

PC 
Am26LS32 DC, OM 
Am26LS33 FM 

XC, XM 

Valid 'Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

05393A105394A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Supply Voltage ................................................... 7.0V Commercial (C) Devices 
Commom Mode Range ....................................... ±2SV Temperature ..................................... O°C to + 70°C 
Differential Input Voltage ..................................... ±2SV Supply Voltage ............................ + 4.7SV to + S.2SV 
Enable Voltage ............... , ................................... 7.0V Military (M) Devices 
Output Sink Current .......................................... SOmA Temperature ................................ -SSoC to + 12SoC 
Storage Temperature Range ............... -6SoC to + 165°C Supply Voltage ............................... + 4.SV to + S.SV 
Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function-
RA TlNGS may cause permanent device failure. Functionality ality of the device is guaranteed. 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions Min 
Typ 

Max Units 
(Note 1) 

I Am26LS32, - 7V .;;; VCM .;;; + 7V -0.2 ±0.06 +0.2 
VTH Differential Input Voltage VOUT = VOL or VOH I Am26LS33, -15V";;VCM";;+15V -0.5 ±0.12 +0.5 Volts 

RIN Input Resistance -15V .;;; VCM .;;; + 15V (One input AC ground) 6.0 9.8 kfl 
liN Input Current (Under Test) VIN = + 15V, Other Input -15V';;; VIN';;; + 15V 2.3 mA 

liN Input Current (Under Test) VIN--15V, Other Input -15V';;;VIN';;;+15V -2.8 mA 

Vee = Min, aVIN = + 1.0V COM'L 2.7 3.4 
VOH Output HIGH Voltage 

VENABLE = 0.8V, 10H = -440/LA MIL 2.5 3.4 Volts 

Vee = Min, aVIN =-1.0V 10L =4.0mA 0.4 
VOL Output LOW Voltage 

VENABLE = O.SV 10L -S.OmA 0.45 Volts 

VIL Enable LOW Voltage 0.8 Volts 

VIH Enable HIGH Voltage 2.0 Volts 

VI Enable Clamp Voltage Vee = Min, IIN--18mA -1.5 Volts 

Off-State (j!ligh Impedance) VO=2.4V 20 
10 Output Current Vee = Max I Vo = O.4V -20 /LA 

IlL Enable LOW Current VIN - O.4V -0.2 -0.36. mA 

IIH Enable HIGH Current VIN-2.7V 0.5 20 /LA 

II Enable Input High Current VIN- 5.5V 1 100 /LA 

ISC Output Short Circuit Current Vo - OV, Vee - Max, aVIN - + 1.0V -15 -50 -85 mA 

lee Power Supply Current Vee - Max, All VIN - GND; Outputs Disabled 52 70 rnA 

VHYST Input Hysteresis TA - 25°C, Vee = 5.0V, VCM = ov 30 mV 

tPLH Input to Output TA = 25°C, Vee=5.0V, CL=15pF, see test condo below 17 25 ns 

tpHL Input to Output T A = 25°C, Vee = 5.0V, CL = 15pF, see test condo below 17 25 ns 

tlZ Enable to Output TA = 25°C, Vee = 5.0V, Cl = 5pF, see test condo below 20 30 ns 

tHZ Enable to Output TA = 25°C, Vee = 5.0V, Cl = 5pF, see test condo below 15 22 ns 

tZl Enable to Output TA = 25°C, Vee = 5.0V, Cl = 15pF, see test condo below 15 22 ns 

tZH Enable to Output TA = 25°C, Vee = 5.0V, Cl = 15pF, see test condo below 15 22 ns 

Note: 1. All typical values are VCC = 5.0V, TA - 25°C. 

SWITCHING TEST CIRCUIT PROPAGATION DELAY ENABLE AND DISABLE TIMES 
FOR THREE-STATE OUTPUTS (Notes 1 and 3) (Notes 2 and 3) 

FROM OV'f'PUT 

UNDER TEST : 1 
C INCLUDES ' .... ~~I CAPACITANCE 

TEST 

ENABLE ~~ :;~ POINT Vee 

I.A S'~ 
OUTPUT -- '---- -1.3V ::=t===tVOH .~ '''~. 1"1 "iZ ? VOL 

OUTPUT --4.5V o.SV 

R. ~~ ALLOIDDES tpl.H tpHL NORMALLY UV -1.5V 
S.Okn _~ lN9160R 

OpPOSITE =\ ~ .'.OV 
lOW S20PEN V I--i-: 'ZH 'HZ. I I V DL "i7 'N3084 ~~~- --ov ":F-

~ 
TRANSITION -1.OV DUTPUT~~DH 

WF002240 NORMALLY s, OPEN 1.3V -1.5\1 
HIGH _ -ov O.5V 

TCOO0841 WF002440 

Notes: 1. Diagram shown for Enable LOW. 
2. SI and S2 of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate";;; 1.0MHz; Zo = son; t,.,,;;; lSns; tf";;; 6.0ns. 

10-41 
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Am26LS32B 
Quad Differential Line Receiver 

DISTINCTIVE CHARACTERISTICS 

• ±100mV sensitivity over VIN range of OV to 5V 
• ±200mV sensitivity over VCM range 
• -7V to + 12V input voltage range - differential or 

common mode 
• Guaranteed input voltage hysteresis limits 

- BOmV minimum 
- 200mV maximum 

• 3V maximum open circuit input voltage 

• Three-state outputs disabled during power-up and pow
er down 

• Maximum guarantees for tpo skew 
• All AC and DC parameters guaranteed over COM'L and 

MIL operating temperature ranges 
• Single + 5V supply 
• Advanced low-power Schottky processing 

GENERAL DESCRIPTION 

The Am26LS32B is a quad line receiver designed to meet 
the requirements of RS-422 and RS-423, CCITT V.l0 and 
V.ll, and Federal Standards 1020 and 1030 for balanced 
and unbalanced digital data transmission. 

The Am26LS32B features an input sensitivity of 200mV 
over the common mode input voltage range of - 7V to 
+12V. 

The Am26LS32B is the first device in the Am26LS32 
configuration to guarantee minimum hysteresis and propa
gation delay skew while maintaining better propagation 
delay guarantees than the Am26LS32. This allows a more 

critical analysis of performance in high noise environments 
and better performance in terms of signal quality, resulting 
in better system performance. 

The Am26LS32B provides an enable and disable function 
common to all four receivers. It features three-state outputs 
with 24mA sink capability E\nd incorporates a fail safe input
output relationship which keeps the outputs high when the 
inputs are open. 

The Am26LS32B is constructed using Advanced Low
Power Schottky processing. 

BLOCK DIAGRAM 

ENAiLi ENABLE 

GND 

Part No_ 
26LS29 
26LS30 
26LS33 

OUTPUT 0 OUTPUTC OUTPUTB 

RELATED PRODUCTS 

Description 

Quad Three-State Single Ended RS-423 Line Driver 

OUTPUT A 

80001810 

Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
Quad Differential Line Receiver 

01024A 
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CONNECTION DIAGRAM 
Top View 

INPUTSA { 

Vee 

} INPUTSI 
OUTPUT A 

ENABLE OUTPUT 8 

OUTPUTC ENABLE 

INPUTSC { 
OUTPUT 0 

} INPUTSO 
GNO 

CDOO1780 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

-(' '6 Vee 

INPUTS A 'sr INPUTS"B 

+ 2 '4 + 

OUTPUT A 3 '3 OUTPUT B 

ENABLE '2 ENABLE 

OUTPUTe 5 " OUTPUT 0 

• 6 

T INPUTse { 
. INPUTS 0 

- 7 

GNO 8 9 -

DIE SIZE 0.056" x 0.084" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26LS32B 

Device type 

o C B l L L S~~:~~i~g S~~~a~d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastiC DIP 
X- Dice 

Quad Line Receiver 

10-43 

Valid Combinations 

PC 

Am26LS32B DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

01024A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Supply Voltage ....................•........................•....• 7.0V Commercial (C) Devices 
Q.ommom Mode Range ......•..................••............ ±2SV Temperature .•..........•............••.......... O°C to + 70°C 
Differential Input Voltage ...•...........................•..... ±2SV Supply Voltage ...........••............... + 4.7SV to + S.2SV 
Enable Voltage ....•...........................•..........•....... 7.0V Military (M) Devices 
Output Sink Current .......................................... SOmA Temperature ....•........•.•......•........• -SSoC to +12SoC 
Storage Temperature Range ......••....... -6SoC to + 16SoC 

Supply Voltage ..••..........•................ + 4.SV to + S.SV 

Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function-
RA TlNGS may cause permanent device failure. Functionality ality of the device is guaranteed. 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VTH 

VHYST 

V,OC 

RIN 

liN 

liN 

VOH 

VOL 

V,L 

V,H 

V, 

10 

IlL 

I'H 
I, 

Isc 

lee 

Note: 1. 

Description Test Conditions Min 
Typ 

Max Units 
(Note 1) 

o ,",VCM '"' +5V -100 ±60 100 
Differential Input Voltage VOUT = VOL or VOH -7V,",VCM,",+12V -200 200 mV 

Input Hysteresis 80 120 200 mV 

Open Circuit Input Voltage 2.0 3.0 Volts 

Input Resistance -15V,",VCM,",+15V (One input AC ground) 6.0 10 kS1 
Input Current (Under Test) Y,N = + 15V, Other Input -15V '"'Y,N ,",'+ 15V 2.3 mA 

Input Current (Under Test) V'N~-15V, Other Input -15V,",V,N,",+15V -2.B mA 

Vcc - Min, <1V,N - + 1.0V IOH=-12mA 2.0. 
Output HIGH Voltage 

VENABLE - O.BV, 10H=-lmA 2.4 Volts 

Vee = Min, <1V,N - -1.0V 10L = 16mA 0.4 
Output LOW VoHage 

VENABLE = O.BV 10L -24mA 0.5 Volts 

Enable LOW Voltage O.B Volts 

Enable HIGH Voltage 2.0. Volts 

Enable Clamp Voltage Vee-Min,I'N--18mA -1.5 VoHs 

Off·State (High ·Impedance) Vo=2.4V 50 

Output Current Vee· Max VO=0.4V -50 
p.A 

Enable LOW Current VIN - O.4V -0.36 mA 

Enable HIGH Current VIH - 2.7V 
I 20 p.A 

Enable HIGH Current VIN" 5.5V 100 p.A 

Output. Short Circuit Current Vo = OV, Vee" Max, <1V,N· + l.o.V -30 -65 -120. mA 

Power Supply Current Vee - Max, All Y,N - GND, Outputs Disabled 52 70. mA 

All typical values are Vee - 5.0V, T A = 25"C. 

10-44 
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SWITCHING TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 

TEST 
POINT Vee 

FROM OUTPUT U Sl~ 

PROPAGATION DELAY 
(Notes 1 and 3) 

VOH 

ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 

ENABLE _ v----'~~ :.;= 
INPUT7,- ~O·V 

OUTPUT - -4.5V D.SV 
'ZL 'LZ-~ 

NORMALLY 1.3V -1.5V 
LOW 52 OPEN VOL 

I---i-:: 'ZH 'HZ 1---1 I f v H 

OUTPUT~~'-::::= 0 
NORMALLY S OPEN 1.3V ~ -1.5V 

UNDER TE5T-j-?--+-+11 '1G-"'i-?-7'-or" 

CL INCLUDES R ~ ~ ALL OIODES 

PROBE AND JIG I ,.'Okn..:l '-.,' NN93064'6 OR CAPACITANce - -

:S~~ 

OUTPUT.==f" ~\= ~~~ 
=-t tpLH tpHl 

OP~~~i~ ____ V- :_~,'O.DVV 
TRANSITION ---'f\ ______ /7I_'-----__ 

WF002450 HIGH 1 _ -OV O.SV 

TC0010l0 WF002440 

Notes: 1. Diagram shown for Enable LOW. 
2. 81 and 82 of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate < 1.0MHz; 20 = son; tr < 2.5ns; tf < 2.5ns. 

SWITCHING CHARACTERISTICS (T A = + 25°C, VCC = 5.0V) 

Parameters Description Test Conditions 

tPLH 

tpHL 
Propagation Delay, Input to Output 

!sKEW Propagation Delay Skew, tPLH - tpHL CL=50pF 
See test circu~ 

tZL 

tZH 
Output Enable Time, ENABLE to Output 

tLZ CL = 5pF 
tHZ 

Output Disable Time, ENABLE to Output See test circuit 

SWITCHING CHARACTERISTICS· over operating range unless otherwise specified 

Parameters Descriptions 

tPLH 

tpHL 
Propagation Delay, Input to Output 

!sKEW Propagation Delay Skew, tpLH - tpHL 

tZL 

tZH 
Output Enable Time, ENABLE to Output 

tLZ 

tHZ 
Output Disable Time, ENABLE to' Output 

Test Conditions 

CL=50pF 
See test circuits 

CL = 5 pF 
See test circu~ 

COMMERCIAL 
Am26LS32B 

Min Max 

26 

26 
4.0 

33 

22 

27 

27 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Min Typ Max 

16 21 

17 21 

1.5 3.0 

16 22 

10 16 

11 18 

13 18 

MILITARY 
Am26LS32B 

Min Max 

26 

26 

4.0 

33 

22 

27 

27 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Am26LS34 
Quad Differential Line Receiver 

DISTINCTIVE CHARACTERISTICS 

• Meets all requirements of EIA Standards AS-422, AS-
423, CCITT V.l0 and V.ll, and the new party line 
standard in development under EIA Project Number 
1360. 

• ± 200m" sensitivity over input voltage range 
• ±150mV sensitivity for VCM = 0 
• - 7V to + 12V common mode input voltage range 
• 12kn. minimum input impedance 

• Maximum guarantees for tpD skew 
• All AC and DC parameters guaranteed over MIL and 

COM'L temperature ranges 
• Guaranteed input voltages hysteresis limits 

- 120mV minimum 
- 300mV maximum' 

• No internal failsafe 
• Pin compatible with Am26LS32/32B/33 

GENERAL DESCRIPTION 

The Am26LS34 is a high performance, quad, differential 
line receiver. It has higher impedance and higher input 
voltage hysteresis than the similar Am26LS32B. The 
Am26LS34 also does not have internal fail-safe to allow 
greater user flexibility. 

Input threshold sensitivty is specified for three different 
VCM ranges. The improved sensitivity, guaranteed hystere-

sis and skew limits allow a more critical analysis of system 
performance in high noise environments and better system 
performance capability. 

All performance parameters are guaranted over ± 1 0% 
supplies and over the operating temperature range. In 
addition; IOL is specified to 24mA for easy system, bus 
interfacing. 

BLOCK DIAGRAM 

GND OUTPuT 0 OUTPUT C OUTPUT B OUTPUT A 

80001640 

RELATED PRODUCTS 

Part No. Description 
26LS29 Quad Three-State Single Ended AS-423 Line Driver 
26LS30 Dual DifferEmtial RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
26LS32 Quad Differential Line Receiver 
26LS33 Quad Differential Line Receiver 

01025A 
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CONNECTION DIAGRAM 
Top View 

,NPUTS' I Vee 

I,NPUTS. 
OUTPUT A 

ENABLE OUTPUT B 

OUTPUT C ENAill 

,NPUTse I OUTPUT 0 

I'NPUTS 0 
GNO 

CDOO3090 

Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

'"~'l' 
+ 2 

OUTPUT A 3 

ENABLE 4 

OUTPUTC 5 

+ 6 

INPUTse { 

- 1 

GND • ------' 

DIE SIZE 0.056" x 0.084" 

ORDERING INFORMATION 

16 Vee 

15r 
INPUTS 8 

14 + 

13 OUTPUT B 

12 ENABLE 

11 OUTPUT 0 

AMD products are available in several packages and operating ranges. The order number is formed by.a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26LS34 

Device type 

o C B l L L S~r:~~i~9 S~~~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D-16-pin CE.RDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X-Dice 

Quad Line Receiver 

10-47 

Valid Combinations 

PC 

Am26LS34 DC, OM 
FM 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Supply Voltage ................................................... 7.0V Commercial (C) Devices 
Commom Mode Voltage ...................................... ±25V Temperature ..................................... O'C to + 70'C 
Differential Input Voltage ....................................... 30V Supply Voltage ............................ + 4.75V to + 5.25V 
Enable Voltage ........•.......................................... 7.0V Military (M) Devices 
Output Sink Current .......................................... 50mA Temperature ................................ -55'C to + 125'C 
Storage Temperature Range ............... -65'C to + 165'C Supply Voltage ....... ; ..................... :. + 4.5V to + 5.5V 
Stresses. above those listed' under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function-
RA TlNGS may cause permanent device failure. Functionality ality of the device is guaranteed. 
at or above these limits is neft impli8d. Exposure to absolute 
maximum. ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

VTH 

VHYST 

RIN 

liN 

liN 

VOH 

VOL 

VIL 

VIH 

VI 

VIQC 

10 

IlL 

IIH 

II 

ISC 

lee 

Nole: I. 

Description Test Conditions Min 
Typ 

Max Units 
(Nole I) 

VCM-OV -150 ±90 +150 

Differential Input Voltage VOUT = VOL or VOH 1-7V<:VCM<:+12V -200 +200 mV 
-15V<:VCM<:+15V -400 +400 

Input Hysteresis 120 180 300 mV 

Input Resistanoe -15V <: VCM <: + 15V (One input AC ground) 12k 20k 40k n 
Input Current (Under Test) VIN = +12V 0.7 1.0 mA 

Input Current (Under Test) VIN =-7V -0.5 -0.8 mA 

VCC - Min, ~VIN = + I.OV -12mA 2.0 
Output HIGH Vollege 

VENABLE = 0.8V -lmA 2.4 3.4 Volts 

VCC= Min, 10H= t6mA 0.4 
Output LOW Voltage Vee = Min, ~VIN =-I.OV Volts 

VENABLE = 0.8V IOL=24mA 0.5 

Enable lOW Voltsge 0.8 Volis 

Enable. HIGH Voltage 2.0 Volts 

Enable Clamp Voltage Vee- Min,IIN--16mA -1.5 Volis 

Open CircuH Input Voltage 2.0 3.0 Volts 

Off·State (High Impedance) I Vo = 2.4V 50 

Output Current Vee = Max I Vo - O.4V -50 "A 

Enable lOW Current VIN -0.4V -0.03 -0.2 mA 

Enable HIGH Current VIH - 2.7V 0.5 20. "A 
Enable Input High Current VIN = 5.5V I 100 "A 
Output Short Circuit Current VO-OV, Vee-Max, ~VIN=+I.OV -30 -65 -120 mA 

Power Supply Currenl Vee - Max, All VIN - GND, Outpuls Disabled 52 70 mA 

All typical values are Vee - 5.0V, TA - 25'C. 

10-48 
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SWITCHING TEST CIRCUIT PROPAGATION DELAY ENABLE AND DISABLE TIMES 
FOR THREE-STATE OUTPUTS (Notes 1 and 3) (Notes 2 and 3) 

TEST 
Vee ENABLE~~~ ::~ POINT 

FROM OUTPUT I.A 
Sl~ 

OUTPUT -- '---- -1.3\1 :=:t====t VOH - ",~.~ UNDER TEST l 1'4 .... 7' 
Cl.lNCLUDES 

R ~ t ALL DIODES 
.? VOL 

OUTPUT - -4.5V 0.5V 

OPPOSITE =\ 'PLH ~ +I.OV 

NORMALLY 1.3V -1.5V 
PROBE AND JIG I 1.~n ..; F- ~~~OR LOW 5:z OPEN Val CAPACITANCE 

~~~ ~~~~- --OV I--i-: 'ZH 'HZ I t v H 
TRANSITION -1.OV OUTPUT~~O 

WF002240 NORMALLY S OPEN 1.3V -1.5V 
HIGH 1 --OV 0.5V 

TCOO1010 WF002440 

Noles: I. Diagram shown for Enable LOW. 
2. 51 and 52 of Load Circuil are closed excepl where shown. 
3. Pulse Generalor Rale" I.OMHz; Zo = 50n; Ir, If" 2.5ns. 

SWITCHING CHARACTERISTICS (T A = + 25°C, VCC = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

tPLH 18 24 ns 

tpHL 
Propagation Delay, Input to Output 

20 24 ns 

tSKEW Propagation Delay Skew, tpLH - tpHL CL=50pF 
See test circuit 

2 4 ns 

tZL 16 22 ns 

IZH 
Output Enable Time, ENABLE to Output 

10 16 ns 

tLZ CL=5pF 11 18 ns 

tHZ 
Output Disable Time, _ ENABLE to Output See lest circuit 13 18 ns 

SWITHCING CHARACTERISTICS* over operating range unless otherwise specified 

COMMERCIAL MILITARY 

Am26LS34 Am26LS34 

Parameters Description Test Conditions Min Max Min Max Units 

tpLH 30 30 ns 

tpHL 
Propagation Delay, Input to Output 

30 30 ns 

tSKEW Propagation Delay Skew, tpLH ~ IpHL ' CL=50pF 
See test circuit 

±5 ±s ns 

tZL 33 33 ns 

tZH 
Output Enable Time, ENABLE to Output 

22 22 ns 

ILZ CL=5pF 27 27 ns 

tHZ 
Output Disable Time, ENABLE 10 Output See test circuit 27 27 ns 

• AC performance over the operating temperature range is guaranteed by testing defined In Group A, Subgroup 9. 

10-49 
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Am26LS38 
Quad Differential Backplane Transceiver 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• 10Mb data rate • Driver register and receiver latch with register bypass 
• O.45V DC noise margin 
• Bialling line terminations allow low voltage swing while 

maintaining high noise margin 
• Pair delay 55ns maximum 
• Controlled driver skew to minimize noise 

mode 
• Driver output short-circuit protected to Vee limits 
• Outputs disabled during power-up and down 
• Three-state receiver outputs maintain Hi-Z during power-up 

and down and over Vee range 

GENERAL DESCRIPTION 

The Am26LS38 is a high performance backplane transceiv
er designed to integrate Schottky TIL performance, high 
noise immunity and wired logic capability into a low cost 
differential backplane structure. The resulting backplane 

can have up to 24 receiver unit loads in a party-line, wired
OR logic configuration, with a guaranteed fail-safe state, 
and operates from a single 5V power supply. 

BLOCK DIAGRAM 

NRC)~~------------------------, 

CP'-""----'""'='" 

EHL..-'--=='--' 

OiD-D ...... -i--, 
s c)--C>o-t---\., 

HC>~~+===~+=====~ __ ~ ____ , 
r-~-HC8A 

1110 C~-+''-H 

DII 18 

DOl iii 

DIC Be 

DOC iiC 

DIO ID 

DOD 'iD 

8DOO1380 

021638 
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ALE 

!II ... 
00. ... 
D08 

DOC 

DOC 

"'" 
DOD 

GNI> 

Note: Pin 1 

CONNECTION DIAGRAM 
Top View 

DIP Chip-Pak 
L-28-1 

... !II "'" He """ Vee 

Ii!" -... 
III DI8 .. D08 

iii 
NC 

Be 

R DOC 

80 DOC 

iii DID 

!Ii 

CP 
DUO S GND Me CP 

is marked for orientation 

SYSTEM CONNECTION DIAGRAM 

I 
I 
I 
I 
I 

I TIIANSCaYEII I 
L~~ ____ -.J 

I~ 
J 

CDOO1590 

ORDERING INFORMATION 

Ii! SA 

Ii 

BB 

iI 

He 

Be 

R 

aD 

Eli liD 

CDOO1770 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am26LS38 

Device type 

DeB l L L Screening Option 
Blank - Standard processing 

Temper!u~eB(~:~n Operating Range) 
C - Commercial (O°C to + 70°C) 
M -Military (-55°C to +125°C) 

Package 
D- 24-pin SLIM DIP 
L - 28-pin Chip-Pak 
X-Dice 

Quad Differential Backplane Transceiver 

10-51 

Valid Combinations 

DC, DCB, DM, 
DMB 

Am26LS38 LC, LCB, LM, 
LMB 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

021638 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

BA, BB, 110 Paired o!>'!n' emitter (B;)/open collector (BI) driver outputs and receiver inputs. The driver outputs are either 
BC, BD simultaneously active or simultaneously inactive. In the inactive state (Dli - LOW) both drivers (B; and Bj) are turned ml)' BA, off and the voltage differential representing the OFF state is determined by the line terminating resistor networks. In 
,~, the active state (01; = HIGH), both drivers are driven on and act to reverse the voltage differential across the line to 

lm (B;) produce the ON state. 
The open·emitter/open-collector outputs are always connected in a wired-OR (or wired-AND) configuration. A driver is 
disabled by making its outputs inactive. 

23 ~ I Bus Enable operates to enable or disable all output drivers by making them inactive when ~ = HIGH and controlled 
by data input when ~ = LOW. 

13 CP I Clock Pulse input to the driver register enters data' on the LOW-to-HIGH transition. 

DIA,DIB, I Data inputs to each driver's buffer or register. A HIGH input to 01; will result in an active (ON) output. A LOW input will 
DIC, cause an inactive (OFF) output. ' 
DID (01;) 

DOA, 0 Receiver data latch outputs. An inactive bus (OFF state) will produce a LOW DO; output and an active bus (ON state) 
DOB, will produce a HIGH DO; output. 
DOC, 
DOD (00;) 

14 EN I Clock Enable for the driver registers. EN = LOW enables Dli data to be clocked into the resP'!ctive register. 
EN = HIGH acts to hold previous data in each register regardless of the state of CPo 

2 C5E I Output Enable for the receiver latch output buffer. When C5E is LOW the outputs are enabled. When OE is HIGH all 
receiver outputs are in ·the high impedance state. 

1 RLE I Receiver Latch Enable for the receiver latches. When RLE is HIGH the latches are transparent. When RLE is LOW 
received data meeting the setup and hold requirements relative to the HIGH-to-LOW transition of RLE will be stored. 

11 S I Select input control for the drivers. When S is HIGH driver data from the registers will be selected (Register Mode). 
When S is LOW (Buffer Mode) the drivers respond to the 01; inputs directly, bypassing the driver registers. 

FUNCTION TABLE 

Inputs Outputs 
Function 

RLE CP EN OE S BE 011 BI Bj BI Bj 001 
, 

H X X L L L L NA NA L H L Driver buffer mode (loop test) 
H X X L L L H NA NA H L H 

H I L L H L L NA NA L H L Driver register mode 
H I L L H L H NA NA H L H 

H X X L X H X L H NA NA L Receiver latch mode 
H X X L X H X H L NA NA H 

L X X L X H X X X X X DO;n_l Receiver in circulation 

X X X H X H X X X X X Z Receiver output in high iffiP'!dance state 

H-HIGH DOin _ 1 = Previous state of DO; X - Don't care 
L=LOW Z = High impedance NA = Not applicable 
1= LOW-to-HIGH transition of clock 

FUNCTIONAL DESCRipTION 
The Am26LS38 represents a new approach in backplane 
transceiver design. Its unipolar differential signalling scheme 
minimizes problems associated with crosstalk and the loss of 
noise immunity due to common mode voltage while providing 
high speed, party line and wired logic capabilities. 

A good ground system and shielding are the best methods for 
limiting noise on the backplane. Ground planes can significant-
Iy reduce inductive ground voltage ringing. Where multilayer 
PC backplane are not a reasonable choice, a differential bus 
can be created using the Am26LS38.and twisted pair or any 
balanced transmission medium. 

A backplane designed with an Am26LS38 has 3 main ele-
ments; 1) a driver section, 2) a receiver section, 3) and a 
controlled impedance differential line with a pre-biasing line 
termination. The scheme for driver, receiver, and termination 
resistors is sl10wn in Figure A. 

SYSTEM OPERATION 
The system has two operational states. 

1. Active - driver outputs on 
2. Passive - driver outputs off 

10-52 

This 2-state (active/passive) operation makes passive or 
wired logiC functions possible. In the passive state, the lines 
assume a known polarity and voltage (pre-biased bus). The 
passive bus state may be aSSigned either the false (wired-OR) 
or true (wired-AND) sense, potentially reducing the number of 
backplane Signal lines. 

The 2-state driver employs active pull-down (open collector) 
and active pull-up (open emitter) output stages (Figure A). 
When a driver is active, both output stages turn on. This 
impresses a O.SV minimum voltage differential on the bus, 
reversing the voltage acros,s R2. In the passive mode both 
output stages are off. The voltage levels and polarities return 
to the conditions set by the pre-biasing resistive network. In 
either state the voltage across the differential lines are 
symmetrical about Vcc/2. The system achieves high speeds 
because the voltage levels required to change state are very 
close together. 

The receiver is designed with a ~SOmV threshold voltage. This 
low threshold level combined with. a driver output greater than 
SOOmV provides a high degree of tolerance to attenuation and 
reflection effects in the cable. Receiver hysteresis provides 
differential noise immunity. Without hysteresis, a small amount 
of noise around' the switching threshold could cause errors. 

02163B 
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Propagation delay skew (tpHL -tPLH) is controlled. The system 
allows up to 1.5V of common mode voltage. 

TERMINATING THE TRANSMISSION LINE 
OR BUS 

Common mode reflections in the line can be reduced signifi
cantly by symmetrically terminating the bus. This increases the 
tolerance to common mode noise. Centering the network at 
Vcc/2 (R1 = R3) further improves the performance by causing 
all induced noise and reflections to appear as a common 
mode signal (Figure B). 

v, 

Voc 

v. 

Figure B. Object Circuit )0 
3 

VT 
I\) 
en 
r 

R, en 
Co) 
C» 

R. :=J~" 
R. 

-=-
DFOO0310 

Figure A. The Scheme for Driver, Receiver, and Termination Resistors 

YT 

., 

A first order approximation of resistor values may be devel
oped by letting the ratio of Rl to R2 be 2:1, and the Thevenin 
equivalent resistance of the termination equal the characteris-
tic impedance of the line (Zo). . 

Then: 

R2 
(1) Voc=Vr--

R2 + 2Rl 

2R1R2 
(2) RrH=---

2Al + R2 

From equation (1) and (2), 

VrRTH 
(3) A1=--

2VOC 

VrRrH 
(4) A2=--

Vr-Voc 
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VT 

., 

., 

·3 

DFOO0330 

If Vr = 5V, Voc = 1.0V, and RTH = gOn = Zo, we can derive 
that Rl--220n, R2-11 On. 

Second order adjustments require attention to unit loading 11 
factors (receiver differential input resistance is in parallel with • 
R2), transmission rates and a host of other factors. 

DATA PATH 

Figure C shows the data path .from one driver to another 
receiver for one bit of the bus interface. 

The transmit register or buffer and receiver latch are config
ured to provide two modes of operation. The register and latch 
can provide local storage for output and input data. In the non
storage mode the buffer input to the driver can be selected 
and the receiver can be wired transparent. Incorporating 
storage on-chip provides improved speed and lower package 
count without significant penalty in the non-storage mode. 

021638 
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Figure C. The Data Path for One Bit of the Bus· Interface 

INlEIIHAL BUS 

r---r---'---. -+--------,--~ 

I: I 
I ~ I 

L _____ --J 
Iii 

EXTERNAL BUS 

,--- --I 

I I 
I R: ---------r-=~;__, RECE~~~INPUT I 
L.-_______ _ __ -----1 

INTERNAL BUS 

EQUIVALENT CIRCUIT 
Recommended Termination 

liz' 

DF000320 

DFOO0340 

Operating Temperature Range Equivalent Termination Versus DC Resistance 

Zo Rl = Rl' R2=R2' 

90n 220n 11 on 
120n 300n 150n 

Minimum line Vo (differential voltage) = O,5V 

10-54 

Zo Ro 

aa,on 44,On 
12o,on so,on 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Supply Voltage ................................................... 7.0V Commercial (C) Devices 
Common Mode Range .................................. 0 to Vee Temperature ..................................... O°C to + 70°C 
Differential Mode Range (REC) ......••............... 0 to VCC Supply Voltage ............................ + 4.75V to + 5.25V 
Logic Inputs .........•............................................ 5.5V Military (M) Devices 
Storage Temperature Range .................. -65 to + 150°C Temperature ..............•................. -55°C to + 125°C 

Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage ............................... + 4.5V to + 5.5V 

RA TINGS may cause permanent device failure. Functionality Operating ranges define those limits over which the function-
at or above these limits is not implied. Exposure to absolute ality of the device is guaranteed. 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions 

Bus Driver Output 

Output Differential Voltage J3r=LOW 
Vo (Driver Active) VBi-VBi Dli-HIGH 

Test Circuit # 1 

Oil-HIGH la 
ISS Output Current Test Circuit # 2 Ib §E=LOW 
ISC Output Short Circuit Current Vee = 5.5V 

Bus Receiver Input 

VTH 
Differential Input VCM= 0 to Vee 
Threshold Voltage VOUT = VOL or VOH 

RIN Input ReSistance to GND O";Vee";Vcc Max 

RIN Differential Input Resistance O";Vee";Vee Max 

Vos Center Voltage Test Circuit #3 
Active and Passive 

IVos I· IVos 1 
Center Voltage Difference Test Circuit #3 (Active vs Passive) 

Non-Bus Input and Outputs 

IOH--15mA 
VOH Output HIGH Voltage aVIN=+O.IV IOH=-24mA 

MIL, IOl = 32rnA 
VOL Output LOW Voltage aVIN--O.1V COM'L, IOl = 48rnA 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 
Voltage for All inputs 

Vil Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for All Inputs 

I Data 

III Input LOW Current VIN - O.4V I Control 

I Clock 

IIH Input HIGH Current VIN= 2.7V 

Ise Output Short Clrcutt Current VCC- 5.5V 

II Input Leakage Current VIN-5.5V 

VIC Input Clamp Voltage liN = -18mA 

VO-2.4V 
IOZ Leakage Current Passive Vo=0.4V 

I TA-70'C 

Icc Power Supply Current !!iE, rn:: = HIGH Te = 125"C 

I -55 to + 125"C 

10-55 

Min Typ Max Units 

0.5 Volts 

-22.5 -55 -115 

+22.5 +55 +115 rnA 

-75 -1 -250 rnA 

-50 ±10 +50 rnV 

4 5.7 kn 

8 11.4 kn 

2.0 Vee/2 3.0 Volts 

90 300 rnV 

2.4 3.4 

2.0 3.3 Volts 

0.5 

0.5 Volts 

2.0 Volts 

0.8 Volts 

-275 -400 p.A 

-0.65 -1.0 rnA 

-0.65 -1.0 rnA 

0.1 +50 p.A 

-75 -150 -250 rnA 

1 rnA 

-0.75 -1.2 Volts 

+50 

-50 p.A 

145 

130 rnA 
110 160 

021636 
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I SWITCHING TEST CIRCUIT 

.i 
Test Circuit # 1 Test Circuit # 2 

R, =2000 
~=5O/l 
cL = 50pF 

TCOOO71 0 

Vcc/2 

TCOOO740 

Test Circuit # 3 Test Circuit #4 

100 

'00 

TC000730 

TEST 
POINT VCC 

-~>--"""""K 1---<t--<rSI ~, RL FROM OUTPUT 
UNDER TEST 

CL INCLUDES 

PROBE AND JIG I 
CAPACITANCE 

ALL DIODES 
IN916 OR 
IN3064 

lson 

TCOO0360 

Notes: 1. CL = 50pF unless otherwise specified. 
2. 51 and 52 are closed except where shown. 

10-56 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Parameters Oescrlptlon Test Conditions 

toBA 01; to B;I B; Propagation Active BE=LOW Test CircuH 
tDBP Delay ~ S=LOW #1 

leBA CP to B;/B; Propagation Active BE=LOW Test CircuH 
teBP Delay ~ S=HIGH #1-

tpA BE to B;/B; Propagation Active DI;-HIGH Test Circuit 
tpp Delay ~ S=LOW #1 

!s Dli to Clock Setup Time 

tH 01; to Clock Hold TIme 

ts 8ii to Clock Setup TIme 

tH 8ii to Clock Hold Time BE=LOW 

ts B;/B; to RLE Setup Time 

tH B;/B; to RLE Hold Time 

tPLZ/tpHZ CL-50pF 
Test Circu" 
#4 

OE to DOi Disable Time Test Circu" 
tpLz/tpHZ CL = 5pF #4 

tPZL Test Circuit 
tPZH 

C5E to DO; Enable Time #4 

tpLH Test Circu" 
tPHL 

RLE to DO; OE=LOW #4 

B;/B; to DOi 
RLE-HIGH Test Circuit 

tpRX OE = LOW #4 

tPLH BE to DO; Propagation RLE = HIGH • Test CircuHs 
tPHL Delay OE=LOW #1, #4 

tpLH S-LOW Test circuits 01; to DOl (Buffer Mode) RLE=HIGH #1, #4 
IpHL C5E- LOW 

tpLH S=HIGH Test CircuHs CP to DO; (Register Mode) RLE- HIGH 
tpHL DE=LOW #1, #4 

tPWL 

~ Clock Pulse Width 
tPWH HIGH 

tPWH RLEPulse Width HIGH 

Propagation Delay Skew Vee=5V Test Circu" 
!sKEW CL=50pF 

(tPLH - tPHU Measurement Vcc/ 2 # 1 

10·57 

COMMERCIAL MILITARY 

C DEVICES M DEVICES 

TA=O to +70'C TA =-55 to + 125'C 
Vee = S.OV ± 10% Vee = 5.0V ± 10% 

Min Max Min Max Units 

12 16 

12 18 ns 

20 24 

20 24 ns 

17 22 

12 18 ns 

7 7 

3 4 

10 10 

0' 0 ns 

7 7 

3 3 

17 20 
ns 

10 13 

15 17 

15 17 ns 

15 20 

20 24 ns 

21 25 ns 

32 42 ns 

30 40 ns 

35 44 ns 

10 10 

10 10 
ns 

13 13 ns 

±7 ±10 ns 

021638 
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SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) . . 
Parameters 

tOBA 

tOBP 

leBA 
tcep 

tpA 

tpp 

Is 
tH 

Is 
tH 

ts 

tH 

tPLZltpHZ 

tpLZltpHZ 

tPZL 
1 

tPZH 

iPLH 

tPHL 

tpAX 

tpLH 

tpHL. 

tpLH 

tpHL 

tpLH 

tpHL 

tPWL 

tpWH 

tPWH 

tSKEW 

Description Test Conditions Min Typ M~ Units 

Dli to Bi/tii Propagation Active M'-LOW Test Circuit 7 10 
Delay Passive S-LOW #1 ns 

7 10 

CP to Bi/til Propagation Active ~-LOW Test Circun 10.5 16 
Delay Passive S-HIGH #1 ns 

13 16 

tiE 10 B;ltii Propagation Active Dli-HIGH Test Clrcun 8.5 12 
Delay PassiVe S-LOW #1 ns , 4 8 

Dli to Clock Setup TIme 5 2.5 

Oil to Clock Hold Time 2 0 

EN to Clock Setup Time 
tiE = LOW 

8 4 

EN to Clock Hold TIme 
ns 

0 -4 

B;/tii to ALE Setup Time 5 2.5 

Bi/tii 10 ALE Hold Time 2 0.7 

CL=50pF Test Circuit 20 #4 
~ to DO; Disable Time I ns 

CL - 5 pF 
Test Circuit 13 #4 

17 
l:5E to DOi Enable Time Test Circuit 

#4 ns 
17 

Test Circuit 11 13 
ALE to DOi OE=LOW #4 ns 

14 17 

BilBilo DO; ALE = HIGH Test Circuit 12 17 ns ~-LOW #4' 

M' to DO; Propagation ALE= HIGH Test Clrcuns' 15 25 ns Delay l:lE= LOW #1, #4 

S-LOW Test Circuit Dli to DO; (Buffer Mode) ALE- HIGH 18 25 ns 
OE=LOW #1, #4 

S=HIGH Test Circuits CP to DO; (Aeglster Mode) ALE = HIGH #1, #4 22 28 ns 
OE=LOW 

I LOW 10 3 
Clock Pulse Width I HIGH 10 5 ns 

ALE Pulse Width I HIGH 10 6 ns 

Propagation Delay Skew Vcc- 5V Test Circun CL-50pF ±1 ±5, ns 
(tPLlrtPHU Measurement Vcc/2 #1 

SWITCHING WAVEFORMS 

(1) 011 to BioS., 001 (Buffer Mode) 

AU! 

iii 

"I 

ot,-I 

~ 
-'-

e. 

- -- 4 .. -Ii 

-..... 'PA'-
DO, 

:---'o.H- ~'''''-

10·58 

UtI 

IN 

IV 

'.IV 
tN 

"cc12 

, 
Vcc12 

- • .IV 

~ 

WF002090 
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SWITCHING WAVEFORMS (Cant.) 

(2) CP to BI,S" DOi (Register Mode) 

~---------------------------------------------------------- 4.5V 

~--~------------------------------------------------------ IN 

-~---""\. r---""\. I 
EN \.O ___ T '" ..... __ --', _______ _ 

Is IH 

CP J-- ,-----

3V 

1.511 

IN 

3V 

1.511 

IN 

~ ---~ 
3V 

1.5V 

IN 

Vcc12 

VW' 

WF002100 

(3) BE to Bi,S" DOj (PaSsive(and Active) (4) Output to Output 

01; 

ALE 

S 

liE 

BE 

Ipp 'pA 

II; 

I .. IpA 

a. 
tpHL 'PlH 

DO; 

4.5V 

OY 

3V 

1.5V 

OY 

WF002060 

10-59 

a, 

.. 1f- Vcc12 

WFOO2250 
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SWITCHING WAVEFORMS (Cont.) 

(5) RLE to DOi 

l '\ 

(6) OE to DOi 

, 
J 

-'ZL-
~OPEN , -,.sv 

-'ZH 

~ ______ S_,OP_E) -,.sv 

NORMALLY HIGH 

'\ 

10-60 

ov 

3V 

1 '.5V 

fN 

Vcc12 

Vcc/2 

WF002070 

~ ,.SV 

I-'Lzl 
r-fsv-

1-'''' + 
! 

WF002080 
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MOS . Microprocessor Support 
Products 

Am7960 
Am7990 
Am7991 AI Am7992A 
Am8120 

Am8127 
Am8152A153A 
8284A18284A-1 
8286/8287 

·8288 

Coded Data Transceiver ................................................ 11-1 
Local Area Network Controller for Ethernet (Lance) ........... 11-12 
Serial Interface Adapter (SIA) ............................... ; ..... :.11-37 
Octal D-Type Flip-Flop with Clear, Clock Enable 

and Three-State ControL........................................... 11-50 
AmZ8000 Clock Generator .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11-56 
Video System Controller (VSC)...................................... 11-67 
Clock Generator and Driver for 8086, 8088 Processors· ...... 11-83 
Octal Bus Transceivers ................................................. 11-92 
Bus Controller ........................................................... 11-98· 

Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 



Am7960 
Coded Data Transceiver 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Manchester encoder -decoder transceiver • "Modem-like" controller interface 
• Matched filter receiver • Transmit Ildge rate control 
• Frequency agile for data rates between SOOKbps and 

3Mbps 
• High impedance interface to coupling transformer 
• 2V differential output to 37.Sn 

• 32dB dynamic range (transmit to receive) 

GENERAL DESCRIPTION 

The Am7960 is a combination of a Manchester encoder! 
decoder and a transceiver. It is designed for use in 
synchronous communications systems which require com
mon mode isolation in point-to-point or common bus 
architecture. It is frequency agile over the range of O.SMbps 
to 3Mbps. This SV device provides 32dB of dynamic range, 
and guarantees 2V output into 37.Sn. A single external 

component controls the slew rate of the transmitter, and a 
matched filter in the receiver minimizes false starts improv
ing reliability. 

CONnICLLEfI 

The Am7960 has a modem-like controller interface which 
makes it compatible with nearly every existing synchronous 
communications controller (USARTs, secs, etc). 

BLOCK- DIAGRAM 

Am7960 

r----------------~"'::'--r_-_i::t:_~ 

IITi 

T..o 

... 
Cii 

I 
~ I CHANNEL 

~ ~ \Icc, 

I ACOUIIIE 
iCP _E 

ALTER 

~ Cii 

Ci II£CE1YE -= GND2 ....... 
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PIN DESCRIPTION 
, 

Pin No. Name I/O Description 

Controller Transmit Interface Signals 

TxC 0 Transm~ Clock. Transmit Clock is data transmit bit clock. All transmit interface signals are synchronized to this clock. 
This signal is always active. 

TxD I Transmit Data. Transmit Data is the serial transmit data. 

Jrn! I Request to Send. The communication controller indicates that it wishes to transmit data by asserting Request to Send. 
Once started, only negating Request to Send can stop transmission. 

rn'S 0 Clear to Send. The Am7960 asserts Clear to Send when it can· encode and transmit data on the channel. 

Controller Receive Interface Signals 

RxC 0 Receive Clock. Receive Clock is the data receive bit clock. All controller receive interface signals with the exception of 
Advance Carrier Presence are synchronized to this clock. When there is no carrier on the line, this Signal is OFF. 

RxD 0 Receive Data. Receive Data is the serial receive data. 

Arn; 
Advance Carrier Presence. Advance Carrier Presence is asserted whenever the receiver has detected line activity. It 

0 is negated after there haS been no line actlv~ for 2 bit times (quiet line). During transmission Advance Carrier 
Presence is internally negated. This signal is asynchronous with both Transmit Clock and Receive Clock. 

05 0 Carrier Presence. Carrier Presence is asserted after internal clock acquisition and immediately before asserting 
Receive Clock. It is negated after either end of message or quiet line.· 

CS 0 Carrier Sense. Carrier Sense is asserted immediately before the first receive data b~ and negated after either a 
Manchester coding violation or quiet line. \ 

Channel Interface Signals 

TxLo 0 Transm~ Outputs. The difference between these outputs (TxLe - TxL,) is the channel transmit signal. There are 
TxL, provisions for controlling both the transmit slew rate and the short circu~ current. 

TVcc I Transmit Power Supply. The transmitter hes a separate power supply input. 

TSRC I/O Slew Rate Control. This pin is used to control the transmit slew rate with external passive components. 

RxLe I Receiver Inputs. The diflerenc~ between these .inputs (RxLe - RxL,) is the channel receive signal. RxL, 

Global Signals 

MRST 
Master Reset. Master Reset is an asynchronous transceiver tese!. When asserted, all interface signals will be 

I inhibited with the exception of Transmit Clock. It has an internal pullup reSistor, internal discharge clamp diode, and 
input hystereSiS to provide power·on reset with a single external capacitor to ground. 

Mode Control. Mode Control determines if the Am7960 will internally generate and recognize line preamble. When 
MODE I LOW, the Mode Control is in Mode 0 and uses preamble. When HIGH, the Mode Control is in Mode 1 and is preamble 

transparent. This in'put has an Internal pullup resistor. , 

TEST I Test Control. Test Control is not a user funclion. This input is used to functionally test the device. It should always be 
LOW when active. 

X, I Crystel Oscillator Conneclions. X, and X2 are the Crystal Oscillator Connections. The Am7960 can be either operated 
X2 from a crystal or driven from an external TIL clock. 

Vcc, I Power Supply. VCC' and VCC2 are 5.0 volt nominal power supply pins. 
VCC2 
GND, Ground Pins. GND2 

DETAILED DESCRIPTION Carrier Presence which will be off for the duration of the 

The Am7960 has two operating modes: Mode 0 and Mode 1. 
When transmitting, Mode 0 inserts a 32·bit preamble, Man· 
chester encodes the transmit data, and appends End Of 
Message. When receiving, Mode 0 identi.fies and removes 
preamble, decodes the Manchester line data, and removes 
End Of Mes$age. Mode 1 is identical to Mode 0 except 
preamble is neither generated on transmit nor detected upon 
reception; the Coded Data Transceiver simply passes data (bit 
for bit) onto the media and recovers it at the destination. One 
of these two modes will interface to almost all existing 
synchronous controllers. 

Manchester encoding is .employed in the Am7960. A 1 bit is 
encoded as a 0 followed by a 1; a 0 bit is a 1 followed by a o. 
Line end of message is two consecutive bils of 1 s. In Mode 0, 
the preamble will be a Manchester 1 followed by 30 bils cif 
alternating Manchester O· and 1 bits followed by a final 1. 

TRANSMIT 

The Am7960 has a modem.like contrOller interface. Transmis· 
sion is initiated by asserting Request To Send. Once started, 
only negating Request To Send can stop transmission. All 
receive signals are active with the exception of Advance 

11·2 

transmission. In either mode, Clear·To·Send is activated one 
transmit clock cycle before the Am7960 expeets transmit data. 

RECEIVE 

Th.e Receiver has three status lines: Advance Carrier Pres· 
ence, Carrier Presence, and Carrier Sense. Advance Carrier 
Presence indicates that the receiver is detecting line activity. It 
is asynchronous with both Transmit Clock and Receive Clock. 
Advance Carrier Presence is asserted for line signals above 
the Positive Presence Level or below the Negative Presence 
Level for more than 40ns. Line signals between the presence 
levels or less than 16ns will be rejected. Once asserted, 
Advance Carrier Presence will remain active until line Signal is 
absent for 2 bit times (quiet line). 

After the Am7960 has detected an active line, it attempts to 
acquire Receive Clock. Clock qualification is' achieved by 
sampling the presence levels. To qualify, a line signal must 
either be above the Positive Presence Level and then go 
below the Negative Presence' Level or below the Negative 
Presence Level and then go above the Positive Presence 
Level in 14 to 1"'14 bit times. After this occurs, the next line data 
transition starts the internal clock recovery circuitry.olf line 
becomes quiet or End Of Message detected, the clock will not 

04533A 
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be reacquired until Advance Carrier Presence is OFF and then 
reasserted. 

Active Carrier Presence indicates that the Am 7960 has an 
internally acquired clock. Heceive Clock will be active whenev
er Carrier Presence is active. Carrier Presence will remain 
active until either the line is quiet or End Of Message is 
detected. 

Carrier Sense becomes active when the Am7960 intends to 
transmit Receive Data to the controller. Carrier Sense stays 
active until either the line is quiet or an invalid Manchester cell 
is detected. Receive Data is OFF until Carrier Sense becomes 
active and remains active until Carrier Presence becomes 
inactive. 

The Am7960 decodes the line data by sampling the 1,t4 and :f4 
bit intervals with respect to the start of the cell. If these 
samples are opposite, valid Manchester data has been 
decoded. If these samples are the same and the next 1,t4 
sample is the same, the receiver has detected End Of 
Message. 

In Mode 0, valid preamble is defined as at least seven receive 
clocks, the last four as decoded Manchester 1 0 1 1. Until this 
criteria is met, the Am7960 will continue to hunt for preamble. 

CHANNEL 

The transmitter/receiver interface has been designed to 
provide a high impedance, low capacitance channel interface. 
There are provisions to externally control the transmit short 
circuit current as well as the slew rate of the transmit signals. 
Slew limiting the transmit signal decreases both the effect of 

- channel intersymbol interference and the presence of unde
sired harmonic frequencies. 

11-3 

The receiver provides a high impedance input over the total 
input operating range. A common mode voltage reference 
minimizes the number of external components needed for use 
with- coupling or isolation transformers. The receiver's high 
input sensitivity and large.dynamic range allows reception of 
both large (near end) and small (far end) signals. Its range also 
allows for operation immediately adjacent to an active trans
mitter without .overload damage. 

04533A 
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ABSOLUTE MAXIMUM aATINGS I OPERATING RANGES 
'Storage Temperature ................ : ........ -65·C to + 150·C Commercial (C) Devices 
Temperature Under Bias .................... -55·C to + 125·C 

, 
Temperature ..................................... O·C to + 70·C 

Supply Voltage Above Ground Potential. .•. -0.5V to +7.0V Supply Voltage ........... : ....... , ......... +4.75V to +5.25V 
Transmit Supply Current (Max) ................... , .. : ..... 250mA 

Military (M) Devices 
Receiver Common Mode Voltage ............ -0.5V to + 5.5V 

Temperature ................................ -55·C to +125·C 
Receiver Differential Input Voltage ............... : .......... 4:5V 

Supply Voltage ............................... + 4.5V to + 5.5V 
DC Output Current, Into Outputs, (Logic Outputs) ..... SOmA 

Operating ranges define those limits over whioh the funotion-
DC Input Voltage (Logic Inputs) .............. -0.5V to +5.5V 

ality of the devioe is guaranteed.' 
DC Input Current (Logic Inputs) .......... -SOmA to +5.0mA 
Power Dissipation .............................................. 1.0W 
Lead Soldering Temperature (10 seconds) ............. SOO·C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may oause permanent devioe failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affeot device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Name Description 

Controller Interf_ Slgnale 

VOH output HIGH Voltage Note 1 

VOL Output LOW Voltage Note 1 

,VOH Output MOS HIGH Voltage Note 2 

VOL Output MOS LOW Voltage Note 2 

VIH Input HIGH Voltage Notes 3, 4 

VIL Input LOW Voltage Notes 3, 4 

VAIH Reset Input HIGH Voltage Note 5 

VAIL Reset Input LOW Voltage Note 5 

VAH Reset Input Hysteresis Note 5 

VI Input Clamp Voltage Notes 3, 4 
and 5 

Notes 3, 4 
IlL Input LOW Current Note 5 

Notes 3, 4 
IIH Input HIGH Current Note 5 

II Input HIGH Current Notes 3, 4 
and 5 

I~ Short Circuit Current Notes I, 6 

RAsr Reset Resio;tor to Vee Note 5 

Transmit Channel Interface Signals 

Vr 

Vr 
Differential Transmij Output Voltage Note 7 

Vos 

Vos 
Common Mode Transmij Output Voltage Note 8 

VTO 
IVrl-lVrI Difference in Differential Note 7 Output Voltage 

Vosa 
IVos I-IVos I Difference in Common Mode Note 8 Output Voltage 

Iro liT I-lir I Difference in Output Currents Note 9 

lose Transmit Output Short Circuit Current 

lOX Off State Leakage Currents 

Cr Differential Transmit Input Capacitance 

) 

11-4 

Test Conditions Min Typ Max Units 

IOH=-lmA 2,4 V 

IOL= =8mA 0.5 V 

IOH -,-.4mA 3,9 V 

IOL-8mA 0.45 V 

2,0 V 

0.8 V 

Vee-Max Vee/2 V 

\ 0.8 V 

Vee-Min 0.20 V 

IIN--18mA -1.2 V 

-500 
VIN - 0.5V -1000 

50 
VIN - 2.4V 50 pA 

Vee = Min, VIN - 5.5V 1.0 rnA 

Vee = Max -40 -120 rnA 

20 kU 

-2.0 -2.7 -3,5 
AL = 37.5U 2,0 2.7 3.5 V 

RL = 37.5U 1.0 3.0 V 

RL = 37,5U -75 75 mV 

RL = 37,5U -75 75 mV 

RL - 37.5U -2 2 rnA 

Vee = Max -250 rnA 

Vee = Max -100 100 pA 
VOX =Veel2 
Transmit OFF 7 pF 

04533A 
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Name Description Test Conditions Min Typ Max Units 

Receive Channel Interlace Signals 

VTMax 
VIN Differential Receiver Input Voltage Note 10 VTMax V 

VTH Differential Receiver Offset Voltage Note 11 -5 5 mV 

VCM Common Mode Aeceiver Input Voltage Note 12 1.0 3.0 V 

VCPP Positive Static Carrier Presence Level Note 10 20 35 mV 

VCPN Negative Static Carrier Presence Level Note 10 -20 -35 mV 

RR Differential Receiver Input Resistance VT < VIN < VT 20 kn 0< Vee < Max 

CR Differential Receiver Input capacitance VT<VIN<VT 3 pF 

Global Signaia 

AN 

CN 

ICC 

Notes: 1. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 
9. 

10. 
11. 
12. 
13. 

Differential Node Aesistance Note 13 VT < VIN < VT 20 30 kn 0< VCC< Max 

Differential Node Capacitance Note 13 VT< VIN <VT 10 pF 0< Vee < Max 

Power Supply Current VCC= Max 190 mA 

Output Signals ACP, CP, e"S and Ci'S. 
Output signals T~AXC and RxD. 
Inputs TxD and . 
Inputs TEST and MODE. 
Input ~ only. 
Not more than one output should be shorted at a time. Duration of the short circuit lest should not exceed one second. 
VT and VL.!!:e the differential output signals TxLe-TxLl depending upon signal. polarity. 
Vos and Vos are the average of TxLa and TxLl depending upon signal polarity; 
IT and IT are the transmit output currents. 
VIN is the differential input signal RxLe-RxLl. 
Offsets are for differential input signals (Figure 1). 
VCM is the average AxLa and RxL1· 
Node impedance is with transmitter and receiver connected. 

, 
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SWITCHING TEST CIRCUITS AND SWITCHING TEST WAVEFORMS 

TEST CIRCUIT A. TTL OUTPUTS 

Yee 

OUTPUT 
UNDER 
TEST 

TCO00780 

TEST CIRCUIT B. MOS OUTPUTS 

OUTPUT 
UNDER 
TEST 

~I 

330Il 

TCO00770 

Note: C, includes test fixture capacitance. 

TEST CIRCUIT Co TRANSMITTER OUTPUT 

Ycc 

18.87n 

+---------_---0 VCM 

SLEW 
RATE 
CONTROL 

lU7l! 10lcll 

veMA 

J l000pF 

TC000760 

TEST CIRCUIT D. TRANSMITTER ASYMMETRY 

Vee 

TVee 

TxLo 

TxL, 

TSRe 

. SLEW 
RATE 

CONTROL 

PE 5156X OR EQUIVALENT 

TC000750 

SWITCHING TEST WAVEFORMS 

TEST CIRCUIT A. TTL OUTPUTS 

X 2.0YOLTS 
O.8YOLTS _____ ...3 

WF002140 

TEST CIRCUIT B. MOS OUTPUTS 

_------3.9Y X 3.8Y: _ 

______ .;;J O.9V= 1~ 
O.6Y 

WFOO2180 

TEST CIRCUIT D. TRANSMITTER ASYMMETRY 

_~_B _____ -,)(OVOLTS 

WF002220 

'" TEST CIRCUIT C. TRANSMITTER OUTPUT 
Rise. and Fall Times 

VA-va '-../-90% 
______ -'~~~1~~ _____ _ 

WFOO2150 

Transmit Latency 

_YA_-_Y_B __ ~~:~~:><-·~'-.... :::::_YC_M_A __ --

WFOO2180 

Common ·Mode Pulse Width 

Ycu~~"L.. 
VCUA -----==--v=----""-~ \....;1- v VCCMlMA-. --30-mV--

11-6 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Number Description 
Transmit Clock 

1 Transmit Clock Period Note 2 

2 Transmit Clock Width LOW Note 2 

3 Transm~ Clock Wi~h HIGH Note 2 

4 Transmit Clock Rise Time Note 2 

5 Transmit Clock Fall Time Note 2 

Transmit Control 

6 Setup ATS to t TxC Notes 1 and 2 

7 Hold R'i'S to 1 TxC Notes 1 and 2 

8 Minimum Inter·Packet Delay 

9 1 TxC to AQ> Inhibit Notes 1 and 2 

10 1 TxC to AQ> Enable Notes 1 and 2 

11 t TxC to C'i'S Enable Notes 1 and 2 

12 1 TxC to C'i'S Disable Notes 1 and 2 

13 Setup TxD to 1 TxC Notes 1 and 2 

14 Hold TxD to 1 TxC Notes 1 and 2 

Transmit Latency 

15 1 TxC to Encoded Data Line Clock Transition Notes 3 and 4 

16 I 1 TxC to Transmitter Disable I Notes 3 and 5 

Receive Clock and Data 

17 Receive Clock Period Note 2 

18 Receive Clock Width LOW Note 2 

19 Receive Clock Width HIGH Note 2 

20 Receive Clock Rise Time Note 2 

21 Receive Clock Fall Time Note 2 

22 1 RxC to Valid RxD Note 2 

23 Receive Data Rise Time Note 2 

24 Receive Data Fall Time Note 2 

Recalve Control 

25 Line Active to ~ Active Notes 1 and 6 

26 Line Quiet to ~ Inactive Notes 1 and 7 

27 ~ Width LOW Note 1 

28 ~ Width H!GH Note 1 

29 ~ Active to CP Active Notes 1 and 9 

30 CP Inactive to ~ Inactive Note 1 

31 1 st Line Data Transition to t· RxC 
Notes 2 and 8 

Notes 2 and 9 

32 CP Active to t RxC Notes 1 and 2 

33 I RxC to Inactive CP Notes 1 lind 2 

34 CS Active to 1 RxC Notes 1, 2 and 8 

35 I RxC to CS Active Notes 1, 2 and 9 

36 I RxC to CS Inactive Notes 1 and 2 

37 CP Active to CS Active Notes 1 and 9 

Channel Transmit Signals 

38 Transmit Slew Rate Coefficient 

39 Transmit Rise Time Notes 3 and 10 

40 Transmit Fall Time Notes 3 and 10 

41 Transmit Common Mode Pulse Width Notes 3 and 11 

42 Bit Cell Edge to Bit Cell Center Note 12 

43 Bit Cell Center to Bit Cell Center Note 12 

·44 Bit Cell Center to Bit Cell Edge Note 12 

45 Transmit Waveform Note 13 

11-7 
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Test Conditions Min Typ Max Units 

330 ns 

45% 55% TxC 

45% 55% TxC 

CL - 50pF 5 ns 

CL = 50pF 5 ns 

15 ns 

5 ns 

3 TxC 

0.3 0.5 TxC 

2.3 TxC 

.35 TxC 

.35 TxC 

15 ns 

5 ns 

0.75 1.0 TxC 

I 2.25 I I TxC 

92% 108% TxC 

42% 58% TxC 

42% 58% TxC 

Ct:- 50pF 5 ns 

CL - 50pF 5 ns 

-5 20 ns 

CL = 50pF to ns 

CL - 50pF 10 ns 

0.15 0.4 TxC 

2.15 2.4 TxC 

0.1 TxC 

0.1 TxC 

1.5 TxC 

0 ns 

3.5 
TxC 

1.0 

60 ns 

0 0.1 TxC 

60 ns 

0 0.1 TxC 

0 0.1 TxC 

r' 7 RxC 

TBD 

24% 30% 36% TxC 

24% 30% 36% TxC 

15 40 ns 

48% 52% TxC 

98% 102% TxC 

48% 52% TxC 

Monotonic 
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Number Description Test Conditions Min Typ Max Units 
Channel Receive Signals 

'46 Receiver Inpul SleW Rate .2 TBD V/TxC 

47 Receiver Filtered Positive Line .Pulse Width Note 14 16 ns 

48 Receiver Positive Line Active Pulse Width Note 14 40 ns 

49 Receiver Filter Negative Line Pulse' Width Note 14 16 ns 

50 Receiver Negative Une, Active Pulse Width Note 14 40 ns 

51 Receiver TIming DiSplacement Jitter Error Note 15 -7 7 %TxC 

52 Receiver Noise Jitter Error Note ,15 -5.5 5.5 %TxC 

53 Receiver Total Jitter Error Note 15 -12.5 12.5 %TxC 

Global Slgnal8 

54 Xtal FrequellllY 50 MHz 

55 TransmH Frequency Tolerance -0.1 0.1 % 

56 Master Reset Pulse Width TBD "S 
57 Initial Power-On Until Operation TBD "S 

Notes: 1. TIL levels. (Test Circuit Al. 
2. MOS levels. (Test CircuH Bl. 
3. TransmH slew rate set nominally at 30% TxC at 1 MHz. 
4. Measurementa mode wHh TEST CIRCUIT C at VA-Va-VCMA ±5mV. 
5. Differential output starts to approach 0 volts: 
6. Line active from differential receive signal has to meet minimum active width timing. 
7. Une inactive is from the last differential signal to meet the minimum active width timing. 
S. For Mode 1 only. 
9. For Mode 0 only. 

10. TransmH signals measured with TEST CIRCUIT C at VA-Va=10% and 90%. 
11. Transmit common mode pulse is measured with TEST CIRCUIT C at VCM-VCMA above 30mV ±5mV or below -30mV ±5mV 
12. TransmH Skew is measured wHh TEST CIRCUIT 0 at ±5mV. 
13. Transmitter shall be monotonic for both rise and fall. 
14. Differential receive signals less than the maximum filtered pulse width are guaranteed to be rejected by the receiver. Differential receive 

Signal greater than the minimum active pulse width are guaranteed to turn on the receiver. 
15. The Am7960 receiver jitter is defined as the p~centage edge displacement from the Ideal transmit signal at the transceiver data bit 

frequency over the period of the transceiver data bit frequellllY (Figure 2l.The jitter has been divided into two areas: characteristic and 
random. Characteristic jitter is edge disl!lacement due to asymmetry and intersymbol interference. Random jitter is gaussion eGlge 
displacement of mean 0 and sigma at 1t3 the maximum 'random deviation. 

TRANSMIT MODE 0 

.. 

&ru~ ~ TXCd ,5 ~\.JV~ rvvv 
• 1-1 1 

RTS T J'0 '. . 
k.!>-l 

ACP 1///////11 
~ 

15 

UNE 
DATA 1 0 1 0 

I 

CTS I 

TxD )l 

, 

0 

/11 \ 
~ 

~~\\\\~\~ 
~ r.N-f ~~Vl END OF MESSAGE " 

~ ~ 1.'DAIA 2nd DATA LA:::V~ 

~~® 

0 ')[ ~ 
' .. DATABIJ 2nd DATA B.T 

DATA BIT 

WFOOI640 
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TxC 

LINE 
DATA 

RxC 

R.D 

O~~ ---";""+---+K 

TxO 

RECEIVE MODE 0 

,., EDGE AFTER ACQUISmON 

WF001650 

TRANSMIT MODE 1 

\~----

1st OATA BIT ~----------------~){~---------------------
2nd DATA BIT NEXT TO LAST 

DI'-TABIT 
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0 
CD 
G) 

" E 
C 

LINE 
DATA 

ACP 

CP 

CS 

RxC 

RxD 

RECEIVE MODE 1 

ACQUISITION 

;;.1St EDGE AFTER ACQUISITION 't
L 
___________ -1 

~~~ ~ )D~ 

VA-va If 
-U® 

WFOOi680 

Common Mode Pulse Width 

Transmit Rise/Fall Time 

Transmit Latency 
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WFOO1560 

~-
WF001550 

WFOO1570 
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.. 
~ Ii 

B~ .. 11 
0:0: 

f ;i 
.. 0: 

~~ rs!:i 
~ 

VCPPMAlC 

Vcpp-

VTHMAlC 

VTH-

1Ic ... -

VCPNMAX 

DIFFERENTIAL 
RECEIVE INPUT 

RxLo - AxL1 

FIGURE 1. Receiver Thresholds 

Figure 2. Receiver Jitter 

1----.. ." = TRANSCEIVER DATA BIT PERIOD· 

RECEIVER JITTER == tj/tp x 100 
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I ANV SIGNAL HERE IS ABOVE 
POSmVE THRESHOLO 

l--"~" 
l-~--~-
l~-~~'" 

) 
ANY SIGNAL HERE IS BELOW 
NEGATIVE THRESHOLD 

WFOOl770 

WFOOl580 
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Am7990* 
Local Area Network Controller for Ethernet (LANCE) 

DISTINCTIVE CHARACTERISTICS 

• Ethernet and IEEE 802.3 compatible 
• Easily interfaced to 8086, 68000, Z8000, LSI-II micro

processors 
• On-board DMA and buffer management, 48 byte FIFO 
• 24-bit wide linear addressing (Bus Master Mode) 

• Network and packet error reporting 
• Diagnostic Routines 

- Internal/external loop back 
- CRC logic check 
-, Time domain reflectometer 

GENERAL DESCRIPTION 

The Am7990 Local Area Network Controller for Ethernet 
(LANCE) is a 48-pin VLSI device designed to greatly 
simplify interfacing a microcomputer or minicomputer to an 
Ethernet Local Area Network., This chip, in conjunction with 
the Am7991 A Serial Interface Adapter (SIA). and closely 
coupled local memory and microprocessor, is intended to 

provide the user with a complete interface module for an 
Ethernet network. The Am7990 is designed using a scaled 
N-Channel MaS technology and is compatible with a 
variety of microprocessors. On-board DMA, advanced buff
er management and extensive error reporting and diagnos
tics facilitate design and improve system performance. 

i iiiTii 
~ Hl5il! 
~ 

~ iiLDA 
ALE/li 

~ 

~ 
Ci 

.DR LANCEI 
till CPU 

CONTROL 
OALO 8US 

imi INTERFA.CE 

READ 

BMoIBYT£ 

BM 1/iUIAim 
READY 

iiftfi 

BLOCK DIAGRAM 

STATtON RETRY 
ADDRESS LOGIC OEYECTION 

RELATED PRODUCTS 

Part No. Description 

7960 Coded Data Transceiver 

7991 A Serial Interface Adapter 

7995 Ethernet Transceiver 

IIICROPROGIWI 
STORE 

....... Vo 
INT£AFACE 

AX 

ACU< 

TX 

leu< 
CLSH 

TENA ..... 
Am_' .... 

80002061 

-December 1983 - See Valid COmbinations Note Under Ordering Information 05698A 
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CONNECTION DIAGRAM 
Top View 

0-48-1 

CD001450 

Note: Pin 1 is marked for orientation 

TYPICAL ETHERNET NODE 

ElH£IUIET 
CONTROLLER 

ORDERING INFORMATION 

AF000470 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am7990 

Device type 
LANCE 

DeB l L L S~r:~~i~9 S?:~~;d processing 
B - Burn-in 

Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D-48-pin CERDIP (0-48-1) 

11-13 

Valid Combinations 

Am7990 DC, DCB, DMB 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. . 

05698A 
Refer to Page 13·1 for Essential Information on Military Devices 



/ 

• . r-----------------~--------------------------------------------------------------------_, 
~ 
~ 

DALoo
DAL15 

READ 

Jiio/ 
BYTE 
BM1/ 
BUSAKO 

PIN DESCRIPTION 

Data/Address Lines (Input/Output 3-8tate) 
The time multiplexed Address/Data bus. During 
the address portion of a memory transfer. 
DAloo - DAL15 contains the lower 16 bits of the 
memory address. ·The upper 8 bits of address 
are contained in A 16 - A23. 

During the data portion of a memory transfer. 
DALoo - DAL 15 contains the read or write data. 
depending on the type of transfer. 

The LANCE drives these lines as a Bus Master 
and as a Bus Slave. 

High Order Address Bus (Output 3-8tate) 
The additional address bits necessary to extend 
the DAL lines to access a 24-bit address. These 
lines are driven as a Bus Master only. 

(Input/Output 3-8tate) 
Indicates the type of operation to be performed 
in the current bus cycle. This signal is an output 
when the LANCE is a Bus Master. 

High - Data is taken off the DAL by the chip. 

Low - Data is placed on the DAL by the chip. 

The signal is ari input when the LANCE is a Bus 
Slave. 

High - Data is placed on the DAL by the chip. 

Low - Data is taken off the DAL by the chip. 

110 pins 15 and 16 are programmable through 
bit (00) of CSR3. 

iMjj, BM1 

If CSR3 (00) BCON = 0 
I/O Pin 15 = BMo (Output 3-state) 
I/O PIN 16 = BM1 (Output 3-state) 

SMa. BM1 (Byte Mask). This indicates the 
byte(s) on the DAL are to be read or written 
during this bus transaction. The LANCE drives 
these lines only as a Bus Master. It ignores the 
Byte Mask lines when it is a Bus Slave and 
assumes word transfers. 

Byte selection using: Byte Mask is done as 
described by the following table. 

LOW 
LOW 
HIGH 
HIGH 

BYTE, BUSAKO 

LOW 
HIGH 
LOW 
HIGH 

If CSR3 (00) BCON = 1 

Whole Word 
Upper Byte 
Lower Byte 
None 

I/O PIN 15 = BYTE (Output 3-state) 
I/O PIN 16 = BUSAKO (Output) 

11-14 

Byte selection may also be done using the BYTE 
line and DALoo line. latched during the address 
portion of the bus cycle. The LANCE drives 
BYTE only as a Bus Master and ignores it when 
a Bus Slave selection is done (similar to SMa. 
BM1). 
Byte selection is done as outlined in the follow
ing table. 

BYTE DALoo 

LOW LOW Whole Word 
LOW HIGH Illegal Condition 
HIGH LOW Lower Byte 
HIGH HIGH Upper Byte 

BUSAKO is a bus request daisy chain output. If 
the chip is not requesting the bus and it receives 
HLDA. l:i'O'SARO will be driven low. It the LANCE 
is requesting the bus when it receives HLDA. 
BOSAKO will remain high. 

Byte Swapping 

In an effort to be compatible with the variety of 16-bit 
microprocessors available to the designer. the LANCE may be 
programmed to swap the position'of the upper and lower order 
bytes on data involved in transfers with the internal FIFO. 

Byte swapping is done when BSWP = 1. The most Significant 
byte of the word in this case will appear on DAL lines 7-0 and 
the least significant byte on DAL lines 15-8. 

When BYTE = H (indicating a byte transfer) the table indicates 
on which part of the 16-bit data bus the actual data will 
appear. 

1 
Whenever byte ·swap is activated. the only data that is 
swapped is data traveling to and from the FIFO. 

Mode Bits 

BSWP=O BSWP= 1 
Signal Line and BCON= 1 and BCON= 1 

BYTE = Land 
Word Word 

DAloo= L 

BYTE = Land 
Illegal Illegal 

DAloo= H 

BYTE- Hand 
Upper Byte Lower Byte 

DALoo=H 

BYTE = Hand 
Lower Byte Upper Byte 

DALoo= L 

Chip Select (Input) . 
Indicates. when asserted. that the LANCE' is the 
slave device of the data transfer. ~ must be 
valid throughout the data portion of the bus 
cycle. CS must not be asserted when HLDA is 
LOW. 
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ADR Register Address Port Select (Input) HLDA Bus Hold Acknowledge (Input) 3 ....... ~ 

When LANCE is slave, ADR indicates which of A response to HOLD. When HLDA is low in '" the two register ports is selected. ADR LOW response to the chip's assertion of HOLD, the '" 0 
selects register data port; ADR HIGH selects chip is the Bus Master. HLDA deasserts upon .. 
register address port, ADR must be valid the deassertion of HOLD. 
throughout the data portion of the bus cycle and 
is only used by the LANCE when CS is low. INTR Interrupt (Output Open Drain) 

An attention signal that indicates, when active, 
ALE/AS Address Latch Enable (Output 3-State) that one or more of the following CSRo status 

Used to demultiplex the DAL lines and define the flags is set: BABL, MERR, MISS, RINT, TINT or 
address portion of the bus cycle. This I/O pin is IDON. INTR is enabled by bit 06 of CSRo 
programmable through bit (01) of CSRa. (INEA= 1). INTR remains asserted until the 

As ALE (CSRa (01), ACON = 0), the signal source of Interrupt is removed. 

transitions from a HIGH to a LOW during the 
RX Receive (Input) 

address portion of the transfer and remains low 
during the data portion. ALE can be used by a 

Receive Input Bit Stream. 

Slave device to control a latch on the bus 
TX Transmit (Output) 

address lines. When ALE is high the latch is 
open and when ALE goes low the latch is Transmit Output Bit Stream. 

closed. 
TENA Transmit Enable (Output) 

As AS (CSRa (01), ACON = 1), the signal pulses Transmit Output Bit Stream enable. A level 
LOW during the address portion of the bus asserted with the Transmit Output Bit Stream, 
transaction. The low to high transition of AS can TX, to enable the external transmit logic. 
be used by a slave device to strobe the address 
into a register. RCLK Receive Clock (Input) 

The LANCE drives the ALE! AS line only as a A 10MHz square wave synchronized to the 

Bus Master. Receive data and only active while receiving an 
Input Bit Stream. 

DAS Data Strobe (Input/Output 3-State) 
CLSN Collision (Input) Defines the data portion of the bus transaction. 

5AS is high during the address portion of a bus 
A logical input that indicates that a collision is 

transaction and low during the data portion. The 
occurring on the channel. 

low to high transition can be used by a Slave 
RENA Receive Enable (Input) device to strobe bus data into a register. DAS is 

driven only as a Bus Master. 
A logical input that indicates the presence of 
carrier on the channel. 

DALO Data/Address Line Out (Output 3-State) 
TCLK Transmit Clock (Input) An external bus transceiver control line. [)A[Q is 

asserted when the LANCE drives the DAL lines. 
10MHz clock. 

DALO will be low only during the address portion 
READY (Input/Output Open Drain) if the transfer is a READ. It will be low for the 

entire transfer if the transfer is a WRITE. DALO 
When the LANCE is a Bus Master, READY is an 

is driven only when LANCE is a Bus Master. asynchronous acknowledgement from the bus 
memory that it will accept data in a WRITE cycle 

DALI Data/Address Line in (Output 3-State)-
or that it has put data on the DAL lines in a 

An external bus transceiver. control line. DAU is 
READ cycle. 

asserted when the LANCE reads from tne DAL As a Bus Slave, the LANCE asserts READY 
lines. It will be low during the data portion of a when it has put data on the DAL lines during a 
READ transfer, and remain high for the entire READ cycle or is about to take data off the DAL 
transfer if it is a WRITE. DAU is driven only when lines during a write cycle. READY is a response 
LANCE is a Bus Master. to DAS and will return HIGH after DAS has gone 

HIGH. READY is an input when the LANCE is a 
HOLD/ Bus Hold Request (Output Open Drain) Bus Master and an output when the LANCE is a 
BUSRQ Asserted by the LANCE when it requires access Bus Slave. 

to memory. HOLD is held LOW for the entire 

III ensuing bus transaction. The function of this pin RESET (Input) 
is programmed through bit (00) of CSRa. Bit (00) Bus Reset Signal. Causes the LANCE to cease 
of CSRa is cleared when RESET is asserted. operation, clears its internal logic, and enter an 

When CSRa (00) BCON = 0 
idle state. The stop bit in CSRo is also set. 

I/O pin 17 = HOLD (Output Open Drain) Vee Power supply pin +5 volts ±50/0. 

When CSRa (00) BCON = 1 Vss Ground. Pins 1 and 24 should be connected 
I/O pin 17 = BOSRQ (Output Open Drain) together externally, as close to the chip as 

BUSRQ will be asserted only if I/O pin 17 is high possible. 

prior to assertion. 
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PRODUCT OVERVIEW 

The parallel interface of the Local Area Network Controller lor 
Ethernet (LANCE) hal! been designed to be "friendly" or easy 
to interface to a variety of popular 16-bit microprocessors. 
These microprocessors include the following: Z8000, 8086, 
68000 and LSI-11. The LANCE has a 24-bit wide linear 
address space when it is in the Bus Master Mode allowing it to 
DMA directly into the entire address space of the above 

microprocessors. A programmable mode of operation allows 
byte addressing in one of two ways: A Byte/Word control 
signal compatible with the 8086 and Z8000, or an Upper Data 
Strobe and Lower Data Strobe Signal compatible with micro
processors such as the 68000. A programmable polarity on 
the Address. Strobe signal eliminates the need for external 
logiC. The LANCE interfaces with both multiplexed and demul
tiplexed data busses and features control signals for address/ 
data bus transceivers. 

Figure 1. LANCE/CPU Interfacing 
a. Multiplexed Bus 

ALE 

Do .. _ 
A..,... AddNs. IIila 

lilt. 0.1. ,.·23 Control 

ALE 

b. Demultiplexed Bus 

LANCE 

~----------I ALE 

-_ .. 
8It.O·t. 

"'------1 ADtI 

DF000390 

L-__ ~-------~ALE 

LANCE 

1---------1 ft" 

11-16 

DFOOOl40 

05698A 
Refer to Page 1"3-1 for Essential Information on Military Devices 



During initialization, the CPU loads the starting address of the 
initialization block into two internal control registers. The 
LANCE has four internal control and status registers (CSRo, 1, 
2, 3) which are used for various functions such as the loading 
of the initialization block address, different programming 
modes and status conditions. The host processor communi
cates with the LANCE during the initialization phase-for 
demand transmission and periodically to read the status bits 
following interrupts. All other transfers to and from the memory 
are handled as DMA under microword control. 

Interrupts to the microprocessor are generated by the LANCE 
upon: 1) completion of its initialization routine, 2) the reception 
of a packet, 3) the transmission of a packet, 4) transmitter 
timeout error, 5) a missed packet and 6) memory error. 

The cause of the interrupt is ascertained by reading CSRo. Bit 
(06) of CSRO, (INEA) enables or disables interrupts to the 
microprocessor. In systems where polling is used in place of 
interrupts, bit (07) of CSRo (INTR) indicates an interrupt 
condition. 

The basic operation of the LANCE consists of two distinct 
modes: transmit and receive. In the transmit mode, the LANCE 
chip directly accesses data (in a transmit buffer) in memory. It 
prefaces the data with a preamble, sync pattern, and calcu
lates and appends a 32-bit CRC. This packet is then ready for 
transmission to the Am7991A SIA. On transmission, the first 
byte of data loads into the 4B-byte FIFO. The LANCE then 
begins to transmit preamble while simultaneously loading the 
rest of the packet into FIFO for transmission. 

In the receive mode, packets are sent via the SIA to the 
LANCE. The packets are loaded into the 4B-byte FIFO for 
preparation of automatic downloading into buffer memory. A 
CRC is calculated and compared with the CRC appended to 
the data packet. If the calculated CRC checksum doesn't 
agree with the packet CRC, an error bit is set. 

DETAILED DESCRIPTION 

ADDRESSING 

Packets can Ite received using 3 different destination address
ing schemes: physical, logical and promiscuous. 

The first type is a full comparison of the 4B-bit destination 
address in the packet with the node address that was 
programmed into the LANCE during an initialization cycle. 
There are two types of logical address. One is group type 
mask where the 4B-bit address in the packet is put through a 
hash filter in order to map the 4B-bit physical addresses into 1 
of 64 logical groups. If any of these 64 groups have been 
preselected as the logical address, then the 4B-bit address is 
stored in main memory. At this time, a look up is performed 
comparing the 48-bit incoming address with the pre-stored 4B
bit logical address. The mode can be useful if sending packets 
to all of a particular type of device simultaneously (i.e., send a 
packet to all file servers or all printer servers). Additional 
details on logical addressing can be found in the INITIALIZA
TION section under "Logical Address Filter." The second 
logical address is a broadcast address where all nodes on the 

\. 
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network receive the packet. The last receive mode of opera
tion is the so-called "promiscuous mode" in which a node will 
accept all packets on the coax regardless of their destination 
address. 

COLLISION DETECTION AND IMPLEMENTATION 

The Ethernet CSMAlCD network access algorithm is imple
mented completely within the LANCE. In addition to listening 
for a clear coax before transmitting, Ethernet handles colli
sions in a predetermined way. Should two transmitters attempt 
to seize the coax at the same time, they will collide and the 
data on the coax will be garbled. The transmitting nodes listen 
while they transmit, detect the collision, then continue to 
transmit for a predetermined length of time to "jam" the 
network and ensure that all nodes have recognized the 
colliSion. The transmitting nodes then delay a random amount 
of time according to the Ethernet "truncated binary backoff" 
algorithm in order that the colliding nodes don't try to 
repeatedly access the network at the same time. Up to 16 
attempts to access the network are made by the LANCE 
before reporting back an error due to excessive collisions. 

ERROR REPORTING AND DIAGNOSTICS 

ExtenSive error reporting is provided by the LANCE. Error 
conditions reported relate either to the network as a whole or 
to data packets. Network-related errors are recorded as flags 
in the CSRs and are examined by the CPU following interrupt. 
Packet-related errors ar.e written into descriptor entries corre
sponding to the packet. 

System errors include: 
• Babbling Transmitter 

- Transmitter attempting to transmit more than 151 B 
data bytes. 

• Collision 
- Collision detection circuitry nonfunctional 

• Missed packet 
- Insufficient buffer space 

• Memory timeout 
- Memory response failure 

Packet-related errors: 

• CRC 
- Invalid data 

• Framing 
. - Packet did not end on a byte boundary 

• Overflow/Underflow 
- Indicates abnormal latency in servicing a DMA re

quest 

• Buffer 
- Insufficient buffer space available 

The LANCE performs several diagnostic routines which en
hance the reliability and integrity of the system. These include 
a CRC logiC check and two loop back modes (internal! 
external). Errors may be introduced into the system to check 
error detection logic. A Time Domain Reflectometer is incorpo
rated into the LANCE to aid system designers locate faults in 
the Ethernet cable. Shorts and opens manifest themselves in !R 
reflections which are sensed by the TOR. W 
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Figure 2. LANCE/Processor l\iIemory Interface 

BUFFER MANAGEMENT 

A key feature of the LANCE and its on-board DMA channel is 
the flexibility and speed of communication between the 
LANCE and the host microprocessor through common memo
ry locations. The basic organization of the buffer management 
is a circular queue of tasks in memory called descriptor rings. 
as shown in Figure 2. There are separate descriptor rings to 
describe transmit and receive operations. Up to 128 tasks may 
be queued up on a descriptor ring awaiting execution by the 
LANCE. Each entry in a descriptor ring holds a pointer to a 
data memory buffer and an entry for the length of th.e data 
buffer. Data buffers can be chained or cascaded in order to 
handle a long packet in multiple data buffer areas. The LANC~ 
searches the descriptor rings in a "look ahead manner" to 
determine the next empty buffer in order to chain buffers 
together or to handle back-to-back packets. As each buffer is 
filled. an"own" bit is reset. allowing the host processor to 
process the data in the buffer. 

LANCE INTERFACE 

CSR bits such as ACON. BCON and BSWP are used for 
programming the pin functions used for different interfacing 
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Transmit 
Data 
Buffers 

Receiver 
Data 
Bu1_ 

DFOO0130 

schemes. For example. ACON is used to program the polarity 
of the Address Strobe signal (ALE/AS). 

BCON is used for programming the pins. for handling either 
the BYTE/WC5RD method. for addressing word organized; 
byte addressable memories where the BYTE signal is de
coded along with the least significant address bit to determine 
upper or lower byte. or an explicit scheme in which two signals 
labeled as BYTE MASK (Milo and BM1) indicate which byte is 
addressed. When the BYTE scheme is chosen. the BM1 pin 
can be used for performing the function ~. 

BCON is also used to program pins for different DMA modes. 
In a daisy chain DMA scheme. 3 signals are used (BUSRQ. 
HLDA. BUSAKO). In systems using a DMA controller for 
arbitration; only HOLD and HLDA are used. 

All data transfers from the LANCE in the Bus Master mode are 
timed by ALE. DAS. and READY. The automatic adjustment of 
the LANCE cycle by the READY signal allows synchronization 
with variable cycle time memory due either to memory refresh 
or to dual port accesS. Bus cycles are a minimum of 600ns in 
length and can be increased in 100ns increments. 

0569BA 
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BUS SLAVE READ TIMING 

DALo-DAL,. ---------------------~ READ DATA 

AU; 

READ 

iiEADY (OUTPUT 
FROM LANCE) 

"r-.....,!----{ 

WF001831 

Note: 1. There are two types of delays which depend on which internal register is accessed. 
Type 1 refers to access of CSRO. CSR3 and RAP. 
Type 2 refers to access of CSRl and CSR2 which are longer than Type 1 delay. 

READ SEQUENCE 

The read cycle is begun by valid addresses being placed on 
DALoo-DAL15 and A1S-A23. The BYTE MASK signals are 
placed valid to .indicate a word. upper· byte or lower byte 
memory reference. READ indicates the type of cycle. ALE or 
AS are pulsed. and the trailing edge of either can be used to 
latch addresses. DALoo-DAL15 go into a 3-state mode and 
DAS falls low to signal the beginning of the memory access. 
The memory responds by placing READY low to indicate that 
the DAL lines have valid data. The LANCE then latches 
memory data on the rising edge of DAS. which in turn ends the 
memory cycle and READY returns to high. 

11-19 

The bus transceiver controls. DAD and DALO. are used to 
control the bus transceivers. DALI signals to strobe data 
toward the LANCE. and DALO signals to strobe data or 
addresses away from the LANCE. During a read cycle. DAm 
goes inactive before DALI becomes active to avoid "spiking" 
of the bus transceivers. 

WRITE SEQUENCE 

The write cycle is very similar except that the DALoo-DAL 15 
lines change from containing addresses to data after ALE or 
AS go inactive. After data is valid on the bus DAS goes active. 
Data to memory is held valid after DAS go,",s inactive. 
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BUS SLAVE WRITE TIMING 
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Notes: 1. T CYCLE is the minimum transfer cycle and takes 600ns. Using REIii:5Y it is possible to extend it 
in multiples of 100ns. 

2. The READY setup time before negation of DAS is a function of the synchronization time of 
READY. This is a critical parameter. The synchronization must occur within two internal clock tickS: 
100ns. Therefore, the setup time will be 100ns plus the accumulated propagation delays, and the 
ready slips will occur on 100ns increments. 

I 
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BUS ACQUISITION TIMING 

\ 

J 
f-0-

~~------------~I 
DRIVERS ENABLED 

BW~~:\ ______________________ ~ 

~----------------------~ 

v 
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Note: 1. RESET is an asynchronous input to the LANCE and is not part of the' Bus Acquisition timing. 
When RESET is asserted, the LANCE becomes a Bus Slave. 

DIFFERENCES BETWEEN ETHERNET 
VERSI0t4S 1 AND 2 

a. Version 2 specifies that the collision detect of the transceiv
er must be activated during the interpacket gap time. 

b. Version 2 specifiel;l some network management functions, 
such as reporting the occurrence of collisions, retries and 
deferrals. 

c. Version 2 specifies that when transmission is terminated, 
the differential transl)1it lines are driven OV diff. (half step). 

DIFFERENCES BETWEEN IEEE 802.3 AND 
ETHERNET 

a. 802 specifies a 2-byte length field rather than a type field. 
The length field (802) describes the actual amount of data in 
the frame. 

b.802 allows the use of a PAD field in the data section of a 
, frame. while Ethernet specifies the minimum packet size at 

64 bytes. The use of a PAD allows the user to send and 
receive packets which have less than 46 bytes of data. 

Differences between Ethernet and 802 at the physical layer 
include the following: 

802 Ethernet 

End of Transmis- Half Step High State (Rev 1) 
sion State or Half Step 

Common Mode ±5.5V 0- +5V 
Voltage 

Common Mode Less than 1.6mA±40% 
Current 1mA 

Input Threshold ±160mV ±175mV 

Fault Protection 16V OV 

PROGRAMMING SPECIFICATION 

This section defines the control and Status Registers and the 
memory data structures required to program the Am 7990 
(LANCE). 

PROGRAMMING THE Am7990 (LANCE) 
The Am7990 (LANCE) is designed to operate in an anviiOn
ment that includes close coupling with a local memory and a 
microprocessor (HOST). The Am7990 LANCE is programmed 
by a combination of registers and data structures resident 
within the chip and in memory. There are four Control and 
Status Registers (CSRs) within the chip which are pro
grammed by the HOST device. Once enabled, the chip has the 
ability to access memory locations to acquire additional 
operating parameters. 

The Am7990 has the ability to do independent buffef manage
ment as well as transfer data p,ackets to and from the Ethernet. 
There are three memory structures accessed by the Chip: 

1. Initialization Block - 12 words in contiguous memory starting 
on a word boundary. It also contains the operating parame
ters necessary for device operation. The initialization block 
is comprised of: 

• Mode of Operation 
• Physical Address 
• Logical Address Mask 
• Location to Receive and Transmit Descriptor Rings 
• Number of Entries in Receive and Transmit 

Descriptor, Rings 

2. Receive and Transmit Descriptor Rings - Two ring struc
tures, one each for incoming and outgoing packets. Each 
entry in the rings is 4 words long and eacn entry must start 
on a quadword boundary. The Descriptor Rings are com
prised of: 

11-22 

• The address of a data buffer. 
• The length of that data buffer. 
• Status information associated with the buffer. 

3. Data Buffers - Contiguous portions of memory reserved for 
packet buffering. Data buffers may begin on arbitrary byte 
boundaries. 

In general. the programming sequence of the chip may be 
summarized as: 

1. Programming the chip's CSRs by a host device to locate an 
initialization block in memory. The byte control, byte addressing, 
and address latch enable modes are defined here also. 

2. The chip loads itself with the information contained within 
the initialization block. 

3. The chip accesses the descriptor rings for packet handling., 
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CONTROL AND STATUS REGISTERS Bit Name Description 

There are four Control and Status Registers (CSRs) resident 15:02 RES Reserved and read as zeroes. 

within the chip. The CSRs are accessed through two bus 01:00 CSR(1:0) CSR address select. READ/ 
addressable ports, an address port (RAP) and a data port WRITE. Selects the CSR to be 
(RDP). accessed through the RDP. RAP 

is cleared by Bus RESET. 

ACCESSING THE CONTROL AND STATUS CSR(1:0) CSR 
REGISTERS 00 CSRO 

01 CSR1 
The CSRs are read (or written) in a two step operation. The 10· CSR2 
address of the CSR to be accessed is written into the address 
port (RAP) during a bus slave transaction. During a subse-

11 CSR3 

quent bus slave transaction, the data being read from (or 
CONTROL AND STATUS REGISTER written into) the data port (RDP) is read from (or written into) 

the CSR selected in the RAP. DEFINITION 

Once written, the address in RAP remains unchanged until Control and Status Register 0 (CSRO) 
rewritten. 

.1 • 
J I I I I I I I I I I I I I I 

To distinguish the data port from the address port, a discrete 

=~ ~:: I/O pin is provided. 

ADR 1/0 Pin Port IIISS TDIID 

l Register Data Port (RDP) IlERR TXON 

H Register Address Port (RAP) RINT AXON 

TINT !MEA 

IlION 
, 

IHTR 

Register Data Port (RDP) AFOOO860 
The LANCE updates CSRo by logical 

15 0 "ORING" the previous and present value of 

I CSRDATA I CSRo· 

AFOO1450 Bit Name Description 
" 

15 ERR ERROR summary is set by the 
.Blt Name Description "OR" of BABl, CERR, MISS and 

15:00 CSR Data Writing data into RDP writes the MERR. ERR remains set as long 
data into the CSR selected in as any of the error flags are true. 
RAP. Reading the data from the ERR is read only; writing it has no 
RDP reads the data from the CSR effect. It is cleared by Bus 
selected in RAP. CSR1, CSR2 ~,by setting the STOP bit, 
and CSR3 are accessillie only or clearing the individual error 
when the STOP bit of CSRo is flags. 
set. 

If the STOP bit is not set while 
14 BABl BABBLE is a transmitter timeout 

error. It indicates that the 
attempting to access CSR1, transmitter has been on the 
CSR2 or CSR3, the chip will channe,1 longer than the time 
return READY, but a READ required to send the maximum 
operation will return undefined length packet. 
data. WRITE operation is ignored. 

BABl is a flag which indicates 
excessive length in the transmit 

Register Address Port (RAP) buffer. It will be set after 1519 
data bytes have been 

I I I transmitted; the chip will continue 
to transmit until the whole packet 

--.- is transmitted or there is a failure. 

I L csR.,. When BABl error occurs, an 
RES interrupt will be generated if 

AFOO1490 INEAz 1. 

BABl is READ/CLEAR ONl:V 
and is set by the chip, and 
cleared by writing a "1" into the 

. bit. Writing a "0" has no effect. It 
is cleared by RESET or by setting 
the STOP bit. 
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.. g 
Bit Name, Description Bit Name Description G) ..... 

E 13 CERR COLLISION ERROR indicates 09 TINT TRANSMITTER INTERRUPT is 
0:( that the collision input to the chip set when the chip updates an 

failed to activate within 2j.1S after entry in the transmit descriptor 
a chip-initiated1ransmission was ring for the last buffer, sent before 
completed. The collision after the end of transmission. 
transmission is a transceiver test 

When TINT is set, an int~rrupt is 
featur,e. This function is also 

generated if INEA = 1. 
known as heartbeat. , 

CERR is READ/CLEAR ONLY 
TINT is READ/CLEAR ONLY and 

and is set by the chip and cleared 
is set by the chip and cleared by 

by writing a "1" into the bit. 
writing a "1" into the bit. Writing a 
"0" has no effect. It is cleared by 

Writing a "0" has no effect. It is 
RESET or by setting the STOP 

cleared by RESET or by setting 
the STOP bit. 

bit. 

12 MISS MISSED PACKET is set when the 
08 lOON INITIALIZATION DONE indicates 

receiver loses a packet because 
that the chip has completed the 

it does not own a receive buffer 
initialization procedure started by 

and the silo has overflowed, 
setting the IN IT bit. When lOON is 

incicating loss of data. MISS is 
set, the chip has read the 
Initialization Block from memory 

not valid in internal loopback 
and stored. the new parameters. 

mode. 

Silo overflow is not reported 
When IDON is set, an interrupt is 

because there is no receive ring 
generated if INEA = 1. 

entry in which to write status. lOON is READICLEAR ONLY, 

When MISS is set, an interrupt 
and is set by the chip and cleared 
by writing a "1" into the bit. 

will be generated if INEA = 1. 
Writing a "0'" has no effect. It is 

MISS is READ/CLEAR ONLY, cleared. by RESET or by setting 
and is set by the chip and cleared the STOP bit. 
by writing a "1" into the bit. 

07 INTR INTERRUPT FLAG is set by the 
Writing a "0" ,has no effect. It is 

"OR" of BABL, MISS, MERR, 
cleared by' RESEi or by setting RINT, TINT and lOON. If 
the STOP bit. 

INEA" 1 andlNTR = 1, the INTR 
11 MERR MEMORY ERROR is set when 110 pin will be low. 

the chip is the Bus Master and INTR is READ ONLY; writing this 
has not received FlEADY within 

bit has no effect. INTR is cleared 
25.61ls ,after asserting the 

by RESET, by setting the STOP 
address on the DAL lines. 

bit, or by clearing the condition 
When a Memory Error is causing the interrupt. 
detected, the receiver ·and 

06 INEA INTERRUPT ENABLE allows the 
transmitter are turned off and an INTR !/O pin to be driven low 
interrupt is generated if INEA = 1. 

when the Interrupt Flag is set. If 
MERR is READICLEAR ONLY, INEA = 1 and INTR = 1, the INTR 
and is set by the chip and cleared 110 pin will be low. If INEA = 0, 
by writing a "1" into the bit. the' INTR 1/0 pin will be high, 
Writing a "0" has no effect. It is regardless of the state of the 
cleared by RESET or by setting Interrupt Flag. 
the STOP bit. INEA is READIWRITE and 

10 RINT RECEIVER INTERRUPT is set cleared by RESET or by setting 
when the chip updates an entry in the STOP bit. 
the Receive Descriptor Ring for 
the last buffer received before fall 
of cerrier. 

When RINT is set, an interrupt is 
generated if INEA = 1. 

RINT is READ/CLEAR ONLY, 
and is set by the chip and cleared' 
by writing a "1 " into the bit. 
Writing a "0" has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 

05698A 
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.. 8 7 

! I 
~ '::===:;:===-=====~I=, =='1ADR=(23:18) 

Bit 

15:08 

07:00 

~--------------------------N$ 

Name 

RES 

IADR 

AFOOO920 

Description 

Reserved. 

The high order 8 bits of the ad
dress of the first word (lowest 
address) in the Initialization 
Block. 

Control and Status Reglst~r 3 (CSR3) 

CSRa allows redefinition of the Bus Master interface. 

15 

RAP=3 

READ/WRITE: Accessible only when the STOP bit of eSRo is 
ONE. CSRa is cleared by RESET or by setting 
the STOP bit in CSRO. 

Bit 

15:03 

02 

01 

Name 

RES 

BSWP 

ACON 

3 2 1 0 

1m:: 
~asWP 

L----------------------RB 
AFOOO900 

Description 

Reserved and read as "0". 

BYTE SWAP allows the chip to 
operate in systems that consider 
bits (15:08) to be the least signifi
cant byte and bits (07:00) to be 
the most significant byte. 

When BSWP = 1. the chip will 
swap the high and low bytes on 
DMA data transfers between the 
silo and bus memory. Only data 
from silo transfers is swapped; 
the Initialization Block data and 
the Descriptor Ring entries are 
NOT swapped. 

BSWP is READ/WRITE and 
cleared by ~ or by setting 
the STOP bit in CSRo. 

ALE CONTROL defines the as
sertive state of ALE when the 
chip is a Bus Master. ACON is 
READ/WRITE and cleared by 
~ and by setting the STOP 
bit in CSRo. 

ACON ALE 
o Asserted High 
1 Asserted Low 

00 BCON BYTE CONTROL redefines the 
Byte Mask and Hold I/O pins. 
BCON is READ/WRITE and 
cleared by RESET or by setting 
the STOP bit in CSRO. 

I/O Pin I/O Pin I/O Pin 
BCON 16 15 17 

o BM1 BMo HOLD 
BUSAKO BYTE iIDSRQ 

All data transfers from the LANCE in the Bus Master mode are 
in ,words. However. the LANCE can handle odd address 
boundaries lind/or packets with an odd number of bytes. 

INITIALiZATION 

INITIALIZATION BLOCK 

Chip initialization includes the reading of the initialization block 
in memory to obtain the operating parameters. The following is 
a definition of the Initialization Block. 

The initiaiizaiion Block is read by the chip when the INIT bit in 
CSRO is set. The INIT bit should be set before or concurrent 
with the STRT bit to insure proper parameter initialization and 
chip operation. After the chip has read the Initialization Block. 
lOON is set in CSRo and an interrupt is generated if INEA = 1. 

Higher Addresses 

Base Address of Block 

Mode 

TLEN-TDRA (23:16) 
TDAA (15:00) 

ALEN-ADRA (23:16) 
ADAA (15:00) 
LADAF (63:48) 
LADAF (47:32) 
LADAF (31:16) 
LADAF (15:00) 
PADA (47:32) 
PADA (31:16)' 
PADA (15:00) 

MODE 

IADA +22 
IADA +20 
IADR +18 
IADA +6 
IADA +14 
IADA +12 
IADA +10 
IADA +08 
IADA +06 
IADA +04 
IADR +02 

IADR +00 

The Mode Register allows alteration of the chip's operating 
parameters. Normal operation is with the Mode Register clear. 

15 14 

DRX 
DTX 

LOOP 

'-----DTCR 
L-____ COLL 

L-_____ DRTY 

'------------INTL L-___________________ N$ 
~ ______ -----------------------------PM* 

Bit Name 

15 PROM 

14:07 RES 

AFOO0510 

Description 

PROMISCUOUS mode. When 
PROM = 1. all incoming packets 
are accepted. 

RESERVED 

11-26 
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Bit Name Description 

06 INTl INTERNAL lOOPBACK is used 
with the lOOP bit to determine 
where the loopback is to be done. 
Internal loopback allows the chip 
to receive its own transmitted 
packet. Since this represents full 
duplex operation, the packet size 
is limited to 32 bytes. 

EXTERNAL looPBACK allows 
the LANCE to transmit a packet 
through the SIA transceiver cable 
out to the Ethernet coax. It is 
used to determine the operability 
of all circuitry and connections 
between the lANCE and the co-
axial cable. 

INTl is only valid if lOOP = 1; 
otherwise it is ignored. 

lOOP INTl lOOPBACK 
0 X No loopback, normal 
1 0 External 
1 1 Internal 

05 DRTY DISABLE RETRY. When 
DRTY = 1, the chip will attempt 
only one transmission of a pack-
et. If there is a collision on the 
first transmission attempt, a Retry 
Error (RTRY) will be reported in 
Transmit Message Descriptor 3 
(TMD3)· 

04 COll FORCE COLLISION. This bit al-
lows the collision logic to be test-
ed. The chip must be in internal 
loopback mode for COll to be 
valid. If COll = 1, a collision will 
be forced during the subsequent 
transmission attempt. This will re-
suit in 16 total transmission at-
tempts with a retry error reported 
in TMD3. 

03 DTCR DISABLE TRANSMIT CRC. 
When DTCR = 0, the transmitter 
will generate and append a CRC 
to the transmitted packet. When 
DTCR = 1, the CRC logic is allo-
cated to the receiver and no CRC 
is generated and sent with the 
transmitted packet. 

During loopback, DTCR = 0 will 
cause a CRC to be generated on 
the transmitted packet, but no 
CRC check will be done by the 
receiver since the CRC logic is 
shared and cannot generate and 
check CRC at the same time. The 
generated CRC wili be written 
into memory with the data and 
can be checked by the host soft-
ware. 

Bit Name Description 

If DTCR = 1 during loopback, the 
host software must append a 
CRC value to the transmit data. 
The receiver will check the CRC 
on the received data and report 
any errors. Since the CRC gener-
ator is used to generate the hash 
filter, the multicast addressing 
cannot be used when DTCR = 1. 

02 lOOP looPBACK allows the chip to 
operate in full duplex mode for 
test purposes. The maximum 
packet size is 8-32 bytes.The 
received packet can be up to 36 
bytes (32 + 4 bytes CRC) when 
DTCR=O. During loopback, runt 
packet filter is disabled because 
the maximum packet is forced to 
be smaller than the minimum size 
Ethernet packet (64 bytes). 

LOOP = 1 allows simultaneous 
transmission and reception for a 
message constrained to fit within 
the silo. The chip waits until the 
entire message is in the silo be-
fore serial transmission begins. 
The incoming data stream fills the 
silo from behind as it is being 
emptied. Moving the received 
message out of the silo to memo-
ry does not begin until reception 
has ceased. 

In loopback mode, transmit data 
chaining is not possible. Receive 
data chaining is possible if re-
ceive buffers are 32 bytes long to 
allow time for lookahead. 

01 DTX DISABLE THE TRANSMITTER 
causes the chip to not access the 
Transmitter Descriptor Ring and 
therefore no transmissions are 
attempted. DTX = 1 will clear the 
TXON bit in CSRo when initializa-
tion is complete. 

00 DRX DISABLE THE RECEIVER caus-
es the chip to reject all incoming 
packets and not access the Re-
ceive Descriptor Ring. DRX = 1 
will clear the RXON bit in the 
CSRo when initialization is com-
plete. 

47Physlcal Address 
1 0 
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Bit Name 

47:00 PADR 

Logical' Address Filter 

Description 

PHYSICAL ADDRESS is the 
unique 48-bit physical address 
assigned to the chip.PADR (0) 
must be zero. 

If the first bit of an incoming address is a "1" [PADR (0) = 11, 
the address is deemed logical and is passed through the 
logical address filter. 

The, logical address filter is a 64-bit mask that is used to 
accept incoming Logical Addresses. The incoming address is 
sent through the CRC circuit. After all 48 bits of the address 
have gone through the CRC circuit, the high order 6 bits of the 
resultant CRC are strobed into a register. This register is used 
to select one of the 64-bit positions in the Logical Address 
Filter. If the selected filter bit is a "1," the address is accepted 
and the packet will be put in memory. The logical address filter 
only assures that there is a possibility that the incoming logical 
address belongs to the node. To determine if it belongs to the 
node, the incoming logical address that is stored in main 
memory is compared by software to the physical address that 
was loaded through tile initialization block. 

The Broadcast address, which is all ones, does not go through 
the Logical Address Filter and is always enabled. If the Logical 
Address Filter is loaded with all zeroes, all incoming logical 
addresses except broadcast will be rejected. 

13 

Bit Name 

63:00 LADRF 

LADRF 

AFOO0500 

Description 

The 64-bit mask used by the chip 
to accept ,logical addresses. 

Receive Descriptor Ring Pointer 
31 2928 2423 

I I I --I L-RES 

Bit 

15:13 

12:08 

07:00 
15:03 

RLEN 

Name 

RLEN 

RES 

RDRA 

32 0 

! I 
L '0' (QUAOWORD BOUNDARY)] 

RDM (23:03) 

AFOOO490 

Description 

RECEIVE RING LENGTH is the 
number of entries in the receive 
ring expressed as a power of two. 

Number 
RLEN of Entries 

o 1 
1 2 
2 4 
3 8 
4 16 
5 32 
6 64 
7 128 

REOSERVED 

RECEIVE DESCRIPTOR RING 
ADDRESS is the base address 
(lowest address) of the Receive 
Descriptor Ring. 

31 

I 

02:00 MUST BE ZEROES. These bits 
are RDRA (02:00) and must be 
zeroes because the Receive 
Rings are aligned on quadword 
boundaries. 

Transmit Descriptor Ring Pointer 
2828 2423 32 0 

I I -- ! I 
L '0' (OUAOWORD BOUNDARyJ 

TDAA(23:03) I L-RES 

Bit 

15:13 

12:08 

07:00 
15:03 

02:00 

TLEN 

Name 

TLEN 

RES 

TDRA 

AFOO0480 

Description 

TRANSMIT RING LENGTH is the 
number of entries in the Transmit 
Ring expressed as a power of 
two. 

TLEN Number of Entries 
o 1 
1 2 
2 4 
3 8 
4 16 
5 32 
6 64 
7 128 

RESERVED 

TRANSMIT DESCRIPTOR RING 
ADDRESS is the base address 
(lowest address) of the Transmit 
DeSCriptor Ring. 

MUST BE ZEROES. These bits 
are TDRA (02:00) and must be 
zeroes because the Transmit 
Rings are aligned on quadword 
boundaries. 

BUFFER MANAGEMENT 

Buffer Management is accomplished through message de
scriptors organized in ring structures in memory. Each mes
sage descriptor entry is four words long. There are two rings 
allocated for the device: a Receive ring and a Transmit ring. 
The device is capable of polling each ring for buffers to either 
empty or fill with packets to or from the channel. The device is 
also capable of entering' status information in the descriptor 
entry. Chip polling is limited to looking one ahead of the 
descriptor entry the chip is currently working with. 

The location of the descriptor rings and their length are found 
in the initialization block, accessed during the initialization 
procedure by the chip. Writing a "ONE" into the STRT bit of 
CSRo will cause the chip to start accessing the descriptor 
rings and enable it to send and receive packets. 

The chip communicates with a HOST device (probably a 
mircoprocessor) through the ring structures in memory. Each 
entry in the ring is either "owned" by the chip or the HOST. 
There is an ownership bit (OWN) in the message descriptor 
entry. Mutual exclusion is accomplished by a protocol which 
states that each device can only relinquish ownership of the 
deSCriptor entry to the other device; it can never take 
ownership, and no device can change the state of any field in 
any entry after it has relinquished ownership. 

11-28 
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15 

DE~CRIPTOR RINGS 

Each descriptor in a ring in memory is a 4-word entry. The 
following is the format of the receive and the transmit 
descriptors. 

Receive Message Descriptor Entry 

Receive Message Descriptor 0 (RMDo) 
15 

Bit Name 

15:00 LADR 

LADA 

AF000940 

Description 

The LOW ORDER 16 address 
bits of the buffer pointed to by 
this descriptor. LADR is written by 
the host and unchanged by the 
chip. 

Receive Message Descriptor 1 (RMD1) 

8 7 

II I I I I I I I I 
I I HADA 

ENP 

STP 

BUFF 

CAC 

OFLO 

FRAU 

EAA 

OWN 

AF000870 

Bit Name 

15 OWN 

14 ERR 

13 FRAM 

DeBcription 

This bit indicates that the 
descriptor entry is owned by the 
host (OWN = 0) or by the chip 
(OWN = 1). The chip clears the 
OWN bit after filling the buffer 
pointed to by the descriptor entry. 
The host sets the OWN bit after 
emptying the buffer. Once the 
chip or host has relinquished 
ownership of a buffer, it must not 
change any field in the four words 
that comprise the descriptor 
entry. 

ERROR summary is the "OR" of 
FRAM, OFLO, CRC or BUFF. 
ERR is set by the chip and 
cleared by the host. 

FRAMMING ERROR indicates 
that the incoming packet 
contained a noninteger multiple 
of eight bits and there was a CRC 
error. If there was not a CRC 
error on the incoming packet, 
then FRAM will not be set even if 
there was a noninteger multiple 
of eight bits in the packet. FRAM 
is not valid in internal loop back 
mode. FRAM is set by the chip 
and cleared by the host. 

15 

11-29 

Bit 

12 

11 

10 

09 

08 

07:00 

Name 

OFLO 

CRC 

BUFF 

STP 

ENP 

HADR 

Description 

OVERFLOW error indicates that 
the receiver has lost all or part of 
the incoming packet due to an 
inability to store the packet in a 
memory buffer before the internal 
silo overflowed. OFLO is set by 
the chip and cleared by the host. 

CRC indicates that the receiver 
has detected a CRC error on the 
incoming packet. CRC is set by 
the chip and cleared by the host. 

BUFFER ERROR is set any time 
the chip does not own the next 
buffer while data chaining a 
received packet. This can occur 
in either of two ways: 1) the OWN 
bit of the next buffer is zero, or 2) 
silo overflow occurred before the 
chip received the next STATUS. 
BUFF is set by the chip and 
cleared by the host. 

If a Buffer Error occurs, an 
Overflow Error may also occur 
internally in the SILO, but will not 
be reported in the descriptor 
status entry unless both BUFF 
and OFLO errors occur at the 
same time. 

START OF PACKET indicates 
that this is the first buffer used by , 
the chip for this packet. It is used 
for data chaining buffers. STP is 
set by the chip and cleared by the 
host. 

END OF PACKET indicates that 
this is the last buffer used by the 
chip for this packet. It is used for 
data chaining buffers. If both STP 
and ENP are set, the packet fits 
into one buffer and there is no 
data chaining. ENP is set by the 
chip and cleared by the host. 

The HIGH ORDER 8 address bits 
of the buffer pointed to by this 
descriptor. This field is written by 
the host and unchanged by the 
chip. 

Receive Message Descriptor 2 (RMD2) 
12 11 

~--------------BC~ 
~-----------------------------MUST BE ONES 

AF000930 
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to 
Q en Bit Name Description en r-. 
E 15:12 MUST BE ONES. This field is 

CC written by the Host and 
unchanged by the chip. 

11:00 BCNT BUFFER BYTE COUNT is the 
leng1h of the buffer pointed to by 
this descriptor, expressed as a 
two's complement number. This 
field is written by the host and 
unchanged by the chip. Minimum 
buffer size is 64 bytes for the first 
buffer of packet. 

Receive Message Descriptor 3 (RMD3) 
15 12 11 0 

I I I 
I I IICNT 

RES 
AFOOO950 

Bit Name Description 

15:12 RES RESERVED and read as zeroes. 

11:00 MCNT MESSAGE BYTE COUNT is the 
length in bytes of the received 
message in Binary coded 
Decimal (BCD). MCNT is valid 
only when ERR is clear and ENP 
is set. MCNT is written by the chip 
and cleared by the host. 

Transmit Message Descriptor Entry 

Transmit Message Descriptor 0 (TMDO) 
0 

I LADR I 
AFOOO940 

Bit Name Description 

15:00 LADR The lOW ORDER 16 address 
bits of the buffer pointed to by 
this descriptor. LADR is written by 
the host and unchanged by the 
chip. 

Transmit Message Descriptor 1 (TMD,) 
15 • 7 0 

II I I I I I I I I 1 
l I HADA 

ENP 

STP 

DEF 

ONE 

MORE 

RES 

EAR 

OWN 

AFOOO880 

11-30 

Bit 

15-

14 

13 

12 

11 

10 

09 

08 

07:00 

Name Description 

OWN This bit indicates that the 
descriptor entry is owned by the 
host (OWN - 0) or by the chip 
(OWN = 1). The host sets the 
OWN bit aiter filling the buffer 
pointed to by this deSCriptor. The 
chip clears the OWN bit aiter 
transmitting the contents of the 
buffer. Both the host and the chip 
must not alter a descriptor entry 
aiter. it has relinquished 
ownership. 

ERR ERROR summary is the "OR" of 
lCOl, lCAR, UFLO or RTRY. 
ERR is set by the chip and 
cleared by the host. 

RES RESERVED bit. The chip will 
write this bit with a "0." 

MORE MORE indicates that more than 
one retry was needed to transmit 
a packet. MORE is set by the chip 
and cleared by the host. 

ONE ONE indicates that exactly one 
retry was needed to transmit a 
packet. ONE is set by the chip 
and cleared by the host. One flag 
is not valid when lCOl is set. 

DEF DEFERRED indicates that the 
chip had to defer while trying to 
transmit a packet. This condition 
occurs if the channel is busy 
when the chip is ready to 
transmit. DEFER is set by the 
chip and cleared by the host. 

STP START OF PACKET indicates 
that this is the first buffer to be 
used by the chip for this packet. It 
is used for data chaining buffers. 
STP is set by the host and 
unchanged by the chip. The STP 
bit must be set in the first buffer 
of the packet or the lANCE will 
skip over this descriptor, poll the 
next descriptor(s) until the OWN 
and STP bit are set. 

ENP END OF PACKET in~icates that 
this is the last buffer to be used 
by the chip for this packet. It is 
used for data chaining buffers. If 
both STP and ENP are set, the 
packet fits into one buffer and 
there is no data chaining. ENP is 
set by the host and unchanged by 
the chip. 

HADR The HIGH ORDER 8 address bits 
of the buffer pointed to by this 
descriptor. This field is written by 
the host and unchanged by the 
chip. 
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15 

15 

Transmit Message Descriptor 2 (TMD2) 
12 11 

I LI--------_______ BC~ 

'---------------------------------- ONES 

Bit Name 

15:12 ONES 

11:00 BCNT 

AFOO0980 

Description 

Must be ones. This field is set by 
the host and unchanged by the 
chip. 

BUFFER BYTE COUNT is the 
usable length in bytes of the 
buffer pointed to by this 
descriptor expressed as a two's 
complement number. This is the 
number of bytes from this buffer 
that will be transmitted by the 
chip. This field is written by the 
host and unchanged by the chip. 
The first buffer of a packet has to 
be at least 100 bytes minimun 
when data chaining and 64 bytes 
when not data chaining. 

Transmit Message Descriptor 3 (TMD3) 

109 

:1 1 1 1 1 1 1 J 
I I TOR 

'-------------- ATRY 

'-------------------~-------~ L-_____________________________ ~L 

'----------------------------------AS 
L-------------------------------------UF~ 

~--------------------------~ 

Bit Name 

15 BUFF 

AF000890 

Description 

BUFFER ERROR is set by the 
chip during transmission when 
the chip does not find the ENP 
flag in the current buffer and does 
not own the next buffer. This can 
occur in either of two ways: either 
the OWN bit of the next buffer is 
zero, or silO underflow occurred 
before the chip received the next 
STATUS signal. BUFF is set by 
the chip and cleared by the host. 
BUFF error will disable the 
transmitter (CSRo = TXON = 0) 

11-31 

Bit 

14 

13 

12 

11 

10 

09:00 

Name 

UFlO 

RES 

lCOl 

lCAR 

RTRY 

TDR 

Description 

If a Buffer Error occurs, an 
Underflow Error will also occur 
internally in the SilO. An 
underflow Error will not be 
reported in the descriptor status 
entry uniess both BUFF and 
UFlO errors occur at the same 
time. 

UNDERFLOW ERROR indicates 
that the transmitter has truncated 
a message due to data late from 
memory. UFlO indicates that the 
silo has emptied before the end 
of the packet was reaChed. 

UFlO is set by the chip and 
cleared by the host. 

RESERVED bit. The chip will 
write this bit with a "0." 

LATE COLLISION indicates that 
a collision has occurred after the 
slot time of the channel has 
elapsed. The chip does not retry 
on iate colliSions. lCOl is set by 
the chip and cleared by the host. 

lOSS OF CARRiER is set when 
the carrier input (RENA) to the 
chip goes false during a chip
initiated transmission. The chip 
does not re-try upon loss of 
carrier. It will continue to transmit 
the whoie packet lCAR until 
packet is finished. lCAR is not 
valid in INTERNAL lOOPBACK 
MODE. lCAR is set by the chip 
and cleared by the host. 

RETRY ERROR indicates that 
the transmitter has failed in 16 
attempts to successfully transmit 
a message due to repeated 
collisions on the medium. If 
DRTY = 1 in the MODE register, 
RTRY will set after 1 failed 
transmission attempt. RTRY is 
set by the chip and cleared by the 
host. 

TIME DOMAIN 
REFlECTOMETRY reflects the 
state of an internal chip counter 
that counts from the start of a 
transmission to the occurrence of 
a collision. This value is useful in 
determining the approximate 
distance to a cable fault. The 
TDR value is written by the chip 
and is valid only if RTRY is set. 
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68000 TO LANCE INTERFACE 

The goal of this interface was to be compatible with 8MHz and 
faster 68000s while minimizing parts count. The Am22V10 
could be used to eliminate the two flip-flops shown. Autovec
toring is used since the Am7990 does not return a vector 
during interrupt acknowledge cycles. Note program BSWP, 
BCON to 1 and ACON to O. 

I AS AW BYTE/HOLD NC/BG AO NC/BGACK GND ICS/TBI 
UDS/DAS/CLA BA NC/LDS/AB VCC 

cs ... ~ .... 
HACkt--

.,/AS ICS IRB ITB 

E /HOl.O f-- = 
/BGACK <C /OA$ I-- DAS 

w 
AntPAl."16L8 0 "" .. 

I<UI Z lOG 

<C 
IUDS ...J /LOS 

8YTE ow 

READ 

8VTE 

TOSVSTEM 

;m; 

If (/BGACK) AB = CS*AW*UDS + CS*AW*LDS 

If (lBGACK) TB = CS* lAW 

If (BGACK) UDS =' DAS*/AO*BYTE + IBYTE*DAS 

If (BGACK) LDS = DAS*AO*BYTE + IBYTPDAS 

If (/BGACK) DAS = UDS*LDS 

CLA = IAS*BG 

BA = IHOLD 

PAL 1$ a registered trademark of and is used under license from Monolithic Memories. Inc. 
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DAL,.-DAL" 

II " 

A .. -A1• A19-A" 

iiAU 

DALO 

Vee 

~ LE IT IR 

ALE ALE lAS lAS 

DT/A DTR IDAS 5AS 

Ali IRD 186190.PAL READ READ 

E WA IWA PAL16L8 i DEN 

DEN 

AROV ARDY 

HLDA .... 
HLDA 

I 
PCSo 
SRDY 

~ 
A tee 

INTO .... 

iiHE 

HOLD A ..... 

iiiS 

186 TO LANCE INTERFACE 

This PAL design assumes that the 186 and LANCE are on the 
same board. The data bus buffer is only enabled if the LANCE 
is not selected. It seems natural to program the LANCE for 
ALE output. However, the PAL equations or indeed a discrete 
design is easier if/AS is used. This is because the LANCE 
tristates ALE; the 186 does not. Note data will be valid on the 
falling edge oflWR in min mode, meeting the apparent 
requirement of the LANCE in early data sheets. Data set up 
time is specified with respect to the rising edge of DAS in later 
data sheets; thus the designer has more flexibility. All transfers 
to or from the LANCE must be words. Program ACON to I, 
BCON and BSWP to O. 

CS 

I 
1 

11-33 

Vee 

_' c( 
IREADY READY 

..... HLDA W ... 
cs 0 IIEADY FROM 

SYSTEM Z 
INfA c( 
iiii; ...I 
HOLD 

RESET 

r~ 
AFOO0361 

ALE lAS DTR NC NC DEN NC/READY HLDA GND ICS 
ARDY READ/R/T/DAS/WR/RD LE VCC 

If (/HLDA) DAS = RD + WR 

If (lHLDA)/READ = DTR 

If (/HLDA) T = DTR* ICS 

If (/HLDA) R - IDTR*DEN* ICS 

If (HLDA) RD = READ*DAS 

If (HLDA) WR = IREAD*DAS 

ILE = IALE + lAS 

IARDY = IREADY 

05698A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature with Temperature .............................. : ...... O°C to +70°C . 

Applied Powers ............................. -55°C to + 125°C Supply Voltage ............................ + 4.75V to + 5.25V 
Supply Voltage to Ground Potential Military (M) Devices 

Continuous ...................................... -O.5V to + 7.0V 
DC Voltage Applied to Outputs For 

Temperature ................................ -55°C to +125°C 
Supply Voltage ............................... + 4.5V to + 5.5V 

High Output State ....................... -O.5V to + Vee max Operating ranges define those limits over which the function· 
DC Input Voltage ................................. -O.5V to +5.5V ality of the device is guaranteed. 
DC Output Current, Into Outputs ......................... : 20mA 
DC Input Current.. ........................... -30mA to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions Min Typ Max Units 

VIL Input LOW Voltage -0.5 0.8 Volts 

VIH Input HIGH Voltage 2 Vcc+ 0.5V Volts 

VOL Output LOW Voltage IOL -3.2mA 0.5 Volts 

VOH Output HIGH Voltage IOH =-0.4mA 2.4 Volts 

IlL Input Leakage VIN - O.4V to Vee ±10 p.A 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description 

Bus Slave Timing 

1 ·leSH Chip Select Hold Time after PAS LOW to HIGH 

2 tess Chip Select Setup Time before PAS HIGH to LOW 

3 tsAH ADR Hold Time following PAS LOW to HIGH 

4 'sAs ADR Setup Time before PAS HIGH to LOW 

I !sCOl Data Delay following PAS HIGH to LOW 5 
!sC02 

6 !sROS Read Data Setup Tune before READY HIGH to LOW 

7 !sRDH Data Hold Time following PAS LOW to HIGH (Read Cycle) 

8 tsRYH ~ Hold Time after PAS. LOW to HIGH 

9 tSRH READ Hold Time after DAl'i LOW to HIGH 

I !sROl READY Driver Tum on Time after PAS HIGH to LOW 10 
!sR02 

11 !sRS READ Setup Time before l5All HIGH to LOW 

12 !sWDH Data Hold Time after DAl'i LOW to HIGH (Write Cycle) 

13 !sWDS Data Setup Tune before l5All HIGH to LOW (Write Cycle) 

11·34 

Test Conditions Min Typ Max Units 

0 ns 

0 ns 

0 ns 

0 ns 

CSRO. RAP. CSRa 400 

CSR1. CSR2 
ns 

1200 

75 ns 

0 35 ns 

0 35 ns 

0 ns 

CSRO. CSRa. RAP 600 

CSRI. CSR2 1400 
ns 

0 ns 

0 ns 

0 ns 

05698A 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

'Parameters Description Test Conditions Min Typ Max Units 

BUB Master Timing 

1 tXAS Extended Address Setup TIme before ALE HIGH to LOW 75 ns 

2 tXAH Extended Address Hold TIme after CAS LOW to HIGH 35 ns 

3 tAS Address Setup TIme before ALE HIGH to LOW 75 ns 

4 tAH Address Hold Time after ALE HIGH to LOW 35 ns 
5 tROAS READ Data Setup Time before CAS LOW to HIGH 50 ns 

6 tROAH READ Data Hold Time after CAS LOW to HIGH 0 ns 

7 tALEW ALE Width 130 ns 

8 twos WRITE Data Setup TIme before CAS LOW to HIGH 200 ns 

9 twOH WRITE Data Hold Time CAS LOW to HIGH 35 ns 

10 tOOAS WRITE Data Setup Time before CAS HIGH to LOW 0 ns 

11 tosw CAS Width 200 ns 

12 tOALE Delay from CAS LOW to HIGH to ALE LOW to HIGH 70 ns 

13 tAOAS Delay from ALE HIGH to LOW to CAS HIGH to LOW 80 ns 

14 tRIOF 
Delay from ID\[Q LOW to HIGH to CAS HIGH to LOW 35 ns (Read Cycle) 

15 IAOYS ~ Setup Time before CAS LOW to HIGH (See Note) 75 250 ns 

16 tROYH READY Hold Time after CAS LOW to HIGH 0 ns 

17 los i5Arn Setup Time before ALE HIGH to LOW 110 ns 

18 tROH i5Arn Hold Time after ALE HIGH to LOW (Read Cycle) 35 ns 

19 tROIF 
Delay from DALO LOW to HIGH to DALI HIGH to LOW 35 ns (Read Cycle) 

20 tRIS i'iAiJ Setup Time before CAS LOW to HIGH (Read Cycle) 135 ns 

21 tRIH OALI Hold TIme after CAS LOW to HIGH (Read Cycle) 0 ns 

22 IAIOF 
Delay from DALI LOW to HIGH to DALO HIGH to LOW 55 ns (Read Cycle) 

23 twOSI 
Delay from CAS LOW to HIGH to DALO LOW to HIGH 35 ns (Write Cycle) 

24 tARYO 
Delay from the falling edge of ALE to the falling 
edge of READY to insure a minimum Bus Cycle time (600ns). 80 ns 

Note: The r!EAl5V setup time before negation of CAS is a function of the synchronization time of READY. The synchronization must occur wHhin two 
clock ticks (lOOns). Therefore, the setup time is lOOns plus any accumulated propagation delays. Ready slips occur on lOOns increments. 

11-35 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Parameters I Description Tes,t Conditions Min Typ Max Units 

Bus AcqlllelUon Timing 

1 lOON Bus Master Driver Enable Time after Assertion of RrnA 0 250 ns 

2 tOOFF Bus Master Driver Disable Time alier Deassertion of HOLD 0 50 ns 

3 tRW ~ Pulse Width (Note 1) 200 ns 

4 tHHA HOlDAI to HOlDI 0 

5 trCT TClK Period 99 101 ns 

6 trCL TClK low Time 45 55 ns 

7 trCH TClK High Time 45 55 ns 
8 trCR Rise Time Of TClK 0 8 ns 

9 trCF Fall Time of TClK 0 .8 ns 

10 trEP TENA Propagation Delay after the Rising Edge of TclK CL - 50pF 95 ns 

11 trEH TENA Hold Time after the Rising Edge of TClK CL - 50pF 5 ns 

12 trDP TX Data Propagation Delay after the Rising Edge of TClK CL - 50pF 95 ns 
13 trDH TX Data Hold Time after the Rising Edge of TClK CL = 50pF 5 ns 

14 tRCT RClK Period 85 118 ns 

15 tRCH RClK High Time 38 ns 

16 tRCL RClK low Time 38 ns 

17 tRCA Rise Tima of RCLK 0 8 ns 

18 tRCF Fall Time Of RClK 0 8 ns 

19 tRDR RX Data Rise Time 0 8 ns 

20 tRDF RX Data Fall Time 0 8 ns 

21 tRDH RX Data Hold Time (RClK to RX Data Change) 5 ns 

22 tRDS 
RX Data Setup Time (RX Data Stable to the Rising 60 ns Edge Of RClK) 

23 tDPL RENA low Time 120 hs 

24 tcPH ClSN High Time 80 ns 

Note: 1. ~ is an asynchronous input and does not occur as part of the Bus Acquisition cycle. 

SERIAL LINK TIMING 

~ 
16 15-

~ . ~ 

r-H ~ ~~ 17 18-.~ 
RX W$;W//$$!,f////0rX· XW$jjj'$///////;W 

21 19 

RENA J, \ r 
y 1--23----1 RESET'~ 

3 

CLSN--c:J-

~ 
24 1--7 6 

TCLK -1 ~9 
rxWL0W&M X 

I 
TENA 

L'I -'0 
WFOO1530 

Note: 1.25ns offset from TClK (Y4 bij time and :f4 bit time from TClK poSitiVe edge). 

Timing measurements are made at the following voltages, unless otherwise specified: 

High Low 

Output 2.0V O.BV 
Input 2.0V O.BV 
Float V O.5V 

11-36 
05698A 

Refer to Page 13-1 for Essential Information on Military Devices 



Am7991A/ Am7992A * 
Serial Interface Adapter (SIA) 

DISTINCTIVE CHARACTERISTICS 

• Crystal controlled Manchester Encoder 
• Manchester Decoder acquires clock and data within six 

bit times with an accuracy of ±3ns 
- Carrier/collision detected for greater than -300mV 
- No' carrier/collision for less than -175mV 

• Receiver decodes Manchester data with up to ±20ns 
clock jitter (at 10MHz) 

• Input signal conditioning rejects transient noise 
- Transients < 10ns for collision detector inputs 
- Transients < 16ns for carrier detector inputs 

• TTL compatible host interface 
• Transmit accuracy ±0.01% (without adjustments) 

GENERAL DESCRIPTION 

The Am7991A Serial Interface Adapter (SIA) is a Manches
ter Encoder/Decoder compatible with both Ethernet and 
IEEE-802.3 specifications. In an Ethernet/IEEE-802.3 ap
plication the Am7991A interfaces the Am7990 Local Area 
Network Controller for Ethernet (LANCE) to the Ethernet 
transceiver cable, acquires clock and data within 6 bit-

times, and decodes Manchester data with up to ±20ns 
phase jitter at 10MHz. SIA provides both guaranteed signal 
threshold limits and transient noise suppression circuitry in 
both data and collision paths to minimize false start 
conditions. 

BLOCK DIAGRAM 

Serial Interface Adapter (SIA) 

Receive Data (RX) Receive + 
Receive Clock (RCLK) 

Receive -
C .... ··_·CREMAI 

i .. I eonlslon 

; 
Nol .. Collision + I 

! Collision CCUMI Reject • .! Filter Collision - t Detect 

4 
II ! 
c T_DateCTXI' Transmit + • 
8 ~ T ..... __ CTEMAI 

TransMit - • 
~ 

T ...... mIt CIocIc ITCLKI 

60002070 

RELATED PRODUCTS 

PART NO DESCRIPTION 

Am7990 Local Area Network Controller for Ethernet 

Am7995 Ethernet Transceiver 

*December 1983 - See Valid Combinations Note Under Ordering Information 03378C 

11-37 Refer to Page 13-1 for Essential Information oh Military Devices 

III 



• <C 
C'i. 
G) 
G) ... 
E 
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<C .... 
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E 
<C 

CONNECTION DIAGRAM 
Top View 

0-24-1 

CUN 24 CoaIelon+ 

RX 23 CoIUoloft-

RENA 22 Rec ..... 

RCLK 21 ""--
TaL 20 TNt 

GNDt 19 vee1 

GN~ 18 Vcca 

X, 17 pp 

X. " RF 

TX 10 15 GNDa 

TCLK 11 I. ,....n.mIt+ 
TENt. 12 13 T ......... t-

CDOO1520 

TYPICAL ETHERNET NODE 

ETHERNET 
CONTROI.U!R 

ORDERING INFORMATION 

AFOO0470 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am7991A/92A 

Device type 

D C B l L L S~r:~~i~g S?f~:;d processing 
B - Burn-in 

. Temperature (See Operating Range) 
C - Commercial (O°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 
D-24-pin CERDIP '(D-24-1) 
P- 24 pin plastic DIP (P-24-1) 

Serial Interface Adapter (SIA) 

Valid Combinations 

Am7991A DC, DCB, DM, 
DMB 

Am7992A 
PC, DC, DCB, 
DM, DMB 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

• 7992A only available in D-24-SLIM. 
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:.. 
PIN DESCRIPTION 3 

" CD 
CLSN Collision (output) Transmit + Transmit (outputs) CD 

~ 
A TTL active high output. Signals at the Collision Transmlt- A differential line output. This line pair is intend- :.. 
±terminals meeting threshold and pulse width ed to operate into terminated transmission lines. ...... :.. requirements will produce a logic high at CLSN For signals meeting setup and hold time to TCLK 3 
output. When no signal is present at Collision ±, at TENA and TX Manchester clock the data is " CLSN output will be low. outputted at Transmit +/Transmit -. When op- CD 

CD 
erating into a 78n terminated transmission line, !\) 

:.. RX Receive Data (output) Signalling meets the required output levels and .. 
A MOS/TTL output, recovered data. When there skew for both Ethernet and IEEE 802.3 drop 
is no Signal at Receive ± and 'fEST is high, RX is cables. 
high. RX is actuated with RCLK and remains 
active until end of message. During reception, Receive + Receiver (Inputs) 
RX is synchronous with RCLK and changes after Receive - A differential input. A pair of internally biased line 
the rising edge of RCLK. When TEST is low, RX receivers consisting of a carrier detect receiver 
is enabled. with offset threshold and noise filtering to detect 

the signal, and a data recovery receiver with no 
RENA Receive Enable (output) offset for Manchester data decoding. 

A TTL active high output. When there is no 
signal at Receive ± and TEST is high, RENA is Collision + Collision (Inputs) 
low. Signals meeting threshold and pulse width Collision- A differential input. An internally biased line 
requirements will produce a logic high at RENA. receiver input with offset threshold and noise 
When Receive ± becomes idle, RENA returns to filtering. Signals at Collision ± have no effect on 
the low state synchronous with the Manchester data path functions. 
bit cell edge. For 'fEST low, RENA function is 
disabled. TSEL Transmit Mode Select 

An open collector output and sense amplifier 
RCLK Receive Clock (output) input. 

A MOS/TTL output recovered clock. When there TSEL Low: Idle transmit state Transmit + is 
is no signal at Receive ± and TEST is high, positive with respect to Transmit 
RCLK is low. RCLK is activated after the third 
negative data transmission at Receive ±; and TSEL High: Idle transmit state Transmit + 
remains active until end of message. When and Transmit - are equal, pro-
TEST is low, RCLK is enabled independent of viding "zero" differential to op-
Receive ±. erate transformer coupled loads. 

TX Transmit (Input) 
When connected with an RC network, TSEL is 
held low during transmission. At the end of 

TTL compatible input. When TENA is high, 
transmission the open collector output is dis-

signals at TX meeting setup and hold time to abled, allowing TSEL to rise and provide a 
TCLK will be encoded as normal Manchester at 

smooth transmission from logic high to "zero" 
Transmit + and Transmit -. 
TX High: Transmit + is negative with respect 

differential idle. Delay and output return to zero 

to Transmit - for first half of data bit 
are externally controlled by the RC time constant 

cell. 
TSEL. 

TX Low: Transmit + is positive with respect 
XI. X2 Biased Crystal OSCillator 

to Transmit - for first half of data X 1 is the input and X2 is the bypass port. When 
bit cell. connected for crystal operation, the system 

TENA Transmit Enable (Input) 
clock which appears at TCLK is half the frequen-

TTL compatible input. Active high data encoder 
cy of the crystal oscillator. X1 may be driven 
from an external source of two times the data 

enable. Signals meeting setup and hold time to 
rate. 

TCLK will allow encoding of Manchester data 
from TX to Transmit + and Transmit-. 

RF Frequency Setting Voltage Controlled Os-

TCLK Transmit Clock (output) cillator (Veo) Loop Filter 

MOS/TTL output. TCLK provides symmetrical 
This loop filter output is a reference voltage for 

11 the receive path phase detector. It also is a 
high and low clock Signals at data rate for reference for timing noise immunity circuits in 
reference timing of data to be encoded. It also the collision and receive enable path. Nominal 
provides clock signals for the controller chip 

reference Veo gain is 1.25 TCLK frequency 
(Am7990 - LANCE) and an intemal timing refer- MHzlV. 
ence for receive path voltage controlled oscilla-
tors. PF Receive Path Veo Phase Lock Loop Filter 

This loop filter input is the control for receive 
path loop damping. Frequency of the receive 
Veo is internally limited to transmit frequency 
±12%. Nominal receive Veo gain is 0.25 refer-
ence VCO gain MHzlV. 

03378C 
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Test Control (Input) 
. A static input that is connected to V cc for 
normal Am7991 operation and to ground for 
testing of receive path function. When TEST is 
grounded RCLK and RX are enabled so that 
receive path loop may ,be functionally tested. 

DETAILED DESCRIPTION 

The Am7991A Serial Interface Adapter (SIA) has three basic 
functions. It is a Manchester Encoder/line driver in the 
transmit path, a Manchester Decoder with noise filtering and 
quick lock-on characteristics in the receive path, and a signal 
detect/converter (10MHz differential to TIL) in the collision 
path. In addition, the SIA provides.the interface between the 
TIL logic environment of the Local Area Network Controller 
for Ethernet (LANCE) and the differential signaling environ-
ment in the transceiver cable. . 

TRANSMIT PATH 

The transmit section encodes separate clock and NRZ data 
input signals meeting the set up and hold time to TCLK at 
TENA and TX, into a standard Manchester II serial bit stream. 
The transmit outputs (transmit + /transmit - ) are designed to 
operate into terminated transmission lines. When operating 
into a 7en terminated transmission line, Signaling meets the 
required output levels and skew for both Ethernet and 
IEEE-802.3 

TX 

TENA 

Figure 1. Transmit Section 

MANCHESTER 
ENCODER 

TCL. -------t{ I 
osc 

Transmitter Timing and Operation 

TRANSMIT ± 

DFOO0190 

A 20MHz fundamental mode crystal oscillator provides the 
basic timing reference in the SIA. It is divided by two to create 
the transmit clock reference (TCLK). Both 20MHz and 10MHz 
clocks are fed into the Manchester Encoder to generate the 
transitions in the encoded data stream. The 10MHz clock, 
TCLK, is used by the SIA to internally synchronize transmit 
data (TX) and transmit enable (TENA). TCLK is also used as a 
stable bit rate clock by the receive section of the SIA and by 
other devices in the system (the AM7990 LANCE used TCLK 
to drive its internal state machine). The oscillator may use an 
external .005% crystal or an external TIL level input as a 
reference. Transmit accuracy of .01 % is achieved (no external 
adjustments are required). 

TENA is activated when the first bit of data is made. available 
on TX. As long as TENA remains High, signals at TX will be 
encoded as Manchester and will appear at transmit + and 
transmit -. When TENA goes Low, the differential transmit 
outputs. go to one of two idle states: 

High Current Ground 

Logic Ground 

Voltage Controlled OSCillator Ground 

VCC1 High Current and Logic Supply 

VCC2 Voltage Controlled Oscillator Supply 

• Mode 1 - (TSEL High) The idle state of transmit + /transmit 
- yields "zero" differential to operate transformer coupled 
loads. 

• Mode 2 - (TSEL Low) in this idle state, transmit + is 
positive to transmit - (logical High). (Figure 11A) 

RECEIVE PATH 

The principle function of the receiver is the separation of the 
Manchester encoded data stream into clock and NRZ data. 

Input Signal Conditioning 

Before the data and clock can be separated it must be 
determined whether there is "real" data or unwanted noise at 
the transceiver interface. The Am7991A SIA carrier detection 
receiver provides a static noise margin of -175mV to -300mV 
for received carrier detection. These DC thresholds assure 
that no signal more positive than -175mV is ever decoded and 
that signals more negative than -300mV are always decoded. 
Transient noise of less than 1 Ons duration in the collision path 
and 16ns duration in the data path are also rejected. 

Figure 2. Receiver 

AX 

MANCHItSTER 11-----11 DATA ~ DECODER I I RECEIVER 

CAR~ER 11--' ___ -If'I· R=" I-
DETECT I FILTER 

AECEIVE± 

RCU< 

RENA 

DF000200 

The stage prevents unwanted idle state noise on the trans
ceiver cable from causing "false starts" in the receiver. This 
helps assure a valid response to "real" data. 

The receiver section (Figure 3) consists of two data paths. The 
receive data path is designed to be a zero threshold, high 
bandwidth receiver. The carrier detection receiver is similar, 
but with an additional bias generator. Only data amplitudes 
larger than the bias level are interpreted as valid data. The 
noise rejection filter prevents noise transients < 16ns from 
enabling the data receiver output. The COllision detector 
Similarly rejects noise transients < 10ns. 

Receiver Section Timing 

Receive Enable (RENA) is the "carrier present" indication 
established when a signal of sufficient amplitude (VIDe) and 
duration (tRPWR) is present at the receive inputs. Receive 
Clock (RCLK) and Receive Data (RX) become available after 
the third negative data transition at receive+ /receive - inputs, 
and stay active until end of packet.. During reception, RX is 
synchronous with RCLK changing after the rising edge of 
RCLK. 

The receiver detects the end of a packet when the normal 
transition on the differential inputs cease. After the last 
Low-to--High transition, RENA goes Low and RCLK completes 
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one last cycle, storing the last data bit. It then goes Low, and 
remains Low. (See Receive End of Packet Timing diagrams.) 
When TEST is Low, RCLK does not go Low and stay Low but 
continues to run. 

Receive Clock Control 

To ensure quick capture of incoming data the receiver 
phase-locked-loop is frequency locked to the transmit oscilla
tor and it phase locks to incoming data edges. 

Clock and data are available within 6 bit times (accurate to 
within ±3ns). The SIA will decode jittered data of up to ±20ns 
(Figure 4). 

Differential 1/0 Terminations 

The differential input for the Manchester data (receive ±) is 
externally terminated by two 40.2n ± 1 % resistors and one 

optional common mode bypass capacitor. The differential 
input impedance ZIDF and the common mode input ZICM are 
specified so that the Ethernet specification for cable termina
tion impedance is met using standard 1 % resistor terminators. 
The collision ± differential input is terminated in exactly the 
same way as the receive input (See External Component 
diagram) 

Collision Detection 

The Ethernet Transceiver detects collisions on the Ethernet 
and generates a 10MHz signal on the transceiver cable 
(collision + / collision-). This collision Signal passes through 
an input stage which assures signal levels and pulse duration. 
When the signal is detected by the SIA, the SIA sets the CLSN 
line High. This condition continues for approximately 190ns 
after the last Low-to-High transition on collision + /collision-. 

Figure 3. Receiver Section Detail 

AX 

RCLK----~ 

RENA 

40MHz 
Veo 

PHASE 
DETECTOR 

NOISE 
REJECT 
FILTER 

1-_---0+ 

DF000170 

Figure 4. Maximum Jitter Impact on Sampling 
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MAXIMUM 

JmER 

::!:Sna 
ALLOWABLE 

SAMPLING ERROR 

MAXIMUM 
JITTER 

±2On8, 

!----50.8---.-/ 
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Am7991A 
External Component Diagram 

AF000450 

Notes: 1. Connect R 1, Cl, for 0 differential nontransmit. Connect to ground for logic 1 differential nontransmit. 
2. Pin 20 shown for normal device operation. 
3. Nodes A and B may be connected directly to ground for proper decoder operation, or to the common 

mode bypass C4 and C5. Soma diract coupled transceivers .. equire C4 and C5 to ground for proper 
operation. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -6SoC to + lS0°C Commercial (C) Devices 

Ambient Temperature with Temperature •.................................... O°C to + 70°C 

Power Applied ............................... -SSoC to + 12SoC Supply Voltage ............................ + 4.7SV to + S.2SV 

Supply Voltage to Ground Potential Military (M) Devices 
Continuous .................•................................ + 7.0V Temperature ................................ -SSoC to + 12SoC 

DC Voltage Applied to Outputs For 
High Output State ....................... -O.SV to + VCC max 

Supply Voltage ............................... + 4.SV to + S.SV 

DC Input Voltage (Logic Inputs) .......................... + S.SV 
Operating ranges define those limits over which the function-

DC Input Voltage (Ree Coli) ...................... -6V to +6V 
a/ity of the device is guaranteed. 

Transmit ±Output Current .................... -SOmA to + SmA 
DC Output Current, Into Outputs ......................... 1 OOmA 
DC Input Current (Logic Inputs) ......................... ±30mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions 

VOH 
Output High Voltage RXD, RENA, 10H =-1.0mA CLSN,TCLK 

Output Low Voltage RCLK, TCLK, RENA 10L = 16mA 
VOL RXD, CLSN, TSEL 10L- lmA 

Differential Output Voltage I Vo 
VOO (Transmit+ I-(Transmit-) I Vo 

VOO OFF Transmit Differential Output Idle Voltage RL=7Bn 

100 OFF Transmit Differential Output Idle Current 

VeMT Common Mode Output Transmit 

VOOI 
Differential Output Voltage Imbalance 
(Transmit±) IIVoHVoIi 

VIH Input High Voltage TTL 

IIH Input High Current TTL VCC - MAX, VIN = 2.7V 

VIL Input Low VOltage TTL 

IlL Input Low Current TTL Vce = MAX, VIN = O.4V 

VIRO Differential Input Threshold (Rec Data) 

VIOC Differential Input Threshold (Garrier/Collision±) 

ICC Power Supply Current 
lose = SOns 

lose = SOns, T A = MAX 

II Input Breakdown Current VI = + 5.5 (T x' TENA) 

VIC IIN=-IBmA 

Iseo 
RXD, TCLK, CLSN, RENA 
Short Circuit Current 

RIOF Differential Input Resistance Vee-O to MAX 

RICM Common Mode Input Resistance Vec=O to MAX 

VICM Receive and Collision Input Voltage liN =0 

IILO Receive and Collision Input Low Current VIN--1V 

IIHO Receive and Collision Input High Current VIN =6V 

11HZ Receive and Collision Input High Current VCC- 0, VIN = +6V 

, 
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Min Typ Max Units 

2.4 3.4 V 

0.5 
V 

0.4 

550 900 
mV 

-550 -900 

-20 0.5 20 mV 

-0.5 ±00.1 0.5 mA 

0 5 V 

5 20 mV 

2.0 V 

+50 jJ 

0.8 V 

-400 jJ 

-25 0 +25 mV 

-175 -225 -300 mV 

100 lBO 
mA 

160 

1 mA 

-1.2 V 

-40 -150 mA 

6k B.4k 13k 0. 

1.5k 2.1k 3.25k 0. 

2.5 3.5 4.2 V 

-0.32 -1.06 -1.64 mA 

+0.14 +0.6 +1.10 mA 

0.4 1.28 1.86 mA 

03378C 
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SWITCHING TEST CIRCUIT 

Figure 5. Test' Load for· RX, RENA, Figure 6. Transmit ± Output Test Circuit 
RCLK, TCLK 

I 1-' 81· OUT l'·~ \ 

TlIANSIIIT _ J 
TCoo0470 TCOO0461 

Figure 7. Receive ±and Collision ±Input Test Clrcul t 

1 OUT I: l~~ :oJ 
TCOO0460 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

Receiver Specification 

tACT RCLK Cycle Time 85 118 ns 

tACH RCLK High Time, lose· SOns 38 ns 

tACL RCLK Low Time 38 ns 

tACA RCLK Rise Time 0 8 ns 

tACF RCLK Fall TIme 0 8 ns 

tADA RX Rise TIme CL = 50pF 0 8 ns 

IRDF RX Fall Time Figures 13 and 14 0 8 ns (Note 1) 
tADH RX Hold Time (RCLK to RX Change) 5 ns 

tADS RX Prop Delay (RCLK 10 RX Stable) 25 ns 

tDPH RENA Turn-On Delay (VIDC on Receive ± 10 RENAH) Figures 7 and 8 160 ns 

tDPO RENA Turn-Off Delay (VIDH on Receive ± to RENA;) Figures 7 and 9 160 ns 

\oPL RENA Low TIme Figure 9 120 ns 

tAPWA Receive ± Input Pulse Width to Reject (Input < VIDe) Figures 7 and 14 16 ns 

tAPWO Receive ± Input Pulse Width to Turn·On (Input < VIOC) Figures 7 and 14 40 ns 

tALT Decoder Acquisition Time Figure 8 800 ns 

Collision Speclflcatlon 

tcPWA Collision Input Pulse Width 'to Reject (Input < VIOC) Figures 7 and 14 10 ns 

tcPWO 
Collision Input Pulse Width 10 Turn·on (Collision ± Figures 7, 12 and 14 26 ns 
Exceeds VIOC) 

tcPWE Collision Input to Turo.()ff CSLN (Input> VILDO) 80 ns 

tcPWN Collision 'Input to Not Turn·Off CLSN (Input> VIOC) 
Figures 7 and 14 

160 ns 

tcPH CLSN Turn·On Delay (VIDe on Collision ± 10 CLSNH) 180 ns 

tCPO CLSN Turn·Off Delay (VIHD on Collision ± to CLSN;) 
Figures 7, 12 and 13 

160 ns 

11·44 
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Parametera I Deacrlptlon Teat Conditions I Min Typ Max Units 

Transmitter Specification 

ITCl TClK low Time 45 55 ns 

ITCH TClK High Time 
IosC = 50ns 

45 55 ns 

ITCR TClK Rise Time Figures 5 and 15 0 8 ns 

ITCF TClK Fall Time 0 8 ns 

tTDS. tES TXD and TEN Setup Time 5 ns 

tTDH. tEH TXD and TEN Hold Time 
Figures II and 12 

5 ns 

tTOCE Transmit ± Output. (Bit Cell Center to Edge) 49.5 50.5 ns 

100 TClK High to Transmit ± Output 
Figures 6 and II 

100 ns 

tTOR Transmit ± Output Rise TIme 20-80% I 5 ns 

ITOF Transmit ± Output Fall TIme Figure II I 5 ns 

VOOI 
Transmit Return to Zero Differential at End of Message mV Voitage at 1 Bit Time 

VOO2 
Transmit Return to Zero Differential at End of Message mV Voltage at 2 Bit Time 

VOO3 
Undershoot Voltage at Zero Differential Point on Transmit mV Return to Zero (End of Message) 

Note 1. Assumes equal capacitance loading on RClK and RX. 

Figure 8. Receiver Timing - Start of Packet 

II! 
r--I 

REFERENCE (INmAL PHASE REFERENCE 
EDGE BASED ON THIS EDGE) 

~t ~o I I 
r--

1 I 0 I 
r--

1 I 0 I 
r--

RECEIVE ~ 

~~~~~--'~--t----lr~----t---~r~----t----l~ __ -1~--+----1~~----+----i~---+----~~~~ 

F~:;~r-____________________ ~r----~ ____ ~_~ __ Brr_D ______ ~~ _________ ~ ____ _ 

RENA 

J 
I---------.OLT------'I----II \1 RCLK 

\ 
AX 

WFOOI600 

Figure 9. Receiver Timing - End of Packet (Last Bit = 0) 

0 I 1 I 0 1 1 I 1 I 0 I 0 I -- r---. r-- r---. - "'-
r--

RECEIVE~ av 
(MEASURED 

DIFFERENTIAlly) L - -- .,.. 
~\ V 

RENA I 
i--'OPO I 'DP\. I 

ACLK 

RX _____ o ____ ~~ 

11-45 

WFOOl590 

03378C 
Refer to Page 13-1 for Essential Information on Military Devices 

~ 
3 
""-I 
ID 
ID ... 
~ 

" ~ 
3 
""-I 
ID 
ID 
N 
~ .. 

III 



Figure 10. Receiver Timing - End of Packet (Last Bit = 1) 

.. 

RENA 

ACLK 

AX 

WF001490 

Figure 11A. Transmitter Timing - Start of Transmission 

\ ..... ___ f 
tTES - too 

TENA 

TX O.8Y-,:.. ______ _ 

> +55OmV 

TRANSMIT, OY· MODE' ... ~ 
MODE 2 ~'TDW I 

DtFFi:=~~ -< --5I;Om--Y-----------. ------ \.-_-_~-_-_-_-_-_ -_ -.J-'AI-\.-_-~~~~~~=== 
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Figure 11b. Start of Transmit - Modes 1 and 2 

~ 
I 
I r-TCLK I 
I 
I 

TX --.-J I 

I ~ I, 0 I 
I 
I 

TENA .J I 
I 
I 
I 
I 
I 

MODE' I 
OV 

I TRANSMIT .... 

I 
OV I TRANSMIT -

I 
I 
I 

TSEL I (MODE') 

I 
I 
I 

OV I 
DIFFERENTIAL 

I 
I 

MODE 2 I 
I 

OV I TRANSMIT .... 

I 
I 

JRANSMIT -
OV I 

I 
I 

TSEL I 
(MDDE2) I 

I 
I 
J 

DIFFERENTIAL - OV I 
I 

WFOOl660 

Note: 1. 25ns offset from TCLK (1/4 bit time and 314 bit time from TCLK position edge). 
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Figure 12. Transmitter Timing - End of Transmission 
MODE 1 

1----..... -----
• 8fT CELI.--I 

... ---
~. ~ , ,----

DFFE~ ...:..:.-------t---+--4.:------jp.,:..'-----VOD. - ~"'"'-...::: _~-:-~----~ 
VOO2 t 

Vooo 

Da __ ~----------------------J~ 

~ 
\--aITCELI. I 2OIInto----_ 

==~W ____ ~CJ--r_+I--------~~ ____ --
DIfFERENTIALLY) _____ .JI LJ 

. Da ________________________ -J~ 

MOOI! • 

MOOI! • 

_. 
MOOI! • 

WF001510 

MODE 2 

CASE. m. /YYWIIWWiJWMMI\ 
(LAST8IT • ., TX ~J,m>l.ll..ltl-_______ .....IfYVVV'MMMMMMMMMu.J,=W~II.lLILWI~II.lLILWI:JLlLl. 

~1~ ___ -1 
~. ~ \ ~ /r----__ ------------------ ~. 
~ ..:.:.-------\-U-. --+----1LjI---+--------- ---------

TSl!L 

-----------------------------------------~. 

CASE. 2 'W 
(LAST BIT .1. TX ~ 

i--BlTCELL-j n 1;----------MCioE. 
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(MEASURED -'-'---------f----\----ji------------ ------

_ERENTlALLYj _______ ..JI LJ 
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------------------------------------------. ~. 
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COLLISIONtN 
PIIESENCE± 

RECEIVE, OR 
COI.USION 

PRESENCE, 

Figure 13. Collision Timing 

Figure 14. Input Pulse Width Timing 

WFOO1720 

WF001711 

Figure 15. RCLK and TCLK Duty Cycle and Rise/Fa" Time 

ACLKOR 
TCLK 

Q.8V 
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Am8120 
Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 

DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 
• Buffered common asynchronous clear input 
• Three-state outputs 

• 8-bit, high-speed parallel register with positive edge
triggered, D-type flip-flops 

GENERAL DESCRIPTION 

The Am8120 is an 8-bit register built using advanced Low
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear 
input, and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to iogic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates 
in the normal fashion. 

When the three-state output enable (C5l:) input is LOW, the 
Y outputs are enabled and appear as normal TIL outputs. 

When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 

This device is packaged in a slim 24-pin package (0.3 inch 
row spacing). 

BLOCK DIAGRAM 

CLOC" 
ENABLE 

a> 
CLOCK 

CUi 
CLEAR 

O"! 
OUTPUT 
ENABLE 

Vo 
60001260 

RELATED PRODUCTS 

Part No. Description 

Am25S18 Quad D Register 

Am2920 Octal D Type Flip-flop 

Am2954/5 Octal D Registers 

03696B 
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23 

11 

22 

CONNECTION DIAGRAM 
Top View 

Leadless Chip Carrier 
L·28·1 

CE 

Y, 

D, 

" Do .. 
Y, .. 
Y, 

D, 

D. 

v. a 

Note: Pin 1 is marked for orientation 

"Reserved - do not use. 

LOGIC SYMBOL 

4 15 16 19 20 

Am8120 
OCTAL REGISTER 

6 9 14 17 18 21 

! 

LSOOO510 

ORDERING INFORMATION 

" 

.. 
J ~ 

CDOO1570 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am8120 

Device type 

D C B l L L Screening Option 
Blank - Standard processing 
B - Burn-in 

Temperature (See Operating Range) 
C ~ Commercial (O°C to + 70°C) 
M - Military (- 55°C to + 125°C) 

Package 
D- 24-pin CERDIP (D-24-SLlM) 
F - 24-pin ceramic flatpak (F-24-1) 
L- 28-pin leadless chip carrier (L-28-1) 
P-24-pin plastiC DIP (P-24-1) 
X-Dice 

Octal D-type Flip-flop 

11-51 

Valid Combinations 

DC, DM 
FM 

Am8120 LC, LM 
PC 
XC, XM 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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~ ,.. 
CIO 
E 

CC Pin No. 

I 

11 

23 

22 

Name ·1/0 

Dj I 

ern I 

CP I 

Vi a 
E I 

C5E I 

PIN DESCRIPTION 

. Description 

The D flip-flop data inputs. 

When the clear input is LOW,the OJ outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 
data can be entered into the. register. 

Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 

The register three-state outputs. 

Clock Enable. When the clock enable is LOW, data on the D; input is transferred to the OJ O\Itput on the LOW-to-HIGH 
clock transition. When the clock enable is HIGH, the 01 outputs do not change state, regardless of the data or clock 
input transiti9t's. 

Output Control. When the C5E input is HIGH, the Vj outputs are in the high impedance state. When the C5E input is 
LOW, the TRUE register data .is present at the Vi outputs. 

Inputs 

OE CLR E 01 

H X X X 

H L X X 
L L X X 

H H H X 
L H H X 

H H L L 
H H L H 
L H L L 
L H L H 

H -HIGH 
L =LOW 
X = Don't Care 

Function Table 

Internal Outputs 

CP QI VI Function 

X X Z Hi-Z 

X L Z Clear 
X L L 

X NC Z Hold 
X NC NC 

t L Z Load 
t H Z 
t L L 
t H H 

NC = No Change 
t = LOW-to-HIGH Transition 
Z =High Impedance 

II-52 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -6S'C to + lS0'C Commercial (C) Devices 
Temperature (Ambient) Under Bias ....... -S5'C to + 125'C Temperature ..........•.......................... O·C to +70'C 
Supply Voltage to Ground Potential Supply Voliage ............................ + 4.7SV to + S.2SV 

Continuous •...........•.......•...•............. -O.5V to +7.0V 
Military (M) Devices 

DC Voltage Applied to Outputs For 
Temperature ................................ -SS'C to + 125'C 

High Output State ........•.............. -O.5V to + VCC max 
DC Input VOltage ...•............................. -O.SV to +7.0V 

Supply Voltage ............................... + 4.SV to + S.5V 

DC Output Current, Into Outputs .......................... 30mA 
Operating ranges define those limits over which the function-

DC Input Current.. ........................... -30mA to +S.OmA 
ality of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TlNGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions (Note 1) Min Typ Max Units 
(Note 2) 

Vee = MIN MIL. IOH ~ -1.0mA 2.4 3.4 
VOH Output HIGH Voltage 

VIN = VIH or VIL COM'L, IOH = -2.6mA 2.4 3.4 Volts 

Vee = MIN 10L =4.0mA 0.4 
VOL Output LOW Voltage 

VIN = VIH or VIL IOL =8.0mA 0.45 Volts 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs I COM'L 0.8 Volts 

VI Input Clamp Voltage Vee = MIN, liN = -18mA -1.5 Volts 

IlL Input LOW Current Vee = MAX, VIN = 0.4V -0.36 mA 

IIH Input HIGH Current Vee - MAX, VIN - 2.7V 20 JJA 
II Input HIGH Current Vee = MAX, VIN - 7.0"- 0.1 mA 

Off-State (High-Impedance) I Vo =O.4V -20 
10 Output Current Vee = MAX I Vo -2.4V 20 JJA 

Isc 
Output Short Circuit Current Vee = MAX -15 -85 mA (Note 3) 

lee 
Power Supply Current Vee = MAX 24 37 mA (Note 4) 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
2. 
3. 
4. 

Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
All outputs open, ~ - GND, OJ inputs = CLR = ~ = 4.5V. Apply momentary ground, then 4.5V to clock input. 

11-53 
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SWITCHING CHARACTERISTICS (T A- + 25°C, Vee - 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

IPLH 
Clock 10 Vi (m: LOW) 

18 27 
ns 

IpHL 24 36 

IpHL Clear 10 V 22 35 ns 

Is Data (0;) 10 3 ns 

Ih Dela (Oi) 10 3 ns 

Enable (E) I Active 15 10 
Is I Inactive CL = 15pF 20 12 

ns 

th Enable ~) RL=2.0kn 0 0 ns 

Is Clear Recovery (In-Active) to Clock 11 7 ns 

I HIGH 20 14 
Ipw Clock os 

I LOW 25 13 

Ipw Clear 20 13 ns 

IZH OE 10 Vi 
9 13 

ns 
IZL 14 21 

1HZ OE 10 Vi 
CL w 5.0pF 20 30 

ns 
ILZ RL=2.0kn 24 36 

Imax Maximum Clock Frequency (Nole 1) 40 MHz 

Nole 1. Per industry convention, 'max is the W(>rst case value 01 the maximum device operating frequency with no conslrainls on t,.. If. pulse 
width or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified' 

COMMERCIAL MILITARY 

Parameters Description Test Conditions Min Max Min Max Units 
IpLH 

Clock to Vi (l:iE LOW) 
33 39 

ns 
IpHL 45 54 

IpHL Clear'lo V 43 51 ns 

Is Oalil (Oi) 12 15 ns 

th Data (!>~ 12 15 ns 

Enable (E) I Active 17 20 
Is J 

ns 
Inactive CL - 50pF 20 23 

th Enable (E) RL = 2.0kn 0 0 ns 

Is Clear Recovery (In-Active) to Clock 13 15 ns 

I HIGH 25 30 
tpw Clock ns 

I LOW 30 35 

Ipw Clear 22 25 ns 

tZH OE to Vi 
19 25 

ns 
tZL 30 39 

1HZ rn;: to Vi CL - 5.QpF 35 40 
ns 

ILZ RL w 2.0kn 39 42 

lmax Maximum Clock Frequency (Note 1) 25 20 MHz 

• AC performance over tihe operating temperature range is guaranteed by lesting defined in Group A. Subgroup 9. 

11-54 
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LOW·POWER SCHOTTKY INPUT IOUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT OAU/EN INPUT 

voc--------------~----~--------~~---

ICOOO090 

Note: Actual current flow direction shown. 
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Am8127 
AmZ8000 Clock Generator 

DISTINCTIVE CHARACTERISTICS 

• High-drive high-level clock output 
Special output provides clock signal matched to re
quirements of AmZBOOO* CPU (4MHz and some 
6MHz applications), MMU and DMA devices. 

• Synchronized WAIT state and time-out controls 
On-chip logic generates WAIT signal under control 
of Halt, Single-step, Status and Ready signals. Auto
matic time-out of peripheral wait requests. 

• Four TTL-level clocks 
Generates synchronized TTL compatible clock,s at 
16MHz, 2M Hz and 1MHz to drive memory circuits 
and LSI peripheral devices. An additional TTL clock 
is synchronized with the CPU high-level clock for 
registers, latches and other peripherals. 

GENERAL DESCRIPTION 

The AmS127 Clock Generator and Controller provides the 
clock oscillator, frequency dividers and clock drivers for the 
complete array 01 ArnZSOOO CPUs, peripherals and memo
ry system configurations. In addition to the special 4MHz 
output driver for the AmZS001* and AmZS002* CPUs, a 
standard buffered TTL 16MHz oscillator output is provided 
for a dynamic memory timing and control. In addition to 
4MHz applications, the AmS127 will also function in some 
6MHz ZBOOO applications. The AmS127 forms an integral 
part of the dynamic memory support chip set including the 
AmB163 EDC and Refresh Controller, Am2964 Dynamic 
Memory Controller, Am2960 Error Detection and Correction 
Unit and Am2961/ Am2962 EDC Bus Buffers. The oscillator 
is deSigned to operate with a 16MHz crystal or with external 
16MHz drive. The AmS127 uses an internal divide-by-4 to 
provide 4MHz clock drive to the AmZB001/ AmZB002 CPU. 
Additional dividers generate synchronous buffered 4, 2 and 
1 MHz clock outputs for use by peripheral devices. The 
clock divider counters are clearable to allow synchroniza-
tion of the multiple clock outputs. . 

The controller functions include RESET, RUN/HALT, SIN
GLE-STEP, READY and a READY TIMEOUT counter which 
iimits a peripheral's wait request to 16 clock cycles. The 
CPU's WAIT input is controlled by RUN/HALT, Single-Step, 
Status and READY. When RUN/HALT is LOW the Ani8127 
drives the WAIT output LOW causing the CPU to add wait 
states (TW). The READY input is used by peripherals to 
request wait states. The active LOW input timeout enable, 
'i'C5Eiii, is used to force TIME-OUT LOW and WAIT HIGH 16 
clock cycles after a peripheral has requested a wait but fails 
to release the request. The CPU status lines ST 1, ST 2 and 
ST3 are decoded in the AmS127 to disable the TIMEOUT 
counter during CPU "Internal Operations" and during 
refresh. 

The 4/3 input controls the clock duty cycle. An internal pull
up resistor pulls this input high for AmZ8000 CPUs. A LOW 
input causes the cycle counter to output a 33% duty cycle. 

BLOCK DIAGRAM 

CLOCK GENERATOR 

READY 

TlltEOUTEiWiLi 

WArr 
CONTROl.. 

60001370 

*RESETOUT is active LOW when 4/3" HIGH 

·Z8000. Z8OO1. and Z6OO2 are trademarks of Zilog, Inc. 03432C 
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ISHC 
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CONNECTION DIAGRAM 
Top View 

Leadless Chip Carrier 

Vee 

ST, 

ST, 

ST. -READY -

Pin 1 

a 
,..,. 

101< 

0 

Ne 

-
Ole 

.r 

24 Pin 0.3" wide 
is marked for orientation 

I I II » 
, 

I 

;r I II os I i 

METALLIZATION AND PAD LAYOUT 

SSNO 1 

SSNe 
TCK/4 

TCK/2 4 

TCK 5 

CUi 6 

C 7 

ZCK 8 

osc • 

".10-----' 
X, 11--------' 

GND ,. --------' 

24 Vee 
23 RUN/HALT 
22 'fl!N 

21 811 

20 ST. 

19 513 

18 TIMEOUT 

17 READY 

16 WAIT 

'--___ 15 RESETIN 

'------14 ~ 

'--------13 .~ 

DIE SIZE 0.098" x 0.088" 

ORDERING INFORMATION 

"" 
or, 

or, 

Ne -......, 
ifijf 

CD004890 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

Am8127 

vice type 

D C B l L L S~r:~~i~9 S~:~~;d processing 
B - Burn·in 

Temperature (See Operating Range) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
0- 24-pin Ceramic SLlMDIP (D-24-SLlM) 
L - 28-pin Leadless Chip Carrier (L-28-1) 
X-Dice 

,mZ8000 Clock Generator 

11-57 

Valid Combinations 

~C, DCB, OM, 
OMB 

Am8127 LC, LCB, LM, 
LMB 
XC, XM 

" Valid Combinations 
Consult the AMO sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. Name I/O Description 

8 ZCK a Buffered clock output for CPU and peripherals. This output has under/overshoot control and provides the high level 
output voltage required (Vce - O.4V). This output is capable of driving multiple CPU clock inputs (or DMA, MMU, etc). 

7 C I Bootstrap input. The capacitor Cs is connected from the ZCK clock output to C to provide faster ZCK risetime. 

5 TCK a TTL level buffered clock output. TCK is the same frequency as ZCK and is synchronized with ZCK. TCK is in phase 
with ZCK when the 4/3 duty cycle control input is HIGH (50% duty cycle) and out of phase with ZCK when 4/3 is LOW 
(33% ZCK duty cycle). 

3,4 TCK/2, a TTL buffered clocks for peripherals. TCK/2 and TCK/4 are 1/2 and 1/4 the TCK frequency and are synchronized with 
TCK/4 the rising edge of TCK. 

9 OSC a The clock oscillator TTL buffered output. This output provides a high speed clock for dynamic memory timing (e.g. 
AmZ8000 uses this output to generate RAS/MUX-SelectlCAS timing for dynamic RAMs) or other system application. 
The ZCK and TCK outputs are synchronized to the OSC rising edge. 

13 4/3 I Clock duty cycle control for ZCK and TCK. A HIGH input (no connection - input has internal pull-up) will result in a 
50% duty cycle for AmZ8000 application. A LOW input will cause a 33% duty cycle ZCK output. 

6 CLR I The clear active LOW input for internal counters. A LOW input meeting set-up and hold time requirements will clear 
the internal clock counters on the rising edge of OSC .. 

16 WAIT a The WAIT output for connection to the CPU WAIT input. This latched output controls when the CPU enters wait states 
in response to the READY, ST 1, ST 2, ST 3, RUN/HALT and Single Step inputs. 

17 READY I The active HIGH READY input is used by peripherals to request wait states. Ready inputs must meet the wait latch 
set·up and hold time requirements. 

18 TIMEOUT a The Timeout Counter active LOW output. The Timeout Counter counts ZCK/TCK clock cycles and is used to force 
WA!T H!GH 15 clock cycles after a peripheral has requested a .. • .. ait but has failed to release the request. Th:s output:s 
normally used to interrupt the CPU. 

22 TOEN I The Timeout Enable active LOW input. A LOW input allows the Timeout Counter to count, causes the TIMEOUT 
output to go LOW for one ZCK/TCK clock period after ~cles and forces WAIT HIGH at the risin~ of the 16th 
cycle. A HIGH input disables the counter and allows WAIT to be controlled by the READY, RUN/HALT and Single 
Step inputs. 

14 RESET- a The Reset Output to the CPU. It is active LOW when the 4/3 input is HIGH and active HIGH when the 4/3 input is 
OUT LOW. 
(RESET-
OUT) 

15 RESETIN I The active LOW Reset Input. A LOW input will cause RESETOUT to go LOW synchronous with ZCK J . 
Pushbutton reset is im lemented by momentarily grounding RESETIN. Power-up reset is implemented by connecting 
a capacitor from RE ETIN to ground. Capacitor values from 10MF to 22jiF will provide a power-up of less than one 
second. 

23 RUN/ I A debounc~ut to allow halt and Single Step control modes. A HIGH input allows the CPU to run. A LO~ut 
HALT forces the WAIT output LOW causing the CPU to enter continuous wait states until the ZCK period after RUN/HALT is 

returned to HIGH. 

1 SSNO, I Single Step control inputs. These debounced input allow the CPU to Single S~m one wait state to the next by 
SSNC momentarily disconnecting SSNC from ground and grounding SSNO. RUN/HALT must be LOW for Single Step 

operation. 

19,20,21 ST1, Sh I Status inputs from AmZ8000 CPU's and peripherals. Continuous LOW inputs indicate that the CPU is executing 
ST3 "internal operation" or "refresh." During this time the time out is disabled to avoid si~g an inappropriate interrupt. 

The status inputs are subject to the set·up and hold time requirements of the WAIT latch. 

10, 11 X1, X2 I External crystal connections (see application section). X1 may be driven directly by a TTL input. 

·RESETOUT is active LOW when 4/3 HIGH. 
TYPICAL CRYSTAL SPEC 

Mode Fundamental AT cut 

Resonance Parallel or Series 

Load 32pF 
(Net of 56pF C's shown + stray C) 

Stability ±O.O1% 
(or to user requirement) 

WAIT, TIMEOUT FUNCTION TABLE 

TIMEOUT 
RUN/HALT SSNC STa ST2 ST1 READY TOEN COUNTER TIMEOUT WAIT 

L L L H X Cleared H H 

L L L L X Cleared H H 

H L Cleared H H 
H X 

L H Hold H L 
Any STi - H -

Count + 1 on 
H until 16 .clocks L until HL 

L L ZCKS 
after ready L, then after ready \ 
LOW one ZCK period HIGH one Z( 

L L 
L - X X X Hold H HIGH c H ZCK per 

11-58 Refer to Page 13·1 for Essential Informati· 



~ 1SID-'-"---I 

SSNC 2 ___ "---r:~_ 

SSNO I .... --r-;.;;.r 

BLOCK DIAGRAM 

,--------£1> 7 C 

~--------~8 ZCK 

READY 17m>-~::==::==~!) 

3 T~K 

.TCK 
2 

STCK 

~ ____ -m~1.AESETOUT 

16 WAif 

Ii 

80001560 
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CRYSTAL CONTROLLED OSCILLATOR EXTERNAL CLOCK DRIVE 

Vee +5V Vee +5V 
300Il 

Am8127 

,..----'oJIIV----J X2 I·O•47p.F 
XTAL 

Am8127 
NC 

~---~~---iGHD GND 

DF000380 DFOOO370 

AmZ8000 APPLICATION 
(50% Duty Cycle ZCK) 

5IpF 

·DT..~ r 
X, X2 

+5V eDi DSC 

4If ZCK ...... --_--tCLK 

iACK 
iOACK ---f"_ 
iiCK--"",-_ 

MEllACK 

":" 

·sao 
READY 

c 

o-HA_~;..J_-i RUNIHALT TCK/4 

TCK/2 

SsND 
Am8127 

TCK 
HO(SS) 

·AESETOUT SSNC 
HC 

TIMEOUT 

RESET RESETIH WAif 

ST, 
":" 

ST. 

HLDA 'iOOi ST. 

(ALTERNATE) 

The typical operating configuration for Am8127 is shown 
above. The component values shown provide a 4MHz clock 
output for the AmZ8002 CPU. The 27pF capacitor from C to 
ZCK is a bootstrap to ensure clock rise to Vee -0.4V within 
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27pF 

-
RESET 

NUl 

READY 

!IO 

S; 

·RESETOUT is active lOW when 4/3 = HIGH 

DFOOO350 

the specified rise time. The 22/lF reset capacitor Is chosen to 
guarantee reset, plus adequate delay for reset during power
up with a slowly rising VCC supply voltage. Ground S$NO if 
RUN/FiA['f or S-S isn't used. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -6S·C to + 1S0·C Commercial (C) Devices 
Temperature (Ambient) Under Bias ....... -SS·C to + 12S·C Temperature •...•.............•.................. O·C to + 70·C 

Supply Voltage to Ground Potential Supply Voltage ............................ + 4.7SV to + S.2SV 
(Pin 24 to Pin 12) Continuous ............. -O.SV to +7.0V Military (M) Devices 

DC Voltage Applied to Outputs For Temperature •.........................•..... -SS·C to + 12S·C 
High Output State ....................•.. -O.SV to + VCC max 

DC Input Voltage 
Supply Voltage .............................•. + 4.SV to + S.SV 

Xl,4/3, SSNO, SSNC, RUNI HALT ..... -O.5V to Vcc + O.SV 
Operating ranges define those limits over which the function-

Other Inputs ........................................... -O.SV to +S.SV 
ality of the device is guaranteed. 

DC Voltage Applied to C ................••....... -O.SV to + BV 
DC Output Current, Into Outputs .......................... 30mA 
DC Input Current.. ........................... -30mA to +S.OmA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Typ 
Parameter Description Test Conditions (Note 1) Min (Note 2) Max Units 

ZCK IOH - -O.lmA vee-°.4 vee-0.1 Volts 

VOH Output HIGH Voltage Vee=MIN TIL IOH=-lmA I MIL 
Outputs .1 COM'L 

2.4 3.4 Volts 
IOH =-2.6mA 

IOL = 0.1 mA, ZCK Output 0.4 Volts 
VOL Output LOW Voltage Vee = MIN 

IOL = 16mA, TIL Output 0.5 Volts 

m"ITiN 2.8 2.25 Volts 

VIH Input HIGH Level Guaranteed input 
n~ Sh ST3, Wi, HIGH Voltage 

N, XI, READY 2.0 Volts 

VIL Input LOW Level Guaranteed input ~6~NST2' ST3· CLR, 0.8 Volts LOW Voltage ,Xh READY 

VI Input Clamp Voltage Vee - MIN, liN = -18mA (Note 3) -1.5 Volts 

VIN-VIL ~ Hysteresis Vee = MIN 400 650 mV 

SSNO -1.6 mA 

Vee = MAX, SSNC, 4/3, RUN/RAri', READY -1.2 mA 
IlL Input LOW Current VIN =0.4V TOrn, ern, XI -0.72 mA 

~, ST1, Sh ST3 -0.36 mA 

4/3, ~ SSNO 
RUN/H L (Note 4) -300 p.A 

Vee-MAX, ~ (Note 4) -200 p.A 
IIH Input HIGH Current VIN-2.7V ern, READY, 'i'OEN 

STh ST2, ST3 +50 p.A 

XI +600 p.A 

II Input HIGH Current Vee-MAX, ern, READY, 'i'OEN +1.0 mA VIN-5.5V STh Sh ST3 

Output Short Circuit ZCK Output - -50 -240 mA 
Ise Vee = MAX Current (Note 5) Others -40 -130 inA 

XI = 2.4V, ZCK = TCK's = LOW 95 140 
ICc Power Supply Current Vee = MAX mA 

Operating, fose .;; 24MHz (Note 6) 120 180 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
2. 
3. 
4. 
5. 
6. 

Typical limits are at Vee = 5.0V, 25·C ambient and maximum loading. 
Not applicable to X,. 
Specification is negative because of internal input pull-up resistors. 
Not more than one output should be shorted at a time. Ouration of the short circuit test should not exceed one second. 
For oscillator frequencies up to 24MHz, outputs open. 
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~ r--------------------------------------------------------------------------------'" STATIC INPUT ELECTRICAL to the +5V supply. They may be left open for a HIGH input 
CD CHARACTERISTICS (e.g., 4/3 is left open for operation with AmZ8001/8002), or 
E grounded for a LOW input. SSNO, SSNC and RUN/RACT are 
c( The static control inputs, SSNO, SSNC (Single Step), RUN/ intended to be grounded or opened by switches. 4/3 is 

HALT and 4/3 (clock duty cycle control), are Low-Power normally left open for AmZ8001/8002. These inputs are 
Schottky TTl compatible inputs 'with internal pull-up resistors specified at 0.4V /2.4V for test convenience. 

Parameter Description 

Input HIGH Voltage 

Input LOW Voltage 

Test Conditions 

Guaranteed HiGH input voltage I RUN HALT, 
SSNO 

Guaranteed LOW input voltage I SSNC,4/3 

11-62 

Min Typ Max Units 

2.4 Volts 

0.4 Volts 
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FROM 
OUTPUT 
UNDER 
TEST 

ZCK Output 

SWITCHING TEST CIRCUIT 

FROM 
OUTPUT 
UNDER 
TEST 

+5V 

IA 
I .... 

lk!l 

TCOO0690 

-1 
'------+ 

TCO00700 

TTL Outputs 

SWITCHING TEST WAVEFORMS 

ZCK RISE AND FALL TIMES 

~_OA_V_· ______ ___ 

WFOO2180 

SET-UP AND HOLD TIMES PROPAGATION DELAY TIMES 

, UN FOR ZCK OUTPUT 
1\ 1.3V FOR TTL OUTPUT =i l

--~K ~_~ )l--
WFOOI800 

1.3V FOR TTL 110 

SWITCHING CHARACTERISTICS -OSCILLATOR, WAIT AND ZCK OUTPUT 
(TA= +25°C. vee = 5.0V) 

Parameters Description Test Conditions 

'MAX Oscillator Frequency see Test Circuits 
{Note n 

Ire ZCK Rise TIme ZCK Cl = 80pF 

tfc ZCK Fall Time Cl- 80pF (Note 8) 

Ire ZCK Rise TIme ZCK Cl = 200pF 

tfc ZCK Fall time Cl- 200pF (Note 8) 

tPLH 

tpHl READY to WAIT 

tPLH 

tpHl 
Status STI to WAIT See Test Circuits 

Is l::IJf to OSC (.J) Setup Time 

tH mJi to OSC (.J) Hold Time 

Notes: 7. Specification is based on fundamental mode crystal. See application section. 
8. ZCK rise and fall times are based on a bootstrap capacitor value 01 27pF. 

Min 

24 

WFOO1880 

Typ Max Units 

MHz 

9 14 ns 

7.6 11 ns 

15.4 20 ns 

14.0 20 ns 

8 14 ns 

11.5 16 ns 

13 17 ns 

17.2 21 ns 

15 18 ns 

-11 -6 ns 
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~ ... 
CD 
E 
CC 

SWITCHING CHARACTERISTICS - 4/3 = HIGH (AmZ8000 Mode) 
(TA = +25°C. VCC'= 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 

ta READY to ZCK Set-up Time T/4 + 10 T/4 + 4.5 ns 

tH READY to ZCK Hold Time T/4+2 T/4 ns 

t. Ststus STi to ZCK Set-up Time (Note 9) T/4 + 12 T/4 + 9.5 ns 

tH Status STi to ZCK Hold TIme T/4-3 T/4 -7.5 ns 

t. , rnEIiI to ZCK Set-up Time See Test Circuits 30 22 ns 
tH mEN to ZCK Hold Time ZCK CL-80pF -10 -16 ns 

IsKEW ZCK to OSC 3 6 10 ns 

tSKEW ZCK to TCK 0 4,0 7 ns 

tPLH 9.0 13 ns 

tPHL 
ZCK to FiESET OOT Propagation Delay 4 8 ns 

Note: 9. T = ZCK period. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE -
OSCILLATOR, WAIT AND ZCK OUTPUTS· 

COMMERCIAL MILITARY 
--

Max Max 
Parameters Description Test Conditions Min O"C 70"C Min -55"C 125"C Units 

tMAX Oscillator Frequency (Note 7) 24 24 MHz 

Ire ZCK Rise Time CL = 80pF 15 15 20 15 ns 

tIC ZCK Fall Time CL =80pF (Note 8) 14 14 20 14 ns 

tre ZCK Rise Time CL - 200pF 25 20 32 20 ns 

tIC ZCK Fall time CL = 200pF (Note 8) 25 20 32 20 ns 

tPLH 17 17 19 19 ns 

tPHL 
READY to WAIT Propagation Delay 19 19 19 19 ns 

tpLH 20 20 22 22 ns 

tpHL Ststus STi to WAlT Propagation Delay See Test Circuits 25 25 25 25 ns 

Is rnJ! to OSC (J ) Setup Time 21 30 ns 

tH rnJ! to OSC (.J ) Hold TIme -3 0 ns 

• AC performance over the operating temperature range is guaranteed by, testing defined in Group A. Subgroup 9. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE -
4/3 = HIGH (AmZ8000 Mode) 

Parameters Description Test Conditions 

Is READY to ZCK Setup Time 

tH READY to ZCK Hold Time 

Is Ststus STi to ZCK Setup Time 

tH Status STj to ZCK Hold TIme 

Is mEN to ZCK Setup TIme See Test Circuits 
tH fC5EliI to ZCK Hold Time ZCK. CL = 80pF 

IsKEW ZCK to OSC Skew 

tSKEW ZCK to TCK Skew 

tpLH 
ZCK to RESE'fOU'i' Propagation Delay 

tpHL 
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I COMMERCIAL MILITARY 

Min Max Min Max Units 
T/4 + 14 T/4 + 17 ns 

T/4+ 5 T/4+5 ns 

T/4 + 15 T/4 + 20 ns 

T/4 T/4+5 ns 

35 40 ns 

-5 0 ns 

2 14 2 17 ns 

-2 10 -2 14 ns 
16 20 ns 

16 20 ns 
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'5 

ZCK 

osc 

MOSCLOCK ~ 
ZCK 

CLOCK ~ 
TCK 

TCKl21 

TCKl4 

TciEN 

TIMEOUT COUNTER TIMING 

4" .0 " 12 13 14 15 15 

TOEii may be: __ _ 
1. Wired HIGH to OiUbte TIMEOUT. 
2. Wired LOW 10 Enable TIMEOUT ~6 Cloc .. A_ READY 1.. 
3. Drtven by • nL Input to Extend TIMEOUT. 

_: ~1:1s(=m~wl ~ .. tg8¥ 
SIgnal will be _. Also. Double Puloa 
will Occur. This Situation i. Avoided by Syn.
chronizing lhel'lmif1npul1O CLK or Awolding 
eo_Hng i'Cmi During Count ••• 

Am8127 CLOCK OUTPUTS 

DIVIDE BY 4 MODE (AmZ8000) 

I 
I 
L 

Is I·j· ·1 It! 

WFOO2030 

WFOO2020 
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osc 

MOSCLOCK 

SINGLE STEP 

Am8127 READY, WAIT, RESET, AND SINGLE STEP 
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Am8152A/53A 
Video System Controller (VSC) 

DISTINCTIVE CHARACTERISTICS 

• Proportional Spacing Support (2-17 dots) 
• 9-bit dot data parallel input. with expansion capability to 

seventeen bits 
• Trailing blanks (0-3 dots) 
• Buffered and Synchronized Vertical and Horizontal Sync 

Outputs are Character Clock Outputs 

• Attribute Support: 
Character Blink 
Underline 
Overstrike 
Reverse 
Highlight 

• Background color selection 

GENERAL DESCRIPTION 

The Am8152A153A Video System Controller (VSC) pro
vides interface between a CRT controller and a CRT 
monitor. The basic chip functions are: 
• Support proportional and non-proportional character 

display 
• Correctly synchronize and mix character attributes with 

video signals 
• Output the video information in a four-level analog or 

digital format 

The VSC consists of a parallel-to-serial converter which 
provides a video bit stream to on-chip attribu\e logic. This 
logic. under control of the attribute inputs. operates on the 
bit stream to generate grey scale video. Video outputs from 
the VSC are of two forms - analog and digital. The digitally 
encoded outputs implement four video levels: Blank. Black. 
Grey and White. Identical information is available in analog 

form via differential outputs (current driven) into a nominal 
75il impedance. 

The Am8152A153A also supports proportional spacing 
using a bit width programmable character clock. Character 
ROM pixel information is selec1able from two to seventeen 
pixels per character. Up to three blank pixels can be 
appended to the character ROM input thereby facilitating 
right justification of text. 

The difference between the Am8152A and the Am8153A is 
in the output scheme. The Am8152A has standard TIL 
outputs and operates in the 25 - 60MHz range. while the 
Am8153A has 10K ECl outputs and operates in the 
40 - 100MHz range. 

The Am8152A153A is fabricated using AMO's advanced 
bipolar process with internal ECl logic. The device is 
available in conventional 48-pin dual in-line packages. 

BLOCK DIAGRAM 

Figure 1. 
"". 
DWR """'. 

'<i::----t_ -" 

L-~-----t_~ 

L--~-----t_ .... 

- ..... '= '",. 
80001240 

Chip Pak is a trademark of Advanced Micro Devices, Inc. 03888C 
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\ 

DOo 
DO, 

DOz 
DDs 
DO. 

DO. 

DOe 
00, 
DDe 
DW 

DIlDo 
DRLVl 

X3 

X2/RES 

X, 

EXTDCLK 

CLK2 DRO 

CLK2 OR1 

CLK2~ 

C~DR, 

TBo 
T8, 

HSYNC 

VSYNC 

D-48-1 

CONNECTION DIAGRAM 
Top View 

FORE 

CBLANK 

REV 

FS 

as 
VIO, 

VI~ 

AAD.I 

VIDOUT 
VIDOUT 
v-
GND, 

Vee1 
VCC2 

saEL 

BLANK 

TCLK2 

MClK2 

MCLK, 

CLK, DRo 

CLK, DR, 

CLK,~ 

HSDLD 

VSDLD 

.... VL 

X, 

xv'" 
x. 

Me 

EXTDCUC 

NO 

Leadless Chip Carrier 
L-52-1 

METALLIZATION AND PAD LAYOUT 

~~ ... ::: : .. .... . .. .... .. ., 
.... ... 

G';'''' 
.. ~. 

. -. 
"~. _. '" OOC:U<, 

;, ~::~ 
: ~o ... • 

ORDERING INFORMATION 

., .. 

..... 
VIOOUT -V

..... 
vee. 
VC02 

SSEL 

BLANK 

TeLK, 

CD004920 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (If desired). 

Am8152A/53A 

Device type 

PCB l L L ~~:~QI~g S?t~~;d processing 
B - Burn-In 

. 
Temperature (See operatln. gRange) 
C - Commercial (O·C to + 70·C) 
M - Military (-55·C to + 125·C) 

Package 
0-48 pin CEAOIP (0-48-1) 
L - 52 Pin Leadless Chip Carrier (L-52-1) 
X-Dice 

Video System Controller 

11-68 

Valid Combinations 

DC, DCB 

Am8152A153A OM, OMB 
LC, LM, LMB 
XC, XM 

Valid ComblnatlonB 
Consult the AMD sales office In your area to 
determine if a device Is currently available In the 
combination you wish. 
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PIN. DESCRIPTION 

CLKl DR 

2 

l 
l 
l 
l 
H 
H 
H 
H 

MCLK2 

CLK2DR 

3 

l 
l 
l 
l 
l 
l 
l 
l 
H 
H 
H 
H 
H 
H, 
H 
H 

CLOCKl (output, non-TTL compatible) 
MClK 1 is a system clock. It is intended to drive 
the Am8052 horizontal and vertical timing circuit
ry as well as the DMA operations. MClKl output 
is nominally a square wave divided down from 
the internal dot clock frequency according to the 
ClKl DR (ClKl Divide Ratio) input. 

CLKl DIVIDE RATIO (Inputs (3» 
ClKl DR are three inputs which control the 
MClKl divide ratio. The three inputs may be 
programmed to divide the MClKl signal by two, 
four, six, ... , sixteen. 

ClKl DR 
1 o B(l) 

l 
l 
H 
H 
l 
l 
H 
H 

l 
H 
l 
H 
l 
H 
l 
H 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
8 

CLOCK2 (output, non-TTL compatible) 
MClK2 is a character display clock. Its function 
is to control the character code and attribute 
data output rate from the appropriate Am8052 
CRTC's ports. 

CLOCK2 DIVIDE RATIO (Inputs (4» 
ClK2 DR are four inputs which control an 
internal divider to divide the dot clock frequency 
by a value from two to seventeen. 

ClK2 DR 
2 1 o C(l) D(l) 

l 
l 
l 
l 
H 
H 
H 
H 
l 
l 
l 
l 
H 
H 
H 
H 

l 
l 
H 
H 
l 
l 
H 
H 
l 
l 
H 
H 
l 
l 
H 
H 

l 
H 
l 
H 
l 
H 
l 
H 
l 
H 
l 
H 
l 
H 
l 
H 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 

1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 

Note 1: A, B, C, and D are measured in 
EXTDClK periods. 
(See Reset Timing on page 15). 
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TCLK2 

Xl, X21 
RES 

X3 

VSYNC 

VSDLD 

HSYNC 

HSDLD 

SSEL 

CBLANK 

TTL CLOCK2 (output) 
TClK2 is a TIL compatible version of MClK2. 

Xl, X2/RESET (Inputs, X2 Is non-TTL com
patible, reset Is TTL compatible) 
Xl, X2/RES are the external crystal inputs when 
the on-chip oscillator of the VSC is being used. 
The external crystal frequency is multiplied by 
five to produce the on-chip dot clock. If the 
external dot clock option is used, the Xl should 
be tied lOW and X2/RES may be used as a 
reset input, to synchronize multiple VSC's. Note 
that the reset signal should be synchronous to 
the external dot clock. 

X3 (Input, non-TTL compatible) 
X3 is used as an input to the on-chip voltage
controlled oscillator. When the on-chip oscillator 
of the VSR is being used, X3 should be connect
ed to ground by an appropriate capacitor. If the 
external dot clock option is used, Xa and Xl 
should be tied lOW. 

VERTICAL SYNC (Input) 
VSYNC is an input that must be synchronous to 
either MClKl or MClK2, dependent on the 
SSEl input. If SSEl is HIGH, VSYNCmust be 
synchronous to MClKl. 

VERTICAL SYNC DELAYED (output) 
VSDlD is the delayed output of VSYNC, syn
chronous to MClKl or MClK2, depending on 
the setting of SSEL. 

HORIZONTAL SYNC DELAYED (Input) 
HSYNC is an input that must be synchronous to 
either MClKl or MClK2, dependent upon the 
SSEl input. If SSEl is lOW, HSYNC must be 
synchronous to MClK2; if SSEl is HIGH, 
HSYNC must be synchronous to MClKl. 

HORIZONTAL SYNC (output) 
HSDlD is the delayed output of HSYNC, syn
chronous to MClKl or MClK2, depending upon 
the setting of SSEL. 

SYNC SELECT (input) 
The SSEl line determines if the VSYNC, HSYNC 
and BLANK are going to be synchronized to the 
MClKl or MClK2 Signals. A HIGH on SSEl also 
will resynchronize ClK2 and ClK 1 during blanking. 

CHARACTER BLANK (Input) III 
CBLANK forces video output levels (VID1, VID2, 
VIDOUT and VIDOUT) to switch to the back-
ground color level. 

03888C 
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~ 
II) BLANK BLANK (Input) VIDOUT, ..... 

BLANK is an input normally synchronous to VIDOU:r cC 
N MCLK1, although it may be synchronous to II) .... MQLK2 in non-proportional spacing applications. co The active pulse width of BLANK will usually E 
cC overlap the inactive-to-active waveforms of 

HSYNC and VSYNC, as well as the active-to-
inactive portion of VSYNC. While BLANk is VIOl, VIDa 
active TCLK2/MCLK2 may be forced to synchro-
nize to the MCLKl clock. When BLANK goes 
inactive, the rising edges of MCLKl and TCLK21 
MCLK2 must be synchronized in order to pre-
vent "dot walk" In proportional spaCing applica-
tions. BLANK active also forces the video output 
level to "blank" reglilrdless of DO, FORE or 
other inputs. 

FORE FOREGROUND VIDEO (Input) 
The FORE video input is "OR'ed" with the dot 
data output by the parallel-to-serilill shift register 
to switch to the foreground color level (e.g., to GRLVL 
implement underlines). 

REV REVERSE (Input) 
The REV input CIiIUseS the foreground color 
levels to, be trlilnsposed with the blilckground 
color level for the totlill charlilcter period (includ-
ing IiIny Irlilcking bllilnks). OW 

FS FOREGROUND SHIFT (Input) 
The FS input cliluses the shift in the video output 
levels to produce iii highlight effect. See Table 1. 

TBo. TBI TRAILING BLANKS (Inputa (2» 
The TB inputs concatenate "bllilnk" video dots 
to the taU end of the dot data contained in the 
plilrlilllel-to-serial shift register. TB can be speci- EXTDCLK 
fied to concatenate 0, 1, 2 or 3 dots. The TB 
value is also added to the CLK2 DR value to 
obtain the total. The combination of ali CLK20R 
inputs being High (17 dots) and both TB inputs 
being High (3 trailing blanks) is not allowed. The 
maximum CLK2 period is 19 dot periods. 

DDo-DDs DOT DATA (inputs (9» AADJ 
The DO inputs accept parallel character dot 
matrix information for serial conversion for video 
output. DO data is accepted at the TCLK21 
MCLK2 clock rate. DOD is shifted out first. 

as BACKGROUND SELECT (input) 
The BS input specifies the color level of the 
background video. This input can be overridden 
by BLANK active. 
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VIDEO OUTPUT 
(analog outputa (2), non-TTL compatible) 
VIOOUT and VIOOUT outputs in a differential 
mode the composite blank, and video dot levels 
to a nominal 750 load impedance from switched 
current soucces. 

VIDEO DIGITAL 
(outputa (2), (8152A-TTL; 8153A-ECL) 
VIOl and VI02 are digitally encoded outputs of 
the video out. VIOl is the least significant bit. 
Encoding is as follows: 

VIDa VIOl 
(VIO- (HIGH-
EO) LIGHT) 

Blank Level 0 0 
Black 0 1 
Grey 1 0 
White 1 1 

GREY LEVEL (Input) 
The GRLVL input IiIdjusts the current level out-
put, vilil the VIOOUT and VIDOO'i' outputs, of the 
grey video level. There IiIre two pre-selected grey 
levels; for GRLVL HIGH grey is brighter, for LOW 
grey is dlilrker. 

DOUBLE WIDTH (Inputa) 
The OW input, when active HIGH, ca\Jses the 
dot clock supplied to the TCLK2/MCLK2 clock 
divide to be divided by two. This function, is used 
to facilitate doubling the width of a character cell 
matrix. in the horizontal direction. The trlililing 
blank information is also widened during a dou-
ble width charlilcter. 

EXTERNAL DOT CLOCK 
(Input, 8152A-TTL; 8153A-ECL) 
EXTOCLK is an external, TIL or ECL compatible 
dot clock input for use in multiple Am8152A153A 
configurations. This Signal replaces the internal 
oscillator function. To enable EXTDCLK both Xl 
and Xa must be grounded. 

ANALOG OUTPUTS CURRENT ADJUST 
(Input, non-TTL compatible) 
Analog output current adjust is used for. setting 
the analog video output current to 13.3mA. This 
is done by connecting AAOJ to V- via an 
applicable 1 % resistor. 
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Figure 2. Am8152/53A Application with Am8052 CRT Controller 
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RESET TIMING FOR Am8152A/53A 

NOTE (1) NOTE (1) 
/~ _______ A __ --____ ~ _______ a ______ ~ 

WFOO3190 

1-__ NO~E (1) ______ +-_____ ~E (1) III 
Note 1. See pin description 
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Am8153A 10K ECl SPECIFICATIONS 
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Vwr 
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DOTCLOCK GENERATION MODE 

EXTERNAL CLOCK FLOW THROUGH MODE 

_,52A 
x, 

Xo 

X. 
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EXTOCLK 
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Xo 

Xo 
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CRYSTAL OSCILLATOR MULTIPLIER MODE 

CRYSTAL _-1_ 
5epF D 

56pF 300ll 

Am8152A 

+---+----1 GND, 

EXTDCLK 

FUNCTIONAL DESCRIPTION 

'SHIfT-OUT = 5' 'CRYSTAL 

AFOO2l60 

The Am8152A Video System Controller (VSC) supports both 
black and white and color video applications for CPUs, CRT 
controllers, and terminals. The essential functions of the VSC 
are to support proportional and non-proportional character 
display, to synchronize and mix character attributes with video, 
and to output the video in a four level analog or digital format. 

PARALLEL PIXEL LOADING 

Pixel information that must be serialized for video transmission 
is loaded into the serial shift register via inputs 000 - 008. 
Information is loaded on both edges of the MClK2 character 
clock,as shown in Figure 3. The information set up on 00(0:7) 
prior to the falling edge of MClK2 is loaded into positions 
VIOg - VIOlS. Note that DDs information is ignored. Informa
tion set up on 00(0:8) prior to the rising edge of MClK2 is 
loaded into positions VIOo - V108. Thus, up to 17 bits of pixel 
information can be loaded into the shift register. Note that if 
the character width is nine pixels or less the information 
captured on the falling edge of the MClK2 is not used. Any 
trailing blank insertion only occurs after the total number of 
pixels for the character have been transmitted. ClK20R (0:3) 
and TB (0: 1) determine the divide ratio for the character clock. 

CRYSTAL 
BMHz-20MHz 

5epF D 

56pF 30011 

0.47,.,F 

Am8153A 

+---...... ---f GND. 

Y-

'SHIFT-OUT = 5' 'CRYSTAL 

AF002l30 

The sum of both values specifies the character clock period in 
dot clocks. During the trailing blank, the VSC shifts out what 
was loaded into the shift register. Therefore, it is the responsi
bility of the user to insure that the pixels output during the 
trailing blank dot period are set to the blank level. 

VIDEO OPERAT!ON 

Parallel video data is obtained from the character ROM inputs; 
bits are shifted out serially and mixed with attribute information 
such as underline, shifted underline, and any other video 
sources. Video is internally encoded into one of four levels: 
White, Grey, Black and Blank. White is the highest analog 
current level, and Blank is the lowest. This information is then 
output through two ports (see Figure 5/6). One port provides a 
single current source output into a 750 impedance and the 
second port outputs either encoded TTL or ECl video on two 
pins. 

There are two distinct blank inputs to. the Am8152A153A. 
BLANK is the CRTC's horizontal and vertical retrace period 
input which causes a blank output level to the display. 
CBlANK is an attribute input to selectively blank a character 
cell by forcing the video information for the particular charac
ter cell period to switch to the selected background color level. 

Figure 3. Shift Register Loading 

MCLK. 

VIDe YID. YIDa 

o ; ... ___ OO'...,.-_DDo ___ L..-____ DD_.,.-D_Do~-.-.;......Jr-- SHIFT OUT 

l ____ --.. J ) . 

r------........ 

LOAD DDa-DDo (CHAR N) 
INTO VIDa - VlDo 

LOAD DD7-DDo(CHAR N) 
INTO V1D1. - VIDg 
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LOAD DDo-DDo(CHAR N+1) 
INTO VIDe - VlDo 

DFOO0940 
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VIDEO INPUTS/OUTPUTS 

Video infqrmation may be input in a number of different ways. 
Table 1 depicts all the combinations of video outputs achiev
able with each of the various inputs. The background color is 
determined by a separate pin input allowing either a black or 
white background. Using the REVERSE VIDEO (REV) input, a 
grey background can also be selected. The foregrolJnd then 
becomes black or white according to the signal on the 
foreground SHIFT line. Foreground and video sums can be 
modified depending on the combination of background, fore
ground shift, and reverse inputs. The user may apply any of his 
video inputs to the foreground to obtain a desired effect. 

TABLE 1. Am8152A153A VIDEO ATTRIBUTES 

INPUTS Am8152A/53A VIDEO 
BS FS REV· CBLANK (00 (0 : 8) + FORE) ATTRIBUTES 

o 0 0 0 

000 

000 

o 0 

o o 0 

o 0 

o 0 

o 
000 

o 0 

o 
o 

o 

o 0 

o 

o 

SYSTEM TIMING 

The CPU clock (MCLK1) outPllt is derived from an on-board 
oscillator by an externally programmable divide by two or three 
prescaler and a one to eight decoder. The internal oscillator is 
capable of operating a frequency of up to 100MHz and in a 
.fundamental or third harmonic mode. Figure 4 shows the 
output waveform of MCLK1 and MCLK2. 

The character clock (MCLK2) output to the CRTC is frequency 
modulated according to the chosen number of dots per 
character cell. The duty cycle of MCLK2 is 50% (± 1 dot clock 
period) and is derived from an internal crystal driven oscillator 
whose divide ratio is set by the width of the character ROM 
plus the number of trailing blanks. A double width input further 
modifies MCLK2doubiing the character width. During an 
active BLANK input MCLK2 is internally re-synchronized to 
MCLK1. This action aligns character cells at the left-end Side 
of the display thereby eliminating "Dot Walk." The Vertical 
and Horizontal Sync (VSYNC, HSYNC) inputs from the CRT 

. controller are buffered and delayed by a MCLK1 or MCLK2 
clock period in order to phase correctly with the character 
video output. 

PROPORTIONAL/VAR!ABLE SPACING 

Proportional spacing is achieved by programming on a charac
ter -by-character basis, a number of two to twenty dot clock 
period~ per character. The character ROM pixel information is 
selectable from two to seventeen per character. Up to three 
trailing blank pixels can be concatenated to the character 
ROM input, making it easier to provide a straight right margin 
for right justification of text. . 

COLOR APPLICATION 

TB4 

The Am8152A153A may be used for many high-end color 
display applications. The foreground video and background 
information is mixed by the Am8152A153A. and the encoded 
TIL video output can be used externally to select a color mix 
for the particular pixel being displayed. The horizontal and 
vertical synchronization, and video blank is output by the 
Am8152A153A. 

(COU·L) 4.oY . 
(MIL)3.6V 

O.3Y 

-O.3V 

Figure 4. MCLK1/MCLK2 Output Waveform 

I-------MCLK,/MCLK. PERIOD -------i 

WF001730 
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Figure 5. Analog Video Outputs and Digital Figure 6. Analog Video Outputs and Digital 
Video Outputs for Am8152A Video Outputs for Am8153A 

sv MIN_ 8,SV MAX ov MIN-3.5v MAX 

R-~ R~' 
.-' 

I I 
AAOJ +3.5VMlN AADJ -1.ov_ 

TTL VIDOUT 10KECL VlDOur 
- r- EXTDCLK - - EXTDCLK 

iiiiiOiiT VIIRroT 
Am8152A TTL +3.5V MIN Am8153. 10K Eel -l.OVMIN 

ov VI01 -S.2V VID1 

--<>- Y- TTL ->- Y- 10K Eel 
Y"", V102 

DFOOO950 DFOOO960 

ANALOG ELECTRICAL CHARACTERISTICS (see notes) 

The following conditions apply unless otherwise specified: 
COM'L TA = 0 to +70·C Vee = 5.0V ±5% (Min = 4.75V Max = 5.25V) Am8152A: V- = OV Am8153A: V- = -5.2V ±5% 
MIL Tc = -55 to + 125°C Vcc = 5.0V ±10% (Min = 4.50V Max = 5.50V) V- =OV V- =-5.2V±10% 

Grey 
Level VI02 VI01 

X I I IWhite 
I I 0 IGrey1 
0 I 0 IGrey2 
X 0 I IBlack 
X 0 0 IBlank 

DRIFT OVER OPERATING CONDITIONS 
(For particular part) 

Grey 
Level VI02 VI01 

X I I IWhite 
I I 0 IGrey1 
0 I 0 IGrey2 
X 0 I ISlack 
X 0 0 IBlank 

Notes: 
1. Test Condition: Normal IWhite for VIDOUT + 13.3mA. 
2. Positive current flowing into VIDOUT lViOOiJT. 
3. tR, tF - 5ns Max. 
4. ViOOiJT output currents normalized to IWhite. VIDOUT output 
currents 
normalized 
to IBlank. 

5. MinIMax values for VIDOUT and ViDOOT account for variation 
of different devices. 
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VIOOUT VIOOUT 

Min (%) Max (%) Min (%) Max (%) 

0 0 100 100 
37 44 56 63 
45 53 47 55 

90.5 92.5 7.5 9.5 
100 100 0 0 

VIOOUT VIOOUT 

0 0 
2% Max 2% Max 
2% Max 2% Max 
1% Max 1% Max 

0 0 

6. Am8152A 
V Pull-Up: 8.5V;;' V Pull-Up;;' Vee 
VIDOUT IVIDOUT: (V Pull-Up);;' VIDOUTIVIDOUT ;;. (Vce - lV) 

7. Am8153A 
V 
PulI-
Up: 
3.5V;;'V 
Pull-
UP;;'OV 

VIDOUT lViOOiJT: (V Pull-Up);;' VIDOUT lViOOiJT;;...; 1.0V 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Commercial (C) Devices 

Storage Temperature ......................... -65°C to + 150°C 
Supply Voltage to Ground Potential 

Temperature .. , ..•...•.••.•....•.....•.....•...•. O°C to +70°C 

Continuous ........................................ -O.5V to +7.0V 
Supply Voltage ...•..•.•.........•.•....•.. + 4.75V to + 5.25V 

DC Voltage Applied 10 Outputs for Military (M) Devices 
High Output State ••••.......••..•...•....•.••. -O.5V to + Vee Temperature ................................. -55°C to + 125°C 

DC Input Voltage •...•.•••......•.....••.•.•....•.• -O.5V to +5.5V Supply Voltage ...........•..•...•......•..•.. + 4.5V to + 5.5\1 
DC Output Current into Outputs ..•...••..•••••••••••.•.... 30mA Operating ranges define those limits over which the function-
DC Input Current ..•••••...... '" •••..•..•...• -30mA to + 5.0mA allty of the device is guaranteed. 

Am8152A DC CHARACTERISTICS (See Note 4) 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

II 

Ise 

lee 

Notes: 1. 
2. 
3. 
4. 

Description Test Conditions (Note 1)' Min Typ Max Unlta 
(Note 2) 

MCLKI IOH=-O.lmA MIL 3.6 Volts 
MCLK2 

Output HIGH Voltage Vee-Min COM'L 4.0 Volts 
TIL IOH=-lmA MIL 2.4 3.4 Volts Outputs IOH =-2.6mA 

COM'L 2.4 3.4 Voll$ 

IOL - O.lmA MCLK1/2 0.3 Volts 
Output LOW Voltage Vee = Min 

IOL = 16mA TIL Outputs 0.5 Volts 

Input HIGH Level Guaranteed Input HIGH Voltage 2.0 Volts 

Input LOW Level Guaranteed Input LOW Voltage 0.8 Volts 

Input Clamp Voltage Vee = Min, liN - -18mA -1.2 Volts 

Vee· Max 
All Inputs (Except RES, -0.4 mA 

Input LOW Current EXTDCLK) 
VIN - O.4V 

RES, EXTDCLK '-1.0 mA 

Vee· Max All Inputs (Except RES) +50 p.A 
Input HIGH Current VIN-2.7V RES +600 p.A 

Input HIGH Current at Vee-Max +1.0 mA Max Input Voltage VIN-5.5V 

Output Short Current I MCLK1, MCLK2 -50 -250 mA 

Current (Note 3) Vee- Max I Others -40 -130 mA 

Veel = Max OVer Operating Range 415 mA 

Power Supply Current Vee2- Max @ TA=70·C 375 mA 

@Te· 125•C 350 mA 

For conditions shown as Min or Max use the appropriate value specified under DC Characteristics for the applicable device type. 
Typical limits are at Vee·· 5.0V, 25·C ambient and maximum loading. 
Not more than one output should be shorted at a time. Duration of the short circun test should not exceed one second. 
Except: XI, X2, X3, MDJ, VIOOUT, ViriOOT. 
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Am8153A DC CHARACTERSTICS (See Note 4) 

The following conditions apply unless otherwise specified: 
COM'L TA = 0 to + 70·C Vcc = 5.0V ±5% (Min = 4.75V Max = 5.25V) V- = -5.2V ±5% (Min = -4.94V Max = -5.46V) 
MIL Tc = -55 to + 125·C VCC = 5.0V ±10% (Min = 4.50V Max = 5.50V) V- = -5.2V ±10% (Min = -4.68V Max = -5.72V) 

Parameters Description Test Conditions (Note 1) Min 
Typ I 

(Note 2) Maxi Units 

MIL 3.6 Volts 
MCLKI IOH=-O.lmA MCLK2 COM'L 4.0 Volts 

VOH Output HIGH Voltage Vee = Min MIL 2.4 3.4 Volts 
TIL IOH=-lmA 
Outputs IOH =-2.6mA COM'L 2.4 3.4 Volts 

IOL ~ O.lmA MCLKI/2 0.3 Volts 
VOL Output LOW Voltage Vee = Min IOL - 16mA TIL Outputs 0.5 Volts 

VIH Input HIGH Level Guaranteed Input HIGH Voltage 2.0 Volts 

VIL Input LOW Level Guaranteed Input LOW Voltage 0.8 Vans 

VI Input Clamp Voltage Vee = Min, IIN=-18mA -1.2 Volts 

Vee· Max All Inputs (Except RES) -0.4 mA 
IlL Input LOW Current VIN = O.4V RES -1.0 mA 

Vee = Max All Inputs (Except RES) +50 iJA 
'IIH Input HIGH Current VIN = 2.7V RES +600 iJA 

II 
Input HIGH Current at Vee = Max +1.0 mA Max Input Voltage VIN = 5.5V 

Output Short Current MCLKI, MCLK2 -50 -250 mA 
ISC 

Current (Note 3) 
Vee = Max 

Others -40 -130 mA 

Over Operating Range 410 mA 

II<CC> Power Supply Current Veel- Max 
@ TA-70"C 370 mA Vee2 = Max 
@ Te = 125"C 345 mA 

Over Operating Range 40 mA 
1- Power Supply Current V'" = Max @ TA=70"C 37 mA 

@ Te= 125"C 35 mA 

Notes: 1, For conditions shown as Min or Max use the appropriate value specified under DC Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5,OV, 25"C ambient and maximum loading, 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
4. Except: XI, X2, ><3, MOJ, VIDOUT, VIDOUT, VIOl, VI02, EXTOCLK. 

DC CHARACTERISTICS 

COM'L TA =0 to 70·C Vcc = 5.0V ±5% GND=OV 
MIL TC = -55 to 125°C VCC = 5.0V ±10% GND=OV 

Test 
Parameters Conditions -SS"C O"C 

10K ECL VOH (Max) 50n -660 -640 

Outputs VOH (Min) to -2V -1080 -1000 
VOHA (Min) -1100 -1020 

VIOl and VOLA (Max) 50n -1635 -1645 

VI02 VOL (Max) to -2V -1655 -1665 
VOL (Min) -1920 -1870 

10K ECL VIH (Max) -880 -640 
Input VIHA (Min) -1255 -1145 

EXTDCLK VILA (Max) -1510 -1490 
VIL (Min) -1920 -1870 

IIH 
V"'=Max 200 200 
VIN - VIH (Max) 

IlL 
V"'=Max 150 150 
VIN - VIL (Min) 
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v- = -5.2V ±5% (Max = -5.46, Min = -4.94) 
V- =-5.2V ±10% (Max = -5.72, Min = -4.68) 

25"C 7O"C 12S"C Unit 

-760 -720 -630 mV 
-930 -900 -825 mV 
-950 -920 -845 mV 

-1600 -1605 -1525 mV 
-1620 -1625 -1545 mV 
-1850 -1830 -1820 mV 

-760 -720 -630 mV 
-1105 -1045 -1000 mV 

-1475 -1450 -1400 mV 
-1850 -1830 -1820 mV 

200 200 200 iJA 

150 150 150 iJA 
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SWITCHING TEST CIRCUIT 

MClK1/MClK2 OUTPUT 

FROM 
FROM OUTPUT 

OUTPUT 

~ 
UNDER 

UNDER TEST 
TEST 

CL lBOpf 
TCOOO560 

EClOUTPUTS 

FROM ECL 

~-r: OUTPUT . 

SOH 

-2.0Y 

TCOOO570 

TTL OUTPUTS TClK2 OUTPUT 
EXCEPT TClK2 

+5V +5V 

IA 
I .... 

50pF ::: lk!l 
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280Il 280Il 

FROM 
OUTPUT IA 

~~t 
I~ ""7 

::s ~ ...;~ 

::s ~ llc1l :S~ 

::s ~ :S~ 

-= -=-
TCOOO700 TCOO1530 

ANALOG OUTPUTS 

ANALOG 

75ll 7511 TI'-
VIDOUT ViiiOu'f 

TCOOO550 
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Am8152A SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
(TA = 0 to 70·C, Vee = S.OV ±S%, v- = OV) 

Notes: 1. Dats includes CBLANK, FORE, REV, FS, DOC-DDs, TBO, TB1, BS, CLK1DR, CLK2DR, OW. 
2. First Pixel of character. To is pixel period as defined by oscillator frequency. 
3. Max undershoot on these outputs is guaranteed to be -0.3V. 
4. To is the dot clock period. 
S. Guaranteed to lOOns MCLK 1 cycle time. 
6. Guaranteed to 70ns MCLK2 cycle time (even divide ratio only). 
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Am8153A SWITCHING CHARACTERISTICS OVER OPERATING RANGE' 
(TA = 0 to 70·C, vee = S.OV ±S%, v- = -S.2V ±S%) 

Number OellCrlptlon Min Max Units 

1 MClK, Period 100 ns 

2 ClK2 Period 70 ns 

3 MClK, HIGH (See Note 5) 4.0V 38 ns 

4 MClK, lOW (See Notes 3 and 5) 0.3V 38 ns 

5 MClK2 HIGH (See Note 6) 4.0V 23 ns 

6 ,MClK2 lOW (See Notes 3 and 6) 0,3V 23 ns 

7 Data to MClK2/TClK2 RE (SeJ Note 1) 20+TO ns (See Note 4) 

8 MClK2/TClK2 to Data Not Valid 0 ns 

9 VSYNC/HSYNC to MClK, RE Setup (SSEl - HIGH) 

-
ns 

10 VSYNC/HSYNC to MClK2 RE Setup (SSEl = lOW) ns 

11 TClK2 RE to MClK2 RE Delay l. 8 ns 

12 TClK2 FE to MelK2 FE Delay ill" 12 ns 

13 MClK, to VSlD, HSlD (SSEl = HIGH) .. 6 ns 

14 TClK2 to VSlD, HSlD (SSEl = lOW) .. 6 ns 

15 DD(0:7) to TClK2 FE 20 +To ns 

16 TClK2 RE to VID, VID2 VAL (See Note 2) 
r 

6 ns 

17 BLANK FE 10 MCLK2 Rt: Setup (SSE 20 +To ns 

18 BLANK FE to MClK, FE Setu (SSE 20 +TO ns 

19 BLANK RE to MClK, 20+To ns 

20 BLANK RE to M 20 +To ns 

21 VID, to -2 +2 ns 

24 E 20 ns 

25 -~ 10 ns 

26 K Cl 2 23 ns 

27 K to"VID,IVID2 8 ns 

28 lK to HSDlDIVSDlD (SSEl HI) 10 ns 

29 EXTDClK to HSDlDIVSDLD(SSEl LO) '0 ns 

30 EXTDClK to Data in Setup 9 ns 

31 EXTDClK to Data Not Valid Hold 11 ns 

32 ,EXTDClK to HIV SYNC Setup 10 ns 

33 EXTDClK Period 10 ns 

34 EXTDClK lOW Cycle 5 ns 

35 EXTDClK HIGH Cycle 3.5 ns 

36 Reset Pulse Width (High) 10,0 ns 

37 Reset low to EXTDClK Setup 8,0 ns 

Notes: 1, Data includes CBLANK, FORE, REV, FS, DDe-DDs, TBO, TB1, BS, ClK,DR, ClK2DR, DW, 
2, First Pixel of character. TO is pixel period as defined by oscillator 'frequency. 
3. Max undershoot on these outputs is guaranteed to be -0.3V, 
4. TO is the dot clock period, 
5, Guaranteed to 1 DOns MClK, cycle time. 
6. Guaranteed to 70ns MClK2 cycle time (even divide ratio only). 

11-80 
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Am8152A/53A TIMING 

(PARAMETERS MEASURED WITH RESPECT TO EXTDCLK) 
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VSC CLK2 SYNCHRONIZATION (ONLY OCCURS IF SSEL IS HIGH) 

.... '" ____ ---J/ 

\~--------------------
cue, 

I-AAST ClK2 PEA ~ OMl"PUT$ 

-"" 1///;1;//;1 &' J;W /;I /;1)1;// $/;Xr---,STCHA-. -~ ... c .... 

WF0()1750 
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8,284A/8284A-1 
Clock Generator and Driver for 8086, 8088 Processors 

DISTINCTIVE CHARACTERISTICS 

• Generates the System Clock for the 8086, 8088 Proces
sors: 5MHz, 8M Hz with 8284A; 10MHz with 8284A-l 

• Generates system reset output from Schmitt trigger 
input 

• Uses a crystal or a TTL signal for frequency source • Capable of clock synchronization with other 8284As 
• Provides local READY and Multibus· READY synchroni

zation 

GENERAL DESCRIPTION 

The 8284A is a single chip clock generator I driver for the 
8086, 8088 processors. The chip contains a crystal-con-

trolled oscillator, a divide-by-three counter, complete MUL
TIBUS· "Ready" synchronization and reset logic. 

BLOCK DIAGRAM 

RES ----------------------------~I~>_----__tD 

X, 

X:! 

FIC 

EFI 

CSYNC 

RDY, 

m; 

RDY. 

AEN. 

ASviiC 

Multibus is a registered trademark of Intel Corp. 

CKI 

D 

FF, 

0 

+3 
COUNT 

SYNC 

RELATED PRODUCTS 

Part No. Description 

Am8086 l6-Bit Microprocessor 

8288 Bus Controller 

11-83 

RESET 

esc 

PCLK 

SYNC 

CLK 

READY 

90001440 
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CONNECTION DIAGRAM 
Top View 

CSYNC [~ :J. Vee 

PClK [ 2 17 :J X, 

¥Hi [ 3 18 :J liz 

RDY, [ 4 15 :::J AiViiC 

READY [ 5 D8284A 14 :::J EFI 

RDV. [ 8 13 P FIC 

AENo[.7 12 pose 
CI.K[ 8 11 PRES 
CINO [ 9 10 P RESET 

CDOO15BO 

Note: Pin 1 is marked for orientation 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is iormed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

M D 8284 A B 

L L Screening Option 
Blank-Standard processing 
B-Burn-in 

Speed 

SMHZ } 
8M HZ CLOCK 5 Frequency 

lOMHZ 

~ Device Type 
. Clock Generator and Driver 

'- Package 

D - 18-pin CERDIP (0-18-1) 
X - Dice 

Temperature Range 
C - Commercial (O·C to + 70·C) 
M-Military (-55·C to +12S·C) 

( 

11-84 

Valid Combinations 

MD 
P 8284A 
D 

MD 8284AB D 

D 8284A-1 
8284A-1B 

Dice 8284AXM 
8284AXC 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

03359C 
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PIN DESCRIPTION 

Pin No. Name 1/0 Description 

3.7 Am1. I Address Enable. The Am signal is used to qualify the Bus Ready signal (ROY 1 or ROY 2). Am1 validates ROY, while 
Am2 Am2 validates ROY 2. It is possible for the processor to access two Multi·Master System Busses if you use both 

signals. Both Signals are tied LOW in non Multi·Master Systems. 

4,6 ROY,. I Bus Ready. These Signals are indications from a device located on the system bus that it is available or data has been 
received. ROY, and RDY2 are qualified by Am, and Am2 respectively. RDY2 

15 ASYFlG I Ready Synchronous Select. The ASYNC signal defines the synchronization mode of the READY logic. When ~ 
!.\s0peS (internal pull·up resistor is provided) or pulled HIGH. there is one stage of READY Synchronization. When 

YN is LOW. there are two stages of READY Synchronization. 

5 READY 0 Ready. READY is the synchronized ROY signal input. After the guaranteed hold time to the processor has been met. 
the READY. signal is cleared. 

7.16 X1.X2 I Crystal In. These are the input pins for the attached crystal. The crystal frequency is 3 times the desired process clock 
frequency. 

13 FIC I FrequencylCrystal select. When FIC is strapped HIGH. CLK is generated from the EFI input. When strapped LOW. 
the FIe alloWs the processor clock to be generated by the crystal. . 

14 EFI I External Frequency. Used in conjunction with a HIGH signal on F/C. CLK is generated from the input frequency 
appearing on this pin. The input signal is a square wave 3 times the frequency of the desired CLK output. 

8 CLK 0 Processor Clock. CLK is the clock output used by the processor and all devices which directiy connect to the 
processor's local bus (including bipolar support chips and other MOS devices). An output HIGH of 4.5V (Vee - 5V) is 
provided on this pin to drive MOS devices. The output frequency of CLK is 1/3 of the crystal on EFI input frequency 
and a 1/3 duty cycle. 

2 PCLK 0 Peripheral Clock. This signal is a TTL level peripheral clock signal whose output frequency is 1/2 that of CLK and has 
a 50% duty cycle. 

12 OSC 0 Oscillator Output. This signal is the TTL level output of the internal oscillator circuitry. Its frequency is equal to that of 
the crystal. 

11 m I Reset In. This signal is used to generate a RESET. The 8284A provides a Schmitt trigger input so that an RC 
connection can be used to establish the power·up reset of proper duration. 

to RESET 0 Reset. This signal is used to reset the 8086 family processors. 

1 CSYNC I Clock Synchronization. This signal is designed to allow multiple 8284Aa to be synchronized to provide clocks that are 
in phase. CSYNC HIGH will reset the internal counters. when CSYNC goes LOW the counters will resume counting. 
CSYNC needs to be externally synchronized to EFI. When used with the internal OSCillator. CSYNC should be hard 
wired to ground. 

DETAILED DESCRIPTION 

OSCILLATOR 

The oscillator circuit of the 8284A is designed primarily for use 
with a fundamental mode, series resonant crystal from which 
the operating frequency is derived. 

The crystal frequency should be selected at three times the 
required CPU clock. X 1 and X2 are the two crystal input crystal 
connections. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals can be 
derived from this stable, crystal·controlled source. 

Two 510n series resistors are optional for systems which 
have a Vee ramp time greater than (or equal to) 1V Ims andlor 
inherent board capacitance between X1 or X2 exceeding 
10pF. This capacitance value should not include the 8284A's 
pin capaCitance. By limiting the stray capacitance to less than 
10pF on X1 or X2, the deviation from the desired fundamental 
frequency is minimized. 

CLOCK GENERATOR 

The clock generator consists of a synchronous divide·by·three 
counter with a special clear input that inhibits the counting. 
This clear input, (CSYNC), allows the output clock to be 
synchronized with an external event (such as another 8284A 
clock). It is necessary to synchronize the CSYNC input to the 
EFI clock external to the 8284A (see Figure 1). This is 
accomplished with two Schottky flip·flops. The counter output 
is a ·33% duty cycle clock at one·third the input frequency. 

The FIe input is a strapping pin that selects either the EFI 
input or the crystal oscillator as the clock for the .;- 3 counter. If 
the EFI input is selected as the clock source, the oscillator 
section can be used independently for another clock source. 
Output is taken from OSC. 

11·85 

CLOCK OUTPUTS 

The ClK output is a 33% duty cycle MOS clock driver 
deSigned to drive the 8086 or 8088 processors directly. PClK 
is a TIL level peripheral clock signal whose output frequency 
is Y2 that of ClK. PClK has a 50% duty cycle. 

RESET LOGIC 

Reset logic for the 8284A is provided by a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the reset 
timing. 

The reset signal is synchronized to the falling edge of ClK. A 
simple RC network can be used to provide power·on reset by 
utilizing this function of the 8284A. 

READY SYNCHRONIZATION 

Two READY inputs (RDY1, RDY2) are provided to accommo· 
date two Multi·Master system busses. Each input has a 
qualifier (AEN1 and AEN2, respectively). The Am signals 
validate their respective RDY signals. If a Multi·Master system 
is not being used the Am pin should be tied lOW. 

To assure RDY setup and hold times are met, synchronization 
is required for all asynchronous active gOing edges of either 
RDY input. Inactive·going edges of RDY (in normally ready 
systems) do not require synChronization, but must satisfy RDY 
setup and hold as a matter of proper system deSign. 

The two modes of RDY synchronization operation are defined 
by the ASYNC input. 

When ASYNC is lOW, two stages of synchronization are 
provided for active RDY input signals. Positive·going asyn· 
chronous RDY inputs will first be synchronized to flip·flop one 
at the rising edge of ClK and then synchronized to flip·flop 
two at the next falling edge of ClK; after which time the 
READY output will go active (HIGH). Negative·going asynchro' 

0335QC 
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nous ROY inputs will be synchronized directly to flip-flop two at 
the falling edge of ClK, after which time the READY output will 
go inactive. This mode of operation is inten.ded for use by 
asynchronous, (normally not ready), devices in the system 
which cannot be guaranteed by design to meet the required 
ROY setup timing IRWCL on each bus cycle. 

When ASYNC.is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. ROY inputs are 

synchronized by flip-flop two on the falling edge of ClK before 
they are presented to the processor. This mode is available for 
synchronous devices that can be guaranteed to meet the 
required ROY setup time. 

ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in the 
system. 

Figure 1. CSYNC Synchronization 

~---------------------------iER 

CLOCK ..... >---+-------+-1 D 
SYNCHRONIZE '" 

Qr-- D 
Q ...... '"" CSYNC 

ER ~>--....... f> .... O--+-I > 1 ..... '--_ ..... ->1 
"-- (T00THEll82lMAo1 

DFOOO270 

CLOCK HIGH AND LOW TIME (USING X1. X2) 

r----1 LOAD I CLK (SEE NOTE 1) .... _-_ ..... 

~ '. ~ ~ F .. :_~_VN_C ___ ..1 

AF000630 

CLOCK HIGH AND LOW TIME (USING EFI) 

I PULSE l-GENERATOR ER H LOAD I CLK (SEE NOTE 1) 

r-.. CS_VNC __ _ 

11-86 

AFOOO620 
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READY TO CLOCK (USING X1. X2) 

Vee 

m; CLK 

x, 

2411Hz Cl 
READY 

X. 

RDV. osc 
FIe 
"EN. 

CSYNC 

AF000640 

READY TO CLOCK (USING EFI) 

..... >----t EFI CLK 

FIC 

"EN, 
I----IADY. 

"EN, 
CSYNC READY 

Notes: 1. CL = 100pF 
2. CL =30pF 
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I 
ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature with Powers Temperature ..................................... O°C to + 70°C 

Applied Supply Voltage ............................ + 4.75V to + 5.25V 
(COML, A-1) ...................................... O°C to + 70°C Military (M) Devices 
(MIL) ........ ' ................................... - 55°C to + 125°C Temperature •............................... -55°C to + 125°C 

All Output and Supply Voltages .............. -O.5V to + 7.0V Supply Voltage ............................... + 4.5V to + 5.5V 
All Input Voltage ........................ : ......... -1.0V to +5.5V Operating ranges define those limits over which the function-
Power Dissipation .......................................... ; ..... 1 W aJity of the device is guaranteed. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above, these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions 
Forward Input Current (AS"i'NC) VF =0.45V 

IF Other Inputs VF - 0.45V 

ReV91'$(1 Input Current (ASYNG) VH -Vcc 
IR Other Inputs VR = 5.25V 

VC' Input Forward Clamp Voltage Ic=-5mA 

Icc Power Supply Current 

VIL Input lOW Voltage 

VIH Input HIGH Voltage 

VIHR Reset Input HIGH Voltage 

VOL Output LOW Voltage 5mA 

Output HIGH Voltage ClK -lmA 
VOH Other Outputs -lmA 

VIHR-VILR m Input Hysteresis 

, 

11-88 

Min Max Units 
-t.3 

-0.5 inA 

50 

50 iJA 

-1.0 Volts 

162 mA 

O.B Volts 

2.0 Volts 

2.6 Volts 

0.45 Volts 

4.0 2.5 

2.4 Volts 

0.25 Volts 

03359C 
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SWITCHING TESTING CIRCUIT SWITCHING TESTING CIRCUIT SWITCHING TESTING WAVEFORM 
(CLK, READY) (CLK, READY) (Input, output) 

VL'" 2.o1Y 

At.. = 325t1 
DEVICE ... =:)( .. -TESTPOIHTS-'.X::= OEvtCE UNDER lc':'-UNDER - TES1 

TEST 

f' 
0 .• 5 

WFOO1870 

TCOO0670 TCOOO880 

CL = 100pF for ClK CL = 100pF AC testing inputs are driven at 2.4V for 
CL = 30pF for READY a logic "1" and 0.45V for a logic "0". 

Timing measurements are made at 1.5V 
for both a logic "1" and "0". 

SWITCHING CHARACTERISTICS over operating range unless .otherwise specified 

TIMING REQUIREMENTS 

Parameters Description 

tEHEL External Frequency HIGH Time 

tELEH External Frequency LOW Time 

tELEL EFI PeriOd 

XT AL Frequency 

tR1VCL ROY I, ROY 2 Active Setup to CLK 

IR1VCH ROY I, ROY 2 Active Setup to CLK 

tR1VCL ROY I, ROY 2 Inactive Setup to CLK 

tcLR1X ROY" ROY2 Hold to CLK 

tAYVCL ASYJiIC Setup to CLK 

tcLAYX ~ Hold toCLK 

tA1VR1V Al:iii1. AEN2 Setup to ROY 10 ROY 2 

tcLA1X Al:iii1, AEN2 Hold to CLK 

tvHEH CSYNC Setup to EFI 

tEHYL CSYNC Hold to EFI 

tvHYL CSYNC Width 

tl1HCL m Setup to CLK 

tcU1H RES Hold to CLK 

tlLIH Input Rise Time 

tlLIL Input Fall nme 

TeBt Conditions 

90% - 90%VIN 

10% - 10%VIN 

MIL (Note 1) 

COM'L, A-I 

~-HIGH 

~-LOW 

MIL 

COM'L, A-I 

(Note 2) 

(Note 2) 

From 0.8V to 2.0V 

From 2.0V to 0.8V 

11-89 

Min Typ Max Units 

13 ns 

13 ns 

IEHEL + tELEH + ~ 
33 

ns 

12 25 MHz 

35 ns 

35 ns 

35 ns 

0 ns 

50 ns 

0 ns 

15 ns 

0 ns 

20 ns 

20 

10 
ns 

2·IELEL ns 

65 ns 

20 ns 

20 ns 
12 ns 
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TIMING RESPONSES 

Parameters Description Test Conditions Min Typ Max Units 

ClK Cycle Period 
Mil, COM'l 125 

lCLCl ns 
A-l 100 

tcHCL ClK HIGH Tfme 
Mil, COM'l (1/3 1cLCL) + 2 

ns 
A-l 39 

ICLCH ClK lOW Time 
Mil, COM'l (2/3 1cLCLl-15 

ns 
A-l 53 

1cH1CH2 
ClK Rise or Fall Time 1.0V to 3.5V 10 ns 

1cL2CLl 

IPHPL PClK HIGH Time 1cLCL - 20 ns 

IPLPH PClK lOW Time 1cLCL - 20 ns 

IRYLCL Ready lnaclive 10 ClK (See Nole '4) -B ns 

IRYHCH Ready Active 10 ClK (See Nole 3) 
Mil, COM'l (2/3 1cLCL) - 15 

ns 
A-l 53 

1cLIL ClK to Reset Delay 40 ns 

1cLPH ClK 10 PClK HIGH Delay' 22 ns 

1cLPL ClK to PClK lOW Delay 22 ns 

toLCH OSC 10 ClK HIGH Delay -5 22 ns 

'OLCL OSC to ClK lOW Delay 2 35 ns 

IOLOH Output Rise Time (except ClK) From O.BV 10 2.0V 20 ns 

toHOL Output Fall Time (excepl ClK) From 2.0V 10 O.BV 12 ns 

Noles: 1. 6 = EFI rise (5ns max) + EFI fall (5ns max). 
2. Setup and hold necessary only to guaranlee recognilion al next clock. 
3. Applies only 10 T 3 and T w slales. 
4. Applies only to T 2 states. 

SWITCHING WAVEFORMS 

CLOCKS AND RESET SIGNALS 

-' ...... t'LEN IEHEL - "':.n.fL If! 

... o~ fI-fl0{::: >--_. ~ ~,c'~,~ 
cue 0 

--t ~ 
r ___ Ia.CL 

I 'a.IItt- r-- - I--- 'CLPL .... c, 
PC'" 0 \ '\-

tEHVL_ r- 1---'",," 
~ 

1- _tytN!H 
'Pt:tPL-

CS'lNC I 

iiii I 

IIESET 0 

-- t-- ICUUi -+ InHCL -tYHYL_ -- \ I 
H 

-- I 
WFOO2530 

Note: All timing requirements are made at 1.5 volts, unl~ss otherwise noted. 

11-90 
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READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

CLK 

AOYu -------..JJ 

AEN'.2 

REAOV 

WF002520 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

CLK 

RI;)YU _________ ~....Ji 

READV 

11-91 
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03359C 
Reier to Page 13-1 for Essential Infonnallon on Mlli1ary DeYices 

III 



8286/8287 
Octal Bus Transceivers 

DISTINCTIVE· CHARACTERISTICS 

• Data bus buffer/driver for a086, 8088, 8080A, 8085A, 
and 8048 processors 

• Available in 20-pin, 0.3" center molded DIP or ceramic 
package . 

• Advanced bipolar Schottky processing • Fully parallel8-bit transceivers: 8286 is noninverting 
8287 is inverting 

• 3-state inputs/ outputs for interfacing with bus-oriented 
systems 

• Bus port stays in hi-impedance state during power up/ 
down transition 

GENERAL DESCRIPTION 

The 8286 and 8287 are 8-bit 3-state bipolar Schottky 
transceivers. They provide bidirectional drive for bus
oriented microprocessor and digital communications sys
tems. Straight through bidirectional transceivers are lea
tured, with 16mA drive capability on the A ports and 32mA 
bus drive capability on the B ports. PNP inputs are 
incorporated to reduce input loading. 

One input, Transmit/Receive determines the direction of 
logic signals through the bidirectional transceiver. The Chip 
Disable input disables both A and B ports by placing them 
in a 3-state condition. Chip Disable is functionally the same 
as an active LOW chip select. 

TRANSMITI 
RECEIVE -~_ 

(Tliil 

BLOCK DIAGRAM 

8286* 

'8287 has inverting transceivers 

RELATED PRODUCTS 

PART NO DESCRIPTION 

2946/47 Octal Bus Transceivers 

2948/49 Octal Bus Transceivers 

8086 16-Bit Microprocessor 

05699A 
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CONNECTION DIAGRAM 
Top View 

AO A, A2 A3 A4 As Ae A1 CD GND 

CooOl500 

Note: Pin 1 is marked for orientation 

" 

LOGIC SYMBOL 

APORT 

7 • 

eo 
8286 

T/R 8287 

,. ,. 17 ,. 15 ,. II '2 

BPORT 

LSOOO520 

METALLIZATION AND PAD LAYOUT 
8286 8287 

Vee 20 Vee 20 

"0 ,. "0 "0 ,. 
"0 

A, ,. ", A, 18 "1 

A2 17 "2 A2 17 "2 

A3 16 "3 A3 16 "3 

A.o 15 "_ A_ 15 "-
As 

,_ as A5 

,_ 
as 

As 13 "6 AS 13 ". 
A7 A7 

CD 12 "t eo 12 "7 

GND 10 11 T/R GND 10 " T/R 

DIE SIZE .069" x .089" 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

M 
8286 

o 8287 B l L Screening Option 
Blank·Standard processing 
B·Burn·in 

Device Type 
Octal Bus Transceivers 

Package 

0- 20·pin CERDIP (0-20·1) 
P - 20·pin plastic DIP (P·20·1) 
X- DiCe 

Temperature Range 
C - Commercial (O·C to + 70·C) 
M- Military (-SS·C to + 12S·C) 

11·93 

Valid Combinations 

MD 
0 8286 P 
XM, XC 

MD 
D 8286B 
P 

P 8287 XC 

P 8287B 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name 110 

Ao- A7 110 

80- 87 I/O 

9 CD I 

11 T/R I 

r 

PIN DESCRIPTION 

Description 

A port inputs/outputs are receiver output drivers when T /R is Low and are transmit inputs when T /R 
is HIGH. 

8 port inputs/outputs are transmit output drivers when T lR" is HIGH and receiver inputs when T /R is 
LOW. 

Chip Disable forces all output drivers into 3-state when HIGH (same function as active LOW chip 
select, c::5). 

Transmit/Receiver direction control determines whether A port or 8 port drivers are in 3-state. With 
T /R HIGH, A port is the input and 8 port is the output. With T /R LOW, A port is the output and 8 port 
is the input. 

Inputs 

Chip Disable 0 

Transmit/Receive 0 

A Port Out 

8 Port In 

11-94 

Conditions 

0 

1 

In 

Out 

1 

X 

HI-Z 

HI-Z 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65·C to + 150·C Commercial (C) Devices 
Supply Voltage ................................................ + 7.0V Temperature ....•................................ O·C to + 70·C 
Input Voltage ................................................... + 5.5V Supply Voltage ..........•................. + 4. 75V to + 5.25V 
Output Voltage ...........••...•......•.......••...........•... + 5.5V Military (M) Devices 
Lead Temperature (Soldering, 10 seconds) ............• 300·C Temperature ..................•..•.......... -55·C to + 125·C 

Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage ...•..............•............ + 4.5V to + 5.5V 

RA TlNGS may cause permanent device failure. Functionality Operating ranges define those limits over which the function-
at or above these limits is not implied. Exposure to absolute ality i:Jf the device is guaranteed. 

maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters DeSCription Test Conditions Min Max Units 

Ve Input Clamp Voltage le=-5mA -I Volls 

8287 130 
lee Power Supply Current 8286 160 rnA 

IF Forward Input Current VF=0.45V -0.2 rnA 

IR Reverse Input Current VR = 5.25V 50 p.A 

B Outputs IOL= 32mA .45 
VOL (COM'L) Output Low Voltage A Outputs IOL = 16mA .45 Volts 

B Outputs IOL= 20mA .45 
VOL (MIL) Output Low Voltage A Outputs IOL ~ lOrnA .45 Volts 

B Outputs IOH = -5mA 2.4 
VOH Output High Voltage A Outputs IOH=-lmA 2.4 Volts 

VOFF -0.45V IF 
IOFF Output Off Current VOFF = 5.25V IR 

A Port Vee - 5.0V (See note I) 0.8 
VIL Input Low Voltage B Port Vee = 5.0V (See note I) 0.9 Volts 

VIH Input High Voltage Vee - 5.0V (See note I) 2.0 Volts 

F -IMHz 
CIN Input CapaCitance VBIAS - 2.5V, Vee = 5V 12 pF 

TA = 25·C 

OPERATING CHARACTERISTICS 

Output Delay versus CapaCitance 

50 50 
8287 8286 WORST~ASE 

40 40 ..".. 
TYPlJAL I! 

WOR~ASE . 
---

.,..,... 
c 

I 30 

.- +vPfCAL 
, 30 .--

~ ---
~ S .-'" ""... 

~ 20 
I--' .... w 20 

~ 
Q 

10 --- 10 

200 400 &00 800 1000 200 400 800 800 1000 III 
LOAD - pF LOAD - pF 

OPOOl240 OPOOl250 
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SWITCHING TEST CIRCUITS 

~~ I~ 2.I4V (2.01V) 

330 IMIO 52.70(710) 

our 0-- our 0-- our 0--

I~ ll~ l~ 
3-STATE TO VOL 3·STATE TO VOL SWITCHING 

TCOO0610 TCOO0620 TCOOO630 

B OUTPUT A OUTPUT B OUTPUT 

UV 1.5V 2:JIIII(2.2IIV) 

1100 IOOQ 1140(1770) 

our 0-- our 0-- our 0--

l~ r~ I~ 
3-STATE TO VOlt 3·STATE TO VOlt SWlTCttlNO 

TCOOOS60 TCOOOS90 TCOOO600 

BOUTPUT A OUTPUT A OUTPUT 

Values in parenthesis reflect MIL temp. conditions. 

SWITCHING CHARACTERISTICS (See Note 2) 

Test Conditions Min Min 
Parameters Description (See Notes) (COM'L) (MIL) Max Units 

TIVOV Input to Output Delay 
Inverting 

Non·inverting 

5 22 

S 30 
ns 

TEHTV TransmiVReceive Hold Time S TENHOZ ns 

TTVEL TransmiVReceive Setup 10 30 ns 

TEHOZ Output Disable Time 3 18 ns 
TELOV Output Enable Time 10 10 30 ns 

TILIH, Input, Output Rise Time From 0.8 to 2.0V 20 ns 
TOLOH 

TIHIL, Input, Output Fall Time From 2.0 to. 0.8V 12 ns TOHOL 

Notes: 1. COM'L temperature loading conditions B outputs: IOL - 32mA, IOH ~ - 5mA, CL - 300pF 
A outputs: IOL - 16mA, IOH - -lmA. CL - 100pF 

MIL temperature loading conditions B outputs: IL - 20mA; IOH - - SmA, CL K 300pF 
A outputs: IOL -10mA, IOH - -1 mA, CL - 100pF 

2. Refer to waveforms and SWITCHING TEST CIRCUITS on 
following pages. 
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UV 

INPUfS 

0.45\1 

OUlPUTS 

" I 
~.sv 
1\ 

I-nvov-,II 
I 1\ 

SWITCHING WAVEFORMS 

/ \ .. 
I 1\ 

-18IOZ-

VOlt - .IV 

-'1>'--------
~ 

VOL + .1V • 

::<C 
TEHTV I-- TTVEl. 

T ___ ' _______ 

AC testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0"; 
timing measurements are made at 1.5V for both a logic "1" and "0." 

WFOO1910 
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CD ,CD 
C"I 
CD 8288 

Bus Controller 

DISTINCTIVE CHARACTERISTICS 

• Bipolar drive capability • Multi-master or I/O bus interface 
• 3-state output drivers • Flexible system configurations 

GENERAL DESCRIPTION 

The 8288 optimizes 8086 or 8088 operations by providing 
command and control timing generation when the CPU is in 
maximum mode. It provides for highly flexible configura
tions for larger systems. It also adds powerful bipolar drive 
capability to the system. 

The 8288 is implemented in bipolar technology in a 20-pin 
DIP. 

BLOCK DIAGRAM 

~A~I ~ iiiiiC 
~A1US 

iiW'i'C DECODER 

COIIIIAND AiiWC MULlIIIUSN 

l 
'~ i6iiC COIIIIAND 

Gl!llERATOR iOWC' ~ 

mwc 

I 
iiif.i 

I I 

-=1 
CUt 

~ l iEN COHI1IOL COHI1IOL DEN ADOIIESS LATCH. DATA 

CEN LOGIC - IICE/PiiEii =~ GENERATOR 
108 ALE ~ 

+L I 
GND 

80001570 

033588 
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CONNECTION DIAGRAM 
Top View 

108 Vee 

cue iO 
i1 Ii 

DT/R IlCEjPOEii 

ALE DEN 

iii CEN 

iiiiiC iii'ii 

iiiWC iOiiC 
iiWTC -GND iOWC 

CDOOl840 

Note: Pin 1 is marked for orientation 

ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

C D 8288 B l L L ~r:~i~9s~~~~d Processing 
8 - Burn-in 

Device Type 
Bus Controller 

Package 

Temperature Range 

0-20-pin CEROIP (0-20-1) 
X-~ice 

C - Commercial (O'C to + 70'C) 

11-99 

o 
Valid Combinations 

1
8288 
82888 

Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 

033586 
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PIN DESCRIPTION 

Pin No. Name I/O Description 
19,3,18 So. Sl, S2 I Status. These signals are the status input pins from the microprocessor. Ths 8288 decod8s thsse inputs to generste 

command and ,control signals. 
2 ClK I Clock. Clock signal from the clock generator. 
5 ALE 0 Address Latch Enable. This signal strobes an add,,~ss into the address latches. The latching occurs on the falling 

edge (HIGH to lOW) transition. 
16 DEN 0 Data Enable. This signal enables ths data transceivers onto the data bus (local or system). 
4 DTm 0 Data TransmntReceive. This signal determines ths direction of data flow through the trsnsceivers. 
6 AEN I Addiess eii8ble. This signal enables the 8288 command outputs. at least 115ns after H becomes active lOW. When 

this pin goes inactive, it 3·states the command output drivers. 
15 CEN I Command Enable. This signal, when lOW, enables all command outputs and ths DEN and J5I5EN control outputs are 

forced to their inactive states. 
1 lOB I Input/Output Bus Mode. Whsn strapped HIGH. the 8288 functions in the 110 Bus mode. Whsn lOW, the 6286 

functiOns in the System Bus mode. 
12 AKlWe 0 Advanced 110 Write COmmand. The AKlWe gives 110 devices early indication of a write instruction by issuing an 110 

Write Command earlier in the machine cycle. 
11 RmC 0 mJWiIiii. This Signal tells an 110 device to read the data on the data bus. 
13 ~ 0 171JR8ad. This signal tells an 110 device to drive its data onto the data bus. 
8 ~ 0 AdVanced Memory Write. The AMWC gives memory devices an early indication of a write' instruction by issuing a 

ml!mory write command earlier in the machine cycle. 
9 MViii'e 0 Memory Write. This signal instructs the memory to record the data present on the data bus. 
7 ~ 0 Iiilemory Reaa. I his signal instructs the memory to drive Hs data onto the data bus. 
14 1NTA 0 Interrupt AcknOWledge. This Signal informs the interrupting device that its interrupt has been acknowledged and drives 

the vectoring information onto ths data bus. 

17 MCEt 0 Master Cascade Enablel Penpheral Data Enable. Dual Function pin: MCE (lOB lOW): This signal occurs during an 
PDEN intej!,pteS<!'luence. Its function is to read a Cascade Address from a master Priority Interrupt Controller onto the data 

bus. 0 N (lOB HIGH): This signal enables the data bus transceiver for the 1/0 Bus during 1/0 instructions. It 
performs the same function for the 110 Bus thet DEN performs for the system bus. 

DETAILED DESCRIPTION peripherals dedicated to one processor exist in a multiproces· 
sor based system. 

COMMAND AND CONTROL LOGIC 
SYSTEM BUS MODE 

The command logic decodes the three CPU status lines (So, , The 8288 is put into the System Bus mode by strapping the 
SI, S2) to determine what command is to be issued. lOB pin LOW. This mode is used when only one bus exists. No 

This chart shows the meaning of each status "word/' 
command is issued until 115ns after the AEiii line is activated. 
Bus arbitration is assumed, and this logic will inform the bus 

8288 
controller via the AEiii line when the' bus is free for use. Both II 

82 81 SO Processor State Command 
o commands and memory wait for bus arbitration. 

0 0 1 Interrupt Acknowledge INTA COMMAND OUTPUTS 

0 0 1 Read I/O Port fORC To prevent the processor from entering unnecessary wait 

0 1 0 Write 1/0 Port ~,~ 
states, the advanced write commands initiate write procedures 
early in the machine cycle. 

0 1 1 Halt None The command outputs are: 
1 0 0 Code Access MRi5C MF!OC - Memory Read Command 

1 0 1 Read Memory MF!OC 
~ - Memory. Write Command 
10RC - 1/0 Read Command 

1 1 0 Write Memory MW'i'C,~ ~ - 1/0 Write Command 

1 1 1 Passive I None 
~ - Advanced Memory Write Command 
~ - Advanced 110 Write Command 
INTA - Interrupt Acknowledge 

110 BUS MODE 
INTA (Interrupt Acknowledge) aCts as an 1/0 read during an 

The 8288 is put into the 1/0 Bus mode by strapping the lOB interrupt cycle. Its purpose is to inform an interrupting device 

pin HIGH. This mode allows one 8288 Bus Controller to that its interrupt· is being acknowledged and that it should 

handle two external buses. This allows the CPU to access the place vectoring information onto the data bus. 

1/0 Bus with no waiting involved. In the 1/0 Bus Mode, all 110 CONTROL OUTPUTS 
command lines (INTA, fORC, ~, AIOWC) are always 
enabled. When the processor. initiates an I/O Command, the The Data Enable (DEN), Data Transmit/Receive (DT IR) and 
8288 immediately activates the command lines using PDEN Master Cascade EnablelPeripheral Data Enable (MCEI 
and DT IR to control the 1/0 bus' transceiver. There is no Pi5EN) are the control outputs of the 8288. The DEN signal 
arbitration present in this system, so the 1/0 command lines determines when the external bus should be enablecl onto the 
should not be used to control the system bus. Normal memory local bus while the DT IR determines the direction of the data 
access requires a "Bus Ready" signal (AEN LOW) before it transfer. These two signals usually go to the chip select and 
will proceed. The lOB mode is recommended if 1/0 or direction pins of a transceiver. 

11·100 
03358B 

Refer to Page 13·1 for Essential Information on Military Device8 



The MCE/PDm function is determined by the lOB selection. 
When lOB is HIGH the POEN serves as a dedicated data 
enable signal for the I/O or Peripheral System Bus. 

INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowledge Cycle 
if the 8288 is in the System Bus mode (lOB Low). An interrupt 
sequence consists of two interrupt acknowledge cycles occur
ring back to back. No data or address transfers take place 
during the first cycle. Logic should be provided to mask off 
MCE during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Controller's 
(PIC) cascade address onto the processor's local bus where 
ALE (Address Latch Enable) strobes it into the address 
latches. On the leading edge of the second interrupt cycle the 
addressed slave PIC gates an interrupt vector onto the system 
data bus where it is read by the processor. 

The MCE Signal is not used if the system only contains one 
PIC. If this is the case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (So, 51, 
82) into a latch for halt state decoding. 

COMMAND ENABLE 

The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin is HIGH the 8288 
functions normally. If the CEN pin is pulled LOW, all command 
lines are held in their inactive state (not 3-state). This feature 
can be used to implement memory partitioning and to elimi
nate address conflicts between system bus devices and 
resident bus devices. 

11-101 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ..••... ; ................. -65·C to +150.oC Commercial (C) Devices 
Temperature (Ambient) Under Bias ............ O°C to + 70°C Temperature ..................................... O°C to + 70·C 
All Output and Supply Voltages· .............. -O.5V to + 7.0V Supply Voltage ................ , ........... +4.75V to +5.25V 
All Input Voltage ........ , ..... : ................... -1.0V to +5.5V Military (M) Devices 
Power Olssipation ............................................... 1.5W Temperature ................................ -55°C to + 125°C 

Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage ...................... , ........ + 4.5V to + 5.5V 

RA TlNGS may cause permanent device failure. Functionality Operating ranges define those limits over which the function-
at or above these limits;s not implied. Exposure to absolute ality of the device is guaranteed. 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions 
Vc Input Clamp Voltage Ic--5mA 

Icc Power Supply Current 

IF Forward Input Current VF=0.45V 

IR Reverse Input Current VR=VCC 

Output Law Voltage 
'Ol = 32mA 

VOL Command Outputs 

ConlrolOutputs IOL-16rnA 

Output High Voltage IOH =-5mA 
VOH Command Outputs 

Control Outputs IOH=~lmA 

VIL Input Low Voltage 

VIH Input High Voltage 

IOFF Three-Stale Leakage VOFF - 0.4 to 5.25V 

11·102 

Min Max Units 
-I V 

230 rnA 

-0.7 rnA 

50 IIA 

0.5 V 

0.5 V 

2.4 V 

2.4 V 

0.8 V 

2.0 V 

100 IIA 

03358B 
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SWITCHING TEST CIRCUIT 

3-State to High Command Output Test Load Control Output Test Load 
• .sv 2.14V 2.2811 

~~'~ 
1~ 

~~~W 
1~ 

~--J-
18GpF 

TCOOOB10 TCOOOBOO TCOO0790 

SWITCHING TEST INPUT, OUTPUT WAVEFORM 

Input/Output 

2.4 =:)(.S-TESTPOIOITS_'.C 
0.45 

WFoolB70 

AC Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0." The clock is driven at 4.3V 
and 0.25V. Timing measurements are made at 1.5V for both a logic "1" and "0." 

SWITCHING CHARACTERISTICS (T A = + 25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Max Units 

Timing Requirements 
TCLCL CLK Cycle Period 100 ns 

TCLCH CLK Low Time 50 ns 

TCHCL CLK High Time 30 ns 

TSVCH Status Active Setup Time 35 ns 

TCHSV Status Active Hold TIme 10 ns 

TSHCL Status Inactive Setup TIme 35 ns 

TCLSH Status Inactive Hold TIme 10 ns 

TIUH Input Rise TIme From O.BV to 2.0V 20 ns 

nHIL Input Fall Time From 2.0V to O.BV 12 ns 

Timing Re.ponaes 
TCVNV Control Active Delay 5.0 45 ns 

TCVNX Control Inactive Delay 10 45 ns 

TCLLH 
TCMCH ALE MCE Active Delay (from CLK) 20 ns 

TSVLH 
ALE MCE Active Delay (from Status) TSVMCH 20 ns 

TCHLL ALE Inactive Delay MRDC 4.0 15 ns 

TCLML Command Active Delay R:5RC 10 35 ns 

TCLMH Command Inactive Delay ~ IOl=32mA 
f-:jo 35 ns 

TCHDTL Direction Control Active Delay iOWe IOH =-5mA 50 ns 

TCHDTH Direction Control Inactive Delay iN'fii Cl- 300pF 30 ns 

TAELCH Command Enable Time AMYR: 40 ns 

TAEHCZ Command Disable TIme lOOWe 40 ns 

TAELCV Enable Delay TIme 

1 
115 200 ns 

TAEVNV AEN to DEN IOl=16mA 20 ns 
Other IOH--1.0mA 

TCEVNV CEN to DEN PDEN Cl- BOpF 25 ns 
TCELRH CEN to Command TCLML ns 
TOLOH Output Rise TIme From O.BV to 2.0V 20 ns 

TOHOL Output Fall Time From 2.0V to O.BV 12 ns 

11-103 
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SWITCHING WAVEFORMS 

STATE _T. T, T. T. T._ 

n 

-TCLCLiR 
-TCLCH-n 

~ n 
~ - '----' ~ 

CLK 

TCHSiI- I- -TSVct<- TCHCL- - :~TSHCI -- -TCLSH 

S;.s,.S; ) ) 
i1 J 1\ 1\ 

-
ADOFI£SSIDATA X ADDR X ~vAuo0 VAUD 

TCLLH-

~ 
f:= TSVLT

1

TCHLL 

I or ALE 

- -TCLMH 

I 
\. 

- -TCLIIL --' i--TCLIIL , I 
1\ j 

- I--TCVNV 

I{ , 
I 1\ 

TCVNX_ I-, I{ 
1\ 

TCVNV- f-

DBI(WRITE) 
I \ 

I \. 

- I--TCVNX 

P6Eii(WRIT£) 
, I 

J 

TCHOnt_ l-
DT/i~ f 

, ~ 

- TCHDTL 

lICE Ii l@ 'i TCHDTH- -
TCLIICH- r- r-TSV..cH FTCVNX 

WF002110 

Notes: 1. Address/data bus is shown only for reference purposes. 
2. leading edge of ALE and MCE is determined by the falling edge of ClK or status going active, 

. whichever occurs last. 
3. All timing measurements are made at 1.5V unless specified otherwise. 
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CEN 

AEN 

DEN 

Pi5EN 

AiN 

OUTPIIT 
COMMAND 

CEN 

SWITCHING WAVEFORMS (Cont.) 

DEN, PDEN QUALIFICATION TIMING 

W 
/~ 

, 
J~ 

I--TAEVNV-

W " j~ J'-
r---TCEVNV -

W 
JI\ 

WF002040 

ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 

'f---TAELCV_ 
~ •. sv '/ J •. sv 

TAELCH I 
TAEHCZ-!:::i. O.5V I VOH --L~ 

I \ If ~-. OH 

LI\ 
J I 

TCELAH 

II ~ 

TCELAH_ I--

WFOO2050 

Note: CEN must be low or valid prior to T 2 to prevent the command from being generated. 
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MEMORIES. PROMs. BIPOLAR RAMs. MOS STATIC RAMs 
PALs. 20 PIN AND 24-PIN PALs. 
MOS PERIPHERALS. MOS LSI PERIPHERALS 
ANALOG VERY HIGH SPEED DATA ACQUISITION 



PALs, PROMs, 
MOS and Bipolar' RAMs, 

MOS Peripherals, 
Analog and Data Acquisition 

Bipolar PROM 
Bipolar Memory RAM 
MOS Memory 
AMD 20-Pin PAL* Family 
MOS Microprocessor 

Functional Index and Selection Guide ............................... 12-1 
Functional Index and Selection Guide ............................... 12-3 
Functional Index and Selection Guide .........•..................... 12-5 
20-Pin IMOX™ Programmable Array Logic Element .............. 12-6 
Family Selector Guide ................................................. 12-20 

Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 



Bipolar PROM 
Functional Index and Selection Guide 

Access Time Icc 
COM'L/MIL COM'L/MIL Number 

Part Number Organization Max Max Output of Pins Packages Comments 
Am27LS18' 32x8 SO/65 80/80 OC 16 D,P,F,L 

Am27LS19' 32x8 50/65 80/80 35 16 D,P,F,L Low power 

Am27S18 32x8 40/50 115/115 DC 16 D,P,F,L 

Am27S18A 32x8 25/35 115/115 OC 16 D,P,F,L 

Am27S19 32x8 40/50 115/115 35 16 D,P,F,L 

Am27S19A 32x8 25/35 115/115 35 16 D,P,F,L 

Am27S20 256x4 45/60 130/130 OC 16 D,P,F,L 

Am27S20A 256x4 30/40 130/130 OC 16 D,P,F,L 

Am27S21 256x4 45/60 130/130 35 16 D,P,F,L 

Am27S21A 256x4 30/40 130/130 35 16 D,P,F,L 

Am27S12 512x4 SOI60 130/130 OC 16 D,P,F,L 

Am27S12A 512x4 30/40 130/130 DC 16 D,P,F,L 

Am27S13 512x4 50/60 130/130 35 16 D,P,F,L 

Am27S13A 512x4 30/40 130/130 35 16 D,P,F,L 

Am27S15 512x8 60/90 175/185 35 24 D,P,F,L 

Am27S25 512x8 N.A.'/N.A.' 185/185 35 24 D,P,F,L Output registers, 
THINDIP Pkg' 

Am27S25A 512x8 N.A.4/N.A.4 185/185 35 24 D,P,F,L Output registers, 
THINDIP Pkg' 

Am27S27 512x8 N.A.'/N.A.' 185/185 35 22 D,P,L Output registers 

Am27S28 512x8 55/70 160/160 DC 20 D,P,L 

Am27S28A 512x8 35/45 160/160 DC 20 D,P,L 

Am27S29 512x8 55170 160/160 35 20 D,P,L 

Am27S29A 512x8 35/45 160/160 35 20 D,P,L 

Am27S30 512x8 55/70 175/175 DC 24 D,P,F,L 

Am27S30A 512x8 35/45 175/175 DC 24 D,P,F,L 

Am27S31 512x8 55170 175/175 35 24 D,P,F,L 

Am27S31A 512x8 35/45 175/175 35 24 D,P,F,L 

Am27S32 1024 x 4 55170 140/145 OC 18 D,P,F,L 

Am27S32A 1024x4 35/45 140/145 OC 18 D,P,F,L Ultra fast 

Am27S33 1024x4 55170 140/145 35 18 D,P,F,L 

Am27S33A 1024x4 35/45 140/145 35 18 D,P,F,L Ultra fast 

N.A.2/N.A.' 
Output registers, 

Am27S35 1024xB 185 35 24 D,P,F,L asynchronous initialize, 
THINDIP Pkg' 

N.A.4/N.A.4 
Ultra fast, output 

Am27S35A 1024x8 185 35 24 D,P,F,L registers, asynchronous 
in~ialize, THINDIP Pkg" 

N.A.'/N.A.' 
Output registers 

Am27S37 1024x8 185 as 24 D,P,F,L synchronous in~ialize, 
THINDIP Pkg' 

Ultra fast, output 
An>27S37A 1024x8 N.A.4/N.A.4 185 35 24 D,P,F,L registers, synchronous 

initialize, THINDIP Pkg3 

Am27S180 1024x8 60/80 185/185 OC 24 D,P,F,L 

Am27S180A 1024x8 35/50 185/185 OC 24 D,P,F,L Ultra fast 

Am27S181 1024x8 60/80 1851185 35 24 D,P,F,L 

Am27S181A t024x8 35/50 185/185 35 24 D,P,F,L Ultra fast 

Am27PS181 1024x8 80/90 185/80' 35 24 D,P,F,L Power switched 

Am27PS181A 1024x8 65175 185/80' 35 24 D,P,F,L Power 'sw~ched 

Am27S280 1024x8 60/80 185/185 DC 24 D,P,F,L THINDIP Pkg' 

Am27S280A 1024 x 8 35/50 185/185 DC 24 D,P,F,L Ultra fast, THINDIP 
Pkg' 

Am27S281 1024x8 60/80 185/185 35 24 D,P,F,L THINDIP Pkg3 
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~cceS8 Time Icc 
COM'L/MIL COM'LlMIL Number 

Part Number Organization Max Max Output of Pins Packages Comments 

Am27S281A 1024.8 35/50 185/185 3S 24 D,P,F,L Ultra fast, THINDIP Pkg' 

Am27PS281 1024.8 80/90 185/80' 3S 24 D,P,F,L Power switched, 
THINDIP Pkg' 

185/80' 
Ultra fast, power 

Am27PS281A 1024.8 65175 3S 24 D,P,F,L switched, 
THINDIP Pkg' 

Am27S184 2048.4 50/55 150/150 OC 18 D,P,F,L 

Am27S184A 2048.4 35/45 150/150 . OC 18 D,P,F,L UHra fast 

Am27S185 2048.4 50/55 150/150 3S 18 D,P,F,L 

Am27S185A 2048.4 35/45 150/150 3S 18 D,P,F,L Ultra fast 

Am27LS184 2048.4 60/65 120/125 OC 18 D,P,F,L Low power 

Am27LS185 2048.4 60/65 120/125 3S 18 D,P,F,L Low power 

Am27PS185 2048.4 60/65 150175' 3S 18 D,P,F,L Power switched 

Am27S190 2048.8 50/65 185/185 OC 24 D,P,F,L 

Am27S190A 2048.8 35/50 185/185 OC 24 D,P,F,L Ultra fast 

Am27S191 2048.8 50/65 185/185 3S 24 D,P,F,L 

Am27S191A 2048.8 35/50 185/185 3S 24 D,P,F,L Ultra fast 

Am27PS191 2048.8 65175 185/SO' 3S 24 D,P,F,L Power switched 

Am27PS191A 2048.8 50/65 185/80' 3S 24 D,P,F,L Ultra fast, power 
switched 

Am27S290 2048.8 50/65 185/185 OC 24 D,P,F,L THINDIP Pkg' 

Am27S290A 2048.8 35/50 185/185 OC 24 D,P,F,L Ultra fast, THINDIP Pkg' 

Am27S291 2048.8 50/65 185/185 3S 24 D,P,F,L THINDIP Pkg' 

Am27S291A 2048.8 35/50 185/185 3S 24 D,P,F,L Ultra fast, THINDIP Pkg' 

Am27PS291 2048.8 65175 185/80' 3S 24 D,P,F,L Power switched, 
THINDIP Pkg' 

Am27PS291A 2048.8 50/65 185/80' 
Ultra fast, power 

3S 24 D,P,F,L switched 
THINDIP Pkg' 

Am27S40 4096.4 50/65 165/170 OC 20 D,P,L 

Am27S40A 4096.4 35/50 165/170 OC 20 D,P,L Ultra fast 

Am27S41 4096.4 50/65 165/170 3S 20 D,P,L 

Am27S41A 4096.4 35/50 165/170 3S 20 D,P,L Ultra fast 

Am27PS41. 4096.4 50/65 170/85' 3S 20 D,P,L Power switched 

Am27S43 4096.8 55/65 185 3S 24 D,P,F,L 

Am27S43A 4096.8 40/55 185 3S 24 D,P,F,L Ultra fast 

Am27PS43 4096.8 N.A. N.A. 3S 24 D,P,F,L Power switched 

NA2 
Dutput registers, 

Am27S45 2048.8 185/185 3S 24 D,P,L asynchronous in~ialize, 
THINDIP Pkg' 

Ultra fast, output regis-

Am27S45A 2048.8 N.A.' 185/185 3S 24 D,P,L ters, 
asynchronous initialize, 
THINDIP Pkg' 

Output registers, 
Am27S47 2048.8 NA2 185/185 3S 24 D,P,L synchronous initialize, 

THINDIP Pkg' 

Ultra fast, output regis-

Am27S47A 2048.8 NA' 185/185 3S 24 D,P,L ters, 
synchronous initialize, 
THINDIP Pkg' 

Am27S65 1024.4 NA 185/185 3S 24 D,P 

Am27S65A 1024.4 NA 185/185 3S 24 D,P 

Am27S75 2048.4 NA 185/185 3S 24 D,P 

Am27S75A 2048.4 N.A. 185/185 3S 24 D,P 

Am27S85 4096.4 N.A. 185/185 3S 24 D,P 

Am27S85A 4096x4 N.A. 185/185 3S 24 D,P 

Am27S49 8192.8 55/65 190/190 3S 24 D,P;L 

Am27S49A 8192.8 40/55 190/190 3S 24 D,P,L 

Notes:,!. Replaces Am27LSOB/09 
2. Contains buiH-in pipeline registers: nominal address to ·clock setup time - 35n8 (typ), clock to output = 20ns (typ). 
3. 3DO-mil lateral pin spacing. 
4. Conjains buiH~n pipeline registers: nominal address to clock setup time = 25n8 (typ), clock to output - 15ns (typ). 
5. Icc are power up and power down current limits respectively. 
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Bipolar Memory RAM 
Functional Index and Selection Guide 

BIPOLAR Eel RAM 

Access Time lEE 
COM'l/Mll COM'LlMll ECl Number 

Part Number Organization Max Max Series of Pins Packages Comments 
Aml0415SA 1024.1 15/20 -150/-165 10K 16 D,P,F,L 

Aml0415A 1024.1 20/25 -150/-165 10K 16 D,P,F,L 

Aml0415 1024.1 35/40 -150/-165 10K 16 D,P,F,L 

Amloo415A 1024.1 15/- -150/- lOOK 16 D,P,F,L 

Aml00415 1024.1 20/- -150/- lOOK 16 D,P,F,L 

Aml0470SA 4096.1 15/20 -230/-255 10K 18 D,F',L 

Aml0470A 4096.1 25/30 -200/-220 10K 18 D,F',L 

Aml0470 4096.1 35/40 -200/-220 10K 18 D,F',L 

Aml00470SA 4096.1 15/- -230/- lOOK 18 D,F',L 

Aml00470A 4096.1 25/- -195/- lOOK 18 D,F',L 

Aml00470 4096 x 1 35/- -195/- lOOK 18 D,F',L 

Aml0474A 1024 x 4 15/20 -230/-255 10K 24 D,F,L 

Aml0474 1024x4 25/30 -230/-220 10K 24 D,F,L 

Aml00474A 1024.4 15/- -230/- lOOK 24 D,F,L 

Aml00474 1024x4 25/- -200/- lOOK 24 D,F,L 

Aml04BO 16384.1 25/- -200/- 10K 20 D,F,L 

Aml04BOA 16384.1 15/- -230/- 10K 20 D,F,L 

Aml004BO 16384.1 25/- -200/- lOOK 20 D,F,L 

Aml004BOA 16384 x 1 15/- -230/- lOOK 20 D,F,L 

Note: 1. For Flat Package, Consult Factory. 
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BIPOLAR TTL RAM 

Access Time Icc 
COM'L/MIL COM'L/MIL Number Packages 

Part Number Organization Max Max Output of Pins (Note 1) Comments 

Am27S02A 16.4 25/30 100/105 OC 16 D,P,F,L 

Am27S03A 16.4 25/30 100/105 3S 16 D,P,F,L Ultra Fast 

Am27S02 16.4 35/50 105/105 OC 16 D,P,F,L 

Am27S03 16.4 35/50 125/125 3S 16 D,P,F,L 

Am27LS02 16.4 55/65 35/38 OC 16 D,P,F,L 

Am27LS03 16.4 55/65 35/38 3S 16 D,P,F,L Low Power 

Am74/54S289 16.4 35/50 105/105 OC 16 D,P,F,L 

Am74/54S189 16.4 35/50 125/125 3S 16 D,P,F,L 

Am27S06A 16.4 25/30 100/105 OC 16 D,P,F,L 

Am27S07A 16.4 25/30 100/105 3S 16" D,P,F,L 
Noninverting Outputs 

Am27S06 16.4 35/50 100/105 OC 16 D,P,F,L 

Am27S07 16.4 35/50 100/105 3S 16 D,P,F,L 

Am27LS06 16.4 55/65 35/38 OC 16 D,P,F,L 
Am27L::;u7 115.4 55/50 35/36 3::; 16 D,P,F,L ~~in~g:;g Outputs, 

Am3101A 16.4 35/50 100/105 OC 16 D,P,F,L 

Am3101-1 16.4 35/50 100/105 OC 16 D,P,F,L 
Write 

Am3tO! 16)(4 50/60 100/105 OC 16 D,P,F,L Transparent' 

Am31L01A 16.4 55/65 35/38 OC 16 D,P,F,L 
Low Power 

Am31LOl 16.4 80/90 35/38 OC 16 D,P,F,L Write Transparent' 

Am74/5489-1 16.4 35/50 100/105 OC 16 D,P,F,L 

Am74/5489 16.4 50/60 100/105 OC 16 D,P,F,L Write Transparent' 

Am27LSOOA 256.1 35/45 115/115 3S 16 D,P,F,L 
Ultra Fast 

Am27LS01A 256.1 35/45 115/115 OC 16 D,P,F,L 

Am29705A 16.4 28/30 210/210 3S 28 D,P,F,L 

Am29707 16.4 28/30 210/210 3S 2& D,P,F,L 

Am27LSOO 256.1 45/55 70170 3S 16 D,P,F,L 

Am27LSOl 256.1 45/55 70170 OC 16 D,P,F,L Fast, Low Power 

Am27LSOO-1A 256.1 35/45 115/115 3S 16 D,P,F,L 

Am27LS01-1A 256.1 35/45 115/115 OC 16 D,P,F,L 

Am27LSOO-l 256.1 45/55 70/70 3S 16 D,P,F,L Noninverting Outputs 

Am27LS01-1 256.1 45/55 70170 OC 16 D,P,F,L 

Am93415A 1024.1 30/40 155/170 OC 16 D,P,F,L 

Am93425A 1024.1 30/40 155/170 3S 16 D,P,F,L Ultra Fast 

Am93415 1024.1 45/65 155/170 OC 16 D,P,F,L 

Am93425 1024.1 45/65 155/170 3S 16 D,P,F,L 

Am93412A 256.4 35/45 1551170 OC 22" D,P,F,L 

Am93422A 256.4 35/45 1551170 3S 22' D,P,F,L Ultra Fast 

Am93412 256.4 45/60 1551170 OC 22' D,P,F,L 

Am93422 256.4 45/60 1551170 3S 22" D,P,F,L 

Am93L412A 256.4 45/55 80/90 OC 22" D,P,F,L 

Am93L422A 256.4 45/55 80/90 3S 22' D,P,F,L 

Am93L412 256.4 60175 80/90 OC 22' D,P,F,L Low Power 

Am93L422 256.4 60175 80/90 3S 22' D,P,F,L 

Am93L425A 1024.1 45/55 65175 3S 16 D,P,F,L 

Notes: 1. D - Hermetic DIP,P - Molded DIP,F = Cerpak,L = Chip-Pak™ 
2. Complement ot data in is available on the outputs in the write mode when both CS and WE are low. 
3. Cerpak (F) is 24 pin. 

Chip-Pak IS a trademark of Advanced MICrO Devices, Inc. 
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1K STATIC RAMS 

Part Organization Number 

Am9122-25 256x4 
Am9122-35 256x4 
Am91L22-35 256x4 
Am91L22-45 256x4 
Am9122-60 256x4 

4K STATIC RAMS 

Part Organization Number 

Am2147-35 4096 x 1 
Am2147-45 4096 x 1 
Am2147-55 4096 x 1 
Am2147-70 4096 x 1 
Am21L47-45 4096 x 1 
Am21L47-55 4096 x 1 
Am2148-55 1024 x4 
Am2148-35 1024 x 4 
Am2148-45 1024 x 4 
Am2148-70 1024 x 4 
Am2149-35 1024x4 
Am21L48-45 1024x4 
Am2149-45 1024x4 
Am21L49-45 1024x4 
Am21L48-55 1024x4 
Am21L49-55 1024 x 4 
Am21L48-70 1024 x 4 
Am21L49-70 1024 x 4 
Am9150-25 1024 x 4 
Am9150-35 1024 x 4 
Am9150-45 1024 x 4 

16K STATIC RAMS 

Part 
Number 

Organization 

Am9128-10 2048x8 
Am9128-70 2048x8 
Am9128-90 2048x8 
Am2167-35 16384 x 1 
Am2167-45 16384 x 1 
Am2167-55 16384 x 1 
Am2167-70 16384 x 1 
Am2168-45 4096x4 
Am2168-55 4096x4 
Am2168-70 4096x4 
Am2169-45 4096x4 
Am2169-55 4096x4 
Am2169-70 4096x4 

~ 
,~. 

MOS Memory 
Functional Index and Selection Guide 

Access Power Dlsslpatlon(mW) 
Pins Supply Temp Package Tlme(ns) Standby Active Voltage (V) Range 

25 - 660 22 5 C D,P 
35 - 660 22 5 C,M D,P 
35 - 440 22 5 C D,P 
45 - 440 22 5 C,M D,P 
60 - 248 22 5 C D,P 

Access Power Dlsslpation(mW) 
Pins Supply Temp Package Tlme(ns) Standby Active Voltage (V) Range 

35 165 990 18 5 C D 
45 165 990 18 5 M D,L 
55 165 990 18 5 C,M D,L 
70 110 880 18 5 C,M D,L 
45 83 688 18 5 C D 
55 83 668 18 5 C D 
55 165 990 18 5 C,M D,L 
35 165 990 18 5 C D,L 
45 165 990 18 5 C,M D,L 
70 165 990 18 5 C,M D,L 
35 N/A 990 18 5 C D 
45 110 688 18 5 C D,L 
45 N/A 990 18 5 C,M D 
45 N/A 688 18 5 C D,L 
55 110 688 18 5 C D,L 
55 N/A 688 18 5 C D,L 
70 110 688 18 5 C D,L 
70 N/A 688 18 5 C D,L 
25 N/A 990 24 5 C D 
35 N/A 990 24 5 C,M D 
45 N/A 990 24 5 C,M D 

Access Power Dlsslpatlon(mW) Supply Temp 
Time(ns) 

Pins Voltage (V) Range 
Package 

Standby Active 

100 165 660 24 5 C D,P 
70 165 770 24 5 C D,P 
90 165 990 24 5 M D 
35 165 680 20 5 C D,P 
45 83 660/880 20 5 C,M D,P 
55 83 680 20 5 C,M D,P 
70 165 660 20 5 C,M D,P 
45 165 550 20 5 C D,P 
55 165 550 20 5 C,M D,P 
70 165 550 20 5 C,M D,P 
45 NA 550 20 5 C D,P 
55 NA 550 20 5 C,M D,P 
70 NA 550 20 5 C,M D,P 
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AMD 20-Pin PAL * Family 
20-Pin IMOX™ Programmable Array Logic Elements 

DISTINCTIVE CHARACTERISTICS 

• Faat • Low Coat 
- High speed "A" versions - .Reduces board space/chip count 

(tpd = 25ns, tl! = 20ns, fco = 15ns, max) - Reduces design time 
- Standard speed versions - Reduces inventory cost 

(tpd = 35ns, Is = 30ns, tco = 25ns, max) • Reliable 

• Flexible - Proven Platinum-Silicide fuse technology 
- User programmability allows customized designs - Fully AC and DC tested 
- Eases design updates in prototype or product - Preload of output registers allows full logical testing 

GENERAL DESCRIPTION 

AMD PALs are high speed electrically programmable array are left intact a logical false results on the output of the 
logic elements. They utilize the familiar sum-of-products AND gate. An AND gate with all fuses blown will assume 
(AND-OR) structure allowing users to program custom logic the logical true state. The outputs of the AND gates are 
functions to fit most applications precisely. connected to fixed OR gates. The only limitations imposed 

Initially the AND gates are connected, via fuses, to both the are the number of inputs to the AND gates (up to 16) and 

true and.complement of every input. By selective program- the number of AND gates per OR (up to 8). 

ming of fuses the AND gates may be "connected" to only The part types in the AMD PAL family are differentiated by 
the true input (by blowing the complement fuse), to only the the allocation of registered (with internal feedback) and 
complement input (by blowing the true fuse), or to neither combinatorial (bi-directional and dedicated) outputs. All 
type of input (by blowing both fuses) establishing a logical combinatorial AMD PALs are available in both active HIGH 
"don't care." When both the true and complement fuses (AND-OR) and active LOW (AND-OR-INVERT) versions. 

AMD PAL FAMILY CHARACTERISTICS Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non-

All members of the AMD PAL family have common electri- conductive gaps that ensure very stable, long term reliabili-
cal characteristics and programming procedures. All parts ty. Extensive operating testing has proven that this low-
in this family are produced with a fUSible link at each input field, large-gap technology offers the best reliability for 
to the AND gate array. Connections may be selectively fusible link programmable logic, 
removed by applying appropriate voltages to the circuit. The AMD PAL family is manufactured using Advanced 

All parts are fabricated with AMD's fast programming, 
Micro Devices' selective oxidation process, IMOX. This 

highly reliable Platinum-Silicide Fuse technology. Utilizing 
advanced process permits an increase in density and a 

an easily implemented programming algorithm, these prod-
decrease in internal capacitance resulting in the fastest 

ucts can be rapidly programmed to any customized pattern. 
possible programmable logic devices. 

Extra test words are pre-programmed during manufacturing The AMD PAL family also incorporates the unique capabili-
to insure extremely high field programming yields ( > 98%), ty of preloading the output registers during testing to any 
and provide extra test paths to achieve excellent paramet- desired value. Preload is invaluable when testing the logical 
ric correlation. functionality of a programmed AMD PAL 

AMD PAL FAMILY TABLE 

Part Array 
Number Inputs Logic 

AmPAL16R8 (8) DedK:a1ed (8) 8-Wide AND-OR (8) Feedbact< 

(8) Dedicated (6) 8-Wide AND-OR 
AmPAL16R6 (6) Feedback 

(2) Bidirectional (2) 7-Wide AND-OR-INVERT 

(8) Dedicated (4) 8-Wide AND·OR 
AmPAL18R4 (4) F .. dback 

(4) Bidirectional (4) 7-Wide AND-OR-INVERT 

AmPAL16L8 (10) Dedicated (6) 7-Wide-AND-OR·INVERT (6) BkJirectional 

AmPAL16H8 (10) Dedicated (6) 7-Wide AND-OR (6) Bidirectional 

AmPAL16LD8 (10) Dedicated (8) 6·Wide AND-OR-INVERT (6) Bidirectional 

AmPAL16HD8 (10) Dedicated (8) 8-Wide AND-OR (6) Bidirectional 

*.PAL is a registered trademark· of Monotithic Memories, Inc. 
IMOX is a trademark of Advanced Micro Devices, Inc. 

OE 

Oedicated 

Dedicated 

Progra~mable 

Dedicated 

Programmable 

Programmable 

Programmable 

-

-

12-6 

(~) Is teo 
(MAX) (MAX) 

Outputs STOA STDA STOA 

Registered Inverting - - 30 20 25 15 ns 

Registered Inverting 
35 25 30 20 25 15 ns 

Bidirectional 

Registered Inverting 
35 25 30 20 25 15 r' 

BicHrectional 

(6) Bidirectional 35 25 - - - -(2) Dedicated 

(6) Bidirectional 35 25 (2) Dedicated - - - -

Dedicated 35 25 - - -

Dedicated 35 25 - - -
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias ....... -55°C to + 125°C Temperature ...............•..................... O°C to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ....•.............••.......• + 4.75V to + 5.25V 

(Pin 20 to Pin 10) Continuous .......•..... -0.5Vto + 7.0V Military (M) Devices 
DC Voltage Applied to Outputs (Except Temperature .....................•........•. - 55°C to + 125°C 

During Programming) •.................. -0.5V to + VCC max Supply Voltage ....•••....•................... + 4.5V to + 5.5V 
DC Voltage Applied to Outputs Operating ranges define those limits over which the function-

During Programming .......................................... 21V ality of the device is guaranteed. 
Output Current Into Outputs During 

Programming (Max Duration of 1 sec) ............... 200mA 
DC Input Voltage ................................ -D.5 to + 5.5mA 
DC Input Current ........................•..... -30mAto +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters Description Test Conditions Min 
Typ 

Max Units 
(Note 1) 

Vee = MIN, IOH--3.2mA COM'L 
VOH Output HIGH Voltage 

VIN = VIH or VIL IOH=-2mA MIL 2.4 3.5 Volts 

Vee=MIN, IOL=24mA COM'L 
VOL 'Output LOW Voltage 

VIN = VIH or Vil IOl -12mA Mil 0.5 Vo"s 

VIH Input HIGH level Guaranteed input logical HIGH 2.0 Volts (Note 2) voltage for all inputs 

Vil Input lOW level Guaranteed input logical lOW O.B Volts (Note 2) voltage for all inputs 

III Input lOW Current Vee - MAX, VIN - O.40V -20 -250 JJA 
llH Input HIGH Current Vee = MAX, VIN = 2.7V 25 JJA 
II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 mA 

Ise Output Short Circuit Current Vee = MAX, VOUT = 0.5V (Note 3) -30 -60 -90 mA 

16lB, 16HB, 16HD8, 16lDB 
110 155 16LBA, 16H8A, 16HDSA, 16LDSA 

lee Power Supply Current All inputs = GND, Vee = MAX 16RB, 16R6, 16R4 mA 
16RBA, 16R6A, 16R4A 120 lBO 

VI Input Clamp Voltage Vee - ¥IN, liN - -lBmA -0.9 -1.2 Volts 

IOZH Outpul leakage Current Vee = MAX, VIL = O.BV VO=2.7V 100 

(Note 4) VIH = 2.0V JJA 
IOZl Vo = O.4V -100 

CIN Input Capacitance VIN= 2.0V @f=lMHz (Note 5) 6 

GoUT Output Capacitance VOUT - 2.0V @f= lMHz (Note 5) 9 pF 

Notes: 1. Typical limits are at Vee = 5.0V and T A = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 

VOUT = 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
4. 1/0 pin leakage is the worst case of IOZX or IIX (where X = H or L). 
5. These parameters are not 100% tested, but are psriodically sampled. 
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AC TEST LOAD 
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TCOO1190 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
HIGH SPEED 

COMMERCIAL MILITARY 
Test Typ 

Parameters Description Conditions (Note 1) Min Max Min Max Units 

tpo 
Input or Feedback to Non-Aegistered Output 12 25 30 na 16LaA, 16A6A, 16A4A, 16LD8A, 16H6A, 16H06A 

tEA Input to Output Enable 16L8A, 16A6A, 16A4A, 16H8A 12 25 30 ns 

teA Input to Output Disable 16L8A, 16A6A, 16A4A, 16H8A COM'L 12 25 30 na 

lpZX Pin 11 to Cl\Jtput Enable 16A8A, 16A6A, 16A4A At = 200 8 20 25 ns A2 = 390 
!PXZ Pin 11 to Output Disable 16A8A, 16A6A, 16A4A 8 20 25 ns 

teo Clock to Output 16A8A, 16A6A, 16A4A 8 15 20 ns 

Is Input or Feedback Setup TIme 16A8A, 16A6A, 16A4A MIL 10 20 25 ns 

tH Hold Time 16A8A, 16A6A, 16A4A At = 390 -10 0 0 ns A2 = 750 
!P Clock Period 35 45 ns 

tw Clock Width 15 20 ns 

tMAX Maximum Frequency 28.5 22 MHz 

Notes: 1. Typical limits are at Vee = 5.0V and TA = 25°C. 
2. tpo is tested with switch 51 closed and CL ~ 50pF. 
3. For three-state outpUts, output enable times are tested with CL e SOpF to the 1.5V level;· 51 ia open for high impedance to HIGH testa and 

cloaed for high impedance to LOW tests. Output diseble times are tested with CL = 5pF. HIGH to high impedance tests are made to an output 
voltage of VOH - 0.5V with 51 open; LOW to high Impedance tests are made to the VOL + 0.5V level with 51 closed. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
STANDARD SPEED 

COMMERCIAL MILITARY 
Teat Typ 

Parameters Description Conditions (Note 1) Min Max Min Max Units 

!Po 
Input or Feedback to Non-Aegistered Output 17 35 40 ns 16La, 16A6, 16A4, 16LD8, 16H8, 16HD8 

tEA Input to Output Enable 16La, 16AS, 16A4, 16H8 17 35 40 ns 

teA Input to OutpUt Disable 16La, 16A6, ISA4, ISH8 COM'L 17 35 40 ns 

!PZX Pin 11 to Output Enable ISA8, 16AS, ISA4 Al = 200 12 25 25 ns A2 = 390 
tpxz Pin 11 to Output Disable 16A8, 16AS, 16A4 12 25 25 ns 

teo Clock to Output ISA8, ISAS, 16A4 12 25 25 ns 

Is Input or Feedback Setup TIme ISA8, 16A6, 16A4 MIL 15 30 35 ns 

Iti Hold Time ISA8, 16A6, 16A4 AI = 390 -10 0 0 ns A2= 750 
tp Clock Period 55 60 ns 

tw Clock Width \ 20 25 ns 

fMAX Maximum Frequency 18 IS.5 MHz 

Notes: 1. Typical limits are at Vee = 5.0V and TA = 25°C. 
2. !Po ia tested with switch 51 closed and CL = 50pF. 
3. For three-stete outputs, output enable times are tested with CL = SOpF to the 1.5V level; 51 is open for high impedance to HIGH tests and 

cloaed for high impedance to LOW tests. Output disable times are tested with ~ = 5pF. HIGH to high impedance tests are made to an output 
voltage of VOH-0.5V with 51 open; LOW to high impedance tests are made to the VOL +0.5V level with"St closed. 
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SWITCHING WAVEFORMS 

INPUTS. I/O. J~l====l~~~~~[===================J(====(==== REGISTERED 
FEEDBACK 

CP 

REGISTERED 
OUTPUTS, 

COMBl~=~ ----.,....--------....,...»I"TT»~ (rTT«-1-i-( -

WF002570 

KEY TO SWITCHING WAVEFORM 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILlSE 
STEADY STEADY 

-- MAY CHANGE WILLSE 

FROMHTOL CHANGING 
FROMHTOl 

JUlJ1 MAV CHANGE 
WilL BE 
CHANGING FROM L TOH FROMl TOH 

1ffff£ DON'T CARE; CHANGING; 
ANVCHANGE. STATE 
PERMITTED UNKNOWN 

]HE: 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFFHSTATE 

KSOOOO10 
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BLOCK DIAGRAM AmPAL 16R41 AmPAL 16R4A 
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BLOCK DIAGRAM AmPAL 16H81 A,!!PAL 16H8A 
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BLOCK DIAGRAM AmPAL16HD8/AmPAL16HD8A 

INPUTS (0-31) 

0,2:1 .5. , • -ftOu U"1411 .. .,. .... 20 21 W23 :M2U.27 aI.III" 

0 , , · .............. · .." ..... • · , 

~ 
.... 

2 

· · .. 
......... .... " " ..... 18 

" .. 
" .... 

3 

.. 
" .. 

~l 
.. .. 
" .. 
" >---J I 

4 

17 

" .. 
" ..... " " 

....... 16 

" " " .... 

" " .. 
~ .. .. 15 

" .. ,. .. .... 
6 

.. .. 
" io.. OJ .. .." ..... .. 14 

.. ,......., 
" .. .... 

7 

.. ... .. 
......... .... .. .. .." ..... .. 13 

.. .. .. .... 
8 

.. 
or .. 

~ 
.. .. 12 .. 
" .. 

... 
9 11 

80002010 

12·16 R_ to Page 13-1 lor Esse_ Inlonnalkm on MHilary DeYices 



PROGRAMMING checks that the correct array fuses have been blown and can 
be sensed by the outputs. 

Each AMD PAL fuse is programmed with a simple sequence of 
AMD PAls have been designed with many internal test 

voltages applied to two control pins (1 and 11) and a 
programming voltage pulse applied to the output under 

features that are used to assure high programming yield and 

programming. Addressing of the 2048 element fuse array is 
correct logical operation for a correctly programmed part. 

accomplished with normal TTL levels on eight input pins (five An additional fuse is provided on each AMD PAL circuit to 
select the input line number and three select the product term prevent unauthorized copying of AMD PAL fuse patterns when 
number). Vcc is maintained at a normal level throughout the design security is desired. Blowing the security fuse blocks 
programming and verify cycle - no extra high levelS are entry to the fuse pattern verify mode. 
required. 

To blow the security fuse: 

The necessary sequence of levels for programming any fuse is 1. Power up part to VCCP 

shown in the Programming Timing Diagram. The address of 2. Raise Pin 5 to VHH. 

each fuse in terms of Input line Number and Product Term 3. Pulse Pin 11 from ground to VOP for a 50,",sec 

line Number is defined by the Fuse Address Tables 1 and 2. duration. 

Current, voltage and timing requirements for each pin are 4. Perform a normal end-of-programming verify cycle at 

specified in the Programming Parameter Table below. VCCL and VCCH. All fuse locations should be sensed 
as blown if the security fuse has been successfully 

The 16LB, 16R8, 16R6, 16R4, 16H8, 16LD8 and 16HD8 use blown. 
identical programming conditions and sequences. Note that parts with the security fuse blown may not be 

After all programming has been completed, the entire array 
returned as programming rejects. 

should be reverified at VCCL and again at VCCH. Reverification AMD PAls normally have high programming yields (> 98%). 
can be accomplished by reading all eight outputs in parallel Programming yield losses are frequently due to poor socket 
rather than one at a time. The array fuse verification cycle contact, equipment out of calibration or improperly used. 

PROGRAMMING PARAMETERS T A = 25°C 

Parameters Description Min Typ Max Units 
I Pin I @ 10040mA 10 II 12 

VHH Conlrol Pin Extra High level II Volls 
Pin II @ 10·40mA 10 II 12 

VOP Program Vol1age Pins 12-19 @ IS-2oomA 18 20 22 Volls 

VIHP Input High level During Programming and Verify 2.4 S S.S Vol1s 

VILP Input low Level During Programming and Verify 0.0 0.3 O.S Vol1s 

Vccp Vee During Programming @ ICC = SO-200mA S S.2 S.s Volls 

VCCL Vcc During First Pass Verification @ ICC = SO-200mA 4.1 4.3 4.S Volls 

VCCH Vee During Second Pass Verification @ ICC = SO-2oomA S.4 S.7 6.0 Volls 

116LS, 16R8, 16R6, 16R4, 16lOB 0.3 O.S 
Successful Blown Fuse 16LSA, 16R8A, 16R6A, 16R4A, 16lD8A 

VBlown Sense level @ Outpul 116H8, 16HD8, 16H8A, 16HD6A 
Volls 

2.4 3 
dVop/dl Rate of Output Vol1age Change 20 2S0 Vlp.sec 

dV"/dt Rate of Fusing Enable Vol1age Change (Pin II Rising Edge) 100 1000 V/p.sec 

Fusing Time First Attempt 40 SO 100 p.sec 
Ip Subsequent Attemp1s 4 S 10 msec 

to Delays Between Various level Changes 100 200 1000 ns 

tv PeriOd During which Output is Sensed for VBlown level SOO ns 

VONP Pull-Up Voltage On Outputs Not Being Programmed VCCp-0.3 Veep VCCP + 0.3 Volts 
R Pull-Up Resistor On Outputs Not Being Programmed 1.9 2 2.1 Kn 

AMD PAL PROGRAMMING EQUIPMENT INFORMATION 

Source and Data 1/0 Kontron Electronics, Inc. Stag Microsystems 
location 10525 Willows Rd. N.E. 630 Price Avenue 528-5 Weddel Drive 

Redmond, WA 98052 Redwood City, Sunnyvale, 
CA 94063 CA 94086 

Programmer Model-I 00, 29, Model-MPP-80S Model-PPX 
Model(s) 19 or 17 or EPP80 

AMD PAL Logicpak MOD-33 PPM2200 
Personality 950-1942-001 
Module 

Socket 715-1947-003 SA37 Am202S 
Adapter 

-
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PROGRAMMING WAVEFORMS 

PINS 
2-9 JI~ .. NPUT LINE NUMBER AND PRODUCT TERM LINE NUMBER ADDRESSES ~ 
PIN, 
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TABLE 1. INPUT ADDRESSING SIMPLIFIED PROGRAMMING DIAGRAM 

Input 
Input LIne Number 

LIne 
Address Pin States 

Number 9 8 7 6 5 

0 L L L L L 
1 L L L L H 
2 L L L H L 
3 L L L H H 
4 L L H L L 
5 L L H L H 
6 L L H H L 
7 L L H H H 
8 L H L L L 
9 L H L L H 
10 L H L H L 
11 L H L H H 
12 L H H L L 
13 L H H L H 
14 L H H H L 
15 L H H H H 
16 H L L L L 
17 H L L L H 
18 H L L H L 
19 H L L H H 
20 H L H L L 
21 H L H L H 
22 H L H H L 
23 H L H H H 
24 H H L L L 
25 H H L L H 
26 H H L H L 
27 H H L H H 
28 H H H L L 
29 H H H L H 
30 H H H H L 
31 H H H H H 

12·18 

0 
1 
2 
3 
4 
5 
6 
7 

Veep V""" 

-2-0 

0, 

PAL R ... , 

PFOO0380 

TABLE 2. PRODUCT TERM ADDRESSING 

Product Term 
Select 

Address Pin 
Product Term LIne Number 4 3 2 

8 16 24 32 40 48 66 L L L 
9 17 25 33 41 49 57 L L H 
10 18 26 34 42 50 58 L H L 
11 19 27 35 43 51 59 L H H 
12 20 28 36 44 52 60 H L L 
13 21 29 37 45 53 61 H L H 
14 22 30 38 46 54 62 H I:f L 
15 23 31 39 47 55 63 H H H 

Pin Pin Pin Pin Pin Pin Pin Pin 
19 18 17 16 15 14 13 12 

Programming Access and. Verify Pin 
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PRELOAD OF REGISTERED OUTPUTS or LOW state. This feature simplifies testing since any initial 
state for the registers can be set to optimize test sequencing. 

AMD PAL registered outputs are designed with extra circuitry 
to allow loading each register asynchronously to either a HIGH 

The pin levels and timing necessary to perform the PRELOAD 
function are detailed below: 

I---to--+-to--t---Io---t---Io--+- ID_ 

Vr----+---+----+----I-----"'\-+-~ v_ 

PIlI 11 ---of \,.... ___ Vou> 

/r---+-~\.-+----+----+--vo.. 

P1112 ____ ~---------JJ ~~------~------+_---vou> 

v,-----+-----..\-+----+-- v ... 

~~~ __ ~Z __ -+ __ ~/ \~~Z~r---~ 
OUTPUT ~ "~ /.r '---- VOL 

'-------~------~ 

Level forced on registered 
output pin during preload cycle 

o V to VCCH or OPEN 

Output state at the 
output pin after cycle 

HIGH 

LOW 

ORDERINC INFORMATION 

PFOO1160 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

AmPAL XXXXX 

Basic Device -

16R8 
16R6 
16R4 
16L8 
16H8 
16LD8 
16HD8 

·Chip·Paks are rated a maxium case temperature only. 

Chip-pak is 8 trade mark of Advanced MICro Devtces., Inc. 

x X x X 

L L Screening 
C = 883C Basic Flow 
B = 883B (Burn·in) 

Temperature Range 

C = Commercial 
M=Military 

'-- Package 
P = Molded DIP (Commercial 

Only) 
D = Hermetic DIP 
L = Chip·Pak"'· 

'-- Speed Selection 

= Standard 
A = High Speed 

12·19 Refer to Page 13-1 for Essential Information on M~litary Devices 



MOS Microprocessor 
Family Selector Guide 

S086/88 808SA 8085A·2 80SOA Z8001/2t Z8001/2-A 
Clock Period 200ns 320ns 200ns 480n8 250ns 165ns 

Clock Generator 8264A On-Chip On-Chip 8224 8127 8127 

Arithmetic 8087 9511A'1 9511A-4 9511A 9511A-4 9511A-4 
Processing Unit 9512-1 9512-1 9512 9512-1 9512-1 

ln1errupt 9519A 9519A-4 9519A 9519A-l 9519A-1 
Controller 8259A-5 8259A 8259A-5 8259A 

DMA 8089 9517A-4 9517A-5 9517A 8016 801 SA 

Con1roller 9516A 9517A-4 
9517A-5 

Dynsmic Memory 2964B 2964B 2964B 2964B 2964B 2964B 
Controller 2968 2968 2968 2968 2968 2968 

8251A 8251A 8251A. 8251A 
Serial I/O 85mlA 8530 8530A 8030 8030A 

8030A 

Parallel I/O 8255A-5 8255A-5 8255A-5 8255A 
803SA 8036 8036.4. 

Counter 9513 9513 9513 9513 

Timer I/O 8036A 8253-5 8253-5 8253 
8073 8073 8073 

FIFO I/O 8038 8038 8038 8038 8038 8038 

Dala Ciphering 
8068 8068 8068 9518 8068 8068 

Proce~sor 

Error Detection 2960 2960 2960 296Q 2960 2960 and Correction 

Burst Error 
8065 8065 8065 8065 8065 8065 Processor 
9520 9520 9520 9520 9520 9520 

CRT Controller 8275 8275 8275 8275 
8052 8052 8052A 

I/O Processor 8089 N/A N/A N/A N/A N/A 

RAM I/O N/A 8155/6 8155/6-2 N/A N/A N/A 

Memory N/A N/A N/A N/A 8010 8010A Management Unit 

--Bus-{;ontroll 8288 N/A N/A N/A N/A N/A 
Arbiter 

Bus Latches 29841-6 29841-6 29841-6 29841-6 29641-6 29841-6 

Bus Buffers 29827/28 295819 2958/9 2958/9 2958/9 2958/9 

Bus 29861-4 29861-4 29861-4 29861-4 29861-4 29861-4 
Transceivers 

EDC Buffers 296112 2961/2 2961/2 2961/2 2961/2 2961/2 

RAM Drivers 296516 2965/6 2965/6 2965/6 2965/6 2965/6 

tZ8000 ls a trademark of ZiIog, loc. 
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Microprocessor Components 

Part Number Description 

SINGLE-CHIP MICROCOMPUTERS 

8031 8-Bit Microcomputer 

8051 8-Bit Microcomputer with On-Board ROM 

PERIPHERALS 
ADVANCED SYSTEM COMPONENTS 

Am9511A Arithmetic Processor 

Am9512 Arithmetic Processor 

Am9513/A SY.stem Timing Controller 

Am9516 Data Transfer Controller 

Am9517A DMA Controller 
-

Am9518/68 Data Cipnering Processor 

Am9519A Universal Interrupt Controller 

Am9520 Burst Error Processor 

Am9521 32-, 35-Bit Burst Error Processor 

Am9551 Serial 110 USART 

DISPLAY PRODUCTS 

Am8052 CRT Controller 

Am8152 Video System Controller 

Am8153 Video System Controller 

IAPX86 FAMILY SYSTEM COMPONENTS 

8231A19511A Arithmetic Processor 

8232/9512 Arithmetic Processor 

8237A/9517A DMA Controller 

8251 Serial I/O USART 

8251A Serial I/O USART 

8253 Counter/Timer 

8255A Programmable Peripheral Interface 

8259A Interrupt Controller 

8284A Clock Generator, 

8286 Octal Transceiver 

8287 Octal Transceiver 

8288 Bus Controller 

AmZ8530 Serial Communications Controller 

8155/H RAM with I/O Ports 

8156/H RAM with I/O Ports 

AmZ8536 Counter Timer and Parallel I/O Unit 

Z8001l2 FAMILY SYSTEM COMPONENTS 

AmZ8016 Data Transfer Controller 

Z8030 Serial Communication Controller 

Z8031 Asynchronous Serial Communications Controller 

Z8036 Counter I/O 

Z8038 FIFO I/O Interface 
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Part Number Description 

AmZ8065 Burst Error Processcr 

AmZ8068 Data Ciphering Processor 

AmZ8073 System Timing Controller 

i Z8l2l Octal Comparator 

.(/) Z8l27 Clock Generator & Controller 

~ Z8l63 Refresh & EDC Controller (16MHz) 

Z8l67 Refresh & EDC Controller (22 MHz) 

NETWORKING FAMILY 

Am7990 Local Area Network Controller for Ethernet (LANCE) 

Am7991 Serial Interface Adaptor (SIA) 

CPU's 

Z8001 16-Bit CPU 

28002 16-Bit CPU 

8080Al9080A 8-Bit CPU 

8086 16-Bit CPU 

8088 8-Bit CPU 

808SA 8-Bit CPU 

Z8001/2 Family System Components 

8010 Memory Management Unit 

8016 Data Transfer Controller 

8030 Serial Communications Controller 

8036 Counter 110 

8038 FIFO 110 Interface 

8052 CRT Controller 

8060 FIFO Buffer/FlO Expander 

8065 Burst Error Processor 

8068 Data Ciphering Processor 

8073 . System Timing Controller 

26861-4 High Performance Bus Transceivers 

8121 Octal Comparator 

8127 Clock Generator and Controller 

29827/28 High Performance Bus Buffers 

8163 Refresh and EDC Controller (16 MHz) 

8167 Refresh and EDC Controller (22 MHz) 

29821-6 High Performance Bus Registers 

29841-6 High Performance Bus Latches 
, 
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Part Number Description 

Bipolar Support Circuits 

25LS244 Octal Buffer 

25LS2521 Octal Comparator 

25LS2536 Octal Address Decoder 

25LS2548 Octal Decoder with ACK 

29821-6 High Performance Bus Registers 

2925 Clock Generator 

29861-4 High Performance Bus Transceiver 

2948/49 Octal Bus Transceiver 

2960 16-8it Error Detection and Correction 

2961/62 EDC Buffers 

2964B Dynamic Memory Controller 

2965/66 RAM Drivers 

29841-6 High Performance Bus Latches 
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Analog Data Acquisition Product Guide 
and Cross Reference 

Part Number Description 

DIGITAL-TO-ANALOG CONVERTERS 
GENERAL PURPOSE 8-BIT 

DAC-OS Industry Stanilard S-Bit Multiplying DI A 
Am150S/140S Multiplying DI A 

SSS150SAl140SA Multiplying DI A 

MICROPROCESSOR COMPATIBLE a·BIT 

Am60S0 Contains S-Bit Data Latch with Write, Chip Select and Data Enable Logic On-Chip 

Am60S1 Same as Am60S0 Plus On-Chip Multiplexer 

GENERAL PURPOSE 12·BIT 

Am6012 Low Cost, 250ns Setting, Time, Multiplying 12-Bit DI A 

Am6022* High-Speed Version of Am6012, 75ns Setting Time 

MICROPROCESSOR COMPATIBLE 12·BIT 

Am60S2* 
Contains Reference, Double Buffered Latch, Control Logic and High-Speed Op Amp, 
150ns Current or 400ns Voltage Setting Time 

GENERAL PURPOSE 14-BIT 

Am6014* 14-Bit Plus Sign Multiplying D/A, 500ns Setting Time 

COMPANDING 

Am6070 S-Bit, 72dB of Dynamic Range for Control Systems 

Am6072 S-Bit, II-Law for PCM Communication Systems 

ANALOG· TO-DIGITAL CONVERTERS 
HIGH SPEED 4·BIT 

Am66SS 100MHz Sampling Rate, S-Bit Accuracy, Flash Converter 

HIGH SPEED 8-BIT 

Am6606* 100MHz Sampling Rate, S-Bit Accuracy, Flash Converter 

HIGH-SPEED MICROPROCESSOR COMPATIBLE 8-Blt 

Am610S/614S'* 
11lS Conversion Time, Contains Reference, DAC, Comparator, SAR, Scale Resistors, 3-State 
Buffers and Control Logic 

HIGH·SPEED MICROPROCESSOR COMPATIBLE 12·Bit 

Am6112 
31lS Conversion Time, Contains Reference, DAC, Comparator, SAR, Scale Resistors, 
3-State Buffers and Control Logic 

SAMPLE AND HOLD AMPLIFIERS 
GENERAL PURPOSE 

LF19S/39S Less than lOllS Acquisition Time, Industry Standard Sample and Hold 

HIGH-SPEED 

Am6420* 500ns Acquisition Time, 10ns Aperture Delay, 0.01 % Linearity Error 

In development. 
"'Am6~48 is the slim 24-p1n, O.3 H version of the Am6108. 
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VOLTAGE COMPARATORS OPERATIONAL AMPLIFIERS 

Am685 5ns Propagation Delay, ECl Output lF155/156 FET-Input, High Slew Rate and Fast 
Am686 12ns Propagation Delay, TTL Output Setting Time 
Am687 8ns Propagation Delay, Dual 685, lMl08 low Power, ±2V to ±20V Supply 

EClOutput lM118 High Speed, 15MHz Bandwidth 
Am15001 Dual Precision lM148 Quad, low Power 741 
lH2111 
lM111/311 High Accuracy, low Cost 
lM119 Dual High Speed, ±5V to ±15V 

Supply 
lM139 Quad, low Power, High Accuracy 

CROSS REFERENCE 

Analog 
AMD National Fairchild Signetics PMI Motorola Raytheon Devices 

OAC-08AO DACOBOOLAJ pA0801AOM SE5009F DAC-OBAO DAC-OBAO OAC-OBADM AOOAC-OBAD 
OAC-OBHO DAC0802LCJ pAOB01HDC NE5009F DAC-08HO DAC-OBHO OAC-OBHOM ADDAC-OBHD 
OAC-OBHN DAC0802LCN pA0801HPC NE5009N DAC-OBHP DAC-OBHP OAC-OBHBM -
DAC-08Q DACOBOOLJ pA0801 OM SE500BF DAC-OBO DAC-OBO OAC-OBDM AOOAC-OBO 
OAC-OBEO OAC0800LCJ pA0801EDC NE500BF DAC-OBEO DAC-OBEO OAC-08EOM ADOAC-OBEO 
DAC-OBEN OAC0800LCN pA0801EPC NE500BN DAC-OBEP DAC-OBEP OAC-OBEBM -
DAC-OBCO DACOB01LCJ pA0801COC NE5007F OAC-OBCO OAC-OBCO OAC-08COM ADOAC-OBCD 
OAC-OBCN DACOB01LCN pAOB01CPC NE5007N OAC-OBCP DAC-OBCP OAC-OBCBM -
AM150BLB DACOBOBLJ pA08020M MC150B-8F - MC150BL8 - A0150B-BO 
AM1408L8 DAC0808LCJ pAOB02ADC MC140B-BF - MC140BLB - AD140B-BO 
AM140BNB OAC080BLCN pA0802APC MC140B-BN - MC1408PB - -
AM140BL7 DAC0807LCJ pA0802BDC MC140B-7F - MC1408L7 - A0140B-7O 
AM140BN7 OAC0807LCN pA0802BPC MC1408-7N - MC140BP7 - -
AM1408LB DAC0806LCJ pA0802CDC MC140B-SF - MC140BLS - -
AM1408N6 DAC0806LCN pA0802CPC MC140B-SN - MC140BP6 - -
SSSl506A-80 - - - SSS150BA-80 - - -
SSS1408A-8Q - - - SSS1408A-80 - - -
SSS140BA-70 - - - SSS1408A-70 - - -
SSS1408A-BO - - - SSS140BA-60 - - -
AM8012AOM - - - - - - -
AM6012ADC - - - - - - -
AM6012APC - - - - - - -
AMS012DM - - - OAC312BR - - -
AM8012DC - - - OAC312FR - - -
AM8012PC - - - - - - -
AM8070AOM - - - OAC-76BX - - -
AM6070ADC - - - OAC-7SEX - - -
AM8070DM - - - DAC-76X - - -
AM8070DC - - - OAC-76CX - - -
AM80720M - - - - - - -
AMS072DC - - - OAC-B6EX - - -
AM6080 OAC0830/1l2t - NE501B/19t OAC-B08/BBBt - - AD55Bt 
AMBOB1 - - - - - - -
AM86BB - - - - MC610B - -
AM6108 ADCOB20t - - - - - AD570t AND 
AM614B ADC0820t - - - - - AD7574t 

LF19B LF198 pAF198 NESS37 - - - -

tFunctional equivalent only 
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Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 
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INFORMATION ON 
MILITARY DEVICES 

Advanced Micro Devices is currently updat
ing its parts listing to identify· those devices 
which are fully compliant with MIL-STD-883, 
Revision C, Notice 2. For further information, 
including a current listing of military flows, 
and to answer questions regarding specific 
AM D parts, please contact your local AM D 
sales representative. 
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5 g Guidelines on Testing Am2900 Family Devices 

I. INTRODUCTION 

The Am2900 Family represents a major step forward in 
bipolar technology, in that each device contains a number 
of MSI-type functions interconnected on one chip. The gate 
counts in the parts comprising the Am2900 Family are 
around 10-100 times the gate count of MSI functions. While 
this produces a number of advantages for manufacturing, 
such as reduced component count and lower costs, it 
complicates the incoming-inspection problem because'test 
programs tend to be long and complex and must be 
carefully designed to insure that all bad parts are rejected 
and most good parts are accepted. While stating these two 
criteria is Simple, reducing them to practice is not. LSI 
devices are not as "forgiving" of simplifications in test 
patterns and assumptions about forcing funCtiOns and 
noise levels, as their simpler counterparts. These notes are 
intended to point out some common areas of difficulty and 
their solutions. 

II. THE PURPOSE OF TESTING 

Testing is performed at most facilities during an inspection 
of purchased material. The reason, of course, is that it is 
much less, expensive to screen parts then, than it is to 
troubleshoot and repair completed boards. Ideally, all the 
parts passed by incoming inspection will work in the 
system. This is insured through a specification which 
defines the way the part must behave in the system, and 
the incoming test should confirm that devices received 
meet the specification. The incoming test should not reject 
devices which meet the specification. When test programs 
are too tight or test for conditions not, contained in the 
specification, delays in shipments occur and significant 
costs are incurred by both the vendor and the buyer trying 
to resolve "correlation problems." 

III. GUARANTEEING THAT THE PARTS WORK 

One step in testing devices is to perform DC parametric 
tests: Icc, V OH, VOL and the like. These tests on bipolar LSI 
are not really different from those performed on simpler 
TTL devices, except that the number of pins involved is 
9reater, and more complex set-ups may be required to put 
outputs in the proper state for testing. Another step is 
functional testing, and for bipolar LSI, function tests are 
significantly different than for MSI. The function tests must 
first insure that the device is capable of working, i.e., it's 
hooked up correctly inside. These kinds of tests can be 
described as "stuck-at-one, stuck-at-zero" tests, because 
they are designed to exercise each gate in the part. Even 
for a part as complex as the Am2901, the "stuck-at" tests 
can be performed qUickly. Less than 400 test patterns must 
be applied to the part to exercise every gate. 

But, "stuck-at" tests make an assumption: if a gate works, 
then it works regardless of the state of other gates in the 
circuit. Each gate is treated independently, but, in the 
integrated circuit, no gate is an island. The performance of 
one gate can, in fact, depend on the states of surrounding 

gates, because they share common inputs or common 
ground lines. 

These possible faults are often not tested by "stuck-at" 
tests, because they are not independent of the state of 
surrounding logic. These potential faults depend on the 
physical and logicel construction of the circuit. They are 
usually called "pattern sensitivities." Pattern-sensitive 
faults, like the two described above, are not something 
new. All digital products exhibit pattern sensitivities - even 
SSI. But, on simpler parts, either traditional "stuck-at" tests 
happen to find most of them, or the parts are easy enough 
to test that all possible data patterns are generated during 
testing. Neither of these circumstances is true for bipolar 
LSI. A special effort must be made to apply many data 
patterns to the ~vices to check for pattern-sensitive faults. 
This has been done for years with RAM patterns such as 
GALPAT. It must now be done with logic functions as well. 

In the devices in the Am2900 Family, as with RAMs, testing 
all possible data patterns is not practical, but, the various 
MSI kinds of functions in the devices (register, ALU, 
multiplexer, etc.) can generally be logically isolated, and 
each of those functions should be checked independently 
for all possible data patterns. This principle works because 
(1) as a rule, it is possible to control the MSI functions in a 
2900 part with some degree of independence, and (2) the 
MSI functions are usually physically separated on the die, 
so that a data pattern within one MSI block will not exhibit 
pattern sensitivity dependent on the data in another MSI 
block. 

In the Am2901, for example, ALU, tests using the two RAM 
ports as data sources are unlikely to be affected by the 
state of the data inputs or the 0 register. The shift 
multiplexer at the input of the RAM is unlikely to be affected 
by the 0 register or the ALU source-select multiplexers. 
The control logic for the ALU source multiplexers should 
not be affected by anything in the ALU. By applying these 
kinds of principles intelligently, function tests can be 
constrained to a few thousand tests which provide a very. 
high confidence level that the part is not subject to pattern
sensitive faults within its operating range. 

As an example of the test philosophy used on these parts, 
the function tests for the Am2901 are described below. 

Am2901 FUNCTION TEST DESCRIPTION 

The following describes the function tests performed on the 
Am2901. The (5E pin is low during the entire function tests 
and each test gets one clock pulse. 

A-Port GALPAT via ALU 

These are tests in which the A-address of the 2-port RAM is 
tested for Galloping "ones" in a field of "zeros." During 
these tests, the B-address is the same as the A-address 
and OP code 337 is used jor a write operation, while OP 
code 134 is used for a read operation. The four shift
operation pins, 0 0, 0 3 RAMo and RAM3, are ignored. 

13-2 
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B-Port GALPAT via ALU 

These are tests in which the B-address of the 2-port RAM is 
tested for Galloping "ones" in a field of "zero." During these 
tests, the A-address is the inverse of the B-address and OP 
code 337 is used for a write operation while OP code 133 is 
used for a read operation. The four shill-operation pins, a o, a 3 

RAMo and RAMa, are ignored. 

A-PortGALPAT Bypass ALU 

These are tests. in which the A-address of the 2-port RAM is 
tested for Galloping "ones" in a field of "zeros." During these 
tests, the B-address is the inverse of the A-address and OP 
code 337 is used for a write operation while OP code 233 is 
used for a read operation. The four shift-operation pins, 00, aa, 
RAMo and RAM3, are ignored. 

Repeat 1 above by inverting the Data and Y output information 
on 03-<) and Y 3-<). All other outputs are ignored. This performs 
Galloping "zeros" in a field of "ones" for the A-Port via ALU. 

Repeat item 2 above by inverting the Data and Y output 
information on 03-<) and Y 3-0. All other outputs are ignored. This 
performs Galloping "zeros" in a field of "ones" for the A-Port 
via ALU. 

Repeat item 3 above by inverting Data and Y output informa
tion on 03-0 and Y 3-<). All the other outputs are ignored. This is 
Galloping "zeros" in a field of "ones" for A-Port bypass ALU. 

ALU Source Code 

During these tests, the A- and B-addresses are at word 
locations preloaded with known values. The a register is also 
preloaded. Then, with the ALU destination OP code = 1 (No
OP) and the ALU function code - 6 (exclusive OR), the source 
code is cycled through from 0-7. The function code is then 
modified to 7 (exclusive NOR) and the source code sequence 
is cycled through once more. 

ALU Function Code 

During these tests, the memory is preloaded with content 
equal to the address. In other words, word 0 is loaded with 0, 
word 1 with I, and so on. Then, with A-address = B-address, a 
destination OP code of 1 (No OP), and a sourceOP code of 1 
(A&B Port selected), the ALU function code is cycled through 
the sequence of 7, 5, 4, 0, I, 3, 2, 6 for every set of A&B 
address. This whole sequence is then repeated with A
address equal to the inverse of the B-address. 

Arithmetic Operation & Carry Generation 

During these tests, the memory is preloaded with content 
address. With OP code 105, whereby 0 input is added to the 
A-Port of the memory, the tester cycles through every possible 
o input added to every word in memory with carry in being 
both one and zero. 

Q Register Operation 

During these tests, the a register is first loaded with all zeros. 
Then, with Cn = LOW and withOP code 006, whereby a 
register is loaded with the sum of data input and a-register 
content on every clock cycle, the device is clocked through all 
possible data inputs. The Cn input is then changed to a HIGH, 
and with OP code 016 whereby a register is loaded with the 
difference of a-D. The device is clocked through all possible 
data input again. This checks both the add and subtract 
modes of the ALU, the internal-carry-Iookahead cirCUitry and 
the a-register operation. 
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Q Register Shifting 
During these tests, a unique string of data (11100001 
010011011110) is shifted into the appropriate· shift inputs. OP 
codes used in this group of tests are 432 for shift left, 532 for 
no shift, 632 for shift right and 732 for no shift. 

RAM Shifting 
During these tests, A- and B-addresses are at word o. A string 
of data (11100001010011011110) is shifted into the appropri
ate shift inputs. OP codes used are 434 and 533 for left shift, 
634 and 733 for right shift. 

IV. AVOIDING THE REJECTION OF GOOD 
DEVICES 
Discrepancies in testing results between the vendor and the 
buyer result in much irritation and substantial costs for both. 
Some of the common sources of these discrepancies are 
discussed below. 

Testing for Unspecified or "don't care" 
Conditions 
The data sheet (or purchase specification) defiries the charac
teristiCS of the part. It is hard· enough to test for everything 
specified without adding additional tests for unspecified pa
rameters. If the state of an output is not specified under 
certain conditions, then it should not be tested. 

Noise 
Many testing problems result from noise produced by the 
interactions of the device being tested and the test system. 
Typical test fixtures have lead inductances several times that 
of a PC board socket. This inductance, especially in the device 
ground path, is the source of these problems. 

When the inputs to the device are changed there is a 
sequence of rapid changes in the device's ground current as 
Signals propagate through internal gates to the outputs. These 
appear as changes in the voltage drop across the device 
ground lead. This voltage drop can be as much as 2 volts 
across a few inches of wire. Rise times are on the order of 
1 nsec and pulse widths range from 2 to 10nsae. Output 
transient current during switching may be 50 to 100mA. The 
test systems input and output reference voltages are set with~ 
respect to tester ground and are not affected by these 
transients. Consequently the effective input voltages to the 
device will vary. If the ground pin goes up 1 volt, all the inputs 
effectively go down 1 volt. 

This must be considered in selecting levels for V1L and V1H. The 
device data sheet says V1L must be less than 0.8V and V1H 
more than 2.0V. But this is as measured at the device package 
pins, between input and ground. This means that if the ground 
varies ±0.5 volt the input levels must be V1L " 0.3V and 
V1H "2.5V. If this is not done, a noise pulse could, for 
example, make the clock input effectively go high in the middle 
of the clock low time, causing an extra clock pulse. A similar 
situation exists at the device outputs, requiring VOL to be se! 
higher, and VOH lower, than the data sheet numbers. AMD 
uses V1L - OV, V1H - 3V, VOL - IV, VOH = 2V for functional 
tests. 

Proper observations are important to the understanding and 
control of these problems. Small changes in timing, bypass 
capacitors, etc. will have large effects on the noise. An 
oscilloscope of 200 MHz or greater bandwidth is essential. 
Noise voltage should be measured at the device ground pin (at 
the device package edge, not the bottom of the test sockel). 
Connect the probe ground to the tester chassis. In order to 
see the peak noise voltage, cycle the tester through a long 
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pattern. Trigger the scope internally from the noise waveform. 
Turn the trigger level slowly up until the trace is almost lost. 
The peak noise voltage will appear at the left side of the 
screen. Sweep speed should be about 10nsec/div. Repeat for 
the peak of the opposite polarity. 

Another useful technique is to identify a particular test pattern 
location which causes significant noise. Sync the oscilloscope 
to this test cycle. Using a two channel scope, connect one 
channel to an input pin and the other channel to the device 
ground pin. Invert the channel on the ground pin and add the 
two channels. The waveform will show the effective input 
levels. 

An additional problem is introduced by I/O pins. When output 
load circuits are connected to these pins the tester must drive 
the load and the device when the pins are inputs. If the tester 
has a driver impedance of 50 ohms and the load supplies 
16mA into YOlo the input level produced will be O.BV too high. 
This must bEi compensated by further reducing the pro
grammed V'L for only the I/O pins. Some devices are sensitive 
to input voltages below ground. 

Guidelines 
If the tester does not provide suitable alternate driver supplies, 
it may be necessary to provide resistor pullups for input-only 
pins. 

The same ground lead inductance problems causes difficulties 
in DC testing. Many DC tests require some functional se
quence to produce the correct device state. The input levels 
must be such to avoid false clocks, etc. DC tests may be used 
to verify input threshold levels. To do this, an output test such 
as VOL or V OH is selected where the outputs combinatorally 
depend on the inputs. Using non-threshold levels the appropri
ate input conditions are applied. The input levels are then 
reprogrammed to threshold levels. The outputs are then 
measured for VOL or V OH' It is not possible to do the functional 
set-up with threshold levels, even if it is only a single line, as 
oscillations may occur. SWitching between alternate driven 
supplies also may generate sufficient noise to cause prob
lems. 

AC Testing 
Many modern testers allow switching tests to be performed 
during the application of complex test sequences. The switch
ing and function tests can then occur together. Unfortunately, 
this blurs the distinction between functional failure and switch
ing-speed failure when a device is rejected, so, it is a good 
idea to do some preliminary function testing with "loose"AC 
limits before trying to do everything at once. When function 
and AC testing are combined, it is important to consider the 
driving conditions under which the AC parameters are tested. 
Switching measurements on Bipolar ICs are usually made with 
input levels switching between OV and 3.0V (sometimes O.4V 
and 2.4V are used). The output transition is measured at 1.5V 
(sometimes at 1.3V). 

They are never specified at threshold levels (O.BV and 2.0V) 
because of noise problems. 

RealistiC AC tests require sequencing through many lines of 
test patterns to include a variety of data patterns. Unfortunate-

Iy the AC accuracy of most modern logic testers is not as good 
as memory testers. There are often significant differences 
between different waveform formats. The position of an edge 
may depend on whether adjacent pins are switching and 
whether they are going up or down. This limits the accuracy of 
testing, especially for such parameters as hold times, where 
tester error usually exceeds the difference between device 
typical and data sheet maximum. This may be observed on an 
oscilloscope by cycling the tester and synchronizing the scope 
to a repetitive pulse, such as the device clock pin.' Do not 
trigger the scope on any particular tester cycle. Observing a 
device input on the second scope channel will show many 
overlapping transitions, positive and negative. The width of 
this band must be added to other error sources to determine 
tester accuracy. 

Temperature Testing 

Integrated circuits are specified to operate over either the 
commercial range of O°C to + 70°C or the military range of 
- 55°C to + 125°C. Standard screening procedures (from MIL
STD-BB3) call for 100% testing at 25°C followed by sample 
testing at the high and low temperature. Many users duplicate 
this test sequence in their incoming inspection, and some test 
100% at temperature. 

Testing problems are rarely encountered at low temperatures, 
if care is taken to prevent ice formation on the test socket. At 
high temperature, difficulties may arise because of the difficul
ty in creating a test environment which is representative of the 
thermal conditions found in the system. 

High temperature testing with a controlled ambient tempera
ture is very difficult because the thermal coefficient between 
the package and the surrounding environment depends on 
humidity, rate of air flow, package color, connections to 
package pins, and pOSition of surrounding devices. For testing 
purposes, only the case temperature can really be controlled. 
(Most sy~tems' thermal engineering is also designed to 
control case temperatures.) 

V. INCOMING INSPECTION AND 
TESTING SUPPORT PRODUCTS 

AMD provides several products to assist in the development 
of incoming inspection testing for most Am2900 LSI devices. 
See the table on the following page for specifics by device. 

Sentry Test Programs 

These are complete data sheet function, DC and AC parame
ter programs. They run on a Fairchild Sentry VII with low 
voltage test heads, 4K local memory and SPM. Complete load 
board documentation is included. Programs are supplied on 
magnetiC tape in TDX format. Source files in ASCII code on 
magnetic tape can be provided for those who wish to generate 
test programs for other testers. Test programs require a 
licensing agreement. 

Correlation Kit 

This consists of two devices and datalog from AMD's charac
terization program. 

ORDERING INFORMATION 

Order Code 

AM29XX-SEN 
AM29XX-KIT 

Description 

Sentry Test Program 
Correlation Kit 

~----------~--~. *Use a sweep speed of 1nsec/div. 
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IMOX™ Reliability Report 
Advanced Micro Devices 

SUMMARY 

This report is a comprehensive summary of reliability test 
data accumulated on AMD's IMOX process. IMOX is an 
acronym for ion-IMplanted/micro-OXide isolation. AMD 
presently uses this wafer fabrication process on all new 
Bipolar products, including Bipolar Memory, Interface, Logic 
and Microprocessor devices. We· present not only the 
statistical data, but also discuss the process itself, typical 
failure mechanisms, and the test methodology behind the 

IMOX ts a trademark of Advanced Micro DeviCes,lnc. 

data. The results show experimental and statistical proof 
that the AMD IMOX process ensures system designers of 
long life and highly reliable Bipolar devices. 

In line with Advanced Micro Devices' commitment to 
provide customers with high quality, high performance 
devices, we will continue to evaluate devices for reliability 
through ongoing HTOL (high temperature operating life) 
testing. This report will be updated at regular intervals as 
new reliability data is accumulated. 
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PROCESS 
The IMOX process utilizes ion-implanted transistors, oxide 
isolation and dual-layer metal to create fast, high performance 
Bipolar devices that consume less power as well. 

IMOX processing allows for reduction of transistor geometries 
and the amount of unused space surrounding a transistor, 
which means that individual transistors can be, built significant
ly smaller and closer together. Since decreased geometries 
are obtained without a reduction in photolithographic line 
width, no increase in the process sensitivity occurs. Speed is 
one of the most vital characteristics of a Bipolar device. With 
the tighter layout and reduced capacitances of IMOX process
ing, we have improved the speed on many devices by as much 
as 25-30%. Tighter layouts have also allowed us to utilize 
previously unavailable die space for increased complexity. 
This is represented in two new AMD Bipolar VLSI devices, the 
Bipolar Microprocessor, Am29116 and the 16 x 16 Parallel 
Multiplier, Am29517. 

r----- BULK 1% 

RFOO0100 

Key: Failure type distribution for STTL/LSI ln1egrated Circuits 
(data derived from Reliability AnalYSis Center study, 'Micro
circuit Screening Effectiveness,' 1978-Order No. TRS-l, 
78). Data based on field failure information available to 
RAC, not life test data. 

Figure 1. Normalized Distributions of STTLILSI 
Malfunctions 

DIFFUSION 

Diffusion-related mechanisms generally cause marginal de
vice parameters which affect the performance of the device in 
certain operationally extreme situations. Electrical stresses 
induced during operation at elevated temperatures are effec
tive in screening marginal diffusion problems. The activation 
energy associated with this general mechanism is difficult to 
assign without knowing more about the exact process, but it 
can be assumed to be 1.0eV for other than the dielectric 
breakdown. ' 

OXIDE 

Oxide-related faults can be found in the thermally grown oxide 
regions or in the deposited passivation layers. Defects in the 
latter sometimes lead to chemical attack of the underlying 
layers If corrosive elements are present. Activation energies 
for ,these types of defects are very large ( > 1.0eV). Metal-to-

FAILURE MECHANISMS 

Failures in integrated circuits are frequently categorized by the 
phase of manufacturing or the component of the part's 
structure that is associated with the determined failure mecha
nism. Failure distributions often are presented as pie charts 
with slices of the pie named for these categories (see Figures 
1 and 2). The failure category distribution percentages are 
roughly those expected for Bipolar IMOX devices. Each of 
these categories may contain several distinct failure mecha
nisms-the basic physical or chemical process that results in a 
failure. The external indicators of a failure (the failure mode) 
are generally electrical in nature: opens, shorts, non-functional 
or parametric anomalies. There may be different mechanisms 
indicated by a single failure mode. The following is a discus
sion of the commonly observed failure mechanisms in inte
grated circuits. 

RF000200 

Key: Failure percentages are averages based on past failure 
analysis studies performed by engineers at AMD. 

Figure 2. AMD Observed Distributions of STTLI 
LSI Malfunctions 

metal or metal-to-semiconductor breakdown can also occur. 
These are often caused by pinholes, contaminants in the 
oxide or with photOlithographic defects. Though the time 
dependence for oxide failure is more voltage than temperature 
related, life-tests are effective in electrically stressing oxide 
imperfections. 

BULK 

Bulk (silicon) defects are those associated with the silicon 
wefer or die itself, such as crystal imperfections, resistivity 
gradients, expitaxial layer defects, damage to the die, and 
foreign material preCipitates. These defects in themselves do 

'not change with time at even the highest die operating 
temperatures, but they can become part of the active region of 
the device when built·in charge changes occur. This failure 
mode is very rare. Of the total failure rate percentage, this type !I!I 
of failure occurs less than 1 % of the time. 1m 
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SURFACE 

lonic-contaminatlon-induced inversion and channeling are the 
most frequently detected surface related mechanisms. At 
elevated temperatures, ions become mobile in or on the oxide 
covering the die. If the device is powered, the ions will be 
attracted to high field regions that exist. near reverse biased 
junctions. This accumulation of charge can induce a surface 
layer (channel) of a conduction type opposite to that of the 
adjacent region (inversion), i.e., an N-type channel on a P-type 
region. Additional modes of failure are altered parasitic device 
characteristics, parasitic capacitance and "leaky" bipolar 
junction characteristics. The effects of built-in charge may be 
very slow in appearing, showihg up only after many hours 
under bias at elevated temperatures. The activation energy 
associated with charge migration in silicon dioxide has bellO 
found to be 0.5 to 1.0eV. 

METALLIZATION 

A familiar mechanism of metallization-related failures is metal 
migration. When high current densities on the order of 
hundreds of thousands of amps per square centimeter occur 
at elevated temperatures, the metal (aluminum) atoms are 
carried aiong by the electron flow, causing migration of the 
metallization opposite to the direction of current flow which 
results in wear out. This may be in tlTe form of disconnects, 
breaks, metal lead opens, etc. AMD's design rules for a 
metallization stripe cross section provide for a maximum 
current density of 200,000 amperes per square centimeter, 
well within the MIL-M-38510 maximum allowable current 
density for glassivated aluminum conductors. The activation 
energy of electromigration has been determined to be 0.5 to 
1.0eV. 

Open metallization detected in failed devices may be due to 
metal migration. The high current condition required to cause 
metal migration is often found to be the result of a defective 
circuit element. Photolithographic or masking defects some
times result in reduction of metallization cross-section which is 
sufficient to allow metal migration to occur. The mechani!!m by 
which a severely scratch-damaged metal stripe opens in a 
very localized area is probably metal migration. Open or short. 
conditions will be easily detected during internal visual inspec
tion. Subtle defects, such as reduced cross-sectional area, 
can be detected by a dynamic life test at high temperature. 

INTERCONNECT, WIREBOND .AND 
PACKAGE SEAL/LEAD DEFECTS 

The interconnect category includes failures that result from 
the "flying" lead being damaged by nicking, by work-stressing 
during bonding and by handling subsequent to the wirebond 
operation. The wirebond category includes all types of bond 
failures, including intermetallic formation. The package seall 
lead defect category includes hermeticily failures and hermet
icity-related failures such as corrosion. None of these failure 
types are found in a life-test program. They are controlled by 
material selection, receiving inspection, and extensive control 
of the assembly process. The success at these controls is 
verified by examining the results of quality conformance 
testing for military and "Hi-Rei" customers, specifically, the 
group B and group 0 tests (MIL-STD-883, method 5005). The 
group B test (lot acceptance test) includes a wirebond 
strength test. The group 0 test is a pure-package quality 
conformance test and includes tests for lead integrity, resis
tance to thermal shock, temperature cycling, moisture resis
tance, mechanical shock, vibration, centrifuge, and salt atmo
sphere exposure. Group Band 0 testing is periodically 
performed by AMD and is available for inspection. 
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ACCELERATED TESTING 

Semiconductor devices fail as a consequence of certain 
phYSical, metallurgical and chemical processes, all of which 
have temperature-dependent rates. The rates may also be 
potential or· current dependent, but these dependencies are 
generally second-order effects. Users of electronic compo
nents . are aware of the thermal effect and have frequently 
borrowed the organic chemist's rule of thumb, that reaction 
rates double for a 10°C temperature rise, to estimate the 
effects of high temperature life testing. This procedure does 
not provide the proper acceleration factor if applied for more 
than a decade or two of temperature and is quite InacciJrate in 
estimating a 70°C equivalence for a 125°C life test. 

For most processes causing semiconductor failures, the 
Arrhenius equation enables us to determine realistic failure 
rates. Temperature variations and their corresponding reac
tion rates can also be calculated for semiconductor devices. 
The following equation can be used over the entire tempera
ture range: 

A(T/ = C, exp (- EaiKT) 

where: 

A(T) = device failure rate (temperature-dependent) 
T = absolute temperature (OK) 
K = Boltzmann's constant (8.62 x 10" eVlOK) 
Ea - activation energy of the individual device failure 

mechanisms (eV) 
C, = a constant 

The temperatures used are junction temperatures, and the 
ability to use higher temperatures to achieve acceleration is 
constrained by the maximum permissible junction temperature 
under bias. Junction temperatures can be computed using 
power dissipation and package thermal characteristics. The 
following equation shows how those temperatures were de
rived: 

To determine the acceleration factor for temperature, T 2, with 
reference to another temperature, T" simply divide the failure 
rate equations for the two temperatures: 

).(T,) [Ea (1 1)] 
A.F. = ).(T.J = exp K ~-T, 

where: 

A.F. = acceleration factor 
).(T ,)/).(T 2) = ratio of reaction rates (failure) 

This equation contains one constant whose value is not 
known from physical theory: the activation energy, Ea. Activa
tion energy reflects the temperature dependence of a particu
lar failure mechanism or group of mechanisms. It has been 
determined experimentally for some specific processes. Vari
ous investigators disagree as to the exact value of Ea because 
such experiments are difficult to conduct and spurious failures 
occur to cloud the results. Table 1 shows the range of these 
values as determined by experimentation. 
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TABLE 1. 
ACTIVATION ENERGIES FOR CERTAIN 

PROCESSES 

Surface Contamination 
Electromigration 
Oxide Defects (dielectric breakdown) 
Corrosion 
Intermetallic Growth (gold aluminum) 
Slow Trapping 

RELIABILITY TEST STUDY 

1.2-1.40 eV 
0.5-1.00eV 
0.3-0.40eV 
0.3-0.60eV 
1.0-1.05 eV 

1.30eV 

The approach used in this report for evaluating reliability 
involves the concept of failure rates as a function of time. Life 

expectancy of devices can be categorized into three distinct 
intervals: 

a. I nfant Mortality 
b. Operating Range 
c. Old Age Mortality 

An example of this distribution is shown in Figure 4. The 
results of this study are from long-term life tests. These tests 
are performed for 1000 hours or more without an initial burn-in. 
Therefore, "Infant Mortalities" are included in the failure rates 
of the units tested. With the inclusion of a burn-in process, the 
failure rates of the IMOX devices are expected to be less than 
tne failure rates calculated in this report. 

An Arrhenius plot may be used to prediC;t the effect of temperature shift for a particular population at a given average activation energy. This plot has been set up around 
a 1000-hour test at 125°C for two activation energies, 1.0eV and O.466eV. Equivalent test times of other temperatures may be determined for either a 1.0eV or a 
O.466eV process. For example, an equivalent test time for O.466eV at any temperature may be determined by simply picking an appropriate temperature and reading 
the number of hours corresponding to the inter~ction of the temperature and the O.466eV line. 

...... OF 
FAILURES 

Figure 3. Arrhenius Plot 
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Figure 4. Life Expectancy of Devices IJII!!II 
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Table 2 shows that units were subjected to HTOL (High Am27S184/185 is less than .0.120. per khr. The lower tempera-
Temperature Operating Life) testing at 125°~ and 150.°C per tures (70.°C and 25°C) are chosen to give users reliability 
MIL-STD-883, method 10.0.5 and. 10.15, conditions C and D. predictions at the high end of the commercial operating 
For an example of an HTOL circuit, see Figure 5. Data was temperature range and at the average "room temperature" 
collected on the SN54LS374A and the Am27S184/185 (cer- operating -temperature of a commercial system. 
dip and plastic) devices. The testing yielded 10.,864,0.0.0. Other IMOX Bipolar devices which are presently undergoing 
device hours worth of data. In total, 20. failures were recorded HTOL testing are: Am290.1C, Am29116 and Am29516. After 
indicating a failure rate range (at 60.% confidence level) of recently completing 10.0.0. cumUlative hours of dynamic life 
0..183-0.50. per 10.0.0. hours at 125°C using the chi-squared testing (condition D) at 125°C, the 94-piece lot of Am290.1C's 
distribution; 

resulted in a zero reject rate. Preliminary data has been 
This table also includes corresponding calculated failure rates gathered on each device type. At this time, statistically 
at lower temperatures using an activation energy level of calculated rates would not accurately reflect the products' 
1.00eV. The failure rate for the IMOX processed SN54LS374A failure rate. After further testing is complete, failure rates wni 
is less than .0.0.25% per Khr at 70.°C (cerdip) and less than be calculated for each product and supplied in an addendum 
.0.0.45 per Khr at70.°C (plastic). The failure rate for the to this report. 

TABLE 2. IMOX RELIABILITY OPERATING LIFE TEST DATA SUMMARY 

Number Device Number %Fall Fits 

Device of Units Khrs of Rejects Per Khr ~ 125"C ~ 70'C ~ 2S'C 70'C 2S'C 

54LS374A 
Cerdip 1435 6856 11 0..160. 0..183 0..0.0.2 .0.0.0.(11 17 0..1 
Plastic 1110. 3825 9 0..235 0..274 0..0.0.3 .0.0.0.0.15 26 0..15 

27S184/185 263 183 0. 0. 0..50. 0..0.0.46 .0.0.0.0.28 46 0..28 

29116 Life Test In Progress 

29516 THE DATA FROM 29116 CAN BE APPLIED. 

IMOX Total 280.8 10.864 20. 0..184 0..20. 0..0.0.18 .0.0.0.0.114 18 0..114 

Notes: 1. All calculated failure rates and Fits Nos. used the Arrhenius Equation with 1.0. VeV activation energy. 
2. Fits = Failure in 10.' hrs at 70.°C and 25°C using a 60.% confidence level. 

SUMMARY 

This report summarizes the actual reliability testing of AMD's GND ~~~ - Vee 
proPrietary process, IMOX. The statistical data and charts are v .. -vw--C 2 18 :::I--vv..- vaa \ 
presented to provide accurate comparative information. The 

Vee-vw--C 3 18 :::J---vv- GND demonstrated failure rates of the devices at 70.°C reflect the 
high reliability of IMOX processed products. The design rules GND "'VV'<--( • 17::J--vv-.- vee 
for IMOX processing are the same for all Bipolar products. Vaa-vw--C 5 18 :J---vv..- Vaa 
Therefore, similar testing performed on other Bipolar devices, vaa-vw--C e 15 :::I--vv..- V .. 
i.e., Am29116, would also result in very low failure rates as 
seen in this study. GND~7 14 ;::J- 'VV'<" Vee 

Vee "'VV'r -( e 13;::J- 'VV'<" GND 

Analysis of the various failures have shown that the device v .. ~. 12 ~ -vvv- vaa 
failures were of a random mode and their degree of occur-

~10 11 p----vv-- CPl 
rence was inconsistent. No inherent process failure mecha-
nism has been found in the IMOX process. In conclusion, RF000230 
IMOX is the superior method for Bipolar wafer fabrication and 
for building high reliability into AMD devices. POWER SUPPLY SETTINGS 

Supply No. Signal Voltage 

1 Vee +5.o.V± 

2 Vee +5.0V± 

Conditions: 1. Pin 10: Device Ground 
2. Pin 1'1: CP, - 100 KHz ± 10% 

High levels: + 3.0 V to + 5.0 V 
Low levels: - 0.2 V to 1.2 V 

MIL-STD-SS3 Method 1015 Condition C 
C - Steedy state. power and reverse bias. 

Inputs reverse biased. 
This circu~ was used for testing the SN54LS374A. 

Figure 5. HTOL Circuit Configuration 

References 
IMOX Reliability Report by Beverly Henry. In preparation of this report, Chris King, Wisty Olsson, 

Ann Rosser, Chris Schmidt and Pauline Seales provided valuable assistance. 
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Gate Counts and Die Sizes by Device 

The following data is useful for hybrid design and for MIL-STD reliability calculations. The gate counts are only an' 
approximation for LSI devices because the circuit implementation often uses multi-level gates and unique logic structures, 
not just NAND and NOR gates. 

Am25S/25LS 

Equivalent Number of Gates Ole' Area Ole Dimensions 
Part Number (Approximate) In Mils' = .001 x .001 In.) (In Mils = .001 In.) 

Am25S05 86 9680 88x110 

Am25LS07 26 6300 75x84 

Am25S07 26 5810 70x83 

Am25LS08 18 4575 75x61 

Am25S08 18 4891 67x73 

Am25LS09 30 4575 75x61 

Am25S09 30 4891 67x73 

Am25S10 29 3696 56x66 

Am25LS14 Replaced by Am25LS14A 

Am25LS14A 167 7980 84x95 

Am25LS15 92 9025 95x95 

Am25S18 30 6083 77x79 

Am25LS22 82 10,752 96x112 

Am25LS23 88 10,752 96x 112 

Am25S557 1115 28,215 171 x165 

Am25S558 1115 28,215 171 x165 

Am25LS2513 33 6970 82x85 

Am25LS2517 89 9828 91 x108 

Am25LS2518 30 8217 83x99 

Am25LS2519 59 8217 83x99 

Am25LS2520 84 8880 80x 111 

Am25LS2521 26 4662 63x74 

Am25LS2535 52 7920 80x99 

Am25LS2536 66 8316 84x99 

Am25LS2537 42 7776 81 x96 

Am25LS2538 34 7776 81 x96 

Am25LS2539 38 7776 81x96 

Am25LS2548 18 7776 81 x96 

Am25LS2568 87 8549 87x 103 

Am25LS2569 79 8549 87 x 103 
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Am26S/26LS 

Equivalent Number of Gat.s Die Area Ole, Dimensions 
Part Number (Approximate) (In Mils' = .001 x .001 In.) (In Mils = .001 In.) 
Am26S02 N/A 4402 62x71 

Am26S10 9 4425 59x75 

Am26S11 13 4425 59x75 

Am26S12 9 5112 71 x72 

Am26S12A 9 5112 71 x72 

Am26LS27 In development 

Am26LS28 In development 

Am26LS29 6 6580 " 70x94 

Am26LS30 6 65$0' 70x94 

Am26LS31 10 5628 67x84 

Am26LS32 6 4704 56x84 

Am26LS32B ' 6 4704 56x84 

Am26LS33 6 4704 56x84 

Am26LS34 6 4704 56x84 

Am26LS38 72 6208 64x97 

Am2900 

Equivalent Number of Gates Ole Area Die Dimensions 
Part Number (Approximate) (In Mils' = .001 x .001 In.) (In Mils';' .001 In.) 

Am2901 Replaced by Am2901B and Am2901C 

Am2901A Replaced by Am2901B and Am2901C 

Am2901B 538 14,976 117x128 

Am2901C 550 15,990 130x 123 

Am2902 Replaced by Am2902A 

Am2902A 19 4154 62x67 

Am2903 630 32,111 163x 197 

Am2903A 752 36,808 172x214 

Am2904 283 22,540 140x161 

Am2905 49 10,400 80 x 130 

Am2906 56 10,400 80x130 

Am2907 52 9084 88x 103 

Am2908 52 9084 '88 x 103 

Am2909 Replaced by Am2909A 

Am2909A 225 I 6831 69x99 

Am2910 736 I 32,980 170x 194 

Am2910A In development 

Am2911 Replaced by Am2911A 

Am2911A 221 6664 68x98 

Am2912 9 4425 59x75 

Am2913 33 6970 82x85 

Am2914 336 24,871 133 x 187 

Am2915A 49 9620 74x 130 

Am2916A 56 9620 74 x 130 

Am2917A 52 9620 74 x 130 

Am2918 30 6083 77x79 

Am29LS18 30 8217 83x99 

Am2919 59 8217 83x99 

Am2920 84 8880 80xlll 

Am2921 34 7776 81 x96 

Am2922 52 7920 80x99 

Am2923 18 4288 84x67 

Am2924 17 4550 65x70 

/-m2925 120 11,834 97 x 122 

/ Am2926 10 5278 58x91 

Am2927 72 12,096 87 x 144 

Am2928 95 12,096 87 x 144 

Am2929 10 5278 58x91 
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Equivalent Number of Gates Ole Area Ole Dimensions 
Part Number (Approximate) (in Mlls2 = .001 x .001 in.) (In Mils =.001 in.) 

Am2930 548 26,600 133 x 200 

Am2932 521 26,600 133 x 200 

Am2940 415 32,037 177x 181 

Am2942 415 32,037 177x181 

Am2946 18 6141 69x89 

Am2947 18 6141 69x89 

Am2948 18 6141 69x89 

Am2949 18 6141 69x89 

Am2950 175 14,766 107 x 138 

Am2950A In development 

Am2951 175 I 14,766 107.138 

Am2951A In development 

Am2952 102 14,873 107 x 139 

Am2952A In development 

Am2953 102 I 14,873 107x 139 

Am2953A In development 

Am2954 50 7968 96x83 

Am2955 50 7968 96x83 

Am2958 50 7854 66x 119 

Am2957 50 7854 66.119 

Am2958 10 5369 59x91 

Am2959 10 5369 59x91 

Am2960 450 13,058 102.128 

Am2980A In development 

Am2961 82 8874 102x87 

Am2982 74 8874 102x87 

Am29648 170 22,308 156x 143 

Am2985 10 5640 94x80 

Am2966 10 5640 94x60 

Am2966 In development 

Am2969 In development 

Am2970 In development 

Am29112 In development 

Am29118 2500 78,061 251 x311 

Am29116A In development 

Am29203 752 36,808 172.214 

Am29501 1000 64,158 289 x 222 

Am29510 In development 

Am29516 2100 55,500 250.222 

Am29516A In development 

Am29517 2100 55,500 250 x 222 

Am29517A In development 

Am29520 362 15,327 117 x 131 

Am29521 362 15,327 117x 131 

Am29526 N/A N/A N/A 

Am29527 N/A N/A N/A 

Am29528 N/A N/A N/A 

Am29529 N/A N/A N/A 

Am29540 1125 N/A N/A 

Am29705 258 13,058 102 x 128 

Am29705A 206 9984 104 x 96 

Am29707 207 9984 104 x 96 

Am29803A N/A N/A N/A 

Am29806 42 6468 66x98 

Am29809 42 6468 68x98 

Am29811A N/A NiA N/A 

Am29818 152 11,328 96x118 

Am29821 72 5376 84x84 
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Equivalent Number ot Gates Ole Area Die Dimensions 
Part Number (Approximate) (in Rllils2 = .001 x .001 In.) (In MUs" .001 In.) 
Am29822 72 5376 64.64 

Am29823 68 \ 5376 64.64 

Am29824 68 5376 64.64 

Am29825 61 5376 64.84 

Am29826 61 5376 64.84 

Am29827 II N/A N/A 

Am29828 II N/A N/A 

Am29833 In developmenl 

Am29834 In developmenl 

Am29641 52 5376 84.64 

Am29642 52 5376 84.64 

Am29643 49 5376 64.64 

Am29644 49 5376 64.64 

Am29645 44 5376 64.64 

Am29646 44 5376 64.64 

Am29853 In developmenl 

Am29854 In development 

Am29661 22 N/A N/A 

Am29862 22 N/A N/A 

Am29883 20 N/A N/A 

Am29864 20 N/A N/A 

8XXX MOS MPU Support 

Equivalent Number ot Gates Die Area Die Dimensions 
Part Number (Approximate) (In Mlls2 = .001 x .001 In.) (In Mils = .001 in.) 
Am8120 64 8880 80.,1, 

Am8127 135 8624 98.88 

Am8163 350 28,860 185.,56 

Am8167 350 28,860 185.166 

Am8212 N/A 10,192 91.112 

Am8216 10 5940 66x90 

Am8224 47 7140 85.64 

Am8226 10 5940 66.90 

Am8228 N/A 14,960 110.,36 

Am8238 N/A 14,980 110.136 

Package Material Configurations 

Multilayer Ceramic Ceramic 

Brazed Packages Chip Carrier Cerdlp Plastic 
Package Body Material 90% Alumina (Min) 90% Alumina (Min) 90% Alumina (Min) Novolac Epoxy 

Die Attach Pad Metallization Gold Gold Gold Silver Gold Silvtlr Palladium 

Die Attach Material Gold/Silicon Gold/Silicon Gold/ Gold Gold/ Silver 
Silicon Silicon Epoxy 

Die Attach Temperature 440·C Max 44Q·C Max 440·C Max 44O·C Max 200·C 
(Curing Temp) 

Bond Flngtlr Metallization Gold Gold Aluminum Gold or Silver 

Bonding Wire Aluminuml1 % Silicon Aluminuml1 % Silicon Aluminum/l % Silicon Gold 

Bonding Method Ultrasonic Ultrasonic Ultrasonic Ball·bonding 

Seal Ring Metallization Gold Gold None N/A 

Seal Material Gold/TIn Lead/Tin/ Gold/Tin Vitreous Glass N/A Silver 

Lid Material Alloy 42 Alloy 42 Alloy 42 (Gold Plated) 90% Alumina (Min) N/A (Gold Plated) (TIn Plated) 

Seal Temperature 370·C Max 370·C Max 470·C Max 175·C Max 
(Mold Temperature) 

Seal Ambient NitrOgtln Nitrogen Air N/A 

Lead Malerial Alloy 42 N/A Alloy 42 Alloy 42 Copper 

Lead Finish Gold Tin N/A Tin Solder 
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Thermal Characterization of Packaged Devices 
APPLICATION NOTE 

by J.l. Hayward 

DEFINITION OF THERMAL RESISTANCE 

The reliability of an integrated circuit is largely dependent 
on the maximum temperature which the device will attain 
during operation. Because the stability of a semiconductor 
junction declines with increasing temperature, knowledge 
of the thermal properties of the packaged device becomes 
an important factor during device design. In order to 
increase the operating lifetime of a given device, the 
junction temperatures must be minimized. This demands 
knowledge of the thermal resistance of the completed 
assembly and specification of the conditions in which the 
device will function property. As devices become both 
smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 

Thermal resistance is defined as the temperature rise per 
unit power dissipation above some referenced condition. 
The unit of measure is typically ·C/watt. The relationship 
between junction temperature and thermal resistance is 
given by: 

where: Tj 

Tx 
Pd 

Rrux 
X 

= junction temperature 
= reference temperature 
= power dissipation 
= thermal resistance 
= some defined test condition 

(1) 

In general, one of three conditions is defined for measure
ment of thermal resistance: 

RruA 
(still air) 

. RruA 
(moving air) 

- thermal resistance measured with respect 
to the temperature at some specified point 
on the package surface. 

- thermal resistance measured with respect 
to the temperature of a specified volume of 
still air. 

- thermal resistance measured with respect 
to the temperature of air moving at a 
specified velocity. 

The relationship between Rruc and RBCA is 

Where R6CA is a measure of the heat dissipation due to 
natural convection (still air) or forced convection (moving 
air) and the effect of heat radiation and mounting tech
niques. Rruc is dependent solely on material properties and 
package geometry; RruA includes the influence of the 
surface area of the package and environmental conditions. 
Each of these definitions of thermal resistance is an 
attempt to simulate some manner in which the package 
device may be used. 

The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component 
materials and the geometry of the heat flow paths. Like 

other material properties, thermal conductivity is usually 
temperature dependent. For alumina and silicon, two com
mon package materials, this dependence can amount to a 
30,% variation in thermal conductivity over the operating 
temperature range of the device. The thermal resistance of 
a component is given by 

Re 

where: L 
A 

K(T) 

L 

K(T)A 

= length of the heat flow path 
= cross sectional area of the heat 

flow path 

(2) 

- thermal conductivity as a function of 
temperature· 

and the overall thermal resistance of the assembly 
(discounting convective effects) will be: 

L 
Re = l:Ren l:-

K.,A 

But since the heat flow path through a component is 
influenced by the materials surrounding it, determination of 
L and A is not always straightforward. 

A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 

(3) 

the relationship between P d and Tj can be more clearly 
seen. Thus, to dissipate a greater quantity of heat for a 
given geometry, Tj must increase and, since the individual 
Ren will also increase with temperature, the increase in Tj 

will not be a linear function of increasing power levels. 

A third factor of concern is the quality of the material 
interfaces. In terms of package construction, this relates 
specifically to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of 
the die attach bond will most severely influence the 
package thermal resistance as this is the area which first 
impedes the transfer of heat out of the silicon die. Indeed, it 
seems likely that the initial thermal response of a powered 
device can be directly related to the quality of the die attach 
bond. 

EXPERIMENTAL METHOD 

The technique for measurement of thermal resistance 
involves the identification of a temperature-sensitive pa
rameter on the device and monitoring this parameter while 
the device is powered. For bipolar integrated Circuits the 
forward voltage of the substrate isolation diode provides a 
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convenient parameter to measure and has the advantage 
of a linear dependence on temperature. MOS devices 
which do not have an accessible substrate diode present 
greater measurement difficulties and may require simula
tion through use of a specially designed thermal test die. 
Choice of the parameter to be measured must be made 
with some care to insure that the results of the measure
ment are truly representative of the thermal state of the 
device being investigated. Thus measurement of the sub
strate isolation diode which is generally diffused across the 
area of the die yields a weighted average of the condition of 
the individual junctions across the die surface. Measure
ment of a more local source would yield a less generalized 
result. 

For those MOS devices for which no useful parameter is 
available. simulatiOn is accomplished using the thermal test 
die. The basis for this test die is a 25 mil square cell containing 
an isolated ,diode and a 1 KSl resistor. The resistors are 
interconnected from cell to cell on the wafer before it is cut 
into multiple arrays of the basic unit cell. In use the device is 
powered via the resistors with voltage or current adjusted for 
the proper level and the voltage drop of the individual diodes is 
monitored as in the case of actual devices. 

Prior to the thermal resistance test, the diode voltage! 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1 mA current level at two 
different temperatures. The diode calibration factor is then: 

AT 

AV 
(4) 

in units of ·C/mV. For most diodes used for this test the 
voltageltemperature relationship is linear and these two 
measurement points are sufficient to determine the calibration. 

The actual thermal resistance measurement has two alternat
ing phases: measurement and power on. (See Figure 1.) The 
device under test is pulse powered with an ON duty cycle of 
99% and a repetition rate of < 100Hz. During the brief OFF 
states the device is reverse-biased with a 1 mA current and the 
voltage ·drop is measured. The series of voltage readings are 
averaged over short periods and compared to the voltage 
reading obtained before the device was first powered 01\:1. The 
thermal resistance is then computed as: 

where: K, = calibration factor 
V, = initial forward, voltage value 
VI 0 current forward voltage value 
VH = heating voltage 
IH '= heating current 

(5) 

The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. 

When the end result desired is RIIJA (still air). the device, and 
tha test fixture (typically a standard bum-in socket) are 
enclosed in a box containing approximately 1 cubic foot of air. 
For Rruc measurements the device is attached to a large metal 
heatsink. This insures that the reference point on the devicEl 
surface is maintained at a constant temperature. Through the 
use of heaters attached to the metal fixture. the "case" 
temperature may be maintained at any specified value above 
ambient. The requirements for measurement of RruA (moving 
air) are rather more complex. They involve the use of a small 
wind tunnel with capability for monitoring air pressure. temper
ature and velocity in the area immediately surrounding the 
deVice tested. Standardization of this last test requires much 
careful attention. 

Figure 1. ,Waveforms for Pulsed Thermal Resistance Test 
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THERMAL CHARACTERIZATION DATA FOR 
CERDIPS1 

Approximate Approximate 
Lead Width RIlJA Range R8.K: Range 
Count (Inchea) ("C/W) ("C/W) 

16 0.300 66-89 22 

20 0.300 68-78 N/A 

24 0.300 55-57 13-14 

24 0.600 49 11 

28 0.600 29 N/A 

40 0.600 38-37 7-9 

THERMAL CHARACTERIZATION DATA FOR 
PLASTIC DIPs1 

Approximate Approximate 
Lead Width RIlJA Range R8.K: Range 
Count (Inchea) rC/W) ('C/W) 

16 0.300 110* N/A 

20 0.300 81-123* 32* 

24 0.600 99-115* 43-57* 

28 Q.600 85* N/A 

40 0.600 62-73* 27-34* 

*In 1983 AMD introduced copper-Iead·frame versions of 
all plastic packages. The copper-lead-frame versions 
have better thermal characteristics than the current 
plastic packages measured above. 

THERMAL CHARACTERIZATION DATA FOR 
SIDE-BRAZE AND TOP-BRAZE PACKAGES1 

Approximate Approximate 
Lead R8JA Range R8JC Range 
Count Type ("C/W) rC/W) 

40 Side-Braze 27-35 6-7 

48 Side-Braze 37 10 

52 
Top-Braze with 

19 4 
Heat-Spreader 

64 
Top-Braze with 

20 7 
Heat-Spreader 

THERMAL CHARACTERIZATION DATA FOR 
LEADLESS CHIP CARRIERS (JEDEC TYPE C)1 

Lead Approximate R8JA Approximate R8JC 
Count . Range rC/W) Range ,rC/W) 

20 66-72* N/A 

28 69* N/A 

44 52-57* N/A 

52 44* N/A 

*The R8JA values listed for leadless chip carriers were 
measured with the chip carriers mounted in the 
appropriate burn-in sockets. This restricts convection 
of heat from the package and results in 8 values higher 
than might be expected in actual use. 

THERMAL CHARACTERIZATION DATA FOR 
CERPAKS AND FLATPACKS1 

Approximate Approximate 
Lead RIlJA Range R8JC Range 
Count Type rC/W) ("C/W) 

16 Cerpak 113-159 10-17 

20 Cerpak 119 N/A 

24 ' Cerpak 99 8 

42 
Brazed 

63 8 
Flatpack 

Note 1. This data, while derive,d from actual measurements done on specific packaged devices, is only 
approximate and cannot be guaranteed because of the wide variation of die sizes and device power 
levels. 

~--~----------~I 
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Package Outlines 
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MOLDED DUAL IN-LINE PACKAGES (Cont.) 

P-14-1 

P0000761 

P-18-1 

i§::::::~1 
--I I- .... .1120 --11-

-:lIim" ":oiO SEATING 

iI'~ ~/ANB-E r.-" .. , 1. 

.JI!!!!. .015 -If- f-- ;:: -l 
.112 .110 1i2O .015 

.009 -.orr 

160 ---
POO00702 

P-22-1 

P-16-1 

i~::::] 
.065 _I i-=- --II-- .01 • 
. 065 .040 

1'45 ---1 

:~~~ ~"""'f4 . - PLANE 

.112 I I t·ooo 
:mI i' :orr 

...J L .090 _11--015 I. d!.Q.--I -I I. .110 r .020 r-.385 I 
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l[::::::::~1 
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- --11-- :~~~ ~ --j I--~ J---~-I 

POO00891 
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(a:::::::l iq~_ ~: . 
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.20081 1.120 1 .015hPlANE ~ 1----- 1.240 _____ 1' --- ... h2\- I I 1.270 ~ 

I I -.l T~-- i g(r-....",="....-'\1I ... 
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.160 .110 .020 .480 
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I: 
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MOLDED DUAL IN·LlNE PACKAGES (ConL) 

P-28·1 P·40-1 

P0000681 
POOOO711 

Note. Standard lead finish is tin plate or solder dip. 

HERMETIC DUAL IN·LINE PACKAGES 

D-8·1 D·8·2 

L·~::. TO· 5 1. I 4 

POO01071 

~.~ ~ ~~J~ .. ,100 . 

fmw~~ 
:lI -II-~ r--iJ-I 

P0001080 

0-14-1 0-14·2 

I[[]]. 
-l 1-.. -11- _MIN. 

P0001101 
P0001090 
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HERMETIC DUAL IN-LINE PACKAGES (Cont.) I 
CD 

1)..16-1 0-16-2 o 
C ' = ' 
!' 

POOO1011 POOO1020 

0-18-1 0-18-2 

1)..20-1 0-20-2 

P0001061 

~--------------~. 
13-21 Refer to Page 13-1 for Essential Information on Military Devices 



HERMETIC DUAL IN-LINE PACKAGES (Cont.) 

0-22-2 

t[o] 
.100 ~--j I- :':.-11-
200 1- 1.0&0 "1 SEATING 

t~-LT~· 
III t 4--~ ~ 
~ ----I-I-- -H-~:: I 390 1 ,1SO .110 .022-Fo----i 

POOO1000 

POOOO991 

0-24-SLIM 0-24-1 and 0-24-4 0 ' f 24 13 . 

. 610 
:siS L . . SEATING 

1 12 PLANE 

.::~~ .006 . ...::j~ . . I" '·2iIO·~1 J£!. r-- ..... ~ 
1.236k .225 I r :tIT --, I 

~~l~ ~'015 ~ ~ 
~ .0,. --11-- .060 " 
.110 . M2 

PO001271 POOO0971 

0-24-4* 0-24-2 

~,' D 13~ 
12 I 

.100 1_ 1.170 -_I 

E~_I ""~A - PLANE 

.120 ~ ~ ·l.O2O 
:mi .... -1 1_ .030 _11- .~: 1 ... -11- :~ 

:tiD1 r .060 1- - .022 - .620 ~ 

POOOO981 POOOO980 
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HERMETIC DUAL IN-LINE PACKAGES (Cont.) 

POO01221 
POOO1231 

0-40-1 0-40-2 

J----"'IO 1 

~[~::,:;~::::::::~tr~: ~t~~~~~~D::::~~~ ~_ 
i-mvl~:t~~ ~~L .. ~-+ 

POOOl191 POOOl200 

0-48-2 

~t:~~~~:~~~[::::I~~~~~~~~:1 
.100 :':.-11-
:aD I 2.370 ! SEATING 

t~1111 -tl'Ir-=,~4--
~-J I--:m - f-- ~ -II- ~ I--::: -I 

P0001210 
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:: 
.5 
;:I 
~ 

o 

J 

F-10-1 

HERMETIC DUAL IN·LlNE PACKAGES (Cont.) 

0-52-3 

POO01250 

0-64-3 

POOO1240 

FLAT PACKAGES 

F-1G-2 

, POOOO950 POOOO940 
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FLAT PACKAGES (Cont.) 

F·14·1 

=.r~--i 
I ,. ,r' 

-.- e' 141 
L .230 

, .1 .015 It 

.... 
MIN. 

I 
T 

!= _ 7 

~I I--~~ I .... 
.• ,. i--.--~ ... ~-~----~.~ 
1i41f L-'-
L I I I 

POOO0930 

F·16-1 

i~~ 1:;1 I 

T ., --1'8 
.37' 

.045 

i. Jig 

L 
• -, 

.... r=290 1 .04" .02' :w ]MO 

I ~~--.1 : I 
P0000910 

F·14·2 

, T70 MAX 

All. ! l' 'i= -- 7 8 , 

045 I I-- ::::: ---I I 
: ..... ,. i--.---~-.J.92@' ------I . 

.045 .980 

04' L lla5 I 
1 / ~~~3 ! .003 .... 

POO00920 

F·16-2 

~'92' 

I 
.015 .980 
1»9 .300 ----r- .245 1 -L T70 .285 

T ., --1'6 . 1 
.370 .4" .... 

T. 
MAX. .... 
1 L 

• 
! 

.003 t 305 1 .04' .... .010 

I 
.040 ~M'X'-" L1 
! 

I I 
POOOO900 

Note: Notch is pin 1 index on cerpack. 

L 
t .. 
MIN. 

F·20·1 

.... 
:iii .... 

I C:oii 
t t 

PO000880 

.L -
T 
. 045 
.05' 
.015 
.019 

1.. 
T 
~~ 

.320 

.010 .... 

.1= 
I 

F·22·1 

1111 
., " I T J . .44' 

T 
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1 1111 I 
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i003 
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. ... I .... 

c~ ..L 
I T 
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CD 
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c = S· 
:: 

~--------~' ----~. 
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FLAT PACKAGES (Cont.) 

F-24-1 F-24-2 

1--.::-:---- • 
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13-26 
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L-20-1 

L-44-1 

[J 

SQUARE CHIP CARRIER FAMIt. Y 

........ .... 

:::: -.~ ~ 

!!!!!. .... 

! .. .... 
j 

POO01120 

:-' I-
POOO1140 

L-28-1 

L-52-1 

1!! 
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,!!! .... 
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,!!!!! 
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~--------------~. 
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L·18·2 

RECTANGULAR CHIP CARRIER FAMILY 

J 
32 PLACES 

(7x9) 

L·28·2 

P0001160 PO001180 

L·32·2 

.540 
TOP liO SIDE 

L----..JW 
:::: --l I-

POO01170 
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Ordering Information 

All Advanced Micro Devices' products listed are stocked 
locally and distributed nationally by Franchised Distributors. 
See back of this book for the location nearest you. Please 
consult them for the latest price revisions. For direct factory 
orders, call local AMD Seles Office or Sales Representa
tive. See the back of this book for the location nearest you. 

Minimum Order 

The minimum direct factory order is $100.00 for a standard 
product. The minimum direct factory order for burn-in 
product is $250.00. 

Proprietary Product Ordering, Package and 
Temperature Range Codes 

The following scheme is used to identify Advanced Micro 
Devices' proprietary products. 

Am29517 0 C· B 

Device Type 

Package Style 

D - Hermetic DIP 
F - Flat Package 
P - Molded DIP 

Package 
Style 

L - Leadless Chip Carrier 
X -Dice 

==-rc= Additional 
Processing 

Temperature 
Range 

Temperature Range 

C - Commercial 
O·C to + 70·C 

M -Military 
-55·C to + 125·C 

Additional Procedures 

Blank - Standard proceSSing 
B -Burn-in 

Second Source Product Ordering, Package 
and Temperature Range Codes 

An order number and marking system identical to the 
original manufacturer's is used for the Advanced Micro 
Devices' pin-for-pin and electrically equivalent circuit. 

The following example is the ordering scheme for Ad
vanced Micro Devices' second source to Texas Instru
ments' products. 

Temperature 
Range 

Package Style 

J - Hermetic DIP 
N - Molded DIP 
W - Flat Package 
X -Dice 

Device 
Type 

SN 74 S374 N - B 

~_-----,r c= Additional 
Processing 

Package 
Style 

Temperature Range 

C - Commercial 
O·C to + 70·C 

M -Military 
-55·C to + 125·C 

13-29 

Additional Processing 

B -Burn-in 
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U.S. AND CANADIAN SALES OFFICES 
NORTHEAST AREA 

Advanced Micro Devices 
6 New England Executive Pari< 
Burlington, Massachusetts 01803 
Tel: (617) 273-3970 

Advanced Micro Devices 
(Canada) Lid. 
2 Sheppard Avenue East 
Suite 1610 
Willowdale, Ontario 
Canada M2N5Y7 
Tel: (416) 224-5193 

Advanced Micro Devices 
(Canada) Lid. 
AMD 
4019 Carling # 301 
Kanata, 'Ottawa 
Canada K2K2A3 
Advanced Micro Devices 
290 Elwood Davis Road 
Suite311j 
Liverpool, New York 13088 
Tel: (315) 457·5400 

Advanced Micro Devices 
205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914) 471-8180 
TWX: 510-248-4219 

Advanced Micro Devices 
10 Main Street South 
Southbury, Connecticut 06488 
Tel: (203) 264-7800 

Advanced Micro Devices 
7223 Parkway Drive #203 
Dorsey, Maryland 21076 
Tel: (301) 796-9310 
FAX: 796-2040 

SOUTHEAST AREA 

Advanced Micro Devices 
4740 North State Road #7 
Suite 202 
Ft Lauderdale, Florida 33319 
Tel: (305) 484·8600 

Advanced Micro Devices 

Advanced Micro Devices 
6501 Six Forks, Suite 150 
Raleigh, North Carolina 27609 
Tel: (919) 847-8471 

MID AMERICA AREA 

Advanced Micro Devices 
500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 
Tel: (312) 773-4422 

Advanced Micro Devices 
5726 Professional Circle #205G 
Indianapolis, Indiana 46241 
Tel: (317) 244-7207 

Advanced Micro Devices 
9900 Bren Road East, Suite 60,1 
Minnetonka, Minnesota 55343 
Tel: (612) 938-0001 

Advanced Micro Devices 
3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tel: (614) 891-6455 

Advanced Micro Devices 

MID-CALIF AREA 

Advanced Micro Devices 
360 N. Spulveda, Suite 2075 
EI Segundo, California 90245 
Tel: (213) 640-3210 

Advanced Micro Devices 
21600 Oxnard Street, Suite 675 
Woodland Hills, California 91367 
Tel: (213) 992·4155 

SOUTHERN CALIF AREA 

Advanced Micro Devices 
5000 Birch Street 
Suite 6000 
Newport Beach, California 92660 
Tel: (714) 752-6262 

Advanced Micro Devices 
9619 Chesapeake Drive #210 
San Diego, California 92123 
Tel: (619) 560·7030 

MID ATLANTIC AREA 
Advanced Micro Devices 
Gateways 

15351 Roosevelt Boulevard #201 
Clearwater, Florida 33520 
Tel: (813) 530-9971 

Advanced Micro Devices 

16985 West Blue Mound Road, Suite 201 
Brookfield, Wisconsin 53005 

MOUNTAIN WEST AREA 

Advanced Micro Devices 
14755 Preston Road, Suite 700 
Dallas, Te,xas 75240 
Tel: (214) 934-9099 

1000 Woodbury Road 
Woodbury, New York 11797 
Tel: (516) 364-8020 
FAX: 516·496-3756 
Advanced Micro Devices 
Waterview Plaza, Suite 303 
2001 U.S: Route #46 
Parsippany, New Jersey 07054 
Tel: (201) 299-0002 

Advanced Micro Devices 
110 Gibralter Road #110 
Horsham, Pennsylvania 19044 
Tel: (215) 441·8210 
TWX: 510-665·7572 

Advanced Micro Devices 
Commerce Plaza 
51.00 Tilghman Street, Suite 320 
Allentown, Pennsylvania 18104 
Tel: (215) 398-8006 
FAX: 215·398-8090 

478 Ballard Drive #14 
Melbourne, Florida 32935 
Tel: (305) 254·2915 
FAX: 305-254·2993 

Advanced Micro Devices 
701 East Altamonte Drive 
Altamonte Springs, Florida 32701 
Tel: (305) 834·3333 

Advanced Micro Devices 
15 Technology Parkway #200 
Norcross, Georgia 30092 
Tel: (404) 449·7920 

Advanced Micro Devices 
8 Woodlawn Green, Suite 220 
Woodlawn Road 
Charlotte, North Carolina 28210 
Tel: (704) 525-1875 

Advanced Micro Devices 
303 Williams Avenue Southwest 
Suite 118 
Huntsville, Alabama 35801 
Tel: (205) 536·5505 

INTERNATIONAL SALES OFFICES 

BELGIUM 
Advanced Micro Devices 
Belgium SA - N.V. 
Avenue de Tervueren, 412, bte 9 
B·1150 Bruxelles 
Tel: (02) 771 99 93 
TELEX: 61028 
FAX: 7623712 

GERMANY 
Advanced Micro Devices GmbH 
Feuerseeplatz 4/5 
0-7000 Stuttgart 1 
Tel: (0711) 62 33 77 
TELEX: 07·21882 
FAX: 625187 

Advanced Micro Devices GmbH 

Tel: (414) 782-7748 
FAX: (414) 782-8041 

NORTHWEST AREA 

Advanced Micro Devices 
1245 Oakrnead Parkway 
Suite 2900 
Sunnyvale, California 94086 
Tel: (408) 720-8811 

Advanced Micro Devices 
One Lincoln Center, Suite 230 
10300 Southwest Greenburg Road 
Portland, Oregon 97223 
Tel: (503) 245-0080 

Advanced Micro Devices 
Honeywell CIr., Suite 1002 
600 108th Avenue N.E. 
Bellevue, Washington 98004 
Tel: (206) 455-3600 

ITALY 
Advanced Micro Devices S.R.L. 
Centro Direzionale 
Via Novara, 570 
1-20153 Milano 
Tel: (02) 3533241 
TELEX: 315286 
FAX: (39) 349 8000 

FRANCE 5~~r'~r~~sen/Alier JAPAN 
Advanced Micro Devices, S.A. "I (05143) 53 62 Advanced Micro Devices, K.K. 
SUic 314, Immeuble Helsinki e : Shinjuku Kokusai Building 
74. rue d'Arcueil TELEX: 925287 6·6·2 Nishi-Shinjuku 
F-94588 Rungis Cedex FAX: 5553 Shinjuku-ku. Tokyo 160 
Tel: (01) 687.36.66 HONG KONG Tel: (03) 345-8241 
TELEX: 202053 Advanced Micro Devices TELEX: 24064 
FAX: 686.21.85 Room 1602 World Finance Centre FAX: 03 342-5196 

GERMANY South Tower SWEDEN 
Advanced Micro Devices GmbH -Harbour City Advanced Micro DevicesAB 
Rosenheimer Strasse 143B 17 Canton Road Box 7013 
8000 Munchen 80, Tsimshatsui, Kowloon Rissneleden 144, 5tr 
West Germany Tel: (852) 3 695377 S-172 07 Sundbyberg 
Tel: 4989 4t140 TELEX: 50426 Tel: (08) 7330350 
TELEX: 05-23883 FAX: (852) 1234276 TELEX: 11602 
FAX: 406490 FAX: 7332285 

Advanced Micro Devices 
8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512) 346-7830 

Advanced Micro Devices 
2925 Briar Park #410 
Houston, Texas 77042 
Tel: (713) 785-9001 

Advanced Micro Devices 
11173 South Bellaire Street 
Suite 920 
Denver, Colorado 80222 
Tel: (303) 691-5100 

Advanced Micro Devices 
40 W. Baseline Road #206 
Tempe, Arizona 85283' 
Tel: (602) 242-4400 

Advanced Micro Devices 
1955 W. Grant Road #125 
Tucson, Arizona 85745 
Tel: (602) 792·1200 

UNITED KINGDOM 
Advanced Micro Devices (U.K.) Ltd. 
A.M.D. House. 
Goldsworth Road, 
Woking. 
Surrey GU21 lJT 
Tel: Woking (04862) 22121 
TELEX: 859103 
FAX: 22179 

Advanced Micro Devices (U.K.) Ltd. 
The Genesis Centre 
Garrett Field 
Science Park South 
Birchwood 
Warrington WA3 7BH 
Tel: Warrington (0925) 828008 
TELEX: 628524 
FAX: 827693 

The international Standardof 
Qualityguanmtees theAQLon all 
e1ectr1cru parameters. i'C and DC 

over the entire opemting range. 

Advanced Micro Devices maintains a network of representatives and distributors in the U.S. and around the world. For a 
sales agent nearest you, call one of the AMD offices above. 

ADVANCED 
MICRO 
DEvICES 

901 Thompson Place 
P.O. BOX 3453 
Sunnyvale,California 94088 

(408) 732~24oo 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL FREE: (800) 538·8450 

© 1984 Advanced Micro Devices. Inc. 
Printed in U.S.A. 
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