








































































































































































































































































































































































































































































































































APPLICATION GUIDELINES, PROGRAMMING CHARACTERISTICS* - PERIPHERAL MODE 

·20 ·33, ·50, ·70* 
Symbol Description 

Min Max Min Max 
Unit 

1cA(j) 
Active (last active 

0.30 10.0 0.5 1.0 µs input to first inactive) 

td2l Controls2 
Inactive (first inactive 

0.25 0.5 µs 
(CSO, CS1, input to last active) 

t=® CS2, WRT) CCLK3 100 75 ns 

toe® DIN setup 50 50 ns 

tco® DIN hold 10 5 ns 

Notes: 1. Configuration must be delayed at least 40 ms after Vee minimum. • 70 MHz specifications are preliminary. 

2. Peripheral mode timing determined from last control signal of the logical AND of (CSO, CSt, CS2, WRT) to transition to 
active or inactive state. 

3. CCLK and DOUT timing are the same as for slave mode. 

• All programming characteristics are not directly tested. 

CCLK{2) 
(OUTPUT) 

DOUT\21 ------''<:'""-v----------v-­
(OUTPUTi------.J'\---------''--

10352 001A 

APPLICATION GUIDELINES, SWITCHING CHARACTERISTICS - PROGRAM READBACK* 

·20 ·33, ·50, • 70 • 
Symbol Description 

Max Min Min Max 

tRTH(j) RTRIG RTRIG HIGH 250 250 

tRrcc® RTRIG setup 100 100 

tee Ro® 
CCLK 

RDATAdelay 100 100 

Unit 

'• ns 

ns 

ns 

Notes: 1. CCLK and DOUTtiming are the same as for slave mode. 
• 70 MHz specifications are preliminary. 

3-68 

2. DONE!PROG output/input must be HIGH (device programmed) prior to a positive transition of RTRIG (MO). 

• All program readback characteristics are not directly tested. 

RTRIG 

CCLK(1) 

RDATA 
(OUTPUT) 

© TRTCC 
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DEVICE PINOUTS* 

g 

I~ 

Am2064 
Logic Cell Array 

68-Pln Grid Array 
Top View 

g g 

g 
g g g g 

g 

@®®®®@@®@ 
DONE-PG R"ESEf @@®@@@@@@@@ 110 MO·RT 

110 ICTAL1-l/0 @ @ @ @ 110 Ml-Ro 

05-110 @® @@ 110 

03-C'E0-110 04-cri-110 @ ® @ @ 110 1/0 

vcc @@ ®@ vcc 110 

110 02-CS·l/O @ @ (J) ® 110 

RCLK-110 01-WS-1!0 @ ® CD © 110 

DOUT-1/0 00-DIN-l/0 @ @ 0 CD © 1/0 110 

AD-110 @@@@@@@@@(j)Q) PWRDNl/O 

®®®®®®®®@ 

~ ~ g g II ~ 
.. :t :t • 

~ ~ ~ ~ 
~ 

BURN-IN CIRCUITRY* 

Am2018 
84-Pin PGA 

Am2064 
68-Pin PGA 

• Unless otherwise specified all resistors are metal film and are rated for 118 Watt at 15(J'C with a build tolerance of 1% and a 5% 
tolerance over life. 

Military Am2064/Am2018 3-69 
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PHYSICAL DIMENSIONS 

28-Pln Plastic Leaded Chip Carrier 
(.451"x.451") 

.028 •: .003 TYP 

.7111 .. 076 L 

3-70 

0 -1 
.453 ± .003 

11.506 ± .076 

SQ] .490 ± .oos 
12.446 ±.127 

SQ 

-1 
.018 ± .003 TYP __ f .457 ±.076 

\...~~=:::::l~~-;,:D~ 
EJECTOR PIN 

(NOT A WINDOW) 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.·MAX. IN INCHES · 
ALL DIMENSIONS MIN.·MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

Am2064/Am2018 

-) 
.410 

J 
......... "'"~_:.: 

1.778 
.100 ± .005 

2.540 ±.127 
.172 
4.369 



PHYSICAL DIMENSIONS 
68P Ceramic Pin Grid Array 

PIN N0.1 
IDENTIFIER LOCATOR PIN 

11 10 9 8 7 6 5 4 3 2 1 

@)@)@)@)@)@)(S)@)@) A 
@)@@)@)@)@)@)Go@@)e 
©© @)@)@)c 
©© @)@)D 
@)@) @)@)E 
@)@) @)@)F 

~@)@) @)@)G 
-@)@) @)(VH 

..:l!!!LyypJ ~©© ©®J 
2.540 @)@@)@)@)(V@)@)®@®K 

@)@)@)@)(V@)@)(V@) L 

1.100±.020 so----i 
27.940 ± .508 

.080 ± .008 

r~~~~-<==========="-=====:;:;----... 

,.!.JJTI-~ [ [ [ [ [ [ [ ~-b :4~ 
ti70±:1i7 L 

-+- --.050 ± .005 DIA .130 ± .005 
7.270 ±. 127 3.302 ± .127 

.018 ± .002 

.457±.051DIA-+- --

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 

1-+----;s_:, esc----1 

10765A 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

Am2064/Am2018 

EJ 
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PHYSICAL DIMENSIONS 
44-Pln Plastic Leaded Chip Carrier 
(.650"x.650") 

.030 PIN NO. 1 

L..DI~ .762 IDENTIFY 

~-5--- l --11- .o10 ± .002 
~.450-1 t...- .254±.051 
1.143 I "" 

3-72 

-t 

.026 ± .003 

.660±.076L 

-t 

.653 ± .003 
16.586 ± .076 

SQ 

17.526 ± .127 
SQ U.690±.005 

I - ?Z:1- ;':,', '~""''~ ... 
-12.700 REF -

(EJECTOR PIN) 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

Am2064/Am2018 

--~- .030 .762 

-lj~;;8 
....... .100±.005 

2.540 ± .127 

-~ 4.369 



PHYSICAL DIMENSIONS 
48P Molded DIP 
(9/16"x2 13/32") 

PIN # 1 IDENTIFY 

48 25 

61.163 ±.381 I 2.408 •. 015 I 
-.----- .140 ! .010 

'~ u~ 
'~S~i 

1.524 --1 - .060 

4° -11· 
REF.(2) 

PIN#1 
IDENTIFY 

J ~~DIA 
\ 3.048 

:~~!:: -i11- .&6Cl!.Q25 '--.. y 
ICl.794 ± .1135 - - . ? 

Notes: 

1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both version 1 and version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on version 1 are optional. 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

Am2064/Am2018 

10749A 
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PHYSICAL DIMENSIONS 
68J Plastic Leaded Chip Carrier 

( .950"x.950") 

~BSCTYP 
1.270 ]_ 

.954 ±.001 
24.232 ± .025 

SQ .990 ± .003 
25.146 ± .076 

SQ 

---- .SOO REF SQ---~I 
20.320 

.028 ± .002 

.711±.051 l 
-t 

3-74 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Am2064/Am2018 

-,-~ 1-- .203 ±.025 

l 
.920 

23.368 



PHYSICAL DIMENSIONS 

84P Ceramic Pin Grid Array 

PIN N0.1 
IDENTIFIER LOCATOR PIN 

.-F-------------·---------· 11 10 9 8 7 6 5 4 3 2 1 

~888G0G@00~A 
iG888G8GG'GGG 0 

• 

' \\,====== 
1 

I 

+ I 

.050t±.005 rM! ~ 
1.270 ± .127 

GG GGG GGGc 
0G GGD j E'J()0J 0J(o)0J• 
800 00GF 

~TYP GG0 GGGG 
2.540 Wo Wo 

vv GGH 
GG GGG GGJ 
GGGGGGGGGGC:'.)K 
<®>GI~ G 1~88 G© G ~L 
I ~esc I 

25.400 

i----- 1.100±.020 so-----1 
27.94() ± .508 

10798A UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 
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PHYSICAL DIMENSIONS 

84J Plastic Leaded Chip Carrier 
(1.154"x1.154") 

1.154 ± .004 
29.312 ± "102 

SQ 1.190±.005 
30.226 ± "127 

SQ 

I 1.000 REFSQ-----~ 
1-25.400 

.028 ±.002 

.711±.051L 

-t 

3-76 

0 

0 0 

UNLESS OTHERWISE SPECIFIEO: 
ALL DIMENSIONS MIN.·MAX. IN INCHES 
ALL DIMENSIONS MIN.·MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

Am2064/Am2018 

.100 ± .005 
2.540 ±.127 

~ 
4.318 



Am3020/3030/3042/3064/3090 Advanced 
Micro 

Devices Am3000 Series Family of Programmable Gate Arrays 

DISTINCTIVE CHARACTERISTICS 

• Second generation user-programmable gate 
array 

• Flexible array architecture 

• High performance 
- 50, 70, 100 MHz commercial products 
- 50, 70 MHz military products 

• Improved interconnection resources 

• Density of up to 9000 gates 

GENERAL DESCRIPTION 
The Am3000 Series Logic Cell™ Array (LCA) is a high­
performance, second generation user-programmable 
gate array. The array contains three types of configur­
able elements that are customized in accordance with 
the user-defined system design; a perimeter of lnpuV 
Output Blocks (IOBs), a core array of Configurable 
Logic Blocks (CLBs), and interconnection resources. 

The final configuration of the three main programmable 
elements is determined by the user and easily 

BLOCK DIAGRAM -mi I~ : I~ : I 
u /"" 

l!OB/ocks 

• 100% factory pre-tested 

• Selectable configuration modes 

• 100% compatibility with AMO PGA 
development tools 

• Standard PROM file Interface 

• Off the shelf availability 

implemented by AMO user-programmable gate array 
design tools. 

AM D's development tools let users produce a complete 
design, from schematic capture through device 
customization, on an IBM PC-AT™ compatible 
computer. LCA macro libraries and interface software 
are also available to support schematic capture and 
simulation on popular CAE workstations. 

1;t~ Three-State Buffers with Access 
to Horizontal Long Lines 

Configurable 
Logic Blocks 

v-/ ~v-

LJ 0 v- v-

/v· \ v-

0 lJ l v- v-
-----lnterconnection Area ----• 

o~-1 

p 

Logic Cell is a trademark of Xilinx, Inc. Publication# 10642 Rev. B Amendment JO 

IBM PC-AT is a trademark of International Business Machines Corp. Issue Date: August 1989 

3-77 

Ell 



PRODUCT SELECTOR GUIDE 

BASIC LOGIC CAPACITY 
ARRAY (USABLE GATES) 

Am3020 2000 

Am3030 3000 

Am3042 4200 

Am3064 6400 

Am3090 9000 

ORDERING INFORMATION 
Standard Products 

CONFIGURABLE USER 
LOGIC BLOCKS I/OS 

64 64 

100 80 

144 96 

224 120 

320 144 

AMO standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

AM3020 -50 J 

b. Speed Option (if applicable} 
c. Package Type 
d. Temperature Range 
e. Number of Pins 

c 068 

T ______ e. NUMBER OF PINS 

068 (68 pins) 
084 (84 pins) 
132 (132 pins)' 
175 (175 pins) 

'---------d.TEMPERATURERANGE 
c = Commercial (0°C to 70°C) 
I= Industrial (-40°C to +85°C) 

..._ __________ c.PACKAGETYPE 

J = Plastic Leaded Chip Carrier 
G = Pin Grid Array 

'---------------b.SPEEDOPTION 

a. DEVICE NUMBER/DESCRIPTION 
Am3000 Series of Programmable Gate Arrays 
Am3020 (2000 gates) 
Am3030 (3000 gates) 
Am3042 (4200 gates) 
Am3064 (6400 gates) 
Am3090 (9000 gates) 

-50 (50 MHz toggle rate) 
-70 (70 MHz toggle rate) 
-100 (100 MHz toggle rate) 

Package Availability Gulde 

PROGRAM 
DATA(BITS) 

14779 

22176 

30784 

46064 

64160 

68.:R!n PLCC 68.:RJn PGA 84.:RJn PLCC 84.:RJn PGA 175.:R!n PGA 

3020 x x x x 
3030 x x 
3042 x x 
3064 .. .. .. .. .. 
3090 x 

'In development " Package types for the Am3064 are to be determined 
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ORDERING INFORMATION 
Military APL Products 

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Ap­
proved Products List products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for 
APL products is formed by a combination of: a. Device Number 

AM3020 

Military Burn-in 

-50 /B 

b. Speed/Power Option (if applicable) 
c. Device Class 
d. Package Type 
e. Lead Finish 

z c 

1 T _____ e. LEAD FINISH 

C=Gold 

'--------- d. PACKAGE TYPE 
Z = 84-pin PGA (Am3020) 
Z = 84-pin PGA (Am3030) 
Z = 132-pin PGA (Am3042)* 
Z = 132-pin PGA (Am3064)* 
Z = 175-pin PGA (Am3090) 

~---------- c. DEVICE CLASS 
/B =Class B 

'-------------- b. SPEED/POWER OPTION 
-50 = 50 MHz Toggle Rate 
-70 = 70 MHz Toggle Rate 

AM3000 Series of Programmable Gate Arrays 
Am3020 (2000 Gates) 
Am3030 (3000 Gates) 
Am3042 (4200 Gates) 
Am3064 (6400 Gates) 
Am3090 (9000 Gates) 

Valid Combinations 

Am3020-50 

Am3020-70 

Am3030-50 

Am3030-70 

Am3042-50 

Am3042-70 /BZC 

Am3064-50 

Am3064-70 

Am3090-50 

Am3090-70 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re­
leased combinations, and to obtain addnional 
data on AMD's standard military grade products. 

Group A Tests 

Group A Tests consist of Subgroups 1, 2, 3, 7, 8, 
9, 10, 11. 

Military burn-in is in accordance with the current revision of MIL-STD--883, Test Method 1015, Condnions A through E. Test 
conditions are selected at AMD's option. 

*In development 
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ARCHITECTURE 
Functional Description 
The perimeter of configurable IOBs provides a 
programmable interface between the internal logic array 
and the device package pins. The array of CLBs 
performs user-specified logic functions. The 
interconnections are programmed to form networks, 
carrying logic signals among blocks. This is analogous 
to printed circuit board traces connecting MSl/SSI 
packages. 

The logic functions of these blocks are determined by 
programmed look-up tables. Functional options are 
performed by program-controlled multiplexers. 
Interconnecting networks between blocks are 
composed of metal segments joined by 
program-controlled pass transistors. These LCA 
functions are activated by a configuration bit stream that 
is loaded into an internal, distributed array of 
configuration memory cells. The configuration bit 
stream is loaded into the LCA device at power-up and 
can be reloaded on command. The LCA device includes 
logic and control signals for automatic or passive 
configuration. Configuration data can be either bit serial 
or byte parallel. The PGA Development System 
generates the configuration bit stream used to configure 
the LCA device. The memory loading process is 
independent of the user logic functions. 

Configuration Memory 
The static memory cell used for the LCA's configuration 
memory has been designed specifically for high 
reliability and noise immunity, ensuring integrity even 
under adverse conditions. Static memory provides the 

best combination of high density, high performance, 
high reliability, and comprehensive testability. As shown 
below, the basic memory cell consists of two CMOS 
inverters and a pass transistor, which is used for writing 
and reading cell data. The cell is only written during 
configuration and only read during readback. During 
normal operation, the pass transistor is off and does not 
affect the stability of the cell. This is quite different from 
the operation of conventional memory devices, in which 
the cells are frequently read and re-written. 

A static configuration memory cell is loaded with one bit 
of the configuration bit stream and controls one data 
selection in the LCA device. The memory cell outputs 0 
and Ci use full Ground and Vee levels and provide 
continuous, direct control. The additional capacit!ve 
load, together with the absence of address decoding 
and sense amplifiers, gives the cell high stability. 

Due to the structure of the configuration memory cells, 
they are not affected by extreme power supply 
excursions or very high levels of alpha particle radiation. 
No soft errors have been observed in reliability testing, 
even in the presence of very high doses of alpha 
radiation. 

The method of loading the configuration data is 
selectable. Two methods use serial data, while three 
use byte-wide data. The internal configuration logic 
uses framing information, which is embedded in the 
configuration data by the PGA Development System, to 
direct memory cell loading. The serial data framing and 
length count preamble provide synchronous, serial, or 
daisy-chained compatibility with various AMO 
programmable gate arrays. 

------+-•O 

READ or WRITE 

DATA 

3-80 

Figure 1. Basic Memory Cell 
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Input/Output Blocks 
Each user-configurable IOB, shown below, provides an 
interface between the device's external package pin and 
the internal user logic. Each IOB includes both 
registered and direct input paths and each provides a 
programmable three-state output buffer that can be 
drive_n by_ a r~gistered or direct output signal. 
Conf1gurat1on options allow a choice of polarity on the 
output and three-state control signals, a controlled slew 
rate, and a high impedance pull-up. Each input circuit 
provides input clamping diodes for electrostatic 
protection, and circuits to inhibit latch-up produced by 
input currents. 

The input buffer portion of each IOB provides threshold 
detection to translate external signals applied to the 
package pin to internal logic levels. The global 
input-buffer threshold of the IOBs can be programmed 
for TTL or CMOS voltage levels. The buffered input 
signal drives the data input of a storage element that can 
be configured as a positive edge-triggered D flip-flop, or 
a level-transparent latch. The sense of the clock can be 

inverted (negative edge/high transparent) as long as all 
IOBs on the same clock net use the same clock sense. 
Clock/load signals, IOB pins .ik and .ok, can be chosen 
from either of two available metal lines along each die 
edge. 1/0 storage elements are reset during 
configuration or by the active low chip RESET input. 
Both direct input from IOB pin .i, and registered input 
from IOB pin .q signals are available for interconnect. 

For reliable operation, inputs should have transition 
times less than 100 ns and should not be left undriven 
or floating. Unused CMOS input-pin circuits can be at 
threshold and produce oscillations. This produces 
addition~! power dissipation and system noise. A typical 
hysteresis of about 300 mV reduces input noise 
sensitivity. Each user IOB includes a programmable 
high impedance pull-up resistor that can be selected by 
the bit stream and which provides a constant HIGH for 
otherwise undriven package pins. Although the LCA 
device provides circuitry for input protection against 
electrostatic discharge, normal CMOS handling 
precautions should be observed. 

CONFIGURATION MEMORY CELLS 

DIRECT IN -+-----+---~=::::;;--, 
REGISTERED IN 4--r-----'-+----1 

.ok .ik 

CK! 

CK2 PROGRAM 
CONTROLLED 
MULTIPLEXER Q =PROGRAMMABLE INTERCONNECTION POINT (PIP) 

Figure 2. Input/Output Block 

Am3020/3030/3042/3064/3090 

10642-001A 
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Flip-flop loop delays forthe I OB.and logic block flip-flops 
are about 3 ns. This increases reliability, especially for 
asynchronous clock and data conditions. Short loop de­
lays minimize the probability of a metastable condition, 
which can result from assertion of the clock during data 
transitions. Because of the short loop delay in LCA de­
vices, the 110 flip-flops can be used to synchronize ex­
ternal signals applied to the device. Once synchronized 
in the IOB, the signals can be used internally without re­
gard to their clock-relative timing, except as it applies to 
the internal logic and routing path delays. 

Output buffers of the IOBs provide CMOS-compatible 4 
mA source-or-sink drive for high fan-out CMOS or TTL 
compatible signal levels. The network driving IOB pin .o 
becomes the registered or direct data source for the 
output buffer. The three-state control signal, IOB pin .ts, 
can control output activity. An open-drain type output 
can be obtained by using the same signal for driving the 
output and three-state signal nets, so that the buffer 
output is enabled only for a LOW. 

The configuration memory cells, shown in Figure 2, 
control the optional output register and logical signal 
inversion, as well as the three-state and slew rate 
configuration bits. A choice of two clocks is available on 
each die edge. All user inputs are programmed for TTL 
or CMOS thresholds. 

The IOB includes input and output storage elements 
and the following 110 options selected by configuration 
memory cells. 

- Logical Inversion of the output is controlled by 
one configuration bit per IOB. 

- Logical three-state control of each IOB output 
buffer is determined by the states of the 
configuration data bits that turn the buffer on/off or 
select the output buffer three-state control 
interconnection, IOB pin .ts. When this IOB output 
control signal is HIGH, or logic 1, the buffer is 
disabled and the package pin is high impedance. 
Inversion of the buffer three-state control logic 
sense, output enable, is controlled by an additional 
configuration data bit. 

- Direct or registered output is selectable for each 
108. The register uses a positive-edge, clocked 
flip-flop. The clock source, IOB pin .ok, can be 
supplied by either of two metal lines, which are 
available along each die edge, Each of these lines 
is driven by an invertible buffer. 

- Increased output transition speed can be 
selected to satisfy critical nets. Slower transitions 
reduce capacitive load peak currents of non-critical 
outputs and minimize system noise. 

- A high impedance pull-up resistor can be used to 
prevent floating, unused inputs. 

The table below summarizes the 110 options. 

INPUTS 

Direct 
Flip-flop/latch 
CMOS/TTL threshold 

(chip inputs) 
Optional pull-up 

resistor 

OUTPUTS 

Direct/registered 
Inverted/true 

Full speed/slew limited 
Optional three-state control 

Configurable Logic Blocks 
CLBs are the functional elements from which the user's 
logic is constructed. The logic blocks are arranged in a 
matrix within the perimeter of IOBs. The Am3020 has 64 
such blocks arranged in eight rows and eight columns. 
The PGA Development System compiles the 
configuration data, which defines the operation and 
interconnection of each block. Users can define CLBs 
and their interconnecting networks by automatic 
translation from a schematic capture logic diagram or, 
optionally, by installing library or user macros. 

Each CLB has a combinational logic section, two 
flip-flops, and an internal control section. As shown in 
the following figure, there are five logic inputs (.a, .b, .c, 
.d, and .e), a common clock input (.k), an asynchronous 
direct reset input (.rd), and a clock enable (.ec). All can 
be driven from the interconnection resources adjacent 
to the blocks. Each CLB also has two outputs (.x and .y) 
that can drive interconnection networks. 

Data input for either flip-flop within a CLB is supplied 
from the F or G function outputs of the combinational 
logic, or the direct data input, .di. Both flip-flops in each 
CLB share the asynchronous reset, .rd, which, when 
enabled and HIGH, is dominant over clocked inputs. All 
flip-flops are reset by the active-LOW chip input, 
RESET, or during the configuration process. The 
flip-flops share the clock enable (.ec), which, when 
LOW, recirculates the present states of the flip-flops and 
inhibits response to the data-in or combinational 
function inputs on a CLB. The user can enable these 
control inputs and select their sources. The user also 
can select the clock net input (.k) and its active sense in 
each logic block. This programmable inversion 
eliminates the need to route both phases of a clock 
signal throughout the device. Flexible routing allows use 
of common or individual CLB clocking. 

The combinational logic portion of the CLB uses a 
32-by-1 look-up table to perform Boolean functions. 
Variables selected from the five logic inputs and two 
internal block flip-flops are used as table address inputs. 
The combinational propagation delay through the 
network is independent of the logic function generated 
and is spike free for changes in single input variables. 
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.di 
DATAIN -;------------, 

QX 

COMBINATIONAL 
FUNCTION 

lli.k 
CLOCK -i-----------, 

~.rd 
RESET -i--------------1 

''O" (INHIBIT) -----t 

(GLOBAL RESET)------~ 

Figure 3. Configurable Logic Block 

This technique can generate a single function of five 
variables, as shown below. 

ANY FUNCTION 
F 

10642-002A 

Figure 4. Combinatorial Logic Option 1 

It can also generate any two logic functions of up to four 
variables each. 

~ 
B j QX ANY FUNCTION !. 

~ ~&W4 G ~ 
c l v ARIABLES I 
E t'"«•m»""""•"•»>mm•"•»»•••»m>»W•»»>•·••••·••·•»••'"•%''"•'~·~•·•••'"·•••·J 

10642-003A 

Figure 5. Combinatorial Logic Option 2 

Am3020/3030/3042/3064/3090 

CLB OUTPlJfS 

.y 

10642-023A 

El 
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It can also generate some functions of seven variables, 
as shown in the next figure. 

r .................. -;v;-; •• .,.. ......... ,.,.. ...... ~ ............ , ................................. , ...... .., ............. ~ ............................... -;o; .... ~ww;...,. 

A-4 . 1 

BiQ~ ANY I 
~ FUNCTION ! 

c-J OFUPT04 j 
i F ! 
~ 

:::l-----~r----, 
!Q~ FUN~ON 
j OFUPT04 

c-4;------1.~ VARIABLES 

ir-1~. -------1,__ ___ __. 
E-->'---------------' 

~ 

Figure 6. Combinatorial Logic Option 3 

G 

10642-004A 

The partial functions of six or seven variables are 
generated by the input variable, .e, which dynamically 
selects between two functions of four different variables. 
For the two functions of four variables each, the 
independent results, F and G, can be used as data 
inputs to either flip-flop or either logic block output. For 
the single function of five variables and merged 
functions of six or seven variables, the F and G outputs 

are identical. Symmetry of the F and G functions and the 
flip-flops helps optimize the routing of the networks 
connecting the logic blocks and IOBs. 
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The next figure shows a modulo 8 binary counter with 
parallel enable. It uses one CLB of each type. 

CLOCKENABLE:::;r~~~~~~a:J----t- TERMINAL PARALLEL ENABLE COUNT 
CLOCK 

DUAL FUNCTION OF 4 VARIABLES ! 

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

* s 
~ FUNCTION OF 5 VARIABLES 
t'.o"..,.,~ ............ , ..... 1-~ ........... ~.~.,.»~· .......... ~ .... ..:.,.,. .......... 1-,. ... .,. .... ~. 

r:-:-;-.x-..x-xoo:.;.;v;....;;.;.:·:--.-.-..-..-. .. :.;-;·:.;•:-:«-:«-.»»»»:-: .. -x-:·;-;-:·;·:•:.;·;.:·;-;·:-:·:-~ 

i. ~ 
~ ~ 

~ 

~ 

~ 

QO 

Ql 

Q2 

Figure 7. CBBCP Macro (modulo 8 binary counter with parallel enable and clock enable) 
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INTERCONNECTIONS 
Programmable Interconnections 
Programmable interconnection resources in the LCA 
device provide routing paths to connect inputs and 
outputs of the 110 and logic blocks into logical networks. 
Interconnections between blocks are composed of 
two-layer grid of metal segments. Specially designed 

Configurable 
Logic Block 

Interconnection 
"PIPs" 

pass transistors, each controlled by a configuration bit, 
for~ ~rograml!1able interconnect points (PIPs) and 
switching matrices used to implement the necessary 
connections between selected metal segments and 
block pins. The figure below provides an example of a 
routed net. 

t· 

0 
J-

Interconnection 
Buffer 

Figure 8. Routing Resources 
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The PGA Development System automatically routes 
these interconnections. Interactive routing can also be 
done to optimize the design. The inputs of the CLB or 
IOB are multiplexers that can be programmed to select 
an input network from the adjacent interconnection seg­
ments. 

Note: The switch connections to block inputs are usable 
only for input connection, and not for routing, because 
they are unidirectional (as are block outputs). 

t· 

0 
J. 

t· 

0 
~-

0 
~- ~- ! 

i Iii 
El 11111 

t· ··~ 0 
~- ~- J. 

(1 0 

The figure below illustrates routing access to logic block 
input variables, control inputs, and block outputs. 

Three types of metal resources are available for network 
interconnections. 

- General-Purpose Interconnection 

- Direct Connection 

- Long Lines 

0 

t· 

Horiz ntal Long Lines 

~-

t· 

J. 

a 
t· 

~-

(1 
10642·005A 

Figure 9. Routing Access to Inputs, Outputs 

3-86 Am3020/3030/3042/3064/3090 



General-Purpose Interconnections 
A general-purpose interconnection, as sncwn below, 
consists of a grid of five horizontal and five vertical metal 
segments located between the rows and columns of 
CLBs and IOBs. These segments can be connected 
through switch matrices to form networks for CLB and 
108 inputs and outputs. 

Grid Of General Interconnection 
Metal Segments 

Switching 
Matrix 

Figure 10. General Purpose Interconnections 

Each segment is the height or width of a logic block. 
Switching matrices join the ends of these segments and 
allow programmed interconnections between the metal 
grid segments of adjoining rows and columns. The 
switches of an unprogrammed device are all non-con­
ducting. The connections through the switch matrix can 
be made by automatic routing, or by using Editnet to se­
lect the desired pairs of matrix pins that are to be con­
nected or disconnected. The legitimate switching matrix 
combinations for each pin are shown in the next figure, 
and may be highlighted by the use of the SHOW MA­
TRIX command. 

v I ~ ~ ~ II ~ I 
I 2 3 4 5 

~§ ~~ ~ ~ Q -
I I 

6 7 8 9 10 

~ ~ ~ ~ e --
111 II 

II 12 13 14 15 

§~ ~ ~ e D II I 
-

- II I I 
16 17 18 19 20 

Figure 11. Switch Matrix Interconnection Options 

Special buffers in the general interconnection areas are 
inserted automatically to provide periodic signal isola­
tion and restoration, thus improving performance of 
lengthy nets. The interconnection buffers can propagate 
signals in either direction on a general interconnection 
segment. These bidirectional buffers are above and to 
the right of the switching matrices, and can be high­
lighted by the use of the SHOW MATRIX command. The 
other PIPS adjacent to the matrices are gateways to and 
from long lines. 

The PGA Development System automatically defines 
the buffer direction based on the location of the 
interconnection network source. The delay calculator of 
the PGA Development System automatically calculates 
and displays the block, interconnection, and buffer 
delays for the selected paths. It can also generate the 
simulation net list with a worst-case delay model. 
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Direct Interconnections 
A direct interconnection, shown below, provides the 
most efficient implementation of networks between 
adjacent CLBs or IOBs. The .x and .y outputs of each 
CLB have single contact, direct access to inputs of 
adjacent CLBs. 

t· t· 

0 

t· t· 

0 
~- •· 

e 0 
•· •· ~-

Figure 12. Direct Interconnection 

Signals routed from block to block by direct interconnec­
tion show minimum interconnection propagation and 
use no general interconnection resources. For each 
CLB, the .x output can be connected directly to the .b in­
put of the CLB to its right, and to the .c input of the CLB to 
its left. The .y output can use a direct interconnection to 
drive the .d input of the block above, and the .a input of 
the block below. 

Direct interconnection should be used to maximize the 
speed of high performance portio~s of logic. ~he~e 
CLBs are adjacent to IOBs, a direct connection 1s 
provided alternately to the 108 inputs (.i) and outputs 
(.o) on all four edges of the die. The right edge pr~vides 
additional connections from CLB outputs to ad1acent 
IOBs. Direct interconnections of IOBs and CLBs are 
shown in the next figure. 
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Global Buffer Direct Input Global Buffer Interconnection 

Ell 

Auxiliary Buffer Direct Input 

Figure 13. 108 and CLB Direct Interconnections 
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Long Lines 
Long lines, which bypass the switch matrices, are 
i~tended primarily for signals that must travel a long 
distance, or. tha_t must have minimum skew among 
multiple destinations. Long lines, shown below, run the 
height or width of the interconnection area. Each 
interconnection column has three vertical long lines, 

Global 
Buffer 

On-Chip 
Three-State 

Buffers 

Pull-Up 
Resistors 

For On-Chip 
Open Drain 

Signals 

··~ .. 

p -

o t::bo 
t-

~nd each inte~~onnection row has two horizontal long 
lines. Two add1t1onal long lines are adjacent to the outer 
sets of switching matrices. On the Am3020 the 
outermost long lines are connectable half-length iines. 
In all other devices, the vertical long lines in each 
column are also connectable half-length. 

3 Vertical Lines 

t· t· 

2 Horizontal Long Lines 

::~ 
pt· t· t· t· 

Figure 14. Long Lines 
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Horizontal and vertical long lines provide high fan-out, 
low-skew signal distribution in each row and column. 
The programmable interconnection of long lines is pro­
vided at the edges of the routing area. Long lines can be 
driven by a CLB or 108 output on a column-by-column 
basis. This provides a common low skew control or 

clock line within each column of logic blocks. Intercon­
nections of these long lines are shown in the following 
figure. Isolation buffers are provided at each input to a 
long line and are enabled automatically by the PGA De­
velopment System when a connection is made. 

110 Block Clock Nets (2 Per Die Edge)-- ..i 

.- ll;Ef ~;===;I:E;';iEE;"';EE;=;i:E;=;f~:e=;=:;=;o:~~:e=;l:e"'~;';EE;=;E~~~1 D c::c::i0c;i~c;ic;i0c;io~ O~ OCfiOO D 

9.. b- llf llf llf ILf 10 16 10 9 
0 - ....l.- _., _., _., _., -'= _., 0 
: ·~ :p :p :p :p -i.D' ~o -J -.- J: 
S:QQQQQQQQ8 
p ,( :CJ :CJ :o :o :o :n :c JP 

R 0 Lf Lf lf lf O lf Lf 8. 
: +c :a :CJ :a :a :b ~n -i:J -OM 

~6 6 6 6 6 6 6 tJi~ 
' D c :b :b :a :a ~o ~1 -i:J _., JD 

p ·- n- ri 0-:: 0-.-- ~- ri- ri ri , o ·u 0 oc ID u 0 0 0 ° D _., ..... _., _., _.,. _.,. ..... _., 0 
P "T( :o :CJ :o :o :o :CJ :{) JP 

P+- rl" rl OT- r1 r1" A r1 Ah 0 uufC uuuuuu 0" _., -'= _., _., _., _., -'= ....l. p 
p :C :CJ :D :O :O :O :D :U JP 

0~ o o o er er r:r o o 8 P.- - - ..., - - - ....l.· _., , 

p .• c :CJ :n :o :o :o :n :n Jh 

? 6 6 6 6 6 6 Lf ILLb Q +· +i +· +· +· +· +- 0 
gc::c::i°oo~~%0~0B1080~000 

"V T -
Hor1zontal Long Une Three-State Buffers * Four Outer Long Lmes Are 

Connectible Half-Length Lines 

Figure 15. Interconnection of Long Lines 
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A buffer in the upper left corner of the LCA chip drives a 
global net available to all .k inputs of logic blocks. Using 
this global buffer for a clock signal provides a skew free, 
high fan-out, synchronized clock for use at any, or all, of 
the 1/0 and logic blocks. Configuration bits for the .k in­
put to each logic block can select this global line or an­
other routing resource as the clock source for its flip­
flops. This net can also be programmed to drive the die 
edge clock lines for IOB use. TCLKIN is an enhanced 
speed, CMOS threshold, direct access to this buffer that 
is available at the second pad from the top of the left die 
edge. 

A buffer in the lower right corner of the array drives a 
horizontal long line, which can drive programmed 
connections to a vertical long line in each 
interconnection column. This alternate buffer also is low 
skew and high fan-out. The network formed by this 
alternate buffer's long lines can be selected to drive the 
. k inputs of the logic blocks. The CMOS threshold, 
high-speed access to this buffer, BCLKIN, is at the third 
pad from the bottom of the right die edge. 

Internal Busses 
A pair of three-state buffers are located adjacent to each 
CLB. These let logic drive the horizontal long lines. Any 
three-state buffer input can be selected to drive the hori­
zontal long line bus by applying a low logic level on its 
three-state control line. Logical operation of the three­
state buffer controls lets them implement wide multi­
plexing functions. When data drives the inputs, and 
separate signals drive the three-state control lines, 
these buffers form multiplexers (three-state buses), as 

shown below. In this case, care must be used to prevent 
contention through multiple active buffers of conflicting 
levels on a common line. 

Z = D. •A+ 0 8 • B + De• C + ... + DN • N 

0;§1 ~§1 ~§1 ~§"'""' 
Figure 16. Three-State Buffers Implement a Multiplexer 

Control of the three-state input by the same signal that 
drives the buffer input creates an open drain wired-AND 
function, as shown below. A logicalHIGH on both buffer 
inputs creates a high impedance with no contention. A 
logical LOW enables the buffer to drive the long line low. 
Pull-up resistors are available at each end of the long 
line to provide a HIGH output when all connected buffers 
are non-conducting . 

o. 
10642-021A 

Figure 17. Three-State Buffers Implement a Wired -
AND Function 

These buffers allow fast, wide gating, optimum speed, 
and efficient routing of high fan-out signals. The follow­
ing figure shows three-state buffers, long lines, and pull­
up resistors. 

Global Net 3 Vertical Long 

~ / Lines Per Column 

3-92 

cC-7 

Horizontal Long Line 
Pull-Up Resistor 

Jt~i!Jl:_"_~~~!!fil~[):=ffile:J!~U- Horizontal Long une 

Oscillator 
Amplifier Output 

=4FiJ$=~:bJ~~2=®=ff~tt-+f~~:l~~~~ Direct Input of P47 - to Auxiliary Buffer 

Crystal Oscillator 
Buffer , 

Three-State Input 

ilmf-=¢h-J~llj~~~~~~~~ji Three-state control 

Three-State Buffer 

Auxiliary Buffer 

Oscillator 
Amplifier Input 

Figure 18. Possible Interconnections in the Lower Right Corner 
of the Am3020 
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Crystal Oscillator 
The previous figure also shows the location of an 
internal high-speed inverting amplifier that can be used 
as an on-chip crystal oscillator. It is associated with the 
auxiliary buffer in the lower right corner of the die. When 
the ~scillator is configured as a signal source, two 
special user IOBs are also configured to connect the 
oscillator amplifier with external crystal oscillator 
components, as shown below. 

When activated by selecting an output network for its 
buffer, the crystal oscillator inverter uses two of the 
package pins and external components to make an 
oscillator. An optional divide-by-two mode is available to 
ensure symmetry. 

The oscillator circuit becomes active before 
configuration is complete so the oscillator can stabilize. 
Actual internal connection is delayed until completion of 
configuration. In the preceding figure the feedback 
resistor, R1, between output and input biases the 

Rl 1-4MQ 
R2 0-JKQ 

XTL2 
(IN) 

(may be required forlow frequency, phase 

shift and/or compensation level for crystal Q) 
Cl,C2 10-40pF 

Yl 1-20Ml-IzATcutseriesresonant 

68 Pin 84 Pin 

amplifier at threshold. The value should be as large as 
practical to minimize loading the crystal. The inversion 
of the amplifier, together with the R-C networ1<s and an 
AT cut series resonant crystal, produce the 360 degree 
phase shift of the Pierce oscillator. A series resistor R2 
can be included to increase the amplifier o~tput 
impedance. This may be needed for phase shift control 
or crystal resistance matching, or to limit the amplifier 
input swing to control clipping at large amplitudes. 

Excess feedback voltage can be corrected by the ratio of 
C2/C 1. The amplifier can be used from 1 MHz to 
one-half the specified CLB toggle frequency. Used at 
frequencies below 1 MHz, the amplifier may require 
individual characterization with respect to a series 
resistance. Crystal oscillators operating at frequencies 
above 20 MHz usually require a crystal that operates in 
a third overtone mode, in which the fundamental 
frequency must be suppressed by the R-C networks. 
When the oscillator inverter is not used, these IOBs and 
their package pins are available for general user 1/0. 

Internal ; External 

Rl 

R2 

iCl 
YI 

iC2 

132 Pin 175 Pin 

PLCC PLCC I PGA PGA PGA 
[XTL([ouii: 51 I 47 Jll P13 T14 
(XTLZJ!!il 43 53 I Lll M13 Pl5 

10642-00SA 

Figure 19. Crystal Oscillator 
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PROGRAMMING 
Initialization 
An internal power-on reset circuit is triggered when 
power is applied. When Vee reaches the voltage .at 
which portions of the LCA device begin to operate (2.5 to 
3 V), the programmable 1/0 output buffers are disabled 
and a high impedance pull-up resistor is provided fort he 
user 1/0 pins. The programming control 1/0 pins, D/P, 
HOC and LDC, go active at this time. DIP and LDC 
remain low and HDC remains high until the end of 

MO M1 M2 CLOCK 

0 0 0 output 
0 0 1 output 
0 1 0 -
0 1 1 output 
1 0 0 -
1 0 1 output 
1 1 0 -
1 1 1 input 

configuration. A time-out delay is initiated to let the 
power supply voltage stabilize. During this time, the 
power-down mode is inhibited. The initialization state 
time-out (about 11to33 ms) is determined by a 14-bit 
counter driven by a self-generated, internal timer. This 
nominal 1 MHz timer is subject to variations as a result of 
process, temperature, and power supply from 0.5 to 
1.5 MHz. As shown in the following table, five 
configuration modes are available, as determined by the 
input levels of three mode pins MO, M 1, and M2. 

MODE DATA 

Master Bit Serial 
Master Byte Wide (0000 up) 

- -
Master Byte Wide (FFFF down) 

- -
Peripheral Byte Wide 

- -
Slave Bit Serial 

Table 1. Mode Selection Table 

In master configuration modes, the LCA device 
becomes the source of the configuration clock (CCLK). 
The beginning of configuration of devices using 
peripheral or slave modes must be delayed until they 
are initialized. An LCA device with mode lines selecting 
a master configuration mode extends its initialization 

state using four times the delay (43 to 130 ms). This 
ensures that all daisy-chained slave devices it may be 
driving will be ready even if the master is very fast, and 
the slave(s) very slow. The next figure shows the 
sequence of states. 

USERl/OPINS WITHIDGH IMPEDENCEPULL-UP 

3-94 

HIGH-TO-LOW OF DONE/PROGRAM 

Power-On Delay is Clear is 
214 Cycles for Non-Master Mode-11 to 33 ms 
21 6 Cycles for Master Mode - 43 to 130 ms 

-200 Cycles for the Am3020 - 130 to 400 µs 
-250 Cycles for the Am3030 --- 165 to 500 µs 
-290 Cycles for the Am3042 --· 195 to 580 µs 
-330 Cycles for the Am3064 --- 220 to 660 µs 
-375 Cycles for the Am3090 - 250 to 750 µs 

Figure 20. State Diagram of the Configuration Process 
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At the end of initialization, the LCA device enters the 
CLEAR state, in which it clears the configuration mem­
ory. The active-LOW, open-drain initialization signal, 
INIT, indicates completion of the initialization and clear 
states by switching HIGH. The LCA device tests for the 
absence of an external active-LOW RESET before it 
makes a final sample of the mode lines and enters the 
configuration state. An external wired-AND of one or 
more INIT pins can be used to control configuration by 
the assertion of the active low RESET of a master mode 
device or to signal a processor that the LCA devices are 
not yet initialized. 

If a configuration has begun, re-asserting RESET for at 
least three internal timer cycles is recognized, and the 
LCA device will abort the program, clearing the partially 
loaded configuration memory words. The LCA device 
will then re-sample RESET and the mode lines before 
re-entering the configuration state. 

The configuration bit stream is initiated again when a 
configured LCA device senses a HIGH-to-LOW 
transition on the DONE/PROGpackage pin. The LCA 
device returns to the CLEAR state, in which the 
configuration memory is cleared and mode lines 
re-sampled, as for an aborted configuration. The 
complete configuration bit stream is cleared and loaded 
during each configuration cycle. 

Length count control lets a system of multiple LCA 
devices, of various sizes, begin synchronized operation. 
The configuration bit stream generated by the 
Make PROM software of the PGA Development System 
begins with a preamble of 111111110010. This is 
followed by a 24-bit length count representing the total 
number of configuration clocks needed to complete 
loading of the configuration program(s). The data 
framing is shown in the following figure. 

1111 

-DUMMY BITS (4 BITS MINIMUM) ~ 
-PREAMBLE CODE 
- CONFIGURATION PROGRAMLENGIB HEADER 
-- DUMMY BITS (4 BITS MINIMUM) 

11111111 
0010 
<24 BIT LENGIB COUNT> 

O<DATAFRAME#OOl> 111 
0 <DATA FRAME# 002> 111 
0 <DATA FRAME# 003> 111 

FORAm3020 

197 CONFIGURATION DATA FRAMES 

EACH FRAME CONSISTS OF: 
A START BIT (0) 
A 71-BITDATAFIELD 
mREE STOP BITS O<DATAFRAME# 196> 111 

O<DATAFRAME# 197> Ill 
1111 POSTAMBLE CODE (4 BITS MINIMUM) 

Device Am3020 Am3030 Am3042 Am3064 

Gates 2000 3000 4200 6400 

CLBs 64 100 144 224 
RowXCol (8X 8) (!OX 10) (12X 12) (16Xl4) 

JOBs 64 80 96 120 

Flip-flops 256 360 480 688 

Bits per frame 75 92 108 140 
(wfl start 3 stop) 

Frames 197 241 285 329 

Program Data= 14779 22176 30784 46064 

Bits * Frames + 4 
(ex.eludes preamble) 

PROM size (bits) 14816 22216 30824 46104 

PROGRAM DATA 
REPEATED FOR EACH LOGIC 
CELL ARRAY IN A DAISY CHAIN 

Am3090 

9000 

320 
(20Xl6) 

144 

928 

172 

373 

64160 

64200 

10642-010A 

Figure 21. Internal Configuration Data Structure 
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All LCA devices connected in series read and shift pre­
amble and length count in on positive, and out on nega­
tive, configuration clock edges. An LCA device that has 
received the preamble and length count then presents a 
HIGH Data Out until it has intercepted the appropriate 
number of data frames. When the configuration memory 
of an LCA device is full and the length count does not 
compare, the LCA device shifts any additional data 
through in the same way it did for preamble and length 
count. 

When the LCA configuration memory is full and the 
length count compares, the LCA device executes a 
synchronous start-up sequence and becomes 
operational, as shown below. 

Three CCLK cycles after the completion of loading 
configuration data, the user 1/0 pins are enabled as 
configured. As selected in MakeBits, the internal 
user-logic reset is released either one clock cycle 
before, or one clock cycle after the 1/0 pins become 
active. A similar timing selection is programmable for 
the DONE/PROG output signal. DONE/PROG can also 
be programmed to be an open drain or to include a 

75 

pull-up resistor to accommodate wired ANDing. High 
During Configuration (HOC) and Low During 
Configuration (LDC) are two user 1/0 pins driven active 
when an LCA is initializing, clearing, or configuring. 
These pins and the DONE/PROO commands provide 
signals for control of external logic signals such as reset, 
bus enable, or PROM enable during configuration. For 
parallel master configuration modes, these signals 
provide PROM enable control and let the data pins be 
shared with user logic signals. 

User 1/0 inputs can be programmed for either TTL-or 
CMOS-compatible thresholds. At power-up, all inputs 
have TTL thresholds and can change to CMOS 
thresholds at the completion of configuration, if the user 
has selected CMOS thresholds. The threshold of 
PWRDWN and the direct clock inputs are fixed at the 
CMOS level. 

If the crystal oscillator is used, it will begin operation 
before configuration is completed; this allows time for 
stabilization before the oscillator is connected to the 
internal circuitry. 

POST AMBLE 

DATA FRAME LAST FRAME l 
I 12 I 24 I 4 I 3 I 3 4 I 

r--ut~~I--: ___.I 11...L..L...LI I I_ 

3-96 

PREAMBIB I LENG1HCOUNT I s~tT 31st~ ~1~ I 3 

ST ART LENGfH COUNT • 

n_n......_1 _ ____. 
DOUf LEAD DEVICE 

1!2 CLOCK CYCLE 
DELAY FROM DATA INPUT 

HIGH 

*THE CONFIGURATION DATA CONSISTS OF A COMPOSITE 40-BIT 
PREAMBLE/LENGTH-COUNT, FOLLOWED BY ONE OR MORE 
CONCATENATED LCA PROGRAMS, SEPARATED BY 4-BIT POSTAMBLES. 
AN ADDffiONAL FINAL POSTAMBLE BIT IS ADDED FOR EACH SLAVE 
DEVICE AND THE RESULT ROUNDED UPTO A BYTE BOUNDARY. TI!E 
LENGTH COUNT IS TWO LESS THAN Tl!E NUMBER OF RESULTING BITS. 

WEAKPUILUP ------Ir l/OACTIVE 

PROGRAM 
DONE 

INTERNAL RESET 

TIMING OF THE ASSERTION OF DONE AND 
TERMINATION OF THE INTERNAL RESET 
MAY EACH BE PROGRAMMED TO OCCUR 
ONE CYCLE BEFORE OR AFTER TIIB 1/0 
OUTPUTS BECOME ACTNE. 

10642-011A 

Figure 22. Configuration and Start"Up 
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Configuration Data 
Configuration data to define the function and 
interconnection within an LCA device are loaded from 
a~ external storage at power-up and on a reprogram 
signal. Several methods of automatic and controlled 
loading of the required data are designed into the LCA 
device. Logic levels applied to mode selection pins at 
the start of configuration determine the method to be 
used. See the mode selection Table 1. 

The format of the data can be either bit-serial or 
byte-parallel, depending on the configuration mode. 
Various AMD programmable gate arrays will have 
different sizes and numbers of data frames. To maintain 
compatibility between various device types of the AMD 
product line, the Am3000 Series LCA devices use 
formats compatible with the Am2000 Series. For the 
Am3020, configuration requires 14779 bits, arranged in 
197 data frames, for each device. An additional 40 bits 
are u~_ed in header, as shown in the previous figure. The 
spec1f1c data format for each device is produced by the 
MakeBits command of the PGA Development System. 

One or more of these files can then be combined and 
appended to a length count preamble and be 
transformed into a PROM format file by the Make PROM 
comm~nd of the PGA Development System. An 
exception to the compatibility of the devices is that an 
Am2000 Series device cannot be used as the master for 
Am3000 Series devices if the Am3000 device has 
DONE or RESET programmed to occur after their 
outputs become active. The TIE option of MakeBits 
defines output levels of unused blocks of a design and 
connects these to unused routing resources. This 
prevents indeterminate levels that might produce 
parasitic supply currents. If unused blocks are not 
sufficient to compute the tie, the FLAGNET command 
can be used to indicate nets that must not be used to 
~ri~e the remaining unused routing, as that might affect 
timing of user nets. NORESTORE will retain the results 
of TIE for timing analysis with QUERYNET, before 
RESTORE returns the design to the untied condition. 
TIE can be omitted for quick breadboard iterations 
where a few additional milliamps of Ice are acceptable. 

The configuration bit stream begins with HIGH 
preamble bits, a4-bit preamble code, and a 24-bit length 

count. When configuration is initiated, a counter in the 
LCA device is set to O and begins to count the total 
number of configuration clock cycles applied to the 
device. As each configuration data frame is supplied to 
the LCA device, it is internally assembled into a data 
word. As each data word is completely assembled, it is 
loaded in parallel into one word of the internal 
configuration memory array. The configuration loading 
process is completed when the current length count 
equals the loaded length count, and the required 
configuration bit stream data frames have been written. 
Internal user flip-flops are held reset during 
configuration. 

Two user-programmable pins are defined in the 
unconfigured LCA device. HDC and LDC, as well as 
DONE/PROG, can be used as external control signals 
during configuration. In master mode configurations it is 
convenient to use LDC as an active-LOW EPROM Chip 
Enable. After the last configuration data-bit is loaded 
and the length count compares, the user 1/0 pins 
become active. Options in the MakeBits software allow 
timing choices of one clock earlier or later for the timing 
of the end of the internal logic reset and the assertion of 
the DONE signal. The open-drain DONE/PROO output 
can be AND-tied with multiple LCA devices and used as 
an active-HIGH READY, an active-LOW PROM enable 
or a RESET to other portions of the system. ' 

Master Mode 
In master mode, the LCA device automatically loads 
configuration data from an external memory device. 
There are three master modes that use the internal Ell 
timing source to time the incoming data supplying the 
configuration clock (CCLK). Serial master mode uses 
serial configuration data supplied to data-in (DIN) from a 
synchronous serial source such as the AMD Serial 
Configuration PROM (Am1736) as shown in Figure 23. 

'.he one-time-programmable Am1736 Serial Configura-
tion PROM supports automatic loading of configuration 
programs up to 36K bits. Multiple devices can be cas-
caded to support additional LCA devices. An early 
DONE inhibits the Am1736 data output one CCLK cycle 
before the LCA 1/0 becomes active. 
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Figure 23. Master Serial Mode 

Parallel master LOW and master HIGH modes 
automatically use parallel data supplied to the DO-D7 
pins in response to the 16-bit address generated by the 
LCA device. Figure 24 shows an example of the parallel 
master mode connections required. The LCA HEX 
starting address is 0000 and increments for master 
LOW mode. It is FFFF and decrements for master HIGH 
mode. These two modes provide address compatibility 
with microprocessors beginning execution from 
opposite ends of memory. 

For master HIGH or LOW, data bytes are read in parallel 
by each read clock output pulse (RCLK) and internally 
serialized by the configuration clock. As each data byte 

is read, the least-significant bit of the next byte, DO, 
becomes the next bit in the internal serial configuration 
word. One master mode LCA device can be used to 
interface the configuration program-store and pass 
additional concatenated configuration data to additional 
LCA devices in a serial daisy-chain fashion. CCLK is 
provided for the slaved devices and their serialized data 
is supplied from DOUT to DIN - DOUT to DIN, etc. 

Configuration data are loaded automatically from an 
external byte wide PROM. An early DONE inhibits the 
PROM outputs a CCLK before the LCA 1/0 becomes 
active. 
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Peripheral Mode 
Peripheral mode provides a simplified interface through 
which the device can be loaded byte-wide, as a 
processor peripheral. The next figure shows the 
peripheral mode connections. Processor write cycles 
are decoded from the common assertion of the active­
LOW Write Strobe (WRl), and two active-LOW and one 
active HIGH Chip Selects (CSO, CSl, CS2). If all these 
signals are not available, the unused inputs should be 
driven to their respective active levels. The LCA device 
accepts one byte of configuration data on the DO-D7 

CONTROL ADDRBSS DATA 
SIGNALS BUS BUS 

CS2 mmo 

inputs for each selected processor write cycle. Each 
byte of data is loaded into a buffer register. 

The LCA device generates a configuration clock from 
the internal timing generator and serializes the parallel 
input data for internal framing or for succeeding slaves 
on Data Out (DOUT). An output HIGH on the 
READY/BUSY pin indicates completion of loading for 
each byte and that the input register is ready for a new 
byte. As with master modes, peripheral mode can also 
be used as a lead device for a daisy-chain of slave 
devices . 
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Figure 25. Periphmal Mode 
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Slave Mode 
Slave mode provides a simple interface for loading the 
LCA device configuration, as shown below. Serial data 
are sup~lied ~n conju_nction with a synchronizing input 
clock. B1t-senal configuration data are read at rising 
edge of the CCLK. Data on DOUT are provided on the 
falling edge of CCLK. 

MICRO 
COMPUfE 

RESET 

Dfli==x 
~ 

CCLK 

OOIJT 
(OUTPUJ) 

BITN f l 

Most slave mode applications are in daisy-chain 
configurations in which the data input are supplied by 
the previous LCA's data out, while the clock is supplied 
by a lead device in master or peripheral mode. Data can 
also be supplied by a processor or other special circuits. 
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Figure 26. Slave Mode 
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Daisy-Chain 
The AM D PGA Development System is used to create a 
composite configuration bit stream for selected LCA 
devices. This configuration includes the following: 

- Apreamble 

- A length count for the total bit stream 

- Multiple concatenated data programs 

- A postamble 

- An additional fill bit per device in the serial chain 

After loading and passing on the preamble and length 
count to a possible daisy-chain, a lead device will load 
its configuration data frames while providing a HIGH 
DOUT to possible down-stream devices as shown 
below. In this figure, all are configured from the common 
EPROM source. The slave mode device INIT signals 
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delay the master device c0nfiguration until they are 
initialized. A well defined termination of SYSTEM 
RESET is needed when controlling multiple LCA 
devices. 

Loading continues until the current length count has 
reached the full value. The additional data are passed 
through the lead device and appear on the DOUT pin in 
serial form. The lead device also generates the CCLK to 
synchronize the serial output data and data in of LCA 
devices further attached. Data are read in on DIN of 
slave devices by the positive edge of CCLK and shifted 
out the DOUT on the negative edge of CCLK. A parallel 
master mode device uses its internal timing generator to 
produce an internal CCLK of eight times its EPROM 
address rate, while a peripheral mode device produces 
a burst of eight CCLKs for each chip select and 
write-strobe cycle. The internal timing generator 
continues to operate for general timing and 
synchronization of inputs in all modes. 
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Figure 27. Master Mode Configuration with Daisy Chained Slave Mode Devices 
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SPECIAL CONFIGURATION FUNCTIONS 
The configuration data include control over several 
special functions, in addition to the normal user logic 
functions and interconnections. 

- Input thresholds 

- Readback enable 

- DONE pull-up resistor 

- DONE timing 

- RESET timing 

- Oscillator frequency divided-by-two 

Each of these functions is controlled by configuration 
data bits selected as part of the normal PGA 
Development System bit-stream generation process. 

Input Thresholds 
Prior to the completion of configuration, all LCA input 
thresholds are TTL compatible. Upon completion of 
configuration, the input thresholds become either TTL or 
CMOS compatible, as programmed. The use of the TTL 
threshold option requires some additional supply 
current for threshold shifting. The exception is the 
threshold of the PWRDWN input and direct clocks, 
which always have a CMOS input. Prior to the 
completion of configuration, the user 1/0 pins have a 
high-impedance pull-up. The configuration bit stream 
can be used to enable the IOB pull-up resistors in the 
operational mode to act either as an input load or to 
avoid a floating input on an otherwise unused pin. 

Read back 
The contents of an LCA device can be read back if it has 
been programmed with a bit stream in which the 
Readback option has been enabled. Readback can be 
used for verification of configuration, as well as a 
method of determining the state of internal logic nodes 
during debugging with the In-Circuit debugger. There 
are three options in generating the configuration bit 
stream: 

- Never inhibits the Readback capability. 

- One-time inhibits Readback after one Readback 
has been executed to verily the configuration. 

- On-command permits unrestricted use of 
Readback. 

Readback is done without the use of any of the user 1/0 
pins; only MO, M1, and CCLK are used. The initiation of 

readback is produced by a LOW-to-HIGH transition of 
the MO/RTRIG (Read Trigger) pin. Once the 
READBACK command has been given, the input CCLK 
is driven by external logic to read back each data bit in a 
format similar to loading. After two dummy bits, the first 
data frame is shifted out, in inverted sense, on the 
M11RDATA (Read Data) pin. All data frames must be 
read back to complete the process and return the mode 
select and CCLK pins to their normal functions. 

The readback data includes the current state of each 
internal logic block storage element, and the state of the 
.i and .ri connection pins on each IOB. These data are 
imbedded into unused configuration bit positions during 
readback. This state information is used by the PGA 
Development System In-Circuit Verifier to provide 
visibility into the internal operation of the logic while the 
system is operating. To read back a uniform 
time-sample of all storage elements it may be necessary 
to inhibit the system clock. 

Reprogram 
The LCA configuration memory can be re-written while 
the device is operating in the user's system. To initiate a 
reprogramming cycle, the dual function package pin 
DONE/PROG must transition from HIGH to LOW. To 
reduce noise sensitivity, the input signal is filtered for 
two cycles of the LCA's internal timing generator. When 
reprogram begins, the user-programmable 1/0 output 
buffers are disabled, and high-impedance pull-ups are 
provided for the package pins. The device returns to the 
CLEAR state and clears the configuration memory 
before it is initialized. 

Reprogram control is often exercised using an external 
open-collector driver that pulls DONE/PROG LOW. 
Once it recognizes a stable request, the LCA device 
holds a LOW until the new configuration has been 
completed. Even if the reprogram request is externally 
held LOW beyond the configuration period, the LCA 
device will begin operation upon completion of 
configuration. 

DONE Pull-up 
DONE/PROG is an open-drain 1/0 pin indicating that the 
LCA device is operational. An optional internal pull-up 
resistor can be enabled by the user of the PGA 
Development System when MakeBits is executed. The 
DONE/PROG pins of multiple LCA devices in a 
daisy-chain can be connected to indicate all are DONE 
or to direct them to reprogram. 
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DONE Timing before, or one cycle after, the timing of outputs are 
enabled, as shown above. This reset maintains all 
user-programmable flip-flops and latches in a zero state 
during configuration. 

By a selection in the MakeBits program, the timing Of the 
DONE status signal can be controlled to occur one 
CCLK cycle before, or one cycle after, the timing of 
outputs are activated. This is shown below. This 
facilitates control of external functions such as a PROM 
enable or holding a system in a wait state. 

Crystal Oscillator Division 
A selection in the MakeBits software lets the user 
incorporate a dedicated divide-by-two flip-flop in the 
crystal oscillator function. This helps ensure a 
symmetrical timing signal. Although the frequency 
stability of crystal oscillators is high, the symmetry of the 
waveform can be affected by bias or feedback drive. 

RESET Timing 
As with DONE timing, the timing of the release of the 
internal RESET can be controlled by a selection in the 
MakeBits program. It then occurs one CCLK cycle 
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Figure 28. Configuration and Start-Up 
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PERFORMANCE 

Device Performance 
The high performance of the LCA device is due in part to 
the manufacturing process, which is similar to that used 
for other high-speed CMOS logic devices. Performance 
can be measured in terms of minimum propagation 
times for logic elements. One parameter traditionally 
used to describe the overall performance of a gate array 
is the toggle frequency of a flip-flop. The configuration 
for determining the toggle performance of the LCA 
device is shown at right. The flip-flop output Q is fed 
back through the combinational logic as Q to form the 
toggle flip-flop. 

Actual LCA device performance is determined by the 
timing of critical paths, including both the fixed timing for 
the logic and storage elements in that path, and the 
timing associated with the network routing. 

CLOCK TO 

CLOCK --i>-• 
10642-022A 

Figure 29. "Toggle" Flip-Flop 

Examples of internal worst-case timing are included in 
the performance data to allow the user to make the best 
use of the device's capabilities. The PGA Development 
System timing calculator, or LCA-generated simulation 
models, should be used to calculate worst-case paths 
by using actual impedance and loading information. The 
following figure shows a variety of elements used 
involved in determining system performance. 
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KClock To output TcKo 12 8 7 ns 

Logic-in put setup TICK 12 8 7 ns 

Logic-in put hold TcK1 0 0 0 ns 

lnpuVOutput Pad to input (direct) Tp10 10 7 4 ns 

Output to pad (enabled fast) ToPF 14 10 6 ns 

VO clock to pad ToKPD 18 13 10 ns 

FF toggle frequency FcLK 50 70 100 MHz 

Figure 30. Examples of Primary Block Speed Factors 
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The speed of internal elements is determined by 
differential measurements of ·package pins. The 
performance of a user's design can be predicted by the 
PGA Development System delay calculator. 

Actual measurement of internal timing is not practical; 
often only the sum of component timing is relevant, as in 
the case of input to output. The relationship between 
input and output timing is arbitrary; only the .total 
determines performance. Timing components of 
internal functions can be determined by measuring the 
differences atthe pins of the package. A synchronous 
logic function with a clock-to-block output, and a 
block-input to clock set-up, is capable of higher speed 
operation than a logic configuration of two synchrorious 
blocks with an extra combinational block level between 
them. System clock rates to 60% of the toggle frequency 
are practical for logic in which there is an extra 
combinational level located between synchronized 
blocks. This permits implementation of functions of up to 
25 variables. The use of the wired-AND is also available 
for wide, high-speed functions. 

Logic Block Performance 
Logic block performance is expressed as the 
propagation time from the interconnection point at the 
input of the combinational logic to the output of the block 
in the interconnection area. Combinational performance 
is independent of the specific logic function, which is 
based on look-up tables. 

The only parameter for all logic functions is the Logic 
Input to Output delay. For combinational logic used in 
conjunction with the storage element, however, there 
are two critical parameters. First, for the combinational 
logic function driving the data input of the storage 
element, the critical timing is data setup relative to the 
clock edge provided to the flip-flop. Second, for the 
signals then produced by the storage elements, the 
critical timing is the Clock to Output delay. These 
parameters are shown in the previous figure. 

Logic block loading is limited only by the user's 
propagation delay requirements. Speed performance of 
the logic block is a function of the supply voltage and the 
temperature, as shown in the next two figures. 

The following figure shows the change in speed 
performance as a function of temperature. The variation 
is normalized for 30° C, 70° C, 85° C, and 125° C. 
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Figure 31. Delay as a Function of Temperature 

The following figure shows how the speed performance 
of a CMOS device increases with Vee within the operat­
ing range. 
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Figure 32. Delay as a Function of Vee 
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Interconnection Performance 
Interconnection performance depends on the routing 
resource used for the signal path. As discussed earlier, 
direct interconnection from block to block provides a fast 
path for a signal. The single metal segment used for long 
Jines exhibits low resistance from end to end, but 
relatively high capacitance. Signals driven through a 
programmable switch will have the additional 
impedance of the switch added to their normal drive 
impedance. 

General-purpose interconnection performance 
depends on the number of switches and segments 
used, the presence of the bidirectional re-powering 
buffers, and the loading at all points on the signal path. 
Jn calculating the worst-case timing for a general 
interconnection path, the timing calculator portion of the 
PGA Development System takes all of these elements 
into account. 

Switch Matrix 

CLB 

TIMING: INCREMENTAL 

IF R1 = Ri = R3 = R and C1 = C2 = C3 = C 

TIIEN CUMULATIVE TIMING 

Tl =3RC 
=3RC 

As an approximation, interconnection timing is 
proportional to the summation of totals of local metal 
segments beyond each programmable switch. In effect, 
the time is a sum of R-C time, each approximated by an 
R times the total C it drives. The R of the switch and the 
c of the interconnection are functions of the particular 
device performance grade. 

For a string of three local interconnections, the 
approximate time at the first segment (after the first 
switch resistance) would be three units; after the next 
switch there are an additional two units; and there is an 
additional unit after the last switch in the chain. The 
interconnection R-C chain terminates at each 
re-powering buffer. The capacitance of the block inputs 
is not significant; the capacitance is in the 
interconnection metal and switches, as shown in the 
following figure. 

Repowering Buffer 

Tl = 3RC + 2RC Tl = 3RC + 2RC +!RC 6RC +BUFFER 
=5RC =6RC 

Figure 33. Interconnection Timing Example 
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POWER 
Power Distribution 
Power for the LCAdevice is distributed through a grid to 
achieve high npise immunity and isolation between the 
logic and 110. Inside the LCA device, a dedicated Vee 
and ground ring surrounding the logic array provide 
power to the 1/0 drivers, as shown below. An 
independent matrix of Vee and ground lines supplies the 
interior logic of the device. This power distribution grid 
provides a stable supply and ground for all internal lo~ic; 
this assumes that the external package power pins are 
all connected and appropriately decoupied. Usually, a 
0.1-µF capacitor connected near the Vee and ground 
pins of the package will provide adequate decoupling. 

Output buffers capable of driving the specified 4-mA 
loads under worst-case conditions can be capable of 
driving 25 to 30 times that current in a best case. Noise 
can be reduced by minimizing external load capacitance 
and reducing simultaneous output transitions in the 
same direction. Also, it may be beneficial to locate 
heavily loaded output buffers near the ground pads. The 
108 output buffers have a slew-limited mode that should 
be used where output rise and fall times are not speed 
critical. A lower AC drive current reduces transition and 
supply noise without a corresponding reduction in DC 
drive. Slew-limited outputs maintain their DC drive 
capability, but generate less external reflections and 
internal noise. 
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Figure 34. LCA Power Distribution 
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Power Dissipation 
The LCA.d~vice exhibits the low power consumption 
charactenst1c of CMOS ICs. For any design, the user 
can use the figure below to calculate the total power 
requirement based on the sum of the external and 
internal capacitive and DC loads. The total chip power is 
the sum of Vee• ICCO, plus internal and external values 
of capacitive charging currents and resistive loads. 
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Usually, most power dissipation is produced by external 
capacitive loads on the output buffers. The load- and fre­
quency-dependent power is 25 µW/pF/MHz per output. 
Another component of 1/0 power is the DC loading on 
each output pin by LCA-driven devices. 

Internal power dissipation is a function of the number 
and size of the nodes, and the frequency at which they 
change. In an LCA device, the fraction of nodes 
changing on a given clock is typically low (10-20). For 

example, in a large binary counter, the average clock 
cycle produces changes equal to one CLB output at the 
clock freq1,Jency. Typical global clock buffer power is 
between 1.7 mV/MHz for the Am3020 and 3.6 mV/MHz 
for the Am3090. The intern1:1I capacitive load is more a 
function of interconnection than fanout. With typical loa.d 
of three general Interconnection segments, each CLB 
output requires about 0.4 mW/MHz of its output 
frequency. 

Total power= Vee • ICCO + external {DC +capacitive) + internal {CLB + IOB + Long Line + pull-up) 

Because the control storage of the LCA device is CMOS 
static memory, ·its cells require a very low standby 
current for data retention. In some systems, this 
characteristic can be used as a method of preserving 
configurations in the event of a primary power loss. The 
LCA device has built in power-down logic that, when 
activated, will disable normal operation of the device 
and retain only the configuration data. All internal 
operation is suspended and output buffers are. placed in 
a high impedance state with no pull-ups. Power-down 
data retention is possible with a simple battery-backup 
circuit because the power requirement is extremely low. 
For retention at 2.4 V, the required current is typically on 
the order of 50 nA. 

To force the LCA device into the power-down state, the 
user must pull the PWRDWN pin LOW and continue to 
supply a retention voltage to the Vee pins of the 
package. When normal power is restored, Vee is 

increased to its normal operating voltage and 
PWRDWN is returned to HIGH. The LCA device 
resumes operation with the same internal sequence that 
occurs at the conclusion of configuration. Internal 110 
and logic block storage elements will be reset, the 
outputs will become enabled, and the DONE/PROG pin 
will be released. No configuration programming is 
required. 

When the power supply is removed from a CMOS 
device, it is possible to supply some power from an input 
signal. The conventional electrostatic input protection is 
provided by diodes to the supply and ground. A positive 
voltage applied to an input or output will cause the 
positive protection diode to conduct and drive the power 
pin. This condition can produce invalid power conditions 
and should be avoided. A large series resistor can be 
used to limit the current, or a bipolar buffer can be used 
to isolate the input signal. 
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PIN DESCRIPTIONS 
Permanently Dedicated Pins 

Vee 
Two to eight (depending on package type) connections 
to the nominal +5 V supply voltage. All must be 
connected. 

GND 
Two to eight (depending on package type) connections 
to ground. All must be connected. 

PWRDWN 
An active-LOW power-down input stops all internal 
activity to minimize Vee power and puts all output 
buffers in a high-impedance state. Configuration is 
retained, however internal storage elements are reset. 
When the PWRDWN pin returns HIGH, the device 
returns to operation with the same sequence of reset, 
buffer enable, and DONE/PROG as at the completion of 
configuration. 

RESET 
This active LOW input has three functions. Prior to the 
start of configuration, a LOW input will delay the start of 
configuration. An internal circuit senses the application 
of power and begins a minimal time-out cycle. When the 
time-out and RESET are complete, the levels of the M 
lines are sampled and configuration begins. If RESET is 
asserted during a configuration, the LCA device is 
re-initialized and will restart the configuration at the 
termination of RESET. If RESET is asserted after 
configuration is complete, it will provide an 
asynchronous reset of all 108 and CLB storage 
elements of the LCA device. 

CCLK 
During configuration, Configuration Clock is an output of 
an LCA device in master mode or peripheral mode. LCA 
devices in slave mode use it as a clock input. During a 
Readback operation, it is a clock input for the 
configuration data being shifted out. 

DONE 
The DONE output is configurable as an open drain with 
or without a pull-up resistor. At the completion of 
configuration, the circuitry of the LCA device becomes 
active in a synchronous order, and DONE can be 
programmed to occur one cycle before or after. 

or 

PROG 
Once configuration is completed, a HIGH-to-LOW 
transition of this pin will cause an initialization of the LCA 
device and start a reconfiguration. 

MO 
As Mode 0, this input, M1, and M2 are sampled before 
the start of configuration to establish the configuration 
mode to be used. 

or 

RTRIG 
As a Read Trigger, after configuration is complete, an 
input transition to a HIGH will initiate a Readback of 
configuration and storage element data by CCLK. This 
operation can be limited to a single request, or can be 
inhibited altogether, by selecting the appropriate 
readback option when generating the bit stream. 

M1 
As Mode 1, this input, MO, and M2 are sampled before 
the start of configuration to establish the configuration 
mode. If readback is to be used, a 5-kn resistor should 
be used to define mode level inputs. 

or 

RDATA 
As an active LOW Read Data, this pin is the output of the 
readback data after configuration is complete. 

User 110 Pins That Can Have Special 
Functions 
M2 
As Mode 2 this input has a passive pullup during 
configuration. Together with MO and M 1, it is sampled 
before the start of configuration to establish the 
configuration mode. After configuration, this pin 
becomes a user-programmable 1/0 pin. 

HOC 
High During Configuration is held at a HIGH level by the 
LCA device until after configuration. It is available as a 
control indication that configuration is not completed. 
After configuration, this pin is a user 1/0 pin. 

LDC 
Low During Configuration is held at a LOW level by the 
LCA device until after configuration. It is intended to be 
available as a control indication that configuration is not 
completed. It is particularly useful in master mode as a 
LOW enable for an EPROM. After configuration, this pin 
is a user 1/0 pin. If used as a LOW EPROM enable, it 
must be programmed as a HIGH after configuration. 
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INIT 
This is an active-LOW-open drain output that is held 
LOW during the power .stabilization and internal clearing 
of the configuration memory. It can be used to indicate 
status to a configuring microprocessor, or as a 
wired-AND of several slave mode devices, a hold-off 
signal for a master mode device. After configuration, this 
pin becomes a user-programmable 1/0 pin. 

BCLKIN 
This is a direct CMOS level input to the alternate clock 
buffer (auxiliary buffer) in the lower right comer. 

or 

XTL1 
This user 1/0 pin can be configured to operate as the 
output of an amplifier driving an external crystal and bias 
circuitry. 

XTL2 
This user 110 pin can be configured to operate as the 
input of an amplifier usable with an external crystal and 
bias circuity. This 1/0 block is left unconfigured. The 
oscillator configuration is activated by routing a net from 
the oscillator buffer symbol output and by the MakeBits 
program. 

CSO,CS1,CS2,VVRT 
These four inputs represent a set of signals, three active 
LOW and one active HIGH, which are used in peripheral 
mode to control configuration data entry. The assertion 
of all four generates a write to the internal data buffer. 
The removal of any assertion results in the present data 
of DO-D7 being clocked in. 

RCLK 
During master parallel mode configuration, this pin 
represents a read of an external memory device. 

ROY/BUSY 
During peripheral parallel mode configuration, this pin 
indicates when the chip is ready for another byte of data 
to be written to it. After configuration is complete, this pin 
becomes a user-programmed 1/0 pin. 

D0-07 
This set of eight pins represents the parallel 
configuration byte for the parallel master and peripheral 
modes. After configuration is complete, they are 
user-programmable 1/0 pins. 

AO-A15 
This set of 16 pins presents an address output for a 
configuration EPROM during master parallel mode. 
After configuration is complete, they are 
user-programmable 1/0 pins. 

DIN 
This user 1/0 pin is used as serial Data In during slave or 
master serial configuration. This pin is Data O input in 
master or peripheral configuration mode. 

DOUT 
This user 1/0 pin is used during configuration to output 
serial configuration data for the Data In of daisy-chained 
slaves. 

TCLKIN 
This is a direct CMOS level input to the global clock 
buffer. 

Unrestricted User 1/0 Pins 
1/0 
A pin that, after configuration, can be programmed by 
the user to be an input and/or output pin. Some of these 
pins present a high-impedance pull-up or perform other 
functions before configuration is complete. 
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APPENDIX A: TABLES AND DIAGRAMS 
Table 2a. Am3000 Family Configuration Pin Assignments 

CONFIGURATION MODE: <M2:M1:M0> 
68 84 84 

SLAVE IMASTER-SERIPERIPHERALTMASTER-HIGHfMASTER-LOW PLCC PLCC PGA 
132 
PGA 

175 USER 

<1:1:1> <0:0:0:> <1:0:1> l <1:1:0> _L <1:0:0> 

PWRDWN (I) PWRDWN (I) PWRDWN (I) PWRDWN (I) PWRDWN (I) 10 

Vee Vee Vee Vee Vee 18 

M1 (HIGH) (I) M1 (LOW) (I) M1 (LOW)(I) M1 (HIGH)(I) M1 (LOW)(I) 2S 

MO (HIGH) (I) MO (LOW) (I) MO (HIGH) (I) MO (LOW) (I) MO (LOW) (I) 26 

HDC (HIGH) HDC (HIGH) HDC (HIGHl HDC (HIGH) HDC (HIGH) 28 

LDC (LOW) LDC (LOW) LDC (LOW) LDC (LOW) LDC (LOW) 30 

INIT INIT INIT INIT INIT 34 

~D ~D ~D ~D ~D 35 

RESET(I) 

DONE 

Vee 

•••••••••••••• 

DOUT 

k 1fotk!ii I 

GND 

RESET(!)_ 

DONE 

Vee 

DOIJT 

CCLK 

GND 

s 43 

RESET (I) RESET (I) RESET (I) 44 

DONE DONE DONE 45 

gpATA .. Mi~ArA·z•·t~Dlli;J• .. ····Mr:Y·li!·H·· 46 

1rllilli.12l~n22u. r+ <./ 47 

'"rA•S•·(1r210@lrx·,rr1r•···is~~w···.··. 48 

tJ tiifA]fil11 @GUPATAS(W ifiljoi(i'A:s (ii i 49 

1 i••·· ?:Cso (~= •p•ATA 4(1) &Miffi. !4\ 
Vee Vee Vee 

50 

51 

52 

DAT~fl}.T,i;.a(lig : 

m •. •<J ss 
·•·•·••JN4f@···(llij•·Pw.•olitA1i(1g~:filW2L ss 

RDYl8USY RCLK RCLK S7 

~··11·(1llifilfil.PlirA·Ofif•·•···•·<•·•·••·oAfA~)?\.· 58 

DOUT 

CCLK 

w%illrnr 
cs2mz 

GND 

DOUT 

CCLK 

AO 

A1 

A2 

A3 

A1S 

A4 

A14 

AS 

GND 

A13 

A6 

A12 

A7 

A11 

AS 

AlO 
A9 

DOUT 

CCLK 

AO 
A1 

A2 

A3 

A1S 

A4 

A14 

AS 

GND 

A13 

A6 

A12 

A7 

A11 

AB 

A10 

A9 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

2 

3 

4 

5 

6 

7 

8 

9 

REPRESENTS A 50- TO 100-k Q PULL-UP DURING CONFIGURATION 
INIT IS AN OPEN DRAIN DURING CONFIGURATION 

12 

22 

31 

32 

33 

34 

36 

42 

43 

53 

54 

55 

S6 

57 

58 

60 

61 

62 

64 

65 

66 

67 

70 

71 

72 

73 

74 

75 

76 

77 

78 

81 

82 

83 

84 

1 

2 

3 

4 

5 

8 

9 

10 

11 

PGA OPERATION 

B2 A1 B2 PWRDWN (I) 

F3 ca D9 Vee 

J2 B13 814 RDATA 

L1 A14 B1S 

K2 C13 C1S 

K3 B14 E14 

L3 D14 D16 

K6 G14 H1S 

J6 H12 J14 

L11 

K10 

J10 

K11 

J11 

H10 

F10 

G10 

G11 

F9 

F11 

E11 

E10 

D10 

C11 

811 

C10 

A11 

810 

89 

A10 

A9 

86 

87 

M13 

P14 

N13 

M12 

P13 

N11 

M9 

N9 

NB 

MB 

N7 

PS 

M6 

MS 

N4 

N2 

M3 

P1 

M2 

N1 

L2 

L1 

K1 

J2 

A7 H1 

C7 H2 

C6 H3 

A6 G2 

AS G1 

85 F2 

cs 
A3 

A2 

83 

A1 

E1 

D1 

D2 

81 

C2 

P1S 

R1S 

R14 

N13 

T14 

P12 

T11 

R10 

R9 

N9 

PS 

RB 

R7 

RS 

PS 

R3 

N4 

R2 

P2 

M3 

P1 

N1 

M1 

L2 

K2 

K1 

J3 

H2 

H1 

F2 

E1 

D1 

C1 

E3 

C2 

RTRIG(I) 

1/0 

110 

1/0 

110 

GND 

XTL20R 1/0 

RESET(I) 

PROG(I) 

1/0 

XTL1OR1/0 

1/0 

110 

1/0 

110 
Vee 

1/0 

110 

110 

1/0 

110 

1/0 

110 

ill\ 
1/0 

1/0 

1/0 

1/0 

l/O 

l/O 

l/O 

1/0 

GND 

110 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

Note: Pin assignments of "PGA Footprint" PLCC sockets and PGA packages are not electrically identical. 
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Table 2b. Am3000 Family 68-Pln PLCC Pinouts 

PGA PGA PGA 
Pin Pin Pin 

Number Am3020 Number Am3020 Number Am3020 

10 PWRON 32 110 55 02-1/0 
11 TCKLIN-1/0 33 1/0 N!C UNBONOEOIOB 

12 1/0 34 INIT-1/0 56 01-1/0 
13 110 35 GNO 57 ROY/BUSY-RCLK-110 

N!C UNBONOEO 108 36 1/0 58 00-0IN-l/O 

14 110 37 1/0 59 OOUT-110 

15 1/0 38 1/0 60 CCLK 

16 110 39 110 61 AO-WS-110 

17 1/0 40 1/0 62 A1-CS2'-l/O 

18 Vee 41 110 63 A2-llO 

19 1/0 42 110 64 A3-'llO 

N/C UNBONOEO 108 43 XTL2J!l'i}_-110 65 A15-l/O 

20 110 44 RESET 66 A4-l/O 
21 1/0 45 OONE/PROG 67 A14-110 

22 110 46 07-110 68 A5-llO 
N!C UN80NOEO IOB 47 XTL U_OU1}_-8CLKIN-llO 1 GNO 
23 110 48 06-110 2 A13-l/O 

24 110 N!C UN80NOEOl08 3 A6-llO 

25 M1-ROATA 49 05-110 4 A12-l/O 

26 MO-RTRIG 50 CS0-110 5 A7-llO 
27 M2-llO 51 04-110 6 A11-llO 

28 HOC-'110 N!C UN80NOEO IOB 7 A8-llO 

29 1/0 52 Vee 8 A10-l/0 

30 LOC-'l/O 53 03-110 9 A9-llO 

31 110 54 CS1-l/O 

The default configuration of 108s is input with pull-up. Thiscan be used to prevent an undefined pad level for unbonded or 
unused 108s. 
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Table 2c. Am3000 Family 84-Pln PLCC and PGA Plnouts 

PLCC PGA PLCC PGA 
Pin Pin Pin Pin 

Number Number Am3020 Am3030 Number Number Am3020 Am3030 

12 82 PWRON PW RON 54 K10 RESET RESET 

13 C2 TCLKIN-1/0 TCLKIN-1/0 SS J10 OONE-PROG OONE-PROG 

14 81 N/C 110 S6 K11 07-1/0 07-1/0 

1S C1 1/0 1/0 S7 J11 XTL 1 (OUT)-8CLKIN-l/O XTL 1 (OUT)-8CLKIN-l/O 
16 02 1/0 1/0 SS H10 06-1/0 06-1/0 

17 01 1/0 1/0 S9 H11 110 1/0 
1S E3 1/0 1/0 60 F10 OS-1/0 OS-1/0 

19 E2 1/0 110 61 G10 CS0-1/0 CS0-1/0 

20 E1 1/0 1/0 62 G11 04-1/0 04-1/0 
21 F2 1/0 1/0 63 G9 1/0 1/0 
22 F3 Vee Vee 64 F9 Vee Vee 
23 G3 1/0 1/0 6S F11 03-1/0 03-1/0 

24 G1 1/0 1/0 66 E11 CS1-l/O CS1-l/O 

2S G2 l/O 1/0 67 E10 02-1/0 02-1/0 
26 F1 l/O 1/0 6S E9 1/0 1/0 

27 H1 1/0 1/0 69 011 N/C 1/0 
2S H2 1/0 110 70 010 01-1/0 01-1/0 

29 J1 l/O 1/0 71 C11 ROY/8USV-RCLK-l/O ROY/8USY-RCLK-l/O 

30 K1 1/0 l/O 72 811 00-0IN-l/O DO-OIN-1/0 

31 J2 M1-ROATA M1-ROATA 73 C10 OOUT-1/0 OOUT-1/0 

32 L1 MO-RTRIG MO-RTRIG 74 A11 CCLK CCLK 
33 K2 M2-l/O M2-l/O 7S 810 AO-WS-1/0 AO-WS-1/0 

34 K3 HOC-1/0 HOC-1/0 76 89 A1-CS2-l/O A1-CS2-l/O 

3S L2 1/0 1/0 77 A10 A2-l/O A2-l/O 

36 L3 LOC-1/0 LOC-1/0 7S A9 A3-llO A3-l/O 

37 K4 1/0 1/0 79 8S N/C 1/0 
3S L4 N!C l/O so AS N/C 1/0 
39 JS 1/0 1/0 S1 86 A15--l/O A15--l/O 

40 KS 1/0 1/0 S2 87 A4-l/O A4-l/O 
41 LS N!C 1/0 S3 A7 A14-l/O A14-llO 

42 K6 INIT-110 INIT-1/0 S4 C7 AS-1/0 AS--1/0 

43 J6 GNO GNO 1 C6 GNO GNO 
44 J7 1/0 1/0 2 A6 A13-l/O A13-l/O 
4S L7 1/0 l/O 3 AS A6-l/O A6-l/O 

46 K7 110 1/0 4 8S A12-llO A12-llO 

47 L6 1/0 1/0 s cs A7-l/O A7-l/O 
4S LS 1/0 1/0 6 A4 NIC 1/0 
49 KS 1/0 110 7 84 N/C 1/0 
so L9 N/C l/O s A3 A11-l/O A11-llO 

S1 L10 N/C 110 9 A2 AS-1/0 AS-1/0 
S2 K9 1/0 1/0 10 83 A10-l/O A10-l/O 
S3 L11 XTL2(1N)-l/O XTL2-l/O 11 A1 A9-l/O A9-l/O 

The default configuration of 108s is input with pull-up. This can be used to prevent an undefined pad level for unbonded or 
unused 108s. 
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Table 2d. Am3000Family132-Pin PGA Plnouts 

PGA -, PGA PGA 
Pin Pin Pin 

Number Am3042 Am3064 Number Am3042 Am3064 Number Am3042 Am3064 

C4 GND GND F12 110 110 N6 N/C 1/0 

A1 PWRDN PWRDN E14 1/0 1/0 P5 N/C 1/0 

C3 1/0 1/0 F13 110 1/0 M6 02-110 02-1/0 

82 1/0 110 F14 1/0 110 N5 1/0 1/0 

83 1/0 1/0 G13 110 1/0 P4 1/0 110 
A2 NIC 110 G14 INIT-1/0 INIT-1/0 P3 110 1/0 

84 1/0 110 G12 Vee Vee M5 01-1/0 01-1/0 

C5 1/0 1/0 H12 GND GND N4 RCLK-8USY/RDY-l/O RCLK-BUSY/RDY-1/0 

A3 N/C 1/0 H14 1/0 1/0 P2 1/0 1/0 

A4 1/0 1/0 H13 1/0 1/0 N3 1/0 110 

85 110 1/0 J14 110 1/0 N2 DO-DIN-110 DO-DIN-110 

C6 110 110 J13 110 110 M3 DOUT-1/0 DOUT-1/0 

A5 110 110 K14 l/O 1/0 P1 CCLK CCLK 

~-6 110 1/0 J12 1/0 1/0 M4 Vee Vee 
A6 110 110 K13 1/0 1/0 L3 GND GND 

87 1/0 110 L14 N!C 1/0 M2 AO-WS-1/0 AO-WS-1/0 

C7 GND GND L13 110 110 N1 A1-CS2-llO A1-CS2-l/O 

CB Vee Vee K12 1/0 1/0 M1 110 1/0 

A7 1/0 1/0 M14 1/0 1/0 K3 1/0 1/0 

88 1/0 110 N14 110 1/0 L2 A2-l/O A2-l/O 

AS 1/0 110 M13 XTL2-l/O XTL2-llO L 1 A3-l/O A3-l/O 

A9 110 110 L12 GND GND K2 1/0 1/0 

89 1/0 1/0 P14 RESET RESET J3 1/0 1/0 

C9 1/0 110 M11 Vee Vee K1 A15-l/O A15-l/O 

A10 1/0 1/0 N13 DONE-PG DONE-PG J2 A4-l/O A4-l/O 

810 1/0 110 M12 07-110 07-110 J1 N/C 1/0 

A11 NIC 110 P13 XTL1-llO XTL1-l/O H1 A14-1/0 A14-1/0 

C10 1/0 1/0 N12 1/0 1/0 H2 A5-l/O A5-l/O 

811 1/0 1/0 P12 1/0 110 H3 GND GND 

A12 N/C 1/0 N11 06-1/0 06-1/0 G3 Vee Vee 
B12 1/0 1/0 M10 1/0 110 G2 A13-l/O A13-l/O 

A13 N/C 1/0 P11 N!C 1/0 G1 A6-l/O A6-l/O 

C12 1/0 1/0 N10 1/0 1/0 F1 N/C 1/0 

B13 M1-RD M1-RD P10 1/0 1/0 F2 A12-l/O A12-l/O 

C11 GND GND M9 05-1/0 05-1/0 E1 A7-l/O A7-l/O 

A14 MO-RT MO-RT N9 CS0--1/0 CS0-1/0 F3 1/0 110 

D12 Vee Vee pg N/C 1/0 E2 1/0 110 
C13 M2-l/O M2-l/O PS N/C 110 01 A11-l/O A11-l/O 

814 HDC-1/0 HDC-110 NB 04-110 04-1/0 02 AS-1/0 A8-l/O 

C14 110 1/0 P7 1/0 1/0 E3 110 1/0 

E12 1/0 1/0 MS Vee Vee C1 110 110 

013 110 110 M7 GNO GNO 81 A10-l/0 A10-l/O 

D14 LDC-1/0 LDC-1/0 N7 03-110 03-1/0 C2 A9-l/O A9-l/O 

E13 N!C 1/0 P6 CS1-llO CS1-l/O 03 Vee Vee 
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Table 2e. Am3000 Family 175-Pln PGA Plnouts 

PGA PGA PGA PGA 
Pin Pin Pin Pin 

Number Am3090 Number Am3090 Number Am3090 Number Am3090 

82 PWRON 013 1/0 R14 OONE-PROG R3 OO-OIN-110 

04 TCLKIN-1/0 814 M1-ROATA N13 07-110 N4 OOUT-110 

83 1/0 C14 GNO T14 XTL 1iOU1l_-8CLKIN-liO R2 CCLK 

C4 1/0 B1S MO-RTRIG P13 l/O P3 Vee 
84 l/O 014 Vee R13 110 N3 GNO 

.A4 l/O C1S M2-llO T13 1/0 P2 AO-WS-110 

OS 1/0 E14 HOC-110 N12 110 M3 A1-CS2-l/O 

cs 110 816 110 P12 06-110 R1 110 

8S 1/0 01S 1/0 R12 110 N2 110 

A5 1/0 C16 110 T12 110 P1 A2-l/O 

C6 110 016 LDC-1/0 P11 l/O N1 A3-llO 
06 1/0 F14 1/0 N11 1/0 L3 110 

86 1/0 E1S 1/0 R11 1/0 M2 110 

A6 1/0 E16 VO T11 05-VO M1 A15-l/O 

87 1/0 F1S l/O R10 CS0-1/0 L2 A4-l/O 

C7 1/0 F16 1/0 P10 1/0 L1 1/0 

07 1/0 G14 1/0 N10 110 K3 1/0 

A7 1/0 G1S 1/0 T10 1/0 K2 A14-l/O 

AB 1/0 G16 1/0 T9 1/0 K1 A5-l/O 

BB 1/0 H16 1/0 R9 04-1/0 J1 VO 

CB 1/0 H1S INIT-1/0 pg 1/0 J2 1/0 

DB GND H14 Vee N9 Vee J3 GNO 

09 Vee J14 GNO NB GND H3 Vee 
C9 1/0 J1S 1/0 PB 03-1/0 H2 A13-VO 

89 1/0 J16 1/0 RB CS1-l/O H1 A6-l/O 

A9 1/0 K16 1/0 TB 1/0 G1 1/0 

A10 1/0 K1S 1/0 T7 1/0 G2 VO 
010 1/0 K14 1/0 N7 1/0 G3 110 

C10 l/O L16 1/0 P7 l/O F1 1/0 

810 1/0 L1S 1/0 R7 02-1/0 F2 A12-l/O 

A11 1/0 M16 1/0 T6 l/O E1 A7-l/O 

811 1/0 M1S l/O R6 l/O E2 1/0 

011 1/0 L14 110 N6 1/0 F3 1/0 

C11 1/0 N16 1/0 P6 1/0 01 A11-l/O 

A12 1/0 P16 1/0 TS 1/0 C1 AS-1/0 

812 1/0 N1S 1/0 RS 01-VO 02 1/0 

C12 1/0 R16 1/0 PS RDY/BUSY-RCLK-1/0 81 1/0 
012 1/0 M14 110 NS 110 E3 A10-l/O 

A13 1/0 P1S XTL2(1N)-l/O T4 1/0 C2 A9-l/O 

813 1/0 N14 GND R4 1/0 03 Vee 
C13 1/0 R1S RESET P4 1/0 C3 GNO 

A14 1/0 P14 Vee 

The default configuration of IOBs is input with pull-up. This can be used to prevent an undefined pad level for unbonded or 
unused IOBs. Pins A2, A3, 1S, A16, T1, T2, T3, and T16 are not connected. Pin A1 does not exist. 
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ABSOLUTE MAXIMUM RATINGS 
Vee Supply voltage 

relative to GND -0.5to 7.0 v 

V1N Input voltage with 
respect to GND -0.5 to Vee +0.5 V 

Vrs Voltage applied to 
three-state output -0.5 to Vee +0.5 V 

VsTG Storage temperature 
(ambient) -65 to 150°C 

TsoL Maximum soldering 
temperature 
(10 sec@ 1/16 in.) +260°C 

TJ Junction temperature 
Plastic +125°C 
Ceramic +200°C 

Stresses above those listed under "Absolute Maximum Rat­
ings• may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera­
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex­
tended periods may affect device reliability. 

OPERATING RANGES 
Vee Supply voltage relative to GND 

Commercial (C) Devices 
Ambient Temperature (TA) o to +70°C 
Supply Voltage (Vee) 4.75 V to 5.25 V 

Industrial 
Case Temperature (Tc) -40°C to + 70°C 
Supply Voltage (Vee) 4.5 Vto 5.5 V 

Military 
Case Temperature (Tc) -55°C to + 125°C 
Supply Voltage (Vee) 4.5 Vto5.5 V 

V1HT High-level input voltage -
TTL configuration 2.0to Vee 

V1LT Low-level input voltage -
TTL configuration OVto 0.8V 

V1HC High-level input voltage -
CMOS configuration 0.7 Vee to Vee 

V1LC Low-level input voltage -
CMOS configuration 0 Vto 0.2 Vee 

T1N Input signal transition time 250 ns 

Operating ranges define those limits between which the func-
tionality of the device is guaranteed. , 

•Military products 100% tested at Tc= +2!f>C, + 12!f>C, and 

-ss>C. 
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DC CHARACTERISTICS Over Operating Range Unless Otherwise Specified 
(Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

Commercial 3.86 v 
VOH High-level output voltage IOH = -4.0 mA Vee min Industrial 3.76 v 

Military 3.7 v 
Commercial 0.32 v 

Va.. Low-level output voltage l0t = 4.0 mA Vee min Industrial 0.37 v 
Military 0.4 v 

leePD Power-down supply current Vee = 5.0 V @ 70°C 
Am3020 500 µA 
Am3030 800 µA 
Am3042 1150 µA 
Am3064 1650 µA 
Am3090 2500 µA 

lcco Quiescent LCA supply current 
in addition to lccPo (Note 2) 

CMOS chip thresholds 
Com/Industrial 500 ~ 
Military 1 mA 

Com/Industrial 10 mA 
TTL chip thresholds 

15 mA Milit~ 

hL Leakage current Com/Industrial -10 +10 µA 
Temperature Military -20 +15 µA 

C1N Input capacitance Vee = 5.0 V, TA= 25°C, 
all packages except PGA 175 I= 1.0 MHz 
(Note 3) 

All pins except XTL 1 
and XTL2 10 pF 
XTL 1 and XTL2 15 _Qi= 

Input capacitance PGA 175 Vee = 5.0 v, TA= 25°C, 
(Note 3) 1=1.0MHz 

All pins except XTL 1 
and XTL2 15 pF 
XTL 1 and XTL2 20 _2f 

IRIN Pad pull-up (when selected) V1N = 0 v 0.02 0.17 mA 

IRLL Horizontal long line pull-up logic LOW 
(when selected) (Note 3) 0.4 3.4 mA 

Notes: 
1. For APL Products, Group A, Subgroups 1, 2, 3 are tested unless otherwise noted. 

2. With no output current loads, no active input or long line pull-up resistors, all package pins at Vee or GND, and the LCA 
configured with a MAKEBITS "ie" option. See LCA power chart for additional activity dependent operating component. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
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BENCHMARK PATTERNS* 
APL Products 

Part 
Number Test 

Am3o2o Tp10 +interconnect 
+ 8 (TILO) +Top. 
Measured on 8 cols. 

Am3030 T PIO + interconnect 
+ 10 (T1LO) +Top. 
Measured on 1 O cols. 

Am3042 T PIO+ interconnect 
+ 12 (Tilo) +TOP. 
Measured on 12 cols. 

Am3064 Tp10 +interconnect 
+ 16 (TILO) + Top. 
Measured on 14 cols. 

Am3090 T PIO + interconnect 
+ 20 (T1Lo) + TOP· 
Measured on 16 cols. 

Conditions 
-55°CsTc s+125°C 

Symbol Vee= 5.0 V ±10% 

TB1 

Te1 

Te1 

TB1 

Ts1 

.MIL Only** 
Group A -50 

Subgroups Min. Max. Unit 

9, 10, 11 136 ns 

9, 10, 11 TBD ns 

9, 10, 11 TBD ns 

9, 10, 11 TBD ns 

9, 10, 11 TBD ns 

* Testing of the Applications Guidelines is modeled after testing specified by MIL-M-38510/605. Devices are first 100% 
functionally tested. Benchmark patterns are then used to determine our compliance to the Application Guidelines. 
Characterization data are taken at initial device qualification, prior to introduction of significant changes, and at least twice 
yearly to monitor correlation between patterns, device performance, XACT software timings, and the data sheet. 

**70-MHz data not available at time of print. 
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CLB Switching Characteristic Guidelines 

CLB ourpur (X,Y) 1 
(COMBINATORIAL) --------------

-f= "o CLB INPUf (A,B,C,D,E) . -

0 TICK 

CLBCLOCK 

CLBINPUf-----. ,------t-----~1,----

(0IRECTIN) ____ __, 

CLBINPUf 

(ENABLECLOCK) ___ __, '---------t-----' "-----

___ _....;©;;:;.__TCK:l= 
CLBOUfPUf 

(FLIP-FLOP)----------------

CLB INPUf 1= _} (RESET DIRECT) ______ _ 

@)TRPW 

0TRJo i 
CLBOUfPUf ~ 

(FLIP-FLOP) / 
~~~~___...'----~~~~ 

Ell 
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CLB Switching Characteristic Guidelines (Continued) 

Testing of the switching characteristic guidelines is modeled after testing specified by MIL-M-38510/605. Devices are 100% 
functionally tested. Benchmark timing patterns are then used to determine correlation to the switching characteristic guideline 
values. Actual worst-case timing is provided by the XACT Timing calculator or Simulation modeling. 

MIUCOM'L MIL/COM'L COM'L 

Speed Grade · -so -70 -100 

Description Symbol Min. Max. Min. Max. Min. Max. 

CLB Logic input Combinational 1 liLO 14 9 7 

Reset direct CLB output 9 TRIO 15 10 7 

Reset Direct width* 13 TRPW 10 7 7 

Master Reset pin to CLB out TMRQ 35 25 17 

CLB K Clock input To CLB output 8 TcKo 12 8 7 

Additional for 0 returning 
through F or G to CLB out TOLO 11 7 5 

Logic-input setup 2 licK 12 8 7 

Logic-input hold 3 TcK1 1 1 0 

Data in setup 4 To1cK 8 5 4 

Data in hold (Note.1) 5 TcK01 6 4 2 

Enable Clock setup 6 TECCK 10 7 5 

Enable Clock hold 7 TcKEC 1 1 0 

Clock (HIGH)* 11 TcH 9 7 5 

Clock (LOW)* 12 TcL 9 7 5 

Flop-flop Toggle rate Q through F/G to flip-flop in* FcLK 50 70 100 

Notes: 

1. The CLB K to Q output delay (TcKo, #8) of any CLB , plus the shortest possible interconnect delay, is always longer 
than the Data in hold time requirement (TcKDI, #5) of any CLB on the same die. 

• These timing limits are based on calculations. 
The speed of block inputs is a function of interconnect. 
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Buffer (Internal) Switching Characteristic Guidelines 

MIL/COM'L MIL/COM'L COM'L 

Speed Grade -50 -70 -100 

Description Min. Max. Min. Max. Min. Max. 

Clock Buffer** GCLK,ACLK 9 6 

TBUF** Data to Output 8 5 

(Long line buffer) 

Three-state to output 

Single pull-up resistor 34 22 

Pair of pull-up resistors 17 11 

Bi-directional BIOi 6 4 

*' Timing is based on the Am3020, for other devices see XACT timing calculator. 

108 Switching Characteristic Guidelines 

l/OBLOCK(l)-0-T-PIDt--~------
1/0 PAD INPUT, ~ 

---- 0 TpJCK © T1KPI:::.i,....._ ___ _ 

l/OCLOCK 
(!K/OK) 

1/0 BLOCK (RI) 

l/O BLOCK (0) 

1/0 PAD OUTPUT 
(DIRECT) 

1/0 PAD OUTPUT 
(REGISTERED) 

@) T KL------ @ T JOH 

---©ToKO 

_______ ,, 
--f0ToKPO 

~------------~ 

0>m.J j=_ ~ r;:0'-
I/OPADOUTPUT -------t( 

l/OPADTS 
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108 Switching Characteristic Guidelines (Continued) 

Testing of the switching characteristic guidelines is modeled after testing specified by MIL-M-38510/605. Devices are 100% 
functionally tested. Benchmark timing patterns are then used to determine correlation to the switching characteristic guideline 
values. Actual worst-case timing is provided by the XACT Timin~ calculator or Simulation modeling. 

MIL/COM'L MIWCOM'L COM'L 

Speed Grade -so -70 -100 Unit 

Description Symbol Min. Max. Min. Max. Min. Max. 

Pad (package pin) To inputs TCLKIN, BCLKIN Tp1oc 5 3 2 ns 

To inputs DIRECT IN 3 Tp10 10 7 4 ns 

110 Clock To 110 RI input (FF) 4 liKRI 10 7 6 ns 

1/0 pad-input setup 1 TPICK 30 20 10 ns 

110 pad-input hold 2 liKPI 0 0 0 ns 

To 110 pad (fast) 7 ToKPO 18 13 10 ns 

110 pad output setup 5 TOOK 15 10 9 ns 

110 pad output hold 6 ToKo 0 0 0 ns 

Clock (HIGH) 11 lioH 9 7 5 ns 

Clock(LOW) 12 lioL 9 7 5 ns 

Output To pad (enabled fast) 10 ToPF 14 10 6 ns 

To pad (enabled slow) 10 Tops 33 25 23 ns 

Three-state To pad begin hi-Z (fast) 9. TrsHZ 12 8 8 ns 

To pad valid (fast) 8 Tr SON 20 14 12 ns 

Master Reset To input RI 13 TARI 45 30 20 ns 

(Package Pin) To output (FF) 15 TRPO 55 37 28 ns 

Notes: 

1. Timing is measured at pin threshold, with 50 pf external capacitance loads (incl. test fixture). Typical fast mode output rise/ 
fall times are 2 ns and will increase approximately 2%/ pF. A maximum total external capacitive load for simultaneous fast 
mode switching in the same direction is 500 pf per power/ground pin pair. 

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the internal 
pull-up resistor or alternatively configured as a driven output or driven from and external source, 
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General LCA Switching Characteristics 

iNIT----~ ~--------
(OUTPUT) USER STATE CLFARSTATE ~ 

-----'~, _ ___, 
CONFIGURE 

Vcc(VALID) 

COM'L MIL 

Speed Grade -50,-70,-100 -50,-70 Unit 

Description Symbol Min. Max. Min. Max. 

RESET (2) * M2, M1, MO setup 2 TMR 1 1 µs 

M2, M1, MO hold 3 TAM 1 1 µs 

Width (low) Abort 4 TMRW 6 6 µs 

DONE/PROG* Program width (LOW) 5 TPGW 6 6 µs 

-
Start INIT 6 TPGI 7 7 µs 

PWRDWN (3)t Power-Down Vee Vee PD 2.0 3.5 v 

Notes: 

1. Vee must rise from 2.0 V for Commercial and 3.5 V for Military to Vee minimum in less than 1 O ms for master modes. 

2. RESET timing reiative to valid mode lines (MO, M1, M2) is relevant when RESET is used to delay configuration. 

3. PWRDWN transitions must occur during operational Vee levels. 

• For APL Products, Group A, Subgroups 9, 10, 11 are tested under setup conditions. 

t For APL Products, Group A, Subgroups 1, 2, 3 are tested under setup conditions. 
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Master Serial Mode Switching Characteristics Guidelines 

CClK 
(OUl'PUT) 

SERIAL DATA IN 

SERIALDOUT 

(OUl'PUT) ----""' "'----- -----.1 "-------

COM'L MIL 

Speed Grade -50,-70,-100 -50,-70 Unit 

Description Symbol Min. Max. Min. Max. 

CCLK (Note 3) Data in setup 1 ToseK 60 60 

Data in hold 2 TeKos 0 0 

Notes: 

1. At power-up, Vee must rise from 2.0 V for Commercial and 3.5 V for Military to Vee minimum in less than 1 O ms, oth­
erwise delay configuration using RESET until Vee is valid. 

2. Configuration can be controlled by holding RESET LOW with or until after the IN IT of all daisy-chain slave mode de­
vices is HIGH. 

3. Master serial mode timing is based on slave mode testing. 
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Master Parallel Mode Programming Switching Characteristics Guidelines 

Testing of the switching characteristic guidelines is modeled after testing specified by MIL-M-38510/605. Devices are 100% 
functionally tested. Benchmark timing patterns are used to provide correlation to the switching characteristic guideline values. 
Actual worst-cast timing is provided by the XACT Timing calculator or Simulation modeling. 

RCLK 

Notes: 

AO-A!S 

(OUTPUT) ----' '-----AD_D_RES_S_• _______ __.,1'-------

DO-D7 

Ra:K 
(OUTPUT) 

CCLK 
(OUTPUT) 

ooUT 
(OUTPUT) 

---

Description 

To address valid 

To data setup 

To data hold 

RCLK HIGH 

RCLK LOW 

Speed Grade 

Symbol 

1 TRAC 

2 TDRC 

3 TACO 

TRCH 

TRcL 

BYTEn-1 

COM'L 

-50,-70,-100 

Min. Max. 

0 200 

60 

0 

600 

4.0 

MIL 

-50,-70 

Min. Max. 

0 200 

60 

0 

600 

4.0 

1. At power-up, Vee must rise from 2.0 V for Commercial and 3.5 V for Military to Vee minimum in less than 10 ms, 
otherwise delay configuration using RESET until Vee is valid. 

2. Configuration can be controlled by holding RESET LOW with or until after the lNIT of all daisy-chain slave mode 
devices is HIGH. 
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Peripheral Mode Programming Switching Characteristics 

CS'i,cso \ I \. 

CS2 I \ I 

WRT 

©TCD 
DO-D7 

NCITE2 

cax \. ..... .... ../ 
T WJRll 0 

RDY/llUSY 

DOUI 

COM'L MIL 

Speed Grade -50,-70,-100 -50,-70 

Description Symbol Min. Max. Min. Max. 

Write* WAT Low 1 TcA 0.5 0.5 

DIN setup 2 Toe 60 60 

DIN hold 3 Teo 0 0 

Ready/Busy 4 TwrRE 60 60 

ADY* WAT Active 5 TRewr 0 0 

Busy 6 Teusv 4 9 4 9 

Notes: 
1. Configuration must be delayed until the 1NiT of all LCAs is HIGH. 

2. Time from end of WAT to CCLK cycle for the new byte of data depends on completion of previous byte processing 
and the phase of the internal generator for CCLK. 

3. CCLK and DOUT timing is tested in slave mode. 

• For APL Products, Group A, Subgroups 9, 10, 11 are tested under setup conditions. 
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Slave Mode Programming Switching Characteristics 

COM'L MIL 

Speed Grade -50,-70,-100 -50,-70 Unit 

Description Symbol Min. Max. Min. Max. 

CCLK* To DOUT 3 Tcco 100 100 ns 

DIN setup 1 Toce 60 60 ns 

DIN hold 2 Tcco 0 0 ns 

High time 4 TccH 0.5 0.5 µs 

Low time 5 TccL 0.5 5.0 0.5 5.0 µs 

Frequency Fee 1 1 MHz Ell 
Notes: 

1. Configuration must be delayed until the INIT of all LCAs is HIGH. 
* For APL Products, Group A, Subgroups 9, 10, 11 are tested under setup conditions. 
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Program Readback Switching Characteristics 

RTRIG 

RDATA VALID 

(OUTPUT) --------' '-----------------

COM'L MIL 

Speed Grade -50,-70,-100 -50,-70 Unit 

Description Symbol Min. Max. Min. Max. 

RTRIG* RTRIGHIGH 1 TRTH 250 250 ns 

CCLK* RTRIG setup 2 TRTCC 10 200 µs 

RDATA delay 3 TccRD 100 100 ns 

Notes: 

1. CCLK and DOUT timing are the same as for slave mode. 

2. RETRIG (MO positive transition) shall not be done until after one clock following active 1/0 pins. 

3. Readback should not be initiated until configuration is complete. 

* For APL Products, Group A, Subgroups 9, 10, 11 are tested under setup conditions. 
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PHYSICAL DIMENSIONS* 
84J Plastic Leaded Chip Carrier 
(PL 084) 

1.185 
1.195 

1.150 
1.156 

68J Plastic Leaded Chip Carrier 
(PL 068) 

.985 

.995 

.950 

.956 

.050 
REF 

_.026 
-.032 

- .026 
- .032 

.007 

.013 

.165 

.200 

.020 
MIN 

1.090 
1.130 

09980A 

.025R 

.045 

.800 
REF 

.890 

.930 

06753J 

* For reference only. All dimensions are measured in inches. BSC is an ANSI standard for Basic Space Centering. 
** Package Under Development 
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PHYSICAL DIMENSIONS* (Continued) 
84-Pin Ceramic Pin Grid Array** 

to----- 1.IOOSQ±.012 ----·1 

PIN NO. 1 INDEX 

DIMENSIONS ARE IN INCHES 

BIA = 3S-4<Y'C/W 

175-Pin Ceramic Pin Grid Array** 

INDEX 

i --i-- -0Jc• O.S-1.0 'C/W 

PIN KOVAR 

.005R.TYP. 

1 

.. L 

NOTE: INDEX PIN MAY OR MAY NOT BE 
ELECTRICALLY CONNECTED TO PIN C2 
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Programmable Gate Array 
Software from AMO 

Programmable Gate Arrays (PGAs) from AMO offer you higher 
levels of system integration with the advantages of user-program­
mability. AMO also provides a complete range of software 
packages to support PGA designs. 

PGAs incorporate flexible blocks of configurable logic in a matrix 
fashion interfaced with a network of programmable interconnec­
tions. This network of logic blocks is surrounded by a ring of 
programmable l/O blocks. This unique architecture offers the 
capability to implement logic designs efficiently and effectively. 
On-chip logic allows configuration data to be loaded automatically 
at power-up, or the device can be reconfigured on-the-fly. 

Designing with PGAs is done quickly and easily with modular 
software packages that run on the IBM-PC. The software allows 
you to enter a design, automatically place and route it, and verify 
function and timing, all within a matter of days. Once you are 
satisfied with the design, the appropriate configuration data can 
be created to personalize the device. Configuration data can 
reside in an EEPROM, EPROM, or ROM on the circuit board or 
on a floppy or hard disk. 

The discussion below outlines the tasks necessary to imple­
ment a PGA design. The complete range of software tools 
available from AMO allows you to accomplish gate array designs 
to 9000 equivalent gates at your desk, reducing design time, cost, 
and risk. 

PGA Design Cycle 
Designing with PGAs is a simple process, and AMO design tools 
are available for every phase in the design cycle. The diagram to 
the right shows the six steps in designing with PGAs. 

Design entry can be accomplished by using the OrCAD/SDT™ 
Ill Schematic Design Tools, available as part of the PGA Bundled 
Development System (AmPGA151). For users with other sche­
matic capture systems already in place, AMO also offers PGA 
interfaces to the Mentor™ and Daisy™ workstations and to the 
FutureNet™ Design package. In addition to the interfaces 
available from AMO, Valid™ workstation interlaces are available 
from Valid Logic Systems. In all cases, you use the PGA symbol 
library that is part of your schematic capture interface package. 

Logic verification is an optional step that can be done at this 
point in the design cycle through the use of a logic simulator. The 
PGA Development System with Simulation (AmPGA251) 
includes the OrCADNST™ simulation tool. PC-SILOS™ 
(AmPGA022) is also available from AMO for simulation. 
Simulation capabilities are also available from supported GAE 
systems. 

DESIGN ENTRY 

l 
LOGIC 

VERIFICATION 

l 
AUTOMATIC 

PARTITION, PLACE 
AND ROUTE 

I 
DESIGN 

OPTIMIZATION 

I EJI 
TIMING 

VERIFICATION 

I 
IN-CIRCUIT 

DESIGN 
VERIFICATION 

PGA Design Flow 
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Automatic partitioning, place and route is performed by the 
Automatic Design Implementation (ADI) software, included in 
each of the bundled development systems. Unused and 
redundant logic is eliminated and Iha design is partitioned into 
PGA resources (logic and 110 blocks). Automatic reduction and 
partitioning allows designers to immediately determine the PGA 
size required, during design definition and entry. During the 
automatic place and route phase of design, users can definetiming 
constraints through critical nets and automatically place and route 
the total design. 

Design optimization can be done either by returning to your 
schematic capture software or through the use of the PGA Design 
Editor. With the design editor, you can perform such tasks as 
moving blocks, rerouting nets and adding or deleting logic. A timing 
calculator, part of the design editor, permits point-to-point timing 
determinations for critical path analysis. 

Timing verification is an optional step that can be done once the 
design has been placed and routed to your satisfaction. 

In-circuit design verification is done in one of three ways. An in­
circuit emulator is available to simulate the circuit (AmPGA028). In 
addition, during design debug, designers can save time by using 
the download cable to transfer the configuration program from the 
PC directly into a PGA under development. Once the design is 
complete, a PROM file is created to be loaded into a PROM via a 
PROM programmer. 

You iterate these steps until your design is correct. You can quickly 
correct design errors by making changes in your original design 
and repeating the subsequent steps. Even if you detect an error 
during in-circuit design verification, you can make corrections 
quickly and easily. 

PGA Bundled Development System with 
Simulation (AmPGA251) 
The PGA Bundled Development System offers complete capa­
bilities for the implementation of a Programmable Gate Array 
design. Packaged together are the OrCAD/SDT Ill Schematic 
Design Tools, OrCADNST Verification and Simulation Tools, 
Automatic Design Implementation, and the PGA Development 
System. 

Each part of a bundled PGA system is designed to perform one of 
the PGA design tasks described above. Below is a summary of the 
features of each of the components of AMD's bundled PGA 
software. 

OrCAD Schematic Design Tools 
OrCAD/SDT Ill is a complete schematic package, designed to 
place Computer Aided Engineering power at the desk of every 
engineer. Easy to use menu driven commands make it possible to 
create, edit, save, and print design schematics. The graphical 
editing capabilities allow single objects or groups of objects to be 
easily moved, replicated, or deleted. OrCAD/SDT Ill can store over 
100 individual macros, each executed with a single keystroke. 

Designs can be eniered hierarchicaiiy io manage ihe compiexiiy 
of large designs. Designers can flag critical timing paths to ensure 
that critical signals are routed with minimum delay. A wide range 
of graphics boards are supported, with an extensive selection of 
printers and plotters for output. ' 
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In addition to the OrCAD/SDT Ill software, all bundled systems 
contain the interface necessary to design for PGAs, and the PGA 
nracro library of almost 300 TTL and SSl/MSI standard family 
equivalents. 

OrCAD Verification and Simulation Tools 
OrCADNST is a full-featured, 12-state, event-driven logic 
simulator, capable of handling designs of 14,000 gates at an 
evaluation speed of 10,000 events per second, and can simulate 
more than 2 billion time units. The package integrates a stimulus 
generator, design linker, and design compiler into a simulation 
environment. A netlist is all that is required to get started. The link 
and compile steps are automatically performed, and the stimulus 
is defined within an integrated pop-up editor, enabling you to 
initialize signals, generate any kind of clock signal, and perform 
test vector definition. 

Definition of signals that are to be traced or displayed is performed 
by the Trace Editor. Displays can be defined as signals or buses. 
Buses can be displayed as binary, octal, decimal or hexadecimal. 
OrCADNSrs logic analyzer style format simplifies data analysis. 
Signals and bus values are easily viewed, displayed as a window 
into the trace buffer. Four zoom levels enable you to magnffy the 
traces. Up to three markers may be placed on the screen to 
measure time intervals quickly. 

In addition to the OrCADNST software, all bundled systems 
contain the interface necessary to use Simulation and Verification 
with PGAs, and the PGA macro library of almost 300 TTL and SSI/ 
MSI standard family equivalents. 

Automatic Design Implementation 
The Automatic Design Implementation package enhances the 
productivity of designers using PGAs by reducing design place­
ment and routing time, and at the same time, maintaining flexibility. 
Designs that are developed incrementally can take advantage of 
automatic placement and routing by locking partial PGA layouts in 
place while automatically placing and routing design additions. 

The automatic placement and routing program is extremely 
flexible. Through placement directives, the user can control tlie 
placement process to achieve the best arrangement for a partic­
ular design. Routing resources can be specified to minimize clock 
skews and signal delays for critical paths. The result is faster 
product development. 

PGA Design System 
The PGA Development System provides users with a complete 
design and development system for specffication and implemen­
tation of designs using PGAs. Functional definition of configurable 
logic blocks (CLBs), input/output blocks (IOBs), and interconnec­
tions is performed with a menu-driven interactive graphics editor. 
Functions are specified by CLB and IOB definitions plus their inter­
connections. The macro library and user-defined macros enable 
the user to easily implement complex functions. The check for logic 
connectivity and design rule violation is easily performed. All 
unused internal nodes are automatically configured to minimize 
power dissipation. 

interactive point-to-point timing deiay caicuiation is provided ior 
timing analysis and critical path determination. This ability enables 
the user to quickly identify and correct timing problems while the 
design is in progress. 



A bundled development system without simulation (AmPGA 151) 
is also available. Each piece of a bundled system may also be 
purchased individually. In addition, for those users who already 
have OrCAD software, a package containing only the PGA 
interface and library provides the necessary components to 
produce PGA designs using OrCAD tools (AmPGA035 and 
AmPGA045). 

Workstation Support 
With the AmPGA151 and AmPGA251 bundled development 
packages, AMD provides a complete, PC-based environment in 
which to design for PGAs. However, support is also available for 

a variety of CAE workstation products. In using one of these 
workstations, you move from the workstation environment to the 
PC environment and back, depending on the task. Below, in the 
diagram of the PGA design tasks, the shaded boxes represent 
tasks performed on the workstation and the white boxes denote 
PC-based tasks. 

Currently, AMD supports workstations from Daisy/Cadnetix, Inc. 
and Mentor Graphics Corporation. A package is available from 
AMD for each of these systems, containing the PGA interface and 
library necessary to design for PGAs. In addition, the PGA 
interface and library for Valid EDA Systems is available from Valid 
Logic Systems. 

AUTOMATIC 
PARTITION, PLACE 

AND ROUTE 

IN-CIRCUIT 
DESIGN 

VERIFICATION 

PGA Design Flow 
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Daisy Schematic Capture and Simulation 
Interfaces. (AmPGA 133) 

The Daisy interfaces from AMO allow the Daisy workstation user 
to enter a PGA design. It includes the following features: 

• Full support of timing verification through back-annotation to 
the CLB or gate level 

• Macro library of over 100 TIL and standard logic family 
equivalents 

• User control of flagging critical paths 

• Use of familiar Daisy design entry methodology 

• Output compatibility with PGA Development Software 

• Hardware, software support 

Hardware platforms: 

·IBM PC/AT 

•Daisy 

Software: 

• DNIX Operating System 

• ACETM /OED graphic schematic editors 

• DLS™ Logic Simulator 

• PGA library 

Mentor Schematic Capture and Simulation 
Interfaces (AmPGA134) 

The Mentor interfaces from AMO allow the Mentor workstation 
user to enter a PGA design. It includes the following features: 

• Full support of liming verification through back-annotation to 
the CLB or gate level 

• Use of familiar Mentor design entry methodology 

• Macro library of over 100 TIL and standard logic family 
equivalents 

• User control of flagging critical paths 

• Output compatibility with PGA Development Software 

• Hardware, software support 

Hardware: 

• All Apollo platforms 

Software: 

• Apollo Aegis Operating System 

• IDEA Applications 

• NETED™ Schematic Editor 

• QuickSIM™ Logic Simulator 
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Valid Schematic Capture and Simulation 
Interfaces 

The Valid/PGA interfaces from Valid Logic Systems allow the Valid 
EDA Systems user to.enter a PGAdesign. It includes the following 
features: 

• Full support of timing verification through back-annotation to 
the CLB level 

• Use of familiar Valid design entry methodology 

• Macro library of over 100 TIL and standard logic family 
equivalents 

• Output compatibility with PGA Development Software 

• Hardware, software support 

Hardware: 

·Sun 

•Digital 

•IBM PC/AT 

•Valid 

Software: 

• ValidGED™ Graphics Editor 

• ValidSIM™ Interactive Logic Simulator 

• ValidTIME™ Timing Verifier 

For more information about the Valid/PGA interface, contact 

Valid Logic Systems 
2820 Orchard Parkway 
San Jose, California 95134 
(408) 945-9400 

Valid International 
Valid House 
39 Windsor Road 
Slough Berkshire 
SL 1 2EE England 
44 (75) 382 0101 

Nihon Valid Logic Systems Co., Ltd. 
Tokyo Building 
2-16-8 Minami-lkebukuro 
Tashima-Ku, Tokyo 171, Japan 
81 3 980 6421 



Symbol Library 
Each schematic interface package includes the LCA library, 
which must be used when entering designs to be implemented in 
an AMD Programmable Gate Array The library contains both 
combinatorial logic primitives and macros. Primitives represent 
the lowest level of logic symbols. Macros are logic functions 
implemented by the use of primitives and/or other macros. The 
following table lists the functions that are available in the various 
interface libraries. An X denotes that the function is available in the 
LCA library for that interface. 

Name Description 

BUFFERS: 

ACLK Alternate clock buffer 
GCLK Global clock buffer 
BUF1 Buffer 
BUF Buffer 
INV1 Inverter 
INV Inverter 

AND, NANO, NOR, OR, XOR, XNOR PRIMITIVES 

GENERAL: 

GADD Adder 
GCOMP Compare 
GEQGT Equal or greater-than comparator 
GLTGT Less-than and greater-than comparator 
GMAJ 4-to-1 majority gate 
GOSC Low frequency resistor-capacitor oscillator 
GXTL Crystal oscillator 
7483 4-bit binary full adder with fast carry 
7485 4-bit magnitude comparator 
74280 9-bit odd/even parity generator/checker 
74283 4-bit binary full adder with fast carry 
74518 8-bit identity comparator 
74521 8-bit identity comparator 
GPAR Parity 
GXOR Exclusive-OR 
GXOR2 Dual exclusive-OR 

INPUT/OUTPUT BUFFERS AND PADS: 

IBUF Input buffer 
OBUF Output buffer 
OBUFZ Output buffer with 3-state control 
INFF JOB configured as a flip-flop 
osc Oscillator 
INLAT JOB configured as an input latch 
BPAD Bi-directional pad 
IPAD Input pad 
UPAD Unbonded pad 
OPAD Output pad 
OUT FF Output flip-flop 
OUTFFZ Output flip-flop with 3-state control 
TBUF Internal 3-state driver 
74125 3-state bus buffer 
74240 Inverted 3-state output buffer 
74241 Octal non-inverting 3-state output buffer 
74244 Octal non-inverting 3-state output buffer 
74245 Octal bidirectional transceiver 
74540 Octal buffer with 3-state outputs 
74541 Octal buffer with 3-state outputs 
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LATCHES: 

LD Data latch with load input x x x x x x x x 
LORD Data latch with load input and reset direct x x x x x x x x 
LOSO Data latch with load input and set direct x x x x x x x x 
LDSRD Data latch with load input, reset and set direct x x x x x 
LDM Data latch with 2-input data multiplexer x x x x x x 
LDMRD Data latch with 2-input data multiplexer and reset direct x x x x x x 
LDMSD Data latch with 2-input data multiplexer and set direct x x x x x x 
DLAT Data latch with set direct and reset direct x x x x 
LRS Data latch with set and reset x x x x x 
7477 4-bit bi-stable latch x x 
74259 8-bit addressable latch x x 
74354 8-to-1 data selector/multiplexer/register x 
74373 Octal latch x 
FLIP-FLOPS: 

OFF Positive edge-tiggered D flip-flop x x 
FD D flip-flop with one data line x x x x x x x x 
FDR D flip-flop with reset x x x x x x x x 
FDS D flip-flop with set x x x x x x x x 
FORD D flip-flop with reset direct x x x x x x x x 
FDSD D .flip-flop with set direct x x x x 
FDSRD D flip-flop with set and reset direct x x x x 
POFF D flip-flop with positive edge clock x 
NDFF D flip-flop with negative edge clock x 
FDC D flip-flop with clock enable x x x x x x x x 
FDCR D flip-flop with clock enable and reset x x x x x x x x 
FOGS D flip-flop with clock enable and set x x x x x x x x 
FDM D flip-flop with 2-input data multiplexer x x x x x x x x 
FDMR D flip-flop with 2-input data multiplexer and reset x x x x x x x x 
FDMS D flip-flop with 2-input data multiplexer and set x x x x x x x x 
FDMRD D flip-flop with 2-input data multiplexer and reset direct x x x x x x x x 
FDMSD D flip-flop with 2-input data multiplexer and set direct x x x x 
FDCRD D flip-flop with clock enable and reset direct x x x x 
DFF1 D flip-flop with set direct and reset direct x x x x 
74174 Hex D flip-flop with clear x x 
74273 Octal. D flip-flop with clear x x 
74374 Octal D flip-flop x 
74377 Octal D flip-flop with enable x x 
74577 Octal D flip-flop with 3-state outputs x I 
FSR Set and reset flip-flop with set dominant over reset x x x x x x x x 
FRS Set and reset flip-flop with reset dominance over set x x x x x x x x 
FJK J-K flip-flop x x x x x x x x 
FJKS J-K flip-flop with synchronous set x x x x x x x x 
FJKRD J-K flip-flop with reset direct x x x x x x x x. 
FJKSD J-K flip-flop with set direct x x x x 
FJKSRD J-K flip-flop with set and reset direct x x x x 
FTO SeH-toggle flip-flop x x x x x x x x 
FTOR Self-toggle flip-flop with reset x x x x x x x x 
FTORD 2-input toggle flip-flop with reset direct x x x x x 
FT Toggle flip-flop x x x x x x x x 
FTP Toggle flip-flop with parity enable x x x x x x x x 
FTP RD Toggle flip-flop with parity enable and reset direct x x x x x x x x 
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FTR Toggle flip-flop with reset x x x x x x x x 
FTRD 2-input toggle flip-flop x x x x x x x 
FTS Toggle flip-flop with set x x x x x x x x 
FT2 2-input toggle flip-flop x x x x x x 
FT2R 2-input toggle flip-flop with reset x x x x x x 
DECODERS/ENCODERS: 

D2-4 1-of-4 decoder x x x x x x x x 
D2-4E 1-of-4 decoder with enable x x x x x x x x 
74-139 1-of-4 single decoder with low output and enable x x x x x x x x 
D3-8 1-of-8 decoder x x x x x x x x 
D3-8E 1-of-8 decoder with enable x x x x x x x x 
74-138 1-of-8 decoder with enables and low output x x x x x x x x 
74-42 1-of-1 O decoder with low output x x x x x x x x 
7442 4-to-10-line decoder x x 
7448 BCD-to-7-segment decoder/driver x x 
74138 1-of-8 decoder/demultiplexer x x 
74139 1-of-4 decoder/demultiplexer x x 
74147 1 O-line-to-4-line priority encoder x x 
74148 8-line-to-3-line priority encoder x x 
74154 4-line-to-16-line decoder/demultiplexer x x 
MULTIPLEXERS: 

GMUX 2-to-1 mux x x x x x x x x 
M3-1 3-to-1 multiplexer x x x x x x x x 
M3-1E 3-to-1 multiplexer with enable x x x x x x x x 
M4-1 4-to-1 multiplexer x x x x x x x x Ell 
M4-1E 4-to-1 multiplexer with enable x x x x x x x x 
74-352 4-to-1 multiplexer with low output and enable x x x x x x x x 
M4-2 4-to-2 multiplexer x x x x x 
MS-1 8-to-1 multiplexer x x x x x x x x 
M8-1E 8-to-1 multiplexer with enable x x x x x x x x 
74-151 8-to-1 multiplexer with enable and complementary outputs x x x x x x x x 
74-152 8-to-1 multiplexer with low output x x x x x x x x 
74151 8-input multiplexer with strobe x x 
74152 8-input multiplexer x x 
74153 Dual 4-line-to=1 =line data selector/multiplexer x x 
74157 Quadruple 2-line-to-1-line data selector/multiplexer x x 
74158 Quadruple 2-line-to-2-line data selector/multiplexer x x 
74257 Quad data selector/multiplexer x 
74258 Quad data selector/multiplexer x 
74298 Quadruple 2-input multiplexer with storage x x 
74352 Dual 4-line-to-1-line data selector/multiplexor x x 
REGISTERS: 

RD4 4-bit data register with clock x x x x x x x x 
RDS 8-bit data register with clock x x xx x x x x x 
RDS CR 8-bit data register with clock enable and reset x x x x x x x x 
RS4 4-bit shift register with clock x x x x x x x x 
RSS 8-bit shttt register x x x x x x x x 
RSSCR 8-bit shift register with clock enable and reset x x x x x x x x 
74-194 4-bit bidirectional shift register with clock, x x x x x x x x 

parity enable and reset direct 
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74-195 4-bit serial-to-parallel shift register with clock, x x x x x x x x 
parity enable and reset direct 

RS8PR 8-bit shift register with clock, parity enable, and reset x x x x x x x x 
RS8R 8-bit shift register with clock and reset x x x x x x x x 
74-164 8-bit serial-to-parallel shift register with clock x x x x x x x x 

and reset direct 
RD4RD 4-bit data register with clock and reset direct x x x x x 
RD8RD 8-bit data register with clock and reset direct x x x x x 
RS4C 4-bit shift register with clock enable x x x x x 
RS4CR 4-bit shift register with clock enable and reset x x x x x 
RS4CRD 4-bit shift register with clock enable and reset direct x x x x 
RS4RD 4-bit shift register with reset direct x x x x x 
RS8C 8-bit shift register with clock enable x x x x x 
RS8CRD 8-bit shift register with clock enable and reset direct x x x x 
RS8RD 8-bit shfit register with reset direct x x x x x 
74164 8-bit parallel-out serial shift register x x 
74166 Parallel load 8-bit shift register x x 
74179 4-bit parallel-access shift register x x 
74194 4-bit bidirectional universal shift register x x 
74195 4-bit parallel-access shift register x x 
"74198 8-bit bidirectional shift register x x 
74199 8-bit shift register with clock inhibit x x 
74278 4-bit cascadable priority register x x 
74299 8-bit universal shift register x 
74323 8-to-1 universal shift/storage register x 
74595 8-bit shift register with output register x 
COUNTERS: 

Modulo 2: 

C2BCR 1-bit binary counter with clock and reset x x x x x x x x 
C2BCRD 1-bit binary counter with clock and reset direct x x x x x x x x 
C2BCP 1-bit binary counter with clock and parity enable x x x x x 
C2BCPRD 1-bit binary counter with clock, parity enable and reset direct x x x x x 
C2BP 1-bit binary counter with clock and parity enable x x x x x x x x 
C2BR 1-bit binary counter with clock and reset x x x x x x x x 
C2BRD 1-bit binary counter with reset direct x x x x x x x x 
Modulo 4: 

C4BCP 2-bit binary counter with clock and parity enable x x x x x x x x 
C4BCPRD 2-bit binary counter with clock enable and reset direct x x x x x 
C4BCR 2-bit binary counter with clock enable and reset x x x x x x x x 
C4BCRD 2-bit binary counter with clock enable and reset direct x x x x x x x x 
C4JCR 2-bit Johnson counter with clock enable and reset x x x x x x 
C4JX 2-bit shift expandable Johnson counter x x x x x 
C4JXC 2-bit expandable Johnson counter with clock enable x x x x x 
C4JXCR 2-bit expandable Johnson counter with clock enable and reset x x x x x 
C4JXCRD 2-bit expandable Johnson counter with clock enable and reset direct x x x x 
C4JXRD 2-bit expandable Johnson counter with reset direct x x x x x 
Modulo 6: 

C6JCR 3-bit Johnson counter with clock enable and reset x x x x x x x x 
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Modulo 8: 

CSBCP 3-bit binary counter with clock and parity enable x x x x x x x x 
C8BCPRD 8-bit binary counter with clock, parity enable x x x x x 

and reset direct 
C8BCR 3-bit binary counter with clock enable and reset x x x x x x x x 
C8BCRD 3-bit binary counter with clock enable and reset direct x x x x x x x x 
CBJCR 4-bit Johnson counter with clock enable and reset x x x x x x x x 
Modulo 10: 

C10BCPRD 4-bit BCD counter with clock, parity enable, and reset direct x x x x x x x x 
C10BCRD 4-bit BCD counter with clock enable and reset direct x x x x x x x x 
74-160 4-bit BCD counter with clock, parity enable, and reset direct x x x x x x x x 
74-162 4-bit binary counter with reset x x x x x 
C10BPRD 4-bit BCD counter with clock, parity enable, and reset direct x x x x x x x x 
C10JCR 5-bit Johnson counter with clock enable and reset x x x x x x x x 
74160 Synchronous presettable 4-bit decade counter x x 
74162 Presettable decade counter with synchronous clear x x 
74168 Synchronous 4-bit up/down decade counter x x 
74390 4-bit decade counter with clear x x 
Modulo 12: 

C12JCR 6-bit Johnson counter with clock enable and reset x x x x x x x x 
Modulo 16: 

C16BARD 4-bit binary ripple counter with clock and reset direct x x x x x x x x 
C16BCRD 4-bit binary counter with clock enable and reset direct x x x x x x x x 
C16BCPR 4-bit binary counter with clock, parity enable, and reset x x x x x x x x 
C16BCPRD 4-bit binary counter with clock, parity enable, and reset direct x x x x x x x x 
C16BCP 4-bit binary counter with clock, parity enable x x x x 
74-161 4-bit binary counter with clock and reset direct x x x x x x x x 
74-163 4-bit binary counter with reset x x x x 
C16BPRD 4-bit binary up counter with clock, parity enable, and reset direct x x x x x x x x 
C16BUDRD 4-bint binary up-down counter with clock, parity enable, x x x x x x x x 

and reset direct 
C16JCR 8-bit Johnson counter with clock enable and reset x x x x x x x x 
74161 Synchronous presettable 4-bit binary counter x x 
74163 Synchronous binary counter with synchronous clear x x 
74169 Synchronous 4-bit up/down binary counter x x 
74393 4-bit binary counter with clear x x 
74590 8-bit binary counter with output register x 
Modulo 256: 

C256FCRD 8-bit modulo 256 feedback shift register with x x x x x x x x 
clock enable and reset direct 

C256BCP 8-bit binary counter with clock, parity enable x x x x x 
C256BCPR 8-bit binary counter with clock, parity enable, x x x x x 

and reset direct 
C256BCR 8-bit binary counter with clock enable and reset x x x x x 
C256BCRD 8-bit binary counter with clock enable and reset direct x x x x 
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FLAGS: 

c Critical signal flag x x 
L Longline signal flag x x 
N Non-critical signal flag x x 
x Explicit signal flag x x 
K K pin for clock x x 
G G pin for clock x x 
I Input (C) pin for clock x x 
CLB 
CLB CLB primitive x x 
IOB PRIMITIVES: 

IOB IOB primitive x x 
PADS: 
PIN Input pad x x 
PINO Input pad with registered input x x 
PINR Input pad with registered and direct input x 
PIO lnpuVoutput pad x x 
PIOC x 
PIOQ lnpuVoutput pad with registered input x x 
PIOQC x 
POUT Output pad x x 
POUTC x 
POUTQ Output pad with registered output x 
POUTZ Output pad with 3-state control x x 
PREG Pad with data register x x 
PREG2 Pad with 2-bit shift register x 
RESISTORS: 

PULLUP Pullup resistor x x x 
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Ordering Information 
Software Ordering Tree 
The following chart shows how to order PGA software. A complete 
list of the available software is shown on the following page. 
Bundled packages are available, making it easier for you to select 

the package you need for your PGA design tasks. The diagram 
shown below indicates how the various packages are combined to 
make up the various package bundles. 

Product Number 

AmPGA021 SW/ xx l_ 
______ T_, Media Type 

(e.g., 021 = PGA Development System) 

Product Type 

SW = Software 

HW = Hardware 

MA = Maintenance Agreement 

Common Designators for xxyy 

System xxyy 

IBM PC-AT or compatible 1024 

IBM PS/2 1314 

Apollo with cartridge tape 0909 

Apollo with magnetic tape 0912 

Daisy 1424 

Available Development Tools 
Bundled software systems: 

AmPGA151 PGA Bundled Development System 
(Includes AmPGA021, AmPGA023, and 
AmPGA135) 

AmPGA251 PGA Bundled Development System with 
Simulation 
(Includes AmPGA021, AmPGA023, 
AmPGA135, and AmPGA145) 

Development software: 

AmPGA021 PGA Design System 

AmPGA023 Automatic Design Implementation 

Schematic Capture software: 

AmPGA 135 OrCAD Schematic Capture, PGA Interface and 
Library 

AmPGA035 

AmPGA031 

(Includes OrCAD/SDT Ill and AmPGA035) 

OrCAD Schematic Capture Interface and PGA 
Library 

FutureNet Schematic Capture Interface and 
PGA Library 

09 = 0.25" RBAK Cartridge 

11 = 5.25" OS DD 

12 = 9-trk mag tape, 1600 bpi 

14 = 3.5" OS HD 

22 = 3.5" OS DD 

24 = 5.25" OS HD 

Host 

09 =Apollo 

10 =AT Class 

11 = XT Class 

13 = PS/2 Class 

14 =Daisy DNIX 

Simulation software: 

AmPGA145 

AmPGA045 

AmPGA022 

OrCAD Simulation, PGA Interface and Library 
(Includes OrCAD/VST and AmPGA045) 

OrCAD Simulation Interface and PGA Library 

PC-SILOS Simulator 

Workstation Support software: 

AmPGA133 Daisy Schematic Capture and Simulation 
Interfaces and PGA Library 

AmPGA134 Mentor Schematic Capture and Simulation 
Interfaces and PGA Library 

In-Circuit Emulation: 

AmPGA026 

AmPGA027 

AmPGA028 

Programmer: 

In-Circuit Emulator Universal Emulation Pod 

In-Circuit Emulator Emulation Header 

Jn-Circuit Emulator Emulation Controller Box 

AmPGA081 Serial Configuration PROM Programmer 
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Bundled Software Components 

AmPGA251 

AmPGA145 

OrCADNST AmPGA021 

OrCAD 
SIMULATION 

AMO 
LIBRARIES/ 
INTERFACE 

Minimum System Requirements 
PC-Based software 

• IBM PC-AT or 100% compatible 

• MS-DOS Version 3.0 or higher 

• 20 megabytes of available hard disk space 

• 640 kilobytes base RAM memory 

• Up to 6 megabytes RAM extended memory 

DESIGN 
SYSTEM 

Device design 
206412018/3020 

3030 

Memory required 

3042 

3064 

3090 

2.0 Mpytes total (base + extended) 

3.0Mbytes 

3.5 Mbytes 

5.0 Mbytes 

6.0 Mbytes 

• Mouse - Mouse Systems, PC Mouse, Logitech, or compatible 

• EGA or VGA color video adapter and display 
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AmPGA151 

AUTO 
PLACE 

AND ROUTE 

OrCAD/SDTlll 

OrCAD 
SCHEMATIC 
CAPTURE 

Software Updates 

AMO/ 
LIBRARIES 
INTERFACE 

AMO continues to make available to all users of PGA Development 
Software improvements and enhancements. Updates are provid­
ed free to all users who return their registration cards for one year 
following purchase. After that, you may purchase a Software 
Maintenance Agreement, to ensure continual updating of your 
software. 
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