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The Designers' Choice 

Advanced Micro Devices, the newest giant among the major semiconductor 
manufacturers, otters a product portfolio numbering over 800 complex, 
monolithic, integrated circuits with emphasis on microprocessors, memories and 
their related peripheral circuits. 

Included herein are selected data sheets and application notes on several 
recently introduced key AMD® circuits. And, a full set of various indexes and 
cross reference charts. 

Advanced Micro Devices, the Designers' Choice, the company with the 
commitment - A Commitment to Excellence - where all devices are 
manufactured in compliance with MIL-STD-883, MIL-M-38510 and MIL-Q-9858. 
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PRODUCT ASSURANCE 
MIL-M-38510 • MIL-STD-883 

The product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, and 
confirms the product quality at critical points. Standardization under this program assures that all products meet military and 
government agency speCifications for reliable ground applications. Further screening for users desiring flight hardware and other 
higher reliability classes is simplified because starting product meets all initial requirements for high-reliability parts. 

The quality standards and screening methods of this program are equally valuable for commercial parts where equipment must 
perform reliably with minimum field service. 

Two military documents provide the foundation for this program. They are: 

MIL-M-38510 - General Specification for Microcircuits 
MIL-sTD-883 - Test Methods and Procedures for Microelectronics 

MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated 
circuits. All circuits manufactured by Advanced Micro Devices for full temperature range (-55°C to + 125°C) operation meet these 
qUC\lity requirements of MIL-M-38510. 

MIL·STD-883 defines detail testing and inspection methods for integrated circuits. Three of the methods are quality and processing 
&tlIndlilrds directly related to product, assurance: 

Test Method 2010 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly 
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Standard inspection at 
Advanced Micro Devices includes all the requirements of the latest revision of Method 2010, condition B. 

Test Method 5004 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and 
screening stresses. The classes are: 

, Class C - Used where replacement can be readily accomplished. Screening steps are given in the AMD processing flow 
chart. ' 

Class B - Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class 
C to Class B by 160-hour burn-in at 125°C followed by more extensive electrical measurements. All other screening 
requirements are the same. 

Class S - Used where replacement is extremely difficult and reliability is imperative. Class S screening selects extra 
reliability parts by expanded visual and X-ray inspection, further burn-in, and tighter sampling inspection. 

All hermetically sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to 
Mf[·STD-883, Class C. Molded integrated circuits receive Class C screening except that centrifuge and hermeticity steps are 
omitted. 

Optional extended processing to Mll-STO-883, Class B is available for all AMD integrated circuits. Parts procured to this screening 
are marked with a "-B" following the standard part number, except that linear 100, 200 or 300 series are suffixed "/883B". 

Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels are 
given for Group A (electrical), Group B (mechanical quality related to the user's assembly environment), Group C (die 
related tests) and Group D (package related tests). Group A tests are always performed; Group B, C and 0 may be 
specified by the user. ' 
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Product Assurance 

MANUFACTURING, SCREENING AND INSPECTION 
FOR 

INTEGRATED CIRCUITS 

All integrated circuits are screened to MIL-STO-883, Method 5004, Class C; quality conformance inspection where 
required is performed to Class B quality levels on either Class B or Class C product. 

All full-temperature-range (-55°C to + 125°C) circuits are manufactured to the workmanship requirements of MIL-M-
38!'i10. 

The flow chart identifies processing steps as they relate to MIL-STO-883 and MIL-M-38510. 

HERMETIC PACKAGE 
PROCESS 

2 

3 

4 

5 

6 

7 

8 

9 

STANDARD PROCESSING 
CLASS C 

Steps 1 Through 25 

INSPECTION 

Purchased or fabricated starting materials are inspected for conformance 
to specified requirements. I nspection follows written procedures, and 
records are analyzed for supplier quality negotiations. 

WAFER FABRICATION 

Repeated masking, etching and diffusion processes produce finished dice 
in wafer for m. 

IN-PROCESS INSPECTION 

Each wafer is inspected prior to irreversible process steps. 

FINISHED WAFER INSPECTION 

Sample wafers from each finished diffusion lot are inspected to confirm 
lot quality before release for test and assembly. 

WAFER ELECTRICAL TEST 

Electrical probe test of every die. A computer-controlled system measures 
static and dynamic parameters and identifies dice that do not meet 
electrical requirements. 

DIE SEPARATION 

Wafers are separated into individual dice and electrical rejects are removed. 

VISUAL INSPECTION 

Separated dice are inspected and selected at high magnification. 

QUALITY INSPECTION 

Decisions at the 100% inspection are reviewed through periodic random 
sampling, confirming product quality and revealing any need for operator 
retraining. 

DIE ATTACH 
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PROCESS 



10 

11 

12 

13 

14 

15a 

15b 

16 

17 

18 

19 

20 

QUALITY INSPECTION 

Strength of die attachment, position of die and visual quality of eutectic 
wetting are confirmed periodically by inspecting random samples and 
push-testing the attached dice_ 

WIRE BOND 

Hermetic: Aluminum wires, ultrasonic bonding_ 

Molded: Gold wires, thermocompression bonding. 

QUALITY INSPECTION 

Weld strength, bond size and position, wire dress and general workmanship 
are confirmed periodically by comparing random samples with assembly 
instructions and quality standards. Bond strength is plotted on statistical 
control charts, providing early warning of process drifts. 

INTERNAL VISUAL INSPECTION 

Assembled but unsealed units are individually inspected at low and high 
power. 

QUALITY STANDARDS: 

All devices - MIL-STD-883, Method 2010, Condition B (latest revision). 
Full temperature devices - MIL-M-38510, Para. 3.7 for workmanship (re
bonding limits). 

QUALITY INSPECTION 

Decisions at the 100% inspection are reviewed through periodic random 
sampling, providing confirmation of product quality and revealing any 
need for operator retraining. 

FINAL SEAL 

(Hermetic devices) 

ENCAPSULATE 

(Molded Devices) 

HIGH TEMPERATURE STORAGE 

MI L-STD-883, Method 1008, Condo C: 150°C, 24 hr 

TEMPERATURE CYCLE 

MIL-STD-883, Method 1010, Condo C: -65°C, +150°C, 10 cycles 

CENTRIFUGE 

MI L-STD-883, Method 2001, Condo E: 30,000 G 

SEAL (HERMETICITY) TEST 

MI L-STD-883, Method 1014, Condo A or B: Fine Leak 
MIL-STD-883, Method 1014, Condo C2: Gross Leak 

ELECTRICAL TEST 

MIL-STD-883, Method 5004, Para_ 3.1.12: Static, dynamic, functional 
tests at 25°C or in certain products at the most critical extreme tempera
ture to assure accuracy of device selection. 
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Product Aeaurance 

21 

22 

23 

24 

25 

Subgroup 1 -, st~tjc tests at 25· C 

QUALITY GROUP A ELECTRICAL TEST (TABLE I) 

MIL-STD-883. Method 5OQ5. See the table below. Quality levels 
as defined for Class B are applied to both Class B and Class C 
parts. Proven correlations supported by periodic reconfirma
tion may be used for some parameters. 

MARK. INSPECT. PACK FOR SHIPMENT 

QUALITY INSPECTION. PRE-SHIPMENT 

Confirmation of marking. physical quality. and product identity. 

QUALITY INSPECTION FOR SHIPMENT RELEASE 

Confirmation of product type. count, package. 
Confirmation of completion of all process requiremehts. 
Confirmation of required documentation. 

SHIP TO CUSTOMER 

This AMD standard product meets screening requirementS of 
MIL-STD-883. Class C. 

GROUP A ELECTRICAL TESTS 
From ML~. Method 5005, Table I 

Subgroups 

Subgroup 2 -' Static tests at maximum rated operating temperature 

Subgroup 3 - Static tests at minimum rated operating temperature 

Subgroup 4 - Dynamic tests at 25·C - Linear devices 

Subgroup 5 - Dynamic tests at maximum rated operating temperature - L.Jnear devices 

Subgroup 6 -,Dynamic tests at minimum rated operating temperature - Linear devices 

Subgroup 7 - Functional tests at 25"C 

Subgroup 8 - Functional tests at maximum and minimum rated operating temperatures 

Subgroup 9 -,switching tests at 25·C - Digital devic,es 

Subgroup 1,0'- Switching tests at-maximum rated operating temperature - Digital devices (Note 2)' 

Subgroup 11 ;.. Switching tests at minimum rated operating temperature - Digital devices (Note 2) 

LTPD Initial 
(Note 1) SampieSiz8 

5; 45 

'7 32 

7 32 

5 45 

7 32 

7 32 

5 45 

10 22 

7 32 

10 10 

10 10 

1. Sampling plans are based on L TPD tables of MIL-M-38510. Thumaller initial sample size, based on zero rej8cts alloWed, has been chosen 
unless otherwise indicated. If necessary. the sample size will,ba increased once to the quantity corresponding to an acceptance number 
of 2. The minimum reject number in all cases is 3. 

2. These subgroups are usually performed during initial device characteriza~ion only. 
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OPTIONAL EXTENDED PROCESSING 
CLASS B 

Steps 101 Through 110 

Product Assurance 

Advanced Micro Devices offers several extended processing options to meet customer 
high-reliability requirements. These are defined in AMD document 00-003. The flow chart 
below outlines Option B, a 160-hr burn in. Military temperature range devices processed to 
this flow (in the left column) meet the screening requirements of MIL-STD-BB3, Class B. 

MILrrARY RANGE 

HERMETIC PACKAGES 

101 

102 

103 

104 

105 

106 

107 

108 

110 

BEGINNING MATERIAL 

Standard product taken after completion of step 20 (electrical test) 

BURN IN 

MIL-STD-883, Method 1015: 160 hr,125°C, or time-temperature equiva
lents as allowed by Method 1015. 

FINAL ELECTRICAL TEST 

MIL-STD-883, Method 5004. 

Military: Testing subgroups as defined for Class B. Static and functional 
at 3 temperatures, dynamic or switching at room temperature. 
Commercial: Repeat step 20. 

QUALITY GROUP A ELECTRICAL SAMPLE (TABLE I) 

MIL-STD-883, Method 5005 and Table I. Quality levels as defined for 
Class B. Temperature correlations may be used on' commercial prod
ucts. 

QUALITY CONFORMANCE TESTS, GROUPS B, C, AND 0 

MIL-STD-883, Method 5005. Sample life and environmental tests if re
quired by purchase order. Further information on specifying this is given 
in AMD document 00-003. 

DATA PREPARATION AND REVIEW 

MARK, INSPECT, PACK FOR SHIPMENT 

Standard AMD parts with this burn-in option are marked with" -B" after 
the part number, except that linear 100, 200 or 300 series are suffixed 
"/8838". 

QUALITY INSPECTION, PRE-8HIPMENT 

Confirmation of marking, physical quality, and product identity. 

QUALITY INSPECTION FOR SHIPMENT RELEASE 

Final review of shipment against order. 

SHIP TO CUSTOMER 

Military temperature range parts meet screening requirements of MIL
STD-883, Class B. 

D 



Product Assurllnce 

OTHER OPTIONS 

Document 00-003, "Extended Processing Options", further defines Option B as well as other 
screening or sampling options available or special order. Available options are listed here for 
reference. . 

Option Description Effect 

A Modified Class A screen Provides space-grade product, fol-
(Similar to Class S screening) lowing most Class S requirements 

of MIL-STD-883, Method 5004. 

B 160-hr operating burn in Upgrades a part from Class C 
to Class B. 

X Radiographic inspection (X-ray) Related to Option A. Provides 
limited intemal inspection of 
sealed parts. 

S Scanning Electron Microscope Sample inspection of metal 
(SEM) metal inspection coverage of die. 

V Preseal visual· inspection to More stringent visual inspection 
MIL-STO-883, Method 2010, of assemblies and die surfaces 
Condo A prior to seal. 

P Particle impact noise (PIN) Detects loose particles of 
screen with ultrasonic detection. approximately 0.5 mil size or larger, 

which could affect reliability in 
zero-G or high vibration applications. 

Q Quality conformance inspection Samples from the lot are stressed 
(Group B, C and o life and and tested per Method 5005. 
environmental tests) The customer's order must state 

which groups are required. 
Group B destroys 16 devices; 
Group C, 92 devices; Group D, . 
60 devices. 

Document 15-010 Rev. E, Jan. I, 1978 
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Interface Circuits 

• Alpha-Numeric Cross Reference 
• Selection Guide 

Am2600 
Am54/74221 
Am9600 
Am9601 
Am2602 
Am26123 
Am28L02 
Am26LI23 
Am28S02 
Am54/74123 
Am9602 
Am96LOZ 

Am8212 
Am8218 
Am8224 
Am8228 
Am8228 
Am8238 
Am8303B 
Am8304B 

t In development 

Am555 
Am556 

AmOO28 
ArnII056 
Am3804 
Am75207 
Am75208 

ADVANCED 
INTERFACE PRODUCTS 

2-1 

GENERAL PURPOSE 
LINE 

DRIVERS/RECEIVERS 

AmI6/3603 
Am2814 
Am2615 
Am26LS33 
Am55175107B 
Am55/75108B 
Am55175109 

Am55I75110 
Am78l8ll2O 
Am78/8820A 
Am78/8830 
Am78/8831 
Am78/8832 
Am9814 
Am9815 
Am9620 
Am9621 
Aml6/3692 

Am25LS240 
Am25LS241 
Am25LS244 
Am54/74LS240 
Am54/74LS241 
Am54/74LS244 
Am54/74S240 
Am54/74S241 
Am54/74S244 
Am71/81LS95 
Am71/81LS96 
Am71/81 LS97 
Am71/81 LS98 

EIA RS-232C 
MIL-8TD-I88 

2-2 
2-4 

EIA flS.422/423 
FEDERAL STD. 1020/30 

Aml488 
AmI489 
Aml489A 
Am2818 
Am2617 
Am9618 
Am9617 
Am26LS29 
Am29LS30 
Am26LS31 
Am29LS32 

Am25LS243 AIII3212 
Am25LS243 Am3218 
Am28S10 Am3228 
Am28S11 t Am3448A 
Am28S12 Am54/74LS243 
Am28S12A Am54/74LS243 
Am2805 +Am54/74S242 
Am2808 'Am54174S243 
Am2907 Am78/8838 
Am2908 Am8212 
AmZ915A Am8218 
Am2915A Am8228 
Am2917A 'AmII303B 

Am83048 
Am8T28A 
Am8T28 



ALPHA NUMERIC CROSS REFERENCE 
This list includes devices which can be replaced directly by an Advanced Micro Devices product. In some cases an alternate source 
vendor may not choose to use the same part number as the original manufacturer. To minimize the number of marking options we 
recommend ordering the device by the original source designation, as noted in this list. 

DEVICE DESCRIPTION ORDER # DEVICE DESCRIPTION ORDER # 

Am25LS240 Octal Inverting Buffer/Driver AM25LS240 051691 EIA RS-4221423 Line Driver AM26LS30 
Am25LS241 Octal Non-Inverting Buffer/Driver AM25LS241 DS1692 Dual Differential Driver 051692 
Am25LS242 Quad Inverting Transceiver AM25LS242 053603 Dual Differential Line Receiver 053603 
Am25LS243 Quad Non-Inverting Transceiver AM25LS243 053604 Dual MOS Sense Amp 053604 
Am25LS244 Octal Non-Inverting Buffer/Driver AM25LS244 053691 EIA RS-4221423 line Driver AM26LS30 
Am2600 One·Shot AM2600 053692 Dual Differential Driver DS3692 
Am2602 Dual One-Shot AM2602 0555107 Dual Differential Line Receiver SN55107B 
Am2614 Quad Line Driver AM2614 0555108 Dual Differential Line Receiver SN55108B 
Am2615 Dual Line Receiver AM2615 0555109 Dual Differential Line Driver SN55109 
Am2616 EIAIMIL 166C Quad Line Driver AM2616 0555110 Dual Differential Line Driver SN55110 
Am2617 E IA Quad Line Receiver AM2617 DS75107 Dual Differential Line Receiver SN75107B 
Am26123 Dual One-Shot AM26123 0575108 Dual Differential Line Receiver SN55108B 
Am26L02 Low·Power, Dual One-Shot AM26L02 0575109 Dual Differential Line Driver SN75109 
Am26L123 Low-Power, Dual One-Shot AM26L123 DS75110 Dual Differential Line Driver SN75110 
Am26LS29 Quad EIA RS-423 Line Driver AM26LS29 DS7820 Dual Differential Line Receiver DM7820 
Am26LS30 EIA RS-422/423 Line Driver AM26LS30 DS7820A Dual Differential Line Receiver DM7820A 
Am26LS31 Quad Differential Line Driver AM26LS31 DS7831 Three·State Line Driver DM7831 
Am26LS32 Quad Line Receiver EIA RS·422/423 AM26LS32 DS7832 Three-State Line Driver DM7832 
Am26LS33 Quad Line Receiver AM26LS33 DS7838 Unified Quad Bus Transceiver DS7638 
Am26S02 Dual One·Shot AM26S02 DS8820 Dual Differential Line Receiver DM6620 
Am26S10 Quad Inverting Bus Transceiver AM26S10 DS8820A Dual Differenllal Line Receiver DM8820A 
Am26S11 Quad Non-Inverting Bus Transceiver AM26S11 DS8830 Dual Differential Line Receiver DM8830 
Am26S12 Quad Bus Transceiver (Hysteresis) AM26S12 DS8831 Three·State Line Driver DM8831 
Am28S12A Quad Bus Transceiver (Hysteresis) AM26S12A DS8832 Three·State Line Driver DM6632 
Am2905 Quad LSI Bu's Transceiver - O.C. AM2905 DS8838 Unified Quad Bus Transceiver PSS838 
Am2906 Quad LSI Bus Transceiver - D.C. AM2906 LM163 Dual Differenllal Line Receiv,!r DSI603 
Am2907 Quad LSI Bus Transceiver - O.C. AM2907 lM363 Dual Differential Line Receiver DS3603 
Am2908 Quad LSI Bus Transceiver - O.C. AM2908 LM363A Dual MOS Sense Amp/Line Receiver DS3604 
Am2915A Quad LSI Bus Transceiver - Three-State AM2915A LM555 Precision Timer SE555 
Am2916A Quad LSI Bus Transceiver - Three-State AM2916A LM555C Precision Timer NE555 
Am2917A Quad LSI Bus Transceiver - Three-State AM2917A LM556 Dual Precision Timer SE556 

tDP7303B Octal Inverting Transceiver DP7303B LM556C Dual Precision Timer NE556 
tDP7304B Octal Bidirectional Transceiver DP7304B LM1488 Quad EIA Line Driver MCI488 
Am8212 8·Bit I/O Port for 9080Al8080A AM8212 LM1489 Quad EIA Line Receiver MC1489 
Am8216 Quad Bus Driver for 9080Al8080A AM8216 LM1489A Quad EIA Line Receiver MC1489A 
Am8224 Clock Generator for 9080Al8080A AM8224 LM55107 Dual Differential Line Receiver SN55107B 
Am8226 Quad Bus Inverter for 9080Al8080A AM8226 LM55108 Dual Differential Line Receiver SN55108 
Am8228 System Controlier for 9080Al8080A AM8228 LM55109 Dual Differential Line Driver SN55109 
Am8238 System Controlier for 9080Al8080A AM8238 LM55110 Dual Differential Line Driver SN55110 
DM54123 Dual One-Shot SN54123 LM75107 Dual Differential line Receiver SN75107B 
DM71 LS95 Octal Non·lnverting Buffer/Driver DM71 LS9!i LM75108 Dual Differential Line Receiver LM75108B 
DM71 LS96 Octal Inverting Buffer/Driver DM71 LS96 LM75109 Dual Differential line Driver SN75109 
DM71 LS97 Octal Non-Inverting Buffer/Driver DM71 LS97 LM75110 Dual Differential Line Driver SN75110 
DM71 LS98 Octal Inverting Buffer/Driver DM71 LS98 LM7520 Dual Sense Amp; :t4mV Threshold SN7520 
DM74123 Dual One-Shot SN74123 LM7521 Dual Sense Amp; :t7mV Threshold SN7521 
DM7820 Dual Differential Line Receiver DM7820 LM7524 Dual Sense Amp; :t4mV Threshold SN7524 
DM7820A Dual Differential Line Receiver DM7820A LM7525 Dual Sense Amp; :t7mV Threshold SN7525 
DM7830 Dual Differential Line Receiver DM7830 LM75325 Core Memory Driver SN75325 
DM7831 Three-Siaia Line Driver DM7831 MC1455 Precision Timer NE555 
DM7832 Three-State Line Driver DM7832 MC1488 Quad EIA Line Driver MC1488 
DM81 LS95 Octal Non·lnvertlng Buffer/Driver DM81 LS95 MC1489 Quad EIA Line Receiver MC1489 
DM81 LS96 Octal Inverting Buffer/Driver DM81 LS96 MC1489A Quad EIA Line Receiver MC1489A 
DM81 LS97 Octal Non-Inverting Buffer/Driver DM81 LS97 MC1555 Precision Timer SE555 
DM81 LS98 Octal Inverting Buffer/Driver DM81 LS98 tMC3448A IEEE·488 Quad Transceiver MC3448A 
DM8601 One-Shot 9601·C MC3456 Dual Precision Timer NE556 
DM8602 Dual One-Shot ' 9602·C MC3556 Dual Precision Timer SE556 
DM8820 Dual Differential Line Receiver DM6620 MC8601 One-Shot 9801·C 
DM8820A Dual Differential Line Receiver DM6620A MC8602 Dual One-Shot 9602·C 
DM6630 Dual Differential Line Driver DM6630 MC9601 One-Shot 9601·M 
DM8831 Three-State Line Driver DM8831 MC9602 Dual One-Shot 9602·M 
DM8832 Three-State Line Driver DM8832 MC55107 Dual Differential Line Receiver SN55107B 
DM960.1 One-Shot 9601·M MC55108 Dual Differential Line Receiver SN55108B 
DM9602 Dual One-Shot 9602·M MC55109 Dual Differential Line Driver SN55109 
DP8303B Octal Inverting Transceiver DP8303B MC55110 Dual Differential Line Driver SN55110 
DP8304B Octal Bidirectional Transceiver DP8304B MC75107 Dual Differential line Receiver SN75107B 
050026 Two Phase MOS Clock Driver MHOO26 MC75108 Dual Differential line Receiver SN75108B 
DS0026C Two Phase MOS Clock Driver MHOO26C MC75109 Dual Differential Line Driver SN75109 
DS0056 Two Phase MOS Clock Driver DS0056 MC75110 Dual Differential Line Driver SN75110 
DS0056C Two Phase MOS Clock Driver DS0056C MH0026 Two·Phase MOS Clock Driver MH0026 
OS1488 Quad EIA line Driver MCI466 MH0026C Two-Phase MOS Clock Driver MH0026C 
DS1489 Quad EIA Line Receiver MC1489 MMH0026 Two·Phase MOS Clock Driver MMHOO26 
DS1489A Quad EIA Line Receiver MC1489A MMH0026C Two·Phase MOS Clock Driver MMH0026C 
DS1603 Dual Differential Line Receiver DS1603 N8T22 One·Shot 9601·C 
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ALPHA NUMERIC CROSS REFERENCE (Cont.) 

DEVICE DESCRIPTION ORDER II DEVICE DESCRIPTION ORDER II 

N8T26 Quad Three-State Bus Trsnscelver N8T26 SN74S241 Octal Non-Inverting Buffer/Driver SN74S241 

II N8T26A Quad Three-State Bus Transceiver N8T26A tSN74S242 Quad Inverting Transceiver tSN74S242 
N8T28 Quad Three-State Bus Trsnsceiver N8T28 tSN74S243 Quad Non-Inverting Transceiver tSN74S243 
NESSS Precision Timer NE5SS StH4S244 Octal Inverting Buffer/Driver SN74S244 
NESS6 Dual Precision Timer NESS6 SN7S107A Dual Differential Line Receiver SN7S107B 
S8T22 One-Shot 9601*M SN7S107B Dual Differential Line Receiver SN7S107B 
S8T26 Quad Three-State Bus Transceiver S8T26 SN75108A Dual Differential Line Receiver SN7S108B 

tS8T26A Quad Three-State Bus Transceiver S8T26A SN75108B Dual Differential Line Receiver SN75108B 
tS8T28 Quad Thrse-State Bus Transceiver S8T28 SN75109 Dual Differential Line Driver SN751 09 
SE555 Precision Timer SE55S SN7S110 Dual Differential Line Driver SN7S110 
SESS6 Dual Precision Timer SESS6 SN74114 Dual Line Driver 9614*C 
SNS2555 Precision Timer SE5S5 SN75115 Dual Differential Line Receiver 961S*C 
SNS4123 Dual One-Shot SNS4123 SN7S182 Dual Differential Line Receiver DM8820A 
SN54221 Dual One-Shot SN54221 SN7S183 Dual Differential Line Receiver DM8830 
SNS4S240 Octal Inverting Buffer/Driver tSNS4S240 SN75188 Quad EIA Line Driver MCI488 
SNS4S241 Octal Non-Inverting Buffer/Driver tSNS4S241 SN75189 Quad EIA Line Receiver MC1489 

tSNS4S242 Octal Inverting Buffer/Driver tSNS4S242 SN7S189A Quad EIA Line Receiver MC1489A 
tSNS4S243 Octal Non-Inverting Buffer/Driver tSN54S243 SN7S207 Dual MOS Sense Amp/Line Receiver SN75207 
SNS4S244 Octal Inverting Buffer/Driver tSNS4S244 SN75208 Dual MOS Sense Amp/Line Receiver SN75208 
SNSS107A Dual Dillerentlal Line Receiver SNS5107B SN7S369 Two-Phase MOS Clock Driver MH0026 
SNSS107B Dual Differential Line Receiver SN551D7B 3212 8-Bil1/0 Port 3212 
SN551D8A Dual Differential Line Receiver SNSS108B 3216 Non-Inverting Quad Bus Transceiver 3216 
SN5S108B Dual Dillerentlal Line Receiver SN55108B 3226 Inverting Quad Bus Transceiver 3226 
SN5S109 Dual Differential Line Driver SNS51D9 8212 8-Blt I/O Port for 9080Al8080A AM8212/8212 
SNSSllD Dual Differential Line Driver SNS5110 8216 Non-Inverting Quad Bus Transceiver 8216 
SNSS114 Dual Differential Line Driver 9614*M 8224 Clock Generator for 9080A/808DA 8224 
SN5S115 Dual Differential Line Receiver 961S*M 8226 Inverting Quad Bus Transceiver 8226 
SNSS182 Dual Differential Line Receiver DM782DA 8228 System Controller for 9080Al8D8DA AM8221V8228 
SNS5183 Dual Dillerentlal Line Receiver DM7830 8238 System Controller for 9080A/808DA AM8238/8238 
SNS5369 Two-Phase MOS Clock Driver MHDD26 9600 One-Shot 9600 
SN725S5 Precision Timer SN72SSS 9601 One-Shot 9601 
SN74123 Dual One-Shot SN74123 9602 Dual One-Shot 98D2 
SN74221 Dual One-Shot SN74221 96L02 LOW-Power, Dual One-Shot 96L02 
SN74LS424 Clock Generator for 908DAl8080A Am8224 9614 Dual Line Driver 9614 
SN74LS240 Octal Inverting Buffer/Driver SN74LS240 9615 Dual Differential Line Receiver 9615 
SN74LS241 Octal Non-Inverting Buffer/Driver SN74LS241 9616 Triple EIA Line Driver 9616 
SN74LS242 Quad Inverting Transceiver SN74LS242 9617 Triple EIA Line Receiver 9617 
SN74LS243 Quad Non-Inverting Transceiver SN74LS243 9620 Dual Differential Line Receiver 9620 
SN74LS244 Octal Non-Inverting Buffer/Driver SN74LS244 9621 Dual Differential Line Driver 9621 
SN74S240 Octal Inverting Buffer/Driver SN74S240 

tTo be announced .• is the package designator position. 
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SELECTION GUIDE .. 

LINE . DRIVERS LINE RECEIVERS 

DUAL DIFFERENTIAL Use With DUAL DIFFERENTIAL Use With 

75109 Open collector differential outputs 751078 3603 Receiver with differential input 10 detect 75110 
typical current SmA, inhibit controls 751088 signals> 25mV. Three-state outputs. 

75110 12mA output current version of 75107.8 751078 Totemcpole TTL output version of 75109 or 
Arn751 09 751088 Am363 75110 

8830 Designed for single 5.0V supply 7820 or 
operation 7820A 

751088 Open collector TTL output version of 75109 or 
Am363 75110 

8831 Dual differential device which may also 9615 or 8820 Designed for ±15Vcommon mode 8830 
be used as a quad single-ended driver. 2615 using 5.0V supply 
Three-State output. 882011. Higher speed, tighter spec 6820 8830 

8832 Similar 108831 but rIP Vee clamp 9615 or 9615 ±15 volt common mode, 5 volt supply 9614 
diodes 2615 receivers with uncommitted collector 

9614 5 volt supply driver with complementary 9615 and active pull-up controls 
outputs 9820 ± 15 volt common mode receiver with 9621 

9621 200mA transient capability with 1300 9620 direct and attenuated inputs 
back matching resistor 

QUAD DIFFERENTIAL 
DIFFERENTIAL EIA R8-422, 
FEDERAL STD 1020 

26LS33 I ±15 volt common mode, 5 volt supply, 1 26LS31 
three-state output 

26LS31 I Quad, high-speed, low output skew I 26LS320r 
26LS30 Dual, high output CMR 26LS33 

QUAD DIFFERENTIAL EIA R8-422, 
FEDERAL STD 1020 

SINGLE ENDED 
2614 I High~speedquad driver for multi-channel, 1 261 !;i 

common ground operation. 

26LS32 I ±7 volt common.mode, 5 volt supply, I 26LS31 
three-state output 

SINGLE ENDED 
SINGLE ENDED, EIA R8-232-C 

1488 Quad EIA RS-232C driver (14 pins) 1489/ 
148911. 

2615 I Receiverfor 3 volt single-ended TTL I 2614 
level data 

2616 Quad 16-pin driver for EIA RS-232C, 2617 SINGLE ENQED, EIA R8-232-C 

CCITT V.24 and MIL-l88C interface 1489 Quad EIA RS-232C receiver with input 1488 
9616 Triple EIA RS-232C driver (14 pins) 9617 threshold hysteresis 

SINGLE ENDED, EIA R8-423, FEDERAL STD 1030 

26LS29 I Quad, three-state I 26LS32 or 
26LS30 Quad, mode control 26LS33 

148911. Higher threshold version of Aml489 1488 
261.7 Quad EIA R8-232 receiver specified 2616 

over military temperature range (same 
pinout as Aml489A) 

9617 Triple EIA RS-232 receiver with 9616 
adjustable hysteresis 

BUS BUFFERS/DRIVERS 
SINGLE ENDED, EIA R8-423, 
FEDERAL STD 1030 

tpd IOl 
(TYP) (MAX) 

26LS32 I ±7 volt common mode, 5 volt supply, I 26LS29 
three-state output 26LS30 

25LS24O Inverting octal buffer/driver with three- 10 48 
74LS24O state output 10 24 
74S24O 4.5 68 
81lS96 9.0 16 

25LS241 Non-inverting octal buffer/driver with 12 48 
74LS241 three-state output 12 24 
748241 6.0 68 
81LS95 12 16 

25LS242 Inverting buffer/drivar with two quad 10 48 
74lS242 data paths connected Input-to-output 10 24 

t74S242 4.5 68 

25LS243 Non-Inverting buffer/driver with two 12 48 
74LS243 quad data paths connected input-to- 12 24 

. t74S243 output 6.0 68 

25LS244 Non-Inverting octal buffer/driver with 12 .48 
74LS244 three-state output and two inverting 12 24 
74S244 enables 6.0 68 
81LS97 12 16 

81LS98 Inverting octal buffer/driver with three- 9.0 16 
state output and two inverting enables 

tin development 
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SELECTION GUIDE (Cont.) 

SPECIAL FUNCTIONS 

TIMERS 

555 

556 I 

MOS MEMORY 

DRIVERS 

Single, Precision oscillator/timer 

Dual version 555 

0026 I Dual 5MHz Two-Phase MOS clock driver 

0056 0026 with added Vaa terminal 

SENSE AMPLIFIERS 

3604 Differential input for signals> tOmv, Three-state 
outputs 

75207 

7520S 

Totem-pole TTL output 3604 

Open-collector 3604 

BUS TRANSCEIVERS 

Device Output Function 

QUAD 

Am26SI0 lOOmA-O.C. Inverting 

Am26SII lOOmA-o.C. 
Non-Inverting to bus; 

Inverting off bus 

Am26S12 lOOmA-O.C. Inverting 

Am26S12A lOOmA-O.C. Inverting 

Am2905 lOOmA-o.C. Inverting 

Am2906 lOOmA-O.C. Inverting 

Am2907 lOOmA-o.C. Inverting 

Am290S l00mA-O.C. Inverting 

Am2915A 48mN3-St. Inverting 

Am2916A 48mN3-SI. Inverting 

Am2917A 48mN3-SI. Inverting 

Am3216 5OmA/3-SI. Non-Inverting 

Am3226 5OmN3-SI. Inverting 

Am3448A 48mN3-SI.-O.C. Non-Inverting 

Am781S838 5OmA-o.C. Inverting 

AmST26A 48mN3-SI. Inverting 

Am8T2S 48mA/3-SI. Non-Inverting 

Am8216 5OmN3-St. Non-Inverting 

Am8226 5OmN3-St. Non-Inverting 

OCTAL 

AmS303B 48mN3-St. Inverting 

Am8304B 48mN3-SI. Non-Inverting 

Hysteresis 

No 

No 

Yes-o.6V 

Yes-I.05V 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

Notes: I. TypICal delay at 28°C for Input to bus plus receiver to output. 

MOS·MICROPROCESSOR INTERFACE CIRCUITS 

8080Al9080A 

8212 

8216 

8224 

8226 

8228 

8238 

8303B 

8304B 

Speed 
(Note I) 

20ns 

22ns 

32ns 

32ns 

31ns 
(Note 2) 

31ns 
(Note 2) 

31ns 
(Note 2) 

31ns 
(Note 2) 

31ns 
(Note 2) 

31ns 
(Note 2) 

31ns 
(Note 2) 

34ns 

30ns 

32ns 

38ns 

19118 

25ns 

34ns 

30ns 

14ns 

.24n8 

S-Bit input/output port, with storage 

4-Bit perallel bidirectional bus driver 

Clock generator and driver 

Inverting version 8216 

System controller and bus driver 

System controller and bus driver with extended 
IOW/MEMW 

Two S226's in one 20 pin package 

Two 8216's in one 20 pin package 

Comments 

SN55I75138 pin out 

Same as Am26SIO except non-inverting to bus 

Same pin out as OS7818838 and ST3S 

Wider threshold Arn26S12 

Has 2-input multiplexer 

Has 2-input multiplexer and parity 

Includes parity, 2.0V receiver VTH 

Includes parity, 1.5V receiver VTH 

Has 2-input multiplexer 

Has 2-input multiplexer and parity 

Inetudes perity 

Same as 8216 except different A.C. loading spec 

Same as 8216 except different A.C. loading spec 

IEEE 488 compatible 

Same pin out and function as Am26S12A and ST38 

VOH MOS compatible 

VOH MOS compatible 

Similar to 8T28 

Similar to ST26A 

Same as two 8226's in one 20 pin package 

Same as two 8216's in one 20 pin package 

. 

2. Bus enable to bus plus bus to receiver output, All parts include register or driver plus receiver with latch. 
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Linear Circuits 

• Function Selector Guide 
• Ordering and Package Guide 
• Jan Cross Reference and 

Ordering Guide 
• Competitive Cross Reference 

LM10l 
LM101A 
LM107 
LM124 
LM148 
LM149 
LH2101A 
Am1501 
Am1558 
741 
741A, E 
SSS741 
747 
747A, E 
SSS747 
748 

*In Development 

LM1,8 
715 

LM105 
723 

LM102 
LMll0 

Am592 
733 

LM108 
LM108A 
LMl12 
LF155, A 
LFI58, A 
LF157, A 
LM216 
LM216A 
725 
SSS725 

Advanced Micro Devices offers a broad line of high 
performance Linear integrated circuits including 
operational amplifiers, comparators, voltage regu
lators, wideband amplifiers and D to A conversion 
circuits. All Advanced Micro Devices Linear circuits 
are processed to the reliability and quality require
ments of M I L-STD-883A and MIL -M-3851 O. 

ADVANCED 
LINEAR PRODUCTS 

DAC-08 
Am1508 
SSSI508A 
LF198 
Am6070 
Am6071 
Am6072 
Am6073 
Am6080 
AmB081 

LM10B 
LMlll 
LMl19 
LM,39 
Am1500 
LH2111 

741 - M38510110101 
747 - M38510/10102 
lOlA - M38510/10103 
111 -M38510/10304 
723' - M385'O/I0201 
124' - M38510/11005 
148* - M38510/1100' 
'39* - M38510/1120' 

Am685 
Am686 
Am687 
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Bipolar Logic Circuits 

• Schottky'MSI 
• Low-Power Schottky 

MSI-LSI 
• Standard TTUMSI 
• Low-Power TTUMSI 

Am25 SERIES 
Am54/74 SERIES 
Am93/7 4 SE R I ES 

45 
MSI PRODUCTS 

Am25L SERIES 
Arn93L SERIES 

25 
MSI PRODUCTS 

Family 

High-Speed Am25S 
Am 54S/74S Schottky 
Am93S 

Low-Power Am25LS 

Advanced Micro Devices offers a broad line of com
plex TTL/MSI and LSI bipolar logic integrated Cir
cuits. Four basic process technologies are employep 
to meet the various speed, power and cost combina
tions required by manufacturers of high performance 
digital systems. The table below compares the relative 
speed-power performance of each of the families. 

The Advanced Bipolar Logic line consists of both 
proprietary and industry standard devices fabricated 
with Schottky, Low Power Schottky and conven
tional "gold-doped" processes. All Advanced Micro 
Devices' circuits are processed to the reli'ability and 
quality requirements of MIL-STD-883. 

ADVANCED 
BIPOLAR LOGIC 

HIGH,SPEED 
SCHOTTKY 

"S" 

Am25S SERIES 
Am54S/74S SERIES 
Am93S SERIES 

49 
MSI PRODUCTS 

Ave. Gate 
Propagation 

Delay 

3hs 

5ns 

Am54LS/74LS SERIES Am25LS SERIES 

48 66 
MSI PRODUCTS MSI·LSI PRODUCTS 

Ave. Power Typ. Register 
Per Gate Clock Freq. 

20mW 110MHz 

2mW 65MHz 
Schottky Am54 LS/74LS 10ns 2mW 40MHz 

Am25 
Standard TTL Am54/74 10ns 10mW 40MH:i: 

Am93 

Low-Power Am25L 
25ns 2.5mW 15MHz 

Standard TTL Am93L 
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ADVANCED MICRO DEVICES 
SCHOTTKY AND LOW-POWER SCHOTTKY MSI 

FUNCTIONAL SELECTOR GUIDE 

Advanced Micro Devices offers a complete line of Schottky and Low-Power Schottky MSI products. On the 
following pages are a selector guide for these products and brief data on several of the most useful parts. For 
complete data refer to our Schottky and Low-Power Schottky Data Book. 

DESCRIPTION 

REGISTERS 

Four-Bit Register w~h Common Clock Enable 
Four-Bit Register w~h Two-Input Multiplexers on Inputs 
Four-Bit Register w~h Standard and Three-State Outputs 
Four-Bit, Two-Qutput Three-State Register 
Four-Bij Register w~h Common Clear 
Four-B~ Register; Shift Right, Left or Parallel Load 
Four-Bit Register; Shift Right or Parallel Load 
Six-Bit Register w~h Common Clock Enable 
Six-Bit Register with Common Clear 
Eight-Bit,Serlal-ln, Parallel-Out Register 
Eight-Bit Shift/Storage Register; Syi1chronous Clear 
Eight-B~ Shift/Storage Register; Asynchronous Clear 
Eight-Bit Shift/Storage Register with Sign Extend 
Octal OoType Register, Common Clear 
Octal OoType Register, Common Clear, Buffered Outputs 
Octal Transparent Latch .(Three-State) 
Octal Transparent Latch, Inverting (Three-State) 
Octal OoType Register (Three-State) 
Octal OoType Register, Inverting (Three-State) 
Octal OoType Register, Common Enable 
Octal OoType Register, Common Enable, Buffered Outputs 
Octal OoType Register, Common Enable and Clear, Three-atate 

DECADE (BCD) COUNTERS 
Asynchronous Clear 
Synchronous Clear 
Up-Down, Synchronous Preset 
Up-Down, Asynchronous Preset, Single Clock 
Up-Down, Asynchronous Preset, Dual Clock 
Up-Down,.Synchronous Preset, Three-State 

BINARY HEXADECIMAL COUNTERS 

Asynchronous Clear 
Syi1chronous Clear 
Up-Down, Synchronous Preset 
Up-Down, Asynchronous Preset, Single Clock 
Up-Down, Asynchronous Preset, Dual Clock 
Up-Down, Synchronous Preset, Three-State 

QUAD BUS TRANSCEIVERS/DRIVERS 

Quad Bus Transceiver, Inverting (l00mA) 
Quad Bus Transceiver, Non-Inverting (l00mA) 
Quad Bus Transceiver, Inverting 
Quad Bus Transceiver, Non-Inverting 
Quad Open-Collector Bus Transceiver 
Quad Three-State Bus Transceiver (Inverting) 
Quad Three-State Bus Transceiver (Non-Inverting) 
Quad Three-State Bus Transceiver with Receiver Latch (Inverting) 
Quad Three-State Bus Transceiver with Receiver Register 
Quad Two liP Transceiver with Three-Slate Receiver (O.C.) 
Quad Two liP Transceiver with Parity (O.C.) 
Quad Two liP Transceiver with Parity (O.C.) 
Quad Two liP Transceiver with Parity (O.C. and DEC OILSI-II 

Bus Compatible) 
Quad Two liP Transceiver with Three-State Receiver (Three-State) 
Quad Two liP Transceiver with Parity (Three-Slate) 
Quad Two liP Transceiver wijh Parity (Three-Slate) 
Quad IEEE-488 Bidirectional Bus Transceiver 
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HIGH-
PERFORMANCE 

LOW-POWER 
SCHOTTKY 

"25LSOB 
"25LS09 
t25LS2518129LS18 
t25LS2519/2919 
25LS175 
25LSl94A 
25LSl95A 

·25LS07 
25LS174 
25LSl64 

·25LS23 
25LS299 
25LS22 

·25LS273 
·25LS273B 
·25LS373 
·25LS533 
·25LS374 
·25LS534 
·25LS377 
·25LS377B 
t25LS2520/2920 

25LSl60 
25LSl62 
25LSl68 
25LS190 
25LS192 

"25LS2568 

25LS161 
25LSl63 
25LS169 
25LS191 
25LS193 

"25LS2569 

·25LS242 
·25LS243 

t2927 
t2928 
t2905 
t2906 
t2907 

t2908 

t2915A 
t2916A 
t2917A 
"3446A 

STANDARD 
LOW-POWER 
SCHOTTKY 

54/74L5379 
54/74LS399 

54/74LS175 
54/74LSl94A 
54/74LS195A 
54/74L5378 
54/74LS174 
54/74LS164 

54/74LS299 

·54/74LS273 

·54/74LS373 
·54/74LS533 
·54/74LS374 
.54/7 4LS534 
·54/74LS377 

54/74LS160 
54/74LS162 
54/74LS168 
54/74LS190 
54/74LS192 

54/74LS161 
54/74LSl63 
54/74LSl69 
54174LS191 
54/74LSl93 

"54/74LS242 
"54/74LS243 

HIGH-SPEED 
SCHOTTKY 

"25508154/745379 
·25509/54/745399 
t25S18154/74S38812918 

54/74S175 
54/74S194 
54/74S195 

·25507/54/74S378 
54/74S174 

··54/74S373 
··54/745533 
··54/745374 
··54/745534 

54/74S160/93S10 

54/74S161/93S16 

""26510 
·"26511 
""54/745242 
""54/745243 
"26512112A 

""8T26/8T26A 
"8T28 



FUNCTIONAL SELECTOR GUIDE (Cont.) 

DESCRIPTION 

OCTAL BUS TRANSCEIVERS/DRIVERS 

Octal Bus Driver, Inverting 
Octal Bus Driver, Non-Inverting (Complementary G, G Inputs) 
Octal Bus Driver, Non-Inverting 
Octal Bidirectional Bus Transceiver (Non-Inverting) 
Octal Bidirectional Bus Transceiver (Inverting) 
Octal Buffer/Driver (Non-Inverting) 
Octal Buffer/Driver (Inverting) 
Octal Buffer/Driver (Non-Inverting) 
Octal Buffer/Driver (Inverting) 

OPERATORS (ALU, MULTIPLIER, PRIORITY ENCODER, etc.) 

Four by Two Two's Complement Multiplier 
Four-Bit, Four-Way Shifter 
Four-Bit ALU/Function Generator 
Four-Bit ALUIFunction Generator 
Four-Bit ALU/Function Generator 
Priority Encoder, Eight Line to Three Line 
Four-Bit Serial Adder/Subtracter 
PriOrity Encoder, Three-State 
Eight by One SeriaVParallel Two's Complement Multiplier 
Eight-Bit by Eight-Bit Multiplier/Accumulator 
Eight-Bit by Eight-Bit Combinatorial Multiplier, Latch Outputs 
Eight-Bit by Eight-Bit Combinatorial Multiplier 
Eight-Bit Comparator 
System Clock Generator and Driyer 

MEMORY INTERFACE 

Dynamic Memory ContrQller 

DECODER/DEMULTIPLEXERS 

One-ol-Ten Decoder/Demultiplexer, Polarity Control 
One-ol-Eight Decoder/Demultiplexer 
One-ol-Eight Decoder/Demultiplexer with Control Storage 
Dual One-ol-Four Decoder/Demu~iplexer 
One-ol-Eight Decoder/Demultiplexer, Polarity Control 
Dual One-ol-Four Decoder/Demuniplexer, Polarity Control 

MULTIPLEXERS 

Eight-Input Muniplexer 
Eight-Input MuHiplexer with Control Storage 
Three-State Eight-Input Multiplexer 
Dual Four-Input Multiplexer 
Three-State Dual Four-Input Multiplexer 
Quad Two-Input Multiplexer; Non-Inverting 
Three-State Quad Two-Input Multiplexer; Non-Inverting 
Quad Two-Input Multiplexer; Inverting 
Three-State Quad Two-Inpuf Multiplexer; Inverting 

MONOSTABLE (ONE'SHOT) 

Dual Retriggerable, Resettable Monostable Multivibrator 

PARITY CHECKER/GENERATORS 

Nine-Input Parity Checker/Generator 
Twelve-Input Parity Checker/Generator 

HIGH. 
PERFORMANCE 

LOW·POWER 
SCHOTTKY 

'25LS24O 
'25LS241 
'25LS244 

25LS181 
25LS2517 
25LS381 
25LS148 
25LS15 
25LS2513 
25LS14 

'25LS2516 

25LS2521 
t25LS2525/2925 

'25LS251!4 

25LS2537 
25LSl38 

'25LS2536 
25LS139 

t25LS253812921 
25LS2539 

25LS151 
t25LS2535/2922 
25LS251 
25LSl53 
25LS253 
25LS157 
25LS257 
25LS158 
25LS258 

STANDARD 
LOW·POWER 
SCHOTTKY 

'54/74LS24O 
'54/74LS241 
'54/74LS244 

'81 LS95 
'81 LS96 
'81 LS97 
'81 LS98 

54174LS181 

54/74LS381 
54/74LSl48 

54/74LS138 

54/74LS139 

54174LS151 

54/74LS251 
54/74LSl53 
54/74LS253 
54/74LS157 
54174LS257 
54/74LS158 
54/74LS258 

HIGH-SPEED 
SCHOTTKY 

"54/74S24O 
"54/74S241 
"54/74S244 
"73/8304B 
"73/8303 

25805 
"25S10/54/748350 

54/74S181 

'25S557 
'25S558 

54/74S138 

54/74S139/93S21 

54/74S151 

54/74S251 
54/74S153 
54/74S253 
54/74S157/93S22 
54/74S257 
54/74S158 
54/74S258 

26802 

82S62 
"93S48 

'Logic Diagram and Connection Diagram are on lollowing pages. Refer to Schottky and Low-Power Schottky Data Book lor complete data sheet 
inlormation. 

"Complete data sheet located on following pages. 

tAeler to previous sections lor complete da.ta sheet information (Am29XX). 
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REGISTERS 

Am25LS07 • Am25LS08 
Am25S07 • Am25S08 

• Positive edge-triggered parallel 0 registers 
• Common clock and common enable 

DO 0, 

LOGIC DIAGRAMS 

'07 

CONNECTION DIAGRAMS 

cP--~~~----~~~-------.--+-------~--~------~~--------.--+-------. 

a' 

'08 

DO 0, 

cP--~~----~~4--------.--+-------~--+-------, 

E~~~-+---1--~--~---+--+---~---r--+-~ 

a; a, 

Am25LS09 • Am25S09 CONNECTION DIAGRAM 

• 4-bit register accepts data from one-of-two 4-bit input fields 
• Buffered common edge-triggered clock 

5 00 DOA DOB D1B D1A 01 GND 

LO.GIC DIAGRAM 

05 

05 

DOA DOB 0,. 

CP --00-..... ---<1 

a, 0, 
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REGISTERS 
Am25LS23 • Am25LS299 

• a-bit shifVstorage registers 
• Four modes ~ Load, Shift Left, Shift Right, Store 
• Synchronous clear Am25LS23, Asynchronous clear 

Am25LS299 
• Three-state outputs 
• Cascadable left or right 
• Common input/output pins 

LOGIC DIAGRAM 

SR 
SHIFT 

s~~~~[ .1T~T ==F~t, 
INPyr 

(Am25lS23 CLEAR 9 
ONLY) CLR 

/Am25LS299 
ONLY) 

COUNTERS 

Am25LS2568 • Am25LS2569 

• 4-bit synchronous counter, synchronously programmable 
• Both synchronous and asynchronous clear inputs 
• Three-state counter outputs interface directly with bus 

organized systems 
• Intemallook-ahead carry logic and two count enable lines 

for high-speed cascaded operation 
• Ripple carry output for cascading 
• Clock carry output for convenient modulo configuration 
• Fully buffered outputs 

CONNECTION DIAGRAM 

UID CP A· BCD CEP AClR SCLR GND 
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CONNECTION DIAGRAM 

LOGIC DIAGRAM 
Am25LS2569 

SL 
SHIFT 

18 lEFT 
SERIAL 
INPUT 

4:========[)-cro 

Am25LS2568 is similar but limits count to binary 9. 



REGISTERS 
Am25LS273 • Am54LS/74LS273 CONNECTION DIAGRAM 

• 8-bit register with common clock and common clear 
• Positive edge-triggered with clock to output delay 15ns 'typo 
• Buffered common clock and common clear 

Am25LS273B 

• Buffered outputs to eliminate output commutation 

LOGIC DIAGRAM 

Am25LS3n • Am54LS174LS3n CONNECTION DIAGRAM 

• 8-bit register with common enable 
• Positive edge-triggered with clock to output delay 14ns typo 
• Buffered common clock and common clock enable 

Am25LS3nB 

• Buffered outputs to eliminate output commutation 

LOGIC DIAGRAM 

D, 

ENABL~ -C>o-t+-1--~+-"""--""--<r---1+....,..--""'t""t-r---<t+-r--....,..t-"t""--1'i--' 

CLOg~ -.[>>()--...... +-f--1-lI--+-...,..+-+---<r-+---t-....,..-t-+-r+-t--r--l--+~-, 

0, 0, 0 3 0, 
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REGISTERS 

Am25LS/54LS/74LS373· Am54S/74S373 
Am25LS/54LS/74LS533· Am54S/74S533 

• Octal latches with three-state outputs 
• Non-inverting outputs on '373 
• Inverting outputs on '533 
• Hysteresis on latch enable input 

LATCH 
ENABLE 

LOGIC DIAGRAM 

Am25LS/54LS/74LS374· Am54S/74S374 
Am25LS/54LS/74LS534· Am54S/74S534 

• 8-bit registers with three-state outputs 
• Buffered common clock and common enable 
• Positive edge-triggered, D-type flip-flops 
• Non-inverting '374 and inverting '534 

LOGIC DIAGRAM 

CONNECTION DIAGRAMS 

CONNECTION DIAGRAMS 

CLO~~--i)~--~~+-------~-r------~~------~~+-------~-r------~-;------~--t-------, 

Of 
OUTPUT 
ENABLE 
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BUS TRANSCEIVERS/DRIVERS 

Am25LS/54LS/74LS240/241/242/243/244 Am54S/74S240/241/2421243/244 

• PNP inputs and three-state outputs • PNP inputs and three-state outputs 
• Am25LS VOL specified at IOl = 48mA • VOL of 0.55V at 64mA for Am74S; 48mA for Am54S 
• Data-to-output tpo = 18ns max. 
• Input hysteresis 0.4V typo 

• Data-to-output tpo': Inverting = 7.0ns max., 
non-inverting = 9.0ns max. 

• 20-pin package with 0.300" pin row s()8Cing • Input hysteresis OAV typo 
• 20-pin package with 0.300" pin row spacing 

CONNECTION DIAGRAMS 

'240 '241 '242 '243 

iii Vee fG' Vee III Vee iii Vee iii 

,., 2ll ,., 2G Ne 2G Ne 2G ,., 
2V' 'v, 2V' W, IA7V Ne lA/V He. 'v, 

'.2 , .. ,., 2" 2A1Y iAN 2A/V BAIV ,., 
2V3 'V2 2V3 ,V2 3AiY 'fAR 3A/V 7A/V ,2Y3 

'.3 '.3 '.3 2.3 4iiJ'i 6AIY 4A/Y OA/Y ,AJ 

2V2 'V3 'v, W3 GNO 6AIY GNO OAIV 'v, 

, .. 2 .. , .. 2'2 , .. 
2v, 'v. 'v, 'v, ,V, 

GNO ,., GNO ,., .NO 

LOGIC DIAGRAMS 

'240 '241 '244 

,., 2:>(1 IV' ,., 'v, ,., 'v, ,., 

,., 'V2 ,., ,V2 ,., 'v, , .. ,YO ,., 

,.3 ,v3 , .. ,V3 ,V3 ,.3 

, .. 'v. 2 •• 'v. 'A' 'v. 'A' 'v, "4 'V4 

lG lG 2. m 2ll 

'242 '243 

lG 

IA/Y 6A/Y BAIV 

'AlV---.r; H---'AlV. t+---7A/Y 

3A/V---.r; H---6A1V t+---OAIV 

4AIV---+i H--,.-5A1V t+--:-'" .. 'v 
2. 2. 
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'244 

'v, 

'v, 

'V3 

2V' 

Vee 

2ll 

lV' 
2A4 

,V, 

2AJ 

,V3 

2.' 
IV. 

,., 



BUS TRANSCEIVERS/DRIVERS 
Am73/8303 • Am73/8304B 

FE.ATURES 

• 8-bit bidirectional data. flow reduces system package count 
• Three-state inputs/outputs for interfacing with bus-oriented 

systems 
• PNP inputs reduce input loading 
• Vee - 1.1SV VOH interfaces with TTL, MOS, and CMOS 
•• 48mA, 300pF bus drive capability 
• Transmit/Receive and Chip Disable simplify controf logic 
• Sus port stays in high-impedance state during 

power up/down 

LOGIC DIAGRAM (DM7318304B) 

CHIP 
DISABLE 

(COl 

TRANSMIT! ifECEiV'E - __ ~ 
nlRJ 

Am71/81LS95 • Am71/81LS96 
Am71/81LS97 • Am71/81LS98 

FEATURES 

• 8-bit byte/nibble oriented buffers 
• Three-state outputs for direct data bus drive 
• PNP inputs reduce loading on bus lines 
• Inverting and non-inverting versions 

'95 '96 

A, A, 

A, As 

" A, 

... ... 
As As 

As As 

" " 
As As 

G, 
G, 

., ·2 ·a 

All buffers are inverting on Am73/8303. 

LOGIC DIAGRAMS 

'97 

A, Y, A, 

" Y, As 

A, V, A, 

... Y, As 

ii, 0, 

ii, 
ilt 
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CONNECTION DIAGRAM. 

·4 ·6 ., 

CONNECTION DIAGRAM 

G:j A, V, A2 V2 Aa Va A4 Y4 GNe 

'98 

V, ., Y, " V, 

Y, " Y, A, Y, 

Y, " Y, A, Y, 

v, ... Y, A, Y, 

ii, G, 



BUS TRANSCEIVERS 
Am26S10 • Am26S11 

FEATURES CONNECTION DIAGRAMS 

• Input to bus is inverting on Am26S10 
• Input to bus is non-inverting on Am26S11 
• Quad high-speed open collector bus transceivers 
• Driver outputs can sink 100mA at O.8V max. 
• Bus compatible with Am2905, Am2906, and Am2907 
• PNP inputs to reduce input loading 

LOGIC DIAGRAMS 

Am26S10 Am26S11 

'0 

Zo Z, Z, Z3 

Am26S12· Am26S12A 

FEATURES CONNECTION DIAGRAM 

• Quad high-speed bus transceivers 
• Driver outputs can sink 100mA at O.7V typo 
• Open collector outputs 
• Am26S12 hysteresis thresholds are 1.4V/2.0V typo 
• Am26S12A hysteresis thresholds are 1.2V/2.25V typo 

LOGIC DIAGRAM 

10 I, 12 13 

.81 ., 

Zo Z, 
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BUS TRANSCEIVERS/DRIVERS 
Am8T26A • Am8T28 CONNECTION DIAGRAM 

• 48mA driver sink current 
Vee B/E R3 ·3 D3 R, ., D2 

• Three,state 'OUtputs on driver and receiver 
,. PNP inputs 
• Am8T26A has inverting outpuis 
• Am8T28 has non-inverting outputs 

RIE RO Bo ,DO R, ., D, GND 

LOGIC DIAGRAMS 

Am8T26A 

(15) 

.IE --i>--<~-+-..... -+_--e-+---l 
+-__ -+ __ ~~--~~13~1 .0 

+-__ -+-__ ~--"16~1 ., 

+---+.:.::!-·2 
·3 

(11 
AlE ..:...;.-o[>----<~-+-..... -+_--e-+---l 

Am3448A 

• IEEE-488 quad bidirectional transceiver 
• Three-state outputs 
• High impedance inputs 
• Receiver hysteresis - 600mV tYpo 
• Fast propagation times - 5O-2Ons tYpo 
• TTL compatible receiver outputs 
• Single +5 voH supply 
• Open collector driver output option 
• Power up/power down protection (No invalid information 

transmitted to bus) 
• No bus loading when power is removed from device 
• Required termination characteristics provided 

CONNECTION DIAGRAM 

SEND/REC. 
INPUT A 

DATA A 

BUS A 

PULL .. UP ENABLE 
INPUT A .. B 

BUSB 

DATAB 

SEND/REC. 
INPUT 8 

OND 

Vee 
SEND/REC. 
INPUT 0 

DATA 0 

BUS 0 

PULL .. UP ENABLE 
INPUTC-D 

BUSC 

DATAC 

SENDIREC. 
INPUTC 
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./E 

Am8T28 

141 171 (9) (12) 

+-__ -+-__ ~---+-~13~1 .0 
+-__ -+ __ ~,.....:;16::...1 ., 

+---+'.:.::!-·2 
·3 

AlE - .. or>---< ........ -+-........ -t-........ --+----' 

DATA 
A(C) 

SENDI 

LOGIC DIAGRAM 

1/2 Am3448A 

RECEIVE A (C) --...... ---ir""\ 
PULL-UP 
ENABLE 

SENDI --...... -L..J 
RECEIVE B (D) 

DATA 
8(0) 

BUS 
A (C) 

BUS 
B(D) 



LINE DRIVERS 
Am26LS29 

FEATURES 

• Four single-ended line drivers in one package 
• Meets all requirements of RS-423 
• Output short-circuit protection 
• .Individual rise time control for each output 
•. son transmission line drive capability 
• High capacitive load drive capability 
• Low Icc and lEE power consumption (26mW/driver typ.) 
• Three-state outputs for bus oriented systems 
• Outputs do not clamp line with power off or in 

high-impedance state over entire transmission line voltage 
range of RS-423 

• Low current PNP inputs compatible with TTL, MOS 
and CMOS 

CONNECTION DIAGRAM 

Vee 
SLEW RATE 
CONTROL A 

INPUT A OUTPUT A 

INPUT 8 OUTPUT B 

ENAru SLEW RATE 
CONTROL B 

GND SLEW RATE 
CONTROL C 

INPUT C OUTPUT C 

INPUT 0 OUTPUT D 

VEE SLEW RATE 
CONTROL 0 

Am26LS30 

FEATURES 

• Dual RS-422 line driver or quad RS-423 line driver 
• Driver outputs do not clamp line with power off or in 

high-impedance state 
• Individually three-state drivers when used in differential 

mode 
• Low Icc and lEE power consumption 

RS-422 differential mode 35mW/driver typo 
RS-423 single-ended mode 26mW/driver typo 

• Individual slew rate control for each output 
• son transmission line drive capability (RS-422 into 

virtual ground) 
• Low current PNP inputs compatible with TTL, MOS 

and CMOS 
• High capacitive load drive capability 

CONNECTION DIAGRAM 

v .r~ -,SLEWRATE 
cc L- -oJ CONTROL A 

INPUT A [ 2 15 :J OUTPUT A 

INPUT/ENABLE B L 3 }4 ::1 OU~PUT B 

MODE r 4 13 --, SLEW RATE 
. L- Am26LS30 ...J CONTROL B 

GNO r 5 12 -, SLEW RATE 
• L.. ...J CONTROLC 

INPUT/ENABLE C c: 6 " :J OUTPUT C 

INPUT 0 L 7 10 :J OUTPUT D 

VeE r- 8 9 h SLEW RATE 
: L.. ~ CONTROL 0 
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LOGIC DIAGRAM 

SR CONTROL A 

INPUT A OUTPUT A 

SRCONTROL B 

INPUTS OUTPUT B 

SRCONTROLC 

INPUT C OUTPUT C 

SR CONTROL D 

INPUTD OUTPUT 0 

VEE--

LOGIC DIAGRAMS 
Am26LS30 with Mode Control HIGH (R5-423) 

~ 'RCONTRDlA 

INPUT A -V-OUTPUT A 

~ 'ROONTROlB 

INPUT B -V-OUTPUTB 

~ SReONTROle 

'NPUTC -V-OUTPUTC 

~ SReONTROlD 

.NPUTD -V-OUTPUTD 

Am26LS30 with Mode Control LOW (R8-422) 

SA CONTROL A ENiiBLEB~ OUTPUT A 

INPUT A 
OUTPUT 8 

SR CONTROL B 

~
SReONTROlC 

OUTPUT C 
INPUT 0 

OUTPUT 0 

SR CONTROL 0 

~ 

B 



LINE DRIVERS AND RECEIVERS 
Am26LS31 

FEATURES 

• Four line drivers in one package 
• Meets the requirements of EIA :;tandard RS-422 
• High output drive capability for 1000 terminated 

transmission tines 
• Output short-circuit protection 
• Complementary outputs 
• Outputs won't load line when Vee = 0 
• Output skew - 2.0ns typo 
• Input to output delay - 12ns 
• Operation from single +5V supply 

ENABLE ENABLE 
INPUT 

D 

Vee- OUTPUT OUTPUT 
D+ 0-

Am26LS32 • Am26LS33 

FEATURES 

• Quad differential line receivers 
• Am26LS32 meets all the requirements of RS-422 

and RS-423 

LOGIC DIAGRAM 
INPUT 

e 

OUTPUT 'OUTPUT 
C+ c-

• Input voltage range 15V on Am26LS33; 7Von Am26LS32 
• ±0.2V sensitivity over the input voltage range on 

Am26LS32; ±0.5V sensitivity on Am26LS33 
• Fail safe input/output relationship. Output always high when 

inputs are open 
• Three-state drive, with choice of complementary output 

enables, for receiving directly onto a data bus 
• 6k minimum input impedance 
• 30mV input hysteresis 
• Operation from single +5V supply 

LOGIC DIAGRAM 

GNO Vee. OUTPUT 0 OUTPUT C 
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CONNECTION DIAGRAM 

INPUT A 

A OUTPUTS { 

ENABLE 

B OUTPUTS { 

INPUT 
B 

INPUTS 

GND 

OUTPUT OUTPUT 
B+ 8-

INPUT 
A 

OUTPUT OUTPUT 
A+ A-

+5.ov 

INPUT 0 

} a OUTPUTS 

ENABLE 

} e OUTPUTS 

INPUT C 

CONNECTION DIAGRAM 

INPUTS A { 

Vee 

} INPUTS B 
aUTPUTA 

ENABLE OUTPUT B 

OUTPure ENABLE 

INPUTS e { 

OUTPUT 0 

} INPUTS D 
GND 

OUTPUT B OUTP,ur A 



SHIFTERS 
Am25S10 CONNECTION DIAGRAM 

• Shifts 4 bits 0, 1, 2 or 3 places Vee Yo Y, DE Y2 Y3 "0. S, 

• Three-state outputs 
• tpD 6.5ns typo 
• Easy expansion to any number of bits without propagation 

delay increase 

'-3 '-2 '-' '0 
" 

'2 '3 GND 

LOGIC DIAGRAM 

'-3 '-2 I., 

COMPARATORS 

Am25LS2521 

• 8-bit byte oriented equal-to comparator 
• Easily cascadable using EIN 

• Combinatorial logic with tpD = 9.0ns typo 
• Broad application in conditional gating and microprocessor 

memory address decoding 

CONNECTION DIAGRAM 

2-21 

'0 
" 

'2 '3 S, 

LOGIC DIAGRAM 

::=t>O ~ 
:::=t>O ~ 
:::=t>O !>o=-j 
:::=t>O !>o=-j 
~:=t>O !>o=-j 
:::=t>O ~ 
:~o~ 
=:=t>O !>o=-j 
~'N o-----Doo--'--------.J 

B 

So OE 

EOUT 



MULTIPLIERS 
Am25LS2516 

• B-bit by 8-bit seriaVparallel multiplier 
• Two's complement, two-bit look-ahead carry-save arithmetic 
• Microprogrammable - four-bit instruction code for load, 

multiply, and read operations 
• Cascadable, two devices perform full 16-bit multiplication 

without additional hardware 
• 8-bit byte parallel, bidirectional, bussed I/O 
• On-chip registers and double length accumulator 
• Overflow indicator 
• Three-state shared bus input/output lines 
• High-speed architecture provides clock rates of 20MHz typo 

CONNECTION DIAGRAM 

BUSS 

BUS3 

BUS' 
ACC UH OUT 000 

Ace UH INODD 

Ace UH IN EVEN 

ACe LH IN 000 

ACC l.H IN EVEN 

YROLlTODD 

Vee 
x, 

GND 

VR INOOD 

VR IN EVEN 

MSB 

V. 
v, 

SUM IN EVEN 

SUM IN ODD 

SUM OUT EVEN 

Am258557 • Am25S558 

• 8-bit by 8-bit combinatorial multiplier 
• Full 8 x 8 multiply in 45ns typo 
• Cascades to 16 x 16 in 110ns typo 

BUS 7 

Buse 
BUS. 

BUS' 
BUS 0 

ACe l,IH OUT EVEN 

OVFL 

I. 
I, 
I, 
GND 

VROUT EVEN 

0< 

'3 
eLK 
ACC ADD DUT 000 

ACC ADD OUT EVEN 

L58 x_, 
SUM QUT ODD 

• Unsigned, two's complement or mixed operands 
• MSB and MSB outputs for easy expansion 
• Implements common routlding algorithms with 

additional ,logic' 
• Three-state outputs 
• Transparent 16-bit latch in Am25S557 

CONNECTION DIAGRAM 

Xo XM 
X, So 
x_ 8, 

X3 So 
X- 83 
X. S. 
Xo 8. 
X, So 

(R)Rs S, 
Vee So 

(G)Ru ,GND 

Y. 8. 
Y, 8,. 

Y- 8 11 
Y3 11,_ 
Y. 8'3 
Ys 8,. 
Y. 8" 
Y, 815 
Yy Oi 

Pin assignments shown are for Arn25S558. G and R shown in paren
theses are pin assignments fOr Arn25S557. 

... 
" .. 
~ .. 
t: .. 
.0 

LOGIC, DIAGRAM 
I/O BUS 

Ace UH.! 
INPUT 

,~ IN,ST t!j -----.L. _D'_C_OD_'-II-L. CONTROL 

c.<>4>------

'0 

" 

LATCH 
ENABLE 

DE 
OUTPtIT 
ENABLE 

LOGIC DIAGRAM 

8-81T X INPUT 

Xo ------ X7 

• x • 
MULTIPUER 

ARRAY 

So ---- $15 815 ----16-81T PRODUCT 

j ACCADD 
OUTPUT 

j ACClH 
INPUT 

MODE 
CONTROL 

·Pin 11 is G for Am25S557 and Ru for Am25S558. 



DYNAMIC MEMORY CONTROLLERS 
Am25LS2564 

• Dynamic memory controller for 16k and 64k MOS RAMs 
• S-bit refresh counter for refresh address generation, has 

clear input and terminal count output 
• Latched input RAS decoder provides four RAS outputs, all 

active during refresh 
• Common chip minimizes speed differential/skew 
• 3-port S-bit address multiplexer with Schottky speed 

CONNECTION DIAGRAM 

LOGIC DIAGRAM 
Dynamic Memory Controller 

Msa -------------, 

EN----+--..J 

o. 

0, 

CLR ----+-----i I-+---TC 

DECODERS 
Am25LS2536 

• S-bit decoder/demultiplexer with control storage 
• 3-state outputs 
• Common clock enable 
• Common clear 
• Polarity control 

ASELO 

RlELt 

~.----------+--I 

RnH----------4----+ 

CMI-------------I 
'Used as counter length control. 

CONNECTION DIAGRAM 

CP CLA CE ABC POL OE Yo GNO 

LOGIC DIAGRAM 
8·Bit Decoder/Demultiplexer with Control Storage 
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Am2901C 
Four-Bit Bipolar Microprocessor Slice 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Third generation of Am2901 four-bit slice 
Internal ECl circuitry and state-of-the-art process technology 
combined to provide fastest version of popular Am2901. 

• Plug-In replacement for Am2901, Am2901A, Am2901B 
The Am2901C is a pin-for-pin replacement for earlier versions 
of the device. Only the switching speeds are changed. 

• Improved speed 
25-30% speed improvement on the critical paths versus 
the Am2901B 

MICROPROCESSOR SLICE BLOCK. DIAGRAM 

----.J " 
r~~'------tl 

878&432 

DESTINATION I ALU 
CONTROL I FUNCTION 

ALU 
SOURCE 

MICROINSTRUCTION DECODE 

~~--------------~ 
1 

RAMO RAM SHIFT RAM. I--
CLOCK --===:+..t+====~ II\~HIFT o,r 

'S'OATAIN 11 
'A'IREAD} ------I, 'A' ADDRESS C' _ ~. 
ADDRESS ----I RAM F Q' 

'S' ~ 16 ADDRESSABLE REGISTERS a REGISTER 

(R~:'':~E) ---I 'S' ADDRESS 'A' 'S' CP Q 

DIRECT 
DATA IN 

CARRY IN 

OUTPUT 
ENABLE 

~';J{, "o"u~A .J I 
~l 1 CiY U--r---L-.--~ 

0 A 8 I 
ALU DATA SOURCE 

SELECTOR 

R • 
1 LL 

R s 
C'N 

a.FUNCTION ALU 

F 

~l J.. 
A F 

OUTPUT OAT A SELECTOR 
V 

V DATA OUT 

3-1 

Q 

r-- C 

r-- ' 
~CN+4 r-- F,!SIGN} 

r-- OVERFLOW 

r-- F-OOOO 
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«You Liked Our 2901, 
You'll Love Our 2903! 

Same Powerful 
Architecture: 
• 16 Working Registers in 2-address 

architecture 

• Left-Right shift of Data after ALU 

• Auxiliary Register for multiple-length 
operations 

• Expandable to any word length in 
multiples of four bits 

• Carry, Overflow, Zero, and Negative 
· Status Flags 

Plus These Added Features: 
• Two's Complement and Unsigned 

Multiply 
The Am2903 performs both signed 
and unsigned multiplication without 
requiring any additional hardware. 
For unsigned n x n-bit multiply, a 
single microinstruction is repeated 
n times. For a two's complement 
multiply, a single microinstruction 
is executed n-I times, and a second 
microinstruction is executed once. 
Both kinds of multiplies produce 
2n bit products. 

• Two's Complement Divide 
The Am2903 performs a signed 
division using a non-restoring 
algorithm. A 2n bit dividend is 
divided by an n-bit divisor in n 
cycles (after justification). An n-bit 
signed quotient and n-bit signed 
remainder are produced. Extension 
to multiple length division is 

simple. No extra hardware is 
needed. 

• Single and Double Length 
Normalization 

Both single length words and 
double length words can be 
normalized; i.e., shifted up to 
remove leading zeros or ones. 
During the normalize instructions, 
the Am2903 provides special flags 
signaling the completion of 
normalization. 

• Conversion Between Sign-Magnitude 
and Two's Complement Notations 

On a single cycle, the Am2903 
will switch a word from one 
notation to the other. 

• Increment by One or Two 
On a single cycle, the Am2903 can 
add either 1 or 2 to a word, 
depending on carry-in. 

If You Didn't Like Our 2901, 
You'll Love Our 2903! 

• Two Data Input Ports 
The Am2903 can operate between 
any two internal registers, any 
internal register and an external 
data bus, or two external data 
buses. 

• Expandable Register File 
The. Am29705 hooks directly onto 
the Am2903 to provide any number 
of working registers, without losing 
the two-address architecture. You 

can even go to a three~address 
system, where on one cycle you 
operate on two registers and place 
the result in a third. 

• Arithmetic and Logical Shifts 
Arithmetic shifts hold the MSB 
(sign bit) in place and shift the rest 
of the word around the MSB. 
Logical shifts shift all the bits in 
the word. The 2903 provides both 
types of shift. 

• Sixteen-Function ALU 
Provides 9 Logic Functions and 7 
Arithmetic Functions, twice as 
many functions as the 290 1. 

• Parity Generated Internally 
. A Parity Generator operates on the 
ALU output and is cascaded 
between devices, so that a single 
pin contaihs parity across the entire 
ALU output. 

And H You Don't Quite Like Our 2903, 
You'll Definitely Love Our Am29203! 

• BCD Arithmetic 
The Am29203 includes special 
functions for BCD add and subtract, 
as well as conversion between binary 
and BCD notations. 

• A Byte Better 
The Am29203 is designed to 
efficiently handle byte operations 
with a minimum of extemallogic. 

3-2 

• Both Data Lines Bidirectional 

• Decrement by I or 2 Instruction 

• RAM is enabled only if instruction 
execution is enabled. 



Am2903 • Am29203 
The Superslice® 

DISTINCTIVE CHARACTERISTICS 

• Expandable Register File -
Like the Am2901, the Am2903/29203 contains 16 internal 
working registers arranged in a two-address architecture. But 
the Am2903/29203 includes the necessary "hooks" to ex
pand the register file externaHy to any number of registers. 

• Built-in Multiplication Logic -
Performing multiplication with the Am2901A requires a few 
external gates - these gates are contained on-chip in the 
Am2903/29203. Three special instructions are used for un
signed multiplication, two's complement multiplication and the 
last cycle of a two's complement multiplication. 

• Built-in Division Logic -
The Am2903/29203 contains all logic and interconnects for 
execution of a non-restoring, multiple-length division with cor
rection of the quotient. 

• Built-in Normalization Logic -
The Am2903/29203 can simultaneously shift the Q Register 
and count in a working register. Thus, the mantissa and ex
ponent of a floating-point number can be developed using a 
single microcycle per shift. Status flags indicate when the 
operation is complete. 

• Built-in Parity Generation Circuitry -
The Am2903/29203 can supply parity across the entire ALU 
output for use in error detection. 

• Built-in Sign Extension Circuitry -
To facilitate operation on different length two's complement 
numbers, the Am2903/29203 provides the capability to ex
tend the sign at any slice boundary. 

• BCD Arithmetic (Am29203 only) -
Automatic BCD add and subtract and conversion between 
binary and BCD. 

• Improved Byte Handling (Am29203 only) -
Zero detection and register writing can be performed tln a 
single byte rather than the whole word. 

• Two Bidirectional Data Lines (Am29203 only) -
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GENERAL DESCRIPTION 

The Am2903 is a four-bit expandable bipolar microprocessor 
slice. The Am2903 performs all functions performed by the in
dustry standard Am2901 and, in addition, provides a number of 
significant enhancements that are especially useful in arithme
tic-oriented processors. Infinitely expandable memory and 
three-port, three-address architecture are provided by the 
Am2903. In addition to its complete arithmetic and logic instruc
tion set, the Am2903 provides a special set of instructions which 
facilitate the implementation of multiplication, division, normali
zation, and other previously time-consuming operations. The 
Am29203 is a similar device, but has additional I/O capability, 
more special instructions and will be at least 30% faster. 

BLOCK DIAGRAM 

Ao-3 DATA IN 80_ 3 

D-----C;..<-+--I~DDAESS ADORES:: 1---7---<::J 

D40-3 (NOTE 1) 

P/OVR 

Arn292D3 
ONLY 

RAM WRITE Ir-,o----<::J 
ENABLE I ...... ~>--_ CP WE 

----., 

CP ---0 
vee ---0 
GNO ---0 

Notes: 1. DAo:3 is input only on Am2903, but is I/O port on ~29203. 
2. On Am2903, zero logic is connected to Y, after the DEy buffer. 

MPR·030. 
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ARCHITECTURE OF THE Am2903 AND Am29203 

The Am2903/29203 is a high-performance. cascadable. four-bit 
bipolar microprocessor slice designed for use in CPUs. 
peripheral controllers. microprogrammable machines. and 
numerous other applications. The microinstruction flexibility of 
the Am2903/29203 allows the efficient emulation of almost any 
digital computing machine. The nine-bit microinstruction selects 
the ALU sources. function and destination. The Am2903/29203 
is cascadable with full lookahead or ripple carry. has 3-state 
outputs. and provides various ALU status flag outputs. Ad
vanced Low-Power Schottky processing is used 10 fabricate this 
48-pin LSI circuit. 

All data paths within the device are four bits wide. As shown in the 
block diagram. the device consists of a 16-word by 4-bit. two-port 
RAM with latches on both output ports. a high-performance ALU 
and shifter. a mUlti-purpose Q Register with shifter Input. and a 
nine-bit instruction decoder. 

Two-Port RAM 

Any two RAM words addressed at the A and B address ports can 
be read simultaneously at the respective RAM A and B output 
ports. Identical data appear at the two output ports when the 
same address is applied to both address ports. The latches at the 
RAM output ports are transparent when the clock input. CP. is 
HIGH and they hold the RAM output data when CP is LOW. 
Under control of the OEB three-state output enable. RAM data 
can be read directly at the Am2903 DB I/O port. On the 
Am29203. EA provides the same feature at the DA port. 

External data at the Am2903/29203 Y 1/0 port can be written 
directly into the RAM. or ALU shifter output data can be enabled 
onto the Y I/O port and entered into the RAM. Data is written into 
the RAM at the B address when the write enable input. WE. is 
LOW and the clock input. CPo is LOW. 

Arithmetic logic Unit 

The Am2903 high-performance ALU can perform seven arithme
tic and nine logic opera,ions on two 4-bit operands. Multiplexers 
at the ALU inputs provide the capability to select various pairs of 
ALU source operands. The EA input selects either the DA exter
nal data input or RAM output port A for use as one ALU operand 
and the OEB and 10 inputs select RAM output port B. DB external 
data input. or the Q Register content for use as the second ALU 
operand. Also. during some ALU operations. zeroes are forced at 
the ALU operand inputs. Thus. the Am2903 ALU can operate on 
data from two external sources. from an internal and external 
source. or from two internal sources. Table I shows all possible 
pairs of ALU source operands as a function of the EA. OEB• and 10 
inputs. 

When instruction bits 14• 13• 12• 11• and 10 are LOW. the Am2903 
executes special functions. Table 4 defines these special func
tions and the operation which the ALU performs for each. When 
the Am2903 executes instructions other than the nine speci.al 
functions. the ALU operation is determined by instruction bits 14• 

13.12• and 11, Table 2 defines the ALU operation as a function of' 
these four instruction bits. The Am29203 ALU is identical. but 
executes 16 special instructions. 

Am2903/29203s may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am2903/29203s 
are cascaded. each slice must be programmed to be a most 
significant slice (MSS). intermediate slice (IS). or ~ast signifi
cant slice (LSS) of the array. The carry generate. G. and carry 
propagate. P. signals required for a lookahead carry scheme are 
generated by the Am2903/29203 and are available as outputs of 
the least significant and intermediate slices. 

TABLE 1. ALU OPERAND SOURCES 

EA 10 lSEa ALU Operand R ALU Operand S 

L L L RAM Output A RAM Output 8 
L L H RAM Output A 080_3 
L H X RAM OutpulA a Register 
H L L DAo-3 RAM Output 8 
H L H DA0-3 080-3 
H H X DA0-3 a Register 

L= LOW H = HIGH x = Don1 Care 

TABLE 2. ALU FUNCTIONS 

14 13 12 I, 10 ALU Functions 

L L L L L Special Functions 

L L L L H Fj = HIGH 

L L L H X F = S Minus R Minus' Plus Cn 

L L H L X F = R Minus S Minus' Plus Cn 

L L H H X F = R Plus S Plus Cn 

L H L L X F = S Plus Cn 

L H L H X F=SPlusCn 

L H H L L Reserved Special Functions 

L H H L H F=RPlusCn 

L H H H L Reserved Special Functions 

L H H H H F=RPlusCn 

H L L L L Reserved Special Functions 

H L L L H Fj = LOW 

H L L H X Fj = Rj AND Sj 

H L H L X Fj = Rj EXCLUSIVE NOR Sj 

H L H H X Fj = Rj EXCLUSIVE OR Sj 

H H L L X Fj = Rj AND Sj 

H H L H X Fj = Rj NORSj 

H H H L X Fj = Rj NAND Sj 

H H H H X Fj = Rj OR Sj 

L=LOW H = HIGH i = 0103 
X = LOW or HIGH 

The Am2903/29203 also generates a carry-out signal. Cn+4• 
which is generally available as an output of each slice. Both the 
carry-in. Cn. and carry-out. Cn+4. signals are active HIGH. The 
ALU generates two other status outputs. These are negative. N. 
and overflow. OVA. The N output is generally the most signifi-

. cant (sign) bit of the ALU output and can be used to determine 
positive or negative results. The OVR output indicates that the 
arithmetic operation being performed exceeds the available 
two's complement number range. The N and OVR signals are 
available as outputs of the most significant slice. Thus, the 
multipurpose GIN and P/OVR outputs indicate G and P at the 
least significant and intermediate slices, and sign and overflow 
at the most Significant slice. To some extent, the meaning of the 
Cn+4, P/OVR, and GIN signals vary with the ALU function being 
performed. Refer to Table 5 for an exact definition of these four 
signals as a function of the Am2903/29203 instruction. 

3-4 
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BLOCK DIAGRAM 

Ao-3 
DATA IN 

...----0 
WE 

Am29203 
ONLY 

OEB 

DAO_3 (NOTE 1) 4 DBO_ 3 

EA 
10 

GIN 

PIOVR 
Cn 

Cn+4 ,SIOO 

SI03 QIOO 

QI03 

OEy 

iEN 

la-Ie 

• 
lSS 

INSTRUCTION • 
DECODE 

• 
WRITEI CP 
MSi • CJ 

Vce 

z CJ 

r--,~~03 GND 
CJ 

Notes: 1. 0"0-3 is input only on Am2903. but is VO port on Am29203. 
2. On Am2903. zero logic is connected to Y. after the OEy buffer. 

ALU Shifter 

Under instruction control. the ALU shifter passes the ALU output 
(F) non-shifted. shifts it up one bit position (2F). or shifts it down 
one bit position (F/2). Both arithmetic and lOgical shift operations 
are possible. An arithmetic shift operation shifts data around the 
most significant (sign) bit position of the most significant slice, 

MPR-030' 

and a logical shift operation shifts data through this bit position 
'(see Figure A). 8100 and 8103 are bidirectional serial shift 
inputs/outputs. During a shift-up operation, 8100 is generally a 
serial shift input and 8103 a serial shift output. During a shift-down 
operation, 5103 is generally a serial shift input and 5100 a serial 
shift output. 
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SIO. -rrf: : I . SIOO 
·'Oa --111--: :---illl-- 81°0 

Moot 
Significant 

Slice 

...... 
SiSJ'lificant or 

Intermediate Slice 

Am2903/29203 Arithmetic Shift Path 

SlOa· I:: :1 SIOO 

All 
S1icaPositions 

Am2903/29203 Logical Shift Path 

Figure A. MPH-03' 

To some extent, the meaning of the SIOo and SI03 signals is 
in~ruction dependent. Refer to tables 3 and 4 for an exact 
definition of these pins. 

The ALU shifter also provides the capability to sign extend at slice 
boundaries. Under instruction control, the SIOo (sign) input can 
be extended through Yo, Y" Y 2, Y 3 and propagated to the SI03 
output. 

A cascadable, five-bit .parity generator/checker is designed into 
the Am2903/29203. ALU. shifter and provides ALU error detec
tion capability. Parity for the Fo, F" F2, F3 ALU outputs and SI03 
input is generated and, under instruction control, is made avail
able at the SIOo output.· Refer to the Am2903129203 applications 
section for a more detailed description of the Am2903/29203 
sign .extensiol) and parity generation/checking capability. 

The instruction inputs determine the ALU shifter operation. Table 
4 defines the special functions and the operatiqn the ALU shifter 
performs for each. When the Am2903129203 executes instruc
tions other than the special functions, the ALU shifter operation 
is determined by instruction bits 18171615' Table 3 defines the ALU 
shifter operation as a function of these four bits. 

Q Register 

The a Register is an auxiliary four-bit register which is clocked on 
the LOW-to-HIGH transition ofthe CP input. H is intended primar
ily for use in multiplication and division operations; however, it 
can also be used as an accumUlator or holding register for some 

applications. The ALU output, F, can be loaded into the a Regis
ter, and/or the a Register can be selected as the source for the 
ALU S operand. The shifter atthe inputto the a Register provides 
the capability to shift the a Register contents up one bit position 
(20).or down one bit position (0/2). Only logical shiftS are per
formed. 0100 and 010; are bidirectional shift serial. inputs/ 
outputs. During a a Register shift-up operation, 0100 is a serial 
shift input and 0103 is a serial shift output. During a shift-down 
operation, 0103 is a serial shift input and 0100 is a serial shift 
output. 

Double-length arithmetic and logical shifting capability is pro
vided by the Am2903/29203. The double-length shift is per
formed by connecting 0103 of the most·significant slice to SIOo 
of the least significant slice, and executing an instruction which 
shifts both the ALU output and the a Register. 

The a Register and shifter are controlled by the instruction in
puts. Table 4 defines the Am2903/29203 special functions and 
the operations which the a Register and shifter perform for 
each. When the Am2903/29203 executes instructions other than 
the special functions, the a Register and shifter operation is 
controlled by instruction bits 18171615' Table 3 defines the a Reg
ister and shifter operation as a function of these four bits. 

Output Buffers 

The DB and Y ports are bidirectional I/O ports driven by three
state output buffers with external output enable controls. On the 
Am29203, the DA port is also bidirectional. The Y output buffers 
are enabled when the OEy input is LOW and are in the high 
impedance state when DEy is HIGH. The DB output buffers are 
enabled when the OEs input is LOW and the DA buffers are 
enabled when EA is LOW. (On the Am2903 DA is input only; the 
pins are never outputs.) 

The zero, Z,pin is an open collector input/output that can be 
wire-OR'ed between slices. As an output it can be used as a zero 
detect status flag and generally indicates that the YO-3 pins are all 
LOW. To some extent the meaning of this signal varies with the 
instruction being performed. Refer to Table 5 for an exact defini
tion of this signal as a function of the Am2903 and Am29203 
instructions. On the. Am29203, the Z pin will be HIGH if OEy is 
HIGH, allowing zero detection on less than the full word. 

TABLE 3. ALU DESTINATION CONTROL FOR 10 OR 11 OR~ OR ., OR 14 = HIGH, lEN. = LOW. 

Hex ALUShifter 
18 '1 16 15 Code Function 

L L L L 0 Arith.FI2_V 

L L L H , log.FI2_V 

L L H L 2 Arith.FI2_V 

L L H H , Log.FI2-Y 

L H L L 4 F_V 

L H L H 5 F_V 

L H H L 6 F_V 

L H H H 7 F-V 

H L L L 8 Arith.2F-V 

H L L H 9 Lag.2F-V 
H L H L A Arith.2F-V 

H L H H B Log.2F-Y 

H H L L C F-Y 

H H L H 0 F_Y 

H H H L E StOO-Yo. Y1. Y2. V3 

H H H H F F_Y 

Parity = F3" F2 'f F, 'f Fo" 8103 
'f = ExcluaMI OR 

SlO3 

MosISig. Other 
Slice Sl_ 

Input Input 

Input Input 

Input Input 

Input Input 

!nput Input 

Input Input 

Input Input 

Input Input 

F. F, 

F, F, 

F. F, 

F, F, 

F, F, 

F, F, 

5100 510. 
F, F, 

L= LOW 
H = HIGH 

Y3 

_Slg. 
Slice 

F, 

810, 
F, 

810, 
F, 

F, 

F, 

F, 

F, 

F. 
F, 

F. 

F3 

F3 

5100 
F, 

Y2 QRegIo 
Other _SIg. Other w.n; Shiller 
Slices Slice Slices Y, Yo SIOo Function CII03 0100 

810, 810, F, F. F, F. L Hold Hi·Z Hi·Z 

810, F, F, F. F, F. L Hold Ht·Z HI-Z 

810, 810, F, F. F, F. L Lag. Q/2-+Q .. put <lo 
810, F, F, F. F, F. L Lag. Ql2-.Q .. put QO 

F, F. F. F, F. Parity L Hold Hj..Z Hi-Z 

F3 F. F, F, F. Parity H Lag. Q/2_Q Input QO·· 

F3 F. F. F, F. Parity H F-o HI-Z Hi-Z 

F, F. F. F, F. Panty L F-+Q HI·Z HI-Z 

F. F, F, F. 810. Input L Hold HI-Z HI·Z 

F. F, F, F. 810. Input L Hold Hi-Z Hi-Z 

F. F, F, F. SIOo Input L Lag.2Q-+Q 0, Input 

F. F, F, F. 8100 Input L Lag. >O-Q Q, Input 

F3 F. F. F, F. Hi-Z H Hold HI·Z Hi-Z 

F3 .. F. F, F. HI-Z H Lag.2Q-+Q 0, Input 

510. SIDo 510. SIOo 5100 Input L Hold Hi-Z Hi-Z 

F3 F. F. F, F. Hl-Z L Hold HI-Z HI-Z 

HI-Z = High Impedal!C8 
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TABLE 4. SPECIAL FUNCTIONS: '0 = '1 = '2 = 13 = 1.4 = LOW, iEN = LOW 

SIOs 
OReg. 

Hex Avalleble Special ALU Shifter MoatSlg. Other Shifter 
Ie 17 16 15 Coda On Function ALU Function Function Slice Slices SlOO Function 01°3 01°0 WRITE 

~ ~ L L 0 
Am2903 

Unoignod-
F· S+c"H=L 

Am29203 F=R+S+Cn if Z .. H 
Log. F/2 .. y 

Hi~Z 
(-') InpuI FO Log. aJ-oQ InpuI 00 L 

L L L H , Am29203 

L ~ H L 2 Am2903 lWo's Complement F=S+Cn ifZ=L Log.FI2_V 
HI-Z 

Am29203 - F=R+S+Cn if Z=H _0) I .... Fo Log.~ InpuI 00 .L 

~ L H H 3 Am29203 

L H L L 4 
Am2903 
Am29203 -by F=S+1+Cn F~V .... I .... Partly Hold H1·Z H1·Z L One 01 Two 

L H L H 5 
Am2903 
Am29203 ~ F=S+Cn IfZ-l F~V 

Two's CompIemenI F-'I+Cn ilZ ... H _3) 
I .... InpuI Porily Hold HI-Z Hl-Z L 

L H H L 6 
Am2903 Two's~ment F-S+Cn if Z=L Log. FI2_Y 

H1·Z Log. CV2-oQ 
Am29203 _ply, Last Cycle F=S-R-1+CnIfZ-H _0) I .... F. .... 00 L 

L H H H 7 Am29203 

H L L L 8 Am2903 SIngIo~ 
Am29203 - F",S+Cn F~V F, F, HI-Z Log.2Q...Q 0.. .... L 

H L ~ H 9 Am29203 

Am2903 00ubI0 Longth 
H L H L A 

Am29203 =:::.~. F=S+Cn Log 2F ... Y R3 YF3 F, Input Log. 2Q...Q 0.. .... L 

H L H H B Am29203 

H H L ~ C 
Am2903 Two's Complement F=S+R+Cn if Z=L 

Log.2F ... Y R3¥F3 F, I .... Log. 2Q...Q 0.. L 
Am29203 ~ F=S-R-1+Cn ifZ=H .... 

H H L H 0 Am29203 

H H H L E Am2903 o::,~ F=S+R+Cn if Z'"'L 
F~V F, Hi-Z Log.2Q.oQ L 

Am29203 F=S-R-' +c" HZ=H F, 0.. .... 
.... -

H H H H F Am29203 

NOTES:·1, Attha most signltlcanl slice only, the Cn+4 signal Is internally gated to tha V3 output. 
2. Attha most 8ignlflcant slice only, Fa "I OVR is internally gated to tha V 3 output. 

L= LOW 
H = HIGH 

HI·Z = High Impedance 
"I = Exclusive OR 

3, Attha most slgnlficant·sllce.only, Si¥F3 Is generateci at the V3 output. 

Instruction Decoder 

The Instruction Decoder generates required internal control sig
nals as a function of the nine Instruction inputs, 10- 8; the Instruc
tion Enable input, lEN; the LSS input; and the WRITE/MSS 
input/output. 

The WRITE output is LOW when an instruction which writes data 
into the RAM is being executed, Refer to Tables 3 and 4 for a 
definition of the WRITE output as a function of the Am2903 
instruction inputs, 

On the Am2903, when 'IEN is HIGH, the WRITE output is forced 
HIGH and the Q Register and Sign Compare Flip-Flop contents 
are preserved. When lEN is LOW, the WRITE output is enabled 
and the Q Register and Sign Compare Flip-Flop can be written 
according to the Am2903 instruction. The Sign Compare Flip
Flop is an on-chip flip-flop which is used during an Am2903 divide 
operation (see Figure B). On the Am29203, lEN controls internal 
writing, but does not affect WRITE, The lEN signal can then be 
controlled separately at each chip to facilitate byte operations. 

Programming the Am2903/29203 Slice Position 

Tying the LSS input LOW programs the slice to operate as a least 
significant slice (LSS) and enables the WRITE output signal onto 
the WRITE/MSS bidirectional 1/0 pin, When LSS is tied HIGH, the 
WRITE/MSS pin becomes an input pin; tying the WRITE/MSS pin 
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. X = Don't Cere Parity = 8103 "I. F3 "I F2. ¥ F, "I Fo 

HIGH programs the slice to operate as an intermediate slice (IS) 
and tying it LOW programs the slice to operate as a most signifi
cant slice (MSS). The W/MSS pin must be tied HIGH through a 
resistor. W/MSS and LSS should not be connected together. 
See Figure 2 of applications. 

SPECIAL 
FUNCTION 

AORC 

D Q 

iEN 
SIGN 
COMPARE 

CLK a 

The sign compare signal appears at the Z output of the most 
significant slice during special functions C, 0 and E, F. Refer 
to Table 5. 

Figure B. Sign Compare Flip-Flop. 
MPR-D32 
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TABLE 5. Am2903/29203 STATUS OUTPUTS 

(HeXl 
1817165 

(HeXI 
1413~ 1 

X 0 

X 1 

x 2 

X a 

x 4 

x S 

X 6 

x 7 

x 8 

x 9 

x A 

x B 

x C 

x 0 

x E 

x F 

0 0 

2 0 

4 0 

S 0 

6 O· 

8 0 

A 0 

C 0 

E 0 

L=LOW=O 
H = HIGH = 1 
'1.= OR 

11= ANO 

10 

H 

X 

X 

x 
X 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

V = EXCLUSIVE OR 

P = P3P2P,PO 

GI PI 
(1=0 to 3) (1=0 to 3) 

0 1 

AI II SI AIV Sj 

Aj II S-j RIVSI 

Atll Sj AIV Sj 

0 Sj 

0 Sj 

0 AI 

0 Aj 

0 1 

. AI II SI 1 

AI II SI AIVSj 

Aj II Sj RjV SI 

RI II SI 1 

AI II 51 1 

RI II Sj 1 

RI II SI , 
o IIZ-L SIIIZ-L 
AIIISI II Z-H RIVSIIIZ-H 
OIIZ-L Sj ifZ=L 
RI"Sj II Z=H RI V 51 IIZ-H 
See Note 1 Se. Note 2 

0 ~I jIZ-L 
Sj ~ Z-H 

011 Z L Sj ifZ-L 
RIIISI II Z=H RjVSIIIZ-H 

0 SI 
0 SI 
~jllSI II Z-L RIVSIIIZ-L 
RjllSj IIZ-H RIVSj IIZ-H 

RIIISIII Z-L !!IVSI j! Z-L 
RI"SII! Z-H RIVSIIIZ-H 

G = G,YG2P3VG,P2P:iV.GOP,P2Pa 

Cn+3 = G:iVG,P2V·GOP;P2YCnPpP,P2 

Am2903 SPECIAL FUNCTIONS 

P/OVR 

c;..+4 
MostSlg. 

Slice 

0 0 

GVPCn Cn+3 VCn+4 

GV PCn Cn+a VCn+4 

GVPCn Cn+3 VCn+4 
GVPCn Cn+a V Cn+4 

GVPCn Cn+a VCn+4 

GVPCn Cn+a VCn+4 

GVPCn Cn+a VCn+4 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

GVPCn Cn+3 ¥ Cn+4 

GVPCn Cn+a VCn.+4 

GVPCn Cn+3 VCn+4 

GV PCn Cn+a V Cn+4 

GVPCn Cn+a V Cn+4 

See Note 3 Q2VQ, 

see Note 4 F2V F, 

GVPCn Cn+3 VCn+4 

GVPCn Cn+3 V Cn+4 

Other 
Slices 

0 

P 
p 

l' 
P 
p 

P 
p 

0 

0 

0 

0 

0 

0 

0 

0 

l' 

I' 

P 

I' 

I' 

P 
P 

l' 

I' 

litN Z(OEy - LOW) 

MoatSlg. Other MoatSlg. Intermediate Leest Sig. 
Slice Slice. Slice Slice Slice 

F3 G YOY, Y2Y3 YOY, Y2V3 YOV,Y2V3 

F3 G YOY, Y2Y3 YOY,Y2Y3 YOY, Y2Ya 

Fa G YOY, Y2Ya YoV, V2Ya VOV, V2V3 

Fa G YOY, Y2Ya YOY'Y2Ya YOY,Y2Va 

Fa G YOY, Y2Ya YOY'Y2Ya YOY, Y2Ya 

F3 G YOY,Y2Ya YOY, Y2Y3 YOY, Y2Y3 

Fa G YOY, Y2Ya YOY, Y2Y3 YOY, Y2Va 

Fa G YOY,Y2V3 YOY,Y2Ya YoY,Y2Ya 

Fa G YOY, Y2Ya YOY, Y2Ya YOY, Y2Ya 

Fa G YOY, Y2Y3 YOY, Y2Y3 YOY, Y2Ya 

Fa G YOY, Y2Y3 YOY, Y2Ya YOY'Y2Y3 

Fa G YOY, Y2Ya YOY, Y2Ya YOY,Y2Ya 

Fa G YOY'Y2Y3 Yo'f, Y2Ya YOV,Y2Y3 

Fa G YOY, Y2Ya YOY, Y2Ya YOY, Y2Ya 

Fa G YOY'Y2Ya YOY, Y2Ya YOY,Y2Y3 

Fa G YOY,Y2Ya YOY, Y2Ya YOY,Y2Y3 

Fa G Input Input QO 

Fa G Input Input' Qo 

Fa G YOY, Y2Ya YOY, Y2Ya YOY, Y2Y3 

F3 1IZ- L G 53 Input Input 
F3V S31IZ-H 

Fa G Input Input QO 

Qa G QOQ,Q2Q3 QoO, 0 20 a 000 , 0 20 3 

Fa G See NoteS See Note 5 See Note 5 

Fa G Sign Compare 
Input Input 

FF Output 

Fa G 
Sign Compare 

Input Input 
FF Output 

NOTES: 1. If LSS Is LOW, GO = So and G
'

,2,3 = 0 
If LSS Is HIGH, GO,1,2,3 = 0 

2. If LSS Is LOW, Po = 1 and P ' ,2,3 = S',2,3 
If LSS Is HIGH"PI = Sl 

3. At the most significant slice, C n+4 = 03V 02 
At other slices, Cn+4 = GV PCn 

4. At the most significant slice, Cn+4 = F3V F2 
At other slices, Cn+4 = GV PCn 

5. Z = QOQ,Q2Q3FOF,F2F3 

The Am2903 provides nine SpeCial Functions which facilitate the 
implementation of the following operations: 

The Unsigned Multiply Special Function and the two Two's Com
plement Multiply Special Functions can be used to multiply two 
n-bit, unsigned or two's complement numbers. respectively, in 
n clock cycles. These functions utilize the conditional add and 
Shift. algorithm. During the last cycle of the two's complement 
multiplication, a conditional subtraction, rather than addition, is 
performed because the sign bit of the multiplier carries negative 
weight. 

• Single- and Double-Length Normalization 
• Two's Complement Division 
• UnSigned and Two's Complement Multiplication 
• Conversion Between Two's Complement and Sign/Magnitude 

Representation 
• Incrementation by One or Two 

Table 4 defines these Special Functions. 

The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
s~cified range. 

Three Special Functions which cim be used to perform a two's 
complement, non-restoring divide operation are provided by the 
Am2903. These functions provide both' single- and double
precision divide operations and can be performed in "n" clock 
CYcles, where un" is the number of bits in the quotient. 
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The Sign/Magnitude-Two's Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be converted to 
the Two's Complement representation, and vice-versa, in one 
clock cycle. 

The Increment by One or Two Special Function can be used 
to increment an unsigned or two's complement number by 
one or two. This is useful in 16-bit word, byte-addressable 
machines, where the word addresses are multiples of two. 

Refer to Am2903 applications section for a more detailed descrip
tion of these Special Functions. 



PIN DEFINITIONS 

Ao-3 

BO- 3 

DAo-3 

DBo- 3 

Cn 

10- 8 

GiN 

PlOYR 

Four RAM address inputs which contain the 
address of the RAM word appearing at the 
RAM A output port. 

Four RAM address inputs which contain the address 
of the RAM word appearing at the RAM B output 
port and into which new data is written when the 
WE input and the CP input are LOW. 

The RAM write enable input. If WE is LOW, data 
at the Y I/O port is written into the RAM when 
the CP input is LOW. When WE is HIGH, 
writing data into the' RAM is inhibited. 

A four-bit external data input which can be 
selected as one of the Am2903 ALU operand 
sources; DAo is the least significant bit. On the 
Am29203, the DA path is bidirectional, operating as 
either an ALU source operand or as an external output 
for the RAM A-port. 

A control input which, when HIGH selects DAo-3 as the 
ALU R operand, and, when LOW, selects RAM output 
A as the ALU R operand and the DAo-3 output data. 

A four-bit external data input/output. Under 
control of the OEe input, RAM output port B 
can be directly read on these lines, or input 
data on these lines can be selected as the 
ALU S operand. 

A control input Which, when LOW, enables RAM 
output B onto the DBo- 3 lines and, when HIGH, 
disables the RAM output B tri-state buffers. 

The carry-in input to the Am2903/29203 ALU. 

The nine instruction inputs used to select the 
Am2903!29203 operation to be performed. 

The instruction enable input which, when LOW, allows 
the Q Register and the Sign Compare flip-flop to be 
written. When lEN is HIGH, the Q Register and Sign 
Compare flip-flop are in the hold mode. On the 
Am2903, lEN also controls WRITE. On the Am29203, 
WRITE is not affected by lEN, but internally disables 
the RAM write enable. 

This output generally' indicates the carry-out of the 
Am2903!29203 ALU. Refer to Table 5 for an exact 
definition of this pin. 

A mUlti-purpose pin which indicates the carry 
generate, G, function at the least significant and 
intermediate slices, and generally indicates the 
sign, N, of the ALU result at the most significant 
slice. Refer to Table 5 for an exact definition of 
this pin. 

A multi-purpose pin which indicates the carry prop
agate, P, function at the least significant and inter
mediate slices, and indicates the conventional two's 
complement overflOW, OVR, signal at the most sig
nificant slice. Refer to Table 5 for an exact definition 
of this pin. 

z 

VO-3 

CP 
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An open-collector input/output pin which, when HIGH, 
generally indicates the outputs are all LOW. For some 
Special Functions, Z is used as an input pin. Refer to 
Table 5 for an exact definition of this pin. 

Bidirectional serial shift inputs/outputs for the 
ALU shifter. During a shift-up operation, SIOo 
is an input and SI03 an output. During a 
shift-down operation, SI03 is an input and SIOo 
is an output. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

Bidirectional serial shift inputs/outputs for the Q 
shifter which operate like SIOo and S103 . Refer 
to Tables 3 and 4 for an exact definition of 
these pins. 

An input pin which, when tied LOW, programs the 
chip to act as the least significant slice (LSS) of 
an Am2903!29203 array and enables the WRITE out
put onto the WRITE/MSS pin. When LSS is tied HIGH, 
the chip is programmed to operate as either an inter
mediate or most significant slice and the WRITE out
put buffer is disabled. 

When LSS is tied LOW, the WRITE output signal 
appears at this pin; the WRITE signal is LOW 
when an instruction which writes data into 
the RAM is being executed. When LSS is tied 
HIGH, WRITE/MSS is an input pin; tying it HIGH 
programs the chip to operate as an inter
mediate slice (IS) and tying it LOW programs the 
chip to operate as the most significant slice (MSS). 

Four data inputs!outputs of the Am2903/29203. Under 
control of the OEy input, the ALU shifter output data 
can be enabled onto these lines, or these lines can be 
used as data inputs when external data is written di
rectly into the RAM. 

A control input which, when LOW, enables 
the ALU shifter output data onto the Y 0-3 lines 
and, when HIGH, disables the YO-3 three
state output buffers. 

The clock input to the Am2903/29203. The Q Register 
and Sign Compare flip·flop are clocked on the 
LOW-to-HIGH transition of the CP signal. When en
abled by WE, data is written in the RAM when CP is 
LOW, 
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311 .. 
28 

" 

" 
" " 

311 

34 

33 
32 

43 

'" 
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LOGIC SYMBOL 

Ao .. 
A, B, 
As .. 
As o, 

liE 
DAo DBa 
DA, DO, 
DAs DO, 
DAs DO, 

" 0" c;,., ....... C.' 

" 
........ 1ilN 

P/OVA 

" 
" 
'3 

" WRITEIMii 

" '. " 
" 
co 
iEN 

16 19 " 17 18 

. Vee = Pin 36 
GND = Pin 13 

Vee 

lk 

- p. 

5 - p. 

4 - P, 

3 

ili 

m<>o 
510, 

0'<>0 
010, 

19 
PE 

.. .. .. 
Q .. 
23 

" 26 .. 
" 
" " " 22 

.. 
" .. 
" .. 

CLOCK 

2 

CP 
a. 

a, 

CONNECTION DIAGA~M 

01<>0 
!ll 

DAo 
DA, 
DAs 
"., 

" 
" 
" 

C, 

Cni-4 

'IOY. 
ORD 
iIIN 
I5iv 

Vo 
v, 
v2 
v, 

SlO, 

"0, 
z 

DBa 
DO, 

MPR-034 

2.!.-

12 

13 

Top View 

010, 
o, 
o, 
B, .. 
CO 

" 
" """''' .... m 
mI 
.... 
Vee 

" '. 
" 
" tm, 
Ao 
A, .. 
As 
oa, 

"" 
Note: Pin 1 is marked 

for orientation. 

lk 
Vee 

143 
47 CP 

B3 
27 

A3 
10 

Cn 
46 - B. 
28 - A. 
20 

SIO. 

---2. 0100 
45 

18 

32 

10 

11 

I. 

IGNDI13 

14 

I. 

16 

17 
1. 

343 5 

~ETALLIlATION AND PAD LAYOUT 

2 

6 54 3 ., 48.47 48 46 ~ 43 

1. 

39 

20 ., 22 GND 23 24 26 28 27 28 29 

DIE SIZE 0.163" X 0.197" 

Note: Pin numbers correspond 
to D.IP package. 

-! 
38· 15 31 

ve e 

I. DAo DA. EA L$S lEN OEY OEB 14 2700 
G 

22 3000 
Z 

16 31100 
Yo 

17 31100 
Y, 

18 300n 
Y. 

19 31100 
y. 

12 4700 
P 

Am2903 11 5600 - p. Ame316 0, 

G 
B, Cn+4 

10 -
--!.. 

1 -

Vee 

A, 510. CET 

~ 00 I. 0103 

CEP 44 
B. DBO 

15 30 
iiR Ao DB, 

TC~ Vee ON: 41 

1'6 

I, DB, 
40 

O.I,.F J. MSS 
Vee OND 17 

vee~38 
13 

G.1"F 

Vee = 5.0V 
FrequBncy = 100kHz 
TA = +125'C 
All registBrs ara 1/4 watt ±5% 

Is .. 
33 35 

I. I. DA, DA. WE 
DB. 

9 8 42 4 6 37 

This circuit conforms to MIL-STD-883. Methods 1005 and 1015. Condition D. 
One Am9316 Can Drive Maximum of Five Am2903s. 

Am2903 Burn·ln and Life Test Circuit 
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21 560n 

48 560n 

23 560n 

24 560n 

25 560n 

25 560n 

MPR-582 



Am2903 • Am29203 
OPERATING RANGES (over which DC, switching, and functional specifications apply) 

Range 

COM'L 

MIL 

Part Number 
Suffix 

PC, PCB, 
DC, DCB, 
XC 

DM,DMB, 
FM, FMB, 
XM 

Temperature VCC 

TA=Ot070'C 4.75 to 5.25V 2.0V O.SV 

Te = -S5to +125'C 4.50 to S.5OV 2.0V 0.3V 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

ORDERING INFORMATION 

Am2903 • Am29203 

-65 to +150'C 

-55 to +125'C 

-0.5 to + 7.0V 

-0.5 to +Vec max. 

-0.5 to +5.5V 

30mA 

-30 to +5.0mA 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am29203 Am2903 
Order Order Package Type Operating Range Screening Level 

Number Number (Note 1) (Note 2) (Note 3) 

AM29203DC AM2903DC D-48 C C-1 
AM29203DC-B AM2903DC-B D-48 C B-2 (Note 4) 
AM29203DM AM2903DM 0-48 M C-3 
AM29203DMB AM2903DM-B 0-48 M B-3 
AM29203FM AM2903FM F-48 M C-3 
AM29203FMB AM2903FM-B F-48 M B-3 

Am29203XC Am2903XC Dice C } Visual Jnspection 

Am29203XM Am2903XM Dice M to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hennetlc DIP, F = Flat Palc. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = O'C to + 70'C, Vee = 4.75V to S.25V, M = - 5S'C to +12S'C, Vee = 4.S0V to S.SOV. 
3. See Appendix A for details of screening. Levels C-t and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-S83, 

Class B. 
4. 96 hour burn'in. 

3-11 
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DC CHARACTERISTICS OVER OPERATING RANGE 

ParameterS Description Test Conditions (Note 1) 

Typ. 
Min. (Note 2) Max. Units 

10H = =-l.6mA 2.4 
Yo·Ya• GIN 

VOH Output HIGH Voltage Vcc = MIN. 10H = =-8OO,.A Volts 
VIN = VIH or Vil D80-a. P/OVR 

SlOo• SIOa• 0100. 0103. 
2.4 

WRITE. Cn+4 

ICEX 
Output Leakage Current Vcc = MIN .• VOH = 5.5V 

250 ,.A for Z Output (Note 4) VIN = VIH or Vil 

Yo. Y,. Y2 IOl = 20rnA (COM'L) 
0.5 

Y3.Z 10l = 16mA (MIL) 

DBa. DB,. 10l = 12mA (COM'L) 
0.5 

Output LOW Voltage Vcc = MIN. 
DB2.DB3 10l = 8.0mA (MIL) 

Val VoKs 
VIN = VIH = or Vil GIN IOl = 18mA 0.5 

P/OVR 10l = lOrnA 0.5 

Cn+4. SIOo 
S103• 0100 10l = 8.0mA 0.5 
0103. WRITE 

VIH Input HIGH Level 
Guaranteed Input logical HIGH 

2.0 Volts 
voltage lor all inputs (Note 6) 

Vil Input LOW Level 
Guaranteed input logical LOW 

0.8 Volts 
voltage lor all inputs (Note 6) 

VI Input Clamp Vonage Vcc = MIN .• liN = -18mA -1.5 Volts 

Cn -3.6 

Yo. Y,. Y2• Y3 -1.13 

10• I, •. 12.13.14 
-0.72 

III Input LOW Current Vcc = MAX .• VIN = 0.5V DAo. OA,. OA2• OA3 
rnA 

(Note 4) 
SIOo. ~: 0100. 
0103. MS • OBo. DB,. -0.77 
DB2• DBa 

All other inputs -0.36 

Cn 200 

Yo. Y,. Y2• Ya 110 

10.14• DAo·DA3 40 

IIH Input HIGH Current Vcc = MAX .• VIN = 2.7V SIOo• SIOa• QIOo. ,.A 
(Note 4) ~.DBO-a. 90 

MSS 

All other inputs 20 

II Input HIGH Current Vcc = MAX .• VIN = S.5V 1.0 rnA 

YO'Ya 
Va = 2.4V 110 

10ZH 
Off State Vcc = MAX .• Va = O.SV -1130 ",A 
(HIGH Impedance) 

10Zl Output Current 
(Note 4) 

DBa.3. 0100. 0100. Va = 2.4V 90 
SIOo• SIOa• MSS/IS Va = O.SV -770 

los 
Output Short Circuit Vcc = MAX + 0.5V 

-30 -85 rnA 
Current (Note 3) Va = 0.5V 

TA = 25'C 220 335 

TA = Ot070'C 350 
Power Supply Current COM'L 

Icc (Note 5) Vcc = MAX. TA = 70'C 291 rnA 

MIL 
T C = -55 to 125'C 395 

Tc = 125'C 258 

Note.: ,. For conditions shown as MIN. or MAX .• use the appropriate value speCified under Electrical Characteristics for the appllcsble davice type. 
2. Typicallimlls are at VCC· = 5.0V. 25'C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. YO-3. DBO-3. SI00.3. Q100.3 and WRITE/MSS are three state outputs internally connected· to TTL inputs. Z is an open·collector output internally 

connected to a TTL Inpul. Input characteristics are measured undar conditions such that the outputs are in the OFF state. 
5. Worst case IcC is at minimum temperature. 
8. These input levels provide zero nol.e immunity and should only be tested In a static. noise,free environment. 
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Am2903 SWITCHING CHARACTERISTICS 
Am2903 switching characteristics are dependent on tempera
ture, voltage, and the operating mode of the device. The detailed 
data for the part is given in the 24 tables comprising Appendix A 

of this data sheet. For reference, one set of these tables is 
reproduced on this page and the next. For switching data for 
special functions and military devices, refer to Appendix A. 

~ From Input Y Cn+4 

A Address 86 81 
(Arlth. Mode) 
B Address 99 88 

A Address 87 -
(Logic Mode) 
B Address 84 -

DA Inputs 63 60 
(Arith. Mode) 
DB Inputs 61 59 

DA Inputs 64 -
(Logic Mode) 
DB Inputs 55 -

EA 59 53 

en 40 30 

10 52 48 

14321 71 65 

18765 42 .-

lEN - -
5103,5100 26 -

Clock 87 87 

Y - -
MSS. 44 -

TABLE III A 
Guaranteed Combinational Delays 

TA = O"C to +70"C, Vee = 4.75V to 5.25V 
Standard Functions 

- - ---
G,P Z (s) N OVR DB WRITE 

69 110 86 108 - -

81 123 99 112 49 -

68 111 89 - - -

73 108 84 - 49 -

49 87 64 89 - -

47 85 62 84 - -

48 88 66 - - -

32 79 57 - - -

42 83 59 83 - -
- 64 40 58 - -
36 76 52 63 - 49 

72 95 69 84 - 49 

- 66 - - - 50 

- - - - - 22 

- 50 - - - -

71 111 88 108 37 -

- 24 - - - -

44 68 44 44 - -

QIOo SIOo 
QI03 SIOo SI03 Parity 

- 84 94 115 

- 94 104 140 

- 79 94 115 

- 84 90 120 

- 60 70 101 

- 62 68 98 

- 61 72 101 

- 52 61 93 

- 57 64 98 

- 38 46 67 

* 50* 58* 93* 

* 66* 73* 105* 

60* 42* 45* 42* 

- - - -

- - 29 36 

40 84 92 105 

- - - -

- 44 46 44 

Note: A" *" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay 
to correct data on an enabled output. A·* shown without a number means the output is disabled by the input or it is enabled but the delay to 
correct data is determined by something else. 
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TABLE IIIB 

Guaranteed Set-up and Hold Times 
TA = O·C to. +70·C,Vcc = 4.7SV to S.2SV 

All Functions 
CAUTION: READ NOTES TO TABLE B. NA = Not Applicable; no timing constraint. 

~ 
HIGH-to-LOW LOW-ta-HIGH 

With Respect 
From Input to this Signal Set-up 

V Clock NA 

WE HIGH Clock 25 

WE LOW Clock NA 

A, B as Sources Clock 27 

B as a Destination Clock and WE both LOW 6 

01°0,0103 Clock NA 

18765 Clock 24 

lEN HIGH Clock 30 

lEN LOW Clock NA 

14321"0 Clock 24 

Notes: 
1. For set-up times from all inputs not specified in Table B, the 

set-up time is computed by calculating the delay to stable Y 
outputs and then allowing the Y set-up time. Even ilthe RAM is 
not being loaded, the Y set-up time is necessary to set-up the 
o register. All unspecified hold times are less than or equal to 
zero relative to the clock LOW-to-HIGH edge. 

2. WE controls writing into the RAM. lEN controls writing into 0 
and. indirect~ontrols WE through the write output. To pre
vent writing. lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and lEN LOW set-up 
times are met. Having gone LOW. they should not be returned 
HIGH until after the clock has gone HIGH. 

TABLE III C 
Guaranteed Enable/Disable Times 

TA = O"C to +70"C, VCC = 4.7SV to S.2SV 
All Functions 

From To Enable Disable 

OEV Vi 27 25 

OEB DB; 31 25 

18 SIOo. SI03 25 

18765 0100• 0103 60 

143210 01°0.01°3 65 60 

LSS WRITE 31 25 

Note: 

ns 

ns 

ns 

ns 

ns 

ns 

1. CL = 5.0pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 

Hold Set-up Hold Comment 

NA 20 3 To store V in RAM or 0 

Note 2 Note 2 0 To Prevent Writing 

NA 30 0 To Write into RAM 

3 NA NA See Note 3 

Note 4 Note 4 3 To Write Data only into 
the Correct B Address 

NA 21 3 To Shift 0 

Note 5 Note 5 0 

Note 2 Note 2 0 To Prevent Writing into 0 

NA 30 0 To Write into 0 

-
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68 0 See Note 6 

3. A and B addresses must be set-up prior to clock LOW transi
tion to capture data in latches at RAM output. 

4. Writing occurs when CP and WE are both LOW. The B ad
dress should be stable during this entire period. 

5. Because 18765 control the writing or not writing of data into 
RAM and O. they should be stable during the entire clock LOW 
time unless lEN is HIGH. preventing writing. 

6. The set-up time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 143210. relative to the clock LOW-to-HIGH 
transition. is the longer of (1) the set-up time prior to clock 
L -4 H. and (2) the sum of the set-up time prior to clock 
H -4 L and the clock LOW time. 

TABLE III 0 
Guaranteed Clock and Write Pulse Characteristics 

TA = O·C to +70·C, VCC = 4.7SV to S.2SV 
All Functions 

Minimum Clock LOW Time 30 ns 

Minimum Clock HIGH Time 30 ns 

Minimum Time CP and WE 
both LOW to Write 30 ns 



CYCLE TIMES FOR 16-81T SYSTEM 
FOR COMMON. OPERATIONS 

The illustration below shows a typical configuration using 4 
Am2903 Superslices. an Am2902A carry lookahead chip, and the 
Am2904 for shift mUltiplexers, status registers. and carry-in con
trol. For the system enclosed within the dashed lines, there are 
four major SWitching paths whose values for various kinds of 
cycles are summarized below. and shown on the timing 
waveform. 

1. MICROCYCLE TIME (TCHCH). 

Am2903 • Am29203 

4. CP TO Y (TCHYV). 
The maximum time required to obtain valid Y outputs after a 
clock LOW-TO-HIGH transition. 

The types of cycles for which data is summarized are as follows: 

1. Logic - Any logical operation without a shift. 
2. Logic Rotate - Any logic operation with a rotate or shift. 
3. Arithmetic - An add or subtract with no shift. 
4. Multiply - The first cycle of a 2's complement multiply instruc

tion. Subsequent cycles require less time. 
5. Divide - The iterative divide cycle. The first divide instruction 

and the last divide (correction) instruction require 
less time. The minimum time which must elapse between a LOW-TO

HIGH clock transition and the next LOW-TO-HIGH clock 
transition. Time In ns Over Commercial Operating Range 

2. DATA SET-UP TIME (TDVCH). CYCLE TCHCH TOVCH TDVYV TCHYV 

The minimum time which must be allowed between valid, 
stable data on the D inputs and the clock LOW-TO-HIGH 
transition. 

3. D TO Y (TDVYV). 
The maximum time required to obtain valid Y output data after 
the D inputs are valid. This is the combinational delay through 
the parts from D to Y. 

D,N 

,. 

LOGIC 

LOGIC ROTATE 

ARITHMETIC 

MULTIPLY 

DIVIDE 

143 

180 

184 

200 

228 

105 64 

H3 123 

137 96 

140 120 

167 128 
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USING THE Am2903 AND Am29203 
Except Where. Otherwise Noted, All References 
to the Am2903 Also Apply to the Am29203. 

Am2903 APPLICATIONS 

The Am2903 is designed to be used in microprogrammed sys
tems. Figure 1 illustrates a recommended architecture. The con
trol and data inputs to the Am2903 normally will all come from 
registers clocked at the same time as the Am2903. The register 
inputs come from a ROM or PROM - the "microprogram store". 
This memory contains sequences of microinstructions which 
apply the proper control signals to the Am2903's and other cir
cuits to execute the desired operation. 

The address lines of the microprogram store are driven from the 
Am291 0 Microprogram Sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the microprogram store. Essen
tially, these bits are the "next instruction" control. 

One I.evel Pipeline Based System 

MAP 

Figure 1. Typical Microprogram Architecture. 

MSS 
DEVICE 4 

DA DB 

DEVICE 3 

DA DB 

MPR·035 

Note that with the microprogram register in between the micro
program memory store and the Am2903's, a microinstruction 
accessed on one cycle is executed on the next cycle. As one 
microinstruction is executed, the next microinstruction is being 
read from microprogram memory. In this configuration, system 
speed is improved because the execution time in the Am2903's 
occurs in parallel with the access time of the microprogram store. 
Without the "pipeline register". these two functions must occur 
serially. 

Expansion of the Am2903 

The Am2903 is a four-bit CPU slice. Any number of Am2903's 
can be interconnected to form CPU's of 8,16,32, or more bits, in 
four-bit increments. Figure 2 illustrates the interconnection offour 
Am2903's to form a 16-bit CPU, using ripple carry. 

With the exception of the carry interconnection, all expansion 
schemes are the same. The 0103 and SI03 pins are bidirectional 
left/right shift lines at the MSB of the device. For all devices 
except the most Significant, these lines are connected to the 0100 

and SIOo pins of the adjacent more Significant device. These 
connections aHow the 0 Registers of all Am2903's to be shifted 
left or right as a contiguous n-bit register, and also allow the ALU 
output data to be shifted left or right as a contiguous n-bit word 
prior to storage in the RAM. At the LSB and MSB of the CPU, the 
shift pins should be connected to a shift multiplexer which can be 
controlled by the microcode to select the appropriate input sig
nals to the shift inputs. 

Device 1 has been defined as the least significant slice (LSS) and 
its LSS pin has accordir:!9!l.. been grounded. The Write/Most 
Significant Slice (WRITE/MSS) pin of device 1 is now defined as 
being the Write output, which may now be used to drive the write 
enable (WE) Signal common to the four devices. Devices 2 and 3 
are deSignated as intermediate slices and hence the LSS and 
WRITE/MSS pins are tied HIGH. Caution: W/MSS must be tied 
to Vee through a resistor; W/MSS and LSS may not be shorted 
directly together. Device 4 is designated the most significant slice 
(MSS) with the LSS pin tied HIGH and the WRITE/MSS pin held 
LOW. The open collector, bidirectional Z pins are tied together for 
detecting zero or for inter-Chip communication for some special 
instruct!on. The Carry-Out (Cn+4) is connected to the Carry-In 
(Cn) of the next chip in the case of ripple carry. For a faster carry 
scheme, an Am2902 may be employed (as shown in Figure 3) 
such thatthe if and P outputs ofthe Am2903 are connected to the 
appropriate G andPinputs ofthe Am2902, while the Cn+x, Cn+y, 
and Cn+z outputs ofthe Am2902 are connected to the Cn input of 
the appropriate Am2903. Note that GIN and P/OVR pin functions 
are device dependent. The most significant slice outputs N and 
OVR while all other slices output G and P 

LSS 
DEVICE 2 DEVICE 1 

t· 
DA DB DA DB 

Q1015 

810,6 

CARRY 
OUT 

0100 1------1 0103 

SIOo SI03 

01°0 1-____ -1 0103 0100 0103 0100 0100 

NEGATIVE 

OVERFLOW 

ZERO 

SIOO 1------1 
c,I------fCn+4 C,I-____ -I 

+5 

Am2903/29203 

WIMSS 
LSS 

SI03 SIOO 

Cn +4 C, 

Am2903/29203 

WIMSS 

LSS 

SI03 SIOO 

Cn+4 C, 

Am2903/29203 

W/MSS 

LSS 

~------------------~----------------~~----------------~--~~---+, 

I=igure 2. 16-Bit CPU with Ripple Carry. 
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The lEN pin of the Am2903 allows the option of conditional 
instruction execution. If lEN is LOW, all internal clocking is en
abled, allowing the latches, RAM, and a Register to function. If 
lEN is HIGH, the RAM and a Register are disabled. The RAM is 
controlled by lEN if WE is connected to the WRITE output. 

It would be appropriate at this point to mention that the Am2903 
may be microcoded to work in either two-or three-address ar
. chitecture modes. The two-address modes allow A+ 6-+ 6 while 
the three-address mode makes possibleA+6-+C. Implementa
tion of a three-address architecture is made possible by vary
ing the timing of lEN iii relationship to the external clock and 
changing the 6 address as shown in Figure 4. This technique is 
discussed in more detail under Memory Expansion. 

a '015_ 

1°15_ 

CA 
ou ~RY_ 

NEGA TIVE-
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MSS 
DEVICE 4 

{41" 
DA DB 

0103 0100 

SI03 SIOO 

<=n+4 c. f---
N Am2903129203 

OVR will!§! OVERF 

ZERO -p--- 2 l:liii ~ 
Y Wl 

14 I 

DEVICE 3 

{4t' 
DA DB 

0''':1 0100 

SI03 SIOO 

c. f-;;;-
,---- il Am2903l29203 

U .--- , W/I\l!S 

z l:liii 

Y WE 

l' 1 
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Parity 

The Am2903 computes parity on a chosen word when the instruc
tion bits 15- 8 have the values of 416 to 716 as shown in Table 3. 
The computed parity is the result of the exclusive OR of the 
individual ALU outputs and S103. Parity output is found on SIOo. 
Parity between devices may be cascaded by the interconnection 
of the SIOo and SI03 ports of the devices as shown in Figure 3. 
The equation for the parity output at SIOo port of device 1 is 
given by SIOo = F15 V F14 V F13 V ... V F1 V Fo V 
S1015· 

DEVICE 2 

{41" 
DA DB 

01°3 0100 

SI03 SIOo 
c. I----;-

,---- G Am2903/29203 

U r-- , W_ 

z l:liii 

Y Wl 

1'4 1 

,----

LSS 
DEVICE 1 

{' 1" 
DA DB 

01°3 0100 

.''':1 SIOO 

C. 

G Am2903f29203 

r-- , WIf\1B 

z m 
Y WE 

14 1 
+. 

t--

r1-

0100 

·'Do 
CARRY 

'N 

Cn+z G2 Pz C,,+y ti, P, Cn+x 'lfo Po 
c. 

Am2902 

Figure 3. 16-6it CPU with Carry Look Ahead. 
MPR·037 

t----TWO ADDRESS MODE I THREEADDRESSSMODE----j 

EXTERNAL CLOCK J \I......----J/r--~\ I 
'EN \ ____ --,-J/ 

8 ~ .... ___ ST_A_8L_E ___ X .... _SO_ST_~~_~_~ .... ~ ..... ST_D_~ST_LE __ >C 

Figure 4. Relationship of lEN and Clock During Two Address and Three Address Modes. 
MPR-G38 
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CHIP 
SIGN 

EXTEND 

SIGN 
OUT 

HIGH 

'60 

Joe 

'6B 

'SA 

DEVICE 4 

Am2903/29203 
SI03 8'"" - '6- la 

- '60 

>--

r---
.--

DEVICE 3 DEVICE 2 

Am2903I29203 Am2903129203 
SI03 SIOO Sl03 8100 

'.-'" r--- la-I, 

'50 - '68 

DEVICE 1 

..... 03' .. 203 
S'O;j SIOO 

- la-I. 

- 'OA 

I-- S'GN 
'N 

Figure 5. Sign Extend. MPR-039 

Sign Extend 

Sign extension across any number of Am2903 devices can be 
done in one microcycle. Referring again to the table of instruc
tion!! (Table 3), the sign extend instruction (Hex instruction E) 
.on 15- B causes the sign present at the SIOo port of a device 
to be extended across the device and appear at the SI03 port 
and at the Y outputs. If the least significant bit of the instruc
tion (bit 15) is HIGH, Hex instruction F is present on 15- B, 
commanding a shifter pass instruction. At this time, F3 of the 
ALU is present on the SI03 output pin. It is then possible to 
control the extension of the sign across chip boundaries by 
controlling the state of is when 16- 8 are HIGH. Figure 5 out
lines the Am2903 in sign extend mode. With 16- 8 held HIGH, 
the individual chip sign extend is controlled by ISA-O' If, for 
example, ISA and 158 are HIGH while Isc and 150 are LOW, 
the signal present at the boundaries of devices 2 and 3 (F3 of 
device 2) will be extended across devices 3 and 4 at the SI03 
pin of device 4. The output of the four devices Will be avail
able at their respective Y data ports. The next positive edge 
of the clock will load the Y outputs into the address selected 
by the B port. Hence, the results of the sign extension is 
stored in the RAM. 

SPECIAL FUNCTIONS 

When 10- 4 = 0; the Am2903 is in the Speciai Function mode. In 
this mode, botil the source and destination are controlled by IS-B' 
The Special Functions are in essence special microinstructions 
that are used to reduce the number of microcycles needed to 
execute certain functions in the Am2903. 

Normalization, Single- and Double-Length 

Normalization is used as a means of referencing a number to a 
fixed radix point. Normalization strips out all leading sign bits such 
that the two bits immediately adjacent to the radix point are of 
OPPOSite polarity. 

Normalization is commonly used in such operations as fixed-to
floating point conversion and division. The Am2903 provides for 
normalization by using the Single-Length and Double-Length 
Normalize commands. Figure 6a represents the 0 Register of a 
16-bit processor which contains a positivenumber. When the 
Single-Length Normalize command is applied, each positive 
edge of the clock will cause the bits to shift toward the most 
significant bit (bit 15) ofthe 0 Register. Zeros are shifted in via the 
0100 port. When the bits on either side ofthe radix point (bits 14 
and 15) are of opposite value, the number is considered to be 
normalized as shown in Figure 6b. The ellent of normalization is 
externally indicated by a HIGH level on the Cn+4 pin of the most 
Significant sliCe (Cn+4 MSS = 0 3 MSS V O2 MSS). 
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RADIX 

QREGISTER 

a) Unnormalized Positive Number. 

b) Normalized Positive Number. 

Figure 6. MPR·040 

There are also provisions made for a normalization indication 
via the OVR pin one microcycle before the same indication is 
available on the Cn+4 pin (OVR = O2 MSSV 01 MSS). This 
is for use in applications that require a stage of register buffer
ing of the normalization indication. 

Since a number comprised of all zeros is not' considered for 
normalization, the Am2903 indicates when such a condition 
arises. If the 0 Register is zero and the Single-Length Normaliza
tion command is given, a HIGH level wUl be present on the Z line. 
The sign output, N, indicates the sign of the number stored in 
the ti register, 0 3 MSS. An unnormalized negative number 
(Figure 7a) Is normalized in the same manner as a positive 
number. The results of single-length normalization are shown 
in Figure 7b. The device interconnection for single-length 
normalization is outlined in Figure 8. During single length 
normalization, the number of shifts performed to achieve 
normalization can be counted and stored in one of the work
ing registers. This can be achieiled by forcing a HIGH at the 
Cn input of the least significant slice, since during this special 
function the ALU performs the function [B) + Cn and the re
sult is stored in B. 

Normalizing a double-length word can be done with the Double
Length Normalize command which assumes that a user-selected 
RAM Register contains the most significant portion of the word to 
be normalized while the 0 Register holds the least significant half 
(Figure 9). The device interconnection for double-length normal
ization is shown in Figure 10. The Cn+4, OVR, N, and Z outputs of 
the most significant slice perform the same functions in double
length normalization as they did in single-length normalization 
except that Cn+4, OVR, and N are derived from the output of the 
ALU of the most Significant slice in the case of double-length 
normalization, instead of the 0 Register of the most significant 
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RADIX 

DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1 

al Unnormalized Negative Single Length Number. b) Normalized Negative Single Length Number. 

Figure 7. 
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Figure 8. Single Length Normalize. 
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Figure 9. Double Length Word. 
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Figure 10. Double Length Normalize. 
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slice as in single-length normalization. A high-level Z line in 
double-length normalization reveals that the outputs of the ALU 
and 0 Register are both zero, hence indicating that the double
length word is zero. 

When double-length normalization is' being performed, shift 
counting is done either with an extra micrOcycte or with an exter
nal counter. 

Sign Magnitude, Two'. Complement ConYel"SIon, 

As part of the special instruCtion set, the Am2903 can convert 
between, two's complement and sign/magnitude rep'resenta
tions. Figure 11 illustrates the interoonnection needed for sign 
magnitude/two's complemen~ conversion. The word to be 
converted is, applied to the S input port of the ALU(from the 
RAM B port or the DB I/O port). Tbe e" input of device 1 is 
connected to the Z pin. The sign bit (S3MSS) is brought out on the 
Z nne and informs the other ALU's if the conversion is being 
performed on a negative or positive number. If the number to be 
converted is the most negative number in two's complement 
[i.e.,100 ... 00 (_2")], an overflow indication will occur. This is 
because _2" is one greater than any number that can be repre
sented in sign magnitude'notation and hence an attempted con
version to sign magnitude from -2" will cause an overflow. When 
minus zero in sign magnitude notation (100 . .. 0) is converted to 
two's complement notation" the correct result is obtained 
(0 ... 0). 

F= [8] +CnifZ=O 
F=fB]+CnHZ.' F-V,B HOLDa 
Y.MSS-IS:!" •• I MSS 

DEVICE 4 DEVICE 3 

- 0'0. 0100 OlD. 0"'0 - c".4 

raJ= 1000 ••• 0 - OVR Am2903/2ll203 _203 
- N 

- S'Da , SIOO S'o, SIOO 
Z z 

t 1 

Increment by One or Two 

Incrementation by One or Two is made possible by the Special 
Function of the same name. This command is quite useful in the 
case of byte addressable words. Referencing Figure 12; aword 
may be incremented by one if e" is LOW or incremented by two if 
e" is HIGH. 

Unsigned Multiply 

This Special Function allows for easy implementation of un
Signed multiplication. Figure 13 is the unsigned multiply flow 
chart. The algorithm requires that initially the RAM word ad
dressed by Address port B be zero, that the multiplier be in the 
o Register, and that the multiplicand tie in the register ad
dressed by Address port A. The initial conditions for the 
execution of the algorithm are, that: 1) register Ro be reset to 
zero; 2) the multiplicand be in R1 ; and 3) the multiplier be in 
R2• The first operation transfers the multiplier, R2, to the 0 
Register. The Unsigned Multiply instructiOn is then executed 
16 times. During the Unsigned Multiply instruction, Ro is ad
dressed by RAM address port Band the multiplicand is ad
dressed by RAM address port A. 
When the unsigned Multiply command is given, the Z pin of 
device 1 becomes an output while the Z pins of the remaining 
devices are specified as inputs as shown in Figure 15. The Z 
output of device 1 is the same state as the least significant bit 
of the multiplier in the 0 Register. The Z output of device 1 
informs the ALU's of all the slices, via their Z pins, to add the 
partial product (referenced by the B address port) to the mul-

DEVICE 2 DEVICE 1 

01°3 0100 0103 0100 r--

A.,2903/2II203 Am2903l29203 c" 

"0. ·SIOO SI03 S'Ca r--
Z Z +5 

1 1 t 
Figure 11. 2's Complement-Sign/Mllgnitude. 
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START 
Din RO 
MultipJilllnd in R1 
Multiplier in R2 

N 

END 
Product (MSI in RO 
Product (LSI in a 
Multiplicand in R, 
Multiplier in R2 MPR·047 

Figure 13. Unsigned 16 X 16 Multiply Flowchart. 

tiplicand (referenced by the A address port) if Z = 1. If Z = 0, 
the output of the ALU is simply the partial product (referenced 
by the B address port). Since Cn is held LOW, it is not a fac
tor in. the computation. Each positive-going edge of the clock 
will internally shift the ALU outputs toward the least significant 
bit and simultaneously store the shifted results in the register 
selected by the B address port, thus becoming the new partial 
sum. During the down shifting process, the Cn+4 generated in 
device 4 is internally shifted into the Y 3 position of device 4. 
At this time, one bit of the multiplier will down shift out of the' 
0100 ports of each device into the 0103, port of the next less 
significant slice. The partial product is shifted down between 
chips in a like manner, between the SIOo and SI03 ports, with 
SIOo of device 1 being connected to 0103 of device 4 for 
purposes of constructing a 32-bit long register to hold the 
32-bit product. At the finish of the 16 x 16 multiply, the most 
significant 16 bits of the product will be found in the register 
referenced by the B address lines while the least significant 
16 bits are stored in the 0 Register. Using a typical Computer 
Control Unit (CCU), as shown in Figure 16, the unsigned mul
tiplyoperation requires only two lines of microcode, as shown 
in Figure 17, and is executed in 17 microcycles. 

x (Notel 

DoL .. 

F- ro] +CnifZ"O 
F=[B)+[A]+CnifZ-' L DEVICE. 

aiDa - 0,,+" 

01°0 

- OVR Am2903129203 

-N 

- SI03 
Z 

SIOO 

I 

Log F/2-+·Y B 012 .... 0 

DEVICE 3 

0103 0100 

Am2903/2ll203 

SI03 
Z 

SIOO 

1 
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Two's Complement Multiplication 

The algorithm for two's complement multiplication is illustrated 
by Figure 14. The initial conditions for two's complement mul
tiplication are the same as for the unsigned multiply operation. 
The Two's Complement Multiply Command is applied for 15 
clock cycles in the case of a 16 x 16 multiply. During the 
down shifting process the term NVOVR generated in device 
4 is intemally shifted into the Y3 position of device 4. The data 
flow shown In Figure 15 is still valid. After 15 cycles, the sign 
bit of the multiplier is present at the Z output of device 1. At 
this time, the user must place the Two's Complement Multiply 
Last cycle command on the instruction lines. The intercon
nection for this instruction is shown in Figure 18. On the next 
positive edge of the clock, the Am2903 will adjust the partial 
product, if the sign of the multiplier is negative, by subtracting 
out the two's complement representation of the multiplicand. If 
the sign bit is positive, the partial product is not adjusted. At 
this point, two's complement multiplication is completed. Using 
a typical CCU, as shown in Figure 16, the two's complement 
multiply operation requires only 'three lines of microcode, as 
shown in Figure 19, and is executed in 17 microcycles. 

START 
Din RO 
Multiplicand in R, 
Multiplier in R2 

END 

Multiplicand In R1 
Multiplia' In H2 

Figure 14. 2's Complement 16 X 16 Multiply. 

DEVICE 2 DEVICE 1 

QlDa 0100 QlDa 01"0 ~ 

Am2903i29203 Am2903I2I203 0" -. 
FOLSS 

$IDa 
Z 

SIOO SI03 
Z 

8100 

I t l 

MPR:048 

Note: For unsigned multiply, en +4 MSS is internally shifted into position Y3 MSS; 2's complement multiply N'fOVR 
is internally shifted into position Y 3 MSS. 

Figure 15. Multiply. 
MPR-048 
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MACRO INSTRUCTION 

Am291Q 

+-+.:.1 -I CCEiij. 

MAPPING '12 t---r-.;..I -I RiD 
ROM ~~--~" 4 

,-:-r-.'---Ilo ~ 3 
I 12 

r--t---r",12::"'--1 Do _'" Yo -l1l---,~---I 

EN 

VECTOR ~ 
MAPPING -,-

ROM, 

+5V- CI 

I- CC 

iiLl-------, 
FUIT
VECT-

MAJil CP , 

1 
, 1 

Am2922 

MICRO
PROGRAM 
MEMORY 

on _~~._. 
I-=.:......-!·PIPELINE ~ .CONTRO~ 

REGISTER 1 TO 2803'S 

t-

CP 

2918 11!/ ,_OTHER 
DATA r-r-

PIPELINE 

REGIS~R ~ 

CP .DE 

Y A. B. C h3~t-+-__ -;4,L.._-' 

--- CP STATUS MUX POL';, 1 
DoDID20aD4 D5 D6O, ~ 

I III I t 
CLK-----! CP STATUS REG EN~-------------------~ 

L-D-r:0'-D,.;I'-D-r:Z'-D-i'3'-D-r4'-D-i'5'-D-i6'-..... Am25LS377 

IIllltl 
Figure 16, Typical Computer Control Unit (CCU). 

Micro 'Data 
Memory Am2910 Pipeline 
Address Inst Reg. Cn Comment 

o Load Counter & R2 -+ Q 

o Unsigned Multiply 

Figure 17. Micro Code for Unsigned 16 X 16 Multiply. 

F.= [~1 +Cnjf~=O 
F=IB]-[A]-1+C'ifZ=1·LogF/2-+VB Q/2-+Q n 

L 0103 01°0 0103 QI"o 0103 0100 0103 01°0 ~ - Cn +4 - OVR 
Am2903/29203 

Am2903129203 Am2903129203 Am2903/29203 c., -
----'- N FOLSS 

X (Nota) - 8103 
Z 

SIOO SI03 
Z 

SIOO SIDa 
Z 

51"0 SI03 z 
SIOO 

+5 

I I I t ~ 
Note: N 'If OVA is internally shifted Into position V3 MSS. 

Figure 18. '2'5 Complement Multiply, Last Cycle. 
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Memory 
Address 

n 

n+1 

n+2 

Data 
Am2910 Pipeline 

Inllt Reg. 

LDCT 00E16 
RPCT n+1 

X X 

I o .,. - -
X 6 

0 0 

0 0 

Am2903 • Am29203 

- Comment 

6 X X R2 X 0 Load Counter &. R2 ~ Q 

2 0 0 R1 Ro 0 2's Complement Multiply 

6 0 0 R1 Ro Z 
2's Complement 
Multiply (Last Cycle) 

Figure 19. Microcode for 2's Complement 16 x16 Multiply. 

START 
Divisor in RO 
Dividend (MSI In R1 
Dividend (LSI in R4 

END 
Quotient in Q 
Rlmaind« in R1 MPR-Q52 

Figure 20. Division Flow Chart - Double Precision Divide. 
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TWO'S COMPLEMENT DIVISION 

The division process is accomplished using a four quadrant 
non-restoring algorithm which yields an algebraically correct 
answer such that the divisor times the quotient plus the re
mainder equals the dividend. The algorithm works for both 
single precision and multi-precision divide operations. The 
only condition that needs to be met is that the absolute mag
nitude of the divisor be greater than the absolute magnitude 
of the dividend. For multi-precision divide operations the least 
significant bit of the dividend is truncated. This is necessary if 
the answer is to be algebraically correct. Bias correction is au
tomatically provided by forcing the least significant bit of the 
quotient to a one, yet an algebraically correct answer is still 
maintained. Once the algorithm is completed, the answer may 
be modified to meet the user's format requirements, such as 
rounding off or converting the remainder so that its sign is the 
same as the dividend. These format modifications are ac
complished using the standard Am2903 instructions. 

The true value of the remainder is equal to the value stored in 
the working register times 2n- 1 when n is the number of quo
tient digits. 

The following paragraphs describe a double preciSion divide 
operation. The double precision flow chart is based upon the 
use of the architecture detailed in Figure 16. 
Referring to the flow chart outlined in Figure 20, we begin the 
algorithm with the assumption that the divisor is contained in 
Ro, while the most significant and least significant halves of 
the dividend reside in R1 and R. respectively. The first step is 
to duplicate the divisor by copying the contents of Ro into R3. 
Next the most significant half of the dividend is copied by 
transferring the contents of R1 into R2 while simultaneously 
checking to ascertain if the divisor (Ro) is zero. If the divisor is 
zero then division is aborted. If the divisor is not zero, the 
copy of the most significant half of the dividend in R2 is con
verted from its two's complement to, its sign magnitude rep
resentation. The divisor in R3 is converted in like manner in 
the next step, while testing to see if the results of the dividend 
conversion yielded an indication on the overflow pin of the 
Am2903. If the output of the overflow pin is a 'one' then the 
dividend is -2ri and hence is the largest possible number, 
meaning that it cannot be less than the divisor. What must be 
done in this case is to scale the dividend by down shifting the 
upper and lower halves stored in R1 and R4 respectively. 
After scaling, the routine requires that the algorithm be 
reinitiated at the beginning. 

Conversely, if the outpui of the overflow pin is not a one, 
the sign magnitude representation of the divisor (R3) is shifted 
up in the Am2903, removing the sign while at the same time 
testing the results of two's complement to sign magnitude 
conversion of the divisor in the Am2910. If the results of the 
test indicate that the divisor is _2" i.e., overflow equals one, 
then the lower half of the dividend is placed in the Q register 
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F- [B] +Cn• Log.2F-+Y,B 

O:JMSS 
QIO:J QIO. QIO:J 01°0 QII;. QIO. QIO. 0100 

F."'F2 MSS- c,,+4 

F2"'F,MSS- OVR Am2903/29203 Am2903129203 Am2903129203 Am2903l29203 en -. 
F3 MSS- N 

SIO. 
Z 

SIO. SI03 
Z 

SIOO SIO:J 
Z 

SIOO SI03 
Z 

SIOo 
+5 (R3"'F3) MSS 

1', •• ~n·!!o· Q, •• l!" i i i i f 

Figure 21. Double Length Nonnallze/Flrst Divide Operation. 
MPR·053 

F= tBJ + (AI +CnifZ=O 
F'" [8] - [AJ -1 +Cn ifZ-1 Log.2F-+Y,B 2Q-+0 

O:JMSS 
0103 0100' QIO:J 0100 0103 0100 0103 0100 - Cn+4 - OVR Am2903l29203 . Am2903/m03 Am2903/292D3 en 

Am2903/29203 
-N 

SI03 SIOo SI03 SIOo SiCa SIOo SIOa SIOo 
(F."'R3) MSS z Z Z Z +5 

SIGN COMPARE FF i 1 I i 1 
Figure 22. 2's Complement Divide. 

MPR·054 

F= [B] + [A] +CnifZ-O 
F= IS] - {Al-1 +CnifZ=1 F-+V.B 2O-.Q 

O:JMSS - QIO:J 01°0 QIO:J 01°0 Qlo, QlO. 0103 0100 -, - Cn+4 - OVR 
Am29Q3/29203 

Am290312S203 Am2903/~203 Am2903/29203 en 

-N 

- Slo, SIOO SI03 SIOO SI03 SIOo Slo, SIOO r--z z z Z 

SIONC OMPARE FF t t t t ~ 
Figure 23. 2's Complement !llvlde Correction. 

and division may proceed. This is possible because the di
visor is now guaranteed to be greater than the dividend. If 
overflow is not a one then we must proceed by shifting out 
the sign of the sign magnitude representation of the dividend 
stored in R2. At this point we are able to check if the divisor is 
greater than the dividend by subtracting the absolute value of 
the divisor (R3) from the absolute value of the upper half of 
the dividenC! (R2) and storing the resuHs in R3. Next, the jeast 
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significant half of the dividend is transferred from ~ to the Q 
register while simultaneously testing the carry from the result 
ofthe divisor/dividend subtraction. Ifthe carry (Cn+4) is one, 
indicating the divisor is not greater than the dividend then a 
scaling operation must occur. This involves either shifting up 
the divisor or shifting down the dividend. If the carry is not 
one then the divisor is greater than the dividend and division 
may now begin. I 

J! 
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Micro Data 
Memory Am291 0 Pipeline Am2903l29203 Am2922 

Address Inst. Reg. 10 14-11 Is-Is EA A3-Ao B3-BO Cn SEL POL Comments 

n CONT X 0 6 4 0 Ro R3 0 X X Ro ... R3 

n+1 CJP Abort 0 6 4 0 R, R2 0 Z 1 R, ... R2, if Ro = 0 Abort 

n+2 CONT X 0 0 5 X X R2 Z X X 2'5 C to SIM (R2) 

n+3 CJP Scale 0 0 5 X X R3 Z OVR 1 2'5 C to SIM (R3)' if 
Dividend OVR ;;. I, scale 

n+4 CJP n+7 0 4 9 X X R2 O· OVR 1 Shift out sign of divisor 

n+5 CONT X 0 4 9 X X R3 0 X X Shift out sign of divisor 

n+6 CONT X 0 2 F 0 R2 R3 1 X X Dividend - Divisor 

Scale 
R4"' O,if n+7 CJP Dividend 0 6 6 0 R4 X 0 Cn+4 1 Carry = 1, scale or Divisor 

n+S PUSH 00D'6 0 0 A 0 Ro R, 0 0 1 Loop set up and 
First Divide Operation 

n+9 RFCT X 0 0 C 0 Ro R, Z X X 
Test Loop Count and 
2'5 C Divide 

n+A CONT X 0 0 E 0 Ro R, Z X X 2'5 C Divide Correction 

Figure 24. Microcode for Double Precision Divide. 

The first divide operation is used to ascertain the sign bit of 
the quotient. The two's complement divide instruction is then 
executed repetitively, fourteen times in the case of a sixteen 
bit divisor and a thirty-two bit dividend. The final step is the 
two's complement correction command which adjusts the quo
tient by allowing the least significant bit of the quotient to be 
set toone. At the end I!>f the division algorithm the sixteen bit 
quotient is found in the Q register while the remainder now 
replaces the most significant half of the dividend in R,. It 
should be noted that the remainder must be shifted down fif
teen places to represent its true value. The interconnections 
for these instructions are shown in Figures 21, 22, 23. Using 
a typical CCU as shown in Figure 16, the double precision di
vide operation requires only eleven lines of microcode, as 
shown in Figure 24. 

For those applications that require truncation instead of bias 
correction, the same algorithm as above should be im
plemented except one additional Two's Complement Divide 
instruction should be used in lieu of the Two's Complement 
Divide Correction and Remainder instruction. However, this 
technique results in an invalid remainder. 

It is possible to do multiple-precision divide operations beyond 
the double precision divide shown above. For example, to do 
a triple precision divide for a 16-bit CPU, the upper two thirds 
of the dividend are stored in R, and Q as in the case for dou
ble precision divide. The lower third of the dividend is stored 
in a scratch register, R5. After checking that the magnitude of 
the divisor is greater than the magnitude of the dividend, 
using the same tests as defined in Figure 20, the procedure is 
as follows: 
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1. Execute a Double Length Normalize/First Divide Operation 
instruction. 

2. Execute the Two's Complement Divide instruction fifteen 
times. 

3. Transfer the contents of Q, the most significant half of the 
quotient, to R2. 

4. Transfer R5 to Q. 
5. Execute the Two's Complement Divide instruction fifteen 

times. 
6. Execute the Two's Complement Divide Correction and 

Remainder instruction. 

The upper half of the quotient is then in R2, the lower half of 
the quotient is in Q and the remainder is in R,. The flow chart 
for this is shown in Figure 25. This technique can be ex
panded for any precision which is required. 

BYTE SWAP 

The mUlti-port architecture of the Am2903 allows for easy im
plementation of high- and low-order byte swapping. Figure 26 
outlines a byte swap implementation utilizing two data ports. 
Initially, the lower order 8-bit byte is stored in devices 1 and 2, 
while the high-order byte is in devices 3 and 4. When the user 
wishes to exchange the two bytes, the register location of the 
desired word is placed on the B address port. When the byte 
swap line is brought LOW, the bytes to be swapped will be 
flowing from the DB ports of the Am2903 through the 
Am2958/2959 Three-state Buffers. The outputs of the three-

I 
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START 
_lnRo 
_(MS) In A, 
Dlvldond (Int.) In Ro 
Dlvldond (LS) In RS 

E~ 8 aUou.nt (MB) In A2 END 
_(LS)lnQ 
....... lnderlnA1 

figure 25. DMslon F'c»w Chart "'"' Titp'- Precision Divide. 

state buffers are permuted such that the byte swap is achieved. 
The resultant permuted data is presented to the DA ports of the 
Am2903 where it is re-Ioaded into the memories of the Am2903 
on the next positive edge of CP using the source and function 
commands of F = A plus Cn (Cn =0) for the Am2958 or F = A 
plus Cn (Cn = 0) for the Am2959 and the destination command 
F Y, B. 
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A higher speed technique for achieving the byte swap opera
tion is illustrated in Figure 27. Instead of inputting the per
muted data via the DA ports, the permuted data is entered via 
the Y input/output ports with OEY held HIGH. This·technique 
bypaSses the ALU, thus allowing faster operation. The Am2903 
destination command F ... ·Y, B should be used. 



WORD/BYTE OPERATIONS 

The Am29203 allows for Word/Byte Operations. Figure 28 pic
tures a 16-bit system which is capable of doing word or byte 
(lower half of word) operations. 

In the Byte mode the BYTE/WORD line is HIGH which in turn 
asserts a LOW. on the W/MSS input of Device 2 making it the 
MSS device. At the same time the multiplexer selects the status 
flags of Device 2. The lEN and OEy of Devices 4 and 3 are 
forced HIGH which disables them from writing into RAM or onto 
the Y bus. 

In the word mode Device 4 is the MSS device and the multi
plexer selects its status flags. The lEN inputs are brought low 
which enables writing in to RAM. The OEy is also allowed to go 
low. 

MEMORY EXPANSION 

Both the Am2903 arid Am29203 allow for a theoretically infinite 
memory expansion, but the technique is slightly different. (The 
Am29203 allows writing less than a full word, e.g., a byte.) Fig
ure 29, Am2903 and Am29705, pictures a 4-bit slice of a system 
which has 48 words of RAM and 16 words of ROM. RAM storage 
is provided by the Am2903 and the Am29705s. The Am29705 
RAM is functionally identical to the Am2903 RAM. The 
Am27S19 is used to store constants and masks and is ad
dressable from address port A only. The system is organized 
around five data buses. Inter-bus communication may be done 
through the Am29705s or the Am2903. The memory addressing 

BYTE 
&NAP 

4 

• 
4 

4 

• 

MSS 
DEVICE 4 

Am2903/29203 

DAO_ 3 080_3 -

I 

DEVICE 3 

Am2903/29203 

r DAO_ 3 
080_3 

4 • 

I 
l- I I IE Am2968/2969 

1'- 4 

I 
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scheme specifies the data source for the R input of the ALU 
eminating from the register locations specified by address field 
A. AO- 3 addresses 16 memory locations in each chip while ad
dress bits A4-s are decoded and used for the output enable for 
the desired chip. The B address field is used to select the S input 
of the ALU and the C field is used to specify the register location 
where the result of the ALU operation is to be stored. 

Bits BO- 3 are for source register addressing in each chip. Bits B4 

and Bs are used for chip output enable selection. CO- 3 access the 
16 destination addresses on each chip while bits C4 and C5 
control the Write Enable of the desIred chip. The source and 
destination register address are multiplexed such that when the 
clock is HIGH, the source register address is presented to the B 
address portsofthe RAM's. The Instruction Enable (lEN) is HIGH 
atthis time. The data flows from the Y port or the internal B port as 
selected by the decoder whose inputs are B4 and Bs' When the 
clock goes LOW, the data eminating from the selected Youtputs 
of the Am2970S's and the RAM outputs of the Am2903 are 
latched and the destination address is now selected for use by the 
RAM address lines. When the destination address stabilizes on 
the address lines, the lEN pin is brought LOW. The WRITE output 
of the Am2903 will now go LOW, enabling the decoder sourced 
by address bits C4 and Cs. The selected decoder line will go 
LOW, allOWing the desired memory location to be written into. To 
switch between two- and three-address architecture, the user 
simply makes the source and destination addresses the same; 
i.e., BO- 3 = CO- 3 and B4- 5 = C4- 5 • For two-address ar
chitecture, the MUX is removed from the circuit. 

- r-

4 4 

DEVICE 2 

Am2903l29203 

OAO_3 080_3 I--

r 

LSS 
DEVICE 1 

Am290a/29203 

If DAO_ 3 
080_3 

• • 

I 
E Am296812169 I 

• -

-

Figure 26. Byte Swap. 
MPR-OS7 
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NEGATIVE 

OVERFLOW 

ZERO 

BYTE 
SWAP 

_1V 

- ay • ... 7 

- 3Y 

S 

4 

• 
4 

• 
• 

" 
1B .. -
aB-.. -
3B-

MSS 
DEVICE 4 

Am29Q3/29203 

YO-3 080_3 l-

r-

DEVICE 3 

Am2903l29203 

f YO-3 
080_3 - r-

4 4 • • 

DEVICE 2 

Am2903/29203 

VO_3 080_3 -

r-

LSS 
DEVICE 1 

Am2903f29203 

,f. Y
O

-
3 

080-3 

4 • 

-
V 

l 
I .• 
I 

Am25LS244 I E Am25LS244 I 
t- 4 , 

Figure 27. High Speed Byte Swap. 

DEVICE 4 DEVICE 3 

-to 1'- 1'- 1'-
D. DB DA DB 

OIO's- aiDa 0100 aiDa 0100 

SIO,s- SIO, SID, SID, ... , 
Cn+4 C, :--- c, I- -
N Am29203 r-- G Am29203 

8 r---
r-- OVA W/MiS 

~ - p WliiiS r--
z LiS z LiS 
iENvWioe fivWE6E. 

.(. I ). 1-
~ 

I.i" 
Cn+l: a; P2 Cn + y jjt P, 

Am2902 

-BVTE/WORD 

• 

DEYfCE2 

.t. t· 
DA DB 

010, 010, 

SID, 910, 

Cn+4 Cn 
G Am29203 
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iEiivmOE 

-H· I 

4 
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MPR-058 

DEViCE 1 

t· t· 
D. DB 

0103 010, I---
SID, SID, I-

c,r----

010, 

SIOo 
CARRY 
IN 

G Am29203 

r:f- ,-ji W,. r---
z rn 11 iENvWEOl 

J-t. I 

+, 

Cn+~ Go PC! 

C" 

MPR-718 

Figure 28. Connections for Word/Byte Operations (Am29203 Only). 
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BUS 1 BUS 2 BUS3 CP BUS 4 BUS 5 
WE FOR 
EXT DeST 

~7 rl~ 
PROM 

A4 r-

--f- AO-A3 

00-°3 

CS 
Am27S19 

-=-

0 

• RAM 
B 

OEA DEB 

VA VB 

...---<: LE WE ""2""-' 
Am"'05 \..ill 

I 
D 

A B 
RAM 

OEA DEB 

VA VB 

~ lE WE '2"''' 
Am,9705 ~ 

• B 

EA DEB 

DA DB 

f--- CP 
Am2903 

WE 

1 111 
-0 lEN WRITE 

DEV V 

~ I 
I 

Is I I I I lOF. QUAD 10F4 I 10F4 2Xl DECODER E DECODER DECODER 

I MUX 
I 

I I I ',-"0 I I I I ~ I I 
CP iEN SOURCE DeST 

83-80 C3 -CO 
B4 B, 

Figure 29. Expanded Memory on Am2903. 

Memory Expansion with the Am29203 

The expansion scheme using the Am29203 and Am29705 is 
only slightly different from that for the Am2903, and is illustrated 
in Figure 30. The difference is due to the fact that the WRITE 
signal from the Am29203 is not internally gated by lEN. This 

. gating is performed external to the Am29203, either in a gat~ or, 
as shown in Figure 30, by using the enable on the chip select 
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decoder. The advantage of separating the write signal from the 
lEN signal is that writing can be controlled over less than the full 
word length. For example, in a 16-bit system, the lower two 
devices can have one lEN signal and the upper two devices a 
second lEN signal. Controlling these two signals separately al
lows data to be written in either byte without disturbing the other 
byte. The 2- and 3-address architecture is handled in the same 
way as with the Am2903. 
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BUS 2 

~ ~ WE FOR 
BUS 1 BUS 3 BUS4 CP 

~I 
EXT DEST 

,J.,7 
~ 

PROM 

.-- A, 
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0 0 -03 
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-=-
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_A 
RAM B 

DEA DEB 

VA VB --~LE WE~ Am29706 
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f-I--- A 
RAM 
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OEA DEB 

VA YB 

Am29705 ~LE WE~ 

f-I--- A B 

OEA DEB 

DA DO 
Am292Il3 

I--- C. iNE 

1 111 
-<: leN WFii'fE 

1 III DEy Y 

~ J 
Is I I I I E I 10F8 

QUAD lOF4 10f8 
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MPR-720 

Figure 30_ Expanded Memory for Am29203. 



Am 2903A 
The Superslice® 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Second generation of Am2903 Superallce® -
Improved design/process results in fastest version of the 
Am2903. 

• Plug-In replacement for Am2903 -
The Am2903A is a pin-for-pin replacement for the original 
version of the Am2903. Only the switching speeds have 
changed. 

• At least 30% faster -
The design objective is for the Am2903A to be at least 30% 
faster than the original Am2903 on critical paths. 

BLOCK DIAGRAM 

DATA IN 

~-3 C>---------T'-f--~ :DDRESS ADORES: I----?'--<J BO_3 

RAM WRITE WE 
ENABLE ...... -"'>--- cp 

CP 

'V!:>-------------<J or. 
+-----""7'-----0 DBO_3 

D~_3C>--------~~-----, 

~C>----------~---i 

~IN 
~~R~ __________ ~ ______ ~ 

~--------~--<Jc" 

c,,+4 O-----I--~~~J 

..------------HIQ>ISIO, I 

SI03 Qf---------......,f---------I QIOO 

0103 1S:11-----------,I------------t-------' 

DEY C>-----------t-----------r1V 

~C>--------r-----_, 

'0-'. C>--7----I 

VO_3 

---_acp 

----avec 

----OGNO 
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Am 29705A 
16-Word by 4-Blt 2-Port RAM 

ADVANCE INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Faster Version of the Am29705 
The Am29705A has a design objective of a 30-40% speed 
improvement on the critical paths versus the Am29705. 

• Plug-in Replacement for the Am29705 
The Am29705A is a pin-for-pin replacement for the Am29705. 
Systems using the Am29705 will be able to use the Am29705A 
instead with no design changes. 

LOGIC DIAGRAM 
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Am8041 
Universal Peripheral Interface 8-Bit Microcomputer 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Fully compatible with Am8080A, Am8085A, and Am8048 
microprocessors 

The AMD® Am8041 is a general purpose, programmable inter
face device designed for use with a variety of 8-bit micro
processor systems. It contains a low-cost microcomputer with 
program memory, data memory, 8-bit CPU, VO ports, timerl 
counter, and clock in a simple 40-pin package. Interface regis
ters are included to enable it to function as a peripheral control
ler in Am8080A, Am8085A, Am8048 and other 8-bit systems. 

• Single ievel interrupts 
• 8-bit CPU plus ROM, RAM, 1/0, timer and clock in a single 

package 
• Single +5V supply 
• Alternative to custom LSI 
• Pin compatible ROM versions 
• 1 K x 8 ROM, 64 x 8 RAM, 18 programmable 1/0 pins 

The Am8041 has 1 K words of program memory and 64 words of 
data memory on-chip. The device has two 8-bit, TTL compatible 
1/0 ports and two test inputs. Individual port lines can function as 
either inputs or outputs under software control. 1/0 can be ex
panded with Am8243 device which is directly compatible and has 
16 110 times. An 8-bit programmable timerlcounter is included in 
the device for generating timing sequences or counting external 
inputs. Additional features include single 5V supply, low-power 
standby mode, single-level interrupt, and dual working register 
banks. 

• Asynchronous data register for interface to master processor 
• Expandable VO 

0O"D7 

MASTER 
SYS'fE1l Wii INTERFACE .. .. .. .. 

ss 
PROO -

CRYSTAL { X, 
LCQR 

ClOCK X2 

{ 

Voo --_ LOW POWER STANDBY PIN. 

POWER Vee --_ +SSUPPLY 
V .. ___ GROUND 

Package Type 

Hermetic DIP 

Molded DIP 

Hermetic DIP 

As a complete microcomputer, the Am8041 provides more flexi
bility for the designer than conventional LSI interface devices. It is 
designed to be an efficient controller. Applications include 
keyboard scanning, printer control, display multiplexing and simi
lar functions which involve interfacing peripheral devices to mi
croprocessor systems. 

BLOCK DIAGRAM 
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ORDERING INFORMATION 

Temperature Range Order Number 

O°C to'" TA '" +70°C 
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Am8048/8035 
Single Chip8-Bit Microcomputers· 

DISTINCTIVE CHARACTERISTICS 

•. 8-bit CPU, ROM, RAM, I/O in single package 
• Single +5V supply 
• All instructions 10r 2 cycles 
• Over 90 instructions: 70% single byte 
• 1Kx 8 ROM 
.64 x8 RAM 
.271/0 lines 
• Interval timer/event counter 
• Easily expandable memory and 1/0 
• Single level interrupt 
• 100% reliability assurance testing to MIL-STD-883 

BLOCK DIAGRAM 

8-BIT 
TIMER/EVENT 

27VO 
LINES 

COUNTER 

MOS-' 63 

GENERAL DESCRIPTION 

The Am8048 contains a 1k x 8 program memory, a 64 x' 8 
RAM data memory, 27 I/O lines, imd an 8-bit timer/counter in 
addition to on board oscillator and clock circuits. For systems 
that require extra capability, the Am8048 can be expanded 
using. standard memories and Am9080A peripherals. the 
Am8035 is the equivalent of an Am8048 without program 
memory. 

The microprocessor is designed to be an efficient controller. 
The Am8048 has extensive bit haridling capability as weil as . 
facilities for both biliary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting 
mostly of single byte instructions and no instructions over two 
bytes in length. . 

CONNECTION DIAGRAM 
Top View 

To vee 
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Note: Pin 1 is marked for orientation. 

MOS-1M 

ORDERING INFORMATION 

Package Ambient Temperature 
Type· Specification Order Numbers 

Hermetic DIP 
O·C .;;; TA .;;; 70·C 

AM8048CC I AM8035CC 

Molded DIP AM8048PC I AM8035PC 
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AmS085A/AmSOS5A-21 Am90S5ADM 
Single Chip 8-Blt N-Channel Microprocessor 

DISTINCTIVE CHARACTERISTICS 

• Complete 8-bit parallel CPU 
• On-chip system controller; advanced cycle status 

information available for large system control 
• Four vectored interrupts (one is non-maskable) 
• On-chip clock generator (with external crystal, LC or R/C 

network) 
• Serial in/serial out port 
• Decimal, binary and double precision arithmetic 
• Direct addressing capability to 64K bytes of memory 
• 1.31's instruction cycle (Am8085A) 
• 0.81's instruction cycle (Am8085A-2) 
• 100% software compatible with Am9080A 
• Single +5V power supply 
• 100% MIL-STD-883, Level C processing 

GENERAL DESCRIPTION 

The Am8085A is a new generation, complete 8-bit parallel central 
processing unit (CPU). Its instruction set is 100% software com
patible with the Am9080A microprocessor. Specifically, the 
Am8085A incorporates all of the features that the Am8224 (clock 
generator) and Am8228 (system controller) provided for the 
Am9080A. The Am8085A-2 is a faster version of the Am8085A. 

The Am8085A uses a multiplexed Data Bus. The address is split 
between the 8-bit address bus and the 8-bit data bus. The on-chip 
address latches of Am8155/ Am8355 memory products allows a 
direct interface with Am8085A. The Am8085A components, in
cluding various timing compatible support chips, allow system 
speed optimization. 

BLOCK DIAGRAM 
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ORDERING INFORMATION 

Package Temperature Maximum Clock Frequency 

Type Range 3MHz 5MHz 

Molded DIP AM8085APC/P8085A AM8085A-2PC/P8085A-2 
O°C"" TA "" 70°C AM8085ADC/C8085A AM8085A-2DC/C8085A-2 
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Hermetic DIP -55°C"" TA "" +125°C AM9085ADM 



Am8085AJAm8085A-21Am9085ADM 

CONNECTION I)IAGRAM 
Top View 
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Figure 1. MOS-116 

Am8085A FUNCTIONAL PIN DEFINITION 
The following describes the function of each pin: 

A8-A15 (Output 3-State) 

Address Bus - the most significant eight bits of the memory 
address or the eight bits of the I/O address, 3-stated during Hold 
and Halt modes and. during RESET. 

ADD-AD7 (Input/Output 3-State) 

Multiplexed Address/Data Bus - lower eight bits of the memory 
address (or i/O address) appear on the bus during the first clock 
cycle of a machine cycle. It then becomes the data bus during the 
second and third clock cycles. 

Three-stated during Hold and Halt modes. 

ALE (Output) 

Address Latch Enable - it occurs during the first clock cycle of a 
machine cycle and enables the address to get latched into the 
on-chip latch of peripherals. The falling edge of ALE is set to 
guarantee setup and hold times for the address information. The 
falling edge ALE can also be used to strobe the status informa
tion. ALE in never 3-stated. 

SO, Sl (Output) 

Data Bus Status. Encoded status of the bus cycle. 

Sl SO 

o 0 HALT 
o 1 WRITE 
1 0 READ 
1 1 FETCH 

Sl can be used as an advanced R/W status. 

RD (Output 3-State) 

READ - A low level on RDindicates the selected memory or I/O 
device is to be read and that the Data Bus is available for the data 
transfer. Three-stated during Hold and Halt and during RESET. 

WR (Output 3-State) 

WRITE - A low level on WR indicates the data on the Data Bus is . 
to be written into the selected memory or I/O location. Data is set 
up at the trailing edge of WR. Three-stated during Hold and Halt 
modes. 

READY (Input) 

If READY is high during a read or write cycle, it indicates that the 
memory or peripheral is ready to send or receive data. If READY 
is low, the CPU will wait an integral number of clock cycles for 
READY to go high before completing the read or write ·cycle. 

HOLD (Input) 

HOLD - indicates that another Master is requesting the use of 
the Address and Data Buses. The CPU, upon receiving the Hold 
request, will relinquish the use of buses as soon as the comple
tion of the current machine cycle. Internal proceSSing can con
tinue. The processor can regain the buses only after the Hold is 
removed. When the Hold is acknowledged, the Address, Data, 
RD, WR and 10/M lines are three-stated. 

HLDA (Output) 

HOLD ACKNOWLEDGE - indicates that the CPU has received 
the Hold request and that it will relinquish the buses in the next 
clock cycle. HLDA goes low after the Hold request is removed. 
The CPU takes the buses one half clock cycle after HLDA goes 
LOW. 

INTR (Input) 

INTERRUPT REQUEST - is used. as a general purpose inter
rupt. It is sampled only during the next to the last clock cycle of the 
instruction. If it is active, the Program Counter (PC) will be inhi
bited from incrementing and an INTA will be issued. During this 
cycle a RESTART or CALL instruction can be inserted to jump to 
the interrupt service routine. The INTR is enabled and disabled by 
software. It is disabled by Reset and immediately after an inter
rupt is accepted. 

INTA (Output) 

INTERRUPT ACKNOWLEDGE - is used instead of (and has the 
same timing as) RD during the Instruction cycle after an INTR is 
accepted. It can be used to activate the Am9519 Interrupt chip or 
some other interrupt port. 

RST 5.5 } 
RST 6.5 (Inputs) 
RST 7.5 

RESTART INTERRUPTS - these three inputs have the same 
timing as INTR except they cause an intemalRESTART to be 
automatically inserted. 
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RST 7.5 - Highest Priority 
RST6.5 
RST 5.5 - lowest Priority 

The priority of these interrupts is ordered as shown above. These 
interrupts have a higher priority than the INTR. However they may 
be individually masked out using the SIM instructions. 

TRAP (Input) 

Trap interrupt is a non-maskable restart interrupt. It is recognized 
at the same time as INTR. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. 

RESET IN (Input) 

Reset sets the Program Counter to zero and resets the Interrupt 
Enable and HlDA flip-flops. None of the other flags or registers 
(except the instruction register) are affected. The CPU is held in 
the reset condition as long as RESET is applied. 

RESET OUT (Output) 

Indicates CPU is being reset. Can be used as a system RESET. 
The signal is synchronized to the processor clock. 

Xl, X2 (Input) 

Crystal, lC or R/C network connections to set the internal clock 
generator. Xl can also be an external clock input instead of a 
crystal. The input frequency is divided by 2 to give the internal 
operating frequency. 

ClK (Output) 

Clock Output for use as a system clock when a crystal or R/C 
network is used as an inputto the CPU. The period of ClK is twice 
the Xl, X2 input period. 

101M (Output) 

101M indicates whether the Read/Write is to memory or I/O. 
3-stated during Hold and Halt modes. 

SID (Input) 

Serial input data line. The data on this line is loaded into ac
cumulator bit 7 whenever a RIM instruction is executed. 

SOD (Output) 

Serial output data line. The output SOD is set or reset as specified 
by the SIM instruction. 

VCC 

+5 volt supply. 

VSS 

Ground reference. 

FUNCTIONAL DESCRIPTION 

The Am8085A is a complete 8-bit parallel central processor. It is 
designed with N-channel depletion loads and requires a single 
+5 volt supply. Its basic clock speed is 3MHz (5MHz: 

. Am8085A-2) thus improving on the present Am9080's perfor
mance with higher system speed. Also it is designed to fit into a 
minimum system of three ICs: The CPU, a RAM/IO, and a ROM 
or PROM/IO chip. 

The Am8085A uses a multiplexed Data Bus. The address is split 
between the higher 8-bit Address Bus and the lower 8-bit Ad
dress/Data Bus. During the first cycle the address is sent out. The 
lower eight bits are latched into the peripherals by the Address 
latch Enable (ALE). During the rest ofthe machine cycle the Data 
Bus is used for memory or I/O data. 

Am8085A/Am8085A-21Am908SADM 

The Am8085A provides RD, WR and 10/Memory signals for bus 
control. An Interrupt Acknowledge signal (INTA) is also provided. 
HOld, Ready and all Interrupts are synchronized. The Am8085A 
also provides serial input data (SID) and serial output data (SOD) 
lines for simple serial interface. 

In addition to these features, the Am8085A has three maskable, 
restart interrupts and one non-maskable trap interrupt. 

Am8085A vs. Am8080A 

The Am8085A includes the following features on-chip in addition 
to all of the Am9080A functions. 

a. Internal clock generator 
b. Clock output 
c. Fully synchronized Ready 
d. Schmitt action on RESET IN 
e. RESET OUT pin 
f. RD, WR and 10iM Bus Control Signals 
g. Encoded Status information 
h. Multiplexed Address and Data 
i. Direct Restarts and non-maskable Interrupt 
j. Serial Input/Output lines 

The internal clock generator requires an external crystal or RIC 
network. It will oscillate at twice the basic CPU operating fre
quency. A 50% duty cycle, two phase, non-overlapping clock is 
generated from this oscillator internally and one phase of the 
clock (<(>2) is available as an external clock. The Am8085Adirectly 
provides the external ROY synchronization previously provided 
by the Am8224. The RESET IN input is provided with a Schmitt 
action input so that power-on reset only requires a resistor and 
capacitor. RESET OUT is provided for System RESET. 

The Am8085A provides RD, WR and 10iM signals for Bus control. 
An INTA which was previously provided by the Am8228 in 
Am9080A systems is also included in Am8085A. 

STATUS INFORMATION 

Status information is directly available from the Am8085A. ALE 
serves as a status strobe. The status is partially encoded and 
provides the user with advanced timing of the type of bus transfer 
being done. 10/M cycle status signal is provided directly also. 
Decoded SO, Sl carries the following status information: 

MACHINE CYCLE STATUS 

IOiM 51 SO Status 

0 0 1 Memory write 
0 1 0 Memory read 
1 0 1 I/O write 
1 1 0 I/O read 
0 1 1 Opcode fetch 
1 1 1 Interrupt Acknowledge 

0 0 Halt 
X X Hold 
X X Reset 

= 3-state (high impedance) 
X = unspecified 

Sl can be interpreted as RiW in all bus transfers. 

In the Am8085A the eight lSB of address are multiplexed with the 
data instead of status. The ALE line is used as a strobe to enter 
the lower half of the address into the memory or peripheral 
address latch. This also frees extra pins for expanded interrupt 
capability. 
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Am8085A/Am8085A·2/Am9085ADM 

INTERRUPT AND SERIAL I/O 

The Am8085NAm8085A-2 has 5 interrupt inputs: INTR, RST 
5.5, RST 6.5, RST 7.5 and TRAP. INTR is identical in function to 
the Am8080A INT. Each of three RESTART inputs, 5.5, 6.5, 7.5, 
has programmable mask. TRAP is also a RESTART interrupt 
except it is non-maskable. 

The three RESTART interrupts cause the internal execution of 
RST (saving the program counter In the stack and branching 
to the RESTART address) if the interrupts are enabled and if 
the interrupt mask is not set. The nonmaskable TRAP causes 
the internal execution of a RST independent of the state of 
the interrupt enable or masks. 

Name RESTART Address (Hex) 
TRAP 24,6 
RST 5.5 2C'6 
RST 6.5 34,6 
RST7.5 3C'6 

There are two different types of inputs in the restart interrupts. 
RST 5.5 and RST 6.5 are high level-sensitive like INTR (and 
INT on the Am8080A) and are recognized with the same 
timing as INTR. RST 7.5 is rising edge-sensitive. For RST 7.5, 
only a pulse is required to set an internal flip-flop which gen
erates the internal interrupt request. The RST 7.5 request flip
flop remains set until the request is serviced. Then it is reset 
automatically. This flip-flop may also be reset by using the 
SIM instruction or by issuing a RESET IN to the Am8085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when the RST 7.5 interrupt is masked out. 

The status of the three RST interrupt masks can only be af
fected by the SIM instruction and RESET IN. 

The interrupts are arranged in a fixed priority that detem1ines 
which interrupt is to be recognized if more than one is 
pending as follows: TRAP - highest priority, RST 7.5, RST 
6.5, RST 5.5, INTR - lowest priority. This priority scheme 
does not take into account the priority of a routine that was 
started by a higher priority interrupt. RST 5.5 can· interrupt a 
RST 7.5 routine if the interrupts were re-enabled before the 
end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic errors such as 
power failure or bus error. The TRAP input is recognized just 
as any other interrupt but has the highest priority. It is not af
fected by any flag or mask. The TRAP input is both edge and 
level sensitive. The TRAP input must go high and remain high 
to be acknowledged, but will not be recognized again until it 
goes low, then high again. This avoids any false triggering 
due to noise or-logiC glitches. The following diagram illustrates 
the TRAP interrupt request circuitry within the Am8085A. 

EXTERNAL 
TRAP 
INTERRUPT 
REQUEST 

INSIDE THE 
808SA 

TRAP 

INlERNAL 
TRAP 

ACKNOWLEDGE 

TRAP FF 

MOS·117 

Note that the servicing of any interrupt (TRAP, RST 7.5, RST 
6.5, RST 5.5, INTR) disables all future interrupts (except 
TRAPs) until an EI instruction is executed. 

The TRAP interrupt is special in that it preserves the previous 
interrupt enable status. Performing the first RIM instruction fol
lowing a TRAP interrupt allows you to detem1ine whether in
terrupts were enabled or disabled prior to the TRAP. All sub
sequent RIM instructions provide current interrupt enable status. 

The serial I/O system is also controlled by the RIM and SIM 
instructions. SID is read by RIM,and 81M sets the SOD data. 
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Am8085A/Am8085A-21Am9085ADM 

MAXIMUM RATINGS above which useful life may be impaired 

Storage Temperature -65°C to + 150°C 

Ambient Temperature Under Bias -55°C to +125°C 

Vee with Respect to Vss -O.5V to +7.0V 

All Signal Voltages with Respect to Vss -O.5V to + 7.0V 

Power Dissipation 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use In order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 
Part Number 

AmS085A1AmS085A-2 o to 70°C 

Am9085ADM -55 to +125°C 

DC CHARACTERISTICS 

Parameter Description 

Vll Input Low Voltage 

VIH Input High Voltage 

VOL Output low Voltage 

VOH Output High Voltage 

ICC Power Supply Current 

lilt Input Leakage 

IlO Output Leakage 

VllR Input Low level, RESET 

VIHR Input High level. RESET 

VHY Hysteresis, RESET 

"IOl = 1.6rnA 

tExcept Pin 1 and Pin 2. 

VCC VSS 

Test Conditions 

IOL = 2.0mA 

IOH = -400/LA 

VIN = VCC 

0.4SV .. VOUT .. VCC 
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Am8085AJ Am8085A·2 Am9085ADM 

Min Max Min Max Units 

-0.5 +0.8 -0.5 +0.8 Volts 

2.0 VCC+O.S 2.2 VCC+O.S Volts 

0.45 0.45" Volts 

2.4 2.4 Volts 

170 200 rnA 

±10 ±10 /LA 

±10 ±10 /LA 

-0.5 +0.8 -0.5 +0.8 Volts 

2.4 VCC+O.S 2.4 VCC+O.S Volts 

0.25 0.25 Volts 



AmMm5NAm~~~Am~ADM 

AC CHARACTERISTICS 

Parameters Description 

tCYC elK Cycle Period 

tr, If ClK Rise and Fall Time 

tAL A8-A15 Valid before Trailing Edge of ALE (Note 1) 

tACl AO-A7 Valid to Leading Edge of Control 

tXKR Xl Rising to ClK Rising 

tXKF Xl Rising to ClK Falling 

t1 ClK Low Time 
Standard lSOpF Loading 

Lightly Loaded (Note 8) 

Standard lSOpF loading 
t2 ClK High Time 

Lightly Loaded (Note 8) 

tAll AO-A7 Valid to leading Edge of Control 

tLRY ALE to READY Stable 

tLA Address Hold Time after ALE 

tll ALE Width 

tlCK ALE Low During ClK High 

tlC Trailing Edge of ALE to leading Edge of Control 

tAFR Address Float after Leading Edge of READ (INTA) 

tAD Valid Address to Valid Data In 

tRD READ (or INTA) to Valid Data 

tRDH Data Hold Time after READ (lNTA) (Note 7) 

tRAE Trailing Edge of READ to Re-Enabling of Address 

tCA Address (A8-A 15) Valid after Control 

tOW Data Valid to Trailing Edge of WRITE 

tWO Data Valid after Trailing Edge of WRITE 

ICC Width of Control Low (RD, WR, INTA) 

tCl Trailing Edge of Control to leading Edge of ALE 

tARY READY Valid from Address Valid 

tRYS READY Setup Time to leading Edge of ClK 

tRYH READY Hold Time 

tHACK HlDA Valid to Trailing Edge of ClK 

tHABF Bus Float after HlDA 

tHABE HlDA to Bus Enable 

tlDR ALE to Valid Data In 

tRV Control Trailing Edge to Leading Edge of Next Control 

tAC A8-A15 Valid to leading Edge of Control (Note 1) 

tHDS HOLD Setup Time to Trailing Edge of ClK 

IHDH HOLD Hold Time 

tiNS INTR Setup Time to Falling Edge of CLK, also RST and TRAP 

tlNH INTR HOld Time 

Am8085A Am8085A·2 Am9085ADM 
Min Max Min Max Min Max Units 

320 2000 200 2000 320 2000 

30 30 30 

115 50 115 

240 115 240 

30 120 30 100 30 120 

30 150 30 110 30 lSO 

80 40 80 

100 100 

120 70 120 

150 150 

90 SO 90 

110 30 110 

100 50 100 

140 80 140 

100 50 100 

130 60 130 

0 0 0 

575 350 575 

300 lSO 300 

0 0 0 

lSO 90 150 

120 60 120 

420 230 420 

100 60 100 

400 230 400 

50 25 50 

220 100 220 

110 100 110 

0 0 0 

110 40 110 

210 150 210 

210 150 210 

460 270 460 

400 220 400 

270 115 270 

170 120 170 

0 0 0 

160 150 160 

0 0 0 

Notes: 1. A8-A15 Address Specs apply to 101M, SO and Sl. Except A8-A15 are undefined during T4-T6 of OF cycle whereas 101M, SO and Sl are stable. 
2. Test Conditions: ICYC = 320ns (Am8085A)l2oons (Am8085A-2); Cl = lSOpF. 
3. For all output timing where Cl = 150pF use the following correction factors. 

25pF.;;; Cl < lSOpF: -.10nsipF 
l50pF < Cl.;;; 3OOpF: +.30nsipF 

4. Output timings are measured with purely capacitive load. 
5. All timings are measured at oulpul voltage Vl = 0.8V. VH = 2.0V and 1.5V with 20ns rise and fall time on inpuls. 
6. To calculate timing specifications at olher values of ICYC use the table on Page 9. 
7. Data Hold Time is guaranteed under all loading conditions. 
8. Loading equivalent to SOpF + 1 TTL inpm. 
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Am8085A/Am8085A-2/Am9085ADM 

BUS TIMING SPECIFICATION AS A TCYC DEP.:NDENT 
Am8085A/Am8085A-2 Am9085ADM 

Parameter Description Min Max Min Max Units 

tAL Address Valid before Trailing Edge of ALE (1-2)T-45 (1/2)T-50 ns 

tLA Address Hold TIme after ALE (1/2)T-60 (1/2)T-50 ns 

III ALE Width (1/2)T -20 (1/2)T -20 ns 

tlCK ALE Low During ClK High (1/2)T-60 (1/2)T-50 ns 

tlC Trailing Edge of ALE to leading Edge of Control (1/2)T-30 (1/2)T-40 ns 

tAD Valid Address to Valid Data In (5/2+N)T-225 (5/2+N)T -150 ns 

tRD READ (or INTA) to Valid Data (3/2+N)T-1S0 (3/2+N)T -150 ns 

tRAE Trailing Edge of READ to Re-Enabling of Address (1/2)T-l0 (1/2)T-10 ns 

tCA Address (AS-A15) Valid after Control (1/2)T-40 (1/2)T-40 ns 

tOW Data Valid to Trailing Edge of WRITE (3/2+N)T -60 (3/2+N)T -70 ns 

tWO Data Valid after Trailing Edge of WRITE (1/2)T-60 (1/2)T-40 ns 

ICC Width of Control LOW (RD, WR, INTA) (3/2+N)T -SO (3/2+N)T -70 ns 

tCl Trailing Edge of Control to leading Edge of ALE (1/2)T-110 (1/2)T-75 ns 

tARY READY Valid from Address Valid (3/2)T-2S0 (3/2)T-200 ns 

tHACK HlDA Valid to Trailing Edge of ClK (1/2)T-50 (1/2)T-SO ns 

tHABF Bus Float after HlDA (1/2)T+50 (1/2)T+50 ns 

tHABE HlDA to Bus Enable (1/2)T+50 (1/2)T+50 ns 

tAC Address Valid to leading Edge of Control (212)T-50 (2/2)T-S5 ns 

t1 ClK Low Time (1/2)T-80 (1/2)T-SO ns 

t2 ClK High Time (1/2)T-40 (1/2)T-30 ns 

tRV Control Trailing Edge to Leading Edge of Next Control (3/2)T-SO (3/2)T-80 ns 

tlDR (4/2)T -lS0 (4/2)T-130 ns 

NOTE: N is equal to the total WAIT states. 
T = ICYC. 

CLOCK TIMING WAVEFORM 

MOS·269 
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READ OPERATION 

n I 12 T3 n 

CLK ,"-_---JI }--."t \'------Jr 
i--ILCK -tCA-J 

AB-A15 }l ADDRESS 1 
-IRAE"---

1RDH-

ADO-AD7 ) ADDRESS ./(fff ff#/l DATA IN 1< 

t ':-tLL- r--~-=1f- -~:Y 
J tLDR ALE 

_ tAL_ _tLC _ , lAD 

lAC ~ Jl RD/INTA 

WRITE OPERATION 

CLK 

AB-AI5,...;.....q _____ +-_____________ -'-____ -"I= ___ _ 

, ADO-AD7 

AB-A 15 

7 

r 
ALE J 

READ Y 

-~----~----~~~~~-----------+----~~-----

TYPICAL READ OPERATION WITH WAIT CYCLE 

n 12 I :rwAIT 

I ) 1~--"\-1 . 
I 
\ 

i-tLCK 

ADDRESS 

'tAD 

'ADDRESS 

f-tLL- i--'-tLA-- I-tAFR 
ILDR 

!-tAL_ i-- tLC-! I tRD 
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Same READY timing applies to WRITE operation. 

Figure 6. Am8085A1Am808SA~2 Bus llml,ng 
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HOLD OPERATION 

T, T3 THOLD THOLD T, 

;\ CLK / \ J j \ \ 

HOLD t t :~ 
IHDS_ ~tHDH t-IHACK-

t "\ 
-r-IHABF-

I-ItiABE-

HLDA 

BUS (ADDRESS, CONTROLS) ~ 

Figure 7. AmBOB5A Hold Timing. 
MOS·130 

II------BUS FLOATING'------! 

ALE 

~-------------r----~----------------~ 

INTR 

HOLD 

--------""""''''1 
HLDA 

______________ -J 

'101M IS ALSO FLOATING DURING THIS TIME. 

MOS·131. 

Figure B. AmBOB5A Interrupt and Hold Timing. 
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INSTRUCTION SET SUMMARY 

Instruction Code (Note 1) Clock Cycles 
Mnemonic' Description 07 06 05 D4 03 02 01 DO (Note 2) 

MOVE, LOAD AND STORE 
MOVrlr2 Move register to register 0 1 0 D D S S S 4 
MOVMr Move register to memory 0 1 1 1 0 S S S 7 
MOVrM Move memory to register 0 1 0 D 0 1 0 7 
MVlr Move immediate register 0 0 0 D D 1 1 0 7 
MVIM Move immediate memory 0 0 1 1 0 1 1 0 10 
LXIB Load immediate register Pair B & C 0 0 0 0 0 0 0 1 10 
LXID Load immediate register Pair 0 & E 0 0 0 1 0 0 0 10 
LXI H Load immediate register Pair H & L 0 0 1 0 0 0 0 1 10 
LXI SP Load immediate stack pointer 0 0 1 1 0 0 0 1 10 
STAXB Store A indirect 0 0 0 0 0 0 1 0 7 
STAXD Store A indirect 0 0 0 1 0 0 0 7 
LDAXB Load A indirect 0 0 0 0 1 0 0 7 
LDAXD Load A indirect 0 0 0 1 1 0 0 7 
STA Store A direct 0 0 1 0 0 0 13 
LDA Load A direct 0 0 1 1 0 0 13 
SHLD Store H & L direct 0 0 0 0 0 0 16 
LHLD Load H & L direct 0 0 0 1 0 0 16 
XCHG Exchange 0 & E, H & L Registers 1 0 0 1 4 

STACKOPS 
PUSH B Push register Pair B & C on stack 0 0 0 0 12 
PUSH 0 Push register Pair D & E on stack 0 1 0 0 12 
PUSH H Push register Pair H & L on stack 1 0 0 0 12 
PUSH PSW Push A and Flags on stack 1 1 0 0 12 
POPB Pop register Pair B & C off stack 0 0 0 0 0 10 
POP 0 Pop register Pair 0 & I: off stack 0 1 0 0 0 10 
POPH Pop register Pair H & L off stack 1 0 0 0 0 10 
POP PSW Pop A and Flags off stack 1 1 0 0 0 10 
XTHL Exchange top of stack H & L 1 0 0 0 1 16 
SPHL H & L to stack pointer 1 0 0 6 

JUMP 
JMP Jump unconditional 0 0 0 0 1 10 
JC Jump on carry 0 1 1 0 0 7/10 
JNC Jump on no carry 0 1 0 0 0 7/10 
JZ Jump on zero 0 0 1 0 0 7/10 
JNZ Jump on no zero 0 0 0 0 0 7110 
JP Jump on positive 0 0 0 7/10 
JM Jump on minus 1 0 0 7/10 
JPE Jump on paril}( even 0 1 0 1 0 7/10 
JPO Jump on parity odd 0, 0 0 1 0 7/10 
PCHL H & L to program counter 0 0 0 6 

CALL 
CALL Call unconditional 0 0 0 1 18 
CC Call on carry 0 0 0 9/18 
CNC Call on no carry 0 1 0 0 0 9/18 
CZ Call on zero 0 0 1 0 0 9/18 
CNZ Call on no zero 0 0 0 0 0 9/18 
CP Call on positive 1 0 0 0 9/18 
CM, Call on minus 1 1 1 0 0 9/18 
CPE Call on parity even 1 0 1 0 0 9/18 
CPO Call on parity odd 1 0 0 0 0 9/18 

RETURN 
RET Return 0 0 0 0 1 10 
RC Return on carry 0 1 1 0 0 0 6/12 
RNC Retum on no carry 0 1 0 0 0 0 6/12 
RZ Return on zero 0 0 1 0 0 0 6/12 
RNZ Retum on no zero 0 0 0 0 0 0 6/12 
RP Return on positive 1 1 0 0 0 0 6/12 
RM Return on minus 1 1 1 0 0 0 6/12 
RPE Return on parity even 0 1 0 0 0 6112 
RPO Return on parity odd 0 0 0 0 0 6112 

RESTART 
RST Restart A A A 12 

INPUT/OUTPUT 
IN Input 0 1 1 0 10 
OUT Output 0 t 0 0 10 
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INSTRUCTION SET SUMMARY (Cont.) 

Instruction Code (Note 1) Clock Cycles 
Mnemonic" Description 07 D6 05 D4 03 02 01 DO (Note 2) 

INCREMENT AND DECREMENT 

INRr Increment register 0 0 D D D 0 0 4 
DCRr Decrement register 0 0 D D D 0 1 4 
INRM Increment memory 0 0 1 1 0 0 0 10 
DCRM Decrement memory 0 0 1 1 0 1 0 10 
INXB Increment B & C registers 0 0 0 0 0 0 6 
INXD Increment D & E registers 0 0 0 1 0 0 6 
INXH Increment H & L registers 0 0 1 0 0 0 6 
INX8P Increment stack pointer 0 0 1 1 0 0 6 
DCXB Decrement B & C 0 0 0 0 0 6 
DCXD Decrement D & E 0 0 0 1 0 6 
DCXH Decrement H & L 0 0 0 0 6 
DCX8P Decrement stack pointer 0 0 1 0 6 

ADD 

ADDr Add register to A 0 0 0 0 8 8 8 4 
ADCr Add register to A with carry 0 0 0 1 8 8 8 4 
ADDM Add memory to A 0 0 0 0 0 7 
ADCM Add memory to A with carry 0 0 0 1 0 7 
ADI Add immediate to A 1 0 0 0 1 1 0 7 
ACI Add immediate to A with carry 1 1 0 0 1 1 1 0 7 
DADB AddB&CtoH&L 0 0 0 0 1 0 0 1 10 
DADD AddD&EtoH&L 0 0 0 1 0 0 1 10 
DADH AddH&LtoH&L 0 0 1 0 0 0 1 10 
DAD8P Add stack pointer to H & L 0 0 1 0 0 1 10 

SUBTRACT 

SUBr 8ubtract register from A 0 0 0 8 8 8 4 
SBB r 8ubtract register from A with borrow 0 0 1 8 8 8 4 
8UBM 8ubtract memory from A 0 0 0 0 7 
8BBM 8ubtract memory from A with borrow 0 0 1 0 7 
8UI 8ubtract immediate from A 1 0 0 0 7 
SBI 8ubtract immediate from A with borrow 1 0 1 0 7 

LOGICAL 

ANAr And register with A 0 0 0 8 8 8 4 
XRAr Exclusive Or register with A 0 0 1 8 8 S 4 
ORAr Or register with A 0 1 0 8 8 8 4 
CMPr Compare register with A 0 1 1 8 8 8 4 
ANAM And memory with A 0 0 0 0 7 
XRAM Exclusive Or memory with A 0 0 1 0 7 
DRAM Or memory with A 0 1 0 0 7 
CMPM Compare memory with A 0 1 1 0 7 
ANI And immediate with A 1 0 0 0 7 
XRI Exclusive Or immediate with A 1 0 1 0 7 
ORI Or immediate with A 1 1 0 0 7 
CPI Compare immediate with A 1 1 1 0 7 

ROTATE 

RLC Rotate A left 0 0 0 0 0 4 
RRC Rotate A right 0 0 0 0 1 4 
RAL Rotate A left through carry 0 0 0 1 0 4 
RAR Rotate A right through carry 0 0 0 1 4 

SPECIALS 

CMA Complement A 0 0 0 1 4 
STC Set carry 0 0 1 0 4 
CMC Complement carry 0 0 1 1 4 
OM Decimal adjust A 0 0 0 0 4 

CONTROL 

EI Enable Interrupts 1 0 4 
DI Disable Interrupts 1 1 1 1 0 0 1 1 4 
NOP No operation 0 0 0 0 0 0 0 0 4 
HLT Halt 0 1 1 1 0 1 1 0 5 

NEW Am8085A INSTRUCTIONS 

RIM Read Interrupt Mask 0 0 0 0 0 0 0 4 
81M Set Interrupt Mask 0 0 1 0 0 0 0 4 

Notes: .1. OOD or 888: 8=000, C=ool, 0=010, E=OII, H=100, L=101, Memory=110, A=III. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 

"All mnemonics copyright © Intel Corporation 19n 
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AmZ8001 
16-81t Microprocessor 

PREUMINARY DATA 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Sixteen general purpose registers 
• Direct addressing up to 8MB segmented memory 

The AmZ8001 is a general-purpose 16-bit CPU belonging to the 
AmZ8000 family of microprocessors. Its architecture is centered 
around sixteen 16-bit general registers. The CPU deals with 
23-bit address spaces and hence can address directly 8MB of 
memory. The 23-bit address consists of two components: 7-bit 
segment number and 16-bit offset. Facilities are provided to 
maintain three distinct address spaces - code, data and stack. 
The AmZ8001 implements a powerful instruction set with flexible 
addressing modes. These instructions operate on several data 
types - bit, byte, word (16-bit), long word (32-bit), byte string 
and word string. The CPU can execute instructions in one of two 
modes - System and Normal. Sometimes these modes are also 
known as Privileged and Non-Privileged, respectively. The CPU 
also contains an on-chip memory refresh facility. The AmZ8001 
is software compatible with the AmZ8002 microprocessor. The 
AmZ8001 is fabricated using silicon-gate N-MOS technology 
and is packaged in a 48-pin DIP. The AmZ8001 requires a single 
+ 5 power supply and a single phase clock for its operation. 

• Software compatible with AmZ8002 microprocessor 
• Powerful instructions with flexible addressing modes 
• Privileged/Non-Privileged mode of operation 
• Sophisticated interrupt structure 
• On-chip memory refresh facility 
• TTL compatible inputs and outputs 
• Single phase clock 
• Single +5V power supply 
• 48-pin package 

BUS { 
TIMING 

BUS { 
CONTROL 

INTERRUPTS { 

MULTIMICRO { 
CONTROL 

LOGIC SYMBOL 

READ/WRi'i'E 

NDRMAWSYSTEM 

il"YrEIWORD 

+SV GND 

ADDRESS/DATA 
BUS 

SEGMENT 
NUMBER 

M08._ 

ADO 

ADI 

AD10 

ADll 

AD12 

AD13 

STOP 

;;i 
ADIS 

AD14 

Vee 

Vi 
N\ii 

SEGT 

NMI 

REliEf 
;;0 

MREQ 

iii 
ST3 

ST2 

STI 

STO 

SN3 

CONNECTION DIAGRAM 
Top View 

ADI 

SN8 

SN5 

AD7 

AD6 

AD4 

SN4 
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SN2 

GND 

CLOCK 

Ai 
DECOUPLE 
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Rfii 
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Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package Ambient Maximum Clock Frequency 
Type Temperature 4MHz 

Hermetic DIP O·C.;;; TA .;;; 70·C AmZ8001DC 
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INTERFACE SIGNAL DESCRIPTION 

Vee: +5V Power Supply 

VSS: Ground 

ADD-AD15: Address/Data Bus (Bidirectional, 3oState) 

This 16-bit multiplexed addresS/data bus is used for all I/O and 
memory transactions. HIGH on the bus corresponds to 1 and 
LOW corresponds to O. ADO is the least significant bit position 
with A015 is most significant. The AS output and OS output will 
indicate whether the bus is used for address offset or data. The 
status output lines STO-ST3 will indicate the type of transaction; 
memory or I/O. 

AS: Address Strobe (Output, 3oState) 

LOW on this output indicates that the ADO-AD15 bus contains 
address information. The address information is stable by the 
time of the LOW-to-HIGH transition of the AS output (see timine 
diagrams). The status outputs STO-ST3 indicate whether the bus 
contains a memory address or I/O address. 

OS: Data Strobe (Output, 3oState) 

LOW on this output indicates that the AOO-A015 bus is being 
used for data transfer. The RJW output indicates the direction of 
data transfer - read (or in) means data into the CPU and write 
(or out) means data from the CPU. During a read operation, data 
can be gated on to the bus when OS goes LOW. A LOW-to
HIGH transition on the OS output indicates that the CPU has 
accepted the data (see timing diagram). During a write opera
tion, LOW on the OS output indicates that data is setup on the 
bus. Data will be removed sometime after the LOW-to-HIGH 
transiti9n of the OS output (see timing diagram). 

R1W: Read/Write (Output, 3oState) 

This output indicates the direction of data flow on the AOO-A015 
bus. HIGH indicates a read operation, i.e., data into the CPU 
and LOW indicates a write operation, i.e., data from the CPU. 
This output is activated at the same time as AS going LOW and 
remains stable for the duration of the whole transaction (see 
timing diagram). 

B/W: Byte/Word (Output, 3-State) 

This output indicates the type of data transferred on the 
AOO-A015 bus. HIGH indicates byte (S-bit) and LOW indicates 
word (16-bit) transfer. This output is activated at the same stage 
as AS going LOW and remains valid for the duration of the whole 
transaction (see timing diagram). The address generated by the 
CPU is always a byte address. However, the memory is or
ganized as 16-bit words. All instructions and word operands are 
word aligned and are addressed by even addresses. Thus, for 
all word transactions with the memory the least significant ad
dress bit will be zero. When addressing the memory for byte 
transactions, the least significant address bit determines which 
byte of the memory word is needed; even address specifies the 
most significant byte and odd address specifies the least sig
nificant byte. In the case of I/O transactions, the address infor
mation on the AOO-AD15 bus refers to an I/O port and B/W 
determines whether a data word or data byte will be transacted. 
During I/O byte transactions, the least significant address bit AO 
determines which half of the ADO-AD15 bus will be used for the 
I/O transactions. The STO-ST3 outputs will indicate whether the 
current transaction is for memory, ROrmal I/O or special I/O. 

STD-ST3: Status (Outputs, 3-State) 

These four outputs contain information regarding the current 
transaction in a coded form. The status line codes are shown in 
the following table: 

AmZIOO1 

ST3 ST2 ST1 STO 

L L L L Intemal Operation 

L L L H Memory Refresh 

L L H L Normal VO Transaction 

L L H H Special VO Transaction 

L H L L Segment Trap Acknowledge 

L H L H Non-Maskable Interrupt Acknowledge 

L H H L Non-Vectored InterruPt Acknowledge 

L H H H Vectored Interrupt Acknowledge 

H L L L Memory Transaction for Operand 

H L L H Memory Transaction for Stack 

H L H L Reserved 

H L H H Reserved 

H H L L 
Memory Transaction for Instruction 
Fetch (Subsequent Word) 

H H L H 
Memory Transaction for Instruction 
Fetch (First Word) 

H H H L Reserved 

H H H H Reserved 

WAIT: Wait (Input) 

LOW on this input indicates to the CPU that memory or I/O is not 
ready for the data transfer and hence the current transaction 
should be stretched. The WAIT input is sampled by the CPU at 
certain instances during the transaction (see timing diagram). If 
WAIT input is LOW at these instances, the CPU will go into wait 
state to prolong the transaction. The wait state will repeat until 
the WAIT input is HIGH at the sampling instant. 

Nis: Normal/System Mode (Output, 3oState) 

HIGH on this output indicates that the CPU is operating in Nor
mal Mode and LOW indicates operation in System Mode. This 
output is derived from the Flag Control Word (FCW) register. 
The FCW register is described under the program status infor
mation section of this document. 

MREQ: Memory Request (Output, 3oState) 

LOW on this output indicates that a CPU transaction with mem
ory is taking place. 

BUSRQ: Bus Request (Input) 

LOW on this input indicates to the CPU that another device 
(such as OMA) is requesting to take control of the bus. The 
BUSRQ input can be driven LOW anytime. The CPU syn
chronizes this input internally. The CPU responds by activating 
BUSAK output LOW to indicate that the bus has been relin
quished. Relinquishing the bus means that the ADO-AD15, AS, 
OS, B/W, RfN, N/S, STO-ST3, SNO-SN6 and liiiREa outputs will be 
in the high impedance state. The requesting device should control 
these lines in an identical fashion to the CPU to accomplish 
transactions. The BUSRQ input must remain LOW as long as 
needed to perform all the transactions and the CPU will keep the 
BUSAK output LOW. After completing the transactions, the de
vice must disable the ADO-AD15, AS, OS, B/W, RJW,N/S, 
STO-ST3, SNO-SN6 and MREQ into the high impedance state 
and stop driving the BUSRQ input LOW. The CPU will make 
BUSAK output HIGH sometime later and take back the bus 
control. 
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BUSAK: Bus Acknowledge (Output) 

LOW on this output indicates that the CPU has relinquished the 
bus in response to a bus request. 
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NMI: Non-Maskable Interrupt (Input) 

HIGH to LOW transition on this input constitutes non-maskable 
interrupt request. The CPU will respond with the Non-maskable 
Interrupt Acknowledge on the STO-ST3 outputs and will enter an 
interrupt sequence. The transition on the NMI can occur any
time. Of the three .kinds of interrupts available, the non-mask
able interrupt has the highest priority. 

VI: Vectored Interrupt (Input) 

LOW on this input constitutes vectored interrupt request. Vec
tored interrupt is next lower to the non-maskable interrupt in 
priority. The VIE bit in the Flag and Control Word register must 
be 1 for the vectored interrupt to be honored. The CPU will 
respond with Vectored Interrupt Acknowledge code on the 
STO-ST3 outputs and will begin the interrupt sequence. The VI 
input can be driven LOW anytime and should be held LOW until 
acknowledged. 

NVI: Non-Vectored Interrupt (Input) 

LOW on this input constitutes non-vectored interrupt request. 
Non-vectored has the lowest priority of the three types of inter
rupts. The NVIE bit in the Flag and Control Word register must 
be 1 for this request to be honored. The CPU will respond with 
Non-Vectored Interrupt Acknowledge code on the STO-ST3 out
puts and will begin the interrupt sequence. The NVI input 
can be driven LOW anytime and should be held LOW until 
acknowledged. 

/LI: Micro-In (Input) 

This input participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. 

/LO: Micro-Out (Output) 

This output participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. 

RESeT: Reset (Input) 

LOW on this input initiates a reset sequence in the CPU. See the 
section on Initialization for details on reset sequence. 

ClK: Clock (Input) 

All CPU operations are controlled from the signal fed into 
this input. See DC characteristics for clock voltage level 
requirements. 

DECOUPLE: (Output) 

Output from the on-chip substrate bias generator. Do not use. 

STOP: Stop (Input) 

This active LOW input facilitates one instruction at a time opera
tion. See the section on single stepping. 

SNO-SN6: Segment Number (Outputs, 3-State) 

These seven outputs contain the segment number part of a 
memory address. A HIGH on the output corresponds to 1 and a 
LOW corresponds to O. SNO is the least significant bit position 
and SN6 is the most significant bit position. 

SEGT: Segment Trap (Input) 

LOW on this input constitutes a segment trap request. If the line 
is driven LOW, the CPU will respond with the Segment Trap 
Acknowledge code on the Status lines, and commence a trap 
sequence. The SEGT input may be driven LOW at any time and 
is customarily held LOW until acknowledged. This input has 
priority over the interrupts. 

PROCESSOR ORGANIZATION 

The following is a brief discussion of the AmZ8001 CPU. For 
detailed information, see the AmZ8001/AmZ8002 Processor In
struction Set Manual (Publication No. AM-PUB086). 

GENERAL PURPOSE REGISTERS 

The CPU is organized around sixteen 16-bit general purpose 
registers RO through R15 as shown in Figure 1. For byte opera
tions, the first eight registers (RO through R7) can also be ad
dressed as sixteen 8-bit registers designated as RLO, RHO and 
so on to RL7 and RH7. The sixteen registers can also be 
grouped in pairs RRO, RR2 and so on to RR14 to form eight long 
word (32-bit) registers. Similarly, the sixteen registers can be 
grouped in quadruples ROO, R04, R08 and R012 to .form four 
64-bit registers. 

ROO 

RHO RLO 

AH1 RL1 

RRO { 

AO 

R1 

AH2 RL2 

AH3 RL3 
AA2 { 

A2 

R3 

AH4 RU 

AHS RLS 

AH6 RL6 

AH7 RL7 

RR4 { 

R4 

RS 

RR6 { 

R6 

R7 

RQ4 

RRB { 

RB 

RS 

RQB 

RR10 { 

R10 

R11 

RR12 { 

R12 

R13 

-·1 
R14· 

R14 

A1S· 

R1S 

NORMAL STACK POINTER 

SYSTEM STACK POINTER RQ12 

SYSTEM STACK POINTER 

NORMAL STACK POINTER 

Figure 1. AmZ8001 General Registers. 
MOS·242 

STACK POINTER 

The AmZ8001 architecture allows stacks to be maintained in 
memory. Any general-purpose register pair except RRO can be 
used as a stack pointer in stack manipulating instructions such 
as PUSH and POP. The designated register pair holds a 23-bit 
segmented address. Certain instructions (such as subroutine 
call and return) make implicit use of the register pair RR14 as the 
stack pointer. Two implicit stacks are allowed - normal stack 
using RR14 as the stack pointer, and system stack using RR14' 
as the system stack pOinter (see Figure 1). If the CPU is operat
ing in the Normal Mode, RR14 is active, and if the CPU is in 
System Mode, RR14' will be used instead of RR14. The implied 
stack pointer is a part of the general registers and hence can be 
manipulated using the instructions available for register 
operations. 
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Figure 2_ AmZ8001 Processor Status_ 

PROCESSOR STATUS 

The CPU status consists of the 16-bit flag and control word 
(FCW) register, and the 23-bit program counter (see Figure 2). A 
reserved word is also included for future expansion. The follow
ing is a brief description of the FCW bits. 

SEG: Segmented/Non-Segmented Bit. Indicates whether the 
AmZ8001 is running in segmented or non-segmented 
mode. 1 indicates segmented, 0 indicates non-seg
mented. See the section on non-segmented mode, 
elsewhere in this document. 

siN: System/Normal - 1 indicates System Mode and 0 indi
cates Normal Mode. 

VIE: Vectored Interrupt Enable - 1 indicates that Vectored 
Interrupt requests will be honored. 

NVIE: Non-Vectored Interrupt Enable - 1 indicates that Non
vectored interrupt requests will be honored. 

C: Carry - 1 indicates that a carry has occurred from the 
most significant bit position when performing arithmetic 
operations. 

Z: Zero - 1 indicates that the result of an operation is zero. 
S: Sign - 1 indicates that the result of an operation is nega

tive I.e., most Significant bit is one. 
P/V: Parity/Overflow - 1 indicates that there was an overflow 

during arithmetic operations. For byte logical operations 
this bit indicates parity 'Of the result. 

DA: Decimal Adjust - Records byte arithmetic operations. 
H: Half Carry - 1 indicates that there was a carry from the 

most significant bit of the lower digit during byte 
arithmetic. 

DATA TYPES 

The AmZ8001 instructions operate on bits, digits (4 bits), bytes 
(8 bits), words (16 bits), long words (32 bits), byte strings and 
word strings type operands. Bits can be set, reset or tested. 
Digits are used to facilitate BCD arithmetic operations. Bytes are 
used for characters and small integers. Words are used for in
teger values and addresses while long words are used for large 
integer values and addresses. All operands except stnngs can 
reside either in memory or general registers. Strings can reside in 
memory only. 

INTERRUPT AND TRAP STRUCTURE 

Interrupt is defined as an external asynchronous event requiring 
program interruption. For example, interruption is caused by a 
peripheral needing service. Traps are synchronous events re
sulting from execution of certain instructions under some de
fined circumstances. Both interrupts and traps are handled in a 
similar manner by the AmZ8001. 

The AmZ8001 supports three types of interrupts in order of de
scending priority - non-maskable, vectored and non-vectored. 

MOS-243 

The vectored and non-vectored interrupts can be disabled by 
appropriate control bits in the FCW. The AmZ8001 has four 
traps - system call, segment trap, unimplemented opcode and 
privileged instruction. The traps have higher priority than 
interrupts. 

When an interrupt or trap occurs, the current program status is 
automatically pushed on to the system stack. The program 
status consists of processor status (I.e., PC and FCW) plus a 
16-bit identifier. The identifier contains the reason, source and 
other coded information relating to the interrupt or trap. 

Aller saving the current program status, the new processor 
status is automatically loaded from the new program status area 
located in the memory. This area is designated by the New 
Program Status Area Pointer (NPSAP) register. See AM
PUB086 publication for further details. 

SEGMENTED ADDRESSING 

The AmZ8001 can directly address up to 8MB of memory space, 
using a 23-bit segmented address. The memory space is di
vided up into 128 segments, each up to 64KB in size. The upper 
seven bits of address designate the segment number, and are 
available on the SNO-SN6 outputs during a memory transaction. 
See the section on memory transactions for details. 

The lower sixteen bits of address designate an offset within the 
segment, relative to the start of the segment, and are available 
on ADO-AD15 during part of the memory transaction. See the 
section on memory transactions for details. 

The segmented address may be stored as a long word in mem
ory, or in a register pair. The segment number and offset can be 
manipulated separately or together, by suitable use of the in
struction set. 

When the segmented address is contained in code space, a short 
offset format may be adopted. The segmented address is stored 
as one word, seven bits of segment number and eight bits of 
offset. Figure 3 shows the format for segmented addresses. 

ADDRESSING MODES 

Information contained in the AmZ8001 instructions consists of 
the operation to be performed, the operand type and the location 
of the operands. Operand locations are deSignated by general 
register addresses, memory addresses or I/O addresses. The 
addressing mode of a given instruction defines the address 
space referenced and the method to compute the operand ad
dress. Addressing modes are explicitly specified or implied in an 
instruction. Figure 4 illustrates the eight explicit addressing 
modes: Register (R), Immediate (1M), Indirect Register (IR), Di
rect Address (DA), Indexed (X), Relative Address (RA), Base 
Address (BA) and Base Indexed (BX). 
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BYTE ADDRESS 

N I 0 I SEGMENT o 0 0 000001 
SEGMENTED ADDRESS 
IN MEMORY 

N+21 OFFSET 

1"1 
o I SEGMENT 0000000 

RRn 
SEGMENTED ADDRESS 
IN REGISTER PAIR 

I OFFSET 

11 I SEGMENT 000000001 

SEGMENTED ADDRESS 
FOLLOWING INSTRUCTION 
IN CODE SPACE 

OFFSET 

OR 

8 7 

I 0 I SEGMENT OFFSET 

Figure 3. Segmented Address Formats. 

When an effective segmented address is being computed ac
cording to the designated addressing mode, the segment 
number is not affected by any carry from the lS-bit offset. 

NON-SEGMENTED MODE ON THE AmZBOO1 

The Amz8001 can execute code designed to run on the non
segmented AmZao02. This is achieved by changing the mode of 
execution of the AmZ8001 from segmented to non-segmented 
by writing a 0 to the SEG bit in the FCW. (See the section on 
processor status.) The change to non-segmented mode sets up 
a suitable environment for running non-segmented code. How
ever, this environment only exists within the code segment that 
caused the change of mode from segmented to noh-segmented. 

SNO-SNS will continue to indicate the code segment until a 
reset, interruption or return to segmented mode is encountered. 

The effects of the non-segmented mode of operation on the 
AmZ8001 are described below. 

a} The AmZ8001 will interpret instruction length as if it was a 
non-segmented AmZao02. 

b} The AmZ8001 will implement address computation In an 
identical manner to the AmZ8002. 

Other CPU functions, such as interrupt and trap handling, reset 
and stack pOinter manipulation are unaltered. These functions 
are characterized by the type of CPU, not by the siate of the 
SEG bit in the FCW. 

INPUT/OUTPUT 

A set of I/O instructions are provided to accomplish byte or word 
transfers between the Am~8001 and I/O devices. 1/0 devices 
are addressed using lS-bit 1/0 port addresses and 1/0 address 
space is not a part of the memory address space. Two types of 
I/O instructions are provided; each with its own lS-bit address 
space. 1/0 instructions include a comprehensive set of In, Out 
and Block transfers. 

CPU TIMING 

The AmZaoOl accomplishes instruction execution by stepping 
through a pre-determined sequence of machine cycles, such as 
memory read, memory write, etc. Each machine cycle requires 
between three and ten clock cycles. Bus Requests by DMA 
devices are granted at machine cycle boundaries. No machine 
cycle is longer than ten clock cycles; thus assuring fast response 
to a Bus Request (assuming no extra wait states). The start of a 
machine cycle is always marked by a LOW pulse on the AS 
output. The status output lines STO-ST3 indicate the nature of 
the current cycle in a coded form. 

STATUS UNE CODES 

Status line coding was listed in the table shown under STO-ST3 
outputs in the Interface Signal Description. The following is a 
detailed description of the status codes. 

Internal Operation: 

This status code indicates that the AmZ8001 is going through a 
machine cycle for its internal operation. Figure 5 depicts an 
internal operation cycle. It consists of three clock periods iden
tified as Tl, T2 and T3. The AS output will be activated with a 
LOW pulse by the AmZ8001 to mark the start of a machine 
cycle. The STO-ST3 will reflect the code for the internal opera
tion. The MREQ, OS and R!W outputs will be HIGH. The' N/S 
and SNO-SNS outputs will remain at the same level as in the 
previous machine cycle. The AmZ8001 will ignore the WAIT 
input during the intemal operation cycle. The CPU will drive the 
ADO-AD15 bus with unspecified information during Tl. However, 
the bus will go into high impedance during T2 and remain in that 
state for the remainder of the cycle. The BIW output is also 
activated by the CPU with unspecified information. 

Memory Refresh: 

This status code indicates that AmZ8001 is accessing the mem
ory to refresh. The refresh cycle consists of three clock periods 
as depicted in Figure S. The CPU will activate the AS output with 
a LOW pulse to mark the beginning of a machine cycle and 
STO-ST3 outputs will reflect the refresh cycle code. The least 
significant 9 lines of the ADO-AD15 bus contain the refresh ad
dress. Because the memory is word organized, the ADO will 
always be LOW. The most 'significant 7 bus lines are not 
specified. The OS output will remain HIGH for the entire cycle 
while RlW, B/W, SNO-SNS and NiS outputs will remain at the 
same level as in the machine cycle prior to refresh. The 
ADO-AD15 bus will go into high impedance state during T2 
period and remain there for the remainder of the cycle. The 
AmZ8001 will activate the MREQ output LOW during the refresh 
cycle. It should be noted that WAIT input is ignored by the CPU 
for refresh operations. 

I/O Transactions: 

There are two status line codes used for 1/0 transaction cycles. 
The AmZ8001 provides two separate 1/0 spaces and two types 
of instructions called Normal I/O and Special I/O. liach I/O 
space is addressed by a lS-bit address called port address. The 
timing for both types of I/O transactions is essentially identical. A 
typical I/O cycle consists of four clock periods Tl, T2, TWA and 
T3 as shown in Figure 7. The TWA is the wait state; insertion of 
one wait state for an 1/0 cycle is always automatic. Additional 
wait cycles can be inserted by LOW on the WAIT input. The 
WAIT input is sampled during every TW state. If ,this input is, 
LOW, one more wait state will be inserted. Insertion of wait 
states continues until WAIT input is HI,GH. T3 state will follow the 
last wait state to complete the I/O cycle. 
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Mode Operand Addressing Operand Value 

In the Instruction In a Register In Memory 

Register 1 REGISTER ADDRESS H OPERAND 1 The content of the register. 

Immediate 1 OPERAND 1 In the instruction 

Indirect 
Register 

1 REGISTER ADDRESS H[A~D~D~R~E~ss~I------·~1 O~P~E~R~AN~D~I The content of the location whose 
address is in the register. 

Direct 
Address 

Index 

1 ADDRESS 1 

REGISTER ADDRESS 

BASE ADDRESS 

.1 OPERAND 1 

OPERAND 

The content of the location whose 
address is in the instruction. 

The content of the location whose 
address is the address in the 
instruction, offset by the content 
of the working register. 

Relative 
Address 

PC·VALUE ~ _ 

C:~DI~S~PLA~C!EM~E~NT~:}-::::==:::::~OPERANDI 

The content of the location whose 
address is the content of the program 
counter, offset by the displacement in 
the instruction. 

Base 
Address 

Base 
Index 

REGISTER ADDRESS 

DISPLACEMENT 

REGISTER ADDRESS 

REGISTER ADDRESS 

The content of the location whose 
address is the address in the 
register, offset by the 
displacement in the instruction. 

The content of the location whose 
address is the address in the 
register, offset by the 
displacement in the register. 

Figure 4. Addressing Modes. 

.During I/O cycles the STO-ST3 outputs will reflect appropriate 
code depending on the type of instruction being executed (Nor
mal I/O or Special I/O). AS output will be pulsed LOW to mark 
the beginning of the cycle. The CPU drives the ADO-AD15 bus 
with the 16-bit port address specified by the current instruction. 
The N/S output will be LOW indicating that CPU is operating in 
the system mode. It should be recalled that the N/S output is 
derived from the appropriate bit in the FCW register. All I/O 
instructions are privileged instructions and will be allowed to 
execute only if the FCW specifies system. mode operation. The 
MREQ output will be HIGH. The AmZ8001 VO instructions pro
vide both word or byte transactions. The B/W output will be 
HIGH or LOW depending whether the instruction specifies a 
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byte or word transfer. The SNO-SN6 output will remain at the 
same level as in the machine cycle prior to the VO cycle. 

Two kinds of I/O transfers should be considered: Data In means 
reading from the device and Data Out means writing into the 
device. For In operations, the RIW output will be HIGH. The 
ADO·AD15 bus will go into high impedance state during T2. 
During byte- input instructions, the CPU reads either the even 
or odd half of the Data Bus dependent upon the port address. If 
the port address is even, the most significant half of the Data· 
Bus is read. If the port address is odd, the least significant half of 
the Data Bus is read. During word input instructions, the CPU 
reads all 16 bits of the Data Bus. The AmZ8001 will drive the OS 
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Figure 6. Refresh Cycle. MOS·247 
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output LOW to signal to the device that data can be gated on to 
the bus. The CPU will accept the data during T3 and OS output 
will go HIGH signalling the end of an I/O transaction. 

For Data Out, the R!W output will be LOW. The AmZ8001 will 
provide data on the ADO-AD1Sbus and activates the OS output 
LOW during T2. During byte output instructions, the CPU dupli
cates the byte data onto both the high and low halves of the Data 
Bus and extemallogic.using AO, enables the appropriate byte 
port. During word output instructions the CPU outputs data onto 
all 16 bits of the Data Bus. The OS output goes HIGH during T3 
and the cycle is complete. 

Memory Transactions: 

There are four status line codes that indicate a memory trans
action: 

a) Memory transaction to read or write an operand 
b) Memory transaction to read from or write into the stack 

_ Tl 

CLOCK 

--"-- I 

c) Memory transaction to fetch the first word of an instruction 
(sometimes calledlF1) 

d) Memory transaction to fetch the subSequent word of an in-
struction (sometimes called IFN). 

It can be appreciated that all the above transactions 'essentially 
fall into two categories: memory read and memory write. In the 
case of IF1 and IFN cycles, the memory will be read at the 
address supplied,by the program counter. All AInZSOOl instruc
tions are multiples of 16-bit words. Words are always addressed 
by an even address. Thus IF1 and IFN cycles involve performing 
a memory read for words. On the other hand, a memory trans
action for operand and stack operation could be a read or write. 
Moreover, an operand could be a word or a byte. For stack 
operation involving the implied stack pOinter the address will be 
supplied by the RR14 (or RR14'). For opera:nd transactions, the 
memory address will come from several sources depending on 
the instruction and the addressing mode. Memory transaction 
cycle timing is shown in Figure S. It typically consists of three 
clock periods T1, T2 and. T3. Wait states (TW) c~n be inserted 

12 
T3 _ 

f I 
:x :x V\ W :x ,xx.i\N\ 

STATUSES 
(BJ\Y. NtS, 
S1lJ.SJ'3) 

SN(),SN8 

AD 

READ liS 

AD 

WRITE liS 

-......... - r- INSERT WAIT STATE 

. SEGMENT NUMBER 

MEMORY ADDRESS > / DATAIN \. " , 

/ 

MEMORY ADDRESS DATA OUT 

\ r 
Figure 8. Memory Transactions. MOS-248 
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between T2 and T3 by activating the WAIT input LOW. The 
WAIT input will be sampled during T2 and during every sub
sequent TW. The STO-ST3 outputs will reflect the appropriate 
code for the current cycle early in T1 and the AS output will be 
pulsed LOW to mark the beginning of the cycle. The NlS output 
will indicate whether the normal or system addresS space will be 
used' for the current cycle. As shown in the figure the MREQ 
output will go LOW during T1 to indicate a memory operation. 

The segment number becomes valid on the segment lines one 
clock period before the start of the memory operation, and re
mains valid until the start of T3. 

Consider a read operation first. The R/W output will be HIGH. 
The AmZ8001 will drive the ADO-AD15 with the appropriate ad
dress early in T1. During T2, the bus will go into high-impedance 
state and DS output will be activated LOW by the CPU. The data 
can be gated on to the bus when DS is LOW. During T1 the B/W 
will also be activated to indicate byte or word will be transacted. 
The AmZ8001 memory is word organized and words are ad
dressed by even addresses. However, when addressing bytes, 
the memory address may be odd or even; an even address for 
most significant byte of a word and the next odd address for the 
least significant byte of that word. When reading a byte from the 
memory, the least significant address bit can be ignored and the 
whole word containing the desired byte is gated on to the bus. 
The CPU will pick the appropriate byte automatically. The 
AmZ8001 will drive the DS output HIGH indicating data 
acceptance. 

LAST MACHINE r CVClEOF ANV---t
INSTRUCTION 

H1 ..-2.2 ., M 
CLOCKJ U U U·-

INTERNAL 
N~I 

S_6 

STI).ST3 

AD 

AmZ8OO1 

Consider the write operation next. The R/W output will be LOW. 
The AmZ8001 removes the address and gates out ttie data to be 
written on the bus and activates the DS output LOW during T2. If 
the data to be written is a byte then the same byte will be on both 
halves ofthe bus. The DS output will go HIGH during T3 sig
nifying completion of the cycle. 

Interrupt and Segment Trap Acknowledge: 

There are four status line codes devoted to interrupt and trap 
acknowledgement. These correspond to non-maskable, vec
tored and non-vectored interrupts, as well as segment trap. The 
Interrupt Acknowledge cycle is illustrated in Figure 9. The NMI 
input ofthe AmZ8001 is edge detected i.e., a HIGH to LOW input 
level change is stored in an internal latch. Similar internal stor
age is not provided for the VI, NVI, and SEGT inputs. ForVi and 
NVI inputs to cause an interruption, the corresponding interrupt 
enable bits in the FCW must be 1. For the following discussion, 
both the VIE and NVIE bits in the FCW are assumed to be 1. 

As shown in the figure, the VI, NVI and SEGT input and the 
internal NMI latch output are sampled during T3 of the last 
machine cycle of an instruction. 

A LOW on these signals triggers the corresponding interrupt 
acknowledge sequence described on the following page. The 
AmZ8001 executes a dummy IF1 cycle prior to entering the 
actual acknowledge cycle (see memory transactions for IF1 
cycle description). 

AUTOMATIC WAn STATES 

ACkNOWLEDGE 

IDENTIFIER 

IIGH 

SAME AS"PREVIOUS CYCLE 

STATUS 
SAVING 

______________ ~~ ________ _+-----------------------------------J 
Figure 9. Interrupt Acknowledge Cycle. 
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During this dummy IF1 cycle, the program counter· is not up
dated; instead the implied.system stack pointer (RR14') will be 
decremented. Following the dummy IF1 cycle is the actual inter
rupt/trap acknowledge cycle. 

The interrupt acknowledge cycle· typically consists of 10 clock 
periods; T1 through T5 and five automatic TW (wait states). As 
usual, the AS output will be pulsed LOW during T1 to mark the 
beginning of a cycle. The STO-ST3 outputs will reflect the 
appropriate interrupt acknowledge code, the MREQ output will 
be HIGH, the N/S output remains the same as in the preceding 
cycle, the R/W output will be HIGH and the BIW output will be 
LOW. The AmZ8001 will drive the ADO-AD15 bus with un
specified information during T1 and the bus will go into the high 
impedance state during T2. Three TWA states will automatically 
follow T2. The WAIT input will be sampled during the third TWA 
state. 

If LOW, an extra TW state will be inserted and the WAIT will be 
sampled again during TW. Such insertion of TW states con
tinues until the WAIT input is HIGH. After the last TW state, the 
DS output will go LOW and two more automatic wait states 
(TWA) follow. The interrupting device can gate up to a 16-bit 
identifier on to the bus when the i5S output is LOW. The WAIT 
input will be sampled again during the last TWA state. If the 
WAIT input is LOW one TW state will be inserted and the WAIT 
will be sampled during TW. Such TW insertion continues until 
the WAIT input is HIGH. After completing the last TW state T3 
will be entered and the DS outPut will go HIGH. The interrupting 
device should remove the identifier and cease driving tlie bus. 
T4 and T5 states will follow T3 to complete the cycle. Following 

the interrupt acknowledge cycle will be memory transaction cy
cles to save the Status on tlie stack. Note that the N/S output will 
be automatically LOW during status saving. The SNO-SN6 out
puts are undefined during the acknowledge cycle. 

The internal NMllatch will be reset to the initial state at AS going 
HIGH in the interrupt acknowledge cycle. The Vi, NVI and SEm 
input should be kept LOW until this time also. 

STATUS SAVING SEQUENCE: 

The machine cycles following the interrupt acknowledge cycle 
push the old status information on the system stack in the follow
ing order: program counter, the flag and control word and the 
interrupt/trap identifier. SubSequent machine cycles fetch the 
new program status from the new program status area, and then 
branch to the interrupt/service routine. 

BUS REQUE~T/BUS ACKNOWLEDGE TIMING: 

A LOW on the BUSRQ input is an indication to the AmZ8001 that 
another device (such as DMA) is requesting control of the bus. 
The BUSRQ input is synchronized internally at T1 of any 
machine cycle. (See next paragraph for exception.) The BUSAK 
will go LOW after the last clock period of the machine cycle. The 
LOW on the BUSAK output indicates acknowledgement. When 
BUSAK is LOW the follo~ outputs will go into the hiQ!!lmped
ance state; ADO-AD15, AS, DS, MREQ, STO-ST3, B/W, R/W, 
SNO-SN6 and N/S. The BUSRQ must be held LOW until all 
transactions are completed. When BUSRQ goes HIGH, it is 
synchronized internally, the BUSAK output will go HIGH and 
normal CPU operation will resume. Figure 10 illustrates the 
BUSRQ/BUSAK timing. 

1----- ANY M CYCLE ----I----------BUSAVAILABLE ---------

Tl T2 T3 TX TX TX TX TX TX T1 

SN 

AD 

MREQ. iiS, ------------h 
-~~ >--+----I~--+---+-< BIW. RIW. HIS -'-___________ +_' 

Figure 10. Bus Request/Acknowledge Cycle. 



It was mentioned that BUSRQ will be honored during any 
machine cycle with one exception. This exception is during the 
execution of TSET/TSETB instructions. BUSRQ will not be hon
ored once execution of these instructions has started. 

SINGLE STEPPING 

The STOP input of the AmZ8001 facilitates one instruction at a 
time or single step operation. Figure 11 illustrates STOP input 
timing. The STOP input is sampled on the HIGH to LOW transi
tion of the clock input that immediately precedes an IF1 cycle. If 
the STOP is found LOW, AmZ8001 introduces a memory refresh 
cycle after T3. Moreover, STOP input will be sampled again at 
T3 in the refresh cycle. If STOP is LOW one more refresh cycle 
will follow the previous refresh cycle. The STOP will be sampled 
during T3 of the refresh cycle also. One additional refresh cycle 
will be added every time STOP input is sampled LOW. After 
completing the last refresh cycle which will occur after STOP is 
HIGH, the CPU will insert two dummy states T4 and T5 to com
plete the IF1 cycle and resume its normal operations for execut
ing the instruction. See appropriate sections on memory trans
actions and memory refresh. It should be noted that refresh 
cycles will occur even if the refresh facility is disabled during 
single stepping. 

MULTIMICROPROCESSOR FACILITIES 

The AmZ8001 is provided with hardware and software facilities 
to support multiple microprocessor systems. The p.O and ILl 
signals of the AmZ8001 are used in conjunction with the MBIT, 
MREQ, MRES and MSET instructions for this purpose. The p.O 
output can be activated LOW by using appropriate instruction to 
signal a request from the AmZ8001 for a resource. The p.1 input 
is tested by the AmZ8001 before activating the p.O output. LOW 
at the iJ input indicates that the resource is busy. The AmZ8001 

AmZao01 

can examine the iLf input after activating the /i15 output LOW. 
The ILl will be' tested again to see if the requested resource 
became available. For detailed information on the Multimicro
processor facilities, AmZ8001/AmZ8002 Processor Interface 
Manual (Publication No. AM-PUB089) should be consulted. 

INITIALIZATION 

A LOW on the Reset input starts the CPU initialization. The 
initialization sequence is shown in Figure 12. Within five clock 
periods after the HIGH to LOW level change of the Reset input 
the following will occur: 

a) AOO-A015 bus will be in the HIGH impedance state 
b) AS, OS, MREQ, BUSAK and p.O outputs will be HIGH 
c) STO-ST3 outputs will be LOW 
d) Refresh wilh,be disabled 
e) R/W, B/W and Nt'S outputs are not affected. For a power on 

reset the state of these outputs is not specified. 
f) SNO-SN6 outputs will be LOW. 

After the Reset input returns HIGH and remains HIGH for three 
clock periods, three 16-bit memory read operations will be per
formed as follows from segment C. Note that the Nt'S output will 
be LOW and STO-ST3 outputs will reflect IFN code. 

a) The contents of the memory location 0002 will be read. This 
information will be loaded into the FCW of the AmZ8001. 

b) The contents of the memory location 0004 will be read. This 
information will be loaded into the program counter segment 
number. 

c) The contents of the memory location 0006 will be read. This 
information will be loaded into the program counter offset. 

This completes initialization sequence and an IF1 cycle will fol
low to fetch the first instruction to begin program execution. See 
the section on memory transactions for timing. 

t-------------------IF1---------'----------l1 
T4 T5 

CLOCK 

AD-----( 

AS \..J 
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\ 
STfI.$T3 X 1F1 
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1\ 

REFRESH 
ADDRESS 

~ 

~--_<~~-----------1<==== 

\ I 

X ~ __________ ~; ~~------------M-aroA---Y-RE-F-~-~---------->e::: 
I 

HIGH; }~==================>e:::= 
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Figure 11. Single Step TimIng. MOS·252 
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AmZ8001 INSTRUCTION SeT 

LOAD AND EXCHANGE ARITHMETIC 

Mne- Addr. Mne- Addr. 
monlcs Operands Modes Operation monlcs Operands Modes Operation 

CLR ds! R Clear ADC R, sre R Add with Carry 
CLRB IR dst ..... 0 ADCB R <- R + sre + carry 

DA 
X 

ADD R, src R Add 
ADDB 1M R<-R+sre 

EX R, src R Exchange ADDL IR 
EXB IR R ..... src DA 

DA X 
X 

CP R, src R Compare with Register 
LD R, src R Load into Register CPB 1M R - sre 
LDB 1M R <- sre CPL IR 
LDL 1M DA 

IR X 
DA 
X 

BA 
BX 

CP dst, 1M IR Compare with Immediate 
CPB DA dst - 1M 

X 

LD dst, R IR Load into Memory (Store) 
DAB dst R Decimal Adjust 

LDB DA dst .... R DEC dst, n R Decrement by n 
LDL X DECB IR dst <- dst - n 

BA DA (n = 1 ... 16) 
BX X 

LD dst, 1M IR Load Immediate into Memory DIV R, src R Divide (signed) 
LDB DA dst ..... IM DIVL 1M Word: Rn+1 <- Rn,n+1 -;. src 

X IR Rn <- remainder 

LDA R, src DA Load Address 
X R .... source address 

BA 
BX 

DA Long Word: Rn+ 2 ,n+3 
X ~ Rn ... n+3 -:- src 

Rn•n+1 
+- remainder 

LDAR R, sre RA Load Address Relative 
R .... source address 

EXTS dst R Extend Sign 
EXTSB Extend sign of low order half of 
EXTSL st through high order half of 

LDK R, src 1M Load Constant dst 
R <- n (n = 0 ... 15) 

INC dst, n R Increment by n 
LDM R, src, n IR Load Multiple INCB IR dst <- dst + n 

DA R .... sre (n eonseeuti~e words) 
X (n = 1 ... 16) 

DA (n = 1 ... 16) 
X 

LDM dst,R, n IR Load Multiple (Store Multiple) MULT R, sre R Multiply (signed) 

DA dst <- R (n consecutive words) MULTL 1M Word: Rn,n+1 .... Rn+1 • src 
X (n = 1 ... 16) IR Long Word: Rn ... n+3 

LDR R, src RA Load Relative 
LDRB R .... sre 
LDRL (range -32768 ... +32767) 

DA ...-- Rn+2 ,n+3 • src 
X ·Plus seven cycles for each 1 

in the multiplicand 

LDR pst, R RA Load Relative (Store Relative) 
LDRB dst .... R 
LDRL (range -32768 ... +32767) 

NEG dst R Negate 
NEGB IR dst <- 0 - dst 

DA 
X 

POP dst,R R Pop 
POPL IR dst <- IR 

DA Autoinerement contents of R 

SBC R, src R Subtract with Carry 
SBCB R <-- R - src - carry 

X SUB R,sre R Subtract 

PUSH IR, sre R Push 
PUSHL 1M Autodecrement contents of R 

IR IR <- src 
DA 

SUBB 1M R<--R-sre 
SUBL IR 

DA 
X 

X 
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LOGICAL BIT MANIPULATION 

Mne- Addr. Mne- Addr. 
monica Operands Modes Operation monlcs Operand Modes Operation 

AND R, src R AND BIT dst, b R Test Bit Static 
ANDB 1M R +- RANt> src BITB IR Z flag - NOT dst bit specified by b 

IR DA 
DA X 
X 

BIT dst,R R Test Bit Dynamic 
COM dst R Complement BITB Z flag +- NOT dst bit specified 
COMB 1M dst +- NOT dst by contents of R 

IR 
DA 
X 

RES dst, b R Reset Bit Static 
RESB IR Reset dst bit specified by b 

DA 
OR R, src R OR X 
ORB 1M R+-RORsrc 

IR 
DA 
X 

RES dst, R R Reset Bit Dynamic 
RESB Reset dst bit specified by 

contents of R 

TEST dst R TEST 
TESTB IR dst OR 0 
TESTL DA 

X 

SET dst, b R Set Bit Static 
SETB IR Set dst bit specified by b 

DA 
X 

f--. 

TCC cc, dst R Test Condition Code 
TCCB Set LSB if ce is true 

SET dst, R R Set Bit Dynamic 
SETB Set dst bit specified by 

contents of R 
XOR R, src R Exclusive OR 
XORB 1M R +- R XOR src 

IR 
DA 
X 

TSET dst R Test and Set 
TSETB IR S flag - MSB of dst 

DA dst-all1s 
X 

PROGRAM CONTROL 
ROTATE AND SHIFT 

Mne- Addr, 
monics Operands Modes Operation Mne- Addr. 

CALL dst IR Call Subroutine 
monlcs Operand Modes Operation 

DA Autodecrement SP RLDB R, src R Rotate Digit Left 
X @SP+-PC 

PC -dst 
RRDB R, src R Rotate Digit Right 

CALR dst RA Call Relative 
Autodecrement SP 

RL dst, n R Rotate Left 
RLB R by n bits (n = 1, 2) 

@ SP +-PC RLC dst, n R Rotate Left through Carry 
PC-PC + dst RLCB R by n bits (n = 1, 2) 
(range. -4094 to +4096) RR dst, n R Rotate Right 

DJNZ R, dst RA Decrement and Jump if Non-Zero RRB R bynbits(n= 1,2) 
D8JNZ R-R -1 

IF R = 0: PC +- PC + dst 
(range -254 to 0) 

RRC dst, n R Rotate Right through Carry 
RRCB R by n bits (n = 1, 2) 

IREP - - Interrupt Retum 
PS +-@SP 
Autoincrement SP 

SDA dst, R R Shift Dynamic Arithmetic 
SDAB Shift dst left or right by 
SDAL contents of R 

JP cc, dst IR Jump Conditional 
IR If ce is true: PC +- dst 
DA 

SOL dst,R R Shift Dynamic Logical 
SDLB Shift dst left or right ~Y 
SDLL contents of R 

X SLA dst, n R Shift Left Arithmetic 

JR ce, dst RA Jump Conditional Relative 
If cc is true: . PC +- PC + dst 

SLAB by n bits 
SLAL 

(range -256 to +254) SLL dst, n R Shift Left Logical 

RET cc - Return Conditional 
If ce is true: PC +- @ SP 

SLLB by n bits 
SLLL 

Autodecrement SP SRA dst, n R Shift Right Arithmetic 

SC src 1M System Call 
Autodecrement SP 

SRAB by n bits 
SRAL 

@SP+-old PS SRL dst, n R Shift Right Logical 
Push instruction SRLB by n bits 
PS +- System Call PS SRLL 

'Privileged instructions. Executed in system mode only. 
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BLOCK TRANSFER AND STRING MANIPULATION BLOCK TRANSFER AND STRING MANIPULATION (Cont.) 

Mne· Addr. Mne· Addr. 
manics Operands Modes Operation manics Operands Modes Operation 

CPO Rx, src, IR Compare and Decrement LDI dst, src, IR Load and Increment 
CPDB Ry, cc Rx - src LOIB R dst <- src 

Autodecrement src address Autoincrement dst and src 
Ry <- Ry - 1 addresses 

CPDR Rx, src, IR Compare, Decrement and Repeat 
R<-R-1 

CPDRB Ry, cc Rx - src LDIR dst, src, IR Load, Increment and Repeat 
Autodecrement src address LDIRB R dst <- src 
Ry <- Ry - 1 Autoincrement dst and src 
Repeat until cc is true or Ry = 0 addresses 

CPI Rx, src, IR Compare and Increment 
CPIB Ry, cc Rx - src 

R<-R-1 
Repeat until R = 0 

Autoincrement src address TRDB dst, src, IR Translate and Decrement 
Ry <- Ry - 1 R dst <- src (dst) 

CPIR Rx, src, IR Compare, Increment and Repeat 
CPIRB Ry, cc Rx - src 

Autodecrement dst address 
R<-R-1 

Autoincrement src address TRDRB dst, src, IR Translate, Decrement and Repeat 
Ry <- Ry - 1 R dst <- src (dst) 
Repeat until cc is true or Ry = 0 Autodecrement dst address 

CPSD dst, src, IR Compare String and Decrement 
CPSDB R, cc dst - src 

R<-R-1 
Repeat until R = 0 

Autodecrement dst and src TRIB dst, src, IR Translate and Increment 
addresses R dst <- src (dst) 
R<-R-1 Autoincrement dst address 

CPSDR dst, src, IR Compare String, Decr. and Repeat 
R<-R-1 

CPSDRB R, cc dst - src TRIRB dst, src, IR Translate, Increment and Repeat 
Autodecrement dst and src R dst <- src (dst) 
addresses Autoincrement dst address 
R<-R-1 R<-R-1 
Repeat until cc is true or R = 0 Repeat until R = 0 

CPSI dst, src, IR Compare String and Increment TRTDB src 1, IR Translate and Test, Decrement 
CPSIB R, cc dst - src src 2, R RH1 <- src 2 (src 1) 

Autoincremant dst and src Autodecrement src 1 address 
addresses R<-R-1 
R<-R-1 

TRTDRB src 1, IR Translate and Test, 
CPSIR dst, src, IR Compare 'String, Incr. and Repeat src 2, R Decrement and Repeat 
CPSIRB R, cc dst - src RH1 <- src 2 (src 1) 

Autoincrement dst and src Autodecrement src 1 address 
addresses R +-·R - 1 
R<-R-1 Repeat until A = 0 or RH1 = 0 
Repeat until cc is true or R = 0 

TRTIB src 1, IR Translate and Test, Increment 
LDD dst, src, IR Load and Decrement src 2, R RH1 <- src 2 (src t) 
LDDB R dst <- src Autoinerement src 1 address 

Autodecrement dst and src R+-R-l 
addresses 
R<-R-1 TRTIRB sre 1, IR Translate and Test, 

src 2, R Increment and Repeat 
LDDR dst, src, IR Load, Decrement and Repeat RHI <- src 2 (src 1) 
LDDRB R dst <- src Autoinerement sre 1 address 

Autodecrement dst and src R<-R-1 
addresses Repeat until R = 0 or RH1 = 0 
R<-R-1 
Repeat until R = 0 
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INPUT/OUTPUT 'INPUT/OUTPUT (Cont.) 

Mne- Addr. Mne- )l.ddr. 
monies Operands Modes Operation monies Operands Modes Operation 

IN' R, sre IR Input SOUl' dst, sre DA Special Output 
INB' DA R <- src SOUTB' dst .... sre 

IND' dst; src, IR Input and Decrement SOUTD' dst, sre, IR Special Output and Decrement 
INDS' R dst <- src SOUTDS' R dst .... sre 

Autodecrement dst address Autodecrement sre address 
R<-R-l R<-R-l 

INDR' dst, sre, IR Input, Decrement. and Repeat SOTDR' dst, sre, IR Special Output, Decr. and Repeat 
INDRB' R dst <- src SOTDRS' R dst <- src 

Autodecrement dst address AiJtodecrement sre address 
R<-R-l R<-R-l 
Repeat until R = 0 Repeat untH R = 0 

IN I' dst, src, IR Input and Increment SOUTI' ds!, src, IR Special Output and Increment 
INIS' R dst <- sre, SOUTIS' R dst +- src 

Autoincrement dst address Autoincrement src address 
R<-R-l R<-R-l 

INIR' dst, sro, IR Input, Increment and Repeat SOTIR' dst, sre, R Special Output, Incr. and Repeat 
INIRB' R dst <- src SOTIRS' R dst - src 

Autoincrement dst address Autoincrement src address 
R<-R-l R-R-l 
Repeat until R = 0 Repeat until R = 0 

OUl' dst, R IR Output 
OUTB' DA dst <- R 

OUTD' dst, sre, IR Output and Decrement 
OUTDB' R dsl - src CPU CONTROL 

Autodecremenl src address 
R<-R-l Mne- Addr. 

OTDR' dsl, src, IR Output, Decrement and Repeat 
monies Operands Modes Operation 

OTDRB' R dsl - src COMFLG flags - Complement Flag 
Autodecrement sre address (Any combination of C, Z, S, P/V) 
R-R-l 
Repeat until R = 0 DI' int - Disable Interrupt 

(Any combination of NVI, VI) 
OUTI' dst, sre, IR Output and Increment 
OUTIS' R dst +- src 

Autoincrement src address 

EI' int - Enable Interrupt 
(Any combination of NVI, VI) 

R+-R-l HALl' - - HALT 

OTIR' dst, src, IR Ouput, Increment and Repeat LDCTL' CTLR, R Load into Control Register 
OTIRB' R dst -src src CTLR +- src 

Autoincrement src address 
R<-R-l 
Repeat until R = 0 

LDCTL' dst, R Load from Control Register 
CTLR dst +- CTLR 

SIN' R, src DA Special Input 
SINS' R <- sre 

LDCTLS FLGR, R Load into Flag Syte Register 
src FLGR - src 

SIND' dst, src, IR Special Input and Decrement 
SINDB' R dst <- sre 

LDCTLS dst, R Load from Flag Byte Register 
FLGR dst - FLGR 

Autodecrement dst address LDPS' sre IR Load Program Status 
R-R-l DA PS - sre 

SIN DR' dst, 'sre, IR Special Input, Decr. and Repeat 
X 

SINDRS' R dst +- src MBll' - - Test Multi-Micro Bit 
Autodecrement dst address Set S w ;J Is High; reset S if ;J 
R-R -1 is Low. 
Repeat until R = 0 

MREQ' dst R Multi-Micro Request 
SINI' dst, sre, IR Special Input and Increment 
SINIB' R dst - src 

MRES' - - Multi-Micro Reset 

Autoincrement dst address MSET' - - Multi·Micro Set 
R-R-l 

NOP - - No Operation 
SINIR' dst, src, IR Special Input, Incr. and Repeat 
SINIRB' R dst +-src 

Autoincrement dst address 

RESFLG flag - Reset Flag 
(Any combination of C, Z, S, P/V) 

R-R-l SETFLG flag - Set Flag 
Repeat until R = 0 (Any combination of C, Z, S, PN) 

'PrivilegEld instructions. Executed in system mode only. 
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AC TIMING DIAGRAM 
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This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the 
detailed timing relationships of individual edges. Use the preceding illustrations as an explanation of the 
various timing sequences. MOS·255 
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SWITCHING CHARACTERISTICS over Qperating range ArnZ8001DC 

Number Parameter Description Min Max Units 

1 TcC Clock Cycle TIme 250 2000 ns 

2 TwCh Clock Width (High) 105 2000 ns 

3 TwCI Clock Width (Low) 105 2000 ns 

4 TIC Clock Fall Time 20 ns 

5 TrC Clock Rise Time 20 ns 

6 TdC(SNv) Clock t to Segment Number Valid (50pF Load) 130 ns 

7 TdC(SNn) Clock t to Segment Number Not Valid 20 ns 

8 TdC(Bz) Clock t to Bus Float 65 ns 

9 TdC(A) Clock t to Address Valid 100 ns 

10 TdC(Az) Clock t to Address Float 65 ns 

11 TdA(DI) Address Valid to Data In Required Valid 400 ns 

12 TsDI(C) Data In to Clock ~ Set-up Time 70 ns 

13 TdDS(A) OS t to Address Active 80 ns 

14 TdC(DO) Clock t to Data Out Valid 100 ns 

15 ThDI(DS) Data In to OS t Hold Time 0 ns 

16 TdDO(DS) Data Out Valid to OS t Delay 230 ns 

17 TdA(MR) Address Valid to MREQ ~ Delay 55 ns 

18 TdC(MR) Clock ~ to MREQ ~ Delay 80 ns 

19 TwMRh MREQ Width (High) 190 ns 

20 TdMR(A) MREQ ~ to Address Not Active 70 ns 

21 TdDO(DSW) Data Out Valid to OS ~ (Write) De!ay 55 ns 

22 TdMR(DI) MREQ ~ to Data In Required Valid 330 ns 

23 TdC(MR) Clock ~ to MREQ t Delay 80 ns 

24 TdC(ASf) Clock t to AS ~ Delay 80 riS 

25 TdA(AS) Address Valid to AS t Delay 55 ns 

26 TdC(ASr) Clock ~ to AS t Delay 90 ns 

27 TdAS(DI) AS t to Data In Required Valid 290 ns 

28 TdDS(AS) OS t to AS ~ Delay 70 ns 

29 TwAS AS Width (Low) 80 ns 

30 TdAS(A) AS t to Address Not Active Delay 60 ns 

31 TdAz(DSR) Address Float to OS (Read) ~ Delay 0 ns 

32 TdAS(DSR) AS t to OS (Read) ~ Delay 70 ns 

33 TdDSR(DI) OS (Read) ~ to Data In Required Valid 155 ns 

34 TdC(DSr) Clock ~ to OS t Delay 70 ns 

35 TdDS(DO) OS t to Data Out and STATUS Not Valid 80 ns 

36 TdA(DSR) Address Valid to OS (Read) ~ DeIIlY 120 ns 

37 TdC(DSR) Clock t to OS (Read) ~ Delay 120 ns 

38 TwDSR OS (Read) Width (Low) 275 ns 

39 TdC(DSW) Clock ~ to OS (Write) ~ Delay 95 ns 

40 TwDSW OS (Write) Width (Low) 160 ns 

41 TdDSI(DI) OS (Input) ~ to Data In Required Valid 315 ns 

42 TdC(DSf) Clock ~ to OS (1/0) ~ Delay 120 ns 

43 TwOS OS (1/0) Width (Low) 400 ns 

44 TdAS(DSA) AS t to OS (Acknowledge) ~ Delay 960 ns 

45 TdC(DSA) Clock t to OS (Acknowledge) ~ Delay 120 ns 

46 TdDSA(DI) OS (Acknowledge) ~ to Dal!! In Required Delay 420 ns 

47 TdC(S) Clock t to Status Valid Delay 110 ns 

48 TdS(AS) Status Valid to AS t Delay 40 ns 
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SWITCHING CHARACTERISTICS (Cont.) AmZSOO1DC 

Number DHcription Min MIIx Units 

49 TsR(C) RESET to Clock t Set-up Time 180 ns 

50 ThR(C) RESET to Clock t Hold Time 0 ns 

51 TwNMI NMI Width (Low) 100 ns 

52 TsNMI(C) NMI to Clock t Set-up Time 140 ns 

53 TsVI(C) VI, NVI to Clock i Set-up Time 110 ns 

54 ThVI(C) VI, NVI to Clock t Hold Time 0 ns 

55 TsSGT(C) SEGT to Clock t Set-up Time 70 ns 

56 ThSGT(C) SEGT to Clock t Hold Time 0 ns 

57 TSI'I(C) 1'1 to Clock t Set-up Time 180 ns 

58 Thl'l(C) 1'1 to Clock t Hold Time 0 ns 

59 TdC{I£o) Clock t to 1'0 Delay 120 ns 

60 TsSTP(C) STOP to Clock ~ Set-up Time 140 ns 

61 ThSTP(C) STOP to Clock ~ Hold Time 0 ns 

62 TsWT(C) WAIT to Clock ~ Set-up Time 70 ns 

63 ThWT(C) WAIT to Clock ~ Hold Time 0 ns 

64 TsBRQ(C) BUSRQ to Clock t Set-up Time 90 ns 

65 ThBRQ(C) BUSRQ to Clock t Hold Time 0 ns 

66 TdC(BAKr) Clock t to BUSAK t Delay 100 ns 

67 TdC(BAKf) Clock t to BUSAK ~ Delay 100 ns 
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MAXIMUM RATINGS above which useful life may be impaired. 

Voltages on all inputs and outputs with respect to GND -0.3V to + 7.0V 

Operating Ambient Temperature o to +70·C 

,Storage Temperature -65 to +150·C 

The products described by this specification include internal Circuitry designed·to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

ELECTRICAL CHARACTERISTICS over operating range (Note 1) 

Parameter Description Test Conditions MIn Units 

VCH Clock Input High Vottage Driven by External Clock Generator Vcc~0.4 Vcc+0.3 Volts 

VCl Clock Input Low Vottage Driven by External Clock Generator -0.3 0.45 Volts 

VIH Input High Vottage 2.0 VCC+0•3 Votts 

Vil Input Low Vottage -0.3 0.8 Volts 

VOH Output High Vottage IOH = -250pA 2.4 Volts 

VOL Output Low Voltage IOl = +2.DmA 0.4 Volts 

III Input Leakage 0.4 "" VIN "" +2.4V ±10 pA 

IOl Output Leakage 0.4 "" VOUT "" +2.4V ±10 pA 

Icc V CC Supply Current 300 rnA 

Standard Test Conditions 

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to 
GND. Positive current flows into the referenced pin. Stan(lard conditions are as follows: 

+4.75V "" Vce "" +5.25V 
GND = OV 
O·C"" TA "" +70·C 

vee 

2.1K 

"':::~~= O-I00-~""I l-..... tl-250-~K~~ ~ 
~2:: 

Il108-_ '::' 

All AC parameters assume a load capacitance of 100pF max, except lor 
parameter 6, TdC(SNv) (50pF maX). Timing references between two 
output signals asSume a load difference of 50pF max. 

For more information, refer to these AMD publications: 

Processor Instruction Set (AM-PUB086). 
Describes each instruction in detail. 250 pp. 

Processor Interface Manual (AM-PUB089). 
Describes hardware interfacing for interrupts .and 110, including the Am9511A Arithmetic Processor, the 
Am9517A DMA Controller, and the Am9519 Interrupt Controller. 81 pp. 



PHYSICAL DIMENSIONS 
Dual-In-Llne 

48-Pln Ceramic 

For more information, refer to these AMD publications: 

Processor Instruction Set (AM-PUB086). 
Describes each instruction in detail. 250 pp. 

Processor Interface Manual (AM-PUB089). 
Describes hardware interfacing for interrupts and I/O, including the Am9511A Arithmetic Processor, the 
Am9517A DMA Controller, and the Am9519 Interrupt Controller. 81 pp. 
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AmZ8002 
16-Sit Microprocessor 

PRELIMINARY DATA 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Sixteen general purpose registers 
• Direct addressing up to 64KB memory 
• Software compatible with AmZ8001 microprocessor 

The AmZ8002 is a general-purpose 16-bit CPU belonging to the 
AmZ8000 family of microprocessors. Its architecture is centered 
around sixteen 16-bit general registers. The CPU deals with 
16-bit address spaces and hence can address directly 64 Kilo
bytes of memory. Facilities are provided to maintain three dis
tinct address spaces - code, data and stack. The AmZ8002 
implements a Powerful instruction set with flexible addressing 
modes. These instructions operate on several data types - bit, 
byte, word (16-bit), long word (32-bit), byte string and word 
string. The CPU can execute instructions in one of two modes -
System and Normal. Sometimes these modes are also known 
as Privileged and Non-Privileged, respectively. The CPU also 
contains an on-chip memory refreSh facility. The AmZ8002 is 
software compatible with the AmZ8001 microprocessor. The 
AmZB002 is fabricated using silicon-gate N-MOS technology 
and is packaged in a 4O-pin DIP. The AmZ8002 requires a single 
+5 power supply and a single phase clock for its operation. 

• Powerful instructions with flexible addressing modes 
• Privileged/Non-Privileged mode of operation 
• Sophisticated interrupt structure 
• On-Chip memory refresh facility 
• TTL compatible inputs and outputs 
• Single phase clock 
• Single +5V power supply 
• 40-pin package 

BUS { 
TIMING 

STATUS 

cPU { • 
CONTROL 

BUS { 
CONTROL 

INTERRUPTS { 

MULTIMICRO { 
CONTROL 

LOGIC SYMBOL 

AS 
os 
MREQ 

READIWRITE 

NORMAUSYSTEM 
BYTE/WORD 

ST3 

ST2 

ST1 

STO 
AmZ8002 

WAIT 

STOP 

BUSRQ 

BUSAK 

NMI 

Vi 
NVI 

.jif 
iiJj 

+5V GND CLK REset 

DECOUPLE 
(DO NOT USE) 

ADDRESSJ 
DATA BUS 

MOS·225 

AD9 

AD10 

AD11 

AD12 

AD13 

STOP 

jif 
AD15 

AD14 

vee 
Vi 

NVI 

NMI 

RESET 

poo 
MREQ 

os 
ST3 

ST2 

CONNECTION DIAGRAM 

Top View 

AmZ8002 

ADO 

ADS 

AD7 

AD6 

AD4 

AD5 

AD3 

AD2 

AD1 

GND 

CLOCK 

AS 
DECOUPLE 

Bm 

NiS 

RJW 
BUSAK 

WAIT 

BUSRQ 

STO 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package Ambient Maximum Clock Frequency 

Type Temperature 4MHz 

Hermetic DIP O·C"" TA "" 70·C AmZ8002DC 
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INTERFACE SIGNAL DESCRIPTION 

Vee: +5V Power Supply 

VSS: Ground 

ADo-AD15: Address/Data Bus (Bidirectional, 3-State) 

This 16-bit multiplexed address/data bus is used for all I/O and 
memory transactions. HIGH on the bus corresponds to 1 and 
LOW corresponds to o. ADO is the least significant bit position 
with AD15 the most significant. The AS output and OS output will 
indicate whether the bus is used for address or data. The status 
output lines STO-ST3 will indicate the type of transaction; mem
ory or I/O.:. 

AS: Address Strobe (Output, 3-State) 

LOW on this output indicates that the ADO-AD15 bus contains 
address information. The address information is stable by the 
time of the LOW-to-HIGH transition of the AS output (see timing 
diagrams). The status OUtPUtS STO-ST3 indicate whether the 
bus contains a memory address or I/O address. 

OS: Data Strobe (Output, 3-State) 

LOW on this output indicates that the ADO-AD15 bus is being 
used for data transfer. The RlW output indicates the direction of 
data transfer - read (or in) means data into the CPU and write 
(or out) means data from the CPU. During a read operation, data 
can be gated on to the bus when OS goes LOW. A LOW-to
HIGH transition on the OS output indicates that the CPU has 
accepted the data (see timing diagram). During a write opera
tion, LOW on the OS output indicates that data is setup on the 
bus. Data will be removed sometime after the LOW-to-HIGH 
transition of the OS output (see timing diagram). 

R/W: Read/Write (Output, 3-State) 

This output indicates the direction of data flow on the ADO-AD15 
bus. HIGH indicates a read operation, i.e., data into the CPU 
and LOW indicates a write operation, I.e., data from the CPU. 
This output is activated at the same time as AS going LOW and 
remains stable for the duration of the whole transaction (see 
timing diagram). 

B/W: Byte/Word (Output, 3-State) 

This output indicates the type of data transferred on the 
ADO-AD15 bus. HIGH indicates byte (8-bit) and LOW indicates 

. word (16-bit) transfer. This output is activated at the same stage 
as AS going LOW and remains valid for the duration of the whole 
transaction (see timing diagram). The address generated by the 
CPU is always a byte address. However, the memory is or
ganized as 16-bit words. All instructions and word operands are 
word aligned and are addressed by even addresses. Thus, for 
all word transactions with the memory the least significant ad
dress bit will be zero. When addressing the memory for byte 
transactions, the least significant address bit determines which 
byte of the memory word is needed; even address specifies the 
most significant byte and odd address specifies the least sig
nificant byte. In the case of I/O transactions, the address infor
mation on the ADO-AD15 bus refers to an I/O port and B/W 
determines whether a data word or data byte will be transacted. 
During I/O byte transactions, ·the ieast significant address bit AO 
determines which half of the ADO-AD15 bus will be used for the 
I/O transactions. The STO-ST3 outputs will indicate whether the 
current transaction is for memory, normal I/O or special I/O. 

. STo-ST3: Status (Outputs, 3-State) 

These four outpuls contain information regarding the current 
transaction in a coded form. The status line codes are shown in 
the following table: 
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ST3 ST2 ST1 STO 

L ·L L L Internal Operation 

L L L H Memory RefreSh 

L L H L Normal I/O Transaction 

L L H H Special 1/0 Transaction 

L H L L Reserved 

L H L H Non-Maskable Interrupt Acknowledge 

L H H L Non-Vectored Interrupt Acknowledge 

L H H H Vectored Interrupt Acknowledge 

H L L L Memory Transaction for Operand 

H L L H Memory Transaction for Stack 

H L H L Reserved 

H L H H Reserved 

H H L L 
Memory Transaction for Instruction 
Fetch (Subsequent Word) 

H H L H 
Memory Transaction for Instruction 
Fetch (First Word) 

H H H L Reserved 

H H H H Reserved 

WAIT: Walt (Input) 

LOW on this input indicates to the CPU that memory or 110 is not 
ready for the data transfer and hence the current transaction 
should be stretched. The WAIT input is sampled by the CPU at 
certain instances during the transaction (see timing diagram). If 
WAIT input is LOW at these instances, the CPU will go into wait 
state to prolong the transaction. The wait state will repeat until 
the WAIT input is HIGH at the sampling instant. 

N/S: Normal/System Mode (Output, 3-State) 

HIGH on this output indicates that the CPU is operating in Nor
mal Mode and LOW indicates operation in System Mode. This 
output is derived from the Flag Control Word (FCW) register. 
The FCW register is described under the program status infor
mation section of this document. 

MREQ: Memory Request (Output, 3-State) 

LOW on this output indicates that a CPU transaction with mem
ory is taking place. 

BUSRQ: Bus Request (Input) 

LOW on this input indicates to the CPU that another device 
(such as DMA) is requesting to take control of the bus. The 
BUSRQ input can be driven LOW anytime. The CPU syn
chronizes this input internally. The CPU responds by activating 
BUSAK output LOW to indicate that the bus has been relin
quished. Relinquishing the bus means that the ADO-AD15, AS, 
OS, B/W, R/W, Nis, STO-ST3 and MREQ outputs will be in the 
high impedance state. The requesting device should control 
these lines in an identical fashion to the CPU to accomplish 
transactions. The BUSRQ input must remain LOW as long as 
needed to perform all the transactions and the CPU will keep the 
BUSAK output LOW. After completing the transactions, the de
vice must disable the ADO-AD15, AS, OS, BiW, RlW, N/S, 
STO-ST3 and MREQ into the high impedance state and stop 
driving the BUSRQ input LOW. The CPU will make BUSAK 
output HIGH sometime later and take back the bus control. 

BUSAK: Bus Acknowledge (Output) 

LOW on this output indicates that the CPU has relinquished the 
bus in response to a bus request. 
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Wi: Non-Maskable Interrupt (Input) 

HIGH-to-LOW transition on this input constitutes non-maskable 
interrupt request. The CPU will respond with the non-maskable 
Interrupt Acknowledge on the STO-ST3 outputs and will enter an 
interrupt sequence. The transition on the NMI can occur any
time. Of the three kinds of interruptS available, the non-mask
able interrupt has the highest priority. 

VI: Vectored Interrupt (Input) 

LOW on this input constitutes vectored interrupt request. Vec
tored interrupt is next lower to the non-maskable interrupt in 
priOrity. The VIE bit in the Flag and Control Word register must 
be 1 for the vectored interrupt to be honored. The CPU will 
respond with Vectored Interrupt Acknowledge code on the 
STO-ST3 outputs and will begin the interrupt sequen~. The VI 
input can be driven LOW any time and should be held LOW until 
acknowledged. 

NVI: Non-Vectored Interrupt (Input) 

LOW on this input constitutes non-vectored interrupt request. 
Non-vectored has the lowest priority of the three types of inter
rupts. The NVIE bit in the Flag and Control Word register must 
be 1 for this request to be honored. The CPU will respond with 
Non-Vectored Interrupt Acknowledge code on the STO-ST3 
outputs and will begin the interrupt sequence. The· NVI input 
can be driven LOW anytime and should be held LOW until 
acknowledged. 

11-1: Micro-In (Input) 

This input participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. 

11-0: Micro-Out (Output) 

This output participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. 

RESET: Reset (Input) 

LOW on this input initiates a reset sequence in the CPU. See the 
section on Initialization for details on reset sequence. 

CLK: Clock (Input) 

All CPU operations are controlled from the signal fed into 
this input. See DC Characteristics for clock voltage level 
requirements. 

DECOUPLE: (Output) 

Output from the on-chip substrate bias generator. Do not use. 

STOP: Stop (Input) 

This active LOW input facilitates one instruction at a time opera
tion. See tbe section on single stepping. 

PROCESSOR ORGANIZATION 

The following is a brief discussion of the AmZ8002 CPU. For 
detailed information, see the AmZ8001/AmZ8002 Processor In
struction Set Manual (Publication No. AM-PUB086). 

General Purpose Registers 

The CPU is organized around sixteen 16-bit general purpose 
registers RO through R15 as shown in Figure 1. For byte opera
tions, the first eight registers (RO through R7) can also be ad
dressed as sixteen 8-bit registers designated as RLO, RHO and 
so on to RL7 and RH7. The sixteen registers can also be 
grouped in pairs RRO, RR2 and so on to RR14 to ·forrn eight long 
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RR2 { 
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RHO RLO 
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R9 
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RIO 

R11 
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R13 

-( 
R14 
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R15 

RQ12 

SYSTEM STACK POINTER 

NORMAL STACK POINTER 

Figure 1. AmZ8002 General Registers. 
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word (32-bit) registers. Similarly, the sixteen registers can be 
grouped in quadruples RQO, RQ4, RQ8 and RQ12 to forrn··four 
64-bit registers. 

STACK POINTER 

The AmZ8002 architecture allows stacks to be maintained in the 
memory. Any general purpose register except RO can be used 
as a stack pointer in stack manipulating instructions such as 
PUSH and POP. However, certain instructions such as sub
routine call and return make . implicit use of the register R15 as 
the stack pointer. Two implicit stacks are maintained ~ normal 
stack using R15 as the stack pointer and system stack using 
R15' as the system stack pointer (see Figure 1). If the CPU is 
operating in the Normal Mode, R15 is active, and if the CPU is in 
System Mode R15' will be used instead of R15. The implied 
stack pointer is a· part of the general registerS and hence can 
be manipulated using the instructions available for register 
operations. 
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PROCESSOR STATUS 

The CPU status consists of the 16-bit Program Counter (PC) 
and the 16-bit Flag and Control Word (FCW) registE1r (see Figure 
2). The following is a brief description of the FCW bits. 

siN: System/Normal ~ 1 indicates System Mode and 0 indi
cates Normal Mode. 

VIE: Vectored Interrupt Enable - 1 indicates that Vectored 
Interrupt requests will be honored. 

NVIE: Non-Vectored Interrupt Enable - 1 indicates that non
vectored interrupt requests will be honored. 

C: Carry - 1 indicates that a carry has occurred from the 
most significant bit position when performing arithmetic 
operations. 

Z: Zero - 1 indicates that the result of an operation is zero. 
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Figure 2. AmZ8002 Processor Status. _228 
S: Sign - 1 indicates that the result of an operation is nega

tive i.e., most significant bit is one. 
PN: Parity/Overflow - 1 indicates that there was an overflow 

during arithmetic operations. For logical operations this 
bit indicates parity of the result. 

DA: Decimal Adjust - Records byte arithmetic operations. 
H: Half Carry - 'I indicates that there was a carry from the 

most significant bit of the lower digit during byte 
arithmetic. 

DATA TYPES 

The AmZ8002 instructions operate on bits, digits (4 bits), bytes 
(8 bits), words (16 bits), long words (32 bits), byte strings and 
word strings type operands. Bits can be set, reset or tested. 
Digits are used to facilitate BCD arithmetic operations. Bytes are 
used for characters and small integers. Words are used for in
teger values and addresses while long words are used for large 
integer values. All operands except strings can reside either in 
memory or, general registers. Strings can reside in memory only. 

INTERRUPT AND TRAP STRUCTURE 

Interrupt is defined as an extemal asynchronous event requiring 
program interruption. For example, interruption is caused by a 
peripheral needing service. Traps are synchronous events re
sulting from execution of certain instructions under some de
fined circumstances. Both interrupts and traps are handled in a 
similar manner by the AmZ8002. 

The ArnZS002suppprts three types of interrupts in order of de
scending priority - non-maskable, vectored and non-vectored. 
The vectored and non-vectored interrupts can be disabled by 
appropriate control bits in the FeW. The AmZ8002 has three 
traps - system call, unimplemented opcode and privileged in
struction. The traps have higher priority than interrupts. 

When an interrupt or trap occurs, the current program status is 
automatically pushed on to the system stack. The program 
status consists of processor status (i.e., PC and FCW) plus a 
16-bit identifier. The identifier contains the reason, source and 
other coded information relating to the interrupt or trap. 

After 'laving the current program status, the new processor 
status is automatically loaded from the new program status area 
located in the memory. This area is designated by the New 
Program Status Area Pointer (NPSAP) register. See AM
PUB086 publication for further details. 

ADDRESSING MODES 

Information contained in the AmZ8002 instructions consists of 
the operation to be performed, the operand type and the location 
of the operands. Operana locations are designated by general 
register addresses, memory addresses or I/O addresses. The 
addressing mode of a given instruction defines the address 
space referenced and the method to compute the operand ad
dress. Addressing modes are ellplicitly specified or implied in an 
instruction. Figure 3 illustrates the eight explicit addressing 
modes: Register (R), Immediate (1M), Indirect Register (IR), Di
rect Address (DA), Indexed (X), Relative Address (RA), Base 
Address (SA) and, Base Indexed (BX). 
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INPUT/OUTPUT 

A set of I/O instructions are provided to accomplish byte or word 
transfers between the AmZ8002 and I/O devices. I/O devices 
are addressed using 16-bit I/O port addresses and I/O address 
space is not a part of the memory address space. Two types of 
I/O instructions are provided; each with its own 16-bit address 
space. I/O instructions include a comprehensive set of In, Out 
and Block transfers. 

CPU TIMING 

The AmZ8002 accomplishes instruction execution by stepping 
through a pre-determined sequence of machine cycles, such as 
memory read, memory write, etc. Each machine cycle requires 
between three and ten clock cycles. Bus Requests by DMA 
devices are granted at machine cycle boundaries. No machine 
cycle is longer than ten clock cycles; thus assuring fast response 
to a Bus Request (assuming no extra wait states). The start of a 
machine cycle is always marked by a LOW pulse on the AS 
output. The status output lines STO-ST3 indicate the nature of 
the current cycle'in a coded form. 

STATUS UNE CODES 

Status line coding was listed in the table shown under STO-ST3 
outputs in the Interface Signal Description. The following is a 
detailed description of the status codes. 

IntemalOperatlon: 

This status code indicates that the AmZ8002 is going through a 
machine cycle for its intemal operation. Figure 4 depicts an 
intemal operation cycle. It consists of three clock periods iden
tified as T1, T2 and T3. The AS output will be activated with a 
LOW pulse by the AmZ8002 to mark the start of a machine 
cycle. The STO-ST3 will reflect the code for the intemal opera
tion. The MREQ, OS and R/W outputs will be HIGH. The N/'S 
output wi!! remain at the same level as in the previous machine 
cycle. The AmZS002 will ignore the WAIT input during the inter
nal operation cycle. The CPU will drive the ADO-AD15 bus with 
unspecified information during T1. However, the bus will go into 
high impedance during T2 and remain in that state for the re
mainder of the cycle. The BIW output is also activated by the 
CPU with unspecified information. 

Memory Refresh: 

This status code indicates that AmZ8002 is accessing the mem
ory to refresh. The refresh cycle consists of three clock periods 
as depicted in Figure 5. The CPU will activate the AS output with 
a LOW pulse to mark the beginning of a machine cycle and 
STO-ST3 outputs will reflect the refresh cycle code. The least 
significant 9 lines of the ADO-AD15 bus contain the refresh ad
dress. Because the memory is word organized, the ADO will 
always be LOW. The most significant 7 bus lines are not 
specified. The OS output wi!! remain HIGH for the entire cycle 
while R/W, B/W and N/'S outputs wi!! remain at the same level as 
in the maGhine cycle prior to refresh. The,AD()'AD15 bus will go 
into high impedance state during T2period and remain there for 
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Mode Operand Addressing 

Register 

Immediate 

Indirect 
Register 

Direct 
Address 

Index 

Relative 
Address 

Base 
Address 

Base 
Index 

In the Instruction In a Register In Memory 

1 REGISTER ADDRESS H OPERAND 1 

1 OPERAN~I 

1 REGISTER ADDRESS H~A~D~D~R~ES~s~I~------·-I~o~P~E~R~AN~D~1 

1 ADDRESS 1 

REGISTER ADDRESS 

BASE ADDRESS 

.1 OPERAND 1 

OPERAND 

1 PC VALUE t------. _ 
C:~D~IS~P~LA~C~E~M~EN~T~]-~::::::::::~-O-P-E-RA-N-D~I 

REGISTER ADDRESS 

DISPLACEMENT 

REGISTER ADDRESS 

REGISTER ADDRESS 

Operand Value 

The content of the register. 

In the instruction 

The content of the location whose 
address is in the register. 

The content of the location whose 
address is in the instruction. 

The content of the location whose 
address is the address in the 
instruction, offset by the content 
of the working register. 

The content of the location whose 
address is the content of the program 
counter, offset by the displacement in 
the instruction. 

The content of the location whose 
address is the address in the 
register, offset by the 
displacement in the instruction. 

The content of the location whose 
address is the address in the 
register, offset by the 
displacement in the register. 

Figure 3. Addressing Modes. 

the remainder of the cycle. The AmZ8002 will activate the 
MREQ output LOW during the refresh cycle. It should be noted 
that WAIT input is ignored by the CPU for refresh operations. 

I/O Transactions: 

There are two status line codes used for 1/0 transaction cycles. 
The AmZ8002 provides two separate I/O spaces and two types 
of instructions called Normal 1/0 and Special 1/0. Each 1/0 
space is addressed by a 16-bit address called port address. The 
timing for both types of I/O transactions is essentially identical. A 
typical I/O cycle consists of four clock periods T1, T2, TWA and 
T3 as shown in Figure 6, The TWA is the wait state; insertion of 
one wait state for an 1/0 cycle is always automatic. Additional 

M05-U8 

Walt cycles can be inserted by LOW on the WAIT input. The 
WAIT input is sampled during every TW state. If this input is 
LOW, one more wait state will be inserted. Insertion of wait 
states continues until WAIT input is HIGH. T3 state will follow the 
last wait state to complete the I/O cycle. 

During 1/0 cycles the STO-ST3 outputs will reflect appropriate 
code depending on the type of instruction being executed (Nor
mal 1/0 or Special I/O). AS output will be pulsed LOW to mark 
the beginning of the cycle. The CPU drives the ADO-AD15 bus 
with the 16-bit port address specified by the current instruction. 
The N/'S output will be LOW indicating that CPU is operating in 
the system mode. It should be recalled that the N/'S output is 
derived from the appropriate bit in the FCW register. All I/O 
instructions are privileged instructions and will be allowed to 
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HIGH 

DATA OUT 

fiiiUnt 6. AmZ8002 I/O Cyd'~ . 
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~~oi\ '~W~sY8tem mode 0Petalion. the 
~ cUtl:> .... 118)fltJH.:fn&"AriltaOm! IIOinsltiJctibns pro
vid' both wold ,0rbytEi. frart$aCtion$.· .The . aNi output will 6e 
HIGH or LOW <I~pending whether. the instruction specifies a 
byte or word ttansfer. 

TWo kinds of 1/0 transfers should be considered: Data In means 
reading from the device and Data. Out means writing into the 
devite. For. Inbpera.tions, the AIW output will be HIGH. The 
AOO-AD15 bus'wid go into·tilgh ii'npedance state during T2. 
During bytE! Input instrUctidnsi mlil, .CPU reads eilherthe~en ot 
Odd halfbf ihe Data BU8,de~0cl~ntlJpOn the port addte~. If 
the POrt address is even, the. most significant half ~the Qata 
8~:iS '.4. If tl'tlt IlOrt.MeSSlll odd; tttii',~;~giil«¢attt'f\8if6f 

" ,. . '. , . .' , ;". " . 0"" , "~ .': . . '.' ". .-

. the Data ~t$readj:QiJrinQ.word inpiJtinsltuctions,the CPU' 
reads aU 16 bits Qf ttie tlata&s. the AmZB002 wilt drlVethe l5'§ 
output lOWto signal to the .device that data c8nbe gated on to 
the bus. The CPU will accept the data during T3 and15S output 
will go HIGH $ignalling the end of an 110 transaction. 
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For Data Out, the RiW outP~ will' be LO'W. Th~ AmZ8002 will 
provide data onlhe ADO-AD15 bus and activates the OS output 
LOW dliringT2. During byte output instructions, the CPU dupli
cates the byte data onto both the high and low halves of the Data 
.Bus and e)(temallogic.using AO, enables the appropriate byte 
port. Duringwcird output insiructions the CPU outputs data onto 
al/ 16 bits of the Oata!3Us~ rhe15S" output goes HtGH duringT3 
and the cYcil~flSromprete." . .' . 



Memory Transactions: 

There are four status line codes that indicate a memory trans
action: 

a) Memory transaction to read or write an operand 
b) Memory transaction to read from or write into the stack 
c) Memory transaction to fetch the first word of an instruction 

(sometimes called IF1) 
d) Memory transaction to fetch the subsequent word of an in-

struction (sometimes called IFN). 

It can be appreciated that all the above transactions essentially 
fall into two categories: memory read and memory write. In the 
case of IF1 and IFN cycles, the memory will be read at the 
address supplied by the program counter. All AmZ8002 instruc
tions are multiples of 16-bit words. Words are always addressed 
by an even address. Thus IF1 and IFN cycles involve performing 
a memory read for words. On the other hand, a memory trans
action for operand and stack operation could be a read or write. 
Moreover, an operand could be a word or a byte. For stack 
operation involving the implied stack pointer the address will be 
supplied by the R15 (or R15') .. For oper~d. transactions, the 

-T1 

CLOCK I -
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memory address will come from several sources. depending on 
the instruction and the addressing mode. Memory transaction 
cycle timing is shown in Figure 7. It typically consists of three 
clock periods T1, T2 and T3. Wait states (TW) can be inserted 
between T2 and T3 by activating the WAIT input LOW. The 
WAIT input will be sampled during T2 and during every sub
sequent TW. The STO-ST3 outputs will reflect the appropriate 
code for the current cycle early in T1 and tlie AS output will be 
pulsed LOW to mark the beginning of the cycle. The Nis output 
will indicate whether the normal or system address space will be 
used for the current cycle. As shown in the figure the MREQ 
output will go LOW during T1 to indicate a memory operation. 

Consider a read operation first. The R!W output will be HIGH. 
The AmZ8002 will drive the ADO-AD15 with the appropriate ad
dress early in T1. During T2, the bus will go into high impedance 
state and OS output will be activated LOW by the CPU. The data 
can be gated on to the bus when OS is LOW. During T1 the B/W 
will also be activated to indicate by1e or word will be transacted. 
The AmZ8002 memory is word organized and words are ad
dressed by even addresses. However, when addressing by1es, 
the memory address may be odd' or even; an even address for 

T2 T3-

f I 

WAIT :x :X:xN\ 'fX ,""AM, :X 
"""- -r- INSERT WAIT STATE 

STATUSES 
(B/W. HIs' 
STO-ST3) 

AS 

iiliEQ 

AD MEMORY ADDRESS } / DATAIN '\ 

" f 

READ os 

Rlii / L 
AD MEMORY ADDRESS DATA OUT 

WRITE os 

R/W \. r 
Figure 7. Memory Transactions. 
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most significant byte of a word and the next oda address for the 
least significant byte of that word. When reading a byte from the 
memory, the least significant address bit can be ignored and the 
whole word containing the desired byte is gated on to the bus. 
The CPU will pick the appropriate byte automatically. The 
AmZ8002 will drive the DS output HIGH indicating data accep
tance. 

Consider the write operation next. The RJW output will be LOW. 
The AmZao02 removes the address and gates out the data to be 
written on the bus and activates the DS output LOW during T2. If 
the data to be written is a byte then the same byte will be on both 
halves of the bus. The- OS output-will go HIGH during T3 sig
nifying completion of the cycle. 

Interrupt Acknowledge: 

There are three status line codes devoted to interrupt acknowl
edgement. These correspond to non-maskable, vectored and 
non-vectored interrupts. The Interrupt Acknowledge cycle is 
illustrated in Figure 8. The NMI input of the AmZao02 is edge 
detected i.e., a HIGH to LOW input level change is stored in an 
internal latch. Similar internal storage is not provided for the VI 
and NVI inputs. For Vi and NVI inputs to cause an interruption, 
the corresponding interrupt enable bits in the FCW must be 1. 
For the following discussion, both the VIE and NVIE bits in the 
FCW are assumed to be 1. 

As shown in the figure, the VI input, NVI input and the internal 
NMI latch output are sampled during T3 of the last machine 
cycle of an instruction. 

A LOW on these Signals triggers the corresponding interrupt 
acknowledge sequence described below. The AmZ8002 exe
cutes a dummy IF1 cycle prior to entering the- actual acknowl
edge cycle (see memory transactions for IF1 cycle description). 
During this dummy IF1 cycle, the program counter is not up
dated; instead the implied system stack pOinter (R15') will be 
decremented. Following the,dummy IF1 cycle is the actual inter
rupt acknowledge cycle. 

The interrupt acknowledge cycle typically consists of 10 clock 
periods; T1 through T5 and five automatic TW (wait) states. As 
usual, the AS output will be pulsed LOW during T1 to mark the 
beginning of a cycle. The STO-ST3 outputs will reflect the 
appropriate interrupt acknowledge code, the MREQ output will 
be HIGH, the Nt'S output remains the same as in the preceding 
cycle, the RJW output will be HIGH and the BtW output will be 
LOW. The AmZao02 will drive the ADO-AD15 bus with un
specified information during T1 and the bus will go into the high 
impedance state during T2. Three TWA states will automatically 
follow T2. The WAIT input will be sampled during the third TWA 
state. 

If LOW, an extra TW state will be inserted and the WAIT will be 
sampled again during TW. Such insertion of TW states con
tinues until the WAIT input is HIGH. After the last TW state, the 
DS output will go LOW and two more automatic wait states 
follow. The interrupting device can gate up to a 16-bit identifier 
on to the bus when the DS output is LOW. The WAIT input will 
be sampled again during the last TWA state. If the WAiT input is 
LOW one TW state will be inserted and the WAIT will be sam
pled during TW. -Such TW insertion continues until the WAiT 

LAST MACHINE r CYCLEOF ANy---t- DUMMY _-t-__________ ACKNOCyWCLL:OGE _________ ----j 
INSTRUCTION IF1 CYCLE 

AUTOMATtC WAIT STATES 

r-11 r.2 r-i rl 

STATUS 
SAVING 

CLOCk.J L.J LJ LJ 

.11' 

INTER~ 
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-+~--~~--~------------------------------------h 
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ItGH 

Figure 8. Interrupt Acknowledge Cycle. --
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input is HIGH. After completing the last TW state T3 will be 
entered and the OS output will go HIGH. The interrupting device 
should remove the identifier and cease driving the bus. T4 and 
T5 states will follow T3 to complete the cycle. Following the 
interrupt acknowledge cycle will be memory transaction cycles. 
to save the status on the stack. Note that the Nis output will be 
automatically LOW during status saving. 

The internal NMllatch will be reset to the initial state at AS gOing 
HIGH in the interrupt acknowledge cycle. The VI and NVi inputs 
should be kept LOW until this time also. 

Status Saving Sequence: 

The machine cycles following the interrupt acknowledge cycle 
push the old status information on the system stack in the fol
lowing order: the 16-bit program counter; the flag and control 
word; and finally the interrupt/trap indentifier. Subsequent 
machine cycles fetch the new program status from the new pro
gram status area, and then branch to the interrupt/service 
routine. 

BUS REQUEST/BUS ACKNOWLEDGE TIMING: 

A LOW on the BUSRQ input is an indication to the AmZ8002 
that another device (such as OMA) is requesting control of the 
bus. The BUSRQ input is synchronized internally at T1 of any 
machine cycle. (See below for exception.) The BUSAK will go 
LOW after the last clock period of the machine cycle. The LOW 
on the BUSAK output indicates acknowledgement. When 
BITSAK is LOW the follow~ outputs will go into the high impe~ 
ance state; AOO-A015, AS, OS, MREQ, STO-ST3, B/W, R/W 

ArnZ8002 

and N/S. The BUSRQ must be held LOW until all transactions 
are completed. When BUSRQ goes HIGH, it is synchronized 
internally, the BUSAK output will go HIGH and normal CPU 
operation will resume. Figure 9 illustrates the BUSRQ/BUSAK 
timing. 

It was mentioned that BUSRQ will be honored during any 
machine cycle with one exception. This exception is during the 
execution of TSET/TSETB instructions. BUSRQ will not be hon
ored once execution of these instructions has started. 

SINGLE STEPPING 

The STOP input of the AmZ8002 facilitates one instruction at a 
time or single step operation. Figure 10 illustrates STOP input 
timing. The STOP input is sampled on the HIGH to LOW transi
tion of the clock input that immediately precedes an IF1 cycle. If 
the STOP is found LOW, AmZ8002 introduces a memory re
fresh cycle after T3. Moreover, STOP input will be sampled 
again at T3. If STOP is LOW one more refresh cycle will follow 
the previous refresh cycle. The STOP will be sampled during T3 
of the refresh cycle also. One additional refresh cycle will be 
added every time STOP input is sampled LOW. After completing 
the last refresh cycle which will occur after STOP is HIGH, the 
CPU will insert two dummy stales T 4 and T5 to complete the IF1 
cycle and resume its normal operations for executing the in
struction. See appropriate sections on memory transactions and 
memory refresh. 

It should be noted that refresh cycles will occur in the stop mode 
even if the refresh facility is disabled in the refresh register. 

1---- ANY M CYCLE ----r------------BUS AVAILABLE ---------_ 

T1 T2 T3 TJ( TJ( TX TX TX TX T1 

AD 

MRE~Ds, ------------------------~~ 
_ ST~S~ 

B/W, R/W, NIS _________________________ 1-' 

Figure 9. Bus Request/Acknowledge Cycle. 
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MULTIMICROPROCESSOR FACILITIES 

The AmZa002 is provided with hardware and software facilities 
to support multiple microprocessor systems. The /LO and j;i 
signals of the AmZa002 are used in conjunction with the MBIT, 
MREQ. MRES and MSET instructions for this purpose. The /LO 
output can be activated LOW by using an appropriate instruction 
to signal a request from the AmZa002 for a resource, The /LI 
input is tested by the AmZa002 before activating the p;o output. 
LOW at the !J'input at this time indicates that the resource is 
busy. The AmZa002 can examine the!J' inpu,t after activating 
the /LO output LOW. The;T will be tested again to see if the 
requested resource became available. For detailed information 
on the Multimicroprocessor facilities the AmZa001/AmZa002 
Processor Interface Manual, (Publication No. AM-PUBOa9) 
should be consulted. ' 

INITIALIZATION 

A LOW on the Reset input starts the CPU initialization. The 
initialization sequence is shown in Figure 11. Within five clock 
periods after the HIGH to LOW level change of the Reset input 
the following will occur: 

a) AOO-A015 bus will be in the HIGH impedance state 
b) AS, OS, MREQ, BUSAK and /LO outputs will be HIGH 
c) STO-ST3 outputs will be LOW 
d) Refresh will be disabled 
e) RJiii, B/W and N/Soutputs are not affected. For a power on 

reset the state of these outputs is not specified. 

After the Reset input returns HIGH and remains HIGH for three 
clock periods, two 16-bit memory read operations will be per
formed as follows. Note that the N/S output will be LOW and 
STO-ST3 Qutputs will reflect IFN code. 

a) The contents oi the memory location 0002 will be read. This 
information will be loaded into the FCW of the AmZa002. 

b) The contents of the memory location 0004 will be read. This 
information will be loaded into the AmZa002 program 
counter. 

This completes initialization sequence and an IF1 cycle will fol
low to fetch the first instruction to begin program execution. See 
the section on memory transactions for timing. 
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AmZ8002 INSTRUCTION SET 

LOAD AND EXCHANGE ARITHMETIC 

Mne- Addr. Mne- AdcIr. 
monics Operands Modes Operation monics Operands Modes Operation 

CLR dst R Clear ADC R, src R Add with Carry 
CLRB IR dst +- 0 ADCB R-R+src+carry 

ADD R, src R Add 
ADDB 1M R+-R+src 

DA 
X 

EX R, src R Exchange ADDL IR 
EXB IR R +-src DA 

DA X 
X CP R, src R Compare with Register 

lO R, src R Load into Register CPB 1M R - src 
LDB 1M R +- src CPL IR 
LDL 1M DA 

iR X 

CP dst,IM IR Compare with Immediate 
CPB DA dst - 1M 

X 

DA 
X 

BA 
BX 

LD dst,R iR Load into Memory (Store) 
DAB dst R Decimal Adjust 

LDB OA dst<-R DEC dst. n R Decrement by n 
LDL X DECB IR dst +- dst - n 

BA DA (n = 1 ... 16) 
BX X 

lO dst,IM IR Load Immediate into Memory DIV R, src R Divide (signed) 
lOB OA dst +-IM DIVL 1M Word: Rn+l +- Rn,n+l + src 

X IR Rn +- remainder 
DA Long Word: Rn+2,n+3 
X +- Rn ... n+3 + src 

Rn,n+l 
<-remainder 

LDA R, src OA Load Address 
X R +- source address 

SA 
BX 

EXTS dst R Extend Sign 
EXTSB . Extend sign of low order half of 
EXTSL st through high order half of 

lOAR R, src RA Load Address Relative 
R <- source address 

LOK R, src 1M Load Constant dst 
R +- n (n = 0 ... 15) INC dst, n R Increment by n 

LDM R, src, n IR Load Multiple INCB IR dst +- dst + n 
OA R +- src (n conSecutive words) DA (n = 1 ... 16) 
X (n = 1 ... 16) X 

LOM dst, R, n IR Load MuHlple (Store Muitiple) MULT R, src R Multiply (signed) 

OA dst <- R (n consecutive words) MULTL 1M Word: Rn,n+l +- Rn+l • src 
X (n = 1 ... 16) IR Long Word: Rn ... n+3 

DA +- Rn+2•n+3 • src 
X 'Plus seven cycles for each 1 

in the multiplicand 

LOR R, src RA Load Relative 
LDRB R +- src 
LDRL (range -32768 ... +32767) 

NEG dst R Negate 
NEGB IR dst +- 0 - dst 

DA 
X 

LDR dst, R RA Load Relative (Store Relative) 
LORB dst +- R 
LORL (range -32768 ... +32767) 

SBC R, src R Subtract with Carry 
SBCB R +- R - src - carry 

pop dst,R R pop 
POPL iR dst <-IR 

OA Autoincrement contents of R 
X SUB R,src R Subtract 

SUBB 1M R<-R-src 
SUBL IR 

DA 
X 

PUSH IR, Src R Push 
PUSHL 1M Autodecrement contents of R 

IR IR +- src 
OA 
X 



AmZao02 

LOGICAL BIT MANIPULATION 

Mne- Addr. Mne- Addr. 
monlcs Operands Modes Operation monlcs Operand Modes Operation 

AND R, src R AND BIT dst, b R Test Bit Static 
ANDB 1M R ..... R AND src BITB IR Z flag ..... NOT dst bit specified by b 

IR DA 
DA X 
X 

BIT dst,R R Test Bit Dynamic 
COM dst R Complement BITB Z flag <- NOT dst bit specified 
COMB 1M dst ..... NOT dst by contents of R 

IR 
DA 
X 

RES dst, b R Reset Bit Static 
RESB IR Reset dst bit specified by b 

DA 
OR R, src R OR X 
ORB 1M R <- R OR src 

IR 
DA 
X 

RES dst, R R Reset Bit Dynamic 
RESB Reset dst bit specified by 

contents of R 

TEST dst R TEST 
TESTB IR dst OR 0 
TESTL DA 

X 

SET dst, b R Set Bit Static 
SETB IR Set dst bit specified by b 

DA 
X 

TCC cc, dst R Test Condition Code 
TCCB Set LSB if ce is true 

SET dst,R R Set Bit Dynamic 
SETB Set dst bit specified by 

contents of R 
XOR R,src R Exclusive OR 
XORB 1M R +- R XOR src 

IR 
DA 
X 

TSET dst R Test and Set 
TSETB IR S flag <- MSB of dst 

DA dst ..... all1s 
X 

PROGRAM CONTROL 
ROTATE AND SHIFT 

Moe- Addr. 
monlcs Operands Modes Operation Mne- Addr. 

CALL dst IR Call Subroutine 
monlcs Operand Modes Operation 

DA Autodecrement SP RLDB R, src R Rotate Digit Left 
X @SP ..... PC 

PC ..... dst 
RRDB R, src R Rotate Digit Right 

CALR dst RA Call Relative 
Autodecrement SP 

RL dst, n R Rotate Left 
RLB R by n bits (n = 1,2) 

@SP+-PC RLC dst, n R Rotate Left through Carry 
PC ..... PC+ dst RLCB R by n bits (n = 1, 2) 
(range -4094 to +4096) RR dst, n R Rotate Right 

DJNZ R, dst RA Decrement and Jump if Non-Zero RRB R by n bits (n = 1, 2) 

DBJNZ R ..... R -1 
IF R = 0: PC <- PC + dst 
(range -254 to 0) 

RRC dst, n R Rotate Right through Carry 
RRCB R byn bits (n = 1,2) 

IRET" - - Interrupt Retum 
PS ..... @SP 
Autoincrement SP 

SDA dst,R R Shift Dynamic Arithmetic 
SDAB Shift dst left or right by 
SDAL contents of R 

JP ce, dst IR Jump Conditional 
IR If ce is true: PC <- dst 
DA 

SDL dst,R R Shift Dynamic Logical 
SDLB Shift dst left or right by 
SDLL contents of R 

X SLA dst, n R Shift Left Arithmetic 

JR ce, dst RA Jump Conditional Relative 
If ce Is true: PC +- PC + dst 

SLAB by n bits 
SLAL 

(range -256 to +254) SLL dst, n R Shift Left Logical 

RET cc - Retum Conditional 
If ce is true: PC +- @ SP 

SLLB by n bits 
SLLL 

Autodecrement SP SRA dst, n R Shift Right Arithmetic 

SC src 1M System Call 
Autodecrement SP 

SRAB by n bits 
SRAL 

@SP+-oldPS SRL dst, n R Shift Right Logical 
Push instruction SRLB by n bits 
PS +- System Call PS SRLL 

"Privileged instructions. Executed in system mode only. 
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BLOCK TRANSFER AND STRING MANIPULATION BLOCK TRANSFER AND STRING MANIPULATION (Cont.) 

Mne- Addr. Mne- Addr. 
monic. Operands Mode. Operation monics Operands Modes Operation 

CPO Rx, src, IR Compare and Decrement 
CPOS Ry, cc Rx-src .... ., 

LDI dst, src, IR Load and Increment 
LDIS R dst <- src 

Autodecrement src address Autoincrement dst and src 
Ry<-Ry-l addresses 

CPDR Rx,,'src, IR Compare, Decrement and Repeat 
R ..... R - 1 

CPDRS Ry, cc Rx - src LDIR dst, src, IR Load, Increment and Repeat 
Autodecrement src address LDIRS R dst .... src 
Ry. __ Ry - 1 "Autoincrement dst and src 
Repeat until cc is ,true or Ry = 0 addresses 

CPI Rx, src, IR Compare and Increment 
CPlB Ry.Cc Rx - src 

R ..... R -1 
Repeat until R = 0 

Autoincrement src address TRDB dst, src, IR Translate and Decrement 
Ry<-Ry-l R dst ..... src (dst) 

CPIR Rx, src, IR Compare, Increment and Repeat 
CPIRS Ry, cc Rx - src 

Autodecrement dst address 
R_R-l 

,Autoincrement 8rc address TRDRB dst, src, IR Translate, Decrement and Repeat 
Ry +- Ry - 1 R dst .... 8rc (dst) 
Repeat until cc is true or Ry = 0 Autodecrement dst address 

CPSD dst, src, IR Compare String and Decrement 
CPSDS R, cc dst - src 

R-R -1 
Repeat until R = 0 

Autodecrement dst and src TRIB dst, src, IR Translate and Increment 
addresses R dst ... src (dst) 
R .... R -1 Autoincrement dst address 

CPSDR dst, src, IR Compare String, Decr. and Repeat 
R_R-l 

CPSDRS R, cc dst - src TRIRS dst, src, IR Translate, Increment and Repeat 
Autodecrement dst and src R dst -- src (dst) 
addresses Autoincrement dst address 
R .... R -1 R-R -1 
Repeat until cc is true or R = 0 Repeat until R = 0 

CPSI dst, src, IR Compare String and Increment TRTDB src 1, IR Translate and Test, Decrement 
CPSIS R, CC dst - src src 2, R RHI .... src 2 (src 1) 

Autoincrement dst and src Autodecrement src 1 address 
addresses R<--R-l 
R .... R - 1 

TRTDRS src 1, IR Translate and Test, 
CPSIR dst, src, IR Compare String, Incr. and Repeat src 2, R Decrement and Repeat 
CPSIRS R, cc dst - src RHI __ src 2 (src 1) 

Autoincrement dst and src Autodecrement src 1 address 
addresses R<--R-l 
R .... R -1 Repeat until R = 0 or RHI = 0 
Repeat until cc is true or R = 0 

TRTlB src 1, IR Translate and Test, Increment 
LDD dst, src, IR Load and Decrement src 2, R RHI -- src 2 (src 1) 
LDDS R dst .... src Autoincrement src 1 address 

Autodecrement dst and src R--R -1 
addressell 
R ..... R - 1 TRTlRB src 1, IR Translate and Test, 

src 2, R Increment and Repeat 
LDDR dst, src, IR Load, Decrement and Repeat RHI .... src 2 (src 1) 
LDDRS R dst .:- src Autoincrement src 1 address 

Autodecrernent dst and src R<--R-l 
. addresses Repeat until R = 0 or RHI = 0 

R ..... R-l 
, Repe/lt until R .. 0 
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INPUT/OUTPUT INPUT/OUTPUT (Cont.) 

Mne- Addr. Mne- Addr. 
monies Operands Modes Operation monies Operands Modes Operation 

IN' R, src IR Input SOUT* dst, src OA Special Output 
INB' OA R <- src SOUTB' dst +- src 

INO' dst, src, IR Input and Oecrement SOUTO' dst, src, IR SpeCial Output and Oecrement 
INOB' R dst <- src SOUTOB' R dst .... src 

Autodecrement dst address Autodecrement src address 
R<-R-1 R<-R-1 

INOR' dst, src, IR Input, Oecrement and Repeat SOTDR' dst, src, IR Special Output, Oecr. and Repeat 
INORB' R dst <- src SOTDRB' R dst .... src 

Autodecrement dst address Autodecrement src address 
R<-R-1 R+-R-.1 
Repeat until R = 0 Repeat until R = 0 

INI' dst, src, IR Input and Increment SOUTI' dst, src, IR Special Output and Increment 
INIB' R dst <- src SOUTlB' R dst +- src 

Autoincrement dst address Autoincrement src address 
R<-R-1 R+-R-1 

INIA- dst, src, IR Input, Increment and Repeat SOTIR' dst, src, R Special Output, Incr. and Repeat 
INIRB' R dst +- src SOTIRB' R dst +- src 

Autoincrement dst address Autoincrement src address 
R+-R-1 R+-R-1 
Repeat until R = 0 Repeat until R = 0 

OUT' dst,R IR Output 
OUTB' OA dst +- R 

OUTO' dst, src, IR Output and Decrement 
OUTOB" R dst +- src CPU CONTROL 

Autodecrement src address 
R+-R-1 Mne- Addr. 

OTDR' dst, src, IR Output, Decrement and Repeat 
monies Operands Modes Operation 

OTORB" R dst <- src COMFLG flags - Complement Flag 
Autodecrement src address (Any combination of C, Z, S, PN) 
R<-R-1 
Repeat until R = 0 

01' int - Oisable Interrupt 
(Any combination of NVI, VI) 

OUTI' dst, src, IR Output and Increment 
OUTIB' R dst <- src 

Autoincrement S(p address 

EI' int - Enable Interrupt 
(Any combination of NVI, VI) 

R<-R-1 HALT* - - HALT 

OTIR' dst, src, IR Ouput, Increment and Repeat LOCTL' CTLR, R Load into Control Register 
OTIRB' R dst <- src src CTLR .... src 

Autoincrement src address 
R+-R-1 
Repeat until R = 0 

LOCTL' dst, R Load from Control Register 
CTLR dst+-CTLR 

SIN' R, src OA Special Input 
SINB' R <- src 

LOCTLB FLGR, R Load into Flag Byte Register 
src FLGR <- src 

SINO' dst, src, IR Special Input and Oecrement 
SIN DB' R dst <- src 

LOCTLB dst, R Load from Flag Byte Register 
FLGR dst +- FLGR 

Autodecrement dst address LOPS' src IR Load Program Status 
R<-R-1 DA PS <-src 

SINOR' dst, src, IR Special Input, Decr. and Repeat 
X 

SINDRB' R dst +- src MBIT* - - Test Multi-Micro Bit 
Autodecrement dst address Set S if ;:J is High; reset S if pJ 
R+-R-1 is Low. 
Repeat until R = 0 

MREQ' dst R Multi-Micro Request 
SINI' dst, src, IR Special Input and Increment 
SINIB' R dst +- src 

MRES' - - Multi-Micro Reset 

Autoincrement dst address MSET* - - Multi-Micro Set 
R<-R-1 

NOP - - No Operation 
SINIR' dst, src, IR Special Input, Incr. and Repeat 
SINIRB' R dst +- src 

Autoincrement dst address 

RESFLG flag - Reset Flag 
(Any combination of C, Z, S, P/V) 

R+-R-1 SETFLG flag - Set Flag 
Repeat until R = 0 (Any combination of C, Z, S, P/V) 

'Privileged instructions. Executed in system mode only. 
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MAXIMUM RATINGS above which useful life may be impaired 

Voltages on all inputs and outputs with respect to GND -0.3 to +7.0V 

Ambient Temperature under bias 

Storage Temperature -65 to +150°C 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

ELECTRICAL CHARACTERISTICS over operating range (Note 1) 
AmZ8002DC 

Parameter Description Test Conditions Min Max Units 

VCH Clock Input High Vo~age Driven by Extemal Clock Generator Vec-0.4 Vee+0.3 Volts 

Vel Clock Inpullow Voltage Driven by Extemal Clock Generator -0.3 0.45 Volts 

VIH Input High Voltage 2.0 Vee+0.3 Volts 

Vil Input low Voltage -0.3 0.8 Volts 

VOH Output High Voltage 10H = -250p,A 2.4 Volts 

VOL Output low Voltage IOl = +2.0mA 0.4 Volts 

III Input Leakage 0.4 '" VIN '" +2.4V ±10 p,A 

IOl Output Leakage 0.4 '" VOUT '" +2.4V ±10 p.A 

Icc Vee Supply Current 300 rnA 

Standard Test Conditions 

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to 
GND. Positive current flows into the referenced pin. Standard conditions are as follows: 

+4.75V '" Vee'" +5.25V 
GND = OV 
O°C", TA '" +70°C 

vee 

2.1K 

All AC parameters assume a load capacitance of 100pF max. TUning 
references between two output signals assume a load difference of 
50pF max. 

3-84 

MOS·238 



AmZ8002 
SWITCHING CHARACTERISTICS over operating range 

AmZ8002DC 
Number Parameter Description Min Max Units 

1 TcC Clock Cycle Time 250 2000 ns 

2 TwCh Clock Width (High) 105 2000 ns 

3 TwCI Clock Width (Low) 105 2000 ns 

4 TIC Clock Fall Time 20 ns 

5 TrC Clock Rise Time 20 ns 

6 

7 

8 TdC(Bz) Clock t to Bus Float 65 ns 

9 TdC(A) Clock t to Addres.s Valid 100 ns 

10 TdC(Az) Clock t to Address Float 65 ns 

11 TdA(DI) Address Valid to Data In Required Valid 400 ns 

12 TsDI(C) Data In to Clock! Set-up Time 70 ns 

13 TdDS(A) OS i to Address Active 80 ns 

14 TdC(DO). Clock i to Data Out Valid 100 ns 

15 ThDI(DS) Data In to OS i Hold Time 0 ns 

16 TdDO(DS) Data Out Valid to OS i Delay 230 ns 

17 TdA(MR) Address Valid to MREQ ! Delay 55 ns 

18 TdC(MR) Clock! to MREQ ~ Delay 80 ns 

19 TwMRh MREQ Width (High) 190 ns 

20 TdMR(A) MREQ ~ to Address Not Active 70 ns 

21 TdDO(DSW) Data Out Valid to OS ~ (Write) Delay 55 ns 

22 TdMR(DI) MREQ ~ to Data In Re(luired Valid 330 ns 

23 TdC(MR) Clock! to MREQ i Delay 80 ns 

24 TdC(ASf) Clock i to AS J, Delay 80 ns 

25 TdA(AS) Address Valid to AS t Delay 55 ns 

26 TdC(ASr) Clock J, to AS i Delay 90 ns 

27 TdAS(DI) AS i to Data In Required Valid 290 ns 

28 TdDS(AS) DS t to AS ! Delay 70 ns 

29 TwAS AS Width (Low) 80 ns 

30 Td~S(A) AS t to Address Not Active Delay 60 ns 

31 TdAz(DSR) Address Float to DS (Read) J, Delay 0 ns 

32 TdAS(DSR) AS t to OS (Read) ! Delay 70 ns 

33 TdDSR(DI) OS (Read) ! to Data In Required Valid 155 ns 

34 TdC(DSr) Clock ! to OS i Delay 70 ns 

35 TdDS(DO) OS i to Data Out and STATUS Not Valid 80 ns 

36 TdA(DSR) Address Valid to OS (Read) ! Delay 120 ns 

37 TdC(DSR) Clock i to DS (Read) J, Delay 120 ns 

38 TwDSR OS (Read) Width (Low) 275 ns 

39 TdC(DSW) Clock J, to OS (Write)! Delay 95 ns 

40 TwDSW OS (Write) Width (Low) 160 ns 

41 TdDSI(DI) DS (Input) ! to Data In Required Valid 315 ns 

42 TdC(DSf) Clock J, to OS (I/O) J, Delay 120 ns 

43 TwOS OS (1/0) W~dth (Low) 400 ns 

44 TdAS(DSA) AS t to OS (Acknowledge) ! Delay 960 ns 

45 TdC(DSA) Clock t to OS (Acknowledge)! Delay 120 ns 

46 TdDSA(DI) DS (Acknowledge) J, to Data In Required Delay 420 ns 

47 TdC(S) Clock t to Status Valid Delay 110 ns 

48 TdS(AS) Status Valid to AS t Delay 40 ns 
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SWITCHING CHARACTERISTICS (Cont.) 

Number Parameter Deacrlptlon 

49 TsR(C) RESET to Clock t Set-up Time 

50 ThR(C) RESET to Clock t Hold Time 

51 TwNMI· NMI Width (Low) 

52 TsNMI(C) NMI to Clock t Set-up Time 

53 TsVI(C) VI, NVI to Clock t Set-up Time 

54 ThVI(C) VI,NVI to Clock r Hold Time 

55 

56 

57 TSILI(C) ILl to Clock r Set-up Time 

58 ThILI(C) ILl to Clock r Hold Time 

59 TdC(p.o) Clock r to ILO Delay 

60 TsSTP(C) STOP to Clock i Set-up Time 

61 ThSTP(C) STOP to Clock i Hold Time 

82 TsWT(C) WAIT to Clock i Set-up Time 

63 ThWT(C) WAIT to Clock i Hold Time 

64 TsBRQ(C) BUSRQ to Clock r Set-up Time 

65 ThBRQ(C) BUSRQ to Clock r Hold Time 

66 TdC(BAKr) Clock r to BUSAK r Delay 

67 TdC(BAKf) Clock r to BUSAK i Delay 

For more information, refer to these AMD publications: 
Processor Instruction Set (AM-PUB086). 
Describes each instruction!n detail. 250 pp. 

Processor Interface Manual (AM-PUB089). 

AmZ8002DC 
Min Max 

180 

0 

100 

140 

110 

0 

180 

0 

120 

140 

0 

70 

0 

90 

0 

100 

100 

Describes hardware interfacing for interrupts and I/O, including the Am9511A Arithmetic Processor, the 
Am9517A DMA Controller, and the Am9519 Interrupt Controller. 81 pp. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



AC TIMING DIAGRAM 
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DATA OUT 
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INPUT/OUTPUT 
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AmZ8002 

Timing measurements are made 
at tit, follOWing Yoltages. 

Clock 
Output 
Input' 
Float (AV) 

HIGH LOW 

4,OV 
2.0V 
2.0V 

±O.5V 

O.8V, 
O.SV, 
O.8V 

±O.5V 

-

This composite timing diagram does not show actual timing sequences. Refer to this diagram (mly for the 
detailed timing relationships of individual edges. Use the preceding illustrations as an explanation of ,the 
various timing sequences. 

..; .. 
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PHYSICAL DIMENSIONS 
Dual-In-Llne 

4O-Pln Ceramic 
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Am2716 
2048 x 8-Bit UV Erasable PROM 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Direct replacement for Intel 2716 
• Interchangeable with Am9218 - 16K ROM 

The Am2716 is a 16384-bit ultraviolet erasable and program
mable read-only memory. It is organized as 2048 words by 8 bits 
per word, operates from a single +5V supply, has a static 
standby mode, and features fast single address location 
programming. 

• Single +5V power supply 
• Fast access time - 450ns 
• Low power dissipation 

-525mWactive 
-132mW standby 

• Fully static operation - no clocks 
• Three-state outputs 
• TTL compatible inputs/outputs 
• 100% MIL-STD-883 reliability assurance testing 

BLOCK DIAGRAM 

VCCO-- DATA OUTPUTS 
00-07 

GNDo--

vPPO--

DE OUTPUT ENABLE 
CHIP ENABLE AND 

~PGM PROG LOGIC 

y 
DECODER 

AlJ.A1D 
ADDRESS • INPUTS 

X • 16384 BIT 
DECODER • CELL MATRIX 

MOS·HIII 

MODE SELECTION 

~ CE/PGM OE vpp VCC outputs 
Mode (18) (20) (21) (24) (9-11, 13-17) 

Read VIL VIL +5 +5 DOUT 

Standby VIH Don'! Care +5 +5 HighZ 

Program 
Puleed 

VIH +25 +5 DIN 
VIL to VIH 

Program Verify VIL VIL +25 +5 DOUT 

Program InhiM VIL VIH +25 +5 HighZ 

Because the Am2716 operates from a single +5V supply, it is 
ideal for use in microprocessor systems. All programming sig
nals are TTL levels, requiring a single pulse. For programming 
outside of the system, existing EPROM programmers may be 
used. Locations may be programmed singly, in blocks, or at 
random. Total programming time for all bits is 100 seconds. 

PIN CONFIGURATION 

A7 2. VCC 

A6 23 A8 

AS 22 A9 

A4 21 VPP 

A3 20 DE 

A2 1. A1D 
Am2716 

Al 18 CE/PGM 

AD 17 07 

00 16 06 

01 10 15 05 

02 11 l' 04 

GND 12 13 03 

MOS·200 

AO·A9: Addresses 
00-07: Outputs 
CE/PGM: Chip Enable/Program 
OE: Output Enable 

ORDERING INFORMATION 

Package Ambient Temperature Order 
Type Specification Number 

Hermetic DIP 
O°C,;;: TA';;: +70°C AM2716DC 

Transparent Window 
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MAXIMUM RATINGS above which the useful life may be impaired 

Storage Temperature -65°e to +125°e 

Ambient Temperature Under Bias -10oe to +80oe 
Voltage on all inputs/outputs (except VPP) with respect to GND +6V to -O.3V 

Voltage on VPP During Program with Respect to GND +26.5V to -O.3V 

READ OPERATION 

DC CHARACTERISTICS 
ooe"" TA "" +70OC. vee (Notes 1. 2) = +5V ±5%. VPP (Note 2) = vee 

Parameters Description Test Conditions Min Units 

III Input Load Current VIN = 5.25V 10 p.A 

iLO Output Leakage Current VOUT = 5.25V 10 p.A 

IPPl (Note 2) VPP Current VPP = 5.25V 5 mA 

ICCl (Note 2) vee Current (Standby) CE = VIH. OE = VIL 25 mA 

ICC2 (Note 2) VCC Current (Active) OE = CE = VIL 100 mA 

VIL Input Low Vottage -0.1 0.8 Volts 

VIH Input High Vottage 2.0 VCC+l Votts 

VOL Output Low Voltage IOL = 2.1mA 0.45 Votts 

VOH Output High Vottage IOH = -400p.A 2.4 VoRs 

AC CHARACTERISTICS 
ooe "" TA "" +70°C. vee (Notes 1. 2) = +5V ±5%. VPP (Note 2) = vee 

Parameters Description Test Conditions Min lID Units 

tAee Address to Output Delay CE=OE=VIL 450 ns 

teE CE to Output Delay OUtput Load: 1 TTLgate and CL = l00pF OE = VIL 450 ns 

tOE Output Enable to Output Delay Input Rise and Fall Times: .. 20ns CE = VIL 120 ns 
Input Pulse Levels: 0.8V to 2.2V 

tDF Output Enable High to Output Float Timing Measurement Reference Level: CE = VIL 0 100 ns 

Output Hold from Addresses. Inputs: 1V and 2V 

tOH CE or OE Whichever Outputs: 0.8V and 2V CE=OE=VIL 0 ns 
Occurred First 

CAPACITANCE (Note 3) 
TA = +25°e.f =lMHz 

Parameters Description Test Conditions Typ lID Units 

CIN Input Capacitance VIN = OV 4 6 pF 

COUT Output Capacitance VOUT = OV 8 12 pF 

Notes: 1. vec must be applied simuRaneously or before VPP and removed simultaneously or after VPP. 
2. VPP may be connected direcily to vee except during programming. The supply current would then be the sum of ICC and IPP1. 
3. This parameter is only sampled and is not 100% tested. 
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ADDRESSES 

OUTPUT 

AC WAVEFORMS (Note 1) 

-----------------
ADDRESSES 

VAUD 

1'-------------------

HlGHZ 

'-------------
~-----~E------~ 

1'-------1-----

10H 

r-7'""T":lr-r"""'----- ---rl~, 

VALID 
OUTPUT 

~~~~ _______ _'+L.L.JI 

Notes: 1. vee must be applied simultaneously or before VPP and remo~ simultaneously or after VPP. 
2. OE may be delayed up to IACC - tOE after the falling edge of CE without impact on IACC. 
3. tDF is speCified fl"Ql11 DE or CEo whichever occurs firs(, 

Am2716 

HlGHZ 

MOS-201 



Am2716 
PROGRAM OPERATION 

DC PROGRAMMING CHARACTERISTICS 
TA = +25°e±5°e, vee (Note 1) = 5V ±5%, VPP (Notes 1, 2) = 25V ±1V 

Parameters Description Test Conditions Min MIIx Units 

III Input Current VIN = 5.25V/O.45V 10 /JoA 

IPP1 VPP Supply Current Ci:/PGM = Vil 5 rnA 

IPP2 VPP Supply Current During Programmil'lg Pulse ~PGM =VIH 30 rnA 

ICC VCC Supply Current 100 rnA 

VIL Input Low Level -0.1 O.B Volts 

VIH Input High Level 2.0 VCC+1 Volts 

Notes: 1. VCC must be applied simultaneously or before VPP and removed simultaneously or after VPP, 
2. VPP must not be greater than 26 volts including over;shoot. Permanent device damage may occur if the device is taken out of or put into the socket 

when VPP = 25 volls is applied. Also, during OE = CE/PGM = VIH, VPP muSt not be switched from 5 volts to 25 volts or vice versa. 

AC PROGRAMMING CHARACTERISTICS· 
TA = +25°e ±5°e, vee (Note 1) = 5V ±5%, VPP (Notes 1, 2) = 25V ±1V 

Parameters Description Test Conditions 

lAS Address Set-up Time 

tOES Output Enable Set-up Time 

IDS Data Set-up Time 

IAH Address Hold Time 

tOEH Output Enable Hold Time Input tR and tF (10% to 90%) = 20ns 

tDH Data Hold Time Input Signal Levels = O.BV to 2.2V 
Input Timing Reference Level = 1V and 2V 

tDF Output Disable to Output Float Delay (CE/PGM = VIL) Output Timing Reference Level = O.BV and 2V 

tOE Output Enable to Output Delay (CElPGM = VIL) 

tPW Program Pulse Width 

tPRT Program Pulse Rise TIme 

tPFT Program Pulse FaU Time 

PROGRAMMING WAVEFORMS 

PROGRAM PROGRAM 
VERIFY 

VIH 

ADDRESSES 

VlL 

VIH 
DATA IN 

DATA STABLE 
ADDN 

VIL 

tDF 

VIH 

OE 

VIL 

VIH 
tOES tOEH 

eE/PGM 

VIL 

tPRT 
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Min Max Units 

2 

2 

2 

2 

2 

2 

0 

-

45 

5 

5 

DATA IN 
STABLE 

ADDN+M 

/Jos 

/JoS 

/JoS 

/JoS 

/JoS 

/JoS 

120 ns 

120 ns 

55 ms 

- ns 

- ns 



ERASING THE Am2716 

In order to clear all locations of their programmed contents, it is 
necessary to expose the Am2716 to an ultraviolet light source. A 
dosage of 15 Wseconds/cm2 is required to completely erase an 
Am2716. This dosage can be obtained by expo§Ure to an ul
traviolet lamp [(wavelength of 2537 Angstroms (A)] with inten
sity of 12000J,tW/cm2 for 15 to 20 minutes. The Am2716 should 
be about one inch from the source and all filters should be 
removed from the UV light source prior to erasure. 

It is important to note that the Am2716, and similar devices, will 
erase with light sources having wavelengths shorter than 4000 
Angstroms. Although erasure times will be much longer than 
with UV sources at 2537A, nevertheless the exposure to flores
cent light and sunlight will eventually erase the Am2716, and 
exposure to them should be prevented to realize maximum 
system reliability. If used in such an environment, the package 
windows should be covered by an opaque label or substance. 

PROGRAMMING THE Am2716 

Upon delivery, or iitter each erasure ttie Am2716 has all 16384 
bits in the "1", or high state. "Os" are loaded into the Am2716 
through the procedure of programming. 

The programming mode is entered when + 25V is applied to the 
VPP pin and when OE is at VIH. The address to be programmed 
is applied to the proper address pins. 8-bit patterns are placed 
on the respective data output pins. The voltage levels should be 
standard TTL levels. When both the address and data are 
stable, a 50msec, TTL high level pulse is applied to the CE/PGM 
input to accomplish the programming. 

The procedure can be done manually, address by address, ran
domly, or automatically via the proper circuitry. All that is re
quired is that one 50msec program pulse be applied at each 
address to be programmed. It is necessary that this program 
pulse width not exceed 55msec. Therefore, applying a DC level 
to the CElPGM input is prohibited when programming. 

READ MODE 

The Am2716 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. Chip 
Enable (CE) is the power control and should be used for device 

Am2716 

selection. Output Enable (OE) is the output control and should 
be used to gate data to the output pins, independent of device 
selection. Assuming that addresses are stable, address access 
time (tACC) is equal to the delay from CE to output (tCE). Data is 
available at the outputs 120ns (tOE) after the falling edge of OE, 
assuming that CE has been low and addresses have been sta
ble for at least IACC - tOE. 

STANDBY MODE 

The Am2716 has a standby mode which reduces the active 
power dissipation by 75%, from 52SmW to 132mW. The Am2716 
is placed in the standby mode by applying a TTL high signal to 
the CE input. When in standby mode, the outputs are in a high 
impedance state, independent of the OE input. 

OUTPUT OR·TIEING 

To accommodate multiple memory connections, a 2-line control 
function is provided to allow for: 
1. Low memory power dissipation 
2. Assurance that output bus contention will not occur. 

It is recommended that CE be decoded and used as the primary 
device selecting function, while OE be made a common connec
tion to all devices in the array and connected to the READ line 
from the system control bus. This assures that all deselected 
memory devices are in their low-power standby mode and that 
the output pins are only active when data is desired from a 
particular memory device. 

PROGRAM INHIBIT 

Programming of multiple Am2716s in parallel with different data 
is also easily accomplished. Except for CE/PGM, all like inputs 
(including OE) of the parallel Am2716s may be common. A TTL 
level program pulse applied to an Am2716's CE/PGM input with 
VPP at 25V will program that Am2716. A low level CE/PGM input 
inhibits the other Am2716 from being programmed. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to deter
mine that they were correctly programmed. The verify may be 
performed with VPP at 2SV. Except during programming and 
program verify, VPP must be at SV. 

4-S 



Am2716 

PHYsiCAL DIMENSIONS 

24-Lead Hermetic Cenlip 

Reference 
Symbol Min. Max. 

A .150 .225 

b .016 .020 

b1 .045 .065 

C .009 .011 

0 1.235 1.280 

E 0.51 0.55 

Ej 0.60 0.63 

e .090 .110 

l 0.12 0.15 

Q .015 .060 

S1· 0.01 

a 3' 13' 

·From edge of end lead. 
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Am27S26 • Am27S27 
4096-Blt Generic Series Bipolar PROM 

DISTINCTIVE CHARACTERISTICS 

• On chip edge triggered registers - Ideal for pipelined 
microprogrammed systems 

• Versatile synchronous and asynchronous enables for 
simplified word expansion 

• Predetermined OFF outputs on power-up 
• Fast 50ns address setup and 20ns clock to output times 
• Excellent performance over the military range 
• Performance pretested with N2 patterns 
• Space saving 22 pin package 
• Highly reliable, ultra-fast programming Platinum-Silicide fuses 
• High programming yield 
• Low current PNP inputs 
• High current open collector and three-state outputs 
• Common Generic PROM Series characteristics and pro

gramming procedures 

A. 

'7 
'. 
CP 0------, 
Es 0------, 

BPM-036 

BLOCK DIAGRAM 

COLUMN TEST RAIL 

64x64 
PROGRAMMABLE 

ARRAY 

TEST WORD 0 

LOGIC SYMBOL 

19 ~ ~ 1 2 3 4 5 6 

18 

17 

'8 

Am27S26127 
4K REGISTERED PRdM 

7 8 9 10 12 13 14 15 
Vee = Pin 22 
GND = Pin 11 

FUNCTIONAL DESCRIPTION 

The Am27S26 and Am27S27 are electrically programmable 
Schottky TTL read only memories incorporating true D-type, 
master-slave data registers on chip_ These devices feature the 
versatile 512 word by 8 bit organization and are available in both 
the open collector Am27S26 and three-state Am27S27 output 
versions_ Designed to optimize system performance, these de
vices also substantially reduce the cost of pipelined micropro
grammed system and other designs wherein accessed PROM 
data is temporarily stored in a register_ The Am27S26 and 
Am27S27 also offer maximal flexibi!ity for memory expansion 
and data bus control by providing both synchronous and asyn
chronous output enables_ 

When Vee power is first applied, the synchronous enable (Esl 
flip-flop will be in the set condition causing the outputs, 00-07 , 

to be in the OFF or high impedance state, eliminating the 
need for a register clear input Reading data is accomplished 
by first applying the binary word address to the address in
puts, Ao-Aa, and a logic LOW to the synchronous output ena
ble, Es- During the address setup time, stored data is .acces
sed and loaded into the master flip-flops of the data register. 
Since the synchronous enable setup time is less than the ad
dress setup reqUirement, additional decoding delays may 
occur in the enable path without reducing memory perfor
mance. Upon the next LOW-to-HIGH transition of the clock, 
CP, data is transferred to the slave flip-flops which drive the 
output buffers. Providing the asynchronous enable, E, is also 
LOW, stored data will appear on the outputs, 0 0-07, If Es is 
HIGH when the positive clock edge occurs, outputs go to the 
OFF or high impedance state. The outputs may be disabled at 
any time by switching E to a HIGH level. Following the posi
tive clock edge, the address and synchronous enable inputs 
are free to change; changes do not affect the outputs until 
another positive clock edge occurs. This unique feature allows 
the PROM decoders and sense amplifiers to access the next 

. location while previously addressed data remains stable on 
the outputs. For less complex applications either enable may 
be effectively eliminated by tying it to ground. 

The on-chip, edge triggered register simplifies system timing 
!>ince the PROM clock may be derived directly from system clock 
without introducing dangerous race condition!>. Other register 
timing requirements are similar to those of standard Schottky 
registers and are easily implemented. 

CONNECTION DIAGRAM 
Top View 

Vce A2 '. AD E Es CP 07 Os 05 C4 

Nole: Pin 1 is marked for orientation_ 
BPM-037 BPM-038 
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Am27S26 • Am27S27 

GENERIC SERIES CHARACTERISTICS 

The Am27S26 and Am27S27 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro
duced with a fusible link at each memory location storing a logic 
LOW and can be selectively programmed to a logic HIGH by 
applying appropriate voltages to the circuit 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non
conductive gaps that ensure very stable long term reliability. 
Extensive operating testing has proven that this low-field, large
gap technology otters the best reliability for fusible link PROMs. 

All parts are fabricated with AMD's fast programming highly reli
able Platinum-Silicide Fuse technology. Utilizing easily im
plemented programming (and common programming personality 
card sets) these products can be rapidly programmed to any 
cUstomized pattern. Extra test words are pre-programmed during 
manufacturing to insure extremely high field programming yields, 
and produce excellent parametric correlation. 

Common design features include active loading of all critical AC 
paths regulated by a built-in temperature and voltage compen
sated bias network to provide excellent parametric performance 
over MIL supply and temperature ranges. Selective feedback 
techniques have been employed to minimize delays through all 
critical paths producing the ·fastest speeds possible from 
Schottky processed PROMs. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 22 to Pin 11) Continuous. 

DC Voltage Applied to Outputs (Except During Programming) 

DC Voltage Applied to Outputs During Programming 

Output Current into Outputs During Programming (Max. Duration of 1 sec.) 

DC Input Voltage 

DC Input Current 

OPERATING RANGE 
AM27S26XC, AM27S27XC TA = OOC to +7S0C Vee = S.OV ±5% 

AM27S26XM, AM27S27XM Te = -55"Cto +125"C Vee = S.OV ±10% 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PREUMINARY DATA 

Parameters Description Test Conditions 

VOH Output HIGH Voltage Vee = MIN., 10H = -2.0mA 
(Am27S27 only) VIN = VIH or VIL 

VOL Output IJYN Voltage Vec = MIN., IoL = 16mA 
VIN - VIH or VIL 

VIH Input HIGH Level Guaranteed Input logical HIGH 
voltage for all inputs 

VIL Input LOW Level Guaranteed Input logical LOW 
voltage for all Inputs 

IlL Input LOW CUrTent Vee = MAX., VIN = O.45V 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 

II Input HIGH Current Vee = MAX., VIN = S.SV 

Ise Output Short CIrcuit Current Vee = MAX., VOUT = O.OV (Note 2) (Am27S27 only) 

lee Power Supply Current All inputs = GND 
Vee = MAX. 

VI Input Clamp Voltage Vee = MIN., liN" -16mA 

'10 = 4.SV 

leEx Output Leakage Current . V!<.e = MAX. Am27S27 Vo = 2.4V 
VE = 2.4V 

Only Vo = 0.4V 

CIN Input C!!pacItanoa VIN = 2.0V @f = 1MHz (Note 3) 

COUT Output CapacItanoa VOUT = 2.0V @f = 1 MHz (Note 3) 

Notes: 1. 1)pk:alllmlts ara at Vee = S.OV and TA = 25"C. 

Min. 

2.4 

2.0 

-20 

Typ. 
(Note 1) 

0.38 

-0.010 

-40 

130 

S 

12 

-65°C to +150"C 

-55°C to +125°C 

-O.5V to +7.0V 

-O.5V to +Vce max. 

21V 

200mA 

-O.5V to +5.5V 

-3OmA to +5mA 

Max. Units 

Volts 

0.50 Volts 

Volts 

0.8 Volts 

-0.250 mA 

25 pA 

1.0 mA 

-90 mA 

185 mA 

-1.2 Volts 

100 

40 pA 

-40 

pF 

2. Not more than cine ouIput should be shortad at a tlma. Duration of the sholl ciR:Uit should not be more than one second. 
3. These pararnetars ara not 100% tested, but are periodically sampled. 
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Am26S26 • Am27S27 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 

Parameter Description 

~(A} Address to CP (HIGH) Setup Time 

tH(A) Address to CP (HIGH) Hold Time 

tpHdCP) Delay from CP (HIGH) to Output 
tpLH(CP) (HIGH or LOW) 

tWH(CP) 
twLlCP) 

CP Width (HIGH or LOW) 

ts(Es) Es to CP (HIGH) Setup Time 

tH(Es) Es to CP (HIGH) Hold Time 

tpzdCP) Delay from CP (HIGH) to Active 
tpZH(CP) Output (HIGH or LOW) (Note 1) 

tpzLlE) Delay from E (LOW) to Active 
tpZH(E) Output (HIGH or LOW) (Note 1) 

tpL.Z(CP) Delay from CP (HIGH) to Inactive Output 
tpHZ(CP) (OFF or High Impedance) (Note 1) 

tpL.Z(E) Delay from E (HIGH) to Inactive Output 
tpHZ(E) (OFF or High Impedance) (Note 1) 

Typ 
5V 

Test Conditions 25°C 

40 

-15 

CL = 30pF 
S, closed. 

15 

(See AC Test 
Load below) 10 

10 

-10 

CL = 30pF 15 

S, closed for tpZL 
and open for tpZH 15 

CL = 5pF (Note 2) 15 

S, closed for tpLz 
and open for tpHZ 10 

Notes; 1. tpHZ and tpZH apply to the three-state Am27S27 only. 

COM'L MIL 
Min Max Min Max Units 

55 65 ns 

0 0 ns 

27 30 ns 

30 40 ns 

25 30 ns 

0 0 ns 

35 45 ns 

40 45 ns 

35 45 ns 

30 40 ns 

2. tpHZ and tpLZ are measured to the VOH - 0.5V and VOL + 0.5V output levels respectively. All other switching parameters are tested from and 
to the 1.5V threshold levels. 

3. Tests are performed with input 10% to 90% rise and fall times of 5ns or less. 

SWITCHING WAVEFORMS 

Ao-A8 ________ ~_tH(A_' W-~-;-' __ '--. _____ _ 
-N~'·+-tt~~+~tzzzzzzzzz· 

3V 

1.5V 

ov 

CP 

BPM-039 

AC TEST LOAD 

vcc~ 
S1 

O~UTo-----1------+ 

R2 
6000 

BPM-G40 

WAVEFORM 

--
1IIIff 
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iIpZH(E) 

'.zLlE) 

KEY TO TIMING DIAGRAM 

INPUTS OUTPUTS WAVEFORM INPUTS 

MUSTSE WILLSE -- DON'TeARE: 

STEADY STEAOY ANY CHANGE 
PERMITTED 

WILLSE 

" 
MAVCHANGE DOES NOT 

FROM HTO L 
CHANGING APPLY 
FROM HTO l 

MAY CHANGE 
WILLSE 
CHANGING 

FROM L TOH FROM L TO H 

3V 

,.5Y 

oy 

3Y 

1.5Y 

.oy 

YOH 

VOL 

3Y 

!.IY 

ov 

OUTPUTS 

CHANGING; 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
"OFF" STATE 



Am27S26 • Am27S27 

PROGRAMMING 

The Am27S26 and Am27S2:7 are manufactured with a conduc- current drops to approximately 40mA. Current into the E pin when 
tive Platinum-Silicide link at each bit location. The output of the it is raised to 15 volts is typically 1.5mA. 
memory with the link in place is LOW. The fusible links are 
opened one at a time by passing current through them frOm a 2.Q The memories may become hot during programming due to the 
volt supply which is applied to the memory output after the E large currents being passed. Programming cycles should not be 
input is at a logic HIGH. Current is gated through the addressed continuously applied to one device more than 5 seconds to avoid 
fuse by raising the Einput from a logic HIGH to 15 volts. After heat damage. If this programming time is exceeded, all power to 
50 p.sec, the 20 volt suppiy is removed, the chip is enabled and the chip including Vcc should be removed for a period of 5 
the CP input is clocked. Each data verification attempt must be seconds after which programming may be resumed. 
preceded by a positive going (LOW-to-HIGH) clock edge to load 
the array data into the on-chip register. The output level is then When all programming has been completed, the data content of 
sensed to determine if the link has opened. Most links will open the memory should be verified by clocking and reading all words. 
within 50 p.sec. Occasionally a link will be stronger and require Occasionally this verification will show that an extra undesired 
additional programming cycles. The recommended duration of link has been fused. Should this occur, immediately check the 
additional programming periods is 5 msec. If a link has not programming equipment to make sure that all device pins are 
opened after a total elapsed programming time of 400 msec, firmly contacting the programming socket, that the input signal 
further programming of the device should not be attempted. Sue- levels exhibit sufficient noise margins, and that the programming 
cessive links are programmed in the same manner until all de- voltages are within the specified limits. All of these conditions 
sired bit locations have been programmed to the HIGH level. must be maintained during programming. AMD PROMs are 
Typical current into an output during programming will be approx- thoroughly tested to minimize unwanted fusing; fusing extra bits 
imately 140mA until the fuse link is opened, after which the is generally related to programming equipment problems. 

PROGRAMMING PARAMETERS 
Parameter Description Min. Max. Units 

Vccp Vcc During Programming 5.0 5.5 V 

VIHP Input HIGH Level During Programming 2.4 5.5 V 

VILP Input LOW Level During Programming 0.0 0.45 V 

VENP ~ Voltage During Programming 14.5 15.5 V 

VOP Output Voltage During Programming 19.5 20.5 V 

VONP Voltage on Outputs Not to be Programmed 0 Vccp+0.3 V 

IONP Current into Outputs Not to be Programmed 20 rnA 

d(Vop)/dt Rate of Output Voltage Change 20 250 V/"sec 

d(VEN)/dt Rate of E Voltage Change 100 1000 V/"sec 

Programming Period - First Attempt 50 100 ,,"sec 
tp 

Programming P!,riod - Subsequent Attempts 5.0 15 msec 

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
2. Delays t1 through t6 must be greater than 100 ns; maximum delays of 1 "sec are recommended to minimize heating during programming. 
3. During tv, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses are 

required. 
4. Outputs not being programmed are connected to VONP through resistor R which provides output current limiting. 

PROGRAMMING WAVEFORMS SIMPLIFIED PROGRAMMING DIAGRAM 

Veep YONP 
VIHP I ADDRESS SELECTED ADDRESS STABLE R;o 3000 INPUTS VILP 

~ VENP 

Ao-.... c::) 
E ~-~ ~ ~o---< ENABLE 

~ ~V'H' 
Am27S28 

~ • "'- ~- V
,L

• 

0 
-oJ OR 

0 Am27S27 I I ~ 

.~ 
0 

---------vo. 0 I 
J PROGRAMMED 'fL~ .... \ ~ _ ~" ~<>-

OUTPUT - I \ VERIFY " * I f ~r-:~~· .n Vop 
CP 

CLOCK I, PROGRAMMING CYCL~ 
I V,L. 

.,.. 
BPM-041 BPM-042 
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Am21S26 • Am27S27 

APPLYING THE Am27S26 AND Am27S27 IN BIPOLAR 
MICROCOMPUTERS 

. With the advent of the Am2901 and Am2903 4-bit microprocessor 
slices, the Am2910 bipolar microprogram sequencer and the 
Am27S26/27 registered PROM, the design engineer can up
grade the performance of existing systems or implement new 
systems taking advantage of the latest state-of-the-art tech-

nology in Low-Power Schottky integrated circuits. These de
vices, however, utilize a new concept in machine design not 
familiar to many design engineers. This technique is called 
microprogramming. 

CARRY- 8 

OYR_7 

ZERO- 6 

SlGN- 5 

INRPT- 4 

ETC-3 

ETC-2 

DATA BUS 

I INSTRUCTION REGISTER 

I OPCODE I OTHER 

1:-------A~ 

I ReGI~TERJ I I STACK J I COUNTER POINTER 

ADDR~ 

MA~,,::mS .3 
OUTPUT 

12 

I I_II 
12 >---+-+-1

1

. ~ I ANDL~STACK II 

I 
I C~.:c~~="R~~::R J I 

CC 
TEST 

o R F PC 

I ~~~ I J I MULTIPLEXER 
OUTPUT INCREMENTER , 

I I; I 
I CONTROL 

12 --.J 
'---------------t---------
~ --t---------=:I 

I 
ADDRESS J I 

MICROPROGRAM MEMORY 

Am27S26127'S 

I PIPELINE REGISTER J I 
! E :::'is~ ADDR:SELECT .l OTHER J 
L-.4--.-t------~=:J 

TO 

'---:=.~. 

Fig. 1. A Typical Computer Control Unit using the Am27S26/27. BPM·044 
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Am27S26 • Anl27S27 

APPLYING THE Am27S26 and Am27S27 IN BIPOLAR 
MICROCOMPUTERS (Cont.) 

Basically, a mi.:;roprogrammed machine is one in which a coher
ent sequence of microinstructions is used to execute various 
commands required by the machine. If the machine is a com
puter, each sequence of microinstructions can be made to exe
cute a machine instruction. All of the little elemental tasks per
formed by the machine in executing t~ machine instruction are 
called microinstructions. The storage area for these microinstruc
tions is usually called the microprogram memory. 

A microinstruction usually has two primary parts. These are: (1) 
the definition and control of all elemental micro-operations to be 
carried out and (2) the definition and control of the address of the 
next microinstruction to be executed. 

The definition of the various micro-operations to be carried out 
usually includes such things as ALU source operand selection, 
ALU function, ALU destination, carry control, shift control, inter
rupt control, data-in and data-out control, and so forth. The defi
nition of the next microinstruction function usually includes iden
tifying the source selection of the next microinstruction address 
and, in some cases, supplying the actual value of that micro
instruction address. 

Microprogrammed machines are usually distinquished from 
non-microprogrammed machines in the following manner. Older, 
non-microprogrammed machines implemented the control func
tion by using combinations of gates and flip-flops connected in a 
somewhat random fashion in order to generate the required 
timing and control signals for the machine. Microprogrammed 
machines, on the other hand, are normally considered highly 
ordered, particularly with regard to the control functi9n field, and 
use high speed PROMs for control definition. In its simplest 
definition, a microprogram control unit consists of the micropro
gram memory and the structure required to determine the a<1-
dress of the next microinstruction 

The microprogram memory control unit block diagram of Figure 1 
is easily implemented using the Am2910 and the Am27S26/27 
registered PROM's. This architecture provides a structured state 
machine design capable of executing many highly sophisticated· 
neXt address control instructions. The Am2910 contains a next 
address multiplexer that provides four different inputs from which 
the address of the next microinstruction can be selected. These 
are the direct input (D), the register input (R), the program counter 
(PC), and the file (F). The starting address decoder (mapping 
PROM) output and the Am27S26/27's pipeline register output are 
connected together at the 0 input to the Am291 0 and are oper
ated in the three-state mode. 

The architecture of Figure 1 shows an instruction register capable 
of being loaded with a machine instruction word from the data 
bus. The op code portion of the instruction is decoded using a 
mapping PROM to arrive at a starting address for the micro~ 
instruction sequence required to execute the machine instruc
tion. When the microprogram memory address is to be the first 
microinstruction of the machine instruction sequence, the 
Am291 0 next address control selects the multiplexer 0 input and 
enables the three-state output from the mapping PROM. When 
the current microinstruction being executed is selecting the next 
microinstruction address as Ii JUMP function, the JUMP address 
will be available at the multiplexer 0 input. This is accomplished 
by having the Am291 0 select the next address multiplexer 0 input 
and also enabling the three-state output of the pipeline register 
branch address field. The register enable input to the Am2910 
can be grounded so that this register will load the value at the 
Am2910 0 input. The value at 0 is clocked into the Am2910's 
register (R) attlie end of the current microcycle, which makes the 
o value of this microcycle available as the R value. of the next 

microcycle. Thus, by using the branch address field of two se
quential microinstructions, a conditional JUMP-TO-ONE-OF
TWO-SUBROUTINES or.a conditional JUMP-TO-ONE-OF
TWO-BRANCH-ADDRESSES can be executed by either se
lecting the D inpl!l or the R input of the next address multiplexer. 

When sequencing through continuous microinstructions in the 
Am27S26/27 microprogram memory, the program counter in the 
Am2910 is used. Here, the control logic simply selects the PC 
input of the next address multiplexer. In addition, most of these 
instructions enable the three-Slate outputs of the Am27S26/27 
pipeline register associated with the branch address field, which 
allows the register within the Am291 0 to be loaded. The 5 x 12 
stack in the Am2910 is used for looping and subroutining in 
microprogram operations. Up to five levels of subroutines or 
loops can be nested. Also; loops and subroutines can be inter
mixed as long as the five word depth of the stack is not exceeded. 

The expansion scheme for increasing the depth of Am27S26/ 
27's is shown in Figure 2. Note that no speed degradation results 
when devices are cascaded. This is because the decode of the 
Am74S139 is in parallel with the PROM access time. 

In order to provide an overall view of a typical Am2900 Bipolar 
Microprocessor, the block diagram of Figure 3 is presented. 
Here, the computer control unit (CCU) using the Am2910 and 
Am27S26/27 registered PROM's is depicted. In addition, the 
typical connection scheme for the Am2903 Bipolar Microproces
sor slices is shown. The four Am2903 devices in the block dia
gram form a typical 16-bit architecture. Also shown in Figure 3 is 
the general connection for the Am2914 Priority Interrupt Control
ler and the Am2920 as a Memory Address Register. 

The block diagram also shows the Am2917 as the bus interface 
unit. Note that the Am2917 can interface directly with a data bus 
and the drive levels and receive levels are such that the instruc
tion register can be built using standard Low-Power Schottky 
devices. This is possible because the receiver threshold on the 
Am2917 is deSigned identically to the thresholds on standard 
power Schottky and the Low-Power Schottky devices. 
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Fig. 2. Word Expansion Scheme for the Am27S26 
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Am27S26 • Am27S27 

USING THE Am27S26/27 IN A PIPELINED ARCHITECTURE 

MAP 

•• ~~I:"'Jt-...,..- CLOCK 

CLOCK 

•••••••••• SIA) 

A Register at the Microprogram Memory output contains the 
microinstruction being executed. The microprogram memory and 
Am2903 delay are in series. Conditional branches are executed 
on same cycle as the ALU operation generating the condition. 

One level pipeline provides better speed than the architecture to 
the left. The Microprogram Memory and the Am2903 array are in 
parallel speed paths instead of in series. This is the recom
mended architecture for Am2900 designs. Note that the 
Am27S26/27 reduces the parts count of the microprogram mem
ory/pipeline by a factor of two. 

BPM.047 

PHYSICAL DIMENSIONS 

Dual In-Line 

22-Pln Hermetic 

ORDERING INFORMATION 

Package Temperatura 
Type Range 

Open COllectors 

Hermetic DIP O°C to +75°C 
Hermetic DIP -55°C to +125°C 

Three-State Outputs 

Hermetic DIP O°C to +75°C 
Hermetic DIP -55°C to +125°C 

4-14 

Order 
Number 

AM27S26DC 
AM27S26DM 

AM27S27DC 
AM27S27DM 
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Am27S28 • Am27S29 
4096-Bit Generic Series Bipolar PROM 

DISTINCTIVE CHARACTERISTICS 

• High Speed - 55ns max commercial range access time 
• Excellent performance over full MIL and commercial ranges 
• Highly reliable, ultra-fast programming Platinum-Silicide 

fuses 
• High programming yield 
• Low current PNP inputs 
• High current open collector and three-state outputs 
• Fast chip select 
• Access time tested with N2 patterns 
• Pin for pin replacements for industry standard products 
• Common Generic PROM series electrical characteristics 

and simple programming procedures. 

GENERIC SERIES CHARACTERISTICS 

The Am27S28 and Am27S29 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro
duced with a fusible link at each memory locaticn storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuil. 

All parts are fabricated with AMD's fast programming highly 

FUNCTIONAL DESCRIPTION 

The Am27S28 and Am27S29 are high speed electrically pro
grammable Schottky read only memories. Organized in the in
dustry standard 512 x 8 configuration, they are available in both 
open collector Am27S28 and three-state Am27S29 output ver
sions. After programming, stored information is read on outputs 
0 0-07 by applying unique binary addresses to Ao-As and hold
ing the chip select input, CS, at a logic LOW. If the chip select 
input goes to a logic HIGH, 0 0-07 go to the off or high imped
ance state. 

A, 
A, 

A. 

As ... 
A, 

BLOCK DIAGRAM 

COLUMN TEST RAIL 

64.64 
PROGRAMMABLE 

ARRAY ~ 
m 

~-------n--ST--Ro-W-O--------~~ 

reliable Platinum-Silicide Fuse technology. Utilizing easily im- A2 

plemented programming (and common programming personal- A, 

ity card sets) these products can be rapidly programmed to Ao 

any customized pattem. Extra test rows are pre-programmed 
during manufacturing to insure extremely high field program-
ming yields, and produce excellent parametric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec
tive feedback techniques have been employed to minimize de
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Open Collectors 

Hermetic DIP QOC to +75°C AM27S28DC 
Hermetic DIP -55°C to +125°C AM27S28DM 

Three-State Outputs 

Hermetic DIP QOC to +75°C AM27S29DC 
Hermetic DIP -55°C to +125°C AM27S29DM 
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LOGIC SYMBOL 

1 2 3 4 5 16 17 18 19 

Am27S28 
Am27$29 

512 X 8 PROM 

Vee = Pin 20 
GND = Pin 10 

6 7 8 9 11 12 13 14 

CONNECTION DIAGRAM 
Top View 

Vee A8 A7 A6 As CS 07 06 0 s 04 

AO A1 A.2 Aa '-4 0 0 0 1 02 03 GND 

Note: Pin 1 is mar1<ed for orientation. 

BPM·083 
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Am21S28 ;, Am27S29 

MAXIMUM RATINGS.(Abovewhich the u/lefullife maybEiimpaired)' 

Storage Temperature 

Temperature (Ambient) Under Bras 

Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuo\ls 

DC Voltage Applied to Outputs (Except During Programming) 

DC Voltage Applied to Outputs During Programming 

Output Current into Outputs During Programmi.ng (Max. Duration of l,sec.) 

DC Input Voltage 

DC Input Current 

OPERATING RANGE 

Am27S28XC, Am27S29XC . VCC = 5.0V ±5% 

Am27S28XM, Am27S29XM VCC = 5.0V ±10% 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 

Parameters Description 

VOH 
(Am27S29 only) 

Output HIGH Voltage 

VOL Output LOW Voltage 

VIH Input HIGH Level 

VIL Input LOW Level 

IlL Input LOW ,Current 

IIH Input HIGH Current 

'1 Input HIGH Current 

·SC Output Short Circuit Current 
(Am27S29 only) 

ICC Power Supply Current 

VI Input Clamp Voltage 

'CEX Output Leakage Current 

GIN I nput Capacitance 

GOUT Output Capacitance 

Notes: 1. Typical limits are at VCC = 5.0V and T A = 25°C. 

Test Conditions 

VCC = MIN .. 10H = -2.0mA 

VIN = VIH or VIL 

VCC = MIN., 10L = 16mA 

VIN = VIH or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

VCC = MAX., VIN = 0.45V 

VCC = MAX., VIN - 2.7V 

VCC = MAX., VIN = 5.5V 

IiCC = MAX., VOUT = O.OV (Note 2) 

All inputs = GND 
VCC = MAX. 

VCC = MIN., liN = -18mA 

Vo = 4.5V 
VCC = MAX. 

Am27S29 Vo = 2.4V 
Ves = 2.4V 

'only Vo = O.4V 

VIN = 2.0V@f = 1 MHz (Note 3) 

VOUT = 2.0\1 @f = 1 MHz (Note 3) 

Min. 

2.4 

2.0 

-20 

Typ. 
(Note 1) 

-0.010 

-40 

105 

4 

8 

-O.5V to +7.0V 

-O.5V to +Vcc max. 

21V 

200mA 

-O.5V to +5.5V 

-30mA to. +5mA 

Max. Units 

Volts 

0.50 Volts 

Volts 

0.8 Volts 

-0.250 mA 

25 p.A 

1.0 mA 

-90 mA 

160 mA 

-1.2 Volts 

40 

40 p.A 

-40 

pF 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second,. 
3. These parameters are not 100% tested, but periodically sampled. 
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Am27S28 • Am27S29 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE Typ Max 
PRELIMINARY DATA SV 
Parameter Description Test Conditions 25°C COM'L MIL Units 

tAA Address Access Time 35 55 70 ns 

tEA Enable Access Time 
AC Test Load 

15 25 30 
(See Notes 1-3) 

ns 

tER Enable Recovery Time 15 25 30 ns 

Notes: 1. tAA is tested with switch S1 closed and CL = 30pF. 
2. For open collector outputs, tEA and tER are tested with 81 closed to the 1.5V output level. CL = 3OpF. 
3. For three state outputs, tEA is tested w~h CL = 30pF to the 1.5V level; S1 is open for high impedance to HIGH tests and closed for high 

impedance to LOW tests. tER is tested with CL = 5pF. HIGH to high impedance tests are made with 8 1 open to an output voltage of VOH 
- 0.5V; LOW to high impedance tests are made with S1 closed to the VOL + 0.5V level. 

SWITCHING WAVEFORMS 

~A·3 
3.oY 

1.5'1 

I 
0'1 

CS, f ~ 1.5'1 

I ov 
~'AA--j f-'ERj f---te.-J 

VOH 

X'IY\f »»>=::~: o~: ««< 00-07 I.$V 

VOL 

Note: Level on output while CS is HIGH is determined extemally. 

KEY TO TIMING DIAGRAM 

WAVEFORM 

J[[[ff 

H 

INPUTS 

MUST BE 
STEADV 

MAY CHANGE 
FROM HTO L 

MAYCHANQE 
FROM L TO H 

DON'T CARE; 
ANY CHANGE 
PERMITTED 

DOES NOT 
APPLY 

OUTPUTS 

WILL BE 
STEADY 

WILL BE 
CHANGING 
FROM HTOL 

WILL BE 
CHAN(liING 
FROM loTOH 

CHANGING; 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
"OFF" STATE 

AC TEST LOAD 

OUTPUT 0----.,..----+ 

~t 

AI 
3IlO!l 

R2 
6OQ{l 

BPM·087 
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PHYSICAL DIMENSIONS 
Dual-In-Line 

2o-Pln Hermetic 

n::::::::] 
---j 1-.... MIN. 
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Am27S28 • Am27S29 

PROGRAMMING 

The Am27S28 and Am27S29 are manufactured with a conduc
tive Platinum-Silicide link at each bit location. The output of the 
memory with the link in place is LOW. The fusible links are 
opened one at a time by passing current through them from a 20 
volt supply which is applied to the memory output after the CS 
input is at a logic HIGH. Current is gated through the addressed 
fuse by raising ihe CS input from a logic HIGH to 15 volts. After 
50 ILsec, the 20 volt supply is removed, the chip is enabled and 
the output level is sensed to determine if the link has opened. 
Most links will open within 50 ILsec. Occasionally a link will be 
stronger and require additional programming cycles. The 're
commended duration of additional programming periods is 5 
msec. If a link hili! not opened after a total elapsed programming 
time of 400 msec, further programming of the device should not 
be attempted. Successive links are programmed in the same 
manner until all desired bit locations have been programmed to 
the HIGH level. 

Typical current into an output during programming will be ap
proximately 140mA until the fuse link is opened, after which 
the current drops to approximately40mA. Current into the CS pin 
when it is raised to 15 volts is typically 1.5mA. 

PROGRAMMING PARAMETERS 

Parameter Description 

Vccp Vcc During Programming 

VIHP Input HIGH Level During Programming 

V1LP Input LOW Level During Programming 

VCSP CS Voltage During Programming 

VOP Output Voltage During Programming 

VONP VoHage on Outputs Not to be Programmed 

IONP Current into Outputs Not to be Programmed 

d(Vop)/dt Rate of Output VoHage Change 

d(VEN)/dt Rate of CS Voltage Change 

Programming Period - First Attempt 
tp 

Programming Period - Subsequent Attempts 

The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be continuously applied to one device more than 5 sec
onds to avoid heat damage. If this programming time is ex
ceeded, all power to the chip including Vcc should be re
moved for a period of 5 seconds after which programming 
may be resumed. 

When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within tlie specified limits. 
All of these conditions must be maintained during program
ming. AMD PROMs are thoroughly tested to minimize un
wanted fusing; fusing extra bits is generally related to pro
gramming equipment problems. 

Min. Max. Units 

5.0 5.5 VoHs 

2.4 5.5 Volts 

0.0 0.45 Volts 

14.5 15.5 Volts 

19.5 20.5 Volts 

0.0 Vccp+0.3 Volts 

20 mA 

20 250 V/!'-S8C 

100 1000 v/!,-sec 

50 100 !,-sec 

5.0 15 msec 

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
2. Delays t1 through t4 must be greater than lOOns; maximum delays of l!,-sec are recommended to minimize heating during pro· 

gramming. 
3. During tv, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 

are required. 
4. Outputs not being programmed are connected to VONP through resistor R which provides output current limiting. 

PROGRAMMING WAVEFORMS 

ADORESS SELECTED ADDRESS STABLE ...- VIHP 

INPUTS ....J'I'---------------"I~_ Y,LP 

,...--...,..""------·1-- Yesp J}(VEW-y'hl ~ 

PROGRAMMED 
OUTPIIT 

1\ r- Y,HP 

....J -.!!... ~ 'P ~ I.. tv Y,LP 

;-..-.;...;.-.... -----1·------ Yop 

! K-~(YoP) \, ~~ II YOH 

\..l!!'.!!!fY....II_ YOL 
... !.-----PROGIIAMIMNG CYCLE------li 

BPM-08II 
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SIMPLIFIED PROGRAMMING DIAGRAM 
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Am27S30 • Am27S31 
4096-Bit Generic Series Bipolar PROM 

DISTINCTIVE CHARACTERISTICS 

• High Speed - 55 ns max commercial range access time 
• Excellent performance over full MIL and commercial ranges 
• Highly reliable, ultra-fast programming Platinum-Silicide 

fuses 
• High programming yield 
• Low current PNP inputs 
• High current open collector and three-state outputs 
• Fast chip select 
• Access time tested with N2 patterns 
• Pin for pin replacements for industry standard products 
• Common Generic PROM series electrical characteristics 

and simple programming procedures. 

GENERIC SERIES CHARACTERISTICS 

The Am27S30 and Am27S31 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuil. 

All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im
plemented programming (and common programming personal
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test rows are preprogrammed 
during manufacturing to insure extremely high field programming 
yields, and produce excellent parametriC correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec
tive feedback techniques have been employed to minimize de
lays through all 'critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 

ORDERING INFORMATION 

Package Temperature Oreler 
Type Range Number 

Open Collectors 

Hermetic DIP ooe to +75°e AM27S30DC 
Hermetic DIP -55°e to +125°e Am27S30DM 

Three-State Outputs 

Hermetic DIP ooe to +75°C AM27S31De 
Hermetic DIP -55°C to +125°e AM27S31DM 

4-19 

FUNCTIONAL DESCRIPTION 

The Am27S30 and Am27S31 are high speed electrically pro
grammable Schottky read only memories. Organized in the in
dustry standard 512 x 8 configuration, they are available in both 
open collector Am27S30 and three-state Am27S31 output ver
sions. After programming, stored information is read on outputs 
0 0-07 by applying unique binary addresses to Ao-Aa and holding 
CS, and eS2 LOW and e~ and CS4 HIGH. All other valid input 
conditions on CS" es2, eS3 and CS4 place Oo~ into the OFF 
or high impedance state. 

BLOCK DIAGRAM 

COLUMN TEST RAIL 

14<14 
PROGRAMMABLE 

ARRAY ~ 
e 

t---------1.1 
TEST ROW 0 Ii! 

CS1 

cs,,---Q,' 
cs.--~""''' 
cs. 

Vee = Pin 24 
GND = Pin 12 
(Pin 22 Open) 

LOGIC SYMBOL 

~=::;:r-,cs 
19--.. ....... 
1. 

8765432123 

Am27S31IIAm27S31 
'12 X_PROM 

9101113141& 1117 

CONNECTION DIAGRAM 
Top View 

A7 At As A4 -'3 At A1 Au 00 0, O2 GND 

Nota: Pin 1 is markBd for oriantation. 
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Am27S30 • Am27S31 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 

DC Voltage Applied to Outputs (Except During Programming) 

DC Voltage Applied to Outputs During Programming 

Output Current into Outputs During Programming (Max. Duration of 1 sec.) 

DC Input Voltage 

DC Input Current 

OPERATING RANGE 

Am27S30XC, Am27S31XC Vee = S.OV ±5% 

Am27S30XM, Am27S31XM , Vee = 5.0V ±10% 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 

Parameters Description 

VOH Output HIGH Voltage 
(Am27S31 only) 

VOL Output LOW Voltage 

VIH Input HIGH Level 

VIL Input LOW Level 

IlL Input LOW Current 

IIH Input HIGH Current 

II Input HIGH Current 

ISC Output Short Circuit Current 
(Am27S31 only) 

ICC Power Supply Current 

VI Input Clamp Voltage 

ICEX Output Leakage Current 

e lN I nput Capacitance 

eOUT Output Capacitance 

Notes: 1. Typical limits are at VCC = S.OV and TA = 2SoC. 

Test Conditions 

Vec = MIN.,IOH = -2.0mA 

VIN = VIH or VIL 

VCC = MIN., IOL = 16mA 

VIN = VIH or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage lor all inputs 

VCC = MAX., VIN = 0.45V 

VCC - MAX., VIN - 2.7V 

VCC = MAX., VIN = S.5V 

VCC = MAX., VOUT = O.OV (Note 2) 

All inputs = GND 
VCC =MAX. 

VCC = MIN., liN = -18mA 

Vo =4.5V 
VCC= MAX 

Am27S31 Vo = 2.4V 
VCS1 = 2.4V only Vo = O.4V 

V IN - 2.0V @I - 1 MHz (Note 3) 

VOUT = 2.0V @I = 1 MHz (Note 3) 

Min. 

2.4 

2.0 

-20 

Typ. 
(Note 1) 

-0.010 

-40 

115 

4 

8 

-O.5V to +7.0V 

-O.5V to +Vce max. 

21V 

200mA 

-O.5V to +5.5V 

-30mA to. +5mA 

Max. Units 

Volts 

0.50 Volts 

Volts 

0.8 Volts 

-0.250 mA 

25 jjA 

1.0 mA 

-90 mA 

175 mA 

-1.2 Volts 

40 

40 jjA 

-40 

pF 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but periodically sampled. 
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Am27S30 • Am27S31 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 

Parameter Description Test Conditions 

tAA Address Access Time 

tEA Enable Access Time 
AC Test Load 

(See Notes 1-3) 
tER Enable Recovery Time 

Notes: 1. tM is tested with switch 81 closed and CL = 30pF. 

Typ 

5V 
25°C COM'L 

35 55 

15 25 

15 25 

2. For open collector outputs, tEA and tER are tested with 81 closed to the 1.5V output level. CL = 30pF. 

Max 

MIL Units 

70 ns 

30 ns 

30 ns 

3. For three state outputs, tEA is tested with CL = 30pF to the 1.5V level; 81 is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. tER is tested with Cl = 5pF. HIGH to high impedance tests are made with 81 open to an output vollage of VOH 
- 0.5V; LOW to high impedance tests are made with 81 closed to the VOL + 0.5V level. 

SWITCHING WAVEFORMS 

Ao-Aa3 3.DV 

1.5V 

DV 

I CS3. CS4 3.DV 

* * 1.5V 

CS" cs" I 
DV 

f--'AA---j I--teR:l !--'EA--j 

XXX* »»>=::~ :o~: ~ 
VOH 

0.,-0., 1.5V 

VOL 

Note: Level on output while chip is disabled is determined externally. 
BPM-I17 

KEY TO TIMING DIAGRAM 

WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE -- DON'T CARE; CHANGING; 
STEADY STEADY ANY CHANGE STATE 

PERMITTED UNKNOWN 

-- H 
CENTER 

MAY CHANGE WILL BE DOES NOT LINE IS HIGH 
FROM H TO L' CHANGING APPLY IMPEDANCE 

FROM H TO L "OFF" STATE 

JJJJff MAY CHANGE WILL BE 
FROM L TO H CHANGING 

FROM L TO H 

AC TEST LOAD 

vcc~o--
Sl 

RI 
3OO1I 

OUTPUT 

~I R2 
600U 

-=-
BPM-118 
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Am27S30 • Am27S31 

PROGRAMMING 

The Am27S30 and Am27S31 are manufactured with a con- The memories may become hot during programming due to 
ductive Platinum-Silicide link at each bit location. The output of the large currents being passed. Programming cycles should 
the memory with the link in place is LOW. The fusible links are not be continuously applied to one device more than 5 sec-
opened one at a time by passing current through them from a 20 onds to avoid heat damage. If this programming time is ex· 
volt supply which is applied to the memory output after the CS1 ceeded, all power to the chip including Vcc should be re-
input is at a logic HIGH. Current is gated through the addressed moved for a period of 5 seconds after which programming 
fuse by raising the CS1 input from a logic HIGH to 15 volts. After may be resumed. 
50 ,..sec, the 20 volt supply is removed, the chip is enabled and 
the output level is sens6d to determine if the link has opened. 
Most links will open within 50 ,..sec. Occasionally a link will be When all programming has been completed, the data content 
stronger and require additional programming cycles. The re- of the memory should be verified by sequentially reading all 
commended duration of additional programming -periods is 5 words. Occasionally this verification will show that an extra 
msec. If a link has not opened after a total elapsed programming undesired link has been fused. Should this occur, immediately 
time of 400 msec, further programming of the device should not check the programming equipment to make sure that all de· 
be attempted. Successive lil"\ks are programmed in the same vice pins are, firmly contacting the programming socket, that 
manner until all desired bit locations have been programmed to the input signal levels exhibit sufficient noise margins, and 
the HIGH level. that the programming voltages are within the specified limits. 
Typical current into an output during programming will be ap- All of these conditions must be maintained during program-
proximately 140mA until the fuse link is opened, after which mingo AMD PROMs are thoroughly tested to minimize un-
the current drops to approximately 40mA. Current into the CS1 wanted fusing; fusing extra bits is generally related to pro-
pin when it is raised to 15 volts is typically 1.5mA. gramming equipment problems. 

PROGRAMMING PARAMETERS 

Parameter Description Min. Max. Units 

vccp Vcc During Programming 5.0 5.5 Volts 

V1HP Input HIGH Level During Programming 2.4 5.5 Volts 

V1LP 'Input LOW Level Du~ing Programming 0.0 0.45 Volts 

Vcsp CS1 Vottage During Programming 14.5 15.5 Volts 

VOP Output Voltage During Programming 19.5 20.5 Volts 

VoNP Voltage on Outputs Not to be Programmed 0.0 Vccp+0.3 Volts 

IONP Current into Outputs' Not to be Programmed 20 mA 

d(Vop)/dt Rate of Outpu1 Voltage Change 20 250 V/".sec 

d(VEN)/dt Rate of CS1 Voltage Change 100 1000 v/".sec 

Programming Period -, First Attempt 50 100 ".sec 
tp 

Progri;lmming Period - Subsequent Attempts 5.0 15 msec 

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; I.e., not to the midpoints. 
2. Delays t1 through t4 must be 'greater than lOOns; maximum delays of l".sec are recommended to minimize heating during pro-

gramming. 
3. During tv, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 

are required. 
4. Outputs not being programmed are connected to VONP through resistor R which provides output current limiting. 

PROGRAMMING WAVEFORMS SIMPLIFIED PROGRAMMING DIAGRAM 
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Am27S32 • Am27S33 
4096-Blt Generic Series Bipolar PROM 

DISTINCTIVE CHARACTERISTICS 

• High Speed - 55ns max commercial range access time 
• Excellent performance over full MIL and commercial ranges 
• Highly reliable, ultra-fast programming Platinum-Silicide 

fuses 
• High programming yield 
• Low current PNP inputs 
• High current open collector and three-state outputs 
• Fast chip select 
• Access time tested with N2 patterns 
• Pin for pin replacements for industry standard products 
• Common Generic PROM series electrical characteristics 

and simple programming procedures. 

GENERIC SERIES CHARACTERISTICS 

The Am27S32 and Am27S33 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 

All parts are fabricated with AM D's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im
plemented programming (and common programming person
ality card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field pro
gramming yields, and produce excellent parametric correla
tion. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non-con
ductive gaps that ensure very stable long term reliabilty. Ex
tensive operating testing has proven that this low-field, large
gap technology offers the best reliability for fusible link 
PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a bUilt-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec
tive feedback techniques have been employed to minimize 
delays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Open Collectors 

Hermetic DIP O°C to +75°C AM27S32DC 
Hermetic DIP -55°C to +125°C AM27S32DM 

Three-State Outputs 

Hermetic DIP O°C to +75°C AM27S33DC 
Hermetic DIP -55°C to 125°C AM27S33DM 

FUNCTIONAL DESCRIPTION 

The Am27S32 and Am27S33 are high speed electrically pro
grammable Schottky read only memories. Organized in the 
industry standard 1024 x 4 configuration, they are available in 
both open collector Am27S32 and three-state Am27S33 out
put versions. After programming, stored information is read on 
outputs 00-03 by applying unique binary addresses to 
AO-A9 and holding the chip select inputs, CS1 and CS2, 
LOW. If either chip select input goes to a logic HIGH, 00-03 
go to the oft or high impedance state. 

A' 

A8 

A7 

A6 

A. 

A4 

3 
2 
1 

17 
1. 
15 
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Am27S32 • Am27S33 

MAXIMUM RATINGS (Above which the useful life !!lay be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 18 to Pin 9) Continuous 

DC Voltage Applied to Outputs (Except During Programming) 

DC Voltage Applied to Outputs During Programming 

Output Current into Outputs During Programming (Max. Duration of 1 sec.) 

DC Input Voltage 

DC Input Current 

OPERATING RANGE 

Am27S32XC, Am27S33XC T A = OOC to +75OC VCC = 5.0V ±5% 

Am27S32XM, Am27S33XM TA = -55°C to +125°C VCC = 5.0V ±10% 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 

Parameters Description Teat Conditions 

VOH 
Output HIGH Voltage 

VCC = MIN., IOH = -2.0mA 
(Am27S33 only) VIN = VIH or Vll 

VOL Output lOW Voltage 
VCC = MIN., IOl = 16mA 
VIN = VIH or Vll 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Vll Input lOW level 
Guaranteed input logical lOW 
voltage for all inputs 

III Input lOW Currant VCC = MAX., VIN = O.45V 

IIH Input HIGH Current VCC = MAX., VIN = 2.7V 

II Input HIGH Current vee = MAX., VIN = 5.5V 

ISC 
Output Short Circuit Current vee = MAX., VOUT = O.OV (Note 2) 

(Am27S33 only) 

All Inputs = GND I COM'l 
ICC Power Supply Current 

VCC = MAX. I Mil 

VI Input Clamp Voltage vee = MIN., liN = -1SmA 

VO = 4.5V 

ICEX Output leakage Currant 
VCC = MAX. 

Am27S33 VO = 2.4V 
VCS1 =2.4V 

only VO = 0.4V 

CIN Input Capacttanca VIN = 2.0V @ f = 1 MHz (Note 3) 

COUT Output Capacttanca VOUT = 2.0V @ f = 1 MHz (Note 3) 

Notes: 1. Typical limits are at vee = 5.0V and T A = 25°C. 

Min. 

2.4 

2.0 

-20 

Typ. 
(Note 1) 

-0.020 

-40 

105 

105 

5 

12 

-65OC to +15O"C 

-55°C to +125°C 

-O.5V to + 7.0V 

-O.5V to +VCC max. 

21V 

200mA 

-O.5V to +5.5V 

-30mA to +5mA 

Max. Units 

Volts 

0.45 Volts 

Volts 

O.S Volts 

-0.250 mA 

25 p.A 

1.0 mA 

-90 mA 

140 
mA 

145 

-1.2 Volts 

40 

40 p.A 

-40 

pF 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more then one second. 
3. These parametars are not 100% tasled, but are periodically sampled. 
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Am27S32 • Am27S33 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY. DATA 

Parameter Description Test Conditions 

tM Address Access Time 
AC Test Load 

tEA Enable Access Time (See Notes 1-3) 

tER Enable Recovery Time 

Notes: 1. 1M is tested with switch 51 closed and CL = 30pF. 

Typ 

SV 
2SoC COM'L 

38 55 

10 25 

10 25 

2. For open collector outputs, tEA and tER are tested with 51 closed to the 1.5V output level. CL = 30pF. 

Max 

MIL Units 

70 ns 

30 ns 

30 ns 

3. For three state outputs, tEA is tested with CL = 30pF to the 1 .5V level; 51 is open for high impedance to HIGH tests and closed for high impedance 
to LOW tests. tER is tested with CL = 5pF. HIGH to high impedance tests are made with 51 open to an OtJIP,Ut voltage of VOH - 0.5V; LOW to high 
impedance tests are made with 51 closed to the VOL + 0.5V level. 

SWITCHING CHARACTERISTICS 

A~A9 3--------------------------- :::: 
\-----ov 

CS1-CS~ --+-I-----~-------_l_ :k-,.--- ::v 

~tAA~ ~tERJ ~tEA~ 

O~03 ::::::=XXX*r-;~~K""7-r -----------~--------~"'I:);z;z+z+t-r--::-:-:-OO-.~:-v--f:~-f~-f(-f«~. - ~:: 

Note: Level on output while either C5 is HIGH is determined extemally. 

KEY TO TIMING DIAGRAM 
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Will BE 
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ACTESTLOAD 

VCC o----/o=T1 SI 
Rl 

OUTPUT 3OO/l 

ClI -:- :00 
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Am27S32 • Am27S33 

PROGRAMMING , 
The Am27S32 and Am27S33 are manufactured with conduc- the current- drops to approximately 40mA. Current into the 
tive Platinum-Silicide link at each bit location. The output of CS1 pin when it is raised to 15 volts is typically 1.5mA. 
the memory with the link in place is LOW. To program the de-. 
vice, the fusible links are selectively opened. The memories may become hot during programming due to 

The fusible links are opened one at a time by passing current the large currents being passed. Programming cycles should 

through them from a 20 volt supply which is applied to one not be applied to one device more than 5 seconds to avoid 

memory output after the CS1 input is at a logic HIGH. Current heat damage. If this programming time is exceeded, all power 

is gated through the addressed fuse by raising the CS1 input to the chip including VCC should be removed for a period of 5 

from a logic HIGH to 15 volts. After 50 "sec, the 20 volt sup-
seconds after which programming may be resumed. 

ply is removed, the chip enabled, and the output level sensed When all programming has been completed, the data content 
to determine if the link has opened. Most links will open within of the memory should be verified by sequentially reading all 
50 "sec. Occasionally a link will be stronger and require addi- words. Occasionally this verification will show that an extra 
tional programming cycle. The recommended duration of ad- undesired link has been fused. Should this occur, immediately 
ditional programming periods is 5 msec. If a link has not check the programming equipment to make sure that all de-
opened after a total elapsed programming time of 400 msec, vice pins are firmly contacting the programming socket, that 
further programming of the device should not be attempted. the input Signal levels exhibit sufficient noise margins, and 
Successive links are programmed in the same manner until all that the programming voltages are within the specified limits. 
desired bit locations have been programmed to the HIGH All of. these conditions must be maintained during program-
level. mlng. AMD PROMs are thoroughly tested to minimize un-
Typical current into an output during programming will be ap- wanted fusing; fUSing extra bits is generally related to pro-
proximately 140mA until the fuse link is opened, after which gramming equipment problems. 

PROGRAMMING PARAMETERS 

Parameter Description Min. Max. Units 

vCCP VCC During Programming 5.0 5.5 Volts 

Vllip Input HIGH Level During Programming 2.4 5.5 Volts 

VILP Input LOW Level During Programming 0.0 0.45 Volts 

VCSP CS1 Voltage During Programming 14.5 15.5 Volts 

VOP -Output Voltage During Programming 19.5 20.5 Volts 

VONP Voltage on Outputs. Not to be Programmed 0 VCCP+0.3 Volts 

IONP Current into Outputs Not to be Programmed 20 mA 

d(VOP)/dt Rate of Output Voltage Change 20 250 V/p.sec 

d(VCS)/dt Rate of ~ Voltage-Change 100 1000 V/p.sec 

Programming Period - First Attempt 50 100 p'sec 
tP 

Programming Period - Subsequent Attempts 5 15 msec 

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the Second edge; i.e. not to the midpoints. 
2. Delays 11, 12, 13 and t4 must be greater than 100 ns; maximum delays of 1 p.sec are recommended to minimize heating during 

programming. 
3. During tv, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 

are required. 
4. Outputs not being programmed are connected to VONP through resistor R which provides output current limiting. 

PROGRAMMING WAVEFORMS SIMPLIFIED PROGRAMMING DIAGRAM 
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Am27S180 • Am27S181 
8192-Blt Generic Series Bipolar PROM 

PRELIMINARY DATA 

DISTINCTIVE CHARACTERISTICS 

• High Speed - 60ns max commercial range access time 
• Excellent performance over full MIL and commercial ranges 
• Highly reliable" ultra-fast programming Platinum-Silicide 

fuses 
• High programming yield 
• Low current PNP inputs 
• High current open collector and three-state outputs 
• Fast chip select 
• Access time tested with N2 patterns 
• Pin for pin replacements for industry standard products 
• Common Generic PROM series electrical characteristics 

and simple programming procedures. 

GENERIC SERIES CHARACTERISTICS 

The Am27S180 and Am27S181 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 

FUNCTIONAL DESCRIPTION 

The Am27S180 and Am27S181 are high speed electrically 
programmable Schottky read only memories. Organized in the 
industry standard 1024 x 8 configuration, they are available in 
both open collector Am27S180 and three-state Am27S181 out
put versions. After programming, stored information is read on 
outputs 0 0-07 by applying unique binary addresses to Ao-Ag 
and enabling the chip (CS" CS2, low and CS3, CS4 high). 
Changes of chip select input levels disables the outputs causing 
them to go to the off or high impedance state. 

Au 
A, 

BLOCK DIAGRAM 

COLUMN TEST RAIL 

64 x 128 
PROORAIiMABLE 

ARRAY 

TEST WORD 0 

All parts are fabricated with AM D's fast programming highly Au 

reliable Platinum-Silicide Fuse technology. Utilizing easily im- A, 

plemented programming (and common programming personal- A, 

ity card sets) these products call be rapidly programmed to Au 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field program
ming yields, and produce excellent parametriC correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametriC 
performance over MIL supply and temperature ranges. Selec
tive feedback techniques have been employed to minimize de
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Open Collectors 

Hermetic DIP O°C to +75°C AM27S180DC 
Hermetic DIP -55°C to +125°C AM27S180DM 

Three-State Outputs 

Hermetic DIP O°C to +75°C AM27S181DC 
,Hermetic DIP -55°C to +125°C AM27S181DM 

BPM'098 

BPM.Q99 

BPM·100 
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Am27S180 • Am27S181 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 

DC Voltage Applied to Outputs (Except During Programming) 

DC Voltage Applied to Outputs During Programming 

Output Current into Outputs During Programming (Max. Duration of 1 'sec.) 

DC Input Voltage 

DC Input Current 

OPERATING RANGE 
Am27S180XC, Am27S181XC TA = Oto75°C Vee = 5.0V ±5% 

Am27S180XM, Am27S181XM Te = -55 to +125°C Vee = 5.0V ±10% 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 

Parameters Description Test Conditions 

VOH Output HIGH Voltage 
Vee·= MIN:'; IOH = -2.0mA 

(Am27S181 only) VIN = VIH or Vil 

VOL Output LOW Voltage 
Vee = MIN., IOl = 16mA 
VIN = VIH or Vil 

VIH Input HIGH Level 
Guaranteed Input logical HIGH 
voltage for all Inputs 

VIL Input LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 

IlL Input LOW Current Vee = MAX., VIN ;.. O.45V 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 

II Input HIGH Current Vee = MAX., VIN = 5.5V 

Ise Output Short Circuit Current Vee = MAX., VOUT = O.OV (Note 2) (Am27S181 only) 

Icc Power Supply Current 
All inputs = GND 
Vee = MAX. 

VI Input Clamp Voltage Vee = MIN., liN = -ISmA 

Vee'; MAX, 
Vo = 4.5V 

leEX Output Leakage Current VCS1 ,2 = 2.4V Am27S181 Vo = 2.4V 
Ves3,4 = 0.4V Only Vo = 0.4V 

CIN Input Capacitance VIN = 2.0V @ f = lMHz (Note 3) 

COUT Output Capacitance VOUT = 2.0V @ f = 1 MHz (Nota 3) 

Notes: 1. Typical limits are at Vee = 5.0V and TA = 25°C. 

Min. 

2.4 

2.0 

-20 

Typ. 
(Note 1) 

0.38 

-0.010 

-40 

120 

5 

12 

-65 to +150°C 

-55 to +125°C 

-0.5 to + 7.0V 

-O.5V to +Vee max. 

21V 

200mI' 

-0.5 to +5.5V 

-30 to +5mA 

Max. Units 

VoHs 

0.50 VoHs 

VoHs 

0.8 Volts 

-0.250 mA 

25 p.A 

1.0 mA 

-90 mA 

185 mA 

-1.2 Volts 

40 

40 p.A 

-40 

pF 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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Am27S180 • Am27S181 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 

Parameter Description Test Conditions 

tM Address Access Time 

tEA Enable Access Time AC Test Load 
(See Notes 1-3) 

tER Enable Recovery Time 

Notes: 1. tAA is tested with swHch 5, closed and CL = 30pF. 

Typ 

SV 
25°C COM'L 

40 60 

20 40 

20 40 

2. For open collector outputs, tEA and .tER are tested with 5, closed to the I.SV output level. CL = 30pF. 

Max 

MIL Units 

60 ns 

50 ns 

50 ns 

3. For three state outputs, tEA is tested with Cl = 30pF to the I.SV level; 5, is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. IER is tested wHh CL = SpF. HIGH to high impedance tests are made with 5, open to an output voltage of VOH - O.SV; 
LOW to· high impedance tests are made with 5, closed to the VOL + O.SV level. 

SWITCHING CHARACTERISTICS 

~~3 
3.OV 

'.5V 

ov 

cs3, CS. I 
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• .5V 
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BPM·'01 
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Am27S180· Am27S18t 

PROGRAMMING 

The Am27S180 and Am27S181 are manufactured with a conduc
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de
vice, the fusible links are selectively opened. 

The fusible links are opened one at a time by passing current 
through them ffom a 20 volt supply which is applied to one 
memory output after the CS1 input is at a 100ic HIGH. Current 
is gated through the addressed fuse by raising the CS1 input 
from a logic HIGH tel 15 volts. After 50 p.S8C, the 20 volt sup
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 I£sec. Occasionally a link will be stronger and require addi
.tional programming cycles. The recommended duration of ad
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 

Typical current into an output during programming will be ap
proximately 140mA until the fuse link is opened, after which 

PROGRAMMING PARAMETERS 
Parameter Description 

Veep Vee During Programming 

VIHP Input HIGH Level During Programming 

V1LP Input LOW Level During Programming 

Vesp CS1 Voltage During Programming 

VOP Output Voltage During Programming 

VONP Vottage on Outputs Not to be Programmed 

IONP Current into Outputs Not to be Programmed 

d(Vop)/dt Rate of Output Voltage Change 

d(Ves)/dt Rate of CS1• Voltage Change 

Programming Period - First Attempt 
tp 

Programming Period - Subsequent Attempts 

the current drops to IlIPproximately 40mA. Current into the 
CS1 pin when it is. raised to 15 volts is typically 1.5mA. 

The memories may become hot during programming dl,le to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vee should be removed for a period of 5 
seconds after which programming may be resumed. 

When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program
ming. AMD PROMs are thoroughly tested to minimize un
wanted fusing; fusing extra bits is generally related to pro
gramming equipment problems. 

Min. Max. Units 

5.0 5.5 Volts 

2.4 5.5 Volts 

0.0 0.45 Volts 

14.5 15.5 Volts 

19.5 20.5 Volts 

0 Veep+0.3 Volts 

20 mA 

20 250 V/,.sec 

100 1000 V/,.sec 

50 100 ,.sec 

5.0 15 msec 

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i .. e .• not to the midpoints. 
2. Delays t1. t2. t3 and t4 must be greater than 100 ns; maximum delays of 1 ,.sec are recommended to minimize heating during 

programming. 
3. During tv. a user defined period. the output being programmed is switched to the load R and read to determine if additional pulses 

are required. 
4. Outputs not being programmed are connected to VONP through resistor R which provides output current limiting. 

PROGRAMMING WAVEFORMS 

ADDRESS ....,'~----SE-L-ECT-E-D-A-DD-AE-S-S-ST-AB-L-E ---"""\,...- VIHP 

INPUTS ~1'--------------...I1'-- V1LP 

CS1 
ENABLE 

PROGRAMMED 
OUTPUT 

BPM-l03 
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Am9016 
16,384 x 1 Dynamic R/W Random· Access Memory 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• High density 16k x 1 organization The Am9016 is a high speed, 16k·bit, dynamic, read/write 

• Direct replacement for MK4116 random access memory. It is organized as 16,384 words by 

• Low maximum power dissipation - 1 bit per word and is packaged in a standard 16-pin DIP. The 
462mW active, 20mW standby basic memory element is a single transistor cell that stores 

• High speed operation - 150ns access, 320ns cycle charge on a small capacitor. This mechanism requires periodic 
• ±10% tolerance on standard +12, +5, -5 voltages refreshing of the memory cells to maintain stored information. 
• TTL compatible interface signals All input signals, including the two clocks, are TTL compatible. • Three-state output 

The Row Address Strobe (RAS) loads the row address and the • RAS only, RMW and Page modedocking options 
Column Address Strobe (CAS) loads the column address. The • 128 cycle refreshing 
row and column address signals share 7 input lines. Active • Unlatched data output 
cycles are initiated when RAS goes low, and standby mode is • Standard 16-pin, .3 inch wide dual in-line package entered when RAS goes high. In addition to normal read and • Double poly N-channel silicon gate MOS technology 
write cycles, other types of operations are available to improve • 100% MIL-STD-883 reliability assurance testing versatility, performance, and power dissipation. 

The three-state output buffer turns on when the column access 
time has elapsed and turns off after CAS goes high. Input and 
output data are the same polarity. 

BLOCK DIAGRAM 

WAITE 

__ VDD 

I CLOCK ~ I WRrrE I RAS GENERATOR -'1 --VCC 

I NO.1 I CLOCKS --vss 
1 --VBB 

I MULTIPLEXED I 
CLOCK 

l DATA DATA IN 
GENERATOR IN 

I BUFFER 

~ CLOCK I 

~ DATA t==.- DATA OUT I 
GENERATOR I 

CAS NO.2 OUT 

I LATCH BUFFER 

RELEASE 

DUMMY CELLS 
A6 

., ! MEMORY ARRAY 
"-•• MUX 

"- I 
ADDRESS ROW ~~ I 

10F2 

A3 INPUT DECODER 128 SENSE-REFRESH AMPS t-- DATA 

BUFFERS r---- r-V 1:128 LINES I BUS 

I SELECT '2 (7) DATA 

I MEMORY ARRAY 

INIOUT '--y---

" 
AD 

DUMMY CELLS 

r=- t-dW:lh-

vi ~ MUX 
COLUMN DECODERS 

SWITCH 
.... , 1 OF 64 ... .. 

MaS-ISO 

ORDERING INFORMATION 

Ambient Package Access Time 

Temperature Type 300ns 250ns 2oon. 150n. 

Hermetic DIP AM9016CDC AM9016DDC AM9016EDC AM9016FDC 
O°C .. TA .. +70°C 

MOlded DIP AM9016CPC AM9016DPC AM9016EPC AM9016FPC 
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Am9018 

CONNECTION DIAGRAM 

VBB VSS 

DO CAS AO-AS ADDRESS INPUTS 
CAs COLUMN ADDRESS STROBE 

WE DO DI DATA IN 

RAS AS DO DATA OUT 
RAS ROW ADDRESS STROBE 

AD A3 
VDD POWER (+12V) 

A2 AA vee POWER (+5V) 

AI AS 
VSS GROUND 
VBB POWER (-5V) 

VDD vee WE WRITE ENABLE 

Top View 
Pin 1 is marked for orientation. 

MOS·181 

MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature 

Ambient Temperature Under Bias O°C to +70°C 

Voltage on Any Pin Relative to VBB -O.5V to +20V 

VDD and VCC Supply Voltages with Respect to VSS -1.0V to +15.0V 

VBB - VSS (VDD - VSS > OV) OV 

Power Dissipation 1.0W 

Short Circuit Output Current 50mA 

The products described by this specification include intemal circuitry designed to protect input devices from damaging accumulation of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling, and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 

Ambient Temperatura VDD VCC vss vee 

ELECTRICAL CHARACTERISTICS over operating range (Notes I, 11) 
Am9016X 

Parameters Description Test Conditions Min. Typ. Max. Units 

VOH Output HIGH Voltage IOH = -5.0mA 2.4 VCC Volts 

VOL Output LOW yo~age IOL = 4.2mA VSS 0.40 Vo~ 

VIH Input HIGH VoHage for Address, Data In 2.4 7.0 Volts 

VIHC Input HIGH VoHage for CAS, BAS, WE 2.7 7.0 VoHs 

VIL Input LOW VoHage -1.0 0.80 Vo~s 

IIX Input Load Current VSS,,;VI,,;7V -10 10 jJ.A 

IOZ Output Leakage Current VSS ,,; VO ,,; VCC, Output OFF -10 10 jJ.A 

ICC VCC Supply Current Output OFF (Note 4) -10 10 jJ.A 

IBB VBB Supply Clirrent, Average 
Standby, RAS .. VIHC 100 

Operating. Minimum Cycle Time 200 
jJ.A 

Operating 1001 
RAS Cycling, CAS Cycling, 

35 
Minimum Cycle Times 

Page Mode 1004 
RAS ,,; VIL, CAS Cycling, 

27 
100 VOO Supply Current, Average Minimum Cycle Times mA 

RAS Only 
1003 

RAS Cycling, CAS .. VIHC, 
27 

Refresh Minimum Cycle Times 

Standby 1002 RAS .. VIHC 1.5 

CI Input Capecitance 
RAS, CAS, WE Inputs at OV, f = lMHz, 10 

Address, Data In Nominal Supply Vo~ages 5.0 pF 

CO Output Capacitance Output OFF 7.0 
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Am9016 

SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10) 

Am9016C 

Parameters Description Min Max 

tAR RAS LOW to Column Address Hold Time 200 

tASC Column Address Set-up Time -10 

tASR Row Address Set-up Time 0 

tCAC Access Time from CAS (Note 6) 

tCAH CAS LOW to Column Address Hold Time 85 

tCAS CAS Pulse Width 185 

tCP Page Mode CAS Precharge Time 100 

tCRP CAS to RAS Precharge Time -20 

tCSH CAS Hold Time 300 

tCWD CAS LOW to WE LOW Delay (Note 9) 145 

tCWL WE LOW to CAS HIGH Set-up Time 100 

tDH 
CAS LOW or WE LOW to Data In Valid 

85 
Hold Time (Note 7) 

tDHR RAS LOW to Data In Valid Hold Time 200 

tDS 
Data In Stable to CAS LOW or 

0 
WE LOW Set-up Time (Note 7) 

tOFF CAS HIGH to Output OFF Delay 0 

tPC Page Mode Cycle Time 295 

tRAC Access Time from RAS (Note 6) 

tRAH RAS LOW to Row Address Hold Time 45 

tRAS RAS Pulse Width 300 

tRC Random Read or Write Cycle Time 460 

tRCD RAS LOW to CAS LOW Delay (Note 6) 35 

tRCH Read Hold Time 0 

tRCS Read Set-up Time 0 

tREF Refresh Interval 

tRMW Read Modify Write Cycle Time 600 

tRP RAS Precharge Time 150 

tRSH CAS LOW to RAS HIGH Delay 185 

tRWC ReadIWrite Cycle Time 525 

tRWD RAS. LOW to WE LOW Delay (Note 9) 260 

tRWL WE LOW to RAS HIGH Set-up Time 100 

tT Transition Time 3 

tWCH Write Hold Time 85 

tWCR RAS LOW to Write Hold Time 200 

tWCS 
WE LOW to CAS LOW Set-up Time 

-20 
(Note 9) 

tWP Write Pulse Width 85 

NOTES 

1. Typical values are for TA = 25'C, nominal supply vo~ages and 
nominal processing parameters. 

2. Signal transition times are assumed to be 5ns. Transition times are 
measured between specified high and low logic levels. 

3. Timing reference levels for both input and output signals are the 
specified worst-case logic levels. 

4. VCC is used in the output buffer only. ICC will therefore depend only 
on leakage current and output loading. When the output is ON and 
at a logic high level, VCC is connected to the Data Out pin through 
an equivalent resistance of approximately 1350. In standby mode 
VCC may be reduced to zero without affecting stored data or refresh 
operations. 

5. Output loading i~o standard TTL loads plus l00pF capacitance. 
6. Both RAS and CAS must be low to read data. Access timing will 

depend on the relative position:; of their falling edges. When tRCD is 
less than the maximum value shown, access time depends on RAS 
and tRAC governs. When tRCD is more than the maximum value 
shown access time. depends onCAS and tCAC.governs. The 

185 

10,000 

60 

300 

10,000 

115 

2 

50 

4-33 

Am9016D Am9016E Am9016F 

Min Max Mi M n ax MI M n ax U· mts 

160 120 95 ns 

-10 -10 10 ns 

0 0 0 ns 

165 135 100 ns 

75 55 45 ns 

165 10,000 135 10,000 100 10,000 ns 

100 80 60 ns 

-20 -20 20 ns 

250 200 150 ns 

125 95 70 ns 

85 70 50 ns 

-rI 75 55 45 ns 

160 120 95 ns --.-. 
0 0 0 ns 

0 60 0 50 0 40 ns 

275 225 170 ns 

250 200 150 ns 

35 25 20 ns 

250 10,000 200 10,000 150 10,000 ns 

410 375 320 ns 

35 85 25 65 20 50 ns 

0 0 0 ns 

0 0 0 ns 

2 2 2 ms 

500 405 320 ns 

150 120 100 ns 

165 135 100 ns 

425 375 320 ns 

210 160 120 ns 

85 70 50 ns 

3 50 3 50 3 35 ns 

75 55 45 ns 

160 120 95 ns 

-20 -20 -20 ns 

75 55 45 ns 

maximum value listed for tRCD is shown for reference purposes 
only and does not restrict operation of the part. 

7. Timing reference points for data input set-up and hold times will 
depend on what type of write cycle is being performed and will be 
the later falling edge of CAS or WE. 

8. At least eight initialization cycles that exercise RAS should be per
formed after power-up and before valid operations are begun. 

9. The tWCS, tRWD and !CWO parameters are shown for reference 
purposes only and do not restrict the operating flexibility of the part. 
When the falling edge of WE follows the falling edge of CAS by at 
most tWCS, the data output buffer will remain off for the whole cycle 
and an "early write" cycle is defined. When the falling edge of WE 
follows the falling edges of RAS and CAS by at least tRWD and 
tCWD respectively, the Data Out from the addressed cell will be 
valid at the access time and a "read/write" cycle is defined. The 
falling edge of WE may also occur at ·intermediate positions, but the 
condition and validity of the Data Out signal will not be known. 

10. Switching characteristics are listed in alphabetical order. 
11. All vo~ages referenced to VSS. 



Am9016 

ADDRESS 

DO 

.... R---j-- r-tRAH.1 

~ ROW ADDRESS 

tRCO 

SWITCHING WAVEFORMS 

READ CYCtE 

,RC 
'RAS 

"'R 

I I tRSH .csH I "'AS 
1\ 

-:-j 
~u:AH_ 

COLUMN ADDR£SS 

r--:-'RCS---l 

!L'R'-
L 

J 
I----"'R.-

,'I. 

tRCH--j 
I 

'OO'VVVY' --TV .cAC 
'RAC tOFF_ 9Ic--VALID~DATA f. 

WRITE CYCLE (EARLY WRITE) 

"C 
'RAS 

'-'R 

L'R'-
I\-

tRCO I I lASH 

""H I , 
"'AS 

\ 1-.... R-t--- I--'RAH1 WlC '----!-- -""H- -"'R'_ 

AOORESS ~ ROW ADDRESS COLUMN ADDRESS 

--'--1 ~_H~ 
'1" 

MeR I I 
tRWL 

I 
DO INPUT STABLE 

(OFF) 
"''±IR I----"'H----I 

DO 

READ·WRITE/READ·MODIFY·WRITE CYCLE 

tRMW 

'RAS 

C >A. I\-
~'RCD---I 'RSH 0 U:SH I-+"'R.-1 "'AS 

i\ 1I 
WlR--j-- ~'RAHI WIC-j- I-""H-

ADDRESS ~ ROW 
~ COLUMN 

ADDRESS ADDRESS 

i-'RCS-j 
,RWD I---.,.,L-

.cwo tRWl 

1\ I _u:AC_ 
1--"",--1 tRAe U)FF 

DO OUl'PUTVALlD 
1\ 
-¥-

,os-l I-'DH 

r- '-Dl~INP\JTSTA.LE 
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Am9016 

SWITCHING WAVEFORMS (Cont.) 

RAS ONLY REFRESH CYCLE 

.Re 
tRAS 

r\ 
L'R'_\ 

eVIHJ 

.ASR- ___ tRAH 

'DDRESS~ ROW ADDRESS 

DO __ ~I~OF~F~I ______________________________________________________________ _ 

MaS-115 

PAGE MODE CYCLE 

.RAS 

~B-
~tAR 

\ 

.eSH' , .PC d , tRSH 

-.ReD-f- I s--i r-""-
'~ 

_ tCAS 

~ \. - ~ - r- tRAH - -tCAH 

.AS"---r- -T-
ADDRESS ~ ROW ~ COLUMN :/ COLUMN \. ~n/ COLUMN 

ADDRESS ADDRESS ADDRESS ./ '\. ADDRESS 

.1.1--""e- i--r- tOFF I--""e- I-- tOFF 
tRAC 

-~ 

DO 

tWCR :-:r:-:: <weH 
'ReH:r-, 

tRCS -----i- .ReH--1 r- -;--p-_ •• VP 

~~ 
tRWL 

r'DS
-

-<OH-'--
INPUT STABLE 

<OHR 
1oIOS-1116 
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APPLICATION INFORMATION 

The Am9016 electrical connections are such that if power is 
applied with the device installed upside down it will be perma
nently damaged. Precautions should be taken to avoid this 
mishap. 

OPERATING CYCLES 

Random read operations from any location hold the ~ line 
high and follow th is sequence of events: 
n The row address is applied to the address inputs and RAS is 

switched low. . 
2) After the row address hold time has elapsed, the column 

address is applied to the address inputs and CAS is switched 
low. 

3) Following the access time, the output will turn on and valid 
read data will be present. The data will remain valid as long 
as CAS is low. 

4) CAS and RAS are then switched high to end the operation. 
A new cycle cannot begin until the precharge period has 
elapsed. 

Random write operations follow the same sequence of events, 
except that the WE line is low for some portion of the cycle .. If 
the data to be written is available early in the cycle, it will 
usually be convenient to simply have WE low for the whole 
write operation. 

Sequential Read and Write operations at the same location can 
be designed to save time because re-addressing is not necessary_ 
A read/write cycle holds WE high until a vali.d read is established 
and then strobes new data in with the falling edge of WE, 

After the power is first applied to the device, the internal cir
cuit requires execution of at least eight initialization cycles 
which exercise RAS betore valid memory accesses are begun. 

ADDRESSING 

14 address bits are required to select one location out of the 
16,384 cells in the memory_ Two groups of 7 bits each are 
multiplexed onto the 7 address lines and latched into the 
internal address registers. Two negative-going ex.ternal clocks 
are used to control the multiplexing. The Row Address Strobe 
(RAS) enters the fOW address bits and the Column Address 
Strobe (CAS) enters the column address bits. 

When "RAS is inactive, the memory enters its low power·.stand
by mode. Once the row address. has been latched, it need not 
be changed for successive operations within the same row, 
allowi l1g high-speed page-mode operations. 

Page-mode operations first establish the row address and then 
maintain RAS low while CAS is repetitively cycled and desig
nated operations are performed. Any column address within 
the selected row may be accessed in any sequence. The maxi
mum time that RAS can .remain low is the factor limiting the 
number of page-mode operations that can be performed. 

Multiplexed addressing does not introduce extra delays in the 
access path. Sy inserting the row addr~ss first and the column 
address second, the memory takes advantage of the fact that 
the delay path through the memory is shorter for column·· 
addresses. The column address does not propagate through the 
cell matrix as the row address does and it can therefore arrive. 
somewhat later than the row address without impacting the 
access time. . 

REFRESH 

The Am9016 is a dynamic memory and each cell must be re
freshed at least once every refresh interval in order to maintain 
the cell contents. Any operation that accesses a row serves to 
refresh all 128 cells in the row. Thus the refresh requirement 
is met by accessing all 128 rows at least once every refresh 
interval. This may be accomplished, in some applications, in. 
the course ·of performing normal operations. Alternatively,· 
special refresh operations may be initiated. These special 
operations could be simply additional conventional accesses or 
they could be "RAS-only" cycles. Since only the rows need to 
be addressed, CAS maybe held high while RAS is cycled and 
the appropriate row addresses are input. Power required for 
refreshing is minim ized and simplified control circuitry will 
often be possible. 

DATA INPUT/OUTPUT 

Data is written into a selected cell by the combination of WE 
and CAS while RAS is low. The later negative transition of WE 
or CAS strobes the data into the internal register. In a write 
cycle, if the WE input is brought low prior to CAS, the data is 
strobed by CAS, and the set-up and hold times an~ referenced 
to CAS. If the cycle is a read/write cycle then the data set-up 
and hold times are referenced to the negative edge of~. 

In the read cycle the data is read by maintaining WE in the 
high state throughout the portion of the memory cycle in 
which CAS is low. The selected valid data will appear at the 
output within the specified access time. 

DATA OUTPUT CONTROL 

Any time CAS is high the data output will be off. The output 
contains either one or zero during read cycle after the access 
time has elapsed. Data remains valid from the access time until 
CAS is returned to the high state. The output data is the same 
polarity as the input data. 

The user can control the output state during write operations 
by controlling the placement of the WE signal. In the "early 
write" cycle (see note 9) the output is at a high impedance 
state throughout the entire cycle. 

POWER CONSIDERATIONS 

RAS and/or CAS can be decoded and used as a chip select 
signal for the Am9016 but overall system power isminlmized 
if RAS is used for this purpose. The devices which do not 
receive RAS will be in low power standby mode regardless 
of the state of CAS. 

At all times the Absolute Maximum Rating Conditions must 
be observed. During power supply sequencing vas should 
never be more positive than VSS when power is applied to VDD. 
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TYPICAL CHARACTERISTICS (Cont.) 

Input Voltage Levels Input VOltage Levels Input Voltage Levels 
Versus VOO Versua \tOO Versus VBB 

3.0 3.0 3.0 
Te = 23'C Te = 23"(: Te =; 23'C 
VBB = -5V III vas = -5V v!lO = 12V 

III 2.5 !:l 2.5 III 2.5 !:l 
YillclMIN) 

!:l 
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0 g g > - ---I 2.0 I 2.0 
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Column Decode Transition 
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A 1 every 16 columns 
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Am9016 
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TOPOLOGICAL BIT MAP 
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Data Array Right 

Row Decode Transition 

AO every 64 rows 
Al every 16 rows 
A2 every 32 rows 
A3 every 8 rows 
A4 every 4 rows 
A5 every Brows 
A6 every 8 rows 
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Am9044 • Am9244 
4096 x 1 Static R/W Random Access Memory 

DISTINCTIVE CHARACTERISTICS 

• LOW OPERATING POWER (MAX) 
Am9044/Am9244 385mW (~OmA) 
Am90L44/Am92L44 275mW (50mA) 

• LOW STANDBY POWER (MAX) 
Am92L44 110mW (20mA) 

• Access times down to 200ns (max) 
• Military temperature range available to 250ns (max) 
• Am9044 is a direct plug-in replacement for 4044 
• Am9244 pin and function compatible with Am9044 and 

4044 plus CS power down feature 
• Fully static - no clocking 
• Identical access and cycle time 
• High output drive -

4.0mA sink current @ O.4V 
• TTL identical interface logic levels 
• 100% MIL-STD-883 reliability assurance testing 

BLOCK DIAGRAM 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

_11_ vee 

-2- GNO 

WE~I~~~r-------------------~ 

GENERAL DESCRIPTION 

The Am9044 and Am9244 are high performance, static, N
Channel, read/write, random access memories organized as 
4096 x 1. Operation is from a single 5V suppiy, and all input! 
output levels are identical to standard TTL speCifications. Low 
power versions of both devices are available with power sav
ings of about 30%. The Am9044 and Am9244 are the same 
except that the Am9244 offers an automatic CS power down 
feature. 

The Am9244 remains in a low power standby mode as long 
as CS remains high, thus reducing its power requirements. 
The Am9244 power decreases from 385mW to f65mW in the 
standby mode, and the Am92L44 from 275mW to 11 OmW. The 
~ input does not affect the power dissipation of the Am9044. 

Data readout is not destructive and the same polarity as data 
input. CS provides for easy selection of an' individual package 
when the outputs are OR-tied. The outputs of 4.0mA for 
Am9244 and Am9044 provide increased short circuit current for 
improved compacitive drive. 

CONNECTION DIAGRAM 

ADDRESS 0 vee 

ADDRESS 1 ADDRESSB 

AOORESS2 ADDRESS 7 

ADDRESS 3 ADDRESS 1 

ADDRESS 4 ADORESSS 

ADDRESS 5 ADDRESS 10 

DATA OUT ADDRESS 11 

WRneENABLE DATA IN 

GND(VSS) CiiiPSELECf 

Top View 
Pin 1 is marked for oriBntation. 

ORDERING INFORMATION 

Acceu TiInH-
ICC 

AmIID44 Am8244 Ambient ...... CUrrent 
T .... pend\I .. Type Lfiel 4IOns 300ne 2IICIna IGOnII 4&Ona 3CIOna 2IiOna 200M 

70mA AM9044IIPC AM9044CPC _DPC AM8044EPC _BPC AM9244CPC AM9244DPC AM9244EPC 
PIaattc 

AM8OIA4IIPC AM8OI.44CPC AM9OLA4DPC AM9I!L44BPC AM92L44CPC AM92LA4DPC O'C" TA .. +7Il'C 
50mA 

70mA AM9044BDC AM9044CDC _DOC AM9044EDC _BDC _CDC AM9244DDC AM9244EDC 
HormeIIc 

AM9OLA4BDC AM9OLA4COC AM9OLA4DDC AM9I!L44BDC AM92LA4CDC AM92LA4DDC SOmA 

SOmA AM9044BDM AM9044CDM AM8044DDM AM9244BDM AM9244CDM AM9i244DDM 
-5rC '" TA C +12tr'C Hennotic 

AM9OI.A4COM AM92L44BDM AM92L44CDM 50mA AM8OL44BOM 
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Am9044 • Am9244 

MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65°C to +150°C 

Ambient Temperature Under Bias -55°C to +125°C 

VCC with Respect to VSS -0.5V to + 7.0V 

All Signal Voltages with Respect to VSS -0.5V to + 7.0V 

Power Dissipation (Package limitation) 1.0W 

DC Output Current 10mA 

The products described by this specification include internal circUitry designed to protect input devices from damaging accumulations 
of static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 

OPERATING RANGE 

Part Number Ambient Temperature vss vee 
Am9044DC/PC 
Am90L44DC/PC 

O°C "" TA "" +70°C OV +5.0V ±10% . 
Am9244DC/PC 
Am92L44DC/PC 

ELECTRICAL CHARACTERISTICS over operating range 

Parameter Description Test Conditions 

Part Number 

Am9044DM 
Am90L44DM 
Am9244DM 
Am92L44DM 

Ambient Temperature VSS vee 

-55°C"" TA "" +125°C OV +5.0V ±10% 

Am9244XX 
Am92L44XX 

Am9044XX 
Am90L44XX 

Min. Typ. Max. Min. Typ. Max. Units 

VOH= 2.4V I VCC = 4.5V 170°C -1.0 -1.0 
10H Output High Current mA 

VOH=2.4V I VCC = 4.5V I 125°C -.4 -.4 

10L Output Low Current VOL=O.4V 
I TA=+70°C 4.0 4.0 

mA I TA=+125°C 3.2 3.2 

VIH Input High Voltage 2.0 VCC 2.0 VCC Volts 

VIL Input Low VoHage -0.5 0.8 -0.5 0.8 VoHs 

IIX Input Load Current VSS"" VI "" VCC 10 10 ,.A 

10Z Output Leakage Current 
O.4V""VO""VCC I TA=+125°C -50 50 -50 50 

,.A 
Output Disabled J TA=+70°C -10 10 -10 10 

CI Input Capacitance (Note 1) Test Frequency = 1.0MHz 

CliO 1/0 Capacitance (Note 1) T A = 25°C, All pins at OV 

ELECTRICAL CHARACTERISTICS over operating range 

Parameter Description Test Conditions 

ICC 
VCC Operating Max. VCC CS "" VIL TA = O°C 

Supply Current for Am9244192L44 TA=-55°C 

IPD Automatic CS Power Max. Vee TA =O°C 

Down Current (CS"VIH) TA = -55°C 

Notes: 

1. Typical values are for T A = 25°C, nominal supply voltage 
and nominal processing parameters. 

2. For test purposes, not more than one output at a time 
should be shorted. Short circuit test duration should not 
exceed 30 seconds, 

3. Test conditions assume signal transition times of 10ns or 
less, timing reference levels of 1.5V and output loading of 
one standard TTL gate pluS·100pF. 

4-41 

3.0 5.0 3.0 5.0 
pF 

5.0 6.0 5.0 6.0 

Am92L44 Am9244 Am90L44 Am9044 

Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units 

50 70 50 70 

60 80 60 80 
mA 

20 30 - -
mA 

22 33 - -

4. The internal write time of the memory is defined by the 
overlap of CS low and WE low. Both signals must be iow 
to initiate a write and either Signal can terminate a write by 
going high. The data input setup and hold timing should be 
referenced to the rising edge of the signal that terminates 
the write. 

5. Chip Select access time (teo) is longer for the Am9244 
than for the Am9044. The specified address access time 
will be valid only when Chip Select is low soon enough for . 
teo to elapse. 



Am9044 • Am9244 

SWITCHING CHARACTERISTICS over operating range (Note 3) 

Am9044B 
Am9244B 

Am9044C 
Am9244C 

Am9044D 
Am9244D 

Am9044E 
Am9244E 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Units 

Read Cycle 

tRC Address Valid to Address Do Not Care TIme 
450 300 250 200 (Read CyCle Time) . 

tA 
Address Valid to Data Out Valid Delay 

450 300 250 200 (Address Access Time) 

ICO 
I Am9044 100 100 70 70 

Chip Select Low to Data Out Valid (Note 5) I 
Am9244 450 300 250 200 ns 

tCX Chip Select Low to Data Out On 20 20 20 20 

tOTO Chip Select High to Data Out Off 100 80 60 60 

tOHA Address Unknown to Data Out Unknown Time 20 20 20 20 

Write Cycle 

!WC 
Address Valid to Address Do Not Care Time 

450 300 250 200 (Write Cycle Time) 

Write Enable Low to I Am9044 200 150 100 100 
rN 

write Enable High Time (Note 4) I Am9244 250 200 150 150 

tWR Write Enable High to Address Do Not Care Time 0 0 0 0 

tOTW Write Enable Low to Data Out Off Delay . 100 80 60 60 

tOW Data In Valid to Write Enable High Time 200 150 100 100 

tDH Write Enable Low to Data In Do Not Care Time 0 0 0 0 ns 

tAW Address Valid to Write Enable Low Time 0 0 0 0 

tPD Chip Select High to Power Low Delay (Am9244 only) 200 150 100 100 

tPU Chip Select Low to Power High Delay (Am9244 only) 0 0 0 0 

Chip Select Low to Write Enable High Time I Am9044 200 150 100 100 
ICW (Note 4) I Am9244 250 200 150 150 

tWO Write Enable High To Output Turn On 100 100 70 70 

SWITCHING WAVEFORMS 
I---READ CYCLE-----l \---READ C;YCLE-----l ~ WRITE CYCLE-----l 
I IRC I I IRC I I twe I 

POWER DOWN WAVEFORM (Am9244 ONLy) 

CHIP ~ f 
~ tPU-l1'----tPD~ 

ICC f L 
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Am9044 • Am9244 

TYPICAL CHARACTERISTICS 

Typical ICC 
Versus VCC Characteristics 

1.50 

1.25 
(J 

2 100 
~ . i 0.75 

i 0.50 

TA - 25'C 

-/ ~ 
Am9044 AND Am9244 

(Aii-
-

I ,/ "-
/l N-0.25 

Il o 
o 

Aj92i CSTiND tv) 

1.4 

1.3 

i 1.2 

" III 
!:I 1.1 .... 
C 
::t 
II: 1.0 
i 

'0.9 

0.8 

2 3 4 

VCC 

7 

Normalized tacc 
Versus Ambient Temperature 

VCC ~ 5.0V 

~m9044 AND Am9244 / 
/ 

.,., 

./ 
.-/ 

/ 

Typical tace 
Versus VCC Characteristics 

1.2 
TA - 25'C 

1\ 

0.8 
4.0 

~ 
Am9044 AND Am9244 

4.5 5.0 
VCC 

5.5 

,/ 

6.0 

1.3 

Typical C Load Versus 
Normalized tace Characteristics 
1.15 

TA = 25'C 

1.10 

i 
" 1.05 

~ 
:Ii 1.00 

./ 
V 

/ ...... 
IL Am9044 AND Am9244 

IS 
z 0.95 

200 300 

CAPACITANCE LOAD - pF 

Normalized ICC 
Versus Ambient Temperature 

VCC ~ 5.0V 

400 

..,.,.. 
1.2 

CJ 
2 

............ 
1.1 

" ~ 1.0 .... 
:Ii 
II: 0.9 0 z 

0.8 

........ I'..... Am9044 AND Am9244 

............. .......... 
............. r--...... 

0.7 
-55 -25 0 25 50 70 100 125 -55 -25 0 25 50 70 100 125 

TA - AMBIENT TEMPERATURE - 'C TA - AMBIENT TEMPERATURE _·C 

BITMAP 

Ao 3 r---- 18 A., 

Address Designators As 4 15 As 

External Internal 
AO A2 
Al Al 
A2 AO 
A3 AB 
A4 A9 
A5 Al0 
A6 A3 
A7 A4 
AS A5 
A9 A7 
Al0 A6 
All All 

Ag 5 14 A7 

A,. e 
DD 7 13 Ag 
WE 8 12 A" 
Vss 9 11 DI 

Figure 1. Bit Mappiilg Information. 
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Am9114 • Am9124 
1024 x 4 Static R/W Random Access Memory 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• LOW OPERATING POWER (MAX) The Arn9114 arid Am9124 are high performance, static, N-
Arn91241Arn9114 368rnW (7OmA) Channel, read/write, random access memorjes organized as 
Arn91 L24/Am91 L 14 262mW (SOmA) 1024 x 4. Operation is from a single 5V supply, and all input/ 

• LOW STANDBY POWER (MAX) output level\> are identical to standard TTL specifications. Low 
Am9124 158mW (3OmA) power versions of both devices are available with power 
Am91L24 10SmW (20mA) savings of over 30%. The Am9114 and Am9.124 are the same 

• Access times down to 200ns (max) except that the Am9124 offers an automatic CS power down 
• Military temperature range available to 300ns (max) feature. 
• Am9114 is a direct plug-in replacement for 2114 The Am9124 remains in a low power standby mode as long as 
• Am9124 pin and function compatible with Am9114 and 2114, CS remains high, thus reducing its power requirements. The 

plus CS power down feature Am9124 power decreases from 368mW to 158mW in the 
• Fully static - no clocking standby mode, and the Am91 L24 from 262mW to 105mW. The 
• Identical access and cycle time CS input does not affect the pOwer dissipation of the Am9114. 
• High output drive - (See Figure 1, page 4). 

4.0mA sink current @ O.4V - 9124 
3.2mA sink current @ O.4V - 9114 Data readout is not destructive and the same polarity as data 

• TTL identical input/output levels input. CS provides fOr easy selection of an individual package 

• 100% MIL-STD-883 reliability assurance testing when the outputs are OR-tied. The outputs of 4.0mA for 
Am9124 and 3.2mA for Am9114 provides increased short cir-
cuit current for improved capacitive drive. 

BLOCK DIAGRAM CONNECTION DIAGRAM 

-A3_ 
ADDRESS 

STORAJ MATRIX .. - BUFfERS 

ADDRESS 8 [~ P vee AS_ r--A6- ADDReSS I [ 2 17 P ADDRESS7 

07 --'- ROW 
64x16 64x18 64x1' 84.,8 

ADDRESS4 [ 3 16 P ADDRESS 8 
A8_ t;tECODERS 

~240NLY) I I I I 
ADDRESS 3 [ . ,. PADDRESSI 

AODR£SSO [ 
AmI,,4 P INPUTIOUTPUT 1 5 Amt124 14 

AO - ADDRESS 
ADDRESS 1 [ 8 13 P INPUT/OUTPUT 2 

., - BUFFERS H 
SENSE AMPlIFIERS 

A2 - COLUMN ADDRESS 2 [ "7 12 P INPUT/OUfPUT 3 
AI _ DECODERS 

I I l I I I ClIP SELECt ~ 8 11 P INPUTIQU1'PUT 4 

I (Am9124 ONlY) J_ 
I 

OND(ysS) [ • 10P~ 
cs 

I DATA BUfFERS 
WE 

I 
vcc--

1. 1 1 1 Top View 
vss-_ Pin 1 Is marked for orientation. 

\ MOS·oee MOS-067 

ORDERING INFORMATION 

Ac:cesa TImes 

ICC. Am9124 

Ambient Package Current Am9114 (Power Down Option) 

Temperature Type Level 450n. 300n. 2OOi1. 45On. 300n. 200n. 

70mA 
Plastic 

Am9114BPC Am9114CPC Am9114EPC Am9124BPC Am9124CPC Am9124EPC 

SOmA Am91L14BPC Am91L14CPC Am91L24BPC Am91L24CPC 
O"C .. TA .. 70"C 

70mA Am9114BDC Am9114CDC Am9114EDC Am9124BDC Am9124CDC Am9124EDC 
Hermetic 

Am91L14BOC SOmA . Am91L14CDC Am91L24BDC Am91L24CDC 

SOmA Am9114BDM Am9114CDM Am9124BDM Am9124CDM 
-55"C" TA .. +125°C Hermetic 

SOmA Am91L14BDM Am91L14CDM Am91L24BDM Am91L24CDM 



Am9114· Am9124 
MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65°C to + 150"C 

Ambient Temperature Under Bias -55°C to + 125°C 

Vee with Respect to Vss -0.5V to +7.0V 

All Signal Voltages with Respect to Vss -0.5Vto +7.0V 

Power Dissipation (Package Limitation) 1.0W 

DC Output Current 10mA 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 

OPERATING RANGE 
Part Number Ambient Temperature Vss VCC Part Number Ambient Temperature Vss Vec 

Am9114DC/PC 
Am91 L 14DC/PC 

0"C '" TA '" +70·C OV +S.OV ± S% 
Am9124DC/PC 
Am91 L24DC/PC 

ELECTRICAL CHARACTERISTICS over operating range 

Am9114DM 
Am91L14DM 
Am9124DM 
Am91L24DM 

-SS·C", TA '" +12S·C 

Am9124XX 
Am91L24XX 

OV +S.OV ± 10% 

Am9114XX 
Am91L14XX 

Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 

VOH = 2.4V Vee = 4.7SV -1.4 -1.0 
10H Output High Current mA 

VOH = 2.2V Vee = 4.SV -1.0 -1.0 

TA =' +70·C 4.0 3.2 
10L Output Low Current VOL = 0.4V mA 

TA = +12S·C 3.2 2.4 

VIH Input High Voltage 2.0 Vee 2.0 Vee Volts 

VIL Input Low VoHage -O.S O.B -O.S O.B Volts 

Ilx Input Load Current Vss'" VI '" Vee 10 10 p.A 

O.4V'" Vo '" Vee TA = +12S·C -so so -so so 
loz Output Leakage Current p.A 

Output Disabled TA = +70"C -10 10 -10 10 

O·Cto +70·C 9S 7S 
rnA los Output Short Circuit Current (Note 2) 

- SS·C to + 12S·C 11S 7S 

CI Input Capacitance (Note 1) Test Frequency = 1.0MHz 

CliO 1/0 Capacitance (Note 1) TA = 2S·C, All pins at OV 

ELECTRICAL CHARACTERISTICS over operating range 

Parameter Description Test Conditions 

Vee Operating Max. Vee, cs ",VIL 
TA = 2S0C 

Icc Supply Current for Am9124/91L24 
TA = o·C 

TAP -SS·C 

Automatic CS Power Max. Vee 
TA = 2S·C 

Ipo 
Down Current (CS~VIH) 

TA = O·C 

TA = -SS·C 

Notes: 

1. Typical values are for T A = 25°C, nominal supply voltage 
and nominal processing parameters. 

2. For test purposes, not more than one output at a time 
should be shorted. Short circuit test duration should not ex
ceed 30 seconds. 

3. Test conditions assume signal transition times of 10ns or 
less, timing reference levels of 1.5V and output loading of 
one standard TTL gate plus 100pF. 
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3.0 S.O 3.0 S.O 

S.O 6.0 S.O 6.0 
pF 

Am91L24 Am9124 Am91L14 Am9114 

Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units 

40 60 40 60 

SO 70 SO 70 mA 

60 60 60 80 

1S 24 - -
20 30 - - mA 

22 33 - -

4. The internal write time cif the memory is defined by the 
overlap of CS low and WE low. Both Signals must be low to 
initiate a write and either signal can terminate a write by 
going high. The data input setup and hold timing should be 
referenced to the rising edge of the signal that terminates 
the write. 

5. Chip Select access time (teo) is longer for the Am9124 than 
for the Am9114. The specified address access time will be 
valid only when Chip Select is low soon enough for teo to 
elapse. 



Am9114 • Am9124 

SWITCHING CHARACTERISTICS over operating range (Note 3) Am9114B 
Am9124B 

Am9114C 
Am9124C 

Am9114E 
Am9124E 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

Read Cycle 

IRC 

IA 

ICO 

ICX 

tOTO 

tOHA 

Write Cycle 

IWC 

IW 

tWR 

tOTW 

lOW 

IDH 

lAW 

IPD 

IPU 

ICW 

Address Valid 10 Address Do Not Care Time (Read Cycle Time) 450 300 

Address Valid to Data Out Valid Delay (Address Access Time) 450 300 

I Am9114 120 100 
Chip Select Low to Data Oul Valid (Note 5) I Am9124 420 280 

Chip Select Low to Data Oul On 20 20 

Chip Select High to Data Oul Off 100 80 

Address Unknown to Data Out Unknown Time 50 50 

Address Valid to Address Do Not Care Time (Write Cycle Time) 450 300 

I Am9114 200 150 
Write Enable Low to Write Enable High Time (Note 4) I 

Am9124 250 200 

Write Enable High 10 Address Do Nol Care Time 0 0 

Write Enable Low 10 Data Out Off Delay 100 80 

Data In Valid to Wrile Enable High Time 200 150 

Write Enable Low 10 Data In Do Nol Care Time 0 0 

Address Valid 10 Write Enable Low Time 0 0 

Chip Select High 10 Power Low Delay (Am9124 only) 200 150 

Chip Select Low to Power High Delay (Am9124 only) O· 0 

I Am9114 200 150 
Chip Select Low to Write Enable High Time (Note 4) I Am9124 250 200 

SWITCHING WAVEFORMS 

READ CYCLE READ CYCLE WRITE CYCLE 

1-1 ---tRe----I·1 1 tAe 1 1-1 ---tWC----I1 

DATA 
00 

POWER DOWN WAVEFORM (Am9124 ONLy) 

CHIP ~ f. 
.ELECT 'PU II--I---'P-D~ 

ICC f L 
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200 

200 

70 

185 ns 

20 

80 

50 

200 

120 

150 

0 

80 

120 
ns 

0 

0 

100 

0 

120 

150 
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Am9114 • Am9124 

TYPICAL CHARACTERISTICS 

Typical ICC Typical tacc 
Versus VCC Characteristics Versus VCC Characteristics 

Typical C Load Versus 
Normalized tacc Characteristics 

1.50 1.2 
TA ~ 25"C TA = 2aoc 

1.25 

--II Am~ AND Am9124 
-

1.00 
j 1.1 I\. 

....... 
0.75 

(TIVi- I " Am9114 AND Am9124 
J /' r-.. 

it ~ 0.9 
0.50 

0.25 , 
o o 

Aj912j (STjND IBY) 

0.8 
4.0 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

4 

VCC 

7 

Normalized tace 
Versus Ambient Temperature 

VCC ~ 5.DV 

Am9114 AND Am9124 V 
/"" i-"" 

./ 
./' 

/" 

/" 

-55 -25 0 25 50 70 100 125 

TA - AMBIENT TEMPERATURE - 'C 

Worst Case Current 
(mAatO°C) 

Part 100% 50% 

4.5 5.0 

VCC 

5.5 

V 

6.0 

1.3 

1.15 
TA = 25"C I 

1.10 I ~ 

j 
Q 1.05 

~ 
i 1.00 
a: 

i 0.95 

Am9114 ~ 
~ 

~ P" Am9124 

~ 

200 300 

CAPACITANCE LOAD - pF 

Normalized ICC 
Versus Ambient Temperature 

VCC = 5.0V 

400 

, .............. !-.... 
........ 

1.2 

1. 
~m9114 AND Am9124 

.............. r--..... 
.............. r---.... 

1.0 

0.9 

0.8 

0.7 
-55 -25 D 25 50 70 100 125 

TA - AMBIENT TEMPERATURE - 'C 

BIT MAP 

Configuration Number Duty Cycle Duty Cycle 

9114' 280 280 
91L14 200 200 

2Kx8 Address Designators 

9124 200 160 External Internal 

91L24 140 110 AO A9 
At N3 

9114 840 840 
91L14 800 800 

4Kx12 
9124 480 420 
91L24 330 285 

A2 A7 
A3 AO 
A4 At 
AS A2 
AS A3 
A7 A4 
A8 AS 

9114 2240 2240 A9 A6 

91L14 1800 1600 
8Kx 16 

9124 1120 1040 

91L24 760 700 

Figure 1. Supply Current Advantages of Am9124. Figure 2. Bit Mapping Information. 
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Am9218/8316E 
2048 x 8 ~ead Only Memory 

DISTtNCTIVE CHARACTERISTICS 

• 2048 x8 organization 
• Plug-in replacement for 8316E 
• Access times as fast as 350 ns 
• Fully capacitive inputs - simplified driving 
• 3 fully programmable Chip Selects - increased flexibility 
• Logic voltage levels compatible with TTL 
• Three-state output buffers - simplified expansion 
• Drives two full TTL loads 
• Single supply voltage - +5.0V 
• Low power dissipation 
• N·channel silicon gate MOS technology 
• 100% MIL·STD-883 reliability assurance testing 

BLOCK DIAGRAM 

Al0 

A9 

AS 
STORAGE 

A7 ROW ARRAY DECODER 128 X 128 
A6 

AS 

A' 

A3 
A2 
AI 
AO 

CSI 

OS2 

C53 

01 02 03 04 OS 06 07 08 

FUNCTIONAL DESCRIPTION 

The Am9218 devices are high performance, 16384-bit, static; 
mask programmed, read only memories. Each memory is 
implemented as 2048 words by 8 bits per word. This organi· 
zationsimplifies the design of small memory systems and 
permits incremental memory sizes as smali as 2048 words. 
The fast access times provided allow the ROM to service high 
performance microcomputer applications without stalling the 
processor. 

Three programmable Chip Select input signals are provided to 
control the output buffers. Each Chip Select polarity may be 
specified by the customer thus allowing the addressing of 8 
memory chips without external gating. The .outputs of un· 
selected chips are turned off and assume a high impedance 
state. This permits wire-ORing with additional Am9218 
devices and other three·state components. 

These memories are fully static and require no clock signals of 
any kind. A selected chip will output data from a location 
specified by whatever address is present on the address input 
lines. Input and output voltage levels are compatible with 
TTL specifications. 

CONNECTION DIAGRAM 

ADDRESS 7 2. VCC(+5.OVI 

ADDRESS 6 23 ADDRESSB 

ADDRESS 5 22 ADDRESS 9 

ADDRESS 4 21 OS3lCS3 

ADDRESS 3 20 OSI/CSf 

ADDRESS 2 
Am9218 

19 ADDRESS 10 

ADDRESS 1 18 CS2/CS2 

ADDRESS 0 17 QUPTUT8 

OUTPUT 1 16 OUTPUT 1 

OU:n»UT2 10 15 OUTPUT 6" 

'OUTPUT 3 11 I. OUTPUTS 

(GNOI vss 12 13 OUTPUT 4 

Top View 

Pin 1 Is marked for orientation. 

ORDERING INFORMATION 

Ambient Temperature AcceuTlme 
Package Type Specifications 450ns 350ns 

Molded O°C .. TA .. 70°C AM9218BPC AM9218CPC P8316E 

Cerdip O°C .. TA .. 70°C AM9218BcC AM9218CCC 

O°C .. TA .. 700C AM9218BDC 
AM9218CDC Side-Brazed C8316E 

Ceramic 
-55°C .. TA .. +125°C AM9218BDM 
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Am9218Ji316E 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -6Soe to +lS0oe 

Ambient Temperature Under Bias -ssoe to +12Soe 

vee with Respect to VSS +7.0V 
=D~e~V~o~lt-a-ge~A~p-p~lie-d~t-o-O~ut-p-u-ts---------------------------------------------------------------O~.S~V~t-o-+~7.·0V 

De Input voltage -O.SV to +7.0V 

Power Dissipation .1.0W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

ELECTRICAL CHARACTERISTICS 
Am92188DC 
Am9218CDC 
C8316A 

Parameters 

VOH 

VOL 

VIH 

VIL 

VCC ~ 5.0V ±5% 

Description 

Output H IG H Voltage 

Output LOW Voltage 

Input HIGH Voltage 

Input LOW Voltage 

9218 

8316E 

9218 

8316E 

Am9218XDC 
Test Conditions Min. Max. 

IOH =-200"A 2.4 

IOH ~ -100"A 
IOL- 3.2mA 0.4 

IOL~2.1mA 

2.0 VCC + 1.0 
':"0.5 0.8 

ILO Output Leakage Current Chip Disabled 10 

III Input leakage Current 

ICC VCC Supply Current 

ELECTRICAL CHARACTERISTICS 
Am921BBDM 

Parameters 

VOH 

VOL 

VIH 

Vil 

IlO 

III 

ICC 

TA ~ -ssoc to +125°C 

VCC ~ 5.0V ±10% 

Description 

Output HIGH Voltage 

Output lOW Voltage 

Input HIGH Voltage. 

Inp·ut LOW Voltage 

Output Leakage. Current 
I nput Leakage Current 

VCC Supply .Current 

Test Conditions 

IOH =' -20ci"A 

IOl = 3.2mA 

Chip Di""bled 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
T A = oDe to +70o C 

10 

70 

C8316E 
Min. Max. 

2.4 

0.4 

2.0 VCC + 1.0 

-0.5 0.8 

10 

10 

95 

Am92188 
Min. Max. 

2.2 

0.45 

2.0 VCC + 1.0 
-0.5 0.8 

10 
10 

80 

Am9218XDC/C8316E 

Am9218BDM 

·Parameters 
TA = _55°C to +125°C 

Description 

VCC = 5.0V ± 5% 

VCC = 5.0V ± 10% 

Test Conditions 
Am92188 Am9218C 8316E 

Min. Max. Min. Max. Min. Max. 

ta Address to Output Access Time 450 350 450 
tr=tf =20ns 

tCO Ch ip Select to Output ON Delay 150 130 250 
Output Load: 

tOH Previous Read Data Valid with one standard TTL gate 20 20 -
Respect to Address Change 

plus 100pF (Note 1) 
tDf' Chip Sellict to O~tput OFF Delay 150 130 250 

.~I I nput Capacitance T A - 25°C. f - 1.0MHz 7.0 7.0 7.0 

CO Output Capacitance Ail 'pins at OV 7.0 7.0 7.0 

Notes: 1. Timing reference levels: High = 2.0V, Low = a.av. 

SWITCHING WAVEFORMS 

ADDRESSES ~'--_______ ST_A_B...,LE _______ _'~ 
. I I 

SEL~~~ ~~~~D~ls~.A~B~LE~D~~~~:1 ~~~~=X . ENABLED I X DISABLED 

I ~tco--j I-- tOH1 I-tDF-j 
DATA _____ --'''-______ .,..~ OUTPUT ~ 

OUT 1-1 ~---'---'-ta-~------__II VALID ~ 
4-49 

Units 

Volts 

Volts 

Volts 

Volts 

"A 

"A 
mA 

Units 

Volts 

Volts 

Volts 

Volts 

"A 
"A 
mA 

Units 

ns 

ns 

ns 

ns 

pF 

pF 



Am9232· Am9233 
4096 X 8 Read Only Memory 

PRELIMINARY DATA 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

• 4096 X 8 organization 
• No clocks or refresh required 
• Access time selected to 300ns 
• Fully capacitive inputs - simplified driving 

• 2 mask programmable chip selectS - increased flexibility 

The Am9232133 devices are high performance, 32,768-bit, 
static,mask programmed, read only memories. Each memory 
is implemented as 4096 words by 8 bits per word. This or
ganization simplifies the design of small memory systems and 
permits incremental memory sizes of 4096 words. The fast ac-· 
cess times provided allow the ROM to service high perfor
mance microcomputer applications without stalling the proces
sor. 

• Logic voltage levels compatible with TTL 
• Three state output buffers - simplified expansion 
• Drives two TTL loads 
• Single +5 volt power supply 
• Two different pinouts for universal application· 

Two programmable Chip Select input signals are provided to 
control the output buffers. Each Chip Select polarity may be 
specified by the customer thus allowing the addressing of 4 
memory chips without external gating. The outputs of un
selected chips are tumed off and assume a high impedance 
state. This permits wire-ORing with additional Am9232133 de
vices and other three-state components. 

• Low power dissipation 
• 100% MIL-STD-883 reliability assurance testing 

• Non-connect option on chip selects. 

ADDRESS 7 

ADDRESS 6 

ADDRESS 5 

ADDRESS 4 

ADDRESS 3 

ADDRESS 2 Am9232 

ADDRESS 1 

ADDRESS 0 

OUTPUT 1 

OUTPUT 2 10 

OUTPUT 3 11 

(GND) VSS 12 

MOS-l03 

Package Type 

Molded. 

Cetdip 

Side-Brazed 
Ceramic 

24 

23 

22 

21 

20 

,. 
,. 
17 

,. 
15 

" 
13 

These memories are fully static and reqtJire no clock signals 
of any kind. A selected chip will output data from a location 
specified by the address present on the address input lines. Input 
and output voltage levels are compatible with TTL specifications. 

CONNECTION DIAGRAMS 
Top Views 

VCC (+5.OVJ ADDRESS 7 

ADORESSB ADDRESS & 

ADDRESS 9 ADDRESS & 

CS2JCS2JNC ADDRESS 4 

CS1/CS1JNC ADDRESS 3 

ADDRESS 10 ADDRESS 2 

ADORESS 11 ADDRESS 1 

OUTPUT 8 ADDRESS 0 

OUTPUT 7 OUTPUT 1 

OUTPUT. OUTPUT 2 

OUTPUTS OUTPUT 3 

OU1PUT4 (GND)VSS 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

24 VCC(+5.0y) 

2. ADDRESS8 

2. ADDRESS9 

21 ADDRESS 11 

20 CS1/CS1/NC 

Am9233 19 ADDRESS 10 

18 CS2JCS2!NC 

17 OUTPUT 8 

,. OUTPUT? 

10 ,. OUTPUT. 

11 I. OUTPUTS 

12 I. OUTPUT 4 

MOS·l04 

Ambient Temperature 
Access Time 

Specifications 450ns 300ns 

O·C" TA .. +700C AM9232133BPC AM9232133CPC 

O·C .. TA .. +700C AM9232133BCC AM9232133CCC 

-55·C .. TA .. +125·C AM9232133BDM 

OOC .. Til" +70·C AM9232133BDC AM9232133CDC 
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Am9232 • Am9233 

MAXIMUM RATINGS beyond which the useful life may be impaired 

Storage Temperature -65°C to +150oe 

Ambient Temperature Under Bias -55°C to +125°e 

vee with Respect to VSS +7.0V 

DC Voltage Applied to Outputs -O.5V to + 7.0V 

DC Input Voltage -O.5V to +7.0V 

Power Dissipation (Package Limitation) 1.0W 

The products described by this specification include internal circUitry designed to protect input devices from damaging accumulations 
of static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use In order to 
avoid exposure to excessive voltages. 

OPERATING RANGE 

Part Number Ambient Temperature VCC VSS 
Am9232DC/PC/C9' O'C .. T A .. + 70'C 

Am9232/33DM -55'C "" TA "" +125'C 

ELECTRICAL CHARACTERISTICS over operating range Am92321Am9233 

Parameter Description Test Conditions Min. Max. Unit 

VCC = 4.75 2.4 
VOH Output HIGH Voltage 10H = -200/LA Volts 

VCC = 4.50 2.2 

VOL Output LOW Voltage 10L = 3.2mA 0.4 Volts 

VIH Input HIGH Voltage 2.0 VCC+l.0 Volts 

VIL Input LOW Voltage -0.5 0.8 Volts 

lu Input Load Current VSS "" VI .. VCC 10 /LA 

VSS"" VO .. vee +70'C 10 
10Z Output Leakage Current 

Chip Disabled /LA 
+125'C (OM) 50 

O'C 80 
ICC vee Supply Current mA 

-55'C(OM) 100 

CI Input Capacitanoe TA = 25'C, f = 1.0MHz 7.0 pF 

CO Output Capacitanoe All pins atOV 7.0 pF 

SWITCHING CHARACTERISTICS over operating range Am9232133B Am9232133C 

Parameter Description Test Conditions Min Max Min Max Unit 
ta Address to Output Acoess Time 450 300 ns 

tCO Chip Select to Output ON Delay tr=tf=20ns 150 120 ns 

Previous Read Data Valid with 
Output Load: 

tOH one standard TTL gate 20 20 ns 
Respect to Address Change 

plus 100pF (Note 1) 
tOF Chip Select to Output OFF Delay 150 120 ns 

SWITCHING WAVEFORMS 

.DDMSSES ~,--_____ ST_'._LE ____ ---,~ 
I I 

IE": --Dl-S·-IIUD---il--"",X ENABLED I X DISABLED 

---:-1 ~ f--tCO---j f-tOH-j f-tDF-j 

D~ I • ~~,~X7n""Ir--ov-'Zr.::'-~ 
MOS·l0S 
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Am93412 • Am93422 
TTL 1024-Bit Random Access Memories 

DISTINCTIVE CHARACTERISTICS 

• Fully decoded 256-word x 4-bit RAMs 

• High speed: Address access time typically 30ns 

• Internal ECl circuitry for optimum speed/power 
performance over voltage and temperature 

• Output preconditioned during write to eliminate write 
recovery glitch 

• Available with 3-state outputs (Am93422) or with open 
collector outputs (Am93412) 

• 100% reliability assurance testing in compliance with 
Mll-STD-883 

• Electrically tested and optically inspected die for the! 
assemblers of hybrid products 

• Plug-in replacement for Fairchild 93412 and 93422 

• Power dissipation decreases with increasing temperature 

LOGIC BLOCK DIAGRAM 

Ao 

A, 
II: 

i!I 0, 

A, 0 

" A3 i!I 03 

... ;r 
i 

As 

.... 
A, 

BPM·129 

FUNCTIONAL DESCRIPTION 

The Am93412 and Am93422 are 1024-bit RAMs built using 
Schottky diode clamped transistors in conjunction with internal 
ECl Circuitry and are ideal for use in high-speed control and 
buffer memory applications. Each memory is organized as a fully 
decoded 256-word memory of four bits per word. Easy memory 
expansion is provided by an active lOW chip select one (CS, ) or 
an active HIGH chip select two (CS2) and open collector OR 
tieable outputs (Am93412) or 3-state outputs (Am93422). 

An active lOW write line (WE) controls the writing/reading opera
tion of the memory. When the chip select one (CS1) and write line 
(WE) are lOW and chip select two (CS2) is HIGH, the information 
on data inputs (Ox) is written into the addressed memory word 
and preconditions the output circuitry so that true data is present 
at the outputs when the write cycle is complete. This precondi
tioning operation insures minimum write recovery times by 
eliminating the "write recovery glitch". 

Reading is performed with the chip select one (CS1) lOW and the 
chip select two (CS2) HIGH and the write line (WE) HIGH. The 
information stored in the addressed word is read out on the 
non-inverting outputs (Ox). 

During the writing operation, chip select one (CS1) is HIGH, chip 
select two (CS2) is lOW or output enable (OE) is HIGH. The 
outputs of the memory go to an inactive high-impedance state. 

LOGIC SYMBOL 

(9) (11) (15) (17) 
9 11 I. 15 

(4) 4 Ao 
0, 0, 

cs" 17 (19) 

(3) 3 A, CS, 19 (21) 

(2) 2 A, WE 20 (22) 

(1) 1 A3 liE ,. (20) 

(2') 21 A, 
Am93412/ 
Am93422 

0, 10 (10) 

(5) 5 As 0, 12 (14) 

(6) 6 ... 0 3 14 (16) 

(7) 7 A, 0, ,. (18) 

BPM·130 

DIP 

CONNECTION DIAGRAMS 
Top Views 

Flat Pack 

AS 

BPM·131 

A3 

A, 

A, 

Ao 

As 

A, 

A, 

GNO 

0, 

0, 

0, 

NC 

Note: Pin 1 is markiKl for orientation. 
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321242322 
21 

20 

19 

18 

17 

9 16 
10 11 12 13 14 15 

Vee ... 
W! 
eir, 

~ 

cs, 
0, 

0, 

03 

03 

0, 

Ne 

BPM·132 



MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 22 to Pin 11) 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

Output Current, Into Outputs (Low) 

DC Input Current 

OPERATING RANGE 
Part No. 

Commercial Grade 
Am93412PC, DC 
Am93422PC, DC 

Military Grade 
Am93412DM, FM 
Am93422DM, FM 

VCC 

S.OV ±S% 

S.OV ±10% 

Ambient Temperature 

o to +7SoC 

-S5 to +12SoC 

Am93412 • Am93422 

-65 to +150"C 

-55 to +125°C 

-0.5 to + 7.0V 

-0.5V to Vee max 

-0.5 to +5.5V 

20mA 

-30 to +5.0mA 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Parameters Description Test Conditions 

VOH Output HIGH VoRage Vee = MIN, 
IOH = -S.2mA (Am93422 only) VIN = VIH or VIL 

VOL Output LOW VoRage Vee = MIN, 
IOL = 8.0mA 

VIN = VIH or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH voRage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW vottage for all inputs 

IlL Input LOW Current Vee = MAX, VIN = 0.40V 

'IH Input HIGH Current Vee = MAX, VIN = 4.SV 

Ise Output Short Circuit Current Vee = MAX, VOUT = O.OV (Am93422 only) 

TA '" 7SoC 

lee Power Supply Current All inputs = GND, Vee = MAX. TA = O°C 

TA = -Ssoc 

Ve Input Clamp Voltage Vee = MIN, liN = -16mA 

VOUT = 2.4V I Am934121422 
ICEX Output Leakage Current 

VOUT = O.SV, Vee = MAX I Am93422 

CIN Input Pin Capacitance See Note 2 

COUT Output Pin Capacttance See Note 2 

Notes: 1. Typical characteristics are at Vee = S.OV and TA = 2SoC. 
2. Input and output capacitance measured on a sample basis using pulse technique. 

FUNCTION TABLE 

Inputs Output 

CS2 CSI WE ~ Ox Ox Mode 

L x X X X *HIGHZ Not Select 

X H X X X 'HIGHZ Not Select 

H L H H X 'HIGHZ Output Disable 

H L H L X 'Data Read Data 

H L L X L 'HIGH Z Write "0" 

H L L X H *HIGHZ Write "1" 

H = High Voltage Level L = Low Voltage Level x = Don't Care 

'HIGH Z implies outputs are disabled or off. This condition is defined as a high 
impedance state for the Am93422 and as an output high level for the 
Am93412. 
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Typ 
Min (Note 1) Max Units 

2.4 3.6 Volts 

0.350 0.4S Volts 

2.1 1.6 VoRs 

I.S 0.8 Volts 

-180 -400 p.A 

1 40 p.A 

-70 rnA 

100 130 

ISS rnA 

170 

-0.850 -1.S Volts 

0 100 

-so 0 
p.A 

4 pF 

7 pF 



Am93412· Am93422 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Parameters Description 

tpLH(A) Delay from Address to Output 
See Fig. 2 

tpHdA) (Address Access Time) 

tpZH(CS1 ),(CS2) Delay from Chip Select to Active 
See Fig. 2 

tpZL(CS1).(CS2) Output and Correct Data 

tpZH(WE) Delay from Write Enable to 
Active Output and Correct Data See Fig. 1 

tpzdWE) (Write Recovery) 

tpZH(OE) Delay from Output Enable to See Fig. 2 
·tpzdOE) Active Output and Correct Data 

ts(A) 
Set-up Time Address 

See Fig. 1 
(Prior to Initiation of Write) 

theA) 
Hold Time Address 

See Fig. 1 
(After Termination of Write) 

1,;(01) 
Set-up Time Data Input 

See Fig. 1 
(Prior to Initiation of Write) 

Hold Time Data Input 
th(DI) 

(After Termination of Write) 
See Fig. 1 

ts(CS1 ).(CS2) 
Set-up Time Chip Select 

See Fig. 1 
(Prior to Initiation of Write) 

th(CS1).(CS2) 
Hold Time Chip Select 

See Fig. 1 
(After Termination of Write) 

tpw(WE) 
Min Write Enable Pulse Width 

See Fig. 1 
to Insure Write 

tpHZ(CS1 ).(CS2) Delay from Chip Select to 
See Fig. 2 

tpLZ(CS1 ).(CS2) Inactive Output (HIGH Z) 

tpHz(WE) Delay from Write Enable to 
See Fig. 1 

tpLZ(WE) Inactive Output (HIGH-Z) 

tpHz(OE) Delay from Output Enable to 
See Filt 2 

tpLz(OE) Inactive Output (HIGH-Z) 

Notes: 1. Typical characteristics are at Vee = 5.0V and TA = 25°C. 

Test 
Conditions 

See Figures 3 
and 4 and 
Notes 3.4 

and 5 (below) 

Typ 
(Note 1) 

30 

15 

15 

15 

-10 

-10 

-10 

-10 

-10 

-10 

15 

15 

15 

15 

2. Input and output capaCitance measured on a sample basis using pulse technique. 

Am93412/422PC Am93412/422DM 
Am93412/422DC Am93421422FM 

Min Max Min Max Units 

45 60 ns 

30 45 ns 

30 45 ns 

30 45 ns 

10 10 ns 

5 10 ns 

5 5 ns 

5 5 ns 

5 5 ns 

5 5 ns 

30 40 ns 

30 45 ns 

30 45 ns 

30 45 ns 

3. tpLH(A) and tpHdA) are tested With S1 closed and CL = 30pF with both input and output timing referenced to 1.5V. 

BPM·133 

4. For open collector Am93412. all delays from Write Enable (WE) or Chip Select (CS1. CS2) inputs to the Data Output (Dour) (tpLZ(WE). tpLZ(CS1• 
CS2). tpLZ(OE). tpzdWE) and tpzLCCS1• CS2». tpzdOE) are measured with S1 closed and CL = 3OpF; and with both the input and output timing 
referenced to 1.5V. 

5. For 3-state output Am93422. tp~E) and tp~CS1. CS2). tp~OE) are measured with S1 open. CL = 30pF and with both the input and output 
timing referenced to 1.5V. tpZL(~ and tpzdC§. CS2). tpzdORare measured with S1 closed. CL = 30pF and with both the input and output 
timing referenced to 1.5V. tpHz(WE) and tpHZ(CS1. CS2). tpHZ(OE) are measured with S1 open and CL '" 5pF and are measured between the 
1.5V level on the input to the VOH - 500mV level on the output. tpLZ(WE) and tpLZ(CS1• CS2). tpLZ(OE) are measured with S1 closed and CL '" 
5pF and are measured betweehthe 1:5V level on the input and the VOL + 500mV level on the output. 

CHIP 
SELECT 

SWITCHING WAVEFORMS 
WRITE MODE (WITH OE = LOW) 

~, ----~~ ~----------------------"J~rr-----
ADDRESS 

INPUTS ____ ¥IJI>< '------------------------' ,""......,f----

WE------~-+~~::~-·O~~.~::~~+-~~--
WIIIT" 

ENABLE 

Figure 1. 
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KEY TO TIMING DIAGRAM 

WAVEFORM INPUTS OVTP\ml 

MUSTSE WILLSE 
STEADY STEADY 

-- MAVCHANGE WILLSE 

FROMHTQ L CHANGING 
FROM HTO L 

1IfJJJ MAVCHANGE WILL BE 

FROM L TOH CHANGING 
FROM !.'TOH 

J/!Jf£ OON'TCARE; CHANGING; 
AHYCHANGE STATE 
PERMIT'TfD UNKNOWN 

:HHR 
CENTER 

DOES NOr LINE ISHIOH 
APPLV IMPEDANCE 

"OFF" STATE 



Am93412 • Am93422 

SWITCHING WAVEFORMS (Cont.) 

READ MODE 

ADD:;!~ --ADDRESS j---II-------ADDRESS k-------I----ADDRESS 1-----l.5V 

aEORa;,----~------~----------------~w_----~~----_+----------~------------
--~---~--------~~--~---_+-----~------I.W 

Ox 
DATA OUT ______ ........... U 

---------------~~~~~~====~~~~ OUTPUT READ A HIGH READ A LOW 
DISABLED IN ADDRESS i IN ADDRESS k 

ENABLE 
OUTPUT 

READ A HIGH 
IN ADDRESS I 

DISABLE 
OUTPUT 

Switching delays from address, output enable input and chip select inputs to the data output. For the 
Am93422 disabled output is "OFF", represented by a single center line. For the Am93412, a disabled 
output is HIGH. 

ACTEST LOAD 

Figure 2. 

AC TEST LOAD AND WAVEFORM 

Rl 
3000 

INPUT PULSES 

ALL INPUT PULSES 

3.0Vp-p·----=.\,,..,..,,.----.....,,jL 

OUTPUTo---~---i GND--.=r-

BPM·135 

R2 
6OO{l 

3.0Vp-p --"""'L 

GND----~~~--~~ 

Figure 3. Figure 4. 

See Notes 3, 4 and 5 of Switching Characteristics. 

ORDERING INFORMATION 

Open Collector Outputs 

Package Temperature Order 
Type Range Number 

Molded DIP o to 75°C AM93412PC 
Hermetic DIP o to 75°C AM93412DC 
Hermetic DIP -55 to +125°C AM93412DM 

Hermetic Flat Pack -55 to +125°C AM93412FM 

3-State Outputs 

Molded DIP o to 75°C AM93422PC 
Hermetic DIP o to 75°C AM93422DC 
Hermetic DIP -55 to +125°C AM93422DM 

Hermetic Flat Pack -55 to +125°C AM93422FM 
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Am93415 • Am93425 
TTL 1024·Bit Random Access Memories 

DISTINCTIVE CHARACTERISTICS 

• Fully decoded 1024-word x l-bit RAMs 

• High speed: Address access time typically 30ns 

• Internal ECl circuitry for optimum speed/power 
performance over voltage and temperature 

• Output preconditioned during write to· eliminate write 
recovery glitch 

• Available with 3-state outputs (Am93425) or with open 
collector outputs (Am93415) 

• 100% reliability assurance testing in compliance with 
Mll-STD-883 

• Electrically tested and optically inspected die for the 
assemblers of hybrid products 

• Plug in replacement for Fairchild 93415 and 93425. 

• Power disSipation decreases with increasing temperature 

LOGIC BLOCK DIAGRAM .. ,.-------, 
A, .. .. .. 

ADO .... 
DECODER 

wo •• ..... .. 

BPM-049 

ORDERING INFORMATION 

Open Collector Outputs 

Package 
Type 

Molded DIP 
Hermetic DIP 
Hermetic DIP 

Hermetic Flat Pak 

Molded DIP 
Hermetic DIP 
Hermetic DIP 

Hermetic Flat Pak 

Temperature 
Range 

o to 75°C 
o to 75°C 

-55 to +125°C 
-55 to +125°C 

3-State Outputs 

o to 75.oC 
o to 75°C 

-55 to +125°C 
-55 to + 125°C· 

Order 
Number 

AM93415PC 
AM93415DC 
AM93415DM 
AM93415FM 

AM93425PC 
AM93425DC 
AM93425DM 
AM93425FM 
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FUNCTIONAL DESCRIPTION 

The Am93415 and Am93425 are 1024-bit RAMs built using 
Schottky diode clamped transistors in conjunction with internal 
ECl circuitry and are ideal for use in high-speed control and 
buffer memory applications. Each memory is organized as a . 
fully decoded 1024-word memory of 1 bit per word. Easy mem
ory expansion is provided by an active lOW chip select (CS) 
input and open collector OR tieable outputs (Am93415) or 3-
state outputs (Am93425). Chip selection for large memory sys
tems can be controlled by active lOW output decoders such as 
the Am74S138. 

An active lOW write line (WE) controls the writing/reading oper
ation of the memory. When the chip select and write lines are 
lOW the information on the data input (DIN) is written into the 
addressed memory word and preconditions the output circuitry 
50 that true data is present at the outputs when the write cycle is 
complete. This preconditioning operation insures minimum write 
recovery times by eliminating the "write recovery glitch". 

Reading is performed with the chip select line lOW and the write 
line HIGH. The information stored in the addressed word is read 
out on the non-inverting output (DOUT)' 

During the writing operation or when the chip select line is HIGH 
the output of the memory goes to an inactive high impedance 
state. 

LOGIC SYMBOL 

15 14 

A, 

A2 

A3 

A, Am93415/ 

A, Am93425 

10 A6 

11 A, 

12 As 
13 A. 

Dour 

CONNECTION DIAGRAM 
Top View 

cs Vee 

A. D'N 

At WE 

A2 A. 

A3 As .. A, 

DOUT As 

GND A5 

Vee = Pin 16 
GND = Pin 8 

BPM-oSO 

Note: Pin 1 is marked for orientation. BPM-oSl 



MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

Output Current, I nto Outputs (Low) 

DC Input Current 

OPERATING RANGE 
Part No. 

Commercial Grade 
Am9341SPC, DC 
Am9342SPC, DC 

Military Grade 
Am93415DM, FM 
Am93425DM, FM 

Vcc 

5.0V ±5% 

5.0V ±10% 

Ambient Temperature 

O°C to +7SoC 

-S5°C to +125°C 

Am93415 • Am93425 

-O.5V to +7V 

-O.5V to Vec max; 

-O.5V to +5.5V. 

20mA 

-30mA to +5.0mA 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Parameters Description Test Conditions 

VOH Output HIGH Voltage VCC = MIN, IOH = -10.3mA I COM'L 
(Am93425 only) V1N = V1H or VIL IOH= -S.2 I MIL 

VOL Output LOW Voltage 
VCC = MIN, 

IOL = 16mA 
VIN = VIH or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW voltage for all inputs 

IlL Input LOW Current Vee = MAX, VIN = 0.4OV 

IIH Input HIGH Current Vee = MAX, VIN = 4.5V 

Ise Output Short Circuit Current Vec = MAX, VOUT = O.OV (Am93425 only) 

TA'" 75°C 

lee Power Supply Current All inputs = GND, Vee = MAX. TA = O°C 

TA = -55°C 

Ve Input Clamp Voltage Vee = MIN, liN = -16mA 

Vcs = VIH or VWE = VIL Am93415/425 

ICEX Output Leakage Current 
VOUT = 2.4V 

Ves = VIH or VWE = VIL 
VOUT = 0.5V, Vce = MAX 

Am93425 

CIN Input Pin Capacitance See Note 2 

COUT Output Pin Capacitance See Note 2 

Notes: 1. Typical characteristics are at Vee = 5.0V and TA = 25°C. 
2. Input and output capacitance measured on a sample basis using pulse technique. 

FUNCTION TABLE 

Inputs Output 

CS WE DIN DOUT Mode 

H x X "HIGH Z Not Selected 

L L L "HIGH Z Write "0" 

L L H "HIGH Z Write "1" 

L H X 
Selected 

Read 
Data 

H = High Voltage Level L = Low Voltage Level X = Don't Care 

·HIGH Z implies outputs are disabled or off. This condition is defined as a 
high impedance state for the Am93425 and as an output high level for the 
Am93415. 
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Typ 
Min (Note 1) Max Units 

2.4 3.6 Volts 

0.350 0.45 Volts 

2.1 1.6 Volts 

1.5 0.8 Volts 

-180 -400 p.A 

1 40 p.A 

-100 mA 

95 130 

155 mA 

170 

-0.850 -1.5 Volts 

0 100 

p.A 
-50 0 

4 pF 

7 pF 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless OtherWise Noted) 

Parameters 

tpLH(A) 

tpHdA) 

tpZH(CS) 

tpzdCS) 

tpZH(We) 

tpZL(WE) 

Is(A) 

th(A) 

!s(DI) 

th(DI) 

!sICS) 

~(CS) 

Ipw(WE) 

tpHZ(CS) 

tpLZ(CS) 

!PHZ(WE) 

Jpu(WE) 

Description 

Delay from Address to Output 
(Address Access Time) 

Delay from Chip Select to Active 
Output and Correct Data 

Delay from WrRe Enable to 
Active Output and Correct Data 
(Write Reoovery) 

Set-up Time Address 
(Prior to Initiation of Write) 

Hold Time Address 
(After Termination of Write) 

Set-up Time Data Input 
(Prior to Initiation of WrHe) 

Hold Time Data Input 
(After Termination of Write) 

Set-up Time Chip Select 
(Prior to Initiation of Write) 

Hold Time Chip Select 
(After Termination of Write) 

Min Wme Enable Pulse Width 
to Insure WiRe 

Delay from Chip Select to 
Inactive Output (HIGH Z) 

Delay from write Enable to 
Inactive Output (HIGH-Z) 

See Fig. 2 

See Ag. 2 

See Fig. 1 

See Fig. 1 

See Fig. 1 

See Fig. 1 

See Fig. 1 

See Fig. 1 

See Fig. 1 

See Fig. 1 

See Fig. 2 

See Fig. 1 

Test 
Conditions 

See Agures 3 and 
4 and Notes 3, 4 

and 5 (below) 

Notes: 1. Typical characteristics are at Vee = 5.0V and TA = 25°C. 

Typ 
(Note 1) 

30 

15 

15 

-10 

-10 

-10 

-10 

-10 

-10 

15 

15 

15 

2. Input and output capacitance measured on a sample basis using pulse technique. 

Am934151425PC Am934151425DM 
Am93415/425DC Am934151425FM 

Min Max Min Max Unlta 

45 60 ns 

35 45 ns 

40 50 ns 

10 15 ns 

5 5 ns 

5 5 ns 

5 5 ns 

5 5 ns 

5 5 ns 

30 40 ns 

35 50 ns 

35 45 ns 

3.tpUj(A) and tpHdA) are tested with S, closed and CL = 30pF wHh both input and output timing referenced to 1.5V. 
4. For o~ collector Am93415, all delays from Write Enable (WE) or Chip Select (CE) inputs to the Data Output (DOUT) (tpLZ(WE), tpLZ(CS), 

tpzdWE) and tpzdCS» are measured wHh S, closed and CL = 30pF; and with both the input and output timing referenced to 1.5V •. 
5. For 3-state o~t Am93425~H(WE) and tpZH(CS) are measured wHh S, open, CL = 30pF and wRh both the input and outputilming referenced 

to 1.5V. tp~E) and tpzdCS) are measured with S, closed, CL = 30pF and wHh both the Input an. d output timing referenced to 1.5V. tpHz(WE) 
and tpHZ(CS) are measured with S, open and CL '" 5pF and are measured between the 1.5V Illvel on the. input to the VOH - 500mV level on the 
output. tPLZ(WE) and tpLZ(CS) are measured with S, closed and CL ... SpF and are measured betWeen the 1.5V level on the input and the VOL + 
500mV level on the output. .. 

cs 
CHIP 

SELECT 

Ao-Ao 
ADDRESS 

. SWITCHING WAVEFORMS 
WRITE MODE 

INPUTS ----1....1.l¥ll' '_ _____________ .J '11-':1+ __ _ 

~ --~--+-~~--~ 
WRITE 

ENABLE 

DOUT 
DATA ---+-f4f+< 

OUTPUT 

BPM·052 

tpZH(i:li) 
tpzLli:I) 

Figure 1. 
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IpHztg) 
IpLZ( ) 

KEY TO TIMING DIAGRAM 

WAVEFORM INPUTS 0""",,, 

MUSTSE WlLL8E 
STEADY STEADY 

~ MAVCHANGE WILLaE 
CHANGING FROMHTOL FROMHTOL 

JJJJJJ MAY CHANGE 
WILLIE 

FROM L TDH CHANGING 
FROMl·TOH 

Jl!ff1 DON'T CARE: CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

:HHf{ 
CENTER 

DOES NOT LINE ISHIOH 
APPLV IMPEDANCE 

"OFF" STATE 
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SWITCHING WAVEFORMS (Cont.) 
READ MODE 

AD~!! __ ADDRESS; __ .. ,::============= _________ ~ 

~----~------7----------------f----~~----~--------~~---------

DATA OUT ---.............. 

-----~---~~~~==~~~~~~~~~----~--
OUTPUT READ A HIGH READ A LOW IN DISABLE' ENABLE READ A HIGH DISABLE 

DISABLED IN ADDRESS j ADDRESS k OUTPUT OUT,PUT IN ADDRESS I OUTPUT 

Switching delays from address and chip select inputs to the data output For the Am'93425 disabled output is 
"OFF", represented by a single center line. For the Am93415, a disabled output is HIGH. 

Figure 2. 

AC TEST LOAD AND WAVEFORM 
AC TEST LOAD 

vee~ 

OUTPUT o---..... ----i 

Rl 
3000 

R2 
600,{} 

INPUT PULSES 

ALL INPUT PULSES 

3,DVp-p------:;Ie:-:=--~ 

GND--~r-

3.DVp-p ------::JL-

BPM'()53 

BPM-054 GND---~~~--~ BPM-055 

Figure 3. 

Ceramic 

[[::::::1 
.jIZlL~ I--- ·!OO!--H-
.060 .016 

200 I----.78' I "ttAX
. "I .745 .oeD . --.I 
~ lo,o ll..l 
.oao MIN. MIN. 

Flat Package 

.006 

T 
t~01 .08' MAX. ~6 

Figure 4. 

See Notes 3, 4 and 5 of Switching Characteristics. 

PHYSICAL DIMENSIONS 
Dual-In-Llne 

m320 

.290 

~ 
.009 

1--;::---1 

Molded 

.200 I ns----l 
~
MAX. ~ .020 

"2.~4 MIN, 

JJ.!!...J L _If-- .020 
·O9O l J -, .015 

Metallization and Pad Layout 

.040 

.020 

I 
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Cii 1 

As 2 

A, 3 

Ag 4 

loa 5 ,.. 8 

Dour 7 

GND 8 

16 

15 
14 
13 

12 
11 

DIE SIZE 0.096" X 0.119" 

Vee 

D,N 
H 
Ag 

As 
107 
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Am2960 
Cascadable 16-Bit Error Detection and Correction Unit 

ADVANCED DATA 

DISTINCTIVE CHARACTERISTICS 

• Modified Hamming Code 
Detects multiple errors and corrects single bit errors in a 
parallel data word. Ideal for use in dynamic memory 
systems. 

• Expandable 
One Am2960 provides EDC on 16-bit data words. 
Two Am2960s provide EDC on 32-bit data words. 
Four Am2960s provide EDC on 64-bit data words. 

• Syndromes provided 
The Am2960 makes available the syndrome bits when an 
error occurs, so the location of memory faults can be 
logged. 

• Microprocessor compatible 
The Am2960 is designed to work with Z8000 micropro
cessor systems as well as high performance 2900 designs. 

• Advanced circuit and process technologies 
Newest 2900 LSI techniques provide very high 
performance. 
Data-in to error detection typically 30ns 
Data-in to correct data out typically SOns 

• Built-in Diagnostics 
Extra logic on the chip provides diagnostic functions to be 
used during device test and for system diagnostics. 

GENERAL DESCRIPTION 

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

The Am2960 also features' two diagnostic modes, in which diag
nostic data can be forced into portions of the chip to simplify 
device testing and to execute system diagnostic functions. The 
product is supplied in a 48 lead hermetic DIP package. 

BLOCK DIAGRAM 
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EOC Architecture 

The EDC Unit is a powerful 16-bit cascadable slice used for 
check bit generation, error detection, error correction and diag
nostics. 

As shown in the block diagram, the device consists of the 
following: 

- Data Input Latch 
- Check Bit Input Latch 
- Chec;k Bit Generation Logic 
- Syndrome Generation Logic 
- Error Detection Logic 
- Error Correction Logic 
- Data Output Latch 
- Diagnostic Latch 
- Control Logic 

Data Input Latch 

16 bits of data are loaded from the bidirectional DATA lines 
under control of the Latch Enable input, LE IN. Depending on the 
control mode the input data is either used for check bit genera
tion or error detection/correction. 

Check Bit Input Latch 

Seven check bits are loaded under control of LE IN. Check bits 
are used in the Error Detection and Error Correction modes. 

Check Bit Generation Logic 

This block generates the appropriate check bits for the 16 bits of 
data in the Data Input Latch. The check bits are generated ac
cording to a modified Hamming code. 

Syndrome Generation Logic 

In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read in 
from memory. If both sets of check bits match, then there are no 
errors. If there is a mismatch, then one or more of the data or 
check bits is in error. 

The syndrome bits are produced by an exclusive-OR of the two 
sets of check bits: If the two sets of check bits are identical 

Am2960 

(meaning there are no errors) the syndrome bits will be all 
zeroes. If there are errors, the syndrome bits can be decoded to 
determine the number of errors and the bit-in-error. 

Error Detection logic 

This section decodes the syndrome bits generated by the Syn
drome Generation Logic. If there are no errors in either the input 
data or check bits, the ERRC5R and MULTI ERROR outputs 
remain HIGH. If one or more errors are detected, ERROR goes 
LOW. If two or more errors are detected, both ERROR and 
MULTI ERROR go LOW. 

Error Correction Logic 

For single errors, the Error Correction LogiC complements (cor
rects) the single data bit in error. This corrected data is loadable 
into the Data Output Latch, which can then be read onto the 
bidirectional data lines. If the single error is one of the check bits, 
the correction logic does not place corrected check bits on the 
syndrome/check bit outputs. If the corrected check bits are 
needed the EDC must be switched to Generate Mode. 

Data Output Latch 

The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction 
logic under control of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU control input. 

The Data Output Latch is split into two S-bit (byte) latches which 
may be enabled independently for reading onto the bidirectional 
data lines. 

Diagnostic Latch 

This is a 16-bit latch loadable from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte and 
control information in the other byte. The Diagnostic Latch is 
used for driving the device when in Internal Control Mode, or for 
supplying check bits when in one of the Diagnostic Modes. 

Control logic 

The control logic determines the specific mode the device oper
ates in. Normally the control logic is driven by extemal control 
inputs. However, in Internal Control Mode, the control signals 
are instead read from the Diagnostic Latch. 
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PIN DEFINITIONS 

DATAo_15 16 bidirectional data lines. They provide input to 
the Data Input Latch and Diagnostic Latch, and 
receive output from the Data Output Latch. DATAo 
is the least significant bit; DAT~5 the most sig
nificant. 

CBO_6 Seven Check Bit input lines. The check bit lines 
are used to input check bits for error detection. 
Also used to input syndrome bits for error correc
tion in 32 and 64-bit configurations. 

LE IN Latch Enable - Data Input Latch. Controls latch
ing of the input data. When HIGH the Data Input 
Latch and Check Bit Input Latch follow the input 
data and input check bits. When LOW, the Data 
Input Latch and Check Bit Input Latch are latched 
to their previous state. 

::::G~E::-:N=E=R~AT=E=- Generate Check Bits input. When this input is 
LOW the EDC is in the Check Bit Generate Mode. 
When HIGH the EDC is in the Detect Mode or 
Correct Mode. 

SCO_6 

In the Generate Mode the circuit generates the 
check bits or partial check bits specific to the data 
in the Data Input Latch. The generated check bits 
are placed on the SC outputs. 

In the Detect or Correct Modes the EDC detects 
single and multiple errors, and generates syn
drome bits based upon the contents of the Data 
Input Latch and Check Bit Input Latch. In Correct 
Mode, single-bit errors are also automatically cor
rected - corrected data is placed at the inputs of 
the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded 
form the number of errors and the bit-in-error. 

Syndrome/Check Bit outputs. These seven lines 
hold the check/partial-check bits when the EDC is 
in Generate Mode, and will hold the syndrome/ 
partial syndrome bits when the device is in Detect 
or Correct Modes. These are 3-state outputs. 

Output Enable - Syndrome/Check Bits. When 
LOW, the 3-state output lines SCO_6 are enabled. 
When HIGH, the SC outputs are in the high .im
pedance state. 

Error Detected output. When the EDC is in Detect 
or Correct Mode, this output will go LOW if one or 
more syndrome bits are asserted, meaning there 
are one or more bit errors in the data or check bits. 
It no syndrome bits are asserted,-there are no er
rors detected and the output will be HIGH. In Gen
erate Mode, ERROR is forced HIGH. (In a 64-bit 
configuration, ERROR must be externally im
plemented.) 

Multiple Errors Detected output. When the EDC is 
in Detect or Correct Mode, this output if LOW indi
cates that there are two or more bit errors that 
have been detected. If HIGH this indicates that 
either one or no errors have been detected. In 
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Generate Mode, MULTI ERROR is forced HIGH. 
(In a 64-bit configuration, MULTI ERROR must be 
externally implemented.) 

CORRECT Correct input. When HIGH this signal allows the 
correction network to correct any single-bit error in 
the Data Input Latch (by complementing the 
bit-in-error) before putting it onto the Data Output 
Latch. When LOW the EDC will drive data directly 
from the Data Input Latch to the Data Output Latch 
without correction. 

LE OUT Latch Enable - Data Output Latch. Controls the 
latching of the Data Output Latch. When LOW the 
Data Output Latch is latched to its previous state. 
When HIGH the Data Output Latch follows the 
output of the Data Input Latch as modified by the 
correction logic network. In Correct Mode, single
bit errors are corrected by the network before 
loading into the Data Output Latch. In Detect 
Mode, the contents of the Data Input Latch are 
passed through the correction network unchanged 
into the Data Output Latch. The inputs to the Data 
Output Latch are unspecified if the EDC is in Gen
erate Mode. 

OE BYTE 0, Output Enable - Bytes 0 and 1, Data Output 
OE BYTE 1 Latch. These lines control the 3-state outputs for 

each of the two bytes of the Data Output Latch. 
When LOW these lines enable the Data Output 
Latch and when HIGH these lines force the Data 
Output Latch into the high impedance state. The 
two enable lines can be separately activated to 
enable only one byte of the Data Output Latch at a 
time. 

PASS Pass Thru input. This line when HIGH forces the 
THRU contents of the Check Bit Input Latch onto the 

Syndrome/Check Bit outputs (SCO_6) and the un
modified contents of the Data Input Latch onto the 
inputs of the Data Output Latch. 

DIAG 
MODEO_1 

Diagnostic Mode Select. These two lines control 
the initialization and diagnostic operation of the 
EDC. 

CODE 100-2 Code Identification inputs. These three bits iden
tify the size of the total data word to be processed 
and which 16-bit slice of larger data words a par
ticular EDC is processing. The three allowable 
data word sizes are 16, 32 and 64 bits and their 
respective modified Hamming codes are desig
nated 16/22, 32/39 and 64/72. Special CODE 10 
input 001 (ID2' 101, 100 ) is also used to instruct the 
EDC that the signals CODE 100-2, DIAG 
MODEo_1 , CORRECT and PASS THRU are to be 
taken from the Diagnostic Latch, rather than from 
the input control lines. 

LE DIAG Latch Enable - Diagnostic Latch. When HIGH the 
Diagnostic Latch follows the 16-bit data on the 
input lines. When LOW the outputs of the Diag
nostic Latch are latched to their previous states. 
The Diagnostic Latch holds diagnostic check bits, 
and internal control signals for CODE 100-2, DIAG 
MODEo_1, CORRECT and PASS THRU. 



FUNCTIONAL DESCRIPTION 

The EDC contains the logic necessary to generate check bits on 
a 16-bit data field according to a modified Hamming code. Oper
ating on data read from memory, the EDC will correct any 
single-bit error, and will detect all double and some triple-bit 
errors. The Am2960 may be configured to operate on 16-bit data 
words (with 6 check bits), 32-bit data words (with 7 check bits) 
and 64-bit data words (with a check bits). In all configurations, 
the device makes the error syndrome bits available on separate 
outputs for error data logging. 

Code and Byte Specification 

The EDC may be configured in several different ways and oper
ates differently in each configuration. It is necessary to indicate 
to the device what size data word is involved and which bytes of 
the data word it is processing. This is done with input lines 
CODE IDo_2' as shown in Table I. The three modified Hamming 
codes referred to in Table I are: 

• 16/22 code - 16 data bits 
- 6 check bits 
- 22 bits in total. 

• 32/39 code - 32 data bits 
- 7 check bits 
- 39 bits in total. 

• 64/72 code - 64 data bits 
- a check bits 
- 72 bits in total. 

CODE ID input 001 (ID2' ID1, IDa) is a special 'code used to 
operate the device in Internal Control Mode (described later in 
this section). 

TABLE I. HAMMING CODE AND SLICE IDENTIFICATION. 

CODE CODE CODE 
ID2 ID1 IDo Hamming Code and Slice Selected 

0 0 0 Code 16/22 

0 0 1 Internal Control Mode 

0 1 0 Code 32139, Bytes 0 and 1 

0 1 1 Code 32/39, Bytes 2 and 3 
1 0 0 Code 64/72, Bytes 0 and 1 

1 0 1 Code 64/72, Bytes 2 and 3 

1 1 0 Code 64/72, Bytes 4 and 5 

1 1 1 Code 64/72, Bytes 6 and 7 

Control Mode Selection 

The device control lines are GENERATE, CORRECT, PASS 
THRU, DIAG MODEo_1 and CODE IDo_2. Table II indicates the 
control modes selected by various combinations of the control 
line inputs. 

Diagnostics 

Table III shows specifically how DIAG MODEo_1 select between 
normal operation, initialization and one of two diagnostic modes. 

The Diagnostic Modes allow the user Is:> operate the EDC under 
software control in order to verify proper functioning of the 
device. 
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Check and Syndrome Bit Labeling 

The check bits generated in the EDC are designated as follows: 

• 16-bit configuration - CX CO, C1, C2, C4, ca; 
• 32-blt configuration - CX, CO, C1, C2, C4, ca, C16; 
• 64-bit configuration - CX, CO, C1, C2, C4, ca, C16, ,C32. 

Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits and 
a syndrome bits in the 64-bit configuration. 

FUNCTIONAL DESCRIPTION -
16-BIT DATA WORD CONFIGURATION 

The 16-bit format consists of 16 data bits, 6 check bits and is 
referred to as 16/22 code (see Figure 1). 

The 16-bit configuration is shown in Figure 2. 

Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated I 
are placed on the outputs SCO_5 (8Cs is unspecified for 16-bit 
operation). 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are contained 
in Table IV. Each check bit is generated as either an XOR or 
XNOR of eight of the 16 data bits as indicated in the table. The 
XOR function results in an even parity check bit, the XNOR is an 
odd parity check bit. 

Detect Mode 

In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERi"iOi'i' goes LOW. If two or 
more errors are detected, MULTI ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. 

Also available on device outputs 8CO_5 are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. Table 
V gives the chart for decoding the syndrome bits generated by 
the 16-bit configuration (as an example, if the syndrome bits 
SXlSO/S1/82/S4/Sa were 101001 this would be decoded to indi
cate that there is a single-bit error at data bit 9). If no error is 
detected the syndrome bits will all be zeroes. 

In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correction. 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com
plement) any single-bit error of the Data Input Latch before put
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single-bit error is a check bit there is no automatic correc
tion. If check bit correction is desired, this can b,e done by plac
ing the device in Generate Mode to produce a correct check bit 
sequence for the data in the Data Input Latch. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con
tents pf the Check Bit Input Latch are placed on outputs SCO_5 ' 
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TABLE II. EDC CONTROL MODE SELECTION. 

DIAG MODEO_1 CODE IDO_2 
GENERATE CORRECT PASSTHRU (DM1. DMO) (ID2. ID1. IDo) Control Mode Selected 

LOW LOW LOW 00 Not 001 Generate 

LOW LOW LOW 01 Not 001 Generate Using Diagnostic Latch 

LOW LOW LOW 10 Not 001 Generate 

LOW LOW LOW 11 Not 001 Initialize 

LOW LOW HIGH 00 Not 001 Pass Thru 

LOW LOW HIGH 01 Not 001 Pass Thru 

LOW LOW HIGH 10 Not 001 Pass Thru 

LOW LOW HIGH 11 Not 001 Undefined 

LOW HIGH LOW 00 Not 001 Generate 

LOW HIGH LOW 01 Not 001 Generate Using Diagnostic Latch 

LOW HIGH LOW 10 Not 001 Generate 

LOW HIGH LOW 11 Not 001 Initialize 

LOW HIGH HIGH 00 Not 001 Pass Thru 

LOW HIGH HIGH 01 Not 001 Pass Thru 

LOW HIGH HIGH 10 Not 001 Pass Thru 

LOW HIGH HIGH 11 Not 001 Undefined 

HIGH LOW LOW 00 Not 001 Detect 

HIGH LOW LOW 01 Not 001 Detect 

HIGH LOW LOW 10 Not 001 Detect Using Diagnostic Latch 

HIGH LOW LOW 11 Not 001 initialize 

HIGH LOW HIGH 00 Not 001 Pass Thru 

HIGH LOW HiGH 01 Not 001 Pass Thru 

HIGH LOW HIGH 10 Not 001 Pass Thru 

HIGH LOW HIGH 11 Not 001 Undefined 

HIGH HIGH LOW 00 Not 001 Correct 

HIGH HiGH LOW 01 Not 001 Correct 

HIGH HIGH LOW 10 Not 001 Correct Usirig Diagnostic Latch 

HIGH HIGH LOW 11 Not 001 Initialize 

HIGH HIGH HIGH 00 Not 001 Pass Thru 

HiGH HIGH HIGH 01 Not 001 Pass Thru 

HIGH HIGH HIGH 10 Not 001 Pass Thru 

HIGH HIGH HIGH 11 Not 001 Undefined 

Any Any Any Any 001 Internal Controi Using Diagnostic Latch 

TABLE III. DIAGNOSTIC MODE CONTROL. 

DIAG DIAG 
MODEl MODEo Diagnostic Mode Selected 

0 0 Non-diagnostic mode. The EDC functions normally in all modes. 

0 1 Diagnostic Mode A. The contents of the Diagnostic Latch are substi-
tuted for the normally generated check bits when in the Generate Mode. 
The EDC functions normally in the Detect or Correct modes. 

1 0 Diagnostic Mode B. In the Detect or Correct Mode, the contents of the 
Diagnostic Latch are substituted for the check bits normally read from 
the Check Bit Input Latch. The EDC functions normally in the 
Generate Mode. 

1 1 Initialize. The inputs of the Data Output Latch are forced to zeroes and 
the check bits generated correspond to the all-zero data. 
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INPUT CHECK BITS 
FOR II-BIT CONFIGURATION 

DON'T 

OAT" 
cx co CI C2 C4 CI CARE 

I I 1 1 j j I DATA CHECK BITS DATAo-,. Clio CB, CB. CB. CB. CB. CB. 

I 
BYTE 1 J BYTE 0 IcxlcolCllc21C4lcel 

15 0 EDC CODE 1---000 1°0_2 

SCo SC1 $C. $C. $C. SC. se. 
Uses Modified Hamming Code 16/22 

sL!sL\Jc.\ 
- 16 data bits l UNSPECIFIED 

FOR l8-BIT 
- 6 check bits CONFIGURA11ON 
- 22 bits in total SOICO S21C2 SllCI 

SYNDROME/CHECK BIT OUTPUTS 
FOR 1&-B1T CONFlGURA11ON 

Figure 1. 16 Bit Data Format. Figure 2. 16 Bit Configuration, 
MPR·730 MPR·731 

TABLE IV. 16-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART. 

Generated PartiCipating 

Check Data Bits 

Bits Parity 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CX Even (XOR) X X X X X X X X 

CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 

C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 

CB Even (XOR) X X X X X X X X 

The check b~ is generated as either an XOR or XNOR of the eight data bits noted by an "X" in the table. 

TABLE V. SYNDROME DECODE TABLE VI. DIAGNOSTIC LATCH LOADING -
TO BIT·IN·ERRpR. 16-BIT FORMAT. 

Syndrome S8 0 1 0 1 0 1 0 1 Data Bit Internal Function 
Bits S4 0 0 1 1 0 0 1 1 

S2 0 0 0 0 1 1 1 1 0 Diagnostic Check Bit X 

SX SO S1 1 Diagnostic Check Bit 0 
0 0 0 * C8 C4 T C2 T T M 2 Diagnostic Check Bit 1 
0 0 1 C1 T T 15 T 13 7 T 

3 Diagnostic Check Bit 2 
0 1 0 CO T T M T 12 6 T 

4 Diagnostic Check Bit 4 
0 1 1 T 10 4 T 0 T T M 

5 Diagnostic Check Bit 8 
1 0 0 CX T T 14 T 11 5 T 

1 0 1 T 9 3 T M T T M 
6, 7 Don't Care 

1 1 0 T 8 2 T 1 T T M 
8 CODE 100 

1 1 1 M T T M T M M T 9 CODE 10 1 

10 CODE 102 

11 DIAG MOOEO 
* - no errors detected 12 DIAG MODE 1 NumbBr - the location of the single bit-in-error 
T - two errors detected 13 CORRECT 
M - three or more errors detected 

14 PASS THRU 

15 Don't Care 
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Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and inter
nal control uses. It is loaded from the DATA lines under the 
control of LE DIAG. Table VI shows the loading definitions for 
the DATA lines. 

Generate Using Diagnostic Latch (Diagnostic Mode A) 

Detect Using Diagnostic Latch (Diagnostic Mode B) 

Correct Using Diagnostic Latch (Diagnostic Mode B) 

These are special diagnostic modes selected by DIAG MODEo_1 

where either normal check bit inputs or outputs are substituted 
for by check bits loaded into the Diagnostic Latch. See Table III 
for details. 

Internal Control Mode 

This mode is selected by CODE 100-2 input 001 (102,101,100), 

When in Internal Control Mode, the EDC takes the CODE 100-2 , 

DIAG MOD EO_l , CORRECT and PASS THRU control signals 
from the internal Diagnostic Latch rather than from the external 
input lines. 

Table VI gives the format for loading the Diagnostic Latch. 

FUNCTIONAL DESCRIPTION -
32-BIT DATA WORD CONFIGURATION 

The 32-bit format consists of 32 data bits, 7 check bits and is 
referred to as 32139 code (see Figure 3). 

The 32-bit configuration is shown in Figure 4. 

The upper EDC (Slice 0/1) handles the least significant bytes 0 
and 1 - the external DATA lines 0 to 15 are connected to the 
same numbered inputs of the upper device. The lower EDC 
(Slice 213) handles the most significant bytes 2 and 3 - the 
external DATA lines for bits 16 to 31 are connected to inputs 
DATAo through DAT~5 respectively. 

The valid syndrome and check bit outputs are those of Slice 2/3 
as shown in the diagram. In Correct Mode these must be read 
into Slice 0/1 via the CB inputs, thus requiring external buffering 
and output enabling of the check bit lines as shown. The OE SC 
signal can be used to control enabling of check bit inputs -
when syndrome outputs are enabled, the external check bit in
puts will be disabled. 

The valid ERROR and MULTI ERROR outputs are those of the 
Slice 213. The ERROR and MULTI ERROR outputs of Slice 0/1 
are unspecified. All of the latch enables and control signals must 
be input to both of the devices. 

Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated are 
placed on the outputs SCo_s of Slice 213. 

Check bits are generated according io a' modified Hamming 
code. Details of the code for check bit generation are contained 
in Table VII. Check bits are generated as either an XOR or 
XNOR of 16 of the 32 data bits as indicated in the table. The 
XOR function results in an even parity check bit, the XNOR in an 
odd parity check bit. 

Detect Mode 

In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, EFiROR goes LOW. If two or 
more errors are detected, MULTI ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. The valid ERROR and 
MULTI ERROR signals are those of Slice 2/3 - those of Slice 
0/1 are undefined. 

Also available on Slice 213 outputs SCo_s are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. Table' 
VIII gives the chart for decoding the syndrome bits generated for 
the 32-bit configuration (as an example, if the syndrome bits 
SX/SO/Sl/S2/S4/S8/S16 were 0010011 this would be decoded to 
indicate that there is a single-bit error at data bit 25). If no error is 
detected the syndrome bits will be all zeroes. 

In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correc
tions. 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com
plement) any single-bit error of the Data Input Latch before put
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single-bit error is a check bit there is no automatic correc
tion - if desired this would be done by placing the device in 
Generate Mode to produce a correct check bit sequence for the 
data in the Data Input Latch. 

For data correction, both Slices 0/1 and 2/3 require access to the 
syndrome bits on Slice 2/3's outputs SCo_s. Slice 213 has access 
to these syndrome bits through internal data paths, but for Slice 
0/1 they must be read through the inputs CBo_s. The device 
connections for this are shown in Figure 4. When in Correct 
Mode the SC outputs must be enabled so that they are available 
for reading in through the CB inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con
tents of the Check Bit Input Latch are placed on outputs SCo_s of 
Slice 2/3. 

DATA CHECK Brrs Uses Modified Hamming Code 32/39 
- 32 data bits 
- 7 check bits 
- 39 bits in total 

BYTE 3 I ~YTE 2 I BYTE 1 , lex I CO I Cl I C21 C41 cal ~61 

Figure 3. 32 Bit Data Format. 
MPR-732 
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INPUT CHECK BITS 

DATA,6_31 OATAo_15 ex co C1 C2 C4 CB C16 

.l. ... ~ "II' " .... ... ... ~ 

DATA CBo CB, CB, CB, CB. CB, CBs 

DESC 

EDC 
BVTES 0 AND 1 

CODe 
ID 

SCo SC, SC, SC, SC. scs SC. 

----. 
DATA CBo CB, CB, CB, CB. CB, CBs 

OESC 

EDC 
BYTES 2 AND 3 

CODE 
ID __ Muii1 

ERROR EiiFiO'Fi SCa SC, SC, SC, SC. SC, SC. 

ERROR MULTI SX/CX SOICO S1/C1 S2/C2 S4/C4 SBlC8 S16/C16 
ERROR 

OUfPUT SVNDROME/CHECK BITS 

h 
1-010 

1-011 

Figure 4. 32 Bit Configuration. 

i5E se 

TABLE VII. 32-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART. 

Generated Participating Data Bits 
Check 

Bits Parity 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

CX Even (XOR) X X X X X X X X 

CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X 

C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X 

C8 Even (XOR) X X X X X X X 

C16 Even (XOR) X X X X X X X X 

Generated Participating Data Bits 
Check 

Bits Parity 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

CX Even (XOR) X X X X X X X 

CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X 

C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X 

C8 Even (XOR) X X X X X X X 

C16 Even (XOR) X X X X X X X 

The check bit is generated as either an XOR or XNOR of the sixteen data bits noted by an "X" in the table. 
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TABLE VIII. SYNDROME DECODE TO BIT-IN-ERROR. 

Syndrome S16 0 1 0 
Bits sa 0 0 1 

S4 0 0 0 
SX SO 81 82 

0 0 0 0 * C16 C8 

0 0 0 1 C2 T T 

0 0 1 0 C1 T T 

0 0 1 1 T M 13 

0 1 0 0 CO T T 

0 1 0 1 T 1 12 

0 1 1 0 T M 10 

0 1 1 1 16 T T 

1 0 0 0 CX T T 

1 0 0 1 T M 11 

1 0 1 0 T M 9 

1 0 1 1 M T T 

1 1 0 0 T M 8 

1 1 0 1 17 T T 

1 1 1 0 M T T 

1 1 1 1 T 0 M 

* - no errors detected 
Numbers - number of the single bit-in-error 
T - two errors detected 
M - three or more errors detected 

Diagnostic Latch 

1 0 1 0 1 
1 0 0 1 1 
0 1 1 1 1 

T C4 T T 30 

27 T 5 M T 

25 T 3 15 T 

T 23 T T M 

24 T 2 M T 

T 22 T T M 

T 20 T T M 

M T M M T 

M T M 14 T 

T 21 T T M 

T 19 T T 31 

29 T 7 M T 

T 18 T T M 

28 T 6 M T 

26 T 4 M T 

T M T T M 

The Diagnostic Latch serves both for diagnostic uses and inter
nal control uses. It is loaded from the DATA lines under the 
control of LE DIAG. Table IX shows the loading definitions for 
the DATA lines. 

Generate Using Diagnostic Latch (Diagnostic Mode A) 

Detect USing Diagnostic Latch (Diagnostic Mode B) 

Correct Using Diagnostic Latch (Diagnostic Mode B) 

These are special diagnostic modes selected by DIAG MODEo.1 

where either normal check bit inputs or outputs are substituted 
for by check bits from the Diagnostic Latch. See Table III for 
details. 

Internal Control Mode 

This mode is selected by CODE 100-2 , input 001 (102 , 101 , 100), 

When in Internal Control Mode the-device takes the CODE 
100-2, DIAG MODEo_1, CORRECT and PASS THRU signals 

Uses Modified Hamming Code 64/72 
- 64 data bits 
- 8 check bits 

from the internal Diagnostic Latch rather than from the external 
control lines. 

Table IX gives the format for loading the Diagnostic Latch. 

FUNCTIONAL DESCRIPTION -
64-BIT DATA WORD CONFIGURATION 

The 64-bit format consists of 64 data bits, 8 check bits and is 
referred to as 64/72 code (see Figure 5). 

The configuration to process 64-bit format is shown in Figure 6. 
In this configuration a portion of the syndrome generation and 
error detection is implemented externally of the EDCsin MSI. 
For error correction the syndrome bits generated must be read 
back into all four EDCs through the CB inputs. This necessitates 
the check bit buffering shown in the connection diagram of Fig
ure 6. The OE SC signal can control the check bit enabling -
when syndrome bit outputs are enabled the external check bit 
lines will be disabled so that the syndrome bits may be read onto 
the CB inputs. 

TABLE IX. DIAGNOSTIC LATCH LOADING -
32-BIT FORMAT. 

Data Bit Internal Function 

a Diagnostic Check Bit X 

1 Diagnostic Check Bit a 
2 Diagnostic Check Bit 1 

3 Diagnostic Check Bit 2 

4 Diagnostic Check Bit 4 

5 Diagnostic Check Bit 8 

6 Diagnostic Check Bit 16 

7 Don't Care 

8 Slice 0/1 - CODE 10 a 
9 Slice 0/1 - CODE 10 1 

10 Slice 0/1 - CODE 10 2 

11 Slice 011 - DIAG MODE 0 

12 Slice 0/1 - DIAG MODE 1 

13 Slice 0/1 - CORRECT 

14 Slice 0/1 - PASS THRU 

15 Don't Care 

16-23 Don't Care 

24 Slice 213 - CODE 10 0 

25 Slice 213' - CODE 10 1 

26 Slice 2/3 - CODE 10 2 

27 Slice 213 - DIAG MODE a 
28 Slice 2/3 - DIAG MODE 1 

29 Slice 213 - CORRECT 

30 Slice 213 - PASS THRU 

31 Don't Care 

- 72 bits in total Figure 5. 64 Bit Data Format. 
MPR-7:l4' 
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CB, CB, CB, CB, CB, CB, CBO 0 CB, CB, CB, CB, CB, CB, CBO 0 CB, CB, CB, CB, CB, 

-r 6E sc 
EOC -r 5E SC EDC 

-f 
OESC EOC 

BYTES 6 AND 7 BYTES 4 AND 5 BYTES 2 AND 3 

r--ME 

SC, SC, SC, SC, SC, SC, SCO SC, SC, SC, SC, SC, SC, SCO SC, SC, SC, SC, SC, 

-~-
MULTI ERROR 

~ ... 

J , \ 
XOR F 

l r=) ~ 
( 

XOR XOR XDR XOR XDR 

r S4IC4 :tS8!C8 S2JC2 YS161C16 SllCl S321C32 

1 
NOR 

XOR 

NOR~ E""AAOR 
Am82S62 

MPR-735 Figure 6. Am2960 - 64 Bit Data Configuration. 
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Input CB6 of Slice 0/1 is unused and need not be connected. 
Output SC6 of Slice 2/3 is unspecified for the 64-bit configura
tion. 

The error detection signals for the 64-bit configuration differ from 
the 16 and 32-bit configurations. The ERROR signal functions 
the same: it is LOW if one or more errors are detected, and 
HIGH if no errors are detected. The DOUBLE ERROR signal is 
HIGH if and only if a double-bit error is detected - it is LOW 
otherwise. All of the MULTI ERROR outputs of the four devices 
are valid. MULTI ERROR is LOW when three or more errors are 
detected; it is HIGH if either zero, one or two errors are detected. 

This is a different meaning for MULTI ERROR than in other 
configurations. 

Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated ap
pear at the outputs of the XOR gates as indicated in Figure 6. 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are contained 
in Table X. Check bits are generated as either an XOR or XNOR 

TABLE X. 64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE. 

Generated Participating Data Bits 
Check 

Bits Parity 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
CB Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 
C32 Even (XOR) X X X X X X X X 

Generated Participating Data Bits 
Check 
Bits Parity 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
C8 Even (XOR) X X X X X X X X 

CHi Even (XOR) X X X X X X X X 
C32 Even (XOR) X X X X X X X X 

Generated Participating Data Bits 
Check 
Bits Parity 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
C8 Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 
C32 Even (XOR) X X X X X X X X 

Generated 
Check 

Participating Data Bits 

Bits Parity 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
CB Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 
C32 Even (XOI'l) X X X X X X X X 

The check bit Is generated as either an XOR or XNOR of the 32 data bits noted by an "X" in the table. 
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of 32 of the 64 bits as indicated in the table. The XOR function 
results in an even parity check bit, the XNOR in an odd parity 
check bil. 

Detect Mode 

In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If exactly 
two errors are detected, DOUBLE ERROR goes HIGH. If three 
or more errors are detected, MULTI ERROR goes LOW - the 
MULTI ERROR output of any of the four EDCs may be used. 

Available as XOR gate outputs are the generated syndrome bits 
(see Figure 6). The syndrome bits may be decoded to determine 
if a bit error was detected and, for single-bit errors, which of the 
data or check bits is in error. Table XI gives the chart for encod
ing the syndrome bits generated for the 64-bit configuration (as 
an example, if the syndrome bits Sx/SO/S1/S2IS4/SS/S16/S32 
were 00100101 this would be decoded to indicate that there is a 
single-bit error at data bit 41). If no error is detected the syn
drome bits will all be zeroes. 

In Detect Mode the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correc
tions. 

Am2960 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com
plement) any single-bit error of the Data Input Latch before put
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single bit error is a check bit there is no automatic correc
tion. Check bit correction can be done by placing the device in 
generate mode to produce a correct check bit sequence for the 
data in the Data Input Latch. 

To perform the correction step, all four slices require access to 
the syndrome bits which are generated externally of the devices. 
This access is provided by reading the syndrome bits in through 
the CB inputs. The device connections for this are shown in 
Figure 6. When in Correct Mode the SC outputs must be en
abled so that the syndrome bits are available at the CB inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
contents of the Check Bit Input Latch are passed through the 
external XOR network and appear unmodified at the XOR gate 
outputs labeled CX to C32 (see Figure 6). 

TABLE XI. SYNDROME DECODE TO BIT-IN-ERROR. 

Syndrome S32 0 1 0 
Bits S16 0 0 1 

S8 0 0 0 
S4 0 0 0 

SX SO S1 S2 

0 0 0 0 * C32 C16 

0 0 0 1 C2 T T 

0 0 1 0 C1 T T 

0 0 1 1 T M M 

0 1 0 0 CO T T 

0 1 0 1 T 49 33 

0 1 1 0 T M M 

0 1 1 1 16 T T 

1 0 0 0 CX T T 

1 0 0 1 T M M 

1 0 1 0 T M M 

1 0 1 1 M T T 

1 1 0 0 T M M 

1 1 0 1 17 T T 

1 1 1 0 M T T 

1 1 1 1 T 48 32 

* - no errors detected 
Number - the number of the single b~-in-error 
T - two errors detected 
M - more than two errors detected 

1 0 1 
1 0 0 
0 1 1 
0 0 0 

T C8 T 

M T 43 

M T 41 

T 13 T 

M T 40 

T 12 T 

T 10 T 

0 T M 

M T M 

T 11 T 

T 9 T 

M T 45 

T 8 T 

1 T 44 

M T 42 

T M T 
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0 1 0 1 0 1 0 1 0 1 
1 1 0 0 1 1 0 0 1 1 
1 1 0 0 0 0 1 .1 1 1 
0 0 1 1 1 1 1 1 1 1 

T M C4 T T M T 46 62 T 

59 T T 53 37 T M T T M 

57 T T 51 35 T 15 T T 31 

T 29 23 T T 7 T M M T 

56 T T 50 34 T M T T M 

T 28 22 T T 6 T M M T 

T 26 20 T T 4 T M M T 

M T T M M T M T T M 

M T T M M T 14 T T 30 

T 21 21 T T 5 T M M T 

T 25 .19 T T 3 T 47 63 T 

61 T T 55 39 T M T T M 

T 24 18 T T 2 T M M T 

60 T T 54 38 T M T T M 

56 T T 52 36 T M T T M 

T M M T T M T M M T 
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Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and inter
nal control uses. It is loaded from the DATA lines under the 
control of LE DIAG. Table XII shows the loading definitions for 
the DATA lines. 

Generate Using Diagnostic Latch (Diagnostic Mode A) 

Detect Using Diagnostic Latch (Diagnostic Mode B) 

Correct Using Diagnostic Latch (Diagnostic Mode B) 

These are special diagnostic modes selected by DIAG MODEo_1 

where either normal check bit inputs or outputs are substituted 
for by check bits from the Diagnostic Latch. See Table III for 
details. 

Internal Control Mode 

This mode is selected by CODE IDo_2' input 001 (ID2' ID1, IDo). 

When in Internal Control Mode the EDC takes the CODE IDo_2' 
DIAG MODEo_1 , CORRECT and PASS THRU signals from the 
internal Diagnostic Latch rather than from the external control 
lines. Table XII gives format for loading the Diagnostic Latch. 

TABLE XII. DIAGNOSTIC LATCH LOADING - 64-BIT FORMAT. 

Data Bit Internal Function Data Bit Internal Function 

0 Diagnostic Check Bit X 31 Don't Care 

1 Diagnostic Check Bit 0 32-37 Don't Care 

2 Diagnostic Check Bit 1 38 Diagnostic Check Bit 16 

3 Diagnostic Check Bit 2 39 Don't Care 

4 Diagnostic Check Bit 4 40 Slice 4/5 - CODE ID 0 

5 Diagnostic Check Bit 8 41 Slice 4/5 - CODE ID 1 

6, 7 Don't Care 42 Slice 4/5 - CODE ID 2 

8 Slice 0/1 - CODE ID 0 43 Slice 4/5 - DIAG MODE 0 

9 Slice 0/1 - CODE ID 1 44 Slice 4/5 - DIAG MODE 1 

10 Slice 0/1 - CODE ID 2 45 Slice 4/5 - CORRECT 

11 Slice 0/1 - DIAG MODE 0 46 Slice 4/5 - PASS THRU 

12 Slice 0/1 - DIAG MODE 1 47 Don't Care 

13 Slice 011 - CORRECT 48-54 Don't Care 

14 Slice 0/1 - PASS THRU 55 Diagnostic Check Bit 32 

15 Don't Care 56 Slice 6/7 - CODE ID 0 

16-23 Don't Care 57 Slice 6/7 - CODE ID 1 

24 Slice 2/3 - CODE ID 0 58 Slice 6/7 - CODE ID 2 

25 Slice 2/3 - CODE ID 1 59 Slice 6/7 - DIAG MODE 0 

26 Slice 2/3 - CODE ID 2 60 Slice 6/7 - DIAG MODE 1 

27 Slice 2/3 - DIAG MODE 0 61 Slice 6/7 - CORRECT 

28 Slice 2/3 - DIAG MODE 1 62 Slice 6/7 - PASS THRU 

29 Slice 2/3 - CORRECT 63 Don't Care 

30 Slice 2/3 - PASS THRU 
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LOGIC SYMBOL 

iffiiEiiATe 
LEIN 

CORRECT 

LEOUT PASSTHRU 

DE BYTE 0 

DE BYTE 1 CODE IDO_2 

DESC 
DlAG MODEo_l 

LE DIAG 

MPR-736 
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CONNECTION DIAGRAM 
Top View 

10 

11 'f:i::l· 
12 ~ ~S; 37 

O~ 36 

14 

Note: Pin 1 is marked for orientation. 
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Am2960 

APPLICATIONS 

The EDC unit may be used in two different ways depending 
upon whether the design objective is to minimize the total time 
for memory operations or to minimize system complexity. 

Check-Only Configuration 

Figure 7 shows the EDC unit in a Check-Only configuration. This 
method minimizes the delay needed on memory operations for 
EDC. 

On writes to memory the EDC unit generates check-bits. On 
reads from memory, the EDC unit monitors the data and check 
bits. If an error is detected, the CPU is interrupted - the CPU 
then issues the appropriate control signals to the EDC unit to 
correct the data, write back into memory and/or perform diag
nostics and error logging. 

I 

~ INTERRUPT 
eRROR 

~ SC 

CPU EOC UNIT 

DATA 

CONTROL CONTROL 

DATA A 1 
8US 

~ V A 
ADDRESS 

8US 

'" 
A 

CONTROL 

" 

Correct.Always Configuration 

Figure 8 illustrates the use of EDC unit in a Correct-Always, 
configuration. This method has the advantage of being less 
complex than the Check-Only configuration. Memory operations 
are slower in this configuration since on reads from memory, 
data is always passed through the EDC unit for correction. This' 
method does not necessarily slow down total system speed if 
the CPU cycle-time is the constraint on system speed. 

In the Correct-Always configuration, check bits are generated by 
the EDC on writes into memory. On reads from memory, the 
check and data bits are loaded into the EDC unit - after a delay, 
corrected data is available at the EDC unit's outputs and is 
placed on the system bus. If the data was not correctable, then 
the MULTI ERROR output will go active and may be used to 
interrupt the CPU. 

CHECK MEMORY 

~------ DYNAMIC 
MEMORY 
TIMING 

~~ 
~.-~ 

DATAMEMORV 

I ..;; ;:-. I 
I 
I 

71 "-
r 

V 

" 
V 

"-

;> 
WRITE 
READ Figure 7. Check-Only Configuration. 

MPR-738 

DATA 
8US 

ADDRESS 
8US 

CONTROL 

~ 

A " 

" 
A 

< 
A 

< 
WRITE ---
READ ----

MULTI ERROR 

INTERRUPT 

CPU 

CONTROL 

r ;:-. 

I 
7-

~7 

MEMORY 

CONTROL 

EDC 

I BUFFERS 

I' CONTROL 
ERROR /1. ------ .- ----------;::, 
MULTI ERROR CHECK MEMORY 

SC 

Eoe UNIT 

(::~ 
~--.... ~ -----f-.... : 
-~---; 

Am2961/2962 "1.0-----.....1' 
DATAMEMORV 

","~U=~~ ... "f V' 

I ~ ;:..1 
! 

I : 
'" 71 " , 

V' 

~ 
"-

-y 

Figure 8. Correct-Always Configuration. UPR-7311 
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Am2961 • Am2962 
4-Bit Error Correction Multiple Bus Buffers 

DISTINCTIVE CHARACTERISTICS. 

• Quad high-speed LSI bus-transceiver 
• Provides complete data path interface between the Am2960 

Error Detection and Correction Unit, the system data bus and 
dynamic RAM memory 

• Three-state 24mA output to data bus 
• Three-state data output to memory 
• Inverting data bus for Am2961 and non-inverting for Am2962 
• Data bus latches allow operation with multiplexed buses 
• Advanced low-power Schottky processing 
• Space saving 24-pin 0.3" package 
• 100% product assurance screening to MIL-STD-883 

requirements 

LOGIC DIAGRAM 

MUX 

B 

SYSTEM 
DATA BUS· 

B BLI·121 

• Am2962 is the same function but non-inverting to the system data bus, B. 
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FUNCTIONAL DESCRIPTION 

The Am2961 and Am2962 are high-performance, low-power 
Schottky multiple bus buffers that provide the complete data path 
interface between the Am2960 Error Detection and Correction 
Unit, dynamic RAM memory and the system data bus. The 
Am2961 provides an inverting data path between the data bus 
(Bi) and the Am2960 error correction data input (Vi) and the 
Am2962 provides a non-inverting configuration (Bi to Vi). Bot/l 
devices provide inverting data paths between the Am2960·and 
memory data bus thereby optimizing internal data path speeds. 

The Am2961 and Am2962 are 4-bit devices. Four devices are 
used to interface each 16-bit Am2960 Error Detection and Cor
rection Unit with dynamic memory. The system can easily be 
expanded to 32 or more bits for wider memory The 
4-bit configuration allows enabling 
two-at-a-time for intermixed word or 

24 pin slim (0.3") 

Note: Pin 1 is marked for orientation. 

BLI·122 



Am2964~· 
Dynamic Memory Controller 

IN DEVELOPMENT 

DISTINCTIVE CHARACTERISTICS 

• Dynamic Memory Controller for 16.K and 64.K MaS dynamic 
RAMs 

• 8-Bit Refresh Counter for refresh address generation, has 
clear input and terminal count output 

• Refresh Counter terminal count selectable at 256 or 128 
• Latch Input RAS Decoder provides 4 RAS outputs, all active 

during refresh 
• Dual 8-Bit Address Latches plus separate RAS Decoder 

Latches 
• Grouping functions on a common chip minimizes speed 

differentiaVskew between address, RAS and CAS outputs 
• 3-Port, 8-Bit Address Multiplexer with Schottky speed 
• Burst mode, distributed refresh or transparent refresh mode 

determined by user 
• Non-inverting address, RAS and CAS paths 
• 100% product assurance screening to MIL-STD-883 

requirements 

LOGIC DIAGRAM 

MSEL 

Ao 

;'7 

~8 
A~5 

EN 

CLR 

RSELo 

RSEL1 
RAS 

DECODE 

RASI 

RFSH 

CASI 

TC 

'FiASo 
RAS1 

RAS. 

RAS3 

CASO 

BLI-123 
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FUNCTIONAL DESCRIPTION 

The Am2964 Dynamic Memory Controller replaces several MSI 
devices by grouping several unique functions. Two 8-bit latches 
capture and hold the memory address. These latches and a 
clearable, 8-bit refresh counter feed into an 8-bit, 3-input, 
Schottky speed MUX, for output to the dynamic RAM address 
lines. 

The same silicon chip also includes a special RAS decoder and 
CAS buffer. Placing these functions on the same chip minimizes 
the time skew between output functions which would otherwise 
be separate MSI chips, and therefore, allows a faster memory 
cycle time by the amount of skew eliminated. 

Pulsing the active LOW refresh line RFSH, switches the MUX to 
the counter output, inhibits CAs, and forces AAs decoder 
outputs active simultaneously. The 
end of the refresh cycle - the 
Various refresh modes can 
RAMs and for a wide 

A,s 

Or 
A7 

A,. 

o. 
MSEL 

As 
A'3 

O. 

As 

A,. 

O. 

As 
Al1 

RFSH 

0 3 

A, 

A,o 

O. 

GND 

Vee 
TC 

CuI 
CASI 

CASO 

RSEL, 

RSELo 

33 RASI 

RAB, 

RAil:! 

RAS, 

RASo 

Ao 
0 0 

EN 

As 
A, 

0, 

A. 

A. 

Note: Pin 1 is marked for orientation. 
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Am2965 • Am2966 
Octal Dynamic Memory Drivers with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Controlled rise and fall characteristics 
Internal resistors provide symmetrical drive to HIGH and 
LOW states, eliminating need for external series resistor. 

• Output swings designed to drive 16K and 64K RAMs 
VOH guaranteed at Vee -1.15V. Undershoot going LOW 
guaranteed at less than 0.5V. 

• Large capacitive drive capability 
35mA min source or sink current at 2.0V. Propagation 
delays specified for 50pF and 500pF loads. 

• Pin-compatible with 'S240 and 'S244 
Non-inverting Am2966 replaces 74S244; inverting Am2965 
replaces 74S240. Faster than 'S240/244 under equivalent 
load. 

• No-glitch outputs 
Outputs forced into OFF state during power up and down. 

CONNECTION DIAGRAM 
Top View 

lG Vee 

lAl ZG 

2V. lVl 

lA2 2M 

2V3 lV2 

lA2 2A2 

2V2 lV3 

1M 2A2 

2V1 lV, 

GND 2Al 

Note: Pin 1 is marked for orientation. 
BLI·,25 

FUNCTIONAL DESCRIPTION 

The Am2965 and Am2966 are designed and specified to drive the 
capacitive input characteristics of the address and control lines of 
MOS dynamic RAMs. The unique design of the lower output 
driver includes a collector resistor to control undershoot on the 
HIGH-to-LOW transition. The upper output driver pulls up to Vee 
- 1.15V to be compatible with MOS memory and is designed to 
have a rise time symmetrical with the lower output's controlled fall 
time. This allows optimization of Dynamic RAM performance. 

The Am2965 and Am2966 are pin-compatible with the popular 
'S240 and 'S244 with identical3-state output enable controls. The 
Am2965 has inverting drivers and the Am2966 has non-inverting 
drivers. 

The inclusion of an internal resistor in the lower output driver 
eliminates the requirement for an external series resistor, there- m 
fore reducing package count and the board area required. The 
internal resistor controls the output fall and undershoot without 
slowing the output rise. 

These devices are designed for use with the Am2964 Dynamic 
Memory Controller where large dynamic memories with highly 
capacitive input lines require additional buffering. Driving eight 
address lines or four RAS and four CAS lines with drivers on the 
same silicon chip also provides a significant performance ad
vantage by minimizing skew between drivers. Each device has 
specified skew between drivers to improve the memory access 
worst case timing over the min and max tpD difference of un
specified devices. 

TYPICAL OUTPUT DRIVER 

---"""'1---0 Vee 

R .,3011 

OUTPUT TO 
RAM ADDRESS +---- OR CONTROL 
LINES 

---_---<> GND 
BLI·126 ' 

LOGIC DIAGRAMS 

Am2965 Am2966 

2Vl lA1 2Vl 

2V2 lA2 2V2 

2V3 Inputs Outputs lA2 2V3 Inputs Outputs 

G A y G A y 

H X Z 
2V. 1M 2V. 

H X Z 
L H L L L L 
L L H lG 

L H H 
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Am2965 • Am2966 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, into OutP\Jts 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
. The Following Conditions Apply Unless Otherwise Specified: 

Am2965166XC, DC, PC TA = 0 to 700C Vee = 5.0V ±10% (MIN = 4.50V 
Am2965166XM, OM TA = -55 to +125°C Vee = 5.0V ±10% (MIN = 4.50V 
Am2965186FM T e = -55 to + 125°C Vee = 5.0V ± 1 0% (MIN = 4.50V 

DC CHARACTERISTICS OVI;R OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

VOH Output High Voltage Vee = MIN 10H = -lmA 
VIN = VIH or Vil 

VOL Output LOW Voltage Vee = MIN 10l = lmA 
VIN = VIH or Vil 10l = 12mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH voltage 
for all inputs 

Vil Input LOW Level 
Guaranteed input logical LOW voltage 
for all Inputs 

VI Input Clamp Voltage Vee = MIN, liN = -18mA 

III Input LOW Current Vee = MAX, VIN. = 0.4V 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

II Input HIGH Current Vee = MAX, VIN = 7.0V 

IOZH Off-State Current Vo = 2.7V 

IOZl Off·State Current Vo = 0.4V 

10l Output Sink Current VOL = 2.0V 

10H Output Source Current VOH = 2.0V 

Ise 
Output Short Circuit Current 

Vee = MAX (Note 3) 

All Outputs HIGH 

Am2965 All Outputs LOW 
Vee = MAX 
Outputs Open 

All Outputs HI-Z 
lee Supply Current 

All Outputs HIGH 

Am2966 All Outputs LOW Vee = MAX 

All Outputs Hi-Z 
Outputs Open 

MAX = 5.50V) 
MAX = 5.50V) 
MAX = 5.50V) 

Min 

Vee-U5 

2.0 

35 

-35 

-60 
(see IOH) 

Typ 
(Note 2) 

Vee-0.7V 

24 

86 

86 

53 

92 

116 

-65 to +150°C 

-55 to +125°C 

-0.5 to + 7.0V 

-0.5V to +Vce max 

-0.5 to +7.0V 

30mA 

-30 to +5.0mA 

Max Units 

Volts 

0.5 

0.8 
Volts 

Volts 

0.8 Volts 

-1.2 Volts 

-200 /LA 

20 /LA 

0.1 mA 

100 /LA 

-200 /LA 

mA 

mA 

-200 mA 

50 

125 

125 
mA 

75 

130 

150 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V.25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should .not exceed one second. 

5-20 



Am2965 • Am2966 

Am2965 • Am2966 
SWITCHING CHARACTERISTICS 
(TA = +25°C, Vee = 5.0V) 

Parameters Description Test Conditions Min Typ Max 

CL = OpF 6 (Note 4) 

tpLH 
Propagation Delay TIme from CL = 50pF 6 9 15 
LOW-la-HIGH Output Figure 1 Test Circuit CL = 500pF 15 22 35 

Figure 3 Voltage Levels 
CL = OpF 4 (Note 4) and Waveforms 

tpHL 
Propagation Delay Time from 

CL = 50pF 6 12 20 
HIGH-to-LOW Output 

CL = 500pF 20 30 45 

tpLZ Output Disable Time from Figures 2 and 4, S = 1 13 20 

tpHZ LOW, HIGH Figures 2 and 4, S = 2 8 12 

tpZL Output Enable TIme from Figures 2 and 4, S - 1 13 20 

tpzH LOW, HIGH Figures 2 and 4, S = 2 13 20 

tSKEW Output-to-Output Skew Figures 1 and 3, CL = 50pF ±0.5 
±3.0 

(NoteS) 

VONP Output VoHage Undershoot 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE (Note 6) 

Parameters Description 

Propagation Delay Time 
tpLH LOW-to-HIGH Output 

Propagation Delay TIme 
tpHL HIGH-to-LOW Output 

tpLZ Output Disable Time from 

tpHZ LOW,HIGH 

tpZL Output Enable Time from 

tpZH LOW, HIGH 

Figures 1 and 3, CL = 50pF 

Test Conditions 

CL = 50pF 
Figures 1 and 3 

CL = 500pF 

Figures 1 and 3 
CL = 50pF 

CL = 500pF 

Figures 2 and 4 
S=1 

S=2 

Figures 2 and 4 
S=1 

8-2 

VONP Output VoHage Undershoot Figures 1 and 3, CL = 50pF 

Notes: 4. Typical time shown for reference only - not tested. 
5. Time Skew' specification is guaranteed by design but not tested. 

0 -0.5 

COM'L MIL (Note 7) 

TA = 0 to 70"C TA = -55 to +12SOC 
VCC = 5.0V ±10% VCC = 5.0V ±10% 

Min Max Min Max 

4 20 4 20 

13 40 13 40 

4 24 4 24 

17 50 17 50 

24 24 

16 16 

28 28 

28 28 

-0.5 -0.5 

6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
7. T e = - 55 to + 125°C for Flatpak versions. 

SWITCHING TEST CIRCUITS 

vee 

FROM 

Dl!
VlCEr1 OUTPUT 

* R I Cl 
-=- 2k/l 

BLI·129 

~1 LZ,ZL 

FROM I80Il 
DEVICE S 

OUTPUT 
Cl I SOpF 21 HZ, ZH 

"':'" -= 

°tpd specified at C = 50 and 500pF. 

Figure 1. Capacitive Load Switching. Figure 2. Three-State Enable/Disable. 
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Units 

ns 

ns 

ns 

ns 

ns 

VoHs 

Units 

ns 

ns 

ns 

ns 

Volts 
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Am2965 • Am2966 

TYPICAL SWITCHING CHARACTERISTICS 

VOLTAGE WAVEFORMS 

r------.------- 3.0V 

ENABLE -' 1 5V' \1.5V 

INPUT 

Am2965 
__ ---. ,..---"";"-- 3.0V 

1.5V),( *1.5V 

lPlH _-+--,::,-....,...--...,...-_..J ~-tP-Hl-l....;A.;;;m.;;;29;;;66~- OV 

BU-131 

VONP "I 
~VOL _ OV 

Ir = If = 2.5ns 
f = 2.5MHz 
Ipw = 200ns 

Figure 3_ Output Drive Levels. 

INPUT --.-I . l\ 

BLI-132 

j 
O.5V 

I 
Ir = If = 2.5ns 
f = lMHz 
IpW = 800ns 

I-~+-- tpZH 

Figure 4. Three-State Control Levels. 

OV 

The RAM Driver symmetrical output design offers significant improvement over a standard Schottky output by providing a balanced drive 
output impedance ("'330 both HIGH and LOW), and by pulling up to MOS VOH levels (Vee - 1.15V). External resistors, not required with 
the RAM Driver, protect standard Schottky drivers from error causing undershoot but also slow the output rise by adding to the internal R. 

The RAM Driver is optimized to drive LOW at maximum speed based on safe undershoot controi and to drive HIGH with a symmetrical 
speed characteristic. This is an optimum approach because the dominant RAM loading characteristi.c is input capacitance. 

The curves shown below provide performance characteristics typical of both the inverting (Am2965) and non-inverting (Am2966) RAM 
Drivers. 

I&. 
Q. 

I 
..J 

U 

1000r--~-.---r--.--' 

w 100 
U 
Z 

~ u 
f 
~ 

~ 

81.1-133 

101---~---r--~r_--+_--, 

1.0 0'---.... 10---'20--3 .... 0---'-40----'50 

tpLH - ns 

Figure 5. tpLH for VOH = 2.7 Volts vs. CL' 

1000r--~-.---r--.--' 

~ 
I 
..J 

U 100 w 
u z 
~ 
(3 1---""'1- MAX @ +2S"C --+----1 
f 
~ 

101---+----r--~r_--+_--, 

c 

9 
1.0'--_01-._-'-_-'-_--'-_---' 

o 10 20 30 40 50 

BLI-134 

Figure 6. tpHL for VOL = 0.8 Volts vs. CL' 

The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums and 
maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads. 
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APPLICATION 
84K/256K X 22-BIT MEMORY 

DATA MEMORY 

Am2965 • Am2966 

CHECK 
UPPER BYTE LOWER BYTE Brrs 

r---~~~~~AD~~~~~!I~~~-r!I-=~~ 
-----~~, ~ ~----------~ . 

...!!!...y Am2966 1--'7"'/8 __________ -. 5:: r~" 0" Ami 

-

- '---..... ~, r-._-+--+-_.-
7/8 ADDR I I 

22 Am90168 OR Am9064a 

I I 
~ r-._-+--+-_.-ADD"t 1---IlIA! 

1---1 CAlI 

Am2964 
DYNAMIC 
MEMORY 

CONTROLLER 

n,"""ASO,;:-____ --tr--- r---
RAS1 
"AS, 
"AS3 

r---
L...---7/8~' AODR I I 

---v 22 Arn90168 OR Am9064s t-----f: I I r-._-+--+-_.-Am296S ~==="1f-_.J_..Jrr= 

r-

TIMING AND 
CONTROL 

LOGIC 

-

r---

r----I Am .... 

l

I-

I---

~-7""'i'" AD~ I I 
22 Am9016s OR Am9064s 

~ I I 
'------------------1: m: i m: I wr 

1---------18 ~ ~ 8;U 

7 

! 
Am29611 
Am'''' 

EDC BUS BUFFERS 

Am2960 
EDC UNIT 

i 
BLI-135 

DATA BUS 

• Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by 
using one device for address lines and one device for RAS/CAS. spreading the CAS loading over four 
drivers to equalize the capacitive load on each driver. 

DYNAMIC MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION 

Metallization and Pad Layouts 

Am2965 Am2966 

iG 1 19 2G 10 19 

lAl 2 18 lYl lAl 2 18 

2Y4 3 17 2M 2Y4 3 17 

lA2 4 16 lY2 lA2 4 16 

2Y3 5 15 2A3 2Y3 5 15 

lA3 6 14 lY3 lA3 6 14 
2Y2 7 13 2A2 2Y2 7 13 

lA4 8 12 1Y4 1A4 8 12 

2Yl 9 11 2Al 2Yl 9 11 

DIE SIZE 0.094" X 0.060" DIE SIZE 0.094" X 0.066" 

5·23 

2G 

lYl 

2A4 

lY2 

2A3 

lY3 

2A2 

lY4 

2Al 



Am2965 • Am2966 

20-Pin Molded DIP 

PHYSICAL DIMENSIONS . 
Dual-In-Llne 

2G-Pin Flatpack 

~ f=i~ I:: I ~ 'I 

J+= ~.' J.~20 II ~ ASO --.l 
L 1Oj" ! 
I 

.005 
MIN 

ORDERING INFORMATION 

2G-Pin Cerdip 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2965 Am2966 Package Temperature Screening 
Order Number Order Number Type Range Level 

AM2965PC AM2966PC P-20 C C-1 
AM2965DC AM2966DC D-20 C C-1 
AM2965DCB AM2966DCB D-20 C B-1 
AM2965DM AM2966DM D-20 M C-3 
AM2965DMB AM2966DMB D-20 M B-3 
AM2965FM AM2966FM F-20 M C-3 
AM2965FMB AM2966FMB F-20 M B-3 

AM2965XC AM2966XC Dice C } Visual inspection 

AM2965XM AM2966XM Dice M 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flatpak. Number following letter is number of leads. See Appendix B lor detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless othewise specified. 

2. C = 0 to 70°C, Vee = 4.50V to 5.50V, M = -55 to +125°C, Vee = 4.50V to 5.50V. . 
3. See Appendix A for deiails of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conlorms to MIL-STD-883, 

Class B. 
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AmZ8163 
Dynamic Memory Timing, Refresh and EDC Controller 

DISTINCTIVE CHARACTERISTICS 

• Complete AmZ8000 CPU to dynamic RAM contol interface 
• RAS/CAS Sequencer to eliminate delay lines 
• Memory request/refresh arbitration 
• Controls for Word/Byte read or write 
• Complete EDC data path and mode controls 

FUNCTIONAL DESCRIPTION 

The AmZ8163 is a high speed bus interface controller forming an 
integral part of the AmZ8000 memory support chip set using 
dynamic MOS RAMs with Error Detection and Correction (EDC). 
The complete chip set includes the AmZ8127 Clock Generator 
and Controller, the AmZ8164 Dynamic Memory Controller, the 
AmZ8161/2 EDC Bus Buffers, the AmZ8160 EDC Unit and op
tional AmZ8165/6 RAM Drivers. 

The AmZ8163 provides all of the control interface functions in
cluding RAS/Address MUx/CAS timing (without delay lines), re
fresh timing, memory request/refresh arbitration and all EDC 

• Refresh interval timer independent of CPU 
• Refresh control during Single Step or Halt modes 
• EDC error flag latches for error logging under software control 
• Also, complete control for 8-Bit MOS /LP 

enables and controls. The enable controls are configured for both 
word and byte operations including the data controls for byte write 
with error correction. The AmZ8163 generates bus and operating 
mode controls for the AmZ8160 EDC Unit. 

The AmZ8163 uses the AmZ8127 16MHz (4 x ClK) output to 
generate RAS/Address MUx/CAS timing. An internal refresh 5 
interval timer generates the memory refresh request independent 
of the CPU to guarantee the proper refresh timing under all 
combinations of CPU and DMA memory requests. 

FUNCTION DIAGRAM 

REFRESH AND EDC CONTROLLER 

FORCE 
REFRESH 

(FOR TRANSPARENT 
REFRESH DURING 

I/O OR INTERNAL 
OPERATION) 

I 
L 

LATCH 
ENABLE 

~ 
(ADDS ONE WAIT 
STATE FOA USE 
WITH SLOWER 
300ns RAMa) 

AmZ8'64 
o¥c -

BLI-167 
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Controller Products m 





Am29116 
16-Bit Bipolar Microprocessor 

ADVANCE INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Designed for Controller Applications 
Instruction set designed for high performance peripheral con
trollers, communications controllers, industrial controllers and 
digital modems ... but general purpose, too. Excellent solution 
for applications requiring speed and bit-manipulation power. 

- Set-BitlReset-Bit 
- Add/Subtract 2N 
- Rotate & Merge 
- Rotate & Compare 
- CRC Generation 
- Priority Encode 

• Powerful Data Manipulation 
• FAST 

Design objective of 100ns maximum microcycle time for all 
instructions. Allows a 10MHz clock rate. 

Full 16-bit data path. 32 registers on chip. Direct data input for 
immediate mode instructions. 

• Powerful Instruction Set • 48-Pln Dual-In-Llne Package 

All instructions executable in single cycle on full 16-bit word or 
on 8-bit byte: 

- Add, Subtract 
N-bit Rotate 
Shift-Up/Shift-Down 

RESERVED C>--
veeC>--
veeC>--
GNDC>--
C;NDC>---
cpC>---
1ENC>---

SRE 

~T 

Note: Am2900 High Performance Controller Products Family. 

Refer to the following page for more information on the Am2900 High 
Performance Controller Products Family. 

BLOCK DIAGRAM 

r-------<::J OIiy 

r-_t----------.,...---c>--....,..--'!!·~__IiaJ Yo-15 

32-WOADX 
16-BITRAM 

~--<JDLE 

r-----------I-lADDRESS 

CT 

6-1 

1 

'------'"-QC 
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Am2940 
DMA Address Generator 

DISTINCTIVE CHARACTERlsncs 

• DMA Address Generation 
Generates memory address, word count and DONE signal for 
DMA transfer operation. 

• Expandable Eight-bit Slice 
Any number of Am2940's can be cascaded to form larger 
memory addresses - three devices address 16 megawords. 

• Repeat Data Transfer Capability 
Initial memory address and word count are saved so that the 
data transfer can be repeated. 

• . Programmable Control Modes 
Provides four types of DMA transfer control plus memory 
address increment/decrement. 

• High Speed, Bipolar LSI 
Advanced Low-Power Schottky TTL technology provides typi
cal CLOCK to DONE propagation delay of 50ns and 24mA 
output current sink capability. 

• Microprogrammable 
Executes 8 different instructions. 

GENERAL DESCRIPnON 

The Am2940, a 28-pin member of Advanced Micro Devices 
Am2900 family of low-Power Schottky bipolar LSI chips, is a 
high-speed, cascadable, eight-bit wide Direct Memory Access 
Address Generator slice. Any number of Am2940's can be cas
caded to form larger addresses. 

The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data to or 
from a memory. It also maintains a data word count and gener
ates a DONE signal wh~n a programmable terminal count has 
been reached. The device is designed for use in peripheral con
trollers with DMA capability or in allY other system which transfers 
data to or from sequential locations of a memory. 

The Am2940 can be programmed to increment or decrement the 
memory address in any of four control modes, and executes eight 
different instructions. The initial address and word count are 
saved intemally by the Am2940 so that they can be restored later 
in order to repeat the data transfer operation. 

BLOCK DIAGRAM 

o 

ADDRESS<=r-t ___ ~.~ __ 4-_____ -._-t_-r ____________ , 
(AO_ 7) 

OEA C>-i-----' 

DATA 
IDO_ 7) ~~~--~~----~~---------------------~ 

INSTRUCTION ~ INSTRUCTION C:. 
(10;-12) ~ DECODER _ 

....... _------' 

Am2940 DMA Address Generator 
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Am2940 ARCHITECTURE 

As shown in the Block Diagram, the Am2940 consists of the 
following: 
• A three-bit Control Register. 
• An eight-bit Address Counter with input multiplexer. 
• An eight-bit Address Register. 
• An eight-bit Word Counter with input multiplexer. 
• An eight-bit Word Count Register. 
• Transfer complete circuitry. 
• An eight-bit wide data multiplexer with three-state output buff

ers. 
• Three-state address output buffers with external output enable 

control. 
• An instruction decoder. 

Control Register 

Under instruction control, the Control Regist~r can be loaded or 
read from the bidirectional DATA lines 0 0-07. Control Register 
bits 0 and 1 determine the Am2940 Control Mode, and bit 2 
determines whether the Address Counter increments or decre
ments. Figure 1 defines the Control Register format. 

Addrsss Counter 

The Address Counter, which provides the current memory ad
dress, is an eight-bit, binary, up/down counter with full look-ahead 
carry generation. The Address Carry input (ACI) and Address 
Carry Output (ACO) allow cascading to accommodate larger 
addresses. Under instruction control, the Address Counter can 
be enabled, disabled, and loaded from the DATA inputs, 0 0-07, or 
the Address Register. When enabled and the ACi input is LOW, 
the Address Counter increments/decrements on the LOW to 
HIGH transition of the CLOCK input, CPo The Address Counter 
output can be enabled onto the three-state ADDRESS outputs 
Ao-A7 under control of the Output Enable input, OEA. 

AddrsssRegister 

The eight-bit Address Register saves the initial address so that it 
can be restored later in order to repeata transfer operation. When 
the LOAD ADDRESS instruction is executed, the Addtess Regis
ter and Address Counter are simultaneously loaded from the 
DATA inputs, 0 0-07. 

Am2940 

Word Counter and Word Count Register 

The Word Counter and Word Count Register, which maintain and 
save a word count, are similar in structure and operation to the 
Address Counter and Address Register, with the exception that 
the Word Counter increments in Control Modes 1 and 3, decre
ments in Control Mode 0, and is disabled in Control Mode 2. The 
LOAD WORD COUNT instruction simultaneously loads the Word 
Counter and Word Count Register. 

Transfer Complete Circuitry 

The Transfer Complete Circuitry is a combinational logic network 
which detects the completion of the data transfer operation in 
three Control Modes and generates the DONE output signal. The 
DONE signal is a open-collector output, which can be dot-anded 
between chips. 

Data Multiplexer 

The Data Multiplexer is an eight-bit wide, 3-input multiplexer 
which allows the Address Counter, Word Counter, and Control 
Register to be read at the DATA lines, 0 0-07. The Data Mul
tiplexer and three-state Data output buffers are instruction con
trolled. 

Addrsss Output Suffers 

The three-state Address Output Buffers allow the Address 
Counter output to be enabled onto the ADDRESS lines, Ao-A7' 
under extemal control. When the Output Enable input, ~ is 
LOW, the Address output buffers are enabled; when OE" is 
HIGH, the ADDRESS lines are in the high-impedance state. The 
address and Data Output Buffers can sink 24mA output current 
over the commercial operating range. 

Instruction Oecoder 

The Instruction Decoder generates required internal control sig
nals as a function of the INSTRUCTION inputs, 10-12 and Control 
Register bits 0 and 1. 

Clock 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and Con
trol Register, all on the LOW to HIGH transition of the CP signal. 

Control Register 

CR1 CRo 

L 

L 

H 

H 

H ~ HIGH 

L~ LOW 

L 

H 

L 

H 

Control Mode 
Number 

0 

2 

3 

CR2 I CR, I CRo 

Control Word DONE Output Signal 

Mode Type Counter WCI = LOW WCI = HIGH 

Word Count Equals Zero Decrement 
HIGH when HIGH when 
Word Counter ~ 1 Word Counter ~ 0 

HIGH when HIGH when 
Word Count Compare Increment Word Counter + 1 Word Counter 

~ Word Count Reg. ~ Word Count Reg. 

Address Compare Hold HIGH when Word Counter ~ Address Counter 

Word Counter Carry Out Increment Always LOW 

CR2 Address Counter 

L Increment 

H Decrement 

Flgurs 1. Control Register Format Definition. 
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Am2940 

BLOCK DIAGRAM 
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Am2940 CONTROL MODES 

Control Mode 0 - Word Count Equals Zero Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CPo Figure 1 specifies when 
the DONE signal is generated. 

Control Mode 1 - Word Count Compare Mode 

In this mode the LOAD WORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CPo Figure 1 specifies when 
the DONE Signal is generated. 

Control Mode 2 - Address Compare Mode 

In this mode, only an initial and final memory address need be 
specified. The initial Memory Address is loaded into the Address 
Register and Address Counter and the final memory address is 
loaded into the Word Count Register and Word Counter. The 
Word Counter is always disabled in this mode and serves as a 
holding register for the final memory address. When the Address 
Counter is enabled and the ACI input is LOW, the Address 
Counter increments or decrements (depending on Control Regis
ter bit 2) on the LOW to HIGH transition of the CLOCK input, CPo 
The Transfer Complete Circuitry compares the Address Counter 
with the Word Counter and generates the DONE signal during the 
last word transfer, i.e. when the Address Counter equals the 

, Word Counter. 

Control Mode 3 - Word Counter Carry Out Mode 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word Counter 
is enabled and the WCI input is LOW, the Word Counter incre
ments on the LOW to HIGH transition of the CLOCK input, CP. A 
Word Counter Carry Out Signal, WCO, indicates the last data 
word is being transferred. The DONE signal is not required in this 
mode and, therefore, is always LOW. 

Am2940 

Am2940 INSTRUCTIONS 

The Am2940 instruction set consists of eight instructions. Six 
instructions load and read the Address Counter, Word Counter 
and Control Register, one instruction enables the Address and 
Word counters, and one instruction reinitializes the Address and 
Word Counters. The function of the REINITIALIZE COUNTERS, 
LOAD WORD COUNT, and ENABLE COUNTERS instructions 
varies with the Control Mode being utilized. Table 1 defines the 
Am2940 Instructions as a function of Instruction inputs 10-12 and 
the four Am2940 Control Modes, 

The WRITE CONTROL REGISTER instruction writes DATA 
input Do-D2 into the Control Register; DATA inputs D3-D7 are 
"don't care" inputs for this instruction. Th,e READ CONTROL 
REGISTER instruction gates the Control Register outputs to 
DATA lines, 00-02, DATA lines 0 3-07 are in the HIGH state 
during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter outputs to 
DATA lines 00-07, The LOAD WORD COUNT instruction is 
Control Mode dependent. In Control Modes 0, 2, and 3, DATA 
inputs 00-07 are written into both the Word Count Register and 
Word Counter. In Control Mode 1, DATA inputs 00-07 are written 
into the Word Count Register and the Word Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Address 
Counter outputs to DATA lines 00-07, and the LOAD ADDRESS 
instruction writes DATA inputs 00-07 into both the Address. Reg
ister and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS instruc- m 
tion enables both the Address and Word Counters; in Control • 
Mode 2, the Address Counter is enabled and the Word Counter 
holds its contents. When enabled and the carry input is active, the 
counters increment on the LOW to HIGH tranSition of the CLOCK 
input, CPo Thus, with this instruction applied, counting can be 
controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control Mode 
dependent. In Control Modes 0, 2, and 3, the contents of the 
Address Register and Word Count Register are transferred to the 
respective Address Counter and Word Counter; in Control Mode 
1, the content of the Address Register is transferred to the Ad
dress Counter and the Word Counter is cleared. The 
REINITIALIZE COUNTERS instruction allows a data transfer 
operation to be repeated without reloading the address and word 
count from the DATA lines. 

TABLE I. Am2940 INSTRUCTIONS 

Octal Control Word Word Address Address Control Data 

~ I, '0 Co$ Function Mnemonic M_ Reg, Cou_ Reg, Counter Register DO·o.,. 

WRITE 
L L L CONTROL WRCR 0,1,2,3 HOLD HOLD HOLD HOLD °O·02-+CR INPUT 

REGISTER 
READ 

L L H CONTROL RDCR 0,1,2,3 HOLD HOLD HOLD HOLD HOLD fN~;~rD2 REGISTER 
READ 

L H L WORD RDWC 0,1,2,3 HOLD HOLD HOLD HOLD HOLD WC-+D 
COUNTER 

READ 
L H H ADDRESS RDAC 0.1,2,3 HOLD HOLD HOLD HOLD HOLD AC-+O 

COUNTER 

REINITIALIZE 0,2.3 HOLD WCR~WC HOLD AR->AC HOLD Z 
H L L 

COUNTERS 
REIN 

ZERQ-+WC HOLD AA-+AC HOLD Z HOLD 

H L H 
LOAD 

LOAD 0,1,2,3 HOLD HOLD D->AR D-AC HOLD INPUT 
ADDRESS 

LOAD 0,2,3 D->WR D-+WC HOLD HOLD HOLD INPUT 
H H L WORD lOWe 

COUNT D .... WR ZERO .. ~.wC HOLD HOLD HOLD INPUT 

ENABLE ENABLE 
0,1,3 HOLD COUNT HOLD COUNT HOLD 

H H H ENABLE ENCT 
COUNTERS HOLD HOLD HOLD ENABLE HOLD Z 

COUNT 

CR = Control Reg, WCR = Word Count Reg. L=LOW 
AR = Address Reg. WC = Word Counter H = HIGH Note 1: 
AC = Address Counter 0= Data Z = High Impedance Data Bits 03-07 are high during this instruction. 
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Am2940 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to + 15O"C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential -O.5V to + 7.0V 

DC Voltage Applied to Outputs for High Output State .. '--O.5V to Vee max. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to, +5.0mA 

OPERATING RANGE 
PIN Temperature Vee 

Am2940PC, DC TA = O"C 10 +70°C Vee = .5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 

Am2940DM, FM Te = -55° 10 +125°C Vee = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

VOH Output HIGH Voltage Vee = MIN., I MIL 10H = -1.0mA 
2.4 Volts 

VIN = VIH or Vil I COM'L 10H - -2.6mA 

Vee = MIN., WCO,ACO 
MIL IOl = 8.0mA 

COM'L IOl - 12mA, 
VOL Output LOW Vollage VIN = VIH or Vil 

MIL IOl - 16mA 
0.5 Volts 

(Note 5) Ao-7,Do- 7 
DONE COM'L IOl = 24mA 

VIH Input HIGH Level (Nole 4) Guaranteed Input Logical HIGH voltage for all inputs 2.0 Volts 

Vil Input LOW Level (Note 4) Guaranteed Input Logical LOW voHage for all inputs 0.8 

VI Input Clamp VoHage Vee = MIN., liN = -lamA -1.5 Volts 

III Input LOW Current Vee = MAX., VIN = 0.5V 
00-7 -0.15 

mA 
All Others -0.8 

IIH Input HIGH Current 00-7 150 
p.A Vee = MAX., VIN = 2.7V 

All Others 40 

leEX Output Leakage on DONE , Vee = MAX., Vo = 5.5V 250 p.A 

II Input HIGH Current Vee = MAX., VIN = 5.5V 1.0 mA 

Ise 
Output Short Circuit Current 

Vee = MAX. + 0.5V, Vo = 0.5V -30 -85 mA 
(Note 3) 

IOZl Your = 0.5V 
Ao-7 -50 

Vee = MAX. 00- 7 -150 
Output OFF Current 

OE = 2.4V Ao-7 50 
p.A 

IOZH Your = 2.4V 
00-7 150 

TA = 25°C 170 275 

Am294OPC, DC 
T A = O°C 10 +70°C 290 

Icc Power Supply Current Vee = MAX, TA = +70"C 235 mA 

Am2940DM, FM 
Te - -55°C 10 +125°C 315 

Te - +125°C 225 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typlcailimits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 
5. Iol limit on Ai and OJ (i = 0 to 7) applies to either output individually, but not both at the same time. The sum of the loading on Aj plus OJ 

is limited to 24mA MIL or 32mA COM'l. 

INPUTS 

CLOCK 

OUTPUTS 

3'OV====:J_~3. OV 

3.0V 

ov 

Figure 2. Switching Waveforms. 
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Am2940 

SWITCHING CHARACTERISTICS 
The tables below define the Am2940 switching characteristics. Tables A are set-up and hold times relative to the clock 
lOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made 
at 1.5V with input levels at OV or 3V. All values are in ns with CL = 50pF except output disable times (OE to A and I to 0) 
which are specified for a 5pF load. All times are in ns. 

I. TYPICAL ROOM TEMPERATURE CHARACTERISTICS (TA = 25°C. Vcc = 5.0V, CL = 50pF) 

A. Set-up and Hold Times 
(Relative to clock 

LOW-to-HIGH transition) 

Input Is th 

Input 
ACT 

WCT 

B. Combinational Delays 

ACO WCO Ao-7 DONE 
12 - - -

- 12 - 27 

C. Clock Requirements 

00·7 Minimum Clock LOW Time 20 

- Minimum Clock HIGH Time 25 

- Maximum Clock Frequ~ncy 22 

ns 
ns 

MHz 
01).7 13 3 (Note 2) 

'0-2 21 D. Enable/Disable TImes 
1012 33 2 - - - -
ACI 15 2 
WCI 15 1 (Note 1) 

CP 35 35 35 50 -(Note 3) 
From To Disable Enable 

1012 00 _7 25 19 
OE Ao-7 19 13 

II. GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (TA = 25°C, VCC = 5.0V, CL = 50pF) 

A. Set-up and Hold Times 
(Relative to clock 

LOW-to-HIGH transition) 

Input Is th 

Input 
ACI 
WCT 

B.· Combinational Delays 

ACrl WCO AO-7 DONE 
18 - - -

- 18 - 41 

C. Clock Requirements 

00_7 Minimum Clock LOW Time 23 
- Minimum Clock HIGH Time 30 

Maximum Clock Frequency 18 -

ns 
ns 

ns 
ns 

MHz 
01).7 21 4 (Note 2) 

'0-2 34 
D. Enable/Disable Times 

1012 41 
ACI 27 
WCT 27 (Note 1) 

3 - - - -
3 

3 

CP 50 50 48 77 -(Note 3) 
From To Disable 

1012 01).7 30 
OE AI).7 23 

III. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2940PC, DC (TA = O°C to +70°C, VCC = 4.75V to 5.25V, CL = 5OpF) 

Enable 
30 
23 

A. Set-up and Hold Times 
(Relative to clock 

LOW-to-HIGH transition) 

B. Combinational Delays C. Clock Requirements 

Input ACO WCO AO-7 DONE 00•7 Minimum Clock LOW Time 23 
ACI 20 - - - - Minimum Clock HIGH Time 34 

ns 

ns 

ns 
ns 

Input ts th WCT Maximum Clock Frequency 17 MHz 
24 5 

- 20 - 46 -(Note 2) 01).7 

1012 46 4 11).2 - - - - 37 D. Enable/Disable Times 

ACI 30 4 
wei 30 3 (Note 1) 

CP 58 58 54 85 From To Disable 
(Noto3) -

1012 00_7 
OE AO_7 

IV. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2940DM, FM (Tc = -55°C to + 125°C, VCC = 4.5V to 5.5V, CL = 5OpF) 

35 
25 

Enable 
35 
25 

A. Set-up and Hold Times 
(Relative to clock 

LOW-to-HIGH transition) 

B. Combinational Delays C. Clock Requirements 

Input ACO weo Ao-7 DONE 00-7 Minimum Clock LOW Time 23 
ACI 21 - - - - Minimum Clock HIGH Time 35 

ns 
ns 

ns 
ns 

Input Is th WCI 21 54 
Maximum Clock Frequency 16 MHz - - -

01).7 27 6 
1012 49 5 

(Note 2) 
10-12 - - - - 41 D. Enable/Disable Times 

ACT 34 5 
WCI 34 5 (Note 1) 

CP 
64 64 62 88 -(Note 3) 

From To Disable Enable 

1012 00-7 42 42 ns 
"DE Ao.7 30 30 ns 

Notes: 1. Control modes 0, 1, and 3 only. 
2. wei to Done occurs orily in cOntrol modes ° and 1. 
3. CP to Done occurs only in control modes 0, 1, and 2. 
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Am2940 

APPLICATIONS 

The Am2940 is designed for use in peripheral controllers with 
DMA capability or in any other system which transfers data to or 
from sequential locations of a memory. One or more Am2940's 
can be used in each peripheral controller of a distributed DMA 
system to provide the memory address and word count required 
for DMA operation. 

Figure 3 shows a block diagram of an example micropro
grammed DMA peripheral controller. The Am2910 Micropro
gram Sequencer, Microprogram Memory, and the Microin
struction Register form the microprogram control portion of 
this peripheral controller. The Am2940 generates the memory 
address and maintains the word count required for DMA op
eration. An internal three-state bus provides the communi
cation path between the Microinstruction Register, the 
Am2917 Data Transceivers, the Am2940, the Am2901A Mi
croprocessor, and the Device Interface Circuitry. 

The Am2940 interconnections are shown in detail in Figure 4. 
Two Am2940's are cascaded to generate a sixteen-bit address. 
The Am2940 ADDRESS and DATA output current sink capability 
is 24mA over the commercial operating range. This allows the 
Am2940's to drive the System Address Bus and Internal Three
State Bus directly, thereby eliminating the need for separate bus 
drivers. Three-bits in the Microinstruction Register provide .the 
Am2940 Instruction Inputs, '0-'2, The microprogram clock is used 
to clock the Am2940's and, when the ENABLE COUNTERS 
instruction is applied, address and word counting is controlled by 
the CNT bit of the Microinstruction Register. 

Asynchronous interface control circuitry generates System Bus 
control Signals and enables the Am2940 Address onto the Sys
tem Address Bus at the appropriate time. The open-collector 
DONE outputs are dot-anded and used as a test input to the 
Am2910 Microprogram Sequencer. 

SVSTEM ADDRESS BUS 

REG 
& 

MUX 

SVSTEMDATABUrS~ __________ ~~ ____________ -4 

DEVICE 

Figure 3. DMA Peripheral Controller Block Diagram. 
MPR-228 



MICROINSTRUCTION REG 

HI1211 101 
TEST 
INPUT +5V 

t t 
,t. ~ lo.. 

AOO wco 
lo.. 

3~ 
10-12 DONE , 

Am2940 
8 

AO-A7 
8~ , 00-0 7 , 

In 
In ::> ., ,-- CLOCK OEA f-
::> .. ., 

.... 3 ACT i'ICi gj 

~ 
.. 

t t 
a: 
Q .., Q 

oJ 0( 
0( 

ACO WEll :;; z .. a: 10-12 DONE Ii; III .... ~ ! Am2940 
8 

0 0-07 AO-A7 
8/ , 

f-- CLOCK OEA I-
... 7' ACI WCI ... 7 

! t 
MICROPROGRAM 

I 
ASYNCHRONOUS 

INTE RFACE 
TROL 
ALS 

CLOCK INTERFACE 
CONTROL CON 

CIRCUITRY SIGN 

Figure 4. Am2940 Interconnections. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired 
package, temperature range, and scraenlng level. 

Package Operating Screening 
Type Range Level 

Order Number (Note 1) (Note 2) (Note 3) 

AM2940PC P-28 C C-1 
AM2940DC 0-28 C C-1 
AM2940DC-B 0-28 C B-2 (Note 4) 
AM2940DM 0-28 M C-3 
AM2940DM-B 0-28 M B-3 
AM2940FM F-28-2 M C-3 
AM2940FM-B F-28-2 M B-3 

AM2940XC Dice C } Visual inspection 

AM2940XM Dice M 
to MIL-STO-883 
Method 2010B. 

Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following 

letter is number of leads. See Appendix B for detailed outline. Where 
Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C'= O"C to + 70°C, Vee = 4.75V to 5.25V. 
M = -55°C to +125°C, Vee = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform 
to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B_ 

4. 96 hour burn-in. 

METALLIZATION AND PAD LAYOUT 

21282726 

10 

11 

Note: Numbers refer to DIP pin connections. 

DIE SIZE: 0.178" X 0.181" 
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. Am2942 
Programmable Timer/Counter 

DMA.Address Generator 

DISTINCTIVE CHARACTERISTICS 

• 22-pin version of Am2940 -
Provides multiplexed Address and Data lines plus addi
tional Instruction Input and Instruction Enable pins. 

• Can be used as either DMA Addre!ls Generator or Pro
grammable Timer Counter. 

• Executes 16 instructions -
Eight DMA instructions plus eight Timer/Counter instruc
tions 

• Provides two independent programmable 8-bit up/down 
counters in a 22-pin package -

Counters can be cascaded to form single-chip 16-bit up/ 
down counter. 

• Reinitialize capability -
Counters can be reinitialized from on-chip registers. 

• Expandable eight-bit slice -
Any number of Am2942s can be cascaded. Three de
vices provide a 48 bit counter. 

• Programmable control modes -
Provide four types of control. 

• High speed bipolar LSI -
Advanced Low-Power Schottky TTL technology provides 
typical count frequency of 25MHz and 24mA output cur
rent sink capability. 

GENERAL DESCRIPTION 

The Am2942, a 22-pin version of the Am2940, can be used 
as a high-speed DMA AddresS Generator or Programmable 
Timer/Counter. It provides multiplexed Address and Data 
lines, for use with a common bus, and additional Instruction 
Input and Instruction Enable pins. The Am2942 executes 16 
instructions; eight are the same as the Am2940 instructions, 
and eight instructions facilitate the use of the Am2942 as a 
Programmable Timer/Counter. The Instruction Enable input 
allows the sharing of the Am2942 instruction field with other 
devices. 

When used as a Timer/Counter, the Am2942 provides two in
dependent, programmable, eight-bit, up-down counters in a 
22-pin package. The two on-chip counters can be cascaded to 
form a single chip, 16-bit counter. Also, any number of chips 
can be cascaded - for example three cascaded Am2942s 
form a 48-bit timer/counter. 

Reinitialization instructions provide the capability to reinitialize 
the counters from on-chip registers. Am2942 Programmable 
Control Modes, identical to those of the Am2940, offer four 
different types of programmable control. 

BLOCK DIAGRAM 

oro c:::-f------. 

(g:'~)gJ~~ ____ ~I ____ ~~ _______________ DO __ NE ____________________________ ~ 

INSTRUCTION 
ENABLE (IE) 

INSTRUCTION 
(In-Ia) 

I 

INSTRUCTION 
DECODE 
. 

CLOCK c:>----£>o--
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Am2942 ARCHITECTURE 

As shown in the Block Diagram, the Am2942 consists of the 
following: 
• A three-bit Control Register. 
• An eight-bit Address Counter with input multiplexer. 
• An eight-bit Address Register. 
• An eight-bit Word Counter with input multiplexer. 
• An eight-bit Word Count Register. 
• Transfer complete circuitry. 
• An eight-bit wide data multiplexer with three-state output 

buffers. 
• An instruction decoder. 

Control Register 

Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines 00-07 , Control Re
gister bits 0 and 1 determine the Am2942 Control Mode, and 
bit 2 determines whether the Address. Counter increments or 
decrements. Figure 1 defines the Control Register format. 

Address Counter 

The Address Counter, which provides the current memory ad
dress, is an eight-bit, binary, upldown counter with full look
ahead carry generation. The Address Carry input (ACI) and 
Address Carry Output (ACO) allow cascading to accommo
date larger addresses. Under instruction control, the Address 
Counter can be enabled, disabled, and loaded from the DATA 
inputs, 0 0-07, or the Address Register. When enabled and 
the ACI input is LOW, the Address Counter incrementsl 
decrements on the LOW to HIGH transition of the CLOCK in
put, CPo 

Address Register 

The eight-bit Address Register saves the initial address so 
that it can be restored later in order to repeat a transfer oper
ation. When the LOAD ADDRESS instruction is executed, the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, 0 0-07, 

Am2942 

Word Counter and Word Count Register 

The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to iIle Address Counter and Address Register, with the excep
tion that the Word Counter increments in Control Modes 1 
and 3, and decrements .in Control Modes 0 and 2. The LOAD 
WORD COUNT instruction simultaneously loads the Word 
Counter and Word Count Register. 

Transfer Complete Circuitry 

The Transfer Complete Circuitry is-a combinational logic net
work which detects the completion of the data transfer opera
tion in three Control Modes and generates the DONE output 
signal. The DONE signal is a open-collector output, which can 
be dot-anded between Chips. 

Data Multiplexer 

The Data Multiplexer is an eight-bit wide, three-input multip
lexer which allows the Address Counter, Word Counter and 
Control Register to be read at OAT A lines 0 0-07, The Data Mul
tiplexer output, YO-Y7, is enabled onto DATA lines 0 0- 7 if and 
only if the Output Enable input, OED, is LOW. (Refer to Figure 
2.) 

Instruction Decoder 

The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION inputs, 10-13 Con
trol Register bits 0 and 1, and the INSTRUCTION ENABLE 
input, iE. 

Clock 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
cOntrol Register, all on the LOW to HIGH transition of theGP 
signal. 

Control Register 

CR. I CRr I CRa 

'Control Mode Control 
Mod. Type 

Word 
Counter 

DONE Output Sl9nal 

CR, CRo' Number 

H 

H 

H - HIGH 
L-LOW 

o 

H 

2 

H 3 

wcr = LOW wcr = HIGH 

Word Count Equals Zero Decrement 

Word Count Compare Increment 

HIGH when 
Word Counter "" 1 

HIGH when 
Word Counter + 1 
- Word Count Rag. 

HIGHwhon 
Word Counter = 0 

HIGH when 
Word Counter 
- Word Count Rag. 

Address Compare Decrement HIGH when Word Counter - Add .... Counter 

Word COunter carry Out Increment NwaysLOW 

Addrees Counter I 
I L I tncrement I 
I H I Decremant I 

Figure 1. Control Register Format Definition. 

L DATA MULTIPLEXER OUTPUT, YO-Y7 

H HIGHZ 

Figure 2. Data Bus Output Enabte Function. 
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BLOCK DIAGRAM 
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INSTRUCTION 
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IE 
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20 
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l'IINSTRUCT1DN 
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10 

CLOCK 

Vee = Pin 22 
GND = Pin 11 

I 

INSTRUCTION 
DECODE 

0, 

D. 

Os 

DATA D. 

OJ 
0, 

D, 

DO 

OED 

DONE 

19 

18 

17 

16 

21 
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CONNECTION DIAGRAM 
Top View 
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CLOCK I, 
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Note: Pin 1 is marked for Drientation. 
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Am2942 CONTROL MODES 

Control Mode 0 - Word Count Equals Zero Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW to HIGH transition of the CLOCK input, CPo Figure 1 
specifies when the DONE signal is generated in this mode. 

Control Mode 1 - Word Count Compare Mode 

In this mode the LOAD WORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CPo Figure 1 specifies when 
the DONE signal is generated. 

Control Mode 2 - Address Compare Mode 

In this mode, only an initial and final memory address need 
to be specified. The initial Memory Address is loaded into the 
Address Register and Address' Counter and tlie final memory 
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address is loaded into the Word Count RegistE!r and Word 
Counter. The Word Cciunter is always disabled in this mode 
and serves as a holding register for the final mem~ address. 
When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de
pending on Control Register bit 2) on the LOW to HIGH trans
ition of the CLOCK input, CPo The Transfer Complete Circuitry 
compares the Address Counter with the Word Counter and 
generates the DONE signal during the last word transfer, i.e. 
when the Address Counter equals the Word Counter. 

Control Mode 3 - Word Counter Carry Out Mode 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word 
Counter is enabled and the wei input is LOW, the Word 
Counter increments on the LOW to HIGH transition of the 
CLOCK input, CPo A Word Counter Carry Out signal, wec, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. . 



Am2942 

Am2942 INsTRuCTIONS 

The Am2942 instruction set consists of sixteen instructions. 
Eight are DMA Instructions and are similar to the Am2940 
instructions. The remaining eight instructioris are designed to 
facilitate the use of the Am2942 as a Programmable Timer/ 
Counter. Figures 3 and 4 define the Am2942 Instructions. 

Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input 00-02 Into the Con-

HEX 
1; 13 12 I, 10 CODE 

transition of the CLOCK input, CPo Thus, with this instruction 
appiied, counting can be controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transfer~ed to the Address Counter and the Word Counter is 

0 0 0 0 0 0 WRITE CONTROL REGISTER 
0 0 Ii 0 1 1 READ CONTROL REGISTER Z 
0' 0 0 1 0 2 READ WORD COUNTER !!: 
0 0 0 1 1 3 READ ADDRESS COUNTER :lie 
0 0 1 0 0 4 REINITIALIZE COUNTERS ~I 0 0 1 0 1 5 LOAD ADDRESS 
0 0 1 1 0 6 LOAD WORD COUNT z 
0 0 1 1 1 7 ENABLE COUNTERS 

(/) 

1 0 X X X 0-7 INSTRUCTION DISABLE 

0 1 0 0 0 8 WRITE CONTROL REGISTER, TIC 
0 1 0 0 1 9 REINITIALIZE ADDRESS COUNTER -:::f 

~E 0 1 0 1 0 A READ WORD COUNTER, TIC 
0 1 0 1 1 B READ ADDRESS COUNTER, TIC cg 0 1 1 0 0 C REINITIALIZE ADDRESS & WORD COUNTERS gc 0 1 1 0 1 D LOAD ADDRESS, TIC 

i= 0 1 1 1 0 E LOAD WORD COUNT, TIC 
(/):11 0 1 1 1 1 F REINITIALIZE WORD COUNTER 

1 1 X X X 8-F INSTRUCTION DISABLE, TIC 

o = LOW , = HIGH X = DON'T CARE 

Notes: 1. When 13 is tied LOW, the Am2942 acts as a DMA circuit: When 13 is tied HIGH, the Am2942 acts 
as a Timer/Counter circuit. 

2. Am2942 Instructions 0 through 7 are the same as Am2940 instructions. 

Figure 3. Am2942 Instructions. 

trol Register; DATA inputs 03-07 are "don't care" inputs for 
this instruction. The READ CONTROL REGISTER instruction 
gates ilia Control Register to Data Multiplexer outputs Yo-Y2• 

Outputs Y3-Y7 are HIGH during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter to Data 
Multiplexer outputs, YO-Y7• The LOAD WORD COUNT instruc
tion is Control Mode dependent. In Control Modes 0, 2, and 3, 
DATA inputs 0 0-07 are wrltt"n'into both the Word Count Re~ 
gister and Word Counter. In Control Mode 1, DATA inputs 
0 0-07 are written into the Word Count Register and the Word 
Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Ad
dress Counter to Data Multiplexer outputs, YO-Y7, and the 
LOAD ADDRESS instruction writes DATA inputs 0 0-07 into 
both the Address Register and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS in
struction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the 
Word Counter holds its contents. When enabled and the carry 
input is active, the counters Increment on the LOW to HIGH 

cleared. The REINITIAUZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from tlie DATA lines. 

When i;; is HIGH, Instruction inputs, 10-12, are disabled. If 13 is 
LOW. the function performed is identical to that of the 
ENABLE COUNTERS instruction. Thus, counting can be con
trolled by the carry inputs with the ENABLE COUNTERS in
struction applied or with Instruction Inputs 10-12 disabled. 

Instructions 8-F facilitate the use of the Am2942 as a Pro
grammable Timer/Counter. They differ from instructiOns 0-7 in 
that they provide independent control of the Address Counter, 
Word Counter and Control Register. 

The WRITE CONTROL REGISTER, T/C instruction writes 
DATA input 0 0-02 into ,the Control Register. DATA inputs 
03-07 are "don't care" inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 
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The Word Counter can be read. using the READ WORD 
COUNTER. TIC instruction. Both counters are enabled when 
this instruction is executed. 

When the READ ADDRESS COUNTER. TIC instruction is 
executed. both counters are enabled and the address counter 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS and WORD COUNTERS in
struction provides the capability to reinitialize both counters at 
the same time. The Address Counter contents appear at the Data 
Multiplexer output. 

DATA inputs 00-07 are loaded into both the Address Register 
and Counter when the LOAD· ADDRESS. TIC instruction is 

131211 10 Control 
~ (Hex) Function Mnemonic Mode 

L 0 
WRITE CONTROL 

WRCR 0.1.2.3 
REGISTER 

L 1 
READ CONTROL 

RDCR 0.1,2.3 
REGISTER 

L 2 
READ WORD 

RDWC 0.1.2.3 
COUNTER 

L 3 
READ ADDRESS 

RDAC 0,1,2,3 
COUNTER 

REINITIALIZE 0.2,3 
L 4 

COUNTERS 
REIN 

1 

L 5 
LOAD 

LOAD 0,1,2,3 
ADDRESS 

LOAD WORD 0.2.3 
L 6 

COUNT 
LDWC 

1 

ENABLE 0,1,3 
L 7 

COUNTERS 
ENCT 

2 

INSTRUCTION 0,1,3 
H 0-7 -

DISABLE 2 

L 8 
WRITE CONTROL 

WCRT 0,1,2,3 
REGISTER. TIC 

L 9 
REINITIALIZE 

REAC 0,1,2,3 
ADA. COUNTER 

L A 
READ WORD 

RWCT 0,1,2,3 
COUNTER, TC 

L B 
READ ADDRESS 

RACT 0,1,2,3 
COUNTER, TIC 

REINITIALIZE 0,2,3 
L C ADDRESS AND RAWC 

WORD COUNTERS 1 

L 0 
LOAD 

LDAT 0,1,2,3 
ADDRESS, TIC 

LOAD WORD 0,2,3 
L E 

COUNT, TIC 
LWCT 

1 

REINITIALIZE 0,2,3 
L F 

WORD COUNTER 
REWC 

1 

INSTRUCTION 0,1,3 
H 8-F 

DISABLE, TIC 
-

2 

WR = WORD REGISTER 
WC = WORD COUNTER 
AR = ADDRESS REGISTER 

AC = ADDRESS COUNTER 
CR = CONTROL REGISTER 
0= DATA 

Word 
Reg. 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

liOLD 

D ... WR 

D ... WR 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

D ... WR 

D ... WR 

HOLD 

HOLD 

HOLD 

HOLD 

Am2942 

executed. The Word Counter is enabled and its contents ap
pear at the Data Multiplexer output. 

The LOAD WORD COUNT. TIC instruction is identical to the 
LOAD WORD COUNT instruction with the exception that Ad
dress Counter is enabled. 

The Word Counter can be independently reinitialized using 
the REINITIALIZE WORD COUNTER instruction. The Ad
dress Counter is enabled and the Word Counter contents ap
pear at the Data Multiplexer output. 

When the i; input is HIGH. Instruction inputs. 10 -12• ·are dis
abled. The function performed when 13 is HIGH is identical to 
that performed when 13 is LOW. with the exception that the 
Word Counter contents appear at the Data Multiplexer output. 

Data 
Word Adr. Adr. Control Multiplexer 

Counter Reg. Counter Reg. Output 

HOLD HOLD HOLD 00.2'" CR 
FORCED 

HIGH 

HOLD HOLD HOLD HOLD 
CONTROL 

REG. 

HOLD HOLD HOLD HOLD 
WORD 

COUNTER 

HOLD HOLD HOLD HOLD 
ADR. 

COUNTER 

WR"'WC HOLD AR"'AC HOLD ADA. CNTR. 

ZERO' .... :WC HOLD AR· ..... AC HOLD ADA. CNTR. 

HOLD D"'AR D ... AC HOLD 
WORD 

COUNTER 

D"'WC HOLD· HOLD HOLD 'FORCED HIGH 

ZERO":"WC HOLD HOLD HOLD FORCED HIGH 

ENABLE HOLD ENABLE HOLD ADR. CNTR. 

HOLD HOLD ENABLE HOLD ADA. CNTR. 

ENABLE HOLD ENABLE HOLD ADA. CNTR. 

HOLD HOLD ENABLE HOLD ADR. CNTA. 

ENABLE HOLD ENABLE 00-2'" CR 
CONTROL 

REG. 

ENABLE HOLD AR ... AC HOLD 
ADR. 

COUNTER 

ENABLE HOLD ENABLE HOLD 
WORD 

COUNTER 

ENABLE HOLD ENABLE HOLD 
ADR. 

COUNTER 

WR"'WC HOLD AR ... AC HOLD ADA. eNTA. 

ZERO ... WC HOLD AR"'AC HOLD ADR. CNTA. 

ENABLE D ... AR o ... AC HOLD 
WORD 

COUNTER 

D ... WC HOLD ENABLE HOLD FORCED HIGH 

ZERO":'WC HOLD ENABLE HOLD FORCED HIGH 

WR"'WC HOLD ENABLE HOLD WD. CNTA. 

ZERO~_WC HOLD ENABLE HOLD WD. CNTA. 

ENABLE HOLD ENABLE HOLD WD. CNTR 

HOLD HOLD ENABLE HOLD WD. CNTA. 

Figure 4. Am2942 Function Table. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150"C 

Temperature (Ambient) Under Bias -55°C to + 125°C 

~uPPIY Voltage to Ground Potential -O.5V to +7.0V 

bc Voltage Applied to Outputs for High Output State -O.5V to Vee max. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

OPERATING RANGE 
PIN Temperature Vee 

Arn2942PC, DC TA = O°C to +700C Vee = 5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 

Am2942DM, FM Te = -55° to +125°C Vee = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 
Paremeters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

VOH Output HIGH Voltage Vee = MIN., I MIL 10H = -1.0mA 
2.4 Volts 

VIN = VIH Or Vil I COM'L 10H = -2.6mA 

WCO,ACO 
MIL IOl = 8.0mA 

VOL Output LOW Voltage Vee = MIN., COM'L IOl - 12mA 
0.5 Volts 

VIN = VIH or Vil 
00-7' DONE 

MIL IOL = 16mA 

COM'L IOl - 24mA 

VIH Input HIGH Level (Note 4) Guaranteed Input Logical HIGH voltage for all inputs 2.0 Volts 

Vil Input LOW Level (Note 4) Guaranteed Input Logical LOW voltage for all inputs 0.8 

VI Input Clamp Voltage Vee = MIN., liN = -18mA -1.5 Volts 

'll Input LOW CUrrent Vee = MAX., VIN = 0.5V 
00- 7 -0.15 

rnA 
All Others -0.8 

'IH Input HIGH Current Vee = MAX., VIN = 2.7V 
00- 7 150 

!AA 
All Others 40 

leEX Output Leakage on DONE Vee = MAX., Vo = 5.5V 250 !AA 
II Input HIGH Current Vee = MAX., VIN = 5.5V 1.0 mA 

Ise 
Output Short Circuit Current 

Vee = MAX. + 0.5V, Vo = 0.5V -30 -85 mA 
(Note 3) 

IOZl 
Output OFF Current Vee = MAX. I Your = 0.5V I 00-7 -150 

10ZH OE = 2.4V I Your = 2.4V I 00-7 150 
!AA 

TA - 25°C 155 250 

Am2942PC, DC 
TA = OOC to +70°C 265 

lee Power Supply Current Vee = MAX. TA = +700C 220 rnA 

Am2942DM, FM 
Te = -55°C to +125°C 285 

Te = +125°C 205 

Notes: 1. For conditions shown as MIN. or MAx., use the appropriate value specified under Electrical CharacteriStics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 

INPUTS 

CLOCK 

OUTPUTS 

3'OV=~~==~ ov 3.OV 
ov 

Figure 5. Switching Waveforms. 

6-16 

See Tables A for ts and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2942 switching characteristics. Tables A are set-up and hold times relative to the clock 
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at1.SV 
with input levels at OV or 3V. All values are in ns with CL = SOpF except output disable times (Ito 0) which are specified for a SpF 
load. All times are in ns. 

I. TYPICAL ROOM TEMPERATURE CHARACTERISTICS (TA = 2SoC, Vee = S.OV, CL = SOpF) 

A. Set-up and Hold Times 
(Relative to clock 

LOW-to-HIGH transition) 

Input ts th 

00.7 13 3 

lou 33 2 

ACI 15 2 

wei 15 1 

B. Combinational Delays C. Clock Requirements 

Input ACO WCO DONE 00-7 Minimum Clock LOW Time 20 ns 

ACI 12 - - - Minimum Clock HIGH Time 30 n. 

WCI - 12 27 -
(Note 1) 

'0 •• 
- - - 21 

Maximum Clock Frequency 28 MHz 

D. Enable/Disable Times 

CP 
35 35 50 37 

(Note 2) 

II. GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (TA = 2SoC, Vcc = S.OV, CL = SOpF) 

A. Sat-up and Hold Times 
(Relative to clock 

LOW-to-HIGH transition) 

Input Is th 
0 0•7 21 4 

lou 41 3 

ACI 27 3 

wei 27 3 

B. Combinational Delays C. Clock Requirements 

Input ACO woo DONE 00_7 Minimum Clock LOW Time 23 n. 

ACI 18 - - - Minimum Clock HIGH Time 30 ns 

WCI - 18 41 -
(Note 1) 

'0 .• - - - 34 

Maximum Clock Frequency 22 MHz 

D. Enable/Disable Times 

CP 
50 50 77 53 

(Note 2) 

III. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2942PC, DC (T A = O°C to + 70°C, V CC = 4.7SV to S.2SV, CL = 5OpF) 

A. Set-up and Hold Times 
(Relative to clock 

LOW-te-HIGH transition) 

Input Is th 

00-7 24 6 

'01. 48 5 

ACI 30 4 

WCI 30 3 

B. Combinational Delays C. Clock Requirements 

Input ACO WCO DONE 00-7 Minimum Clock LOW Time 23 n. 

ACI 20 - - - Minimum Clock HIGH Time 34 ns 

WCI - 20 48 -
(Note 1) 

Maximum Clock Frequency 20 MHz 

D. Enable/Disable Times 
'0 .• - - - 37 

CP 
58 58 85 59 

(Note 2) 

IV. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2942DM, FM (Tc = -5SoC to +12SoC, Vcc = 4.SV to S.SV, CL = SOpF) 

A. Set-up and Hold Timas 
(Relative to clock 

LOW-te-HIGH transition) 

B. Combinational Delays 

Input ACO WOO 

ACI 21 -

WCI - 21 
(Note 1) 

Input Is th 

00-7 27 7 

'01. 49 5 10-. - -
CP 64 64 
(Note 2) 

ACi 34 5 

wei 34 5 

Notes: 1. WCI to Done occurs only in control modes 0 and 1. 
2. CP to Done occurs only in control modes 0, 1, and 2. 

DONE 00_7 

- -

54 -

- 41 

66 66 
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C. Clock Requirements 

Minimum Clock LOW Time 23 ns 

Minimum Clock HIGH Time 35 n. 

Maximum Clock Frequency 15 MHz 

D. Enable/Disable Times 
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APPLICATIONS 

Figure 6 shows an Am2942 used as two independent, pro
grammable eight-bit timer/counters. In this example, an 
Am2910 Microprogram Sequencer provides an address to 
Am27S27 512 x B Registered PROMs. The on-chip PROM 
output register is used as the Microinstruction Register. 

The Am2942 Instruction input, 13, is tied HIGH to select the 
eight Timer/Counter instructions. The;; 10-12, and OED inputs 
are provided by the microinstruction, .and the 0 0-07 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate enable controls for the r~ctive Word 
Counter and Address Counter. The DONE, ACO and WCO 

OTHER { 
TEST 
"'PUTS MUX t---Icc 

~--------------------i~ 

'---------------i ACO 

output signals indicate that a pre-programmed time or count 
has been reached. 

Figure 7 shows an Am2942 used as a single 16-bit pro
grammable timer/counter. In this example, the Word Counter 
carry-out, WCQ, is connected to the Address Counter carry-in, 
'ACI, to form a single 16-bit counter which is enabled by the 
GATE signal. 

Figure 8 shows two Am2942s cascaded to form a 32-bit 
programmable timer/counter. The two Word Counters form the 
low order 16 bits, and the two Address Counters form the 
high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time. 

D(rD11 

Am2910 
MICROPROGRAM SEQUENCEFI 

YO·Y11 

Am27S27 
REGISTERED PROMS 

DONE 

CP 

we; 1---- OAT!: we 

Alii 1------ GATE AC 

'----------------------~-+~~+" 

OTHER 
TEST 
INPUTS 

Figure 6. Two 8-Bit Programmable CounterslTlmers In a 22-Pin Package. 

MUX Am2910 CP 

OTHER 

'-----------t---I ACO 

MtCROPROGRAM SEQUENCER 

Am21S27 
REGISTERED PROMS 

Am2942 

DONE 

'-----------~--------~~NV--+" 

we; 1------- GATE 

lCil----, 

Figure 7. 16-Bit Programmable CounterlTlmer Using a Single Am2942. 
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OTHER 
TEST 
.NPlITS REG 

r-;:::: 

t I : Do-D11 
I • 

liux CC 
Arn2910 

CP 

I 
MICROPROGRAM SEQUENCER 

I : 
YrrY11 

~). 
Am27S27 

REGISTERED PROMS 

MICRotNSTAucnoN REG CP 

OTHER----1 
I I 
1 --, 

I 
J 1 

3 t ( .. :TA BUS('! T 3 T 
lIED 00-0, CP d iE iE 10-'. '. 10-.. 

" 
OED 

r- WOO Am2942 wei I- WOO Am2842 
ACO 

DONE 
ACi I- ACO 

DONE 

I I 
I 1 

Figure 8., 32-Blt Programmable Counter/Timer Using Two Am2942s. 

ORDERING INFORMATION 

Am2942 

CLOCK 

I 

Q:J 
wei TE r- GA 

ACiil 

+5V 

MPR-238 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Package Type Operating Range Screening level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2942PC P-22 C C-l 
AM2942DC 0-22 C C-l 
AM2942DC-B 0-22 C B-2 (Note 4) 
AM2942DM 0-22 M C-3 
AM2942DM-B 0-22 M B-3 
AM2942FM F-22 M C-3 
AM2942FM-B F.-22 M B-3 

AM2942XC Dice C } Visual inspection 

AM2942XM Dice M 
to MIL-STO-883 
Method 201OB. 

Notes: 1. P = Molded DIP, 0 = Hennetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = DOC to +7DoC, Vee =4.75V to 5.25V, M ;. - 55°C to +125°C, Vee = 4.5DV to 5.5DV. 
3. 'See Appendix A for details of sereening. levels C-l and C-3 conform to MIL-STD-883, Cl,ass C. level B-3 conforms to MIL-STD-883, 

Class B. 
4. 96 hour bum-in. 
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Am2950 • Am2951 
Eight-Bit Bidirectional 1/0 Ports 

DISTINCTIVE CHARACTERISTICS 

• Eight-Bit, Bidirectional 1/0 Port with Handshake -
Two eight-bit, back-to-back registers store data moving in both 
directions between two bidirectional busses. 

• Register FulilEmpty Flags -
Ori-chip flag flip-flops provide data transfer handshaking 
signals. 

• Separate Clock, Clock Enable and Three-State Output Enable 
for Each Register. 

• Separate, Edge-Sensitive Clear Control for Each Flag 
Flip-Flop. 

• Inverting and !\Ion-Inverting Versions -
The Am2950 provides non-inverting data outputs. The 
Am2951 provides inverting data outputs. 

• 24mA Output Current Sink Capability. 
• 100% Reliability Assurance Testing in Compliance with 

MIL-STD-883. 

Am2950 BLOCK DIAGRAM 

Vee -+ FR al 
FR 

CPR 
CP 

I 
CE CLA EDGE CL 

Cl!R r DElECT 

1 .A OE 

A. Do CP CE Do ... v. ...... 
B. 

A, :v, B, 
D, a, 

~ v, A, B, 
D, 0, 

: v, A, 0: B, 
D, I 0, : A, v, B. 
D, 

c! a. -: A, v, B, 
D, a, 

: v, An B, 
D, 0, 

~ V, A, a, 
D, a, 

"" 

OR 

~Fl- 00 Do-
v'lA. a, D, 
v,s: a, D, 
V31:: 0: 

a, E D, 
v.s: 

a. ia D, 
v, ::: 

~ 

v, ::: 
Os Ds 

v, ::: 
o. D. 

"" a, CE CP 01 

~AS ..... r 1 CPs 

"" A Clis 
Fs 

CE'r I a 
D Vee 

FS 
CLR CP 

CLR s EDGE y 
DETECT 

MPR'573 
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GENERAL DESCRIPTION 

The Am2950 and Am2951, members of Advanced Micro Devices 
Am2900 Family, are designed for use as parallel data I/O ports. 
Two eight-bit, back to back registers store data moving in both 
directions between two bidirectional, 3-state busses. On chip flag 
flip-flops, set automatically when a register is loaded, provide the 
handshaking signals required for demand-response data 
transfer. 

Considerable flexibility is designed into the Am2950 • Am2951. 
Separate clock, clock enable and three-state output enable sig
nals are provided for each register, and edge-sensitive clear 
inputs are provided for each flag flip-flop. A number of these 
circuits can be used for wider I/O ports. Both inverting and non-in
verting versions are available. 

Twenty-four mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am2950 • Am2951. 

Am2951 BLOCK DIAGRAM 

_{.I FR 
CPR VCC~ CP 

I 
CE CLR EDGE CL 

CliR 
DETECT 

1 A OE 

Ao CP eE Qo 
..... Vo ~ Bo 

Do 
: v, A, e; 

D, 0, 

~ V, A, S, 
D, 0, 

~ V, A, 0: S, 
D3 i a, 

~ v, A, .. D, 0: a. 
: Vs c! Bs As 

Ds a, 
: v, A. Bs 

D, a. 
; v, A, ;;; 

0, 0, 

"" 

BR 

~~ 00 Do-

~~ a, D, 
v,:.... a, D, 
v,l::: 0: 

v,l::: 
a, 

~ D, 

a, 0: D. 
Vsl::: 

.;, 

v.l::: 
as Ds 

v,c: 
a. D, 

f'I 0 7 CE CP 0 7 

!ll!AS ..... r 1 CPs ... 
A CEs 

Fs J a CE'r o Vee 

I FS 
CLR CP 

CL Rs EDGE Y 
DETECT 
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Am2950 LOGIC SYMBOLS 

26 

27 

28 

7 

25 20 

CLRS OEAS CPR 

AO 

Al 

A2 

A3 

A4 
Am2950 

AS 

AS 

A7 

23 24 19 

21 

CER 

BO 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

FR 

12 

18 

17 

16 

15 

14 

13 

10 

9 

11 

MPR-575 

26 

27 

28 

6 

CONNECTION DIAGRAMS 
Top Views 

DIP 

A3 28 A2 

A4 27 Al 

AS 26 AD 

CLRS 25 MAS 

FS 24 CPS 

A6 23 CES 

A7 Am2950 
22 GND 

vec Am29S1 21 CER 

B7 20 CPR 

B6 10 19 MBR 

FR 11 18 BO 

CLRR 12 17 Bl 

B5 13 16 B2 

B4 14 15 B3 

Note: Pin 1 is marked for orientation. 
Bi is inverted on Am2951. 

MPR-577 

DEFINITION OF FUNCTIONAL TERMS 

Ao-7 Eight bidirectional lines carrying the R Register inputs or 
S Register outputs_ 

BO-7 Eight bidirectional lines carrying the S Register inputs or 
R Register outputs. 

CPR The clock for the R Register and FR Flip-Flop_ When CER 
is LOW, data is entered into the R Register and the FR 
Flip-Flop is set on the LOW to HIGH transition ofthe CPR 
signal. 

CER The Clock Enable for the R Register and FR Flip-Flop_ 
When CER is LOW, data is entered into the R Register 
and the FR Flip-Flop is seton the LOW to HIGH transition 
of the CPR signal. When CER is HIGH, The R Register 
and FR Flip-Flop hold their contents, regardless of CPR 
signal transitions_ 

OEBR The Output Enabie for the R Register. When OEBR is 
LOW, The R Register three-state outputs are enabled 
onto the BO-7Iines. When OEBR is HIGH, the R Register 
outputs are in the high-impedance state. 

FR The FR Flip-Flop output. 
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B7 

B6 

FR 

CLRR' 

B5 

B4 

B3 

B2 

Bl 

BO 

oeBR 

CPR 

CER 

aND 

2 

10 

11 

12 

13 

14 

FLAT PACK 

28 vcc 
27 A7 

26 A6 

25 FS 

24 CLRS 

23 AS 

Am2950 22 A4 
Am2951 21 A3 

20 A2 

19 Al 

18 AO 

17 OEAS 

16 CPS 

15 CES 

MPR-585 

CLRR The clear control for the FR Flip-Flop. The FR Flip-Flop is 
clea'red on the LOW to HIGH transition of CLRR signal. 

CPS The clock for the S Register and FS Flip-Flop. When CES 
is LOW, data is entered into the S Register and the FS 
Flip-Flop is set on the LOW to HIGH transtion of the CPS 
signal. 

CES The clock enable for the S Register and FS Flip-Flop_ 
WhenCES is LOW, data is entered into the S Register 
and the FS Flip-Flop is set on the LOW to HIGH transition 
ofthe CPS signal. When CES is HIGH, the S Register and 
FS Flip-Flop hold their contents, regardless of CPS signal 
transitions. 

OEAS The output enable for the S Register_ When OEAS is 
LOW, the S Register three-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH, the S Register 
outputs are in the high-impedance state. 

FS The FS Flip-Flop output. 
CLRS The clear control for the FS Flip-Flop_ The FS Flip-Flop is 

cleared on the LOW to HIGH transition of CLRS signal. 

a 



Am2950 • Am2951 

D 

X 

L 

H 

REGISTER FUNCnON TABLE 
(Applies to R or S Register) 

OUTPUT CONTROL 

Inputs Internal Internal Y-Outputs 

CP CE Q Function OE Q Am29S0 Am29S1 Function 

X H NC 

t L L 

t L H 

Hold Data H X 

Load Data 
L L 

L H 

FLAG FLIP-FLOP FUNCTION TABLE 
(Applies to R or S Flag Flip-Flop) 

Inputs 

CE CP CLR F-Ou~put Function 

H 

X 

L 

H = HIGH 
L = LOW 

X 

X 

t 

X = Don't Care 
Z = High Impedance 

4- NC Hold Aag 

t L CIe.ar Aag 

4- H Set Flag 

NC = NO CHANGE 
t = LOW-to-HIGH Transition 
.f. = NO LOW-to-HIGH Transition 

ORDERING INFORMATION 

Z Z Disable Outputs 

L H 
Enable Outputs 

H L 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2950 Am2951 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM2950PC AM2951PC P-28 C C-1 
AM2950DC AM2951DC 0-28 C C-1 
AM2950DC-B AM2951DC-B 0-28 C B-2 (Note 4) 
AM2950DM AM2951OM 0-28 M C-3 
AM2950DM-B AM2951DM-B 0-28 M B-3 
AM2950FM AM2951FM F-28-2 M C-3 
AM2950FM-B AM2951FM-B F-28-2 M B-3 

AM2950XC AM2951XC Dice C } Visual insPection 

AM2950XM AM2951XM Dice M 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number iollowing letter is number of leads. See Appendix B for 
detailed outline. Where A!:lpendix B contains several dash numbers; any of the variations of the package may be used 
unless otherwise specified. 

2. C = O"Cto + 70"C, Vee = 4.75V to 5.25V, M = - 55°C to + 125°C, Vee = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform10 MIL-STD-883, Class C. Level B-3 conforms to 

MIL-STD-883, Class B. 
4. 96.hour bum-in. 

10 

11 

METALLIZATION AND PAD LAYOUT 

12 ·13 14 15 16 17 18 
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24 

23 

22 

21 

20 

19 

Numbers refer to DIP pin connection 
DIE SIZE 0.107" X 0.138" 



Am2950 • Am2951 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous -O.5V to + 7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +VCC max. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

OPERATING RANGE 

Part Number Temperature VCC 

Am2950/51 PC, DC TA = O"C to +70"C VCC = 5.0V ±5% (MIN. = 4.75V, MAX. =5.25V) 

Am2950/51 OM, FM TC = -55°C to +125°C VCC = 5.0V ±10% (MIN. = 4.50V, MAX. = 5.50V) 

Am2950, Am2951 
DC CHARACTERISTICS OVER OPERATING RANGE Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. 

""Is D FR,FS IOH = -lmA 2.4 3.4 

VOH Output HIGH VoHage VCC = MIN. MIL, IOH = -2mA 2.4 3.4 VoHs 
VIN = VIH or VIL AO-7, B0-7 

COM'L, IOH = -6,5mA 2.4 3.4 

FR,FS IOL = 12mA 0.5 

VOL Output LOW VoHage (Note 5) VCC = MIN. MIL IOL = 16mA 0.5 VoHs 
VIN = VIH or VIL A0-7,80-7 

COM'L IOL = 24mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts 
voHage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Volts 
voHage for all inputs 

VI Input Clamp VoHage VCC = MIN., liN = -18mA -1.5 VoHs 

AO-7, B0-7 -250 p,A 

ilL Input LOW Current VCC = MAX., VIN ,,;, 0.5V CLRR,CLRS -2.0 rnA 

Others -360 p,A 

A0-7,80-7 70 
IIH Input HIGH Current VCC = MAX., VIN = 2.7V CLRR,CLRS 100 p.A 

Others 20 

II Input HIGH Current VCC = MAX., VIN = 5.5V 1.0 rnA 

Output Off-state VO = 2.4V 70 
10 

Leakage Current 
VCo = MAX. AO-7,80-7 p.A 

VO = 0.4V -250. 

ISC 
Output Short Circuit Current 

VCC = MAX. -30 -85 rnA 
(Note 3) 

TA = 25°C 156 263 

TA = O"C to +70"C 275 

ICC 
Power Supply Current 

VCC = MAX. 
COM'L 

TA = +7O"C (Notes 4, 6) 
228 rnA 

Tc = -55°C to +125°C 309 
MIL 

Tc = +125°C .202· 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable devica type. 
2-: Typical limits are at VCC = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. ICC is measured with all inputs at 4.5V and all outputs open. 
5. The sum of IOL into Ai and Bi for each i must not exceed 32mA COM'L, 24mA MIL at a given point in time. 
6. Worst case ICC is at minimum temperature. 
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Am2950· Am2951 

SWITCHING CHARACTERISTICS 

The tables below define the Am 2950· Am2951 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagation delays. Tables C are recovery times. Tables 0 are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL 
on Ai and Bi = 2200 and RL on FS and FR = 3000. CL = 50pF except output disable times which are specified at CL = 5pF. 

TYPICAL ROOM TEMPERATURE CHARACTERISTICS (T A = 25'C, VCC = 5.0V) 

A. Set-up and Hold Times 
(With respect to clock 

LOW-to-HIGH transition.) 

With 
Input Respect To ts 

AO-7 CPS S 2 

eO-7 CPR S 2 

~S CPS S 9 

CER CPR S 9 

th 

0 

0 

0 

0 

B. Propagation Delays 

Input AO-7 B0-7 FS 

CPS j 15 - 13 

CPR J - 15 -
CLRSJ - - 11 

CLRRJ - - -

D. Pulse-Width Requirements 

Min. LOW Min. HIGH 
Input Pulse Width Pulse Width 

CPS 15 15 

CPR 15 15 

CLRS 15 15 

CLRR 15 15 

C. Recovery Times 

FR From To tREC 

- CLRSJ CPsJ 17 

13 CLRR r CPRj 17 

-

11 

E. Enable/Disable Times 

From To Disable Enable 

OEAS AO-7 15 16 

OEeR BO-7 15 16 

GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (T A = 25°C, VCC = 5.0V) 

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 

With Input AO·7 B0-7 FS FR From To tREC 
Input Respect To ts th 

AO-7 CPS S 
BO-7 CPR S 
eEs CPS S 
CER CPRS 

CPS j - -

CPR J - -

CLRSS - - -

CLRRJ - - -

CLRS r- CPS.! 

CLRRj CPFU 

D. Pulse·Wldth Requirements E. Enable/Disable Times 

Min. LOW Min. HIGH From To Disable Enable 
Input Pulse Width Pulse Width OEAS AO-7 
CPS OEeR e0-7 
CPR 

CLRS 

CLRR 

6-24 



GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA = ooe to +7ooe, vee = 4.75 to 5.25V) 

PRELIMINARY DATA 

Am2950 • Am2951 

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 

Input 

AO·7 

BO-7 

CES 

CER 

With Input Ao-7 BO-7 FS FR From To tREC 
Respect To ts th 

CPS S 7 5 

CPR S 7 5 

CPS S 15 4 

CPR S 15 4 

CPS S 26 - 20 -

CPR J - 26 - 20 

CLRSS - - 22 -

CLRRJ - - - 22 

CLRS] CPS] 31 

CLRRS CPRS 31 

D. Pulse-Width Requirements E. Enable/Disable Times 

Min. LOW Min. HIGH From To Disable Enable 
Input Pulse Width Pulse Width OEAS AO-7 22 27 
CPS 20 20 OEBR BO-7 22 27 
CPR 20 20 

CLRS 20 20 

CLRR 20 20 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(Tc = -55°e to +125°e, vee = 4.5 to 5.5V) 

PRELIMINARY DATA 

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 

With Input AO-7 BO-7 FS FR From To tREC 
Input Respect To ts th 

AO-7 CPS S 11 8 

BO-7 CPR S 11 8 

CES CPS S 15 4 

CER CPR S 15 4 

CPS S 28 - 20 -

CPR J - 28 - 20 

CLRSj - - 22 -

CLRRJ - - - 22 

CLRsl CPs] 34 

CLRRS CPRS 34 

D. Pulse-Width Requirements E. Enable/Disable Times 

Min. LOW Min. HIGH From To Disable Enable 
Input Pulse Width Pulse Width OEAS AO·7 24 28 
CPS 20 20 OEBR BO-7 24 28 
CPR 20 20 

CLRS 20 20 

CLRR 20 20 
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Am2950 • Am2951 

APPLICATIONS 
The Am2950· Am2951 provides data transfer handshaking sig
nals as well as eight-bit, bidirectional data storage, Its flexibility . 
allows it to be used in any type of computer system, including 
Am2900, 8080, 8085, 8086, Z80, and Z8000systems. 

tional peripheral data bus. The on-chip Flag flip-flops provide the 
data in, data out handshaking signals required for data transfer 
and interrupt request generation. 

Figure 1 shows an Am2950 used to store data moving in both 
directions between a bidirectional system data bus and a bidirec-

Figure 2 shows a multiple I/O port system using Am2950's. Two 
Am2950's are used at each port to interface the 16-bit system 

. data bus. The Am2950 flags are used to generate I/O interrupt 
requests. 

2950 
SENDNEWDATA~----r-------------------------~------------------~+-' 

I CPR 

FR 
H D Q 

FR 

CLRR I 
CLOCK 

CLOCK CER 
ENABLE 

0EBii 

A B 

DATA READY 

DATA TAKEN 

OUTPUT ENABLE 

~::!:~ -----t-=---------' CEs +-------1--------------'+---- CLOCK ENABLE 
r-+-----------------------+------;----------------+---~SENDNEWDATA 

CLOCK 

R~:~~ ___ ...... i-'-FS'--____________ -I Q CE 
D H 

FS CPs 

I CP 
CLR 

DATA TAKEN CLRS _________ J 
PERIPHERAL 

Flg~lre 1. A Bidirectional I/O Port with Handshaking Using the Am2950. 

MEMORY 

VO 
PORTO 

110 
PORT. 1 

va 
PORT 2 

Figure 2. Multiple I/O Port System. 

6-26 

VO 
PORT 3 

VO 
PORT' 

SYSTEM 

MPR·578 

MPR·579 



Am29SO· Am2951 

ORDERING INFORMATION 

Order the part number according to the table below to obtein the desired package, temperature range, and screening level. 

Am2950 Am2951 Package Type Operating Renge Screening Level 
Order Number Order Number (Note I) (Note 2) (Note 3) 

AM2950PC AM295IPC P-28 C C-I 
AM2950DC AM295IOC D-28 C C-I 
AM2950DC-B AM295IDC-B 0-28 C B-2 (Note 4) 
AM2950DM AM295IDM 0-28 M C-3 
AM2950DM-B AM295IDM-B 0-28 M B-3 
AM2950FM AM295IFM F-28-2 M C-3 
AM2950FM-B AM295IFM-B F-28-2 M B-3 

AM2950XC AM295IXC Dice C } Visual inspection 

AM2950XM AM295IXM Dice M to MIL-STD-883 
Method 2010B. 

Notes: I. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for 
detailed autUM. Where Appendix B contains several dash numbers, any of the variations olthe package rnsy be used 
unless otherNlse specified. 

2. C = O"C to +7O"C, Vee = 4.75V to 5.25V, M = - 55"C to +125"C, Vee = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-I and C-3 conform to MIL~STD-883, Class C. Level B-3 conforms to 

MIL-STD-883, Class B. 
4. 96 hour bum-in. 

28-Pln Hennetlc 

Physical Dimensions 
Dual·ln-Llne 

j:t::::::::::::::1 
160 :...::j 1--.006 MIN. 

:"'2~ ~,,"r-=--j . PLANE era...,1 
~ ~ 

.DBO or ,011 

.:: ~ :: --.j~:~: '-I i3' 
• .090 

.110 

.045 
:ii6 

.L_ 
-r-
L 

28-Pln Flat·Package 

i111 r 1III 
., 281 

.380 
A10 

,. 16 T r 11111111 

. 320 I' Al0 
t--- A10 .010 ~_ 

1 
T 

.G1. t270-il-~~~ . 
:ii4ii f.iiiiii --.i .1 .L ( .) 
f·· ---r1 

.080 .ooe 

6-27 

28-Pln Molded 





High-Performance Multipliers 





Am25S557 • Am25S558 
Eight-Bit by Eight-Bit Combinatorial Multiplier 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• Multiplies two 8-bit numbers - 16-bit output 
• Combinatorial - no clocks required 
• Full 8 x 8 multiply in 45ns typo 
• Cascades to 16 x 16 in 11 Ons typo 
• Expandable to multiples of 8 bits 
• MSB and MSB outputs for easy expansion 
• UnSigned, two's complement or mixed operands 
• Implements common rounding algorithms with additional 

logic 
• Three-state outputs 
• Transparent 16-bit latch in Am25S557 
• Industry standard pin-outs 
• 100% product assurance screening to MIL -STO-883 

requirements 

12 

13 

14 

15 

16 

17 

18 

19 

21 

40 20 

Va 

V, 

V2 

Va 

V. 

V5 

V. 

V7 

LOGIC SYMBOL 
11 12345678 

Am25S558 
(Am258557) 

OE 

~~U~$~~~~~~V~~~~ ~ 

VCC = Pin 10 
GND = Pin 30 

CONNECTION DIAGRAM 

Xo XM 
X, So 
X2 5, 

Xa 8. 

X. 8a 
X5 84 
X. S. 
X, 50 

(R)RS Sr 
Vee 8. 

(G)Ru GND 

Yo s. 
Y, 8'0 
Y, 8" 
Ya 5,. 
Y4 5'3 
Y, 5,4 

Y. 815 
Y, 8'5 

YM OE 

BLI·035 

Pin assignments shown are for Am25S558. G and R shown in paren
theses are pin assignments for Am25S557. 

BLI-{)~ 
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FUNCTIONAL DESCRIPTION 

The Am25S557 and Am25S558 are high-speed, combina
torial, 8 x 8-bit multipliers. Both use an array of full adders to 
fonm and add partial products in a single unclocked operation, 
resulting in a 16-bit parallel output product. 

Mode control inputs XM and YM allow the multiplier to accept 
either unsigned or two's complement numbers from either re
spective input to provide an unsigned or signed output. The 
mode control lines are held LOW for unsigned input words 
and HIGH for two's complement. 

The Am25S557 and Am25S558 are easily expandable to 
longer work lengths. Both S15 and S15 are available to allow 
expansion in either signed or unsigned modes without exter
nal inverters. In the 16-bit by 16-bit configuration (32-bit 
output) the typical multiply time is 11 Ons. 

Both configurations offer three-state output flexibility and the 
Am25S557 adds a 16-bit transparent latch .between the mul
tiplier array and the three-state output buffers (including S15)' 

Rounding provisions for 8-bit truncated output configurations 
are particularly optimized for maximum flexibility, The 
Am25S557 internally develops proper rounding for either 
signed or unsigned nunibers by combining rounding input R 
with XM, YM, XM and YM as follows: 

Ru = XM • YM • R = Unsigned Rounding input to 27 adder. 

Rs = (XM + YM) R = Signed Rounding input to 26 adder. 

Since the Am25S558 does not require the use of pin 9 for the ~ 
latch enable input, (G), Rs and Ru are brought out separately. .. 

Yo .. 
~ 

~ 
ID 

I 
Y, 

LATCH 
ENABLE 

OE 
OUTPUT 
ENABLE 

LOGIC DIAGRAM 

8-81T X INPUT 

Xo ------ X7 

MOOE 
CONTROL 

• X • 
MULTIPLIER 

ARRAY 

16-BIT PRODUCT 

·Pin 11 is G for Am25S557 and Ru for Am255558. 

XM 

YM 

Rs(R) 



Am25S557 • Am25S558 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = O"C to +7O"C Vcc = 5.0V ±5% (MIN. = 4.75V MAX. = 5,25V) 
MIL Te = -55°C to +125°C Vee = 5.OV ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

. Parameters Description Test Conditions (Note 1) 

VOH Output HIGH VoHage Vee = MIN. VIL = O.BV 
IloH = -2.0mA 

VIN = VIH or VIL VIH = 2.0V 

Vee = MIN. 
VIL = O.BV 

VOL Output LOW Voltage 
VIN = VIH or VIL 

VIH = 2.0V 
10L = B.OmA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voHage for aU inputs 

VIL Input LOW Level 
Guaranteed input logical LOW I MIL 
voltage for all inputs I COM'L 

VI Input Clamp VoHage Vee = MIN., liN = -1BmA 

IlL Input LOW Current Vee = MAX., VIN = 0.5V 

IIH Input HIGH Current Vec = MAX., VIN = 2.4V 

II Input HIGH Current Vce = MAX., VIN = 5.5V 

Off-State (High-Impedatice) Vo = 0.5V 
10 Output CUrrent Vee = MAX. 

Vo = 2.4V 

Ise 
Output Short Circuit Current 

Vee = MAX. (Note 3) 

lee Power Supply Current (Note 4) Vee = MAX. 

Typ. 
Min. (Note 2) Max. Units 

2.4 3.0 Volts 

0.3 0.5 Volts 

2.0 Volts 

O.B 
Volts 

O.B 

-1.5 Volts 

-1.0 mA 

100 p.A 

1 mA 

-100 

+100 
p.A 

-20 -90 mA 

280 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.OV, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test with pin 21 at 4.5V, all other input pins atGND, all outputs open. Am25S557 conditions the same except initialize with G (pin 11) at 4.5V, then 

GND. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous -O.5V to + 7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +Vec max. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

Am25S557 Am25S COM'i.. Am~5S MIL 
SWITCHING CHARACTERISTICS TA = 0 to 70"C TA = -55 to +125°C 
OVER OPERATING RANGE* Vee = 5V ±5% vee = 5V ±10% 

~ - - - -

Parameters Description Min Typ Max Min Typ Max Units Test CondHlons 

tpo Xi, Vi to 56 to 514 45 55 ns 

tpo Xi. Vi to 515 or 515 50 60 ns 

Is Xi, Vi to G Set-up Time 35 45 ns 

th XI, VI to G Hold Time -10 -10 ns 

tpo GtoSi 40 45 ns eL = 30pF 
RL = 5600 

tpw Latch Enable Pulse Width 15 25 ns (See test figures) 

tpHZ OEtoSI 15 20 ns 

tpLZ OEto,S, 20 25 ns 

tpZH OEtoSi 25 25 ns 

tpZL OE to Si 20 25 ns 

°Ae performance over,the operating temperature range is guaranteed by testing defined in Group A,subgro!lP 9. 
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Am25S557 • Am25S558 

Am25S558 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE· 

Am25SCOM'L Am25S MIL 

TA = 0 to 70"C TA = -55 to +125'C 
VCC = 5V ±5% VCC = 5V ±10% 

Parameters Description Min Typ Max Min Typ Max Units Test Conditions 

tpo Xi, Vi to So to S6 40 50 ns 

tpo Xi, Vi to S7 to S14 40 50 ns 

tpo Xi, Vi to S15 or S15 45 55 ns 
CL = 30pF 

tpHZ OE to Si 15 20 ns RL = 560n 

tpLZ OE to Si 20 25 ns 
(See test figures) 

tpzH OE to Si 25 25 ns 

tPZL OE to Si 20 25 ns 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, subgroup 9. 

SET-UP AND HOLD TIMES PULSE WIDTH 

lOW.HIGHLOW_f ~--- 15V 
~~ . 

~t~---1 
HIGH.LOW.HIGH_\ f---'5V 

~~ . 

8L1·057 8LI·058 

r-----------------------------------~ 

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

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

Am25S557 • Am25S558 
INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DRIVEN INPUT 

~----

BLI·038 

Test 

All tpos 

tpZH 

7-3 

LOAD TEST CIRCUIT 

Vx 

IN916 OR IN3064 
TEST -'F-
POINT 

FROM OUTPUT I 
UNDER TEST' I 

ClI 
5600 

11200 

CL Includes probe and jig capacitance. 

TEST WAVEFORMS 

8LI·059 

Vx Output Waveform - Meaaurement Level 

5.0V 

O.OV 

5.0V 

VOH -----. 

VOL ___ ....J* 1.5V 

VOH ---~~ O.sv 

O.SV J...f 
I 

O.OV 

2.8V 

O.OV ~VOH 
o.ov~'·ov 

5.0V 
2.8V~ 

1.5V 

VOL 
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DEFINITION OF TERMS 

Multiplicand 8-bit data inputs 

Multiplier 8-bit data inputs 

XM • YM Mode control inputs for each data word; LOW for 
unsigned data and HIGH for two's complement data 

80-815 Product 16-biI output 

S, 5 Inverled M8B for expansion 

Rs. Ru Rounding inputs for signed and unsigned data. re
spectively (Am258558 only) 

G Transparent Latch Enable (Am258557 only) 

OE Three-state enable for 80-815 outputs 

R Rounding input for signed or unsigned data (com
bined internally with XM• YM in Am25S557 only) 

MODE CONTROL INPUTS 

Mode 

Operating Input Data Control Inputs 

Mode Xo-X7 VO·V7 XM VM 

UNSIGNED UNSIGNED UNSIGNED L L 

UNSIGNED 2'sCOMP L H 
MIXED 

2'sCOMP UNSIGNED H L 

SIGNED 2'8 COMP 2'8 COMP H H 

X M 

L 

L 

H 

H 

X 

Inputs 

Ru 

L 

L 

H 

H 

ROUNDING INPUTS 

Am25S557 

Inputs Adds 

VM R 27 26 

L H YES NO 

H H NO YES 

L H NO YES 

H H NO YES 

X L NO NO 

Am25S558 

Adds Normally Used With 

Rs 27 26 XM I VM 

L NO NO X I X 

H NO YES XM + YM = H 

L YES NO L I L 

H YES YES * I * 
* Most rounding applications require a HIGH level for Ru or Rs, but 

'not both. 

Metallization and Pad Layouts 

Xo 1 ---'------, 

X, 2---~--, 
X, 

X, 

.. 5 

x, • 

X. 7 

X, • 

As • 

Vee 10 

RU 11 

Yo 12 

Y1 13 

Y2 14 

Va 15 

Y4 16 
V5 17 -----' 

Va 18 ------' 
Y, ,. -------' 

YM 20 ------,--' 

Am25S557 

,------------ 40 XM 

,---------- 39 .. 

,--------- 38 5, 

,------- 37 52 

34 ., 

33 S, 

32 ., 

31 Sa 

30 GND 

.... 

"------ 25 8" 
"-------- 24 814 

'----------- 23 8 15 
'---------- 22 815 

'-----------~ ~ 

DIE SIZE 0.171" X 0.165" 
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Am25S558 

Xo 1 -------, r---------- 40 XM 

X, 2 ------, r--------- 39 .0 
X, 3 ------, r------- 38 ., 

X, 4 ---, ,------ 37 52 

r.~~II~~~r.ii8i .. ~jijii~===4---36 83 

.. 5 

X, • 

X. 7 

x, • 

R 9 

Vee 10 

G 11 

Yo 12 

Y, 13 

Y2 14 

Y3 15 

Y4 16 
Y, 17 -----' 

Va 18 ------' 
Y7 19 -------' 
YM 20 ______ ---.l 

34 55 

33 .. 

32&, 

31 " 

30 GND 

29 '9 

28 510 

27 511 

"------ 25513 

'-------~. 24 5 , 4 
'--------- 23 5,5 

'------------ 22 ~5 
'----------- ~ ~ 

DIE SIZE 0.171" X 0.165" 
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APPLICATION 

V INPUT X INPUT 

Xo ----- X7 Xa -----X1S ROUND 

III 
IIII 

x, Y, x, Y, 

Am25S558 

..-< OE 

So ------------- Su; T 15 

I II I 
L-__ -I-! eln Am2SlS2517 Co Cin Am25lS2517 Co Cin Am25LS2517 Co Cin Am25l.S2517 Co C,n Am2SLS2S17 Co e,n Am25LS25t7 Co 

Figure 2. High-Speed 16 x 16 2'8 Complement Multiplication. 
BLI-G40 
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1/0 MAPPED INTERFACE 
WITH MOS MICROPROCESSOR 

\ DATA BUS \ 
1'8 18 

Lcp , 
L CP 

AmZ8120 AmZ8120 

j,E 

REGISTER rE 

REGISTER 

'~E, 1'8 r --<J E, V4 p-- , 
ADDRESS - E3 V, 

BUS - E4 

-A AmZ8148 Am25S558 

-B 

IORL 

C Vo 

RD V, p--

l 1'6 
lowTwR ACK p-

{8 r , 
L OE ACK '-C OE 

AmZ8144 AmZ8144 16 
BUFFER BUFFER 

18 r 
BLI-oeo 

PHYSICAL DIMENSIONS 
Dual-In-Llne 

4o-Pin Cerdip 

~t::::::::::::::::::::1 
~ 1-.005 

~~~_'.O'O I ~ .• OO~ 
-.- 2.100 SEA TlNGi .630 

:~~~ ~J'LA~E ~ L I ~ I L.015-JI .009 .. J , .060 .011 ~ 

.;'0 -I 1-.0901-.045 -i1-.01• '-I k 

.150 .110 .065 .020 

ORDERING INFORMATION 

Am25S557 Am25S558 
Package Temperature Order Order 

Type Range Number Number 

Hermetic DIP 
OOG to +70oG AM25S557DG AM25S558DG 

-55°G to +125°G AM25S557DM AM25S558DM 
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AmZ8000 

Peripheral/Support Products 



THE Am%8000 COMPO.NT FAMILY 

The following 19 circuits - available now or by the end of 1980 - are LSI devices 
providing support arid peripheral functions for the AmZ8000 Family. 

AmZ8010MMU 
Memory Management Unit. This circuit in

terfaces between the segmented CPU and physical 
memory. It translates segment numbers and offsets 
from the CPU into physical memory addresses 
through a programmable table. It also provides 
facilities for preventing unauthorized access to a 
segment. 

ArnZI030SCC 
Serial Communications Controller. A two

channel serial I/O port capable of handling a vari
ety of synchronous and asynchronous formats, 
including SDLC, HDLC and Bisync. The device 
.includes CRC-I6 and CCITT block frame checking 
and separate modem controls for two full-duplex 
channels. 

AmZ8036CIO .. 
Counter/Timer Parallel I/O Port. Includes 

two general-purpose double-buffered 8-bit I/O 
ports as well as three independent I6-bit counters. 
Each bit of the parallel ports can be separately 
programmed for input or output. 

AmZ8038RO 
FIFO Input/Output Interface. A general 

purpose 8-bit I/O port which includes a 128-word 
FIFO in the data path. Devices can be cascaded to 
form wider words or a deeper stack. 

AmZ8052CRT 
CRT Controller. A raster-scan CRT controller 

with a host of features for sophisticated display sys
tems. This device includes control for horizontal 
and vertical split screens, superscripts and sub
scripts, simple line drawing capability and linked 
list processing. . 

8-1 

AmZ8065BEP 
Burst Error Processor. Implements IBM 

(48- and 56-bit) polynomials, CDC and DEC 
polynomials. Detects burst errors and permits 
corrections of errors up to 11 bits in length. 

ArnZI068DCP 
. Data Ciphering Processor. Implements the 

NBS encryption algorithm. It interfaces directly to 
the AmZ8000 CPU bus and handles data rates up 
to 1M byte/sec. 

AmZ8073STC 
System Timing Controller. The STC includes 

five independent I6-bit counters that can be pro
grammed to count up or down in binary or BCD 
from a number of different clock sources. The 
device provides for frequency synthesis, digital 
one-shots, time-of-day, coincidence alarms and 
much more. 

AmZ8160EDC 
Error Detection and Correction Circuit. Pro

vides polynomial error detection and correction on 
parallelI6-bit words with six extra bits. Detects all 
double errors and corrects all single errors in less 
than IOOnsec. 

AmZ8161/2 
Quad data buffers in a "T" configuration for 

interface between the data bus and the memory. 
It provides a connection to the EDC circuit for 
data correction on the fly. 



AmZ8164DMC 
Dynamic Memory Controller. Provides ad

dress latches, refresh address counter and RAS 
decode for dynamic RAMs. 

AmZ8165/6 
High-drive quad buffers with matched im

pedance in HIGH and LOW states, to drive high
capacitance loads with controlled rise and fall 
times. 

AmZ8140/44 
Octal three-state buffers. Inverting and non

verting versions. 

AmZ8103/4 AmZ8107/8 
Octal bus transceivers. Similar to 8304. Non

inverting and inverting versions. 

AmZ81iO 
Octal edge-triggered register with a reset, 

clock enable and three-state outputs. 

AmZ8133/8173 
Octal latch with three-state outputs. Both 

inverting and non-inverting versions. 

AmZ81i1 
Equality comparator. Signals equality 

between two 8-bit words. Used for address 
comparison. 

AmZ8136 
Eight-bit decoder with control storage. On

chip register stores inputs to decoder so encoded 
chip-select field can be strobed in. 

AmZ8148 
Address Decoder with Acknowledge. A one

of-eight decoder with multiple enable inputs and 
an acknowledge output. 
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AmZ8127 
AmZ8000 Clock Generator 

Advanced Information 

DISTINCTIVE CHARACTERISTICS 

• High-drive high-level clock output 
Special output provides clock signal matched to 
requirements of AmZ8000 CPU, MMU and DMA 
devices. 

• Four TTL-level clocks 
Generates synchronized TTL compatible clocks 
at 16MHz, 2M Hz and 1 MHz to drive memory 
circuits and LSI peripheral devices. An 
additional TTL clock is synchronized with the 
high-level clock for registers, latches and other 
peripherals. 

• Synchronized WAIT state and time-out 
controls 
On-chip logic generates WAIT signal under 
control of Halt, Single-step and Ready signals. 
Automatic time-out of peripheral wait requests. 

FUNCTIONAL DESCRIPTION 

The AmZ8127 Clock Generator and Controller provides the 
clock oscillator, frequency divi~ers and clock drivers for the 
complete array of AmZ8000 CPUs. peripherals and memory 
system configurations. In addition to the special 4MHz output 
driver for the AmZ8001 and AmZ8002 CPUs, a standard buf
fered TTL 16MHz oscillator ou1put is provided for dynamic 
memory timing and control. The AmZ8127 forms an integral part 
of the dynamic memory support chip set including the AmZ8163 
EDC and Refresh Controller, AmZ8164 Dynamic Memory Con
troller, AmZ8160 Error Detection and Correction Unit and 
AmZ8161/AmZ8162 EDC Bus Buffers. The oscillator is designed 
to operate with a 16MHz crystal or with external 16MHz drive. 
The AmZ8127 uses an internal divide-by-4 tei provide 4MHz 
clock drive to the AmZ8001/AmZ8002 CPU. Additional dividers 
generate synchronous buffered 2MHz and 1 MHz clock outputs 
for use by peripheral devices. The clock divider counters are 
clearable !o allow synchronizing the multiple clock outputs. 

The controller functions include RESET, RUN/HALT, SINGLE
STEP, READY and a READY TIMEOUT counter which limits a 
peripheral's wait request to 16 clock cycles. The CPU's WAIT 
input is controlled by RUN/HALT, SINGLE-STEP and READY. A 
HALT command to the AmZ8127 drives the WAIT output LOW 
causing the CPU to add wait states (TW to TW). The READY 
input is used by peripherals to request wait states. The active 
HIGH input TIMEOUT ENABLE is used to force TIMEOUT and 
WAITto HIGH 16 clock cycles after a peripheral has requested a 
wait but fails to release the request. The CPU status lines ST1, 
ST2 and ST3 are decoded in the AmZ8127 to disable the TIME
OUT counter during CPU "Internal Operations" and during 
refresh. 

BLOCK DIAGRAM 

CLOCK GENERATOR 

----------~ RESET 1_--------mmror 
SYNC I--

'------' 
X1 XTAL 

OSC ~---~----I_-------osc 
lC2 

w.------------~ + 30ft. 
CYCLE - COUNTER 

mB--------r--i , I 
RUN/HALT - RUN/HALT CLOCK 

SSNC - SING~ STEP 
DMOER 

SSNO _ CONTROL 

I -
WAIT 

CONTROL REAOY---------------~ 
CPU STATUS --------------~ 

~--------------~ 
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Z8000 
BUFFER 

1_-..+---1>"'--- ZCK ... 
1_-------- TCK 

1_--------reM 

~-------- TCK/4 

1_--------WAif 

t---------'iiiiEiIIif 

BLI-l68 



High-Performance Microprocessor 
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Am2925 
Clock Generator and Microcycle Length Controller 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• Single chip clock generator and driver 
• Four different clock output waveforms for Am2900 and other 

bipolar and MOS systems 
• Crystal controlled for stable system operation 
• Oscillator to 31 MHz - oscillator output for external system 

timing 
• Clock halt,single-step and wait controls 
• Variable cycle lengths - 1 of 8 different cycle lengths may be 

programmed 
• Slim 0.3" 24-pin package 
• 100% product assurance screening to MIL-STD-883 

requirements 

LOGIC DIAGRAM 

., 
XTAL 
OSC r-------------~------I~>--~ 

" 
1--{>O-c4 

CONTROL 
CLOCK 

L, GENER-
STATE ATOR 

L2 
DECODER REGISTER 

I--{>O-c, 

1--1>0>'-- C2 

L, 

EN 

FIRST/LAST 

iW.'f 
RUN/HALT ,-------------- Cx 

IillII AND 
SINOLESTEP 

SSNC CONTROL 

SSHO 

.liIT 

WAIT"EQ 

IinDV 
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FUNCTIONAL DESCRIPTION 

The Am2925 is a single-chip general purpose clock generator! 
driver. It is controlled bya crystal, selected by the deSigner, and is 
microprogrammable to meet a variety of system speed require
ments. The Am2925 generates four different clock output 
waveforms tailored to meet the needs of Am2900 and other 
bipolar and MOS microprocessor based systems. Also, variable 
cycle lengths may be generated under microprogram control. 
One of eight different cycle lengths may be microprogrammed 
using the Cycle Length inputs L1, L2, and L3. 

The Am2925 oscillator runs at frequencies up to 31 MHz. A buf
fered oscillator output is provided for external system timing. 

Clock halt, single-step and wait controls are provided for the 
Am2925. The HALT REO input halts the clocks; the clocks re
sume when the HALT REO input is deactivated. The SINGLE
STEP input, which operates only when the clocks are halted, 
generates the clocks for a single cycle. The WAIT REO input 
stops the clocks and puts the Am2925 in a "wait" state. In this 
state, the clocks remain stopped until an asynchronous READY 
input signal is received. The WAIT ACK output indicates whenthe 
Am2925 is in the "wait" state. The WAIT REO and READY inputs 
are pulse sensitive and are overridden by the HALT REO input. 

One of eight cycle lengths may be microprogrammed using the 
L1, L2, and L3 inputs. There are four clock output waveforms for 
each of the 8 possible cycle lengths. 

CONNECTION DIAGRAM 
Top View 

GND Vee 

iiEADV Cx 

L, iNfi' 

L, Wii'i'REQ 

L, WA/TACK 

C, iiiiN 

c. HAiT 

Co FIRST/LAST 

C. X. 

SSNO X, 

SSNC Fo 

GND vee 
MPR-744 

24-pin slim (0.3") 

Note: Pin 1 is marked for orientation. 

The Am2925 is scheduled for introduction in 20 '80. 

E 



Am2927 • Am2928 
Quad Three-State Bus Transceivers With Clock Enable 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceivers 
• Three-state bus driver and receiver outputs 
• D-type register on drivers 
• Latch output on Am2927 
• Registered output on Am2928 
• Output data to input wrap around gating 
• Input register to output transfer gating with or without 

driving data bus 

• Clock enabled registers 
• Bus driver outputs can sink 48mA at 0.5V max. 
• Three-state receiver outputs sink 20mA at 0.5V max. 
• 3.5V minimum VOH for direct interface to MOS 

microprocessors 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance with 

MIL-STD-883 

FUNCTIONAL DESCRIPTION 

The Am2927 and Am2928 are high-performance, low-power 
Schottky, quad bus transceivers intended for use in bipolar or 
MOS microprocessor system applications. 

Both devices feature register enable lines which function as 
clock enables without introducing gate delay in the clock inputs. 
The four transceivers share common enables, clock, select and 
three-state control lines. 

The Am2927 consists of four D-type edge-triggered flip-flops. 
Each flip-flop output is connected to a three-state data bus driver 
and separately to the input of a· corresponding receiver latch 
input. The receiver latch can select input from the driver or the 
data bus. The select line determines the source of input data for 
the bus driver choosing between input data or data recirculated 
from the receiver output. The receiver output also has a three
state output buffer. 

The combination of the select input, S, the driver input-enable, 
EN DR, and the receiver latch enable, RLE, provide seven differ-

ent data path operating modes not available in other trans
ceivers. For example, transmitted data can be stored in the re
ceiver for subsequent retransmission. Also, received data can be 
output to the system and simultaneously fed back to the driver 
input. 

The Am2928 is similar to the Am2927, but with a D-type edge
triggered register in the receiver and a receiver enable, ENREC, 
which functions as a common clock enable. 

Data from each 0 input is inverted at the bus output. Likewise, 
data at the bus input is inverted at the receiver output. 

All three-state controls and enable lines are active low (the 
Am2927 receiver latch is transparent when RLE is LOW). The 
select input, S, determines whether the enabled driver input 
accepts data from the data input, 0, or from the corresponding 
receiver output, Y. Similarly, the select line determines whether 
the receiver accepts input data from the data bus, or the driver 
output. 

Am2927 
BUli 

SIMPLIFIED LOGIC DIAGRAMS 
Am2928 

BUS DATA 
INPUT 

D 

MUX 

S 
SELECT 

ENDR 
DRIVER 
ENABLE 

*ENREC for Am2928 

D 

EN 

CP BE 
CLOCK BUS 
INPUT ENABLE 

LOGIC SYMBOL 

liLE 
RECEIVER 

LATCH 
ENABLE 

liE 
OUTPUT 
ENABLE 

BLHI89 
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S 
SELECT 

ENDR 
DRIVER 
ENABLE 

Q 

ENREC CP BE 
BUS 

ENABLE 
RECEIVER CLOCK 
ENABLE INPUT 

. CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is markBd for orientation. 

OUTPUT 
Y 

liE 
OUTPUT 
ENABLE 

BLHl80 
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DETAILED LOGIC DIAGRAMS 

INPUTD DATA_-r======t=:=~c:) 

S ENDR 
SELECT DRIVER 

ENABLE 

CP 
CLOCK 
INPUT 

Am2927 

CP Q ...---f-----' 

BE 
BUS 

ENABLE 

Am2928 

>-...... -Do--- OUTPUT Y 

ONE OF FOUR TRANSCEIVER SECTIONS 

RLE 
RECEIVER 

LATCH 
ENABLE 

COMMON CONTROLS 

DE 
OUTPUT 
ENABLE 

BLHl91 

INPUTD DATA --r===1:=:=:[::> o Q I-Lb()--L+=+=i) ...-...... -t:><:>--- OUTPUT Y 

S ENDR 
SELECT DRIVER 

ENABLE 

CP 
CLOCK 
INPUT 

BE 
BUS 

ENABLE 

ENREC 
RECEIVER 
ENABLE 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output'Current, ,Into Outputs (Except BUS) 

DC Output Current, Into Bus 

DC Input CUrrent 
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ONE OF FOUR TRANSCEIVER SECTIONS 

COMMON CONTROLS 

DE 
OUTPUT 
ENABLE 

BLI-092 

-65 to +150°C 

-55 to +125°C 

-0.5 to +7V 

-0.5 V to +VCC max. 

-0.5 to +5.5V 
30mA 

100mA 

~30 to +5.0mA 



Am2927 • 4m2928 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = O"C to +70"C Vee = 5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 

MIL TA = -55"C to +125"C Vee = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description 

Bus Output LOW Voltage 

Parameters Description 

VOH Receiver Output HIGH Voltage 

VOL Output LOW Voltage (Except Bus) 

VIH Input HIGH Level (Except Bus) 

Vil Input LOW Level 

VI Input Clamp Voltage 

IlL Input LOW Current (Except Bus) 

IIH Input HIGH Current (Except Bus) 

II Input HIGH CUrrent (Except Bus) 

Off-State Output Current 
10 (Receiver Output) 

Ise 
Output Short Circu~ Current 
(Except Bus) 

Icc Power Supply Current 

Test Conditions (Note 1) 

Vee = MIN. 

(MIN. = 4.75V MAX. = 5.25V) 

(MIN. = 4.50V MAX. = 5.50V) 

Test Conditions (Note 1) 

Vee = MIN. MIL, 10H = -2.0mA 

VIN = VIH or Vil COM'L, 10H = -B.5mA 

Vee = S.OV 10H = -100pA 

Vee = MIN 
10l = 20mA 

VIN = Vil or VIH 

Guaranteed input logical 
HIGH voltage for all Inputs 

Guaranteed input logical MIL 
LOW voltage for all inputs COM'L 

Vee = MIN., liN = -18mA 

Vee = MAX., VIN = O.SV 

S,ENDR 
Vee = MAX., VIN = 2,7V 

All other inputs 

S,ENDR 
Vee = MAX., VIN = 7.0V 

All other inputs 

Vo = 2.4V 
Vee = MAX. 

Vo = O.SV 

Vee = MAX. Receiver 

Vee = MAX. 
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Min Units 

Volts 

Typ 
Min (Note 2) Max Units 

2.4 3.4 

2.4 3.4 Volts 

3.S 

0.5 Volts 

2.0 Volts 

0.8 
Volts 

0.8 

-1.2 Volts 

-2.0 mA 

100 

SO 
pA 

2.0 
mA 

1.0 

SO 

-50 
p.A 

-40 -100 mA 

mA 



Am2927 • Am2928 

Am2927 
SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description 

Driver Clock, CP, to BUS 

Latch Enable, RLE, to Receiver Output 

Output Enable, OE, to Output 

Driver Enable, ENDR, to Clock 

Select, S, to Clock (RLE = HIGH) 

Select, S, to Clock (RLE = LOW) 

Data Inputs, D, to Clock 

BUS to Latch Enable, RLE 

Notes: 1. For conditions shown as MIN. or MAX., use the 
2. Typical limits are at Vee = S.OV, 2SoC ambient 
3. Not more than one output should be shorted at a . 

Am2928 
SWITCHING CHARACTE 

Driver Enable, ENDR, to Clock 

BUS to Clock (Receiver Register) 

Receiver Enable, ENREC, to Clock 

S to Clock 

Data Inputs, D, to Clock (Driver Register) 

Test Conditions 

CL (BUS) = SOpF 
RL (BUS) = 1300 

Test Conditions 

CL (BUS) = SOpF 
RL (BUS) = 1300 

CL = ISpF, RL = 2.0kO 

Am2927XM Am2927XC 

Min Typ Max Min 

Am2928XC 

Min Max 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown an MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = S.OV, 2SoC ambient and maximum loading. 
3. Not mone than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2927 • Am2928 

DEFINITION OF FUNCTIONAL TERMS 

CP Clock Pulse to internal registers enters data on the OE Output Enable. When Output Enable is LOW the 
LOW-to-HIGH transition. four receiver outputs Yare active. 

BE Bus Enable. When Bus Enable is LOW the four ENDR Driver Enable. Common clock enable for the input 
drivers drive the BUS outputs. register. Allows the data on the D inputs to be 

BUSo• BUS,. The four driver outputs and receiver inputs. 
. loaded into the driver register on the clock LOW-
to-HIGH transition. 

BUS2• BUS3 
RLE Receiver Latch Enable (Am2927 only). When Re-

Do. D1• The four driver data inputs inverting from D to ceiver Latch Enable is LOW. the 'four receiver 

D2. Da BUS. latches are transparent. The latches hold received 

Yo. Y1. The four receiver data outputs inverting from BUS 
data when RLE is HIGH. 

ENREC Receiver Enable (Am2928 only). Common clock Y2. Ya to Y. 
enable for the receiver register. Allows the BUS 

S Select input controls data path modes in conjunc- driver or previous receiver data to enter the re-
tion with EN DR and RLE (or ENREC). ceiver register on the rising edge of the clock. 

Am2927 FUNCTION TABLES 

Driver Register Control Receiver Latch Control 

ENDR S RLE Driver Register ENDR S RLE Receiver Output 

H x X Hold Previous Data X X H Data Latched 

L L X Load from 0 Input 
H H L 

Driver Register Output at Y Output 

L H L Load from BUS (Latch Transparent) 

L H H Load Latched Receiver Data X L L Bus Data at Y Output 
L X L (Latch Transparent) 

Am2928 FUNCTION TABLES 

Driver Register Control Receiver Register Control 

ENDR S Driver Register ENDR S ENREC Receiver Output 

H X Hold Previous Data X X H Hold Previous Data 

L L Load from 0 Input H H L Load from Driver Register 

L H Load from Receiver Register X L L 
Load from BUS 

L X L 



APPLICATION 

DATA BUS 

BUS 

4 Am2928'. I--- CONTROL 

Y 0 

IN 

Am2903 
ARRAY 

Am2902 

OUT 

Am2904 

BUS 

CONTROL _ 4 Am2928's 

Y 0 

IN OUT 

MEMORY 

Am2927 • Am2928 

The Am2927 and Am2928 can be used to provide Data Bus, Address Bus and Control Bus Interface in a 
high-speed bipolar microprocessor system, 

BLI-093 

Am2927 AND Am2928 FUNCTION TABLE 

Control Input Condition 
Driver Input Receiver Input 

BE From From S ENDR * Signal Flow 

BUS 
BUS L L L , -@J4ill- H 

D 
Input 

(No Load) L L H -fID-llID- L 

BUS H L L rlID4IDr H 

Receiver 

~®-r-(No Load) H L H L 

BUS L H L @1YID- H 

(No Load) Driver H H L [QlL®- X 

(No Load) X H H ~[ID- L 

*RLE for Am2927 (asynchronous) or ENREC for Am2928 ( S), 
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Am6012 
12-Bit High-Speed Multiplying D/A Converter 

Distinctive Characteristics 

• All grades 12-bit monotonic over temperature • Differential current outputs 
• Differential nonlinearity to ±.012% (13 bits) max. over • low cost 

temperature • High-speed multiplying capability 
• Trimless design is inherently monotonic • Direct interface to TTL, CMOS, ECl, HTl, NMOS 
• Fast settling output current: 250nsec • Performance unchanged over supply range 
• Full scale current 4mA • low power consumption: 230mW 
• High output impedance and compliance.: -5 to +10V • ROUT, COUT independent of logic code 

GENERAL DESCRIPTION 

The Am6012 series of 12-bit monolit!lic multiplying Digital to 
Analog Converters represent a new level of high speed and 
accuracy coupled with low cost. The Am6012 is the first 12-bit 
D/A Converter ever built using standard processing without the 
requirements of thin film resistors and/or active trimming of indi
vidual devices. The Am6012 uses sophisticated new circuit de
sign concepts that give inherent monotonicity without requiring 
ultra precision internal components. 

The Am6012 design guarantees a more uniform step size than is 
possible with standard binarily weighted DAC's. This ±1/2 LSB 
differential nonlinearity is desirable in many applications where 
local linearity is critical. The uniform step size allows finer resolu
tion of levels and in most applications is more useful than confor
mance to an ideal straight line from zero to full scale. 

The Am6012 has high voltage compliance, high impedance dual 
complementary outputs which increase its versatility and enable 
differential operation to effectively double the peak to peak out
put swing. These outputs can be used directly without op amps 
in many applications. The dual complementary outputs can also 
be connected in AID converter applications to present a constant 
load current and significantly reduce switching transients and 
increase system throughput. Output full scale current is speci
fied at 4mA, allowing use of smaller load resistors to minimize 
the output RC delay which usually dominates settling time at the 
12-bit level. 

The Am6012 series guarantees full 12-bit monotonicity for all 
grades and differential nonlinearity as tight as ±.012% (13 bits) 
over the entire temperature range. Device performance is es
sentially independent of power supply voltage. The devices work 
over a wide operating range of +5, -12 volts to ±18 volts. 

FUNCTIONAL DIAGRAM 

REFERENCE 
AMPLIFIER 

v+ 

COMP 

MSB LSB 
B, B6 B9 B'2 

1 6 12 

r-~--~--~--~--~--~--~--~--~--L-~--~--,--' I 10 
18_ 

10 
lS-

I 
CURRENT SOURCES I _____________ ~::::=_ ____________ lJ 

17 Am6012 

v-

ORDERING INFORMATION CONNECTION DIAGRAM - Top View 

MSB 81 v+ ., To 
Order Temperature Differential ·3 10 

Number Range Nonlinearity ., v_ 

AM6012ADM -55°C to +125°C ±.O12% ., COMPo 

AM6012DM -55°C to +125°C ±.O25% ., VREF(-) 

AM6012ADC O°C to +70°C ±.O12% ., V REF(+) 

AM6012DC O°C io +70°C ±.O25% ., GNOIVLC 

Note: ., 812 LSB 

Pin 1 is marked ·10 ." for orientation. 
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Am6012 

MAXIMUM RATINGS abOve which useful life may be impaired 

Operating Temperature Power Supply Voltage ±18V 

Am6012ADM, Am6012DM -55°C to +125°C Logic Inputs -5V to +18V 

Am6012ADC, Am6012DC DoC to +700C Analog Current Outputs -8V to +12V 

Storage Temperature -65°C to +125°C Reference Inputs V14, V15 V- to V+ 

Lead Temperature Reference Input Differential Voltage (V14 to V1.5) ±18V 

(SQldering, 60 sec) 300°C Reference Input Current (114) 1.25mA 

ELECTRICAL CHARACTERISTICS 
These specifications apply for V + = + 15V, V _ = -15V, IREF = 1.0mA, over the operating temperature range unless otherwise specified. 

Am6012A Am6012 

Parameter De8crlptlon Test Conditions Min. Typ. Max. Min. Typ. Max. Units 

Resolution 12 12 12 12 12 12 Bits 

Monotonlclty 12 12 12 12 12 12 Bits 

Differential - - ±.012 - - ±.025 %FS 
D.N.L. 

Nonlinearity 
Daviation from ideal step size 

13 - - 12 - - Bits 

N.L NonHnearity Daviation from ideal straight Rne - - ·±.05 - - ±.05 %FS 

VREF = 10.000V 
IFS Full Scale Current R14 = R1S'= 10.000kIl 3.967 3.999 4.031 3.935 3.999 4.063 mA 

TA = 25"<: 

- ±5 ±20 - ±10 ±4O pprnrc 
TCIFS Full Scale Tempco - ±.0005 ±.002 ±.OOl ±.004 %FSfC 

Output Voltage 
D.N.L. Specification guaranteed 

Voc over compliance renge -5 - +10 -5 - +10 Volts 
Compliance 

RoUT'> 10 megohms typo 

IFSS 
Full Scale 

IFS - IFS - ±0.2 ±1.0 - ±0.4 ±2.0 p.A 
Symmetry 

IzS Zero Scale Current - - 0.10 - - 0.10 p.A 

ts Settling Time To ±1/2 LSB, an bits ON or OFF, TA = 25"<: - 250 500 - 250 500 nsec 

tpLH Propagation 
50% to 50% - 25 50 - 25 50 nsec 

tpHL Delay - all bits 

COUT Output Capecltance - 20 - - 20 - pF 

VIL logic I Logic "0" - - 0.8 - - 0.8 
Input Volts 

VIH Levels I Logic "1" 2.0 - - 2.0 - -
liN logic Input Current VIN = -5 to +18V - - 40 - - 40 p.A 

VIS Logic Input Swing V- = -15V -5 - +18 -5 - +18 Volts 

IREF 
Ret8rence Current· 0.2 1.0 1.1 0.2 1.0 1.1 mA 

Range 

115 Reference BIas Current 0 -0.5 -2 .. 0 0 -0.5 -2.0 p.A 

dVdt 
Reference Input R14(eq) = aooo 4.0 8.0 - 4.0 B.O - mNfJ.S Slew Rate CC = OpF 

PSSIFS+ Power Supply V+ = +13~5V to +16.5V, V- = -15V - ±.OOOO5 ±.OOl - ±0.OOO5 ±.OOl 

PSSIFS- Sensitivity 
%FS/% 

V- = -13.5V to -16.5V, V+ = +15V - ±.OOO25 ±.OOl - ±.00025 ±.OOl 

V+ Power Supply 4.5 - 18 .4.5 - 18 

V- Range VOUT = OV Volts 
-18 - -10.8 -18 - -10.8 

1+ - 5.7 8.5 - 5.7 8.5 

1- Power Supply 
V+ = +5V, V- = -15V 

-13.7 -18.0 -13.7 -18.0 - -
Current rnA 

1+ 5.7 8.5 - 5.7 8.5 

1-
V+ = +15V, V- = -15V 

-13.7 -18.0 -13.7 -18.0 - -
Power V+ = +5V, V- = -15V - 234 312 - 234 312 

Po Dissipalion mW 
V+ = +15V, V- = -15V - 291 397 - 281 397 

10-2 



ACCURACY SPECIFICATIONS 

The design of the Am6012 emphasizes differential linearity 
which is a measure of the uniformity of each step in the transfer 
characteristic. The circuit design, described in greater detail on 
page 6, requires resistor matching and tracking iolerances of 8 
times lower than that of previous designs to achieve and main
tain monotonicity over temperature. This advantage has been 
used in the Am6012A to provide 13-bit differential nonlinearity 
over temperature, a level of performance not generally available 
in previous designs, even when using thin film resistors. 

Am6012 

The figures illustrate that ±1/2 LSB (13-bit) differential non
linearity guarantees a converter with 4096 distinct output levels. 
± 1 LSB D.N.L. guarantees monotonicity, so that when the input 
code is increased the output will not decrease. Note that non
linearity, or deviation from an ideal straight line through zero and 
full scale, cannot be visually determined from the figures. In 
most applications, 12-bit resolution and differential linearity are 
more important than linearity. This is especially true in video and 
graphics, where the human eye has difficulty discerning non
linearity of less than 5%. 

DIFFERENTIAL NONLINEARITY 
WORST CASE AT TEMPERATURE EXTREME 

BS 5 

B8. 8 

8.9 

lOUT 

DIGITAL INPUT -
±112 LSB DNL (±.012% OR 13 BITS) 

Metallization and Pad Layout 

B, (MSB) v + iQ 
1 20 19 

18 10 

17 v-

16 COMP 

14 VREF (+) 

10 11 12 13 

B'0 B11 B'2 (LSB) GNDNLC 

DIE SIZE 0.093" X 0.134" 

lOUT 

DIGITAL INPUT _ 
±1 LSB DNL (±.025% OR 12 BITS) 

PHYSICAL DIMENSIONS 
Dual-In-Line 

20-Pin Hermetic 

n: : : : : : ::: : I 
-..:j 1--.005 MIN. 

LIC-848 

I .936 I rr~~ .970 .320 

.-:~ PEt-:~ ~lSEATING ilL PLANE 

.150 f 1iIT .125 ~ ~ ~ .008 

:~g .' U-:~ j~:~~ r;.~. . 
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Am6012 

APPLICATION HINTS: 
1. Reference current and reference resistor. 

There is a 1 to 4 scale factor between the reference current 
(IREF) and the full scale output current (IFS)' If VREF = +10V 
and IFS = 4mA, the value of the R14 is: 

4x 10 Volt 
10kO 

4mA 

"liEF v-

'-........ Mr--IVREF(+l 

............... Mr--IVREF{-) 

LIC-849 

2. Reference amplifier compensation. 
For AC reference applications, a minimum value compensa
tion capacitor (Cel is normally used. The value of this 
capacitor depends on the equivalent resistance at pin 14. The 
values to maximize bandwidth without oscillation are as fol
lows: 

Reference Amplifier 
Frequency Response 

MINIMUM SIZE 
COMPENSATION CAPACITOR 

(IFS = 4mA, IREF = 1.0mA) 

R14 (EQ) (kO) Cc (pF) 

10 
5 
2 
1 

.5 

50 
25 
10 
5 
o 

.. .., , 
!; .. 
!; 
0 

~ ... 
w a: 

-2 

-4 

-6 

-8 
.01 

R,. lEO) = 2k1l 
Cc = IOpF 

~ 

LARGE SIGNAL ±50%, ~ -
MODULATION OF 4mA __ -
F~~ F~LE f~~~E"r - -

SMALL SIGNAL ±1% .' I- -
MODULATION OF 2mA _ -
FULL SCALE CURRENT _ r-

0.1 1.0 10 

FREQUENCY - MHz 

c 
E 

!E .. 
A: 
A: 
::> 
0 

~ 
5 
0 

6.0 

Output Voltage 
Compliance 

ALL BITS ON 

v- = -15 
4.0 

2.0 

o 
-10 

1 IV- = -12V 

-5 o 
OUTPUT VOLTAGE - VOLTS 

10 

Note: A O.01I'F capacitor is recommended lor fixed relerence operation. LIC-850 LIC-851 

REFERENCE AMPLIFIER BIASING 

Am6012 R,. 
RIN 14 

V'N--'WIr---..... ......:+_---~=..,..., 

'5 '0 +10 = 'FS 
FOR ALL INPUT CODES 

VIN-----O 

COMP 

20:1:°":1: 22~F TANTULUM 
-::- -::- (NOTE 5) 

LIC-852 

Tee 
Iv- v+ v-

Reference Configuration 

Positive Reference VR+ OV N/C .01I'F VR-tfR14 

Negative Reference OV VR_ N/C .01I'F -VR-/R14 

Lo Impedance Bipolar 
VR+ OV Y,N (Note 1) (VR+/R14) + (V,N/R,N) 

Reference (Note 2) 

Hi Impedance Bipolar 
VR+ VIN N/C (Note 1) 

(VR+ - VIN)/R14 
Reference (Note 3) 

Pulsed Relerence (Note 4) VR+ OV VIN 
No 

(VR+/R14) + (VIN/RIN) Cap 

Notes: 1. The compensation capacitor is a function olthe impedance seen althe +VREF input and must be at least C = 5pF x R14(eq) in 1<0. For 
R14 < 8000 no capacitor is necessary. 

2. For negative values of VIN. VR+/R14 must be greater than -VIN Max/RIN so that the amplifier is not tumed off. 
3. For positive values 01 VIN, VR+must be greater than VIN Max so the amplifier is not turned off. 
4. For pulsed operation, V R+ provides a DC offset and may be selta zero in some cases. The impedance at pin 14 should be 8000 or less. 
5, For optimum settiing time, decouple V- with 200 and bypass with 221'F tantulum capacitor. 
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Rl' 
tOkll 

I-..... -A,/\,I\r---I YREF(+) 

...--"IM--I YREF(-) 
RIS 
10kll 

OPTIONAL 
(SEE CODe TABLE) 

R14=1~:~ 

RoFF =2~:: 

CODE FORMAT 

Straight binIII)'; one 
polarity wRh true input 
code, true zero output. 

UNIPOLAR 

Complementary binary; 
one polarity with 
oomplementary input 
code, true zero output. 

Straight offset binary; 
offset half scale, 
symmetrical about zero, 
no true zero output. 

SYM-
METRICAL 
OFFSET l's oomplement; 

offset half scale, 
symmetrical about zero, 
no true zero output 
MSB oompfementad 
(nead inverter at Bl). 

Offset binary; 
offset han scale, 
true zero output. 

OFFSET 
WITH 
TRUE 
ZERO 2's oompfement; 

offset half scale 
tru!' zero output 
MSB oomplemented 
(nead inverter at Bl). 

MBB 

CONNECTIONS 

a-c 
b-g 

A, = A2 = 2.5K 

a-g 
b-c 

A1 = R2 = 2.5K 

a-c 
IHl 
fog 

AI = A3 = 2.5K 
A2 = 1.25K 

a-c 
b-d 
fog 

A, = A3 = 2.5K 
R2 = 1.25K 

e-a-c 
b-g 

Al=R2=5K 

e-a-c 
bog 

AI = A2 = 5K 

ADDITIONAL CODE MODIFICATIONS 

5.000Icll 

ROFF 

Am6012 

LBB 

OUTPUT SCALE 

Positive full scale 
Positive full scale - LSB 
Zero scale 

Positive full scale 
Positive full scale - LSB 
Zero scale 

Positive full scale 
Positive full scale - LSB 
(+) Zero scale 
(-) Zero scale 
Negative full scale - LSB 
Negative full scale 

POSitive full scale 
Positive full scale - LSB 
(+) Zero scale 
(-) Zero scale 
Negative lull scale - LSB 
Negative full scale 

POSitive full scale 
PosRive full scale - LSB 
+ LSB 
Zero Scale 
- LSB 
Negative full scale + LSB 
Negative full scale 

posnive full scale 
Positive full scale - LSB 
+1 LSB 
Zero scale 
-1 LSB 
Negative full scale + LSB 
Negative full scale 

b 

9 

1 

MSB 
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 

1 1 1 1 1 1 1 1 1 , , 1 , , , , , 1 , , 
0 0 0 0 0 0 0 0 0 0 

0 O. 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 , 1 , , , , 1 , , 1 

1 1 1 , , , , , , , , 1 1 1 1 1 , 1 1 , 
1 0 0 0 0 0 0 0 0 0 
0 1 , 1 1 , 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

0 1 1 , 1 , 1 1 1 1 
0 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 
1 1 1 1 1 1 1 1 1 , 
1 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 , 
1 1 1 1 , 1 1 1 1 1 , 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

0 1 1 1 1 1 1 1 1 1 
0 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
1 1 1 1 1 1 1 1 1 1 
1 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 

1. Any of the offset binary codes may be complemented by reversing the output terminal pair. 
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YOUT 

LIC-853 

LSB 10 10 
B11 B12 (InA) (mA) VOUT 

1 , 3.999 .000 ~.9976 

1 0 3.996 .001 9.9951 
0 0 .000 3.999 .0000 

0 0 .000 3.999 9.9976 
0 , .001 3.998 9.995' , , 3.999 .000 .0000 

, 1 3.999 .000 9.9976 , 0 3.998 .001 9.9927 
0 0 2.000 1.999 .0024 , 1 1.999 2.000 -.0024 
0 1 .001 3.998 -9.9927 
0 0 .000 3.999 -9.9976 

1 1 3.999 .000 9.9976 
1 0 3.998 .001 9.9927 
0 0 2.000 1.996 .0024 
1 1 1.999 2.000 -.0024 
0 1 .001 3.998 -9.9927 
0 0 .000 3.999 -9.9976 

1 , 3.999 .000 9.9951 
1 0 3.998 .001 9.9902 
0 1 2.001 1.998 .0049 
0 0 2.000 1.999 .000 
1 1 1.999 2.000 -.0049 
0 , .001 3.998 -9.9951 
0 0 .000 3.999 -10.000 

1 1 3.999 .006 9.9951 
1 0 3.996 .001 9.9902 
0 1 2.001 1.998 .0049 
0 0 2.000 1.999 .000 
1 1 1.999 2.000 -0.049 
0 1 .001 3.996 -9.9951 
0 0 .000 3.999 -10.000 
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SEGMENTED DAC DESIGN INFORMATION 

The design of a 12-bit D/A converter has traditionally required 
precision thin film resistors, a trimming method, and a binarily 
weighted ladder network. The Am6012 is a 12-bit DAC which 
uses 'diffused resistors and requires no trimming, cutting, blow
ing, or zapping to guarantee monotonicity for all grades over the 
temperature range. A proprietary design technique, departing 
from the traditional R-2R approach used in virtually all high 
speed l1igh resolution converters, provides inherent monoto
nicity and differential linearity as high as 13 bits. This guarantees 
a more uniform step size over the temperature range than avail
able trimmed 12-bit converters. The converter's performance is 
immune to variations in temperature, time, process, and 
mechanical stress. The circuit also features differential high 
compliance current outputs, wide supply range, and a multiply
ing reference input. 

In most converter applications, uniform step size is more impor
tant than conformance to an ideal straight line. Most 12-bit con
verters are used for high resolution rather than high linearity, 
since few transducers are more linear than ±0.1%. All classic 
binarily weighted converters require ±1/2 LSB (±.012%) linear
ity in order to guarantee monotonicity, which requires very tight 
resistor matching and tracking. This new circuit uses conven
tional bipolar processing to achieve high differential linearity and 
monotonicity without requirin'g correspondingly high linearity, or 
conformance to an ideal straight line. 

One design approach which provides monotonicity without re
quiring high linearity is the MaS switch-resistor string. This cir
cuit is actually a full complement to a current switched R-2R 
DAC since it is slower, has a voltage output, and if implemented 
at the 12-bit level would use 4096 low tolerance resistors rather 
than a minimum number of high tolerance resistors as, in the 
R-2R network. Its lack of speed and density for 12 bits are its 
drawbacks. 

The technique used in the Am6012 combines the advantages of 
both the R-2R and 2nR approaches. It is inherently monotonic, 
fast, and uses untrimmed resistors which are actually fewer in 
number than the classic R-2R ladder. 

In order to properly describe the new design technique, the stan
dard R-2R ladder approach used in previous 12·bit DAC's will first 
be discussed. Figure 1 shows the twelve-bit currents which are 
used in all possible binary combinations to generate 4096 analog 
output levels. The resistor ladder tolerance is most critical for the 
major carry, where the 11 least significaht bits turn off and the 
most significant bit turns on. If the MSB is more than 1/LA low, or 
- .05%, the converter will be nonmonotonic. Table 1 shows the 
maximum tracking error which can be allowed over a 100°C range 
to maintain monotonicity, which is ±1 LSB D.N.L. Achieving ±1/2 
LSB differential nonlinearity is especially difficult since it requires 
a tracking temperature coefficient of ±1.25 ppmtC. 

Figu~e 2 shows the transfer characteristic for the new technique, 
called the segmented DAC. The 4096 output levels are com
posed of 8 groups of 512 steps each. Each step group is gener-

ated by a 9-bit DAC, and each of the segment slopes is deter
mined by one of 8 equal current soUrces, as shown in Figure 3. 
The resistors which determine monotonocity are in the 9-bit DAC. 
The major carry of the 9-bit DAC is repeated in each of the 8 
segments, and requires eight times lower initial resistor accuracy 
and tracking to maintain a given differential nonlinearity over 
temperature. 

The operation of the segmented DAC may be visualized by 
assuming an input code of ali zeroes. The first segment current 
10 is divided into 512 levels by the 9-bit multiplying DAC and fed 
to the output, lOUT' As the input code increases, a new segment 
current is selected for each 512 counts. The previous segment is 
fed to output lOUT where the new step group is added to it, thus 
ensuring monotonicity independent of segment resistor values. 
All higher order segments feed lOUT' 

At each segment endpoint, monotonicity is assured because no 
critical resistor tolerances are involved. For example, at the mid
point of the transfer characteristic, as shown in Figure 2, 14 •0 is 
actually generated by the same segment resistor as /3 ,511 and 
has been incremented by the remainder current of the 9-bit 
DAC. 

In the segmented DAC, the preciSion of the 8 main resistors 
determines linearity only. The influence of each of these resis
tors on linearity is four times lower than that of the MSB resistor 
in an R-2R DAC. Hence, assuming the same resistor tolerances 
for both, the linearity of the segmented approach would actually 
be higher than that of an R-2R design. 

The step generator or 9-bit DAC is composed of a master and a 
slave ladder. The slave ladder generates the four least signifi
cant bits from the remainder of the master ladder by active cur
rent splitting utilizing scaled emitters. This saves ladder resistors 
and greatly reduces the range of emitter scaling required in the 
9-bit DAC. All current switches in the step generator are high 
speed fully differential switches which are capable of switching 
low currents at high speed. This allows the use of a binary scaled 
network all the way to the least significant bit which saves power 
and simplifies the circuitry. 

Diffused resistors have advantages over thin film resistors be
yond simple economy and bipolar process compatibility. The 
resistors are fabricated in single crystal rather than amorphous 
material which gives them better long term stability and tracking 
and much higher moisture resistance. They are diffused at 
1000°C and so are resistant to changes in value due to thermal 
and chemical causes. Also, no burn-in is required for stability. 
The contact resistance between aluminum and silicon is more 
predictable than between aluminum and an amorphous thin film, 
and no sandwich metals are required to enhance or protect the 
contact or limit alloying. The initial match between two diffused 
resistors is similar to that of thin film since both are defined by 
photomasks and chemical etching. Since the resistors are not 
trimmed or altered after fabrication, their tracking and long term 
characteristics are not degraded. 

TABLE 1 
RESISTOR SPECIFICATIONS 

Initial Matching Tracking Required for Tracking Req'd.for 

No. of Required for +1 LSB DNL (ppm/oC) ±1/2 LSB DNL (ppmfOC) 

Ladder Type 'Resistors +1 LSB DNL (%) o Initial DNL 1/2 LSB Initial DNL 1/4 LSB Initial DNL 

Straight R-2R 37 +.05 5 2.5 1.25 

Segmented 24 ±.4 40 20 10 3 Bits + 9 Bits 
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MSB LSB 
~--~--~~--1----'----'---~----~--~--~~--1----.----~IOUT 

v_ 

R R R R R R R R 

MAJOR f 1000 0000 0000 2.000mA 
CARRY) 0111 1111 1111 1.999mA 

Figure 1. Traditional R·2R D/A Converter. 

IOUT(mA) 

I, 

I, 
3.0 

I, 

I, 
2.0 

I, 

I, 
1.0 

10 

- - - -
~ - - - -
~ § ;; ~ ;; ;; 

tHGITAL INPUT 

Figure 2. Transfer Characteristic of Segmented Design. 

MS8 

R R R 

LS8 
81 82 83 B4 85 86 87 88 89 810 811 812 

9-81T DAC 

. LIC-854 

LIC-855 

CODE SELECTED: 0111 1111 1111 

SEGMENT GENERATOR 

Figure 3 •. Segmented DAC Functional Diagram Used in Am6012. LIC-856 
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Am6012 

CMOS, HTL 
v+ 

20kO 

"A" 

ECL 

"A" 

Notes: 
1. Set the voltage "A" to the de

sired logic input switchin·g 
theshold. 

L.....JW ...... ~O~~IN 13 
2. Allowable range of logic 

threshold is typically -5V to 
+ 13.5V when operating the 
CAC on ±15V supplies. 

R 4OO/JA 

'----...-----' ~ 

Conversion TIme 

300nsec CAC settling 
50nsec SAR 

300nsec Comparator 

650nsec 
x13 (12 bits + reset) 

8.51£sec Total 

6.2kn 

(See Notes 1 and 2)' -S.2V 

Interfacing Circuits for ECL, CMOS, HTL logic Inputs 

CRT DISPLAY DRIVER 
+12OVOC 

e:.:: +---+-+1 

Notes: 1. Full differential drive lowers power supply voltage. 
2. Eliminates inverting amplifiers and transfonners. 
3. Independent beam centering controls. 

HIGH-SPEED 12-BIT AID CONVERTER 

ARl2504 

VREF(+) 

Am6012 

VREF(-) <: ,\!o 
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8, MSB 

DIGITAl 
OI/TPUT 

8" LSB 

R'4 
VRE 1'<') 

R'5 J. 

LIC-857 
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Am6080 
Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter 

DISTINCTIVE CHARACTERISTICS 

• 8-Bit D/A with 8-Bit input data latch 
• Compatible with most popular microprocessors including 

the AmZ8000 and the Am2900 Families 
• Write, Chip Select and Data Enable logic on chip 
• DAC appears as memory location to microprocessor 
• MSB inversion under logic control 
• Differential current output 
• Choice of 6 coding formats 

GENERAL DESCRIPTION 

The Am6080 is a monolithic 8-bit multiplying Digital-to-Analog 
converter with an 8-bit data latch, chip select and other control 
signal lines which allow direct interface with microprocessor 
buses. 

The converter allows a choice of 6 different coding formats. The 
most significant bit (Dr) can be inverted or non-inverted under the 
control of the code select input. The code control also provides a 
zero differential current output for 2's complement coding. A high 
voltage compliance, complementary current output pair is pro
vided. The data latch is very high speed which makes the 
Am6080 capable of interfacing with high speed microprocessors. 

Monotonic multiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within ± 1 LSB 

EQUIVALENT CIRCUIT 

LSB MSB CODe 
Do 0, D2 03 D4 05 06 Dr SEL V+ 

'0 

iO 

GND y-

LlC·061 

• Fast settling current output -160ns 
• Nonlinearity to ±0.1% max over temperature range 
• Full scale current pre-matched to ± 1 LSB 
• High output impedance and voltage compliance 
• Low full scale current drift - ±5ppm/"C 
• Wide range multiplying capability -2.0MHz bandwidth 
• Direct interface to TTL, CMOS, NMOS 
• High speed data latch - 80ns min write time 

between reference and full scale current eliminates the need for 
full scale trimming in most applications. 

The Am6080 guarantees full8-blt monotonicity. Nonlinearities as 
tight as 0.1 % over the entire operating temperature range are 
available. Device performance is essentially unchanged over the 
full power supply voltage and temperature range. 

Applications for the Am6080 include microprocessor compatible 
data acquisition systems and data distribution systems, 8-bit NO 
converters, servo-motor and pen drivers, waveform generators, 
programmable attenuators, analog meter drivers, programmable 
power supplies, CRT display drivers and high speed modems. 

CONNECTION DIAG~AM 
Top View 

CODE SELECT 1 20 POSrtlVE POWER SUPPL V 

(MSB) D7 INPUT 2 19 i5ll'fIiiff 

DSINPUT 3 18 OUTPUT 

DSINPUT 4 17 NEGATIVE POWER SUPPLY 

D41NPUT 5 18 COMPENSATION 

DalNPUT 6 15 NEGATIVE REFERENCE 

D2INPUT 7 14 POSmVE REFERENCE 

0, INPUT 8 13 DATA LATCH ENABLE 

(LSB) Do INPUT 9 12 WRITE 

GND10 11 CHIP SELECT 

Pin 1 marked for orientation. 
LlC·062 

ORDERING INFORMATION 

Package 
Type 

Hermetic 
DIP 

Hermetic 
DIP 

Molded 
DIP 

Temperature 
Range 

-55°C to +125°C 

O°C to +70°C 

10-9 

Order 
Nonlinearity Number 

.1% AM6080ADM 
.19% AM6080DM 

.1% AM6080ADC 
.19% AM6080DC 

.1% AM6080APC 
.19% AM6080PC 



~m6080 

MAXIMUM RATINGS 

Operating Temperature Power Supply Voltage ±18V 

Am6080ADM, Am6080DM -55°C to +125°C Logic Inputs -5V to +18V 

Am6080ADC, Am6060DC Analog Current Outputs -12Vto +18V 
Am6080APC, Am6080PC O°C to +70°C 

Reference Inputs (V'4V'5) V- to V+ 

Storage Temperature -65°C to +150°C Reference Input Differential Voltage (V'4 to V'5) ±18V 

Lead Temperature (Soldering, 60 sec) 300°C Reference Input Current (1'4) 1.25mA 

ELECTRICAL CHARACTERISTICS 

These specifications apply for V + = +5V, V _ = -15V, IREF = 0.5mA, over the operating temperature range unless otherwise specified. 
Output characteristics refer to all outputs. 

AmSmwA Am&mw 
Parameter Description Conditions Min. Typ. Max. Min. Typ. Max. Unit 

Resolution 8 8 8 8 8 8 bils 

Monotonicity 8 8 8 8 8 8 bils 

D.N.L. 
Differential - - ±0.19 - - ±0.39 %FS 
Nonlinearity 

N.L. Nonlinearity - - ±0.1 - - ±0.19 %FS 

VREF = 10.oooV 
IFS Full Scale Current R'4 = R'5 = 20.oookO 1.984 1.982 2.000 1.976 1.992 2.008 mA 

TA = 2SoC 

- ±S ±20 - ±10 ±40 ppm/"C 
TCIFS Full Scale Tempco 

.OOOS ±.002 .001 ±.004 %FS/OC - -

Voe 
Output Voltage -10 - +18 -10 - +18 Volls 
Compliance 

IFSS 
Full Scale 

IFs, - IFS' - ±0.1 ±1.0 - ±0.2 ±2.0 !LA Symmetry 

Izs Zero Scale Curren1 - 0.01 0.4 - 0.01 0.8 !LA 
Reference· Current V- = -SV 0 O.S 0.55 0 O.S O.~S 

IRR Range 0.5 
mA 

V- = -lSV 0 O.S 1.1 0 1.1 

VIL Logic I Logic "0" - - 0.8 - - 0.8 
Input Volts 

VIH Levels I Logic "1" 2.0 - - 2.0 - -

liN Logic Inpu1 Current VIN = -SV to +18V - - 40 - - 40 !LA 
VIS Logic Inpu1 Swing V- = -lSV -S - +18 -S - +18 Volts 

1'5 
Reference Bias - -O.S -2.0 - -O.S -2.0 !LA Current 

dl/dt 
Reference Input R'4(EQ) = 8000 4.0 8.0 - 4.0 8.0 - mNp.s 
Slew Rate CC = OpF 

PSSIFS+ Power Supply V+ = +4.5V to +5.5V, V- = -15V - ±0.OOO3 ±0.01 - ±0.OOO5 ±0.01 
%FS 

PSSIFs- SensHivity V- = -13.5V to - 16.5V, V+ = +5V - ±O.0005 ±0.01 - ±0.0005 ±0.01 

V+ Power Supply 4.5 - 18 4.S - 18 
IREF = 0.5mA, VOUT = OV Volts 

V- Range -18 - -4.5 -18 - -4.5 

1+ - 9.8 14.7 - 9.8 14.7 

1-
V+ = +5V, V- = -SV 

- -7.4 -9.9 - -7.4 -9.9 

1+ Power Supply _. 9.8 14.7 - 9.8 14.7 
V+ = +5V, V- = -15V mA 

1- Current - -7.4 -9.9 - -7.4 -9.9 

1+ 9.8 14.7 - 9.8 14.7 

1-
V+ = +15V,V- = -15V 

- -7.4 -9.9 - -7.4 -9.9 

V+ = +5V, V- = -5V - 86 123 - 86 123 
Power 

Po Dissipation V+ = +5V, V- = -15V - 160 222 - 160 222 mW 

V+ = +lSV, V- = -15V - 258 369 - 258 369 
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Am6080 FUNCTIONAL PIN DESCRIPTION Data Latch Enable -This active low input is used 
to enable the data latch. The CS, DE, and W must 
be active in order to write into the data latch. Symbol 

00-0 7 

Function 

00-07 are the input bits 1-8 to the input data latch. 
Data is transferred to the data latch when CS, DE, 
and Ware active and is latched when any of the 
enable signals go inactive. 

CODE 
SEL 

Code Select - When CODE SEL = 0, the MSB (07) is 
inverted and 1 LSB balance current is added to the 
iQ output. 

w 

Chip Select - This active low input signal enables 
the Am6080. Writing into the data latch occurs only 
when the device is selected. 

Write - This active low control signal enables the 
data latch when the CS and DE inputs are active. 

VREF(+) Positive and negative reference voltage to the ref
VREF(-) erence bias amplifier. These differential inputs allow 

the use of positive, negative and bipolar references. 

COMP Compensation - Frequency compensating terminal 
for the reference amplifier. 

10. 10 These are high impedance complementary current out
puts. The sum of these currents is always equal to IFS 

FUNCTION TABLES 

DATA LATCH CONTROL CODE SELECT 

CS W DE Data Latch CODE 

0 0 0 Transparent SEL Function 

X X 1 Latched L 0 I MSB Inverted (Note 1) I 
X X Latched I I MSB Non-inverted I 

X X Latched 

X = Oon't Care Note 1. LSB balance current is added to the iQ output. 

AC CHARACTERISTICS 
V+ = +SV, V_ = -15V, IREF = O.SmA, RL < soon, CL < 15pF over the operating temperature range unless otherwise specified 

Commercial Military 
Temp. Grades Temp. Grades 

Parameter Description Conditions Min. Typ. Max. Min. Typ. Max. Unit 

ts Settling Time, All Bits Switched TA = 25°C 
Settling to ±Y.LSB 160 160 ns 

tpLH Propagation I Each bit TA = 25°C 80 160 80 160 
ns 

tpHL Delay I All bits switched 50% to 50% 80 160 80 160 

tOH Data Hold nme • See timing diagram 10 -30 10 -30 ns 

tos Data Set Up Time See timing diagram 80 35 100 35 ns 

tow Data WrHe Time See timing diagram 80 35 100 35 ns 

Notes: 1. tow is the overlap o(W low, CS low, and DE low. All three signals must be low to enable the latch. Any signal going inactive latches the data. 
2. ts is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to wHhin 

±1/2 LSB. All bits switched on or off. 
3. The internal time delays from CS, Wand DE inputs to the enabling of the latches are all equal. 

W 
(NOTES 1, 3) 

DATA 
(00'07) 

OUTPUT 10 

TIMING DIAGRAM 

__________ ~~_K~~~~ ______ +_~~X-~~~~~~~-----

's 

1 ' )( (NOTE2) iQ ______________ + ____ ....1 "I 
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Am6080 

APPLICATION HINTS: 
1. Reference current and reference resistor. 

There is a 1 to 4 scale up between the reference current (IREF) 
and the full scale output current (IFS)' If VREF = + 1 OV and IFS 
= 2mA. the value of the R'4 is: 

4xl0Voit 
R'4 = 2mA 20KO 

2. Reference amplifier compensation. 
For AC reference applications. a minimum value compensa
tion capaCitor (Cel is normally used. The value of this 
capacitor depends on R,s. The minimum values to maximize 
bandwidth without oscillation are as follows: ~ 

"" 

Reference Amplifier 
Frequency Response 

Table 2 
Compensation Capacitor 

(IFS = 2mA, IREF = O.5mA) 

RREF (kO) Cc (pF) 

10 
5 
2 
1 

.5 

50 
25 
10 
5 
o 

'll 
I 

~ 
o -2 

~ -4 

I! -6 

-8 
.0' 

RREF (EQ) = 2kll 

Cc = 'OpF 

LARGE SIGNAL ±SO%".t. -
MODULATION OF 2mA._ -
~L~ ff"~ ~~~~NT 
SMALL SIGNAL ±1 % : I- -
MOOULATION OF 2mA_ -
FULL SCALE CURRENT _ r--

0.' '.0 '0 
FREQUENCY - MHz 

A O.OIp.F capacitor is recommended for the fixed reference operation. 

Reference Amplifier Blasing 

........ 
"'N 

V'N 

,. 
R15 = R1411 RIN A,. 

VINO---O 

r COMP 

r C YR-

Y-

Reference Configuration R14 R15 RIN Cc 

Positive Reference VR+ OV N/C ,01,..F 

Negative Reference OV VR_ N/C .01,..F 

La Impedance Bipolar 
VR+ OV VIN (Note 1) Reference 

Hi Impedance Bipolar 
VR+ VIN N/C (Note 1) Reference 

Pulsed Reference (Note 4) VR+ OV VIN 
No 

Cap 

Y-

........ 

3-2 

2.B ... 
E 2.4 

R14 = 4 X.;:EF 
RU = R14 

Output Voltage 
Compliance 

ALL B/TSON 

I I I 
I I I 

LlC-064 

I v- - -15V IREF = O.6mA 
!i 2.0 

"' a: I .• a: 
~ 

1.2 
~ 
!; 0.8 
0 

0.4 

I v- = -5V I I 
IR~F_IJ..A 

II I I I 
I I I o 

-14 -10 -6 -2 2 8 10 14 18 

OUTPUT VOLTAGE - VOLTS 

LlC-085 LlC-lJ88 

LIC-Q81 

IREF 

VR+/R,4 

-VR-IR,4 

(VR+iR,4) + (VIN/RIN) 
(Note 2) 

(VR+ - VIN)/R14 
.(N~te3) 

!VR+/R,4) + (VIN/RIN) 

Notes: 1. The compensation capacitor is a function of the impedance seen at the + VREF input and must be at least C = 5pFX R'4(eQ) in 
kO. For R'4 < 8000 no capacitor is necessary. 

2. For negative values of VIN. VR+/R'4 must be greater than -VIN MaX/R1N so that the amplifier Is not turned off. 
3. For positive values of VIN. VR+ must be greater than VIN Max so the amplifier Is not turned off. 
4. For pulsed operation. V R+ provides a DC offset and may be set to zero in some cases. The Impedance at pin 14 should be 8000 or less 

and an additional resistor may be connected from pin 14 to ground to lower the impedance. 
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Am6080 

CODjSEL 
5M ~ 

+IOY 10K c--L~ REF VREF(+) , 10 • 
R,. - YOUT 
10K V VREFI-) iO b d_~ 

t R,S 

D7 DO 

1.. • R • 

1 
5Kn 

OPTIONAL 1. ). (NOTE I) 

MSa Lsa ..". Lle-068 

CODE FORMAT 
CODE 

CONNECTIONS OUTPUT SCALE 
OUT MSB LSB I, 12 

VOUT SEL SEL 07 D6 05 D4 03 02 01 DO (mA) (mA) 

PosHive fUll scale X I I I I I I I I 1.992 0 9.960 
Positive fUll scale - LSB X I I I I I I I 0 1.984 0 9.920 

Straight binary: one 
a-c Zero scale X 0 0 0 0 0 0 0 0 .000 0 .000 

polarity wHh true input I b-e code, true zero output. 

UNIPOLAR 
Positive fUll scale X 0 0 0 0 0 0 0 0 1.992 0 9.960 

Complementary binary: PosHive fUll scale - LSB X 0 0 0 0 0 0 0 I 1.984 0 9.920 
one polarity with a-e Zero scale X I I 1 1 I I 1 I .000 0 .000 
complementary input I 

b-e 
code, true zero output. 

Positive full scak! X I I I I I I I I 1.992 .000 9.960 
Straight offset binary: Positive fUll scale - LSB X I I I I I I I 0 1.984 .008 9.880 
offset half scale, a-e (+) Zero scale X I 0 0 0 0 0 0 0 1.000 .992 .040 
symmetrical about zero, 1 b-d (-) Zero scale X 0 1 1 I I I I I .992 1.000 -.040 
no true zero output. Negative fUll scale - LSB X 0 0 0 0 0 0 0 I .008 1.984 -9.880 

SYMMETRICAL 
Negative fUll scale X 0 0 0 0 0 0 0 0 .000 1.992 -9.960 

OFFSET 
1 's complement: Positive fUll scale X 0 I I I 1 I I I 1.992 .000 9.960 
offset half scale, Positive full scale - LSB X 0 1 I I 1 I I 0 1.984 .008 9.980 
symmetrical about zero, I a-c (+) Zero scale X 0 0 0 0 0 0 0 0 1.000 .992 .040 
no true zero output (Note 1) bod (-) Zero scala X I I I I I I I I .992 1.000 -.040 
MSB complemented .. Negative full scale - LSB X I 0 0 0 0 0 0 I .008 1.984 -9.880 
(need inverter at 0 7) Negative full scale X I 0 0 0 0 0 0 0 .000 1.992 -9.960 

Offset binary: 
Positive fUll scale X I I I I I I I I 1.992 .008 9.920 
Positive full scale - LSB X 1 I I I I I I 0 1.984 .016 9.840 offset half scala, + LSB X 1 0 0 0 0 0 0 I 1.008 .992 .080 true zero output 0 a-c 
Zero scale X 1 0 0 0 0 0 0 0 1.000 1.000 .000 

MSB complemented (Note I) b-d 
-LSB X 0 I I 1 I I I I 1.992 1.008 -.080 

OFFSET 
remainder add to 10' Negative full scale + LSB X 0 0 0 0 0 0 0 I .008 1.992 -9.920 

WITH 
(need inverter at 07) Negative fUll scale X 0 0 0 0 0 0 0 0 .000 2.000 -10.000 

TRUE PosHive full scale X 0 I I 1 I I I I 1.992 .008 9.920 
ZERO 2's complement: Positive fUll scale - LSB X 0 I I I I I I 0 1.984 .016 9.840 

offset haW scale a-c +1 LSB X 0 0 0 0 0 0 0 I 1.008 .992 .080 

trus zero output 0 b-d Zero scale X 0 0 0 0 0 0 0 0 1.000 1.000 .000 

MSB complemented. 
-I LSB X I I I I I I I I .992 1.008 -.080 
Negative full scale + LSB X I 0 0 0 0 0 0 I .008 1.992 -9.920 
Negative full scale X I 0 0 0 0 0 0 0 .000 2.000 -10.000 

Note 1: An extemal inverter is necessary since the code select inverts the MSB and adds a 1 LSB balance currenl"to 10' Only one of these features Is 
desired for this code. 

ADDITIONAL CODE MODIFICATIONS 

1, Any of the offset binary codes may be complemented by reversing the output terminal pair. 
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OTHER 
CONTROL 

(DMARO, 
INTRO, 
ROy) 

SYSTEM APPLICATIONS 

Am9080A DATA SYSTEM 

An-A" I--___ +_-'A.::D.::D.::RE:.:S.::S.::B.:.US~ ______ _./ 

Am9080A 
SYSTEM 

;ow 10-----01 

WRITING DATA INTO THE Am60eo (2'5 Complement) 

PORT 1 
MOVA, M 
OUT 0 PORn 

:EQU OOH OUTPUT PORT ADDRESS 
:GET DATA FROM MEMORY 
:SENDDATA 

Am2900 DATA SYSTEM: MULTIPLE ANALOG INPUTS 

3:8 
DECODER 

10-14 

1:8 

DACK 

lACK 

EOP 

MUX ROV 
Am25S151 

OUTPUT 1 

OUTPUTS 

LlC-069 

LlC-070 



SEQ 

o PORT1 
1 PORT3 
2 
3 START: 
4 SAMPLE: 
5 
6 ADCON: 
7 
8 
9 

10 
11 LOOP: 
12 

SYSTEM APPLICATIONS (Cont.) 

ANALOG/DIGITAL CONVERTER UNDER 
SOFTWARE CONTROL 

.... A'5 ADDRESS BUS 

CPU 

mw~-----r-----aw 

DATA BUS 

Am9080A SOFTWARE FOR AID CONVERSION USING Am6080. 

SOURCE STATEMENT SEQ SOURCE STATEMENT 

EQU OOH ;6080 AlO PORT ADDRESS 13 IN PORT3 
EQU 02H ;COMPARATOR ADDRESS 14 CRA A 
ORG 3E50H 15 JM NEXT 
LXI SP,STAKS-16 ;INITIAL STAKS POINTER 16 MOV D,E 
CALL ADCON ;CALL AID CONVERSATION 17 NEXT: MOV A,B 
JMP SAMPLE ;NEXT SAMPLE 18 RAR 
XRAA :CLEAR ACC 19 RC 
MOV D,A ;CLEAR DREG 20 MOV B,A 
STC ;SET CARRY 21 ADD D 
RAR ;SET BIT 7 TO 1 22 JMP LOOP 
MOV B.A ;STORE TEST BIT AT B REGISTER 23 STAKS: DS 16 
MOV E,A ;STORE TEST WORD 24 END START 
OUT PORT1 ;OUTPUT TO AID 

10-15 
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;INPUT FROM COMP 
;SET SIGN FLAG 
;IF SMALLER GO TO NEXT BIT 
;SAVE RESULT 
;GET NEXT TRIAL BIT 
;SHIFT RIGHT ONCE 
;RETURN ON CARRY 
;STORE TEST BIT 
;ACCUMULATE RESULT 
;TRY NEXT BIT 

It! 



Am6081 
Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter 

DISTINCTIVE CHARACTERISTICS 

• S-Bit D/A with S-Bit input data latch 
• Compatible with most popular microprocessors' including 

the AmZSOOO and the Am2900 Families 
• Write, Chip Select and Data Enable logic on chip 
• DAC appears as memory location to microprocessor 
• MSB inversion under logic control 
• Differential current outputs 
• Output current mode multiplexer with logic selection 
• 2-Bit status latch for output select and code select 
• Choice of S coding formats 

GENERAL DESCRIPTION 

The Am60S1 is a monolithic S-bit multiplying Digital-to-Analog 
converter with an S-bit data latch, a 2-bit status latch, chip 
select and other control signal lines which allow direct inter
face with microprocessor buses. 

The converter allows a choice of S different coding formats. 
The most Significant bit (07) can be inverted or non-inverted 
under the control of the code select input. The code control 
also provides a zero differential current output for 2's com
plement coding. A pair of high voltage compliance, dual com
plementary current output channels is provided and is 
selected by the output status command. The output multi
plexer also allows analog bus connection of several convert
ers, range or output load selection, and time-shared operation 
between D/A and AID functions. The data and status latches 
are high speed which makes the Am60S1 capable of interfac
ing with high speed microprocessors. The DE and SE control 
signals allow the data and status latches to be updated 

C!I 

EQUIVALENT CIRCUIT 
LSB MBB 
DoD1~2D3D4D5D6 D7 

:~tb~~~~"","~ 
SE~+-==L.J' 

VREFI+) 
VREFI-) 

COMP~+----' 

CODE 
SEL v+ 

'01 

101 

'0. 

102 

• Fast settling current output - 200ns 
• Nonlinearity to ±0.1 % max over temperature range 
• Full scale current pre-matched to ± 1 LSB 
• High output impedance and voltage compliance 
• Low full scale current drift - ±5ppmfC 
• Wide range multiplying capability -::-2.0MHz bandwidth 
• Direct interface to TTL, CMOS, NMOS 
• Output range selection with on chip multiplexer 
• High spe~ data"latch - SOns min write time 

individually or simultaneously. 

Monotonic multiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within ±1 LSB 
between reference and full scale current eliminates the need 
for full scale trimming in most applications. 

Tne Am60S1 guarantees full S-bit monotonicity. Nonlinearities 
as tight as 0.1% over the entire operating temperature range 
are available. Device performance is essentially unchanged 
over the full power supply voltage and temperature range. 

Applications for the AmSOS1 include microprocessor compati
ble data acquisition systems and data distribution systems, 
S-bit AID converters, servo-motor and pen drivers, waveform 
generators, programmable attenuators,. analog meter drivers, 
programmable power supplies, CRT display drivers and high 
speed modems. 

CONNECTION DIAGRAM 
Top View 

COD£SELECT 1 

(MSB) ~ INPUT 2 

DalNPUT 3 

D5 1NPUT 4 

D4INPUT 6 

D31NPUT 6 

~INPUT 7 

D1INPUT 8 

(L.SB)DoINPUT 9 

CHIP SELECT 10 

WFllTE11 

GROUND 12 

24 POSITIVE POWER SUPPLY 

23 OUTPUT SELECT 

21 OUTPUT 2 

2GOIITPUTl 

190UTPUTl 

18 NEGATIVE POWER SUPPLY 

17 COMPENSATION 

18 NEGAl1VE REFERENCE 

15 POSITIVE REfeRENCE 

14 STATUS LATCH ENABLE 

13 DATA LATCH ENABLE 

LlC·OO2 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Nonlinearity Number 

Hermetic 
-55°C to +125°C 

±.1% AMS081 ADM 
DIP ±.19% AMS081OM 

Hermetic ±.1% AMS081ADC 
DIP ±.19% AMS081DC 

O°C to +70°C 
Molded ±.1% AMS081APC 

DIP ±.19% AMS081PC 
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Am6081 FUNCTIONAL PIN DESCRIPTION 

Symbol Function 

CS Chip Select - This active low input signal enables 
the Am6081. Writing into the data or status latches 
occurs only when the device is selected. 

DE Data Latch Enable - This active low input is used 
to enable the data latch. The CS, DE, and W must 
be active in order to write into the data latch. 

SE Status Latch Enable - This active high input is 
used to enable the status latches. The CS, SE, 
and W must be active in order to write into the 
status latches. 

W Write - This active low control signal enables the 
data and status latches when the CS, DE, and SE 
inputs are active. 

Do·D7 0 0.07 are the input bits 1-8 to the input data latch. 
Data is transferred to the data latch when CS, DE, 
and Ware active and is latched when any of the 
enable signals go inactive. 

CODE 
SEL 

OUT 
SEL 

Am6081 

Code Select - Input to the CODE SEL latch. The 
latch is transparent when CS, SE and Ware ac
tive and is latched when any of the above signals 
go inactive. When CODE SEL latch = 0, the MSB 
(07) is inverted and 1 LSB balance current is 
added to the 10 output. 

Output Select - Input to the OUT SEL latch. The 
latch is transparent when CS, SE and Ware ac
tive and is latched when any of the above signals 
go inactive. When the OUT SEL latch is low, the 
channell output pair (10', 10') is selected. When 
the OUT SEL latch is high, the channel 2 output 
pair (102, 102) is selected. 

VREF(+l Positive and negative reference voltage to the ref
VREF(-l erence bias amplifier. These differential inputs allow 

the use of positive, negative and bipolar references. 

COMP Compensation - Frequency compensating terminal 
for the reference amplifier. 

101 • .!w These high impedance current output pairs are 
102. 102 selected by the output select latch. 10, and 102 are 

true outputs and 10, and 102 are complementary 
outputs. 

FUNCTION TABLES 

DATA LATCH CONTROL 

Data Latch 

0 0 0 Transparent 

X X 1 Latched 

X 1 X Latched 

1 X X Latched 

MAXIMUM RATINGS 

Operating Temperature 

Am6081ADM, Am6081DM 

Am6081ADC, Am6081DC 
Am6081APC, Am6081PC 

Storage . Temperature 

Lead Temperature (Soldering, 60 sec) 

STATUS LATCH CONTROL 

CODE SELand 
CS W SE OUT SEL Latch 

0 0 1 Transparent 

X X 0 Latched 

X 1 X Latched 

1 X X Latched 

X = Don't Care 

Note 1. 1 LSB balance current is added to the iO output. 

Power Supply Voltage 

-SsoC to +12SoC Logic Inputs 

Analog Current Outputs 

CODE SELECT AND 
OUTPUT SELECT 

CODE OUT 
SEL SEL Function 

0 - MSB Inverted (Note 1 l 

1 - MSB Non-inverted 

- 0 Output Channel 1 

- 1 Output Channel 2 

±18V 

-SV to +18V 

-12V to +18V 
OOC to +700C 

Reference Inputs (V'5' V,6) V- to V+ 

-6SoC to +150°C Reference Input Differential Voltage (V'5 to V,6) ±18V 

3000C Reference Input Current (1'5) 1.2Sm" 

GUARANTEED FUNCTIONAL SPECIFICATIONS 

Resolution 8 bits 

Monotonicity 8 bits 
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Am6081 

ELECTRICAL CHARACTERISTICS 

These specifications apply for V += +5V, V _ = -15V, IREF = O.5mA, over the operating temperature range unless otherwise specified. 
Output characteristics reter to all outputs. 

Am6081A Arn6081 

Parameter Description Conditions Min. Typ. Max. Min. Typ. Max. . Unit . 

Resolution Straight coding/Sign Magnitude 819 8/9 8/9 8/9 8/9 8/9 bits 

Monotoniclty Straight codingl Sign Magnitude 819 8/9 8/9 8/9 8/9 8/9 bits 

D.N.L. 
Differantial - - ±0.19 - ±0.39 %FS 
Nonlinearity -

N.L. Nonlinearity - - ±0.1 - - ±0.19 %FS 

VREF = 10.000V 

IFS Full Scale Current R15 = R16 = 2O.000kO 1.984 1.992 2.000 1.976 1.992 2.008 mA 
TA = 25"C 

- ±5 ±20 - ±10 ±4O ppm/"C 
TCIFS Full Scale Tempco 

±.0005· ±.002 ±.OOl ±.004 %FS/OC -

Voc 
Output Voltage 

-10 - +18 -10 - +18 Volts 
Compliance 

IFSS 
Full Scale 

IFSl - IFSl or IFS2 - IFS2 - ±0.1 ±1.0 - ±0.2 ±2.0 pA 
Symmetry 

loss 
Output Switch 

IFSl - IFS2 or IFSl - IFS2 - ±0.1 ±1.0 - ±0.2 ±2.0 pA 
Symmetry 

Izs Zero Scale Currant - 0.01 0.4 - 0.01 0.8 pA 

lOIS 
Output Disable 

Output of mpx "Off" Channels - 0.01 0.05 - 0.01 0.05 pA 
Currant 

Refer8nce Current V- = -5V 0 0.5 0.55 0 0.5 0.55 
IRR mA 

Range V- = -15V 0 0.5 1.1 0 0.5 1.1 

VIL logic I Logic "0" - - 0.8 - - 0.8 
Input Volts 

VIH Levels I Logic "1" 2.0 - - 2.0 - -

liN Logic Input Current VIN = -5V to +18V - - 40 - - 40 pA 

VIS Logic Input Swing V- = -15V -5 - +18 -5 - +18 Volts 

116 
Reference Bies - -0.5 -2.0 - -0.5 -2.0 pA 
Currant 

dl/dt 
Reference Input R15(EQ) = soon 4.0 8.0 - 4.0 8.0 - mA/p.s 
Slew Rate CC = OpF 

PSSIFS+ Power Supply V+ = +4.5Vto +5.5V, V- = -15V - ±0.0005 . ±0.01 - ±0.0005 ±0.01 
%FS 

PSSIFS- Sensitivity V- = -13.5V to - 1&.5V, V+ = +5V - ±0.0005 ±0.01 - ±0.0005 ±0.01 

V+ Power Supply 4.5 - 18 4.5 - 18 

Range IREF = O.5mA, VOUT = OV Volts 
V- -18 - -4.5 -18 - -4.5 

1+ - 9.8 14.7 - 9.8 14.7 

1-
V+ = +5V, V- = -5V 

- -7.4 -9.9 - -7.4 -9.9 

1+ Power Supply - 9.8 14.7 - 9.8 14.7 
V+ = +5V, V- = -15V mA 

1- Currant - -7.4 -9.9 - -7.4 -9.9 

1+ 9.8 14.7 - 9.8 14.7 

1-
V+ = +15V, V- = -15V 

-7.4 -9.9 -7.4 -9;9 - -
V+ = +5V, V- = -5V - 88 123 - 88 123 

Power 
Po Dissipation V+ = +5V, V- = -15V - 160 222 - 160 222 mW 

V+ = +15V, V- = -15V - 258 389 - 258 389 
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AmIOtI 
AC CHARACTERISTICS 
v+ = +5V, v_ = -15V, 'REF = 0.5mA, RL < 500n, CL < 15pF over the operating temperature range unless otherwise specified 

Commercial Military 
Temp. Grades Temp. Grades 

Parameter Description Conditions Min. Typ. Max. Min. Typ. Max. Unit 

ts Settling Time, All Bits Switched TA = 25°e 
200 200 ns 

Settling 10 ± V2LSB 

tpLH Propagation I Each bit TA = 25°e 90 180 90 180 
ns 

tpHL Delay I All bits switched 50% to 50% 90 180 90 180 

los Output SwHch Settling Time TA = 25°e 
250 250 ns 

to ±112LSB of 'FS 

lop 
Output SwHch Propagation TA = 25°e, 150 300 150 300 ns 
Delay 50%10 50% 

tOH Data Hold Time See timing diagram 10 -30 10 -30 ns 

tos Data Set Up Time See timing diagram 80 35 100 35 ns 

·tow Data WrHe Time See timing diagram 80 35 100 35 ns 

ISH Status Hold Time See timing diagram 10 -70 10 -70 ns 

tss Status Set Up Time See timing diagram 200 100 230 100 ns 

tsw Status Write Time See timing diagram 200 100 230 100 ns 

Notes: 1. tow is the ove~ap of W low, es low, and DE low. All threesi!1"als must be low 10 enable the latch. Any signal going inactive latches the data. 
2. ts is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to within 

±112 LSB. All bits switched on oroff. 
3. tsw is the overlap of Vi low, es low and SE high, all three signals must be active to enable the latch and any signal going inactive will latch 

the data. 
4. The internal time delays from es, W, SE and DE inputs to the enabling of the latches are all equal. 

TIMING DIAGRAM 

'LlC·OO3 
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APPLICATION HINTS 
1. Reference current and reference resistor 

There is a 1 to 4 scale up between the reference current (IREF) 
and the full scale output current (IFs), IfVREF = +10V and IFS 
= 2mA, the value of the R15 is: 

4 x 10 Volt 
R15 = .. 20KO 

2mA 

2. Reference amplifier compensation 
For AC reference applications, a minimum value compensa
tion capacitor (Cd is normally used. The value of this 
capaCitor depends on R15. The minimum values to maximize 
bandwidth without oscillation are as follows: 

Table 2 
Compensation CapaCitor 

(IFS = 2mA, IREF = O.SmA) 

Reference Amplifier 
Frequency Response 

RREF (EQ) - 2k!l 
4 .. Cc -10pF 

" I 2 .. 
::> 

~ 
0 -2 w 

~ -4 
w 
a: -6 

~ 

LARGE SIGNAL ±50% ~ 
MODULATION OF2mA._ -
~L~ rfA~E ~U~~rN~- -

SMALL SIGNAL ±l% : l- f-

MaOULATION OF 2mA_ ~ 

RREF (1Ul) Cc (pF) 

20 100 
10 50 

5 25 
2 10 
1 5 FULL SCALE CURRENT _ I-

1 
I 

Ii 
II! 
II: 

G 
!; 

~ 
0 

3.2 

2.8 

2.4 

2.0 

1.6 

1.2 

0.8 

0.4 

o 

Output Voltage 
Compllan~ 

ALL BITS ON 

LIC-004 

I I I 
I I I 

v- - -ltV IREF 0= O.&mA 

I v- - -5V I I 
I IJ 

IREF - D.26mA 

I I II 
I I I 

- --14 -10 6 2 2 6 1.0 14 18 
.5 0 

-8 
.01 0.1 1.0 

FREQUENCY - MHz 

10 

LlC·ODS 
OUTPUT VOLTAGE - VOLTS 

L)C·OO6 

A 0.01 p.F capaCitor is recommended· for the fixed reference operation. 

VR+ 
Reference AmplHler Biasing 

r Am6081 
R15 

R'N 15 
IREF _ '0, V'N 

,. 
R16 "" R1SllRIN R,. 

;0, 
YIN---O 

LlC-007 
r eOliP 

Tee 
VR-

v-

Reference Configuration R15 R16 RIN Cc 

Positive Reference VR+ OV N/C .OIp.F VR+/R,5 

Negative Reference OV VR- NlC .OIp.F -VR-/R15 

La Impedance Bipolar 
VR+ OV VIN (Note 1) (VR+/R15) + (VIN/RIN) 

Reference (Note 2) 

Hi Impedance Bipolar 
VR+ VIN N/C (Note 1) (VR+ - VIN)/R15 

Reference (NotE! 3) 

Pulsed Reference (Note 4) VR+ OV VIN 
No 

(VR+/R, 5) + (VIN/RIN) Cap 

Notes: 1. The compensation capacitor is a function ofthe impedance seen althe + V REF Input and must be at least C = 5pF x R15(EQ) (in kfl). For 
R15 < 8000 no capacitor is necessary. 

2. For negative values of VIN, VR+/R15 must be greater than -VIN Max/RIN so that the amplifier is not tumed oil. 
3. For positive values of VIN, v'R+ must be greater than VIN Max so tOe amplifier is not tumed 011. 
4. For pulsed operation. VR+ provides a DC offset and may be set to zero in some cases. The impedance at pin 15 should be 

8000 or less and an additional resistor inay be connected from pin 15. to ground to lower the impedance. 
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CODE SEL 

+1OY 20K 

"EF 
YREF(+) 

"" 20K 

_, 
VREF(-) 

"" DO 

• 
OPTIONAL 
(HOTEl) 

.... 1 LB. 

Note: Connect all unused outputs to ground. 
LIC·OOB 

CODE FORMAT 
CODE OUT CON-

OUTPUT SCALE 
OUT MSB LSB I, 12 

VOUT SEL SEL NECTIONS SEL D7 D8 DS D4 D3 D2 D1 DO (rnA) (rnA) 

a-e PosHive full scale X 1 1 1 1 1 1 1 1 1.992 0 9.960 
0 bil Positive lull scale - LSB X 1 1 1 1 1 1 1 0 1.984 0 9.920 

Straight binary: one Zero scale X 0 0 0 0 0 0 0 0 .000 0 .000 
polarity with true Input 1 
code, true zero output. c-e 1 

dil 

UNIPOLAR 

ail Positive lull scale X 0 0 0 0 0 0 0 0 1.992 0 9.960 
Complementary binary: 0 b-e Positive lull scale - LSB X 0 0 0 0 0 0 0 1 1.984 0 9.920 
one polarity wHh Zero scale X 1 1 1 1 1 1 1 1 .000 0 .000 
complementary input 1 

ODde, true zero output. 1 cil 
d-e 

Positive lull scale 1 1 1 1 1 1 1 1 1 1.992 .000 9.960 
Signed magnitude binary: PosHive lull scale - LSB 1 1 1 1 1 1 1 1 0 1.984 .000 9.920 
8 bHs + sign reflected 1 a-e (+) Zero scale 1 0 0 0 0 0 0 0 0 .000 .000 .000 
ODde, overlapping c·1 (-) Zero scale 0 0 0 0 0 0 0 0 0 .000 .000 .000 

\ 
true zero output. Negative lull scale - LSB 0 1 1 1 1 1 1 1 0 .000 1.984 -9.920 

SIGNED 
Negative full scale 0 1 1 1 1 1 1 1 1 .000 1.992 -9.960 

MAGNITUDE PosHive full scale 1 0 0 0 0 0 0 0 0 1.992 .000 9.960 Complementary signed PosHive full scale - LSB 1 0 0 0 0 0 0 0 1 1.984 .000 9.920 magnHude: 
b-e (+) Zero scale 1 1 1 I I 1 I 1 I .000 .000 .000 

8 bits + sign complementary I 
d·f (-) Zero scale 0 1 I I 1 I 1 1 I .000 .000 .000 reflected code, overlapping 

true zero output. NegatIve full scale - LSB 0 0 0 0 0 0 0 0 I .000 1.984 -9.920 
Negative full scale 0 0 0 0 0 0 0 0 0 .000 1.992 -9.960 

a-e Positive full scale X I I I I 1 I I 1 1.992 '.000 9.960 
Straight offsat binary: 0 

b·f Positive full scale - LSB X I I I I 1 I I 0 1.984 .008 9.880 
offset haM scale, (+) Zero scale X 1 0 0 0 0 0 0 0 1.000 .992 .040 
symmetrical about zero, I (-) Zero scale X 0 1 1 I 1 I I 1 .992 1.000 -.040 
no true zero output. c-e Negative full scale - LSB X 0 0 0 0 0 0 0 I .008 1.984 -9.880 

I d·f Negative full scale X 0 0 0 0 0 0 0 0 .000 1.992 -9.960 
SYMMETRICAL 

OFFSET 
l's complement: PosHive full scale X 0 1 1 I 1 1 1 1 1.992 .000 9.960 a-e 
offset haM scale, 0 b·f Positive full scale - LSB X 0 1 1 I 1 I I 0 1.984 .008 9.960 
symmetrical about zero, I (+) Zara scale X 0 0 0 0 0 0 0 0 1.000 .992 .040 
no true zero output (Note 1) (-) Zero scale X. 1 1 1 I I I 1 I .992 1.000 -.040 
MSB complemented. I 

c-e Negalive full scale - LSB X 1 0 0 0 0 0 0 1 .008 1.984 -9.880 
(need Inverter at 07) d-f Negative full scale X 1 0 0 0 0 0 0 0 .000 1.992 -9.960 

Offset binary: 
Positive full scale X I 1 I 1 1 I I 1 1.992 .008 9.920 

0 
a-e PosHlve full scale - LSB X I 1 I 1 1 1 1 0 1.984 .Q16 9.840 offset hall scale, b·1 + LSB X I 0 0 0 0 0 0 I 1.008 .992 .080 true zero output 0 

MSB complemented (Note 1) Zero sclile X I 0 0 0 0 0 0 0 1.000 1.000 

-~a remainder add 10 10' c-e - LSB X 0 I I I 1 1 I 1 1.992 1.008 
OFFSET I d-I Negative full scale + LSB X 0 0 0 0 0 0 0 I .008 1.992 -9920 

WITH 
(need Inverter at °7) Negative lull scale X 0 0 0 0 0 0 0 0 .000 2.000 -10:000 I 

TRUE Positive full scale X 0 I 1 1 1 1 1 1 1.992 .008 9.920 
ZERO 0 

a-e Positive full scale - LSB X 0 I I I I 1 1 0 1.984 .016 9.840 2'0 complement: b·f +1 LSB X 0 0 0 0 0 0 0 , 1.008 .992 .080 offset haM scale 
0 Zero scale X 0 0 0 0 0 0 0 0 1.000 1.000 .000 true zero output 

MSB complemented. c-e -I LSB X I 1 1 I 1 I I 1 .992 1.008 -.080 
1 d·1 Negative full scale + LSB X I 0 0 0 0 0 0 I .008 1.992 -9.920 

Negative full scale X 1 0 0 0 0 0 0 0 .000 2.000 -10.000 

Note 1: An extemal inverter is necessary since the code select inverts the MSe and adds a 1 LSe balance current to iO. Only one of the two features 
Is desired for these codes. 

ADDITIONAL CODE MODIFICATIONS 

1. Any of the offset binary codes may be complemented by reversing the output terminal pair. 
2. The sign on any of the sign-magnitude codes ma~i be changed by reversing the output terminal pair. 
3. The polarity of the unipolar codes may be changed by driving the, opposite side of the balanced load. 
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SYSTEM APPLICATIONS 

Am9080A DATA SYSTEM: SEPARATE UPDATE OF DATA AND STATUS 

SELECT OUTPUT PORT 1 

Ao-A151-__ +_----'I-__ "'AO:..:O:.;;R":..:55:..:":..:U:..:5 --,/ 
MVIA,2 
OUT 1 
MOVA, M 
OUT 0 

SET STATUS TO 0 (SELECT OUTPUT 1) 
SEND STATUS 

Am9080A 
SySTEM 

lOW 10-----<>1 
...... , } OUTPUT 1 

} OUTPUT 2 

GET DATA FROM MEMORY 
SEND DATA 

SELECT OUTPUT PORT 2 

MVIA,3 
OUT 1 
MOVA,M 
OUT 0 

: SET STATUS TO 1 (SELECT OUTPUT 2) 
: SEND STATUS 
: GET DATA FROM MEMORY 
: SEND DATA 

SELECT OUTPUT PORT 2 AND 2'. COMPLEMENT CODE 

MVIA; 1 
OUT 1 
MOVA, M 
OUT 0 

: SET STATUS 1:0 3 (OUTPUT 2, MSB COMP) 
: SEND STATUS 
: GET DATA FROM MEMORY 
: SEND DATA LIC-009 

Am9080A DATA SYSTEM: SIMULTANEOUS UPDATE OF DATA AND STATUS 

Ao-A'5 1-__ I-.:.:.O::;D::;""::;5::.".:::"U::"_I-__ ----1I-__ ,/ 

} OUTPUT 1 

} OUTPUT 2 

MOVA,M 
OUT 0 
OUT 1 
OUT 2 
OUT 3 

: GET DATA IN.ACCLiMULATOR 
: OUTPUT DATA TO PORT 1,. 2'S COMPLEMENT 
: OUTPUT DATA TO PORT 2, 2'S COMPLEMENT 
: OUTPUT DATA TO PORT " STRAIGHT BINARY 
: OUTPUT DATA TO PORT 2,. STRAIGHT BINARY 

Am9080A DATA SYSTEM: 8-BIT PLUS SIGN CONVERSION 

Ao-A151-__ -+: __ A:::D::::D":::":::58:.:":::U5=-------'I-___ 1/ 

Am9080A 
"YSTEM 

KlW \C>------O\ 

MOVA,M 
OUT 0 
OUT 1 

AO 

LOAD MAGNITUDE (8-BITS) 
SEND POSITIVE OUTPUT 
SEND NEGATIVE OUTPUT 
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SYSTEM APPLICATIONS (Cont.) 

Am2900 DATA SYSTEM: MULnPLE ANALOG OUTPUTS 

~ 
"-, DATA BUS 

f& 

V 

I COMMAND 
REIiISTER 

& Am25LS37. 

I -
1& -

I p.PROGRAM I I p.INSTRUcnoN 

~ 
1:& -

SEOUENCER DECOOER MUX -
(2) Am2911 I I Am29811A Am25S1S1 

& f& 
7 }. 3 

I CONTROL STORAIiE 
(SIAm27S11 

256 x 24 PROM DI)""D7 

24 1 1 

I 
DE SE Do-D7 CODE OUT 10, 

INSTRUCllON PlPEUNE ---(l W SEL ,SEL 
i01 REIiISTER 

Am6081 

,..0 
102 

U i I~I'! w ... ... 

L as rn III w 102 rn 

§ !; 0 · 
9 · · · OTHER · CONTROL · (DMARO, Do-D7 INTRO, 

RD'II 

~ , , 
3 t= - 3:' DE SE D0-07 CODE OUT 10, 

DECODER ---(l W SEL SEL 
i6i 

?= _, 
as JO, 

Z2 
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DACK 

lACK 

EO_ 

RDY 

OUTPUT 1 

OUTPUT 2 

OUTPUT ,. 

OUTPUT ,. 

Am6081 

m 
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Am6081 

CLOCK 

START 
COMM .... O 

sysr .... APPLICATIONS (Cont.) 

D/A CONVEA$ION WITH 12·BIT DYNAMIC RANGE 

OIGrrA~ 
INPIIT 

.---
WHEN THE UPPER 4 BITS, 0.,0", OF ----< THE 12-Brr CODE ARE ZERO, THE - WWER 8 Brrs AND THE lX SCA~E 

I I I I ARE SELECTED. 

lA 2A 3A 4A lB 2B 3B 4B lA 2A 310 4A lB 2B 3B 4B 

S Am25LS157 ~S Am25LS157 

lC 2C 3C 4C 1C 2C 3C 4C 

I I I I I 
0, O. Os D. D3 02 0, DO 102' 

:Y- 15R .1 R 

OUTSEL A_l ~ 1 10, 

iD, J,sx 
~ 

ANALOG 
OUTPUT 

LF356 
15R 

'---< 

R 

R .... GE INDICATOR 
~ 

Lle·013 

AID CONVERSION WrtH AUto RANGING AND DIFFERENTIAL INPUT 

lR lR 

r 10~ 15R 

102 lX 
01lT Am6081 

10, } 7-SEL 

i01 f,6x 
COMP 

0, o. Os 04 03 02 0, DO f 

RANGE BIT 

07 
D. - Os 

4- -- 04 DIGITAL 
03 DIITPUT - h 02 
0, 

D D· D DO 

r- CP 

~~ -t-
CP 

a, as 0 5 a- D3 D. D, .Do 

Am2502 D 

'r=D -- WHEN THE FIRST FOUR Brrs CONVERSION 
I 1 START RESULTS ARE ZERO, THE lX SCALE - CC IS SELECTED .... 0 THE CONVERSION IS 

RESTARTED. THE START COMMAND 
RESETS THE CONVERSION TO lax SCALE 

Lle·Ol' 
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SYSTEM APPLICATIONS (Cont.) 

ANALOG/DIGITAL TRANSCEIVER WITH HARDWARE 
CONTROLLED SUCCESSIVE APPROXIMATION AJD CONVERSION 

AcrA'5�_-A-D-DR-E-S-S-BU-S--iXr-------lX--Xi---.,/ 

Am9080A 

COOE OUT 
1.---01 C§" SEL SEL 

;ow p------,\ 

READ 
lOR p---~ CONTROL 

LOGIC 

Am6081 

w 

+5 

Am6081 

ANALOG 
OUTPUT 
(NEGATIVE) 

DI---------------~ 
R~OYI_-~=~-4------_icc 

ANALOGIDIGITAL TRANSCEIVER WITH 
SOFTWARE CONTROLLED AJD CONVERSION 

iOW 10----+----01 W 

DATA BUS 
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Am6081 

SEa 

o PORT1 
1 PORT3 
2 PORT2 
3 
4 START: 
5 SAMPLE: 
6 
7 
8 
9 ADCON: 

10 
11 
12 
13 
14 LOOP: 
15 
16 
17 

Am9080A SOFTWARE FOR A/DAND D/A CONVERSION USING Am6081 

SOURCE STATEMENT SEa SOURCE STATEMENT 

Eau DOH 18 CMA 
Eau 02H 19 CRAA 
Eau 01H 20 JM NEXT 
ORG 3E50H 21 MOV D,E 
LXI SP,STAKS-16 ;INITIAL STAKS POINTER 22 NEXT: MOV A,B 
CALL ADCON ;CALL AID CONVERSATION 23 RAR 
CMA 24 RC 
CALL DACON ;CALL D/A CONVERSION 25 MOV B,A 
JMP SAMPLE ;NEXT SAMPLE 26 ADO 0 
XRAA :CLEAR ACC 27 JMP LOOP 
MOV D,A ;CLEAR 0 REG 28DACON: OUT PORT 2 
STC ;SET CARRY 29 MVI C,05H 
RAR ;SET BIT 7 TO 1 30 OCR C 
MOV B,A ;STORE TEST BIT AT B REGISTER 31 RZ 
MOV E,A ;STORE TEST WORD 32 FILT: RET 
CMA 33 STAKS: OS 16 
OUT PORT1 ;OUTPUT TO AID 34 END START 
IN PORT3 ;INPUT FROM COMP 

ADVANCED MICRO DEVICES DATA CONVERSION PRODUCTS 

Digital to Analog Converters 

AmDAC-OS- 8-8it High Speed Multiplying D/A Converter 
Am1508/1408 - 8-Bit Multiplying D/A Converter 
Am6070 - 8-Bit Companding D/A Converter for Control Systems (wlaw) 
Am6071 - 8-Bit Companding D/A Converter for Control Systems (A-law) 
Am6072 - 8-Bit Companding D/A Converter for Telecommunioations (}A.-law) 

;SET SIGN FLAG 
;IF SMALLER GO TO NEXT BIT 
;SAVE RESULT 
;GET NEXT TRIAL BIT 
;SHIFT RIGHT ONCE 
;RETURN ON CARRY 
;STORE TEST BIT 
;ACCUMULATE RESULT 
;TRY NEXT BIT 
;OUTPUT TO D/A 
;LOAD C REG WITH TIME 
;TIME DELAY 
;RETURN 

Am6073 - 8-Bit Companding D/A Converter for Telecommunicatons (A-law) 
Am6080 - 8-Bit High Speed Multiplying D/A Converter System/MicroprOcessor Compatible, 
Am6081 - 8-Bit High Speed Multiplying D/A Converter System/Microprooessor Compatible 

°Am6689 - 8-Bit, Ultra High Speed D/A Converter (ECL) 
°Am6012 - 12-Bit High Speed Multiplying D/A Converter 

Analog to Digital Converters 

°Am6688 - 4-Bit Quantizer (Ultra High Speed AID Converter) 

Successive Approximation Registars 

Am2502 - 8-Bit Successive Approximation Registers 
Am2503 - 8-Bit Successive Approximation Registers 
Am2504 - 12-Bit Successive Approximation Registers 

Sample and Hold Amplifiers 

LF1981398 -Monolithic Sample and Hold Amplifier 
° Am6098 - Precision Sample and Hold Amplifier 

Comparators 

LM111/311 
LM119/319 
Am686 

- Precision Voltage Comparator 
- Dual Comparator 
- High Speed Voltage Comparator 

High Speed Operational Amplifiers 

Am118/318 - High Speed Operational Amplifier 
LFf551156/157 - JFET Input Operational Amplifiers 
LF355/356/357 - JFET Input Operational Amplifiers 

• To be announced. 
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Am9511A 
Arithmetic Processor 

DISTINCTIVE CHARACTERISTICS 

• Replaces Am9511 
• Fixed point 16 and 32 bit operations 
• Floating point 32 bit operations 
• Binary data formats 
• Add, Subtract, Multiply and Divide 
• Trigonometric and inverse trigonometric functions 
• Square roots, logarithms, exponentiation 
• Float to fixed and fixed to float conversions 
• Stack-oriented operand storage 
• DMA or programmed 1/0 data transfers 
• End signal simplifies concurrent processing 
• Synchronous/Asynchronous operations 
• General purpose B-bit data bus interface 
• Standard 24 pin package 
• +12 voH and +5 volt power supplies 
• Advanced N-channel silicon gate MOS technology 
• 100% MIL-STD-883 reliability assuranc~ testing 

:~~I c/o 

JiAUSI! 

OBO-D87 

Em> 

mR 
SVREQ 

SVACi( 

RESET 

ClK 

BLOCK DIAGRAM 

MOS-046 

GENERAL DESCRIPTION 

The Am9511A Arithmetic Processing Unit (APU) is a monolithic 
MOSILSI device that provides high performance fixed and 
floating pOint arithmetic and a variety of floating point 
trigonometric and mathematical operations. It may be used to 
enhance the computational capability of a wide variety of 
processor-oriented systems. 

All transfers, including operand, result, status and command 
information, take place over an B-bit bidirectional data bus. 
Operands are pushed onto an internal stack and a command 
is issued to perform operation's on the data in the stacl<:. Re
sults are then available to be retrieved from the stack, or addi
tional commands may be entered. 

Transfers to and from the APU may be handled by the 
associated processor using conventional programmed I/O, or 
may be handled by a direct memory access controller for im
proved performance. Upon completion of each command, the 
APU issues an end of execution signal that may be used as 
an interrupt by the CPU to help coordinate program execution. 
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Package Ambient Maximum Clock Frequency 

Type Temperature 2MHz 3MHz 
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O°C.,;; TA .,;; +70°C Am9511ADC Am9511A-1DC 

-55°C" TA ., +125°C Am9511ADM Am9511A-1DM 
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INTERFACE SIGNAL DESCRIPTION 

VCC: +5V Power Supply 
VDD: +12V Power Supply 
VSS: Ground 

ClK (Clock, Input) 

An external timing source connected to the ClK input provides 
the necessary clocking. The CLK input can be asynchronous to 
the RD and WR control signals. 

RESET (Reset,lnput) 

A HIGH on this input causes initialization. Reset terminates any 
operation in progress, and clears the status register to zero. The 
internal stack pointer is initialized and the contents of the stack 
may be affected but the command register is not affected by the 
reset operation. After a reset the END output, and the SVREQ 
output will be LOW. For proper initialization, the RESET input 
must be HIGH for at least five CLK periods following stable 
power supply voltages and stable clock. 

cffj (Command/Data Select, Input) 

The C/O input together with the RD and WR inputs determines 
the type of transfer to be performed on the data bus as follows: 

C/D RD 

L H 

L L 

H H 

H L 

X L 

L = LOW 
H = HIGH 

WR 

L 

H 

L 

H 

L 

X = DON'T CARE 

Function 

Push data byte into the stack 

Pop data byte from the stack 

Enter command byte from the data bus 

Read Status 

Undefined 

END (End of Execution, Output) 

A LOW on this output indicates that execution of the current 
command is complete. This output will be cleared HIGH by ac
tivating the EACK input LOW or performing any read or write 
operation or device initialization using the RESET. If EACK is 
tied LOW, the END output will be a pulse (see EACK descrip
tion). This is an open drain output and requires a pull up to +5V: 

Reading the status register whUe a command execution is in 
progress is allowed. However any read or write operation clears 
the flip-flop that generates the END output. Thus such continu
ous reading could conflict with internal logic setting the END 
flip-flop at the completion of command execution. 

EACK (End Acknowledge, Output) 

This input when LOW makes the END output go LOW. As men
tioned earlier HIGH on the END output signals completion of a 
command execution. The END output signal is derived from an 
internal flip-flop which is clocked at the completion of a com
mand. This flip-flop is clocked to the reset state when EACK is 
LOW. Consequently, if the EAcK is tied LOW, the END output 
will be a pulse that is approximately one ClK period wide. 

SVREQ (Service Request, Output) 

A HIGH on this output indicates completion of a command. In 
this sense this output is same as the END output. However, 
whether the SVREQ output will go HIGH at the completion of a 
command or not is determined by a service request bit in the 
command register. This bit must be 1 for SVREQ to go HIGH. 
The SVREQ can be cleared (Le., go lOW) by activating the 
SVACK input LOW or initializing the device using the RESET. 

Also, the SVREQ will be automatically cleared after completion 
of any command that has the service request bit as o. 

SVACK (Service Acknowledge, Input) 

A LOW on this input activates the reset input of the flip-flop 
generating the SVREQ output. If the SVACK input is perma
nently tied LOW, it will conflict with the internal setting of the 
flip-flop to generate the SVREQ output. Thus the SVREQ indi
cation cannot be relied upon if the SVACK is tied LOW. 

DBO-DB7 (Bidirectional Data Bus, Input/Output) 

These eight bidirectional lines are used to transfer command, 
status and operand information between the device and the host 
processor. DBO is the least significant and DB7 is the most 
Significant bit position. HIGH on the data bus line corresponds to 
1 and LOW corresponds to o. 
When pushing operands on the stack using the data bus, the 
least significant byte must be pushed first and most significant 
byte last. When popping the stack to read the result of an opera
tion, the most significant byte will be available on the data bus 
first and the least significant byte will be the last. Moreover, for 
pushing operands and popping results, the number of transac
tions must be equal to the proper number of bytes appropriate 
for the chosen format. Otherwise, the internal byte pointer will 
not be aligned properly. The Am9511A single precision format 
requires 2 bytes, double preCision and floating-point formats re
quire 4 bytes. 

CS (Chip Select, Input) 

This input must be LOW to accomplish any read or write opera
tion to the Am9511A. 
To perform a write operation data is presented on DBO through 
DB7 lines, C/O is driven to an appropriate level and the CS input 
is made LOW. However, actual writing into the Am9511 A cannot 
start until WR is made LOW. After initiating the write operation 
by a WR HIGH to LOW transition, the PAUSE output will go 
LOW momentarily (TPPWW). 

The WR input can go HIGH after PAUSE goes HIGH. The data 
lines, cio input and the CS input can change when appropriate 
hold time requirements are satisfied. See write timing diagram 
for details. 

To perform a read operation an appropriate logic level is estab
lished on the cio input and CS is made LOW. The Read opera
tion does not start until the RD input goes LOW. PAUSE will go 
LOW for a period of TPPWR. When PAUSE goes back HIGH 
again, it indicates that read operation is complete and the re
quired information is available on the DBO through DB7 lines. 
This information will remain on the data lines as long as RD input 
is LOW. The RD input can retum HIGH anytime after PAUSE 
goes HIGH. The CS input and ci5 inputs can change anytime 
after RD returns HIGH. See read timing diagram for details. The 
CS must have a HIGH to LOW transition for every READ or 
WRITE operation. 

RD (Read, Input) 

A LOW on this input is used to read information from an internal 
location and gate that information on to the data bus. The CS 
input must be LOW to accomplish the read operation. The cio 
!!!E.ut determines what internal location is of interest. See cio, 
CS input descriptions and read timing diagram for details. If the 
END output was LOW, performing any read operation will make 
the END output go HIGH after the HIGH to LOW transition of the 
RD input (assuming CS is LOW). 
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WR (Write, Input) 

A LOW on this input is used to transfer information from the data 
bus into an internal location. The CS must be LOW to ac
complish the write operation. The cif5 determines which internal 
location is to be written. See C/O, CS input descriptions and 
write timing diagram for details. 

If the END output was LOW, performing any write operation will 
make the END output go HIGH after the LOW to HIGH transition 
of the WR input (assuming CS is LOW). 

PAUSE (Pause, Output) 

This output is a handshake signal used while performing read or 
write transactions with the Am9511A. A LOW at this output indi
cates that the Am9511A has not yet completed its information 
transfer with the host over the data bus. During a read operation, 
after CS went LOW, the PAUSE will become LOW shortly (TRP) 
after RD goes LOW. PAUSE will return high only after the data 
bus contains valid output data. The CS and RD should remain 
LOW when PAUSE is LOW. The RD may go high anytime after 
PAUSE goes HIGH. During a write operation, after CS went 
LOW, the PAUSE will be LOW for a very short duration 
(TPPWN) after WR goes LOW. Since the minimum of TPPWW 
is 0, the PAUSE may not go LOW at all for fast devices. WR may 
go HIGH anytime after PAUSE goes HIGH. 

FUNCTIONAL DESCRIPTION 

Major functional units of the Am9511A are shown in the block 
diagram. The Am9511A employs a microprogram controlled 
stack oriented architecture with 16-bit wide data paths. 

The Arithmetic LogiC Unit (ALU) receives one of its operands 
from the Operand Stack. This stack is an a-word by 16-blt 2-port 
memory with last in-first out (LIFO) attributes. The second 
operand to the ALU is supplied by the internal 16-bit bus. In 
addition to supplying the second operand, this bidirectional bus' 
also carries the results from the output of the ALU when re
quired. Writing into the Operand Stack takes place from this 
internal 16-bit bus when required. Also connected to this bus are 
the Constant ROM and Working Registers. The ROM provides 
the required constants to perform the mathematical operations 
(Chebyshev Algorithms) while the Working Registers provide 
storage for the intermediate values during command execution. 

Communication between the external world and the Am9511A 
takes place on eight bidirectional input/output lines DBO through 
DB7 (Data Bus). These Signals are gated to the internal eight-bit 
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bus through appropriate interface and buffer circuitry. Multi
plexing facilities exist for bidirectional communication between 
the internal eight and sixteen-bit buses. The Status Register and 
Command Register are also accessible via the eight-bit bus. 

The Am9511A operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter supplies 
the microprogram addresses and can be partially loaded from 
the Command Register. Associated with the Program Counter is 
the Subroutine Stack where return addresses are held during 
subroutine calls in the microprogram. The Microinstruction 
Register holds the current microinstruction being executed. This 
register facilitates pipelined microprogram execution. The In
struction Decode logic generates various internal control signals 
needed for the Am9511A operation. 

The Interface Control logic receives several external inputs and 
provides handshake related outputs to facilitate interfacing the 
Am9511A to microprocessors. 

COMMAND FORMAT 

Each command entered into the Am9511A consists of a single 
a-bit byte having the format illustrated below: 

I ,_----OPERATION 

i:r~Q I SINGLE I FIXED • I CODE I 
76543 2 o 

Bits 0-4 select the operation to be performed as shown in the 
table. Bits 5-6 select the data format for the operation. If bit 5 
is a I, a fixed point data format is specified. If bit 5 is a 0, 
floating point format is specified. Bit 6 selects the precision of 
the data to be op,erated on by fixed point commands (if bit 5 
= 0, bit 6 must be 0). If bit 6 is a I, single-precision (16-bit) 
operands are indicated; if bit 6 is a 0, double-precision (32-bit) 
operands are indicated. Results are undefined for all illegal 
combinations of bits in the command byte. Bit 7 indicates 
whether a service request is to be issued after the command 
is executed. If bit 7 is a I, the service request output 
(SVREQ) will go high at the conclusion of the command and 
will remain high until reset by a low level on the service 
acknowledge pin (SVACK) or until completion of execution of 
a succeeding command. where bit 7 is O. Each command is
sued to the Am9511A requests post execution service based 
upon the state of bit 7 in the command byte. When bit 7 is a 
0, SVREQ remains low. 
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COMMAND SUMMARY 

CQmmand Code Command 
7 6 5 4 3 2 1 0 Mnemonic 

Command Description 

FIXED-POINT 16-BIT 

sr I I 0 I I 0 0 SADD Add TOS to NOS. Result to NOS. Pop Stack. 
sr I I 0 I I 0 I SSUB Subtract TOS from NOS. Result to NOS. Pop Stack. 
sr I 1 0 I I I 0 SMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. 
sr I 1 I 0 I I 0 SMUU Multiply NOS by TOS. Upper half of res\.llt to NOS. Pop Stack. 
sr I I 0 I I I I SDIV Divide NOS by TOS. Result to NOS. Pop Stack. 

FIXED-POINT 32-BIT 

sr 0 I 0 1 1 0 0 DADD Add TOS to NOS. Result to NOS. Pop Stack. 
sr 0 I 0 1 1 0 1 DSUB Subtract TOS from NOS. Result to NOS. Pop Stack. 
sr 0 I 0 I I I 0 DMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. 
sr 0 I I 0 I I 0 . DMUU Multiply NOS by TOS. Upper ha~ of result to NOS. Pop Stack . 
sr 0 I 0 I I I I DDIV Divide NOS by TOS. Result. to NOS. Pop Stack. 

FLOATING-POINT 32-BIT 

sr 0 0 I 0 0 0 0 FADD Add TOS to NOS. Result to NOS. Pop Stack. 
sr 0 0 I 0 0 0 I FSUB Subtract TOS from NOS. Result to NOS. Pop Stack. 
sr 0 0 I 0 0 I 0 FMUL Multiply NOS by TOS. Result to NOS. Pop Stack. 
sr 0 0 1 0 0 1 1 FDIV Divide NOS by TOS. Result to NOS. Pop Stack. 

DERIVED FLOATING-POINT FUNCTIONS 

sr 0 0 0 0 0 0 1 SQRT Square Root of TOS. Result in TOS. 
sr 0 0 0 0 0 1 0 SIN Sine of TOS. Result in TOS. 
sr 0 0 0 0 0 I I COS Cosine of TOS. Result in TOS. 
sr 0 0 0 O. 1 0 0 TAN Tangent of TOS. Result in TOS. 
sr 0 0 0 0 1 0 1 ASIN Inverse Sine of TOS. Result in TOS. 
sr 0 0 0 0 1 I 0 ACOS Inverse Cosine of TOS. Result in TOS. 
sr 0 0 0 0 1 1 1 ATAN Inverse Tangent of TOS. Result in TOS. 
sr 0 0 0 1 0 0 0 LOG Common Logarithm (base 10) of TOS. Result in TOS. 
sr 0 0 0 1 0 0 I LN Natural Logarithm (base e) of TOS. Result in TOS. 
sr 0 0 0 1 0 1 0 EXP Exponential (ex) of TOS. Result in TOS. 
sr 0 0 0 1 0 I 1 PWR NOS raised to the power in TOS. Result in NOS. Pop Stack. 

DATA MANIPULATION COMMANDS 

sr 0 0 0 0 0 0 0 NOP No Operation 
sr 0 0 1 1 1 I 1 FIXS Convert TOS from floating point to 16-bit fixed point format. 
sr 0 0 I 1 1 I 0 FIXD Convert TOS from floating point to 32-bit fixed point format. 
sr 0 0 I 1 1 0 1 FLTS Convert TOS from 16-b'rt fixed point to floating point format 
sr 0 0 I 1 1 0 0 FLTD Convert TOS from 32-bit fixed point to floating point format. 
sr 1 1 I 0 1 0 0 CHSS Change sign of 16-bit fixed point operand on TOS. 
sr 0 1 1 0 1 0 0 CHSD Change sign of 32-bit fixed point operand on TOS. 
sr 0 0 1 0 1 0 1 CHSF Change sign of floating point operand on TOS. 
sr 1 I 1 0 1 1 1 PTOS Push IS-bit fixed point operand on TOS to NOS (Copy) 
sr 0 1 1 0 1 1 I PTOD Push 32-bit fixed point operand on TOS to NOS .. (Copy) 
sr 0 0 1 0 1 1 1 PTOF Push floating point operand on TOS to NOS. (Copy) 
sr 1 1 1 1 0 0 0 POPS Pop 16-bit fixed point operand from TOS. NOS becomes TOS. 
sr 0 1 1 1 0 0 0 POPD Pop 32-bit fixed point operand from TOS. NOS becomes TOS. 
sr 0 0 1 1 0 0 0 POPF Pop floating pOint operand from TOS. NOS becomes TOS. 
sr 1 1 1 I 0 0 I XCHS Exchange 16-bitfixed point operands TOS and NOS. 
sr· 0 1 1 1 0 0 I XCHD Exchange 32-bit fixed point operands TOS and NOS. 
sr 0 0 1 1 0 0 I XCHF Exchange floating point operands TOS and NOS. 
sr 0 0 1 1 0 1 0 PUPI Push floating point constant "."." onto TOS. Previous TOS becomes NOS. 

NOTES: 
1. TOS means Top of Stack. NOS means Next on Stack. 4. The trigonometric functions handle angles in radians, not 

degrees. 2. AMD Application Brief "Algorithm Details for the Am9511A' 
APU" provides detailed descriptions of each command func
tion, including data ranges, accuracies, stack configurations, 
etc. 

3. Many commands destroy one stack location (bottom of 
stack) during development of the result. The derived func
tions may destroy several stack locations. See Application 
Brief for details. 
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COMMAND INITIATION 

After properly positioning the required operands on the stack, a 
command may be issued. The procedure for initiating a com
mand execution is as follows: 

1. Enter the appropriate command on the OBO-OB7 lines. 
2. Establish HIGH on the cifi input. 
3. Establish LOW on the CS input. 
4. Establish LOW on the WR input after an appropriate set up 

time (see timing diagrams). . 
5. Sometime after the HIGH to LOW level transition of WR 

input, the PAUSE output will become LOW. After a delay of 
TPPWW, it will go HIGH to acknowledge the write operation. 
The WR Input can retum tq!llGH ~ime after PAUSE going 
HIGH. The OBO-OB7, C/O and CS inputs are allowed to 
change after the hold time requirements are satisfied (see 
timing diagram). 

An attempt to issue a new command while the current command 
execution is in progress is allowed. Under these circumstances, 
the PAUSE output will not go HIGH until the current command 
execution is completed. 

OPERAND ENTRY 

The Am9511A commands operate on the operands located at 
the TOS and NOS and results are returned to the stack at NOS 
and then popped to TOS. The operands required for the 
Am9511A are one of three formats - single precision fixed-point 
(2 bytes), double precision fixed-point (4 bytes) or floating-point 
(4 bytes). The result of an operation has the same format as the 
operands except for float to fix or fix to float commands. 

Operands are always entered into the stack least significant byte 
first and most significant byte last. The following procedure must 
be followed to enter operands onto the stack: 

1. The lower significant operand byte is established on the 
OBO-OB7 lines. 

2. A LOW is established on the cifi input to specify that data is 
to be entered into the stack. 

3. The CS input is made LOW. 
4. After appropriate set up time (see timing diagrams), the WR 

input is made LOW. The PAUSE output will become LOW. 
5. Sometime after this event, the PAUSE will return HIGH to 

indicate that the write operation has been acknowledged. 
6. Anytime after the PAUSE oUtput goes HIGH the WR-input 

can be made HIGH. The OBO-DB7, cio and CS inputs can 
change after appropriate hold time requirements are satisfied 
(see timing diagrams). 

The above procedure must be repeated until all bytes of the 
operand are pushed into the stack. It should be noted that for 
single preciSion fixed-point operands 2 bytes should be pushed 
and 4 bytes must be pushed for double precision fixed-point or 
floating-point. Not pushing all the bytes of a quantity will result in 
byte pointer misalignment. 

The Am9511A stack can accommodate 8 single preciSion 
fixed-point quantities or 4 double precision fixed-point or float
ing-point quantities. Pushing more quantities than the capacity 
of the stack will result in loss of data which is usual with any 
LIFO stack. . 

DATA REMOVAL 

Result from an operation will be available at the TOS. Results 
can be transferred from the stack to the data bus by reading the 
stack. When the stack is popped for results, the most significant 
byte is available first and the least Significant byte last. A result is 
always of the same precision as the operands that produced it 
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except for format conversion commands. Thus when the result 
is taken from the stack, the total number of bytes popped out 
should be appropriate with the preciSion - single precision re
sults are 2 bytes and double preciSion and floating-point results 
are 4 bytes. The following procedure must be used for reading 
the result from the stack: 

1. A LOW is established on the C/O input. 
2. The CS input is made LOW. 
3. After appropriate set up time (see timing diagrams), the RD 

input is made LOW. The PAUSE will become LOW. 
4. Sometime after this, PAUSE will return HIGH indicating that 

the data is available on the OBO-DB7 lines. This data will 
remain on the OBO-DB7 lines as long as the RO input re
mains LOW. 

5. Anytime after PAUSE goes HIGH, the RD input can return 
HIGH to complete transaction. 

6. The CS and cio inputs can change after appropriate hold 
time requirements are s<ltisfied (see timing diagram). 

7. Repeat this procedure until all bytes appropriate for the pre-
cision of the result are popped out. 

Reading of the stack does not alter its data; it only adjusts the 
byte pointer. If more data is popped than the capacity of the 
stack, the internal byte pointer will wrap around and older data 
will be read again, consistent with the LIFO stack. 

STATUS READ 

The Am9511A status register can be read without any regard to 
whether a command is in progress or not. The only implication 
that has to be considered is the effect this might have on the 
END output discussed in the signal descriptions. 

The following procedure must be followed to accomplish status 
register reading. 

1. Establish HIGH on the cio input. 
2. Establish LOW on the CS input. 
3. After appropriate set up time (see timing diagram) RD input is 

made LOW. The PAUSE will become LOW. 
4. Sometime after the HIGH to LOW transition of RD input, the 

PAUSE will become HIGH indicating that status register 
contents are available on the OBO-DB7Iines. The status data 
will remain on OBO-OB7 as long as 1m input is LOW. 

5. The RD input can be returned HIGH anytime after PAUSE 
goes HIGH. 

6. The cifi input and CS input can change after satisfying ap
propriate hold time reqUirements (see timing diagram). 

DATA FORMATS 

The Am9511A Arithmetic Processing Unit handles operands in 
both fixed-point and floating-point formats. Fixed-point operands 
may be represented in either single (16-bit operands) or double 
precision (32-bit operands), and are always represented as 
binary, two's complement values. 

31 
IMSBI 
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16-BIT FIXED-POINT FORMAT 

Is ----VALUE----I 
l I I I II I I 

16 
IMSBI 

32-BIT FIXED-POINT FORMAT 

I I 
VALUE---------I 

I I I I I 
o 
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The sign (positive or negative) of the operand is located in the 
most significant bit (M8B). Positive values are represented by 
a sign bit of zero (8 = 0). Negative values are represented by 
the two's complement of the corresponding positive value with 
a sign bit equal to 1 (8 = 1). The range of values that may be 
accommodated by each of these formats is -32,768 to 
+32,767 for single precision and -2,147,483,648 to 
+2,147,483,647 for double precision. 

Floating point binary values are represented in a format that 
permits arithmetic to be performed in a fashion analogous to 
operations with decimal values expressed in scientific nota
tion. 

(5.83 x 1(2)(8.16 x 101) = (4.75728 x 104) 

In the decimal system, data may be expressed as values be
tween 0 and 10 times 10 raised to a power that effectively 
shifts the implied decimal point right or left the number of 
places necessary to express the result in conventional form 
(e.g., 47,572.8). The value-portion of the data is called the 
mantissa. The exponent may be either negative or positive. 

The concept of floating point notation has both a gain and a 
loss associated with it. The gain is the ability to represent the 
significant digits of data with values spanning a large dynamic 
range limited only by the capacity of the exponent field. For 
example, in decimal notation if the exponent field is two digits 
wide, and the mantissa is five digits, a range of values (posi
tive or negative) from 1.0000 x 10-99 to 9.9999 X 10+99 can 
be accommodated. The loss is that only the significant digits 
of the value can be represented. Thus there is no distinction 
in this representation between the values 123451 and 
123452, for example, since each would be expressed 
as: 1.2345 x 105. The sixth digit has been discarded. In most 
applications where the dynamic range of values to be rep
resented is large, the loss of significance, and hence accuracy 
of results, is a minor consideration. For greater precision a 
fixed point format could be chosen, although with a loss of po
tential dynamic range. 

The Am9511 is a binary arithmetic processor and requires 
that floating point data be represented by a fractional man
tissa value between .5 and 1 multiplied by 2 raised to an ap
propriate power. This is expressed as follows: 

value = mantissa x 2exponent 

For example, the value 100.5 expressed in this form is 
0.11001001 x 27. The decimal equivalent of this value may be 
computed by summing the components (powers of two) of the 
mantissa and then multiplying by the exponent as shown be
low: 

value = (2-1 + 2-2 + 2-5 + 2-8) X 27 
= (0.5 + 0.25 + 0.03125 + 0.00290625) x 128 
= 0.78515625 x 128 
= 100.5 

FLOATING POINT FORMAT 

The format for floating~point values in the Am9511A is given 
below. The mantissa is expressed as a 24-bit (fractional) value; 
the exponent is expressed as an unbiased two's complement 
7-bit value having a range of -64 to +63. The most significant 
bit is the sign of the mantissa (0 = positive, 1 = negative), for a 
total of 32 bits. The binary point is assumed to be to the left of 
the most significant mantissa bit (bit 23). All floating-point data 
values must be normalized. Bit 23 must be equal to 1, except for 
the value zero, which is represented by all zeros. 

I
Mie- EXPONENT~·-;IC"'·------ MANTIsSA 

.slSl I I I I I . I I I I I I I I 
3130 24 23 

I I I I 

The range of values that can be represented in this format is 
±(2.7 x 10-20 to 9.2 X 1018) and zero. 

STATUS REGISTER 

The Am9511A contains an eight bit status register with the fol
lowing bit assignments: 

I BUSY I SIGN I ZERO I ERROR CODE 

7 6 5 4 3 2 o 

BUSY: Indicates that Am9511A is currently executing a com
mand (1 = Busy). 

SIGN: Indicates that the value on the top of stack is negative 
(1 = Negative). 

ZERO: Indicates that the value on the top of stack is zero 
(1 = Value is zero). 

ERROR This field contains an indication of the validity of the 
CODE: result of the last operation. The error codes are: 

0000 - No error 
1000 - Divide by zero 
0100 - Square root.or log of negative number 
1100 - Argument of inverse sine, cosine, or eX too 

large 
XX10 - Underflow 
XX01 - Overflow 

CARRY: Previous operation resulted in carry or borrow from 
most significant bit. (1 = Carry/Borrow, 0 = No 
Carry/No Borrow) 

If the BUSY bit in the status register is a one, the other status 
bits are not defined; if zero, indicating not busy, the operation is 
complete and the other staius bits are defined as given above. 
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Table 1. 

Command Hex Code Hex Code Execution Summary 
Mnemonic (sr = 1) (sr = 0) Cycles Description 

16-BIT FIXED-POINT OPERATIONS 

SADD EC 6C 16-18 Add TOS to NOS. Result to NOS. Pop Stack. 

SSUB ED 60 30-32 Subtract TOS from NOS. Result to NOS. Pop Stack. 

SMUL EE 6E 84-94 Multiply NOS by TOS. Lower result to NOS. Pop Stack. 

SMUU F6 76 80-98 Multiply NOS by TOS. Upper result to NOS. Pop Stack. 

SDIV EF 6F 84-94 Divide NOS by TOS. Result to NOS. Pop Stack. 

32-BIT FIXED-POINT OPERATIONS 

DADO AC 2C 20-22 Add TOS to NOS. Result to NOS. Pop Stack. 

DSUB AD 20 38-40 Subtract TOS from NOS. Result to NOS. Pop Stack. 

DMUL AE 2E 194-210 Multiply NOS by TOS. Lower result to NOS. Pop Stack. 

DMUU B6 36 182-218 Multiply NOS by TOS. Upper result to NOS. Pop Stack. 

DDIV AF 2F 196-210 Divide NOS by TOS. Result to NOS. Pop Stack. 

32-BIT FLOATING-POINT PRIMARY OPERATIONS 

FADD 90 10 54-368 Add TOS to NOS. Result to NOS. Pop Stack. 

FSUB 91 11 70-370 Subtract TOS from NOS. Result to NOS. Pop Stack. 

FMUL 92 12 146-168 Multiply NOS by TOS. Result to NOS. Pop Stack. 

FDIV 93 13 154-184 Divide NOS by TOS. Result to NOS. Pop Stack. 

32-BIT FLOATING-POINT DERIVED OPERATIONS 

SORT 81 01 782-870 Square Root of TOS. Result to TOS. 

SIN 82 02 3796-4608 Sine of TOS. Result to TOS. 

COS 83 03 3840-4878 Cosine of TOS. Result to TOS. 

TAN 84 04 4894-5886 Tangent of TOS. Result to TOS. 

ASIN 85 05 6230-7938 Inverse Sine of TOS. ResiJlt to TOS. 

ACOS 86 06 8304-8284 Inverse Cosine of TOS. Result to TOS. 

ATAN 87 07 4992-6536 Inverse Tangent of TOS. Result to TOS. 

LOG 88 08 4474-7132 Common Logarithm of TOS. Result to TOS. 

LN 89 09 4298-8956 Natural Logarithm of TOS. Result to TOS. 

EXP 8A OA 3794-4878 e raised to power in TOS. Result to TOS. 

PWR 8B OB 8290-12032 NOS raised to power in TOS. Result to NOS. Pop Stack. 

DATA AND STACK MANIPULATION OPERATIONS 

NOP 80 00 4 No Operation. Clear or set SVREO. 

FIXS 9F 1F 90-214 } 

FIXD 9E 1E 90-336 
Convert TOS from floating point format to fixed point format. 

FLTS 90 10 62-156 } 

FLTD 9C lC 56-342 
Convert TOS from fixed point format to floating point format. 

CHSS F4 74 22-24 } 

CHSD B4 34 26-28 
Change sign of fixed point operand on TOS. 

CHSF 95 15 16-20 Change sign of floating point operand on TOS. 

PTOS F7 77 :} PTOD B7 37 Push stack. Duplicate NOS in TOS. 

PTOF 97 17 20 

POPS F8 78 
10 } 

POPD B8 38 12 Pop stack. Old' NOS becomes new TOS. Old TOS rotates to bottom. 

POPF 98 18 12 

XCHS F9 79 
18 } 

XCHD B9 39 26 Exchange TOS and NOS. 

XCHF 99 19 26 
PUPI 9A 1A 16 Push floating point constant 1T onto TOS. Previous TOS becomes NOS. 
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COMMAND DESCRIPTIONS 

This section contains detailed descriptions of the APU com
mands. They are arranged in alphabetical order by command 
mnemonic. In the descriptions,TOS means Top Of StaCk and 
NOS means Next On Stack. 

All derived functions except Square Root use Chebyshev 
polynomial approximating algorithms. This approach is used 
to help minimize the internal microprogram, to minimize the 
maximum error values and to provide a relatively even dis
tribution of errors over the data range. The basic arithmetic 
operations are used by the derived functions to compute the 
various Chebyshev terms. The basic operations may produce 
error codes in the $latus register as a result. ' 

Execution times are listed in terms of clock cycles and may 
be converted into time values by multiplying by the clock 
period used. For example, an execution time of 44 clock Cy-

cles when running at a 3MHz rate translates to 14 micro
seconds (44 x 32,.s = 14i£s), Variations in execution cycles 
reflect the data dependenoy ()f the algorithms. 

In some operations exponentovertlowor underflow may be 
possible. When this occurs, the' exponent returned in the re
sult will be 128 greater or smaller than its true value. 

Many of the functions use portions of the data stack as, 
scratch storage during development of the results. Thus pre
vious values in those stack locations will be lost. Scratch loca
tions destroyed are listed in the command desCriptions and 
shown with the crossed-out locations in the Stack COntents 
After diagram. 

Table 1 is a summary of all the Am9511A commands. It shows 
the hex codes for each command, the mnemonic abbreviation, a 
brief description and the execution time in clock cycles. The 
commands are grouped by functional ciasses. 

The command mnemonics in alphabetical order are shown 
below in Table 2. 

Table 2. 

ACOS 
ASIN 
ATAN 
CHSD 
CHSF 
CHSS 
COS 
DADO 
DDIV 
DMUL 
DMUU 
DSUB 
EXP 
FADD 
FDIV 
FIXD 
FIXS 
FLTD 
FLTS 
FMUL 
FSUB 

Command Mnemonics In Alphabetical Order. 

ARCCOSINE 
ARCSINE 
ARCTANGENT 
CHANGE SIGN DOUBLE 
CHANGE SIGN FLOATING 
CHANGE SIGN SINGLE 
COSINE 
DOUBLE ADD 
DOUBLE DIVIDE 
DOUBLE MULTIPLY LOWER 
DOUBLE MULTIPLY UPPER 
DOUBLE SUBTRACT 
EXPONENTIATION (eX) 
FLOATING ADD 
FLOATING DIVIDE 
FIX DOUBLE 
FIX SINGLE 
FLOAT DOUBLE 
FLOAT SINGLE 
FLOATING MULTIPLY, 
FLOATING SUBTRACT 
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LOG 
LN 
NOP 
POPD 
POPF 
POPS 
PTOD 
PTOF 
PTOS 
PUPI 
PWR 
SADD 
SDIV 
SIN 
SMUL 
SMUU 
SORT 
SSUB 
TAN 
XCHD 
XCHF 
XCHS 

COMMON LOGARITHM 
NATURAL ,LOGARITHM 
NO OPERATION 
POP STACK DOUBLE 
POP STACK FLOATING 
POP STACK SINGLE 
PUSH STACK DOUBLE 
PUSH STACK FLOATING 
PUSH STACK SINGLE 
PUSHTr 
POWER (Xv) 
SINGLE ADD 
SINGLE DIVIDE 
SINE 
SINGLE MULTIPLY LOWER 
SINGLE MULTIPLY UPPER 
SOUAREROOT 
SINGLE SUBTRACT 
TANGENT 
EXCHANGE OPERANDS DOUBLE 
EXCHANGE OPERANDS FLOATING 
EXCHANGE OPERANDS SINGLE 



ACOS 
32-BIT FLOATING-POINT INVERSE COSINE 

7 6 54320 

Binary Coding: ·L-I_s~r --'-_0--'_0--'-_0-'-_0_-'--_-'----'_0--' 

Hex Coding: 86 with sr = 1 
06 with sr = ° 

Execution Time: 6304 to 8284 clock cycles 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by the 
32-bit floating-point inverse cosine of A. The result R is a value in 
radians between ° and 1T. Initial operands A, B, C and D are lost. 
ACOS will accept all input data values within the range of -1.0 to 
+ 1.0. Values outside this range will return an error code of 1100 
in the status register. 
Accuracy: ACOS exhibits a maximum relative error of 2.0 x 

10-7 over the valid input data range. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A -TOS- R 

B 

C 

D 

1-32---1 1---32---1 

ASIN 
32-BIT FLOATING-POINT INVERSE SINE 

7 6 3 2 ° 
Binary Coding: L-I_s_r -,-_0--,-_0-,-_0-,-_0_-,--_,--0--,_--, 

Hex Coding: 85 with sr = 1 
05 with sr = ° 

Execution Time: 6230 to 7938 clock cycles 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by the 
32-bit floating-point inverse sine of A. The result R is a value in 
radians between -1T/2 and +1T/2. Initial operands A, B, C and D 
are lost. 
ASIN will accept all input data values within the range of -1.0 to 
+ 1.0. Values outside this range will return an error code of 1100 
in the status register. 
Accuracy: ASIN exhibits a maximum relative error of 4.0 x 

10-7 over the valid input data range. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A -TOS- R 

B 

C 

D 

1-32-1 1----32-1 

ATAN 
32-BIT FLOATING-POINT 

INVERSE TANGENT 

Am9511A 

7 6 5 4 3 2 ° 
Binary Coding: I '-_sr-,-_o-,-_o-,-_o_-,--o_,--_,--~I iJ 
Hex Coding: 87 with sr = 1 

07 with sr = ° 
Execution Time: 4992 to 6536 clock cycles 
Description: 
Tl:d 32-bit floating-point operand A at the TOS is replaced by the 
32-bit floating-point inverse tangent of A. The result R is a value in 
radians between -1T/2 and +1T/2. Initial operands A, C and Dare 
lost. Operand B is unchanged. 
AT AN will accept all input data values that can be represented in 
the floating point format. 
Accuracy: ATAN exhibits a maximum relative error of 3.0 x 

10-7 over the input data range. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A I--TOS- R 

B B 

C 

D 

1-32--.. ~1 .... 1·.....--32-1 

CHSD 
32-BIT FIXED-POINT SIGN CHANGE 

7 6 5 4 3 2 ° 
° ° ° Binary Coding: I sr ° 

'----1._--1._-'-_-L_-L_-'-_~_~ 

Hex Coding: 84 with sr = 1 
34 with sr = ° 

Execution Time: 26 to 28 clock cycles 
Description: 
The 32-bit fixed-point two·s complement integer operand A at 
the TOS is subtracted from zero. The result R replaces A at 
the TOS. Other entries in the stack are not disturbed. 
Overflow status will be set and the TOS will be returned un
changed when A is input as the most negative value possible 
in the format since no positive equivalent exists. 

Status Affected: Sign, Zero, Error Field (overflow) 

STACK CONTENTS 

BEFORE AFTER 

A -TOS - R 

B B 

C C 

D D 

1--1·---32-1 1-32-1 
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CHSF 
32-BIT FLOATING-POINT SIGN CHANGE 

7 6 5 4 321 0 

Binary Coding: I sr 0 0 0 0 

Hex Coding: 95 with sr = 1 
15 with sr = 0 

Execution Time: 16 to 20 clock cycles 
Description: 
The sign of the mantissa of the 32-bit floating-point operand A at 
the TOS is inverted. The result R replaces A at the TOS. Other 
stack entries are unchanged. 
if A is input as zero (mantissa MSB = O)c no change is made. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A --TOS- R 

B B 

C C 

0 0 

1-32 .. I 1-32 

CHSS· 
16-BIT FIXED-POINT SIGN CHANGE 

7 6 543 2 1 

Binary Coding: I sr 0 0 

Hex Coding: F4 with sr = 1 
74 with sr = 0 

Execution Time: 22 to 24 clock cycles 
Description: 

.1 

o 
o 

16-bit fixed-point two's complement Integer operand A at the TOS 
is subtracted from zero. The result R replaces A at the TOS. All 
other operands are unchanged. 
Overflow status will be set and the TOS will be retumed un
changed when A is Input as the most negative value possible In 
the format since no positive equivalent exists. 
Status Affected: Sign, Zero, Overflow 

STACK CONTENTS 

BEFORE AFTER 

A TOS • R 

B B 

C C 

0 0 

E E 

F F 

G G 

H H 

COS 
32-BIT FLOATING-POINT COSINE 

7 6 543 2 0 

Binary Coding: I sr 0 0 0 0 0 

Hex Coding: 83 with sr = 1 
03 with sr = 0 

Execution Time: 3840 to 4878 clock cycles 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by 
R, the 32-bit floating-point cosine of A. A is assumed to be in 
radians. Operands A, C and 0 are lost. B is unchanged. 
The COS function can accept any input data value that can 
be represented in the data format. All input values are range 
reduced to fall within an interval of -,"{2 to +,"{2 radians. 
Accuracy: COS exhibits a maximum relative error of 5.0 x 

10-7 for all input data values in the range of -2," 
to +211' radians. 

Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A ---T05- R 

B B - -- -C - -- =-== o 
1-32--..... ·~1 '""1 .. ---32--....... ~1 

DADO 
32-BIT FIXED-POINT ADD 

7 6 543 2 0 

Binary Coding: I sr 0 0 0 0 

Hex Coding: AC with sr = 1 
2C with sr = 0 

Execution Time: 20 to 22 clock cycles 
Description: 
The 32-bit fixed-point two's complement integer operand A at the 
TOS is added to the 32-bit fixed-point two's complement integer 
operand B at the NOS. The result R replaces operand B and the 
Stack is moved up so that R occupies the :rOS. Operand B is lost. 
Operands A, C and 0 are unchanged. If the addition generates a 
carry It is reported in the status register. 
If the result is too large to be represented by the data format, the 
least significant 32 bits of the result are retumed and overflow 
status is reported. 
Status Affected: Sign, Zero, Carry, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A -TOS-- R 

B C 

C 0 

0 A 

1--32 • 1 I .. 32 .. I 
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DDIV 
32-BIT FIXED-POINT DIVIDE 

7 6 5 4 3 2 ° 
Binary Coding: I sr ° ° I 1 ] 

Hex Coding: AF with sr = 1 
2F with sr = ° 

Execution TIme: 196 to 210 ciock cycies when A "F ° 
18 clock cycles when A = 0. 

Description: 
The 32-bit fixed-point two's complement integer operand B at 
NOS is divided by the 32-bit fixed-point two's complement in
ter:er operand A at the TOS. The 32-bit integer quotient R re
places B and the stack is moved up so that R occupies the 
TOS. No remainder is generated. Operands A and B are lost. 
Operands C and 0 are unchanged. 
I! A is zero, R is set equal to B and the divide-by-zero error 
status will be reported. If either A or B is the most negative 
value possible in the format, R will be meaningless and the 
overflow error status will be reported. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

A -TOS- R 

B C 

C 0 - -- -o 
1-32-1 I .. 32 -I 

DMUL 
32-BIT FIXED-POINT MULTIPLY, LOWER 

7 6 5 4 3 2 ° 
Binary Coding: lL-sr---'-_o_L.....--1_o---'-_--'-_-'-_-'--_o--' 

Hex Coding: AE with sr = 1 
2E with sr = ° 

Execution Time: 194 to 210 clock cycies 
Description: 
The 32-bit fixed-point two's complement integer operand A at the 
TOS is muHiplied by the 32-bit fixed-point two's complement in
teger operand B at the NOS. The 32-bit least significant half of the 
product R replaces B and the stack is moved up so that R 0c
cupies the TOS. The most significant half of the product is lost. 
Operands A and B are lost. Operands C and 0 are unchanged. 
The overflow status bit is set if the discarded upper half was 
non-iero. If either A or B is the most negative value ttiat can 
be represented in the format, that value is returned as R and 
the overflow status is set. 
Status Affected: Sign, Zero, Overflow 

BEFORE STACK CONTENTS AFTER 

A -TOS R 
f---------I 

B C 

C 0 

o 
1-32--.... ·~1 32-1 

Arn9511A 

DMUU 
32-BIT FIXED-POINT MULTIPLY, UPPER 

7 6 5 4 3 2 1 ° 
Binary Coding: I sr ° I 1 I ° I 1 I 1 I ° I 
Hex Coding: B6 with sr = 1 

36 with sr = ° 
Execution Time: 182 to 218 clock cycles 
Description: 
The 32-bit fixed-point two's complement integer operand A at 
the TOS is multiplied by the 32-bit fixed-point two's comple
ment integer operand B at the NOS. The 32-bit most signifi
cant hal! of the product R replaces B and the stack is moved 
up so that R occupies the TOS. The least significant half of 
the product is lost. Operands A and B are lost. Operands C 
and 0 are unchanged. 
If A or B was the most negative value possible in the format, 
overflow status is set and R is meaningless. 
Status Affected: Sign, Zero, Overflow 

BEFORE 
STACK CONTENTS 

AFTER 

A --TOS R 

B C 

C o 
o 

1-32--... ·--11 1-32-1 

DSUB 
32-BIT FIXED-POINT SUBTRACT 

7 6 5 4 3 2 ° 
Binary Coding: LI _sr-L_0.....J..._-'-_0-L_.....J..._-'-_o---'-_---' 

Hex Coding: AD with sr = 1 
20 with sr = ° 

Execution Time: 38 to 40 clock cycles 
Description: 
The 32-bit fixed-point two's complement operand A at the 
TOS is subtracted from the 32-bit fixed-point two's comple
ment operand B at the NOS. The difference R replaces 
operand B and the stack is moved up so that R occupies the 
TOS. Operand B is lost. Operands A, C and 0 are un
changed. 
If the subtraction generates a borrow it is reported in the carry 
status bit. If A is the most negative value that can be rep
resented in the format the overflow status is set. If the result 
cannot be represented in the data format range, the overflow 
bit is set and the 32 least significant bits of the result are re
tumed as R. 
Status Affected: Sign, Zero, Carry, Overflow 

BEFORE 
STACK CONTENTS 

AFTER 

A -TOS- R 

B C 

C 0 

0 A 

1-32 1-32 --I 
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EXP 
32~BIT FLOATING-POINT eX 

7 6 5 4 3 2 o 
Binary Coding: I sr 0 0 0 0 0 

Hex Coding: 8A with sr = 1 
OAwith sr = 0 

Execution Time: 3794 to 4878 clock cycles for IAI .,. 1.0 x 25 

34 clock cycles for IAI > 1.0 x 25 

Description: 
The base of natural logarithms, e, is raised to an exponent value 
specified by the 32-bit floating-point operand A at the TOS. The 
result R of eA replaoes A. Operands A, C and 0 are lost. Operand 
B is unchanged. 
EXP accepts all input data values within the range of -1.0 x 2+5 
to + 1.0 X 2+5 • Input values outside this range will return a code of 
1100 in the error field of the status register. 
Accuracy: EXP exhibits a maximum relative error of 5.0 x 

10-7 over the valid input data range. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

A ~ TOS R 

B B 

C 

0 

I. 32-1 1-32-1 

FADD 
32-BIT FLOATING-POINT ADD 

7 6 5 4 3 2 o 
o o o o o Binary Coding: I sr 0 

~~ __ ~ __ ~ __ -L __ -L __ -L __ ~ __ ~ 

Hex Coding: 90 with sr = 1 
10 with sr = 0 

Execution Time: 54 to 368 clock cycles for A "# 0 
24 clock cycles for A = 0 

Description: 
32-bit floating-point operand A at the TOS is added to 32-bit 
floating-point operand B at the NOS. The result R replaces Band 
the stack is moved up so that R occupies the TOS. Operands A 
and B are lost. Operands C and 0 are unchanged. 
Exponent alignment before the addition and normalization of the 
result accounts for the variation in execution time. Exponent 
overflow and underflow are reported in the status register, in 
which case the mantissa is correct and the exponent is offset by 
128. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

A ~ TOS- R 

B C 

C 0 

0 - ---- ---1----32-1 

FDIV 
32-BIT FLOATING-POINT DIVIDE 

7 6 5 4 3 2 o 
Binary Coding: LI_s_r ..L-_0--.l.._O~L---1~0--.l.._O~L--.....,.J. __ -.-I 

Hex Coding: 93 with sr = 1 
13 with sr = 0 

Execution Time: 154 to 184 clock cycles for A "i' 0 
22 clock cycles for A = 0 

Description: 
32-bit floating-point operand B at NOS is divided by 32-bit 
floating-point operand A at the TOS. The result R replaces Band 
the stack is moved up so that R occupies the TOS. Operands A 
and B are lost. Operands C and 0 are unchanged. 
If operand A is zero, R is set equal to B and the divide-by-zaro 
error is reported in the status register. Exponent overflow or 
underflow is reported in the status register, in which case the 
mantissa portion of the result is correct and the exponent portion 
is offset by 128. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

A --TOS R 
f--~-~---I 

B C 

C o 
o 

1-32---..... ~1 1-32-1 
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FIXD 
32-BIT FLOATING-POINT TO 

32-BIT FIXED-POINT CONVERSION 

7 6 5 4 3 2 0 

Binary Coding: I~sr--,-__ o~ __ o-'-__ '-L __ -L __ -L __ ...l-_O---' 

Hex Coding: 9E with sr = 1 
1Ewithsr=0 

Execution Time: 90 to 336 clock cycles 
Description: 
32-bit floating-point operand A at the TOS is converted to a 
32-bit fixed-point two's complement integer. The result R re
places A. Operands A and 0 are lost. Operands Band Care 
unchanged. 
If the integer portion of A is larger than 31 bits when con
verted, the overflow status will be set and A, will not be 
changed. Operand D, however, will still be lost. 
Status Affected: Sign, Zero Overflow 

BEFORE 
STACK CONTENTS 

AFTER 

A ---TOS R 
1-------~----__1 

B B 

c c 
o 

1-32---o .. ~1 1-32----< .. Po/I 



FIXS 
32-BIT FLOATING-POINT TO 

16-BIT FIXED-POINT CONVERSION 

765432 0 

Binary Coding: IL-sr---'-_O_L-0--'_---'-_-L_---'-_-'------' 

Hex Coding: 9F with sr = 1 
1F with sr = 0 

Execution Time: 90 to 214 clock cycles 
Description: 
32-bit floating-point operand A at the TOS is converted to a 
16-bit fixed-point two's complement integer. The result R re
places the lower half of A and the stack is moved up by two 
bytes so that R occupies the TOS. Operands A and Dare 
lost. Operands Band C are unchanged, but appear as upper 
(u) and lower (I) halves on the 16-bit wide stack if they are 
32-bit operands. 
If the integer portion of A is larger than 15 bits when con
verted, the overflow status will be set and A will not be 
changed. Operand D, however, will still be lost. 
Status Affected: Sign, Zero, Overflow 

BEFORE 
STACK CONTENTS 

AFTER 

A 

I" 
TOS .. R 

B Bu 

C BI 

0 CU 

I- 32 .. I CI 

FLTD 
32-BIT FIXED-POINT TO 

32-BIT FLOATING-POINT CONVERSION 

7 6 5 4 3 2 o 
o 0 Binary Coding: I sr 0 0 

~~_~_~_~_~_~~_-J 

Hex Coding: 9C with sr = 1 
1Cwithsr=0 

Execution Time: 56 to 342 clock cycles 
Description: 
32-bitfixed-pointtwo's complement integer operand A althe TOS 
is converted to a 32-bit floating-point number. The result R re
places A at the TOS. Operands A and D are lost. Operands Band 
C are unchanged. 
Status Affected: Sign, Zero 

BEFORE 
STACK CONTENTS 

AFTER 

A -TOS- R 
1---------1 

B B 
C C 

D ~ 
1-32-1 1-32--...... --11 

Am9511A 

FLTS 
16-BIT FIXED-POINT TO 

32-BIT FLOATING-POINT CONVERSION 

7 6 5 4 

Binary Coding: I sr 0 0 

Hex Coding: 9D with sr = 1 
1Dwithsr=0 

Execution Time: 62 to 156 clock cycles 
Description: 

3 2 0 

0 

16-bit fixed-point two's complement integer A at the TOS is 
converted to a 32-bit floating-point number. The lower half of the 
result R (RI) replaces A, the upper half (Ru) replaces H and the 
stack is moved down so that Ru occupies the TOS. Operands A, 
F, G and H are lost. Operands B, C, D and E are unchanged. 
Status Affected: Sign, Zero 
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BEFORE 
STACK CONTENTS 

AFTER 

A 

B 

C 

D 

E 

F 

G 

H 

TOS----I 

FMUL 
32-BIT FLOATING-POINT 

MULTIPLY 

7 6 543 2 

Binary Coding: I sr 0 0 0 0 

Hex Coding: 92 with sr = 1 
12 with sr = 0 

Execution Time: 146 to 168 clock cycles 
Description: 

Ru 

RI 

B 

C 

D 

E 

o 
o 

32-bit floating-point operand A at the TOS is multiplied by the 
32-bit floating-point operand B at the NOS. The normalized result 
R replaces B and the stack is moved up' so that R occupies the 
TOS. Operands A and B are lost. Operands C and 0 are un
changed. 
Exponent overflow or underflow is reported in the status register, 
in which case the mantissa portion of the result is correct and the 
exponent portion is offset by 128. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

A -TOS--- R 

B C 

c D -- -=-- :-:::--" D 

1-32---I .. ~1 1-01"---32-1 
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FlUB 
32-BIT FLOATING-POINT SUBTRACTION 

7 6 5 4 3 2 o 
o o o o Binary Coding: I sr 0 

~~ __ ~ __ -L __ -L __ ~ __ ~ __ ~ __ ~ 

Hex Coding: 91 with sr = 1 
11withsr=0 

Execution Time: 70 to 370 clock cycles for A ~ 0 
26 clock cycles for A = 0 

Description: 
32-bit floating-point operand A at the TOS is subtracted from 
32-bit floating-point operand B at the NOS. The normalized 
difference R replaces B and the stack is moved up so that R 
occupies the TOS. Operands A and B are lost. Operands C 
and 0 are unchanged. 
Exponent alignment before the subtraction and normalization 
of the result account for the variation in execution time. 
Exponent overflow or underflow is reported in the status regis
ter in which case the mantissa portion of the result is correct 
and the exponent portion is offset by 128. 
Status Affected: Sign, Zero, Error Field (overflow) 

BEFORE STACK CONTENTS AFTER 

A -TOS- R 

B C 

C 0 

o ~ 
1-32-1 1-32-1 

LOG 
32-BIT FLOATING-POINT 
COMMON LOGARITHM 

7 6 5 4 

Binary Coding: I sr I 0 I 0 I 0 

Hex Coding: 88 with sr = 1 
08 with sr = 0 

3 2 

o o 

Execution Time: 4474 to 7132 clock cycles for A> 0 
20 clock cycles for A ,.;; 0 

Description: 

o 
o 

The 32-bit floating-point operand A at the TOS is replaced by R, 
the 32-bit floating-point common logarithm (base 10) of A. 
Operands A, C and 0 are lost. Operand B is unchanged. 
The LOG function accepts any positive input data value that can 
be represented by the data format. If LOG of a non-positive value 
is attempted an error status of 0100 is returned. 
Accuracy: LOG exhibits a maximum absolute error of 2.0 x 10-7 

for the input range from 0.1 to 10, and a maximum 
relative error of 2.0 x 10-7 for positive values less 
than 0.1 or greater than 10. 

Status Affected: Sign, Zero, Error Field 

BEFORE STACK CONTENTS AFTER 

A -TOS- R 
~--------~ ~----------~ 

B B 

C 

o 
1-32-----..-11 1---:...-32--..... ·~1 

LN 
32-BIT FLOATING-POINT 
NATURAL LOGARITHM 

7 6 5 4 3 2 

Binary Coding: I sr 0 0 0 0 0 

Hex Coding: 89 with sr = 1 
09 with sr = 0 

Execution Time: 4298 to 6956 clock cycles for A > 0 
20 clock cycles for A,.;; 0 

Description: 

o 

The 32-bit .f/oating-point operand A at the TOS is replaced by 
R, the 32-bit floating-point natural logarithm (base e) of A. 
Operands A, C and 0 are lost. Operand B is unchanged. 
The LN function accepts aI/ positive input data values that can 
be represented by the data format. If LN of a non-positive 
number is attempted an error status of 0100 is returned. 
Accuracy: LN exhibits a maximum absolute error of 2 x 10-7 

for the input range from e-1 to e, and a maximum 
relative error of 2.0 x 10-7 for positive values less 
than e-1 or greater than e. 

Status Affected: Sign, Zero, Error Field 

BEFORE STACK CONTENTS AFTER 

A -TOS- R 
~-----------1 

B B 

C ~ 
---. ----= = o 

1-32-----. .. -11 II~ _0-----32-1 

NOP 
NO 

OPERATION 

765432 0 

Binary Coding: LI_s_r -,-_O--,-_O __ ,--O---,_O--,-_O_~O--,_O_ 
Hex Coding: 80 with sr = 1 

00 with sr = 0 
Execution Time: 4 clock cycles 
Description: 
The NOP command performs no internal data manipulations. It 
may be used to set or clear the service request interface line 
without changing the contents of the stack. 
Status Affected: The status byte is cleared to aI/ zeroes. 
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POPD 
32-BIT 

STACK POP 

7 6 5 

Binary Coding: I sr 0 

Hex Coding: B8 with sr = 1 
38 with sr = 0 

Execution Time: 12 clock cycles 
Description: 

4 3 2 0 

0 0 0 

The 32-bit stack is moved up so that the old NOS becomes the 
new TOS. The previous TOS rotates to the bottom of the stack. All 
operand values are unchanged. POPD and POPF execute the 
same operation. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A ---TOS--- B 
r-----------~ r-----------~ 

B C 

C D 
D A 

1-32-1 1-32-1 

7 

POPF 
32-BIT 

STACK POP 

6 5 4 3 2 o 
Binary Coding: I sr 0 0 0 0 0 

Hex Coding: 98 with sr = 1 
18 with sr = 0 

Execution Time: 12 clock cycles 
Description: 
The 32-bit stack is moved up so that the old NOS becomes the 
new TOS. The old ros rotates to the bottom of the stack. All 
operand values are unchanged. POPF and POPD execute the 
same operation. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A ---TOS--- B 

B C 

C 0 

D A 

1-32 .. I I .. 32 ..I 
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7 

POPS 
16-BIT 

STACK POP 

6 5 4 

Am9511 A 

3 2 o 
Binary Coding: lL..sr....J._.....L_-'-_-'-_....L_O_L..0....J._0.....J 

Hex Coding: F8 with sr = 1 
78 with sr = ° 

Execution Time: 10 clock cycles 
Description: 
The 16-bit stack is moved up so that the old NOS becomes the 
new TOS. The previous TOS rotates to the bottom of the stack. All 
operand values are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE 

A .. TOS . 
B 

C 

D 

E 

F 

G 

H 

1--16--1 

PTOD 
PUSH 32-BIT 

TOS ONTO STACK 

7 6 5 

Binary Coding: I sr 0 

Hex Coding: B7 with sr = 1 
37 with sr = 0 

Execution Time: 20 clock cycles 
Description: 

4 3 

0 

AFTER 

B 

C 

D 

E 

F 

G 

H 

A 

1---16 --1 

2 ° 

The 32-bit stack is moved down and the previous TOS is 
copied into the new TOS location. Operand D is lost. All other 
operand values are unchanged. PTOD and PTOF execute the 
same operation. m 
Status Affected: Sign, Zero I 

STACK CONTENTS 

BEFORE AFTER 

A -TOS- A 

B A 

C B 

D C 

1-32 ·1 1-32 .. I 



Am9511A 

PTOF 
PUSH 32-BIT 

TOS ONTO STACK 

7 6 5 4 3 2 0 

Binary Coding: I sr 0 0 0 

Hex Coding: 97 with sr = 1 
17 with sr = 0 

Execution Time: 20 clock cycles 
Description: 
The 32-bit stack is moved down and the previous TOS is copied 
into the new TOS location. Operand D is lost. All other operand 
values are unchanged. PTOF and PTOD execute the same op
eration. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A ~ TOS--- A 

B 
I---------j 

A 

C B 

D c 
1-32-1 1-32----1 

PTOS 
PUSH 16-BIT 

TOS ONTO STACK 

7 6 5 4 3 2 0 

Binary Coding: I sr I 1 I 1 0 

Hex Coding: F7 with sr = 1 
n with sr = 0 

Execution Time: 16 clock cycles 
Description: 
The 16-bit stack is moved down and the previous TOS is copied 
into the new TOS location. Operand H is lost and all other 
operand values are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A TOS A 

B A 

C B 

D C 

E D 

F E 

G F 

H G 

1-16---1 
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PUPI 
PUSH 32-BIT 

FLOATING-POINT 7T 

7 6 5 4 3 2 0 

Binary Coding: I sr 0 0 0 0 

Hex Coding: 9A with sr = 1 
1A with sr = 0 

Execution Time: 16 clock cycles 
Description: 
The 32-bit stack is moved down so that the previous TOS oc
cupies the new NOS location. 32-bit floating-point constant 11' is 
entered into the new TOS location. Operand D is lost. Operands 
A, Band C are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A I---TOS-

B A 

C B 

D C 

1 .... ·0-----32-1 



PWR 
32-BIT 

FLOATING-POINT X Y 

7 654 321 0 

Binary Coding: I sr I 0 I 0 I 0 I 1 I 0 I iJjJ 
Hex Coding: 8B with sr = 1 

OB with sr = 0 
Execution Time: 8290 to 12032 clock cycles 
Description: 
32-bit floating-point operand B at the NOS is raised to the power 
specified by the 32-bit floating-paint operand A at the TOS. The 
result R of BA replaces B and the stack is moved up so that R 
occupies the TOS. Operands A, B, and D are lost. Operand C is 
unchanged. 
The PWR function accepts all input data values that can be 
represented in the data format for operand A and all positive 
values for operand B. If operand B is non-positive an error status 
of 0100 will be retumed. The EXP and LN functions are used to 
implement PWR using the relationship BA = EXP [A(LN B)]. 
Thus if the term [A(LN B)] is outside the range of -1.0 x 2+5 to 
+ 1.0 X 2+5 an error status of 1100 will be returned. Underflow and 
overflow conditions can occur. 

Accuracy: The error performance for PWR is a function of 
the LN and EXP performance as expressed by: 
I(Relative Error)pwRI= I(Relative Error)EXP+ IA(Absolute 
Error)LNI 

The maximum relative error for PWR occurs when 
A is at its maximum value while [A(LN B)] is near 
1.0 x 25 and the EXP error is also at its maxi
mum. For most practical applications the relative 
error for PWR will be less than 7.0 x 10-7. 

Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A -TOS- R 

B C 

C 

D 

I • 32-1 I • 32-1 

SADD 
16-BIT 

FIXED-POINT ADD 

Am9511 A 

7 6 543 2 o 
Binary Coding: I sr I 1 I 1 I 0 I 1 I 
Hex Coding: EC with sr = 1 

6C with sr = 0 
Execution Time: 16 to 18 clock cycles 
. Description: 

o o 

16-bit fixed-point two's complement integer operand A at the 
TOS is added to 16-bit fixed-point two's complement integer 
operand B at the NOS. The result R replaces B and the stack 
is moved up so that R occupies the TOS. Operand B is lost. 
All other operands are unchanged. 
If the addition generates a carry bit it is reported in the status 
register. If an overflow occurs it is reported in the status regis
ter and the 16 least significant bits of the result are returned. 

Status Affected: Sign, Zero, Carry, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A TOS R 

B C 

C D 

D E 

E F 

F G 

G H 

H A 

m 



Am9S11A 

SDIV 
16-BIT 

FIXED-POINT DIVIDE 

7 6 5 4 3 2 0 

Binary Coding: I sr 0 

Hex Coding: EF with sr = 1 
6F with sr = 0 

Execution Time: 84 to 94 clock cycles for A # 0 
14 clock cycles for A = 0 

Description: 
16-bit fixed-point two's complement integer operand Bat the 
NOS is divided by 16-bit fixed-point two's complement integer 
operand A at the TOS. The 16-bit integer quotient R replaces B 
and the stack is moved up so that R occupies the TOS. No 
remainder is generated. Operands A and B are lost. All other 
operands are unchanged. 
If A is zero. R will be set equal to B and the divide-by-zero error 
status will be reported. 
Status Affected: Sign. Zero. Error Field 

STACK CONTENTS 

BEFORE AFTER 

A TOS R 

B C 

C 0 

0 E 

E F 

F G 

G H 

H >< 
1--16--1 1--16--1 

.10-44 

SIN 
32-BIT 

FLOATING-POINT SINE 

7 6 5 432 0 

Binary Coding: I sr 0 0 0 0 0 0 

Hex Coding: 82 with sr = 1 
02 with sr = 0 

Execution Time: 3796 to 4808 clock cycles for IAI > 2-12 

radians 
30 clock cycles for IAI .. 2-12 radians 

Description: 
The 32-bit floating-point operand A at the TOS is replaced by 
R. the 32-bit floating-point sine of A. A is assumed to be in 
radians. Operands A. C and 0 are lost. Operand B is un
changed. 

The SIN function will accept any input data value that can be 
represented by the data format. All input values are range re
duced to fall within the interval -1T/2 to +1T/2 radians. 
Accuracy: SIN exhibits a maximum relative error of 5.0 x 

10-7 for input values in the range of -21T to +21T 
radians. 

Status Affected: Sign. Zero 

STACK CONTENTS 

BEFORE AFTER 

=~ 
A ~ 

B 

C 

0 

1-32--.. ~1 r-1·--32-1 



SMUL 
16-BIT FIXED-POINT 
MULTIPLY, LOWER 

7 S 5 432 

Binary Coding: I sr I 1 I 1 0 

Hex Coding: EE with sr = 1 
SE with sr = 0 

Execution Time: 84 to 94 clock cycles 
Description: 

o 
o 

16-bit fixed-point two's complement integer operand A at the TOS 
is multiplied by the 1S-bit fixed-point two's complement integer 
operand B at the NOS. The 1S-bit least significant half of the 
product R replaces B and the stack is moved up so that R 
occupies the TOS. The most significant half of the product is lost. 
Operands A and B are lost. All other operands are unchanged. 
The overflow status bit is set if the discarded upper half was 
non-zero. If either A or B is the most negative value that can be 
represented in the format, that value is returned as R and the 
overflow status is set. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A TOS R 

B C 

C 0 

0 E 

E F 

F G 

G H 

H >< 
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SMUU 
16-BIT FIXED-POINT 
MULTIPLY, UPPER 

7 6 543 

Binary Coding: I sr I 1 I 1 I 0 

Hex Coding: F6 with sr = 1 
76 with sr. = 0 

Execution Time: 80 to 98 clock cycles 
Description: 

Am9511 A 

2 o 
o 

1S-bit fixed-point two's complement integer operand A at the 
TOS is multiplied by the 16-bit fixed-point two's complement 
integer operand B at the NOS. The 1S-bit most significant half 
of the product R replaces B and the stack is moved up so that 
R occupies the TOS. The least significant half of the product 
is.lost. Operands A and B are lost. All other operands are un
changed. 
If either A or B is the most negative value that can be rep
resented in the format, that value is returned as R and the 
overflow status is set. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A TOS R 

B C 

C 0 

0 E 

E F 

F G 

G H 

H >< 
1---1S---i 1--1,6---i 



Am9SHA 

SQRT 
32-BIT FLOATING-POINT SQUARE ROOT 

7 6 5 4 3 2 o 
o 0 o o o Binary Coding: I sr 0 

L-~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~~ 

Hex Coding: 81 with sr = 1 
01 with sr = 0 

Execution Time: 782 to 870 clock cycles 
Description: 
32-bit floating-paint operand A at the TOS is replaced by R, the 
32-bit floating-paint square root of A. Operands A and 0 are lost. 
Operands Band C are not changed. 
SORT will accept any non-negative input data value that can be 
represented by the data format. If A is negative an error code·of 
0100 will be returned in the status register. 
Status Affected: Sign, Zero, Error Field 

BEFORE STACK CONTENTS AFTER 

A -TOS --- R 

B B 

C C -- ---- --o 
1-32--1 1-.--32-1 

SSUB 
16-BIT FIXED-POINT SUBTRACT 

7 6 5 4 3 2 

Binary Coding: I sr 0 0 

Hex Coding: ED with sr = 1 
60 with sr = 0 

Execution Time: 30 to 32 clock cycles 
Description: 

o 

16-bit fixed-point two's complement integer operand A at the 
TOS is subtracted from 16-bit fixed-point two's complement in
teger operand B at the NOS. The result R replaces B and the 
stack is moved up so that R occupies the TOS. Operand B is 
lost. All other operands are· unchanged. 
If the subtraction generates a borrow it is reported in the carry 
status bit. If A is the most negative value that can be rep
resented in the format the overflow status is set. If the result 
cannot be represented in the format range, the overflow 
status is set and the 16 least significant bits of the result are 
returned as R. 
Status Affected: Sign, Zero, Carry, Error Field 

BEFORE STACK CONTENTS AFTER 

A TOS R 

B C 

C 0 

0 E 

E F 

F G 

G H 

H A 
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TAN 
32-BIT FLOATING-POINT TANGENT 

7 6 5 4 3 2 o 
o o o o o Binary Coding: I sr 0 

L-~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~~ 

Hex Coding: 84 with sr = 1 
04 with sr = 0 

Execution Time: 4894 to 5886 clock cycles for IAI > 2,--12 
radians 
30 clock cycles for IAI .. 2-12 radians 

Description: 
The 32-bit floating-point operand A at the TOS is replaced by 
the 32-bit floating-point tangent of A. Operand A is assumed 
to be in radians. A, C and 0 are lost. B is unchanged. 
The TAN function will accept any input data value that can be 
represented in the data format. All input data values are 
range-reduced to fall within -11"/4 to +11"/4 radians. TAN is un
bounded for input values near odd multiples of 11"/2 and in 
such cases the overflow bit is set in the status register. For 
angles smaller than 2-12 radians, TAN. returns A as the tan
gent of A. 
Accuracy: TAN exhibits a maximum relative error of 5.0 x 

10-7 for input data values in the range of - 211" to 
+211" radians except for data values near odd mul
tiples of 11"/2. 

Status Affected: Sign, Zero, Error Field (overflow) 

BEFORE STACK CONTENTS AFTER 

A -JOS--- R 
r-----~ r-----~ 

B B 

C 

o 
1-32-1 \-001 .. 0---- 32-----1 

XCHD 
EXCHANGE 32-BIT STACK OPERANDS 

7 6 5 4 3 2 o 
Binary Coding: LI _sr--L_O __ L---' __ --'-__ --'-_O--' __ O--'-__ ---' 

Hex Coding: B9 with sr = 1 
39 with sr = 0 

Execution Time: 26 clock cycles 
Description: 
32-bit operand A at the TOS and 32-bit operand B at the NOS 
arll exchanged. After execution, B is at the TOS and A is at 
the NOS. All operands are unchanged. XCHO and XCHF 
execute the same operation. 
Status Affected: Sign, Zero 

BEFORE STACK CONTENTS AFTER 

A -TOS --- B 

B A 

C C 

o 0 

1-32-----1 
c-----. 
1-32--1 



XCHF 
EXCHANGE 32-BIT 
STACK OPERANDS 

7 6 5 4 3 2 0 

Binary Coding: I sr 0 0 0 0 1" 

Hex Coding: 99 with sr = 1 
19 with sr = 0 

Execution Time: 26 clock cycles 
Description: 
32-bit operand A at the TOS and 32-bit operand B at the NOS 
are exchanged. After execution, B is at the TOS and A is at 
the NOS. All operands are unchanged. XCHD and XCHF 
execute the same operation. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A - TOS - B 

8 A 

C C 

0 0 

1-32----1 1-001 00----32----1 
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XCHS 
EXCHANGE 16-BIT 
STACK OPERANDS 

7 6 543 

Am9511 A 

2 o 
o 0 Binary Coding: I sr 

~~ __ -L __ ~ __ ~ __ L-~~~ __ ~ 

Hex Coding: F9 with sr = 1 
79 with sr = 0 

Execution Time: 18 clock cycles 
Description: 
16-bit operand A at the TOS and 16-bit operand B at the NOS 
are exchanged. After execution, B is at the TOS and A is at 
the NOS. All operand values are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A TOS B 

B A 

C C 

0 0 

E E 

F F 

G G 

H H 

m 



Am9511A 

MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65'e to +150"e 

Ambient Temperature Under Bias -55'e to +125'e 

VDD with Respect to VSS -0.5V to +15.0V 

vee with Respect to VSS -0.5V to + 7.0V 

All Signal Voltages with Respect to VSS -0.5V to +7.0V 

Power Dissipation (Package Limitation) 2.0W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 
Part Number Ambient Temperature vee VDD 

Am9511ADC +5.0V ±5% +12V ±5% 

Am9511ADM -55'C"" TA "" +125'C +5.0V ±10% +12V ±10% 

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 

Parameters Description Test Conditions Min. Typ. Max. Units 

VOH Output HIGH Voltage 10H = -2oo/LA 3.7 Volts 

VOL Output LOW Voltage 10L = 3.2mA 0.4 Volts 

VIH Input HIGH Voltage 2.0 vec Volts 

VIL Input LOW Voltage -0.5 0.8 Volts 

IIX Input Load Current VSS "" VI "" VCC ±10 /LA 

10Z Data Bus Leakage 
VO = 0.4V 10 

/LA 
VO = VCC 10 

TA = +25°C 50 90 

ICC VCC Supply Current TA = O°C 95 mA 

TA = -55°C 100 

TA = +25'C 50 90 

IDD VDD Supply Current TA = O'C 95 mA 

TA = -55'C 100 

CO Output Capacitance 8 10 pF 

CI Input Capacitance tc = 1.0MHz, Inputs = OV 5 8 pF 

CIO I/O Capacitance 10 12 pF 
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Am9511A 

SWITCHING CHARACTERISTICS over operating range (Ncites 2, 3) 

Parameters Description 

TAPW EACK LOW Pulse Width 

TCDR C/O to RD LOW Set up Time 

TCDW C/O to WR LOW Set up Time 

TCPH Clock Pulse HIGH Width 

TCPL Clock Pulse LOW Width 

TCSR CS LOW to RD LOW Set up Time 

TCSW CS LOW to WR LOW Set up Time 

TCY Clock Period 

TOW Data Bus Stable to WR HIGH Set up Time 

TEAE EACK LOW to END HIGH Delay 

TEPW END LOW Pulse Width (Note 4) 

TOP Data Bus Output Valid to PAUSE HIGH Delay 

TPPWR 
-- I Data 
PAUSE LOW Pulse Width Read (Note 5) I 

Status 

TPPWW PAUSE LOW Pulse Width Writa (Note 8) 

TPR PAUSE HIGH to RD HIGH Hold nme 

TPW PAUSE HIGH to WR HIGH Hold Time 

TRCD RD HIGH to C/O Hold Time 

TRCS RD HIGH to CS HIGH Hold Time 

TRO RD LOW to Data Bus ON Delay 

TRP RD LOW to PAUSE LOW Delay (Note 6) 

TRZ RD HIGH to Data Bus OFF Delay 

TSAPW SVACK LOW Pulse Width 

TSAR SVACK LOW to SVREQ LOW Delay 

TWCD WR HIGH to C/O Hold Time 

TWCS WR HIGH to CS HIGH Hold Time 

TWO WR HIGH to Data Bus Hold Time 

TWI 
I Command 

Write Inactive Time (Note 8) I 
Data 

TWP WR LOW to PAUSE LOW Delay (Note. 6) 

NOTES 

1. Typical values are for T A = 25°C, nominal supply voltages and 
nominal processing parameters. 

2. Switching parameters are listed in alphabetical order. 
3. Test conditions assume transition times of 20ns or less, output 

loading of one TIL gate plus 1 OOpF and timing reference levels 
of 0.8V and 2.0V. 

4. END low pulse width is specified for EACK tied to VSS. Other
wise TEAE applies. 

5. Minimum values shown assume no previously entered com
mand is being executed for the data access. If a previously 
entered command is being executed, PAUSE LOW Pulse Width 

Am9S11A Am9511A-1 

Min. Max. Min. Max. Units 

100 75 ns 

0 0 ns 

0 0 ns 

200 140 ns 

240 160 ns 

0 0 ns 

0 0 ns 

480 5000 320 3300 ns 

150 100 (Note 9) ns 

200 175 ns 

400 300 ns 

0 0 ns 

3.5TCY+50 5.5TCY+3oo 3.5TCY+50 5.5TCY+2oo 
ns 

1.5TCY+50 3.5TCY+3oo 1.5TCY+50 3.5TCY+200 

50 50 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

50 50 ns 

150 100 (Note 9) ns 

50 200 50 150 ns 

100 75 ns 

300 200 ns 

60 30 ns 

60 30 ns 

20 20 ns 

3TCY 3TCY 
ns 

4TCY 4TCY 

150 100 (Note 9) ns 

is the iime to complete execution plus the time shown. Status 
may be read at any time without exceeding the time shown. 

6. PAUSE is pulled low for both command and data operations. 
7. TEX is the execution time of the current command (see the 

Command Execution Times table). 
8. PAUSE low pulse width is less than 50ns when writing into the 

data port or the control port as long as the duty cycle require
ment (TWI) is observed and no previous command is being 
executed. TWI may be safely violated as long as the extended m 
TPPWW that results is observed. If a previously entered com-
mand is being executed, PAUSE LOW Pulse Width is the time I 
to complete execution plus the time shown. 

9. 150ns for Am9511A-1DM. 
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SWITCHING WAVEFORMS 

READ OPERATIONS 

CLOCK 

\~----------~~~ 
i==TCSR-j F==+-TRCS 

OOMM~:~a~ac~~xxxx~~ ____ ~ ____________________________________ ~~~~ac~u 
!--TCDR::! i:-:±TRCD 

SELECT CRW~ 

TRO 

~f--~TRP-1------TPPWR=~--TPR--'~ 
~ rTRZIMAX,) 

--J ~TRZIMIN,) rTOP 

DATA __ -4~~~~ BUS OUyPUT VALID 

WRITE OPERATIONS 

TCSW-j 

TWCD 

~--;-~~::::TP-P-WW-=--=--=---~----~ I-----:Jr-
--------3 

"------------'l~Dw_1 ~TWD 
INPUT STABLE I Ea< 

TEAE 

MOS-048 

I---IN
T
';:

7I----I-\ TEftPW 

E~K-------------------------_-_---_-~I=~~-_---_-~ :1--_-~= 
I-- TEX I, 

~REQ ________________________________________________________ 'N_~ __ 7I_~ __ ~~~~--------------~~~~ ______ _ 

TSAR~TSAPW--l 

~--------------------~x T 
MOS-049 
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APPLICATION INFORMATION 

The diagram in Figure 2 shows the interface connections for 
the Am9511A APU with operand transfers handled by an 
Am9517 DMA controller, and CPU coordination handled by an 
Am9519 Interrupt Controller. The APU interrupts the CPU to 
indicate that a command has been completed. When the per
formance enhancements provided by the DMA and Interrupt 

operations are not required, the APU interface can be 
simplified as shown in Figure 1. The Am9511 A APU is de
signed with a general purpose a-bit data bus and interface 
control so that it can be conveniently used with any general 
a-bit processor. 

"-

I I ADDRESS BUS 

" 

CPU iOR RO C/O cs 
lOW iVA Am9511A 

ARITHMETIC 
eLK eLK PROCESSOR 

UNIT 
ROY PAUSE 

D f "-
I SYSTEM DATA BUS 

V 

Figure 1. Am9S11A Minimum Configuration Example. 

PHYSICAL DIMENSIONS 
Dual·ln·Line 

24-Pin Side-Brazed 

~~~. r----,.230 MAX.~ 

0"21MIN~-t~g 
.-J L .090 ~IL .016 
-~I I~ .110 1- .022 

A .000 

~590-=r-m5 
.630 
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Am9S12 
Floating-Point Processor 

DISTINCTIVE CHARACTERISTICS 

• Single (32-bit) and double (64-bit) precision capability 
• Add, subtract, multiply and divide functions 
• Compatible with proposed IEEE format 
• Easy interfacing to microprocessors 
• 8-bit data bus 
• Standard 24-pin package 
• 12V and 5V power supplies 
• Stack oriented operand storage 
• Direct memory access or programmed I/O Data Transfers 
• End of execution signal . 
• Error interrupt 
• All inputs and outputs TTL level compatible 
• Advanced N-channel silicon gate MOS technology 
• 100% MIL-STD-883 reliability assurance testing 

GENERAL DESCRIPTION 

The Am9512 is a high performance floating-point processor unit 
(FPU). It provides single precision (32-bit) and double precision 
(64-bit) add, subtract, multiply and divide operations. It can be 
easily. interfaced to enhance the computational capabilities of 
the host microprocessor. 

The operand, result, status and command information transfers 
take place over an 8-bit bidirectional data bus. Oper;l.nds are 
pushed onto an intemal stack by the host processor and a com
mand is issued to perform an operation on the data stack. The 
results of this operation' are available to the host processor by 
popping the stack. 

Information transfers between the Am9512 and the host proces
sor can be handled by using programmed I/O or direct memory 
access techniques. After completing an operation, the Am9512 
activates an "end of execution" signal that can be used to inter
rupt the host processor. 

BLOCK DIAGRAM 

Package 
Type 

Hermetic DIP 

TWO PORT DATA STACK 
8X 17 

CONTROL ROM 
768 X 16 

ORDERING INFORMATION 

Ambient Maximum Clock Frequency 

Temperature 2MHz 3MHz 

O°C .. TA .. 70°C AM9512DC AM9512-1DC 

-55°C .. TA .. +125°C AM9512DM AM9512-1DM 
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CONNECTION DIAGRAM 
Top View 

vss 2A END 

vec 23 CLK 

EACK 22 RESET 

SVACK 21 ciii 

SVREO 20 AD 

ERR ,. WR 
DONaT Am9S12 

USE 18 cs 
DBO 17 JiAiiSE 

DBl 18 VDD 

DB2 ,. 15 DB7 

DB3 11 ,. DBS 

DB4 12 13 DB5 

Note: pin 1 is mBrked for orientation. 

INTERFACE SIGNAL DESCRIPTION 

VCC: +5V Power Supply 

VDD: + 12V Power Supply 

VSS: Ground 

ClK (Clock, Input) 

1oIOS-204 

An external timing source connected to the ClK input provides 
the necessary clocking. 

RESET (Reset, Input) 

A HIGH on this input causes initialization. Reset terminates any 
operation in progress, and clears the status register to zero. The 
internal stack pointer is initialized and the contents of the stack 
may be affected. After a reset the END output, the ERR output 
and the SVREQ output will be lOW. For proper initialization, 
RESET must be HIGH for at least five CLK periods following 
stable power supply voltages and stable clock. 

cio (Command/DataSelect, Input) 

The C/O inputtogetherwith the RD and WR inputs determines the 
type of. transfer to be performed on the data bus as follows: 

C/O 

L 

L 

H 

H 

X 

L = LOW 
H = HIGH 

RD 

H 

L 

H 

L 

L 

X = DONTCARE 

WR Function 

L Push data byte into the stack 

H Pop data byte from the stack 

L Enter command 

H Read Status 

L Undefined 

END (End of Execution, Output) 

A HIGH on this output indicates that execution of the current 
command is complete. This output will be cleared LOW by ac
tivating the EACK input lOW or performing any read or write 
operation or device initialization using the RESET. If EACK is tied 
LOW, the END output will be a pulse (see EACK description). 

Reading the status register while a command execution is in 
progress is allowed. However any read or write operation clears 

Am9512 

the flip-flop that generates the END output. Thus such continu
ous reading could conflict with internal logic setting of the END 
flip-flop at the end of command execution. 

EACK (End Acknowledge, Input) 

This input when LOW makes the END output go LOW. As men
tioned earlier HIGH on the END output signals completion of a 
command execution. The END signal is derived from an internal 
flip-flop which is clocked at the completion of a command. This 
flip-flop is clocked to the reset state when EACK is LOW. Con
sequently, if EACK is tied LOW, the END output will be a pulse 
that is approximately one CLK period wide. 

SVREQ (Service Request, Output) 

A HIGH on this output indicates completion of a command. In 
this sense this output is the same as the END output. However, 
the SVREQ output will go HIGH at the completion of a com
mand. This bit must be 1 for SVREQ to go HIGH. The SVREQ 
can be cleared (i.e., go LOW) by activating the SVACK input 
LOW or initializing the device using the RESET. Also, the 
SVREQ will be automatically cleared after completion of any 
command that has the service request bit as O. 

SVACK (Service Acknowledge, Input) 

A LOW on this input clears SVREQ. If the SVACK input is per
manently tied LOW, it will conflict with the internal setting of the 
SVREQ output. Thus the SVREQ indication cannot be relied 
upon if the SVACK is tied LOW. 

DBD-DB7 (Data Bus, Input/Output) 

These eight bidirectional lines are us.ed to transfer command, 
status and operand information between the device and the host 
processor. DBO is the least Significant and DB? is the most 
significant bit position. HIGH on a data bus line corresponds to 1 
and LOW corresponds to O. 

When pushing operands on the stack using the data bus, the least 
significant byte must be pushed first and most significant byte 
last. When popping the stack to read the result of an operation, 
the most significant byte will be available on the data bus first and 
the least significant byte will be the last. Moreover, for pushing 
operands and popping results; the number of transactions must 
be equal to the proper number of bytes appropriate for the chosen 
format. Otherwise, the internal byte pointer will not be aligned 
properly. The Am9512 single precision format requires 4 bytes 
and double preciSion format requites 8 bytes. 

ERR (Error, Output) 

This output goes HIGH to indicate that the current command m 
execution resulted in an error condition. The error conditions I 
are: attempt to divide by zero, exponent overflow and exponent 
underflow. The ERR output is c1eared LOW on read status reg-
ister operation or upon RESET. 

The ERR output is derived from the error bits in the status 
register. These error bits will be updated internally at an appro
priate time during a command execution. Thus ERR output going 
HIGH may not correspond with the completion of a command. 
Reading of the status register can be performed while a com
mand execution is in progress. However it should be noted that 
reading the status register clears the ERR output. Thus reading 
the status register while a command execution in progress may 
result in an internal conflict with the ERR output. 
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CS (Chip Sele.ct, Input) 

This input must be LOW to accomplish any read or write operation 
to the Am9512. 

To perform a write operation, appropriate data is presented on 
DBO through DB7 lines, appropriate logiC level on the C/O input 
and the CS input is ~de LOW. Whenever WR and RD inputs 
are both HIGH and CS is LOW, PAUSE goes LOW. However 
actual writing into the Am9512 cannot start until WR is made 
LOW. After initiating the write operation by the HIGH to LOW 
transition on the WR input, the PAUSE output will go HIGH 
indicating the write operation has been acknowledged. The WR 
input can go HIGH after PAUSE goes HIGH. The data lines, cio 
input and the CS input can change when appropriate hold time 
requirements are satisfied. See write timing diagram for details. 

To perform a read operation an appropriate logic level is estab
lished on the C/O input and CS is made LOW. The PAUSE output 
goes LOW because WR and RD inputs are HIGH. The read 
operation does not start until the RD input goes LOW. PAUSE will 
go HIGH indicating that read operation is complete and the re
quired information is available on the DBO through DB7lines. This 
information will remain on the data lines as long as AD is LOW. 
The RD input can return HIGH anytime after PAUSE goes 
HIGH. The CS input and C/O input can change anytime after RD 
returns HIGH. See read timing diagram for details. If ihe CS is 
tied LOW permanently, PAUSE will remain LOW until the next 
Am9512 read or write access. 

RD (Read, Input) 

A LOW on this input is used to read information from an internal 
location and gate that information onto the data bus. The CS input 
must be LOW to accomplish the read operation. The C/O input 
determines what intemallocation is of interest. See C/O, CS input 
descriptions and read timing diagram for details. If the END 

FUNCTIONAL DESCRIPTION 

Major functional units of the Am9512 are shown in the block 
diagram. The Am9512 employs a microprogram controlled stack 
oriented architecture with 17-bit wide data paths. 

The Arithmetic Unit receives one of its operands from the 
Operand Stack. This stack is an eight word by 17-bit two port 
memory with last in - first out (UFO) attributes. The second 
operand to the Arithmetic Unit is supplied by the internal 17-bit 
bus. In addition to supplying the second operand, this bidirec
tional bus also carries the results from the output of the Arithmetic 
Unit when required. Writing into the Operand Stack takes place 
from this internal 11-bit bus when required. Also connected to this 
bus are the Constant ROM and Working Registers. The ROM 
provides the required constants to perform the mathematical 
operations while the Working Registers provide storage for the 
intermediate values during command execution. 

Communication between the external world and the Am9512 
takes place on eight bidirectional input/output lines, DBO through 

COMMAND FORMAT 

The Operation" of the Am9512 is controlled from the host proces
sor by issuing instructions called commands. The command for
mat is shown below: 

OPCODE 

I I 

The command consists of S bits; the least significant 7 bits specify 
the operation to be performed as detailed in the accompanying 

output was HIGH, pedorming any read operation will make the 
END output go LOW after the HIGH to LOW transition of the RD 
input (assumingCS is LOW). If the ERR output was HIGH per
forming a status register read operation will make the ERR out
put LOW. This will happen after the HIGH to LOW transition of 
the RD input (assuming CS is LOW). 

WR (Write, Input) 

A LOW on this input is used to transfer information from the data 
bus into an internal location. The CS must be LOW to accomplish 
the write operation. The C/O determines which internal location is 
to be written. See C/O, CS input deSCriptions and write timing 
diagram for details. 

If the END output was HIGH, performing any write operation will 
make the END output go LOW after the LOW to HIGH transition of 
the WR input (assuming CS is LOW). 

PAUSE (Pause, Output) 

This output is a handshake signal used while performing read or 
write transactions with the Am9512. If the WR and RD inputs are 
both HIGH, the PAUSE output goes LOW with the CS input in 
anticipation of a transaction. If WR goes LOW to initiate a write 
transaction with proper signals established on the DBO-DB7, C/O 
inputs, the PAUSE will retum HIGH indicating that the write 
operation has been accomplished. The WR can be made HIGH 
after this event. On the other hand, if a read operation is desired, 
the RD input is made LOW after activating CS LOW and estab
lishing proper C/O input. (The PAUSE will go LOW in response.to 
CS going LOW.) The PAUSE will return HIGH indicating comple
tion of read. The RD can retum HIGH after this event. It should be 
noted that a read or write operation can be initiated without any 
regard to whether a command execution is in progress or not. 
Proper device operation is assured by obeying the PAUSE output 
indication as described. 

DB7 (Data Bus). These sigQals are gated to the internalS-bit bus 
through appropriate interface and buffer circuitry. Multiplexing 
facilities exist for bidirectional communication between the inter
nal eight and 17-bit buses. The Status Register and Command 
Register are also located on the S-bit bus. 

The Am9512 operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter supplies the 
microprogram addresses and can be partially loaded from the 
Command Register. Associated with the Program Counter is the 
Subroutine Stack where return addresses are held during sub
routine calls in the microprogram. The Microinstruction Register 
holds the current microinstruction being executed. The register 
facilitates pipelined microprogram execution. The Instruction De
code logic generates various internal control signals needed for 
the Am9512 operation. 

The Interface Control logic receives several external inputs and 
provides handshake related outputs to facilitate interfacing the 
Am9512 to microprocessors. 

table. The most significant bit is the Service Request Enable bit. 
This bit must bll a 1 if SVREQ is to go high at end of executing a 
command. 

The Am9512 commands fall into three categories: Single preci
sion arithmetic, double precision arithmetic and data manipula
tion. There are four arithmetic operations that can be performed 
with single precision (32-bit), or doubieprecision (64-bit) 
floating-point numbers: add, subtract, multiply arid divide. These 
operations require two operands. The Am9512 assumes that 
these operands ar~ located itt the intemalstaek as Top Of. Stack 
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(TOS) and Next on Stack (NOS). The result will always be re- operand located in TOS, exchanging single precisiOn operands 
turned to the previous NOS which becomes the new TOS. Re- located at TOS and NOS, as well as copying and popping single 
suits from an operation are of the same precision and format as or double precision operands. See also the'sections on status 
the operands. The results will be rounded to preserve the accu- register and operand fOrmats. 
racy. The actual data formats and rounding procedures are de-
scribed in a later section. In addition to the arithmetic operations, The Execution times of the Am9512 commands are all data 
the Am9512 implements eight data manipulating operations. dependent. Table 2 shows one example of each command exe-
These include changing the sign of a double or single precision cution time: 

Table 1. Command Decoding Table. 

Command Bits 

7 6 5 4 3 2 1 0 Mnemonic Description 

x 0 0 0 0 0 0 1 SADD Add TOS to NOS Single Precision and result to NOS. Pop stack. 

X 0 0 0 0 0 1 0 SSUB Subtract TOS from NOS Single Precision and result to NOS. Pop stack. 

X ,0 0 0 0 0 1 1 SMUL MuHiply NOS by TOS Single Precision and, result 10 NOS. Pop stack. 

X 0 0 0 0 1 0 0 SDIV Divide NOS by TOS Single Precision and result to NOS. Pop slack. 

X 0 0 0 0 1 0 1 CHSS Change sign of TOS Single Precision operand. 

X 0 0 0 0 1 1 0 PTOS Push Single Precision operand on TOS to NOS. 

X 0 0 0 0 1 1 1 POPS Pop Single Precision operand from TOS. NOS becomes TOS. 

X 0 0 0 1 0 0 0 XCHS Exchange TOS wilh NOS Single Precision. 

X 0 1 0 1 1 0 1 CHSD Change sign of TOS Double Precision operand. 

X 0 1 0 1 1 1 0 ProD Push Double Precision operand on TOS 10 NOS. 

X 0 1 0 1 1 1 1 POPD Pop Double Precision operand from TOS. NOS becomes TOS. 

X 0 0 0 0 0 0 0 CLR CLR slalUs. 

X 0 1 0 1 0 0 1 DADO Add TOS to NOS Double Precision and result to NOS. Pop stack. 

X 0 1 0 1 0 1 d DSUB Subtract TOS from NOS Double Precision and result to NOS. Pop slack. 

X 0 1 0 1 0 1 1 DMUL Multiply NOS by TOS Double Precision and resuH to NOS. Pop stack. 

X 0 1 0 1 1 0 0 DDIV Divide NOS by TOS Double Precision and result to NOS. Pop Stack. 

Notes: X = Don't Care Operation for bit combinations not listed above is undefined. 

Table 2. Am9S12 Execution Time in Cycles. 

Single Precision Double Precision 

Min Typ Max Min Typ Max 

Add 58 220 512 Add 578 1200 3100 

Subtract 56 220 512 Subtract 578 1200 3100 

MuHiply 192 220 254 MuHiply 1720 lno 1860 

Divide 228 240 264 Divide 4560 4920 5120 

Note: Typical for add and subtract assumes the operands are within six decimal orders of magnttude. Max 'is derived from the maximum 
execution time of 1000 executions with random 32-btt or 64-bit pattems. 

Table 3. Some Execution Examples. 

Command TOS NOS Result Clock periods 

SADD 3F8000oo 3F800000 40000000 58 
SSUB 3F800000 3F800000 00000000 56 
SMUL 40400000 3FCOOOoo 40900000 198 
SDIV 3F800oo0 40000000 3FOOOOOO 228 
CHSS 3F800000 - BF800000 10 
PTOS 3F800000 - - 16 
POPS 3F800000 - - 14 
XCHS 3F800000 4000000 - 26 
CHSD 3FFOOOOOOOOOOOOO - BFFOOooOOOOOOOOO 24 
PTOD 3FFOOOOooOOQoooo - - 40 
POPD 3FFOOOOOoooooOOO - - 26 
CLR 3FFOOOOooOOOOOoo - - 4 
DADO 3FFOOOOOAOOOOOOO 8000000000000000 3FFOOOooAOOOOOOO 578 
DSUB 3FFOOOOOAOOOOOOO 8000000000000000 3FFOOOOOAOOOOooO 578 
DMUL BFF8000000000000 3FF8000000000000 c002oooo00000000 1748 
001 V BFF8000000000000 3FF8000000000000 BFFOOOOOOOOOOooo 4580 

Note: TOS, NOS and Result are in hexadecimal; Clock period is In decimal. 
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COMMAND INITIATION 

After properly positioning the required operands in the stack, a 
command may be issued. The procedure for initiating a command 
execution is as follows: 

1. Establish appropriate command on the DBO-DB7 lines. 
2. Establish HIGH on the C/O input. 
3. Establish LOW on the CS input. Whenever WR and RD inputs 

are HIGH the PAUSE output follows the CS input. Hence 
PAUSE will become LOW. 

4. Establish LOW on the WR inpl,lt after an appropriate set up 
time (see timing diagrams). 

5. Sometime after the HIGH to LOW level transition of WR input, 
the PAUSE output will become HIGH to acknowledge the write 
operation. The WR input can return to HIGH anytime after 
PAUSE goes HIGH. The DBO-DB7, C/O arid CS inputs are 
allowed to change after the hold time requirements are satis
fied (see timing diagram). 

An attempt to issue a new command while the current command 
execution is in progress is allowed. Under these circumstances 
the PAUSE output will not go HIGH until the current command 
execution is completed. 

OPERAND ENTRY 

The Am9512 commands operate on the operands located at the 
TOS and NOS and results are returned to the stack at NOS and 
then popped to TOS. The operands required for the Am9512 are 
one of two formats - single precision floating-point (4 bytes) or 
double precision floating-point (8 bytes). The result of an opera
tion has the same format as the operands. In other words, op
erations using single precision quantities always result in a 
Single precision result while operations involving double preci
sion quantities will result in double precision result. 

Operands are always entered into the stack least significant byte 
first and most significant byte last. The following procedure must 
be followed to enter operands into the stack: 

1. The lower significant operand byte is established on the 
DBO-DB7 lines. 

2. A LOW is established on the C/O input to specify that data is to 
be entered into the stack. 

3. The CS input is made LOW. Whenever the WR arid Ri5 Inputs 
are HIGH, the PAUSE output will follow the CS input. Thus 
PAUSE output will become LOW. 

4. After appropriate set up time (see timing diagrams), the WR 
input is made LOW. 

5. Sometime after this event, PAUSE will retum HIGH to indi
cate that the write operation has been acknow~ed. 

6. Anytime after the PAUSE output goes HIGH the WR input can 
be made HIGH. The DBO-DB7, C/O and CS inputs can change 
after appropriate hold time requirements are satisfied (see 
timing diagrams). 

The above procedure must be repeated until all bytes of the 
operand are pushed into the stack. It should be noted that for 
Single precision operands 4 bytes should be pushed and 8 bytes 
must be pushed for double precision. Not pushing all the bytes of 
a quantity will result in byte pointer misalignment. 

The Am9512 stack can accommodate 4 single precision quan
tities or 2 double precision quantities. Pushing more quantities 
than the capacity of the stack will result in loss of data which is 
usual with any LIFO stack. 

REMOVING THE RESULTS 

Result from an operation will be available at the TOS. Results can 
be transferred from the stack to the data bus by reading the stack. 

When the stack is popped for results, the most significant byte is 
available first and the least significant byte last. A result is always 
of the same precision as the operands that produced it. Thus 
when the result is taken from the stack, the total number of bytes 
popped out should be appropriate with the precision - single 
precision results are 4 bytes and double precision results are 8 
bytes. The following prodedure must be used for reading the 
result from the stack: 

1. A LOW is established on the C/O input. 
2. The CS input is made LOW. When WR and RD inputs are both 

HIGH, the PAUSE output follows the CS input, thus PAUSE 
will be LOW. 

3. After appropriate set up time (see timing diagrams), the RD 
input is made LOW. 

4. Sometime after this, PAUSE will return HIGH indicating that 
the data is available on the DBO-DB7 lines. This data will 
remain on the DBO-DB7Iines as long as the RD input remains 
LOW. . 

5. Anytime after PAUSE goes HIGH, the RD input can return 
HIGH to complete transaction. 

6. The CS and C/O inputs can change after appropriate hold time 
requirements are satisfied (see timing diagram). 

7. Repeat this procedure until all bytes appropriate for the preci-
sion of the result are popped out. 

Reading olthe stack does not alter its data; it only adjusts the byte 
pOinter. If more data is popped than the capacity of the stack, the 
internal byte pOinter will wrap around and older data will be read 
again, consistent with the LIFO stack. 

READING STATUS REGISTER 

The Am9512 status register can be read without any regard to 
whether a command is in progress or not. The only implication 
that has to be considered is the effect this might have on the END 
and ERR outputs discussed in the signal descriptions. 

The following procedure must be followed to accomplish status 
register reading. 

1. Establish HIGH on the C/O input. 
2. Establish LOW on the CS input. Whenever WR and Rr> in

puts are HIGH, PAUSE will follow the CS input. Thus, 
PAUSE will go LOW. 

3. After appropriate set up time (see timing diagram) RD is 
made LOW. 

4. Sometime after the HIGH to LOW transition of RD, PAUSE 
will become HIGH indicating that status register contents are 
available on the DBO-DB7 lines. These lines will contain this 
information as long as RD is LOW. 

5. The RD input can be retumed HIGH anytime after PAUSE 
goes HIGH. 

6. The C/O input and CS input can change after satisfying ap
propriate hold time requirements (see timing diagram). 

DATA FORMATS 

The Am9512 handles floating-point quantities in two different 
formats - single precision and double precision. The single pre
cision quantities are 32-bits long as shown below. 

M 

31 30 

Bit 31: 
S = Sign of the mantissa. 1 represents negative and a repre

sents positive. 
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Bits 23-30 
E = These S-bits represent a biased exponent. The bias is 

27 -1 = 127 

Bits 0-22 
M = 23-bit mantissa. Together with the sign bit, the mantissa 

represents a signed fraction in sign-magitude notation. 
There is an implied 1 beyond th.e most significant bit (bit 22) 
of the mantissa. In other words, the mantissa is assumed to 
be a 24-bit normalized quantity and the most significant bit 
which will always be 1 due to normalization is implied. The 
Am9512 restores this implied bit internally before performing 
arithmetic; normalizes the result and strips the implied bit 
before returning the results to the external data bus. The 
binary point is between the implied bit and bit 22 of the 
mantissa. 

The quantity N represented by the above notation is 

N = (_1)5 

r----Bias 

J-. r---Binary Point 
2E-(2L 1) (1~M) 

Provided E '" 0 or all 1 '5. 

A double precision quantity consists of the mantissa sign bit(s), 
an 11 bit biased exponent (E), and a 52-bit mantissa (M). The bias 
for double precision quantities is 210 - 1. The double precision 
format is illustrated below. 

M 

63 62 52 51 

Bit 63: 
S = Sign of the mantissa. 1 represents negative and 0 repre

sents positive. 

Bits 52-62 
E = These 11 bits represent a biased exponent. The bias is 

210 - 1 = 1023. 

Bit 0-51 
M = 52-bit mantissa. Together with the sign bit, the mantissa 

represents a signed fraction in sign-magnitude notation. 
There is an implied 1 beyond the most significant bit (bit 51 ) 
of the mantissa. In other words, the mantissa is assumed to 
a 53-bit normalized quantity and the most significant bit, 
which will always be a 1 due to normalization, is implied. The 
Am9512 restores this implied bit internally before perform
ing arithmetic; normalizes the result and strips the implied bit 
before returning the result to the external data bus. The 
binary point is between the implied bit and bit 51 of the 
mantissa. 

The quantity N represented by the above notation is 

jr---Bias 

-- .-Binary pOint 
N = (_1)5 2E-(210-1) (1!M) / 

Provided E ,;, 0 or aIl1's. 
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STATUS REGISTER 

The Am9512 contains an S-bit status register with the following 
format. 

Bit 0 and bit 4 are reserved. Occurrence of exponent oerflow (V), 
exponent underflow (U) and divide exception (D) are indicated 
by bits 1 , 2 and 3 respectively. An attempt to divide by zero is the 
only divide exception. Bits 5 and 6 represent a zero result and 
the sign of a result respectively. Bit 7 (Busy) of the status regis
ter indicates if the Am9512 is currently busy executing a com
mand. All the bits are initialized to zero upon reset. Also, 
executing a CLR (Clear Status) command will result in all zero 
status register bits. A zero in Bit 7 indicates that the Am9512 is 
not busy and a new command may be initiated. As soon as a 
new command is issued, Bit 7 becomes 1 to indicate the device 
is busy and remains 1 until the command execution is complete, 
at which time it will become O. As soon as a new command is 
issued, status register bits 0, 1, 2, 3, 4, 5 and 6 are cleared to 
zero. The status bits will be set as required during the command 
execution. Hence, as long as bit 7 is 1, the remainder of the 
status register bit indications should not be relied upon un
less the ERR occurs. The following is a detailed status bit 
description. 

Bit 0 Reserved 
Bit 1 Exponent overflow (V): When 1, this bit indicates that 

exponent overflow has occurred. Cleared to zero 
otherwise. 

Bit 2 Exponent Underflow (U): When 1, this bit indicates that 
exponent underflow has occurred. Cleared to zero 
otherwise. 

Bit 3 Divide Exception (D): When 1, this bit indicates that an 
attempt to divide by zero is made. Cleared to zero 
otherwise. 

Bit 4 Reserved 
Bit 5 Zero (Z): When 1, this bit indicates thatthe result returned 

to TOS after a command is all zeros. Cleared to zero 
otherwise. 

Bit 6 Sign (S): When 1, this bit indicates that the result returned 
to TOS is negative. Cleared to zero otherwise. 

Bit 7 Busy: When 1, this bit indicates the Am9512 is in the 
process of executing a command. It will become zero after 
the command execution is complete. 

All other status register bits are valid when the Busy bit is zero. 

ALGORITHMS OF FLOATING-POINT ARITHMETIC 

1. Floating Point to Decimal Conversion 
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As an introduction to floating-point arithmetic, a brief descrip
tion of the Decimal equivalent of the Am9512 floating-point 
format should help the reader to understand and verify the 
validity of the arithmetic operations. The Am9512 single preCi
sion format is used for the following discussions. With a minor 
modification of the field lengths, the discussion would also 
apply to the double precision format. 

There are three parts in a floating point number: 
a. The sign - the sign applies to the sign of the number. Zero 

means the number is positive or zero. One means the 
number is negative. 
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b. The exponent - the exponent represents the magnitude of 
the number. The Am9512 single precision format has an 
excess 12710 notation which means the code representa
tion is 12710 higher than the actual value. The following are 
a few examples of actual versus coded exponent. 

Actual Coded 

+12710 +25410 
o 12710 

-12610 +1 10 

c. The mantissa - the mantissa is a 23-bit value with the 
binary point to the left of the most significant bit. There is a 
hidden 1 to the left of the binary point so the mantissa is 
always less than 2 and greater than or equal to 1. 

To find the Decimal equivalent ofthe floating point number, 
the mantissa is multiplied by 2 to the power of the actual 
exponent. The number is negated if the sign bit = 1. The 
fonowing are two examples of conversion: 

Example 1 

Floating Point No. ~ 0 tOO 0 0 0 I I I I 000000000000000000000 B 

Sign ~ Exponent Mantissa 

CodedExponent~ I 000001 I B 
Actual Exponent ~ I 00 0 0 0 I I B - 0 I 1 1 1 I lIB ~ 0 0 0 0 0 I 00 B ~ 4,. 
Mantissa~ 1.1 I OOOOOOOOOOOOOOOOOOOOOB 

~ 1 + 1/2 + 1/4 ~ 1.75,. 
Decimal No. ~ 2" x 1.75 ~ 16 x 1.75 ~ 28,. 

Example 2 

Floating Point No. ~ 1 0 I 1 I I 01 00 1 I 00000000000000000000 B 

Sign J Exponent Mantissa 

Cod.Exponent~01 I ,,010B 
Actual Exponent ~ 0 I 1 I 1 01 0 B - 0 1 1 I I 1 I I B ~ I 1 1 1 1 01 1 B ~ -5,. 
Mantissa ~ 1.0 1100000000000000000000 B 

~ I + 1/4 + 1/8 ~ 1.375,. 
Decimal No. ~ _2-5 x 1.375 ~ -.04296875,. 

2. Unpacking of the Floating-Point Numbers 
The Am9512 unpacks the floating point number into three 
parts before any of the arithmetic operation. The number is 
divided into three parts as described in Section 1. The sign and 
exponent are copied from the original number as 1 and a-bit 
numbers respectively. The mantissa is stored as a 24-bit 
number. The least significant 23 bits are copied from the 
original number and the MSB is set to 1. The binary point is 
assumed to the right of the MSB. 

The abbreviations listed below are used in the following sec
tions of algorithm description: 

SIGN - Sign of Result 
EXP - Exponent of Result 
MAN - Mantissa of Result 
SIGN (TOS) - Sign of Top of Stack 
EXP (TOS) - Exponent of Top of Stack 
MAN (TOS) - Mantissa of Top of Stack 
SIGN (NOS) - Sign of Next on Stack 
EXP (NOS) - Exponent of Next on Stack 
MAN (NOS) - Mantissa of Next on Stack 

3. Floating-Point Add/Subtract 
The floating-point add and subtract essentially use the same 
algorithm. The only difference is that floating-point subtract 
changes the sign of the floating-point number at top of stack 
and then performs the floating-point add. 

The following is a step by step description of a floating-point 
add algorithm (Figure 1): 

a. Unpack TOS and NOS. 
b. The exponent of TOS is compared to the exponent of 

NOS. 
c. If the exponents are equal, go to step f. 
d. Right shift the mantissa of the number with the smaller 

exponent. 
e. Increment the smaller exponent and go to step b. 
f. Set sign of result to sign of larger number. 
g: Set exponent of result to exponent of larger number. 
h. If sign of the two numbers are not equal, go to m. 

Add MantiSSas. 
j. Right shift resultant mantissa by 1 and increment expo

nent of result by 1. 
k. If MSB of exponent changes from 1 to 0 as a result of the 

increment, set overflow status. 
Round if necessary and exit. 

m. Subtract smaller mantissa from larger mantissa. 
n. Left shift mantissa and decrement exponent of result. 
o. If MSB of exponent changes from 0 to 1 as a result of the 

decrement, set underflow status and exit. 
p. If the MSB of the resultant mantissa = 0, go to n. 
q. Round if necessary and exit. 

4. Floating-Point Multiply 
Floating-point multiply baSically involves the addition of the 
exponents and multiplication of the mantissas. The following 
is a step by step description of a floating multiplication al
gorithm (Figure 2): 

a. Check if TOS or NOS = O. 
b. If either TOS or NOS = 0, Set result to 0 and exit. 
c. Unpack TOS and NOS. 
d. Convert EXP (TOS) and EXP (NOS) to unbiased form. 

EXP (TOS) = EXP (TOS) -12710 
EXP (NOS) = EXP (NOS) -12710 

e. Add exponents. 
EXP = EXP (TOS) + EXP (NOS) 

f. If MSB of EXP (TOS) = MSB of EXP (NOS) = 0 and MSB 
of EXP = 1, then set overflow status and exit. 

g. If MSB of EXP (TOS) = MSB of EXP (NOS) = 1 and MSB 
of EXP = 0, then set underflow status and exit. 

h. Convert Exponent back to biased form. 
EXP = EXP + 12710 

If signofTOS = sign of NOS, set sign of resultto 0, else set 
sign of result to 1. 

j. Multiply mantissa. 
k. If MSB of resultant = 1, right shift mantissa by 1 and 

increment exponent of resultant. 
If MSB of exponent changes from 1 to 0 as a result of the 
increment, set overflow status. 

m. Round if necessary and exit. 

5. Floating-Point Divide 
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The floating-point divide basically involves the subtraction of 
exponents and the division of mantissas. The following is a 
step by step description of a division algorithm (Figure 3). 

a. If TOS = 0, set divide exception error and exit. 
b. If NOS = 0, set result to 0 and exit. 
c. Unpack TOS and NOS. 
d. Convert EXP (TOS) and EXP (NOS) to unbiased form. 

EXP (TOS) = EXP (TOS) - 12710 
EXP (NOS) = EXP (NOS) - 12710 

e. Subtract exponent of TOS from exponent of .NOS. 
EXP = EXP (NOS) - EXP (TOS) 

f. If MSB of EXP (NOS) = 0, MSB of EXP (TOS) = 1 and 
MSB of EXP = 1, then set overflow status and exit. 

g. If MSB of EXP (NOS) = I, MSB of EXP (TOS) = 0, and 
MSB of EXP = 0, then set underflow status and exit. 



N 

y 

EXIT 

SET 
OVERFLOW 

STATUS 

SUBTRACTION 
ROUNDING 

y 

y 

SET 
UNDERFLOW 

STATUS 

Am9S12 

Figure 1. Conceptual Floating-Point Addition/Subtraction. MOS·205 

h. Add bias to exponent of result. 
EXP = EXP + 12710 

If sign of TOS = sign of NOS, set sign of result to 0, else set 
sign of result to 1. 

j. Divide mantissa of NOS by mantissa of TOS. 
k. If MSB = 0, left shift mantissa and decrement exponent of 

resultant, else go to n. 
If MSB of exponent changes from 0 to 1 as a result of the 
decrement, set underflow status. 

m. Go to k. 
n. Round if necessary and exit. 

The algorithms described above provide the user a means of 
verifying the validity of the result. They do not necessarily 
reflect the exact internal sequence of the·Am9512. 

6. Rounding 
The Am9512 adopts a rounding algorithm that is consistent 
with the Intel® standard for floating-point arithmetic. The fol
lowing description is an excerpt from the paper published in 
proceedings of Compsac 77, November 1977, pp. 107-112 by 
Dr. John F. Palmer of Intel Corporation. 
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The method used for doing the rounding during floating-point 
arithmetic is known as "Round to Even", i.e., if the resultant 
number is exactly halfway between two floating point num
bers, the number is rounded to the nearest floating-point 
number whose LSB olthe mantissa is O. In order to simplify the 
explanation, the algorithms will be illustrated with 4-bit arith
metic. The existence of an accumulator will be assumed as 
shown: 

OF 81 B2 B3 B4 

The bit labels denote: 

OF - The overflow bit 
Bl-B4 - The 4 mantissa bits 
G - The Guard bit 
R - The Rounding bit 
ST - The "Sticky" bit 

G R ST 



AmI512 

y 
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N 

RESULT = a 

y SET 
OVERFLOW 

STATUS 

Y SET 
UNDERFLOW 

STATUS 

Figure 2. Conceptual Floating-Point Multiplication. 

The Sticky bit is set to one il any ones are shifted right 01 the 
rounding bit in the process 01 denonnalization. II the Sticky bit 
becomes set, it remains set throughout the operation. All 
shifting in the Accumulator involves the OF, G, Rand ST bits. 
The ST bit is not affected by left shifts but, zeros are introduced 
into OF by right shifts. 

Rounding during addition 01 magnitudes - add 1 to the G 
position, then if G=R=ST=O, set B4 to 0 ("Rounding to 
Even"). 

Rounding during subtraction 01 magnitudes - if more than one 
left, shift was performed, no rounding is needed, otherwise 
round the same way as addition 01 magnitudes. 

Rounding during multiplication - let the normalized double 
length product be: 
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MOS·208 

B1 B2 B3 B4 B5 B6 B7 B6 

Then G=B5, R=B6, ST=B7 V B8. The rounding is then per
fonned as in addition of magnitudes. 

Rounding during division - let the first six bits 01 the nor
malized quotient be 

B1 B2 B3 B4 B5 B6 

Then G=B5, R=B6, ST=O if and only il remainder = o. The 
rounding is then perfonned as in addition of magnitudes. 



Am9S12 

Figure 3. Conceptual Floatlng·Point Division. 
MOS-207 

CHSD 
CHANGE SIGN DOUBLE PRECISION 

765 4 3 2 ° 
Binary Coding: L.IS_R_ELI_o---,-_-,-o--'~---L-_-'--O--'----' 
Hex Coding: AD IF SRE = 1 

20 IF SRE = ° 
Execution Time: See Table 2 
Description: 
The sign of the double precision TOS operand A is com
plemented. The double precision result R is returned to TOS. " 
the double precision operand A is zero, then the sign is not 
affected. The status bit Sand Z indicate the sign of the result and if 
the result is zero. The status bits U, Vand 0 are always cleared to 
zero. 
Status Affected: S, Z. (U, V, 0 always zero.) 

BEFORE 

A 

B 

STACK CONTENTS 

TOS 

NOS 

AFTER 

R 

B 

CHSS 
CHANGE SIGN SINGLE PRECISION 

7 6 5 4 3 2 ° 
Binary Coding: L.IS_R_ELI_o---,-I_" 0--'-_0--'_0-'-_-'----0--'----' 

Hex Coding: 85 IF SRE = 1 
05 IF SRE = ° 

Execution Time: See Table 2 
Description: 
The sign of the single precision operand A at TOS is com
plemented. The single precision result R is returned to TOS. lithe 
exponent field of A is zero, all bits of R will be zeros. The status 
bits Sand Z indicate the sign of the result and if the result is zero. 
The status bits 4, V and 0 are cleared to zero. 

Status Affected; S, Z. (U, V, 0 always zero.) 

BEFORE 

A 

B 

c 
0 
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STACK CONTENTS 

~ 

I--

TOS 

NOS 
--

AFTER 

R 

B 

C 

0 

II 
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CLR 
CLEAR STATUS 

7 6 543 2 0 

Binary Coding: ISREI 0 I 0 0 0 0 0 0 

Hex Coding: 80 IF SRE = 1 
00 IF SRE = 0 

Execution Time: 4 clock cycles 
Description: 
The status bits S, Z, 0, U, V are cleared to zero. The stack is not 
affected. This essentially is a no operation command as far as 
operands are concerned. 

Status Affected: S, Z, 0, U, V always zero. 

DADD 
DOUBLE PRECISION FLOATING-POINT ADD 

7 6 5 4 3 2 1 0 

Binary Coding: ISREI 0 I 1 I 0 0 0 

Hex Coding: A9 IF SRE = ,1 
-29 IF SRE = 0 

Execution Time: See Table 2 
Description: 
The double precision operand A from TOS is added to the double 
precision operand B from NOS. The result is rounded to obtain 
the final double precision result R which is returned to TOS. The 
status bits S, Z, U and V are affected to report sign of the result, if 
the result is zero, exponent underflow and exponent overflow 
respectively. The status bit 0 will be cleared to zero. 

Status Affected: S, Z, U, V. (0 always zero.) 

STACK CONTENTS 

BEFORE AFTER 

DSUB 
DOUBLE PRECISION 

FLOATING-POINT SUBTRACT 

7 6 5 4 3 2 0 

Binary Coding: ISRE I 0 0 0 0 

Hex Coding: M IF SRE = 1 
2A IF SRE = 0 

Execution Time: See Table 2 
Description: 
The double precision operand A at TOS is subtracted from the 
double precision operand B at NOS. The result is rounded to 
obtain the final double precision result R which is returned to 
TOS. The status bits S, Z, U and V are affected to report sign of 
the result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit 0 will be cleared to zero. 

Status Affected: S, Z" U, V. (0 always zero.) 

STACK CONTENTS 

BEFORE AFTER 

r------A----~~TNOOSS~r------R----~ 
B I--- --l Undefined 

DMUL 
DOUBLE PRECISION 

FLOATING-POINT MULTIPLY 

7 6 5 4 3 2 0 

Binary Coding: ISREI 0 1 0 0 

Hex Coding: AB IF SRE = 1 
2B IF SRE = 0 

Execution Time: See Table 2 
Description: 
The double precision operand A from TOS is multiplied by the 
double precision operand B from NOS. The result is rounded to 
obtain the final double precision result R which is returned to 
TOS. The status bits S, Z, U and V are affected to report sign of 
the result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit 0 will be cleared to zero. 

Status Affected: S, Z, U, V. (0 always zero.) 

STACK CONTENTS 

'--___ : ___ ~~ ~~: ~L __ u~n_d_:_fin_e_d_----,I ~ __ B_E_FA_O_R_E_---j~ TNOOSS -1f-__ A_FT_R_E_R __ --1 

_ B I--- ---l Undefined 
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DDIV 
DOUBLE PRECISION 

FLOATING-POINT DIVIDE 

7 6 5 4 3 2 o 
Binary Code: ISREI 0 I 1 I 0 o 0 

Hex Coding: AC IF SRE = 1 
2C IF SRE = 0 

Execution Time: See Table 2 
Description: 
The double precision operand B from NOS is divided by the 
double precision operand A from TOS. The result (quotient) is 
rounded to obtain the final double precision result R which is 
returned to TOS. The status bits, S, Z, D, U and V are affected to 
report sign of the result, if the result is zero, attempt to divide by 
zero, exponent underflow and exponent overflow respectively. 

Status Affected: S, Z, D, U, V 

STACK CONTENT 

BEFORE AFTER 

~-----A----~~TOS 
B i---NOS 

R (see note) 

Undefined 

Note: If A is zero, then R = B (Divide exception). 

SADD 
SINGLE PRECISION FLOATING-POINT ADD 

765 432 0 

Binary Coding: ISRE I 0 0 0 0 0 0 

Hex Coding: 81 IF SRE = 1 
01 IF SRE = 0 

Execution Time: See Table 2 
Description: 
The single preCision operand A from TOS is added to the single 
precision operand B from NOS. The result is rounded to obtain 
the final single precision result R which is returned to TOS. The 
status bits S, Z, U and V· are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 

Status Affected: S, Z, U, V. (D always zero.) 

STACK CONTENT 

BEFORE AFTER 

A --TOS- R 
~----------~ r-----------~ 

~-----B----~--NOS-r------C----~ 
C D 

D Undefined 

Am9512 

SSUB 
SINGLE PRECISION 

FLOATING-POINT SUBTRACT 

7 6 5 4 3 2 

Binary Coding: ISREI 0 0 0 0 0 

Hex Coding: 82 IF SRE = 1 
02 IF SRE = 0 

Execution Time: See Table 2 
Description: 

o 
o 

The single precision operand A at TOS is subtracted from the 
single precision operand B at NOS. The result is rounded to 
obtain the final single precision result R which is returned to TOS. 
The status bits S, Z, U and V are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 

Status Affected: S, Z, U, V. (D always zero.) 

STACK CONTENTS 

BEFORE AFTER 

A ~TOS- R 
r------------4 r------------4 
~----B----~~NOS-r-----C----~ 

C D 
D Undefined 

SMUL 
SINGLE PRECISION 

FLOATING-POINT MULTIPLY 

7 6 543 2 0 

Binary Coding: ISREI 0 0 0 0 0 

Hex Coding: 83 IF SRE = 1 
031FSRE = 0 

Execution Time: See Table 2 
Descrlptio.n: 
The single precision operand A from TOS is multiplied by the 
single precision OPerand B from NOS. The result is rounded to 
obtain the final single preCision result R which is returned to TOS. 
The status bits S, Z, U and V are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 

Status Affected: S, Z, U, V. (D always zero.) 

STACK CONTENTS 

BEFORE AFTER 

A ~TOS- R 

B ~NOS- C 

C D 

D Undefined 
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SDIV 
SINGLE PRECISION 

FLOATING-POINT DIVIDE 

7 6 5 

Binary Coding: ISREI ° ° 
Hex Coding: 84 IF SRE = 1 

04 IF SRE = ° 
Execution Time: See Table 2 
Description: 

4 3 2 

° ° 

° 

° ° 

The single precision operand B from NOS is divided by the 
single precision operand A from TOS. The result (quotient) is 
rounded to obtain the final result R which is returned to TOS. 
The status bits S, Z, D, U and V are affected to report the sign of 
the result, if the result· is zero, attempt to divide by zero, expo
nent underflow and exponent overflow respectively. 

Status Affected: S, Z, D, U, V 

STACK CONTENTS 

BEFORE AFTER 

A f---TOS- R (see note) 

B !--NOS- C 

C D 

D Undefined 

Note: If exponent field of A is zero then R = 8 (Divide exception). 

POPS 
POP STACK SINGLE PRECISION 

7 6 543 2 ° 
Binary Coding: LI S_R_E.,l�_°-L_°--.JL-°---L_°-L_.....L_...L-----1 
Hex Coding: 87 IF SRE = 1 

07 IF SRE = ° 
Execution Time: See Table 2 
Description: 
The single precision operand A is popped from the stack. The 
internal stack control mechanism is such that A will be written at 
the bottom of the stack. The status bits Sand Z are affected to 
report the sign of the new operand at TOS and if it is zero, 
respectively. The status bits U, V and D will be cleared to zero. 
Note that only the exponent field of the new TOS is checked for 
zero, if it is zero status bit Z will set to 1. 

Status Affected: S, Z. (U, V, D always zero.) 

STACK CONTENTS 

BEFORE AFTER 

r-____ A ____ -4~TOS---r-____ B ____ ~ 

B !--NOS- C 
r-------~ ~------~ 

C 0 

D A 

PTOD 
PUSH STACK DOUBLE PRECISION 

7 6 5 4 3 2 ° 
Binary Coding: Lls_R_E..L.I_0___1_-L.....:0___1_.....L._..l-~-.:...0-l 

Hex Coding: AE IF SRE = 1 
2E IF SRE = ° 

Execution Time: See Table 2 
Description: 
The double precision operand A from the TOS is pushed back on 
to the stack. This is effectively a duplication of A into two con
secutive stack locations. The status Sand Z are affected to report 
sign ofthe new TOS and ifthe new TOS is zero respectively. The 
status bits U, V and D will be cleared to zero. 

Status Affected: S, Z. (U, V, D always zero.) 

STACK CONTENTS 

BEFORE AFTER 

~---:---~~:~:~~---:---~ 

PTOS 
PUSH STACK SINGLE PRECISION 

765 4 3 2 ° 
Binary Coding: LIS~.R_ELI_o~-.:...0.....L......:0--L_o~_--L_..L_0___1 
Hex Coding: 86 IF SRE = 1 

06 IF SRE = ° 
Execution Time: See Table 2 
Description: 
This instruction effectively pushes the single precision operand 
from TOS on to the stack. This amounts to duplicating the 
operand at two locations in the stack. However, if the operand at 
TOS prior to the PTOS command has only its exponent field as 
zero, the new content of the TOS will all be zeroes. The contents 
of NOS will be an exact copy of the old TOS. The status bits S 
and Z are affected to report the sign of the new TOS and if the 
content of TOS is zero, respectively. The status bits U, V and D 
will be cleared to zero. 

Status Affected: S, Z. (U, V, D always zero.) 

STACK CONTENTS 

BEFORE AFTER 

A I---TOS--- A* See note 

B f---NOS- A 

C B 

D C 

Note: A* = A if Exponent field of A is not zero. 
A* = 0 if Exponent field of A is zero. 
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POPD 
POP STACK DOUBLE PRECISION 

765 4 3 2 ° 

XCHS 
EXCHANGE TOS AND NOS 

SINGLE-PRECISION 

Am9512 

Binary Coding: L!S_R_EL!_0-L_--'--O--'_-'-_-'----'----' 

Hex Coding: AF IF SRE = 1 

7 6 543 2 ° 
Binary COding:! LS_R_E-l!'--O--'_0.....l._O_-'--_-'--O_.l..-0--''-O.....J 

2F IF SRE = ° 
Execution Time: See Table 2 
Description: 

Hex Coding: 88 IF SRE = 1 
08 IF SRE = ° 

Execution Time: See Table 2 
Description: The double' precision operand A is popped from the stack. The 

internal stack control mechanism is such that A will be written at 
the bottom of the stack. This operation has the same effect as 
exchanging TOS and NOS. The status bits Sand Z are affected to 
report the sign of the new operand at TOS and if it is zero, 
respectively. The status bits U, V and D will be cleared to zero. 

The single precision operand A at the TOS and the single preci
sion operand B at the NOS are exchanged. After execution, B is at 
the TOS and A is at the NOS. All other operands are unchanged. 

Status Affected: S, Z (U, V and D always zero.) 

Status Affected: S, Z (U, V and D always zero.) STACK CONTENTS 

STACK CONTENTS BEFORE AFTER 

BEFORE AFTER 

r------:----~~:~:~~------:------~ 
A !---TOS- B 

r-------~ r------~ 
B !---NOS- A 

r-------~ r------~ 
C C 
D D 

Am25LS138 

101M 1------1 G1 

A15 G2A +12V +5V 

A14 G2B 

A13 C 1 i ~ 
A12 B V DD Vee Vss 
A11 A ylO----OI cs 

A.~-------------; CIO 
Am8085 Am9512 

A .... 
DBO·DB7 

I' 

ADD-AD7 K,,-____ 8-_B_IT_D_A_TA_B_U_S ____ I/ 

"I 

AD~-------------~ AD 
.-----1 RST6.S WR ~-------------~ WR ERR 

ClK END r--
RESET 

PAUSE~ 
EACK 

10K 

r- RSTS.S ClK OUT 1--------------1 I READY RESET OUT 1--------------1 

Figure 1. Am9512 to Am8085 Interface. MOS·213 
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MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65°e to + 1500e 
Ambient Temperature Under Bias -55°e to + 12soe 
VDD with Respect to VSS -O.5V to + 15.0V 

vee with Respect to VSS -O.5V to + 7.0V 

All Signal Voltages with Respect to VSS -O.5V to + 7.0V 

Power Dissipation (Package Limitation) 2.0W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. . 

OPERATING RANGE 
Part Number Ambient Temperature VSS VCC VDD 

Arn9512DC +5.0V ±5% +12V ±5% 

Arn9512DM -55°C"" TA "" +125°C +5.0V ±10% +12V ±10% 

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 

Parameters Dascription Test Conditions Min. Typ. Max. Units 

VOH Output HIGH Voltage IOH =; -200pA 3.7 Volts 

VOL Output LOW Voltage 10L =; 3.2rnA 0.4 Volts 

VIH Input HIGH Voltage 2.0 vee Volts 

VIL Input LOW Voltage -0.5 0.8 Volts 

IIX Input Load Current VSS "" VI "" VCC ±10 /LA 

10Z Data Bus Leakage 
VO =; OAV 10 pA 
VO =; vee 10 

TA =; +25°C 50 90 

ICC VCC Supply Current TA =; O"C 95 rnA 

TA = -55°C 100 

TA = +25°C 50 90 

IDD VDD Supply Current TA = O°C 95 rnA 

TA = -55°C 100 

CO Output Capacitance 8 10 pF 

CI Input Capacitance tc = 1.0MHz, Inputs = OV 5 8 pF 

CIO I/O Capacitance 10 12 pF 
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SWITCHING CHARACTERISTICS 

Parameters Description 

TAPW EACK LOW Pulse Width 

TCDR C/D to RD LOW Set-up Time 

TCDW C/D to WR LOW Set-up Time 

TCPH Clock Pulse HIGH Width 

TCPL Clock Pulse LOW Width 

TCSP CS LOW to PAUSE LOW Delay (Note 5) 

TCSR CS to RD LOW Set-up Time 

TCSW CS LOW to WR LOW Set-up Time 

TCY Clock Period 

TDW Data Valid to WR HIGH Delay 

TEAE EACK LOW to END LOW Delay 

TEHPHR END HIGH to PAUSE HIGH Data Read when Busy 

TEHPHW END HIGH to PAUSE HIGH Write when Busy 

TEPW END HIGH Pulse Width 

-lEX Execution Time 

TOP Data Bus Output Valid to PAUSE HIGH' Delay 

TPPWR PAUSE LOW Pulse Width Read 
Data 

Status 

TPPWRB 
Data 

END HIGH to PAUSE HIGH Read when Busy 
Status 

TPPWW PAUSE'LOW Pulse Width Write when Not Busy 

TPPWWB PAUSE LOW Pulse WiClth Write when Busy 

TPR PAUSE HIGH to Read HIGH Hold Time 

TPW PAUSE HIGH to Write HIGH Hold TIme 

TRCD RD HIGH to C/D Hold Time 

TRCS RD HIGH to CS HIGH Hold Time 

TRO RD LOW to Data Bus On Delay 

TRZ RD HIGH to Data Bus Off Delay 

TSAPW SVACK LOW Pulse Width 

TSAR SVACK LOW to SVREQ LOW Delay 

TWCD WR HIGH to C/D Hold Time 

TWCS WR HIGH to CS HIGH Hold Time 

TWD WR HIGH to Data Bus Hold Time 

NOTES: 

1. Typical values are for T A = 25°C. nominal supply voltages 
and nominal processing parameters. 

2. Switching parameters are listed in alphabetical order. 
3. Test conditions assume transition times of 20ns or less. out

put loading of one TTL gate plus 1 OOpF and timing reference 
levels of O.BV and 2.0V. 
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Am9512DC Am9S12-1DC 
Min Max Min Max Units 

100 75 ns 

0 0 ns 

0 0 ns 

200 500 140 500 ns 

240 160 ns 

150 100 ns 

0 0 ns 

0 0 ns 

480 5000 320 2000 ns 

150 100 ns 

200 175 ns 

5.5TCY+300 5.5TCY+2oo ns 

200 175 ns 

400 300 ns 

See Table 2 ns 

0 0 ns 

3.5TCY+50 5.5TCY+3oo 3.5TCY+50 5.5TCY+2oo 

1.5TCY+50 3.5TCY+3oo 1.5TCY+50 3.5TCY+200 
ns 

See Table 2 
ns 

1.5TCY+50 3.5TCY+300 1.5TCY+50 3.5TCY+2oo 

TCSW+50 TCSW+50 ns 

See Table 2 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

50 50 ns 

50 200 50 150 ns 

100 75 ns 

300 200 ns 

60 30 ns 

60 30 ns 

20 20 ns 

4. END HIGH pulse width is specified for EACK tied to VSS. 

Otherwise TEAE applies. 
5. PAUSE is pulled low for both command and data operations. 
6. TEX is the execution time of the current command (see the 

Command Execution Times table). II! 
7. PAUSE will go low at this point if CS is low and RD and WR are I 

high. 
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TIMING DIAGRAMS 

READ OPERATION 

CLK / 
iiD 

TCDR 
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DISTINCTIVE CHARACTERISTICS 

• Five independent 16-bit counters 

• High speed counting rates 

• Up/down and binary/BCD counting 

• Intemal oscillator frequency source 

• Tapped frequency scaler 

• Programmable frequency output 

• 8-bit or 16-bit bus interface 

• Time-of-day option 

• Alarm comparators on counters 1 and 2 

• Complex duty cycle outputs 
• One-shot or continuous outputs 

• Programmable count/gate source selection 

• Programmable input and output polarities 

• Programmable gating functions 

• Retriggering capability 

• +5 volt power supply 

• Standard 40-pin package 

Am9513 
System Timing Controller 

PRELIMINARY INFORMATION 

GENERAL DESCRIPTION 

The Am9513 System Timing Controller is an LSI circuit designed 
to service many types of counting, sequencing and timing appli
cations. It provides the capability for programmable frequency 
synthesis, high resolution programmable duty cycle waveforms, 
retriggerable digital one-shots, time-of-day clocking, coincidence 
alarms, complex pulse generation, high resolution baud rate 
generation, frequency shift keying, stop-watching timing, event 
count accumulation, waveform analysis and many more. A vari
ety of programmable operating modes and control features allow 
the Am9513 to be personalized for particular applications as well 
as dynamically reconfigured under program control. 

• 100% MIL-STD-883 reliability assurance testing 

The STC includes five general-purpose 16-bit counters. A variety 
of internal frequency sources and external pins may be selected 
as inputs for individual counters with software selectable active
high or active-low input polarity. Both hardware and software 
gating of each counter is available. Three-state outputs for each 
counter provide pulses or levels and can be active-high or ac
tive-low. The counters can be programmed to count up or down in 
either binary or BCD. The host processor may read an accumu
lated count at any time without disturbing the counting process. 
Any of the counters may be intemally concatenated to form any 
effective counter length up to 80 bits. 

GENERAL BLOCK DIAGRAM 
SOURCE 1-5 ___________________ ~'--_., 

GATE 1·S --------------------O!f'----, 
Xl---r---, 

.---~ 
X2 ---L_---1 

FOUT 

W1i---I 
jijj---~ 

BUS 
INTERFACE 
CONTROL C/D---~ 

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

Figure 1. 

ORDERING INFORMATION 

Package Temperature 
Type Range 

Molded 

Hermetic Side-Brazed Ceramic O°C '" TA '" +70°C 

Hermetic Cerdip 

Hermetic Side-Brazed Ceramic -55°C'" TA '" +125°C 
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OUT4 

OUT3 

OUT2 

OUT1 

MOS·les 

Counting Frequency 

7MHz 

AM9513PC 

AM9513DC 

AM9513CC 
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FUNCTIONAL DESCRIPTION 

The Am9513 block diagrams (Figures 1 and 2) indicate the inter
face signals and the basic flow of information. Internal control 
lines and the internal data bus have been omitted. The control 
and data registers are all connected to a common internal 16-bit 
bus. The external bus may be B or 16 bits wide; in the B-bit mode 
the internal 16-bit information is multiplexed to the low order data 
bus pins DBO through DB7. 

An internal oscillator provides a convenient source of frequencies 
for use as counter inputs. Its oscillating frequency is controlled by 
an external reactive network such as a crystal. The oscillator 
output is divided by the Frequency Scaler to provide several 
sub-frequencies. One of the scaled frequencies (or one of ten 
input signals) may be selected as an input to the FOUT divider 
and then comes out of the chip at the FOUT interface pin. 

The STC is addressed by the external system as two locations: a 
control port and a data port. The control port provides direct 
access to the Status and Command registers, as well as allowing 
the user to update the Data Pointer register. The data port is used 
to communicate with all other addressable internal locations. The 
Data Pointer controls the data port addressing. 

Among the registers accessible through the data port are the 
Master Mode register and five Counter Mode registers, one for 
each counter. The Master Mode register controls the pro
grammable options that are not controlled by the Counter Mode 
registers. 

Each of the five general purpose counters is 16 bits long and is 
independently controlled by its Counter Mode register. Through 
this register, a user can software select one of 16 sources as the 
counter input, a variety of gating and repetition modes, up or 
down counting in binary or BCD and active-high or active-low 
input and output polarities. 

Associated with each counter is a Load register and a Hold 
register, both accessible through the data port. The Load register 
is used to automatically reload the counter to any predefined 
value, thus controlling its effective period. The Hold register is 
used to save count values without disturbing the count process, 
permitting the host processor to read intermediate counts. In 
addition, the Hold register may be used as a s~cond Load register 
to generate a number of complex output waveforms. 

All five counters have the same basic control logic and control 
registers. Counters 1 and 2 have additional alarm registers and 
comparators associated with them, plus the extra logic necessary 
for operating in a 24-hour time-of-day mode. For real-time opera
tion the time-of-day logic will accept 50Hz, 60Hz or 100Hz input 
frequencies. 

Each general counter has a single dedicated output pin. It may be 
turned off when the output is not of interest or may be configured 
in a variety of ways to drive interrupt controllers, Darlington buf
fers, bus drivers, etc. The counter inputs, on the other hand, are 
specifically not dedicated to any given interface line. Considera
ble versatility is available for configuring both the input and the 
gating of individual counters. This not only permits dynamic reas
signment of inputs under software control, but also allows multi
ple counters to use a single input, and allows a single gate pin to 
control more than one counter. 

SRC 

GATE 

FREQ 

TCN-l 

SJ'lC 

GATE 

FREQ 

TCN-l 
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Figure 2. 

CONNECTION DIAGRAM 

Top View 

Pin 1 is marked for orientation. 

Figure 3. 
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SOURCE 1 
SOURCE. 
SOURCE 3 
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SOURCE 5 
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DB14 
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DBl21GATESA 
DBll/GATE 4A 

DB10iGATE 3A 
DB9/GATE2A 

VSS(GND) 
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INTERFACE SIGNAL DESCRIPTION 

VCC: +5 volt power supply 

VSS: Ground 

Xl,X2 (Crystal, Inputs) 

Xl and X2 are the connections for an external crystal that deter
mines the frequency of the internal oscillator. An RC or LC net
work may also be used instead of a crystal. For driving from an 
external frequency source, Xl should be left open and X2 should 
be driven with a TTL-level square wave. 

FOUT (Frequency Out, Output) 

The FOUT output is derived from a 4-bit counter that may be 
programmed to divide its input by any integer value from 1 to 16, 
inclusive. The input to the counter is selected from any of 15 
sources, including the scaled internal frequencies. FOUT may be 
gated on and off under software control. Following power-up or 
reset, FOUT provides a frequency that is 1/16 that of the internal 
oscillator. 

GATE1-GATE5 (Gate, Inputs) 

The Gate inputs provide hardware control of the counting opera
tions of individual counters by determining when counting may 
proceed. The same input may control up to three counters. Gates 
may also be selected as count sources for any of the counters or 
for the FOUT divider. The active polarity for a selected Gate input 
is programmable at each counter. Schmitt-trigger circuitry on the 
GATE inputs allows slow transition times to be used. 

SRC1-SRCS (Source, Inputs) 

The Source inputs provide external signals that may be counted 
by any of the counters. Any Source line may be routed to any or all 
of the counters and the FOUT divider. The active polarity for a 
selected Source input is programmed at each counter. Any 
source waveform duty cycle will be accepted as long as the 
minimum pulse width is at least half the period of the maximum 
specified counting frequency for the part. Schmitt-trigger circuitry 
on the SRC inputs allows slow transition times to be used. 

OUT1·0UT5 (Counter Outputs) 

Each of the five counters has a dedicated output pin. Depending 
on the output configuration, the OUT signal may be a pulse, a 
square wave, or a complex duty cycle waveform. For counters 1 
and 2, the OUT signal may also indicate the status of comparator 
circuits. Output polarities may be individually programmed. 

DBO·DB7, DB8-DB15 (Data Bus, Input/Output) 
GATE1A·GATESA (Auxiliary Gates, Input) 

The Data Bus lines are used to communicate with the external 
system. After power-up or reset, the data bus will be configured 
for B-bit width. It may be reconfigured for 16-bit width by changing 
a control bit in the Master Mode register. Figure 4 summarizes all 
data bus transfers. 

Am9513 

When operating in the 8-bit data bus environment, DB8 through 
DB12 may optionally be used as additional Gate inputs. See 
Figure 3. If unused they should be held high. When pulled low, a 
GateNA signal will disable the action of the gate input controlling 
counterN. DB13, DB14 and DB15 should be tied high for an 8-bit 
data bus width. 

CS (Chip Select, Input) 

The active-low Chip Select input enables Read and Write opera
tions on the data bus. See Figure 4. 

RD (Read, Input) 

The active-low Read signal is conditioned by Chip Select and 
indicates that internal information is to be transferred to the data 
bus. WR and RD should be mutually exclusive. 

WR (Write, Input) 

The active-low Write signal is conditioned by Chip Select and 
indicates that data bus information is to be transferred to an 
internal location. WR and RD should be mutually exclusive. 

clo (Control/Data, Input) 

The Control/Data signal selects source and destination locations 
for read and write operations on the data bus. Control Write 
operations load the Command register and the Data Pointer. 
Control Read operations output the Status register. Data Read 
and Data Write transfers communicate with all other internal 
registers. 

Signal 
Configuration Data Bus 

CS CID RD WR Operation 

0 0 0 1 
Transfer contents of register addressed 
by Data Pointer to the data bus. 

0 0 1 0 
Transfer contents of data bus to data 
register addressed by Data Pointer. 

0 1 0 1 
Transfer contents of Status register to 
data bus. 

0 1 1 0 
Transfer contents of data bus into 
Command register. 

X X 1 1 No transfer. 

1 X X X No transfer. 

X X 0 0 Illegal Conc!ition. 

Figure 4. Data Bus Transfers. 
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CONTROL PORT REGISTERS 

Command Register 

The a-bit write-only Gommand regi~ter is loaded by writing into 
the control port as s~own in Figure 4. With a 16-bit data bus, the 
low-order a bits are loaded into the register; the high-order byte 
should be FF (hex). 

The Command register provides direct control over each of the 
five general counters and controls access through the data port 
by allowing the user to update the Data Pointer register. A sum
mary of all commands appears in Figure 5. Six of the command 
types are used for direct software control of the counting process. 
Each of these six commands contains a five-bit S field. In a 
linear-select fashion, each bit in the S field corresponds to one of 
the five general counters (Sl = Counter 1, S2 = Counter 2, etc.). 
When an S bit is a one, the specified operation is performed on 
the counter so deSignated; when an S bit is a zero, no operation 
occurs for the corresponding counter. 

A counter must be armed by one of the ARM commands before 
counting can commence. Once armed, the counting process may 
be further enabled or disabled using the hardware gating 
facilities. The ARM and DISARM commands permit software 
gating of the count process, in some modes. 

The LOAD command causes the counter to be reloaded with the 
value in either the associated Load register or the associated 
Hold register. It will often be used as a software retrigger, or as 
counter initialization prior to active hardware gating. 

The DISARM command disables further counting independent of 
any hardware gating. A disarmed counter may be reloaded using 
the LOAD command, may be incremented or decremented using 
the STEP command and may be read using the SAVE command. 
A count process may be resumed using an ARM command. 

The SAVE command transfers the contents of a counter to its 
associated Hold register. The transfer takes place without inter
fering with any counting that may be under way. This command 
will overwrite any previous Hold register contents. The SAVE 
command is designed to allow an accumulated count to be pre
served so that it can be read by the host CPU at some later time. 

Command Code 

C7 C6 C5 C4 ca C2 C1 CO 

0 0 0 E2 El G4 G2 Gl 

0 0 1 55 54 53 52 51 

0 1 0 55 54 53 52 51 

0 1 1 55 54 53 52 51 

1 0 0 55 54 53 52 51 

1 0 1 55 54 53 52 51 

1 1 0 55 54 53 52 51 

1 1 1 0 1 N4 N2 Nl 

1 1 1 0 0 N4 N2 Nl 

1 1 1 1 0 N4 N2 Nl 

1 1 1 0 1 0 0 0 

1 1 1 0 1 1 1 0 

1 1 1 0 1 1 1 1 

1 1 1 0 0 0 0 0 

1 1 1 0 0 1 1 0 

1 1 1 0 0 1 1 1 

1 1 1 1 1 1 1 1 

Two combinations of the basic commands exist to either LOAD 
AND ARM or to DISARM AND SAVE any combination of coun
ters. Additional commands are provided to: step an individual 
counter by one count; set and clear an output toggle; issue a 
software reset; clear and set special bits in the Master Mode 
register; load the Data Pointer register. 

Data Pointer Register 

The 6-bit Data Pointer register is loaded by issuing the appropri
ate command through the control port to the Command register. 
As shown in Figure 6, the Data Pointer register consists of a Byte 
Pointer, an Element Pointer, and a Group Pointer. The content of 
the Data Pointer is used as an address to point to an internal 
register. When a register is addressed by the Data Pointer, it may 
be accessed through the data port. 

The Byte Pointer bit in the Data Pointer register indicates which 
byte of a l6-bit register is to be transferred on the next access 
through the data port. Whenever the Data Pointer is loaded, the 
Byte Pointer bit is set to one, indicating a least-significant byte is 
expected. The Byte Pointer toggles following each a-bit data 
transfer with an a-bit data bus (MM13 = 0), or it always remains 
set with the 16-bit data bus option (MM13 = 1). Although the 
contents of the Element and Group Pointer in the Data Pointer 
register cannot be read by the host processor, the Byte Pointer 
is available as a bit in the Status register. 

To permit the host processor to rapidly access the various internal 
registers, automatic sequencing of the Data Pointer is provided. 
Sequencing is enabled by clearing Master Mode bit 14 (MM14) to 
O. As shown in Figure 7, several types of sequencing are availa
ble depending on the data bus width being used and the initial 
Data Pointer value entered by command. 

When El = 0 or E2 = 0 and G4, G2, Gl pOintto a Counter Group, 
the Data Pointer will proceed through the Element cycle. The 
Element field will automatically sequence through three val
ues: 00, 01 and 10 starting with the value entered. When the 
transition from 10 to 00 occurs, the Group field will also be 
incremented by one. Note that the Element field in this case does 
not sequence to a value of 11. The Group field circulates only 
within the five Counter Group codes. 

Command Description 

Load Data Pointer register with contents of E and G fields. 
(G f 000, G F 110J 

Arm counting for all selected counters 

Load contents of specified source into all selected counters 

Load and Arm all selected counters 

Disarm and 5ave all selected counters 

5ave all selected counters in hold register 

Disarm all selected counters 

5et output bit N (001 '" N '" 101) 

Clear output bit N (001 '" N '" 101) 

5tep counter N (001 '" N '" 1 01) 

5et MM14 (Disable Data Pointer Sequencing) 

Set MM12 (Gate off FOUT) 

Set MM13 (Enter 16-bit bus mode) 

Clear MM14 (Enable Data Pointer Sequencing) 

Clear MM12 (Gate on FOUT) 

Clear MM13 (Enter 8-bit bus mode) 

Master reset 

Figure 5. Am9513 Command Summary. 
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G4 I G2 I Gl I E2 I El I BP I . 

lo .. "ppm ... 

I Byte Pointer 

1 = Least significant Byte Transferred next 
o = Most significant Byte Transferred next 

'----------- Element Pointer 

~ 
Counter 1 Hold Reg. 

Counter 2 Hold Reg. 

• • • • 

~ 

000 = Illegal 
001= Counter Group 1 

I 010 = Counter Group 2 I ~~ : ~ooa~e ~e~~~:~r } Element Cycle 
________ 10 = Hold Register Increment 

011 = Counter Group 3 11 = Hold Register/Hold Cycle Increment 
100 = Counter Group 4 
101 = Counter Group 5 
110 = Illegal 
111 = Control Group { 

00 = Alarm Register 1 } 
_________ 01 = Alarm Register 2 Control Cycle 

10 = Master Mode Register Increment 
11 = Status Register/No Increment 

Figure 6. Data Pointer Counter. MOS-173 

~ 
Counter 1 Mode Reg. 

Counter 1 Load Reg. 

~ 
Counter 1 Hold Reg. 

~ 
Counter 2 Mode Reg. 

~ 

If E 1 = 1 and E2 = 1, then only the Group field is sequenced. This 
is the Hold cycle. It allows the Hold registers to be sequentially 
accessed while bypassing the Mode and Load registers. The third 
type of sequencing is the Control cycle. If G4,G2,G1 = 111 and 
E2,El "* 11, the Element Pointer will be incremented through the 
values 00, 01 and 10, with no change to the Group Pointer. 

When G4,G2,G1 = 111 and E2,E1 = 11, no incrementing takes 
place and only the Status register will be available through the 
data port. Note that the Status register can also always be read 
directly through the Control port. 

For all of these auto-sequence modes, if an B:bit data bus is used, 
the Byte pOinter will toggle after every data transfer to allow the 
least and most significant bytes to be transferred before the 
Element or Group Fields are incremented. 

Counter 5 Hold Reg. 
Counter 2 Load Reg. 

Status Register 

I 
HOLD CYCLE 

~ 
Alarm Reg. 1 

~ 
Alarm Reg. 2 

~ 
Master Mode Reg. 

I 

Counter 2 Hold Reg. 

~ 
• • • 

Counter 5 Hold Reg. 

I 
ELEMENT CYCLE 

The B-bit read-only Status register. indicates the state of the Byte 
Pointer bit in the Data Pointer register and the state of the OUT 
signal for each of the general counters. See Figure B. The OUT 
signals reported are those internal to the chip after the polarity
select logic and just before the three-state interface buffer cir
cuitry. The Status register is normally accessed by reading the 
control port (see Figure 4) but may also be read via the data port 
as part of the Control Group. 

SR7 SR6 SR5 SR4 SR3 SR2 SRl SRO 

I I 
1 1 OUT 4 OUT 2 BYTE 

POINTER 
OUT 5 OUT 3 OUT 1 

CONTROL CYCLE STATUS CYCLE MOS·175 

Figure 7. Data Pointer Sequencing. 
MOS·174 

Figure 8. Status Register Bit Assignments. 
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DATA PORT REGISTERS 

Counter Logic Groups 

As shown in Figure 2, each of the five Counter Logic Groups 
consists of a 16-bit general counter with asSOCiated control and 
output logic, a 16,-bit Load register, a 16-bit Hold register and a 
1S-bit Mode register. In addition, Counter Groups 1 and 2 also 
include 1S-bit Comparators and 1S-bit Alarm registers. The com
parator/alarm functions are controlled by the Master Mode regis
ter. The operation of the Counter Mode registers, then, is the 
same for all five counters. The host CPU has both read and write 
access to all registers in the Counter Logic Groups through the 
data port. The counter itself is never directly accessed. 

The 1S-bit read/write Load register is used to control the effective 
period of the general counter. Any 1S-bit value may be written into 
the Load register. That value can then be transferred into the 
counter each time that Terminal Count (TC) occurs. "Terminal 
Count" is defined as that period of time when the counter contents 
would have been zero if an external value had not been transfer
red into the counter. Thus the terminal count frequency can be the 
input frequency divided by the value in the Load register. In all 
operating modes the contents of either Load or Hold will be 
transferred into the counter when TC occurs. In cases where 
values are being accumulated in the counter, the Load register 
action can be transparent by filling the Load register with all zeros. 

The 1S-bit read/write Hold register is dual-purpose. It can be used 
in the same way as the Load register, thus offering an altemate 
source for modulo definition fqr the counter. The Hold register 
may also be used to store accumulated counter values for later 

Count Source Selection 
OXXXX = Count on Rising Edge 
1 XXXX = Count on Falling Edge 
XOOOO = TCN-l 
XOOOI = SRC 1 
X0010 = SRC 2 
XOOll = SRC 3 
X0100 = SRC 4 
X010l = SRC 5 
XOll0 = GATE 1 
XOlll = GATE 2 
X1000 = GATE 3 
Xl00l = GATE 4 
Xl010 = GATE 5 
Xl011=Fl 
Xl100 = F2 
Xll0l = F3 
Xll10 = F4 
Xlll1 = F5 

[ 
Gating Control 

000 = No Gating 
001 = Active High Level TCN-l 
010 = Active High Level GATE N+l 
011 = Active High Level GATE N-l 
100 = Active High Level GATE N 
101 = Active Low Level GATE N 
110 = Active High Edge GATE N 
111 = Active Low Edge GATE N 

transfer to the host processor. This allows the count to be sam
pled while the counting process proceeds. Transfer of the counter 
contents into the Hold register is accomplished by the hardware 
interface in some operating modes or by the software SAVE 
command at any time. 

The 1S-bit read/write Counter Mode register controls the gating, 
counting, output and source select functions within each Counter 
Logic Group. Figure 9 shows the bit aSSignments for the Counter 
Mode registers. Generally each counter is independently confi
gured by its Counter Mode register and does not depend on 
configuration information outside its Counter Logic Group. 

Counter mode bits CMO through CM2 specify the output control 
configuration. The OUT pin may be off and in a high impedance 
state, or it may be off with a low impedance to ground. The six 
remaining combinations are split into active-high and active-low 
versions of the three basic output waveforms. 

One output form available is called Terminal Count (TC) and 
represents the period in time that the counter reaches an equiva
lent value of zero. Figure 10 shows a Terminal Count pulse and 
an example context that generated it. The TC width is determined 
by the period of the counting source. Regardless of any gating 
input, the terminal count will go active for only one clock cycle. 
Figure 10 assumes active-high source polarity, counter armed, 
counter decrementil'lg and an external reload value of K. 

The counter will always be loaded from an external location when 
TC occurs; the user can choose the source location and the 
value. If a non-zero value is picked, the counter will never really 
attain a zero state and TC wiU indicate the counter state that 
would have been ze~ had np' parallel transfer occurred. 

Count Control 
OXXXX = Disable Special Gate 
1 XXXX = Enable Special Gate 
XOXXX = Reload from Load 
X1XXX = Reload from Load 'or Hold 
XXOXX = Count Once 
XX1XX = Count Repetitively 
XXXOX = Binary Count 
XXXIX = BCD Count 
XXXXO = Count Down 
XXXXI = Count Up 

Output Control ---...I 
000 = Inactive, Output Low 
001 = Active High Terminal Count Pulse 
010 = Active High Toggle, Delayed 
011 = Active High Toggle, Immediate 
100 = Inactiye, Output High Impedance 
101 = Active Low Terminal Count Pulse 
110 = Active Low Toggle, Delayed 
111 = Active Low Toggle, Immediate 

Figure 9. Counter Mode Register Bit Assignments. 
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SOURCE 

coum~ 
VALUE 

* 
2 

* * 
K 

* 
K-l 

* 
K-2 

TC I \ 
Figure 10. Terminal Count Waveform .• MOS·I77 

Another output form uses TC to toggle a flip-flop to generate an 
output level instead of a pulse. Two variations of the toggle 
waveforms are available. as shown in Figure 11. The one labeled 
"Delayed" uses only the TC pulse to change the toggle. Since TC 
does not occur until a full count elapses following the loading of 
the counter, the first transition of the toggle is delayed from the 
moment of arming. On the other hand, the waveform labeled 
"Immediate" also uses the TC pulse as the toggling source but 
adds a toggle transition on the first count following the arming. 
After the initial transition, both Delayed and Immediate 
waveforms are the same; for the same output polarity they will be 
180· out of phase. The trailing edge of TC triggers the toggle and 
the toggle output is 1/2 the frequency of TC. 

Counter Mode bits CM8 through CM12 specify the source used 
as input to the counter and the active edge that is counted. Bit 
CM12 controls the polarity for all the sources; logic zero counts 
rising edges and logic one counts falling edges. Bits CM8 through 
CMll select one of sixteen counting sources to route to the 
counter input. Five of the available inputs are internal frequencies 
derived from the internal oscillator (see Figure 15 for frequency 
assignments). Ten of the available inputs are interface pins; five 
are labeled SRC and five are labeled GATE. The sixteenth avail
able input is the TC signal from the adjacent lower-numbered 
counter (The Counter 5 TC wraps around to the Counter 1 input). 
This option allows internal concatenation that permits very long 
counts to be accumulated. When TCN -1 is the source, the count 
ripples between the connected counters. 

Counter Mode bits CM3 through CM7 specify the various op
tions available for direct control of the counting process. CM3 
and CM4 operate independently of the others and control up/ 
down and BCD/binary counting. They may be combined freely 
with other control bits to form many types of counting configura
tions. The other three bits interact in complex ways. Bit CM5 
controls the repetition of the count process. When CM5 = 1, 
counting will proceed in the specified mode until the counter is 
disarmed or the mode is changed. When CM5 = 0 the count 
process will proceed only until one full cycle of operation occurs. 
This may occur after one or two TC events. The counter is then 
disarmed automatically. The single or double TC requirement 
will depend on the state of other control bits. Note that even if the 
counter is automatically disarmed upon a TC, it always counts 
the count source edge which generates the trailing TC edge. 

ARM 

~ 
INTERNAL I n TC 

I 
I DELAYED 
I TOGGLE 
I 
I IMMEDIATE q TOGGLE 
I 

Bit CM6 specifies the location used to reload the counter con
tents when TC occurs. When CM!? = 0, the contents of the Load 
register are transferred into the counter at every TC. When CM6 
= 1, the reload location may be either the Load or Hold register. 
The reload location in this case may be controlled externally 
using a GATE pin or may alternate on each TC. Bit CM7 controls 
the special gating functions that allow retriggering and the 
selection of Load and Hold locations for counter updating. The 
use and definition of CM7 will depend on the status of the Gating 
Control field and bits CM5 and CM6. See Figure 12. 

Counter Mode bits CMi3 through CM15· specify'th!l hardware 
gating options. When "no gating" is selected (000) the counter 
will proceed unconditionally as long as it is armed. For any other 
gating mode, the count process is conditioned by the specified 
gating configuration. For codes of 110 or 111 in this field, count
ing proceeds after the specified active Gate edge occurs. 
Thereafter, the Gate input is ignored and counting continues 
until after one or two TC pulses occur or the counter is disarmed. 
Other codes in the gating field select either active-high or ac
tive-low level gating from a particular GATE pin, or from the TC 
signal of the adjacent counter. Level gating allows the counter to 
count only those clock edges that occur while the gate is active. 
Figure 12 summarizes the various counting configurations of the 
Am9513. 

When edge gating is specified and the CM7 bit is cleared, 
counting will be enabled on the first active gate edge after the 
ARM instruction. Counting will continue until a DISARM instruc
tion occurs or one or two TC pulses occur. When the counting 
stops on TC, an active GATE edge will allow counting to resume 
if the specified repetition has not occurred. While the counter is 
counting no GATE input edge or level will influence the count 
sequence. This mode provides a non-retriggerable, edge
triggered, digital one-shot function. When edge gating is 
specified and the CM7 bit is set, counting will begin on the active 
gate edge after the ARM instruction. If the specified repetition 
has not occurred, any active edge of the specified Gate input will 
reload the counter and at the same time the counter's contents 
will be transferred to the Hold register. In this mode the counter 
will stop after each TC and will resume on the next active GATE 
edge. Thus the counter performs as a retriggerable edge
triggered one-shot. In the non-gated mode when the CM7 bit is 

n n 

Figure 11. Output Waveforms. MOS·I78 
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Operating Mode A B .C D E F G ·H I J K L 

Special Gate (CM7) 0 0 0 0 0 0 0 0 0 0 0 0 

Reload Sou",e (CM6) 0 0 0 0 0 0 t 1 1 1 1 1 

Repetition (CMS) 0 0 0 1 1 1 0 0 0 1 1 1 

Gate Control (CM1S-CM13) 000 LEVEL EDGE 000 LEVEL EDGE 000 LEVEL EDGE 000 LEVEL EDGE 

Count to TC once, then disarm X X X 

Count to TC twice, then disarm X X X 

Count to TC repeatedly X X X X X X 

Gate input d~s not gate counter input X X X X 

Count only during active gate level X X X X 

Start count on active gate edge and 
X X 

stop count on next Te. 

Start count on active gate edge and 
X X stop count on second Te. 

No hardware retriggering X X X X X X X X X X X X 

Reload counter from Load Register 
X X X X X X 

onTC 

Reload counter on each Tet alternating 
reload source between Load and Hold X X X X X X 
Registers. 

Transfer Load Register into counter on 
each TC that gate is LOW; transfer Hold 
Register into counter on each TC that 
gate is HIGH. 

On active gate edge transfer counter 
into Hold Register and then reload 
counter from Load Register. 

On active gate edge transfer counter 
into Hokl Register and then reload 
counter from Load or Hold Register. 

Operating Mode M N 0 P a R S T U V W X 

Special Gate (CM7) 1 1 1 1 1 1 1 1 1 1 1 1 

Reload Sou"," (CM6) 0 0 0 0 0 0 1 1 1 1 1 1 

Repetition (CMS) 0 0 0 1 1 1 0 0 0 1 1 1 

Gate Control (CM1S-CM13) 000 LEVEL EDGE 000 LEVEL EDGE 000 LEVEL EDGE 000 LEVEL EDGE 

Count to TC once, then disann X X 

Count to TC twice, then disann .X X X 

Count to TC repeatedly X X X X· X 

Gate input does not gate counter input X X 

Count only during active gate level X X X X 

Start count on active gate edge and 
X X 

stop count on next TC. 

Start count on active gate edge and 
X X stop count on second TC. 

No hardware retriggering X X 

Reload coun.ter from Load Register 
X X X X 

onTC 

Reload counter on each TC, alternating 
reload source between Load and Hold X X X X 
Registers. 

Transfer Load Register into counter on 
each TC that gate is LOW; transfer Hold 

X X 
Register into counter on each TC that 
gate is HIGH. 

On active gate edge transfer counter 
into Hold Register and then reload X X X X 
counter from load Register. 

On active gate edge transfer counter 
into Hold Register and then. reload X X X X 
counter from load or Hold Register. 

Note: Operating modes M and P should not be used. 

Figure 12. Am9513 Operating Modes. 
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set, the counter is enabled for frequency shift keying operation. 
In this mode, the counter's gate input will control whether the 
Load register or Hold register is reloaded into the counter at 
Terminal Count. The GATE input is synchronized with the count 
source to eliminate possible race conditions if it changes as the 
TC occurs. 

When the Am9513 is set to operate with an B-bit data bus width, 
pins DB8 through DB15 are not used for the data bus and are 
available for otherfunctions. Pins DB 131hrough DB15 should be 
lied high. Pins DBB through DB12 are used as auxiliary galing 
inputs, and are labeled GATE1A IhroughGATE5A respeclively. 
The auxiliary gate pin, GATENA, is logically AN Oed with Ihe gale 
inpullo Counler N, as shown in Figure 13. The oulput of Ihe AND 
gale is then used as Ihe galing Signal for Counler N. 

TCN-l------~------~----, 
GATEN-l -------I 

GATEN -------I 
GATEN+l -------I 

GATE 
INPUT 

MULTIPLEXER 

GATEN/A _____________________ --1 

Am9513 

Master Mode Register 

The 16-bit Master Mode (MM) register is used to control those 
internal activities that are not controlled by the individual 
Counter Mode registers. This includes frequency control, 
time-of-day operation, comparator controls, data bus width 
and data pOinter sequencing. Figure 14 shows the bit assign
ments for the Master Mode register. 

A 16-bit scaling counter divides the outpul of Ihe on-chip os
cilialor inlo four addilional sub-frequencies. This provides a 
lolal of five inlernal frequencies Ihal may be rouled 10 any of 
Ihe general counlers and 10 Ihe FOUT divider. The scaler is 
lapped every 4 bils and may be programmed by Master Mode 
bil MM15 to divide in binary or in BCD. Figure 15 shows Ihe 
resulling combinalions of frequencies Ihat are available. 

EDGE 
AND 

LEVEL 
GATE 

CONTROL 
LOGIC 

Figure 13. Gating Control. 
MOS·17S 

FOUT Divider 

0000 = Divide by 16 
0001 = Divide by 1 
0010 = Divide by 2 
0011 = Divide by 3 
0100 = Divide by 4 
0101 = Divide by 5 
0110 = Divide by 6 
0111 = Divide by 7 
1000 = Divide by 8 
1001 = Divide by 9 
1010 = Divide by 10 
1011 = Divide by 11 
1100 = Divide by 12 
1101 = Divide by 13 
1110 = Divide by 14 
1111 = Divide by 15 

FOUT Gate 
0= FOUTOn 
1 = FOUT Off (Low Z 10 GND) 

Data Bus Width 
0= 8-Bit Bus 
1 =16-Bit Bus 

Data Pointer Control 
o = Enable Increment 
1 = Disable Increment 

Scaler Control 
o = Binary Division 
1 = BCD Division 

FOUT Source 

0000 = Fl 
0001 = SRC 1 
0010 = SRC 2 
0011 = SRC 3 
0100 = SRC 4 
0101 = SRC 5 
0110 = GATE 1 
0111 = GATE 2 
1000 = GATE 3 
1001 = GATE 4 
1010 = GATE 5 
1011 = Fl 
1100 = F2 
1101 = F3 
1110 = F4 
1111 = F5 

Compare 2 Enable ~ 
0= Disabled 
1 = Enabled 

Compare 1 Enable 
0= Disabled 
1 = Enabled 

Time-of-Day Mode ------------1 
00 = TOO Disabled 
01 = TOO Enabled -;. 5 Input 
10 = TOO Enabled -;. 6 Input 
11 = TaD Enabled -;. 10 Input 

.Figure 14. Master Mode Register Bit ASSignments. 
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,..---------~--------------------------------------------__ F1 

,..-----------------------------------------F2 
,..----------------------------F3 

,..-------------- F4 

------;l 
esc 1---4---+I_~ 4 BITS -I 4 BITS : : 4 BITS: 4 BI~ I 

X1_ 

F5 

X2_ I L ~ 
L-_---J L----------------~ FREQUENCY 

Frequency 
BCD Scaling 

MM15 = 1 
Binary Scaling SCALER 

MM15 = 0 

ase 
F1 + 10 
F1 + 100 

ase 
F1 + 16 
F1 + 256 

F1 
F2 
F3 
F4 
F5 

F1 + 1,000 
F1 + 10,000 

F1 + 4,096 
F1 + 65,536 

Figure 15. Internal Oscillator Frequency Scaler. 
MOS·181 

Bits MMO and' MM1 of the Master Mode register specify the 
time-of-day (TOO) options. When MMO = 0 and MMf = 0 the 
special logic used to implement TOO is disabled and counters 
1 and 2 will operate in exactly the same way as counters 3, 4 
and 5. When MMO = 1 or MM1 = 1, additional counter de
coding and control logic is enabled on counters 1 and 2 which 
causes their decades to turn over at the counts that generate 
appropriate 24-hour TOO accumulations. 

Figure 16 shows the counter configurations for TOO opera
tion. The least significant decade of Counter 1 is, used to 
scale the input frequency in order to output 'tenth-of-second 
periods into the next decade. It can be setup to divide by five, 
divide by six, or divide by ten. Thus the input frequency for 
real-time clocking can be, respectively, 50Hz, 60Hz or 100Hz. 
The input for Counter 2 should be the TC output of Counter 1 
for TOO operation. Both counters should be setup for BCD 
counting and no gating. The Load registers should be used to 
initialize the clock to the proper time. 

16, inclusive, and is then passed to the FOUT output buffer. 
After power-on or reset, the FOUT Divider is set to divide by 
sixteen. 

Master Mode bit MM12 provides a software gating capability 
for the FOUT Signal. When MM12 = 1, FOUT is off and in a 
low impedance state to ground. After power-up or reset, 
FOUT is gated on. 

Bit MM13 controls the multiplexer at the data bus interface in 
order to configure the part for an B-bit or 16-bit external bus. The 
internal bus is always 16-bits wide. When MM13 = 1, 16-bit data 
is transferred directly between the internal bus and all 16 of the 
external bus lines. In this configuration, the Byte Pointer bit in 
the Data Pointer register remains set at all times. When MM13 = 
0, 16-bit internal data is transferred a byte at a time to and from 
the eight low-order extemal data bus lines. The Byte Pointer bit 
toggles with each byte transfer in this mode. When operating 
with an B-bit data bus width, five of the eight high-order data bus 
pins (DBB through DB12) are available for use as auxiliary gate 
inputs. 

Bit MM14 controls the Data Pointer logic to enable or disable the 
automatic sequencing functions. When MM14 = 1, the contents 
of the Data Pointer can be changed only directly by entering a 
command. When MM14 = 0, several types of automatic 
sequencing of the Data Pointer are available. These are de
scribed in the Data Pointer register section of this document. 

Bits MM12, MM13 and MM14 can be individually set and reset 
using commands issued to the Command register. In addition 
they can all be changed by writing directly to the Master Mode 
register. 

Added functions are available in the Counter Logic Groups for 
counters 1 and 2 (see Figure 2). Each contains a 16-bit Alarm 
register and a 16-bit Comparator. Bits MM2 and MM3 control 
the Comparators. When a Comparator is enabled its output is 
substituted for the normal counter output on the associated 
OUT1 or OUT2 pin. The polarity definition for the Comparator 
output will depend on the active-high or active-low definition 
as programmed in the appropriate Counter Mode register. 
Once the compare output is true, it will remain so until the 
count changes and the comparison therefore goes false. The 
two Comparators can be used individually in most operating 
modes. A speCial case occurs when the time-of-day option is 
invoked and both Comparators are enabled. The operation of 
Comparator 2 will then be conditioned by Comparator 1 so 
that a full 32-bit compare must be true in order to generate a 

C15 C12 C8 c. co 

true signal on OUT2. 

Master Mode bits MM4 through MM7 specify th~ source input 
for the FOUT divider. Fifteen inputs are available for selection 
and they include the five Source pins, the five Gate pins and 
the five internal frequencies derived from the oscillator. The 
16th combination of the four control bits (all zeros) is used to 
assure that an active frequency is available at the input to the 
FOUT divider following reset. 

Bits MMB through MM11 specify the dividing ratio for the 
FOUT Divider. The FOUT source (selected by bits MM4 
through MM7) is divided by an integer value between 1 and 
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Counter 21 I I I I 
Hours Minutes 

C15 C12 C8 C4 CO 

Counter 1 I I I I I 
5eoonds t/10 Sec, +5,6,or10 
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Figure 16. Time-of-Day Storage Configuration. 



Am9513 
MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature 

Ambient Temperature Under Bias 

vee with ResP!lct to VSS -O.SV to +7.0V 

All Signal Voltages with Respect to VSS -O.SV to + 7.0V 

Power Dissipation (Package Limitation) 1.SW 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 

Part Number Temperature vee vss 
O'C,.; TA ,.; +70"C 

ELECTRICAL CHARACTERISTICS over operating range (Notes 1 and 2) 

Parameter Description Test Conditions Min. Typ. Max. Units 

VIL Input Low VoRage (All inputs except X2) VSS-0.5 0.8 VoRs 

VIH Input High Voltage (All inputs except X2) 2.0 VCC VoRs 

VITH Input Hysteresis (SAC and GATE Inputs Only) 0.2 0.3 VoRs 

IOL = 3.2rnA 0.4 

VOL Output Low Voltage IOL = 4.0rnA Volts 

IOL = 4.5rnA 

IOH = -400/loA 

VOH Output High Vottage IOH = -2.0rnA 2.4 Volts 

IOH = -2.5mA 

IIX Input Load Current VSS ,.; VIN ,.; vee ±10 /loA 

IOZ Output Leakage Current 
VSS ,.; VOUT ,.; vee 

±25 /loA High Impedance State 

TA = -55'C 

ICC VCC Supply Current TA = O"C rnA 

" TA = +25'C 160 

CIN Input Capacitance f = 1 MHz, TA = +25'C, 10 

COUT Output Capacitance All pins not under test 15 pF 

CIO IN/OUT Capacitance atOV. 20 
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ENABLED 
COUNT 

SOURCE 
(NOTE 10) 

GATE INPUT 
(NOTE 13) 

cs 
(NOTE 15) 

cio 

------r-------r------------------------' 

IN~~~~ ------~~I 

OUT 

ENABLED 
COUNT 

SOURCE 

Figure 17. Bus Transfer Switching Waveforms. 

(NOTE 10) ___ _' 
TEHEL 

GATE 
(NOTE 13) 

FOUT 

TEHGV 

------~---------------' 

MOS·183 

OUT _____ "_I.~~~~~~~~~_T_E_HY_V~~~~~~~~~~:~~~--________________________________ _ 

---1: TCHCH ~ 

(NOTE~ }~! 
TCHCL 

\ \'-----11 

\'-----11 \~--

Figure 18. Counter Switching Waveforms. 
MOS·1M 
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SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 4) 

Am9513 

Parameter Description Min. Max. Min. Max. Unit 

10-83 



Am9513 
NOTES: 

1. Typical values are for T A = 2SoC, nominal supply voltage 
and nominal processing parameters. 

2. Test conditions assume transition times of 10ns or less, 
timing reference levels of O.BV and 2.0V and output loading 
of one TTL gate plus 100pF, unless otherwise noted. 

3. Abbreviations used for the switching parameter symbols are 
given as the letter T followed by four or five characters. The 
first and third characters represent the signal names on 
which the measurements start and end. Signal abbrevia
tions used are: 

A (Address) = C/D 
C (Clock) = X2 
D (Data In) = DBO-DB1S 
E (Enabled counter source input) SRC1-SRC5, 

GATE1-GATES, Fl-FS, TCN-l 
F = FOUT 
G (Counter gate input) = GATE1-GATES, TCN-l 
a (Data Out) = DBO-DB1S 
R (Read) = RD 
S (Chip Select) = CS 
W (Write) = WR 
Y (Output) = OUT1-0UTS 

The second and fourth letters deSignate the reference 
states of the signals named in the . first and third letters 
respectively, using the following abbreviations. 

H = High 
L = Low 
V = Valid 
X = unknown or don't care 
Z = high impedance 

4. Switching parameters are listed in alphabetical order. 
S. Any input transition that occurs before this minimum setup 

requirement will be ·reliected in the contents read from the 
status register. 

6. Any input transition that occurs before this minimum setup 
requirement will act on the counter before the execlltion of 
the operation initiated by the write. 

10-84 

7. Any input transition that occurs after this minimum hold time 
is guaranteed to not influence the contents read from the 
status register on the current read operation. 

8. Any input transition that occurs after this minimum hold time 
is guaranteed to be seen by the counter as occurring after 
the action initiated by the write operation. 

9. This parameter applies to cases where the write operation 
causes a change in the output bit. 

10. The enabled count source is one of F1-FS, TCN-1, 
SRC1-SRCS or GATE1-GATES, as selected in the applica
ble Counter Mode register. The timing diagram assumes 
the counter counts on rising source edges. The timing spec-
ifications are the same for falling-edge counting. . 

11. This parameter applies to edge gating (CM1S-CM13 = 110 
or 111) and gating when both CM7 = 1 and CM1S-CM13" 
000. Thi!! parameter represents the minimum GATE pulse 
width needed to ensure that the pulse initiates counting or 
counter reloading. 

12. This parameter applies to level gating (CM1S-CM13 = 001 
through 101) and gating when both CM7 = 1 and 
CM1S-CM13 = 000. This parameter represents the 
minimum setup or hold times to ensure that the Gate input is 
seen at the intended level on the active source edge. 

13. This parameter assumes that the GATENA input is unused 
(16-bit bus mode) or is tied high. In cases where the 
GATENA input is used, this timing specification must be met 
by both the GATE and GATENA inputs. 

14. Signals F1-FS cannot be directly monitored by the user. The 
phase difference between these signals will manifest itself 
by causing counters using two different F signals to count at 
different times on nominally simultaneous transitions in the 
F signals. _ 

lS. This timinJLspecification assu~ that CS is active 
whenever RD or WR are active. CS may be held active 
indefinitely. 

16. This parameter assumes X2 is driven with a TTL-level 
square wave. 



APPLICATION INFORMATION 

The X1 and X2 inputs can be driven with a RC network, an 
external TTL-level square wave, or a crystal. Figure 19 shows 
the suggested methods of connecting different frequency 
sources to the internal oscillator input. 

The use of a crystal provides a highly accurate frequency source 
at moderate cost, and accordingly, will usually be the preferred 
method of operation. The Am9513 is designed to use a crystal in a 
parallel-resonant mode. The two ceramic capacitors connecting 
X1 and X2 to ground ensure proper loading on the crystal. The 
capacitor to X2 may be an adjustable type for fine-tuning the 
resonant frequency for critical applicatiOns. 

An RC network provides a very low cost frequency source but 
may exhibit large frequency variations over recommended 
power supply and temperature ranges. Note that there is a re
sistor internal to the Am9513 in parallel with "any external 
resistance. 

Initialization Procedures 

The reset function in the Am9513 is accomplished in two 
ways: automatically during power-up and by software Master 
Reset command. Power-up reset circuitry is intemally triggered 
by the rising VCC voltage when a predetermined threshold" is 
reached. An internal flip-flop is set by the rising supply voltage 
and controls the reset operation. The reset flip-flop remains set 
until cleared by the first active Chip Select input. A reset may also 
by initiated by the host processor by entering the Master Reset 

Am9513 

command. This software reset is active for the duration of the 
command write; otherwise it performs the same'function as the 
power-up reset. 

Following either type of Reset, all five counters are disabled, 
0800 is loaded into each Counter Mode register, and 0000 is 
loaded in the Master Mode register. This results in each counter 
being configured to count down in binary on the positive-going 
edge of the intemal F1 frequency source with no repetition or 
gating. The Master Mode register is cleared to configure the 
Am9513 for an 8-bit data bus width; binary division of the internal 
oscillator; FOUT gated on and set to divide F1 by 16; time-of-day 
mode and comparators 1 and 2 disabled; and the Data Pointer 
increment enabled. 

Reset will clear the Load and Hold registers for each counter but 
will not change either the counter contents or the Data Pointer 
register. 

The following initialization procedure should be followed on 
Counters 1 and 2 when Time-of-Day mode is selected. 

1. Set Time-of-Day enabled in the Master Mode register and load 
Counter Mode registers 1 and 2. 

2. IfTime-of-Day is to count up, load 0000 in Load registers 1 and 
2 and execute command FF43 (Load) to load this value into 
the counters. This step conditions the count circuitry. 

3. Load the desired start time into the Load registers and execute 
command FF43 again. 

4. For counting up, load Load registers 1 and 2 with 0000. 
5. Counters 1 and 2 may now be atrned. 

Xl Xl Am9513 
(NO --C Am9513 -c CONNECTION) 

R RI"' 
~ X2 X2 ,.... ~ .... 

t - ~c 

MOS·1SS 

Figure 19. Driving the X1 and X2 Inputs. 
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PHYSICAL DIMENSIONS 

4O-Pln Cerdlp 4G-Pln Molded DIP 

I ~:::::::::::::::::~ l, 
~h"=l r JSEATlNGf.9-PLANE ----c,- , 

L ,I- " -11-, '-I « 

I e::::::::::::::::] 
51--11-- SEATING 

~~ 
: IUIIUl. -.l Ar 

-I -I.f- ,,----j ~ ,-II-- 1-.,----1 

Reference Inches 
Symbol Min. Max, Reference 

Inches 

A ,150 ,225 Symbol Min. Max. 
b ,016 ,020 A .150 .200 

b, ,045 ,065 b .015 .020 

c .009 .011 b, .055 .065 

0 2,020 2.100 c .009 .011 

E ,510 ,550 D 2.050 2.060 

E, ,600 ,6S0 E .530 .550 

e ,090 ,110 E, .585 .700 

L ,120 ,150 e .090 .110 

Q ,015 ,060 L .015 .060 

S,' ,005 Q .015 .060 

'" So lSo 5, .040 .070 

"From edge of end lead. 

4O-Pin Side-Brazed Ceramic 

Reference 
Inches 

Symbol Min . Max. 

A . 100 .200 

b .015 .022 

b, .030 .060 

c .006 ,013 

D 1.960 2.040 

E ,550 .610 

E, .590 .620 

• .090 .110 

L ,120 ,160 

Q .020 .060 

5, ,005 
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Am9S17A 
Multimode DMA Controller 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Four independent DMA channels, each with separate reg
isters for Mode Control, Current Address, Base Address, 
Current Word Count and Base Word Count. 

The Am9517A Multimode Direct Memory Access (DMA) Con
troller is a peripheral interface circuit for microprocessor sys
tems. It is designed to improve system performance by allowing 
external devices to directly transfer information to or from the 
system memory. Memory-to-memory transfer capability is also 
provided. The Am9517A offers a wide variety of programmable 
control features to enhance data throughput and system opti
mization and to allow dynamic reconfiguration under program 
control. 

• Transfer modes: Block, Demand, Single Word, Cascade 
• Independent autoinitialization of all channels 
• Memory-to-memory transfers 
• Memory block initialization 
• Address increment or decrement 
• Master system disable 
• Enable/disable control of individual DMA requests 
• Directly expandable to any number of channels 
• End of Process input for terminating transfers 
• Software DMA requests 
• Independent polarity control for DREQ and DACK signals 

The Am9517 A is designed to be used in conjunction with an ex
ternal B-bit address register such as the Am74LS373. It con
tains four independent channels and may be expanded to any 
number of channels by cascading additional controller chips. 

The three basic transfer modes allow programmability of the 
types of DMA service by the user. Each channel can be indi
vidually programmed to Autoinitialize to its original condition 
following an End of Process (EOP). 

• Compressed timing option speeds transfers - up to 2M 
words/second 

• +5 volt power supply 
• Advanced N-channel silicon gate MOS technology 

I • 40 pin Hermetic DIP package 
• 100% MIL-STD-883 reliability assurance testing 

EOP_ 

RESET_ 

~READY _ 

CLOCK _ 

AENADSTB_ 
MEMR --< 

MEMw'--< 

TIMING AND 
CONTROL 

DECREMENTOR 

TEMP WORD 
COUNT REG (18) 

I 
READ BUFFER 

BASE ! BASE 

ADDRESS I WORD 
COUNT (I., j (16, 

t 

Each channel has a full 64K address and word count capability. 
An external EOP signal can term.inate a DMA or memory-to
memory transfer. This is useful for block search or compare 
operations using external comparators or for intelligent peri
pherals to abort erroneous services. 

BLOCK DIAGRAM 

INC/DECREMENTOR 

TEMP ADDRESS 
REG (16, 

16 siT BUS 1 
16 BIT BUS 

t 
READIWRITE BUFFER 

CURRENT ~ CURRENT 

ADDRESS I ~~~ 
(16, i (16, 

AD-A> I I I/O BUFFER K" ... ..-----v') 

-I~"m':~ 
,..------L--,~ 

M.A7 

illii_ 

ilIW_ I t I I J 
'--------tl--ll~ ,........_ ....... , 

COMMAND 
CONTROL 

DREQO-DRE03 +
HACK_ 

HRED_ 

DACKO-DACK3 ~ 

I WRITE BUFFER I I READ BUFFER I 
PRIORITV 
ENCODER 

AND 
ROTATING 
PRIORITY 

LOGIC 

~HY COMMAND(B'S 
f'r' {} 

INTERNAL DATA BUS 

7 ~.....------. 
1 I/O BUFFER ,,1/'-_--=D;::;80-0=8::..7 ") 

MASK(" 
READ{RITE It 

'--~-.... 
tL-__ -t! REQUEST (" 

I ~D~ I I STATUS 181 I I TEMPORARY (8) 

ORDERING INFORMA1l0N 

Maximum Clock Frequency Package 
Type Ambient Temperature 3MHz 4MHz 

Hennetic DIP/ 
Molded DIP 

AM9517 ADC/PC 
AM9517 A-1 DC/PC AM9517 A-4DC/PC 

MOS.()33 

Hermetic DIP -55°C", TA '" +125°C AM9517ADM 
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CONNECTION DIAGRAM 

iOil 1 • 40 A7 

lOW 2 39 A6 

MEMR A. 

MEMW 37 AO 

(NOTE 11) 36 EOP 

READY 35 A3 

HACK A2 

ADSTB Al 

AEN 9 32 AO 

HREC 10 Am9517A 31 vee (+5V) 

os DBO 

elK 12 DBl 

RESET 13 2. DB2 

DACK2 10 DB3 

DACK3 
,. 

DBO 

DREQ3 ,. 25 DACKO 

DREQ2 17 DACK1 

DREQ1 ,. DB5 

DREQO DB. 

IGND) VSS 21 DB7 

Top View 
Pin 1 is mar1<ed for orientation. 

Figure 1. MOS·034 

INTERFACE SIGNAL DESCRIPTION 

VCC: +5 Volt Supply 
VSS: Ground 

ClK (Clock, Input) 

This input controls the internal operations of the Ari19517A and 
its rate of data transfers. The input may be driven at up to 3M Hz 
for the standard Am9517A and up to 4MHz for the Am9517A-4. 

CS (Chip Select, Input) 

Chip Select is an active low input used to select the Arn9517 A as 
an I/O device during an I/O Read or I/O Write by the host CPU. 
This allows CPU communication on the data bus. During multi
ple transfers to or from the Am9517A by the host CPU, CS may 
be held low providing lOR or lOW is toggled following each 
transfer. 

RESET (Reset, Input) 

Reset is an asynchronous active high input which clears the 
Command, Status, Request and Temporary registers. It also 
clears the first/last flip/flop and sets the Mask register. Following 
a Reset the device is in the Idle cycle. 

READY (Ready, Input) 

Ready is an input used to extend the memory read and write 
pulses from the Am9517A to accommodate slow memories or 
I/O peripheral devices. 

HACK (Hold Acknowledge, Input) 

The active high Hold Acknowledge from the CPU indicates that 
control of the system buses has been relinquished. 

DREQG-DREQ3 (DMA Request, Input) 

The DMA Request lines are individual asynchronous channel 
request inputs used by peripheral circuits to obtain DMA service. 
In Fixed Priority, DREQO has the highest priority and DREQ3 
has the lowest priority. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. 

DBG-DB7 (Data Bus, Input/Output) 

The Data Bus lines are bidirectional three-state signals con
nected to the system data bus. The outputs are enabled during 
the I/O Read by the host CPU, permitting the CPU to examine 

the contents of an Address register, the Status register, the 
Temporary register 'or a Word Count register. The Data Bus is 
enabled to input data during a host CPU I/O write, allowing the 
CPU to program the Am9517A control registers. During DMA 
cycles the most significant eight bits of the address are output 
onto the data bus to be strobed into an external latch by ADSTB. 
In memory-to-memory operations data from the source memory 
location comes into the Am9517A's Temporary register on the 
read-from-memory half of the operation. On the write-to-memory 
half of the operation, the data bus outputs the Temporary regis
ter data into the destination memory location. 

lOR (I/O Read, Input/Output) 

I/O Read is a bidirectional active low three-state line. In the Idle 
cycle, it is an input control signal used by the CPU to read the 
control registers. In the Active cycle, it is an output control signal 
used by the Am9517A to access data from a peripheral during a 
DMA Write transfer. 

lOW (I/O Write, Input/Output) 

I/O Write is a bidirectional active low three-state line. In the Idle 
cycle it is an input control signal used by the CPU to load infor
mation into the Am9517A. In the Active cycle it is an output 
control signal used by the Am9517A to load data to the 
peripheral during a DMA Read transfer. 

Write operations by the CPU to the Am9517A require a rising 
WR edge following each data byte transfer. It is not sufficient to 
hold the lOW pin low and toggle CS. 

EOP (End of Process, Input/Output) 

EOP is an active low bidirectional open-drain signal providing 
information concerning the completion of DMA service. When a 
channel's Word Count goes to zero, the Am9517A pulses EOP 
low to provide the peripheral with a completion signal. EOP may 
also be pulled low by the peripheral t.o cause premature comple
tion. The reception of EOp, either internal or external, causes the 
currently active channel to terminate the service, to set its TC bit 
in the Status regis.ter and to reset its request bit. If Autoinitial
ization is selected for the channel, the current registers will be 
updated from the base registers. Otherwise the channel's mask 
bit will be set and the register contents will remain unaltered. 
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During memory-to-memory transfers, EOP will be output when 
the TC for channel 1 occurs. EOP always applies to the channel 
with an active DACK; external EOPS are disregarded in 
DACKO-DACK3 are all inactive. 

Because EOP is an open-drain signal, an external pull up resis
tor is required. Values of 3.3K or 4.7K are recommended; the 
EOP pin can not sink the current passed by a 1 K pullup. 

Ao-A3 (Address, Input/Output) 

The four least significant address lines are bidirectional 3-state 
signals. During DMA Idle cycles they are inputs and allow the 
host CPU to load or read control registers. When the DMA is 
active, they are outputs and provide the lower 4-bits of the out
put address. 

A4-A7 (Address, Output) 

The four most significant address lines are three-state outputs 
and provide four bits of address. These lines are enabled only 
during DMA service. 

HREQ (Hold Request, Output) 

The Hold Request to the CPU is used by the DMA to request 
control of the system bus. Software requests or unmasked 
DREQs cause the Am9517A to issue HREQ. 

DACKo-DACK3 (DMA Acknowledge, Output) 

The DMA Acknowledge lines indicate that a channel is active. In 
many systems they will be used to select a peripheral. Only one 
DACK will be active at a time and none will be active unless the 
DMA is in control of the bus. The polarity of these lines is pro
grammable. Reset initializes them to active-low. 

AEN (Address Enable, Output) 

Address Enable is an active high signal used to disable the 
system bus during DMA cycles to enable the output of the exter
nal latch which holds the upper byte of the address. Note that 
during DMA transfers HACK and AEN should be used to de
select all other 1/0 peripherals which may erroneously be acces
sed as programmed 1/0 during the DMA operation. The 
Am9517A automatically deselects itself by disabling the CS 
input during DMA transfers. 

ADSTB (Address Strobe, Output) 

The active high Address Strobe is used to strobe the upper 
address byte from DBO-DB7 into an external latch. 

MEMR (Memory Read, Output) 

The Memory Read signal is an active low three-state output 
used to access data from the selected memory location during a 
memory-to-peripheral or a memory-to-memory transfer. 

Name Size Number 

Base Address Registers 16 bits 4 
Base Word Count Registers 16 bits 4 
Current Address Registers 16 bits 4 
Current Word Count Registers 16 bits 4 
Temporary Address Register 16 bits 1 
Temporary Word Count Register 16 bits 1 
Status Register B bits 1 
Command Register B bits 1 
Temporary Register B bits 1 
Mode Registers 6 bits 4 
Mask Register 4 bits 1 
Request Register 4 bits 1 

Figure 2. Am9S17A Internal Registers. 

Am9517A 

MEMW (Memory Write, Output) 

The Memory Write signal is an active low three-state output 
used to write data to the selected memory location during a 
peripheral-to-memory or a memory-to-memory transfer. 

FUNCTIONAL DESCRIPTION 

The Am9517A block diagram includes the major logic blocks and 
all of the internal registers. The data interconnection paths are 
also shown. Not shown are the various control signals between 
the blocks. The Am9517A contains 344 bits of internal memory 
in the form of registers. Figure 2 lists these registers by name 
and shows the size of each. A detailed description of the regis
ters and their functions can be found under Register Description. 

The Am9517A contains three basic blocks of control logic. The 
Timing Control block generates internal timing and external 
control signals for the Am9517A. The Program Command Con
trol block decodes the various commands given to the Am9517A 
by the microprocessor prior to servicing a DMA Request. It also 
decodes each channel's Mode Control word. The Priority En
coder block resolves priority contention among DMA channels 
requesting service simultaneously. 

The Timing Control block derives internal timing from the clock 
input. In Am90BOA systems this inp'ut will usually be the .p2 TTL 
clock from an AmB224. However, any appropriate system clock 
will suffice. 

DMA Operation 

The Am9517 A is designed to operate in two major cycles. These 
are called Idle and Active cycles. Each device cycle is made up 
of a number of states. The Am9517A can assume seven sepa
rate states, each composed of one full clock period. State 1 (S1) 
is the inactive state. It is entered when the Am9517A has no 
valid DMA requests pending. While in S1, the DMA controller is 
inactive but may be in the Program Condition, being program
med by the processor. State 0 (SO) is the first state of a DMA 
service. The Am9517A has requested a hold but the processor 
has not yet returned an acknowledge. An acknowledge from the 
CPU will signal that transfers may begin. S1, S2, S3 and S4 are 
the working states of the DMA service. If more time is needed to 
complete a transfer than is available with normal timing', wait 
states (SW) can be inserted before S4 by the use of the Ready 
line on the Am9517A. 

Memory-to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, which 
resemble the normal working states, use two digit numbers for 
identification. Eight states are required for each complete 
transfer. The first four states (S11, S12, S13, S14) are used for 
the read-from-memory half and the last four states (S21 , S22, 
S23 and S24) for the write-to-memory half of the transfer. The 
Temporary Data register is used for intermediate storage of the 
memory byte. 

IDLE Cycle 

When no channel is requesting service, the Am9517A will enter 
the Idle cycle and perform "S1" states. In this cycle the 
Am9517A will sample the DREQ lines every clock cycle to de
tenmine if any channel is requesting a DMA service. The device 
will also sample CS, looking for an attempt by the microproces
sor to write or read the internal registers of the Am9517A. When 
CS is low and HACK is low the Am9517A enters the Program 
Condition. The CPU can now establish, change or inspect the 
internal definition of the part by reading from or writing to the 
internal registers. Address lines AO-A3 are inputs to the device 
and select which registers will be read or written. The lOR and 
lOW lines are used to select and time reads or writes. Due to the 
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number and siie of the internal registers, an internal flip/flop is 
used to generate an additional bit of address. This bit is used to 
detennine the upper or lower byte of the l6-bit Address and 
Word Count registers. The flip/flop is reset by Master Clear or 
Reset. A separate software command can also reset this ,flip/ 
flop. 

Special software commands can be executed by the Am95l7A 
in the Program Condition. These commands are decoded as 
sets of addresses when both CS and lOW are active and do not 
make use of the data bus. Functions' include Clear First/Last 
Flip/Flop and Master Clear. 

ACTIVE CYCLE 

When the Am9517A is in the Idle cycle and a channel requests a 
DMA service, the device will output a HREQ to the micropro
cessor and enter the Active cycle. It is in this cycle that the DMA 
service will take place, in one of four modes: 

Single Transfer Mode: In Single Transfer mode, the Am9517A 
will make a one-byte transfer during each HREQ/HACK hand
shake. When DREQ goes active, HREQ will go active. After the 
CPU responds by driving HACK active, a one-byte transfer will 
take place. Following the transfer, HREQ will go inactive, the 
word count will be decremented and the address will be either 
incremented or decremented. When the word count goes to zero 
a Terminal Count (TC) will cause an Autoinitialize if the channel 
has been programmed to do so. 

To perform a single transfer, DREQ must be held active only 
until the corresponding DACK goes active. If DREQ is held con
tinuously active, HREQ will go inactive foUowing each transfer 
and then will go active again and a new one-byte transfer will be 
made following each rising edge of HACK. In 8080Al9080A 
systems this will ensure one' full machine cycle of execution 
between DMA transfers. Details of timing between the Am9517A 
and other bus control protocols will depend upon the charac
teristics of the microprocessor involved. 

Block Transfer Mode: In Block Transfer mode, the Am9517A 
will continue making transfers until a TC (caused by the word 
count going to zero) or an external End of Process (EOP) is 
encountered. DREQ need be held active only until DACK be
comes active. An autoinitialize will occur at the end of the ser
vice if the channel has been programmed for it. 

Demand Transfer Mode: In Demand Transfer mode the de
vice will continue making transfers until a TC or external EOP is 
encountered or until DREQ goes inactive. Thus, the device,re
questing service may discontinue transfers by bringing DREQ 
inactive. Service may be resumed by asserting an active DREQ 
once again. During the time between services when the micro
processor is allowed to operate, the intermediate values of ad
dress and word count may be read from the Am9517A Current 
Address and Current Word Count registers. Autoinitialization will 
only occur following a TC or EOP at the end of service. Follow
ing Autoinitialization, an active-going DREQ edge is required to 
initiate a new DMA service. 

Cascade Mode: This mode is used to cascade more than one 
Am9517A together for simple system expansion. The HREQ and 
HACK signals from the additional Am9517A are connected to 
the DREQ and DACK signals of a channel of the initial 
Am9517 A. This allows the DMA requests of the additional device 
to propagate through the priority network circuitry of the pre
ceding device. The priority chain is preserved and the new de
vice must wait for its turn to acknowledge requests. Since the 
cascade channel in the initial device is used only for prioritizing 
the additional device, it does not output any address or control 

signals of its own: These would conflict with the outputs of the 
active channel in the added device. The Am9517A will respond 
to DREQ with DACK but all other outputs except HREQ will be 
disabled. 

Figure 3 shows two additional devices cascaded into an initial 
device using two of ,the previous channels. This fonns a two 
level DMA system. More Am9517As could be added at the sec
ond level by using the remaining, channels of the first level. 
Additional devices can also be added by cascading into the 
channels of the second level devices forming a third level. 

MICROPROCESSOR 
1ST LEVEL 

HOLD REO 
HREQ OREQ 

HOlDACK 
HACK DACK 

Am9517A 

DREQ 

DACK 

INITIAL DEVICE 

M08-035 

2ND LEVEL 

Am9517A 

HflEQ 

HAcK 

HREQ 

HACK 

Am9517A 

ADDITIONAL 
DEVICES 

Figure 3. Cascaded Am9517As. 

TRANSFER TYPES 

Each of. the three active transfer modes can perform three dif
ferent types of transfers. These are Read, Write and Verify. 
Write transfers move data from an 1/0 device to the memory by 
activating lOR and MEMW. Read transfers move data from 
memory to an 1/0 device by activating MEMR and lOW. Verify 
transfers are pseudo transfers; the Am9517A operates as in 
Read or Write transfers generating addresses, responding to 
EOP, etc., however, the memory and 1/0 control lines remain 
inactive. 

Memory-to-Memory: The Am95l7A inc,ludes a block move 
capability that allows blocks of data to be moved from one mem
ory address space to another. When Bit CO, in the Command 
register is set to a logical 1, channels 0 and l' will operlite as 
memory-to-memory transfer channels. Channel 0 forms the 
source address and channel 1 forms the destination address. 
The channell' word count is used. A memory-to-memory trans
fer is initiated by setting a software DMA request for channel O. 
Block Transfer Mode should be used for memory-to-memory. 
When channel 0 is programmed for a fixed source address, a 
Single source word may be written into a block of memory. 

When setting up the Am9517A for memory-to-memory opera
tion, it is suggested that both channels 0 and 1 be masked out. 
Further, the channel 0 word count should be initialized to the 
same value used in channel 1. No DACK outputs will be active 
during memory-to-memory transfers. 

The Am9517A will respond to external EOP Signals during 
memory-to-memory transfers. Data comparators in block search 
schemes may use this input to terminate the service when a 
match is found. The timing of memory-to-memory transfers may 
be found in Timing Diagram 4. 
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Autointialize: By programming a bit in the Mode register a 
channel may be set up for an Autoinitialize operation. During 
Autoinitialization, the original values of the Current Address and 
Current Word Count registers are automatically restored from 
the Base Address and Base Word Count registers of that chan
nel following EOP. The base registers are loaded simultane
ously with the current registers by the microprocessor and re
main unchanged throughout the DMA service. The mask bit is 
not set by EOP when the channel is in Autoinitialize. Following 
Autoinitialize the channel is ready to repeat its service without 
CPU intervention. 

Priority: The Am9517A has two types of priority encoding 
available as software selectable options. The first is Fixed Prior
ity which fixes the channels in priority order based upon the 
descending value of their number. The channel with the lowest 
priority is 3 followed by 2, 1 and the highest priority channel, D. 

The second scheme is Rotating Priority. The last channel to get 
service becomes the lowest priority channel with the others 
rotating accordingly. With Rotating Priority in a single chip DMA 
system, any device requesting service is guaranteed to be rec
ognized after no more than three higher priority services have 
occurred. This prevents anyone channel from monopolizing the 
system. 

1st Service 2nd Service 3rd Service 

highest o 2 _ service~3 ___ service 
1 - service"""'\.. 3 - request 0 
2 ~O 1 
3 1 2 lowest 

The priority encoder selects the highest priority channel re
questing service on each active-going HACK edge. Once a 
channel is started, its operation will not be suspended if a re
quest is received by a higher priority channel. The high priority 
channel will only gain control after the lower priority channel 
releases HREQ. When control is passed from one channel to 
another, the CPU will always gain bus control. This ensures 
generation of rising HACK edge to be used to initiate selection of 
the new highest-priority requesting channel: 

Compressed Timing: In order to achieve even greater 
throughput where system characteristics permit, the Am9517A 
can compress the transfer time to two clock cycles. From Timing 
Diagram 3 it can be seen that state 53 is used to extend the 
access time of the read pulse. By removing state 53 the read 
pulse width is made equal to the write pulse width and a trarisfer 
consists only of state 52 to change the address and state 54 to 
perform the read/write. 51 states will still occur when AS-A15 
need updating (see Address Generation). Timing for compres
sed tranSfers is found in Timing Diagram 6. 

Address Generation: In order to reduce pin count, the 
Am9517A multiplexes the eight higher order address bits on the 
data lines. 5tate 51 is used to output the higher order address 

AmI517A 

bits to an external latch from which they may be placed on the 
address bus. The falling edge of Address 5trobe (AD5TB) is 
used to load these bits from the data lines to the latch. Address 
Enable (AEN) is used to enable the bits onto the address bus 
through a 3-state enable. The lower order address bits are out
put by the Am9517A directly. Lines AD-A7 should be connected 
to the address bus. Timing Diagram 3 shows the time relation
ships between ClK, AEN, AD5TB, DBO-DB7 and AD-A7. 

During Block and Demand Transfer mode services which in
clude multiple transfers, the addresses generated will be se
quential. For many transfers the data held in the external ad
dress latch will remain the same. This data need only change 
when a carry or borrow from A7 to AS takes place in the normal 
sequence of addresses. To save time and speed transfers, the 
Am9517A executes 51 states only when updating of AS-A 15 in 
the latch is necessary. This means for long services, 51 states 
may occur only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 

REGISTER DESCRIPTION 

Current Address Register: Each channel has a 16-bit Current 
Address register. This register holds the value of the address 
used during DMA transfers. The address is automatically in
cremented or decremented after each transfer and the inter
mediate values of the address are stored in the Current Address 
register during the transfer. This register is written or read by the 
microprocessor in successive S-bit bytes. It may also be 
reinitialized by an Autoinitialize back to its Original value. Au
toinitialization takes place only after an EOP. 

Current Word Count Register: Each channel has a 16-bit Cur
rent Word Count register. This register should be programmed 
with, and will return on a CPU read, a value one less than the 
number of words to be transferred. The word count is dec
remented after each transfer. The Intermediate value of the word 
count is stored in the register during the transfer. When the 
value in the register goes to zero, a TC will be generated. This 
register is loaded or read in successive S-bit bytes by the micro
processor in the Program Condition. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialize back to its 
original value. Autoinitialize can occur only when an EOP oc
curs. Note that the contents of the Word Count register will be 
FFFF (hex) following on internally generated EOP. 

Base Address and Base Word Count Registers: Each chan
nel has a pair of BaSe Address and Base Word Count registers. 
These 16-bit registers store the original values of their as
SOCiated current.registers. During Autoinitialize these values are 
used to restore the current registers to their original values. The 
base registers are written simultaneously with their correspond
ing current register in S-bit bytes during DMA programming by 
the microprocessor. Accordingly, writing to these registers when 
intermediate values are in the Current registers will overwrite the 
intermediate values. The Base registers cannot be read by the 
microprocessor. 
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Command Register: This 8-bit register controls the operation 
of the Am9517A. It is programmeq by the microprocessor in the 
Program Condition and is cleared by Reset. The following table 
lists the function of the command bits. See Figure 4 for address 
coding. 

765432 o - Bit Number 

o Memory·to·memory disable 
1 Memory-to-memory enable 

o Channel 0 address hold disable 
1 Channel 0 address hold enable 
X IfbitO=O 

o Controller enable 
Controller disable 

o Normal timing 
1 Compressed timing 
X If bit 0 = 1 

o Fixed Priority 
Rotating Priority 

0 Late write selection 
Extended write selection 

X If bit 3 = 1 

0 DREO sense active high 
DREO sense active low 

0 DACK sense ~ctive low 

DACK sense active high 

Mode Register: Each channel has as-bit Mode register as
sociated with it. When the register is being written to by the 
microprocessor in the Program Condition, bits 0 and 1 deter
mine which channel Mode register it to be written. 

765432 o ---Bit Number 

Channel 0 select 
Channel 1 select 
Channel 2 select 
Channel 3 select 

Verify transfer 
01 Write transfer 

'------~ 10 Read transfer 
11 Illegal 
XX If bits 6 and 7 = 11 

0 Autoinitialize disable 
Autoinitialize enable 

0 Address increment select 
Address decrement select 

00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 

Request Register: The Am9517A can respond to requests for 
DMAservice which are initiated by software as well as by a 
DREQ. Each channel has a request bit associated with it in the 
4-bit Request register. These are nonmaskable and subject to 
prioritization by the Priority Encoder network. Each register bit is 
set or reset separately under software control or is cleared upon 
generation of a TC or external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software loads the 
proper foim of the data word. See Figure 4 for address coding. 

7 6 5 4 32 o - Bit Number 

Select channel 0 
Select channel 1 
Select channel 2 
Select channel 3 

o Reset request bit 
Set request bit 

Software requests will be serviced only if the channel is in Block 
mode. When initiating a memory-to-memory transfer, the 
software request for channel 0 should be set. 

Mask Register: Each channel has associated with it a mask bit 
which can be set to disable the incoming DREQ. Each mask bit 
is set when its associated channel produces an EOP if the 
channel is not programmed for Autoinitialize. Each bit of the 4-bit 
Mask register may also be set or cleared separately under 
software control. The entire register is also set by a Reset. This 
disables all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. See Figure 4 for instruction addressing. 

765432 o - Bit Number 

Select channel 0 mask bit 
Select channel 1 mask bit 

Select channel 2 mask bit 

Select channel 3 mask bit 

o Clear mask bit 
Set mask bit 

All four bits of the Mask Register may also be written with a 
single command. 

7 654 3 2 o -Bit Number 

0 Clear Channel 0 mask bit 
Set Channel 0 mask bit 

0 Clear Channel 1 mask bit 
Set Channel 1 mask bit 

0 Clear Channel 2 mask bit 
Set Channel 2 mask bit 

0 Clear Channel 3 mask bit 
Set Channel 3 mask bit 
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Status Register: The Status registers. may be read out of the 
Am9517A by the microprocessor. It indicates which channels 
have reached a terminal count and which channels have pend
ing DMA requests. Bits 0-3 are set each time a TC is reached by 
that channel, including after each Autoinitialization. These bits 
are cleared by Reset and each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting service. 

765432 o _Bit Number 

I I I I I I I I I 

-. 

A3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Channel 0 has reached TC 

Channell has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel 0 request 

Channel 1 request 
Channel 2 request 
Channel 3 request 

Interface Signals 

A2 A1 AO 

0 .0 0 

0 0 0 

0 0 1 

0 0 1 

0 1 0 

0 1 0 

0 1 1 

0 1 1 

1 0 0 

1 0 0 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 1 

1 1 1 

lOR 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

lOW 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

Am9517A 

Temporary Reglstar: The Temporary register is used to hold 
data during memory-to-memory transfers. Following the com
pletion of the transfers, the last word moved can be read by the 
microprocessor in the Program Condition. The Temporary reg
ister always contains the last byte transferred in the previous 
memory-to-memory operation, unless cleared by a Reset. 

Software Commands: There are two special software com
mands which can be executed in the Program Condition. They 
do not depend on any specific bit pattern on the data bus. The 
two software commands are: 

Clear First/Last Flip/Flop: This command may ~e issued prior 
to writing or reading Am9517A address or word count infor
mation. This initializes the flip/flop to a known state so that 
subsequent accesses to register contents by the micro
processor will address lower and upper bytes in the correct 
sequence. 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
Temporary and Internal First/Last Flip/Flop registers are 
cleared and the Mask register is set. The Am9517A will enter 
the Idle cycle. 

Figure 4 lists the address codes for the software commands. 

Operation 

Read Status Register 

Write Command Register 

Illegal 

Write Request Register 

Illegal 

Wr~e Single Mask Register Bit 

Illegal 

Write Mode Register 

Illegal 

Clear Byte Pointer Flip/Flop 

Read Temporary Register 

Master Clear 

Illegal 

Illegal 

Illegal 

Write All Mask Register B~ 

Figure 4. Register and Function Addressing. 
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Channel Register Operation 
Signals Internal Data Bus 

CS lOR lOW A3 A2 Al AO Flip/Flop OBO-OB7 

0 Base & Cu rrent 0 1 0 0 0 0 0 0 AO-A7 
Write 

Address 0 1 0 0 0 0 0 1 A8-A15 

Current 0 0 1 0 0 0 0 0 AO-A7 

Address 
Read 

0 0 1 0 0 0 0 1 A8-A15 

Base & Current 0 1 0 0 0 0 1 0 WO-W7 
Word Count 

Write 
0 1 0 0 0 0 1 1 W8-W15 

Current 0 0 1 0 0 0 1 0 WO-W7 

Word Count 
Read 

0 0 1 0 0 0 1 1 W8-W15 

1 
Base & Cu rrent 0 1 0 0 0 1 0 0 AO-A7 

Address 
Write 

0 1 0 0 0 1 0 1 A8-A15 

Current 0 0 1 0 0 1 0 0 AO-A7 

Address 
Read 

0 0 1 0 0 1 0 1 A8-A15 

Base & Cu rrent 0 1 0 0 0 1 1 0 WO-W7 
Write 

Word Count 0 1 0 0 0 1 1 1 W8-W15 

Current 0 0 1 0 0 1 1 0 WO-W7 

Word Count 
Read 

0 0 1 0 0 1 1 1 W8-W15 

2 
Base & Current 

Write 
0 1 0 0 1 0 0 0 AO-A7 

Address 0 1 0 0 1 0 0 1 A8-A15 

Current 
Read 

0 0 1 0 1 0 0 0 AO-A7 

Address 0 0 1 0 1 0 0 1 A8-A15 

Base & Current 
Write 

0 1 0 0 1 0 1 0 WO-W7 

Word Count 0 1 0 0 1 0 1 1 W8-W15 

Current 
Read 

0 0 1 0 1 0 1 0 WO-W7 

Word Count 0 0 1 0 1 0 1 1 W8-W15 

3 Base & Cu rrent Write 
0 1 0 0 1 1 0 0 AO-A7 

Address 0 1 0 0 1 1 0 1 A8-A15 

Current 
Read 

0 0 1 0 1 1 0 0 AO-A7 

Address 0 0 1 0 1 1 0 1 A8-A15 

Base & Current 0 1 0 0 1 1 1 0 WO-W7 
Write 

Word Count 0 1 0 0 1 1 1 1 W8-W15 

Current 
Read 

0 0 1 0 1 1 1 0 WO-W7 

Word Count 0 0 1 0 1 1 1 1 W8-W15 

Figure 5_ Word Count and Address Register Command Codes. 
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MAXIMUM RATINGS above which useful life may be impaired 

Storage Temperature -65°e to +150oe 
Ambient Temperature Under Bias -55°C to +125°e 
vee with Respect to VSS -0.5V to +7.0V 
All Signal Voltages with Respect to VSS ~.5V to +7.0V 
Power Dissipation (Package limitation) 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested. nevertheless. that conventional precautions be observed during storage. handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 

Part Number vee 
Am9517 ADC/PC O°C to +700C 5.0V ±5% 

Am9517A-1DC/PC O°C to +70°C 5.0V ±5% 

Am9517 A-4DC/PC O°Cto +70°C 5.0V ±5% 

Am9517ADM -55°C to +125°C 5.0V ±10% 

ELECTRICAL CHARACTERISTICS overoperating range (Note 1) 

Parameter Description Test Conditions Min Typ Max Unit 

VOH 
10H = -200/LA 2.4 

Output H IG H Voltage Volts 
10H = -100!1A, (HREQ Onlyl 3.3 

VOL Output lOW Voltage 10l =3.2rnA 

VIH Input HIGH Voltage 

Vil Input lOW Voltage 

/IX Input load Current VSS .. VI .. VCC 

10Z Output leakage Current VCC .. VO .. VSS+.40 

TA = +25°C 

ICC VCC Supply Current TA - O°C 

TA - -55°C 
CO Output Capacitance 

CI Input Capacitance fc = 1.0MHz. Inputs = OV 
CIO . 1/0 Capacitance 

NOTES: 

1. Typical values are for T A = 25°C, nominal supply voltage 
and nominal processing parameters. 

2. Input timing parameters assume transition times of 20ns or 
less. Waveform measurement points for both input and out
put signals are 2.0V for High and 0.8Vfor Low, unless 
otherwise noted. 

3. Output loading is 1 Standard TTL gate plus 50pF capaCi
tance unless noted otherwise. 

4. The new lOW or MEMW pulse width for normal write will be 
TCY-100ns and for extended write will be 2TCY-100ns. The 
net lOR or MEMR pulse width for nOmlal read will be 
2TCY-SOns and for compressed read will be TCY-50ns. 

5. TDO is specified for two different output HIGH levels. TD01 
is measured at 2.0V. TD02 is measured at 3.3V. The value 
for T002 assumes an external 3.3k!l pull-up resistor con
nected from HREO to VCC. 

6. DREO should be held active until DACK is returned. 
7. DREO and DACK signals may be active high or active low. 

Timing diagrams assume the active high mode. 
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0.4 Volts 

2.0 VCC+0.5 Volts 

-0.5 0.8 Volts 

-10 +10 /LA 

-10 +10 /LA 

65 130 

75 150 rnA 

175 

4 8 pF 

8 15 pF 

10 18 pF 

8. Output loading on the data bus is 1 Standard TTL gate plus 
15pF for the minimum value and 1 Standard TTL gate plus 
100pF for the maximum value. 

9. Successive read and/or write operations by the external 
processor to program or examine the controller must be 
timed to allow at least 600ns for the Am9517A or 1 
Am9517A-1 and at least 450ns for the Am9517A-4 as re
covery time between active read or write pulses. 

10. Parameters are listed in alphabetical order. 
11. Pin 5 is an input that should always be at a logic high level. 

An internal pull-up resistor will establish a logic high when 
the pin is left floating. Alternatively, pin 5 may be tied to 
VCC. 

12. Signals READ and WRITE refer to lOR and MEMW respec
tively for peripheral-to-memory DMA operations and to 
MEMR and lOW respectively for memory-to-peripheral 
DMA operations. 

13. If N wait states are added during the write-to-memory half of 
a memory-to-memory transfer, this parameter will increase 
by N (TCY). 



Am9517A 

SWITCHING CHARACTERISTICS 
ACTIVE CYCLE (Notes 2, 3, 10, 11 and 12) 

Parameter Description 

TAEL AEN HIGH from ClK lOW (S1) Delay Time 

TAET AEN lOW from ClK HIGH (S1) Delay TIme 

TAFAB ADR Active to Float Delay from ClK HIGH 

TAFC READ or WRITE Float from ClK HIGH 

TAFDB DB Active to Float Delay from ClK HIGH 

TAHR , ADR from READ HIGH Hold TIme 

TAHS DB from ADSTB lOW Hold TIme 

TAHW ADR from WRITE HIGH Hold TIme 

DACK Valid from ClK lOW Delay Time 

TAK EOP HIGH from ClK HIGH Delay TIme 

EOP lOW to ClK HIGH Delay Time 

TASM ADR Stable from ClK HIGH 

TASS DB to ADSTB lOW Setup Time 

TCH Clock Hi~h Time (Transitions .. 10ns) 

TCl Clock low Time (Transitions" 10ns) 

TCY ClK Cycle Time 

TDCl 
ClK HIGH to READ or WRITE lOW Delay 
(Note 4) 

TDCTR 
READ HIGH from ClK HIGH (S4) 
Delay Time (Note 4) 

TDCTW 
WRITE HIGH from ClK HIGH (54) 
Delay Time (Note 4) 

TOOl HREO Valid from ClK HIGH Delay Time 
TD02 (Note 5) 

TEPS EOP lOW from ClK lOW Setup Time 

TEPW EOP Pulse Width 

TFAAB ADA Float to Active Delay from ClK HIGH 

TFAC READ or WRITE Active from ClK HIGH 

TFADB DB Float to Active Delay from ClK HIGH 

THS HACK valid to ClK HIGH Setup Time 

nDH Input Data from MEMR HIGH Hold Time 

TIDS Input Data to MEMR HIGH Setup Time 

TODH Output Data from MEMW HIGH Hold TIme 

TODV Output Data Valid to MEMW HIGH (Note 13) 

TOS DR EO to ClK lOW (S1, 54) Setup Time 

TRH ClK to READY lOW Hold Time 

TAS READY to ClK lOW Setup Time 

TSTl ADSTB HIGH from elK HIGH Delay Time 

TSTT ADSTB lOW from ClK HIGH Delay TIme 

Am9S17A 

Min Max 

300 

200 

160 

160 

260 

TCY-100 

60 

TCY-50 

280 

250 

250 

250 

100 

120 

150 

320 

270 

270 

200 

160 

250 

60 

300 

250 

200 

300 

100 

0 

250 

20 

200 

120 

20 

100 

200 

140 
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Am9S17A-1 Am9517A-4 

Min Max Min Max Unit 

300 225 ns 

200 160 ns 

160 120 ns 

160 120 ns 

260 190 ns 

TCY-100 TCY-l00 ns 

50 40 ns 

TCY-50 TCY-50 ns 

280 220 ns 

250 190 ns 

250 190 ns 

250 190 ns 

100 100 ns 

120 100 ns 

160 110 ns 

320 250 ns 

270 200 ns 

270 210 ns 

200 160 ns 

160 120 ns 

250 190 ns 

60 45 ns 

300 225 ns 

260 190 ns 

200 150 ns 

300 225 ns 

100 75 ns 

0 0 ns 

250 190 ns 

20 20 ns 

200 125 ns 

120 90 ns 

20 20 ns 

100 60 ns 

200 150 ns 

140 110 ns 



SWITCHING CHARACTERISTICS 
PROGRAM CONDITION (IDLE CYCLE) 
(Notes 2, 3, 10, 11 and 12) 

Parameter Description 

TAR ADR Valid or CS LOW to READ LOW 

TAW ADR Valid to WRITE HIGH Setup Time 

TCW CS LOW to WRITE HIGH Setup Time 

TOW Data Valid to WRITE HIGH Setup Time 

TRA ADR or CS Hold from READ HIGH 

TRDE Data Access from READ LOW (Note 8) 

TORF DB Float Delay from READ HIGH 

TRSTD 
Power Supply HIGH to RESET LOW 
Setup Time 

TRSTS RESET to First IOWR 

TRSTW RESET Pulse Width 

TRW READ Width 

TWA ADR from WRITE HIGH Hold Time 

TWC CS HIGH from WRITE HIGH Hold Time 

TWO Data from WRITE HIGH Hold Time 

TWWS Write Width 

TAO Data Access from ADR Valid, CS LOW 

Am9S17A 

Min. Max. 

50 

200 

200 

200 

0 

300 

20 150 

500 

2 

300 

300 

20 

20 

30 

200 

350 

Am9S17A-1 Am9517A-4 

Min. Max. Min. Max. 

50 50 

200 150 

200 150 

200 150 

0 0 

200 200 

20 100 20 100 

500 500 

2 2 

300 300 

300 250 

20 20 

20 20 

30 30 

200 200 

300 300 

SWITCHING WAVEFORMS 

TCW 
cs 

TWWS 
lOW 

TWA 
TAW 

AO·A3 INPUT VALID 

TWO 
TOW 

DBD-DB7 INPUT VALID 

Timing Diagram 1. Program Condition Write Timing (Note 9). 

AO-A3 XXXXX ADDRESS MUST BE VALID ,XXXXXXXXXXJI 

r-TAR_-l - _TRA 

~ 
TRW 

) 

I. I. TRDE 

:~ 
_TRDF I 

TAD 

DATA OUT VALID }-DBO-DB7 

Timing Diagram 2. Program Condition Read Cycle (Note 9). 
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Am9S17A 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

p.s 

TCY 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MOS-Q36 

Ii 

MOS·037 



Am951.7A 

SWITCHING WAVEFORMS lCOnt." . 

-a1l' " .. 80.80 

eLK 

=tas 

.. ro m ~J .. ~.:::==:=""'" ~:==~~ ~~I--
HREQ r 
--~ I I 

" .. S3 S4 .. S3 S4 81 81 S1 

"~: ~~~~\\\ 
----1\\1---,---' ~ 

ADSTB 

DBD-DB7 ----II-----j-~~H::-i-t--t=~-i--=ltl=:;;;;---} TAFAB 

AO-A7 ------\\,.---LJ(......:-.----70=~~-y-~~;;,;;-~---

DACK 

~----\ 

EXTEOP H 

Timing, Diagram 3. Active Cycle Timing Diagram. 
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Am9517A 

SWITCHING WAVEFORMS (Cont.) 

elK 

AOST8 

AD-A7 

ITAFAB-1 I 
ADDRESS VALID 

DBO-DB7 

INTEOP 

EXT EOi' 

Timing Diagram 4. Memory-to-Memory. 
M08-039 

MOS·CMO 

Timing Diagram 6. Compressed Timing. Timing Diagram 5. Ready Timing. 

r---------------------------------------~n~----------
vee ----"1,--, __ TRSTD.....,...-_-I~. 

_________________ -'~r·:=====~-T-R-nw----~~~--~~~ RESET t 
---------------------------------------------~~ iOliOR lOW 

m MOS-041 

Timing Diagram 7. Reset Timing. 
MOS·042 " 

10-99 



IUIlWO 1114. 

APPLICATION INFORMATION 
Figure 6 shows a convenient method for configuring a DMA 
system with the Am9517A Controller and a microprocessor 
system. The Multimode DMA Controller issues a Hold Request 
to the processor whenever there is at least one valid DMA Re
quest from a peripheral device. When the processor replies with 
a Hold Acknowledge signal, the Am9517A takes control of the 
Address Bus, the Data Bus and the Control Bus. The address for 
the first transfer operation comes out in two bytes - the least 
significant eight bits on the eight Address outputs and the most 

significant eight bits on the Data Bus. The contents of the Data 
Bus are then latched into the Am74LS373 register to complete 
the full 16 bits of the Address Bus. The Am74LS373 is a high 
speed, low power, a-bit, 3-state register in a 20-pin package. 
After the initial transfer takes place, the register is updated only 
after a carry or borrow is generated in the least significant ad
dress byte. Four DMA channels are provided when one 
Am9517A is used.· 

.... 
ADDRESS BUS AO-AI' 

L. ~ "- ~ 
., 

..... AS-AIS 

I 
- ~ 

DE 
Am14LS373 

CP .... '7 I 8-8ITLATCH 

Ao~A15 - AEN AO-~ M-A7 i!!i ADSTB /). BUSEN· 
.A "-

HLDA HACK Am9617A .. "r 000- ) I DB7 

~ I" I! I~ I~ ~ ~ 
.H~ORQ HREQ ~. ! Ii 

" ~ 
.... ., 

u ~ :I:! Q 

CPU 

t f 414 CLOCK 

RESET 

lmlI! - IOONTROL 
1m! BUS 

1lWI' 

DBO-QB7 

'I; 7 .... 
I SYSTEM DATA BUS 

II" MOS.()43 

Figure 6. Basic DMA Conftguratfon. 
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4O-Pln Plastic 

PHYSICAL DIMENSIONS 
Dual-In-Llne 

Te::::::::::::::::::1 
81-1!-- SEATING 

'I 0 liT ~-t rr--=--"'l= c ~ 
! _U~!.i~U U U UblU~IU~ U U U bU~I_ 1-'2-1 

4O-Pln Hermetic 

Metallization and Pad Layout 

i0ii1~~ill iOW 2 _ 3 -. (TlelO+5V1 6 

READY II 
HACK 7 

ADST8 • 

AEN 9 

HREa 10 

iii 11 

eLK 12 

RESET 13 
DACIU 14 

DACK3 15 

DREQ2 17 

... A7 
39 A6 
38 AS 
37 A4 
38EOP 

3E A3 

34 A2 

33 Al 

32 AD 
31 VCC{+5VI 

39 OBO 

29 DEl 

28 D02 

27 DB3 

26 D84 
25 DACKO 

Reference 
Symbol 

A 

b 

b, 

c 

0 

E 
E, 
e 

L 

Q 

S, 

Reference 
Symbol 

A 

b 

b, 
c 

D 

E 
E, 
e 

L 

Q 

S, 

Am9517A 

Inches 

Min. Max • 

.150 . 200 

.015 .020 

.055 .065 

.009 .011 

2.050 '2.080 
.530 .550, 

.585 .700 

.090 .',0 

.125 .160 

.015 .060 

.040' .070 

Inches 

Min • Max. 

. 100 .200 

.015 .022 

.030 .060 

.008 .013 

1.960 2.040 
.550 .610 

.590 .620 

.090 .110 

.120 .160 

.020 .060 

.005 

DREQ3 ,. ~~~:mIE~ OREOl ,. 
DREOO 19 

IOND1VSS 20 

L1:§~~ 24 DACK1 23 DB6 DIE SIZE 
~ :: 0.198" X 0.2;0" 
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Am9519 
Universal Interrupt Controller 

DISTINCTIVE CHARACTERISTICS 

.• Eight individually maskable interrupt inputs 

• Software interrupt request capability 

• Fully programmable 1,2,3 or 4 byte responses 

• Unlimited daisy-chain expansion capability 

• Fixed or rotating priority resolu~ion 

• Common vector option 

• Polled mode option 

• Optional .automatic clearing of acknowledged interrupts 

• Bit setl reset capability for Mask register 

• Master Mask bit disables all interrupts· 

• Pulse-catching interrupt input circuitry 

• Polarity control of interrupt inputs and output 

• Various timing options including SOS5A compatible 
Am9519-1 

• S.ingle +~ supply 

• 100% Mll-STD-883 reliability assurance testing 

GENERAL DESCRIPTION 

The Am9519 Universal Interrupt Controller is a processor 
support circuit that provides a powerful interrupt structure 
to increase the efficiency and versatility of 
microcomputer-based systems. A single Am9519 man
ages· up to eight maskable interrupt request inputs, re
solves priorities and supplies up to four bytes of fully 
programmable response for each interrupt. It uses a sim
ple expansion structure that allows many units to be cas
caded for control of large numbers of interrupts. Several 
programmable control features are provided to enhance 
system flexibility and optimization. 

The Universal Interrupt Controller is designed with a gen
eral purpose interface to facilitate its use with a wide 
range of digital systems, including most popular S-bit 
microprocessors. Since the response bytes are fully pro
grammable, any instruction or vectoring protocol appro
priate for the host processor may be used. 

When the Am9519 controller receives an unmasked Inter
rupt Request, it issues a Group Interrupt output to the CPU. 
When the interrupt is acknowledged, the controller outputs 
the one-to-four byte response associated with the highest 
priority unmasked interrupt request. The ability of the CPU 
to set interrupt requests under software control permits 
hardware prioritization of software tasks and aids system 
diagnostic and maintenance procedures. 

BLOCK DIAGRAM 

DBO-DB7 . 

EI 

EO 

BUS 
CONTROL 

INTERRUPT 
CONTROL 

BYTE 
CONTROL 
MEMORY 

8X2 RESPONSE 
MEMORY 

8X32 
R/W RAM 

PRIORITY IRR 

l _____ !Xl~N~T~Ro~L-----t-------lINTERRuPT LOGIC REQUeST 
REGISTER 

GINT ________________ .... 

ORDERING INFORMATION 

Package Ambient Timing Options 

Type Temperature Am9519 Am9519-1 

Hermetic DIP" 
O"C" TA .. +70°C AM9519DC/CC AM9519-1 DC/CC 

-55°C .. TA .. +125°C AM9519DM 

Molded DIP O"C .. TA .. +70°C AM9519PC AM9519-1PC 

"DC = SIde-Brazed CeramIc CC = Cerdlp 
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CONNECTION DIAGRAM 

DB7 

DBS 

DBS 

DB4 

DB> 

DB2 

DBl 

DBO 

., 
IGND) YSS 

Top View 

Pin 1 is marked for orientation. 

INT'ERFACE SIGNAL DESCRIPTION 

VCC: +5 Volt Power Supply 
VSS: Ground 

D80 - 087 (DIIta Bus, Input/Output) 

YCCI<6Y) 

C/D 

IREQ7 

IREQ6 

IREQ5 

IREQ4 

IREQ3 

IREQ2 

IRE01 

IREQO 

GINT 

EO 

MOS·O'9 

The eight bidirectional data bus'signals are used to trans
fer information between the Am9519 and the system data 
bus. The direction of transfer is controlled by the lACK, 
WR and RD input signals. Programming and control in
formation are written into the device; status and response 
data are output by it. 

CS (Chip Select, Input) 

The active low Chip Select input enables read and write 
operations on the data bus. Interrupt acknowledge reo, 
sponses are not conditioned by CS. 

RD (Read, Input) 

The active low Read signal is conditioned by CS and indi
cates that information ill to be transferred from the 
Am9519 to the data bus. 

WR (Write, Input) 

The active low Write signal is conditioned by CS and indi
cates that data bus information is to be transferred from 
the data bus to a location within the Am9519. 

c/D (Control/Data, Input) 

The C/O control signal selects source and destination loca
tions for data bus read and write operations. Data read or 
write transfers are made to or from preselected internal 
registers or memory locations. Control write operations 
load the command register and control read operations 
output the status register. 

IREQO -IREQ7 (Interrupt Request, Input) 

The Interrupt Request signals are used by external de
vices to indicate that service by the host CPU is desired. 
IREQ inputs are accepted asynchronously and they may 
be programmed for either a high-to-iow or low-to-high 

Am9519 

edge transition. Active inputs are latched internally in the 
Interrupt Request Register. After the IRR bit is cleared, an 
IREQ transition of the programmed polarity must occur to 
initiate another request. 

RIP (Response In Process, Input/Output) 

Response In Process is a bidirectional signal used when 
two or more Am9519 circuits are cascaded. It permits 
multibyte response transfers to be completed without in
terference from higher priority interrupts. An Am9519 that 
is responding to an acknowledged interrupt will treat RiP 
as an output and hold it low until the acknowledge re
sponse is finished. An Am9519 without an acknowledged 
interrupt will treat RIP as an input and will ignore lACK 
pulses as long as RIP is low. The RIP output is open drain 
and requires an external pullup resistor to VCC. 

lACK (Interrupt Acknowledge, Input) 

The active low Interrupt Acknowledge line indicates that 
the external system is asking for interrupt response in
formation. Depending on the programmed state of the 
Am9519, it will accept 1, 2, 3 or 4 lACK pulses; one re
sponse byte is transferred per pulse. The first lACK pulse 
causes selection of the highest priority unmasked pending 
interrupt request and generates a RIP output signal. 

PAUSE (Pause, Output) 

The active-low Pause signal IS used to coordinate interrupt 
responses with data bus and control timing. Pause goes 
low when the first lACK is received and remains low until 
RiP goes low. The external system can use Pause to stretch 
the acknowledge cycle and allow the control timing to au
tomatically adjust to the actual priority resolution delays in 
the interrupt system. Second, third and fourth response 
bytes do not cause Pause to go low, Pause is an open drain 
output and requires an external pullup resistor to VCC. 

EO (Enable Out, Output) 

The active high EO signal is used to implement daisy
chained cascading of several Am9519 circuits. EO is con
nected to the EI input of the' next lower priority chip. On 
receipt of an interrupt acknowledge, each EO will go inactive 
until it has been determined that no valid interrupt request is 
pending on that chip. If an active request is present, EO 
remains low. EO is also held low when the master mask bit is 
active, thus disabling all lower priority chips. 

EI (Enable In, Input) 

The active high EI signal is used to implement daisy
chained cascading of several Am9519 circuits. EI is con-
nected to EO of the next higher priority chip. It may also be m 
used as a hardware disable input for the interrupt system. 
When EI is low lACK inputs are ignored. EI is internally 
pulled up to VCC so that no external pullup is needed when 
EI is not used. 

GINT (Group Interrupt, Output) 

The Group Interrupt output signal indicates that at least 
one unmasked interrupt request is pending. It may be 
programmed for active high or active low polarity. When 
active low, the output is open drain and requires an ex
ternal pull up resistor to VCC. 
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Am9519 

REGISTER DESCRIPTION 

Interrupt Request Register (lRR): The a-bit IRR is used to 
store pending interrupt requests. A bit in the IRR is set 
whenever the corresponding IREO input goes active. Bits 
may also be set under program control from the CPU, 
thus permitting software generated interrupts. IRR bits 
may be cleared under program control. An iRR bit is au
tomatically cleared when its interrupt is acknowledged. All 
IRR bits are cleared by a reset function. 

Interrupt Service Register (lSR): The a-bit ISR contains 
one bit for each IREO input. It is used to indicate that a 
pending interrupt has been acknowledged and to mask all 
lower priority interrupts. When a bit is set by the acknow
ledge logic in the ISR, the corresponding IRR bit is 
cleared. If an acknowledged interrupt is not programmed 
to be automatically cleared, its ISR bit must be cleared by 
the CPU under program control when it is desired to 
permit interrupts from lower priority dei/ices. When the 
interrupt is programmed for automatic clearing, the ISR 
bit is automatically reset during the acknowledge se
quence. All ISR bits are cleared by a reset function. 

Interrupt Mask Register (lMR): The a-bit IMR is used to 
enable or disable the individual interrupt inputs. The IMR 
bits correspond to the IREO inputs and all eight may be 
loaded, set or cleared in parallel under program control. 
In addition, individual IMR bits may be set or cleared by 
the CPU. A reset function will set all eight mask bits, dis
abling all requests. A mask bit that is set does not disable 
the IRR, and an IREO that arrives while a corresponding 
mask bit is set will cause an interrupt later when the mask 
bit is cleared. Only unmasked interrupt inputs can gener
ate a Group Interrupt output. 

Response Memory: An a x 32 read/write response mem
ory is included in the Am9519. It is used to store up to 
four bytes of response information for each of the eight 
interrupt request inputs. All bits in the memory are pro
grammable, allowing any desired vector, opcode, instruc
tion or other data to be entered. The Am9519 transfers 
the interrupt response information for the highest priority 
unmasked interrupt from the memory to the data bus 
when the lACK input is active. 

Auto Clear Register: The a-bit Auto Clear register con
tains one bit for each IREO input and specifies the operat
ing mode for each of the ISR bits. When an auto clear bit 
is off, the corresponding ISR bit is set when that interrupt 
is acknowledged and is cleared by software command. 
When an auto clear bit is on, the corresponding ISR bit is 
cleared by the hardware before the end of the acknow
ledge sequence. A reset function clears all auto clear bits. 

Status Register: The a-bit Status register contains infor
mation concerning the internal state of the chip. It is 
especially useful when operating in the polled mode in 
order to identify interrupting devices. Figure 1 shows the 
status register bit assignments. The polarity of the GINT 
bit 7 is not affected by the GINT polarity control (Mode bit 
3). The Status register is read by executing a read opera
tion (CS = 0, RD = 0) with the control location selected (C/O 
= 1). 

Mode Register: The a-bit Mode register controls the 
operating options of the Am9519. Figure 2 shows the bit 
assignments for the Mode register. The five low order 
mode bits (0 through 4) are loaded in parallel by com
mand. Bits 5, 6 and 7 are controlled by separate commands. 
(See Figure 4.) The Mode register cannot be read out di
rectly to the data bus, but Mode bits 0, 2 and 7 are available 
as part of the Status register. 

Command Register: The 8-bit Command register stores 
the last command entered. Depending upon the com
mand opcode, it may initiate internal actions or precondi
tion the part for subsequent data bus transfers. The 
Command register is loaded by executing a write opera
tion (WR = 0) with the control location selected (C/O = 1), 
as shown in Figure 3. 

Byte Count Register: The length in bytes of the response 
associated with each interrupt is independently program
med so that different interrupts may have different length 
responses. The byte count for each response is stored in 
eight 2-bit Byte Count registers. For a given interrupt the 
Am9519 will expect to receive a number of lACK pulses 
that equals the corresponding byte count, and will hold RIP 
low until the count is satisfied. 
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I 87 1 86 1 85 1 84 1 83 1 82 1 81 I 80 1 

t= Binary vector indicating the 
number of the highest priority 
unmasked bit that is set in tRR. 
Valid only when S7 = O. 

Master Mask Bit 
a Chip disarmed 
1 Chip armed 

Interrupt Mode 
o Interrupt 
1 Polled 

L-________ Priority Mode 

a Fixed 
1 Rotating 

L-__________ Enable Input 

o Chip disabled 
1 Chip enabled 

L-___________ Group Interrupt 

1 No unmasked 
IRR bit set 

o At least one unmasked 
IRR bit set 

Figure 1. Status Register Bit Assignments. 
MOS·025 

FUNCTIONAL DESCRIPTION 

Interrupts are used to improve system throughput and re
sponse time by eliminating heavy dependence on 
software polling procedures. Interrupts allow external de
vices to asynchronously modify the instruction sequence 
of a program being executed. In systems with multiple in
terrupts, vectoring can further improve performance by al
lowing direct identification of the interrupting device and 
its associated service routine. The Am9519 Universal Inter
rupt Controller contains, on one chip, all of the circuitry 
necessary to detect, prioritize and manage eight vectored 
interrupts. It irn:ludes many options and operating modes 
that permit the design of sophisticated interrupt systems. 

Reset 

The reset function is accomplished by software command 
or automatically during power-up. The reset command 
may be issued by the CPU at any time. Internal power up 
circuitry is triggered when VCC reaches a predetermined 
threshold, causing a brief internal reset pulse. In both 
cases, the resulting internal state of the machine is that all 
registers are cleared except the Mask register which is 
set. Thus no Group Interrupt will be generated and no in
terrupt requests will be recognized. The response memory 
and Byte Count registers are not affected by reset. Their 
contents after power-up are unpredictable and must be 
established by the host CPU during initialization. 

Operating Sequence 

A brief description of a typical sequence of events in an 
operating interrupt system will illustrate the general interac
tions among the host CPU, the interrupt controller and the 
interrupting peripheral. 

1. The Am9519 controller is initialized by the CPU in 
order to customize its configuration and operation for 
the application at hand. Both the controller and the 
CPU are then enabled to accept interrupts. 

I M71 M6 M51 M41 M31 M21 Ml I Mol 

L ~riority Mode 
o Fixed 
1 Rotating 

_ Vector Selection 
o Individual vector 
1 Common vector 

'--___ Interrupt Mode 
o Interrupt 
1 Polled 

'------- GINT Polarity 
o Active low 
1 Active high 

L-_______ IREO Polarity 

o Active Jow 
1 Active high 

'----------- Register Preselection 

Am9519 

00 Interrupt service register 
01 Interrupt mask register 
10 Interrupt request register 
11 Auto clear register 

'------------- Master Mask Bit 
o Chip disarmed 
1 Chip armed 

Figure 2. Mode Register Bit Assignments. 
MOS'026 

2. One (or more) of the interrupt request inputs to the 
controller becomes active indicating that peripheral 
equipment is asking for service. The controller asyn
chronously accepts and latches the request(s). 

3. If the request is masked, no further action takes place. 
If the request is not masked, a Group Interrupt output 
is generated by the controller. 

4. The GINT signal is recognized by the CPU which nor
mally will complete the execution of the current in
structio'n, insert an interrupt acknowledge sequence 
into its instruction execution stream, and disable its 
internal interrupt structure. The cOPltroller expects to 
receive one or more lACK signals from the CPU during 
the acknowledge sequence. 

5. When the controller receives the lACK signal, it brings 
PAUSE low and selects the highest priority unmasked 
pending request. When selection is complete, the RIP 
output is brought low and the first byte in the response 
memory associated with the selected request is output 
on the data bus. PAUSE stays low until RIP goes low. RiP 
stays low until the last byte of the response has been 
transferred. 

6. During the acknowledge sequence, the IRR bit corre
sponding to the selected request is automatically 
cleared, and the corresponding ISR bit is set. When the 
ISR bit is set, the Group Interrupt output is disabled until 
a higher priority request arrives or the ISR bit is cleared. 
The ISR bit will be cleared by either hardware or 
software. 

7. If a higher priority request arrives while the current re
quest is being serviced, GINT will be output by the con
troller, but will be recognized and acknowledged only if 
the CPU has its interrupt input enabled. If acknowledged, 
the corresponding higher priority ISR bit will be set and 
the requests nested. 
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Information Transfers 

Figure 3 shows the control signal configurations for all 
information transfer operations between the Am9519 and 
the data bus. The following conventions are assumed: RD 

,and WR active are mutually exclusive; RD, WR and C/Dhave 
no meaning unless CS is low; active lACK pulses occur only 
when CS is high. 

Fo.!. reading, the Status r~gister is selected directly by the 
C/O control input. Other internal registers are read by pre
selecting the desired register with mode bits 5 and 6, and 
then executing a data read. The response memory can be 
read only with lACK pulses. For writing, the Command 
register is selected directly by the C/O control input. The 
Mask and Auto Clear registers are loaded following 
specific commands to that effect. To load each level of the 
response memory, the response preselect command is is
sued to select the desired level. An appropriate number of 
data write operations are then executed to load that level. 

CONTROL INPUT 
DATA BUS 

CS C/O RD WR lACK OPERATION 

Transfer contents of 
0 0 0 1 1 preselected data register 

to data bus 

0 0 1 0 1 
Transfer contents of data bus 
to preselected data register 

0 1 0 1 1 
Transfer contents of status 
register to data bus 

0 1 1 0 1 Transfer contents of data 
bus to command register 

Transfer contents cif selected 
1 X X X 0 response memory location 

to data bus 

1 X X X 1 No information transferred 

Figure 3. Summary of Data Bus Transfers. 

The Pause Output may be used by the host CPU to ensure that 
proper timing relationships are maintained with the Am9519 
when lACK is active. The lACK pulse width required depends 
on several variables, including: operating temperature, in
ternallogic delays, number of interrupt controllers chained 
together, and the priority level of the interrupt being acknow
ledged. When delays in these variables combine to delay 
selection of a request following the falling edge of the first 
lACK, the Pause output may be used to extend the lACK 
pulse, if n!!Cessary. Pause will remain low until a request 
has been selected, as indicated by the falling edglil of RIP. 
Typically, the internal interrupt selection process is quite 
fast, especially for systems with a single Am9519, and 
Pause will consequently remain low for only a very brief 
interval and will not cause extension of the 'iACKtiming. 

Operating Options 

The Mode register specifies the various combinations of 
operating options that may be selected by the CPU. It is 
cleared by power-up O,r by.a reset command. 

Mode bit 0 specifies the rotating/fixed priority mode (see 
Figure 2). In the fixed mode, priority is assigned to the re
quest inputs based upon their physical 10catio{1 at the 
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chip interface, with IREOO the highest and IRE07 the low
,est. In the rotating mode, relative priority is the same as 
for the fixed mode and, the most recently serviced request 
is assigned the lowest priority. In the fixed mode, a lower 
pri,ority request might never receive service if enough 
higher priority requests are active. In the rotating mode, 
any request will receive service within a maximum of 
seven other se,rvice cycles no matter what pattern the re
quest inputs follow. 

Mode bit 1 selects the individual/common vector option. 
Individual vectoring provides a unique location in the re
sponse memory for each interrupt request. The common 
vector option always supplies the response associated 
with IREOO no matter which request is being acknow
ledged. 

Mode bit 2 specifies interrupt or polled operation. In the 
polled mode the Group Interrupt output is disabled. The CPU 
may read the Status register to determine if a request is 
pending. Since lACK pulses are not normally supplied in 
polled mode, the IRR bit is not automatically clea red, but may 
be cleared by command. With no lACK input the ISR and the 
response memory are not used. An Am9519 in the polled 
mode has EI connected to EO so that in multichlp interrupt 
systems the polled chip is functionally removed from the 
priority hierarchy. 

Mode bit 3 specifies the sense of the GINToutput. When 
active high polarity is selected the output is a two-state 
configuration. For active low polarity, the output is open 
drain and requires an external pull-up resistor to provide 
the high logic level. The open drain output allows wired
or configurations with other similar output signals. 

Mode bit 4 specifies the sense of the IREO inputs. When 
active low polarity is selected, the IRR responds to falling 
edges on the request inputs. When active high is selected, 
the IRR responds to rising edges. 

Mode bits 5 and 6 specify the register that will be read on 
subsequent data read operations (C/O = 0, RD = 0). This 
preselection remains valid until changed by a reset or a 
command. 

Mode bit 7 is the master mask bit that disables all request 
inputs. It is used to disable all interrupts without modify
ing the IMR s9 that the previous IMR contents are valid 
when interrupts are re-enabled. When the master mask bit 
is low, it causes the EO line to remain disabled (low). 
Thus, for multiple-chip interrupt systems, one master 
mask bit can disable the whole interrupt structure. Alter
natively, portions of the structure may be disabled. The 
state of the master mask bit is available as bit S3 of the 
Status register. 

Programming 

After reset, the Am9519 must be initialized by the CPU in 
order to perform useful work. At a minimum, the master 
mask bit and at least one of the IMR bits should be en
abled. If vectoring is to be used, the response memory 
must be loaded; if not, the mode must be changed to a 
non-vectored configuration. Normally, the first step will 
be to modify the Mode register and the Auto clear regis
terin order to establish the configuraton desired for the 
application. Then the response memory and byte count 
will be loaded for those request levels that will be in use. 
Finally, the master mask bit and at least portions of the 
IMR will be enabled to allow interrupt processing to pro
ceed. 



Commands 

The host CPU configures, changes and insPlilcts the internal 
condition of the Am9519 using the set of commands shown 
in Figure 4. An "X" entry in the table indicates a "don't 
care" state. All commands are entered by directly loading 
the Command register as shown in Figure 3 (C/O = 1, WR 
= 0). Figure 5 shows the coding assignments for the Byte 
Count registers. A detailed description of each command is 
contained in the Am9519 Application Note AMPUB071. 

COMMAND CODE 

7 6 5 4 3 2 1 

0 0 0 0 0 0 0 
0 0 0 1 0 X X 

0 0 0 1 1 B2 B1 

0 0 1 0 0 X X 

0 0 1 0 1 B2 B1 
0 0 1 1 0 X X 

0 0 1 1 1 B2 B1 

0 1 0 0 0 X X 

0 1 0 0 1 B2 B1 

0 1 0 1 0 X X 

0 1 0 1 1 B2 B1 

0 1 1 0 X X X 

0 1 1 1 0 X X 

0 1 1 1 1 B2 B1 

1 0 0 M4 M3 M2 M1 

1 0 1 0 M6 M5 0 
1 0 1 0 M6 M5 0 

1 0 1 0 M6 M5 1 

1 0 1 1 X X X 

1 1 0 0 X X X 

1 1 1 BY1 BYO L2 L1 

Am9519 

BY1 BYO COUNT 

0 0 1 

0 1 2 
1 0 3 
1 1 4 

Figure 5. Byte Count Coding. 

COMMAND 
0 DESCRIPTION 

0 Reset 
X Clear all IRR and all IMR bits 

BO Clear IRR and IMR bit specified by B2, B1, BO 

X Clear all IMR bits 

BO Clear IMR bit specified by B2, B1, BO 

X Set all IMR bits 

BO Set IMR bit specified by B2, B1, BO 

X Clear all IRR bits 

BO Clear IRR bit specified by B2, B1, BO 

X Set all IRR bits 

BO Set IRR bit specified by B2, B1, BO 

X Clear highest priority ISR bit 

X Clear all ISR bits 
BO Clear ISR bit specified by B2, B1, BO 

MO Load Mode register bits 0-4 with specified pattern 

0 Load Mode register bits 5, 6 with specified pattern 
1 Load Mode register bits 5, 6 and set mode bit 7 

0 Load Mode register bits 5, 6 and clear mode bit 7 

X 
Preselect IMR for subsequent loading from data 
bus 

X 
Preselect Auto Clear register for subsequent 
loading from data bus 

Load BY1, BYO into byte count register and 
LO preselect response memory level specified by L2, 

11, LO for subsequent loading from data bus 

Figure 4. Am9519 Command Summary. 

10-107 

II! 



Am9519 
MAXIMUM RATINGS above which useful life may be-impaired 

Storage Temperature _65°e to +150oe 

Ambient Temperature Under Bias -55°e to +125°e 

vee with Respect to VSS --{).5V to +7.0V 

All Signal Voltages with Respect to VSS --{).5V to +7.0V 

Power Dissipation (Package Limitation) 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage,handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 

Part Number Ambient Temperature vee vss 
Am9519DC1CC 

O"C .. TA .. + 7()!'C +5.0V ±5% OV Am9519-1OC 

Am9519DM -55"C .. TA .. +125OC +5.0V ±10% OV 

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 

Parameter Description Test Conditions Min. Typ. Max. Unit 

VOH Output High Voltage 10H - -200pA 2.4 
Volts 

(Note 12) 10H = -100pA (EO only) 2.4 

VOL Output Low Voltage 
10L - 3.2mA 0.4 

Volts 
10L = 1.0mA (EO only) 0.4 

VIH - In~ut-High Voltage 2.0 VCG Volts 
VIL Input Low Voltage -0.5 0.8- Volts 

IIX 
I Ellnput -80 10 

Input Load Current VSS .. VIN ... VCC pA I Other Inputs -10 10 
IOZ Output Leakage Current VSS ... VOUT ... VCC, Output off -10 10 pA 

ICC vee Supply Current 
TA = +25"<: 80 125 mA 
TA = O·C 100 146 

Co Output capacitance ic - 1.0MHz 15 
CI Input Capacitance TA = 25·C 10 pF 
CIO 1/0 Capacitance All pins at OV 20 
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Am9519 
SWITCHING CHARACTERISTICS Over Operating Range (Notes 2, 3, 4, 5) 

Parametera Description 

TAVRL CID Valid and CS LOW to Read LOW 

TAVWL C/l> Valid and OS LOW to Write LOW 

TCI..PH RIP LOW to PAUSE HIGH (Note 6) 

TCLQV RIP LOW to Data Out Valid (Note 7) 

TDVWH Data In Valid to WrIte HIGH 

TEHCL Enable in HIGH to RIP LOW (Notes 8, 9) 

nVGV Interrupt Request Valid to Group Interrupt Valid 

TIVIX 
Interrupt Request Valid to Interrupt Req.-t Don't Cant 
(IREQ Pulse Duration) 

TKHCH lACK HIGH to RIP HIGH (Note 8) 

TKHKL lACK HIGH to lACK LOW (lACK Recovery) 

TKHNH lACK HIGH to EO HIGH (Notes 10. 11) 

TKHQX lACK HIGH to Data Out Invalid 

TKLCL lACK LOW to RIP LOW (Note 8) 

TKLNL lACK LOW to EO LOW (Notes 10. 11) 

TKLPL lACK LOW to PAUSE LOW 

TKLQV ~ LOW to Data Out Valid (Note 7) 

TPHKH PAUSE HIGH to lACK HIGH 

TRHAX Read HIGH to ctD and CS Don't Cant 

TRHQX Read HIGH to Data Out Invalid 

TRLQV Read LOW to Data Out Valid, 

TRLQX Read LOW to Data Out Unknown 

TRLRH Read LOW to Read HIGH (RD Pulse Duration) 

TWHAX Write HiGH to C/O and OS Don't Care 

TWHDX Write HIGH to Data In Don't Cant 

TWHRW Write HIGH to Read or Write LOW (Write Recovery) 

TWLWH Write LOW to Write HIGH(WR Pulse Duration) 

NOTES: 

1. Typical values are for TA = 25°C, nominal supply volt
age and nominal processing parameters. 

2. Test conditions' assume transition times of 20ns or 
less, timing reference levels of 0.8V and 2.0V and 
output loading of one TTL gate plus 100pF, unless 
otherwise noted. 

3. Transition abbreviations used for the switching 
parameter symbols include: H '= High, L = Low, V = 
Valid, X = unknown or don't care, Z = high impiJd
ance. 

4. Signal abbreviations used for the switching parameter 
symbols include~ R =, Read, W = Write, 0 = Data 
Out, 0 = Data In, A = Address (CS and CiO), K = In
terrupt Acknowl~e, N ",' Enable Out. E = Enable In, 
P = Pause, C = RIP. 

5. Switching ·parameters are liated in alphabetical order. 
6. During the first lACK pulse, PAUSE will be low long 

enough to allow for priority resolution and will not go 
high until after RIP goes low (TCLPH). 

7. TKLOVapplies only to second, third and fourth lACK 
pulses while RIP is low. During the first lACK pulse, 
Data Out will be valid following the falling edge of RIP' 
(TCLOV). 

8. lm"'is polled low to indicate that an interrupt request 
has been s8,lected. RIP cannot be pulled low until EI is 
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Am9S19 Am9S19-1 
Min. Max. Min. Max. Units 

0 0 lIS 

0 0 lIS 

75 375 75 375 lIS 

50 40 lIS 

250 200 os 

30 300 30 300 lIS 

800 650 lIS 

250 250 lIS 

450 350 lIS 

500 500 lIS 

975 750 lIS 

20 200 20 100 lIS 

75 800 75 450 lIS 

125 100 lIS 

25 175 25 125 lIS 

25 300 25 200 lIS 

0 0 lIS 

0 0 lIS 

20 200 20 100 lIS 

300 200 lIS 

50 50 lIS 

300 250 lIS 

0 0 lIS 

0 0 lIS 

800 400 lIS 

300 250 lIS 

high following an internal delay. TKLCL will govern 
the falling edge' of RiP when EI is always high or is 
high early in the acknowledge cycle. TEHCL will gov
ern when EI goes high later in the cycle. The, rising 
edge of EI will be determined by the length of the 
preceding priority resolution chain. RIP remains low 
until after the rising edge of the lACK pulse that trans
fers the laat response byte for the selected IREO. 

9. Test conditions for the EI line assume timing refer
ence levels of O.SV and 2.0V with transition times of 
10ns or less. m 

10. Test conditions for the EO line assume output loading I 
of two LS TTL gates plus 30pF and timing reference 
levels of O.SV and 2.0V. Since EO normally only drives 
EI of another Am9519, higher speed operation can be 
specified with this more realistic test condition. 

11. The arrival of IACK'will cause EO to go low, disabling 
additional circuits that may be connected to EO. If no 
valid interrupt is pending, EO will return high when EI 
is high. If a pending request is selected, EO will stay 
low until after the last lACK pulse for that interrupt is 
complete and RIP goes high. 

12. VOH specifications do not apply to RIP or to GINT 
when active-low. These outputs are open-drain and 
VOH levels will be determined by external circuitry. 
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SWITCHING WAVEFORMS 

IREO -- {~t~~: 
-------~~l F~-#-

~\~-~t---- /I Cr - --~ ------- I T~::~ /r-- "I--------I1-I---p-4 TKHCH 

I 

GINT 

EI 

EO 

DB 

MOS-1 ... 

Interrupt Operations 

.xxxxu. '<XXXXXXXXXX !AllxXxXlllx~ IlXXXXX .XXXXXXXXXXX 

CID ~~ rXXXXX.XXXXXX ·I xx, 
xxxxxxxxXX XI 

XXXXXX· "XXXXXXXXXXX Xl. 

TAVRL- ----- I--TRHAl< TAVWL- - /--I--TWHAl< 

\ 
""-

-TRLRH- !---TWLWH- TWHRW 

-f1~~ I--I--TRHQX 
i\ II \ 

'--
TRLOX TDVWH I- -TWHDX 

~ XXXXX· ·XXXXXX 
.XXXXIXXXX XXXXX 

'(1C- .xXXXX XXX XXX 
DB 

MOS-145 

Data Bus Transfers 
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APPLICATIONS 

" ADDRESS BUS 

I 
V 

+ 

AO-A1S 

CS clD 

iOR RD l'IW 

lOW WR 
Am9519 

CPU a 
IRE INT GINT Q 

INTA lACK 

ROY PAUSE 

08 

DBO-DB7 

r + 

"-
SYSTEM DATA BUS 

V 

Figure 6. Base Interrupt System Configuration. 
MOS-146 

~ AO-A1IS X f ADDRESS BUS 

lJ:~ 
B ~ WO-

HLDA G:'73o-
INT ~Vi 0-

~ 

rll~ 
AmBI1BOAJ 

TANK 
Am9080A ,....-- .llo. - HLDA 

INTA 
Wii 0------< Wii 

.' I-- .' lOW 

.21-- .2 D81N - DBIN 

~ iOii 
ROY I-- ROY 

REseT I-- RESET 

~ 
Am822B ;"l--

SYNC I-- SYNC 

l_ RDY'N V 
r--

.~ 
STST8 STIlT. 

AD WR os lACK eID RD WR cs i'ACR CID 

AmB224 -
GINT --<: 

-
GINT 

Am9519 Rii' I!II' Am9519 
+ _ EI 

EO EI 

PAUSE IREO PAUSE IREO 

."- a "- ;>. • 
m 

INTERRUPT INTERRUPT 
REQUeSTS REQUESTS 

"".7 " 7-
"-

SYSTEM DATA BUS (080-0871 

V 

Figure 7. Expanded Interrupt System Configuration. MOS-147 

10-111 



Am9519 

PHYSICAL DIMENSIONS 

28-Pln Cerdip 28-Pin Molded DIP 

~ r,:::;"~ t,:1 jSEATINF-\-
PLANE ----c;- , 

L,~ b, --I~b "i' . 

Reference Inches Reference Inch •• 

Symbol MIn. -. Symbol Min. -. 
A .150 .225 A .150 .200 

b .016 .020 b .015 .020 

b, .045 .065 b, .055 .065 

C .009 .012 .009 .011 

D 1.440 1.490 D 1.450 1.440 

E .510 .545 E .530 .550 

E, .600 .620 E2 .585 .700 

e .090 .110 e .090 .110 

L .125 .150 L .125 .160 

Q .015 .- Q .015 .-
S, .010 S, .040 .070 

28-Pln Side,Brazed Ceramic 

Reference Inches 
Symbol Min. Max. 

A .100 .200 

b .015 .022 

b, .030 .060 

C .008 .013 

D 1.360 1.420 

E .560 .600 

E, .560 .620 

e .090 .110 

L .120 .160 

Q .020 .060 

S,' .005 

a 0 0 
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INTROPUCTION 

General 

Direct Memory Access (DMA), also sometimes known as "chan
nell/O" or "cycle stealing", has long been a feature of mini- and 
mainframe computer architectures. It was developed as a means 
to provide data transfer between system memory and peripheral 
devices at speeds higher than those obtainable under control of 
the CPU. This is achieved by bypassing the CPU and creating a 
direct path between memory and the peripheral device. 

DMA capability significantly enhances the throughput perfor
mance of a processor system. To understand why this is so, recall 
that a CPU exercises its functions by reading an instruction from 
memory, decoding it, performing any address calculations 
necessary to locate operands, and then executing the specified 
operation. These are necessary steps with any processor, and it 
may take several instruction fetch/execute sequences to transfer 
each byte or word. For repetitive sequential data movement 
operations, the CPU can be removed from the transfer path and 
the normai fetch/execution steps simplified. 

As an example, a data acquisition subroutine flow chart is illus
trated in Figure 1. The subroutine stores bytes of data from an 
external source into successive memory locations. The main loop 
consists of several instructions requiring many clock cycles for 
each word transferred. 

Figure 1. Block Transfer Flow Chart. 
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The Ain9517A Application Note 

However, if what is required is to transfer a complete block of data 
between a source and a destination, a great deal of overhead can 
be eliminated by specialized hardware logic which provldes ac
cess to system memory without CPU intervention. Direct Memory 
Access (DMA) consists of replacing the functions in the software 
loop with dedicated hardware. This can reduce the number of 
cycles required per word transferred and dramatically increase 
the information transfer rate. 

For a more concrete comparison, the flow chart of Figure 1 has 
been Coded in BOBOA/8085 assembly language as shown in 
Figure 2. The transfer loop takes 10 bytes of program and exe· 
cutes in 46 clock cycles per byte. The same task executed in the 
Am9517A DMA Controller requires a little more initialization time 
but results in a transfer loop that takes only 3 clock cycles per byte 
(and an optional operating mode allows transfers only 2 clocks 
iong for extra high speed). Thus, DMA operation can provide 
throughput gains of much more than an order of magnitude. 

Architectural and semiconductor processing developments have 
occurred rapidly since the introduction of the first 8-bit general 
purpose microprocessor in 1973. Basic instruction execution 
times and minimum system component counts have both im
proved by more than an order of magnitude. CPU costs have 
fallen from several hundred dollars to well under ten dollars. The 
result has been an unprecedented growth in the applications for 
microprocessors. Furthermore, during this same, interval, the 
8-bit microprocessor that was originally conceived as a smart 
controller has evolved into a sophisticated computing element. 
This evolution has generated a concomitant need for efficient and 
high speed I/O transfers which is the forte' of direct memory 
access. 

The ever increasing density of MOS/LSI has allowed the consid
erable amount of logic required within a useful direct memory 
access controller to be almost entirely incorporated on a single 
Chip. Indeed, the only reason that more than one chip is required 
is the limitation on the number of pins available in industry
standard packages. 

LOC OBJ SEa SOURCE STATEMENT 

1 ; 
2 ; SUBROUTINE TO MOVE A BLOCK OF DATA 
3; FROM AN INPUT PORT INTO MEMORY 
4 ; 
5 ; 
6; 
7 EXTRN MEMA.CNT 
8 ; 

0001 9 PORT1 Eau 01H ;INPUT PORT NO.1 
10 ; 
11 CSEG 
12 ; 

0000 210000 13 BMI7: LXI H.MEMA ;INIT. MEMORY ADDRESS 
0003 010000 14 LXI B.CNT ;INIT. WORD COUNT 
0006 DBOI 15 LOOP: IN PORTI ;READ FROM INPUT PORT 
OOOB 77 16 MOV M.A :STOIIE DATA IN MEMORY 
0009 23 17 INX H ;INCREMENT MEMORY POINTER 
OOOA OB 18 DCX B ;DECREMENT WORD COUNT 
OOOB 78 19 MOV A,B ;TEST IF WORD COUNT = 01 
oooe Bl 20 ORAC 
0000 C20600 C 21 JNZ LOOP ;LDOP UNTIL DONE 
0010 C9 22 RET 

23 ; 
24 ; 
25 END 

Figure 2. Progremmed Block Transfer. 

III 
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Various forms of DMA contrcil have been implemented in the past. 
One approach is to interleave individual memory transfers with 
continuing CPU memory operations. This allows ''transparent'' 
DMA, but does not take advantage of the available memory 
bandwidth, plus the interface and control logic becomes very 
CPU-speCific. . . 

The Am9517A uses another technique where it takes over com
plete system control and· can therefore make full use of the 
memory speed. This Application Note describes the Am9517A 
developed by Advanced Micro Devices. In addition to a fullde
sCription of the part and its various modes of operations, implica
tions and configuration suggestions are made to aid the system 
designer. 

Am9517A Overview 

The functional specification of the Am9617A Mullimode Direct 
Memory Access Controller was developed to offer a very general 
DMA capability with a wide range of programmable options, many. 
system-oriented features, and a general purpose interface 
facilitating the use of the device with a wide range of system 
architectures. 

Careful study of the needs of a wide variety of applications which 
could benefit from DMA capability indicated the need for a 
minimum (but expandable) set of four separate and independent 
channels. Each channel in the Am9517A has assocl~ted with it two 
16-bit registers which contain the current address and current 
Word counfinformation arid two more r.gisters which coritain the' 
base address and base word count. The base registers permit 
any channel to be automatically re"initialized at the end ot.a 
transfer. In addition, each channel has associated with it a 6-bit 
mode register which determines the types of transfers and op
tions to be executed. 

Overriding control of the operation of the DMA controller is pro
vided by a master enable/disable bit in an internal command 
register. In addition, a four-bit mask register is provided to allow 
individual channels to be enabled and disabled. An important 
feature of the mask register is that its contents may be set or 
cleared in two ways. All four channels may be simultaneously 
enabled and/or disabled by means of a single command from the 
CPU. Alternatively, individual channels may be enabled or dis
abled without disturbing the status of the other channels. The use 
of this latter technique makes it unnecessary for the system 
software to maintain the mask status of all charinets when 
changing just one. 

Priority resolution logic is provided in order to resolve potential 
conflicts among requests for DMA service. Two software
selectable priority strategies are available to the system designer. 
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Fixed priority gives the highest priority to channel 0 and the lowest 
to channel 3. Rotating priority maintains the same relative order 
as fixed priority, but assigns the lowest priority to the channel last 
serviced, thus preventing anyone channel from monopolizing the 
controller. 

Each of the. channels operates in one of four modes. In the Single 
transfer mode one word is transferred in response to each DMA 
request of the channel. BlOCk transfer mode causes the DMA 
controller to make continuous transfers until the word count for 
the active channel goes to O. Demand transfer mode makes 
transfers as long as the request for DMA service is active and the 
word count for the channel is non-zero. The fourth mode of 
operation, called the cascade mode, is used to provide nearly 
unlimited expansion of the number of DMA channels available. A 
channel operating in cascade mode responds to a DMA request 
from a cascaded DMA controller by issuing a request to the CPU 
for control of the bus in the usual way. Acknowledgement by the 
CPU of the request is passed on to the cascaded controller by 
acknowledging the DMA request. No other address or control 
signals are activated by a cascade mode channel. 

Two of the channels of the Am9617A can be used to provide 
memory-to-memory transfer capability. This feature offers very 
fast transfers of data blocks within system memory and is espe
cially valuable in editing, initialization and other data movement 
operations. Channel 0 provides the source address while channel 
1 provides the destination address and word count. A pro
grammable feature of the memory-to~memory transfer opera
tiOn is the ability to hold the source address constant. This al
lows the data contained in a single memory location to be rep
licated at very high speed throughout a block of memory. 

Other programmable features which apply to all modes include 
the ability to select either incrementing or decrementing of the 
current add~ss during transfers, a compressed timing feature 
which allows transfers to be executed in just two clock cycles, and 
the abi/ityto select the active sense of the DMA Request and 
DMA Acknowledge signals. 

A software OMA request capability is included which allows DMA 
transfers to be initiated by the processor on any channel. This 
powerful feature permits the processor itself to take full advan
tage of the capability of the DMA controller. An external hardware 
input is provided that allows the system to terminate a transfer 
when desired. 

The Am9517A makes use of Advanced Micro Devices' LlNOX 
N-cIlannel silicon gate MOS technology. This process utilizes low 
profile structures, triple ion implantation, and both depletion and 
enhancement transistors to achieve very dense, high speed, low 
power circuitry. The chip contains 6350 transistors, has a total 
area of 41,580 square mils and is packaged in a standard 40-pin 
dual in-line package. 
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AO-A3 
ADDRESS 

END OF PROCESS 

RESET 

CHIP SELECT 

READY OUTPUT AA·A7 

CLOCK BUFFER ADDRESS 

ADDRESS ENABLE 

ADDRESS STROBE 

~ 

MEMORY wAiTE 
11o READ 

110 WRITE 

0B0..QB7 110 BUFFER 
DATA BUS 

HOLD ACKNOWLEDGE 

DMA REQUEST 

DMA ACKNOWLEDGE 

MOS·033 

Figure 3. Am9517A Block Diagram. 

INTERFACING 

Block Diagram 

The block diagram of the Am9517A (Figure 3) shows all of the 
interface signals in addition to the internal functional blocks and 
their data interconnections. 

A peripheral device requiring service generates a DMA request to 
the Am9517A. l1the channel receiving the request is enabled, a 
Hold Request to the system CPU is issued by the controller. 
When the CPU relinquishes control over the system busses, a 
Hold Acknowledge Signal is output to the DMA controller to indi
cate that transfers may begin. On receipt of Hold Acknowledge 
the Am9517A issues a DMA Acknowledge to the highest priority, 
unmasked requesting device and begins issuing the control sig
nals and addresses necessary to effect the desired transfers. 
Upon completion or termination of the transfer the Hold Request 
and DMA Acknowledge signals are terminated and the CPU 
regains control of the system busses. This procedure allows the 
DMA Controller to take full advantage of the available memory 
bandwidth and provides the greatest possible flexibility for trans
fer timing. 

In order to establish the required operating characteristics within 
the DMA controller, internal registers are loaded under software 
control by ttie CPU. The numerous internal registers are ad
dressed by means of the four least significant address lines 
(AO through A3) which are thus made bidirectional. Address 
lines A4 through A7 are output by the controller and the eight 
high order address bits (AB through A 15) are demultiplexed 
from the data bus using the Address Strobe signal. The high 
order address byte is stored in an external latch and supplied 
to the address bus when required by the Address Enable 
(AEN) output signal. The 1/0 Read and 1/0 Write signals, in 
conjunction with Chip Select and the low order address bits, 
are used by the CPU to communicate with the controller. 
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During a DMA transfer the controller generates the combinations 
of read and write signals necessary to effect the transfers, using 
the Ready input, where necessary, to synchronize timing. End
Of-Process is a bidirectional signal which, as an output, indicates 
that a DMA transfer has been completed and, as an input, may be 
used to terminate any current transfer. 

Interface Considerations 

All of the input and output signals of the Am9517A are specified 
with worst-case levels identical to those of standard TTL circuits. 
Input logic levels are 2.0V high and O.BV low; output logic levels 
are 2AV high and 0.4V low. Thus, the normal worst-case noise 
immunity of 400mV offered by standard TTL logic is maintained. 
The logic level specifications take into account worst-case com
binations of the three variables that effect the logic level 
thresholds: ambient temperature, supply voltage and proces
sing parameters. Actual operating margins will be better than 
worst-case to the extent that these variables depart from worst
case conditions. 

All outputs source at least 200 microamps at 2AV. The Hold 
Request output is also specified for 100 microamps source cur
rent at3.3V. All outputs sink a minimum of 3.2 milliamps at OAV. 
All the interface signals of the Am9517A are summarized by type in 
Figure 4a and their pin assignments are shown in Figure 4b. 

The very high resistance of open gate MOS transistors exposes 
the device's input circuits to the risk of damaging accumulations 
of static charge. If charge enters the gate node of such an input III 
faster than it can be discharged, the gate voltage can rise high 
enough to cause oxide breakdown, thus damaging or destroying 
the transistor. 

All inputs to the Am9517A include protection networks designed to 
slow the transition times of incoming current surges and to pro
vide low impedance discharge paths for voltages beyond normal 
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Signal Name Abbreviation Type 

Clock ClK Input 
Chip Select CS Input 
Reset RESET Input 
Ready READY Input 
Hold Acknowledge HACK Input 
DMA Request DREQO·DREQ3 Input 
Hold Request HREQ Output 
DMA Acknowledge DACKO·DACK3 Output 
Address Bus 4-7 A4-A7 Output 
Address Strobe ADSTB Output 
Address Enable AEN Output 
Memory Read MEMR Output 
Memory Write MEMW Output 
1/0 Read lOR Input/Output 
110 Write lOW Input/Output 
Data Bus DBQ-DB7 Input/Output 
Address Bus 0-3 AO-A3 Input/Output 
End of Process EOP Input/Output 
+5 Vo~s VCC Power 
Ground VSS Power 

(a) Signal Summary_ 

lOR 

iOW· 
MEMR 

MEMW 

>VIH 

A7 

A6 

A6 

A4 

EOP 

A3 

A2 

Al 

AD 

No. of 
Pins 

1 
1 
1 
1 
1 
4 
1 
4 
4 
1 
1 
1 
1 
1 
1 
8 
4 
1 

READY 

HACK 

ADSTB 

AEN 

HREQ 

os 
vee (+6V) 

DBO 

ClK 

RESET 

DACK2 

DACK3 

DREQ3 

DREQ2 

OREQ1 

DREQO 

IGND) vss 

(b) Connection Diagram. 

DBl 

DB2 

DB. 

DBO 

DACKO 

DACK1 

DB6 

DB6 

DB7 

Figure 4. Amg517A Interface Signals. 
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"" I /" "-.....-------

EOUIVALENT J;/) 
INACT1VE .-/ 

PROTECTION 
CIRCUITRY ":" 

MOS-OS7 

Figure 5. Input Circuitry. 

operating levels. Note, however, that careless handling of MaS 
components can result in transfers of charge which cannot be 
absorbed without damage and conventional MaS handling pre
cautions should be observed at all times. 

In normal operation the input protection circuitry is inactive and 
may be considered as a lumped series RC network as shown in 
Figure 5. The active input connection during normal operation is 
the gate of an MaS transistor. No active sources or drains are 
connected to the inputs so that neither transient nor steady state 
currents are impressed upon the driving signals by the Am9517A 
The input signal is required only to charge or discharge the input 
capacitance and to overcome the leakage associated with the 
protection network and input circuit. Input capacitances are typi
cally 6pF and leakage currents are usually less than lILA. As is 
typical with MaS components, input drive specifications will usu
ally be limited by transition time considerations rather than DC 
current limitations. 

Good MaS design practice dictates that all inputs be terminated 
in order to provide discharge paths for transients. Unused inputs 
should be tied directly to ground or VCC as appropriate. Any input 
which is driven directly from a card edge connector should be 
terminated on the card in order to protect the input when the 
connection is broken. A simple pull-up resistor or on-board gate 
will suffice. 

In general, on-Chip delays wili always track to a great extent 
and worst/best combinations will never occur together. The 
rising and falling edges of the read and write control pulses 
will track to provide minimum active widths. 
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Clock 

All the internal operations are clocked by this input which is used 
by the Am9517A to create four internal clocks. The number of 
operations to be performed within the controller and the high 
speed at which the device has been specified to operate, impose 
constraints on the input clock specification as illustrated in Figure 
6. As long as the specified minimum high and low times are 
observed, the designer may use any convenient clock duty cycle. 
The greatest operating margins, and the best transition time 
tolerance, occurs when both clock low and clock high times are 
mutually maximized. Slowing the clock slightly, and thus extend
ing TCV somewhat, also provides room for greater margins. 

I' TCV "I 

Jf ~ r 
LTCH(M1NIJ f--TCL(M1NI---i 

MOS·OSS 

Figure 6. Clock Waveform Specifications. 

eLK 

I 
vcc J~-TRsm----j-

!--+TRSTW 

RESET --c../_r_-_--J! \1"--__ _ 
'ii5'Ror'iOW 

CLK 

TRSTD ~ SOO,u.s 
TRSTW ;;.. 300n5 
TRSTS;;.. 2 Tey 

i--TRSTS-i 

Figure 7. Reset Timing. 
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Chip Select (CS) 

Chip Select is an active-low input that enables data transfers 
between the DMA controller and the data bus. It is usually derived 
from an address output by the CPU to specify the device to be 
operated upon. The Chip Select input is recognized by the con
troller only when no active DMA or memory-to-memory transfers 
are taking place. It is ignored whenever the HACK input is true. 

Reset 

Reset is an active-high asynchronous input which terminates any 
operation that may be in progress within the controller. This input 
also clears the internal control registers, with the exception of the 
mask register which is set to all ones thus disabling all channels. 
After a reset the controller is ready to accept initialization com
mands from the CPU. Reset must be applied for a minimum of 
300ns in order to insure that the controller is reset. The end of 
Reset should occur at least 500",s after both VCC and ClK are 
stable. At least two clock cycles must elapse following the end of 
Reset before the first I/O write is applied to the controller. Figure 7 
shows the reset timing. 

Ready 

Ready is an active-high input which can be used to extend the 
read and write pulses generated by the DMA controller. If the 
Ready input is low throughout the Ready setup (TRS) and hold 
(TRH) times as shown in the left portion of Figure 8, the read and 
write pulses will be extended by one full clock cycle. The right 
portion of Figure 8 shows extension by two clocks. Ready is 
tested on the falling edge of each succeeding clock cycle and the 
read and write pulses are extended in multiple increments of TCV 
until Ready becomes true prior to the setup time. When utilizing 
the compressed timing feature (discussed later) to achieve a 
transfer rate of one word every two clock cycles, care must be 
taken to insure that Ready is true throughout the setup and hold 
time prior to the read and write pulses being true. Ready transi
tions should not occur during the defined setup-hold window in 
any operating mode. 

In addition to extending the width of the Read and Write pulses, 
the Ready input going low causes the state of the address, data 
and control lines to be held constant. Note that, just as in the case 
of the CPU, the Ready input to the DMA controller remaining low 
for an extended period will hang up the system. 

M05·060 

Figure 8. Ready Timing. 
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Hold Acknowledge (HACK) 

The active-high Hold Acknowledge signals the controller that the 
system busses have been released by the CPU and placed in the 
high impedance state. This input initiates DMA transfers· and 
should be asserted only in response to the) issuance .of a request 
for service by the Am9517A (HREO). The DMA operations begin 
with the falling edge of the clock cycle follOWing the satisfaction of 
the Hold Acknowledge setup time requirement (THS). The Hold 
Acknowledge input must remain true until the Am9517A relin
quishes control ofthe system busses. The controller requires that 
one full clock cycle transpire between issuance of Ii HREO and 
receipt of the Hold Acknowledge. 

DMA Request (DREQO-DREQ3) 

The four asynchronous DMA Request inputs are used by 
peripheral devices to request DMA service. The polarity of the 
DREO inputs is program selectable to be either active-high or 
active-low. A reset places them in the active-high condition. 

An active DMA request is recognized by the Am9517A at the clock 
falling edge next following the satisfaction of the DREO setup 
time (TOS). Any or all of the DMA request inputs may be active 
simultaneously and contention is resolved by priority logic con
tained within the DMA controller .. Each Hold Acknowledge re
ceived by the controller selects the highest priority unmasked 
active DMA Request for the next transfer sequence. This means 
that a DMA transfer must be completed orotherwise.terminated.in 
order for a higher priority channel to be serviced. 

Once asserted, an active DREO input should be maintained at 
least until the corresponding DACK goes active. The implications 
of various· methods of· managing the DREO signal timing after 
DACK is returned will depend on the operating mode being used 
for the associated channel. 

Hold Request (HREQ) 

The active-high Hold Request output indicates that the Am9517A 
requires service and is generated whenever an unmasked active 
DMA Request input is received. Timing of the Hold Request 
relative to the DR EO input is shown in Figure 9. In order to 
accommodate processors with higher level input specifications, 
the Hold Request output is designed to source at least 100 
microamps at a VOH of 3.3 volts. The TDO parameter shown in 
Figure 9 is specified at bOth 2.4 volts and 3.3 volts in.the Am9517A 
data sheet. The higher level can be attained without assistance, 
but the timing specified requires an external pullup resistor. 

DMA Acknowledge (DACK) 

The four DMA Acknowledge outputs are e.ach associated with 
one of the DMA Request inputs. Their active levels are selectable 
under program control. Unlike the DREO inputs, after a reset the 
DMA Acknowledge outputs will be in the active-low condition. 
When a HACK is received from the CPU in response to the HREO 
from the DMA controller, the highest priority, active, unmasked 
DMA Request will be granted service and the DMA Acknowledge 
output associated with that channel will become active, as shown 
in Figure 9. the DMA Acknowledge output from the Am9517A 
remains true until the completion of the requested DMA service 
and becomes inactive after the Hold Request output becomes 
inactive as shown in Figure 9. There will never be more than one 
DACK active at a time. No DACK is issued for memory-to
memory operations. 

Address Bus (AG-A15) 

In order to accommodate all of the functions provided by the 
Am9517A within the constraints of a 4O-pin package, the 16 bits of 
address information provided by the device are output on two 
paths. The least significant eight are output on the eight address 
lines AO-A7. The four least significant address lines are bidirec
tional. As inputs they address the internal registers of the Am9517A 
when programming the device. Address lines A4 through A7 are 
tri-state outputs which are enabled only during DMA operations. 
The most significant eight bits of the address are output on the 
data bus during certain portions of the DMA operation. They can 
be demultiplexed from the data bus and stored in an external 
latch. The timing for the address bits and the two associated 
control lines is shown in Figure 10. 

Address Strobe (ADSTB) 

The active-high Address Strobe output from the Am9517A is the 
control signal used to latch the high order address bits (A8-A 15) 
from the data bus into an external register or latch. Note that, as 
shown in Figure 10, the falling edge of Address Strobe should be 
used to clock the address bits into the latch; the data bus may not 
be valid at the rising edge. An important feature of the Am9517A is 
that the high order address and its associated strobe are issued 
only when required, namely during the first active cycle of a 
transfer and thereafter only when a carry or bOrrow is generated 
by the least significant address byte. This eliminates a clock cycle 
from the vast majority of translers. 

~~I ~~ 
DREQ JJ! I·TDQ 1 ~~--I -1-----

H- 1 ~TQH TDO I· :L 
HREQ __ ......Jr-ll-I -:-L-THS -,......:-1-:-· -:-1 -----1.H t~-

HACK ----jfjl/ ,.iJ _ I I~ 
t fr ~ 

DACK \! MOS.061 ------{Itl-______ ......J ~I-t --
Figure 9. Peripheral and CPU Handshaking Interfaces_ 
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Figure 10_ Address Control Relationships_ 

Address Enable (AEN) 

Address Enable is an active-high control signal output by the 
Am9517A during the first clock cycle of a DMA operation. It remains 
valid throughout the transfer, as shown in Figure 10. The principal 
function of this signal is to enable the outputs of the tri-state latch 
which holds the eight high order address bits. Since the Address 
Enable output is asserted early in the DMA transfer and remains 
true until completion, it may also be used to put other system 
signals into their tri-state condition and to disable system ac
tivities such as 10 chip select decoding. If AEN is true and all 
DACK remain false, a memory-to-memory operation is taking 
place. 

. Memory Read (iiEMR) 

The transfer of data under the control of the Am9517A requires, in 
addition to the generation of address information, the provision of 
control signals to read data from a source location and write it into 
a destination. These control signals are derived from internally 
generated read and write signals based upon the type of transfer 
being executed. The active-low, three-state Memory Read output 
is used to initiate the reading of data from system memory. 

Memory Write (MEMW) 

The active-low three-state Memory Write output is one of a group 
of four control signals utilized to initiate the reading and writing of 
data under the control of Am9517A. Its function is to control the 
writing of data into the system memory. 

10 Read (lOR) 

10 Read is a bidirectional active-low signal. As an output it is used 
to control the reading of data from an external peripheral port. As 
an input, 10 Read is recognized only if the DMA controller has 
been selected by the Chip Select input and no DMA operations 
are underway. If these conditions are met the 10 Read input will 
calS an 8-bit byte to be read from the register addressed by 
AO-A3 onto the data bus. 

10 Write (lOW) 

10 Write is a bidirectional active-low signal. As an output it is used 
to control the writing of data into peripheral ports. Like 10 Read, 
this signal will not be recognized as an input unless CS is valid 
and no DMA operations are in progress. When recognized as an 
input this signal causes the information on the data bus to be 
loaded into the Am9517A register addressed by AO-A3. 
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lOR, lOW, MEMR, MEMW operate in pairs to control DMA infor
mation transfers. For peripheral-to-memory, lOR and MEMW are 
both active at the same time. For memory-to-peripheral, MEMR 
and lOW are both active in the same cycle. For memory-to
memory only MEMR and MEMW are used and only one at a time. 

End of Process (EOP) 

.End of Process is a bidirectional active-low signal. As an output it 
is active for a single clock period when the Word Count of an 
active DMA channel goes to zero. Asserting End of Process as an 
input causes the termination of DMA operations. 

EOP may be used in many ways: As an interrupt, it can inform the 
CPU that a DMA transfer has occurred. It also can help coordi
nate peripheral device activity. When channel-specific signals 
are desired, EOP can be simply gated with individual DACK lines 
to generate EOPO-EOP3. 

Data Bus (DBD-DB7) 

The eight bidirectional three-state data bus signals transfer in
formation between the Am9517A and the system data bus. During 
DMA operations the data bus signals are activated as outputs to 
supply the high order address byte. Note that the DMA data being 
transferred does not enter the Am9517A except in the case of 
memory-to-memory operation. During memory-to-memory oper
ations the data being transferred is stored in a temporary register 
within the Am9517A between the read and write operations. During 
memory-to-memory operations the controller cycle which outputs 
the high order address byte and the address strobe is always 
present. During programmed 10 operations on the Am9517A the 
data bus is utilized to transfer bytes between the CPU and the 
DMA controller. 

Power (VCC, VSS) 

The Am9517A makes use of a single +5 volt power supply and 
ground. One pin (pin 5) of the device which is not used by the 
interface must be at a logic high level. An internal pullup resistor is 
connected to pin 5 to provide the high level when the input is 
floated. Pin 5 may also be connected directly to VCC. The 
Am9517A requires a maximum of 150mA at 5V ±5% over the 1 
standard operating temperature range of O°C to 70°C and 175mA 
at5V ±10% over the full military temperature range of -55°C to 
+ 125°C. These maximum supply currents are worst-case values 
and apply at the lowest specified temperatures. Supply current 
always decreases with increasing temperatures; worst-case cur-
rent at 25°C is 130mA. 
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REGISTER DESCRIPTION 

Figure 11 summarizes the registers contained within the 
Am9517A. The various Address and Word Count registers control 
locations and numbers of transfers for active operations. The 
Command, Mode, Mask and. Request registers manage the 
operating options and control features available to the system. 
Figure 12 shows the addressing used to access the Address and 
Word Count locations. Notice that A3 is always logic zero for that 
range of addresses. When A3 is a logic one, other locations are 
addressed as shown in Figure 13. All operations marked illegal 
should not be attempted as results will be unknown. 

Name Size Number 

Base Address Registers 16 bits 4 
Base Word Count Registers 16 bits 4 
Current Address Registers 16 bits 4 
Current Word Count Registers 16 bits 4 
Temporary Address Register 16 bits 1 
Temporary Word Count Register 16 bits 1 
Status Register 8 bits 1 
Command Register 8 bits 1 
Temporary Register 8 bits 1 
Mode Registers 6 bits 4 
Mask Register 4 bits 1 
Request Register 4 bits 1 

Figure 11. Am9517A Internal Registers. 

Address and Word Count Regleters 

Each of the four channels provided by the Am9517A has as
sociated with it four 16-bit programmable registers. Two of these, 
the current address and base address registers, are used to 
provide address information for data transfer. The current word 
count and base word count registers determine the number of 
words to be transferred by a DMA operation. 

The base registers are loaded in parallel with the current regis
ters. Two single-byte 10 write operations to the same address are 
used to fill the 16-bit registers. An internal byte pointer flip-flop, 
which is cleared by a reset, master clear, or by 10 command, 
changes state each time one of the 16-bit registers is accessed. It 
is used to steer the inComing 8-bit data to the least and most 
significant halves of the registers. 

Two points must be emphasized with regard to the loading of the 
address and word count registers. First, since the current and 
base registers are loaded in parallel, no attempt should be made 
to change the contents of the base register while a DMA service is 
in progress on that channel. If, for example, transfer concatena
tion is desired, two channels should be utilized, with the incoming 
DMA requests being switched between them. 

Second, the byte pOinter flip-flop toggles automatically upon reg
ister access. This requires that care must be taken when ac
cessing these registers other than in the initialization mode. For 
example, a subroutine which is called as a result of an interrupt 
and which accesses the address or word count registers should 
include the 10 instruction which clears the byte pointer flip-flop. 

Interface Slanals Byte Pointer Date Bus 
Channel Register Operation lOR lOW A3 A2 A1 AO flip/Flop DBo.DB7 

0 Base & Currant 
Write 

1 0 0 0 0 0 0 AO-A7 
Address 1 0 0 0 0 0 1 AB-AI5 

Currant 
Read 

0 1 0 0 0 0 0 Ao-A7 
Address 0 1 0 0 0 0 1 AB-AI5 

Base & Current 
Write 

1 0 0 0 0 1 0 WO-W7 
Word Count 1 0 0 0 0 1 1 WB-WI5 

Current 
Read 

0 1 0 0 0 1 0 Wo-W7 
Word Count 0 1 0 0 0 1 1 WB-WI5 

1 
Base & Current 

Write 
1 0 0 0 1 0 0 AO-A7 

Address 1 0 0 0 1 0 1 AB-AI5 

Current 
Read 

0 1 0 0 1 0 0 AO-A7 
Address 0 1 0 0 1 0 1 A8-A15 

Base & Current 
Wme 

1 0 0 0 1 1 0 WO-W7 
Word Count 1 0 0 0 1 1 1 WB-WI5 

Current 
Read 

0 1 0 0 1 1 0 Wo-W7 
Word Count 0 1 0 0 1 1 1 WB-WI5 

2 
Base & Currant 

Wme 
1 0 0 1 0 0 0 AO-A7 

Address 1 0 0 1 0 0 1 AB-A15 

Current 
Read 

0 1 0 1 0 0 0 AO-A7 
Address 0 1 0 1 O. 0 1 AB-AI5 

Base & Current 
Wme 

1 0 0 1 0 1 0 Wo-W7 
Word Count 1 0 0 1 0 1 1 W8-W15 

Current 
Read 

0 1 ·0 1 0 1 0 WO-W7 
Word Count 0 1 0 1 0 1 1 W8-W15 

3 Base & Current 
Write 

1 0 0 1 1 ci 0 AO-A7 
Address 1 0 0 1 1 0 1 AS-A15 

Current 
Read 

0 1 0 1 1 0 0 AO-A7 
Address 0 1 0 1 1 0 1 AB-A15 

Base & Current 
Write· .1 0 0 1 1 1 0 WO-W7 

Word Count 1 0 0 1 1 1 1 W8-W15 

Current 
Read 

0 1 0 1 1 1 0 WO-W7 
Word Count 0 1 0 1 1 1 1 WB-WI5 

Figure 12. Address for Word Count and Address Registers. 
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Interface Signals 

A3 A2 A1 AD lOR lOW Operation 

1 0 '0 0 0 1 Read Status Register 

1 0 0 0 1 0 Write Command Register 

1 0 0 1 0 1 Illegal 

1 0 0 1 1 0 Writa Request Register 

1 0 1 0 0 1 Illegal 

1 0 1 0 1 0 Write Single Mask Register Bit 

1 0 1 1 0 1 Illegal 

1 0 1 1 1 0 Write Mode Register 

1 1 0 0 0 1 Illegal 

1 1 0 0 1 0 Clear Byte Pointer Flip/Flop 

1 1 0 1 0 1 Read Temporary Register 

1 1 0 1 1 0 Master Clear 

1 1 1 0 0 1 Illegal 

1 1 1 0 1 0 Illegal 

1 1 1 1 0 1 Illegal 

1 1 1 1 1 0 Write All Mask Register Bits 

Figure 13. Register and Function Addressing. 

Similarly, if only a single byte ofthese registers is to be accessed 
care must be taken to properly maintain the status of the byte 
pointer. 

The Current Address register contains the memory address that 
is provided by the DMA controller during a transfer on that chan
nel. The Current Address is automatically incremented or dec
remented, depending upon the programmable option selected, 
after each word is transferred and so, when read, will indicate the 
address of the next word to be transferred. 

If the autoinitialization feature has been enabled for the channel, 
the end of a DMA operation, as indicated by either internal or 
external EOP, will cause the contents of the Base Address 
register to be transferred to the Current Address register. 
Similarly, the Current Word Count register, which is decremented 
after each word is transferred, may be reinitialized with the con
tents of the Base Word Count register. 

Status Register 

This 8-bit read only register, which is accessed by an lOR at the 
address shown in Figure 13, provides the status of the four DREQ 
inputs and indicates whether a DMA operation has been com
pleted. See Figure 14. 

The four least significant bits of the status byte are individually set 
by an internal or extemal EOP signal. These bits are cleared by a 
reset, a master clear command, or by reading the status register. 
Since the status is not retained by the DMA controller after a read, 
system software will usually save all four of the least significant 
bits in order to insure that all completed DMA operations, and not 
merely the one of interest,. may be detected. 

The four high-order bits of the status register indicate the state of 
the four DREQ inputs. An active level at DREQ, independent of 
the programmed DREQ polarity, sets the status bit corresponding 
to the channel requesting service. Reading the status register has 
no effect upon these bits. 
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157156155154153152151 150 1 

-
-

1 = Channel 0 terminated 
1 = Channell terminated 
1 = Channel 2 terminated 
1 = Channel 3 terminated 

1 = Channel 0 request 

1 = Channel 1 request 
1 c Channel 2 request 
1 = Channel 3 request 

Figure 14. Status Register Bit ASSignments. 

Command Register 

The a-bit write-only command register is accessed at the location 
shown in Figure 13. It is cleared by a reset or master clear. Figure 
15 indicates the functions carried out by each bit of the command 
register. 

The least Significant command bit (CO) controls the memory-to- 1 
memory feature. When performing memory-to-memory transfers 
the Channel 0 Address registers provide the source address, the 
Channel 1 Address registers provide the destination address and 
the Channel 1 Word Count registers determine the number of 
words to be transferred. Memory-to-memory operations are ini-
tiated by setting the software DREQ for channel O. 
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o Memor:y-to-memor:y disable 
1 Memor:y-to-memor:y enable 

o Channel 0 address hold 
1 Channel 0 address change 

X If bit CO = 0 

o Master enable 

Master disable 

0 Normal timing 
Compressed timing 

X If bit CO = 1 

0 Fixed Priority 
Rotating Priority 

0 Late write selection 
Extended write selection 

X IfbitC3=1 

0 DREO sense active high 
DREO sense active low 

0 DACK sense active low 

DACK sense active high 

Figure 15. Command Register Bit Assignments. 

Transfers proCeed at a, rate of 8 clock cycles per word. The 
transfers occur In block mode, that Is to say, words will be trans
ferred continuously until the Channell word count reaches O. It Is 
recommended that Channels 0 and 1 be masked and that the 
Channel 0 Word Count be set to the same value as that In 
Channell In preparation for memory-to-memory. 

Command bit Cl Is effective only if memory-to-memory transfers 
have been enabled. Under these conditions, setting this bit 
causes the normal incrementing or decrementing of the Channel 
o Current Address to be InhlbHed. The result Is thatthe contents of 
the location defined by the Channel 0 Address register will be 
written throughout the block of memory defined by the Channell 
Address and Word Count registers. This feature is useful In 
applications which require Inserting spaces, building histograms 
and other multiple uses of a single character within data buffers 
for printers or displays. In some data acquisition applications it is 
useful to inHlalize a memory block with an offset value. In displays 
It will often be convenient to be able to clear screen very rapidly. 

Command bH C2 controls the master enable/disable function. 
When this bit is set the HREQ output of the, Am95l7A is inhibited, 
thus preventing any DMA ojleratlons from occurring. Note that 
the entire command register is cleared by a reset or master clear 
operation, including C2. Although all the hardware DREQ inputs 
to the Am9517A are disabled by reset, software DMA requests are 
not masked and should be handled with care. 

The compressed timing feature of the Am9s17A Is selected by 
means of Command bit C3. Normal timing use,s three clock cycles 
per transfer except when the ~Igh~order address bits are output 
and four clockS are used. Compressed timing removes on,e clock 
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cycle from each type of transfer thus shortening the transfers to 
two and three clocks. The effect of this Is to reduce the read pulse 
width by TCV and to cause the read and wrHe pulses to coincide. 
Where the requirements of system memory and the peripheral 
controller permit, a substantial Increase In throughput can be 
obtained. This feature is not available during memory-to-memory 
transfers and the compressed timing bH Is Ignored If bit zero of the 
command word Is set. 

Bit C4 of the command word determines the type of priority 
arbHratlon to be utilized In resolving contending active DREQ 
Inputs. If C4 Is cleared, the four channels will be prioritized in fixed 
order, with channel 0 having the highest priority and channel 3 the 
lowest. If C4 Is set, rotating priority Is selected. The relative 
sequence of channel priorities will remain the same; however, 
upon completion of a DMA operation the most recently serviced 
channel will become the lowest priority. Thus If channel 2 where 
th,e last channel serviced, the order of priority would be channels 
3, 0, 1 and 2. Rotating priority prevents a single channel from 
blocking service to other channels. 

Priority arbitration Is carried out as the first action of a DMA 
service upon receipt of the HACK Input to the DMA controller. 
Thus, the highest priority unmasked DREQ input or software 
DMA request present at that time will be selected for service. 
Once a channel tias been selected for service, control remains 
with that channel until the service Is terminated. HREQ Is relin
quished following each service so reprioritlzatlon will occur. 

When the cascade mode of operation Is in use, service requests 
from cascaded DMA controllers are prioritized just like any other 
DREQ Input before being passed on. 

Bit C5 of the command register controls the Write pulse width and 
placement, relative to the Read pulse. The optional extended 
write, which may be required for some memory systems or for 
some special 10 reqUirements, Is selected by this bit. The effect is 
similar to that of the compressed timing feature In that the write 
pulse becomes active simultaneously with the read pulse, al
though both are now two clock cycles wide. The extended write 
control bit Is Ignored with the compressed timing option Is 
selected. 

The last two bits (C6, C7) of the command register control the 
active levels of the DREQ Inputs and DACK outputs. Note that the 
polarity of the'two bits Is such that DREQ will be active-high 
following reset and DACK will be active~low following reset. 

Request Register 

The 4-blt write-only Request register Is accessed at the location 
shown In Figure 13. Each bit In the request register may be 
Individually set or cleared based upon the state of the three least 
significant data bus bits. See Figure 16. The two least Significant 
data bus bits select a channel while the third bit determines 
whether the selected bH Is to be set or cleared. All four of the 
Request register bits are cleared by a reset or master clear. The 
request bit for an active channel Is cleared by an EOP. 

Software DMA requests are nonmaskable but are disabled by the 
master disable bit In the command word and are subject to priority 
arbitration. Due to the nonmaskable' nature of these requests, 
they should be Issued only at the end of an initialization or other 
command sequence when all system setup is complete. 

Mask Register 

The four:blt write-only Mask register provides the capability to 
disable any or allofthe hardware DREQ Inputs to the Am9517A. In 
order to provide as much flexibility as posslple In controlling the 
mask bits, two addresses are assigned, as shown in Figure ,13. 



765432 o --Data Bus Bit 

Select channel 0 
Select channel 1 
Sele<;t channel 2 
Select channel 3 

o Clear bit 
Set bit 

Figure 16. Single Bit Control for Request and 
Mask Registers. 

lOW commands enabled by CS and directed to address 1010 set 
or clear individual mask bits using the format of Figure 16. Alter
natively, all four bits of the mask register may be written with a 
single command to address 1111. This command utilizes the four 
least significant data bus inputs to establish the status of the four 
DMA channels as shown in Figure 17. 

In addition to program control of the mask register, the entire 
register is set by a reset or master clear thus disabling all external 
DMA requests. Furthermore, an EOP on an active channel not 
programmed to autoinitialize will set the corresponding bit in the 
mask register. This is done to prevent another DMA transfer from 
occurring before new address and word data have been set up. 
Software DMA requests are not maskable. 

Mode Register 

Each of the four DMA channels has an independent 6-bit write
only Mode register associated with it. This register is accessed at 
the location shown in Figure 13. When accessing the Mode 
registers the two least Significant data bus inputs select the mode 

, register to which the remaining 6 bits are to be transferred, as 
shown in Figure 18. These six bits determine the type of transfer, 
its mode, whether the transfers are to be in ascending or descend
ing order, and whether autoinitialization is to be utilized. 

Three types of transfer are selectable by the two least significant 
bits of the mode register (M2, M3). The verify transfer is a dummy 
operation during which all program selected functions of the 
Am9517A are executed except that the read and write control 
outputs are disabled. This permits the device and its addresses to 
be exercised without actually transferring data and can be used to 
Verify proper operation of the controller. 

The read transfer moves data from system memory to an 10 
device by activating the MEMR and lOW control outputs of the 
Am9517A. Write transfers utilize the lOR and MEMW control lines 
to mOve data from an 10 device to system memory. The fourth 
,Possible combination of M2, M3 is an undefined state and should 
not be used. If the channel has been programmed for cascade 
operation the type of transfer is determined by the attached 
controller and bits M2, M3 are ignored. 

Mode bit M4 specifies the autoinitialization option for the channel. 
When M4 = 0, the Current Address and Word Count registers are 
'not affected by EOP and the associated mask bit is set, disabling 
the channel.' When M4 = 1, occurrence of EOP causes the 
contents of the Base Address and Word Count registers to be 
trensferred Into the respective Current Address and Word Count 
registers. The mask bit Is not set. 
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7 6 5 4 3 2 o -Data Bus Bit 

0 Clear Channel 0 mask bit 
Set Channel 0 mask bit 

0 Clear Channell mask bit 
Set Channell mask bit 

0 Clear Channel 2 mask bit 
Set Channel 2 mask bit 

0 Clear Channel 3 mask bit 
Set Channel 3 mask bit 

Figure 17. Parallel Mask loading. 

765432 o - Data Bus Bit 

I~"'I~I~I~"'I~ 
-~ -~ 

_ Mode Register 

00 Channel 0 select 

01 Channell select 
10 Channel 2 select 
11 Channel 3 select 

00 Verify transfer 

01 Write transfer 
10 Read transfer 

11 Illegal 

XX If bits M7, M6 = 11. 

J 0 Autoinitialize disable 
Autoinitialize enable 

f 0 Address increment select 

l Address decrement select 

00 Demand mode select 
01 Single mode select 

10 Block mode select 
11 Cascade mode select 

Figure 18. Mode Register Addressing and ASSignments. 

Autoinitialization allows repetitive DMA opel'litions to proceed 
without software intervention between blocks. Since each chan
nel has independent base registers, each can be independently 
autoinitialized without disturbing other channels. 

Mode bit M5 specifies the address increment/decrement option 
for the channel. When M5 = 0 the address will increment fol-
lowing each transfer. When M5 = 1 the address will decrement II 
following each transfer. This feature allows significant versatility 
in data movement. Blocks that may arrive from peripherals in 
reverse can be written in descending order in memory so that they 
end up being forward in memory. With the source incrementing 
and the destination decrementing, a· memory-to-memory move 
can invert a list. 
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Memory-to-memory control can override the'M5 bit for channel 0, 
forcing the address to neither increment nor decrement. See the 
Command Register description for details. 

Mode bits MS and M7 specify one of four available operating 
modes for the channel. These types of transfer management 
provide versatility for the interface between the peripheral device 
and the DREQ inputlo the Am9517A. One mode is also provided to 
greatly simplify expansion of the DMA system. All DMA transfers 
are initiated by an active-going DREQ signal. (Memory-to
memory transfers are initiated by a software request.) All DMA 
transfers are terminated by an internal (word count = 0) or exter
nal EOP, and by a reset or master clear. The following mode 
descriptions indicate methods for managing transfers between 
initiation and final termination. 

When M7,MS = 00 Demand mode is selected. Once the DREQ 
has been accepted, continuous transfers will occur until the 
DREQ goes inactive (or until EOP). When DREQ returns active, 
transfers will resume where they left off. This allows the re
questing device to control the lengths of sub-block-sized bursts of 
transfers. 

For example, if DREQ is cleared at the time that DACK is re
ceived, only one word will be transferred. Alternatively, if DREQ is 
cleared at the time that the internal EOP goes active, a complete 
block (as defined by the word count) will be transferred. Between 
those extremes Demand mode allows interaction of system ac
tivities with DMA transfers. A memory refresh cycle can be exe
cuted in the midst of a transfer; availability of external data can 
control the transfer duty cycle. 

When M7,MS = 01 the Single mode is selected. It operates in two 
ways. This mode always retums system control to the CPU 
following each word transferred. If DREQ is then inactive, trans
fers do not continue. If DREQ remains active transfers will con
tinue (as long as word count is greater than zero) but will always 
be interleaved with a full HREQJHACK handshake with the CPU. 
In the case of the 8080A, this means that machine cycles will 
alternate with transfers of single words. Notice that the recurring 
arrival of active HACK means that priority will be re-resolved after 
each Single transfer. If a higher prio'rity request is pending, it will 
be serviced. Using rotating priority arbitration with several chan
nels set up in Single mode would then interleave a transfer on 
each channel with CPU machine cycles. 

When M7,MS = 10, the Block mode is selected. Once the DREQ 
has been acknowledged (DACK), continuous transfers win take 
place until EOP occurs, independent of the state of the DREQ 

input. Thus a DREQ pulse wide enough to encompass DACK will 
cause the movement of an entire block of data. Memory-to
memory operations use Block mode exclusively. 

When M7,MS = 11, the channel may be used to cascade an 
additional Am9517A circuit in order to expand the channel capacity 
of the DMA system. Any channel or combination of channels, at 
any level may be used for expansion. Two cascaded Am9517A 
chips provide a n!!lt of seven available channels. 

A channel used for cascading simply provides access to the 
internal priority resolution Circuitry by bypassing the other func
tions of the channel. Address, data and control outputs are dis
abled when a cascade channel is active, allowing the next active 
chip to be wire-ORedto the system signals. 

Byte Pointer Flip/Flop 

An intemal flip/flop, toggled by each access to 1S-bit registers, is 
used to select, the most significant or least significant register 
byte. An lOW operation to address 1100 clears the pointer, caus
ing it to select the least significant byte of the next 1S-bit register 
accessed. The flip/flop is also cleared by a reset or by the master 
clear command. 

Temporary Data Register 

The 8-bit Temporary Data register is used during memory-to
memory transfers to provide temporary storage of the data being 
transferred. Each byte transferred remains in the temporary reg
ister until overwritten by the next and may be read out by the CPU. 
The Temporary Data register is not used during DMA transfers. It 
is cleared by a reset or a master clear. 

Programming 

The Am9517A will accept programming from the host processor 
any time that HACK is inactive; this is true even if HREQ is 
active. The responsibility of the host is to assure that pro
gramming and ,HACK are mutually exclusive. Note that a logi
cal.conflict can occur if the host masks out a DREQ that has 
just initiated a HREQ: when HACK arrives no valid request 
may be pending. To prevent this situation it is suggested, that 
the controller be disabled before the channel mask is set, and 
then that the controller be re-enabled. 
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After power-up it is suggested that all intemal locations, espe
cially the Mode registers, be loaded with some valid value. 
This should be done even if some channels are unused. 



SYSTEM INTERFACE 
Software Configurations 

Direct Memory Access is, by definition, transparent to the CPU 
and does not involve direct software. The programmer (and sys
tem designer) will, however, be concerned with initialization of the 
device, subsequent changes to its programmed configuration, 
and the potential effect on system activities of a device which is 
capable of suspending CPU operations for indeterminate times 
and is, when active, beyond control of the CPU. 

This section presents a few routines as examples of ways to drive 
the Am9S17A. They are shown in BOBOA/BOB5 coding. The com
ments in the routines plus the surrounding text should provide 
sufficient guidance to allow translation into other machine. lan
guages without difficulty. Similarly, these approaches should be 
modified and extended to reflect the differing requirements of 
specific applications. 

Figure 19 is an "EQU" table that defines the mnemonic labels 
used in the routines. The values are taken from Figures 12 and 13 
and are written in binary to shown that correspondence. Some 
programmers may want to translate those entries to octal or hex 
values. Note that this table assumes that hardware 10 port Chip 
Select decoding for the Am9517A selects zero for system address 
lines A4 through A7. For other arrangements the four high order 
bits in each EQU table entry should be changed to the value 
decoded. 
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Figure 20 shows a Simple, straight-forward routine to configure 
the Am9S17A as part of a system initialization procedure, perhaps 
following power-on for example. It shows the setup for a Single 
channel - in this case channel 2 - but could easily be expanded 
to include more channels. 

Interrupts are disabled to prevent other routines from possibly 
disturbing the byte pointer flip/flop. The command byte (line 50) 
specifies these options: 

DACK active low 
DREQ active low 
Extended Write 
Fixed Priority 
Normal Timing 
Controller Enabled 
Address not held 
Memory-to-memory off. 

This routine does not use a software DMA request. If it did, the 
command byte might want to disable the controller until the 
initialization is complete in order to prevent unwanted 
transfers. Master Clear blocks hardware-originated DMA 
transfers by setting all mask bits, but does not prevent 
software-originated requests. 

LOC OBJ SEQ SOURCE STATEMENT 

0000 
0002 
0004 
0006 
0001 
0003 
0005 
0007 

0008 
0008 
0009 
OOOB 
0000 
OOOF 
OOOA 

OOOC 
0000 

1 ; 
2 ; 
3 ;PORT ASSIGNMENTS FOR AM9517A AO-A3 INPUTS. 
4' 
5 ;AODRESS AND WORD COUNT REGISTERS: 
6; 
7 ADRO 
8 ADR1 
9 ADR2 

10 ADR3 
11 WCTO 
12 wcn 
13 WCT2 
14 WCT3 
1p ; 

EQU OOOOOOOOB 
EQU 00000010B 
EQU 00000100B 
EQU 0000011 OB 
EQU 00000001 B 
EQU 00000011 B 
EQU 00000101 B 
EQU 00000111 B 

16 ;CONTROL REGISTERS: 
17 ; 
18 STAT 
19 CMND 
20 RQST 
21 MODE 
22 TEMP 
23 MSKR 
24 MSK8 
25 ; 

EQU 00001000B 
EQU 00001000B 
EQU 00001001 B 
EQU 00001011 B 
EQU 00001101B 
EQU 00001111B 
EQU 0000101 OB 

26 ;DIRECT COMMANDS: 
27 ; 
28 CLBP 
29 MCLR 
30 ; 
31 ; 
32 ; 

EQU 000011 OOB 
EQU 00001101 B 

Figure 19. EQU Table. 
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;ADDRESS REGISTERS 

;WORD COUNT REGISTERS 

;STATUS REGISTER 
;COMMAND REGISTER 
;REQUEST REGISTER 
;MODE REGISTER 
;TEMPORARY DATA REGISTER 
;FULL MASK REGISTER 
;SINGLE MASK BIT 

;CLEAR BYTE POINTER 
;MASTER CLEAR 

D 
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LOC OBJ SEQ SOURCE STATEMENT 

42 ; 
43 ; 

. 44 ;SETUP ROUTINE FOR DMA CHANNEL #2 

3000 
45 ; 
46 
47 ; 
48 STUP: 
49 

ORG 3000H 

DI 
OUT MCLR 

;DlSABLE INTERRUPTS. 
;MASTER CLEAR. 

3000 F3 
3001 0300 
3OO33E62 
30050308 
30073E9A 
3009 D30B 
300B 3EOO 
30000304 
300F 3EOF 
3011 0304 
30133E07 
30150305 
3017 3EOO 
30190305 
301B 3E02 
301DD30A 
301F FB 
3020 C9 

50 MVI A,01100000B ;SELECT COMMAND OPTIONS, 
;OUTPUT TO COMMAND PORT. 
;SELECT MODE OPTIONS, 
;OUTPUt TO MODE PORT. 
;FORM LOWER BYTE, 

51 OUT CMND . 
52 
53 

MVI A,10011010B 
OUT MODE 

54 MVI A,O' 
55 OUT ADR2 
56 MVI A,OFH 
57 OUT ADR2 
58 MVI A,7FH 
59 OUT WqT2 
60 MVI A,O 
61 OUT WCT2 

;OUTPUT TO ADDRESS REG. 
;FORM UPPER BYTE, 
;OUTPUT TO ADDRESS REG. 
;FORM LOWER BYTE, 
;OUTPUT TO WORD COUNT. 
;FORMUPPER BYTE, 

62 
63 

MVI A,00000010B 
OUT MSKB 

;OUTPUT TO WORD COUNT. 
;CLEAR CHANNEL #2 
;MAsK BIT. 

64 
65 
66 ; 
67 ; 
68 ; 

EI 
RET 

;ENABLE INTERRUPTS. 
;RETUR.N. 

Figure 20. Simple SETUP Routine. 

The mode byte (line 52) specifies these options: 

Block transfer mode 
Address increment 
Autoinitialize 
Read transfer. 

With the autoinitialization option in effect, this channel will not 
have to be setup again until the channel function changes. The 
Read transfer moves data from the system memory olit to the 
peripheral on Channel 2. 

The memory addess of the first byte to be transferred is OFOO hex. 
The number of bytes to be transferred is 007F hex. In both cases, 
the upper and lower bytes are output to the same port and are 
steered internally by the byte pointer flip-flop. 

Once the channel is ready to go, its mask can be oleared (line 63) 
so that it will recognize a OREQ input. Interrupts are then enabled 
and control returned to the main program. if this routine, or a 
variation of it, is used as part of a more general system initializa
tion program segment, it may be appropriate to not clear the mask 
(and possibly to not enable interrupts) until the complete system 
setup is finished. If this routine is embedded in the midst of 
application programming, it may be appropriate to omit the Mas
ter Clear function and instead to simply set the mask bit for the 
channel to be changed. In that case it would also be appropriate 
to clear the byte phinter before the address is output. . . 

General Control Routine 

The approach outlined in Figure 20 can be expanded, of course, 
to include as many channels as desired. In applications where 
there are variatipns in the setupdaia for a given channel, how
ever: this scheme cali be awkWllrd. Figure 21 shows a more 
general design that provides more versatility for many applica-
tions. . 

The SOMA routine picks up the parameters it needs from the 
calling program. These "in-line" parameters are located im
mediately following the instruction that calls SOMA. The format is 
shown at the start of the routine. SOMA first pulls in the mode data 
which contains'thechannel number information as well. This is 
used to index into a branch table that then transfers control to the 
code segment appropriate for the channel. This portion of the 
routine then moves the Address and Word Count values from 
their in-line position into theDMA registers. SOMA assumes that 
the command configuration has already been established and will 
not be changed. 

Notice that SOMA masks out the channel selected and then 
clears the mask after the changes are made. Some applications 

'may want to wait until some other point in the program before 
. clearing the mask. . . . 
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Once SOMA is in place, other configurations and control s,
quences are easier to implement. For example, the STUP routine 
in Figure 20' can then be accomplished by inserting a CALL 
SOMA procedure at line 52 and eliminating lines 52 through 64. 
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LOC OBJ SEa SOURCE STATEMENT 

75 ; 
76 ; 
77 ;GENERAL PURPOSE ROUTINE TO SETUP DMA CHANNELS 
78 ;FOR THE AM9517A. SETUP PARAMETERS ARE PASSED 
79 ;IN-LiNE FROM THE CALLING PROGRAM. 
80 ; 
81 ; 
82 ; 
83 ;CALL FORMAT: 
84 ; CALL SDMA 
85 ; (MODE BYTE) 
86 ; (LOW ADDRESS BYTE) 
87 ; (HIGH ADDRESS BYTE) 
88 ; (LOW WORD COUNT BYTE) 
89 ; (HIGH WORD COUNT BYTE) 
90 ; 
91 ; 
92 ; 

3000 93 ORG 3000H 
94 ; 
95 ; 
96 ; 

3000 E3 97 SDMA: XTHL ;GET ADDRESS OF MODE BYTE. 
3001 7E 98 MOV A,M ;GET MODE BYTE. 
300223 99 INX H ;POINT TO NEXT PARAMETER 
3003 E3 100 XTHL ;AND REPLACE ADDRESS. 
3004 D30B 101 OUT MODE ;MODE BYTE TO MODE PORT. 
3006 E603 102 ANI 03H ;ISOLATE CHANNEL # 
3008 F604 103 ORI 04H ;FORM MASK BIT FORMAT AND 
300A D30A 104 OUT MSKB ;MASK OUT THE BIT. 
300C E603 105 ANI 03H ;RE-ISOLATE CHANNEL # AND 
300E 07 106 RLC ;MULTIPLY BY 2. 
300F 217C30 107 LXI H,BTAB ;GET BRANCH TABLE ADDRESS 
3012 85 108 ADD L ;AND INDEX INTO TABLE BY 
30136F 109 MOV L,A ;TWICE THE CHANNEL #. 
3014 D21830 110 JNC BBB ;COMPLETE 16 BIT ADDRESS 
301724 111 INR H ;IF NECESSARY 
30185E 112 BBB: MOV E,M ;USING INDEXED TABLE 
301923 113 INX H ;POINTER, ASSEMBLE 
301A 5f) 114 MOV D,M ;BRANCH ADDRESS AND 
301B EB 115 XCHG ;MOVE IT INTO H,L. 
301C D30C 116 OUT CLBP ;CLEAR BYTE POINTER. 
301E F3 117 DI ;DISABLE INTERRUPTS 
301F E9 118 PCHL ;BRANCH TO CODE SEGMENT 

119 ;FOR SELECTED CHANNEL. 
120 ; 
121 ; 
127 ; 
128 ; 

3020 El 129 CHO: POP H ;ADDRESS AND WORD COUNT 
3021 7E 130 MOV A,M ;PARAMETERS ARE 
3022 D300 131 OUT ADRO ;FETCHED FROM CALLING 
302423 132 INX H ;PROGRAM AND OUTPUT 
30257E 133 MOV A,M ;TO CHANNEL O. 
3026 D300 134 OUT ADRO 
302823 135 INX H 

D 30297E 136 MOV A,M 
302A D301 137 OUT WCTO 
302C 23 138 INX H 

Figure 21. General Purpose SETUP Routine. 
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LOC OBJ SEQ SOURCE STATEMENT 

302D 7E 139 MOV A,M 
302E D301 140 OUT WClO 
303023 141 INX H 
3031 FB 142 EI 
30323EOO 143 MVI A,O 
3034 D30A 144 OUT MSKB ;CLEAR #0 MASK. 
3036 E9 145 PCHL ;BRANCH TO CALLER. 

146 ; 
147 ; 

3037 El 148 CH1: POP H ;ADDRESS AND WORD COUNT 
30387E 149 MOV A,M ;PARAMETERS ARE 
3039 D302 150 OUT ADRl ;FETCHED FROM CALLING 
303B 23 151 INX H ;PROGRAM AND OUTPUT 
303C 7E 152 MOV A,M ;TO CHANNEL 1. 
303D D302 153 OUT ADRl 
303F 23 154 INX H 
30407E 155 MOV A,M 
3041 D303 156 OUT WCTl 
304323 157 INX H 
30447E 158 MOV A,M 
3045 D303 159 OUT wcn 
304723 160 INX H 
3048 FB 161 EI 
30493EOl 162 MVI A,OlH 
304B D30A 163 OUT MSKB ;CLEAR #1 MASK. 
304D E9 164 PCHL ;BRANCH TO CALLER. 

165. ; 
166 ; 
167 ; 
171 ; 
172 ; 
173 ; 

304E El 174 CH2: POP H ;ADDRESS AND WORD COUNT 
304E 7E 175 MOV A,M ;PARAMETERS ARE 
3050 D304 176 OUT ADR2 ;FETCHED FROM CALLING 
305223 177 INX H ;PROGRAM AND OUTPUT 
30537E 178 MOV A,M ;TO CHANNEL 2. 
3054 D304 179 OUT ADR2 
305623 180 INX H 
30577E 181 MOV A,M 
3058 D305 182 OUT WCT2 
305A 23 183 INX H 
305B 7E 184 MOV A,M 
305C D305 185 OUT WCT2 
305E 23 186 INX H 
305F FB 187 EI 
30603E02 188 MVI A,02H 
3062 D30A 189 OUT MSKB ;CLEAR #2 MASK. 
3064 E9 190 PCHL ;BRANCH TO CALLER. 

191 ; 
192 ; 
193 ; 

3065 El 194 CH3: POP H ;ADDRESS AND WORD COUNT 
30667E 195 MOV A,M ;PARAMETERS ARE 
3067 D306 196 OUT ADR3 ;FETCHED FROM CALLING 
306923 197 INX H ;PROGRAM AND OUTPUT 
306A 7E 198 MOV A,M ;TO CHANNEL 3. 
306B 0306 199 OUT ADR3 
306D 23 200 INX H 

Figure 21. General Purpose SETUP Routine. (Cont.) 
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LOC OBJ SEQ SOURCE STATEMENT 

306E 7E 201 MOV A,M 
306F 0307 202 'OUT WCT3 
3071 23 203 INX H 
30727E 204 MOVA,M 
30730307 205 OUT WCT3 
307523 206 INX H 
3076 FB 207 EI 
3077 3E03 208 MVI A,03H 
3079 030A 209 OUT MSKB ;CLEAR #3 MASK. 
307B E9 210 PCHL ;BRANCH TO CALLER. 

211 ; 
212 ; 
213 ; 

307C 2030 214 BTAB: OW CHO ;BRANCH TABLE 
307E 3730 215 OW CH1 
30804E30 216 OW CH2 
30826530 217 OW CH3 

218 ; 
219 ; 

Figure 21. Genera' Purpose SETUP Routine. (Cont.) 

Hardware Configuration 

Figure 22 shows the interconnections for interfacing a single 
Am9517A to a microprocessor system and an 'LS373. Other 
8-bit latches may also be used and Figure 23 shows several 
other possibilities for both single and double controller config-

urations. The 'LS373 and 'LS374 parts offer small 20-pin pack
ages and low power. Figure 24 is a block diagram of the general 
Am9517A expansion scheme. 
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Figure 22. Basic DMA Configuration. 
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INTRODUCTION 

General 

Processors exist as tools for the implementation of information 
system transfer functions. All useful processor systems in
clude at least one peripheral device· in order to communicate 
with the user of the system. The processor not only manipu
lates information once it is in tha system; but also handles the 
transfer of information to and from the user via the periph
erals. Often several devices are integral parts of the overall sys
tem. All peripherals must be sarviced in one way or another 
by the system processor. The basic parameters that influence 
the design of peripheral serviCing algorithms are the fre
quency of service required, the service latency allowed and 
the service duty cycle of the. devices. 

There are two general methods used to initiate and coordinate 
this activity: Program controlled sarvice and Interrupt driven 
service. In program .control/ed transfers, the processor 
schedules all peripheral events; an Interrupt driven system, on 
the other hand, allows modification of the system aclivities by 
external devices. 

With no interrupt capability, processors must depend on 
software polling techniques to service peripheral devices. As 
the number of such devices grows and/or as the complexity of 
service increases, the polling program becomes very time 
consuming and the overhead devoted to polling becomes a 
significant fraclion· of tha available processing resource. When 

. this limits system performance, the use of interrupts can often 
provide substantial improvement. 

Interrupts are used to enhance processor system throughput 
and responsa time by minimizing or eliminating the need for 
software polling procedures. Interrupts are hardware 
mechanisms that allow devices external to the processor to 
asynchronously modify the instruction sequence of the pro
cessor program being executed. An elementary single inter
rupt could be used simply to alert the processor to the fact 
that some kind of sarvice is deSired and thus to initiate a pol
ling routine. More complex systems may have multiple inter
rupts and vectoring protocols which can be used to further 
improve performance and eliminate all polling· requirements. 
Vectoring allows direct· identification of the interrupting device 
and its associated sarvice routine. 

Figure 1 illustrates the essential functioning of a typical inter
rupt procedure. As the main progrem is executing instructions, 
an external interrupt arrives, in this example during instruction 
M+2.The processor completes M+2 and then, instead of 
executing M+3, it performs some kind of Interrupt acknowl
edge piocedure,often InvolVing execution of an additioriai ·'n
terrupt instruction. The result will usually be that the address 
of instruction M+3 is saved for future reference, and the loca
tion of instruction N is determined. The processor then pro
ceeds to execute the interrupt sarvice routine starting with in
struction N. The serVice routine may save, and later restore, 
the processor status as well as perform tasks requested by 
the interrupting device. The last instruction in the routine 
(N+K) directs the processor to resume tha main program at 
instruction M+3. 

Notice that the presance of the hardware interrupt has caused 
a modification of, the sequence of instruction execution; an 
additional block of instructions has been insarted in the main 
program. Interrupts provide the system designer with a sig
nificant capability that can help optimize his cost/performance 
tradeoffs. 

Figura 1. Basic Interrupt Procedure. 

~ 
The Am9519 Universal Interrupt Controller is a processor 
support device designed to enhance the interrupt handling 
capability of a wide variety of processors. A single Am9519 
manages the masking, priority resolution and vectoring of up 
to eight interrupts. It may be easily expanded by the addition 
of other Am9519 chips to handle a nearly unlimited set of in
terrupt inputs. It offers many programmable operating options 
to improve both the efficiency and versatility of its host system 
operations. The Am9519 is well adapted to a wide range of 
uses including small, simple, as well as large, sophisticated, 
interrupt systems. 

The Am9519 provides any mix of one, two, three and four 
byte responses to the host processor during the interrupt 
acknowledge process. The response bytes are all fully pro
grammable so that any appropriate addressing, vectoring, in
struction or other message protocol may be used. Contention 
among multiple interrupts is. managed internally using either 
fixed or rotating priority resolution circuitry. The direct vec
toring caPability of the Am9519 may be bypassad using the polled 
mode option. 
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An internal mask register permits individual interrupts to be dis
abled. It may be loaded in parallel by the host processor with any 
bit pattern, or mask bits may be individually controlled. The inter
rupt inputs use "pulsa-catching" circuitry so that an external 
register is not needed to capture interrupt pulses. Narrow noise 
pulsas, however, are ignored. The interrupt· polarity may be 
salected as either active-high or active-low. 

Another important feature of the Am9519 is its ability to gen
erate software interrupts. The host processor can set interrupt 
requests under program control, thus permitting hardware to 
resolve the priority of software tasks. This is often a powerful 
system asset, especially for sophisticated operating software, 
as well as an aid for system testing, diagnostiC, debugging 
and maintenance procedures. 

The Am9519 is implemented with AMO's L1NOX n-channel 
silicon gate MOS technology. This process features low profile 
structures, triple ion-implantation, .both depletion and 
enhancement transistors, and small, low capacitance, low 
power, high speed circuitry; The chip contains 4,400 transis
tors within a total chip area of 28,766 square mils. It is pack
aged in a standard 28-pin dual in-line package. 



CHIPSELECT B 
READ 

WifriE CO:SROL 
CONTROUDATA 

PAUSE 

DATA BUS 

INTERRUPT ACKNOWLEDGE 

ResPONSE IN pROCESS 

ENABLE IN 

ENABLE OUT 

The Am9519 Application Note 

BYTE 
COUNT 

MEMORY 
.. 2 

AIW RAM 

RESPONSE 
MEMORY 
Ix 32 

R/WRAM 

(IRA) 
INTERRUPT 

L ________ ~~~--------Jr----------~------~REOOE~ 
REGISTER 

INTERRUPT 
REQUESTS 

GROUP INTERRUPT 

MOS-G18 

FIgure 2. Am9519 Block Diagram. 

HARDWARE INTERFACE 

Block Diagrem 

The block diagram of the Am9519. shown in Figure 2 indicates 
the interface signals and the basic internal information flow. 
Interrupt Request inputs are captured and latched in the Inter· 
rupt Request register. Any requests not. masked by the Inter· 
rupt Mask register will cause a Group Interrupt output to the 
host processor if the unit is enabled. When the processor is 
ready to handle the interrupt it issues an Interrupt Acknowl· 
edge pulse wllich causes (a) the priority of pending interrupts 
to be resolved and (b) a byte from-the response memory as· 
sociated with the highest priority interrupt to be transferred to 
the data bus. The transfer of additional response bytes is con
trolled by additional Interrupt Acknowledge signals. Other in· 
terrupt management functions are controlled by the Auto 
Clear register, the Interrupt Service register and the Mode reg
ister. Control of the Am9519 is exercised by the host proces
sor using the Command register. The Status register reports 
on the internal condition of the part. 

The Am9519 is addressed by the host processor as two dis
tinct ports: a control port and a data port. The control port 
provides direct access to the Status register and the Com
mand register. The data port is used to communicate with all 
other internal loCations. 

Interface Signal Description 

Figure 3 summltrizes the .interface signals. Figure 4 shows the 
interface signal pin assignments. 

Data Bus (DB) 

The eight three-state bidirectional data bus lines are used to 
transfer information between the Am9519" and the system 
data bus. The direction of information flow is controlled by the 
es, RD, WR and lACK input signals. Data and command in· 
formation are written into the device; status, data and re
sponse information are output by it, 
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Description Abbreviation Type Pins --
+5 Volts VCC Power 1 
Ground VSS Power 1 
Data Bus DB 1/0 8 
Response In Process RIP 1/0 1 
Interrupt Request IREO Input 8 
Chip Select CS Input 1 
Read RD Input 1 
Write WR Input 1 
ControVData CID Input 1 
Interrupt Acknowledge lACK Input 1 
Enable In EI Input 1 
Enable Out EO Output 1 
Group Interrupt GINT Output 1 
Pause PAUSE Output 1 

Figure 3. Am9519 Interface Signal.Summary. 
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Figure 4. Connection Diagram. 
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Chip Select (CS) 

The Chip Select input is an active low signal used to condition 
the chip for read and write operations on the data bus; 
ReadlWrite transfers will not take place unless the CS input is 
low. Chip Select does not condition Interrupt Acknowledge 
operations. Chip Select is usually derived by decoding an ad
dress output by the host processor; the negative-true polarity 
matches outputs from typical decoder c,ircuits. 

Read (rID) 

The Read input is an active low signal conditioned by Chip 
Select that indicates information is to be transferred from the 
Am9519 to the data bus. Read is usually a timed pulse issued 
by the host processor. 

Wrlte(WR) 

The Write input is an active low signal conditioned by Chip 
Select that indicates information is to be transferred from the 
data bus to the Am9519. Write is usually a timed pulse issued 
by the host processor. 

Control/Data (C/O) 

The ControVData input acts as the port address line and is 
used to select source and destination locations for read and 
write transfers. Data transfers (C/D=O) are made to or from 
preselected internal memory or register locations. Control 
transfers (C/D=1) write into the command register or read 
from the status register. 

Interrupt Request (IREQ) 

The eight Interrupt Request inputs are used by external de
vices to indicate that service is desired. The Interrupt Request 
Register associated with the inputs uses asynchronous 
pulse-catching Circuitry to latch any active requests that occur. 
The input polarity may be programmed to capture either 
positive-going or negative-going transitions. Reset selects the 
active low option. 

Response In Process (RIP) 

The Response In Process signal is a bidirectional line de
signed to be used when two or more Am9519 circuits are 
connected together. RIP is used to prevent new higher priority 
interrupts from interferring with an Interrupt Acknowledge pro
cess that is underway. An Am95,19 that is responding to a 
selected interrupt will treat RIP as an output and, will hold the 
signal low until the acknowledge response is complete. An 
Am9519 without a selected interrupt will treat RIP as an input 
and will ignore lACK pulses as long as RiP is low. The mP 
lines from multiple Am9519 circuItS may be wired directly 
together. RIP 'is an open drain Signal, and requires an eXternal 
pullup resistor to vee in order to establish the logic high level. 

Group Interrupt (GINT) 

When active, the Group Interrupt output indicates that at least 
one bit is set in the Interrupt Request Register (IRR) which is 
not masked by the Interrupt Mask Register or the Interrupt 
Service Register. GINT is used to notify the host processor 
that service is desired. It may be programmed for either active 
high or active low polarity in order to simplify the interface 
with the host circUitry. Reset selects active low. When active 
high is selected the output is a standard two-state buffer 
configuration. When active low is selected the output is open 
drain and requires an external pullup resistor to vee in order 
to establish the logic high level. The open drain configuration 
is useful for wired-or connections in systems with more than 
one Am9619. 

Inte~rupt Acknowledge (lACK) 

The InterruPt Acknowledge input. is an active low signal gen
erated by the host processor and used to request interrupt re
sponse information. One response byte will be' transferred by 
the Am9519 for each iAeK pulse received and up to four 
bytes may be transferred during each interrupt acknowledge 
sequence. The first lACK pulse following a GINT output also 
initiates the internal' selection of the highest priority unmasked 
interrupt. 

Many processors provide interrupt acknowledge signals di
rectly, including the SOS5, the SOSOA and the 2650. For 
otherS, such as the Z80 and the 6800, it can be generated 
quite easily with simple gating. 

Pause 

The Pause output is an active low signal used during lACK 
cycles to indicate that the Am9519 has not completed the 
data bus transfer operation presently underway. The lACK 
pulse should be extended by the host processor at least until 
the PAUSE output goes high. The width of active PAUSE 
pulses is a function of several variables; it will be quite short 
in some systems and longer in others. PAUSE is an open 
drain output and requires an external pullup resistor to estab
lish the high logic level. PAUSE signals should be wired to
gether in multiple chip interrupt systems. 

Enable In (EI) 

The Enable In input is an active high signal used to imple
ment a "daisy-chain" expansion capability with other Am9519 
chips. EI may also be used as a hardware disable/enable 
input for the interrupt system. When EI is low, iACK inputs to 
the chip are ignored. Internally, a relatively high impedance 
resistor is connected between EI and VCC so that an unused 
EI requires no external pullup resistor. 

Enable Out (EO) 

The Enable Out output is an active high signal used to im
plement a "daisy-chain" expansion capability with other 
Am9519 chips. When the lACK input goes low, EO 'goes low 
until EI goes high and the chip determines that no unmasked 
request is pending. EO is a two-state output with relatively 
modest drive capability. 

Interface Considerations 

All of the input and output signals for the Am9519 are 
specified with logic levels identical to those of standard TTL 
circuits. The worst-case input logic levels are 2.0V high and 
O.SV low. Except for the open drain signals, the worst-case 
output logic levels are 2.4V high and 0.4V low. Thus, for TTL 
interfacing, the normal worst-case noise immunity of at least 
400mV is maintained. The logic level specifications take into 
account all combinations of the three variables that affect the 
logic level threshold: ambient temperature, supply voltage 
and processing parameters. A change in any of these toward 
nominal values will improve the actual operating margins. 

The PAUSE and RIP outputs are open drain with no active 
pullup transistors; their output high levels are established by 
the external circuitry. The GINT output, when programmed for 
active low polaritY (GINT), is also an open, drain output that 
does not control its output high leve!. , 
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All of the output buffers except EO and the open drain outputs 
can source at least 200".A worst-case and can sink at least 
3.2mA worst-case white, maintaining TTL output logic levels. 
EO normally only drives E,I of another Am9519 chip and is' 
speCified with less drive capability, in ' order to improve the 



priority resoh~tion speed in multi-chip interrupt systems. The 
open drain outputs all sink at least 3.2mA as the other outputs 
do. Current sourcing for the open drain outputs is determined 
by the external circuitry. Figure 5 summarizes the types of 
outputs on the Am9519. 

Signal 

Data Bus (OBO-OB7) 

Response In Process (RIP) 

Pause 

Group Interrupt (GINT) 

Enable Out (EO) 

+ 

BIDIRECTIONAL 
OPEN DRAIN 

~ + 

:~. 
":" OPENDRAIN 

~~ 
MOS-020 

Output Description 

Bidirectional, Three-State 

Bidirectional,Open-drain 

Open-drain 

{ Two-State when active high 
Open-Drain when active low 

Two-state, low drive 

Figure 5. Am9519 Output Buffer Summary and Circuitry. 

Unprotected open gate inputs of high quality MOS transistors 
exhibit very high resistances on the order of 1014 ohms. It is 
easy in many circumstances for charge to enter the gate node 
of such an input faster than it can be discharged and con
sequently for the gate voltage to rise high enough to break 
down the oxides and destroy the transistor. All inputs to the 
Am9519 include protection networks to help prevent dam
aging accumulations of static charge. The protection cirCUitry 
is· designed to slow the transitions of incoming current surges 
and to provide low impedance discharge paths for voltages 
beyond the normal operating levels. Please note, however, 
that input energy levels can nonetheless be too high to be 
successfully absorbed. Conventional deSign, storage, and 
handling precautions should be observed so that the protec
tion networks themselves are not overstressed. 

The Am9519 Application Note 

Within the limits of normal operation, the input protection cir
cuitry is inactive and may be modeled as a lumped series RC 
as shown in Figure 6. The functionally active input connection 
during normal operation is the gate of an MOS transistor. Ex
cept for EI, no active sources or drains are connected to the 
inputs so that neither transient nor steady-state currents are 
impressed on the driving signals by the Am9519 other than 
the charging or discharging of the input capacitance and the 
accumulated leakage associated with the protection network 
and the input circuit. Lumped input capacitances are usually 
around 6pF and leakage currents are usually less than 1 p.A. 
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Figure 6. Input Circuitry. 

Fanout from the driving circuitry into the Am9519 inputs will 
generally be limited by transition time considerations rather 
than DC current limitations when the loading is dominated by 
MOS circuits like the Am9519. In an operating environment, 
all inputs should be terminated so they do not float and ac
cumulate stray static charges. Unused inputs should be tied 
directly to Ground or to VCC, as appropriate. An input in use 
will have some type of logic output driving it and termination 
during operation will not be a problem. Where inputs are driv
en from logic external to the card containing this chip, how
ever, on-board termination should be provided to protect the 
chip when the board is unplugged and the input would other
wise float. A pull-up resistor or a simple inverter or gate will 
suffice. 

IREQTlming 

The circuitry at the IREO inputs is quite straightforward and is 
illustrated in Figure 7. Inverters 1 and 2 buffer the input and 
shift the logic voltages to the somewhat wider swing used in
ternally. The exclusive-or gate is used to select the sense of 
the active transition edge that will set the IRA. Mode register 
bit M4 is used directly for control of the exclusive-or gate. The 
selected interface edge will always produce a negative going 
transition at output 3. Inverters 4, 5, 6, 7 and 8 form a delay 
chain. Nor gate 9 has three inputs and the IRR bit will be set 
when all three inputs to 9 are low. As shown in the timing 
diagram of Figure 8, the input to gate 9 from inverter 8 is 
normally law when there is no active IREO signal at the inter
face. When a transition occurs, the output of gate 3 will go 
low and only the signal from inverter 5 prevents the im
mediate setting of the IRR bit. As shown in the left portion of 
the timing diagram,if the output from 3 has returned high be- 1 
fore the output from 5 goes low, the IREO transition will be 
ignored and the IRR bit will not be set. On the other hand, the 
right side of the timing diagram shows tllat if the active IREO 
input is present long enough, then the output from both 3 and 
5 will become low at the same time, and output 9 will go high. 
Output 8 is used to turn off Nor gate 9 after the IRR bit is set 
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MOB-022 

Figure 7. Interrupt Request Logic. 

In summary, the inpLitcircuitry for the IREa signals provides 
these· characteristics: 

1. Polarity for IREa inputs is controlled; 
2. Narrow IREa pulses are ignored; 
3. Wide IREa pulses are captured; 
4. Transitions to active levels are captured just once; 
5. New transitions are required to generate new interrupts. 

The IRR thus acts in a "pulse-catching" mode with respect to 
the IREa inputs. FigLire 9 shows the types of IREa 
waveforms that will' be recognized and latched by the IRR. 
Note that a transition to a level may be used although only a 
pulse is required; it is not necessary to maintain an IREa 
input active level. Further, .a continuously active level on IREa 
will not cause a new interrupt each time IRR is cleared. There 
must be a new active transition on IREa after IRR is cleared 
in order to generate a new interrupt. An' active level must go 
inactive for a specific interval before its new active edge will 
be recognized. ' 

To minimize noise sensitivity, all active IREa pulses narrower 
than a specific value will be ignored by the IRR. To maintain 
the pulse-catching characteristics, all active IREa pulses 
wider than the specified data sheet minimum will be captured 
by the IRR. The resul.ts for intermediate pulse widths will de
pend on characteristics of the particular part being used and 
its operating condition/l, especially temperature. . 

Power Supply 

The Am9519 requires only a Single +5V power supply. The 
commercial temperature range parts have a voltage tolerance 
of ±5%; the military temperature range tolerance is ±10%. 
Maximum supply currents. are specified in the data sheet at 
the high end of the voltage tolerance and th", low end of the 
temperature range. In addition, the current specifications take 
into account the worst-case distribution of processing 
parameters that may· be encountered during the manufac
turing life of the prOduct. Typical supply current values, on the 
other hand, are specified for a nominal supply of +5.0 volts, 
nominal ambient'temperliture of 25°e, and nominal pro
cessing parameters. Supply currerit always decreases with 
increasing ambient temperature; thermal run-away is not a 
problem. 

Although supply current will vary from part to part, a given unit 
at a given operating temperature will exhibit a nearly constant 
power drain" There is no functional operating region that will 
cause more than a few percent change in the supply current. 
Oecoupling of vee, then, is straightforward and will generally 
be used simply to isolate the Am9519 from external vee 
noise. 
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OPERATING DESCRIPTION 

Reset 
The Am9519 does not include an external hardware reset in
put. The reset function is accomplished either by software 
command or automatically during power-up. The reset may be 
initiated by the host·processor at any time simply by writing all 
zeros into the command port. Power-up reset Circuitry is inter
nally triggered by the rising vee voltage when a predeter
mined threshold is reached, generating a brief intemal reset 
pulse. 

The response memory and byte count· registers are not af
fected by resets. Their content after power-up are unpre
dictable and if they are to be used, they must first be ini
tialized by the host processor. A software reset does not dis
turb previOus response memory and byte count contents. 

The Interrupt Mask register is set to all ones by a reset, thus 
disabling recognition of interrupts by the chip. The Status reg
ister continues to reflect the intemal condition of the chip and 
. is not otherwise directly affected by a reset. All other registers 
are cleared to'all zeros by a reset. The polarities of the Mode 
register control bits are assigned to provide a reasonable 
operating option environment when cleared by Ii reset. 

Register Description 

The Am9519 uses several. control and operation registers plus 
the response memory to perform and manage its many func
lions; Figure 10 lists these elements and summarizes their 
size and number. 

Bit 
Description Abbreviation Size Quantity 

.Interrupt Request Register IRR 8 1 
Interrupt Service Register ISR 8 1 
Interrupt Mask Register IMR 8 1 
Auto Clear Register ACR 8 1 
Status Registef 8 1 
Mode Register 8 1 
Command Register 8 1 
Byte Count 2 8 
Response Memory 32 8 

Figure 10. Am9519 Register and Memory Summary. 

Interrupt Request Register (IRR) 

The IRR is eight bits long and. is used tQr~gnize and store 
active transitions on the eight Interrupt Request input lines. A 
bit in the IRR is set whenever the cOrresponding IREO input 
makes an inactive-to-active transition and meets the minimum 
active pulse width reqllirements. IRR bits may also be set by 
the host processor under program control using two types of 
commands. This capability allows software initiated interrupts, 
and is a· significant tool for system testing and for sophis
tica~ software desig~s. 

All IRR bits are cleared by a: reset. Individual IRR bits are 
cleared automatically when their interrupts are acknowledged 
by the.host processor. FDur types of commands, in addition to 
reset, allow the host program to clear IRR bits. 

The IRR may be read onto the data bus by preselecting it in 
Mode register bits M5 and M6, followed by a read operation 
at the data port. . 
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Interrupt Service Register (ISR) 

The ISR is eight bits long and is used to store the acknowl
edge status of individual interrupts. When an lACK pulse ar
rives .. the Am9519 selects the highest priority request that is 
pending, then clears the associated IRR bit and sets the as
sociated ISR bit. When the ISR bit is programmed for auto
matic clearing, it is reset by the internal hardware before the 
end of the acknowledge sequence. When the ISR bit is not 
programmed for automatic clearing, it must be reset by com
mand from the host processor. 

Internally, the Am9519 uses the ISR to erect a "masking 
fence". When an ISR bit is set and fixed priority mode is 
selected, only requests of higher priority will cause a new 
GINT output. Thus, requests from lower priority interrupts (and 
from new requests associated with the set ISR bit) will be 
fenced out and ignored until the ISR bit is cleared. In the 
rotating priority mode, all requests are fenced by an ISR bit 
that is set, and no new GINT outputs will be generated until 
the ISR is cleared. When auto clear is specified, no fence is 
erected since the ISR bit is cleared . 

If an unmasked interrupt arrives from a device of higher prior
ity than the current ISR, GINT will go true and the host pro
cessor will be interrupted if its interrupt input is enabled. 
When the new interrupt is acknowledged, the associated 
higher priority ISR bit is set and the fence moves up to the 
new level. When the new ISR bit is cleared, the fence will 
then fall back to the previous ISR level. 

The ISR may be read onto the data bus by preselecting it in 
Mode register bits M5 and M6, followed by a read operation 
at the data port. 

Interrupt Mask Register (IMR) 

The IMR is eight bits long and is used to enable/diseble the 
processing of individual interrupts. Only unmasked IRR bits 
can cause a Group Interrupt to. be generated. The IMR does 
not otherwise affect the operation of the IRR. An IRR bit that 
is set while masked will cause a GINT when its IMR bit is 
cleared. 

All eight iMR bits may be set; cleared, read or loaded in paral
lel by the host processor. In addition, individual IMR pits may 
be set or cleared by command. This allows a control routine 
to directly enable and disable an individual interrupt without 
disturbing the other mask bits and without knowledge of their 
state or the system context. 

The IMR polarity is active high for masking; a zero enables 
the interrupt and a one disables it. The power-on reset and 
the software reset cause all IMR bits to be set, thus disabling 
all requests. 

Auto Clear Register (ACR) 

The ACR is eight bits long and specifies the automatic clear
ing option for each of the ISR bits. When an auto cl.ear bit is 
set, the corresponding ISR bit that has been set in an lACK 
cycle is cleared by the internal hardware before the end of the 
lACK sequence. When an auto clear bit is not set, the corre
sponding ISR bit that has been set in an lACK cycle is 
cleared by command from the host processor. 

The auto clear option, when selected, provides two concomi
tant functional effects. First, it eliminates the need for the as
sociated interrupt service routine to issue a Command to clear 
the ISR bit.. Secondly, it eliminates the masking fence that 
would otherwise have been erected, allowing lower priority in
terrupts to cause a new GINT output. 
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The ACR is lOaded in parallel from the data bus by issuing 
the ACR load preselect command followed by a write into the 
<l8ta port. The ACR may be read onto the data bus by pre
selecting it in Mode register bits M5 and M6, followed by a 
read operation at the data port. 

Status Register 

The Status Register is eight bits long and contains information 
describing the internal state of the Am9519 chip. The Status 
register is read directly by executing a read operation at the 
control port. Figure 11 shows the Status bit asSignments. 

157 156 1 S51 541 53 1 52 1 51J soJ 
t= 
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Binary vector indicating the 
number of the highest priority 
unmasked bit that is set in IRR. 
Valid only when S7 = O. 

Master Mask Bit 
o Chip disarmed 
1 Chip armed 

lnterrupt Mode 
o Interrupt 
1 Polled 

Priority Mode 
() Fixed 
1 Rotating 

Enable Input 
o Chip disabled 
1 Chip enab.l.ed 

Group Interrupt 
1 No unmasked 

IRR bit set 
o At least-one unmasked 

IRR bit set 

Figure 11. Status Register Bit ASSignments. 

The high order status bit, S7, reflects the information state of 
the Group Interrupt signal. Note that the polarity definition of 
S7 is independent of the defined polarity of GINT (Mode bit 
M3). Bit S7 remains valid when GINT is disabled by the polled 
mode option, thus pemlitting the host processor to check for 
"interrupts" by reading the Status register. 

Status bit S6 reflects the state of the Enable In input signal 
and is used to indicate, in a multiple chip interrupt structure, 
which chips in the chain are disabled. When S6 is high, the 
chip can generate a GINT output and operation of its EO sig
nal proceeds. When S6 is low, no GINT will be generated and 
EO will be forced low. . 

Status bit 85 reflects the state of the Priority Mode option, as 
specified by bit MO of the Mode register. When S5 is high, 
rotating priority has been selected. When S5 is low, fixed 
priority has been selected. 

Status bit S4 reflects the state of the Interrupt Mode option, 
as specified by bit M2 of the Mode register. When S4 is high, 
the polled mode has been selected and GINT disabled. When 
S4 is low, the interrupt mode has been selected. 

Status bit S3 reflects the state of the Master Mask bit as 
specified by bit M7 of the Mode register. When S3 is low, the 
chip has been disarmed and IRR bits that are set will not 
generate GINT outputs. When S3 is high, the chip has been 
amled and interrupts ·can occur. 

Stat!lS bits S2, S1 and SO form a three bit field indicating the 
encoded binary number of the highest priOrity unmasked bit 
that is set in the IRR. This field should be considered invalid 
except when bit S7 of the Status register is low, indicating 
that at least one unmasked interrupt request is present. The 
binary coding of the field corresponds to the zero through 
seven numbering of the IREO inputs. When more than one 
unmasked IRR bit is set, the S2, S1, SO field will indicate the 
one unfenced request that is the highest priority as deter
mined by the priority mode being used. Thus, the number of 
the dominant interrupt after all masking, fencing and priority 
resolution, is encoded into the Status register. This field is quite 
useful in the polled mode since it can act as a psuedo-vector for 
the host processor software. 

Command Register 

The Command Register is eight bits long and is used to store 
the most recently entered command. It is loaded directly from 
the data bus by executing a write operation at the control port. 
Depending on the specific command opcode that is entered, 
an immediate internal activity may be initiated or the part may 
be preconditioned for subsequent data bus transfers. The 
"Command Description" section of this note explains each 
command operation. The commands are summarized in 
Figure 17. 

Mode Register 

The Mode register is eight bits long and controls the operating 
modes and options of the Am9519. Figure. 12 shows the bit 
assignments for the Mode register. No single command or in
terface operation will load all bits of the Mode register in paral
lel. The five low order bits (MO through M4) are loaded in 
parallel directly from the command register. Mode bits M5, 
M6, and M7 are controlled by separate commands. The Mode 
register cannot be read out on the data bus. The data in 
Mode bits MO, M2, and M7 are available as part of the Status 
register. The Mode register is cleared by a software reset or a 
power-up reset. The "Operating Options" section of this note 
describes the detailed functions associated with each Mode 
bit. 
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Priority Mode 
o Fixed 
1 Rotating 

Vector Selection 
o Individual vector 
1 Common vector 

'--___ Interrupt Mode 
o Interrupt 
1 Polled 

'------ GINTPoiarity 
o Active low 
1 Active high 

'-------- IREQPoiarity 
o Active low 
1 Active high 

'--------- Register Preselection 
00 Interrupt service register 
01 Interrupt mask register 
10 Interrupt request register 
11 Auto clear register 

'------------ Master Mask Bit 
o Chip disarmed 

MOS-026 
1 Chip armed 

Figure.12. Mode Register Bit ASSignments. 



Information Transfers 

Figure 13 summarizes the control "signal configurations for all 
information transfers on the Am9519 data bus. The interface 
control logic assumes the following conventions: 

1. RD and WR are never active at the same time. 
2. RD, WR and C/O are ignored unless CS is low. 

Control Input Data BUB 

CS C/O RO WR lACK Operation 

0 0 0 1 1 Transfer contents of data register speci-
fied by Mode bits MS, M6 to date bus. 

0 0 1 0 1 
Transfer contents of data bus to data reg-
ister specified by Command register. 

0 1 0 1 1 
Transfer contents of Status register to 
data bus. 

0 1 1 0 1 
Transfer contents of data bus to Com-
mand register. 

1 X X X 0 
Transfer contents of selected response 
memory location to data bus. 

1 X X X 1 No information transferred; data bus 
outputs off. 

Figure 13. Summary of Data Bus Transfers. 

When lACK is low, internal logic disables the CS input. This 
prevents signals on the address bus from inadvertently se
lecting the Chip. 

The host processor may read the Status register directly by 
simply performing a read operation with the control port 
selected. When a read is executed at the data port, the infor
mation transferred will be the contents of the ISR, IMR, IRR 
or ACR, depending on the state of Mode register bits M5 and 
M6. 

The host processor may write directly into the command regis
ter by simply performing a write operation with the control port 
selected. When a write is executed into the data port, the con
tents of the data bus will be transferred to the ACR,. IMR or 
response memory, depending on which command preceded 
the data write. Note that Mode bits M5 and M6 do not pre
select the location for data write operations; only a command 
can do so. 

When the response memory preselect command is issued, it 
should be followed by an appropriate number of data write 
operations to load 1, 2, 3, or 4 bytes of response information. 
If more than four bytes are written, the response memory ad
dressing will "wrap around" and overwrite the information al
ready entered. Response bytes are output by the Am9519 
during lACK operations in the same order they were entered. 
Entry of response information into each new level must be 
preceded by a new response memory preselect command. 

Interrupt Acknowledge operations are initiated by the host 
processor and occur following recognition of a GINT signal 
from the Am9519. When an lACK signal arrives, the interrupt 
system selects the highest priority unmasked pending inter
rupt request and then outputs a response byte associated 
with the selected interrupt. The selection process and the ac
cess of the response byte" will take a variable amount of time 
that depends on several parameters, including: 
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1. the operating temperature, 
2. the actual internal logic delays, 
3. the number of Am9519 chips cascaded together, 
4. the priority level of the interrupt being acknowledged, 
5. the Mode register operating options, 
6. the byte position within the response sequence. 

The worst-case lACK pulse widths must be long enough to 
accomodate the" accumulated delays that can occur in large 
interrupt systems operating in worst-case situations. Yet small 
systems operating under typical conditions will require only 
relatively narrow lACK pulses. The PAUSE output from the 
Am9519 is designed to provide interactive feedback to the 
host processor so that the lACK pulse width may be adap
tively adjusted to meet the requirements of the actual interrupt 
being processed. PAUSE will go low fairly quickly following 
the falling edge of lACK, and will return high when lACK is no 
longer required. 

During the first lACK of a complete acknowledge sequence, 
the PAUSE output remains low until the highest priority inter
rupt has been selected and the RIP output goes low. On sub
sequent lACK pulses for additional responses bytes as
sociated with the same interrupt (RIP still low), PAUSE will 
remain high. The Am9519 expects the first lACK input to re
main low at least until the PAUSE output goes high. Sub
sequent lACK inputs should meet the specified input pulse 
width requirements as called out in the data sheet. 

It will normally be convenient for the PAUSE signal to provide 
a "not ready" indication to the host processor which would 
then stall the Interrupt Acknowledge operation until PAUSE 
goes high. In 8080Ai9080A microprocessor systems, PAUSE 
can be used directly in the CPU Ready logic and many other 
processor systems have similar coordination schemes. 

Operating Options 

The Mode register bits are used to establish the operating 
mo<;les and conditions for the many functional features of the 
Am9519. The Mode register allows the host processor to per
sonalize the interrupt system for the application at hand. 

Priority Selection 

Bit MO in the Mode register specifies the priority operating 
mode for the Am9519. When MO=O, fixed priority is selected 
and the eight IREO inputs are assigned a priority based on 
their physical location at the chip interface. IREOO has the 
highest priority "and IRE07 has the lowest. See Figure 14. 

HIGHEST 
PRIORITY 

LOWEST 
PRIORITY 

Figure 14. Fixed Priority Mode. 
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Priority is not resolved until the host processor initiates the in
terrupt acknowledge sequence; Thus, for example, an IREQ5 
input may cause a GINT output to the host, but if an input on 
IREQ2 arrives before the falling edge of lACK, then it is 
IREQ2 that'will be selected and serviced. Notice that ,inherent 
in the fixed priority structure is the possibility that IREQ5 
might never be, selected and serviced as long as there are 
higher priority interrupts pending. IREQ2 could end up peing 
serviced many times before IREQ5 is acknowledged. In many 
systems this is an appropriate method for handling the inter
rupting devices. Where circumstances permit, the masking 
capability of the Am9519 can be used by the host processor 
to modify the effective priority structure, perhaps by masking 
out recently serviced high priority devices, thus, allowing lower 
priority inputs to be recognized. 

Alterhatively, where the eight interrupts have similar priority 
and service bandwidth requirements, the rotating priority 
mode may be selected (Mode register bit MO=1). As shown in 
Figure 15 the relative priorities remain the same as in the 
fixed mode; that is, IRE02 is higher than IREQ3 which is 
higher than IREQ4, etc. However, in rotating priority mode, 
the lowest priority position in the circular chain is assigned by 
the hardware to the most recently serviced interrupt. 

(NEW 
HIGHEST 

PRIORITy) 

(LAST 
INTERRUPT 
SERVICED) 

Figure 15. Rotating Priority Mode. 
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The example illustrated in Figure 15 assumes that IRE05 has 
just finished being serviced and has therefore been assigned 
the lowest priority. Thus, IREQ6 occupies the new highest 
priority position, IREQ7 next-to-highest, etc. If two new inter
rupts then arrive at level 1 and level 4, IREQ1 will be selected 
and serviced, and will become the lowest priority. IREQ4 will 
then be acknowledged unless an active input on IREQ2 or 
IREQ3 has arrived in the meantime. 

This rotating priority scheme prevents any request from 
dominating the system. It assures that an input will not have 
to wait for more than seven other service cycles before being 
acknowledged, Rotation occurs when the ISR bit of the pre
sently selected interrupt is cleared. 

In the rotating priority mode, inputs other than the one cur
rently being serviced are fenced out and will not cause inter
rupts until the ISR bit is cleared. Thus, only one bit at a time 
will be set in the ISA. Care should be used when selecting 
the rotating mode to keep from 'doing so ata time when more 
than one ISR is set. 

Vectoring 

Bit Ml of the Mode register specifies the vectoring option. 
When M1 =0 the individual vector mode is selected and each 
interrupt is associated with its own unique four-byte location in 
the response memory. When M1 = 1, on the other hand, the 
common vector mode is selected and all response information 
is supplied from the location associated with IREQO, no mat
ter which request is being' acknowledged. This operating op
tion will be useful in situations where several similar devices 
share a common service routine and direct individual device 
identification is not important. This may be true simply be
cause of the nature of the peripheral/system interaction, or it 
may be a transient system condition that only uses the com
mon vector option temporarily, perhaps to save the overhead 
involved in filling the response memory twice. 

Polled Mode 

Bit 2 of the Mode register allows the system to disable the 
GINT output. When M2=0 the interrupt mode is selected with 
the GINT output enabled. This might be considered the "nor
mal" interrupt mode and makes full use of the interrupt control 
and management capabilities of the Am9519. When M2=1 
the polled mode is selected 'which' prevents the GINT output 
from going true by forcing it to its inactive state. In this condi
tion, since no interrupts are supplied to the host processor, 
there will usually not be any lACK pulses returned to the 
Am9519. Consequently, ISR bits are not set, fences are not 
erected and IRR bits will not be automatically cleared. In the 
polled mode the host processor may read the Status register 
to determine if a request is pending and which request has 
the highest priority. IRR bits may be cleared by the host 
software. When the polled option is selected, the EI input is 
connected directly to the EO output thus functionally removing 
tlie polled chip from the external priority hierarchy. 

Effectively, the polled mode of operation bypasses the hardware 
interrupt, inter-chip priority resolution, vectoring and fencing func
tions ofthe Am9519. What remainiris the request latching, mask
ing and intra-chip priority resolution. 

GINT Polarity 

Bit 3 of the Mode register specifies the sense of the GINT 
output. When M3=O, Group Interrupt is selected as active low 
(GINT) and, becomes an open drain output. This allows simple 
wired-or connections to other similar Am9519 outputs as well 
as to other sources of interrupts, and matches the polarity re
quired by many processors. When M3=1, Group Interrupt is 
selected as active high (GINT) and becomes a two-state 
push-pull output, simplifying ihe interface to processors with 
active high interrupt inputs. 

IREQ Polarity 

Bit 4 of the Mode register specifies the sense of the IREO in
puts. When M4=0 the Interrupt Request signals are selected 
as active low (IREQ) and.a negative-going transition is re
quired to set the IRA. When M4"" 1 the Interrupt Request sig
nals are selected as active high (IREQ) and a positive-going 
transition is required to set the IRA. This sense option helps 
simplify the interface to interrupting devices. 
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Register Preselection 

Bits 5 and 6 of the Mode register specify the internal data 
register that will be output by the Am95.!,,9 on any re~d 
operation at the data port (CS=O, RD=O, C/D=O~. These bits 
do not affect destinations for write operations. The four 



registers available for reading are the IRR, ISR, IMR and 
ACR. Preselect coding for each register is shown in Figure 
12. The preselection remains in effect for all data read 
transfers until the contents of M5 and M6 are changed. 

The ability to examine these important operating registers, 
combined with the information available in the Status register, 
provides significant insight into the internal conditions of the 
Am9519. This allows the host processor not orily enhanced 
dynamic operating flexibility, but also access to important 
diagnostic/testing/debugging information. 

Master Mask 

Bit 7 of the Mode register specifies the armed status of the 
Am9519 by way of the Master Mask control bit. When M7=O 
the chip is disarmed just as if all eight bits in the IMR had 
been set. That is, IREO inputs will be accepted and latched 
but will not cause GINT outputs to the host. In addition, the 
EO output is brought low, disabling any lower priority chips 
that may be attached. When M7=1, the chip is armed and 
any active unmasked interrupt inputs will be able to cause 
GINT outputs to the host processor. 

The Master Mask capability permits the host system to disarm 
a chip and prevent processing of the interrupts without dis
turbing the contents of the IMR. Thus when the chip is re
armed, the old IMR conditions remain in effect and need not 
be reloaded. Note that a single command to the Master Mask 
bit of the highest priority interrupt chip is able to shut down 
the complete interrupt system, no matter how large. 

Mode Reset 

When a power-up or software reset occurs, the Mode register 
is cleared to all zeros. This means that after reset the fol
lowing Mode register operating options will be in effect: 

Fixed priority 
Individual vectoring 
Interrupt (non-polled) operation 
GINT active low sense 
IREO active low sense 
ISR preselected for reading 
Chip disarmed by Master Mask 

Operating Sequence 

The management of interrupts by the Am9519 is illustrated 
below with a description of a fairly typical sequence of events. 
The Am9519 has already been initialized and enabled and is 
ready to run. The host processor has enabled its internal in
terrupt structure. 

1. One (or more) of the IREO inputs becomes active indi
cating that service is desired. 
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2. The requests are captured and latched .in the IRR asyn
chronously. The latching action of the IRR cannot be dis
abled and active requests will always be stored unless a 
previous request at the same IRR bit has not been 
cleared. 

3. If the active IRR bit is masked by the corresponding bit in 
the IMR, no further action takes place. When the IRR bit is 
not masked, an active Group Interrupt output will be gen
erated if the Am9519 is not in its polled mode. 

4. The GINT output from the Am9519 is used by the host 
processor as an interrupt input. When GINT is recognized 
by the host, it normally will complete the execution of its 
current instruction and will then execute some form of in
terrupt acknowledge sequence instead of the next program 
instruction. As part of the acknowledge cycle, the proces
sor usually automatically disables its interrupt input. The 
Am9519 expects to receive one or more lACK signals from 
the processor during the acknowledge sequence. 

5. When lACK is received, the Am9519 brings its PAUSE 
output low and begins selection of the highest priority un
masked active IRR bit. All interrupts that have become ac
tive before the falling edge of lACK are considered. When 
selection is complete, the RIP output is pulled low by the 
Am9519 and the contents of the first byte in the response 
memory associated with the selected request is accessed. 
PAUSE stays low until RIP goes low. RIP stays low until 
the last byte of the response has been transferred. 

6. After PAUSE goes high, the host processor accepts the 
response byte on the data bus and brings the lACK line 
high. If another byte of response is required, another lACK 
pulse is output and is used by the Am9519 to access the 
next byte. 

7. In parallel with the transfer of the first response byte, the 
Am9519 automatically clears the selected IRR bit and au
tomatically sets the selected ISR bit. If the auto clear func
tion is not in force for the selected interrupt, the ISR bit will 
cause a masking fence to be erected and GINT will be 
disabled until a higher priority interrupt arrives or until the 
ISR bit is cleared. The interrupt service routine will usually 
clear the ISR bit, often near the end of the routine. 

8. If a higher priority request arrives while the current request 
is being serviced, and if the fixed priority mode is in effect, 
then GINT will be output again by the Am9519. The GINT 
signal will be recognized by the host processor only if the 
host has enabled its interrupt input. If this new request is 
acknowledged, the Am9519 will clear the corresponding 
IRR bit and set the corresponding ISR bit. 

9. When the host processo. has completed all interrupt ser
vice activity to satisfy the interrupting devices, it will nor
mally clear the remaining ISR bit, if any, enable its internal 
interrupt system, if it has not already done so, and then re
turn to the main program. 
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COMMAND DESCRIPTIONS 

The Am9519 command set allows the host processor to cus
tomize and alter the interrupt operating modes and features 
for particular applications" to initialize and update the re
sponse locations, and to manipulate the internal controlling bit 
sets during interrupt servicing. Commands are entered from 
the data bus directly into the Command register by writing into 
the Am9519 control port (e5=o, WR=O, C/D=1). All the 
available commands are described below and are sum
marized in Figure 17. In the binary coding of the commands, 
"X" indicates a do-not-care bit position. 

RESET 

Coding: 

Description: The Reset command allows the host processor 
to establish a known internal condition. The response memory 
and byte count registers are not affected by the software re
set. The IMR is set to all ones. The ISR, IRR, ACR and Mode 
registers are cleared to all zeros. 

Description: All bits in the IMR and aU bits in the IRR are 
cleared at the same time. Thus all interrupts are enabled and 
the previous history of all IREQ transitions is forgotten. If 
GINT was active when ttie command was entered,' it will go 
inactive. 

CLEAR SINGLE IMR AND IRR BIT 

Coding:C5 

Description: The same single bit position is cleared in both 
the IMR and the IRR. Other bits are not changed. If the 
specified IRR bit was generating an active interrupt output, 
GINT may go inactive upon entry of the command. The bit 
position cleared is specified by the B2, B1, BO field as shown 
in Figure 16. 

CLEAR IMR 

Coding: 

Description: All bits in the IMR are cleared to zeros. All IRR 
bits will therefore be unmasked and any IRR bits that had 
been set will be able to cause an active GINT output after the 
command is entered. 

CLEAR SINGLE IMR B.IT 
~--r---r---r---r---r---r---r---, 

Coding: 

Description: A single bit in the IMR is cleared. Other bits are 
not changed. If the corresponding bit in the IRR was set, it will 
be unmasked and will be able to cause an active GINT after 
entry of the command. The.IMR bit cleared is specified by the 
B2, B1, BO field as shown in Figure 16. 

SET IMR 

Coding: 

Description: All bits in the IMR are set to ones. All IRR bits 
will therefore be masked and unable to generate an active 
GINT. If GINT had been active, it will go inactive after the 
command is entered. 

SET SINGLE IMR BIT 
r---r-~r---r---r---r---r---r--. 

, Coding: 
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Description: A single bit in the IMR is set. Other bits are not 
changed. If the corresponding bit in the IRR was active and 
generating a GINT output, GINT will become inactive after the 
command is entered. The IMR bit set is specified by the B2, 
B1, BO field as shown in Figure 16. 

CLEARIRR 

Coding: 

Description: All bits in the IRR are cleared to zeros. GINT will 
become inactive. New transitions on the. IREQ inputs will be 
necessary to cause an interrupt. 

CLEAR SINGLE IRR BIT . 
.-~--,---,--,--,---.--,--, 

Coding: 

Description: A single bit in the IRR is cleared to zero. It will 
not cause an active GINT until it is set. The IRR bit cleared is 
specified by the B2, B1, BO field as shown in Figure 16. 

SETIRR 

Coding: 

Description: All bits in the IRR are set to ones. Any that are 
unmasked will be able to cause an active GINT output. This 
command allows the host CPU to initiate eight interrupts in 
parallel. 

SET SINGLE IRR BIT 

Coding: 
.--,--,---,--,--,---.--,--, 

Description: A single bit in the IRA is set to a one. If it is un
masked it will be able to generate an active GINT. This com
mand allows the host processor to simulate with software the 
arrival of a hardware interrupt request. It also gives the 
software access to the hardware priority resolution, masking 
and control features of the Am9519. The bit set is specified by 
the B2, B1, BO field as shown in Figure 16. 



CLEAR HIGHEST PRIORITY ISR BIT 

Coding: 

Description: A single bit in the ISR is cleared to zero. If only 
one bit was set, that is the one cleared. If more than one bit 
was set, this command clears the one with the highest pri
ority. This command is useful in software contexts where the 
service routine does not know which device is being serviced. 
It should be ,used with caution since the highest priority ISR 
bit may not really be the bit intended. When using the auto 
clear option on some interrupts and/or when a subroutine 
nesting hierarchy is not priority driven, the highest priority ISR 
bit may not correspond to the one being serviced. 

CLEARISR 

Coding: 

Description: All bits in the ISR are cleared to zeros. Mask 
fencing is eliminated. 

CLEAR SINGLE ISR BIT 
r---,---,---,---,---,---,---.--. 

Coding: 

Description: A single bit in the ISR is ,cleared to zero. If the 
bit was already cleared, no effective operation takes place. 
The bit cleared is specified by the B2, B1, BO field as shown 
in Figure 16. This will be the most useful command for service 
routines to use in managing the ISR without the help of the 
auto-clear option. 

LOAD MODE BITS MO THROUGH M4 

Coding: 

Description: The five low order bits of the Command register 
are transferred into the five low order bits of the Mode regis
ter. This command controls all of the Mode options except the 
master mask and the register preselection. 

CONTROL MODE BITS MS, Ma, M7 

Coding: C4 

Description: The M6, M5 field in the command is loaded into 
the M6, M5 locations in the Mode register. This field controls 
the register preselection bits in the Mode register. The N1, NO 
field in the command controls Mode bit M7 (Master Mask) and 
is decoded as follows: 

N1 NO 
o 0 
o 1 
1 0 
1 1 

No change to M7 
Set M7 
Clear M7 
(Illegal) 
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Thus, this command may be considered as three distinct 
commands, depending on the coding of N1 and NO: 

1. Load M5, M6 only 
2. Load M5, M6 and set M7 
3. Load M5, M6 and clear M7 

The Command Summary in Figure 17 lists all three versions. 

PRESELECT IMR FOR WRITING 

Coding: I~I~I~~~I~I~I~I~I 
Description: The IMR is targeted to be loaded from the data 
bus when the next write operation occurs at the data port. All 
subsequent data write operations will also load the IMR until a 
different command is entered. Read operations may be suc
cessfully inserted between the entry of this command and the 
subsequent writing of data into'the IMR. The Mode register is 
not affected by this command. 

PRESELECT ACR FOR WRlnNG 

Coding: 

Description: The ACR is targeted to be loaded from the data 
bus when the next write operation occurs at the data port. All 
subsequent data write operations will also load the ACR until 
a different command is entered. Read operations may be 
successfully 'inserted between the entry of this command and 
the subsequent writing of data into the ACR. The Mode regis
ter is not affected by this command. 

PRESELECT RESPONSE MEMORY FOR WRITING 

Coding: 

Description: One level in the response memory is targeted for 
loading from the data bus by subsequent data write opera
tions. The byte count register for that level is loaded from the 
BY1, BYO field in the command. The l2, L 1, LO field specifies 
which of the eight response levels is being selected. This 
command should be followed by one to four data write opera
tions to load response bytes. Field coding: 

BY1 BYO Count L2 l1 LO Level 

0 0 1 0 0 0 0 

0 1 2 0 0 1 1 

1 0 3 0 1 0 2 

1 1 4 0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 7 

The byte count value does not control the number of bytes 1 
entered into the response memory. It does control the number 
of bytes read from the memory by lACK pulses. Response 
bytes are output by the Am9519 in the same order they were 
entered. 
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Bit 
B2 B1 so Specified 

0 0 0 0 
,0 0 1 1 

0 1 0 2 

0 1 1 3 

i 0 0 4 

1 0 1 5 

1 1 .0 6 

1 1 1 7 

Figure 16. Coding ofB2, B1, BO Field of Commands. 

COMMAND CODE COMMAND 
7 6 5 4 3 2 1 0 DESCRIPTION 

0 .0 0 0 0 0 0 0 Reset 
0 .' 0 0 1. 0 X X X Clear all IRR and all IMR bits 

0 0 o . 1 1 B2 B1 BO Clear IRR and IMR bit specified by B2, B1, BO 

0 0 1 0' 0 X X X Clear all IMR bits 

0 0 1 0 1 B2 B1 BO Clear IMR bit specified by B2, B1, BO 

0 0 1 1 0 X X X Set all IMR bits 

0 0 1 1 1 B2 B1 BO . Set IMR bit specified by B2, B1, BO 

0 1 0 0 0 X X X Clear all IRR bits 

0 1 0 0 1 B2 B1 BO Clear IRR bit specified by B2, B1, BO 

0 1 O. 1 0 X X X Set all IRR bits 

0 1 0 1 1 B2 B1 BO Set IRR bit specified by B2, B1, BO 

0 1 1 0 X X X X Clear highest priority ISR bit 

0 1 1 1 0 X X X Clear all ISR bits 

0 1 1 1 1 B2 B1 BO Clear ISR bit specified by B2; B1, BO 

1 0 0 M4 M3 M2 M1 MO Load Mode register bits 0-4 with specified pattern 

1 0 1 0 M6 M5 0 0 Load Mode register bits 5, 6 with specified pattern 

1 0 1 0 M6 M5 0 1 . Load Mode register bits 5, 6 and set Mode bit 7 

1 0 1 0 M6 M5 1 0 Load Mode register bits 5, 6 and clear Mode bit 7 

1 0 1 1 X X X X 
Preselect IMR for subsequent loading from data 
bus 

1 1 0 0 X X X X 
Preselect ACR for subsequent 
loading from data bus 

Load BY1, BYO into byte count register and 
1 1 1 BY1 BYO L2 L1 LO preselect response memory level specified by l2, 

L1, LO for subsequent loading from data bus 

Figure 17. Am9519 Command Summary. 
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SYSTEM INTERFACE 

Expansion 

Several Am9519 chips may be cascaded to expand the 
number of interrupts than can be handled by the system. A 
two"chip configuration is shown connected to an 808OAJ9080A 
microprocessor in Figure 18. In general, expansion past a 
single Am9519 will require simply an added Chip Select signal 
for each extra chip, and perhaps an inverter for the GINT sig
nal if the processor interrupt input is active-high. The GINT, 
PAUSE, and RIP signals are all designed to be wire-OR'ed in 
expanded systems. 

Priority management in expanded systems is controlled by the 
Enable In, Enable Out and Response In Process signals. Fig
ure 19 shows the basic interconnections for an example inter
rupt system that can accept up to 40 interrupts, using five 
Am9519 chips. Notice that lACK is wired in parallel to all five 
circuits, and that the GINT, RIP, and PAUSE lines are respec
tively tied together. The three pullup resistors are used to es
tablish the high logic levels for the open-drain outputs. Enable 
In of the first chip (A) is allowed to floal, or may be lied high. 
Each Enable Out signal is connected to the next lower level 
Enable In input. Each chip accepts eight IREO inputs; for pur
poses of this example it is assumed that an active interrupt 
arrives at chip D in the chain. 

Figure 20 shows the timing relationships for the configuration 
of Figure 19. When the IREO arrives, a GiiifF output is gen
erated by chip D and is used to interrupt the host processor. 
When the host returns an lACK pulse, all the EO lines are 
brought low in parallel. PAUSE also goes low, lind is used to 
extend the lACK pulse. 

AO-A15 

HI..OA 

INT 

rXtl1 
AmB080AI 

TANK 
Am9080A -

'-- HLDA 

INTA 
Wi! f>"--C Wi! 

.' 1---.' iOW 

RESIN .2 r---- ., DBIN c--- DBIN 
lOR - RDY r---- RDY 

RESET r---- RESET Am8228 

I , 
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After the fall of lACK, all chips wait until a brief internal delay 
elapses and then examine EI. If EI is low, internal activity is 
suspended until EI goes high. If EI is high, then the internal 
circuitry is checked to see if an unmasked request is pending. 
If so, AlP is brought low, PAUSE Is brought high, EO is kept 
low, and the first response byte is output on the data bus. In 
this example, there is no request In chip A and therefore the 
EO(A) line is brought high. This then allows chip B to see if it 
has an unmasked request waiting for service. If not, EO(B) 
goes high also and, with no interrupts at C, EO(C) goes high, 
driving EI(D) high. Since chip 0 finds a wai!!!!9. request, it 
does not bring EO(D) high but it does bring RIP low. When 
RIP goes low it allows all the PAUSE outputs to switch high 
which permits the termination of the lACK pulse. 

" can be seen, then, that the PAiJSE output will automatically 
adjust the position of its rising edge to accommodate the 
exact functional and operational conditions that occur for each 
particular lACK cycle. For larger systenis, like that in Figure 
19, operating at high temperatures with slow versions of the 
Am9519 and serviCing low priority interrupts, the processor 
delay caused by PAUSE may be quite long and a few pro
cessor wait cycles may be required to extend the lACK pulse. 
On the other hand, when a system like Figure 18 is running at 
typical room temperatures ~ical parts and the interrupt 
is a high priority one, the PAUSE output width will be quite 
narrow and no wait cycles will be necessary. 

The RIP output serves two basic functions within the interrupt 
system. First, its falling edge informs the other connected 
chips that an interrupt request has been selected and PAiJSE 
may, therefore, be released. Secondly, as long as RIJ5 is low, 
only the single chip that is pulling ImS down is allowed to re
spond to lACK inputs. i=iW stays low until all response bytes 
for the selected interrupt have been transferred. 

'" Al?ORESSBUS 

~:-;: " 

; ~:~ 
SY4 P--

.no 

~ ~ SYNC I---- SYNC 

'\.r l ~ JL; ~ SIST. iffiffii 
Wi! cs lACK cJij WR CS llIJ:l{ CID 

AmB224 '---
I--C GINT 

Am9619 RiI' Am9619 . 
_E1 EO EI 

DBO-DB7 PAUSE fREa DBO-DB7 PAUSE IREO 

• L ;. • 
INTERRUPT INTERRUPT 
REQUESTS REQUESTS 

" 7 " 7 
"-

SYSTEM DATA BUS 1080-1)871 

V 
MOS·029 

Figure 18. 16 Interrupt Configuration with 808OA/9080A. 
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+ 
+ + + 

1-++--+_ GiNi' 
1-...... -+-+- iiiP 
1-+-+-+- PAuSE 

Figure 19. Flve·Chlp Expansion Example. 

MOS·03O 

Assume that a new interrupt arrives at chip B in Figure 19 
during the time that the first byte of a multibyle response for 
the interrupt at chip 0 is being transferred. Without the RIP 
signal there would be confusion when the second lACK pulse 
arrives. Both chips might try to send out response bytes since 
the interrupt at chip B is a higher priority, yet chip 0 is in the 
midst of a response sequence. With RIP present, however, no 
problem arises. Chip 0 pulls RIP low when it is selected and 
keeps RIP low until its response is complete. Chip B treats 
RiP as an input and will not respond to lACK until RJi5 goes 
high. 

Initialization and Support 

Before the Am9519 can perform useful work, it must be ini· 
tialized to customize it for a particular application and to load 
it with appropriate data values. During active operation, con
trol options may be changed and response data may be mod
ified. Because of the many ways it might be used, the 
Am9519 can be programmed using many different ap· 
proaches. The following sequence description shows only qne 
of several possible methods for constructing a basic service 
routine: 

1. Disable processor interrupts. 
2. Execute software reset at Am9519. 
3. Transfer commands and response data from a control 

table into the Am9519. 
4. Transfer operating options into the Mode register. 
5. Transfer the operating Mask conditions into the IMR. 
6. Clear the IRA. 
7. Clear Master Mask. 
8. Enable processor interrupts. 
9. Return. 

1----------1, 

MOS-()31 

Figure 20. Inter-Chip Priority Resolution. 

Figure 21 shows an example listing for such a routine using 
aoaOAl9080A coding. Several assumptions. are made about 
the hardware and software environment in which the routine 
will function: 

1. When the routine is entered, register pair H, L contains the 
address of the first location of a control table, and register 
B contains a count that indicates how many entries the 
table contains. 

2. One Am9519 is in the system. Its data port is decoded by 
the hardware as hex i/O address C2. its control port is hex 
I/O address C3. 

3. Only the first five interrupts will be in use by the main pro
gram. The others will be used later to support other pro
cesses. 

4. Main program options: Fixed priority, Individual vectoring, 
Interrupt mode, GINT active high, IREO active low, IRR 
Sf!lected for reading', Auto clear riot used. 

The control table is an important part of the routine and con
tains command information as well as the response data it
self. The table consists of up to eight entries, each up to five 
bytes long, with all entries the same length. The first byte of 
each entry contains the response memory preselect command 
code with fields for the BY1, BYO byte count and the L2, L 1, 
LO level pointer. The next one to four bytes of each entry con
tain the data loaded into the response memory. In this exam
pie the table has entries of four bytes each and is illustrated 
in Figure 22. 

This type of table organization may contain extra bytes, but it 
compensates for this by allowing a brief, simple program to' 
handle it. The table is fairly general and allows any length re
sponse to be programmed Independently for each interrupt. It 
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SCURC! STATEMENT 

** • * * * •• * * * • * * * • * * * 
* * * FXAI'PL! PROGRAM * 
* FOP CONTFOl AND INITIALIzATION * 
* Of TEE J~q519 * * t~IVERSAl INTEFFUPT CONTRCLLE! * 
* * .'. * * * * * * * * * * * * * * * * * 

CRG ::'00rlE 

iQU 0C3B 
Eeu 0C2t 
E«r 101100120] 
:EeU 11100ee.0.B 

If;U 10001000£ 

IOU 10101001:B 

reu 010e.0000B 

tI 
t"VI A,21000000121£ 
O{;'I' CPOPT 

MOV A,M 
OUT CPO?T 
I NX ii 
"1V I C ,3 
MOV A,M 
CUT DPO"tT 
HX H 
rcp C 
J NZ EEP, 
ICR Il 
JHZ AAA 

MVI A, MCIU 
OUT CPOllT 
r,VI A,LI'ASK 
OUT CPOE'I 
i'\VI A.MASK1 
CUT DPCllT 
f'iVI A,CLIRR 
{JUT CPORT 
/'VI A,MODE2 
OUT CPOF.T 
II 
RET 

E Nt 

CO~T~OL FOPT ADDRESS. 
DATA PO~T ADDRESS. 
LOAt MASK COMMAND. 
MASK VALUE TO ENABLE ThE FIRST 

FIVE INTFRRUPTS. 
MOD! COMMAND FOR NORMAL' 

CPEFATICN. (M0 -.M4 ONLY) 
; MOIE COMMAND TO CLEAR MASTER 

MAS! AND PRESELECT IRR. 
CLEAR IRR COi'\MAND. 

DISJEL1 CPU INTERRUPTS 
GIT SOFTWARr RESET COMMAND AND 
SEND TO CCNT~OL PORT. 

; GET CO~TRCL BYTE FROM TABLE & 
SE~D TC CONTROL PORT. 
INCREMENT TABLE POINTER. 
INITIALIZE VECTOR EYTE COUNT. 
GET VECTOR :EYTE AND 
SIND TC DATA PORT. 
POINT TO NEXT TABLE EYTE. 
DECREMENT EYTE COUNT. 
ENTRY tONI? NO :llACK TO B:Bll. 
YES:'CECRE~~NT ENTRY COUNTER. 
TAELE'DONE? NO:BACK TO AAA. 

YES: PROCEED ~ITE MODE BYTE. 
SEND MODE TO CONT~OL FORT. 
GIT MAS~ lOAD COMMANr: AND 
SENt TO CC~TROL PORT. 
GET JPERATING MASK AN'D 
SENt TC DATA POPT. 
GET CLE~R IRR COMMAND AND 
SENt TO CCNT?OL PORT. 
GET' CLEAR MASTER MASK COMMAND 
ANI SEND TO CONTROL PORT. 
ENAELE CPU INTERRUPTS. 
RETURN TO CALLING paOGRAM. 

Figure 21. Example Routine. 
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TAB -I1..._---1 __ .L..1 _--'-_----I 

TAB+4---1~ ____ -L ____ ~I~{ ____ ~ __ ~ 
TAB + 8 ---1 ... ____ -1. ____ -.1. ____ -1. ____ --' 

TAB+12 --I 
~---:L~O~;--~D~::::~R~~~~E~::::~ 
RESPONSE CONTENTS 
COMMAND 

Figure 22. Example Control Table. 

TABLE 
ENTRIES 

MOS-032 

also allows any number of response locations to be updated 
in any order. The program driving the table simply assumes 
that every response level receives the same 'number of bytes 
as the level with the longest response. 

Other table organizations are also possible. A more general 
table could contain the IMR value to be used, the ACR value, 
the table byte length, the operating mode values, etc. As 
more of the variable control infonnation is added to the table, 
the software routine becomes more general, and can be used, 
not only for initialization, but for operational changes as well. 

Then there might be several tables in memory with an ad
dress supplied to the routine that points to the controlling 
table to be used. Note that the calling program can use just 
portions of an existing table if desired, simply by controlling 
the contents of the machine registers when the routine is en
tered. 

Another approach is to omit the byte count/level command 
code from the table and compute its value in the driving 
routine. This may be especially appropriate when all the re
sponse entries are the same length and contiguous levels are 
being filled. The BY1, BYO field need not change then, and a 
simple increment instruction will generate the proper com
mand coding by changing the L2, L 1, LO field. To minimize 
the table length, which might become an important considera
tion for larger sYstems with many more interrupts, it is also 
possible to use the byte count to control the number of bytes 
transferred into each memory level. 

The Am9519 offers new levels of versatility and sophistication 
for interrupt systems. It represents interesting opportunities for 
both hardware and software engineers to enhance new de
signs and to take advantage of the features now available. 
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Advanced Micro Computers 
Boards and Development Systems 





Am 95/4005 
Multimaster MonoBoard™ Computer 

(Including the Am95/4000) 

Features 
o Am9080A CPU· 2MHz (2p.sec Instruction Cycle) 

Standard; 3MHz (1.3p.sec) Optional 

o Am9511A or Am9512 Arithmetic Processing Unit Al
lows High Speed Arithmetic Computations Concurrent 
with CPU Operation. Ideal for Industrial Monitoring 
and Process Control, Navigation, Medical, In
strumentatic and Other Computation Intensive 
Applications. 

o 4K Bytes of High-Speed Static RAM (Am9114) 

o Sockets for 4/8/16K Bytes of ROM/E-PROM (27081 
271612732) 

o 4 Channels of DMA (Am9517A) with Block Mem
ory-to-Memory and Memory-to-I/O Transfer Capability 

o 8 High-Speed Interrupt Channels with Vectored Prior
ity (Am9519) 

o 1.2kHz Crystal Controlled Real-Time Clock 
tReglstered trademark of Intel Corporation. 

12-1 

o 48 Programmable 1/0 Lines (two Am9555s) with 
Sockets for Line Drivers and Terminators 

o Serial Interface for RS232C or Current Loop Interface 
(Am9551), with Switch Selectable Baud Rate (50-9600 
Baud) 

o Memory Shadow: Bootstrap Program in On-Board or 
Off-Board ROM can be Selected by Power-0n or Ini
tialization and then Program Disabled 

o Memory can be Reconfigured by Changing the PROM 
Decoder 

o Multimaster Bus Control LogiC allows up to three 
CPUs to Share the System Bus. 

o Compatible with Multibust Bus Standard, SBC-80 
Card Format 

o Complemented by a Family of Boards (Memory, 
Floppy Disk Controller, ROM/E-PROM and 1/0 Ex
pansion) and a Rugged 6-Slot Card Cage 

"The Am9080A is a high-speed, pin compatible version of the 8080A. 

II 



Am95/6012 
Arithmetic Floating-Point 

Processor Unit Board 
(IEEE Data Format) 

Features 

o Floating-Point Processor 
o 32-Bit and 64-Blt Floating-Point Arithmetic 
o Conforms to. IEEE Data Format 
o Single Board Design 

o Uses Advanced LSI Am9512 Arithmetic Processing 
Unit 

o Low Power Consumption 

-Registered trademark of Intel Corporation. 

. 0 Plug and Bus Compatible with: 
- Intel Intellec<lJ> Microcomputer Development 

Systems . ... . 
- Intel's iSBC<IJ> Family of Single BOard Computers 

o Switch Selectable 1/0 Addresses 
o Requires Only Four Input/Output Addresses 
o Independent On-Board Counter Operates Under CPU 

Control to Monitor APU Execution Times 
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Am 95/5032 
PROM/ROM I/O Board 

Features 
o Provides Sockets for Up to 64K Bytes of PROM/ROM in 

a Multibust Compatible Board 

o 8-Bit and 16-Bit CPU Compatibility 

o Permits RAM/PROM to Co-Exist in the Same Memory . 
Space 

o Programmed Control to Enable/Disable All Combina
tions of PROM/ROM Sockets. Permits Multiple 
Independent Program Modules to Occupy the Same 
Memory Area 

o Jumper-Selectable Boot Option; Swappable for RAM 
Under Program Control 

o Supports All Type of Multibust Data Transfers Under 
Automatic Firmware Control 

tMuRibus is a registereQ trademark of Intel Corporation. 

o Allows Jumper-Selectable Combinations of 2708, 
2716 and 2732 E-PROMS and Similar ROMs 

o Total Versatility for Memory Mapping PROM/ROM Area 
via Bipolar PROMs; Assures the Integrity of the Memory 
Map and Eliminates the Potential Problems from Multi
ple Mechanical Components 

o Optional I/O Section Includes: 
- RS232 Serial I/O Port Under USART Control 
- Three 8-Bit (or 24-Line) Parallel Ports 
- Timing Controller (Am9513) with Five 16-Bit High 

Speed Counters 
- All Functions Programmable via I/O· Ports 
- Nine Interrupt Sources Jumper-Selectable to Bus 

Interrupt Lines. 
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Am95/6110 
Floppy Disk Controller 

Features 
o CONTROLS FOUR DRIVES, 8-lnch Flexible Disk 

Drives, Single or Double-Sided, IBM 3740 Soft Sector 
Media Format, Single Density. Compatible with 
Shugart, Memorex, CDC, Siemens Drives. 

o DISTRIBUTED I/O PROCESSOR ARCHITECTURE. 
Performs all Disk I/O without Host CPU Intervention by 
means of its own Dedicated Processor, Control 
Firmware and RAM Buffer. 

o CONTROL FIRMWARE. Provides Program Code for 
READ, WRITE, EXECUTE and INITIALIZE plus sev
eral Other Commands for Error Checks and Status 
Words. 

o HIGH THROUGHPUT by means of On-Board DMA 
Controller, Programmable for Either Block or Byte 
Mode Transfers. 20-Bit Addressing Allows Transfers 
Up to 1 M Byte. 
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o CONFIDENCE CHECK. Automatically Provides a 
Diagnostic Check on Start-Up of RAM, ROM, FDC and 
DMA ... and Provides Status Word Response to 
CPU. 

o AUTOMATIC SYSTEM BOOT. Provides a Selectable 
System Boot Capability with the Booting Routine 
Residence on Disk and Automatically Read into Mem
ory on Start-up, Initialization or Reset. 

o VERSATILE INTERFACE. SBC/Multibust Compat
ible, Single or MultimasterEnvironment; Operates as 
an Intelligent Slave; Interfaces to Both 8-Bit and 16-Bit 
CPU. 

o MULTIBUS SBC-80 COMPATIBLE. 

tMultibus is a trademark of Intel Corporation. 



Am95/6440 and Am95/6448 
Card Cages 

Features: Am95/6440 
D Six-slot PC board capacity 
D MultibusTl'/SBC-80 compatible 
D Rugged metal construction 

. D Heavy-duty power connectors 
D Jumper options for Multi-Master bus capability 
D Optional cooling fan 
D Mounting holes for auxiliary connectors 

Multibus is a trademark of Intel Corporation; it defines a versatile bus 
structure that is popular In the Industrial control and data processing 
industry. It is currently being considered for adoption as an IEEE 
standard. 
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Features: Am95/6448 
D Built-in high-efficiency power supply 
D Compact integral design. ideal for industrial chassis 

and bench top systems 
D Convenient input panel containing: 

- Power switch w/indicator 
- Reset switch 
- Interrupt switch 
- AC receptacle with EMI filter 
- Fuse holder 

D Cooling fans included 
D Provides all Multibus-required voltages 
D Includes all features of standard Ani95/6440 card 

cage 



Am 96/1 000 
Memory System 

Features 
o One of the AMC Supercomponent'M Family of LSI 

Boards 

o 32K, 64K, 96K and 128K Byte Storage Options 
Available 

o High-Speed Operation Supports Up to 4.0MHz 
Operation with High-Performance AmZ8000 CPUs 

o 8-BiV16-Bit Data Bus Compatibility for Most 8- or 
16-Bit Microcomputers . 

o On-Board Transparent Refresh 
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o Jumper Option for Advanced Acknowledge (AACK) 
Signal to Improve Response Time and Throughput 

o Optional Parity Option in Both Byte and Word Mode 
with Interrupt Capability 

o Dual Bus Accesses Provide a Global RAM Link 
Between P1 Multimaster Connector and P2 Auxiliary 
Connector 

o Address Space in 4K Byte Boundaries 

o Multibus and SBC~80 Compatible 



AMC's MACR08000 
AmZ8000 Macro Assembler 

Features 
o Functions in the AmSYS 8/8 or AmSYS 29 

microcomputer development system environments 
o Generates absolute or relocatable AmZ8000 object 

code 
o Supports the full AmZ8000instruction set 
o Symbolic operands that are constants or variables 

D Syntactic macros 
D Program segmentation for address space control 
D Arithmetic expressions, string expressions, and 

comparisons 
D Superior assembly speed and a variety of assembly 

options 

-------1 
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AMC's PASCAL 
Compiler 

Features 
o The Compiler Runs in the AmSYS 8/8 or the 

AmSYS 29 Microcomputer Development Systems 
Environments ' 

o Object Program may be one of the Following: 
- P-code (Executed by an Interpreter) 
- Am9080 Machine Code 
- AmZ8000 Machine Code 

12-8 

o Block Structured High Level Language that Supports 
Structured Design and Programming 

o Many Extensions such as Separate Compilation, 
Strings, etc. 



AmSVS™8/8 Microcomputer 
Development System 

Especially Designed to Support 
the AmZ8000 Microprocessor 

and the 8080A, 8085A, Z80 & 8048 
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AmSYS8/8. 

For Total Capability, AMC gives you the AmSYS 8/8 
Microcomputer Development System 

SYSTEM DESCRIPTION 

The AmSYS 8/8 is designed to support a variety of 
microprocessors that include the AmZ8000, Z80, 
Am9080, Am8085, and AiTI8048. 

This system is especially designed to support the 
AmZ8000 CPU in both hardware and software develop
ment. An AmZ8000 Macro Assembler, linker and line 
oriented editor give the system powerful software de
velopment tools. The use of the RTE 8/8050 In-Circuit 
Emulator for AmZ8000 hardware/software debug and 
availability of high level languages allow the user great 
flexibility in development of AmZ8000 products. 

The basic system is contained in a single enclosure 
that fits on a desk top. It has the option of being rack 
mountable in a 19" relay rack by the addition of slide 
mounts. It has 64K bytes of main memory, two single 
density floppy disk drives, providing 512K bytes pf 
storage, an RS232 .serial port and two parallel 1/0 
channels as standard features in the system. This 
system contains extra card slots for use for prototyping 
hardware. 

The AmSYS 8/8 has a 'multi-master bus structure that 
allows multiple 8 and 16 bit CPUs to be used at the 
same time. This bus structure allows the system to be 
easily upgraded to a full 16 bits by replaCing the CPU 
board on the bus and adding the appropriate software. 

The Am$YS 8/8 has very powerful software included 
as part of the standard system to be delivered. This 
software includes a Oisk Operating system, an excel
lent text editor, debugger, library manager and linking 
loader. The powerful macroassemblers included sup
port the AmZ8000 and the 8080, 8085, & Z80. Optionally, 
an 8048 macroassembler can be added. 

The AmSYS 8/8 features the use of Pascal along with 
extended Basic, Fortran IV and Cobol for high level 
language support. A Pascal program can be compiled 
to generate either Am9080 or AmZ8000 code. 

In-Circuit Emulation capability is available for both 8 
& 16 bit processors. This emulation support is optional 
for the AmZ8000, ZSO, 8080, 8085, & 8048 micro
processors. 

The AmSYS 8/8 also has a number of peripherals that 
are optional to the system. These include double den
sity Floppy Disk Drilles, 60, 120 CPS and 300 LPM Line 
Printers, CRT's, and soon a cartridge disk drive. 

SYSTEM FEATURES 

Complete Turnkey Development System with 
Powerful Hardware including: 

o Microprocessor CPU 
o 64 kilobytes of read/write main memory 
o Serial interface RS232 compatible 
o Two parallel Channels 
o Power up Monitor 
o Dual Floppy Disk Drives with 512K bytes of storage 

capacity 
o Extra card slots for prototyping 
o Multi-master bus 

Powerful SoftWare Including: 

o AMDOS Disk Operating System 
o Sophisticated Editor 
o Debugger 
o Macroassemblers for AmZ8000, Z80, 8080, 8085 
o Translator to Z8000 
o Linkers 

Powerful Options Including: 

o High level languages 
• Pascal 
• Extended Basic 
• Fortran 
• Cobol 

o Line Printers 60 & 120 CPS & 300 LPM 
o CRT. w/extra keypad . 
o PROM Programmer 
o Double Density Floppy Disk Drives 
o Expansion Chassis containing two additional Disk 

Drives 
o Additional Serial I/O lines 
o In~Circuit Emulation for 

• AmZ8000 
• 8080,8085 
• 8048,8021,8049, & 8035 

Additional Features that will be available in the near 
future include: 

o Expansion to 1 megabyte of main memory 
o Upgrade to AmZ8000 CPU 
o Cartridge Disk 
o Additional High level languages 
:0 Expansion chassis for more Main Memory 
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System Hardware Features 
The AmSYS 8/8 features the use of a multiple master bus structure. This 
allows the system to use both 8 and 16 bit microprocessors. The SYS 8/8 
can be upgraded to include a 16 bit CPU board and appropriate software 
so that both microprocessors may operate simultaneously using the multi
master bus structure. This allows the system user maximum flexibility in 
the development of hardware & software. 

MAIN CPU MODULE 
The Central Processor (CPU) module uses an 8-bit 
Am9080 microprocessor. This module includes a ROM 
based auto bootstrap that first performs a diagnostic 
confidence check of the system and next loads the 
operating system from the system disk drives. The 
CPU module has· mUlti-master capability allowing 
operation in a master/slave environment with other 8-bit 
CPU modules or the 16-bit CPU module. The CPU 
module also includes 4 high speed DMA channels 
and 8 vectored interrupt channels. An optional 
Am9511A1Am9512 Arithmetic Processing Unit can be , 
added to provide high speed fixed and floating point 
computations and floating point transcendental func
tions to the system. A 1.2KHz crystal controlled Real 
Time Clock is also part of this module. 

MEMORY MODULE 
This memory module is organized as a 64 Kilobyte 
storage unit. This module is organized to provide either 
8 or 16-bit compatibility. It also contains internal 
memory refresh capability and is multi master bus 
compatible. 

FLOPPY DISK MODULE 
This module features a controller with its own internal 
microprocessor and controls up to 4 single or double 
sided floppy disks. This controller has a 20-bit address 
and DMA capability allowing it to address up to 
1 megabyte of main memory. 

This module is IBM 3740 soft sector compatible. 
AmSYS 8/8 provides a capacity of 512K bytes of disk 
storage in the basic system. This storage capacity is 
contained on two floppy disk drives 
each with 256K bytes of storage. 
On board buffer memorY 
allows high speed data transfer 
to the CPU module. 
Additional storage is available 
by the use of the optional 
double density disk controller 
or by the addition of a double 
disk drive expansion chassis. 

CHASSIS 
The AmSYS 8/8 is normally supplied as a desk top 
chassis. As an option, this chassis can be rack mounted 
with the addition of a slide mount kit. It contains seven 
card slots with three available for use with prototyping 
or additional I/O P.C. cards. This chassis is totally 
self contained with cooling and internal power supplies. 

The front of the chassis contains an illuminated off/on 
switch and also a system reset button. The rear. of this 
unit contains all 110 and power connections including 
fuses. 

The system includes as standard, one serial port and 
two parallel channels. The serial port is RS232 com
patible and alloWs the user to connect a variety of ter
minals to the system. The parallel channels can be 
used to connect high and low speed printers or other 
peripheral devices. Additional I/O ports can be added 
to the System by the use of plug in cards. 

The parallel channels each consist of 24 parallel I/O 
lines. These lines can be configured under software 
control as sets of input, output, or bidirectional 110 lines. 
·Sockets are·provided within the system to add drivers 
or terminators to each line. 

The Am96/4016 Evaluation Board can be plugged into 
one of the empty card cage slots to provide a 16 bit 
execution module within AmSYS 8/8. The board is 
powered by the system power supplies and uses the 
system floppy disks via the parallel up-Ioad/down-Ioad 
link to the CPU module. A second card cage slot can be 
used to upgrade the Evaluation Board RAM to 64k. 
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Development Software 
The AmSYS 8/8 combines a sophisticated set of hardware along with an even 
more powerful set of software to make the complex process of product 
development easier to handle for the user. This software includes an Editor, 
File Manager, Macroassemblers, disk operating system, and a number of high 
level languages. 

The software that comes standard with the AmSYS 8/8 is the AMDOS@Operating 
System, AmZ8000, 8080, 8085, and Z80 Macro Assemblers, a linking loader, a 
powerful Editor, debugger and Translator. Optional software includes an 8048 
Macroassembler, Pascal, Fortran, Basic, Cobol, and upload/download packages 
for execution of AmZ8000 code. The following describes the major software 
modules provided with or as options to the system. 

OPERATING SYSTEM 
AMDOS 8 is the disk operating system for the 
AmSYS 8/8 and provides rapid access to programs 
through a comprehensive file management structure. 
A file subsystem supports a named file structure 
allowing the dynamic allocation of file space as well 
as sequential and random file access. System calls are 
provided permitting files to be opened, closed, re
named, read, written onto disk, or searched for by 
name. The AM DOS 8 file system allows a large number 
of distinct programs to be stored in both source and 
machine executable forms. AM DOS 8 also provides 
the ability to access disk storage, Terminal, Printer, and 
support for PROM programming. 

LIBR is an object file library manager that permits the 
creation and listing of user libraries for the Am8080, 
Am8085, and Z80 microcomputers. Individual object
module files may be selectively processed to extract 
modules from existing libraries or relocatable object 
files to build libraries for later selective searching by 
the LINK linkage editor. 

EDIT is a line-oriented context editor providing the 
user the ability to create and modify ASCII source text 
for the AmSYS 8/8 compilers and assemblers. A power
ful set of user commands is available to simplify the task 
of generating line oriented or character oriented files. 

In the line oriented mode, numbers will automatically 
be added to new lines as they are appended to the file. 
Also, as lines are inserted or deleted within the text, 
these numbers are updated. The users position within 
the file can then be controlled by referring to the 
desired line number. The ALTER mode allows the user 
to insert, delete, and replace individual characters, 
strings in a line, or a range of lines in the source file. 
Searching for occurrences of characters or strings is 
also included along with substitution of characters or 
strings into the source text. 

DEBUG is designed to provide dynamic interactive 
testing and debugging of 8-bit programs generated in 
the AmSYS 8/8 system. This program consists of 
two parts: The debug nucleus and the assembler/dis
assembler module. These along with powerful user 
commands make debug a very valuable tool for de
bugging software programs. 

MACRO ASSEMBLERS 
Two macroassemblers come as part of the standard 
AmSYS 8/8. These are MACRO 8 supporting the 8080, 
8085, and Z80. microprocessors and MACRO 8000 for 
support of the AmZ8000 microprocessor. An optional 
macroassembler supports the 8048 family. 

MACRO 8 is a comprehensive macroassembler pro
viding the ability to assemble relocatable 8080/ 8085/ 
Z80 programs. These can be combined with object 
files produced by high-level language compilers (us
ing LINK) to form composite executable programs. 
In addition to comprehensive conditional assembly 
directives, hierarchical expression evaluation, defini
tion of alternate entry-pOints and external symbols, 
MACRO 8 provides a companion cross-reference facil
ity (CREF8) whiqh lists the assembler output with 
line numbers.An alphabetiC variable-name directory 
is also provided and includes line number references 
for each occurrence of the variable name. 

MACRO 8000 is a powerful macroassembler providing 
the ability to assemble relocatable AmZ8000 programs. 
This assembler includes sophisticated features like 
segmentation, block-structured program organization, 
algorithmic assignment statements, IF-THEN-ELSE 
conditional assembly, and execution provisions as well 
as recursive macro calls. 

LINK 8 & LINK 8000 are linkage editors used to com
bine the relocatable module ready for loading as a 
program. Link 8 supports the editing of 8 bit segments. 
The linkers process a series of interactive subcom
mands that specify files to be linked, files to be searched 
for· satisfaction of unresolved external references, and 
specific directives which allow a memory map to be 
printed or direct execution to be initiated. 

TRANZ 8000 is an AmZ8000 translator program 
accepting standard 8080, 8085, and Z80 source code 
as input and provides standard AmZ8000 source code 
as output, aiding the user in conversion of existing 8-bit 
programs to the AmZ8000 environment. 
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HIGH LEVEL LANGUAGES 
PASCAL is a new, up-to-date, language developed for 
users who are seeking new features to solve today's 
problems. PASCAL incorporates new features like the 
concept of variable data types: bits, bytes, words, 
records, sets, scalars ... and others that are appropriate 
to the solution of complex problems. The block struc
tured nature of the language permits the user to create 
software in a structured environment resul~ing in a 
lower development costs, more concise documentation 
and lower maintenance costs. 

The AMC PASCAL is upwards compatible with Jensen 
and Wirth PASCAL. Extensions provided include: 

Interactive files Comparison of arrays 
Untyped files Comparison of records 
Random access of files Text intrinsics 
Strings intrinsics 

The Pascal user can compile a Pascal program and 
then execute the program on AmSYS 8/8 with the 
Pascal interpreter and run-time library. The output of 
this compiler is a special code called P-code and is 
compatible with the well-known UCSD P-code. The 
Pascal interpreter executes the P-code instructions 
when running the Pascal program. The run-time library 
routines are used as needed in Pascal program 
execution. 

The Pascal user can compile a Pascal program and 
then generate either 8080, or AmZ8000 code. For 8080 
code generation, an 8080 macro library, the MACRO 8 
8-bit assembler, and the linker LINK 8 are automatically 
used. For AmZ8000 code generation, the AmZ8000 
macro library, MACR08000 16-bit assembler, and the 
linker LINK 8000 are used automatically. 

AmSYS8I8 

has long been accepted as the standard 
for scientific programming and is the "native"language 
of many professional programmers. AMC supports 
FORTRAN with a compiler conforming to the ANSI 
1966 specification for the 8080 microprocessor in 
the AmSYS 8/8 system. 

Full conformance to the ANSI standard insures that 
accumulated libraries of FORTRAN programs will be 
immediately usable in the AmSYS 8/8 environment. 
AMC FORTRAN opens the door to the richest traditions 
of scientific programming in a small, inexpensive 
environment. 

BASIC is one of the most comprehensive 8-bit BASIC 
language software programs available today. It con
tains many unique features not found in other imple
mentations, like: 

a. Direct access to the CPU I/O Ports 
b. Full Print Using Capability 
c. Trace facilities 
d. Four variable types - Integer, String, Single (7 

digits) and Double (16 digits) precision floating 
point. 

These are only a few of the features available in AMC's 
BASIC. It also has one of the largest sets of statements 
making it a very powerful language available to the 
AmSYS 8/8 user. 

COBOL has been developed in strict accordance to 
ANSI '74 standards for support of the 8080 within 
the AmSYS System. At the root of the language is a 
full ANSI '74 Level 1 COBOL. Beyond that, many 
Level 2 features have been incorporated to make 
AMC's COBOL more powerful in every instance where 
the fundamental speed and size of the package is 
extremely important. In addition to this, special dis
play-oriented features (ACCEPT, DISPLAY, etc.) have 
been added to the language in anticipation of a strong 
emphasis on interactive data entry applications in the 
microcomputer environment. A powerful interactive 
debug structure has also been added to greatly 
decrease program development time. 
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In-Circuit Emulation 
The AmSYS 8/8 Development System provides optional In-Circuit Em
ulation capability to support a wide range of microprocessors including 
the AmZ8000, 8080, 8085, Z80, and 8048. The AmSYS series of emulators 
contain many unique features to assist the designer in the debugging of 
hardware and software. There are two types of emulators in the AmSYS 
8/8 Development System Series. These are: 

(1) AmSYS 8/8800 In-Circuit Emulator series for 8-bit microprocessors 
including individual emulators for the 8080, 8085, Z80, and 8048. 

(2) AmSYS 8/8050 In-Circuit Emulator for the AmZ8001 and 8002 mi-
croprocessors. 

These in-circuit emulators come as complete subsystems and are con
nected to the AmSYS 8/8 by a high speed serial 1/0 interface. Each emu
lator provides its own internal memory storage to give the user real time 
emulation. 

AmSYS 8/8050 16 BIT IN-CIRCUIT 
EMULATION SUBSYSTEM 
The AmSYS RTE 8/8050 Emulator has been designed 
especially to support the AmZ8000 microprocessor. 
This subsystem provides real time emulation for both 
the AmZ8001 segmented and AmZ8002 non~men
ted versions. 

The AmSYS RTE 8/8050 Emulator has a number of 
key features including TRACE, 8 trigger points, mem
ory mapping of internal high speed static RAil(!, and 
medium speed dynamic RAM providing real time 
emulation in the user's target system. The AmSYS 
RTE 8/8050 Emulator has two modes of operation: 

1) Interrogation -.this mode allows the user to 
access AmZ8000 resources, registers, 1/0 ports, 
and target RAM. . 

2) Emulation - this mode allows the designer the 
choice of an internal or user designated clock for 
software execution or emulation in his target 
system 

ATE 8/8050 provides two types of memory for the 
user. One type is high speed static memory providing 
the user with real time emulation at up to 4 MHz for 
the AmZ8000 with no wait states.lt is available in 4K 
or 8K bytes. The second type is medium speed dyna
mic RAM available in 64K or 128K byte increments 
with one wait state at 4 MHz and is expandable up to 
192K bytes. 

RTE 8/8050 allows for memory mapping on 1K byte 
boundaries within the AmZ8000 8M byte address 
space. 

There are up to 8 trigger points available to the user 
that can be used as breakpoints, enabling patching 
trace qualifiers or allowing selective trace after the 
breakpoint is encountered. Two compound break
points are also permitted. These allow breakpoints on 
a'value within or outside a specified range, i.e., ad
dress, data, address and data, 1/0 address, I/O data, 
I/O, address and data. 

Trace is an integral part of the system. This feature 
provides for two basic modes of operation. These are: 

Micro Trace - this saves Address/Data bus and 
status together with 8 or 16 user des
ignated probes every machine cycle. 

Macro Trace - this saves Address bus and status 
during T1 displaying address bus in 
HEX format and status in binary 
and symbolically decoded form. Al
so saved is Data Bus during T3 in 
disassembled form with operand 
values in HEX format. 

The Micro or Macro trace can be enabled only for 
selected cycles by use of a trigger point match. A user 
option is available to tag each traced' event with a 16 
bit number for counting the number of machine states 
since the counter was enabled. A unique feature of the 
RTE 8/8050 is the PATCH allowing patching of ROMI 
RAM code while running in user memory. Up to 
4 patches are allowed with up to 16 locations each 
providing a substantial improvement over conven
tional patching techniques that require subroutines. 
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The trace RAM buffer is 256 words deep and 48 bits 
wide and is expandable to 1024 words. This unit has 
the ability to time stamp each entry in the trace buffer. 

The RTE 8/8050 Emulation Subsystem is provided as 
a stand-alone unit with integral power supplies,emula
tor module, trace module and serial I/O port. Pro
grams prepared on the AmSYS 8/8 development sys
tem are down-line loaded to the emulator subsystem 
under the control of the emulator control processor, 
which services and issues all. emulator commands. 
ATE 8/8050 Emulator commands and results can be 
displayed via the AmSYS 8/8 Development System 
CRT or via a separate CRT console plugged into the 
RTE 8/8050 Subsystem. (This configuration leaves the 
AmSYS 8/8 Development System free to perform soft
ware development, i.e., assembly, editing, etc.) The 
RTE 8/8050 Emulator has been designed to give the 
deSigner maximum support in system debugging. 
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AmSYS 8/8800 8-BIT IN-CIRCUIT 
EMULATION SUBSYSTEM 
The RTE 8/8800 in-circuit emulator is designed to 
allow replacement of the target microprocesser during 
the debugging and prototyping phase. It provides the 
user with real time emulation of each deSignated mi
croprocessor together with sophisticated debug tools 
for hardware/software integration resulting in a reduc
tion of overall development time. 

AmSYS RTE 8/8800 provides versatile emulation cap
abilities for the 8080, 8085, Z80A, or 8048 depending 
upon the personality module being used. It also has 
the capability to examine and alter registers, memory, 
and I/O ports. The emulator utilizes the users system 
clock, thus eliminating potential timing problems 
caused by separate clocks. 

There are up to 8K bytes of high speed Static RAM 
Emulator memory for mapping on 1K byte boundaries 
in the target system, thereby utilizing known memory 
into the target system. This unit has a real time trace 
for storing the last 128 bus operations as well as the 8 
external probes. During selected emulator operations, 
16 address lines, 8 data lines, and the clock signal are 
stored during emulator operation. Disassemblers for 
each supported microprocessor are provided together 
with host software for the AmSYS 8/8 Development 
System. 

The AmSYS RTE 8/8800 in-circuit emulator consists 
of a basic sub-system containing a trace module, 
emulator module, serial communications module and 
8K bytes of high speed static RAM. The connection to 
the AmSYS 8/8 Development System is via a serial I/O 
port. Each microprocessor personality module is sup
plied with its own emulator pod attached toa cable 
terminating in a 4O-pin connector to provide the inter
face to the target system. Host software operating on 
AITiSYS 8/8 provides interrogation mapping and a 
command .structure for the RTE 8/8800 in-circuit emu
lators. 
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The AmSYS 8/8 is Easy to Adapt 
The AmSYS 8/8 is designed to allow easy addition or reconfiguration into a 
more powerful system. These optional additions and configurations allow ex
ecution and debug of AmZ8000 programs, the addition of Double Density 
Floppy Disks, Hard memory expansion, and reconfiguration as an AmZ8000 
based development system. 

·OPTIONAL 

ICE* 

PRINTER* 

~------ BASIC SYSTEM ______ ..,1 \ 
AmZ8000 EXECUTION AND DEBUG 
(8/8610 and 8620) 
The 8/8610 up-Ioad/down-Ioad package provides an 
ideal breadboarding, software execution, and debug 
tool when used with the AmSYS 8/8 development 
system. It features the AMC 96/4016 AmZ8000 Evalu
ation Board. AmZ8000 programs generated on AmSYS 
8/8 can be down-loaded into or up-loaded from RAM 
on the Evaluation board where the resident monitor 
allows execution and debugging to take place under 
the control of the AmSYS 8/8 console. This Evaluation 
board provides the user with 8K byte RAM. The 8/8610 
can be upgraded to the 8/8620 package with the addi
tion of the 64k RAM board and the AmZ bus mother
board. This expands the RAM storage of the Evalua
tion Board to 64k. The connection between the RAM 
board and the Evaluation Board is via the AmZ ad-
dress and data bus. These options are conveniently 
packaged as options to AmSYS 8/8. 
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ADDITIONAL FLOPPY DISK DRIVES 
The Floppy Disk controller contained within the 
AmSYS S 8/8 has the capability of addressing up to 
four (4) Floppy Disk drives. The addition of the op
tional 8/8510 Floppy Disk chassis gives the user two 
(2) additional Floppy Disk drives. 

DUAL DENSITY FLOPPY 
DISK EXPANSION 
AmSYS 8/8 can be configured to accept Dual Density 
Floppy Disk capability. This will give the user Floppy 
Disk storage capacity of up to 1024K bytes within the 
AmSYS 8/8. This expansion can be accomplished as 
a field upgrade. 



24 MBYTE 
CARTRIDGE 

DISK * 

UPGRADE SYSTEM ------" 

HARD DISK 
AmSYS 8/8 is designed for the addition of a Hard Disk 
with bulk storage of up to 24 megabytes. This Hard 
Disk option will be available in the near future to be 
added to the present 8 bit operating system and also 
as part of an upgrade to the AmZ8000 based devel
opment system. 

This Hard Disk option will give the user access to 
larger amounts of bulk storage and also increases his 
system throughput. 
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AmZ8000 EVALUATION BOARD 
For evaluation of the AmZSOOO, the 96/4016 provides a 
standalone monoboard computer. The 4016 has 8k 
bytes of dynamic RAM, 2 serial RS-232 ports, 24 
parallel I/O lines, and. 3-16 bit counters. A 4k byte 
monitor program provides debug capability and an 
interface to the optional 8k line by-line assembler. The 
monitor also provides the drivers necessary to up-load 
or down-load files through the parallel or serial inter
face. The 96/4016 is SSC form factor compatible and 
can plug into AmSYS 8/8 to get its power from the P1 
connector. The memory and I/O on the board can be 
expanded through the AmZ bus on the P2 connector. 

AmZ8000 UPGRADE 
The AmSYS 8/8 multi master bus provides an 8/16 bit 
data bus with 20 address lines. The peripheral con
trollers and memory boards all have 8/16 bit com
patibility and allow the reconfiguration of the AmSYS 
8/8 into a powerful AmZ8000 based development 
system. The Am9080 board is replaced by the AmZ8000 
CPU board, allowing up to 1M byte addressing capa
bility. The addition of AMC's multitasking foreground 
background system, together with additional 64K or 
128K byte RAM memory modules and AmZ8000 soft
ware development programs provide the user with 
a powerful 16-bit system with greatly increased utility 
and performance. 
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SPECIFICATIONS 

CPU 
Am9080 Upgradable to AmZ8000 (see sections 
entitled "Options") 

Memory 
64K bytes standard 

Disk Storage 
512K bytes (2 Single Density Floppy disks, 256K 
bytes each) (Dual Density is optional) (see section 
entitled "Optional Upgrades") 

I/O Channels 
1 serial port RS232 compatible 
2 parallel I/O channels consisting of three 8- bit 
ports each 

Interrupt 
8 fully programmable vectored channels 

AC Power Requirement 
60 Hz, 115 VAC std. 
100,120,220,240 VAC optional 
50/60 Hz Optional 

Environmental Requirements 
Operating Temperature: 10°C to +4O°C 
Humidity: 10% - 90% relative (non

condensing) 

Physical Characteristics 
Dimensions: 24" deep, 17" wide, 11" high 
Weight: 60 Ibs. 
User Panel: Contains: a} on/off switch, power 

indicator 
b} system reset 

Chassis: Desk top stds., rack mountable 
(optional) 

Baud Rates 
Selectable 50-9600 Baud 

Cooling 
Internal fans 

Standard System Includes the Following: 
Am9080 CPU· 
64K Bytes RAM 
512K Bytes Disk storage (2 single sided floppy disks) 
1 RS232 serial port 
6 8-bit parallel po~ 
1 Chassis consisting of 7 Card slots 
AmZ8000 Macroassembler 
AmZ8000 Translator 
8080, 8085, and Z80 Macroassemblers 
Linker 
Editor 
Debugger 
AM DOS 8 Disk Operating System 
1 set System Documentation 
2 Diskettes 
MUlti-master Bus 

Optional Items 
Universal Prototyping Board 
High-Speed Extender Board 
Additional Serial and Parallel I/O Ports 
Expansion Chassis with 2 floppy disk drives 
CRT Terminal 
Line Printers 60 CPS, 120 CPS, and 300 LPM 
FORTRAN (8 bit) 
Extended BASIC (8 bit) 
PASCAL (8 bit and 16 bit) 
COBOL (8 bit) 
951119512 Arithmetic Processing Unit 
8048, 8049, 8021 Macroassembler 
8048, 8049, .8021 In-Circuit EmulationlTRACE 
8080 In-Circuit Emulation/TRACE 
8085 In-Circuit Emulation/TRACE 
Z80 In-Circuit Emulation/TRACE 

OptiOns and Upgrades 
(not available with initial shipments-contact your 
AMD salesman for delivery information) 
Z8000 In-Circuit Emulation/TRACE 
Double Density Floppy Disk Drives 
Expansion to 1 megabyte of Main Memory 
AmZ8000 Microcomputer Board Upgrades 
Cartridge Disk with Capabilities of 12 or 24 Megabytes 
High Level 16-bit languages 
Additional Expansion chassis 



PART NO. 
8/8010 
8/8012 

8/8020 
8/8022 

8/8030 
8/8032 

8/3310 
8/5032 
8/6410 
8/6420 
8/8210 
8/8310 
8/8340 
8/8410 
8/8420 
8/8430 
8/8440 
8/8610 
8/8620 
8/8800 
8/8880 
8/8885 
8/8888 
8/8848 
8/8050 
8/8250 
8/8510 

AmSYS 8/8 Ordering Information 

DESCRIPTION 
Standard .AmSYS 8/8 Development System 117V, 60 Hz 
Standard AmSYS 8/8 Development System 117V, 60 Hz 
Double Density Floppy Disks 
Standard AmSYS 8/8 Development System 22OV, 50 Hz 
Standard AmSYS 8/8 Development System 220V, 50 Hz 
Double Density Floppy Disks 
Standard AmSYS 8/8 Development System 100V, 50 Hz 
Standard AmSYS 8/8 Development System 100V, 50 Hz 
Double Density Disks 
Serial I/O Board (4 Ports) 
ROMIEPROM Board I/O Board 
Univ. Prototyping Board 
High Speed Extender Board 
CRT with extra key pad 
Line Printer 120 CPS 
Line Printer 300 LPM 
Fortran 8 
Basic 8 
Cobol 8 
Pascal compiler (with code generators) 
Up/Down Load Execution Package w/8K bytes 
Up/Down Load Execution Package w/64K bytes 
In-Circuit Emulator Subsystem 
8080 In-Circuit Emulator POD 
8085 In-Circuit Emulator POD 
Z80 In-Circuit Emulator POD 
8048 In-Circuit Emulator POD 
Z8000 In-Circuit Emulator Subsystem 
Diskette Package of 10 

AmSYS8/8 

Optional Floppy Disk Chassis (adds add'i two Floppy Disk drives to system) 
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NOW! Evaluate the features of the AmZ8000 ... 
develop software ... execute programs with 
THE AMC 96/4016 
EVALUATION BOARD. 

The new generation of microprocessors is here. Now 
you can evaluate the AmZ8000 with the system
oriented AMC 96/4016 Evaluation Board that makes 
it easy to utilize the latest microcomputer technology. 
The AMC 96/4016 Evaluation Board puts a versatile 
and intelligent tool in the hands of engineers, designers 
and programmers allowing them to explore the excep
tional capabilities of the AmZ8000. The AMC 96/4016 
integrates powerful hardware and extensive software 
resources on an assembled and tested printed-circuit 
board that allows the evaluation of the AmZ8000 by the 
addition of a power supply and I/O deVice. Power can 
be provided by plugging the board into an SBC 80 type 
card cage, AMC's development system, or with a lab 
supply. Two ports are provided to interface to a CRT ter
minal or to the 96/4016-KBD keyboard/display boare;l. 

Some of the features of the AMC 96/4016 Evaluation 
Board are: 

o Fully assembled and tested computer board 
o AmZ8002 Microprocessor - 4MHz operation 
o 8K bytes (4K words) of RAM memory 
o Sockets for up to 12K bytes of PROM/EPROM 
o PROM-based monitor with debugging capability 
o Two serial ports with programmable baud rates 
o 24-line parallel port (three byte-wide ports) 
o Three interval timers 
o Optional PROM-based ASCII Assembler 
o Interfaces for direct I/O to a CRT terminal or the 

96/4016-KBD keyboard/display board 
o SBC 80 physical size 
o Can be used as an execution vehicle with the 

AmSYS 8/8 Development System 
o Provides up-Ioad/down-Ioad capability with the 

AmSYS 8/8 Development System 



The AmZ8000 architecture - in terms of CPU re
sources, instruction set, system interface and 
software-oriented features - represents a major ad
vance in microprocessor sophistication and system
level performance. It is efficient enough to service sim
ple tasks effectively, yet can easily handle complex, 
high-performance applications as well. 

The AmZ8000 architecture and partitioning is well 
suited for today's technology and for a very wide range 
of today's applications. It is also a significant departure 
from the constraints of past architectures, and estab
lishes a clean attractive and nearly open-ended base 
for evolution and development. 

The AMC 96/4016 Board makes use of these features 
and assists software and system engineers in evaluat
ing these features of the AmZ8000 for existing and 
future needs. Moreover, with the cleaner architecture 
of this new-generation microprocessor, the Evaluation 
Board can help hardware and software professionals 
develop better interface circuits and programs. 

ABUNDANT CPU RESOURCES 

The AmZ8000 offers sixteen 16-bit general-purpose 
registers in addition to special system registers. All 16 
registers may be used as accumulators and all but one 
can serve as index registers. The first eight of these 
16-bit registers may be used as sixteen 8-bit byte reg
isters if needed. The AmZ8000 also supports seven 
main data types; bits, BCD digits, bytes, words (16 
bits), long words (32 bits), byte strings and word 
strings. Additionally, many other data elements such as 
memory addresses, I/O addresses, segment table en
tries and program status words are also provided. 

The AMC 96/4016 gives the user access to the 
AmZ8000 and the ability to reduce programming over
head and shorten product and project development 
time. Hands-on experience with the Evaluation Board 
can help demonstrate the effectiveness of the 
AmZ8000 to provide fewer program modifications and 
less debug time. 

Compared to other microprocessors or even 16-bit 
minicomputers, the number and power of individual in
structions have greatly increased. Over 110 distinct in
struction types are available with the AmZ8000, com
pared to approximately 60 for the PDP 11/45. With few 
exceptions, byte, word and long-word data elements 
can be processed by all the instructions. Each instruc
tion - again with few exceptions - can use any of the 
five main addressing modes. 

System designers, and especially programmers, will 
find the AMC 96/4016 Board useful in evaluating the 
AmZ8000's instruction set and its ability to generate 
higher code densities that can result in significant 
memory savings and shorter execution times. 
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HIGHER THROUGHPUT COMPILERS 

Many applications normally involve high-level lan
guages, operating systems and data-base manage
ment. The AmZ8000, with proven N-channel MOS 
technology and a 4MHz clock, allows the use of lower
cost dynamiC RAMs. The AmZ8000 overlaps instruc
tion execution with next instruction fetch to avoid the 
problems associated with deep unconditional pre
fetching. 

The AmZ8000 can achieve this high degreee of per
formance because its regular architecture does not 
have critical bottlenecks and because the sophisticated 
instruction set substantially reduces the number of in
structions. Some examples of this sophistication are: 

a. 32-bit operations (including multiply and divide in 
single instructions) 

b. String manipulation, including compare & translate 
c. Block I/O instructions 
d. Direct addressing of the entire memory 
e. Two operating modes (systems/normal or 

supervisor/user) 
f. Powerful interrupt handling 

The AMC 96/4016 Evaluation Board makes effective 
use of these features so designers and managers can 
interpret these appealing features in specific terms and 
assess the capability for improved systems that can be 
de~igned quicker, easier and with more efficient results. 

The AmZ8000 is designed to span a wide variety of 
applications. It's features allow it to be used effectively 
in complex high-throughput systems, yet it remains ef
ficient for simpler systems as well. 

96/4016 
EVALUATION 
BOARD 

95/6440 
CARD CAGE 

KEYBOARDI 
DISPLAY UNIT 

Photo showing use of the AMC 95/6440 Card .Cage to 
house and power the 96/4016 Evaluation Board. Op
tional Keyboard/Display Unit shown. above (or standard 
CRT Terminal) attaches via cable to edge-card con
nector. This arrangement provides both convenience 
and expansion capabilities for specific project and 
product development. 



Am9614016 

THE AmZ8000 EVALUATION 
BOARD NOW FOR BEST RESULTS 
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24 LINE PARALLEL I/O 
ALSO PROVIDES 
COMMUNICATION 
LINK WITH SYSTEM 8/8 
DEVELOPMENT SYSTEM 

PROGRAMMABLE 
INTERVAL 
TIMER 
(3 COUNTERS) 

4MHz AmZ8000 

8K BYTES 
RAM 

ROM MONITOR 

SOCKETS (8K BYTES) 
FOR OPTIONAL ASSEMBLER 



OPTIONAL COMMAND CONSOLE 

56-KEY KEYBOARD 
AND 20 CHARACTER ALPHA

NUMERIC DISPLAY 

12-23 

STD. RS-232 
CRT TERMINAL 

RS-232 
SERIAL I/O 

PORT 

Am96/4016 

ADDITIONAL 
RS-232/TTY 
SERIAL I/O PORT 
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.. . and many ways to use it 
AS A STANDALONE MICROCOMPUTER 

The 96/4016 Evaluation Board, along with available 
options, has the capability of standalone operation. 
On-board resources, including RAM, I/O interfaces, 
monitor and interval timer, allow it to serve as a self
contained single-board computer. A terminal or op
tional keyboard/display can be attached as a command 
console. Communications to peripherals and other 
equipment can be achieved through the I/O ports. 

EXECUTION DEVICE WITH CROSS-ASSEMBLERS 

Many users will want to evaluate the AmZSOOO execu
tion speed and throughput performance with respect to 
existing programs and system designs. The AMC 96/ 
4016 is designed to serve as a vehicle to execute 
AmZSOOO machine codes that may have originated 
from development systems and cross assemblers. I/O 
ports on the Evaluation Board provide the necessary 
parallel and serial interfaces. AmZSOOO CPU signals 
are brought out to an edge connector which allows the 
needed connection for other circuitry. 

UP-LOAD/DOWN-LOAD CAPABILITY 

The AMC 96/4016 Evaluation Board features both 
up-load and down-load capability when used as an 
execution vehicle with other computer systems, such 
as the AmSYS S/S.Programs generated in a develop
ment system can be down-loaded to the RAM on the 
Evaluation Board. Similarly, programs in the board's 
RAM memory can be up-loaded to the system for 
further development and for disk storage. 

The Evaluation Board is hardware and software com
patible with Advanced Micro Computer's AmSYS 8/8 
Development System. It can plug directly into the 
AmSYS S/S as an execution vehicle to run developed 
AmZSOOO code. The on-board ROM monitor provides 
SAVE and LOAD commands that control bidirectional 
data flow between the RAM on the Evaluation Board 
and disk' files on the Development System. 

The AMC AmSYS 8/8 Development System contains 
a comprehensive set of hardware and software re
sources to fully utilize AmZSOOO capabilities. The sys
tem contains dual floppy-disk drives, 64K bytes of 
RAM, serial and parallel ports, hardware computation 
and an SBe so Multi-Master bus. Existing program
ming support includes an operating sY$tem with linking 
loader, editor and debugger and, of particular interest, 
an AmZSOOO macroassembler, SO SO macroassembler 
and AmZ8000 translator. High-level languages, in
cluding PASCAL, are available. See the AmSYS S/8 
brochure for more details or contact one of the sales 
offices listed on the rear of this brochure. 
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Advanced Micro Devices International Sales Offices 

BELGIUM 
Advanced M1cro Devices 
Overseas Corporation 
Avenue de Tarvueren, 412, bte 9 
8--1150 Bruxelles 
Tol: (02) 771 9993 
TELEX: 61028 

Advanced Micro DeviceS. S.A. 
SiUe 314, Immeuble Heisinki 
74, Rue d'Arcueil 
F-94568 Rungis Cedox 
Tol: (01) 686.91.86 
TELEX: 202053 

International Sales Representatives and Distributors 

ARGENTINA RTF 
Thiko, SA Electronics 73. Avenue Char1es De Gaulle 
Peru 653 F-92200 Neuilly-sur-Seine 
1068 - Buenos Aires i~Li~~)~1~·01 
~ntina 
To: (1! 30-4132 

(1 33-4870 GERMANY 
TELEX: 17825 Cosmos Elektronik GmbH 

Kati International Corporation =r=n~~n83 
1660 Ronins Road 
Burlingame, California 94010 i~LJ~9~~J~68 
Tol: (415) 692-3200 
TELEX: 331491 EBV-Elektronik Vertriebs GmbH 

AUSTRALIA g=~~rhaching b. Muenchen 
A.J. Distributors Pty. Ltd. Tel: (089) 61 10.51 
P. O. Sox 71 TLX: 0-524535 
Prospect, SA 5082 ESV-Eleldronik Vertriebs GmbH 
Tol: (8) 269-1244 Oststr.129 
TELEX: 82635 0-4000 Duo ... ldorl 
A and 0 Electronics Tol: (0211) 84 84 6 
257 Burwood Highway TELEX: 0-8587267 
P.O. Sox 206 
Burwood 3125 

EBV-Elektronik Vertriebs GmbH 

Vtctoria Kiebitzrain 18 

Tal' (03) 288-8232162 0-3006 Burgwodel 1 

TELEX: AA33268 
Tel: (05139) 50 38 
TLX: 0-923694 

Rand 0 Electronics EBV-Elektronik Vertriebs GmbH 
PO. Sox 57 
Crows Nest N.S.W. 2065 MyUusstr. 54 

~~(l,) 439-5468 

0-6000 Frankfurt 1 
Tel: (0611) 72 0416 

TELEX: (790) 25468 
TELEX: 0-413590 

EBV-Elektronik Vertriebs GmbH 
AUSTRIA Alexanderstr. 42 
Konlron Ges.m.b.H. 0-7000 Stuttgart 1 
Industrl8str. 0 13 ~LJ~7'~~i24J~,8' "'·2345 Brunn am Gebirge 
rol: 102236) 8 6631 Elba10x GmbH !LX: 79337 Caecilienstr.24 

BELGIUM 
0-7100 Hellbronn 

MCA Tronix 
Tel: (07131) 89 00 1 

62, Aoute du Condroz TLX: 0-728362 

8·4200 Ou8!sOO Nordelektronik Vertriebs GmbH 
Tel: J041) 27801382795 Bahnhofstr. 14 
TEL X: 42052 0-2301 Kial-Raisdorf 

Tel: (04307) 54 83 
DENMARK 
Advanced Electronic of Denmark ApS No~ktronik Vertriebs GmbH 

Harksheiderweg 238-240 55, Mariendalsvej 
I)K-2000 Copenhagen F 0-2085 Quickborn 
Tel: (01) 1944 33 Tel: (04106) 40 31 
TELEX: 22431 TELEX: 0-214299 

MEV-Mikro Elektronik Vertriebs GmbH 
FINLAND Muenchner Strasse leA 
KomdelOY 0-8021 Oeining b. Muenchen 
Box32 rol: (08170) 71 61 
SF-02210 Espoo 21 TELEX: 0-527828 

i~LJ~) ,a: ,~J' HOLLAND 
Arcobal BV 

FRANCE Van Almondestraat 6 
A2M P.O. Sox 344 
6. Avenue du G6n6ral De Gaulle 0 .. 
Hell A Tel: (04120) 24200/27574 
F-78150 Lo Chosnay TELEX: 50835 
ral: (01) 954.91.13 
TELEX: 698 376 HONG KONG 
LED Flint Electronics CQ. 
18. Rue Henri Pensier Fla1 A, 101F 
F-69352 Lyon Codex 2 620 Robinson Road 
rol: (078) 58.85.85 Tel: (5) 255732 
TELEX: 300270 TELEX: 63075 

GERMANY 
Advanced Micro Devices 
Mikro-Elektronik GmbH 
Rosenheimer Str. 139 
D-BOOO Muonchon 80 
Tel: (089) 40 19 76 
TELEX: 0-523883 

Advanced Micro Devices 
Mikro-Elektronik GmbH 
Harthaeuser Hauptstrasse 4 
0-7024 Fildorstad13 
Tel: (07158) 82 63 0 
TELEX: 0-721211 

INDIA 
SRI RAM Associa1Os 

~~~~I~~8: ~~ 
Tol: (4"os) 737-2692 
TELEX: 348369 

Hindustan Semiconductor 
24 Sayed Abdulla 
Bralvi Road 
Sombay 

i~L~~~'gN~i:l2 
SRI RAM Associates 
245 Jayanagara '" Block 
Bangalore 560011 

ISRAEL 
Talviton EleCtronics 
P.O. Sox 21104 
9, Biltmor Street 
Tel-Aviv. 
Tel: (3) 444572 
TELEX: VITKO 33400 

ITALY 
IOOelco, S.R.L. - Roma 
Via C. Colombo, 134 
1-00147 Roma 
Tel: (06) 5140722 
TELE.X: 611517 

Indelco, S.R.L. - Milano 
Via S. Simpliciano, 2 
1-20121 Milano 
Tol: (02) 862963 

JAPAN 
Advanced Technology Corporation 

of Japan 
Tashi Bldg .. 3rd Floor 
No.8, Minami Motomachi 
ShinJuku-ku, Tokyo 160 
Tol: (03) 265-9416 

Oainlchi Electronics 

~-~~rrdt!~~'7Pohraku 
Bun'(cO-ku, TO~ 
Tel: 03) 813-6.76 

oainichi ElectrOnics 
Kintetsu-Taksrfl8 Buikling 
38-3 Takama-cho 
Narashi 630 ! 

151 Ltd. 
8-3, 4-Chome, Lidabashl 
Chiyoda-ku, Tokyo 102 
Tol: (03) 264-3301 

Kanematsu Oenshi K.K. 
Takanawa Bldg., 2nd Roar 
19-26, 3-Chome, Takanawa 
Mina1oku, Tokyo 108 

Microtek, Inc. 
Naito BuildinQ 
7-2-8 Nishishlnjuku 
Shinjuku-ku, Tokyo 160 
Tel: (03) 363-2317 
TELEX: J28497 
KOREA 
oUksung Trading Co. 
Room SOB - Sindo Bldg. 65-4 
2~ Chungmurq 
Seoul 
Tol: 778-3198 
TELEX: K23459 

./. 

ITALY 
Advanced Micro Devices S.RL 

~=oD~::.a~! Piano 
1-20090 MI2 - Segrat. 
Tel: (02) 215 4913-4-5 
Tolefa,c (02) 656878 
TLX: via Milano P.O. 311250PPMI 

'" 
leew'*unlernatiOnal, Inc. 
C.P.O. So'·.4046 
Seoul 
Tol: 28-5927\ 

778-583\ ' 
TELEX: K25582 

NEWZEALANO 

~:6:Se:xn~~:~~~r~:;i' I'~'-
Auckland 
Tol: 19! 543 214 " / 

9 546745 ~, 
TELEX: NZ2591 

NORWAY 
AlS Kjoll Bakke 

~.Y8~~x 41~3 
N-2011 Stroemmen 
Tol: (02) 71 18 72 

(02) 7143 30 
TELEX: 19407 

SOUTH AFRICA 
South Continental Oovieos (Ply.) Ltd. 
P. O. Sox 56420 
Pi~rie2123 
Tol: 011) 789-2400 
TEL : 4-24849 

SOUTH AMERICA 
Intectra 
2349 Charloston Road 
Mountain View, CA 94043 
Tel: (415) 967-11818/25 
TELEX: 345 545 

SPAIN 
Regula SA 
Avda. de Aaman y Cajal, S 
Madrid-16 
Tol: (1) 459 33 00104108 
TELEX: 42 207 

SWEDEN 
Svensk Teleindustri AS 
Sox 5024 
5-182 05 VAllingby 
Tol: (08) 89 04 35 
TELEX: 13033 

SWITZERLAND 
Kurt Hirt AG 
Thurgauerstr.74 
CH-8050 Zuerich 
Tel: (00411) 51 21 21 
TELEX: 53461 

TAIWAN 
Multitech America Co. 
19046 Bonnet Way 
Saratoga, CA 9507.0 
Tel: (408) 867-6201 

Mul1itech International Corp. 
2nd Floor 
977 Min Shen E. Road 
Taipei, 105, R.O.C. 
Tel: 768-1232 
CABLE: MULTIIC 

Everdata International Corp. 
11IF 219, Chung Hsiao E. Rd. 
Sec. 4, Taipei 
Tel: 752-9911 
TELEK 21528 

JAPAN 
Advanced Micro Devices. K.K. 

~~~~ K~~::a::~~n¥_Chome 
Suginami-ku, Tokyo 168 
Tel: (03) 329-2751 
TELEX: 2324064 

UNITED KINGDOM 
Advanced Micro Devices (U.K.) Ltd. 
A.M.D. House. 
Goldsworth Road, 
Woking, 
Surrey GU21 1JT 
Tol: Woking (24862) 22121 
TELEX: 859103 

UNITED KINGDOM 
Candy Electronic Components 
Eden House 
32 Woll Road 
Maidstone, Kent ME14 1XL 
Tel: (0622) 54051 
TELEX: 965633 

Hawke-Cramer Components Ltd. 
Hawke House 
Groen Street 
Sunbury-on-Thame's 
Middlesex TW16 6RA 
Tol: (01) 979-7799 
TELEX: 923592 

oage (Graat Britain), Ltd. 
Haywood House 
64 High Street 
Pinner, Middt9sex, HAS SQA 
Tol: (01) 868·0028 
TELEX: 24506 

ITT Electronic Services 

~:~~~ssv:~y CM20 2DF 
Tol: Harlow (0279) 26777 
TELEX: 81146 

Memec, Ltd. 
Thame Park Industrial Estate 
Thame 
Oxon OX93RS 
Tel: Thame (084 421) 3146 
TELEX: 837508 

Quarndon Electronics 
~emiconductors) Ltd. 

iackLane 
Derby DE3 3ED 
Tol: Oerby (0332) 32651 
TELEX: 37163 



ADVANCED 
MICRO 

DEVICES, INC. 
901 Thompson Place 

PO. Box 453 
Sunnyvale, 

California 94086 
(408) 732·2400 

TWX: 910-339-9280 
TELEX: 34-6306 


