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1K STATIC RAMs

PRODUCT SELECTOR GUIDE

Power Dissipation (mW)

Part Access Supply Temp.

Number Organization Time (ns) Standby Active Pins | Voltage (V) Range Package
Am9101A 256 x 4 500 47 290 22 5 C,M D,P
Am31LO1A 256 x 4 500 38 173 22 5 C,M D,P
Am9101B 256 x 4 400 47 290 22 5 C,M D,P
Am91L01B 256 x 4 400 38 173 22 5 C, M D,P
Am9101C 256 x 4 300 47 315 22 5 C,M D,P
Am91L01C 256 x 4 300 38 189 22 5 C,M D, P
Am9101D 256 x 4 250 47 315 22 5 C,M D,P
Am9111A 256 x 4 500 47 290 18 5 C,M D, P
Am91L11A 256 x 4 500 38 173 18 5 C,M D, P
Am9111B 256 x 4 400 47 290 18 5 C,M D, P
Am91L11B 256 x 4 400 38 173 18 5 C,M D, P
Am9111C 256 x 4 300 47 315 18 5 C,M D, P
AmgiL11C 256 x 4 300 38 189 18 5 C,M D, P
Am9111D 256 x 4 250 47 315 18 5 C D, P
Am9112A 256 x 4 500 47 290 16 5 C,M D,P
AmIiL12A 256 x 4 500 38 173 16 5 C,M D, P
Am9112B 256 x 4 400 47 290 16 5 C,M D, P
AmgiL12B 256 x 4 400 38 173 16 5 Cc,M D,P
Am9112C 256 x 4 300 47 315 16 5 C,M D, P
Am91L12C 256 x 4 300 38 189 16 5 C,M D, P
Am9112D 256 x 4 250 47 315 16 5 C D, P

4K STATIC RAMs
Am9044B 4096 x 1 450 350 18 5 C,M D, P
Am90L44B 4096 x 1 450 250 18 5 C,M D, P
Am39044C 4096 x 1 300 350 18 5 C,M D, P
Am90L44C 4096 x 1 300 250 18 5 C,M D,P
Am9044E 4096 x 1 200 350 18 5 C D,P
Am9244B 4096 x 1 450 150 350 18 5 Cc,M D, P
Am92L44B 4096 x 1 450 100 250 18 5 C,M D, P
Am9244C 4096 x 1 300 150 350 18 5 Cc,M D, P
Am92L44C 4096 x 1 300 100 250 18 5 C,M D, P
Am9244E 4096 x 1 200 150 350 18 5 C D,P
Am9114B 1024 x 4 450 350 18 5 C,M D,PF
Am91L14B 1024 x 4 450 250 18 5 C,M D,PF
Am9114C 1024 x 4 300 350 18 5 C,M D,P,F
Amg1L14C 1024 x 4 300 250 18 5 Cc,M D,P,F
Am9114E 1024 x 4 200 350 18 5 C D, P
Am9124B 1024 x 4 450 150 350 18 5 CcC,M D,P,F
Am91L24B 1024 x 4 450 100 250 18 5 C,M D,P,F
Am9124C 1024 x 4 300 150 350 18 5 C,M D,P,F
Am91L24C 1024 x 4 300 100 250 18 5 C,M D,P, F
Am9124E 1024 x 4 200 150 350 18 5 C D, P
Am9130A 1024 x 4 500 84 578 22 5 C,M D,PF
Am91L30A 1024 x 4 500 72 367 22 5 C,M D, P, F
Am9130B 1024 x 4 400 84 578 22 5 C,M D,P,F
Am91L30B 1024 x 4 400 72 367 22 5 C,M D, P, F
Am9130C 1024 x 4 300 84 578 22 5 C,M D,P,F
Am91L30C 1024 x 4 300 72 367 22 5 C,M D,P,F
Am9130D 1024 x 4 250 84 578" 22 5 C,M D,PF
Am91L30D 1024 x 4 250 78 367 22 5 C D, P
Am9130E 1024 x 4 200 84 578 22 5 C D,P
Am9131A 1024 x 4 500 84 578 22 5 C,M D,P,F
Am91L31A 1024 x 4 500 72 367 22 5 C,M D,PF
Am9131B 1024 x 4 400 84 578 22 5 C,M D,PF
Am91L31B 1024 x 4 400 72 367 22 5 C,M D, P F
Am9131C 1024 x 4 300 84 578 22 5 C,M D,PF
Am91L31C 1024 x 4 300 72 367 22 5 Cc,M D,PF
Am9131D 1024 x 4 250 84 578 22 5 C D, P
Am91L31D 1024 x 4 250 72 367 22 5 o] D,P
Am9131E 1024 x 4 200 84 578 22 5 C D, P
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PRODUCT SELECTOR GUIDE (Cont.)

1
' 4K STATIC RAMs (Cont.)

Part Access Power Dissipation (mW) Supply Temp.

Number Organization Time (ns) Standby Active Pins | Voltage (V) Range Package
Amg140A 4096 x 1 500 84 578 22 5 C,M D,PF
AmI1L40A 4096 x 1 500 72 367 22 5 C,M D,PF
Am9140B 4096 x 1 400 84 578 22 5 C,M D,PF
AmgiL40B 4096 x 1 400 72 367 22 5 C,M D,PF
Am9140C 4096 x 1 300 84 578 22 5 C,'M D,PF
Am91L40C 4096 x 1 300 72 367 22 5 Cc,M D,P,F
Amg140D 4096 x 1 250 84 578 22 5 C D,P
Am91L40D 4096 x 1 250 72 367 22 5 C D,P
Am91L40E 4096 x 1 200 84 578 22 5 o] D,P
Am9141A 4096 x 1 500 84 367 22 5 C,M D,PF
Am9iL41A 4096 x 1 500 72 578 22 5 C,M D,PF
Am91418 4096 x 1 400 84 367 22 5 C,M D, P, F
Am91L41B 4096 x 1 400 72 578 22 5 C,'M D,PF
Am9141C 4096 x 1 300 84 367 22 5 C,M D,P,F
Am91L41C 4096 x 1 300 72 578 22 5 C,M D, P F
Am9141D 4096 x 1 250 84 367 22 5 C D, P
Am91LAD 4096 x 1 250 72 578 22 5 C D, P
Am9141E 4096 x 1 200 84 367 22 5 C D, P
Am9147-70 4096 x 1 70 100 800 18 5 C D, P
Am9147-55 4096 x 1 55 150 900 18 5 C D, P

DYNAMIC RAMs
Part Access Power Dissipation (mW) Supply Temp.

Number Organization Time (ns) Standby Active Pins | Voltage (V) Range Package
AmM9016C 16384 x 1 300 8 175 16 +12 £5 C, L P,D, F
Am39016D 16384 x 1 250 8 175 16 +12 =5 C L P,D,F
Am9016E 16384 x 1 200 8 175 16 +12 =5 C,L P, D
Am9016F 16384 x 1 150 8 175 16 +12 +5 C P, D

ROMs
Part Access Time Temp. Supply Operating Power

Number Organization (nsec) Range Voltages Max (mW) Outputs
Am9214 512 x 8 500 C,M +5 263 3-State
Am9208B 1024 x 8 400 C,M +5, +12 620 3-State
Am9208C 1024 x 8 300 C,M +5, +12 620 3-State
Am9216B 2048 x 8~ 400 C, M +5, +12 660 3-State
Amg216C 2048 x 8 300 (o} +5, +12 700 3-State
8316A 2048 x 8 550 C,M +5 515 3-State
Am9217A 2048 x 8 550 C,M +5 368 3-State
Am92178 2048 x 8 450 C,M +5 368 3-State
8316E 2048 x 8 450 C.M +5 499 3-State
Am9218B 2048 x 8 450 C,M +5 368 3-State
Am9218C 2048 x 8 350 o] +5 368 3-State
Am9232B 4096 x 8 450 C,M +5 420 3-State
Am9232C 4096 x 8 300 (o} +5 420 3-State
Am9233B 4096 x 8 450 C,M +5 420 3-State
Amg233C 4096 x 8 300 C +5 420 3-State
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PRODUCT SELECTOR GUIDE (Cont.)

U.V. ERASABLE PROMs

Part Access Temp. Operating Power — Supply Number

Number Organization Time (ns) Range Act/Stby Max (mW) Voltages Outputs of Pins
AmM1702A 256 x 8 1000 CE 676 -9, +5 3-State 24
Am1702AL 256 x 8 1000 CE - -9, +5 3-State 24
Am1702A-1 256 x 8 550 CE 676 -9, +5 3-State 24
Am1702AL-1 256 x 8 550 C.E - -9, +5 3-State 24
Am1702A-2 256 x 8 650 CE 676 -9, +5 3-State 24
Am1702AL-2 256 x 8 650 CE - -9, +5 3-State 24
Am9708/2708 1024 x 8 450 C,M 800 +5, +12, -5 3-State 24
Am2708-1 1024 x 8 350 c 800 +5, +12, -5 3-State 24
Am2716 2048 x 8 450 c 525/132 +5 3-State 24
Am2716-1 2048 x 8 350 c 525/132 +5 3-State 24
Am2716-2 2048 x 8 390 c 525/132 +5 3-State 24
AmM2732 4096 x 8 450 c 7871157 +5 3-State 24

FIRST-IN FIRST-OUT MEMORIES

Fullness Output Package Data Rate Temp.
Part Number Organization Serial I/O Flag Enable Pins MHz Range
Am2812 32x8 Yes Yes Yes 28 . 0.5 C, E*
Am2812A 32x8 Yes Yes Yes 28 1.0 C.E
Am2813 32x9 No Yes Yes 28 0.5 C E
Am2813A 32x9 No Yes Yes 28 1.0 C E
Am2841 64 x 4 No No No 16 1.0 C E
Am2841A 64 x 4 No No No 16 1.2 [}
SHIFT REGISTERS
Part Capacity/ Speed Supply Clock TTL Recirc

Number Organization Mode (MHz)  Voltages Phases Clocks Logic - Pins Output
Am1507 Dual 100 Dynamic 2 +5, -5 Two No No 8 Single-ended
Am2802 Quad 256 Dynamic 10 +5, -5 Two No No 16 Single-ended
Am2803 Dual 512 Dynamic 10 +5, -5 Two No No 8 Single-ended
Am2804 Single 1024 Dynamic 10 +5, -5 Two No No 8 Single-ended
Am2805/Am2807 Single 512 Dynamic 4 +5, =5 Two No Yes 10/8 Single-ended
Am2808 Single 1024 Dynamic 4 +5, -5 Two No Yes 8 Single-ended
Am2827 Single 2048 Dynamic 6 +5, -10.5 Two No Yes 8 Push-pull
Am9401/Am2401 Dual 1024 Dynamic B 2 +5 ( One Yes Yes 16 Single-ended
Am2809 Dual 128 Static 2.5 +5, ~12 One Yes Yes 8 Push-pull
Am2814 Dual 128 | Static ] 2.5 +5, =12 One Yes Yes 16 Push-pull
Am2833 Single 1024 Static 2 +5, ~12 One Yes Yes 8 Push-pull
Am2847 Quad 80 Static 3 +5, —12 One Yes Yes 16 N Push-pull
Am2855 Quad 128 Static 25 +5, —12 One Yes Yes 16 Push-pull
Am2856 Dual 256 Static 2.5 +5, —12 One Yes Yes 10 Push-pull
Am2857 Single 512 Static 2.5 +5, —12 One Yes Yes 8 Push-pull

*E is extended temperature range, —55°C to 85°C.

1-3



UNDERSTANDING THE AMD ROM P/N

Example:
AM 9218 B PC 31500
Basic Device Customer Identifier

A unique 5 digit code
that is assigned to
each customer pattern.

Speed Packagé Type Operating Temperature Range

A = 500 or 550nsec P = Plastic C=0C=Ta=s70C

B = 400 or 450nsec D = Side-Brazed I = -25°C < Tp < +85°C

C = 300 or 350nsec C = Cerdip L = Special

D = 250nsec M = —=55°C = Ty < +125°C




MOS MEMORY CROSS REFERENCE

AMI

S3514
S4216B
S4264
S6831A
$6831B
568332
S8865

EA

EA-2308A
EA-2316A/8316A
EA-2316E/8316E
EA-4700
EA-8332

FAIRCHILD

F16K
F2114
F2114L
F2533
F2708
F3341
F3341A
F3347
F3357-2
F3508
F3514
F3515
F3516E

G.l.

RO3-8316
RO3-9322

INTEL

1402A
1403A
1404A
1405A

1406

1407

1506

1507

1702

1702A
1702AL
2101A/8101A
2111A/8111A
2112A

2114

2114L

217

2147

2148
2308/8308
2316A/8316A
2316E/8316E
2332

2364
2401
2405
2708

AMD

Am9214
Am9218
Am9264
Am9217
Am9218
Am9232
Am9208

AMD

Am9208
Am8217
Am9218
Am9208
Am9232

AMD

Am9016
Am9114
Am9114
Am2833
Am2708
Am2841
Am2841A
Am2847
Am2847
Am9208
Am9214
Am9214
Am9216

AMD

Am9217
Am9232

AMD

Am2802
Am2803
Am2804
Am2805
Am1406
Am1407
Am1506
Am1507
Am9708
Am1702A
Am1702AL
Am9101
Amgiti
Am9112
Am9114
Am9114
Am9016
Amg147
Amg148
AmS208
Amg@217
Am9218
Amg233
Am9265
Am2401
Am2405
Am2708

MOSTEK

MK1002P
MK1007
MK2147
MK2600
MK30000
MK31000
MK32000
MK34000
MK36000
MK37000
MK3702
MK3708
MK4116

MOTOROLA

MCM2114
MCM2147
MCM4116
MCM68308
MCM68332
MCM8316A
MCMB8316E

NATIONAL

MM101A
MM1402A
MM1403A
MM1404A
MM1702A
MM2101A
MM2111A
MM2112A
MM2114
MM2114L
MM2316A
MM2708
MM4006
MM4007
MM4025
MM4026
MM4027
MM4055
MM4056
MM4057
MM5025
MM5026
MM5027
MM5055
MM5057
MM5058
MM5202AQ
MM52116
MM52132
MM5214
MM52164
MM5235
MM5257
MM5258
MM5290

NEC

1PD2308
1PD2316A
wPD2316E
1PD2332

AMD

Am2810
Am2847
Amg147
Am9214
Am9208
Am9217
Am9232
Am9218
Am9264
Am9265
Am1702A
Am2708
Am9016

AMD

Am9114
Am9147
Am9016
Am9208
Am9232
Am9217
Am9218

AMD

Am1101A
Am2802
Am2803
Am2804
Am1702A
Am9101
Amgitl
Am9112
Am9114
Am9114
Am9217
Am2708
Am1406
Am1407
Am2825
Am2826
Am2827
Am2855
Am2856
Am2857
Am2855
Am2826
Am2827
Am2855
Am2857
Am2833
Am1702A
Am9218
Am9232
Amg214
Am9264
Am9265
Am9044
Am9218
Am9016

AMD

Am9208
Am9217
Am9218
Amg232

SIGNETICS

1702A
2101
2111
2112
2501
2502
2503
2504
2505
2506

SYNERTEK

SY1402
SY1403
SY1404
SY2316A
SY2316E
SY2332
S§Y2333
SY2364
8§Y2405
SY2802
SY2803
SY2804
SY2825
SY2826
SYya827
S§Y2833
SY3514
SY3515

Tl

TMS2708
TMS3114
TMS3120
TMS3128
TMS3133
TMS3406
TMS3407
TMS2412
TMS3413
TMS3414
TMS40L44
TMS4044
TMS40L45
TMS4045
TMS4116
TMS4244
TMS4245
TMS4700
TMS4732
SBP8316M

AMD

Am1702A
Am9101
Amo1ii
Am9112
Am1101
Am2802
Am2803
Am2804
Am2805
Am1406/1506
Am1407/1507
Am2806
Am2809
Am2807
Am2808
Am2847
Am2833
Am9208
Am9218
Am9216
Am9232
Am9264

AMD

Am2802
Am2803
Am2804
Amg217
Amg218
Am9232
Am9233
Am9264
Am2405
Am2802
Am2803
Am2804
AM2825
Am2826
Am2827
Am2833
Am9214
Am9214

AMD

Am2708
Am2814
Am2847
Am2809
Am2833
Am1406
Ami407
Am2802
Am2803
Am2804
Amg0L44
Amg044
Amg1L14
Am9114
Amg016
Am9244
Am9124
Am9208
Am9232
Am9218
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Random Access Memories

Am2101
Am2111
Am9016
Am9016
Am9044
Am9101
Am91L01
Am9111
Am91L11
Amg9112
Am9iL12
Am9114
Am9124
Am9130
Am91L30
Am9131
Am91L31
Am9140
Am91L40
Am9141
Am9iL41
Am9147
Am9244

NUMERICAL INDEX

Page
256 X 4 StatiC .. ... e 2-25
258 X4 S aliC . . o e e e e e 2-31
16384 x 1 Dynamic (Military Version) .......... ..o it 21
16384 x 1 Dynamic (Commercial Version) ......... ... ... i, 2-11
4096 X 1 StatiC. ..ottt e e 2-21
258 X 4 SatiC . . ot e e e 2-25
256 x4 Static. .. ... e e e e e 2-25
258 X 4 SHAtIC .. ..ottt e e 2-31
256 X 4 StAtC . ottt e e e e e 2-31
258 X 4 S atIC . . .ottt e 2-37
258 X 4 StatiC ..ottt e e e e e s 2-37
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Am9016

Extended Operating Temperature Range
16,384 x 1 Dynamic R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIQTION
e High density 16K x 1 organization The Am8016 is a high-speed, 16K-bit, dynamic, read/write ran-
o Replacement for MK4116 (P)-83/84 dom access memory. Itis organized as 16,384 words by 1 bit per
o Low maximum power dissipation — word and is packaged in a standard 16-pin DIP or 18-pin leadless
462mW active, 20mW standby chip carrier. The basic memory element is a single transistor cell
o High speed operation — 200ns access, 375ns cycle that stores charge on a small capacitor. This mechanism requires
e +10% tolerance on standard +12, +5, —5 voltages periodic refreshing of the memory cells to maintain stored
e TTL compatible interface signals information.
® Three-state output , , All input signals, including the two clocks, are TTL compatible.
® RAS only, RMW and Page mode clocking options The Row Address Strobe (RAS) loads the row address and the
® 128 cycle refreshing Column Address Strobe (CAS) loads the column address. The
¢ Unlatched data output o row and column address signals share seven input lines. Active
¢ Standard 16-pin, .3 inch wide dual-in-line package cycles are initiated when RAS goes low, and standby mode is
© Double poly N-channel silicon gate MOS technology entered when RAS goes high. In addition to normal read and write
® 100% MIL-STD-883 reliability assurance testing cycles, other types of operations are available to improve ver-
e Extended ambient operating temperature (=55 to +85°C) satility, performance and power dissipation.
The 3-state output buffer turns on when the column access lime
has elapsed and turns off after CAS goes high. Input and output
data are the same polarity.

BLOCK DIAGRAM

WRITE

VDD
CLOCK
RAS ’ GENERATOR WRITE —————— VCC
NO. 1 CLOCKS -

~——— vss
] l I -—— veB
MULTIPLEXED
cLOCK DATA  |e—— pATAIN
GENERATOR AT
T ' BUFFER
CLOCK
GENERATOR _‘D_M DATA | o pataour
s NO. 2 out
[oaven—L_BuFFeR
RELEASE
DUMMY CELLS
Af ettt e tin-§
AS ———— MEMORY ARRAY
Al — e
MUX 128 10F2 -
ROW ROW DATA
e e L0 DECODER 128 SENSE-REFRESH AMPS MU
BUFFERS 1:128 LINES SELECT
2 — 0 DATA
INQUT
J Y MEMORY ARRAY
20—
DUMMY CELLS
| _64 COLUMN _ |
[—‘ SELECT LINES
1 MUX COLUMN DECODERS
S A0-AS 10F 64

AS
MOS-180

ORDERING INFORMATION

Ambient Package Access Time
Temperature Type 300ns 250ns 200ns

Hermetic DIP AM9016CDL | AMS016DDL AM9016EDL
Chip Carrier AMQ016CZL AM9016DZL AMQ016EZL

—55°C < Ty < +85°C
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CONNECTION DIAGRAMS

Leadless
Chip Carrier bip
_ ~
DI VBB VSS CAS vasg 1 16 [ Jvss A0 —AB
o CAS
oif ]2 15 DCAS DI
WE 0o we[] 3 1 l:]Do DO
" n RAS
AAS As RAS[] 4 13 Jas
,l: Am9016 H vbb
e NC ao[]s 12[ a3 vce
A0 A3 a2[]e n]as ve
veB
A2 A4 a7 10 [(]as WE
vob[ ] s 9 [Jvee

A1 VDD VCC AS

Top Views

ADDRESS INPUTS

COLUMN ADDRESS STROBE
DATA IN

DATA OUT

ROW ADDRESS STROBE
POWER {+12V)

"POWER (+5V)

GROUND
POWER (~5V}
WRITE ENABLE

MOS-191

MAXIMUM RATINGS above which usefu! life may be impaired

Storage Temperature

—-65 to +150°C

Ambient Temperature Under Bias —55 to +85°C
Voltage on Any Pin Relative to VBB -0.5 to +20V
VDD and VCC Supply Voltages with Respect to VSS -1.0 to +15.0V
VBB - VSS (VDD - VSS > 0V) ov
Power Dissipation 1.0W
Short Circuit Output Current 50mA

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

Ambient Temperature VDD vcC VSS vBB
| -55C<Ty=+85C | +12v=10% | +5V =10% o | -s0v=10%
ELECTRICAL CHARACTERISTICS over operating range (Notes 1, 11) AmO016X
Parameters Description Test Conditions Min Typ Max  Units
VOH Output HIGH Voltage IOH = —5.0mA 2.4 vCC Volts
VoL Output LOW Voltage IOL = 4.2mA VSs 0.40 Volts
VIH Input HIGH Voltage for Address, Data In 2.4 7.0 Volts
VIHC Input HIGH Voltage for CAS, RAS, WE 2.7 7.0 Volts
ViL Input LOW Voltage -1.0 0.80 Volts
X Input Load Current VSS < VI =7V -10 10 uA
10Z Qutput Leakage Current VSS < VO = VCC, Output OFF -10 10 nA
IcC VCC Supply Current Output OFF (Note 4) -10 10 nA
Standby, RAS = VIHC 200
18B VBB Supply Current, Average - — - nA
Operating, Minimum Cycle Time 400
) RAS Cycling, CAS Cycling,
Operating IDD1 Minimum Cycle Times %
RAS = VIL, CAS Cycling,
IDD VDD Supply Current, Average Page Mode  IDD4 Minimum Cycle Times z mA
RAS ~ Only RAS Cycling, CAS = VIHC,
Refresh DB | \inimum Cycle Times 27
Standby IDD2 RAS = VIHC 2.25
. RAS, CAS, WE Inputs at OV, f = 1IMHz 10.0
Cl Input Capacital ) } ! F
P pacitance Address, Data In Nominal Supply Voltages 5.0 P
CcO Output Capacitance Output OFF 7.0
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Am9016 (Military)

SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10)

Am9016C Am9016D Am9016E
Parameters Description Min Max Min Max Min Max  Units
tAR RAS LOW to Column Address Hold Time 200 160 120 ns
tASC Column Address Set-up Time 0 0 0 ns
tASR Row Address Set-up Time 0 0 0 ns
tCAC Access Time from CAS (Note 6) 185 165 135 ns
tCAH CAS LOW to Column Address Hold Time 85 75 55 ns
tCAS CAS Pulse Width 185 5,000 165 5,000 135 5,000 ns
tCP Page Mode CAS Precharge Time 100 100 80 ns
tCRP CAS to RAS Precharge Time 0 0 0 ns
tCSH CAS Hold Time 300 250 200 ns
tCWD CAS LOW to WE LOW Delay (Note 9) 145 125 95 ns
tCWL WE LOW to CAS HIGH Set-up Time 100 85 70 ns
tDH CAS LOW or WE LOW to Data In Valid Hold Time (Note 7) 85 75 55 ns
tDHR RAS LOW to Data In Valid Hold Time 200 160 120 ns
tDS Data In Stable to CAS LOW or WE LOW Set-up Time (Note 7) ] 0 0 ns
tOFF CAS HIGH to Output OFF Delay 0 60 0 60 0 50 ns
tPC Page Mode Cycle Time 295 275 225 ns
tRAC Access Time from RAS (Note 6) 300 250 200 ns
tRAH RAS LOW to Row Address Hold Time 45 35 25 ns
tRAS RAS Pulse Width 300 5,000 250 5,000 200 5,000 ns
tRC Random Read or Write Cycle Time 460 410 375 ns
tRCD RAS LOW to CAS LOW Delay (Note 6) 35 115 35 85 25 65 ns
tRCH Read Hold Time 0 0 0 ns
tRCS Read Set-up Time 0 0 0 ns
tREF Refresh Interval 2 2 2 ms
tRMW Read Modify Write Cycle Time 600 500 405 ns
tRP RAS Precharge Time 150 150 120 ns
tRSH CAS LOW to RAS HIGH Delay 185 165 135 ns
tRWC Read/Write Cycle Time 525 425 375 ns
tRWD RAS LOW to WE LOW Delay (Note 9) 260 210 160 ns
tRWL WE LOW to RAS HIGH Set-up Time 100 85 70 ns
tT Transition Time 3 50 3 50 3 50 ns
tWCH Write Hold Time 85 75 55 ns
tWCR RAS LOW to Write Hold Time 200 160 120 ns
twCs WE LOW to CAS LOW Set-up Time (Note 9) 0 0 0 ns
tWP Write Pulse Width 85 75 55 ns
OTES governs. The maximum value listed for tRCD is shown for refer-

I. Typical values are for Tp = 25°C, nominal supply voltages and
nominal processing parameters.

. Signal transition times are assumed to be 5ns. Transition times
are measured between specified high and low logic levels.

. Timing reference levels for both input and output signals are the
specified worst-case logic levels,

-~ 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 135Q. In
standby mode VCC may be reduced to zero without affecting
stored data or refresh operations.

. Output loading is two standard TTL loads plus 100pF
capacitance. __

Both RAS and CAS must be low to read data. Access timing will
depend on the relative positions of their falling edges. When
tRCD is less than the maximum value shown, access time de-
pends on RAS and tRAC governs. When tRCD is more than the
maximum value shown access time depends on CAS and tCAC

ence purposes only and does not restrict operation of the part.

. Timing reference points for data input set-up and hold times wiil

depend on what type of write cycle is being performed and will be
the later falling edge of CAS or WE.

. At least eight initialization cycles that exercise RAS should be

performed after power-up and before valid operations are begun.

. The tWCS, tRWD and tCWD 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 fall-
ing edge of WE follows the falling edges of RAS and CAS by at
least tRWD and tCWD respectively, the Data Out from the ad-
dressed cell will be valid at the access time and a “read/write”
cycle is defined. The falling edge of WE may also occur at inter-
mediate positions, but the condition and validity of the Data Out
signal will not be known.

. Switching characteristics are listed inalphabetical order.
. All voltages referenced to VSS.
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ADDRESS

SWITCHING WAVEFORMS

READ CYCLE

tRC

tRCD

tCSH

1RSH

CA

TASR —f—em] 1ASC ——e|

k tRAH -o-]

{=— tCAH —=-

tCRP

T
L ROW ADDRESS

COLUMN ADDRESS

r—— tRCS ———r

tRCH

WE
1CAC
I tRAC (OFF o] o
F
Do VALID DATA E————-—-
N
MOS-192
WRITE CYCLE (EARLY WRITE)
tRC -
RAS
RAS tAR Z
- 7
1RCD WRSH P
tCSH
tCAS
o & Z
- tRAH -] [=— tCAH —=
tASR AsC 1cRP
ADDRESS m ROW ADDRESS COLUMN ADDRESS
. 2z X
1oWL |
o tWCs | e tCH ]
WE wp
RWL ]
tWeR |
oI INPUT STABLE
D! OH
(OFF) T tDHR
Do
MOS-193
READ-WRITE/READ-MODIFY-WRITE CYCLE
RMW
RAS y
s \ : \
'JZL AP —=]
tRSH
tRCD 1CSH tCRP
tcAs
= X /
—
RAH |a-tCAH-=]
tASR ase
ROW COLUMN
ADDRESS ADDRESS ADDRESS
1 RWD WL -
|- zncs.l ) tRWL |
e \
fe—— tcAC ——]
f tRAC L—— we OFF
po { OUTPUT VALID }———
X
r——tDS .I ‘-xnu-
o INPUT STABLE
MOS-194
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CaAs

ADDRESS

SWITCHING WAVEFORMS (Cont.)

RAS ONLY REFRESH CYCLE

tRC
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\__ .
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MOS-195

CAsS
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bpo

PAGE MIODE CYCLE
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e 1CP —em|

— tCAS ——|
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tRSH

S
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ROW COLUMN COLUMN COLUMN
ADDRESS - ADDRESS ADDRESS ADDRESS
‘ l—o—mnc—» tOFF
tCAC ——e=| |=—=t— tOFF
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= / —- ~
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A

e

= e ey — ORI
; RN
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l——ms—— f=—— tDH

00.00
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XXXXXXX)
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XXXXXXXAIIXXXX)
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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 WE line

high and follow this sequence of events:

1) 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 highuntil avalid 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 before 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 external clocks
are used to control the multiplexing. The Row Address Strobe
(RAS) enters the row address bits and the Column Adgress
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,
allowing 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. By inserting the row address 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 may be held high while RAS is cycled and
the appropriate row addresses are input. Power required for
refreshing is minimized 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 are 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 WE.

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 theroutput state during write operations
by controiling 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 is minimized
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 VBB should
never be more positive than VSS when power isapplied to VDD,
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TYPICAL CHARACTERISTICS

Typical Access Time Typical Access Time Typical Access Time
(Normalized) (Normalized) (Normalized)
tRAC Versus VDD tRAC Versus VBB tRAC Versus VCC
12 T _ 12 T 12
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Typical Access Time (Normalized)

tRAC Versus Typical Operating Current Typical Standby Current
Case Temperature IDD1 Versus VDD IDD2 Versus VDD
14 v 30 T 14 T
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8 12 / 25 12
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- % ~ ——
=
/
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Tc, CASE TEMPERATURE - °C VDD ~ VOLTS VDD —~ VOLTS
Typical Page Mode Typical Operating Current
Typical Refresh Current Current . 1DD1 Versus
IDD3 Versus VDD IDD4 Versus VDD Case Temperature
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14 14 e 25 !
/ o0 o
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Case Temperature Case Temperature Case Temperature
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12 [ ~l tPc
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TYPICAL CHARACTERISTICS (Cont.)
Input Voltage Levels Input Voltage Levels Input Voltage Levels
Versus VDD Versus VDD Versus VBB
3.0 T 3.0 T 3.0 T
Te = 23°C Tc = 23°C Tg = 23°C
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Y-Address Lines
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18-Pin Leadless Chip Carrier

F
G
e H ——=]
NO. 1 LEAD
_ \ ]
L 9T 11T
co [l N

PHYSICAL DIMENSIONS

NAN
W

L

Reference Inches  Millimeters
Symbol Min_| Max | Min | Max |Notes

A .350 360 | 8.89 9.14

B8 330 340 | 8.38 864

C 275 .285 | 6.99 7.24

D 235 245 | 5.97 622

E .285 295 | 7.24 7.37

F 265 275 | 6.73 6.99

G 210 220 | 5.33 5.59

H 170 .180 | 4.32 457

J 042 .048 | 1.07 1.22

K 012 .018 | 0.33 0.46

L 012 .018 | 0.33 0.46

M 040 .050 | 1.02 127

N .020 .030 | 0.51 0.76 5
P 045 055 | 1.14 140 2
Q 008R 0.20R 5
R .012R 0.30R 3
S

090 110 [ 229 2.79 1

Notes:

1. Index area: A notch, identification mark or elongation

shall be used to identify pin 1.

14 spaces.

. Applies to all four corners.

. Shaded areas are metallized to facilitate external
connections.

5. 18 locations.

6. No organic or polymeric materials shall be molded to the

package.

~ W

16-Pin Hermetic

LA WA W W W WA Wl

? 16 9

d-
q
d
d
g
d
1]
o

L,

Q

L

SEATING
PLANE

?

Ey

e

Ret. Inches
Symbol Min | Max
A 1130 | .200
b 016 | .020
by 050 | .070
c 009 | .011
745 | .785
E 240 | 310
Eq 290 | .320
e 090 | .10
L 125 | .150
015 | .060
S 005
« 3 13°
Standard
Lead b
Finish

Metallization and Pad Layout

f

Sxz2
L NN 1

DIE S1ZE 0.106” X 0.205"
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Am9016

16,384 x 1 Dynamic R/W Random Access Memory

GENERAL DESCRIPTION

The Am9016 is a high speed, 16k-bit, dynamic, read/write
random access memory. It is organized as 16,384 words by
1 bit per word and is packaged in a standard 16-pin DIP. The
basic memory element is a single transistor cell that stores
charge on a small capacitor. This mechanism requires periodic
refreshing of the memory cells to maintain stored information.

All input signals, including the two clocks, are TTL compatible.
The Row Address Strobe (RAS) |oads the row address and the
Column Address Strobe (CAS) loads the column address. The
row and column address signals share 7 input lines. Active
cycles are initiated when RAS goes low, and standby mode is
entered when RAS goes high. In addition to normal read and
write cycles, other types of operations are available to improve
versatility, performance, and power dissipation.

DISTINCTIVE CHARACTERISTICS

® High density 16k x 1 organization
® Direct replacement for MK4116
© Low maximum power dissipation —

462mW active, 20mW standby
High speed operation — 150ns access, 320ns cycle
+10% tolerance on standard +12, +5, —5 voltages
TTL compatible interface signals
Three-state output
RAS only, RMW and Page mode clocking options
128 cycle refreshing
Unlatched data output
Standard 16-pin, .3 inch wide dual in-line package
Double poly N-channel silicon gate MOS technology
1C0% MIL-STD-883 reliability assurance testing

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
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I MOS-190
ORDERING INFORMATION
Ambient Package Access Time
Temperature Type 300ns 250ns 200ns 150ns
0°C < Ty < +70°C Hermetic DIP AM9016CDC AM9016DDC AM9016EDC AMS016FDC
COAT Molded DIP | AM9016CPC | AM9016DPC | AMSO16EPC | AMSO16FPC
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Am9016 (Commercial)
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CONNECTION DIAGRAM
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DATA IN
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WRITE ENABLE

voo[T] 8

Top View
Pin 1 is marked for orientation.

MOS-191

MAXIMUM RATINGS beyond which usefu! life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

0°C to +70°C

Voltage on Any Pin Relative to VBB —-0.5V to +20V
'VDD and VCC Supply Voltages with Respect to VSS -1.0V to +15.0V
VBB — VSS (VDD - VSS > 0V) ov
Power Dissipation - 1.0W
Short Circuit Output Current 50mA

The products described by this specification include internal 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 Temperature
| 0°C < Ty =< +70°C

VDD vCcC VSs
| +12v=10% | +sv=t0% | o

VBB
| -s0v=10% |

ELECTRICAL CHARACTERISTICS over operating range (Notes 1, 11)

Am9016X
Parameters Description Test Conditions Min. Typ. Max. Units
VOH Output HIGH Voltage IOH = —-5.0mA 24 vcc Volts
voL Output LOW Voltage IOL = 4.2mA VSS 0.40 Volts
VIH Input HIGH Voltage for Address, Data In 24 7.0 Volts
VIHC Input HIGH Voltage for CAS, RAS, WE 2.7 7.0 Volts
ViL Input LOW Voltage -1.0 0.80 Volts
X Input Load Current V8S s Vis 7V -10 10 MA
10Z Output Leakage Current VSS =< VO = VCC, Output OFF -10 10 nA
ICC VCC Supply Current Output OFF (Note 4) -10 10 HA
1BB VBB Supply Current, Average Standb.y, HA?% VIHC - 100 HA
Operating, Minimum Cycle Time 200

Oparing 1001 | e Ol A8 i .
IDD VDD Supply Current, Average Page Mode  IDD4 aﬁ'l?min\'l/ I(l.:,yg: iizﬁmg' 27 mA

RAS Only IDD3 R—/-@ Cycling, CTS = VIHC, 27

Refresh Minimum Cycle Times

Standby IDD2 | RAS = VIHC 1.5

RAS, CAS, WE = :
cl Input Capacitance Address, Data In I"Tgfl::;;tgl\lll;gly \;:'ﬂggzés 5"(’) pF
co Output Capacitance Output OFF 7.0
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Am9016 (Commercial)

SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10)

Am9016C Am3016D AmS016E Am9016F
Parameters Description Min Max Min Max Min Max Min Max  Units
tAR RAS LOW to Column Address Hold Time 200 160 120 95 ns
tASC Column Address Set-up Time -10 -10 -10 -10 ns
tASR Row Address Set-up Time 0 0 0 0 ns
tCAC Access Time from CAS (Note 6) 185 165 135 100 ns
tCAH CAS LOW to Column Address Hold Time 85 75 55 45 ns
tCAS CAS Pulse Width 185 10,000 165 10,000 135 10,000 100 10,000 ns
tcP Page Mode CAS Precharge Time 100 100 80 60 ns
tCRP CAS to RAS Precharge Time -20 -20 -20 ~20 ns
tCSH CAS Hold Time 300 250 200 150 ns
tCWD CAS LOW to WE LOW Delay (Note 9) 145 125 95 70 ns
tCWL 'WE LOW to CAS HIGH Set-up Time 100 85 70 50 ns
{DH gg\lij #%V;/ ?,;c\)lt\leE;).OW to Data In Valid 85 75 55 45 ns
tDHR RAS LOW to Data In Valid Hold Time 200 160 120 95 ns
©5 | TELOW Setup Tme (Note 0 0 0 0 s
tOFF CAS HIGH to Output OFF Delay 0 60 0 60 0 50 0 40 ns
tPC Page Mode Cycle Time 295 275 225 170 ns
tRAC Access Time from RAS (Note 6) 300 250 200 150 ns
tRAH RAS LOW to Row Address Hold Time 45 35 25 20 ns
tRAS RAS Pulse Width 300 10,000 250 10,000 200 10,000 150 10,000 ns
tRC Random Read or Write Cycle Time 460 410 375 320 ns
tRCD RAS LOW to CAS LCW Delay (Note 6) 35 115 35 85 25 65 20 50 ns
tRCH Read Hold Time 0 0 ns
tRCS Read Set-up Time 0 0 0 ns
tREF Refresh Interval 2 2 2 2 ms
tRMW Read Modify Write Cycle Time 600 500 405 320 ns
tRP RAS Precharge Time 150 150 120 100 ns
tRSH CAS LOW to RAS HIGH Delay 185 165 135 100 ns
tRWC Read/Write Cycle Time 525 425 375 320 ns
tRWD RAS LOW to WE LOW Delay (Note 9) 260 210 160 120 ns
tRWL WE LOW to RAS HIGH Set-up Time 100 85 70 50 ns
T Transition Time 3 50 3 50 3 50 3 35 ns
tWCH Write Hold Time 85 75 55 45 ns
tWCR RAS LOW to Write Hold Time 200 160 120 95 ns
wes —(VXE:%‘)N lo CAS LOW Set-up Time -20 -20 -20 20 ns
tWP Write Pulse Width 85 75 55 45 ns
NOTES maximum value listed for tRCD is shown for reference purposes

1.

2.

o«

Typical values are for Tp = 25°C, nominal supply voltages and
nominal processing parameters.

Signal transition times are assumed to be 5ns. Transition times are
measured between specified high and low logic levels.

. Timing reference levels for both input and output signals are the

specified worst-case logic levels.

. 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 135¢}. In standby mode
VCC may be reduced to zero without affecting stored data or refresh
operations.

. Output loading is two standard TTL loads plus 100pF capacitance.
. Both RAS and CAS must be low to read data. Access timing will

depend on the relative positions 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 on CAS and tCAC governs. The

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 tCWD parameters are shown for reference

10.
11.

2-13

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.
Switching characteristics are listed in alphabetical order.

All voltages referenced to VSS.




Am9016 (Commercial)

SWITCHING WAVEFORMS
READ CYCLE
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MOS-192

‘WRITE CYCLE (EARLY WRITE)
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READ-WRITE/READ-MODIFY-WRITE CYCLE
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SWITCHING WAVEFORMS (Cont.)

RAS ONLY REFRESH CYCLE
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PAGE MODE CYCLE
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Am9016 (Commercial)

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 WE line

high and follow this sequence of events:

1) 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.
Aread/write cycle holds WE highuntil avalid 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 before 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 external clocks
are used to control the multiplexing. The Row Address Strobe
{RAS) enters the row 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,
allowing 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. By inserting the row addrgss 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 Am3016 is a dynamic memory and each ce!l 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 may be held high while RAS is cycled and
the appropriate row addresses are input. Power required for
refreshing is minimized 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 are 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 WE.

In the read cycle the data is read by maintainingWE 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 is minimized
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 VBB should
never be more positive than VSS when power is applied to VDD,
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Input Voltage Levels

TYPICAL CHARACTERISTICS (Cont.)
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Metallization and Pad Layout

DIE SIZE 0.106” X 0.205"
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Am9044 -

Am9244

4096 x 1 Static R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS
o LOW OPERATING POWER (MAX)

Am9044/Am9244 385mW (70mA)

Amg0L44/AmI2La4 275mW (50mA)
e LOW STANDBY POWER (MAX)

Am92L44 110mW (20mA)

® Access times down to 200ns (max)

o Military temperature range available to 250ns (max)

® Am9044 is a direct plug-in replacement for 4044

® Am9244 pin and function compatible with Am8044 and
4044 plus CS power down feature

® Fully static — no clocking

® |dentical access and cycle time

e High output drive —
4.0mA sink current @ 0.4V

e TTL identical interface logic levels

® 100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The AmS044 and Am9244 are high performance, static, N-
Channel, read/write, random access memories organized as
4096 x 1. Operation is from a single 5V supply, 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 165mW in the
standby mode, and the Am92L44 from 275mW to 110mW. The
CS 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.

BLOCK DIAGRAM

CONNECTION DIAGRAM
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MOS-256 Pin 1 is marked for orientation. MOS-257
ORDERING INFORMATION
Access Times
icc AmS044 Am9244
Ambient Package | Current
Temperature Type Level 450ns 300ns 250ns 200ns 450ns 300ns 250ns 200ns
Plastic 70mA AM9044BPC AM9044CPC AMS044DPC AMSO044EPC AM9244BPC AM9244CPC | AM9244DPC AMG244EPC
{
0°C < Ty < +70°C 50mA | AMSOL44BPC | AMIOL44CPC | AMSOL44DPC AMS2L44BPC | AMI2L44CPC | AM92L44DPC
A Hermeti 70mA | AM9044BDC | AM9044CDC | AM9044DDC | AM9O44EDC | AMS244BDC | AM9244CDC | AM9244DDC | AM9244EDC
emetic 50mA | AM90L44BDC | AM9OL44CDC | AMOL44DDC AM92L44BDC | AM92L44CDC | AM92L44DDC
S5°C < Ty < +125C Hermeti 90mA | AM9044BDM | AM9044CDM | AM9044DDM AM9244BDM | AM9244CDM | AM9244DDM
- ic
A 60mA | AMIOL44BDM | AM9OL44COM AM921.44BDM | AM92L44CDM
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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 vCC Part Number Ambient Temperature VSS vccC
Am9044DC/PC Am9044DM
Am90L44DC/PC . " Am90L44DM . o )
Am9244DC/PC 0°C = Ty < +70°C oV | +5.0V =10% AmM9244DM 55°C = Tp < +125°C ov +5.0V +10%
Am92L44DC/PC Am92L44DM
ELECTRICAL CHARACTERISTICS overoperating range Am9244XX Am9044XX
Am92L44XX Am90L44XX
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
. VOH = 2.4V VCC =4.5V 70°C -1.0 -1.0
IOH Output High Current mA
VOH = 2.4V VCC = 4.5V 125°C -4 -4
Ta=+70°C 4.0 4.0
1oL Output Low Current VOL = 0.4V mA
: Ta = +125°C 3.2 3.2
VIH Input High Voltage 2.0 vCC 2.0 VCC | Volts
VIL InputLow Voltage -0.5 0.8 -05 0.8 | Volts
11X Input Load Current VSS=<VI<VCC 10 10 pA
< Ta=+125°C -50 50 -50 50
10z Output Leakage Current 04V< VQ <VCC A uA
Output Disabled Ta=+70°C -10 10 -10 10
Cl Input Capacitance (Note 1) TestFrequency = 1.0MHz 3.0 5.0 3.0 5.0
— 0, H pF
clio /O Capacitance (Note 1) Ta= 25°C, Allpins atOv 50 | 6.0 50 | 6.0
ELECTRICAL CHARACTERISTICS overoperating range
Am92L44 Am9244 Am90L44  Am9044
Parameter  Description Test Conditions Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units
1cc VCC Operating Max. VCC CS < VIL Tp=0C 50 70 50 70 A
Supply Current for Am9244/92L44 Tp = —55°C 60 80 60 80 m
Automatic CS Power | Max. Vee Tp=0C 20 30 - -
IPD — mA
Down Curient (CS=Vy) Tp = —55°C 22 33 - —

Notes:

4. The internal_write time_of the memory is defined by the

1.

2.

Typical values are for Ty = 25°C, nominal supply voltage
and nominal processing parameters.

For test purposes, not more than one output at a time
should be shorted. Short circuit test duration should not
exceed 30 seconds.

. 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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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.

. Chip Select access time (tgp) 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 fo
tco to elapse.



Am9044 « Am9244

SWITCHING CHARACTERISTICS over operating range (Note 3)

Am9044B AmS044C Am9044D AmS044E
Am9244B Am9244C Am9244D Am9244E

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Units
Read Cycle
{RC :\::;ng:%f;iﬁ_ lt:‘ Pi\)ddress Do Not Care Time 450 300 250 200
w | s e e ot e o
tCo Chip Select Low to Data Out Valid (Note 5) Am9044 100 100 s 0
Am9244 450 300 250 200 ns
tCX Chip Select Low to Data Out On 20 20 20 20
tOTD 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
tWC ?\:]ﬂ:sgy\é‘aéii ::1 e/;ddress Do Not Care Time 450 300 250 200
W Write Enable Low to Am9044 200 150 100 100
Write Enable High Time (Note 4) Amg244 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
tDW 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 (o] 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
cw Chip Select Low to Write Enable High Time | Am9044 200 150 100 100
(Note 4) Am9244 250 | 200 150 150
tWo Write Enable High To Output Turn On 100 100 70 70

SWITCHING WAVEFORMS

i REM:RCCYCLE i i nEA?R%VCLE i i WAITE %VCLE
oo G YK i
”_(Ngi'vzl 4§

= AKX (XRXX)
sEECT LR A0

tAw 4—4—‘WR
tw
(NOTE 4)
WRITE
ENABLE |e———tCO <—t004‘

t0TD—
_-_:cx—‘ | «:x—A—..’
XX/ ourrur NXX) XX

P ot QA vawo ARy o
(ADI;?(ESS - L (AD!;:ESS_—I L ,1 — }—‘mu
ACCESS) tOHA ACCESS} 1OHA |- tDW-y
e St smeie AKY

POWER DOWN WAVEFORM (Am9244 ONLY)

CHIP
SELECT
MOS-258
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Am9044 - Am9244

TYPICAL CHARACTERISTICS

Figure 1. Bit Mapping Information.

Typical ICC Typical tacc Typical C Load Versus
Versus VCC Characteristics Versus VCC Characteristics Normalized tacc Characteristics
1,50 ——— 1.2 —— 1.15
Ta = 25°C Ta = 25°C Tp = 25°C
1.25 110 _
Q g 11 9 ~
9,00 g 8
3 s E—
a Q N o 1.05 ]
N Amg044 AND Am9244 w [
2 075 ACTIVE] N 10 N L~
o ( ) 3 ATn3043 AND Amo2aa 3 Am044 AND Am9244
= = S 100
@ panN T
& o050 7 ~ [ g
z / / Z 09 z
025 0.95
Am9244 (STAND BY)
[ 1 1
0 . 0.90
0o 1 2 3 4 5 6 7 %80 a5 50 55 60 100 200 300 200
vee vee CAPACITANCE LOAD — pF
Normalized tacc Normalized ICC
Versus Ambient Temperature Versus Ambient Temperature
14 T 13 ‘
VCC = 5.0V VCC = 5.0V
1.3 1.2
g 12 e g 14 ™
a Am9044 AND Am924 / 2 N AmS044 AND AmS244
N o1 1 Y 0
] ]
=
[
§ 1.0 = § 0.9
0.9 /'/ 08 I~
0.8 07
—55 _25 0 25 50 70 100 125 -85 -25 0 25 50 70 100 125
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C
MOS-259
BIT MAP
Ay A2 Vee A3
A 3 2 1 Vep 18 17 16 A
15 A
Address Designators he s
External Internal
A0 A2
Al Al
A2 A0
A3 A8
A4 A9
A5 A10
A8 A3
A7 A4
A8 A5
A9 A7
A10 A6
A1l Al
Ag Ay
Ao
Do As
WE At
Vss Dl
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Am9101/Am91LO01/Am2101 FAMILY

256x4 Static R/W Random Access Memories

Am9101A
PART Am91018 Amg101C
NUMBER Am2101 Am2101-2 AmITLOIA Am91LO1B Am91LOIC Am9101D
Am2101-1
ACCRSS 1000ns 650ns 500ns 400ns 300ns 250ns

DISTINCTIVE CHARACTERISTICS

256 x 4 organization

FUNCTIONAL DESCRIPTION
The Am9101/Am31L01 series of devices are high-performance,

L]

e Low operating power low-power, 1024-bit, static, read/write random access memories.
125mW Typ; 290mW maximum — standard power- They offer a wide range of access times including versions as fast
100mW Typ: 175mW maximum — low power as 200ns. Each memory is implemented as 256 words by 4 bits per

e DC standb rho‘clie reduces power up to 84% word, This organization permits efficient design of small memory

. L s a Ity levels identi pI o TTi ° systems and allows finer reso{ution of incremental memory depth.

0gic vaoltage levets I Ica

e High output drive — two full TTL loads These .memories may be operated in a DC standby rnqde 'for

e High noise immunity — full 400mV reductions of as much as 84 percent of the normal power dissipation,

e Single 5 volt power supply — Data can .be retained with a power supply as low as 1.5 volts, The

g . [; ppy 100 il low power Am91LO01 series offer reduced power dissipation during

. Elorlniefr::r;ess.wii?cﬁif\c;r‘l::::;:[e'ri;:i?::’ ml:i::;:; times insensitive to normal operating conditions and even lower dissipation in the stand-

- by mode,
supply variations, addressing patterns and data patterns ) ) .
- . . The Chip Enable input control signals act as high order address lines

: _?_Oth r:!lntaryt:nd. commercial temperature ranges available and they control the write amplifier and the output buffers. The

OW° ¢ Ig- en:' e lnputls Qutput Disable signal provides independent control over the output
¢ Output disable contro state of enabled chips.

® Zero address set-up and hold times for simplified timing i X )

e 100% MIL-STD-883 reliability assurance testing These devices are all fully static and no refresh operations or sense
amplifiers or clocks are required. Input and output signal levels are
identical to TTL specifications, providing simplified interfacing and
high noise immunity. The outputs will drive two full TTL loads for
increased fan-out and better bus interfacing capability.

Am9101 BLOCK DIAGRAM CONNECTION DIAGRAM
Top View
rp—| ADDRESS 3[] 1® 22 [TV (45V)
[*¥=}
A== é% 32X8 32X8 32X8 32X8 ADDRESSZE 2 2 ]ADDR5534
ol g ) stomse | sioaase | siomse | *iomse sooress 1] o [JwArveeTRare
s gg DDRE! 4 19 CHIP ENABLE 1
A 2 ApDRESs 0[] ]
4 —t
ADDRESS 5[] 5 18 [[JOUTPUT DISABLE
ADDRESSSE [} 17 jCHIPENABLEZ
ADDRESS 7[ | 7 16 [ ]pATAOUT 4
s e w2 oo vgg [ 8 15 [ JoATAING
COLUMN DECODER/INPUT CONTROL/ {— CE1 DATA IN 1[ 9 14 ]DATA ouT 3
Ag —————————— =] OUTPUT BUFFERS/SELECT LOGIC/
DISABLE LoGIC [~ &2 paTAOUT 1[]10 13 [Joatams
Y e ——————— [~— 0D
‘ r 1 ' 1 I I \ patain2[ |1 12 [Joataour2
DOy DIy DOy DI DOg DIy DOy Diy
MOS-343 Note: Flat Pack version available in 24-pin package. MOS-344
ORDERING INFORMATION
Ambient Package Power Access Times
TFemperature Type Type
Specification P VP! 1000ns 650ns 500ns 400ns 300ns 250ns
P2101-1
Standard K
Molded DIP Stanaar P2101 P2101-2 AMS101APC AM9101BPC AMS101CPC AMS101DPC
0°C to +70°C Low AM91LO1APC | AM31LO1BCP | AM91LO1CPC
C2101-1
Hermetic DIP Standard C2101 C2101-2 AM9101ADC AM9101BDC AM9101CDC AM9101DDC
Low AM91LO1ADC | AMI1L01BDC | AMI1L01CDC
Hermetic DIP Standard AM9101ADM | AM31018DM | AM3101CDM
i5°C to +125°C Low AM91LO1ADM | AM91LO01BDM | AM91LO1CDM
H ic Flat Pack Standard AM9101AFM | AM9101BFM
ermetic Flat Pac Low AMO1LOIAFM | AMO1LO1BFM
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Am9101/Am91L01/Am2101 Family
MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
Ve ‘With Respect to Vgg, Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs —0.5V to +7.0V
DC Input Voltage -~0.5V to +7.0V
Power Dissipation 1.0W
ELECTRICAL CHARACTERISTICS
AmM9101PC, AMm9101DC Ta = 0°C to +70°C Am9101/
AM91LOTPC. AM91L01DC Vee = +6.0V £5% Am91L01T  Am2101
AmM2101 Family Family
Parameters Description Test Conditions Min. Max. Min. Max., Units
loH = —200pA 24
VOH Output HIGH Voltage Vee = MIN. ToH = —1504A 22 Volts
oL = 3.2mA 0.4
VoL Output LOW Voltage Vee = MIN, oL = 2.0mA 0.45 Volts
ViH input HIGH Voltage 20 |vee | 22 {vee | Volts
ViL Input LOW Voltage -05] 08 | -0.5] 0.65 | Volts
[N} Input Load Current Vee = MAX,, OV < V)N < 5.25V 10 10 HA
ILo Output Leakage Current VGE=VIH zzs: - :33 _51(; _1550 KA
Amg101A/B 50
Icct Tp=25°C Am9101C/D/E 55 60
Am91LO1A/B 31
Power Supply Current 5:: Zul\:l:zen AmoTLOTC 3 mA
Vin =V Am9101A/B 55
IN cc
lca TA=0C Am9101C/D/E 60 20
Am91L01A/B 33
Am91L01C 36
ELECTRICAL CHARACTERISTICS Am9101/
AmM9101DM, AM9101FM Ta = —55°Cto +125°C Am91L01
Am91L01DM, AmS1LO1FM Vge = +5.0V £10% Family
Parameters Description Test Conditions Min. Max. Units
Vce =4.75V 2.4
VOH Output HIGH Voltage IoH = —200uA Yy 22 Volts
VoL Output LOW Voltage Vee = MIN, gL, = 3.2mA 04 Volts
VIH Input HIGH Voltage 2.0 Vee Volts
ViL Input LOW Voltage -0.5 0.8 Volts
Iy Input Load Current Vee = MAX,, 0V <V N <55V 10 LA
ILo Output Leakage Current VEE = VIH Vour =Vce 10 LA
VouT =04V —-10
Am9101A/B 50
‘et Ta=25°C Am9101C 55
AmS1LO1A/B 31
Pata out open Am91LO1C 34
Power Supply Current Ve = Max. mA
Vin = Vee Am9101A/B 60
s Ta=BEC AmM9101C 65
Am91LO01A/B 37
Am91L01C 40
CAPACITANCE
Parameters Description Test Conditions Typ. Max. Units
CIN Input Capacitance, V = OV Am2101 40 8.0 pF
T, = 25°C, = IMHz Am9101/Am91LO01 3.0 6.0
CouT Output Capacitance, VouT = OV A Am2101 80 12 pF
Am9101/Am91LO1 6.0 9.0
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Am9101/Am91L01/Am2101 Family

SWITCHING CHARACTERISTICS over operating temperature and voltage range

Output Load = 1 TTL Gate + 100pF
Transition Times = 10ns
Input Levels, Output References = 0.8V and 2.0V

Ta = 0to 70°C
Tp = —55to +125°C Ve = +5V £10%

Voo = +5V 5%

9101A 9101B 9101C

2101 2101-2 2101-1 91LO01A 91L01B 91L01C 9101D
Parameters Description Min Max Min Max Min Max Min Max Min Max Min Max Min Max Units

tre Read Cycle Time 1000 650 500 500 400 300 250 ns

ta Access Time 1000 650 500 500 400 300 250 | ns
Chip Enable to Output

tco ON Delay (Note 1) 800 400 350 200 175 150 125 { ns
Output Disable to Output .

too ON Delay 700 350 300 175 150 125 100 | ns
Previous Read Data Valid with

lon Respect to Address Change 0 0 0 40 40 40 30 ns
Output Disable to Output

toFs OFF Delay 0 |200| 0 [150| 0 |150 |50 | 125 | 50 [ 100 | 50 | 100 | 50 | 75 | ns
Chip Enable to Output

toF2 OFF Delay 0 200 0 150 0 150 | 10 125 10 125 | 10 | 100 10 100 | ns

twe Write Cycle Time 1000 650 500 500 400 300 250 ns

taw Address Set-up Time 150 150 100 0 0 0 0 ns

twp Write Pulse Width 750 400 300 175 150 125 100 ns
Chip Enable Set-up Time

tcw (Note 1) 900 550 400 175 150 125 100 ns

twr Address Hold Time 50 50 50 0 0 0 0 ns

tow Input Data Set-up Time 700 400 280 150 125 100 85 ns

toH Input Data Hold Time 100 100 100 0 0 0 0 ns

Note: 1. Both CE1 and CE2 must be true to enable the chip.

CHIP ENABLE 1

|
CRiP ENABLE 2 %
WRITE ENABLE ’ ’
I

OUTPUT DISABLE

DATA OUT

READ CYCLE

SWITCHING WAVEFORMS

WRITE CYCLE

ADDRESS

DATAIN

] o oot

X DATA INPUT STABLE *

MOS-345
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Am9101/Am91L01/Am2101 Family

CONNECTION DIAGRAM
Top View

Flat Package

ADDRESS 3|
AppRess2[_] 2

ADDRESS1[| 3

IS

ADDRESS 0|

ADDRESS 5[]

o

ADDRESS 6 [ _|
ADDRESS 7|
(GND) Vs [ ]
N[ e
ne[T]
pATAINI[ | 11

pATAOUT 1[_| 12

o

~

@

[ vee e

[ ] ADDRESS 4

[ WRTE ENABLE
[ JorPEnABLET
[ ] output DISABLE
[__JCHIPENABLE 2
[ JoaTAOUT4

[ JoATAING

[ JoaTAOUTS

[ IpATAING

™ JoaTAOUT2

[ Joatain2

Pin 1 is marked for orientation.

MOS-346

DEFINITION OF TERMS
FUNCTIONAL TERMS

CE1, CE2 Chip Enable Sig_nals. Read and Write cycles can be
executed only when both CE1 is low and CE2 is high.

WE Active LOW Write Enable. Data is written into the memory
if WE is LOW and read from the memory if WE is HIGH.

Static RAM A random access memory in which data is stored
in _bistable latch circuits. A.static memory will store data as
long as power is supplied to the chip without requiring any
special clocking or refreshing operations.

N-Channel An insulated gate field effect transistor technology
in which the transistor source and drain are made of N-type
material, and electrons serve as the carriers between the two
regions. N-Channel transistors exhibit lower thresholds and
faster switching speeds than P-Channel transistors.

SWITCHING TERMS

top Output enable time. - Delay time from falling edge of OD
to output on.

trc Read Cycle Time. The minimum time required between
successive address changes while reading.

ta Access Time. The time delay between application of an
address and stable data on the output when the chip is enabled.
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tco Access Time from Chip Enable. The minimum time during
which the chip enable must be LOW prior to reading data on
the output.

to4 Minimum time which will elapse between change of
address and any change of the data output.

tprq Time delay between output disable HIGH and output
data float.

tpr2 Time delay between chip enable OFF and output data
float.

tywc Write Cycle Time. The minimum time required between
successive address changes while writing.

iA;,v Address Set-up Time. The minimum time prior to the
falling edge of the write enable during which the address inputs
must be correct and stable.

twp The minimum duration of a LOW level on the write enable
guaranteed to write data.

tywr Address Hold Time. The minimum time after the rising
edge of the write enable during which the address must remain
steady.

tpw Data Set-up Time. The minimum time that the data input
must be steady prior to the rising edge of the write enable.

tpy Data Hold Time, The minimum time that the data input
must remain steady after the rising edge of the write enable.
tcw Chip Enable Time during Write. The minimum duration
of a LOW level on the Chip Select prior to the rising edge of
WE to guarantee writing.



Am9101/Am91L01/Am2101 Family

POWER DOWN STANDBY OPERATION
The Am9101/Am91L01 Family is designed to maintain large system, memory pages not being accessed can be
storage in a standby mode. The standby mode is entered by placed in standby to save power. A standby recovery time
lowering V¢ to around 1.5—2.0 volts (see table and graph must elapse following restoration of normal power before
below). When the voltage to the device is reduced, the the memory may be accessed.
storage cells are isolated from the data lines, so their con- To ensure that the output of the device is in a high im-
tents will not change. The standby mode may be used by a pedance OFF state during standby, the chip select should
battery operated backup power supply system, or, in a be held at V4 or Vcgs during the entire standby cycle.
STANDBY OPERATING CONDITIONS OVER TEMPERATURE RANGE
Parameters Description Test Conditions Min. Typ. Max Units
VpD Ve in Standby Mode 1.5
X Vpp =15V Am91L01 1 25
Ta=0C Am9101 13 31
All Inputs = Vpp 1 mA
Vpp = 2.0V Am91LO01 13 3
. Am9101 17 41
Ipp Icc in Standby Mode
Vpp =15y | Am9TLOT 1 28
Ta =-55°C Am9101 13 34 A
m
All Inputs = Vpp Vpp =2.0v | Am91LO1 13 34
- Am9101 17 46
dv/dt Rate of Change of Vog 1.0 V/us
tR Standby Recovery Time tRC ns
tcp Chip Deselect Time 4] ns
VCES CE Bias in Standby Vpp Volts
Typical Power Supply Current Typical Output Current
Versus Voltage Versus Voltage
+5.0 dvidt 30 T T 24 T
75V / -\ Tp=25C 22 \\ 7 Veg =475V
vee ’ 25 }~INPUTS= 5.0V 20 Ta=25°C
Am9101 L7 < 18
+Vpp 20 l/ |E 16 /\
< J s 1T\
o 14
? 15 / 412 1\
- g f g w0 [ 1\
[ - 10 4 8 l HIGH
o STATE
| w—tcp tn.‘ + 6 fLow AN
Vi 5 4 H{-STATE
DESELECT STANDBY MODE RECOVERY READ OR 2 | \
CHIP WRITE ] N
CYCLE 0 0
o 1 2 3 4 5 6 0 ' 2 3 4 5
Veg - VOLTS VouT ~ VOLTS
Access Time )
Versus Vo Normalized Typical Power Supply Current
Metallization and Pad Layout to Ve = +5.0 Volts Versus Ambient Temperature
ADDRESS3 1 Ve (+5V) 1.05 | 30 T
ADDRESS 2 ADDRESS 4 Ta= 70°C 28 VCC =MAX, — |
| ] 26
ADDRESS 1 WRITE ENABLE 1.0 24 \\
CRIPENABLE 1 L < 2 T
ADDRESS 0 OUTPUT DISABLE < E
CHIP ENABLE 2 k-] .95 lu 20
& S 18
ADDRESS &
16
0.90
ADDRESS 6 14
ADDRESS 7 12
0.85 10
DATAOUT 4 40 45 50 55 6.0 25 50 75
(GND) V58— B ; DATAING Veg - VOLTS Ta — AMBIENT TEMPERATURE ~ °C
DATAIN 1 9———' |—14 DATAOUT 3
DATAQUT 1 10 13 DATAIN3
DATAIN 2 11 12 DATAOUT?2
DIE SIZE 0.132" X 0.131""
(Pin numbers are for DIP configurations only)
MOS-347
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Am9101/Am91L01/Am2101 Family

/4
DATA IN 4
(12 81TS) e
/
ADDRESS /8 N DI ol DI
-7 7 17 A A_ A_
READ/ WE  AmatLot WE AmorLot WE  Amo1LOt
WRITE CE] 256X4 CE] 256 X4 TE1 256X4
CONTROL
ce2 cE2 ce2
o0 po op Do

T1— T1— T
ADDRESS 8 —:—DC DC ____l _____.] ———j

oI DI DI

A A A

WE  amorLo1 WE  Amg1Lo1 WE  Am91LO1
E 26X4 e 256 X4 SE 26X4

o
m
S
o
@
Ny
o
m
~

oD

ADDRESS 9 ‘—'@ Pc ji = | iln_ T L jri I____
MEMORY

DI DI ol
SYSTEM
DISABLE A A A
(STANDBY) WE  AmgiL01 WE - AmatLo1 WE  AmotL0t
TE] 256X 4 TEl 256 X4 TE] 256X4
CE2 CE2 CE2
0D DO oD DO oD DO
= f = | DATA —l_ [
DATA QUT /4 4|/0uUT /. DATA OUT
OUTPUT l Am25L507 Am25L807
STROBE 6-BIT REGISTER | 6-BIT REGISTER
/i/s *G
MEMORY SYSTEM
768 WORDS BY 12 BITS PER WORD
MOS-34.
Typical Vyy Limits Typical ta Versus
Versus Ambient Temperature Ambient Temperature Typical t Versus Cp
18 300 260
Ve = MiN. 240
1.6 250
b Vi= iy 220 /,/
. — £ — 2 A
S s 1200 I 200
= [ ———
IL=MAX, / 180
1.2 150
160
1.0 100 140
0 25 50 75 [ 25 50 75 0 100 200 300 400 500 600
TA — AMBIENY TEMPERATURE - °C TA — AMBIENT TEMPERATURE — °C
CL—-pF
MOS




Am9T11/Am9iL11/Am2111 FAMILY

256x4 Static R/W Random Access Memories

AmI9111A

PART Amg111B Am9111C

NUMBER Am2111 Am2111-2 AmaILILA AMIILI1B AmOIL1IC Am9111D
ACCESS 1000ns 650ns 500ns 400ns 300ns 250ns

DISTINCTIVE CHARACTERISTICS

® 256 x 4 organization for small memory systems
e Low operating power dissipation
125mW Typ; 290mW maximum -~ standard power

100mW Typ; 1756mW maximum — low power

FUNCTIONAL DESCRIPTION

The Am9111/Am91L11 series of devices are high performance,
low power, 1024-bit, static, read/write random access memories.
They offer a wide range of access times including versions as fast as
200ns. Each memory is implemented as 256 words by 4 bits per
word. This organization permits efficient design of small memory

e D red! r up to 849 N . .

LC .stanc:by mlodel e.ducejs ploweTTEt 84% systems and allows finer resolution of incremental memory depth.
¢ Logicvoltage levels identical to The input data and output data signals are bussed together to share
e High output drive —two full TTL loads common 1/O pins. This feature not only decreases the package size,
o High noise immunity — full 400mV but helps eliminate external logic in bus-oriented memory systems.
¢ Single 5 volt power supply — _ These memories may be operated in a DC standby mode for

tolerances: £5% commercial, +10% military reductions of as much as 84% of the normal power dissipation. Data
e Uniform switching characteristics — access times insensitive to can be retained with a power supply as low as 1.5 volts. The low

supply variations, addressing patterns and data patterns power Am91L11 series offer reduced power dissipation during
e Both military and commercial temperature ranges available normal operating conditions and éven lower dissipation in the stand-
e Bussed input and output data on common pins. by mode.
e Output disable control The Chip Enable input control signals act as high order address
® Zero address set-up and hold times for simplified timing lines and they control the write amplifier and the output buffers.
e 100% MIL-STD-883 reliability assurance testing The Output Disable signal provides independent contro! over the
output state of enabled chips.
These devices are all fully static and no refresh operations or sense
amplifiers or clocks are required. Input and output signal levels are
identical to TTL specifications, providing simplified interfacing and
high noise immunity. The outputs will drive two full TTL foads for
increased fan-out and better bus interfacing capability.
Am9111 BLOCK DIAGRAM CONNECTION DIAGRAM
Top View
fo—1 .3
A —] &E .
! 88 — \] 32xs 2X8 12X38 32X8 AooRessa[] 1 18 [ Ivee s )
Ag—— B9 STORAGE | STORAGE } STORAGE | STORAGE
A 28 _1/ ARRAY ARRAY ARRAY ARRAY ADDRESS 2 [(] 2 17 [T ADDRESS 4
3 = 8z
z ________
Ag o “5 ADDRESS 1] 3 16 | WRITE ENABLE
ADDRESSO[] 4 15 {_]CAIP ENABLE 1
ADDRESSS[] 5 14 [TJoatao,
ADDRESSG[ | 6 13[Joatatog
pg—— ] I aporess7[]7 12 [ JoaTA /0,
COLUMN DECODER/INPUT CONTROL/ |e— cEi (onD) Vs [] 8 11[Joata /0

Ay ————— ]

QUTPUT BUFFERS/SELECT LOGIC/

DISABLE LOGIC |=— CE2 [
OQUTPUT DISABLE E 9 10 CHIP ENABLE 2
Ao }=—— oD
1/04 1105 1/03 1104 MOS-350 Note: Flat Pack version available in 24-pin package. MOS-351
ORDERING INFORMATION
Ambient Package Power Access Times
Temperature Type Type
Specification 1000ns 650ns 500ns 400ns 300ns 250ns
P2111-1
Standard K M
Molded DIP a r P2111 P2111-2 AM9111APC AMS111BPC AMS111CPC AM9111DPC
AM P M
0°C to +70°C Low 2?91L11APC 91L11BPC | AMI1L11CPC
1111
Hermetic DIP Standard c2111 C2111-2 AM9111ADC AM8111BDC AM9111CDC AM9111DDC
Low AM91L11ADC | AM91L11BDC | AM9IL11CDC
N Standard AMS111ADM AMS111BDM AM9111CDM

Hermetic DIP L AM91L11ADM| AMO1L11BDM| AM91L11CDM

5°C to +125°C ow
Hermetic Flat Pack |_Stndard AMO111AFM | AM9111BFM
ermetic Fat Fac Low AMO1L11AFM | AMO1LT1BFM

2-31



Am9111/Am9iL11/Am2111 Family
MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

—55°C to +125°C

Vce With Respect to Vs, Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs —0.5V to+7.0V
DC Input Voltage —-0.5V to +7.0V
Power Dissipation 1.0W
ELECTRICAL CHARACTERISTICS .
AmM9111PC, AM91110C Ta =0°C to +70°C Am9111/
Am91L11PC, AMS1L11DC Vee = +5.0V £5% Am91L11 Am2111
Am2111 Family Family
Parameters Description Test Conditions Min, Max. Min. Max. Units
o loH = —200uA 24 Vol
V t HIGH Volt Vee = MIN, olts
OH utput HIGH Voltage cc-™m 1M = —1502A 22
loL = 3.2mA 0.4 Vol
- olts
VoL Output LOW Voltage Vee = MIN. oL = 2.0mA 045
VIH Input HIGH Voltage 20 |vee | 22 | Ve | Volts
ViL Input LOW Vottage -05| 0.8 —05| 0.65 | Volts
Iy Input Load Current Vee = MAX,, 0V < V| < 5.25V 10 10 RA
VouTt = Vce 5.0 15
Lo 1/0 Leakage Current VEBE=VIH KA
VouT =04V —-10 -50
Am9111A/B 50
Am9111C/D/E 55
i Tp =25°C 60
ce A Am91L11A/B 31
Data out open Am91L11C 34
P ly C t Vee = Max. mA
ower Supply Curren cc_ Aol 11A/8 5
VIN=Vce
N Am9111C/D/E 60
lcc2 Ta=0°C 70
Am91L11A/B 33
Am91L11C 36
ELECTRICAL CHARACTERISTICS Am9111/
Am9111DM, AMmS111FM Ta=—55"Cto+125°C Am91L11
Am91L110M, Am91L11FM Vee = +5.0V £10% Family
Parameters Description Test Conditions Min. Max. Units
o v | 2002A Vee =4.75V 24
V utput HIGH Itage = —200u Volt
OH Pu o OH Vee = 4.5V 22 ors
VoL Output LOW Voitage Vee = MIN,, 1o, = 3.2mA 0.4 Volts
ViH Input HIGH Voltage 2.0 Vee Volts
ViL Input LOW Voltage -0.5 0.8 Volts
L) Input Load Current Vee = MAX,, 0V < VN €55V 10 A
\Y =V 10
ILo Output Leakage Current VEE = VIH out cc LA
VouT =04V -10
Am9111A/AM9111B 50
lect : Ta=25C Am9111C 55
AmITL11A/AmMI1L11B 31
Data out open Am91L11C 34
Power Supply Current Vee = Max. p mA
VIN = Vee Am9111A/Am91118 :
Am 65
Ices Ta=-55°C 91110
AmI1L11A/AmI1L118B 37
Am9iL11C 40
CAPACITANCE
Parameters Description Test Conditions Typ. Max. Units
CIN Input Capacitance, VN = 0V Am2111 49 80 pF
o Am9111/Am91L11 3.0 6.0
TaA=25"C,f=1mHz
) Am2111 10 15
CouT Output Capacitance, VoyT = 0V pF
Am9111/Am91L11 8.0 1 -

2-32



SWITCHING CHARACTERISTICS over operating temperature and voltage range
Output Load = 1 TTL Gate + 100pF Ta = 0to 70°C Vee = +5V £5%
Transition Times = 10ns Ta = 5510 +125°C Veg = +5V £10%
Input Levels, Output References = 0.8V and 2.0V

Am9111/Am91L11/Am2111 Family

9111A 9111B 9111C
211 2111-2 21111 91L11A 91L11B 9iL11C 9111D
Parameters Description Min Max Min Max Min Max Min Max Min Max Min Max Min Max Units
trc Read Cycle Time 1000 650 500 500 400 300 250 ns
ta Access Time 1000 650 500 500 400 300 250 | ns
Chip Enable to Output
tco ON Delay (Note 1) 800 400 350 200 175 150 125 ns
Output Disable to Output
top ON Delay 700 350 300 175 150 125 100 | ns
Previous Read Data Valid with
fon Respect to Address Change 0 0 0 40 40 40 30 ns
Output Disable to Qutput
toF1 OFF Delay 0 200 0 150 0 150 | 50 {125 | 5.0 | 100 | 5.0 |100 | 50 | 75 ns
Chip Enable to Output
L tor2 OFF Delay 0 200 0 150 0 150 | 10 | 150 | 10 | 125 | 10 |125 | 10 | 100 | ns
twe Write Cycle Time 1000 650 500 500 400 300 250 ns
taw Address Set-up Time 150 150 100 0 0 0 0 ns
twp Write Pulse Width 750 400 300 175 150 125 100 ns
tow g‘;fj’;ab'e Set-up Time 900 550 400 175 150 125 100 ns
twR Address Hold Time 50 50 50 0 0 0 0 ns
tow Input Data Set-up Time 700 400 280 150 125 100 85 ns
toH Input Data Hold Time 100 100 100 0 0 0 0 ns
ote: 1. Both CE1 and CE2 must be LOW to enable the chip.
SWITCHING WAVEFORMS
READ CYCLE WRITE CYCLE
| tRe ! twe |
l [ |
ADDRESS X * X
| | o o
CHIP ENABLE 1 % ! ! ' ,
CHIP ENABLE 2
(NOTE 1) ‘
l ‘ l——tAW-.|_——_IWP-—~§——'WR
WRITE ENABLE / ’ XN ][
e |
I tco lur‘ | I
OUTPUT DISABLE JN 4#—'0%1
Tow *DH
o “o -—_
MOS-352
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Am9111/Am91L11/Am2111 Family

CONNECTION DIAGRAM
Top View

Flat Package

ADDRESS 3 [

ApDRESS 2[_|
appress 1[]
aopress o[

ADDRESS 5 [_|

~

@

IS

o

aporesss[| 6
Ne[T] 7
ADDRESS?E 8
Ne[] o
ne [
Ne [
(GND) Vg [

: Vee (+5V)

I ] aDDRESS 4

| nc

[ WRITE ENABLE
—crwEnaBCE |
[JoaTa N0,
[TJoaTA O,
[joaTA /0,
[JoATA 1O

t:] NC

[ crrenABLE 2

[ JoutpuT DIsABLE

Pin 1 is marked for orientation.

MOS-353

DEFINITION OF TERMS
FUNCTIONAL TERMS

CE1, CE2 Chip Enable Signals. Read and Write cycles can be
executed onfy when both CE1 and CE2 are LOW.

WE Active LOW Write Enable. Data is written into the memory
if WE is LOW and read from the memory if WE is HIGH.

Static RAM A random access memory in which data is stored
in bistable latch circuits. A.static memory will store data as
long as power is supplied to the chip without requiring any
special clocking or refreshing operations.

N-Channel An insulated gate field effect transistor technology
in which the transistor source and drain are made of N-type
material, and electrons serve as the carriers between the two
regions. N-Channel transistors exhibit lower thresholds and
faster switching speeds than P-Channel transistors.

SWITCHING TERMS

top Output enable time, Delay time from falling edge of OD
to output on.

trc Read Cycle Time, The minimum time required between
successive address changes while reading.

ta Access Time. The time delay between application of an
address and stable data on the output when the chip is enabled.

2-34

tco Access Time from Chip Enable. The minimum time during
which the chip enable must be LOW prior to reading data on
the output. ‘

toq Minimum time which will elapse between change of
address and any change of the data output. )

tpgq Time delay between output disable HIGH and output
data float.

tppz Time delay between chip enable OFF and output data
float.

twe Write Cycle Time. The minimum time required between
successive address changes while writing.

taw Address Set-up Time. The minimum time prior to the
falling edge of the write enable during which the address inputs
must be correct and stable.

twp The minimum duration of a LOW level on the write enable
guaranteed to write data.

twr Address Hold Time. The minimum time after the rising
edge of the write enable during which the address must remain
steady.

tpw Data Set-up Time. The minimum time that the data input
must be steady prior to the rising edge of the write enable.

tpy Data Hold Time. The minimum time that the data input
must remain steady after the rising edge of the write enable.
tew Chip Enable Time during Write. The minimum duratior
of a LOW level on the Chip Select prior to the rising edge o
WE to guarantee writing.



AmZ111/Am91L11/Am2111 Family

POWER DOWN STANDBY OPERATION

The Am9111/Am91L11 Family is designed to maintain
storage in a standby mode. The standby mode is entered by
lowering Vge to around 1.5—2.0 volts (see table and graph
below). When the voltage to the device ‘is reduced, the
storage cells are isolated from the data lines, so their
contents will not change. The standby mode may be used
by a battery operated backup pewer supply system, or, in a

large system, memory pages not being accessed can be
placed in standby to save power. A standby recovery time
must elapse following restoration of normal power before
the memory may be accessed.

To ensure that the output of the device is in a high im-
pedance OFF state during standby, the chip select should
be held at V|y or Vcgs during the entire standby cycle.

STANDBY OPERATING CONDITIONS OVER TEMPERATURE RANGE

DIE SIZE: 0.132" X 0.131"
(Pin numbers shown are for DIP versions only)

Parameters Description Test Conditions Min. Typ. Max Units
Vpp Vg in Standby Mode 1.5
. Vpp = 1.5V Am91iL11 11 25
Ta=07C Am9111 13 31 A
m,
All Inputs = Vpp
Vpp=20v | AmIILII 13 31
Am9111 17 41
Ipp Icc in Standby Mode o
Vpp=15v | AmMIILIT 11 28
Ta =-55°C Am9111 13 34 A
m
All Inputs =V
P PD Vpp = 2.0V Am91L11 13 34
AmI1ii 17 46
dv/dt Rate of Change of Vog 1.0 V/us
tR Standby Recovery Time tRC ns
tcp Chip Deselect Time 0 ns
VCES CE Bias in Standby Vpp Volts
Typical Power Supply Current Typical Output Current
Versus Voltage Versus Voltage
+5.0 dv/dt 30 T T 24 T
478V / —\ T =25 2 \\ P Ve = 475V ]
vee | 25 FINPUTS = 5.0V 20 Ta=25"C
Am9111 L < 18 %‘
Wep % [l .
< /’ S 14 JAR
|15 / T\
Vi 8 / ] 10 I \
& 0 < el HIGH
|~—tcp m‘l ;9 6 HLow STATE
ViL 5 4 state N\
DESELECT STANDBY MODE RECOVERY READ OR \ \
CHIP WRITE 2 ’ N
CYCLE 0 0
0 1 2 3 4 5 6 0 1 2 3 4 5
Vg - VOLTS VouT — VOLTS
Access Time
Versus Ve Normalized Typical Power Supply Current
Metallization and Pad Layout to Ve = +5.0 Volts Versus Ambient Temperature
ADDRESS3 1 18 Ve (+5V) 105 ] 30 T
ADDRESS 2 | ’ — ADDRESS 4 Ta=70°C 28 Vg = MAX.
ADDRESS 1 a, 1.0 — *
WRITE ENABLE 24
CHIP ENABLE 1 LT < 2 ~
ADDRESS 0 ‘T E a—
DATA 1/04 2 095 ([; 0
ADDRESS 5 - £ 18
16
ADDRESS 6 0.90 14
12
. 10
ADORE DATA 1/03 0854.0 45 5.0 5.5 6.0 25 50 75
87 DATA 1/0; Vg - VOLTS T~ AMBIENT TEMPERATURE — °C
(GND) Vgg ‘ DATA /04
QUTPUT 9 10 CHIP ENABLE 2
DISABLE

MOS-354
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Am9111/Am91L11/Am2111 Family

Am9111 FAMILY — APPLICATION INFORMATION

These memory products provide ali of the advantages of
AMD’s other static N-channel memory circuits: +5 only power
supply, all. TTL interface, no clocks, no sensing, no refreshing,
military temperature range available, low power versions avail-
able, high speed, high output drive, etc. In addition, the
Am9111 series features a 256 x 4 organization with common
pins used forboth Data In and Data Out signals.

This bussed 1/0 approach cuts down the package pin count
allowing the design of higher density memory systems. It also
provides a direct interface to bus-oriented systems, eliminating
bussing logic that could otherwise be required. Most micro-
processor systems, for example, transfer information on a
bidirectional data bus. The Am9111 memories can connect

directly to such a processor since the common 1/0 pins act as
a bidirectiona! data bus.

The Output Disable control signal is provided to prevent signal
contention for the bus lines, and to simplify tri-state bus
control in the external circuitry, If the chip is enabled and the
outputis enabled and the memory is in the Read state, then the
output buffers will- be impressing data on the bus lines. At
that point, if the external system tries to drive the bus with
data, in preparation for a write operation, there will be conflict
for domination of the bus lines. The Output Disable signal
allows the user direct control over the output buffers, inde-
pendent of the state of the memory. Although there are
alternative ways to resolve the conflict, normally Output
Disable will be held high during a write operation.

Typical Vi Limits
Versus Ambient Temperature

Typical ta Versus
Ambient Temperature

Typical tp Versus C_

18 300 260
Vee = MIN. 240
16 250
e ViH =M1, 220 /'/
Z 14 — ¥ a0 ’/ T ]
S —— ’ L L~
< RS
Vie AR ——— N
- 180
12 150
160
10 100 140
0 25 50 75 0 25 50 75 0 100 200 300 400 500 600

Tp — AMBIENT TEMPERATURE — °C

Tp — AMBIENT TEMPERATURE -°C

CL~pF
MOS-355
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Am9112/Am91L12 FAMILY

256x4 Static R/W Random Access Memories

Part Am9112A Am@1128 Ama112C
Number Aman2 Am212-2 AmO1LI2A AmQ1L12B Am1L12C Amo112D
AT"iﬁ:s 1000ns 650ns 500ns 400ns 300ns 250ns

FUNCTIONAL DESCRIPTION

The Am9112/Am91L12 series of products are high performance,
low power, 1024-bit, static read/write random access memories.
They offer a range of speeds and power dissipations including
versions as fast as 200nsand as low as 100mW typical.

Distinctive Characteristics

e 256 x 4 organization

® 16-pin standard DIP

# Low operating power dissipation
125mW Typ; 290mW maximum - standard power
100mW Typ; 175mW maximum — low power

o DC standby mode reduces power up to 84%

20mW Typ; 47mW maximum

Logic voltage levels identical to TTL

High output drive — two full TTL loads guaranteed

High noise immunity — full 400mV

Uniform switching characteristics — access times insensitive to

supply variations, address patterns and data patterns.

‘o Single +5V power supply — tolerances + 5% commercial,
+10% military

Each memory is implemented as 256 words by 4-bits per word, This
organization allows efficient design of small memory systems and
permits finer resolution of incremental memory word size relative
to 1024 by 1 devices. The output and input data signals are
internally bussed together and share 4 common /O pins. This
feature keeps the package size small and provides a simplified
interface to bus-oriented systems.

The Am9112/Am91L12 memories may be operated in a DC standby
mode for reductions of as much as 84% of the normal operating
power dissipation. Though the memory cannot be operated, data
can be retained in the storage cells with a power supply as low as

e Bus oriented 1/O data 1.5 volts. The Am91L12 versions offer reduced power during
® Zero address, set-up, and hold times guaranteed for simpler timing normal operating conditions as well as even lower dissipation in
e Direct plug-in replacement for 2112 type devices standby mode.
® 100% MIL-STD-883 reliability assurance testing The eight Address inputs are decoded to select 1-0f-256 locations
within the memory. The Chip Enable input acts as a high-order
address in multiple chip systems. It also controls the write amplifier
and the output buffers in conjunction with the Write Enable input.
When CE is low and WE is high, the write amplifiers are disabled,
Am9112 BLOCK DIAGRAM the output buffers are enabled and the memory will execute a read
cycle. When CE is low and WE is low, the write amplifiers are
enabled, the output buffers are disabled and the memory will
execute a write cycle. When CE is high both the write ampilifiers and
the output buffers are disabled.
AQ i 2 . . . .
8 These memories are fully static and require no refresh operations
A — “g“g N\ 228 8 xs 12x8 or sense amplifiers or clocks. All input and output voltage levels are
Ag—= 89 storace | sTorace | sTorace | sTorace identical to standard TTL specifications, including the power supply.
ox ARRAY | ARRAY ARRAY ARRAY
n— 32 [V
ag—] %E CONNECTION DIAGRAM
Top View
@ @ @ ADDRESS 3] 1@ 16 [Jveet+sv)
. ApoRess2[) 2 15 | ] ADDRESS 4
COLUMN DECODER/INPUT CONTROL/ - WE ADDRESS 1 q 3 14 | ] WRITE ENABLE
g———————————=§ OUTPUT BUFFERS/SELECT LOGIC/
DISABLE LOGIC |— e ACDRESSO[_| 4 13 |_]cHIPENABLE
y—_——
ADDRESS5 [} 5 12 [ ]DATA 1/04
‘ t t t ADDRESS 6| 6 11 [TJoata oz
1104 10, 1103 1/04
ADDRESS 7[] 7 o[ Joatavoy
(enD) vss [ 8 9 [ ]pATA 1/04 Pin 1 is marked
for orientation,
MOS-356 | MOS-357
ORDERING INFORMATION
Ambient Access Times
Temperature Package Power
Specification Type Type 1000ns 650ns 500ns 400ns 300ns 250ns
Molded DIP Standard P2112 P2112-2 AMI112APC AM9112BPC AM8112CPC AM9112DPC
olae
0°C to +70°C Low AM91L12APC | AMI1L12BPC | AM91L12CPC
Standard c2112 €2112-2 AM9112ADC AM81128DC AM9112CDC AM9112DDC
Hermetic DIP
Low AM91L12ADC | AM91L12BDC | AM91L12CDC
Standard AMS112ADM AM9112BDM AMS112CDM
Hermetic DIP
o Low AM91L12ADM | AMI1L12BDM | AM91L12CDM
—55°C to +125°C s
. Standard AM9112AFM AMS112BFM
Hermetic Flat Pack
Low AM91L12AFM | AMI1L12BFM
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Am9112/Am91L12 Family
MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

—55°C to +125°C

Ve With Respect to Vgs, Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs —-0.5V to +7.0V
DC tnput Voltage —0.5V to +7.0V
Power Dissipation 1.0W
ELECTRICAL CHARACTERISTICS AmO112/
Am9112PC, Am9112DC Ta=0°Cto+70°C Am91L12
Am91L12PC, Am91L12DC Vee = +5V £5% Family
Parameters Description Test Conditions Min. Max. Units
VoH Output HIGH Voltage Vee =MIN, gy = —200uA 2.4 Volts
VoL Output LOW Voltage Vee =MIN, g =3.2mA 0.4 Volts
VIH Input HIGH Voltage 2.0 Vee Volts
ViL Input LOW Voltage —0.5 0.8 Volts
N} Input Load Current Voo =MAX, 0V < VN €5.25V 10 HA
Vi =V 5.0
ILo 1/0 Leakage Current VEE=VIH ouT = Yee kA
VouTt =04V —-10
Am9112A/B 50
lec Ta=25°C Am9112C/D/E 55
Am91L12A/B 31
Data out open
Power Supply Current Vee = MAX. Am91L.12C 34 mA
VIN = Vee AmM9112A/B 55
icc2 TA=0°C Am9112C/D/E 60
Am91L12A/B 33
Am9iL12C 36
ELECTRICAL CHARACTERISTICS Am9112/
Am9112DM, Am9112FM Ta=—55°Cto +125°C Am91L12
Am91L12DM, Am91L12FM Vee = +5.0V £10% Family
Parameters Description Test Conditions Min. Max. Units
v o HIGH Vol 1 200uA |CCZ4TOV 24 Vol
utput oltage = ~200u olts
OH OH Vg = 4.50V 22
VoL Output LOW Voltage Vee = MIN., IgL =3.2mA 0.4 Volts
ViH Input HIGH Voltage 2.0 Vee Volts
ViL Input LOW Voltage -0.5 0.8 Volts
W] Input Load Current Vee = MAX, 0V <V|y < 6.5V 10 KA
VouTt=V 10
Lo 1/0 Leakage Current VCE =VIH ce uA
VouT =04V -10
Am9112A/B 50
lect Ta = 25°C Am9112C 55
Am91L12A/B 31
Data out open AmS1L12C 22
Power Supply Current Vee = MAX, m mA
ViN = Voo Am9112A/B 60
lecs Ta = -55°C Amg112C 65
: Am91L12A/B 37
Am91L12C 40
CAPACITANCE
Parameters Description Test Conditions Typ. Max. Uni
CIN Input Capacitance, VN = OV Am2112 40 8.0 pF
o Am9112/Am91L12 3.0 6.0
TA=25°C,f=1mHz 2112 ) B
CouT Output Capacitance, VoyT = 0V m211 ! ! pf
Am9112/Am91L12 8.0 11
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Am9112/Am91L12 Family
SWITCHING CHARACTERISTICS over operating temperature and voltage range

Output Load = 1 TTL Gate +100pF
Transition Times = 10ns
input Levels, Output References = 0.8V and 2.0V

Am9112A Am9112B Am9112C
Am91L12A Am9iLi12B Am9iL12C Am9112D
>arameters Description Min Max Min Max Min Max Min Max  Units
trc Read Cycle Time 500 400 300 250 ns
ta Access Time 500 400 300 250 ns
tco Output Enabled to Output ON Delay 50 | 175 | 50 | 150 | 50 .| 125 | 50 | 100 ns
(Note 1)

- z)n:rcijztrxesszh?:ai):;a Valid with Respect 40 40 40 a0 ns
tor &‘g&“‘z;)isab'ed to Output OFF Delay 5.0 125 | 50 100 | 50 | 100 | 50 75 ns
twe Write Cycle Time 500 400 300 250 ns
taw Address Set-up Time 0 0 0 0 ns
twr Address Hold Time 0 0 0 0 ns
twe Write Pulse Width (Note 3) 175 150 125 100 ns
tcw Chip Enable Set-up Time 175 150 125 100 ns
tow Input Data Set-up Time 150 125 100 85 ns
toH Input Data Hold Time (Note 4) 0 0 0 0 ns

SWITCHING WAVEFORMS (Note 5)

READ CYCLE WRITE CYCLE

T

tRe

twe:

ADDRESS

|
k
CHIP ENABLE * % * ’
tco { taw | tew.
[ I co *]l 1 il i Wr
WRITE ENABLE j *1,5 %
'oF tDH

—1DF "
toH—] e ow
DATA /O 2.0 ”;0;’;0;0;0' ouTPUT ‘0;';0' ;N’ DATA INPUT

- QU000 VAR K M. STABLE

|

T

X

T
b

Jotes: 1. Output is enabled and tcg commences only with both CE LOW and WE HIGH.
2. Output is disabled and tpg defined from either the rising edge of CE or the falling edge of WE.
3. Minimum tyyp is valid when CE has been HIGH at least tpg before WE goes LOW. Otherwise tWP(min.) = tDW(min.) * tDF(max.)-
4, When WE goes HIGH at the end of the write cycle, it will be possible to turn on the output buffers if CE is still LOW. The data out will be
the same as the data just written and so will not conflict with input data that may still be on the 1/0 bus,
5. See "Application Information’’ section of this specification,

MOS-358
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Am9112/Am91L12 Family
DEFINITION OF TERMS

FUNCTIONAL TERMS

CE Active LOW Chip Enable. Data can be read from or written
into the memory only if CE is LOW.

WE Active LOW Write Enable. Data is written into the memory
if WE is LOW and read from the memory if WE is HIGH.

Static RAM A random access memory in which data is stored
in bistable latch circuits. A static memory will store data as long
as power is supplied to the chip without requiring any special
clocking or refreshing operations.

N-Channel An insulated gate field effect transistor “technology
in which the transistor source and drain are made of N-type
material, and electrons serve as the carriers between the tweo
regions, N-Channel transistors exhibit lower thresholds and faster
switching speeds than P-Channel transistors.

SWITCHING TERMS

trc Read Cycle Time. The minimum time required between
successive address changes while reading.

ta Access Time. The time delay between application of an
address and stable data on the output when the chip is enabled.

2-40

tco Output Enable Time. The time during which CE must be
LOW and WE must be HIGH prior to data on the output.

toH Minimum time which will elapse between change of address
and any change on the data output.

tpe Time which will elapse between a change on the chip enable
or the right enable and on data outputs being driven to
a floating status.

twc Write Cycle Time. The minimum time required between
successive address changes while writing.

taw Address Set-up Time. The minimum time prior to the
falling edge of the write enable during which the address inputs
must be correct and stable,

twp The minimum duration of a LOW level on the write enable
guaranteed to write data.

twr Address Hold Time. The minimum time after the rising edge
of the write enable during which the address must remain steady.
tpw Data Set-up Time. The minimum time that the data input
must be steady prior to the rising edge of the write enable.

tpy Data Hold Time. The minimum time that the data input
must remain steady after the rising edge of the write enable,

tcw Chip Enable Time During Write. The minimum duration of a
LOW level on the Chip Select while the write enable is LOW to
guarantee writing.



Am9112/Am91L12 Family

POWER DOWN STANDBY OPERATION

The Am9112/Am91L12 Family is designed to maintain
storage in a standby mode. The standby mode is entered by
lowering Vge to around 1.5—2.0 volts (see table and graph
below). When the voltage to the device is reduced, the
storage cells are isolated from the data lines, so their con-
tents will not change. The standby mode may be used by a
battery operated backup power supply system, or, in a

large system, memory pages not being accessed can be
placed in standby to save power. A standby recovery time
must elapse following restoration of normal power before
the memory may be accessed.

To ensure that the output of the device is in a high im-
pedance OFF state during standby, the chip select should
be held at V| or Vs during the entire standby cycle.

STANDBY OPERATING CONDITIONS OVER TEMPERATURE RANGE

Parameters Description Test Conditions Min. Typ. Max Units
Vep Vg in Standby Mode 1.5
Vpp = 1.5V Am91L12 11 25
Ta=0°C Am9112 13 31 A
All Inputs = Vpp Vpp=20v | Am9ILI12 13 31
Ipp Icc in Standby Mode Am9T12 v 41
Vpp = 1.5V Am91L12 11 28
Ta =-55°C Am9112 13 34 mA
All Inputs = Vpp Vpp = 2.0V Am91L12 13 34
Am9112 17 46
dv/dt Rate of Change of Vo 1.0 V/us
tR Standby Recovery Time tRC ns
tcp Chip Deselect Time 0 ns
VCES CE Bias in Standby Vpp Volts

Typical Power Supply Current
Versus Voltage

Typical Output Current
Versus Voltage

UL 24 \
Tp=25°C 22

+5.0 dv/dt 30 T
475V Ve = 4.75V |
\/ P
vee 25 [-INPUTS = 5.0V 20 y Ta=28°C
’ Am9112 L~ < AN
+Vep 20 116
y ) 5w/
|15 I 7T\
ViH 8 / g HIGH
= 10 -
s ksl 8 STATE
tR *F  6Hlow AN
viL 5 4 STA'Il'E \C
DESELECT STANDBY MODE ~ RECOVERY  READOR 2 N
CHIP WRITE 0 0 L I
CYCLE 0o 1t 2 3 4 5 8 0 1 2 3 4 5
Ve - VOLTS VouT — VOLTS
Access Time Versus Vee Typical Power Supply Current
Metallization and Pad Layout Normalized to V¢ = +5.0 Volts Versus Ambient Temperature
CcC
ADDRESS 3 Vee (+5V) 1.05 30 T
ADDRESS 2 ADDRESS 4 Tpo-T70°C 28 Ve = MAX.
ADDRESS 1 —] 2%
WRITE ENABLE 1.0 2 \\
CHIP ENABLE < 2 o~
ADDRESS 0 < £
|
DATA 1/04 L o095 Low
ADDRESS 5 S o 18
ADDRESS 6 16
0.90 14
12
DATA 1/03 0.85 10
ADDRESS 7 DATA 1/02 4.0 45 5.0 5.5 6.0 0 25 50 75
Ve — VOLTS Ta - AMBIENT TEMPERATURE — °C
(GND) Vgg DATA 1/01

DIE SIZE 0.132" X 0.131"

MOS-359
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Am9112/Am91L12 Family

APPLICATION INFORMATION

These memory products provide all of the advantages of
AMD’s other static N-channel memory circuits: +5 only power
supply, all TTL interface, no clocks, no sensing, no refreshing,
military temperature range available, low power versions avail-
able, high speed, high output drive, etc. In addition, the
Am9112 series features a 256 x 4 organization with common
pins used for both Data In and Data Out signals.

This bussed 1/0 approach keeps the package pin count low
allowing the design of higher density memory systems, It
also provides a direct interface to bus-oriented systems, elimi-
nating bussing logic that could otherwise be required. Most
microprocessor systems,” for example, transfer information on
a bidirectional data bus. The Am9112 memories can connect
directly to such a processor since the common 1/0O pins act as
a bidirectional data bus.

If the chip is enabled (CE low) and the memory is in the
Read state (WE high), the output buffers will be turned on
and will be driving data on the 1/0 bus lines. If the external
system tries to drive the bus with.data, there may be con-
tention for contro!l of the data lines and large current surges
can resuft. Since the condition can occur at the beginning of
a write cycle, it is important that incoming data to be written
not be entered until the output buffers have been turned off.

These operational suggestions for write cycles may be of some
help for memory system designs:

1. For systems where CE is always low or is derived directly
from addresses and so js low for the whole cycle, make sure
twp is at least tpw + tpF and delay the input data until
tpf following the falling edge of WE. With zero address
set-up and hold times it will often be convenient to make
WE a cycle-width level {typ twe) so that the only
subcycle timing required is the delay of the input data.

. For systems where CE is high for at least tpg preceeding
the falling edge of WE, twp may assume the minimum .
specified value. When CE is high for tpg before the start of
the cycle, then no other subcycle timing is required and WE
and data-in may be cycle-width levels.

. Notice that because both CE and WE must be low to cause
a write to take place, either signal can be used to determine
the effective write- pulse. Thus, WE could be a level with
CE becoming the write timing signal. In such a case, the
data set-up and hold times are specified with respect to the
rising edge of CE. The value of the data set-up time remains
the same and the value of the data hold time should change
to a minimum of 25ns,

Typical Vyy Limits
Versus Ambient Temperature

Typical ta Versus
Ambient Temperature

Typical ta Versus Cp

18 300 260
Vee = MIN. 20
16 250
N Vig=MiN / 220 /,/
— w w
[ ——— < 1=
2 i 200 . 200 e
\'T\ < " P
IL*MAX‘[\ / 180
12 150
160
10 100 120
0 25 50 75 0 25 50 75 0 100 200 300 400 500 600

Tp — AMBIENT TEMPERATURE — °C

Ta — AMBIENT TEMPERATURE —°C

Cp —pF

MOS-360
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Am9114 - Am9124

1024 x 4 Static R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS

o LOW OPERATING POWER (MAX)
Am9124/Am9114 368mW (70mA)
Am91L24/Am91L14 262mW (50mA)
LOW STANDBY POWER (MAX)

Am9124 158mW (30mA)
AmoiL24 105mW (20mA)
Access times down to 200ns (max)

Military temperature range available to 300ns (max)
Am9114 is a direct plug-in replacement for 2114
Am9124 pin and function compatible with Am9114 and 2114,
plus CS power down feature

Fully static — no clocking

Identical access and cycle time

High output drive —

4.0mA sink current @ 0.4V — 9124

3.2mA sink current @ 0.4V — 9114

TTL identical input/output levels

100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9114 and Am9124 are high performance, static, N-
Channel,. read/write, random. access memories organized as
1024 x 4. Operation is from a single 5V supply, and all input/
output levels are identical to standard TTL specifications. Low
power versions of both devices are available with power
savings of over 30%. The Am9114 and Am9124 are the same
except that the Am9124 offers an automatic CS power down
feature.

The Am9124 remains in a low power standby mode as long as
CS remains high, thus reducing its power requirements. The
Am9124 power decreases from 368mW to 158mW in the
standby mode, and the Am91L24 from 262mW to 105mW. The
CS input does not affect the power dissipation of the Amg114.
(See Figure 1, page 4).

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
Am9124 and 3.2mA for Am9114 provides increased short cir-
cuit current for improved capacitive drive.

BLOCK DIAGRAM

A3 ADDRESS

BUFFERS STORAGE MATRIX

Ad —
A5

Ag ——=i

64x 16 64 x 16 64x 16

1 1 1

SENSE AMPLIFIERS

RN

27— pow 64x 16
DECODERS

A8 ——]

’ (Am9124 ONLY) !

ADDRESS
BUFFERS

COLUMN
DECODERS

]

CONNECTION DIAGRAM

aporess s [ 1® 18 [ ] vee
ADDRESS 5 [[] 2 17 (7] ADDRESS 7
appRess 4 [ 3 16 | ] ADDRESS 8

4
Amg114
Amg124

ADDRESS 3 [ 5 [ ] ADDRESS 9

o

ADDRESS 0 E 14 b INPUT/QUTPUT 1

@

ADDRESS 1 [ | 6 D INPUT/OUTPUT 2

s

ADDRESS 2 E 7 [7] npuT/OUTPUT 3

CHIP SELECT |8 I npuT/OUTPUT 4

ll“'"g'“ ONLY) aNp (vss) ] 10 [} WATTE ENABLE
C_? DATA BUFFERS
E
vee ——— ‘ t ’ ’ Top View
vss - Vo1 Yoz 03 104 Pin 1 is marked for orientation.
MOS-066 MOS-067
ORDERING INFORMATION
Access Times

ICC Am9124

Ambient Package | Current Am9114 (Power Down Option)

Temperature Type Level 450ns 300ns 200ns 450ns 300ns 200ns
Plasti 70mA Am3114BPC Am8114CPC | Am9114EPC Am9124BPC Am9124CPC | Am9124EPC
astic
cC<T 70°C 50mA Am91L14BPC | Am91L14CPC Am91L24BPC | Am31L24CPC
°C < Tx < 70°
A Hermeti 70mA Am9114BDC Am9114CDC | Am9114EDC | Am9124BDC | Am9124CDC | Am9124EDC
ermelic
50mA Am91L14BDC | Am91L14CDC Am91L24BDC | Am31L24CDC
. SOmA Am9114BDM | Am9114CDM Am9124BDM | Am9124CDM
—55°C = Tp < +125°C | Hermetic

60mA Am91L14BDM | Am91L14CDM Am91L24BDM | Am91L.24CDM
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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
Ve with Respect to Vgg —0.5Vto +7.0V
All Signal Voltages with Respect to Vgg -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 Vgg Vee Part Number Ambient Temperature Vgg Vee
Amg9114DC/PC Amg114DM
Am91L14DC/PC N " Am91L14DM ero .
AmM9124DC/PC 0°C = Tp < +70°C ov +5.0V = 5% AM9124DM 55°C < Tp < +125°C oV +5.0V = 10%
Am91L24DC/PC Am91L24DM
ELECTRICAL CHARACTERISTICS over operating range Am9124XX Am9114XX
Am91L24XX Am91L14XX
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
VoHu = 24V Ve = 4.75V -1.4 -1.0
lon Output High Current OH £c mA
VOH =22V Vcc =4.5V -1.0 -1.0
Tp = +70°C 4.0 3.2
loL Output Low Current VoL = 0.4V mA
Tp = +125°C 3.2 24
ViH Input High Voltage 2.0 Vee 2.0 Vee | Volts
ViL Input Low Voltage -0.5 08 | -05 0.8 | Volts
lix Input Load Current Vs = V| =Vgc 10 10 nA
0.4V < Vg < Vg Ta = +125°C -50 50 —-50 50
! Output Leakage Current ) A
0z utp age Lurren Output Disabled Ta = +70°C -10 10 -10 10 ”
5 0°Cto +70°C 95 75
los Output Short Circuit Current | (Note 2) mA
—-55°C to +125°C 115 75
Cl Input Capacitance (Note 1) | Test Frequency = 1.0MHz 3.0 5.0 3.0 5.0
. o, . pF
clo 1/O Capacitance (Note 1) Ta = 25°C, All pins at OV 5.0 6.0 5.0 6.0
ELECTRICAL CHARACTERISTICS over operating range
Am91L24 Am9124 Am91L14 Am9114
Parameter Description Test Conditions Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units
Ver O Max. V. &5 <v Tp = 25°C 40 60 40 60
cc Operating ax. Vee, CS <V ~ o
lec Supply Current for Am9124/91L.24 Ta=0C 50 70 50 70 | mA
Tp = —55°C 60 80 60 80
A S p " Ta = 25°C 15 24 - -
utomatic ower ax. Voo s = —
o Down Current (€S =Viw) Ta =0C 20 30 mA
Tp = —55°C 22 33 - -
Notes: 4, The internal write time of 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

1. Typical values are for Ty = 25°C, nominal supply voltage
and nominal processing parameters.

2. For test purposes, not more than one output at a time referenced to the rising edge of the signal that terminates
should be shorted. Short circuit test duration should not ex- the write.
ceed 30 seconds. 5. Chip Select access time (tco) is longer for the Am9124 than
3. Test conditions assume signal transition times of 10ns or for the Am9114. The specified address access time will be
less, timing reference levels of 1.5V and output loading of valid only when Chip Select is low soon enough for tcg to
one standard TTL gate plus 100pF. elapse.
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Am9114 « Am9124

SWITCHING CHARACTERISTICS over operating range (Note 3) Am9114B Am9114C Am9114E
Am9124B Am9124C Am9124E
Parameter Description Min. Max. Min. Max. Min. Max. Unit
Read Cycle
tRC Address Valid to Address Do Not Care Time (Read Cycle Time) 450 300 200
tA Address Valid to Data Out Valid Delay (Address Access Time) 450 300 200
tCO Chip Select Low to Data Out Valid (Note 5) Am9114 120 100 70
Am9124 420 280 185 ns
tCX Chip Select Low to Data Out On 20 20 20
tOTD Chip Select High to Data Out Off 100 80 60
tOHA Address Unknown to Data Out Unknown Time 50 50 50
Write Cycle
twC Address Valid to Address Do Not Care Time (Write Cycle Time) 450 300 200
tw Write Enable Low to Write Enable High Time (Note 4) Am9114 200 10 120
Am9124 250 200 150
tWR Write Enable High to Address Do Not Care Time 0 0 0
toTW Write Enable Low to Data Out Off Delay 100 80 60
tDw Data In Valid to Write Enable High Time 200 150 120
tDH Write Enable Low to Data In Do Not Care Time 0 0 0 e
tAW Address Valid to Write Enable Low Time 0 0 0
tPD Chip Select High to Power Low Delay (Am9124 only) 200 150 100
tPU Chip Select Low to Power High Delay (Am9124 only) 0 0 0
tCW Chip Select Low to Write Enable High Time (Note 4) Amo114 2% 10 120
Am9124 250 200 150
SWITCHING WAVEFORMS
READ CYCLE READ CYCLE WRITE CYCLE
R —] | tRC i |——————|wc————i

|
|
o B i g

REX

, ~ wore g™ |
0 XX 0' 0 XX
Seiter m ’0 0’0‘0’0 OO0 0‘0’0? m m
leo)—twr
(NOTE "]
WRITE Sk 7
ENABLE
(NOTE 5} I—-
1ot L oo ow- i o

1CX —
X X X
¢‘ X QAL <uizar K e
“ " (ADDRESS AccEsS)—’IL _J
HOHA

POWER DOWN WAVEFORM (Am9124 ONLY)

(ADDHESS ACCESS)
tOHA

MOS-068

MOS-069
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Am9114 « Am9124

TYPICAL CHARACTERISTICS
Typical ICC Typical tacc Typical C Load Versus
Versus VCC Characteristics Versus VCC Characteristics Normalized tacc Characteristics
1.50 T - 1. 1.15
Tp = 25°C 2 Tp = 25°C Ta = 25°C
1.25 1.10 ]
0 g 14 Q Amotia _LZX
2 100 ] £ 8
X ~] k] s
[=} o a 1.05
o / Am9114 AND Am9124 [ w /’/ Amg124
3 ors (ACTIVE) N 10 5 N
= < Am9114 AND Am9124 <,
= < 1.00
S 0.50 AN & T
z ] 4 \‘\ Z 09 2
0.25 A 0.95
) Am9124 (STAND BY)
o 111 08 0.90
0o 1 2 3 4 5 6 7 40 45 5.0 55 6.0 100 200 300 400
vee vee CAPACITANCE LOAD -~ pF
Normalized tacc Normalized ICC
Versus Ambient Temperature Versus Ambient Temperature
1.4 T 13 T
VCC = 5.0V VCC = 5.0V
13 1.2
8 / g L
£ 12 > = 14
o ~
2 Am9114 AND Am124 / w Ama114 AND Am9124
N1 — 3 10
E: " E
§ 1.0 gz= 0.9
z
0.9 0.8 I~
0.8 / 0.7
—-55 -25 [+ 25 50 70 100 125 -55 -25 [} 25 50 70 100 125
Ta — AMBIENT TEMPERATURE — °C Tp — AMBIENT TEMPERATURE — °C
MOS-361
BIT MAP
Worst Case Current vos vor
(mA at OOC) 1104 COLO...COL1S yo2 €OLO...COL1S
Pal't 100% 50% INTERNAL COL 0...COL IS’ COLO...COL1S
Configuration | Number | Duty Cycle | Duty Cycle L
9114 280 280 _‘__ INTERNAL
o
2K x 8 91L14 200 200 Address Designators .
9124 200 160 External Internal .
91L24 140 110 A0 A9
Al A8 A -
9114 840 840 A2 A7 cELL .
91L14 600 600 I Y| e )
Kxi2 1A s ‘ .
9124 480 420 v A3 B
91124 330 285 A7 ™ °
A8 A5 }\ . . .
91 |1_4 2240 2240 Ag s 83 1023(63 1023 63 1023163 1023 p1— IN;;:NS?’L
91L14 1600 1600 — .
8K x 16 =
9124 1120 1040 Bl
91L24 760 700
Figure 1. Supply Current Advantages of Am9124. Figure 2. Bit Mapping Information.
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Am9130- Am91L30

1024 x 4 Static R/W Random Access Memories

DISTINCTIVE CHARACTERISTICS
1k x 4 organization

Single +5V power supply

Low operating power

— 578mW max., 9130

— 368mW max., 91L30

Interface logic levels identical to TTL
High noise immunity — 400mV worst

Data register on-chip
Address register on-chip

Unique Memory Status signal
~ improves performance
" — self clocking operation
Full MIL temperature range available

Fully static data storage — no refreshing

-case
High output drive — two standard TTL loads
DC power-down mode — reduces power by >80%
Single phase, low voltage, low capacitance clock
Static clock may be stopped in either state

Steady power drain — no large surges

High-speed — access times down to 200ns max.

100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9130 and Am91L30 products are high performance,
adaptive, low-power, 4k-bit, static, read/write random access
memories. They are implemented as 1024 words by 4 bits per
word. Only a single +5V power supply is required for normal
operation. A DC power-down mode reduces power while re-
taining data with a supply voltage as low as 1.5V.

All interface signal levels are identical to TTL specifications,
providing good noise immunity and simplified system design.
All inputs are purely capacitive MOS loads. The outputs will
drive two full TTL loads or more than eight low-power Schottky
loads.

Operational cycles are initiated when the Chip Enable clock
goes HIGH. When the read or write is complete, Chip Enable
goes LOW to preset the memory for the next cycle. Address
and Chip Select signals are latched on-chip to simplify system .
timing. Output data is also latched and is available until the
next operating cycle. The WE signal is HIGH for all read opera-
tions and is LOW during the Chip Enable time to perform a
write. Data In and Data Out signals share common I/O pins.

Memory Status is an output signal that indicates when data is
actually valid and when the preset interval is complete. It can
be used to generate the CE input and to improve the memory
performance.

BLOCK DIAGRAM CONNECTION DIAGRAM
A0 O——=1
Al O—e] ROW w s
12 ROW
2;0_. res 7 DAE%%%EES:S STORAGE CELL MATRIX ADDRESS 6] 1® 22 [Jvge 5.0V
O AND . :
A4 O—=] LATCH ADDRESS 7[ ] 2 21[] ADDRESS 0
5 64x16 | 64x16 § 64x16 | 64x16
ApDREss 8 ] 3 20 [7] ADDRESS 1
ADDRESS9[ | 4 19 [] Aooress 2
cco—n| S, H =
paTA 0 1[5 18 [ "] ADDRESS 3
REF. ROW patal02[ )6 AA:QTSSO 17 { ] ADDRESS 4
ABO—=  coLumn 16 16 16 16 pATA 03[ |7 16 I 1 ADDRESS §
A7 BorreR. _Q AGDRESS paTA04[ |8 15 |_] WRITE ENABLE
A8 O—1 B“:,fé" 5] DECODERS ’
A9 O—=]  LATCH 1 ouTPUT DISABLE [ ] 9 14 [ | cHP SELECT
saL| wa [saL]wa |saLfwa |saL|wa
MEMORY sTATUS [] 10 13 [[JoutPuT ENABLE
os{18|os| 8 |os]|i|os] s .
o SECEEI?E:TR i :"j H (eND) vgg ] 11 12 [} cHIP ENABLE
O—=1  BUFF CONTROL
e L] Lll L[l \1J
Vee O—— .
e L . Ton View
OE 0D WE 101 1/02 1/03 1104 MS Pin 1 is marked for orientation.
MPR-376 MPR-377
ORDERING INFORMATION
Package Power Access Time
Type Ambient Temperature | Type 500ns 400ns 300ns 250ns 200ns
| STD | AM9130APC AMS130BPC AM9130CPC AM9130DPC AMS130EPC
Molded 0°C = Tp = +70°C
LOW | AM91L30APC | AMS91L30BPC | AM91L30CPC | AM91L30DPC;
0C<T +70°C STD | AMS130ADC AM9130BDC AM9130CDC AM9130DDC AM9130EDC
= < °
Hermetic A LOW | AM91L30ADC | AM91L30BDC | AM91L30CDC | AMS1L30DDC
DIP STD | AM3130ADM AM9130BDM AM9130CDM
—55°C = Ty = +125°C
LOW | AM91L30ADM | AM91L30BDM | AM91L30CDM
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Am9130 - Am91L30

MAXIMUM RATINGS above which the useful life-may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C t0 +125°C
Ve with Respect to Vgs —0.5V to +7.0V
 All Signal Voltages with Respect to Vgg —-0.5V to +7.0V
Power Dissipation 1.25W

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 POWER-DOWN RANGE
Vee Vss Vee Vgs Ambient Temperature Part Number
4.75V < Vgg <5.25V ov 18V < Ve <5.25V ov 0°C<Ta< +70°C AM91X30XDC
4.50V < Vpg <5.50V ov 1.5V < Vge <5.50V oV ~55°C < Ta<# 25°C AM31X30XDM
ELECTRICAL CHARACTERISTICS over operating range {Note 1)
Am9130 Am91L30
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Vee =4.75V 24 24
VoH Output HIGH Voltage loH = —2001A cc Volts
Vee =45V 2.2 2.2
VoL Output LOW Voltage loL =3.2mA 0.4 0.4 Volts
VIH Input HIGH Voltage 2.0 Vee 20 Vee Volts
ViL Input LOW Voltage -0.5 0.8 -0.5 0.8 Volts
[IN] Input Load Current Vgs < VIN < Vce 10 10 HA
Lo Qutput Leakage Current Vgs < VouT < Ve, Output disabled 10 10 A
Max. V Ta=25°C 50 100 40 65
Ice Ve Supply Current ax. Vee =0°
Output disabled Ta=0C 110 70 mA
Tp=-55°C 125 80
CiA Input Capacitance (Address) 3.0 6.0 3.0 6.0 pF
CouT Output Capacitance Test frequency = 1MHz 4.0 7.0 40 7.0 pF
Ta=25°C
Cic Input Capacitance (Control) A . 6.0 9.0 6.0 9.0 pF
- All pins at OV
Ci/o 1/O Capacitance : 6.0 9.0 6.0 9.0 pF
POWER DOWN CHARACTERISTICS Am9130 Am91L30
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Unit
dv/dt Ve Rate of Change 3.0 3.0 Vius
tPS Power Down Set-Up Time tEL tEL ns
tPH Power Up Hold Time tEL tEL ns
Ta=25°C 36 72 28 55 mA !
Ve = 2.0V Ta=0C 78 60 mA
1PD Icc in Standby Tp =-55° 89 68 mA
(Note 2) Ta =25°C 20 52 16 45 mA
Vee = 1.8V Ta=0°C 56 48 mA
Ta= ~55°C 64 55 mA
POWER DOWN WAVEFORM
dv/dt
Vee MINIMUM 7 /_ \7
L OPERATING Vg
. tPs_’. LtPH
AND
OE
MPR-378
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Am9130 « Am91L30

SWITCHING CHARACTERISTICS over operating range
READ CYCLE (Notes 7, 8, 9)
Am9130A Am9130B Am9130C Am9130D
Am9iL30A Am91L30B Am91L30C Am91L30D Am9130E

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tRC Read Cycle Time (Note 5) 770 620 470 395 320 ns
Access Time (Note 3)
tA (CE to Output Valid Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time (Note 14) 500 400 300 250 200 ns
tEL Chip Enable LOW Time {Note 14) 250 200 150 125 100 ‘ns
tCH Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tAH Chip Enable to Address Hold Time 200 170 150 120 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) —5 —5 -5 —5 -5 ns
tAS Address to Chip Enable Set-Up Time 0 0 0 0 0 ns
tRS Read to Chip Enable Set-Up Time 0 0 0 0 0 ns
tRH Chip Enable to Read Hold Time 0 0 0 0 0 ns
tOH Chip Enable to Output OFF Delay (Note 3) 0 0 0 0 0 ns
tCF OE or OD to Output OFF Delay (Note 11) 200 165 135 115 100 ns
tCO OE or OD to Output ON Delay (Note 11) 220 185 150 125 110 ns
tES Output Enable to CE LOW Set-Up Time(Note 12)| 90 75 60 65 50 ns
tDM Data Out to Memory Status Delay 0 0 [¢] 0 1] ns
tP Internal Preset Interval (Note 14) tEL tEL tEL tEL tEL ns
SWITCHING WAVEFORMS
READ CYCLE
| tRC
) - en i L
X
i / N\ T
tAS {— i I tAH
OOOOOONKY OO0
sooness pepeees | AN v
cs —1 I «ch I
W‘E 0'.'."'.""""" | ".""V’V."'"’V."Vo""'.'.V.V‘V.'.V.'.'."V‘V "V".'
seteer QRO AT
————i—— tRS | '——— tRH
WAITE COXIO0O00OXOVOOO00
. R R0
tES
VI AV NVANVVVI VI VA NV VAWV VVWVAAANYT VAT VSN VVVWVIVYWVWAAAA/
outeut  OOOOOOOGOOOOOOCOOCOONOOO00 OOOOOO0OO00
eusets RN RN
oureur  PROCOOOOOOOOOCONOCOOOOONOO00 GOOOOCOO00XX
siste ORI XA
l——-'—.xou l———'—tco } L.———tCF4|
DATA 1/0 I 1; 1— ‘ OUTPUT VALID >—
- & 3
! tA DM !— P

MEMORY
status (NOTE®) / \
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Am9130 « Am91L30

SWITCHING CHARACTERISTICS over operating range
WRITE CYCLE (Notes 7, 8, 9)

Am9130A Am9130B Am9130C Am9130D
Am91L30A Am91L30B Am91L30C Am91L30D Am9130E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tWC Write Cycle Time (Note 5) 770 620 470 395 320 ns
tA Access Time (CE to Output ON Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time (Notes 14, 15} 500 400 300 250 200 ns
tEL Chip Enable LOW Time (Notes 14, 15) 250 200 150 125 100 ns
tAS Address to Chip Enable Set-Up Time 0 4] o] 0 0 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) -5 -5 -5 -5 -5 ns
tCH Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tWW Write Pulse Width (Note 10) 200 165 135 115 100 ns
tDS Data Input Set-Up Time (Note 10) 200 165 135 115 100 ns
tDH Data Input Hold Time {Note 10) 0 0 0 0 0 ns
tDM Data Out to Memory Status Delay 0 0 0 0 4] ns
tP Internal Preset Interval tEL tEL tEL tEL tEL ns
SWITCHING WAVEFORMS
WRITE CYCLE
we
} tEH |} 1EL
/ N [
AS i i tAH | ’
A V.V." I'V"’V.' V.V.'.V'V"‘V.VQV‘V.V.V.V.V‘V’V’V.V"‘V.V‘V’V‘V’V"."Y’V"""VoV’V""."'
DDRESS .0.}.0 0.0’0‘0’0‘0.0’000’0’0 0’000‘0’0.0.0‘0’000’0‘0‘0.0’0’0’0.000.0’0‘0‘0’0’0‘0.0'0‘0'0‘
wes—+ tCH ‘
0000 XOO00COCCOOCOOCTRTTOSOOOOOOONN XY
e QO AR
1 Ww
wre QOO0 X A M
ENABLE ’0’0’0.0’000.0‘0 0’0 0.0.0.0.0’0’0’0‘0‘0’0‘0.0‘0’0‘0'0‘0’0‘0
| |
QUTPUT v.v.v‘v.v’v’v‘v’v’v’v.vov’v.v’v’v’v.v’v.v.v.v‘v’v.v.v v'v‘v.v".v.v‘ v.v’v'v.v.v‘v’v’vov‘v’v‘v’v‘v.v’v’v.v.v‘v.v‘
B ANt QORI
I I (NOTE 13) ‘
oUTPUT v‘v‘v’v‘v’v.v"v.v‘vov‘v‘v’"v’v.v.v.v.v.v‘v’v’v.v‘v.‘v’v’v‘v'v.""'7' V’Vo""V‘V.V.V‘V‘V.V’V’v.vov‘v.v‘v.v"“v
ok RN RORAR
tOH— tCF ’
- T DATA
DATA /0 3 | IN
. _I_ f‘ STABLE
| DS [ | tDH
[ ! [
O, (NOTESS, 15) ]IL §
! tA ! —tDM [ —‘
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SWITCHING CHARACTERISTICS over operating range

READ/MODIFY/WRITE CYCLE (Notes 7, 8, 9)

Am9130 « Am91L30

Am9130A Am9130B Am9130C Am9130D
Am91L30A Am91L30B Am91L30C Am91L30D Am9130E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tRMWC R/M/W Cycle Time (Notes 5,16) 1170 950 740 625 520 ns
tA Access Time (CE to Output Valid Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time (Notes 14, 15} 900 730 570 480 400 ns
tEL Chip Enable LOW Time (Notes 14, 15) 250 200 150 125 100 ns
ng Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) -5 -5 -5 -5 -5 ns
tAS Address to Chip Enable Set-Up Time ] 0 o] ns
tRS Read to Chip Enable Set-Up Time 0 ns
tOH Chip Enable to Output OFF Delay 0 ns.
tDH Data input Hold Time {Note 10) 0 0 0 ns
tDS Data Input Set-Up Time (Note 10) 200 165 135 115 100 ns
tWW Write Pulse Width (Note 10) 200 165 135 115 100 ns
tCF OE or OD to Output OFF Delay (Note 11) 200 165 135 115 100 ns
tCO OE or OD to Output ON Delay (Note 11) 220 L 185 150 . 125 110 ns
tDV Data Valid after Write Delay 10 10 10 10 10 ns
tR Read Mode Hold Time tA tA tA tA tA ns
tDM Data Out to Memory Status Delay 0 0 0 0 0 ns
tP Internal Preset Interval tEL tEL tEL tEL tEL ns
SWITCHING CHARACTERISTICS
READ/MODIFY/WRITE CYCLE
tRMWC
i tEH { | tEL
CHIP ‘ ‘ 2 2 2 ;
ENABLE f X /1
tAS _f‘—” le——taH ———| |
OOOOOOCOOCOOOOONOOAAAOAOOONKX XX XXXX)
ADDRESS m ’0.0.0.0‘0.0.0”.0.0.0.0.0‘0.0‘0’0.:.0’0‘0’0‘0’0.0.0.0’0.0’0.0.0‘0.0.0.0’0’0.0.0’0‘
1C: ! tCH | I ‘
—— .V.V.V. \ ".""'.' "V""’V."“"V".'.V."V.'.v"."'.V.V".'.'.'.V".'.'."'.V‘V’V".'
CHIP
seLecr KOO0 ARSI
,Deﬁ‘ }4 R | Ww .
JE— X WYY NV VYV A Y
WRITE OOOOCOOOONO0O0ONX)
T AN SR
oureur - XXXXXOCOOOOOCOXOX T RO
)
reaie. RGN ARXXXXRRRINNN
| ‘ (NOTE 13) I l l
WYYV WAV VWV ANV VYV
oureur  RIOKOOCOOOOAOOOOONN0 OOOOOOOOCOOCLOOVOOO0
mineis. AN | [ KRN
tOH ——{-—-—{
DATA1/O I 4
- _{—4— tA ’4— tDS —v—‘ tOH
DM !P——{
R [NOTES 6, 15) j i
MPR-381
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NOTES:

1. Typical operating supply current values are specified for
nominal processing parameters, nominal supply voltage
and the specific ambient temperature shown.

2. Typical power-down supply current values are specified
for nominal processing parameters, the specific supply
voltage shown and the specific ambient temperature
shown. )

3. At any operating temperature the minimum access time,
tA(min.), will be greater than the maximum CE to
output OFF delay, tOH(max.).

4. The negative value shown indicates that the Chip Select
input may become valid as late as bns following the
start of the Chip Enable rising edge.

5. The worst-case cycle times are the sum of CE rise time,
tEH, CE fall time and tEL. The cycle time values shown
include the worst-case tEH and tEL requirements and
assume CE transition times of 10ns.

6. The Memory Status signal is a two-state output and is
not affected by the Output Disable or Qutput Enable
signals. If the output data buffers are turned off, Memory
Status will continue to reflect the internal status of the
memory.

7. Output loading is assumed to be one standard TTL gate
plus 50pF of capacitance.

8. Timing reference levels for both input and output signals
are 0.8V and 2.0V.

CE and WE transition times are assumed to be <10ns.

10. The internal write time of the memory is defined by
the overlap of CE high and WE low. Both signals must
be present on a selected chip to initiate a write. Either
signal can terminate a write. The tWW, tDS and tDH
specifications should all be referenced to the end of the
write time. The Write Cycle timing diagram shows
termination by the falling edge of CE. If termination is
defined by bringing WE high while CE is high, the
following timing applies:

e \
= tWw

ww

MPR-382

11.  The output data buffer can be ON and output data
valid only when OQutput Enable is high and Qutput
Disable is low. OE and OD perform the same function
with opposite control polarity.

12.  The output data buffer should be enabled before the
falling edge of CE in order to read output information.
When the output is disabled and CE is low, the output
data register is cleared.

13.  Input and output data are the same polarity.

14.  The Chip Enable waveform requirements may be defined
by the Memory Status output waveform. For a read
cycle, the basic CE requirement is that tEH > tA and
tEL > tP:

/(R

0Ons MIN.

MPR-383

15.  The Memory Status output functions as if all operations
are read cycles. If a write cycle begins with WE low and
Data In stable at the time CE goes high, the rising edge
of MS may be used as an indication that the write is
complete and CE may be brought low. In a cycle where
WE goes low at some point within the CE high time, the
rising edge of MS should be ignored as an indication of
write status. The falling edge of MS is always valid
independent of the type of operation being performed.

16. For the R/M/W cycle, tEH (min.) is defined as tR (min.)
+tCF (max.) + tDS (min.). This provides a conservative
design with no 1/O overlap and assumes that tCF begins
at the end of the tR time. Other designs with somewhat
shorter R/M/W cycles are possible.

FUNCTION DESCRIPTION

Block Diagram

The block diagram for the Am9130 shows the interface con-
nections along with the general signal flow. There are ten
address lines (AQ through A9) that are used to specify one
of 1024 locations, with each location containing 4 bits. The
Chip Select signal acts as a high order address. The Chip
Enable clock latches the addresses into the address registers
and controls the sequence of internal activities.

The row address signals (AQ through Ab) and their inversions
are distributed to the 64 row address decoders where one of

the rows is selected. The 64 cells on the selected row are then
connected to their respective bit line columns. Meanwhile, the
column address signals (A6 through A9) are decoded and
used to select 4 of 64 columns for the sense amplifiers. Thus a
single cell is connected to each output path.

During read operations, the sensed data is latched into the
output register and is available for the balance of the operating
cycle. During write operations, the write amplifier is turned on
and drives the input data onto the sense lines, up the column
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bit lines and into the selected cell. Read and write data are
the same polarity.

The data buffer is three-state and unselected chips have
their outputs turned off so that several may be\wire-ored
together. The Qutput Enable and Output Disable signals pro-
vide asynchronous controls for turning off the output buffers.

Within the storage matrix there is an extra row of simulated
cells. This reference row is selected on every operating cycle
in addition to the addressed row and provides internal timing
signals that control the data flow through the memory. The
Memory Status output signal is derived from the reference
row and uses the same designs for its sense and buffer circuits
as used by the data bits.

Chip Enable

The Chip Enable input is a control clock that coordinates all
internal activities. The rising edge of CE begins each cycle and
strobes the Address and Chip Select signals into the on-chip
register. Internal timing signals are derived from CE and from
transitions of the address latches and the reference cells.

When the actual access time of the part has been reached (or
a write operation is complete), CE may be switched low if
desired. The worst-case time as specified in the data sheet may
be used to determine the access. Alternatively, the access or
write-complete time indicated by the rising edge of the
Memory Status output signal may be used.

When CE goes low, the internal preset operation begins. The
memory is ready for a new cycle only after the preset is
complete. The worst-case CE low time specified in the data
sheet may be used to determine the preset interval. Alterna-
tively, the actual preset time is indicated as complete when
Memory Status goes low.

There are no restrictions on the maximum times that CE may
remain in either state so the clock may be extended or stopped
whenever convenient. After power-on and before beginning a
valid operation, the clock should be brought low to initially
preset the memory.

Address and Chip Select
The Address inputs are latched into the on-chip address

register by the rising edge of CE. Addresses must be held

stable for the specified minimum time following the rising
edge of CE in order to be properly loaded into the register.
Following the address hold time, the address inputs are ignored
by the memory until the next cycle is initiated.

The Chip Select input acts as a high order address for use when
the system word capacity is larger than that of an individual
chip. It allows the Address lines to be wired in parallel to all
chips with the CS lines then used to select one active row of
chips at a time. Unselected chips have their output buffers off
so that selected chips wired to the same data lines can domi-
nate the output bus. Only selected chips can perform write
. operations.

CS is latched in the same way that Addresses are. Once a
memory is selected or deselected, it will remain that way
until a new cycle with new select information begins.

Write Enable

The Write Enable line controls the read or write condition of
the devices. When the CE clqck is low, the WE signal may be
in any state without affecting the memory. WE does not
affect the status of the output buffer.

To execute a read cycle, WE is held high while CE is high. To
perform a write operation, the WE line is switched low while
CE is high. Only a narrow write pulse width is required to
successfully write into a cell. In many cases, however, it will
be convenient to leave the WE line low during the whole
cycle.

A write cycle can take place only when three conditions are
met: The chip is selected, CE is high, and WE is low. This
means that if either CE goes low or WE goes high, the writing
is terminated.

Data In and Data Out

The requirements for incoming data during a write operation
show a minimum set-up time with respect to the termination
of the write. Termination occurs when either WE goes high or
CE goes low. If incoming data changes during a write operation,
the information finally written in the cell will be that stable
data preceeding the termination by the set-up time. Since the
data being written during a write cycle is impressed on the
sense amplifier inputs, the output data will be the same as the
input once the write is established.

During a read cycle, once all of the addressing is complete and
the cell information has propagated through the sense ampli-
fier, it enters the output data register. The read information
can also flow through to the output if the buffer is enabled. As
long as CE is high, the addressing remains valid and the output
data will be stable. When CE goes low to begin the internal
preset operation, the output information is latched into the
data register. It will remain latched and stable as long as CE
is low. If the output is disabled when CE is low, the output
data register is cleared. At the start of every cycle when CE
goes high, the output data latch is cleared in preparation for
new information to come from the sense amplifier, and the
output buffer is turned off.

OE and OD are designed to provide asynchronous control of
the output buffer independent of the synchronous Chip Select
control. The OE and OD control lines perform the same
internal function except that one is inverted from the other.
If either OE is low or OD is high, the output buffer will turn
off. If the CS input is latched low and OE is high and OD is
low, then the output buffer can turn on when data is
available.

Memory Status

The Memory Status output is derived from the actual perform-
ance of the reference row of cells. Since the reference row is
always doing a read operation, the MS output will appear in -
every operating cycle, whether a read or write is being per-
formed. MS uses the same output circuitry as used in the data
path. The result is that Memory Status tracks very closely
the true operating performance of the memory.

The rising edge of MS indicates when output data is valid and
tracks changes in access time with changing operating condi-
tions. The rising edge also specifies the end of the time that
CE must be held high for a read. CE may be high as long as
desired, but may safely go low any time after MS goes high.
The falling edge of MS occurs after CE goes low and the
internal preset period is complete. It indicates that CE may
go high to begin a new cycle. See the Am9130/40 Application
Note for details.
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Access Change
Versus Capacitive Load

Versus Ambient Temperature

CHARACTERISTICS

Access Time Supply Current

Versus Ambient Temperature

DIE S1ZE 0.192"" X 0.197"
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I & 11 /L ! 1.0
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5 Vee® 8 S o9 08
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Typical Output Currents
Typical Icc Versus Voo Versus Output Voltage
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©
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Metallization and Pad Layout Bit Map
IROWO ROW 63[
BITY
BIT2
BIT3
BIT 4

BIT 4
CELL 1024

For bit mapping purposes:
Row address LSB = A5, MSB = AO
Column address LLSB = A6, MSB = A9
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1024 x 4 Static R/W Random Access Memories

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
® 1k X 4 organization The Am9131 and Am91L31 products are high perfor-
© Fully static data storage — no refreshing mance, low-power, 4k-bit, static, read/write random access
® Single +5V power supply memories. They are implemented as 1024 words by 4 bits
® High-speed — access times down to 200ns max. per word. Only a single +5V power supply is required for
® Low operating power normal operation. A DC power-down mode reduces power
— 578mW max., 9131 while retaining data with a supply voltage as low as 1.5V.
— 368mW max., 91L31 All interface signal levels are identical to TTL specifications,
o Interface logic levels identical to TTL providing good noise immunity and simplified system de-
° H!Qh noise immunity —400mV worst-case sign. All inputs are purely capacitive MOS loads. The out-
® High output drive — two standard TTL loads . puts will drive two full TTL loads or more than eight
[ QC power-down mode — reduces power by >80% low-power Schottky loads.
o Single phase, low voltage, low capacitance clock . . .
. L Operational cycles are initiated when the Chip Enable
® Static clock may be stopped in either state .
N X clock goes HIGH. When the read or write is complete,
® Data register on-chip .
., . Chip Enable goes LOW to preset the memory for the next
® Address register on-chip . . .
. cycle. Address and Chip Select signals are latched on-chip
® Steady power drain — no large surges L - R X
L to simplify system timing. Output data is also latched and is
® Full MIL temperature range available . . . = . .
e 100% MIL-STD-883 reliability assurance testin available until the next operating cycle. The WE signal is
° ¥ g HIGH for all read operations and is LOW during the Chip
Enable time to perform a write. Data In and Data Out
signals share common 1/O pins.
BLOCK DIAGRAM CONNECTION DIAGRAM
A0 O—=1
O -
:;o_, Ao%%“éss 12 ROW 64 ADDRESS 8] 1@ e 22 [TV (+5.0V)
” RUFFER i> ADDRESS i:) STORAGE CELL MATRIX
" O— L:;V&?H DECODERS apoRess7[ |2 21{"] ADDRESS 0
A5 B4x16 1 64x16 | Bax16 | séx1e ADDREss 8[| 3 20 [ ADDRESS 1
AoDREss 8[| 4 19 [ ADORESS 2
ceo—=1  contaoL paTA 10 1[] 5 18 [ JaDORESS 3
REF. ROW oaTal02[]6 AAmn;,)%‘L;; 17 [} ADDRESS 4
mo—=f  olomm 16 16 1 ® oaTA03[ |7 16 [ ] ADDRESS 5
A7 O———ei ADDRESS _J COLUMN DATA 1/0 4 8 WRITEENABLE
mo—f OIS oms - =P
A9 O—] LATCH 6 outpuT DisasLE [ o 14 [ ] CHIF SELECT
¢> SAL| WA ISAL| WA | SAL] WA | SAL | WA DO NOT
conneer L] 10 13 [ JOUTPUT ENABLE
CHIP ::)l ol |oefisjos|sfoB]ie (GND) vgg [] 11 12 [JcHip ENABLE
TS O—n] BSLEJEIE:(E:L CONI{I%OL
e, Lo NN
e L1
GND O——= o o o ] o Top View
OE 0D WE 1701 1/02 1/03 1/04 . . " .
Pin 1 is marked for orientation.
MOS-362 MOS-363
ORDERING INFORMATION
Access Time
Package Ambient Temperature Power oo
Type Type 500ns 400ns 300ns 250ns 200ns
0°C < Ta <+70°C STD | Am9131ADC Am9131BDC Am9131CDC Am9131DDC | Am9131EDC
Hermetic SIAT LOW [ Am91L31ADC | Am91L31BDC | Am91L31CDC | Am91L31DDC
Dip o o. | STD | Am9131ADM | Am9131BDM | Am9131CDM
- < <
85°C<TA<*125C IG5 [ Am91L3TADM | Am91L31BDM | Am91L31CDM
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The Am9131 and Am91L31 memories are identical in L3171 products should not be used and should not be con-
every respect to their counterparts in the Am9130 and nected to any external circuit. Please refer to the Am9130/
Am91L.30 family, with the single exception that the Mem- L30 data sheet for the electrical and switching characteris-
ory Status output is not functional. Pin 10 on the Am9131/ tics of the Am9131/L31.

Metallization and Pad Layout

DIE SIZE 0.192" x 0.197"
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4096 x 1 Static R/W Random Access Memories

DISTINCTIVE CHARACTERISTICS

® 4k x 1 organization

Fully static data storage ~ no refreshing

Single +5V power supply

High-speed — access times down to 200ns max.
Low operating power

— 578mW max., 9140

— 368mW max., 91L40

Interface logic levels identical to TTL

High noise immunity — 400mV worst-case

High output drive — two standard TTL loads

DC power-down mode — reduces power by >80%
Single phase, low voltage, low capacitance clock
Static clock may be stopped in either state

Data register on-chip

Address register on-chip

Steady power drain — no large surges

Unique Memory Status signal

— improves performance

— self clocking operation

Full MIL temperature range available

e 100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9140 and Am91L40 products are high performance,
adaptive, low-power, 4k-bit, static, read/write random access
memories. They are implemented as 4096 words by 1 bits per
word. Only a single +5V power supply is required for normal
operation. A DC power-down mode reduces power while re-
taining data with a supply voltage as low as 1.5V.

All interface signal levels are identical to TTL specifications,
providing good noise immunity and simplified system design.
All inputs are purely capacitive MOS loads. The outputs will
drive two full TTL loads or more than eight low-power Schottky
loads.

Operational cycles are initiated when the Chip Enable clock
goes HIGH. When the read or write is complete, Chip Enable
goes LOW to preset the memory for the next cycle. Address
and Chip Select signals are latched on-chip to simplify system
timing. Output data is also latched and is available until the
next operating cycle. The WE signal is HIGH for all read opera-
tions and is LOW during the Chip Enable time to perform a
write.

Memory Status is an output signal that indicates when data is
actually valid and when the preset interval is complete. It can
be used to generate the CE input and to improve the memory
performance.

BLOCK DIAGRAM CONNECTION DIAGRAM
A0 O—1
" AD?)OR“EISS 12 ROW 64
A2 O— - : - :
A3 O—s :EE‘E': Q?é’c"f?ﬁ' ADDRESS 6 ] 1® ~ 22[JVec s.0v)
2: HO' STORAGEBfEIéIZ MATRIX avoress 1] 2 21[ ] aooresso
ADDRESS8[ ] 3 20 [ ] ADDRESS 1
CE O——] cgm,’:g,_ AppREss9[ |4 19 [_] AbDRESS 2
STTERENCE oW | ADDRESS 10[} 5 18 [ ] ADDRESS 3
A8 O aooress 1] s AMI140 1 L oonessa
A7 O—=1  coLumn Am91L40
A8 O——w] ADDRESS | | COLUMN patain[]7 16 | ] ADDRESS 5
o BUFFERS t> ADDRESS
A:\i o—-e} Larches | DECODER 64 5 pataouT {8 15 [ ] WRITE ENABLE
ENSE
Al O—] i> LA s o outpuT DisasLE ] 9 14 [ AP sELECT
MORY STATUS 10 13 OUTPUT ENABLE
e R = (1 P e | - -
TS O—=  BUFFER CONTROL - (GND) Vgs [T 11 12 [ ] CHIP ENABLE
AND LOGIC
LATCH
Veg O—= .
GND O—— l tL L DATA DATA o | . TOD VIeW‘ )
MPR-389 OE 0D WE out N Ms Pin 1 is marked for orientation. MPR-380
ORDERING INFORMATION
Package Power Access Time '
Type Ambient Temperature | Type 500ns 400ns 300ns 250ns 200ns
AM9140CP! AM9140DP AM9140EP!
Molded 0°C < Tp < +70°C STD | AM9140APC AMS140BPC 9140CPC 9 C 9140EPC
LOW |AM91L40APC | AM91L40BPC | AM91L40CPC | AM91L40DPC
0°C < T < +70°C STD |[AM9140ADC AM9140BDC AM9140CDC AM9140DDC AMSY140EDC
Hermetic A LOW | AM91L40ADC | AM91L40BDC | AM91L40CDC | AM91L40DDC
DIP 55 < T, < +1o5°c |_STD_|AMO140ADM | AM9140BDM | AM9140CDM
AT LOW |AM91L40ADM | AM91L40BDM [ AM91L40CDM
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MAXIMUM RATINGS above which the useful life'may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias ~55°C to +125°C
Ve with Respect to Vgg —0.5V to +7.0V
All Signal Voltages with Respect to Vgg —-0.5V to +7.0V
Power Dissipation 1.25W

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 POWER DOWN RANGE
Vee Vgs Vee Vgg Ambient Temperature Part Number
475V < Vg <£5.25V ov 15V < Vg <€5.25V ov 0°C < Tp <+70°C AM91X40XDC
450V < Vg <550V ov 15V < Vgg €550V ov ~65°C < Tp <+125°C AM91X40XDM

ELECTRICAL CHARACTERISTICS over operating range {Note 1)

Am9140 Am91L40
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Vee =4.75V 24 24
VoH Output HIGH Voltage 10H = —200pA Volts
Voo =45V 22 22
VoL Output LOW Voltage loL =3.2mA 04 0.4 Volts
Vi Input HIGH Voltage 2.0 Vee 2.0 Vee Volts
ViL Input LOW Voltage -05 0.8 -05 0.8 Volts
IN] Input Load Current Vgs <V|N<Vce 10 10 HA
Lo Output Leakage Current Vgs < VouT < Vg, Output disabled 10 10 A
Max. V. Ta=25°C 50. 100 40 65
Ice Ve Supply Current ax. Vee Ta =0°C
Qutput disabled A 110 70 mA
Ta=-55"C 125 80
Cia Input Capacitance (Address) Test frequency = 1MHz 3.0 6.0 3.0 6.0 pF
CouTt Output Capacitance Ta=25°C 4.0 7.0 4.0 7.0 pF
Cic Input Capacitance (Control) All pins at 0V 6.0 9.0 6.0 9.0 pF
POWER DOWN CHARACTERISTICS Am9140 Am91L40
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Unit
dv/dt V¢ Rate of Change 3.0 3.0 Vius
tPS Power Down Set-Up Time tEL tEL ns
tPH Power Up Hold Time tEL tEL ns
Ta =25°C 36 72 28 55 mA
Vee =20V Ta=0°C 78 60 mA
P Icc in Standby Ta =-~55° 89 68 mA
D
(Note 2) TA = 25°C 20 52 16 45 mA
Vec=15V | Ta=0°C 56 48 mA
TA= ~55°C 64 55 mA
POWER DOWN WAVEFORM
dv/dt
Vee MINIMUM 7 /_ \
OPERATING Vg ;
tPS | lleH
AND
o A
MPR-391
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SWITCHING CHARACTERISTICS over operating range
READ CYCLE (Notes 7, 8, 9)

Am9140 - Am91L40

Am9140A  Am9140B Am9140C Am9140D
Am91L40A Am91L40B Am91L40C Am91L40D Am9140E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tRC Read Cycle Time (Note 5) 770 620 470 395 320 ns
Access Time (Note 3}
" (CE to Output Valid Detay) 500 400 300 %0 200 | ns E
“tEH Chip Enable HIGH Time {Note 14) 500 400 300 250 200 ns
tEL Chip Enable LOW Time (Note 14) 250 200 150 125 100 ns
tCH Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time {Note 4) -5 -5 -5 -5 -5 ns
tAS Address to Chip Enable Set-Up Time 0 0 0 0 0 ns
tRS Read to Chip Enable Set-Up Time ] 0 0 0 0 ns
tRH Chip Enable to Read Hold Time 4] 0 0] 0] 0 ns
tOH Chip Enable to Output OFF Delay {Note 3) 0 0 0 0 ] ns
tCF OE or OD to Output OFF Delay (Note 11) 200 165 135 115 100 ns
tCO OE or OD to Output ON Delay (Note 11) 220 185 150 125 110 ns
tES Qutput Enable to CE LOW Set-Up Time (Note 12)| 90 75 60 55 50 ns
tDM Data Qut to Memory Status Delay 0 0 o o 0 ns
tP Internal Preset Interval (Note 14) tEL tEL tEL tEL tEL ns
SWITCHING WAVEFORMS
READ CYCLE
tRC
i tEH " €L
en 2 /‘F \ Y
U — |
tAS I 1 [ tAH
OOCOOO0OK OO0
rooness KXXROR% || RN
tCs ! } tCH I
i QRCOOO0000 | OOOOOOOOOCOOOOONCOROCONY
seieer OO0 GOSN
Io——‘—tRS tRH
WAITE QOOO00O00OCCOONNNXX
= Ry s
(ES
oureur JOOOOOOOOOOOOOOOOCOCOONOOOOOO00F 00’0,’00‘0' OXXY
erveic XN RN
oUTPUT V"""""‘V‘V.V."v \/ '.V.V’V"."""'"’V’V""""o"" ."""""'0'." V.V.V"
wivats RN GO
’————'—— tOH l———'—‘nco | ———xmﬁ
DATA OUT : },— {_ } QUTPUT VALID >—
- T %_ tA DM l— tP
MEMORY (noTE ) j \
MPR-392
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Am9140 - Am91L40
SWITCHING CHARACTERISTICS over operating range
WRITE CYCLE (Notes 7, 8, 9)

Am9140A Am9140B Am9140C Am9140D
Am91L40A Am91L40B Am91L40C Am91L40D Am9140E

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tWC Write Cycle Time (Note 5) 770 620 470 395 320 ns
tA Access Time (CE to Output ON Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time (Notes 14, 15) 500 400 300 250 200 ) ns
tEL Chip Enable LOW Time (Notes 14, 15) - 250 200 150 125 100 ns
.tAS Address to Chip Enable Set-Up Time ] 0 0 4] 0 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) -5 -5 -5 -5 -5 ns
tCH" Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tWw Write Pulse Width (Note 10) 200 165 135 115 100 ns
tDS Data Input Set-Up Time (Note 10) 200 165 135 115 100 ns
tDH Data Input Hold Time (Note 10) 0 0 0 0 0 ns
tDM Data Out to Memory Status Delay 0 o] 0 ] 0 ns
tP Internal Preset Interval tEL tEL tEL tEL tEL ns

SWITCHING WAVEFORMS
WRITE CYCLE
we
i EH tEL
CHIP - x ‘ZZZZZZZ;
ENABLE 4 A
tAS tAH i

ADDRESS ‘

tCS tCH
i XK KKK KR CXKRY
SELECT m A0
wWw
_vTRI_TE .'.V."'."'.'.""‘.V.V.‘."'."""V’V’V’V"‘V."
LI ARRXX XXX
) DS ———t— tDH

KKK
pATAIN W& B B o
tA v
_ ]
DATA QUT ) ‘ WRITE DATA QUT* F—
— — ——
oM i— } ]
MEMORY (s, 16) / \

*Assumes output is enabled.

MPR-39¢
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SWITCHING CHARACTERISTICS over operating range
READ/MODIFY/WRITE CYCLE (Notes 7, 8, 9)

Am9140 « Am91L40

Am9140A Am9140B Am9140C Am9140D
Am91L40A Am91L40B  Am91L40C Am91L40D Am9140E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tRMWC R/M/W Cycle Time (Notes 5, 16) 970 785 605 510 420 ns
tA Access Time {(CE to Output Valid Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time {Notes 14, 15) 700 565 435 365 300 ns
tEL Chip Enable LOW Time (Notes 14, 15} 250 200 150 125 100 ns
tCH Chip Enabie to Chip Select Hold Time 200 170 150 130 120 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time {Note 4} -5 -5’ -5 -5 -5 ns
tAS Address to Chip Enable Set-Up Time o 0 0 0 ns
tRS Read to Chip Enable Set-Up Time 4] 0 ns
tOH Chip Enable to Output OFF Delay 0 0 ns.
tDH Data input Hold Time (Note 10) 0 0 .0 0 0 ns
tDS Data Input Set-Up Time (Note 10) 200 165 135 115 100 ns
tWW Write Pulse Width (N.ote 10) 200 165 135 115 100 ns
tCF OE or OD to Output OFF Delay (Note 11) 200 165 135 115 100 ns
tCO OE or OD to Output ON Delay (Note 11) 220 185 150 125 110 ns
tDV Data Valid after Write Delay 10 10 10 10 10 ns
tR Read Mode Hold Time tA tA tA tA tA ns
tDM Data Out to Memory Status Delay 0 0 0 0 0 ns
tP Internal Preset Interval tEL tEL tEL tEL tEL ns
SWITCHING WAVEFORMS
READ/MODIFY/WRITE CYCLE
tRMWC
f EH | | tEL
CHIP |
ENABLE F X ( ; z ; /;1
tAS —'—-——ﬂ e tAH ] l
OO OO0 OO ORI
rooness KA RN
1CS | tCH | }
__C_T'E .V’V.V’ ‘V.V’V‘V".V"."V".'.V'Y."V."V“V.V‘V’V.'.V."'.V.V‘V‘V.V.V'V.V.V.V.’".'.V’V.V
izt KR AN
RS i_ I R | | R p—
WRITE J l OOOTODCOOTOOONN0
ERsLe %" l AN
aureur - KXOCOOOOCOOCOOOOOK7 \X000000000000
B R GO
autrur RROCOOOOOOOOK0 '0'0'0'0'0' XXOOXX
DISABLE 2’200.0.0.0’0.0.0.0’0.0’0.0’0 0’0.0’0’0 0’0.0.0.0‘0.0:0’000.0’0.0‘
(0N—+~¢——i i ! tCO I - { DV | ‘ ‘——-—T—tCF
DATA OUT | 7 { DATAVALID m DATA OuT >—
!_ A JI |..—ms——l l——-—"tDH
0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0"0'0'0'0'6'0'0'0'0'0'0'0'0' X
> QOGMMMAAMMAMMMAS. Tl | XX
e (NOTES 8, 15} f §
MPR-394
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"Am9140 « Am91L40

NOTES:

1. Typical operating supply current values are specified for
nominal processing parameters, nominal supply voltage
and the specific ambient temperature shown.

2. Typical power-down supply current values are specified
for nominal processing parameters, the specific supply
voltage shown and the specific ambient temperature
shown,

3. At any operating temperature the minimum access time,
tA(min.), will be greater than the maximum CE to
output OFF delay, tOH(max.).

4. The negative value shown indicates that the Chip Select
input may become valid as late as 5.0ns following the
start of the Chip Enable rising edge.

5. The worst-case cycle times are the sum of CE rise time,
tEH, CE fall time and tEL. The cycle time values shown
include the worst-case tEH and tEL requirements and
assume CE transition times of 10ns.

6. The Memory Status signal is a two-state output and is
‘not affected by the Qutput Disable or Output Fnable
signals. If the output data buffers are turned off, Memory
Status will continue to reflect the internal status of the
memory.

7. Output loading is assumed to be one standard TTL gate
plus 60pF of capacitance.

8. Timing reference levels for both input and output signals
are 0.8V and 2.0V.

CE and WE transition times are assumed to be <10ns.

10. The internal write time of the memory is defined by
the overlap of CE high and WE low. Both signals must
be present on a selected chip to initiate a write. Either
signal can terminate a write. The tWW, tDS and tDH
specifications should all be referenced to the end of the
write time. The Write Cycle timing diagram shows
termination by the falling edge of CE. If termination is
defined by bringing WE high while CE is high, the
following timing applies:

e \
2 twWw

} 0S——=] | }—toH
\'0'0'0'0'0'0'0'6_”{0'0'0'0'0'0'0'Q'l
X, e R

MPR-395

11. The output data buffer can be ON and output data
valid only when Qutput Enable is high and Output
Disable is low. OE and OD perform the same function
with opposite control polarity.

12. The output data buffer should be enabled before the
falling edge of CE in order to read output information.
When the output is disabled and CE is low, the output
data register is cleared.

13. Input and output data are the same polarity.

14, The Chip Enable waveform requirements may be defined
by the Memory Status output waveform. For a read
cycle, the basic CE requirement is that tEH > tA and
tEL > tP:

S
/|

0ns MIN. }e——st——0ns MIN.

- X S

MPR-396

15.  The Memory Status output functions as if all operations
are read cycles. If a write cycle begins with WE low and
Data In stable at the time CE goes high, the rising edge
of MS may be used as an indication that the write is
complete and CE may be brought low. Ina cycle where
WE goes low at some point within the CE high time, the
rising edge of MS should be ignored as an indication of
write status. The falling edge of MS is always valid
independent of the type of operation being.performed.

16. For the R/M/W cycle, tEH (min.) is defined as tR (min.)
+ tWW. Note 5 defines tRMWC but it may also be viewed
as tRC + tWW, Modify times are assumed to be zero. For
systems with Data In and Data Out tied together R/M/W
timing should make allowance for tCF time so that no
bus conflict occurs (see Am9130 data sheet for timing
approach).

FUNCTIONAL DESCRIPTION

Block Diagram

The block diagram for the Am9140 shows the interface connec-
tions along with the general signal flow. There are twelve
address lines (AO through A11) that are used to specify one
of 4096 locations, with each location containing one bit. The
Chip Select signal acts as a high order address. The Chip
Enable clock latches the addresses into the address registers
and controls the sequence of internal activities.

The row address signals (AQ through A5) and their inversions
are distributed to the 64 row address decoders where one of

the rows is selected. The 64 cells on the selected row are then
connected to their respective bit line columns. Meanwhile,
the column address signals (A6 through A11) are decoded
and used to select one of 64 columns for the sense amplifier.
Thus a singte cell is connected into the output path.

During read operations, the sensed data is latched into the
output register and is available for the balance of the operating
cycle. During write operations, the write amplifier is turned on
and drives the input data onto the sense lines, up the column
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bit lines and into the selected cell. Read and write data are
the same polarity.

The data buffer is three-state and unselected chips have
their outputs turned off so that several may be wire-ored
together. The Qutput Enable and Output Disable signals pro-
vide asynchronous controls for turning off the output buffers.

Within the storage matrix there is an extra row of simulated
cells. This reference row is selected on every operating cycle
in addition to the addressed row and provides internal timing
signals that control the data flow through the memory. The
Memory Status output signal is derived from the reference
row and uses the same designs for its sense and buffer circuits
as used by the data bits.

Chip Enable

The Chip Enable input is a control clock that coordinates all
internal activities. The rising edge of CE begins each cycle and
strobes the Address and Chip Select signals into the on-chip
register. Internal timing signals are derived from CE and from
transitions of the address latches and the reference cells.

When the actual access time of the part has been reached {or
a write operation is complete), CE may be switched low if
desired. The worst-case time as specified in the data sheet may
be used to determine the access. Alternatively, the access or
write-complete time indicated by the rising edge of the
Memory Status output signal may be used.

When CE goes low, the internal preset operation begins. The
memory is ready for a new cycle only after the preset is
complete. The worst-case CE low time specified in the data
sheet may be used to determine the preset interval. Alterna-
tively, the actual.preset time is indicated as complete when
Memory Status goes low.

There are no restrictions on the maximum times that CE may
remain in either state so the clock may be extended or stopped
whenever convenient. After power-on and before beginning a
valid operation, the clock should be brought low to initially
preset the memory.

Address and Chip Select

The Address inputs are latched into the on-chip address
register by the rising edge of CE. Addresses must be held
stable for the specified minimum time following the rising
edge of CE in order to be properly loaded into the register.
Following the address hold time, the address inputs are ignored
by the memory until the next cycle is initiated.

The Chip Select input acts as a high order address for use when
the system word capacity is larger than that of an individual
chip. It atlows the Address lines to be wired in paralle! to all
chips with the CS lines then used to select one active row of
chips at a time. Unselected chips have their output buffers off
so that selected chips wired to the same data lines can domi-
nate the output bus. Only selected chips can perform write
operations.

CS is latched in the same way that Addresses are. Once a
memory is selected or deselected, it will remain that way
until a new cycle with new select information begins.

Write Enable

The Write Enable line controls the read or write condition of
the devices. When the CE clock is low, the WE signal may be
in any state without affecting the memory. WE does not
affect the status of the output buffer.

To execute a read cycle, WE is held high while CE is high. To
perform a write operation, the WE line is switched low while
CE is high. Only a narrow write pulse width is required to
successfully write into a cell. In many cases, however, it will
be convenient to leave the WE line low during the whole
cycle.

A write cycle can take place only when three conditions are
met: The chip is selected, CE is high, and WE is low. This
means that if either CE goes low or WE goes high, the writing
is terminated.

Data In and Data Out

The requirements for incoming data during a write operation
show a minimum set-up time with respect to the termination
of the write. Termination occurs when either WE goes high or
CE goes low. If incoming data changes duringa write operation,
the information finally written in the cell will be that stable
data preceeding the termination by the set-up time. Since the
data being written during a write cycle is impressed on the
sense amplifier inputs, the output data will be the same as the
input once the write is established.

During a read cycle, once all of the addressing is complete and
the cell information has propagated through the sense ampli-
fier, it enters the output data register. The read information
can also flow through to the output if the buffer is enabled. As
long as CE is high, the addressing remains valid and the output
data will be stable. When CE goes low to begin the internal
preset operation, the output information is latched into the
data register. It will remain latched and stable as long as CE
is low. If the output is disabled when CE is low, the output
data register is cleared. At the start of every cycle when CE
goes high, the output data latch. is cleared in preparation for
new information to come from the sense amplifier, and the
output buffer is turned off.

OE and OD are designed to provide asynchronous control of
the output buffer independent of the synchronous Chip Select
control. The OE and OD control lines perform the same
internal function except that one is inverted from the other.
If either OE is low or OD is high, the output buffer will turn
off. If the CS input is latched low and OE is high and OD is
low, then the output buffer can turn on when data is
available.

Memory Status

The Memory Status output is derived from _the actual perform-
ance of the reference row of celis. Since the reference row is
always doing a read operation, the MS output will appear in
every operating cycle, whether a read or write is being per-
formed. MS uses the same output circuitry as used in the data
path. The result is that Memory Status tracks very closely
the true operating performance of the memory.

The rising edge of MS indicates when output data is valid and
tracks changes in access time with changing operating condi-
tions. The rising edge also specifies the end of the time that
CE must be held high for a read. CE may be high as long as
desired, but may safely go low any time after MS goes high.
The falling edge of MS occurs after CE goes low and the
internal preset period is complete. It indicates that CE may
go high to begin a new cycle. See the Am9130/40 Application
Note for details.
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CHANGE IN ACCESS — ns

CHARACTERISTICS
Access Change Access Time Supply Current
Versus Capacitive Load Versus Ambient Temperature Versus Ambient Temperature
60 13 12
y
w
// Z2 2 / 1.1 \\
40}~ 2 / 8
53 / !
g 11 / o 10
< w
20 a N
o i \
N 10 < o9
< ['4
= e \
° Ve = 8:0v S o9 08 \
Tp =25°C z
Dé LOAD =1TTL GATE ‘ »
-20 L L L L L 0.8 0.7
100 200 300 400 50 —25 0 25 50 75 100 125 —50-25 0 25 50 75 100125
CAPACITIVE LOAD — pF MPR-397 AMBIENT TEMPERATURE ~°C  MPR-398 AMBIENT TEMPERATURE —°C  MPR-399
, Typical Output Currents
Typical Igc Versus Voo Versus Output Voltage
50 T 5 4,75V
= o /CC= 3
Ta=2°C Tp=25°C
40 20
- oL

icc —mA
OQUTPUT CURRENT — pA

Iy
. VAR
J / N

0 0
10 20 30 40 50 1.0 20 30
VCC -V MPR-400 OUTPUT VOLTAGE —V MPR-401
Metallization and Pad Layout Bit Map

'—2|

p——

CELL 4095A

For bit mapping purposes:
Row address LSB = A5, MSB = AQ
DIE SIZE 0.192" X 0.197"" Column address LSB = A6, MSB = All
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Am9141-Am91L41

4096 x 1 Static R/W Random Access Memories

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION .
The Am9141 and Am91L41 products are high perfor-
mance, low-power, 4k-bit, static, read/write random access
memories. They are implemented as 4096 words by 1 bit
per word. Only a single +5V power supply is required for
normal operation. A DC power-down mode reduces power
while retaining data with a supply voltage as low as 1.5V.

® 4k X 1 organization
® Fully static data storage — no refreshing
® Single +5V power supply
® High-speed — access times down to 200ns max.
® Low operating power
— 578mW max., 9141

— 368mW max., 91L41 All interface signal levels are identical to TTL specifica-

® Interface logic levels identical to TTL tions, providing good noise immunity and simplified system
e H!Qh noise immunity — 400mV worst-case design. All inputs are purely capacitive MOS loads. The
: ggh outpu; drive _‘;WO stadndard TTL Icl,)ad;80°/ outputs will drive two full TTL loads or more than eight
power-down mode — reduces power by o y
@ Single phase, low voltage, low capacitance clock low poYver Schottky Iof'ad.s.‘ .
e Static clock may be stopped in either state Operational cycles are initiated wh'en .the Chip Enable‘clock
e Data register on-chip goes HIGH. When the read or write is complete, Chip En-
e Address register on-chip able goes LOW t'o preset th.e memory for the next t?ycle.
® Steady power drain — no large surges Address and Chip Select signals are latched on-chip to
e Full MIL temperature range available sim.plify syst{sm timing. Outpujc data is also Iaﬂed. and Es
® 100% reliability assurance testing in compliance with available until the next operating cycle. The WE signal is
MIL-STD-883 HIGH for all read operations and is LOW during the Chip

Enable time to perform a write.

BLOCK DIAGRAM CONNECTION DIAGRAM
A0 O—e]
ATO—=1  qow aboresss[]1® ~ [ Vee (+50v)
A2 O—e] ADDRESS 12 ROW 64
A3 O—w| BUFFERS 7> ADDRESS vy ApoRess 7[ ] 2 21[7] ADDRESS 0
i‘; O——=]  LATCHES STORAG%::EIE,I;MATRIX appresss[ ] 3 20 [ ] ADDRESS 1
ADDRESS9[ | 4 19 {] ADDRESS 2
CE O—of CE‘N’V‘.IJQ‘SL ADDRESS 10[] 5 Am9141 18 [ ] ADDRESS 3
— ApoRess 11 6 Amg1L41 17 [ JADDRESS 4
260 patan[]7 16 [ ] ADDRESS 5
A7 O—=1  coLumn
AB O—=|  ADDRESS — cocunn pATAOUT {8 15 || WRITE ENABLE
A’:Z C o E DECODER 6, R outpuT DIsABLE [] 9 14 {_] CHIP SELECT
At1 O—r] v ) U A DONOT 44 13 ] OUTPUT ENABLE
LATCH CONNECT
cHIP > glLJJgELEJ; sm‘:FueTﬁ (GND) vgs [ 11 12 [ ] cHip ENABLE
SELECT 10
TS 00—y BUFFER CONTROL
AND LOGIC
LATCH
Gefems L1
one OE 0D WE %ﬂvA DNA Top View
Pin 1 is marked for orientation,
MOS-364 MOS-365
ORDERING INFORMATION
Package . Power Access Time
Ambient Temperature
Type Type 500ns 400ns 300ns 250ns 200ns
0°C < Ta < +70°C STD | Am9141ADC Am9141BDC Am9141CDC Am9141DDC | Am9141EDC
Hermetic SAT LOW [ Am91L41ADC | Am91L41BDC | Amg1L41CDC | Am91L41DDC
DIP ° o~ | STD | Am9141ADM [ Am9141BDM | Am9141CDM
- < <+
55 C<TA<*125C " OW [Amo1LATADM | Am91L41BDM | Am91L41CDM
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The Am9141 and Am91L41 memories are identical in
every respect to their counterparts in the Am9140 and
Am91L40 family, with the single exception that the Mem-
ory Status output is not functional. Pin 10 on the Am9141/

L41 products should not be used and should not be con-
nected to any external circuit. Please refer to the Am9140/
L40 data sheet for the electrical and switching characteris-
tics of the Am9141/L41.

Metallization and Pad Layout

DIE SIZE 0.192 x 0.197"
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Am9147

4096 x 1 Static R/'W Random Access Memory

PRELIMINARY

DISTINCTIVE CHARACTERISTICS

High speed — access times down to 55ns maximum
4K x 1 organization

Single +5 volit power supply

Fully static storage and interface circuitry

No clocks or timing signals required

Equal access and cycle times

Automatic power-down when deselected

Low power dissipation

— Am9147: 880mW active, 110mW power down
Standard 18-pin, .300 inch dual in-line package
High output drive

— Up to seven standard TTL loads or six Schottky TTL
loads

TTL compatible interface levels

100% MIL-STD-883 reliability assurance testing

No power-on current surge

Polyplanar™ technology

GENERAL DESCRIPTION

The Am9147 is a high performance, 4096-bit, static, read/write,
random access memory. It is organized as 4096 words by one bit
per word. All interface signal levels are identical to TTL specifica-
tions, providing good noise immunity and simplified system de-
sign. Allinputs are purely capacitive MOS loads. The outputs will
drive up to seven standard Schottky TTL loads or up to six
standard TTL loads.

Only a single +5 volt power supply is required. When deselected
(CS = VIH), the Am9147 automatically enters a power-down
mode which reduces power dissipation by more than 85%. When
selected, the chip powers up again with no access time penalty.

Data In and Data Out use separate pins on the standard 18-pin
package. Data Out is the Same polarity as Data In. Data Out is a
3-state signal allowing wired-or operation of several chips. Data
In and Data Out may be connected together for operation in a
common data bus environment.

.

BLOCK DIAGRAM

AQ ———e=i

Al ——]

ADDRESS

a2 —| BUFFERS STORAGE
P CELL

as— A0 MATRIX

A6 ——={ DECODERS 64 x 64

A7 ——

)
SENSE/WRI LIF
A5 —= apDRESS E/WRITE AMPLIFIERS

BUFFERS

A8 ————m]

AND
COLUMN
A10 ——»] DECODERS

A9 ——=]

/0 CONTROL AND BUFFER

Al ——]

&= I
WE

DATA DATA
vee —= ouT N

VS§ ——=

MOS-267

CONNECTION DIAGRAM

Top View

ADDRESS 0 —{ | 1® 18 [ }——vce (+5v)
ADDRESS 1 —{ |2 17 ;‘-—Aonasss 6
ADDRESS 2 —={ | 3 16 [ _}=—— ADDRESS 7
ADDRESS 3 —{ |4 15 [_J=-— ADDRESS 8
ADDRESS 4 —{ |5 Am914714 | J=— ADDRESS 9
ADDRESS 5 —={ {6 13 ADDRESS 10

DATA ouT =—{ |7 12 g: ADDRESS 11

WRITE ENABLE —{_| 8 1 [ J=—npATAIN
(anNp) vss — |9 10 [ J==—— CHIP SELECT

Note: Pin 1 is marked for orientation.
MOS-268

ORDERING INFORMATION

Am9147-55 Am9147-70
Maximum Access Time (ns) 55 70
Maximum Active Current (mA) 180 160
Maximum Standby Current (mA) 30 20
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Am9147
MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature

—65 to +150°C

Ambient Temperature Under Bias

-55to +125°C

VCC with Respect to VSS -0.5to +7.0V
All Signal Voltages with Respect to VSS —-1.51t0 +7.0V
Power Dissipation (Package Limitation) 1.2W
DC Output Current 20mA

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 voitages.

OPERATING RANGE

Part Number  Ambient Temperature VSS vcC Part Number Ambient Temperature VSS vcC
Am9147-55 PC/DC " . - o
AmM9147-70 PC/DC 0°C = Tp < +70°C ov +5.0V = 10% Am9147DM 55°C < Tp < +125°C oV +5.0V = 10%
ELECTRICAL CHARACTERISTICS over operating range (Note 6) Am9147-55 Am9147-70
Typ Typ
Parameter Description Test Conditions Min (Note 1) Max Min (Note 1) Max Units
IOH Output High Current VOH = 2.4V VCC = 4.5V -4 -4 mA
Tp = 70°C 12 12
(o] N Output Low Current VOL = 0.4V mA
Tp = 125°C
VIH Input High Voltage 2.0 6.0 2.0 6.0 | Volts
VIL Input Low Voltage -1.0 0.8 -1.0 0.8 | Volts
X Input Load Current VSS = VI < VCC 10 10 nA
GND = VO = VCC Ta = 125°C
) A
10z Output Leakage Current Output Disabled Tp = 70°C 50 50 %0 50 =
L GND < VO < VCC Oto + 70°C 200 200
A
108 Output Short Circuit Current (Note 2) 55 10 1125°C m
Cli Input Capacitance (Note 1) Test Frequency = 1.0MHz 3.0 5.0 3.0 5.0 oF
co Output Capacitance (Note 1) Ta = 25°C, All pins at OV 5.0 6.0 5.0 6.0
Ta = 25°C 170 150
ICC VCC Operating Supply Current | Max VCC, CS < VIL Tp = 0C 180 160 mA
Tp = —55°C
_ Tp = 0°C 30 20
1SB Automatic CS Power Down Max VCC, Ta = 70°C 30 20 mA
Current (CS = VIH) (Note 5)
Ta = 125°C
Notes:
1. Typicalvalues are for T, = 25°C, nominal supply voitage and 7. Chip deselected greater than 55ns prior to selection.
nominal processing parameters. 8. Chip deselected less than 55ns prior to selection.
2. Fortest purposes, not more than one output at a time should 9. At any given temperature and voitage condition, tHZ is less
be shorted. Short circuit test duration should not exceed 30 than tLZ for all devices.
seconds. 10. WE is high for read cycle. _
3. Test conditions assume signal transition times of 10ns or 11. Device is continuously selected, CS = VIL.
less, timing reference levels of 1.5V, input pulse levels of 0 to 12. Address valid prior to or coincident with CS transition low.

3.5V and output loading of the specified IOL/IOH and 30pF
logd capacitance.

. The internal write time_of the memory is defined by the

overlap of CS low and WE low. Both signais must be fow to
initiate a write and either signal can terminate a write by going
high. The data input setup and hold timing should be refer-
enced to the rising edge of the signal that terminates the
write.

. A pullup resistor to VCC on the cs input is required to keep

the device deselected, otherwise ISB will exceed values
given.

. The operating ambient temperature range is guaranteed with

transverse air flow of 400 linear feet per minute.
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vce
5100

DOUT

30pF
(INCLUDING
SCOPE AND
JIG)

3000
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Figure 1. Output Load.



Am9147
SWITCHING CHARACTERISTICS over operating range (Note 3)

Am9147-55 Am9147-70
Parameter Description Min Max Min Max Units

Read Cycle
tRC Address Valid to Address Do Not Care Time (Read Cycle Time) 55 70 ns
tAA Address Valid to Data Out Valid Delay (Address Access Time) 55 70 ns
tACS1 Note 7 55 70

Chip Select Low to Data Out Valid (Note 5) ns
tACS2 Note 8 65 80
tLz Chip Select Low to Data Out On Note 9 10 10 ns
tHZ Chip Select High to Data Out Off Note 9 0 40 0 40 ns
tOH Address Unknown to Data Out Unknown Time 5 5 ns
Write Cycle
twC Address Valid to Address Do Not Care Time (Write Cycle Time) 55 70 ns
twP Write Enable Low to Write Enable High Time (Note 4) 35 40 ns
tWR Write Enable High to Address Do Not Care Time 10 15 ns
twZ Write Enable Low to Data Out Off Delay 0 30 0 35 ns
bW Data in Valid to Write Enable High Time 25 30 ns
tDH Write Enable Low to Data In Do Not Care Time 10 10 ns
tAS Address Valid to Write Enable Low Time 0 0 ns
tPD Chip Select High to Power Low Delay 30 30 ns
tPU Chip Select Low to Power High Delay 0 0 ns
tcW Chip Select Low to Write Enable High Time (Note 4) 45 55 ns
toOwW Wirite Enable High to Output Turn On 0 0 ns
tAW Address Valid to End of Write 45 55 ns

SWITCHING WAVEFORMS

READ CYCLE NO. 1 (Notes 10, 11)

| tRC ]
ADDRESS k

tAA
|———— tOH .___—I

DATA OUT PREVIOUS DATA VALID DATA VALID

MOS-328

READ CYCLE NO. 2 (Notes 10, 12)

tRC

tACS |

[e— tHZ

tLz

HIGH
IMPEDANCE

HIGH IMPEDANCE
DATA OUT DATA VALID

le— tPU le—— tPD _—’

vee : icc
SUPPLY 50% 50% 3k

CURRENT 1B
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SWITCHING WAVEFORMS (Cont.)
WRITE CYCLE NO. 1 (WE CONTROLLED)

twe

ADDRESS D( )(‘

icw

3
2
]
1
o

tAaw tWR —e
1AS twpP

WE RN\ % £

| tDW tDH
DATA IN * DATA IN VALID

f— tWZ [ tOW =]
\ HIGH IMPEDANCE

DATA OUT DATA UNDEFINED

/ MOS-330
WRITE CYCLE NO. 2 (CS CONTROLLED)
twe
ADDRESS )( )(
st tcw
cs 7‘
tAW tWR —=]
twp
ANV L
} oW tDH
DATA IN * DATA IN VALID
le— tWZ _.l
-\ HIGH IMPEDANCE
DATA OUT DATA UNDEFINED ) MOS-331
Note: If CS goes high simultaneously with WE high, the output remains in a high impedance state.
BIT MAP
Address Designators ! ks
COL 32|+« COL 63
External Internal INTERNAL coLo [ coL 31 l |
A0 A2 Lol sty ey Al
Al A5 T INTERNAL
ROW O

A2 A4 .
A3 A3
A4 A7 CELL
A5 A8 NUMBER
A6 At
A7 A0
A8 A6 p—— ROW 63
A9 A9 ;
A10 A1t
A1 A10 [}

Figure 2. Bit Mapping Information.
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NORMALIZED tAA, tACS ICC, 1SB — mA

NORMALIZED ICC

Supply Current Supply Current Output Source Current
Versus Supply Volitage Versus Ambient Temperature Versus Output Voltage
125 125 100
VCC = 5.0V
100 |——1cC 100 ¢ — 8o ye€=5
- 3 — Tp = 25°C
£ T <
75 7 £ 60
3 1
50 [— Ta = 25°C & 59|~ vee =sov g @ ™
Q \
25 |s|B — 25 1SB—— 20 N
0 [} 0 \
450 475 500 525 550 [ 20 40 60 80 ) 1.0 2.0 30 40
vee - v Ta - °C VOUuT - v
Normalized Access Time Normalized Access Time Output Sink Current
Versus Supply Voltage Versus Ambient Temperature Versus Output Voltage
. 1.1 120
1.1 I / v
VCC = 5.0V
a 100
1.0 B TACS < 1.0 ,A /
< my « 80 i/
tAA < £
09 2 oo AL ™A I 60 /
N = -
: A e
, 3 40
8 2 08 20 VCC = 5.0V _|
Ta = 25°C Tp = 25°C
07 | 07 0 1
40 45 50 55 6.0 0 20 a0 60 80 0 1.0 2.0 3.0 40
vce — v Tp - °C VOUT - V
Typical Power-On Current Access Time Change Access Time Change
Versus Power Supply Versus Input Voltage Versus Output Loading
4.0 30
Ty = 25°C I
1KQ CS PULL-UP 20 | T, =70°C
RESISTOR TO V, Vi .
3.0 ce 2 2 CC MIN
Ta = 70°C 20
! VCC = 5.0V !
9 8 —
2.0 < 40 < | et
3 < /
< < 4 P
10|18 g 5 /
/ 0 \ /
0 0
o 1 2 3 4 s 0 1.0 2.0 30 40 0 100 200 300 400 500
vee - v VIN -V CL — pF

TYPICAL DC AND AC CHARACTERISTICS

Note: 1. The supply current shown in Graphs 1 and 2 are for the 9147-70. The supply current curves for the 9147-55

can be calculated by scaling proportionately.
MOS-332
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IMPROVED PERFORMANCE
WITH THE Am9124

By Alex Shevekov, Paul Liu and Joe Kroeger

INTRODUCTION

The Am9124 is a 4096-bit high performance, static read/write
random access memory organized as 1024 words by 4 bits per
word. It uses a single 5 volt power supply and a dense 18-pin
package. It is both functionally compatible and pin compatible
with the industry-standard 2114.

The Am9124 has two fundamental power improvements over the
2114: reduced operating power dissipation and automatic
power-down when deselected. The total impact on system power
is quite significant. In addition, the Am9124 offers higher output
fan-out capability.

IMPROVED D.C. PARAMETERS

Figure 1 compares the D.C. parameters of the 2114, Am9114,
Am9124 and their low-power equivalents. The Am9114 is similar
to the Am9124, except that it does not feature power-down on
deselection. In addition to supply current, significant differences
in IOL (output low current) and 10S (output short-circuit current)
are shown for the Am9114 and Am9124 parts. The Am9124 has
nearly twice the output drive of the 2114. This high drive capability
allows not only improved fan-out, but also better capacitive drive
and noise immunity. The Am9124 has the capability of driving two
Schottky TTL loads, or 2.5 standard TTL loads or eleven low-
power Schottky TTL loads. The short circuit output current is
more than twice that of the 2114 part and reflects a greatly
improved capacitive drive capability. These distinctive specifica-
tions make the Am9124 a more reliable part for many present
2114 applications or allow use in new applications not possible
with other similar parts.

SPEED/POWER PRODUCT

Figure 2 demonstrates the speed-power product per bit achieved
by AMD for several static random access memories. The speed-
power product is a figure of merit obtained by multiplying the
fastest worst-case access time for a particular RAM family by the
worst-case power consumption and dividing the product by the bit
capacity of the chip. The trend is clear from the graph and shows
the dramatic impact of improving technology and circuit design.
There are already indications that the trend will continue into the
future. The value for the Am91L24 assumes the part is operating
at a 25% duty cycle.

POWER DISSIPATION COMPARISONS

The power dissipation per bit of several popular MOS static
memories is shown in Figure 3. The Am9124 dissipates only 90
microwatts per bit (active), and the low-power version (Am91L24)
has a worst-case operating power dissipation of 64 microwatts
per bit. A 50%, or better, power consumption saving is achieved
when the device is deselected (Chip Select input is high). The
Am9124 offers a worst-case power consumption of 39 microwatts
per bit, and the Am911L.24 only 26 microwatts in this mode.

Figure 4 shows the worst-case power dissipation per bit for vari-

ous part types in various operating configurations. The 1k-bit
Am91L02C is shown for comparison purposes. The Am9102C is

off the top of the chart with a value of about .28mW/bit. Note that
the Am91L02C, 2114, 2114L, Am9114C, and Am91L14C are
straight lines; their dissipation does not depend on the state of
their Chip Select inputs. The Am9124C and Am91L24C, on the
other hand, automatically enter power-down when the Chip
Select input is high.Thus, in memories with more than one row,
only arow atatime is activated, and the inactive rows keep the
average power dissipation much lower.

POWER CALCULATIONS

Two fundamental memory system design approaches illustrate
the advantage of the Am9124 power-down characteristic. The
first approach simply statically decodes addresses to generate
Chip Selects.This means that one row of the memory is always
active whether or not it is being accessed, and the only change
with system cycle time (rate of address generation}) is the supply
current overlap time when selecting a new row. The equation for
this “no deselect” mode for worst-case operation (access from
row to row) is:

Number
Voltage
g of bits
Active inactive Row to Row
Row |+ Row + Current
Current Current Overlap

5.25V tOVL
= 2=_IICC + IPD (N-1) + ICC —
4096N [CC (N=1) +16C =2 :I

where P/B = Maximum average power per bit
N = Number of 1k rows in system memory
ICC = Operating current

IPD = Power-down current
tC = Address cycle time
tOVL = Current overlap time

For example, for a 4k memory using Am91L24 with a cycle
time of 500nsec and a current overlap of 100ns, the calcula-
tions look as follows:

P/B = 525V 50mA + 20mA (3) + 50mA 100ns
4006 (@) [ > mA (3) + SOMAY Soons

= 0.0385mW/bit

Note that successive accesses within the same row will exhibit a
smaller result since the overlap component disappears.
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Parameter Temperature 2114 2114L Am9114 AmS1L14 Am9124 Am91L24
ICC ('C_S < VIL) o°C 100mA 70mA 70mA 50mA 70mA 50mA
ICC (CS > VIH) 0°C 100mA 70mA 70mA 50mA 30mA 20mA
oL +70°C 2.1mA 2.1mA 3.2mA 3.2mA 4.0mA 4.0mA
0L +125°C - - 2.4mA 2.4mA 3.2mA 3.2mA
I0H +70°C 1.0mA 1.0mA 1.0mA 1.0mA 1.4mA 1.4mA
I0H +125°C - - 1.0mA 1.0mA 1.0mA 1.0mA
108 0°C 40mA 40mA 75mA 75mA 95mA 95mA
108 -55°C - - 75mA 75mA 115mA 115mA

Figure 1. DC Parameter Comparison.
5.25V | [tCS tOVL
P/B = — ICC} +[{—ICC } +
70 4096N |\ tC tC
tC — tCS — tOVL
6o —————IPD} + (N - 1) IPD
AMD STATIC R/W RAM tC
SPEED-POWER PRODUCT
VCC = 5.25 V.
% AmS1L02(A) Ta T Where P/B = Maximum average power per bit
tCS = Chip select active time
tC = Address cycle time

N

a0

Am91L02(B}

AN
N

NN
191L.30/40 \

30

SPEED-POWER PRODUCT PER BIT-PJ

20

\ "\ Amgi1L24

-

1974 1975 1976 1977

DATE OF FIRST MANUFACTURE

1978

MOS-366

Figure 2. Speed-Power Product.

The second approach dynamically decodes addresses to gener-
ate Chip Select: CS is deselected (high) when no memory ad-
dressing is required. This means that the entire memory is in a
power-down mode when it is not being accessed, and one row is
powered-up only during active operations. This_approach re-
quires an extra timing signal to deactivate all CS signals when
memory access is not under way. The power dissipation equation
for this “clocked” mode is the same as in the “no deselect” mode
above, except that a duty cycle factor is also included.

_ { Supply Active
PIB = (Voltage Number Row |+
of bits Current

Current Deselected - [ Current for
Overlap after | + Current for +| Inactive
Deselect Addressed Row Rows
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tOVL = Current overlap time

ICC = Operating current
IPD = Power-down current
N = Number of 1k rows in system memory

For example, a 4k memory using Am91L24 with a Chip Select
time of 300ns and an address cycle time of 800ns would show:

525V
" 4096 (4)

3% soma) +-22 (soma) +
800 (°0MA) +g5g (S0mA)
800 — 300 — 100

o0 (20mA) + 20mA (3)]

= 0.0304mW/bit

MEMORY CAPACITY EFFECTS

The advantage of the “clocked” and the “no deselect” modes
with the Am9124 series is illustrated in Figure 4 for various mem-
ory sizes using calculations based on the above equations. Fig-
ure 4 makes the conservative assumption that the supply cur-
rent (ICC) rises immediately to its maximum value when CS goes
low; that it does not change for 50nsec following the rising edge of
CS, and subsequently decreases linearly to the power-down
current (IPD) over a 100nsec period.

From Figure 4, it can be observed that the Am9124 offers power
advantages that increase as system size increases. The “clocked”
mode reduces power consumption even further. In addition,
“clocked” mode may be helpful in systems where bus contention
may be a problem for any 1k x 4 part with common data I/Q.

Table 1 illustrates total worst-case memory supply current re-
quirement as a function of chip count. it is assumed that the
system memory designer will take advantage of the best access
times so that the width of Chip Select will equal the width of the
read or write cycle. Typically, system memory configurations are
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400
350
POWER DISSIPATION
VCC = +5.25 VOLTS
Ta = 0°C
Amg101/11/12 * = STANDBY
300

%

|

Zz 250 Amg102

o

4

o

g I

@

a

= 200 l

E Ama1LOYLINLI2

°

a 21L02A

=

2 10 Amg1L02

3 Am9130

=

I
;zm
|

100

2114L, Am9114,
Am9124, Am31L30

+ Am9iL14/Amo1L24
50

* Amg124°
& Am91L24*
|
ak

CHIP BIT DENSITY

MOS-367

Figure 3. Power Dissipation Improvements.

such that one row (1k words in this case) is addressed all the time
whether or not memory read/write is required; or a particular row
is addressed only when an actual read/write operation will be
performed. The worst-case memory operating currents for the
two modes of memory operation are illustrated in the table. The
“clocked” mode of operation is shown for a memory access duty
cycle of 25%; otherwise the current consumption would be the
same as if a row was active at all times. A close approximation of
the current consumption for most such memory systems can be
calculated with the following equation:

M M M
sIce = K<: |cc>+ (1 = K)Z-IPD + (N = 1) 2-1PD

Where K = duty cycle fraction
M = number of bits in a word
N = number of 1k words

Example: for an 8k x 16 memory at 25% duty cycle using
Am91L24,

ICC = .25 (4) (50) + .75 (4) (20) + (8 — 1) (4) (20)

670mA

It is evident from the table that the Am9124/L.24 average worst-
case currentimproves memory system power consumption, rela-
tive to the 2114 and 2114L, by quite significant factors, with the
exact difference depending on memory size and configuration.

The power-down feature advantage of the Am9124 is further
demonstrated by plotting the average supply current per chip
versus memory size as shown in Figure 5. The average supply
current per chip converges towards the power-down value as
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memory size increases and the memory system power becomes
less dependent on duty cycle. Even for small systems, the
Am9124 offers significant power savings.

TIMING SPECIFICATIONS

The timing patterns for the 2114, the Am9114 and the Am9124 are
all the same.. The timing parameter differences between the
Am9124 and the 2114 involve tCO (Chip Select access time) in
the read operation, tW (Write Enable pulse width) and tCW (Write
Overlap). Table 2 summarizes the timing differences. In most
systems, the tCO differences will not be a problem. Usually, Chip
Select is decoded directly from an address. Thus, as long as tCO
plus the decode time is less than the access time, the system will

180

Amg1L02C
y.
160
140
2114
2 2]
G
f 120
3
m
o
& 21140
4 Amg114C
£ 100 Am9124C, 1k X N,
3 /| No DESELECT
a
w
<} Am9124C, 1k X N,
E 080 " CLOCKED CS
5" Am91L14C, Am91L24C,
S )
3 < | 1<x N, no pesELECT
H Amg124C, 2k X N,
| ] !
g 060 [N =T cLocken cs B—
=
— |
AmO1L24C, 4k X N,
NO DESELECT
040 ]
\T\'\

Am91L24C, 4k X N,

020 LOCKED CS

300 400 500 600 700 800 900 1000

CYCLE TIME — ns

MOS-368

Figure 4. Cycle Time Effects on Power.

not know, from a timing point of view, which chip is installed.
Similarly, most systems maintain very wide write pulse widths so
that in the write operation, the slightly wider tW pulse widths
should not be a problem.

BUS CONTENTION

The Am9124 4k static RAMs, along with the 2114, because of
their common Data I/O pins, may have problems with bus conten-
tion when used improperly. A similar situation is true for the earlier
Am9112 and 2112 memories. If the chip is selected and the
memory is in the Read state, then the output buffers will be driving
Data Out onto the Data I/O lines. If the external system tries to
drive the same lines with information there may be contention for
control of the I/O bus and large surge currents can result. Even
when WE is switched low, at the start of a Write cycle for example,
there will be some delay before the internal buffers turn off and
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Figure 5. Capacity Effects on Power.

contention can therefore still be a problem. Such contention can
cause several problems and should not be ignored.

The proper system design procedure is to assure that incoming
Data to be written not be entered until the output buffers have

The Am9124

been turned off. Several methods are available to accomplish
this.

In many systems CSis derived directly from addresses and is low
for the whole memory cycle. For writing, the designer should
make sure that tW is at least tDW plus tOTW and the input data
should be delayed until tOTW following the falling edge of WE.
With address setup and hold specifications of zero, it will often be
convenient to make WE a cycle-width level (tW ~ tWC) so thatthe
only subcycle timing required will be the delay before the asser-
tion of input data.

For systems where CS is high for at least tOTD preceding the
falling edge of WE, tW may be used at its minimum specified
value. When CS is high for at least tOTD before the start of the
write cycle, then no other subcycle timing is necessary; WE and
Data In may occur together.

Because both CS and WE must be low to cause a Write to take
place, either signal may be used to determine the effective write
pulse timing. Thus WE could be a level that goes active early in
the cycle while CS is inactive. CS then becomes the Write timing
signal, going active sometime later after tOTW has expired. In
some systems this approach will simplify the timing for driving the
Data In lines.

MEMORY SYSTEM DESIGN

Figure 6 shows a typical way to connect four Am9124 chips to
make a 2k X 8 memory. The ten Address lines and the Write
Enable control line are tied in parallel to all four chips.

Address 10 and its inversion are used to select one of the two
rows of chips for each operating cycle. As long as A10 is low, the
upper row will be active and will communicate on the data bus

TABLE 1. MEMORY SUPPLY CURRENT REQUIREMENT.

Average Worst Case
Current (mA at 0°C)
One 1k row
One 1k row active only when
Memory Part active accessed at
Configuration Number at all times 25% duty cycle
2114 400 400
2114L 280 280
Am9114 280 280
2kx8 Am91L14 200 200
Am9124 200 140
Am91L24 140 95
2114 1200 1200
2114L 840 840
Am9114 840 840
kX 12 AmgiL14 600 600
Am9124 480 390
Am91L24 330 262.5
2114 3200 3200
2114L 2240 2240
Am9114 2240 2240
8k X 16 Am91iL14 1600 1600
Am9124 1120 1000
Am91L24 760 670
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TABLE 2. TIMING COMPARISON.

Cycle tCO (ns) tW (ns) tCW (ns)

Time 2114 2114 2114
(ns) Am9114 Am9124 Am9114 Am9124 Am9114 Am9124
200 70 185 120 150 120 150
300 100 280 150 200 150 200
450 120 420 200 250 200 250

while the lower row is deselected and can neither read nor write.
When A10 is high, the row roles are reversed.

The Data I/O lines have corresponding bits tied together in verti-
cal columns. The control logic is arranged such that only one of
the output buffers at a time will drive an 1/O line, and only one
chip at a time will write from an 1/O line.

The type of memory illustrated is easily expanded to many dif-
ferent capacities. A 4k X 16, for example, could be implemented
with 16 Am9124 chips (4 in each row), using the same control line
configuration, plus an additional address line decoded to enable
the correct row.

Driving and buffering limitations for both the inputs and outputs
will be dictated by a) accumulated leakage currents and b) ac-
cumulated capacitance. On an address line, for example, many
chips may be driven in parallel from a standard TTL output. As the

number of chips goes up, the leakage currents in the MOS
memory gradually become a significant load for the TTL
driver, especially in the high logic level state. Similarly, many
parallelinputs will present a capacitive load that degrades the
rise and fall times of the signal. Added buffering will be neces-
sary in larger memory systems.

As the capacity of systems like the one in Figure 6 grows, de-
coding of the Chip Select information gradually involves more
logic. An 8k x 8 memory is shown in Figure 7. It takes ad-
vantage of binary decoders like the Am25LS138 or the
Am25LS52538. These parts offer package count advantages,
especially as the system gets bigger, plus control logic is in-
cluded that permits deselection. A Memory Request signal is
used to deselect all the memory rows when access is not re-
quired. This approach takes advantage of the automatic
power-down feature of the Am9124.

ADDRESSES 0-9
ADDRESS 10

READ/WRITE

10

Amo124 Amo124
kX 4 kX4
cs cs
WE WE
10 )
Amo124 Amo124
kX4 kX4
A A
cs cs
WE WE
1o )
4
/L___. 4
1
DATA 1/0

MOS-370

Figure 6. 2k x 8 Memory System.
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Amg1L24 Am91L24
ADDRESS 0-9 — % A kX4 A kX4
cs cs ROW 0
READ/WRITE WE WE
110 /0
Amg1L24 Am91L24
A kX4 A TkXxa
ADDRESS 10 ———={ A Yo jo—-
ADDRESS 11 ——={ B Y1 jo— cs cs ROW 1
ADDRESS 12 ———1 ¢ v2 jo— _
ADDRESS 13 — = Ei v3 jo— WE WE
ADDRESS 14 ——={E3 Y4 jo— o /0
ADDRESS 15 —————{ E3 Y5 o—
MEMORY REQUEST ———— ] E4 Y6 O—
Y7 O—j ° —_— [} —1
__ | . — ° — 4
OET | .
+ —————=] POL _ I — . —e
OE2 . .
3TO8DECODER = ° b —
Am251L.52538 Am91L24 Am91L24
kX4 kX4
A
cs cs ROW 7
WE WE
110 110
4’/ 4//
_—
DATA /0
MOS-371
Figure 7. 8k x 8 Memory System ““Clocked”” Mode.
Figure 7 uses the Am25LS2538 to decode more address lines 14 and 15 allows mapping into other locations without addi-
than necessary for a capacity of 8k words. This allows con- tional logic. If Memory Request is not needed, the E4 input
siderable flexibility in where the memory is mapped within a may be tied high. In that case the memory will operate with
much larger address space. Reassignment of addresses 13, one row active at all times in the same way as Figure 6.
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Am1702A

256-Word by 8-Bit Programmable Read Only Memory

DISTINCTIVE CHARACTERISTICS

® Field programmable 2048 bit ROM
® Access times down to 550 nanoseconds

GENERAL DESCRIPTION

The Am1702A is a 2048-bit electrically programmable ul-
traviolet light erasable Read Only Memory. It is organized
as 256 by 8 bits. It is packaged in a 24 pin dual in-line

® 100% tested for programmability hermetic cerdip package with a foggy lid.

o Inputs and outputs TTL compatible The transparent lid allows the user to erase any previously

e Three-state output — wired-OR capability stored bit pattern by exposing the die to an ultraviolet (UV)

Tvpi L £l han 2 mi /devi light source. Initially, and after each erasure, all 2048 bits are

° Typical programming time of less than 2 minutes/device in the zero state {(output low). The data is selectively written

® Clocked VGG mode for lower power dissipation into specified address locations by writing in ones.

e 100% MIL-STD-883 reliability assurance testing A low power version, the Am1702AL, is available which per-
mits the VGG input to be clocked for lower average power
dissipation.

BLOCK DIAGRAM CONNECTION DIAGRAM
Az —{_} " ~ 2 L_—}——vnn
ar—={ ]2 23 [ }—vee
L — o vece

Ao (PROGRAWMING A0 —={"13 22 :———

AT Dot |4 21 [ J=—a3

A2 =t

5 20 [ J=—nad

A3 =1 ONE.OF-256 256 X8 poz “q

s —| DECODER MEMORY ARRAY poz-=—[ |6 19 [ _J=—48

A8 D04 == | 7 18 [J=— 46

6 —

27 _ D05 == | 8 17 [ J=—ar7
D06 ~—={ | 16 [ }—vee
D07 =[] 10 15 [_}—ves

[  BUFFERS 008 == 1 [

TT 1T T 1111 vee — ° ’

DO1 DO2 DO3 DO4 DO5 DO6 DO7 DO8
Top View

Pin 1 is marked for orientation

MOS-372 MO0S-373
ORDERING INFORMATION
Ambient Temperature Package Clocked Access Time (ns)
Specification Type VGG 1000 650 550
e 70°C Hermetic DIP No AM1702A AM1702A-2 AM1702A-1
o+ Transparent Window Yes AM1702AL AM1702AL-2 AM1702AL-1
°c °c Hermetic DIP No AM9702AHDL AM9702A-2HDL AM9702A-1HDL
~55°Cto +85 Transparent Window | Yes AMO702ALHDL | AM9702AL-2HDL | AM9702AL-1DHL




Am1702A
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +85°C
Power Dissipation 1w
Input and Supply Voltages (Operating) VCC —-20Vto VCC+0.5 V
Input and Supply Voltages (Programming) -50V

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

OPERATING RANGE, Read Mode (Notes 1, 2)

Ambient Temperature VCC VDD VGG vBB
0°C to +70°C +5.0V £5% -9.0V £5% ~9.0V £5% +5.0V 5%
—55°C to +85°C +5.0V 5% -9.0V 5% —9.0V 5% +5.0V 5%

ELECTRICAL CHARACTERISTICS over operating range (Note 3) Am1702A Am1702AL
’ Am9702A Am9702AL

Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max Unit
ICF1 Output Clamp Current Ta =0°C, VO = —1.0v 8 14 5.5 8 mA
ICF2 Output Clamp Current Ta=25°C, VO = 1.0V 13 5 7 mA

VGG = VCC, I0L =0mA
— ‘ mA
1bDo VCS = VCC —-2.0, Tp = 25°C 7 10
1DD1 VDD Current (Note 4) | 'OL =0mA,VCS=vCC-2.0, 35 50 35 50 mA
Ta=25°C
1DD2 IOL=0mA,VE§=O,TA=25°C 32 46 32 46 mA
1DD3 IOL =0mA, VCS =VCC-2.0, 38 60 38 60 mA
Ta=0C
1GG VGG Current 1.0 1.0 nA
L1 Input Leakage Current Vi =0V 1.0 1.0 nA
1LO Output Leakage Current | CS = VCC —2.0, VO = 0V 1.0 1.0 nA
IOH Output Source Current VO =0V —2.0 —2.0 mA
10L Output Sink Current VO = 0.45V 1.6 4 2.0 mA
VIH Input HIGH Level VvVCC-2.0 VCC+0.3 VvCC-2.0 VCC+0.3 Volts
VIL input LOW Level —-1.0 0.65 -1.0 0.65 Volts
VOH Output HIGH Leve! 10H = —200uA 3.5 4.5 3.5 4.5 Volts
K -3.0 .45
voL Output LOW Level oL 1.6mA ° Volt:
2.0mA 0.4
SWITCHING CHARACTERISTICS over operating range (Note 5)
Am1702A-1 Am1702A-2 Am1702A
Am1702AL-1 Am1702AL-2 Am1702AL
Am9702A-1 Am9702A-2 Am9702A
Am9702AL-1 Am9702AL-2 Am9702AL

Parameter Description Min. Max. Min. Max. Min. Max. Unit
tACC Address to Output Access Time 550 650 1000 ns
tCO Output Delay from CS 450 350 900 ns
tCS Chip Select Delay 100 300 100 ns
tDVGG Set-up Time, VGG 0.3 0.3 0.4 us
tOD Output Deselect 300 300 300 ns
tDH Previous Read Data Valid 100 100 100 ns
tOHC Data Qut Valid from VGG (Note 6) 5.0 5.0 5.0 us
freq. Repetition Rate 1.8 1.6 1.0 MHz

CAPACITANCE (Note 7)

Parameter Description Conditions Typ. Max. Unit
Cl Input Capaciténce Ta = 25°C 8 15 pF
<o Output Capacitance All unused pins are at VCC 10 15 PF
CVGG ‘VGG Capacitance 30 pF
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Am1702A

SWITCHING WAVEFORMS

READ OPERATION (Note 2)

OOOOOOONN r—_‘ av’v.v’v‘v’v’v'v’v’v
ADDRESS RO ‘ SO

VVVW AW A NVVVYVYVYVAN
QOQOOOOOQ%’.‘OO

% QOGO |
tCS [~—tDVGG

vce
CLOCKED
VGG
VGG
tDVGG tACC —e= tOHC —=]

paraour SRR, A RRKRXRRRRY

OSSOSO °+ "> LA
MOS-374
DESELECTION
’ !
' =0ns
o /F
tDVGG. le—tCO
. vce ! !CS——."
CLOCKED \
VGG VGG ( 4
I-— tACC——{ ——I |——1t0D
‘V"’V’V’V’V"‘V’v.V.'.'.V’V"".V’V’V‘ ' . X
DATA OUT ’0’0’0’0.0'0'0‘0’0‘0‘0.0’0.0’0'0’0.:‘0’0"’0 DATA VALID E—————
MOS-375

CLOCKED VGG OPERATION (Note 1)

The VGG input may be clocked between +5V (VCC) and —9V may be raised to +5V..The data output will remain stable for
to save power. To read the data, the chip select (CS) must be tOHC. To deselect the chip, CS is raised to = VIH, and the
low (< VIL) and the VGG level must be lowered to —9V at output will go the high impedance state after tOD. The chip
leasttDVGG prior to the address selection. Once the data has will be deselected when CS is raised to VIH whether the VGG
appeared atthe output and the access time has elapsed, VGG is at +5V or at —9V.
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PROGRAMMING THE Am1702A

Each storage node in the Am1702A consists of an MOS
transistor whose gate is not connected to any circuit ele-
ment. The transistors are all normally off, making all outputs
LOW in an unprogrammed device. A bitis programmedto a
HIGH by applying a large negative voltage to the MOS tran-
sistor; electrons tunnel through the gate insulation onto the
gate itself. When the programming voltage is removed, a
charge is left on the gate which holds the transistor on. Since
the gate is completely isolated, there is no path by which the
charge can escape, except for random high energy electrons
which might retunnel through the gate insulation. Under
ordinary conditions retunneling is not significant. The appli-
cation of high energy to the chip through X-rays or UV light
(via the quartz window) raises energy levels so that_ the
charge can escape from the gateregion, erasing the program
and restoring the device to all LOW.

In order to program a specified byte, all 8 address lines must
be in the binary complement of the address desired when
pulsed VDD and VGG move to their negative level. The com-
plemented address must be stable for at least tACW before
VDD and VGG make their negative transitions. The voltage
swing of the address lines during programming is between
—47V = 1V and 0V. The addresses must then make a transi-
tion to the true state at least tATW before the program pulse
is applied. For good data retention, the addresses should be
programmed in sequence from 0 to 255, a minimum of 32
times. DO1 through DO8 are used as the data inputs to
program the desired pattern. A low level at the data input
(—47V = 1V) will program the selected bit to 1 and a high
level (OV) will program it to a 0. All 8 bits addressed are
programmed simulitaneously.

Programming Boards are available for the Data l/O automatic
programmer (part number 1010/1011), for the Spectrum
Dynamics programmer (part number 434-549), and for the
Pro-Log programmer (part number PM3001).

ERASING THE Am1702A

The Am1702A may be erased (restored to all LOW's) by
exposing the die to ultraviolet light from a high intensity
source. The recommended dosage is 6 W-seclcm? at a
wavelength of 2537 R. The Ultraviolet Products, Inc., models
UVS-54 or S-52 can erase the Am1702A in about 15 minutes,
with the devices held one inch from the lamp. (Caution
should be used when Am1702A’s are inspected under
fluorescent lamps after being programmed, as some
fluorescent lamps may emit sufficient UV to erase or “'soft-
en” the PROM.)

CAUTION

Ultraviolet radiation is invisible and can damage human
eyes. Precautions should be taken to avoid exposure to direct
orreflected ultraviolet radiation. It will often be convenient to
fully enclose the ultraviolet source and the EROMs being
erased to prevent accidental exposure.

Ultraviolet lamps can also ionize oxygen and create ozone
which is harmful to humans. Erasing should be carried outin
a well ventilated area in order to minimize the concentration
of ozone.

PROGRAMMING REQUIREMENTS (Note 2)

Parameter Description Condition Min. Typ. Max. Unit
IL11P Input Current, Address and Data VI =48V 10 mA
(IR Input Current, Program and VGG Inputs Vi =-48V 10 mA
IBB VBB Current 0.05 mA
IDDP IDD Current During Programming Pulse VDD = VProg = —48V, VGG = —-35V 200 Note 8 mA
VIHP Input HIGH Voltage 0.3 Volts
VIL1P ‘Voltage Applied to Output to Program a HIGH —46 —48 Volts
ViL2p Input LOW Level on Address Inputs —40 —48 Volts
VIL3P Voltage Applied to VDD and Program inputs —46 -48 Volts
VIL4P Voltage Applied to VGG Input -35 —-40 Volts
toPW Programming Pulse Width VGG = 35V, VDD = VProg = —48V 3.0 ms
tDW Data Set-up Time 25 ) us
tDH Data Hold Time 10 us
tVW VGG and VDD Set-up Time 100 us
tVvD VGG and VDD Hold Time 10 100 us
tACW Address Set-up Time (Complement) 25 us
tACH Address Hold Time (Complement) 25 us
tATW Address Set-up Time (True) 10 us

_tATH Address Hold Time (True) 10 us
Duty Cycle 20 %




Am1702A

PROGRAMMING WAVEFORMS
N 0 [/
ADDRESS —
INPUTS A _><£ A
-40 TO -48
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TYPICAL PERFORMANCE CURVES
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Am1702A

NOTES:

1. During read operations VGG may be clocked high to re-
duce power consumption. This involves swinging VGG
up to VCC. See ""Clocked VGG Operation'’. This mode is
possible only with the Am1702AL.

2. During Read operations:

Pins 12, 13, 15, 22, 23 = +5.0V +5%
Pins 16, 24 = —9.0V +5%
During Program operations:
Ta = 25°C
Pins 12, 22, 23 = QV
Pins 13, 24 are pulsed low from 0V to —47V =1V
Pin 15 = +12.0V +10%
Pin 16 is pulsed low from OV to —37.5V +2.5V

. Typical values are for T = 25°C, nominal supply voltages

and nominal processing parameters.

. IDD may be reduced by pulsing the VGG supply between

VCC and —9V. VDD current will be directly proportional to
the VGG duty cycle. The data outputs will be unaffected by
address or chip select changes while VGG is at VCC. For
this option specify AM1702AL.

. VIL = 0V, VIH = 4.0V, tr = tf < 50ns, Load = 1 TTL gate.
. The output will remain valid for tOHC after the VGG pin is

raised to VCC, even if address change occurs.

. These parameters are guaranteed by design and are not

100% tested.

. Do notallow IDD to exceed 300mA for more than 100usec.
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Am9708/Am2708

1024 x 8 Erasable Read Only Memory

DISTINCTIVE CHARACTERISTICS

Direct replacement for Intel 2708/8708
Interchangeable with Am9208, Am9216 masked ROMs
Full military temperature operation

Fast programming time — typically 50 sec.

TTL compatible interface signals

Fully static operation — no clocks

Fast access time — 350ns

Three-state outputs

Tested for 100% programmability

100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am2708 is an 8,192-bit erasable and programmable MOS
read-only memory. It is organized as 1024 words by 8 bits per
word. Erasing the data in the EROM is accomplished by
projecting ultraviolet light through a transparent window for a
predetermined time period.

When the Chip Select/Write Enable input is at the high logic
level, the device is unselected and the data lines are in their high
impedance state. The device is selected when CS/WE is at the
low logic level. The contents of a particular memory location,
specified by the 10 address lines, will be available on the data
lines after the access time has elapsed. For programming,
CS/WE is connected to +12V and is used in conjunction with
the Program input. The Address and Data lines are TTL com-
patible for all operating and programming modes.

BLOCK DIAGRAM

128 X 64
MEMORY ARRAY

AD-A3 p, COLUMN SELECT

DATA BUFFERS

f—|> ROW
Ad—A9 SELECT ;J>

PROGRAM ——————

CSWE —————————————]

DO1-DO08

MOS-052

CONNECTION DIAGRAM

ADDRESS 7 "* 24 [] vecesv
ADDRESS6 [ | 2 23 | _] ADDRESS8
ADDRESS § |j 3 22 | ] ADDRESS9
ApDRess4 [ 4 21 [] vea(-5v)
aooressa [] s © [ GRire enasLe

ADDRESS 2 I 6

Am2708/ 19 g VDD (+12V)

ApDRESS 1 [ 17 Am9708 PROGRAM
AcoResso [ | 8 17 [ ] pATAOUTS
pataout1 [_] 9 16 [ ] pATAOUT?
paTaouT2 [ 10 15 [_] DATAOUTS
DATA OUT3 q il 1 [_] bATAOUTS
GNoyvss [ ] 12 13 [_] DATAOUT4

Top View

Pin 1 is marked for orientation.
MOS-053

ORDERING INFORMATION

Package Ambient Temperature
Type Specification Order Number
Hermetic DIP o o AM2708DC (450ns)
Transparent Window 0C<Ta=+70°C AM2708-1DC (350ns)
Hermetic DIP s o
Transparent Window —55°C = Ty < +125°C AM9708DM (480ns)
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Am9708/Am2708
MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

—55°C to +125°C

All Signal Voltages, except Program and ‘CS/WE, with Respect to VBB —0.3V to +15V
Program Input Voltage with Respect to VBB —0.3V to +35V
CS/WE Input with Respect to VBB —0.3V to +20V
VCC and VSS with Respect to VBB —0.3V to +15V
VDD with Respect to VBB —0.3V to +20V
Power Dissipation 1.5W

The product described by this specification includes internal circuitry designed to protect input devices from excessive accumulation of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid

exposure to any voltages that exceed the maximum ratings.

OPERATING RANGE

Ambient Temperature VDD vce VBB VSS
0°C to +70°C +12V +5% +5V *5% -5V +5% ov
-55°C to +125°C +12V +10% +5V +10% -5V +10% ov

PROGRAMMING CONDITIONS

Ambient Temperature VDD vce VBB~ VSS TS/WE VIHP
+25°C +12V + 5% | +6V £ 6% r —5V + 5% 1 ov I +12V £ 5% | 26V = 1VJ
READ OPERATION
ELECTRICAL CHARACTERISTICS over operating range {(Notes 1, 7)
Parameters Description Test Conditions Min. Typ. Max. Units
ViL Input LOW Voltage VS§S 0.65 Volts
Ta = 0°C to +70°C 3.0 VCC+1 Volts
VIH Input HIGH Voltage
Ta = —55°C to +125°C 24 VCC+1 Volts
voL Output LOW Voltage I0L = 1.6mA 0.45 Volts
10H = — 100uA 3.7 Volts
VOH Output HIGH Voltage
IOH = —1.0mA 24 Volts
Address and Chip Select
1Ll Input Load Current VSS = VIN < VCC 1.0 10 nA
VOUT = Worst Case
ILO Output Leakage Current TSWE = + 5.0V 1.0 10 A
Ta =0C 50 65
IDD VDD Supply Current mA
Ta = —55°C 80
All inputs HIGH. Ta=0C 6.0 10
ICC VCC Supply Current == _ mA
Y CSWE = +5.0V [T, - “s5C pps
Ta =0C 30 45
1BB VBB Supply Current mA
Ta = —55°C 60
PD Power Dissipation Ta = 70°C 800 mwW
CIN Input Capacitance Tp = 25°C 4,0 6.0 pF
f=1MHz :
couT Output Capacitance All pins at OV 8.0 12.0 pF |
READ OPERATION
SWITCHING CHARACTERISTICS over operating range (Notes 2, 7) 0°C <Tp<70C |-55°C<Tp=<+125C
Parameters Description Test Conditions Min. Max. Min. Max. Units
tACC {\’\?:t:;s; to Output Access Time 24708 2708-1| 480 ns
tr = tf < 20ns 50 | 350
1CO ::'\I;::eS:)Iect to Output on Delay Output Load: 120 150 ns
One Standard
tDF Chip Select to Output OFF Delay TTL Gate Plus o 120 0 150
{OH Previous Read Data Valid with 100pF 0 0
Respect to Address Change
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Am9708/Am2708
PROGRAMMING CHARACTERISTICS under programming conditions

Parameter Description Min. Max. Units
tAS Address Set Up Time 10 us
tCSS CS/WE Set Up Time 10 us
tDS Data Set Up Time 10 S
tAH Address Hold Time (Note 5) 1.0 us
tCH CS/WE Hold Time (Note 5) 05 us
tDH Data Hold Time 1.0 us
tDF Chip Select to Output Off Delay 0 120 ns
tDPR Program to Read Delay 10 ] s
tPW Program Pulse Width 0.1 : 1.0 ms
tPR, tPF Program Pulse Transition Times 0.5 2.0 us
VIHW CS/WE Input High Level 1.4 12.6 Volits
VIHP Program Pulse High Level (Note 6) 25 27 Volts
VILP Program Pulse Low Level {Note 6) vss 1.0 Volts

SWITCHING WAVEFORMS
READ CYCLE
ADDRESS >{ x
CS/WE l ;
10 :ou‘l—_“ Lm;
\VAVAVAVAVAVAV,V, Y,
W R
L————:Acc———l
MOS-054
PROGRAM MODE (Note 5)
_iggg { ONE PROGRAM LOOP | rz(s)gg

VIHW {f
CS/we j

vIL

1CH .“.”&(DPR—-—I
VIH {f
% ADDRESS 0 % ADDRESS 1 ADDRESS 102% ADDRESS 1023 x
vIL S

f
T 1
o p— I—-—-zpw‘i ®R l—— ——’ ®F tAH
VIHP [
PROGRAM | | tacc
PULSE
vILP
_,.! mH‘Jv—.’
VIH —{ - r
DATA DATA DATA
01-08 E—{ DATAIN % DATA IN % DATAIN ouT
viL {f~ A

[4
124

|
|
|

MOS-055




Am9708/Am2708

PROGRAMMING THE Am2708

All 8192 bits of the Am2708 are in the logic HIGH state after
erasure. When any of the output bits are programmed, the out-
put state will change from HIGH to LOW. Programming of the
device is initiated by raising the CS/WE input to +12V. A
memory location is programmed by addressing the device and
supplying 8 data bits in parallel to the data out lines. When
address and data bits are set up, a programming pulse is applied
to the program input. All addresses are programmed sequen-
tially in a similar manner. One pass through all 1024 addresses
is considered one program loop. The number of program loops
(N) required to complete the programming cycle is a function
of the program pulse width (tPW) such that N = 100ms/tPW
requirement is met. Do not apply more than one program pulse
per address without sequentially programming all other
addresses. There should be N successive loops through all lo-
cations. The Program pin will source the 1IPL current when it
is low (VILP) and CS/WE is high (VIHW), The Program pin
should be actively pulled down to maintain its low level.

ERASING THE Am2708

The Am2708 can be erased by exposing the die to high-
intensity, short-wave, ultra-violet light at a wavelength of 2537
angstroms through the transparent lid, The recommended
dosage is ten watt-seconds per square centimeter. This erasing
condition can be obtained by exposing the die to model $-52
ultraviolet lamp manufactured by Ultra-Violet Products, Inc.
or Product Specialties, Inc. for approximately 20 to 30 minutes
from a distance of about 2.5 centimeters above the transparent

lid. The light source should not be operated with a short-wave
filter installed. All bits will be in a logic HIGH state when
erasure is complete.

CAUTION

Ultraviolet radiation is invisible and can damage human eyes.
Precautions should be taken to avoid exposure to direct or
reflected ultraviolet radiation. It will often be convenient to
fully enclose the ultraviolet source and the EROMs being
erased to prevent accidental exposure.

Ultraviolet lamps can also ionize oxygen and create ozone
which can be harmful to humans. Erasing should be carried
out in a well ventilated area in order to minimize the concen-
tration of ozone.

NOTES:
1. Typical values are for Ta = 25°C, nominal supply voltages
and nominal processing parameters.

2. Timing reference levels (Read) —
Inputs: High = 2.8V (DC), 2.2V (DM); Low = 0.8V
Outputs: High = 2.4V, Low = 0.8V

. Typical access time is 280ns.

. Typical chip select to output on delay is 60ns.

. tAH must be greater than tCH.

. VIHP — VILP > 25 Volts.

. Vgp must be applied prior to V¢c and Vpp. Vg must

also be the last power supply switched off.

N oo AW
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Am2716/AmA4716

2048 x 8-Bit UV Erasable PROM

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
e Direct replacement for Intel 2716 The Am2716/Am4716 is a 16384-bit ultraviolet erasable and pro-
@ Interchangeable with Am9218 — 16K ROM grammable read-only memory. It is organized as 2048 words
® Single +5V power supply by 8 bits per word, operates from a single +5V supply, has a
® Fast access time — 450ns standard with 350ns and 390ns static standby mode and features fast single address location
options pregramming.
® Low power dissipation Because the Am2716/Am4716 operates from a single +5V sup-
— 525mW active o A .
W ply, itis ideal for use in microprocessor systems. All programming
— 132mW standby signals are TTL levels, requiring a single pulse. For programming
® Fully static operation — no clocks outside of the system, existing EPROM programmers may be
: TT'rI!rLesc.Jsl'rt]Eg:ti%llgpi:Lsuts/outputs used. Locations may be programmed singly, in blocks, or at
random. Total programming time for all bits is 100 seconds.
e 100% MIL-STD-883 reliability assurance testing prog g i : econas
BLOCK DIAGRAM CONNECTION DIAGRAM
Top View
Vee 0 DATAoz.lg,PUTS
GND O— —_—
Vpp O—=
” Lttt —
0E —{ ouTPUTENABLE  [— A 247 vee
CEPOM ——] c“:fﬂﬁo'é“féglé“o || OUTPUT BUFFERS a2 a7 A
As (13 2] Ag
—_— DEC;DER . Y-GATING A [1a 21 ; Vpp
] A []s 20 ] BE
aooRess | — — [ Amartl 19 [ A
INPUTS | X . 16384 BIT A 1 ] GEam
DECODER . CELL MATRIX
— : A []s [ ]o
. [ ] 6] ]0s
o [0 5[] 05
MOS-199 02 |:| 1 " D 04
MODE SELECTION e e s
MOS-200
Pins | TElPGM OE | Vep| Voo | Outputs
Mode (18) (20) (21) | (28) | (911, 13-17)
Read ViL ViL +5| +5 Dout
Standby ViH Don'tCare | +5| +5 High Z
Pulsed : Ag-Aqp:  Addresses
Program A +25| +5 D 10
VietoVin | " IN 0p-07:  Outputs
Program Verity | Vi Vi +25| +5 | Dour CE/PGM:  Chip Enable/Program
Program Inhibit | V; Viy +25| +5 High Z OE: Output Enable
ORDERING INFORMATION
Amblent Temperature Order
Package Type Specification Number tace (nS) | tee(ns) | tog(ns)
AM2716DC 450 450 120
AM2716-1DC 350 350 120
Hermetic DIP =T 70°C AM2716-2DC 390 390 120
< Ty < +70°
Transparent Window A AM2716-6DC 450 650 200
AM4716DC 450 1000 200
AM4716-6DC 650 650 200
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Am2716/Am4716
MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature

—65 to +125°C

Ambient Temperature Under Bias —10 to +80°C
Voltage on All Inputs/Outputs (except Vpp) with Respect to GND +6 to —0.3V
Voltage on Vpp During Program with Respect to GND +26.5 to —0.3V

READ OPERATION

DC CHARACTERISTICS
0°C < T, < +70°C, Vg (Notes 1, 2) = +5V +5%, except +5V =10% for Am2716-1, Vpp (Note 2) = V¢ for all device types.

Parameters Description Test Conditions Min Max Units
Iy Input Load Current VN = 5.25V/0V 10 uA
o Output Leakage Current Vour = 5.25VI0V 10 pA
Ippy (Note 2) Vpp Current Vpp = 5.26V 5 (Note 3) mA
Igct (Note 2) Ve Current (Standby) CE=V, OE=V)_ 25 mA
Icca (Note 2) Vg Current (Active) OE=CE=V, 100 mA
ViL Input Low Voltage -041 08 Volts
ViH Input High Voltage 2.0 Vect+1 Volts
VoL Output Low Voltage loL = 2.1mA @ Ve (Min) 0.45 Volts
VoH Output High Voltage lop = —400pA @ Vec (Min) 2.4 Volts

AC CHARACTERISTICS
0°C < Tp < +70°C, V¢ (Notes 1, 2) = +5V £5%, except +5V £10% for Am2716-1, Vpp (Note 2) = V¢ for all device types.

Test Conditions Min

Max Values

Parameters Description (Note 4) Values 2716 2716-1 2716-2 2716-6 4716 A4716-6 Units
tacc Address to Output Delay CE=0E =V, 450 | 350 390 450 450 650 ns
tce CE to Output Delay OF = V). 450 | 350 390 650 | 1000 | 650 ns
toe Output Enable to Output Delay CE = Vi 120 120 120 200 200 200 ns
Output Enable High to = _

tor Output Float CE =V 0 100 100 100 100 100 100 ns
Output Hold from Addresses, | _ _

1oH CE or OE, Whichever E = OE = V) 0 .ns
Occurred First

CAPACITANCE (Note 5)

Ta = +25°C, f = 1IMHz

Parameters Description Test Conditions Typ Max Units
Cin Input Capacitance Vin = 0V 4 6 pF
Cout Output Capacitance Vout = 0V 8 12 pF

Notes: 1.Vgg must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2.Vpp may be connected directly to Vg except during programming. The supply current would then be the sum of Igc and Ippy.
3.8mA for Am4716 and Am4716-6.
4. Other Test Conditions: a) Output Load: 1 TTL gate and C; = 100pF

b) Input Rise al

nd Fall Times: <20ns

c) Input Pulse Levels: 0.8 to 2.2V
d) Timing Measurement Reference Level:

Inputs:

1V and 2V

Outputs: 0.8V and 2V
6. This parameter is only sampled and is not 100% tested.
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Am2716/Am4716

AC WAVEFORMS (Note 1)

4 T TN

ADDRESSES
ADDRESSES VALID

\ —_——

—_

117

toe 4
(NOTE 2) | [ (NOTE 3)

tacc
(NOTE 2) toH

HIGH 2 / ; ; ; ;; ; VALID ; HIGH 2
ouTPUT £ : :g : :; ouTPUT

T

MOS-201

Notes: 1. Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. OE may be delayed up to tacc — toE after the falling edge-of CE without impact on tacc.
3. tpF is specified from OE or CE, whichever occurs first.




Am2716/Am4716
PROGRAM OPERATION

DC PROGRAMMING CHARACTERISTICS
Ta = +25°C £5°C, Vg (Note 1) = 5V 5%, Vpp (Notes 1, 2) = 25V =1V

Parameters Description Test Conditions Min Max Units
u Input Current V|\ = 5.25/0.45V 10 pA
Ippy Vpp Supply Current CE/PGM = V. 5 mA
Ippa Vpp Supply Current During Programming Pulse ) CE/PGM = Vin 30 mA
lcc Vi Supply Current 100 mA
Vi Input Low Level -0.1 0.8 Volts
ViH Input High Level : 2.0 Veeo+1 Volts

AC PROGRAMMING CHARACTERISTICS
Ta = +25°C +5°C, Vg (Note 1) = 5V +5%, Vpp (Notes 1, 2) = 25V +1V

Parameters Description Test Conditions Min Max  Units
tas Address Set-up Time 2 us
toes Output Enable Set-up Time 2 us
tos Data Set-up Time 2 us
tAH Address Hold Time 2 us
toeH Output Enable Hold Time Input tg and tg (10% to 90%) = 20ns 2 us
'DH Data Hold Time ::gt: '?:S::é LF:Zfeelrse:ct(: .Eet)elzf\qv and 2V 2 L
toF Output Disable to Output Fioat Delay (CE/PGM = Vy; ) | Output Timing Reference Level = 0.8V and2V | 0 120 ns
toe Output Enable to Output Delay (CE/PGM = Vi) . 120 ns
tpw Program Pulse Width . 45 55 ms
teRT Program Pulse Rise Time 5 = ns
oET ‘Program Pulse Fall Time 5 - ns

Notes: 1. Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp must not be greater than 26 volts including overshoot. Permanent device damage may occur if the device is taken out of or put into the socket
when Vpp = 25 volts is applied. Also, during OE = CE/PGM = ViH, Vpp must not be switched from 5 volts to 25 volts or vice versa.

PROGRAMMING WAVEFORMS
| PROGRAM — e PROGRM
ViH r -
ADDRESSES X ADDRESS N >< ADDRESS N + M
ViL b2
tas taH
ViH
DATA OUT d DATA IN 3 HIGH Z DATA OUT ) DATAIN
DATA YA STABLE VALID STABLE
ADD N ADD N ADD N + M
Vie 7 - 7
toF —| tog — = =— toF

Vin
oE \

Vi — f+— toH
e tps—ee—tow
Vi toEs — 1OEH ——|
CE/PGM /
v i, K
tpRT ~—=] |=—o le— tpFr

MOS-202
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Am2716/Am4716

ERASING THE Am2716/Am4716

In order to clear all locations of their programmed contents, it is
necessary to expose the Am2716/Am4716 to an ultraviolet light
source. A dosage of 15 Wseconds/cm? is required to completely
erase an Am2716/Am4716. This dosage can be obtained by
exposure to an ultraviolet lamp [wavelength of 2537 Angstroms
(X)] with intensity of 12000xW/cm? for 15 to 20 minutes. The
Am2716/Am4716 should be about one inch from the source and
all filters shouid be removed from the UV light source prior to
erasure.

it is important to note that the Am2716/Am4716, and similar de-
vices, will erase with light sources having wavelengths shorter
than 4000 Angstroms. Although erasure times will be much
longer than with UV sources at 2537/&, nevertheless the exposure
to florescent light and sunlight wili eventually erase the Am2716/
Am4716, 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/Am4716

Upon delivery, or after each erasure the Am2716/Am4716 has all
16384 bits in the “1,” or high state. “0s” are loaded into the
Am2716/Am4716 through the procedure of programming.

The programming mode is entered when +25V is applied to the
Vpp pinand when OE is at V. 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,
a50msec, 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. Al thatis required
is that one 50msec program pulse be applied at each address to
be programmed. Itis necessary that this program pulse width not
exceed 55msec. Therefore, applying a DC level to the CE/PGM
input is prohibited when programming.

READ MODE

The Am2716/Am4716 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 selection. Output Enable (OE) is the output control and
should be used to gate data to the outputs pins, independent of
device selection. Assuming that addresses are stable, address
access time (tpocg) is equal to the delay from CE to output
(tcg) for all devices except Am2716-6 and Am4716. Data is
available_at the outputs 120ns or 200ns (tog) after the falling
edge of OE, assuming that CE has been low and addresses
have been stable for at least tocc — tog.

STANDBY MODE

The Am2716/Am4716 has a standby mode which reduces the
active power dissipation by 75%, from 526mW to 132mW. The
Am2716/Am4716 is placed in the standby mode by applyinga 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.

Itis 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 Am2716/Am4716s in parallel with dif-
ferent data is also easily accomplished. Except for CE/PGM, all
like inputs (including OE) of the parallel Am2716/Am4716s may
be common. A TTL level program pulse applied to an Am2716/
Am4716's CE/PGM input with Vpp at 25V will program that
Am2716/Am4716. A low level CE/PGM input inhibits the other
Am2716/Am4716s 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 25V. Except during programming and
program verify, Vpp must be at V.
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Am9732/Am2732

4096 x 8-Bit UV Erasable PROM

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
e Direct replacement for Intel 2732 The Am2732 is a 32768-bit ultraviolet erasable and program-
e Pin compatible with Am9233 — 32K ROM mable read-only memory. Itis organized as 4096 words by 8 bits
® Single +5V power supply perword, operates from a single +5V supply, has a static standby
® Fast access time — 450ns mode, and features fast single address location programming.
® Low power dissipation Because the Am2732 operates from a single +5V supply, it is
—787mW active ideal for use in microprocessor systems. All programming signals
- 157mw standby. are TTL levels, requiring a single pulse. For programming outside -
e Fully static operation — no clocks of the system, existing EPROM programmers may be used.
® Three-state putp}lts Locations may be programmed singly, in blocks, or at random.
® TTL compatible mputs/qutp_uts . Total programming time for all bits is 200 seconds.
o 100% MIL-STD-883 reliability assurance testing
BLOCK DIAGRAM CONNECTION DIAGRAM
VCC O—e DATA OUTPUTS
00-07
GND O—= ———
VPP O—=
IR ——
OEVPP ——=]  OUTPUT ENABLE  |——=] a7 ] ]
SErem e AND OUTPUT BUFFERS as[]2 2| ] A8
As I; 3 2] A
PECODER _:_’ Y-GATING as[]s 2] an
A 1s 20 ["] OE/vep
ADDRESS | — 1 a2[]s ‘;'I':g{,?z/ 19 [] a0
INPUTS . . S Al g 7 18 [ ] CElpGM
— DECODER . CELL MATRIX
—] . A0 8 17 [Jor
hd oo[ ]9 16 b 06
o1 [0 15[ ]os
MOS-480
o2[n 1l Joa
GND [ 12 13 Jo3
MODE SELECTION
Pins — —_— i MOS-491
CE/PGM | OE/VPP |VCC Outputs Top View
Mode (18) (20) (24) | (9-11,13-17) Pin 1 is marked for orientation.
Read ViL ViL +5 DOUT
Standby VIH Don't Care | +5 High Z
Program VIL VPP +5 DIN AO-A11:  Addresses
Program Verify ViL VIL +5 DouT 00-07: Ou'tputs
Program Inhibit VIH VPP +5 | Highz g—E/,sg;”f gz‘t‘;lﬁ"::;eb’::mgram
ORDERING INFORMATION
Package Ambient Temperature Order Number
Type Specification 450ns 550ns
Hermetic DIP o o X
Transparent Window 0°C < Tp < +70°C AM2732DC | AM2732-6DC
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Am9732/Am2732
MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature —-65to +125°C
Ambient Temperature Under Bias —10to +80°C
Voltage on All Inputs/Outputs (Except OE/VPP) with Respect to GND +61t0 —0.3V
OE/VPP with Respect to GND +26.51t0 —0.3V
READ OPERATION
DC CHARACTERISTICS
0°C < T < +70°C, VCC = +5V +5%
Parameters Description Test Conditions Min Max Units

Lt Input Load Current VIN = 5.25V 10 nA

ILO Output Leakage Current VOUT = 5.25V 10 KA

Iccl VCC Current (Standby) CE = VIH,OE = VIL 30 mA

icc2 VCC Current (Active) OE=CE=VIL 150 mA

viL Input Low Voitage -0.1 0.8 Volts

VIH Input High Voitage 2.0 VCC+1 Voits

VoL Output Low Voltage 1oL = 2.1mA 045 Voits

VOH Output High Voltage IOH = —400uA 24 Voits
AC CHARACTERISTICS

0°C = Ty < +70°C, VCC = +5V 5%
Am2732 Am2732-6 -
Parameters Description Test Conditions Min Max Min Max Units

tACC Address to Output Delay CE=0E=VIL 450 550 ns
= Output Load: 1 TTL gate and CL = 100pF [ == _
tCE CE to Output Delay Input Rise and Fall Times: <20ns (f =ViL 450 550 ns
tOE Output Enable to Qutput Delay | Input Pulse Levels: 0.8 to 2.2V CE = VIL 120 120 ns
- Timing Measurement Reference Level: —
{DF 85:"”: g’;‘:h High to Inputs: 1V and 2V CE=ViL o | 00| o | 100/ ns
: Py Outputs: 0.8V and 2V R
toH Address to Output Hold CE=0E=VIL 0 g 0 ns
CAPACITANCE (Note 1)
Ta = +25C, f = 1MHz
Parameters Description Test Conditions Typ Max Units
CIN1 Input Capacitance (Except OE/VPP) VIN = OV 4 6 oF
CiN2 OE/VPP Input Capacitance VIN = 0V 20 pF
CouT Qutput Capacitance VOUT = 0V 12 pF

Note: 1. This parameter is only sampled and is not 100% tested.
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Am9732/A{2732

AC WAVEFORMS (Note 1)

/ T T T Y

ADDRESSES

ADDRESSES VALID

_—

11T

oL R—— . tOF
(NOTE 1) (NOTE 2)

tACC
(NOTE 1) toH

HIGH Z / ; ; ; ; ; ; VALID ! HIGH Z
OUTPUT < : S; : S OUTPUT

T

MOS-492

Notes: 1. OE may be delayed up to 330ns after the falling edge of CE without impact on tACC.
2. tDF is specified from OE or CE, whichever occurs first.




Am9732/Am2732
PROGRAM OPERATION

DC PROGRAMMING CHARACTERISTICS
Ta = +25°C £5°C, VCC = 5V 5%, VPP = 25V 1V

Parameters Description Test Conditions Min Max Units
iLl Input Current (All Inputs) VIN = VIL or VIH 10 nA
VoL Output Low Voltage During Verify I0L = 2.1mA 0.45 Volts
VOH Output High Voitage During Verify IOH = —400uA 24 Volts
IcC VCC Supply Current : 150 mA
VIL Input Low Level (All Inputs) -0.1 0.8 Volts
VIH Input High Level (All Inputs Except OE/VPP) 2.0 VCC+1 Volts
PP VPP Supply Current CE = VIL, OE = VPP 30 mA

AC PROGRAMMING CHARACTERISTICS (Note 1)
Ta = +25°C +5°C, VCC = 5V %5%, VPP = 25V =1V

Parameters Description Test Conditions Min Max Units
tAS Address Set-up Time 2 us
tOES Output Enable Set-up Time 2 us
tDS Data Set-up Time 2 us
tAH Address Hold Time 0 us
tOEH Output Enable Hold Time Input tR and tF (10% to 90%) = 20ns 2 us

- Input Signal Levels = 0.8 to 2.2V
tDH Data Hold Time Timing Measurement Reference Level: 2 us
tDF Chip Enable to Output Float Delay Inputs: 1V and 2V 0 120 ns
—— — Outputs: 0.8V and 2V
tbv Data Valid From CE (CE = VIL, OE = VIL) - 1 ns
tPW Program Pulse Width 45 55 ms
tPRT Program Pulse Rise Time 50 - ns
tVR VPP Recovery Time 2 - us

Note: 1. When programming the Am2732, a 0.1uF capacitor is required across OE/VPP and ground to suppress spurious voltage transients which may
damage the device.

PROGRAMMING WAVEFORMS

PROGRAM FrROGRAM
ADDRESSES X ADDRESS N X
(¢
)]
DATA DATAINSTABLE [\ _ HiGH Z /| oamourvaun .
ADD. N /- \ ADD. N
(C
))
e DS ~—] tDH tov tOF
i
OENvPP \ /—
{OES —=] {f
tPRT tPW le—tOEH —e-|  |=——tVR ——-’ 1AH
—

- N/

MOS-483
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Am9732/Am2732

ERASING THE Am2732

In order to clear all locations of their programmed contents, it is
necessary to expose the Am2732 to an ultraviolet light source. A
dosage of 15 Wseconds/cm? is required to completely erase an
Am2732. This dosage can be obtained by exposure to an ul-
travioletlamp [(wavelenglh of 2537 Angstroms (X)] with intensity
of 12000W/cm? for 15 to 20 minutes. The Am2732 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 Am2732, 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 fluorescent
light and sunlight will eventually erase the Am2732, and exposure
to them should be prevented to realize maximum system relia-
bility. If used in such an environment, the package windows
should be covered by an opaque label or substance.

PROGRAMMING THE Am2732

Upon delivery, or after each erasure the Am2732 has all 32768
bits in the “1”, or high state. “0”s are loaded into the Am2732
through the procedure of programming.

The programming mode is entered when +25V is applied to the
OE/VPP pin. A 0.1uF capacitor must be placed across OE/VPP
and ground to suppress spurious voltage transients which may
damage the device. The address to be programmed is applied to
the proper address pins. 8-bit patterns are placed on the respec-

tive data output pins. The voltage levels should be standard TTL

levels. When both the address and data are stable, a 50msec,
TTL lowlevel 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 required
is that one 50msec program pulse be applied at each address to
be programmed. Itis necessary that this program pulse width not
exceed 55msec. Therefore, applying a DC low level to the CE/
PGM input is prohibited when programming.

READ MODE

The Am2732 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
selection. Output Enable (OE/VPP) 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
stable for at least tACC — tOE.

STANDBY MODE

The Am2732 has a standby mode which reduces the active
power dissipation by 80%, from 787mW to 157mW. The Am2732
is placed in the standby mode by applying a TTL high signalto 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 Am2732s in parallel with different datais
also easily_accomplished. Except for CE/PGM, ali like inputs
(including OE) of the parallel Am2732s may be common. A TTL
level program pulse applied to an Am2732's CE/PGM input with
VPP at 25V will program that Am2732. A high level CE/PGM input

inhibits the other Am2732 from being programmed.
PROGRAM VERIFY

A verify should be performed on the programmed bits to deter-
mine that they were correctly programmed. The verify must be
performed with OE/VPP and CE at VIL. Data should be verified
tDV after the falling edge of CE.
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Read-Only Memories

NUMERICAL INDEX

Mask Programmed Page
Am3514 BT X B 4-5
Am9208 1024 X B L. e 4-1
Am9214 D12 X B o e 4-5
Am9216 2048x8 ...l e e 4-11
Am9217/8316A 2048 X B . e 4-15
Am9218/8316E 2048 X B . 4-18
Am9232 A096 X B .. e 4-21

Am9233 400 X B ot e e 4-21







Am9208

1024 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS

1024 x 8 organization

High speed — 400ns access time

Fully capacitive inputs — simplified driving

2 fully programmable chip selects — increased flexibility
Logic voltage levels compatible to TTL

Three-state output buffers — simplified expansion
Standard supply voltages — +12V, +5.0V

No Vgg supply required

N-channe! silicon gate MOS technology

100% MIL-STD-883 reliability assurance testing

Direct plug-in replacement for Intel 8308/2308 and T.I. 4700

FUNCTIONAL DESCRIPTION

The Am9208 devices are high performance, 8192 bit, static,
mask programmed, read only memories. Each memory is
implemented as 1024 words by 8 bits per word. This organi-
zation simplifies the design of small memory systems and
permits incremental memory sizes as small as 1024 words.
The fast-access times provided allow the ROM to service high
performance microcomputer applications without stalling the
processor,

Two Chip Select input signals are logically ANDed together
to provide control of 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 unselected chips are turned off and assume a high
impedance state. This permits wire-ORing with additional
Am9208 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. The Am9208 is pin compatible with the Am9216 which
is a 16k-bit mask programmed ROM. Input and output voltage
levels are compatible to TTL specifications, providing simplified
interfacing.

BLOCK DIAGRAM

Ag —e]
Ag —]
A
e spomce
Ag DECODER 64X 128
Ag —]
Ay ]
Az
Az
Ay COLUMN DECODER
Ao

C8) ——=1  cHip
SELECT

DECODER

OUTPUT BUFFERS

ERERRER

040,030,405 0g 07 Og

Sy —=

MOS-378

CONNECTION DIAGRAM

Top View
ADDRESS?d 1. ~ 24 [ ] Vecl+sV)
ADDRESS6 [ | 2 23 j ADDRESS 8
ADDRESS5 | 3 22 [__] ADDRESS 9
ADDRESS 4 4 2 [Jne
ADDRESSSS 5 20 [T] €84/T8,
ADDRESS2 [ | 6 19 [] Voot+12v)
Am9208
ADDRESS1[ | 7 18 [ ] ©52/C8;
appresso [ 18 17 [_] oupTuT®
outruT1[] @ 16 |_]ouTPuT?
output2 [] 10 15 [_JoutPuTs
outputa[ | 11 14 [_Jourputs
(GNDIVgs [ 12 13 [ ] ouTPuT4

Note: Pin 1 is marked for orientation.
MOS-379

ORDERING INFORMATION

Ambient Temperature Access Time
Package Type Specification 400ns
0°C < Ty = 70° 208BD
Hermetic DIP A c AM9208BDC
—55°C < Tp < +125°C AM9208BDM
Plastic DIP 0°C =< Tp=70C AMS9208BPC

41




Am9208
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
Vpp with Respect to Vgg 15V
Ve with Respect to Vgg +7.0V
DC Voltage Applied to Outputs —-0.5V to +7.0V
DC Input Voltage -0.5V 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.

OPERATING RANGE

Part Number Ambient Temperature Vop Vee Vss
Am9208DC 0°C < Tp <+70°C +12V £ 5% +5.0V + 5% ov
Am9208DM —55°C < Tp < +125°C | 412V £ 10% | +5.0V * 10% ov
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 5 m9208DC/PC AmO208DM
Parameters Description Test Conditions Min. Max. Min. Max. Units
loH = —=1.0mA 3.7 3.7
Vv Volts
OH Output HIGH Voltage ToH = —40mA 24 24
VoL Output LOW Voltage loL. =3.2mA 0.4 04 Volt§
VIH Input HIGH Voltage 24 Veet1.0 26 Veet1.0 Volts
il Input LOW Voltage -0.5 0.8 —0.5 0.8 Volts
Lo Output Leakage Current Chip disable 10 10 RA
") Input Leakage Current’ 10 10 uA
Am9208B/C 35 43
Selected "
Ipp VDD Supply Current Am9208D 50 mA
Am9208B/C 48 53
Deselected
Am9208D 55 61
e ‘Vee Supply Current Amg208B/C 13 15 A
° Am9208D 15 17
Am9208BDM/Am9208BDC/
Am9208BPC
Parameters Description Test Conditions Min Max Units
ta Address to Output Access Time t, = t = 20ns 400 ns
tco Chip Select to Output ON Delay Output load: 160 ns
Proviors Read Data Vaid with one standard
revious Read Data Valid wi TTL gate
ton Respect to Address Change plus 100pF 20 ‘ ns
tor Chip Select to Output OFF Delay (Note 1) 120 ns
(o Input Capacitance Tp = 25°C, f = 1MHz 6.0 pF
Co Output Capacitance All pins at OV 6.0 pF
Notes: 1. Timing reference levels — Inputs: High = 2.0V, Low = 1.0V. Outputs: High = 2.4V, Low = 0.8V
SWITCHING WAVEFORMS
VYV VYVY VYV VY
: NN. '000’00000
ADDRESSES 0"0 "" ““”". ””.0“‘
ONNNNNNNNNN NN
lers DISABLED X ENABLED l x DISABLED
I-—‘co——1 l——‘on——i |——'DF‘—i
\VAVAVAVAV,V,V, 4 YVVYY YV
DATA ‘ ‘ . ” ‘."“ QUTPUT 0‘." “."""6
QA RS
NN NNN NN NN NNNN
« -
MOS-380
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Am9208

TYPICAL CHARACTERISTICS

Ipp, lcc Versus A Output Capacitance
Temperature (Normalized) Versus A Output Delay
1] v 20 [
=55V
13l o 1 15 |— Vec =458V
a DD = 13- Vpp = 10.8V
412 g 10
3 ! /
I 1 > /)
= L 5
E 10 a
g a 0 'SPE!
~ 09 5 .
o -
o o8 ~ 5
8 07 3 %
§o
06 -15
05 -20
“56-35-16 6 25 45 65 85 105 125 100 50 0 50 100
Ta - AMBIENT TEMPERATURE —°C A CAPACITANCE - pF

TAccess Versus

Temperature (Normalized) lor Versus Vg lon Versus Voy
1.4 T T 9 s —TT —18 —
| Veg=45V s ) ( L J | Vec=4sv | 6 . Veo=45V |
o "3 vpp-1osv I 7T [ Vop = 108V . Vpp = 108V
g 12 7 ‘TYPICAL" Tp=70°C —14 TYP.CALf\q—rA =70°c —|
PR 6 /' . -12 <
= < <
E 10 P E s A E -0 \\
| / ]
z
T 09 - 3 4 it v Z-80 SPEC. a
N
8 osfr" T3 SPEC ~ 60 ANS
2 e = h
0.7 2 X
[ . P
0.6 1 20 ~
05 0 0
—65-35-15 5 25 45 65 85 105125 0 02 04 06 08 10 24 28 32 36 40
T, — AMBIENT TEMPERATURE — °C VoL - VOLTS Vop = VOLTS

MOS-381

PROGRAMMING INSTRUCTIONS
CUSTOM PATTERN ORDERING INFORMATION
The Am9208 is programmed from punched cards, card coding forms or from paper tape in card image form in the format as shown

below.

Logic ““1”” = amore positive voltage (normally +5.0 V)
Logic “0" = amore negative voltage (normally 0V)

FIRST CARD

Column Number
10 thru 29
32 thru 37

50 thru 62
65 thru 72

SECOND CARD

Column Number
31
33

Two options are provided for entering the data pattern with the remaining cards.

OPTION 1 is the Binary Option where the address and dafa are presented in binary form on the basis of one word per card. With
this option 1024 data cards are required.

Column Number
10,12, 14, 16, 18
20, 22, 24, 26, 28
40, 42, 44, 46, 48,
50, 52, 54

73 thru 80

Description

Customer Name

Total number of “1’s" contained in the data.

This is optional and should be left blank if not used.

9208B
Data

Description
CS5 input required to select chip (0 or 1)
CS; input required to select chip (0 or 1)

Address input pattern with the most significant bit (Ag) in column 10 and the least significant bit {(Ag)
in column 28,

Output pattern with the most significant bit (Og) in column 40 and the least significant bit (Oq)in
column 54,

Coding these columns is not essential and may be used for card identification purposes.
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Am9208

OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 64 data
cards, Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated
in columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the
first data on the card, column 23 is always zero. Columns 21 and 22 take all hex values from 00 through 3F: 64 cards in all. Data
is entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF.

/3 OUTPUT VALUES FOR ADDR +

R 0 1 2 3 4 5 6 | 7 8 9 A B c D E F
21[22[23] [30[31]32[33]34]35]36]37|38[30]a0[41{42]43[44]45]46[47]48]a0]50|51[52] 53]54]55]56] 57] 58] 59 60] 61(62 63] 64 65 66] 67| 68 B9] 70] 71[ 72] 73{74 [ 75] 76
olojo} | | | I I I I | I I I | | | I | I
of1fo] | | | I I I I | I I f L I I I I I
oj2fo] | | | | | I | I I I I O I O | I |
Efof f L Ll I I I | | | I I I | I |
2]ofof | | | I | | | I | LT ! I I | |

gIFIgIIIIIIIIIIIIIIIIIIIJILﬁITdIIIIIIIJIIIIIIIﬂIII
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Am9214/Am3514

512 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION

The Am9214/Am3514 devices are high performance; 4096-bit,
static, read only memories. Each memory is implemented as
512 words by 8 bits per word. This organization simplifies

® Single 5-volt power supply
Tolerances: 5% commercial, £10% military

® 512 x 8 organization the design of small memory systems and permits incremental
® Fully static operation — no clocks . memory sizes as small as 512 words.
® 4 programmable chip selects Four Chip Select input signals are logically ANDed together
® High-speed — 500 ns access to provide control of the output buffers. Each Chip Select
® Three-state output buffers polarity may be specified by the customer thus allowing the
® Low power dissipation — 263mW max. addressing of up to 16 memories without external gating. The
® Logi ltage levels identical to TTL outputs of unselected chips are turned off and assume a high
?glc VO_ a.ge eve.s 'dentical to impedance state. This permits wire-ORing with additional
®. High noise immunity — full 400mV Am9214 devices and other three-state components.
* N-‘(?hannel silicon gate‘MOS technology . These memories are fully static and require no clock signals of
® Military and commercial temperature ranges available any kind. A selected chip will output data from a-location
® 100% MIL-STD-883 reliability assurance testing specified by whatever address is present on the address input
® Directly plug-in compatible with FSC 3514, MOSTEK 2600 lines. Input and output voltage levels are identical to TTL

specifications, providing simplified interfacing and standard
worst-case noise immunity of 400mV. Only a single supply of
+5 volts is required for power.

BLOCK DIAGRAM CONNECTION DIAGRAM
Top View
AQ ]
Al — ]
Ao how L.__I\ STORAGE NAC.S T =
Az DECODER ) ’;:‘5'24" CHIP SELECT 2] 2 23 ) CHIP SELECT 1
Aa CHIPSELECT 3[] 3 22 [ "] CHIP SELECT 0
A outruT o[} 4 21 [T ADDRESS 0
5 * ouTPuT 145 20 [ 71 ADDRESS 1
ouTPUT 2} 6 19 [T] ADDRESS 2
Q } ouTPUT 3[]7 18 [ 1 ADDRESS 3
" ouTPUT 4[]8 17 |71 ADDRESS 4
A7 COLUMN DECODER ourwrsé 9 16 [J ADDRESS 5
s outpPuT 6 10 15 ] ADDRESS 6
OUTPUT 711 14 [_] ADDRESS 7
{ lﬂ ‘ { ‘ ‘ ' (eND) vs [ 12 12 |7 abpRESs 8
CSp
H
bl seLbeT OUTPUT BUFFERS
Py — "1 DECODER
. { ‘ ‘ l r‘ ‘ l Note: Pin 1 is marked for orientation.
0 01 02 03 04 O O O7
MOS-382 MOS-383
ORDERING INFORMATION
Package Ambient Temperature Access Time
Type Specification 1000ns 700ns 500ns
AM35142CC AM35141CC AM9214CC
0°C s Tp < +70°C
. AM35142DC AM35141DC AMS9214DC
Hermetic DIP
AM9214CM
—-55°C = Ty < +125°C
AM9214DM
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Am9214/Am3514
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
Supply Voltage to Ground Potential (Pin 10 to Pin 9) Continuous —-0.5V to +7.0V
DC Voltage Applied to Outputs —0.5V to +7.0V
'DC Input Voltage —0.5V to +7.0V
Power Dissipation 1.0W

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

exposure to any voltages that exceed the maximum ratings.

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE

Aeae T rpe o e
Am35142DC Vee = +5V 25%
Am9214 Am3514

Parameters Description Test Conditions Min. Max. Min. Max. Units
VOH Output HIGH Voltage Vee =475V, IgH = 500uA 2.4 Vee 24 Vee Volts
VoL Output LOW Voltage Vee =475V, lpoL = 24mA 0.4 04 Volts
VIH Input HIGH Voltage 2.0 Vee Vee—-2.75 Vee Volts
ViL input LOW Voltage (See Note 1) -0.5 0.8 -0.5 0.55 Volts
I Input Load Current Vee =5.25V,0V < V| < 525V 1.0 1.0 uA
ILo Output Leakage Current Output OFF, VoyT = 0.4 to V¢ 1.0 1.0 HA

Data Out Open
Icc Power Supply Current Vge =5.25V 50 50 mA
" VIN=Vee

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE

Am9214DM  Tp =-55°Cto +125°C Vee =+5V £10% Am9214

Parameters Description Test Conditions Min. Max. Units
VOH Output HIGH Voltage Vee =45V, Igy = 500uA 2.2 Vee Volts
VoL Output LOW Voltage Ve =45V, gL =24mA 0.4 Volts
VIH Input HIGH Voltage 2.0 Vee Volts
ViL Input LOW Voltage (See Note 1) —0.5 0.8 Volts
[N} Input Load Current Vee =55V,0V<V|y<55V 10 HA
Lo Output Leakage Current Output OFF, VoyT =0.4 to V¢ 10 uA

Data Out Open
Icc Power Supply Current Veg =55V 70 mA
Vin = Vee

Notes: 1. Input Logic levels that swing more negative than —0.5 volts will be subject to clamping currents attempting to keep the input from falling.
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Am9214/Am35i4

SWITCHING CHARACTERISTICS OVER OPERATING RANGE

Output Load: 1.5 TTL Gate +100pF for Am9214, 1.5 TTL Gate only for Am3514

Transition Times: 10ns
input Levels: 0.8V and 2.0V
Output Reference: 1.5V

Am9214 Am35141 Am35142
Parameter Description Test Conditions Min. Max. Min. Max. Min. Max. Units
tc Cycle Time 500 ns
ta Access Time 500 700 1000 ns
tco Chip Select to Output On Delay 200 500 900 ns
toH Previous Read Data Valid with 50 ns
Respect to Address Change
c Input Capacitance 6.0 8.0 8.0 pF
Co Output Capacitance - 10 12 12 pF
TIMING DIAGRAM
[} te —]
I |
ADDRESSES
» l
| |
o ers DISABLED X ENABLED ‘
L——'coﬁ—‘ L.—‘on-o—]
VYV V \/
DATA ’ ‘ .‘ OUTPUT ‘ 0 ’ ,
out "” ”’ VALID ’ 0\
AYA | /\
A MOS-384
GLOSSARY OF TERMS Unselected chips will have high impedance outputs. Active

Cycle Time — Specifies the maximum rate at which new read
operations may be initiated, and thus the minimum time
between successive address changes.

Access Time — Maximum delay from the arrival of the last
stable address line to valid output data on a selected chip.

Output Enable Time (tco) — Maximum delay from the arrival
of four active Chip Select signals to enabled output data.

level definition for each of the four chip Select inputs may be
either high or low and is programmed along with the data
pattern.

Output Hold Time (tgn) — Minimum delay which will elapse
between a change of the input address and any consequent
change in the output data.
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Am9214/Am3514

PROGRAMMING INSTRUCTIONS

CUSTOM PATTERN ORDERING INFORMATION

The Am9214 (or Am3514) is programmed on IBM cards, IBM coding form, or on paper tape in card image form in the format as
shown below.

Logic ““1” = a more positive voltage {(normally +5.0V)

Logic ‘0" = a more negative voltage (normally OV)

FIRST CARD

Column Number Description
10 thru 29 Customer Name
32 thru 37 Total number of *’1's’’ contained in the data.
This is optional and should be left blank if not used.

50 thru 62 9214 or 35141 or 35142
65 thru 72 Date

SECOND CARD

Column Number Description
29 CS3 input required (0 or 1) to select chip.
31 CS5 input required to select chip.
33 CS; input required to select chip.
35 CSp input required to select chip.

Two options are provided for entering the data pattern with the remaining cards.

OPTION 1 is the Binary Option where the address and data are presented in Binary form on a one-word-per-card basis. With this
option, 512 more cards are required:

Column Number
10,12, 14,16, 18

20, 22, 24, 26 Address input pattern, the most significant bit {Ag) is in column 10.

40, 42, 44, 46, 48,

50, 52, 54 Output pattern, the most significant bit (05} is in column 40.

73 thru 80 Coding these columns is not essential and may be used for card identification purposes.

OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 32
data cards (see chart).

Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated in columns
21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to be in
incremental ascending order from the initial address. Since the address in columns 21,22 and 23 always points only to the first
data on the card, column 23 is always zero. Columns 21 and 22 take all hex values from 00 through 1F: 32 cards in all. Data is
also entered in hex values and may be any combination of 8 bits, that is, hex value from 00 through FF.




Am9214/Am3514
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Am9214/Am3514

lcc—mA

Typical Power Supply Current

30

Am9214 PERFORMANCE CURVES

Versus Voltage

Tp=25°C
INPUTS = 5.0V
L1
20 7‘
/
10 /
A
0 1 2 3 4 5
Veg-V
Access Time
Versus Voo Normalized
to Vgc at 5.0V
11—
Ta=25°C
1.0
09
08
40 45 50 55 60
Vee -V

Ioc - mA

oL IOH —mA

Typical Output Current
Versus Voltage

20 T
Tp=25C
\ A" | Vee=475V
15 7
10 / Q\
5|/
LOW HIGH
STATE STATE
0
0 1 2 3 4 5

Vour—V

Typical Power Supply Current
Versus Ambient Temperature
30

N

20

Ve = MAX.
T

—-75 0 75 125
TaA — AMBIENT TEMPERATURE — °C

MOS-385
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Am9216

2048 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS

2048 x 8 organization

High speed — 300ns access time

Fully capacitive inputs — simplified driving

2 fully programmable chip selects — increased flexibility
Logic voltage levels compatible with TTL

Three-state output buffers — simplified expansion
Standard supply voltages — +12V, +5.0V

No Vgg supply required

N-channel silicon gate MOS technology

100% MIL-STD-883 reliability assurance testing

FUNCTIONAL DESCRIPTION

The Am9216 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-
zation simplifies the design of small memory systems and
permits incremental memory sizes as small as 2048 words.
The fast access times provided allow the ROM to service high
performance microcomputer applications without stalling
the processor.

Two Chip Select input signals are logically ANDed together
to provide control of 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 unselected chips are turned off and assume a high
impedance state. This permits wire-ORing with additional
Am9216 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. The Am9216 is pin compatible with the Am9208 which
is an 8k-bit mask programmed ROM. Input and output voltage
levels are compatible with TTL specifications.

BLOCK DIAGRAM

A1) ——=]
A ]

Ag el

A ROW
7 =1 DeCODER
As

Ag ——]

STORAGE
ARRAY
128X 128

[y pu—

’ {}

Ay COLUMN DECODER

C8) ——=  cuip

SELECT
CS; — w1 DECODER

OUTPUT BUFFERS

ERERRRER

010,050,405 0g 07 Og

CONNECTION DIAGRAM

Top View
o

ADDRESS 7 |: 1. ~ 2 :] Ve +5V)
ApDRESS 6 [ 2 23 ; ADDRESS 8
ADDRESS5[_| 3 22 [ ] ADDRESS 9
ADDRESS4 [ | 4 2 b ADDRESS 10
ADDRESS3[_| 5 20 [] ©54/88
ApDREss2[ ) 6 AmM9216 1oy ] Vnu'_”ZV)
AppREss1[ ] 7 18 [ ] CS2/CS;
ADDRESS 0 q 8 17 [ ourTuTs

ourput1[] @ 16 [_]outPuT?
output 2 [ 10 15 [_] outPuT 6
ouruta {1 14 [Jouteuts

(GNDIvgs [ | 12 13 [ JouTPUT4

Note: Pin 1 is marked for orientation,

ORDERING INFORMATION

Ambient Temperature

Access Time

Package Type Specifications 400ns 300ns
’ 0°C < Ty <70°C AM9216BDC AM9216CDC
Hermetic DIP
—55°C = Tp < +125°C | AM9216BDM
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Am9216
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

—55°C to +125°C

Vpp with Respect to Vgg 15V
Ve with Respect to Vgg +7.0V
DC Voltage Applied to Outputs —0.5V to +7.0V
DC Input Voltage —0.5V 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.

OPERATING RANGE

Part Number Ambient Temperature Vop Vee Vss
Am9216DC 0°C < Tp < +70°C +12V 5% | +5.0V £ 5% ov
Am9216DM —55°C < TA <+125°C | +12V £ 10% | +5.0V + 10% oV

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE

Am9216DC Am9216DM
Parameters Description Test Conditions Min. Max. Min. Max. Units
o4 = —1.0mA 3.7 3.7
VOH Output HIGH Voltage OH Volts
IoH = —4.0mA 24 2.4
Vo Output LOW Voltage loL =3.2mA 04 04 Volts
VIiH Input HIGH Voltage 24 Vee+1.0 2.6 Veet+1.0 Volts
ViL Input LOW Voltage —-0.5 0.8 -0.5 0.8 Volts
ILo Output Leakage Current Chip disabled 10 10 A
I Input Leakage Current 10 10 KA
Selected Am82168 42 47
Ipp Vpp Supply Current Am9216C 49 mA
Am92168 52
Deselected 57
AmM9216C 60
AmS2168B
Icc Ve Supply Current m 6 3 15 mA
Am9216C 15
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
Am9216BDC, Am9216BDM, Am9216CDC Am9216DC/DM Am9216CDC
Parameters Description Test Conditions Min. Max. Min. Max. Units
ta Address to OQutput Access Time 400 300 ns
tco Chip Select to Output ON Delay ty =tf = 20ns 160 140 ns
. [ QOutput load:
Previous Read Data Valid with
1
OH Respect to Address Change one standard TTL gate 20 20 ns
plus 100pF (Note 1)
tDF Chip Select to Output OFF Delay 120 100 ns
Cy Input Capacitance Ta =25°C, f=1.0MHz 6.0 6.0 pF
Co Qutput Capacitance All pins at OV 6.0 6.0 pF
Notes: 1. Timing reference levels — Inputs: High = 2.0V, Low = 1.0V.
Outputs: High =2.4V, Low = 0.8V,
SWITCHING WAVEFORMS
’V’V.V.V V’V’V‘V’V‘V’V‘V’V’V’
ADDRESSES .““"’0””“"“”"””“.
INNNNNYNYNNYNNNVYNN
Sleets DISABLED ] )( ENABLED l ><rL DISABLED
‘ ‘-——‘co——-‘ ‘-——‘on——‘ I——'op—i
. VVVVWVWVVY VVVVVVYV
oATA 9000900.0 oureuT ‘0.000‘0'0&
QO AN
l INNNNINNN INNN YNNI
1,
f
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Am9216

TYPICAL CHARACTERISTICS

Ipp. lcc Versus A Output Capacitance
Temperature (Normalized) Versus A Output Delay

1.4 ——r— 20 -

1a }_VCC=545V Vog =45V

1 vpp =13.2v 15—
a pp = 13- Vpp = 108V
w 1.2 2 10
5 [ 7
z M > 5 prd
H b
c 1.0 [m
2 g, <
= 09 'é .
8 os ~J E - 7
R S -10
_8 0.7 <

056 -15

05 -20

553515 5 25 45 65 85 105 125 100 -50 [ 50 100

T — AMBIENT TEMPERATURE ~ °C A CAPACITANCE —pF

TAccess Versus

Temperature (Normalized) loL Versus Vg, lon Versus Voy
14 T T T 9 —T T —-18 ——r—T
4 = =

13l Vec=a5v s T A Voc=4sv 1 . Vee _4.sv ]
a Vpp = 10.8V ] / Vpp =108V N Vpp = 108V
@12 7 TYPICALS TA=70°C —14 JTYPICAL\‘—A ST TaRT0C
FERAl 6 7 - —12 N
= < < N,
z 10 ] E s 7 ye E 10 N
z 1 N,
T 09 2 4 a 7 80 SPEC. S
v - - N\,
g 0.8 b 3 /’ SPEC. -6.0 ] N ‘\

~,

< 07 2t A 4.0 >
= A y [—

06 15t ,/ -20

%4
05 [ 0
—55-35-15 5 25 45 65 85 105125 0 02 04 06 08 10 24 28 32 3.6 4.0
Ta — AMBIENT TEMPERATURE - °C VOL—VOLTS VOH—VOLTS

PROGRAMMING INSTRUCTIONS
CUSTOM PATTERN ORDERING INFORMATION

The Am9216 is programmed from punched cards, card coding forms or from paper tape in card image form in the format as shown
below,

Logic /1’ = a more positive voltage (normally +5.0 V)
Logic “0"" = a more negative voltage (normally 0V)

FIRST CARD
Column Number Description
10 thru 29 Customer Name
32 thru 37 Total number of ““1’s’ contained in the data.
This is optional and should be left blank if not used.
50 thru 62 9216B or 9216C
65 thru 72 Data
SECOND CARD
Column Number Description
31 CSy input required to select chip (0 or 1)
33 CS; input required to select chip {0 or 1)

Two options are provided for entering the data pattern with the remaining cards.

OPTION 1 is the Binary Option where the address and data are presented in binary form on the basis of one word per card. With
this option 2048 data cards are required.

Column Number
10, 12, 14, 16, 18 Address input pattern with the most significant bit (A1g) in column 10 and the least significant bit
20, 22, 24, 26, 28, 30 (Ag) in column 30.
40, 42, 44, 46, 48, Output pattern with the most significant bit {(Og) in column 40 and the least significant bit (O¢)in
50, 52, 54 column 54.

73 thru 80 Coding these columns is not essential and may be used for card identification purposes.
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Am9216

OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 128 data
cards. Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated
in columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the
first data on the card, column 23 is always zero. Columns 21 and 22 take all hex values from 00 through 7F: 128 cards in all. Data
is entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF.

8 OUTPUT VALUES FOR ADDR +
3 ] 1 2 3 4 5 6 7 8 9 A B c D E F
21]22]23]  [30]31]32]33]34]35]36]37|38]30]40} 41]42]43]a4] 45]46[47]48]a9]50|51]52] 53]54] 5[ 56 57] 58| 59{60] 61]62| 63|64 |65| 66] 67| 68| 69]70] 71]72[ 73] 74] 78] 76
ofojot | | | | L] L] | I I | I | | I I
ofrfo) | | | I | | | | I | I | | | | | |
oj2lof | | | | L] [ 111 I | | I | | | | L]
°
L
.
o) | I | I I I | | | I I | Lt Ll
2fofo] || I I P11 L)1 HEEEENEE RN | | I
[ ]
.
stelof || | RN HENEREREN
®
.
®
|elo | I | L1

o~
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Am9217/8316A

2048 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION

® 2048 x 8 organization The Am9217 devices are high performance, 16384-bit, static,
® Plug-in replacement for 8316A mask programmed, read only memories. Each memory is
® Access times as fast as 450 ns implemented as 2048 words by 8 bits per word. This organi-
® Fully capacitive inputs — simplified driving zation simplifies the design of small memory systems and per-
® 3 fully programmable Chip Selects — increased flexibility mits incremental memory sizes as small as 2048 words. The
® Logic voltage levels compatible with TTL fast access times provided allow the ROM to service high per-
® Three-state output buffers — simplified expansion formance microcomputer applications without stalling the
® Drives two full TTL loads processor.

® Single supply voltage — +5.0V

® Low power dissipation Three programmable Chip Select input signals are provided to
® N-channel silicon gate MOS technology control the output buffers. Each Chip Select polarity may be
® 100% MIL-STD-883 reliability assurance testing 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 Am9217
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.

BLOCK DIAGRAM CONNECTION DIAGRAM
. ~/
A10 ———=] ADDRESS 7 [_| 1 24 [] vecHs0v)
A9 ——| ADDRESS8 [ | 2 23 [] output1
A8 ————ei
| STORA!
A7 ——] oezg‘gen _/\ e ADDRESS9 [ ] 3 22 [J outrur2
128X 128
AB ———=- ADDREss 10 [} 4 21 D OUTPUT 3
A5 =]
A ADDRESSO [ | 5 20 F] oUTPUT 4
ADDRESS 1 [ 6 Am9217 ° D OUTPUT 5
ADDRESS2 [ ] 7 18 {1 oututs
A3
ADDRESS 3 8 17 QUTPUT 7
2 COLUMN DECODER - ]
. ADDRESS4 [ 9 16 [_] outpuTs
ADDRESS5 [] 10 15 tj cs1/C5i
st ADDRESS6 [ 11 14 D cs2/C82
CHIP —
cs2 —{ seLecT QUTPUT BUFFERS oy vss [ 12 13 [] csacss
€53 ———=] DECODER
EERERE Top view
01 02 03 04 O5 06 07 08 Pin 1 is marked for orientation.
MOS-386 MOS-387

ORDERING INFORMATION

Package Ambient Temperature Access Time
Type Specifications 550ns 450ns
Al 7
§ 0°C < Th < +70°C M9217ADC/C8316A AM9217BDC
Hermetic DIP AM9217ACC AM9217BCC
—55°C < T, < +125°C | AM9217ADM AM9217BDM
Plastic DIP 0°C < Tp =< +70°C AMBS217APC/P8316A AMB9217BPC




Am9217/8316A

MAXIMUM RATINGS (Above which the 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 +7.0Vv
DC Voltage Applied to Qutputs —0.6V to +7.0Vv
DC Input Voltage —0.5V to +7.0Vv
Power Dissipation 1.0W

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

exposure to excessive voltages.

ELECTRICAL CHARACTERISTICS

Am9217ADC Ta=0°C to +70°C
Am9217BDC VCC=5.0V + 5%
C8316A Am9217XDC C8316A
Parameters Description Test Conditions Min. Max. Min. Max. Units
9217 IOH = —200uA 2.4
VCH Output HIGH Voltage u Volts
8316A IOH = —100uA 2.2
9217 oL = 3.2mA 0.4
voL Output LOW Voltage 1
P 29 8316A 1OL = 2.0mA 0.45 Volts
VIH Input HIGH Voltage 2.0 VCC+1.0 2.0 VCC +1.0 Volts
ViL Input LOW Voitage -0.5 0.8 —-0.5 0.8 Volts
1ILO Output Leakage Current Chip Disabled 10 10 uA
(TN Input Leakage Current 10 10 wA
1cC VCC Supply Current 70 98 mA
ELECTRICAL CHARACTERISTICS
Am9217ADM Ta=-55"Cto +125°C
Am92178DM VCC = 5.0V + 10% Am9217XDM
Parameters Description Test Conditions Min. Max. Min Max Units
VOH Output HIGH Voltage 9217 10H = —200pA 2.2 Volts
VoL Output LOW Voltage 9217 10L = 3.2mA 0.45 Volts
VIH Input HIGH Voltage 2.0 VCC+1.0 Volts
ViL Input LOW Voltage —-0.5 0.8 Volts
1ILO Qutput Leakage Current Chip Disabled 10 LA
Ll Input Leakage Current 10 LA
IcC VCC Supply Current 80 mA
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
Am9217XDC/C8316A  Tp =0°C to +70°C VCC = 5.0V * 5%
Am9217XDM Ta=-55°Cto+126°C VCC=5.0V * 10% Am9217A Am9217B 8316A
Parameters Description Test Conditions Min. Max. Min. Max. Min. Max. Units
ta Address to Output Access Time =20 550 450 850 ns
tCO Chip Select to Output ON Delay ‘cr);: o 180 150 300 ns
Previous Read Data Valid with P ’
tOH one standard TTL gate 20 20 — ns
Respect to Address Change
- plus 100pF (Note 1)
tDF Chip Select to Output Off Delay 180 150 300 ns
Cl Input Capacitance Ta =25°C, f= 1.0MHz 7.0 7.0 10 pF
cO Output Capacitance All pins at OV 7.0 7.0 15 pF
Notes: 1. Timing reference levels: High = 2.0V, Low = 0.8V.
SWITCHING WAV ."ORMS
GO
ADDRESSES m STABLE .".’.0’000"’0 O ‘.‘.‘.’.’.’.
NNV NN NN NNV NN
SELEcg'll'; DISABLED ’ X ENABLED ‘ XDSABLED
0
' i——tco—»‘ "x H—~1 b«—mrv’
VAVAVAV, W,V VAV " VAAVAVAVAVAVAVAV,Y,
RAHBGBEL  amrr SKKBIERK
uT \
‘ ’A’A A’A’A’A‘A’A "A A‘A‘A A‘A’A’A‘
f @ MO!
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Am9217/8316A

PROGRAMMING INSTRUCTIONS

CUSTOM PATTERN ORDERING INFORMAT.ION

The Am9217 is programmed from punched cards, card coding forms or paper tape in card image format as shown below.
Logic ““1" = a more positive voltage {normally +5.0 V)

Logic 0" = a more negative voltage {normally O V)

FIRST CARD
Column Number Description
10 thru 29 Customer Name
32 thru 37 Total number of “1’s”" contained in the data.
This is optional and should be left blank if not used.
50 thru 62 8316A or 9217
65 thru 72 Optional information
SECOND CARD
Column Number Description
29 CS3 input required.to select chip (0 or 1)
31 CS2 input required toselect chip (0 or 1)
33 CS1 input required to select chip (0 or 1)

Two options are provided for entering the data pattern with the remaining cards.

OPTION 1 is the Binary Option where the address and data are presented in binary form on the basis of one word per card. With
this option 2048 data cards are required.

Column Number
10, 12, 14,16, 18 Address input pattern with the most significant bit (A10) in column 10 and the least significant bit
20, 22, 24, 26, 28, 30 (A0) in column 30.

40,42, 44, 46, 48, Output pattern with the most significant bit (O8) in column 40 and the least significant bit (O1) in
50, 52, 54 column 54.

73 thru 80 Coding these columns is not essential and may be used for card identification purposes.

OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 128 data
cards. Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated
in columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the
first data on the card, column 23 is always zero. Columns 21 and 22 take all hex values from 00 through 7F: 128 cards in all. Data
is entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF.

OUTPUT VALUES FOR ADDR +

00>

0 1 2 3 4 5 6 7 8 9 A B [ D E F
21[22]23] |30[31]32[33]34[35]36]37]|38]39]a0[41]42]43[44] 45]46[47]a8]a0{50]51[52[53[54] 5556 57]58] 59(60[ 6 1[62] 63] 64 |65[66]67 |68]69[70] 71| 72[73[74]75] 76

ofofo | bbb b bbb e e e e e e
ool 4\ b P e e b e e gL

JFlo | l l l | [t irl

[Flo] LI | I [ (LTl




Am9218/8316E

2048 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS

FUNCTIONAL DESCRIPTION

® 2048 x 8 organization The Am9218 devices are high performance, 16384-bit, static,
® Plug-in replacement for 8316E mask programmed, read only memories. Each memory is
® Access times as fast as 350 ns implemented as 2048 words by 8 bits per word. This organi-
® Fully capacitive inputs — simplified driving zation ‘simplifies the design of small memory systems and
o 3 fully programmable Chip Selects — increased flexibility permits incremental memory sizes as small as 2048 words.
® | ogic voltage levels compatible with TTL The fast access times provided allow the ROM to service high
® Three-state output buffers — simplified expansion performance microcomputer applications without stalling the
® Drives two full TTL loads processor.
o Single supply voltage — +5.0V
® Low power dissipation Three programmable Chip Select input signals are provided to
® N-channel silicon gate MOS technology control the output buffers. Each Chip Select polarity may be
® 100% MIL-STD-883 reliability assurance testing 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.
BLOCK DIAGRAM CONNECTION DIAGRAM
A10 ——e=] ADDRESS7E 1. ~ 24 : VCC{+5.0V)
AY =]
o] | o ADDRESS6 [| 2 23 D ADDRESS 8
A ——] Dsgg\gen ARRAY ADDResss [ 3 22 [ ] AvoRess®
A ) ADDREss 4[] 4 21 [ o533
A5 -
Al ——] ADDRESS3 [ | 5 20 Cs1/C8T
ADDRESS 2 6 19 ADDRESS 10
17 g ame21s " P
ADDRESS 1[_| 7 18 [ ] cs2/ts2
A3
A2 COLUMN DECODER ApDRESSO[_| 8 17 [] ouptuT8
i:; outpuT1[ ] @ 16 [_JoutPuT?
OUTPUT 2 : 10 15 : OUTPUT 6
cst outpuT3 [ 1 1a [ outPuTs
cs2 sgrslg'r OUTPUT BUFFERS {GND) VSsS L_J OUTPUT 4
CS3 ———a] DECODER C 12 1
EEREEN Top View
MOS-515 01 02 03 04 05 06 07 08 MOS-516 Pin 1 is marked for orientation.
ORDERING INFORMATION
Ambient Temperature Access Time
Package Type Specifications 450ns 350ns
o o AM9218BPC
Molded 0°C = Ty = 70°C PB316E AM9218CPC
Cerdip 0°C < Tp < 70°C AM9218BCC AM9218CCC
'Side-Brazed 0°C < Tp < 70°C A AM9218CDC
Ceramic
—55°C < Tp < +125°C AM9218BDM
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Am9218/8316E
MAXIMUM RATINGS (Above which the 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 +7.0V
DC Voltage Applied to Outputs —0.5V to +7.0V
DC Input Voltage —0.5V 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

Am9218BDC Ta=0°Cto+70°C
Am9218CDC
C8316A VCC = 5.0V 5% Am9218XDC C8316E
Parameters Description Test Conditions Min. Max. Min. Max. Units
9218 = —200uA 24
VOH Output HIGH Voltage 10H = —200u Volts
8316E IOH = —-100rA 24
921 = 3. .4
voL Output LOW Voltage 8 IOL = 3:2mA o Volts
8316E 10L = 2.1mA 0.4
ViH Input HIGH Voltage 2.0 vcCc+1.0 2.0 VCC +1.0 Volts
VIL Input LOW Voltage -0.5 0.8 —-0.5 0.8 Volts
1ILO Output Leakage Current Chip Disabled 10 10 BA
Ll input Leakage Current 10 10 LA
ICC VCC Supply Current 70 a5 mA
ELECTRICAL CHARACTERISTICS
Am9218BDM Ta=-55"C to +125°C
VCC = 5.0V £10% Am9218B
Parameters Description Test Conditions Min. Max. Units
VOH Output HIGH Voltage I0H = —200uA 2.2 Volts
VoL Output LOW Voltage 10L = 3.2mA 0.45 Volts
ViH Input HIGH Voltage 20 VCC + 1.0 Volts
ViL input LOW Voltage -0.5 0.8 Volts
ILO Output Leakage Current Chip Disabled 10 uA
LI Input Leakage Current 10 HA
Icc VCC Supply Current 80 mA
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
Am9218XDC/C8316E Ta=0°Cto+70°C VCC =5.0V t 5%
Am92188DM TaA=-55°C to +125°C VCC = 5.0V * 10% Am9218B Am9218C 8316E
Parameters Description Test Conditions Min. Max. Min. Max.  Min. Max. Units
ta Address to Output Access Time tr=tf=20 450 350 450 ns
r= = ns
tCO Chip Select to Output ON Delay 150 130 250 ns
- —— Output Load:
tOH Previous Read Data Valid with one standard TTL gate 20 20 _ ns
Respect to Address Change
. plus 100pF (Note 1)
tDR Chip Select to Output OFF Delay 150 130 250 ns
cl Input Capacitance Ta =25°C, f = 1.0MHz 7.0 7.0 7.0 pF
co Output Capacitance All pins at 0V 7.0 7.0 7.0 pF
Jotes: 1. Timingreference levels: High = 2.0V, Low = 0.8V,
SWITCHING WAVEFORMS
e RN & ’M KRS
SELEC(?”;; DISABLED ‘ X ENABLED ‘ x DISABLED
l |-—tco—-| |~tou——| |——tDF-—|
VY VAV, v
o5 SEAL <z R
] 93 QKX m X o
S-517
f ta




Am9218/8316E

PROGRAMMING INSTRUCTIONS
CUSTOM PATTERN ORDERING INFORMATION

The Am9218 is programmed from punched cards, card coding forms or paper tape in card image format as shown below.

Logic “1"" = a more positive voltage (normally +5.0 V)
Logic “0"" = a more negative voltage (normally 0 V)
FIRST CARD
Column Number Description
10 thru 29 Customer Name
32 thru 37 Total number of “1's'’ contained in the data.
This is optional and should be left blank if not used.
50 thru 62 8316E or 9218
65 thru 72 Optional information
SECOND CARD
Column Number Description
29 CS3 input required to select chip (0 or 1)
31 CS2 input required to select chip (0 or 1)
33 CS1 input required to select chip (0 or 1)

Two options are provided for entering the data pattern with the remaining cards.

OPTION 1 is the Binary Option where the address and data are presented in binary form on the basis of one word per card. With
this option 2048 data cards are required.

Cotumn Number

10, 12, 14, 16, 18 Address input pattern with the most significant bit (A10) in column 10 and the least significant bit
20, 22, 24, 26, 28, 30 (AQ) in column 30.

40, 42, 44, 46, 48, Output pattern with the most significant bit (O8) in column 40 and the least significant bit (O1) in
B0, 52, 54 column 54,

73 thru 80 Coding these columns is not essential and may be used for card identification purposes.

OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 128 data
cards. Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated
in columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the
first data on the card, column 23 is always zero. Columns 21 and 22 take all hex values from 00 through 7F: 128 cards in all. Data
is entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF.

A OUTPUT VALUES FOR ADDR +
B 0 1 2 3 4 5 6 7 8 9 A B c D E F
21]22]23| [30]31]32]33]34]35]36]37]38|30[a0]41]42]43]44] 45]46]47]48]a0]50| 51[62] 53| 54] 55| 56 57]58| 59| 60 61| 62| 63] 64| 65| 66[ 67| 68[ 69 70| 71 72[ 73] 74 75] 76
ofojo] | | | | I | | | | I I I | | I | |
ofrjot | | I I I | I | I I | | I I I | I
of2fo} | | | | I [ 111 | I | | | I L]l |
.
°
)

1o} || | I I I | I | I | I I I l 1
2]ojof | | | | | | | | | | | I I I I | |
)

.

.
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.
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Am9232 - Am9233

4096 X 8 Read Only Memory

PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION

® 4096 X 8 organization The Am9232/33 devices are high performance, 32,768-bit,
e No clocks or refresh required static, mask programmed, read only memories. Each memory
® Access time selected to 300ns is implemented as 4096 words by 8 bits per word. This or-
e Fully capacitive inputs — simplified driving ganization simplifies the design of small memory systems and
e 2 mask programmable chip selects — increased flexibility permits incremental memory sizes of 4096 words. The fast ac-
e Logic voltage levels compatible with TTL cess times provided allow the ROM to service high perfor-
e Three state output buffers — simplified expansion mance microcomputer applications without stalling the proces-
® Drives two TTL loads sor.

® Single +5 volt power supply Two programmable Chip Select input signals are provided to
® Two different pinouts for universal application control the output buffers. Each Chip Select polarity may be
® Low power dissipation specified by the customer thus allowing the addressing of 4
® 100% MIL-STD-883 reliability assurance testing memory chips without external gating. The outputs of un-
® Non-connect option on chip selects. selected chips are turned off and assume a high impedance

state. This permits wire-ORing with additional Am9232/33 de-
vices 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 the address present on the address input lines. Input
and output voltage levels are compatible with TTL specifications.

CONNECTION DIAGRAMS

Top Views
ADDRESS 7[:: 1. I 24 _V:] VCC (+5.0V) ADDRESS 7[: 1. ~ 24 b VCC (+5.0V)
ADDRESS 6 [ | 2 23 F_] ADDRESS 8 apoRess 6| 2 23 [ 7] ADDRESS 8
ADDRESS 5 E: 3 22 : ADDRESS 9 ADDRESS 5 [:: 3 22 ADDRESS 9
ADDRESE 4 q 4 21 [ ] cs2/CS2Ne ADDRESS 4[] 4 21 ADDRESS 11
ADDRESS3[ | 5 20 [ ] cs1icSime ADDRESS3[ | 5 20 {] cs1/CSINC
ApoRess2[_| 6  Am9232 15 | ] ADDRESS 10 ADDRESS 2 6 AmS9233 19 [] ApDRESS 10
ADDRESS 1| 7 18 ; ADDRESS 11 ADDRESS 1 é 7 18 [_] cs2itszNe
ADDRESS 0[] 8 17 [ ] outpuTs ADDRESS 0[] 8 17 [ ] outpuT 8
outpuT1[ | 9 16 | J output7 OUTPUTI[: 9 16 [ ] outpur 7
outrput2[ | 10 15 [ outputs outpuT2[ | 10 15 ] outPut 6
outpuT3 [ | 11 14 [ Joutputs outpura [ ] 1t 14 []outpur s
(GNDyvss [ | 12 3 OuTPUT 4 @Npyvss [ { 12 13 [ outpur 4
MOS-103 Note: Pin 1 is marked for orientation. MOs-104
ORDERING INFORMATION
Ambient Temperature Access Time
Package Type Specifications 450ns 300ns
Molded 0°C < Tp < +70°C AM9232/33BPC AM9232/33CPC
Cerdip 0°C =Ty =< +70°C AM9232/33BCC AM9232/33CCC
Side-Brazed —55°C < Tp =< +125°C AM9232/33BDM
Ceramic 0°C =Ty < +70°C AM9232/33BDC AM9232/33CDC
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Am9232 - Am9233
MAXIMUM RATINGS beyond which the useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

~556°C to +125°C

VCC with Respect to VSS +7.0V
DC Voltage Applied to Outputs —0.5V to +7.0V
DC Input Voltage —0.5V 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 vCcC VSss
Am9232DC/PC/CC 0°C = Tp < +70°C +5.0V 5% ov
Am9232/33DM —55°C = Tp = +125°C +5.0V £10% ov

ELECTRICAL CHARACTERISTICS over operating range Am9232/Am9233
Parameter Description Test Conditions Min. Max. Unit
VOH Output HIGH Volt IOH = —200A VeC = 475 24 Volts
uipdt HIGE Vollage it VCC = 450 22 °
VOL Output LOW Voltage IOL = 3.2mA 0.4 Volts
VIH Input HIGH Voltage 20 VCC+1.0 Volts
ViL Input LOW Voltage -0.5 0.8 Volts
ILI Input Load Current VSS < VI = VCC 10 nA
VSS <VO < VCC | +70°C 10
ILO Output Leakage Current Chip Disabled T125°C (OM) %0 pA
o°C 80 .
ICC VCC Supply Current mA
—55°C (DM) 100
Cl Input Capacitance Ta = 25°C, f = 1.0MHz 7.0 pF
co Output Capacitance All pins at OV 7.0 pF
SWITCHING CHARACTERISTICS over operating range Am9232/33B  Am9232/33C
Parameter Description Test Conditions Min. Max. Min. Max. Unit
ta Address to Output Access Time 450 300 ns
tCO Chip Select to Output ON Delay tr = tf = 20ns 150 120 ns
Previous Read Data Valid with Qutput Loa:
revious Read Data Valid wi
tOH one standard TTL gate 20 20 ns
Respect to Address Change plus 100pF (Note 1)
tDF Chip Select to Output OFF Delay 150 120 ns
SWITCHING WAVEFORMS
ADDRESSES STABLE ’ ”’ ”Q’Q‘ ’.’
0 0
SEI.ECC";: DISABLED X ENABLED | x DISABLED
|———|co—o1 I——IOH——i I»mF—-{
Q ”‘ OUTPUT “. ‘V‘
DATA
ouT ° ‘ . ’A" VAUD . ”” ’ ‘..AQ
n MOS-105
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Am9232 « Am9233

PROGRAMMING INTRUCTIONS
CUSTOM PATTERN ORDERING INFORMATION
The Am9232 is programmed from punched cards, card coding forms or paper tape in card image format as shown below.

Logic “1” = a more positive voltage (normally +5.0V)
Logic “0"” = a more negative voltage (normally 0V)

FIRST CARD
Column Number Description
10 thru 29 Customer Name
32 thru 37 Total number of “1’s” contained in the data.
This is optional and should be left blank if not used.
50 thru 62 9232 or 9233
65 thru 72 Optional information
SECOND CARD
Column Number Description
31 CS2 input required to select chip (0 or 1); If CS2 = NC, column 31 = 2.
33 CS1 input required to select chip (0 or 1); If CS1 = NC, column 33 = 2.

Two options are provided for entering the data pattern with the remaining cards.

OPTION 1 is the Binary Option where the address and data are presented in binary form on the basis of one word per card. With
this option 4096 data cards are required.

Column Number

8,10, 12, 14, 16, 18 Address input pattern with the most significant bit (A11) in column 8 and the least significant
20, 22, 24, 26, 28, 30 bit (AO) in column 30.

40, 42, 44, 46, 48 Output pattern with the most significant bit (O8) in column 40 and the least significant bit (O1)
50, 52, 54 in column 54.

73 thru 80 Coding these columns is not essential and may be used for card identification purposes.

OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 256 data
cards. Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated in
columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the
first data on the card, column 23 is always zero. Columns 21 and 22 take all hex values from 00 through FF:256 cards in all. Data
is entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF.

S OUTPUT VALUES FOR ADDR +
D
R 0 1 2 | 3 4 5 6 7 8 9 A B c D E F
1[22[23] [30[31[32[33[34]35|36]37|38[30]40]41[42]43[a4]45[46[47[48]a0]50]51]52| 53[54]5556|57[58]59[60[61{62] 63] 64 |65 6667 68]69]70] 71{72] 73] 78] 75] 76
lojo [ L1 1] I I i | I | I | I I | IR
AN B A | | I I 1 | I | | I I | |
L2loy L] 4] | I Ll I 1 | | I I | I I [
.
[ ]
(]
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Am9232 - Am9233

Am9232/Am9233
BLOCK DIAGRAM

Al ——e]
A1 ~——]

A9 ~———a]

STORAGE
ROW
A8 ——] ARRAY
A6 ———un-]
A5 ~——eone ]
A4
A3
A2 COLUMN DECODER
a1l
A0
sl ———=]{ CHIP
SELECT OUTPUT BUFFERS
€S2 ~—| pECODER

EEEERRE

O1 02 03 04 05 06 O7 O8

MOS-106
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SHIFT REGISTERS

Am14/1506/Am14/1507
Am1402A/1403A/1404A/
Am2802/2803/2804
Am2805/2806/2807/2808
Am2809

Am2810

Am2814/3114
Am2825/2826/2827
Am2833/2533
Am2847/2896
Am2855/2856/2857
Am4025/5025/4026/5026/
4027/5027
Am4055/5055/4056/5056/
4057/5057

Am9401/2401

NUMERICAL INDEX

Dual 100-Bit Dynamic Shift Registers

1024-Bit Dynamic Shift Registers ........................ ...

512- and 1024-Bit Dynamic Shift Registers . ....................... 5-13
Dual 128-Bit Static Shift Register .............. ... ... ... ...... 5-19
Dual 128-Bit Static Shift Register ................................ 5-23

Dual 128-Bit Static Shift Register ................... ... .. ..., 5-27.
2048-Bit Dynamic Shift Registers ........ e 5-31

1024-Bit Static Shift Registers . .................... .. i 5-36
Quad 80-Bit and Quad 96-Bit Static Shift Registers ................ 5-40

Quad 128-Bit, Dual 256-Bit and Single 512-Bit Static Shift Registers . . 5-44
2048-Bit Dynamic Shift Registers ...t 5-48

Quad 128-Bit, Dual 256-Bit and Single 512-Bit Static Shift Registers . .5-53
Dual 1024-Bit Dynamic Shift Register ............................ 5-57






Ami4/1506-Am14/1507

Dual 100-Bit Dynamic Shift Registers

Distinctive Characteristics

Dual 100-bit silicon gate MOS shift registers
DTL and TTL compatible

Low-power dissipation of 0.4mW/bit at 1MHz
2MHz frequency operation guaranteed

o 100% reliability assurance testing in compliance with

MIL-STD-883

® Electrically tested and opticaily inspected die for the-

assemblers of hybrid products

FUNCTIONAL DESCRIPTION

The Advanced Micro Devices dual 100-bit dynamic MOS shift
registers are built using enhancement mode P-channel silicon
gate MOS devices. The circuits use low-voltage circuitry for
low-power dissipation and ease of interfacing into bipolar DTL
and TTL circuits,

The shift registers can be driven by either DTL or TTL circuits
or by MOS circuits and provide driving capability to MOS or
bipolar circuits.

Silicon gate technology gives high-speed operation, low-
power dissipation and low clock input capacitance

The shift registers are Ideal for low-cost buffer memories,
long serial digital delay lines, etc. The devices are available
in the commercial (0°C to +70°C) temperature range and
the military (—55°C to +125°C) temperature range and are
available with open drain output (Am14/1506), or with a 20k
pull-down resistor (Am14/1507) for easier interface to other
circuitry.

CIRCUIT DIAGRAM

re-=-TsrTs T m s T T e e T I I "I
: ¢ ¢ 1 I & | I 9 \
i ! ! |
I | i !
I voo (Voo Vop | Voo Voo : Voo Vpp !
| 1 |
| | 1 _——d el
| I | Yo
| | | : L
: f : | tk 20k
[} | | |
! [ 1 |
| 1 1 |
! ! ! I {ours
1 1 1
1 ! ] I e
1 1 |
| h 1 1
w1 ! : :
[ i : ,"l I
! | H 1
| 1 ! !
] t 1
v Vi Vee Vee - Vee Vee Vee 1 Vee
AL L S B U L_remszrosy L LT e % J
*RESISTOR PRESENT ON 1407 AND 1507 ONLY
e
| 3
| Vee =PIN 4 *
IN2 cC <
- 1
EE - C
| . = |
! SCHEMATIC FOR SECOND 100 BITS SAME AS ABOVE o <P {
I I
IL__VSC _______________________________________________________ 4 Vee
MOS-389
ORDERING INFORMATION CONNECTION DIAGRAM
Top View
Package Ambient Output Part Vpp
Type Temperature Resistor Number
. INPUT 1 8 INPUT 2
No AM1506 ! ’
© ° 100 | 100
0C<TAas+/0C outPuT 12 | BIT | BIT | €0 ouTPUT2
Yes AM1507 SR | SR
TO-99 ; 3 3
j . No AM1406 INPUT CLOCK {0) 4 OUTPUT CLOCK (91)
—55C<TAS+125°C Voo
Yes AM1407
MOS-390
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Am14/1506 - Am14/1507
MAXIMUM RATINGS (Abové which the useful life may be impaired)

Storage Temperature —65°C 1o +160°C
Temperature (Ambient) Under Bias —55°C to +125°C
Power Dissipation 500 mwW
Data and Clock Input Voltages with respect to most Positive Supply Voltage, Ve +0.5Vto—25V
Power Supply Voltage, Vp,;, with respect to V¢ +0.5Vto —25V

ELECTRICAL CHARACTERISTICS Am1506/1507 T~ 0°Cto +70°C

Am1406/1407 T, = —55°C to +125°C

}unless otherwise specified

DC Characteristics Over Operating Temperature Range (Vp, = —5.0 V £5%,Vec = +5.0V £5% unless otherwise specified)

Limits Over Specified Temperature Range

Parameters Test Conditions Min. Typ. (Note 1) Max. Units
Vou (Note2) lon = —2.5 mA
Output HIGH Load = 20 kg 25 4.0 Volts
Voltage
Vo, (Note 2) I = 200 gA
Oufput LOW Sy —1.2 0.4 Volts
Voltage 1407, 1507 only
Vi =—
input HIGH eIy 25 50 53 Volts
Voltage cc :
vIL —_ -
Input LOW xDD — +55'%\\'/ -10 0.2 0.8 Volts
Voltage cc )
‘élﬂc k V 50V
oc oD = - . 53 Volts
Input HIGH Vee =450V 35
Voltage
‘(IJIILC k V 5.0V
oc DD = O - -95 It
Input LOW Vee = +5.0V 13 Volts
Voltage
Pins 2,3,4,5,6,7 =0V = 25°C
b Lead IputPin 1 5 2 48V Ping=—8v A 500 A
et Py PINs1,2,8,4,56=0V 250
MPUtPin 7 7 L 8V Ping=-—gy 1A=2°C
he Clock In i =
putPins 3,5 = —18V T,=25°C
Clock Input All Other Pins = 0 V A 500 nA
Current
I (Note3d) f Pins1,4,6,7,8=0V
Sotput OutputPin2 ;52 {8V Pins3,5=—8V 500 A
Leakage . Pins1,2,4,7,8=0V
Current OutputPin6 4 6 2" {8V Pins3,5= —8V
Ioo  (see Graphs) f = 1MH T,=25°C 4.0 8.0
Power — T, =0°C 50 10 mA
Supply (Note 4) Duty Cycle = 60% A :
Current T, =—55°C 8.0 13
z t g
Output ON xDD = +%'%\’, Ton = —2.5 mA 300 750 Q
Impedance cc ’
Cin " Input Pi
putPins 1,7
Input ) Vi = Ve 4 pF
Capacitance
g*” * | Clock InputPins3,5 Vg = Ve 40
lock pF
Input . .
C:pacitance Clock Input Pins 3,5 V¢ = —20 V Bias 35
C,, (Noted) = out .
put Pins 2, 6
8utput_ Vo = Vee 5 pF
apacitance ©

Note 1: Typical values are at V.. - Vp, = 10V and T, = 25°C.

Note 2: In the logic HIGH level the MOS register output can supply 2.5 mA into the load combination of the internal pull-down resistor and the external load. In
logic LOW level, I, represents the current the internal 20 kQ resistor will sink. In order to insure current sinking capability for one standard TTL load, an external p

down resistor must be added. See applications.

Note 3: Leakage current for 1406 and 1506 only. For 1407 and 1507 the output on pins 2 and & will exhibit a resistance when measured with the¢ following bias ¢
ditions: pins 1, 6, and 8 at GND; pins 3 and 5 at —~16V; pin 4 open; measure pins 2 and 6. 25 kQ > Royr = 15 kQ.

Note 4: Power dissipation is directly proportional to clock duty cycle. Duty cycle Is defined as: clock frequency (to pw + té,pw + 12 [t + t1).

*This par

is periodical p and is not 100% tested.
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Am14/1506 + Am14/1507
SWITCHING CHARACTERISTICS (Vp, = —5V £5%; Voc = 45V +5% unless otherwise specified)

Limits Over Specified Temperature Range
Parameter

Description Test Conditi,o'ns Min. Max. Units
V230V
f, Clock Frequency w2 30 Note 5) 2 MHz
V=25V 1
Vi = 3.
toow: Clock Pulse Width n 230V 130 ns
V225V 200
t Clock Pulse Dela Prow=04us 4 _ 4y 100
P y i =02ps z ns
to t, Clock Pulse Rise/Fall Time f.=1MHz 50 ns
t, Input Data Set Up Time fo = 2MHz 100 ns
f, =1 MHz 200
t, Input Data Hold Time 100 ns
Propagation Delay
t Vic —Vee = —
» . t0 Output e =Vee = —16V 100 ns

Note 5: See “Minimum Operating Frequency” graph for low limits on clock rate.

'ESCRIPTION OF TERMS

PERATIONAL TERMS

54 Minimum logic HIGH output voltage with output HIGH current
 flowing out of output.
5. Maximum logic LOW output voltage with output LOW current
| into output.
4 Logic HIGH input voltage.
L Logic LOW input voitage.
wc Clock LOW input voltage.
4c Clock HIGH input voltage.
Input load current.

, Output leakage current.
. Power supply current.
+ Output impedance with output sourcing 2.5 mA.
« Input capacitance.

Input clock capacitance.
ur Output capacitance.

NCTIONAL TERMS

#, The two clock phases required by the dynamic shift register.
The clock frequency of the shift register.

SWITCHING TERMS

t¢, The delay between the LOW to HIGH transition of a clock
phase to the HIGH to LOW transition of the other clock phase.
tgpw The clock pulse widths necessary for correct operation.

t,t. The clock pulse rise and fall times necessary for correct op-
eration.

t, The time required for the input data to be present prior to the
LOW to HIGH transition of the clock phase ¢, to ensure correct
operation.

t, The time required for the input data to remain present after the
LOW to HIGH transition of the clock phase ¢, to ensure correct
operation.

by The propagation delay from the HIGH to LOW clock phase ¢,
transition to the output LOW to HIGH transition.
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Am14/1506 « Am14/1507

SWITCHING WAVEFORMS

#2 Vite
INPUT
PHASE V| ¢

¥2pw

Clock Rise Time 10ns

Clock Fall Time 10ns

Data Amplitude +0.8V to +2.5V
Output Load 1 TTL Unit Load

1 ViLe
LINPUT \ u—
PHASE ViHC
— 1 = l¢1pw
-1, CLOCK PERIOD

Vin
DATA
N Vi _/ BIT1

— s [

pata VoH e
ouT OUTPUT BIT 1

VoL

100 81T DELAY"

.

MOS-391
SWITCHING CHARACTERISTICS
Minimum Operating Maximum Frequency
Frequency Versus Versus
Temperature Clock Amplitude
10k 4
e £ tpw = l°30 ns
© { = Ta=25°C
N 1K S i Vpp-Vee=-10V | L
z Ry 4 > 3
\) o
1 6/ 3 /K
> A o
o 100 2
= 7 / a d
w ¢ 2
2 A @
o 'S
c 10 > = SPECIFIED
‘T / s OPERATING
% 1}— RANGE
S 3
/ Vpp - Veg=~10V El
o1 y Vite ~Vec = -6V IC
"—60 -20 20 60 100 140 180 -10 -12 -14 -16 -18 -20
TA — AMBIENT TEMPERATURE — °C Vjic - Vee - VOLTS
N
MOS-392




Am14/1506 - Am14/1507

POWER DISSIPATION — mW

POWER DISSIPATION — mW/BIT

POWER DISSIPATION — mW/BIT

SWITCHING CHARACTERISTICS
Power Dissipation Power Dissipation/Bit
Versus Frequency Versus Supply Vollage
1k 1.0 T T
. Tp=25°C
~ (¢2PW=400ns é Vo=—-16V
100 "‘!¢|pw=200ns] s 08—
téq = 100 ns ]\ /, f 2pw = 400 nsL
10 ) / Z 06 | tpw=200ns
o 94 = 100 ns,
_ T 1 MHz \
1$5=100ns = \/-
/ [ = |t
1 /a——l‘ﬁ =100ns+ 2 o4
¢y =100 ns a / o
1
/ o b & === 100ns
0.1 7 Tp=25°C g 0.2 /' f@”,w= 100 ns
/ Vpp — Vgc=-10V o - 194 = 100 ns
0 ki Vi ~ Ve =-18V R 2 MHz
b 1 10 100 1k 10k -6 -7 -8 -9 —10 -1 -12
OPERATING FREQUENCY — kHz (Vpp — Veg) - VOLTS
i Maximum Package
Power Dissipation/Bit Power Dissipation
Versus Clock Amplitude Versus Temperature
10 600
Vop - Veg=—10V
t®opw =400 ns =z
0.8 ftoqpyy =200 ns ” €
tgy =100 ns / |
3/ Z 400
06 b—1—1 o
X +—] Z
T=125°C 3
0a 12258 P @
4T = —65°C L E
T g
&
g7 19 opyy = 100 s ES
02 < t63py= 100 ns e
164 =100 ns
] 2 0
-8 —-10 —12 14 -1 -18 -20 —25 0 25 7% 125
CLOCK AMPLITUDE — VOLTS TA — AMBIENT TEMPERATURE — °C
Power Dissipation/Bit Power Dissipation/Bit
at 2 MHz Versus at 1 MHz Versus
Temperature Temperature
0.8 08
9P = 100 s ‘ {VDD-Vcc'-” v
1pyy = 100 s | = L MWie - Vee
164 = 100 ns i 2 \v/ Voo - Voo
06— 1MH. + 0.6 -
: HVDD—VCC=—1I v |E N WiLc — Vee
N Vi =~ Vec=-18V z >< {VDD-Vcc
Voo —Vee=-10V 2 N ><\V'LC_VCC‘_MV
A =
04 Wic~ Vec=-16V T 04 N
\ B g 1~ N ™
] ™N
~N N~ a ™~ N~ ——
02 \ & 0.2 t02pw = 400 ns™~
- = Wipw = 200 ns
VDD_VCC'_ 9V 54 14 =100ns
0 ViLe = Vee=-14V |2 MHz
=75 =25 25 75 125 175 75 25 25 75 125 175
Ta — AMBIENT TEMPERATURE —°C Ta — AMBIENT TEMPERATURE - °C
MOS-393




Am14/1506 « Am14/1507

APPLICATIONS
DTL/TTL/MOS Interfaces

Dual 100-Bit Delay 200-Bit Delay

3 >
Vee r 36k 36k Vee I Vee Vee 336k [VCC l‘/cc
S
DTL/TTL 1 Am 1406 - 1407 - 1506 - 1507 DTLATL DTLATL 1 AM1406 - 1407 - 1506 - 1507 DTL/TTL
- ouTPuT _ wosr 1o roomiT ouTPuT
— T REGISTER Do__ INPUT REGISTER REGISTER
#1 l
| ouTPUT
_ 100 BIT #2 |
REGISTER
INPUT
E D I
= [ [ =
-L- 4 92 P4 4: *Q P e
HL:: :; RL zok:; SR
MOs-394 Yoo ' *For Am1406 and 1506 only Voo , MOS-395
-5V -5V
Value of R (Vpo = —5.0 +5%)
Gate Type 1406, 1506 1407, 1507
Standard TTL 3.2k 3.8k
93L Low Power 12.8k 35k
74L Low Power 28k none required
Metallization and Pad Layout
INPUT, Vop
INPUT,
OUTPUT,
INPUT OUTPUT,
CLOCK (65)
QUTPUT
v CLOCK {94}
cc

69 x 74 Mils
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Am1402A/Am1403A/Am1404A
Am2802/Am2803/Am2804

1024-Bit Dynamic Shift Registers

Distinctive Characteristics
¢ Quad 256-bit, dual 512-bit, single 1024-bit

* 10 MHz frequency operation guaranteed for Am2802,
Am2803 and Am2804.
Low power dissipation of 0.1 mW/bit at 1 MHz

DTL and TTL compatible

* Both milité‘ry and commercial grade devices available ‘

* 100% reliability assurance testing in compliance with
MIL-STD-883.

. Electricauy tested and optically inspected die for the
assemblers of hybrid products

The Am1402A, 3A, and 4A are 1024-bit silicon gate dynamic
shift registers. The low threshold characteristics of this tech-
nology allow high-speed operation and DTL and TTL com-
patibility. The Am1402A is a quad 256-bit device; the
Am1403A is a dual 512-bit register; and the Am1404A is a

FUNCTIONAL DESCRIPTION

single 1024-bit.register. All three devices require two-phase
non-overlapping clocks, and provide a one-bit shift on each
clock pulse. The Am2802, 3, and 4 registers are functionally
identical to-the Am1402A, 3A, and 4A, but are guaranteed to
operate over frequencies from 400Hz to 10MHz.

Am1402A/1403A/1404A Shift Registers

3 7

S
z—{:, “mu BITS * Do}— 5
3 7 Am1404A/Am2804
Dol—1
Dgb—5
Am1403A/Am2803

MOS-396

Am1402A/Am2802

BLOCK DIAGRAMS

) Functiar‘u\ily Equivaient of Each Register

BITS2,4.6...

' N/2BITS o)
M s
DATA INPUT T><T outPuT
f N/2BITS 0|
s

BITS1,3,5... T

4

1

2]

M = MASTER ENAELE)
S = SLAVE ENABLE

DATA IN

MOS-397

Since the two registers shift on opposite clock puises, a new
data bit is entered on both ¢q and ¢5. Data entering the
register on ¢1 -witl .appear at the output on .2 (from the
negative edge-of ¢4 to the negative edge of q)z).

ORDERING INFORMATION

o Standard

Extended

Temperature Speed Range Speed Range

Part Number Package Type Range Order Number Order Number
Am14024/ Hermetic DIP 0°C to +70°C ‘AMT402A AM2802DC
m140 Hermetic DIP —55°C to+125°C AM1402ADM AM2802DM
2802 Molded DIP 0°C to +70°C AM1402APC AM2802PC
Am14038/ TO-99 0°C to +70°C . AM1403A AM2803HC
m 70-99 —55°C to +125°C AM1403AHM AM2803HM
2803 Molded DIP 0°C to +70°C AM1403APC AM2803PC
TO-99 0°C to +70°C " AMI404A AM2804HC

Am;;g:” TO-99 —55°Ct0+125°C .- AM1404AHM AM2804HM
Mini DIP Plastic 0°C to +70°C AM2804PC

AM1404APC




Am1402A/03A/04A « Am2802/03/04
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature ~65°C to +160°C
Temperature Under Bias —55°C to +125°C
Power Dissipation (Note 1) 600 mW
Data and Clock Input Voltages with respect to most Positive Supply Voltage, V¢ 03Vto—-20V
Power Supply Voltage, V;, with respect to Ve 0.3Vto—-20V
OPERATING RANGE
Part Number Vee Vbbb Temperature Range
Am1402A, Am1403A, Am1404A 5V £5% -4.75V to -9.45V 0°C 10 +70°C
Am1402ADM, Am1403AHM, Am1404AHM 5V +5% -4.75V to ~9.45V ~-55°C to +125°C
Am2802DC, Am2803HC, Am2804HC 5V +5% 5V 5% 0°C to +70°C
Am2802DM, Am2803HM, Am2804HM SV 5% -5V £5% ~55°C to +125°C
ELECTRICAL CHARACTERISTICS over operating range
Am1402A, 3A, 4A Am2802, 3,4
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Vin fnput HIGH Voltage Vee-2.0 Vee-2.0 \Y
ViL Input LOW Voltage Vee-10 Vee-4.2 Vec-10 Veeg-4.2 v
n Input Current Ta=25°C <10 500 <10 500 nA
o Output Leakage Current Ta=25°C, VoyuT =0V <10 1000 <10 1000 nA
'¢l: Clock Leakage Current Ta=25°C, Vg =-12V 10 1000 10 1000 nA
. R =3k to Vpp.
Output HIGH Voltage Driving TTL - VDD = ~5V 5% 2.4 3.5 Vee-1.2 | Vee-1
RL=4.7k to Vpp,
Output HIGH Voltage DrivingMOS | | = © VoD Vee-19 | Vee-1 Vee-19 | vee-t
Vpp = -5V 5%
VoH A\
- R =4.7k to Vpp.
Output HIGH Voltage Driving TTL 2.4 35
Vpp =-9V 5%
R = 6.2k to Vpp. 3.9k to V,
Output HIGH Voltage Driving MOS | & ©VbD Ve | vee-19 | vee-t
Vpp = -9V 5%
Vpp =-6V5%, .
Ry =3k to Vpp. loL =-1.6mA -0.3 05 -03 05
VoL Output LOW Voltage : v
RL=4.7kto Vpp 03 05
Vpp =-9V 5%, Ig = ~1.6mA e )
VoH Clock Input HIGH Level Vee-1 Vee+0.3 Vee-1 Vee+0.3 v
Vpp = -5V 5% Vce-15 Vee-17 Vce-15 Vee-17
V¢|_ Clock Input LOW Level bo cc cc cc cc \"
Vpp =-9V 5% Veeg-12.6 Vee-14.7 | Vee-12.6 Vee-14.7
Yo (5] 5MHz Data Rate | TA=25°C 40 50 40 50
(th . | VoD current, vop = -5V s5% 33%Duty Cycle | Ta =0°C 56 56 mA
ote
VoL =Vece-17V | T4 =-55°C 70
Vpp Current, Vpp = -5V 5% =
10MHz Data Rate |TA=25C 50 60
40% Duty Cycle Ta=0°C 68 mA
VoL = Vee-17 Ta=-56°C 80
| (-9) 3MHz Data Rate Ta=25°C 30 40 30 40
(SDt ., | VDD Current, Vpp = -9V 5% 26% Duty Cycle | TA =0°C a5 45 mA
ote
VoL = Vce-14.7V Tp =-55°C 60

Note: 1. Power dissipation is directly proportional to clock duty cycle and independent of frequency. The duty cycle is the clock LOW time (one clor
line) divided by the clock period. At Vpp = —9V the maximum duty cycle is 26%. The duty cycle should be kept as small as possible to minimi

power dissipation.
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Am1402A/03A/04A - Am2802/03/04

SWITCHING CHARACTERISTICS AND OPERATING CONDITIONS (Over Operating Range)

Am1402A/Am1403A/Am1404A Vop =—5V 5%
(Test Load 1)

Voo =—9V 5%
(Test Load 2)

Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
fe Clock Frequency Range (Note 1) 25 [(Note1) 1.5 MHz
fq Data Repetition Rate (Note 1) 5.0 |{Note1) 3.0 MHz
topw Clock Pulse Width 0.13 10 0.17 10 us
t¢‘d Clock Pulse Delay {Note 2) tépw = 130 ns 10 (Note 2) 10 {Note 2) ns
tf, 1, Clock Pulse Rise/Fall Time 1000 1000 ns
tg Data Set Up Time t, =t <50ns 30 60 ns
th Data Hold Time tr=tf<50ns 20 20 ns
tpd + tpd— Clock to Data Out Delay 90 110 ns
CIN* Input Capacitance @ 1 MHz, 250 mVPP 5 10 5 10 pF

[ Cout* Qutput Capacitance @ 1 MHz, 250 mVPP 5 10 5 10 pF
Co* Clock Capacitance @ 1 MHz, 250 mVPP 110 140 110 140 pfF
SWITCHING CHARACTERISTICS AND OPERATING CONDITIONS (Over Operating Range)
Am2802/Am2803/Am2804 Ciock Pulse Width = 70nsec Vpp=—5V 5%
Clock LOW Level = (Vgg—15) (Test Load 1)

Parameter Description Test Conditions Min. Typ. Max. Units
fe Clock Frequency Range tr=tf=10ns (Note 1) 5.0 (Note 4) MHz
fq Data Repetition Rate (Note 1) (Note 3) 10.0 (Note 4) MHz
topw Clock Pulse Width 0.07 10 us
tog Clock Pulse Delay topw = 70 ns 10 (Note 2) ns
tf, tp Clock Pulse Rise/Fall Time 1000 ns
ts Data Set Up Time 30 ns
th Data Hold Time 20 ns
tpd+ tpd— [ Clock to Data Out Delay 90 ns

Notes:

1. See minimum operating frequency graph for low limits on data rep. rate.

2. Upper limit on topd is determined by minimum frequency.

3. See max clock putse delay graph for guarantee.

4. For additional information on 10MHz operation (MHz clock rate) see AMD application note dated July 1973 on ‘‘Applications of Dynamic
Shift Registers.””

DESCRIPTION OF TERMS

OPERATIONAL TERMS

Von Minimum logic HIGH output voltage with output HIGH current
loy flowing out of output.

Voo Maximum logic LOW output voltage with output LOW current
‘oL into junction of output and load resistor.

7,y Logic HIGH input voltage.

/). Logic LOW input voltage.

Io Clock LOW input voltage.

Ioy Clock HIGH input voltage.

. Input leakage current.

o Output leakage current.

o Power supply current.

5w Input capacitance.

'¢ Input clock capacitance.

‘our Output capacitance.

‘UNCTIONAL TERMS

s ¢, The two clock phases required by the dynamic shift register.
. The clock frequency of the shift register.
,  The input data repetition rate.

SWITCHING TERMS

tg; The delay between the LOW to HIGH transition of a clock
phase to the HIGH to LOW transition of the other clock phase.
topw The clock pulse widths necessary for correct operation.

t, t. The clock pulse rise and fall times necessary for correct op-
eration.

t. The time required for the input data to be present prior to the
LOW to HIGH transition of the clock phase to ensure correct op-
eration.

t, The time required for the input data to remain present after the
LOW to HIGH transition of the clock phase to ensure correct op-
eration.

L The propagation delay from the HIGH to LOW clock phase ¢,
transition to the output LOW to HIGH transition.

t4_ The propagation delay from the HIGH to LOW clock phase ¢,
transition to the output HIGH to LOW transition.



Am1402A/03A/04A -+ Am2802/03/04

SWITCHING WAVEFORMS

| BIT1 | 8IT2 | | BITN | BITN+1... | BITN+2
| | | | | BIT1 1 BIT2
+5V
0% +————
- |
90% 4+ ———
1ov
[— ._.I ).__ t
CLOCK RATE ——=]
+5V
to:
cLock
90% t —-—— 90% - ——— 90% + ———
10v
. I.. 520w _.~—-— DATA RATE el
e
+5V
DATA IN X k
ov
INBIT 1 INBIT 2
that - ] tpd~
+5V
DATA OUT 15v 15V
-02v
OUTBIT 1 OUTBIT 2
Clock Rise Time 10 ns
Clock Fall Time 10 ns
Output Load 1 TTL Load
Test Load 1 Test Load 2
° 1 o= T D
3k CTOTAL = 10pF 4.7k CTOTAL = 10pF
]_: VDD = -5V £ 5% 1: VDD = -9V 5%
MOS-398
CIRCUIT DIAGRAM
T T T Voo & Vpp e Voo 1 Voo ¢ | %1 Voo 4 OUTT |
| | |
! 1 I
| 1 |
| | |
! | H I
! | |
I ! |
| ! |
| | |
| ! \
| I |
I ! |
1IN 1= | ] |
| ! |
| | |
{ | |
v | vee |
i Sriali &t =
| Voo ¢ | |
i ' i
|
|  H = |
I ! |
| ! i
: L !
1
| T = \I
! . |
i | |
1 | [
! |
1 } Vee |
| BITn= T !
1 512/Am1403A | !
I 256/Am1402A |
1 1024/Am1402A 1 1
1 Vee I OUTPUT STAGE !
R UGS (o UGS QUSRI S S e — .
MOS-399
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Am1402A/03A/04A + Am2802/03/04

POWER CHARACTERISTICS
Minimum Operating Data Rate
or Maximum Clock Pulse Delay
Versus Temperature
(For Smail Duty Cycles} 5 IoH Versus VoH
10k ’ ] 10-4 ¥ 40 VI T 4175r
L~ | cc=+4
0 a Fvop = —
1k p&“é/ 10-3 = Voo - 1;55
w)r z sop e 0
2 3
1100 ,/ L, 8 .c -
10-2 < 5
w 7 e £ i
= \ Cy 7]
<« f(v\ pé1 120 o —
« / = T V LA e
< 10 L 0-1 & 5 A LT
8 // g 10 / o
1 1 =4
H /|
Vpp = -5V OR S
vBB = Zav £ 7
0.1 e 1 L 10 2( 0
0 10 202530 40 50 60 70 = 543 2 10-1-2-3-4-5-6
AMBIENT TEMPERATURE — °C VoH
Typical Range of tpd+ : )
Versus Temperature Ipp Versus Clock Duty Cycle
60 T———T————T— 100
I
weH . U
et A Vee - 5,25
50 ] Ve =+4.75 NI B
PGE—1 Vop = -4.8 Vi~ 145
ANEREA ViHg = +3.75 25°C IHCT ™
e 40 < b T ViLg = -9.45
] 1 ‘E [~ 125°C ,
+
% L A -
3 a0 Tgpw = 70ns ° 7 Vee = +5.25
LOW_L T ¢’< s < Vpp =-5.25
sl Z 1257C VIHC = +4.6
= 1 A IHC
2 === PN ViLg=-11.75
=l 1
o M stiin i
—40 0 40 80 120 001 0.1 1 10 100
TEMPERATURE - °C PERCENT DUTY CYCLE
MOS-400
ORDERING INFORMATION
Am2802/Am1402A Am2803/Am1403A Am2804/Am1404A
ouwu;; : 12' ::::::ruu our, % o[ vee o]t 8D vgs
INPUT 1] 3 14[ouUTPUT 4 m, [ 2 [ ]2 7 :]NC
[3= £ 13[NC
VCC,5 2Fvop %2 []s An ne[]a §[ Jo
outpuT2[6 nf¢ Voo [ ¢ s[Joury vopo [ 4 s[]n
Nc(}7 10§ JINPUT 3
INPUT 2] 8 S[JOUTPUT 3
Am2803/Am1403A Am2804/Am1404A
MOS-401
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Am1402A/03A/04A « Am2802/03/04

APPLICATIONS
256-Bit Delay

Write Recirculate Logic

l.__ h] Vee
3§ —
@ § N 256 —AAA
8 gg R 266 AA
DATA IN 2 82 VWA |
ES A
£ 7en L= ] w—
. o~ ——
= N 256 AAN—
s 3 — e
N —Qw Voo 4
I —_— Am1402
DATA OUT 256x4
WRITE/RECIRCULATE ALL RESISTORS ARE 3kQ
DTL/TTL To MOS To DTL/TTL Interface
vee '
] # , : R, Load Resistor Values
kN s for Different V,, Supplies
vee < Vee
Am1402A/ = =
A 1S02A/3AVAA mIA0ZABAIA ‘Vcc 5V | V=5V
L Vop=—5V | Vpp=—-9V
DTL/TTL ¢1 ¢2 VoD < #1 92 Vpp OTL/TTL
I fﬁu l » R, 3.0k 4.7k
1 R, 4.7k 6.2k
Voo R Not
L3 required 39k
0 62
VIHC -I—I— -|—|-V|Hc
viLe viLe
MOS-402
Metallization and Pad Layout
1402A/2802 1403A/2803 1404A/2804
PAD | PIN  SIGNAL | PIN  SIGNAL | PIN SIGNAL
1 1 ouT 1
2 3 IN1 2 IN1 2 IN
3 4 ¢1 3 ¢1 3 o1
4 5 VCC 4 VCC 4 VCC
5 6 ouT 2 5 ouT 2 5 ouT i
6 8 IN2 il i
7 9 ouT 3 i
8 10 IN3 6 IN2 7 b2 i
9 |1 ¢2 7 62 sy
10 |12 Vpp 8 Vbp ‘ ‘
11 14 OouT 4 1 ouT1 8 Vpp & ;
12 [16 N4 DIE SIZE 109" X .131"




Am2805/2806/2807/2808

512-and 1024-Bit Dynamic Shift Registers

Distinctive Characteristics

® Am2805 Plug-in Replacement Intel 1405A and
Signetics 2505
Am2806 Plug-in Replacement Signetics 2512
Am2807 Plug-in Replacement Signetics 2524
Am2808 Plug-in Replacement Signetics 25625

® On chip recirculate and chip select controls

® 100% reliability assurance testing in compliance with
MIL-STD-883

® TTL and DTL compatible
e Full military temperature range devices available

FUNCTIONAL DESCRIPTION
The Am2805 and Am2807 are 512-bit dynamic sh

HIGH, data on the data input enters the first bit

line is HIGH. If the read line is LOW, the output

tablish the LOW logic level.
The Am2805 and Am2806 also have two chip select

recirculates and the output remains OFF, regardless

The devices are guaranteed to operate at speeds up to

ift reg-

isters with recirculate logic on chip. The Am2806 and
Am2808 are 1024-bit dynamic shift registers which also
have built-in recirculate logic. When the write input is

of the

register during the ¢2 clock time. If the write input is
LOW, then the output of the register is written into the
first bit instead. Data in the last bit of the register appears
on the data output during the ¢1 clock time if the read

is OFF

(high impedance state). The outputs of all four devices are
open drains; they pull the output to Voo when ON and
exhibit a very high impedance when OFF. An external
pull-down resistor to ground or Vpp must be used to es-

inputs,

CS1 and CS2. If either of these inputs is LOW, the register

of the

state of the read and write lines. All inputs except the
clocks are TTL/DTL compatible. A TTL input may be
driven by the output if a 3k pull-down resistor to Vpp is
used. The register outputs can be wire-ORed for expansion.

3MHz.

LOGIC SYMBOLS

4 6 8
2 w % 2 R
3 Am2805/6 outf

N n-BIT SHIFT REGISTER

1
9 cs

Am2805 n = 512 Vec=Pin5
Am?2806 n = 1024 Vpp = Pin 10
7 1 3
L 6 [
5 ———Ww
Am2807/8 ouT 2
n-BIT SHIFT REGISTER |
6 IN
Am2807 n =512 Vee = Pi'n 8
Am2808 n = 1024 Vpp = Pin 4
MOS-494

LOGIC DIAGRAM

N

n-BIT SHIFT REGISTER  OUT QUTPUT

=D
Cs: l_

Am2805/6 ONLY

Am2805/7 n =512
Am2806/8 n = 1024

MOS-495
ORDERING INFORMATION CONNECTION DIAGRAMS
Top View
Ambient Package Length Am2805/6 Am2807/8
Temperature Tyee | 512Bits | 1024 Bits :
[ ]
‘Molded DIP | Av19807pc | AM2808PC = N =

° 5 (8 Pin) out[]2 7%

0C<TA<+I0°C 10100 im ] s [N

(10 pin) | AM2805HC | AM2806HC voo O« s[w

—85°C < TA < +125°C TO-100 1 AviogosHm | AM2806HM

(10 Pin) MOS49 Note: PIN 1 is marked for orientation.
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Am2805/06/07/08
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
DC Input Voltage with Respect to Vg =20V to +0.3V

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

Vpp = =5V £5%, Vog = 5.0V 6%
Am280XXM  Tp = —55°C 10 +125°C
Am280XXC TA =0°C to +70°C

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
| =1.6mA, (R = 5.6k 3.6 4.0
Vou Output HIGH Voltage Vee = MIN. OH mA, (R ) Volts
(Notes 2 & 3) 10H = 2.6mA, (R = 3k2) 2.4 3.5
loL Output Leakage Current Vo = =5.5V, Vgy1 = Vg = —12V 10 1000 nA
G . ical HIGH Am1405 Vee—2.0 Veet0.3
ViH Input HIGH Level varanteed input logical Am2505/12/24/25 | Voc—1.8 Vect03 . | Volts
voltage for all inputs except clocks
Am2805/6/7/8 Vee—-1.0 Vcet0.3
Guaranteed input logical LOW
- —4. Vv
ViL Input LOW Level voltage for all inputs except clocks Vee—10 Vec—4.2 olts
h Input Leakage Current VN =—5.5V, Tp =25°C 10 500 nA
I¢ Clock Input Leakage Current | Vg = —12V, Tp = 25°C 10 1000 nA
VoH Clock HIGH Level Vee—1.0 Veet0.3 Vv
VoL Clock LOW Level Vee—17 Vee—14.5 v
= = 0
Power Supply Current f=1MHz, T = 25°C Am2805/7 7 12
IpD (Note 4) Output Open mA
Vpp =-5.5V, ty| = 150ns Am2806/8 10 20
Notes: 1. Typical Limits are at Vgg = 5.0V, Vpp = —5.0V, 25°C Ambient and maximum loading.
2. Variations in V¢ will be tracked directly by Yoy and input thresholds.
3. The output is open drain and the logic LOW level must be defined by an external pull-down resistor. A 3k resistor to Vpp provides TTL
compatibility.
4. The power supply current flows only while one clock is LOW. Average power is therefore directly proportional to clock duty cycle (ratio of

clock LOW time to total clock period.) See curves next page.

SWITCHING CHARACTERISTICS (Ta = 0°C to +70°C, Ve = +5.0V 5%, Vpp = 5.0V 5%, Vg = —11V)

Parameters Definition Test Conditions Min.  Typ.(Note 1) Max. Units
0°C to +70°C 4.0 7.0
fmax Maximum Clock and Data Rate 5 S MHz
Am280XXM -55"Cto+125°C 3.0
tod Delay Between clocks 5.0 Note 5 ns
topw Clock LOW Time 0.070 Note 8 us
tr, tf Clock Rise and Fall Times 10% to 90% 1.0 us
t5(D) Set-up Time, Data Input (see definitions) ty = tg = 50ns 150 ns
th(D) Hold Time, Data Input (see definitions) ty = t; = 50ns 0 ns
Set-up Time, Read, Write and Recirculate e
t(C) Controls (see definitions) tr = t = 50ns 135 ns
Hold Time, Read, Write and Recirculate
, . tr =t = 501
thiC) Controls (see definitions) v = ouns 0 ns
0°C to +70°C 100
tpd Delay, Clock to Data Out R =HIGH S " ns
-55"Cto +125°C 150
Cin, Cout Capacitance, Any Input and Output {Note 6} f=1MHz, V|y = Vee 5.0 pF
Am2805/7 50
C¢ Clock Input Capacitance (Note 6) f=1MHz, VIN = Vo pF
Am2806/8 100
Notes: 5. The maximum’ deiay between clocks (¢ and ¢ both HlGH) is a function of junction temperature, The junction temperature is a function «

ambient temperature and clock duty cycle. See curves for minimum frequency.

. This parameter is periodically sampled but not 100% tested. |t is guaranteed by design.
. For some reason known only to God and Intel, the convention for ¢q and ¢ for this device are reversed from the normal. @4 is the output cloc

and ¢ is the input clock.

. 10Q usec or 50% duty cycle, whichever is less.
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Am2805/06/07/08

Metallization and Pad Layout
Am2805/7

106 x 78 Mils

Metalization and Pad Layout
Am2806/8
B Voo
l 1 ||0

106 x 131 Mils

DEFINITION OF TERMS

Dynamic Shift Register A shift register in which data storage
occurs on small capacitive nodes rather than in bistable logic
circuits. Dynamic shift registers must be clocked continuously
to maintain the charge stored on the nodes.

91, 2 The two clock pulses applied to the register. The clock is
ON when it is at its negative voltage level and OFF when it is at
Vgs or Vcc. Data is accepted into the master of each bit during
¢2 and is transferred to the slave of each bit during ¢1.

fmax The maximum frequency at which the register will operate.
This is the data rate through the register and also the frequency
of each clock signal.

tpd Clock delay time. The time elapsing between the LOW-to-
HIGH transition of one clock input and the HIGH-to-LOW tran-
sition of the other clock input. During tpq both clocks are HIGH
and all data is stored on capacitive nodes.

thpw Clock pulse width. The LOW time of each clock signal.
During tppw one of the clocks is ON, and data transfer between
master and slave or slave and master occurs.

DEFINITION OF TERMS

Dynamic Shift Register A shift register in which data storage
occurs on small capacitive nodes rather than in bistable logic
circuits. Dynamic shift registers must be clocked continuously
to maintain the charge stored on the nodes.

1, 2 The two clock puises applied to the register. The clock is
ON when it is at its negative voltage level and OFF when it is at
Vgg or Vge. Data is accepted into the master of each bit during
¢2 and is transferred to the slave of each bit during ¢1.

fmax The maximum frequency at which the register will operate.
This is the data rate through the register and also the frequency
of each clock signal.

thd Clock delay time." The time elapsing between the LOW-to-
HIGH transition of one clock input and the HIGH-to-LOW tran-
sition of the other clock input. During tpd both clocks are HIGH
and all data is stored on capacitive nodes.

topw Clock pulse width. The LOW time of each clock signal.
During tppw one of the clocks is ON, and data transfer between
master and slave or slave and master occurs.

ty, tf Clock rise and fall times. The time required for the clock
signals to change from 10% to 90% of the total level change
occuring.

ts(D) Data set-up time. The time prior to the LOW-to-HIGH
transition of ¢ during which the data on the data input must be
steady to be correctly written into the memory.

th{D) Data hold time. The time following the LOW-to-HIGH
transition of @2 during which the data must be steady. To
correctly write data into the register, the data must be applied by
ts(D) before this transition and must not be changed until tj(D)
after this transition.

ts(C), th(C) The set-up and hold times for the Read, Write, and
Chip Select controls, relative to the LOW-to-HIGH transition of
the appropriate clock phase.

tpd The delay from the start of a read cycle to correct data
present at the register output. A read cycle is begun when ¢1 is
LOW AND Read is HIGH.

tr, tf Clock rise and fall times. The time required for the clock
signals to change from 10% to 90% of the total level change
occuring.

ts(D) Data set-up time. The time prior to the LOW-to-HIGH
transition of ¢2 during which the data on the data input must be
steady to be correctly written into the memory.

th(D) Data hold time. The time following the LOW-to-HIGH
transition of ¢o during which the data must be steady. To
correctly write data into the register, the data must be applied by
ts(D) before this transition and must not be changed until t(D)
after this transition.

ts(C), th(C) The set-up and hold times for the Read, Write, and
Chip Select controls, relative to the LOW-to-HIGH transition of
the appropriate clock phase. '

tpd The delay from the start of a read cycle to correct data
present at the register output. A read cycle is begun when ¢1 is
LOW AND Read is HIGH.
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Am2805/06/07/08

2

4]

We.cCs

ReCS

SWITCHING WAVEFORMS

Iw%
90%

topw—e-] td

10%

ety MAX, —-]

— ey max

EC

10% A
90% v M
1(CY MAX, —et thiCh MAX. fe———
15(C) MAX. |
10% A
90%
5(C) MAX.
th{C) MAX. ..-‘_xh«» MAX.
10%

THIS POINT DEFINED
BY ¢1 LOW AND
READ HIGH

——lpd*v.1

=

I

7

~v—
WRITE AND READ

KEY TO TIMING DIAGRAM

WAVEFORM INPUTS

MUST BE
STEADY

MAY CHANGE
FROMHTO L

MAY CHANGE
FROM L TOH

DON'T CARE;
ANY CHANGE
PERMITTED

= 8B

OUTPUTS

WILL BE
STEADY

WILL BE
CHANGING
FROM H TO L

WILL BE
CHANGING
FROM L TOH

CHANGING;
STATE
UNKNOWN

—
RECIRCULATE AND READ

MOS-497
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Am2805/06/07/08

OPERATING CHARACTERISTICS
Minimum Operating Data Rate
or Maximum Clock Pulse Delay Maximum Clock High Time Propagation Delay
Versus Temperature Versus Clock Duty Cycle Versus Ambient Temperature
10k 10-4 10 T T 125 T T T
‘ | | Vg = +a75v . /A T
«,E“/I/ . Vpp = -4.75V Vpp = —-4.75V pd+ /
1k k‘,‘w\/l 10-3 & 102 Vg =-10V g5} Vg = —10V 4|
~ o | @ CouT = 20pF / tod—
T . 65 Ry =3k
100 L . e 10-2 £ 108 o 4l_] TOVoD /
2 *?\CV ; N \
< V © < 25 -
< 10 -~ 10-1 £ 104 ol
Z / v 5
3 v 5 50% DUTY CYCLE / |
L1 S .5 _15
1 1 2 w0 N
Vpp = -5V OR _35 |
Vpp = -9V /
0.1 O L 10 106 -55
103 102 107 1 0 10 20 30 40 50 60 70 80 90100
0 10 202530 40 50 60 70 CLOGK DUTY CYCLE s
AMBIENT TEMPERATURE - °C pd
Am2806/8 Am2805/7
v 810 k“l;"e“t Cvel IDD Current
/ersus Clock Duty Cycle Versus Clock Duty Cycle VOH Versus IoH
W00 T T 1 | 60 =TT | 18 TTT ]||
ap |-Vec =+ 18 |- Ve =8V 16 |—Vee = 5V .
Vpp = -5V Vpp = -5V Vpp = -5V Ta=25°C
10 v =-11v 6-Ve=-11v 1 18 f-vg= -1tV A\
3 1.8 12 =
<« 1 < 6 < P
c | : | 3o e
L3 Tazscl N L8 Ta=25%C L Lo G i N
2 1 L { Ta=75°C__| ig 060 TI\ T,T=7is c__| 3 Y T[A—125 c
.03 = Tp = 125°C 018 F—Ta= 1?5°c — 6 Tas 750(:!
.01 006 41
00 /
003 | ‘ 0018 |— | 2
001 | 06 0
001.003.01.03 .1 .3 1 3 10 30 100 .001.003.01.03 .1 .3 1 3 10 30 100 0 -20 -40 -60 -80 -100
CLOCK DUTY CYCLE ~ % CLOCK DUTY CYCLE — % VoH (NEGATIVE WITH RESPECT TO V) — VOLTS
MOS-498
SCHEMATIC DIAGRAM
BIT O BIT1 BITS 2-1022 BIT 1023
Vop 42 Voo 4] l Voo 42 Vpp ¢ Vop %2 Vop 41 Vop ¢2
Note: No CS inputs on Am2807/8
=+ -vee
MOS-499

517



Am2805/06/07/08

APPLICATIONS
Multiplexed 2048-Bit Recirculating Register

fmax =6MHz
Y
L
<
b3
R
" Am2608 o
m
n 1024 BIT SHIFT REGISTER out our
I 02
15V
S
> 3k
b3
*5V
R
o w Am2808
m
ourt |
1024 BIT SHIFT REGISTER
INPUT & N
&
o1 02 230k
S
¢ R
l““ T WAV—0 -5v
a
TTL CLOCK

ap—
o Am0026
H—K Qpo— CLOCK
T ORIVERS

e

Qjo—-

=D

Cp

i

Am9E02
DUAL ONE SHOT

MOS-500
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Am2809

Dual 128-Bit Static Shift Register

Distinctive Characteristics

® Second source to Signetics 2521. ® 100% reliability assurance testing in compliance with
e TTL compatible on clock and data inputs. MIL-STD-883.

® QOperation guaranteed from DC-to-2.5MHz. ® [ ow capacitance on clock and data inputs.

FUNCTIONAL DESCRIPTION LOGIC SYMBOL

The Am2809 is a dual 128-bit static shift register built using
P-channe! silicon gate MOS technology. The two registers have a
common clock input which is low-threshold TTL compatible. The

registers also have built-in recirculate feedback. When the recircu- 1
late control (RC) is LOW, the data on the data output of each $
register is fed back to the corresponding register input. When RC
is HIGH, each register accepts data from the data input. Each of
the register outputs can drive one standard TTL load or three 7 —74 INB Duﬁfz,%%ga.-r
AmO3L series low-power unit loads. SHIFT REGISTER
Data in the Am2809 is shifted on the LOW-to-HIGH edge of the 5—1 % ouTB —6
input clock. Data on the data inputs must remain steady for a
set-up time before and a hold time after this clock transition. Since
storage in the register is static, the register may be halted indefi- Vee = Ping
nitely with the clock in the HIGH state. Ve = Pind

GG mn

RC

22— INA OUTA |—3

MOS-403

LOGIC BLOCK DIAGRAM

1288IT
IN STATICSHIFT REGISTER OUT D— ouTA

cP

128817
N sTATIC SHIFT REGisTER  OYT D‘— ours

cpP

INB —

-

MOS-404

ORDERING INFORMATION CONNECTION DIAGRAMS
-Top Views

Am2809HC
Am2809HM Am2809PC

Package Temperature Order
Type Range Number
Molded DIP 0°C to +70°C AM2809PC
TO-5 0°C to +70°C AM2809HC
TO-5 —55°C to +125°C AM2809HM

MOS-405




Am2809

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
DC Input Voltage with Respect to V¢ —20V to +0.3V
OPERATING RANGE

Part Number Ambient Temperature Vee \ele)

Am2809PC o o
+ +5Y% - +59%
J  Am2g09HC 0°Cto +70°C 5.0V +5% 12V £5%
Am2809HM —55°C to +125°C 50V £5% —12V +5%
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
Typ.

Parameters Description Test Conditions Min. (Note 1) Max. Units
VoH Output HIGH Voltage Vge = MIN, Igy ==0.1mA Vee-1.5 Volts
VoL Output LOW Voltage Vee = MIN,, lgL = 1.6mA -4 0.4 Volts

Guaranteed input logical HIGH -1 +
ViH Input HIGH Level voltage for all inputs . VCC Vec 0.3 Volts
Guaranteed input logical LOW _
ViL Input LOW Level valtage for all inputs Ve —3.95 Voits
TR Input LOW Current Vee = MAX, V=0 Ta=25°C 10 500 nA
IH Input HIGH Current Vee = MAX,, VN =24V, Tp = 25°C 10 500 nA
f=2.5MHz Ta =25°C 24 32
Fele] Power Supply Current Vee =MAX. | Ta =0°Cto +70°C 38 mA
f = 2.0MHz Ta =-55°C to +125°C 44
Note: 1. Typical Limits are at Vg = 5.0V, 25°C ambient and maximum loading.
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
Am2809PC
Am2809HC Am2809HM

Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
fe Clock Frequency Range 0 25 4] 2.0 MHz
t¢pWH Clock HIGH Time 0.2 el 0.25 o us
topwl Clock LOW Time 0.2 100 | 0.25 100 Hs
tr, t¢ Clock Rise and Fall Times . 10% to 90% 1.0 1.0 us
t5(D) Set-up Time, Data Input (see definitions} t = t§ = 50ns 75 100 ns
th(D) Hold Time, Data Input (sge definitions) ty =t = 50ns 50 65 ns
ts(ﬁ) Set-up ‘I.'ir.n.e, Recirculate Control t = t¢ = 50ns 50 100 ns

(see definitions)
t(RC) Hold Timfa,'Recirculate Control t = t; = 50ns 50 65 ns
{see definitions)
tpd Delay, Clock to Data Out 170 300 170 350 ns
Cin Capacitance, Any Input (Note 2) f=1MHz, VN = V¢ 3 7 3 7 pF

Note: 2. This parameter is periodically sampled but not 100% tested. It is guaranteed by design.
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Am2809

tf tr
| topwl
+5v P 1§ MIN <t; <t MAX
£ f<1 °
f 90% 1 MIN <1, <t MAX ?1 90%
cp 50% 50% 50%
7 10% 10%
ov typwH { |
|.:sm) MAX th(D) MAX
+5V
DIN 50% 50%
ov
t‘tsm_cx MAX th(RC) MAX tg{RC) MAX i th(RC) MAX
5V
= \
ov
tpd MAX
+5V
L 30v
ouTpPUT
0.4v
ov N
WRITING NEW DATA RECIRCULATING
KEY TO TIMING DIAGRAM
WAVEFORM INPUTS ouTPUTS WAVEFORM INPUTS ouUTPUTS
WILL BE
ME AT SASE  Guaicin
FROM L TOH
WILL BE DON'T CARE; CHANGING,
oM IoL  CHANGING ANY CHANGE ~ STATE
FROM H TO L PERMITTED UNKNOWN
MOS-406
CHARACTERISTIC CURVES
Typical Power-Supply Typical Propagation Delay
Currents Versus Frequency Versus Ambient Temperature
26 l 200 I
25 1 7
24 f+HHes°c H 2 |
23 T 1
g T % L
X 125°C e < 7
Lo T o
g 2 T 2
E 19 |-vgg=+50V c 150 s
18 |- = =
3 13 VGG = —12.0V s A
© Gl
e P
o 16 [ L
15 2 v
14 & Vgg = +5.0V
13 VGG = ~12.0V ]
12 100 Lol
1k 10k 100k ™ 10M 55 -35-15 5 25 45 65 85 105125
MOS-407 CLOCK FREQUENCY - Hz AMBIENT TEMPERATURE —°C MOS-408

DEFINITION OF TERMS

STATIC SHIFT REGISTER A shift register that is capable of
naintaining stored data without being continuously clocked.
Viost static shift registers are constructed with dynamic master
ind static slave flip-flops. The data is stored dynamically while
he clock is LOW and is transferred to the static slaves while the
llock is HIGH. The clock may be stopped indefinitely in the
11GH state, but there are limitations on the time it may reside
n the LOW state.

5-21

SET-UP and HOLD TIMES The shift register will accept the data
that is present on its input around the time the clock goes from
LOW-to-HIGH. Because of variations in individual devices, there
is some uncertainty as to exactly when, relative to this clock
transition, the data will be stored. The set-up and hold times
define the limits on this uncertainty. To guarantee storing the
correct data, the data inputs should not be changed between
the maximum set-up time before the clock transition and the
maximum hold time after the clock transition. Data changes
within this interval may or may not be detected.



Am2809

APPLICATIONS

Ay A) A2 Az Ay As  Ag Dy Oy Dy D3 Dy D5 Dg Dy

I ||

| | L=toAp ADDRESS L =LOAD DATA 1 l l |

[ T[] o |

| T 1 |

R Tl
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128-Word x 8-Bit Pseudo-Random Access Memory

Data stored in the four dual 128-bit shift registers can be accessed randomly by comparing the desired address with the

address currently available at the shift

register 1/0. A pair of Am93L16 low-power counters keeps track of data addresses

as the data circulates around the memory. Other Am93L16 counters are used as 4-bit registers with enables by grounding
the count enables. They are used to store the requested address, the new data to be written into the memory, and the data
read from the memory. The Am93L24 comparators switch the memories from the recirculate mode to the write mode to

enter new data in a write operation.
comparison in a read operation.

Similarly, the output storage registers are enabled when the Am93L24s indicate

MOS-409

Metallization and Pad Layout

INB ouTe
3

34
OUTA Vgg

86 X 95 Mils
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Am2810

Dual 128-Bit Static Shift Register

Distinctive Characteristics

2nd Source to Mostek 1002P
Built-in pull-up resistors

® 100% reliability assurance testing in compliance with
MIL-STD-883
® Qperation guaranteed from DC to 2MHz

FUNCTIONAL DESCRIPTION

The Am2810 is a dual 128-bit static shift register built using P-channel
silicon gate MOS technology. The two registers each have a two-input
multiplexer on their inputs, so that input data may be selected from
one of two sources. Each register has a separate clock input, and
operates with a low-voltage TTL clock signal. The registers shift on the

LOGIC SYMBOL

13

4

LOW-to-HIGH edge of the clock signal. Data at the inputs must be 18— RN RC
steady for a set-up time before and a hold time after this clock transi- Am2810
tion. Since data storage is static, the clock may be halted indefinitely 15— DN 12&BITSHI(FB1)' REGISTER  QUT f—12
in the HIGH state. The outputs of each register can drive one TTL load 9_[ P
or three Am93L low-power TTL loads.
The two-input multiplexer on the input of each register is controlled by
the RC (recirculate control) input. When RC is LOW, data is accepted 4
on the Rj, input; when RC is HIGH, data is accepted on the Dj, input. $
The inputs to the registers have built-in pull-up resistors to provide total m
TTL compatibility. The VRa pin controls the pull-up resistors for 3——1RIN
i . i i - 7. Am2810
register A [?m and RC lnputs.The VRB pin contrt:wls the pull-up resistors 2—ADIN  128BIT SPL REGISTER  OUT —5
for the register B Dj, and RC inputs. The VR pin controls the resistor {(A)
on the clock input to both registers. When the resistor control pins are g—cCP
tied to Vgg {—12V), the resistors are enabled and pull the inputs they
affect up to Vgg. When the resistor control pins are tied to Vgg the
resistors are all very high impedance and the inputs they affect all
exhibit normal MOS characteristics. The Rjy inputs are intended to be
the “recirculate inputs from an MOS output ant these inputs do not v ~ Pin 16 .
have pull-up resistors associated with them. RA Vss = P'rf 7
VRB=Pm 1 VDD=P|n6
VR¢=Pin 10 VGG=Pin 11
MOS-410
LOGIC BLOCK DIAGRAM {(One Register Shown)
Vss
VR —-"l
Din f
fic Am2810
Oin 1288IT ourt —l>—— out
SHIFT REGISTER
R cp
IN |'_'
CLOCK
VRg _|
Vss TO OTHER REGISTER
CPINPUT
MOS-411
ORDERING INFORMATION CONNECTION DIAGRAMS
——
ves ] 1® 16 [7vea
i owe[]2 15[ ]onA
Package Temperature Ore - A A
Type Range Numbe: we[]s 1 s
AC RCA
Molded DIP 0°Cto +75°C AM2810PC mes]4 13[]
Hermetic DIP 0°C to +75°C AM2810DC ours[}s 12[JoutA
Hermetic DIP —55°C to +125°C AM2810D"" vpp ] 8 1[Vee
ves [ 7 10[]VRs
crs[]s 9[Jcra
Note: Pin 1 is marked for orientation, MOS-412
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Am2810
MAXIMUM RATING (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Vpp Supply Voltage

Vgs —10V to Vgg +0.3V

Vgg Supply Voltage

Vgg —20V to Vgg +0.3V

DC Input Voltage

Vgg —10V to Vgg +0.3V

OPERATING RANGE

Part Number Ta Vss Vbp Vga
Am2810XC

Am1002P 0°C to +75°C 5.0V 6% oV —12.0V £5%
Am1002L

Am2810XM —56°C to +125°C 5.0V 6% ov —12.0V £5%

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted)

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units

VOH Output HIGH Voltage 1oH = —100pA Vgs—1 Volts
| VoL Output LOW Voltage loL = 1.6mA 0.2 0.4 Volts
‘ Guaranteed input logical HIGH
i ViH input HIGH Level voltage for all inputs Vgg—1 Volts
! Guaranteed input logical LOW

Vi Input LOW Level voltage for all inputs Vss—4 Volts

I Resistors Disabled Vgg = MAX., VN =0V 40 A

(Note 2) Input LOW Current VRA = VRB = VRo = Vss B s

L) Resistors Enabled Vss = MAX., Vi = 0.4V, Am2810/Am1002P only 03 20 A

(Note 2) Input LOW Current VRA = VRB = VR¢ = VGG - e m

Input LOW Current

h® Clock Input 1002L only -0.6 -4.0 mA

hH Input HIGH Current VRA = VRB=VR¢ = VIN = Vss 40 MA

i Ve P Supply C . 0°Cto+75°C 14 25

ower Su urren
58 S8 ey £= 1MHz 55°C 1o +125°C 35 A
\ v P s Iv C . Inputs and Qutputs Open 0°Cto+75°C -4 -10
ower Supply Curren
ae o —55°C to +125°C ~15

Notes: 1. Typical Limits are at VSS =5.0V, Vgg = —-12V, 25°C ambient and maximum loading.

2. On chip pull-up resistors are provided for the clock and data inputs; they are enabled when the appropriate VR inputis at —12V. When the V,
inputs are at VSS' the resistors are disabled and the inputs exhibit normat MOS characteristics “IL and IIH) the recirculate data inputs have nt
pull-up resistors and always exhibit MOS characteristics. All pull-up resistors are disabled on the Am1002L except the one on the clock. )

SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Am1002P/
Am2810 Am1002L
Parameters Description Test Conditions Min. Typ. Max. . Min. Typ. Max. Units
fmax Maximum Clock Frequency 2.0 1.0 MHz
topwH Clock HIGH Time . 0.2 oo 0.4 oo us
topwl Clock LOW Time 0.2 100 0.3 10 ]
tr, tf Clock Rise and Fall Times 10 200 10 200 ns
(D) Toun e D or R tnputs tp=t{=50ns, VR =—12V | 100 50 ' ns
th(D) (*::;d d:;mf;;fn;' R Inputs tp =15 =50ns, VR = —12V | 100 200 ns
1(RC) Set-up Time, RC Input {see definitions) 100 100 ns
ty(RC) Hold Time, RC Input (see definitions) 200 300 ns
tpd Delay, Clock to Output LOW or HIGH Ry =2.9kQ, C|_= 20pF (Note 4) 250 [{Notea) 450 ns
tor, tpf Output Rise and Fail Times 10% to 90% 100 150 ns
Cin Capacitance, Any Input (Note 3) f=1MHz, V|y = Vgg 3 7 3 10 pF

Notes: 3. This parameter is pe}iodically sampled but not 100% tested.

It is guaranteed by design.

4. Atany temperature, tpq min. is always much greater than tp(D) max.
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Am2810

_.1 t 1% |._
+5V topwl 1
£ MIN <t <tf MAX
L 90% 1 MIN <t <t, MAX _7 90%
cp 50% 50% 50%
7 10% 10%
ov topwH | T |
r:s(o) MAX h(D) MAX
+5V
Din 50% 50%
ov
l'x,m) MAX th{D) MAX
+5V
0
N X
|-:S(R_c) MAX 1 (RC) MAX t(RC) MA 1h(RC) MAX
+5V
ov
tog MAX
+5V
£ sov
ouTPUT
0.4v
ov N
WRITING NEW DATA RECIRCULATING
MOS-413
TEST CIRCUIT
Typical Power-Supply Currents Typical Propagation Delay
H INPUT O———— +50V
Versus Frequency Versus Ambient Temperature 1 ery 5.0V,
17 200 1
16 ! ,m =
15 |—{17125°C Iss 2 7400 -
14 T | R =2.9k
13 | L % i J) '
< 125°C B 3 9’
=12 T o o RC
£ Mvsg=ssov s P r " Am2810
R -
Z 10Fvpp=ov o 150 S/ DIN  128.81T SHIFT REGISTER  OUT
£ 9rvgg=-120V 166 | 2 /1 (AOR 8}
3 &5 f A ¢ P & cp TCLuBING ScOPE
-
Bfies°c i % P I AND JIG)
4 T L T // Vgg=+6.0v | =
3[TiT15°C * vbo -0
2 R VGG = —12.0V ]
1 100 L1l
1k 10k 100k M 10M .55 -35-15 5 25 45 65 85 105125  cLOCK MOS-415
CLOCK FREQUENCY - Hz AMBIENT TEMPERATURE — °C PULSE
MOS-414

DEFINITION OF TERMS

STATIC SHIFT REGISTER A shift register that is capable of
maintaining stored data without being continuously clocked.
Viost static,shift registers are constructed with dynamic master
ind static slave flip-flops. The data is stored dynamically while
he clock is LOW and is transferred to the static slaves while the
lock is HIGH. The clock may be stopped indefinitely in the
1IGH state, but there are limitations on the time it may reside
n the LOW state.

SET-UP and HOLD TIMES The shift register will accept the data
that is present on its input around the time the clock goes from
LOW-to-HIGH. Because of variations in individual devices, there
is some uncertainty as to exactly when, relative to this clock
transition, the data will be stored. The set-up and hold times
define the limits on this uncertainty. To guarantee storing the
‘correct data, the data inputs should not be changed between
the maximum set-up time before the clock transition and the
maximum hold time after the clock transition. Data changes
within this interval may or may not be detected.
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Am2810

DATAIN

o

;,D__

Am2810
N 128BIT SHIFT REGISTER  OUT
(a)

}REG|STERADDRESS
I l_ WRITE (I_> (E = v 12y
ENABLE RC RC RA = —
Ay A Ay A3 Rin Rin VR8T
Am2810 Am2810 Ro
Am9301 DIN  128.8IT SHIFT REGISTER  OUT —{PIN  12881T SHIFT REGISTER  OUT
10F 10 DECODER B) fi:3
01234567839 o I P
I | I | | — VRA=-12V
RC RC
i L
N Am2810 o Am2810
[ N 128-BIT SHIFT REGISTER  OUT —°™ 1zemsMiETReciSTER  our
1A)
$——cp I—CP
L] L]
L] L]
L] .
—J) g - VA= -12V
L RC ac VRg * VR = 45V

Am2810
1288I1T SHIrB'I; REGISTER  OUT

i

cLocK

m—j

—

LI

Eight Register 256-Bit Memory System

Data enters one of the eight 256-bit registers when the write enable input to the decoder is LOW. The addressed register
will accept the data on the data input; the other seven registers will recirculate their data. Outputs are driven directly into
an Am9312 8-input multiplexer. Obviously, the read and write registers need not be the same. Note that the VR¢ input
is connected to Vgg on only one device; the pull-up resistor on this device will pull the line up for all the devices. The
VRB inputs are all connected to Vgg, since only MOS compatibility is needed. The VRa inputs are all connected to Vgg
because each recirculate input needs a separate pull-up. This also increases the loading on the data input.

s otz l3latsls 1y

s Am9312
B INPUT MULTIPLEXER

K z 2z

il

DATA OUT

MQS-416

TRUTH TABLE

RC Ry Dyy DataEntered
L L X L
L H X H
H X L L
H X H H

H = HIGH Voltage leve!

L=LOW

Voltage Level

X = Don’t Care

Metallization and Pad Layout

Rin—2]
8

§=2
Sea

< ool

86 X 95 Mils
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Am2814/3114

Dual 128-Bit Static Shift Register

Distinctive Characteristics

® 2nd Source to Texas Instruments 3114
© Operation guaranteed from DC to 2.5MHz.

® 100% reliability assurance testing in compliance with
MIL-STD-883

® Full military grade devices available

FUNCTIONAL DESCRIPTION LOGIC SYMBOL
The Am3114 is a dual 128-bit static shift register built using
P-channel silicon gate MOS technology. The two registers 13
each have a two-input multiplexer on their inputs, so that
input data may be selected from one of two sources. Both ra—]run RC
registers have a common clock input, and operate with a low- o Am3114
voltage TTL clock signal. The registers shift on the LOW-to- BTT|TN 1B BITSHIET REGISTER - ouT [m—12
H!GH edge of the clock signal. Data at the inputs must be 9—p-{cP
steady for a set-up time before and a hold time after this
clock transition. Since data storage is static, the clock may .
be halted indefinitely in the HIGH state. The outputs of each
register can drive one TTL load or three Am93L low-power =
TTL loads. 3R
H H H H H 2 DiN 128 BITS?-VTE%‘I:EGISTER ouT p—5
The two-input multiplexer on the input of each register is " (A)
controlied by the RC (recirculate control) input. When RC is cp
LOW, data is accepted on the Djp, input; when RC is HIGH,
data is accepted on the Rjn input. The Am2814 is func- Vee = Pi
tionally identical to the Am3114, but is specified with v o (7;
higher performance. DD N
. VGG = Pin 11
MOS-417
LOGIC BLOCK DIAGRAM (One Register Shown)
RIN —I
Re Am3114 our our
BIT v) -—I %—
o SH\F;’ZI?EGISTER
cp
oI |'_
CLOCK
TO OTHER REGISTER
CP INPUT
MOS-418
ORDERING INFORMATION CONNECTION DIAGRAM
ne [ b 6] Ine
aon[]2 15| ]8Din
AR 3 14 BR
Am3114 Am2814 v o
Package Temperature Order Order ARc[]a 13[]8RC
Type Range Number Number aour [1s 12 :| 8 oUT
Molded DIP ~25°C to +85°C TMS3114NC  AM2814PC Voo q 6 1) ves
Hermetic DIP —25°Cto +85°C TMS3114JC AM2814DC
Hermetic DIP  —55°C to +125°C AM2814DM vss 7 10 e
ne[]8 9 Jer
Notes: 1. Pin 1 is marked for orientation.
2. NC = No Connection.
MOS-419
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Am2814/Am3114
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
Vpp Supply Voltage Vgs —10V to Vgg +0.3V
Vg Supply Voltage Vgg —20V to Vgg +0.3V
DC Input Voltage Vgs ~15V to Vgg +0.3V

OPERATING RANGE
Part Number TA Vss VGG Vob

Am2814PC, DC o o 59
Am3114JC, NC —25°C to +85°C 5.0V 5% -11V to —13V GND
Am2814DM —55°Cto +125°C 5.0V £5% —11.4V to —-12.6V GND

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted)

Typ.

Parameters Description Test Conditions Min. (Note 1) Max. Units
VoH Qutput HIGH Voltage loH = —200uA Vgs—1 Volts
VoH Output LOW Voltage loL = 1.6mA 0.2 0.4 Volts
Vin Input HIGH Level e e e A Vets volts
viL Input LOW Level Guaranteed in?ut fogical LOW 0.6 Volts

voltage for all inputs
LT Input LOW Current Vgg = MAX., VN = 0.6V 0.5 HA
I Input HIGH Current VIN = Vss 0.5 LA
Am3114 15
Iss Vss Power Supply Current ;":’:‘;; ;';" Outputs Open Am2814XC 14 25
Am2814XM 14 35
mA
Am3114 —4
G VGG Power Supply Current Inputs and Outputs Open Am2814XC —4 —-10
f= MHz Am2814XM —a —15
Note 1. Typical Limits are at Vgg = 5.0V, Vgg = —12V, 25°C ambient and maximum loading.
SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
Am3114 Am2814

Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
fmax Maximum Clock Frequency 2.0 2.5 MHz
topwH Clock HIGH Time .330 o .200 L us
topwl Clock LOW Time 130 100 | .170 100 us
tr, tf Clock Rise and Fall Times 5 5 us
:
(D) zglddgi';?{ifn?{ R Inputs tr = tf < 50ns 100 100 s
t5(RC) Set-up Time, RC Input (see definitions) 100 100 ns
th(RC) Hold Time, RC Input (see definitions) 150 150 ns
thd Delay, Clock to Qutput LOW or HIGH Ry_= 2.7k, C_= 20pF- 350 |(Noted) 250 ns
tor. toF Output Rise and Fall Times 10% to 90% 100 ns
Cin Capacitance, Any Input (Note 3) f=1MHz, V|N = Vss 13 3 7 pF

Notes: 3. This parameter is periodically sampled but not 100% tested. It is guaranteed by design.
4. At any temperature, tog min. is always much greater than th(D) max.
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Am2814/3114

— ot —] 1 ’——
+5V a5 [ epwl a5 15 t MIN < tf < ty MAX 25
t MIN <t, < t, MAX
cp
ov - 0.6 0.6 topuH \—0s6 0.6
15(D) MAX ~a—e= (D) MAX
v
® F3s 35
fiN
ov 06 0.6
t5(D) MAX || th(D) MAX
‘ 35 3.5
’ 0.6 0.6
ts(RC) MAX | th(RC) MAX 15RC) MAX th{RC) MAX
+5V
° 735 35
RC
ov t— 0.6 0.6 :
tpg MAX
+5V
- a0%
QUTPUT
10%
ov N
RECIRCULATING WRITING NEW DATA
MOS-420
Typical Power-Supply Currents Typical Propagation Delay
Versus Frequency Versus Ambient Temperature  ineur O 450V
. PATTERN +5.0V
200
Am A | A
o < o ==
:i (s c S ¢ 7400 =
13 |~ Ia d % v RL=2.7k
1 125°C [ < e
S IR @ ] RC
- Miygg=+50V > AN
2 10Fypp-ov g 150 & Am3114
T gt = - E A DIN  128-8IT SHIFT REGISTER  OUT
T Veg = —120V 166 < ¢ (A OR
3 Ah 1 w2 i o C| = 200F
5 5°C o I 7 (INCLUDING SCOPE
4 ; 2 A vgg=+50v | AND JIG)
3FTTT128%C * d Voo -0V )
2 VGG = ~12.0v 1
1 [ 1T 100 T
1k 10k 100k m 10M -85 -35-15 6 25 45 65 85 105125 CLOCK MOsS-422
CLOCK FREQUENCY - Hz AMBIENT TEMPERATURE - °C PULSE
MOS-421

JEFINITION OF TERMS

iTATIC SHIFT REGISTER A shift register that is capable of
naintaining stored data without being continuously clocked.
Nost static,shift registers are constructed with dynamic master
nd static slave flip-flops. The data is stored dynamically while
he.clock is LOW and is transferred to the static slaves while the
lock is HIGH. The clock may be stopped indefinitely in the
{IGH state, but there are limitations on the time it may reside
1 the LOW state.
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SET-UP and HOLD TIMES The shift register will accept the data
that is present on its input around the time the clock goes from
LOW-to-HIGH. Because of variations in individual devices, there
is some uncertainty as to exactly when, relative to this clock
transition, the data will be stored. The set-up and hold times
define the-limits on this uncertainty. To guarantee storing the
correct data, the data inputs should not be changed between
the maximum set-up time before the clock transition and the
maximum hold time after the clock transition. Data changes
within this interval may or may rot be detected.



Am2814/3114

]REG\STEH ADDRESS

APPLICATIONS

I l— WRITE
ENABLE

A M

01 23

Am9301
1-OF-10 DECODER

Az A3

4567809

il

|
|
|

L

I+

Tt

DATA IN

o>

RC RC
Laiy RIN
Am3114 Am3114
OiN 128817 SHIFT REGISTER  OUT —{OIN 128 BIT SHIFT REGISTER  OUT
) 8}
—ce I——cp
RC RC
LRy RiN
Am3114 Am3114
Din 128 BIT SHIFT REGISTER ouT —]Omin 128 BIT SHIFT REGISTER  OUT
(a) ®
p-—icr I_ cP
L] L
. .
. .
RC RC
RN Rin
Am3114 Am314
OIN 128817 SHIFT REGISTER  OUT —{OiN  12881T SHIFT REGISTER  OUT [——4
(Al ®)
—cp I— [ed
READ ENABLE ﬁ | | l I I
cLock

s oz l3talsle 1y

s Am9312
BINPUT MULTIPLEXER
s;

Eight Register 256-Bit Memory System

z 2

71

DATA OUT

Data enters one of the eight 256-bit registers when the write enable input to the decoder is LOW. The addressed register
will accept the data on the data input; the other seven registers will recirculate their data. Outputs are driven directly into
an Am9312 8-input multiplexer. Obviously, the read and write registers need not be the same. Pull-up resistors are required
on all register inputs driven from TTL.

MOS-423

TRUTH TABLE

RC Djyy Rjy DataEntered
L L X L
L H X H
H X L L
H X H H

H = HIGH Voitage level
L = LOW Voltage Level
X = Don’t Care
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Am2825- Am2826- Am2827

2048-Bit Dynamic Shift Registers

Distinctive Characteristics
® 6 MHz data rate guaranteed

On chip recirculate and input select controls
Plug-in replacement for National 5025/26/27
® Single 2048 and dual 1024-bit configurations Full military temperature range devices available

® | ow power dissipation 100% reliability assurance testing in compliance with
® TTL compatible data inputs and outputs MIL-STD-883

FUNCTIONAL DESCRIPTION LOGIC DIAGRAMS

The Am2825/26/27 are military and commercial grade Am2825
2048-bit dynamic shift registers. The Am2825 is a dual 3(3)’-"
1024-bit device with on-chip recirculate and a load control

(LC) common to both registers. When LC is HIGH, the two
registers recirculate data; when LC is LOW new data is en- 1 0
tered through the data inputs. The Am2826 is similar, but 10248IT SHIFT REGISTER ouTA
each register has two data inputs, selected by separate input wa 2041
select (IS) signals. The Am2827 is a single 2048-bit register
with on-chip recirculate and a load control. All the devices
can drive one standard TTL load or three Am93L. series o)
low-power TTL loads. The select, load command, and data 1024.BIT SHIFT REGISTER outs
inputs may be driven by TTL signals. Two high-voltage s 0
clock signals, ¢1 and ¢2, are required. Internally, each shift "”I I""” Vss = Pin 5 (8)
register consists of two mulitiplexed registers, so that a data o %2 Vgg = Pin 8 (13)
shift occurs on each ¢1 or ¢2 clock pulse. The data rate, Vpp = Pin 10 (15)
therefore, is double the frequency of either clock signal. Am2826

1

1024-8IT SHIFT REGISTER OUT A

ORDERING INFORMATION

1024-BIT SHIFT REGISTER

ouTs

Package Temperature Order Vgg = Pin 8
Type Range Number 2°| J1o Vga = Pin 13
10-Pin Molded 0°C to +70°C AM2825PC ' * Vpp = Pin 15
16-Pin Hermetic 0°C to +70°C AM2825DC Am2827
16-Pin Hermetic  —55°Cto +125°C  AM2825DM Le
16-Pin Motded 0°C to +70°C AM2826PC ?
16-Pin Hermetic 0°C to +70°C AM2826DC
16-Pin Hermetic ~ ~55°Cto +125°C  AM2826DM .
8-Pin Molded 0°C to +70°C AM2827PC 2048 81T SHIFT REGISTER our
8-Pin Hermetic —55°Cto +125°C  AM2827DM L Vgs = Pin 3
8-Pin Hermetic 0°C to +70°C AM2827DC 'J‘ |5

MOS-424

CONNECTION DIAGRAMS
Top View
Am2825 Am2825 Am2826 Am2827
oura[]1® w[Jne outa ] : [ voo oura[]1® ch "1|:" ] Voo
s ]2 15[ ] Voo 12 9[Jma 1 []2 15[] Voo w2 7w
e ]s u[Jina e[]3 [1 Ve 1sa []3 u[]na vss[}a 6[1ves
ne ] 4 13[ ] Vea wne[]a 7% 2a[a 131 Ve out[ 4 5[]
ne []s 12[Jne vss[]s I Joute 158 []s 12[ s
ne s 1 [Jne s [{s 1 [ Ine
ne 7] 0[] ne [[]7 0[] %
vss [ e o[ Jouts vgs []8 9f Jouts

3
®

©

@

MOS-425
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Am2825 « Am2826 - Am2827

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
DC Input Voltage with Respect to Vgg —20V to +0.3V
OPERATING RANGE

Part Number Vgs Vpbp Vgag Ta

AM2825/6/7DM +5.0V 5% ov —10.0V to —11.0V —55°C to +125°C

AM2825/6/7PC,DC +5.0V 5% oV —10.0V to —11.0V 0°C to +70°C
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.

Parameters Description Test Conditions Min. (Note 1) Max. Units
VoH Output High Voltage loH = —05mA 2.4 Vgs Volts
VoL Output LOW Voltage loL = 1.6mA 0.0 0.4 Volts

Guaranteed input logical HIGH voltage
vV, -
1H Input HIGH Level! for all inputs except clocks Vgs —1.0 Vgg +0.3 Volts
v - -
L Input LOW Level Guarar}teed input logical LOW voitage Vsg ~10 Vs —4.2 Volts
for all inputs except clocks
N Input Leakage Current VN =—10V, Ta =25°C 10 500 nA
Iy Clock Input Leakage Current Vg =—15V, Tp =25°C 50 1000 nA
VoH Clock HIGH Level Vgs —1.0 Vgg +0.3 Volts
VoL Clock LOW Level Vgg —0.3 Vgg 0.8 Volts
Ta=25°C .01MHz<f,<0.1MHz 25 5
Iele} VGG Current Vgs = 5.25V fp = 1.0MHz 25 5 mA
Vag = —11.0V f5 = 3.0MHz 25 5
VoL =—11.0V .01MHz<3<0.1MHz 4 6
Ipp Vpp Current topw = 125ns fe = 1.0MHz 20 30 mA
Data=11110000... f¢=3,0MHz 45 65

Note: 1. Typical Limits are at Vgg = 5.0V, VGG = —10.5V and 25°C ambient.

SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS OVER OPERATING RANGE

Typ.
Parameters Definition Test Conditions Min. (Ngltz 1) Max. Units
Ta =0°C to +70°C 0.02 6.0
fp Data Rate (Note 2) 5 5
TA=—055 Cto +°125 [ 0.12 4.0 MHz
fo Ciock Frequency (Note 3) Ta~0 Coto no'e S 0.01 30
Ta=-55°Cto+126°C 0.06 2.0
tod Delay Between Clocks (Note 3) 10 Note 3 ns
tppw Clock LOW Time tst = 20ns g°C to #70°C 0.125 19 s
—55°C to +125°C 0.180 10
tot Clock Rise and Fall Times 10% to 90% 0.5 us
. Set-Up Time, Data and Select Inputs 0°Cto 70°C 40 ns
s (See Definitions) —55°C to +125°C 60
fh Hold Time, Data and Select inputs 0°Cto 70°C 30 ns
(See Definitions) —55°C to +1256°C 50
t Delay, Clock to Data Out Cp =15pF 0°Cto +70°C 80 ns
pd Ve Lo T55°C to +125°C 120
C(Dp) Capacitance, Data Input Note 4 5 pF
C(s) Capacitance, Select Input or L f=1MHz, Vi =0V 7 oF
C(p) Capacitance, Clock Input All other pins at GND 175 220

Notes: 2. The Data Rate is twice the frequency of either clock phase.

3. The maximum delay between clocks (¢q and ¢ both HIGH) is a function of junction temperature. The junction

of ambient temperature and clock duty cycle. See curves for minimum frequency on page 3.
4. This parameter is periodically sampled but not 100% tested. It is guaranteed by design.
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Am2825 « Am2826 « Am2827

TRUTH TABLES

Am2825 and Am2827 Am2826
LC IN OuUT DATA ENTERED IS INPUT 1 INPUT 2 DATA ENTERED
L L X L L L X L
L H X H L H X H
H X L L H % L L
H X H H H X H H
FUNCTIONAL EQUIVALENT OF EACH REGISTER
BITS2,4,6...
1 N/2BITS o
M s
DATA INPUT __—_D— OUTPUT
! N/2 BITS ¢}
[ s
BITS1,3,5...

3}

T

@2

(M =MASTER ENABLE)
S =SLAVE ENABLE

L

L

LU

L

iR
K

DATA IN A I B | [+ I D | F J G
DATA
ouT | | A | B
(FORN=4)

Since the two registers shift on opposite clock pulses, a new data bit is
entered on both ¢q and ¢,. Data entering the register on ¢4 will appear at
the output on ¢¢ (from the negative edge of ¢ to the negative edge of ¢5).

MOS-426

EFINITION OF TERMS

namic Shift Register A shift register in which data storage
surs on small capacitive nodes rather than in bistable logic
cuits. Dynamic shift registers must be clocked continuously to
intain the charge stored on the nodes.

, 2 The two clock pulses applied to the register. The clock is
| when it is at its negative voltage level and OFF when it is at
;. Data is accepted into the master of each bit during one
1se and is transferred to the slave of each bit during the other
1se.

Clock delay time. The time elapsing between the LOW-to-
3H transition of one clock input and the HIGH-toLOW tran-
on of the other clock input. During tod both clocks are HIGH
| all data is stored on capacitive nodes.
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tgpw Clock pulse width, The LOW time of each clock signal.
During tgpw one of the clocks is ON, and data transfer between
master and slave or slave and master occurs.

tyt Clock rise and fall times. The time required for the clock
signals to change from 10% to 90% of the total level change
occuring.

ts(D) Data set-up time. The time prior to the LOW-to-HIGH
transition of ¢ during which the data on the data input must be
steady to be correctly written into the memory,

th(D) Data hold time. The time following the LOW-to-HIGH
transition of ¢ during which the data must be steady. To
correctly write data into the register, the data must be applied by
ts(D) before this transition and must not be changed until th{D)
after this transition,

tpd The delay from a HIGH-to-LLOW clock transition to correct
data present at the register output.



Am2825 « Am2826 « Am2827

| BIT 1

BIT2

SWITCHING WAVEFORMS

| BITN | BITN+1... | BITN+2

| | BIT1 | BIT2

|
Tod ——em
smsl —_——— 9% +——— VoL
t ._....||___r,

CLOCK RATE

= th

90% - — — —

o
DATAIN X

A

INBIT 1 INBIT 2

todt —ed] 17 —

DATA QUT

LSVX

OUTBIT 1 OUTBIT 2

MOS-427

Clock Rise Time 20ns
Clock Fall Time 20ns
Qutput Load 1 TTL Load
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Am2825 » Am2826 - Am2827

OPERATING CHARACTERISTICS
Guaranteed Minimum Clock Maximum Clock Frequency Typical Power Supply Current
Frequency Versus Temperature Versus Temperature Versus Data Rate
100k N 47 10
Es g L~
! ~ | 46
L . N ya
g P’ 5 \\ S /,
10k 2
& ) Z a5 )
3 - > g N s 10
2 GUARANTEED V4 S aa N, ] y
T o0k | - 8 /
5 i /] % 43 g g 12505
Q 7
S & ] « Vg=—11.0V
= < ) w01 ¢
g P ° < | Vpp =0V
2 100 ) 2 N < f Vgs = +5.25V ]
s - < I Vgg=—11.0v
10 =2 0.01
60 -20 20 60 100 140 80 100 120 140 0 10 20 30 40 50 60 70 80 90
T, — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C Ipp - mA
Typical Power Supply Current Typical Power Supply Current Versus
Versus Temperature VoH Versus IgH Clock Pulse Width topw
] — 18 58
Vgg = +5V
Vy=—11.0v ss [
< & Vop-ov | 16| vgg=—105V [ T, =25°C ] 56 ]
£ e \ Vgg = +5.25V —| 14| Vo= 108V /
a \ ¢§=3.0MHz _| B_// 54
o 56 N Sow=1251s 12 T
= = (] <
E s \\ V[::é Ratp ? 10 f/\ \/ % 52
Ew N 5 ° 8 s
5 2 Tp=125°C £ / Vgg=-T11.0V
g y Th=75C s Vg==11.0v
< 40 4 — // Vpp =0V
S . 46 Vgg = +5.25V
/ Ty =3MHz
32 0 44
40 0 40 80 120 0 -20 -40 -60 -80 -10 90 110 130 150
Tp — AMBIENT TEMPERATURE — °C Vo (NEGATIVE WITH RESPECT TO Vgg) — VOLTS Gpw =08
MOS-428
Metallization and Pad Layouts
Am2825 Am2826 Am2827
outa ouTA
Voo Voo Voo
¢
! INA # IV|A IN
v, GG V,
GG 128 GG
Lc ISA
12A
N8 42 I 2 )
Vss Vs§
ouTs oute
DIE SIZE 0.145" X 0.162" DIE SIZE 0.145" X 0.162" DIE SIZE 0.145"" X 0.162"
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Am2833/2533

1024-Bit Static Shift Registers

Distinctive Characteristics

® Second source to Signetics 2533 ® 100% reliability assurance testing in compliance with
e All inputs are low-level DTL/TTL compatible MIL-STD-883.
® Static operation with single clock input. ® DC to 2.0MHz operation with Am2833
FUNCTIONAL DESCRIPTION LOGIC SYMBOL
The Am2533/2833 is a quasi-static 1024-bit MOS shift
register using low-threshold P-channel silicon gate tech-
nology.
The device has a single TTL/DTL compatible clock input, s R
Cp. Data in the register is stored in static, cross-coupled s " Am2533/2833
latches while the clock is LOW, so that the clock may be ;7—14i,  1o2seITSHIFT ReaisTer VT[T
stopped indefinitely in the LOW state. When the clock 6 cp
shifts from LOW to HIGH to LOW a-dynamic transfer of ’
data occurs from one static latch to the next. The input of
the register is a two-input multiplexer with both data in-
puts available, A select line, S, determines whether data will Ve = Pin 8
be accepted from the lg input (S = LOW) or the 17 input et P'I'; 2
(S = HIGH). The register can be placed in the recirculate vgg - Pina
mode by tying the output, O, to one of the data inputs, and
using the select line as a write/recirculate control., The
Am?2833 is functionally identical to the Am2533 but has
superior performance over an extended temperature range.
MOS-429
LOGIC DIAGRAM
lo
N 1024-817S ouT p——
Bl cLock
s cp
MOS-42
ORDERING INFORMATION CONNECTION DIAGRAM
. Top View
Am2533 Am2833 out[]1 8 [ _Jvecis.0v
Package Temperature Order Order
Type Range Number Number -12vivgg [] 2 Am|s
Molded DIP 0°C to +70°C AM2533Vv AM2833PC s[]s s ]ce
Hermetic DIP 0°C to +70°C AM2533DC AM2833DC
Hermetic DIP  —55°C to +125°C AM2833DM (GNDIVpp L] 4 5[ i
Note: Pin 1 marked for orientation
MOS-«
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Am2833/2533
MAXIMUM RATING (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vpp Supply Voltage Vee —20V to Vg +0.3V
VGG Supply Voltage Vec —20V to Vg +0.3V
DC Input Voltage Vee —20V to Vg +0.3V

OPERATING RANGE

Part No. Temperature Vee Vga Vop
*Am2833PC/Am2533PC o o
B + +59 —_ +59
Am2833DC/Am2533DC 0°Cto+70°C 5.0V 5% 12V 5% ov
Am2833DM —55°C to +125°C 5.0V 5% —-12V £5% ov

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.

Parameters Description Test Conditions Min. (Note 1) Max. Units
VoH Output HIGH Voltage Vee = MIN,, IgH = —100uA 2.4 3.5 Volts
VoL Output LOW Voltage Vee = MIN, Igp = 1.6mA 0.2 0.4 Volts

Guaranteed input logical Vee -1
\" Input HIGH Level cc Veet0.3 Volts
1H P HIGH woltage for all inputs {Note 3) cc
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs \Zele} 0.8 Volts
LTS Input LOW Current Voo = MAX., VN =0V, Ta =25°C 10 500 nA
[ Input 4IGH Current Ta =25°C, V|N = Ve —1.0 (Note 3) -150 —300 BA
Peak input transition _ ogo
1.5 < Vgg — VIN < 4.0, Tp =25°C -
T current (Note 3) 5 S8 N A 1.6 mA
Vimax Voltage at maximum o olv 1
= —4, —3. —15 \
input current Ta=25"C Vss—4.0 Vss—3 S8
Ver P s | f=15MHz Am2533 16 30
T ou|
Icc cc Fowe pply Am2833PC, DC 16 54 mA
Current f =2.0MHz
Am2833DM 20 70
R v P s | =1.5MHz Am2533 -5.0 -7.5
ower su
lIag CGG ‘ pply T 2o Am2833PC, DC 5.0 —14 mA
n =2, z
ure Am2833DM 70 T ‘

stes: 1. Typical limits are at Vgg = 5.0V, Vgg = —12V, 25°C ambient.
2. Power supply currents are with inputs and outputs open,
3. A special input pull-up circuit becomes active at V| = Vgg —3.5V to pull the internal input node up to the MOS threshold. To return the
internal node to the LOW state, current must be drawn from the MOS input, This current is maximum at approximately 2.0V,

NITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

es: 1. Typical limits are at Vo = 5.0V, Vgg =—12.0Vand Ty = 25°C
2. This parameter is periodically sampled but not 100% tested. It is guaranteed by design.

Am2533 Am2833
Typ. Typ.
rameters Description Test Conditions Min. (Note1) Max. Min. ~ (Note1) Max. Units
fmax Maximum Clock Frequency 1.5 2.0 2.0 3.0 MHz
tepwl Clock LOW Time 0.250 o 0.200 Ll us
topwH Clock HIGH Time 0.350 100 | 0.250 100 s
tr, tf Clock Rise and Fall Times 1 1 us
Set-up Time, Ig or 11 Input
(0 (see definitions) 50 50 ns
Hold Time, Ig or 11 Input
thil) {see definitions) 50 50 ns
Set-up Time, S Input tr = tf < 26ns
(S} (see definitions) 80 80 ns
Hold Time, S Input
thiS) (see definitions) 50 50 ns :
Delay, Clock to Output N - ‘
tpd LOW or HIGH RL = 2.9k, C|_ = 20pF 300 300 ns |
‘prs tpf Qutput Rise and Fall Times 10% to 90% 150 150 ns i
Sin Capacitance, Any Input (Note 2) f=1MHz, V|N = Ve 3 5 3 5 pF i
i
i
|
i
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Am2833/2533

TIMING DIAGRAM
—_l 1 ‘—— -——{ 1,
v S‘ toont 90%
cp 50% 50% 50% <t MAX
K 1 <tr MAX 0%
10% 1
o t topwh
":s(n) MAX. th{l) MAX,
+5V
I 50% 50%
ov
|<-IS(|) MAX. thil) MAX.
+5V -
: ol
ov ’
|- t(S) MAX. th(S) MAX |- 15(5) MAX. | thiS) MAX.
5V
: / \ \
ov
tpd MAX
5V
—L 3.0v
OUTPUT
0.4v
ov N
WRITE DATA FROM Iy WRITE DATA FROM Ig
MOS-432
TYPICAL PERFORMANCE CURVES
Power Dissipation tpd as a Function
Versus Ambient Temperature of Ambient Temperature
145 T T 300 T T T
140 N | N Vgg = 5.0V
N ! 280~ Vpp = OV
135 \\. . VGG = —12.0V
z .
130 ‘\ 260 I
>
% 125 < 240
T 120 z
0
£ 15 5 22 e
110} fo = MMz 5 200
1sb-ves=s0v L1 INJ_— o
Vpp = 0.0V 180 P
100} vgg = —12.0v AN é
gsl—L 1 | 160
0 10 20 30 40 S0 60 70 80 —50 0 25 475 +125°
Ta ~°C Ta-°C
MOS-4
DEFINITION OF TERMS SET-UP and HOLD TIMES The shift register will accept the ¢

STATIC SHIFT REGISTER A shift register that is capable of
maintaining stored data without being continuously clocked.
Most static shift registers are constructed with dynamic master
and static slave flip-flops. The data is stored dynamically while
the clock is HIGH and is transferred to the static slaves while the
clock is LOW. The clock may be stopped indefinitely in the
LOW state, but there are limitations on the time it may reside
in the HIGH state.
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that is present on its input around the time the ¢lock goes fr
HIGH-to-LOW. Because of variations in individual devices, tt
is some uncertainty as to exactly when, relative to this c!
transition, the data will be stored. The set-up and hold ti
define the limits on this uncertainty. To guarantee storing
correct data, the data inputs should not be changed betw
the maximum set-up time before the clock transition and
maximum hold time after the clock transition. Data cha
within this interval may or may not be detected.



Am2833/2533

APPLICATIONS

] REGISTER ADDRESS

I S 1 g—j_:_vcc

ENABLE s S

Ap  Ar Ay Ag Th "
o Am2533/2833  our _Io Am2533/2833 our

1024-BIT SHIFT REGISTE 1024-BIT SHIFT REGISTER

| [=*

l s s
|
|

h
Am2533/2833 Am2533/2833
"0 40248iT SHIFT REGISTER OUT ' 10248iTSHIFT REGISTER  OUT

L]
.
L]
J)_:L Vee
s s
. .
DATA IN [ Am2533/2833 out i Am2533/2833

1024-BIT SHIFT REGISTER 1024-81T SHIFT REGISTER  OUT

READENABLE‘——E l I J | l
CLOCK

sE lolrl213lal5l6 17

5 Am9312
8- INPUT MULTIPLEXER

52 z z

[l

Eight Register 2048-Bit Memory System DATA OUT

Data enters one of the eight 2048-bit registers when the write enable input to the decoder is LOW. The
addressed register will accept the data on the data input; the other seven registers will recirculate their data.
Outputs are driven directly into an Am9312 8-input multiplexer. Obviously, the read and write registers
need not be the same.
MOS-434

TRUTH TABLE

S lg 14 Data Entered
L L X L
L H X H
H X L L
H X H H
H = HIGH Voltage level
L = LOW Voltage Level
X = Don't Care
Metallization and Pad Layout
1 oUT
8 Vec
— 7
6 Cp

DIE SIZE: 0.133" X 0.163"
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Am2847- Am2896

Quad 80-Bit and Quad 96-Bit Static Shift Registers

Distinctive Characteristics

® Plug-in replacement for 2532B, TMS3120, TMS 3409,

MK 1007, 3347
® Internal recirculates on each register
® Single TTL compatible clock

® Qutputs sink two TTL loads
® QOperation guaranteed from DC to 3 MHz

® 100% reliability assurance testing in compliance with

FUNCTIONAL DESCRIPTION

The Am2847 and Am2896 are quad 80-and 96-bit static
MOS shift registers. Each device contains four shift registers,
each with a TTL compatible input, output, and recirculate
control. When the RC signal is LOW, the corresponding
register accepts data from its data input; when RC is HIGH,
the data at the register output is written back in at the
input. The four registers are driven by a common TTL
compatible clock input. The registers shift on the HIGH-to-
LOW transition of the clock. Storage is dynamic while the
clock is HIGH and static while the clock is LOW, so the
clock may be stopped indefinitely in the LOW state. Each
register output can drive two TTL unit loads.

MIL-STD-883
LOGIC SYMBOL
2 5 9 14
RCA RCB RCC RCD

3 INA OUTA f——1
6 I8 QUAD SHIFT oute 4
10 INC REGISTER
15 IND outc 7
1n——-ce ouTo f— 13

Vgg = Pin 16
Vpp = Pin8
VGgg = Pin 12
MOS-43%
LOGIC BLOCK DIAGRAM
(One Register Shown)
RC
D>—or
I— P
INPUT
cLock
, Am2847 n = 80
TO OTHER REGISTERS Am2896 n =96
MOS-4!
ORDERING INFORMATION CONNECTION DIAGRAM
Top View
Am2847 Quad 80-Bit
Package Temperature Order
Type Range Number
16-Pin Molded DIP 0°Cto +70°C  AM2847PC
16-Pin Hermetic DIP 0°Cto +70°C  AM2847DC
16-Pin Hermetic DIP —55°C to +125°C AM2847DM
Am2896 Quad 96-Bit
16-Pin Molded DiP 0°C to +70°C  AM2896PC
16-Pin Hermetic DIP 0°Cto +70°C  AM2896DC
16-Pin Hermetic DIP —55°C to +125°C AM2896DM Note: Pin 1 is marked for orientation. MOS-4
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2847 - Am2896

Storage Temperature

—65°C to +160°C

Temperature (Ambient) Under Bias

~55°C to +125°C

Vpp Supply Voltage

Vss —10V to Vgg +0.3V

Vgg Supply Voltage

Vss —20V to Vgg +0.3V

DC Input Voltage

Vgs —20V to Vgg +0.3V

OPERATING RANGE

Part Number - Ambient Temperature Vgs Vbp Vaa
Am2847DM _55°C t0 +125°C 5.0V +5% ov 12V +5%
Am2896DM

Am2847PC, DC ! ) .

Am2896PC, DC. 0°Cto +70°C 5.0V 5% ov —12V 5%

ILECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) Typ

‘arameters Description Test Conditions Min. (Note 1) Max. Units
VoH Output HIGH Voltage loH = —0.5mA 24 Volts
loL=32mA  0°Cto 70°C
VoL Output LOW Voltage 0.4 Volts
loL =24mA  —55° t0 125°C
Vin Input HIGH Level gt:aarle:r:;e:udtsinput logical HIGH voltage Vgs —1.0 Vgs +0.3 Volts
Guaranteed input logical LOW voltage _ 0.8 Volts
ViL Input LOW Level for all inputs Vgs —18.5
Iy Input Leakage Current V|N = —5.0V, all other pins connected to Vgg 1.0 HA
he Input LOW Current Vin =04V -1.0 -16 mA
WH Input HIGH Current VN = Vgg —1.0V —-0.1 mA
0°C t ° 35
Iipp Vpp Power Supply Current °70°C 25
—55°C t0 125°C 45
Output open, f = 2.6 MHz mA
0°C to 70°C 15
Uele] VGG Power Supply Current 10
—~55°C to 125°C 20
te: 1. Typical Limits are at Vgg = 5.0V, Vgg = —12V, 25°C ambient.
/ITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
‘ameters Description _ Test Conditions Min. Typ. Max.  Units
-0°Cto 70°C k 3.0
f Clock Frequency 0 MHz
—55°C to 125°C 25
0°C t0 70°C 140 100
tspwH | Clock HIGH Time ° us
—55°C to 125°C .150 10
o o
tspwk | Clock LOW Time 0°Cto70°C 140 o s
—55°C to 125°C .180
tr, tf Clock Rise and Fall Times 10 200 ns
0°C to 70°C 1
s Set-Up Time, D or RC Inputs (see definitions) tr =t§ = 10ns i ns
~56°C to 125°C 120
0°C to 70°C 40
h Hold Time, D or RC Inputs (see definitions) tr =t =10ns ns
—55°C to 125°C 60
o o
pd Delay, Clock to Qutput LOW or HIGH Ry =4k, C| = 10pF 0Cto70°C (Note 3) 2% ns
—55°C to 125°C 280
'in Capacitance, Data Clock and RC Inputs {Note 2) f=1MHz, ViN = Vgs 3.0 7.0 pF
‘6 Capacitance, Clock Input (Note 2) f=1MHz, VN = Vgsg 3.0 7.0 pF

's: 2, This parameter is periodically sampled but not 100%.tested. It is guaranteed by design.
3. At any temperature, tpd min. is always much greater than tp (D) max.
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Am2847 « Am2896

TIMING DIAGRAM
i——!‘apwH——ﬂ _—ltrl‘_ _,l [y —
5V ) 45V
90% 90% 10%
cp
10% 10% 90%
ov ov
'@/ 1 i
s ts MAX. o]
th MAX.
5V
s A7 Vm § *
OiN :
(Vn. Vu.]
ov ov
th MAX, - thMAX.
| e tsMAX. o] tsMAX. o]
M (XXRDXXRXXNXKX
RG. viL viL ‘ ’0”“."".’.""""""”
o AVAYAYAVAYAVAVAVAVAVAVAVAVAVAVAVAY ov
la——tpa MAX.—o] e 17 S—
5V +5V
OUTPUT 50% <50% 50% 50%
ov ov
WRITING NEW DATA RECIRCULATING
MOS-438
KEY TO TIMING DIAGRAM PERFORMANCE CURVES
Typical Data Output
HIGH Current
Versus Data Output Voltage
* [ 1]
WAVEFORM  INPUTS QUTPUTS 20b1—Ta L _5'50(;
MUST BE WILL BE I~ \{
STEADY STEADY Ta =+25°C |
< 15 =iy B
§ \\‘Q\ Te = +125°C
I
mw\v cHANGE WL BE L 0 | \\‘K
FROMHTOL £romuToL ]
05 Vpp =GND \\\
Vgg =+5.0V N
WILL BE VGG = —12.0V
MAY CHANGE
CHANGING
_W FROMLTOH EromLTOH o 1 2 3 4 5
Vou (V)
DON’T CARE: CHANGING: i X H H
M N Comne  SHan Typical Power-Supply Currents Typical Prqpagatlon Delay
PERMITTED  UNKNOWN Versus Frequency Versus Ambient Temperature
2
L AT 200
20 [ —55°C |
18 = ] 3 €
I % ! A
< 16 25°C o % 14
E 14 T 2 e P
[ 125°C " \ o <
z [l N g 150 NS
@ 10 —— i 2 P
z —55°C 73 ‘
> 8 Q Cad
3 | 25°C L < -
L1 L 2 A Vgg = +5.0V
N RTTEETER - r
2 0D~ 1 Vgg = -12.0v
0 1T VeG - -120v 100 SR
1K 10k 100k ™M 1M 55 -35-15 5 25 45 65 85 105125
CLOCK FREQUENCY — Hz AMBIENT TEMPERATURE - °C MOS

DEFINITION OF TERMS

STATIC SHIFT REGISTER A shift register that is capable of
maintaining stored data without being continuously clocked.
Most static shift registers are constructed with dynamic master
and static slave flip-flops. The data is stored dynamically while
the clock is HIGH and is transferred to the static slaves while the
clock is LOW. The clock may be stopped indefinitely in the LOW
state, but there are limitations on the time it may reside in
the HIGH state.
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SET-UP and HOLD TIMES The shift register will accept the ¢
that is present on its input around the time the clock goes fi
HIGH-to-LOW. Because of variations in individual devices, tl
is some uncertainty as to exactly when, relative to this cl
transition, the data will be stored. The set-up and hold ti
define the limits on this uncertainty. To guarantee storing
correct data, the data inputs should not be changed betw
the maximum set-up time before the clock transition and
maximum hold time after the clock transition. Data cha
within this interval may or may not be detected.




Am2847 - Am2896

Metallization and Pad Layouts

Am2847 Am2896

ouT A [———16 Vss ouT A 1—————I ,——16 Vss
; = =

-
15 IND . IND
RC A RCA 2 -!
14 RCD ] RCD
INA INA 3 2]
ouT s outs 4 ——li
13 0UTD ’ ‘ ouTD
12 vgg = fll VGG
RCB 3 Rce 5 —ill
L —— 11 cp 6 cpP
IN8 INB 6 =1l
10 INC e INC
1
.
B8

. _mi— _ L .
outc L s e ore 1— RGC

DIE SIZE 0.106" X 0.128" DIE SIZE 0.106" X 0.128"
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Am2855°+*Am2856 - Am2857

Quad 128-Bit, Dual 256-Bit and Single 512-Bit Static Shift Registers

Distinctive Characteristics

® High-speed replacement for National 5055/6/7
® |nternal recirculate

® Qperation quaranteed from DC to 2.5MHz
® 100% reliability assurance testing in compliance witl

® Single TTL compatible clock MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC SYMBOLS
These devices are a family of static P-channel MOS shift 1
registers in three configurations. The Am2855 is a quad |
128-bit register; the Am2856 is a dual 256-bit register; and 2—Jina RC OUT A }—— 14
the Am2857 is a single 512-bit register. All three devices ft H quarteer OVTB[* vgg=Ping
include on chip recirculate. The registers are all clocked by 11— wpn SHIFTREGISTER  OUTC[——12 v ~Pin 16
a single low-level clock input. Because the registers are i NPT vgg =Pin 10
static, the clock may be stopped indefinitely in the LOW 0
state without loss of data. Each of the registers has a single |
data input; data on the input is written into the register on RC
the HIGH-to-LOW clock edge. A single recirculate control e Am2856 AT Pin 5
(RC) on each chip determines whether the registers on that FINE DuALzssaIT o Pin©
chip are to write data in from the data inputs or recirculate i ouTe 4 Vzg = Pin 7
the data appearing on the output. If RC is LOW, new data
iswritten in; if RC is HIGH then the data on the output will 1
be written back into the register input on the next
clock pulse, 2—n e
s128T SmesReGisTer OUT[—— 3 VSS =FPin 4
s —Jcp Vpp =Pin8
Vgg =Pin6
MOS-440
LOGIC BLOCK DIAGRAM
(One Register Shown)
RC
PN P kraisten  OUT > out
cp
INPUT
CLOCK
| Am2855 n =128
e Am2856 n = 256
REGISTERS Am2857 n =512
MOS-4
ORDERING INFORMATION CONNECTION DIAGRAMS
Am2855 Am2856
RC
Package Temperature Order VIEI) 'N_c] ‘;21’ llgl ?: IEI vlﬁf IC:I
Type Range Number 16 15 14 13 12 11 10 9
16-Pin Molded DIP 0°C to +70°C AM2855PC
16-Pin Hermetic DIP 0°C to +70°C AM2855DC e e
16-Pin Hermetic DIP —55°C to +125°C AM2855DM AENEEENERENENEN
RC I;l NC DgT I‘l:\l NC O\aﬂ' Vgs.
10-Pin Plastic DIP 0°C to +70°C AM2856PC
TO-100 Can 0°C to +70°C AM2856HC
56
TO-100 Can _56°Ct0+125°C  AM2856HM Am28
o o N Aq * 10} ]Rc
8-Pin Molded DIP 0 Cto+70°C AM2857PC a2 b
8-Pin Hermetic DIP 0°C to +70°C AM2857DC o
8-Pin Hermetic DIP —55°C to +125°C AM2857DM welds o f[dne
outs[]4 71 JVaa
vss[]s 6 Ecp
MOS
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Am2855 « Am2856 « Am2857
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +160°C
Temperature (Ambient) Under Bias : —55°C to +125°C
Vpp Supply Voltage Vss —10V to Vgg +0.3V
Vg Supply Voltage Vgs —20V to Vgg 0.3V
OC Input Voltage Vgs —20V to Vgg +0.3V

OPERATING RANGE

Part Number Ambient Temperature Vss Vop \Yele]
Am2855DM
Am2856HM —55°C to +125°C 5.0V £5% ov —12V 5%
Am2857DM

Am2855PC, DC
Am2856HC 0°Cto +70°C 5.0V 5% ov —12V +5%
Am2857PC, DC ‘

LECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.
arameters Description Test Conditions Min. (Note 1) Max. Units
VoH Output HIGH Voltage IoH = —0.5mA 2.4 Volts
VoL Output LOW Voltage lo. =1.6mA . 0.4 Volts
Guaranteed input logical HIGH voltage - +
Vg Input HIGH Leve! for all inputs Vgs-1.0 Vgg +0.3 Volts
Guaranteed input fogical LOW voltage _ -
ViL Input LOW Level for all inputs Vgg -18.5 Vgs -4.2 Volts
VN =-10.0V, all other pins GND,
| ! t Leak C t 0.01 0.5 A
L nput Leakage Curren Ta=25°C Iz
Ipp Vpp Power Supply Current Ta = 25°‘c, 20.0 28.0
topwH =01 60 ns f=25 MHz mA
Data=1010...
| \Y Power Supply Current
GG GG row PRl output open 12.0 16.0

te: 1. Typical Limits are at Vgg = 6.0V, Vgg = —12V, 25°C ambient and maximum loading.

ITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

ameters Description Test Conditions Min. Typ. Max. Units
¢ Clock Frequency 0 25 MHz
1¢pWH Clock HIGH Time 0.16 10.0 us
opwl Clock LOW Time 0.200 o us
1 | Clock Riseand Fall Times 10 200 ns
s Set-up Time, D or RC Inputs (see definitions) t, =t =50ns 100 ns
h Hold Time, D or RC Inputs {see definitions) te =ty =50ns 40 ns
pd Delay, Clock to Output LOW or HIGH R =4k, C| =10pF (Note 3) 160 280 ns
‘in Capacitance, Data In and RC Inputs {Note 2) =1MHz, V|n = Vgs 3 7 pF
‘6 Capacitance, Clock Input {(Note 2) f=1MHz, V|n = Vgs 3 7 pF

1s: 2, This parameter is periodically sampled but not 100% tested. |t is guaranteed by design.
3. Atany temperature, thg min. is always much greater than t, (D) max.

5-45



Am2855 « Am2856 « Am2857

TIMING DIAGRAM
‘._(vaH__i _.1(,"_ ._..' t e
v 90% 90% 10% h
cp
10% 10% 90%
ov
" S ot .
th MAX.
BV . . +5V
on RO |] RN
" o OOOORXXKXXXXXXXX .,
thMAX. le———th MAX.
Lt ts MAX. —gond tsMAX. o]
sv \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,VLY, 5V
« i
w o NI 0L0000.00.0.9.0.0.09.0.9 ov
b tpg MAX. — ] tod MAX
v +5V
OQUTPUT 50% <}0% 50% %0%
ov ov
WRITING NEW DATA RECIRCULATING
MOS-443
KEY TO TIMING DIAGRAM PERFORMANCE CURVES
Typical Data Output
HIGH Current
Versus Data Output Voltage
2 [T T 1T
e | 1
WAVEFORM  INPUTS OUTPUTS 20p—— A T
e~ A j ..
MUST BE WILL BE 15 Ta=+25C_ |
STEADY STEADY I B Ny |
R
T e S T
FROMHTOL  FromHTO L 05} Vpp = GND E
Vgg = +5.0V .
Vg =-120V
WILL BE 0 -
[T it g T ey
DONTCARE:  CHANGING: Typical Power-Supply Currents Typical Prqpagation Delay
M psnmcms IS fjmxcw" 22 Versus Frequency Versus Ambient Temperature
T 200
20 H} -56°C 1=t~ 0D ”
18 i | v |
16 et z 27
14 A o o
‘% e[ 8 &
e T g 1o &
E 8 -85 '! g A
5 - e [P ¢ Lo
11 2 A Vgs = +6.0V
4 125°C-T1 vgg - +50 a o Vpp =0V
1 Vpp =0V 0o p
’ e i Mhrd
Tk 10k 100k ™M oM 65 -35-15 6 25 45 65 85 105125
CLOCK FREQUENCY—Hz AMBIENT TEMPERATURE - °C
MOS-4
DEFINITION OF TERMS SET-UP and HOLD TIMES The shift register will accept the ¢

that is present on its input around the time the clock goes fi
STATIC SHIFT REGISTER A shift register that is capable of HIGH-to-LOW. Because of variations in individual devices, tt

maintaining stored data without being continuously clocked. is some uncertainty as to exactly when, relative to this c!
Most static shift registers are constructed with dynamic master transition, the data will be stored. The set-up and hold ti
and static slave flip-flops. The data is stored dynamically while define the limits on this uncertainty. To guarantee storing
the clock is HIGH and is transferred to the static slaves while the correct data, the data inputs should not be changed betw
clock is LOW. The clock may be stopped indefinitely in the LOW the maximum set-up time before the clock transition and
state, but there are limitations on the time it may reside in maximum hold time after the clock transition. Data chai
the HIGH state. within this interval may or may not be detected.
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Am2855 « Am2856 + Am2857

Metallization and Pad Layouts

Am2855 Am2856

14 OUTA 9 Voo
INA 2 INA
ouTB 4 ouT A
13 INB
12 OUTC
INC 5 INB
ouTD 7 ouTe
11 IND

Am2857

P
IN 2 _—l

out 3 —{ i

DIE SIZES: 0.101” X 0.142"
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Am4025/5025 + Am4026/5026 - Am4027/5027

2048-Bit Dynamic Shift Registers

Distinctive Characteristics ® On chip recirculate and input select controls
® 6 MHz data rate guaranteed ® Alternate source to National parts
e Single 2048 and dual 1024-bit configurations e Full military temperature range devices available
® Low power dissipation ® 100% reliability assurance testing in compliance with
® TTL compatible data inputs and outputs MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC DIAGRAMS
The Am4025/6/7 and Am5025/6/7 are military and com- AmA4025/5025
mercial grade 2048-bit dynamic shift registers. The L
Am4025/5025 is a dual 1024-bit device with on-chip re- 33
circulate and a load control {LLC) common to both registers.
When LC is HIGH, the two registers recirculate data; when 4
LC is LOW new data is entered through the data inputs. The 1024-BIT SHIFT REGISTER u OUTA
Am4026/6026 is similar, but each register has two data in- a1 )
puts, selected by separate input select (IS) signals. The A =
Am4027/5027 is a single 2048-bit register with on-chip re-
circulate and a load control. All the devices can drive one
standard TTL load or three Am93L series low-power TTL ) 6(9)
loads. The select, load command, and data inputs may be 1024 BIT SHIFT REGISTER oure
driven by TTL signals. Two high-voltage clock signals, $1 g 29 "”I Imm Vew = PIn 5 (8)
and ¢2, are required. Internally, each shift register consists o e VZSG —Ping (13)
of two multiplexed registers, so that a data shift occurs on Vpp = Pin 10 (15)
each @1 or ¢2 clock pulse. The data rate, therefore, is Am4026/5026
double the frequency of either clock signal. 1SA
12A —4—‘ 3
1024-BIT SHIFT REGISTER ! ouT A
A 8
IS8
ORDERING INFORMATION PR
Package Temperature Order 1024817 SHIFT REGISTER ? oure
Type Range Number 18 I ‘Vgs = Pin8
2 10 =pi
10-Pin Molded 0°Ct0 +70°C  MMB5025N w w veSITnie
16Pin Hermetic ~ 0°Ct0+70°C  MM5025D °
16-Pin Hermetic =~ —55°C t0o +125°C  MM4025D Am4027/5027
16-Pin Molded 0°C to +70°C MM5026N L
16-Pin Hermetic 0°C to +70°C MM5026DC :
16-Pin Hermetic ~ —55°C to +125°C  MM4026D
8-Pin Molded 0°C to +70°C MM5027N s
8-Pin Hermetic 0°C to +70°C AME027DC FOISBITSHIFT REGISTER o
8-Pin Hermetic —55°C to +125°C  AM4027DM w L Vss = Pin 3
|| Is Vgg = Pin 6
MOS-445 # b2 Vpp =Pin8
CONNECTION DIAGRAMS
Top Views
MM4025D MM5025N MM4026/5026 MM4027/5027
ou‘rAEJ OUTA 1. 10 [] Voo outA[] cin 1. 8[] Voo
1] s []2 sij ] w2 7w
e[ w3 8 D Vg 1sa[] v355 3 6[JVes
we[] we[]a e 128} out [+ s[ 192
Ne[] ves[]s 6| Jouts 1s8[]
we[] ns[}
e ] e[
vss [ Vs
. MOS-44
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am40/5025 « Am40/5026 « Am40/5027

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
DC Input Voltage with Respect to Voo —20V to +0.3V
OPERATING RANGE
Part Number Vss Vbbb Veca TA
MM4025/6/7 +5.0V £5% ov —12V £10% ~55°C to +125°C
MM5025/6/7 +5.0V 5% ov —12V £10% 0°C to +70°C
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
Typ.
darameters Description Test Conditions Min. {Note 1) Max. Units
VoH Qutput High Voltage IoH = —0.5mA 24 Vss Volts
VoL Output LOW Voltage loL = 1.6mA 0.0 0.4 Volts
Guaranteed input logicalt HIGH voltage
ViH Input HIGH Level for all inputs except clocks Vgs —1.7 Vgg 10.3 Volts
ViL Input LOW Level Guarar}teed input logical LOW voltage Vgs —10 Vgs —4.2 Volts
for all inputs except clocks
Iy Input Leakage Current VIN==10V, Tp = 25°C 10 500 nA
Iy Clock Input Leakage Current Vg =—15V, Tp =25°C 50 1000 nA
VoH Clock HIGH Level Vgs —1.0 Vgs 0.3 Volts
V¢|__ Clock LOW Level Vgg—18.5 Vgg —14.5 Volts
Ta =25°C .01MHz<f<0.1MHz 2 35
Igg VGG Current Vgg=5.0V,VgGg=—12.0V| f = 1.0MHz 2 35 mA
V¢L =-12.0V f = 3.0MHz 2 35
t=1156ns .01MHz<f<0.1MHz 8 15
Ipp Vpp Current Data = 11110000. .. f=1.0MHz 22 32 mA
f = 3.0MHz 48 70
>te: 1. Typical Limits are at Vgg = 5.0V, Vgg = —12.0V and 25°C ambient.

VITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS OVER OPERATING RANGE

Typ.
rameters Definition Test Conditions Min. (N:t: 1) Max. Units
JEPN-Y o
o | owmenan e o T
f Clock Frequency (Note 3) Ta =0°Cto +70°C 01 3.0 Mz
4 Ta=-55°Cto+125°C 0.06 1.0
tod Delay Between Clocks {Note 3} 10 Note 3 ns
topw Clock LOW Time tyt = 20ns 0.115 10 us
tot Clock Rise and Fall Times 10% to 90% 05 us
tg Set-Up Time, Data and Select Inputs 35 ns
(See Definitions)
th :—Isc::genfr?nei,t:?;tsa) and Select Inputs 20 ns
Period From Start of {Note 3) One Ta =0°C to +70°C 0.165 100
9P Phase to Start of Other Phase Ta=—55°Cto +125°C 0.165 165 bs
pd Delay, Clock to Data Out Cp = 15pF 80 ns
(D) Capacitance, Data Input VIN =0, f = 1MHz, 5 pF
*(s) Capacitance, Select Input or Lg All other pins GND (Note 4) 7 PF
Ho) Capacitance, Clock Input Vg =0, f=1MHz, All other pins GND 165 190

. The Data Rate is twice the frequency of either clock phase.

of ambient temperature and clock duty cycle. See curves for minimum frequency on page 3.

. This parameter is periodically sampled but not 100% tested,

It is guaranteed by design.
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3. The maximum delay between clocks (¢1 and @, both HIGH) is a function of junction temperature. The junction temperature is a function
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Am40/5025 « Am40/5026 - Am40/5027

TRUTH TABLES

Am4025/5025 and Am4027/5027 Am4026/5026
LC IN OUT DATA ENTERED IS INPUT 1 INPUT 2 DATA ENTERED
L L X : L L X L
L H X L H X H
H X L L H % L L
H X H H H X H H
FUNCTIONAL EQUIVALENT OF EACH REGISTER
BITS2,4,6...
| N2 BITS o
™ s
DATA INPUT :__D— ouTPUT
| N/2BITS o
M
BITS1,3,5...

]

#

3§ —0] v

(M =MASTER ENABLE)
S =SLAVE ENABLE

4]

DATA IN A ’ B ] c D E ) F ' G
DATA
ool N Y N
(FORN =4}

Since the two registers shift on opposite clock pulses, a new data bit is
entered on both ¢4 and ¢2. Data entering the register on ¢1 will appear at
the output on ¢4 (from the negative edge of ¢4 to the negative edge of ¢5).

MOS-4

DEFINITION OF TERMS

Dynamic Shift Register A shift register in which data storage
occurs on small capacitive nodes rather than in bistable logic
circuits. Dynamic shift registers must be clocked continuously to
maintain the charge stored on the nodes.

¢1, $2 The two clock pulses applied to the register. The clock is
ON when it is at its negative voltage level and OFF when it is at
Vgg. Data is accepted into the master of each bit during one
phase and is transferred to the slave of each bit during the other
phase.

tyd Clock delay time. The time elapsing between the L.OW-to-
HIGH transition of one clock input and the HIGH-toLOW tran-
sition of the other clock input. During tpq both clocks are HIGH
and all data is stored on capacitive nodes.

5-50

topw Clock pulse width. The LOW time of each clock sign
During tgpw one of the clocks is ON, and data transfer betwe
master and slave or slave and master occurs.

tgt Clock rise and fall times. The time required for the clc
signals to change from 10% to 90% of the total level char
occuring.

ts(D) Data set-up time. The time prior to the LOW-to-HI(
transition of ¢ during which the data on the data input must
steady to be correctly written into the memory.

th{D) Data hold time. The time following the LOW-to-HI
transition of ¢ during which the data must be steady.
correctly write data into the register, the data must be applied
t5(D) before this transition and must not be changed until tp
after this transition. ’

tpd The delay from a HIGH-to-LOW clock transition to con
data present at the register output.



Am40/5025 « Am40/5026 « Am40/5027

SWITCHING WAVEFORMS

BIT 1

BITN | BITN+1... | BITN+2

| | BIT 1 | BIT 2

BIT2

LOCK RATE

l’wpw-— , rp——

92
CcLock

-t

I' topw —i———DATA RATE ———=1

|—

s

INBIT 1 INBIT2

DATA OUT 1.5VX

OuUTBIT1 oUTBIT 2

Clock Rise Time 20ns
Clock Fall Time 20ns
Output Load 1 TTL Load

MOS-448
Metallization and Pad Layouts
Am4025/5025 Am4026/5026 Am4027/5027
ouTA
Voo Voo H —8 Vop
WA 4 A 41— . H—7 IN
Vaa ‘;gﬁ 8 Ve
1
s e 2
42 :?: 2 e L5 62
Vss Vss 3
outs ouTs VLI pa—
DIE SIZE 0.145” X 0.162" DIE SIZE 0.145" X 0.162" DIE SIZE 0.145” X 0.162"
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Am40/5025 « Am40/5026 « Am40/5027

MINIMUM CLOCK FREQUENCY —Hz

Guaranteed Minimum Clock

OPERATING CHARACTERISTICS

Frequency Versus Temperature

Maximum Clock Frequency
Versus Temperature

Guaranteed Maximum tgp

Versus Temperature (Note 2)

100k x4 100
=
7 | 46 ~
~
g \\ N |
10k S s 2 10 NCT
g Al N 3 N
) =] 1 >
< o N a
S g 44 E AN
» w s IN
1.0k K s Z 10 N
SA/X ¥ 43 2 .
) =
R S Vpp = -5.0V % N
P4 2 A2 ygg=-17.0v K N
100 4/ ] 66 =17 N 0.1
2 gqlve=-170v N
7 % Vs = GND N
10 = 40 001
60 -20 20 60 100 140 20 40 60 80 100 120 140 —60 -20 20 60 100

Ta — AMBIENT TEMPERATURE — °C

Typical Power Supply Current

Versus Data Rate

10

L
N
ES
[ f
> 10
(8]
& . 3
S Ppw=80ns
g 1 Vo= 185V
w0 vDD=-s.3v+
= ! Vgg=GND ]
a 'l Tp=+26°C
o ] Vgg = ~18.5V
0 10 20 30 40 50 60 70 80 90
Ipp —mA
VOH Versus IoH
18 =
wlVss™Y | | i1 J ]
Vgg =12V Ta=25°C

14 -

. Vg=—12V =
< // —
€ 10 S e
L ZeT N
oy A3
° o Tp=125°C

TA=75°C

al!

214

0

0 -20 —40 -60 -80 -10

VoH (NEGATIVE WITH RESPECT TO Vgg} — VOLTS

Ta —AMBIENT TEMPERATURE — °C

140

T — AMBIENT TEMPERATURE - °C

Typical Power Supply Current
Versus Temperature

68

V4= -185V
64 - g
< Vpp = ~5.3V
T DD
T 60 N Vgg=GND
S s6 — ¢;=3.0MHz ]
p__‘ 52 \ $pw =80ns
i N Vgg = —185V
i} \ GG .
£ 48
2
o 4
z I~
§ 40
36
32

—-40 0 40 80 120
Tp — AMBIENT TEMPERATURE — °C

Typical Power Supply Current Versus
Clock Pulse Width typy

58
56
54
T e
| .
8 50 Ve =185V J
- / V= —185V
B Vpp =-5.3V
w6~ Vgg=GND |
7 $¢=3mHz
a4 -
80 9 100 110

Spw

—ns

MOS-449

5-52




'Am4055/5055 « Am4056/5056 - Am4057/5057

Quad 128-Bit, Dual 256-Bit and Single 512-Bit Static Shift Registers

® Qperation guaranteed from DC to 1.5MHz
® 100% reliability assurance testing in compliance with

Distinctive Characteristics
® [nternal recirculate

® Single TTL compatible clock MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC SYMBOLS
These devices are a family of static P-channel MOS shift 1
registers in three configurations. The Am4055/5055 is a |
quad 128-bit register; the Am4056/5056 is a dual 256-bit 2—Jina RC OUT A }— 14
register; and the Am4057/5057 is a single 512-bit register. ‘:—— ::i Qmagst/s0Ss ouTBf——4 oo
All three devices include on chip recirculate. The registers n IND  SHIFTREGISTER  OUTC |— 12 vss — Pin 16
are all clocked by a single low-level clock input. Be- 9 —pcP ouTD f—7 vgg = Pin 10
cause the registers are static, the clock may be stopped ’
indefinitely in the LOW state without loss of data. Each of w0
the registers has a single data input; data on the input is e
written into the register on the HIGH-to-LOW clock edge. T—INA amaososss | OUTAF— 2 )
A single recirculate control (RC) on each chip determines 3—qIN8 GOUAL 261 Vss = Pin 5
whether the registers on that chip are to write data in from 6——cr oursf——4 Vpp =Pin9
the data inputs or recirculate the data appearing on the VGG =Pin7
output. If RC is LOW, new data is written in; if RC is HIGH 1
then the data on the output will be written back into the
register input on the next clock pulse. 2 N Re
T s128iT SHiET AeaisTer OUT[—— 3 Vsg = Pin4
5—7cp Vpp = Pin 8
VGG = PinG
MOS-450
LOGIC BLOCK DIAGRAM
(One Register Shown)
RC ~———4
Bin sur:fTITnsE:;‘gl‘%n out >— our
o
INPUT
CLOCK
l Am4055/5055 n = 128
Am4056/6056 n = 256
AooTHER Am4057/5057 n =512
MOS-451
ORDERING INFORMATION CONNECTION DIAGRAMS
Am4055/5055 Am4056/5056
Package Temperature Order bvou
Type Range Number Ne
16-Pin Molded DIP 0°C to +70°C MM5055N ouTA
16-Pin Hermetic DIP 0°C to +70°C MM5055D P
16-Pin Hermetic DIP  —55°Cto +125°C ~ MM4055D [ Is
TO-100 Can 0°C to +70°C MM5056H [oure
TO-100 Can —55°C t0 +125°C  MM4056H [
8-Pin Molded DIP 0°C to +70°C MM5057N [Tvee
8-Pin Hermetic DIP 0°C to +70°C MM5057D uly
8-Pin Hermetic DIP —55°C to +125°C MM4057D
MOS-452

5-53




Am40/5055 « Am40/5056 « Am40/5057
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +160°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Vpp Supply Voltage

Vgs —10V to Vgg +0.3V

Vg Supply Voltage

Vss —20V to Vsg +0.3V

DC input Voltage

Vgs —20V to Vgg +0.3V

OPERATING RANGE

Part Number

Ambient Temperature

Vss

Vop VGG

Am4055
Am4056
Am4057

—55°C to +125°C

5.0V 5%

ov —12V 5%

Am5055
AmS056
Am5057

0°Cto +70°C

5.0V 5%

ov —-12V 5%

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Uniess Otherwise Noted)

. Typ.

Parameters Description Test Conditions Min. (Note 1) Max. Units
VoH Output HIGH Voltage IoH = —0.5mA 24 Volts
VoL Output LOW Voltage loL = 1.6mA 0.4 Volts

i i 4055/6/7 | Vgg—1.0 Vggt+0.3
ViH Input HIGH Level Guararjteed input logical HIGH voltage / S§ SS Volts
for all inputs 5065/6/7 | Vgg—1.5 Vggt+0.3
Guaranteed input logical 1LOW voltage
—18.! Vgg—4.2 Vol
ViL Input LOW Level for all inputs Vgs—18.5 SS olts
VN = —10.0V, all other pins GND,
' 0.0 .5 A
LTS Input Leakage Current Ta=25°C 1 0 u
Ta = 25°C, f < 2.2MHz 15.0 20.0
I Vpp Power Supply Current
oD DD Fower Stupply Lurra topwH = 160 ns < 10KHz 13.0 18.0
i v P s Iy C ¢ Data = 1010. .. f<1.6MHz 10.5 15.5 mA
ower Su rren
GG GG © pply Lu output open f< 2.2MHz 13.0 19.0
f< 10KHz 6.5 9.0

Note: 1. Typical Limits are at Vgg = 5.0V, Vgg = —12V, 25°C ambient.

SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Am4055/6/7 Am5055/6/7

Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
f Clock Frequency 0 1.0 0 15 MHz
topwH Clock HIGH Time 04 1.0 0.23 100 us
topwl Clock LOW Time 04 ] 0.3 L4 us
tr, tf Clock Rise and Fall Times 200 200 ns
tg Set-up Time, D or RC Inputs (see definitions) tr =1t < 10ns 260 110 ns
th Hold Time, D or RC Inputs (see definitions) ty =t < 10ns 120 40 ns
tpd Delay, Clock to Output LOW or HIGH R =4k, C|_ =10pF 350 700 250 345 ns
Cin Capacitance, Data and RC Inputs (Note 2) f=1MHz, ViN =Vss 4 7 4 7 pF
Co Capacitance, Clock Input (Note 2) f=1MHz, V|N=Vss 14 14 pF

Notes: 2. This parameter is periodically sampled but not 100% tested. it is guaranteed by design,
3. At any temperature, tpd min. is always much greater than tj, (D) max.
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Am40/5055 « Am40/5056 « Am40/5057

TIMING DIAGRAM
I__za,wn__i _.I zrl._ _.’ tf e
5v 5V
90% 90% % 0%
CP ﬂ X
10% 10% 90%
ov ot } ov
| ts MAX. gl 1
th MAX.
sv 7 m ) v, 5V
" KK
N = g QUK
th MAX. le——th MAX.
| ts MAX. g tsMAX. g
v VAVAVAVAVAVAVAVAVAV VAV, i
nc “ ” ”.’ O ‘. "" "’.’ ViH
OO
ov . INNONININENONINONININININININONIN ov
ISR, Y V.S S— tod MAX
sV +5V
QUTPUT 50% éo% 50% <50%
ov ov
WRITING NEW DATA RECIRCULATING
MOS-453
PERFORMANCE CURVES
Typical Data Output
HIGH Current
Versus Data Output Voltage
25
KEY TO TIMING DIAGRAM ]
20— Ta=-55C
-
WAVEFORM INPUTS OUTPUTS < 1.5 ‘* TA S 25°C
I T‘ 125°C
| N c=* 1
MUST 8E WILL BE _gs 1.0 \\‘
STEADY STEADY \(
T ‘\
051Vpp=GND"
Vgg = +5.0V N
V =120V
wav crange  pitL BE ol
FROMHTOL  fromn TOL 0 ! 2 3 4 s
Vou V)
L BE Typical Power-Supply Currents Typical Propagation Delay
MAY cHANGe  MILLBE Versus Frequency Versus Ambient Temperature
FROM L TOH FROM L TO H .
22 T T 200
’ 20 _55°C -~ 10D "
7 T g
18 |1 1 » . /
DON'T CARE; CHANGING; 16 5°C = % L
ANY CHANGE STATE < 14 1 L P A
PERMITTED UNKNOWN g ., 125°C ) Lot o d
166 Z 150 - A
5 10 | 5.,|C T S y/
g 8 = f g G
3 25°C L+ b il
11— 2 Vgg = +6.0V
4 £|25°C td Vgs = +5.0 o Vpp =0V
2 I voozoy VGG = ~12.0V
oLl 100 J A
1k 10k 100k ™ 10M -55 -35-15 5 25 45 65 85 105125
CLOCK FREQUENCY—Hz AMBIENT TEMPERATURE - °C
MOS-454
EFINITION OF TERMS SET-UP and HOLD TIMES The shift register will accept the data

that is present on its input around the time the clock goes from
‘ATIC SHIFT REGISTER A shift register that is capable of HIGH-to-LOW. Because of variations in individual devices, there

iintaining stored data without being continuously clocked. is some uncertainty as to exactly when, relative to this clock
st static shift registers are constructed with dynamic master transition, the data will be stored. The set-up and hold times
1 static slave flip-flops. The data is stored dynamically while define the limits on this uncertainty. To guarantee storing the
2 clock is HIGH and is transferred to the static slaves while the correct data, the data inputs should not be changed between
ck is LOW. The clock may be stopped indefinitely in the LOW the maximum set-up time before the clock transition and the
te, but there are limitations on the time it may reside in maximum hold time after the clock transition. Data changes
» HIGH state. within this interval may or may not be detected.
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Am40/5055 « Am40/5056 « Am40/5057

Metallization and Pad Layouts

Am4055/5055 Am4056/5056

RC Voo

14 OUT A
N A A
outs ouT A
13 N8
12 outc
INC INg
ouTD outs 4
noND
Am4047/5057

IN 2

out 3

DIE S1ZES 0.101" X 0.140"
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Am9401/Am2401

Dual 1024-Bit Dynamic Shift Register

Distinctive Characteristics

Low Power

Single +5V power supply

High speed — 2MHz min.

Single phase TTL clock

Low clock capacitance — 7.0pF max.
315 mW max. @ 2MHz

40 uW/bit typ. @ 2 MHz

MIL-STD-883

Chip select, write, and recirculate logic on chip
100% reliability assurance testing in accordance with

3

15—

11—
5
6

LOGIC SYMBOL
4 12
INT - WRy WR; oyt 1
N2 Am2401/AmS401 R, 2
o DUAL 1024-BIT
SHIFT 14
REGISTER out2
cs RL2 13

Ve = Pin 16
GND = Pin 8

MOS-455

FUNCTIONAL DESCRIPTION

The Am9401 is a dual 1024-bit dynamic shift register built
using ion-implanted, N-channel, silicon gate MOS tech-
nology. The device operates from a single +5 volt power
supply and all inputs and outputs, including the clock, are
directly TTL compatible. Data is entered into the register
on the LOW-to-HIGH transition of the clock input. New
data appears on the output following the HIGH-t_o-LOW
clock transition. There are two chip select inputs, CSx and
ﬁy; if either is HIGH then the data in both registers
recirculates and the outputs go to a HIGH impedance OFF
state. If both chip selects are LOW, then the outputs will be
LOW for LOW data and OFF for HIGH data (similar to TTL
open collectors}). When the chip is selected, the write-
recirculate lines control the entry of new data. If W/R is
HIGH new data is written into the corresponding register; if
W/R is LOW, the data on the output is recirculated. An
internal pull-up resistor to Vgc is provided at Ry . This
point may be connected to the output to establish the
HIGH logic level. Many register outputs may be connected
together with the Ry connected only once. The Am9401 is
a high performance plug-in replacement for the Am2401.

LOGIC BLOCK DIAGRAM

Vee

1.3k
NOMINAL

CLOCK

R

1024-BIT
SHIFT REGISTER

|

—_—
TO SECOND REGISTER

Note: Only one register shown.

MOS-456
ORDERING INFORMATION CONNECTION DIAGRAM
Top View
OUTI&
Package Temperature Order Order Ry
Type Range Number  Number 'N'El
16-Pin Molded DIP 0°Cto+70°C  AMO401PC P2401 whi L]
16-Pin Hermetic DIP 0°Cto+70°C AM9401DC C2401 &y [
16-Pin Hermetic DIP —55°C'to +125°C AM9401DM &Sy
Nc[:
GNDq
Note: Pin 1 is marked for orientation.
MOS-457.
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Am9401/Am2401
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +160°C
Temperature (Ambient) Under Bias —55°C to +125°C
Power Dissipation 1w
Voltage on Any Pin —0.5V to +7.0V
OPERATING RANGE
Part Number Ambient Temperature Vce
Am9401, 2401PC, DC 0°C to +70°C 5.0V £ 5%
Am94010M —55°C to +125°C 5.0V * 5%
Am2401 Am9401
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Conditions Min. (Note 1) Max. Min. Typ. Max. Units
LI} Input Leakage Current VN = 5.25V 10 10 uA
ILo Output Leakage Current Vourt = 5.25V 100 100 HA
Ta=25°C 70 50
V, =MAX
1 Vce Current CC~ . =0Q° +70°
cc cC 80% Duty Cycle Ta=0°Cto+70°C 80 60 mA
Ta= —55°C to +125°C 50 80
VIH Input HIGH Level 2.2 2.2 Volts
ViL Input LOW Level -0.3 0.65 | -0.3 0.65 | Volts
loL Output LOW Current VoL =0.45V 6.3 10 6.3 mA
VoL Output LOW Voltage loL = 1.6mA, R connected 0.45 0.45| Volts
VoH Output HIGH Volitage: 1oH = —1mA, R|_ connected 24 Vee | 24 Vee | Volts
RL Internal Load Resistor 0.5 15 3.0 05 3.0 k2
Note: 1. Typical values are at 25°C and Vee = 5.0V,
SWITCHING CHARACTERISTICS OVER OPERATING RANGE A';Z‘“” Am9401
yp.
Parameters Description Conditions Min. (Note 1) Max. Min. Typ. Max. Units
fmax Maximum Data and Clock Rate 1.0 2.0 MHz
Ta =25°C 1.0 1.0
. Ta =0°C to +70°C 25 25
fmin Minimum Data and Clock Rate kHz
Ta = —55°C to +125°C 100
TaA =0°C to +70°C 10
1¢pW(L) Clock LOW Time 0.8 10 0.4 us
Ta = —55°C to +125°C 9
Ta=25°C 0.2 1000 | 0.1 1000
tgpw(H) | Clock HIGH Time Ta =0°Cto+70°C 0.2 40 | 0.1 40 us
Ta = -55°C to +125°C 0.1 1.0
t, tf Clock Rise and Fall Times 50 50 ns
ts Data and Control Set-Up Time 200 80 ns
th Data and Control Hold Time 150 150 ns
. R connected {Note 2) 320
tpd Delay, Clock or Chip Select to Output CL = 100pF, Load = 1 TTL gate 250 500 160 Note 2 ns
Note: 2. C| = 20pF for Am9401. The capacitive load is limited primarily by the internal load register,
CAPACITANCE (Ta =25°C) Am2401 Am9401
Parameters Description Conditions Min. Typ. Max. Min. Typ. Max. Units
CIN Capacitance, All Data Inputs 4.0 7.0 4.0 7.0 pF
- f=1MHz, V| = 260mV
Co Capacitance, Clock Input Al Pins at R|_ Ground 4.0 7.0 4.0 7.0 pF
CouT Capacitance, Data Output 10 14 5.0 10 pF
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Am9401/Am2401

SWITCHING WAVEFORMS
th(L) t¢pw
Vin
ViL _.i
I.__ts_.l._th
Vin
DATAIN
W/R 1.5V
[
Vio
e oo
——W 7
Fetaysi) ——SEE NOTE // SEE NOTE 15V
Vot
Note: HIGH level on output is established by externally connected load resistor.
MOS-458
TYPICAL PERFORMANCE CHARACTERISTICS
Power Supply Current (Igc) Temperature Dependence of
Versus Data Rep. Rate Output LOW Level Sink Capability
& CONSTANT s AT T
DUTY o 22 VoL = 0.45V
50 | CONSTANT ___| _ CYCLE =80% ] S -
PULSE S 20— o ]
WIDTH = 1045 o =
40—\ i =X s B | | B
R DY = S e
I 30 >, ¥ E 14 Y
8 L~ J - Lo <525y
P = Y CONSTANT 3 Veos
ULSE 5 10 . 250
WIDTH =400ns S s J |
10 = el L 1 _
DATA=0 ,°>_' 6f— RS-T'LC Sé_l.l T ="
ol===0ATA=1 a | L1 |
1K 10k 100k 1M 10M 50 —25 0 25 50 75 100 125
DATA REP RATE — Hz AMBIENT TEMPERATURE — °C
Minimum Data Rate
Power Supply Current (Icc) and Maximum Clock Delay
Versus Ambient Temperature (0°C) Versus Ambient Temperature
60 100k I'I(]ps
f=2MH, =
55 ,_t¢pw=4200ns » Bk -—--ﬁ‘wus z
- i X
s Voo =528V E 10k = /1 100 2
1 50 2 S i
) % o> 5
4 £ o A
E *I'N z el PPt R
2 20 N H i <A z
8 N N A %
< \ z 100 / 10ms ;
35 > s , -
V- o
R
30 10 100ms
50 —25 0 25 50 75 100 125 0 10 20 30 40 50 60 70
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE ~ °C
MOS-459
TRUTH TABLE
W/R | C8x | CSy | Dy | DATA ENTERED OUTPUT OPERATION
X X H X Dy (t-1024) OFF Deselected, Recirculate
X H X X D (t-1024) OFF Deselected, Recirculate
H L L L LOW DN (t-1024) Read, Write
H L L H HIGH DN (t-1024) Read, Write
L L L X D (t-1024) Dy {t-1024) Read, Recirculate
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Am9401/Am2401

APPLICATIONS

l iy WAy WRy outif— Ny WAy Wiy oyt f— W1 WAy Wiy ouraf— l I_.N. wiRy Wiy our
IN2 IN2 N2

Am240} ALt Am2401 Ry Am2401 ALy N2 Am2401 ALy
DUAL 1024817 DUAL 1024817 . DUAL 1024 81T DUAL 1024817
— HIF out2 - — e SHIFT  qura —c SHIFT  our2 —cr SHIFT  gurz
REGISTER REGISTER [ REGISTER REGISTER
cs ALz b~ cs RLz cs A2 cs AL

mi
©

Ay —fe

172 OF Am25L$139
/4 DECODER

<

<

D2

D3

Ny WA WAy ourf— | W1 WRy WRy oyt i f— l—ml wiRy Wik our1
w2 w2

I_: N1 WRy WRg oty L
w2 WAL ol AL ik P N2 ok L
e = i e = e = e e
cs Rz —] @ cs Rz | cs ALz cs Rz
Q3 020¢Q
—
TOTTL
4k x 4 REGISTER ARRAY
Eight Am2401’s form this 16k register array. Data inputs (Dp-D3) and data outputs {Qg-Q3) may be
connected directly to TTL. Note that the load resistors are only connected once to each line. A pair of
devices (a Tk x 4 section) is selected by address bits Ag and A1. The data in the selected devices are read
out and, if R/W is LOW, updated with new data. All clock lines are driven from TTL levels. MOS-450

Metallization and Pad Layout

Vec

IN2

ouT2

Riz
WiRy

CcP

GND

DIE SIZE 0.133" X 0.142"
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First-In First-Out Memory

NUMERICAL INDEX

Am2812/2812A 32 x 8 First-In First-Out Memory
Am2813/Am2813A 32 x 9 First-In First-Out Memory
Am2841/3341/

2841A 64 x 4 First-In First-Out Memory







Am2812 / Am2812A - Am2813/Am2813A

32x8 and 32x9 First—In First—Out Memories

Distinctive Characteristics

e Completely independent read and write operations ® Am2812 has serial or paralle! input and output
o "“Half-full’” flag ® Data rates up to 1 MHz
FUNCTIONAL DESCRIPTION LOGIC SYMBOLS
The Am2812 and Am2813 are 32 word by 8-bit and 9-bit 11
first-in first-out memories, respectively. Both devices have com-
pletely independent read and write controls and have three- ' 0 ot a ;
state outputs controlled by an output enable pin (OE). Data ;B g' gl —g
. . . 7 el
on the data inputs (Di) are written into the memory by a pulse 26 D§ o§ L 10
on load (PL). The data word automatically ripples through ol gg gimasiz | g‘; 54
the memory until it reaches the output'or another data word. g& gs Qg[—— :g
. . . Q
Data is read from the memory by applying a shift out pulse 18 L onf—— 3
on PD. This dumps the word on the outputs (Qj) and the next » i . fLac s 0 s
word in the buffer moves to the output. An output ready sig- l ? [
. . . . 17 6
nal (OR) indicates that data is available at the output and also 4 19
provides a memory empty signal. An input ready (IR) signal Vss = P“f 24
indicates that the device is ready to accept data and also pro- zDD B :;: ;6 o
vides a memory full signal. Both the Am2812 and Am2813 Ge |
have master-reset inputs which clear all data from the device ’ 0o OF PR 6
{reset to all LOWs), and a FLAG signal which goes HIGH when ;3 3; g; —
the memory contains more than 15 words. 26 D3 Q3 9
23 D4 Qqf— 11
The Am2812 can perform input and output data transfer on a 2 o5 Mool as 12
bit-serial basis as well as on 8-bit parallel words. The input 20 DS 2‘; 1
buffer is in reality an 8-bit shift register which can be loaded in v % 28 ¥
parallel by the PL command or.can be loaded serially through 2 IR MR FLAG POf———— 5
the Dg input by using the SL clock. When 8 bits have been . ‘]3 '
. . . - K Vgg = Pin 24
shifted into the input buffer serially, the 8-bit word auto- Vpp = Pin 16 4 19
matically moves in parallel through the memory. The output Vgg = Pin 2 MOS-451
includes a built-in parallel-to-serial converter, so that data can
be shifted out of the Q7 output by using the SD clock. After CONNECTION DIAGRAMS
8 clock pulses a pew 8-bit word appears at the outputs, Top Views
The timing and function of the four control signals, PL, IR, PD, Am2812
and OR, are designed so that two FIFOs can be placed end to Di D D3 IR Ves Dy Dg Dg Dy FLAG PL SL Vpp Q7
end, with OR of the first driving PL of the second and IR of the O0nonnAannnonon
second driving PD of the first. With this simple interconnection, 28 dF 2628 2 S23 22 a0 e e e s
strings of FIFOs can control each other reliably to make a
FIFO array any number of words deep. )
1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
ORDERING INFORMATION Dy Vgg OR MR PD SD Qy Qp Q Q3 OE Q4 Qg Qg
Am2813
Dy Dp D3 IR Vgg Dy Ds Dg Dy FLAG PL Dg Vpp Qg
Am2812 Amz813 AO0O0000a0nnorrn
Package Temperature Order Order 28 27 26 25 24 23 22 21 20 19 18 17 16 15
Type Frequency Range Number Number
Hermetic DIP  500KHz 0°C to +70°C AM2812DC AM2813DC
HermeticDIP  500KHz ~ —55°Cto +85°C  AM2812DL AM2813DL
HermeticDIP  1MHz 0°C to +70°C AM2812ADC  AM2813ADC )
HermeticDIP  1MHz —55°Cto +85°C  AM2812ADL  AM2813ADL
HermeticDIP  500KHz ~ —55°C to +125°C - AM28130M
HermeticDIP ~ 1MHz  —55°C to +125°C - AM2813ADM
1 2 3 4 5 6 7 8 9 10 11 12 13 14
guoudoududuoyguuut
Dy Vgg OR MR PD Qp Qp Qp *03 OE Q4 Q5 Qg Q7
Note: Pin 1 is marked for orientation. MOS-462




Am2812/Am2812A « Am2813/Am2813A
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +85°C

Vpp Supply Voltage

Vss —7V to Vgg +0.3V

VGG Supply Voltage

Vss —20V to Vgg 0.3V

DC Input Voltage

Vgs —10V to Vgg +0.3V

OPERATING RANGE
Part Number Ambient Temperature Vss | Vpp Ve
Am28120C, Am2812ADC 0°Cto +70°C 5.0V +5% ov -12V 5%
Am2813DC, Am2813ADC
Am2812DL, Am2812ADL
Am2813DL, Am2813A0L -55°C to +85°C 5.0V +5% ov -12 +5%
Am2813DM, Am2813ADM —55°Cto +125°C 5.0V 5% ov —12V 5%

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.

Parameters Description Test Conditions Min. (Noyt’: 1) Max. Units
VoH Output HIGH Voltage lon = .300mA Vgs —1.0 \4
VoL Output LOW Voltage loL = 1.6mA 0.4 v
ViH Input HIGH Level Vgs —1.0 \4
ViL Input LOW Level 0.8 \4
hL Input Leakage Current Vin =0V (Note 2) 1.0 uA
114 {Note 2) Input HIGH Current VIN = Vss ~1.0V (Note 2) 250 BA
Vpyp Input Pull-up Initiation Voltage (Note 2) Vss = MIN. 20 d

‘ Vss = MAX. 2.2 v
VBAR Voltage at Peak Input Current (Note 2) Vgs —1.5 v
IBAR Maximum Input Current (Note 2) 1.6 mA
TA =0°C to +70°C 14 22
IGG VGaG Current (Note 5) T A= B5°C to +85°C > mA
Ta =0°C to +70°C 30 45
oo VDD Current TA = _55°C to +85°C 55 mA
Notes: 1. Typical limits are at Vgg = 5.0V, Vgg = —12.0V, T =25°C
2. Pull up circuit on Am2813 only, See graph of input V-] characteristics.
3. Am2813ADM and Am2813ADM: Igg is guaranteed for Tp = —55°C to +125°C
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
Am2812/Am2813 Am2812A/Am2813A

Parameters Conditions/Note Test Conditions Min. Typ. Max. Min. Typ. Max. Units
fo Maximum Paralle! Load or Dump Frequency 05 1.0 MHz
tiR+ Delay, PL or SL HIGH to IR In-Active 100 300 1100 80 300 450 ns
t|R— Delay, PL or SL LOW to IR Active 100 250 800 80 250 400 ns
tpwH(P) Minimum PL or PD HIGH Time 100 100 80 ns
tpwL(P) Minimum PL or PD LOW Time 100 100 80 ns
tpwH(S) Minimum SL. or SD HIGH Time Am2812 only 350 350 300 ns
tpwH{P) | Minimum PL or PD HIGH Time Am2813ADM Only 200 ns
towlk(P) Minimum PL or PD LOW Time Am2813ADM Only 200 ns
towL (S} Minimum SL or SD LOW Time Am2812 only 350 350 300 ns
th(D) Data Hold Time 190 300 170 250 ns
t5(D) Data Set-Up Time :: ;t 103 gg ns
tOR+ Delay, PD or SD HIGH to OR LOW OE HIGH 100 450 1100 100 350 520 ns
tOR—~ Delay, PD or SD LOW to OR HIGH OE HIGH 100 400 850 100 300 470 ns
tpT Ripple through Time FIFO Empty 10 8 us
tDH Delay, OR LOW to Data Out Changing PD = LOW 50 200 50 200. ns
tDA Delay, Data Out to OR HIGH PD = HIGH 0 100 0 100 ns

_tMRW Minimum Reset Pulse Width 600 500 ns
tpo Delay, OE LOW to Output OFF 600 500 ns
teo Delay, OE HIGH to Output Active 600 500 as
os [ 10 | m
Cl Input Capacitance 7 7 pF

Notes: 3. IR is active HIGH on Am2813 and active LOW on Am2812,
4, Minimum and maximum delays generally occur at opposite temperature extremes, Devices at approximately the same temperature will have
compatible switching characteristics and will drive each other,
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Am2812/Am2812A « Am2813/Am2813A

TIMING DIAGRAM

le—— AT LEAST tp H AT LEAST tpy L

PLorS 15V 7[ ET

tjRs MAX.

[=-t(D). 1,(D).

¥ 10% 10% 3
DATA IN
90% 90%

Note: IR inverted on Am2812.

MAX.
YR

MIN.:

B

(D)

e ATLEASTHo M ol, ATLEASTt,L

PO or SD i ;F 3(

TOR+ MIN. 10R-
Of ee—r2B= iy,

St/ AT\ S

M.

toR+MAX.
1DH [+— —o] IDA [—
10% 10%
DATA OUT
90% X 90% MOS-466
USER NOTES KEY TO TIMING DIAGRAM

1. When the memory is empty the last word read will remain on
the outputs until the master reset is strobed or a new data

R . WAVEFORM  INPUTS OUTPUTS

word falls through to the output. However, OR will remain
H H 3 i h MUST BE WILL BE
LOW, indicating data at the output is not valid. T ot e

2. When the output data changes as a result of a pulse on PD, the
OR signal always goes LOW before there is any change in wiLL BE
output data and always stays LOW until after the new data mr@gﬁ%"f CHANGING
has appeared on the outputs, so anytime OR is HIGH, there FROMHTOL
is good, stable data on the outputs.

3. If PD is held HIGH while the memory is empty and a word M:‘:‘Qgﬂﬁ'ﬁf g‘&?ﬁ'\{%ﬂ
is written into the input, then that word will fall through the FRO
memory to the output. OR will go HIGH for one internal
cycle {at least tgr+} and then will go back LOW again. The mﬂgﬁ'gm@g; CHAING:
stored word will remain on the outputs. If more words are PERMITTED ~ UNKNOWN
written into the FIFQ, they will line up behind the first word
and will not appear on the outputs until PD has been brought
LOW. i

4. When the master reset is brought LOW, the control register

and the outputs are cleared. IR goes HIGH and OR goes LOW. Pull-up Characteristic Input
If PLis HIGH when the master reset goes HIGH then the data Current Versus Input Voltage

on the inputs will be written into the memory and IR will £ 2s

return to the HIGH state until PL is brought LOW. If PL s »zi

LOW when the master reset is ended, then IR will go LOW & 20

but the data on the inputs will not enter the memory until §

PLgoes HIGH. g 18 AX.—
5. The output enable pin inhibits dump commands while it is 3 AN

LOW and forces the Q outputs to a high impedance state. E e =°c. RN
6. The serial load and dump lines should not be used for intercon- 2 s [ \ ||

necting two FIFOs. Use the parallel interconnection instead. L Ny
7. 1T less than eight bits have been shifted in using the serial load 2 o P4 [ 1

command, a parallel load pulse will destroy the data in the _E‘ 0 10 20 30 40 50 60

partially filled input register. ViN — INPUT.VOLTAGE — Vgg MOS-467
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Am2812/Am2812A « Am2813/Am2813A

LOGIC BLOCK DIAGRAM

O

S p
Dy R — ) o
Dy —- —-— Vl > K.
. 80OR 9.BIT 8OR9BIT 8OR9BIT 8OR9BIT . .
. REGISTER REGISTER REGISTER REGISTER . 3
5 8 1 o __ 30 31 o
— v
o ] X ’_b—— Qg
3 STROBE STROBE STROBE STROBE MR v
SLO——— —I ?
ﬁ f )
PL D>—ei — s Q =1 ——1 s Qe —1 s Q S Q I_ je—— PD
CONTROL c c CONTROL
LOGIC ‘o o & 30 o o 3 o LOGIC
IR el - . R Q R ——— OR
] we [ MR MR we 2P °
[] [] [*]
MR

MOS-463

DESCRIPTION OF THE Am2812 and Am2813 FIFO
OPERATION

The Am2812 and Am2813 FIFOs consist internally of 32 data
registers and one 32-bit control register, as shown in the logic
block diagram. A ‘1" in a bit of the control register indicates
that a data word is stored in the corresponding data register. A
“0"” in a bit of the control register indicates that the corre-
sponding data register does not contain valid data. The control
register directs the movement of data through the data registers.
Whenever the nth bit of the control register contains a *“1”" and
the {n+1)th bit contains a ’“0", then a strobe is generated causing
the (n+1)th data register to read the contents of the nth data
register, simultaneously setting the (n+1)th control register bit
and clearing the nth control register bit, so that the control
flag moves with the data. In this fashion data in the data register
moves down the stack of data registers toward the output as long
as there are "’empty’ locations ahead of it. The fall through
operation stops when the data reaches a register n with a ““1”" in
the (n+1)th control register bit, or the end of the register.

Data is initially loaded from the data inputs by applying a
LOW-to-HIGH transition on the parallel load (PL) input. A “1” is
placed in the first control register bit simultaneously. The first
control register bit is returned buffered, to the input ready (IR)
output, and this pin goes inactive indicating that data has been
entered into the first data register and the input is now “busy”,
unable to accept more data. When PL next goes LOW, the fall-
through process begins (assuming that at Jeast the second location
is empty). The data in the first register is copied into the second,
and the first control register bit is cleared. This causes IR to go
active, indicating the inputs are available for another data word.

The data falling through the register stacks up at the output end.
At the output the last control register bit is buffered and brought
out as Output Ready {OR). A HIGH on OR indicates there is a
1" in the last control register bit and therefore there is valid data

on the data outputs. A parallel dump command is used to
shift the data word out of the FIFO. A LOW-to-HIGH transition
on PD clears the last register bit, causing OR to go LOW, indica-
ting that the data on the outputs may no longer be valid. When
PD goes LOW, the 0" which is now present at the last control
register bit allows the data in the next to the last register to move
into the last register position and on to the outputs. The 0" ir
the control register then ““bubbles’’ back toward the input as the
data shifts toward the output.

- If the memory is emptied by reading out all the data, then wher

the last word is being read out and PD goes HIGH, OR will gc
LOW as before, but when PD next goes LOW, there is no dati
to move into the last location, so OR remains LOW until mon
data arrives at the output. Similarly, when the memory is ful
data written into the first location will not shift into the secont
when PL goes LOW, and IR will remain inactive instead of return
ing to an active state.

The pairs of input and output control signals are designed so tha
the PD input of one FIFO can be driven by the IR output o
another, and the OR output of the first FIFO can drive the PI
input of the second, allowing simple expansion of the FIFO t
any depth. Wider buffers are formed by allowing parallel rows o
FIFOs to operate together, as shown in the application on th
last page.

Because the input ready signal is active LOW on the Am2812
peculiarity occurs when several devices are placed end-to-enc
When the second unit of two Am2812’s fills up, the data out ¢
the first is not dumped immediately. That is, no shift ot
command occurs, so that the data last written into the secon
device remains on the output of the first until an empty locatio
bubbles up from the output. The net effect is that n Am281:
connected end-to-end store 31n+1 words (instead of 32n). Th
Am2813 stores 32n words in this configuration, because IR
active HIGH and does dump the last word written into th
second device,
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Am2812 TIMING DIAGRAM

PLORSL 1 /ﬁ

X

—

(HIGH IF
——— e e e e = DEVICE

_ 3
@ (_. N
INTERNAL / \
STROBE i £

FULL)
6

AN

PD ORSD

DATA
ouT

MOS-464
Am2812 INPUT TIMING

When data is steady PL is brought HIGH (1) causing internal data strobe to be generated (2). When data

has been loaded, IR goes HIGH (3) and data may be changed (4). IR remains HIGH until PL is brought

LOW (5); then IR goes LOW (6) indicating new data may be entered.

OR (——’/2 \ /7
/S Q

MOS-465

Am2812 OUTPUT TIMING

When data out is steady (1), OR goes HIGH (2). When PD goes HIGH (3), OR goes LOW (4). When PD goes
LOW again (5), the output data changes (6) and OR returns HIGH (7).

The input and output_timing diagrams above illustrate the sequence of control on the Am2812. Note that
PL matches OR and [R matches PD in time, as though the signals were driving each other. The Am2813
pattern is similiar, but IR is active HIGH instead of active LOW (shown in timing diagram on next page).

FLAG OUTPUT

A flag output is available on the Am2812 and Am2813 to indi-
cate whether the FIFO is more or less than half full. The flag
signal is generated by summing the “1s"" in the control flip-
flops, and therefore is not affected by the movement of data
through the register. The flag signal goes HIGH when the 13th,
14th, 15th, or 16th word is loaded into the FIFO. It will re-
main HIGH until there are less than 15+1/—2 words in the
memory, It is always HIGH if there are more than 16 words
in the FIFQO.

RESET

An over-riding master reset (MR) is used to clear all control
register bits and set all the outputs LOW.

SERIAL INPUT AND OUTPUT (Am2812 ONLY)

The Am2812 also has the ability to read or write serial bit
streams, rather than 8-bit words. The device then works like
a 256 by 1-bit FIFO. A serial data stream can be loaded into
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the device by using the serial load input and applying data to
Do input. Inputs Dq—D7 must be grounded. The SL signal
operates just like the PL input, causing IR to go HIGH and
LOW as the bits are entered. The data is simply shifted across
the 8-bit input register until 8 bits have been entered; the 8
bits then fall through the register as though they had been
loaded in parallel. Following the 8th SL pulse, IR will remain
inactive if the FIFO is full.

A corresponding operation occurs on the output, with clock
pulses on SD causing successive bits of data to appear on the
07 output. OR moves HIGH and LOW with SD exattly as
it does with PD. When 8 bits have been shifted out, the next
word appears at the output. If a PD command is applied
after the 8 bits on the outputs have been partially shifted out,
the remainder of the word is dumped and a new 8-bit word is
brought to the output. OR will stay LOW if the FIFO is empty.

When the serial input or output clock is used, the correspond-
ing parallel control line should be grounded and when the PD
or PL controls are used the corresponding serial clocks should
be grounded.




Am2812/Am2812A « Am2813/Am2813A

APPLICATIONS
8 8 8 8 8 8
Am2812 Am2812 Am2812 Am2812 . o Am2812
8 X 32 FIFO 8 X32FIFO 8 X32FIFO 8 X 32 FIFO 8 X 32FIFO
FLAG FLac [ 9 FLAG FLAG 111 =9 FLag |
[
[
| | (
o 112 13 1a 15 1 17
AmI3L18
8 INPUT PRICRITY
ENCODER
Ag A1 Ay Gs
? T T T FULLNESS CODE
Fo F1 F2 s GS Fp Fq Fg WordsStored
L L L L 0-15
L L L H 13~-47
L L H- L 45-78
L L H H 76 - 109
L H L L 107 - 140
L H L H 138-171
L H H L 169 - 202
L H H H 200 - 233
H H H H 231 - 249

The Fullness Flags from Am2812 or Am2813 FIFOs can be encoded by an Am93L18 8-input priority
encoder. The output code Fg-F2 indicates the weight of the highest priority input which is LOW. GS is
group signal; it is HIGH if all the inputs are HIGH.

Metallization and Péd Layouts

Am2812 Am2813

VegPo D10z  D3or wm VYegPo 01Dz DP3oR
21 28 27 26 25 3 21 2827 26 25

w3l

MR 4
24 Vss 24 Vgg
23 Dy S s - j— 23 D4
2
22 D5 i a——- 22D
Q & —1f] i 5
21 Og o 7 i 21 Dg
Q s —§ ‘
20 D7 il 20 Dy
Q3 9 — bl
& "
Q4 10 JL ==
19 FLAG AT 19 FLAG
I Oty
1213 14 15 16 17 18 112 13 14 1516 1718
Q@ Q5 Qg Q7 Vpp CPy S! OE Q5 Qg Q; QgVpp Dg SI

DIE SIZE 0.128" X 0.168"
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Am2841/3341/2841A

64 x 4 First-In First-Out Memories

Distinctive Characteristics

® Plug-In replacement for Fairchild 3341
® Asynchronous buffer for up to 64 four-bit words
® Easily expandable to larger buffers

® Am2841 has 1 MHz guaranteed data rate

® Am2841A has 1.2MHz guaranteed data rate

® 100% reliability assurance testing in compliance with
MIL-STD-883

® Special input circuit provides true TTL compatibility

FUNCTIONAL DESCRIPTION

The Am3341/Am2841/Am2841A is an asynchronous first-in first-
out memory stack, organized as 64 four-bit words. The device
accepts a four-bit parallel word Dg—D3 under control of the shift
in (S1) input. Data entered into the FIFO immediately ripples
through the device to the outputs Qp—Q3. Up to 64 words may be
entered before any words are read from the memory. The stored
words line up at the output end in the order in which they were
written. A read command on the shift out input (SO) causes the
next to the last word of data to move to the output and all data
shifts one place down the stack. Input ready (IR) and output ready
(OR) signals act as memory full and memory empty flags and also
provide the necessary pulses for interconnecting FIFOs to obtain
deeper stacks.

Parallel expansion to wider words only requires that rows of FIFQOs
be placed side by side.

Reading and writing operations are completely independent, so the
device can be used as a buffer between two digital machines op-
erating asynchronously and at widely differing clock rates. Special
input circuits are provided on all inputs to pull the input signals up
to an MOS V| when a TTL Vg is reached, providing true TTL
compatibility without the inconvenience and extra power drain of
external pull-up resistors. A detailed description of the operation is
on pages 4 and 5 of this data sheet. The Am2841 and Am2841A are
functionally identical to the Am3341, but are higher performance
devices.

LOGIC BLOCK DIAGRAM

Do - Qg
Dy — ———t Q4
4.BIT 4.BIT 4BIT 4BIT
REGISTER REGISTER REGISTER REGISTER
0 1 62 63
D2 — — Q2
b3 STROBE STROBE [ STROBE STROBE MR 03
St S>—1 — s a —s aQp— s Q s a L |—< sO
T & o | _|esume
IR ~—OX =y —R WA Qo4 R MR Q R MR Q R VR Qo f——e= OR
[] F [¢) (9]
R
MOS-469
ORDERING INFORMATION CONNECTION DIAGRAM
Top View
Ve q 1® 16 b Vss
Am3341 Am2841 Am2841A Nal 5[50
Package Temperature Order Order Order
Type Range Number Number Number sids 14 [or
S Q) Dy [ 4 13[J0%
Molded DIP 0 Cto+70 C AM3341PC  AM2841PC  AM2841APC
Hermetic DIP  0°Cto+70°C  AM3341DC AM2841DC  AM2841ADC o[ 2o
Hermetic DIP ~55°C to +125°C AM2841DM D[ 1]
D3 [+ 10[]9s
Voo (] 8 9 []wR
Note: Pin 1 is marked for orientation.
MOS-470




Am2841/3341/2841A
MAXIMUM RATING (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias k —55°C to +125°C
Vpp Supply Voltage ) Vgg —7V to Vgg +0.3V
Vgg Supply Voltage Vss —20V to Vgg +0.3V
DC Input Voltage Vgs —10V to Vgg +0.3V

OPERATING RANGE

Part No. Ambient Temperature Vgs Vpp \eYe]

Am3341PC, DC
Am2841PC, DC 0°C to +70°C +5.0 5% GND —12.0 5%
Am2841APC, DC

Am2841DM —65°C to +1258°C +5.0 5% GND —12.0 5%

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.

Parameters Description Conditions Min. (Note 1) Max. Units
VOH Output HIGH Voltage IgH = .300mA Vgs —1.0 Volts
VoL Output LOW Voltage loL= 1.6mA 0.4 Volts
ViH Input HIGH Level Vgs —1.0 Volts
ViL Input LOW Level 0.8 Volts
e Input Leakage Current ViN=0V 1.0 nA
hH Input HIGH Current VIN = Vgs —-1.0V 250 uA

Vgg = MIN. 2.0 Volts
Vpupr Input Pull-up Initiation Voltage {Note 2)
Vgs = MAX. 2.2 Volts
VBAR Voltage at Peak Input Current (Note 2) Vsg —1.5 Volts
IBAR Maximum Input Current (Note 2) 1.6 mA
TaA =0°C to +70°C 7 12
[Fele] VGG Current < 5 mA
Ta=-565"Cto+125°C 16
Ta =0°Cto +70°C 30 45
Ipp Vpp Current = = mA
Ta=-55"Cto+125°C 60

Notes: 1. Typical limits are at Vgg = 5.0V, Vgg = —12.0V, Tp = 25°C
2. See graph of input V-I characteristics.

SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Am3341 Am2841 Am2841A
Parameters Definition Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
Maximum Sl or SO
fmax Frequency 0.75 1.0 1.2 MHz
R+ Delay, S| HIGH to IR LOW 920 250 | 550 80 400 80 350 ns
tiR— Delay, S| LOW to IR HIGH 138 275 550 100 550 100 | . 450 ns
Minimum Time SI and
tov+ IR both HIGH 100 80 80 ns
Minimum Time S1 and
tov— IR both LOW 100 80 80 ns
tps) Data Release Time 400 200 200 ns
tpp Data Set-up Time 25 0 0 ns
tOR+ Delay, SO HIGH to OR LOW 90 250 500 70 200 450 80 200 370 ns
tOR— Delay, SO LOW to OR HIGH 170 350 850 70 200 550 70 200 450 ns
tpT Ripple through Time FIFO Empty 10 32 8 16 8 16 us
tpH Delay, OR LOW to Data Out SO = LOW 75 75 75 ns
tMRW | Minimum Reset Pulse Width 400 400 400 ns
tDA Delay, Data Out to OR HIGH SO = HIGH 0 30 0 20 0 20 ns
Input Capacitance {Except :
ci Vi) 7 7 7 pF
CMR Input Capacitance MR 15 7 7 pF

Note: Switching times over the entire temperature range are such that two devices at approximately the same ambient temperature can drive each other,
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Am2841/3341/2841A

TIMING DIAGRAM

le———— AT LEAST Tgy s ————er] AT LEAST Ty ———e=|

MAX.

MIN..
SHIFT IN l 4 _N YR !
sh 15V 7 IR+ K— 1R
MIN, )

7[ . NN\\\\XK 7(//7 —

le—— AT LEAST Tgys AT LEAST Toy—

SHIFT OUT L l
59 sV (
MAX.

f-———MIN.

OUTPUT READY 5 ‘0R— [
{OR) 18V R+ Y 7

=] DH f=— —={tpale—

DATA QUT — — 150
(G003 - W -
A MOS-471

USER NOTES

1. When the memory is empty the last ' word read will remain on
the outputs until the master reset is strobed or a new data
word falls through to the output. However, OR will remain
LOW, indicating data at the output is not valid.

2. When the output data changes as a result of a pulse on SO, the
OR signal always goes LOW before there is any change in
output data and always stays LOW until after the new data
has appeared on the outputs, so anytime OR is HIGH, there
is good, stable data on the outputs.

3. If SO is held HIGH while the memory is empty and a word
is written into the input, then that word will fall through the
memory to the output. OR will go HIGH for one internal
cycle (at least tgg+)and then will go back LOW again. The
stored word will remain on the outputs. If more words are
written into the FIFO, they will line up behind the first word
and will not appear on the outputs until SO has been brought
LOW.

4. When the master reset is brought LOW, the control register
and the outputs are cleared. IR goes HIGH and OR goes LOW.
If SI is HIGH when the master reset goes HIGH then the data
on the inputs will be written into the memory and IR will
return to the LOW state until Sl is brought LOW. If Si is
LOW when the master reset is ended, then IR will go HIGH,
but the data on the inputs will not enter the memory until
Sl goes HIGH.
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Am2841/3341/2841A

Pull-up Characteristic Input
Current Versus Input Voltage

<
E -25
1
=
b -20
@
o
3

~15 MAX ~—
5 4
bt 0°C,
-
2 ot LN

2

5 1 L__ \
E: |
Z o5 |
1 0°C
o -
3 0 10 20 30 40 50 60
g

Vin = INPUT VOLTAGE — Vgg

MOS-472

DESCRIPTION OF THE Am3341 FIFO OPERATION

The Am3341 FIFO consists internally of 64 four-bit data registers
and one 64-bit control register, as shown in the logic block
diagram. A ‘1" in a bit of the control register indicates that a
four-bit data word is stored in the corresponding data register. A
“0” in a bit of the control register indicates that the corre-
sponding data register does not contain valid data. The control
register directs the movement of data through the data registers.
Whenever the nth bit of the control register contains a “’1"" and
the {n+1)th bit contains a “0”, then a strobe is generated causing
the (n+1)th data register to read the contents of the nth data
register, simultaneously setting the (n+1)th control register
bit and clearing the nth control register bit, so that the control
flag moves with the data. In this fashion data in the data register
moves down the stack of data registers toward the output as long
as there are “‘empty’’ locations ahead of it. The fall through oper-
ation stops when the data reaches a register n with a “*1”" in the
(n+1)th control register bit, or the end of the register.

Data is initially loaded from the four data inputs Dg—D3 by
applying a LOW-to-HIGH transition on the shift in (Sl) input.
A 1" is placed in the first control register bit simultaneously.
The first control register bit is returned, buffered, to the input
ready (IR) output, and this pin goes LOW indicating that data has
been entered into the first data register and the input is now
“busy”’, unable to accept more data. When Sl next goes LOW,
the fall-through process begins (assuming that at least the second
location is empty). The data in the first register is copied into
the second, and the first control register bit is cleared. This
causes IR to go HIGH, indicating the inputs are available for
another data word.

6-10

The data falling through the register stacks up at the output end.
At the output the last control register bit is buffered and brought
out as Output Ready (OR). A HIGH on OR indicates thereisa
1’ in the last control register bit and therefore there is valid
data on the four data outputs Qg—Q3. An input signal, shift out
(S0O), is used to shift the data out of the FIFO. A LOW-to-HIGH
transition on SO clears the last register bit, causing OR to go
LOW, indicating that the data on the outputs may no longer be
valid. When SO goes LOW, the 0" which is now present at the
last control register bit atlows the data in the next to the last
register to move into the last register position and on to the
outputs. The 0" in the control register then “bubbles” back
toward the input as the data shifts toward the output.

If the memory is emptied by reading out all the data, then when
the last word is being read out and SO goes HIGH, OR will go
LOW as before, but when SO next goes LOW, there is no data
to move into the last location, so OR remains LOW until more
data arrives at the output. Similarly, when the memory is full
data written into the first location will not shift into the second
when SI goes LOW, and IR will remain LOW instead of returning
to a HIGH state.

The pairs of input and output control signals are designed so that
the SO input of one FIFO can be driven by the IR output of
another, and the OR output of the first FIFO can drive the Si
input of the second, allowing simple expansion of the FIFO to
any depth. Wider buffers are formed by allowing parallel rows of
FIFOs to operate together, as shown in the application on the
last page.

An over-riding master reset (M—R) is used to reset all control
register bits and remove the data from the output (i. e.reset the
outputs to all LOW).



Am2841/3341/2841A

1 A

A2
A3

gl

INITIAL CONDITION
FIFO empty, SI LOW IR HIGH, word “ A’ on inputs.

7 Co ——afCofCofCofcofco]calBo|ropo-a
Ch——JCr | fei e [er e fay]a -
C ——adC2|C2|Co|Co|Co|Ca [B2])A2 o
€3 ——a{C3|C3|C3|cafca|cs|Ba|Aa }—mou
£ 50
L=t H o [ —-— L
[efofefeTo " [+ ]1]
L N NN on
H=w= | —= H

Word *’C*" written in same manner, and so on. When buffer is full,
all control bits are 1’s and IR stays LOW.

2 A ———] Ag —

Al —=l Ay ——

A2 —e—ed A7 b

A3 — -l A3 ——
Lot —SL o -~

[ JofoJoloooT0]
IR OR

A, Hoe=l L

Write input into first stage by raising SI. (A = delay} IR goes LOW
indicating data has been entered.

8 —— Ho| Go [ Fo | Eo [Do | Co |Bp [ A0
] H1 | Gy | Fy [Eq [Oy | Cp By | A e
———={ M2 | G2 [F2 | E2 [D2 | Co |B [Ay | o
M3 |G3 [F3 | E3 [D3]Ca |83 [A2 e

R 0 e
I I I R K
IR R
L 0 AH-=L

FIRST READ OPERATION
SO goes HIGH, indicating “Ready to Read”. OR then goes LOW
indicating “Data Read"’.

3 80 — 140 ] 40 .

Bl ——] A1 | Ay ——

B ——] A2 | A2 —

83 ———={A3 [ Ay f—_—

Homl =Sl o 2
[oftToJoJoeJoTo]o]

sy =0 [ o,

Release data into FIFO by lowering SI. After delay, data moves to
second location, and IR goes HIGH indicating input available for
new data word.

Ho | Go | Fo | Eo (Do | Do | Co [ Bo
Hi| Gy | Fy [E1 | Dy Dy [Cy| By
Hz | G2 [Fz2 [E2 | D202 |Co | B2
H3[Ga (F3 [E3 (D3 D3 |C3 | By

. AL lA\/A\"\M) O Lol
ERENEKEENENEREN KR
X\ A

R \/A\/I\/A\/ OR o L=t

9

1

gifl

i

L
When SO goes LOW, the 0" in the last control bit bubbles toward
the memory input. OR goes HIGH as the new word arrives at the
output. 1R goes HIGH when 0" reaches input.

4 By ———{ Ao | Ao | Ao | Ao | A0 | Ao | Ao | Ap b—e
Bt AL (A A A (A A A A L
8 — wlAz[A2 A2 | A2 fA2 [ Ag [A2 | A2 —w
83 ———wt A3 | A3 [A3 [ A3 |Ag| A3 | A3 ] A b
sl SO

|

L (64 BITS)

Data spontaneously ripple through registers to end of FIFO, causing
OR to go HIGH. The time required for data to fall completely
through the FIFO is the “Ripple-through Time”.

10 ———] | Ho | Mo G| Fo| €0 | Do | o f—em
e P P RPN R T P T T S,
e Hy|H2 [ M2 |Ga [ F2 €y |02 |7 e
p— T R R Y D CRY ()
T, R

H—e= L= H

5

Bo ————i B0 [ Ao | Ao | A0 | Ao | Ao | Ag | A f——emm
By e By | Ar | A Ay A | Ay A A
B2 1 B2 | A2 (A2 A2 (A2 ) A2 (A7 |A2 |
B3 — =1 B3| A3 [ A3 [ A3 [ A3 | A3 | A3 [ A3 [
H S0 L

tJofofofoJoJoTn
A Lo,

Word "B’ written into FIFQ

11 ameeeam] Ho § Ho [ Ho [ Ho [ Ho ( Ho [ Hp [ HO foaemem
———] M1 ] Hi | Hi | Hy JHY L H | Hy | HY e
———= H2 [ H2 { H2 | H2 | H2 | Ha [ H2 | HY e
e H3 [ H3 [ H3 | H3 {Ha | 3| Ha| H3 e
_—SI ——50 Lo o - |

Hoetm L= |

Read word “H". OR stays LOW because FIFO is empty. Word
“H"* remains in output until new word falls through.

80 wmmemem! B0 | B0 [ Bo | Bo [ Bo | Bo [ Bo | A0 e
B e B9 | 89 [ By [ By By 1By [ By A
82 ———{ 82|82 | B2 1 B2 821828 A L o
83 ——eni B3 (83 | B3 | B3 [ 33) 33 | B3 | A3 |
ool e -~
loJoJofoJoJo] 1 TH
A L~e=H ._llﬁ OR H

Sl goes LOW allowing word *‘B"’ to fall through.
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Am2841/3341/2841A

Og Og Qo Og Qg Do Qg Qg
Dq Dy Q 04 Q3 O Q1 O
D D. Q D, Q 0. Q
o2 b2 Am3ayAm2M1 2 o2 Am3lavamass1 o2 o2 AmevAmzsat 02 o
3 4X 64 FIFO 3 3 4X64FIFO 3 4 X 64 FIFO 3 3
R si oR st oR st oR s
" s0 IR s0 IR s0 ST
Dy 0o Qg Do Qo Og Qo Qs
Os Oy 9 Dy a il a Qs
Dg D; Q; D; Q; D. Q:
b o Am3mavamsar o2 o2 AmaMvamBar o2 0y AmalvAm2Bal pad
7 3 4X 64 FIFO 3 3 4X64FIFO 3 4 X64 FIFO 3 7
S OR SI OR Si OR
I s0 iR S0 IR s0
INPUT ? ?
READY

QUTPUT READY

The composite input ready indicates both devices are ready to receive data. The shift in pulse must be

wide enough for all devices to load data under worst case conditions.

8 X 192 FIFO Buffer Using Am3341/Am2841

MOS-473

Metallization and Pad Layout

i
I

Voo

126 x 138 Mils
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Am8035
Am8048
Am8080A/9080A
AmB085A/AmB085A-5/
Am9085ADM
Am8155
AmB8156
Am8251/9551
Am8253/8253-5
Am8255A
Am8255A-5
Am8257/9557
Am8279
Am8279-5
Ama511A
Amg512
Am9513
Am9517A
Am9519A

Microprocessors

and

Peripheral Circuits
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Single-Chip 8-Bit Microcomputer .............ovirireiiraneerannnnnn. 71
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Programmable Peripheral Interface ............... ...,
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Universal Interrupt Controlier .. ...t







Am8048/8035

Single Chip 8-Bit Microcomputers

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
e 8-bit CPU, ROM, RAM, I/O in single package The Am8048 contains a 1k x 8 program memory, a 64 x 8
e Single +5V supply ) RAM data memory, 27 I/O lines, and an 8-bit timer/counter in
e All instructions 1 or 2 cycles addition to on board oscillator and clock circuits. For systems
e Over 90 instructions: 70% single byte that require extra capability, the Am8048 can be expanded
e 1K x 8 ROM using. standard memories and AmS080A peripherals. The
® 64 x 8 RAM Am8035 is the equivalent of an Am8048 without program
® 27 /O lines memory.
@ Interval timer/event counter The microprocessor is designed to be an efficient controller.
e Easily expandable memory and I/O The Am8048 has extensive bit handling capability as well as
¢ Single level interrupt facilities for both binary and BCD arithmetic. Efficient use of
® 100%. reliability assurance testing to MIL-STD-883 program memory results from an instruction set consisting
mostly of single byte instructions and no instructions over two
bytes in length.
BLOCK DIAGRAM CONNECTION DIAGRAM
Top View
1o 40[Jvee
- xTAL, (]2 sl Ty
1024 WORDS 64 WORDS XTAL, []3 8Py
ctock PROGRAM DATA RESET [ 4 37f TPy
MEMORY MEMORY sss 36 1Pys
wr e 35[1py,
EAl]7 34 1Py
Ablgs 33 1pys
PSEN 9 32
T PENLS Amsoss g:j
CPU ¢ aeCjn  AmB03s =
pB, (] 12 29[ 1p,,
pB,[]13 28[ Py,
pe, []14 27{ Py,
pB; 15 26{Jvpp
8-BIT , pB, ] 16 25{_1PROG
TIMER/EVENT EZN'E% oBs [ 17 24 ey
COUNTER DBg 118 23 :]P22
pB, ] 19 22[ Py,
Vg [ 20 21 1Py,
Note: Pin 1 is marked for orientation.
MOS-163 MOS-164
ORDERING INFORMATION .
Package Ambient Temperature
Type Specification Order Numbers
. " AM8048DC AMB8035DC
Hemete DIP" | oc<Ty< +70°c | AMB048CC | AMBO35CC
Molded DIP AMB048PC AMB035PC
*Hermetic = Ceramic = DC = CC = D-40-1.

71



Am8048/8035
MAXIMUM RATINGS (Above which useful life may be impaired)

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias 0°C to +70°C
Voltage on Any Pin with Respect to Ground -0.5V 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.

DC AND OPERATING CHARACTERISTICS

Ta = 010 70°C, Vge = Vpp = +5.0V £10% (Note 1), Vgg = OV Limits

Parameters Description Test Conditions Min Typ Max  Units
VL Input Low Voltage (All Except RESET, X1, X2) -5 8 Volts
Vig Input Low Voltage (RESET, X1, X2) -5 6 Volts
Vin Input High Voltage (All Except XTAL1, XTAL2, RESET) 2.0 Vce | Volts
Vil Input High Voltage (X1, X2, RESET) 3.8 Vee | Volts
VoL Output Low Voltage (BUS) VoL = 2.0mA .45 Volts
Vout Output Low Voitage (RD, WR, PSEN, ALE) loL = 1.8mA 45 Volts
VoLz Output Low Voitage (PROG) loL = 1.0mA 45 Volts
VoLs Output Low Voltage (All Other Outputs) loL = 1.6mA .45 Volts
Vou Output High Voltage (BUS) loy = —400pA 24 Voits
Vo Output High Voltage (RD, WR, PSEN, ALE) loy = —100pA 2.4 Volts
VoHz2 Qutput High Voltage (All Other Outputs) loy = —40uA 2.4 Voits
Iy Input Leakage Current (T1, INT) Vgs < Vin < Vee *10 BA
it Input Leakage Current (P10-P17, P20-P27, EA, SS) Vgg + .45 = V)y = Vee -500 A
ILo Output Leakage Current (BUS, TO) (High Impedance State) | Vgg + .45 < V|y < Vgo +10 HA
Ibp Vpp Supply Current 5 15 mA
lop + Icc | Total Supply Current 60 135 mA

INPUT AND OUTPUT WAVEFORMS FOR AC TESTS
24
‘X 2'°] TEST POINTS EZTX
045 0.8 0.8
AC CHARACTERISTICS
Ta = 01070°C, Vec = Vpp = +5.0V =10% (Note 1), Vgg = OV Am8048
Test Conditions Am8035

Parameters Description (Note 2) Min Max Units
L ALE Pulse Width 400 ns
taL Address Set-up to ALE 120 ns
tLa Address Hold from ALE 80 ns
tec Control Pulse Width (PSEN, RD, WR) 700 ns
tow Data Set-up Before WR 500 ns
twp Data Hold After WR C_ = 20pF 120 ns
tey Cycle Time 6MHz XTAL (3.6MHz XTAL for -8) 2.5 15.0 us
tor Data Hold 0 200 ns
trD PSEN, RD to Data In 500 ns
taw Address Set-up to WR 230 ns
tap Address Set-up to Data In 950 ns
tarc Address Float to RD, PSEN ] ns
tca Control Puise to ALE 10 ns

Notes: 1. Vgc and Vpp for AmB035-8 are +5%.
2. Control Outputs: C_ = 80pF.
Bus Outputs: C; = 150pF, tgy = 2.5us.



Am8048/8035

WAVEFORMS
INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY

ALE | | | | '
—tarc
tec i tca
t

PSEN I

A |
taL DR
BUS FLOATING (ADDRESSX FLOATING FLOATING
— + o X
tap:

NS

INSTRUCTION
MOS-165
READ FROM EXTERNAL DATA MEMORY
ALE | I | I
——
RD | |
'AFCA‘ '7 —’I I_'DR
BUS FLOATING XADDRESSXFLOATINGX DATA X FLOATING
tap

MOS-166

WRITE TO EXTERNAL DATA MEMORY

ALE l l I |
]—-——'cc——f‘——l—'m
WR I I
tow twp

BUS FI.OATINGx ADDRESS.X FLOATING x DATA x FLOATING
MOS-167

PORT 2 TIMING

N

=
S
>

EXPANDER —
PORT teL tp top tep
X 4 \
OUTPUT PCH PORT 2;.; DATA PORT CONTROL%\ OUTPUT DATA ><
EXPANDER
PORT J‘ ter tpp
}
x r INPUT ‘><
INPUT PCH x PORT 2.3 DATA PORT CONTROL )(LD ATA
|
tcp e tpg ——o|
\ tep
PROG \ /
MOS-168




Am8048/8035
AC CHARACTERISTICS (Port 2 Timing)

Ta = 0to 70°C, Vgc = 5V £10% (Note 1), Vgg = OV Am8048
AmB8035
Parameters Description Test Conditions Min. Max. Units
tcp Port Control Set-up before Falling Edge of PROG 110 ns
tpc Port Control Hold after Falling Edge of PROG 100 ns
tpR PROG to Time P2 Input Must be Valid 810 ns
top Output Data Set-up Time 250 ns
tep Output Data Hold Time 65 ns
tpr Input Data Hold Time 0 150 ns
tpp PROG Pulse Width 1200 ns
tpL Port 2 /O Data Set-up 350 ns
tp Port 2 I/O Data Hold 150 ns

PIN DESCRIPTION

Vss

Circuit GND potential.

Voo

Power supply; +5V during operation. Low power standby pin for
Am8048 ROM.

Vee

Main power supply; +5V.

PROG

Output strobe for Am8243 /O expander.

P4 0-P1 7 Port 1
8-bit quasi-bidirectional port.

on-P27 Port 2
8-bit quasi-bidirectional port.

P,0-P23 contain the four high order program counter bits during
an exteral program memory fetch and serve as a 4-bit I/O expan-
der bus for Am8243.

Dy-D7 BUS
True bidirectional port which can be written or read synchro-

nously using the RD, WR strobes. The port can also be statically
latched.

Contains the 8 low order program counter bits during an external
program memory fetch, and receives the addressed instruction
under the control of PSEN. Also contains the address and data
during an external RAM data store instruction, under control of
ALE, RD and WR.

To

Input pin testable using the conditional transfer instructions JTg
and JNT,. Ty can be designated as a clock output using ENTO
CLK instruction. Ty is also used during programming.

Ty

Input pin testable using the JT,, and JNT; instructions. Can be
designated the timer/counter input using the STRT CNT instruc-
tion.

INT

Interrupt input. Initiates-an interrupt if interrupt is enabled. Inter-
rupt is disabled after a reset. Also testable with conditional jump
instruction (Active low).

RD
Output strobe activated during a BUS read. Can be used to

.enable data onto the BUS from an external device.

Used as a Read Strobe to External Data Memory (Active low).
RESET

Input which is used to initialize the processor. Also used during
power down (Active low).

WR

Output strobe during a BUS write (Active low) (Non-TTL Vy).
Used as write strobe to External Data Memory.
ALE

Address Latch Enable. This signal occurs once during each cycle
and is useful as a clock output.

The negative edge of ALE strobes address into external data and
program memory.

PSEN

Program Store Enable. This output occurs only during a fetch to
external program memory (Active low).

3

Single step input can be used in conjunction with ALE to “single
step” the processor through each instruction (Active low).

EA

External Access input which forces all program memory fetches
to reference external memory. Useful for emulation and debug,
and essential for testing and program verification (Active high).

XTAL,

One side of crystal input for internal oscillator. Also input for
external source (Not TTL compatible).

XTAL,
Other side of crystal input.
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Am8080A/9080A

8-Bit Microprocessor

lon-implanted, n-channel, silicon-gate MOS technology

Distinctive Characteristics °

®
® Plug-in replacements for 8080A, 8080A-1, 8080A-2 o
® High-speed version with 1usec instruction cycle °
o Military temperature range operation to 1.5usec °

3.2mA of output drive at 0.4V (two full TTL loads)
700mV of high, 400mV of low level noise immunity
820mW maximum power dissipation at 5% power
100% reliability assurance testing to MIL-STD-883

GENERAL DESCRIPTION

The AmS080A products are complete, general-purpose, single-
chip digital processors. They are fixed instruction set, parallel,
8-bit units fabricated with Advanced N-Channel Silicon Gate
MOS technology. When combined with external memory and
peripheral devices, powerful microcomputer systems are
formed. The Am93080A may be used to perform a wide variety
of operations, ranging from complex arithmetic calculations to
character handling to bit control. Several versions are available
offering a range of performance options.

The processor has a 16-bit address bus that may be used to
directly address up to 64K bytes of memory. The memory
may be any combination of read/write and read-only. Data
are transferred into or out of the processor on a bi-directional
8-bit data bus that is separate from the address lines. The data
bus transfers instructions, data and status information between
system devices. All transfers are handled using asynchronous
handshaking controls so that any speed memory or 1/0 device
is easily accommodated.

An accumulator plus six general purpose registers are available
to the programmer. The six registers are each 8 bits long and
may be used singly or in pairs for both 8 and 16-bit operations.
The accumulator forms the primary working register and is the
destination for many of the arithmetic and logic operations.

A general purpose push-down stack is an important part of the
processor architecture. The contents of the stack reside in R/W
memory and the control logic, including a 16-bit stack pointer,
is located on the processor chip. Subroutine call and return
instructions automatically use the stack to store and retrieve
the contents of the program counter. Push and Pop instruc-
tions allow direct use of the stack for storing operands, passing
parameters and saving the machine state.

An asynchronous vectored interrupt capability is included to
allow external signals to modify the instruction stream. The
interrupting device may specify an interrupt instruction to be
executed and may thus vector the program to a particular
service location, or perform some other direct function. Direct
memory access (DMA) capability is also included.

BLOCK DIAGRAM

DATA BUS
(8BITS)

BUS BUFFER

DATA LATCH

SELECT LOGIC

INSTRUCTION
REGISTER

REGISTER ARRAY

STACK POINTER

INSTRUCTION
DECODER

PROGRAM COUNTER

ADDRESS LATCHES

TIMING
CONTROL —~a—e
LINES

TIMING AND
CONTROL LOGIC

- 1

INTERFACE
CONTROL
LINES

ADDRESS BUFFER
ADDRESS BUS
(16 BITS)

ACCUMULATOR TEMPORARY

REGISTER

REGISTER

r
]

FLAG REGISTER

-
|
I

ALU
ARITHMETIC AND LOGIC UNIT

MOS-155

ORDERING INFORMATION

Armhiant T Minimum Clock Period
Package Type Specification 250ns 320ns 380ns 480ns
~| Amo0s0A-1DC | AM90B0OA-2DC | AMS080ADC
Hermetic DIP* A eoaaoS | AM90BOAMCC | AM90BOA2CC | AMS0BOACC
0°C < Tp < +70°C D8080A-1 DB080A-2 DB0SOA
AM9OBOATPC | AMIOBOA-2PC | AMIOBOAPC
Molded DIP AMB080A-4PC P80B0OA-1 P8080A-2 P8080A
i AMS080ADM
H G < T, < 195 .
ermetic DIP 55°C < Tp < +125°C AM9080A20M | AMIOSOA

*Hermetic = Ceramic = DC = CC = D-40-1.




Am8080A/9080A

CONNECTION DIAGRAM

INTERFACE SIGNAL SUMMARY

external devices to modify the instruction flow of
the program in progress. Interrupt requests are

Top View
At AN N A TYPE | PINS | ABBREVIATION | SIGNAL
(GND)Vgs ——f 2 39— At4 INPUT 1 Vss Ground
o4 : 3 - j A3 INPUT 3 Vpp. Vce. VBB +12V, +56V, —5V Supplies
05 1« a3 Atz INPUT 2 1,92 Clocks
o6 . I INPUT 1 RESET Reset
L [ Ats INPUT 1 HOLD Hold
o7 =—LJs I INPUT 1 INT Interrupt
03 =—={]7 u [ —s0 INPUT 1 READY Ready
pz =—e{ o sl }——w IN/OUT 8 | Do-Dy Data Bus
e I K 2 }— 26 OUTPUT 16 Ap—A1s Address
D0 —=—={"f10 AMIOSOA [ F——as OUTPUT 1 INTE Interrupt Enable
(~5.6V)Vgg ] | 11 o[} a4 OUTPUT 1 DBIN Data Bus In Control
RESET —=[ |12 29[ J— a3 OUTPUT 1 WR Write Not
HOLD __,l: 13 28— vpp+12v) OUTPUT 1 SYNC Cycle Synchronization
INT E 14 2777 A2 OouTPUT 1 HLDA Hold Acknowledge
52 s 2 _—_I At OUTPUT 1 WAIT Wait
INTE =—[ |16 25— 40
paiN ~—o/ |17 24 [} war
WR -——— |18 23 [ }=—— READY
SYNC ~——] |19 2] Jo—:2¢1
(+5.0V)vee —— |20 21— HLDA
Note: Pin 1 is marked for orientation,
MOS-156
INTERFACE SIGNAL DESCRIPTION handled efficiently with the vectored interrupt pro-
cedure and the general purpose stack. Interrupt
¢1,92.  The Clock inputs provide basic timing generation for processing is described in more detail an the next
all internal operations. They are non-overlapping page.
two phase, high level signals. All other inputs to the Dp-D7 The Data Bus is comprised of 8 bidirectional signal
processor are TTL compatible. lines for transferring data, instructions and status
RESET The Reset input initializes the processor by clearing mf.c;rmatlon between the processor and all external
the program counter, the instruction register, the . units.
interrupt enable flip-flop and the hold acknowledge AQ-A15 The Address Bus is comprised of 16 output signal
flip-flop. The Reset signal should be active for at lines used to address memory and peripheral devices.
least three clock periods. The general registers are SYNC  The Sync output indicates the start of each pro-
not cleared. cessor cycle and the presence of processor status
HOLD  The Hold input allows an external signal to cause the information on the data bus.
processor to relinquish control over the address lines DBIN The Data Bus In output signal indicates that the
and the data bus. When Hold goes active, the pro- bidirectional data bus is in the input mode and
cessor completes its current operation, activates incoming data may be gated onto the Data Bus.
the Hida output, and puts the 3-state address and N - .
data lines into their high-impedance state. The WAIT The Wait output indicates that the processor has
Holding device can then utilize the address and data entered the Wait state and is prepared. to accept
busses without interference a Ready from the current external operation.
READY The Ready input synchronizes the processor with WR The Write output indicates the validity of output on
external units. When Ready is absent, indicating the the data bus during a write operation.
external operation is not complete, the processor HLDA  The Hold Acknowledge output signal is a response
will enter the Wait state. It will remain in the Wadit to a Hold input. It indicates that processor activity
state until the clock cycle following the appearance has been suspended and the Address and Data Bus
of Ready. signals will enter their high impedance state.
INT The Interrupt input signal provides a mechanism for INTE The Interrupt Enable output signal shows the status

of the interrupt enable flip-flop, indicating whether
or not the processor will accept interrupts.




Am8080A/S080A

INSTRUCTION SET INTRODUCTION

The instructions executed by the Am9080A are variable length
and may be one, two or three bytes long. The length is deter-
mined by the nature of the operation being performed and
the addressing mode being used.

The instruction summary shows the number of successive
memory bytes occupied by each instruction, the number of
clock cycles required for the execution of the instruction,
the binary coding of the first byte of each instruction, the
mnemonic coding used by assemblers and a brief description
of each operation. Some branch-type instructions have two
execution times depending on whether the conditional branch
is taken or not. Some fields in the binary code are labeled
with alphabetic abbreviations. That shown as vvv is the address
pointer used in the one-byte Call instruction (RST). Those
shown as ddd or sss designate destination and source register
fields that may be filled as follows:

111
000
001
010
011
100
101
110

The register diagram shows the internal registers that are
directly available to the programmer. The accumulator is the
primary working register for the processor and is a specified
or implied operand in many instructions. All 1/O operations
take place via the accumulator. Registers H, L, D, E, Band C
may be used singly or in the indicated pairs. The H and L pair
is the implied address pointer for many instructions.

A register
B register
C register
D register
E register
H register
L register
Memory

The Flag register stores the program status bits used by the
conditional branch instructions: carry, zero, sign and parity.
The fifth flag bit is the intermediate carry bit. The flags and
the accumulator can be stored on or retrieved from the stack
with a single instruction. Bit positions in the flag register when
pushed onto the stack (PUSH PSW) are:

6 4 3 2 1

CcY1 0] P 1

0
CY2

S

where S =sign, Z = zero, CY1 = intermediate carry, P = parity,
CY2 = carry.

REGISTER DIAGRAM

:
| ACCUMULATOR I 8

I H REGISTER | L REGISTER I 8+8
| D REGISTER I E REGISTER | 8+8
I B REGISTER I C REGISTER I 8+8
| PROGRAM COUNTER I 16
L STACK POINTER | 16

During Sync time at the beginning of each instruction cycle
the data bus contains operation status information that
describes the machine cycle being executed. Positions for the
status bits are:

1

Wi

MEMR| INP OUT [HLTA| STK

(o]

INTA

STATUS DEFINITION:

INTA Interrupt Acknowledge. Occurs in response to an
Interrupt input and indicates that the processor will
be ready for an interrupt instruction on the data bus
when DBIN goes true.

wo Write or Output indicated when signal is low. When
high, a Read or Input will occur.

STK Stack indicates that the content of the stack pointer
is on the address bus.

HLTA Halt Acknowledge.

OUT  Output instruction is being executed.

M1 First instruction byte is being fetched.

INP Input instruction is being executed.

MEMR Memory Read operation.

INTERRUPT PROCESSING

When the processor interrupt mechanism is enabled (INTE=1),
interrupt signals from external devices will be recognized
unless the processor is in the Hold State. In handling an inter-
rupt, the processor will complete the execution of the current
instruction, disable further interrupts and respond with INTA
status instead of executing the next sequential instruction in
the interrupted program.

The interrupting device should supply an instruction opcode
to the processor during the next DBIN time after INTA status
appears.

Any opcode may be used except XTHL. If the instruction
supplied is a single byte instruction, it will be executed. (The
usual single byte instruction utilized is RST.) If the inter-
rupt instruction is two or three bytes long, the next one or
two processor cycles, as indicated by the DBIN signal, should
be used by the external device to supply the succeeding byte(s)
of the interrupt instruction. Note that INTA status from the
processor is not present during these operations.

If the interrupt instruction is not some form of CALL, it is
executed normally by the processor except that the Program
Counter is not incremented. The next instruction in the
interrupted program is then fetched and executed. Notice
that the interrupt mechanism must be re-enabled by the
processor before another interrupt can occur.

If the interrupt instruction is some form of CALL, it is exec-
uted normally. The Program Counter is stored and control
transferred to the interrupt service subroutine. This routine
has responsibility for saving and restoring the machine state
and for re-enabling interrupts if desired. When the interrupt
service is complete, a RETURN instruction will transfer
control back to the interrupted program.
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AmB8080A/S080A

INSTRUCTION SET SUMMARY

Op Code No.of  Clock Assembly Instruction Op Code No.of Clock Assembly Instruction
17i6/5/413j2110 Bytes Cycles Mnemonic Description 1716/54/3(2{1]0 Bytes Cycles Mnemonic Description
DATA TRANSFER ARITHMETIC
Otdddsss 1 5 MOVr, r Move register to register 10000sss 1 4 ADDr Add register to Acc
01110sss 1 7 MOVm, r Move register to memory 10001sss 1 4 ADCr Add with carry register to Acc
01ddd110 1 7 MOVr, m Move memory to register 10000110 1 7 ADDm Add memory to Acc
00ddd110 2 7 MV, r Move to register, immediate 10001110 1 7 ADCm Add with carry memory to Acc
00110110 2 10 MVI, m Move to memory, immediate 11000110 2 7 ADI Add to Acc, immediate
00111010 3 13 LDA Load Ace, direct 11001110 2 7 ACI Add with carry to Ace, immediate
00001010 1 7 LDAX B Load Acc, indirect via B & C 00001001 1 10 DADB Doubleadd B& CtoH & L
00011010 1 7 LDAX D Load Acc, indirect via D & E 00011001 1 10 DADD Doubleadd D& EtoH & L
€C0101010 3 16 LHLD Load H & L, direct 00101001 1 10 DADH DoubleaddH & LtoH & L
00100001 3 10 LXIH Load H & L, immediate 00111001 1 10 DAD SP Double add stack pointerto H & L
00010001 3 10 LXI D Load D & E, immediate 10010sss 1 4 SuBr Subtract register from Acc
00000001 3 10 LXI B l.oad B & C, immediate 10011sss 1 4 SBBr Subtract with borrow register from Acc
00110001 3 10 LXISP Load stack pointer, immediate 10010110 1 7 SUBm Subtract memory from Acc
00100030 3 16 SHLD Store H & L, direct 10011110 1 7 SBBm Subtract with borrow memory from Acc
00110010 3 i3 STA Store Acc, direct 11010110 2 7 Ssul Subtract from Acc, immediate
00000010 1 7 STAX B Store Acc, indirect viaB & C 11011110 2 7 SBI Subtract with borrow from Ace, immediate
00010010 1 7 STAXD Store Acc, indirect viaD & E 00100111 1 4 DAA Decimal adjust Acc
171111001 1 5 SPHL Transfer H & L to stack pointer
11101011 1 4 XCHG Exchange D & E withH & L
11100011 1 18 XTHL Exchange top of stack with H & L.
11011011 2 10 IN Input to Acc
110100111 2 10 ouT Output from Acc
STACK OPERATIONS
11000101 1 1" PUSH B Push registers B & C on stack
11010101 1 1 PUSH D Push registers D & E on stack
11100101 1 1" PUSH H Push registers H & L on stack
117110101 1 1 PUSH PSW  Push Acc and flags on stack
11000001 1 10 POP B Pop registers B & C off stack
CONTROL 11010001 1 10 POP D Pop registers D & E off stack
11100001 1 10 POP H Pop registers H & L off stack
01110110 1 7 HLT Halt and enter wait state 11110001 1 10 POPPSW  Pop Acc and flags off stack
00110111 1 4 STC Set carry flag
00111111 1 4 cmCc Compliment carry flag
11111011 1 4 El Enable interrupts
11110011 1 a o1} Disable interrupts
00000000 1 4 NOP No operation
LOGICAL
10100sss 1 4 ANA r And register with Acc
10100110 1 7 ANA ™M And memory with Acc
11100110 2 7 ANI And with Acc, immediate
10101sss 1 4 XRA Exclusive or register with Acc
10101110 1 7 XRA m Exclusive Or memory with Acc
11101110 2 7 XRI Exclusive Or with Acc, immediate
BRANCH 10110ss s 1 4 ORAr Inclusive Or register with Acc
11000011 3 10 JMp Jump unconditionally 101106110 1 7 ORAm Inctusive Or memory with Acc
11011010 3 10 Jc Jump on carry 11110110 2 7 ORt Inclusive Or with Acc, immediate
11010010 3 10 JNC Jump on no carry 10111sss 1 4 CMPr Compare register with Acc
11001010 3 10 Jz Jump on zero 10111110 1 7 CMP m Compare memory with Acc
11000010 3 10 JINZ Jump on not zero 11111110 2 7 CPi Compare with Acc, immediate
11110010 3 10 JP Jump on positive 00101111 1 4 CMA Compliment Acc
11111010 3 10 M Jump on minus 00000111 1 4 RLC Rotate Acc left
11101010 3 10 JPE Jump on parity even 00001111 1 4 RRC Rotate Acc right
11100010 3 10 JPO Jump on parity odd 00010111 1 4 RAL Rotate Acc left through carry
11001101 3 17 CALL Call unconditionally 00011111 1 4 RAR Rotate Acc right through carry
11011100 3 17-11 cc Call on carry
11010100 3 17-1 CNC Call on no carry
11001100 3 17-11 cz Call on zero
11000100 3 17-11 CNZ Call on not zero
11110100 3 17-11 cp Call on positive
11111100 3 17-11 cm Catl on minus
11101100 3 17-11 CPE Call on parity even
11100100 3 17-11 cPC Call on parity odd INCREMENT/DECREMENT
11001001 1 10 RET Return unconditionally 00ddd100 1 5 INRr Increment register
11011000 1 1186 RC Return on carry 00110100 1 10 INR m Increment memory
11010000 1 11-5 RNC Return on no carry 00000011 1 5 INX B Increment extended B & C
11001000 1 1.6 Rz Return on zero 00010011 1 5 INX D Increment extended D & E
11000000 1 115 RNZ Return on not zero 00100011 1 5 INX H Increment extended H & L
11110000 1 115 RP Return on positive 00110011 1 5 INX sP Increment stack pointer
11111000 1 115 RM Return on minus 00ddd101 1 5 DCRr Decrement register
11101000 1 115 RPE Return on parity even 00110101 1 10 DCR'm Decrement memory
11100000 1 115 RPO Return on parity odd 00001011 1 5 bCcx B Decrement extended B & C
11101001 1 5 PCHL Jump unconditionally, 00011011 1 5 DCX D Decrement extended D & E
indirect via H & L 00101011 1 5 DCX H Decrement extended H & L
IARAA A RN 1 1" RST Restart 00111011 1 s DCX sP Decrement stack pointer
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AmB080A/9080A
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
All Signal Voltages With Respect to Vgg -0.3V to +20V
All Supply Voltages With Respect to Vgg -0.3V to +20V
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 Ta Vop Vee Vgs Vss

Am9080A-XCC
AmS080A-XPC
D8080A-X
P8080A-X

AmS080A-XDM
M8080A

0°C to +70°C +12V 5% +5.0V 6% -5.0V 5% ov

—55°C to +125°C +12V £10% +5.0V £10% ~5.0V £10% ov

No signal or supply volitage should ever be greater than 0.3V more negative than Vgg.

ELECTRICAL CHARACTERISTICS P8080A-X Am9080A-XPC Am9080A-XDM
over operating range (note 1) D8080A-X Am9080A-XCC M8080A
Parameters  Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
ViL Input LOW Voltage -1.0 0.8 -1.0 0.8 -1.0 0.8 | Volts
Vin Input HIGH Voltage 33 Vect+1]| 30 Vecect+1] 3.0 Vget+1| Volts
Vi g’;‘;i"ow Voftage, -10 08 | -10 08 | -10 08 | votts
A4 Vpp-2 Vpp+1
Ving Input HIGH Voltage, A-1 9.0 Vpp+t| 9.0 Vpp+1| Vpp-2 Vpp+1 Voite
Clock A2 9.0 Vpp+1| 90 Vpp+1|Vpp-2 Vpp+1
A 9.0 Vpp+1| 90 Vpp+1| Vpp-2 Vpp+1
VoL Output LOW Votage |0t = 32MA 040 940 1 vors
oL = 1.9mA 0.45
Vou Output HIGH Voltage :2: - :12:00:: =7 87 87 Volts
-55°C 50 80
Operating, 0°C 70 40 70 45 75
Ipp(AV) Xegasg‘;pp'y Current, 'r;ninﬁmum Clock 25°C 40 3 | 65 0 | 70 | mA
eriod 70°C 30 | s5 35 | 60
: 125°C 30 50
~55°C 45 60
i 0°C 80 35 50 40 55
Icc(Av) Xfecr aSg:pply Current, meirr:::\gdock 25°C 60 30 | 45 3 | 50 | mA
: Period 70°C 25 | 40 , 30 | 45
‘ 125°C 25 | 40
'8B(AV) X\?earazl;pply Gurent Sﬁ\el::::\gblock Period 10 10 10 mA
he Input Leakage Current (Note 4) =10 +10 +10 uA
leL Clock Leakage Current. | Vsg < Vg < Vpp =10 =10 =10 nA
oL Data Bus Current, VIN = Vgg + 0.8V -100 -100 -100 | kA
Input Mode (Note 2) V| = Vgg + 0.8V -2.0 -2.0 -20 | mA
IeL Address and Data Bus | Va/p = Vg 10 10 10 uA
Leakage in OFF State Va/ = Vss -100 -100 | . -100 | uA
CAPACITANCE Parameters Description Typ. Max. Units
f=1.0MHz, Inputs = 0V, T =25°C Co Clock Input Capacitance 12 26 pF
Vpp = Vee = Vsg =0V, Vgg = —5.0V c Input Capacitance 4.0 10 pF
Co Output Capacitance 8.0 20 pF
Ci/o 1/0 Capacitance 10 20 pF
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Am8080A/9080A

SWITCHING CHARACTERISTICS over operating range (Note 9)

Am9080A-4 Am9080A-1 Am9080A-2 Am9080A
Parameters Description Test Conditions Min. Max. Min. Max. Min. Max. Min. Max. Units
tpa Clock ¢2 to Address Out Delay Load Capacitance 125 150 175 200 ns
DD Clock ¢2 to Data Out Delay = 100pF 140 180 200 220 | ns
tD| Clock ¢2 to Data Bus Input Mode Delay (Note 5) tDF tDF tpDFE tDF ns
tDS1 Data In to Clock ¢1 Set-up Time Both tpgq and tpg2 10 10 20 30 ns
tps2 Data In to Clock ¢2 Set-up Time must be satisfied 110 120 130 150 ns
tpe Clock to Control Output Delay Load Capacitance =50pF 100 110 120 120 ns
tRS Ready to Clock ¢2 Set-up Time 80 90 90 120 ns
tH Clock ¢2 to Control Signal Hold Time 0 0 0 0 ns
t)5 Interrupt to Clock ¢2 Set-up Time 90 100 100 120 ns
tHS Hold to Clock ¢2 Set-up Time 100 120 120 140 ns
tiE Clock ¢2 to INTE Delay Load Capacitance = 50pF 100 200 200 200 ns
tED Clock ¢2 to Address/Data OFF Delay 100 120 120 120 ns
tDF Clock ¢2 to DBIN Delay Load Capacitance =50pF | 25 110 25 130 25 140 25 140 ns
tDH Clock ¢2 to Data In Hold Time (Note 5) - - — — - — — - ns
tAw Address Valid to Write Delay - - — — — - — - ns
tpw Output Data Valid to Write Delay - - - - - - . - ns
tKA Address Valid to Write Increment 20 110 130 140 ns
tKD Output Data Valid to Write Increment 130 150 170 170 ns
WA Write to Address Invalid Delay (Note 8) - - - - - - - - ns
WD Write to Qutput Data Invalid Delay - - - - - - - - ns
tHF HLDA to Address/Data OFF Delay - - - - - - - - ns
tWF Write to Address/Data OFF Delay - - - - - - - - ns
tKH HLDA to Address/Data OFF Increment 40 50 50 50 ns
tAH DBIN to Address Hold Time 0 —20 -20 —-20 ns
NOTES:

1.

2

>

Typical values are at T = 25°C, nominal supply voltages
and nominal processing parameters.

Pull-up devices are connected to the Data Bus lines when
the input signal is high during DBIN time. When switching
the input from HIGH-to-LOW a transient current must be
absorbed by the driving device until the input reaches a
LOW level.

. Timing reference levels —

Clocks: HIGH = 8.0V, LOW = 1.0V
Inputs: HIGH = 3.3V, LOW = 0.8V
Outputs:  HIGH = 2.0V, LOW = 0.8V

Control inputs impress currents on the driving signal dur-
ing HIGH-to-LOW transitions. Values shown are for logic
high or logic low levels. Peak current during transition is
as much as 2.0mA.

. Bus contention cannot occur and data hold times are

adequate when DBIN is used to enable Data In. tpy is the
smaller of 50ns or tpg.

7-10

6. RESET should remain active for at least three clock

periods.

. With interrupts enabled, the interrupted instruction will

be one with an interrupt input stable during the indicated
interval of the last clock period of the preceding instruc-
tion. Additional synchronization not necessary.

- taw = 2tcy — tpg — tr — tka

tow = tcy ~ tos — tr — tkp

For HLDA Off: twp = twa = tps + t, + 10ns
For HLDA On: two = twa = tw’:

e =tpg + b — tkn

twg = tps + t, — 10ns

t, = $2 rise time

. The switching specifications listed for the Am9080A,

Am9080A-2, Am9080A-1 meet or exceed the correspond-
ing specifications for the C8080A, C8080A-2, C8080A-1.
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SWITCHING WAVEFORMS SUMMARY
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CLOCK WAVEFORM DETAIL
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MOS-158
CLOCK SWITCHING CHARACTERISTICS over operating range
Am9080A-4 Am9080A-1 Am9080A-2 Am9080A
D8080A-1 D8080A-2 D808OA

Parameters Description Min. Max. Min. Max. Min. Max. Min, Max. Units
tcy Clock Period 250 2000 320 2000 380 2000 480 2000 ns
tr, tf Clock Transition Times (1] 15 0 25 0 50 [o] 50 ns
t1 Clock ¢1 Pulse Width 50 50 60 60 ns
t2 Clock ¢2 Pulse Width 120 145 175 220 ns
tD1 @1 to ¢2 Offset [1] 0 o] 4] ns
tD2 #2 to 1 Offset 50 60 70 70 ns
tD3 ¢1 to ¢2 Delay 50 60 70 80 ns

Metallization and Pad Layout

1403938 37

Pin 11 connection is substrate.

DIE SIZE 0.132" X 0.170"
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Am8085A/Am8085A-2/Am9085ADM

Single Chip 8-Bit 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
1.3us instruction cycle (Am8085A)

® 0.8us 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
AmB8085A incorporates all of the features that the Am8224 (clock
generator) and Am8228 (system controller) provided for the
Am9080A. The AmBO85A-2 is a faster version of the AmB085A.

The AmB085A 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/AmB8355 memory products allows a
direct interface with Am8085A. The AmB085A components, in-
cluding various timing compatible support chips, allow system
speed optimization.

BLOCK DIAGRAM

INTR INTA

RST55 RST6S5 RST75

TRAP sip SoD

L1

l
I

INTERRUPT CONTROL

I I SERIAL I/O CONTROL I

@ 8-BIT INTERNAL DATA BUS @

i | il 1
IACCUMULATOR' LTEMP. REG. l INSTRUCTION |
8 8 REGISTER g
|
FLIP-FLOPS
- B 8 c 8
REG. REG.
ARITHMETIC OECODER AND e, | nke °
MACHINE
- CYCLE H 8 L 8
ENCODING REG. REG. REGISTER
STACK POINTER 16| | ARRAY
POWER [ —= +5V PROGRAM COUNTER  '©
SUPPLY | — ano INCREMENTER/DECREMENTER
ADDRESS LATCH 16
TIMING AND CONTROL
X1 ——o-i </
x2— e CONTROL STATUS ~ _DMA RESET ADDRESS BUFFER ‘l l DATA/ADDRESS BUFFER °|
CLKOUT READY RD WR ALE SO S1 IO/ HOLD HLDA RESETIN RESET A15-AB AD7-ADO
MOS-115 out ADDRESS BUS ADDRESS DATA BUS
ORDERING INFORMATION
Package Temperature Maximum Clock Frequency
Type Range 3MHz: 5MHz
Molded DIP AMB085APC/P8085A AMB085A-2PC/P8085A-2
0°C < To < 70°C AMB085ADC/D8085A AMB8085A-2DC/D8085A-2
Hermetic DIP* AMB8085ACC/C8085A AMB8085A-2CC/C8085A-2
Hermetic DIP | —55°C < Ta < +125°C AMBS085ADM

*Hermetic = Ceramic = DC = CC = D-40-1.
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Am8085A/Am8085A-2/Am9085ADM

. CONNECTION DIAGRAM

Top View
xr]1e 40 [Jvee
x2[] 2 39 [TJHOLD
‘RESETOUT[] 3 38 | TJHLDA
son[] 4 37 [CJCLK (OUT)
sin[] 5 36 [_IRESETIN
TRAP[] 6 35 [ _1READY
RST75(] 7 3 [Hom
RsT65[]8 33 st
RST5.5[] 9 32 [C]RD
INTR[C}10 Am8085A/ 31 [TJWR
WTAC] 11 Am8085A2 50, ¢
AD0O[] 12 29 1s0
ADI[] 13 28 [_JA1S
AD2[] 14 27 A4
AD3[] 15 26 [JA13
AD4[] 16 25 (]A12
AD5[] 17 24 AN
AD6[] 18 23 [JA10
ADT] 19 22 [1A9
vssj 20 Gl S Note: Pin 1 is marked for orientation.
Figure 1. MOS-116
Am8085A FUNCTIONAL PIN DEFINITION READY (input)

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 /O address, 3-stated during Hold
and Halt modes and during RESET.

ADO-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.

S0, S1 (Output)
Data Bus Status. Encoded status of the bus cycle.

S1 S0
0 0 HALT
0 1 WRITE
1 0 READ
1 1 FETCH

S1 can be used as an advanced R/W status.
RD (Output 3-State)

READ - A low level on RD indicates the selected memory or I/O
deviceisto 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 — Alow level on WRindicates 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.

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 I0/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. Itis 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
AST 6.5
RST75

RESTART INTERRUPTS - these three inputs have the same
timing as INTR except they cause an internal RESTART to be
automatically inserted.

] (Inputs)
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Am8085A/Am8085A-2/Am9085ADM

RST 7.5 — Highest Priority
RST 6.5
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

atthe same time as INTR. ltis 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.

X1, X2 (Input)

Crystal, LC or R/C network connections to set the internal clock
generator. X1 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 input to the CPU. The period of CLK is twice
the X1, X2 input period.

10/M (Output)

IO/M indicates whether the Read/Write is to memory or /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 AmB085A is a complete 8-bit parallel central processor. It is
designed with N-channe! depletion loads and requires a single
+5 volt supply. Its basic clock speed is 3MHz (5MHz:
AmB8085A-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 AmB085A 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 of the machine cycle the Data
Bus is used for memory or I/O data.

The Am8085A provides RD, WR and I0/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.

AmB8085A 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 10/M 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 R/C
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 Am8085A directly
provides the external RDY 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 BD, WR and I0/Msignals for Bus control.
An INTA which was previously provided by the Am8228 in
AmMI9080A 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 S0, S1 carries the following status information:

MACHINE CYCLE STATUS

Status

Memory write

Memory read

/O write

I/O read

Opcode fetch
Interrupt Acknowledge
Halt

Hold

Reset

10/M

@
»
o

« 2O =200

XXO =+ =220 =0
HKHXO =4 2O 2O

= 3-state (high impedance)
X = unspecified

S1 can be interpreted as R/W in all bus transfers.

Inthe AmB8085A 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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AmB8085A/Am8085A-2/Am9085ADM

INTERRUPT AND SERIAL VO

The Am8085A/AmB085A-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 2445
RST 5.5 2C5
RST 6.5 3446
RST 7.5 3Cqg

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 AmB080A) 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 AmB085A.
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 determines
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.

INSIDE THE

EXTERNAL | B8085A

TRAP
INTERRUPT
REQUEST | TRAP

RESETIN schmir | RESE

TRIGGER

INTERRUPT
REQUEST

CLK
+5v— D

D
FF

CLEAR

INTERNAL TRAP FF

TRAP
ACKNOWLEDGE
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
TRAPSs) until an El 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 determine 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 SIM sets the SOD data.
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AmB085A/AmB085A-2/Am9085ADM

DRIVING THE X1 an X2 INPUTS

The user may drive the X1 and X2 inputs of the Am8085A or
AmB085A-2 with a crystal, an external clock source or an R/C
network as shown below. The driving frequency must be twice the
desired internal operating frequency (the Am8085A would re-
quire a 6MHz crystal for 3MHz internal operation).

1%y
PARALLEL RESONANT
CRYSTAL (30pF LOADING)
2|x,
20pF_JI-:
= MOS-122

1-6 MHz
Input Frequency

The 20pF capacitor is required to guarantee oscillation at the
proper frequency during system startup.

MOS-124

~3 MHz
Input Frequency

RC Mode causes a large drift in clock frequency because of
the variation in on-chip timing generation parameters. Use of
RC Mode should be limited to an application which can tolerate a

wide frequency variation.

+5V
4700
T0
1KQ
D "
25 70 50%
DUTY CYCLE
(AT 6MHz
— X

*Xp  Left Floating

Note: Duty cycle refers to the percentage of the clock

MOS-123
1-6 MHz
Input Frequency
+5V
47002
e *
>50% +5V
DUTY
CYCLE
AT 6MHz 4700
Xz
MOS-125

~6 MHz
Input Frequency

input cycle when Xy is high.

Figure 2. Driving the Clock Inputs (X1 and X2) of Am8085A.

GENERATING Am8085A WAIT STATE
The following circuit may be used to insert one WAIT state in

each AmB8085A machine cycle.

The D flib-flops should be chosen such that

o CLK is rising edge triggered
® CLEAR is low-level active.

CLEAR AmBO85A
Ate _|ctk CLK OUTPUT o]
e
FIF
+5V —{D

70
AmB8085A

ol

READY
INPUT

Figure 3. Generation of a Wait State for Am8085A CPU.

MOS-126
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AmB8085A/Am8085A-2/Am9085ADM

BASIC SYSTEM TIMING

The AmB085A has a multiplexed Data Bus. ALE is used as a As in the AmS080A, the READY line is used to extend the
strobe to sample the lower 8 bits of address on the Data Bus. read and write pulse lengths so that the Am8085A can be
Figure 2 shows an instruction fetch, memory read and I/O used with slow memory. Hold causes the CPU to relinquish
write cycle (OUT). Note that during the /O write and read the bus when it is through with it by floating the Address and
cycle that the I/O port address is copied on both the upper Data Buses.

and lower half of the address.

M1 M2 M3
cLK m T2 T3 T4 ul T2 3 T T2 T3 \ T /
AB-A1S X PCH (HIGH ORDER ADDRESS) X (PC + H x 10 PORT
ADO-AD7 PCL -(X:>— _ —-OD' -(uo Pom‘x ,
— 7
(LOWORDER  DATA FROM DATA FROM MEMORY DATA TO MEMORY
ADDRESS) MEMORY (/0 PORT ADDRESS) OR PERIPHERAL

(INSTRUCTION)
ALE

" _/ \__/
- /]
o\ |

STATUS X St, S0 (FETCH) X 10 (READ) X 01 (WRITE) "

A |

Figure 4. Am8085A Basic System Timing. MOS-118

VsSs vee

Am8085A

our

ADDR__DATA ALE RDWR IO/M _RDY CLK|
A
8 8
10/M (CS)
WR
[e212] +—q RD
DATA
STANDARD
|\ MEMORY
/ ADDR (CS)
16
——|cLk
RESET
10/M (€S)
wR
1O PORTS,
RD ( >cou-rn0|.s
N
DATA
STANDARD
NG
/ /]ao0R
Figure 5. System Using Standard Memories. MOS-121
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Am8085A/Am8085A-2/Am9085ADM
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
Ve with Respect to Vgg —0.5V to +7.0V
All Signal Voltages with Respect to Vgg —-0.5V 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 Ta vce vss
AmB085A/AmB085A-2 01to 70°C +5.0V £5% | OV
Am9085ADM —55to +125°C | +5.0V £10% | OV

DC CHARACTERISTICS

AmB8085A/Am8085A-2 Am9085ADM

Parameter Description Test Conditions Min Max Min Max Units
VIL Input Low Voltage -0.5 +0.8 -0.5 +0.8 Volts
VIH Input High Voltage 20 VCC+0.5 2.2 VCC+0.5 Volts
VOL Output Low Voltage IOL = 2.0mA 0.45 0.45* Volts
VOH Output High Voltage IOH = —400uA 24 24 Volts
ICC Power Supply Current 170 200 mA
Ly Input Leakage VIN = VCC . =10 +10 HA
ILO Output Leakage 0.45V < VOUT = VCC +10 *10 pA
VILR Input Low Level, RESET -0.5 +0.8 -0.5 +0.8 Volts
VIHR Input High Level, RESET 24 VCC+0.5 2.4 VCC+0.5 Volts
VHY Hysteresis, RESET 0.25 0.25 Volts

*IOL = 1.6mA
tExcept Pin 1 and Pin 2.
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Am8085A/Am8085A-2/Am9085ADM
AC CHARACTERISTICS

Am8085A AmB8085A-2 Am9085ADM
Parameters Description Min Max Min Max Min Max Units
tCYC CLK Cycle Period 320 | 2000 | 200 | 2000 | 320 | 2000 ns
tr, tf CLK Rise and Fall Time 30 30 30 ns
tAL A8-A15 Valid before Trailing Edge of ALE (Note 1) 115 50 115 ns
tACL A0-A7 Valid to Leading Edge of Control 240 115 240 ns
tXKR X1 Rising to CLK Rising 30 120 30 100 30 120 ns
tXKF X1 Rising to CLK Falling 30 150 30 110 30 150 ns
Ho | oK LowTime oy Losded ioe ) C = & s
i 7 1
@ |amm e e e I
tALL A0-A7 Valid to Leading Edge of Control 90 50 90 ns
tLRY ALE to READY Stable 110 30 110 ns
tLA Address Hold Time after ALE 100 50 100 ns
tL ALE Width 140 80 140 ns
tLCK ALE Low During CLK High 100 50 100 ns
tLC Trailing Edge of ALE to Leading Edge of Control 130 60 130 ns
tAFR Address Float after Leading Edge of READ (INTA) 0 0 0 ns
tAD Valid Address to Valid Data In 575 350 575 ns
tRD READ (or INTA) to Valid Data 300 150 300 ns
tRDH Data Hold Time after READ (INTA) (Note 7) 0 0 0 ns
tRAE Trailing Edge of READ to Re-Enabling of Address 150 90 150 ns
tCA Address (A8-A15) Valid after Control 120 60 120 ns
tDW Data Valid to Trailing Edge of WRITE 420 230 420 ns
twD Data Valid after Trailing Edge of WRITE 100 60 100 ns
tCcC Width of Control Low (RD, WR, INTA) 400 230 400 ns
tCL Trailing Edge of Control to Leading Edge of ALE 50 25 50 ns
tARY READY Valid from Address Valid 220 100 220 ns
tRYS READY Setup Time to Leading Edge of CLK 110 100 110 ns
tRYH READY Hold Time ' 0 0 0 ns
tHACK HLDA Valid to Trailing Edge of CLK 110 40 110 ns
tHABF Bus Float after HLDA 210 150 210 ns
tHABE HLDA to Bus Enable 210 150 210 ns
tLDR ALE to Valid Data In 460 270 460 ns
tRV Control Trailing Edge to Leading Edge of Next Control 400 220 400 ns
tAC A8-A15 Valid to Leading Edge of Control (Note 1) 270 115 270 ns
tHDS HOLD Setup Time to Trailing Edge of CLK 170 120 170 ns
tHOH HOLD Hold Time 0 0 0 ns
tINS INTR Setup Time to Falling Edge of CLK, also RST and TRAP 160 150 160 ns
tINH INTR Hold Time 0 0 0 ns
Notes: 1. AB-A15 Address Specs apply to IO/M, SO and S1. Except A8-A15 are undefined during T4-T6 of OF cycle whereas I0/M, S0 and St are stable.
2. Test Conditions: tCYC = 320ns (Am8085A)/200ns (Am8085A-2); CL = 150pF.
3. For all output timing where CL = 150pF use the following correction factors.
25pF < CL < 150pF: —.10ns/pF
150pF < CL < 300pF: +.30ns/pF

4. Qutput timings are measured with purely capacitive load.

5. All timings are measured at output voltage VL = 0.8V, VH = 2.0V and 1.5V with 20ns rise and fall time on inputs.

6. To calculate timing specifications at other values of tCYC use the table on Page 7-21.

7. Data Hold Time is guaranteed under all loading conditions.

8. Loading equivalent to 50pF +1 TTL input.
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Am8085A/Am8085A-2/Am9085ADM
BUS TIMING SPECIFICATION AS A TCYC DEPENDENT

AmB8085A/Am9085ADM AmB085A-2
Parameters Description Min Max Min Max Units
tAL Address Valid before Trailing Edge of ALE (1/2)T-45 (1/2)T—50 ns
LA Address Hold Time after ALE (1/2)T—-60 (1/2)T-50 ns
tLL 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
tL.C 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 (8/2+N)T-180 (8/2+N)T—150 ns
tRAE Trailing Edge of READ to Re-Enabling of Address 1/2)T-10 (1/2)T-10 ns
tCA Address (AB-A15) Valid after Control (1/2)T-40 (1/2)T-40 ns
tDW Data Valid to Traiting Edge of WRITE (3/2+N)T-60 (3/2+N)T-70 ns
twD Data Valid after Trailing Edge of WRITE (1/2)T—-60 (1/2)T-40 ns
tWDL Leading Edge of WRITE to Data Valid 40 40 ns
tCC Width of Control LOW (RD, WR, INTA) (3/2+N)T-80 (3/2+N)T-70 ns
tCL Trailing Edge of Control to Leading Edge of ALE (1/2)T-110 1/12)T-75 ns
tARY READY Valid from Address Valid (3/2)T—260 (3/2)T—200 ns
tHACK HLDA Valid to Trailing Edge of CLK (1/2)T-50 (1/2)T-60 ] 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 (2/2)T-50 (2/2)T-85 ns
t1 CLK Low Time (1/2)T—-80 (1/2)T-60 ns
t2 CLK High Time (1/2)T-40 (1/2)T-30 ns
tRV Control Trailing Edge to Leading Edge of Next Controt (3/2)T-80 (3/2)T-80 ns
tLDR (4/2)T—180 (4/2)T-130 ns
iLDW Trailing Edge of ALE to Valid Data During WRITE 200 200 ns
Note: Nis equal to the total WAIT states.
T =1CYC.

CLOCK TIMING WAVEFORM

X1 INPUT

CLK
OUTPUT

MOS-269
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Am8085A/Am8085A-2/Am9085ADM

READ OPERATION

mn I T2 |

T3

| T

CLK
p—ri1LCK: [ tCA—e-

A8-A15

ADO-AD7

—tLL
ALE

1

tLDR

X ADDRESS (
‘AD—'I tRDH—] B
)% ADDRESS }—W// /////)gl" DATé n |

l—tAL—+] fo— t1.C—e] je— 1RO
tec
RD/INTA
tac s
MOS-270
WRITE OPERATION
n | 2 | A} I ]
le—1tLCK
L
AB-A15 X‘ ADDRESS K’_
r——«an’——I | tCA—=-]
,
ADO-AD7 X ADDRESS DATA OUT _X
L <—-tLA—-—l oW __:wn——l
twoL
ALE |_/
[e—tAL. tee— tLC —=] tCcC ——tCL——I
WR
e N /
MOS-271
TYPICAL READ OPERATION WITH WAIT CYCLE
| m I 2 | TWAT l ] | T
e tLCK ] ~—tu-——|
AsAtS N ADDRESS - - X
tAD ” tROH | TTRAE =
ADO-AD7 )] ADDRESS / " m DATA IN <
e LA ]
|‘_'L"_‘| - | tAFR
tLDR e tCL o]
ALE_]- N l[
{ A
o AL —on] o tL.C—} tRD
tcc |
AD/NTA — I )
tAC—— tAYS | tRYH
READY \ B i
tARY.
Same READY timing applies to WRITE operation.
MOS-272

Figure 6. Am8085A/Am8085A-2 Bus Timing
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Am8085A/Am8085A-2/Am9085ADM

HOLD OPERATION

T2 T3 THoLo THoLD T4
cu(\____/—\____/_:\ A | B

(
3 h \
HOLD_| \ [
tHps: tHoH r‘tHACK-
{ Y
HLDA
t_fmxe F—i \

BUS (ADDRESS, CONTROLS) ¢

Figure 7. Am8085A Hold Timing.
MOS-130

appan; X < camst. ) { t

|-~ BUS FLOATING* ——————————————1
ALE ’ N y \ .
- .
RD h i f ’
b
—_—\ 1
INTA ’ \
tHABE
TTT
INTR #4514 \
\ {4
tins tINH
7 - L4 :
HOLD raa k . \
\ T4
tHos tHpH
—
d
HLDA “
thack [~ tHABF

*IO/M IS ALSO FLOATING DURING THIS TIME.

MOS-131

Figure 8. Am8085A Interrupt and Hold Timing.
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Am8085A/Am8085A-2/Am9085ADM

INSTRUCTION SET SUMMARY

Instruction Code (Note 1)

Clock Cycles
Mnemonic* Description D7 D6 D5 D4 D3 D2 Dt DO (Note 2)
MOVE, LOAD AND STORE
MOVrir2 Move register to register 0o 1 D D D S s s 4
MOV Mr Move register to memory o 1+ 1 1 0 S S S 7
MOV rM Move memory to register 0o 1+ D D D 1 1 0 7
MVi ¢ Move immediate register 0 0 D D D 1 1 0 7
MVIM Move immediate memory o o 1 1 0 1 1 0 10
LXI B Load immediate register Pair B & C o 0o 0o o O o 0 1 10
LXI D Load immediate register Pair D & E o 0 o 1t o0 0 0 1 10
LXIH Load immediate register Pair H & L o o 1 0 0 0 0 1 10
LXI SP Load immediate stack pointer o o0 1 1 0 0 0 1 10
STAX B Store A indirect o 0 0 0 O o0 1 O 7
STAX D Store A indirect o o o 1 0 0 1 O 7
LDAX B Load A indirect o 0o o 0o 1 0 1 O 7
LDAX D Load A indirect o 0 0 1 1 o 1 0 7
STA Store A direct o 0 1 1 0o 0o 1 0 13
LDA Load A direct o o 1 1 1 0 1 0 13
SHLD Store H & L direct o 0 1+ 0 O 0 1t O 16
LHLD Load H & L direct o 0o 1t 0 1 0 1 0 16
XCHG Exchange D & E, H & L Registers 1 1 1 0 1+ 0 1 1 4
STACK OPS
PUSH B Push register Pair B & C on stack i1 1t 0 0 0 1t 0 1 12
PUSH D Push register Pair D & E on stack 1 1 0 1 0 1 0 1 12
PUSH H Push register Pair H & L on stack i1 1 0 0 1 0 1 12
PUSH PSW Push A and Flags on stack i1 1 1+ 0 1 0 1 12
POP B Pop register Pair B & C off stack 1 i 0 0 0 0 0 1 10
POP D Pop register Pair D & E off stack i 1 0 1+ 0 0 O 1 10
POP H Pop register Pair H & L off stack 1 11 0 0 O 0 1 10
POP PSW Pop A and Flags off stack i 1 1 1 0 0 0 1 10
XTHL Exchange top of stack H & L t 1 1t 0 0 0 1 .1 16
SPHL H & L to stack pointer 11 1 1 1 0 0 1 6
JUMP
JMP Jump unconditional it 1.0 0 0 O 1 1 10
JC Jump on carry it 1 0 t+ 1 0 1 0 7110
JNC Jump on no carry 11 0 + 0 0 1 O 7110
Jz Jump on zero 1 1+ 0 0 1 0 1 O 7110
JINZ Jump on no zero 1t 1. 0 0 0 0 1 O 7/10
JP Jump on positive i 1 1t 1 0 0 1 0 7/10
JM Jump on minus 1 i 1 1 1 0 1 0 7/10
JPE Jump on parity even it 1 1 0 1 0 1 0 7110
JPO Jump on parity odd 1 i 1. 0 0 0 1 O 7/10
PCHL H & L to program counter i1 1 0 1 0 0 1 6
CALL
CALL Call unconditional 1 1 0 0 1 1 0 1 18
cC Call on carry i1 0 1 1 1 0 O 9/18
CNC Call on no carry i 1.0 1 0 1 0 O 9/18
cz Cali on zero i 1.0 0 1 1 0 0 9/18
CNzZ Call on no zero i1 1. 0 0 0 1 0 O 9/18
cP Call on positive 1t 1 1 1 0 1 0 0O 9/18
CM Call on minus i1 1 1 1 1 0 0 9/18
CPE Call on parity even 1t 1 1 0 1 1 0 0 9/18
CPO Call on parity odd 1t 1+ 0 0 1 0 O 9/18
RETURN
RET Return 1 i 0 0 1 0 0 1 10
RC Return on carry t 1 0 1 t 0 0 O 6/12
RNC Return on no carry it 1.0 1 0 0 0 O 6/12
RZ Return on zero i 1. 0 0 1 0 O O 6/12
RNZ Return on no zero i 1.0 0 0O O 0 O 6/12
RP Return on positive 1 1 1 1 0 0 0 O 6/12
RM Return on minus it 1 1 1+ 1 0 0 O 6/12
RPE Return on parity even 1+ 1+ 1 0 1t 0 0 O 6/12
RPO Return on parity odd i 1.1 0 0 0 0 O 6/12
RESTART
RST Restart 1 1 A A A 1 1t 1 12
INPUT/OUTPUT
IN Input 1 1 0 1 1 0 1 1 10
ouT Output 1 1.0 1 0 0 1 1 10
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AmB8085A/Am8085A-2/Am9085ADM
INSTRUCTION SET SUMMARY (Cont.)

Instruction Code (Note 1) Clock Cycles
Mnemonic* Description D7 D6 D5 D4 D3 D2 D1 DO (Note 2)
INCREMENT AND DECREMENT
INRr Increment register o o DD D 1 0 O 4
DCRr Decrement register o o D D D 1 0 1 4
INR M Increment memory o 0 1 i1 0 1 0 O 10
DCRM Decrement memory o o 1t 1 0 1 0 1 10
INX B Increment B & C registers 0O 0 0 0 o0 0 1 1 6
INX D Increment D & E registers o o o0 1 0 o0 1 1 6
INX H Increment H & L registers c o 1 o o0 0 1 1 6
INX SP Increment stack pointer o o0 1 1 0o 0 1 1 6
DCX B Decrement B & C o 0 o0 o t 0 1 1 6
DCX D Decrement D & E 0o o 0 1 1 0 1 1 6
DCXH Decrement H & L o o 1 o 1 0 1 1 6
DCX SP Decrement stack pointer 0o 0 1 1 1 0 1 1 6
ADD
ADDr Add register to A 1 0 0 0 0 S S S 4
ADCr Add register to A with carry 1 0 0 0 1 8 S 8 4
ADDM Add memory to A i 0 0 O o0 1 1 0 7
ADC M Add memory to A with carry 1 0 0 0 t 1 1 © 7
ADI Add immediate to A 1 1 0 0 0 1 1 0 7
ACI Add immediate to A with carry 1t 1.0 0 1 1t 1 O 7
DAD B AddB&CtoH&L o 0 0 o 1 0 O 1 10
DAD D AddD&EtoH&L o 0 0 1 1 o 0 1 10
DAD H AddH& LtoH&L o 0 1 0o 1 0o 0 1 10
DAD SP Add stack pointer to H & L o o 1 1 1 0 0 1 10
SUBTRACT
SuUB r Subtract register from A 1 0 0 1 0 S S8 S8 4
SBBr Subtract register from A with borrow i 0 0 1 1 8 8 S 4
SUBM Subtract memory from A i 0 0 1t 0 1 1 0 7
SBB M Subtract memory from A with borrow 1 0 0 1 1 1 1 0 7
Sul Subtract immediate from A 1 i 0 1 0 1 1 0 7
SBi Subtract immediate from A with borrow 1t 1 0 1 1 1 1 0 7
LOGICAL
ANA r And register with A 1 0 1 0 0 S s S 4
XRA 1 Exclusive Or register with A 1t 0o 1t 0 1 S S8 8§ 4
ORAT Or register with A i 0 1 1 0 8 § § 4
CMP r Compare register with A i o 1t 1t 1 8 S8 § 4
ANA M And memory with A 1 0 1 0 0 1 1 0 7 B
XRAM Exclusive Or memory with A it o 1t 0 1t 1 1 0 7
ORAM Or memory with A t o 1t 1 0 1 1 0O 7
CMP M Compare memory with A i 0 1 1 1 1 1 0 7 ’
ANI And immediate with A it 1 1t 0 O 1 1 0 7
XRI Exclusive Or immediate with A 1 1 i1 0o 1t 1 1 0 7
ORI Or immediate with A 11 1+t 1 0 1 1 O 7
CPI Compare immediate with A 1 1 1 1 1 1 1 0 7
ROTATE
RLC Rotate A left 0o 0 0 0 o 1 1 1 4
RRC Rotate A right o o o6 o0 1 1t 1 1 4
RAL Rotate A left through carry o o o 1t o 1 1 A1 4
RAR Rotate A right through carry e o o 1+ 1 1 1 1 4
SPECIALS
CMA Complement A o 0 1t 0 1 1 1 1 4
STC Set carry o o 1 1 0 1 1 1 4
CMC Complement carry o o 1 1 1 1 1 1 4
DAA Decimal adjust A o o t 0 o0 1 1 1 4
CONTROL
El Enable Interrupts i1 1t 1 1 0 1 1 4
DI Disable Interrupts 1 1 1 1 0 0 1 1 4
NOP No operation 0o 0 0 0 O 0 O O 4
HLT Halt o 1 1 1 o 1 1 0 .5
NEW AmB8085A INSTRUCTIONS .
RIM Read Interrupt Mask o 0o 1t 0 o 0O O o 4
SIM Set Interrupt Mask o o t 1 0 0 O O 4

lotes: 1. DOD or SSS: 8=000, C=001, D=010, E=011, H=100, L=101, Memory=110, A=111.
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.

All mnemonics copyright © Intel Corporation 1977
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Am8155/Am8156

2048-Bit Static MOS RAM With 1/O Ports and Timer

ADVANCE INFORMATION

DISTINCTIVE CHARACTERISTICS

256 word x 8-bits

Single +5V power supply

Completely static operation

Internal address latch

2 programmable 8-bit I/O ports

1 programmable 6-bit I/O port
Programmable 14-bit binary counter/timer
Multiplexed address and data bus

GENERAL DESCRIPTION

The Am8155 and Am8156 are RAM and I/O chips to be used
in the Am8085A MPU system. The RAM portion is designed
with 2K bit static cells organized as 256 x 8. They have a
maximum access time of 400ns to permit use with no wait
states in Am8085A CPU.

The /O portion consists of three general purpose /O ports.
One of the three ports can be programmed to be status pins,
thus allowing the other two ports to operate in handshake
mode.

A 14-bit programmable counter/timer is also included on chip
to provide either a square wave or terminal count pulse for the
CPU system depending on timer mode.

BLOCK DIAGRAM
1o/ PORT A
A 8 PAg-PA;
oo, ([ mxe | L
RAM S
PORT B
[P ——
B 8 PB(-PB;
ALE —om——
A ————~ —
_ PORT C
WR —————————t-]
c 6 PCy-PCs

TIMER CLK—’

TIMER OUT

1— Vee(+5V)

Vss(0V)

*Am8155 = CE, Am8156 = CE

MOS-070

CONNECTION DIAGRAM

Top View
PC3 % 1e 40 ] Vee
PCy 2 39| ] PCy
TIMERIN [] 3 38 |1 PCy
RESET [| 4 37 [ PCy
PCs [ 5 36 [1 PB;
TIMEROUT (|6 35 1 PBg
Io/M 7 34 | PBg
* E 8 33 P8,
o []e 32{ ] PB;
WR[J10 Am8155 31[ P8,
ALE L] 11 Amg156 30 [ P8,
AD, [] 12 29 [ PBy
AD, 13 28 [T PA;
AD, g 14 27 1 PAg
AD; []15 26 [] PAs
AD, [] 16 25 [ PA,
ADg []17 24 [ PA;
ADg []18 23 [1 PA,
AD; 19 22 1 PAy
Vss 20 21 [ PAy

Note: Pin 1 is marked for orientation.

MOS-071

ORDERING INFORMATION

Package Temperature Order
Type Range Numbers
Hermetic DIP* 0°C < Tp < +70°C AMB8155DC or AM8155CC | AMB8156DC or AM8156CC
Molded DIP AM8155PC AMB156PC

*Hermetic = Ceramic = DC = CC = D-40-1.
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Am8155/Am8156

FUNCTIONAL PIN DEFINITION

The following describes the functions of all of the Am8155/
Am8156 pins.

RESET

The Reset signal is a pulse provided by the Am8085 to ini-
tialize the system. Input high on this line resets the chip and
initializes the three 1/O ports to input mode. The width of
RESET pulse should typically be 600ns. (Two Am8085A clock
cycle times).

ADg-AD;

These are 3-state Address/Data lines that interface with the
CPU lower 8-bit Address/Data Bus. The 8-bit address is
latched into the address latch on the falling edge of the ALE.
The address can be either for the memory section or the 1/0
section depending on the polarity of the I0/M input signal. The
8-bit data is either written into the chip or read from the chip
depending on the status of WRITE or READ input signal.

CEORCE

Chip Enable: On the Am8155, this pin is CE and is ACTIVE
LOW. On the Am81586, this pin is CE and is ACTIVE HIGH.
RD

Input low on this line with the Chip Enable active enables the
ADy.7 buffers. If IO/M pin is low, the RAM content will be read
out to the AD bus. Otherwise the content of the selected 1/0
port will be read to the AD bus.

WR

Input low on this line with the Chip Enable active causes the

data on the AD lines to be written to the RAM or |/O ports
depending on the polarity of I0/M.

ALE

Address Latch Enable: This control signal latches both the
address on the ADg_; lines and the state of the Chip Enable
and 10/M into the chip at the falling edge of ALE.

TIMER OUT

1o/M
I10/Memory Select: This line selects the memory if low and
selects the 10 if high.
PAg-PA7
These 8 pins are general purpose /O pins. The in/out direc-
tion is selected by programming the Command/Status Regis-
ter.
PBgy-PB;
These 8 pins are general purpose 1/O pins. The in/out direc-
tion is selected by programming the Command/Status Regis-
ter. '
PCy-PCs
These 6 pins can function as either input port, output port, or
as control signals for PA and PB. Programming is done
through the C/S Register. When PCq_5 are used as control
signals, they will provide the following:

PCy — A INTR (Port A Interrupt)

PC, — A BF (Port A Buffer full)

PC, — A STB (Port A Strobe)

PC3; — B INTR (Port B Interrupt)

PC4; — B BF (Port B Buffer Full)

PCs — B STB (Port B Strobe)

TIMER IN
This is the input to the counter timer.

This pin is the timer output. This output can be either a
square wave or a pulse depending on the timer mode.

Vee
+5 volt supply.

Vss
Ground reference.

MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature

—65°C to +150°C
—55°C to +125°C

Ambient Temperature Under Bias

Ve with Respect to Vgg -0.5Vto +7.0V
All Signal Voltages with Respect to Vgg -0.5Vto +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.

DC CHARACTERISTICS (T, = 0°C to +70°C; Vg = 5V = 5%)

Parameters Description Test Conditions Min. Typ. Max. Units
ViL Input Low Voltage -0.5 0.8 Volts
Vin Input High Voltage 2.0 Vec+0.5 Volts
VoL Output Low Voltage IgL = 2mA 0.45
Vou Output High Voltage loy = —400A 24 Volts
e Input Leakage ViN = Vgo to OV =10 nA
Lo Output Leakage Current 0.45V < Voyt < Vee +10 uA
lcc Vcc Supply Current 180 mA
I|L(CE) Chip Enable Leakage 22:::2 Vin = Vg to OV t:gg HA
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Am8155/Am8156
AC CHARACTERISTICS (T, = 0°C to + 70°C; Vg = 5V * 5%)

Parameters Description Test Conditions Min. Max Units
taL Address to Latch Set-up Time 50 ns
tLa Address Hold Time After Latch 80 ns
tLe Latch to READ/WRITE Control 100 ns
trD Valid Data Out Delay from READ Control 170 ns
taD Address Stable to Data Out Valid 400 ns
tL Latch Enable Width 100 ns
tRDF Data Bus Float After Read 0 100 ns
toL READ/WRITE Control to Latch Enable 20 ns
tce READ/WRITE Control Width 250 ns
tow Data In to WRITE Set-up Time 150 ns
twp Data In Hold Time After WRITE 0 ns
try Recovery Time Between Controls 300 ns
twp WRITE to Port Output 400 ns
tpr Port Input Set-up Time 150pF Load 70 ns
trp Port Input Hold Time 50 ns
tsBF Strobe to Buffer Full 400 ns
tss Strobe Width 200 ns
tRBE READ to Buffer Empty 400 ns
tg) Strobe to INTR On 400 ns
troI READ to INTR Off 400 ns
tpss Port Set-up Time to Strobe 50 ns
tpHs Port Hold Time After Strobe 120 ns
tsBE Strobe to Buffer Empty 400 ns
twee WRITE to Buffer Full 400 ns
twi WRITE to INTR Off 400 ns
trL TIMER-IN to TIMER-OUT Low 400 ns
tru TIMER-IN to TIMER-OUT High 400 ns
tRDE Data Bus Enable from READ Control 10 ns

Note: For Timer Input Specification, see Figure 10.
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AmB8155/Am8156

OPERATIONAL DESCRIPTION
The Am8155/8156 includes the following operational features:

e 2K Bit Static RAM organized as 256 x 8
e Two 8-bit I/O ports (PA and PB) and one 6-bit I/O port (PC)
e 14-bit down counter

The 1/O portion contains four registers (Command/Status,

CE (Am8155)

PAg.7, PBg.7, PCq.5). The I0/M (I0/Memory Select) pin
selects the I/O or the memory (RAM) portion. Detailed de-
scriptions of memory, 1/O ports and timer functions will follow.

The 8-bit address on the AD lines, the Chip Enable input, and

10/M are all latched on chip at the falling edge of ALE. A low
on the I10/M must be provided to select the memory section.

AN

OR

CE (Am8156)

1o/M

_/

N\

ADg-AD; ADDRESS

ate /T \

! DATA VALID >—-<

RD ORWR

|/

Note: For detailed timing diagram information, see Figure 7 and AC Characteristics.

Figure 1. Memory Read/Write Cycle.

PROGRAMMING OF THE COMMAND/STATUS REGISTER

The command register consists of eight latches, one for each
bit. Four bits (0-3) define the mode of the ports. Two bits (4-5)
enable or disable the interrupt from port C when it acts as
control port, and the last two bits (6-7) are for the timer.

The C/S register contents can be altered at any time by using
the /O address XXXXX000 during a WRITE operation. The
meaning of each bit of the command byte is defined as
follows:

7 6 5 4 3 2 1

0
|TM2|TM|| IEBI IEA|P02|P01I PBIFA
L 1] L 1
L -

Defines P;
o7 0 = Input
Defines PBq.; 1= Output

00 = ALT 1
1M =AT2
Defines PCq.5 o1 = ALTS

10 = ALT 4

Enable Port A
interrupt 1 = Enable

0 = Disable

Enable Port B
Interrupt

00 = NOP — Do not affect counter operation

01 = STOP — NOP if timer has not started; stop
counting if the timer is running

10 = STOP after TC — Stop immediately after
present TC is reached (NOP if timer
has not started)

11 = START ~ Load mode and CNT length and
start immediately after loading (if timer
is not presently running). If timer is running,
start the new mode and CNT length immediately
after present TC is reached.

—=— TIMER COMMAND —|

Figure 2. Command/Status Register Bit Assignment.

READING THE COMMAND/STATUS REGISTER

The status register consists of seven latches, one for each
bit: six (0-5) for the status of the ports and one (6) for the
status of the timer.

The status of the timer and the I/O section can be polled by
reading the C/S Register (Address XXXXX000). Status word
format is shown below:

AD;  ADg

N Timer

ADs AD, AD; AD, AD, ADp

INTE| B INTR[INTE| A 1INTR
BF BF A

L— Port A Interrupt Request
Port A Buffer Ful/Empty (Input/Output)

b= Port A Interrupt Enable

L = Port B Interrupt Request

t———————————————& Port B Buffer FullEmpty (!nput/Output)

Port B Interrupt Enabled

Timer interrupt (This bit is latched high
when terminal count is reached. Itis
reset by reading the C/S register and
by hardware reset.)

Figure 3. Command/Status Register Status Word Format.
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Am8155/Am8156

INPUT/OUTPUT SECTION

The 1/O section of the Am8155/8156 consists of four registers
as described below.

o Command/Status Register (C/S) — This register is assigned
the address XXXXX000. The C/S address serves the dual
purpose. '

When the C/S register is selected during WRITE operation,
a command is written into the command register. The con-
tents of this register are not accessible through the pins.

When the C/S (XXXXX000) is selected during a READ op-
eration, the status information of the 1/O ports and the timer
become available on the ADg_; lines.

® PA Register — This register can be programmed to be
either input or output ports depending on the status of the
contents of the C/S Register. Also depending on the com-
mand, this port can operate in either the basic mode or the
strobed mode (see timing diagram). The I/O pins assigned
in relation to this register are PAg;. The address of this
register is XXXXX001.

e PB Register — This register functions the same as PA Reg-
ister. The 1/O pins assigned are PBy.;. The address of this
register is XXXXX010.

® PC Register — This register has the address XXXXX011
and contains only 6 bits. The 6 bits can be programmed to
be either input ports, output ports or as control signals for
PA and PB by properly programming the AD, and AD; bits
of the C/S register.

When PCy_5 is used as a control port, 3 bits are assigned
for Port A and 3 for Port B. The first bit is an interrupt that
the Am8155 sends out. The second is an output signal in-
dicating whether the buffer is full or empty, and the third is
an input pin to accept a strobe for the strobed input mode.
See Table 1.

When the ‘C’ port is programmed to either ALT3 or ALT4, the

The following diagram shows how /O Ports A and B are
structured within the Am8155 and Am8156:

Am8155/Am8156
One Bit of Port A or Port B

ouTPUT :
p LATCH o L\ |
CLK_CLR OUTPUT |
ENABLE | :
@ |
a |
E |
3 WRITE |
=) PORT PA/PB
2 ———— {
S Mokt 7 | MODE (Note 4) I Py
| e —H |
2 I @ | i
*—l L ___0—_|_ 4 [ taten |
READ PORT a o |
CLK |
L/'

sTB

MOS-073
Notes: 1. Output Mode
. Simple Input
. Strobed Input
. = 1 for output mode
= 0 for input mode.
Read Port = (IO/M = 1) » (RD = 0) » (CE active)  (Port address
selected)
Write Port = (IO/M = 1) « (WR = 0) » (CE active) » (Port address
selected)

} Multiplexer Control

HWON

control signals for PA and PB are initialized as follows:

Control Input Mode Output Mode
BF Low Low
INTR Low High

STB Input Control Input Control

The set and reset of INTR and BF with respect to STB, WR
and RD timing is shown in Figure 8.

To summarize, the register's assignments are:

Note in the diagram that when the I/O ports are programmed
to be output ports, the contents of the output ports can still be
read by a READ operation when appropriately addressed.

Note also that the output latch is cleared when the port enters
the input mode. The output latch cannot be loaded by writing
to the port if the port is in the input mode. The result is that
each time a port mode is changed from input to ouput, the
output pins will go low. When the Am8155/8156 is RESET,
the output latches are all cleared and all 3 ports enter the
input mode.

When in the ALT 1 or ALT 2 modes, the bits of Port C are
structured like the diagram above in the simple input or output

No. of
Address |Pinouts Functions Bits mode, respectively.
XXXXX000 | Internal | Command/Status Register 8 R.Tladlng‘ ;rom an lqput ?oﬂ WItIh nothing connected to the pins
XXXXX001 | PAq.; | General Purpose I/O Port 8 will provide unpredictable results.
XXXXX010 | PBg.7; | General Purpose I/O Port 8
XXXXX011 | PCy.5 | General Purpose I/O Port 6
or Control Lines
Table 1. Table of Port Control Assignment.
Pin ALT 1 ALT 2 ALT 3 ALT 4
PCO Input Port Output Port A INTR (Port A Interrupt) | A INTR (Port A Interrupt)
PC1 Input Port | Output Port | A BF (Port A Buffer Full) A BF (Port A Buffer Full)
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe)
PC3 | Input Port | Output Port | Output Port B INTR (Port B Interrupt)
PC4 Input Port Output Port Output Port B BF (Port B Buffer Full)
PC5 | Input Port | Output Port | Output Port B STB (Port B Strobe)
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Am8155/Am8156

TIMER SECTION

The timer is a 14-bit down counter that counts the ‘timer input’
pulses and provides either a square wave or pulse when ter-
minal count (TC) is reached.

The timer has the I/O address XXXXX100 for the low order
byte of the register and the /O address XXXXX101 for the
high order byte of the register.

To program the timer, the COUNT LENGTH REG is loaded
first, one byte at a time, by selecting the timer addresses. Bits
0-13 will specify the length of the next count and bits 14-15
will specify the timer output mode. The value loaded into the
count length register can have any value from 2y through
3FFFy in bits 0-13.

There are four modes to choose from:

0 — Puts out low during second half of count

1 — Square wave

2 — Single pulse upon TC being reached

3 — Repetitive single pulse everytime TC is readied and au-
tomatic reload of counter upon TC being reached, until in-
structed to stop by a new command loaded into C/S.

Bits 6-7 of Command/Status Register Contents are used to
start and stop the counter. There are four commands to
choose from (See the further description on Command/Status
Register.).

C/S7 C/S6

0 0 NOP - Do not affect counter operation.

0 1 STOP — NOP if timer has not started; stop
counting if the timer is running.

1 0 STOP AFTER TC — Stop immediately after
present TC is reached (NOP if timer has not
started).

1 1 START — Load mode and CNT length and

start immediately after loading (if timer is
not presently running). If timer is running,
start the new mode and CNT length imme-
diately after present TC is reached.

Mz My Tia Ti2 T Tio Ty Ts

l I I ' |

TIMER MODE MSB OF CNT LENGTH

T Ts Ts Ta T3 T, T To

I
LSB OF CNT LENGTH

Figure 4. Timer Format.

M2 and M1 define the timer mode as follows:

M2 M1

0 0
o] 1

Puts out low during second half of count.
Square wave, i.e., the period of the square
wave equals the count length programmed with
automatic reload at terminal count.

1 0 Single pulse upon TC being reached.
Automatic reload, i.e., single pulse everytime
TC is reached.

Note: In case of an asymmetric count, i.e., 9, larger half of the count
will be high, the larger count will stay active as shown in Figure 5.

L |

5 Sandmm—

MOS-074

Note: 5 and 4 refer to the number of clock cycles in that time period.

Figure 5. Asymmetric Count.

The counter in the Am8155 is not initialized to any particular
mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefore, counting cannot begin fol-
lowing RESET until a START command is issued via the C/S
register.
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Am8155/Am8156

Ag-Ars

/ADO-Any

ALE

N\

AmB8085A RO

1o/M

CLK

RESET OUT

READY

N2

N

% H||I||>

2

RESET | yyyeq WR ALE

TIMER TIMER
out

CONTROL

Am8156

256 X 8
RAM

Am8155

CE t‘—
;—.
W L—l LATCHES IIOIM

8

EREERENEELNE

Ag-A10

ALE RD CLK

ADy-AD;  10/M iOW  RST

Am8355 (ROM + 1/0)

RDY

588

Figure 6 shows that a minimum system is possible using only three chips:

256 Bytes RAM
2K Bytes ROM
38 I/O Pins

1 Interval Timer

4 Interrupt Levels

Figure 6. Am8085A Minimum System Configuration.

MOS-075
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Am8155/Am8156

WAVEFORMS

A. READ CYCLE.

CE (Am8155)

OR

CE (Am8156)

1o/M

ADy-AD,

Fe—taL—] |o——tia—]

L

N\

/

N\
—

ALE X
N
t —1 tRDE |=— === tROF =]
-~ —
) X‘-_'RD_— Z N
e -—tCL—4
.bb 'nv

MOS-076
B. WRITE CYCLE.

CE (Afn8155) S / \

OR
CE (AmB156) 7 "\ /

10/M \ / \

2
AD(-AD, X ADDRESS :E( L DATA VALID E(
[ taL ——] <—‘LA—’| tow “—tCL‘—}
ALE /] X
|
L tc twp
p
™ Y N_
tee tav
Figure 7. Am8155/8156 Read/Write Timing Diagrams. MOS-077
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WAVEFORMS (Cont.)

A. STROBED INPUT MODE.

BF \
e
tseF .
STROBE
tgg——e1 ts) thee
INTR /IF \L
t=trO! !
o NI
[—tpss tPHS
INPUT DATA
FROM PORT X E(
MOS-078
B. STROBED OUTPUT MODE.
BF
STROBE
twer
INTR \
7
WR \
twp
OUPUT DATA
TO PORT X
Figure 8. Strobed I/O Timing.
MOS-079

BASIC INPUT MODE.

BASIC OUTPUT MODE.

. rp
RD \
tpn—*“‘
INPUT X: K DATA BUS*
— 1
DATA BUS* X ouTPUT
MOS-080

*Data bus timing is shown in Figure 7.

MOS-081

Figure 9. Basic /O Timing Waveform.
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WAVEFORMS (Cont.)

LOAD COUNTER FROM CLR —.I RELOAD COUNTER FROM CLR
| 2 | 1 5 1 4 | 3 ] 2 | 1 5 1
TIMER IN ’ L—\_/_
t
T 0y 7
TIMER OUT \ (NOTE1)
(PULSE) \ ’
!
= —=1 =t
TIMER OUT N 4
\ (NOTE 1) ,
(SQUARE WAVE) \ /
- -
— tro — try

Note 1: The timer output is periodic if in an automatic reload mode (M; mode bit = 1).

Countdown from 5 to 1

tcyc 320ns MIN.
t, and 30ns MAX.
t 80ns MIN.
t 120ns MIN.
trL and try 400ns MAX.
Figure 10. Timer Output Waveform. MOS-082
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Am8251

Am9551

Programmable Communications Interface

DISTINCTIVE CHARACTERISTICS

Improved performance with Am9551

Separate control and transmit register input buffers
8080A/9080A compatible

Synchronous or asynchronous serial data transfer
Parity, overrun and framing errors detected

Half or full duplex signalling

Character length of 5, 6, 7 or 8 bits

Internal or external synchronization

Odd parity, even parity or no parity bit

Modem interface controlled by processor
Programmable Sync pattern

Fully TTL compatible logic levels

+5 only power supply

Commercial and military temperature range operation
lon-implanted N-channel silicon gate MOS technology
100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am8251/9551 is a programmable serial data communi-
cation interface that provides a Universal Synchronous/Asyn-
chronous Receiver/Transmitter (USART) function. It is nor-
mally used as a peripheral device for an associated processor,
and may be programmed by the processor to operate in a
variety of standard serial communication formats.

The device accepts paralle! data from the CPU, formats and
serializes the information based on its current operating mode,
and then transmits the data as a serial bit stream. Simultane-
ously, serial data can be received, converted into parallel form,
de-formated, and then presented to the CPU. The USART can
operate in an independent full duplex mode.

Data, Control, operation and format options are all selected by
commands from an associated processor. This provides an
unusual degree of flexibility and allows the Am8251/9551 to
service a wide range of communication disciplines and appli-
cations.

BLOCK DIAGRAM

DBO-DB?

CONNECTION DIAGRAM

L Nz

)

RECEIVE STATUS COMMAND TRANSMIT
DATA REGISTER REGISTER DATA
BUFFER BUFFER
J 1 4
I

CLK —=
c/5 —=

RESET —=1 CONTROL

s —={ LociC
RD ——a]
WA —
I
1 T ] L
RECEIVER MODEM TRANSMITTER
SECTION CONTROL SECTION
RxD ‘ l lﬁ DTRl 'C_TS m, | lTxD
RXRDY SYNDET DSR RTS TxE TxRDY

MOS-214

Top View
\—
®
DATABUS2 === |1 28| Ja—= DATABUS 1
DATABUS3 =—[]2 27 [_J=— DATABUSO
RECEIVER
e —] s 25 [T Voc usow
RECEIVER
{GND) Vgg —— | 4 25 [ }=— CrocK
DATA
DATABUS 4 =—e{ |5 %[ }—e —‘FI;EET[A)IYNA_L
DATABUSS ——={" |6 23 | }—= REQUEST 10
SEND
DATABUSE ~—=] |7 22 [ }=—— DATASET
Am9551 READY
DATABUS7 —~—e{ |8 21 J-— RESET
TRANSMITTER
SR —{"] ¢ 20 [ J=—— cLock
WRITE —=[ | 10 vl +— Bi’,’l‘,ﬁs"’“”“
THF o] ] TRANSMITTER
SELECT " 1 EMPTY
CONTROL/ CLEARTO
oaTa —=L_|12 17 [ Je—— g8
J— SYNC
ReAD —= |13 16 [ =—= Derect
RECEIVER TRAN M1
P P 15 [J— TRANSMITTER

Pin 1 is marked for orientation.

MOS-215

ORDERING INFORMATION

Ambient Temperature 9551 Specifications
Package Type Specification 8251 Specifications Standard Upgraded
Hermetic DIP* AMB8251DC/D8251 AM9551DC AM9551-4DC
0°C < Ty =< +70°C AMB8251CC/C8251 AM9551CC | AM9551-4CC
Molded DIP AM8251PC/P8251 AMI551PC AMI551-4PC
Hermetic DIP —55°C < Ty < +125°C AM8251DM/M8251 AM9551DM

*Hermetic = Ceramic = DC = CC = D-28-1.

7-36




Am8251 « Am9551

INTERFACE SIGNAL DESCRIPTION

Data Bus

The Am9551 uses an 8 bit bi-directional data bus to exchange
information with an associated processor. Internally, data is
routed between the data bus buffers and the transmitter sec-
tion or receiver section as selected by the Read (RD) or Write
(WR) control inputs.

Chip Sefect {CS)

The active low Chip Select input allows the Am9551 to be in-
dividually selected from other devices within its address range.
When Chip Select is high, reading or writing is inhibited, and
the data bus output is in it’s high impedance state.

Reset

The Am9551 will assume an idle state when a high level is
applied to the Reset input. When the Reset is returned Low,
the Am9551 will remain in the idle state until it receives a new
mode control instruction.

Read (RD)

The active low Read input enables data to be transferred from
the Am9551 to the processor.

Write (WR)

The active low Write input enables data to be transferred from
the processor to the Am9551.

Control/Data (C/D)

During a Read operation, if this input is at a high level the
status byte will be read, and if it is at a low level the receive
data will be read by the processor. When a Write operation is
being performed, this input will indicate to the Am8551 that
the bus information being written is a command if C/D is high
and data if C/D is low.

c/D | RD | WR | CS
0 o] 1 0 | Am9551 DATA - DATA BUS
0 1 0 | 0 | DATABUS—~> Am9551 DATA
1 0 1 0 | Am9551 STATUS - DATA BUS
1 1 0 | 0 | DATA BUS» Am9551 COMMAND
X X X | 1 | DATA BUS —» 3-STATE
Clock (CLK)

This input is used for internal timing within the Am9551. It
does not control the transmit or receive rate. However, it
should be at least 30 times the receive or transmit rate in the
synchronous mode and 4.5 times the receive or transmit rate
in the asynchronous mode. The CLK frequency is also re-
stricted by both an upper and a lower bound. This input is
often connected to a clock from the associated processor.

Receiver Data (RxD)

Serial data is received from the communication line on this
input.

Receiver Clock (RxC)

The serial data on input RxD is clocked into the Am8551 by
the RxC clock signal. In the synchronous mode, RxC is deter-
mined by the baud rate and supplied by the modem. In the
asynchronous mode, RxC is 1, 16, or 64 times the baud rate as
selected in the mode control instruction. Data is sampled by
the Am9551 on the rising edge of RxC.

Receiver Ready (RxRDY)
The RxRDY output signal indicates to the processor that data

has been shifted into the receiver buffer from the receiver sec-
tion and may be read. The signal is active high and will be re-

set when the buffer is read by the processor. RxRDY can be
activated only if the receiver enable (RXE) has been set in the
command register, even though the receiver may be running.
If the processor does not read the receiver buffer before the
next character is shifted from the receiver section then an
overrun error will be indicated in the status buffer.

Sync Detect (SYNDET)

This signal is used only in the synchronous mode. It can be
either an output or input depending on whether the program
is set for internal or external synchronization. As an output,
a high level indicates when the sync character has been de-
tected in the received data stream after the Internal Synchron-
ization mode has been programmed. {f the Am9551 is pro-
grammed to utilize two sync characters, then SYNDET will go
to a high level when the last bit of the second sync character
is received. SYNDET is reset when the status buffer is read or
when a Reset signal is activated. SYNDET will perform as an
input when the External Synchronization mode is programmed.
External logic can supply a positive-going signal to indicate to
the Am9551 that synchronization has been attained. This will
cause it to initialize the assembly of characters on the next
falling edge of RxC. To successfully achieve synchronization
the SYNDET signal should be maintained in a high condition
for at least one full period of RxC.

Transmit Data (TxD)
Serial data is transmitted to the communication line on this
output.

Transmitter Clock (TxC)

The serial data on TxD is clocked out with the TxC signal. The
relationship between clock rate and baud rate is similar to that
for RxC. Data is shifted out of the Am9551 on the falling edge
of TxC.

Transmitter Ready (TxRDY)

The TxRDY output signal goes high when data in the Transmit
Data Buffer has been shifted into the transmitter section al-
lowing the Transmit Data Buffer to accept the next byte from
the processor. TxRDY will be reset when information is writ-
ten into the Transmit Data Buffer. Loading command register
also resets TxRDY. TxRDY will be available on this output
pin only when the Am9551 is enable to transmit (CTS = 0,
TxEN = 1). However, the TxRDY bit in the status Buffer will
always be set when the Transmit Data Buffer is empty regard-
less of the state of TxEN and CTS.

Transmitter Empty (TxE)

The TxE output signal goes high when the Transmitter section
has transmitted its data and is empty. The signal will remain
high until a new data byte is shifted from the Transmit Data
Buffer to the Transmitter section. In the synchronous mode if
the processor does not load a new byte into the buffer in time,
TxE will, independent of the status of the TxEN bit in the
command register, momentarily go to a high level as SYNC
characters are loaded into the Transmitter Section.

Data Terminal Ready (DTR)

This signal is a general purpose output which reflects the state
of bit 1in the Command instruction. Itis commonly connected
to an associated modem to indicate that the Am9551 is ready.

Data Set Ready (DSR)

This is a general purpose input signal and forms part of the sta-
tus byte that may be read by the processor. DSR is generally
used as a response to DTR, by the Modem, to indicate that it
is ready. The signal acts only as a flag and does not control
any internal logic.
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INTERFACE SIGNAL DESCRIPTION (Cont.)

Request to Send (RTS)

This is a general purpose output, similar to DTR, and reflects
the state of bit 5 in Command Instruction. It is normally used
to initiate a data transmission by requesting the modem to pre-
pare to send.

Clear to Send (CTS)

This is a general purpose input signal used to enable the 8261/
9551 to transmit data if the TXEN bit in the Command byte is
a one. CTS is generally used as a response to R19 by a modem
to indicate that transmission may begin. Designers not using
CTS in their systems should remember to tie it low so that
8251/9551 data transmission will not be disabled.

OPERATION AND PROGRAMMING

The microcomputer program controlling the Am9551 per-
forms these tasks:

o Qutputs contirol codes

® [nputs status

® Qutputs data to be transmitted

® {nputs data which have been received

Control codes determine the mode in which the Am9551 will
operate and are used to set or reset control signals output by
the Am9551.

The Status register contents will be read by the program moni-
toring this device’s operation in order to determine error con-
ditions, when and how to read data, write data or output con-
trol codes. Program logic may be based on reading status bit
levels, or control signals may be used to request interrupts.

INITIALIZING THE Am9551

The Am9551 may be initialized following a system reset or
prior to starting a new serial 1/0O sequence. The USART must
be reset following power up and subsequently may be reset at
any time following completion of one activity and preceeding
a new set of operations. Following a reset, the Am9551 enters
an idle state in which it can neither transmit nor receive data.

The Am9551 is initialized with two, three or four control
words from the processor. Figure 1 shows the sequence of
control words needed to initialize the Am9551, for synchron-
ous or for asynchronous operation. Note that in asynchronous
operation a mode control is output to the device followed by a
command. For synchronous operation, the mode control is
followed by one or two SYNC characters, and then a com-
mand.

ASYNCHRONOUS SYNCHRONOUS
OPERATION OPERATION
/51 MODE CONTROL INITIALING MODE CONTROL
SEQUENCE
COMMAND SYNC#1
c/b=1 SYNC #2 SauenaE®
_ DATA (OPTIONAL)
c/B=0 -
M COMMAND
DATA
c/o=0 s
: MOS-216

Figure 1. Control Word Sequence for Initialization.

Only a single address is set aside for mode control bytes, com-
mand bytes and SYNC character bytes. For this to be possible,
logic internal to the chip directs control information to its pro-
per destination based on the sequence in which it is received.
Following a reset, the first control code output is interpreted
as a mode control. If the mode control specifies synchronous
operation, then the next one or two bytes (as determined by
the mode byte) output as control codes will be interpreted as
SYNC characters. For either asynchronous or synchronous
operation, the next byte output as a control code is inter-
preted as a command. All subsequent bytes output as control

codes are interpreted as commands. There are two ways in
which control logic may return to anticipating a mode con-
trol input; following an external Reset signal or following an
internal Reset command.

MODE CONTROL CODES
The Am9551 interprets mode control codes as illustrated in
Figures 2 and 3.

Control code bits 0 and 1 determine whether synchronous or
asynchronous operation is specified. A non-zero value in bits 0
and 1 specifies asynchronous operation and defines the rela-
tionship between data transfer baud rate and receiver or trans-
mitter clock rate. Asynchronous serial data may be received or
transmitted on every clock pulse, on every 16th clock pulse, or
on every 64th clock pulse. A zero in both bits 0 and 1 defines
the mode of operation as synchronous.

For synchronous and asynchronous modes, control bits 2 and
3 determine the number of data bits which will be present in
each data character.

For synchronous and asynchronous modes, bits 4 and 5 deter-
mine whether there will be a parity bit in each character, and
if so, whether odd or even parity will be adopted. Thus in syn-
chronous mode a character will consist of five, six, seven or

7 6 5 4 3 2 1 0-=— BitNo

LIT T T [ [ofe]
‘Lsyncmode

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

0 = Parity disable, 1= Parity enable

0 =0dd parity, 1= Even parity

=SYNDET output
=SYNDET input

-0

0 =2S5YNC characters
1 =18YNC character

MOS-217

Figure 2. Synchronous Mode Control Code.

7 6 5 4 3 2 1 0-=— BjtNo.

L[]
‘L 00 Invalid
01 Async mode, 1 x Baud rate factor

10 Async mode, 16 x Baud rate factor
11 Async mode, 64 x Baud rate factor

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 Bbits per character

0 = Parity disable, 1 = Parity enable

0 = 0dd parity, 1 = Even parity

00 Invalid

01 1stop bit
10 1% stop bits
11 2stop bits

MOS-218

Figure 3. Asynchronous Mode Control Code.
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OPERATION AND PROGRAMMING (Cont.)

eight data bits, plus an optional parity bit. In asynchronous
mode, the data unit will consist of five, six, seven or eight data
bits, an optional parity bit, a preceeding start bit, plus 1, 1%,
or 2 trailing stop bits. Interpretation of subsequent bits differs
for synchronous or asynchronous modes.

Control code bits 6 and 7 in asynchronous mode determine
how many stop bits will trail each data unit. 1% stop bits can
only be specified with a 16x or 64x baud rate factor. In these
two cases, the half stop bit will be equivalent to 8 or 32 clock
pulses, respectively.

In synchronous mode, control bits 6 and 7 determine how
character synchronization will be achieved. When SYNDET is
an output, internal synchronization is specified; one or two
SYNC characters, as specified by control bit 7, must be de-
tected at the head of a data stream in order to establish syn-
chronization.

COMMAND WORDS

Command words are used to initiate specific functions within
the Am9551 such as, “reset all error flags’ or ‘‘start searching
for sync”. Consequently, Command Words may be issued by
the microprocessor to the Am9551 at any time during the exe-
cution of a program in which specific functions are to be initi-
ated within the communication circuit.

Figure 4 shows the format for the Command Word.

2 0-==— BitNo.

L

TxEN
1 = Enable transmission
0 = Disable transmission

DTR

1 =DTR output is forced to 0

RxE

1 = Enable RxRDY

0 = Disable RxRDY

SBRK

1 =TxD is forced low

0 = Normal operation

ER

1 = Resets all error flags in
Status register (PE, OE, FE)

RTS

1 =RTS outputis forced to 0

IR
1 = Reset format

EH
1 = Enter HUNT mode MOS-219

Figure 4. Am9551 Control Command.

Bit 0 of the Command Word is the Transmit Enable bit (TXEN).
Data transmission from the Am9551 cannot take place unless
TxEN is set in the command register. Figure 5 defines the
way in which TxEN, TxE and TxRDY combine to control
transmitter operations.

Bit 1 is the Data Terminal_Ready (DTR) bit. When the DTR
command bit is set, the DTR output connection is active

(low). DTR is used to advise a modem that the data terminal is
prepared to accept or transmit data.

Bit 2 is the Receiver Enable Command bit (RxE). RxE is used
to enable the RxRDY output signal. RXE prevents the RxRDY
signal from being generated to notify the processor that a com-
plete character is framed in the Receive Character Buffer. It
does not inhibit the assembly of data characters at the input,
however. Consequently, if communication circuits are active,

characters will be assembled by the receiver and transferred to
the Receiver Character Buffer. If RxE is disabled, the overrun
error (OE) will probably be set; to insure proper operation,
the overrun error is usually reset with the same command that
enables RxE.

TxEN TxE TxRDY
1 1 1

Transmit Output Regsiter and
Transmit Character Buffer emp-
ty. TxD continues to mark if
Am9551 is in the asynchronous
mode. TxD will send Sync
pattern if Am8551 is in the
Synchronous Mode. Data can be
entered into Buffer.

Transmit Output Register is
shifting a character. Transmit
Character Buffer is available to
receive a new byte from the
processor.

Transmit Register has finished
sending. A new character is
waiting for transmission. This is
a transient condition.

Transmit Register is currently
sending and an additional charac-
ter is stored in the Transmit
Character Buffer for transmis-
sion.

Transmitter is disabled.

0/1 0/1

Figure 5. Operation of the Transmitter Section
as a Function of TxE, TXxRDY and TxEN.

Bit 3 is the Send Break Command bit (SBRK). When SBRK is
set, the transmitter output (TxD) is interrupted and a contin-
uous binary ‘0" level, (spacing) is applied to the TxD output
signal. The break will continue until a subsequent Command
Word is sent to the Am9551 to remove SBRK.

Bit 4 is the Error Reset bit (ER). When a Command Word is
transmitted with the ER bit set, all three error flags in the
Status Register are reset. Error Reset occurs when the Com-
mand Word is loaded into the Am9551. No latch is provided in
the Command Register to save the ER command bit.

Bit 5, the Request To Send Command bit (RTS), sets a latch
to reflect the RTS signal level. The output of this latch is cre-
ated independently of other signals in the Am9551. As a re-
sult, data transfers may be made by the microprocessor to the
Transmit Register, and data may be actively transmitted to the
communication line through TxD regardless of the status of
RTS.

Bit 6, the Internal Reset (IR}, causes the Am9551 to return to
the Idle mode. All functions within the Am9551 cease and no
new operation can be resumed until the circuit is reinitialized.
If the operating mode is to be altered during the execution of
a microprocessor program, the Am9551 must first be reset.
Either the external reset connection can be activated, or the
Internal Reset Command can be sent to the Am9551. Internal
Reset is a momentary function performed only when the
command is issued.

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt
mode command is only effective for the Am9551 when it is
operating in the Synchronous mode. EH causes the receiver to
stop assembling characters at the RxD input and start search-
ing for the prescribed sync pattern. Once the “Enter Hunt”
mode has been initiated, the search for the sync pattern will
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continue indefinitely until EH is reset when a subsequent TxRDY signals the processor that the Transmit Character Buf-
Command Word is sent, when the IR command is sent to the fer is empty and that the Am9551 can accept a new character
Am9551, or when SYNC characters are recognized. for transmission.

STATUS REGISTER RxRDY signals the processor that a completed character is

holding in the Receive Character Buffer Register for transfer

The Status Register maintains information about the current to the processor.

operational status of the Am9551. Figure 6 shows the format

of the Status Register. TxE signals the processor that the Transmit Register is empty.
PE is the Parity Error sigrial indicating to the CPU that the
7 65 43 2 1 0= Bitho character stored in the Receive Character Buffer was received
LITTTTTT] with an incorrect number of binary "“1'’ bits.
T_ TxRDY OE is the receiver Overrun Error. OE is set whenever a byte
stored in the Receiver Character Register is overwritten with
RxRDY a new byte before being transferred to the processor.
TXE FE is the character framing error which indicates that the
. asynchronous mode byte stored in the Receiver Character Buf-
Parity error fer was received with incorrect character bit format, as speci-
oF fied by the current mode.
Overrun error SYNDET is the synchronous mode status bit associated with
FE internal sync detection,
SYNDET DSR is the status bit set by the external Data Set Ready signal
to indicate that the communication Data Set is operational.
DSR MOS-220 All status bits are set by the functions described for them.
SYNDET is reset whenever the processor reads the Status
Figure 6. The Am9551 Status Register. Register. OE, FE, PE are reset only by command.

MAXIMUM RATINGS Above which the useful life may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
Ve with Respect to Vgg —0.5V to +7.0V
All Signal Voltages with Respect to Vgg —0.5V 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.

OPERATING RANGE

Part Number Ambient Temperature Vee Vss
Am9551CC
D8251 0°C < Ta<+70°C +5.0V + 5% oV
Am9551-4CC
Am9551DM —B5°C < Tp < +125°C +5.0V £ 10% oV
ELECTRICAL CHARACTERISTICS Over Operating Range {Note 1) c8251 Am9551
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
VoH Output HIGH Voltage loH = ~200kA 24 Volts
1oH = —100pA 24
VoL Output LOW Voltage 0L = 3:2MA (Note 6} 04 Volts
oL = 1.6mA 0.40
ViH Input HIGH Voltage 2.0 Vee 20 Vee Volts
ViL Input LOW Voltage ~05 0.8 —0.5 0.8 Volts
In Input Load Current Vgs < VIN < Vce 10 10 A
IpL Data Bus Leakage Vour =045V —50 =50 uA
VouT = Vece 10 10
Ta = +25°C 45 45
lce Ve Supply Current Ta =0°C 80 80 mA
Ta =-55°C 120
Co Output Capacitance ) . 15 pF
Cy Input Capacitance 10 . 10 pF
- fc = 1.0MHz, Inputs = 0V
Ci/o 1/0 Capacitance 20 20 pF
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Note 2)

Am9551DM
Am8251 Am9551DC AmS551-4DC
Parameters Description Min. Max. Min. Max. Min. Max. Units
tAR CS, C/D Stable to READ Low Set-up Time 50 50 50 ns
tAw CS, C/D Stable to WRITE Low Set-up Time 20 20 20 ns
tcR DSR, CTS to READ Low Set-up Time 16 16 16 tCY
tcy Clock Period 420 1.35 .380 1.35 .380 1.35 M
tDF READ High to Data Bus Off Delay 25 200 25 200 25 200 ns
tDTx TxC Low to TxD Delay 1.0 1.0 1.0 us
tDwW Data to WRITE High Set-up Time 200 150 100 ns
tEs External SYNDET to RxC Low Set-up Time 16 16 16 tCY
tHRx Sampling Puise to Rx Data Hold Time 2.0 2.0 2.0 us
tis Data Bit (Center) to Internal SYNDET Delay 25 25 25 tCY
toW Clock Pulse Width 220 0.7tCY 175 0.7tCY 175 0.7tCY fs
tR, tF Clock Rise & Fall Time 0 50 0 50 0 50 ns
tRA READ High to CS, C/D Hold Time 5.0 5.0 5.0 ns
tRD READ Low to Data Bus On Delay 350 250 180 ns
1x Baud Rate 15 15 15
t Receiver Clock High Time wCcY
i P
1x Baud Rate 12 12 12
tRPW Receiver Clock Low Time 1B§:d&R5:i: 10 10 10 tcY
tRR READ Pulse Width 430 380 250 ns
tRY Time Between WRITE Pulses During Initialization 6.0 6.0 6.0 iy
(Note 3) .
tRx Data Bit (Center) to RxRDY Delay 20 20 20 tCY
tSRx Rx Data to Sampling Pulse Set-up Time 2.0 2.0 2.0 us
1x Baud Rate 15 15 15
tTp Transmitter Clock High Time tCY
TPD ::zfﬁii: 3.0 3.0 3.0
1x Baud Rate 12 12 12
tTPW Transmitter Clock Low Time ;‘:::Rii: 10 10 10 tCY
tTx Data Bit (Center) to TXRDY Delay 16 16 16 tCY
tTxE Data Bit (Center) to Tx EMPTY Delay 16 16 16 tCY
WA WRITE High to CS, C/D Hold Time 20 20 ) 20 ns
twe WRITE High to TxE, DTR, RTS Delay 16 16 16 tCY"
twD WRITE High to Data Hold Time 40 40 40 ns
tww WRITE Pulse Width 400 380 250 ns
1x Baud Rate DC 56 DC 56 DC 56
fRx Receiver Clock Frequency 16x & 64x e 520 be 520 be 520 kHz
Baud Rate
1x Baud Rate DC 56 DC 56 DC 56
frx Transmitter Clock Frequency ;g:d&ﬂi‘:: bC 520 b 520 be 520 kHz
NOTES:

1. Typical values are ‘for Tp = 25°C, nominal supply voltage and nominal processing parameters.

2. Test conditions include: transition times << 20nS, output loading of 1TTL gate plus 100pF, input and output timing reference levels

of 0.8V and 2.0V.

3. This time period between write pulses is specified for initialization purposes only; when MODE, SYNC 1, SYNC 2, COMMAND
and first DATA BYTE are written into the Am9551. Subsequent writing of both COMMAND and DATA are only allowed when
TxRDY = 1.

. Reset Pulse Width = 6tCY min.

. Switching Characteristic parameters are listed in alphabetical order.

. The maximum Input Low Current (Ig() is 1.6mA at Vg = .4V max over the military temperature range (—55 to +125°C} and
Vee = 5V £10%.

o os
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SWITCHING WAVEFORMS

READ OPERATION WRITE OPERATION
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. pa auh X

MOS-221
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I tTPW 4 tTPC

! RxC
— | ay exeavey  UUTULULAUUUUUULULIL
i xBAU’;D) ——| |¢—|RPW —]{ |=—1tRPD
18TxC PERlons————-l RxC
— (1 x BAUD]
T>C 1 |
/ Bk RPW tRPD
(16 x BAUD) K_/_\_/— INTERNAL [ ! !
SAMPLING
L——I_w'rx PULSE Il
0 1SRX tHRX
x

MOS-222

TxRDY TIMING (ASYNC MODE) RxRDY TIMING (ASYNC MODE)
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) .

{ R
TXEMPTY RxD o DATABITS IPAR'TV sTop | START
(

BIT BIT BIT

T ——I j=— tRX
A‘l RxRpy F\

TxRpy

=

WR RO
WRITE WRITE WRITE v
1ST.BYTE  2ND. BYTE 3RD. BYTE
TxD MARKINGI starTeiT | OATA :: paRTY STOPEIT START BIT
0
l~—1sr. DATA BVTE——I-— -
MOS-223
INTERNAL SYNC DETECT (SYNC MODE ONLY) EXTERNAL SYNC DETECT (SYNC MODE ONLY)
fm——s¥NC CHARACTER 01101001 ———=|
LAST b——
l ST, l I l I | BIT l l RxC _I I [ | I |
RESET BY |—1es b
SYNDET STATUS READ SYNDET 1t
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Am8253/Am8253-5

Programmable Interval Timer

ADVANCED INFORMATION

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
® Count binary or BCD The Am8253/Am8253-5 are programmable counter/timer chips
o Single +5V supply designed for use as Am8080A/Am8085A Family peripherals.
® 24-pin dual-in-line package They use NMOS technology with a single +5V supply and are
@ Three independent 16-bit counters direct replacements for Intel's 8253/8253-5.
® DC to 2.5MHz Each device is organized as three independent 16-bit counters,
° Programmable counter modes each counter having a rate of up to 2.5MHz. All modes of opera-
® Bus oriented I/0 ) tion are software programmable. For improved performance, see
o 100% reliability assurance testing to MIL-STD-883 Amg513 System Timing Controller.
BLOCK DIAGRAM CONNECTION DIAGRAM
Top View
Note: Pin 1 is marked for orientation.
or[]1® ~ 24 [Jvee
] os[ |2 23 [ ]wa
feo——- CLK 0 __
07-00 . I:a‘\uTsA COUNTER | e GaTE 0 = “ :].T)_
BUFFER =0 pa[]4 n| ]
oure o35 20 [ A1
1 2] e Amgosy 19 140
o[]7  AMBIS [ okz
%;—.‘ " f— cLk 1 oo[ s 17 [Jour2
sv?rrosl a —.\ COZNTER |e—— GATE 1 cko[ ] o 16 [ GATE2
Ao 106 é l — ouT1 outo[] 10 15[ Jek
M E Gateo[ | 11 14 { JGATE Y
[ —-J GND[ | 12 13 _Joutrt
f——CLK 2
C%NJRRSL /‘— <::> COUNTER catE 2 PIN NAMES
RecsTER IN T D7-D0 Data bus (8-bit)
1 CLK N Counter clock inputs
I~ GATE N Counter gate inputs
OUT N Counter outputs
RD Read counter
. WR Write command or data
cs Chip select
AO-A1 Counter select
VCC +5 Volts
GND Ground
MOS-153 MOS-154
ORDERING INFORMATION
Package Ambient
Type Temperature Order Numbers
Molded DIP AMB253PC/P8253 AMB253-5PC/P8253-5
Hermetic DIP* 0°C < Ta < +70°C AM8253DC/D8253 AMB8253-5DC/D8253-5
AMB8253CC/C8253 AMB253-5CC/C8253-5
*Hermetic = Ceramic = DC = CC = D-24-1.
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Am8253/Am8253-5

FUNCTIONAL DESCRIPTION

General

The Am8253 is a programmable interval timer/counter specifi-
cally designed for use with the Am9080A Microcomputer sys-
tems. Its function is that of a general-purpose, multitiming ele-
ment that can be treated as an array of I/O ports in the system
software.

The AmB8253 solves one of the most common problems in any
microcomputer system, the generation of accurate time delays
under software control. Instead of setting up timing loops in
systems software, the programmer configures the Am8253 to
match his requirements, initializes one of the counters of the
Am8253 with the desired quantity, then upon command the
Am8253 will count out the delay and interruptthe CPU whenit has
completed its tasks. It is easy to see that the software overhead is
minimal and that multiple delays can easily be maintained by
assignment of priority levels.

Other counter/timer functions that are non-delay in nature, but
also common to most microcomputers can be implemented with
the Am8253.

Programmable Rate Generator
Event Counter

Binary Rate Multiplier
Real-Time Clock

Digital One-Shot

Compiex Motor Controller

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to interface the
Am8253 to the system data bus. Data is transmitted or received
by the buffer upon execution of INput or OUTput CPU instruc-
tions. The Data Bus Buffer has three basic functions.

1. Programming the MODES of the Am8253
2. Loading the count registers
3. Reading the count values

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus and in
turn generates contro! signals for overall device operation. It is
enabled or disabled by CS so that no operation can occur to
change the function unless the device has been selected by the
system logic.

RD (Read)

A“low” on this input informs the Am8253 that the CPU is inputting
data in the form of a counters value.

‘WR (Write)

A"low” on this input informs the Am8253 that the CPU is output-
ting data in the form of MODE information or loading counters.

A0, Al

These inputs are normally connected to the address bus. Their
function is to select one of the three counters to be operated on
and to address the control word register for MODE selection.

CS (Chip Select)
A “low” on this input enables the Am8253. No reading or writing

will occur unless the devices is selected. The CS input has no
effect upon the actual operation of the counter.

Control Word Register

The Control Word Register is selected when AQ, A1 are 11. Itthen
accepts information from the data bus buffer and stores it in a
register. The information stored in this register controls the oper-
ational MODE of each counter, selection of binary or BCD count-
ing and the loading of each count register.

The Control Word Register can only be written into; no read
operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation so only a
single Counter will be described. Each Counter consists of a
single, 16-bit, presettable, DOWN counter. The counter can op-
erate in either binary or BCD and its input, gate and output are
configured by the selection of MODES stored in the Control Word
Register.

The counters are fully independent and each can have separate
MODE configuration and counting operation, binary or BCD.
Also, there are special features in the control word that handle the
loading of the count value so that software overhead can be
minimized for these functions.

The reading of the contents of each counter is available to the
programmer with simple READ operations for event counting
applications, and special commands and logic are included in the
AmB253 so that the contents of each counter can be read “on the
fly” without having to inhibit the clock input.

CS | RD | WR | A1 | A0
0 1 0 0 0 Load Counter No. 0
0 1 0 0 1 Load Counter No. 1
0 1 0 1 0 Load Counter No. 2
0 1 0 1 1 Write MODE Word
0 0 1 0 4] Read Counter No. 0
0 0 1 0 1 Read Counter No. 1
0 0 1 1 0 Read Counter No. 2
0 0 1 1 1 No-Operation 3-State
1 X X X X Disabie 3-State
0 1 1 X No-Operation 3-State

7-44




Am8253/Am8253-5

OPERATIONAL DESCRIPTION

General

The complete functional definition of the Am8253 is programmed
by the systems software. A set of control words must be sent out
by the CPU to initialize each counter of the Am8253 with the
desired MODE and quantity information. These contro! words
program the MODE, Loading sequence and selection of binary or
BCD counting.

Once programmed, the Am8253 is ready to perform whatever
timing tasks it is assigned to accomplish.

The actual counting operation of each counter is completely
independent and additional logic is provided on-chip so that the
usual problems associated with efficient monitoring and man-
agement of external, asynchronous events or rates to the micro-
computer system have been eliminated.

Programming the Am8253

All of the MODES for each counter are programmed by the
systems software by simple I/O operations.

Each counter of the Am8253 is individually programmed by writ-
ing a control word into the Control Word Register (A0, A1 = 11).

Control Word Format
D7 D6 D5 D4 D3 D2 DI DO
[ sc1 | sco| A | Ao [ M2 [ m1 | mo [ Bep

Definition of Control
SC — Select Counter:

SC1 SCo
0 0 Select Counter 0
0 1 Select Counter 1
1 [¢] Select Counter 2
1 1 lllegal

RL — Read/Load:

RL1 RLO
0 0 Counter Latching operation.
1 0 Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 1 Read/L'oa.d' least significant byte first, then
most significant byte.
M — MODE:
M2 M1 Mo
0 0 0 MODE 0
0 0 1 MQDE 1
X 1 0 MODE 2
X 1 1 MODE 3
1 0 0 MODE 4
1 0 1 MODE 5
BCD:
0 Binary Counter 16-bits
1 Binary Coded Decimal (BCD) Counter (4 Decades)

Counter Loading

The count register is not loaded until the count value is written
(one or two bytes, depending on the mode selected by the RL
bits), followed by arising edge and a falling edge of the clock. Any
read of the counter prior to that falling clock edge may yield invalid
data.

MODE DEFINITION

MODE 0: Interrupt on Terminal Count

The output will be initially low after the mode set operation. After
the count is loaded into the selected count register, the output will
remain low and the counter will count. When terminal count is
reached the output will go high and remain high until the selected
count register is reloaded with the mode or a new count is loaded.
The counter continues to decrement after terminal count has
been reached.

Rewriting a counter register during counting results in the
following:

1. Write 1st byte stops the current counting.
2. Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot

The output will go low on the count following the rising edge of the
gate input.

The output will go high on the terminal count. If a new count value
is loaded while the output is low it will not affect the duration of the
one-shot pulse untit the succeeding trigger. The current countcan
be read at any time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will remain low for
the full count after any rising edge of the gate input.

MODE 2: Rate Generator

Divide by N counter. The output will be low for one period of the
input clock. The period from one output pulse to the next equals
the number of input counts in the count register. If the count
register is reloaded between output pulses the present period will
not be affected, but the subsequent period will reflect the new
value.

The gate input, when low, will force the output high. When the
gate input goes high, the counter will start from the initial count.
Thus, the gate input can be used to synchronize the counter.

When this mode is set, the output will remain high until after the
count register is loaded. The output then can also be syn-
chronized by software.

MODE 3: Square Wave Rate Generator

Similarto MODE 2 except that the output will remain high untilone
halfthe count has been completed (foreven numbers) and go low
for the other half of the count. This is accomplished by decre-
menting the counter by two on the falling edge of each clock
pulse. When the counter reaches terminal count, the state of the
output is changed and the counter is reloaded with the full count
and the whole process is repeated.

If the count is odd and the output is high, the first clock pulse (after
the count is loaded) decrements the count by one. Subsequent
clock pulses decrementthe clock by two. After timeout, the output
goes low and the full count is reloaded. The first clock pulse
(following the reload) decrements the counter by three. Sub-
sequent clock pulses decrement the count by two until timeout.
Then the whole process is repeated. In this way, if the count is
odd, the output will be high for (N + 1)/2 counts and low for
(N — 1)/2 counts.
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MODE 4: Software-Triggered Strobe

After the mode is set, the output will be high. When the count is
loaded, the counter will begin counting. On terminal count, the
output will go low for one input clock period, then will go high
again.

If the count register is reloaded between output pulses the pre-

sent period will not be affected, but the subsequent period will
reflect the new value. The count will be inhibited while the gate

input is low. Reloading the counter register will restart counting
beginning with the new number.

MODE 5: Hardware-Triggered Strobe

The counter will start counting after the rising edge of the trigger
input and will go low for one clock period when the terminal count
is reached. The counter is retriggerable. The output will not go low
until the full count after the rising edge of any trigger.

MODE 0. Interrupt on Terminal Count.

OUTPUT

{INTERRUPT)
=4
WAm I I
GATE ] I
ourur 5 4 3 2 1 o
1 | 1 —
—] A f————
A+B=m

WRn I |
TRIGGER |
4 3 2 1 0
outPut =4 1 |
TRIGGER I 1 |
4 3 2 4 3 2 1 0
OUTPUT I I

MODE 2. Rate Generator.

MODE 3. Square Wave Generator.

fp— 4 2 4 2 4 2 4 2 4 2 4 2 4
n=a___| | | | I ] I

OUTPUT 5 4 2 5 2 5 4 2 5 2 H 4 2
wes | | | | |

MODE 4. Software-Triggered Strobe.

WA n=4
4 3 2 1 (]
ouTPUT | |
LOAD n n=4
GATE | |
4 4 3 2 40
ouTPUT | [

MODE 5. Hardware-Triggered Strobe.

GATE l

4 3 2 1 0

WARn n=4 n=3
4 3 2 1 04 3 2 103 2 1
ouTpPUT | I
o3) 3 2 103 2 103 2
oy L
=3
RESET | l

outpPuT
(=4 L1
GATE | | |
4 3 4 3 2 1 0
ouTPUT
e L

Figure 1. Am8253 Timing Diagrams.
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Am8253/Am8253-5
MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature —65 to +150°C
Ambient Temperature Under Bias 0to 70°C
Voltage On Any Pin with Respect to Ground ~0.5V to +7.0V
Power Dissipation 1w

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.

DC CHARACTERISTICS (T, = 0 to 70°C; VCC = 5.0V +5% unless otherwise specified)

Parameter Description Test Conditions Min Typ Max Units
VIiL Input Low Voltage -0.5 0.8 Volts
VIH Input High Voltage 22 VCC+.5V Volts
VoL Output Low Voltage Note 1 0.45 Volts
VOH Output High Voltage Note 2 24 Volts
liL Input Load Current VIN = VCC to OV +10 nA
IOFL Output Float Leakage VOUT = VCC to OV +10 nA
ICC VCC Supply Current 140 mA

Notés: 1. Am8253, IOL = 1.6mA; Am8253-5, IOL = 2.2mA.
2. Am8253, IOH = —150uA; AmB8253-5, IOH = —400uA.

CAPACITANCE T, = 25°C; VCC = GND = oV

Parameter Description Test Conditions Min Typ Max Units
CIN Input Capacitance fc = 1MHz 10 pF
Cl/o 1/0 Capacitance Unmeasured pins returned to VSS 20 pF

CLOCK AND GATE TIMING

Am8253 Am8253-5
Parameter Description Min Max Min Max Units
tCLK Clock Period 380 dc 380 dc ns
tPWH High Pulse Width 230 230 ) ns
tPWL Low Pulse Width 150 150 ns
tGW Gate Width High 150 150 ns
tGL Gate Width Low 100 100 ns
tGS Gate Set Up Time to CLK? 100 100 ns
tGH Gate Hold Time After CLK? 50 50 ns
toD Output Delay From CLK] (Note 1) 400 400 ns
tODG Output Delay From Gatel (Note 1) 300 300 ns

Note: 1. Test Conditions: Am8253: CL = 100pF; Am8253-5: CL = 150pF.

th——i I

GATE G 7{'
tow
1GH ——tGL——I 10D

OUTPUT 0 X B X

jwe— tODG —»=|

tPWH tPWL —=] tCLK — ] |=—tas
CLK 7 / \ / \ /_\_.
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AmB8253/Am8253-5
AC CHARACTERISTICS (T, = 0 to 70°C; VCC = 5.0V +5%; GND = 0V)
Bus Parameters (Note 1)

Am8253 AmB8253-5

Parameter Description Min Max Min Max Units

Read Cycle:

tAR Address Stable Before READ 50 30 ns

tRA Address Hold Time for READ 5 5 ns

tRR READ Pulse Width 400 300 ns

tRD Data Delay From READ (Note 2) 300 200 ns

tDF READ to Data Floating 25 125 25 100 ns

tRV Recovery Time Between READ and Any Other Control Signal 1 1 us

Write Cycle:

tAW Address Stable Before WRITE 50 30 ns

tWA Address Hold Time for WRITE 30 30 ns

tww WRITE Pulse Width 400 300 ns

tDW Data Set Up Time for WRITE 300 250 ns

twD Data Hold Time for WRITE 40 30 ns

tRV Recovery Time Between WRITE and Any Other Control Signal 1 1 us
Notes: 1. AC timings measured at VOH = 2.2, VOL = 0.8.

2. Test Conditions: Am8253, CL = 100pF, Am8253-5: CL = 150pF.
Write Timing Read Timing

A0, CS I( A0, CS X

tAW — L—tWA tAR = =—tRA

DATA BUS [( RD \ v

[ tDW —emte- tWD = tRD —= - o

|
WR DATA BUS HIGH IMPEDANCE VALID (HIGH IMPEDANCE
ww

Input Waveforms for AC Tests

24 |
22— = 22
TEST POINTS
045 08 =—r ~—— o3

7-48



Am8255A/8255A-5

Programmable Peripheral Interface

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
e Direct bit set/reset capability easing control application The Am8255A is a general purpose programmable /O device
interface designed for use with Am8080A and Am8085A microproces-
e Reduces system package count sors. It has 24 I/O pins which may be individually programmed in
o Improved DC driving capability two groups of twelve and used in three major modes of opera-
® 24 programmable /O pins tion. In the first mode, each group of twelve I/O pins may be
o Completely TTL compatible programmed in sets of 4 and 8 to be input or output. In Mode 1,
o Fully compatible with 8080A and 8085A microprocessor the second mode, each group may be programmed to have 8
families lines of input or output. Of the remaining four pins three are used
o |mproved timing characteristics for handshaking and interrupt control signals. The third mode of
e Military version available operation (Mode 2) is a bi-directional bus mode which uses eight
lines for a bi-directional bus, and five lines, borrowing one from
the other group, for handshaking.

AmB8255A BLOCK DIAGRAM

I _ 1

—_—— 45V

POWER GROUP
SUPPLIES GND GREUP : : P(;\RT : : ::/,?\TPAO
CONTROL : (ﬁ)
| !
GROUP
Al No
(= e Ke¥ere.
BI-DIRECTIONAL BUS DATA /1_ “ ]
D7-Dyg < p )
e BuBFl::sER [\ 8-BIT
INTERNAL GROUP
DATA BUS B
LN 1o
' =] rame Ko,
) |-—o-"g
!
A —0) ‘
WR ——=0O
A cglr??fé e K— e N 1o
L
Ay —1 "Locic CONTROL <:'1> P \l_t>PB7'P50
RESET ————=| (8) n
— }
1
MOS-107
ORDERING INFORMATION
Ambient Temperature
Package Type Specification Order Numbers
: AMB8255ADC AMB8255A-5DC
Hermetic DIP*
0°C < Tp < +70°C AM8255ACC AMB255A-5CC
Molded DIP AMB255APC AMB255A-5PC
Hermetic DIP —55°C = Tp = +125°C AM9555ADM/M8255A

*Hermetic = Ceramic = DC = CC = D-40-1.
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CONNECTION DIAGRAM — Top View

10

PA; [] 40 [T PA,
PA, [] 2 39 ] PAs
PAI[]3 38 [J PAg
PA[]4 37 [J PAy
A0 s 36 [ wR
cs[]s 35 [ ] RESET
GND [] 7 3410,
A ] 331Dy
Ao 321D
pc; ] 10 AmB255A 31|10
PCg (] 11 30104
PCs [] 12 29 | JDs
pc, (] 13 28 [1Dg
pc, 14 270y
pc, (15 26 [ ] Vee
PC, ] 16 25 []PB;
PC; []17 24 []PBg
PBy (] 18 23 [T1PBs
pBy []19 22 [1PBy
PB, [] 20 21 [ PB;

MOS-108

PIN NAMES
D7-Dg Data Bus (Bi-Directional)
Reset Reset Input
cs Chip Select
RD Read Input
WR Write Input
Ag, Aq Port Address
PA7-PAg Port A (Bit)
PB7-PBg Port B (Bit)
PC7-PCy Port C (Bit)
Vee +5 Volts
GND 0 Volts

MAXIMUM RATINGS above which usefut life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

—55°C to +125°C

Vcc with Respect to Vgg —0.5V to +7.0V
All Signal Voltages with Respect to Vgg —0.5Vto +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.

CAPACITANCE T, = 25°C; V¢c = GND = 0V

Parameter Description Test Conditions Min. Typ. Max. Unit
Cin Input Capacitance fc = 1MHz 10 pF
Ci/o I/O Capacitance Unmeasured pins returned to GND 20 pF

750Q
(o

’_‘TE L

TEST LOAD CIRCUIT (FOR DATA BUS)

*VexT is set at various voltages during testing to guarantee the specification.

OPERATING RANGE

Part Number Ta Vce Vss
Am8255ACC/PC 0°C to +70°C +5V 5% ov
Am9555ADM ~55°C to +125°C +5V =10% ov

DC CHARACTERISTICS Over Operating Range

Parameter Description Test Conditions Min. Typ. Max. Units
ViL Input Low Voltage -0.5 0.8 Volts
ViH Input High Voltage 2.0 Vee Volts
VoL(DB) Output Low Voltage (Data Bus) loL = 256mA 0.45 Volts
VoL(PER) Output Low Voltage (Peripheral Port) loL = 1.7mA 0.45 Volts
Von(DB) Output High Voltage (Data Bus) loy = —400uA 2.4 Volts
VoH(PER) Output High Vottage (Peripheral Port) loy = —200pA 2.4 Volts
Ipar (Note 1)}  Darlington Drive Current Rext = 750Q; Vgxt = 1.5V -1.0 -4.0 mA
lec Power Supply Current 120 mA
I Input Load Current ViN = Vg to OV +10 RA
loFL Output Float Leakage Vout = Vgg to OV +10 nA

Note 1: Available on any 8 pins from Port B and C.
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AC CHARACTERISTICS Over Operating Range
BUS PARAMETERS:

AmB8255A/8255A-5

Read:
AmB8255A AmB8255A-5 Am9555ADM
Parameter Description Min. Max. Min. Max. Min. Max. Unit
taAR Address Stable Before READ 0 0 0 ns
tra Address Stable After READ 0 0 0 ns
trRR READ Pulse Width 300 300 300 ns
trp Data Valid From READ (Note 1) 250 200 250 ns
tor Data Float After READ 10 150 10 100 10 150 ns
try Time Between READs and/or WRITEs 850 850 850 ns
Write:
Am8255A Am8255A-5 Am9555ADM
Parameter Description Min. Max. Min. Max. Min. Max. Unit
taw Address Stable Before WRITE 0 0 0 ns
twa Address Stable After WRITE 20 20 20 ns
tww WRITE Pulse Width 400 300 400 ns
tow Data Valid to WRITE (T.E.) 100 100 100 ns
two Data Valid After WRITE 30 30 30 ns
Other Timings:
AmB8255A Am8255A-5 Am9555ADM
Parameter Description Min. Max. Min. Max. Min. Max. Unit
tws WR = 1 to Output (Note 1) 350 350 350 ns
YR Peripheral Data Before RD 0 0 0 ns
HR Peripheral Data After RD 0 0 0 ns
tak ACK Pulse Width 300 300 300 ns
tsT STB Pulse Width 500 500 500 ns
tps Per. Data Before T.E. of STB 0 (o] 0 ns
tpH Per. Data After T.E. of STB 180 180 180 ns
tap ACK = 0 to Output (Note 1) 300 300 300 " ns
tkp ACK = 1 to Output Float 20 250 20 250 20 250 ns
twos WR = 1to OBF = 0 (Note 1) 650 650 650 ns
taoB ACK = 0 to OBF = 1 (Note 1) 350 350 350 ns
tsip STB = 0to IBF = 1 (Note 1) 300 300 300 | ns
tri RD = 1 to IBF = 0 (Note 1) 300 300 300 ns
triT RD = 0 to INTR = 0 (Note 1) 400 400 400 ns
tsit STB = 110 INTR = 1 (Note 1) 300 300 300 ns
tarT ACK = 1to INTR = 1 (Note 1) 350 350 350 ns
twiT WR = 0 to INTR = 0 (Note 1) 850 850 850 ns

Notes: 1. Test Conditions: Am8255A/Am9555ADM: C = 100pF; Am8255A-5: C = 150pF.
2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 500ns min.
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WAVEFORMS
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: 20~ restPonTs 7 20
0.8 - \0.8

0.45
Input Waveforms For A.C. Tests
MOS-109
’r\n
AD X‘ J{
|e—tiR —=| tHR
A S i
INPUT X X

|~—|AR | trA

S e X S

Mode 0 (Basic Input)

MOS-110
.nvv
w X A
tow two—]|
X
tn |
TS, A, Ag X I(
OUTPUT X
tws
Mode 0 (Basic QOutput)

MOS-111

———— tgr ——

58 4

[~=-1st8

1BF

it t=— tRig >
INTR
tar 1(

]

INPUT FROM \
PERIPHERAL 4

tes

Mode 1 (Strobed Input)
MOS-112
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Am8255A/8255A-5

WAVEFORMS (Cont.)

wA \
\T_—/ -———nAoa—J(i

[~-twos
P remeere——
™ twit
- | \ *
tak I tar
OUTPUT X
le—e] —twg
Mode 1 (Strobed Output)
MOS-113

DATA FROM .
8080A/8085A TO 8255A

|e—— tAQB ——o|

OBF *

\

t
wir 1 —-——‘AK—>/
ACK )‘ : ;
ts7 )
STB 3 [
. ‘Sls_‘——
IBF
tpg o —eltap|e— —=| tkp |
PERIPHERAL _ __ o e . et it e R - [ —— et s s
BUS [y——
| tpH [ |~—1triB

DATA FROM DATA FROM
PERIPHERAL TO 8255A 8255A TO PERIPHERAL

Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible.
(INTR = IBF » MASK « STB « RD + OBF » MASK + ACK « WR)

Mode 2 (Bi-directional)

DATA FROM 8255A-
TO 8080A/8085A

MOS-114
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Am8257/9557

Programmable DMA Controller

DISTINCTIVE CHARACTERISTICS

e Direct plug-in replacement for Intel 8257

o Four DMA channels with individua!l word count and

address registers

o Single TTL clock

0

Single +5V supply

e Standard 40 pin DIP

© Military version available

® 100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The AmB257/9557 is a four channel Direct Memory Access con-
troller which permits the high speed transfer of data directly
between peripherals and memory in microcomputer systems.
When a peripheral request is received, the Am8257/9557 re-
solves the request priority, issues a HOLD signal to the host
processor, assumes control of the system busses, and generates
the memory address necessary for the data transfer. It maintains
a byte count for each channel and issues a terminal count signal
upon completion of the programmed number of transfers.

For improved functional and performance characteristics use the
Am9517A Multimode DMA controller.

BLOCK DIAGRAM

CONNECTION DIAGRAM

CHO f=— DRQO
DATA
@ BUFFER <:> |+ 5acks OR w10 o - A7
OW ~—={"]2 39 }—= A6
—— MEMR ——{"] 3 B F—= A5
1 CH-1 |— DRQ1 wemw —=—1{ |4 37 [ F—= a4
(G R— MARK ~—{ 15 36 [ }—e TC
oW ~——] <::> READY —={"] 6 35 [ Jw=—= A3
ok " | — 5ok HLDA ——=["{7 34 [T a2
2 ApsTE =—1 {8 33 Al
RESET Rt <:>E — AEN =—{ ]9 2 E:: a0
rypu— g 2 le— oRQ2Z waa =—_J 10  Amess7 31| vee
Al ——] S N s —={]n 30 [J=—= 0o
A2 o] §< ) ek —={"] 12 29 [ J=— D1
L S | z |~ BACKZ RESET —={_]13 28 [ == D2
_ DACKZ =—1{_] 14 27 [ D3
S —i — DACK3 =— ] 15 26 |_J=—= D4
AS o] cH3 | DRQ3 oraz —={_] 15 25 [ _}— BACKO
A5 o praz —={| 17 24 [ }— DAcKi
o e— < A> pRa1 —={] 18 23[ 1= D5
A7 | . 5acks DRQO :—E 19 2 [l D5
reay ——| " oo GND 20 21 D7
OPERATION <:>
HRQ ~e——] CONTROL
HLDA ———ei Loaic PRIORITY
MEMR  ~—m—] ~J RESOLVER
VEW —~—]
AD:.ET: Top View
TCc ] Pin 1 i for orientation.
ame in 1 is marked for orientati
MOS-474 MOS-475
ORDERING INFORMATION
Package Type Ambient Temperature Order Number
Molded DIP AM9557PC/P8257
Hermetic DIP* 0°C < Ta = +70°C AM9557DC/D8257
AM9557CC/C8257
Hermetic DIP ~55°C < Tp < +125°C AM9557DM

*Hermetic = Ceramic =

DC = CC = D-40-1.
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MAXIMUM RATINGS above which useful life may be impaired

Am8257

Ambient Temperature Under Bias 0 to 70°C
Storage Temperature —65 to +150°C
Voltage on Any Pin with Respect to Ground -0.5to +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.

DC CHARACTERISTICS (T, = 0 to 70°C, VCC = +5.0V 5%, GND = 0V)

Parameters Description Test Conditions Min Max Units
ViL Input Low Voltage -0.5 0.8 Volts
VIH Input High Voltage 2.0 VCC+.5 Volts
VoL Output Low Voltage IOL = 1.6mA 0.45 Volts
VOH Output High Voltage :g: - :;gﬂ’;"f;‘:’o’fér? and AEN 24 vee Volts
VHH HRQ Output High Voltage IOH = —80rA 3.3 vCC Volts
ICC VCC Current Drain 120 mA
1L Input Leakage VIN = VCC to OV +10 nA
IOFL Output Leakage During Float VOUT = VCC to OV =10 nA

CAPACITANCE (T, = 25°C; VCC = GND = 0V)

Parameters Description Test Conditions Min Typ Max Units
CIN Input Capacitance fc = 1MHz 10 pF
Cl/0 I/O Capacitance Unmeasured Pins Returned to GND 20 pF
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Am8257

AC CHARACTERISTICS: PERIPHERAL (SLAVE) MODE (T, = 0 to 70°C, VCC = 5.0V +5%, GND = 0V, Note 1)
Am9080A Bus Parameters

Parameters Description Test Conditions Min Max Units

Read Cycle:

AR Address or CS| Setup to RD} 0 ns
tRA Address of CS1 Hold from RD} 0 ns
tRD Data Access from @l Note 2 0 300 ns
1DF DB — Float Delay from RD? 20 150 ns
tRR RD Width 250 ns
Write Cycle:

tAW Address Setup to WR| 20 ns
tWA Address Hold from WR? 20 ns
1DW Data Setup to WR? 200 ns
twD Data Hold from WR1 20 ns
tww WR Width 200 ns
Other Timing:

tRSTW Reset Pulse Width 300 ns
tRSTD Power Supply?} (VCC) Setup to Reset] 500 ns
tr Signal Rise Time 20 ns
tf Signal Fall Time 20 ns
tRSTS Reset to First IOWR 2 toyY

Notes: 1. All timing measurements are made at the following reference voltages unless otherwise specified: Input*1” at 2.0V, “0” at 0.8V, Output “1” at
2.0V, “0” at 0.8V.
2. CL = 100pF.

PERIPHERAL MODE TIMING DIAGRAMS

Write Timing: Read Timing:

AW WA
CHIP SELECT \ / CHIP SELECT \ ) A/

|e—— tAR——] tRA

ADDRESS BUS X B ADDRESS BUS )g E(
taw WA —= I—— tAR — I—— tRA

1
DATA BUS X X oD N_aw 17
L—tDW—oc-tWDc- tRD —=| - o |=— tOF
VOWR N / DATABUS === —m— == ———m e — 0 Do e
Reset Timing: . Input Waveform for AC Tests:

2.4V
tRSTW | [tRSTS! | tww X:z.ov\ TEST » 2.ov}(
.8V < POINTS ™ o,
RESET 7 0.45V 0.8V 08V
'-—msm—-—
vee 7]

MOS-511

7-56



AC CHARACTERISTICS: DMA (MASTER) MODE (1,

Timing Requirements

= 0to 70°C, VCC = 5.0V 5%, GND = 0V)

Am8257

Parameters Description Min Max Units
tCY Cycle Time (Period) 0.320 4 us
t0 Clock Active (High) 120 .BtCY ns
tQs DRQ? Setup to 8 (S1, S4) 120 ns
tQc DRQJ Hold from CLK{ (S1) 0 ns
tHS HLDA? or {Setup to 8| (S1, S4) 100 ns
tRS READY Setup Time to 81 (S3, Sw) 30 ns
tRH READY Hold Time from 61 (S3, Sw) 20 ns

TRACKING PARAMETERS
Signals labeled as Tracking Parameters (footnotes 4-7 under AC

Specifications) are signals that follow similar paths through the
silicon die. The propagation speed of these signals varies in the
manufacturing process but the relationship between all these
parameters is constant. The variation is less than or equal
to 50ns.

Suppose the following timing equation is being evaulated,

TAMIN) + TB(MAX) < 150ns

*If TA and TB are tracking parameters.

and only minimum specifications exist for TA and TB. If TA(MIN)
is used, and if TA and TB are tracking parameters, TB(MAX) can
be taken as TB(MIN) + 50ns.

TA(MIN) + (TB(MIN)* + 50ns) < 150ns

XA4 xA5 xA6 xA7
]

ADDRESS BUS

G2A G2B

L

©

Y3

SYNC
@1

—|
_——r

RESET

AmB0BOA/2080A

A0 = A15 (f

Am25L8138

AB - A15

|

sTB

Ds2

DO; -D0g 517
8212 MD
DIy -Dlg 553

., HLDA

HOLD

INT fotm—

:

HLDA

HRQ

AD-A3  A4—A7

CLK RESET

ADSTB

Am8257/9557

MEMR

AEN

10R

DRQO - DRQ3

AN

a
DACTKD - DATKS [o-

‘MARK

4

TC

WR

DBIN

~
a

READY DO ~-D7 <:> | DBO-DB?
Y
2

Sapmmeee——

1

WEMW
]

S

READY

El
m
>
5]
2

E
|
=
B

K
m
E
H

|
i

|

g|
=

SYSTEM DATA BUS

INTTTTTE

Basic DMA Configuration.

N4

MOS-476
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Am8257

AC CHARACTERISTICS: DMA (MASTER) MODE (T, = 0 to 70°C, VCC = 5.0V +5%, GND = 0V)
Timing Requirements

Parameters Description Min Max Units
tbQ HRQ? or |Delay from 81 (SI, S4) (Measured at 2.0V) (Note 1) 160 ns
tbQ HRQ? or |Delay from 61 (SI, S4) (Measured at 3.3V) (Note 3) 250 ns
tAEL AEN? Delay from 8} (S1) (Note 1) 300 ns
tAET AEN| Delay from 67 (Sl) (Note 1) 200 ns
tAEA Address (AB) {Active) Delay from AEN? (S1) (Note 4) 20 ns
tFAAB Address (AB) (Active) Delay from 67 (S1) (Note 2) 250 ns
tAFAB Address (AB) (Float) Delay from 81 (Si) (Note 2) 150 ns
tASM Address (AB) (Stable) Delay from 61 (S1) (Note 2) 250 ns
tAH Address (AB) (Stabie) Hoid from 61 (S1) (Note 2) tASM-50 ns
tAHR Address (AB) (Valid) Hold from H—Dt (S1, SI) (Note 4) 60 ns
tAHW Address (AB) (Valid) Hold from WR? (S1, SI) (Note 4) 300 ns
tFADB Address (DB) (Active) Defay from 01 (S1) (Note 2) 300 ns
tAFDB Address (DB) (Float) Delay from 61 (S2) (Note 2) tSTT+20 250 ns
tASS Address (DB) Setup to Address Stable| (S1, S2) (Note 4) 100 ns
tAHS Address (DB) (Valid) Hold from Address Stable} (S2) (Note 4) 50 ns
tSTL Address Stablet Delay from 61 (S1) (Note 1) 200 ns
tSTT Address Stable| Delay from 61 (S2) (Note 1) 140 ns
tSW Address Stable Width (S1, $2) (Note 4) tCY-100 ns
tASC RDJ or WR (Ext)} Delay from Address Stable| (S2) (Note 4) 70 ns
tDBC RD| or WR (Ext)| Delay from Address (DB) (Float) (S2) (Note 4) 20 ns
HAK DACK? or |Defay from 8] (S2, S1) and TC/Mark} Delay from 61 (S3) and 250 ns

TC/Mark] Delay from 61 (S4) (Notes 1, 5)
tDCL RDJ or WR (Ext)| Delay from 61 (S2) and WR} Delay from 91 (S3) (Notes 2, 6) 200 ns
tDCT RD1 Delay from 6] (S1, SI) and WR1 Delay from 81 (S4) (Notes 2, 7) 200 ns
tFAC RD or WR (Active) from 61 (S1) (Note 2) 300 ns
tAFC RD or WR (Float) from 84 (SI) (Note 2) 150 ns
tRWM RD Width (S2, S1 or SI) (Note 4) 21CY +t6-50 ns
tWWM WR Width (S3, S4) (Note 4) tCY—50 ns
tWWME WR (Ext) Width (S2, S4) (Note 4) 21CY-50 ns

Notes: 1. Load = 1 TTL.

NonsWON

. Load = 1 TTL + 50pF.

. Load = 1 TTL + (RL = 3.3K), VOH = 3.3V.
. Tracking Parameter.

. AtAK < 50ns.

. AtDCL < 50ns.

. AtDCT < 50ns.
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Am8257

DMA MODE WAVEFORMS
CONSECUTIVE CYCLES AND BURST MODE SEQUENCE

51|s1|so|51|sz|sa|s4|s1|sz|ss|s4|s1|51|st

tcy
Qs

ms——l ‘I Tac —{f|- 105 —f =

DrRQO3 __ A A N A AN

—] |-—- tba t0Q —=|
HRQ z r——————

tHS ~—a=] |o—

tHS —-I l—
HLDA 7 7 - -“_ ______

tAEL —of luam —e| |=— tAET
AEN +# *
tAEA —e-{ S ' ]
tFAAB —ed le— —=! | tASM ! |=— taFaB
ADR 0-7 (LOWER ADR) s om ma e : X T Tpp——
1AH —={Ho—
{FADB —| |- = |=— tAFDB —] }o—taHs
DATA 0-7 (UPPER ADR) == = == = om e o o o o e o E T — ————————————
1ASS
STL —] -..{I-— STT
ADR STB ¥
tsw
1 .
— - tAK  tAK (ASC
tAHR
tFAC —ond |ofe — I._ toeT tRWM
TEM AD/TO AD == = e o e e e o e e e 4 N il X /' e———
— le— tDCL
4| |— toBC —] WWM |
’ —o] |4— tocT
toCL—te] |o— I— —»| |=— tAFC
MEM WR/JO RD == o= o e e e s o e o o o = \ ) l P
[ IWWME —]
tRS +—={ fe—o
‘RH 1
Reaoy 7 'K / \
TAK —
——{— tAK
TC/MARK = e e e s e o o o oo o / \
W AVAVAW & T aWl ol .o WalWaWaWal aWalle

s1|s1|so|s1|sz|sa s4|s1lsz|salsa|s1|s1|s1
Note: The clock waveform is duplicated for clarity. The Am8257/9557 requires only one clock input.

Figure 1. Consecutive Cycles and Burst Mode Sequence. MOS-512
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Am8257

DRQ 03 X

HRQ \ /

L— tHe [=— tHS
HLDA

AEN

Figure 2. Control Override Sequence.

W

MOs-613
CLOCK
DRQ 0-3
DACK 0-3
WMEM RD//0 AD e e e e m J/ \ / ) S,
WEW WRITO WA == e m = vy N\ — 7 | SN
RS —1 o ——1 le— tRS
READY ' 7\ o
TC/MARK / \ e
Figure 3. Not Ready Sequence. MOS-514
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Am8279/Am8279-5

Programmable Keyboard/Display Interface

DISTINCTIVE CHARACTERISTICS

AmB8085A Compatible

Simultaneous keyboard display operations
Scanned keyboard mode

Scanned sensor mode

Strobed input entry mode

8 character keyboard FIFO

2 key lockout or N key roflover with contact debounce
Dual 8 or 16 numerical display

Single 16 character display

Right or left entry 16-byte display RAM
Mode programmable from CPU
Programmable scan timing

Interrupt output on key entry

GENERAL DESCRIPTION

The Am8279 is a general purpose programmable keyboard
and display I/O interface device designed for use with
AmB8080A/8085A microprocessors. The keyboard portion can
provide a scanned interface to a 64 contact key matrix which
can be expanded to 128. The keyboard portion will also inter-
face to an array of sensors or a strobed interface keyboard,
such as the Hall effect and Ferrite variety. Key depressions can
be 2 key lockout or N key rollover. Keyboard entries are de-
bounced and stored in an 8 character FIFO. If more than 8
characters are entered, over run status is set. Key entries set
the interrupt output line to the CPU.

The display portion provides a scanned display interface for LED,
incandescent and other popular display technologies. Both
numeric and alphanumeric segment displays may be used as
well as simple indicators. The Am8279 has a 16 x 8 display
RAM which can be organized into a dual 16 x 4. The RAM
can be loaded or interrogated by the CPU. Both right entry,
calculator and left entry typewriter display formats are pos-
sible. Both read and write of the display RAM can be done
with auto-increment of the display RAM address.

BLOCK DIAGRAM

CLK RESET

0BO-7

BUFFERS

FIFO/SENSOR
RAM
STATUS

/0 CONTROL

J

INTERNAL - DATA BUS (8) 3

T 0

il

DISPLAY
ADDRESS
REGISTERS

16 X8
DISPLAY
RAM

—

L

CONTROL AND
TIMING
REGISTERS

axs
FIFO/SENSOR KEYBOARD
RAM DEBOUNCE

AND
T CONTROL

|

TIMING

AND
CONTROL

!

OUT Ag.3 OUTByy

I SCAN COUNTER I

4

Slog

I RETURN |

gl

Rlo;  CNTLSTB

MOS-132

ORDERING INFORMATION

Ambient Temperature

Package Type Specification Order Numbers
. . AMB279DC AM8279-5DC
Hermetic DIP* | oo < T, < +70°C | AMB279CC | AMB279-5CC
Molded DIP AM8279PC AMB279-5PC

*Hermetic = Ceramic = DC = CC = D-40-1.
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AmB8279/Am8279-5

LOGIC SYMBOL PIN NAMES CONNECTION DIAGRAM
Top View
L/
lvcc . Name [/{e] Function ZZE 12 ¢ ;g % :Ef
PR (R <:I? DBy-DB; VO | Data Bus (Bidectional) e s 38 1AL
; CLK | Clock Input wal] 4 37 [ eNTLsTB
L S KEY DATA RESET I | Reset input :'rE 5 38 g ::.“FT
= " s[]e 35 3
w C_S‘ | Chip Select AL 7 348,
_ omste E i Read Input RL;[]8 33[ sk
e T WR ) Write (nput RESET[} 9 32[ 1Sk
INTERFACE - ‘ ciD 1 Buffer Address l_D: 10 Am8279 31[Jouts,
StoSky I> SCAN rRQ [o] Interrupt Request Output wa [ 1t 30[JouT By
————{cB SLo-SL. 0 | ScanLines PEo[f 12 2 [JouT 8
! Ll ca ‘e 08,13 28 [10UT By
ey 2T 1j> RLo-RLy | Return Lines 08,14 27 [JouT A
4 orsPLAY SHIFT | Shift Input 083115 26 |_JOUT A,
————{ox  ourers, I> DATA CNTUSTS 1| contonistrobe Input DB‘E 1 25 %g:: :2
s - DBs[}17 24 3
OUT Ag-Ag [o] Display (A) Outputs 085 18 23 56
Vs=s O_UT Bp-B3 o] Display (B) Outputs 08,18 28
BD o Blank Display Output Vss [] 20 21fJcio
Note: Pin 1 is marked for orientation.
MOS-133 MOS-134
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
Ve with Respect to Vgg -0.5V to +7.0V
All Signal Voltages with Respect to Vgg -0.5Vto +7.0V
Power Dissipation iw

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.

DC CHARACTERISTICS T, = 0°C to +70°C, Vgg = OV (Note 1)

Parameter Description Test Conditions Min. Typ. Max. Units
ViLs Input Low Voltage for Return lines Only -0.5 1.4 Vv
ViLe Input Low Voltage for All Others -0.5 0.8 v
ViH1 Input High Voltage for Return lines Only 2.2 \
Viy2 Input High Voltage for All Others 2.0 v
VoL Output Low Voltage Note 2 45 \
VoH Output High Voltage on Interrupt Line Note 3 3.5 \
it Input Current on Shift, Control and Returns \\//:: : (\;\?c :1()% :::
lita Input Leakage Current on All Others ViN = Vgg to OV +10 nA
loFL Output Float Leakage VouT = Ve to OV +10 uA
lcc Power Supply Current 120 mA

Notes: 1. Am8279, Vg = +5.0V £5%; Am8279-5, Vo = +5.0V +10%.

2. AmB279, g = 1.6mA; Am8279-5, Ig; = 2.2mA.
3. AmB279, gy = —100pA; Am8279-5, loy = —400uA.

CAPACITANCE

Parameter Description Test Conditions Min. Typ. Max. Units
CiN Input Capacitance Vin = Vee 5 10 pF
Cout Output Capacitance Vout = Vec 10 20 pF
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Am8279/Am8279-5

AC CHARACTERISTICS (T4 = 0°C to 70°C, Vgg = 0V) (Note 1)
BUS PARAMETERS

Read Cycle: Am8279 Am8279-5
Parameter Description Min. Max. Min. Max. Units
tar " Address Stable Before READ 50 0 ns
tra Address Hold Time for READ 5 0 ns
trR READ Pulse Width 420 250 ns
trD Data Delay from READ (Note 2) 300 150 ns
tap Address to Data Valid (Note 2) 450 250 ns
tor READ to Data Floating 10 100 10 100 ns
troy Read Cycle Time 1 1 us
Write Cycle: Am8279 © AmB8279-5
Parameter Description Min. Max. Min. Max. Units
taw Address Stable Before WRITE 50 0 ns
twa Address Hold Time for WRITE 20 0 ns
tww 'WRITE Pulse Width 400 250 ns
tow Data Set-up Time for WRITE 300 150 ns
twp Data Hold Time for WRITE 40 0 ns
Notes: 1. Am8279, Vge = +5.0V £5%; Am8279-5, Vo = +5.0V £10%.
2. Am8279, C| = 100pF; Am8279-5, C_ = 150pF.
Other Timings: Am8279 Am8279-5
Parameter Description Min. Max. Min. Max. Units
tow Clock Pulse Width ' 230 120 ns
toy Clock Period - 500 320 ns
Keyboard Scan Time 5.1msec Digit-on Time 480usec
Keyboard Debounce Time 10.3msec Blanking Time 160usec
Key Scan Time 80usec Internal Clock Cycle 10usec
Display Scan Time 10.3msec
INPUT WAVEFORMS FOR AC TESTS
24 20 0
TEST POINTS
0.8 08
0.45
MOS-135
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Am8279/Am8279-5

WAVEFORMS

READ OPERATION

— B (SYSTEM'S
c/Bss x ADDRESS BUS)

r__t,, trey

RR le— tRA —an]

\ Z 5 (READ CONTROL)

tRp——] —tor —

tap

EEA RN\ LN

MOS-136

WRITE OPERATION

. >§ (SYSTEM'S
¢/B, T8 X ADDRESS BUS)

taw tww [ twa —ed
B e -
WR X Z (WRITE CONTROL)
tow twp-
DATA BUS DATA DATA
(INPUT) MAY CHANGE X"— DATA VAL'D_“X MAY CHANGE
MOS-137
CLOCK INPUT
lgw
\ / \ /
tey
MOS-138
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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 /O data transfers

End signal simplifies concurrent processing
Synchronous/Asynchronous operations

General purpose 8-bit data bus interface
Standard 24 pin package

+12 volt and +5 volt power supplies

Advanced N-channe! silicon gate MOS technology
100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9511A Arithmetic Processing Unit (APU) is a monolithic
MOSI/LSI 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 8-bit bidirectional data bus.
Operands are pushed onto an internal stack and a command
is issued to perform operations on the data in the stack. 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 /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.

o —=qf 16
R —=0 16
o 8US
WR —=0f conTROL WORKING
OPERAND
€/D —=] RTACK REGISTERS
PAUSE ~—O| 8x 16 ALU
DB0-0B7 —:4— BUS CONSTANT
BUFFER COMMAND ROM
REGISTER
MICRO-
PROGRAMMED
CONTROLLER
STATUS
ENG ~—0) L] || contrOL
ROM
EACK —=0O|
-|nTERFACE
SVREQ ~=——1 cONTROL
SVACK —=O)
RESET ]
CLK e
MOS-046

BLOCK DIAGRAM

CONNECTION DIAGRAM

Top View
(GND) vss ——_| * ~ 24 [ }— END
svyyvee —{ |2 23 [ J=— cik
EACK — |3 22 [ }=— RESET
sVack —={ | 21 [ J=— cid
sVREQ =—{ |5 20 [ J=— AD
Do s 19 [ _J=— WR
Nor = AmostIA - =
oBo =] |8 17 [ }—= PAUSE
DBl =]} 9 16 [ J—— VDD (+12v)
DB2 ~—a[ |10 15 [ J=— DB7
DB3 ~—= |11 14 [ J=— DB6
084 =— |12 13 [ J=— o085

Pin 1 is marked for orientation.
MOS-047

ORDERING INFORMATION

Package Ambient Maximum Clock Frequency
Type Temperature 2MHz 3hiHz
. 0°C < Tp < +70°C Am9511ADC Am9511A-1DC
Hermetic DIP
—55°C < Ty = +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, 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 but the command register is not affected by the
reset operation. After a reset the END output will be HIGH, 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.

C/D (Command/Data Select, Input)

The C/D input together with the RD and WR inputs determines
the type of transfer to be performed on the data bus as follows:

C/b| RD [WR Function

L H L Push data byte into the stack
L L H Pop data byte from the stack
H H L Enter command byte from the data bus
H L H Read Status
X L L Undefined

L = LOW

H = HIGH

X = DON'T CARE

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 while 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 (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 0.

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.

DBO0-DB7 (Bidirectignal 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 0.

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 Am39511A.

To perform a write operation data is presented on DBO _through
DB?7 lines, C/D is driven to an appropriate level and the CS input
is made LOW. However, actual writing into the Am9511A 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, C/D 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/D 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 return HIGH anytime after PAUSE
goes HIGH. The CS input and C/D inputs can change anytime
after RD returns HIGH. See read timing diagram for details.

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 C/D
input determines what internal location is of interest. See C/D,
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 C/D determines which internal
location is to be written. See C/D, TS 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 8-word by 16-bit 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

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 calis 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 Contre! logic receives several external inputs and
provides handshake related outputs to facilitate interfacing the
Am9511A to microprocessors.

aro
acg

COMMAND FORMAT

Each command entered into the Am9511A consists of a single
8-bit byte having the format illustrated below:

. OPERATION -

I CODE

|

SVREQ _ SINGLE FIXED |
(sr)
7

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 1, 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 operated on by fixed point commands (if bit 5
= 0, bit 6 must be 0). If bit 6 is a 1, 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 1, 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 0. 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
Command Code
Command
7 | 6 ’ 5 I 4 I 3 | 2 | 1 | 0 Mnemonic Command Description
FIXED-POINT 16-BIT

st | 1 1 0 1 1 0 0 SADD Add TOS to NOS. Result to NOS. Pop Stack.

sri 1 1 0 1 1 0 1 ssuB Subtract TOS from NOS. Result to NOS. Pop Stack.

sr| 1 1 0 1 1 1 0 SMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack.

sr| 1 1 1 0 1 1 0 SMUU Muttiply NOS by TOS. Upper half of result to NOS. Pop Stack.

sr| 1 1 0 1 1 1 1 SDIvV Divide NOS by TOS. Result to NOS. Pop Stack.

FIXED-POINT 32-BIT

sr| 0 1 0| 1 1 0o DADD Add TOS to NOS. Result to NOS. Pop Stack.

sr| 0 1 0 1 1 0 1 psus Subtract TOS from NOS. Result to NOS. Pop Stack.

sr| 0 1 0 1 1 1 0 DMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack.

sr| O 1 1 0 1 1 0 DMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.

sr| O 1 0 1 1 1 1 DDIV Divide NOS by TOS. Result to NOS. Pop Stack.

FLOATING-POINT 32-BIT

sr| O 0 1 ofloflo] o FADD Add TOS to NOS. Result to NOS. Pop Stack.

sr | O 0 1 0 0 0 1 FSUB Subtract TOS from NOS. Result to NOS. Pop Stack.

st 0] 0 1 o o0 1 0 FMUL Multiply NOS by TOS. Result to NOS. Pop Stack.

st 0|0 1 of( o0 1 1 FDIV Divide NOS by TOS. Result to NOS. Pop Stack.

DERIVED FLOATING-POINT FUNCTIONS

sr| O 0 0 0 0 0 1 SQRT Square Root of TOS. Result in TOS.

sr|] 00|l O0O|O]| O 1 0 SIN Sine of TOS. Result in TOS.

srf 00| O| O] O 1 1 Ccos Cosine of TOS. Result in TOS.

sr| O 0 0 0 1 0 0 TAN Tangent of TOS. Result in TOS.

sr| O 0 0 0 1 0 1 ASIN Inverse Sine of TOS. Result in TOS.

sr| O oj| 0] O 1 1 0 ACOS Inverse Cosine of TOS. Result in TOS.

sr| O 0 0 0 1 1 1 ATAN Inverse Tangent of TOS. Result in TOS.

sr| 0 0 0 1 0 o] 0 LOG Common Logarithm (base 10) of TOS. Result in TOS.

sr| O 0 0 1 0 0 1 LN Natural Logarithm (base e) of TOS. Result in TOS.

st | O 0 0 1 0 1 0 EXP Exponential (&) of TOS. Result in TOS.

st | O 1] (] 1 0 1 1 PWR NOS raised to the power in TOS. Result in NOS. Pop Stack.

‘ DATA MANIPULATION COMMANDS

sr| O 0 0 0 0 0 0 NOP No Operation

sr| O 0 1 1 1 1 1 FIXS Convert TOS from floating point to 16-bit fixed point format.

sr| O 0 1 1 1 1 0 FIXD Convert TOS from floating point to 32-bit fixed point format.

st | O 0 1 1 1 0 1 FLTS Convert TOS from 16-bit fixed point to floating point format.

sr| O 0 1 1 1 0 0 FLTD Convert TOS from 32-bit fixed point to floating point format.

sr| 1 1 1 0 1 0|0 CHSS Change sign of 16-bit fixed point operand on TOS.

sr| O 1 1 0 1 0 0 CHSD Change sign of 32-bit fixed point operand on TOS.

sr| O 0 1 0 1 0 1 CHSF Change sign of floating point operand on TOS.

sr| 1 1 1 0 1 1 1 PTOS Push 16-bit fixed point operand on TOS to NOS (Copy)

sr| O 1 1 0 1 1 1 PTOD Push 32-bit fixed point operand on TOS to NOS. (Copy)

sr| 01 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.

st | O 1 1 1 o] 0 0 POPD Pop 32-bit fixed point operand from TOS. NOS becomes TOS.

sr| O 0 1 1 [o] 0 0 POPF Pop floating pdint operand from TOS. NOS becomes TOS.

sr| 1 1 1 1 0 0 1 XCHS Exchange 16-bit fixed point operands TOS and NOS.

sr| O 1 1 1 0 0 1 XCHD Exchange 32-bit fixed point operands TOS and NOS.

sr| O 0 1 1 0 0 1 XCHF Exchange floating point operands TOS and NOS.

sr| O 0 1 1 0 1 0 PUPI Push floating point constant “z"" onto TOS. Previous TOS becomes NOS.
NOTES: B
1. TOS means Top of Stack. NOS means Next on Stack. 4. The trigonometric functions handle angles in radians, not
2. AMD Application Brief “Algorithm Details for the Am9511A degrees.

APU"” provides detailed descriptions of each command func- 5.
tion, including data ranges, accuracies, stack configurations, 6.

etc.

. 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.

No remainder is available for the fixed-point divide functions.
Results will be undefined for any combination of command
coding bits not specified in this table.
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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 DB0-DB?7 lines.

2. Establish HIGH on the C/D input.

3. Establish LOW on the CS input.

4. Establish LOW on the WR input after an appropriate set up
time (see timing diagrams).

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 WRinput can return to HIGH anytime after PAUSE going
HIGH. The DB0-DB7, C/D 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.

5.

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

DBO0-DB?7 lines. _

A LOW is established on the C/D input to specify that data is

to be entered into the stack.

. The CS input is made LOW. .
. After appropriate set up time (see timing diagrams), the WR
input is made LOW. The PAUSE output will become LOW.

. Sometime after this event, the PAUSE will return HIGH to
indicate that the write operation has been acknowledged.

. Anytime after the PAUSE output goes HIGH the WR input
can be made HIGH. The DB0-DB7, C/D and CS inputs can
change after appropriate hold time requirements are satisfied
(see timing diagrams).

2.

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

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/D 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.

. 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-DB7 lines as long as the RD input re-
mains LOW.

. Anytime after PAUSE goes HIGH, the RD input can return

HIGH to complete transaction.

The €S and C/D inputs can change after appropriate hold

time requirements are satisfied (see timing diagram).

Repeat this procedure until all bytes appropriate for the pre-

cision of the result are popped out.

6.

7.

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 C/D 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.

. Sometime after the HIGH to LOW transition of RD input, the
PAUSE will become HIGH indicating that status register
contents are available on the DB0-DB?7 lines. The status data
will remain on DB0-DB7 as long as RD input is LOW.

. The RD input can be returned HIGH anytime after PAUSE
goes HIGH.

. The C/D 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.

16-BIT FIXED-POINT FORMAT

I
[
15

(MSB)

VALUE
LLLlt

32-BIT FIXED-POINT FORMAT

VALUE

LIyt

s
HEEENEEE RN
3

1 0
(MsB)
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The sign (positive or negative) of the operand is located in the
most significant bit (MSB). Positive values are represented by
a sign bit of zero (S = 0). Negative values are represented by
the two’s complement of the corresponding positive value with
a sign bit equal to 1 (S = 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 10%)(8.16 x 10") = (4.75728 x 10%)

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 107%° to 9.9999 x 10*%° 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 10°. 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 dynamlc 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 2€xponent

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 = (271 + 272 + 275 4 278) x o7

= (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 Am95H1A 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.

M‘?— EXPONENT 4| MANTISSA ————l
sisi 11 11 Pt e e el
3130 23 0

|
2

The range of values that can be represented in this format is
(2.7 x 1072° 0 9.2 x 10'®) and zero.

STATUS REGISTER

The Am9511A contains an eight bit status register with the fol-
lowing bit assignments:

BUSY | SIGN | ZERO ERROR CODE CARRY
7 6 5 4 3 2 1 0
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 e* too
large
XX10