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As a market leader in non-volatile memories, Advanced Micro Devices provides the best
of today's design and technology. The 1989/1990 Memory Products Data Book contains
technical specifications on these important products:

« High-Performance 1-Megabit EPROMSs in both x 8 and x 16
configurations

» acontent-addressable memory device, offering more speed
and flexibility in many applications — the Am99C10

« CMOS High-Performance PROMs
» EPROMs with speeds to 55 ns

Advanced information specifications on soon-to-be introduced products are included as
well. This information covers 2-Megabit EPROMSs, Flash memories, and ExpressROM™
devices.

More than one hundred memory products are detailed in this comprehensive volume.
Over 50% of these data sheets cover CMOS products. We have highlighted these
important CMOS products with blue paper.
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8,192-Bit (1024x8) Bipolar PROM
16,384-Bit (2048x8) Bipolar PROM
16,384-Bit (2048x8) Bipolar PROM
16,384-Bit (2048x8) Bipolar PROM
8,192 x 8-Bit ExpressROM™ Device
16,384 x 8-Bit ExpressROM™ Device
32,768 x 8-Bit ExpressROM™ Device ..
65,536 x 8-Bit ExpressROM™ Device..
1 Megabit (131,072 x 8-Bit) ExpressROM™ De .
1 Megabit (65,536 x 16-Bit) ExpressROM™ Device .........
8192 x 8-Bit Electrically Erasable PROM
8192 x 8-Bit Electrically Erasable PROM ........ccocevmmioininien e, -
32,768 x 8-Bit CMOS Flash EEPROM .......ccccoinieirimnrnicccnies e -
65,536 x 8-Bit CMOS Flash EEPROM
131,072 x 8-Bit CMOS Flash EEPROM
512 x 9 FIFO with Programmable Flags ...........
Dual 512x8 Bidirectional with B Port Parity
16,384-Bit (2048x8) Bipolar Registered PROM

with Asynchronous Enable ..........ccceeeiereenremneneesereerenenensneneene 5-196
16,384-Bit (2048x8) Bipolar Registered PROM

with Asynchronous Enable
8,192-Bit (1024x8) Bipolar Registered PROM....
8,192-Bit (1024x8) Bipolar Registered PROM....

Xii
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53RS1681
53RS1681A

535281
535281A
53s881
535881A
5353281
5353281A
5353281B
57401
57401A
57402
57402A
57413A
57C401/13
57C402/23
§7C4033
C57401
C57401A
C57402
C57402A
63RA1681

63RA1681A

63RS881
63RS881A
63RS1681

63RS1681A

635281
635281A
635881
63S881A
6353281
6353281A
67401
67401A
67402
67402A
67413
67413A
67417
674219
67C401
67C401
67C4013
67C4013
67C402
67C402
67C4023
67C4023
67C4033
67C413
Ce7401
C67401A
C67402
C67402A

16,384-Bit (2048x8) Bipolar Registered PROM

with Synchronous Enable ........... v 5-206
16,384-Bit (2048x8) Bipolar Registered PROM

With Synchronous ENable .........ieinnmininiieninnnenseressrescisensesenensns
2,048-Bit (256x8) Bipolar PROM .......cccocevemivcrcnrronnrercesnenies
2,048-Bit (256x8) Bipolar PROM
8,192-Bit (1024x8) Bipolar PROM
8,192-Bit (1024x8) Bipolar PROM
32,768-Bit (4096x8) Bipolar PROM
32,768-Bit (4096x8) Bipolar PROM
32,768-Bit (4096x8) Bipolar PROM ..................
(64X4) ..o
(64x4).
(64x5).
(64x5)
25 MHz (64x5), with Flag and Output Enable
Military CMOS Zero Power FIFOs (64x4)
Military CMOS Zero Power FIFOs (64x5)....
Military CMOS Zero Power FIFOs (64x5) With FIags........oceeeeeenerereresancnes 2-215
Cascadable (64x4) .......creeuens
Cascadable (64x4)
Cascadable (64x5)
Cascadable (64X5) .......cceceerrrreeneas

16,384-Bit (2048x8) Bipolar Registered PROM
with Asynchronous Enable ...t 5-196
16,384-Bit (2048x8) Bipolar Registered PROM

with Asynchronous Enable
8,192-Bit (1024x8) Bipolar Registered PROM
8,192-Bit (1024x8) Bipolar Registered PROM
16,384-Bit (2048x8) Bipolar Registered PROM

with Synchronous Enable rerveeennnenn. 5-208
16,384-Bit (2048x8) Bipolar Registered PROM

with Synchronous Enable .. -
2,048-Bit (256x8) Bipolar PROM
2,048-Bit (256x8) Bipolar PROM
8,192-Bit (1024x8) Bipolar PROM .
8,192-Bit (1024x8) Bipolar PROM .......cccccovieeeicrreerinene
32,768-Bit (4096x8) Bipolar PROM
32,768-Bit (4096x8) Bipolar PROM

64 words deep by 4 bits wide, (64x4) 2-87
64 words deep by 4 bits Wide, (B4X4) .....cccceerveeerirreeeereersenerssesnrnsessae s eneres 2-87

64 words deep by 4 bits wide, (64x4) .......cc.occreerreceerunnens ceeerennen 2-87
64 words deep by 4 bits wide, (64x4) . .

35 MHz, (64x5), with Flags
35 MHz, (64x5), with Flags
(64x8/9) Serializing
FIFO RAM Controller
Cascadable, (64x4), High Speed..........ccoecneeeeee
Cascadable, (64x4), LOW POWET .......ccceioieceniirencree et
Cascadable, (64x4), High Speed

Three-State, Cascadable, Low Power, (B4X4) ........ceceeerevereenereeneeneneseensinnns 2-65
Cascadable (64x5), High Speed.......... 2-57
Cascadable, (64x5), Low Power...........cccceueuenee e 2-85
Cascadable, (64x5), High Speed.........cccoeirnrceinnnisence e snecssreriens 2-57
Three-State, Cascadable, (64x5), Low Power ... 2-65
Three-State, Cascadable, Low Power, (64x5) with Flags......c.cccoevevenvreranenne 2-73
40 MHz 64x5 CMOS Memory, Low Power with FIags .......cocccerereeeruriennenin 2-84
Cascadable, (64X4).......ccccveiisrerirsmencenessissnisnennresses 2-96
Cascadable, (64x4)............. . 2-96
Cascadable, (64X5)......ccocervuriivereniisinnriacsnirenians 2-96
Cascadable, (64x5).. 2-96
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Am7200-25/35/50/65/80 256x9, with Flags
Am7200-40/50/65/80  High Density CMOS (256x9)
Am7201-25/35/50/65/80 512x9, with Flags
Am7201-40/50/65/80 High Density CMOS (512x9)
Am7202-25/35/50/65/80 1024x9, with Flags
Am7202-40/50/65/80  High Density CMOS (1024x9)
Am7203-25/35/50/65/80 2048x9, with Flags
Am7203-40/50/65/80  High Density CMOS (2048x9)
Am7204-25/35/50/65/80 4096x9, with Flags

745225 16 words deep by 5 bits wide, (16x5)

74S225A 16 words deep by 5 bits wide, (16x5)

Am9044 4096x1 Static RAM

Am90L44 4096x1 Static RAM, Low Power

Am9114 1024x4 Static RAM

Am9122 256x4 Static RAM

Am9128 2048x8 Static RAM

Am9150 1024x4 High Speed Static RW RAM

AmaiL14 1024x4 Static RAM, Low Power

Am91L22 256x4 Static RAM, Low Power

Am99C10 256x48 Content Addressable Memory

Am99C134 4096x8 Dual-Port Static RAM

Am99C1341 4,096x8 Dual-Port Static RAM, Advanced Information................
Am99C1441 4,096x8 Dual-Port Static RAM, Advanced Information................
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(FIFO)
Devices
i Densit
Density y FIFOs
: Serial FIFO RAM
CMOS !
Bipolar CMOS FIFO Controller
64X 4 — 16x5 — 256 x 9
Bidirectional Programmable
| 64x5 I 64x4 —{ 512x9 FIFO FIFO
64 x 5, | |
— "OE 64x5 1Kx 9
L | 64x5, L | 6axs, 2Kx 9
Flags OF
Flags
4K x 9

Features and Benefits
High Density CMOS FIFOs (1/4K, 1/2K, 1K, 2K,

Low Density CMOS FIFOs (64 x 4/5) 4K x 9)

B Shift rates to 40 MHz o Data Rates, 0to 28.5 MHz

W Zero standby power consumption M Low power consumption — 70mA max

B Ram based technology with fast access times W Status flags — Half-full, Empty, Full

W Three state output and status flags #m  Asynchronous and simultaneous read/write
B Expandable in width and depth B Expandable in width and depth
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Low Density FIFOS
Max
Data
Tech- Part Organ- Rate Max | Package Pin
nology Number Izatlon | Type | MHz [ICCmA | Type Count Features
B 745225 16x5 Cc 10 120 N, J 20 TSO
B 745225A 16 x5 Cc 20 120 N, J 20 TSO
B C67401 64x4 c 10 160 N,J, NL 16,20 (NL) | TPO
B 67401 64x4 S 10 160 N,J, NL 16, 20 (NL) TPO
B C67401A 64x4 Cc 15 170 N,J, NL 16,20 (NL) | TPO
B 67401 64 x4 S 15 170 NJ, NL 16, 20 (NL) TPO
B C67402 64 x5 C 10 180 NJ, NL 16, 20 (NL) TPO
B 67402 64 x5 S 10 180 | NJ,NL 16,20 (NL) | TPO
B C67402A 64x5 c 15 190 J 18 TPO
B 67402A 64x5 S 15 190 J 18 TPO
B 67413 64 x4 S 25 240 J 20 TPO, Status Flags
B 67413A 64 x4 S 35 240 J 20 TPO, Status Flags
c 67C401-10 64x4 Cc 10 35 N, J, NL 16 TPO Low Power, RAM Based
C 67C401-15 64 x4 C 15 45 N, J, NL 16 TPO Low Power, RAM Based
C 67C4013-10 64 x4 C 10 35 N, J, NL 16 TSO Low Power, RAM Based
[ 67C4013-15 64 x4 [o] 15 45 N, J, NL 16 TSO Low Power, RAM Based
(o] 67C402-10 64 x5 C 10 35 N, J, NL 18 TPO Low Power, RAM Based
Cc 67C402-15 64 x5 (& 15 45 N, J, NL 18 TPO Low Power, RAM Based
(o] 67C4023-10 64x5 C 10 35 N, J,NL 18 TSO Low Power, RAM Based
[o] 67C4023-15 64x5 C 15 45 N, J, NL 18 TSO Low Power, RAM Based
o3 67C4033-10 64 x5 (o] 10 35 N, J, NL 20 TSO Low Power, RAM Based, Status Flags
C 67C4033-15 64 x5 C 15 45 N, J, NL 20 TSO Low Power, RAM Based, Status Flags
C 67C401-25 64x4 C 25 60 N, J, NL 16 TPO Low Power, RAM Based
C 67C401-35 64x4 C 35 60 N, J, NL 16 TPO Low Power, RAM Based
o 67C4013-25 64x4 C 25 60 N, J, NL 16 TSO Low Power, RAM Based
o] 67C4013-35 64x4 c 35 60 N, J, NL 16 TSO Low Power, RAM Based
C 67C402-25 64x5 o] 25 60 N, J,NL 18 TPO Low Power, RAM Based
(¢} 67C402-35 64x5 Cc 35 60 N, J, NL 18 TPO Low Power, RAM Based
C 67C4023-25 64x5 C 25 60 N, J, NL 18 TSO Low Power, RAM Based
o] 67C4023-35 64x5 C 35 60 N, J, NL 18 TSO Low Power, RAM Based
o] 67C413-40 64x5 S 40 60 N, J,NL 20 TPO Low Power, RAM Based, Status Flags
Notes: :
Technology: Type: Package Type: Features:
B - Bipolar C -~ Cascadable N - Plastic TSO - Three State Output
C- CMOS S - Standalone J - Ceramic TPO - Totem Pole Qutput
NL - PLCC

1-4



First-in First-Out Devices Selector Guide

High Density FIFOS

Max
Data
Tech- Part Organ- Rate Max Package Pin
nology Number Ization Type | MHz {ICCmA Type Count Features
(¢} 7200-80 256 x 9 Cc 10 60 | PC,DC,JC,RC | 28,32 (JC) | TSO Access Time=80ns, Status Flags
[¢] 7200-65 256 x 9 Cc 12 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=65ns, Status Flags
(o] 7200-50 256 x9 o3 15 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=50ns, Status Flags
o] 7200-35 256 x 9 Cc 22 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=35ns, Status Flags
C 7200-25 256 x 9 (o] 28.5 70 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=25ns, Status Flags
C 7201-80 512x9 c 10 €0 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=80ns, Status Flags
o] 7201-65 512x9 c 12 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=65ns, Status Flags
o] 7201-50 512x9 [o] 15 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=50ns, Status Flags
o] 7201-35 512x9 c 22 60 PC, DC, JC, RC | 28, 32 (JC) | TSO Access Time=35ns, Status Flags
(o] 7201-25 512x 9 c 28.5 70 PC,DC,JC,RC | 28,32 (JC) | TSO Access Time=25ns, Status Flags
c 7202-80 1Kx9 c 10 60 | PC,DC, JC,RC | 28,32 (JC) | TSO Access Time=80ns, Status Flags
C 7202-65 1Kx 9 c 12 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=65ns, Status Flags
o] 7202-50 1Kx 9 c 15 60 PC, DC, JC, RC | 28, 32 (JC) | TSO Access Time=50ns, Status Flags
(o] 7202-35 1Kx9 c 22 60 | PC,DC, JC,RC | 28,32 (JC) | TSO Access Time=35ns, Status Flags
C 7202-25 1Kx9 c 28.5 70 PC, DC, JC, RC | 28, 32 (JC) | TSO Access Time=25ns, Status Flags
o] 7203-80 2Kx 9 o] 10 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=80ns, Status Flags
C 7203-65 2Kx 9 c 12 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=65ns, Status Flags
c 7203-50 2Kx 9 Cc 15 60 | PC,DC,JC,RC | 28,32 (JC) | TSO Access Time=50ns, Status Flags
[o] 7203-35 2Kx 9 [ 22 60 PC, DC, JC, RC | 28,32 (JC) | TSO Access Time=35ns, Status Flags
C 7203-25" 2Kx9 Cc 28.5 70 PC, DC, JC, RC | 28, 32 (JC) | TSO Access Time=25ns, Status Flags
C 7204-80* 4K x 9 (o] 10 60 PC, DC, JC 28, 32 (JC) | TSO Access Time=80ns, Status Flags
Cc 7204-65* 4Kx 9 (o} 12 60 PC, DC, JC 28, 32 (JC) | TSO Access Time=65ns, Status Flags
Cc 7204-50* 4Kx 9 Cc 15 60 PC,DC, JC 28, 32 (JC) | TSO Access Time=50ns, Status Flags
Cc 7204-35* 4Kx 9 [ 22 60 PC, DC, JC 28, 32 (JC) | TSO Access Time=35ns, Status Flags
o] 7204-25* 4Kx 9 [o] 28.5 70 PC, DC, JC 28, 32 (JC) | TSO Access Time=25ns, Status Flags
Application Specific FIFOs
Max
Data
Tech- Part Organ- Rate Max Package Pin
nology Number ization | Type | MHz [ICCmA Type Count Features
B 67417 64 x m/9N S 10 Par. 350 J 24 TSO Parallel/Serial, Status Flags
28 Ser.
B 674219 512-64K S 10 350 J 40 TSO FIFO RAM Controller, 16-Bit SRAM
Address, Status Flags
c AM4701 2-512x9 S 17 100 PC 28 TSO Access Time=45ns,
’ Programmable Flags
c AM4601* 512x9 S 22 100 PC 28 TSO Access Time=35ns,
Programmable Flags
Notes:
Technology: Type: Package Type: Features:
B — Bipolar C — Cascadable PC,RC, N — Plastic DIP TSO - Three State Output
C- CMOS S - Standalone DC,J - Ceramic DIP
JC,NL -~ PLCC

* Consult Factory




FIFO Competitive Cross Reference Guide

Pu

Advanced

Micro
Devices

CYPRESS
CY7C401-5PC
CY7C401-5DC
CY7C401-10PC
CY7C401-10DC
CY7C401-15PC
CY7C401-15DC

CY7C401-25PC
CY7C402-5PC

CY7C402-5DC

CY7C402-10PC
CY7C402-10DC
CY7C402-15PC
CY7C402-15DC

CY7C402-25PC

CY7C403-5PC
CY7C403-5DC

. CY7C403-10PC
CY7C403-10DC

CY7C403-15PC
CY7C403-15DC

CY7C403-25PC

CY7C404-5PC
CY7C404-5DC

CY7C404-10PC
CY7C404-10DC

CY7C404-15PC
CY7C404-15DC

CY7C404-25PC

CY7C420-40DC
CY7C421-40JC
CY7C420-40PC
CY7C421-40PC

CY7C420-65DC
CY7C421-654C
CY7C420-65PC
CY7C421-65PC

CY7C424-40DC
CY7C425-40JC
CY7C424-40PC
CY7C425-40PC

CY7C424-65DC
CY7C425-65JC
CY7C424-65PC
CY7C425-65PC

CY7C428-40DC
CY7C429-40JC
CY7C428-40PC
CY7C429-40PC

CY7C428-65DC
CY7C429-65JC
CY7C428-65PC
CY7C429-65PC

DALLAS
SEMICONDUCTOR
DS2009

DS2010

AMD

67C401-10N
67C401-10J
67C401-10N
67C401-10J
67C401-15N
67C401-15J

67C401-25N
67C402-10N
67C402-10J
67C402-10N
67C402-10J
67C402-15N
67C402-15J

67C402-25N

67C4013-10N
67C4013-10J

67C4013-10N
67C4013-10J

67C4013-15N
67C4013-15J

67C4013-25N

67C4023-10N
67C4023-10J

67C4023-10N
67C4023-10J

67C4023-15N
67C4023-15J4

67C4023-25N

AM7201-35DC
AMT7201-35JC
AM7201-35PC
AM7201-35RC

AM7201-65DC
AM7201-65JC
AM7201-65PC
AM7201-65RC

AM7202-35DC
AM7202-35JC
AM7202-35PC
AM7202-35RC

AMT7202-65DC
AM7202-65JC
AM7202-65PC
AMT7202-65RC

AM7203-35DC
AM7203-35JC
AM7203-35PC
AM7203-35RC
AM7203-65DC
AM7203-65JC
AM7203-65PC
AM7203-65RC

AMD

AMT7201
AM7202

IDT

IDT7200S/L-25P
1DT7200S/L-25D
IDT7200S/L-25J
IDT7200S/L-25TC
IDT7200S/L-25TP

IDT7200S/L-35P
IDT7200S/L-35D
IDT7200S/L-35J |
IDT7200S/L-35TC
1DT72008/L-35TP

IDT7200S/L-50P
IDT7200S/L-50D
IDT7200S/L-50J
IDT7200S/L-50TC
IDT7200S/L-50TP

IDT7200S/L.-65P
IDT7200S/L-65D
IDT7200S/L-65J
IDT7200S/L-65TC
IDT7200S/L-65TP

IDT72008/L-80P
IDT7200S/L-80D
IDT7200S/L-80J
IDT7200S/L-80TC
IDT7200S/L-80TP

IDT72008/L-120P
IDT7200S/L-120D
IDT7200S/L-120J
IDT7200S/L-120TC
IDT7200S/L-120TP

IDT7201SA/LA-25P
IDT7201SA/LA-25D
IDT7201SA/LA-25J
IDT7201SA/LA-25TC
IDT7201SA/LA-25TP

IDT7201SA/LA-35P
IDT7201SA/LA-35D
IDT7201SA/LA-35J
IDT7201SA/LA-35TC
IDT7201SA/LA-35TP

IDT7201S/L/SA/LA-50P
IDT72018/L/SA/LA-50D
IDT7201S/L/SA/LA-50J
IDT7201S/L/SA/LA-50TC
IDT7201S/L/SA/LA-50TP

IDT7201S/L/SA/LA-65P
IDT7201S/L/SA/LA-65D
IDT7201S/L/SA/LA-65J
IDT7201S/L/SA/LA-65TC
IDT7201S/L/SA/LA-65TP

IDT7201S/L/SA/LA-80P
IDT7201S/L/SA/LA-80D
IDT7201S/L/SA/LA-80J
IDT7201S/L/SA/LA-80TC
IDT72018/L/SA/LA-80TP

IDT7201S/L/SA/LA-120P

IDT7201S/L/SA/LA-120D
IDT7201S/L/SA/LA-120J

AMD

AM7200-25PC
AM7200-25DC
AM7200-25JC
AM7200-25RC
AM7200-25RC

AM7200-35PC
AM7200-35DC
AM7200-35JC
AM7200-35RC
AM7200-35RC

AM7200-50PC
AM7200-50DC
AM7200-50JC
AM7200-50RC
AM7200-50RC

AM7200-65PC
AM7200-65DC
AM7200-65JC
AM7200-65RC
AM7200-65RC

AM7200-80PC
AM7200-80DC
AM7200-80JC
AM7200-80RC
AM7200-80RC

AM7200-80PC
AM7200-80DC
AM7200-80JC
AM7200-80RC
AM7200-80RC

AM7201-25PC
AM7201-25DC
AM7201-25JC
AM7201-25RC
AM7201-25RC

AM7201-35PC
AM7201-35DC
AM7201-35JC
AM7201-35RC
AM7201-35RC

AM7201-50PC
AM7201-50DC
AM7201-50JC
AM7201-50RC
AM7201-50RC

AM7201-65PC
AM7201-65DC
AM7201-65JC
AM7201-65RC
AM7201-65RC

AM7201-80PC
AM7201-80DC
AM7201-80JC
AM7201-80RC
AM7201-80RC

AM7201-80PC
AM7201-80DC
AM7201-80JC

IDT7201S/L/SA/LA-120TC AM7201-80RC
IDT7201S/L/SA/LA-120TP AM7201-80RC

IDT7202SA/LA-25P
IDT7202SA/LA-25D
IDT7202SA/LA-25J
IDT72028A/LA-25TC
IDT7202SA/LA-25TP

IDT7202SA/LA-35P
IDT7202SA/LA-35D
IDT7202SA/LA-35J
IDT7202SA/LA-35TC
IDT7202SA/LA-35TP

IDT7202S/L/SA/LA-50P
IDT7202S/L/SA/LA-50D
IDT72028/L/SA/LA-50J
IDT72028/L/SA/LA-50TC
IDT7202S/L/SA/LA-50TP

IDT7202S/L/SA/LA-65P
1DT72028/L/SA/LA-65D
IDT7202S/L/SA/LA-65J
1DT7202S/L/SA/LA-65TC
IDT7202S/L/SA/LA-65TP

IDT7202S/L./SA/LA-80P
IDT7202S/L/SA/LA-80D
IDT7202S/L/SA/LA-80J
IDT7202S/L/SA/LA-80TC
IDT7202S/L/SA/LA-80TP

IDT7202S/L/SA/LA-120P
IDT7202S/L/SA/LA-120D
1DT7202S/L/SA/LA-120J
IDT7202S/L/SA/LA-120TC
1DT7202S/L/SA/LA-120TP

IDT7203S/L-35P
IDT7203S/L-35D
IDT7203S/L-35J

IDT7203S/L-50P
IDT7203S/L-50D
IDT7203S/L-50J

IDT7203S/L-65P
IDT7203S/L-65D
1DT7203S/L-65J

IDT7203S/L-80P
IDT7203S/L-80D
IDT7203S/L-80J

IDT72038/L-120P
IDT7203S/L-120D
IDT7203S/L-120J

IDT72401L-10P
IDT72401L-10D
IDT72401L-10J
IDT72401L-15P
IDT72401L-15D
IDT72401L-15J

IDT72401L-25P

IDT72402L-10P
IDT72402L-10D
IDT72402L-10J

IDT72402L-15P
IDT72402L-15D
IDT72402L-15J

1DT72402L-25P

AM7202-25PC
AM7202-25DC
AM7202-25JC
AM7202-25RC
AM7202-25RC

AM7202-35PC
AM7202-35DC
AM7202-35JC
AM7202-35RC
AM7202-35RC

AM7202-50PC
AM7202-50DC
AM7202-50JC
AM7202-50RC
AM7202-50RC

AM7202-65PC
AM7202-65DC
AM7202-65JC
AM7202-65RC
AM7202-65RC

AM7202-80PC
AM7202-80DC
AM7202-80JC
AM7202-80RC
AM7202-80RC

AM7202-80PC
AM7202-80DC
AM7202-80JC
AM7202-80RC
AM7202-80RC

AM7203-35PC
AM7203-35DC
AM7203-35JC

AM7203-50PC
AM7203-50DC
AM7203-50JC

AM7203-65PC
AM7203-65DC
AM7203-65JC

AM7203-80PC
AM7203-80DC
AM7203-80JC

AM7203-120PC
AM7203-120DC
AM7203-120JC

67C401-10N
67C401-10J
67C401-10NL
67C401-15N
67C401-15J
67C401-15NL
67C401-25N
67C402-10N
67C402-10J
67C402-10NL
67C402-15N
67C402-15J
67C402-15NL

67C402-25N
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IDT72403L-10P
1DT72403L-10D
1DT72403L-10J

IDT72403L-16P
1DT72403L-16D
IDT72403L-15J
1DT72403L-25P
IDT72404L-10P

IDT72404L-10D
IDT72404L-10J

67C4013-10N
67C4013-10J
67C4013-10NL
67C4013-15N
67C4013-15J
67C4013-15NL
67C4013-25N
67C4023-10N
67C4023-10J
67C4023-10NL

IDT72404L-15P
IDT72404L-15D
IDT72404L-15J

IDT72404L-25P

MOSTEK

MK4501-65N
MK4501-80N
MK4501-100N
MK4501-120N

67C4023-15N
67C4023-15J
67C4023-15NL

67C4023-25N

AMD

AM7201-65PC
AM7201-80PC
AM7201-80PC
AM7201-80PC

T.L

SN745225N
SN745225J
SN74ALS236J
SN74ALS235)
SN74ACT7202N

AMD
745225N
748225J
67411AJ
67413Ad

AM7202PC




FIFO Ordering Information “'1

Advanced
Micro
Devices
C 67 L 4XXX D NL 883B
CASCADABILITY PROCESSING
C = Cascadable Bipolar Blank = Standard Commercial
Blank = Standalone Bipolar 883B = MIL-STD-883
Rev C, Class B
TEMPERATURE CODE
57 = Military PACKAGE
67 = Commercial ’ N = Plastic DIP
J = Ceramic DIP
TECHNOLOGY NL = Plastic Leaded Chip Carrier
Blank = Bipolar
L = Low Power Bipolar l—————— SPEED
C = CMOS Blank = Standard
A/D = Enhanced
DEVICE NUMBER -10 MHz Shift Rate

-12 MHz Shift Rate (Mil)
-15 MHz Shift Rate
-25 MHz Shift Rate
-35 MHz Shift Rate

STANDARD PRODUCTS

AMD Standard products are available in several packages. The
order number (Valid Combination) is formed by a combination of:

Am72XX-25 P C

a. PART NUMBER -—-j— W

b. PERFORMANCE
25 = 25 ns Access Time
35 = 35 ns Access Time
50 = 50 ns Access Time
65 = 65 ns Access Time
80 = 80 ns Access Time

c. PACKAGE TYPE
P = Plastic DIP (600 mil)
D = Ceramic DIP (600 mil)
J = Plastic Leaded Chip Carrier
R = Plastic DIP (300 mil)

d. OPERATING CONDITIONS
C = Commercial (0°C to 70°C)

1-8 Ordering Information



FIFO Ordering Information

MILITARY ORDERING INFORMATION

APL Products

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

a. Device Number

b. Speed Optlon (if applicable)

c. Device Class

d. Package Type

o. Lead Finish

XA

/ -
-
o. LEAD FINISH

A = Hot Solder DIP

72XX 40

d. PACKAGE TYPE
X = 28-Pin Ceramic DIP
(CD 028)

c. DEVICE OPTION
/B =Class B

b. SPEED OPTION
-40 =40nst,
50 =50nst,
-65=65nst,
-80=80nst,

a. DEVICE NUMBER/DESCRIPTION

Valid Combinations

Valid Combinations list configurations plannedto be supported in
volume for this device. Consult the local AMD sales office to
confirm availability of specific valid combinations or to check for
newly released valid combinations.

Group A Tests

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

- Valid Combinations
AM72XX-40
AM72XX-50 /BXA
AM72XX-65
AM72XX-80

Ordering Information 19
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Non-Volatile Memory

P

Products Selector Guide Ad"a,aicc";g
Devices
Non-Volatile Memory
Products
ExpressROM™
Devices* UV EPROMSs EEPROMs
OTP EPROMs Flash Memories

* Consult the local AMD sales office to obtain more information

on this product family.

Introduction

The Non-Volatile Memory Division manufactures a broad range
of high performance memory products. These products include
traditional windowed EPROMs, plastic OTP EPROMSs, Express-
ROM™ devices, EEPROMSs, and Flash Memories. They offer
the system designer an extensive choice of economical alterna-
tives for program storage.

NVDs EPROM offerings are manufactured with a state-of-the-
art CMOS process yielding access times as fast as 55ns.
Products in production range from 64K to 1 Megabit. Also being
announced this year are 2 megabit and 4 megabit devices.
EPROMs are available in both windowed ceramic and One
Time Programmable plastic packages.

A new concept from AMD is the ExpressROM™ device. These
are quick turn ROMs produced from EPROM wafers. Lead
times of these devices are typically half that of ROMs.

Flash memories will be the designer’s choice for non-volatile
memory in the 90s. AMD is introducing 2 families of high speed
Flash devices with densities initially ranging from 256K to 1
Megabit. Offerings will be available in both EPROM and
EEPROM compatible architectures.

AMD is committed to [eadership in high performance CMOS
non-volatile memories. These products offer industry leading
speeds and densities that will contribute to the competitive
advantages of your design.




Non-Volatile Memory Products Selector Guide

ExpressROM™
Devices
64K 128K 256K
Am27X64 Am27X128 Am27X256
512K 1024K
Am27X512 Am27X010
Am27X1024
ExpressROM™ Devices*
Number Operating Power
Part Organization Access Temp Package of Pins Act/Stdby Max® Supply
Number Time(ns) | Range’ Types? DIP/PLCC (mW) Voltage
Am27X64-105 8Kx 8 100 C P.J 28/32 138/0.55 5Vt 5%
Am27X64-125 8Kx 8 120 c P, J 28132 138/0.55 5Vt 5%
Am27X64-120 8Kx 8 120 c P,J 28732 138/0.55 5V 10%
Am27X64-155 8Kx8 150 (o] P,J 28/32 138/0.55 5Vt 5%
Am27X64-150 8Kx 8 150 Cc P,J 28/32 138/0.55 5Vt 10%
Am27X64-175 8Kx 8 170 Cc P, J 28/32 138/0.55 5V: 5%
Am27X64-170 8Kx8 170 (o3 P, J 28/32 138/0.55 5V110%
Am27X64-205 8Kx8 200 C P,J 28/32 138/0.55 5Vt 5%
Am27X64-200 8Kx 8 200 Cc P,J 28132 138/0.55 5V+10%
Am27X64-255 8Kx 8 250 C P,J 28732 138/0.55 5Vt 5%
Am27X64-250 8Kx 8 250 C P,J 28/32 138/0.55 5V 10%
Am27X64-305 8Kx 8 300 Cc P, J 28/32 138/0.55 5Vi 5%
Am27X64-300 8Kx 8 300 Cc P,J 28/32 138/0.55 5V+10%
Am27X128-105 16Kx 8 100 C P,J 28/32 138/0.55 5Vt 5%
Am27X128-125 16Kx 8 120 o] P,J 28132 138/0.55 5Vt 5%
Am27X128-120 16K x 8 120 c P,J 28732 138/0.55 5V 10%
Am27X128-155 16Kx 8 150 C P,J 28/32 138/0.55 5Vt 5%
Am27X128-150 16Kx 8 150 C P,J 28/32 138/0.55 5V+10%
Am27X128-175 16Kx 8 170 Cc P,J 28/32 138/0.55 5Vt 5%
Am27X128-170 16Kx 8 170 C P.J 28732 138/0.55 5V+10%
Am27X128-205 16Kx 8 200 C P,J 28732 138/0.55 5Vt 5%
Am27X128-200 16K x 8 200 C P,J 28732 138/0.55 5V 10%
Am27X128-255 16K x 8 250 o] P,J 28732 138/0.55 5Vt 5%
Am27X128-250 16Kx 8 250 C P,J 28/32 138/0.55 5V 10%
Am27X128-305 16Kx 8 300 (¢} P,J 28732 138/0.55 5Vt 5%
Am27X128-300 16K x 8 300 C P,J 28/32 138/0.55 5V+10%
Am27X256-105 32Kx 8 100 C P,J 28/32 138/0.55 5Vt 5%
Am27X256-125 32Kx 8 120 C P,J 28/32 138/0.55 5Vt 5%
Am27X256-120 32Kx 8 120 C P,J 28732 138/0.55 5Vt 10%
Am27X256-155 32Kx 8 150 C P,J 28/32 138/0.55 5Vt 5%
Am27X256-150 32Kx 8 150 [} P, J 28/32 138/0.55 5V+10%
Am27X256-175 32Kx 8 170 Cc P,J 28/32 138/0.55 5Vt 5%
Am27X256-170 32Kx 8 170 C P,J 28/32 138/0.55 5V+10%
Am27X256-205 32Kx 8 200 C P,J 28/32 138/0.55 5Vt 5%
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ExpressROM™ Devices (cont.)

Number Operating Power
Part Organization | Access Temp Package of Pins Act/Stdby Max Supply
Number Time(ns) | Range Types DIP/PLCC (mW) Voltage
Am27X256-200 32K x 8 200 C P, J 28/32 138/0.55 5V+10%
Am27X256-255 32K x 8 250 C P.J 28732 138/0.55 5Vt 5%
Am27X256-250 32Kx 8 250 C P,J 28/32 138/0.55 5V 10%
Am27X256-305 32Kx 8 300 c P,J 28/32 138/0.55 5Vt 5%
Am27X256-300 32Kx 8 300 c P,J 28/32 138/0.55 5V 10%
Am27X512-155 64K x 8 150 Cc P,J 28/32 220/0.55 5Vt 5%
Am27X512-175 64K x 8 170 C P,J 28732 220/0.55 5Vi 5%
Am27X512-170 64K x 8 170 Cc P, J 28/32 220/0.55 5V+10%
Am27X512-205 64K x 8 200 c P,J 28/32 220/0.55 5Vt 5%
Am27X512-200 64K x 8 200 C P,J 28/32 220/0.55 5V 10%
Am27X512-255 64K x 8 250 Cc P.J 28/32 220/0.55 5Vi 5%
Am27X512-250 64K x 8 250 C P, J 28/32 220/0.55 5V+10%
Am27X512-305 64K x 8 300 Cc P,J 28/32 220/0.55 5Vt 5%
Am27X512-300 64K x 8 300 c P,J 28/32 220/0.55 5V 10%
Am27X010-175 128K x 8 170 C P, J 32/32 165/0.55 S5Vi 5%
Am27X010-205 128K x 8 200 (o} P,J 32/32 165/0.55 5V+ 5%
. Am27X010-200 128K x 8 200 o] P,J 32/32 165/0.55 5Vt 10%
Am27X010-255 128K x 8 250 ] P,J 32/32 165/0.55 5Vt 5%
Am27X010-250 128K x 8 250 Cc P,J 32/32 165/0.55 5V+10%
Am27X010-305 128Kx 8 300 C P,J 32/32 165/0.55 5Vt 5%
Am27X010-300 128K x 8 300 C P,J 32732 165/0.55 5V 10%
Am27X1024-175 64K x 16 170 C P,J 40/44 275/1.1 5V: 5%
Am27X1024-205 64K x 16 200 C P,J 40/44 275/1.1 5Vt 5%
Am27X1024-200 64K x 16 200 o] P.J 40/44 27511 5V 10%
Am27X1024-255 64K x 16 250 Cc P,J 40/44 275/1.1 5Vt 5%
Am27X1024-250 64K x 16 250 C P,J 40744 27511 5V 10%
Am27X1024-305 64K x 16 300 c P.J 40/44 275/ .1 5Vt 5%
Am27X1024-300 64K x 16 300 C P,J 40/44 27511 5V 10%

* Contact the local AMD sales office for the availability of this device family.
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UV EPROMs OTP EPROMs
64K 128K 256K 512K
Am27C64 Am27C128 Am27C256 Am27C512
1024K 2048K 4096K
Am27C010 Am27C020 Am27C4096
Am27C1024 Am27C2048
UV Erasable PROMs
Number Operating Power
Part Organlization Access Temp Package of Pins Act/Stdby Max? Supply
Number Time(ns) | Range’ Types? |DIP/LCC(PLCC) (mW) Voitage
Am27C64-55 8Kx 8 55* C D, L 28/32 138/0.55 5Vt 5%
Am27C64-75 8Kx 8 70 c D, L 28/32 138/0.55 5Vt 5%
Am27C64-70 8Kx8 70 ¢ D, L 28732 138/0.55 5V+10%
Am27C64-95 8Kx 8 90 c | D, L 28132 138/0.55 5Vt 5%
Am27C64-90 8Kx 8 920 C LE D, L 28/32 138/0.55 5V 10%
Am27C64-125 8Kx 8 120 (o8] D,LPJ 28132 138/0.55 5Vt 5%
Am27C64-120 8Kx 8 120 CILE b,L PJ 28/32 138/0.55 5V+10%
Am27C64-155 8Kx 8 150 C 1 D,LPJ 28/32 138/0.55 5Vt 5%
Am27C64-150 8Kx 8 150 ClLE D,LP,J 28732 138/0.55 5Vt 10%
Am27C64-205 8Kx 8 200 C 1 D,L,PJ 28/32 138/0.55 5Vt 5%
Am27C64-200 8Kx 8 200 ClE D,L P J 28/32 138/0.55 5V 10%
Am27C64-255 8Kx 8 250 C 1 D,LPJ 28732 138/0.55 5Vt 5%
Am27C64-250 8Kx 8 250 CLE D,LPJ 28/32 138/0.55 5V+10%
Am27C64-305 8Kx 8 300 C.i D,L P,J 28/32 138/0.55 5Vt 5%
Am27C64-300 8Kx 8 300 C.LE D,LPJ 28/32 138/0.55 5V110%
Am27C128-55 16Kx 8 55¢ C D,L 28/32 138/0.55 SVt 5%
Am27C128-75 16Kx 8 70 C D, L 28/32 138/0.55 5Vt 5%
Am27C128-70 16Kx 8 70 (o D, L 28/32 138/0.55 5V 10%
Am27C128-95 16Kx 8 90 C 1 D, L 28132 138/0.55 5Vt 5%
Am27C128-90 16Kx 8 90 CE D,L 28132 138/0.55 5V+10%
Am27C128-125 16Kx 8 120 (ol] D,L P.J 28/32 138/0.55 5V 5%
Am27C128-120 16Kx 8 120 ClLE D,LPJ 28/32 138/0.55 5V110%
Am27C128-155 16K x 8 150 C | D,L P, J 28132 138/0.55 5Vt 5%
Am27C128-150 16Kx 8 150 CE D,LP,J 28/32 138/0.55 5V 10%
Am27C128-205 16Kx 8 200 C, 1 D, L P,J 28/32 138/0.55 5Vt 5%
Am27C128-200 16K x 8 200 C ILE DL P J 28/32 138/0.55 5V+10%
Am27C128-255 16Kx 8 250 C 1 D,LPJ 28/32 138/0.55 5Vt 5%
Am27C128-250 16Kx 8 250 CILE D,L,P,J 28/32 138/0.55 5V 10%
Am27C128-305 16Kx 8 300 [} D,L P, J 28732 138/0.55 5Vt 5%
Am27C128-300 16Kx 8 300 C Il E D,LPJ 28732 138/0.55 5V+10%
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Erasable PROMSs (cont.)

Number Operating Power
Part Organization Access Temp Package of Pins Act/Stdby Max Supply
Number Time(ns) | Range Types |DIP/LCC(PLCC) (mW) Voltage
Am27C256-55 32Kx 8 55* C D,L 28/32 138/0.55 5Vt 5%
Am27C256-75 32Kx 8 70 C D,L 28/32 138/0.55 5Vt 5%
Am27C256-70 32Kx 8 70 C D, L 28/32 138/0.55 5V+10%
Am27C256-95 32Kx 8 90 G 1 D,L 28/32 138/0.55 5Vt 5%
Am27C256-90 32K x 8 90 C lLE DL 28/32 138/0.55 5V+10%
Am27C256-105 32Kx 8 100 C | D,L 28/32 138/0.55 5Vt 5%
Am27C256-100 32K x 8 100 C.ILE D, L 28/32 138/0.55 5V+10%
Am27C256-125 32Kx 8 120 C D,L, P J 28/32 138/0.55 5Vt 5%
Am27C256-120 32Kx 8 120 ClLE D, L, PJ 28132 138/0.55 5V+10%
Am27C256-155 32Kx 8 150 C I D,L,PJ 28/32 138/0.55 5Vt 5%
Am27C256-150 32K x 8 150 C ILE D,LP,J 28732 138/0.55 5V+10%
Am27C256-175 32Kx 8 170 C 1 D,LPJ 28/32 138/0.55 5Vt 5%
Am27C256-170 32K x 8 170 C.lLE D, L P.J 28732 138/0.55 5V+10%
Am27C256-205 32Kx 8 200 C, 1 D, L PJ 28/32 138/0.55 5Vt 5%
Am27C256-200 32Kx 8 200 C.ILE D,LP,J 28/32 138/0.55 5V+10%
Am27C256-255 32K x 8 250 C,1 D,L,PJ 28/32 138/0.55 5Vi 5%
Am27C256-250 32Kx 8 250 CIE D, L PJ 28/32 138/0.55 5V+10%
Am27C256-305 32Kx 8 300 G, 1 D,L,P,J 28/32 138/0.55 5Vi 5%
Am27C256-300 32Kx 8 300 CLE D,LP,J 28/32 138/0.55 5V +10%
Am27C512-95 64Kx 8 90" c DL 28/32 220/0.55 5Vt 5%
Am27C512-90 64Kx 8 90 C D, L 28/32 220/0.55 5V+10%
Am27C512-125 64K x 8 120 C 1 D, L 28/32 220/0.55 5Vt 5%
Am27C512-120 64Kx 8 120 CLE D, L 28/32 220/0.55 5V+10%
Am27C512-155 64Kx 8 150 C i D,LPJ 28/32 220/0.55 5Vt 5%
Am27C512-150 64K x 8 150 C.|E D,LPJ 28/32 220/0.55 5V+10%
Am27C512-175 64K x 8 170 C 1 D,LP,J 28732 220/0.55 5Vt 5%
Am27C512-170 64K x 8 170 CLE D,L,PJ 28/32 220/0.55 5V 10%
Am27C512-205 64Kx 8 200 (oN] D,LP,J 28/32 220/0.55 5Vt 5%
Am27C512-200 64Kx 8 200 C \E D,LPJ 28/32 220/0.55 5V+10%
Am27C512-255 64Kx 8 250 C 1 D, L PJ 28/32 220/0.55 5Vt 5%
Am27C512-250 64K x 8 250 C |E D,LP.J 28732 220/0.55 5V+10%
Am27C512-305 64K x 8 300 (o D,L,P,J 28/32 220/0.55 5Vt 5%
Am27C512-300 64K x 8 300 C.\E DL PJ 28/32 220/0.55 5V+10%
Am27C010-105 128K x 8 100* o] D, L 32/32 165/0.55 5Vt 5%
Am27C010-100 128Kx 8 100 Cc DL 32/32 165/0.55 5V+10%
Am27C010-125 128K x 8 120 (o D, L 32/32 165/0.55 5Vt 5%
Am27C010-120 128K x 8 120 C 1 D, L 32/32 165/0.55 5V+10%
Am27C010-155 128K x 8 150 (o D, L 32/32 165/0.55 5Vt 5%
Am27C010-150 128K x 8 150 (o D, L 32/32 165/0.55 5V+10%
Am27C010-175 128Kx 8 170 C I D,L,PJ 32/32 165/0.55 5Vt 5%
Am27C010-170 128K x 8 170 CLE D, L P J 32/32 165/0.55 5V+10%
Am27C010-205 128K x 8 200 (o D, L PJ 32/32 165/0.55 5Vt 5%
Am27C010-200 128K x 8 200 C IE D.L,PJ 32/32 165/0.55 5V+10%
Am27C010-255 128K x 8 250 (o D,L,P,J 32/32 165/0.55 5Vt 5%
Am27C010-250 128Kx 8 250 C.IE D.L,PJ 32/32 165/0.55 5V+10%
Am27C010-305 128K x 8 300 C | D.L,P,J 32/32 165/0.55 5Vt 5%
Am27C010-300 128K x 8 300 CILE D,L PJ 32/32 165/0.55 5V +10%
Am27C1024-105 64K x 16 100* C b, L 40/44 27511 5Vt 5%
Am27C1024-100 64K x 16 100 C D, L 40/44 27511 5V 1 10%
Am27C1024-125 64K x 16 120 (o D,L 40/44 275111 5Vt 5%
Am27C1024-120 64K x 16 120 C, 1 D,L 40/44 27511 5V+10%
Am27C1024-155 64K x 16 150 (oM D,L 40/44 2751.1 5Vt 5%
Am27C1024-150 64K x 16 150 C, | D, L 40/44 27511 5V+10%
Am27C1024-175 64K x 16 170 (oM ] D,LPJ 40/44 275111 5Vt 5%
Am27C1024-170 64K x 16 170 CLE D,LPJ 40/44 27511 5V+10%
Am27C1024-205 64K x 16 200 C, 1 D,LP,J 40/44 27511 5Vt 5%
Am27C1024-200 64K x 16 200 C.E D.L,PJ 40/44 2751114 5Vt 10%
Am27C1024-255 64K x 16 250 (o] D,LPJ 40/44 27511 1 5V 5%
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Erasable PROMs (cont.)

Number Operating Power
Part Organlzation Access Temp Package of Pins Act/Stdby Max Supply
Number Time(ns) | Range Types |DIP/LCC(PLCC) (mWw) Voltage
Am27C1024-250 64K x 16 250 C I E D,LPJ 40/44 275/1.1 5V110%
Am27C1024-305 64K x 16 300 C D,LPJ 40/44 275/1.1 5Vt 5%
Am27C1024-300 64K x 16 300 C LE D,LPJ 40/44 275/1.1 5V+10%
Am27C020-105** 256K x 8 100 C D, L 32/32 165/0.55 5Vt 5%
Am27C020-100 256K x 8 100 C DL 32132 165/0.55 5V 10%
Am27C020-125 256K x 8 120 C, 1 D, L 32/32 165/0.55 5Vt 5%
Am27C020-120 256K x 8 120 C, D, L 32/32 165/0.55 5V 10%
Am27C020-155 256K x 8 150 (oA D, L 32/32 165/0.55 5Vt 5%
Am27C020-150 256K x 8 150 CLE D,L . 32/32 165/0.55 5V 10%
Am27C020-175 256K x 8 170 C 1 D, L P,J 32/32 165/0.55 5Vt 5%
Am27C020-170 256K x 8 170 C LE D, L PJ 32/32 165/0.55 5V+10%
Am27C020-205 256K x 8 200 C, I D,LPJ 32/32 165/0.55 5Vt 5%
Am27C020-200 256K x 8 200 C.LE D,LPJ 32132 165/0.55 5V+10%
Am27C2048-105**| 128K x 16 100 (o] D, L 40/44 165/0.55 5Vt 5%
Am27C2048-100 128K x 16 100 c DL 40/44 165/0.65 5V+10%
Am27C2048-125 128K x 16 120 C. D, L 40/44 165/0.55 5V 5%
Am27C2048-120 128K x 16 120 C. D, L 40/44 165/0.55 5V110%
Am27C2048-155 128K x 16 150 C 1 D,L 40/44 165/0.55 5Vt 5%
Am27C2048-150 128K x 16 150 C I E D, L 40/44 165/0.55 5V£10%
Am27C2048-175 128Kx 16 170 C 1 D,LPJ 40/44 165/0.55 5Vt 5%
Am27C2048-170 128K x 16 170 C LE D.LPJ 40/44 165/0.56 5V+10%
Am27C2048-205 128K x 16 200 (oN] D, LPJ 40/44 165/0.55 5Vt 5%
Am27C2048-200 128K x 16 200 C LE D,LPJ 40/44 165/0.55 5V 10%
Am27C4096-125**| 256K x 16 120 9] D, L 40/44 275/0.55 5Vt 5%
Am27C4096-120 256K x 16 120 C D, L 40/44 275/0.55 5V+10%
Am27C4096-155 256K x 16 150 C, 1 D,L 40/44 275/0.55 5Vt 5%
Am27C4096-150 256K x 16 150 C, ! D, L 40/44 275/0.55 5V 10%
Am27C4096-175 256K x 16 170 C, D,L,P,J 40/44 275/0.55 5Vt 5%
Am27C4096-170 256K x 16 170 C.LE | DLLPJ 40/44 275/0.55 5V+10%
Am27C4096-205 256K x 16 200 C, 1 D,L,P,J 40/44 275/0.55 5V+ §%
Am27C4096-200 256K x 16 200 C.LE { DLPJ 40/44 275/0.55 5V110%

* Contact the local AMD sales office for the availability of this speed grade.
** Contact the local AMD sales office for the availability of this device family.
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Flash Memories

l

Flash Windowless Flash
EPROMs EEPROMs
256K 512K 1024K 256K 512K 1024K
Am27F256 Am27F512 Am27F010 Am28F256 Am28F512 Am28F010
Flash Windowless EPROMs*
Number Operating Power
Part Organization Access Temp Package of Pins Act/Stdby Max? Supply
Number Time(ns) | Range' Types? |DIP/LCC(PLCC) (mW) Voltage
An27F256-95 32K x 8 90 (o] D, LPJ 28/32 155/0.6 5Vt 5%
Am27F256-90 32Kx 8 90 C D,LP,J 28/32 155/0.6 5V+10%
Am27F256-125 32Kx 8 120 (oM D,L,PJ. 28/32 155/0.6 5Vt 5%
Am27F256-120 32Kx 8 120 CLE D,LP,J 28/32 155/0.6 5V+10%
Am27F256-155 32Kx 8 150 C, ! D,L,PJ 28/32 155/0.6 5Vt 5%
Am27F256-150 32Kx 8 150 C.ILE D.L.P,J 28132 155/0.6 5V 10%
Am27F256-175 32Kx 8 170 Gl D,LPJ 28132 155/0.6 5Vt 5%
Am27F256-170 32Kx 8 170 C.LE D,LPJ 28/32 155/0.6 5V 10%
Am27F256-205 32Kx 8 200 C D, LPJ 28/32 155/0.6 5Vt 5%
Am27F256-200 32K x 8 200 C LE D,LPJ 28/32 155/0.6 5V 10%
Am27F256-255 32K x 8 250 cC 1 DL PJ 28732 155/0.6 5Vt 5%
Am27F256-250 32Kx 8 250 CIE D, L PJ 28732 155/0.6 5V 10%
Am27F512-105 64K x 8 100 (o] D,LP,J 28/32 155/0.6 S5Vt 5%
Am27F512-100 64K x 8 100 C.1 D,L,PJ 28132 155/0.6 5V+10%
Am27F512-125 64K x 8 120 C 1 D,LPJ 28/32 155/0.6 5Vt 5%
Am27F512-120 64K x 8 120 CIE D, LP,J 28/32 155/0.6 5V 10%
Am27F512-155 64K x 8 150 C D, L PJ 28/32 155/0.6 5V 5%
Am27F512-150 64Kx 8 150 C.LE D, L P,J 28/32 155/0.6 5V 10%
Am27F512-175 64K x 8 170 c | D,LPJ 28/32 155/0.6 5Vt 5%
Am27F512-170 64K x 8 170 CILE D,L.PJ 28/32 155/0.6 5V+10%
Am27F512-205 64K x 8 200 c i D,LP,J 28132 155/0.6 5Vt 5%
Am27F512-200 64K x 8 200 CE D,LPJ 28/32 155/0.6 5V 10%
Am27F512-255 64K x 8 250 c, ! D, L P,J 28/32 155/0.6 5Vt 5%
Am27F512-250 64K x 8 250 CLE D,L,P,J 28/32 155/0.6 5V+10%
Am27F010-125 128K x 8 120 C1 DL, PJ 32/32 155/0.6 5Vt 5%
Am27F010-120 128K x 8 120 [N D,L P J 32732 155/0.6 5V+10%
Am27F010-155 128K x 8 150 (o D, L PJ 32/32 155/0.6 5Vt 5%
Am27F010-150 128K x 8 150 CILE D, LPJ 32/32 155/0.6 5Vt 10%
Am27F010-175 128K x 8 170 C,1 D, L P,J 32/32 155/0.6 SVt 5%

* Contact the local AMD sales office for the availability of this device family.
Operating power specifications are preliminary.




Non-Volatile Memory Products Selector Guide

Flash Windowless EPROMs* (cont.)

Number Operating Power
Part Organization Access Temp Package of Pins Act/Stdby Max Supply
Number Time(ns) | Range Types |DIP/LCC(PLCC) (mW) Voltage
Am27F010-170 128K x 8 170 ClLE D, LPJ 32/32 155/0.6 5V 10%
Am27F010-205 128Kx 8 200 C I D,LPJ 32732 155/0.6 5Vt 5%
Am27F010-200 128K x 8 200 CIlLE D,LPJ 32/32 155/0.6 5V+10%
Am27F010-255 128K x 8 250 C, 1 D,L,PJ 32/32 155/0.6 5Vt 5%
Am27F010-250 128Kx 8 250 ClLE D, LPJ 32132 155/0.6 5V+10%
Am27F010-305 128K x 8 300 C, I D,LPJ 32/32 155/0.6 5V 5%
Am27F010-300 128K x 8 300 CILE D,LPJ 32/32 155/0.6 5Vt 10%
Flash EEPROMs*
Number Operating Power
Part Organlzation Access Temp Package of Pins ActStdby Max® Supply
Number Time(ns) | Range' Types? [DIP/LCC(PLCC) (mW) Voltage
Am28F256-95 32Kx 8 90 G, I D, L P,J 32/32 155/0.6 5Vt 5%
Am28F256-90 32Kx 8 90 (o D,LPJ 32/32 155/0.6 5Vt 10%
Am28F256-105 32Kx 8 100 C, 1 DL P,J 32/32 155/0.6 5Vt 5%
Am28F256-100 32Kx 8 100 C.LE D,LPJ 32/32 155/0.6 5V+10%
Am28F256-125 32Kx 8 120 (o D,LPJ 32/32 155/0.6 5Vt 5%
Am28F256-120 32Kx 8 120 CIE D,L P, J 32/32 155/0.6 5V 10%
Am28F256-155 32Kx 8 150 C, 1 D,LP,J 32/32 155/0.6 5Vt 5%
Am28F256-150 32K x 8 150 CIlLE D,LPJ 32/32 155/0.6 5Vt 10%
Am28F256-175 32Kx 8 170 C, I D,LPJ 32/32 155/0.6 5Vt 5%
Am28F256-170 32Kx 8 170 CLE DL P,J 32/32 155/0.6 5Vt 10%
Am28F256-205 32Kx 8 200 (0N D, L PJ 32/32 155/0.6 5Vt 5%
Am28F256-200 32Kx 8 200 G LE D, L PJ 32/32 155/0.6 5V+10%
Am28F256-255 32Kx 8 250 C, 1 D,LPJ 32/32 155/0.6 5Vt 5%
Am28F256-250 32Kx 8 250 CILE D,L P J 32/32 155/0.6 5V+10%
Am28F512-105 64Kx 8 100 C, I D,LPJ 32/32 155/0.6 5Vt 5%
Am28F512-100 64K x 8 100 C 1 D, L PJ 32/32 155/0.6 5V+10%
Am28F512-125 64Kx 8 120 C I D, L PJ 32732 155/0.6 5Vt 5%
Am28F512-120 64Kx 8 120 C,E D,LPJ 32/32 155/0.6 5V+10%
Am28F512-155 64K x 8 150 (oM} D,LP,J 32732 155/0.6 5Vt 5%
Am28F512-150 64K x 8 150 CILE D, LPJ 32/32 155/0.6 5V+10%
Am28F512-175 64Kx 8 170 C I D,L P J 32/32 155/0.6 5Vt 5%
Am28F512-170 64K x 8 170 C. LE D,LPJ 32/32 155/0.6 5V 10%
Am28F512-205 64K x 8 200 C, 1 D,LPJ - 32132 155/0.6 5Vt 5%
Am28F512-200 64K x 8 200 C ILE D,LPJ 32/32 155/0.6 5V 10%
Am28F512-255 64K x 8 250 (ol D,LPJ 32132 155/0.6 sVt 5%
Am28F512-250 64Kx 8 250 CILE DL PJ 32/32 155/0.6 5V 10%
Am28F010-125 128K x 8 120 C 1 D,LPJ 32/32 155/0.6 5Vt 5%
Am28F010-120 128K x 8 120 C, I D,LPJ 32/32 155/0.6 5V 10%
Am28F010-155 128K x 8 150 C, 1 D,L,P,J 32/32 155/0.6 5Vt 5%
Am28F010-150 128K x 8 150 CILE D, L PJ 32732 155/0.6 5V+10%
Am28F010-175 128K x 8 170 (o D, L PJ 32132 155/0.6 5Vt 5%
Am28F010-170 128K x 8 170 C,ILE | D,L,PJ 32/32 155/0.6 5V+10%
Am28F010-205 128K x 8 200 C I D, L P,J 32732 155/0.6 5Vt 5%
Am28F010-200 128K x 8 200 ClLE D,LPJ 32132 155/0.6 5V+10%
Am28F010-255 128K x 8 250 C | D,LPJ 32732 155/0.6 5V 5%
Am28F010-250 128K x 8 250 ClLE D, L, PJ 32/32 155/0.6 5Vt 10%
Am28F010-305 128K x 8 300 C 1 D, LPJ 32132 155/0.6 5Vt 5%
Am28F010-300 128K x 8 300 CLE D,L,P,J 32/32 155/0.6 5V 1 10%

* Contact the local AMD sales office for the availability of this device family.
Operating power specifications are preliminary.
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EEPROMs
64K
- Am2864AE
Am2864BE
Electrically Erasable PROMs
Number Operating Power
. Part Organization Access Temp Packago of Pins Act/Stdby Max® Supply
Number Time(ns) | Range’ Types® |DIP/LCC(PLCC) (mW) Voltage
Am2864AE-205* 8Kx 8 200 C, 1 D,LP,J 28/32 770390 5V15%
Am2864AE-200 8Kx 8 200 C.LE | DL PJ 28/32 770/390 5V 10%
Am2864AE-255 8Kx 8 250 C, | D,LP,J 28/32 770390 5V+5%
Am2864AE-250 8Kx 8 250 C1LE D,LPJ 28/32 7701390 5V +10%
Am2864AE-305 8Kx8 300 G| DL PJ 28/32 7707390 5V+5%
Am2864AE-300 8Kx 8 300 C \E D,L,PJ 28/32 770/390 5V110%
Am2864AE-355 8Kx 8 350 C, 1 D, L PJ 28/32 770390 5V+5%
Am2864AE-350 8Kx 8 350 CLE D,LPJ 28/32 770/390 5V+10%
Am2864BE-205* 8Kx 8 200 (oN] D, LPJ 28/32 7701390 5V 5%
Am2864BE-200 8Kx 8 200 C LE D,LPJ 28/32 770390 5V+10%
Am2864BE-255 8Kx8 250 [oN] DL PJ 28/32 770/390 5V+5%
Am2864BE-250 8Kx 8 250 C.LE D, L,PJ 28/32 770390 5Vt 10%
Am2864BE-305 8Kx8 300 C,! D, L PJ 28/32 770390 5V+5%
Am2864BE-300 8Kx 8 300 C LE D,LPJ 28/32 770/390 5V+10%
Am2864BE-355 8Kx 8 350 (oN) ] D,L,PJ 28732 7701390 5V+5%
Am2864BE-350 8Kx 8 350 CLE D,LPJ 28/32 770/390 5V£10%

* AE fully compliant to industry standard part with Pin 1 No Connect; BE version has Pin 1 as a Ready/Busy output.

Notes:
! Temperature Range
C = Commercial (0° to 70°C)
| = Industrial (-40° to +85°)
E = Extended (-55°to +125°C also available in DESC.)

2 Package Types
C = Ceramic DIP

L = Rectangular Ceramic Leadless Chip Carrier
P = Plastic DIP
J = Roectangular Plastic Leaded Chip Carrier

3 Operating Power
CMOS inputs at 0 to 70°C.
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Advanced

Micro

Devices

Static RAMs
NMOS ~ Application
Static RAM Specific RAMs
Introduction
AMD’s current product offerings in NMOS range from 1K to 16K Another ASIC RAM product currently in production is Am99C10,
densities. a proprietary high performance CMOS Content Addressable

Future offerings in ASIC RAMs includ 99C134, 8 high Memory (CAM) with a capacity of 256 words and 48 bits per word.
s:eed oMOS Dl PortF:-'!AMs Wit 28 _ﬁ?ecggofessat?,:f: o',‘,',ge, Am99C10 is optimized for address decoding in Local Area Net-
offerings include master/stave CMOS Dual Ports with busy and ~ Works (LAN) and bridging applications.

interrupt features (Am99C1341/1441).
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NMOS
Static RAM
General High
Purpose Speed
Static Static
4K 16K 1K 4K 16K
Am9114 Am9128 Am9122 Am2147 Am2167
Am9044 Am2148 Am2168
Am21L41 Am2149 Am2169
Am9150
NMOS Static RAM
1K Static RAMs
Power Dissipation (uW)
Part Access Supply Temp
Number - Organization Time (ns) Standby Actlve Pins Voltage Range Package
Am9122-25 256 x4 25 - 660 22 5 C D,P
Am9122-35 256 x4 35 - 660 22 5 C,M D,P
Am91L22-25 256 x 4 35 - 440 22 5 Cc D,P
Am91L22-45 256 x 4 45 - 440 22 5 C,M D,P
4K Static RAMs
Power Dissipation (mW)
Part Access Supply Temp
Number Organization Time (ns) Standby Active Pins Voltage Range Package
Am21L41-12 4096 x 1 120 25 200 18 5 (o3 D,P
Am21L41-15 4096 x 1 150 25 200 18 5 C D,P
Am21L41-20 4096 x 1 200 25 200 18 5 C D,P
Am21L41-25 4096 x 1 250 25 250 18 5 C D, P
Am9044B 4096 x 1 450 - 350 18 5 C,M D,P
Am30L44B 4096 x 1 450 - 250 18 5 C.M D,P
Am9044C 4096 x 1 300 - 350 18 5 C/M D,P
Amo0L44C 4096 x 1 300 - 250 18 5 C.M D,P
Am9044D 4096 x 1 250 - 350 18 5 C,M D,P
Am390L44D 4096 x 1 250 - 250 18 5 C,M D,P
Am9044E 4096 x 1 200 - 350 18 5 [} D,P
Am90L44E 4096 x 1 200 - 250 18 5 (&7 D,P
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4K Static RAMSs (cont.)

Power Disslpation (uW)
Part Access Supply Temp

Number Organization Time (ns) Standby Active Pins Voltage Range Package
Am9114B 1024x 4 450 - 350 18 5 C,M D, P
Am91L14B 1024x 4 450 - 250 18 5 C,M D, P
Am9114C 1024 x4 300 - 350 18 5 C.M D,P
Am91L14C 1024x 4 300 - 250 18 5 C,M D,P
Am9114E 1024 x 4 200 - 350 18 5 C.M D,P
Am91L14E 1024 x 4 200 - 250 18 5 C D,P
Am2147-35 4096 x 1 35 165 990 18 5 Cc D,L.P
Am2147-45 4096 x 1 45 165 990 18 5 M D.L F.P
Am2147-55 4096 x 1 55 165 990 18 5 Cc,M D LFP
Am2147-70 4096 x 1 70 110 880 18 5 C.M D LFP
Am21L47-45 4096 x 1 45 83 . 688 18 5 C D,L P
Am21L47-55 4096 x 1 55 83 688 18 5 c D,LP
Am21L47-70 4096 x 1 70 83 688 18 5 C D,LP
Am2148-35 1024 x 4 35 165 990 18 5 C D,L P
Am2148-45 1024 x 4 45 165 990 18 5 C,M D,L P
Am2148-55 1024x 4 55 165 990 18 5 C,M D,LP
Am2148-70 1024 x 4 70 165 990 18 5 C,M D,L, P
Am211.48-45 1024 x 4 45 110 688 18 5 C D.LP
Am21L48-55 1024 x 4 55 110 688 18 5 C D,LP
Am21L48-70 1024 x 4 70 110 688 18 5 (&) D, L P
Am2149-35 1024 x 4 35 N/A 990 18 5 C D,L P
Am2149-45 1024 x 4 45 N/A 990 18 5 C,M D,LP
Am2149-55 1024 x 4 55 N/A 990 18 5 C,M D,LP
Am2149-70 1024 x 4 70 N/A 990 18 5 C,M D,LP
Am21L49-45 1024 x 4 45 N/A 688 18 5 C D,LP
Am21L49-55 1024 x 4 55 N/A 688 18 5 C DL P
Am21L49-70 1024 x 4 70 N/A 688 18 5 C D,L P

Application Speclific RAMs
Power Disslpation (uW)
Part Access Supply Temp

Number Organlzation Time (ns) Standby Active Pins Voltage Range Package
Am9150-20 1024 x 4 20 N/A 990 24 5 C D,L,P
Am9150-25 1024 x 4 25 N/A 990 24 5 C,M D,LP
Am9150-35 1024 x 4 35 N/A 990 24 5 C,M D,LP
Am9150-45 1024 x 4 45 N/A 990 24 5 CM D, L P
Am91L50-20 1024 x 4 20 N/A 1200 24 5 C D,P
Am91L50-25 1024 x 4 25 N/A 1200 24 5 (& D,P
Am91L50-35 1024 x 4 35 N/A 1200 24 5 C D,P
Am91L50-45 1024 x 4 45 N/A 1200 24 5 C D,P
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16K Static RAMs
Power Disslpation (uW)
Part Access Supply Temp
Number Organization Time (ns) Standby Active Pins Voltage Range Package

Am9128-10 2048x 8 100 83 660 24 5 C D,.P
Am9128-12 2048x 8 120 165 825 24 5 M D
Am9128-15 2048x 8 150 83 550 24 5 C,M D,P
Am9128-20 2048x 8 200 165 660 24 5 C,M D,P
Am9128-70 2048 x 8 70 165 770 24 5 Cc,M D,P
Am9128-90 2048x 8 90 165 990 24 5 M D
Am2167-35 16384 x 1 35 165 660 20 5 C D,P,L
Am2167-45 16384 x 1 45 165 660 20 5 cM D,PL
Am2167-55 16384 x 1 35 165 660 20 5 cM D,P, L
Am2167-70 16384 x 1 70 165 660 20 - 5 CM D,P,L
Am2168-35 4096 x 4 35 165 660 20 s C D,P
Am2168-45 4096 x 4 45 165 550 20 5 C,M D,PL
Am2168-55 4096 x 4 55 165 550 20 5 cC,M D,P,L
Am2168-70 4096 x 4 70 165 550 20 5 C,M D,P, L
Am2169-35 4096 x 4 35 N/A 550 20 5 C D,P
Am2169-40 4096 x 4 40 N/A 550 20 5 c D, P
Am2169-50 4096 x 4 50 N/A 550 20 5 C,M D,P,L
Am2169-70 4096 x 4 70 N/A 550 20 5 Cc,M D,P,L
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Application
Specific RAMs

[
| L

Content
ngtl Addressable
Memory
Am2130 Am93C10
Am99C134*
Amg9C1341*
Amg9C1441*
Application Specific RAMs
Dual Port RAM
Power Dissipation (pW)
Part Access Supply Temp
Number Organization | Time (ns) Standby Active Pins Voltage Range Package
Am2130 1024 x 8 55/70/100/120 605/220 935 48 5 CM D,P,J
Am2140 1024 x 8 11 605/220 935 48 5 c,M D,P,J
Amg9C134* 4096 x 8 35 25 900 48/52 5 C P,J
Am99C1341* 4096 x 8 35 2.5 900 52 5 C J
Amg99C1441* 4096 x 8 35 2.5 900 52 5 C J
(Slave)
* Future Products
Content Addressable Memory (CAM)
Power Dissipation (uW)
Part Access Supply Temp
Number Organization Time (ns) Standby Active Pins Voltage Range Package
Am99C10 256 x 48 100 55 715 28 5 Cc D
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Advanced
Micro
Devices
High
Performance
PROMs
Bipolar CMOS
PROMs PROMs
Advantages of AMD PROM Devices
m Broadest BIPOLAR/CMOS PROM product line in the u Commercial 16K, 64K, and 128K CMOS PROMs in
industry production are pin and speed compatible with their Bipolar
m AMD’s IMOX™ process produces the industry’s tastest counterparts
bipolar PROMs m Future plans for CMOS PROMs include 16K registered and
® AMD's Dual-Metal EPROM technology produces the 32K densitites

industry’s fastest CMOS PROMs

m Highly reliable, ultra-fast programming platnium-silicide
fuses guarantees extremely high (>98%) programming
yields for Am27Sxxx Series

Features/Benefits Typlcal applications include:
Microprogramming controls
State machines

Low Voltage generic programming

PNP inputs for low input current

Three state outputs

Registered outputs options

Many are offered in 300-mil SKINNYDIP® package
Some are offered in power-switched version

Mapping functions

Code conversion
Character generator
Next address generation

Look-up table
Logic Replacement
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Bipolar CMOS
PROMs PROMs
I
TTL Standard
Industry Standard TTL Registered
and Ultra Fast
[ | l | I I
- x 4 with
Low High x8 On-Chip Standard Registered
Density Density Diagnostics
32x8 256x4 4Kx 4 2Kx8 512x 8 1Kx4 2Kx 8 2Kx 8*
256x8 512x4 4Kx 8 1Kx 8 2Kx4 4K x 8* 8K x 8*
512x8 1Kx 4 8Kx 8 2Kx 8 4K x 4 8Kx 8
1Kx8 2Kx 4 16Kx 8 16K x 8
* In development
Standard PROMs
Access
AMD Part Number Times
Number Slze Organlzation Output of Plns TA,MCIM(‘) Packages
ax
Am27LS19 256 32x8 TS 16 55/70 D,P,FLJ
Am27S19 256 32x8 TS 16 40/50 D,P,FLJ
Am27S19A 256 32x8 TS 16 25/35 D,P,FLJ
AM27S19SA 256 32x8 TS 16 15/20 D,P,F,LJ
Am27S21 1024 256x 4 TS 16 45/60 D,P,F,LJ
Am27S21A 1024 256 x 4 TS 16 30740 D,P,F,LJ
53/635281 2048 256x 8 TS 20 45/50 N,NL,W, L J
53/63S281A 2048 256x 8 TS 20 28/40 N,NL,W, L, J
Am27513 2048 512x 4 TS 16 50/60 D,P,F,.LJ
Am27S13A 2048 512x4 TS 16 30/40 D,P,F,LJ
Am27529 ~ 4096 512x8 TS 20 §5/70 D,P,F,LJ
Am27S29A 4096 512x 8 TS 20 40/50 D,P,FLJ
Am27529SA 4096 512x8 TS 20 30/40 D,P,F,LJ
Am27S31 4096 512x8 TS 24 5§5/70 D,P,FLJ
Am27S31A 4096 512x8 TS 24 40/50 D,P,FLJ
Am27S33 4096 1024x 4 Ts 18 5§5/70 D,P,FLJ
Notes: 1. Commercial = 0 to 75°C, V, = 5V 15%.
Military = -55 to 125°C, V_ = 5V +10%.
Packages:
Am27SXXX Serles 53/63SXXX Serles
D -Ceramic DIP J  —Plastic Leaded Chip Carrier J - Ceramic DIP N - Plastic DIP
F  -Flat Pack P —Plastic DIP JS —300 mil Ceramic DIP NS - 300 mil Plastic DIP
L -Leadless Chip Carrier L -Leadless Chip Carrier W - Ceramic Flat Pack

NL - Plastic Leaded Chip Carrier
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Standard PROMSs (cont.)

Access
AMD Part Number Times
Number Size Organization Output of Pins T, CMO Packages
‘Max

Am27S33A 4096 1024x 4 TS 18 35/45 D,P,F,LJ
Am275181 8192 1024x 8 TS 24 60/80 D,P,FLJ
Am27S181A 8192 1024x 8 TS 24 35/50 D,P,F,LJ
Am275281@ 8192 1024x 8 TS 24 60/80 D,P
Am27S281AR 8192 1024x8 TS 24 35/50 D,P
53/635881 8192 1024x 8 TS 24 45/55 N,NL,NS,W,LJ,JS
53/63S881A 8192 1024x 8 TS 24 30/45 N,NLLNS,W,LJ,JS
Am275185 8192 2048x 4 TS 18 50/55 D,P,F,LJ
Am27S185A 8192 2048 x 4 TS 18 35/45 D,P,F,LJ
Am27S191 16384 2048 x 8 TS 24 50/65 D,P,FLJ
Am27S191A 16384 2048 x 8 TS 24 35/50 D,P,FLJ
Am27PS191 16384 2048x 8 TS 24 65/75 D,P,FLJ
Am27PS191A 16384 2048 x 8 TS 24 50/65 D,P,FLJ
Am27S191SA 16384 2048x 8 TS 24 25/30 D,P,F,LJ
Am27S291@ 16384 2048x 8 TS 24 50/65 D, P
Am27S291A®@ 16384 2048x 8 TS 24 35/50 D,P
Am27S291SAR) 16384 2048x 8 TS 24 25/30 D,P
Am27PS291 16384 2048x 8 TS 24 65/75 D,P
Am27PS291A® 16384 2048x 8 TS 24 50/65 D,P
Am27S41 16384 4096 x 4 TS 20 50/65 D,P
Am27S41A 16384 4096 x 4 TS 20 35/50 D,P
Am27PS41 16384 4096 x4 TS 20 —/65 D,P.
Am27S43 32768 4096 x 8 TS 24 55/65 D,P,FL
Am27S43A 32768 4096 x 8 TS 24 40/55 D,PFL
53/86353281 32768 4096 x 8 TS 24 45/60 NL,N,W, L,J
53/63S3281A 32768 4096 x 8 TS 24 35/50 NL N,W, L, J
53532818 32768 4096 x 8 TS 24 —/40 w,LJ
Am27S49 65536 8192x 8 TS 24 55/65 D,F, L P®
Am72S49A-45 65636 8192x 8 TS 24 45/~ D, F, L, P®
Am27S49A 65536 8192x8 TS 24 40/55 D,F, L, P®
AmM27S49SA 65536 8192x 8 TS 24 25/30 D,F, L, P®
Am27S49-T@ 65536 8192x 8 TS 24 55/65 D, P®
Am27S49A-T® 65536 8192x 8 TS 24 40/55 D, p@
Am27S49SA-T@ | 65536 8192x 8 TS 24 25/30 D, P®
Am27S51 131072 16384 x 8 TS 28 55/65 D
Am27S51A 131072 16384 x 8 TS 28 35/45 D

Notes: 1. Commercial =0 to 75°C, V. =5V 15%. 2. SKINNYDIP® 24-pin package-300 mil lateral centers.

Military = -55 to 125°C, V = 5V £10%.

Packages:

Am27SXXX Serles :

D —Ceramic DIP J  —Plastic Leaded Chip Carrier
F —Flat Pack P —Plastic DIP

L —Leadless Chip Carrier

3. In development.

53/63SXXX Serles

J ~Ceramic DIP N - Plastic DIP

JS - 300 mil Ceramic DIP NS - 300 mil Plastic DIP
L -Lleadless Chip Carrier W - Ceramic Flat Pack

NL - Plastic Leaded Chip Carrier
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Registered PROMs

Clock
Set-Up To Output
Times Times
AMD Part Number C/MM /MM
Number Size Organization Output of Pins Max Max Packages
Am27525@ 4096 512x 8 TS 24 50/55 27/30 D,P,F,LJ
Am27S25A®@ 4096 512x8 TS 24 30/35 20725 D,P,F,LJ
Am27S25SA®@ 4096 512x 8 TS 24 25/30 12/15 D,P,FLJ
Am27S827 4096 512x 8 TS 22 55/65 27/30 D,P,F
Am27S527A 4096 512x8 TS 22 30735 15/20 D,P,F
Am27S35@ 8192 1024 x 8 TS 24 40/45 25/30 D,P,F,LJ
Am27S35A?@ 8192 1024x 8 TS 24 35/40 20725 D,PFLJ
Am27837@ 8192 1024x 8 TS 24 40/45 25730 D,P,F.LJ
Am27S37A@ 8192 1024x 8 TS 24 35/40 20/25 D,P.FLJ
53/63RS881 8192 1024 x 8 TS 24 35/45 20/25 N, NL, NS, W, L, J,JS
53/63RS881A 8192 1024x 8 TS 24 30/40 15/20 N, NL, NS, W, L, J,JS
Am27545% 16384 2048x 8 TS 24 45/50 25/30 D,P,F,LJ
Am27S45A 16384 2048x 8 TS 24 40/45 20725 D,P,FLJ
Am27S45S5AR@ | 16384 2048x 8 TS 24 25/28 1012 D.P,F.LJ
Am27547@ 16384 2048x 8 TS 24 45/50 25/30 D,P,F.LJ
Am27S47AR 16384 2048x 8 TS 24 40/45 20/25 D,P,FLJ
Am27547SA@ 16384 2048x 8 TS 24 25/28 10/12 D,P,F,LJ
53/63RA1681 16384 2048x 8 TS 24 40/45 20/25 NL,NS, W, L,JS
53/63RA1681A | 16384 2048x 8 TS 24 35/40 15/20 NL, NS, W, L,JS
53/63RS1681 16384 2048x 8 TS 24 40/45 20/25 NL, NS, W, L,Js
53/63RS1681A | 16384 2048x 8 TS 24 35/40 15/20 NL, NS, W, L, JS
Registered PROMs with On-Chip Diagnostics
Clock
Set-Up To Output
Times Times
AMD Part Number C/MM c/MM
Number Slze Organization Output of Pins Max Max Packages
Am27885@ 16384 ¢ 4096 x 4 TS 24 35/40 15/20 D,P,F,L,J
Am27S85A® 16384 4096 x 4 TS - 24 27/30 1217 D,P,FLJ
Notes: 1. Commercial = 0 to 75°C, V. = 5V 15%.
Miitary = -55 to 125°C, V. = 5V +10%.
Packages:
Am27SXXX Serles 53/63SXXX Serles
D - Ceramic DIP J  ~Plastic Leaded Chip Carrier J - Ceramic DIP N —Plastic DIP
F —Flat Pack - Plastic DIP JS - 300 mil Ceramic DIP NS - 300 mil Plastic DIP
L- - Leadless Chip Carrier L -Leadless Chip Carrier W —Ceramic Flat Pack

NL - Plastic Leaded Chip Carrier
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High Performance PROMs Selector Guide

CMOS PROMs
Access
Part Number Times
Number Size Organization Output of Pins T‘igw) Packages
X
Am27C49-35 64K 8Kx 8 TS 24 35/~ D
Am27C49-45 64K 8Kx 8 TS 24 45/45() D
Am27C49-55 64K 8Kx8 TS 24 55/550 D
Am27C191-25 16K 2Kx 8 TS 24 25/~ D
Am27C191-35 16K 2Kx 8 TS 24 35/35( D
Am27C191-45 16K 2Kx 8 TS 24 45/450) D
Am27C291-25@ 16K 2Kx 8 TS 24 255/- D
Am27C291-35@ 16K 2Kx 8 TS 24 357350 D
Am27C291-45( 16K 2Kx 8 TS 24 45/450) D
Am27C51-45® 128K 16Kx 8 TS 28 45/- D
Am27C51-55( 128K 16Kx 8 TS 28 55/55 D
Am27C51-65@ 128K 16K x 8 TS 28 65/65 D
Am27C45-20% 16K Reg. 2Kx8 TS 24 20/~ D
Am27C45-25() 16K Reg. 2Kx 8 TS 24 25/25 D
Am27C45-35() 16K Reg. 2Kx 8 TS 24 35/35 D
Am27C43-35() 32K 4Kx 8 TS 24 35/35 D
Am27C43-45() 32K 4Kx 8 - TS 24 45/45 D
Notes: 1. Commercial =0 to 75°C, V. = 5V 15%.
Military = -55 to 125°C, V= 5V £10%.
2. SKINNYDIP 24-pin package-300 mil lateral centers.
3. In development.
Packages:
Am27SXXX Serles 53/63SXXX Serles
D - Ceramic DIP J - Plastic Leaded Chip Carrier J - Ceramic DIP N - Plastic DIP
F -Flat Pack P - Plastic DIP JS -300 mil Ceramic DIP NS - 300 mil Plastic DIP
L -Leadless Chip Carrier L ~Leadless Chip Carrier W - Ceramic Flat Pack

NL - Plastic Leaded Chip Carrier
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Am7200-25/35/50/65/80 Ao

CMQOS First-in First-out (FIFO) 256x9-Bit Buffer Devices

DISTINCTIVE CHARACTERISTICS
RAM based FIFO

256x9 organization

Cycle times of 35/45/65/80/100 nanoseconds

Asynchronous and simultaneous writes and
reads

.

« Low power consumption
- 60 mA max, -35/50/65/80
-~ 70 mA max, -25

« Status flags - full, half-full, empty

» Retransmit capability

- Expandable in both width and depth

* Increased noise immunity for XI - CMOS threshold

» Functional and pin compatible with industry standard
devices

GENERAL DESCRIPTION

The Am7200 is a RAM-based CMOS FIFO that is 256
words deep with 9-bit wide words. Itis expandable to any
width and/or depth to create much larger FIFOs.

This FIFO can accept data and output data asynchro-
nously and simultaneously at data rates from 0 to 28.5
MHz. Status flags are provided to signify empty, full, and
half-full conditions. The capability also exists to retransmit
data from the FIFO.

High-density FIFOs such as the Am7200 are useful in a
wide range of applications. The ability to buffer large
transfers of data and the rate adaption capabilities make
the Am7200 useful in communication, image processing,
mass storage, DSP, and printing systems.

BLOCK DIAGRAM
DO-D8
W —>| wriTE DAtA
»] CONTROL ; INPUTS
WRITE READ
| rointer] 256%® | poINTER
DATA
OUTPUTS
R—» READ Qo0-Q8
CONTROL _
RESET [<—RS
‘ LOGIC FLRT
FLAG —
LoGgic [>EF
—>FF
— EXPANSION —
Xi—=| LOGIC |—> XOHF

Figure 1.

Publication # Bey. Amendment
10804 c /0
Issue Date: February 1989
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CONNECTION DIAGRAMS
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Pin Designations: W = Write
R = Read
RS = Reset
FL/RT = First Load/Retransmit

XI = Expansion In

XO/HF = Expansion Qut/Half-Full Flag
FF = Full Flag

EF = Empty Flag

Ve = Supply Voltage

GND = Ground

NC = No Connect

PLCC

02[] *
N
0o [7]
wi[e]
73]
ag [1o]
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ne [12
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z]o,

i]os
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n
Q3 R G

S[E]

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Standard Products

AMD standard products are available in several packages. The
order number (Valid Combination) is formed by a combination of:
a. Part Number

b. Performance

c. Package Type

d. Operating Conditions

NOTE: AMD has changed the part numbers on the high-density
FIFOs. The following part numbers are equivalent devices with
the same DC and AC electrical characteristics.

New P/N Old P/N
Am7200 67C4500
Am7201 67C4501
Am7202 67C4502
Am7203 67C4503
Am7204 —_

¢. PACKAGE TYPE

d. OPERATING CONDITIONS

Am7200 -

TT
a. PART NUMBER -—-——~|—-

b. PERFORMANCE

25PC

ACCESS TIME
25 =25ns
35 =35ns
50 =50ns
65 =65ns
80 =80ns

P = Plastic DIP (600 mil) - PD 028

D = Ceramic DIP (600 mil) - CD 028

J = Plastic Leaded Chip Carrier - PL 032
R = Plastic DIP (300 mil) - PD 3028

C = Commercial (0°C to 70°C)
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ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vg oo -05Vto+7.0V
Input voltage ............... ..-0.5VtoV ,+05V
Operating temperature ...........ccceeeevervsveerenmneeenneens 0°Cto + 70°C
Storage temperature .........c.covenmeeneenverincrenes -55°C to + 160°C

Power dissipation
DC output current.............ccocoeeees

Stresses above those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maximum
ratings for extended periods may affect device reliability.

DC CHARACTERISTICS commercial: V. =5V £10%, T, = 0°C to + 70°C

Am7200-25{Am7200-35|Am7200-50| Am7200-65 |Am7200-80

Parameter Parameter t,=25ns (t,=35ns |t,=50ns | t,=65ns |t, =80ns
Symbol Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max.|Unit
I Input Leakage Current (any input) (Note 1) -1 1 -1 1 -1 1 -1 1 -1 1 | pA

Output Leakage Current (data outputs) (Note2) | -10 10 | -10 10 | -10 10 [ -10 10 | -10 10 | pA

Vi Input High Voltage (all inputs except XI) (Note 3)| 2.0 - 20 - (20 - |20 - 2.0 - v
Vi Input Low Voltage (all inputs except YI) (Note3)| - 08| - 08| - 08| - 08| - 08}V
Vi Input High Voltage, XI (Note 3) 35 - (85 - [35 - [35 - {385 -~ |V
Vo [Input Low Voltage, XI (Note 3) - 15| - 15| - 15| - 15| - 15|V
Vou Output Logic “1” Voltage |y, = -2 mA 24 - |24 - |24 - |24 - {24 - |V
Voo Output Logic “0” voltage |, =8 mA - 04| ~- 04 -~ 04| - 04 - 04|V
lecs Average V. Power Supply Current (Note 4) - 70 - 60 - 60 - 60 - 60 | mA
A Standb
s erage Standby Current - 20| - 20| - 20| - 20|~ 20|mA
(R=W=RS=FL/RT =V, ) (Note 4)
P D C It =V,.-02V
s ower Down Current (all inputs = V. ) _ 5 B 5 _ 5 _ 5 _ 5 | mA
(Note 4)
Notes: 1. Measurements withGND <V, <V, ..

1

2. R2V,,,GND<V, <V .

3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system
or tester noise. Do not attempt to test these values without suitable equipment.

4. | measurements are made with outputs open.
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AC CHARACTERISTICS v, =5V £10%, T, =0°Cto + 70°C

Parameter Parameter Am7200-25 | Am7200-35 | Am7200-50 | Am7200-65| Am7200-80
Symbol Description Figures | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit
Write and Flag Timing
1 e Write Cycle Time 3 |35 45 65 80 100 ns
L P Write Pulse Width 3 25 35 50 65 80 ns
ten Write Recovery Time 3 10 10 15 15 20 ns
tos Data Setup Time 3,9 15 18 30 30 40 ns
tou Data Hold Time 3,9 0 0 5 10 10 ns
. Write LOW to Full Flag LOW 6,9 25 30 45 60 60 | ns
Yr Write LOW to Half-Full Flag LOW 5 35 45 65 80 100 | ns
tee Write HIGH to Empty Flag HIGH 4,8 25 30 45 60 60 | ns
N P e 8 | s 10 15 15 20 ns
Read and Flag Timing
te Read Cycle Time 3 35 45 65 80 100 ns.
t, Access Time 3,4,8,9 25 35 50 65 80 | ns
ten Read Recovery Time 3 10 10 15 15 20 ns
toew Read Pulse Width 3 25 35 50 65 80 ns
bz Zefgﬁ,“'zs‘(aNLo?ﬂ ’ data bus 3 |5 5 10 10 10 ns
Ly Data Valid from read pulse HIGH 3 5 5 5 5 5 ns
- :fjf’eﬁf';e(ﬁo'gi ;° data bus 3 18 20 30 30 30 |ns
tare Read HIGH to Full Flag HIGH 6,9 25 30 45 60 60 | ns
. Read HIGH to Half Full-Flag HIGH| 5 35 45 65 80 100 | ns
teer Read LOW to Empty Flag LOW 4,8 25 30 45 60 60 | ns
Reset Timing )
tasc Reset Cycle Time 2 35 45 65 80 100 ns
s Reset Pulse Width 2 25 35 50 65 80 ns
tess Reset Setup Time 2 25 35 50 65 80 ns
taer Reset Recovery Time 2 10 10 15 15 20 ns
ter Reset to Empty Flag LOW 2 35 45 65 80 100 | ns
Len Reset to Half-Full Flag High 2 35 45 65 80 100 | ns
b Reset to Full Flag HIGH 2 35 45 65 80 100 | ns
Retransmit Timing
tare Retransmit Cycle Time 7 35 45 65 80 100 ns
tar Retransmit Pulse Width 7 25 35 50 65 80 ns
L Retransmit Recovery Time 7 10 10 15 15 20 ns

Note: 1. Characterized parameters.
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FUNCTIONAL DESCRIPTION

The Am7200 CMOS FIFO is designed around a 256x3 dual-port
static RAM array. (See Figure 1.) RAM-based FIFOs store the
data written into them in a sequential pattern.

The dual-port RAM array has dedicated write and read address
pointers. The flag logic preventsillogical writes and reads from oc-
curring. The Empty Flag prevents reading while empty, which is
a data underflow condition, while the Full Flag prevents writing

while full, which is a data overflow condition. Once data that has-

been stored at a given address is read, it can be overwritten.

Address pointers automatically overflow to address zero after
reaching address 255. Thus the flag status of the FIFO is a
function of the difference between the pointers, not their absolute
value.

Resetting the FIFO simply initializes both address pointers to
address zero. Pulsing Retransmit initializes the read address
pointer to zero without affecting the write address pointer.

Expansion Logic is used when implementing a FIFO of a depth
greater thanthat of the Am7200. The write, read, data-in and data-
out lines of the Am7200 are connected in parallel, and the
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy-
chained together. The write and read control circuits of the individ-
ual FIFOs are automatically enabled and disabled through the
handshake between XO and XI.

OPERATIONAL DESCRIPTION
Resetting The FIFO

Upon power up, the FIFO must be initialized with a Reset cycle.
(See Figure 2.) The states of X1 and FL are used during the reset
cycle to determine the FIFO's mode of operation, as shown in
Tables 1 and 2. Fora valid reset cycle to occur, both the Read
(R) and Write (W) signals must be HIGH t, . prior to and t . , after
the rising edge of Reset (RS). The reset cycle initializes the FIFO
to an empty condition, signified by the Empty Fiag (EF) being
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being
HIGH, inactive.

— tRs
RS

/A — )
e T2 ITTTTTTTTTTTTTT)

= TITTTTIITIITIT,

Figure 2. Reset Timing

~

~J

Writing Data To The FIFO

The HIGH state of the Full Flag (FF) indicates that the FIFO is
capable of accepting data. The falling edge of Write (W) initiates
awrite cycle. (See Figure 3.) Data appearing atinputs DO-D81¢
prior to and t,,, after the rising edge of W will be stored sequentially
in the FIFO.

The LOW- to-HIGH transition of the Empty Flag (EF) occurs twee
after the rising edge of W during the first write cycle on an empty
FIFO. (See Figure 4.) The Half-Full Flag /HF)will go LOWt,, -after
the falling edge of W during the write operation which creates the
half-full condition. (See Figure 5.) HF will remain LOW, while the
number of writes to the FIFO exceeds the number of reads by 128
or more. The Half-Full Flag is not available in Depth-Expansion
Mode. The Full Flag (FF) goes LOW t,, .. after the falling edge of
W during the write cycle which creates a full condition. (See
Figure 6.) Afull condition exists when there have been 256 more
write cycles than read cycles. The Full Flag being active prohibits
any further write operations, thus preventing data overflow situ-
ations.

Reading Data From The FIFO

The HIGH state of the Empty Flag (EF) indicates that the FIFO is
ready to output data. The falling edge of Read (R) initiates a read
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8
t, after the falling edge of R, and remains until t,, after the rising
edge of R. Q0-Q8 return to a high-impedance state when a valid
read is not in progress. ‘

The Full Flag (FF) will go HIGH tgrr after the rising edge ot Rduring
the first read cycle following a full condition. (See Figure 6.) The
Half-Full Flag (HF) will go HIGH toy after the rising edge of R
during the read operation, which eliminates the half-full condition.
(See Figure 5). HF will remain HIGH, while the number of writes
tothe FIFO exceeds the number of reads by 127 orless. The Half-
Full Flagis notavailable in Depth-ExpansionMode. The HIGH-to-
LOW transition of EF occurs ... after the falling edge of R during
the read cycle, which creates an empty condition. (See Figure 4.)
An empty condition exists when there has been an equal number
of write cycles and read cycles. The Empty Flag being active
prohibits any further read operations, thus preventing a data
underflow situation.

Half-Full Flag

The Half-Full (m:) Flag will be active LOW only when the net
balance of the words written into the FIFO exceeds the number of
words read out by 128 or more. (See Figure 5.)

Care should be exercised in using the Half-Full Flag, because it
is capable of producing arbitrarily short pulses. Forexample, ifthe
FIFO contains128 words, and Read and Write pulses are applied
simultaneously, the HF flag may produce an arbitrarily short
pulse, depending on the precise phase of Read and Write.

HF will always settle to the correct state after the appropriate
delay, t,,, or t. .. This property of the Half-Full Flag is clearly a
function of the dynamic relation between W and R. Generally, the
use of level-sensitive, rather than edge-sensitive, status detection
circuits will alleviate this hazard.

Am7200-25/35/50/65/80 2-7



RESET AND RETRANSMIT TRUTH TABLE Ssingle-Device Configuration/Width-Expansion Mode

Input Internal Status Outputs
Mode —r—— — — — p—
RS | FL/RT Xi Read Pointer Write Pointer EF FF HF
Reset 0 0 Location zero Location zero 0 1 1
Retransmit 1 0 0 Location zero Unchanged X X X
(Note 1)) (Note 1)j (Note 1),
Read/Write 1 1 1] Increment (Note 2) Increment (Note 2) X X X
Notes: 1. Flags will change to show correct state according to write pointer.
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.
Table 1.
RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode
Input Internal Status Outputs
Mode P e— — == EF
RS | FL/RT X! Read Pointer Write Pointer EF FF
Reset-first device | 0 0 X0 Location zer Location z 0 1
eset-first devic (Note 1) ocation zero ocation zero
Reset all X0 i )
other devices 0 1 (Note 1) Location zero Location zero 0 1
Read/Write 1 X X0 Increment (Note 3) Increment (Note 3) X X
(Note 2)| (Note 1)

Notes: 1. Xiis connected to XO of previous device. See Figure 12.
2. Same as during Reset Cycle.
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.

Table 2.

|

DO'DB _—< DATA IN VALID

tpg——»|<ipH >

\

twe

twpw ———>|«—typ—>

[

/

N

tRPW

/

Y \

tRR————>]

\

DATA IN VALID

\

>______

thLz <——>" tpy - tp—>| ~—— tRHz —>
Qy-Qg X DATA OUT v;xmﬂ———( X DATA OUT VALID X
tRC
Figure 3. Asynchronous Write and Read Timing
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Figure 4. Empty Flag Timing

HF (See Note)
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Note: Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short
duration of either polarity when W and R are operating asynchronously near half full.

Figure 5. Half-Full Flag Timing
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Figure 6. Full Flag Timing
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Retransmit

The retransmit function resets the read address pointer allowing
the data that was previously read to be read again. This capability
is useful when the block of data being transferred through the
FIFO doesn't exceed the FIFO’s depth and is intended for use
when there are 256 or less writes between reset cycles.

The ﬁ/ﬂ is used as the Retransmit (ﬁ?) input in Single-Device
Mode. RT, an active LOW-going pulse of at least t; in duration,
returns the internal read pointer to address zero and leaves the
write pointer unaffected. W and R must both be HIGH during the
retransmit cycle. The first write or read cycle should not start until
trq after the rising edge of RT. The flags may change state during
this cycle, but they will accurately reflect the new state of the FIFO
torc after the falling edge of RT. (See Figure 7 and Table 1).

Single-Device/Width-Expansion Modes

Single-Device and Width-Expansion Modes are configured by
grounding the Expansion-In (XI) input. (See Figures 10 and 11,
and Table 1.) During these modes of operation, the Half-Full Flag
and Retransmit features are available. The Am7200 can be ex-
panded in width to create FIFOs of word widths greater than nine
bits. In Width-Expansion Mode all of the control line inputs are
common to all devices. (See Figure 11.) Creating composite
status flags can pose two hazards. 1.) OR-ing the flag outputs is
fine for the HIGH-to-LOW transition, because the skew between
devices is masked out. However, when the flags make a LOW-
to-HIGH transition, a false composite flag is generated. 2.) The
converse is true when the flags are AND-ed: the LOW-to-HIGH
transition is fine, and the HIGH-to-LOW generates a false flag.

These two hazards can be avoided if one device's flags are used
as the flags for the expanded FIFO, and the write control circuitry
and read control circuitry is designed to hold off sampling the flags
until the worst case settling time (t,cr tyues tweer ther tane @nd
tyer) for each flag has elapsed.

Depth-Expansion Mode

Depth-Expansion Mode is configured during the Reset cycle.
(See Figure 12 and Table 2.) Expansion Out (XO) of one device
must be connected to Expansion In (XI) of the next device, with
XO of the last device being connected to Xi of the first device. The
device that is to receive data first has its First Load (FL) input tied
LOW, while all other devices must have thisinput HIGH. Writeand
read control is passed between devices using XO and XI. ALOW-
going pulse on XO occurs when the last physical location of an
active device, address 255, is written to, and another LOW-going
pulse occurs when the last physical location of an active device is
read. Only one device is enabled for writes, and only one device
is enabled for reads at any given time.

When expanding in depth, a composite Full Flag must be created
by OR-ing all the FF outputs together. Likewise, a composite
Empty Flag is created by OR-ing all the EF outputs together. The
Half-Full Flag and Retransmit functions are not available in Depth-
Expansion Mode.

Compound Expansion

FIFOs of greater width and depth than the Am7200 can be created
by using both Width-Expansion Mode and Depth-Expansion
Mode simultaneously. (See Figure 13.)

tRT

FLRT \

- tRTR

=
!

- tRTC

Note: EF, HF and FF may change state during Retransmit as a result of the
offset of the read and write pointers, but the flags will be valid at t..

Figure 7. Retransmit Timing
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Figure 10. Single FIFO Configuration
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Figure 11. Width-Expansion to Form a 256x18 FIFO
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Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode
Depth-Expansion Techniques
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AC TEST CONDITIONS 5V

Input pulse levels GNDto 3.0V T

Input rise and fall times 5ns SE 6200
Input timing reference levels 15V T0 %li’JPUT °

Output reference levels 15V 390 QTE 7 30 pF
Output load See Figure 15

* Includes jig and scope capacitances.

Figure 15. A.C. Test Load

CAPACITANCE (T, = + 25°C, f = 1.0 MHz)

Symbol | Parameter (Note 1) | Conditions | Typ.| Unit

Cwn Input capacitance V=0V 5 pF

Cour | Output capacitance | V,,; =0V | 7 | pF

Note: 1. For reference only.

Am7200-25/35/50/65/80 2-13
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Am7201-25/35/50/65/80 Advanced
CMOS First-In First Out (FIFO) 512x9-Bit Buffer Devices

DISTINCTIVE CHARACTERISTICS

+ RAM based FIFO « Status flags — full, half-full, empty

» 512x9 organlzatiori » Retransmit capability

« Cycle times of 35/45/65/80/100 nanoseconds « Expandable in both width and depth

+ Asynchronous and simultaneous writes and + Increased noise immunity for XI - CMOS threshold
reads

» Functional and pin compatible with industry standard
devices

Low power consumption
- 60 mA max, -35/50/65/80
=70 mA max, -25

GENERAL DESCRIPTION

The Am7201 is a RAM-based CMOS FIFO that is 512
words deep with 9-bit wide words. ltis expandable to any
width and/or depth to create much larger FIFOs.

High-density FIFOs such as the Am7201 are useful in a
wide range of applications. The ability to buffer large
transfers of data and the rate adaption capabilities make

the Am7201 useful in communication, image processing,
This FIFO can accept data and output data asynchro- mass storage, DSP, and printing systems.
nously and simultaneously at data rates from 0 to 28.5
MHz. Status flags are provided to signify empty, full, and
half-full conditions. The capability also exists to retrans-
mit data from the FIFO.

BLOCK DIAGRAM
DO-D8
W-—{ wRITE ATA
»] CONTROL ; “?pu'rs
WRITE READ
) romter| 5129 | poinTeR
DATA
OUTPUTS
R—> READ Qo-Q8
CONTROL =
RESET |<—RS
LOGIC |«—TFLAT
FLAG
LoGic |[™EF
> FF
— EXPANSION —
Xi—» L0GIC |——> XOMF
Figure 1.
icati Bev. Amendment
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CONNECTION DIAGRAMS

DIP PLCC

WE > 28] vee

DBE E D4

o4 [3] @ D5

DZE Eﬂ Dg EDG

D, E E o, :2307

DDE Eﬁmr 4 ic_

w[r] Am7201  []Rs Ei’:"”

=[] = #[5 Am7201 5]

o] ] o a [1) ulF

Q, E E a Q4 m 23 | XO/HF

az[] 18] a5 Ne | 12] 2],

a3 7] a5 ay 21]ag
anp [14] 5|7

Note: Pin 1 is marked for orientation.

Pin Designations: W = Write

R = Read

RS = Reset

FL/RT = First Load/Retransmit

D, = Data In

Q, =Data Out

XI = Expansion In

XO/HF = Expansion Qut/Half-Full Flag

FF = Full Flag

EF = Empty Flag

Ve = Supply Voltage

GND = Ground

NC = No Connect

ORDERING INFORMATION

Am7201 -

a. PART NUMBER -——————j

Standard Products

AMD standard products are available in several packages. The
order number (Valid Combination) is formed by a combination of:
a. Part Number

25PC

b. Performance b. PERFORMANCE

c. Package Type AC;:SESSZ'FI;I?SE
) d ition _
d. Operating Conditions 2 zaors
50 =50ns
NOTE: AMD has changed the part numbers on the high-density gg = gg ns
=80ns

FIFOs. The following part numbers are equivalent devices with
the same DC and AC electrical characteristics.

c. PACKAGE TYPE

P = Plastic DIP (600 mil) - PD 028

New P/N Old PIN ,
D = Ceramic DIP (600 mil) - CD 028
zmgg? ggigg? J = Plastic Leaded Chip Carrier - PL 032
m - ic DIP (300 mil) - PD 3028
Am7202 67C4502 R = Plastic DIP (300 mil)
Am7203 67C4503 d. OPERATING CONDITIONS
Am7204 - C = Commercial (0°C to 70°C)

Am7201-25/35/50/65/80
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ABSOLUTE MAXIMUM RATINGS

Supply voltage, V.. .-05Vto+7.0V
Input voltage ... -0.5VtoV . +0.5V
Operating temperature ...........coeveeevennnevericncrnnens 0°C to + 70°C
Storage temperature .-55°C to + 150°C
Power disSipation ..........cc.coceeceenicnicneieer e e 10w
DC output current........... e e b 50 mA

Stresses above those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maximum
ratings for extended periods may affect device reliability.

DC CHARACTERISTICS commercial: V. =5V £10%, T, = 0°C to + 70°C

Am7201-25|Am7201-35|Am7201-50|/Am7201-65 |Am7201-80

Parameter Parameter t,=25ns (t,=35ns (t,=50ns |t, =65ns |1, =80ns
Symbol Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max.| Unit
I Input Leakage Current (any input) (Note 1) -1 1 -1 1 -1 1 -1 1 -1 1 | pA

Output Leakage Current (data outputs) (Note2) | -10 10 | -10 10 | -10 10 | -10 10 | -10 10 | pA

Vi Input High Voltage (all inputs except _)_(_I) (Note 3)| 20 - 20 - 20 - 20 - 2.0 - \
Vi Input Low Voltage (all inputs except ﬂ) (Note3)} - 08| - 08| - 08| - 08| - 08|V
Vi Input High Voltage,')ﬁ (Note 3) 35 - 35 - |35 - 35 - 35 - \
Vi  |Input Low Voltage, XI (Note 3) - 15| - 15| - 15| - 15| - 15|V
Vou Output Logic “1” Voltage |, = -2 mA 24 - 24 - 24 - 24 - 2.4 - v
Vo Output Logic “0” voltage !, =8 mA - 04 - 04 - 04| - 04 - 04V
et Average V. Power Supply Cutrent (Note 4) - 70 - 60 - 60 - 60 - 60 | mA
Average Standby Current

[ e - 2 - 20 - 20 - 20 - 20 | mA
ce2 (R=W=RS=FLRT=V,) (Note 4) 0

| Power Down Current (all inputs = V. -0.2 V) _ 5 N 5 _ 5 B 5 _ 5 | mA

ces (Note 4)

1. Measurements with GND <V, <V ..

2. R2V,,GND<V,, < V.

3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system
or tester noise. Do not attempt to test these values without suitable equipment.

4. |, measurements are made with outputs open.

2-16 Am7201-25/35/50/65/80



AC CHARACTERISTICS v =5V £ 10%, T, = 0°C to + 70°C

Parameter Parameter Am7201-25| Am7201-35| Am7201-50 | Am7201-65|Am7201-80
Symbol Description Figures | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit
Write and Flag Timing
tc Write Cycle Time 3 35 45 65 80 100 ns
Yrw Write Pulse Width 3 25 35 50 "] 65 80 ns
Y Write Recovery Time 3 10 10 15 15 20 ns
b Data Setup Time 3,9 15 18 30 30 40 ns
tn Data Hold Time 3,9 0 0 5 10 10 ns
- Write LOW to Full Flag LOW 6,9 25 30 45 60 60 | ns
e Write LOW to Half-Full Flag LOW 5 35 45 65 80 100 | ns
Loer Write HIGH to Empty Flag HIGH 4,8 25 30 45 60 60 | ns
e |uton s Nen et 8 |5 10 15 15 20 ns
Read and Flag Timing )
e Read Cycle Time 3 35 45 65 80 100 ns
t, Access Time 3,489 25 35 50 " 65 80 | ns
tn Read Recovery Time 3 10 10 15 15 20 ns
taew Read Pulse Width 3 25 35 50 65 80 ns
b oS i) St 3 |5 5 10 10 10 ns
Ly Data Valid from read pulse HIGH 3 5 5 5 5 5 ns
be  |arins o) b 3 18 20 30 30 30 |ns
tee Read HIGH to Full Flag HIGH 6,9 25 30 45 60 60 | ns
. Read HIGH to Half Full-Flag HIGH; & 35 45 65 80 100 | ns
ber Read LOW to Empty Flag LOW 4,8 25 30 45 60 60 | ns
Reset Timing
tasc Reset Cycle Time 2 35 45 65 80 100 ns
ts Reset Pulse Width 2 25 35 50 65 80 ns
tss Reset Setup Time 2 25 35 50 65 80 ns
— .
tesn Reset Recovery Time 2 10 10 15 15 20 ns
ter Reset to Empty Flag LOW 2 35 45 65 80 100 | ns
e Reset to Haif-Full Flag High 2 35 45 65 80 100 | ns
tern Reset to Full Flag HIGH 2 35 45 65 80 100 | ns
Retransmit Timing
tc Retransmit Cycle Time 7 35 45 65 80 100 ns
tr Retransmit Pulse Width 7 25 35 50 65 80 ns
tan Retransmit Recovery Time 7 10 10 15 15 20 ns

Note: 1. Characterized parameters.

Am7201-25/35/50/65/80 2-17



FUNCTIONAL DESCRIPTION

The Am7201 CMOS FIFO is designed around a 512x9 dual-port
static RAM array. (See Figure 1.) RAM-based FIFOs store the
data written into them in a sequential pattern.

The dual-port RAM array has dedicated write and read address
pointers. The flag logic prevents illogical writes and reads from oc-
curring. The Empty Flag prevents reading while empty, which is
a data underflow condition, while the Full Flag prevents writing
while full, which is a data overflow condition. Once data that has
been stored at a given address is read, it can be overwritten.

Address pointers automatically overflow to address zero after
reaching address 511. Thus the flag status of the FIFO is a
function of the difference between the pointers, not their absolute
value.

Resetting the FIFO simply initializes both address pointers to
address zero. Pulsing Retransmit initializes the read address
pointer to zero without affecting the write address pointer.

Expansion Logic is used when implementing a FIFO of a depth
greaterthanthat ofthe Am7201. The write, read, data-in and data-
out lines of the_ Am7201 are connected in_parallel, and the
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy-
chained together. The write and read control circuits of the individ-
ual FIFOs are automatically enabled and disabled through the
handshake between XO and XI.

OPERATIONAL DESCRIPTION
Resetting The FIFO

Upon power up, the FIFO must be initialized with a Reset cycle.
(See Figure 2.) The states of Xiand FL are used during the reset
cycle to determine the FIFO's mode of operation, as shown in
Tables 1 and 2. For a valid reset cycle to occur, both the Read
(R) and Write (W) signals must be HIGH t,.¢ prior to and 1, after
therising edge of Reset (RS). The resetcycle initializes the FIFO
to an empty condition, signified by the Empty Flag (EF) being
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being
HIGH, inactive.

H3C
———— tﬂb [———
RS \ /
tRsR
W'EM‘ f—————1RS§ ————> \N_
—tEFL

2

S \\ANANNANINNNNNNY
o LI

tFFH

= L[

Figure 2. Reset Timing

Writing Data To The FIFO

The HIGH state of the Full Flag (FF) indicates that the FIFO is
capable of accepting data. The falling edge of Write (W) initiates
awrite cycle. (See Figure 3.) Data appearing atinputs DO-D81,¢
prior to and t,,, after the rising edge of W will be stored sequentially
in the FIFO.

The LOW- to-HIGH transition of the Empty Flag (EF) occurs twer
after the rising edge of W during the first write cycle on an empty
FIFO. (See Figure 4.) The Half-Full Flag /HF) willgo LOW 1, after
the falling edge of W during the write operation which creates the
half-full condition. (See Figure 5.) HF will remain LOW, while the
number of writes to the FIFO exceeds the number of reads by 256
or more. The Half-Full Flag is not available in Depth-Expansion
Mode. The Full Flag (FF) goes LOW tye ¢ after the falling edge of
W during the write cycle which creates a full condition. (See
Figure 6.) Afull condition exists when there have been 512 more
write cycles than read cycles. The Full Flag being active prohibits
any further write operations, thus preventing data overflow situ-
ations.

Reading Data From The FIFO

The HIGH state of the Empty Flag (EF) indicates that the FIFO is
ready to output data. The falling edge of Read (R} initiates a read
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8
1, after the falling edge of R, and remains untilt,, after the rising
edge of R. Q0-Q8 return to a high-impedance state when R is
inactive, when the FIFO is empty, or when the FIFO is in Depth
Expansion Mode but is not active.

The Full Flag (FF) will go HIGH to¢ after the rising edge of Rduring
the first read cycle following a full condition. (See Figure 6.) The
Half-Full Flag (HF) will go HIGH t,,. after the rising edge of R
during the read operation, which eliminates the half-full condition.
(See Figure 5). HF will remain HIGH, while the number of writes
to the FIFO exceeds the number of reads by 255 or less. The Half-
Full Flag is not available in Depth-Expansion Mode. The HIGH-to-
LOW transition of EF occurs t,. . after the falling edge of R during
the read cycle, which creates an empty condition. (See Figure 4.)
An empty condition exists when there has been an equal number
of write cycles and read cycles. The Empty Flag being active
prohibits any further read operations, thus preventing a data
underflow situation.

Half-Full Flag

The Hali-Full (HF) Flag will be active LOW only when the net
balance of the words written into the FIFO exceeds the number of
words read out by 256 or more. (See Figure 5.)

Care should be exercised in using the Half-Full Flag, because it
is capable of producing arbitrarily short pulses. For example, if the
FIFO contains 256 words, and Read and Write pulses are applied
simultaneously, the HF flag may produce an arbitrarily short
pulse, depending on the precise phase of Read and Write.

HF will always settle to the correct state after the appropriate
delay, t,, or to,,.. This property of the Half-Full Flag is clearly a
function of the dynamic relation between W and R. Generally, the
use of level-sensitive, ratherthan edge-sensitive, status detection
circuits will alleviate this hazard.

2-18
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RESET AND RETRANSMIT TRUTH TABLE single-Device Configuration/Width-Expansion Mode

Input Internal Status Outputs
Mode ———— — — — p—
RS | FL/RT XI Read Pointer Write Pointer EF FF HF
Reset 0 X 0 Location zero Location zero 0 1 1
. . X X X
Retransmit 1 0 0 Location zero Unchanged (Note 1)| (Note 1)| (Note 1)
Read/Write 1 1 0 Increment (Note 2) Increment (Note 2) X X X

Notes: 1. Flags will change to show correct state according to write pointer.
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.

Table 1.

RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode

Input Internal Status Outputs
Mode — T — - — —
RS | FL/RT XI Read Pointer Write Pointer EF FF
Reset-first devi 0 0 X0 Locati Locati 0 1
eset-first device (Note 1) ocation zero ocation zero
Reset all X0 . .
other devices 0 1 (Note 1) Location zero . Location zero 0 1
Read/Write 1 X X0 Increment (Note 3) Increment (Note 3) X X
(Note 2)| (Note 1)

Notes: 1. Xl is connected to XO of previous device. See Figure 12.

2. Same as during Reset Cycle.
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.

Table 2.

twe

[

| tpg ———>=|<¢ tpH > twpw |*—twg—>
Dy-Dg ( DATA IN VALID > \/ DATA IN VALID >————
trpw > 'RR
N / \
taLz <—>|— tpy -~ tp— ~—— tgyz ——>
Qq-0g X DATA OUT VALID X >——< X DATA OUT VALID X >—-
- tRe

Figure 3. Asynchronous Write and Read Timing
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Figure 4. Empty Flag Timing
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=|

HF (See Note)
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Note: Depending on the precise phase of w and R, the Half-Full Flag may appear as a pulse of arbitrarily short
duration of either polarity when W and R are operating asynchronously near half full.

Figure 5. Half-Full Flag Timing
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Figure 6. Full Flag Timing
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Retransmit

The retransmit function resets the read address pointer allowing
the data that was previously read to be read again. This capability
is useful when the block of data being transferred through the
FIFO doesn't exceed the FIFO's depth and is intended for use
when there are 512 or less writes between reset cycles.

The FL/RT is used as the Retransmit (RT) input in Single-Device
Mode. The retransmit capability is intended foruse when there are
512orless writes betweenresetcycles. RT, an active LOW-going
pulse of atleast t,.; in duration, initializes the internal read pointer
to address zero and leaves the write pointer unaffected. W and
R must both be HIGH during the retransmit cycle. The first write
or read cycle should not start until t ., after the rising edge of RT.
The flags may change state during this cycle, but they will
accurately reflect the new state of the FIFO t; . after the falling
edge of RT. (See Figure 7 and Table 1).

Single-Device/Width-Expansion Modes

Single-Device and Width-Expansion Modes are configured by
grounding the Expansion-In (XI) input. (See Figures 10 and 11,
and Table 1.) During these modes of operation, the Half-Full Flag
and Retransmit features are available. The Am7201 can be ex-
panded in width to create FIFOs of word widths greater than nine
bits. In Width-Expansion Mode all of the control line inputs are
common to all devices. (See Figure 11.) Creating composite
status flags can pose two hazards. 1.) OR-ing the flag outputs is
fine for the HIGH-to-LOW transition, because the skew between
devices is masked out. However, when the flags make a LOW-
to-HIGH transition, a false composite flag is generated due to the
skew between devices. 2.) The converse is true when the flags
are AND-ed: the LOW-to-HIGH transition is fine, and the HIGH-

to-LOW generates a false flag. These two hazards can be
avoided if one device's flags are used as the flags for the
expanded FIFO, and the write controt circuitry and read control
circuitry is designed to hold off sampling the flags until the worst
case settling time (ty e, tyue twre taer tane @Nd ) foreachflag
has elapsed.

Depth-Expansion Mode

Depth-Expansion Mode is configured during the Reset cycle.
(See Figure 12 and Table 2.) Expansion Out (XO) of one device
must be connected to Expansion In (XI) of the next device, with
XO of the last device being connected to Xl of the first device. The
device that is to receive data first has its First Load (FL) input tied
LOW, while all other devices must have this input HIGH. Write and
read controlis passed between devices using XOand XI. ALOW-
going pulse on XO occurs when the last physical location of an
active device, address 511, is written to, and another LOW-going
pulse occurs when the last physical location of an active device is
read. Only one device is enabled for writes, and only one device
is enabled for reads at any given time.

When expanding in depth, a composite Full Flag must be created
by OR-ing all the FF outputs together. Likewise, a composite
Empty Flag is created by OR-ing all the EF outputs together. The
Half-Full Flag and Retransmit functions are not available in Depth-
Expansion Mode.

Compound Expansion

FIFOs of greater width and depththan the Am7201 can be created
by using both Width-Expansion Mode and Depth-Expansion
Mode simultaneously. (See Figure 13.)

tRT

|- tRTR

- trTC

Note: EF, HF and FF may change state during Retransmit as a result of the
offset of the read and write pointers, but the flags will be valid at t_ ;.

Figure 7. Retransmit Timing

Am7201-25/35/50/65/80

2-21




DATA IN }
N

3]

<—-—'nmsj(i
' ~—twer—><—tRFT
EF /

twiz— ’<— — A
T,
e MA‘A‘A‘A‘M"
Note: (tpe =tapws tary =tae)

Figure 8. Read Data Flow-Through Mode

i Y V4

2|
.

<tRFE twpF

FF
/
4—1WFT————> —]

"* b
DATAIN - " Dﬂf,,'," e

le——tp

\ WA
QUK e XU

Note: (typr =tyeow: twer=twee)

Figure 9. Write Data Flow-Through Mode

-——tpg—»

2-22

Am7201-25/35/50/65/80



£0) 18

DATAIN -
HALF—FULI_.:LAG A f(ﬁ) ¢! f 7
ot wre B
wrme — W) B __ peap - ———4<B_ genp
patain 5<8L, Q) %y pATAOUT  FULLFLAG <] Am7201 |-E EMPTY FLAG
FULL FLAG <—(EFL_|A™W201L ER) , pypry piaG RESET - ()
(RS) (RT) —— =~ J*—— RETRANSMIT
RESET RETRANSMIT J I
— o] A 9 _L(XI)
EXPANSIONIN | {(X0) = o
= 18,y pataoUT
Figure 10. Single FIFO Configuration Figure 11. Width-Expansion to Form a 512x18 FIFO
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Figure 12. Depth-Expansion to Form a 1536x9 FIFO
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Figure 13. FIFO Array Using Both Width-Expansion and

Figure 14. Bidirectional FIFO Mode
Depth-Expansion Techniques
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AC TEST CONDITIONS

Input pulse levels GNDto 3.0V
Input rise and fall times 5ns
Input timing reference levels 1.5V
Qutput reference levels 15V
Qutput load See Figure 15

5V
%E 6200
TO OUTPUT o
PIN
390 Q :E ~ 30 PF
e

* Includes jig and scope capacitances.

Figure 15. A.C. Test Load

CAPACITANCE (T, = + 25°C, f = 1.0 MHz)

Symbol | Parameter (Note 1) | Conditions | Typ.] Unit
Cy Input capacitance V=0V 5 pF
Cour | Outputcapacitance | Vg, =0V | 7 | pF

Note: 1. For reference only.
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Am7202-25/35/50/65/80

CMQOS First-In First Out (FIFO)

1024x9-Bit Buffer

e\

Advanced
Micro

Devices

DISTINCTIVE CHARACTERISTICS
RAM based FIFO

1024x9 organization

Cycle times of 35/45/65/80/100 nanoseconds

Asynchronous and simultaneous writes and
reads

Low power consumption
- 60 mA max, -35/50/65/80
- 70 mA max, -25

.

.

- Status flags - full, half-full, empty
< Retransmit capability
- Expandable in both width and depth

« Increased noise immunity for XI - CMOS threshold

- Functional and pin compatible with industry standard

devices

GENERAL DESCRIPTION

The Am7202 is a RAM-based CMOS FIFO that is 1024
words deep with 9-bit wide words. Itis expandable to any
width and/or depth to create much larger FIFOs.

This FIFO can accept data and output data asynchro-
nously and simultaneously at data rates from 0 to 28.5
MHz. Status flags are provided to signify empty, full, and
haif-full conditions. The capability also exists to retrans-
mit data from the FIFO.

High-density FIFOs such as the Am7202 are useful in a
wide range of applications. The ability to buffer large
transfers of data and the rate adaption capabilities make
the Am7202 useful in communication, image processing,
mass storage, DSP, and printing systems.

BLOCK DIAGRAM
D0-D8
W —~| wnITE DATA
WRITE READ
™ ronter| 1KX0 | poINTER
DATA
QUTPUTS f=—r1
R—> READ Q0-Q8
CONTROL =
RESET [<—RS
LOGIC |«——FI/RT
FLAG —
LoGgic [™EF
> FF
— EXPANSION —
xi— LoGic }——> XOHF
Figure 1.
Publication # BRev. Amendment
10473 c 0

Issue Date: January 1989
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CONNECTION DIAGRAMS

DIP PLCC

WE * > E"cc
”sE E%
o4 [3] 5] o
o, ] 23] o
°1E ED7

2]0
2]0,

27|NC

D, E E FLRT o
w[i] Amr202  []ws EF_”’“
7 2] 2] EF z__s_ln_s

%3] 23] XOME AlE
q E E o 23 { XO/HF

z]o,

QZE E Qg ao
5

a3[1z] 7] os
ano [13] [15] 7

Pin Designations: W = Write
R = Read
RS = Reset
FL/RT = First Load/Retransmit
D, =Dataln
Q, = Data Out
XI = Expansion In
XO/HF = Expansion Out/Half-Full Flag
FF = Full Flag
EF = Empty Flag
V¢ = Supply Voltage
GND = Ground
NC = No Connect

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION
Am7202-25P C

Standard Products i
AMD standard products are available in several packages. The

ordernumber (Valid Combination) is formed by a combination of: a. PART NUMBER
a. Part Number

b. Performance b. PERFORMANCE

c. Package Type Acchs_szglr““:
d. Operating Conditions 35 —35ns
50 =50ns
NOTE: AMD has changed the part numbers on the high-density 65 =65ns
FIFOs. The following part numbers are equivalent devices with 80 =80ns

the same DC and AC electrical characteristics.

c. PACKAGE TYPE

New P/N Old P/N P = Plastic DIP (600 mil) - PD 028
Am7200 67C4500 D = Ceramic DIP (600 mil) - CD 028
Am7201 67C4501 J = Plastic Leaded Chip Carrier - PL 032
Am7202 67C4502 R = Plastic DIP (300 mil) - PD 3028
Am7203 67C4503

Am7204 ___ d. OPERATING CONDITIONS

C = Commercial (0°C to 70°C)

2-26 Am7202-25/35/50/65/80



ABSOLUTE MAXIMUM RATINGS

Supply voltage, Ve v -05Vto+7.0V
Input voltage .............. 05VtoV, +05V
Operating temperature ...........cvveveerecnreeneeneennanes 0°C to + 70°C

Storage temperature . -55°C to + 150°C
Power dissipation ... . 1.0W
DC OULPUL CUITENY ...ttt cse s eeeenns 50 mA

Stresses above those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maximum
ratings for extended periods may affect device reliability.

DC CHARACTERISTICS Commercial: V=5V £10%, T, = 0°C to + 70°C

Am7202-25|Am7202-35|Am7202-50 Am7202-65 |[Am7202-80
Parameter Parameter t,=25ns {t,=35ns |t,=50ns {1, =65ns |1, =80 NS
Symbol Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max.| Unit

he Input Leakage Current (any input) (Note 1) -1 1 -1 1 -1 1 -1 1 -1 1 | pA
lo Output Leakage Current (data outputs) (Note2) | -10 10 | -10 10 | -10 10 | -10 10 | -10 10 | pA
Vi Input High Voltage (all inputs except YT) (Note 3)| 20 - 20 - 20 - (20 - 2.0 - \
Vo Input Low Voltage (all inputs except ﬂ) (Note3)| - 08} - 08| - 08| - 08| - 08|V
Vi |Input High Voltage, XI (Note 3) 35 - |35 - |35 - |35 - |85 - |V
Ve  |InputLow Voltage, XI (Note 3) | - 15 - 15 - 15 - 15| - 15|V
Vou Output Logic “1” Voltage |, = -2 mA 24 - |24 - {24 - 124 - (24 - |V
Voo Output Logic “0” voltage |, = 8 mA - 04 - 04 - 04 - 04 - 04} V
leet Average V. Power Supply Current (Note 4) - 70 - 60 - 60 - 60 - 60 | mA

Average Standby Current
loca Serage Sianchy -urren - 20| - 20| - 20| - 20| - 20|maA

(R=W=RS=FL/RT =V, ) (Note 4)

P D Current (all i =V,.-0.2V
b ower Down Current (all inputs = V.. ) - 5 I _ 5 - 5 _ 5 | mA

(Note 4)

Notes: 1. Measurements with GND <V, <V .

2. R2V,,,GND<V, SV,
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system
or tester noise. Do not attempt to test these values without suitable equipment.

4. |, measurements are made with outputs open.
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AC CHARACTERISTICS v =5V £10%,T, =0°C to + 70°C

Parameter Parameter Am7202-25 | Am7202-35 | Am7202-50 | Am7202-65| Am7202-80
Symbol Description Figures| Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit
Write and Flag Timing
te Write Cycle Time 35 45 65 80 100 ns
teew Write Pulse Width 25 35 50 65 80 ns
tur Write Recovery Time 10 10 16 15 20 ns
ths Data Setup Time 3,9 15 18 30 30 40 ns
b Data Hold Time 39 0 0 5 10 10 ns
turr Write LOW to Full Flag LOW 6,9 25 30 45 60 60 | ns
Le Write LOW to Half-Full Flag LOW 5 35 45 65 80 100 | ns
twer Write HIGH to Empty Flag HIGH 4,8 25 30 45 60 60 | ns
Wz |ILOW S e e 8 | 5 10 15 15 20 ns
Read and Flag Timing )
te Read Cycle Time 3 35 45 65 80 100 ns
t, Access Time 3,489 25 35 50 65 80 ns
ta Read Recovery Time 3 10 10 15 15 20 ns
tow Read Pulse Width 3 25 35 50 65 80 ns
by Zefgv‘\’,“'zst';?ﬂ N data bus 3 | s 5 10 10 10 ns
oy Data Valid from read pulse HIGH 3 5 5 5 5 5 ns
b | ey e bus 3 18 20 30 30 30 |ns
- Read HIGH to Fult Flag HIGH 6,9 25 30 45 60 60 |ns
tnr Read HIGH to Half Full-Flag HIGH 5 35 45 65 80 100 | ns
Yer Read LOW to Empty Flag LOW 4,8 25 30 45 60 60 | ns
Reset Timing
thse Reset Cycle Time 2 35 45 65 80 100 ns
ts Reset Pulse Width 2 25 35 50 . 65 80 ns
tes Reset Setup Time 2 25 35 50 65 80 ns
tosn Reset Recovery Time 2 10 10 15 15. 20 ns
o Reset to Empty Flag LOW 2 35 45 65 80 100 | ns
Yen Reset to Half-Full Flag High 2 35 45 65 80 100 | ns
e Reset to Full Flag HIGH 2 35 45 65 80 100 | ns
Retransmit Timing
L Retransmit Cycle Time 7 35 45 65 80 100 ns
tr Retransmit Pulse Width 25 35 50 65 80 ns
| - Retransmit Recovery Time 10 10 15 15 20 ns
Note: 1. Characterized parameters.
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FUNCTIONAL DESCRIPTION

The Am7202 CMOS FIFO is designed around a 1024x9 dual-port
static RAM array. (See Figure 1.) RAM-based FIFOs store the
data written into them in a sequential pattern.

The dual-port RAM array has dedicated write and read address
pointers. The flag logic prevents illogical writes and reads from oc-
curring. The Empty Flag prevents reading while empty, which is
a data underflow condition, while the Full Flag prevents writing
while full, which is a data overflow condition. Once data that has
been stored at a given address is read, it can be overwritten.

Address pointers automatically overflow to address zero after
reaching address 1023. Thus the flag status of the FIFO is a
function of the difference between the pointers, not their absolute
value.

Resetting the FIFO simply initializes both address pointers to
address zero. Pulsing Retransmit initializes the read address
pointer to zero without affecting the write address pointer.

Expansion Logic is used when implementing a FIFO of a depth
greaterthan thatof the Am7202. The write, read, data-in and data-
out lines of the Am7202 are connected in parallel, and the
Expansion-Out (XO) and the Expansion-in (XI) lines are daisy-
chained together. The write and read control circuits of the individ-
ual FIFOs are automatically enabled and disabled through the
handshake between XO and XI.

OPERATIONAL DESCRIPTION
Resetting The FIFO
Upon power up, the FIFO must be initialized with a Reset cycle.

(See Figure 2.) The states of “Xland FL are used during the reset
cycle to determine the FIFO’s mode of operation, as shown in

Tables 1 and 2. For a valid reset cycle to occur, both the Read .

(R) and Write (W) signals must be HIGH t, ;¢ prior toand t, ¢, after
the rising edge of Reset (RS). The reset cycle initializes the FIFO
to an empty condition, signified by the Empty Flag (EF) being
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being
HIGH, inactive.

tasc
Ho /_—

trsR

w.A Ml 'Rss \\_

teFL

ST

tFEH

Figure 2. Reset Timing

L~

Writing Data To The FIFO

The HIGH state of the Full Flag (FF) indicates that the FIFO is
capable of accepting data. The falling edge of Write (W) initiates
awrite cycle. (See Figure 3.) Data appearing atinputs DO-D8 1
priorto andt,, after the rising edge of W will be stored sequentially
in the FIFO.

The LOW- to-HIGH transition of the Empty Flag (EF) occurs twer
after the rising edge of W during the first  write cycle on an empty
FIFO. (See Figure 4.) The Half-Full Flag /HE) will goLOWt,, after
the falling edge of W during the write operation which creates the
half-full condition. {See Figure 5.) HF wil remain LOW, while the
number of writes to the FIFO exceeds the number of reads by 512
or more. The Half-Full Flag is not available in Depth-Expansion
Mode. The Full Flag (FF) goes LOW 1, after the falling edge of
W during the write cycle which creates a full condition. (See
Figure 6.) A full condition exists when there have been 1024 more
write cycles than read cycles. The Full Flag being active prohibits
any further write operations, thus preventing data overflow situ-
ations.

Reading Data From The FIFO

The HIGH state of the Empty Flag (EF) indicates that the FIFO is
ready to output data. The falling edge of Read (R) initiates a read
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8
t, after the falling edge of R, and remains until t,, after the rising
edge of R. Q0-Q8 return to a high-impedance state when a valid
read is not in progress.

The Full Flag (FF) will go HIGH .. . after the rising edge of Rduring
the first read cycle following a full condition. (See Figure 6.) The
Half-Full Flag (HF) will go HIGH taue after the rising edge of R
during the read operation, which eliminates the half-full condition.
(See Figure 5). HF will remain HIGH, while the number of writes
tothe FIFO exceeds the number of readsby 511 or less. The Half-
FullFlagis not available in Depth-Expansion Mode. The HIGH-to-
LOW transition of EF occurs 1, after the falling edge of R during
the read cycle, which creates an empty condition. (See Figure 4.)
An empty condition exists when there has been an equal number
of write cycles and read cycles. The Empty Flag being active
prohibits any further read operations, thus preventing a data
underflow situation.

Half-Full Flag

The Haif-Full ('I-W-') Flag will be active LOW only when the net
balance of the words written into the FIFO exceeds the number of
words read out by 512 or more. (See Figure 5.)

Care should be exercised in using the Half-Full Flag, because it
is capable of producing arbitrarily short pulses. For example, ifthe
FIFO contains 512 words, and Read and Write pulses are applied
simultaneously, the HF flag may produce an arbitrarily short
pulse, depending on the precise phase of Read and Write.

HF will always settle to the correct state after the appropriate
defay, t,, or t;,-- This property of the Half-Full Flag is clearly a
function of the dynamic relation betweenW and R. Generally, the
use of level-sensitive, rather than edge-sensitive, status detection
circuits will alleviate this hazard.

Am7202-25/35/50/65/80
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RESET AND RETRANSMIT TRUTH TABLE single-Device Configuration/Width-Expansion Mode

Input Internal Status Outputs
Mode ——T— — — —
RS | FLRT Xi Read Pointer Write Pointer EF FF HF
Reset 0 Location zero Location zero 0 1 1
Retransmit 1 0 0 Location zero Unchanged X X X
9 (Note 1)] (Note 1)] (Note 1)
Read/Write 1 1 0 Increment (Note 2) Increment (Note 2) X X X
Notes: 1. Flags will change to show correct state according to write pointer. '
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.
Table 1.
RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode
Input Internal Status Outputs
Mode —T — = EE
RS | FLURT Xi Read Pointer Write Pointer EF FF
Reset-first device | 0 [} X0 Location zero Location zero 0 1
(Note 1)
Reset all X0 . .
other devices 0 1 (Note 1) Location zero Location zero 0 1
Read/Write 1 X X0 Increment (Note 3) Increment (Note 3) X X
(Note 2)| (Note 1)
Notes: 1. Xl is connected to XO of previous device. See Figure 12.

2. Same as during Reset Cycle.
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.

Table 2.

twe
v \ N
l‘—‘Ds—><'oH> twew [=—twr—>
Dg-Dg _( DATA IN VALID > J\ DATA IN VALID )———
tRPW AR
. —\
? _\\ / \

taLz

~—— tRHZ —> »

<—>|— tpv - tA—>I
Qq-Qg X DATA OUT VALID X >——<_—X DATA OUT VALID X >—-

trc

Figure 3. Asynchronous Write and Read Timing
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LAST READ NEXT WRITE gl ) NEXT READ
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'REF twer —
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Figure 4. Empty Flag Timing
RS \ /

=l

4

./

=

HF (See Note)

tRHF

Note: Depending on the precise phase of w and R, the Half-Full Flag may appear as a pulse of arbitrarily short
duration of either polarity when W and R are operating asynchronously near half full.

Figure 5. Half-Full Flag Timing

ADDITIONAL
LAST WRITE NEXT READ READS NEXT WRITE

o [\
| \ S

twrr tRFF —

21

=

Figure 6. Full Flag Timing
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Retransmit

The retransmit function resets the read address pointer allowing
the data that was previously read to be read again. This capability
is useful when the block of data being transferred through the
FIFO doesn't exceed the FIFO’s depth and is intended for use
when there are 1024 or less writes between reset cycles.

The FL/RT is used as the Retransmit (RT) input in Single-Device
Mode. RT, an active LOW-going pulse of at least t. in duration,
returns the internal read pointer to address zero and leaves the
write pointer unaffected. W and R must both be HIGH during the
retransmit cycle. The first write or read cycle should not start until
t1 after therising edge of RT. The flags may change state during
this cycle, but they will accurately reflect the new state of the FIFO
t.1 after the falling edge of RT. (See Figure 7 and Table 1).

Single-Device/Width-Expansion Modes

Single-Device and Width-Expansion Modes are configured by
grounding the Expansion-In (XI) input. (See Figures 10 and 11,
and Table 1.) During these modes of operation, the Half-Full Flag
and Retransmit features are available. The Am7202 can be ex-
panded in width to create FIFOs of word widths greater than nine
bits. In Width-Expansion Mode all of the control line inputs are
common to all devices. (See Figure 11.) Creating composite
status flags can pose two hazards. 1.) OR-ing the flag outputs is
fine for the HIGH-to-LOW transition, because the skew between
devices is masked out. However, when the flags make a LOW-
to-HIGH transition, a false composite flag is generated. 2.) The
converse is true when the flags are AND-ed: the LOW-to-HIGH
transition is fine, and the HIGH-to-LOW generates a false flag.

These two hazards can be avoided if one device’s flags are used
as the flags for the expanded FIFO, and the write control circuitry
and read control circuitry is designed to hold off sampling the flags
until the worst case settling time (t,ce> tyue twee tree tane and
tyer) for each flag has elapsed.

Depth-Expansion Mode

Depth-Expansion Mode is configured during_the Reset cycle.
(See Figure 12 and Table 2.) Expansion Out (XO) of one device
must be connected to Expansion In (XI) of the next device, with
XO of the last device being connected to Xl of the first device. The
device that is to receive data first has its First Load (FL) input tied
LOW, while all other devices must have thisinput HIGH. Write and
read control is passed between devices using XO and XI. ALOW-
going puise on XO occurs when the last physical location of an
active device, address 1023, is written to, and another LOW-going
pulse occurs when the last physical location of an active device is
read. Only one device is enabled for writes, and only one device
is enabled for reads at any given time.

When expanding in depth, a composite Full Flag must be created
by OR-ing all the FF outputs together. Likewise, a composite
Empty Flag is created by OR-ing all the EF outputs together. The
Half-Full Flag and Retransmit functions are not available in Depth-
Expansion Mode.

Compound Expansion

FIFOs of greater width and depththanthe Am7202 can be created
by using both Width-Expansion Mode and Depth-Expansion
Mode simultaneously. (See Figure 13.)

tRT

FLRT Sk

- tRTR

=
=l

trRTC

Note: EF, HF and FF may change state during Retransmit as a result of the
offset of the read and write pointers, but the flags will be valid at t, .

Fivgure 7. Retransmit Timing
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Figure 10. Single FIFO Configuration
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Figure 11. Width-Expansion to Form a 512x18 FIFO
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Figure 12. Depth-Expansion to Form a 1536x9 FIFO
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Figure 13. FIFO Array Using Both Width-Expansion and
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Figure 14. Bidirectional FIFO Mode
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AC TEST CONDITIONS

5V
Input pulse levels GNDto 3.0V
Input rise and fall times 5ns Fe200

<
Input timing reference levels 1.5V TO OUTPUT o

PIN
Output reference levels 15V 3
sz >N 30pF

Output load See Figure 15

* Includes jig and scope capacitances.

Figure 15. A.C. Test Load

CAPACITANCE (T, = + 25°C, f = 1.0 MHz)

Symbol | Parameter (Note 1) | Conditions | Typ.| Unit

Cn Input capacitance V=0V 5| pF

Cour | Output capacitance | Vo ,;=0V | 7 | pF

Note: 1. For reference only.
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Am7203-25/35/50/65/80

CMQOS First-in First-out (FIFO)  2048x9-Bit Buffer

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
RAM based FIFO

2048x9 organization

Cycle times of 35/45/65/80/100 nanoseconds

Asynchronous and simultaneous writes and
reads

Low power consumption
— 60 mA max, -35/50/65/80
- 70 mA max, -25

« Status flags — full, half-full, empty

« Retransmit capability

« Expandable in both width and depth

« Increased noise immunity for XI - CMOS threshold

« Functional and pin compatible with industry standard

devices

GENERAL DESCRIPTION

The Am7203 is a RAM-based CMOS FIFO that is 2048
words deep with 9-bit wide words. Itis expandable to any
width and/or depth to create much targer FIFOs.

This FIFO can accept data and output data asynchro-
nously and simultaneously at data rates from 0 to 28.5
MHz. Status flags are provided to signify empty, full, and
half-full conditions. The capability also exists to retrans-

High-density FIFOs such as the Am7203 are useful in a
wide range of applications. The ability to buffer large
transfers of data and the rate adaption capabilities make
the Am7203 useful in communication, image processing,
mass storage, DSP, and printing systems.

mit data from the FIFO.

BLOCK DIAGRAM
D0-D8
W —| wriTE DATA
CONTROL Y INPUTS
WRITE READ
| rointer| 2KX9 | poINTER
DATA
OUTPUTS |<—1
R—» READ QO*QB
CONTROL =
RESET [<——RS
LOGIC |«—FL/RT
FLAG
LoGic | ™EF
> FF
— EXPANSION —_
Xi—» LOGIC |—> XOHF
Figure 1.
Publication # Bev, Amendment
2‘36 10722 B 0

Issue Date: February 1989




CONNECTION DIAGRAMS
DIP
WE ° \

Dg E

D, E

0, [4]

D, E

@ Vee
E;] D4
] o
] 0
DDE 23 FLRT
w[f] Amr203 [z

73] 21| EF
QDE 20] XOHF
% [ 3] o,
az[u] 1] 0
GNDE Eﬁ

Pin Designations: W = Write
R = Read
RS = Reset
FL/RT = First Load/Retransmit
D, =Data In
Q, = Data Out
Xi = Expansion In
XO/HF = Expansion Qut/Half-Full Flag
FF = Full Flag
EF = Empty Flag
V¢ = Supply Voltage
GND = Ground
NC = No Connect

py|s ( ¢ E"s
Dyf6 E[’v
Dol 7 21JNC
ale 26 ] FLART
= Am7203 7S
a1 24|EF
ayg |11 23 | XO/HF
ne {12 zl°7
a3 Eos

IT_II_I-EIUL]-

Q; Qg NC R Oy Qg

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Standard Products

AMD standard products are available in several packages. The
order number (Valid Combination) is formed by a combination of:
a. Part Number

b. Performance

c. Package Type

d. Operating Conditions

NOTE: AMD has changed the part numbers on the high-density
FIFOs. The following part numbers are equivalent devices with
the same DC and AC electrical characteristics.

New P/N Old P/N
Am7200 67C4500
Am7201 67C4501
Am7202 67C4502
Am7203 67C4503
Am7204 —

Am7203-25P C

a. PART NUMBER —————h—|—

b. PERFORMANCE
ACCESS TIME
25 =25 ns”
35 =35ns
50 =50ns
65 =65ns
80 =80ns

c. PACKAGE TYPE
P = Plastic DIP (600 mil) - PD 028
D = Ceramic DIP (600 mil)* - CD 028
J = Plastic Leaded Chip Carrier* - PL 032
R = Plastic DIP (300 mil) - PD 3028

d. OPERATING CONDITIONS
C = Commercial (0°C to 70°C)

Note: * Consult factory.

Am7203-25/35/50/65/80

2-37



ABSOLUTE MAXIMUM RATINGS

Supply voltage, V. -05Vto+7.0V
Input voltage ...... -05VtoV . +05V
Operating temperature ..........cccoveeeeene ......0°C to + 70°C
Storage temperature . -55°C to + 150°C
Power dissipation ................ . L1OW
DC OULPUL CUITENY ......oveenerirercreeresreseesere s easeses .50 mA

Stresses above those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maximum
ratings for extended periods may affect device reliability.

DC CHARACTERISTICS Commercial: V =5V £ 10%, T, = 0°C to + 70°C

Parameter Parameter ﬁ:": 22053;1255 l::n: %%3;1355 At:n=7 %%3;550 At:n=7 26%3;1655 %TZ 23%3;1850
Symbol Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max.|Unit
I Input Leakage Current (any input) (Note 1) -1 1 -1 1 -1 1 -1 1 -1 1 | pA
lo Output Leakage Current (data outputs) (Note2) | <10 10 | -10 10 | <10 10 | <10 10 | -10 10 | pA
Vin Input High Voltage (all inputs except X)) (Note 3)| 20 - 20 - 20 - 20 - 2.0 - \
Vi Input Low Voltage (all inputs except %) (Note3) | — 0.8 - 08 - 08 - 08 - 08| V
Vi Input High Voltage, XI (Note 3) 35 - |35 - |35 - |35 - |35 - |V
Vix Input Low Voltage, XI (Note 3) - 15| - 15| - 15| - 15} - 15}V
Von Qutput Logic “1” Voltage I, = -2 mA 24 - 24 - 24 - 24 - 24 - Vv
Voo Output Logic “0” voltage |, = 8 mA - 04 - 04 - 04 - 04 - 041 V
- legy Average V., Power Supply Current (Note 4) - 70 - 60} - 60| - 60| - 60 |mA
ez ?ﬁvirawgisﬁ%nf t?F‘yi/?qu_T"i_a r::,H) (Note 4) R e R I R
s ::;:; [)Jown Current (all inputs = V. -0.2 V) - 5 ~ 5 _ 5 _ 5 N 5 | mA

Notes: 1. Measurements with GND <V <V, ..
2. R2V,;,GND<V, < V...
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system
or tester noise. Do not attempt to test these values without suitable equipment.

4. |, measurements are made with outputs open.
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AC CHARACTERISTICS v, =5V +10%, T, = 0°C to + 70°C

Parameter Parameter Am7203-25 | Am7203-35 | Am7203-50 | Am7203-65/ Am7203-80
Symbol Description Figures | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit
Write and Flag Timing
e Write Cycle Time 35 45 65 80 100 ns
tuew Write Pulse Width 25 35 50 65 80 ns
tr Write Recovery Time 10 10 15 15 20 ns
tos Data Setup Time 3,9 15 18 30 30 40 ns
ton Data Hold Time 3,9 0 0 5 10 10 ns
ter Write LOW to Full Flag LOW 6,9 25 30 45 60 60 | ns
L Write LOW to Half-Full Flag LOW 5 35 45 65 80 100 | ns
ter Write HIGH to Empty Flag HIGH 4,8 25 30 45 60 60 | ns
tus g”ﬁg&v”'zs?N'l'g';' |0 catabus 8 | 5 10 15 15 20 ns
Read and Flag Timing
te Read Cycle Time 3 35 45 65 80 100 ns
t, Access Time 3,4,8,9 25 35 50 65 80 |ns
L Read Recovery Time 3 10 10 15 15 20 ns
Lo Read Pulse Width 3 25 35 50 65 80 ns
e ;efg@“'zst'B?ﬂ Y data bus 3 | s 5 10 10 10 ns
Ly Data Valid from read pulse HIGH 3 5 5 5 5 5 ns
ti ;ejfeﬂ"ée(ﬁggﬂ ;° data bus 3 18 20 30 30 30 |ns
- Read HIGH to Fuli Flag HIGH 6,9 25 30 45 60 60 | ns
| - Read HIGH to Half Full-Flag HIGH| 5 35 45 65 80 100 | ns
toer Read LOW to Empty Flag LOW 4,8 25 30 45 60 60 | ns
Reset Timing
tosc Reset Cycle Time 2 35 45 65 80 100 ns
b Reset Pulse Width 2 25 35 50 65 80 ns
tass Reset Setup Time 2 25 35 50 65 80 ns
Len Reset Recovery Time 2 10 10 15 15 20 ns
e Reset to Empty Flag LOW 2 35 45 65 80 100 | ns
| Reset to Half-Full Flag High 2 35 45 65 80 100 | ns
ey Reset to Full Flag HIGH 2 35 45 65 80 100 | ns
Retransmit Timing
tre Retransmit Cycle Time 7 35 45 65 80 100 ns
tar Retransmit Pulse Width 25 35 50 65 80 ns
tarm Retransmit Recovery Time 10 10 15 15 20 ns
Note: 1. Characterized parameters.
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FUNCTIONAL DESCRIPTION

The Am7203 CMOS FIFQ is designed around a 2048x9 dual-port
static RAM array. (See Figure 1.) RAM-based FIFOs store the
data written into them in a sequential pattern.

The dual-port RAM array has dedicated write and read address
pointers. The flag logic preventsillogical writes and reads from oc-
curring. The Empty Flag prevents reading while empty, which is
a data underflow condition, while the Full Flag prevents writing
while full, which is a data overflow condition. Once data that has
been stored at a given address is read, it can be overwritten.

Address pointers automatically overflow to address zero after
reaching address 2047. Thus the flag status of the FIFO is a
function of the difference between the pointers, not their absolute
value.

Resetting the FIFO simply initializes both address pointers to
address zero. Pulsing Retransmit initializes the read address
pointer to zero without affecting the write address pointer.

Expansion Logic is used when implementing a FIFO of a depth
greaterthan thatofthe Am7203. The write, read, data-in and data-
out lines of the Am7203 are connected in_parallel, and the
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy-
chained together. The write and read control circuits of the individ-
ual FIFOs are automatically enabled and disabled through the
handshake between XO and XI.

OPERATIONAL DESCRIPTION
Resetting The FIFO

Upon power up, the FIFO must be initialized with a Reset cycle.
(See Figure 2.) The states of Xl and FL are used during the reset
cycle to determine the FIFO’s mode of operation, as shown in
Tables 1 and 2. For a valid reset cycle to occur, both the Read
(R) and Write (W) signals mustbe HIGH t, priorto and t . . after
the rising edge of Reset (RS). The reset cycle initializes the FIFO
to an empty condition, signified by the Empty Flag E_) being
LOW, active, and both the Half-Full (HF) and Fuil Flag (FF) being
HIGH, inactive.

trsc
trs
- \

trsr

/s —

tEFL

. m\
ww ////1111111/11111/f

e tFFH >

Figure 2. Reset Timing

Writing Data To The FIFO

The HIGH state of the Full Flag (FF) indicates that the FIFO is
capable of accepting data. The falling edge of Write (W) initiates
awrite cycle. (See Figure 3.) Data appearing atinputs D0-D81,,¢
prior to andt,, after the rising edge of W will be stored sequentially
in the FIFO. )

The LOW- to-HIGH transition of the Empty Flag (EF) occurs twer
after the rising edge of W during the first write cycle on an empty
FIFO. (See Figure 4.) The Half-Full Flag JHF) will goLOWH,,, after
the falling edge of W during the write ite operation which creates the
half-full condition. (See Figure 5.) HF will remain LOW, while the
number of writes to the FIFO exceeds the number of reads by
1024 or more. The Half-Full Flag is not available in Depth-
Expansion Mode. The Full Flag (FF) goes LOW t,,.. after the
falling edge of W during the write cycle which creates a full
condition. (See Figure 6.) A full condition exists when there have
been 2048 more write cycles than read cycles. The Full Flag being
active prohibits any further write operations, thus preventing data
overflow situations.

Reading Data From The FIFO

The HIGH state of the Empty Flag (EF) indicates that the FIFO is
ready to output data. The falling edge of Read (R) initiates a read
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8
t, after the falling edge of R, and remains until t,,,, after the rising
edge of R. Q0-Q8 return to a high-impedance state when a valid
read is not in progress.

The Full Flag (FF) will go HIGH toee after the rising edge of Rduring
the first read cycle following a full condition. (See Figure 6.) The
Half-Full Flag (HF) will go HIGH t,,,. after the rising edge of R
during the read operation, which eliminates the half-full condition.
(See Figure 5). HF will remain HIGH, while the number of writes
to the FIFO exceeds the number of reads by 1023 or less. The
Half-Full Flag is not available in Depth-Expansion Mode. The
HIGH-to-LOW transition of EF occurs t,,, . after the falling edge of
R during the read cycle, which creates an empty condition. (See
Figure 4.) An empty condition exists when there has been an
equal number of write cycles and read cycles. The Empty Flag
being active prohibits any further read operations, thus preventing
a data underflow situation.

Half-Full Flag

The Half-Full (ﬁ) Flag will be active LOW only when the net
balance of the words written into the FIFO exceeds the number of
words read out by 1024 or more. (See Figure 5.)

Care should be exercised in using the Half-Full Flag, because it
is capable of producing arbitrarily short pulses. For example, if the
FIFO contains 1024 words, and Read and Write pulses are
applied simultaneously, the HF flag may produce an arbitrarily
short pulse, depending on the precise phase of Read and Write.

HF will always settle to the correct state after the appropriate
delay, ty,, OF ts,,.. This property of the Half-Full Flag is clearly a
function of the dynamic relation between W and R. Generally, the
use of level-sensitive, ratherthan edge-sensitive, status detection
circuits will alleviate this hazard.
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RESET AND RETRANSMIT TRUTH TABLE single-Device Configuration/Width-Expansion Mode

Input Internal Status Qutputs
Mode S Eme— R — — —
RS | FL/RT | Xi Read Pointer Write Pointer EF FF HF
Reset 0 X 0 Location zero Location zero -0 1 1
Retransmit 1 (] 0 Location zero Unchanged X X X
9 (Note 1)| (Note 1)| (Note 1)
Read/Write 1 1 0 Increment (Note 2) Increment (Note 2) X X X

Notes: 1. Flags will change to show correct state according to write pointer.
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.

Table 1.

RESET AND FIRST LOAD TRUTH TABLE bepth-Expansion/Compound-Expansion Mode

Input Internal Status Outputs
Mode — T — = E
RS | FLART Xl Read Pointer Write Pointer EF FF
Reset-first devi 0 0 X0 Locati Locati r 0 1
eset-first device (Note 1) ocation zero ocation zero
Reset all X0 . . :
other devices 0 1 (Note 1) Location zero Location zero 0 1
Read/Write 1 X X0 Increment (Note 3) Increment (Note 3) X X
(Note 2)| (Note 1)

Notes: 1. Xl is connected to XO of previous device. See Figure 12.
2. Same as during Reset Cycle.
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.

Table 2.
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taLz tpv - tp ] ~<—— tRHZz —>
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Figure 3. Asynchronous Write and Read Timing
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Figure 4. Empty Flag Timing
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Note: Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short
duration of either polarity when W and R are operating asynchronously near half full.

Figure 5. Half-Full Flag Timing
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Figure 6. Full Flag Timing
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Retransmit

The retransmit function resets the read address pointer allowing
the data that was previously read to be read again. This capability
is useful when the block of data being transferred through the
FIFO doesn't exceed the FIFO's depth and is intended for use
when there are 2048 or less writes between reset cycles.

The FL/RT is used as the Retransmit (RT)input in Single-Device
Mode. RT, an active LOW-going pulse of at least t ; in duration,
returns the internal read pointer to address zero and leaves the
write pointer unaffected. W and R must both be HIGH during the
retransmit cycle. The first write or read cycle should not start until
tarrafter therisingedge of RT. The flags may change state during
this cycle, but they will accurately reflect the new state of the FIFO
t.1c after the falling edge of RT. (See Figure 7 and Table 1).
Single-Device/Width-Expansion Modes

Single-Device and Width-Expansion Modes are configured by
grounding the Expansion-In (XI) input. (See Figures 10 and 11,
and Table 1.) During these modes of operation, the Half-Full Flag
and Retransmit features are available. The Am7203 can be ex-
panded in width to create FIFOs of word widths greater than nine
bits. In Width-Expansion Mode all of the control line inputs are
common to all devices. (See Figure 11.) Creating composite
status flags can pose two hazards. 1.) OR-ing the flag outputs is
fine for the HIGH-to-LOW transition, because the skew between
devices is masked out. However, when the flags make a LOW-
to-HIGH transition, a false composite flag is generated. 2.) The
converse is true when the flags are AND-ed: the LOW-to-HIGH
transition is fine, and the HIGH-to-LOW generates a false flag.
These two hazards can be avoided if one device's flags are used

as the flags for the expanded FIFO, and the write control circuitry
and read control circuitry is designed to hold off sampling the flags
until the worst case settling time (L gr, tyyes twrer terr tue @00 )
for each flag has elapsed.

Depth-Expansion Mode

Depth-Expansion Mode is configured during the Reset cycle.
(See Figure 12 and Table 2.) Expansion Out (XO) of one device
must be connected to Expansion In (XI} of the next device, with
XO of the last device bemg connected to X! of the firstdevice. The
device that is to receive data first has its First Load (FL) input tied
LOW, while all other devices must have this input HIGH. Write and
read control is passed between devices using XO and XI. ALOW-
going pulse on XO occurs when the last physical location of an
active device, address 2047, is written to,and another LOW-going
pulse occurs when the last physical location of an active device is
read. Only one device is enabled for writes, and only one device
is enabled for reads at any given time.

When expanding in depth, a composite Full Fiag must be created
by OR-ing all the FF outputs together. Likewise, a composite
Empty Flag is created by OR-ing all the EF outputs together. The
Half-Full Flag and Retransmit functions are not available in Depth-
Expansion Mode.

Compound Expansion

FIFOs of greater width and depth thanthe Am7203 can be created
by using both Width-Expansion Mode and Depth-Expansion
Mode simultaneously. (See Figure 13.)

tRT

FLART \

< tRTR

=l
£

trTC

Note: EF, HF and FF may change state during Retransmit as a result of the
offset of the read and write pointers, but the flags will be valid at t; .

Figure 7. Retransmit Timing
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Depth-Expansion Techniques
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Preliminary

Am7204-25/35/50/65/80

CMOS First-in First-out (FIFO)  4096x9-Bit Buffer

\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
RAM based FIFO

4096x9 organization

Cycle times of 35/45/65/80/100 nanoseconds

Asynchronous and simultaneous writes and
reads

Low power consumption
- 60 mA max, -35/50/65/80
=70 mA max, -25

« Status flags - full, half-full, empty
« Retransmit capability
« Expandable in both width and depth

« Increased noise immunity for Xi - CMOS threshold

 Functional and pin compatible with industry standard

devices

GENERAL DESCRIPTION

The Am7204 is a RAM-based CMOS FIFO that is 4096
words deep with 9-bit wide words. Itis expandable to any
width and/or depth to create much larger FIFOs.

This FIFO can accept data and output data asynchro-
nously and simultaneously at data rates from 0 to 28.5
MHz. Status flags are provided to signify empty, full, and
half-full conditions. The capability also exists to retrans-
mit data from the FIFO.

High-density FIFOs such as the Am7204 are useful in a
wide range of applications. The ability to buffer large
transfers of data and the rate adaption capabilities make
the Am7204 useful in communication, image processing,

mass storage, DSP, and printing systems.

BLOCK DIAGRAM
DO-D8
W —{ wRITE DATA
CONTROL ] INPUTS
WRITE READ
™| rointer| KX [ poiNTER
DATA
QUTPUTS |=—

R —> READ Qo-Q8

CONTROL RS

RESET RS
LOGIC {«—FURT
FLAG
LoGic [>EE
—>FF
EXPANSION ——
Xi—>» LOGIC |——> XOHF
Figure 1.
ficati Bev. Amendment
. 10897 B 10
2-46 issue Date: January 1989




CONNECTION DIAGRAMS

DIP PLCC

_W.E 0 ./ 3] ve

z D; Dg W NC VecD
Z"% % :4 DiaIBInIAE

3 5 7/
D, E E DG D2 E * EDG
o, [3] 4] o, o1 [8] 3]0,
DoE 23] FLRT Do E 27 ic—
xi Am7204  [%]&s ﬁE 26 f_L./RT
T 7] EF " E Am7204 ;_;]R_s
%] 20] XO/HF ag [10] 2 i_
91 [1o} [19] o, ay 11 23| XOMHF
az] 18] o ne [12 2z]o,
as[ie] 7] o a2 13 2106
14|15} 116 | [17]]18][19]]20}
> IE %3‘ Q3 QGg GND NC ! Q, Qg
GND |14 5] R

Note: Pin 1 is marked for orientation.
Pin Designations: W = Write

R = Read

RS = Reset

FL/RT = First Load/Retransmit

D, = Data In

Q, = Data Out

Xl = Expansion In

XO/HF = Expansion Qut/Half-Full Flag

FF = Full Flag

EF = Empty Flag

V¢ = Supply Voltage

GND = Ground

NC = No Connect

ORDERING INFORMATION
Am7204-25P C

a. PART NUMBER ——:]_

b. PERFORMANCE

Standard Products

AMD standard products are available in several packages. The
order number (Valid Combination) is formed by a combination of:
a. Part Number

b. Performance

c. Package Type ACgSESSz;IrSE
d. Operating Conditions Pl
50 =50ns
NOTE: AMD has changed the part numbers on the high-density gg = gg ns
=80ns

FIFOs. The following part numbers are equivalent devices with
the same DC and AC electrical characteristics.

c. PACKAGE TYPE
P = Plastic DIP (600 mil) - PD 028

New P/N Old P/N D-C ic DIP (600 mil) - CD 028

= Ceramic mil) -
Am7200 67C4500 _ : i ier -
Am7201 6704501 J = Plastic Leaded Chip Carrier - PL 032
Am7202 67C4502 d. OPERATING CONDITIONS
Am7203 67C4503 C = Commercial (0°C to 70°C)
Am7204 —

Am7204-25/35/50/65/80
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ABSOLUTE MAXIMUM RATINGS

Supply voltage, V. -05Vto+7.0V
inputvoltage ..... .-0.5VtoV ,+05V
Operating temperature ............ ....0°C to + 70°C

Storage temperature ...-55°C to + 150°C
Power dissipation ....

DC output current .........coeveencnnnenn. ................................. 50 mA

Stresses above those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maximum
ratings for extended periods may affect device reliability.

DC CHARACTERISTICS commercial: V=5V £ 10%, T, = 0°C to + 70°C

Am7204-25 Am7204-35|Am7204-50| Am7204-65 Am7204-80

Parameter Parameter t,=25ns (t,=35ns (t,=50ns |1, =65ns |t, =80 ns
Symbol Description Min. Max. | Min. Max. { Min. Max. | Min. Max. | Min. Max.| Unit
he Input Leakage Current (any input) (Note 1) -1 1 -1 1 -1 1 -1 1 -1 1 | pA

Output Leakage Current (data outputs) (Note2) | -10 10 | -10 10 | -10 10 | -10 10 | -10 10 | pA

Vi Input High Voltage (all inputs except ﬂ) (Note 3); 20 - 20 - 20 - 20 - 2.0 - v
\'A Input Low Voltage (all inputs except %) (Note3) | - 038 - 08 - 08 - 08 - 08} V
Vi Input High Voltage, X (Note 3) 35 - |35 - |38 - {35 - |35 - v
Vi Input Low Voltage, xi (Note 3) - 15| - 15| - 15| - 15} - 15| V
Vou Output Logic “1” Voltage |, = -2 mA 24 - |24 - |24 - |24 -~ |24 -~ |V
Vo Output Logic “0” voltage |, = 8 mA - 04| - 04| - 04 - 04| - 04|V
lecr Average V. Power Supply Current (Note 4) - 70 - 60 - 60 - 60 - 60 | mA

Average Standby Current
] - = - 20 - 20 - 20 - 20 - 20 | mA
ez (R=W=RS=FL/RT =V, (Note 4)

P D C llinputs = V,.-0.2V

ower Down Current (all inputs = V., -0.2 V) _ 5 _ 5 _ 5 _ 5 N 5 | mA

]
ce3 (Note 4)

Notes: 1. Measurements with GND <V <V ..
2. R2V,,,GND<V,, < V..
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system
or tester noise. Do not attempt to test these values without suitable equipment.

4. 1, measurements are made with outputs open.
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AC CHARACTERISTICS v =5V £10%, T, = 0°C to + 70°C

Parameter Parameter Am7204-25 | Am7204-35 | Am7204-50 | Am7204-65| Am7204-80

Symbol Description Figures | Min. Max. | Min. Max. | Min. Max. | Min. Max.| Min. Max. | Unit

Write and Flag Timing
tuc Write Cycle Time 3 35 45 65 80 100 ns
tvpw Write Pulse Width 3 25 35 50 65 80 ns
tvn Write Recovery Time 3 10 10 15 15 20 ns
ths Data Setup Time 3,9 15 18 30 30 40 ns
ton Data Hold Time 39 0 0 5 10 10 ns
tre Write LOW to Full Flag LOW 6,9 25 30 45 60 60 | ns
e Write LOW to Half-Full Flag LOW 5 35 45 65 80 100 | ns
tuer Write HIGH to Empty Flag HIGH 4.8 25 30 45 60 60 | ns

Write pulse HIGH to data bus

tz at LOW Z (Note 1) 8 5 10 15 15 20 ns
Read and Flag Timing .
tee Read Cycle Time 3 35 45 65 80 100 ns
ty Access Time 3,4,8,9 25 35 50 65 80 ns
ton Read Recovery Time 3 10 10 15 15 20 ns
toow Read Pulse Width 3 25 35 50 65 80 ns
t, a“f,f‘g@”'zstLo?ﬂ ° data bus 3 | s 5 10 10 10 ns

toy Data Valid from read pulse HIGH 3 5 5 5 5 5 ns
Read pulse HIGH to data bus

bz at HIGH Z (Note 1) 3 18 20 30 30 30 |ns
toer Read HIGH to Full Flag HIGH 6.9 25 30 45 60 60 | ns
e Read HIGH to Half Full-Flag HIGH| 5 35 45 65 80 100 | ns
teer Read LOW to Empty Flag LOW 4,8 25 30 45 60 60 | ns
Reset Timing R
tasc Reset Cycle Time 2 35 45 65 80 100 ns
s Reset Pulse Width 2 25 35 50 65 80 ns
tass Reset Setup Time 2 25 35 50 65 80 ns
tsr Reset Recovery Time 2 10 10 15 15 20 ns
ter Reset to Empty Flag LOW 2 35 45 65 80 100 | ns
L Reset to Half-Full Flag High 2 35 45 65 80 100 | ns
e Reset to Full Flag HIGH 2 35 45 65 80 100 | ns
Retransmit Timing .
tere Retransmit Cycle Time 7 35 45 65 80 100 ns
tor Retransmit Pulse Width 7 25 35 50 65 80 ns

tm Retransmit Recovery Time 7 10 10 15 15 20 ns

Note: 1. Characterized parameters.
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FUNCTIONAL DESCRIPTION

The Am7204 CMOS FIFQ is designed around a 4096x9 dual-port
static RAM array. (See Figure 1.) RAM-based FiFOs store the
data written into them in a sequential pattern.

The dual-port RAM array has dedicated write and read address
pointers. The flag logic prevents illogical writes and reads from oc-
curring. The Empty Flag prevents reading while empty, which is
a data underflow condition, while the Full Flag prevents writing
white full, which is a data overflow condition. Once data that has
been stored at a given address is read, it can be overwritten.

Address pointers automatically overflow to address zero after
reaching address 4095. Thus the flag status of the FIFO is a
function of the difference between the pointers, not their absolute
value.

Resetting the FIFO simply initializes both address pointers to
address zero. Pulsing Retransmit initializes the read address
pointer to zero without affecting the write address pointer.

Expansion Logic is used when implementing a FiFO of a depth
greater thanthat of the Am7204. The write, read, data-inand data-
out lines of the_Am7204 are connected in parallel, and the
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy-
chained together. The write and read control circuits of the individ-
ual FIFOs are automatically enabled and disabled through the
handshake between XO and XI.

OPERATIONAL DESCRIPTION
Resetting The FIFO

Upon power up, the FIFO must be initialized with a Reset cycle.
(See Figure 2.) The states of X1 and FL are used during the reset
cycle to determine the FIFO's mode of operation, as shown in
Tables 1 and 2. For a valid reset cycle to occur, both the Read
(R) and Write (W) signals must be HIGH 1, prior to and ., after
the rising edge of Reset (RS). The reset cycle initializes the FIFO
to an empty condition, signified by the Empty Flag (EF) being
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being
HIGH, inactive.

trsc
ey tas -
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trsr

/// —
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Figure 2. Reset Timing

>

Writing Data To The FIFO

The HIGH state of the Full Flag (FF) indicates that the FIFO is
capable of accepting data. The falling edge of Write (W) initiates
awrite cycle. (See Figure 3.) Data appearing atinputs D0-D81,¢
prior to and t,, after the rising edge of W will be stored sequentially

‘'in the FIFO.

The LOW- to-HIGH transition of the Empty Flag (EF) occurs twer
after the rising edge of W during the first write cycle on an empty
FIFO. (See Figure 4.) The Half-Full Flag /AF)will go LOW tynrafter
the falling edge of W during the write operation which creates the
half-full condition. (See Figure 5.) AF wilt remain LOW, while the
number of writes to the FIFO exceeds the number of reads by
2048 or more. The Half-Full Flag is not available in Depth-
Expansion Mode. The Full Flag (FF) goes LOW t,,.. after the
falling edge of W during the write cycle which creates a full
condition. (See Figure 6.) A full condition exists when there have
been 4096 more write cycles than read cycles. The Full Flag being
active prohibits any further write operations, thus preventing data
overflow situations.

Reading Data From The FIFO

The HIGH state of the Empty Flag (EF) indicates that the FIFO is
ready to output data. The falling edge of Read (R) initiates a read
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8

- t, after the falling edge of R, and remains until t,,,, after the rising

edge of R. Q0-Q8 return to a high-impedance state when a valid
read is not in progress.

The Full Flag (FF) willgo HIGH t,..,. after the rising edge of Rduring
the first read cycle following a full condition. (See Figure 6.) The
Half-Full Flag (HF) will go HIGH t, . after the rising edge of R
during the read operation, which eliminates the half-full condition.
(See Figure 5). HF will remain HIGH, while the number of writes
to the FIFO exceeds the number of reads by 2047 or less. The
Half-Full Flag is not available in Depth-Expansion Mode. The
HIGH-to-LOW transition of EF occurs t, . after the falling edge of
R during the read cycle, which creates an empty condition. (See
Figure 4.) An empty condition exists when there has been an
equal number of write cycles and read cycles. The Empty Flag
being active prohibits any further read operations, thus preventing
a data underflow situation.

Half-Full Flag

The Half-Full (HF) Flag will be active LOW only when the net
balance of the words written into the FIFO exceeds the number of
words read out by 2048 or more. (See Figure 5.)

Care should be exercised in using the Half-Full Flag, because it
is capable of producing arbitrarily short pulses. For example, ifthe
FIFO contains 2048 words, and Read and Write pulses are
applied simultaneously, the HF fiag may produce an arbitrarily
short pulse, depending on the precise phase of Read and Write.

HF will always settle to the correct state after the appropriate
delay, t,,, or t,,,.. This property of the Half-Full Flag is clearly a
function of the dynamic relation between W and R. Generally, the
use of level-sensitive, rather than edge-sensitive, status detection
circuits will alleviate this hazard.
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RESET AND RETRANSMIT TRUTH TABLE single-Device Configuration/Width-Expansion Mode

Input Internal Status Outputs
Mode — — — p— p— —
RS | FL/RT Xi Read Pointer Write Pointer EF FF HF
Reset 0 X 0 Location zero Location zero 0 1 1
Retransmit 1 0 0 Location zero Unchanged . X X X
(Note 1){ (Note 1)| (Note 1)
Read/Write 1 1 0 Increment (Note 2) Increment (Note 2) X X X

Notes: 1. Flags will change to show correct state according to write pointer.
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.

Table 1.

RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode

Input Internal Status Outputs
Mode —T — — —
RS | FL/RT Xi Read Pointer Write Pointer EF FF
Reset-first device | 0 0 X0 Locati Location zer 0 1
i vic (Note 1) ocation zero ocation zero
Reset all X0 . .
other devices 0 1 (Note 1) Location zero Location zero 0 1
Read/Write 1 X X0 Increment (Note 3) Increment (Note 3) X X
(Note 2)| (Note 1)

Notes: 1. Xl is connected to XO of previous device. See Figure 12.
2. Same as during Reset Cycle.
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.

Table 2.

W—\___/r \ | N
|<~tos——~><lou »I twpw [<—twp—>

twe

Dy-Dg ———( DATA IN VALID > < DATA IN VALID >'————‘

=\

‘RPW 'RR

' \

Qp-Qg

tpLz 4——»’—~ tpy <-—tA—-—>! <——— tRyz—>
X DATA OUT VALID X—‘>———< X DATA OUT VALID X >———

tRe >

Figure 3. Asynchronous Write and Read Timing
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LAST READ ADDITIONAL

NEXT WRITE WRITES NEXT READ

N
T S

‘ REF tWEF —

<

s K

Figure 4. Empty Flag Timing

HF (See Note)

tRHF

Note: Depending on the precise phase of w and R, the Half-Full Flag may appear as a pulse of arbitrarily short
duration of either polarity when W and R are operating asynchronously near half full.

Figure 5. Half-Full Flag Timing

LAST WRITE NEXT READ ADPIROSAL | NEXT WRITE
R \__7 _\__/
w \_/_
twrF tRFF —
=

Figure 6. Full Flag Timing
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Retransmit

The retransmit function resets the read address pointer allowing
the data that was previously read to be read again. This capability
is useful when the block of data being transferred through the
FIFO doesn't exceed the FIFO's depth and is intended for use
when there are 4096 or less writes between reset cycles.

The E[/ﬂ is used as the Retransmit (ﬁ) input in Single-Device
Mode. RT, an active LOW-going pulse of at least t_ in duration,
returns the internal read pointer to address zero and leaves the
write pointer unaffected. W and R must both be HIGH during the
retransmitcycle. The first write or read cycle should not start until
trr aftertherising edge of RT. The flags may change state during
thiscycle, but they will accurately reflect the new state of the FIFO
tarc after the falling edge of RT. (See Figure 7 and Table 1).
Single-Device/Width-Expansion Modes

Single-Device and Width-Expansion Modes are configured by
grounding the Expansion-In (Xl) input. (See Figures 10 and 11,
and Table 1.) During these modes of operation, the Half-Full Flag
and Retransmit features are available. The Am7204 can be ex-
panded in width to create FIFOs of word widths greater than nine
bits. In Width-Expansion Mode all of the control line inputs are
common to all devices. (See Figure 11.) Creating composite
status flags can pose two hazards. 1.) OR-ing the flag outputs is
fine for the HIGH-to-LOW transition, because the skew between
devices is masked out. However, when the flags make a LOW-
to-HIGH transition, a false composite flag is generated. 2.) The
converse is true when the flags are AND-ed: the LOW-to-HIGH
transition is fine, and the HIGH-to-LOW generates a false flag.
These two hazards can be avoided if one device's flags are used

as the flags for the expanded FIFO, and the write control circuitry
and read control circuitry is designed to hold off sampling the flags
until the worst case settling time (t,,c -, ty e buer trep taner @A L)
for each flag has elapsed.

Depth-Expansion Mode

Depth-Expansion Mode is configured during the Reset cycle.
(See Figure 12 and Table 2.) Expansion Out (XO) of one device
must be connected to Expansion In (XI) of the next device, with
X0 of the last device being connected to Xl of the first device. The
device that is to receive data first has its First Load (FL) input tied
LOW, while all other devices must have thisinput HIGH. Writeand
read controlis passed between devices using XO and XI. ALOW-
going puise on XO occurs when the last physical location of an
active device, address 4095, is written to, and another LOW-going
pulse occurs when the last physical location of an active device is
read. Only one device is enabled for writes, and only one device
is enabled for reads at any given time.

When expanding in depth, a composite Full Flag must be created
by OR-ing all the FF outputs together. Likewise, a composite
Empty Flag is created by OR-ing all the EF outputs together. The
Half-Full Flag and Retransmit functions are not available in Depth-
Expansion Mode.

Compound Expansion

FIFOs of greater width and depththan the Am7204 can be created
by using both Width-Expansion Mode and Depth-Expansion
Mode simultaneously. (See Figure 13.)

tRT

- {RTR

- RTC

Note: ﬁ, HF and FF may change state during Retransmit as a result of the
offset of the read and write pointers, but the flags will be valid at t; .

Figure 7. Retransmit Timing
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Figure 8. Read Data Flow-Through Mode
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Figure 9. Write Data Flow-Through Mode
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HALF-FULL FLAG _ T(n-F) ! f(rﬁ)
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DATAIN 5Ly — Q) % DATAOUT  FULLFLAG T am7204 |- Es EMPTY FLAG
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FuLL FLAG ~—(EF) L EF) o EmpTY FLAG RESET G
ReseT —F3), <B0)__ reTRANSMIT J T~
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Figure 10. Single FIFO Configuration

Figure 11. Width-Expansion to Form a 512x18 FIFO

[%0
w — - R
FF EF|
Am7204 9
D —% & = - Q
. Ve
Xi
)
e |1 e
o [amrzos L] ="
4 FL—J
2] et
XT
X0
= =
FE EF
5 | Am7204
n
RS fL
tw_ =

Figure 12. Depth-Expansion to Form a 12288x9 FIFO

Qo-Qs Qg -Qy7 Qp-QN Wa Ag
e > FFp EFg
| 20-0s [ 09-017 Javg-an A — |Amr204 —fFa
o DEPTH DEPTH DEPTH DAGS Qp0-
AW, RS —»| EXPANSION > EXPANSION | +-+->EXPANSION
BLOCK BLOCK BLOCK SYSTEM A == |3 SYSTEM B
D DD : . DL0-8
Do -Dy 200 fosoir | o) 0n  Lowes B
Pg-Dy . DigDN - Dn-gyDN RA ——]
= Am7204 _
‘ HFA Wp
EFa< Frp

Figure 13. FIFO Array Using Both Width-Expansion and
Depth-Expansion Techniques

Figure 14. Bidirectional FIFO Mode
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AC TEST CONDITIONS

Input pulse levels

Input rise and fall times

Input timing reference leveis

Qutput reference levels

Qutput load

5V
GND 10 3.0V T
5ns 6200
1.5V TO QUTPUT o-
PIN
15V 390 QEE = 30pF
See Figure 15

* Includes jig and scope capacitances.

Figure 15. A.C. Test Load

CAPACITANCE (7, = + 25°C, f = 1.0 MHz)

Symbol | Parameter (Note 1) | Conditions | Typ.} Unit
Cn Input capacitance V=0V 5 | pF
Cour | Output capacitance | V,,,=0V | 7 pF
Note: 1. For reference only.
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67C401/13 67C402/23

First-In First-Out (FIFO)

64x4, 64x5 CMOS MEMORY 25/35 MHZ (Cascadable)

P

FEATURES

e Zero standby power

* High-speed 35-MHz shift-in/shift-out rates

® Very low active power consumption

¢ TTL-compatible inputs and outputs

¢ Readily expandable in word width and depth

* RAM-based architecture for short fall-through delay
e Full CMOS cell for maximum noise immunity

o Asynchronous operation

e Output Enable feature (67C4013/23)

Advanced
Micro
Devices
ORDERING INFORMATION
67C401-35N
OPERATING —————J— PACKAGE TYPE
CONDITIONS N = Plastic DIP - PD 020
67 = Commercial J = Ceramic DIP - CD 020
(0°C1070°C) NL = Plastic Leaded
CMOS TECHNOLOGY Chip Carrier - PL 020
PERFORMANCE
P‘:g: N:US"::‘E" 35 = 35 MHz Shift Rate
Totet;rl Pole Output 25 = 25 MHz Shift Rate
4013 = 64x4,
Three-State Output
402 =64x5,
Totem Pole Output
4023 = 64x5,

Three-State Output

GENERAL DESCRIPTION

The 67C40X/XX series devices are high-performance CMOS
RAM-based First-In First-Out (FIFO) buffer memory products
organized as 64 words by 4 or by 5 bits wide. These devices use
Advanced Micro Devices latest CMOS process technology and
meet the demands for high-speed, low-power operation. By
utilizing an on-chip, dual-port RAM, a very short fall-through
time is realized, thus improving overall system performance. By
using both Read and Write pointers for addressing each memory

location, the data can propagate to the outputs in much less time
than in traditional register-based FIFOs. These FIFOs are easily
integrated into many applications and perform particularly well
for high-speed disc controllers, graphics, and communication
network systems. The 550-uwatt standby power specification
makes these devices ideal for ultra-low-power and battery-
powered systems.

INPUT SHIFT DATA IN
READY IN
, INPUT
= CONTROL e STER
LOGIC
MASTER
RESET
WRITE 64x4/5 READ
1 POINTER | DUAL PORT |@ POINTER |«
COUNTER RAM COUNTER
OUTPUT
OUTPUT OUTPUT
ENABLE REGISTER Cfgg’l‘gL I~
(67C4013/23 only) _
v J
DATA OUT SHIFT OUTPUT
OUT READY

Plblcatond &
10998 B
Issue Date: January 1989

Amendment
0
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CONNECTION DIAGRAMS
67C401/13
NC/OE E ~ 16} vce
INPUT READY [Z] [15] shiFr our

stiFriN 3]
oo [7]

[13] outeuT READY

13] oo

o [F ) o

67C402/23

~ 18] vee

E SHIFT OUT

NC/OE |1
INPUT READY E
sHiFTiN 3 [16] ouTPUT READY
oo [4] [15] oo
o1 [] 1] o1

oatain | 02 6] Eoz OUTPUTS

1
DATA IN OUTPUTS .
o2 [E] 1] o2 o3 [7] 17] 03
D3 E 0] os o4 5] 1] 04
ano [5] (9] MASTERRESET anD [3 [10] MASTER RESET
DIP DIP
INP NC SFT INP NC SFT
NC RDY OE Vccout NC RDY OE Vccout
[3lf2}]1]]20]]s] [sf]2}]1]{20}]10]
SFT SFT out
w LA Euc w L4 18} RpY
out
pojs 17 po}s 17} 00
[<] 67C401113 RDY [:] 67C402/23 ]
Dt E 64x4 16] 00 D1 E 64x5 1601
FIF
p2[7] 0 15]o1 o2[7] FIFO 15] 02
ne [g] ’Eoz o3 [g] 1a]os
9 | {10] Lat] [a2] |13 9 | [10] |11 2] }13
D3 GND MR 03 NC D4 GND MR 04 NC
Plastic Leaded Chip Carrler Plastic Leaded Chip Carrler
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ABSOLUTE MAXIMUM RATINGS

Supply voltage Vo
Input voltage
Off-state output voltage
Storage temperature
Power dissipation
Note:

-05Vto7V
-15Vto7V
. -05VtoVeg +05V

.. -65°Cto +150°C

1.0W

Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to

absolute maximum rating conditions for extended periods of time may affect reliability.

OPERATING CONDITIONS commercial: v, =5V £10%, T, = 0°C to +70°C

SYMBOL PARAMETER FIGURE M(ISZ‘CIJOX/XX;:ZX M?:‘CMX/XX;:SAX UNIT
Vee Supply voltage 45 55| 45 5.5 \
Ta Operating free-air temperature 0 701 0 70| °C
fiN Shift in rate 1 25 35 | MHz
tgiH” Shift in HIGH time 1 ns
tg” Shift in LOW time 1 ns
tips Input data setup to Sl (Shift In) 1 0 ns
tiDH Input data hold time from SI (Shift In) 1 20 15 ns
tRIDS Input data setup to IR (Input Ready) 3 5 2 ns
tRIDH Input data hold time from IR (Input Ready) 3 20 15 ns
fouT Shift out rate 4 25 35 | MHz
tSOH* Shift out HIGH time 4 ns
tsoL” Shift out LOW time 4 ns
tMRW Master Reset pulse 8 25 18 ns
MRS Master Reset to Sl 8 10 7 ns
* See AC test and high-speed application note.
DC CHARACTERISTICS v =5V +10%, T, = 0°C to +70°C
SYMBOL PARAMETER TEST CONDITION orcaoxxxas | STCAOKXXSS | i
v Low-level input voltage 08 0.8 v
viK® High-level input voltage 2 2 \
IIN Input current Vce = MAX GND<VIN <Vce -1 1 -1 1 pA
loz Off-state output current Ve = MAX GND<Vout <Vce -5 5 -5 5 pA
' oL =20 uA 0.1 0.1
VoL Low-level output voltage Voo = MIN v
loL =8 mA 04 04
IoH = -20 pA Vee -0.1 Vee -0.1
VoH High-level output voltage Vce =MIN \
loH = -4 mA 24 24
los™* | Output short-circuit current | Voo =MAX [Vo =0V -90 -20 -90 -20 | mA
o Standby supply current :/CC . thX x::j i\é%% 100 100 uA
Operating supply current out xl'\!l-’ - ?:I_)IST\QII-VI A;‘(AAX 50 60 mA
* These are absolute voltages with respect to GND and include all overshoots due to system and/or tester noise.
** Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
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SWITCHING CHARACTERISTICS over Operating Conditions

67CA40X/XX-25 67C40X/XX-35
SYMBOL PARAMETER FIGURE MIN MAX | MIN MAX UNIT
YL Shift In 1 to Input Ready LOW 1 21 18] ns
tIRH* Shift In | to Input Ready HIGH 28 20| ns
torL” Shift Out 1 to Output Ready LOW 19 18| ns
torH” Shift Out | to Output Ready HIGH 4 34 20| ns
topH Output Data Hold (previous word) 5 5 ns
tops Output Data Shift (next word) 34 2| ns
tpr Data throughput 3,6 40 34| ns
tMRORL | Master Reset | to Output Ready LOW 35 28| ns
tMRIRH Master Reset | to Input Ready HIGH 8 35 28| ns
tMRO Master Reset | to Outputs LOW 25 22| ns
tiPH Input Ready pulse HIGH ns
topH Output Ready pulse HIGH 8 ns
torD Output Ready ! to Data Valid 0 0| ns
tppz " 15 12
PHZ** Output Disable Delay ns
tpLz A 15 12
tpz ™" 20 15
e Output Enable Delay ns
IPZH 20 15
* See AC test and high-speed applicatio; note.
** Enable/Disable delays refer to 67C4013/23 only.
CAPACITANCES*
67C40X/XX-25 67C40X/XX-35
SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT
CIN Input capacitance TA=25°C, =1 MHz 10 10 | pF
Cout | Output capacitance Vec=45V 7 7| pF
* Not tested in production.
av
OUTPUT ENABLE v vt
v
tpz ——»] tpiz— S1AND
$2 CLOSED
WAVEFORM1 | SICLOSED \ .
S2 OPEN ‘VT . :\;f,‘(m,s v
oL
tpzH—>1 ’<—‘PH2—> T { v
OH
WAVEFORM 2 siopen Yy B ——VOH-05V
52 CLOSED 7/ 15
ov :
S1AND
Vr=15 $2 CLOSED

Figure A. Enable and Disable

Waveform 1is for a data output with internal conditions such that the output is

low except when disabled by the output control.

Waveform 2 is for a data output with internal conditions such that the output is

high except when disabled by the output control.
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STANDARD AC TEST LOAD

5V

OUTPUT (® TEST POINT

Al

< —
32 < 30 pF

Input Pulse Amplitude = 3 V

Input Rise and Fall Time {(10%-90%) = 2.5 ns
Measurements made at 1.5 V

All Diodes are 1N916 or 1N3064

RESISTOR VALUES

loL R1 R2

8 mA 600 0 1200

THREE-STATE TEST LOAD

TEST POINT

@®

>
oL R2 3

\4

'y

ld ld-id
TN

o
8

FUNCTIONAL DESCRIPTION
Data Input

The FIFO consists of a duai-port RAM and two ring counters for
read and write. After power-up, the Master Reset should be
pulsed LOW, which internally resets both the read and write
counters. When the Input Ready (IR) is HIGH, the FIFO is ready
to accept DATA from the Dy inputs. Data then present at the
inputs is written into the first location of the RAM when Shift-In
(Sl) isbrought HIGH. A S| HIGH signal causes the IR to go LOW.
When the Sl is brought LOW and the FIFO is not full, IR will go
HIGH, indicating that more room is available. The write pointer
now points to the next location in the RAM. if the memory is full,
then the IR will remain LOW.

Data Output

Data is read from the Oy outputs. Just after the first shift-in, the
first data word is available at the outputs, which is indicated by
the Output Ready (OR) going HIGH. When the OR is HIGH, data
may be shifted out by bringing the Shift-Out (SO) HIGH. AHIGH
signal at SO causes the read pointerto point to the next location
in the RAM, and also the OR to go LOW. Valid data is maintained
while the SO is HIGH. When the SO is brought LOW, the OR
goes HIGH, indicating the presence of new valid data. If the
FIFO is emptied, OR stays LOW, and Ox remains as before, (i.e.,
data does not change if the FIFO is empty). A dual-port RAM
inside the chip provides the capability of simultaneous and
asynchronous writes (Shift-Ins) and reads (Shift-Outs).

AC TEST AND HIGH-SPEED APP. NOTES

Since the FIFO is a very-high-speed device, care must be exer-
cised in the design of the hardware and the timing utilized within
the design. Device grounding and decoupling is crucial to cor-
rect operation as the FIFO will respond to very small glitches due
to long reflective lines, high capacitances and/or poor supply
decoupling and grounding. Advanced Micro Devices recom-
mends a monolithic ceramic capacitor of 0.1 uF directly between
Ve and GND with very short lead length. In addition, care must
be exercised in how the timing is set up and how the parameters
are measured. For example, since an AND gate function is
associated with both the Shift-In-Input Ready combination, as
well as the Shift-Out-Output Ready combination, timing meas-
urements may be misleading; i.e., a rising edge of the Shift-In

pulseis not recognized until Input Ready is HIGH. If Input Ready
is not HIGH due to (a) too high a frequency, or (b) FIFO being
full or affected by Master Reset, the Shift-In activity will be
ignored. This will affect the device from a functional standpoint,
and will also cause the “effective” timing of Input Data Hold time
(tipH) and the next activity of Input Ready (t|RL) to be extended
relative to Shift-In going HIGH. This same type of problem also
relates to tjRH, tORL, and toRH. For high-speed applications,
proper grounding technique is essential. In order to diminish
timing ambiguities between the Shift-In-Input-Ready or Shift-
Out-Output-Ready pairs when operating at high frequencies, it
is recommended that the tg|4 and tgOH pulse widths be as
short as possible within the specified limits.

67C401/13 67C402/23
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IN Y]

SHIFT IN 4 1SIH ‘]l\ tsiL ) _/ —\__
INPUT READY —-____—-\______/—__—<—||Fu.-—>
.m.;.1.:mo}o:o:o)}o:o}o!ol(olo:-_~oI»IoIoIoIozo:o:oIoIoI010:019101010:010102o

[e—1tiDS

Figure 1. Input Timing

SHIFT IN /@i;w \_—‘\
INPUT READY L—;(@ \ 7 __&_____

s TN e (D

Figure 2. The Mechanism of Shifting Data into the FIFO

@ Input Ready HIGH indicates space is available and a Shift-In pulse may be applied.
@ Input Data is loaded into the first available memory location.
@ Input Ready goes LOW indicating this memory location is full.

® Shift-In going LOW atlows Input Ready to sense the status of the next memory location. The next memory focation is empty as indicated by Input Ready HIGH.
® lfthe FIFOIis already full then the Input Ready remains LOW.
Note: Shift-In pulses applied while Input Ready is LOW will be ignored.

@
SHIFT OUT / 5&
-
SHIFT IN _/ \
INPUT READY }D - ot G\ tipH

tRIDS —-= {RIDH

e onrn A AR AR RO e ovrn——— XN

\

Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH
@® FIFO is initially full.
@ Shift In is held HIGH.
® Shift Out pulse is applied. An empty location is detected by the internal pointers on the faliing edge of SO.
(® As soon as Input Ready becomes HIGH the Input Data is loaded into this location.
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— Moyt oyt |

SHIFT OUT 4 N\ A

<4—t5oH —— —————— g g | ——————>|

OUTPUT
READY
| «——toD§ ——»]«—»{loRD
OUTPUT ﬂzxzm%
DATA A-DATA ( B-DATA C-DATA

toDH—

torH

;Q

Figure 4. Output Timing

@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word).
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together.

SHIFT OUT %___

OUTPUT READY \® L———A(@ e e
—

OUTPUT DATA A-DATA B-DATA

AORB

Figure 5. The Mechanism of Shifting Data Out of the FIFO

(@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied.

@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register.
Output data remains as valid A-Data while Shift-Out is HIGH.

@ Output Ready goes LOW.
@® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs,
® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data).

SHIFT IN

SHIFT OUT 7
OUTPUT READY /® y

Figure 6. tpT and topH Specification

ja——tOpPH —»

@ FIFO initially empty.

® Shift-Out held HIGH.

@ Shift-In pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-in.
@ As soon as Output Ready becomes HIGH, the word is shifted out.
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SHIFT OUT \(G)
—
\// \( I T ITII 7T,
OUTPUT READY Lo,

o O

OUTPUT DATA g A-DATA X

Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH

@ The internal logic does not detect the presence of any words in the FIFO.
@ New data (A) arrives at the outputs.

(@ Output Ready goes HIGH indicating arrival of the new data.

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW.

® Assoonas Shift Outgoes LOW the Output Data is subject to change. Output Ready will go HIGH or remain LOW depending on whether there are any additional
words in the FIFO.

MASTER RESET /

— . \

I IMRIRH |

OUTPUT READY

le— IMRORL~> - tMRS —
SHIFTIN *

DATA OUTPUTS TN

<—lMRO—>|

@ FIFO is initially full. Figure 8. Master Reset Timing
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67C401/13 67C402/23 Advanced
Micro
First-In First-Out (FIFO) 64x4, 64x5 Memory Devices
10/15 MHz (Cascadable) CMOS
Features Ordering Information
¢ Zero standby power Pant
¢ High-speed 15-MHz shift-in/shift-out rates Number |Package [Temp| Output Description
¢ Very low active power consumption
i P P 67401-10 Com |Totem Pole| 10 MHz 64x4
o TTL-compatible inputs and outputs
¢ Readily expandable in word width and depth 67401-15 Com | Totem Pole| 15MHz 64x4
* RAM-based architecture for short fall-through delay 674013-10 D 020 Com |3-State 10 MHz 64x4
* Full CMOS 8-transistor cell for maximum noise immunity 674013-15 | pPD 020: Com |3-State 15MHz 64x4
* Asynchronous operation 67c402-10 | PL020 | com | Totem Pole| 10MHz 64x5
* Output Enable feature (67C4013/23) 67C402-15 Com [Totem Pole| 15MHz 64x5
General Description 67C4023-10 C 3-Stat 10MHz 64x5
- om |3-State z 64x
The 67C40X/XX series devices are high-performance CMOS
RAM-based First-In First-Out (FIFO) buffer memory products 67C4023-15 Com |3-State 15MHz 64x5
organized as 64 words by 4 or by 5 bits wide. These devices use
Monolithic Memories’ latest CMOS process technotogy and Pin Configurations
meet the demands for high-speed, low-power operation. By 67C401/13
utilizing an on-chip, dual-port RAM, a very short fall-through
time is realized, thus improving overall system performance. By — B
using both Read and Write pointers for addressing each memory NC/oE E E vee
location, the data can propagate to the outputs in much less time INPUT READY E E SHIFT OUT
than in traditional register-based FIFOs. These FIFOs are easily
integrated into many applications and perform particularly well SHIFT IN E E OUTPUT READY
for high-speed disc controllers, graphics, and communication 0o E E ot
network systems. The 550-uwatt standby power specification
makes these devices ideal for ultra-low-power and battery- D1 E E o1
powered systems. DATA IN ) E E o2 OUTPUTS
D
Block Diagram l s [ E o3
INPUT SHIFT DATA IN
RE%'JV IN ano 5] 9] MASTERRESET
INPUT INPUT
cthTnon. REGISTER 67C402/23
oGIC J
MASTER NC/OE |1 E vce
RESET
INPUT READY E [17] swiFr out
WRITE 64x4/5 READ
| POINTER =p| DUAL PORT |4 POINTER | SHIFT IN E E OUTPUT READY
COUNTER RAM COUNTER : D
po f4 15] 00
: D1 E 73] 01
ouTPUT OUTPUT ourPuT 1 oatain { 02 [s] E o2 | oureurs
ENABLE REGISTER ONTROL
LOGIC D3 E E o3
l s [5] ] o0
DATA OUT SHIFT OUTPUT ano [5] [10] MASTER RESET
OUT READY

Pubfication # Rev. Amendment
10683 A 0
issue Date: May 1988
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Absolute Maximum Ratings

Supply voltage Vs

Input voltage

Off-state output voltage
Storage temperature

-05Vto7V
-15Vto7V
-05Vto Ve
-65°C to +150°C

+05V

POWEr diSSIPAtION ...ttt e e e e e e e i 1.0W
Latch-up trigger current (all QUIPULS) .. o. ettt ettt e e et et e it 140 mA
Operating Conditions over Temperature Range
SYMBOL PARAMETER FIGURE MSILCMX/XX'\::X M?LCNX/XXI\LS\X UNIT
Voo Supply voltage 45 55 {45 5.5 \
TA Operating free-air temperature 0 . 70 {0 70 | °C
fiN Shitt in rate 1 10 15 | MHz
tgiH Shift in HIGH time 1B 14 14 ns
tsiL Shift in LOW time 1 25 25 ns
tips Input data setup to Si (Shift In) 1 0 0 ns
tiDH Input data hold time from SI (Shift In) 1 40 40 ns
tRIDS Input data setup to IR (Input Ready) 3 0 0 ns
tRIDH input data hold time from IR (Input Ready) 3 30 30 ns
fout Shift out rate 4 10 15 | MHz
tsoH Shift out HIGH time 4B 24 21 ns
tsoL Shift out LOW time 4 25 25 ns
tvRwW Master Reset pulse 35 35 ns
tVMRS Master Reset to SI 8 65 65 ns
* See AC test and high-speed application note.
Electrical Characteristics Over Operating Conditions
SYMBOL PARAMETER TEST CONDITION P CAOXXXD | a XS LN
T Low-level input voltage 0.8 08 v
V|H' High-level input voltage 2 2 Vv
IN Input current Vee = MAX  GND<V|N <Vco -1 1 -1 1 uA
loz Off-state output current Ve = MAX  GND<VouT <Vco -5 5 -5 5 uA
oL =20 uA 0.1 0.1
VoL Low-level output voltage Vce = MIN Vv
oL =8 mA 0.4 0.4 :
IOH = -20 uA vee 0.1 Veg -0.1 ]
VOH High-level output voltage Vce = MIN \
IOH = -4 mA 24 24
log™" | Output short-circuit current | VoG = MAX| Vg =0V -90 -20 -90 -200 | mA
. Standby supply current Voo = MAX \\;:E ::\(/3?\1% 100 100 | wA
Operating supply current lout =0 X:\]H z :\QET\TI—\A;\';?AX 35 45 mA

* These are absolute voltages with respect to GND (Pin 9) and include all overshoots due to system and-or lester noise

** Not more than one oulput should be shorted at a time, and duration of the short circuit should not exceed one second
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Switching Characteristics Over Operating Conditions

67C40X/XX-10 67C40X/XX-15
SYMBOL PARAMETER FIGURE MIN Max | MIN MAX UNIT
tirL” Shift In 1 to Input Ready LOW ] 60 55 | ns
tRH" Shift In | to Input Ready HIGH 50 50 | ns
torL” Shift Out ! to Output Ready LOW 55 45 | ns
toRH" Shift Out | to Output Ready HIGH 4 50 41 | ns
toDH Output Data Hold (previous word) 5 5 ns
tops Output Data Shift (next word) 35 30| ns
tpT Data throughput 36 100 90 | ns
tMRORL | Master Reset | to Output Ready LOW 100 100 | ns
tMRIRH Master Reset | to Input Ready HIGH 8 100 100 | ns
tMRO Master Reset | to Outputs LOW 35 35 | ns
tipH Input ready pulse HIGH 3B 18 16 ns
topPH Output ready pulse HIGH 6,8 14 14 ns
torRD Output ready ! to Data Valid 4 -3 -3 | ns
t 25 25
PHZ Output Disable Delay ns
tprz A 25 25
t 30 30
- PzL Output Enable Delay ns
tpzH 30 30
* See AC test and high-speed application note.
Capacitances*
67C40X/XX-10 67C40X/XX-15
SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT
CIN Input capacitance TA=25°C, f=1MHz 10 10 { pF
CouT | Output capacitance Vec =45V 7 7| pF
* Not tested in production.
3v
OUTPUT ENABLE vr 7[ v
ov
tpzL—> |e——tpLz——>1 S1AND
S2CLOSED
WAVEFORM1 | S1CLOSED \ 15V
$2 OPEN K"T . VoL +05V
VoL
tpZH—» [+—'PHz—> 1 v
OH
WAVEFORM 2 stopeN Yy —VOH 05V
$2CLOSED / 15V
ov
S1AND
Vr=15 $2 CLOSED
Figure A. Enable and Disable
Waveform 1is for a data output with internal conditions such thatthe outputis
low except when disabled by the output control.
Waveform 2 is for a data output with internal conditions such that the outputis
high except when disabled by the output control.
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Standard AC Test Load

5V

OUTPUT —© TEST POINT

R2 = 30pF

Input Pulse Amplitude = 3 V

input Rise and Fall Time (10%-90%) = 2.5 ns
Measurements made at 1.5V

All Diodes are 1N916 or 1N3064

Functional Description
Data Input

The FIFO consists of adual-port RAM and two ring counters for
read and write. After power-up, the Master Reset should be
pulsed LOW, which internally resets both the read and write
counters. When the Input Ready (IR} is HIGH, the FIFO is ready
to accept DATA from the Dy inputs. Data then present at the
inputs is written into the first location of the RAM when Shift-In
(S!) is brought HIGH. A SIHIGH signal causes the IRtogo LOW.
When the Sl is brought LOW and the FIFO is not full, IR will go
HIGH, indicating that more room is available. The write pointer
now points to the next location in the RAM. If the memory is full,
then the IR will remain LOW,

Data Output

Data is read from the Oy outputs. Just after the first shift-in, the
first data word is available at the outputs, which is indicated by
the Output Ready (OR) going HIGH. When the OR is HIGH, data
may be shifted out by bringing the Shift-Out (SO) HIGH. AHIGH
signal at SO causes the read pointer to point to the next location
in the RAM, and also the OR to go LOW. Valid data is maintained
while the SO is HIGH. When the SO is brought LOW, the OR
goes HIGH, indicating the presence of new valid data. If the
FIFO is emptied, OR stays LOW, and Oy remains as before, (i.e.,
data does not change if the FIFO is empty). A dual-port RAM
inside the chip provides the capability of simultaneous and
asynchronous writes (Shift-Ins) and reads (Shift-Outs).

Resistor Values

loL R1 R2
8 mA 600 () 1200 )
Three-State Test Load
TEST POINT" Vi

®

wn
-

o oo Q
E
2

x

1d-1ld

CL b3
= R2 %
5 pF <

i
L B B B )

II}
1o

AC Test and High-Speed App. Notesv

Since the FIFQ is a very-high-speed device, care must be exer-
cised in the design of the hardware and the timing utilized within
the design. Device grounding and decoupling is crucial to
correct operation as the FIFO will respond to very small glitches
due to long reflective lines, high capacitances and/or poor
supply decoupling and grounding. Monolithic Memories recom-
mends a monolithic ceramic capacitor of 0.1 uF directly between

-V and GND with very short lead length. In addition, care must

be exercised in how the timing is set up and how the parameters
are measured. For example, since an AND gate function is
associated with both the Shift-In-Input Ready combination, as
well as the Shift-Out-Output Ready combination, timing meas-
urements may be misleading; i.e., rising edge of the Shift-In
pulse is not recognized until Input ready is HIGH. if input Ready
is not high due to (a) too high a frequency, or (b) FIFO being full
or effected by Master Reset, the Shift-In activity will be ignored.
This will affect the device from a functional standpoint, and wili
also cause the “effective” timing of Input Data Hold time (T|pH)
and the next activity of Input Ready (T|Ri) to be extended
relative to Shift-In going HIGH. This same type of problem is
also related to T|RH, TORL. and TORH as related to Shift-Inand
Shift-Out. For high-speed applications, proper grounding tech-
nique is essential.
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A, 1A
N IN

SHIFT IN Ae——1gIH F tsIL A \
YRH
INPUT READY \ / la—ty g —>

e OATA von—XQNCARXRRRNORNRNXX._ >CARXXCRRXCROOXXAONAD

la—tiDS

Figure 1. Input Timing

SHIFT IN \_-—W

O
INPUT READY k—"‘é(® L—_%/_—_—K:

weur o 0 sraoce onra—— A RARRREARARRRED 2

Figure 2. The Mechanism of Shifting Data into the FIFO

@ input Ready HIGH indicates space is available and a Shift-In pulse may be applied.
@ Input Data is loaded into the first available memory iocation.
@ Input Ready goes LOW indicating this memory location is full.
@ Shift-In going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH.
@ If the FIFO is already full then the Input Ready remains low.
Note: Shift-In pulses applied while input Ready is LOW will be ignored.

SHIFT OUT / 5(

®\
e/ __

G\

INPUT READY ? tpr pH \

tRiDS [ e———'RIDH
e oan OO AR e :ﬂm

Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH

@ FIFO is initially full.

@ Shift In is held RHIGH.

@ Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO.
@ As soon as Input Ready becomes HIGH the Input Data is loaded into this location.
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Moyt - Moyt >

SHIFT OUT % \
/ N\ /
<~——1s0H tsoL | toRH |

OUTPUT k r

READY g \

topbs |'orRD }+—1toRL
pid A-DATA )m( B-DATA ngggggg»( C-DATA
tooH

Figure 4. Output Timing

@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word)
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together.

SHIFT OUT Wc___‘

OUTPUT READY \® k———A(®

OUTPUT DATA A-DATA ( B-DATA
A OR B>

Figure 5. The Mechanism of Shifting Data Out of the FIFO

(@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied.
@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register.
Output data remains as valid A-Data while Shift-Out is HIGH.
@ Output Ready goes LOW.
@© Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs.
® it the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data).

SHIFT IN F

(]

le——topH ——>

Figure 6. tpT and topH Specification

@ FIFO initially empty.

@ Shift-Out held RIGH.

@ Shift-In pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In.
® As soon as Output Ready becomes HIGH, the word is shifted out.
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SHIFT OUT » \(@
® TTIITII I
oUTPUTREADY Lzl
® _0
OUTPUT DATA ‘( A-DATA . x

Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH

@ The internal logic does not detect the presence of any words in the FIFO.
@ New data (A) arrives at the outputs.

® Output Ready goes HIGH indicating arrival of the new data.

@ Since Shift Out is held HIGH, Output Ready goes immediately LOW.

® Assoon as Shift Out goes LOW the Output Data is subjectto change. Output Ready wilt go HIGH or remain LOW depending on whether there are any additional
words in the FIFO.

WASTER RESET ./
IMRW
INPUT READY P /r \
} tMRIRH |
OUTPUT READY
[+—tMRORL—> - MRS ~|
SHIFT IN
oA ouTRUTS HHIHILY
<—lMRO-‘>l

Figure 8. Master Reset Timing
@ FIFO s initially full.

lce vs. Frequency:
50
40 -
30 |-
<
€
|
8
- 201
10} - 0°
Tp=0°C
IN =lout
VjL = MAX, Vj; = MIN
[1] | A 1
0 1 5 10 15

FREQUENCY — MHz

67C401/13 67C402/23 2-71




TIME —ns

TIME — ns

67C40X/XX-15

Guaranteed Distribution of t|py, tsOH vs. Temperature (For Cascadability Only)

67CA0X/XX-15 Veg=55V

Veg =45V

30

TIME —ns

30

25

»
o

TIME — ns

AMBIENT TEMPERATURE — °C

AMBIENT TEMPERATURE — °C

P

Veg =55V

67C40X/XX-10

67C40X/XX-10

Veg =45V

TIME —ns

AMBIENT TEMPERATURE — °C

AMBIENT TEMPERATURE — °C

Guaranteed Distribution of topH, 1§IH vs. Temperature (For Cascadability Only)

Veg =45V 67C40X/XX-10/15 Vec =55V

67C40X/XX-10/15

TIME —ns

70
AMBIENT TEMPERATURE — °C

AMBIENT TEMPERATURE — °C
Figure B. Cascadability
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67C4033 1

. . Advanced
First-In First-Out (FIFO) Micro
64x5 Memory 10/15 MHz (Cascadable) CMOS Devices
DISTINCTIVE CHARACTERISTICS ORDERING INFORMATION

e Zero standby power Part

* High-speed 15-MHz shift-in/shift-out rates Number Package Temp | Description

¢ Very low active power consumption 67C4033-10| CD 020, PD 020, PL 020 | Com |10 MHz injout

67C4033-15/CD 020, PD 020, PL 020 | Com {15 MHz in/out

¢ TTL-compatible inputs and outputs

* Readily expandable in word width and depth

o Half-Full and Almost-Full/Empty status flags

* RAM-based architecture for short fall-through delay

e Full CMOS 8-transistor cell for maximum noise immunity

CONNECTION DIAGRAMS

o Asynchronous operation 67C4033
\J
¢ Qutput enable ‘ . o E E vee
GENERAL DESCRIPTION wacr e [2 5] Ausosr ruLLwpY
The 67C4033 device is a high-performance CMOS RAM-based INPUT READY E E SHIFT OUT
First-In First-Out (FIFO) buffer product organized as 64 words
. ) ) : e ) SHIFT IN OUTPUT READY
by 5 bits wide. This device uses Monolithic Memories’ latest E E
CMOS process technology and meets the demands for high- DOE E oo
speed, low-power operation. By utilizing an on-chip, dual-port
RAM, a very short fall-through time is realized, thus improving ’ o1 E E o1
overall system performance. By using Read and Write pointers INPUT | o 17 Ta] o2 | OUTPUT
foraddressing each memory location, the data can propagate to DATA ] j DATA
the outputs in much less time than in traditional register-based D3 E E [oX]
FIFOs. These FIFOs are easily integrated into many applications
and perform particularly well for high-speed disk controllers, D“E Em
graphics, and communication network systems. The 550 uwatt GND E E MASTER RESET
standby power specification of this device makes it ideal for
ultra-low-power and battery-powered systems.
- BLOCK DIAGRAM
INPUT j SHIFT IN DATA IN
READY T
INPUT
CONTROL INPUT
. LOGIC REGISTER MASTER
RESET
WRITE 64x5 READ
t—>| POINTER $| DUAL PORT |« POINTER |-
COUNTER RAM COUNTER
OUTPUT
FLAG ENABLE OUTPUT
HALF FULL CONTROL — ] R%ZTS#'ER CONTROL
ALMOST FULL/ = LOGIC LOGIC  |«—y
EMPTY
l |
DATA OUT SHIFT OUTPUT
OUT READY

Publication # Rev. Amendment
10684 A 0
Issue Date: January 1989
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ABSOLUTE MAXIMUM RATINGS

Supply voltage Voo
Input voltage
Off-state output voltage
Storage temperature

-05Vto7V
-1.5Vto7V
... 05Vto Vs t05V
-65°C to +150°C

POWEr diSSIPAtION ...\t e e e e e 1.0W
Latch-up trigger current, all OUIPULS . ... .ottt ittt ittt e te e et s eenenenanieeaeneennnnnens 140 mA
OPERATING RANGES over Temperature Range
SYMBOL PARAMETER FIGURE MI:704033-1I\(: AX | M 13704033'1"‘5 ax |UNIT
Vee Supply voltage 4.5 55 | 45 55 \
Ta Operating free-air temperature 0 70 |0 70 | °C
fiN Shift In rate 1 10 15 | MHz
tsiH Shift in HIGH time 1B 14 14 ns
tsiL Shift in LOW time 1 25 25 ns
tips Input data setup to Sl (Shift In) 1 0 0 ns
tiDH Input data hold time from SI (Shift In) 1 40 40 ns
tRIDS Input data setup to IR (Input Ready) 3 0 0 ns
tRIDH Input data hold time from IR (Input Ready) 3 30 30 ns
fouT Shift Out rate 4 10 ‘ 15 | MHz
tsoH Shift Out HIGH time 4B 24 21 ns
tsoL Shift Out LOW time 4 25 25 ns
tmRw” Master Reset pulse 8 35 35 ns
tMRS Master Reset to S! 8 65 85 ns
* See AC test and high-speed application note.
DC CHARACTERISTICS Over Operating Conditions
SYMBOL PARAMETER TEST CONDITION iy Ca0s3 | A0S [T
viL* Low-level input voltage 0.8 0.8 v
Y/ High-level input voltage 2 2 Y
N Input current Voo = MAX GND<V|N <Vce -1 1 -1 1 pA
loz Off-state output current Vee = MAX GND<VoyTt <Vce -5 5 -5 5 nA
IoL =20 pA 0.1 041
VoL Low-level output voltage Vee = MIN \"
loL =8 mA 0.4 0.4
loH =-20 uA Ve -01 Vce -0.1
VOH High-level output voltage Vce =MIN A
: IOH = -4 mA 24 24
los™™ | Output short-circuit current | Vo = MAX| Vg =0V -90 -20 -90 -20 | mA
oo Standby supply current . MAX. x:[’ Z\(/;‘.?\ICD 100 100 nA
Operating supply current lout =0 X:\’;’ z ?AOIUTV:' 'RAZI;?AX 35 45 mA

* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system and/or tester noise.
** Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
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SWITCHING CHARACTERISTICS over Operating Conditions

SYMBOL PARAMETER FIGURE MI:7C4033-1|3 AX MI:‘7C4033‘1H: AX UNIT
iRl Shift In ! to Input Ready LOW . 60 55 | ns
tRH" Shift In | to Input Ready HIGH .50 50 | ns
torL” Shift Out ! to Output Ready LOW 55 45 | ns
tORH* Shift Out | to Output Ready HIGH 4 50 41 | ns
topH Output Data Hold (previous word) 5 5 ns
tobs Output Data Shift (next word) 35 30 | ns
tpT Data throughput 3,6 100 90 | ns
tMRORL Master Reset | to Output Ready LOW 100 100 [ ns
tMRIRH Master Reset | to Input Ready HIGH 8 100 100 | ns
tMRO Master Reset | to Ouputs LOW 35 35 | ns
tMRHFL Master Reset | to Half-Full Flag LOW N 100 100 | ns
tMRAEH | Master Reset! to Almost Empty Flag HIGH 100 100 | ns
tipH Input ready pulse HIGH 3B 19 16 ns
toPH Output ready pulse HIGH 6B 14 14 ns
torD Output ready ! to Data Valid 4 -3 -3 | ns
tAEH Shift Out t to AF/E HIGH 0 110 110 | ns
tAEL Shift in ! to AF/E LOW 110 110 | ns
tAFL Shift Out t to AF/E LOW » 110 110 | ns
tAFH Shift It to AF/E HIGH 110 110 | ns
tHFH Shift In 1 to HF HIGH 1 110 110 | ns
tHEL Shift Out t to HF LOW 110 110 | ns
PHz Output Disable Delay ' 2 Bl s
tpLz A 25 25
PzL Output Enable Delay % ‘ % ns
tpzH 30 30
* See timing diagram for explanation of parameters.
CAPACITANCES*
SYMBOL PARAMETER TEST CONDITION e x| UNIT
CIN Input capacitance Ta = 25°C, f= 1 MHz 10 pF
CouT | Output capacitance Vcc=45V 7 pF

* Values not tested in production.
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THREE-STATE TEST LOAD

TEST POINT* vee
' 3v
1 SUTPUTENABLE vr / ve
s1 ov
f tpzi [e—"pLz—>| S1AND
¢ 52 CLOSED
L
WAVEFORM 1 STCLOSED \ 5V
oL Yy szopeN N7 . 1Y sy
T g v VoL
5pF T R2 2 h 4 tpzH— [4__1,,“2__, 1 ¢
T / voh-osv
WAVEFORM 2 'S10PEN v ——VOR -0.
s2cLosed A7 v ::—T__ 15V
> Vr=15V $1AND
L T S2 CLOSED

STANDARD A.C. TEST LOAD
5V
!
< R1
OUTPUT W ® TEST POINT
SR2 =X 30 pF

Input Pulse Amplitude = 3V

Input Rise and Fall Time (10%-90%) = 2.5 ns
Measurements made at 1.5 V

All Diodes are 1N916 or 1N3064

Figure A. Enable and Disable

Waveform 1 is for a data output with internal conditions such that the outputis
low except when disabled by the output control.

Waveform 2 is for a data output with internal conditions such that the outputis
high except when disabled by the output control.

RESISTOR VALUES
loL R1 R2
8 mA 600 02 1200 0

FUNCTIONAL DESCRIPTION
Data Input

The FIFO consists of a dual-port RAM and two ring counters for
read and write. After power-up, the Master Reset should be
pulsed LOW, which internally resets both the read and write
counters. When the Input Ready (IR) is HIGH, the FIFO is ready
to accept DATA from the Dy inputs. Data then present at the
inputs is written into the first location of the RAM when Shift-In
(SI) isbrought HIGH. A SI HIGH signal causes the IR togo LOW.
When the Sl is brought LOW and the FIFO is not full, IR will go
HIGH, indicating that more room is available. The write pointer
now points to the next location in the RAM. If the memory is full,
then the IR will remain LOW.

Data Output

Data is read from the Oy outputs. Just after the first shift-in, the
first data word is available at the outputs, which is indicated by
the Output Ready (OR) going HIGH. When the OR is HIGH, data
may be shifted out by bringing the Shift-Out (SO) HIGH. AHIGH
signal at SO causes the read pointer to point to the next location
in the RAM, and also the OR to go LOW. Valid data is maintained
while the SO is HIGH. When the SO is brought LOW, the OR
goes HIGH, indicating the presence of new valid data. If the
FIFOis emptied, OR stays LOW, and Oy remains as before, (i.e.,
data does not change if the FIFO is empty). A dual-port RAM
inside the chip provides the capability of simultaneous and
asynchronous writes (Shift-Ins) and reads (Shift-Outs).

AC TEST AND HIGH-SPEED APP. NOTES

Since the FIFO is a very-high-speed device, care must be exer-
cised in the design of the hardware and the timing utilized within
the design. Device grounding and decoupling is crucial to

" correct operation as the FIFO will respond to very small glitches
due to long reflective lines, high capacitances and/or poor
supply decoupling and grounding. Monolithic Memories recom-
mends a monolithic ceramic capacitor of 0.1 uF directly between
Ve and GND with very shortlead length. in addition, care must
be exercised in how the timing is set up and how the parameters
are measured. For example, since an AND gate function is
associated with both the Shift-In-Input Ready combination, as
well as the Shift-Out-Output Ready combination, timing meas-
urements may be misleading; i.e., rising edge of the Shift-In
pulse is not recognized until Input ready is HIGH. If Input Ready
is not high due to (a) too high a frequency, or (b) FIFO being full
or effected by Master Reset, the Shift-In activity will be ignored.
This will affect the device from a functional standpoint, and will
also cause the “effective” timing of Input Data Hold time (T)pH)
and the next activity of Input Ready (T|RL) to be extended
relative to Shift-In going HIGH. This same type of problem is
also related to T\RH, TORL, TORH, and the Status Flag timing as
related to Shift-In and Shift-Out. For high-speed applications,
proper grounding technique is essential.
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HF AND AFE STATUS FLAGS

The Half-Full (HF) will be high only when the net balance of
words shifted into the FIFO exceeds the number of words shifted
out by thirty-two or more (i.e., when the FIFO contains thirty-two
or more words). The Almost-Full/Empty (AFE) flag will be HIGH
when the FIFO contains fifty-six or more words or when the
FIFO contains eight or fewer words (see Figures 9, 10, and 11).

Care should be exercised in using the status flags because they
are capable of producing arbitrarily short pulses. For example, if

4,

the FIFO contains thirty-one words, and Sl and SO pulses are
applied simultaneously, the HF flag may produce an arbitrarily
short pulse, depending on the precise phase of Sl and SO.

The flags will always settle to the correct state after the
appropriate delay (e.g., THFL, THFH in this example). This
property of the status flags will clearly be a function of the
dynamic relation between S! and SO. Generally, the use of
level-sensitive, rather than edge-sensitive, status detection cir-
cuits will alleviate this hazard.

N

iN

SHIFT IN ft—g|H —»\t———— g -———f

INPUT READY _\___/—_«nm,_—»

oo oMY D

r—'ms

/] \

tiIRH

Figure 1. Input Timing

SHIFT IN

INPUT READY ;—Q(CD

¥__;

weur oara {TNTKe——svaae oara—— T

Figure 2. The Mechanism of Shifting Data into the FIFO

@ Input Ready HIGH indicates space is available and a Shift-In pulse may be applied.

@ Input Data is loaded into the first available memory location.
@ Input Ready goes LOW indicating this memory location is full.

@ Shift-In going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH.

® lithe FIFO is already full then the Input Ready remains low.
Note: Shift-In pulses applied while Input Ready is LOW wiil be ignored.

67C4033
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SHIFT OUT K
_ A
SHIFTIN -/ \

INPUT READY }D tor tipH

taIDS = ‘RIDH |
woros R o —— YN

Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH

@ FIFQ is initially full.

@ Shift In is held HIGH.

@ Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO.
(® As soon as Input Ready becomes HIGH the Input Data is loaded into this location.

Wouy Viout

ol
SHIFT OUT 4 \\ / . }
<~——!soH tsoL e YO RH
OUTPUT 7 \ |/ ] '/
READY
=—"10RL

tops {toRD

OUTPUT wz XXXXXX
DATA A-DATA ( B-DATA C-DATA

toDH—

Figure 4. Output Timing

(@® The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word).
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together.

SHIFT QUT %__

OUTPUT READY \® L——A(®

OUTPUT DATA A-DATA

AORB
Figure 5. The Mechanism of Shifting Data Out of the FIFO

@© Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied.
@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register.
Output data remains as valid A-Data while Shift-Out is HIGH.
® Output Ready goes LOW.
(® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs.
® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data).
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SHIFT IN
N

@
SHIFT OUT 7
OUTPUT READY /(D y

je——topH ——>=

Figure 6. tpT and topH Specification

@ FIFO is initially empty.

@ Shift-Out is held HIGH.

® Shift-In pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In
@© As soon as Output Ready becomes HIGH, the word is shifted out.

SHIFT OUT v®
© 7 \< ® 7777777447247 74
OUTPUT READY 41/’//////////////////
o @
OUTPUT DATA ( : A-DATA X E

Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH

@ The internal logic does not detect the presence of any data in the FIFO.
@ New data (A) arrives at the outputs.

® Output Ready goes HIGH indicating arrival of the new data.

® Since Shift Out is held HIGH, Output Ready goes immediately LOW.

® As soon as Shift Out goes LOW the Output Data is subject to change.
Output Ready will go HIGH or remain LOW depending on whether there are any additional upstream words in the FIFO.

'MASTER RESET \ /
. tMRW
INPUT READY /® L
! IMRIRH >|
OUTPUT READY
[<—tMRORL—> | «—————tMR§ ———————>|

SHIFT IN

DATA OUTPUTS ”””“h
<——lMRo—>|

Figure 8. Master Reset Timing
@ FIFO is initially full.
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MASTER RESET

HALF-FULL FLAG

ALMOST
FULLVEMPTY

—

tMRHFL. |

|——— tMRAEH ——»-

Figure 9. tMRHFL, tMRAEH Specifications

@ FIFOQintially has between 32 and 56 words.

<1SOH->
SHIFT OUT
«—— tAEH
ALMOST FULL/EMPTY /®
SHIFT IN

tgIH—

Figure 10. tAEH, tAEL Specifications

@ FIFO contains 9 words (one more than almost empty).

«——1tAEL

< tgiH >

SHIFT IN

tAFH

ALMOST FULL/EMPTY

/D

SHIFT OUT

'SOH

Figure 11. tAFH, tAFL Specifications

@ FIFO contains 55 words (one short of almost full).

[«——taFL
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SHIFT IN

HALF FULL ﬁ \
N—
«———tHFH ———

<—tsoH

SHIFT OUT

| HFL

Figure 12. tHFL, tHFH Specifications
® FIFO contains 31 words (one short of half full).

QUTPUT
ENABLE
HF  AF/E}— —{HF  ARE} — HFOE Ap/El—
R ) IR ) IR so SHIFT OUT
—1s! OR Sl OR SI OR
—{oo 0 Do oo Do oof—
—{pt o1 D1 o1 o1 o1}—
—2 02 D2 02 D2 02—
—o3 03 D3 03 D3 03—
—{04 g 04 D4 g 04 D4 = 04—
| S T i
COMPOSITE —HF  ARE[— —wF  aFEl- —HEQE apEl—
weur —( F— R sO R SO R sO}— COMPOSITE
READY — OR S| OR sl OR OUTPUT
—{Do 00 Do (] Do oof— READY
—o1 o1 D1 ot D1 o1f—
—o2 02 D2 02 D2 02—
—iD3 03 D3 03 D3 o3t—
- D4 71 04 D4 MR 04 D4 MR 04—
r 3 T b
—{Hr  AFE} —HF  AFE— —{HF OF apEf—
I SO IR so R sop—
SHIFT IN sl OR si OR st OR
—{po 00 Do 00 Do ool—
—{b1 o1 D1 ot D1 o1
—{b2 02 D2 02 D2 02—
—{p3 o3 D3 03 D3 03—
—{pa g 08 D4 pm 04 Damoq—_
L 1 1 MASTER RESET
HF HF
AF/E AF/E
HF HF
AF/E AF AF/E AE
HF HF
AF/E AF/E

Almost Full (AF) is eight words or less to FIFO full.
Almost Empty (AE) is eight words or less to FIFO empty

Figure 13. 192x15 FIFO

67C4033 2-81




8-BITS pey— 8-BITS

PAPER P

TAPE 64x8 cPy
READER st S0 10 RDY

ENBL S| IR OR
ALMOST FULL/ INTERRUPT
EMPTY
HALF FULL FLAG

Figure 14. Application for 67C4033 “Slow and Steady Rate to Fast ‘Blocked Rate’ ”

Note: Expanding the FIFOs in word width is done by ANDing the IR and OR as shown in Figure 13.

Icc Vs FREQUENCY

50

lec —mA

Tp=0°C
fin =tout
Vi = MAX, Vjy = MIN
0 1 | {
0 1 5 10 15
FREQUENCY — MHz
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TIME —ns

Guaranteed Distribution of t|pH, tsOQH vs. Temperature (For Cascadability Only)

67C4033-15 Veg=45V
30

AMBIENT TEMPERATURE — °C

67C4033-10 Vec=45V

15

10
70

AMBIENT TEMPERATURE — °C

TIME —ns

TIME —ns

30

30

67C4033-15

67C4033-10

AMBIENT TEMPERATURE — °C

AMBIENT TEMPERATURE — °C

Guaranteed Distribution of tgpy, tg|H vs. Temperature (For Cascadability Only)

67C4033-10/15 Ve

30

AMBIENT TEMPERATURE - °C

Figure B. Cascadability

TIME — ns

30

67C4033-10/15

AMBIENT TEMPERATURE — °C

Vee=55V

Voe=55V

Voo =55V

67C4033
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¢\
67C41 3 Advanced

Micro
First-in First-out (FIFO) 40 MHz 64x5 CMOS Memory Devices
DISTINCTIVE CHARACTERISTICS
» Zero standby power « Halif-Fuil and Almost-Full/Empty status flags
«» High-speed 40-MHz shift-in/shift-out rates « RAM-based architecture for short fall-through delay
« Very low active power consumption « Full CMOS transistor cell for maximum noise immunity
« TTL-compatible inputs and outputs « Asynchronous operation
» Readily expandable in word width « Output enable
GENERAL DESCRIPTION

The 67C413 device is a high-performance CMOS RAM- network systems. The 550-pwatt standby power specification of
based First-In First-Out (FIFO) buffer product organized  this device makes it ideal for ultra-low-power and battery-powered
as 64 words by 5 bits wide. This device uses Advanced systems.

Micro Devices' CMOS process technology and meets the

demands for high-speed, low-power operation. By utiliz- ORDERING INFORMATION

ing an on-chip, dual-port RAM, a very short fall-through

time is realized, thus improving overall system perform- Part
ance. By using Read and Write pointers for addressing Number Package Temp| Description
each memory location, the data can propagate to the
outputs in much less time than in traditional register- 67C413-40 |CD 020, PD 020, PL 020 | Com | 40 MHz in/out
based FIFOs These FIFOs are easily integrated into
many applications and perform particularly well for high-
speed disk controllers, graphics, and communication

CONNECTION DIAGRAM BLOCK DIAGRAM
67C413 INPUT
READY SHIFT IN DATAIN
— 4 .
1 I [20] vee t l
ALMOST
wawr ruu [ 2l ey /empry L INPUT
I co REGISTER
NPUTREADY |3 1] sHiFT ouT LoGic MASTER
RESET
siFtin ] [17] outPuT READY
y
Do E E oo WRITE 64x5 READ
POINTER DUAL PORT [«=eed POINTER
Dt E E o1 COUNTER RAM COUNTER
INPUT ouTPUT
pata | 02[1] 0 C R
o3[z] i3] 03 FLAG A ouTPUT
: HALF FULL-+—] CONTROL REGISTER [~+——1 CONTROL
oa[3] i2] 04 ALMOST———|  LOGIC i LoGIC
. FULL/EMPTY
ano ] [T1] MASTER RESET 1 ’
OUTPUT DATA SHIFT OUTPUT
ENABLE ouT our READY
This document contains information on a product under development at Advanced Micro icati Bey. Amendment
Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves 11721 B 0
the right to change or discontinue work on this proposed product without notice. Issue Date: January 1989
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FUNCTIONAL DESCRIPTION

Data Input

The FIFO consists of a dual-port RAM and two ring counters for
read and write. After power-up, the Master Reset should be
pulsed LOW, which internally resets both the read and write
counters. When the Input Ready (IR) is HIGH, the FIFO is ready
to accept DATA from the D, inputs. Data then present at the inputs
is written into the first location of the RAM when Shift-In (Sl) is
brought HIGH. An ST HIGH signal causes the IRto go LOW. When
the Sl is brought LOW and the FIFO is not full, IR will go HIGH,
indicating that more room is available. The write pointer now
points to the next location in the RAM. If the memory is full, then
the IR will remain LOW.

Data Output

Data is read from the O, outputs. Just after the first shift-in, the first
data word is available at the outputs, which is indicated by the
Output Ready (OR) going HIGH. When the OR is HIGH, data may
be shifted out by bringing the Shift-Out (SO) HIGH. AHIGH signal
at SO causes the read pointer to point to the next location in the
RAM, and also the OR to go LOW. Valid data is maintained while
the SO is HIGH. When the SO is brought LOW, the OR goes
HIGH, indicating the presence of new valid data. If the FIFO is
emptied, OR stays LOW, and O, remains as before (i.e., data
does not change if the FIFO is empty). A dual-port RAMinside the
chip provides the capability of simultaneous and asynchronous
writes (Shift-Ins) and reads (Shift-Outs).

OPERATING CONDITIONS over temperature range

67C413-10 67C413-15
Symbol Parameter Figure Min. Max. | Min. Max. | Unit
Vee Supply Voltage 4.5 55 4.5 5.5 Vv
Ty Operating Free-Air Temperature 0 70 0 70 °C
fin Shift In Rate 1 10 15 | MHz
to Shift in HIGH Time 1.8 14 14 ns
tSIL Shift in LOW Time 1 25 25 ns
tns Input Data Setup to Sl (Shift In) 1 0 0 ns
tion Input Data Hold Time from Si (Shift In) 1 40 ) 40 ns
tans Input Data Setup to IR (Input Ready) 3 0 o] ns
taiDH Input Data Hold Time from IR (Input Ready) 3 30 30 ns
four Shift Out Rate 4 10 15 | MHz
tson Shift Out HIGH Time 4B 24 21 ns
toor Shift Out LOW Time 4 25 25 ns
tuwa Master Reset Pulse 35 35 ns
tyurs Master Reset to Si 65 65 ns
* See AC test and high-speed application note.
THREE-STATE TEST LOAD
TEST POINT* vee
3v
M aﬁm—mms__liw
/ $1 S torz—> s1aND Y
P S2 CLOSED
\ 4 (SEENOTES) *saonen. 5(“1 = it
5(;:; L SR ¥ e tpz— I<——'PHZ——> 1 * VoL
Y o2
. R e A — v
i S1AND
L 1 S2 CLOSED
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ABSOLUTE MAXIMUM RATINGS
Supply voltage, V¢
Input voltage
Off-state output voltage ....
Storage temperature ..
Power dissipation ..........cccouvvenee
Latch-up trigger current, all options

-05Vto+7.0V
-1.5Vto7.0V
-05VtoV, +05V
...-65°C to + 150°C

e LOW
140 mA

ELECTRICAL CHARACTERISTICS over Operating Conditions

67C413-10 67C413-15
Symbol Parameter Test Condition Min. Max. | Min. Max. | Unit
\ Low-level Input Voltage 0.8 0.8 \"
Viu High-level Input Voltage 2 2 \
In Input Current Voo =MAX  GND<V, <V -1 1 -1 1 uA
loz Off-State Output Current Voo =MAX  GND<Vy <V -5 5 -5 5 pA
IOL =20 pA 0.1 0.1
VoL Low-Leve! Output Voltage Voo =MIN Vv
lg, =8 mMA 0.4 0.4
|y, =—20 uA V..—0.1 V..—0.1
Vou High-Level Output Voltage Vee=MIN [ O s cc cc v
loy=—4mA 2.4 24
los™ Qutput Short-Circuit Current Vcc = MAX Vo =0V ~90 -20 -90 -20 mA
Vin=VYec
Standby Supply Current 100 100 nA
l V,.=GND
cC Vi =MIN, V, = MAX
Operating Supply Current 35 45 mA
fin = four = MAX
* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system or tester noise.
** No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
STANDARD A.C. TEST LOAD RESISTOR VALUES
5V
T, loL R1 R2
s 8 mA 600 Q 1200 @
OQUTPUT ® TEST POINT
;» Ry == 30 pF

AC TEST AND HIGH-SPEED APP. NOTES

Since the FIFO is a very-high-speed device, care must be exer-
cised in the design of the hardware and the timing utilized within
the design. Device grounding and decoupling is crucial to correct
operation as the FIFO will respond to very small glitches due to
long reflective lines, high capacitances and/or poor supply
decoupling and grounding. Advanced Micro Devices recom-
mends a monolithic ceramic capacitor of 0.1 pF directly between
V¢ @nd GND with very short lead length. In addition, care must
be exercised in how the timing is set up and how the parameters
are measured. For example, since an AND gate function is asso-
ciated with both the Shift-In-Input Ready combination, as well as
the Shift-Out-Output Ready combination, timing measurements

may be misleading; i.e., rising edge of the Shift-In pulse is notrec-
ognized until Input Ready is HIGH. If Input Ready is not high due
to (a) too high a frequency, or (b) FIFO being full or effected by
Master Reset, the Shift-In activity will be ignored. This will affect
the device from a functional standpoint, and will also cause the
“effective” timing of Input Data Hold time (T,,,) and the next
activity of Input Ready (T,,,) to be extended relative to Shift-In
going HIGH. This same type of problem is also related to T,,,,,
Torw Torw @and the Status Flag timing as related to Shift-In and
Shift-Out. For high-speed applications, proper grounding tech-
nique is essential.
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67401 67401A 67402 67402A i

Advanced
First-In First-Out (FIFO) Micro
64x4 64x5 Standalone Memory Devices
DISTINCTIVE CHARACTERISTICS ORDERING INFORMATION
« Choice of 15 and 10 MHz shift-out/shift-in rates Part
+ Choice of 4-bit or 5-bit data width Number Package Temp Description
+ TTL inputs and outputs 67401 - [CD016,PD 016,PL020 | Com | 10 MHz 64x4 FIFO

« Readily expandable in word dimension only

« Structured pinouts. Output pins directly opposite
corresponding input pins 67401A |CD 016,PD 016,PL 020 Com | 15 MHz 64x4 FIFO

* Asynchronous operation 67402A |CD 018,PD 018,PL 020 Com | 15MHz 64x5 FIFO

67402 (CD 018,PD 018,PL 020 Com | 10 MHz 64x5 FIFO

GENERAL DESCRIPTION

The 67401/1A/2/2A are “fall-through” high-speed First-In allows usage in high speed tape or disc controllers and com-
First-Out (FIFO) memories organized 64 words by 4 bits munication buffer applications. Word length is expandable; FIFO
and 64 words by 5 bits respectively. A 15 MHz data rate depth is not expandable.

67401/A 64x4
13
o 4 -——— 0g
12
5 FIFO FIFO [——*> 01
Dy ———»1 62x4 BIT 11
oo | meur ey S4BT Ll outeur | 11 o
2 —»| STAGE STAGE 10 °
——>
D3 —7—> 3
S
INPUT
READY <-2—] INPUT REGISTER OUTPUT o 15 gﬁfr
3 CONTROL jumpi CONTROL jmmmip! CONTROL 14 oUTPUT
SHIFTIN — ™1 0aIC LOGIC LoGic [ >
READY
MASTER g T L T
RESET
67402/A 64x5
. 15 o0
Dy ————> 14
Dy -2 ] o1
1 13
Dy 8 > NPT p| S2CEIT Ly outeuT . 2
7 STAGE EG STAGE [|—> 03
D3 —> H
8 ——» 04
Dy —>]
R's:gl <21 INPUT REGISTER OUTPUT |17 f,’{,‘,”
3 | CONTROL pemmip! CONTROL jmmmip] CONTROL 16 OUTPUT
SHIFTIN — ™ | ogIC LOGIC LoGic —— >
READY
MASTER 10 T T T
RESET
Publication # Rev. Amendment

10676 B 0
Issue Date: February 1989
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CONNECTION DIAGRAMS

[
INPUT
READY | 2

SHIFTIN E
o0 [}

oata | %1 L]
N D’E
0, [7]

GND E

NCE

INPUT 2
READY

SHIFT IN E
oo [1]

o 5]
]
0, [7]

o, [3]

oo 3]

67401A
64x4
5] vec
[15] swiFTour
ouTPUT
READY
[13] 0o
g :‘ ouTPUTS
2
[10] 05
o] e
67402A
64x5

OUTPUTS

67401/A
64x4
FIFO

N FT
NC RDY NC Vccout

M
MY
%

)E o
D3 GND MA O3 NC

Plastic Chip Carrier

67402/A
64x5
FIFO

NP SFT
NC RDY NC Vce out

DRy
m
s

D4 GND MR 04 NC

Plastic Chip Carrier

LOGIC SYMBOL

67401/2

a/5
# Dg - Dyyq Oy Oy,

~&———1 INP RDY OUT RDY

—®{ SFTiN SFT OUT

4/5

10676-001A

PIN DESCRIPTION

Dy-D,, = Datalnput
0,-0,, = DataOutput

INP RDY = Input Ready

OUT RDY = Output Ready
SFTIN = ShiftIn

SFTOUT = Shift Out

MR = Master Reset
Veo = 5V Power Supply
GND = Ground
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ABSOLUTE MAXIMUM RATINGS

Supply voltage, V. .-1.5Vto+7.0V
Input voltage................ .-1.5Vtio+7.0V
Off-state output voltage . .-05Vtio+55V
Storage temperature ..........ccecevevercrneeneeninens -65°C to +150°C
OPERATING CONDITIONS
67401A/2A 67401/2
Symbol Parameter Figure Min Typ Max | Min Typ Max | Unit
Vee Supply Voltage 4.75 5 5.25 | 4.75 5 5.25 \
T, Operating Free-Air Temperature 0 75 0 75 °C
tont Shift-In HIGH Time 1 23 28t | 35 ns
ton Shift-In LOW Time 1 25 35 ns
s Input Data Setup 1 5 5 ns
ton Input Data Hold Time 1 40 45 ns
tsont Shift-Out HIGH Time 5 23 35 ns
tsoL Shift-Out LOW Time 5 25 35 ns
tvrw Master Reset Pulse 10 35 35 ns
tuRs Master Reset to Sl 10 35 35 ns
SWITCHING CHARACTERISTICS over Operating Conditions
67401A/2A 67401/2
Symbol Parameter Figure Min Typ Max| Min Typ Max | Unit
fin Shift-In Rate 1 15 10 MHz
tet Shift In to Input Ready LOW 1 40 45 ns
tIRHT Shift In to Input Ready HIGH 1 40 45 ns
fourt Shift-Out Rate 5 15 10 MHz
tor T Shift Out to Output Ready LOW 5 45 55 ns
toguT Shift Out to Output Ready HIGH 5 50 60 ns
toon Output Data Hold (previous word) 5 10 10 ns
toos Output Data Shift (next word) 5 45 55 ns
tor Data Throughput or “Fall Through” 4,8 1.6 3 us
tyroRL Master Reset to OR LOW 10 60 60 ns
YRIRH Master Reset to IR HIGH 10 60 60 ns
ten” Input Ready Pulse HIGH 4 23 23 ns
topn” Output Ready Pulse HIGH 23 23 ns
1 See AC test and high speed application note.
v
TEST LOAD % Input Pulse 010 3 V
$5600 Input Rise and Fall Time (10% - 90%)
The “TEST POINT is driven bly the output under test ® TESTPONT 5 ns minimum
and observed by instrumentation.
11Kkad = 20 Measurements made at 1.5V
3 pF
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DC CHARACTERISTICS over Operating Conditions

Symbol Parameter Test Conditions Min Typ Max Unit
Vi Low-level input voltage 0.8t v
Vi High-level input voltage 2t \Y
Vie Input Clamp Voltage Ve =MIN I, =-18 mA -1.5 \
It D4D,, MR -08 | mA

Low-Level Input Current Ve = MAX V=045V
.2 Sl, SO -1.6 mA
Iy High-Level Input Current Vee = MAX V=24V 50 pA
I Maximum Input Current Ve = MAX V=55V 1 mA
Vou Low-Level Output Voltage Vee =MIN lo, =8 mMA 0.5
Vou High-Level Output Voltage Voo =MIN lon =—0-9mA 2.4
IOS Output Short-Circuit Current Vee = MAX V=0V -20 ~-90 mA
67401 160
c Voo =MAX [ 67402 180
| Supply Current Alli
CcC inputs low.
All outputs open. 67401A 170
67402A 190

*

No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.

1 These are absolute voltages with respect to GND (PIN 8 or 9) and includes all overshoots due to system or tester noise.

FUNCTIONAL DESCRIPTION

Data Input

Afterpower up the Master Reset is pulsed low (Fig. 10) to prepare
the FIFOto acceptdatainthe firstlocation. When Input Ready (IR)
is HIGH, the location is ready to accept data from the D, inputs.
Data then present at the data inputs is entered into the first
location when the Shift In (Sl) is brought HIGH. An SIHIGH signal
causes the IR to go LOW. Data remains at the first location until
Slisbrought LOW. When Sl is brought LOW and the FIFO is not
full, IR will go HIGH, indicating that more room is available.
Simultaneously, data will propagate to the second location and
continue shifting until it reaches the output stage or a full location.
The first word is present at the outputs before a shift out is applied.
If the memory is full, IR will remain LOW.

Data Transfer

Once data is entered into the second cell, the transfer of any full
cell to the adjacent (downstream) empty cell is automatic,
activated by an on-chip control. Thus data will stack up at the end
of the device while empty locations will “bubble” to the front. t;
defines the time required for the first data to travel from input to the
output of a previously empty device.

Data Output

Datais read from the O, outputs. When datais shifted to the output
stage, Output Ready (OR) goes HIGH, indicating the presence of
valid data. When the OR is HIGH, data may be shifted out by
bringing the Shift Out (SO) HIGH. AHIGH signalat SO causes the
OR to go LOW. Valid data is maintained while the SO is HIGH.
When SO is brought LOW the upstream data, provided that stage
has valid data, is shifted to the output stage. When new valid data

is shifted to the output stage, OR goes HIGH. If the FIFO is emp-
tied, OR stays LOW, and O, remains as before (i.e., data does not
change if FIFO is empty).

Input Ready and Output Ready may also be used as status
signals indicating that the FIFO is completely full (Input Ready
stays LOW for at least t,;) or completely empty (Output Ready
stays LOW for at least t,;).

AC TEST AND HIGH SPEED APP. NOTES

Since the FIFO is a very-high-speed device, care must be exer-
cised in the design of the hardware and the timing utilized withing
the design. The internal shift rate of the FIFO typically exceeds
20 MHz in operation. Device grounding and decoupling is crucial
to correct operation as the FIFO will respond to very small glitches
due to long reflective lines, high capacitance and/or poor supply
decoupling and grounding. We recommend a monolithic ceramic
capacitor of 0.1 uF directly between V. and GND with very short
lead length. In addition, care must be exercised in how the timing
is set up and how the parameters are measured. For example,
since an AND gate function is associated with both the Shift In-
Input Ready combination, as well as the Shift Out-Output Ready
combination, timing measurements may be misleading;i.e., rising
edge of the Shift-in pulse is not recognized until Input-Ready is
High. If Input-Ready is not high due to too high a frequency or
FIFObeingfull or affected by Master Reset, the Shift-In activity will
be ignored. This will affect the device from a functional standpoint,
and will also cause the “effective” timing of Input Data Time (t;,.)
and the next activity of Input Ready (1 ;,) to be extended relative
to Shift-In going High. This same type of problem is also related
to t o top, @nd ty,, as related to Shift-Out.
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SWITCHING WAVEFORMS |
KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS

MUST BE WILLBE
STEADY STEADY

m MAY CHanGE WILL BE
FROM HTOL CHANGING
FROM HTOL

MAY CHANGE  WILL BE
ﬂ FROM LTOH CHANGING
FROM LTOH

DONT CARE, CHANGING,
ANY CHANGE ~ STATE
PERMITTED UNKNOWN

CENTERLINE
DOESNOT  |SHIGH
APPLY IMPEDANCE
“OFF* STATE
08125-040A
SWITCHING WAVEFORMS
Vi My

1
/ h SIL
SHIFTIN

INPUT READY

FHESECCOORNRRRSS
QA

INPUT DATA + |

| . *tps

Figure 1. Input Timing

100 ns 100 ns

4 35 ns
SHIFT IN

INPUT READY

INPUT DATA HOLD TIME

—+{ |=5ns

Figure 2. Typical Waveforms for 10-MHz Shift In Data Rate (67401/2)
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SWITCHING WAVEFORMS

® N\ :@
. 5
—X @_

INPUT DATA WSTABLE DATA

@ Input Ready HIGH indicates space is available and a Shift-In pulse may be applied.

TR KRR RRT AT
ML LA

@ Input Data is loaded into the first word.

@ Input Ready goes LOW indicating the first word is full.

@ The Data from the first word is released for “fall-through” to second word.

® The Data from the first word is transferred to second word. The first word is now empty as indicated by input Ready HIGH.

® |If the second word is already full, then the data remains at the first word. Since the FIFO is now full, Input Ready remains low.
NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 3).

Figure 3. The Mechanism of Shifting Data Into the FIFO

- ‘/_&\\ “

o 2

tpT IPH
INPUT READY /® / \

KR CONEEONTCONRESORFCUTECONRCONRYCONFEONYRCHNYEONIY '
e oara A '

AIAAAAALAAA.A‘

................

® FIFO is initially full.

@ Shift Out pulse is applied. An empty location sarts “bubbling” to the front.

@ Shift In is held HIGH.

@ As soon as Input Ready becomes HIGH the Input Data is loaded into the first word.

® The Data from the first word is released for “fall through” to second word.

Figure 4. Data Is Shifted In Whenever Shift In and Input Ready Are Both HIGH

2-92 67401 67401A 67402 67402A



SWITCHING WAVEFORMS

«—tSOH i tsoL. /—-\_—
SHIFT OUT —_—
@ toRH
OUTPUT READY
\ / ————1ORL
[e———1tOoDS——»
tODH—>|
ﬂvv'v!!vvvvvv’v’
OUTPUT DATA A-DATA B-DATA " C-DATA

o

® The diagram assumes that at this time, words 63, 62, and 61 are loaded with A, B, and C Data, respectively.
® Data is shifted out when Shift Out makes a HIGH-to-LOW transition.

Figure 5. Ouput Timing

100 ns 100 ns

35 ns —»
SHIFT OUT ——/ ———-/[-——\——//—_—\—
OUTPUT READY

-\

A-DATA

C-DATA
OUTPUT DATA

® The diagram assumes that at this time words 63, 62, and 61 are loaded with A, B, and C Data respectively.
@ Data in the crosshatched region may be A or B Data.

Figure 6. Typical Waveforms for 10-MHz Shift Out Data Rate (67401/2)
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SWITCHING WAVEFORMS

To

SHIFT OUT

OUTPUT READY

0}

IR

m“o'u.mum

OUTPUT DATA A-DATA ) ‘
AORB

Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied.

Shift-Out goes HIGH causing the next step.

QOutput Ready goes LOW.

Contents of word 62 (B-DATA) to be released for “fall-through” to word 63.

Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs.

If the FIFO has only one word loaded (A-DATA) thén Output Ready stays LOW and the A-DATA remains unchanged at the outputs.
NOTE: Shift Out pulses applied when Output Reasdy is LOW will be ignored.

® e 6 e ® e

Figure 7. The Mechanism of Shifting Data Out of the FIFO

SHIFT IN __/—\\

SHIFT OUT

/CD /L—'opn—>

OUTPUT READY

@ FIFO is initially empty.
@ Shift Out held HIGH.

Figure 8. t..andt,,, Specification
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SWITCHING WAVEFORMS
SHIFT OUT _\<®
OUTPUT READY

o

QUTPUT DATA A-DATA

@ Word 63 is empty.

@ New data (A) arrives at the outputs (word 63).

@ Output Ready goes HIGH indicating arrival of the new data.

@ Since Shift Out is held HIGH, Output Ready goes immediately LOW.

® As soon as Shift Out goes LOW the Output Data is subject to change as shown by the dashed line on Output Ready.

Figure 9. Data Is Shifted Out Whenever Shift Out and Output ready Are Both HIGH

tMRW

MASTER RESET -——-\ /

INPUT READY
% wron.

OUTPUT READY \

MRS X

SHIFT IN

® FIFO is initially full.

‘ Figure 10. Master Reset Timing
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C67401 C67401A C67402 C67402A

bn

Advanced
First-In First-Out (FIFO) Micro
64x4, 64x5 Cascadable Memory Devices
DISTINCTIVE CHARACTERISTICS ORDERING INFORMATION
» Choice of 15 and 10 MHz shift-out/shift-in rates Part
+ Cholce of 4-bit or 5-bit data width Number Package Temp | Description
« TTL inputs and outputs C67401 |CD 016,PD 016,PL 020 Com | 10 MHz 64x4 FIFO
» Readily expandable in the word and bit dimensions C67402 | CD 018,PD 018,PL 020 Com | 10 MHz 64x5 FIFO
* Structured pinouts. Output pins directly opposite C67401A| CD 016,PD 016,PL020 | Com | 15 MHz 64x4 FIFO

corresponding input pins !

. Asynchronous operation C67402A| CD 018,PD 018,PL 020 Com | 15MHz 64x5 FIFO

GENERAL DESCRIPTION

The C67401/2/1A/2A are “fall-through” high speed First-In First-
Out (FIFO) memory organized 64 words by 4 bits and 64 words
by 5 bits respectively. A 15 MHz data rate allows usage in high

speed tape or disc controllers and communications buffer appli-
cations. Both word length and FIFO depth are expandable.

C67401A 64x4 C67402A 64x5
) 0o
Dg —~>: 53> %0 Do ——>: —»:i o
— ] " —25] FIFO LN FIFO | —
o1 —5 ™1 o 62 X 4 BIT obveur |2 e 8: O~ weur il outpur [T 22
D2 — ™| STAGE REGISTER staGe [ 11 o 0 —>| STAGE /| stace 5 03
03 —* (R Dy —g> > 04
o—————
T Ar 1t D £ S
INPUT 2 SHIFT INPUT _ 2 . SHIFT
READY INPUT REGISTER OuTPUT 15 OUuT READY INPUT REGISTER |-N| output 17 OuT
5 | contRoL Cfiggllgl CONTROL - coggng c?gglagl. cog'(rsngL ouTPUT
FT »| Locic LOGIC » OUTPUT »| oG /] oGl - U
o N READY N READY
i o] ! L ? 1

MASTER RESET

MASTER RESET

CONNECTION DIAGRAMS

C67401A 64x4

e 1] E] vee
INPUT READY E E SHIFT QUT
suerin 3] 7] output READY
Do E E 00
o1 5] E o1
DATA IN 02 E E o
o3 [7] [17] os
ano [3] [5] mASTER RESET

SFT

ROY out

NG

64x4 233

FIFO 00
C67401/A

o1

ne [7] 18] vee
iNpUT READY [7] g
sHiFt i [3]
oo [4] 5] 0o
E o1 [5] 1] 01
% DATAIN D2 E E 02
7] ‘ o3 [7] [12] o3
1 oa [3] 1] os
FI ano [1]

C67402A 64x5

E OUTPUT READY

[10] WasTeAESET

17} SHIFT OUT

OUTPUTS

Hl&lmmm
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ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vi e, -05Vto+7.0V
Input voltage -1.5Vto+7.0V
Off-state output voltage .........ccccveeeereevererreneenne. -05Vto+55V

Storage temperature ..........coceeeeeeeriviereecennens —65°C to + 150°C

OPERATING CONDITIONS
C67401A/2A C67401/2

Symbol Parameter Figure Min. Typ. Max. | Min. Typ. Max. [ Unit
Vee Supply voltage 4.75 5 525 | 475 5 525 \
Ta Operating free-air temperature 0 75 0 75 °C
ton! Shift in HIGH time 1 23 23 ns
ton Shift in LOW time 1 25 35 ns
tios Input data setup 1 0 0 ns
tion Input data hold time 1 40 45 ns
tson Shift Out HIGH time 5 23 23 ns
tsoL Shift Out LOW time 5 25 35 ns
tyrw Master Reset pulse 10 35 35 ns
tyRs Master Reset to SI 10 35 35 ns

SWITCHING CHARACTERISTICS over Operating Conditions ,
C67401A/2A C67401/2

Symbol Parameter Figure Min. Typ. Max. | Min. Typ. Max. | Unit
fin Shift In rate 1 15 10 MHz
Y Shift In to Input Ready LOW 1 40 45 ns
tan Shift In to Input Ready HIGH 1 40 45 ns
four Shift Out rate 5 15 10 MHz
toRL Shift Qut to Output Ready LOW 5 45 55 ns
torm Shift Out to Output Ready HIGH 5 50 60 ns
oo Output Data Hold (previous word) 5 10 10 ns
toos Output Data Shift (next word) 5 45 55 ns
tor Data throughput or “fall through” 4,8 1.6 3 us
tRORL Master Reset to OR LOW 10 60 60 ns
tRIRH Master Reset to IR HIGH 10 60 60 ns
tiey Input Ready pulse HIGH 4 23 23 ns
topr” Output Ready pulse HIGH 8 23 23 ns

1 See AC test and High Speed application note.

*This parameter applies to FIFOs communicating with each other in a cascaded mode.

SWITCHING TEST CIRCUIT

56011

* The'TEST POINT" is driven by the output under test, pe
and observed by instrumentation. PRRLL

TEST POINT*

o= 30pF
1 P

Input Pulse 0 to 3V

Input Rise and Fall Time (10% - 90%})
5 ns minimum

Measurements made at 1.5V

C67401/1A/2/2A
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DC CHARACTERISTICS over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input voltage 0.8t Y
ViH High-level input voltage 2f v
Vic input clamp voltage Ve = MIN I} = -18mA -15 v
| iDg-Dp, MR -08 | mA

L1 Low-level 0"n Vo = MAX V| = 045V

Lo input current SI, SO -16 mA
™ High-level input current Veg = MAX vV, = 24v 50 uA
I Maximum input current VCC = MAX V| = 55V 1 mA
VoL Low-level output voltage Voo = MIN loL = 8mA : 05 \)
VoH High-level output voltage Vee = MIN loH = -09mA 24 \
los Output short-circuit current * | Vo = MAX Vg =0V -20 -9 | mA

7401 160

VoG = MAX 227402 180
lcc | Supply current All inputs low. mA

All outputs open. C67401A 170

C6702A 190

*Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
“tThere are absolute voltage with respect to device GND (Pin 8 or 9) and includes all overshocts due to test equipment

FUNCTIONAL DESCRIPTION

Data Input

After power up the Master Reset is pulsed low (Fig. 10) to
prepare the FIFO to accept data in the first location. When Input
Ready (IR) is HIGH the location is ready to accept data from the
Dy inputs. Data then present at the data inputs is entered into
the first location when the Shift In (SI) is brought HIGH. A SI
HIGH signal causes the IR to go LOW. Data remains at the first
location untit Sl is brought LOW. When Sl is brought LOW and
the FIFO is not full, IR will go HIGH, indicating that more room
is available. Simuitaneously, data will propagate to the second
location and continue shifting until it reaches the output stage
or a full location. The first word is present at the outputs before
a shift out is applied. If the memory is full, IR will remain LOW.

Data Transfer

Once data is entered into the second cell, the transfer of any full
cell to the adjacent (downstream) empty cell is automatic,
activated by an on-chip control. Thus data will stack up at the
end of the device while empty locations will “bubble” to the front.

tpT defines the time required for the first data to travel from input
to the output of a previously empty device.

Data Output

Data is read from the Ox outputs. When data is shifted to the
output stage, Output Ready (OR) goes HIGH, indicating the
presence of valid data. When the OR is HIGH, data may be
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal
at SO causes the OR to go LOW. Valid data is maintained while
the SO is HIGH. When SO is brought LOW the upstream data,
provided that stage has valid data, is shifted to the output stage.
When new valid data is shifted to the output stage, OR goes
HIGH. If the FIFO is emptied, OR stays LOW, and O, remains
as before, (i.e. data does not change if FIFO is empty). Input
Ready and Output Ready may also be used as status signals
indicating that the FIFO is completely full (Input Ready stays
LOW for at least tpT) or completely empty (Output Ready
stays LOW for at least tpT).

AC TEST AND HIGH-SPEED APP. NOTES

Since the FIFO is a very-high-speed device, care must be
exercised in the design of the hardware and the timing util-
ized within the design. The internal shift rate of the FIFO
typically exceeds 20 MHz in operation. Device grounding and
decoupling is crucial to correct operation as the FIFO will
respond to very small glitches due to long reflective lines,
high capacitance and/or poor supply decoupling and groun-
ding. We recommend a monolithic ceramic capacitor of 0.1
uF directly between Vo and GND with very short lead
length. In addition, care must be exercised in how the timing
isset up and how the parameters are measured. For example,
since an AND gate function is associated with both the Shift

In-Input Ready combination, as well as the Shift Out-Output
Ready combination, timing measurements may be mislead-
ing, i.e. rising edge of the Shift-In pulse is not recognized
until Input-Ready is High. If Input-Ready is not high due to
too high a frequency or FIFO being full or affected by Master
Reset, the Shift-In activity will be ignored. This will affect the
device from a functional standpoint, and will also cause the
“effective” timing of Input Data Time (tjpH) and the next
activity of Input Ready (t|gL) to be extended relative to Shift-
In going High. This same type of problem is also related to
tiRH, tORL and toRH as related to Shift-Out.
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ISIH h tsiL /L \
SHIFTIN
k

YRH
INPUT READY

INPUT DATA *
| *tps

A 23ns
SHIFT IN

INPUT READY

\ / e———UYRL

Figure 1. input Timing

100 ns 100 ns

INPUT DATA HOLD TIME

®

SHIFT IN

O

INPUT READY

L_A(@
EEOOFEOOHE VROV EONNEOO O EONYEOONYEGAAY RN SNV EOOYY
W st ama Y

Figure 3. The Mechanism of Shifting Data into the FIFO

@ Input Ready HIGH indicates space is available and a Shift In pulse may be applied.

@ Input Data is loaded into the first word.

@ Input Ready goes LOW indicating the first word is full.

@ The Data from the first word is released for “fall-through” to second word

@ The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH

If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low.

NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 4).

C67401/1A/2/2A 2-99




SHIFT OUT __/—&\L 5

N

SHIFT IN ._/ \é___
/® «—————— ftpT tiPH
INPUT READY

T
Y

Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH

Iy
D

STABLE DATA———)

® FIFO is initially full.

@Shift Out pulse is applied. An empty location starts “bubbling” to the front.
@ Shift In is hetd HIGH.
@As soon as Input Ready becomes HIGH the Input Data is loaded into the first word.

@ The Data from the first word is released for “fall through" to second word.

VtouTt: fouT

«—1tsoH tsoL /—\__—
SHFTOUT = —n ]

@ toRH
QUTPUT READY
\ / [e—————tORL.

OUTPUT DATA

C-DATA

@ The diagram assumes. that at this time. words 63. 62. 61 are loaded with A. B. C Data. respectively.

@ Data is shifted out when Shift Out makes a HIGH to LOW transition.

Figure 5. Output Timing
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100 ns 100 ns

f 23 ns —»
SHIFT OUT

OUTPUT READY

55ns

v ...........

A-DATA \

B
D
2
XU, |

: 8-DATA MNNNNN C-DATA
OUTPUT DATA ‘.‘.“.’..‘
\(D {4———45 ng——p=
Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate

@ The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B, C Data. respectively.

@ Data in the crosshatched region may be A or B Data.
SHIFT OUT i
OUTPUT READY @

— _‘ ______
WO XD
0 mmn o
) WX
<«——AORB

Figure 7. The Mechanism of Shifting Data Out of the FIFO.

@ Qutput Ready HIGH indicates that data is Qvailable and a Shift Out pulse may be applied.
@ Shitt OQut goes HIGH causing the next step.

@ Output Ready goes LOW.

® Contents of word 62 (B-DATA) is released for “fall through™ to word 63.

Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs.

If the FIFO has only one word loaded (A-DATA) then Cutput Ready stays LOW and the A-DATA remains unchanged at the outputs.

NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored.
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tpY
/(D Aé—lopn——»
OUTPUT READY

@ FIFO initially empty.

SHIFT OUT

Figure 8. tpy and tgpy Specification

SHIFT OUT Y@

OUTPUT READY -

OUTPUT DATA A-DATA

Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH.

@ Word 63 is empty. @ Since Shift Out is held HIGH, Output Ready goes immediately LOW.

@ New data (A) arrives at the outputs (word 63). @ As soon as Shift Out goes LOW the Output Data is subject to change
as shown by the dashed line on Output Ready.

@ Output Ready goes HIGH indicating the arrival of the new data.

MRW

MASTER RESET ——\ /

INPUT READY / \__
)D tMRORL

QUTPUT READY \

MRS X
SHIFT IN

@ FIFO initially full. Figure 10. Master Reset Timing
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INPUT READY «—] 1n SO.J-= IR SO fe—— SHIFT OUT
SHIFT IN —»| SI OR St OR f—» OUTPUT READY
—»|Dg Og Do og —
Dy O Dy o
DATA IN DATA OuT
—] D2 02 Dy o7 —>
—>103 MR ] D3 MR 03—
MASTER RESET O T j

Figure 11. Cascading FIFOs to Form 128x4 FIFO with C5/C67401A/1

FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the
FIFOs themselves.

SHIFT OUT
R so R S0 R so
si OR si oR si OR
— 0o Qg Do Qp Dg Qo
—oy Q Dy Q Dy ol
—1°2 Q2 D2 Q2 D2 Q2
1% mm 9 D3 7R @3 03 wR 9
COMPOSITE ? T T
INPUT READY COMPOSITE
C I IR so0 R so IR so OUTPUT READY
\—'FT s OR si OR s OR
—{po Qo Do Qo Do Qo
—1o Q Dy Qy Dy Q-
—]p2 Q2 D, Qy D2 [+73 =
1% wr @ D3 %R 93 b3 wRr 9
] S0 R so R so
SHIFT IN o on s OR s oR
o Qg Do Qg Do Q-
—o, o Dy Q 0y al-
—1P2 Gz D2 Q2 D2 Q-
13 wr @ P3 ar @ D3 wR 93—
? T bt MASTER RESET

Figure 12. 192x12 FIFO with C5/C67401/1A

FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite
Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs.
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APPLICATIONS

RESET
| [ MR |
PAPER Gt cPU
TAPE FIFO
READER m> D gurrer © m>
Sl SO 10 RDY
OR INT

ENBL S| [ IR

NS

CLR
9602 D

oV =

c R

PR
]_1 | L vce
vce

NOTE: The output of monostable holds otf the “Butfer full” interrupt tor
100ns. It 100ns after shiftin, there has not been an input Ready to reset
the “D Flip-flop™ an interrupt is issued, as the FIFO is full. The CPU
then empties the FIFO before the next character is output from the

St

‘ D0-D7 t
SYSTEM A

OR
SO

tape drive.

Figure 13. Slow Steady Rate to Fast “Blocked” Rate

00-07
TRI-STATE

REGISTERS

- SO
OR
C67401
64x8 [
00-07
TRI-STATE
REGISTERS|
SYSTEM B
: D0-D7
C67401
64x8
IR
S|

NOTE: Both depth and width expansion can be used in this mode. The IR and
ORsignals are the anded versions of the individual IR and OR signals.

Figure 14. Bidirectional FIFO Application
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P

74S225/A Advariced
Micro

Asynchronous First-In First-Out Memory Devices

(FIFO) 16 x 5

Features/Benefits Ordering Information

* DC to 20-MHz shift-in/shift-out rates Part

o Fully expandable by word width and depth Number Package Temp | Description

o Three-state outputs 745225 CD 020, PD 020 Com |10 MHz in/out

e TTL-compatible inputs and outputs 74S5225A CD 020, PD 020 Com |20 MHz in/out

e Functionally compatible with T.l. SN74S225
* Designed for extended testability

Description

The 745225/A is a Schottky-clamped transistor-transistor logic
(STTL) 16x5 First-In-First-Out memory (FIFO) which operates
from DC to 10/20 MHz. The data is loaded and emptied on a

first-in-first-out basis through asynchronous input and output
ports. These devices are used in digital systems performing data
transfers when source and receiver are not operating at the
same data rate. FIFOs are also used as data buffers where the
source and receiver are not operating at the same time. Both
word length and FIFO depth are expandable. Unload clock

Pin Names output (Pin 3) is designed for testability of Vg .
PIN # PIN NAME DESCRIPTION . . .
Pin Configuration
1 CLKA Load clock A
2 IR Input ready 745225/A . . J or N Package
Top View
3 UNCK OUT Unload clock output (Top View)
'
4-8 D0-D4 Data inputs cika [1] 2] vee
9 OE Output enable R E [ cixs
3 15] CLR
10 GND Ground pin unck out 5 i
oo [4] 1] or
11-15 Q4-Qo0 Data outputs
D1 E 5] UNCK IN
16 UNCLK IN Unload clock input DATA 02 E E @
17 OR Output ready 03 E I‘] a1
18 CLR Clear D4 E E az OUTPUTS
19 CLKB Load clock B oF r,j_ 7] a3
20 Vee Supply voltage ano [i] 1] @
Block Diagram 9 OUTPUT ENABLE
15
— —
g; ™ FIFO 16x5 FIFO 13 02
——— > INPUT b m—p| OUTPUT 12
p3—L——| sTAGE REGISTER STAGE [ 47 =93

D4 ———»

3 |

| t

B em— 16
UNLOA?N?I%C:E%; | INPUT REGISTER OUTPUT é’,'_’ggfﬁ‘

T | contROL |e CONTROL »| CONTROL .
LOAD CLOCK A LOGIC LOGIC LOGIC L~ . OUTPUT
LOAD CLOCK B E:D_‘ T READY

crEar 18 >o i [
icati Rev, Amendment
10674 A 10

Issue Date: May 1988
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Absolute Maximum Ratings

SUPPIY VORBGE VGG ettt e e ettt sttt ettt e -05Vto7V
LT ) R - Vo T- -15Vto7V
Off-state OULPUt VORAGE .. .ottt i i e ittt i it ittt raaaaesoansnaeaesnnons -05Vto55V
LS (oo T (=Y 04T o T=T - (U (= -65 to +150°C
Operating Conditions
74S225A ‘745225
SYMBOL PARAMETER FIGURE MIN TYP MAX | MIN TYP max |YUNIT
Vee Supply voltage 4.75 525 | 4.75 5.25 \
ta Operating free-air temperature 0 7510 75| °C
tLCcKH LOAD CLOCK pulse width, A or B, t,, (HIGH) 2 22 36 | 25 ns
tps Setup time, data to load clock 2 -20t* -20t* ns
tioH Hold time, data from load clock 2 501 70! ns
tucKL UNLOAD CLOCK INPUT pulse width, t,, (LOW) 4 7 36 |7 ns
toLw CLEAR pulse width, t, (low) 2 20 40 ns
toLck Setup time, clear release to load clock, tg, 2 10 25t ns
* Data must be setup within 20 ns after valid Load Clock (A or B) pulse (positive transition).
1 = Arrow indicates that it is referenced to the LOW-to-HIGH transition.
Switching Characteristics over Operating Conditions
SYMBOL PARAMETER FIGURE M|N74'I§3§5AMAX MIN 7:.SY2:5 MAX UNIT
Cascade Mode™™ ]
fiN Load clock A or clock B 2 20 22 10 20 MHz
Standalone Mode
tLCIRL CLKAor CLKBto IRl ** 2 43 55 55 75| ns
tLccoL | CLKAor CLK Bto UNCK OUTI 2 31 40 25 50| ns
Cascade Mode™**
fouTt Unload clock input 4 20 22 10 20 MHz
' Standalone Mode
tUCKORL| UNCKINt to OR LOW 4 26 35 30 45| ns
tUCKORH| UNCKIN't to OR HIGH 4 32 45 40 60| ns
topH Output data hold, UNCK IN to output data 4 20 30 20 50 ns
tops Output data setup, UNCK IN to output data 4 41 55 50 75| ns
trip CLKAorCLKBtoOR't 7 167 220 190 300 ns
tocLoL CLRtoOR | 6 31 40 35 60 | ns
toLIiH CLRto IRt 6 15 20 16 35| ns
tuckow | Pulse width, UNCK OUT, t,, 2 7 11 7 14 ns
torD OR 't to output data 4 9 15 10 20| ns
tguBlI UNCK INto IR 1 (bubble-back time) 8 214 290 255 400 | ns
tBUBC UNCK IN to UNCK OUT | (bubble-back time) 8 226 290 270 400 | ns

| Arrow indicates that it is referenced to the HIGH-to-LOW transition.

** 16th word only.
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Switching Characteristics over Operating Conditions

SYMBOL PARAM Fl E 745225A 745225 UNIT
o ARAMETER GURE| \uN TYP MAX| MIN TYP MAX
tpHz N 8 25
Output disable delay, OE to Q;, C|_= 5 pF 1 10 25( ns
tpLz 18 25
tpzL —_ 19 40
Output enable delay, OE to Qj, C|_ = 5 pF 1 25 40| ns
tpzH , 23 40
Test Load for Bi-State Qutput Test Load for Three-State Output
vce
TEST POINT* yco RL
TEST POINT*
AL ? /'s1
OuTPUT OUTPUT ¢
l v
cL cL E;mn A 4
| :
CL=30pF CL=5pF s2
RL = 30002 RL.= 3000 L
* The “TEST POINT" is driven by the output under test,
and observed by instrumentation.
Input Pulse Amplitude = 3.0 V
Input Rise and Fall Time (15%-90%) = 2.5 ns
Measurements made at 1.5 V
3V
OUTPUT ENABLE vr vt
ov
«—tpzi — ] tpLz—| S1AND
$2 CLOSED
DATA OUTPUT S1CLOSED N :i 15V
WAVEFORM 1 52 OPEN (ﬁ’ — eV
oL
tpzH—> |<——‘PHz—> T ‘
— Vou
DATA OUTPUT S10PEN ZVT - —05V
WAVEFORM 2 $2CLOSED 7] ov 15v
S1AND
§2 CLOSED
Figure 1. Enable and Disable
Waveform 1 is for an output with internal conditions such that the output is
fow except when disabled.
Waveform 2 s for an output with internal conditions such that the output is high
745225/A 2-107



Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
ViL Low-level input voltage 0.8 \
VIH High-level input voltage 2.0 v
Vic Input clamp voltage Voo = MIN I} = -18mA -15 \)
i !.ow-level Do-Dg Veg = MAX V=05V -1 mA
I input current All others -25 | mA
| High-level input t \' MAX V=27V Data inputs 40 A

igh-level input curren = =2
IH 9 P ce ' Others 25 | ¥
Iy Maximum input current Veg = MAX V=55V 1 | mA
. loL = 16 mA (Data outputs)

VoL Low-level output voltage Vee = MIN 0.5 \
loL = 8 mA (All others)
loH = -6.5 mA (Data outputs)

VoH High-level output voltage Voo = MIN 2.4 Vv
loH = -3.2 mA (All others)

los Output short-circuit current™ | Voo = MAX| Vg =0V -30 -100 | mA

1 Ve = MAX Vo =24V 50 | pA

Hz Off-state output current co 0

Lz Voo = MAX Vo=05V -50 nA
Inputs low, All 745225 80 120

! Supply current Voo = MAX mA

ce PRl ce outputsopen | 7452254 80 125

T Tomeasure Vo on Pin 3, force 10V on Pin 9 (Extended Tesiability).

** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

Functional Description
Data Input

After power up the CLEAR is pulsed low (Figure 5) to prepare the
FIFO to accept data in the first location. Clear must be applied
prior to use to ensure proper operation. When Input Ready (IR)
is HIGH, the first location is ready to accept data from the Dy
inputs. Data then present at the data inputs is entered into the first
location when both Load Clocks (CLK A and CLK B) are brought
HIGH. The CLK A HIGH and CLK B HIGH signal causes the IR
and UNCK OUT to pulse LOW. Once data is entered into the first
cell, the transfer of data from any full cell to the adjacent (down-
stream) empty cellis automatic, activated by an on-chip control.
Thus data will stack up at the end of the device while empty

" locations will “bubble” to the front. tR | p defines the time required
for the first data to travel from input to the output of a previously
empty device. When the sixteenth word is clocked into the
device, the memory is full (sixteen words) and IR remains low.
The Unload Clock Output is provided chiefly for use in cascading
devices to extend FIFO depth (Figure 9). When Input Ready is
Low, do not attempt to shift-in new data.

Data Output

Data is read from the Q, outputs. When data is shifted to the
output stage, Output Ready (OR) goes HIGH, indicating the
presence of valid data. When-the OR is HIGH, data may be
shifted out by bringing the Unload Clock Input (UNCK IN) LOW.
ALOWsignal at UNCK IN causes the OR to go LOW. Valid data is
maintained while the UNCK IN is LOW. When UNCK IN is
brought HIGH the upstream data, provided that stage has valid
data, is shifted to the output stage.

When new valid data is shifted to the output stage, OR goes
HIGH. If the FIFO is emptied, OR stays LOW and Data remains
valid for the last word.

Input Ready and Output Ready may also be used as status
signals indicating that the FIFO is completely full (Input Ready
stays LOW for at least tgypgi)) or completely empty (Output
Ready stays LOW for at least tR)p).

AC Test and High-Speed App. Notes

Since the FIFO is a high-speed device, care must be exercised in
the design of the hardware and the timing utilized within the PC
board design. Device grounding and decoupling is crucial to
correct operation as the FIFO will respond to very small glitches
due to long reflective lines, high capacitances and/or poor
supply decoupling and grounding. We recommend a monoli-
thic ceramic capacitor of 0.1 uF directly between Vo and GND
with very short lead length. In addition, care must be exercised in
how the timing is set up and how the parameters are measured.
For example, since an AND gate function is associated with both
the Load Clocks (A, B) — Unload Clock Output-Input Ready
combination, as well as the Unload Clock Input-Output Ready
combination, timing measurements may be misleading, i.e., ris-
ing edge of the Load Clock pulse is not recognized until Input
Ready is HIGH. If Input Ready is not high due to (a) too higha
frequency, or (b) FIFO being full or affected by (CLR), the
LOAD-CK activity will be ignored. This will affect the device
from a functional standpoint, and will also cause the “effective”
timing of Input Data Hold time (tjpH) and the next activity of
Input Ready (t CIRL) to be extended relative to Load Clock (A or
B) going HIGH.
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LOAD CLOCK
(BOR A)

1/FIN
1LCKH —
LOAI.‘J( :lac;cg 7%‘( % /
"

YLCIRLZ —>]
INPUT READY
D tuckow
UNLO.
cLock: X
OUTRUT:
tLlccoL—
- tips!

INPUT DATA X
teLex <—'mn—>l

CLEAR INITIAL CYCLE ONLY

teuw

NOTES: 1. Permissible negative setup time for input data
2. Measure t| ¢ R for 16th input word only

Figure 2. Input Timing
LOAD CLOCK
(BORA)
LOAD CLOCK
(AORB) . X
INPUT READY N0 —
UNLOAD
CLOCK OUTPUT \ f /
’!

INPUT DATA WSTABLE DATA— W\ ""’:.:.:’:.:.:.:‘:.:.'

()

\

(Y

AR

NOTES: 1. Input Ready HIGH indicates space is available and a Load Clock (A and B) pulse may be applied.
2. Input Data is loaded into the first word.
3. Unload Clock Output pulses indicating the first word is full and the Data from the first word is released for “fall-through” to
second word.
4. Ifthe second word is already full, then the data remains at the first word. Since the FIFO is now full, Input Ready remains LOW.
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| «—— 1/FOUT ————»|
UNLOAD \
CLOCK INPUT
tUCKORH
OuTPUT
READY
torD
tUCKORL—>| I
OUTPUT DATA | W
tobH
tops

Figure 4. Output Timing

UNLOAD
CLOCK INPUT

OUTPUT READY % ‘\<© \———-——b/

®
e
, NAAAAATAER
OUTPUT DATA A-DATA — 0\0‘ ‘0‘0‘0‘0‘0‘0‘0‘0"”‘ A’) ( B-DATA
|«——A OR B——»|
NOTES: 1

. Output Ready HIGH indicates that data is available and an Unload Clock Input pulse may be applied.

2. Unload Clock Input goes LOW creating an empty position at word 16 for word 15 to “fall-through” to.
3. Output Ready goes LOW.
4
5.

. Unload Clock Input goes HIGH, causing Output Ready to go HIGH, indicating that new data (B) is now availabie at the FIFO outputs.
. If the FIFO has only one word loaded (A-DATA), then Output Ready stays LOW and the A-DATA remains on the outputs.

NOTE: Assume FIFO initially contains at least two words.

Figure 5. The Mechanism of Shifting Data Out of the FIFO

2-110 74S225/A



tcLoL—=

OUTPUT READY

tcick
LOAD CLOCK
(A AND B)

NOTE: Assume FIFO is full before CLEAR goes active.

touw
CLEAR
tcLH
INPUT READY
—

Figure 6. Clear Timing

LOAD CLOCK AN HIGH
(A OR B)

LOAD CLOCK ‘
(BORA)
tRIp———>

OUTPUT READY

HIGH
«

UNLOAD CLOCK
INPUT

NOTES: 1. FIFO is initially empty.
2. Unload Clock Input and one Load Clock held HIGH throughout.

Figure 7. tp p Specifications

UNLOAD CLOCK /
INPUT

-——tgyg| —>|

INPUT READY

~—tguBc—>

UNLOAD CLOCK
OUTPUT

HIGH
/

LOAD CLOCK
(A and B)

NOTES: 1. FIFO is initially full.
2. Load Clock (A and B) held HIGH throughout.

Figure 8. tgyg|, tgusc Specifications
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LD LD LD
vccj’CKA VCC ¥ cka VCC-r CKA
CLOCK IN Lo OR LD OR LD OR OUTPUT
CKB CKB CKB READY
e e R o
CKIN CKIN CKIN cLocK
IR NC— IR —ir
Do Qo DO Qo Do Qo
D1 a1 D1 Qi D1 at
D2 Q2 D2 Q2 D2 Q2
D3 Qa3 D3 Q3 D3 Q3
— — _— = L R —
Piem o O D4 &R oF D4 SR oF
I OUTPUT
f;::: ENABLE
READY 1 ] ‘ ]
10BITS CLR OF - CLR OE - CLR OE 10BITS
DATA IN vec—p LB vec L0 vcc éEA DATA OUT
LD OR LD OR LD OR —
cKB cKB CKB
NC UNLD  UNLD UNLD  ynLD UNLD  yNLD
CKOUT CKIN CKOUT CcKIN CKOUT CKIN
R NC— IR NC— IR
Do Qo Do Qo Do Qo|
D1 Qi D1 Qa1 D1 - [e]]
D2 Q2 D2 Q2 Q2
D3 Qa3 D3 Q3 D3 Q3
D4 a4 D4 Qa D4 Qs
Figure 9. 48x10 FIFO with 74S225/A
2-112 745225/A



¢

67413A/67413 Advanced

Micro
First-In First-Out (FIFO) Devices
64 x 5 Memory
Features/Benefits Ordering information
o High-speed 35 MHz shift-in/shift-out rates Part
* High-drive capability Number Package Temp | Description
Three- tput
* Three-state outputs 67413A CD 020 Com | 35 MHz in/out
o Hali-full and Almost-full/Empty status flags -
¢ Structured pinouts. Output pins directly opposite 67413 CD 020 Com | 25 MHz infout
corresponding input pins.
® Asynchronous operation - - .
v P Pin Configuration
e TTL-compatible inputs and outputs
S
oE [1] [20] vee
Description HatF FuLL 7] [T5] ALMOST FULLY
The 67413A is a high-speed, 64x5 First-In-First-Out (FIFO) INPUT READYE E SHIFT OUT
memory which operates at 35-MHz input/output rates (67413
operates at 25-MHz in-out). The data is loaded and emptied ona SHIFT IN E E OUTPUT READY
first-in-first-out basis. It is a three-state device with high-drive
(oL = 24 mA) data outputs. These devices can be connected in Do E 67413A E 00

(thirty-two or more words full) and an almost full/empty flag

parallel to give FIFOs of any word length. It has a Half-full flag b1 E 67413 E o1 n

(fifty-six or more words or eight or less words). The main appli- DATA D2 E E 02 OUTPUT
cations of 67413A, 67413 are rate buffers; sourcing and absorb- 03 E E 03
ing data at different rates. Other applications are high-speed
tape and disk controllers, data communications systems and D“E E 04
plotter control systems.

GND E E MASTER RESET
Block Diagram 5

(2]
-

-

C

DO'T> —>15 00
————
e o 64x5 > FIFO 14 g'
A | INPUT > »| outPuT 3 2
p3——>|  stacE REGISTER bl 18 03
D4 ———> ——= > 04
1 1 1
-~ 18
INPUT READY = INPUT REGISTER OUTPUT | SHIFT OUT
CONTROL [« | CONTROL |« | CONTROL 17
SHIFTIN —3—»| LoGIC _ LoGIC LOGIC OR%LPDL:{T
v
FLAG
CONTROL
LOGIC
2 19
RESET ALMOST FULL/EMPTY
MASTER RESET-—"—OD HALF FULL Y ALMOST FU

Publication # Rev. Amendmeat
10678 A 0
Issue Date: May 1988
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Absolute Maximum Ratings

SUPPIY VORBGE VoG + vttt ettt ettt ettt et e e et s ettt et e e et e e e e et e -05to7V
LT o 1 - Vo T -15t07V
Off-state output voltage . -05to 55V
5] (ol o (=TT =T (1 = -65°C to +150°C
Operating Conditions
SYMBOL PARAMETER FIGURE | v’ oo wax | min emd ax | uniT
Vce Supply voltage 475 5 5.25 475 5 5.25 Vv
TA Operating free-air temperatue 0 75 0 75 °C
tgiHt Shift in HIGH time 1 9 16 ns
tsiLt Shift in LOW time 1 17 20 ns
tips Input data setup 1 2 3 ns
tioH Input data hold time 1 15 25 ns
tsoHt Shift Out HIGH time 5 9 16 ns
tsoL Shift Out LOW time 5 17 20 ns
tMRWT Master Reset pulse 10 30 35 ns
tMRS Master Reset to Sl 10 35 35 ns
Switching Characteristics over Operating Conditions
SYMBOL PARAMETER FIGURE | o S8R x| MIN S max | UNIT
fin Shift in rate 1 oe ng bC 25 | MHz
tipLt Shift In 1 to Input Ready LOW 1 12 18 12 28 ns
tiRHT Shift In { to Input Ready HIGH 1 14 20 14 25 ns
fouT Shift Out rate 5 [D)g ngg DC 25 MHz
toRLt Shift Out t to Output Ready LOW 5 12 18 12 28 ns
torHt Shift Out T to Output Ready HIGH 5 14 20 14 25 ns
topHt Output Data Hold (previous word) 5 12 10 ns
tobs Output Data Shift (next word) 5 34 40 ns
tpT Data throughput or “fall through” 4,8 510 650 510 750 ns
tMRORL | Master Reset | to Output Ready LOW 10 18 28 18 30 ns
tVMRIRH | Master Reset t to Input Ready HIGH 10 21 28 21 30 ns
tMRIRL | Master Reset | Input Ready LOW* 10 18 28 18 30 ns
tMRO™ Master Reset | to Outputs LOW 10 32 45 32 55 ns

Note: Typicals at 5V Ve and 25°C Ta.

* |If the FIFO is not full (IR High), MR tow forces IR low, followed by IR returning high when h_ll—ﬁgoes high.

T See AC test and high-speed application note.

11 Tested

111 Guaranteed by design (see test load).
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Switching Characteristics over Operating Conditions (continued)

SYMBOL PARAMETER FIGURE | von TToiA o | N e gax | uNIT
tiPH Input ready puilse HIGH 4 5 12 5. 12 ns
tOPH Output ready pulse HIGH 8 5 12 5 12 ns
tORD Output ready ! HIGH to Data Valid 5 18 20 ns
tAEH" Shift Out 1 to AF/E HIGH 1 100 135 100 145 ns
tAEL" Shift In t to AF/E LOW 1 450 600 450 650 ns
tAFL" Shift Out t to AF/E LOW 12 450 600 450 650 ns
tAFH" Shift In t AF/E HIGH 12 100 135 100 145 ns
tHFH" Shift In t to HF HIGH 13 280 360 280 380 ns
tHFL" Shift Out t to HF LOW 13 280 360 280 380 ns
::jzz Output Disable Detay 2 1: 22 1: 22 ns
:FPZ}: Output Enable Delay 2 ;: z: ;: :2 ns

Note: Input rise and fall time (10%-80%) = 2.5 ns. * See timing diagram for explanation of parameters.

67413A/67413
Standard Test Load
5V loL R1 R2
R 24 mA 200 0 3000
OuUTPUT TEST POINT
A2 gopr 8 mA 600 01 1200 ()
i Typical Igc vs Temperature
Input Pulse Amplitude = 3V (Voo = MAX)

Input Rise and Fall Time (10%-90%) = 2.5ns
Measurements madeat 1.5V

Design Test Load

5V 35 (MHz) 210

2K0 200 }
lec mA) \

190

x\
87413/A (Vi = 5.25V) \

180 AN

30 pF

1
€0 -55-50 -25 0 25 50 75 100 125

CASE TEMPERATURE (°C)
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67413 Switching Characteristics over Operating Conditions (continued)

SYMBOL PARAMETER FIGURE MIN COM.’:.AYE:c'AL Max |UNIT
tiPH Input ready pulse HIGH 4 5 12 ns
topH Output ready pulse HIGH 8 5 12 ns
torRD Output ready t HIGH to Data Valid 5 20 ns
tAEH" Shift Out t to AF/E HIGH 1" 100 145 ns
‘AEL* Shift In 1 to AF/E LOW 11 450 650 ns
tAFL* Shift Out t to AF/E LOW 12 450 650 ns
tAFH* Shift In t to AF/E HIGH 12 100 145 ns
tHFH Shift In 1 to HF HIGH 13 280 380 ns
thrl Shift Out t to HF LOW 13 280 380 ns
:Erzz - Output Disable Delay : 1: zz ::
I:;: Output Enable Delay 2 ;: - :z :Z

Note: Input rise and fall time (10%-90%) = 2.5 ns.
* See timing diagram for explanation of parameters.
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Absolute Maximum Ratings

Supply voltage Vo -05Vto7V
a0 Yo o O PN -1.5Vto7V
Off-state OUtPUL VORBGE .. oo v ittt i e it it it it i e i aa s -05Vto55V
B (o] £ o T3 (=T oo =T (1 - -65° to +150°C
67413 Operating Conditions oOver Temperature Range
COMMERCIAL
SYMBOL PARAMETER FIGURE MIN TYP MAX UNIT
Vee Supply voltage 4.75 5 5.25 v
Ta Operating free-air temperature 0 75 °C
tg)Ht Shift in HIGH time 1 16 ns
tg T Shift in LOW time . 1 20 ns
tips Input data set up 1 3 | ns
tiDH Input data hold time 1 25 ns
tsoHT Shift Out HIGH time 5 16 ns
tsoL Shift Out LOW time 5 20 ns
tMRW Master Reset pulse 10 35 ns
tMRS Master Reset to Si 10 35 ns
67413 Switching Characteristics over Temperature Range
SYMBOL PARAMETER FIGURE MIN COM:."YE:CML MAX UNIT
fiN Shift in rate 1 DC 25 MHz
tirLt Shift In t to Input Ready LOW 1 12 28 ns
tirHT Shift In | to Input Ready HIGH 1 14 25 ns
fout Shift Out rate 5 DC 25 | MHz
torLt Shift Out ! to Output Ready LOW 5 12 28 ns
tornf Shift Out | to Output Ready HIGH 5 14 25 ns
topHf Output Data Hold (previous word) 5 10 ns
tops Output Data Shift (next word) 5 40 ns
tpT Data throughput or “fall through” 4,8 510 750 ns
tMRORL | Master Reset | to Output Ready LOW 10 18 30 ns
tMRIRH Master Reset | to Input Ready HIGH 10 21 30 ns
IMRIRL Master Reset | Input Ready LOW* 10 18 30 ns
tMRO Master Reset | to Outputs LOW 10 32 55 ns

Note: Typicals at 5V Vg and 25°C Ta.
* |f the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high.
T See AC test and high-speed application note.
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Electrical Characteristics Over Operating Conditions

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX |UNIT
ViL Low-level input voltage 08t | Vv
VIH High-level input voltage 2t v
Vic Input clamp voltage Vcc=MIN [} = -18mA -15] V
he Low-level input current Voo = MAX| V) = 045V -250| wA
Iy High-level input current Voo = MAX| V| =24V 50| pA
I Maximum input current Voo = MAX| V| =55V 1] mA

loL (Data outputs) g;j} gA 24 mA
VoL Low-level output voltage Vee = MIN | 1 (IR, OR) g;j}gp‘ 8 mAtT 05| V
loL (Flag outputs) g;::gA 8 mA
loH (Data outputs) -3.0 mA
Vou | High-level output voltage |V = MIN | Iop (IR.OR) oA |-oama |24 v
loH (Flag outputs) -0.9 mA
los Output short-circuit current™ Voo = MAX| V=0V -20 ~-90 | mA
iz Off-state output current Voo = MAX| Vo= 24V 20| KA
Iz Ve = MAX| V=04V -20 | pA
lec Supply current Ve = MAX. Al inputs low. All outputs open. (67413A/67413) **240 | mA

*  Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

** See curve for Ic vs. temp.

T There are absolute voltages with respect to GND (PIN 8 or 9) and includes all overshoots due to test equipment.

TT Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz.

Functional Description
Data Input

After power up the Master Reset is pulsed low (Figure 10) to
prepare the FIFO to accept data in the first location. Master
Reset must be applied prior to use to ensure proper operation.
When Input Ready (IR) is HIGH the first location is ready to
accept data from the Dy inputs. Data then present at the data
inputs is entered into the first location when the Shift-In (Sl) is
brought HIGH. A SI HIGH signal causes the IR to go LOW. Once
datais entered into the first cell, the transfer of data in any full
cell to the adjacent (downstream) empty cell is automatically
activated by an on-chip control. Thus data will stack up at the
end of the device (while empty locations will “bubble” to the
frontwhen data is shifted out). tpT defines the time required for
the first data to travel from input to the output of a previously
empty device. When Sl is brought LOW and the FIFO is not full,
IR will go HIGH, indicating more room is available. if the memory
is full, IR will remain LOW.

Data Output

Data is read from the Ox outputs. When data is shifted to the
output stage, Output Ready (OR) goes HIGH, indicating the

\

presence of valid data. When the OR is HIGH, data may be
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal
at SO causes the OR to go LOW. Valid data is maintained while
the SO is HIGH. When SO is brought LOW the upstream data,
provided that there is valid upstream data, is shifted to the output
stage. When new valid data is shifted to the output stage, OR
goes HIGH. If the FIFO is emptied, OR stays LOW and Data
output will not be valid.

Input Ready and Output Ready may also be used as status
signals indicating that the FIFO is completely full (Input Ready
stays LOW for at least tpT) or completely empty (Output Ready
stays LOWforatleasttpT).

AC Test and High-Speed App. Notes

Since the FIFO is a very-high-speed device, care must be exer-
cised in the design of the hardware and the timing utilized within
the design. The internal shift rate of the FIFO typically exceeds
60 MHz in operation. Device grounding and decoupling is cru-
cial to correct operation as the FIFO will respond to very small
glitches due to long reflective lines, high capacitances and/or
poor supply decoupling and grounding. Monolithic Memories
recommends a monolithic ceramic capacitor of 0.1 uF directly
between Vg and GND with very short lead length. In addition,
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care must be exercised in how the timing is set up and how the
parameters are measured. For example, since an AND gate
function is associated with both the Shift-In-Input Ready
combination, as well as the Shift-Out-Output Ready combina-
tion, timing measurements may be misleading, i.e., rising edge
of the Shift-In pulse is not recognized until Input Ready is HIGH.
If Input Ready is not high due to (a) too high a frequency, or (b)
FIFO being full or effected by Master Reset, the Shift-In activity

will be ignored. This will affect the device from a funcitonal
standpoint, and will also cause the “effective” timing of
Input Data Hold time (T|pR) and the nextactivity of Input Ready
(TiRL) to be extended relative to Shift-ingoing HIGH. This same
type of problem is also related to T|gH, TORL and TORH as
related to Shift-Out. Data outputs driving a bus should be limited
to 10 MHz frequency. For high-speed applications, proper
grounding technique is essential.

m

[«——1t5IH l\ tsiL

INPUT READY \ /

SHIFT IN

—/

le—tip—=

weur oara t~—on —(RNRAOIIRR OO

l«—1tipS

I/fIN

S -

HRH—>

Figure 1. Input Timing

| t+————————(40 ns) 28.6 ns

SHIFTIN
—/

INPUT READY

TN\
T

HOLD TIME
{20 ns) 18 ns

——

®

INPUT DATA

L

0

(40 ns) 28.6 ns ——————y|

/

Figure 2. Typical Waveforms for 35 MHz Shift-In Data Rate (67413A)

SHIFT IN

P

INPUT READY

—

—

wouront TN e on—

Figure 3. The Mechanism of Shifting Data into the FIFO

@ ‘Input Ready HIGH indicates space is available and a Shift-In pulse may be applied.
@ Input Datais loaded into the first word. The Data from the first word is released for “fall-through” to second word.

@ Input Ready goes LOW indicating the first word is full.

@ Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH.
5. Ifthe second word s already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low.
Note: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 5).

67413A/67413
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SHIFT OUT
(F

®\ 7/
SHIFTIN _/ \ )

INPUT READY ®\ | tpT ®\/‘ \

Figure 4. Datais Shifted in Whenever Shift In and input Ready are Both HIGH

FIFQ is initially full.

Shift Qut pulse is applied. An empty location starts “bubbling” to the front.

As soon as Input Ready becomes HIGH the Input Data is loaded into the first word.

®
@
@ shiftInis held HIGH
®

fouTt 1fouT
2
SHIFT OUT 1 > 1
ou ,C SOH— >\ soL /| ~
<«—{ORH—>

OUTPUT READY \ *ﬁonn* <-tORL _\_/—

tODH—>

OUTPUT DATA A-DATA

B-DATA W | C-DATA

N

oDS >

Figure 5. Output Timing
@ The diagram assumes that at this time, words 63, 62and 61 are loaded with A, B and C Data, respectively.

@ Qutput data changes on the falling edge of SO after avalid Shift-Out Sequence, i.e. ORand SO are both high together.

- {40ns) 28.6 ns (40ns) 28.6ns ———————— |

SHIFT OUT (18ns) \
_/ 10ns
OUTPUT READY 2ns 1ans)H—»/ \ / ( \ /

OUTPUT DATA A-DATA C-DATA

™o

Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate (67413A)

(D Thediagram assumes that at this time words 63, 62and 61 are loaded with A, Band C Data, respectively.

@ Datain the firstcrosshatched region may be A or B Data.
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SHIFT OUT

OUTPUT READY \@ K————)<® q

T

OUTPUT DATA A-DATA B-DATA

AORB

Figure 7. The Mechanism of Shifting Data Out of the FIFO

@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied.
(@ shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63,

Output data remains as valid A-Data while Shift-Out is HIGH.
@ Output Ready goes LOW.
@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs.
@ If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid.

SHIFT IN \
SHIFT OUT /
- tpT
OUTPUT READY /® j
H——IQPH

Figure 8. tp and tgpy Specification

Q@ FIFO initially empty.

SHIFT OUT \<®
@>/—\<® [7/TT77I777771777777777777777
OUTPUT READY LI11111111071107771117/1774/777

ho) ®
M FARORO WA ORA TR RAK

Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH
Word 63is empty.
Output Ready goes HIGH indicating arrival of the new data.
New data (A) arrives at the outputs (word 63).

Since Shift Qutis held HIGH, Output Ready goes immediately LOW,

e

Assoon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream
wordsin the FIFO.
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WASTER RESET \ a

| ————tpMRW —>]
INPUT READY \

F—'MRIRL |—————IMRIRH ————>

OUTPUT READY
"“'MRORL* tMRS

SHIFT IN
DATA OUTPUTS l “””' “H .

(. FIFOispartially full.

e tMRO->|

Figure 10. Master Reset Timing

SHIFTOUT
/ { f—
N —JJ
- tsOH—
— f —\
ALMOST FULL/EMPTY
4——;'AEH———-> PRTITEN
SHIFTIN
{f
| ———tAEL —>
Figure 11. toApy, tAEL Speclfications
@ FIFO contains 9 words (one more than almost empty).
SHIFT IN ——/L- 1 f
tsiH
{c
17 \
ALMOST FULL/EMPTY /@
" je———1aFH tsoH
SHIFT OUT
{ L
.
tAFL —>

\

Figure 12. tppy, tAFL Specifications

@ FIFO contains 55 words (one short of almost full)
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SHIFTIN

{ L
rl
ASIH->
{Jf j
HALF FULL
O -
|<——!HFH <—t8OH
SHIFT OUT
] .
JJ
| tHFL >
Figure 13. tyr|, tHFy Specifications
@ FIFO contains 31 words (one short of half full).
OuTPUT
ENABLE
—{uF%E arE L
IR SO SHIFTOUT
——]sl OR
— Do 00—
—D1 o1f—
—{p2 02—
— o3 o3|—
D4 R 04—
1
COMPOSITE - — HFO_E_ AF/Ef~
INPUT —G:_ IR SO [— COMPOSITE
READY —— Si OR OUTPUT
—po oof— READY
— D1 o1f—
— D2 02—
—{ b3 o3f—
—{ D4 R oal—
—
—HFOE arel-
IR sof—
SHIFTIN St OR
—{po oo}~
—{p1 o1—
—{p2 02—
—jo3 o3|~
—P* wm %4
L | iAstemmeser

Figure 14. 64x15 FIFO with 67413A/67413

FIFOs are expandable in width. However, in forming wider words two external gates are required to generate composite Input and Output Ready ftags. This requirementis due
tothe differentfall through times of the FIFOs.
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8-BITS 8-BITS
PAPER o 67413A v CcPU
. TAPE 64x8
READER sI SO 10 RDY
ENBL SI IR OR
ALMOST FULL/ INTERRUPT
EMPTY
HALF FULL FLAG

Figure 15. Application for 67413A “Slow and Steady Rate to Fast ‘Blocked Rate’”

Note: Cascading the FIFO's in word width is done by ANDing the IR and OR as shown in Figure 14.

Three-State Test Load
vee
R1
TEST POINT*
ouTPUT
Design Test Load
OUTPUT av
CONTROL v /v
(LOW-LEVEL T 7 T
ENABLING) ov
[«—1tpLz—> S1AND
$2 CLOSED -
WAVEFORM 1 $1CLOSED v. 15V
(SEE NOTE 2) S2 OPEN T . 05V
VoL
tpZH—> [«—tPHz—>| 1 v
OH
WAVEFORM 2 S10PEN v = osv
(SEE NOTE 2) S2 CLOSED ov — 15V
: $1AND
S2 CLOSED
Enable and Disable

Notes: A. All diodes are 1N916 or 1N3064.

B. Waveform 1 s for an output with internal conditions such that the
output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the
output is high except when disabled by the output control.
C. In the examples above, the phase relationships between inputs
and outputs have been chosen arbitrarily.

D. When measuring propagation delay times of three-state outputs,
switches S1and S2 are closed.

2-124

67413A/67413



b |
Am4601 Advanced

Micro
Programmable-Flags, 512 x 9 FIFO Devices

DISTINCTIVE CHARACTERISTICS
¥ Two programmable flags; programmable from B pProgrammable polarity for all the flags

110511 In Increments of one B |dentical Data, WR, RD pinout as standard

B Full and empty flags Am7201 FIFO

B 45nSec read and write cycle-time B 28 Pin, 300 mil plastic dip
B CMOS part with TTL-compatible I/0 B 32 pin, PLCC

[ ]

RAM-based architecture; short falithrough
time delays

BLOCK DIAGRAM

RS — % Full Flag
l > Empty Flag

Write Regs Prog Flags and Pointers

Regs Generator Prog. Flag 1

Write FIFO

>

Write Read
Pointer Pointer

11684-001A

Publication # 11684 Rev. A Amendment/0

Issue Date: February, 1989
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GENERAL DESCRIPTION

The Am4601 is a RAM-based CMOS register program-
mable FIFO (PFIFO) that is 512 words deep with 9-bit
wide words. It is expandable to create wider words.

This programmable FIFO (PFIFO) can accept data and
output data asynchronously and simultaneously at data
rates from 0 to 22 MHz. Status flags are provided to sig-
nify empty and full, plus two programmable flags which
can be programmed from 1 to 511 words in increments

of one. Programmable polarity is available for all flags.
Programmable depth is supported for applications re-
quiring a programmable digital delay line.

The PFIFO is useful in a wide range of applications. The
ability to buffer large transfers of data and the rate adap-
tion capabilities make the Am4601 useful in communi-
cation, image processing, mass storage, DSP and
printing systems.

CONNECTION DIAGRAM

DIP
W] e 7 = [ Jvee
ps [ ]2 27| | pa
p3 |3 26| |Ds
D2 [ |4 25| ] Ds
b1 []s 24| o7
po [ s 23] cD
pFi [ 17 2[] RS
F [1s 21 |_]EF
a []o 20 ] Pro
at [ 19] ]a7
@ [n 18] ] as
a3 [z 17 ] as
Qs [|13 16f |as
GND [ 14 15|_] RD
512x9
Programmable 11684~002A
FIFO
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FUNCTIONAL DESCRIPTION

The Am4601 is a 512 x 9 RAM-based, CMOS Program-
mable FIFO (PFIFO) designed with three programma-
ble features. (See block diagram.) The RAM-based
PFIFO stores the data written into them in a sequencial
pattern.

The PFIFO offers two operational modes. The first
mode resembles its counterpart Am7201, a standard,
asynchronous 512 x 9 FIFO. The second is a program-
ming mode, where two flags, the word depth and flag po-
larities can be register programmed to allow the system
designer to optimize the system performance. The op-
erational mode is determined by the use of the Com-
mand/Data (C/D) input pin.

The RAM array has dedicated write and read address
pointers. The Empty Flag prevents reading while empty,
a data underflow condition. While the Full Flag prevents
writing while full, a data overflow condition.

In the programming mode, input data is written into a
group of registers whose contents control the three pro-
gramming features.Two dedicated programmable flags
canbe set at any location from 1 t0 511, inincrements of
one. These two flags could, for example, be used to indi-
cate Almost Empty or Almost Fullconditions. The polar-
ity of all flags (two programmable flags, Empty and Full
flags) can be independently programmed to be active—
low or active-high. The FIFO depth can also be pro-
grammed, in conjuction with the programmabile flags to
any depth of less than 512 words deep. The program-
ming registers are only accessible if the FIFO is empty.

The Master Reset (RS) sets the FIFO to Empty. The RS
will reset the write and read pointers and the registers’
pointer to address zero. All of the control bits in the reg-
ister will reset to a default value. After RS the user may
write data to the FIFO while the registers are in their de-
fault values or programthe registers before writing data.

ABSOLUTE MAXIMUM RATINGS

Supply voltage, VCC -0.5Vto +7.0V
Input voltage -0.5to VCC +0.5V
Operating temperature 0°Cto+70°C
Storage temperature -55°Cto +150°C
Power dissipation 1.0W

D.C. output current 50 mA

Note: Stresses greater than those listed under "Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only, and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for
extended periods of time may affect reliablity.

OPERATING RANGES

Commercial Devices
Ambient Temperature (Ta)
Supply voltage (Vcc)

0to +75°C
+4.5to +5.5V

Am4601
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6741 7 Advanced
Micro

Serializing First-In First-Out Devices

(FIFO) 64 x 8/9 Memory

Features/Benefits Ordering Information

e High-speed 28-MHz serial shift-in/shift-out rate Part

¢ 10-MHz parallel shift-in/shift-out rate Number Package Temp | Description

e Three-state outputs with Hi-current drive 67417 CD 024 Com 64x8/9

e Cascadable at parallel port only
¢ Half-full flag (32 or more)

e Selectable 64x8 or 64x9 FIFO configuration thus provldlng
“frame mark bit”

Typical Applications
e LAN equipment

e Data communication

e Office automation

e Microcomputers

e Minicomputers

¢ Disk/tape controllers

Description

The67417isa serlal|zmg/deser|a||zmg FIFO. This FIFO, the first
one of its type in the industry, is organized 64 words x 8/9 bits
wide. Like traditional Monolithic Memories’ FIFOs it is cascada-
ble, but only at the parallel port.

Pin Configuration

A
PDIR E 24 VCC

wA [2] 7] Ps
sio [3] 2] PR
sis [1] 2] P
sir [5] » 2] 7
wL E 67417 E 6
HF E (i8] ps
soo [8] ] Ps
sos 3] [15] pa
sor [io 15} P2
poE ] 1] P1
ano [z} i3] po

In addition, the device has the ability to connect directly to a
system bus. These features make ita complete “sub-systemona
chip.”
The FIFO basically has three modes of operation;

1. Serial in to parallel out

2. Parallel in to serial out

3. Serial in to serial out (requires non-standard logic level
on PDIR).

In the firstmode, serial data can be accepted at up to 28 MiHz and
the FIFO outputs parallel data at up to 10 MHz. Similarly, in the .
alternate mode parallel data can be transformed into serial data.

" Please refer to appendix for detailed description.

Pin Names
P0O-P8 Parallel Data
PS Parallel Shift In/Out
PR Parallel Input/Output Ready
POE Parallel Output Enable
SID Serial Input Data
SIS Serial Input Shift

SIR Serial Input Ready
SOD Serial Qutput Data
SOS Serial Output Shift
SOR Serial Output Ready
PDIR Parallel Port Direction

WL Word Length
MR Master Reset
HF Half Full Flag
VCC vCC

GND Ground
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Block Diagram

SERIAL INPUT SHIFT (SIS) —>

SERIAL INPUT READY (SIR) <
SERIAL INPUT DATA (SID) ~—~—p

SERIAL INPUT
CONTROL LOGIC

8/9

«———— PARALLEL SHIFT (PS)
|——— PARALLEL READY (PR)
———> HALF FULL FLAG (HF)
|«——— PARALLEL DIRECTION (PDIR)
|«———— MASTER RESET (MR)
«——— WORD LENGTH (WL)

PARALLEL DATA PORT FIFO
(PO-P8) Sf;g CONTROL
LoGIic
PARALLEL
OUTPUT ENABLE -
(POE) s
)

SERIAL OUTPUT DATA (SOD) <
SERIAL OUTPUT SHIFT (S05) ———*
SERIAL OUTPUT READY (SOR)

SERIAL OUTPUT
CONTROL LOGIC

67417
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Absolute Maximum Ratings

SUPPIY VOIAGE VGG -+ v vt e et eeie ettt e eteereeeeaenaaes -05Vto7V
Inputvoltage .........c.coviiiinn, .. -15Vto7V

Off-state output voltage ... 05Vto55V
StOrage teMPEratUIE ... vvive ittt et e e e e -65° to +150°C
Operating Conditions
SYMBOL PARAMETER FIGURE MIN COM:{‘YE: CIAL max |UNIT
Voo Voltage 4.75 5 5.25 v
TA Operating free-air temperature 0 75 °C
SERIAL INPUT PARAMETERS
fSIN Max. Serial Shift-In Rate 1 28 | MHz
tsisH Serial Shift-In HIGH time 1 23 ns
tgisL Serial Shift-in LOW time 1 12 ns
tsips Serial Input Data Setup time 1 14 ns
tsiDH Serial Input Data Hold time 1 0 ns
tSIRHS g(eaz:ﬁr%l';irgs“st?rial Input Ready t to 1 0 ns
SERIAL OUTPUT PARAMETERS
fsouT Max. Serial Shift-Out Rate 1 28 | MHz
tsosH Serial Shift-Out HIGH time 3 15 ns
tsosL Serial Shift-Out LOW time 3 15 ns
oms | eomomaone " s | s o
WORD LENGTH PARAMETERS
tswL Setup SIS, SOS ' 1,3 18 ns
tHwL Hold SIS, SOS 13 3 ns
PARALLEL PORT PARAMETERS
fp Parallel shift-in/shift-out rate 8 10 | MHz
tpsH Parallel Shift-In/Out HIGH time 5/8 30 ns
tpsL Parallel Shift-In/Out LOW time 5/8 30 ns
tpips Parallel Input Data Setup time 5 -5 ns
tPIDH Parallel Input Data hold time 5 35 ns
tppirsL | Shift LOW to parallel direction transition 14 50 ns
tppirsH| Parallel direction transition to Shift HIGH 14 50 ns
tPRHS Parallel Ready 1 to Parallel S