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Ordering Information

FIFO
C 67 L 4XXX D NL
CASCADABILITY* PACKAGE
(o} = Cascadable Bipolar N = Plastic DIP
Blank = Standalone Bipolar J = Ceramic DIP
NL = Plastic Leaded
TEMPERATURE CODE Chip Carrier
57 = Military
67 = Commercial SPEED
Blank = Standard
TECHNOLOGY A/B/D = Enhanced
Blank = Bipolar -35 =35nst,
L = Low Power Bipolar 50 =50nst,
C = CMOS 65 =65nst,
-80 =80nst,
DEVICE NUMBER

* All CMOS devices are cascadable



First-In First-Out (FIFO) Devices

First-In First-Out (FIFO)

Devices
enaty o At
Density Density e
i Serial Bidirectional FIFO RAM
omos Sipolar GMOS FIFO FIFO Controller
67CXXX
— 64x4 — 16x5 —256x9
—1 64x5 — 64x4 L |512x9
L | 64x5, - |
OE 64 x5 1Kx9
64x5, L 2kx9
| OFE,
Flags

Features and Benefits

Low Density CMOS FIFOs (64x4/5)

B Zero standby power consumption

B RAM-based technology with fast access times
B Three-state output and status flags

B Expandable in width and depth

High Density CMOS FIFOs (1/4K, 1/2K, 1Kx9, 2Kx9)
B Low power consumption — 60 mA max

B Status flags - Half-full, Empty, Full

B Asynchronous and simultaneous read/write

B Expandable in width and depth



Competitive Cross Reference Guide

CYPRESS

CY7C401-5PC

CY7C401-5DC

CY7C401-10PC
CY7C401-10DC
CY7C401-15PC
CY7C401-15DC
CY7C402-5 PC

CY7C402-5DC

CY7C402-10PC
CY7C402-10DC
CY7C402-15PC
CY7C402-15DC
CY7C403-5PC

CY7C403-5DC

CY7C403-10PC
CY7C403-10DC
CY7C403-15PC
CY7C403-15DC
CY7C404-5 PC

CY7C404-5DC

CY7C404-10PC
CY7C404-10DC
CY7C404-15PC
CY7C404-15DC
CY7C412-40PC
CY7C412-40DC
CY7C412-40JC
CY7C412-65PC
CY7C412-65DC
CY7C412-65JC
CY7C424-40PC
CY7C424-40DC
CY7C424-40JC
CY7C424-65PC

CY7C424-65DC
CY7C424-65JC

DALLAS
SEMICON-
DUCTOR

DS 2009
DS 2010

IDT

IDT 7200 S/L-35 P
IDT 7200 S/L-35D
IDT 7200 S/L-35 J

1-8

AMD/MMI

67C401-10N
67C401-10J

67C401-10N
67C401-10J

67C401-15N
67C401-156J

67C402-10N
67C402-10J

67C402-10N
67C402-10J

67C402-15N
67C402-15J

67C4013-10N
67C4013-10J

67C4013-10N
67C4013-10J

67C4013-15N
67C4013-15J

67C4023-10N
67C4023-10J

67C4023-10N
67C4023-10J

67C4023-15N
67C4023-15J

67C4501-35N
67C4501-35J
67C4501-35 NL

67C4501-65N
67C4501-65J
67C4501-65 NL

67C4502-35N
67C4502-35J
67C4502-35 NL

67C4502-65N
67C4502-65 J
67C4502-65 NL

AMD/MMI

67C4501
67C4502

AMD/MMI

67C4500-35N
67C4500-35J
67C4500-35NL

IDT 7200 S/L-50 P
IDT 7200 S/L-50 D
IDT 7200 S/L-50 J

IDT 7200 S/L-65 P
IDT 7200 S/L-65 D
IDT 7200 S/L-65 J

IDT 7200 S/L-80 P
IDT 7200 S/L-80 D
IDT 7200 S/L-80 J

IDT 7201 SA/LA-120 P
IDT 7201 SA/LA-120 D
IDT 7201 SA/LA-120J

IDT 7201 SA/LA-80 P
IDT 7201 SA/LA-80 D
IDT 7201 SA/LA-80 J

IDT 7201 SA/LA-65 P
IDT 7201 SA/LA-65 D
IDT 7201 SA/LA-65 J

IDT 7201 SA/LA-50 P
IDT 7201 SA/LA-50 D
IDT 7201 SA/LA-50 J

IDT 7201 SA/LA-35 P
IDT 7201 SA/LA-35D
IDT 7201 SA/LA-356 J

IDT 7201 S/L-120 P
IDT 7201 S/L-120 D
IDT 7201 S/L-120J

IDT 7201 S/L-80 P
IDT 7201 S/L-80 D

IDT 7201 S/L-80J

IDT 7201 S/L-65 P
IDT 7201 S/L-65 D
IDT 7201 S/L-65J

IDT 7201 S/L-50 P
IDT 7201 S/L-50 D
IDT 7201 S/L-50 J

IDT 7202 SA/LA-120 P
IDT 7202 SA/LA-120 D
IDT 7202 SA/LA-120 J

IDT 7202 SA/LA-80 P
IDT 7202 SA/LA-80 D
IDT 7202 SA/LA-80 J

IDT 7202 SA/LA-65 P
IDT 7202 SA/LA-65 D
IDT 7202 SA/LA-65 J

IDT 7202 SA/LA-50 P
IDT 7202 SA/LA-50 D
IDT 7202 SA/LA-50 J

IDT 7202 SA/LA-35 P
IDT 7202 SA/LA-35D
IDT 7202 SA/LA-35J

67C4500-50N
67C4500-50J
67C4500-50NL

67C4500-65P
67C4500-65J
67C4500-65NL

67C4500-80N
67C4500-80J
67C4500-80 NL

67C4501-80N
67C4501-80J
67C4501-80NL

67C4501-80N
67C4501-80J
67C4501-80 NL

67C4501-65N
67C4501-65J
67C4501-65NL

67C4501-50 N
67C4501-50J
67C4501-50 NL

67C4501-35N
67C4501-35J
67C4501-35NL

67C4501-80 N
67C4501-80J
67C4501-80 NL

67C4501-80N
67C4501-80J
67C4501-80 NL

67C4501-65N
67C4501-65J
67C4501-65NL

67C4501-50N
67C4501-50J
67C4501-50 NL

67C4502-80 N
67C4502-80J
67C4502-80 NL

67C4502-80N
67C4502-80 J
67C4502-80 NL

67C4502-65N
67C4502-65 J
67C4502-65 NL

67C4502-50 N
67C4502-50 J
67C4502-50 NL

67C4502-35N
67C4502-35J
67C4502-35 NL

IDT 7202 S/L-120 P
IDT 7202 S/L-120 D
IDT 7202 S/L-120 J

IDT 7202 S/L-80 P
IDT 7202 S/L-80 D
IDT 7202 S/L-80 J

IDT 7202 S/L-65 P
IDT 7202 S/L-65 D
IDT 7202 S/L-65 J

IDT 7202 S/L-50 P
IDT 7202 S/L-50 D
IDT 7202 S/L-50 J

IDT 72401 L-10 P
IDT 72401 L-10D
IDT 72401 L-10J

IDT 72401 L-15P
IDT 72401 L-15D
IDT 72401 L-15J

IDT 72402 L-10 P
IDT 72402 L-10D
IDT 72402 L-10J

IDT 72402 L-15 P
IDT 72402 L-15D
IDT 72402 L-15J

IDT 72403 L-10 P
IDT 72403 L-10D
IDT 72403 L-10J

IDT 72403 L-15 P
IDT 72403 L-15D
IDT 72403 L-15J

IDT 72404 L-10 P
IDT 72404 L-10D
IDT 72404 L-10J

IDT 72404 L-15 P
IDT 72404 L-15D
IDT 72404 L-15J

MOSTEK

MK 4501-65 N
MK 4501-80 N
MK 4501-100 N
MK 4501-120 N

T.L.

SN74S225N
SN74S225 J
SN74ALS236J
SN74ALS235J
SN74ACT7202N

67C4502-80N
67C4502-80J
67C4502-80 NL

67C4502-80 N
67C4502-80 J
67C4502-80 NL

67C4502-65N
67C4502-65J
67C4502-65 NL

67C4502-50 N
67C4502-50 J
67C4502-50 NL

67C401-10N
67C401-10J
67C401-10NL

67C401-15N
67C401-15J
67C401-15NL

67C402-10N
67C402-10J
67C402-10 NL

67C402-15N
67C402-15J
67C402-15NL

67C4013-10N
67C4013-10J
67C4013-10NL

67C4013-15N
67C4013-15J
67C4013-15NL

67C4023-10N
67C4023-10J
67C4023-10NL

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

AMD/MMI

67C4501-65N
67C4501-80N
67C4501-80N
67C4501-80 N

AMD/MMI

74S225N
748225J
67411AJ
67413AJ
67C4502N



FIFO IC Selector Guide (COM)

Low Density FIFOs
Max
Data
Tech- Part Organ- Rate, |Max |, | Package Pin
nology Number ization | Type | MHz mA Type Count Features
B 748225 16x5 C 10 120 N, J 20 TSO
B 74S225A 16x5 C 20 120 | N,J 20 TSO
B C67401 64x4 (e} 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 C 15 170 N, J, NL {16, 20 (NL) | TPO
B 67401A 64x4 S 15 170 N, J, NL {16, 20 (NL) | TPO
B C67401B 64x4 C 16.7 180 | J 16 TPO
B 67401B 64x4 S 16.7 180 | J 16 TPO
B C67L401D 64x4 C 15 100 N, J 16 TPO Low Power |, =24 mA
B C67L4013D | 64x4 C 15 100 | N,J 16 TSO Low Power |, =24 mA
B C67402 64x5 C 10 180 N, J,NL |18, 20 (NL) | TPO
B 67402 64x5 S 10 180 N, J,NL {18, 20 (NL) | TPO
B C67402A 64x5 (o} 15 190 J 18 TPO
B 67402A 64x5 S 15 190 J 18 TPO
B C67402B 64x5 C 16.7 200 J 18 TPO
B 67402B 64x5 S 16.7 200 J 18 TPO
B C67L402D 64x5 C 15 100 N, J 18 TPO Low Power |, =24 mA
B C67L4033D | 64x5 Cc 15 115 | N,J 20 TSO Low Power |, =24 mA, Status Flags
C 67C401-10 64x4 C 10 35 N,J,NL |16 TPO Low Power, RAM Based
(o} 67C401-15 64x4 (o} 15 45 N, J,NL (16 TPO Low Power, RAM Based
C 67C4013-10( 64x4 C 10 35 N, J,NL (16 TSO Low Power, RAM Based
C 67C4013-15| 64x4 C 15 45 N, J,NL |16 TSO Low Power, RAM Based
(o} 67C402-10 64x5 C 10 35 N, J,NL |18 TPO Low Power, RAM Based
(o} 67C402-15 64x5 C 15 45 N, J,NL |18 TPO Low Power, RAM Based
C 67C4023-10| 64x5 C 10 35 N, J,NL |18 TSO Low Power, RAM Based
C 67C4023-15| 64x5 (o] 15 45 N, J,NL [18 TSO Low Power, RAM Based
C 67C4033-10| 64x5 (o] 10 35 N, J, NL {20 TSO Low Power, RAM Based, Status Flags
(o} 67C4033-15| 64x5 (o} 15 45 N, J,NL |20 TSO Low Power, RAM Based, Status Flags
B 67411 64x4 S 25 240 | J 16 TPO
B 67411A 64x4 S 35 240 J 16 TPO
B 67412 64x4 S 25 240 J 18 TPO
B 67412A 64x4 S 35 240 J 18 TPO
B 67413 64x4 S 25 240 | J 20 TSO, Status Flags
B 67413A 64x4 S 35 240 J 20 TSO, Status Flags
Notes:
Technology: PackageType: Features:
B — Bipolar C — Cascadable N - Plastic TSO - Three State Output
C -CMOS S — Standalone J — Ceramic TPO - Totem Pole Output
NL - PLCC




High Density FIFOs

Max
Data
Tech- Part Organ- Rate, |Max |..,| Package Pin
nology Number ization | Type | MHz mA Type Count Features
C 67C4500-80 | 256x9 C 10 60 N,J,NL | 28,32 (NL) |TSO Access Time=80 ns, Status Flags
(o} 67C4500-65 256x9 C 12 60 N,J,NL | 28,32 (NL) |TSO Access Time=65 ns, Status Flags
C 67C4500-50 | 256x9 C 15 60 N,J,NL | 28,32 (NL) |TSO Access Time=50 ns, Status Flags
(o} 67C4500-35 256x9 C 22 60 N,J,NL | 28,32 (NL) |TSO Access Time=35 ns, Status Flags
C 67C4501-80 | 512x9 C 10 60 N,J,NL | 28,32 (NL) |TSO Access Time=80 ns, Status Flags
C 67C4501-65| 512x9 C 12 60 N,J,NL | 28,32 (NL) |TSO Access Time=65 ns, Status Flags
(o} 67C4501-50 | 512x9 C 15 60 N,J,NL | 28,32 (NL) |TSO Access Time=50 ns, Status Flags
C 67C4501-35 512x9 C 22 60 N,J,NL | 28,32 (NL) |TSO Access Time=35 ns, Status Flags
C 67C4502-80 1Kx9 C 10 60 N,J,NL | 28,32 (NL) |TSO Access Time=80 ns, Status Flags
C 67C4502-65 1Kx9 (o] 12 60 N,J,NL | 28,32 (NL) |TSO Access Time=65 ns, Status Flags
(o} 67C4502-50 1Kx9 C 15 60 N,J,NL | 28,32 (NL) |TSO Access Time=50 ns, Status Flags
C 67C4502-35 1Kx9 C 22 60 N,J,NL | 28,32 (NL) |TSO Access Time=35 ns, Status Flags
(o} 67C4503-80 2Kx9 C 10 60 N,J,NL | 28,32 (NL) |TSO Access Time=80 ns, Status Flags
(o} 67C4503-65 2Kx9 C 12 60 N,J,NL | 28,32 (NL) |TSO Access Time=65 ns, Status Flags
c 67C4503-50 2Kx9 Cc 15 60 N,J,NL | 28,32 (NL) |TSO Access Time=50 ns, Status Flags
(¢} 67C4503-35 2Kx9 C 22 60 N,J,NL | 28,32 (NL) |TSO Access Time=35 ns, Status Flags
Application Specific FIFOs
Max
Data
Tech- Part Organ- Rate, | Max I..,| Package Pin
nology Number ization | Type | MHz mA Type Count Features
B 67417 64xm/9/1 S |10Par| 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
Bidirectional FIFO
Max
Data
Tech- Part Organ- Rate, |Max |, | Package Pin
nology Number ization | Type | MHz mA Type Count Features
(o} 67C4701 Dual S 16 100 N 28 TSO, Programmable Status Flags,
512x9 Mailbox
Notes:
Technology: PackageType: Features:
B — Bipolar C — Cascadable N - Plastic TSO - Three-State Output
C-CMOS S — Standalone J — Ceramic TPO - Totem-Pole Output
NL - PLCC




FIFO IC Selector Guide (MIL)

Low Density FIFOs
Max
Data
Tech- Part Organ- Rate, |Max I ., | Package Pin
nology Number ization | Type | MHz mA Type Count Features
B C57401 64x4 C 7 160 J, L 16, 20 (LCC) TPO
B 57401 64x4 S 7 160 J,L 16, 20 (LCC) TPO
B C57401A 64x4 C 10 180 J,L 16, 20 (LCC) TPO
B 57401A 64x4 S 10 180 J L 16, 20 (LCC) TPO
B 57L401D 64x4 s 12 120 | J 16 TPO Low Power I, = 12 MA
B 57L4013D 64x4 S 12 120 J 16 TSO Low Power |, =12 MA
B C57402 64x5 C 7 180 J, L 18, 20 (LCC) TPO
B 57402 64x5 S 7 180 J, L 18, 20 (LCC) TPO
B C57402A 64x5 C 10 200 J 18 TPO
B 57402A 64x5 S 10 200 J 18 TPO
B 57L402D 64x5 S 12 120 J 18 TPO Low Power I, =12 MA
C 57C401-12 64x4 C 12 40 J 16 TPO Low Power, RAM Based
C 57C4013-12 64x4 (o} 12 40 J 16 TSO Low Power, RAM Based
C 57C402-12 64x5 (o} 12 40 J 18 TPO Low Power, RAM Based
C 57C4023-12 64x5 (o} 12 40 J 18 TSO Low Power, RAM Based
C 57C4033-12 64x5 C 12 40 J 20 TSO Low Power, RAM Based,
Status Flags
B 57413A 64x5 S 25 240 J 20 TSO, Status Flags
High Density FIFOs
Max
Data
Tech- Part Organ- Rate, | Max |, | Package Pin
nology Number ization | Type | MHz mA Type Count Features
C 57C4500-80| 256x9 (o} 10 80 J 28 TSO Access Time = 80 ns, Status Flags
C 57C4500-65 265x9 C 12 80 J 28 TSO Access Time = 65 ns, Status Flags
C 57C4500-50 | 265x9 C 15 80 J 28 TSO Access Time = 50 ns, Status Flags
C 5§57C4500-40 265x9 (o} 20 80 J 28 TSO Access Time = 40 ns, Status Flags
(o} 57C4501-80 512x9 (o} 10 80 J 28 TSO Access Time = 80 ns, Status Flags
C 57C4501-65 512x9 (o} 12 80 J 28 TSO Access Time = 65 ns, Status Flags
C 57C4501-50 512x9 (o} 15 80 J 28 TSO Access Time = 50 ns, Status Flags
(o} 57C4501-40| 512x9 C 20 80 J 28 TSO Access Time = 40 ns, Status Flags
C 57C4502-80 1Kx9 C 10 80 J 28 TSO Access Time = 80 ns, Status Flags
C 57C4502-65 1Kx9 C 12 80 J 28 TSO Access Time = 65 ns, Status Flags
(o} 57C4502-50 1Kx9 C 15 80 J 28 TSO Access Time = 50 ns, Status Flags
C 57C4502-40 1Kx9 (o} 20 80 J 28 TSO Access Time = 40 ns, Status Flags
Notes:
Technology: PackageType: Features:
B — Bipolar C — Cascadable N — Plastic TSO - Three State Output
C-CMOS S - Standalone J — Ceramic TPO - Totem Pole Output
NL-PLCC

L — Leadless Chip Carrier
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First-In First-Out (FIFO) 64x4 64x5

Standalone Memory

67401 67401A 67401B
67402 67402A 67402B

Features/Benefits

® Choice of 16.7, 15 and 10 MHz shift-out/shift-in rates

® Choice of 4-bit or 5-bit data width

® TTL inputs and outputs

® Readily expandable in the word dimension only

® Structured pin outs. Output pins directly opposite
corresponding input pins

e Asynchronous operation

Description

The 67401B/2B/1A/2A/1/2 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 16.7 MHz data rate allows
usage in digtal video systems; a 15 MHz data rate allows usage

Block Diagrams

Ordering Information

PART

NUMBER PKG TEMP DESCRIPTION
67401 J,N,NL(20) | Com 10 MHz 64x4 FIFO
67402 J,N,NL(20) | Com 10 MHz 64x5 FIFO

67401A J,N,NL(20) | Com 15MHz 64x4 FIFO
67402A J,N,NL(20) | Com 15MHz 64x5 FIFO
67401B J Com | 16.7MHz 64x4 FIFO
67402B J Com | 16.7MHz 64x5 FIFO

in high speed tape or disc controllers and communication
buffer applications. Word length is expandable; FIFO depth is
not expandable.

67401/A/B 64x4 67402/A/B 64x5
13 0,
Bo— FIFO 12 go Do —¢ FIFO FIFO :: 04
16> puT :> 62x4 BIT _—_> outPUT [1e o) ol =] weur f‘> o N outeur 13~ e
— R
Dg 7 STAGE REGISTER sTAGE |10+ o] o§ 7| STAGE ] stace [32 o:
T qt Rt s
2 15 SHIFT T 2 17 SHIFT
;’E‘ZgI <= INPUT REGISTER OUTPUT [*—ouT ,;::gy INPUT REGISTER OUTPUT gUT
CONTROL| _ Y CONTROL| _ Y CONTROL s |conTROLI NconTRoL[ NconTroL
sHIFT —3»] LOGIC LOGIC LOGIC }—» OUTPUT SHIFT LOGIC LOGIC LOGIC }_» OUTPUT
IN : 14 READY IN 16 READY
[ o] 1 i 10] 7
1 T
MASTER RESET MASTER RESET
Pin Configurations 740278 605
67401A/B 64x4 we [ ~ 1] vee
NC E ~ E vcc INPUT READY E E SHIFT OUT
UT READY E E SHIFT OUT SHIFT IN E E OUTPUT READY
SHIFT IN E E OUTPUT READY NG NP G VCC ST Do E E oo ER
S RD® out
o0 ] ] oo v e[ o ) o o8 %
17| oo 17|
o1 [E] [17] o1 64x4  rov 7] oatan | 02 5] E o2 | outeuts :?:g
IN OUTPUTS FIFO oo E o1 [i6]
o2 ] 1] o2 67401/A &l o3 [7] 7] 03 o ST402A =
D3 E E 03 oz D4 E 1] oa o3 [14]
ano [5] [7] mASTER RESET ano [3] 10] MASTER RESET
Plastic Chip Carrier Plastic Chip Carrier
—— —— — — E— R ——
Publication # Rev. Amendment
10676 A 0
Issue Date: May 1988
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67401B/2B Standalone
m

Absolute Maximum Ratings

SUPPIY VORAGE VGG -t vttt ettt ettt -1.5Vto7V
Inputvoltage ..............oiiiiiii -15Vto7V
Off-state OUIPUL VOIAGE . ... ..ot e e e e e e e e e -05Vto55V
Storage temperature .. ... e e e -65° to +150°C
Operating Conditions
SYMBOL PARAMETER FIGURE |y TYb MAX|MIN' TYP -MAX| MIN TYB MaxX| UNIT
vVce Supply voltage 4.75 5 5.25|4.75 5 5.25|4.75 5 5.25 Vv
TA Operating free-air temperatue 0 75|10 7510 75 °C
tsIHT Shift in HIGH time 1 18 23 28t) 35 ns
tsiL Shift in LOW time 1 18 25 35 ns
tips Input data setup 1 5 5 5 ns
tiDH Input data hold time 1 40 40 45 ns
tsOHT Shift Out HIGH time 5 18 23 35 ns
tsoL Shift Out LOW time 5 18 25 35 ns
tMRW Master Reset pulse 10 35 35 35 ns
tMRS Master Reset to S| 10 35 35 35 ns
Switching Characteristics over Operating Conditions
SYMBOL PARAMETER FIGURE |y % T MAX | MIN. TYP MAX|MIN TP Max| UNIT
fIN Shift in rate 1 16.7 15 10 MHz
tRLT Shift In to Input Ready LOW 1 35 40 45| ns
tirHt Shift In to Input Ready HIGH 1 37 40 45| ns
fouTt | Shift Out rate 5 16.7 15 10 ' MHz
toRLT Shift Out to Output Ready LOW 5 38 45 55| ns
tORHT Shift Out to Output Ready HIGH 5 48 50 60| ns
tODH Output Data Hold (previous word) 5 5 10 10 ns
tops Output Data Shift (next word) 5 44 45 55 ns
tpT Data throughput or “fall through” 4,8 1.45 1.6 3| ws
tMRORL | Master Reset to OR LOW 10 55 60 60| ns
tMRIRH | Master Reset to IR HIGH 10 55 60 60| ns
tiPH* Input Ready pulse HIGH 4 15 20 20 ns
toPH* Output Ready pulse HIGH 8 15 20 20 ns
tSee AC test and high speed application note.
Test Load 3 Input Pulse 0to 3V
J Input Rise and Fall Time (10% - 90%)
S seot 5 ns minimum
* The “TEST POINT" is driven by the output under test, @) TEST POINT* Measurements made at 1.5 V

and observed by instrumentation.
‘)
S 1K = 30pF
<
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67401A/2A Standalone

Absolute Maximum Ratings

SUPPIY VOHBGE VG + ot vt vttt ettt ie ettt ettt e et et e e et e -05Vto7V
g 01U} Ao ] - Ve 1= -1.5Vto7V
Off-state OULPUL VOIAGE . . ...ttt ittt ittt ettt it et itiee e enanneeeernsnaanans -05Vto55V

Storage temMPErature .. ... ...ttt e i -65° to +150°C

Operating Conditions 67401A/2A

SYMBOL PARAMETER FIGURE | o0 COMMERCIAL max | UNIT
vVece Supply voltage 4.75 5 5.25 \
TA Operating free-air temperature 0 75 °C
tsIHT Shift in HIGH time 1 23 28t | ns
tSIL Shift in LOW time 1 25 ns
tips Input data setup 1 5 ns
tiDH Input data hold time 1 40 ns
tsoHt Shift Out HIGH time 5 23 ns
tsoL Shift Out LOW time 5 25 ns
tMRW Master Reset pulse 10 35 ns
tMRS Master Reset to S| 10 35 ns
Switching Characteristics 67401A/2A Over Operating Conditions
SYMBOL PARAMETER FIGURE | COMMERCIAL Max | UNIT
fIN Shift in rate 1 15 MHz
tRLT Shift In to Input Ready LOW 1 40 ns
tiRHT Shift In to Input Ready HIGH 1 40| ns
fout Shift Out rate 5 15 MHz
toRLt Shift Out to Output'Ready LOW 5 45 ns
tORHT Shift Out to Output Ready HIGH 5 50 ns
tODH Output Data Hold (previous word) 5 10 ns
toDs Output Data Shift (next word) 5 45 ns
tPT Data throughput or “fall through” 4,8 1.6 us
tMRORL Master Reset to OR LOW 10 60 ns
tMRIRH Master Reset to IR HIGH 10 60 ns
tiPH Input Ready pulse HIGH 4 20 ns
toPH Output Ready pulse HIGH 8 20 ns




67401/2 Standalone

Absolute Maximum Ratings

SUPPIY VORAGE VOO + v v v v et ettt ettt ettt e -05Vto7V
INPUE VORAGR . . .ttt ettt e e e e e -15Vto7V
Off-state OUIPUL VOIAGE ... ..ottt it ettt e e ettt e et e i e saasenaanenteneneanns -05Vto55V
StOrage temMPEratUure . ... ......c.uiiiit ittt e i e e -65° to +150°C

Operating Conditions 67401/2

COMMERCIAL
SYMBOL PARAMETER FIGURE MIN TYP MAX UNIT
\/ee} Supply voltage 475 5 5.25 Vv
TA Operating free-air temperature 0 75 °C
tsiHT Shift in HIGH time 1 35 ns
tsIL Shift in LOW time 1 35 ns
tips Input data setup 1 5 ns
tiDH Input data hold time 1 45 ns
tsoHt Shift Out HIGH time 5 35 ns
tsoL Shift Out LOW time 5 35 ns
tMRW Master Reset pulset 10 35 ns
tMRS Master Reset to Sl 10 35 ns
Switching Characteristics 67401/2 Over Operating Conditions
COMMERCIAL
SYMBOL PARAMETER FIGURE MIN VP MAX UNIT
fIN Shift in rate 1 10 MHz
tIRLt Shift In to Input Ready LOW 1 45 ns
tIRHT Shift In to Input Ready HIGH 1 45| ns
fout Shift Out rate 5 10 MHz
toRLT Shift Out to Output Ready LOW 5 55| ns
tORHT Shift Out to Output Ready HIGH 5 60 ns
tODH Output Data Hold (previous word) 5 10 ns
toDs Output Data Shift (next word) 5 55 ns
tPT Data throughput or “fall through” 4,8 3 us
tMRORL Master Reset to OR LOW 10 60 ns
tMRIRH Master Reset to IR HIGH 10 60 ns
tiPH Input Ready puilse HIGH 4 20 ns
tOPH Output Ready pulse HIGH 8 20 ns




67401A/2A/1/2,67401B/2B Standalone

D E————— —— ——— — —  —— ——— — —/— —— ————— — ——— ————————————————

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input voltage 0.8t Vv
ViH High-level input voltage 2t v
Vic Input clamp voltage Vce = MIN I} = -18mA -15 v
Lt Lowdlevel Do-Dn, VR Voo = MAX V| = 045V 08 | mA
L2 input current sI, SO -16 mA
H High-level input current Vee = MAX V) = 24v 50 | WA
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 = -0.9mA 24
los Output short-circuit current * Vce = MAX Vo =0V -20 -90 mA

67401 160

v MAX 67402 180

Icc Supply current All icnguts low. Gr401A 170
All outputs open. | 67402A 190

67401B 180

67402B 200

* 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 voltages with respect to degree GND (PIN 8 or 9) and includes all overshoots 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 (Sl) is brought HIGH. A SI
HIGH signal causes the IR to go LOW. Data remains at the first
location until 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. 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.
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 H!GH, 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

cised in the design of the hardware and the timing utilized within
the design. The internal shift rate of the FIFO typically exceeds
20 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 capacitance and/or
poor supply decoupling and grounding. We recommend a
monolithic ceramic capacitor of 0.1 uF directly between Voo
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 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 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 (t|pH) and the next activity
of Input Ready (tjRL) to be extended relative to Shift-In going
High. This same type of problem is also related to tjRH, tORL
and tORH as related to Shift-Out.

e
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67401A/2A/1/2,67401B/2B Standalone

SHIFT IN —‘/

INPUT READY

INPUT DATA *

|

Figure 1. Input Timing

100 ns

wrrm  —| / \ / \

' \/

HOLD TIME

INPUT DATA
| |e5ns
Figure 2. Typical Waveforms for 10 MHz Shift In Data Rate (67401/2)
@ 7/ \ @

SHIFT IN —7——1
INPUT READY ==
AELREREE AR TR E Y

L_y@
euT oATA W s o A

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.)

2-8



67401A/2A/1/2,67401B/2B Standalone

SHIFT OUT -—_/_&\\

©\

SHIFT IN J ‘&
INPUT READY -

FEONEOREOREONTEONE OV EOTEONREONREOONR NNV GO EONY
e o A

b)Y
A89

(XTTTRTRRTRIRAYS
AN

STABLE DATA——>]

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

@ FIFO is initially full.

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

ifiouT > touT
Jo B /[_\___
SHIFT OUT
@ tORH
OUTPUT READY
\ / te——tORL
tobs
tODH—>|
OUTPUT DATA A-DATA ‘ C-DATA

Figure 5. Output Timing

@ 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.

e ————————————————————————————————————————————————————————————————
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67401A/2A/1/2,67401B/2B Standalone

100 ns 100 ns

A 35 ns —>»
SHIFT OUT

OUTPUT READY
e\ |

2 \.@»

:

A-DATA

OUTPUT DATA /| \AAAAANARANY

\® |——45 ns——>|

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

C-DATA

(D 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.

i®
SHIFT OUT .

o~ ~~
OUTPUT READY ! 3 5A

©

OUTPUT DATA A-DATA

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 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 Output 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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67401A/2A/1/2,67401B/2B Standalone

SHIFT IN ____/__——V\

SHIFT OUT

Jo /L_.m_*\{

Figure 8. tpy and topy Specification

OUTPUT READY

(D FIFO initially empty.

SHIFT OUT @
\(

OUTPUT READY ~
ouTRuT bATA %D oA NS

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

@ Word 63 is empty

@ New data (A) arrives at the outputs (word 63).
@ Output Ready goes HIGH indicating the 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
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67401A/2A/1/2,67401B/2B Standalone

tMRW

MASTER RESET ——-—\

/ A\

INPUT READY
b tMRORL
OUTPUT READY

\

<——-“—"MRS‘—7
SHIFT IN

Figure 10. Master Reset Timing

@ FIFO initially full.
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First-In First-Out (FIFO) 64x4 64x5
Cascadable Memory

C67401 C67401A C67401B

C67402 C67402A C67402B

Features/Benefits Ordering Information

e Choice of 16.7, 15 and 10 MHz shift-out/shift-in rates PART

o Choice of 4-bit or 5-bit data width NUMBER | PKG | TEMP DESCRIPTION

e TTL inputs and outputs 067401 | JN,NL(20) | Com | 10MHz 64x4 FIFO

¢ Readily expandable in the word and bit dimensions C67402 JNNL(20) | Com 10MHz 64x5 FIFO

C67401A | JN,NL(20) | Com 15MHz 64x4 FIFO

e Structured pinouts. Output pins directly opposite corres-
ponding input pins

o Asynchronous operation C67402A | J,N,NL(20) | Com 15MHz 64x5 FIFO
C67401B J Com | 16.7MHz 64x4 FIFO
C67402B J Com | 167 MHz 64x5 FIFO

Description

The C5/C67401B/2B/1A/2A/1/2 are “fall-through” high speed usage in digital video systems; a 15 MHz data rate ailows usage

First-In First-Out (FIFO) memory organized 64 words by 4 bits in high speed tape or disc controllers and communications buffer

and 64 words by 5 bits respectively. A 16.7 MHz data rate allows applications. Both word length and FIFO depth are expandable.

Block Diagrams

C67401A/B 64x4 C67402A/B 64x5
Oo
| 4 15
Do —;—» 13 g:) Do ——5—> 1—‘> 04
- BTRE —551 FIFo FIFO Y
o T 62 X 4 BIT ouThuT |2+ o, o —§ INPUT N oae B ) outeur [ 92
D2 — ] STAGE REGISTER STAGE | 11 _ D2 =5 STAGE STAGE [—53> 03
03 — 10 3 D3 —g> 7> Oa
i 4p 4 R St S £
INPUT 2 SHIFT INPUT ¢ 2 - SHIFT
READY weur LN recister | N1 ourpur 55 out READY INPUT REGISTER I—N] outpur 17 OUT
3 CONTROL C?g'g"gt CONTROL SHFT 3 connlaé)l. c?gg?gl. c?g'crir'icm
SHIFT »] oG /] toaic » OUTPUT »| LOGI 1/ nZ OuTPUT
M 72 READY N 16 READY
T 7 i i of 1
MASTER RESET MASTER RESET
" 2 2
Pin Configurations C67402A/B 64x5
A
C67401A/B 64x4 NC E E] vee
A
NC E 16§ vcc INPUT READY E E SHIFT OUT
INPUT READY E E SHIFT OUT SHIFT IN E E OUTPUT READY
swrtin 5] [14] outeur READY oo [2] [7%] oo
ROY
oo [4] 73] oo NC E o1 [E] 7] o1 2BY 5]
eaxa ooy [l gaxs o017
o1 [E] [17] o1 patain | 02 5] 5] 02 | outruts FIFO
DATA IN outputs [6]o1 sf,':::m 0o E C67402/A o1 E
D2 E E 0z D2 c o1 E D3 E E 03 02 _T_g]
03 E . E 03 D4 E 11] 04 E
ano [3] B MASTER RESET GND E 10] MASTER RESET ]

Publication # Rev. Amendment
10675 A 10
Issue Date: May 1988
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Cascadable

Absolute Maximum Ratings

SUPPIY VORAGE VGG + v v v et e e et e et P I LA S O -05Vte7V
LT o LU T T T -15Vto7V
Off-state output voltage -05Vto55V
5] (o] To T (=44 To =T - T - N -65° to +150°C
Operating Conditions
SYMBOL PARAMETER FIGURE |, 8T/ L da A e i ora0V/2 | uNIT
Vce Supply voltage 475 5 525|4.75 5 5.2514.75 5 5.25 Vv
TA Operating free-air temperature 0 75|10 7510 75| °C
tSIHT Shift in HIGH time 1 18 23 23 ns
tSIL Shift in LOW time 1 18 25 35 ns
tips Input data setup 1 0 0 0 ns
tiDH Input data hold time 1 40 40 45 ns
tsOHt Shift Out HIGH time 5 18 23 23 ns
tsoL Shift Out LOW time 5 18 25 35 ns
tMRW Master Reset pulse 10 35 35 35 ns
tMRS Master Reset to SI 10 35 35 35 ns
Switching Characteristics over Operating Conditions
SYMBOL PARAMETER FIGURE | 740872 L e 2aax | i /2 x| UNIT
fIN Shift in rate 1 16.7 15 10 MHz
tiRL Shift In to Input Ready LOW 1 35 40 45 ns
tIRH Shift In to Input Ready HIGH 1 37 40 45| ns
fout Shift Out rate 5 16.7 15 10 MHz
toRLT Shift Out to Output Ready LOW 5 38 45 55( ns
tORHT Shift Out to Output Ready HIGH 5 48 50 60| ns
tODH Output Data Hold (previous word) 5 5 10 10 ns
tobs Output Data Shift (next word) 5 44 55 ns
tPT Data throughput or “fall through” 4,8 1.45 1.6 3| ws
tMRORL | Master Reset to OR LOW 10 55 60 60f ns
tMRIRH | Master Reset to IR HIGH 10 55 60 60f ns
tiPH Input Ready pulse HIGH 4 15 20 20 ns
toPH" Output Ready pulse HIGH 8 15 20 20 ns

1+See AC test and High Speed application note.
*This parameter applies to FIFOs communicating with each other in a cascaded mode.

Test Load v Input Pulse 0 to 3V
3 Input Rise and Fall Time (10% - 90%)
ii seon 5 ns minimum

* The “TEST POINT" is driven by the output under test, @ TeEST POINT* Measurements made at 1.5 V
and observed by instrumentation.
S 1.1KN =< 30pF




C67401A/2A Cascadable

Absolute Maximum Ratings

SUPPIY VORBGE VGGt v v v ettt ettt ettt it e e e et e -05Vto7V
g0 o - T T- -15Vto7V
Off-state OUtPUL VOIAGE .. ... ou .ttt ittt ittt ittt eeasinsaneesaraanneasansnnnes -05Vto55V
53 (et Te Lo (=T g o =T = (1N -65° to +150°C

Operating Conditions C67401A/2A

sYMBOL PARAMETER FIGURE | COMMERGIAL max | UNIT
vce Supply voltage 4.75 5 5.25 \
TA Operating free-air temperature 0 75 °C
tsiHT Shift in HIGH time 1 23 ns
tsiL Shift in LOW time 1 25 ns
tips Input data setup 1 0 ns
tiDH Input data hold time 1 40 ns
tsoHt Shift Out HIGH time 5 23 ns
tsoL Shift Out LOW time 5 25 ns
tMRW Master Reset pulse 10 35 ns
LtMRS Master Reset to S| 10 35 ns

Switching Characteristics C67401A/2A Over Operating Conditions

SYMBOL PARAMETER FIGURE | COMMERCIAL max | UNIT
fiN Shift in rate 1 15 MHz
tirLt Shift In to Input Ready LOW 1 40 ns
tirHT Shift In to Input Ready HIGH 1 40 ns
fouTt Shift Out rate 5 15 MHz
toRrLt Shift Out to Output Ready LOW 5 45| ns
tORHT Shift Out to Output Ready HIGH 5 50 ns
tODH Output Data Hold (previous word) 5 10 ns
tobs Output Data Shift (next word) 5 45 ns
tPT Data throughput or “fall through” 4,8 1.6 us
tMRORL Master Reset to OR LOW 10 60 ns
tMRIRH Master Reset to IR HIGH 10 60 ns
tipH* Input Ready pulse HIGH 4 23 ns
topH* Output Ready pulse HIGH 8 23 ns

1 See AC test and High Speed application note.
* This parameter applies to FIFOs communicating with each other in a cascaded mode.
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€C67401/2 Cascadable

Absolute Maximum Ratings

SUPPIY VOHAGE V(G0 v v et e ettt et e ettt ettt e -05Vto7V
g o U 387 ] ¢ TP -15Vto7V
Off-State OULPUL VOIAGE .. .ottt t ittt ettt ettt e et e ettt n e nae e oin -05Vto55V
Storage temMPEratUre .. ... ...ttt e e -65° to +150°C

Operating Conditions C67401/2

SYMBOL PARAMETER FIGURE | | COMMERCIAL max | UNIT
Voo Supply voltage 4.75 5 . 525 V
TA Operating free-air temperature 0 75 °C
tsIHT Shift in HIGH time 1 23 ns
tsiL Shift in LOW time 1 35 ns
tiDs Input data setup 1 0 ns
tiDH Input data hold time 1 45 ns
tsoHt Shift Out HIGH time 5 23 ns
tsoL Shift Out LOW time 5 35 : ns
tMRW Master Reset pulse 10 35 ns
tMRS Master Reset to S| 10 35 ns

Switching Characteristics C67401/2 Over Operating Conditions -

SYMBOL PARAMETER FIGURE MIN COM':I.E::CIAL MAX UNIT
fIN Shift in rate 1 10 MHz
tiRLt Shift In to Input Ready LOW 1 : 45| ns
tiRHT Shift In to Input Ready HIGH 1 45 ns
fout Shift Out rate 5 10 MHz
toRLt Shift Out to Output Ready LOW 5 55 ns
tORHt Shift Out to Output Ready HIGH 5 60 ns
tODH Output Data Hold (previous word) 5 10 ns
tobs Output Data Shift (next word) 5 55 ns
tpT Data throughput or “fall through” 4,8 3 us
tMRORL Master Reset to OR LOW 10 60 ns
tMRIRH Master Reset to IR HIGH 10 60 ns
tiPH* Input Ready pulse HIGH 4 23 ns
topH* Output Ready pulse HIGH 8 23 ns

1 See AC test and High Speed application note.
* This parameter applies to FIFOs communicating with each other in a cascaded mode.
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C67401B/A/2B/2A/1/2 Cascadable

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input voltage 0.8t v
ViH High-level input voltage 21 v
Vic Input clamp voltage Voo = MIN I} = -18mA -15 v
hiL . Do-Dn, MR -08 | mA

Low-level 0n Voo = MAX V| = 045V
L2 input current SI, SO -16 mA
hH High-level input current Vee = MAX Vi =24V 50 HA
I Maximum input current VCC = MAX V| = 565V . 1 mA
VoL Low-level output voltage Vee = MIN loL = 8mA 05
VoH | High-level output voltage Vee = MIN loH = —0.9mA 24
los Output shortcircuit current * | Voo = MAX Vg = 0V -20 -9 | mA
C67401 160
Ve = MAX C67402 180
lcc | Supply current All inputs low. CEMOIA LTS
All outputs open. C6702A 190
C67401B 180
C67402B 200

*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 overshoots 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 (Sl) is brought HIGH. A SI
HIGH signal causes the IR to go LOW. Data remains at the first
location until 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. 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.
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

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 Vcc 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 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|RL) 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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C67401A/2A/1/2,C67401B/2B Cascadable

SHIFTIN

INPUT READY

INPUT DATA
- -tips
100 ns 100 ns
A 23ns /’ \ /' \
SHIFT IN

INPUT READY

Figure 1. Input Timing

INPUT DATA

Figure 2. Typical Waveforms for 10 MHz Shift In Data Rate

ONV \ ®

SHIFT IN —fj i
INPUT READY: /®

L_s(@
Y

INPUT DATA W— STABLE DATA WLLLOAEAALLNONOORRRARAN 0000 00NORRRRRRRRNININ 00000000

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).
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C67401A/2A/1/2,C67401B/2B Cascadable

@\
e, N

/® «—————————— tpT %

AR OVEOTE OO EOEONEEATEORE N EOTEONFOOYE oY
AANEAAAAREAANEALAAAREANEANANANANAAAANLANG

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

INPUT READY

00‘0.0’0’0‘0‘0.0‘0’0’0’0.

AN

INPUT DATA

@ FIFO is initially full.

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

@snm 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.

ifout fouT

tsOH tsoL
SHIFT OUT —/4— ° ° J/—\__

@ tORH
OUTPUT READY
\ / e—1ORL

B-DATA C-DATA

OUTPUT 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

23 ns \
SHIFT OUT _-/ __/ /
OUTPUT READY
LD

DI ETD

A-DATA B-DATA

OUTPUT DATA /| \AMAAMAMY \_|

\® [ ——45 ns——»

Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate

C-DATA

@ 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
OUTPUT READY ! © ©
N
@ ——— —— — — — ——
OUTPUT DATA A-DATA ) 0:.:‘:Q‘Q’Q.0:”:‘:’:’:’:‘:’ 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 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 Output 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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C67401A/2A/1/2,C67401B/2B Cascadable

SHIFT IN _/_—\\

SHIFT OUT /
tpT
/(D /L_ tOPH ——»
OUTPUT READY

@ FIFO initially empty.

Figure 8. tpy and topy Specification

-
y \(' [7777777777777
OUTPUT READY /////1/171717/1/1/7/7/

o

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

tMRW

MASTER RESET _——\ /

INPUT READY J \__
o wnoi.

OUTPUT READY

1
MRS 7
SHIFT IN

@ FIFO initially full. Figure 10. Master Reset Timing
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C67401A/2A/1/2,C67401B/2B Cascadable

e ——

INPUT READY {5 SO. |- R SOje—— SHIFT OUT
SHIFT IN —| St OR St OR }——» OUTPUT READY
—| Do Og Do O b—>
—1D 04 Dy o
DATA IN DATA OUT
—]| D, 02 D2 O2 [—>
—10D3 MR 03 D3 MR o3 }—>»
MASTER RESET O T T

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
IR so R so R so
sI OR S| OR sI OR
—Po Qo Do Qo Do Q-
1o [e}] Dy L] Dy o
—b, Q2 D2 Q2 D2 Q21—
—1°3 wr @3 D3 wR Q3 D3 R Q3
COMPOSITE ? T Y
INPUT READY COMPOSITE
C | IR so IR so R so __ATPUT READY
u_‘ si OR si OR st OR —] )
—1Po Qo Do Qo Dg Qo
i L] @ Dy ] Dy o -
— D2 Q2 D2 Q2 D2 Qb
1% wr O3 D3 uR @3 D3 wr 93
L I !
IR so IR SO R so
SHIFT IN o on sl oR sl OR
—Po Qo Do Qo Do Qo |~
—1% ] Dy ] Dy o
—102 Q2 D2 Q2 D2 Q2
103 wg 9 D3 wr @ 03 wr 93

—F— 1 3 WASTER RESET

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

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.




C67401A/2A/1/2,C67401B/2B Cascadable

Applications

RESET
o [wR ]
PAPER Clrant cPU
TAPE FIFO
READER [FBITDATA YD glfren O[SEITDATA )
Si SO 10 RDY
ENBL SI R OR INT
CLR
9602 D
T 10 cLk
N
S PR
L +vce
oV = vce
c R

NOTE: The output of monostable holds off the “Buffer full” interrupt for
100ns. If 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
tape drive.

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

S| so

IR = OR

C67401
64x8

7 00-07
g’ I e -
ISTERS)
SYSTEM A REG

SYSTEM B

C67401
64x8
-OR IR

SO S

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

Figure 14. Bidirectional FIFO Application
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Low Power
First-In First-Out (FIFO) 64x4

Memory
67L401

Features/Benefits Ordering Information

e Guaranteed 5 MHz shift-out/shift-in rates PART

e Low Power CQn'umpﬂon NUMBER PKG TEMP DESCRIPTION
¢ TTLinputs and outputs 67L401 N.NL | com 5MHz 64x4 FIFO
* Readily expandable in the bit dimensions 67L401 JNL com 5 MHz 64x4 FIFO

Structured pinouts. Output pins directly opposite corres-
ponding input pins

® Asynchronous operation Block Diagram

¢ Pin compatible with Fairchild’s F3341 MOS FIFO and much 67L401 64x4
faster

Description

The 67L401 is a low-power First-In First-Out (FIFO) memory
device with TTL speed. This device is organized in a 64x4-bit
structure and easily expandable to any width. A5 MHz data rate
with fast “fall through” time allows usage in tape and disc
controllers, printers and communications buffer applications.
This data rate is much faster than a comparable MOS device.
The FIFO is a register-based device. Data entered at the inputs
“falls through” to the empty space closest to the output. Data is
shifted out in the same sequence it is shifted in. Also, the width
can be increased by putting the Input Ready signals through a
AND gate to give acomposite Input Ready. Similarly, the,ﬂutput
Ready signals should be gated to form a compo:
Ready.

MASTER RESET

Generally, FIFOs are used in digital systems peffo‘?my"hg da:é
transfers when source and receiver are not bgeratmg at the
same data rate. FIFOs are also used as da&ahf){z&s where the ¢
source and receiver are not operating.at the sarhe-time. The

67L401 is particularly useful where l&w we( onsumpt ‘mus
critical.

NC E ~ E vce

ineuT READY [Z] [15] swiFTout

SHIFT IN E E OUTPUT READY

o[ e [T oo
64x4
oaramn | C] ] o OUTPUTS
o2 [§] (1] o2
o3 [7] 10] 03

ano 2] 9] MASTERRESET

o g 8275
B E| B3| 8| E]|

Plastic Chip Carrier
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67L401

Absolute Maximum Ratings

Supply voltage Ao o R R LR R L e A TS SN -05Vto7V
INPUEVORAGE ... e -15Vto7V
Off-state OUIPUL VOIBGE .. ... ... i et e e e e e -05Vto55V
StOrage temMPerature . ... ... ... oottt i -65° to +150°C
Operating Conditions
COMMERCIAL -
SYMBOL PARAMETER FIGURE MIN YR MAX UNIT
Vee Supply voltage 4.75 5 5.25 \
TA Operating free-air temperature 0 /j&;}% 75 °C
tgiHt Shift in HIGH time 1 55 ] VN ns
tsiL Shift in LOW time 1 55 / f‘””%?\\\b ns
1
tips Input data setup 10 . /f;}\\\ ,) } ns
tioH Input data hold time 1 80 g('v/“ St Py ns
tsont Shift Out HIGH time 5 RN (C— ns
tsoL Shift Out LOW time 5 | /B bt o~ ns
tMRW Master Reset pulse 10 /’DW { ,,{““""lk N ns
tMRS Master Reset to SI 1ol (3 ns

Switching Characteristics over Operatiog @ Pv
SYMBOL PARAMETER A FIGURE, \p) °°M"‘ER°'AL kx UNIT

fiN Shift in rate ,1-.& MHz

™ Shift in to Input Ready @\\h\\\_j /) KON\ 75 ns
[ Shift in to Input Rw@\ A \‘i\//’ 75 ns
fouT ShitOutrate N\~ A\ 5 5 MHz
toRLt Shift Out jeTIqPYt Readly’ LOWA \\ M 5 75 ns
toRHt Shift Ou{ th OutpyfReady ;ugh\\

5
Toon | O oo, | 5 | -
5

-

tobs Qbitgut Opth Shift (next W\~ 70 ns
tpT Dawloo'ghput ORIRfHAroUdN” 4,8 4 us
tMRORL Master Reset to OR,L‘O% 10 85 ns
tMRIRH Master Reset to IR HIGH 10 - 8 ns
tipH* Input Ready pulse HIGH 4 20 ns
topH" Output Ready pulse HIGH 8 20 ns
t See AC test and application note.
* This parameter applies to FIFOs communicating with each other in a cascade mode.
Test Load
9 Input Pulse0to 3V
* The “TEST POINT" is driven by the output under test, :: seo1 TEST POINT* lsns: :::::;i?: Fall Time (10% - 90%)
and observed By instrumentation. 1.1kn3: T~ 30?; ° Measurements made at 1.5 V

m
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67L401
=

Electrical Characteristics oOver Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input voitage 08 v
VIH High-level input voltage 2t v
Vic Input clamp voltage Vce =MIN I} =-18mA -1.5 \"
UTR] Low-level Dg-D3 MR -08 | mA

, Ve = MAX V| =045V
L2 input current | SI, SO -16| mA
WIH High-level input current Voe = MAX V| =24V N 50| wA
I Maximum input current Ve = MAX V| =55V KON 1| ma
VoL Low-level output voltage Vce = MIN loL = 8mA P 05| Vv
VoH | High-level output voltage Vo = MIN lon=-00ma _{{ \} V|24 v
los Output short-circuit current® | Vo = MAX Vo =ov NS/ |0 -90 | mA
lcc Supply Current Vce = MAX  Inputs Low, Outpﬁ!(o’é\ fa 95 110 | mA

* Not more than one output should be shorted at a time and duration of the short-circuit s

t excme secol
t This is an absolute voltage with respect to device GND (Pin 8 or 9) and includes all ovi e {0 test equipment.

Functional Description
Data input

HIGH signal causes the IR to go LOW. Daf
location until Sl is brought LOW. WherkS\{
the FIFO is not full, IR will go HIGHindits

tpT defines the time required for the firsté
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 Ox remains
as before, (i.e. data does not change if FIFO is empty).

After power up the Master Reset is pulsed low (Fig. 11)©put
prepare the FIFO to accept data in the first location, “" en Input signal

utput Ready may also be used as status
at the FIFO is completely full (Input Ready
s/ orhfleasttp) or completely empty (Output Ready

y; tleasttpr).

AC Test and Application Note

Since the FIFO is a very-high-speed device, care must be exer-
cised in the design of the hardware and the timing. Though the
external data rate is 5 MHz internally the device is several times
as fast. Device grounding and decoupling is crucial to correct
operation, as the FIFO will respond to very small glitches caused
by long reflective lines, high capacitances and/or poor supply
decoupling and grounding. We recommend a monolithic ceramic
capacitor of 0.1 uF directly between Vcc and GND with very
short lead length. In addition, care must be exercised in timing
set up and measurement of parameters. 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 the 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
(tiRL) to be extended relative to Shift-in going High.




67L401

SHIFTIN —/

INPUT READY

INPUT DATA *

|

SHIFT IN —/

INPUT READY

INPUT DATA HOLD TIME

Figu! v for Hz Shift in Data Rate

@

h—

SHIFT IN

INPUT READY:

0WOWM’OW0.0WO’O’0’0’0’0’0’0.0.0’0.0W”0.0WMW”M’0.0.0’0’0W"0’0‘0’0’0’0’0’&“’0’0?

IweuT oATA W e AN

Figure 3. The Mechanism of Shifting Data Into the FIFO

@ Input Ready HIGH indi space is ilable 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 puises applied while Input Ready is LOW will be ignored (See Figure 5).
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AD

/

SHIFT OUT ﬁ\ )

o

SHIFT IN J @——
1 - tpT
INPUT READY /O ‘ / - §§

l
R < <7
B N N A

Figure 4. Data is Shifted in Whenever Shift In g ( Re

@ FIFO is initially full 6
@Shm Out pulse is applied. An empty location start “bubbling” to th: t

@ Shift In is held HIGH .

@As soon as Input Ready becomes HIGH the {nput Data € Jeadad into the first wo!

@ The Data from the first word is released for “fall thfgugh Q sebgnt

( mo§ g@u - ifoyT———— >
SHIFT OUT @, - Ay \", J /———\__
X L tORH

OUTPUT READY . N

[*——10D (max)

10D (min)—

OUTPUT DATA A-DATA C-DATA

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

Figure 5. Output Timing

2-28



67L401

SHIFT OUT

OUTPUT READY

OUTPUT DATA

The diagram assumes. that at this time, words 63. 62, 61 are loaded with A, B”

%
@cﬁvelyv

SHIFT OUT —_/Q\ é gg i; @ % |
OUTPUT READY 18 E’“‘gg é%g ;

@ Data in the crosshatched region may be A or B Data

—

R / \

i === W

A-DATA LOOAAAMAARAA

"o

L——ls ng———>|

Figure 6. Typical Waveform for 5 MHz Sh!

<~

AR

B-DATA

(AN

494444
(Y
O

A
1Y

(
N

C-DATA

&

OUTPUT DATA \)

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

o Av
>

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

@ Shift Out 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

B-DATA

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




67L401

SHIFT IN _/—\\

tpT
Z® /L— tOPH—»
OUTPUT READY

@ FIFO initially empty. Figure 8. tpy and tg
PH Specification

i
SHIFT OUT @); E
"y

<g9 )

o) { iﬁ%“ _____
/111117
) X /ﬁﬁlﬁéaf ﬁgQJx/ 71

N'H'0'N'0'0'0'0'0'0‘0'0'0‘0'0 AR
.‘WO?0’0?0’0’0?0’0?0?0?0?0WOfO?O.’O’O?O’O’O?’?O’O?O.

SHIFT OUT

OUTPUT READY

o AN

1 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 ,Sh y are Both HIGH

@ Word 63 is empty. i Oul is held HIGH, Output Ready goes immediately LOW.

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

@ Output Ready goes HIGH indicating the'qrrival,

MASTER RESET

INPUT READY - / / \
p MRORL

OUTPUT READY \

N

@ FIFO initially full
Figure 10. Master Reset Timing

SHIFT IN

2-30



67L401

R 0 SHIFT OUT
—4Sl OR
—{oo 67L401 g}
—01 Q-
—o, az2l—
—p. asl—
(R
COMPOSITE 1
INPUT READY C];J
R
SHIFT IN
sl
—{po 67L401
T
D2
—os

FIFOs are expandable in depth and width. However, in forming
Input and Output Ready flags. This need is due to the differe

ates’ gre required to generate composite E
Applications

FIFOs are typically used as temporary data/uffers ‘ketweén
mismatching data rates. Such an applicatid S

Figure 13. %

)¥"gan also be used in a bidirectional operation as
Bigure 14.

“‘* sl S0

I <= 2x67L401 OR
64x8

D0-D7 00-07
TRI-STATE
REGISTERS|

leeiToaTadp 267401 ©
PAPER "B‘TD 64x8 CPU SYSTEM B
we | vY!1 % ! ! 1 14X |t
READER BUFFER

FIFO
Tri-sTate 12207 /L.__DOL_
»1S1 SO -
ENBLSI | R OR 10-RDY REGISTERS)| K
2x67L401
64x8
OR "
so s

NOTE: Both depth and width expansion can be used in this mode.

Figure 13. FIFO As Data Buffer Between Slow Steady Rate
and Fast ‘Burst’ Rate Figure 14. Bidirectional FIFO Application




First-In First-Out (FIFO)
64x4 64x5 Memory
15 MHz (Cascadable)

C67L401D
C67L402D

Features/Benefits

Ordering Information

¢ High-speed 15-MHz shift-in/shift-out rates PART SCRIPTION
T
e Low power consumption NUMBER PKG EMP DE
¢ Choice of 4-bit or 5-bit data width C67L401D| N,J | Com 15 MHz 64x4 FIFO
e TTL inputs and outputs C67L402D | N,J Com 15 MHz 64x5 FIFO
¢ Readily expandable in word width and depth
e Structured pinouts. Output pins directly opposite
corresponding input pins
e High-drive capability
e Asynchronous operation
C67L401D
{C67L402D)
Description
The C67L401D/2D are “fall-through” high-speed First-In First- D0 —»] — 2‘1’
Out (FIFO) memories organized 64 words by 4 bits and 64 words o1 —= oo 64xd BIT FIFO > o2
by 5 bits respectively. The FIFO is expandable in word width and D2 —| INPUT || (64x5 BIT) jmmp| OUTPUT 03
depth. The FIFQ is attractive for many applications such as disk p3 —»| STAGE REGISTER STAGE > 08)
controllers, communication buffers, rate buffers, etc. They (D4) —
feature high-drive (IoL = 24 mA) outputs. j t —f
INPUT «— iNPUT REGISTER ouTpuT |— SHIFT
READY CONTROL | CONTROL | CONTROL our
SHIFT ___1 " oGIc LOGIC LOGIC |—» OUTPUT
IN READY
Pin Configurations
\J
ne [1] E vee
\J~
ne [0 6] vee INPUT READY 2] (17] sHiFT out
iNPUT READY [Z] [15] swiFTout sHiFT i 3] 1] ouTpuT READY
sHiFTin 3] E OUTPUT READY Do E E oo
Do E E 00 o1 E C67L402D E o1
C67L401D
o1 [5] 7] o1 patain | D2 ] i3] 02 | outpuTs
DATA IN OUTPUTS
o2 [6] [11] o2 o3 [7] 17] o3
o3 7] [17] os o4 [3] [11] o4
GND E 3 MASTER RESET GND E 10] MASTER RESET
Publication# ~ Rev. ~ Amendment
10677 A 10
Issue Date: May 1988
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C67L401D C67L402D

Absolute Maximum Ratings

SUPPIY VOHAGE V(GG et vttt ittt ettt e e ettt et e e -05Vto7V
L4 o TUL Y] - Vo T A -15Vto7V
Off-state OUtPUE VOIAGE .. ..o vt e ettt et e s -05Vto55V
StOrage teMPErature .. ........uiuuiu ittt ettt ittt et e e et eat e -65°C to +150°C

Operating Conditions over Temperature Range

SYMBOL PARAMETER FIGURE MIN COM#IYEFBCIAL MAX UNIT
Vece Supply voltage 4.75 5 525 Vv
TA Operating free-air temperature 0 70 | °C
fIN Shift in rate 1 15 | MHz
tSIH Shift in High time 24
tsiL Shift in Low time ! 15 ne
tiDs Input data setup to SI (Shift In) 1 0 ns
tiDH Input data hold from SI (Shift In) 1 26 ns
tRIDS Input data setup to IR (Input Ready) 4 0 ns
tRIDH Input data hold from IR (Input Ready) 4 26 ns
fouTt Shift out rate 5 15 | MHz
tSOH Shift out High time 17
tsoL Shift out Low time ° 15 ne
tMRW Master Reset pulse™™ 10 35 ns
tMRS Master Reset to SI* 10 35 ns
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high.
** See AC test and high-speed application note.
Electrical Characteristics over Operating Conditions
| symsoL PARAMETER TEST CONDITION VIN COMIERCIAL — ax |uNIT
ViL Low-level input voltage 08" | Vv
l VIH High-level input voltage 2% \%
‘ Vic Input clamp voltage Vce = MIN | lj=-18 mA -15 \
! L Low-level input current Vce = MAX V| =045V -250 | WA
{ IiH High-level input current Vce = MAX Vi=24V 50 | wmA
| Maximum input current Vce = MAX V=55V 1| mA
Low-level Output, O |Vcc =MIN loL=24mA
VOL | outputvoltage [ 1R, OR | Vee = MIN IoL =8 mA 051 Vv
Voh High-level Output, O |Vco =MIN IoH =-3.0 mA o4 v
Output voltage | |R, OR Ve = MIN IOH = -0.9 mA
} los Output short-circuit current* | Voo = MAX Vo =0V -20 -90 | mA
| Ve = MAX
| ice Supply current Allinputs low.  |L401D/2D 100 | mA
; All outputs open.

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
** These are absolute voltages with respect to GND (Pin 8 or 9) and include all overshoots due to test equipment

]
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C67L401D C67L402D

Switching Characteristics over Operating Conditions

SYMBOL PARAMETER FIGURE N OMARCIAL Ak
tiRLt Shift In 1 to Input Ready LOW 1 40
tiIRHT Shift In | to Input Ready HIGH 26
tORLT Shift Out 1 to Output Ready LOW 45
tORHT Shift Out | to Output Ready HIGH 5 50
toDHT Output Data Hold (previous word) 12

toDs Output Data Shift (next word) 40
tPT Data throughput 4.8 1600
tMRORL Master Reset | to Output Ready LOW 60
tMRIRH* | Master Reset 1 to Input Ready HIGH 10 30
tMRIRL* Master Reset | to Input Ready LOW 50
tMRO Master Reset | to Outputs LOW 60
tiPH Input ready pulse HIGH 4 17

tOPH Output ready pulse HIGH 8 24

tORD Output ready ! to Data Valid 5 -3

* 1t 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.




C67L401D C67L402D

Standard Test Load

5V
R1

TEST POINT
R2 = 30pF

OUTPUT

Input Pulse Amplitude =3V
Input Rise and Fall Time (10%-90%) = 2.5ns
Measurements madeat 1.5V

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 S| HIGH signal causes the IR to go LOW. Once data is
entered into the first cell, the transfer of data from 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. When SI 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. The
FIFO should always be cleared by using master reset.

Data Output

Data is read from the Oy 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 the upstream 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
output will not be valid.

oL R1 R2
24 mA 200 300 @
8 mA 600 (1 1200

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 utilized
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 capacitances
and/or poor supply decoupling and grounding. Monolithic
Memories recommends a monolithic ceramic capacitor of 0.1 uF
directly between VCC 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 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 functional
standpoint, and will also cause the “effective” timing of Input
Data Hold time (TjpH) and the next activity of Input Ready
(T\RL) to be extended relative to shift-in going HIGH. This same
type of situation occurs with TORL and TORH as related to
Shift-Out. For high-speed applications, proper grounding tech-
nique is essential.
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C67L401D C67L402D

I/'lN l”IN >

Ve e
SHIFTIN f<——tgin tsiL W,

F tiIRH —>
INPUT READY .~_—\—_/———H-tm|.—>

2‘<«— o — ORI SXECOOianin

l«— tips

Figure 1. Input Timing

SHIFT IN
—/

INPUT READY

weuronra 1T RN O

<— 0 ns

Figure 2. Typical Waveforms for 15-MHz Shift-In Rate

SHIFT IN - \ﬁ—ﬂ
INPUT READY \——3(@) (K

woronon TN o

Figure 3. The Mechanism of Shifting Data into the FIFO

s

@ 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.
@ 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
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C67L401D C67L402D

O]
SHIFT OUT .
@\ 7J
SHIFT IN _/ \
: -
INPUT READY ®\ | tpr v, tipH—>
tRIDH

)

INPUT DATA

MAAAARELXXARAARAR

W

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

FIFO is initially full.
Shift Out pulse is applied. An empty location starts “bubbling” to the front.
Shift In is held HIGH

CROXORC,

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

1fout 1ouT
Ve ' \ ¢
SHIFT OUT / SOH N SOL. //_——\— E
<—10RH

OUTPUT READY \ tORD>| <1tORL _\—/_

~<«——tops——>
tODH—>|
OUTPUT DATA | A-DATA ( | B-DATA W I C-DATA

Figure 5. Output Timing
@ The diagram assumes that at this time, words 63, 62and 61are loaded with A, B and C Data, respectively.

@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. ORand SO are both high together.

66.6 ns 66.6 ns
SHIFT OUT 15ns — Y \
OUTPUT READY 45ns N 50ns 1>/ \ / \ /
- 40 ns —>
OUTPUT DATA | A-DATA ~ 12ps —>) ( B-DATA >@< I C-DATA

Mo

Figure 6. Waveforms for 15 MHz Shift-Out Data Rate
@ The diagram assumes that at this time words 63, 62and 61are loaded with A, B and C Data, respectively.

@ Datain the first crosshatched region may be A or B Data.
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SHIFT OUT
OUTPUT READY L———f ——y
o —
———— Do
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 /® /
r<—1tOPH
Figure 8. tpT and topy Specification
@ FIFO initially empty.
@ shift Out held HIGH
®
SHIFT OUT \(
O]
@ #777/777777777777777777777

OUTPUT READY Y /211177iiiiiiiiiis

5 RRCARRCRROOARCAARCCRRKAR

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 Outis held HIGH, Output Ready goes immediately LOW.

ONONCRCXC)

As s00n 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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C67L401D C67L402D

MASTER RESET /
tMRW ——>

INPUT READY }

N—Mmm} - IMRIRH /T/

OUTPUT READY

SHIFT IN

H—lMRQRL—} tMRs

DATA OUTPUTS

(IO

-— lmno—>|

@ FIFO initially partially full.

Figure 10. Master Reset Timing
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First-In First-Out (FIFO) C67L4013D
64x4 Memory

15 MHz (Cascadable)

With Three-State Outputs

Features/ Benefits Ordering Information

o High-speed 15-MHz shift-in/shift-out rates PART

® Low power consumption NUMBER PKG |TEMP| O/ DESCRIPTION
® TTL inputs and outputs C67L4013D| N,J | Com | 3-state 15 MHz FIFO

® Readily expandable in word width and depth

e Structured pinouts. Output pins directly opposite
corresponding input pins

o High-drive capability

e Asynchronous operation

e Output Enable feature

Description Block Diagram

The C67L4013D is a “fall-through” high-speed First-In First-Out

(FIFO) memory organized 64 words by 4 bits. The FIFO is

expandable in word width and depth. The FIFQO is attractive for

many applications such as disk controllers, communication

buffers, rate buffers, etc. The C67L4013D has three-state, high- C67L4013D
drive (IQL = 24 mA) outputs.

OUTPUT ENABLE
. LI
- = = D0 —> 12
Pin Configuration p15.| FIFO FIFO [ O
D28 INPUT ] RGEAC);?S'BI'QR p| outPUT |1, 02
o —> svace STAGE |10
C67L4013D
v | | 1
GE |1 16 2 1
[16] vee ey <— _INpUT REGISTER outpuT <= ST
CON | CONTROL b CONTROL
INPUT READY E E SHIFT OUT SHIFT 3 LOZ?CO t LOGIC LoGic |14, OUTPUT
N READY

SHIFT IN E E OUTPUT READY T T I
[, 9
0o E E 00 MASTER RESET
DATA IN OUTPUTS

o2 [ 1] o2
osE [10] os

GND E 3 MASTER RESET

Publication # Rev. Amendment

10682 A 0
Issue Date: May 1988

2-40



C67L4013D

Absolute Maximum Ratings

SUPPIY VORAGE VT T « ettt tetittatettet ettt et te e te ettt eeeteae s eaeeaeaneeneaaneeneasennsasensenenneennesn -05Vto7V
LT« 10 Y = Vo T -15Vto7V
Off-state OUtPUL VOIAGE .. ..ottt ittt ittt et ittt et ettt e ettt e e it et eaeeteeneanennanns -05Vto55V
B3 (el o o ot 1T Y=Y - (T - AN -65°C to +150°C

Operating Conditions over Temperature Range

SYMBOL PARAMETER FIGURE | g COMMIRCIAL  hax | uNiT
vVce Supply voltage 4.75 5 525 \
TA Operating free-air temperature 0 70 | °C
fiN Shift in rate 1 15 | MHz
tSIH Shift in High time 1 24 ns
tsiL Shift in Low time 1 15 ns
tips Input data setup to SI (Shift In) 1 0 ns
tiDH Input data hold time to Sl (Shift In) 1 26 ns
tRIDS Input data setup to IR (Input Ready) 4 0 ns
tRIDH Input data hold time to IR (Input Ready) 4 26 ns
fouTt Shift out rate 5 15 | MHz
tSOH Shift out High time 5 17 ns
tsoL Shift out Low time 5 15 ns
tMRW Master Reset pulse™* 10 35 ns
tMRS Master Reset to SI* 10 35 ns
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returni‘ng high when MR goes high.
** See AC test and high-speed application note.
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITION MIN COMMERCIAL — 1ax | UNIT
ViL Low-level input voltage 08 | v
VIH High-level input voltage 2** v
Vic Input clamp voltage Vce =MIN I =-18 mA -15 \
IR Low-level input current Ve = MAX V=045V -250 | uwA
IiH High-level input current Ve = MAX V=24V 50 | uA
] Maximum input current Vce = MAX V=55V 1| mA
| Output, O loL=24mA
voL t)%\;vpltivjéltage IR, cF;R Ve =MIN .gt =8 mA 05 Vv
igh-| Output, O IoH =-30mA
VoH gﬁzfﬁltage R, gR vec=MIN lg: —oema | * v
los Output short-circuit current* | Voo = MAX Vo =0V -20 -90 | mA
lozL Off-state output current Vce = MAX Voro4y ~0 nA
lozH Vo=24V +50
lcc Supply current Xﬁﬁ;uhtﬂsAléw All outputs open. 10| mA

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
** These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise.
m
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C67L4013D

Switching Characteristics over Operating Conditions

SYMBOL PARAMETER FIGURE my  COMMERCIAL x| UNIT
tigLt Shift In 1 to Input Ready LOW ; 40 ns
tIRHT Shift In | to Input Ready HIGH 26 ns
toRLt Shift Out t to Output Ready LOW 45 ns
tORHt Shift Out | to Output Ready HIGH 5 50 ns
toDH* Output Data Hold (previous word) 12 ns
tobs Output Data Shift (next word) 40 ns
tpT Data throughput 4,8 1600 ns
tMRORL Master Reset | to Output Ready LOW 60 ns
tMRIRH Master Reset t to Input Ready HIGH* 0 30 ns
tMRIRL Master Reset | to Input Ready LOW” 50 ns
tMRO Master Reset | to Outputs LOW 60 ns
tiPH Input ready pulse HIGH 4 17 ns
tOPH Output ready pulse HIGH 8 24 ns
tORD Output ready t to Data Valid 5 -3 ns
t 30
PHZ Output Disable Delay, C67L4013D ns
tpLZ 30
A
tpzL 30
Output Enable Delay, C67L4013D ns
tpzH 40
Note: Typicals at 5V VG and 25°C Ta.
* If 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.
3v
OUTPUT ENABLE S(VT vr
ov
tpLz—>{ S1AND
$2 CLOSED
WAVEFORM 1 S;.f 332:0 vr 15V
—
VoL
[e—1tpzH tPHz—>{ 0.5V
L,
S10PEN - .
WAVEFORM 2 $2 CLOSED vy o —15V
Vy=15V ) S1AND
S2 CLOSED

2-42

Figure A. Enable and Disable
Waveform 1 is for an output with internal conditions such that the output is low
except when disabled by the output control.
Waveform 2is for an output with internal conditions such that the output is high
except when disabled by the output control.




Standard Test Load

5V

OUTPUT

(® TEST POINT

>
3: R2 ==.30 pF

Input Pulse Amplitude = 3V

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 ’

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.
An SIHIGH signal causes the IRto go LOW. Once datais entered
into the first cell, the transfer of data from 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. 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. The FIFO
should always be cleared by using master reset.

Data Output

Data is read from the Oy 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
the upstream 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 output will
not be valid.

oL R1 R2
24 mA 200 0 300 0
8 mA 600 O 1200 O
Three-State Test Load
vCC
R1
TEST POINT

s1

CL

M

5pF

—

152

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 utilized
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 capacitances
and/or poor supply decoupling and grounding. Monolithic
Memories recommends a monolithic ceramic capacitorof 0.1 uF
directly between VCC 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 (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 froma
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 situation occurs with TORL and TORH as
related to Shift-Out. For high-speed applications, proper
grounding technique is essential.

-
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C67L4013D

N IMN

SHIFT IN ,4—_|s|:—>*7'su————7 A
HRH—>
INPUT READY \ / [e—tRL—>

2*(._ —RRRRARRRRARARAR OO

l«— tips

O -

Figure 1. Input Timing

66.6 ns 66.6 ns

N\
N/

euroara 1o A ARG

<«— Ons

SHIFT IN A

INPUT READY

Figure 2. Typical Waveforms for 15 MHz Shift-In Rate

oy ™ —\° %

wor o TN omen——

Figure 3. The Mechanism of Shifting Data into the FIFO

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

@ Input Data is 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.
® 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 5).
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C67L4013D

SHIFT OUT
[F

@\ 7/

INPUT READY

SHIFT IN _/ l
Al

INPUT DATA

AR

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

@® FIFO is initially full.

@ Shift Out pulsed is applied. An empty location starts “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.

| tout nout

2
SHIFT OUT -t tsoL f—\—
SOH ¥ s Y,
<—{QORH—>
OUTPUT READY l \ *"onv’ ~<toRL ——\____/——

——tops—>

tODH—>
OUTPUT DATA l A-DATA | B-DATA W l C-DATA

Figure 5. Output Timing

7 N

® The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively.
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together.

- 66.6 ns 66.6 ns
SHIFT OUT Ve 17ns —\ % \
—/ \
OUTPUT READY 45 ns X N 50ns —>
40 ns
OUTPUT DATA | A-DATA ~ 125 ——>) B-DATA >@< | C-DATA

Mo |

Figure 6. Waveforms for 15 MHz Shift-Out Data Rate

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

@ Data in the first crosshatched region may be A or B Data.
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C67L4013D

SHIFT OUT

OUTPUT READY \\CD 4 _7/

g

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 J
/®

tpT i
OUTPUT READY l y,
r*—1toPH
Figure 8. tpT and topH Specification
® FIFO initially empty.
@ Shift Out held HIGH.
®
SHIFT OUT V
®
o @y—\( J77777777/7777777777777777
OUTPUT READY Y L2717 777700401174
®

& ARMARRANKCRRCCRRCKARXKANCR

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

@ Word 63 is empty.

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

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

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

® 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
words in the FIFO.
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MASTER RESET t /
tMRW ——>|

INPUT READY * \

[+ tMRIRL - tMRIRH |

OUTPUT READY

|« tMRORL—> tMRS |
SHIFTIN }

(IO

|— lMRO«-»'

Figure 10. Master Reset Timing

@ FIFO initially partially full.

2-47



Asynchronous First-In First-Out Memory

(FIFO) 16x5
74S225/A

Features/Benefits

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

¢ Fully expandable by word width and depth
® Three-state outputs

® TTL-compatible inputs and outputs

® Functionally compatible with T.l. SN745225
e 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

Ordering Information

PART NUMBER PACKAGE TEMPERATURE
748225 J,N 10 MHz Com
74S225A J,N 20 MHz Com

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
output (Pin 3) is designed for testability of Vg .

Pin Names
PIN # PIN NAME DESCRIPTION . . .
Pin Configuration
1 CLKA Load clock A
2 IR Input ready 74S225/A . . J or N Package
Top View
3 UNCK OUT Unload clock output (Top View)
4-8 DO-D4 Data inputs cwca 1] 20 vee
9 OE Output enable 4 a 2] cLcs
. —_
10 GND Ground pin unex out [ sl CLR
Do |4 17] oR
11-15 Q4-Q0 Data outputs E
o1 [5] %] UNCK IN
16 UNCLK IN Unload clock input DATA b2 E o
17 OR Output ready 3 E W] o1
18 CLR Clear D4 E %] a2 OUTPUTS
19 CLKB Load clock B oE ] 2] a3
20 Vee Supply voltage GND E 11] Q4
Block Diagram 9 OUTPUT ENABLE
15
o0 —— T
g; — " FIFO 16x5 FIFO 13 02
— ] N
o a— | neiten g [ —
D4 -—8———> ———-——-——»‘1 04
. | t t
UNLOAD CLOCK OUT <-————— 16 UNLOAD
INPUT REGISTER OUTPUT  |[«—«—
INPUT READY =-=————1 coNTROL |4 | conTROL | CONTROL CLOCK IN
LOAD CLOCK A LOGIC LOGIC oGic |17  outpur
LOAD CLOCK B E:E)'_ READY
TER g [ [ |
Publication # Rev. Amendment
10674 A 0
Issue Date: May 1988

2-48




748225/A

Absolute Maximum Ratings

SUPPIY VORBGE V(GG -t v ettt ettt et ettt et et et -05Vto7V
LT o1 e €= T L O -15Vto7V
Off-state OULPUL VOIAGE .. ...ttt ettt ettt ettt et ettt ettt et e ce it eananeaannaaananes -05Vto55V
5] (ol = Te TR (=Y T o =T £ (T O -65to +150°C
Operating Conditions
74S225A 745225
SYMBOL PARAMETER FIGURE MIN TYP MAX | MIN TYP MAX UNIT
Voo Supply voltage 4.75 525 | 4.75 5.25 Vv
ta Operating free-air temperature 0 75| 0 i 75| °C
L CKH 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
tiDpH Hold time, data from load clock 2 501 70t 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 10 251 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 oOver Operating Conditions
SYMBOL PARA FIGURE 7452250 748225
METER MIN TYP MAX | MIN TYP max |YUNIT
Cascade Mode™*
fIN Load clock A or clock B 2 20 22 10 20 MHz
Standalone Mode
t CIRL CLKAorCLKBto IRl ** 2 43 55 55 75| ns
t cooL CLK A or CLK B to UNCK OUT! 2 31 40 25 501 ns
Cascade Mode***
fouT Unload clock input 4 20 22 10 20 MHz
Standalone Mode
tuckoRL| UNCKINt to OR LOW 4 26 35 30 45| ns
tuckorRH| 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 CLKAoOrCLKBtoOR ! 7 167 220 190 300 | ns
tcLoL CLRtoOR | 6 31 40 35 60 | ns
toLIH CLRto IRt 6 15 20 16 35| ns
tuckow | Pulse width, UNCK OUT, t,, 2 7 11 7 14 ns
toRD OR 1 to output data 4 9 15 10 20 | ns
tguBl UNCK INto IR t (bubble-back time) 8 214 290 255 400 | ns
tBuUBC 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.

*** Devices connected to provide FIFO of greater than 16 word depth.

e
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74S225/A

Switching Characteristics oOver Operating Conditions

SYMBOL FIGURE 74S225A 74S225
o PARAMETER G MIN TYP MAX| MIN TP maAx | YUNIT
tpHZ —_ 8 25
Output disable delay, OE to Q;, C| = 5 pF 1 10 25 ns
tpLz 18 25
tpzL J— 19 40
Output enable delay, OE to Q;, C|_ = 5 pF 1 25 40 ns
tpzH 23 40 :
Test Load for Bi-State Output Test Load for Three-State Output
vce
TEST POINT* oo RL
TEST POINT*
RL CT /51
OUTPUT OUTPUT i
l h 4
cL ct $wa ¥
$
I I h 4
CL =30 pF CL=5pF S2
RL = 3000 RL = 3000

* 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 1.5V

3V
OUTPUT ENABLE vr vr
ov
tpLz—>{ S1AND

S2 CLOSED
DATA OUTPUT $1CLOSED v 15V
WAVEFORM 1 S2 OPEN T 5 1sv
VoL

tpzH—> |<——1sz—> ¢
— VoH
DATA OUTPUT S10PEN vy B 0.5V
WAVEFORM 2 $2 CLOSED ov —15V

- S1AND
S2 CLOSED

Figure 1. Enable and Disable

Waveform 1 is for an output with internal conditions such that the output is
low except when disabled.

Waveform 2is for an output with internal conditions such that the output is high
except when disabled.

2-50



74S225/A

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 Vv
Vic Input clamp voltage Vee = MIN I} = -18mA -15 \
L _Low-level Dg-Dyg Vee = MAX V=05V -1 mA
Lo input current All others -25 | mA
| H MAX Vi=27V Data inputs 40 A

igh-level input current \Y = =2 m
IH 9 P cc ! Others 25
Iy Maximum input current Vg = 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 Vee = MIN 2.4 \
loH = -3.2 mA (All others)
los Output short-circuit current™* Ve = MAX Vo=0V -30 -100 mA
! Ve = MAX Vo=24V 50 A
Hz Off-state output current ce 0
Lz Vee = MAX Vo=05V -50 uA
Inputs low, All 748225 80 120
! Supply current Ve = MAX ' mA
cc PPy ce outputs open 74S225A 80 125

* To measure V| on Pin 3, force 10 V on Pin 9 (Extended Testability). )

** 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 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. 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.
A LOWsignal at UNCK IN causes the ORto 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 tgyg|) or completely empty (Output

Ready stays LOW for at least tpp).

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.
Forexample, 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 high a
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_C|RL) to be extended relative to Load Clock (A or
B) going HIGH.
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74S225/A

LOAD CLOCK
(B OR A)

l«——1/FIN
tLCKH —
LOAD CLOCK:
(AORB), 7
WoR2—»| |
INPUT READY E W
tuckow
UNLOAD
CLOCK: X
OUTPUT
Yiecol: >
) —> tips 1
INPUT DATA 3{
tcLek — | ‘.uH—>'
CLEAR l INITIAL CYCLE ONLY
touw

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

Figure 2. Input Timing

LOAD CLOCK
(B ORA)
LOAD CLOCK @ / \

{AOR B) / \

© v

oo NG

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.

Figure 3. The Mechanism of Clocking Data into the FIFO
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| e——1/FOUT ——>|

UNLOAD 4
CLOCK INPUT _XR /

tuckL

OUTPUT
READY

tUCKORL—>]

OUTPUT DATA

Figure 4. Output Timing

UNLOAD
CLOCK INPUT

OUTPUT READY \® _>\<® /

\ /
OUTPUT DATA A-DATA _7 B-DATA

f«——AORB——»>

NOTES: 1. Output Ready HIGH indi that data is ilabl

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 available 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
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le-toL W

AR N /

toLiH —

INPUT READY

tcLoL—>| |[=—

OUTPUT READY

fciek

LOAD CLOCK
(A AND B)

NOTE: Assume FIFO is full before CLEAR goes active.

Figure 6. Clear Timing

LOAD CLOCK “~
A ong) HIGH

LOAD CLOCK
(B ORA)

tRiIp——>|

OUTPUT READY

L HIGH

UNLOAD CLOCK
INPUT

tially empty.
y empty

2. Unload Clock Input and one Load Clock held HIGH throughout.

Figure 7. tgp Specifications

UNLOAD CLOCK 4
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. tgy|; tgusc Specifications
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LD LD LD
VCC —P CKA VCC P cka VCC P cka
LOCK IN Lb R Lb LD OUTPUT
cLoc cKB o cKB OR cKB OR __D— READY
UNLD  ynLD UNLD  ynLD UNLD  yuNLD UNLOAD
NC CKOUT ciiN CKOUT  cKkIN CKOUT CKIN CLOCK
IR NC— IR —r
Do Qo DO Qo Do Qo
D1 a1 D1 a1 D1 a1
D2 Q2 D2 Q2 D2 Q2
D3 Q3 D3 Q3 D3 Q3
— — [ Q-
Diem o D4 CiR o 94 D4 SR o O
— OUTPUT
Weor SABLE
READY __G: I 1 [ 1
—l = s T T—
10 BITS CLR OF CLR OE CLR OE 10 BITS
Luw iYL Lo
DATA IN veC —P cxa VCC P cka VCCP cka DATA OUT
LD OR LD OR LD OR [
CKB cKB CcKB
NC UNLD  UNLD UNLD  ynLD UNLD  ynLD
CKOUT  CKIN CKOUT CKIN CKOUT  cKIN
R NC— IR NC— IR
Do Qo Do Qo Do Qo|
D1 Q1 D1 Q1 D1 Q1
D2 Q2 D2 Q2 Q2
D3 Q3 D3 Qa3 D3 Q3|
D4 Q4 D4 Qs D4 Q4|

Figure 9. 48x10 FIFO with 74S225/A




Low Power First-In First-Out (FIFO)

64x5 Memory
67L402

Features/Benefits Ordering Information

e Guaranteed 5 MHz shift-out/shift-in rates PART

® Low power consumption PACKAGE PKG TEM . DESCRIPTION

e TTL inputs and outputs 67L402 N, NL W Hz 64x5 FIFO
il

¢ Readily expandable in the bit dimensions 670402 N / '*"’”“G\} 5 MHz 64x5 FIFO

o Structured pinouts. Output pins directly opposite corres-
ponding input pins

Asynchronous operation

Description

The 67L402 is a low-power First-In First-Out (FIFO) memory A A\~
device with TTL speed. This device is organized in a 64x5-bit
structure and easily expandable to any width. A5 MHz datara
with fast “fall through” time allows usage in tape and disc
controllers, printers and communications buffer appligations.
This data rate is much faster than a comparable M

“falls through” to the empty space closest to t
shifted out in the same sequence it is shifted if. @
can be increased by putting the Input Ready'sj
AND gate to give acomposite Input R
Ready signals should be gated to
Ready.

FIFO [ 18
84x5 output [ 12 02
REGISTER $ ot

Gt

INPUT REGISTER OUTPUT [*+—ouT
CONTROL|_ ) CONTROL[ M CONTROL| ¢
LOGIC LOGIC LOGIC —»gg:g;"

Generally, FIFOs are used j
transfers when source ang
same data rate. FIFOs arg

source and receive, il 07 Y
67L402 is particul 0
critical. MASTER RESET

Pin Configurations

ne [ ~ 18] vee

iNpUT READY [Z] [17] shiFr out
swFr N 3] i8] outpuT READY 18]
0 [ 671402 =l o o M
o, [E] 4] o, s;zgz ]
oara i { 02 [E] [13] 0, ¢ ouTPUTS E
0, [7] ] o, m

o, [1] 1] o

ano[3 [10] MASTER RESET Plastic Chip Carrier




67L402

Absolute Maximum Ratings

Supply voltage R o P -05Vto7V

INPUE VORAGE ..t -1.5Vto7V

Off-state OULPUE VOIRAGE . ... ... ittt et et e e e e e et e -05Vto55V

StOrage teMPErature .. ..........iuieit ittt ettt e e e -65° to +150°C

Operating condmons
sYMBOL PARAMETER FIGURE | COMMERCIAL aax UNIT
Vee Supply voltage 4.75 5 5.25 \
Ta Operating free-air temperature 0 N 75 °C
tgiHt Shift in HIGH time 1 55 )N ns
tsiL Shift in LOW time 1 55 /“’"\Q{( ~ ns
tips Input data setup 1 10 ( ( \X ~ ns
YDH Input data hold time 1 80 / / /&W ns
tsont Shift Out HIGH time 5 RN i ns
tsoL Shift Out LOW time 5 5> N A0 N) ns
tMRW Master Reset pulse 10 &W o f%m:}?\\w ns
tMRS Master Reset to SI 10[/}“ ""“‘”‘“’%wm ns

cf&\‘\‘i"

Switching Characteristics over Operatlng mon
SYMBOL PARAMETER 4< FIGURE "\éonn#:cm. MAX UNIT
fin Shift in rate 1 ‘w/"')s PN MHz
tiRLt Shift in to Input Ready‘j.QV\ ) } M\W 75 ns
tirnt Shift in to Input Ready PORNC"" N ) 75 ns
fouT Shift Outrate "\~ (\ ) 5 MHz
tort Shift Out to.Qutput R LOW { S\\ 5 75 ns
tornT Shift Oyf j6 Otpdy Ready H}#t\\\;\'\\,“ 5 80 ns
toDH OMMprewWﬁ 5 8 ns
tops (QdipubOntashiitt (neWQ}){ 7/ 5 70 ns
T | DG O e
'MRORL | MasterResetto ORNDY 10 85 ns
tMRIRH Master Reset to IR HIGM” 10 85 ns
tipH Input Ready pulse HIGH 4 20 ns
torPH Output Ready pulse HIGH 8 20 ns

t See AC test and application note

sV
Input Pulse 0to 3 V
s6002 Input Rise and Fall Time (10% - 90%)
* The “TEST POINT" is driven by the output under test, 5 .
i i TEST POINT* ns minimum
and observed by instrumentation. ] Measurements made at 1.5 V
1.1k() A1~ 30pF
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67L402

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input voltage 0.8 v
VIH High-level input voltage 2t v
Vic Input clamp voltage Vcc = MIN lj  =-18mA -1.5 Vv
L1 .Low-leve! Do-D3 MR Voo = MAX V| =045V -08 | mA
TP input current | SI, SO -1.6| mA
hH High-level input current Vo = MAX V) =24V ) 50 | wA
I Maximum input current Vee = MAX V| =55V NV 1] mA
VoL Low-level output voltage Ve =MIN loL =8mA JZZRNNN ! 05| v
VoH | High-level output voltage Ve = MIN loH=-0omA A\ ) 24 v
los Output short-circuit current* Voe = MAX Vo =0V (\(//‘ A =20 -90 | mA
Icc Supply Current Voc = MAX  Inputs Low, %putsb%% ‘n ( /m 113 130 | mMA

* Not more than one output should be shorted at a time and duration of the short-circuit
t This is an absolute voitage with respect to device GND (Pin 8 or 9) and includes all

Functional Description

Data Input

After power up the Master Reset is pulsed low (Ei§/11) to

or a full location. The firs
a shift out is applied. If thi

end of the device while empty locations “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 Ox remains
as before, (i.e. data does not change if FIFO is empty).

AC Test and Application Note

Since the FIFO is a high-speed device, care must be exercised in
design of the hardware and the timing. Though the external data
rate is 5 MHz, internally the device is several times as fast. Device
grounding and decoupling is crucial to correct operation, as the
FIFO is sensitive to very small glitches caused by long reflective
lines, high capacitances, and/or poor supply decoupling and
grounding. We recommend a monolithic ceramic capacitor of
0.1 uF directly between Vo and GND with a very short lead
length. In addition, care must be exercised in timing setup and
measurement of parameters. For example, since an AND gate
function is associated with both the Shift In-Input Ready Com-
bination 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 the 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
(tipH) and the next activity of Input Ready (tjRL) to be extended
relative to Shift-In going High.
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67L402

i, 7t

o — N / \

YRH

INPUT READY

INPUT DATA *
-

Figure 1. Input Timing

A 55 ns
SHIFT IN

INPUT READY

(O ,
TR, A"
“eX “‘. .‘ Y ‘ )
AT 1

INPUT DATA

SHIFT IN

INPUT READY

.0.0.0’0‘0.0‘0.0’0'0’0‘0’0.0'0‘0.0‘0.0.0.0.0.0.0.0.0‘0‘0‘0.0.0.0‘0’0.0.0‘0‘0.0’0’0‘0.0.0.0.0.0‘0.0.0'0.0’0.0.0.0.0‘0.0.0'0.0‘0.0.0

INPUT DATA W srane o O A A

Figure 3. The Mechanism of Shifting Data into the FIFO

@ Input Ready HIGH indi space is i 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 5)
I ———————

2.59



67L402

SHIFT OUT \ s

D Dy r
INPUT READY

EONEEOFFEONEOOFEOREONY OO RN EONIROONER ORI GONR GRS
I O A A

INPUT DATA

Figure 4. Data is Shifted in Whenever Shift i dqd'inb

@ FIFO is initially full.

@ Shift Out pulse is applied. An empty location start “bubbling”, he fro
@ Shift In is held HIGH
@As soon as Input Ready becomes HIGH the Input Dpfa &

@ The Data from the first word is released for “fallthif

OH
SHIFT OUT
OUTPUT READY QY

{00 (min)—

LTI
A

OUTPUT DATA A-DATA C-DATA

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

Figure 5. Output Timing

2-60



67L401

Y o [\ [\
.

D @]

T
WD
\_/

C-DATA

A-DATA / MMM B-DATA

\® |45 ns——»|

OUTPUT DATA

Figure 6. Typical Waveform for 5 M|

Rate %
@ The diagram assumes. that at this time. words 63, 62. 61 are loaded wni A%s lectivel

@ Data in the crosshatched region may be A or B Data.

SHIFT OUT
OUTPUT READY W ' :A /
OUTPUT DATA ATA B-DATA

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 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

It the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs
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67L402

SHIFT OUT

OUTPUT READY

/® /L—tom—-—>

@ FIFO initially empty Figure 8. tpy and topy Specification
PH

SHIFT OUT

OUTPUT READY

\"’ %, %‘%w,/ﬂy J
o A) %‘“‘””f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
currur pain PZSEREZ SN
W N /’:,«

AL XXX XA

Figure 9. Data Ou| tput Ready are Both HIGH
@ Word 63 is empty " 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

@ New data (A) arrives at the outputs (wi
(i) Output Ready goes HIGH inditatiag the arkygh of the ne@i‘%}g
.

MASTER RESET

INPUT READY i // \
b tMRORL:

OUTPUT READY \

-

@ FIFO initially full.
Figure 10. Master Reset Timing

SHIFT IN
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R so SHIFT OUT
si OR
—oo Qo}—
—{ D1 67402 Q1|
—o2 a2
—o3 as}-
—P4 R 4
COMPOSITE _G-_- T :D_ COMPOSITE
INPUT READY OUTPUT READY
R so
SHIFT IN si oR
—{oo Qo
—{ D1 671402 Q1|—
—b2 2} O
— o3 a3
—IP4 gR WM o,

SET
Figure 11. 64x8 FIFO Wit

g @ ired to generate composite
th o

Applications

FIFOs are typically used as temporary data b een 6 n also be used in a bidirectional operation as
mismatching data rates. Such an applic: h in in Rigure 13.

Figure 12.

_ AN

FIFOs are expandable in depth and width. However, in forming widi
Input and Output Ready flags. This need is due to the different fall/thiri

2 i
W si < so
R 2x67L402 OR
64x10 ‘
D0-D10 00-010
TRI-STATE
: REGISTERS
| NS ] SYSTEM A
\ < - e e
PAPER | o 2"&7'-1‘:2 ° cPU SYSTEM B
TAPE 10-BIT ﬂ; ° orv ! v |=_/====
READER | DATA BUFFER DATA 00-010 50010
s s0 e C—
. ‘ REGISTERS
ensLsif«——in R 10-RDY
2x67L402
64x10
OR R
s0 -

NOTE: Both depth and width expansion can be used in this mode.

Figure 12. FIFO As Data Buffer Between Slow Steady Rate
and Fast ‘Burst’ Rate Figure 13. Bidirectional FIFO Application

—
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First-In First-Out (FI
64x5 Memory

FO)

15 MHz (Cascadable)

C67L4033D

Features/Benefits

o High-speed 15 MHz shift-in/shift-out rates

e High drive capability

* Low-power consumption

¢ Three-state outputs

Fully expandable by word width and depth
Half-Full and Almost-Full/Empty status flags

Structured pinouts. Output pins directly opposite
corresponding input pins.

e Asynchronous operation
e TTL-compatible inputs and outputs

Description

The C67L4033D is a high-speed, 64x5 First-In-First-Out (FIFO)
memory which operates at 15 MHz input/output rates. The data
is loaded and emptied on a first-in-first-out basis. It is a three-
state device with high-drive (I = 24 mA) data outputs. These
devices can be expanded to any word width and depth. It has a
Half-Full flag (thirty-two or more words full) and an almost
full/empty flag (fifty-six or more words or eight or less words).
The main application of C67L4033D is as a rate buffer; sourcing
and absorbing data at different rates. Other applications are
high-speed tape and disk controllers, data communications sys-

Ordering Information

PART
NUMBER PKG TEMP DESCRIPTION
C67L4033D N,J Com 15 MHz in/out

Pin Configuration

oe [
HALF FULL E

inpUT READY [3]

sHiFr N [4]
oo [£]

o1 3]

para { p2[7]
o3 [&]

os[3]

C67L4033D

-

E vee

m ALMOST FULL/
EMPTY

(18] sHiFT ouT

[17] outPuT READY

[16] 00
[15] o1
[14] 02 {outpur
[13] 03
[12] 04

tems and plotter control systems. GND E E WASTERRESET
Block Diagram N
OUTPUT ENABLE
1
5 1% . oo
Do - 5 > 01
O 64x5 > OS!IE:POUT :: 02
p2 —| INPUT > >
REGISTER F——- 03
D3 —3 »| STAGE STAGE [ {2
9 —> 04
D4 —>
INPUT READY <——|  INPUT REGISTER OUTPUT |8 shiFT ouT
4 | CONTROL |@mmdp| CONTROL |@uuuspp| CONTROL | 17
SHIFT IN—>| LoGIC LOGIC LOGIC |[—> OUTPUT
l i READY
FLAG
CONTROL
LOGIC
2 19| ALMOST FULL/
. HALF FULL EMPTY
WMASTER RESET ——9>
Publication # Rev. Amendment
10681 A 70
Issue Date: May 1988
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C67L4033D

Absolute Maximum Ratings

SUPPIY VORBGE VGG + - e v ettt et ettt ettt et et e e e -05Vto7V
g 61U V0T - To = PP -15Vto7V
Off-state OUtPUL VOIAGE ... ..o it i e e ettt it -05Vto55V
] (e £ Vo TR =TT =T 2= (U -65°C to +150°C

Operating Conditions over Temperature Range

SYMBOL PARAMETER FIGURE MIN COM:.I‘:: CIAL MAax |UNIT
Vee Supply voltage 4.75 5 5.25 \
Ta Operating free-air temperature 0 70 °C
fIN Shift In rate 1 15 MHz
tsiH Shift in HIGH time 1 24 ns
tgiL” Shift in LOW time 1 15 ns
tips Input data setup to Si (Shift In) 1 0 ns
tpH Input data hold time from SI (Shift In) 1 26 ns
tRIDS Input data setup to IR (Input Ready) 4 0 ns
tRIDH Input data hold time from IR (Input Ready) 4 26 ns
fourt Shift Out rate 5 15 | MHz
tson™ | Shift Out HIGH time 5 17 ns
tsoL Shift Out LOW time 5 15 ns
tMRW Master Reset pulse 10 35 ns
tmrs™™ | Master Reset to Si 10 35 ns
* See AC test and high-speed application note. .
** |t the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high.
Electrical Characteristics Over Operating Conditions
SYMBOL PARAMETER TEST CONDITION MIN COMMERCIAL MAX UNIT
viL* Low-level input voltage 08 v
VIH* High-level input voltage 2 Vv
Vic Input clamp voltage Vce = MIN I} =-18mA -15 \
he Low-level input current Vce = MAX V) =045V -250 uA
hH High-level input current Vce = MAX Vi =24V 50 uA
] Maximum input current Vce = MAX V| =55V 1 mA
Low-level |Output, O loL =24 mA 0.5
VoL output Vce = MIN \
voltage |IR,OR,HF,AF/E loL =8mA 05
High-level | Output, O IoOH=-3mA
VOH output Vce = MIN 24 \
voltage |IR,OR,HF,AF/E IoH =-0.9 mA
los™™ | Output short-circuit current | Voo = MAX Vo =0V -20 -90 mA
lozL Off-state output current Vce = MAX Vo 04V ~50 rA
lozH Vo =24V 50
Icc Supply current Vce = MAX 2:: g‘:t:t:st;oc\:;l).en. 120 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

COMMERCIAL
SYMBOL PARAMETER FIGURE MIN MAX UNIT
YRL Shift in t to Input Ready LOW 1 40 ns
tiRH Shift In | to Input Ready HIGH 1 26 ns
toRL Shift Out t to Output Ready LOW 5 45 ns
toRH Shift Out | to Output Ready HIGH 5 50 ns
topH Output Data Hold (previous word) 5 12 ns
tops Output Data Shift (next word) 5 40 ns
tpT Data throughput 48 1600 ns
tMRORL Master Reset | to Output Ready LOW 10 60 ns
tMRIRH™ | Master Reset ! to Input Ready HIGH 10 30 | ns
tMRIRL* | Master Reset ! to Input Ready LOW 10 50 ns
tMRO Master Reset | to Outputs LOW 10 60 ns
tipH Input ready pulse HIGH 4 17 ns
toPH Output ready pulse HIGH 8 24 ns
torD Output ready ! to Data Valid 5 -3 ns
taEH" Shift Out  to AF/E HIGH 1 320 | ns
tagL” Shift In t to AF/E LOW 1 1400 | ns
taFL” Shift Out t to AF/E LOW 12 1400 | ns
taFH" Shift In t to AF/E HIGH 12 320 | ns
tHFH” Shift In t to HF HIGH 13 800 | ns
tEL” Shift Out t to HF LOW 13 800 | ns
t * 30
PHZ Output Disable Delay ns
tpLz * 30
A
tpz * 0
Output Enable Delay ns
tpzH * 40
* See timing diagram for explanation of parameters.
3v
Three-State Test Load  oyrorevisce vr 7[ v
ov
cc tpz—>| S1AND
v r_ $2 CLOSED
$1CLOSED
R1 WAVEFORM 1 eose vy 1A
TEST POINT 7 vt
s1 tpzH |e——tpHZz—> T
VoH
WAVEFORM 2 S10PEN v — VoH 0.5V
$2 CLOSED 15V
ov
| S1AND
cL $R2 Vy=15V $2 CLOSED
<
s "FI Figure A. Enable and Disable

See table on following page for Resistor values

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 output
is high except when disabled by the output control.
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/B ¥ ¥ b C} . — /  — —/—/—/—/———  — — —___———

Standard Test Load
5V
< R1
OUTPUT {® TEST POINT
3» R2 == 30 pF

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

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 the data
inputs is entered into the first location when the Shift-In (Sl) is
brought HIGH. A SI HIGH signal causes the IRto go LOW. Once
data is 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
front when 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. The FIFO should always be cleared
by using Master Reset before starting the operation.

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.

loL R1 R2
24 mA (Data) 200 300
8 mA (IR, OR, Flags) 600 O 1200 0

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 exer-
cised in the design of the hardware and the timing utilized within
the design. The internal shift rate of the FIFO typically exceeds
20 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 decoupiing and grounding. Monoiithic Memories
recommends 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 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 com-
bination, 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 (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
(TIRL) 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. For high-speed applications, proper
grounding technique is essential.
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Timing Waveforms
I N

SHIFT IN tsiH ’\ tsiL / \
HRH —>
INPUT READY _—\—__/——Ffﬂm.—>

weur oara JTX—von—(ORTARRR s

l«—tiDS

Figure 1. Input Timing

66.6 ns

SHIFT IN )
INPUT READY \ /

SN0

<—0ns

Figure 2. Typical Waveforms for 15 MHz Shift-In Data Rate

SHIFT IN \ﬁ\

o @ :
INPUT READY L___———_—;(@) L ®_\_ _____
s o TN srmscemmrn—— D

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. 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.
® If the second word is already full then 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).




C67L4033D

SHIFT OUT

swrtm [/ l = - N\
|

INPUT READY

tpT tipH \

tRIDH —>

A S —

INPUT DATA

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

® FIFO is initially full.
@ Shift Out pulse is applied. An empty location starts “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.

Viout Viout |

SHIFT OUT 4 \\ /f 1
tSoH tsoL | torRH
OUTPUT \ r F
READY
| <—'om.]

tops |torD

OUTPUT %XXXXXX}N
DATA A-DATA B-DATA C-DATA

toDH—

Figure 5. Output Timing

@ The diagram assumes that at this time, words 64, 63 and 62 are loaded with A, B and C Data, respectively.
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together.

66.6 ns

SHIFT OUT Y \%\

17 ng—»
ouTPUT { 45 ns 2\ N s0ns
READY /

40 ns
OUTPUT
DATA

12ns

66.6 ns |

17

Figure 6. Typical Waveforms for 15 MHz Shift-Out Data Rate

@® The diagram assumes that at this time words 64, 63 and 62 are loaded with A, B and C Data, respectively.
@ Data in the first crosshatched region may be A or B Data.
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SHIFT OUT

OUTPUT READY \® \~——¥D \—{

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 63 (B-Data) to be released for fall-through to word 64.
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

I \
SHIFT OUT 7

®

OUTPUT READY 4

tpr

|«——toPH —>
Figure 8. tpT and topH Specification

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

SHIFT OUT \

O\ —_—— O e e
1/111111111111111111117111/.
OUTPUT READY l%////////_//_/_/ﬂ/_//_//l/ﬂd.
® /@
OUTPUT DATA X A-DATA X

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

@ Word 64 is empty.

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

® New data (A) arrives at the outputs (word 64).

@® 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 LOW depending on whether there are any additional upstream words in the FIFO.
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weemeser  \ )

[——tMRW —>|
INPUT READY | \

[-tMRIRL ~ {MRIRH l

OUTPUT READY
re—tMRORL—> MRS |

SHIFT IN
DATA OUTPUTS H”””mm
H

<—'MRO—>|

Figure 10. Master Reset Timing
@ FIFO is partially full.

SHIFTOUT A

<—tSOH >

L0
T

1 F \
ALMOST FULL/EMPTY /) y
/ |
——— tAEH ——>| <15|H >
SHIFTIN
{E
JJ
tAEL
Figure 11. taAgH, tAEL Specifications
@® FIFO contains 9 words (one more than aimost empty).
SHIFTIN ——// {f
[ tsIH
{ (.
1) \
ALMOST FULL/EMPTY /@
[e——tAFH tsoH
SHIFT OUT
{f
tAFL —

Figure 12. tAFH, tAFL Specifications

@ FIFO contains 55 words (one short of almost full).
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SHIFT IN
1f-
|-tg) >
iF
HALF FULL 9 \
|<—'HFH <—{80H >
SHIFT OUT
JL
JJ
| - tHFL
Figure 13. tHFL, tHFH Specifications
@ FIFO contains 31 words (one short of half full).
OUTPUT
ENABLE ) ]
—neOE el —{HFOE arel— —{HFOE ApEl—
IR so IR so IR so SHIFT OUT
—]si OR si OR si OR
— Do 00 Do 00 DO 00 ,:
— D1 o1 D1 o1 D1 o1
—{ o2 02 D2 02 D2 oz|—
— b3 03 D3 03 D3 o3f—
— D4 ™R 04 D4 MR 04 D4 MR 94
1 L L
COMPOSITE | | | —{nFOE arel- — m—'JE AF/E|— —{HFOE arEl—
INPUT -—-G:_ IR so IR so IR so}— COMPOSITE
READY —s! OR s OR s OR ED— OUTPUT
—Do 00 DO 00 DO oo— READY
—D1 o1 D1 o1 D1 o1
— D2 02 D2 02 D2 02—
— D3 o3 D3 o3 D3 o3f—
D4 pm 04 D4 gy 04 D4 yr 04—
Al i 1
—{HFCE arEl— —HF 9% AFE|— —[weoE AF/E—
IR SO IR SO IR so—
SHIFT IN si OR st OR s OR
—po 00 Do 00 Do oof—
— b1 o1 D1 o1 D1 o1}—
— b2 02 D2 02 D2 oz2f—
— D3 03 D3 03 D3 o3
—{ D4 ™R 04 D4 MR 04 D4 WR o4}
L 1 bi MASTER RESET
HF HF
AF/E AF/E
HF HF
AF/E AF AF/E AE
HF HF
AF/E AF/E
The First Column of FIFOs The Last Column of FIFOs

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

Figure 14. 192x15 FIFO with C67L4033D
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8-BITS . 8-BITS
';A;,EE" "] cerL4033D v cPU
64x8
READER si so 10 RDY
ENBL S| R OR
ALMOST FULL/ INTERRUPT
EMPTY
HALF FULL FLAG

Figure 15. Application for C67L4033D “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.
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First-In First-Out (FIFO)
64x4 64x5 Memory
35 MHz (Standalone)

67411A
67412A

Features/Benefits
o High-speed 35-MHz shift-in/shift-out rates
* Choice of 4-bit or 5-bit data width
e TTL inputs and outputs

¢ Readily expandable in word width

e Structured pinouts. Output pins directly opposite
corresponding input pins

e Asynchronous operation

Description

The 67411/2A are “fall-through” high-speed First-In First-Out
(FIFO) memory organized 64 words by 4 bits and 64 words by 5
bits respectively. The FIFO is expandable in word width only. Itis

Block Diagrams

Ordering Information

PART

NUMBER PKG TEMP DESCRIPTION
67411A J Com 35 MHz 64x4 FIFO
67412A J Com 35 MHz 64x5 FIFO

the fastest FIFO available on the market. The FIFO is attractive
for many applications such as disk controllers, communication
buffers, rate buffers, etc.

67411A 67412A
4 ‘ :g > 00 4 ‘ :: o0
Do T» —11—> o1 Do ——5—> T-» o1
D1 en| meur o eeem PN obtur [T 3 piTen] meur [l SR N ovrer [ T O
7 > STAGE STAGE 7 | STAGE STAGE | 11
D3 ——>] D3 —» —— 04
D4 ——s—b-
F3 15 SHIFT 2 i7 SHIFT
INPUT. <~ inPUT REGISTER OUTPUT [*——0ouT INPUT <—  INPUT REGISTER OUTPUT [*—ouT
READY READY
ehey 3 _|contRoL [~ MconTroL [~ MNcontRow |, oo | PR 5 [coNTROLIT M conTROL CONTROL| g oo o
N N ) LoGIC
IN LOGIC LOGIC Logic  (-14,-0UTP M LOGIC LOGIC 2 OUTPU
1 9] 1 1 10] 1
MASTER RESET MASTER RESET
[ ] ] \J
Pin Configurations v [0 ] vee
\J
ne [0 [16] vee INPUT READY [Z] E SHIFT OUT
INPUT READY [Z] [15] st out SHIFT IN E [16] ouTPuT READY
sHiFT N 3] [13] ouTPUT READY oo [2] [15] 0o
oo[2] 67411A [13] 00 or1[5] 67412A 4] o1
64x4 64x5
o1[s Em pata N {p2 5] [13] 02{ outpuTs
DATA IN OUTPUTS
p2[6 1] 02 os[7 [17] 03
p3[7 [10] 0 pafs [11] 04
ano B 9] MASTER RESET ano 5] [10] WMASTER RESET
Publication # Rev. Amendment
10679 A 0
Issue Date: May 1988
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Absolute Maximum Ratings

SUPPIY VOHAGE VGG -+ - v e vttt ettt et e e ettt et e e -05Vto7V
g o0 LYo Vo - A -15Vto7V
Off-state OUIPUL VORAGE .. ..ottt i i i e e -5Vto55V
S (o= Vo Lo (=TT o T= - L P -65°C to +150°C
Operating Conditions Over Temperature Range
SYMBOL PARAMETER FIGURE MCISM.?YE:C'I“::-X UNIT
Vee Supply voltage 475 5 525 \
Ta Operating free-air temperature 0 75 | °C
tgiHt Shift in HIGH time 1 9 ns
‘tips Input data set up 1 2 ns
YDH Input data hold time 1 14 ns
tsoHT Shift Out HIGH time 5 1 ns
tMRW Master Reset pulse 10 30 ns
tMRS Master Reset to SI* 10 35 ns
Switching Characteristics over Operating Conditions
SYMBOL PARAMETER FIGURE MCI:M:.‘YE:C'I::'X UNIT
DC 1130
fIN Shift In rate 1 MHz
DC t1135
trLt Shift In t to Input Ready LOW 1 12 18 | ns
tigHf Shift In | to Input Ready HIGH 1 14 20| ns
DC 1130
fouT Shift Out rate 5 MHz
DC 11135
torLt Shift Out t to Output Ready LOW 5 12 18 | ns
tornf Shift Out | to Output Ready HIGH 5 14 20| ns
topHT Output Data Hold (previous word) 5 9 ns
tops Output Data Shift (next word) 5 31 ns
tpT Data throughput or “fall through” 48 510 650 ns
tMRORL Master Reset | to Output Ready LOW 10 18 28 | ns
tMRIRH | Master Reset! to Input Ready HIGH" 10 21 35| ns
tMRIRL Master Reset | Input Ready LOW™ 10 18 28 | ns
tMRO Master Reset | to Outputs LOW 10 32 45 | ns

Note: Typical at5V Ve and 25°C Taa.
* If the FIFO is not full (IR High), MR low forces IR low returning high when MR goes high
T See AC test and high-speed application note.
T1 Testea.
T11 Guaranteed by design (see test load).
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Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX |UNIT
ViL Low-level input voltage 08f| V
ViH High-level input voltage 27 \
Vic Input clamp voltage Vo =MIN| I} =-18mA -15| V
T} Low-level input current Voo = MAX| V) =045V -50| nA
IR High-level input current Voo = MAX| V| =24V 50| nA
I Maximum input current Voo = MAX| V, =55V 1| mA

loL (Data Outputs) 67411/2A = 24 mA
VoL Low-level output voltage Voc = MIN 05| V
IoL (IR, OR) 67411/2A = 8 mA TT
loH (Data Out) -3.0 mA
VoH High-level output voltage Voo = MIN 67411/2A 24 \Y
loH (IR,OR) -09mA
los Output short-circuit current™ | Vo = MAX| Vo= 0V -20 -90 | mA
lcc Supply current Vce = MAX. Inputs low, outputs open (67411/2A) **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 I vs. temp.

T These are absolute voltages with respect to GND (Pin 8 or 9) and includes all overshoots due to test equipment.
'H' 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 (Fig. 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 data is entered into
the first cell, the transfer of data from 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. 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 the upstream 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
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
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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 utilized
within the design. The internal shift rate of the FIFO typically
exceeds 60 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 capacitances
and/or poor supply decoupling and grounding. Monolithic
Memories recommends 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 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 functional
standpoint, and will also cause the “effective” timing of Input
Data Hold time (TipH) and the next activity of Input Ready
(TIRL) to be extended relative to shift-in going HIGH. This same
type of situation occurs with 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.
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Switching Characteristics Over Operating Conditions (continued)

COMMERCIAL
SYMBOL PARAMETER FIGURE MIN TYP MAX UNIT
tipH Input ready pulse HIGH 4 5 12 ns
toPH Output ready pulse HIGH 8 5 12 ns
torD Ouput ready ! to Data Valid 5 18| ns
Standard Test Load
sV
loL R1 R2
R1 24 mA 200 0 300 0
OUTPUT ——® TEST POINT 8 mA 600 1200 O
n2 =<30pF

Typical 'cc vs Temperature

Input Pulse Amplitude = 3 V (v + MAX)
Input Rise and Fall Time (10%-90%) = 2.5 ns CcC
Measurements made at 1.5V 230
|
|
220 I
| 57411/2A (Vg =55V)
|
Test Load 20 i
| N
200
Iec(mA) | N
Design Test Load | .
(35 MHz) 190 i
| 67411/2A (Vg = 5.25 N
sy 180 +
|
2KQ 170 !
-55|
sl |
-50 -25 0 25 50 75 100 125
30 pF CASE TEMPERATURE (°C)

2-77



67411/2A

"4,

IN N

SHIFT IN _/’<—ls|u-—>‘1 N, / \

HRH

INPUT READY \ / le—tjpL—>

INPUT DATA %(*"f’" RRRARRRNCAXCRXCANKARS XXXt

l«—tipsS

Figure 1. Input Timing

28.6ns 286 ns

SHIFT IN
—/

INPUT READY \ /

%( “rene AR XD

<«— 2ns

Figure 2. Typical Waveforms for 35 MHz Shift-In Data Rate

SHIFTIN ———%W \_——W
/® B o) ‘ @

INPUT READY L—;(V L_—m
woursn TN

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. The Data from the first word is released for “fall-through” to second word.
@ Input Ready goes LOW indicating the first wordis 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.
@ 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 5).
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SHIFT OUT i
@\ SF
SHIFTIN . \
®\
INPUT READY G>\ | tpT /‘ tiPH ‘\

INPUT DATA .’

Figure 4. Datais Shifted in Whenever Shift in and Input Ready are Both HIGH

FIFO is initially full.
Shift Out pulse is applied. An empty location starts “bubbling” to the front.

Shift In is held HIGH

[CRCNORC)

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

Mout Mout

SHIFT OUT
—

<—tORH

OUTPUT READY \ %'Oﬂr’ <10RL _\_—_/_
1ODH—>
B-DATA W I C-DATA

M~ |

Figure 5. Output Timing

OUTPUT DATA A-DATA

7 N

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

@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. ORand SO are both high together.

- 286 ns 28.6 ns

N ) /] \ //_———\__
OUTPUTREADY | —7/ —\_—_/—_—\__/_

OUTPUT DATA l A-DATA (3ns ﬂ B-DATA W C-DATA

Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate

SHIFT OUT 11ns
—

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

@ Datain the first crosshatched region may be A or B Data.
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SHIFT OUT

OUTPUT READY o 4 \—{

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.
(® Ifthe 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 /(D | J
<—tOPH

Figure 8. tpT and topy Specification

@ FIFO initially empty.
@ shift Out held HIGH

SHIFT OUT \89
@y'_—\éb [T/7777777777777777777777777
OUTPUT READY ylajirnnniin

o ®
0 TACONAORRSORSOROARORRSARSSRSS

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 Outis 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 LOW depending on whether there are any additional upstream
wordsin the FIFO.

©OOEO
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MASTER RESET

INPUT READY

OUTPUT READY

SHIFT IN

DATA OUTPUTS

tMRW —>
[ tMRIRL - tMRIRH /(
le—tMRORL —>| tMRS

(U

-— 'MRO->|

@ FIFO initially partially full.

Figure 10. Master Reset Timing
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First-In First-Out (FIFO) 67413A
64x5 Memory 67413
35 MHz (Standalone)

Features/Benefits Ordering Information

® High-speed 35 MHz shift-in/shift-out rates PART

e High-drive capability NUMBER PKG TEMP DESCRIPTION
* Three-state outputs 67413A J Com 35 MHz-in/out
o Half-full and Almost-full/Empty status flags 67413 J Com 25 MHz-in/out

Structured pinouts. Output pins directly opposite
corresponding input pins.

Asynchronous operation

Pin Configuration

TTL-compatible inputs and outputs

\J"
oe[1] 20] vee

Description war FuLt 7] 73] ALMOST FuLL
The 67413A is a high-speed, 64x5 First-In-First-Out (FIFO) INPUT READY E 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 on a SHIFT IN E E OUTPUT READY
first-in-first-out basis. It is a three-state device with high-drive
(loL = 24 mA) data outputs. These devices can be connected in Do E 6;;:3;\ E oo
parallel to give FIFOs of any word length. It has a Half-full flag D1 E E o1
(thirty-two or more words full) and an almost full/empty flag
(fifty-six or more words or eight or less words). The main appli- pata{ 02[[7] [14] 02} outpuT
cations of 67413A, 67413 are rate buffers; sourcing and absorb- D3 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.

ano ] [11] MASTER RESET
Block Diagram o

Do—:——» —5 > 90
FIFO 13
Dz——l-—-> FIFOT — 64x5 > OUTPUT ——%1%>— 02
8 | INeu ®| REGISTER » [ 13 o3
D3 —yg STAGE STAGE 12
D4 ——— b——— = 04
4 Ar Ar
18
INPUT READY =~———  inpuT REGISTER OUTPUT  |[*—— SHIFT OUT
CONTROL [« $»| CONTROL |«= %| CONTROL 17
SHIFTIN—2—»]  LoGIC LOGIC LOGIC  |—1p OUTPUT
READY
v
FLAG
CONTROL
LOGIC
2 19
—_— ALMOST FULL/EMPTY
MASTERRESST 1! P HALF FULLY MOST FU

Publication#  Rev.  Amendment
10678 A 09
Issue Date: May 1988




67413A/67413

Absolute Maximum Ratings

Supply voltage VO + v v v et e e e e e -05to7V
DU YOG .ottt e -1.5t07V
Off-State OUIPUL VORBGE .. .ottt ittt e e e e e e e e e e e e e e e e -05t0 55V

StOrage teMPEratlure .. ... ...ttt et e e e s -65°C to +150°C

Operating Conditions

SYMBOL PARAMETER FIGURE | v vl max | MmN el max | UNIT
Vee Supply voltage 475 5 5.25 4.75 5 5.25 \
TA Operating free-air temperatue 0 75 0 75 °C
tsiHt Shift in HIGH time 1 9 16 ns
tiLt Shift in LOW time 1 17 20 ns
tips Input data setup 1 2 3 ns
tiDH 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 S| 10 35 35 ns
Switching Characteristics over Operating Conditions
SYMBOL PARAMETER FIGURE | yuny  CorsA ax | min i3 aax | UNIT
fIN Shift in rate 1 gg ngg DC 25 MHz
tiRLf Shift In 1 to Input Ready LOW 1 12 18 12 28 ns
tRHT Shift In | to Input Ready HIGH 1 14 20 14 25 ns
fouT | Shift Out rate 5 oe Tﬂg‘; DC 25 | MHz
tORLT Shift Out t to Output Ready LOW 5 12 18 12 28 ns
tORHT Shift Out  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
tMRIRH | Master Reset ! 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 Vo and 25°C Ta.
* If 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.
TT Tested
111 Guaranteed by design (see test load).

2-83



67413A/67413

Switching Characteristics over Operating Conditions (continued)

SYMBOL PARAMETER FIGURE | win v maX | MIN  ve. max | UNIT
tiPH Input ready puise HIGH 4 5 12 5 12 ns
toPH Output ready pulse HIGH 8 5 12 5 12 ns
tORD Output ready t HIGH to Data Valid 5 18 20 ns
tAEH" Shift Out t to AF/E HIGH " 100 135 100 145 ns
tAEL" Shift In t to AF/E LOW 1 450 600 450 650 ns
tAFL® Shift Out 1 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
::rzz Output Disable Delay 2 :: z: 1: zg ns
::i; Output Enable Delay 2 ;: :232 ;: zg ns

Note: Input rise and fall time (10%-90%) = 2.5 ns. * See timing diagram for explanation of parameters.

67413A/67413
Standard Test Load
5V loL R1 R2
R 24 mA 200 0 300 0
OUTPUT TEST POINT
R2-L 300 8mA 600 1200 0

]

Typical lcc vs Temperature

Input Pulse Amplitude = 3V (vcc = MAX)
Input Rise and Fall Time (10%-90%) = 2.5ns
Measurements madeat 1.5V

230

Design Test Load

5V 35 (MHz) 210

! N

2KQ 200 t
Icc (MA) \\
190 \

67413/A (Voe = 5.25 V.
30 pF (Vee ) \
180 N

1
60 -55-50 -25 ] 25 50 75 100 125

CASE TEMPERATURE (°C)
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67413 Switching Characteristics Over Operating Conditions (continued)

SYMBOL PARAMETER FIGURE COMMERCIAL UNIT
MIN TYP MAX
tipH Input ready pulse HIGH 5 12 ns
torPH Output ready pulse HIGH 5 12 ns
tORD Output ready t HIGH to Data Valid 5 20 ns
tAEH Shift Out 1 to AF/E HIGH 1 100 145 | ns
tagL” Shift In t to AF/E LOW 1 450 650 ns
taAFL” Shift Out t to AF/E LOW 12 450 650 ns
taAFH" Shift In t to AF/E HIGH 12 100 145 ns
tHER Shift In t to HF HIGH 13 280 380 ns
tHEL” Shift Out ! to HF LOW 13 280 380 ns
I:SZZ Output Disable Delay 2 :: 23 ::
:Ez: Output Enable Delay :: ;: 22 :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

SUPPIY VORBGE V(GG + - ot v e et ettt ettt ettt e e et e e
g TeTU L Yo =V T
Off-state OULPUL VOIRAGE . ... ..ttt et i et e ettt et e anaaanaans
StOrage teMPEratUre . ...........uiintt ittt ettt ittt ittt it ateante e

67413 Operating Conditions over Temperature Range

-05Vto7V
-15Vto7V

-05Vto55V
-65° to +150°C

SYMBOL PARAMETER FIGURE COMMERCIAL UNIT
MIN TYP MAX
Ve Supply voltage 4.75 5 5.25 \'
Ta Operating free-air temperature 0 75 °C
tgint Shift in HIGH time 1 16 ns
tgiLt Shift in LOW time 1 20 ns
tips Input data set up 1 3 ns
tiDH Input data hold time 1 25 ns
tson’ 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 S| 10 35 ns
67413 Switching Characteristics over Temperature Range
SYMBOL PARAMETER FIGURE MIN COM.:.‘YE:CIAL MAx |UNIT
fIN Shift in rate 1 DC 25 | MHz
tigLt Shift in | to input Ready LOW i i2 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
torHt Shift Out | to Output Ready HIGH 5 14 25 ns
tODHT 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
tMRIRL Master Reset | Input Ready LOW* 10 18 30 ns
tMRO Master Reset | to Outputs LOW 10 32 55 ns

Note: Typicals at5V Voeand 25°C Tp.
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when Wgoes 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| V
ViH High-level input voltage 27 Vv
Vic Input clamp voltage Ve =MIN | I} = -18mA 15| Vv
L Low-level input current Voo = MAX| V=045V -250| upA
H High-level input current Voo = MAX| V) =24V 50| wA
I Maximum input current Vog = MAX| V| =55V 1| mA

67413A
loL (Data outputs) 67413 24 mA
67413A
V Low-level output volta Vee = MIN
oL utput voltage cc oL (IR, OR) 67413 8 mAtT 05| V
67413A
loL (Flag outputs) 67413 8 mA
lonH (Data outputs) -3.0mA
Vo | High-level output voltage Vg = MIN | Ioy (IROR) oA |-ooma |24 v
loH (Flag outputs) -09mA
los Output short-circuit current™ Vo = MAX| Vp=0V -20 -90 | mA
| V = MAX| Vo= 24V +20 | uA
Hz Off-state output current cc o
ILz Voo = MAX| Vp=04V -20 | uA
lcc Supply current Ve = MAX. All 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 Icg 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 (SI) is
brought HIGH. A SI HIGH signal causes the IRto go LOW. Once
data is 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
front when 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 LOW for atleast tpT).

AC Testand 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 Vo 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

W,

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)pH) and the next activity of Input Ready
(TIRL) to be extended relative to Shift-ingoing HIGH. This same
type of problem is also related to TIRH, 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.

SHIFT IN fa—o ls|H-——>1<————-— ls||_—-7

INPUT READY \ /

e—tRL—>

N >

/ \

YRH

FVVVVWYWIWWWWWWWVA AWWWWWWAWWWWWD
INPUT DATA HDH "’A‘A’A‘A‘A‘A‘A.A‘A.A’A.A.A‘A‘A‘A‘A‘A‘A.A‘A". _ .\‘A’A‘A’A‘A‘A‘A‘A’A‘A’A’A‘A‘A’A‘A‘A’A‘A’A‘!’
le—1tiDS
Figure 1. Input Timing
(40 ns) 28.6 ns (40 ns) 28.6 n§ ——————— |
SHIFT IN \
INPUT READY

HOLD TIME
20 ns) 18 ns

-

®

INPUT DATA X

XXX > XXX

Figure 2. Typical Waveforms for 35 MHz Shift-In Data Rate (67413A)

PO ,

INPUT READY ;J(@

—

weuronns TN srmsce o

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. 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 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 5).
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SHIFT OUT
I

®\ 7F
SHIFT IN _/ \ -

INPUT READY ®\ | tpT ®\/ YpH \\

INPUT DATA

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

FIFO is initially full.
Shift Out pulse is applied. An empty location starts “bubbling” to the front.
Shift In is held HIGH

CYONOXC)

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

1touT Hour

<—tORH

OUTPUT READY \ ;}L'omr> <tORL _\—/_—

| «——tops—>]

tODH—>|

OUTPUT DATA A-DATA ( I B-DATA W I C-DATA

~o

Figure 5. Output Timing
@ The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, Band C Data, respectively.

@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. ORand SO are both high together.

(40 ns) 28.6 ns (40ns) 28.6ns —— 5|
SHIFT OUT 4 \
OUTPUT READY ———\____/—_—’—\_/_

OUTPUT DATA A-DATA ( B-DATA W I C-DATA

Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate (67413A)

(© Thediagram assumes that at this time words 63, 62and 61are loaded with A, Band C Data, respectively.

@ Datain the first crosshatched region may be A or B Data.
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SHIFT OUT

OUTPUT READY \® \————3(@) H

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 /(D /
[ e—toPH

Figure 8. tpy and topy Specification

@ FIFO initially empty.

SHIFT OUT f
®> S\ {C [T/TTITITIITITITITTITITITITI
OUTPUT READY Y

o ®
Y TARASSSONRRRSSSOOMRRRSSRRRRSS

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 Out is held HIGH, Output Ready goes immediately LOW,

©OOOO

As soon 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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MASTER RESET /
tMRW ——>
INPUT READY \

[ tMRIRL. tMRIRH |

OUTPUT READY
—tMRORL—> MRS

SHIFT IN
T

@ FIFOis partially full.

[—tMRO—>

Figure 10. Master Reset Timing

SHIFTOUT /
{L
1)
<—tgOH >
(L
OST FULL/EMPTY ﬁ i \.
ALM
———tAEH———> <tg)H>
SHIFTIN
(f /|
xls
——tAEL—>
Figure 11. tAgy, tAEL Specifications
@ FIFO contains 9 words (one more than almost empty).
SHIFT IN ————/ _f Jf
[tsiH
{f —\
ALMOST FULL/EMPTY Q \
" je———1aFH {SOH
SHIFT OUT
(€
—3F
AFL—

Figure 12. topH, taAfFL Specifications

@ FIFO contains 55 words (one short of almost full)
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SHIFT IN
I L
J
<tSIH .
HALF FULL PO it \
‘-—'HFH |<«—tSOH
SHIFT OUT
i /
tHFL —>

@ FIFO contains 31 words (one short of haif full).

oUTPUT
ENABLE ‘
—HF"" AFE-
IR so SHIFTOUT
—si OR
—{po oo}
e o1
—{p2 o2}
—ps o3|
D4 WA o4}—
1
_315___‘
COMPOSITE L1 | —we" arEl-
INPUT —G:_ IR so COMPOSITE
READY S OR ___D— OUTPUT
—po 00— READY
—{ D1 o1j—
— b2 o2—
—{p3 o3f—
—{ps g oaf—
——
1O arel—
IR so |—
SHIFTIN sl OR
—po oo
—o1 o1
—{o2 o2
—ps o3
—{o¢ g 04}
L S W

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 flags. This requirement is due
to the different fall through times of the FIFOs.
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8-BITS 8-BITS

PAPER Pl raron [r—
TAPE 64x8
READER L] SO 10 RDY
ENBL SI R 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
vce
L,
TEST POINT* i
/ s1
(SEE
OUTPUT < NOTE B)
l { Y
cL <
5pF R2 :: Yy
h 4
{ )
Design Test Load
OuTPUT av
CONTROL v v
(LOW-LEVEL T T
ENABLING) ov
pzL—> thLz—> S1AND
$2 CLOSED
WAVEFORM 1 S1CLOSED \ v 15V
(SEE NOTE 2) S20PEN T . o5V
t t, f VOL
pZH —>| |<7 sz———>‘ ‘
~ VoH
WAVEFORM 2 S10PEN %,T 22 \‘;
(SEE NOTE 2) $2CLOSED /] — 1
ov
$1AND
$2 CLOSED
Enable and Disable

Notes: A. All diodes are 1N916 or 1N3064.

B. Waveform 1 is 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.

o]
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First-In First-Out (FIFO)
64x4, 64x5 Memory
10/15 MHz (Cascadable)
CMOS

67C401/13
67C402/23

Features
Zero standby power

Ordering Information

* High-speed 15-MHz shift-in/shift-out rates NUMSL | PKG | TEMP | OUTPUT | DESCRIPTION
e Very low active power consumption
. 67C401-10 |N,JNL| Com | Totem Pole| 10 MHz 64x4
¢ TTL-compatible inputs and outputs
* Readily expandable in word width and depth 67C401-15 [NJNL Com | Totem Pole| 15MHz 64x4
* RAM-based architecture for short fall-through delay 67C4013-10 N;J'NL Com | 3-State 10 MHz 64x4
¢ Full CMOS 8-transistor cell for maximum noise immunity 67C4013-15 |INJJNL| Com | 3-State 15 MHz 64x4
e Asynchronous operation 67C402-10 |N,J,NL| Com | Totem Pole[ 10 MHz 64x5
e Output Enable feature (67C4013/23) 67C402-15 [N,J,NL| Com | Totem Pole| 15 MHz 64x5
General Description 67C4023-10 [NJ,NL| Com | 3-State 10 MHz 645
The 67C40X/XX series devices are high-performance CMOS 67C4023-15 [N,JNL| Com | 3-State 15 MHz 64x5
RAM-based First-In First-Out (FIFO) buffer memory products
organized as 64 words by 4 or by 5 bits wide. These devices use in Confi =
Monolithic Memories’ latest CMOS process technology and Pin nflguratlons
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 — D
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 Do E E o0
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 o OUTPUTS
p2 |6 2
Block Diagram os [0 ] oo
INPUT SHIFT - ___
READY IN DATR IN ano [3] 7] MASTER RESET
INPUT 67C402/23
INPUT
| contoL REGISTER
LOGIC —_—
MASTER nc/SE 1] [18] vee
RESET INPUT READY [Z] 7]
SHIFT OUT
WRITE 64x4/5 READ
t—>| POINTER | DUAL PORT |¢ POINTER |- SHIFTIN E E OUTPUT READY
COUNTER RAM COUNTER E
pofa E 00
i D1 E [17] o1
OUTPUT OUTPUT c%‘m’:& » DATAIN | D2]6 E 02 | OUTPUTS
ENABLE REGISTER LoGIC 03 [T E 03
Dafs E 04
v GND [10] MASTER RESET
DATA OUT SHIFT OUTPUT 9 10] MASTER RESET
OUT READY
[ Publicaton# ~_ Rev.  Amendment
10683 A 0
Issue Date: May 1988
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67C401/13 67C402/23

Absolute Maximum Ratings

SUPPIY VORBGE VG« v vttt ettt ettt et e et et -05Vto7V
INPUE VOIAGE . ..ot i it e e e e e i -15Vto7V
Off-state oUtpUt VOIEGE ... ... .o e -05Vto Ve 05V
53 (T =T ToI (T 03T o] =1 (8 (- PPN -65°C to +150°C
Lo dT = e 1151 o LT o 10W
Latch-up trigger current (all OULPULS) . ... ..ottt it e e e e et e 140 mA

Operating Conditions over Temperature Range

SYMBOL PARAMETER FIGURE MG|Z|C40X/XX;:XX M?LC«%OX/XX;;:)( UNIT
Vee Supply voltage 4.5 55 | 45 55 \"
Ta Operating free-air temperature 0 70 | 0 70 | °C
fiNn Shift 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 S| (Shift In) 1 0 0 ns
tiDH Input data hold time from S| (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
fouTt 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 SI 8 65 65 ns

* See AC test and high-speed application note.

Electrical Characteristics over Operating Conditions

67C40X/XX-10 67C40X/XX-15
SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT
viL* Low-level input voltage 0.8 0.8 \
VK" High-level input voltage 2 2 v
IIN Input current Vce = MAX  GND<V|N <Vce -1 1 -1 1 nA
loz Off-state output current Ve = MAX GND<VoyT <Vce -5 5 -5 5 uA
loL =20 uA 0.1 0.1
VoL Low-level output voltage Vce = MIN \"
loL =8 mA 04 04
IoH = -20 pA Vce -0.1 Vce -0.1
VOH High-level output voltage Vce = MIN \
IOH = -4 mA 24 24
los™* Output short-circuit current | Voc = MAX| Vo =0V -90 -20 -90 -20 mA
ViH =Vcc
- Standby supply current Vo = MAX| ViL = GND 100 100 nA
) lout =0 VIH = MIN, V| = MAX
Operating supply current fin = fouT = MAX 35 45 mA

* These are absolute voltages with respect to GND (Pin 9) 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

67C40X/XX-10 67C40X/XX-15
SYMBOL PARAMETER FIGURE MIN MAX | MIN MAX UNIT
trL” Shift Int to Input Ready LOW ] 60 55 | ns
tirH" Shift In | to Input Ready HIGH 50 50 | ns
torL” Shift Out t to Output Ready LOW 55 45 | ns
torH" Shift Out | to Output Ready HIGH 4 50 41 | ns
tooH Output Data Hold (previous word) 5 5 ns
tops 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 Outputs LOW 35 35 ns
tipH Input ready pulse HIGH 3B 19 16 ns
topPH Output ready pulse HIGH 6,B 14 14 ns
torD Output ready ! to Data Valid 4 -3 -3 | ns
t 25 25
PHZ Output Disable Delay ns
tpLz 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 Vece =45 7 7| pF
* Not tested in production.
3v
OUTPUT ENABLE vr vy
ov
tpzL—> tpLz— S1AND
$2 CLOSED
WAVEFORM1 | S1CLOSED \ 15V
S2 OPEN KVT . VOL +0.5V
VoL
tPZH—> |<—'Pnz-—>
T J VoH
WAVEFORM 2 storen Yy ——VOH-05V
$2 CLOSED /] ov 15V
- $1AND
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 2is 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
L
3; R1
OUTPUT (® TEST POINT

<> .
3 R2 < 30 pF
p:
4

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

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
(Sl) is brought HIGH. A SI 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 Ox 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
TESTE)ONT' vce

ld
L
y
CcL | b3
spp T 23 v
) 4
y

'q
N

||‘—0:\

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 utiiized 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

. Vccand 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 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, and TORH as related to Shift-Inand
Shift-Out. For high-speed applications, proper grounding tech-
nique is essential.

e
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N N

SHIFT IN ,4——lsm—>1<—ls||_————-—-—7 / \
HRH —>
INPUT READY \ / [ tRL—>

worons 2o RN IR

l«—tiDS

Figure 1. Input Timing

SHIFT IN

2 &
INPUT READY KJ(@ @_\ _____

weur v oD

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.
® 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(

@

SHIFT IN _/ \

INPUT READY ? tpr. YipH

veur o S TN v omn—QUNIROIAEE

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 falling edge of SO.
@ As soon as Input Ready becomes HIGH the Input Data is loaded into this location.
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- oyt Vout

|
SHIFT OUT % \L y }/
<——150H tsoL <————tORH———

OUTPUT :
READY

tobs {toRD |<—!ORL

t
OlD‘;:k. T A-DATA ( B-DATA xi i g g 8 g g % 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 OUT F

OUTPUT READY \CD 4

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.
® 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 F

®
SHIFT OUT 7
OUTPUT READY /(D y

Figure 6. tpT and topH Specification

le——topH —>

@ 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 \(6)
‘ © ® i _—
ﬁ/ \\/ T ITIITIIT I,
OUTPUT READY YNy

© @

OUTPUT DATA X 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 subject to change. Output Ready will go HIGH or remain LOW depending on whether there are any additional
words in the FIFO.

WASTER RESET \ 4
tMRW .
INPUT READY /® { \
5 tMRIRH |
OUTPUT READY
le—tMRORL —>| - tMRS |

SHIFT IN j

DATA OUTPUTS l | | I ] I | lh\

|«—tMRO
Figure 8. Master Reset Timing
@ FIFO is initially full.
Icc vs. Frequency
50
a0
30 =
<
£
|
Q
(3]
Sl
or Ty =0°C
fin =fout
V|L = MAX, Vi = MIN
ol 1 ! I
0 1 5 10 15

FREQUENCY — MHz
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Guaranteed Distribution of tjpH, tsoH vs. Temperature (For Cascadability Only)
67CA0X/XX-15

Vec =45V Vec =55V

67C40X/XX-15

30

TIME — ns
TIME — ns

AMBIENT TEMPERATURE — °C

AMBIENT TEMPERATURE — °C

67C40X/XX-10 Ve =55V

67C40X/XX-10 Vec =45V

30
2 2
| |
w
H H
= =
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C
Guaranteed Distribution of topH, ts|H vs. Temperature (For Cascadability Only)
o 67C40X/XX-10/15 Ve =45V 67C40X/XX-10/15 Veg=55V
2 2
| |
w
H H
Lod =

70
AMBIENT TEMPERATURE — °C

AMBIENT TEMPERATURE — °C

Figure B. Cascadability

-
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First-In First-Out (FIFO)

64x5 Memory

67C4033

10/15 MHz (Cascadable) CMOS

Features

e Zero standby power

¢ High-speed 15-MHz shift-in/shift-out rates

e Very low active power consumption

e TTL-compatible inputs and outputs

¢ Readily expandable in word width and depth

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

e RAM-based architecture for short fall-through delay
o Full CMOS 8-transistor cell for maximum noise immunity
e Asynchronous operation

e Output enable

General Description

The 67C4033 device is a high-performance CMOS RAM-based
First-In First-Out (FIFO) buffer product organized as 64 words
by 5 bits wide. This device uses Monolithic Memories’ latest
CMOS process technology and meets 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 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 disk controllers,
graphics, and communication network systems. The 550 uwatt
standby power specification of this device makes it ideal for
ultra-low-power and battery-powered systems.

Ordering Information

PART
NUMBER PKG TEMP DESCRIPTION
67C4033-10| N,J,NL Com 10 MHz in/out
67C4033-15| N,J,NL Com 15 MHz in/out

Pin Configuration

67C4033
oF E 7

e
HALF FULL I_Z_l

E vee

p—
1_9]ALMD T FULLVEMPTY

iNpUT READY [3] 18] sHiFT out
sHiFT i [4] [17] ouTPuT READY

wlf

o1[&]

| ool
o3 []

D4 E

GND E

Es] 00
E o1
oz | oy
E 03
E o4

11| MASTER RESET

- INPUT j SHIFT IN DATA IN
Block Diagram asonT
INPUT
CONTROL INPUT
LoGIC REGISTER MASTER
RESET
WRITE 64x5 READ
| POINTER | DUAL PORT |« POINTER |-
COUNTER RAM COUNTER
OUTPUT
FLAG ENABLE OUTPUT
HALF FULL CONTROL — ] n%‘g:_:_’gﬁ CONTROL
ALMOST FULL/ Loaic E LOGIC |«
EMPTY 1 T l
DATA OUT SHIFT OUTPUT
OUT READY
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67C4033

o EEEEEEEEEEEEEEEEE———— /1

Absolute Maximum Ratings

SUPPIY VORBGE VG0 vttt ittt ittt ettt ettt e e e e -05Vto7V
LT oTUT o - Ve =N -15Vto7V
Off-state OUtPUL VORAGE ... ...\ttt et -05Vto Vg +05V
IS (o] = To T (ol T o= L - -65°C to +150°C

Lo g T o= (T P 1.0W
Latch-up trigger Current, all QULPULS . ... ... ettt ettt ittt ettt ee ettt te e et e e e eee e eaeeenenennnnnanennn 140 mA

Operating Conditions over Temperature Range

SYMBOL PARAMETER FIGURE MI:7C4033-1I\: AX M|:7C4°33-1': AX UNIT
Vee Supply voltage 45 55 {45 5.5 \'
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 SI (Shift In) 1 0 0 ns
tiDH Input data hold time from SI (Shift In) 1 40 40 ns
trRIDS 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 SI 8 65 65 ns
* See AC test and high-speed application note.
Electrical Characteristics Over Operating Conditions
SYMBOL PARAMETER TEST CONDITION M|:7C4033-1|\2 AX MI:7C4033-1|\:’ AX UNIT
viL* Low-level input voltage 0.8 0.8 \
ViK" High-level input voltage 2 2 \"
IIN Input current Vce = MAX GND<V|N <Vce -1 1 -1 1 rA
loz Off-state output current Vce = MAX  GND<VoyT <Vce -5 5 -5 5 uA
loL =20 uA 0.1 0.1
VoL Low-level output voltage Vce =MIN Vv
loL =8 mA 0.4 0.4
IoH =-20 A Vce -0.1 Vce -01
VOH High-level output voltage Vce =MIN Vv
IoH =-4 mA 24 24
los™* | Output short-circuit current | Voc =MAX| Vo =0V -90 -20 -90 -20 mA
- Standby supply current Vee = MAX ://I”Ij z\é(;’\‘% 100 100 pA
Operating supply current lout =0 ;{:\IH Z %ST\Q %\;A&AAX 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.
m
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Switching Characteristics over Operating Conditions

SYMBOL PARAMETER FIGURE M|:7C4°33-12 AX MI:7C4033-1M5AX UNIT
iRl Shift In 1 to Input Ready LOW ; 60 55 | ns
tIRH* Shift In | to Input Ready HIGH 50 50 | ns
torL” Shift Out t 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 0 100 100 | ns
tMRAEH Master Reset | to Almost Empty Flag HIGH 100 100 | ns
tipH Input ready pulse HIGH 3,B 19 16 ns
topPH Output ready pulse HIGH 6,B 14 14 ns
torRD Output ready t to Data Valid 4 -3 -3 | ns
tAEH Shift Out  to AF/E HIGH 0 110 110 | ns
tAEL Shift In t to AF/E LOW 110 110 | ns
tAFL Shift Out t to AF/E LOW » 110 110 | ns
taAFH Shift Int to AF/E HIGH 110 110 [ ns
tHEH Shift Int to HF HIGH 12 110 110 | ns
tHFL Shift Out t to HF LOW 110 110 | ns
::jzz Output Disable Delay X z: zz ns
PzL Output Enable Delay %0 %0 ns
tpzH 30 30
* See timing diagram for explanation of parameters.
Capacitances*
sYMBOL PARAMETER TEST CONDITION OO Ak |uNIT
CIN Input capacitance TA =25°C, f=1MHz 10 pF
CouT | Output capacitance Vec=45V 7 pF

* Values not tested in production.
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Three-State Test Load
TEST POINT* vce OUTPUT ENABLE 3
Rt
s1 WAVEFORM 1
ld
L |
v
cL J T
5pF = R2 ;: !! WAVEFORM 2
A 4
82
! {
Standard A.C. Test Load
5V
2 R1
OUTPUT @ TEST POINT
IE R2 = 30 pF
S

Input Pulse Amplitude = 3V

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 FIFQ 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
(S1) is brought 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
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).

3v
T b
ov
tpLz—> S1AND
S2 CLOSED
S1CLOSED
V- 1.5V
S2 OPEN T - VOL +0.5V
VoL
l«—"tpzH |<—‘Pﬂz—> ‘
VoH
$10PEN vr -1 VOH-05V
S2 CLOSED — 15V
oV s
Vo= 1. 1 AND
TE15V S2 CLOSED

Figure A. Enable and Disable

Waveform 1is 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 output is
high except when disabled by the output control.

Resistor Values

loL
8 mA

600 O 1200 O

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 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 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
ormore 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

I,

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.

NN

SHIFT IN

tsiH I\‘ tsIL

‘t - Y

INPUT READY \ /

l«—tiDS

@‘(._ COMRROORRRRROONNRAEIX. 00RO

|e—tjRL—>

Figure 1. Input Timing

SHIFT IN

INPUT READY ;5(@

| —

weur o JTTITOK—ane oxra—— OO OONANNARREEEE

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.

® 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.
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SHIFT OUT (
N
SHIFT IN _/ \

INPUT READY ? tpr YPH \

wour oo [T oo

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 falling edge of SO.
@® As soon as Input Ready becomes HIGH the Input Data is loaded into this location.

our Viout |

SHIFT OUT 1 \\ / j ®
<~——1soH |

torRH

tsoL

OUTPUT
READY
«——!'oDs —>|toRD «—!ORL
OUTPUT %XXXXXXX .
DATA A-DATA ) B-DATA C-DATA

tobH

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 \ﬁ‘_“

OUTPUT READY % k——_‘_—f

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).
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SHIFT IN
N

SHIFT OUT 7
OUTPUT READY /® y

Figure 6. tpT and topH Specification

|e——toPH ——>

@ 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 \(®
® /77747774
OUTPUT READY 7 X L

o @

OUTPUT DATA X 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 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.

MASTER RESET ¢~ 4
tMRW
INPUT READY /® \
} tMRIRH |
OUTPUT READY
|

<—tMRORL—> tMRS
SHIFT IN /I/

DATA OUTPUTS I I I ” [Hh\

«‘MRO—P'

Figure 8. Master Reset Timing

@ FIFO is initially full.

2-108



67C4033

'MASTER RESET 5‘ /

| «——— tMRHFL———

HALF-FULL FLAG

|«—— tMRAEH —>

ALMOST
FULL/EMPTY

Figure 9. tMRHFL, tMRAEH Specifications

@ FIFO intially has between 32 and 56 words.

< t5OH >
SHIFT OUT
«——AEH
ALMOST FULL/EMPTY ZD
«——tAEL
SHIFT IN 7
tSIH— >

Figure 10. tAEH, tAEL Specifications

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

<« tgiH >
SHIFT IN
tAFH
ALMOST FULL/EMPTY /®
[——taFL
SHIFT OUT 7
tgoH —«—>|

Figure 11. tAFH, tAFL Specifications

@ FIFO contains 55 words (one short of almost full).
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SHIFT IN j
<SIH>
HALF FULL /D \
S
<«——1HFH J -—tgoH
SHIFT OUT
| tHFL

Figure 12. tHFL, tHFH Specifications

(@ FIFO contains 31 words (one short of half full).

ouTPUT _
ENABLE ]
—HF  AFE}- —HF  arEl- —{HFOE Ape
IR so IR so IR so SHIFT OUT
—1s! OR sl OR sl OR
—{po 0 Do 00 Do oo|—
—o1 o1 D1 o1 D1 ot
—|p2 02 D2 02 D2 oz2—
—os3 03 D3 o3 D3 o3|
—os pg 04 D4 o= 04 D4 gR O4f—
r 1 1
COMPOSITE —WF  AFE|— —HF  AFE|— —{HFOE ape|—
INPUT —G: IR so IR so IR so|— COMPOSITE
READY —1si OR sl OR sl OR ?.:)— ouTPUT
—oo 00 Do 00 Do oof— READY
—o1 o1 D1 o1 D1 o1|—
—|p2 02 D2 02 D2 oz2|—
—o3 o3 D3 03 D3 03—
—p4 gg 04 D4 gy 04 D4 gg O4f—
) A b 1
—HF  AFEl- —HF  AFE|— —{HF OF Apel—
IR SO IR (o] IR so—-
SHIFT IN si OR si OR sl OR
— oo 00 Do oo Do oo}—
— D1 o1 D1 o1 - D1 o1—
— o2 02 D2 02 D2 oz2}—
— D3 03 D3 03 D3 o3f—
— D4 MR 04 D4 MR 04 D4 VR o4}
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
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8-BITS P 8-BITS
PAPER > -
TAPE 64x8 cPy
READER sl SO 10 RDY
ENBL SI 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
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a0 -
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|
8
S oL
10 Th=0°C
fin =fourt
ViL = MAX, Vyy = MIN
o 1 1 1
0o 1 5 10 15
FREQUENCY — MHz
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[

Guaranteed Distribution of tjpH, tsOH vs. Temperature (For Cascadability Only)

67C4033-15

Veg=45V 67C4033-15 Vec=55V
g 30

30

20 |

TIME — ns
TIME — ns

15

70

AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C

67C4033-10 67C4033-10 Vec =55V

AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C

Guaranteed Distribution of topy, tg|H vs- Temperature (For Cascadability Only)

67C4033-10/15 Vec=45V 67C4033-10/15

30

TIME — ns
TIME — ns

AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C

Figure B. Cascadability
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67C4500-35/50/65/80

Deep First-in First-out (FIFO)
256x9 CMOS Memory

DISTINCTIVE CHARACTERISTICS

RAM based FIFO
256x9 organization
Cycle times of 45/65/80/100 nanoseconds

Asynchronous and simuitaneous writes and
reads

Status flags - full, half-full, empty

Low power consumption — 60 mA maximum

* 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 67C4500 is a RAM-based CMOS FIFO that is 256 Deep FIFOs such as the 67C4500 are useful in a wide
words deep with 9-bit wide words. It is expandable to any range of applications. The ability to buffer large transfers

width and/or depth to create much larger FIFOs.

of data and the rate adaption capabiliies make the
67C4500 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 22 MHz.
Status flags are provided to signify empty, full, and half-full
conditions. The capability also exists to retransmit data

from the FIFO.

BLOCK DIAGRAM
DO-D8
w— WRITE DATA
CONTROL INPUTS
WRITE READ
™| rointer| 256%® | poiNTER
DATA 1
OUTPUTS
R —>} READ Q0-Q8
CONTROL =
RESET [<—RS
LOGIC |«—FLRT
FLAG —
LoGgic [ >EF
> FF

EXPANSION

XI—>=| LOGIC |——> XOHF

Figure 1.

Publication # Rev. Amendment
10804A B 0
Issue Date: July 1988
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DIP

CONNECTION DIAGRAMS

Wm ) \J
DsE
os[3]
o, [4]
o, [5]
::E 67C4500
7 [1]
QOE
Q, E
az[1]
os@
QBE
GND

28] vee
E D,
E Dy
5] 0
E FUART
22| RS

21| EF

20] XOHHF

1] o
18] o
o
o

Ei

Pin Designations: W = Write
R = Read
RS = Reset

FL/RT = First Load/Retransmit

D, =Data In
Q, = Data Out

X| = Expansion In

XO/HF = Expansion Out/Half-Full Flag

FF = Full Flag

EF = Empty Flag

V.. = Supply Voltage

GND = Ground

PLCC

25|RS
24 |EF
23 | XO/HF

z2]e,

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Standard Products

AMD/MMI standard products are available in several packages.
The order number (Valid Combination) is formed by a combina-

tion of:

a. Device Number

b. Speed Option

c. Operating Conditions
d. Package Type

2-114

67 C 4500 - 3

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

CMOS TECHNOLOGY

a. PART NUMBER

b. PERFORMANCE

35ns=35nst,
50ns=50nst,
65ns=65nst,
80ns=80nst,

d. PACKAGE TYPE
N = Plastic DIP
J = Ceramic DIP
NL = Plastic Leaded Chip Carrier



ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vg e -05Vto+7.0V
Input voltage ........cccccceeevirieneerercnieenee -05VtoV, +05V
Operating temperature ............ccccceveeererereceerenennnee. 0°C to + 70°C
Storage temperature .. -65°C to + 150°C
Power dissipation ...........ccccccvirrenneienineneceee e 1.0W

DC output current............cccccoeernerecenenncieneee e 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,, =5 V £ 10%, T, = 0°C to + 70°C

Parameter Parameter %ns | Tosoms | Tocesns | Tasdne
|_Symbol Description 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 A
lo Output Leakage Current (data outputs) (Note 2) | -10 10 -10 10 -10 10 -10 10 | pA
Vi Input High Voltage (all inputs except—X—I) (Note 3)| 2.0 - 2.0 - 2.0 - 2.0 - Vv
V. Input Low Voltage (all inputs exceptYI) (Note 3) | - 0.8 - 0.8 - 0.8 - 0.8 "
Vi Input High Voltage, X (Note 3) 35 - 35 - 35 - 3.5 - v
Vix Input Low Voltage, X (Note 3) - 1.5 - 15 - 15 - 15 Vv
Vou Output Logic “1” Voltage |, = -2 mA 24 - 2.4 - 24 - 2.4 - Vv
Vo Output Logic “0” voltage |, = 8 mA - 0.4 - 04 - 0.4 - 04 |V
loey Average V. Power Supply Current (Note 4) - 60 - 60 - 60 - 60 | mA
oz :T: V:::%l I: ‘%_/\%; ;;,H) (Note 4) - - — %0 B e
e F::::r4l))own Current (all inputs = V, -0.2 V) _ 5 _ 5 _ 5 _ 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 vcC =5V + 10%, TA = 0°C to + 70°C

IParametel

RTR

Parameter 67C4500-35 | 67C4500-50 67C4500-65 | 67C4500-80
Symbol Description Figures| Min. Max. Min. Max. Min. Max. Min. Max. | Unit
Write and Flag Timing
twe Write Cycle Time 45 65 80 100 ns
twew Write Pulse Width 35 50 65 80 ns
tun Write Recovery Time 10 15 15 20 ns
tos Data Setup Time 3,9 25 30 30 40 ns
ton Data Hold Time 3,9 0 5 10 10 ns
twer Write LOW to Full Flag LOW 6,9 30 45 60 60 ns
twne Write LOW to Half-Full Flag LOW 5 45 65 80 100 | ns
twer Write HIGH to Empty Flag HIGH 4,8 30 45 60 60 ns
tus g’fg\’;’“'zsmgg’;' )‘° data bus 8 10 15 15 20 ns
Read and Flag Timing
tac Read Cycle Time 3 45 65 80 100 ns
t, Access Time 3,489 35 50 65 80 ns
ten Read Recovery Time 3 10 15 15 20 ns
teew Read Pulse Width 3 35 50 65 80 ns
ts ;efg&“'zs‘(’N%?ﬂ )’ data bus 3 5 10 10 10 ns
tov Data Valid from read pulse HIGH 3 5 5 5 5 ns
tho :{’:j’e’f_‘,"f( HiGH ;° data bus 3 20 30 30 30 | ns
toee Read HIGH to Full Flag HIGH 6,9 30 45 60 60 ns
Yo Read HIGH to Half Full-Flag HIGH 5 45 65 80 100 | ns
toer Read LOW to Empty Flag LOW 48 30 45 60 60 ns
r—R;set Timing
tasc Reset Cycle Time 2 45 65 80 100 ns
tes Reset Pulse Width 2 35 50 65 80 ns
tss Reset Setup Time 2 35 50 65 80 ns
teen Reset Recovery Time 2 10 15 15 20 ns
ter Reset to Empty Flag LOW 2 45 65 80 100 | ns
toen Reset to Half-Full Flag High 2 45 65 80 100 | ns
b Reset to Full Flag HIGH 2 45 65 80 100 ns
Retransmit Timing
tare Retransmit Cycle Time 7 45 65 80 100 ns
tar Retransmit Pulse Width 35 50 65 80 ns
t Retransmit Recovery Time 10 15 15 20 ns

Note: 1. Characterized parameters.
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FUNCTIONAL DESCRIPTION

The 67C4500 CMOS FIFO is designed around a 256x9 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 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 than that of the 67C4500. The write, read, data-in and
data-out lines of the 67C4500 are connected in parallel, and the
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy-
chainedtogether. 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 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 Flag (EF) being
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being
HIGH, inactive.

‘RSC

- ——\ trs

tRsR

/A E—

teFL

MMM

L 1 1 i —————

= (/11T

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 at inputs DO-D8 t
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 t,..
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 LOW t,,, _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.) A full 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 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 127 or less. The Half-
FullFlag 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 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. For example, if the
FIFO contains 128 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.
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RESET AND RETRANSMIT TRUTH TABLE Single-Device Configuration/Width-Expansion Mode

Input Internal Status Outputs
Mode —T — — — —
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)|(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 p— E—— — = ==
RS | FL/RT Xi Read Pointer Write Pointer EF FF
Reset-first devic 0 0 X0 Locati Locati 0 1
eset-first device (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. 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.

w

Table 2.

)

>___

twe
tos {=tDH > twpw [<=—twr—>
Do-Dg ——( DATA IN VALID > \f DATA IN VALID
tRPW > tRR
taLz tpy - tg ——>] <—— tRHz —>

Qq-Qg

x DATA OUT VALID X—->—

tRe
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Figure 3. Asynchronous Write and Read Timing




LAST READ

NEXT WRITE
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ADDITIONAL
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NEXT READ
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DATA
ouT

= \___/

t WEF —
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Figure 4. Empty Flag Timing

Z|

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

NEXT ADDITIONAL
LAST WRITE EXT READ o on,
R \__.7 _\_/
w
twrr 'RFF —
FF

NEXT WRITE

/]

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 FL/RT is used as the Retransmit (RT) input in Single-Device
Mode. RT, an active LOW-going pulse of at least .. 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
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.,c 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 67C4500 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

l«———tRT

FURT \

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,ec tyue tweer trers taue @Nd tyee)
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 ofthe last device being connected to Xl 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 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 67C4500 can be
created by using both Width-Expansion Mode and Depth-Expan-
sion Mode simultaneously. (See Figure 13.)

< tRTR

=l
ol

trrC

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 8. Read Data Flow Through Mode
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Figure 9. Write Data Flow Through Mode
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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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Axi

Figure 12. Depth-Expansion to Form a 768x9 FIFO

Qo-Qs Qg -Gy7 Qo-GN
I Qp-Qg | Qg-Q17 |°(N-s)-°u
o DEPTH DEPTH DEPTH
R,W,RS —>| EXPANSION r— EXPANSION |- +++ | EXPANSION
BLOCK BLOCK BLOCK
-D Dgo-D
Do -Dy ;DO 8 * 9 17". }D(N-B)'DN
DQ-DN D1 B'DN D(N_B)-D N

Figure 13. FIFO Array Using Both Width-Expansion and
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 15V
Output reference levels 15V
Output load See Figure 15

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

out

Symbol | Parameter (Note 1) | Conditions | Typ.| Unit
Cu Input capacitance V=0V 5 pF
C Output capacitance | V, =0V 7 pF

out

Note: 1. For reference only.

STV
<
26200
TO OUTPUT o—
PIN
J’ e
39003 ,v. 30 pF

* Includes jig and scope capacitances.

Figure 15. A.C. Test Load
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Deep First-In First-Out (FIFO)
512x9 CMOS Memory
67C4501-35/50/65/80

Features

¢ Ram-based FIFO

® 512x9 organization

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

e Asynchronous and simultaneous writes and reads
® Low power consumption — 60 mA max

o Status flags - Full, Half-Full, Empty

® Retransmit capability

e Expandable in both width and depth

¢ Increased noise immunity for X1 - CMOS threshold
© Functional and pin-compatible with industry standard devices

General Description

The 67C4501 is a RAM-based CMOS FIFO that is 512 words
deep with 9-bit wide words. It is expandable to any width and/or
depth to create much larger FIFOs.

This FIFO can accept data and output data asynchronously and
simultaneously at data rates from 0 to 22 MHz. Status flags are
provided to signify empty, full, and half-full conditions. The
capability also exists to retransmit data from the FIFO.

Deep FIFOs such as the 67C4501 are useful in a wide range of
applications. The ability to buffer large transfers of data and the
rate adaption capabilities make the 67C4501 useful in commun-
ication, image processing, mass storage, DSP, and printing
systems.

Pin Names
PIN NAME DESIGNATION
W Write
R Read
RS Reset
FLURT First Load/Retransmit
Dx Data In
Qx Data Out
X Expansion In
XO/HF Expansion Out/Half-Full Flag
FF Full Flag
EF Empty Flag
vCC Supply Voltage
GND Ground

Ordering Information

N DESCRIPTION PACK | TEMP
67C4501-35 | 512-word by 9-bit FIFO | NJNL | Com
67C4501-50 | 512-word by 9-bit FIFO | NJNL | Com
67C4501-65 | 512-word by 9-bit FIFO | NJNL | Com
67C4501-80 | 512-word by 9-bit FIFO | NJNL | Com

Pin Configurations

DIP Y
w E BfVee
DBE 2] o,
D:;E E Ds
DzE E Dg
°1E E 07
DoE 28] FURT
5[0 67C4501  [H5s
] 21] EF
ao[s] 20] XOHHF
as[n] 5] o,
o[ 1] o
°3EZ E g
o,@ E Qa,

GND [15]®
PLCC

67C4501

23 | XO/HF
z]o,
1]
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80

Absolute Maximum Ratings*

SUPPIY VORAGE, VGG + e ottt ettt ettt ettt ettt ettt et et taeetsneeesnenennneeesnneannn -05Vto+70V
L4 U Qo] 7 Vo T PP -05VtoVcc+05V
OPperatiNng tEMPEIALUIE . .. .. ..ottt ittt ittt ittt et tat ettt taneeeeanaeesnaeeenoeesanaeennnasnannn 0°Cto +70°C
510 = Yo Lo (=T 0T o =T 22 (1 -55°C to +150°C
POWET diSSIPAtION . . ottt ittt i e e e e e 10w
D, QUL DU CUITENT .ottt it ettt ettt teeseeeeennnnseseseeanenosesesannsnnsessesssnssessnncsasnnes 50 mA
*Note:

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

DC Electrical Characteristics commercial: Ve =5 V £10%, TA = 0°C to +70°C

67C4501-35 |67C4501-50 |67C4501-65 |67C4501-80
SYMBOL PARAMETER TA=35ns | TA=50ns ([TA=65ns | TA =80ns | UNITS
MIN MAX | MIN MAX | MIN MAX | MIN MAX
Iy Input leakage current (any input) -1 1] 11 111 1 pA
ILo? Output leakage current -10 10 | -10 10 | -10 10 | -10 10 pA
V"-q3 Input high voltage (all inputs except ﬁ) 20 — |20 — |20 — |20 — \
v Input low voltage (all inputs except XI) — 08 | — 08 | — 08 | — 08 \
VIHX? Input high voltage, Xi 35 — | 35 — |35 — | 35 — Vv
viLx? Input low voltage, XI — 15| — 15 | — 15 | — 15 v
VOH Output logic “1” voltage loH = -2 mA 24 — | 24 — |24 — |24 — "
VoL Output logic “0” voltage Io = 8 mA - 04 | — 04 | — 04 | — 04 \
Icc1* Average VcC power supply current — 60. | — 60 [ — 60 | — mA
lcc2* Average standby current (R=W=RS=FL/RT=V|) | — 20 | — 20 | — 20 | — 20 | mA
Icca* Power down current (all inputs = Vcc -0.2 V) _ 5| — 5| — 5| — 5| mA
Notes:

1. Measurements with GND < V)N < Ve

2. R2Vjy, GND < Voyr<Vge.

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

4. Icc measurements are made with outputs open.
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80

AC Electrical Characteristics vcc =5V +10%, Ta =0°Cto + 70°C

SYMBOL DESCRIPTION FIGURES |5 S O | oo X | I Ak |UNITS
Write and Flag Timing

twc Write cycle time 3 45 65 80 100 ns
twpPw Write pulse width 3 35 50 65 80 ns
tWR Write recovery time 3 10 15 15 20 ns
tps Data set-up time 3,9 25 30 30 40 ns
tOH Data hold time 3,9 0 5 10 10 ns
tWFF Write LOW to full flag LOW 6,9 30 45 60 60 ns
tWHF Write LOW to half-full flag LOW 5 45 65 80 100 ns
twer | Write HIGH to empty flag HIGH 4,8 30 45 60 60 ns
twrz' Write pulse HIGH to data bus at LOW Z 8 10 15 15 20 ns
Read and Flag Timing

trRC Read cycle time 3 45 65 80 100 ns
ta Access time 3,4,8,9 35 50 65 80 ns
tRR Read recovery time 3 10 15 15 20 ns
tRPW Read pulse width 3 35 50 65 80 ns
trLz’ Read puise LOW to data bus at LOW Z 3 10 10 10 ns
tpv Data valiv_:l from read pulse HIGH 3 5 5 5 5 ns
tRHZ' Read pulse HIGH to data bus at HIGH Z 3 20 30 30 30 | ns
tRFF Read HIGH to full flag HIGH 6,9 30 45 60 60 ns
tRHF Read HIGH to half-full flag HIGH 5 45 65 80 100 ns
tREF Read LOW to empty flag LOW 4,8 30 45 60 60 ns
Reset Timing

tRSC Reset cycie time 2 45 65 80 100 ns
tRs Reset pulse width 2 35 50 65 80 ns
tRss Reset set-up time 2 35 50 65 80 ns
tRSR Reset recovery time 2 10 15 15 20 ns
tEFL Reset to empty flag LOW 2 45 65 80 100 ns
tHFH Reset to half-full flag HIGH 2 45 65 80 100 ns
tFFH Reset to full flag HIGH 2 45 65 80 100 ns
Retransmit Timing

tRTC Retransmit cycle time 7 45 65 80 100 ns
tRT Retransmit pulse width 35 50 65 80 ns
tRTR Retransmit recovery time 7 10 15 15 20 ns

Note:

1. Characterized parameters.

X monoithio ] Memories €1




Deep First-in First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80

Block Diagram

D0-D8
W —> write DATA
CONTROL v INPUTS
WRITE READ
| roINTER| 572 | poINTER
DATA
oUTPUTS
R—= ReAD Qo-a8
CONTROL _
RESET [+—RS
LOGIC Lo Fi/RT
Y
FLAG =
woaic [—EF
FF
L EXPANSION _
X] ————— | LOGIC }———— > XO/HF
Figure 1.

Functional Description

The 67C4501 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
occurring. The Empty Flag prevents reading while empty, a data
underflow condition. While the Full Flag prevents writing while
full, 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 func-
tion 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 than that of the 67C4501. The write, read, data-in and
data-out lines of the 67C4501 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 indi-
vidual 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 XI 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 tRSS prior to, and tRSR
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).

=\ - Jr;“
wp——F=
T
o LTI

Figure 2. Reset Timing
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80

Reset and Retransmit Truth Table —
Single-Device Configuration/Width-Expansion Mode

INPUT INTERNAL STATUS OUTPUTS
MOPE RS |FLRT| Xi READ POINTER WRITE POINTER EF | FF | WF
Reset 0 X 0 Location zero Location zero 0 1 1
Retransmit 1 0 0 Location zero Unchanged X! X! X1
Read/Write 1 1 0 Increment? Increment? X X X

1. Flags will change to show correct state according to write pointer.

2. Pointers will increment only if corresponding fiag 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 RS |FLART| Xi READ POINTER WRITE POINTER EF FF
Reset — first device 0 0 X0 Location zero Location zero 0 1
Reset all other devices 0 1 X0' Location zero Location zero 0
Read/Write 1 X2 xo' Increment® Increment® X X

1. X1 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.

erl!ng Data to the Flfo

The HIGH state of the Full Flag (FF) indicates that the FIFO is
capable of accepting data. The falling edge of Write (W) initiates
a write cycle. (See Figure 3.) Data appearing at inputs D0-D8
tDS prior to, and tDH after, the rising edge of W will be stored

sequentially in the FIFO.

The LOW-to-HIGH transition of the Empty Flag (EF) occurs
tWEF 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

LOW tWHF 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 exceed the
number of reads by 256 or more. The Half-Full Flag is not availa-
ble in Depth-Expansion Mode. The Full Flag (FF) goes LOW
tWFF after the faiiing edge of W during the write cycie which
creates a full condition. (See Figure 6.) A full 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 situations.

twe

\ 4 N

i tps tpH ” twpw |
Do-D8 —( DATA IN VALID > { DATA IN VALID /L
tRPW -l ‘AR

S

—< X DATA OUT VALID

Qo-Q8

X o+

tRHZ —’l

«——tp ——|
DATA OUT VALID x ,——'—

X

Figure 3. Asynchronous Write and Read Timing
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80

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
QO-Q8 tA after the falling edge of R, and remains until tDV 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 tRFF after the rising edge of R
during the first read cycle following a full condition. (See Figure
6.) The Half-Full Flag (HF) wili go HIGH tRHF 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 exceed 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 tREF after the
falling edge of R during the read cycle, which creates an empty
condition. An empty condition exists when there have been an
equal number of write cycles and read cycles. The Empty Flag
being active prohibits any further read operations, thus prevent-
ing a data underflow situation.

A S ANV

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 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, tWHF or tRHF. 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.

ADDITIONAL

WRITES NEXT READ

LAST READ NEXT WRITE
w
« %/
tRer tWEF—
EF
[ t s
DATA OUT
T~ e

Figure 4. Empty Flag Timing

1st eee 256 th 257th
w \ /
WHF >/ twhF
AF See Note
tRHF
R

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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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80

Retransmit

The FL/RT is used as the Retransmit (RT) input in Single Device
Mode. The retransmit capability is intended for use when there
are 512 or less writes between reset cycles. RT, an active LOW
going pulse of at least tRT in duration, initializes the internal read
Ppointer 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 tRTR 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 tRTC 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 & 11
and Table 1.) During these modes of operation, the Half-Full
Flag and Retransmit features are available. The 67C4501 can
be expanded in width to create FIFOs of word widths greater
than 9 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 gener-
ated 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 haz-
ards can be avoided if one devices' flags are used as the flags
for the expanded FIFO, and the write and read control circuitry is

At N\

designed to hold off sampling the flags until the worst case set-
tling time (tWEF, tWHF, tWFF, tREF, tRHF, and tWFF) 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 this input
HIGH. Write and read control is passed between devices using
XO and XI. A LOW- -going pulse on XO occurs when the last
physical location, address 511, of an active device is written to,
and another LOW-going puise 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 com-
posite 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 67C4501 can be
created by using both Width-Expansion Mode and Depth-
Expansion Mode simultaneously. (See Figure 13.)

ADDITIONAL
READS NEXT WRITE

LAST WRITE NEXT READ
R
—
w
t tRFF—
WFF
FF

/|

Figure 6. Full Flag Timing

tRT

&l
EY

>

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 tRTC.

Figure 7. Retransmit Timing
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80

DATAIN x

N 4
<« 'RPE—»
1
<t WEF > 'RET->|
EF 7
twiz—>| |<— lat At
DATA OUT DAJ AAU%UT

Note: (tRPE = tRPW: tRFT = tREF)

Figure 8. Read Data Flow Through Mode

B

/

w
(« tRFF><—— twpF
FF
twFT. —»{ [«—tpy
DATAIN N
«—— tA— tps

WW
i QW

Note : (\WPF = 'WPW: tWFT = tWFF)

Figure 9. Write Data Flow Through Mode
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80

HALF-FULL FLAG

(HF)
write — W) ] «® ___ geap
oaTAIN <80y 67Ca501 L9 9/ paTA OUT
FULL FLAG <— 7). €8 . empTyFLAG
(RS) (RT)
RESET RETRANSMIT

EXPANSION m_T_(x‘T)

“Figure 10. Single FIFO Configuration

paTAIN 2 1
1 )
I I ) (HF)
(W) _
ware Wb
- ——- 1B gean
FULL FLAG <) Js7casor le7caso1]EFL, empTY FLAG
RESET - - o
- - 4B cerransmiT

Lﬁ) 9

Io

—:v, (Q)
DATA OUT

\ ©

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

[%
w — - R
w FF EF
9 9, [67casor 9
D % 32 - ,/ Q
o Van
- e
X
FULL = FF EF L’1—\5""’1"'
Ny g,_|67cas01 e
FL
X
X0
FE EF
9. |67C4501
- T

Figure 12. Depth-Expansion to Form a 1536x9 FIFO

Qo -Qg Qg -&47 Qo -QN
[00 -Qg [09 -Qq7 |0(N-s)-°N
o DEPTH DEPTH DEPTH
7.W,As —] expansion | expansion |- ... »]Expansion
BLOCK BLOCK BLOCK
D Dg-D
Do-Dy § o0 §os 07 $onve-on
Dg-Dy  DygDN  D(n.gyDN

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

Wa Rg
FFA 57C4501 > |-ET: B
Y
DA0-8 Qp0-8 B
SYSTEM A~ b3 SYSTEM B
QA0-8 DBO-B
Ra
AEA 67C4501 We
EFp FF
J S— B

Figure 14. Bidirectional FIFO Mode
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-50/65/80
]

AC Test Conditions
Input pulse levels GNDto 30V
Input rise and fall times 5ns
Input timing reference levels 15V
Output reference levels 15V
Output load See Figure 15

Capacitance (Ta - +25°C, t = 1.0 MHz)

26200
TO OUTPUT
PIN o

~ 30 pF

AVl

39003
>

*Includes jig and scope capacitances.
Figure 15. A.C. Test Load

SYMBOL PARAMETER' CONDITIONS TYP UNITS
Cin Input capacitance Vin=0V 5 pF
Cout Output capacitance Vout=0V 7 pF

Note:
1. For reference only.
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67C4502-35/50/65/80

Deep First-in First-out (FIFO)
1024x9 CMOS Memory

DISTINCTIVE CHARACTERISTICS

RAM based FIFO

1024x9 organization

Cycle times of 45/65/80/100 nanoseconds
Asynchronous and simultaneous writes and
reads

Low power consumption — 60 mA maximum
« Status flags - full, half-full, empty

« Retransmit capability

« Expandable in both width and depth

o Increased noise immunity for XI - CMOS
threshold

« Functional and pin compatible with industry
standard devices

GENERAL DESCRIPTION

The 67C4502 is a RAM-based CMOS FIFO that is 1024
words deep with 9-bit wide words. It is 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 22 MHz.
Status flags are provided to signify empty, full, and half-full
conditions. The capability also exists to retransmit data
from the FIFO.

Deep FIFOs such as the 67C4502 are useful in a wide
range of applications. The ability to buffer large transfers
of data and the rate adaption capabilities make the
67C4502 useful in communication, image [.-ocessing,
mass storage, DSP, and printing systems.

BLOCK DIAGRAM
D0-D8
w WRITE DATA
CONTROL ¥ INPUTS
| ware READ
POINTER POINTER
DATA
OUTPUTS |=~—4
R READ Qo-G8
CONTROL —
RESET [<—RS
LOGIC |«—FLRAT
FLAG —
LoGic |[>EF
> FF
— EXPANSION —
xi—{ Loaic XO/MF
Figure 1.
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CONNECTION DIAGRAMS

DIP PLCC
— [ \J D, D pc Vec D, D
w E 43 38 1 ls_z‘l:ra%l asn
Dg E E 04 D, B L4 EDE
D3 E E Ds

[~]=

D4 n ED"
o, [4] 25] 06 5 27]NeC
D, E E D, -0 EF-LIR_f
oo [5] 23] FURT =0 67C4502 % |RS
5[ 67C4502 B FF —
x = ag m 24 |EF
FF E _2_1] o [1] 23| XO/HF

Qq E E_O_F [ EQ-,
9 [15] o, oz [ 21] 0,

Q
[ ] o 0]i0| @) O) 0] o
3 [1] 7_7'| [ Q3 Qg GND R Q0 Q
GND E E 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 Out/Half-Full Flag
FF = Full Flag

EF = Empty Flag

V¢ = Supply Voltage

GND = Ground

ORDERING INFORMATION

Standard Products 67 C4502-50 N

AMD/MMI standard products are available in several packages.
The order number (Valid Combination) is formed by a combina-  ¢. OPERATING CONDITIONS

tion of: 67 = Commercial (0°C to 70°C)
a. Device Number
b. Speed Option CMOS TECHNOLOGY
c. Operating Conditions
d. Package Type a. PART NUMBER
b. PERFORMANCE
35 =35nst,
50 =50nst,
65 =65nst,
80 =80nst,
d. PACKAGE TYPE
N = Plastic DIP
J = Ceramic DIP

NL = Plastic Leaded Chip Carrier
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ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vg .oevvveeiieerinieiiieieieiis -05Vto+7.0V
Input voltage ............. 0.5VtoV,,+0.5V
Operating temperature ............ccoccevervrienervencninnnens 0°C to +70°C
Storage temperature ... .-55°C to +150°C
Power diSSIPAtioN ..........cccerueereriireenere et sieeesenes 1.0W

DC output CUITeNt .......oeeiieeeeeei e 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. = 5 V £10%, T, = 0°C to +70°C

67C4502-35 | 67C4502-50 67C4502-65 | 67C4502-80
Parameter| Parameter T,=35ns | T,=50ns T,=65ns T,=80ns
Symbol Description Min. Max.| Min. Max. Min. Max. Min. Max. |Unit
e Input Leakage Current (any input) (Note 1) -1 1 -1 1 -1 1 -1 1 A
lo Output Leakage Current (data outputs) (Note 2) | -10 10 -10 10 -10 10 -10 10 | pA
Vi Input High Voltage (all inputs except ﬂ) (Note 3) | 2.0 - 2.0 - 2.0 - 2.0 - \
Vi input Low Voltage (all inputs except ﬂ) (Note 3) | - 0.8 - 0.8 - 0.8 - 0.8 \
Vi Input High Voltage, Xi (Note 3) 35 - 35 - 35 - 35 - |V
Vi Input Low Voltage, XI (Note 3) - 15 - 15 - 15 - 15|V
Vou Output Logic “1” Voltage |, = -2 mA 24 - 24 - 24 - 24 - Vv
VoL Output Logic “0” voltage I, = 8 mA - 0.4 - 04 - 0.4 - 04 |V
lec Average V. Power Supply Current (Note 4) - 60 - 60 - 60 - 60 |mA
loez girawgisﬁtaén: %%JT_": r:;,u) (Note 4) e - - m
ke ::J:::r“l)bown Current (all inputs = V. -0.2 V) B 5 _ 5 _ 5 _ 5 mA

Notes: 1. Measurements with GND <V, <V,
2. R2 Vi 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 vCC =5V +10%, T, = 0°C to +70°C

E’arameter Parameter 67C4502-35 | 67C4502-50 67C4502-65 | 67C4502-80
Symbol Description Figures| Min. Max. Min. Max. Min. Max. Min. Max. | Unit
Write and Flag Timing
the Write Cycle Time 3 45 65 80 100 ns
|-~ Write Pulse Width 3 35 50 65 80 ns
tn Write Recovery Time 3 10 15 15 20 ns
tos Data Setup Time 39 25 30 30 40 ns
o Data Hold Time 3,9 0 5 10 10 ns
e Write LOW to Full Flag LOW 6,9 30 45 60 60 ns
e Write LOW to Half-Full Flag LOW 5 45 65 80 100 | ns
twer Write HIGH to Empty Flag HIGH 48 30 45 60 60 ns
tuz g’ﬂg&”{;‘(’N"gg*:)w data bus 8 10 15 15 20 ns
Read and Flag Timing
e Read Cycle Time 3 45 65 80 100 ns
t, Access Time 34,89 35 50 65 80 ns
R Read Recovery Time 3 10 15 15 20 ns
tew Read Pulse Width 3 35 50 65 80 ns
t aHteLag v%ulzse(aNIB(t)eV\q ;o data bus 3 5 10 10 10 ns
by Data Valid from read pulse HIGH 3 5 5 5 5 ns
o ZfﬁfGﬁ_‘l"ge(ﬁ;g": ;° data bus 3 20 30 30 3 | ns
toer Read HIGH to Full Flag HIGH 6,9 30 45 60 60 ns
toe Read HIGH to Half Full-Flag HIGH| 5 45 65 80 100 | ns
Y Read LOW to Empty Flag LOW 4,8 30 45 60 60 ns
_l;;set Timing
tasc Reset Cycle Time 2 45 65 80 100 ns
trs Reset Pulse Width 2 35 50 65 80 ns
tass Reset Setup Time 2 35 50 65 80 ns
thsr Reset Recovery Time 2 10 15 15 20 ns
e Reset to Empty Flag LOW 2 45 65 80 100 ns
L Reset to Half-Full Flag High 2 45 65 80 100 | ns
e Reset to Full Flag HIGH 2 45 65 80 100 | ns
Retransmit Timing
tarc Retransmit Cycle Time 7 45 65 80 100 ns
tar Retransmit Pulse Width 7 35 50 65 80 ns
tarm Retransmit Recovery Time 7 10 15 15 20 ns

Note: 1. Characterized parameters.
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FUNCTIONAL DESCRIPTION

The 67C4502 CMOS FIFOis 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
greater than that of the 67C4502. The write, read, data-in and
data-out lines of the 67C4502 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 X 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 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 (EF) being LOW,
active, and both the Half-Full (HF) and Full Flag (FF) being HIGH,
inactive.

trsc
— tRs
RS

S/ ——
= AN

we ZZZ7I7TITZTTITTITIIN

 TLITITTITTTITTIITTI

Figure 2. Reset Timing
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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,
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 t,,.
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 LOW t,,, .
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
512 or more. The Half-Full Flag is not available in Depth-Expan-
sion Mode. The Full Flag (FF) goes LOW . 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 t,__ after the rising edge of R during
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 511 or less. The Half-
Full Flagis 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 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, if the
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
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.



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

Input Internal Status Outputs
Mode —————— o poco — —
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 e Se— gy — —
RS | FL/RT Xl Read Pointer Write Pointer EF FF
Reset-first device | 0 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. Xi 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_
| e——— tpg ———>|<« tDH > twpw |<*—twr—>
Do-Dg ( DATA IN VALID \, ( DATA IN VALID >————
~———trpw «———tRR———»
"N A \
»— tpLz tpv -~ u-—-——»} <~—— tpiz—>
Qq-Qg X DATA OUT VALID X >———< X DATA OUT VALID K >—
tre

Figure 3. Asynchronous Write and Read Timing
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LAST READ

NEXT WRITE
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ADDITIONAL
WRITES

NEXT READ

DATA __|
ouT

t WEF —|

N2

Figure 4. Empty Flag Timing

(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.
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Figure 5. Half-Full Flag Timing
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R \__7 -\_/
w
twrr tRFF —
FF

ADDITIONAL

NEXT WRITE

/]

Figure 6. Full Flag Timing




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
t. after the rising edge of RT. The flags may change state during
this cycle, put 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 67C4502 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

RT

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,.., ty.e tueer theer taue @NA 100)
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 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 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 depth than the 67C4502 can be
created by using both Width-Expansion Mode and Depth-Expan-
sion Mode simultaneously. (See Figure 13.)

FLURT \

< tRTR

=l
B ]|

- 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

RTC*

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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Figure 10. Single FIFO Configuration Figure 11. Width-Expansion to Form a 1024x18 FIFO
[ X0
w - R
w FF EF
57C4502
D 2 9| = 9,/ > Q
Vec
FULL == ST
N
XO
e
FF EF
9,_|67Cas02
. F
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'
Figure 12. Depth-Expansion to Form a 3072x9 FIFO
Wa Rg
FFa= 67C4502 > EFp
DAO-8 Qp0s HFg
Qq-Qg Qg -7 Qo -GN -
>
[o-ce [coarr IQ(N_a).QN SYSTEM A~ vios 005 L—3- SYSTEM B
o DEPTH DEPTH DEPTH A
R,W,Rs —>| ExPANSION | EXPANSION |- ... »| EXPANSION |
BLOCK BLOCK BLOCK _—A le7caso2 —
D Dg-D HeA Ws
Do-Dy } o0 §os .. $ on-g)-Dn EF, -y
Dg-Dy  Dyg-DN D(N.gyDN
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 GNDto3.0V
Input rise and fall times 5ns
Input timing reference levels 15V
Output reference levels 15V
Output load See Figure 15

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

Symbol | Parameter (Note 1)

Conditions | Typ.| Unit

C Input capacitance

IN

V=0V | 5 | pF

C, Output capacitance

out

vV, =0V | 7 | pF

out

Note: 1. For reference only.
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* Includes jig and scope capacitances.

Figure 15. A.C. Test Load



Serializing First-In-First-Out

67417

(FIFO) 64x8/9 Memory

Features/Benefits

* High-speed 28-MHz serial shift-in/shift-out rate

* 10-MHz parallel shift-in/shift-out rate

® Three-state outputs with Hi-current drive

e Cascadable at parallel port only

e Half-full flag (32 or more)

e Selectable 64x8 or 64x9 FIFO configuration thus providing
“frame mark bit”

Typical Applications

* LAN equipment

e Data communication

e Office automation

¢ Microcomputers

¢ Minicomputers

o Disk/tape controllers

Description

The 67417 is a serializing/deserializing 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

poin 1] ~ 24] vee
wa 2] 3] ps
sio 3] 2] PR
sis [4] i [)
sir [5] 2] 7

wL E 67417 M

we 7] B8] ps

soo [5] ] pa

sos [7] [16] P3

sor [0 5] P2
EE 1] P1
ano [iz 13] Po

Ordering Information

PART
NUMBER |PACKAGE | TEMPERATURE | DESCRIPTION
6417 | 4 Com 64x8/9

In addition, the device has the ability to connect directly to a
system bus. These features make ita complete “sub-systemon a
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).

Inthe first mode, serial data can be accepted at up to 28 MHz 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
PO-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 Output Data
SOSs 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

Publication # Rev. Amendment
10680 A 0
Issue Date: May 1988
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Block Diagram

67417

SERIAL INPUT SHIFT (SIS) ———>|
SERIAL INPUT READY (SIR) +———
SERIAL INPUT DATA (SID) ——

SERIAL INPUT
CONTROL LOGIC

PARALLEL DATA PORT
(P0-P8)

PARALLEL

A a9
FIFO
o CONTROL
LOGIC

[<«———— PARALLEL SHIFT (PS)
———> PARALLEL READY (PR)
————> HALF FULL FLAG (HF)
<«———— PARALLEL DIRECTION (PDIR)
|«———— MASTER RESET (MR)

| «——— WORD LENGTH (WL)

OUTPUT ENABLE
(POE)

8/9

SERIAL OUTPUT DATA (SOD) <+
SERIAL OUTPUT SHIFT (SOS) ———1

SERIAL OUTPUT READY (SOR) <———|

SERIAL OUTPUT
CONTROL LOGIC
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67417

Absolute Maximum Ratings

SUPPIY VOIAGE VTG + v e v eeeee ettt ettt et et ettt et ettt ettt
LT oW o 1 - T T R R
Off-state output voltage
e =T L= G20 L0 -

Operating Conditions
SYMBOL PARAMETER FIGURE MIN COM.II.‘YE: ClAL MAx |UNIT
Vee 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
tsisL 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 gz::igﬁr:é:jrtirg;fst?rial Input Ready ! to 1 0 ns E
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
omms | iraomm gy ! s | .
WORD LENGTH PARAMETERS
tswL Setup SIS, SOS 13 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
tpiDS 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 ! to Parallel Shift Low 10/11 30 ns
MASTER RESET PARAMETER
tMRW Master Reset LOW time 12/13 40 ns
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67417

Switching Characteristics Over Operating Conditions

SYMBOL PARAMETER FIGURE COMMERCIAL UNIT
MIN TYP MAX
SERIAL INPUT PARAMETERS
tSIRL Serial Input Shift t to Serial Input Ready LOW 2 23 ns
tSIHFH Serial Input Shift  to Half-Full Flag HIGH 7 1.3 us
SERIAL OUTPUT PARAMETERS
tSORL Serial Output Shift t to Serial Output Ready LOW 4 23 ns
tsop Serial Output Shift t to Serial Output data 3 23 ns
tODRH Serial Output Data valid to Serial Output Ready HIGH 3 0 25 ns
tSOHFL Serial Output Shift t to Half-Full LOW 7 13 us
PARALLEL INPUT/OUTPUT PARAMETERS
tpSPRL Parallel Shift 1 to Parallel Ready LOW 5/8 65 ns
tpSPRH Parallel Shift | to Parallei Ready HIGH 5/8/10 80 ns
tPSHEH Parallel Shift-In | to Half-FuII HIGH 6 1.3 us
tPSHFL Parallel Shift-Out | to Half-Full LOW 9 1.3 us
PARALLEL OUTPUT PARAMETERS
tPODH Minimum Parallel Shift | to Ouput ddta 8 20 ns
tpoD Maximum Parallel Shift | to Output data 8 60 ns
tpoDV Minimum Output data valid to parallel ready HIGH 8 0 15 ns
OTHER PARAMETERS
tpr Fall-through time 10/11/16/17 26 us
tipH Parallel Input Ready pulse HIGH 11 30 ns
topH Parallel Output Ready pulse HIGH 10 30 ns
tMRO Master Reset | to Data Out LOW 12 65 | ns
tMRSIRL Master Reset | to Serial Input Ready LOW 12 40 ns
tMRSIRH| Master Reset 1 to Serial Input Ready HIGH 12 40 ns
tMRPRL | Master Reset | to Parallel Ready LOW 12/13 40 | ns
tMRPRH | Master Reset ! to Parallel Ready HIGH 13 30 | ns
tMRSORL| Master Reset | to Serial Output Ready LOW 13 40 | ns
tMRHFL Master Reset | to Half-Full LOW 12/13 60 ns
tppirOR | Parallel Direction change to new Output Ready 14 60 ns
tppiroD |  Parallel Direction change to Output data valid 14 60 ns
tppirpz | Parallel Direction change to Parallel Output data Hi-Z 14 35 ns
tPDIRSZ Parallel Direction changes to Serial Output-data Hi-Z 14 80 ns
tpzx Output enable time POE to P0-8 15 30 ns
tpxz Output disable time POE to P0-8 15 35 | ns
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67417

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN ?‘Y)y MAx | UNIT
ViL Low-level input voltage o8f| Vv
ViH High-level input voltage 2F \
Vic Input clamp voltage Vce = MIN I =-18 mA -15| V
L Low-level input current Vee = MAX V=04V -04| mA
H High-level input current Vee = MAX Vi=24V 01| mA
] Maximum input current Vce = MAX V=55V 04| mA

~ 0°C-75°C 0.58
Data Outputs  |{/OL=24 MA 50 055
VoL Low-level output voltage Vog = MIN | P0-P8, SOD » v
loL =16 mA|0°C-75°C 0.5
All other outputs || =8 mA 0.5
VoH High-level output voltage Vcg = MIN | Igy =-3mA 24 v
los Output short-circuit current™ Vce = MAX| Vo =0V -20 -90| mA
Lz Off-state SOD _ Vo =04V -100] wA
| outputcurrent* | POtopg | YCC = MAX VA =
HZ 0 =24V 100| mA
lcc Supply current Veg = MAX 350 | mA
oy PDIR non-standard Serial-In, Serial-Out 10 18| Vv
over voltage

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

T This is an absolute voltage with respect to device GND (pin 12) and includes all overshoots due to test equipment.

50 pF I

Test Waveforms
TEST | S=OPEN | S=CLOSED OUTPUT WAVEFORM-MEAS-LEVEL
VoH
All tpp All tpp 15V
VoL
VOHO v L 28V
tpxz tPHZ tpLz 05V § >
VoL - T A ooV
28V VoH
tpzx tpzH tpzL 5V,
0.0V oL
+ io
S
28000
CcL 1.1K
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67417

e —

icc VS Temperature
20
15
Q
S
1.0
'
=
]
z
05
0 20 40 60 80
AMBIENT TEMPERATURE °C

Definition of Waveforms

SERIAL OUTPUT SHIFT
(SOS)
OR
PARALLEL SHIFT OUT

PS(0)
@
SERIAL INPUT READY g
'SIRHS — tg1sH —»| tsisL
SERIAL INPUT SHIFT
(sls) @]
SERIAL INPUT DATA
tsiDs I tSIDH
WORD LENGTH
(WL)
tswL —«—>te—>—thwL

® FIFO s full.
@ Shift-out (serial or parallel) is asserted, SIR goes High.
@ SIS can be asserted tg|gHg after serial input ready changes from low-to-high.

Figure 1. Serial Input Timing

SERIAL INPUT READY O]

(SIR)

<tgiRL

SERIAL INPUT SHIFT
(S1S)

® FIFO is not full.
@ FIFQis full.

Figure 2. FIFO Full Specification (tsjRL)
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67417

Definition of Waveforms (cont’d)

PARALLEL/SERIAL
INPUT SHIFT
PS(I)/SIS

SERIAL OUTPUT READY
(SOR) o)

tORHS — <>

SERIAL OUTPUT SHIFT

(SOSs) 7

WORD LENGTH
(WL)

toDRH | | VigouTt |

SERIAL OUTPUT DATA | !
(S0D) VALID OUTPUT

tswr 4«»l<—— tsop—>

@ FIFO is empty, output ready remains Low and shift-out cannot be applied.
@ After a word is shifted in, output ready goes High and shift-out can be applied.
® The first serial bit is PO.

Figure 3. Serial Output Timing

SERIAL OUTPUT SHIFT
(SOS)

‘ gouT | {SORL >

SERIAL OUTPUT READY

(@ After the last shift-out, output ready goes Low indicating FIFO is empty.

Figure 4. FIFO Empty Specifications (tsORL),
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Definition of Waveforms (cont’d)

5 14,
PARALLEL SHIFT (IN)
(PS()) /
[«——"psH I tpsL
PARALLEL DATA
Po.g) I STABLE DATA STABLEDATA

|
<tPIDS '>|<—— tPIDH — >

PARALLEL READY (INPUT) @
PR(l)
tpSPRL |<— 'PSPRH

NOTE: PpjR = High for the mode parallel-in to serial-out. Parallel ready is an output flag from the FIFO indicating that a word can be loaded into the FIFO.

@ FIFO is not full and ready for input.
@ PS (In) is asserted, shifting in parallel data PO-8.
PR (In) goes Low indicating parallel port is in use and no longer ready.
PR (In) will remain Low as long as PS (In) remains High.
@ PS (In) has gone Low, allowing recent word to propagate through FIFO, PR (In) returns High when ready for more input.

Figure 5. Parallel Input Shift Timing

PARALLEL SHIFT (INPUT) ®
(PS(1)
<«— 'PSHFH —>|
HALF FULL
(HF)

@ for Ppjr = High, the direction is parallel-in to serial-out. After the 32nd shift-in, the half-full
flag is set to High, and remains High, indicating the presence of 32 or more words.

Figure 6. Half-full Flag Specifications on Parallel (tpgHFH)

SERIAL INPUT SHIFT @
(s1S)

|<——— g HFH ——>

HALF FULL FLAG
(HF)

SERIAL OUTPUT SHIFT

(@ When there are 31 words in the FIFO, the next shift-in on the 32nd word sets the
half-full flag (HF) High indicating that there are 32 or more words.

@ As soon as one word is partially shifted out, HF goes Low indicating there are
less than 32 words.

Figure 7. Half-full Flag Specification on Serial Operation (tg|HFH, tSOHFL)
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Definition of Waveforms (cont’d)

1/fp
@
PARALLEL SHIFT (OUTPUT) ) ]
(PS(0)) Y,
<+—'psH
PARALLEL DATA ADATA B-DATA
(Po_g)
| tPODH — tpopv
o <—tPoD—>|
PARALLEL READY (OUTPUT)
(PR(Q))
tPSPRL—] | tPSPRH

NOTE: For above conditions Ppg = Low indicating that the direction is from serial-in to parallel-out.
Thus parallel ready indicates the output status.

@ FIFO is not empty and at least one word is valid and ready at P0-8 outputs.

@ PS (Out) is asserted, shifting out parallel data. Data remains valid, but:
PR (Out) goes Low to indicate parallel port is in use and no longer ready.
PR (Out) will remain Low as long as PS (Out) remains High.

® PS (Out) has gone Low, allowing data word to be shifted out. Next data word appears at output and
PR (Out) is asserted to indicate valid data ready.

Figure 8. Serial-in to Parallel-out Specifications (tpop. tpopH- toDV)

PARALLEL SHIFT (OUTPUT)
(PS(0))

[ tPSHFL

HALF FULL FLAG
(HF)

NOTE: For PpjR = Low the direction is serial-in to parallel-out.

@ When a word is shifted out and the half-full flag goes Low,
31 words or less are in the FIFO.

Figure 9. Half-full Flag Specification on Parallel Shift-out (tpgFL )

BIT 8/BIT 9(DEPENDING UPON WORD LENGTH)

s SIS A A NI

= 2
PARALLEL SHIFT (OUTPUT)
tpr
PARALLEL READY (OUTPUT) BECOMES VALID IF
(PR(0)) ® NOT EMPTY
e | NS e e e e - —— —— —
@

NOTE: Pp)R = Low indicating serial-in to parallel-out.
@ FIFO initially empty.
@ PS (Out) held High.

Figure 10. tpgprH, tpT- tpOH SPecifications (Serial Input Mode)

2-153



67417

Definition of Waveforms (cont’d)

BITO BIT 1

SERIAL OUTPUT (SHIFT) —/_'u \
(s0s)
f T

PARALLEL READY (INPUT)
(PR(1)) o] “FULL” 7

BECOMES VALID IF
NOT FULL

1PRHS |

PARALLEL SHIFT (IN)
(PS(1)

NOTE: Pp)R = High (parallel-in to serial-out).
@ FIFOQis full.
@® PS (1) held High.

Figure 11. Fall-through Specifications

MASTER RESET x
(MR)

<= tMRSIRL—] 'MRSIRH ®
SERIAL INPUT READY 5

(SIR)
| t\MRPRL—>

PARALLEL READY (OUTPUT) 5

(PR(O))

A7

|<—MRHFL—>|

(0]
HALF FULL \

(HF) N

DATA OUTPUTS \\\m
|——tuno——|

NOTE: Pp|R = Low.
® PR (0) and HF go Low.
@ After MR goes High, SIR goes High.

Figure 12. Master Reset Timing Serial-in to Parallel-out

2-154



67417

Definition of Waveforms (cont’d)

| 'MRW
'MASTER RESET \
(MR)
'MRSORL
SERIAL OUTPUT READY %
(SOR) N @
{MRPRL 'MRPRH
@
PARALLEL READY (INPUT) \
(PR(1)
{MRHFL
HALF FULL S
(HF) N O}
NOTE: Pp)R = High.
@ SOR and HF go Low.
@ Affter MR goes High, PR(I) goes High.
Figure 13. Master Reset Timing (Parallel-in to Serial-out)
SERIAL INPUT SHIFT (SIS)
SERIAL OUTPUT SHIFT (SOS)
PARALLEL SHIFT IN/OUT (PS)
[~~——"pDIRSL tPDIRSH |
PARALLEL PORT DIRECTION (PDIR) @){
l«—tPDIROR
PARALLEL /O READY (PR)
SERIAL INPUT READY (SIR)
SERIAL OUTPUT READY (SOR)
tPDIROD —<*—>
PARALLEL DATA INPUT MODE
Po-Pg) OUTPUT MODE OR HI-Z
tPDIRPZ —
PDIROD —
SERIAL OUTPUT DATA
(S0D) OUTPUT MODE HI-Z
tPDIRSZ I

NOTE: When the FIFO is used as a stack, change the port direction before the FIFO is full; otherwise, data may be lost.

Figure 14. PpR Transition Parameters

PARALLEL DATA

(Po-g) Hi-Z VALID Hi-Z

tpzx—> tpxz —

PARALLEL OQUTPUT ENABLE

Figure 15. Parallel Port Enable and Disable Timing
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Definition of Waveforms (cont’d)

PARALLEL SHIFT
Ps(h)
|— tPT —>|
SERIAL OUTPUT READY Z
(SOR) ]

SERIAL INPUT SHIFT l \
(sis)
g 1

SERIAL OUTPUT READY {

(SOR) Y,

o

® FIFO empty

Figure 16. tpy Specification (Shift-in to Serial Output Ready)

PARALLEL SHIFT OUT
P$(0)
T —>|

SERIAL INPUT READY
(SIR)

®/

SERIAL C:g;:;ﬂ' SHIFT ——// BITO \\__1:— I/,,, 1 \
tPT

SERIAL INPUT READY
(SIR)

®/

@ FIFO empty

Figure 17. tpt Specification (Shift-in to Serial Input Ready)
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Appendix
Detailed Functional/ Descrlptlon
for 67417

The 67417 is a serializing FIFO intended as a one-chip solution
for data buffering and serializing/deserializing. It can be suc-
cessfully used for interfacing parallel-format computing equip-
ment to serial-format data communications and mass-memory
equipment. The 67417 is a word-oriented device. It is meant to
function with complete 8- or 9-bit words of data.

Parallel Port

Thisis a fully bidirectional port, and it operates at a more conser-
vative data rate of 10 MHz. The input-staging register (ISR)
internally controls the parallel input data port bus signals. Like-
wise the OSR internally controls the parallel output data port.
The ISR data outputs drive the parallel data inputs to the cell
array, and the OSR inputs are likewise driven by the final parallel
data stage of the cell array

SERIAL INPUT SHIFT (SIS) ———|
SERIAL INPUT READY (SIR) «——
SERIAL INPUT DATA (SID) ———»

SERIAL INPUT
CONTROL LOGIC

a/9]
| «—— PARALLEL SHIFT (PS)
PyPy ppo [ PARALLELREADY (PR)
PORT L » HALF FULL FLAG (HF)
PARALLEL PORT dememct: O Q" |~ PARALLEL DIRECTION (PDIR)
|« MASTER RESET (MR)
| <—— WORD LENGTH (WL)
PARALLEL OUTPUT ENABLE (POE) 2
SERIAL OUTPUT DATA (SOD) <———
SERIAL OUTPUT SHIFT (SOS) ——»} gg:'_:,‘;o?_uggl‘(; ISR = INPUT STAGING REGISTER
SERIAL OUTPUT READY (SOR) <——— OSR=0UTPUT STAGING REGISTER

Basically the major internal subsystems of the 67417 are:
(i) The serial input port

(i) The serial output port

(iii) The parallel port

(iv) The FIFO control logic and

(v) The cell array

Serial Port

The two serial ports (input and output) are entirely separate
which allows a high-speed data rate of 28 MHz. These serial
ports do not share data pins, control pins, or internal circuits.
However, since the serial output data is a three-state output, the
serial data ports could be connected together in the normal
serial-parallel operation mode with separate SOR and SIR status
signals.

The serial input port interface consists of the Serial Input Ready
(SIR) output, Serial Input Data (SID) input, and the Serial Input
Shift (SIS) clock input. Unlike the analogous Sl and IR signals on
the 67401/2, SIS and SIR do notaccomplish a “handshake” with
the rest of the logic of the system which incorporates the 67417;
rather SIR is asserted whenever the 67417 is still capable of
receiving at least one more bit. SIS is a positive edge-triggered
input which sequences the serial input control logic. This logic
in turn controls SIR and the 8/9-bit Input Staging Register (ISR).

The serial output port interface is the dual of the above, with a
Serial Output Data (SOD) output, a Serial Output Shift (SOS)
clock input, and a Serial Output Ready (SOR) status output.
SOR is asserted whenever at least one more bit is available at the
output. SOS is a positive edge-triggered input which sequences
the 8/9-bit Output Staging Register (OSR). Serial Output Data is
automatically three-stated whenever the serial output port is

disabled (during Master Reset) and PDIR = Low. The parallel
portis controlled by Parallel Shift (PS) input and Parallel Direc-
tion Input (PDIR). Parallel Ready (PR) is the handshake/status
output. At the Parallel Port PS and PR do accomplish a hand-
shake with the outside world as SI, IR, SO and OR on the
67401/2.

Modes of Operation

There are three modes in which the 67417 can operate

(i} Parallel-in to serial-out

(i) Serial-in to parallel-out and

(iii) Serial-in to serial-out.

Inthe parallel-in to serial-out mode, PDIR = HIGH. Thus Parallel
Shift (PS) acts as a Shift In (SI) and similarly, Parallel Ready (PR)
as Input Ready (IR). The first bit shifted out of the serial port will
be bit 0 of the parallel word input.

Similarly for serial-in to parallel-out mode, PDIR = LOW, and
Parallel Shift (PS) acts as a Shift Out(SO) and Parallel Ready
(PR) as Output Ready (OR). The first bit shifted into the serial
port will be bit 0 of the parallel word output.

If the direction mode for a particular application of the 67417 is
not intended to change during system operation, the PDIR input
should be strapped to a logic LOW or HGH.

In the serial-in to serial-out mode, PDIR = 10 V minimum.
The parallel port does not function during this mode and is

. three-stated. The direction operating mode should not be

changed if the FIFO is FULL otherwise stored data will be lost.

Cell Array

The 67417 cell array can functioneither as a 64x8 FIFO (with the
oth bit padded to a zero) or as a 64x9 FIFO, according to the
setting of the word length (WL) control input. Like the PDIR
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control input, WL can be switched at electronic speeds during
system operations; but if the word length of a particular 67417 is
never to change during system operation, WL for that part can
be strapped to ground or V.

Itis a permissible 67417 mode of operation to aimost fill the FIFO
(there should be at least two empty locations) with WL set to
8-bit operation, then switch WL to 9-bit operation (WL = HIGH)
to load one more word plus a frame marker in the last bit, and
then switch PDIR and unload the 67417 in a 9-bit mode. This
sequence of operations has the effect of providing a “frame
marker bit” in the ninth bit of the last word loaded. The
corresponding 9th bits will have been zeroed by the 67417
internal logic for all the other words in the frame since they were
loaded while the 67417 was operating as an 8-bit device.

It is, however, the system designer's responsibility to avoid
changing PDIR inputs when only part of an 8- or 9-bit word has
been received or transmitted. In general, if such a change
occurs, the part in general will try to add zero bits to pad out the
impacted word to assume full length.

Half-Full Flag

This status output indicates when the 67417 statically contains
32 words or more. This provides an indication to send in more
data if the device is operated in a mostly-empty mode or send
out more data if the 67417 is operated in a mostly-full mode.

Cascading

The 67417 is designed to be cascaded at the parallel port only,
dueto very high data transfer rates at the serial ports. Cascading
two 67417’s is accomplished by connecting Parallel Input/Out-
put Ready (PR) of each part to control the Parallel Shift In/Out
(PS) of the other part, with one FIFO in serial-in to parallel-out
mode, and the other FIFO in parallel-in to serial-out mode. The
combined effect of this is a reversible 128x8 or 128x9 serial-in
serial-out FIFO. The 67417 can not be cascaded at the serial
ports because SIR and SOR are not acknowledged signals but
rather status signals only.

2 .
Applications
SIR <«— —— SOR
SID —>| —> soD
SIS 67417 SOSs
PO-P8
pemd TRI-STATE
PDIR=10V
NOTE: Itcanshiftindataserially in the multiples of 8- or 9-bitaccording toWL.
Figure 18. 512/576x1 Serial-in to Serial-out Mode
—AsiP SIP—
FROM SERIAL
DATA SOURCE SIS Po ro sis —} UNUSED
—SIR SIR}—
POE P1 P1 POE vee
P2 P2
- P3 P3
P4 P4
(SIPO) — PDIR Ps Ps5 PDIR |— (PISO)
“STRAPPING" P o } “STRAPPING"
6
(9-BIT) wL WL |— (9-BIT)
ﬁ P7 P7
P8 P8
—S0D PS :><: PS SODf—
] | | TOSERIAL
UNLISED = sos kR PR S0s } DATA DESTINATION
—4SOR MR R SOR|—
HF HF |—
TO SYSTEM
CONTROL LOGIC
MASTER RESET

* SIPO = Serial-in to Parallel-out.
** PISO = Parallel-in to Serial-out.

Figure 19. Cascading of Two 'S417s for Serial-in to Serial-out
Operation as a 128x9 (1152x1) FIFO
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SERIAL-
IR1 OR1 PR  SOD }—» OUTPUT
DATA
67401 —gD'T—‘ PS 67417 SERIAL
> si1 so1 SOR [—» OUTPUT
MR PO-P8 READY
v o
ck) I —p SOS|  SERIAL
9 9 L] OUTPUT
R SHIFT
18 >
DATAmmpap | RECISTER | 0 Mux -
> MR
9  |po-ps IR2 OR2
2-1 9 | 67402
SI2 s02
Figure 20. An Example of an Expansion Scheme
for a 64x18 Parallel-to-Serial FIFO
An 18-bit data word is multiplexed into the two 67401/2 FIFOs. 67401/2 FIFOs were used along with the 67417 to obtain the

Since the 67417 FIFO is cascadable at the parallel port only, two appropriate organization.

PEVEN.

67417
FIFO
Ps soD
— sop
18-BIT ) —d| MR sos I
WORD
PR SORf=cr,
> 67417
PODD FIFO
PS Ps soD

]
=
0l
3
D)
]

WL = HIGH (9- BIT)
PDIR = HIGH (PISO)

Ol

3
D
g

SHIFT-OUT CLOCK

Figure 21. Another Example of an Expansion Scheme for a 64x18 Parallel-in to Serial-out FIFO
Two 67417 FIFOs Are Used to Implement a 64x18 Parallel-in to Serial-out FIFO
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MEMORY

DEDICATED
MEMORY

DEDICATED
MEMORY

F

PROCESSOR

PROCESSOR

SLAVE
UNITS

PROCESSOR |<—

‘1

67417
FIFO

67417

PISO1
SIPO2

| <—

67417
FIFO

PISO1
SIPO2

67417
FIFO

28 MHz

=

PISO1
SIPO2

67417
FIFO

PISO1
SIPO2

Figure 22. A Multiprocessing System

Each processor unit on the left has its own communication
interface which consists of a serializing FIFO. The serial data link
can operate in either direction 1 or direction 2 which is decided
by the Decision logic. In direction 1 either of the slave units send
the data to the master over the serial link, with its respective
67417 operating in parallel-in to serial-out mode (PISO1). While
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DIAGNOSTIC
PROCESSOR
67417 DECISION 67401 MAIN
1 —1 PR R
semar D| FIFO LOGIC FIFO OCESSO!
LINK  SIPOT
PISO2
MAIN
MEMORY
MASTER
UNIT
NOTES:

SIPO = Serial-in to Parallel-out mode
PISO = Parallel-in to Serial-out mode

the 67417 for the master unit operates in serial-in to parallel-out
mode (SIPO1). The direction 2 has the FIFOs (67417) operating
in the reverse direction from the above case. Decision logic
determines the priority of the slave processors to use the serial

link.



FIFO RAM
Controller

674219

Features/Benefits

* High-speed, no fall-through time

® Deep FIFOs—16-bit SRAM address
o Arbitration read/write

¢ Control signals for data latching

o Full, Half-Full, Empty, Almost flags for
buffer sizes from 512 to 64 K

¢ Three-state outputs

Applications

e LAN equipment

e Data communication

o Disk/tape controllers

e Host-to-dedicated-processor interface

Pin Configuration

CLK E ~
BFO E
BF1 E
BF2 E
[
WRDY E
RRDY E

wreack [8]
rreack 3]

vee [io]
T
G
FuLL [13]
empry [ig
wr [i5]

AumosT [ig]
e g
[
=G

Ordering Information

PART PACKAGE
TEMPERATURE
NUMBER PINS TYPE
674219 40 J Com
Description

The 674219 FIFO RAM Controller provides addressing control,
status, and arbitration for a static RAM array used as a First-In-
First-Out (FIFO) buffer. The sixteen address lines can address a
FIFO buffer area ranging from 512 to 65,536 static RAM words.
Control signals including W (the write enable signal for the static
RAMs), handshaking signals for the read and write ports, and
strobes for external data latching.

The 674219 allows single-port static RAMs to resolve read and
write request conflicts according to priority rules selected via the
Priority-on-Read (PR) and Priority-on-Write (PW) inputs. If
priority is given to either port, or if only one port is used, the
maximum data rate through that port is 10 MHz.

Block Diagram

CLK ——
MR —>|

PR — >

W —>
REN—/—=1  conTRoL
WEN —>|
RREQ ——>
WREQ —>

— W
[ RRDY
j———— RREGCK
[—> WRDY

|————— WREGCK

16-BIT
WRITE ADDRESS
COUNTER ADDRESS 16
MULTIPLEXER
AND THREE-
16-BIT STATE DRIVERs | ACDRESS
READ ADDRESS
COUNTER
—» FULL
16-BIT FLAGS | EMPTY
STATUS DECODE AND
COUNTER SELECT —> HF
> ALMOST
BUFFER SIZE f

SELECT (BF2-BF0)

Publication # Rev. Amendment
10685 A 0
Issue Date: May 1988
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Definition of Terms

LATCHED A request has been received by the 674219 on one
of its ports. The request has been internally latched, but not
sampled.

SAMPLED The state of a latched request when it has been
internally synchronized.

PROCESSED A decision to perform a sampled request.

PERFORMED When the processed request is executed as a
memory cycle.

PENDING REQUEST A sampled request that has been held
until the FIFO completes its current operation(s).

WRITE DATA PORT The register(s) where the system places
the data that is to be written into the FIFO.

READ DATAPORT Theregister(s) where the system reads the
FIFO data.

WRITE DATA REGISTER The register(s) which serves as the
data input to the FIFO.

READ DATA REGISTER The register(s) where the FIFO
leaves the read data for the system to take.

Architecture

The 674219 FIFO RAM Controller, together with an array of
static RAMs and two registers, comprises a First-In-First-Out
(FIFO) memory. (See Figure 1.)

BF0-BF2 FLAGS CLK

LT |

WEN ——¥ REN
WREQ ———» FIFO RAM e 7RED
CONTROLLER
WRDY +——
WREGCK 674219 Eack FROY
w 16}
ADDRESS
\ 4
OE STATIC
- RAM
WRITE DATA READ
REG J REG
>  —

Figure 1. 57/674219 In and Implementation of a FIFO Buffer

The 674219 provides addresses and control signals to the static
RAMs, and interfaces with the system via a write port, a read
port, and status flags. The 674219 includes three 16-bit counters:
a write-address counter, a read-address counter, and a status
counter. The status flags are generated as a function of the state
of the status counter and the buffer length selected. The write
port has a Write REQuest (WREQ) input, a Write ENable (WEN)
input, and a Write ReaDY (WRDY) output. The read port has a
Read REQuest (RREQ) input, a Read ENable (REN) input,anda

Read ReaDY (RRDY) output. Two priority-control inputs, Priority-
on-Write (PW) and Priority-on-Read (PR), determine the priority
rules by which the 674219 arbitrates between simultaneous read
and write requests. The 674219 provides two clock signals
(RREGCK, WREGCK) to the Read Data Register and the Write
Data Register, as well as a Write signal (W) to be connected to
the Write Enable (WE) inputs of the static RAMs. Sixteen address
outputs provide the read and write addresses to the static RAMs.
When both REN and WEN are HIGH, the address outputs go into
high-impedance (Hi-Z) state, so that the static RAMs can be
accessed externally.

A Master Reset (TA_FT) input allows initializing the part by clearing
the three counters and presetting the flags. (See Table 1.)

FLAG CONDITION
Empty High
Full Low
Almost High
Half Low

Table 1. Condition of Flags After Master Reset

Pin Definitions
Vee 50V +10%
GND Ground

CLK CLOCK—Controls synchronous operation of the device.
All requests are sampled internally on every other LOW-to-
HIGH transition of the clock. These transitions are called
sampling clock edges. The first sampling clock edge is the first
LOW-to-HIGH transition of the clock after master reset.

RF2.RF0 RIUIFFERSIZE CONTROI S—Datarminea the desi
Srat=ry SUrran oL VUV nives—weierminge tin€ Ges

buffer size. (See Table 3.) Setting the buffer size is essential for
correct operation of the status flags.

MR MASTER RESET—Clears all counters when LOW. The
first LOW-to-HIGH transition of the clock, following a LOW-
going Master Reset pulse, is the first sampling clock edge; the
first request to be serviced is a write request. (See Figure 7.)
A15-A0 ADDRESS OUTPUTS—Three-state outputs which
provide a read address when W is HIGH, or a write address when
Wis LOW. A15-A0 are in the Hi-Z state only when both REN and
WEN are HIGH.

TEST An input used during manufacturing final test. For
normal operation, TEST should be tied to GND.

W  WRITECONTROL—Used to control the SRAM arrays Write
Enable pin and to output enable the write data register.

WREQ WRITE REQUEST—A LOW-going pulse on this pin
requests a write to the FIFO. A write request can only be latched
if the write port is enabled (WEN is LOW), and the previous
write request has been processed (WRDY is HIGH).

RREQ READ REQUEST—A LOW-going pulse on this pin
requests a read from the FIFO. A read request can only be
latched if the read port is enabled (REN is LOW), and the
previous read request has been processed (RRDY is HIGH).
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WEN WRITE ENABLE—When this input is HIGH, all write
requests are ignored. When WEN is LOW and WRDY isHIGH, a
write request (WREQ = LOW-going pulse) will be latched by the
674219. If both WEN and REN are HIGH, the address outputs
A15-A0 go into the Hi-Z state, permitting external access to the
SRAM array.

REN READ ENABLE—When this input is HIGH, all read
requests are ignored. When REN is LOW and RRDY is HIGH, a
read request (RREQ = LOW-going pulse) will be latched by the
674219. If both WEN and REN are HIGH, the address outputs
A15-A0 go into the Hi-Z state, permitting external access to the
SRAM array.

PW,PR WRITE PRIORITY and READ PRIORITY—These two
inputs determine the rules governing the arbitration between
write and read requests. (See Table 2.) These inputs must not
both be HIGH simultaneously.

WRDY WRITE READY—When this output is HIGH, and WEN
is LOW, a write request may be sent to the WREQ pin.

WRDY goes LOW on the sampling clock edge which samples
the write request. WRDY will go HIGH on the non-sampling
clock edge which starts the write cycle. WRDY will stay LOW if
the FIFO is full. .

Write requests should be made only when WRDY is HIGH.

RRDY READ READY—When this output is HIGH, and REN is
LOW, a read request may be sent to the RREQ pin.

RRDY goes LOW on the sampling clock edge which samples the
read request. RRDY will go HIGH on the non-sampling clock
edge which starts the read cycle. RRDY will stay LOW if the FIFO
is empty.

Read requests should be made only when RRDY is HIGH.

WREGCK WRITEREGISTER CLOCK—This output is used to
clock the write data register.

RREGCK READ REGISTER CLOCK—This output is used to
clock the read data register.
EMPTY EMPTY FLAG-—When HIGH, indical
is empty. Read requests are not permitted when the FIFO is
EMPTY.

FULL FULL FLAG—When HIGH, indicates that the FIFO is
full. Write requests are not permitted when the FIFO is FULL.
HF HALF-FULL FLAG—When HIGH, indicates that the FIFO
has half, or more, of its locations occupied.

ALMOST ALMOST FLAG—When HIGH, indicates that one of
the following conditions exists:

1. The FIFO is almost empty (less than sixteen words in the
FIFO), if ALMOST is HIGH and HF is LOW.

The FIFO is almost full (sixteen or less locations are
available) if ALMOST is HIGH and HF is HIGH.

N

Requests, Arbitration and Data Capture

A clock, supplied via the CLK input of the 57/674219, generates
the internal sequence of events which constitutes a single FIFO
operation. The read and write ports recognize and latch read
and writg__re_guests asynchronously, provided that the respective
enable (REN or WEN) is LOW, and the request window setup
time is observed.

The FIFO write operation is as follows (see Figure 2):

Stage 1 A write request is sent to the 674219 by a LOW-
going pulse on the WREQ pin.

Stage 2 The write request is latched internally, asynchronous
to the clock.

Stage 3 WRDY goes LOW on the sampling clock edge that
latched the request to indicate to the system that the request has
been latched and synchronized internally. WRDY also indicates
to the system that the write port is no longer accepting write
requests. In order to guarantee that a request is properly
synchronized, the request must not occur during the window
stated by the tWRQC specifications.

Stage 4a Regardless of whether the write cycle is started or
not, WREGCK will go HIGH for one clock cycle on the non-
sampling clock edge that follows WRDY going LOW. The
transition from LOW-to-HIGH on the WREGCK pin clocks data
into the write data port, reading the data for writing to the SRAM.

Stage 4b A decision to wait, or to perform the write cycle is
made based on the following:

Case1 |If read priority is set, the 674219 will process all pending
read requests first. The write cycle will be delayed until all of the
read cycles have been performed. Then, and only then, will the
pending write cycle be performed.

Case 2 If write priority is set, regardless if there is a pending
read request or not, the write cycle will start on the next non-
sampling clock edge that follows WRDY going LOW. If there was
a pending read request, the read cycle will not be started until
the write cycle has been completed.

Case 3 If no priority is set, and there is no pending read
request, the FRC will start the write cycle on the next non-
sampling clock edge that follows WRDY going LOW.

Case4 If no priority is set, and there are simultaneous requests
(i.e., a read request and a write request have both been latched
before the same sampling clock edge), the FIFO will decide
which is to be processed first according to the following:

If the last case of simultaneous requests (with no priority)

narfarmead a raad cvaole firet tha writa raaiact will ha nro-
perncrmed a read CyC:e TirsSy, Ine Wit reQuest win o€ pic

cessed first, followed by the read request.

If the last case of simultaneous requests (with no priority)
performed a write cycle first, the read request will be pro-
cessed first, followed by the write request.

SAMPLING
CLK

1,2 3 |«MEMORY CYCLE»>|

WREQ

3 5
WRDY & ?
4a
WREGCK ¢ \
— 6
w N

Figure 2. The Stages of a FIFO Write Operation
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Stage 5 WRDY will go HIGH on the non-sampling edge that
starts the write cycle.

Stage 6 Once a request has been granted, the memory cycle
takes place over two clock cycles, starting with the non-
sampling clock edge on which the request is granted (WRDY
going from LOW-to-HIGH). The Write line (W) goes LOW at
tCWL after the clock edge starting the memory cycle and stays
low until tCWH after the clock edge terminating the memory
cycle.

The FIFO read operation is as follows (see Figure 3):

Stage 1 A read request is sent to the 674219 by a LOW-
going pulse on the RREQ pin.

Stage 2 The read request is latched internally, asynchronous
to the clock.

Stage 3 RRDY goes LOW on the sampling clock edge that
latched the request to indicate to the system that the request has
been latched and synchronized internally. RRDY also indicates
to the system that the read port is no longer accepting read
requests. In order to guarantee that a request is properly
synchronized, the request must not occur during the window
stated by the tRRQC specifications.

Stage4 Adecision to wait, or to perform the read cycle is made
based on the following:

Case 1 If write priority is set, the 674219 will process all pend-
ing write requests first. The read cycle will be delayed until all of
the write cycles have been performed. Then, and only then, will
the pending read cycle be performed.

Case 2 If read priority is set, regardless if there is a pending
write request or not, the read cycle will start on the next non-
sampling clock edge that follows RRDY going LOW. If there was
a pending write request, the write cycle will not be started until
the read cycle has been completed.

Case 3 If no priority is set, and there is no pending write
request, the FRC will start the read cycle on the next non-
sampling clock edge that follows RRDY going LOW.

Case4 If nopriority is set, and there are simultaneous requests
(i.e., a read request and a write request have both been latched
before the same sampling clock edge), the FIFO will decide
which is to be processed first according to the following:

1. If the last case of simultaneous requests (with no priority)
performed a read cycle first, the write request will be
processed first, followed by the read request.

2. If the last case of simultaneous requests (with no priority)

performed a write cycle first, the read request will be
processed first, followed by the write request.

Stage 5 RRDY will go HIGH on the non-sampling edge that
starts the write cycle.

Stage 6 Once a request has been granted, the memory cycle
takes place over two clock cycles, starting with the non-
sampling clock edge on which the request is granted (RRDY
going from LOW-to-HIGH). Read REGister Clock (RREGCK)
goes LOW for one clock cycle, starting with the sampling edge
that occurred within the read memory cycle. RREGCK clocks
data from the SRAM array to the read data port on the LOW-to-
HIGH transition, which terminates the read cycle.

SAMPLING
4
CLK
12 3 |«MEMORY cYCLE->]
RREQ _\C/
3 s

RREGCK

Figure 3. The Stages of a FIFO Read Operation

Priority

Two input signals, Priority-on Read (PR) and Priority -on-Write
(PW), determine the arbitration rule which sequences the read
and write cycles, for various cases as follows: (see Table 2):

PW PR PRIORITY
0 0 No priority
0 1 Priority on READ
1 0 Priority on WRITE
1 1 (Not allowed)

Table 2. Priority Encoding

No-Priority Case

If no priority is selected (PR = PW = LOW), each request is
processed in the order it came into the FRC.

If no priority is setand both a read and write request are latched
before the same sampling clock edge, the 674219 will perform
read and write cycles alternately. (See Figure 4.)

Write Priority Case

If write priority is selected (PR = LOW, PW = HIGH) write
requests are always processed before read requests (assuming
that the requests meet the setup time).

If write priority is set and both a read and write request are
latched before the same sampling clock edge, (i.e., a simultan-
eous request), the write cycle will take place first. If, before the
next sampling clock edge, another write request is latched,
another write cycle will take place, and the pending read request
will not be processed. Only when the sampling clock edge
encounters no further write requests will the pending read
request be processed. At this time the read cycle will start and
the RRDY output will go HIGH. (See Figure 5.)
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Figure 4. Operation With No Priority
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Figure 5. Operation With Write Priority
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Read Priority Case

If read priority is selected (PR = HIGH, PW = LOW) read requests
are always processed before write requests assuming that the
requests meet the setup time).

If read priority is set and both a read and write request are
latched before the same sampling clock edge, (i.e., a simultan-
eous request), the read cycle will take place first. If, before the
next sampling clock edge, another read request is latched,
another read cycle will take place and the pending write request
will not be processed. Only when the sampling clock edge
encounters no further read requests will the pending write
requests be processed. At this time, the write cycle will start and
the WRDY output will go HIGH. (See Figure 6.)

SAMPLING EDGES
o N\W\\Y\I\YM

|¢—READ 1—»{4—READ 2 —»e— WRITE —
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RD CLOGK 1| RD CLOCK 2
—
RREGCK \ ;{_\_)
WREG \/
WR REQ
WRDY \ !
WR CLQCK
WREGCK e 4 \
ADDRESS X vauo_ X_vauo_ X vaup_ X_
READ READ WRITE
w
PR, PW
tpg —»  le—
Figure 6. Operation With Read Priority
Buffer Length

A three-bit input control field, BF2-0, selects the buffer length
(“depth”) of the FIFO. Any power of 2 from 512 to 65,536 may be
chosen as the buffer length. (See Table 3.)

BF2 BF1 BF2 BUFFER SIZE
0 0 0 512
0 0 1 1024
0 1 0 2048
0 1 1 4096
1 0 0 8192
1 0 1 16384
1 1 0 32768
1 1 1 65536

Table 3. Buffer Length

Status Flags

The flags are generated as a function of the buffer length,
selected via inputs BF2-BF0, and the state of the status counter.
The status flags are:

EMPTY When HIGH, the EMPTY flag indicates that the FIFO is
empty. The EMPTY flag goes HIGH on the first sampling clock
edge during the memory cycle which empties out the FIFO.

FULL When HIGH, the FULL flag indicates that the FIFO is full,
and no more data can be written into it until a read cycle takes
place. The FULL flag goes HIGH on the first sampling clock
edge during the memory write cycle which fills up the FIFO.

HF When HIGH, the Half-Full flag indicates that the FIFO is
filled to half its depth, or more.

ALMOST When HIGH, the ALMOST flag indicates that one of
the following conditions exists:

1. The FIFO is almost empty (less than sixteen words in the
FIFO), if ALMOST is HIGH and HF is LOW.

2. The FIFO is almost full (sixteen or less locations are
available) if ALMOST is HIGH and HF is HIGH.

The flags Master Reset to the states shown in Table 1.

First Write Cycle (After a Master Reset
or When FIFO is Empty)

The first LOW-to-HIGH clock edge, following Master Reset (MR)
going LOW-to-HIGH, is the first sampling clock edge. The
sampling clock edge occurs every other positive-going transi-
tion of the clock. The LOW pulse on MR clears the three internal
16-bit counters (status, read and write). The FIFO is set to the
EMPTY state, and no read requests are allowed (RRDY = LOW).

After an interval of at least tMRS after MR goes HIGH, a LOW-
going pulse on the WREQ pin tells the 674219 that a write to the
FIFOis requested. The write request is latched by the write port,
provided that WEN is LOW. (See Figure 7.) The following sam-
pling clock edge samples the request, and causes WRDY to go
LOW. WRDY goes HIGH again on the next (non-sampling) posi-
tive clock edge, regardless of priority. The write cycle takes place
over two clock periods, starting on the positive non-sampling
clock edge following the sampling clock edge which brought
WRDY HIGH. The data is clocked into the external Write Data
Register on the same non-sampling clock edge, and into the
external Read Data Register on the second sampling clock edge,
to allow minimal fall-through time. (See again Figure 7.) EMPTY
willgo LOW to indicate that there is valid data in the FIFO. RRDY
goes HIGH indicating that there is data to be read from the FIFO.
The same sequence of events occurs for the first write request
that is initiated when the FIFO is empty.

Methodology for Reading

In order to maintain a consistent system level architecture, the
674219 has been constructed such that the system should read
the data port before a read request is sent. (See Figure 8.)

This ability allows the FIFO a zero fall-through time on all cycles.
The system is able to get the data from the FIFO right away,
without having to wait for the FRC to perform a read cycle of the
SRAMSs.

On the read port, a positive-going edge of RREGCK signals to
the system that the read data register is being updated. The
system should read the data first and then send a request to
obtain the next word from memory to the read data register.
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Figure 7. First Write After Master Reset or When FIFO Is Empty
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Figure 8. Methodology for Reading From the FIFO
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Write Cycle (Figure 9) 3. No priority has been selected, both a read and a write request
A write request, indicated by a LOW-going pulse on the WREQ occur before the same sampling clock edge (simultaneous
pin, is latched by the 674219, provided that WEN is LOW and request), and in the last case of a §|multaneous request, the
WRDY is HIGH. The request is sampled internally on the sam- FRC processed the read request first.

pling clock edge. WRDY goes LOW on the same sampling clock In this case, the 674219 will process the write request first,
edge, to indicate to the system that a write request has been and then process the read request.

latched and synchronized internally. In addition, WREGCK will 4. No priority has been selected, both a read and a write request

go HIGH for one clock cycle on the non-sampling clock edge
that follows WRDY going LOW, regardless of whether the write
request is processed. The write request will be processed only if
one of the following sets of conditions is true:

occur before the same sampling clock edge (simultaneous
request), and in the last case of a simultaneous request, the
FRC processed the write request first.

In this case the 674219 will process the read request first, and

. - then process the write request.
1. Write Priority has been selected.

Once the write request has been processed, a write cycle takes

If write priority has been selected, the FRC will process all place over two clock cycles starting with the non-sampling clock
write requests before any pending read requests. edge on which WRDY goes HIGH. W will go LOW, tCWL after the
start of the write cycle. W is used to Write Enable the SRAM array

2. No read request has been latched. and to Output Enable the write data register. Two clocks later

If no read request has been latched, regardless of priority, the (tCWH) W will go HIGH again, terminating the write cycle.

FRC will process the write request immediately and will start In order to avoid the bus contention inherent in shared-1/0

the write memory cycle on the non-sampling clock edge that memory systems, a delay line and an OR gate may be required

follows WRDY going LOW. (see Memory Interface Design Guidelines).
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Figure 9. Write Cycle Timing
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Read Cycle (Figure 10)

A read request, indicated by a LOW-going pulse on the RREQ
pin, is latched by the 674219, provided that REN is LOW and
RRDY is HIGH. The request is sampled internally on the sam-
pling clock edge. RRDY goes LOW on the same sampling clock
edge to indicate to the system that a read request has been
latched and synchronized internally. The read request is pro-
cessed only if one of the following sets of conditions is true:

1. Read Priority has been selected.

If read priority has been selected, the FRC will process all
read requests before any pending write request.

2. No write request has been latched.
If no write request has been latched, regardless of priority, the
FRC will process the read request immediately and will start

the read memory cycle on the non-sampling clock edge that
follows RRDY going LOW.

3. No priority has been selected, both a read and a write request
occur before the same sampling clock edge (simultaneous

request), and in the last case of a simultaneous request, the
FRC processed the write request first.

In this case, the 674219 will process the read request first.

4. No priority has been selected, both a read and a write request
occur before the same sampling clock edge (simultaneous
request), and in the last case of a simultaneous request, the
FRC processed the read request first.

In this case, the 674219 will process the write request first,
and then process the read request.

Once the read request has been processed, a read cycle takes
place over two clock cycles starting with the non-sampling clock
edge on which the RRDY goes HIGH. RREGCK goes LOW on
the next sampling clock edge, stays LOW for one clock cycle,
and goes HIGH on the following non-sampling clock edge, thus
clocking the data which appears at the SRAM array’s data
outputs into the Read Data Register. RREGCK going HIGH
terminates the read cycle.
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