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

C5/67401 C5/67401A C67401B & 74O/
C5/67402 C5/67402A C67402B <& /¢o2

Features/Benefits Ordering Information

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

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

e TTL inputs and outputs C57401 JoyL) | Mil 7MHz 64x4 FIFO

* Readily expandable in the word and bit dimensions 67401 JN.NL(20), Com 10MHz 64xa FIFO

° s::::lt:;e:‘ :li:::tlxr:ss Output pins directly opposite corres- Gs7402 @O0 i TMHz 64x5 FIFO

« Asynchronous operation C67402  |JN,NL(20)] Com | 10MHz 64x5 FIFO

¢ Pin-compatible with Fairchild’s F3341 MOS FIFO and many C57401A J,(20) (L) Mil 10 MHz 64x4 FIFO
times faster C67401A |J,N,NL(20)] Com | 15MHz 64x4 FIFO

Description C57402A | J.(20)(L) | Mif | 10MHz 64x5 FIFO

The C5/C674018/2B/1A/2A/1/2 are “fall-through” high speed
First-In First-Out (FIFO) memory organized 64 words by 4 bits C67402A |J.NNL(20)) Com | 15MHz 64x5 FIFO
and 64 words by 5 bits respectively. A 16.7 MHz data rate aliows C674018 J Com 16.7 MHz 64x4 FIFO
usage in digital video systems; a 15 MHz data rate ailows usage

in high speed tape or disc controllers and communications buffer C674028 J Com 16.7 MHz 64x5 FIFO
applications. Both word iength and FIFO depth are expandable.
Block Diagrams
C57401/A 64x4 C57402/A 64x5
C67401A/B 64x4 C67402A/B 64x5
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C67401B/2B Cascadable

e S —

Absolute Maximum Ratings

SUPPIY VOIBGE VGG -+ v v e e v e s ee e e s te e e et et ettt e e e e -05Vto7V
3T o TU LR - Vo - D R SRR REEE -1.5Vto7V
Off-state OULPUL VOILAGE .. ..ottt ittt it a e it steetsaaaaan s e atoaanorassoasnesnes -05Vto55V
StOrage teMPEIAtUIE . ... ..ottt it ittt e e et e e -65° to +150°C

Operating Conditions C67401B/2B

SYMBOL PARAMETER FIGURE MINCOM¥$:CIA;“ UNIT
Veo Supply voltage 4.75 5 5.25 Vv
Ta Operating free-air temperature 0 75 °C
tgint Shift in HIGH time 1 18 ns
tsiL Shift in LOW time 1 18 ns
tips Input data setup 1 0 ns
tiDH Input data hold time 1 40 ns
tsoHt Shift Out HIGH time 5 18 ns
tsoL Shift Out LOW time 5 18 ns
tMRW Master Reset pulse 10 35 ns
tMRS Master Reset to Si 10 35 ns

Switching Characteristics C67401B/2B

Over Operating Conditions

SYMBOL PARAMETER FIGURE M'Ncomryincm:Mx UNIT
fiN Shift in rate 1 16.7 MHz
tiRL Shift in to input Ready LOW 1 35 ns
tign T Shift In to Input Ready HIGH 1 37 ns
fout Shift Out rate 5 16.7 MHz
torLt Shift Out to Output Ready LOW 5 38 ns
tornt Shift Out to Output Ready HIGH 5 48 ns
topH Output Data Hold (previous word) 5 5 ns
tops Output Data Shift (next word) 5 44 ns
tet Data throughput or “fall through” 4,8 1.45 HuS
tMRORL Master Reset to OR LOW 10 55 ns
tMRIRH Master Reset to IR HIGH 10 55 ns
tipH * Input Ready pulse HIGH 4 20 ns
topH* Output Ready puise HIGH 8 20 ns

¥ 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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C5/C67401A/2A Cascadable
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Absolute Maximum Ratings

SUPPIY VOHBGE Vo0 o v ettt ettt et e e e
g o T T IR o] Te 1=
Off-state oUtPUE VOITAGE . . . . ... i e e e e e s

Storage temperature

Operating Conditions C5/C67401A/2A

SYMBOL PARAMETER FIGURE MIN Mll._rl“l::RY MAX MINCOM':‘?:CIA;AX UNIT
Vee Supply voltage 45 5 55 4.75 5 525 Vv
Ta Operating free-air temperature -55 *125 | O 75 °C
tgiq T Shift in HIGH time 1 35 23 ns
tsiL Shift in LOW time 1 35 25 ns
tips Input data setup 1 0 0 ns
HoH Input data hold time 1 45 40 ns
tsont Shift Out HIGH time 5 35 23 ns
tsoL Shift Out LOW time 5 35 25 ns
tMRW Master Reset pulse 10 40 35 ns
tMRS . Master Reset to SI 10 45 35 ns

*Case temperature

Switching Characteristics C5/C67401A/ 2A oOver Operating Conditions
SYMBOL PARAMETER FIGURE MIN MI;IJPARY MAX MI:I:OM":'IYEECIA:IIAX UNIT
fiN Shift in rate 1 10 15 MHz
gLt Shift In to Input Ready LOW 1 50 40 ns
thH* Shift In to Input Ready HIGH 1 50 40 ns
fouT Shift Out rate 5 10 15 MHz
tore t Shift Out to Output Ready LOW 5 65 45 ns
torHT Shift Out to Output Ready HIGH 5 65 50 ns
topH Output Data Hold (previous word) 5 10 10 ns
tops Output Data Shift (next word) 5 60 45 ns
tpT Data throughput or “fall through” 4,8 22 16 us
tMRORL Master Reset to OR LOW 10 65 60 ns
tMRIRH Master Reset to IR HIGH 10 65 60 ns
tipr * Input Ready pulse HIGH 4 30 23 ns
topH* Output Ready pulse HIGH 8 30 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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C5/C67401/2 Cascadable
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Absolute Maximum Ratings

SUPPIY VORBGE VS0 v vt v v v ettt ettt ettt et -05Vto7V
LT« TR o : T L= T T T R -15Vto7V
OFf-State OULPUL VOB ... o oot ottt ittt ittt ittt et et e e e e e st cen e s e anaeanasianns -05Vtos5V

Storage temperature

Operating Conditions C5/C67401/2

SYMBOL PARAMETER FIGURE MIN MIL_:?;?,RY MAX MINCOM“:::CM:IIAX UNIT
Vee Supply voltage 45 5 55 4.75 5 5.25 Y
Ta Operating free-air temperature -55 *125 0 75 °C
tgi T Shift in HIGH time 1 45 23 ns
tsiL Shift in LOW time 1 45 35 ns
tins Input data setup 1 0 0 ns
tioH Input data hold time 1 55 45 ns
tgont Shift Out HIGH time 5 45 23 ns
tsoL Shift Out LOW time 5 45 35 ns
tMRW Master Reset pulse 10 30 35 ns
tMRS Master Reset to SI 10 45 35 ns
*Case temperature
Switching Characteristics C5/C67401 /2 over Operating Conditions
SYMBOL PARAMETER FIGURE | M';‘;’:R" MAX MINCOM,I'Z";""C";AX UNIT
fiN Shift in rate 1 7 10 MHz
trLt Shift In to input Ready LOW 1 60 45 ns
tignt Shift In to Input Ready HIGH 1 60 45 ns
fout Shift Out rate 5 7 10 MHz
tort t Shift Out to Output Ready LOW 5 65 55 ns
‘ORH* Shift Out to Output Ready HIGH 5 70 60 ns
toDH Output Data Hoid (previous word) 5 10 10 ns
tops Output Data Shift (next word) 5 65 55 ns
tpT Data throughput or “fall through” 4,8 4 3 us
tMRORL Master Reset to OR LOW 10 65 60 ns
tMRIRH Master Reset to iR HIGH 10 65 60 ns
tipH* Input Ready puise HIGH 4 30 23 ns
topH* Output Ready pulse HIGH 8 30 23 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
Input Pulse 0to 3 V

* The “TEST POINT” is driven by the output under test,

and observed by instrumentation.

5801

AA—OZ

€9 TEST POINT*

S 1K = 30pF

AAA
v

Input Rise and Fall Time {10% - 90%)
5 ns minimum
Measurements made at 1.5V
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This Materi al

C5/C67401B/A/2B/2A/1/2 Cascadable

s "

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vie Low-level input voltage 0.8 v
Vi High-level input voltage 2t \
Vie Input clamp volitage Vee = MIN I, = -18mA 15 v
| Dg-Dn, MR -08 | mA

L1 Low-level 0n Voo - MAX Vi = 045V
L2 input current SI, SO -16 mA
I High-leve! input current Voo = MAX V) = 24V 50 A
I Maximum input current VCC = MAX V| =55V 1 mA
VoL Low-level output voitage Voo = MIN loL = 8mA 0.5 \
VoH High-level output voltage Voo = MIN loH = —09mA 24
l0s Output short-circuit current * Voo = MAX Vg = OV 20 -90 | mA
C5/67401 160
Voo = MAX C5/67402 180
lcc Supply current Inputs low. C67401A 170 A
outputs open C6702A 190
C67401B, C57401A 180
C67402B, C57402A 200

*Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
+There are absolute voitage with respect to device GND (Pin 8 or 9) and includes all overshoots due fo 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

Since the FIFO is a very-high-speed device, care must be
exercised in the design of the hardware and the timing util-
ized within the design. The internal shift rate of the FIFO
typically exceeds 20 MHz in operation. Device grounding and
decoupling is crucial to correct operation as the FIFO will
respond to very small gtitches due to long reflective lines,
high capacitance and/or poor supply decoupling and groun-
ding. We recommend a monolithic ceramic capacitor of 0.1
uF directly between Vo and GND with very short lead
length. In addition, care must be exercised in how the timing
is set up and how the parameters are measured. Forexample,
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)R| ) to be extended relative to Shift-
In going High. This same type of problem is also related to
tIRH. tORL and tORHK as related to Shift-Out.

N ]
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C5/C67401A/2A/1/2,C67401B/2B Cascadable

INPUT READY

INPUT DATA
—|

Figure 1. Input Timing

100 ns 100 ns

srrn —1 | / \ / \

INPUT READY
\__/

INPUT DATA

SHIFT IN

O

INPUT READY

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 futl

@ 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
H the second word is aiready full then the data remains at the first word. Since the FIFO is now full Input Ready remains low

NOTE: Shift In pulses apptied while Input Ready is LOW will be ignored (See Figure 4).
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C5/C67401A/2A/1/2,C67401B/2B Cascadable

SHIFT OUT 4/-_&\\ —2

N

SHIFT IN —/ @_
/® - — tpT #qpp{:
INPUT READY

EEEREEREOEEECTOTOOREEEEEOROTOREOVERENRY
ANV ALY

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

AR

INPUT DATA

@ FiFO is initially full

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

oyt itouT

J+—1SOH tsoL //_\_
SHIFT OUT
OUTPUT READY 1\ r @

————tODS———

fooH—>] s
armroms |~ RN |
o
@ The diagram assumes. that at this ime. words 63. 62. 6% are loaded with A. B. C Data. respectivety
@ Data is shifted out when Shift Out makes a HIGH to LOW transition.
Figure 5. Output Timing
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C5/C67401A/2A/1/2,C67401B/2B Cascadable

SHIFT OUT

OUTPUT READY

100 ns

23 ns —»

—

L@—»\

alll

100 ns

/A

2
A-DATA C-DATA
OUTPUT DATA AAAAAAAAAAA
b\CD |e——45 ns——»|
Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate

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

@ Data in the crosshatched region may be A or B Data
SHIFT QUT i
OUTPUT READY
OUTPUT DATA A-DATA B-DATA

AORB

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

@ Qutput Ready HIGH indicates that data is available and a Shift Out pulse may be applied
@ Shift Qut goes HIGH causing the next step
@ Output Ready goes LOW

@ Contents of word 62 (B-DATA) is released for “fall through” to ward 63

@ Qutput Ready goes HIGH indicating that new data (B) is now avaitabte at the FIFO outputs

it the FIFO has only ane word loaded (A-DATA) then Output Ready slays LOW and the A-DATA remains unchanged at the oulputs

NOTE: Shift Qut pulses applied when Output Ready is LOW will be ignored.
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C5/C67401A/2A/1/2,C67401B/2B Cascadable

SHIFT OUT

tpT
/® jL tOPH—
OUTPUT READY

@ FIFO initially empty.

Figure 8. tpT and tgpy Specitication

SHIFT OUT Y@
OUTPUT READY < ; :
OUTPUT DATA f 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 heid HIGH. Output Ready goes immedtiately 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

l——— MR W —

./

INPUT READY
)D IMRORL

QUTPUT READY \

1
MRS X
SHIFT IN

@ FIFQ initially full Figure 10. Master Reset Timing
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C5/C67401A/2A/1/2,C67401B/2B Cascadable

INPUT REAIV\.S__ T se. n SO Le—— SHIFT @UT
SHIFT IN —| SI or st on [ —» OUTPUT READY
—Iny o [ o —
—1 B [e]] By o
DATA IN DATA OUT
—]0; 03 02 o2 —
—1D;3 WR 03 D3 WR O3 p——»
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
R so IR ) A )
sl OR st OR si OR
— oo Qg Do Qg Do agl~
—o Qq Dy )} Dy o}] o
-1°2 Q2 D2 Qa2 02 -
1% wa @3 D3 yr @ Y]
COMPOSITE b b T
INPUT READY COMPOSITE
____G: R so R so R so QUTPUT READY
sl OR si OR s OR — )
i L] Qg Do Qo 0g [¢%) = —/
i L N Dy Q 0y G
i ] Q2 D2 [+73 D2 a2}
1% mm Q3 D3 4R @3 03 wr B
] so IR so [ SO
SHIFT IN o o - hod . hed
— Do Qo Do Qg Do Q-
\ Ll < Dy Qy Dy [y =
—]P2 Q2 D2 [-%3 D2 Q-
193 wr 93 D3 wR @ D3 s 93}
T MASTER 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.
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C5/C67401A/2A/1/2,C67401B/2B Cascadable

Applications

RESET
[ Twr |
PAPER 2467401 cPu
TAPE FIFQ
READER [GBITDATA M0 plipen O[SBITDATA )
sl SO 10 RDY
ENBL SI [ IR OR INT
CLR
9602 D
D %
NS
PR
e vce
ovL vce
¢ ]

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 FIFQ 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

Si SO

2x67401
64x8

DO-D7 00-07
p— B Mivill
SYSTEM A . |IREGISTER!

SYSTEM B

00-07

TRI-STATE
TERS

2x67401
64x8
OR R

SO sl

NOTE: 8oth depth and width expansion can be used in this mode. The IR and
OR signals are the anded versions of the individual IRand OR signals.

Figure 14. Bidirectional FIFO Application
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