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

C5/67401 C5/67401A C67401B ¢ /<4O/
C5/67402 C5/67402A C67402B & 7400

Features/Benefits Ordering Information

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

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

o TTL inputs and outputs C57401 J(20)(L) Mil 7 MHz 64x4 FIiFO

¢ Readlly expandable in the word and bit dimensions C67401 JN.NL(20)| Com 10 MHz 64xa FIFO

. i:::::;ei: :li:::tllr:ss Output pins directly opposite corres- Ca7202 3200 i TMHz 64x5 FIFO

e Asynchronous operation C67402 J,N,NL(20)| Com 10 MHz 64x5 FIFO

¢ Pin-compatible with Fairchild’s F3341 MOS FIFO and many C57401A | J,(20)(L) Mil 10 MHz B84x4 FIFO
times faster C67401A |JN,NL(20)] Com | 15MHz 64x4 FIFO

Description C57402A | J.(20)(L) | Mii | 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 |JN.NL{20)] Com | 15MHz 64x5 FIFO

and 64 words by 5 bits respectively. A 16.7 MHz data rate aliows 674018 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 | 167 MHz 64x5 FIFO

applications. Both word iength and FIFO depth are expandable.
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C67401B/2B Cascadable

A

Absolute Maximum Ratings

SUPPIY VOIBGE VGG + v n e e e e et et e et e e et e et -05Vto7V

INPUt VORAGE . ..v e -1.5Vto7V

Off-state OUIPUE VORBGE ... ..o ottt ittt et e it e e et i s s iaans -05Vto55V

StOrage IBMPEIALUIE . ... ...ttt ettt ettt st e s et e e s b e e e et et th e -65° to +150°C

Operating Conditions C67401B/2B
SYMBOL PARAMETER FIGURE MINCOM¥$gCIA;“ UNIT
Vee Supply voltage 4.75 5 5.25 \"
Ta Operating free-air temperature 0 75 °C
tgyt Shift in HIGH time 1 18 ns
tgIL Shift in LOW time 1 18 ns
tips Input data setup 1 0 ns
tiDH Input data hold time 1 40 ns
tgoHT Shift Cut HIGH time 5 18 ns
tsoL Shift Qut LOW time 5 18 ns
tMRW Master Reset pulse 10 35 ns
tMRS Master Reset to Sl 10 35 ns

Switching Characteristics C67401B/2B

Over Operating Conditions

MM

SYMBOL PARAMETER FIGURE M'NCO TYEPRCIA:" AX UNIT
fiN Shift in rate 1 16.7 MHz
tiRL Shift in to input Ready LOW 1 35 ns
tigHt 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
tpt Data throughput or “fali through” 4,8 1.45 i)
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 pulse 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

Absolute Maximum Ratings

SUPPIY VOHAGE VDG + - on v v vre vttt vt ettt ettt e e ettt e e -05Vto7V
LT UL o1 1 7: T T- -15Vio7V
Off-state OUIPUL VOILBGE .. .. oottt it e e et -05Vto55V
SLOrage tBMPEIAIUIE . ...\ttt ittt e e et e e e e e e e -65° to +150°C
Operating Conditions C5/C67401A/2A
SYMBOL PARAMETER RGURE MIN MIE:::RV MAX MINCOM':E:CIA;AX UNIT
Voo Supply voltage 45 5 55 4.75 5 525 \
Ta Operating free-air temperature -55 *125 | O 75 °C
gyt Shift in HIGH time 1 35 23 ns
tgiL Shift in LOW time 1 35 25 ns
tiDs Input data setup 1 0 0 ns
tiDH Input data hoid time 1 45 40 ns
tsoHT Shift Cut HIGH time 5 35 23 ns
tsoL Shift Out LOW time 5 35 25 ns
tMRW Master Reset pulse 10 40 35 ns
tMRS I Master Reset to Sl 10 45 35 ns
*Case temperature
Switching Characteristics C5/C67401A/2A over Operating Conditions
ILITARY M
SYMBOL PARAMETER FIGURE MIN M TvP MAX M':O ":YEI?CIA;IAX UNIT
fiN Shift in rate 1 10 15 MHz
tiaLt Shift In to Input Ready LOW 1 50 40 ns
thHf Shift in to Input Ready HIGH 1 50 40 ns
fout Shift Out rate 5 10 15 MHz
tore 1 Shiftt Out to Output Ready LOW 5 65 45 ns
torHT Shift Out to Output Ready HIGH 5 65 50 ns
toDH 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
t+ See AC test and High Speed application note.
* This parameter applies to FIFOs communicating with each other in a cascaded mode.
Monolithic m Memoriles 8-21




C5/C67401 /2 Cascadable

—

Absolute Maximum Ratings

SUPPIY VOHBGE VGG -+ v v v ettt e e ettt et e -05Vto7V
YU R Vo1 R PR -15Vto7V
Off-state QUIPUE VOIBGE ... ..ottt e et -05Vto55V

E (e ot T (=11 o =1 - R

Operating Conditions C5/C67401/2

SYMBOL PARAMETER FIGURE MIN MIL:;?,RY MAX MINCOM':E:C'A:IIAX UNIT
Voo Supply voltage 4.5 5 55 4.75 5 5.25 \
Ta Operating free-air temperature -55 *125 0 75 °C
tgiqt 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
tiDH Input data hold time 1 55 45 ns
tsoHT 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
tmARs Master Reset to Sl 10 45 35 ns
*Case temperature
Switching Characteristics C5/C67401 /2 over Operating Conditions
SYMBOL PARAMETER FIGURE | M“{,'J:RY MAX MINCOM,I'Y'YTC'A;AX UNIT
fIN Shift in rate 1 7 10 MHz
tipL?t Shift In to Input Ready LOW 1 60 45 ns
tirut Shift In to Input Ready HIGH 1 60 45 ns
fouT Shift Out rate 5 7 10 MHz
torLt Shift Out to Output Ready LOW 5 65 55 ns
‘ORHT Shift Out to Output Ready HIGH 5 70 60 ns
tODH Output Data Hoid (previous word) 5 10 10 ns
tops Output Data Shift inext 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
tipR* Input Ready puise HIGH 4 30 23 ns
topH* Output Ready puise HIGH 8 30 23 ns
+ 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 0to 3V

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

%) TEST POINT™

P
3 1IKN =R 30pF
<

Input Rise and Fall Time {(10% - 90%)
5 ns minimum
Measurements made at 1.5 V
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C5/C67401B/A/2B/2A/1/2 Cascadable

v

Electrical Characteristics over Operating Conditions

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vie Low-level input voltage 0.8% v
Vin High-level input voltage 2t v
Vie Input clamp voltage Voo = MIN I} = -18mA 15 v
s ' Dg-Dn, MR -08 | mA
2 :-r'loptlli\ijer'rem S? Sg Voo = MAX YT o -16 mA
™ High-leve! input current Voo = MAX V| = 24V 50 LA
) Maximum input current VCC = MAX V| = 55V 1 | ma
VoL Low-level output voltage Voo = MIN loL = 8mA 0.5 v
VoH High-level output voltage Voo = MIN loH = —0.9mA 24
108 Output shortcircuit current * | Voo = MAX Vg = OV 20 -0 | mA

C5/67401 160
Vee = MAX C5/67402 180
lcc Supply current Inputs low, C67401A 170 mA
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 shouid not exceed one second.
+There are absolute voltage with respect to device GND (Pin 8 or 9) and includes all overshocts 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 (SI) is brought HIGH. A SI
HIGH signal causes the IR to go LOW. Data remains at the first
location until S 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 transter 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 groundingand
decoupling is crucial to correct operation as the FIFO will
respond to very small glitches due to long reflective lines,
high capacitance and/or poor supply decoupling and groun-
ding. We recommend a monolithic ceramic capacitor of 0.1
uF directly between Vo and GND with very short lead
length. In addition, care must be exercised in how the timing
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 aiso related to
tiIRH. tORL and tORH as related to Shift-Out.

st
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C5/C67401A/2A/1/2,C67401B/2B Cascadable
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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 fut

@ 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
i 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 applied 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 —/ \CS_
/@ - — tpT —®%qm:
INPUT READY

AR EOTEOTE RO E R ORI
AR AN

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

INPUT DATA

@ FiFO is initially full

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

our iouT

f—1son tsoL //_\_
SHIFT OUT

@ foRH
OUTPUT READY
\ ’ l——1tQRL

lt———tODS — >

tODH —»

OUTPUT DATA A-DATA C-DATA

"o

@ The diagram assumes. that at this time, words 63, 62. 6% are lpaded with A, B. C Data. respectivety

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

Figure 5. Output Timing

Monolm-lem”emorios 8-25




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

100 ns 100 ns

S B /N
e

/ 23 ng —»
SHIFT OUT

OUTPUT READY

2

A-DATA B-DATA C-DATA

(T

\ AN

RN

OUTPUT DATA

/
b\® 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 (oaded with A. B. C Data. respectively

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

SHIFT OUT

OUTPUT READY : ! : ) f;;%

.mu AWK

OUTPUT DATA A-DATA

NMM 0 B-0ATA

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
Jo  —
OUTPUT READY

@ FIFO initially empty.

Figure 8. tpt and tgpy Specitication

Q — o e
>/ \< (7777777777777
OUTPUT READY \D [// 117010

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 Qutput Ready

@ Output Ready goes HIGH indicating the arrivat of the new data

| ———— MR W —————

/

INPUT READY
)o waoa.

QUTPUT READY \

1
MRS X
SHIFT IN

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

INPUT REAIY\S—— 1.1 se. L} SO a—— SHIFT SUT
SHIFT IN —| SI or s On | —» OUTPUT REABY
—|py o [ WhH—
B (o] By o
DATA IN DATA OUT
—1 Dy [+ Dy o f—
—=1D3 WR 03 D3 MR 03—
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 s0 R 50 [ S0
sl oR 51 OR sl OR
— Dp Qo Do Qo Do (%
—10y [ Dy & Dy *1] o
L) Q2 D2 Q2 D2 a2
1% wa 9 D3 W M D3 wm %
COMPOSITE 7 b b
INPUT READY COMPOSITE
————G: R S0 R so ™ s0 OUTPUT READY
s OR s OR s oR —
i L] Qo Doy Qo Og Qo L
—o o 04 0 0 o
—qe: Q2 D2 Q2 Dy 2t
o w5 @ 03 wE @ 03 gm O3l
R ) R S0 R S0
SHIFT IN si oR sl oR sl OR
—1Pe Qo Do Qg Do %] ==
i & Dy )] Dy (o1} =
o, 0y D2 Qz D, al-
1% wm @ D3 MR @3 D3 @R 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 Qutput 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
[ [ mr |
PAP! 2x67401
TAF'EER 64x8 cru
READER [SBITOATE M0 pirren oEn DATA
sl 0| 10 RDY
ENBL S| [ IR OR INT
CLR
9602 D
D -
NS
PR
L_.__. vee
ov L vee
¢ R

NOTE: The output of monostabie 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 fuli. 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

Sl S0

2x67401
64x8

DO-D7 00-07
p— I M
SYSTEM A REGISTER!

SYSTEM B

00-07

TRI-STATE
REGISTERS)

2x67401
64x8
OR IR

SO sl

NOTE: Both 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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