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First-In First-Out (FIFO) 67C401/13

64x4, 64x5 Memory 67C402/23

10/15 MHz (Cascadable) 999303/ 9oy 505
~GCMOS

Features Ordering Information
~. & Zero standby power PART

o High-speed 15-MHz shift-in/shift-out rates NUMBER PKG | TEMP | OUTPUT |DESCRIPTION
* Very low active power consumption 67C401-10 | NJ | Com | Totem Pole| 10MHz 64x4
* TTL-compatible inputs and outputs 67C401-15 | NJ | Com | Totem Pole| 15MHz 64x4
¢ Readily expandable in word width and depth 67C4013-10 | N.J Com | 3-State 10 MHz 64x4
¢ RAM-based architecture for short fall-through delay

67C4013-15 | NJ | Com | 3-State 15 MHz 64x4

¢ Full CMOS 8-transistor ceil for maximum noise immunity
67C402-10 NJ | Com | Totem Pole| 10 MHz 64x5

67C402-15 N,J Com | Totem Pole| 15 MHz 64x5

¢ Asynchronous operation
¢ Qutput Enable feature (67C4013/23)
General Description 67C4023-10 | N,J | Com | 3-State 10 MHz 64x5

The 67C40X/XX series devices are high-performance CMOS 67C4023-15 | NJ | 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 = N N
Monolithic Memories’ latest CMOS process technology and Pin conflguratlons

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 NC/OE E vee
using both Read and Write pointers for addressing each memory
- location, the data can propagate to the outputs in much less time INPUT READY E SHIET OUT
than in traditional register-based FIFOs. These FIFOs are easily
integrated into many applications and perform particularly well SHIFT IN E OUTPUT READY
for high-speed disc controllers, graphics, and communication Do E
network systems. The 550-uwatt standby power specification
makes these devices ideal for ultra-low-power and battery- D1 E
powered systems. DATA IN E
D2 [6
Rlock Diagram
o3 [7]
INPUT SHIFT DATA IN
READY IN ano [7]
INPUT \)
—| conTroL Rég:’g';“ 67C402/23 »
LOGIC \J R
MASTER NC/OE E vec \‘\'\
RESET
INPUT READY E 17 s»fn\our : m
WRITE 64x4/5 READ v
b-»| POINTER | DUAL PORT |qmmsmnl  POINTER |« SHIFTIN | 3 : d""lh READY 5
COUNTER RAM COUNTER
pol|a S
4
- B F)
OUTPUT DATA IN D2]6
OUTPUT OUTPUT
— CONTROL =
ENABLE REGISTER LOGIC . o3l5
\7 o4 ; i ' \
v GND E ! . '
DATA OUT SHIFT OUTPUT a ! i
OUT READY C
i i
H ll N

H >
%
I T rm \
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 Memor e



Input voltage

67/C401/13 67C402/23
—_— e ————————

Absolute Maximum Ratings
Supply voltage VOO - -05V

Off-state output voltage ..........................oo -05Vto Voo +0.5

Storage temperature ... -65°C to +1 50°%T

Power dissipation ... T 1.0W

Latch-up trigger current (all OUIPUES) .o e 140 mA

Operating Conditions over Temperature Range
SYMBOL PARAMETER FIGURE M(ISLC40X/XX;I:X M(:;CdOX/XXJI:x UNIT
Vee Supply voltage 45 55 |45 55 Vv
Ta Operating free-air temperature 0 7010 194 °C
fin Shift in rate 1 710 715 Marz
tSIH Shift in HIGH time 18 14 e T ns
tgIL Shift in LOW time 1 25 25 ns
tips Input data setup to Si (Shift In) 1 0 0 ns
tDH Input data hold time from SI (Shift In) 1 40 40 ns
tRIDS Input data setup to IR (Input Ready) 3 0 0 ns
tRIDH Input data hold time from IR (Input Ready) 3 30 30 ns
fout Shift out rate 4 10 15 | MHz
tsoH Shift out HIGH time 4B 24 21 ns
tsoL Shift out LOW time 4 25 25 ns
tMRW Master Reset puise 8 35 35 ns
tMRS Master Reset to S| 8 65 65 ns

* See AC test and high-speed application note.

Electrical Characteristics over Operating Conditions —
SYMBOL PARAMETER TEST CONDITION AoX! Xetax | prcaox e | UNIT
v Low-level input voltage 08 0.8 v
vig® High-level input voltage 2 2 v
||N Input current Vce = MAX GND<V|N <Voe -1 1 -1 nA
loz Off-state output current Vce = MAX GND<VouT <Voo -5 5 -5 5 uA

oL =20 A 0.1 0.1
VoL Low-level output voltage Vceo = MIN v
loL =8mA 04 04
loH =-20 A Vee -0.1 Vee -0.1
VOH High-level output voltage Vce = MIN )
IOH =-4 mA 24 24
I0s™" | Output short-circuit current | Vo = MAX Vo =0V -90 -20 -90 -20 | mA
- Standby supply current :/CC - '\SAX x:r ::\é%% /,i 100 uA
Operating supply current ouT X;\‘H - ?AOIL,\JJTVZI %\/1 A;\(AAX 35 D 45 DmA

* 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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67C401/13 67C402/23

Switching Characteristics over Operating Conditions

Figure A. Enable and Disable

Waveform 1 is for a data output with internal conditions such that the output is
low except when disabled by the output control.
Waveform 2 is for a data output with internal conditions such that the output s
high except when disabled by the output control.

Monolithic m Memories

67C40X/XX-10 67C40X/XX-15
SYMBOL PARAMETER FIGURE MIN MAX | MIN MAX UNIT
—~tr” Shift In t to Input Ready LOW ] 60 55 | ns
tRH" Shift In | to Input Ready HIGH 50 50 | ns
torL” Shift Out 1 to Output Ready LOW 55 45 | ns
™ | torn” Shift Out | to Output Ready HIGH 4 50 41 | ns
topH Qutput Data Hold (previous word) 5 5 ns
tops QOutput 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
topH Output ready pulse HIGH 6B 14 14 ns
toRrD Output ready 1 to Data Valid 4 -3 -3 | ns
t 25 25
PHZ Output Disable Delay ns
tPLZ A 25 25
t 30 30
PZL Output Enabie 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
’\:OUT Output capacitance 7 7| pF
~ Not tested in production.
3V
OUTPUT ENABLE 3Rv-r vr
ov
'PLZ—>1 $1AND
$2 CLOSED
WAVEFORM 1 $1CLOSED 15V
S2 OPEN — VoL +05V
VoL
t+—'PzH |-—‘9Hz—> 1 l
Vou
WAVEFORM 2 S10PEN v B VOH-05V
- $2 CLOSED T v — 15V
- $1AND
Vr=15 $2 CLOSED




67C401/13 67C402/23

Standard AC Test Load
5V
2R
OUTPUT o—— (&) TEST POINT
ff R2 < 30 pF

Input Pulse Amplitude = 3 V

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

All Diodes are 1N916 or 1N3064

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
puised LOW, which internally resets both the read and write
counters. When the Input Ready (IR) is HIGH, the FIFQ is ready
to accept DATA from the Dy inputs. Data then present at the
inputs is written into the first location of the RAM when Shift-In
(SI) is brought HIGH. A SI HIGH signal causes the IR to go LOW.
When the St is brought LOW and the FIFO is not full, IR will go
HIGH, indicating that more room is available. The write pointer
now points to the next location in the RAM. If the memory is full,
then the IR will remain LOW.

Data Output

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

Resistor Values ' .

loL R1 R2
8 mA 600 0 1200 () P
Three-State Test Load
TEST POINT* vee
®
R1
s
ot
Ty
cL | b3
5pF T R2 2
52
i {

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 crucia?” >
correct operation as the FIFO will respond to very small glitct.
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 T
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.
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67C401/13 67C402/23
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Figure 1. Input Timing
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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 futl.
@® 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 QUT / St

@\
s/ __

INPUT READY ;D fpr YipH

{RiDS l«———'RIDH
e TR

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 ig 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.

Monolithic m Memories S



67C401/13 67C402/23

Viout Viout
SHIFT OUT Y \
/] N\ /
«———150H tsoL toRH T I
OUTPUT
READY
tobs ! {torD |«—1toRL
OUTPUT W
DATA A-DATA ) B-DATA T
topH

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 \ﬁﬁ

OUTPUT READY \® 4

A-DATA VWYY 8-DATA
/INONVVVVVVYIN
l~A OR B2 ]’

OUTPUT DATA

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. o
® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 7

SHIFT IN
N

SHIFT OUT 7
< Ld ]
OUTPUT READY /(D y T

lae——topH ——»

Figure 6. tpT and topy Specification

@® FIFO initially empty.
@ Shift-Out held HIGH.
@ Shift-In pulse applied. A full location is detected by the internal pointers gn the falling edge of Shift-in,

@ As soon as Output Ready becomes HIGH, the word is shifted out.
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SHIFT OUT \(®
—
L~ \ /. \ / € TI777I7 7777777777,
PUT READY LTI 27

® O

- OUTPUT DATA i 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

[t MAW ]

INPUT READY /® \

i tMRIRH >

OUTPUT READY

le—tMRORL~/ MRS !
o~ SHIFT IN 4l’

oA csreurs [LLLTTTIIN

[ +—MRO
Figure 8. Master Reset Timing
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67C401/13 67C402/23

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

67CA0X/XX-10/15 Vee =55V

67C40X/XX-10/15 Vec =45V
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Figure B. Cascadability
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67C401/13 67C402/23

Paekage Drawings

16N Molded DIP
(1/4"x3/4")

BRAAAAAA

PIN NO. 1 G b\v\vvvv
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05 || 070

DIA
1.778

VERSION 1

313
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222 pIA
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VERSION 2

PIN NO. 1
IDENTIFIER

.65

-306 +.010

2130

7.772 +.254
I .258 +.012

3302 |

3302 +.254

2150 REF]

A
280+.010 _
7.112+.254

¥

/\\ 6.553 +.305

A

| 10° TYP

5° -12°
REF (2)

ousoe |l
+
3.810 100 + | .360 + .025 025
2540 1.524 £.102 9144 .
.040 +.010
1.016 £.254
. ) .018 +.004
.457 +.102
48N Molded DIP
(1/4"x7/8")

ANNAASS
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™ PIN NO. 1 —/ 2
. T
IDENTIFIER YIYYIVY
.035 | .070
=] |- I
.889 1.778 DA
VERSION 1
150 .908 +.015
EY ki 23,063 +.381
.280 +.010
7.112 +.254 t
100 _ | _,‘ L_
2540
.040 +.010 . - .060 +.004
1.016 +.254

UNLESS OTHERWISE SPECIFIED:

1.524 +.102

ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE +.007 INCHES
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3.302 7.772 +.254
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67C401/13 67C402/23

Package Drawings

16J Ceramic DIP
(5/16"'x3/4")

.018 + .004
457 +.102

Mil-M-38510, RBAAAAAAA
Appendix C, D-2 16 9
1 8
060 +.008 ~<~— —»‘ l<— 005 iy
1.524 * .102 127
7.524 MAX 7 '
015 768 - 020 | 273+ 032
— .. * .
28 i 19.507 + .508 w0, tserom ’ 6.934 + 813
5.080 4.013 = .406
? |
.325 + .025 }
8.255 * 635 1
i | v
145 + 020 \,
60 | L 145+ 020 l r1z
Zoss MIN 100 ooc 3.683 + 508 011 = 003 J - REF. (2)
2540 279 +.076
065 040 375 + 025
| a7 MAX ~— Tot6 ™ 5525+ 635
18J Ceramic DIP 018 + .004
Mil-M-38510, ™ Tas7 =102
Appendix C, D-6
18 10
058 +.004_ ‘ l . ‘ . 020 0
1473 + 102 508
060 311
LN EC LR,
1.524 MAX ™" 7.809 ‘
015 \uN 898 + .020 | .293 +.012
-381 22.809 * .508 200 7.442 + .305
5.080 VA% ‘
3
325 + .025 .
8.255 * .635 —
‘ ? | .158+.016
. 4.0132.406
[ 185+ 020
160 3.663 * .508 ’ 13
160 N — 100 . .040 .011 + 003 ° —13°
4.064 2540 B5C 1.016 279+ .076 - REF. (2)
-095 375 + .025
— MAx - =
> 2413 9.525 = .635 |
UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE +.007 INCHES
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