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67C401/13 67C402/23 Advanced
_ i Micro
First-In First-Out (FIFO) 64x4, 64x5 Memory Devices
10/15 MHz (Cascadable) CMOS
Features Ordering Information
¢ Zero standby power Part
* High-speed 15-MHz shitt-in/shift-out rates Number (Package |Temp| Output Description
* Very low active power consumption
id po P 67401-10 Com |Totem Pole| 10 MHz 64x4
¢ TTL-compatible inputs and outputs
* Readily expandable in word width and depth 67401-15 Com | Totem Pole| 15 MHz 64x4
¢ RAM-based architecture for short fall-through deiay 674013-10 D 020 Com |3-State 10 MHz 64x4
* Full CMOS 8-transistor cell for maximum noise immunity 674013-15 | PD 020: Com | 3-State 15MHz 64x4
* Asynchronous operation 67040210 | PL92% | com | Totem Pole| 10MHz 64x5
4
* Output Enable feature (67C4013/23) 67C402-15 Com |Totem Pole| 15MHz 64x5
General DOSCI“D“OH 67C4023-10 C 3-Stat 10MHz 64x5
- -State
The 67C40X/XX series devices are high-performance CMOS om Z B4x
RAM-based First-In First-Out (FIFO) buffer memory products 67C4023-15 Com | 3-Siate 15MHz 64x5
organized as 64 words by 4 or by 5 bits wide. These devices use
Monolithic Memories' latest CMOS process technology and Pin Configurations
meet the demands for high-speed, low-power operation. By 67C401/13
utilizing an on-chip, dual-port RAM. a very short fall-through
time is realized, thus improving overall system performance. By N o
c/OF [
using both Read and Write pointers for addressing each memory E j 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 0o
network systems. The 550-uwatt standby power specification
makes these devices ideal for ultra-low-power and battery- 7] E E (o]
powered systems. DATA IN E : 2 QUTPUTS
D2 nl o
Block Diagram o [ ) o0
INPUT SHIFT DATA IN
READY IN ano 3] (3] MASTERRESET
T NPT 67C402/23
=] CONTROL
LOGIC REGISTER "
MASTER [ 1]
NESET NC/BE E g vee
INPUT READY [ 2 17] SHIFT oUT
WRITE 84x4/S READ
o1 POINTER 9 DUAL PORT | POINTER |« SHIFT !NE E OUTPUT READY
COUNTER RAM COUNTER E :
oofa 15] oo
01 E [14] o1
OUTPUT OUTPUT ouTPUT ] DATA IN 02 E E 02 OUTPUTS
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Absolute Maximum Ratings

Supply voitage Ve

Input voitage

Off-state output voltage
Storage temperature

-05Vio Voo
-65°C 1o +150°C

-05Vto7V
-15Vto7V

+05V

POWEE GiSSIDAYION . ..\ttt 10w
Latch-up trigger current (Al QUEPUIS) .. ... ... i ittt ittt e e 140 mA
Operating Conditions over Temperature Range
SYMBOL PARAMETER FIGURE M?LCWX/XX;:X MTLC‘OX/XX;;:X UNIT
Vee Supply voltage 45 55 (45 55 A
Ta Operating free-air temperature 0 70 |0 70 | °C
IN Shift in rate 1 10 15 [ MHz
tsiH Shitt in HIGH time 1B 14 14 ns
siL Shift in LOW time 1 25 25 ns
tiDs Input data setup to Sl (Shift In) 1 0 0 ns
Y'OH Input data hold time from SI {Shift In) 1 40 40 ns
tRIDS Input data setup to IR (Input Ready) 3 0 0 ns
{RIDH input data hold time from ia_(‘lnpu! Ready) 3 30 30 ns
fouTt Shift out rate o 4 10 15 | MHz
1SOH Shift out HIGH time 4B |24 21 ns
[tsoL | ShitoutlOwtime a 25 25 ns
tMRW Master Reset pulse o 8 35 35 ns
tMRS Mas.!er Reset to STWV - 8 65 65 ns
* See AC test and high-speed applicalion nate
Electrical Characteristics over Operating Conditions
sYMBOL PARAMETER TEST CONDITION L T CATKXXAQ | STCAOXXXAS |yt
viL” I Low-level input voltage ‘ 08 0.8 v
ViR High-level input voltage 2 2
N Input current o Ve = MAX GND<VIN <Vce L1 1 -1 1 uA
102 Ofi-state output current ) Vee = MAX GND<VouT <Vce 3 -5 5 -5 5 A
- 1oL = 20 uA - 0.1 0.1 ,
VoL Low-level output voltage Vee = MIN v :
IoL =8 mA 0.4 0.4
IOH = -20 uA vee -0.1 Ve -0.1 :
VOH High-ievel output voltage Vee = MIN Vo
IOH = -4 mA 24 24 |
“1os*" | Output short-circuit current | VGG = MAX| Vo =0V -90 20 | -90 20 | mA
R il
Operating supply current : tout ::Il\'l" - I"‘AOISTV‘-”RA;A’;(AAX 35 45 ; mA

* These are absolute voltages with respect 1o GND (Pin 91 and include all overshoots due 1o system and or lester noise

** Not more than gne outpul should be shorted at a tene and duration of the shorl circurt 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
tir” Shift In 1 to Input Ready LOW ; 60 55 | ns
taH" Shift In | to Input Ready HIGH 50 50 | ns
torL” Shift Out ! to Output Ready LOW 55 45 | ns
tORH" Shift Qut | to Output Ready HIGH 4 50 41 | ns
topH Output Data Hold (previous word) 5 5 ns
tops QOutput Data Shift (next word) 35 30 | ns
tpr Data throughput 36 100 90 | ns
tMRORL | Master Reset! to Output Ready LOW 100 100 | ns
tMRIRH Master Reset | to Input Ready HIGH 8 100 100 | ns
MRO Master Raset | to OQutputs LOW 35 35 ns
tipH Input ready pulse HIGH 3B 19 16 ns
topH Output ready pulse HIGH 6,8 14 14 ns
torD Output ready ! to Data Valid 4 -3 -3 | ns
1 25 25
PHZ Output Disable Delay ns
tpLZ A 25 25
t 30 30
Pzt Output Enable Delay ns
tpzH 30 30
* See AC test and high-speed application note.
Capacitances*
87C40X/XX-10 B87CA0X/XX-15
SYMBOL PARAMETER TEST CONDITION MIN max | Min MAX UNIT
CIN Input capacitance TA = 25°C, f = 1 MHz 10 10 pF
CouT | Output capacitance vVee =45V 7 7| pF
* Not tested in praduction.
[ v
ENABLE § ve vy
N 7 ov
le—lpz1. fa—lp1 2 81 AND
—ﬁ $2 CLOSED
WAVEFORM 1 81 CLOSED 1.5V
32 OPEN vr — \JOL YY"
oL
e—tpzn Pz —n
— "y,
WAVEFORM 2 81 0PEN vy _“lgH -esv
82 CLOSED ov -
" 81 AND
Vr=15 82 CLOSED
Figure A. Enable and Disable
Wwaveform 1is for a data output with internal conditions such thatthe outputis
iow 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 dissbled by the output control.
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Standard AC Test Load

sV

ouTPUT {9 TEST POINT

4 R2 < 30 pF

V

Input Pulse Amplitude = 3V

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

Ali 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 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 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. A HIGH
signal at SO causes the read pointer to point to the next location
inthe 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
oL R1 R2
8 mA 600 () 1200 (}
Three-State Test Load
TEST POINT” vee
®
R?
Ss1
o
cL | $
SpF | R 3 i
?_32

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

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

be exercised in how the timing is set up and how the parameters
are measured. For example, since an AND gate function is
associated with both the Shift-In-Input Ready combination, as
well as the Shift-Out-Output Ready combination, timing meas-
urements may be misleading; i.e., rising edge of the Shift-In
pulse is not recognized until input ready is HIGH. If Input Ready
is not high due to (a) oo 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|pRH)
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 Typp, TORL. and TORH as related to Shift-ln and
Shift-Out. For high-speed applications, proper grounding tech-
nique is essential.
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SHIFT IN 8IH I\ L /,_\_

HRH
INPUT READY \ / ey —
T DATA vow —>QUANCXCXURRCRRRRRROK — XXXKRXARKERXAXXAXXED

la— D8

Figure 1. Input Timing

SHIFT IN H
o

INPUT READY 4 @\ -
e oa7a YTTROM—— smane oxra—— A A AR E

Figure 2. The Mechanism of Shitting Data into the FIFO

@© Input Ready HIGH indicates space is available and a Shift-In puise may be apptied
@ 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 nexi memory location is empty as indicated by [nput Ready HIGH
® If the FIFO is aiready fuli then the Input Ready remains low.
Note: Shift-in puises applied whiie input Ready is LOW will be ignored

SHIFT OUT K

AAAAAAAAAAAS

ROGO00000000Y

AN/

ROGCRO0CEXKXRKROKAD

yrvvYEYYY
INPUT DATA .

D00

LALAAAA

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

© FIFO is initially full.

@ Shift In is held HIGH.

@ Shift Out puise is ied. An empty | ion is d 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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SHIFT OUT Y \\ / w O]
taom ot , onn '
READY 5 \ /‘
-«——1toDs toRD |+—1'oRAL
T A-DATA B-DATA 4222“2* C-DATA
toon —

Figure 4. Output Timing

Q@ 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 \(D 4 Aﬁ

—————————

OUTPUT DATA A-DATA ( B-DATA

A OR B>

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

@ Output Ready HIGH indi that data is ilable 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-Dats white Shift-Out is HIGH.

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

SHIFT IN

SHIFT OUT 7
OUTPUT READY /@ /

Figurs 6. tpt and topy4 Specification

@ FIFQ initiaily empty.
@ Shift-Out heid HIGH.

@ Shift-In pulse app A tuil ) is dh d by the i [ on the talling edge of Shift-In.
@ As soon as Output Ready becomes HIGH, the word is shifted out.
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SHIFT OUT vﬁ)
e e
~/ \ d : 77777777777 777777.
OUTPUT READY p vy

o @
OUTPUT DATA 2 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 oulputs

@ Output Ready goes HIGH ndicating arnval of the new data

@ Stince Sttt Outis held HIGH. Outpul Ready goes immediately LOW

@ Assoon as Shit Out goes LOW the Oulput Data 1s subject to change Output Ready wili go HIGH or remain LOW depending on whether there are any additional
words in the FIFO

WASTER RESET '\—/
IMRW
INPUT READY }D * \
} tMRIRH =
OUTPUT READY
[e—MROAL—* - RS I
SHIFTIN /l/
oama ouTRUTS HILINN
.-_mno—-|

Figure 8. Master Reset Timing
@ FIFO s initally tull

ice vs. Frequency
50
ol
al
|
8
St
- Ta=0°C
fin = four
Vi = MAX, Vi = MIN
0 I 1 i
[ | 5 10 15

FREQUENCY — MHz
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Guaranteed Distribution of ))pH, IgOH vs. Temperature (For Cascadability Only)

87CAON/XX-15 Voo =45V 67C40X/XX-18 Vec =55V
. e - 0 -

AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C

w STC4OX/XX-10 Vec =45V » 87C40X/XX-10 Ve =55V

AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C

Guaranteed Distribution of iopH, tgiH vs. Temperature (For Cascadability Only)

B7C40X/XX-10/15 Vec =48V 87C40X/XX-10/18 Veg =85V

n
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C

Figure B. Cascadability
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