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67413A/67413 Advanced

Micro
First-In First-Out (FIFO) Devices
64 x 5 Memory
Features/Benefits Ordering Information
¢ High-speed 35 MHz shift-in/shift-out rates Part
¢ High-drive capability Number Package Temp | Description
¢ Three-state outputs 67413A cD 020 Com | 35 MHz infout
o Half-full and Almost-full/Empty status flags -
e Structured pinouts. Output pins directly opposite 67413 €D 020 Com | 25 MHz infout
corresponding input pins.
¢ Asynchronous operation -
yne pe Pin Configuration
o TTL-compatible inputs and outputs
— L
H 20] vee
Description wacr Fut [Z] 1] AhaosT 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 datais loaded and emptiedon a SHIFT IN E E QUTPUT 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 bo E 67413A E oo

(thirty-two or more words full) and an almost fuli/empty flag

parallel to give FIFOs of any word length. It has a Half-full flag o [3] 67413 [75] o1 E

(fifty-six or more words or eight or less words). The main appli- DATA D2 E E 02 OuTPUT
cations of 67413A, 67413 are rate buffers; sourcing and absorb-
; . o ) o3[ [13] o3
ing data at different rates. Other applications are high-speed
tape and disk controllers, data communications systems and O‘E E o4
plotter control systems.
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Absolute Maximum Ratings

SUPPIY VORBGE V(G -+ - v e v v e me e eeme e ettt e et ettt e e ettt ettt -05t07V
[E oI LR Vo - R LR TR TR PR -15to7V
OH-State OUIPUL VOIAGE ... ... e oe e ettt ittt ettt et e eee e ianaeaseaanasoeencaentansanneansannnnns -05t0 55V
StOrage teMPErAtUNE . ... ...\ utettt it it ettt e et et te e ettt ae s -65°C to +150°C
Operating Conditions
SYMBOL PARAMETER FIGURE | yun TV max | min 6743 wmax | UNIT
vee Supply voltage 475 5 525 475 5 5.25 v
TA Operating free-air temperatue 0 75 0 75 °C
tSiHT Shift in HIGH time 1 9 16 ns
tsILt Shift in LOW time 1 17 20 ns
tips Input data setup 1 2 3 ns
tiDH Input data hoid 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 | iy Soai3A x| v v max | UNIT
fIN Shift in rate 1 gg ngg DC 25 | MHz
tirLt 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  |ShiftOut rate 5 oS ’r;g 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
tops Output Data Shift (next word) 5 34 40 ns
tpT Data throughput or “fali through” 4,8 510 650 510 750 ns
tMRORL | Master Reset | to Output Ready LOW 10 18 28 18 30 ns
tMRIRH | Master Reset 1 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 5 V Vo and 25°C Th.

* )f the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when &Tﬁgou high.

T See AC test and high-speed application note.

$1 Tested

111 Guaranteed by design. (see test load).
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Switching Characteristics Over Operating Conditions {continued)

87413A 67413
SYMBOL PARAMETER FIGURE MIN TYP MAX MIN TYP MAX UNIT
tipH Input ready pulse HIGH 4 5 12 5 12 ns
toPH Output ready pulse HIGH 8 5 12 5 12 ns
tORD Output ready ! HIGH to Data Valid 5 18 20 ns
tAEH" Shift Out 1 to AF/E HIGH 11 100 135 100 145 ns
tAEL" Shift In t to AF/E LOW 11 450 600 450 650 ns
tAFL" Shift Out t 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 1 to HF HIGH 13 280 360 280 380 ns
tHFL" Shift Out t to HF LOW 13 280 360 280 380 ns
1] A 14 25 14 30
PHz Output Disable Delay ns
tPLZ A 14 25 14 30
tpzL A 14 25 14 30
Output Enable Delay ns
tpzH A 24 38 24 50
Note: Input rise and fall time {10%-90%) = 2.5 ns. * See timing diagram for explanation of parameters.
67413A/67413
Standard Test Load
sv oL R1 R2
Ll 24 mA 200 0 3000
OUTPUT TEST POINT
R2:L a0pF 8 mA 600 N2 1200
Typical Igc vs Temperature
Input Pulse Amplitude = 3V (Voo = MAX)
Input Rise and Fall Time (10%-90%) = 2.5ns
Measurements madeat 1.5V =0
220
Design Test Load |
§ V 35 (MHz) 210 :
2K 200 1! N
lec (mA) \\
190
67413/A (Ve = s.zs‘\}
30 pF \
I w0 .
= = 170
160

-55 -50

CABE TEMPERATURE (°C)

% 100 125

67413A/67413
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67413 Switching Characteristics Over Operating Conditions (continued)

SYMBOL PARAMETER FIGURE MIN COMTMYE: CIAL MAX UNIT
HpH Input ready pulse HIGH 4 5 12 ns
tOPH Output ready pulse HIGH 8 5 12 ns
toRD Output ready ! HIGH to Data Valid 5 20 ns
tAEH Shift Out 1 to AF/E HIGH 11 100 145 | ns
tagL” Shift In 1 to AF/E LOW 1 450 850 ns
taFL” Shift Out 1 to AF/E LOW 12 450 650 | ns
tafFH Shift In { to AF/E HIGH 12 100 145 ns
tHFH Shift In 1 to HF HIGH 13 280 380 ns
thrL” Shift Out 1 to HF LOW 13 280 380 ns
::jzz Output Disable Delay : :: Zz ::
:;: Output Enable Delay : ;: zz ::
Note: Input rise and tall time {10%-80%) = 2.5 ns.
* See timing diag for expl ion of par
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Absolute Maximum Ratings

SUPPIY VOIBGE V(GG o+t v v s et e ettt bt e s e ettt e -05Vto7V
LT oL YY1 T - R R EEETERTRFEPRERREEE -15Vto7V
Off-State OUIPUL VOITAGE . ... oottt ittt ittt et aeaaeetaaaeaasase s eatasittncanaaneeasataennanaans -05Vto556V
StOrage tEMPEIAIUIE . ... ...\ttt ettt et e ta et ettt ettt et st e ettt e et ataaaaes -65° to +150°C

67413 Operating Conditions Over Temperature Range

SYMBOL PARAMETER FIGURE MIN COM:.AYE: ClAL MAX |UNIT
Vece Supply voltage 475 5 5.25 v
Ta Operating free-air temperature . (o] 75 °C
tg)Ht Shift in HIGH time 1 16 ns
tgit Shift in LOW time 1 20 ns
tips Input data set up 1 3 ns
toH Input data hold time 1 25 ns
tgont Shift OQut HIGH time 5 16 ns
tsor Shift Qut LOW time 5 20 ns
tMRW Master Reset pulse t 10 35 ns
tMRS Master Reset to Sl 10 35 ns
67413 Switching Characteristics over Temperature Range
SYMBOL PARAMETER FIGURE MIN COM:.IYE:CIAL MAX UNIT
fiN Shift in rate 1 DC 25 MHz
Lt Shift In | to Input Ready LOW 1 12 28 ns
tirHt Shift In | to Input Ready HIGH 1 14 25 ns
fouT Shift Out rate 5 DC 25 MHz
top,t Shift Out 1 to Output Ready LOW 5 12 28 ns
torut Shift Out | to Output Ready HIGH 5 14 25 ns
‘ODHT Output Data Hold (previous word) 5 10 ns
tops Output Data Shift (next word) 5 40 ns
tpr Data throughput or “fall through” 48 510 750 ns
tMRORL | Master Reset | to Output Ready LOW 10 18 30 ns
tMRIRH Master Reset 1 to Input Ready HIGH 10 21 30 ns
MRIRL Master Reset | Input Ready LOW* 10 18 30 ns
tMRO Master Reset | to Outputs LOW 10 32 55 ns

Note: Typicals at 5V Vg and 25°C Ta.
* |f the FIFO is not full (IR High), MR low forces IR low, fotiowed by IR returning high when MR goes 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| Vv
ViH High-level input voltage 2t v
Vic Input ctamp voltage Vec=MIN ||} = -18mA -15| V
T8 Low-level input current Voo = MAX| V| =045V -250| uA
I High-level input current Vo = MAX| V| =24V 50| wA
] Maximum input current Voo = MAX| V| =55V 1| mA

log (Data outputs) g;:}gA 24 mA
VoL | Low-level outputvoltage  [Voe = MIN | 1o, (IR, OR) GTSA | smatt 05| v
loL (Flag outputs) g;:}gA 8 mA
loH (Data outputs) -3.0mA
Vo | High-level output voltage | Ve = MIN | I (IR.OR) 7oA |-ooma |2a v
lon (Flag outputs) -0.9mA
los Output short-circuit current™ Voo = MAX| Vp=0V -20 -90 | mA
'nz Off-state output current Voc = MAX| Vo= 24V ‘20| wA
Iz Vce = MAX| Vo= 04V -20 | pA
lce 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 | vs. temp.

T There are absolute voltages with respect to GND (PIN 8 or 9) and includes all overshoots due to test equipment.

1t care should be taken to as much as p

Functional Description
Data Input

After power up the Master Reset is puised 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 SI HIGH signal causes the IR to 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 Oy outputs. When data is shifted to the
output stage, Output Ready (OR) goes HIGH, indicating the

the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz.

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 at least tpT).

AC TestandHigh-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

will be ignored. This will affect the device from a funcitonal
standpoint, and will also cause the “effective” timing of
Input Data Hold time (TjpH) 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 T\RH, TORL and TQRH 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 tsIH l\ tsiL

INPUT READY \ / la— gL —>

QTR >RGO

/] \

tirRH

O/

(40 ns) 28.6ns

INPUT DATA le—-tiDH

le—tiDS

Figure 1. Input Timing
|t—————— (40 na) 28.6 ns
SHIFT IN ( \
—/
INPUT READY
HOLD TIME VAVWWWIWYWWWIAAR AMVWWWWAWAAMAAR

weuroara X [~ on e RNARORNRX XXX

—

®
Figure 2. Typical Waveforms for 35 MHz Shift-in Data Rate (67413A)
SHIFT IN

D

INPUT READY

—

N

NV
INPUT DATA Wsnms DATA 0‘0‘0‘0‘0‘0‘0‘0

RN AKX RARCANANARANARANGA

Figure 3. The Mechanism of Shifting Data into the FIFO

(D) '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 refeased for “fall-through” to second word.

@ Input Ready goes LOW indicating the firstword 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).

67413A/67413
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SHIFT OUT

SHIFT IN _/
INPUT READY ®\ | tpT

weur o A

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

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

Shift In is held HIGH

(CNONOXC]

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

SHIFT OUT f—tson—)
—/

OUTPUT READY \

tODH—>

OUTPUT DATA A-DATA B-DATA W C-DATA

o

Figure 5. Output Timing
@ The diagram assumes that at this time, words 63, 62 and 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. OR and SO are both high together.

e (40Ns) 286N ——— e (40n3) 288N —————————»

SHIFT OUT (18ns) Y \
— 10ns /]
OUTPUT READY AZne Gans z _\_—__/—‘\—/_
OUTPUT DATA I A-DATA ﬂ( | B-DATA >®< | C-DATA

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

(D Thediagram assumes that at this time words 63, 62and 61are Ioaded with A, B and C Data, respectively.
@ Data inthe first crosshatched region may be A or B Data.
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SHIFT OUT

oreuTRERDY L——A(® —

OUTPUT DATA A-DATA B-DATA
AORB

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

@ QOutput Ready HIGH indi 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.
@ Quitput 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 ) 4 \
tpT
OUTPUT READY /® /
tt———tOPH

Figure 8. tpt and tgpyy Specification

@ FIFO initially empty.

SHIFT OUT \(®
@Y—_—Vy [77T7i7777/77777777/ 77777777
OUTPUT READY Y2112l iied

o ®

OUTPUT DATA % A-DATA QAR

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,

IONCRCORCRC)

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 FIFQ.
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WASTEET —‘L\:___/
tMRW ———>
INPUT READY \

[+~ tMRIRL [e———tMRIRH

OUTPUT READY
le—tMRORL —>| MRS

SHIFTIN

DATA OUTPUTS ””””"”m -

t<—IMRO

Figure 10. Master Reset Timing
@ FIFOispartially ful.

SHIFTOUT
- / (=

|e—1SOH —>|

+4—
ALMOST FULL/EMPTY

|[———— tAEH———] -5 H >
SHIFTIN
fE
EXd
tAEL —>
Figure 11. 1AgH, tAEL Specifications
@ FIFO contains 9 words {one more than almost empty).
SHIFT IN ———/] 1f
re—tsIH
S f
ALMOST FULL/EMPTY /(D \
a———AFH tsoH
SHIFT OUT
(L
1r
AL ——

Figure 12. taogy, taogL Specifications
@ FIFO contains 55 words {one short of atmost full)
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SHIFT IN

‘e

J
ey .

45

HALF FULL P W

|<——lnm <—t80H

SHIFT OUT .

5
I .l'“'l-

Figure 13. tyF), 4N Specliiications

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

OUTPUT
ENABLE '——__gg__
—HFo" AFE[—
R so SHIFT OUT
—{si OR
—Joo oo|—
—p1 o1
—|o2 o2}
—{os 03—
—{ps o o4l
S
COMPOSITE N e G
INPUT R COMPOSITE
READY M +—is OR ED— OUTPUT
—lpo oo}— READY
—o1 o1
—{o2 02—
—o3 o3}
—{0s o o4
——
: 4 HFOE AF/E|—
R so|—
SHIFTIN si OR
—{oo oo}—
—{p1 oif—
—o2 o2}—
—oa o3}
—ps g 04|
L WASTERRESET

Figure 14. 64x15 FIFO with 67413A/67413

FIFOs are expandable in width. However, in forming wider words nal gates are requiredto g posite Input and Output Ready flags. This requirementiis due
to the ditferentfall through times of the FIFOs.
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8-BITS 3-BITS
PAPER j—1 67413A ——- cpU
TAPE 64x8
READER s SO/ 10 RDY
ENBL S} IR 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
R1
TEST POINT*
s1
(SEE
OUTPUT ¢ NOTE B)
I v
>
cL < L 4
5 pF R2¢ h 4
) 4
{ i
Design Test Load
OUTPUT av
CONTROL v /
(LOW-LEVEL T A
ENABLING) ov
[e—1%Lz—>| S1AND
S2 CLOSED
WAVEFORM 1 §1CLOSED vr 15V
(SEE NOTE 2) S2 OPEN - 05V
VoL
VoH
WAVEFORM 2 S10PEN vr sy
(SEE NOTE 2) S2 CLOSED ov —15V
S1AND
$2 CLOSED
Enable and Disable

Notes: A. All diodes are TNS16 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 relaticnships between inputs
and cutputs have been chosen arbitrarily.

D. When measuring propagation delay times of three-state outputs,
switches S1 and S2 are closed.
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