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SHARP

Data Sheet

-LH5481/LH5491

CASCADEABLE 64 x 8 FIFO
CASCADEABLE 64 x 9 FIFO

FEATURES

e Fastest 64 x 8/9 Cascadeable FIFO
35/25/15 MHz

e Expandable in Word Width &
FIFO Depth

o Almost Full/Almost Empty &
Half Full Flags

o Fully Independent Asynchronous
Inputs & Outputs

e LH5481 Qutput Enable forces Data
Outputs to High-Impedance State

e Pin Compatible & Cascadeable with
LH5485/5495 256 x 8/9 FIFOs

¢ Industry Standard Pinout

e 300-mil 28-pin DIP &
28-pin PLCC Packaging
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FUNCTIONAL DESCRIPTION

The LH5481 and LH5491 are high performance, asyn-
chronous First-In-First-Out (FIFO) memories organized
64 words deep by 8 or 9-bits wide. The 8-bit LH5481 has
an Quiput Enable (OE) function, which can be used to
force the 8 data outputs (DO) to a high-impedance state.
The LH5491 has 9 data outputs. '

These FIFOs accept 8 or 9-bit data at the DI data
inputs. A Shift-In (S1) signal writes the DI data into the
FIFO. A Shift-Out (SO) signal shifts stored data to the DO
outputs. The Output Ready (OR) signal indicates when
valid data is present on the DO outputs.

If the FIFO is full and unable to accept more DI data
IR will not return high and Si pulses will be ignored. If the
FIFQ is empty and unable to shift data to the DO outputs,
OR will not return high and SO pulses will be ignored. The
Almost FulVAlmost Empty (AFE) flag is asserted high
when the FIFO is almost full (56 words or more) or almost
empty (8 words or less). The Half Full (HF) flag is asserted
high when the FIFO contains 32 words or more.

Reading and writing operations may be asynchronous,
allowing these FIFOs to be used as buffers between
digital machines of different operating frequencies. The
high speed makes these FiFOs ideal for high perfor-
mance communication and controller applications.
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64 x 8/64 x9 FIFO ' LH5481/LHS491

BLOCK DIAGRAM
ALMOST FULL p————=AFE
ALMOST EMPTY |
— 1 INPUT
S CONTROL WRITE POINTER HALF FULL HE

IR ———1 LOGIC

-»{ WRITE MULTIPLEXER

(LHS491) DIO - DI7 > bo7
DATAIN MEMORY ARRAY DATA OUT
(LH5481) DIO - DI8 008
(LH5491)
READ MULTIPLEXER OE
(LH5481)
5 MASTER
MR —— "oeser READ POINTER
OUTPUT OR
CONTROL
LOGIC SO
5481-3
PIN IDENTIFICATION
Dlo-Dlg . ... Data Inputs HE Half Full Flag
DO0-DO8 ..o Data Outputs AFE ... .. ... ... Almost Full / Almost Empty
Sl e Shift In MR Master Reset
SO ShiftOut  OFE ................ Output Enable (LH5481 only)
IR o Input Ready VCC o iie i Positive Power Supply
OR .t Qutput Ready VS oot Ground
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LH5481/LH5491

64x8/64x9FIFO

ABSOLUTE MAXIMUM RATINGS'2

Vce Range
Input Voltage Range
DC Output Current 3
Storage Temperature
DC Voltage Applied To Outputs In High-Z state

"""" 10.5V 1o Vee +0.5V (not to

-0.5Vto 7V
exceed 7V)
+40 mA

-0.5V to Vcc +0.5V (not to exceed 7V)

Static Discharge Voitage PP > 2000V
Power Dissipation (Package Limit) ....... ... ... . ... il 1.0W
OPERATING RANGE'

PARAMETER DESCRIPTION MIN MAX UNIT
Ta Temperature, Ambient 0.0 70 °C
Vee Supply Voltage 45 55 Y
Vss Ground 0.0 0.0 \)
Vi Input Low Voltage (Logic "0")® -0.5 0.8 \Y
ViH Input High Voltage (Logic "1") 2.0 Vee+0.5 \

DC ELECTRICAL CHAF‘U-\C'I'ERISTICS1 (OVER OPERATING RANGE UNLESS OTHERWISE NOTED)1

PARAMETER DESCRIPTION TEST CONDITIONS MIN MAX UNIT
fu Input Leakage Current VCC=5.5V, Vin= 0V to Vcc -10 10 LA
Lo Output Leakage Current (High-Z) | VCC=5.5V, Vour = 0V to Vcc -10 10 HA
VoH Output High Voltage Vee=4.5V, loH = -4mA 2.4 \Y
VoL Output Low Voltage VCC=4.5V, loL = 8.0mA 0.4 \
lcca Power Supply Quiescent Current | VCC=5.5V, lout =0mA 25 mA

Vin <= Vi, VIN >= ViH
lec Power Supply Current & fsi = 35 MHz, fso = 35 MHz 45 mA

CAPACITANCE'?

PARAMETER DESCRIPTION TEST CONDITIONS MAX UNIT
CiN Input Capacitance TA =25°C, f=1 MHz, Vcc=4.5V 5 pF
Cour QOutput Capacitance Ta =25°C, f=1 MHz, Vcc=4.5V 7 pF
AC TEST CONDITIONS'
INPUt PUISE LEVEIS . ... o o Oto 3V
Input Rise and Fall Times (10%/90%) . ..... .. ... v 5ns
Input Timing Reference Levels .. ... .. .. ... ... .. 1.5V
Output Timing Reference Levels . ........ .. ... ... ... ... .. .. ... 1.5V
Output Load for AC Timing TestS . ... .. ... ... See Figure.

167 OHMS
DUT OQUTPUT 1.73V 30V
’ -}-90%
CL = 3CpF *
GND 10% -,

1

" " INCLUDES JIG AND SCOPE CAPACITANCES

90% -
é' -10%

—-=— —=—5ns
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64 x8/64 x9 FIFO LH5481/LH5491
SWITCHING CHARACTERISTICS’ (Over Operating Range)
PARAMETERS DESCRIPTION 15MHz 25MHz 35MHz
MIN | MAX | MIN | MAX | MIN | MAX |UNITS
fo Operating l'—'requency8 15 25 35 | MHz
tpHsI SI HIGH Time®** 15 11 9 ns
tpLsI SILOW Time® ' 20 15 13 ns
tssi Data Setup to SI'° -1 -1 -1 ns
tHs Data Hold from S1'° 14 12 10 ns
toLIR Delay, SIHIGH to IR LOW 20 18 16 ns
tOHIR Delay, SILOW to IR HIGH 24 20 18 ns
tPHSO SO HIGH Time® 15 11 9 ns
tPLSO SO LOW Time® 20 15 13 ns
tDLOR Delay, SO HIGH to CR LOW 20 18 16 ns
tbHOR Delay, SO LOW to OR HIGH 24 20 18 ns
tsor Data Setup to OR HIGH -1 -1 -1 ns
tHSO Data Hold from SO LOW 0 0 0 ns
tFT Failthrough Time 36 34 30 ns
t8T Bubblethrough Time 28 26 25 ns
tsiR Data Setup to IR"" 5 5 5 ns
tHIR Data Hold from IR 5 5 5 ns
tPIR Input Ready Pulse HIGH ' 7 7 7 ns
tPOR Output Ready Pulse HIGH'* 7 7 7 ns
toLzoe OE LOW to LOW Z (LH5481 )4.12 35 30 25 ns
tDHZOE OE HIGH to HIGH Z (LH5481)*'2 35 30 25| ns
tDHHF S| LOW to HF HIGH 40 40 36 ns
tDLHF SO LOW to HF LOW 40 40 36 ns
tDLAFE SO or SI LOW to AFE LOW 40 40 36 ns
tDHAFE SO or S| LOW to AFE HIGH 40 40 36 ns
tPMR MR Pulse Width 35 35 35 ns
tos! MR HIGH to SI HIGH 25 25 22| ns
tbor MR LOW 1o OR LOW® 25 25 20| ns
toIR MR LOW to IR HIGH® 25 25 20| ns
tLXMR MR LOW to Output LOW'? 25 25 20| ns
tAFE MR LOW to AFE HIGH 30 30 30 | ns
thE MR LOW to HF LOW 30 30 30| ns
N NOTES:
1. Al voltages are measured with respect to Vss. 6. leccis dependent upon actual output loading and cycle rates.

2. Stresses greater than those listed under "Absolute Maximum
Ratings™ may cause permanent damage to the device. This
is a stress rating only and functional operation of the device
at these or any other conditions above those indicated in the 9
operational sections of this specification is not implied. Expo-
sure to absolute maximum rating conditions for extended pe-

riods may affect device reliability. 1.
3. Outputs should not be shorted for more than 30 seconds. No 12

more than one output should be shorted at any time.

4. Sample tested only. 13.

5. FIFO inputs are able to withstand a -1.5V undershoot for less

than 10ns per cycle. 14.

Specified values are with outputs open.

All time measurements performed at " AC Test Conditions™.
fo =1si = fso.

tPHsI + tPLsi = tPHSO + tPLSO = Iffo.

. tssi and tHs) apply when memory is not full.

tsir and tHiR apply when memory is full and Slis HIGH.
High-Z transitions are referenced to the steady-state Vo -
500mV and Vo + 500mV leveis an the output.

After reset goes LOW, all Data outputs will be at LOW level,
IR goes HIGH and OR goes LOW.

Common dash number devices are quaranteed by design to
function properly in a cascaded configuration.
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LH5481/LH5491

64x8/64x9FIFO

OPERATIONAL DESCRIPTION

Unlike earlier versions of FIFOs, the LH5481 and
1.H5491 use dual-port Random-Access-Memory, write
and read pointers, and special control logic. The write
pointer is incremented by the falling edge of the Shift-in
(S) signal, while the read pointer is incremented by the
falling edge of the Shift-Out (SO) signal. The Input Ready
(IR) signal enables data writing to the FIFO. Output Ready
(OR) indicates valid read information is available on the
Data Qutput (DO) pins.

Resetting The FIFO

The FIFO Must Be Reset, upon Power-Up, using the
Master Reset (MR) signal. This causes the FIFQ to enter
anempty state, indicated by the Output Ready (OR) being
LOW and Input Ready (IR) being HIGH. All Data Output
(DO) pins will be LOW in this state. The AFE fiag will be
HIGH and the HF flag will be LOW.

If Shift In (Si) is HIGH, when the Master Reset (MR)
signal is ended, then the data on the Data Input (DI) pins
will be written into the FIFO and Input Ready (IR) will
return LOW until Shift In (S1) is brought LOW.

If Shift In (SI) is LOW when the Master Reset (MR) is
ended, then Input Ready (IR) will go HIGH, but the data
on the Data Input (DI) pins will not enter the FIFO until
Shift In (Sl) goes HIGH.

Shifting Data In

Data Input (DI) is shifted into the FIFO on the rising
edge of Shift In (SI). This loads input data into the FIFO
and causes Input Ready (IR) to go LOW. When a falling
edge of Shift In (Sl) occurs, the write pointer increments
to the next word position and Input Ready (IR) goes
HIGH, indicating that the FIFO is ready to accept new
data. When the FIFO is full, Input Ready (IR) remains
LOW after the negative edge of Shift In {Sl) signal; Shift
Out (SO) action is required to unload a word of data and
bring Input Ready (IR) HIGH - see Bubblethrough de-
scription, below.

Shifting Data Out

Data is shifted out of the FIFO on the falling edge of
Shift Out (SO ). The read pointer increments to the next
word

location and FIFO data, if present, will appear on the
Data Output (DO) pins and the Output Ready (OR) signal
will go HIGH. If FIFO data is not present, Output Ready
(OR) will stay LOW, indicating the FIFQ is empty; in this
case, the last valid data read from the FIFO will remain
on the Data Cutput (DO} pins. When the FIFO is not
empty, Output Ready (OR) will go LOW after the rising
edge of Shift Out (SO). The previous data remains onthe
Data Output (DO) pins until a falling edge of Shift Out
{SO).

Falithrough Condition

When the FIFO is empty, a data word entering through
the Shift In (SI) action will follow one of two sequences.

If Shift Qut (SO) is LOW, the data will propagate to the
Data Qutput (DO) pins and Output Ready (OR) will go
HIGH and stay HIGH until the next rising edge of Shift Out
{S0O).

If Shift Qut (SO) is held HIGH while data is shifted into
an empty FIFO (as occurs in depth cascading of FIFOs),
data will propagate to the Data Output (DO) pins and
Output Ready (OR) will pulse HIGH for a minimum time
duration specified by tpor and then go back LOW again.
The stored word will remain on the Data Output (DO) pins.
If more words are written into the FIFO, they will line up
behind the first word and not appear on the Data Output
(DO) pins until Shift Out (SO) has returned LOW.

Bubblethrough Condition

When the FIFO is full, Shift Out (SO) action will initiate
one of the following two sequences.

If Shift In (S!) is LOW, Input Ready (IR) will go HIGH
and stay HIGH until the next rising edge of Shift In (SI).

If Shift In (SI) is held HIGH while data is shifted out of
a full FIFQ (as occurs in depth cascading of FIFOs), Input
Ready (IR) will pulse HIGH for a minimum time duration
specified by tpir and then go back LOW again. Special
Data Input (DI} setup and hold times {tsir and tHIR,
respectively) are defined for this condition.

Data Sheet
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64x8/64 x9 FIFO LH5481/LH5491

SWITCHING WAVEFORMS
1/fo 1/fo
SHIFT IN ][ ]i\_ * fi j& {—_\_—
teusi teLst toHiR ‘
| |
. |
| \ I ! i
NPUT READY | f | ‘
; tusi . toum . {
oatam ) AT S Y0

AFE “(

HE (LOW)
5481-5
* NOTE: FIFO Contains 8 Words
Figure 1. Data In Timing
1/fo ) 1/fo
| | ]
| ! |
! | e ‘
SHIFT OUT __f——ji 7[ 'k f__—\____
i
' tpHso e so i toHoR |
r— i i
1
| 1 E
OUTPUT READY \ /| : l{ ][
! o !
i P
tHso —— r- :*‘—‘—DLLRT"’T - L-‘tsoa
‘ ; |
fliiiiiT CNfLi [ /
DATA OUT X//’/.//Y,I i) ///‘/X LX"‘,./;,'/;, i “///:/’/i/’/ﬂx
HE {(LOW)
. ltoware
AFE /
5481-6

** NOTE: FIFO Contains 9 Words

N Figure 2. Data Out Timing
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LH5481/LH5491 ‘ 64x8/64x9 FIFO

SWITCHING WAVEFORMS (cont’d)

i/fo 1/fo

SHIFT IN ]L N{** I }‘ ]L——\___

tppsi tersi toHIR

INPUT READY 1\[ j
. : 1
l
tusy i toum

DATAIN JX | X X X

(LOW)

AFE

" f

5481-7
** NOTE: FiFO Contains 31 Words
Figure 3. Data In Timing
1/fo t/fo
i !
e de e b ! '
SHIFT OUT [ X( 7[ 3( ][—_\__
|
— | |
terso tpiso ; ! toHoR ,
| ] |
OUTPUT READY \ / | j{ ]l’
! ‘ |
? ; i
thso —= 'l~— toLor LR tson"’* —
DATA OUT X[/////;;/////fx x o f/ 1 X
HE 3(
L
AFE (LOW)
5481-8

**** NOTE: FIFO Contains 32 Words

Figure 4. Data Out Timing
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64x8/64x9FIFO

LH5481/LH5491

SWITCHING WAVEFORMS (cont’d)

1/fo 1/fo

J deok ke L—_—-‘

SHIFT IN __j»_——yr . - J[——\___
! pus| teust toHia !
INPUT READY ‘ i

E L

i / ' diitid /
DATAIN I ) (R S G

‘l L—‘s&
HE (HIGH)
UorAFE '
AFE f
5481-9|
""" NOTE: FIFO Contains 55 Words
Figure 5. Data In Timing
1/fo 1/fo
SHIFT OUT ]£ ]( T -[ B ]L———\___
enso teso I 1 toHoR .
QUTPUT READY \—_m
tuso — '~ __toom . _ ‘soa"i —
DATA OUT I ‘////X I : ',‘;f""/‘/,/,fi//X
\
_loars
HF (HIGH)
5481-10
+*=+*+ NOTE: FIFO Contains 56 Words
Figure 6. Data Out Timing
SHARP Data Sheet
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LH5481/LH5481 64x8/64x9FIFO
SWITCHING WAVEFORMS (cont’d)
SHIFT OUT ___[—{-
SHIFT IN / \
tay
|
INPUT READY Jl 3(
|
toig I
DATA IN }( X
tsia thin
5481-11
Figure 7. Bubblethrough Timing (Reading a Full FIFO)
SHIFT IN ____/—_—\—
SHIFT OUT /
ter
|
OUTPUT READY j— )Y
tsor teor ]
|
DATA OUT X
5481-12)
Figure 8. Falithrough Timing (Writing an Empty FIFO)
Data Sheet SHARP q Page 9



64x8/64x9FIFO ‘ LH5481/LH5491

SWITCHING WAVEFORMS (cont’d)

i temn
MASTER RESET l( ]L
‘ tom
INPUT READY I % \
i
l‘ toor
QUTPUT READY ‘\
psi

SHIFT IN ‘f

TxmR

DATA OUT r

toue

HF Yy

t DAFE

AFE }[

5481-13

Figure 9. Master Reset Timing
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LH5481/LH5491 ' 64x8/64x9FIFO

SWITCHING WAVEFORMS (cont’d)

EMPTY 1 2 8 9 10 3 32 3. 55 56 57 64 FULL
«ern 1M TUUL .. JUUL .. JUUL ... 1
HF
AFE
545144‘

Figure 10. Shifting Words In

FULL 64 63 56 55 54 32 31 30 9 8 7 1 EMPTY
HF
AFE
5481-15

Figure 11. Shifting Words Out
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64x8/64x9FIFO

LH5481/LH5491

FIFO Expansion

HF/AFE —= HF/AFE
IR SO iR SO —e— SHIFT OUT
St OR Sl OR
— Do DOO DIo D00 f—
—on DO1 oI DO1 f—
—{ o2 DO2 DI2 DO2 |~
—DI3 64x8/9 DO3 D13 256 x 8/9 DO3[—
— Di4 DO4 Di4 DO4 [—
— ols DOS Di5 0Os —
— DIs DO& DI6 D06 |—
— o7 Do7 Di7 DO7 |-
—{ o8 ___ Dos DB __  Dosi
MR MR
i i T
INPUT READY COMPOSITE
Yo - = — = OUTPUT READY
p_— sl OR sl OR )
—{ DIo DoO DIo DOO +—
— DN DOt Dl DO1 —
—tDi2 DO2 DI2 DO2 —
—P3 e4x8/9 DO3 D13 256 x 8/9 DO3—
—{ Di4 DO4 Dl4 DO4 |—
— DIs DOS oI5 DOS [—
—| o6 DOS Di6 DO6 |-
— o7 DO7 Di7 DO7 [—
— o8 __ Dpos Di8E  __  Dosf—
MR MR
IR SO IR SO
SHIFT IN sl OR sl OR
— Dio DOO DIO DOO [—
— ot DO1 Di DO1 [—
— Di2 DO2 Di2 D02 —
=PI 64 x8/9 DO3 DI3 256 x 8/9 DO3—
— Di4 DO4 D4 DO4 |—
—{pis DO5 DIS DOS |—
—Dis DO6 DI6 DOS [~
— o7 Do7 DI7 DO7 |-
— D18 __  Dos o __  DO8[—
MR MR
T I -
5481-16
Figure 12. 320 x 24/27 Configuration
Using 64 x 8/9 (LH5481/91) & 256 x 8/9 (LH5485/95) FIFOs.
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LH5481/LH5491

64x8/64x9FIFO

FIFO Expansion (cont’d)

HF/AFE
HF/IAFE =~ ———— Sl OR sl OR [——— OUTPUT READY
INPUT READY - DIO DO0 Dio DOO p—
( ————]Dl1 DOt Dit DOt p——n
—1DI2 DO2 Di2 DO2 p——
—DI3 g4xgyg DO3 DI3 256 x 8/9 DO3— | oata OUT
—{Di4 DO4 Di4 DO4 f—— ATA OU
DATAIN < ——{ DI5 DOS5 Dis DoOsS |——
——=1 DI& DO6 Di6 DO6 |—
— 017 Do7 o7 DO7 |——
. ——=DI8 — DOos D18 — pogp——— /
MR MR
MR T T
5481-17

Figure 13. 128 x 8/9 Configuration

FIFOs are expandable in depth and width. However,
in forming wider words, external logic is required to
generate composite Input and Output Ready flags. This
is due to the variation of delays of the FIFOs. The example
circuit above uses simple AND gates as the external IR
and OR generators. More complex logic may be required
if fallthrough and bubblethrough pulses are needed by the
external system.

FIFOs can easily cascaded to any desired depth. The
handshaking and associated timing between the FIFOs
are handled by the inherent timing of the devices.

NOTES:

1. When the memory is empty the last word read will
remain on the outputs until the master reset is strobed
or a new data word bubbles through to the output.
However, OR will remain LOW, indicating data at the
output is not valid.

2. When the output data changes as a result of a pulse
on SO, the OR signal always goes LOW before there is
any change in output data and stays LOW until the new
data has appeared on the outputs. Anytime OR is HIGH,
there is valid stable data on the outputs.

3. All SHARP FIFOs will cascade with other SHARP
FIFOs of the same architecture (i.e., 64x8/9 with 64x8/9
or 64x8/9 with 256x8/3). However, they may not cas-
cade with FIFOs from other manufacturers.
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64 x 8/64 x9 FIFO ' LH5481/LH5491

PACKAGE DIAGRAM: 28-PIN 300-MIL DUAL IN-LINE PACKAGE

Dimenslons in mm(in)
Ejector Marks (Either or Both)
pA A =
oy A/ gy Yy Oy Y Y AN L
/ \ I o-fe
index O O 6.85+0.02 7.62 g.a)
\\o (0.270 £ 0.001) (
o o °F W °F & & °F AP °F 9F o d
1 34,7+ 0.3
(1.37 £ 0.01) 0.25 £ 0.1
(0.010 £ 0.004)
0.84 + 0.20 42102
‘_L' ~ (0.033 + 0.008) (0.165 + 0.008)
3.54+0.2
__.\ fr_ 3.2+0.2
2.54 (0.10) 0.46 +0.1 (0.126 £0.008)
TYP (0.018 £ 0.004)
PACKAGE DIAGRAM: 28-PIN PLASTIC LEADED CHIP CARRIER
Dimensions In mm(in}
Pln 1 1.143)
(0.045
&:63% 1.27 (0.050) TYP s 0.889 + 0.254
1.143) __ Non-Accum 2.159 (0.085) (0.035 + 0.010)
(0.045
i P S B
i O |- -
E ; F I —
12,45 + 0.127 g . 1.143 =
(0.490 + 0.005) ¢ - (0.045) | 10.414 + 0.381
11.48 " (0.410 + 0.015)
(0.452) [ - -
[ L =
C C =
0.381 >__~;_
T = | py — = —T I (0.015) == I
|0.508 (0.020)
| 0.381 __' .
| (0.015) 1 J i MIN
H————11.48 (0.452) ———— " 2.642
( ) : —Eﬁg—.! {0.104)
12.45 + 0.127 (0:172)
1 10.490 £ 0.00
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LH5481/LH5491 64x8/64x9FIFO
LH#### X - #i#t
Device Type Package Speed
35
25 Frequency (MHz)
15
D Plastic Leaded Chip Carrier
U Plastic Leaded Chip Carrier
5481 64x8 Bit FIFO
5491 64x9 Bit FIFO
Examples:  LH5481D-25 (64 x 8, 300 mil PDIP, 25 MHz)
LH5491U-35 (64 x 9, PLCC, 35 MHz2)
Data Sheet SHARP Page 15
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64x8/64x9FIFO

LH5481/LH5491

SHARP reserves the right to make changes in specifications at any time and without notice. SHARP does not assume any responsibility for the
use of any circuitry described; no circuit patent licenses are implied.
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