











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LH5420 256 x 36 x 2 Bidirectional FIFO

TIMING DIAGRAMS (cont’d)

EF, X
teRL eF |

) THL 15
w, 1 0

tRwH taws

- taws - l'

TR
ton ,0:

~

Doa - D3sa PREVIOUS DATA ﬂx- N1 ﬂ-x- N2

NOTES:
1. Aoa, Aqa, Aga, and Agg are all held HIGH for FIFO access.
2. OE, is held HIGH.
3. OEgis held LOW.
4. ter, (First Read Latency) - The first read following an empty condition
may begin no earlier than teg_ after the first write to an empty FIFO,
to ensure that valid read data is retrieved.

5420-17|

Figure 23. FIFO #2 Write and Read Operation in
Near-Empty Region
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256 x 36 x 2 Bidirectional FIFO LH5420

TIMING DIAGRAMS (cont’d)

o 'Rﬂ'.” lnws n tRVerI lnwg
AW, Tt 1/

i B

il AN,
e

Doo-Dusa JHNIA e T

o tew ter
FF, [ )
ter
trwhi faws trniBWS
10
S 2
te ten

o T W

Dos-Dass  PREVIOUSDATA ﬂ* *XX—
NOTES:

1. Aoa, Aja, Aga, and Agg are all held HIGH for FIFO access.

2. OE, is held HIGH.

3. OEg is held LOW.

4.ty (First Write Latency) - The first write following a full condition
may begin no earlier than tgy, after the first read from a full FIFO,
to ensure that valid write data is written.

5420-14)

Figure 24. FIFO #1 Read and Write Operation in
Near-Full Region

SHARP Rev. A, Octot 7-179



LH5420 256 x 36 x 2 Bidirectional FIFO

TIMING DIAGRAMS (cont’d)

t,
-tﬂlvﬂ thws 1 HT trRws
RV Wy il

-
EN 1f

ton ‘;\HXL
tos the |
Ooa-Oe JNNAOOOORREATRNE Jéxxxxxxxxxxxx
tewr ter
F A ![
ter
o \_f LS X
trRwH aws trwH aws

wo T

e tes e tes
- rr“l

o M TR

ta
'OH ton
Doa - Dasa PREVIOUS DATA *XX—

NOTES:
1. Aga A Aga, @nd Agg are all held HIGH for FIFO access.
2. OE, is held LOW.
3. OEgiis held HIGH.
4. tey (First Write Latency) - The first write following a full condition
may begin no earlier than t-y,_after the first read from a full FIFO,
to ensure that valid write data is written.

5420-15

Figure 25. FIFO #2 Read and Write Operation in
Near-Full Region
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256 x 36 x 2 Bidirectional FIFO LH5420
TIMING DIAGRAMS (cont’d)
p—
tnli,,s.
RWs j
l‘_si
ENg _]'—
ta
Dos - D BITS BITS BITS BITS BITS
08 -~ U178 0-17 18-35 0-17 18-35 0-17
| | |
WORD #n WORD #n+1 WORD #n+2
BITS BITS BITS BITS BITS
D1ga - Dasa XXX 18-35 XXX 0-17 XXX 18-35 XXX 0-17 m 18-35 ﬁ
| | |
WORD #n WORD # n+1 WORD # n+2
NOTES:
1. Agg is held HIGH for FIFO access.
2. OEg is held LOW.
3. WS, is held HIGH and WS, is held LOW for double-byte access. o0
13

Figure 26. Port B Double-Byte FIFO #1 Read Access for
36-to-18 Funneling

SHARP Rev. A, Octo1
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LH5420 256 x 36 x 2 Bidirectional FIFO

TIMING DIAGRAMS (cont’d)

—
taws
RW, {
tes|
ENg ll
tos tou
Dpa - D BITS BITS BITS BITS BITS BITS
08~ ~178 0-17 18-35 0-17 18-35 0-17 18-35
| | |
WORD #n WORD # n+i WORD #n+2
NOTES:
1. Agg is held HIGH for FIFO access.
2. OEg is held HIGH.
3. WS, is held HIGH and WS, is held LOW for double-byte access.
5420-12

Figure 27. Port B Double-Byte FIFO #2 Write Access for
18-t0-36 Defunneling
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256 x 36 x 2 Bidirectional FIFO LH5420
TIMING DIAGRAMS (cont'd)
—
'T—wf
RWa f
tes
ENg f
_'_A_I
Dee - D XXX, BITS XXX BITS XXX BITS BITS XXX BITS
o8 - Dea 0-8 9-17 18-26 27-35 0-8
| |
WORD #n WORD #n+1
BITS BITS BITS BITS BITS
Dga - D178 XXX 9-17 m 18-26 XXX 27-35 0-8 XXX 9-17 ﬂ
I I
WORD #n WORD #n+1
- BITS BITS BITS BITS BITS
Digs - Dzsa XXX 18-26 m 27-35 XXX 0-8 9-17 XXX 18-26 K
| |
WORD #n WORD #n+1
BITS BIT: BITS BITS BITS
Da7g - Dasg XXX 27-35 XXX 0-8 XXX 9-17 18-26 XXX 27-35 ﬂ
| |
WORD #n WORD #n+1
NOTES:
1. Agg is held HIGH for FIFO access.
2. OEg is held LOW.
3. WS, and WS, both are held LOW for single-byte access. 2011
Figure 28. Port B Single-Byte FIFO #1 Read Access for
36-to-9 Funneling
SHARP Rev. A, Oct91 7-183



LH5420 256 x 36 x 2 Bidirectional FIFO

TIMING DIAGRAMS (cont’d)

« f\\J\JSJS T
taws
RWg {
tes
ENg i
ton
tos
Dun - D, BITS BITS BITS BITS BITS BITS
08~ ~88 0-8 9-17 18-26 27-35 0-8 9-17
[ l
WORD #n WORD #n+1
NOTES:
1. Agg is held HIGH for FIFO access.
2. OEg is held HIGH.
3. WS, and WS, both are held LOW for single-byte access.
5420-10

Figure 29. Port B Single-Byte FIFO #2 Write Access for
9-t0-36 Defunneling
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256 x 36 x 2 Bidirectional FIFO LH5420

TIMING DIAGRAMS (cont’d)

Outside the 'almost-full’ region, Within the ‘almost-full’ region, acknowledge
acknowledge is continuous occurs on every third cycle to prevent overrun
for a continuous request. of the full condition.
* E * ¥ o
% (cKa AU VAN AWE A WAWS AU AW AW
taws
RW, (R/Wg)
taas| tran
REQ, (REQg) l’- -
tack tack tack tack
BRAAT s ey
ACK, (ACKg) . ]F [ C
tar
AF; (AR lr
NOTES:
1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times.
2. ACK can be tied directly to EN to directly gate FIFO accesses.
* |ndicates where a write would take place, if ACK were tied to EN.
3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated.
4. When the REQ/ACK handshake is not used, ACK can be ignored,
and REQ may be tied HIGH or used as a second enable. 54208

Figure 30. Write Request/Acknowledge Handshake
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LH5420 256 x 36 x 2 BidIrectional FIFO

TIMING DIAGRAMS (cont’d)

Outside the ‘almost-empty’ region, Within the ‘almost-empty" region, acknowledge
acknowledge is continuous occurs on every third cycle to prevent underrun
for a continuous request. of the empty condition.
* * * * %*
o (ke AN AUWAUAE AUVAUE AUE AUE AW
trws|
W AW T
tras *RaH
REQ, (REQg) _{- -
tack tack tack tack
f '
ACK, (ACKg) r t
tar
AE; (AE) !
NOTES:
1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times.
2. ACK can be tied directly to EN to directly gate FIFO accesses.
* |ndicates where a read would take place, if ACK were tied to EN.
3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated.
4. When the REQ/ACK handshake is not used, ACK can be ignored,
and REQ may be tied HIGH or used as a second enable. 54209

Figure 31. Read Request/Acknowledge Handshake
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256 x 36 x 2 Bidirectional FIFO LH5420

ORDERING INFORMATION

LH5420 X - ##
Device Type Package Speed

25
30 Cycle Times (ns)
35

[P 132-Lead, Plastic Quad Flat Package * (PQFP132-P-S950)
LY 120-Lead, Pin-Grid-Array Package (PGA120-C-S1360)

256 x 36 x 2 Bidirectional FIFO

* Contact a Sharp representative for availability of PQFP package.
Example: LH5420P-25 (256 x 36 x 2 Bidirectional FIFO, 25 ns, 132-Lead, Plastic Quad Flat Package)

5420MD

SHARP Rev. A, Oct91 7-187



PRODUCT PREVIEW

L H 4 2 1 2 / CMOS 512/1024/2048 x 9
Asynchronous FIFO
FEATURES FUNCTIONAL DESCRIPTION

o Fast Access Times: 12/15/20/25/35 ns

o Fast Fall-Through Time Internal
Architecture Based on CMOS Dual-Port
SRAM technology

e Independently-Synchronized Operation of
Input Port and Output Port

e Expandable in Width and Depth

e Full, Half-Full, and Empty Status Flags
e Retransmission Capability

s TTL-Compatible I/O

e 28-Pin PDIP and
32-Pin PLCC Packages

¢ Pin and Functionally Compatible with
Sharp LH5496/97/98 and with

The LH540201/02/03 are FIFO (First-In, First-Out)
memory devices, based on fully-static CMOS dual-port
SRAM technology, capable of containing up to 512, 1024,
and 2048 9-bit words respectively. They follow the indus-
try-standard architecture and package pinouts for 9-bit
asynchronous FIFOs. Each 9-bit FIFO word may consist
of a standard 8-bit byte, together with a parity bit or a
block-marking/framing bit.

The input and output ports operate altogether indepen-
dently of each other, unless the FIFO becomes either
absolutely full or else absolutely empty. Data flow at a port
is initiated by asserting either of two asynchronous, as-
sertive-LOW control inputs: Write (W) for data entry atthe
input port, or Read (R) for data retrieval at the output port.

Full, Half-Full, and Empty status flags monitor the
extent to which the internal memory has been filled. The
system may make use of these status outputs to avoid
the risk of data loss, which otherwise might occur either
by attempting to overfill an already-full FIFO, or by at-
tempting to read additional words from an already-empty

Am/IDT/MS7201/02/03 FIFO. However, the Half-Full Flag is not available when
e Control Signals Assertive-LOW for Noise a FIFO is operating in a depth-expanded configuration.
Immunity Data words emerge from the FIFO’s output port in
precisely the same order that they entered at its input port;
that is, according to a First-In, First Out (FIFO) queue
discipline. Since the addressing sequence for a FIFO
device's memory is internally predefined, no external
PIN CONNECTIONS
28-PIN PDIP TOP VIEW 32-PIN PLCC o TOP VIEW
W 1e 28[1 Ve SSsE 2L
ooonnpnoo
';”E: Zgg‘ /4 3 2 1 32 31 30
3 5 L ]
D, ] 4 25[71 Dg D, s 2007 Ds
0,05 2470, D, Os 28[1 D,
D)6 231 FUAT Do Of 7 ZHINC
s 7 »H s Xis 26| FURT
FFls 21[1EF FFOo 2501 Rs
Q, s 201 XO/RF Q Lo 24l JEF
a, Oho 18, Q, [Cin 23] XO/HF
a, O 183 q, ”(‘)C E:: 22_;'1"7
21[Jq
Qs L2 17110 ’ 14 15 16 17 18 19 20 ¢
08E13 16]04 pgouuuuiy
Ves C4 151 R 6'6’;32"156"
540201-2D 540201-3D

Figure 1. 28-Pin PDIP (Top View)

Figure 2. 32-Pin PLCC (Top View)
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CMOS 512/1024/2048 x 9
Asynchronous FIFO

PRODUCT PREVIEW

LH540201/02/03

FUNCTIONAL DESCRIPTION (cont’d)

addressing information is required for the operation of the
device. Also, drop-in-replacement compatibility is main-
tained with both larger sizes and smaller sizes of standard
9-bit asynchronous FIFOs; the only change is in the
number of words implied by states of the Full and Half-Full
status flags.

The Retransmit (RT) control signal causes the internal
FIFO read-address pointer to be set back to zero, without
affecting the intemal FIFO write-address pointer. Thus,
the Retransmit control signal also provides a mechanism
whereby a block of data delimited by the zero physical
address and the current write-address-pointer value ad-
dress may be read out repeatedly, an arbitrary number of
times. The only restrictions are that neither the read-
address pointer nor the write-address pointer may ‘wrap
aroundduring this entire process, and that the retransmit

facility is not available when a FIFO is operating in a
depth-expanded configuration.

Acascading (depth-expansion) scheme may be imple-
mented by use of the Expansion In (XI) input signal and
the Expansion QOut (XO/HF) output signal. This scheme
allows a deeper ‘effective FIFO’ to be implemented by
using two or more individual FIFO devices, without incur-
ring additional latency (fallthrough’ or ‘bubblethrough’)
delays, and without the necessity of storing and retrieving
any given data word more than once. In this cascaded
operating mode, one FIFO device must be designated as
the first-load’ or ‘master’ device, by grounding its First-
Load (FL/RT) control input; the remaining FIFO devices
are designated as ‘slaves,’ by tying their FL/RT inputs
HIGH. Because of the need to share control signals on
pins, the Half-Full flag and the retransmission capability
are not available for either ‘master’ or ‘slave’ FIFO devices
operating in cascaded mode.

DATA OUTPUTS
(Do - Dg)
W WRITE READ | =
CONTROL ' DUAL-PORT i CONTROL
RAM
WRITE
POINTER [ 2?;‘:; ] PgllgrqAT%n
1024 x 9
2048x 9
DATA OUTPUTS
(Qo- Qq)
FLAG —=EF
LoGic [—=FF
. - Exgﬁﬁgon XOMF
PRI —2] Loak
sa0201-4
Figure 3. LH540201/02/03 Block Diagram
PIN DESCRIPTIONS
PIN DESCRIPTION PIN DESCRIPTION
Do—Ds Data Inputs XO/HF Expansion Out/Half-Full Flag
Qo-Qs8 Data Qutputs Xi Expansion In
W Write Request Input FURT First Load/Retransmit
R Read Request Input RS Reset
EF Empty Flag Vce Positive Power Supply
FF Full Flag Vss Ground

7-189



LH540204

PRODUCT PREVIEW
CMOS 4096 x 9 Asynchronous FIFO

FEATURES

e Fast Access Times: 15/20/25/35 ns

e Fast Fall-Through Time Internal
Architecture Based on CMOS Dual-Port
SRAM technology

¢ Independently-Synchronized Operation of
Input Port and Output Port

o Expandable in Width and Depth

e Full, Half-Full, and Empty Status Flags
e Retransmission Capability

e TTL-Compatible I/O

e 28-Pin PDIP and
32-Pin PLCC Packages

e Pin and Functionally Compatible with
Sharp LH5499 and with Am/IDT/MS7204

» Control Signals Assertive-LOW for Noise

FUNCTIONAL DESCRIPTION

The LH540204 is a FIFO (First-In, First-Out) memory
device, based on fully-static CMOS dual-port SRAM tech-
nology, capable of containing up to 4096 9-bit words. It
follows the industry-standard architecture and package
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO
word may consist of a standard 8-bit byte, together with
a parity bit or a block-marking/framing bit.

The input and output ports operate altogether indepen-
dently of each other, unless the FIFO becomes either
absolutely full or else absolutely empty. Data flow at a port
is initiated by asserting either of two asynchronous, as-
sertive-LOW control inputs: Write (W) for data entry at the
input port, or Read (R) for data retrieval at the output port.

Full, Half-Full, and Empty status flags monitor the
extent to which the internal memory has been filled. The
system may make use of these status outputs to avoid
the risk of data loss, which otherwise might occur either
by attempting to overfill an already-full FIFO, or by at-
tempting to read additional words from an already-empty
FIFO. However, the Half-Full Flag is not available when
a FIFO is operating in a depth-expanded configuration.

Immunity Data words emerge from the FIFO’s output port in
precisely the same orderthat they entered at its input port;
that is, according to a First-In, First Out (FIFO) queue
discipline. Since the addressing sequence for a FIFO
device’s memory is internally predefined, no external
addressing information is required for the operation of the

PIN CONNECTIONS
28PINPDIP TOP VIEW 32-PIN PLCC o 8 TOP VIEW
W 1e 2807 V¢ g8 za4
anoonnpo
D[ 2 2711, /"4 3 2 1 3231 30
D, 3 261 D5 .
D, ] 4 25[71 D, b, L5 2911 Ds
o, 5 2P0, D, (s 28{1 D,
D, s 23[7] FURT ?BE7 273N_c_
Xz 22[0 RS X Os 261 FLRT
FFs 21[1EF FFQQo 0 RS
o s 2011 XoRF Q, [fo 2435_
a, T}o 1P q, Q, O 23] XO/HF
o wha i =
2
Q; 42 17H1Gs 14 15 16 17 18 19 20 ¢
Qs OJ1s 16[1q, TOoOOoUooog
vss Clia 15sOR S 88g*gs g
540204-2D 540204-3D

Figure 1. 28-Pin PDIP (Top View)

Figure 2. 32-Pin PLCC (Top View)
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CMOS 4096 x 9 Asynchronous FIFO

PRODUCT PREVIEW

LH540204

FUNCTIONAL DESCRIPTION (cont’d)

device. Also, drop-in-replacement compatibility is main-
tained with both larger sizes and smaller sizes of standard
9-bit asynchronous FIFOs; the only change is in the
number of words implied by states of the Full and Half-Full
status flags.

The Retransmit (RT) control signal causes the internal
FIFO read-address pointer to be set back to zero, without
affecting the intemal FIFO write-address pointer. Thus,
the Retransmit control signal also provides a mechanism
whereby a block of data delimited by the zero physical
address and the current write-address-pointer value ad-
dress may be read out repeatedly, an arbitrary number of
times. The only restrictions are that neither the read-
address pointer nor the write-address pointer may ‘wrap
around’ during this entire process, and that the retransmit
facility is not available when a FIFO is operating in a
depth-expanded configuration.

Acascading (depth-expansion) scheme may be imple-
mented by use of the Expansion in (X1) input signal and
the Expansion Out (XO/HF) output signal. This scheme
allows a deeper ‘effective FIFO' to be implemented by
using two or more individual FIFO devices, without incur-
ring additional latency (fallthrough’ or ‘bubblethrough’)
delays, and without the necessity of storing and retrieving
any given data word more than once. In this cascaded
operating mode, one FIFO device must be designated as
the first-load’ or ‘master’ device, by grounding its First-
Load (FL/RT) control input; the remaining FIFO devices
are designated as ‘slaves,’ by tying their FL/RT inputs
HIGH. Because of the need to share control signals on
pins, the Half-Full flag and the retransmission capability
are not available for either ‘master’ or ‘slave’ FIFO devices
operating in cascaded mode.

RESET DATA OUTPUTS
RS—= | Gaic (Do - Dg)
i INPUT PORT OUTPUT PORT| R
CONTROL [~ 1§ DUALFORT K] CONTROL
PORTER [~ ARRAY | PONTER
4096 x 9
DATA OUTPUTS
(Qo- Qg)
FLAG | —=—EF
LOGIC [—FF
R EXPANSION R
FURT—={ L0OGIC |—"XOMHF
Yi —
5402041
Figure 3. LH540204 Block Diagram
PIN DESCRIPTIONS
PIN DESCRIPTION PIN DESCRIPTION

Do—Ds Data Inputs XO/MF Expansion Out/Half-Full Flag
Qo-Qs Data Outputs X Expansion In
W Write Request Input FLRT First Load/Retransmit
R Read Request Input RS Reset
EF Empty Flag Vce Positive Power Supply
FF Full Flag Vss Ground

SHARP
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LH540205

PRODUCT PREVIEW

CMOS 8192 x 9 Asynchronous FIFO

FEATURES

e Fast Access Times: 15/20/25/35 ns

e Fast Fall-Through Time Internal
Architecture Based on CMOS Dual-Port
SRAM technology

¢ Independently-Synchronized Operation of
Input Port and Output Port

e Expandable in Width and Depth

¢ Full, Half-Full, and Empty Status Flags
e Retransmission Capability

e TTL-Compatible /O

e 28-Pin PDIP and
32-Pin PLCC Packages

e Pin and Functionally Compatible with
Anm/IDT7205

e Control Signals Assertive-LOW for Noise

FUNCTIONAL DESCRIPTION

The LH540205 is a FIFO (First-In, First-Out) memory
device, based on fully-static CMOS dual-port SRAM tech-
nology, capable of containing up to 8192 9-bit words. It
follows the industry-standard architecture and package
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO
word may consist of a standard 8-bit byte, together with
a parity bit or a block-marking/framing bit.

The input and output ports operate altogether indepen-
dently of each other, unless the FIFO becomes either
absolutely full or else absolutely empty. Data flow at a port
is initiated by asserting either of two asynchronous, as-
sertive-LOW control inputs: Write (W) for data entry atthe
input port, or Read (R) for data retrieval at the output port.

Full, Half-Full, and Empty status flags monitor the
extent to which the internal memory has been filled. The
system may make use of these status outputs to avoid
the risk of data loss, which otherwise might occur either
by attempting to overfill an already-full FIFO, or by at-
tempting to read additional words from an already-empty
FIFO. However, the Half-Full Flag is not available when
a FIFO is operating in a depth-expanded configuration.

Immunity Data words emerge from the FIFO’s output port in
precisely the same order that they entered at its input port;
that is, according to a First-In, First Out (FIFO) queue
discipline. Since the addressing sequence for a FIFO
device’s memory is interally predefined, no external
addressing information is required for the operation of the

PIN CONNECTIONS
28-PIN PDIP TOP VIEW 32-PIN PLCC o TOP VIEW
W 1e 287 Voo SSsE 2Ly
D[] 2 271, o000 nMnn
0,0 s 2P0, /4 3 2 1.32 31 30
D, ] 4 251 D, D, s 29[ Dg
D, s 24[70, D, OJs 28[1 D,
D, 6 23[7 FURT E,E7 27]1(:_
FFls 21[1EF FF o 2 Rs
Q o 20 [ XO/HF Q, o 24:15_
q, Clho 1o q, Q, On 23] XO/HF
a, O 187 q, Zc E:: 223"?
21dq
Q, 12 170 ’ 14 15 16 17 18 19 20 g
Q 13 16]9. OgoOooooou
Vss [J14 151 R d’d";ﬁ%'“’d‘c"'
540205-2D 540205-3D

Figure 1. 28-Pin PDIP (Top View)

Figure 2. 32-Pin PLCC (Top View)
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CMOS 8192 x 9 Asynchronous FIFO

PRODUCT PREVIEW

LH540205

FUNCTIONAL DESCRIPTION (cont’d)

device. Also, drop-in-replacement compatibility is main-
tained with both larger sizes and smaller sizes of standard
9-bit asynchronous FIFOs; the only change is in the
number of words implied by states of the Full and Half-Full
status flags.

The Retransmit (RT) control signal causes the internal
FIFO read-address pointer to be set back to zero, without
affecting the internal FIFO write-address pointer. Thus,
the Retransmit control signal also provides a mechanism
whereby a block of data delimited by the zero physical
address and the current write-address-pointer value ad-
dress may be read out repeatedly, an arbitrary number of
times. The only restrictions are that neither the read-
address pointer nor the write-address pointer may ‘wrap
around’ during this entire process, and that the retransmit
facility is not available when a FIFO is operating in a
depth-expanded configuration.

Acascading (depth-expansion) scheme may be imple-
mented by use of the Expansion In (XI) input signal and
the Expansion Out (XO/HF) output signal. This scheme
allows a deeper ‘effective FIFO' to be implemented by
using two or more individual FIFO devices, without incur-
ring additional latency (‘falithrough’ or ‘bubblethrough’)
delays, and without the necessity of storing and retrieving
any given data word more than once. In this cascaded
operating mode, one FIFO device must be designated as
the first-load’ or ‘master’ device, by grounding its First-
Load (FL/RT) control input; the remaining FIFO devices
are designated as ‘slaves,” by tying their FL/RT inputs
HIGH. Because of the need to share control signals on
pins, the Half-Full flag and the retransmission capability
are not available for either ‘master’ or ‘slave’ FIFO devices
operating in cascaded mode.

DATA OUTPUTS
(Do - Dg)
W WRITE READ . R
CONTROL ‘ DUAL-PORT r CONTROL
RAM
POINTER ARRAY [ poiuTen
8192x 9
DATA OUTPUTS
(Qo- Q)
.
LOGIC |—=FF
—BS—= Exﬁiﬁgon XOHF
F"'F;(—TI 1 Locic
540205-1)
Figure 3. LH540205 Block Diagram
PIN DESCRIPTIONS
PIN DESCRIPTION PIN DESCRIPTION

Do —Ds Data Inputs XO/HF Expansion Out/Half-Full Flag
Qo-Qs Data Outputs Xi Expansion In
W Wirite Request Input FL/RT First Load/Retransmit
R Read Request Input RS Reset
EF Empty Flag Vco Positive Power Supply
FF Full Flag Vss Ground
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LH540206

PRODUCT PREVIEW

CMOS 16384 x 9 Asynchronous FIFO

FEATURES

e Fast Access Times: 15/20/25/35 ns

e Fast Fall-Through Time Internal
Architecture Based on CMOS Dual-Port
SRAM technology

¢ Independently-Synchronized Operation of
Input Port and Output Port

o Expandable in Width and Depth

e Full, Half-Full, and Empty Status Flags
e Retransmission Capability

e TTL-Compatible I/O

e 28-Pin PDIP and
32-Pin PLCC Packages

¢ Pin and Functionally Compatible
with IDT7206

o Control Signals Assertive-LOW for Noise

FUNCTIONAL DESCRIPTION

The LH540206 is a FIFO (First-In, First-Out) memory
device, based on fully-static CMOS dual-port SRAM tech-
nology, capable of containing up to 16384 9-bit words. It
follows the industry-standard architecture and package
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO
word may consist of a standard 8-bit byte, together with
a parity bit or a block-marking/framing bit.

The input and output ports operate altogether indepen-
dently of each other, unless the FIFO becomes either
absolutely full or else absolutely empty. Data flow at a port
is initiated by asserting either of two asynchronous, as-
sertive-LOW control inputs: Write (W) for data entry atthe
input port, or Read (R) for data retrieval at the output port.

Full, Half-Full, and Empty status flags monitor the
extent to which the internal memory has been filled. The
system may make use of these status outputs to avoid
the risk of data loss, which otherwise might occur either
by attempting to overfill an already-full FIFO, or by at-
tempting to read additional words from an already-empty
FIFO. However, the Half-Full Flag is not available when
a FIFO is operating in a depth-expanded configuration.

Immunity Data words emerge from the FIFO’s output port in
precisely the same order that they entered at its input port;
that is, according to a First-In, First Out (FIFO) queue
discipline. Since the addressing sequence for a FIFO
device’s memory is internally predefined, no exteral
addressing information is required for the operation of the

PIN CONNECTIONS
28-PIN PDIP TOP VIEW 32-PIN PLCC o 9 TOP VIEW
W 1e 2811 Vg sSsE zS54
Onnao[nnn

Dy [ 2 271D, / 4 3 2 1 32 31 30

D, 3 26[1D; .

D, ] 4 251D b 05 2911 Ds
p,O5 240, o, e 28[1D,

D, []6 231 FURT E’E7 27:|N_C_
X7 22[1Rs X s 261 FLRT
FFOs 211 EF i sH Rs
oo 201 XORF i 24[1EF

a, Tho 1P q, Q, O 237 XOHF

! NC 12 221qQ,
Q, O 18[1Q, o, Oha 2ha

2
Q, 012 171G, 14 15 16 17 18 19 20 °
Qg 13 16[1Q, OgooOooOooOod
Vss []14 15OR g st gsg g
540206-2D 540204-3D

Figure 1. 28-Pin PDIP (Top View)

Figure 2. 32-Pin PLCC (Top View)
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CMOS 16384 x9 Asynchronous FIFO

PRODUCT PREVIEW

LH540206

FUNCTIONAL DESCRIPTION (cont’d)

device. Also, drop-in-replacement compatibility is main-
tained with both larger sizes and smaller sizes of standard
9-bit asynchronous FIFOs; the only change is in the
number of words implied by states of the Full and Half-Full
status flags.

The Retransmit (RT) control signal causes the internal
FIFO read-address pointer to be set back to zero, without
affecting the intemal FIFO write-address pointer. Thus,
the Retransmit control signal also provides a mechanism
whereby a block of data delimited by the zero physical
address and the current write-address-pointer value ad-
dress may be read out repeatedly, an arbitrary number of
times. The only restrictions are that neither the read-
address pointer nor the write-address pointer may ‘wrap
around’ during this entire process, and that the retransmit
facility is not available when a FIFO is operating in a
depth-expanded configuration.

Acascading (depth-expansion) scheme may be imple-
mented by use of the Expansion In (XI) input signal and
the Expansion Out (XO/HF) output signal. This scheme
allows a deeper ‘effective FIFO’ to be implemented by
using two or more individual FIFO devices, without incur-
ring additional latency (‘fallthrough’ or ‘bubblethrough’)
delays, and without the necessity of storing and retrieving
any given data word more than once. In this cascaded
operating mode, one FIFO device must be designated as
the first-load’ or ‘master’ device, by grounding its First-
Load (FL/RT) control input; the remaining FIFO devices
are designated as ‘slaves,” by tying their FL/RT inputs
HIGH. Because of the need to share control signals on
pins, the Half-Full flag and the retransmission capability
are not available for either ‘master’ or ‘slave’ FIFO devices
operating in cascaded mode.

DATA OUTPUTS
(Do~ Dg)
W. WRITE READ . R
CONTROL ‘ DU Aé- A':AORT { CONTROL
PONTER [ ARRAY == o300
16384 x 9
DATA OUTPUTS
(Qo- Q
FLAG |[——EF
LOGIC [—=FF
B N GION | KO
F"";TTI"_": LoGIC
540206-1
Figure 3. LH540206 Block Diagram
PIN DESCRIPTIONS
PIN DESCRIPTION PIN DESCRIPTION

Do-Ds Data Inputs XO/HF Expansion Out/Half-Full Flag
Qo-Qs Data Outputs Xi Expansion In
w Write Request Input FURT First Load/Retransmit
R Read Request Input RS Reset
EF Empty Flag Vce Positive Power Supply
FF Full Flag Vss Ground
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LH540215/25

ADVANCE INFORMATION

512 x 18 / 1024 x 18 Synchronous FIFO

FEATURES

e Fast Cycle Times: 15/20/25/35 ns

® Pin-Compatible Drop-In Replacements for
IDT72215A/25A FIFOs; Default Operating Mode is
Functionally IDT-Compatible

e Device Comes Up into Known Default State at
Reset; Programming is Allowed, but is not Required

e Fast Fall-Through Time Internal Memory Array
Architecture Based on CMOS Dual-Port SRAM
Technology, 512 x 18 or 1024 x 18

e ‘Synchronous’ Enable-Plus-Clock Control at
Both Input Port and Output Port

o Independently-Synchronized Operation of Input Port
and Output Port

e Control Inputs Sampled on Rising Clock Edge

e All Control Signals Assertive-LOW for
Noise Immunity

e May be Cascaded for Increased Depth or
Paralleled for Increased Width

e 16-mA-loL Three-State Outputs

o Five Status Flags: Full, Aimost-Full, Half-Full,
Almost-Empty, and Empty; ‘Almost’ Flags are
Programmable

e Almost-Full, Half-Full, and Almost-Empty Flags may
be Made Completely Synchronous, in Optional
Enhanced Operating Mode

e Duplicate Enables for Interlocked Paralleled FIFO
Operation, for 36-Bit Data Width, when Appropriately
Connected, in Optional Enhanced Operating Mode

e Disabling Three-State Outputs Suppresses
Reading, in Optional Enhanced Operating Mode

e Data Retransmit Function
e TTL/CMOS-Compatible I/O
e Space-Saving 68-Pin PLCC Package

FUNCTIONAL DESCRIPTION

The LH540215/25 are FIFO (First-In, First-Out) mem-
ory devices, based on fully-static CMOS dual-port SRAM
technology, capable of containing up to 512 or 1024 18-bit
words respectively. They can replace two or more byte-
wide FIFOs in many applications, for microprocessor-to-
microprocessor or microprocessor-to-bus communi-
cation. Their architecture supports synchronous opera-
tion, tied to two independent free-running clocks at the
input and output ports respectively. However, these
‘clocks’ also may be aperiodic, asynchronous ‘demand’
signals. Almost all control input signals and status output
signals are synchronized to these clocks, to simplify
system design.

The input and output ports operate altogether indepen-
dently of each other, unless the FIFO becomes either
absolutely full or else absolutely empty. Data flow is
initiated at a port by the rising edge of its corresponding
clock, and is gated by the appropriate edge-sampled
enable signals.

The following FIFO status flags monitor the extent to
which the internal memory has been filled: Full, Aimost-
Full, Half-Full, Almost-Empty, and Empty. The Almost-Full
and Almost-Empty flag offsets are programmable overthe
entire FIFO depth; but, during a reset operation, each of
these is initialized to a default offset of about 1/8 of the
depth of one single FIFO, from the respective FIFO
boundary. If this default offset is satisfactory, no further
programming is required.

After a reset operation, these FIFOs operate in the
Default Operating Mode. In this mode, each part is pin-
compatible and functionally-compatible with the
IDT72215A/25A part of similar depth and speed grade.
However, the system may program the Command Reg-
ister to activate any or all of the features available in the
optional Enhanced Operating Mode, including selectable-
clock-edge flag synchronization, and read inhibition when
the data outputs are disabled. Interlocked-operation par-
alleling is also available, by appropriate interconnection
of the FIFO's expansion inputs. Also, assertion of the
EMODE control input leaves Command Register bits
06-11 set, which causes the FIFO to operate in the
Enhanced Operating Mode.

The Retransmit control signal causes the internal FIFO
read-address pointer to be set back to zero, without
affecting the internal FIFO write-address pointer. Thus,
the Retransmit control signal also provides a mechanism
whereby a block of data delimited by the zero physical
address and the current write-address pointer address
may be read out repeatedly, an arbitrary number of times.
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512 x 18/ 1024 x 18 Synchronous FIFO ADVANCE INFORMATION

LH540215/25

FUNCTIONAL DESCRIPTION (cont’d)

The only restrictions are that neither the read-address
pointer nor the write-address pointer may ‘wrap around’
during this entire process, and that the retransmit facility
is not available when a FIFO is operating in IDT-compat-
ible depth-cascaded mode.

Programming the programmable-flag offsets, the num-
ber of FIFOs to be cascaded in depth, the timing syn-
chronization of the various status flags, and the optional
read-suppression functionality of OE may be individually
controlled by asserting the signal LD, without any reset
operation. When LD is asserted, while writing is enabled
by asserting WEN, some or all of the input bus word
Do — D17 is used at the next rising edge of WCLK to
programone or more of the resource registers on succes-
sive write clocks. Likewise, the values programmed into

these resource registers may be read out for verification
by asserting REN, with the outputs Qo — Q17 enabled.
Reading out these resource registers should not be initi-
ated while they are being written into.

Coordinated operation of two 18-bit FIFOs as one
36-bit FIFO may be ensured by ‘interlocked’ crosscoupl-
ing of status-flag outputs from each port to expansion
inputs of the other one; that is, EF to WXI/WEN2, and FF
to RXI/REN2, in both directions between two paralleled
FIFOs. This ‘interlocked’ operation takes effect automat-
ically, if two paralleled FIFOs are crossconnected in this
manner. (See Table 2.) IDT-compatible depth cascading
is no longer available when operating in this mode; how-
ever, pipelined depth cascading remains possible.

< TOP VIEW
st Enme 885884
AR E RN EEEEY:
Dy [2i10 - 603°] Vee
Dys [ 11 59:21Q,,
Dyp[112 58121Qy
Dy [13 57171 Vss
Dyo [11 14 56:-]Q,»
Dg[115 s5:.1Qy,
Ve [2416 5412 Voo
Dg[117 53121Q,
Vss[i18 52i21Qq
D,[i19 51171 Vss
Dg [ 2120 50171 Q,
Ds[Zi21 49:7]1Q,
D[22 48:-]EMODE
D;[23 47:71Qq
D,[i24 4671Qg
D,[i25 4571 Vss
Do [126 44:71Q,
27220032324 BRTBN0Y L
~ ~ s v @ o o
RESEESEgrERSOFTIS
B I
540215-2
Figure 1. Pin Connections for PLCC Package
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LH540215/25

ADVANCE INFORMATION 512 x 18/ 1024 x 18 Synchronous FIFO

PIN DESCRIPTIONS

PIN

NAME

PIN
TYPE*

DESCRIPTION

Do - D17

Data Inputs

Data inputs from an 18-bit bus.

Reset

When RS is taken LOW, the FIFO’s internal read and write  pointers are
set to address the first physical location of the RAM array; FF and PAF go
HIGH; and PAE and EF go LOW. The offset registers and the Command
Register are set to their default values. A reset is required before an initial
write after power-up.

Enhanced
Operating
Mode

When EMODE is held LOW, Command Register bits 06-10 are forced
HIGH rather than LOW, thus enabling all Enhanced Operating Mode fea-
tures. (See Table 5.) If this behavior is always desired, EMODE may be
grounded. Alternatively, EMODE may be tied to Vcc, so that the FIFO is
functionally IDT-compatible.

WCLK

Wirite Clock

Data is written into the FIFO on a LOW-to-HIGH transition of WCLK,
whenever WEN (Write Enable) is being asserted (LOW), and LD is HIGH.
If LD is LOW, a resource register rather than the intemal FIFO memory is
written into.

=
m
P

Write Enable

When WEN is LOW and LD is HIGH, an 18-bit data word is written into
the FIFO on every LOW-to-HIGH transition of WCLK. When WEN is
HIGH, the FIFO internal memory continues to hold the previous data.
(See Table 3.)-Data will not be written into the FIFQ if FF is LOW. In the
optional Enhanced Operating Mode, WEN2 may be combined with WEN
to produce an effective internal write-enable signal.

RCLK

Read Clock

Data is read from the FIFO on a LOW-to-HIGH transition of RCLK when-_
ever REN (Read Enable) is being asserted (LOW), and LD is HIGH. If LD
is LOW, a resource register rather than the internal FIFO memory is read
from.

Read Enable

When REN is LOW and LD is HIGH, an 18-bit data word is read from the
FIFO on every LOW-to-HIGH transition of RCLK. When REN is HIGH,
the FIFO’s output register continues to hold the previous data word,
whether or not Qo — Q17 (the data outputs) are enabled. (See Table 3.) In
the optional Enhanced Operating Mode, REN2 may be combined with
REN to produce an effective internal read-enable signal.

Output Enable

When OE is LOW, the FIFO's data outputs drive the bus to which they
are connected. If OE is HIGH, the FIFO's outputs are in high-Z (high-
impedance) state. In the optional Enhanced Operating Mode, OE not only
continues to control the outputs in this same manner, but also may be
configured to function as an additional input to the combined effective
read-enable signal, along with REN and perhaps also with REN2. (See
Table 5.)

Load

When LD is LOW, the data word on Do — D17 (the data inputs) is written
to the offset and command registers on the LOW-to-HIGH transition of
WCLK, whenever WEN is LOW. (See Table 3.) Also, when LD is LOW, a
word is read to Qo — Q17 (the data outputs) from the offset and/or com-
mand registers on the LOW-to-HIGH transition of RCLK, whenever REN
is LOW. (See again Table 3.) When LD is HIGH, normal FIFO write and
read operations are enabled.

* | = Input, O = Output, Z = High-Impedance, V = Power Voltage Level
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512 x 18/ 1024 x 18 Synchronous FIFO ADVANCE INFORMATION

LH540215/25

PIN DESCRIPTIONS (cont’d)

PIN

NAME

PIN
TYPE*

DESCRIPTION

d
%
__‘

First Load/
Retransmit

In the standalone or paralleled configuration, FL may be grounded. How-
ever, in the standalone or paralleled configuration, if FL is taken HIGH, it
functions instead as RT (Retransmit), and resets the FIFO’s internal read
pointer to the first physical location of the RAM array. In the cascaded
configuration, FL has an entirely different function; it is grounded for the
first FIFO device (the ‘master’ device or first-load’ device), and is set to
HIGH for all other FIFO devices in the daisy chain.

WXI/WEN2

Write
Expansion
Input/

Write Enable 2

This signal is dual-purpose; its functionality is determined during a reset
operation, according to its own state, and also according to the states of
the two other control inputs RX/REN2 and FL/RT. (See Tables 2 and 6.)
In the standalone or paralleled configuration, WXI/WENz2 is grounded. In
the cascaded configuration, WXI/WENz is connected to WXO (Write Ex-
pansion Output) of the previous device, and functions as WXI. In the op-
tional Enhanced Operating Mode, WXI/WEN2 functions as a second
write-enable signal, WEN2, which is combined with WEN to produce an
effective internal write-enable signal.

RXI/REN2

Read
Expansion
Input/

Read Enable 2

This signal is dual-purpose; its functionality is determined during a reset
operation, according to its own state, and also according to the states of
the two other control inputs WXI/WEN2 and FL/RT. (See Tables 2 and 6.)
In the standalone or paralleled configuration, RX/RENz is grounded. In
the cascaded configuration, RXI/REN2 is connected to RXO (Read Ex-
pansion Output) of the previous device, and functions as RXI. In the op-
tional Enhanced Operating Mode, RXI/REN2 functions as a second
read-enable signal, REN2, which is combined with REN — and perhaps
also with OE, if Command-Register bit 10 is set — to produce an effective
internal read-enable signal.

Full Flag

When FF is LOW, the FIFO is full; further advancement of its internal
write-address pointer, and further data writes into its inputs, are inhibited.
When FF is HIGH, the FIFO is not full. FF is synchronized to WCLK.

Programmable
Almost-Full Flag

When PAF is LOW, the FIFO is ‘almost full,” based on the almost-full off-
set programmed into the FIFO. The default value of this offset at reset is
about 1/8 of the FIFO capacity, measured from full.’ (See Table 4.) In De-
fault Mode, PAF is asynchronous; in the optional Enhanced Operating
Mode, PAF is synchronized to WCLK. (See Table 5.)

Write
Expansion
Output/
Half-Full Flag

This signal is dual-purpose; its functionality is determined during a reset
operation according to the states of the two control inputs WXI/WEN>

and RXI/REN2. (See Tables 2 and 6.) In the standalone

or paralleled configuration, whenever HF is LOW the device is more than
half full. In Default Mode, HF is asynchronous; in the optional Enhanced
Operating Mode, HF may be synchronized either to WCLK or to RCLK.
(See Table 5.) In the cascaded configuration, a pulse is sent from WXO

to WXI of the next device whenever the last location in the FIFO is written.

Programmable
Almost-Empty
Flag

When PAE is LOW, the FIFO is ‘almost empty,’ based on the almost-
empty offset programmed into the FIFO. The default value of this offset at
reset is about 1/8 of the FIFO capacity, measured from ‘empty.’ (See
Table 4.) In Default Mode, PAE is asynchronous; in the optional
Enhanced Operating Mode, PAE is synchronized to RCLK. (See Table 5.)

* | = Input, O = Output, Z = High-Impedance, V = Power Voltage Level

SHARP

Rev. A., Octo1 7-199




LH540215/25

ADVANCE INFORMATION 512 x 18/ 1024 x 18 Synchronous FIFO

PIN DESCRIPTIONS (cont’d)

PIN
PIN NAME TYPE* DESCRIPTION
When EF is LOW, the FIFO is empty; further advancement of its internal
EF Empty Fla 0 read-address pointer, and further changes in the data word present at its
pty Flag outputs, are inhibited. When EF is HIGH, the FIFO is not empty. EF is
synchronized to RCLK.
AXO gfadn sion o In the IDT-compatible cascaded configuration, a pulse is sent from RXO
Ou‘t); ut to RXI of the next FIFO whenever the last location in the FIFO is read.
Qo - Q17 Data Outputs O/Z | Data outputs to drive an 18-bit bus.
Vce Power \" Seven +5 V power-supply pins.
Vss Ground \' Eight 0 V ground pins.

*| = Input, O = Output, Z = High-Impedance, V = Power Voltage Level

Table 1. Depth-Code Programming

DEPTH CODE TOTAL DEPTH
d WITH WITH
LH540215s LH540225s
0 512 1024
1 512 1024
2 1024 2048
3 1536 3072
d 512d 1024d
31 15872 31744
32 16384 32768

Table 2. Grouping-Mode Determination

During a Reset Operation
EMODE | WX/WEN; | RXVREN; | FLRT MODE vl v Rt BRACOU
H H H H Cascaded Slave ' WX0 | WXi RXI FL
H H H L Cascaded Master ' WXO | WXi RXI FL
H H L X (Reserved) (HF) (WX) | (RX)) (RT)
H L H X (Reserved) (WXO) | WXy | (RX) (FD)
H L L H Retransmit 2 HF (none) | (none) | RT
H L L L Standalone HF (none) | (none) | RT
L X X X Interlocked Paralleled HF WEN2 REN2 RT
NOTES:

1. The terms ‘master’ and ‘slave’ refer to IDT-compatible cascading. In pipelined cascading, there is no such distinction.
2. Momentary only; basically standalone grouping mode.

3. H=HIGH; L = LOW; X = Don't Care.

7-200

Rev. A., Oct91 SHARP



512 x 18/ 1024 x 18 Synchronous FIFO ADVANCE INFORMATION LH540215/25
RS —= ReseT
EMODE LOGIC
FURT —] FIFO
WXIWEN, ——= MEMORY ARRAY
WXO/HF —~—— Exfggf‘f” - 512x 18/1024 x 18
RXI/REN, ——= ‘ 4
RXO ~=—
WRITE READ
POINTER | | POINTER
WCK ——=— e—— RCK
g‘gg}' OUTPUT
WEN PORT —
WEN —=1 coNTROL CONTROL [ REN
. LOGIC LOGIC __
WXI/WEN, —= =—— RXI/REN,
FF DEDICATED AND &=
PAF PROGRAMMABLE PAE
WXO/HF STATUS FLAGS
INPUT ] | output [* ©F
PORT | “Port
Do - D17 =" RESOURCE bt Q- Q17
— REGISTERS
LD
540215-1
Figure 2. LH540215/25 Block Diagram
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LH540215/25 ADVANCE INFORMATION 512 x 18/ 1024 x 18 Synchronous FIFO

ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING

Supply Voltage to Vss Potential -05Vto7V
Signal Pin Voltage to Vss Potential -05VtoVec+05V
DC Output Current ! 175 mA
Temperature Range with Power Applied 2| _55°C to 125°C
Storage Temperature Range —65°C to 150°C
Power Dissipation (Package Limit) 2 W (PLCC)

NOTES:

1. Only one output may be shorted at a time, for a period not exceeding 30 seconds.
2. Measured with clocks idle.

OPERATING RANGE

SYMBOL PARAMETER MIN MAX UNIT

TA Temperature, Ambient 0 70 C

Vce Supply Voltage 45 55 Y

Vss Supply Voltage 0 0 Y

ViL Logic LOW Input Voltage -0.5 0.8 A

VIH Logic HIGH Input Voltage 2.0 Vce +0.5 \'
DC ELECTRICAL CHARACTERISTICS (Over Operating Range)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNIT

I Input Leakage Vec=55V,ViN=0VioVcc -1 1 MA

Lo I/O Leakage OE2VH, 0V <Vout < Vce -2 2 pHA

VoH Output HIGH Voltage lon=-8.0mA 24 \

VoL Output LOW Voltage loL = 16.0 mA 04 v

Icc Average Operating Supply Current Measured at fc = max 250 mA

Icc2 Average Standby Supply Current All inputs = ViHMIN (clock idle) 60 mA

Icca Power-Down Supply Current All inputs = Vcc — 0.2 V (clock idle) 1 mA
AC TEST CONDITIONS

PARAMETER RATING

input Pulse Levels Vssto3V =Y

Input Rise and Fall Times (10% to 90%) 3ns 1.1k OHMS

Output Reference Levels 15V Bﬁ‘ggs

Input Timing Reference Levels 15V TEST 680 OHMS s0pF*

Output Load, R1 (Top Resnsto.r) 1.1k Ohms

Timing Tests Rz (Bottom Resistor) 680 Ohms

CL (Load Capacitance) 30 pF —
* INCLUDES JIG AND SCOPE CAPACITANCES 4100155
CAPACITANCE
PARAMETER RATING Figure 3. Output Load Circuit
CiN (Input Capacitance) ViN=0V 7 pF
Co (Output Capacitance) Vout =0V 7pF
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512 x 18/ 1024 x 18 Synchronous FIFO ADVANCE INFORMATION LH540215/25
AC ELECTRICAL CHARACTERISTICS
SYMBOL PARAMETER —18 -20 -25 50
MIN. | MAX. | MIN. | MAX. | MIN. [ MAX. | MIN. | MAX.
fs Clock Cycle Frequency 67 50 40 20
tA Data Access Time 2 11 2 14 3 15 3 25
tCLK Clock Cycle Time 15 20 25 50
tCLKH Clock HIGH Time 6 8 10 20
tCLKL Clock LOW Time 7 9 10 20
tos Data Setup Time 4 5 6 10
toH Data Hold Time 1 1 1 2
tENS Enable Setup Time 4 5 6 10
tENH Enable Hold Time 1 1 1 2
tRs Reset Pulse Width ! 15 20 25 50
tRss Reset Setup Time 2 9 12 15 30
tRSF Reset to Flag and Output Time 15 20 25 50
toLz Output Enable to Output in Low-Z 2 0 0 0 0
toe Output Enable to Output Valid 7 9 12 20
toHZ Output Enable to Output in High-Z 2 1 7019 | 1|12 1|2
tWFF Write Clock to Full Flag 11 14 16 30
tREF Read Clock to Empty Flag 11 12 15 30
Clock to Programmable Almost-Full Flag
tPAF (Default Mode) 15 20 22 35
Clock to Programmable Almost-Empty Flag
PAE | (Default Mode) 15 20 22 35
tHF Clock to Half-Full Flag (Default Mode) 15 20 22 35
Clock to Programmable Almost-Full Flag
tPAFS (Enhanced Mode) " 12 15 30
Clock to Programmable Almost-Empty Flag
tPAES (Enhanced Mode) 11 12 15 30
tHFs Clock to Half-Full Flag (Enhanced Mode) 11 12 15 30
txo Clock to Expansion-Out 9 12 15 30
txi Expansion-In Pulse Width 6 8 10 20
txis Expansion-In Setup Time 6 8 10 20
Skew Time Between Read Clock and Write
ISKEW1 | Glock for Full Flag " 14 16 20
Skew Time Between Read Clock and Write
ISKEW2 Clock for Empty Flag " 14 16 20
NOTES:
1. Pulse widths less than the stated minimum values may cause incorrect operation.
2. Values are guaranteed by design; not currently tested.
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LH540215/25

ADVANCE INFORMATION 512 x 18 /1024 x 18 Synchronous FIFO

Table 3. Selection of Read and Write Operations

WCLK

RCLK ACTION

- No operation.

- Wirite to a resource register. *

- Increment resource-register write counter, but do not write. 2

Read from a resource register. !

Increment resource-register read counter, but do not read. 2

lllegal combination, which will cause errors.

X |> |>

Normal FIFO read operation.

No write operation.

A
A
A
X Normal FIFO write operation.
A
X
X

No write operation.

- No read operation.

X[ X | X

X No read operation.

- No operation.

x|z |x|z|(x ||| ||| |—|]|Bl
Ir'><><II—><|"><IIIr'><§|
T|m || x (x| {x|x|z||z|z|x|d

X

X No operation.

KEY:

H = Logic ‘HIGH"; L =Logic ‘LOW"; X ='Don't-care’ (logic ‘HIGH,’ logic ‘LOW,’ or any transition);
A =A‘LOW'"to-'HIGH' transition; —= Any condition EXCEPT a ‘LOW'-to-"HIGH' transition.

NOTES:

1. The selection of a resource register to be written or read is controlled by two simple state machines. One state machine controls the selection
for writing; the other state machine controls the selection for reading. These two state machines operate independently of each other. Both
state machines are reset to point to Word O by a reset operation.

2. The order of the three resource registers, as selected by either state machine, is always:

Word 0: Almost-Empty Offset Register

Word 1: Almost-Full Offset Register

Word 2: Command Register
Word 0: Almost-Empty Offset Register

(repé;ts indefinitely)

Table 4. Status Flags

NUMBER OF DATA WORDS PRESENT WITHIN FIFO ™+ 2 = PAF T PAE &
512 x 18 FIFO 1024 x 18 FIFO

0 0 H H H L L

1ton 1ton H H H L H

(n+1)to 256 (n+1)to 512 H H H H H

257 to (512—(m + 1)) 51310 (1024 - (m + 1)) H H L H H

(512 —m) to 511 (1024 —m) to 1023 H L L H H

512 1024 L L L H H

NOTES:

1. n = Programmable-Aimost-Empty Offset. (Default values: 512 x 18, n =63; 1024 x 18, n = 127.)
2. m = Programmable-Almost-Full Offset. (Default values: 512 x 18, m =63; 1024 x 18, m = 127.)
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512 x 18/ 1024 x 18 Synchronous FIFO ADVANCE INFORMATION

LH540215/25

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES

Data Inputs
DATA IN (Do - D17)

Data, programmable-flag-offset values, and Com-
mand-Register codes are input to the FIFO as 18-bit
words on Do — D17. Unused bit positions in offset and
Command-Register words should be zero-filled.

Control Inputs
RESET (RS)

The FIFO is reset whenever the asynchronous Reset
(RS) input is taken to a LOW state. A reset operation is
required after power-up, before the first write operation
may occur. The state of the FIFO is fully defined after a
reset operation. If the default values which are entered
into the Programmable-Flag-Offset-Value Registers and
the Command Register by a reset operation are accept-
able, then no device programming is required. A reset
operation initializes the FIFO’s internal read-address and
write-address pointers to the FIFO's first physical memory
location. The five status flags, FF, PAF, HF, PAE, and EF,
are updated to indicate that the FIFO is completely empty;
thus, the first three of these are reset to HIGH, and the
last two are reset to LOW. The flag-offset values for PAF
and PAE each are initialized to about 1/8 of the depth of
a single FIFO; 63 for a 512-word FIFO, and 127 for a
1024-word FIFO. The Command Register is initialized
to configure the FIFO to operate in the 100%
IDT72215A/25A-compatible Default Operating Mode.
The Depth Code is initialized to LLLLLH (0110).

ENHANCED OPERATING MODE (EMODE)

Whenever EMODE is being asserted, Command Reg-
ister bits 06-11 remain HIGH rather than LOW after the
completion of the reset operation. Thus, EMODE has the
effect of activating optional Enhanced Operating Mode
features, without the need to configure the Command
Register by the normal programming method. The behav-
ior of these optional features is described in Table 5. For
permanent Enhanced Operating Mode operation,
EMODE must be grounded.

WRITE CLOCK (WCLK)

Arising edge (LOW-to-HIGH transition) of WCLK initi-
ates a FIFO write cycle if LD is HIGH, or a resource-reg-
ister write cycle if LD is LOW. The 18 data inputs, and all
input-side synchronous control inputs, must meet setup
and hold times with respect to the rising edge of WCLK.
The input-side status flags are meaningful after specified
time intervals, following a rising edge of WCLK.

Conceptually, WCLK receives a free-running, periodic
‘clock’ waveform, used to control other signals which are
edge-sensitive. However, there actually is not any abso-

lute requirement that the WCLK waveform must be peri-
odic. An ‘asynchronous’ mode of operation is in fact
possible, if WEN is continuously asserted (that is, is
continuously held LOW), and WCLK receives aperiodic
‘clock’ pulses of suitable duration. There likewise is no
requirement that WCLK must have any particular relation
to the read clock RCLK. These two clock inputs may in
fact receive the same ‘clock’ signal; or they may receive
totally-different signals, which are not synchronized to
each other in any way.

WRITE ENABLE (WEN)

Whenever WEN is being asserted (is LOW) and LD is
HIGH, and the FIFO is not full, an 18-bit data word is
loaded into the input register for the memory array at
every WCLK rising edge (LOW-to-HIGH transition). Data
words are stored into the two-port memory array sequen-
tially, regardless of any ongoing read operation. When-
ever WEN is not being asserted (is HIGH), the input
register retains whatever data word it contained pre-
viously, and no new data word gets loaded into the
memory array.

To prevent overrunning the intermal FIFO boundaries,
further write operations are inhibited whenever the Full
Flag (FF) is being asserted (is LOW). If a valid read
operation then occurs, upon the completion of that read
cycle FF again goes HIGH after a time twrr, and another
write operation is allowed to begin whenever WCLK
makes another LOW-to-HIGH transition. Effectively,
WEN is overridden by FF; thus, WEN has no effect when
the FIFO is full.

In the optional Enhanced Operating Mode, if EMODE
is being asserted (is LOW), WXI/WEN2 functions as
WEN?2, an additional duplicate (albeit assertive-HIGH)
write-enable input, in order to provide an ‘interlocking’
mechanism for reliable synchronization of two paralleled
FIFOs. To control writing, WEN2 is combined with WEN;
the logic-AND function of WEN and WEN2 then behaves
like WEN in the foregoing description.

READ CLOCK (RCLK)

Arising edge (LOW-to-HIGH transition) of RCLK initi-
ates a FIFO read cycle if LD is HIGH, or a resource-reg-
ister read cycle if LD is LOW. All output-side synchronous
control inputs must meet setup and hold times with re-
spect to the rising edge of RCLK. The 18 data outputs,
and the output-side status flags, are meaningful after
specified time intervals, following a rising edge of RCLK.

Conceptually, RCLK receives a free-running, periodic
‘clock’ waveform, used to control other signals which are
edge-sensitive. However, there actually is not any abso-
lute requirement that the RCLK waveform must be peri-
odic. An ‘asynchronous’ mode of operation is in fact
possible, if REN is continuously asserted (that is, is
continuously held LOW), and RCLK receives aperiodic
‘clock’ pulses of suitable duration. There likewise is no
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DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont'd)

requirement that RCLK must have any particular relation
to the write clock WCLK. These two clock inputs may in
fact receive the same ‘clock’ signal; or they may receive
totally-different signals, which are not synchronized to
each other in any way.

READ ENABLE (REN)

Whenever REN is being asserted (is LOW), and the
FIFO is not full, an 18-bit data word is loaded into the
output register from the memory array at every RCLK
rising edge (LOW-to-HIGH transition). Data words are
read fromthe two-port memory array sequentially, regard-
less of any ongoing write operation. Whenever REN is
not being asserted (is HIGH), the output register retains
whatever data word it contained previously, and no new
data word gets loaded into it from the memory array.

To prevent underrunning the internal FIFO boundaries,
further read operations are inhibited whenever the Empty
Flag (EF) is being asserted (is LOW). If a valid write
operation then occurs, upon the completion of that write
cycle EF again goes HIGH after a time treF, and another
read operation is allowed to begin whenever RCLK
makes another LOW-to-HIGH transition. Effectively, REN
is overridden by EF; thus, REN has no effect when the
FIFO is empty.

In the optional Enhanced Operating Mode, one or two
additional read enable inputs may be combined with REN
to control reading; the logic-AND function of these two or
three inputs then behaves like REN in the foregoing
description. If EMODE is being asserted (is LOW),
RXI/RENg functions as REN2, an additional duplicate
(albeit assertive-HIGH) REN input, in order to provide an
‘interlocking’ mechanism for reliable synchronization of
two paralleled FIFOs.

Also, if Command Register bit 10 has been set, OE
takes on the extra role of serving as yet another duplicate
REN input, in addition to its usual function of controlling
the FIFO’s data outputs, in order to inhibit further read
operations whenever the FIFO’s data outputs are dis-
abled.

OUTPUT ENABLE (OE)

OE is an assertive-LOW, asynchronous, output
enable. In the Default Operating Mode, OE has only the
effect of enabling or disabling the data outputs Qo — Q17.
That is, disabling Qo — Q17 does not inhibit a read opera-
tion, for data being transmitted to the output register; the
data will remain available later, when the outputs are
again enabled, unless subsequently overwritten. When
Qo — Q17 are enabled, each of these 18 data outputsisin

a normal HIGH or LOW state, according to the bit pattern
of the data word in the output register. When Qo — Q17 are
disabled, each of these outputs is in the high-Z (high-im-
pedance) state.

In the optional Enhanced Operating Mode, if Com-
mand Register bit 10 has been set, OE behaves as an
additional read enable, as well as enabling and disabling
the data outputs Qo — Q17. Under these circumstances,
incrementing the read-address pointer is inhibited when-
ever Qo — Q17 are in the high-Z state. Thus, ‘reading’
successive words which fail to reach the outputs is pre-
vented, as a safeguard against data loss.

LOAD (LD)

The Sharp LH540215/25 FIFOs contain three 18-bit
resource registers. The contents of these three registers
may be loaded with data from the data inputs Do — D17,
or read out on the data outputs Qo — Q17. The first two
registers are the Programmable-Flag-Offset-Value Reg-
isters, for the Programmable Almost-Empty Flag (PAE)
and the Programmable Almost-Full Flag (PAF) respec-
tively. The third register is the Command Register, which
includes the 6-bit IDT72215A/25A ‘Depth Code’ field,
along with several configuration-control bits for Sharp’s
optional Enhanced-Operating-Mode features.

None of these three registers makes use of all of its
available 18 bits. Figure 4 shows which bit positions of
each register are operational. The two Programmable-
Flag-Offset-Value Registers each contain the offset value
in bits 0-15; bits 16-17 are unused. The Command Reg-
ister configuration is shown in Table 5. For the Command
Register, the default value for any operational bit which
has not been programmed is zero (LOW); except, that the
default value of the Depth Code is LLLLLH (0110), in
conformity with IDT’s usage. The default values for both
offsets are about 1/8 of the total number of words in the
FIFO: 63 for a 512 x 18 FIFO, and 127 for a 1024 x 18
FIFO.

Whenever LD and WEN are simultaneously being
asserted (are both LOW) the 18-bit data word from the
data inputs Do — D17 is written into the Programmable-
Empty-Flag-Offset-Value Register at the first rising edge
(LOW-to-HIGH transition) of the write clock (WCLK). (See
Table 3.) If LD and WEN continue to be simultaneously
asserted, another 18-bit data word from the data inputs
Do — D17 is written into the Programmable-Full-Flag-Off-
set-Value Register at the second rising edge of WCLK,
and still another 18-bit data word from the data inputs
Do — D17is written into the Command Register at the third
rising edge of WCLK. At the fourth rising edge of WCLK,
writing again occurs to the Programmable-Empty-Flag-
Offset-Value Register; and the writing sequence gets
repeated on subsequent WCLK rising edges.
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LH540215/25

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

The lower 9 bits of these data words are made use of
by the 512-word LH540215, and the lower 10 bits by the
1024-word LH540225. 10 bits are used for the Command
Register, by both the LH540215 and the LH540225.
There is no restriction on the values which may occur in
these data fields; however, unused bit positions should
be encoded LOW in order to maintain forward compati-
bility.

Writing contents to these three resource registers does
not have to occur all at one time, or to be effected by one
single sequence of steps. Whenever LD is being asserted
(is LOW) but WEN is not being asserted (is HIGH), the
FIFO’s intemal resource-register-write-address pointer
advances without any writing actually taking place. Thus,
forinstance, one ortwo resource registers may be written,
after which the FIFO may be returned to normal FIFO-
array-read/write operation by deasserting LD (to HIGH).

Likewise, whenever LD and REN are simultaneously
being asserted (are both LOW) the 18-bit data word from
the Programmable-Empty-Flag-Offset-Value Register is

read to the data outputs Qo — Q17 at the first rising edge
(LOW-to-HIGH transition) of the read clock (RCLK). (See
Table 3.) If LD and REN continue to be simultaneously
asserted, another 18-bit data word from the Programma-
ble-Full-Flag-Offset-Value Register is read to the data
outputs Qo — Q17 at the second rising edge of RCLK, and
still another 18-bit data word from the Command Register
is read to the data outputs Qo —Q17 at the third rising edge
of RCLK. At the fourth rising edge of RCLK, reading again
occurs from the Programmable-Empty-Flag-Offset-Value
Register; and the reading sequence gets repeated on
subsequent RCLK rising edges.

Reading contents from these three resource registers
does not have to occur all at one time, or to be effected
by one single sequence of steps. Whenever LD is being
asserted (is LOW) but REN is not being asserted (is
HIGH), the FIFO's internal resource-register-read-ad-
dress pointer advances without any reading actually tak-
ing place. Thus, for instance, one or two resource
registers may be read, after which the FIFO may be
returned to normal FIFO-array-read/write operation by
deasserting LD (to HIGH).

WORD 0 PROGRAMMABLE-ALMOST-FULL-OFFSET VALUE '
17 16 15 0
WORD 1 PROGRAMMABLE-ALMOST-EMPTY-OFFSET VALUE 2
17 16 15 0
COMMAND REGISTER 2
WORD 2
Ole|e| ® |6 DEPTH CODE
17 15 12 1 10 9 8 7 6 5 0
@ Reserved. Enables a special test mode, for manufacturers use only; disables normal operating mode.
@ Enables suppressing reading whenever data outputs are disabled.
@ Makes PAF synchronous.
(4) Makes HF synchronous.
(5) Makes PAE synchronous.
NOTES:
1. Default offset values are 63,5 (LH540215) or 12744 (LH540225).
See 'Command-Register Format' table for the default state of the command register.
2. The assertion of EMODE forces Command Register bits 06-11 HIGH. 402154
Figure 4. Resource Registers
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DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

To ensure correct operation, rising edges of WCLK and
RCLK should not both be occuring at the same time while
LD is being asserted.

FIRST LOAD/RETRANSMIT (FL/RT)

FL/RT is a dual-purpose signal. It is one of three input
signals which select the grouping mode in which the FIFO
operates after being reset; the other two of these input
signals are WXI/WEN2 and RXI/REN2, There are four
possible grouping modes: standalone, interlocked paral-
leled, cascaded ‘master’ or first-load,” and cascaded
‘slave.” The designations ‘master’ and ‘slave’ pertain to
IDT-compatible depth cascading. Tables 2 and 6 show the
signal encodings which select each grouping mode.

In standalone or paralleled operation, the FL/RT pin
should be grounded for strict IDT72215A/25A-compatible
operation. However, if it is taken HIGH, the FIFO’s internal
read-address pointer is reset to address the FIFO'S first
physical memory location, without any other reset actions
being taken; in particular, the FIFO’s internal write-
address pointer is unaffected. Subsequent read opera-
tions may then again read out the same block of data,
delimited by the FIFO’s first physical memory location and
the current value of the write pointer, as was read out
previously. There is no limit on the number of times that
ablock of data may be retransmitted. The only restrictions
are that neither the read-address pointer nor the write-ad-
dress pointer may ‘wrap around’ and address the FIFO’s
first physical memory location a second time during the
retransmission process, and that the retransmit facility is
unavailable during IDT-compatible cascaded operation.

In IDT-compatible cascaded operation, FL/RT is
grounded to distinguish the ‘master’ or first-load’ FIFO
from the other ‘slave’ FIFOs in the cascade, which must
all have their FL/RT inputs HIGH during a reset operation.
(See again Tables 2 and 6.) The cascade will not operate
correctly either without any ‘master’ FIFO, or with more
than one ‘master’ FIFO.

WRITE EXPANSION INPUT/WRITE ENABLE 2
(WXI/WEN2)

WXI/WEN2 is a dual-purpose signal. It is one of three
input signals which select the grouping mode in whichthe
FIFO operates after being reset; the other two of these
input signals are FL/RT and RXI. There are four possible
grouping modes: standalone, interlocked paralleled, cas-
caded ‘master’ or first-load,” and cascaded ‘slave.’ The
designations ‘master’ and ‘slave’ pertain to IDT-compati-
ble depth cascading. Tables 2 and 6 show the signal
encodings which select each grouping mode.

In standalone operation, WXI/WEN2 and RXI/REN2
both must be grounded so that the FIFO comes up in the

standalone grouping mode after a reset operation. Iin
interlocked paralleled operation, WXI/WENz2 is tied to FF
of the other paralleled FIFO, and RXI/RENz2 is tied to EF
of that same other FIFO. This interconnection ensures
that both FIFOs will operate together, and remain coordi-
nated, regardless of timing skews.

In cascaded operation, WXI/WEN2 is connected to the
WXO (Write Expansion Output; actually WXO/HF) output
of the previous FIFO in the cascade. RXI/RENz s likewise
connected to the RXO (Read Expansion Output) output
of that previous FIFO. A reset operation forces WXO/HF
and RXO HIGH for each FIFO; consequently, all FIFOs
with their WXI/WEN2 and RXI/REN2 inputs thus con-
nected come up in one of the two cascaded grouping
modes, according to whether their FL/RT inputs are
grounded or tied HIGH. (See again Tables 2 and 6.)

READ EXPANSION INPUT/READ ENABLE 2
(RXVREN2)

RXI/REN2 is a dual-purpose signal. It is one of three
input signals which select the grouping mode in which the
FIFO operates after being reset; the other two of these
input signals are FL/RT and WXI. There are four possible
grouping modes: standalone, interlocked paralleled, cas-
caded ‘master’ or first-load,” and cascaded ‘slave.’ The
designations ‘master’ and ‘slave’ pertain to IDT-compati-
ble depth cascading. Tables 2 and 6 show the signal
encodings which select each grouping mode.

In standalone operation, WX/WEN2 and RXI/REN2
both must be grounded so that the FIFO comes up in the
standalone grouping mode after a reset operation. In
interlocked paralleled operation, WXI/WENz is tied to FF
of the other paralleled FIFO, and RXI/REN is tied to EF
of that same other FIFO. This interconnection ensures
that both FIFOs will operate together, and remain coordi-
nated, regardless of timing skews.

__Incascaded operation, RXI/REN2 is connected to the
RXO (Read Expansion Output) of the previous FIFO in
the cascade. WXI/WEN:z2 is likewise connected to the
WXO (Write Expansion Output; actually WXO/HF) output
of that previous FIFO. A reset operation forces RXO and
WXO/HF HIGH for each FIFO; consequently, all FIFOs
with their RXVREN2 and WXI/WEN?2 inputs thus con-
nected come up in one of the two IDT-compatible cas-
caded grouping modes, according to whether their F/RT
inputs are grounded or tied HIGH. (See again Tables 2
and 6.)

Data Outputs
DATA OUT (Qo - Q17)

Data, programmable-flag-offset values, and Com-
mand-Register codes are output from the FIFO as 18-bit
words on Qo — Q17. Unused bit positions in offset and
Command-Register words are zero-filled.
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512 x 18/ 1024 x 18 Synchronous FIFO ADVANCE INFORMATION LH540215/25
DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)
Table 5. Command-Register Format
COMMAND FLAG
REGISTER CODE VAL:EESAEI;TER AFFECTED, DESCRIPTION NOTES
BITS IF ANY
00-05 | XXXXXX || LLLLLH - Depth code, from 0010 to 32 Same functionality as in
P : 1010 9210. IDT72215A/25A.
06 L LUH2 PAE Set by TRCLK, resetby TWCLK. | Asynchronous flag clocking.
H Set and reset by TRCLK. Synchronous flag clocking.
LL Set by TWCLK, resetby TRCLK. | Asynchronous flag clocking.
07-08 LH LL/HH 2 HE Set and reset by TRCLK. FS)l):tn;zrr:)nous flag clocking at out-
HL Set and reset by TWCLK. Synchronous flag clocking at
HH input port.
09 L LH2 PAE Set by TWCLK, reset by TRCLK. Asynchronous flag clocking.
H Set and reset by TWCLK. Synchronous flag clocking.
- Allows the read-address pointer
L OOE :::J:o effect on a read to advance even when Qo-Qi7
) pe ’ are not driving the output bus.
10 LH - — . } -
OE inhibits a read operation when- :g‘gzz;gi;fad;:g:‘e; Eog ter
H ever the data outputs Qo — Q17 are incing 17
in the high-Z state are not driving the output bus;
9 ) thus, guards against data loss.
1 L L _ Normal operating mode. For all in-system applications.
H Special test mode. Reserved for testing purposes.
NOTES:

1. When Command Register bits 06-11 are LOW, the FIFO behaves in a manner functionally equivalent to the IDT72215A/25A FIFO of similar

depth and speed grade.

2. |f EMODE is not asserted (is HIGH), Command Register bits 06-10 remain LOW. However, if EMODE is asserted (is LOW), Command Register
bits 06-10 are forced HIGH, and remain HIGH until changed. Command Register bits 00-05 and 11 are unaffected by EMODE.

Table 6. Expansion-Pin Usage According to

Grouping Mode
INTERLOCKED

vo PIN STANDALONE PARALLELED MASTER SLAVE

| WXI WEN2 Grounded From FF (other FIFO) From WXO (n-1st FIFO) From WXO (n-1st FIFO)

O | WXOHF Becomes HF | Becomes HF To WXI (n+1st FIFO) To WXI (n+1st FIFO)

1 | RXI/REN2 Grounded From EF (other FIFO) | From RXO (n-1stFIFO) | From RXO (n-1st FIFO)

O | RXO Unused Unused To RXI (n+1st FIFO) To RXI (n+1st FIFO)

I | FURT Becomes RT | Becomes RT Grounded (Logic LOW) Logic HIGH
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ADVANCE INFORMATION 512 x 18/ 1024 x 18 Synchronous FIFO

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

Control/Status Outputs

FULL FLAG (FF)

FF goes LOW whenever the FIFO is completely full;
that is, whenever the FIFO’s internal write pointer has
completely caught up with its internal read pointer, so that
if another word were to be written it would have to
overwrite the unread word now in position for reading out
by the next requested read operation. Under these con-
ditions, the FIFO is filled to its nominal capacity, which is
512 18-bit words for the LH540215 or 1024 18-bit words
forthe LH540225 respectively. Write operations are inhib-
ited whenever FF is LOW, regardless of the assertion or
deassertion of Write Enable (WEN).

If the FIFO has been reset by asserting RS (LOW), FF
initially is HIGH. But, whenever no read operations have
been performed since the completion of the reset opera-
tion, FF goes LOW after 512 write operations for the
LH540215, or after 1024 write operations for the
LH540225. (See Table 4.)

FF gets updated after a LOW-to-HIGH transition of the
Write Clock (WCLK).

PROGRAMMABLE ALMOST-FULL FLAG (PAF)

PAF goes LOW whenever the FIFO is ‘almost’ full;
that is, whenever subtracting the value of the FIFO's
internal read pointer from the value of its internal write
pointer yields a difference which is less than the value of
the Programmable-Almost-Full-Flag Offset ‘m.’ The sub-
traction is performed using modular arithmetic, modulo
the total nominal number of 18-bit words in the FIFO’s
physical memory, which is 512 for the LH540215 or 1024
for the LH540225 respectively.

The default value of ‘m’ after the completion of a reset
operation is about 1/8 of this total nominal number of
words: 63 for the LH540215 or 127 for the LH540225
respectively. However, ‘m’ may be set to any value which
does not exceed this total nominal number of words, as
explained in the description of Load (LD).

If the FIFO has been reset by asserting RS (LOW), and
no read operations have been performed since the
completion of the reset operation, PAF goes LOW after
(512-m) write operations for the LH540215, or after
(1024-m) write operations for the LH540225. (See
Table 4.)

If m is still at its default value, PAF is LOW whenever
the FIFO is from 7/8 full to completely full.

In the IDT-compatible Default Operating Mode, PAF
changes from HIGH to LOW only after a LOW-to-HIGH
transition of the Write Clock WCLK, and from LOW to
HIGH only after a LOW-to-HIGH transition of the Read
Clock RCLK. Thus, in this operating mode, PAF behaves
as an ‘asynchronous flag.’

Inthe optional Enhanced Operating Mode, on the other
hand, PAF gets updated only after a LOW-to-HIGH tran-
sition of the Write Clock WCLK, and thus behaves as a
‘synchronous flag.’ (See Table 5.) This behavior may be
selected by setting Command Register bit 09.

WRITE EXPANSION OUT/HALF-FULL FLAG
(WXO/HF)

WXO/HF is a dual-purpose signal. In ‘standalone’ op-
eration, it behaves as a Half-Full Flag (HF), in accordance
with Table 4. In IDT-compatible ‘cascaded’ operation, it
behaves as a Write Expansion Output (WXO) signal to
coordinate writing operations with the next FIFO in the
cascade. Under these same conditions, also, the dual-
purpose WXI/WEN2 and RXI/REN2 inputs behave as
Write Expansion Input (WXI) and Read Expansion Input
(RXI) signals respectively.

When two or more LH540215 or LH540225 FIFOs are
‘cascaded’ to operate as a larger ‘effective FIFO,’ in a
‘daisy-chain’ ring configuration, the Write Expansion Input
(WXI) of each FIFO is connected to WXO of the previous
FIFO in the ring, with WXI of the first-load’ or ‘master’
FIFO being connected to WXO of the last FIFO so as to
complete the ring. Similar connections are made for each
FIFO in the ring, parallel to these WXO-to-WXI connec-
tions, for Read Expansion Input (RXI) and Read Expan-
sion Output (RXO).

When the last physical location has been written in a
FIFO operating in cascaded mode, a LOW-going pulse is
emitted by that FIFO on its WXO output; otherwise, WXO
remains constantly HIGH whenever the FIFO is operating
in cascaded mode. This LOW-going WXO pulse serves
as a ‘token’ in the ‘token-passing’ FIFO-cascading
scheme; it is passed on to the next FIFO in the ring via its
WXI input. When this next FIFO receives the token, it is
activated for writing.

The foregoing description applies both to the first-load’
or ‘master’ FIFO in the ring, and to any and all ‘slave’
FIFOs in the ring. However, WXO has no necessary
function for FIFOs operating in the ‘standalone’ mode.
Consequently, in that mode, the same output pin is used
for HF; it follows that HF is not available as an output from
any FIFO which is operating in the IDT-compatible cas-
caded mode. A FIFO is initialized into ‘cascaded master’
mode, into ‘cascaded slave’ mode, into interlocked paral-
leled mode, or into standalone mode according to the
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LH540215/25

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

state of its WXI/WEN2, RXI/REN2, and FL/RT control
inputs during a reset operation, and of Command Regis-
ter bit 11. (See Table 2, Table 5, and Table 6.)

In standalone or interlocked paralleled operation, HF
goes LOW whenever the FIFO is more than half full; that
is, whenever subtracting the value of the FIFO’s internal
read pointer from the value of its internal write pointer
yields a difference which is less than half of the total
nominal number of 18-bit words in the FIFO’s physical
memory, which is 256 for the LH540215 or 512 for the
LH540225 respectively. (See Table 4.) The subtraction is
performed using modular arithmetic, modulo this total
nominal number of words, which is 512 for the LH540215
or 1024 for the LH540225 respectively.

Ifthe FIFO has been reset by asserting RS (LOW), and
it is operating in standalone or interlocked paralleled
mode, and no read operations have been performed
since the completion of the reset operation, HF goes LOW
after 257 write operations for the LH540215, or after 513
write operations for the LH540225. (See again Table 4.)

In the IDT-compatible Default Operating Mode, HF
changes from HIGH to LOW only after a LOW-to-HIGH
transition of the Write Clock WCLK, and from LOW to
HIGH only after a LOW-to-HIGH transition of the Read
Clock RCLK. Thus, in this operating mode, HF behaves
as an ‘asynchronous flag.’

Inthe optional Enhanced Operating Mode, onthe other
hand, HF gets updated only after a LOW-to-HIGH transi-
tion of the Read Clock RCLK, or else after a LOW-to-
HIGH transition of the Write Clock WCLK, according to
the setting of bits 07 and 08 of the Command Register.
(See Table 5.) Thus, in this mode HF behaves as a
‘synchronous flag,” and may be synchronized either to
the input side or to the output side of the FIFO.

PROGRAMMABLE ALMOST-EMPTY FLAG (PAE)

PAE goes LOW whenever the FIFO is ‘almost empty’;
that is, whenever subtracting the value of the FIFO's
internal write pointer from the value of its internal read
pointer yields a difference which is less thann + 1, where
‘n’ is the value of the Programmable-Almost-Empty-Flag
Offset. The subtraction is performed using modular arith-
metic, modulo the total nominal number of 18-bit words
in the FIFO’s physical memory, which is 512 for the
LH540215 or 1024 for the LH540225 respectively.

The default value of n after the completion of a reset
operation is about 1/8 of this total nominal number of
words, 63 for the LH540215 or 127 for the LH540225
respectively. However, n may be set to any value which

does not exceed this total nominal number of words, as
explained in the description of Load (LD).

Ifthe FIFO has been reset by asserting RS (LOW), and
no write operations have been performed since the com-
pletion of the reset operation, then PAE is LOW. (See
Table 4.)

If nis still at its default value, PAE is LOW whenever
the FIFO is from 1/8 full to completely empty.

In the IDT-compatible Default Operating Mode, PAE
changes from HIGH to LOW only after a LOW-to-HIGH
transition of the Read Clock RCLK, and from LOW to
HIGH only after a LOW-to-HIGH transition of the Write
Clock WCLK. Thus, in this operating mode, PAE behaves
as an ‘asynchronous flag.’

Inthe optional Enhanced Operating Mode, onthe other
hand, PAE gets updated only after a LOW-to-HIGH tran-
sition of the Read Clock RCLK, and thus behaves as a
‘synchronous flag.’ (See Table 5.) This behavior may be
selected by setting Command Register bit 06.

EMPTY FLAG (EF)

EF goes LOW whenever the FIFO is completely
empty; that is, whenever the FIFO’s internal read pointer
has completely caught up with its internal write pointer,
so that if another word were to be read out it would have
to come from the physical memory location now in posi-
tion to be written into by the next requested write opera-
tion. Read operations are inhibited whenever EF is LOW,
regardless of the assertion or deassertion of REN.

Ifthe FIFO has been reset by asserting RS (LOW), and
no write operations have been performed since the
completion of the reset operation, then EF is LOW. (See
Table 4.)

EF gets updated after a LOW-to-HIGH transition of the
Read Clock RCLK.

READ EXPANSION OUT (RXO)

When two or more LH540215 or LH540225 FIFOs are
operating in IDT-compatible ‘cascaded’ mode as a larger
‘effective FIFO,’ the dual-purpose RXI/REN2 and
WXI/WEN2 inputs behave as Read Expansion Input
(RXI) and Write Expansion Input (WXI) signals respec-
tively. The cascade of FIFO devices has a ‘daisy-chain’
ring configuration; the Read Expansion Input (RXI) of
each FIFO is connected to RXO of the previous FIFO in
the ring, with RXI of the ‘first-load’ or ‘master’ FIFO being
connected to RXO of the last FIFO so as to complete the
ring. Similar connections are made for each FIFO in the
ring, parallel to these RXO-to-RXI connections, for Write
Expansion Input (WXI) and Write Expansion Output
(WXO).

SHARP
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LH540215/25

ADVANCE INFORMATION 512 x 18/ 1024 x 18 Synchronous FIFO

DESCRIPTION OF SIGNALS AND
OPERATING SEQUENCES (cont’d)

When the last physical location has been read in a
FIFO operating in cascaded mode, a LOW-going pulse is
emitted by that FIFO on its RXO output; otherwise, RXO
remains constantly HIGH. This LOW-going RXO pulse
serves as a ‘token’ in the token-passing FIFO-cascading
scheme; itis passed on to the next FIFO in the ring via its
RXI input. When this next FIFO receives the token, it is
activated for reading.

After a FIFO emits an RXO pulse, its data outputs go
into high-Z state, regardless of the assertion or deasser-
tion of its Output Enable (OE) control input, until it again
receives the token.

The foregoing description applies both to the first-load’
or ‘master’ FIFO in the ring, and to any and all ‘slave’
FIFOs in the ring. However, RXO has no necessary
function for a FIFO which is operating in ‘standalone’
mode. Consequently, in that mode, RXO is never as-
serted, and remains constantly HIGH. AFIFO is initialized
into ‘standalone’ mode, into ‘cascaded master’ mode, or
into ‘cascaded slave’ mode according to the state of its
WXI/WENz2, RXI/REN2, and FL/RT control inputs during
a reset operation. It also may be forced into interlocked
paralleled mode by EMODE. (See Table 2, Table 5, and
Table 6.)

7-212
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LH543620

PRODUCT PREVIEW
1024 x 36 Synchronous FIFO

FEATURES

e Fast Cycle Times: 15/20/25/30 ns

e Selectable 36/18/9-Bit Word Width on Both Input
Port and Output Port

e ‘Synchronous’ Enable-Plus-Clock Control at
Both Ports

e Independently-Synchronized Operation of
Input Port and Output Port

e Pinout Similar to LH5420 256 x 36 x 2
Bidirectional FIFO

e Control Inputs Sampled on Rising Clock Edge
(Except RS and AOE)

e Most Control Signals Assertive-LOW for
Noise Immunity

o High-Drive Three-State Outputs

e Device Comes Up Into Known Default State at
Reset; Programming is Allowed, but is not Required

o Five Status Flags: Full, Almost-Full, Half-Full,
Almost-Empty, and Empty; ‘Almost’ Flags are
Programmable

e All Five Status Flags are Completely Synchronous

e Duplicate Enables for Interlocked Paralleled FIFO
Operation, for 72-Bit Data Width

o Both Edge-Sampled (OE) and Asynchronous (AOE)
Output Enables

e Automatic Byte Parity Checking; Optional Byte
Parity Generation

e TTL/CMOS-Compatible I/O

o |EEE1149.1-Compliant (JTAG) Boundary-Scan
Test Logic

e Space-Saving PQFP and PGA Packages

FUNCTIONAL DESCRIPTION

The LH543620 is a FIFO (First-In, First-Out) memory
device, based on fully-static CMOS RAM technology,
capable of containing up to 1024 36-bit words. It can
replace four or more byte-wide FIFOs in many applica-
tions, for microprocessor-to-microprocessor or micropro-
cessor-to-bus communication. Its architecture supports
synchronous operation, tied to two independent free-run-
ning clocks at the input and output ports respectively.

However, these ‘clocks’ also may be aperiodic, asynchro-
nous ‘demand’ signals. Almost all control input signals
and status output signals are synchronized to these
clocks, to simplify system design.

The input and output ports operate altogether indepen-
dently of each other, unless the FIFO becomes either
absolutely full or else absolutely empty. Data flow is
initiated at a port by the rising edge of its corresponding
clock, and is gated by the appropriate edge-sampled
enable signals.

The following FIFO status flags monitor the extent to
which the internal memory has been filled: Full, Almost-
Full, Half-Full, Aimost-Empty, and Empty. The Almost-Full
and Almost-Empty flags are programmable over the en-
tire FIFO depth; but they are each initialized to a default
offset of eight locations from the respective boundaries
during a reset operation. If this default offset is satisfac-
tory, no further programming is required.

Both the input port and the output port may be set,
independently, to operate at three data-word widths: 36
bits, 18 bits, and 9 bits. This setting may be changed
during system operation; however, the word-width-control
signals must meet the usual setup-time and hold-time
conditions for control inputs.

9-bit bytes passing through the FIFO are assumed to
be making use of a parity bit, and parity is automatically
passively checked. A flag indicates the results of this
parity checking; if parity checking is not desired, the value
of this flag may be ignored. When the FIFO is reset, the
parity-checking logic is initialized to use odd data parity;
but the FIFO may be programmed to use either even
parity or odd parity during subsequent operations. Also,
the FIFO may be programmed to actively generate, and
record, a parity bit into the most-significant bit of each 9-bit
byte of data passing through the internal memory array,
overwriting the previous contents of those bits.

Coordinated operation of two paralleled LH543620
FIFOs, as one 1K x 72 FIFO, may be ensured by
‘interlocked’ crosscoupling of the FF and EF outputs from
each FIFO to the assertive-HIGH enable inputs of the
other one; FF to ENI2, and EF to ENO2, in both directions
between two paralleled FIFOs.

Two separate input control signals_are provided for
enabling/disabling the 3-state outputs: OE, which is syn-
chronized to CKO, and is held in a flipflop within the
LH543620 during use; and AOE, which is entirely asyn-
chronous. In any given application, whichever one of
these signals is not in use normally must be grounded
both must be asserted to enable the 3-state outputs.

SHARP
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LH64270

CMOS 1M (270K x 4) Field Memory

FEATURES

e 276,480 x 4 bit configuration
(270 lines x 1,024 bits)

e Applicable to 4 fsc sampling field size
(263 lines x 910 bits) for NTSC signal

e Selectable field size:
Line count: 262, 262.5, 263, or 270
Line length: 910 or 1,024

¢ RCLR and WCLR pins allow the
memory to be used as a delay line of
desired bit length (1 to 276,480 bits)

e Access time: 50 ns (MAX.)
e Cycle time: 60 ns (MIN.)
e Power supply: 5V +10%

e Power consumption:
Operating: 550 mW (MAX.)
Standby: 110 mW (MAX.)

e TTL compatible I/O
(Three state for DOg - DO3)

e Package:
28-pin, 400-mil SDIP

DESCRIPTION

The LH64270 is a field memory LS| organized as
276,480 words x 4 bits of dynamic RAM.

It performs consecutive read and write operation of
NTSC signals at a 4 fsc sampling rate to obtain one
field of delayed data (as a result).

It is designed for use in personal computers as well
as in IDTV systems.

PIN CONNECTIONS
28-PIN SDIP TOP VIEW
W[l 1e 28] EXT/INT
Rck[] 2 27 Vee
wek[ 3 260 Vee,
RCLR[] 4 25 GND,
WCLR[] s 241 GND,
s, 6 23[1 GND,
s, 7 22[7] GND,
GND[] 8 210 Vee
Bs[] o 20[INC
oE[10 19[NC
DO, 11 18[1Dl,
Do, 12 173 by,
DO, []13 161D,
DO, 14 15[ DIy
64270-1

Figure 1. Pin Connections for SDIP Package

SHARP
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LH64270 CMOS 1M (270K x 4) Field Memory

- o
5 8 B b 4 49 8
(] 114
Y [} DECODER
WRITE WRITE
ADDRESS POINTER ADDRESS POINTER
WRITE WRITE
DATA REGISTER DATA REGISTER
R ! g 5
= =
=] g[7 f=—400x4 624X 4 MEE oo
. Clzg zz_ < 8L
o 2|24 = Sw<
E Y1 El 270 270 Sxle g Jeca
a e R ol = o082 |- @ EXT/
< |- glog o9l & sS4 iNT
gl 2 BLOCK 1 BLOCK 2 l— | & c O
w w
2] - - o @
READ READ t__
DATA REGISTER DATA REGISTER
READ READ
ADDRESS POINTER ADDRESS POINTER
[
READ WRITE
CONTROLLER CONTROLLER
DDTO ® i é (g) (’)-{35-45 D—
88 828485518 g 5 o & IS S T X Iz
50 z > o Q =4 O
$555888 g8 8 8 8 g B g g
642702
Figure 2. LH64270 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE
WCK,RCK Write/read clock input DOo - DO3 Read data output
w Write control input LSo, LS4 Line count select input
OE Output enable input BS Bit count select input
= External/internal sync. Vee, Vees,
EXT/INT select input Veca +5 V power supply 1
wers g | Write/read address clear GND,
WCLR, RCLR input GND1-GNDs Ground 2
Dlo - DIz Write data input NC Non connection
NOTES:

1. Pins 21, 26 and 27 are not interconnected. These pins should all be connected to +5 V power.
2. Pins 8, 22, 23, 24 and 25 are not interconnected. These pins should all be connected to 0 V.
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CMOS 1M (270K x 4) Field Memory

LH64270

PIN FUNCTION

SIGNAL

PIN NAME o]

FUNCTION

Dlo - Dl

Data input

Write data input

DOp - DO3

Data output

Read data output (Three state)

WCLR

Write address
pointer clear

Set the address of the next write cycle, after setting the WCLR signal at
"LOW?", to the beginning-of-field address (Address 0). The WCLR signal is
detected only for one write cycle period after its falling edge.

RCLR

Read address
pointer clear

Set the address of the next read cycle, after setting the RCLR signal at
"LOW", to the beginning-of-field address (Address 0). The RCLR signal is
detected only for one read cycle period after its falling edge.

€

Write control

The W signal controls data write operation. It also enables write operation of
one field (W = "Low") or disables write operation of one field (W = "High") by
synchronizing with the WCLR signal.

Output enable

The OE signal controls data read from data output pins. Its "Low" level
enables data read on the data output pins, and its "High" level prohibits data
read with setting the data output pins to high-impedance. Regardless of the
OE signal's input level, the read address pointer continues to step up in
response to the read clock (RCK).

WCK

Write clock

The WCK clock is a system clock input for data write. Write data is sampled
by a rising edge of the WCK clock and transferred to an internal write data
register. The write address pointer is stepped up by one address in each
write clock cycle.

RCK

Read clock

The RCK clock is a system clock input for data read. Read data is output
after the access time from the rising edge of the clock. The read address
pointer is stepped up by one address in each read clock cycle. The RCK
clock is required to be identical to the WCK clock.

LSo, LSy

Line selection

LSo and LS+ signals determine the line number of one field. According to the
combination of these signal input levels, one field can be 262 lines, 262.5
lines, 263 lines, or 270 lines. The line number can be determined for each
field. [ (LSo, LS4); (L, L) = 262 lines, (H, L) = 262.5 lines, (L, H) = 263 lines,
(H, H) = 270 lines ]

BS

Bit selection

The BS signal sets the line bit length to either 910 bits (BS = "Low") or 1024
bits (BS = "High"), which is selectable for each field.

EXT/INT

Ext./Int. sync.
selection

INT sync. mode:

Setting this pin "LOW" invokes internal sync. mode. In this mode, the write
address and read address are always coincident. Following a data write or a
data read of the last bit of the last line of a field, the first clock input (WCK,
RCK) starts a new access from the first bit of the first line of the next field.
(Data input and output for one field is consecutively performed). The clear
signals (WCLR, RCLR) must be kept at "HIGH" level in this mode.

EXT sync. mode:

Setting this pin "HIGH" invokes external sync. mode. In this mode, the write
address and the read address can be independently controlled. The write
address and the read address can be reset by the WCLR signal and the
RCLR signal, respectively.

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT
Pin voltage A4 -1.0t0 +7.0 \
Supply voltage Vee -1.0to0 +7.0 Vv
Output current lo 50 mA
Operating temperature Topr 0to+70 °C
Storage temperature Tstg -551t0 +125 °C

SHARP
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LH64270 CMOS 1M (270K x 4) Field Memory

RECOMMENDED OPERATING CONDITIONS (Ta =0 to 70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vee 45 5.0 55 v
Input "High" voltage ViH 24 55 v
Input "Low" voltage Vi -1.0 0.8 v
DC CHARACTERISTICS (Vcc =5V £10%, Ta =0to 70°C)
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT
Supply current lcct twcs, tres = 60 ns 100 mA
W, RCLR, WCLR, OE = Vin
Standby current leca gf)'-Rl)?:’g(%'l(l’\l_!l-’s-;oblasnttZ:rt 20 mA
DOo - DO3 = Open
OV<VINS 55V
Input leakage current ] 0 V on all inputs except the pin -10 10 HA
under test
Output leakage current lo DOo 03/053 Z%ﬁ;ge‘g ance -10 10 MA
Output "High" voltage Vou lout = -2 mA 24 — \
Output "Low" voltage VoL lout =4.0 MA — 0.4 \
AC CHARACTERISTICS (Vcc =5V +£10%, Ta =0 to 70°C)
PARAMETER SYMBOL MIN. MAX. UNIT
RCK cycle time tRcs 60 160 ns
WCK cycle time twes 60 160 ns
RCK "High" pulse width tRcw 20 ns
WCK "High" pulse width twew 20 ns
RCK "Low" pulse width trep 20 ns
WCK "Low" pulse width twep 20 ns
Input data setup to WCK tios 5 ns
Input data hold to WCK tioH 5 ns
Access time from RCK tRAC 50 ns
Output data hold to RCK tROH 5 ns
OE access time toEA 30 ns
Output data hold time from OE toEH 0 ns
Output disable time from OE toez 40 ns
W setup time from WCK twws 5 ns
W hold time from WCK tWwH 0 ns
BS setup time from RCK, WCK tess 0 ns
BS hold time from RCK, WCK tBSH 15 ns
LSo - LS1 setup time from RCK, WCK tLss 0 ns
LSo - LS1 hold time from RCK, WCK tLsH 15 ns
RCLR, WCLR pulse width tcLp 30 ns
RCLR, WCLR setup time from RCK, WCK teLs 5 ns
RCLR, WCLR hold time from RCK, WCK tcLH 5 ns
Input transition time (rise/fall) tr 3 35 ns

NOTE: At least 500 ps of pause time after power-on should be given, and then clocks (WCK and RCK)
must be input more than 8,192 times to initialize dynamic circuits.
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CMOS 1M (270K x 4) Field Memory LH64270

AC TEST CONDITIONS
PARAMETER RATING
Input pulse level 0to3V
Input rise/fall time 5ns
Input timing reference level 15V
Output timing reference level 08V,2V
CAPACITANCE
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT
Input capacitance Ci All input pins 10 pF
Output capacitance Co All output pins 10 pF
tacs, twes
WCK, RCK ‘{ \ ;! \ [ \ / \ /
tacw _|_ taep tww,
w XX
t t
wew_|_ twep L R o 2
o XXX XX XX XX XX
n-2 n-1 trac taon tios
OE
toEz toea| |
n-2 0 1 2
DO
toen Y ss|tisH
018, YOO XXX K KKK
s 0000000 IXRROCDONX
_ _ tass tasw
NOTE: WCLR = "HIGH", RCLR = "LOW"
64270-3

Figure 3. Internal Sync. Mode (EXT/INT - Low)




LH64270 CMOS 1M (270K x 4) Field Memory

tacs, twes
WCK, RCK [ \ ,[ \ / \ 1[ \ ’[ \‘ /
tacw | tace | ton S
WCLR \ /
fois
w
twow_| | twor _[twwi R ] 2 tioH 3
o X XXX TXKRX] XXX
n-1 n trac taoH tios
RCTR \ ,‘f
oF \( tois |lon|
toez toea
m-1 m 0
0o RO XXX
toen tiss|tsH i ss|tisH
ENEED O @D SO, 4
ss 000000000V IXRROOOOCOOKN]
tass tasu tass lasH 42704

Figure 4. External Sync. Mode (EXT/INT - High)

ORDERING INFORMATION

LH64270 X - ##
Device Type Package Speed

L 50 Access Time (ns)

Blank 28-Pin, 400-mil SDIP (SDIP28-P-400)

CMOS 1M (270K x 4) Field Memory

Example: LH64270-50 (CMOS 1M (270K x 4) Field Memory, 50 ns, 28-Pin, 400-mil SDIP)

64270-5
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LH66180

CMOS 1M (180K x 6) Field Memory for VCR

FEATURES

Dynamic "FIFO" memory organized as

263 rows x 720 columns x 6 bits

(compatible with NTSC composite signal

processing)

First FIFO operation:
Serial access time: 65 ns (MAX.)
Serial cycle time: 88 ns (MIN.)

Power consumption:
Operating: 413 mW (MAX.)
Standby: 83 mW (MIN.)

6-bit parallel 1/O pin

Uninterrupted, simultaneous
read/write capability

Built-in top address data register for
memory address reset data

Built-in resettable sequential
address generator

Self-refresh function

Memory address reset capability
for one field

Single +5 V power supply
TTL compatible I/O
CMOS double-metal process

Package:
22-pin, 400-mil DIP

DESCRIPTION

The LH66180 is a 189,360 x 6 bit dynamic FIFO
memory which provides fast image data processing at
a 6 bit rate. Since it is compatible with 3 fsc sampling
and one field of 6-bit quantized data, the LH66180 is
applicable to a field memory for use in VCRs and video
disc recorders.

The LH66180’s memory block is divided into two
sections so that fast image data of large capacity can
be efficiently processed. Thosetwo sections of memory
block are alternately accessed to read and write data
simultaneously and continuously.

PIN CONNECTIONS
22-PIN DIP TOP VIEW
GND[] 1e 22 Vee
DO, 2 21[700s
Do, 3 20 DO,
DO,[] 4 191100,
D[] 5 18 [Jsck
b, 6 17 [RST
DI, [ 7 16[JNC
DL, 8 15[NC
b, 9 14[NC
DIs CJ10 13[OWE
GND ] 11 123 vee
66180-1

Figure 1. Pin Connections for DIP Package
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LH66180 CMOS 1M (180K x 6) Field Memory

ROW ADDRESS REFRESH CLOCK
| CONTROL [~ COUNTER [~| GENERATOR
WEG@~ = I 1
e ! 1
E | (8| |B gl |g=
_ s x
RSTGD— & Cw 8]  Memory MEMORY  |§ 4]
O 9( % = 8 BLOCK | BLOCK Il O [ Q Z
< a| (94,680X6BIT) (94680 X6BIT) | & 2
z = 8 =0
] <) Z = o°
) [+ Q Q [
sck@=— 2
: { {
] ) 1)GND
R/WREGISTER| | R/W REGISTER I
GND
SERIAL SELECTOR SERIAL SELECTOR
Vee
Imux | [mux | Voo
12-BIT TOP
ADDRESS DATA
REGISTER
INPUT BUFFER OUTPUT BUFFER
DaOataOaOal (-390
Dy DI, DI, DI, DI, Dl DO, DO, DO, DO, DO, DOs
66180-2
Figure 2. LH66180 Block Diagram
PIN DESCRIPTION
SIGNAL Vo PIN NAME
Dlo - DIs I Serial input for 6-bit data to be received from A/D converter.
DOp - DOs O | Serial output for 6-bit data to be transferred to D/A converter.
SCK | Serial clock input. Applying a HIGH level signal to the SCK pin places the device

in self-refresh mode.
Reset input for an accessed memory address. The memory address is reset in

RST | response to the fall of the RST signal, and restarts memory cycling from the top
address of memory.

WE I Wirite control input for one field of serial input data. Applying a LOW level signal
to WE pin allows read/write operation. A HIGH level signal allows read operation

Vce 1 +5 V power supply *

GND | 0 V power supply *

NOTE: The device has multiple Vcc and GND for reduced noise. All Vcc and GND pins must be connected.
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CMOS 1M (180K x 6) Field Memory

LH66180

READ OPERATION

The Field Memory consists of a DRAM cell array
which is divided into two blocks, and a top address
register which is accessed immediately after a reset.
Data is output from DOo-DOs synchronously with SCK.
The first 12 bits of data are accessed from the top
address register in response to the fall of the RST signal.
During this period, data in all the memory cells linked
to row address No. 1 of the first memory block are
transferred to the first R register. This data is subse-
quently output in succession from the first R register by
the SCK clock. Before all the data is output from the
first R register, the second memory block becomes
active, and data in all the memory cells linked to row
address No. 1 of the second memory block are trans-
ferred to the second R register. These are output by
the SCK clock following the last data of the first R
register. In this manner, the memory blocks are alter-
nately accessed, so that data can be continuously output
from the alternate R registers by the SCK clock. When-
ever the memory address is reset with the RST signal,
data is re-read starting with the top address register.
Thus, uninterrupted reading of data is made possible.

ABSOLUTE MAXIMUM RATINGS

WRITE OPERATION

Data is input through Dlo-Dis whenever WE = "Low".
The first 12 bits are input to the top address register in
response to the fall of the RST signal. Thereafter, data
is input to the first W register, synchronously with the
SCK clock. Once the first W register becomes filled
with input data, subsequent input data is directed to the
second W register. Meanwhile, the contents of the first
W register are transferred into row address No. 1 of the
first memory block. Once the second W register be-
comes filled, its contents are transferred into row ad-
dress No. 1 of the second memory block, while the first
W register receives new input data. In this manner, the
data is alternately input to the W registers, then trans-
ferred to the memory cells one row at a time. This
operation is alternately repeated until the memory ad-
dress is reset by the RST signal, causing data to be
input to the top address register while the row address
is reset. Thus, uninterrupted writing of data is made
possible.

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage \A8 -1.0t0 +7.0 Vv 1
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 10 +150 °C

NOTE: 1. The maximum applicable voltage on any pin with respect to GND.

RECOMMENDED OPERATING CONDITIONS (TA=0 to +70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Vce 4.5 5.0 55 \')
Supply voltage
PPly voliag GND 0 0 0 v
ViH 24 6.5 v
Input voltage
P 9 ViL -1.0 0.8 \'

NOTE: Referenced to GND.

DC CHARACTERISTICS (Vcc =5V +10%, Ta =0 to +70°C)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT
ViH 2.4 6.5 \'
Input volt
nput vollage ViL -1.0 0.8 \'
Output voltage Vou lour = -2 mA 24 v
VoL loutr = 4.2 mA 0.4 Vv
. During normal operation
Operating current Icc tsce = MIN., outputs open 75 mA
Standby current Isg SCK = Vi (MIN.) 20 mA
IsB1 SCK=Vcc-02V 15 mA
0V<ViN< 6.5V, outputs open
Input leakage current ] 0 V on all other pins -10 10 LA

SHARP
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LH66180 CMOS 1M (180K x 6) Field Memory

AC CHARACTERISTICS (Vcc =5V +10%, Ta = 0 to +70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT

Serial clock "H" pulse width tscH 30 40 ns
Serial clock "L" pulse width tscL 30 40 ns
Serial clock cycle time tscc 88 93 140 ns
RST setup time tRss 5 ns
RST hold time tRsH 15 ns
Access time from SCK tsca 65 ns
Hold time for SCK tsDH 10

WE setup time twes 5 ns
WE hold time tweH 0 ns
Setup time for data input tos 5 ns
Hold time for data input tDH 25 ns
Self-refresh start time tREFST 100 us

CAUTION:

At power on, for proper operation, at least 500 pus of pause time followed by
1,440 initialization cycles should be given.

SCK \

tscL
tscc

6180-3

Figure 3. Serial Clock Timing

RST
thss _tasu

SCK N / \ / \
fsca tspH
S 0 D 0 WD 0 i ST ¢ G

tos | [ton
=
Dly-Dls X Y X vo. mxm ADD muo.zxxxx N°’3X><><XN°‘4XX
twen twes

661804

Figure 4. Field Synchronous Mode (Read/Write Cycle)
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CMOS 1M (180K x 6) Field Memory LH66180

le—— SELF-REFRESH ——]
12 TO 360 CYCLE trersT

|
SCK \ / \ / S_\____/l ‘\ _/ |
trss || tasH tass| | tRsH
55
oY A

Isca
S G- o G 1 X=X
'wrcﬁ{

NOTE: Appling a HIGH level signal to WE places the device in read-out mode,
and still pictures can be obtained.

To enter self-refresh mode, itis r ssary to retumn to the top of a memory

address with an RST input, while the WE signal is kept HIGH in order to inhibit

write operation. Then, at least 12 initialization cycles up to 360 cycles should be given.

When the SCK goes HIGH for more than 100 ps, the device is placed in self-refresh

mode. To resume access after self-refresh, it is necessary 1o return to the top of a

memory address with an RST input. Read out the one field after self-refresh by

applying a HIGH level signal to WE. 66180-5

Figure 5. Self-refresh Mode (Note 2)

ORDERING INFORMATION
LH66180 X - ##
Device Type Package Speed

I—- 65 Access Time (ns)

Blank 22-Pin, 400-mil DIP (DIP 22-P-400)

CMOS 180K x 6 Field Memory

Example: LH66180-65 (CMOS 1M (180K x 6) Field Memory, 65 ns, 22-Pin, 400-mil DIP)

66180-6

SHARP 81






GENERAL INFORMATION - 1

DYNAMIC RAMs - 2

PSEUDO STATIC RAMs - 3

STATIC RAMs - 4

EPROMs/OTPROMSs — 5

MASK PROGRAMMABLE ROMS - 6

FIFO MEMORIES -7

FIELD MEMORIES - 8

APPLICATION NOTES AND CONFERENCE PAPERS -9

PACKAGING - 10







LH5420

Synchronous Bidirectional FIFO

DATABUS FUNNELING MADE EASY

INTRODUCTION

The Sharp LH5420 256 x 36 x 2 CMOS Bidirectional
FIFO is an innovative device which turns the difficult
task of funneling and defunneling different-size
databusses into an easy one-component solution. Fun-
neling refers to a situation where data from a larger
databus (eg. 32-bits wide, 36-bits with parity) must be
segmented (usually in increments of 8-bits, 9-bits with
parity) and transferred to a smaller databus (eg. 8-bits
wide, 9-bits with parity). The funneling options available
on the LH5420 are "36-bits to 9-bits" and "36-bits to
18-bits". Defunneling refers to just the opposite of fun-
neling. To defunnel, data from a smaller databus (eg.
8-bits wide, 9-bits with parity) is combined together
sequentially with other data from that databus, and
transferred in parallel to a larger databus (eg. 32-bit
wide, 36-bit with parity). The defunneling options avail-

able are "9-bits to 36-bits” and "18-bits to 36-bits". For
wide word applications on both ports, "36-bit to 36-bit"
buffering is also available.

A very important feature of the LH5420 is the ability to
operate bidirectionally. The term Bidirectional refers to
the LH5420s ability to funnel and defunnel between
different sized databusses, allowing data to travel in
both directions. Bidirectional operation is also available
when the full width of both ports are used (eg. 36-bit to
36-bit buffering).

The advantages of the LH5420 bidirectional FIFO to
the system designer are: elimination of several conven-
tional FIFOs and glue logic; significant reduction of
board space; elimination of the complexities of handling
bus contention; and improved system performance.
But, most importantly, it makes databus funneling easy.
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Figure 1. LH5420 Block Diagram
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CONVENTIONAL DATABUS FUNNELING
SOLUTIONS CAN BE AWKWARD

The rapid transfer of information between a databus of
one size to a databus of a different size (funneling or
defunneling) seems like a simple enough operation,
when viewed on paper in block diagram form; but the
block diagram must be transformed into a high-speed
circuit design. Conventional solutions require many
components, and considerable board area. Further, the
timing required for reading, writing, and flag detection
for multiple parts in parallel, places a heavy burden on
reliable high speed operation.

CONVENTIONAL FUNNELING CIRCUIT
DESIGN

Figure 2 shows a bus-funneling circuit designed using
conventional components. Figure 2a is an example of
the timing required to use the circuit in Figure 2. Figure 3
shows the circuit which must accompany Figure 2 if the
circuit were expected to operate bidirectionally (funnel
and defunnel). Figure 3a is an example of the timing
required to use the circuit in Figure 3. An obvious dis-
advantage of this conventional funneling circuit is the
number of components required. One "Programmable

Logic Device" (PLD) and four standard 256 x 9 FIFOs
are required for one-way funneling. If bidirectional op-
eration (funneling and defunneling) is important, two
PLD’s and eight 256 x 9 FIFOs are required. The com-
bination of all these components results in very restric-
tive data setup (tps)and hold (tbH) timings during a Write
cycle, and restrictive access timings (ta) due to the risk
of databus contention during a Read cycle. In many
cases, high speed operation would be out of the ques-
tion. Tight controls on signal noise and signal skew
might also be required to keep the four FIFOs synchro-
nized. After all this, the circuit designer would do just
about anything for a single-chip solution. Setup and
Hold times for a single asynchronous 256 x 9 FIFO are
typically 10 ns and 0 ns respectively for access times
of 20 ns. Because this defunneling circuit is a combi-
nation of separate components (see Figure 3), setup
and hold times would have to be increased significantly
to ensure correct synchronization due to signal propa-
gation delays of the control signals and data. In a
conventional defunneling circuit, there could be as many
as four 9-bit words waiting to be written sequentially
into four different FIFOs. Each of the four 9-bit words
requires its own setup (tps) and hold (tpH) time (see
Figure 3a). These restrictions will limit the maximum
defunneling frequency of this circuit.
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Figure 2. 36-Bit to 9-Bit Conventional Funneling FIFO Circuit
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Databus contention is a common problem experienced
when combining two or more output pins from different
devices in parallel, on the same databus (see Figure 2).
If during a Read cycle, at least two of the output pins
happen to be momentarily on at the same time, the two
output drivers potentially could fight against each other
driving the data bus to opposite logic states (one driver
pulling the bus to 0V, while the other driver is simulta-
neously pulling the bus to 5 V). Databus contention
degrades system performance and increases the sys-
tem operating current.

Another significant disadvantage with using the conven-
tional component solution is handling the flags. Each
256 x 9 FIFO has 3 types of flags which can be used
in the application to indicate the current FIFO status
(Empty , Full, or Half Full). Most designers use a flag
from only one of the four FIFOs. This flag-handling
technique has a significant disadvantage. When a flag
from only one of the four 9-bit wide FIFOs is used to
represent the entire 36-bit word, there is no way to
insure that the other three FIFO flags are synchronized
(empty, full, or half full at the same time) with the first.
There is the possibility that one, two, or all three of the
other FIFOs may have become unsynchronized (due to

signal noise, excessive signal skew, etc.) and are now
contributing incorrect data to the 36-bit word.

SHARP’s Single Chip Solution to the
Complexities of Funneling

The LH5420 CMOS Bidirectional FIFO was designed
specifically to simplify the handling of wide-word (up to
36-bits) data buffering. The notable features of this
device relating to data bus funneling are:

e Selectable 36/18/9-bit Word Width on Port B

o Two 256 x 36-bit FIFO Buffers for Bidirectional
Operation

e Synchronous operation on both Ports A and B

e Fully Asynchronous Communications between
Port A and Port B

e Only One Set of Flags for the Entire 36-bit
Wide Word

e (Capable of 40-MHz operation
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Figure 2a. 36-Bit to 9-Bit Conventional Funneling Write and Read Timing Diagram
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The LH5420 provides an easy one chip solution to the
problems associated with funneling one size databus
to a different size databus (see Figure 3). The LH5420
also provides a simple method of buffering wide word
databusses up to 36 bits wide on each port. There are
two ports on the LH5420, Port A and Port B. A Port is
defined as an interface between the outside databus
and the internal FIFO memory. Each port can be used
as an input or an output depending on which direction
the data will travel. The LH5420 allows Port B to be
selectable in word widths from 36, 18 or 9 bits wide,
while Port A is fixed at 36-bits wide.

Two separate 256 x 36-bit FIFO buffers work side-by-
side to move data in opposite directions. This is what
enables the LH5420 to operate bidirectionally. As an
example, a 36-bit databus and a 9-bit databus can send
and receive data back and forth, giving unrestricted
communication privileges between an 8-bit micro-
controller and a 32-bit microprocessor. Clock-frequency
differences between the two busses are not an issue.
Even though the individual ports are synchronous in

nature, each port is controlled from separate system
clocks (CKA and CKB). Each port operates indepen-
dently from the other, so that port-to-port communica-
tion occurs asynchronously.

The LH5420 has five different types of flags available:
Full Flag (FF), Empty Flag (EF), Half Full Flag (HF),
Almost Full Flag (AF), and Aimost Empty Flag (AE).
The Almost Empty and Aimost Full Flags are program-
mable. One set of these flags are available for each
256 x 36 FIFO buffer, to cover the status of data going
in either direction. The low skew inherent in a single
monolithic solution eliminates the risk that
desynchronization will occur within the 36-bit wide word
in the FIFO. Further protection is afforded because the
flags cover the full 36-bit word width and not just the 9
bits that were used in the conventional funneling design
mentioned above. The problems of designing a system
around restrictive read and write timing constraints are
no longer an issue, because the complexities of fun-
neling timing synchronization are handled automatically
within the LH5420 bidirectional FIFO.
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Figure 3. 9-Bit to 36-Bit Conventional Funneling FIFO Circuit
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Figure 4a. LH5420 9-Bit to 36-Bit Funneling Write and Read Timing Diagram
SUMMARY 32-bit, 18-bit to 36-bit, etc.). In comparison with con-

The SHARP LH5420 bidirectional FIFO provides many
benefits to a system designer working on applications
which use wide word databusses (36 bits wide), or
applications which require funneiing and defunneling
between databusses of different widths (eg. 8-bit to

ventional databus funneling methods, the LH5420 sim-
plifies your circuit design, allows faster operating
speeds, uses less board space, reduces component
count, and provides bidirectional funneling with no ad-
ditional circuitry. But best of all, it is easy to use.

9-6

SHARP



A ONE-CHIP TWO-WAY STREET FOR MICROPROCESSOR COMMUNICATIONS:
THE SHARP LH5420 36-BIT BIDIRECTIONAL FIFO *

Chuck Hastings
Marketing/Applications Manager, FIFO and Specialty Memories

Sharp Microelectronics Technology, Inc.
5700 N. W. Pacific Rim Boulevard
Camas, WA 98607
206/834-8615

INTRODUCTION

New integrated circuits often evolve as single-
chip embodiments of groups of lower-complex-
ity parts. When the same multiple-device
configuration starts turning up in many new
designs, a semiconductor manufacturer may
get inspired to develop a one-chip-does-all re-
placement just by listening to its customers.
Bidirectional FIFOs, wide enough to hold an
entire word of data, are one such frequently-oc-
curring combination. Perhaps one out of every
five system applications for FIFOs fits this de-
scription. Usually, the role of a bidirectional
FIFQO is to provide convenient two-way commu-
nication between two processors or micropro-
cessors.

In the past, an effective bidirectional FIFO for
communication back and forth between two
32-bit-processors has needed to consist of at
least eight industry-standard byte-wide unidi-
rectional FIFO devices, arranged into two
‘back-to-back’ ranks of four paralleled FIFOs
each. When parity checking is implemented,
the data path between processors becomes
36-bit. Sometimes only one of the two proces-
sorsis 32-bit, and the other one is 16-bit or 8-bit.
In this event, even more devices must be
added, to implement multiplexing, demultiplex-
ing, and control functions at the narrower end
of the bidirectional data path.

The LH5420 256 x 36 x 2 bidirectional FIFO,
now available from Sharp, is a ‘one-chip-does-
all’ solution to such system requirements for
two-way interprocessor communication. One
* See copyright information on page 11.

LH5420 can provide either a convenient fully-
parallel two-way connection from one 36-bit bus
to another such bus, or it can provide a two-way
‘funneling/defunneling’ connection from a 36-bit
bus to an 18-bit bus, or to a 9-bit bus. Thus, the
LH5420 supports all of the usual microproces-
sor word widths, and accommodates the extra
bit per byte for parity or marker-bit usage. It
operates at up to 40 MHz, and is available either
in a 120-pin PGA package orin a 132-pin PQFP
package.

LH5420 ARCHITECTURE
AND OPERATION

The LH5420 includes several enhancements,
aimed at making a system designer’s life easier.
The LH5420 itself can check the parity of all
bytes passing through it in either direction. And
it features programmable almost-full and al-
most-empty flags, retransmission capability in
either direction, ‘mailbox’ capability in either
direction, a limited form of transceiver-mode
oper-ation, and a synchronous request/ac-
knowledge capability which is useful in burst-
mode communications.

Conceptually, an LH5420 is organized as two
36-bit-wide bidirectional ports, Port A and Port
B. Two full-width 256-word FIFOs, FIFO # 1 and
FIFO # 2, are connected between the two ports,
one transmitting in each direction. (See Figure
1.) There are also two full-width one-word mail-
boxes between the two ports, one likewise
transmitting in each direction. And there is a
full-width bidirectional data bypass path, which
functions during a reset operation. Two asyn-

SHARP
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chronous control inputs set the data width of
Port B at 36 bits, at 18 bits, or at 9 bits.

Each port has its own clock input. In typical
applications, a port’s clock input is connected
to a periodic free-running clock signal, which

may or may not be derived from the same
frequency source as the other port’s clockinput.
Each port also has three control inputs which
are sampled at the rising edge (LOW-to-HIGH
transition) of its clock: read/write, enable, and
request. Each port also has an ‘Acknowledge’
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Figure 1. LH5420 Block Diagram
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output which is synchronized to its clock, a
parity flag output, and asynchronous control
inputs for initiating data re-transmission and for
enabling/disabling its data outputs.

FIFO # 1 and FIFO # 2 each have five status
flags to indicate relative fullness: Full, Almost-
Full, Half-Full, Aimost-Empty, and Empty. The
Full, Half-Full, and Empty flags are hard-wired
to signal exactly what their names indicate. But
there are programmable ‘offsets’ controlling the
operation of the Almost-Full and Almost-Empty
flags, to numerically define the boundaries of
the ‘Almost-Full’ region and the ‘Almost-Empty’
region. These offset values are both initialized
to eight during a reset operation; but either one
may be changed under system control, inde-
pendently of the other one, to any value from
zero to 255.

While a data transfer is actually taking place,
the port’s Acknowledge output repeats the
same information as either the Almost-Full flag
or the Almost-Empty flag, depending on the
current direction of data transfer — Almost-Full
when writing, and Almost-Empty when reading.

The five relative-fullness status flags may
change state eitherin response to a write event
clocked atone por, orelse in response to aread
event clocked at the other port. The port’s Ac-
knowledge output signal, however, is totally
synchronous with the clock input signal at that
port; except, thatit gets deassertedimmediately
if at any time the Request input signal is
deasserted.

Both the Request control input and the Enable
control input of a port must be asserted, in order
for that port to carry out a read operation or a
write operation. The Read/Write control input
determines which type of operation gets per-
formed.

The action of the Request and Enable signals
within the LH5420 are generally similar; but
their detailed timing is different. The Enable
signal is presumed to be originating as a syn-
chronous signal referenced to the same clock
signal used by the port. On the other hand, the
Request signal may arise asynchronously,

elsewhere in the system; the LH5420 contains
resynchronizing circuits, which reference the
Request signal to the port clock internally within
the LH5420.

Either port may place a full 36-bit word in the
other port’s mailbox register. Doing so sets a
mailbox flag, which is synchronized to the re-
ceiving port’s clock. This flag is reset whenever
the receiving port has read the word in the
mailbox register. Both ports have the ability to
select either their outgoing FIFO or their outgo-
ing mailbox for writing, or either their incoming
FIFO or their incoming mailbox for reading.

Although Port Aand Port B both have the capa-
bility to send and receive 36-bit data words,
each port has one major function unique to it.
Port A is the master port for purposes of re-
source-allocation and control functions, such as
changing the value of the offsets for the Almost-
Full and Almost-Empty flags, or changing the
byte parity scheme from odd parity to even
parity. Port B, on the other hand, is the port
which is capable of setting its effective data
width at 36 bits, 18 bits, or 9 bits.

Two asynchronous inputs control the data width
of Port B. Changing this data width does not
require any reset operation. However, sufficient
time must be allowed for the LH5420’s internal
byte-shifting and demultiplexing circuits to set-
tle; waiting for two full Port B clock cycles is
recommended.

‘SYNCHRONOUS’ FIFOs AND
‘ASYNCHRONOUS’ FIFOs

The antonyms ‘synchronous’ and
‘asynchronous’ each have taken on two very
different meanings in FIFO applications litera-
ture. The first meaning has to do with the timing
of the FIFO’s data and control inputs, and of its
data and status outputs. The second meaning
has to do with the capability of the FIFO to adjust
itself to different and unrelated timing require-
ments at each of its two ends.

According to the first meaning of these terms, a
‘synchronous’ FIFO operates with a free-run-
ning clock input, but performs operations such

SHARP
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as writing or reading only when these opera-
tions are ‘enabled.” Data inputs, and control
inputs such as enable signals and mode-control
signals, must all meet setup time and hold time
requirements with respect to the free-running
clock. Data outputs and status outputs are pre-
sumed valid after some specified delay time has
elapsed, following a transition of the free-run-
ning clock.

FIFOs which are ‘asynchronous,’ according to
this meaning of ‘asynchronous,’ do not use any
such free-running clock. Some older-architec-
ture ‘asynchronous’ FIFOs even use edge-sen-
sitive, rather than level-sensitive, control inputs.
‘Synchronous’ FIFOs sometimes may be made
to behave as ‘asynchronous’ FIFOs, if desired,
by connecting their ‘enable’ inputs to be perma-
nently asserted, and using their free-running
clock inputs as asynchronous edge-sensitive
‘demand’ control input signals.

According to the second meaning of the terms
‘synchronous’ and ‘asynchronous,’ however, a
‘synchronous’ FIFO would be a FIFO having
both its input port and its output port always
synchronized to the same ‘clock’ signal; in other
words, a glorified shift register. An ‘asyn-
chronous’ FIFO, on the other hand, can operate
with its input port synchronized to one timing
signal, and its output port synchronized to a
second timing signal having no necessary rela-
tion to the first one; and neither timing signal
needs to be regular or periodic.

The LH5420 has a free-running-clock-plus-en-
able control structure; and so its two internal
FIFOs are ‘synchronous’ FIFOs in the first
sense of this term, except that the behavior of
the five relative-fullness flags is not entirely
‘synchronous.” However, they are completely
‘asynchronous’ FIFOs in the second sense;
there is no necessary synchronization relation
between the Port A clock and the Port B clock,
nor is either of these clocks required to be
strictly periodic. This type of behavior is usually
considered to be useful, system-friendly, and
what FIFOs are all about.

DESIGNING WITH THE LH5420

In some applications, data bursts get pushed
through a FIFO at or close to the FIFO’s maxi-
mum word rate; but the system must take some
immediate action if the FIFO ever becomes
completely full or completely empty. The
LH5420’s Request/Acknowledge feature sup-
ports such a mode of operation. The Acknowl-
edge output signal meets the setup time and
hold time requirements for the Enable input,
and may simply be tied back to it, in order to
prevent complete filling or complete emptying
of the active FIFO. This mode of operation
slightly decreases the maximum data rate.

In essence, the Acknowledge signal is a syn-
chronous ‘proxy’ or ‘predictor’ for whichever
‘Almost’ flag is pertinent to the current data-
transfer operation. Because synchronous pre-
dictive logic is used to determine the state of
this signal, it is actually faster than the corre-
sponding flag.

Assume now that a port’'s Requestinputis being
continuously asserted, say for writing into the
outbound FIFO forthat port. Aslong asthe FIFO
does not get into the ‘Almost-Full’ region, that
is, the number of vacant FIFO physical words
never falls below the ‘Almost-Full’ offset value,
then the Acknowledge output is continuously
asserted by the LH5420 control logic, and a
word gets written into the FIFO as a result of
every write-clock pulse. However, if the FIFO
does become ‘Almost Full,” then the Acknowil-
edge output gets asserted only on every third
write-clock pulse, rather than continuously.
Thus, if the Acknowledge output has been tied
back to the Enable input, the wide-open data
rate then gets slowed down immediately, so that
the writing of each word can be handled on a
full-handshake basis. This operational tech-
nique allows achieving the maximum data rate
much of the time, and yet protects the system
against data loss caused by overrunning the
FIFO boundaries.

9-10
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When the system is operating an LH5420 in
block-transfer mode, where a full block gets
loaded at one port and then gets unloaded at
the other port, the Acknowledge signals may be
used to locate the end of a block, in lieu of
having to implement an external block-length
counter. As a simple example, say that the
system block length is 193 words. The sending
port loads in one complete block, and 55 words
from the next block, in burst mode. At this point,
its Acknowledge signal gets deasserted, indi-
cating that the FIFO is ‘Almost Full.” The Ac-
knowledge signal does behave exactly in this
manner, provided that the corresponding ‘Al-
most-Full’ flag offset still remains at its default
value of eight. The receiving port then unloads
the block. If its ‘Aimost-Empty’ offset value has
been set to 55, its Acknowledge signal will get
deasserted exactly at the end of the block.
Since this indication occurs within a clock
period, it is fast enough to be accurate without
any uncertainty.

The LH5420’s parity-checking facilities treat all
nine bits alike, of each byte passing through one
of the two FIFOs; the ‘parity bit’ may be in any
position within a byte. A ten-input parity gate
scans each group of nine bits in the output
register of each port; the tenth input of each
parity gate is from the even/odd-parity control
flipflop, which may be programmed from Port A.
This flipflop is set for odd parity when the
LH5420 is reset; but it may be reprogrammed

to even, or back to odd, at any time subse-
quently. If any of the four parity gates at a pont
ever detects an odd number of ‘ones’ in a byte,
including the control flipflop in the ‘ones’ count,
then the port’s parity flag is asserted as long as
the word containing the erroneous byte remains
in the output register.

SUMMARY

The LH5420 36-bit bidirectional synchronous
FIFO, available now from Sharp, is a system-
oriented ‘one-chip-does-all’ pan, intended to
simplify back-and- forth communications be-
tween two microprocessors, microcontrollers,
or similar devices.

The LH5420 offers several sophisticated fea-
tures: on-the-fly parity checking, word-width
matching of a 36-bit bus to an 18-bit bus orto a
9-bit bus, two-way mailbox communications,
and synchronous Acknowledge signals which
can be used to give a quick and accurate end-
of-block indication or an advance warning of
FIFO fullness or emptiness.

In most bidirectional-FIFO applications, one
LH5420 replaces many lower-level and discrete
parts, and simplifies system design. It offers
high performance for burst operations; it can
transfer a 36-bit word in each direction every 25
nanoseconds.

*COPYRIGHT INFORMATION: This paper is aslightly modified version of the paper with the same title which appearedin the Northcon/91 Conference
Record, paper D6/1; 1-3 October 1991. Also, in the Wescon/91 Conference Record, paper 7/4; 19-21 November 1991.
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NOMINAL DIMENSIONS
l‘(mil)*l (mil
e ]
DIP sop zIP
(mm)

NOOOnnannn (mil
= = i )
= = L - i ;
; ; mi| E ]
= — | l q N (mi)
= — —— d g
= = ~

7 1 i
TTTTTTTTTTT G J :
PLCC
i (mm)
|—~(mil)——|
J%\. (mm)
TSOP (Il)
TSOP (1)
ND-1
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Packaging

16DIP (DIP16-P-300) DETAIL
16 9
e TS s B e TR e SO s SR s OO e B8 o
O 6.65 [0.262]
6.25 [0.246)
®
Filal 0°TO 15°
0.30[0.012
19.50 [0.768] 0.20 {o.ooa}
19.00 [0.748]
3,65 [0.144] 7.62[0.300]
3.25[0.128] TYP.
4.40[0.173]
| 4§ § 400[0.157]
3.40[0.134]
3.00[0.118]
"”“— 0.51[0.020] MIN
224101001 o 610.022)
’ 0.36 [0.014]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] piiieiesies o
18DIP (DIP18-P-300) DETAIL
18 10
e B s T e SO s TR e TS o S e S e BN e |
O 6.55 [0.258]
6.15 [0.242]
[ ]
il 0° TO 15°
0.30[0.012)
23.25[0.915)
- 22.75[0.896] 0.20[0.008]
3.65 [0.144] 7.62[0.300]
3.25[0.128] TYP.
4.40[0.173]
|} 1 ¢ 400[0.157]
3.45[0.136]
3,05 [0.120]
25410100 ""”‘— 0.51 [0.020] MIN
T'YP[ 100} 0.56[0.022]
’ 0.36 [0.014]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] o e i o
10-2 SHARP
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20DIP (DIP-20-P-300A) DETAIL
20 1
P Wk B e ke W ke W e W e W e B e s 3
O 7.05[0.278]
6,65 [0.262]
L 1
R b Lo L L p v R o
! 10 0.30[0.012] orons
24.75[0.974] pode
24.25[0.954] . 0.20[0.008]
3.65[0.144]
3.25[0.128] e el
4.410.173) I‘
ER} 4.0[0.158]
3.4[0.133)
3.0[0.118]
—"l I‘— 0.51[0.02] MIN
25 10.00] 0.56 [0.022]
: 0.36[0.014]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] 7 =Sts S
[ 1 MINIMUM LIMIT 200P2
22DIP (DIP22-P-400) DETAIL
22 12
O 8.80[0.346]
8.40 [0.331]
. 1
0° TO 15°
1 " 0.30 [0.012]
27.45[1.081) 0.20 [0.008]
- 26.95 [1.061]
3.70 [0.146) 10.16 [0.400]
3.30 [0.130] I‘ TYP. ‘>‘
4.60[0.173]
|1 y 420[0.162]
3.45[0.136]
3.05[0.120]
‘-“‘— 0.51 [0.020] MIN
2.540.100]
TYP. 0.60 [0.024]
0.40[0.016]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] ~,-o- S =S =2t
MINIMUM LIMIT 2202
SHARP 10-3
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24DIP (DIP24-P-300)

DETAIL
24 13
O 7.05[0.278]
6.65[0.262]
[ ]
1 12 030 0012] 0°TO 15°
20.85 [1.175] ‘ ppediodte
29.35[1.156] 20[0.008]
365 [0.144] 7.64[0.300]
3.25[0.128] TYP.
4.40(0.173)
| § v | 400[0.157]
3.40 [0.134]
3.00(0.118]
"I |"‘ 0.51 [0.020] MIN
%5;,[0'1001 0.56 [0.022]
0.36(0.014]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT -
24DIP (DIP24-P-600) DETAIL
24 13
A T e B s T e B e S e SO e B s TS s N s DO e SO e
O 13.45 [0.530]
12.95[0.510]
0°TO 15°
0.30[0.012]
T R 0.200.008]
1 12
31.30 [1.232]
30.70 [1.209]
4.45[0.175] 15.24[0.600]
4.05[0.159] r& TYP. —-‘
5.30[0.209)]
{1 | 4900193
3.45(0.136)
3.05[0.120]
4’“* 0.51 [0.020] MIN
2.54[0.100]
TYP. 0.60 [0.024]
0.40 [0.016]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT I

10-4
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DIMENSIONS IN MM [INCHES] MINIMUM LMIT

28DIP (DIP28-P-300) DETAIL
28 15
T e T i T i B e BB e T e WO e T e SO e WO e O e BN e B o |
O 7.05 [0.278]
6.65 [0.262]
L 1
?VVVVVVVVVVVV;‘U’ N 0°TO15°
38.0011.578] 015 EO:OOG}
34.40[1.354]
3.65[0.144] 7.62 [0.300]
3.25[0.128] TYP.
4.40[0.173]
1t 4.00[0.157]
3.40[0.134]
3.00[0.118}
254 [0.100] 'l —- 0.50 [0.020] MIN
TYP. 0.56 [0.022)
0.36 [0.014]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] rome e i .
28DIP (DIP28-P-600) DETAIL
28 15
e B e TS e B i TN s B e O e TN e B e B e SO e S e NS e B s
O 13.45 [0.530]
12.95 [0.510]
0°TO 15°
° 0.30[0.012]
h{dvvvuvvvvvvvvm 0.20 [0.008]
36.30 [1.429]
35.70 [1.406) -
4.50{0.177] 15.24 [0.600]
4.10.158] '<— TYP. —-]
5.20 [0.205]
|4y y 510[0.197]
3.50[0.138]
3.00 [0.118]
~— 0.51[0.020] MIN
2.54[0.100] “ 51[0.020]
TYP. 0.60[0.024]
0.40 [0.016]
MAXIMUM LIMIT

28DIP-2

SHARP
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32DIP (DIP32-P-600)
32 17
ek T e TS e TR e W e TN e T e TS e TS e T e T e T e SO e TN e TN e B s |
[ DETAIL
O 13.45 [0.530]
12.95[0.510]
.
#VVVVVVVWVVVVVV?& 0° TO 15°
0.30[0.012
41.30 [1.626] 0.20 {o.ooa}
- 40.70 [1.602]
4.50[0.177] 15.24 [0.600]
4,00 [0.157] r— TYP. —’1
5.20 [0.205]
5.00[0.197]
3.50[0.138]
3.00[0.118]
254 10100 —’”‘— 0.51 [0.020] MIN
T.YP[ -100] 0.60 [0.024]
: 0.40[0.016]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] Grerers o= o
40DIP (DIP40-P-600)
O O 13.45[0.530]
12.95[0.510]
®
u{avvvvvvvuvvuvuuvuvuv — 0° TO 15°
0.30[0.012]
52.30 [2.059] 0.20 [0.008] 1
51.70 [2.035]
4.55[0.179] 15.24 [0.600]
3.95[0.155] TYP.
5.40 [0.213]
4.80[0.189]
3.55 [0.140]
2.95[0.116]
254 10.100 —°”‘_ 0.51 [0.020] MIN
TYP[ 100] 0.60 [0.024]
’ 0.40 [0.016]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] -prtiime s oor
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42DIP (DIP42-P-600)
DETAIL
42 22
ALt ot o o g o gy oM o g g g o gy o o o o o g T
O O 13.45[0.530]
12.95 [0.510]
0°TO 15°
° 0.30[0.012]
- 5 0.20 [0.008]
54.10 [2.130]
53.50 [2.106]
4.55[0.179] 15.24 [0.600]
3.95[0.156] I‘f TYP. —>|
5.40 [0.213]
4.80 [0.189]
3.55[0.140)
2.95[0.116]
010 —"l }‘— 0.90 [0.035] TYP.
2410-100] 0.60 [0.024]
’ 0.40 [0.016]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] oo op
24CERDIP (WDIP24-G-600) DETAIL
24 13
PO T i B e BB e B e TR e W e B e T e SO e B e B e B
13.70 [0.539)
) 12.70 [0.500]
0°TO 15°
° 0.30 [0.012]
T T T T O T T T T T 0.20 [0.008]
1 12
32.50 [1.280]
31.00 [1.220] ’
15.24 [0.600]
l’— TYP. ——-'
5.89[0.232)
i MAX
3.10[0.122]
MIN
—>”<* 0.50 [0.020] MIN
2.54 [0.100]
TYP. 0.56 [0.022]
0.36 [0.014]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] i o

SHARP
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28CERDIP (WDIP28-G-600) DETAIL
28 15
ASL o N o g o 0 oy oy
13.70 [0.539]
’ 12.70 [0.500]
0°TO 15°
R 0.300.012]
37.55 [1.478]
* 36.05 [1.419] *
15.24 [0.600]
TYP.
5,89 [0.232] I I
I MAX
3.10[0.122]
MIN
0. 0.020] MIN
2,54 [0.100] 50[0.020]
TYP. 0.56[0.022]
0.360.014]
DIMENSIONS IN MM [INCHES] %‘%}%‘%
28CDIP
32CERDIP (WDIP32-G-600)
32 17
\ 15.10 [0.594]
14.50 [0.571]
[ ]
0°TO 15°
1 16 0.27[0.011]
42550 [1.673] 0.23[0.009]
) 4150 [1.634]
15.70 [0.618]
r 15.50 [0.610]
4.42(0.174]
{_y376[0.148]
3.20[0.126]
L MIN
_’“‘_ 1.42 [0.056] MAX
254 [0.100] 048 [o 018]  1.42[0.056]
: TYP.
DIMENSIONS IN MM [INCHES] %L"J—mﬂ‘%
32CDIP

10-8 SHARP
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24SDIP (SDIP24-P-300) DETAIL
24 13
e B e B e T e O s WO e BN i T e BB i OO s B e O e |
O 6.55 [0.258]
6.15[0.242]
°
T T T T T T T T
1 12 0°TO 15°
0.30[0.012]
22.25[0.876] 0.20 [0.008]
21.75 [0.856]
3.65[0.144] 7.62 [0.300]
3.25[0.128] TYP.
4.40[0.173]
1y 4.00[0.157]
3.45[0.136]
3.05[0.120]
1.78 [0.070] -’“‘— 0.50 [0.020] MIN
P, 0.56 [0.022)
0.36 [0.014]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] "o o sesop
28SDIP (SDIP28-P-400) DETAIL
28 15
e B e B e OO e T e B e T e T e DO s B e SO e SO e Y e WY e { T
O 8.80 [0.346]
8.40 [0.331]
L ]
L T T G O T O T O O T 0° TO 15°
1 14 0.30[0.012}
25.75[1.014] 0.20 [0.008]
' 25.25[0.994]
4,05 [0.159] 10.16 [0.400]
3.65 [0.144] ’—*TYP. "‘
4.60 [0.181]
| § § 420[0.205]
3.50 [0.138]
3.00[0.118]
"“" 0.51[0.020] MIN
1.78 [0.070] [0.0201
TYP. 0.56 [0.022]
0.36 [0.014]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] o=t SO

SHARP

109



Packaging

64SDIP (SDIP64-P-750)
64

O

o i i oo e oy

8

]

O 17.25[0.679)
16.75 [0.659)

1'u-"u-"\.r"u"v"-u-"\.r“u‘VVVVUVVVUVVVVVUVUVVVVV;;

—

58.30 [2.295]
57.70 [2.271]
4.60[0.181]
3.90 [0.154]
5.70 [0.224]
4.70[0.185)
3.55 [0.140]
2.95[0.116]
_.I I.._ 0.51 [0.020] MIN.
1.78[0.070} 0.56 [0.022]
TYP. 0.36[0.014] DETAIL
19.05 [0.750]
'c— TYP. ——I
0.30[0.012] orTo1s
MAXIMUM LIMIT -30 [0.
DIMENSIONS IN MM [INCHES] o 0.20 [0.008]

64SDIP.
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16ZIP (ZIP16-P-325) 3.05[0.120]
2.65[0.104]
1.30 [0.051] —=
d
O 6.90[0.272]  8.50[0.335]
6.50[0.256]  7.70 [0.303]
[ ]
3.60[0.142]
; 0.30[0.012] 3.00[0.118]
0.20 [0.008]
1 27 [o 050] I I L..'
0.60[0.024] 2.54[0.100]
0.40[0.016) TYP.
20.45 [0.805]
19.95[0.785)
1 15
2 16
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] o irirs s o
20ZIP (ZIP20-P-400) 3.05[0.120]
2.65[0.104]
O 8.70[0.343] 1010 [0.398]
8.30[0.327] 950(0.374]
13.10 [0.516]
3.60 [0.142]
0.30[0.012]__ |l 3.00[0.118]
ol — 0.20 [0.008]
1 27 [o 050] L—l
0.60 [0 024] 2.54[0.100]
0.40[0.016] TYP.
26.05 [1.026]
25.55 [1.006]
1 19
Mz 20
DIMENSIONS IN MM [INCHES] W
20ZIP
SHARP 10-11
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10-12

24S0J (S0J24-P-300)
L Y [ - DETAIL
7.90[0.311] 8.63[0.340] 3.70[0.146] y
7.50[0.295] 8.23[0.324]  3.30[0.130] 260 [0.102] i
2.20 [0.087]
[ ]
SASASIAS o 0.635 [0.025] MIN
16.2[0.638]
I 0.80 [0.031]
15.8[0.622) 0.60 [0.024]
0.20 [0.008] %: IL J]
‘—I ——I I-— I__ 7.00 [0.276]
1.15[0.045] 1.27[0.050]  0.53[0.021] 6.60[0.260]
0.85 [0.033] TYP. 0.33[0.013]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] Troriresst: 24500
26S0J (S0J26-P-300)
lg-sll"'lﬁﬂg ;lahﬁﬂlul_[ DETAIL
8.63[0.340] 7.90[0.311] 3.7[0.146] T
8.23[0.324] 7.50 [0.295] 3.3[0.130] 2.6[0.102] _L
2.2[0.087]
[ ]
T T R 0.635 [0.025] MIN
17.4[0.685]
e — 0.8[0.031
17.0[0.669] 0.6 {0.024}
pd 0.20 [0.008] %: p I
G—J
_.l l_._ | 7.0[0.276] |
1.15[0.045] 1.25[0.049] 0.53[0.021] 6.6 [0.260]
0.85[0.033] TYP. 0.33[0.013]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] oivii i 26500
SHARP
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28S0J (SOJ28-P-300)

s T e O e N v O s T e O s O o O s O s Y s S s O s O s |

-

DETAIL

1

7.9[0.311]
7.5[0.295]

8.63[0.340]
8.23[0.324]

3.70 [0.146]

e

WD Ny SN [ SN R S g NI Ry I R N SN U R N gy GHN R SN g WS gy G )

18.7[0.736]
18.3[0.720]

0.20 [0.008]

3.30[0.130] 2.60[0.102] _L

2.20 [0.087]

r

0.64 [0.025] MIN

0.80 [0.031]
0.60 [0.024]

L
=

G
L

J

1.15 [0.045]
—-I I-—o.sa [0.021]
0.85 [0.033] 7.0[0.276]
1.27[0.050] 0.33[0.013] 6.6[0.260]
TYP.
DIMENSIONS IN MM [INCHES] %% oaris
28S0J (S0J28-P-400)
| s T e T e T e IO s T s N s O e O e O e O e N e O e O e | r
DETAIL
10.40 [0.409]
10.00 [0.394]
3.70 0.146] —
330 [0.130]| 259 [g.;gz]
11.13[0.438] -20 [0.087]
10.73 [0.422] 0.64 [0.025] MIN
o }
18.7010.75¢) 0.60 [0.024]
18.30 [0.720]
|
iy G J
——l l--o.ss [0.021] e— 1.15 [0.045] l.—g'i’g {ggg}
127 [0.50] 0.33[0.013] 0.85 [0.033]
TYP.
DIMENSIONS IN MM [INCHES] —'&%m oo
10-13



Packaging

32S04J (S0J32-P-400)

o T e B e O e I e O s I e e I e 1 e I e T s O Y e I o I s |

11.13[0.438]
10.73 [0.422]

I—Jul—l_uu'l_lul_.ll_li_ll_ll_ll_ll_ll_lu.—_l

21.20 [0.835]

20.80 [0.819]

e
o
__I L_o.ss [0.021] -
0.33[0.013]

DETAIL
!
3%0io100 28010102
0.64 [0.025] MIN 1
f
0.80 [0.031] —=f
0.60 [0.024]

E 0.102 [0.004]

10-14

1.15[0.045] | 9.50 [0.374]
1.27 [0.050] 0.85[0.033] 9.10[0.358]
TYP.
DIMENSIONS IN MM [INCHES] W
32504400
24SOP (SOP24-P-450)
1.27[0.050}
050[0.120]  TYP.
°_'3_°l I[_‘:f‘ 2 1.70 [0.067]
1
A NNN0NNANAANTS ; B
8.80 [0.347] 12.40[0.488)]
8.40[0.331] 11.60 [0.457] 1060(0.417]
i1
LIUIJU[IUII[IIJUUE —
1.70{0.067] _—".._
| 1560[0614] __| 0.20 [0.008]
15.20 [0.598) 0.10[0.004]
0.15[0.008]
1.03 [0.040]
X ' 2.40 [0.094]
b 2a(0am
0.20 [0.008]
0.00[0.000]
1.03 [0.040]
DIMENSIONS IN MM [INCHES] %‘%‘g
2450P|
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28SOP (SOP28-P-450)

1 27 [0.050]
0.50 [0.020]

030100121 ‘M‘ 1.70 [0.067]
2o |NLLIILILANITS 1
i

8.80[0.346] 12.40[0.488]
8.40[0.331] 11.60[0.457)

o (B
TTOTTTTTTITTT] 1
1 14

f

1.70 [0.067] e
1820[0.717] ___| 0.20[0.008]
17.80 [0.701] 0.10[0.004]

10.60 [0.417]

0.15 [0.006]

1.03 [0.041]

2.40 [0.094]
2.00 [0.079]

|

0.20 [0.008]
0.00 [0.000]
1.025 [0.041]

DIMENSIONS IN MM [INCHES] Mo e

28SOP

32SOP (SOP32-P-525)

1 27 [0.050]
0.50 [0.020]

o:ﬁ[loowl 1[ 1.40 [0.055]
s AN ALALLLLLT 17” T

1450 [0.571] 11.50 [0.453]
13.70[0.539] 11.10 [0.437]

N1
TTTTTTTTTTUITII] * i
1.40 [0.055] __II__

20.80 [0.819] 0.20 [0.008]
20.40 [0.803] 0.10 [0.004]

12.50 [0.492]

lr———

0.15[0.006)

1.28[0.50]

2.90[0.114]
2,50 [0.098]

0.20 [0.008]
0.00 [0.000]
1.280.050]

DIMENSIONS IN MM [INCHES] %

32s0P
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DIMENSIONS IN MM [INCHES] Mﬁ%

0.25[0.010]
0.05 [0.002)

1.28[0.050]

40SOP (SOP40-P-525)
1.27 [0.050]
0.50 [0.020] TYP.
0.30 (0.012] 1.40 [0.055]
sof faanAAQAND 21 T T
11.50[0.453] 14.50 [0.571] 12,50 [0.492)
11.10[0.437] 13.70 [0.539)
IJ.UIJUIJIIIJHIJHIJIJIJUIHIHW t
1 20
1.40 [0.055] _—"-_
26.50 [1.043] 0.20 [0.008]
26.10 [1.028) 0.10 [0.004]
0.15 [0.006]
1.28 [0.050]
" 2.90[0.114]
2.50 [0.098]
0.20 [0.008]
0.00 [0.000]
1.28[0.050]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] Yoo
44SOP (SOP44-P-600)
1.27 [0.050]
0.50 [0.120] TYP.
0.30[0.012]
44 23 ¥ o
13.40[0.528] 16.40[0.646)
13.00[0.512] 15.60[0.614] 14.40[0.567]
8 )
1 22 _’“‘_
28.40[1.119] 0.20 [0.008]
28.00 [0.102] 0.10 [0.004]
0.15 [0.006]
1.275 [0.050]
’ 28[0.174] ¥ 3.25[0.128]
5 [0. 2.45[0.096]
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26TSOP (TSOP26-P-300)

0.50 [0.020] 1.27 [0.050]
0.30[0.012] 2
-t

fa— Tve te—
211011 ﬂﬂﬂl 4

=

}

7.80[0.307] 9.60[0.378)
7.40[0.291] 8.80[0.347]

I L)
1 13

1740 [0.685] ___|

17.00 [0.669]
0.15 [0.006]
1.00 [0.039]
E;[ﬁﬂﬂ1=1ﬂﬁﬁﬂ7=]== i t 120(0.047]
0.20 [0.008]
0.00 [0.000]

0.20 [0.008]
0.10 [0.004]

SHARP

DIMENSIONS IN MM [INCHES] MXMUMLIMIT
26TSOP
32TSOP (TSOP32-P-0820)
030[0012]  0.50[0.020]
0.10[0004]  TYP.
e
2 i 2T
f—
18.60[0732]  20.40[0.803]
1820[0717]  19.60[0.772] 19.00[0.748)
O
e |
UUiHrouorauwuuy W____
1 16
8.20 [0.323] .
7.80 [0.307] 0.20 [0.008]
0.10 (0.004]
0.15 [0.006]
1.00 [0.039]
e n I RE T Xy
0.20[0.008]
0.00 [0.000]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT
MINIMUM LIMIT
32TSOP|
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48TSOP (TSOP48-P-1218)
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44QFP (QFP-44-P-1010)
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44QFP (QFP-44-P-1414)
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64QFP (QFP64-P-1420)
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= 00000008000000R0RD —
- 32
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= -] f
19.20 [0.756) "_é ==
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DIMENSIONS IN MM [INCHES] %mr
B4QFP
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120PGA (PGA120-C-S1360)
BOTTOM LEFT SIDE
2.54[.100] BSC 12.70 [.50] DIA TYP
/ N\ [ l
LeOEPEECOEOOPEO® h=—
PPOPEPEEPEPEOEEEE |
©PEOOOOOOEOE® | | ——_ i
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28PLCC (PLCC28-P-S450)
1.143 1.143
(0,045 "] 1 [T 0.048)
1.143 1.143
1.27[0.050] TYP 0.889 + 0.254
0.045] —= 0.045] . .
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oo mmorrmm
®
} i i
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0381 [ 1
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| S QS Sum py Gum y Sme Ry Swn ay sm )
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MIN _ 2.642
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0.490+[0.005] 811[0.032 4.369
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0.508 MIN MIN
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0.33[0.013
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28PLCC]
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32PLCC (PLCC32-P-R450)

29 21
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15.10[0.594]
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13.50[0.531]
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MAXIMUM LIMIT
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132PQFP (PQFP132-P-S950) 457180

0.635 -
[.025] TYP .51[.020]
NON-ACCUM " l MIN.

28.02[1.103]
27.86 [1.097]

27.56 [1.085)
27.31 [1.075)
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24.05[.947]
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24.05947]
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27.31[1.075) oou
. =so0z[i103
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w |
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0.15.006]
DIMENSIONS IN MM [INCHES] o MUM ST o7 87 CHANPER
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