






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd} 

Doe· 0359 

NOTES: 
1. Av,. A1A• AoA. and Aoe are all held HIGH for FIFO access. 
2. OEA Is held HIGH. 
3. OE8 is held LOW. 
4. "'FL (First Read Latency) - The first read following an empty condition 

may begin no earlier than lmL after the first write to an empty FIFO, 
to ensure that valid read data Is retrieved. 

Figure 22. FIFO #1 Write and Read Operation In 
Near-Empty Region 

Rev. A. Oct91 

LH5420 

5420-16 

7-177 



LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

NOTES: 
1. A2A, A1A, AoA,, and Aoe are all held HIGH for FIFO acoess. 
2. OEA is held HIGH. 
3. OE8 is held LOW. 
4. fi:RL (First Read Latency) - The first read following an empty condition 

may begin no earlier than fi:RL after the first write to an empty FIFO, 
to ensure that valid read data Is retrieved. 

7·178 

Figure 23. FIFO #2 Wrtte and Read Operation In 
Near-Empty Region 

Rev. A. Oct91 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd} 

Doe- 0359 

CKe 

ENe 

PREVIOUS DATA 

NOTES: 
1. ~· A1"' Ao>.. and Aoe are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OEe is held LOW. 
4. flvi_ (First Write Latency) - The first write following a full condition 

may begin no earlier than flvi_ after the first read from a full FIFO, 
to ensure that valid write data Is written. 

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

Rev. A, Ocl91 

LH5420 

·1 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

CK8 

EN a 

Doa-~e 

NOTES: 
1. ~. A1A, AoA• and Aoe are all held HIGH for FIFO access. 
2. OEA is held LOW. 
3. OE8 is held HIGH. 
4. ffiL (First Write Latency) - The first write following a lull condition 

may begin no earlier than fflL after the first read from a lull FIFO, 
to ensure that valid write data is written. 

!FF 

Figure 25. FIFO #2 Read and Write Operation In 
Near-Full Region 

7-180 Rev. A, Ocl91 
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256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

CK8 

RiWe 

ENe 

Doe· D11e 

I I 
WORD #n WORD #n+2 

I I I 
WORD #n WORD #n+1 WORD #n+2 

NOTES: 
1. ~ is held HIGH for FIFO access. 
2. OE8 is held LOW. 
3. WS0 is held HIGH and WS1 is held LOW for double-byte access. 

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

Rev. A, Oc:l91 

LH5420 

5420-13 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

CKe 

RiWe 

ENe 

Doe- D11e 

NOTES: 

IRWs 

•es 

I 
WORD #n 

1. Aoe is held HIGH for FIFO access. 
2. OE8 is held HIGH. 
3. WS0 is held HIGH and WS1 is held LOW for double-byte access. 

I 
WORD #n+2 

BITS 
18-35 

Figure 27. Port B Double-Byte FIFO #2 Write Access for 
18-to-36 Defunnellng 

7-182 Rev. A, Ocl91 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKe 

EN9 

Doe· Dae 

WORD #n WORD #n+1 

I I 
WORD #n WORD #n+1 

I 
WORD #n WORD #n+1 

I 
WORD #n WORD #n+1 

NOTES: 
1. Aoe Is held HIGH for FIFO access. 
2. OE9 is held LOW. 
3. WS0 and WS1 both are held LOW for single-byte access. 

Rgure 28. Port B Single-Byte FIFO #1 Read Access for 
36-to-9 Funneling 

SHARP Rev. A, Oct91 

LH5420 

5420-11 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKe 

IRws 

R!We 

!ES 

EN9 

D0e- Dae 

I I 
WORD #n WORD #n+1 

NOTES: 
1. Aoe Is held HIGH for FIFO access. 
2. OEe is held HIGH. 
3. WS0 and WS1 both are held LOW for single-byte access. 

Figure 29. Pon B Slngle-Byte FIFO #2 Write Access for 
9-to-36 Defunnellng 

7-184 Rev. A, Oct91 
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256 x 36 x 2 Bldlrectlonal FIFO 

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. 

* * * * 
Cl<A (CKa) 

tRWS 

RiiiA (RtWa) 

!Ras 

REQA (REOa) 

!ACK !ACK tACK 

ACKA (ACKa) 

!AF 

AF1 (AF2) 

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. 
* Indicates 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. 

Figure 30. Write Request/Acknowledge Handshake 

SHARP Rev. A, Oct91 

* 

1ACK 

LH5420 

!ROH 

5420-8 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

Outside the 'almost-empty' regi~n, 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. 

c~ (CK0) 

AE2 (AE1) 

NOTES: 

* * * * 

1. For a FIFO access to occur, REO and EN must be held HIGH for the required setup and hold times. 
2. ACK can be tied directly to EN to directly gate Fl FO accesses. 
* Indicates 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. 

Figure 31. Read Request/ Acknowledge Handshake 

* 

5420-9 
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256 x 36 x 2 Bidirectional FIFO 

ORDERING INFORMATION 

LH5420 
Device Type 

x 
Package 

-## 

SpLJ ~~ Cycle Times (ns) 

----i35 

LH5420 

~------. P 132-Lead, Plastic Quad Flat Package * (PQFP132-P-8950) 
Y 120-Lead, Pin-Grid-Array Package (PGA120-C-S1360) 

L-------------- 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) 
54:!0MD 

SHARP Rev. A, Oct91 7-187 



PRODUCT PREVIEW 

LH540201 /02/03 CMOS 512/1024/2048 x 9 
Asynchronous FIFO 

FEATURES 

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

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

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Retransmission Capability 

• TTL-Compatible 1/0 

• 28-Pin PDIP and 
32-Pin PLCC Packages 

• Pin and Functionally Compatible with 
Sharp LH5496/97/98 and with 
Am/IDT/MS7201 /02/03 

• Control Signals Assertive-LOW for Noise 
Immunity 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

w 1• Vee 

Da 2 D4 

D. 3 Ds 

D2 4 Ds 

D1 5 0, 

Do 6 ruiIT 
Xi 7 RS 

FF 8 EF 
Oo XO/HF 

a, a, 
02 Os 

03 Os 

Os 04 

Vss Fi 

540201-20 

Figure 1. 28-Pln PDIP (Top View) 

7-188 

FUNCTIONAL DESCRIPTION 

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 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. 

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 

32-PIN PLCC TOP VIEW 
0 0 

rS ~13:: 0 o~ z > 

• 
D2 Do 

D1 D, 

Do NC 

Xi ruiIT 
FF RS 

Oo Ei= 
a, XO/HF 

NC a, 
02 21 a. 

15 16 17 18 19 20 

"' .. ill 0 0 0 > z 10: 00 
540201-30 

Figure 2. 32-Pln PLCC (Top View) 

SHARP 



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 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 maybe 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 (FURT) control input; the remaining FIFO devices 
are designated as 'slaves,' by tying their FURT 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-Del 

w WRITE 
CONTROL 

WRITE 
POINTER 

DUAL-PORT 
RAM 

ARRAY 
512x 9 
1024 x 9 
2048x9 

DATA OUTPUTS 
(Oo-Oal 

FLAG 
LOGIC 

RESET 
EXPANSION 

LOGIC 

READ 
POINTER 

READ 
CONTROL 

Figure 3. LH540201/02/03 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN DESCRIPTION 

Do-Ds Data Inputs XO/HF Expansion Out/Half-Full Flag 

Oo-Os Data Outputs XI Expansion In 

w Write Request Input FURT First Load/Retransmit 

R Read Request Input RS Reset 

EF Empty Flag Vee Positive Power Supply 

FF Full Flag Vss Ground 

SHARP 7-189 



LH540204 
FEATURES 

• Fast Access Times: 15/20/25/35 ns 

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

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Retransmission Capability 

• TTL-Compatible 1/0 

• 28-Pin PDIP and 
32-Pin PLCC Packages 

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

• Control Signals Assertive-LOW for Noise 
Immunity 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 
w 1• Vee 

Da 2 04 

03 3 Ds 

D2 4 Ds 

o, 5 07 

Do 6 ruRl' 
Xi 7 RS 

ff 8 EF 
Oo 9 XO/HF 

o, 07 

02 o. 
03 Os 

o. 04 

Vss A 

540204-20 

Figure 1. 28-Pin PDIP (Top View) 
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PRODUCT PREVIEW 
CMOS 4096 x 9 Asynchronous FIFO 

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. 

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 
addressing information is required for the operation of the 

TOP VIEW 

Ds 

07 

NC 

ruRl' 
RS 

EF 
XO/HF 

a, 
Os 

540204-30 

Figure 2. 32-Pin PLCC (Top View) 

SHARP 



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 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. 

A cascading (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 (FURT) control input; the remaining FIFO devices 
are designated as 'slaves,' by tying their FURT 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. 

Rs~ 
~ 

DATA OUTPUTS 
(Do·DaJ 

INPUT PORT'---­
CONTROL 

WRITE 
POINTER 

DUAL-PORT 
RAM 

ARRAY 

DAT A OUTPUTS 
(0.-0al 

FLAG 
LOGIC 

EXPANSION 
LOGIC 

READ 
POINTER 

XO/HF 

Figure 3. LH540204 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN 

Do-Da Data Inputs XO/HF 

Oo-Os Data Outputs XI -
w Write Request Input FURT 

R Read Request Input RS 

EF Empty Flag Vee -
FF Full Flag Vss -

SHARP 

540204·1 

DESCRIPTION 

Expansion Out/Half-Full Flag 

Expansion In 

First Load/Retransmit 

Reset 

Positive Power Supply 

Ground 

7-191 



LH540205 
FEATURES 

• Fast Access Times: 15/20/25/35 ns 

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

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Retransmission Capability 

• TTL-Compatible 1/0 

• 28-Pin PDIP and 
32-Pin PLCC Packages 

• Pin and Functionally Compatible with 
Am/IDT7205 

• Control Signals Assertive-LOW for Noise 
Immunity 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

w 1• Vee 

Da 2 D4 

D3 3 Ds 

D2 4 Da 
D1 5 ~ 
Do 6 FURT 

Xi 7 RS 

FF 8 21 El= 
Oo 9 XO/HF 

01 ~ 

02 Os 

~ 05 

Oa a. 
Vss Fi 

540205-20 

Figure 1. 28-Pln PDIP (Top View) 
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PRODUCT PREVIEW 
CMOS 8192 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION 

The LH540205 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SAAM 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 at the 
input port, or Read (R) for data retrieval at the output port. 

Full, HaH-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 Hatt-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 

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 
addressing information is required for the operation of the 

32-PIN PLCC TOP VIEW 

c 0 13: 
0 ~ 0 Cf z 

Oz De 

D1 ~ 
Do NC 

Xi ruR'i' 
ff RS 

Oo E:F 
01 XO/HF 
NC ~ 
02 Oa 

14 15 16 17 18 

d' 0 JI ~ la: 0 <!! 
540205-30 

Flgure2. 32-Pln 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. 

A cascading (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 (FURT) control input; the remaining FIFO devices 
are designated as 'slaves: by tying their FURT inputs 
HIGH. Because of the need to share control signals on 
pins, the Hatt-Full flag and the retransmission capability 
are not available for either 'master' or 'slave· Fl FO devices 
operating in cascaded mode. 

DATA OUTPUTS 
(Do·Ds) 

WRITE 
CONTROL 

WRITE 
POINTER 

DUAL-PORT 
RAM 

ARRAY 

' DATA OUTPUTS 
(0o· Os) 

FLAG 
LOGIC 

RESET 
EXPANSION 

LOGIC 

READ 
POINTER 

XO/HF 

Figure 3. LH540205 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN 

Do-De Data Inputs XO/HF 

Oo-Oa Data Outputs XI 

w Write Request Input FURT 

R Read Request Input RS 

EF Empty Flag Vee 
FF Full Flag Vss 

SHARP 

READ 
CONTROL 

540205-1 

DESCRIPTION 

Expansion Out/Hatt-Full Flag 

Expansion In 

First Load/Retransmit 

Reset 

Positive Power Supply 

Ground 

7-193 



LH540206 
FEATURES 

• Fast Access Times: 15/20/25/35 ns 

• Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SAAM technology 

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Retransmission Capability 

• TTL-Compatible 1/0 

• 28-Pin PDIP and 
32-Pin PLCC Packages 

• Pin and Functionally Compatible 
with IDT7206 

• Control Signals Assertive-LOW for Noise 
Immunity 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 
w 1• Vee 

Da 2 D4 

D, 3 Ds 

D2 4 De 

01 5 0, 

Do 6 F"uRf 
Xi 7 RS 

FF 8 Ei= 
Oo 9 XO/HF 

01 ~ 

02 Os 

a, a. 
Ca 04 

Vss A 

540206-20 

Figure 1. 28-Pln PDIP (Top View) 
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PRODUCT PREVIEW 
CMOS 16384 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION 

The LH540206 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SAAM 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 at the 
input port, or Read (A) 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. 

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 
addressing information is required for the operation of the 

32-PINPLCC 

~ 

01 

Do 

Xi 
ff 
Co 

01 
NC 

~ 
17 18 19 20 

TOP VIEW 

De 
28 0, 
27 NC 

26 Fl/RT' 
RS 

EF 
23 XO/HF 

22 ~ 

21 0 6 

540204-30 

Figure 2. 32-Pln PLCC (Top View) 
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CMOS 16384 x 9 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 Hatt-Full 
status flags. 

The Retransmit (Rl) 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. 

A cascading (depth-expansion) scheme maybe 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 (FURl) control input; the remaining FIFO devices 
are designated as 'slaves,' by tying their FURT inputs 
HIGH. Because of the need to share control signals on 
pins, the Hatt-Full flag and the retransmission capability 
are not available for either 'master' or 'slave' FIFO devices 
operating in cascaded mode. 

DATA OUTPUTS 
(Do·Da) 

WRITE 
CONTROL 

WRITE 
POINTER 

Rs 
FDR""f 

Xi 

DUAl..·PORT 
RAM 

ARRAY 

DATA OUTPUTS 
(0.,·0a) 

FLAG 
LOGIC 

RESET 
EXPANSION 

LOGIC 

READ 
POINTER 

XO/HF 

Figure 3. LH540206 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN 

Do-De Data Inputs XO/HF 

Oo-Os DataOut~ts XI 
w Write Request Input FURT 

R Read Request Input RS 

EF Emi:>_tyFlag_ Vee 
FF Full Flag Vss 

READ 
CONTROL 

....... , 

DESCRIPTION 

Expansion Out/Half-Full Fliig 

Expansion In 
First Load/Retransmit 

Reset 

Positive Power Supply 

Ground 
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LH540215/25 
FEATURES 

• Fast Cycle limes: 15120/25135 ns 

• Pin-Compatible Drop-In Replacements for 
IDT72215A/25A FIFOs; Defa1,11t Operating Mode is 
Functionally IDT-Compatible 

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

• Fast Fall-Through lime Internal Memory Array 
Architecture Based on CMOS Dual-Port SAAM 
Technology, 512x18or1024x18 

• 'Synchronous' Enable-Plus-Clock Control at 
Both Input Port and Output Port 

• Independently-Synchronized Operation of Input Port 
and Output Port 

• Control Inputs Sampled on Rising Clock Edge 

• All Control Signals Assertive-LOW for 
Noise Immunity 

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

• 16-mA-IOL Three-State OUtputs 

• Five Status Flags: Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty; 'Almost' Flags are 
Programmable 

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

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

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

• Data Retransmit Function 

• TTLJCMOS-Compatible 1/0 

• Space-Saving 68-Pin PLCC Package 

ADVANCE INFORMATION 
512x18/1024x18 Synchronous FIFO 

FUNCTIONAL DESCRIPTION 
The LH540215/25 are FIFO (First-In, First-Out) mem­

ory devices, based on fully-static CMOS dual-port SAAM 
technology, capable of containing up to 512or102418-bit 
words respectively. They can replace two or more byte­
wicfe 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, Almost­
Full, Half-Full, Almost-Empty, and Empty. The Almost-Full 
and Almost-Empty flag offsets are programmable over the 
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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512x18/1024x18 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 LO, without any reset 
operation. When LD is asserted, while writing is enabled 
by asserting WEN, some or all of the input bus word 
Do - 017 is used at the next rising edge of WCLK to 
program one or more of the resource registers on succes­
sive write clocks. Likewise, the values programmed into 

"' .. ... c c c 
/ 

.__, 
';.. .. • ... _. !.,.I !.,.I !.,.I !.,.I '.,. .. I I I 

6 5 4 3 2 :1: 9 8 7 
D14 :: 10 ·-~ 

D13 :: 11 

D12 :: 12 
011 :: 13 

D10 :: 14 

De ::1s 
Vrx; :: 16 

De :: 17 

Vss :: 18 

Di :: 19 

De ::20 
05 ::21 

D4 ::22 

03 ::23 
D2 ::24 

D1 ::25 

these resource registers may be read out for verification 
by asserting REN, with the outputs Oo - 011 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 WXl/WEN2, and FF 
to RXl/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 

~ JI Ith ~ 
... .. JI "' 0 0 0 

...... !. .. • ·--· .__ . .__. .__. 0 I 

68 67 66 65 64 63 62 61 
so:: Vrx; 
sg:: 014 
ss·-·- 013 

s1:: Vss 
ss:: 012 

ss:: 011 

54:: Voo 
s3:: 010 

s2:: Og 

s1:: Vss 
so:: Oe 

49:: a, 
4BC EMODE 

47C Oe 
46C 05 

45C Vss 
D0 -.26 «r C4 
~v~~~~~~~~$~~~~~~~-

'- ...... .--. i'"• ,--. ...... .--, i'"• .--. ;-, ... -. .--. .--. ,--. ;-. .--, .--. .--. _/ 

540215-2 

Figure 1. Pin Connections for PLCC Package 
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LH540215/25 ADVANCE INFORMATION 512x18/1024x18 Synchronous FIFO 

PIN DESCRIPTIONS 

PIN NAME 
PIN 

DESCRIPTION 
TYPE* 

Do-D11 Data Inputs I Data inputs from an 18-blt bus. 

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 

RS Reset I 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. 

When EMODE is held LOW, Command Register bits 06-10 are forced 
Enhanced HIGH rather than LOW, thus enabling all Enhanced Operating Mode fea-

EMODE Operating I tures. (See Table 5.) If this behavior is always desired, EMODE may be 
Mode grounded. Alternatively, EMODE may be tied to Vee. so that the FIFO is 

functionally IDT-compatible. 

Data is written into the FIFO on a LOW-to-HIGH transition of WCLK, 

WCLK Write Clock I whenever WEN (Write Enable) is being asserted (LOW), and LD is HIGH. 
If LD is LOW, a resource register rather than the internal FIFO memory is 
written into. 

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 

WEN Write Enable I HIGH, the FIFO internal memory continues to hold the previous data. 
(See Table 3.) Data will not be written into the FIFO if FF is LOW. In the 
optional Enhanced Operating Mode, WEN2 may be combined with WEN 
to produce an effective internal write-enable signal. 

Data is read from the FIFO on a LOW-to-HIGH transition of RCLK when-

RCLK Read Clock I 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. 

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, 

REN Read Enable I the FIFO's output register continues to hold the previous data word, 
whether or not Oo - 011 (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. 

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 

OE Output Enable I 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.) 

When LD is LOW, the data word on Do - D11 (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 

LD Load I word is read to Oo - 011 (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. 

• I = Input, 0 =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 

DESCRIPTION 
TYPE* 

In the standalone or paralleled configuration, FL may be grounded. How-
ever, in the standalone or paralleled configuration, H FL is taken HIGH, it 

First Load/ functions instead as RT (Retransmit), and resets the FIFO's internal read 
FURT Retransmit 

I pointer to the first physical location of the RAM array. In the cascaded 
configuration, FL has an entirely dHferent 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. 

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 

Write the two other control inputs RXl/REN2 and FURT. (See Tables 2 and 6.) 

WXl/WEN2 Expansion In the standalone or paralleled configuration, WXl/WEN2 is grounded. In 
I the cascaded configuration, WXl/WEN2 is connected to WXO (Write Ex-Input/ pansion Output) of the previous device, and functions as WXI. In the op-Write Enable 2 tional Enhanced Operating Mode, WXl/WEN2 functions as a second 

write-enable signal, WEN2, which is combined with WEN to produce an 
effective internal write-enable signal. 

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 WXl/WEN2 and FURT. (See Tables 2 and 6.) 

Read In the standalone or paralleled configuration, RXl/REN2 is grounded. In 

RXl/REN2 
Expansion I the cascaded configuration, RXl/REN2 is connected to RXO (Read Ex-
Input/ pansion Output) of the previous device, and functions as RXI. In the op-
Read Enable 2 tional Enhanced Operating Mode, RXl/REN2 functions as a second 

read-enable signal, REN2, which is combined with REN - and perhaps 
also with OE, H Command-Register bit 10 is set - to produce an effective 
internal read-enable signal. 

When FF is LOW, the FIFO is full; further advancement of its internal 
FF Full Flag 0 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. 

When PAF is LOW, the FIFO is 'almost full,' based on the almost-full off-

Programmable set programmed into the FIFO. The default value of this offset at reset is 
PAF 0 about 1/8 of the FIFO capacity, measured from 'full.' (See Table 4.) In De-Almost-Full Flag fault Mode, PAF is asynchronous; in the optional Enhanced Operating 

Mode, PAF is synchronized to WCLK. (See Table 5.) 

This signal is dual-purpose; its functionality is determined during a reset 
operation according to the states of the two control inputs WXl/WEN2 

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

WXO/HF Expansion 0 or paralleled configuration, whenever HF is LOW the device is more than 
Output/ half full. In Default Mode, HF is asynchronous; in the optional Enhanced 
HaH-Full Flag 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. 

When PAE is LOW, the FIFO is 'almost empty,' based on the almost-
Programmable empty offset programmed into the FIFO. The default value of this offset at 

PAE Almost-Empty 0 reset is about 1/8 of the FIFO capacity, measured from 'empty.' (See 
Flag Table 4.) In Default Mode, PAE is asynchronous; in the optional 

Enhanced Operating Mode, PAE is synchronized to RCLK. (See Table 5.) 

• I = Input, O =Output, Z = High-Impedance, V = Power Voltage Level 

SHARP Rev. A., Oct91 7-199 



LH540215/25 ADVANCE INFORMATION 512 x 18 / 1024x18 Synchronous FIFO 

PIN DESCRIPTIONS (cont'd) 

PIN NAME 
PIN 

DESCRIPTION 
TYPE* 

When EF is LOW, the FIFO is empty; further advancement of its internal 

EF Empty Flag 0 read-address pointer, and further changes in the data word present at its 
outputs, are inhibited. When EF is HIGH, the FIFO is not empty. EF is 
synchronized to RCLK. 

Read In the IDT-compatible cascaded configuration, a pulse is sent from RXO 
RXO Expansion 0 

to RXI of the next FIFO whenever the last location in the FIFO is read. 
Output 

Oo-017 Data Outputs OIZ Data outputs to drive an 18-bit bus. 

Vee Power v Seven +5 V power-supply pins. 

Vss Ground v Eight 0 V ground pins. 

• I = lnpu~ 0 = Output, Z = High-Impedance, V = Power Voltage Level 

Table 1. Depth-Code Programming 

DEPTH CODE 
TOTAL DEPTH 

d WITH 
LH540215s 

0 512 
1 512 
2 1.024 
3 1536 
... ... 
d 512d 
... ... 
31 15872 
32 16384 

EMO DE WXl/WEM2 RXl/REM2 

H H H 

H H H 

H H L 

H L H 

H L L 

H L L 

L x x 
NOTES: 

WITH 
LH540225s 

1024 
1024 
2048 
3072 

... 
1024d 

... 
31744 
32768 

Table 2. Grouping-Mode Detennlnatlon 
During a Reset Operation 

FL/RT MODE 
WXO/HF 
USAGE 

H Cascaded Slave 1 wxo 
L Cascaded Master 1 wxo 
x (Reserved) (HF) 

x (Reserved) (WXO) 

H Retransmit 2 HF 

L Standalone HF 

x Interlocked Paralleled HF 

WXl/WEM2 RXl/REM2 
USAGE USAGE 

WXI RXI 

WXI RXI 

(WXI) (RXI) 

(WXI) (RXI) 

(none) (none) 

(none) (none) 

WEN2 REN2 

1. The terms 'master' and 'slave' refer to IDT-aimpatible 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. 
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512x18/1024x18 Synchronous FIFO ADVANCE INFORMATION LH540215/25 

FURT 
WXllWEJ:!2 

WXO/HF 
RXl/REN2 

RXO 

WCK 

WEN 

WXl/WEN2 

RESET 
LOGIC 

EXPANSION 
LOGIC 

INPUT 
PORT 

CONTROL 
LOGIC 

FIFO 
MEMORY ARRAY 
512 x 18/1024 x 18 

WRITE 
POINTER 

OUTPUT 
PORT 

CONTROL 
LOGIC 

ACK 

REN 

FF ----+------t---tt----1 
PAF----+------t---tt----1 

DEDICATED AND o---+-------+---- EF 
PROGRAMMABLE t---+--t-----+---- PAE 

WXO/HF-----+----1--t---t_ __ s_T_AT_u_srF_LA_GS _ __. 

Do- 017 

INPUT 
PORT 

RESOURCE 
REGISTERS 

LO -----------t--t 
....__-~~~~~---' 

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 -0.5 Vto 7V 

Signal Pin Voltage to Vss Potential -0.5 V to Vee+ 0.5 v 
DC Output Current 1 ±75mA 

Temperature Range with Power Applied 2 -55°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package limit) 2W(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 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic LOW Input Voltage -0.5 0.8 v 
VJH Logic HIGH Input Voltage 2.0 Vee+ o.5 v 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

lu Input Leakage Vee= 5.5 V, V1N = 0 Vto Vee -1 1 µA 

ILO 1/0 Leakage OE ~ V1H. 0 v :5 VouT :5 Vee -2 2 µA 

VoH Output HIGH Voltage loH=-8.0mA 2.4 v 
VoL Output LOW Voltage loL= 16.0 mA 0.4 v 
Ice Average Operating Supply Current Measured at fc = max 250 mA 

lcc2 Average Standby Supply Current All inputs= V1HMIN (clock idle) 60 mA 

ICC3 Power-Down Supply Current All inputs= Vee- 0.2 v (clock idle) 1 mA 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto 3 V 
+5V 

Input Rise and Fall limes (10% to 90%) 3 ns 1.1kOHMS 

Output Reference Levels 1.5 v DEVICE 
UNDER n----+-~ 

Input liming Reference Levels 1.5 v 
R1 (Top Resistor) 1.1k Ohms 

Output Load, 
R2 (Bottom Resistor) 680 Ohms liming Tests 

30 pF* 
TEST 

6800HMS 

CL (Load Capacitance) 30pF 

CAPACITANCE 
*INCLUDES JIG AND SCOPE CAPACITANCES 54-0215-3 

PARAMETER RATING Figure 3. Output Load Circuit 

C1N (Input Capacitance) V1N = 0 V 7pF 

Co (Output Capacitance) VouT = O V 7pF 
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512x18/1024x18 Synchronous FIFO ADVANCE INFORMATION 

AC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER -15 

MIN. 

fs Clock Cycle Frequency 

IA Data Access lime 2 

tcLK Clock Cycle lime 15 

tCLKH Clock HIGH lime 6 

tcLKL Clock LOW lime 7 

tos Data Setup lime 4 

toH Data Hold lime 1 

tENS Enable Setup lime 4 

tENH Enable Hold lime 1 

tRS Reset Pulse Width 1 15 

tRSS Reset Setup lime 2 9 

tRSF Reset to Flag and Output lime 

tmz Output Enable to Output in Low-Z 2 0 

toE Output Enable to Output Valid 

toHZ Output Enable to Output in High-Z 2 1 

tWFF Write Clock to Full Flag 

tREF Read Clock to Empty Flag 

tPAF 
Clock to Programmable Almost-Full Flag 
(Default Mode) 

tPAE 
Clock to Programmable Almost-Empty Flag 
(Default Mode) 

tHF Clock to Half-Full Flag (Default Mode) 

tPAFS 
Clock to Programmable Almost-Full Flag 
(Enhanced Mode) 

tPAES 
Clock to Programmable Almost-Empty Flag 
(Enhanced Mode) 

tHFS Clock to Half-Full Flag (Enhanced Mode) 

txo Clock to Expansion-Out 

tx1 Expansion-In Pulse Width 6 

tx1s Expansion-In Setup lime 6 

tsKEW1 
Skew lime Between Read Clock and Write 11 
Clock for Full Rag 

tSKEW2 
Skew lime Between Read Clock and Write 11 
Clock for Empty Flag 

NOTES: 
t. 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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MAX. 

67 

11 

15 

7 

7 

11 

11 

15 

15 

15 

11 

11 

11 

9 

LH540215/25 

-20 -25 -so 
MIN. MAX. MIN. MAX. MIN. MAX. 

50 40 20 

2 14 3 15 3 25 

20 25 50 

8 10 20 

9 10 20 

5 6 10 

1 1 2 

5 6 10 

1 1 2 

20 25 50 

12 15 30 

20 25 50 

0 0 0 

9 12 20 

1 9 1 12 1 20 

14 16 30 

12 15 30 

20 22 35 

20 22 35 

20 22 35 

12 15 30 

12 15 30 

12 15 30 

12 15 30 

8 10 20 

8 10 20 

14 16 20 

14 16 20 
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LH540215/25 ADVANCE INFORMATION 512x18/1024x18 Synchronous FIFO 

Table 3. Selection of Read and Write Operations 

LD WEN REN WCL.K RCLK ACTION 

L x x - - No operation. 

L L H A - Write to a resource register. 1 

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

L H L - A Read from a resource register. 1 

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

L x x A A Illegal combination, which will cause errors. 

H L x A x Normal FIFO write operation. 

H x L x A Normal FIFO read operation. 

H L x - x No write operation. 

H H x x x No write operation. 

H x L x - No read operation. 

H x H x x No read operation. 

H L L - - No operation. 

H H H 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 independendy of each other. Both 
state machines are reset to point to Word 0 by a reset operation. 

2. The order of the three resource registers, as selected by either state machine, is always: 
Word O: Almost-Empty Offset Register 
Word 1 : Almost-Full Offset Register 
Word 2: Command Register 
Word O: Almost-Empty Offset Register 

(repeats indefinitely) 

Table 4. Status Flags 

NUMBER OF DATA WORDS PRESENT WITHIN FIFO 1• 2 
FF 

512x18 FIFO 1024 x 18 FIFO 

0 0 H 

1 ton 1 ton H 

(n+ 1) to 256 (n+1)to512 H 

257 to (512-(m + 1)) 513 to (1024-(m + 1)) H 

(512-m)to511 (1024-m) to 1023 H 

512 1024 L 

NOTES: 

PAF 

H 
H 

H 

H 

L 

L 

1. n =Programmable-Almost-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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512x18/ 1024x18Synchronous FIFO ADVANCE INFORMATION LH540215/25 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES 

Data Inputs 
DATA IN (Do-D11) 

Data, programmable-flag-offset values, and Com­
mand-Register codes are input to the FIFO as 18-bit 
words on Do - 011. 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 thatthe 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) 

A rising edge (LOW-to-HIGH transition) of WCLK initi­
ates a FIFO write .9'._Cle if LO is HIGH, or a resource-reg­
ister write cycle if LO 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 LO is 
HIGH, and the FIFO is not full, an 18-bil 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 ii contained pre­
viously, and no new data word gets loaded into the 
memory array. 

To prevent overrunning the internal 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 tWFF, 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), WXl/WEN2 functions as 
WEN2, 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) 

A rising edge (LOW-to-HIGH transition) of RCLK initi­
ates a FIFO read cycle if LO is HIGH, or a resource-reg­
ister read cycle if LO 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 from the 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), 
RXl/REN2 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. 

OUTPUTENABLE(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 Oo- 011. 
That is, disabling Oo - 011 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 
Oo - 011 are enabled, each of these 18 data outputs is in 

a normal HIGH or LOW state, according to the bit pattern 
of the data word in the output register. When Oo - 011 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 1 O has been set, OE behaves as an 
additional read enable, as well as enabling and disabling 
the data outputs Oo - 011. Under these circumstances, 
incrementing the read-address pointer is inhibited when­
ever Oo - 011 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 Oo - 011. The first two 
registers are the Programmable-Flag-Offset-Value~ 
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, thatthe 
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 1024x18 
FIFO. 

Whenever LD and WEN are simultaneously being 
asserted (are both LOW) the 18-bit data word from the 
data inputs Do - D11 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 LO and WEN continue to be simultaneously 
asserted, another 18-bit data word from the data inputs 
Do - D11 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 - D17 is 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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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 LO is being asserted 
(is LOW) but WEN is not being asserted (is HIGH), the 
FIFO's internal resource-register-write-address pointer 
advances without any writing actually taking place. Thus, 
for instance, one or two resource registers may be written, 
after which the FIFO may be returned to normal FIFO­
array-read/write operation by deasserting LO (to HIGH). 

Likewise, whenever LO 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 Oo- 017 at the first rising edge 
(LOW-to-HIGH transition) of the read clock (RCLK). (See 
Table 3.) If LO 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 Oo- 017 at the second rising edge of RCLK, and 
still another 18-bit data word from the Command Register 
is read to the data outputs Oo-017 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 LO 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 LO (to HIGH). 

WORDO[)<J PROGRAMMABLE·ALMOST·FULL-OFFSET VALUE 1 

17 16 15 

WORD1[)<J PROGRAMMABLE·ALMOST-EMPTY·OFFSET VALUE 2 

17 16 15 

COMMAND REGISTER 2 

<D ® ® © 
11 10 9 8 7 6 5 

G) 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. 

© Makes HF synchronous. 

@ Makes PAE synchronous. 

NOTES: 
1. Default offset values are 6310 (LH540215) or 12710 (LH540225). 

See 'Command-Register Formar table for the default state of the command register. 
2. The assertion of EMODE forces Command Register bits 06-11 HIGH. 

Figure 4. Resource Registers 
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0 

0 

0 
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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 
LO is being asserted. 

FIRST LOAD/RETRANSMIT (FURT) 

FURT 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 WXl/WEN2 and RXl/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 FURT pin 
should be grounded for strict IDT72215Al25A-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 
a block of data may be retransmitted. The only restrictions 
are that neitherthe read-address pointer northe 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, FURT is 
grounded to distinguish the 'master· or 'first-load' FIFO 
from the other 'slave' FIFOs in the cascade, which must 
all have their FURT 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 
(WXl/WEN2) 

WXl/WEN2 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 FURT 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, WXl/WEN2 and RXl/REN2 
both must be grounded so that the FIFO comes up in the 

standalone grouping mode after a reset operation. In 
interlocked paralleled operation, WXl/WEN2 is tied to FF 
of the other paralleled FIFO, and RXl/REN2 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, WXl/WEN2 is connected to the 
WXO (Write Expansion Output; actually WXO/HF) output 
of the previous FIFO in the cascade. RXl/REN2 is 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 WXl/WEN2 and RXl/REN2 inputs thus con­
nected come up in one of the two cascaded grouping 
modes, according to whether their FURT inputs are 
grounded or tied HIGH. (See again Tables 2 and 6.) 

READ EXPANSION INPUT/READ ENABLE 2 
(RXl/REN2) 

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

In cascaded operation, RXl/REN2 is connected to the 
RXO (Read Expansion Output) of the previous FIFO in 
the cascade. WXl/WEN2 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 FlFOs 
with their RXl/REN2 and WXl/WEN2 inputs thus con­
nected come up in one of the two IDT-compatible cas­
caded grouping modes, according to whether their FURT 
inputs are grounded or tied HIGH. (See again Tables 2 
and6.) 

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 Oo - 011. Unused bit positions in offset and 
Command-Register words are zero-filled. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

Table 5. Command-Register Format 

COMMAND VALUE AFTER FLAG 
REGISTER CODE 

RESET 
AFFECTED, DESCRIPTION 

BITS IFANY 

00-05 xx xx xx LLLLLH - Depth code, from 0010 to 3210. 

06 
L UH 2 PAE 

Set by iRCLK, reset by iWCLK. 

H Set and reset by iRCLK. 

LL Set by 1WCLK, reset by iRCLK. 

07-08 LH LUHH 2 HF Set and reset by iRCLK. 

HL 
Set and reset by iWCLK. 

HH 

09 
L UH 2 PAF 

Set by iWCLK, reset by iRCLK. 

H Set and reset by iWCLK. 

OE has no effect on a read L operation. 

10 UH2 -
OE inhibits a read operation when-

H ever the data outputs Oo - 011 are 
in the high-Z state. 

11 
L 

L 
Normal operating mode. -

H Special test mode. 

NOTES: 

LH540215/25 

NOTES 

Same functionality as in 
IDT72215A/25A. 

Asynchronous flag clocking. 

Synchronous flag clocking. 

Asynchronous flag clocking. 

Synchronous flag clocking at out-
put port 

Synchronous flag clocking at 
input port. 

Asynchronous flag clocking. 

Synchronous flag clocking. 

Allows the read-address pointer 
to advance even when Oo - 011 
are not driving the output bus. 

Inhibits the read-address pointer 
from advancing when Oo - 011 
are not driving the output bus; 
thus, guards against data loss. 

For all in-system applications. 

Reserved for testing purposes. 

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

1/0 PIN 

I WXl/WEN2 

0 WXOIHF 

I RXIJREN2 

0 RXO 

I FURT 

SHARP 

Table 6. Expansion-Pin Usage According to 
Grouping Mode 

STANDALONE INTERLOCKED MASTER 
PARALLELED 

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

Becomes HF Becomes HF To WXI (n+1st FIFO) 

Grounded From EF (other FIFO) From RXO (n-1st FIFO) 

Unused Unused To RXI (n+1st FIFO) 

Becomes RT Becomes RT Grounded (Logic LOW) 

Rev. A., Oct91 

SLAVE 

From WXO (n-1st FIFO) 

To WXI (n+ 1st FIFO) 

From RXO (n-1st FIFO) 

To RXI (n+ 1st FIFO) 

Logic HIGH 
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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 
H 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). 

H the FIFO has been reset by asserting RS (LOW), FF 
initially is HIGH. But, whenever no read operations have 
been ~rformed 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 LH540215or1024 
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 718 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.' 

In the 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 WXl/WEN2 and RXl/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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512x18/1024x18 Synchronous FIFO ADVANCE INFORMATION LH540215/25 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

state of its WXl/WEN2, RXl/REN2, and FURT 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 512forthe LH540215 
or 1024 for the LH540225 respectively. 

If the 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.' 

In the optional Enhanced Operating Mode, on the 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 than n + 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 118 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 (LO). 

If the 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 
Table4.) 

If n is 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.' 

In the optional Enhanced Operating Mode, on the 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. 

If the 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 
Table4.) 

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 RXl/REN2 and 
WXl/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). 
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LH540215/25 ADVANCE INFORMATION 512x18/ 1024 x18 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; it is 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. A FIFO is initialized 
into 'standalone' mode, into 'cascaded master' mode, or 
into 'cascaded slave' mode according to the state of its 
WXl/WEN2, RXl/REN2, and FURT control inputs during 
a reset operation. It also may be forced into interlocked 
paralleled mode by EMODE. (See Table 2, Table 5, and 
Table6.) 
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LH543620 
FEATURES 

• Fast Cycle Times: 15/20/25/30 ns 

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

• 'Synchronous' Enable-Plus-Clock Control at 
Both Ports 

• Independently-Synchronized Operation of 
Input Port and Output Port 

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

• Control l~ts Sampled on Rising Clock Edge 
(Except RS and ACE) 

• Most Control Signals Assertive-LOW for 
Noise Immunity 

• High-Drive Three-State Outputs 

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

• Five Status Flags: Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty; 'Almost' Flags are 
Programmable 

• All Five Status Flags are Completely Synchronous 

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

• Both Edge-Sampled (OE) and Asynchronous (ACE) 
Output Enables 

• Automatic Byte Parity Checking; Optional Byte 
Parity Generation 

• TTUCMOS-Compatible 1/0 

• IEEE1149.1-Compliant (JTAG) Boundary-Scan 
Test Logic 

• 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. 

SHARP 

PRODUCT PREVIEW 
1024 x 36 Synchronous FIFO 

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, Almost-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 ENl2, and EF to EN02, 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 ACE, 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. 
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LH64270 
FEATURES 

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

• Applicable to 4 fsc sampling field size 
(263 lines x 91 O bits) for NTSC signal 

• 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) 

• Access time: 50 ns (MAX.) 

• Cycle time: 60 ns (MIN.) 

• Power supply: 5 V ± 10% 

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

• TTL compatible 1/0 
(Three state for DOo - D03) 

• Package: 
28-pin, 400-mil SDIP 

CMOS 1M {270K x 4) Field Memory 

DESCRIPTION 

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

It performs consecutive read and write operation of 
NTSC signals at a 4 fse 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-PINSDIP TOP VIEW 

w 1• EXT/INT 
RCK 2 V002 

WCK 3 Vee1 
RCLR 4 GND4 

WCLR 5 GND3 
LSo 6 GND2 
LS1 7 GND1 

GND 8 Vee 
BS 9 NC 
OE NC 

010 

001 12 011 
DO:! 13 012 

14 013 

6427(1.1 

Figure 1. Pin Connections for SDIP Package 
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LH64270 CMOS 1 M (270K x 4) Field Memory 

a: 

~ 
a: 
< 

WRITE 
ADDRESS POINTER 

WRITE 
DATA REGISTER 

WRITE 
ADDRESS POINTER 

WRITE 
DATA REGISTER 

400 x 4 -+--ii------624 x 4 

270 

BLOCK 1 

READ 
DATA REGISTER 

READ 
ADDRESS POINTER 

270 

BLOCK2 

READ 
DATA REGISTER 

READ 
ADDRESS POINTER 

8 g g I~ 

Figure 2. LH64270 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL 

WCK,RCK Write/read clock input DOo-DOa 

w Write control input LSo, LS1 

OE Output enable input BS 

Vee, Vcc1, 
Vcc2 

EXT/INT 
External/internal sync. 
select input 

GND, 
GND1-GND4 

WCLR,RCLR 
Write/read address clear 
input 

Dia-Dia Write data input NC 

NOTES: 

~ 
0 
a: 

PIN NAME 

Read data output 

Line count select input 

Bit count select input 

+5 V power supply 

Ground 

Non connection 

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 O V. 
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CMOS 1 M (270K x 4) Fleld Memory LH64270 

PIN FUNCTION 

SIGNAL PIN NAME 1/0 FUNCTION 

Dlo- Dl3 Data input I Write data input 

DOo-D03 Data output 0 Read data output (Three state) 

WCLR Write address Set the address of the next write cycle, after setting the WCLR signal at 

pointer clear I "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 Set the address of the next read cycle, after setting the RCLR signal at 

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

w Write control I 
The W sig~I controls data write operation. It also enables wi:J!!! operation of 
one field (W = "Low") or disables write operation of one field (W = "High") by 
synchronizing with the WCLR signal. 

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 

OE Output enable I 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). 

The WCK clock is a system clock input for data write. Write data is sampled 

WCK Write clock I 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. 

The RCK clock is a system clock input for data read. Read data is output 

RCK Read clock I 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 and LS1 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 

LS0,LS1 Line selection I lines, 263 lines, or 270 lines. The line number can be determined for each 
field. [ (LSo, LS1) ; (L, L) = 262 lines, (H, L) = 262.5 lines, (L, H) = 263 lines, 
(H, H) = 270 lines ] 

BS Bit selection I 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. 

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. 

EXT/INT Ext.tint. sync. I (Data input and output for one field is consecutively performed). The clear 
selection 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 VT -1.0to +7.0 v 
Supply voltage Vee -1.0to +7.0 v 
Output current lo 50 mA 

Operating temperature Topr Oto +70 •c 
Storage temperature Tstg -55to+125 ·c 

SHARP 



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

RECOMMENDED OPERATING CONDITIONS (TA= 0 to 70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 
Input "High" voltage V1H 2.4 5.5 v 
Input "low" voltage VJL -1.0 0.8 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to 70°C) 
PARAMETER SYMBOL CONDITIONS MIN. 

Supply current lcc1 twcs. tRCs • 60 ns 

W, RCLA, WCLA, OE • V1H 

Standby current lcc2 
BS, ACK, WCK, LSo, LS1 = VJL 
Dlo - Dia, EXT/INT .. Don't care 

DOo - DOa = Open 

0 V S V1N S 5.5 V 
Input leakage current h O V on all inputs except the pin -10 

under test 

Output leakage current lo 
0 V S VOUT S 5.5 V -10 DOo - DOa = High-impedance 

Output "High" voltage VoH loUT= -2 mA 2.4 

Output "Low• voltage VoL loUT=4.0 mA -

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to 70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT 

ACK cycle time tRCS 60 160 ns 

WCK cycle time twcs 60 160 ns 

ACK "High" pulse width tRCW 20 ns 

WCK "High" pulse width twcw 20 ns 

ACK "Low• pulse width tRCP 20 ns 

WCK "Low• pulse width twcP 20 ns 

Input data setup to WCK t1os 5 ns 

Input data hold to WCK !JOH 5 ns 

Access time from ACK tRAC 50 ns 

Output data hold to ACK IROH 5 ns 

OE access time IOEA 30 ns 

Output data hold time from OE toEH 0 ns 

Output disable time from OE loEz 40 ns 

W setup time from WCK twws 5 ns 

W hold time from WCK IWWH 0 ns 

BS setup time from ACK, WCK less 0 ns 

BS hold time from ACK, WCK IBSH 15 ns 

LSo - LS1 setup time from ACK, WCK ILSS 0 ns 

LSo - LS1 hold time from RCK, WCK ILSH 15 ns 

RCLA, WCLA pulse width ICLP 30 ns 

RCLR, WCLR setup time from ACK, WCK ICLS 5 ns 

RCLA, WCLA hold time from ACK, WCK ICLH 5 ns 

Input transition time (rise/fall) tr 3 35 ns 

NOTE: At least 500 µs 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 1 M (270K x 4) Field Memory LH64270 

AC TEST CONDITIONS 

PARAMETER RATING 

Input pulse level Oto3 V 

Input rise/fall time 5 ns 

Input timing reference level 1.5V 

Output timing reference level O.BV, 2V 

CAPACITANCE 

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT 

Input capacitance C1 All input pins 10 pF 

Output capacitance Co All output pins 10 pF 

WCK, RCK 

DI 

DO 

BS 

less lesH 
NOTE: WCLR = "HIGH", RCLR = "LOW" 

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



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

WCK,RCK 

DI 

DO 

LSo. LS, 

BS 

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

ORDERING INFORMATION 

LH64270 
Device Type 

x -## 
Package Speed 

I L_ 50 Access Time (ns) 

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

~----------- CMOS 1M (270K x 4) Field Memory 

Example: LH64270-50 (CMOS 1 M (270K x 4) Field Memory, 50 ns, 28-Pin, 400-mil SDIP) 
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LH66180 CMOS 1 M (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 1/0 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 1/0 

• CMOS double-metal process 

• Package: 
22-pin, 400-mil DIP 

SHARP 

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. Those two sections of memory 
block are alternately accessed to read and write data 
simultaneously and continuously. 

PIN CONNECTIONS 

22-PINDIP TOP VIEW 

GND 1• 22 Vee 

OOo 2 21 DOs 

D01 3 20 004 

DOi! 4 19 003 

Dl0 5 18 SCK 
Dl1 6 17 RST 

DI, 7 16 NC 

Dl3 8 15 NC 

Dl4 9 14 NC 

Dis 13 WE 

GND 11 12 Vee 

66180-1 

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

(/) 
rn-
wa: 
a:w 
01-oz 
<=> 

~8 

12-BITTOP 
ADDRESS DATA 

REGISTER 

ROW ADDRESS REFRESH CLOCK 
CONTROL COUNTER GENERATOR 

= (/) 
a: a: rn= w w Wa: 
0 MEMORY MEMORY 0 O::w 
0 8 01-
0 BLOCK I BLOCK II Oz w 1 94,sao x s sin ( 94,680 X 6 BIT ) w <:::> 
0 0 

~8 ~ 
;: 
If 

R I W REGISTER I RIW REGISTER II 

SERIAL SELECTOR SERIAL SELECTOR 

Figure 2. LH66180 Block Diagram 

PIN DESCRIPTION 

SIGNAL VO PIN NAME 

Dlo- Dis I Serial input for 6-bit data to be received from AID converter. 

DOo-DOs 0 Serial output for 6-bit data to be transferred to DIA converter. 

SCK I 
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 I response to the fall of the RST signal, and restarts memory cycling from the top 

address of memory. 

WE I 
Write 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 

Vee I +5 V power supply * 

GND I O V power supply • 

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

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 
PARAMETER SYMBOL RATING UNIT 

Supply voltage Vr -1.0to+7.0 v 
Operating temperature Topr Oto+70 •c 
Storage temperature Tstg -55to+150 ·c 

LH66180 

WRITE OPERATION 
Data is input through Dlo-Dls 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. 

NOTE 

1 

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 

Supply voltage Vee 4.5 5.0 5.5 v 
GND 0 0 0 v 

Input voltage V1H 2.4 6.5 v 
V1L -1.0 0.8 v 

NOTE: Referenced to GND. 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT 

Input voltage V1H 2.4 6.5 v 
V1L -1.0 0.8 v 

Output voltage VoH lour= -2 mA 2.4 v 
VoL lour= 4.2 mA 0.4 v 

Operating current Ice 
During normal operation 

75 mA !sec - MIN., outputs open 

Standby current lsB SCK = V1H (MIN.) 20 mA 

ISB1 SCK = Vee - 0.2 V 15 mA 

Input leakage current lu 
0 V s V1N s 6.5 V, outputs open -10 10 µA 0 V on all other pins 
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LH66180 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. TVP. MAX. 

Serial clock "H" pulse width tscH 30 40 
Serial clock "L" pulse width tscL 30 40 

Serial clock cycle time tscc 88 93 140 
RST setup time 1RSS 5 
RST hold time 1RSH 15 

Access time from SCK tscA 65 

Hold time for SCK tsoH 10 
WE setup time twcs 5 
WE hold time twcH 0 
Setup time for data input tos 5 
Hold time for data input toH 25 
Self-refresh start time tREFST 100 

CAUTION: 

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

SCK 

lscc 

6180-3 

Figure 3. Serial Clock Timing 

SCK 

000 .005 

010 -015 

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

12 TO 360 CYCLE 

SCK 

tscA 

DOo- DOs ------

SELF-REFRESH 
tREFST 

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, It is necessary to return 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 µs, the device is placed in self-refresh 
mode. To resume access after self-refresh, It is necessary to return to the top of a 
memory address with an RST i~. Read out the one field after self-refresh by 
applying a HIGH level signal to WE. 

Figure 5. Self-refresh Mode (Note 2) 

ORDERING INFORMATION 

x -## LH66180 
Device Type Package Speed 

I I_ 65 Access Time (ns) 

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

~------------ CMOS 180K x 6 Field Memory 

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

iiS__r;;;l 
-~ 

BYPASS 

MB~~-----1--11-----

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 
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Synchronous Bldlrectlonal FIFO 

Logic Device" (PLO) 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 (tos)and hold (toH) 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 1 O 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 (tos) and hold (toH) time (see 
Figure 3a). These restrictions will limit the maximum 
defunneling frequency of this circuit. 
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Figure 2. 36-Blt to 9-Blt 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 OV, 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 

READ CYCLES 

LH5420 

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: 

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

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

• Synchronous operation on both Ports A and B 

• Fully Asynchronous Communications between 
Port A and Port B 

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

• Capable of 40-MHz operation 

WRITE CYCLE 

DATA1N VALID 

CLK---if--- CLK ----CLK----- CLK-~---CLK 

NOTE: f0, f 1, f2, f3, - PLO generated READ signals. APP1"4 

Figure 2a. 36-Blt to 9-Blt conventional Funnellng Write and Read Timing Diagram 



LH5420 

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 
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Synchronous Bidirectional FIFO 

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 comrrunica­
tion occurs asynchronously. 

The LH5420 has five different types of flags available: 
Full Flag (l=F), Empty Flag (EF), Half Full Flag (HF), 
Almost Full Flag (AF), and Almost Empty Flag (AE). 
The Almost Empty and Almost 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-BH to 36-Bit Conventional Funneling FIFO Circuit 
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WRITE CYCLE READ CYCLE 

NOT VALID NOT VALID 

Oo-035 DATAouT VALID 

i---------CLK-------.i--------CU<---------1 

NOTE: w0, w1, w2, w3 = PLO generated WRITE signals. 

Figure 3a. 9-Blt to 36-Blt COnventtonal Defunnellng Read and Write Timing Diagram 
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Figure 4. LH5420, the Single Chip Solution for Databus Funneling 
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WRITE CYCLES READ CYCLES 

CK8 

Doe- Dee DATAIN NOT VALID 

APP1-6 

Figure 4a. LH5420 9-Blt to 36-Bit Funneling Write and Read Timing Diagram 

SUMMARY 
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 funne1ing and defunneling 
between databusses of different widths (eg. 8-bit to 

9-6 

32-bit, 18-bit to 36-bit, etc.). In comparison with con­
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. 

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 
FIFO 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
sors is 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. 

SHARP 

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

may or may not be derived from the same 
frequency source as the other port's clock input. 
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' 

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 
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Synchronous Bldlrectlonal FIFO 

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, Almost-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 eitherthe 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 either in response to a write event 
clocked at one port, or else in response to a read 
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, that it gets deasserted immediately 
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, 

SHARP 
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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 eithertheir outgoing FIFO or their outgo­
ing mailbox for writing, or either their incoming 
FIFO or their incoming mailbox for reading. 

Although Port A and 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 
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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, ratherthan 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. 
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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 RequesVAcknowledge 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 Request input is being 
continuously asserted, say for writing into the 
outbound FIFO for that port. As long as the 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 Acknowl­
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. 
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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 'Almost-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 

LH5420 

to even, or back to odd, at any time subse­
quently. If any of the four parity gates at a port 
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' part, 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 or to 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 a slightly modified version of the paper with the same title which appeared in the Northcon/91 Conference 
Record, paper 06/1; 1-3October1991. Also, in the Wescon/91 Conference Record, paper 7/4; 19-21 November 1991. 
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64QFP (QFP64-P-1420) 

19.20 (0. 756) 
18.40 (0.724) 

2.40 (0.095) 

14.20 (0.559) 
13.80 (0.543) 

2.40 (0.095) 

14.20 (0.560) 

:15~) 

1.90 (0.075) 

1.90 (0.070) 

18.20 (0. 717) 
17.40 (0.685) 

0.20 (0.008) 
0.00 (0.000) 

0.20 (0.008) --11--
0.00 (0.000) 

1.00 (0.039) 

.di LLILlLlLlDLl6riiiiiiiiiriri '6 _j 0.20 (0.008) I I +0.1010.004) 

• 22.98 [0.905) • 

DIMENSIONS IN MM (INCHES) MAXIMUM LIMIT 
MINIMUM LIMIT 

Packaging 

44QFP-2 

&IQFP 
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Packaging 

120PGA (PGA120-C-S1360) 

BOTTOM 
2.54 (.100] BSC 

@) © © © © © © © © © © © (et--f--L-T'" 

© © © ©©©©©©©©©let-+-,­
© © © ©© © © © © © © © © 
©©©© ©©© 
©©© ©©© 30.48 (1.200] BSC 

©©© ©©© 
®©© ©©® 
®©© ©©® 
®©© @@® 
®©© ©©® 
®@®®®®®®®®®®® 
®®®©®®®®®®@®® 

®@) ©@)@)@)@)@)@)@) l.+--1---'-

2.54 [.100] BSC 

---30.48 [1.200] BSC ---

35.05 [1.380] 
34.03 [1.340] 

DIMENSIONS IN MM [INCHES) MAXIMUM LIMIT 
MINIMUM LIMIT 

10-20 

35.05 [1.380] 
34.03 [1.340) 

LEFT SIDE 

12.70 [.SO] DIA TYP 

l 
t 

f 
0.50(.020) 
0.40 (.01EI] 

____ 1.40(.055) 

1.14 (.045] 

3.30 [.130) 
2.54 [.100) 

3.30 [.130] TYP 

4.82 [.190) 
4.32 [.170] 

120PGA 



28PLCC (PLCC2&-P·S450) 

1.143 
(0.045) 

1.143 
(0.045) 

1.27 [0.050) TYP 
NON-ACCUM 

m[0.127) 
(0.005) 

0.381 
(0.015) 

11.48 (0.452) 

12.45±(0.127) 0.490 ± [0.005) __ _ 

11.48 
[0.452) 

l 
4.369 2642 (0.01~1~10:104) 
1J -- I t 

DIMENSIONS IN MM [INCHES) 
MAXIMUM LIMIT 
MINIMUM LIMIT 

0.508 MIN 
[0.020) 

Packaging 

1.143 
[0.045) 

DETAIL 
.81 [0.032) 
.66(0.026) 

4.369 
(0.172) 

To.64 (0.025) _l MIN 

fo.64 [0.025) 
__L MIN 

-ll-
0.53(0.021) 
0.33 (0.013) 

t-"i 0.889± 0.254 
I ,0.035 ± 0.010) R 

l 
0.508 
(0.020) 

MIN 2.642 
---~-(0.104) 

2BPLOC 
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Packaging 

1 
12.50 (0.492) 
12.30 (0.484) 

:2.30(0.091) 13.50(0.138) 
1·90 (0.075) 3.10(0.122) 



132PQFP (PQFP132·P·S950) 

28.02 [1.103) 
27.86 [1.097] 

27.56 [1.085) 
27.31 [1.075) 

24.21 I .953) 
24.05 (.947] 

0.635 
[.025]TYP 
NON-ACCUM 

-------- 28.02(1.103) -------i 
27.86 (1.097] 

45° 
CHAMFER 

SECTION 

Packaging 

4.57(.180) 

14.06J[.160F) .51 [.020) 

MIN. 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES) MINIMUM LIMIT 

1\ J.15 (.006) 

--l \-o· -8° CHAMFER 

132PQFP 
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