




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

PIN NAME DESCRIPTION 

CONTROL SIGNALS SYNCHRONOUS TO THE OUTPUT CLOCK (cont'd) 

Output-Port Word-Width-Selection Address Field. WS0[1 :O] is synchronous to the rising 
WS0[1:0] edge of CKO. WS0[1 :O] selects the Output-Port Word-Width and controls byte-order-reversal 

according to Table 5. 

Retransmit Mode Control. RTMD[1 :O] is synchronized to the rising edge of CKO. RTMD[1 :O] 
controls the placement of new contents into the Read Pointer (RP) and/or the Retransmit Base 
(ABASE) registers. Whenever Retransmit (RT) is asserted, one of three operations is performed 
according to the setting of RTMD[1 :O]. See Table 6. 
NOTES: 

RTMD[1:0] 1. When RTMD[1 :O] is set to 0, the FIFO is in depth cascade mode, and the Retransmit 
mechanism can not be used. In cascade mode, the Almost-Empty Flag is a handshake signal 
for cascading. The Almost-Empty Flag is used as an input to the ENI of the next FIFO in the 
chain. 
2. In standard FIFO operation RTMD[1 :O] must be set to 3 and the Retransmit signal should be 
HIGH. 

Retransmit. RT is synchronized to the rising edge of CKO. When asserted LOW, RT causes 

RT 
one of the Retransmit Mode operations to be performed, according to the encoding of 
RTMD[1 :O]. See Table 6. 
NOTE: When RTMD[1 :O] = 0 (FIFO is in cascade mode) RT is ignored. 

Table 5. Output-Port Word-Width Selection Table 6. Retransmit Operation Modes 

WS01 WSOo FUNCTION RTMD1 RTMDo OPERATION ACTION TAKEN 

L L 
9-Bit Data-Path Output data 0(8:0] 
Width 

Depth The Almost-Empty 
L L Cascade Flag is a handshake 

L H 
18-Bit Data-Path Output data 0[17:0] 
Width 

36-Bit Data-Path 

Mode signal for cascading 

L H Retransmit 
(ABASE)+ 
(ROFFSET) --+ RP 

H L Width With Byte- Output data 0(35:0] (ABASE)+ 
Order-Reversal (ROFFSET) --+ RP 

H H 
36-Bit Data-Path Output data 0[35:0] 
Width 

H L 
Retransmit and 
and Mark (ABASE)+ 

(ROFFSET) --+ 

RB ASE 

H H Mark (RP) --+ ABASE 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

PIN NAME DESCRIPTION 

STATUS FLAGS SYNCHRONOUS TO THE OUTPUT CLOCK 

Almost-Empty Flag. The AE flag has two modes of operation depending on the RTMD[1 :O] 
setting. 
1. RTMD[1 :O] * O: AE is a standard Almost-Empty Flag. When asserted LOW, AE implies that 
there are at most 'q' 36-bit words in the FIFO memory array, where 'q' is Almost-Empty-Offset-

AE Value register value. In this mode AE has two synchronization options depending on the setting 
of Bit 2 of the control register. 
Bit 2 = 0 (Default) Asynchronous Mode 
Bit 2 = 1 Synchronous Mode: AE is synchronous to the rising edge of CKO. 
2. RTMD[1 :O] = O: AE is a handshake signal for cascading. 

EF 
Empty Flag. EF is synchronous to the rising edge of CKO. When asserted LOW, all 1024 
36-bit words are vacant. When asserted, EF disables the FIFO Read operation. 

Parity-Error Flag. PF is synchronized to the rising edge of CKO. When asserted LOW, PF 
implies that a parity error has occurred in at least one 9-bit byte within a 36-bit word read from 
the FIFO memory array. If there are no errors, it is deasserted HIGH. When an error is 

PF detected, the parity check result of each 9-bit byte of the 36-bit output word is written to the 
parity register. The content of the parity register is frozen until read. The PF signal is delayed by 
one CKO cycle compared to the output data (i.e., if the PF is asserted, there was an error in the 
previous word). 

MEF 
Mailbox-Empty Flag. MEF is synchronous to the rising edge of CKO. When asserted LOW, 
MEF indicates that there is no new mail word in the mailbox. 

VOLTAGES AND GROUNDS 

Vee Positive Power for Internal Logic. 

Vcco Positive Power for Output Drivers. 

Vss Ground for Internal Logic. 

Vsso Ground for Output Drivers. 

OPERATIONAL DESCRIPTION The FIFO write and read operations are supported by 
the following mechanisms: 

The LH543620 has four operating modes: 

• Normal Mode 

• Programmable Resource Registers 

• Mailbox 

• Data Bypass 

NORMAL MODE 

Normal FIFO operation refers to Read and Write oi:r 
erations to the FIFO memory array. Data Write operations 
into the FIFO memory array occur at the rising edge of 
CKI. The operation is enabled if both ENh and ENl2 are 
asserted HIGH. Data Read operations from the FIFO 
memory occur at the rising edge of CKO. The operation 
is enabled if both EN01 and EN02 are asserted HIGH. 

• Byte-Order-Reversal and Bus FunnelinglDefunneling 
Functions 

• Status Flags 

• Retransmit Mechanism 

• Parity Checking 

• Parity Generation 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

Byte-Order-Reversal and Bus Funneling/ 
Defunneling Functions 

Word width can be selected at the Input Port and/or 
the Output Port to be 36, 18 or 9 bits wide. When the 
Output Port width is selected to be 36 bits, it is possible 
to select Byte-Order-Reversal. 

The funneling mechanism is controlled by the inputs 
WSl[1 :O] and WS0[1 :O] according to Tables 2 and 5. Dala. 
is packed and unpacked from a 36-bit word memory array. 
Table 7 describes all combinations of funnelingdefunneling. 

Changes to the funnelingldefunneling settings during 
system operation should be made one clock before a 
word boundary, as shown in Example 3. 

Example 1: 36-to-9 Funneling 

CONDITIONS 

WSIJ:l:C!]_ I wsoc1:C!l_ 
RESULTS 

3 - Input 36 bits wide. 

- 0 Output 9 bits wide. 
Pins used are 0[8:0]. 

The dataflow structure is illustrated by Figure 5. 

Example 2: 18-to-38 Defunneling With Byte Reversal 

This example performs two functions: 

1. Bus width change 

2. Big Endian to Little Endian conversion 

This configuration can be used for connecting the Intel 
80286 to the Motorola 68040. 

CONDmONS 
RESULTS 

WSIJ:l:C!]_ WS0(1:!!1_ 

1 - Input 18 bits wide. 
Pins used are 1:!_17:0]. 

- 2 Output 36 bits wide with byte 
reversal order. 

The dala.flow structure is illustrated by Figure 6. 

Example 3: Changing Input Bus Width From 9 to 38 
During Operation 

CKI WSI ACTION 

0 0 Write 1st 9-bitMe 
1 0 Write 2nd 9-bi~ 
2 0 Write 3rd 9-bitMe 
3 3 Write 4th 9-bit byte 
4 3 Write 1st 36-bit word 

Table 7. Bus FunnelinglDefunnellng • 

INPUT OUTPUT 
CKI WSl=O CKO WS0=3 wso-2 WS0=1 WSO=O 

..s'..cl8S ~5:fil_ ~:C!]_ ~cles ~5:!!1_ _g(_35:C!]_ Qf3f:11!1_ q[:l7:!!1_ Ql35:9 Jm!:!!]_ 
0 xxx BO 0 B3 B2 B1 BO BO B1 B2 B3 B3 B2 B1 BO B3 B2 B1 BO 
1 xxx B1 1 B7 B6 BS B4 B4 BS B6 B7 B1 BO B3 B2 BO B3 B2 B1 
2 xxx B2 2 B7 B6 BS B4 B1 BO B3 B2 
3 xxx B3 3 BS B4 B7 B6 B2 81 BO B3 
4 xxx B4 4 B7 B6 B5 B4 
5 xxx BS 5 
6 xxx B6 6 
7 xxx B7 7 
8 xxx BB 8 

WSl=1 WS0=3 WS0=2 WS0=1 WS0=0 
~:1!!1 D1_17:Ql _Q[_35:Ql _Q[_35:Ql _ID5:1!!1 Q['!7:Q]_ Qm?:!ll, QLB:!!l_ 

0 xx B1 BO 0 B3 B2 B1 BO BO B1 B2 B3 B3 B2 B1 BO B3 B2 B1 BO 
1 xx B3 B2 1 B7 B6 BS B4 B4 BS B6 B7 B1 BO B3 B2 BO 83 82 B1 
2 xx BS B4 2 87 B6 BS B4 B1 BO 83 B2 
3 xx B7 86 3 B5 84 B7 86 82 B1 BO B3 
4 xx B9 B8 4 B7 B6 85 B4 

WSl=3 WS0=3 WS0=2 WS0=1 WS0=0 
.J!l.35:!!1_ QL35:!!1_ ~5:!!1_ ...Q!i35:1!!l. q[:l7:!!1_ :lf35:9l _g(_B:!!l_ 

0 B3 B2 B1 BO 0 B3 B2 B1 BO BO B1 B2 B3 83 B2 B1 BO B3 B2 B1 BO 
1 B7 B6 BS B4 1 B7 B6 BS B4 B4 BS 86 B7 81 BO B3 B2 BO B3 82 B1 

87 B6 BS B4 B1 BO B3 B2 
85 84 B7 B6 B2 B1 BO B3 

B7 B6 B5 B4 
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INPUT: WSl[1 :0]=3 LH543620 

B3 B7 D35 
BYTE #4 BYTE #8 

B2 B6 
BYTE #3 BYTE #7 

B1 B5 
BYTE #2 BYTE #6 

BO B4 
BYTE #1 BYTE #5 

DO 

5UL_Pl 
CKI 

NOTES: 
HEAVY SOLID LINES= Main data path. 

SHADED LINES= Not used for this application. 

035 

00 

OUTPUT: WS0[1:0J=0 

B3 BO B1 B2 
BYTE #4 BYTE#1 BYTE #2 BYTE #3 BYTE #8 

B2 B3 BO 81 
BYTE#3 BYTE #4 BYTE#1 BYTE #2 BYTE#7 

B1 B2 B3 BO 
BYTE#2 BYTE#3 BYTE #4 BYTE#1 BYTE#6 

BO B1 B2 B3 
BYTE#1 BYTE #2 BYTE#3 BYTE#4 BYTE#5 

~ 
CKO 

543620-30 

Figure 5. 36-to-9 Bus Funneling 

INPUT: WSl[1:0J= 1 

NOT USED 

NOT USED 

B1 B3 BS B7 
BYTE#2 BYTE#4 BYTE#6 BYTE #8 

BO B2 B4 B6 
BYTE#1 BYTE #3 BYTE#5 BYTE #7 

FUl..5LFUl 
CKI 

NOTES: 
HEAVY SOLID LINES= Main data path. 

SHADED LIN ES = Not used for this application. 

LH543620 

r---1 
D35 

~ 
r---1 
D26 

~ 
r---1 
D17 

i--
~ 
r---1 
D8 

~ 

OUTPUT: WS0[1:0J= 3 

.---
035 83 B7 

BYTE #4 BYTE#B 
r--
~ 
.-----
026 82 B6 

BYTE#3 BYTE#7 

~ 
.---
017 B1 BS 

~ 
BYTE #2 BYTE#6 

~ 
r---1 
08 BO B4 

BYTE#1 BYTE#5 

~ 

JoLFU1__Fl 
CKO 

543620-31 

Figure 6. Example of 18-to-36 Bus Defunneling 
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Status Flags 

There are five status flags: 

FF Full Flag 

AF Almost-Full Flag 

HF Half-Full Flag 

EF Empty Flag 

AE Almost-Empty Flag 

EF Empty Flag 

The functionality and the synchronization of the status 
flags are detailed in the Pins Descriptions (FunctionaQ 
section. All status flags are generated for 36-bit word 
widths, not according to selected input or output port 
widths. 

Retransmit Mechanism 

With standard FIFO operations, every data word can 
be read out of the FIFO once. The Retransmit mechanism 
allows reading the data more than once by providing 
flexible control of the Read Pointer. 

Associated with the Retransmit mechanism are three 
control lines: RTMD[1 :OJ, RT, and two Resource regis­
ters: ABASE and ROFFSET. 

RTMD[1 :OJ sets the mode of operation. See Table 6. 

RT enables the operation synchronous to CKO. 

Retransmit allows three modes of operation: 

Mark: RTMD[1 :OJ = 3 and RT is asserted. The value of 
the Read Pointer is saved into the ABASE register. 

Retransmit: RTMD[1 :OJ = 1 and RT is asserted. The 
Read Pointer is loaded by the value of ABASE plus the 
value of ROFFSET. 

Retransmit and Mark: RTMD[1 :OJ = 2 and RT is as­
serted: The Read Pointer is loaded by the value of ABASE 
plus the value of ROFFSET. Then the value of the Read 
Pointer is saved into the ABASE register. 

The timing of the retransmit is illustrated in Figures 26 
and 27. 

When RT is asserted and RTMD[1 :OJ is set to 1 or 2, 
the flags change their value to indicate a 'Retransmit 
state', i.e., EF, AE, FF deasserted; AF, HF asserted. 
Three enable-read cycles are required to read the new 
data word. The flags reflect the new status. The retransmit 
is acknowledged even when the output is disabled 
(ENO = LOW), but enable-read cycles are needed to fill 
the pipeline with new information before reading the new 
data. 

5-286 

NOTES 

1. The Retransmit mechanism can be used inde­
pendently and parallel to the write operation. 

2. When using normal read and write operations, the FF 
inhibits writing when the FIFO is full and the EF 
inhibits reading when the FIFO is empty. This behav­
ior provides a protection from wraparound situations 
(i.e., the Read pointer is ahead of the Write Pointer). 
This protection is NOT provided when using retrans­
mit. The user should be careful not to write more than 
1024 words from the marked point. 

3. When the retransmit mechanism is not used, the 
recommended connection is: 

RTMD[1 :OJ = 3 
RT=HIGH 

The Retransmit mechanism can be useful in many 
applications. For example: 

1. Computer-communications applications. 

When the receiver reads a block of data and finds no 
errors in the data block, it can mark the beginning of 
the new message by setting the FIFO in MARK mode 
RTMD[1:OJ=3 and assert the RT signal for one clock 
cycle. 

If the receiver finds an error in the data block, it can 
read the last message again by setting the FIFO in 
Retransmit mode RTMD[1 :OJ = 1 and asserting the 
RT signal for one cycle. 

2. Overlap addressing for DSP applications. 

A typical DSP consists of A/D-FIFO-DSP. In many 
applications, the DSP needs to read a block of data 
where each block overlaps the previous block (like 
the overlap-and-save method for filtering.) The over­
lap addressing can be implemented by using the 
LH543620 with no additional hardware as follows: 

The FIFO is set to retransmit and mark mode: 
RTMD[1 :OJ = 2, the AF offset register is programmed 
to N = Block Size, and the ROFFSET register is 
programmed to (N - Overlap). The data is loaded into 
the FIFO each time CKin is triggered. 

The DSP can sense the AF flag of the FIFO. When­
ever this flag is being asserted, a new block of data 
is available in the FIFO. The DSP then reads a block 
of data, and then asserts the Fl FO's RT signal, which 
causes the RP and ABASE register to be set at the 
beginning of the new block. 

SHARP 
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Parity Checking 

The Parity checking mechanism is always active. Par­
ity checking is done separately for each of the 9-bit bytes 
of the 36-bit word read from the memory array. Toggling 
Bit O of the control register selects odd or even parity. 
When a parity error is detected in one or more bytes, the 
signal PF is asserted and the result of the individual parity 
checks are written to the parity register. See Example 3. 

The parity register is frozen until read. When read, the 
parity register is released and ready to store the next 
parity error data. 

Parity Generation 

After Reset, parity generation is not active. Parity 
generation is active only when Bit 1 of the control register 
is HIGH. The parity mechanism, when enabled, creates 
a parity bit for each of the bytes of the input word. The 
parity bit for each byte is created based on its 8 least 
significant bits of each 9-bit byte of the input-data word 
and on Bit 0 of the control register (it specifies odd or even 
parity). The result of the parity generation is written back 
to the MSB of the data byte. See Example 4. 

PROGRAMMABLE RESOURCE REGISTERS 

The LH543620 has six programmable resource regis­
ters. The resource registers may be loaded from either 
the Input Port or the Output Port. They can be read from 
the Output Port. The selection and loading or reading of 
the resource registers is controlled by ADI, ADO and 
CAPR. See Tables 1 and 4 and Figure 4. 

The resource registers are: 

Control (Default = 1 ). 

AE Offset - Offset value of the AE flag (Default = 8). 

AF Offset - Offset value of the AF flag (Default = 8). 

RT Offset- Offset value of the Retransmit mechanism 
(Default = 0). 

RT Base-Base register of the Retransmit mechanism 
(Default = 0). 

Parity 

EXAMPLE3 PARITY CHECK 

Q35 QO 

Output word: 100111100 000111100 100111000 000111000 

Odd parity: Parity Register = 011 O; PF-Asserted Low 

Even parity: Parity Register = 1001; PF-Asserted Low 

EXAMPLE4 PARITY GENERATION 

035 DO 

Input word: 100111100 000111100 100111000 000111000 

Output, odd parity: 100111100 100111100 000111000 000111000 

Output, even parity: 000111100 000111100 100111000 100111000 
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Control Register (See Figure 7) 

After reset, the control register's value is 1. This sets 
the following conditions: 

Odd parity 

Disabling parity generation (parity check is active). 

AF, HF, AE flags are asynchronous. 

OE signal does not control the Read pointer. 

Read/Write Resource Register Mode 

It is possible to write to the resource registers from 
either the Input Port or the Output Port. Reading from the 
resource register is possible only from the Output Port. 
The source port for the write operation is determined by 
the control signal CAPR. 

Input Port: 

Data from the Input Port is written to a resource register 
when: 

the value of the input-address field, ADI, selects the 
register (see Table 1) 

CAPRisLOW 

The operation is enabled by ADl[2:0] and synchronized 
toCKI. 

Output Port: 

Data from the Output Port is written to a resource 
register when: 

the value of the output-address field, ADO, selects the 
register (see Table 4) 

CAPRisHIGH 

OE is HIGH 

Data is read from a resource register to the Output Port 
when: 

the value of the output-address field, ADO, selects the 
register (see Table 4) 

OE is LOW 

Both operations are enabled by AD0[2:0] and are 
synchronous to CKO. 

MAILBOX 

The mailbox mechanism includes: 

One 36-bit data register. 

Two status flags: 
- MFF Mailbox Full Flag 
- MEF Mailbox Empty Flag 

0 EVEN PARITY 
1 ODD PARITY 

0 HF ASYNCHRONOUS 
~-----< 1 HF SYNCHRONOUS TO CKO 

2 OR 3 HF SYNCHRONOUS TO CKI 

543620-29 

Figure 7. LH543620 Control Register 
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Writing to the Mailbox is enabled from the Input Port 
when the Input Port address field ADl[2:0] = 6. The write 
operation is synchronous to the rising edge of CKI. 

When writing to the Mailbox, the status flags are 
changed as follows: 

MEF is deasserted HIGH on the rising edge of CKO. 

MFF is asserted LOW on the rising edge of CKI. 

A Mailbox read is enabled from the Output Port, when 
the Output Port address field AD0[2:0] = 6. The Read 
operation is synchronized to CKO. 

When reading the Mailbox, the status flags are 
changed as follows: 

MEF is asserted LOW on the rising edge of CKO. 

MFF is deasserted HIGH on the rising edge of CKI. 

After reset the Mailbox is empty (i.e., MFF = HIGH, 
MEF=LOW). 

When using Mailbox, the transmitter side can transfer 
a message to the receiver side without interrupting the 
data in the FIFO memory array. 

DATA BYPASS MODE 

Data Bypass mode is selected when BYE = LOW. In 
this mode, data may be transferred asynchronously from 
the Input Port to the Output Port. The device may be 
placed in Data Bypass mode without voiding the contents 
of the FIFO memory array, the Mailbox Register, or the 
Resource Register. However, if the input is enabled 
(ENh,2 =HIGH) then the input data Dis also written to 
the FIFO memory array on the rising edge of CKI. If the 
Output is enabled, (EN01,2 = HIGH) then the input data 
Dis transferred to the output buffer, and the Read Pointer 
is incremented by CKO. The control signal OE is function­
ing when BYE is asserted. 

The recommended control setting for bypass is: 

ENI = LOW, ENO = LOW, ADl[2:0] = 7, 
AD0[2:0] = 7, OE= LOW, BYE = LOW 

OPERATIONAL MODES AND CONFIGURATIONS 

Interlocked Width Expansion (Figure SA) 

Two LH543620s may be configured to expand the 
width to 72 bits. This is accomplished by: 

Cross-connecting the FF output of each FIFO to ENh 
(or ENl2) input of the other FIFO. 

Cross-connecting the EF output of each FIFO to EN01 
(or EN02) input of the other FIFO. 

The composite status flags are the OR function of the 
individual flags. 

Pipeline Cascading Mode and 'Two-Dimension' 
Pipeline Cascading Mode (Figure 88 and BC) 

Depth cascading is accomplished by: 

Setting the upper FIFO into cascade mode: 
RTMD[1 :0) = 0 

Connecting the same free-running clock to CKO of the 
upper FIFO and to CKI input of the lower FIFO. 

Connecting the AE output of the upper FIFO to ENh 
input (or ENl2) of the lower FIFO. 

Connecting the FF output of the lower FIFO to EN01 
input (or EN02) of the upper FIFO. 
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CKI 

ENI 

DI [71:36] 

CKI 

ENl1 

ENl2 

FF 

CKI -------i 

ENI ---+-+----i 

01[71 :36] ---+-+-+-1-4~ 

FF 

CKI 

ENl1 

ENl2 

FF 

0[35:0] 

CKI 

ENl1 

ENl2 

FF 

0[35:0] 

CKO 

EN01 

EF 

EN~ 

0[35:0] 

CKO 

EN01 

EF 

EN02 

0[35:0] 

i------- CKO 

----+--+--- ENO 

-----~ 00[71:36] 

EF 

A. INTERLOCKED WIDTH EXPANSION 

COMMON 
CLOCK 

CKI CKO 
Vee 

CKI CKO 

ENl1 EN01 ENl1 EN01 

ENl2 AE ENl2 EF 

FF EN02 FF EN~ 

CKO 

EN01 

EF 

EN02 

D1[35:0] 0[35:0] RTMD[1:0] 0[35:0] 0[35:0] RTMD[1:0] 0[35:0] 00[35:0] 

LL HH 

B. PIPELINED CASCADING MODE 

COMMON 
CLOCK -----, 

CKI CKO CKI CKO CK 0 
_iVee 

ENl1 EN01 ENl1 EN01 EN 0 

.--1 ENl2 AE ENl2 EF h 
-

,---1 FF EN02 FF EN02 H-
0[35:0] ATMD[1:0] 0[35:0] 0[35:0] RTMD[1:0] 0[35:0] 00[71: 36] 

J JH 

'-+-+-+-".., CKI CKO ...__.___,-t CKI CKO ..--1-+-...._. 
_r:_Vee L-_J 

'-+-t--1 ENl1 EN01 ENl1 EN01 r-t-t-

~ ENl2 AE ENl2 EF r--1Cd_)--
~ - ff 
~ ~ FF EN02 i------1 FF EN02 I--' 

01[35:0] 0[35:0] RTMD[1:0] 0[35:0] 0[35:0] RTMD[1:0] 0[35:0] 00[35:0] 
'--~~~---.!~---~~~ ~~~~~"T"-1---~~~ 

NOTES: 
DI = System data input width. 
DO =System data output width. 

LL H H 

C. 'TWO-DIMENSION' PIPELINED CASCADING MODE 

Figure 8. LH543620 Width and Depth Expansion Scheme 

5-290 
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TIMING DIAGRAMS 

tc 

!CL !CH 

CKI 

!DH 

0(35:0) 

CKO 

EN01, EN02 
~~~~~~~~~~~~.J..Jl.J• 

OE 

toe 

0(35:0) PREVIOUS DATA 

NOTES: 
1. Both ENl1 and ENl2 must be asserted (HIGH) to enable write operations. 

2. Both EN01 and EN02 must be asserted (HIGH) to enable read operations. 

Figure 9. Write and Read Operation 
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LH543620 

CKI 

0[35:0] 

CKO 

EF 

0(35:0] 

ADVANCE INFORMATION 

DATA VALID 

fsKEW2 

(NOTE) 

NOTE: If fsKEW2 > (minimum specification) the EF may be changed one CKO cycle later. 

Figure 10. Empty Flag Timing 

5-292 
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NO WRITE 

( 
CKI 

{NOTE) los ~ 

0[35:0] DATA WRITE 

fsKEW1 

CKO 

EN01, EN02 _____ _,. 

0[35:0] DATA READ 

NOTE: If lsKEW• is smaller than (minimum specification) FF may be changed one CKI cycle later. 
543620-10 

Figure 11. Full Flag Timing 
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WORD (1024- p-1) WRITE OCCURS 

t 
CKI 

CKO 

EN01, ENO, 
~~~~~~--t~~~~t-~~~~~~~~~~~~T-' 

SYNCHRONOUS MODE 

AF 

AF 

NOTES: 
1. The synchronization mode of AF is set by programming bit 5 of contr_Qljegister. 
2. When in synchronization mode and tsKEW < (min specification) then AF may change one CKI later. 

CKI 

CKO 

ENO,, EN02 

ENl1, ENl2 

Figure 12. Almost-Full Flag -
Synchronous and Asynchronous Modes 

WORD (q + 1) WRITE OCCURS 

t 

~~~~~~.....,~~~~-i-~~~4~~J 

tSKEW2 

tAE 

ASYNCHRONOUS MODE 

NOTES: 
1. The synchronization mode is set by programming btt 2 of control r~ster. 

1024 x 36 Synchronous FIFO 

543620-11 

2. When AE is in synchronous mode and tsKEW < (min specification) AE may changed one CKO cycle later. 
543620·12 
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Figure 13. Almost-Empty Flag­
Synchronous and Asynchronous Modes 
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WORD 513 WRITE OCCURS WORD 513 READ OCCURS 

CKI 

CKO 

ENl1, ENl2 

EN01, EN02 

HF 

SYNCHRONOUS TO CKI 

HF 

SYNCHRONOUS TO CKO 

NOTE: The synchronization mode of HF is determined by the state of bits 3 and 4 of the Control Register. 

SHARP 

Figure 14. Half-Full Flag -
Synchronous and Asynchronous Modes 

LH543620 

543620-28 
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LH543620 ADVANCE INFORMATION 

5-296 

CKI 

0[35:0] 

ENI,. ENl2 

CKO 

Q[35:0] N1 

ENO,.EN02 

OE 

NOTE: 1. If fs1<EY12 <(minimum specification) EF may be changed one CKO 
later and the first word (N1) will appear on Q[35:0] one cycle later. 

Figure 15. First Word Latency 

CKO 

EN01,ENO, 

PF 

Q[35:0] N1 N2 N3 

NOTE: Partty error at word N1. 

Figure 16. Parity Flag 

1024 x 36 Synchronous FIFO 

N2 

543620-13 

N4 

543820-14 



1024 x 36 Synchronous FIFO 

RS 

EF,AE 

FF, HF, 
AF,PF 

0(35:0] 

ENl1, ENI,, 
EN01, EN02 

NOTES: 

ADl[2:0] 
AD0[2:0] 

ADVANCE INFORMATION 

1. After reset, the outputs will be LOW if OE= LOW, and in a high-impedance 
state if OE = HIGH. 

2. The clocks (CKI, CKO) may be free-running during a reset operation. 

Figure 17. Reset Timing 

SHARP 

LH543620 

0E=HIGH1 

OE=LOW 

543620-15 
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LH543620 ADVANCE INFORMATION 

BYE 

0[35:0] 11 12 

leA 

0[35:0] (FIFO OUT) x 
NOTES: 

1. If ENI is enabled during BYE = LOW, the bypass data 
will be written into the FIFO. 

2. If ENO is enabled the data at the 0 Port is the bypass data. 
The RP will be updated according to CKO. 

13 

~ 
12 x 

Figure 18. Bypass 

CKO 

AD0[2:0] 

0[35:0] 

OE 

FIFO(N2)--+0 PARITY R--+ 0 FIFO (N3) --+ 0 

NOTE: N1, N2, N3, N4 are data from the FIFO and PARITY R. is 
the Parity Register value. 

13 ~~ 

Figure 19. Read Resource Register 
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1024 x 36 Synchronous FIFO 

x (FIFO OUT) 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

CKI 

CAPR 

ADl[2:0] 7 7 

0[35:0] 01 02 03 04 

01 ->FIFO C---> CONTROL REG. 02---> FIFO 03--->FIFO 

543620..18 

Figure 20. Write Resource Register From the Input Port 

CKO 

CAPR 

ioES ioEH 

OE 

!AS !AH 

A00[2:0] 7 5 7 

loso loHO 

0[35:0] N1 c N2 N3 

li;s li;H 

EN01, EN02 

FIFO (N1)---> 0 O(C)---> CONTROL FIFO (N2)---> 0 FIFO(N3)--->0 
REG. 

543620-19 

Figure 21. Write Resource Register From Output Port 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

CKI 

ENl1, EN12 

lwss 

WSl2 

DATA IS STORED 
ACCORDING TO: WS11 WSl2 WSl2 WS12 

543620-20 

Figure 22. WSl[1 :0) Timing 

CKO 

EN01, EN02 

DATA IS READ 
ACCORDING TO: WS01 WS02 WS02 WS02 

543620-21 

Figure 23. WS0[1 :0) Timing 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

CKO 

AD0[2:0] 

0[35:0] Q(FIFO) MAILBOX Q(FIFO) 

CKI 

NOTE: If lsKEWM < minimum specification MFF may be changed one CKI later. 

Figure 24. Mailbox Read 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

CKI 

ENl1, ENl2 

IAH 

ADl[2:0) 7 6 7 

IMFF 

MFF 

0(35:0) 

CKO 

MEF 

lsKEWM 

NOTE: lftSKEWM <minimum specification MEF may be changed one CKO later. 
54362().23 

Figure 25. Mailbox Write 
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1024 x 36 Synchronous FIFO 

CKO 

OE 

Q(35:0] 

ORDERING INFORMATION 

LH543620 
Device Type 

p 

ADVANCE INFORMATION 

Figure 28. OE When Bit 6 of the 
Control Register is HIGH 

-## 

LH543620 

loz 

543620-26 

Parg• Si m c,.,. r;m•*I 

132-Lead, Plastic Quad Flat Package (PQFP132-P-S950) 

~------------ 1024 x 36 Synchronous FIFO 

Example: LH543620P-20 (1024 x 36 Synchronous FIFO, 20 ns, 132-Lead, Plastic Quad Flat Package) 
543620-32 
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FIFO Cross Reference 

FIFO CROSS REFERENCE 

ORGANIZATIONAL SHARP MODEL * COMPETITIVE COMPETITIVE ACCESS TIME PACKAGE 
STRUCTURE VENDOR MODEL OPTIONS 

256x36x2 LH5420 MoseWitelic MS76542 25/30/35 ns PQFP/PGA 

64x8 LH5481 Cypress CY7C408 35/25/15 MHz DIP/PLCC 

64 x9 LH5491 Cypress CY7C409 35/25/15 MHz DIP/PLCC 

4,096 x 9 LH5492 MoselNitelic MS76492 25/30/35 ns PLCC 

512 x9 LH5496/96H AMO Am7201 15 to 80 ns DIP/PLCC 

Cypress CY7C420 DIP 

CY7C421 DIP/PLCC 

Dallas DS2009 

IDT IDT7201 

Micron MT52C9005 

MoselNitelic MS7201A 

MUSIC MU9C7201 

Quality QS7201/8201 

Samsung KM75C01 

SGS MK4501 

1,024 x 9 LH5497/97H AMO Am7202A 15 to 80 ns DIP/PLCC 

Cypress CY7C424 DIP 

CY7C425 DIP/PLCC 

Dallas DS2010 

IDT IDT7202 

Micron MT52C9010 

MoselNitelic MS7202A 

MUSIC MU9C7202 

Quality QS7202/8202 

Samsung KM75C02 

2,048 x 9 LH5498 AMO Am7203 15 to BO ns DIP/PLCC 

Cypress CY7C428 DIP 

CY7C429 DIP/PLCC 

Dallas DS2011 

Hitachi HM63921 

IDT IDT7203 

Micron MT52C9020 

MoselNitelic MS7203 

MUSIC MU9C7203 

Quality QS7203/8203 

Samsung KM75C03 

SGS MK4503 

4,096 x 9 LH5499 AMO Am7204 20 to 80 ns DIP/PLCC 

Cypress CY7C432 DIP 

CY7C433 DIP/PLCC 

Dallas DS2012 

Hitachi HM63941 

IDT IDT7204 

MoselNitelic MS7204 

MUSIC MU9C7204 

Quality QS7204/8204 

* Released to production as of the date of publication of this data book. 
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Pseudo SRAMs 256K (32K x 8), 1 M (128K x 8), 4M (512K x 8) 

Bob Laird, Field Applications Engineer 

INTRODUCTION 

The Sharp LH5P8512 is a 4M bit Pseudo-Static RAM 
(PSRAM) manufactured on a 0.8 µm CMOS process in 
one of Sharp's state-of-the-art wafer tabs. The LH5P8512 
is the newest member of SHARP's family of PSRAMs that 
began with the 256K bit LH5P832. 

Sharp is committed to expanding its presence in the 
PSRAM market, which has been growing rapidly over the 
lastfew years. Initially developed as a low-cost alternative 
to a Static RAM (SAAM), the PSRAM has also success­
fully replaced Dynamic RAMs (DRAM) in certain applica­
tions. This application note will discuss the advantages 
and disadvantages of using a PSRAM over an SAAM or 
DRAM. 

DEFINITIONS 

A DRAM is a volatile, dynamic memory IC. Volatile 
means that if it loses power, it will also lose its memory. 
Dynamic means that it must constantly be refreshed since 
the memory cell itself utilizes a small storage capacitor 
that must be constantly recharged. Refresh is accom­
plished when the memory contents of a row of cells are 
read by the sense amplifiers, and the logic states that 
were read are amplified and written back to the cells. 

An SRAM is a volatile, static memory IC. Static means 
that it will maintain its memory indefinitely with no external 
clocking, as long as power is supplied. The memory cell 
is a simple latch that is either set or reset depending on 
the data that was written to it. 

SHARP 

A PSRAM is a volatile, dynamic memory IC. It uses the 
same memory cell structure as a DRAM. Like a DRAM, 
a PSRAM must be refreshed, but it incorporates the 
refresh timing and control logic on-chip to simplify and 
minimize external logic. Having the refresh logic circuitry 
on-chip also provides more flexibility to the designer to 
reduce the power consumption of the PS RAM. The bene­
fit of this is discussed later. 

The Pseudo SAAM got its name because it was 
designed to be offered in the same package and have the 
same pinout as an SAAM. A PSRAM, while pin-for-pin 
compatible with an SAAM, would not be a direct drop-in 
replacement because it must be refreshed. 

Schematic diagrams of the memory cell structures for 
the DRAM/PSRAM and SAAM are shown in Figure 1. For 
the SAAM, the cell structure shown is the most commonly 
used by SAAM vendors. There are SRAMs available with 
6-transistor cell structures for ultra-low power applica­
tions, but they will not be discussed in this application 
note. 

Pinout diagrams for the 4M bit versions of the PS RAM, 
SAAM, and DRAM are shown in Figure 2. 

DRAM CELL 
PSRAMCELL 
1 - Transistor 
1 - Capacitor 

SAAM CELL 
4 - Transistors 
2 - Resistors 

Figure 1. Memory Cell Structures for 
DRAM/PSRAM and SRAM 

APP21-2 
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Pseudo-Static RAMs 256K, 1M, 4M 

PS RAM TOP VIEW ADVANTAGES AND DISADVANTAGES 

A1s 1• 32 Vee The major considerations when deciding which mem-

A15 2 31 A1s ory IC to use in your design are as follows: 

A14 3 30 A11 1) Cost 
A12 4 29 WE 2) Density and speed 

A1 5 28 A13 3) Design ease 

As 6 27 As 4) Power consumption 

As 7 26 As 1) Cost 
A, 8 25 A11 The PSRAM carries a small-cost premium over DRAM 
A3 9 24 OE/RFSH because of its added circuitry. The premium has been 
~ 23 A1o 1.2x to 1.4x, but it is expected to decrease as the volume 
A1 11 22 CE usage of PSRAMs increases. 

Ao 21 D07 The DRAM has traditionally been the high-volume 
DOo 20 DOi; memory of choice based on its low cost per bit, high 
DO, 19 DOs density, and small package. It is ideal for large systems 
D02 18 D04 that use many Megabytes of memory. 

Vss 17 D03 The SRAM is the most expensive of the three tech-
nologies. The memory cell area of an SAAM is much 

SAAM greater than that of the DRAM/PSRAM, resulting in a 

A1a 1• 32 Vee much larger die size. On a cost-per-bit basis, an SRAM 

A15 2 31 A,s is typically 3x to 4x that of a DRAM. The differences in 

A,4 3 30 A11 cell complexity can be seen in Figure 1. 

A,2 4 29 WE 2) Density and Speed 
A1 5 28 A13 Design engineers selecting the density of their memory 
Aa 6 27 Aa ICs must consider what is currently available on the 
As 7 26 As market versus next generation devices. The PSRAM 
A4 8 25 A11 utilizes a DRAM for its base design, so it tends to lag 

A3 9 24 OE behind the DRAM design introduction by a year or more. 

A2 23 A10 
Since the DRAM, with its small cell size, is easier to 

A, 11 22 CE 
manufacture than an SRAM of the same density, DRAMs 
and PSRAMs lead SRAMs to market by at least one 

Ao 21 D07 generation. Today, leading DRAM vendors are just start-
DOo 20 DOi; ing small volume production of 16M bit DRAMs while the 
DO, 19 DOs 4M bit PSRAM is readily available on the market. Leading 
D02 18 D04 SRAM manufacturers are just starting to sample 4M bit 

Vss 17 D03 SRAMs. New DRAMs have historically gone to market 
with a very high initial cost. The PSRAM tends to go to 

DRAM market with a cost comparable to its corresponding 

DQ0 1• 20 Vss 
DRAM, which has come down the cost curve, making it 
attractive for new designs. Compared to an SRAM then, 

DQ1 2 19 D04 the PSRAM will be one generation ahead in density, and 
WE 3 18 D03 very cost competitive from its introduction. 

RAS 4 17 CAS 
PSRAMs (and DRAMs) compete against SRAMs in 

Ag 5 16 OE what would be considered the slow-speed classification. 
Ao 6 15 As The 4M bit PSRAM is offered with access times ranging 
A, 7 14 A1 from 60 ns to 80 ns and cycle times from 110 ns to 130 ns, 
A2 8 13 As respectively. Slow 1 M bit SRAMs are available with ac-

A3 9 12 As cess times of 70 ns or 100 ns. For an SRAM, the access 

Vee 10 11 A4 
time and cycle time are the same simplifying system 
timing requirements. DRAMs have speeds comparable 

APP21~1 to or slightly faster than PSRAMs. Fast SRAMs, with sub 

Figure 2. Pin Connections for PSRAM, SAAM and 
45 ns access times, fulfill a speed requirement for high-

DRAM Packages 
end systems that DRAMs and PS RAMs cannot fill. There-

6-2 SHARP 



256K, 1M, 4M 

fore, PSRAMs and DRAMs do not compete against fast 
SRAMs. 

3) Design Ease 

A DRAM is the most complex device to design with 
because of its multiplexed addressing and refresh cir­
cuitry requirements. The address provided by the micro­
processor while it is accessing memory does not 
multiplex the address. Therefore, decode logic is required 
between the DRAM and microprocessor to perform the 
multiplexing function. No such logic is required for 
PSRAMs or SRAMs. 

The refresh specification for the DRAM and PSRAM 
defines the maximum time allowed between refreshes. 
This means that both the DRAM and PSRAM require a 
timer circuit to monitor the refresh time, and also control 
logic to provide the refresh clocking. Both the DRAM and 
PSRAM have internal counters that can be used to 
provide the refresh address. On DRAMs, it is called a 
CAS before RAS refresh. On PSRAMs, it is called Auto 
refresh. In either case, external refresh clocking is re­
quired. An example of the refresh timing is shown in 
Figure 3. This timing represents the refresh of one row 
internal to the memory. The 4M bit PSRAM requires that 
2048 rows be refreshed every 32 ms. 

One large advantage that a PS RAM has over a DRAM 
is a Self Refresh mode. The PSRAM can be put into Self 
Refresh mode in which an internal clock provides the 
refresh timing, and no external timing is required. It is very 
useful during standby mode when memory is not being 
accessed. The timing for Self Refresh looks the same as 
that for Auto Refresh except that the OE/RFSH pin must 
be held LOW for longer than 8 µs. After 8 µs, the internal 
Self refresh clock begins to automatically refresh the 
memory array. It will continue to refresh the array as long 
as OE/RFSH is held LOW with CE held HIGH. 

CE 

Pseudo-Static RAMs 

The standard through hole package for the 4M bit 
PSRAM (and SAAM) is a 32-pin, 600-mil PDIP. For the 
4M bit DRAM (1M x 4), it is a 20-pin, 300-mil DIP. The 
DRAM package is the smaller package, which is pre­
ferred because it helps reduce board size. One reason 
that it has a smaller package is that the DRAM has fewer 
outputs than the others. The DRAM is organized as 1 M 
x 4 while the PSRAM and SAAM are organized as 512K 
x 8. The wide width of the PS RAM and SAAM is advan­
tageous for small memory systems. For example, as­
sume that a system required no more than 512Kb of 
density. If this system used one of the common micro­
processors on the market that has a 32-bit data bus, then 
you would need four 512K x 8 memories to meet the 
required data width. The same system would need eight 
1 M x 4 DRAMs to meet the same 32-bit width. Recently, 
some DRAM vendors announced plans to offer devices 
with x8 configurations, targeting small and medium size 
systems. 

A second reason for the smaller package is that the 
DRAM has almost half the number of addresses as the 
PSRAM or SAAM. This is because it uses multiplexed 
addressing. Multiplexing allows you to clock in two differ­
ent 10-bit addresses on the same address pins to achieve 
the 20 address bits required to select one of the 1 M 
different memory locations. On the PSRAM and SAAM, 
you must provide all of the required 19 address bits at the 
same time to select one of the 512K memory locations. 

4) Power Consumption 

There is not a significant difference in operating power 
consumption for a PSRAM, SAAM, and DRAM. The 
operating power is composed primarily of switching cur­
rents from the CMOS peripheral circuits surrounding the 
memory arrays, and those circuits are reasonably similar 
for all three memories. Differentiation is seen in standby 
power. The term standby means that no Reads or Writes 

OE/RFSH _ __,/ \.___ ____ ____,( 

RAS 

GAS 

NOTES: 
1. PSRAM auto refresh (cycle RFSH pin while CE inactive HIGH). 
2. DRAM GAS before RAS (cycle GAS active LOW before RAS). 

APP21-3 

Figure 3. Refresh Timing 
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Pseudo-Static RAMs 

are taking place. A sample of standby current (lss) speci­
fications is given below. Note that a DRAM must have its 
supply voltage maintained within the operating range (4.5 
V - 5.5 V) during standby, but with SRAMs and 4M bit 
PSRAMs the supply voltage can be dropped to a data 
retention voltage (typically 3 V) during standby, signifi­
cantly reducing power consumption. 

4M Bit 4MBit 1M Bit 
PS RAM DRAM SAAM 

Isa max@ 
100 µA 1 mA 100µA 

Vee=5 V 

Isa max@ 
50µA - 50µA 

Vee=3 V 

The standby current given for the PSRAM at Vee= 3 
V is actually a self refresh current, so it includes the 
additional current required to perform the internal refresh. 
The standby current given for the DRAM does not include 
refresh current. The typical standby current seen with an 
SAAM is actually much lower than that for a PSRAM, 
making SRAMs the best choice for low standby power 
consumption. 

Low-standby power consumption is a critical parame­
ter for battery operated systems such as Notebook com­
puters. A decrease in power consumption directly 
translates to an increase in battery life. PSRAMs have 
proven to be an ideal choice for main memory in the 
Notebooks where low-power consumption is required at 
a reasonable cost. 

6-4 
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For systems requiring a small amount of memory to be 
battery backed up (usually a small 3 V lithium battery), an 
SAAM is still the memory of choice, due to its low lss and 
static operation. 

SUMMARY 

Pseudo-Static RAMs have advantages and disadvan­
tages when compared to either SRAMs or DRAMs. The 
market has shown that the PSRAM can win designs 
against either, depending on the application. A summary 
of the advantages and disadvantages is given below. 

ADVANTAGE DISADVANTAGE 

VersusSRAM 

Much lower cost More complex design 

Higher density Higher standby power 

Versus DRAM 

Lower standby power Higher cost 

Ease of design Larger Package 

Lag in time-to-market 

SHARP 



LH5420 Synchronous Bidirectional FIFO 

PARITY CHECKING IN THE LH5420 BiFIFO 

Bob Laird, Field Applications Engineer 

INTRODUCTION 

Sharp's LH5420 256 x 36 x 2 bidirectional FIFO 
(BiFIFO) was the first monolithic FIFO from the semicon­
ductor industry to offer customers a full 36-bit data word­
width. 

The LH5420's 36-bit wordwidth makes it the ideal 
choice for those 32-bit or 64-bit systems which use parity. 
It remains an ideal choice, even for those wide-word 
systems that don't use parity, because there are no 
available 32-bit FIFOs, and because systems frequently 
use an extra bit per byte for some type of 'tag' information 
anyway. 

WHAT IS PARITY? 

Many systems need to have error detection and cor­
rection (EDAC) implemented into the design, but cannot 
afford the added overhead - memory requirements 
increase dramatically. The most common compromise is 
to use just error detection. 

By adding a single bit to each byte of data, the occur­
rence of single-bit errors may be monitored. This extra bit 
is referred to as the parity bit. 

Parity is not a perfect means of detecting errors; but it 
is easy to implement. In fact, many off-the-shelf memory, 
microprocessor, and general-purpose-logic integrated 
circuits make provision for parity bits. 

A system using parity requires a parity-generation 
circuit. The purpose of a parity-generation circuit is to 
examine each data byte, and set that byte's parity bit 
based on the number of ones (logic 'HIGH' levels) in the 
eight data bits. 

Either 'odd parity' or 'even parity' may be chosen. 
These are defined as follows: 

Odd Parity. The parity bit is set to one if there is an 
even number of ones; otherwise, it is cleared (not set). 
Thus, the total number of ones, including the parity bit, is 
odd. 

Even Parity. The parity bit is set to one if there is an 
odd number of ones; otherwise, it is cleared (not set). 
Thus, the total number of ones, including the parity bit, is 
even. 

SHARP 

In either case, a single-bit error in any bit position 
within a data byte, including an error in the parity bit itself, 
causes a parity-error indication. 

The type of parity chosen may be dictated by the 
system design. However, neither type of parity offers any 
major economic or performance advantage over the other 
one. Some designers prefer odd parity, on the grounds 
that the correct parity bit is a one for an all-zero byte. 
Thus, a completely-blank byte (which presumably arose 
from some type of data-recording failure) shows up as 
having a parity error. 

In any case, it is a good idea to maintain the same type 
of parity throughout the entire system. 

LH5420 PARITY CHECKING 
The LH5420 offers parity checking, which means that 

it examines each data byte to determine what its parity is, 
thereby computing an internal parity bit for that byte. This 
parity bit then is compared with the Parity Mode bit in the 
LH5420's Control Register. If they do not match, then 
there is the presumption of a parity error in that byte. 

Since an LH5420 word is 36 bits wide, parity checking 
is done in parallel on the four bytes that make up a 36-bit 
word. If an error is detected in ANY of these four bytes, 
the parity flag is asserted LOW, indicating the parity error. 

Figures 1 and 2 show the parity-flag logic for Port A. 
The ten-bit parity trees for the other three bytes are 
configured identically with the one shown in Figure 1, 
which is for the low-order byte. Also, the parity-flag logic 
for Port B is configured identically with that for Port A. 

Since there is parity-flag circuitry associated with both 
LH5420 ports, data words may be checked both entering 
and exiting the BiFIFO. The parity-tree inputs are con­
nected to the actual port input/output pads, through iso­
lation transistors. Data words are monitored as they 
change on the system bus, which connects to the pads 
at that port. 

It should be noted that the parity-flag circuitry at an 
LH5420 port is not controlled by the Output Enable (OE) 
control signal at that port. Hence, parity checking always 
is active, regardless of whether or not the BiFIFO itself is 
driving the system bus. Therefore, as data constantly 
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changes on the bus, the parity flag may keep on changing 
states also. Some transitions on the data lines may make 
it appear that a parity error has occurred. 

According to the LH5420 data sheet specification, the 
parity flag at a port is not guaranteed to be valid, until 
some given delay time after stable data is present at the 
input/output pads. For the LH5420P-25, for instance, this 
delay time is a maximum of 17 ns. Thus, to monitor the 
parity of data entering the LH5420, the sum of the data 
setup time and the data hold time must be sufficient to 
satisfy this 17 ns delay time. 

Also, when monitoring the parity of data words being 
read from the LH5420, it is necessary to keep OE as­
serted long enough to satisfy this parity-flag delay time. If 
the LH5420 is being operated at the minimum cycle time 
of 25 ns, then OE would have to remain asserted 6 ns into 
the next cycle. In most designs, this requirement does not 
present a problem. 

As it is, an LH5420 cannot perform a read operation 
and a write operation on consecutive cycles, when oper­
ating at the minimum cycle time. The reason is that the 
sum of the data-access time (for outbound data words) 
and the data-setup time (for inbound data words) already 
exceeds the minimum cycle time, for all three LH5420 
speed grades. 

The LH5420 Control Register Parity Mode bit is initial­
ized for odd parity during a reset operation. However, it 
may be reprogrammed for even parity, and then back to 
odd parity, at will during system operation. Programming 
is performed by loading a full 36-bit word into the Control 
Register from Port A, with the code HLL at the LH5420's 
Address (resource-register-selection) inputs A2A-A-0A. 
The least-significant bit of that 36-bit word, DoA, selects 
the Parity Mode: HIGH for odd, and LOW for even. The 
Control Register is written into at the next rising edge of 
CKA. 

Note that the Control Register is a 'blind' or write-only 
register. The system cannot read it back. 

The normal convention for parity-bit position is to use 
the most-significant bit of each byte; that is, DaA, D11A, 
D26A, D3SA, Das, D17S, D26S, and D3sS. Now, the LH5420 
is designed in such a way that any bit position within a 
data byte may be used as the parity bit. However, when 
programming the Almost-Full Flags and the Almost­
Empty Flags, the offset values are written into the re­
source register using data pins DoA-D?A, DgA-D16A, 
D1aA·D2sA, and D27A-D34A- Thus, there is a presumption 
that the least-significant eight bits of a byte are 'the data 
bits.' 
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So, for systems using byte parity with the most-signifi­
cant bit as the parity bit, which use the programmable-flag 
feature, the fields line up as they should. Otherwise, 
special consideration must be given when using the parity 
bit as a data bit for programming. 

Figure 1 is a simple schematic for the ten-bit parity­
checking logic circuit for one byte, in this case the least­
significant byte at Port A. The tenth bit is the Control 
Register Parity Mode bit. Since this bit is HIGH for odd 
parity and LOW for even parity, the output of the ten-bit 
parity checker is LOW whenever the parity of the data 
byte being examined agrees with the LH5420's Parity 
Mode bit. 

The parity-circuit outputs for the four bytes of Port A, 
designated in Figure 1 as PCoA·PC3A, are NORed to­
gether to compute the parity flag PF A. Similar logic is used 
at Port B, to compute PFs. 

Note that the PFA and PFs NOR gates do not incorpo­
rate latches. The states of these two outputs depend 
directly on the data words present at Port A and at Port B 
respectively. 

USING PARITY CHECKING TOGETHER 
WITH WORDWIDTH SELECTION 

Another useful feature offered by the LH5420 BiFIFO 
is wordwidth selection, also known as funneling/defunnel­
ing, at Port B. Port A always assumes a wordwidth of 36 
bits. But Port B may assume a 36-bit, 18-bit, or 9-bit 
wordwidth, according to the setting of two LH5420 control 
input signals, WSoandWS1. lnthelattertwocases, there 
is an effect on parity checking at Port B. 

For example, assume that Port B has been set for 9-bit 
wordwidth. As a byte is being written into Dos-Das. the 
lowest-order Port B byte, the Port B parity checker is 
monitoring not only this byte, but also the three unused 
bytes Dgs-D35a. If any of those three bytes has improper 
parity, according to the current Parity Mode setting, then 
PFs is asserted LOW to indicate a parity error. 

If the Port B 9-bit-wordwidth setting never changes 
during system operation, then it may be advantageous to 
tie pins Dgs-D3sa all HIGH for odd parity, or all LOW for 
even parity. Similar statements apply for pins D1aa·D3ss. 
given the use of 18-bit wordwidth at Port B. 
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NOTE: 
O; Valid Parity 
1 ; Parity Error 

LH5420 

APP22-1 

Figure 1. Example of Byte-Parity Gate: 
Port A, Low Order Byte 

APP22-2 

Figure 2. Example of Parity-Flag Logic: Port A 

When outputting a byte from Port B with 9-bit word­
width in effect, the LH5420 actually conveys a full 36-bit 
word to the output buffers; although, presumably, the 
other devices on the output bus are examining only 
Dos-Das. Presenting the remaining bytes to the output 
bus is accomplished by circular-shifting operations, which 
are inherently available in the Port B output logic. The 
second byte of the word is read by shifting Dgs-D17s down 
to Dos-Das. Concurrently, D2?s-D3ss are shifted down to 
D10s-D25s, D1as-D25s are shifted down to Dgs-D17s, and 
Dos-Das are shifted circularly to D27s-D3ss. 

This circular-shifting procedure is repeated twice 
more, for the remaining two bytes of that data word. After 
that, another full 36-bit data word is again fetched, to 
output the next byte. Assuming thatthe fetched data bytes 
all have correct parity, then PFs continues to indicate 
correct parity, after each successive circular shift of the 
data word. 

SHA.RP 

SUMMARY 
Sharp's LH5420 256 x 36 x 2 BiFIFO features two 

built-in parity checkers, one connected to each 36-bit data 
bus. The parity of each 9-bit data byte may be checked 
twice as it passes through an LH5420: once as it enters, 
and once as it leaves. 

An LH5420 parity checker may be used to examine a 
data word which is present on either of the LH5420's two 
36-bit data buses, even if that word never actually gets 
read into one of the LH5420's internal FIFO memories. 

The LH5420 may be programmed to consider either 
odd parity or even parity as correct. A parity error in any 
byte, of a data word passing through an LH5420 port, is 
signaled by asserting the LH5420's parity flag at that port 
LOW, as long as that data word remains present there. 

Proper use of this port parity flag can detect any 
single-bit error in any data byte passing through an 
LH5420, assuming that the parity flag gets read at the 
appropriate time. No additional hardware is required. 
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INTRODUCTION 

A FIFO (First-In, First-Out memory device) can. be 
thought of as a 'passthrough window' between two inde­
pendently-clocked digital subsystems -each marching to 
its own drummer, as it were. To adequately perform this 
role in practical digital systems, FIFOs are 'schizoid': they 
are memory devices, and they also are logic-synchroni­
zation circuits. 

Increasingly, newer FIFOs have been made capable 
of recognizing commands from the overall digital system 
of which they are part, and also of providing that system 
with timely status information in the form of 'flag' values. 

A FIFO can undergo a change in its status because of 
an event synchronized either to the subsystem at its input 
end, or to the subsystem at its output end. These two 
subsystems usually are independently clocked; and 
either of the two clock signals can affect a flag value. The 
external logic normally uses one or the other of these 
clock signals to synchronize reading the flag, which leads 
directly to a potential metastability hazard. The very new­
est FIFOs incorporate internal logic to minimize any 
practical metastability hazard; but, even then, their speci­
fications have to include 'skew parameters,' which must 
be complied with by the external logic. 

This paper includes a short review of FIFO basics, 
followed by a more detailed discussion of flag-synchroni­
zation and metastability issues. Finally, the flag-synchro­
nization features of the new Sharp LH540215/25 18-bit 
synchronous FIFOs are described, as a case in point. 

WHAT IS IT THAT FIFOs DO, IN THE FIRST PLACE? 

Conceptually, using a Fl FO as a 'passthrough window' 
accomplishes two related but different system functions: 

• Providing 'rubber-band memory' between Subsystem 
A and Subsystem 8. 

• Decoupling the clocking of each subsystem from that 
of the other subsystem. 

As long as each subsystem deals with the other sub­
system through a FIFO, the two subsystems don't have 
to be synchronized or coordinated with each other in any 
way, at least for the purpose of passing a data stream 
from one to the other. This is a powerful simplifying 
assumption in digital-system design and integration. 
FIFOs often are used to save design effort and leadtime, 
and to reduce the complexity of timing logic, when inter­
facing two independent subsystems together. 

Subsystem A, functionally upstream, stuffs data into a 
FIFO at whatever rate Subsystem A likes best; and Sub­
system 8, functionally downstream, unloads the data 
from the FIFO at whatever rate Subsystem B likes best. 
These rates may be derived from oscillator-driven clock 
circuits; or, they may not even be constant, if the 'clock' 
actually is an aperiodic 'demand' signal. 

To cope with the requirements of this usage, a FIFO 
must include an input registerwhich can be synchronized 
or 'clocked' by Subsystem A, and an output registerwhich 
can be synchronized or 'clocked' by Subsystem B. In 
between, there needs to be the 'rubber-band memory.' 
(Also known as 'elastic storage,' if you prefer more for­
mal-type technobabble.) This rubber-band memory 
should appear both to Subsystem A and to Subsystem 8 
as having unlimited depth; that is, as containing enough 
words that neither subsystem ever bumps up against 
finite FIFO-memory capacity as a bothersome constraint. 
If you've designed with FIFOs previously, then maybe you 
knew all that. 

Historically, FIFOs have been perceived by system­
design engineers as premium semiconductor parts which 
Make Problems Go Away. That is, FIFOs are supposed 
to be liberating. It follows, of course, that these same 
customers can become severely annoyed with FIFOs, if 
they ever begin to feel that using Fl FOs gets them entan-

*This paper was prepared for, and presented at, Northcon/93 and Wescon/93. It appeared in the Northcon/93 Conference Record; Session 12, 
paper 3. It also appeared in the Wescon/93 Conference Record; Session 26, paper 3. 
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gled in lots of timing hassles. But, sometimes, they fail to 
distinguish between those timing issues which arise from 
the use of a particular part, and those timing issues which 
arise intrinsically from the characteristics of their applica­
tion. 

REAL-WORLD MATHEMATICAL ISSUES 
WHEN USING FIFOs 

The term 'FIFO' comes from operations research, a 
branch of mathematics. It stands for a queue discipline, 
that of 'First In, First Out.' The term FIFO also turns up in 
cost-accounting methodology, for reckoning the cost of 
items being withdrawn from an inventory after having 
been bought at varying prices. 

The operations-research 'single-server' model fits Fl­
FOs being used to buffer 'randomly-arriving' data, as well 
as fitting the classic example of hamburger stands serving 
'randomly-arriving' customers. In this model, the arrival of 
a piece of data at the FIFO's input end ('a customer') and 
the unloading of a piece of data from the output end of the 
FIFO ('serving a customer') are random events. In be­
tween the input end and the output end, there is a queue 
of customers waiting to be served - here, words being 
temporarily stored within the FIFO's internal memory 
array. If you like mathematical lingo, the entire scene is a 
'stochastic process,' meaning that the events which are 
occurring are 'probabilistic' and not 'determinate.' 

Why is this operations research model of interest? In 
the 'single-server' model, the queue length is a 'random 
walk,' and - if it is given enough time to fluctuate - is 
unbounded, meaning that no FIFO used to queue up truly 
random data can ever be quite big enough, if it has to 
operate for an infinitely-long time. Thus, this operations­
research model in principle contradicts the common­
sense notion that there is some 'large-enough' size for 
e.1ery FIFO application. 

So, it's not just that semiconductor manufacturers 
don't choose to develop FIFOs having deep-enough in­
ternal memory-array capacities. Ifs that there isn't any 
finite depth which can provide theoretically-absolute pro­
tection, in the truly-random case. 

DESIGN STRATEGIES USING FIFOs 

But, in practical systems, there always is a 'large­
enough' FIFO size. The probability of any queue length 
growing past a certain value, before the next ice age, 
usually can be made veiy small without making the 
FIFO's queue-length capacity uneconomically large. 

If a catastrophic increase in queue length starts to occur, 
often because of some sudden-onset system problem, the 
designer's line of defense is the FIFO's 'fullness flags.' If the 
system is monitoring these, they can provide an adequate 
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early warning of impending trouble, so that the system 
can take timely and effective countermeasures. 

The key point here is that finite-depth FIFOs-and the 
semiconductor industry hasn't built any other kind of 
FIFOs yet! - must, for basic mathematical reasons, incor­
porate some kind of bulletproof logic for dealing with 'full' 
and 'empty' queue conditions. 

Of course, there are also 'block-oriented' FIFO appli­
cations, in which Subsystem A dumps another block of 
data into the FIFO only when the FIFO is less than half 
full, and the FIFO size has been chosen a priori to be large 
enough to hold two blocks of data. Here, Subsystem A is 
doing some of the 'elastic' adaptation to fluctuations in the 
data rate, and is no longer depending upon the down­
stream FIFO to do all of that adaptation. Consequently, 
not all of the pessimistic assumptions of the 'single-server' 
model still have to be satisfied. But limiting the queue 
length in this manner can exact a price, in some other 
system-level performance characteristic. 

Prudent digital-system designers usually try to avoid 
ever allowing their FIFOs to get either completely 'full' or 
completely 'empty' during normal system operation. Fol­
lowing this rule means that many fascinating 'gotchas,' 
which in principle can raise their ugly heads at these 
boundary conditions, never get to disturb the serenity of 
the system's operation, or of the system designer's work­
ing day. However, the Product Engineering and Test 
Engineering staffs of semiconductor manufacturers often 
must spend major time and effort dealing with these 
boundary-condition 'gotchas.' 

FIFO 'FULLNESS' STATUS FLAGS 

Contemporary FIFOs commonly provide several 
status flags, to inform the system logic external to the 
FIFO as to the FIFO-memory array's relative state of 
fullness or emptiness. Often, there are five such flags: 
'Full,' 'Almost Full,' 'Half Full,' 'Almost Empty,' and 'Empty.' 
These 'Almosf flags originated some years ago, as a 
semiconductor-piece-part adaptation of the 'Yellow Warn­
ing' interrupt-flag scheme used in DEC's PDP-11 family 
of minicomputers. 

Sometimes, when there aren't quite enough pins to 
provide every FIFO feature desired by the semiconductor 
manufacturer and its customers, the 'Almost-Full Flag' 
signal and the 'Almost-Empty Flag' signal are combined 
as an 'inclusive-ORed' 'Almost FulVEmpty Flag' signal on 
one pin. The external logic can distinguish these condi­
tions one from another by examining the 'Half-Full Flag,' 
on the assumption that a FIFO which is 'almost full' can 
be presumed to be more than 'half full,' and likewise that 
a FIFO which is 'almost empty' can be presumed to be 
less than 'half full.' 
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This last assumption sounds obvious to the point of 
silliness. Still, it needs to be rechecked when designing 
with FIFOs which feature 'programmable' 'Almost-Full 
Flag' and 'Almost-Empty Flag' signals, whenever large 
'offsef values are being 'programmed' into the 'offset­
value registers' which are associated with each of these 
two flags. These 'offsef values define the 'almost-full' 
condition as some exact number of words away from 'full,' 
and the 'almost-empty' condition as some exact number 
of words away from 'empty.' Obviously, the rules are going 
to change, if ever one or both of these offset values 
exceeds half of the number of words in the FIFO-memory 
array. 

THE FLAG-SYNCHRONIZATION DILEMMA 

Back to Subsystem A. which is being synchronized by 
Clock A, and Subsystem B, which is being synchronized 
by Clock B. Subsystem Ais 'synchronously' dumping data 
destined for Subsystem B into a FIFO, which is there to 
make everything come out OK so that Subsystem B can 
'synchronously' read these same data back out. 

Whenever Subsystem A stuffs in one more word, the 
FIFO can suddenly become 'full,' 'almost full,' or 'halffull'; 
or it can suddenly cease to be 'almost empty' or 'empty.' 
Similarly, Subsystem B unloading one word can cause 
the FIFO now suddenly to become 'almost empty' or 
'empty,' or now suddenly to cease to be 'full,' 'almost full,' 
or 'half full.' Thus, each flag signal can be affected for one 
transition by a 'write event,' and can be affected for the 
other transition by a 'read event.' Therefore, 

Events which can cause the state of any 'fullness flag' to change 
can occur at either end of the FIFO. 

So, each of the five flags can change state either in 
synchronism with Clock A, or else with Clock B. So all 
five flags are 'synchronized to both clocks,' which is the 
same as saying that they aren't really synchronized to 
either clock - that is, that they are asynchronous. These 
statements, of course, apply strictly to the intemalvalues 
of the five flags, as these values are computed by the 
FIFO's control circuits. 

Incidentally, if this operational description seems to be 
stacked lopsidedly in favor of fullness, ifs because the 
'Half-Full Flag' customarily is called just that, rather than 
being called the 'Half-Empty Flag.' Probably, the term 
'Half-Empty Flag' just sounded too negativistic for the 
tastes of positive-thinking FIFO marketeers! Anyway, the 
logic which controls the 'Half-Full Flag' behaves exactly 
in accordance with what one would expect from that 
name. 
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Now, in a 'synchronous' FIFO having 'enable' inputs as 
well as 'clock' inputs for both writing and reading, a 'write 
evenf is synchronized to the 'write clock' input, and is 
made to occur by asserting the 'write enable' input. Like­
wise, a 'read evenf is synchronized to the 'read clock' 
input, and is made to occur by asserting the 'read enable' 
input. 

In principle, the 'write clock' and the 'read clock' both 
may be free-running periodic waveforms derived from 
crystal-oscillator frequency sources. However, most con­
temporary FIFOs avoid the use of any internal circuit 
techniques which would require that these 'clock' signals 
must be periodic. 

So, now, what happens when either Subsystem A or 
Subsystem B wants to read the value of one of these 
flags? If Subsystem A and Subsystem B are connected 
by a 'synchronous' FIFO, then the logic outside the FIFO 
which is trying to read the FIFO's flag(s) very likely a/so 
is synchronized, probably either to the 'write clock' (here, 
Clock A) or to the 'read clock' (here, Clock B). Which is 
fine, as long as the flag value is stable, or as long as the 
most recent event which is capable of affecting this flag 
value was synchronized to the same 'clock' signal to 
which flag reading also is being synchronized. 

But what, then, if the most recent event which has 
affected this flag value was synchronized to the other 
'clock' signal? Then, we have a signal getting changed in 
synchronism with one 'clock' signal, but being read in 
synchronism with a second, different 'clock' signal which 
is not necessarily in anyway synchronized or coordinated 
with the first 'clock' signal. Thus, the FIFO's flag output is 
most unlikely always to be meeting the setup-time and 
hold-time specifications for the downstream semiconduc­
tor-device input which it is driving. 

METASTABILITY 

This latter situation is, of course, the recipe for instant 
metastability. Metastability is a digital-system form of 'bad 
vibes.' It arises as the result of trying to read a digital signal 
while that signal is changing. 

A potential 'metastability hazard' exists whenever the 
signal being read isn't a stable HIGH or a stable LOW, as 
of the exact instant when the clock-signal transition edge 
comes along to synchronize the reading process. If there 
are many ongoing attempts to read the signal, and the 
timing of the signal is unrelated to that of the clock signal, 
then what we have here is another example of a 'stochas­
tic process.' And, eventually, there is bound to be an 
attempt to read the signal at exactly the wrong time. 
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When attempting to read such an unstable signal, 
three different outcomes are possible: 

• The signal can be read as a HIGH. 

• The signal can be read as a LOW. 

• The reading circuit element itself can just get confused 
and 'hang up' in a 'metastable' state, outputting a signal 
close to its own input 'trip poinf or 'transition threshold' 
for a while, before settling back either into a stable 
HIGH condition or else into a stable LOW condition. 

This 'metastable' state can, in some circuit technolo-
gies, last for as long as several additional clock periods. 
Now, the probability of 'going metastable' remains very 
small as long as the reading circuit isn't being operated 
at a frequency really close to its maximum; but it in­
creases, quite dramatically, as this maximum is 
approached. The potentially-ruinous impacts on system 
reliability are all too obvious. 

Notice that we got into this metastability issue as a 
direct consequence of the burden which FIFOs are ex­
pected to take on in systems, of Making Synchronization 
Problems Go Away. Ultimately, metastability is not intrin­
sically just a circuit-design problem; it arises mathemati­
cally as an operations-research problem, when 
deterministic digital circuits are used - whether wittingly 
or not! - to try to deal with 'stochastic processes.' 

RESYNCHRONIZING FLAG SIGNALS 

FIFO customers, like customers for any other prod­
ucts, develop new Wants over time, as suppliers learn to 
satisfy their previous Wants. So customers now Want to 
be able to perform flag-reading operations from which­
ever end of the FIFO they wish, for any of the five usual 
'fullness flags,' without having to spend time and circuit­
board real estate protecting themselves against metasta­
bility hazards. 

FIFO manufacturers first began to address this cus­
tomer Want by attempting to handle the potential metas­
tability problems internally within the Fl FO, butfor just two 
out of the five flags - the 'Full Flag,' and the 'Empty Flag.' 
The approach was to resynchronize each of these two 
flag signals, for both of its possible state transitions, to the 
clock signal for that end of the FIFO where there usually 
is the greatest interest in reading that flag: the 'Full Flag' 
to the 'write clock,' and the 'Empty Flag' to the 'read clock.' 

The premise for these choices was, of course, that it's 
essential for Subsystem A to know if a FIFO which it's 
trying to write into is 'Full'; if it is, then the write operation 
can't be completed. But there's no similarly-urgent reason 
why Subsystem A needs to know if the FIFO which it's 
trying to write into is 'Empty.' Analogous reasoning also 
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applies at the other end of the FIFO, where words are 
being read out. 

USING PROGRAMMABLE FLAGS TO DO 
END-OF-BLOCK DETECTION 

Certainly, this resynchronization of the external values 
for the 'Full Flag' and the 'Empty Flag' was a step in the 
right direction. It costs some on-chip resynchronizing 
flipflops; but it provides system designers with an easier­
to-use FIFO part. But it didn't go quite far enough, since 
customers also turned out to be intensely concerned 
about getting absolutely dead-on-accurate readings from 
the 'Almost-Full Flag' and from the 'Almost-Empty Flag' -
not just readings accurate to within a word or two. 

A puzzling attitude, if one assumes that these latter 
flags are being used only as warnings to the system that 
it needs to do something soon, before the FIFO becomes 
either completely full or else completely empty as the 
case may be. But, as often happens, customers found a 
major use for the 'Almost-Full Flag' feature and the 'Al­
most Empty Flag' feature which was utterly different from 
the type of use planned for by the semiconductor manu­
facturers. In this case, the unanticipated major usage was 
as cheap block-length counters. 

The semiconductor industry originally opened the door 
to this block-length-counter trick, while trying simultane­
ously to satisfy all of the different customers who could 
not agree on just what 'almost full' and 'almost empty' 
ought to mean - that is, how many words away from 'full' 
should be defined to mean 'almost full,' and how many 
words away from 'empty' should be defined to mean 
'almost empty.' 

The industry's response was to say, in effect, "Hey, you 
guys decide," by including programmable registers within 
Fl FOs to hold 'offset values' which could be loaded during 
the operation of a system. These 'offset values' allowed 
the system to specify the 'how-many-words-away' 
parameters, during operation. 

In older-architecture FIFOs which date back to when 
'almosr flags first were introduced, these 'offset values' 
were fixed, 'wired-in,' architectural-design parameters. 
There are even certain newer FIFOs which have wired-in 
offset values, generally because they come in small 
packages without any extra pins to spare which could be 
used for controlling the necessary programmable regis­
ters, if their offset values were to be specifiable. Eight has 
been one very common wired-in offset value. 

However, the very newest FIFOs generally have archi­
tectural provisions for reading in these 'offset values' from 
the external logic. If the external logic never gets around 
to imposing its own choice of 'offset values' on the FIFO, 
the FIFO's 'default values' for these parameters remain 
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in effect during system operation. Again, eight is a very 
common 'default value.' Another frequent choice is one­
eighth of the FIFO depth. 

As for block-length counting, to make a long story 
short, if the sum of the two 'offset values' and the desired 
block length equals the depth of the FIFO, then the 
system can use a state change by one of the 'almost' flags 
as an 'end-of-block' signal. The details are left as an 
Exercise For The Reader. 

A CONTEMPORARY EXAMPLE OF 
SYNCHRONOUS-FIFO ARCHITECTURE 

Consider now Sharp's new 18-bits-wide synchronous 
FIFOs, LH540215(512x18) and LH540225 (1024 x18). 
These new x18 FIFOs are pin-compatible drop-in 
replacements for the IDT72215B and IDT72225B x18 
synchronous FIFOs. But they also have some useful 
enhanced features, which go some ways beyond the 
architecture of the original IDT parts. 

Naturally, they offer programmable offset-value regis­
ters for the Almost-Full Flag (PAF) and the Almost-Empty 
Flag (PAE). The default values for the contents of these 
registers are one-eighth of the FIFO depth, minus one. 

Also, the LH540215/25's Full Flag (FF) and Empty 
Flag (EF) signals have been made to behave fully 'syn­
chronously,' as far as the outside world is concerned. In 
order to avoid metastability problems, these flags have 
been resynchronized, to the clock at that end of the FIFO 
where the external logic is most likely to be trying to read 
them. 

To review the rationale for this resynchronization, Sub­
system A (the writing/input side) normally won't need to 
read EF, since writing can occur at any time when the 
FIFO isn't actually full. Likewise, Subsystem B (the read­
ing/output side) normally won't need to read FF, since 
reading can occur at any time when the FIFO isn't actually 
empty. Therefore, FF has been resynchronized to change 
only as the result of a rising edge of WCLK (the writing­
side clock); and EF has been resynchronized to change 
only as the result of a rising edge of RCLK (the reading­
side clock). 

This flag-signal behavior is probably optimum, from the 
viewpoint of a digital-system designer trying to make use 
of these FIFOs. However, for the resynchronization cir­
cuits within the FIFO to have time to function properly, it 
has proven necessary to specify two new 'skew' timing 
parameters, lsi<EW1 and tSKEw.!; see Figure 1 and Figure 2. 

4ii<EW1 is the minimum delay for a rising edge of WCLK 
to occur after a rising edge of RCLK, in order to guarantee 
that the value of FF will be accurate as of this rising edge 
of WCLK, and won't get delayed until the next rising edge 
of WCLK. Similarly, tsKEWl is the minimum delay for a rising 

6-12 

FIFO Flag Timing 

edge of RCLK to occur after a rising edge of WCLK, in 
order to guarantee that the value of EF will be accurate 
as of this rising edge of RCLK, and will not get delayed 
until the next rising edge of RCLK. 

Impatient digital-system designers sometimes are an­
noyed by having to observe the timing restrictions implied 
by these 'skew parameters.' However, even the fastest 
digital logic can't respond instantaneously. It appears that 
their objections really are to restrictions which are inher­
ent in what Fl FOs must be, if they are to solve the system 
timing problems which they are expected to solve. The 
basic flag-synchronization problem can be moved 
around, and changed in form, in all sorts of different ways; 
but it can't ever be totally eliminated 

Because a FIFO is inherently a pass-through window, 
between two logic subsystems which are synchronized 
differently, at some point there is always going to be a 
boundary between these two subsystems. And, at this 
boundary, the system designer inevitably is going to have 
to make allowances for some 'boundary effects.' 

THE 'MIDDLE' FLAG SIGNALS 

In the IDT x18 FIFOs, the three 'middle' flags - the 
'Programmable Almost-Full Flag' (PAF), the 'Half-Full 
Flag' (HF), and the 'Programmable Almost-Empty Flag' 
(PAE)- have been passed straight through to the outside 
world in the exact same form in which, as we have seen, 
the FIFO's internal logic inevitably must generate them. 
That is, these flags are 'synchronized to both clocks,' 
which is to say that they are 'asynchronous.' 

But the Sharp x18 replacements for these IDT parts 
go one step further. They incorporate a programmable 
'Control Register,' by means of which the system can 
specify 'synchronous' behavior for these three 'middle' 
flags also. 

PAF, like FF, normally gets read at the writing side of 
the FIFO; and so there is a Control-Register bit which can 
be used to program PAF to be resynchronized to WCLK. 
PAE, like EF, normally gets read at the reading side of the 
FIFO; and so there is a Control-Register bit which can be 
used to program PAE to be resynchronized to RCLK. 

However, a priori, HF is equally likely to be needed at 
either end of the FIFO. Therefore, two Control-Register 
bits have been allocated for HF resynchronization. The 
system can select either WCLK or RCLK as the resyn­
chronizing clock for HF. Or, it can leave HF 'synchronized 
to both ends of the Fl FO' - i.e., as 'asynchronous.' 

These Sharp x18 FIFOs incorporate an 'Enhanced 
MODE' control signal (EMODE), which allows the system 
to select between two different sets of Control-Register 
'default' oonditions. If EMODE is held HIGH during a reset 
operation, the FIFO is initialized to function exactly like 
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the same-depth IDT x18 FIFO. But, if EMODE is held 
LOW during a reset operation, a selection is made from 
the Sharp x18-FIFO menu of enhanced features; see 
Table 1. Also, the Control Register then becomes acces­
sible for further modification of these selections. 

The pin used for the EMODE control input is a Vee pin 
in the IDT72215B and I DT72225B x18 Fl FOs. So, when­
ever the Sharp LH540215 and LH540225 x18 Fl FOs are 
used in pre-existing IDT x18-FIFO sockets, they auto­
matically get 'strapped' (pin-programmed) to behave ex­
actly like the IDT FIFOs which they are replacing. 

tcLKH tcLKL 

WCLK 

00 - 0 17 

WEN 

twFF 

FF 

RCLK 

REN 

NOTE: 
1. tsKEW1 is the minimum_!Lme between a rising RCLK edge and a 

rising WCLK edge for FF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
risin~dge of WCLK is less than lsKEw1, then it is not guaranteed 
that FF will change state until the next following WCLK edge. 
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SUMMARY 

A FIFO's mission is to serve as a 'pass-through win­
dow' between two conceptually-independent subsys­
tems, which should not need to be coordinated or 
synchronized together in any way. To perform this mission 
well, the FIFO must provide 'rubber-band memory' be­
tween the two subsystems, and also must decouple their 
clocking synchronizations one from another. 

In its 'pass-through window' role, the FIFO itself has its 
input side and its output side 'marching to two different 
drummers.' The values of the FIFO's status flags, by 
which the FIFO informs the outside world of its state of 

NO OPERATION 

twFF 

540215-6 

Figure 1. Synchronous Write Operation 
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relative fullness or emptiness, arise from computations 
which unavoidably are synchronized first to one subsys­
tem, and then to the other. 

These status-flag values must be resynchronized to 
one or the other of the two subsystem clocks. Otherwise, 
the external logic must contend with the hazards of 
metastability, which can give rise to profound system 
processing errors if no countermeasures are taken. 

FIFO Flag Timing 

Two new Sharp x18 synchronous FIFOs, the 
LH540215 (512 x 18) and LH540225 (1024 x 18), offer 
advanced new functionality for controlling status-flag syn­
chronization. For practical purposes, when reading 
status-flag values, fully-synchronous status flags can 
reduce the risk of metastability to negligible levels. 

lcLK 

lcLKH tcLKL 

6-14 

RCLK 

tENs 

Oo- 011 

loE 

WCLK 

NOTE: 
1. tsKEW• is the minimum time between a rising WCLK edge and a 

rising RCLK edge for EF to change predictably during the current 
clock cycle. tt the time between the rising edge of WCLK and the 
risin~ge of RCLK is less than tsKEW2• then It is not guaranteed 
that EF will change state until the next following RCLK edge. 

VALID DATA OUT 

toHZ 

Figure 2. Synchronous Read Operation 
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Table 1. Control-Register Format for Sharp LH540215/25 x18-Bit FIFOs 

CONTROL VALUE AFTER RESET FLAG 
REGISTER CODE AFFECTED, DESCRIPTION NOTES 

BITS EMODE=H EMODE=L IFANY 

Deassertion of LO does not 

L reset the programmable- IDT-compatible addressing 
register write pointer and of programmable registers. 
read pointer. 

Oeassertion of LO resets 
the programmable-register 

00 L H - write pointer and read 
pointer to address Word O, 

Non-ambiguous 
H the Programmable-Almost-

addressing of 
Empty-Flag-Offset Register. 
The change takes effect 

programmable registers. 

after a valid write operation 
or a valid read operation, 
respectively. 

L -- Set by iRCLK, reset by Asynchronous flag 
01 L H PAE iWCLK:. clocking. 

H Set and reset byiRCLK. Synchronous flag clocking. 

LL Set byiWCLK, reset by Asynchronous flag 
iRCLK. clocking. 

03, 02 LH LL HH HF Set and reset by iRCLK. 
Synchronous flag clocking 
at output port. 

HL, 
Set and reset byiWCLK. 

Synchronous flag clocking 

HH at input port. 

L SetbyiWCLK, reset by Asynchronous flag 
04 L H PAF iRCLK. clocking. 

H Set and reset by iWCLK. Synchronous flag clocking. 

OE has no effect on an Allows the read-address 

L internal read operation, pointer to advance even 
apart from disabling the when Oo - 017 are not 
outputs. driving the output bus. 

05 L H - OE inhibits a read 
Inhibits the read-address 

operation whenever the 
pointer from advancing 

H data outputs when Oo - 017 are not 

Oo - 017 are in the high-Z 
driving the output bus; 
thus, guards against data 

state. loss. 

L Future use to control depth 
06 L L - Reserved. cascading and interlocked 

H paralleling. 

07, 08, 
LLLLL LLLLL LLLLL - Reserved. Resetved. 09, 10,11 

NOTES: 
1. When EMODE is HIGH, and Control Register bits 00-05 are LOW, the FIFO behaves in a manner functionally equivalent to the 

IDT72215Bl25B FIFO of similar depth and speed grade. Under these conditions, the Control Register is not visible or accessible to 
the external system which includes the FIFO. 

2. ff EMODE is not asserted (is HIGH), Control Register bits 00-05 remain LOW after a reset operation. However, if EMODE is asserted (is 
LOW) during a reset operation, Control Register bits 00-05 are forced HIGH, and remain HIGH until changed. Control Register bits 
06-11 are unaffected by EMODE. 

BOLD ITAUC =Enhanced Operating Mode 
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1. INTRODUCTION 

In the design of digital systems, there's never quite 
enough memory. It's as if there's a memory corollary of 
'Parkinson's Law' (1], stating that 'Information expands to 
fill the memory available.' 

Fl FOs ('First-In, First-Out memories'; pronounced 'fye­
foes') are one type of VLSI semiconductor memory de­
vice. Their storage and readout properties are just what 
their name, 'FIFO,' implies. That is, the first data word 
taken in becomes the first data word read out, from the 
opposite end of the same FIFO. Once input, subsequent 
data words also emerge with no change in their sequential 
ordering. 

In recent years, FIFOs have become large enough, 
and cheap enough, to prove their worth in a very wide 
variety of digital systems. 

FIFOs too are notoriously subject to 'Parkinson's Law 
of Memory.' As system designers discover the operational 
advantages of increasing the size of their FIFOs, and as 
new FIFO applications emerge, system needs continually 
arise for larger FIFOs-typically having two to three times 
the capacity of any which currently are available. 

One practical answer is to use several FIFOs, or even 
many FIFOs, together in a coordinated manner, in order to 
provide FIFO capabilities and behavior with expanded 
memory capacity. This tutorial paper presents some FIFO­
memory-capacity expansion methods, and describes the 
built-in support for these methods which is provided by 
various industry-standard FIFO architectures. 

2. FIFOs AS MEMORY COMPONENTS 

In certain ways, FIFOs behave like memory compo­
nents; in other ways, they behave like logic components. 
Obviously, FIFO-memory expansion techniques are 
aimed at increasing memory size. However, the required 
logic is somewhat subtle and sophisticated, as compared 
with the expansion logic needed with other types of 
memory components. 

2.1 FIFOs as Compared With RAMs 

Within a digital system, Fl FOs mostly are used to store 
data words temporarily, while they are 'just passing 
through' on their way to some other part of the system. 
Sometimes, they are used to repetitively read out the 
same data block sequentially, over and over again. Ran­
dom-access memories (RAMs), on the other hand, al­
most always are used to store data words which need to 
be kept available, 'on tap,' for the entire duration of some 
computational procedure. 

The tendency of RAM devices to get larger over time 
is well known. According to 'Moore's Law,' as stated 
originally by Gordon Moore of Intel Corporation, the ca­
pacity in bits of RAM devices quadruples every two to 
three years, as semiconductor manufacturers continually 
develop larger RAM devices to keep up with the memory 
capacities that digital-system builders and their custom­
ers are demanding. 

The majority of applications for RAMs use large arrays 
of them. Usually, systems need much greater RAM stor­
age capacity than is to be found within any single physical 
semiconductor-RAM device. 

FIFOs are more likely than RAMs to be deployed in 
systems individually, here and there, one by one. But, 
sometimes, FIFOs too are used in arrays. When there is 
a need for temporary-storage capacity exceeding that of 
any available single physical FIFO device, several indi­
vidual Fl FO devices may be teamed up into an expansion 
array, to comprise a larger 'effective FIFO.' 

Some corollary of 'Moore's Law' certainly applies to 
FIFOs; the capacity of single-package FIFO devices has 
been doubling approximately every two years. Thus, at 
any given time, FIFO expansion arrays fill the gap be­
tween the largest single-package Fl FO devices available, 
and the still-larger 'effective FIFOs' which system design­
ers feel that they need for their very latest applications. 

•This paper was prepared tor, and presented at, Northcon/93. It appeared in The Northcon/93 Conference Record; Session 9, paper 1. 
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2.2 FIFO Family Pin-Compatibility 

Unlike RAMs, FIFOs have the startling and valuable 
property that their pinouts do not depend in any way on 
their 'depth,' i.e., on the number of words which they can 
store. RAMs have to include more memory-address pins 
as their depth increases; but Fl FOs don't have any mem­
ory-address pins to start with. Thus, very deep FIFOs 
frequently have been made pin-compatible with shallow 
ones. 

Consequently, FIFO devices usually are marketed as 
members of 'families' of pin-compatible, architecturally­
identical, mutually drop-in-interchangeable parts. Mem­
bers of a given family differ architecturally only in the depth 
of their internal FIFO-memory arrays, and in whatever 
that implies about the behavior of the 'flag' status-output 
signals - for instance, how many words the FIFO must 
contain in order to be 'half full.' In most FIFO families, the 
depth difference from one family member to the next one 
is by a factor of two, rather than by a factor of four as is 
standard for RAMs. 

It is a fairly common design practice to defer a final 
decision as to the depth of a FIFO, for a given system 
application, until the system has been built and tested 
under realistic operating conditions. Then, deeper FIFOs 
may replace shallower Fl FOs, which often speeds up the 
system. Or, instead, shallower FIFOs may replace deeper 
FIFOs, to save money. In either case, there aren't any 
address pins to rewire; and the FIFO depth may be 
chosen after the fact, to optimize cosVperformance. 

Unless, of course, the system designer needs a FIFO 
deeper than any which is available! When thafs the case, 
the designer suddenly starts taking an intense interest in 
FIFO depth-expansion methods. 

Obviously, the deepest member of a FIFO product 
family is the one which is going to get used most often in 
applications involving depth-expansion. 

3. USING FIFOs IN ARRAYS 

When an array has FIFOs interconnected in a deptlr 
expansion pattern, to provide more words than are avail­
able in any single FIFO device, such interconnection is 
referred to as 'cascading,' or sometimes more precisely 
as 'depth cascading.' 

In contrast, when the array has FIFOs interconnected 
in a wordwidth-expansion pattern, to provide widerwords 
than are available in any single FIFO device, such inter­
connection is referred to as 'paralleling' - or sometimes 
as 'width cascading.' For clarity's sake, in this paper 
'cascading' always means depth cascading; and 'width 
cascading' always is referred to as 'paralleling.' 

Frequently, practical FIFO expansion arrays feature 
both cascading and paralleling. 

SHARP 
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3.1 Architectural Support for FIFO Expansion 

Four different industry-standard FIFO-architectures to 
support depth-cascading have been widely implemented. 
These are: 

(1) Handshake 

(2) Handclasp 

(3-1) One-Wire Token Passing 

(3-2) Two-Wire Token Passing 

Sharp happens to be the only FIFO manufacturer 
producing at least one FIFO having each of these four 
industry-standard FIFO cascading architectures. Sharp's 
FIFO products include various alternate-sourced com­
petitor-defined FIFOs, and also Sharp-defined proprie­
tary FIFOs. Included among the alternate-sourced parts 
are FIFOs which support three out of the four industry­
standard architectures; and there is a Sharp proprietary 
FIFO which supports the remaining architecture. 

This tutorial application note presents each of these 
four architectures, and shows for each of them how to 
hook multiple FIFO devices together for increased depth. 

Increased wordwidth is a separate topic, and is cov­
ered last. In general, unless a system designer is pre­
pared to take the chance that the system will have some 
inherent, hard-to-find intermittent malfunctions, 'parallel­
ing' FIFOs is not just a simple matter of placing them 
side-by-side and hooking their control inputs up in paral­
lel. Rather, there need to be some 'interlocking' cross­
coupling interconnections, so that each paralleled FIFO 
is compelled always to do - or to not do - the same 
operation at the same time. By now, some limited archi­
tectural support also exists in newer Fl FOs for interlocked 
paralleling. 

3.2 Synchronous and Asynchronous FIFOs 

In practice, both the 'handshake' architecture (1) and 
the 'one-wire token-passing' architecture (3-1) have been 
used most successfully in 'asynchronous' FIFOs. On the 
other hand, both the 'handclasp' architecture (2) and the 
'two-wire token-passing' architecture (3-2) have been 
used most successfully in 'synchronous' FIFOs. There 
are some pragmatic reasons for this state of affairs, but 
nothing rigid or absolute. 

Here, a 'synchronous' FIFO is defined as one which 
<a> uses a free-running 'write-clock' signal, which in 
principle is generated by an external oscillator, and is 
gated within the FIFO chip itself by a level-sensitive 
'write-enable' signal, to synchronize write operations; and 
also <b> uses a free-running 'read-clock' signal, which in 
principle is generated by a second external oscillator, and 
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is gated within the FIFO chip itself by a level-sensitive 
'read-enable' signal, to synchronize read operations. 

These two 'enable' signals may in principle be com­
pletely independent of one another. Also, between them, 
they completely control the distribution within the FIFO of 
the two free-running clock signals. Thus, by using these 
enable signals to control a synchronous FIFO, a data­
transfer procedure at one end of the Fl FO can be started, 
and also can be stopped, quite independently of any 
data-transfer procedure which may or may not be going 
on concurrently at the other end of the FIFO. 

'Asynchronous' FIFOs don't have any such 'write-en­
able' or 'read-enable' signals. They can't even make use 
of free-running 'clock' signals, since a data word would 
have to be transferred willy-nilly on eveiy 'clock' rising 
edge. 

Or, to state the matter another way: At each end of an 
'asynchronous' Fl FO, the functionality of the level-sensi­
tive 'enable' signal is combined with that of the 'clock' 
signal, into a single edge-sensitive 'demand' signal. 

Usually, asynchronous FIFOs have 'Shift In' and 'Shift 
Out' control inputs, which function respectively as 'write­
demand' and 'read-demand' control signals. Now, these 
inputs are edge-sensitive, like 'clock' signals; that is, a 
rising edge or a falling edge of the signal waveform is what 
causes things to happen, and not a steady-state level. But 
otherwise these inputs function quite differently from 
'clock' signals, in that they cause direct, immediate action 
in and of themselves whenever they occur. 

In general, synchronous FIFOs can operate at much 
higher data-transfer repetition rates, with many fewer 
system-timing headaches, than can asynchronous FIFOs 
which have been produced at the same level of semicon­
ductor process technology. It is increasingly difficult to 
control the timing and shaping of the 'demand' pulses for 
asynchronous FIFOs, in order to achieve reliable opera­
tion with them, as repetition rates become higher and 
higher. As a general guideline, asynchronous FIFOs no 
longer are the best way to go, whenever operating FIFO 
repetition rates exceed roughly 25 MHz. 

3.3 Series and Parallel Data-Bus Connections 

Another distinction, among these various cascading 
architectures, is whether the successive FIFOs in the 
cascade are deployed in series, or in parallel; see Fig­
ure 1. 

In the handshake and handclasp architectures, suc­
cessive FIFOs in the cascade are connected in series as 
in Figure fa, like a string of sausages. Here, the 'read' 
(data-output) bus of the i111 FIFO is connected to the 'write' 
(data-input) bus of the (i+ 1 )& FIFO. A data word enters the 
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'effective FIFO' via the data-input bus of the first FIFO in 
the cascade, and passes through each of the other FIFOs 
in the cascade, and exits via the data-output bus of the 
last FIFO in the cascade. 

Obviously, the data word needs to get handled N times, 
by N different FIFOs. (The case N = 5 is illustrated in 
Figure 1.) All this handling of data implies greater 'latency' 
or 'pipeline delay,' and also gives rise to more occasions 
where possibly mishandling may occur. However, there 
is a compensating advantage: each FIFO output-bus 
driver element is required to drive just one single load. 
And the operating speed of a FIFO with lightly-loaded 
data outputs is relatively predictable. 

In the two token-passing architectures, on the other 
hand, all FIFOs in the cascade are connected in parallel 
as in Figure 1 b, somewhat like a bunch of bananas - at 
least, assuming that all of the banana-blossom ends were 
somehow to grow together, like the banana stem ends! 
Anyway, the data-input buses of all of the FIFOs are tied 
together, and the data-output buses of all of the FIFOs 
are tied together. A data word passes through only one 
FIFO in the cascade, no more, on its way through the 
'effective FIFO'; and so it gets handled just once. 

But now, by duality, there is an offsetting disadvantage: 
the data-input bus and the data-output bus, each of which 
are common to N (here 5) FIFOs, present a greater 
capacitive load to whatever devices are called upon to 
drive them. In the case of the data-output bus, the FIFO 
output-bus driver elements themselves must drive some 
number N-1 of similar data outputs from other FIFO 
devices, which at the moment are in a high-impedance 
state, in addition to whatever other system devices have 
their inputs or their three-state outputs on the FIFO-data­
output bus. And since the FIFO data outputs now are 
more heavily loaded, their operating speed becomes 
harder to predict. 

The characteristics, strengths, and weaknesses of 
each of these four FIFO cascading architectures are 
summarized in Tables 1 and 2. 

Table 1. Conventional Classification of 
FIFO Cascading Architectures 

TIMING DEPTH-CASCADING ARRANGEMENT 
CONTROL 
PRINCIPLE SERIES PARALLEL 

Asynchronous 
One-Wire 

Handshake Token 
Passing 

Two-Wire 
Synchronous Handclasp Token 

Passing 
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CONTROL CONTROL CONTROL CONTROL CONTROL CONTROL 

--DA_T_A_-IFIFO #1 1--D-AT_A_--l FIFO #2 t--D-AT_A_-1 FIFO #3 t--D-AT_A_--1 FIFO #41--D-AT_A_--l FIFO #51---DA_T_A_ 

DATA 

SHARP 

DATA FLOW -

Figure 1a. Series Connection of Depth-Cascaded FIFOs 

TOKEN 
CONTROL 

---------- FIFO#S t----------

TOKEN 
CONTROL 
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CONTROL 

--i--..i RFO #2 I---" 

TOKEN 
CONTROL 
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DATA FLOW -

WIRED FOR 
'FIRST LOAD' 

Figure 1 b. Parallel Connection of Depth-Cascaded FIFOs 
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Table 2. Characteristics of FIFO Cascading Architecures 

NUMBER OF NUMBER OF SUIT ABILITY 
ARCHITECTURAL 

USUAL TIMING 
TIMES A DATA EXTRA LOADS FOR HIGH· SHARP FIFOs WHICH 

CONTROL 
WORD GETS ONA DATA SPEED USE THIS SCHEME SCHEME 

PRINCIPLE 
HANDLED OUTPUT OPERATION 

Handshake A N 0 Very Poor LH5481/91 

Handclasp s N 0 Excellent LH543620 

One-Wire 
Poor LH5496/97 /98/99, Token A 1 N-1 

LH540202/03/04/05 Passing 

Two-Wire 
Token s 1 N-1 Very Good LH540215/25 
Passing 

KEY: 

A = Asynchronous. S = Synchronous. N = Number of FIFOs in the cascade. 

4. DESIGN APPROACHES FOR FIFO CASCADING 

This discussion of each cascading architecture refers 
to the Sharp FIFOs having that architecture. However, the 
same analysis applies, equally well, to other manufactur­
ers' FIFOs having an identical or a similar architecture. 

Even among FIFOs having the same basic cascading 
architecture, there still is some variation in the recom­
mended interconnections. Some FIFOs are designed to 
'cascade' without the need for any external 'glue logic' 
whatever, but some are not. Neither of these alternatives 
always is necessarily better than the other; there are 
tradeoffs both ways. 

4.1 Cascading Asynchronous-Handshake FIFOs 

The 'handshake' architecture for asynchronous FIFOs 
dates back all the way to 1969, when Fairchild introduced 
the 800 KHz PMOS 64x4 type 3341 FIFO. Sharp has 
used this architecture in the 64x8 LH5481 and in the 64x9 
LH5491. Other manufacturers still make 3341-pinout 
64x4 FIFOs, and also 64x5 FIFOs. Of course, these parts 
generally use some more-recent-vintage CMOS technol­
ogy, rather than sticking with PMOS! Anyway, ifs mostly 
the oldest-pinout, smallest-capacity FIFOs which use 
'handshake' cascading. 

This architecture is the oldest one of the four. It has 
served semiconductor users well for a quarter of a cen­
tury. Nevertheless, it is by far the most difficult architecture 
of the four to understand, and to explain. Also, the expla­
nations of the other three architectures do not depend 
strongly on this 'handshake-cascading' explanation. Con­
sequently, this section of the paper is not a prerequisite 
to the other sections which follow; and so it may be 
skipped over, if desired. 
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Anyway, in the handshake architecture, each FIFO has 
two control inputs, Shift In and Shift Out; and two status 
flags, 'Input Ready' and 'Output Ready.' As previously 
discussed, these Shift In and Shift Out control inputs are 
edge-sensitive, rather than level-sensitive. 

Input Ready is asserted by a FIFO whenever it is not 
totally full, so that it can accommodate at least one more 
input data word. Output Ready is asserted whenever the 
FIFO is not totally empty, so that it can furnish at least one 
more output data word. 

The Input Ready and Output Ready status flags have 
the same system meaning respectively as FF (assertive­
LOW Full Flag) and EF (assertive-LOW Empty Flag) in 
other FIFO architectures. And, even though the nomen­
clature is opposite, the polarity of the actual signal does 
not change; the same logic state of the flag (HIGH or 
LOW) still means exactly the same thing, with respect to 
the internal status of the FIFO. However, when cascading 
asynchronous-handshake FIFOs, the Input Ready and 
Output Ready flags normally function as pulses, and not 
as levels, as is emphasized here in the description of the 
procedure by which data words get transferred from one 
FIFO in a cascade to the next one. 

Asynchronous-handshake FIFOs are cascaded in se­
ries, like sausages, as in Figure 1 a. The interconnections 
from each FIFO, to the next one downstream from it in 
the cascade, are as shown in Figure 2. Output Ready of 
the upstream FIFO is connected to Shift In of the down­
stream FIFO, and Input Ready of the downstream FIFO 
is connected to Shift Out of the upstream FIFO. As for the 
data path, the data outputs of the upstream FIFO are 
connected to the data inputs of the downstream FIFO. 
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Figure 2. Cascading Interface Between 
Handshake-Architecture FIFOs 

With these interconnections, and assuming that the 
FIFO cascade has been operating for a while, the proce­
dure for transferring a data word from the upstream FIFO 
to the downstream FIFO may be described as follows: 

(1) The downstream FIFO's Input Ready signal be-
comes asserted, whenever it ceases to be full. (Or, 
see Step (6) below.) 

(2) Since this Input Ready signal is connected to the Shift 
Out control input of the upstream FIFO, when it is 
asserted it becomes a read-demand pulse for the 
upstream FIFO. 

(3) Assuming that the upstream FIFO is not empty, so 
that its Output Ready signal has been asserted, it 
then performs a read operation - meaning that its 
internal read pointer gets advanced by one word 
position, and a new word becomes available on its 
data outputs. When those events have occurred, its 
Output Ready signal becomes deasserted. The up­
stream FIFO's internal logic actually forms the Output 
Ready signal as a delayed and inverted copy of the 
Shift Out input control pulse which was received from 
the downstream FIFO. So, unless the upstream FIFO 
was entirely emptied out by the read operation which 
it just performed, it then reasserts its Output Ready 
signal, after a time lag determined by an internal-gat­
ing delay from the deassertion of its Shift Out control 
input. 

(4) Since this Output Ready signal is connected to the 
Shift In control input of the downstream FIFO, when 
it is asserted it becomes a write-demand pulse for the 
downstream FIFO. 

(5) Since the downstream FIFO is not full (see Step (1) 
above), its Input Ready signal has been asserted. So 
it then performs a write operation - meaning that the 
new word from the upstream FIFO, which is present 
at its data inputs, gets written into its internal memory, 
and its internal write pointer then gets advanced by 
one word position. When those events have oc­
curred, its Input Ready signal becomes deasserted. 
The downstream FIFO's internal logic actually forms 
the Input Ready signal as a delayed and inverted 
oopy of the Shift In input control pulse which was 
received from the upstream FIFO. 

(6) If the new word just acquired did not fill up the 
downstream FIFO, it then reasserts its Input Ready 
signal, after a time lag which is determined by an 
internal gating delay from the deassertion of its Shift 
In control input; and the entire sequence just de­
scribed starts up all over again. (So, go back to Step 
(2), and repeat!) 

The above word description may seem confusing at 
first, because of its inherently recursive, round-and­
round, never-ending-story flavor! Figure 3 is a waveform 
description; it shows the pulses for one representative 
complete word-transfer cycle. 

The length of the Shift In and Shift Out pulses must be 
well-controlled by internal FIFO circuits. A pulse from one 
FIFO always must be sufficiently long, that it will supply 
enough energy to cause the appropriate action to take 
place in another architecturally-similar FIFO - making 
allowances for lot-to-lot semiconductor-manufacturing 
variations. Also, particular care should be used, when 
laying out the circuit-board wiring for these signals, in 
order to avoid vulnerability to noise problems. Spurious 
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Figure 3. Control-Signal Waveforms for 
Handshake Cascading 

control pulses between cascaded FIFOs may cause er­
roneous data-transfer-procedure steps to occur. 

Nowhere in this entire scene is there any role for a 
controlled, periodic 'clock' signal. Hence, the timing of the 
data-transfer operations depends entirely on gate delays 
within the FIFO devices themselves. Thus, in principle, 
this timing is process-dependent. 

The data-word-transfer procedure pauses after every 
word, because of the circuit delays. But it does not halt 
completely, until either the upstream FIFO has become 
empty, or else the downstream FIFO has become full. 
Subsequently, whenever it happens that the upstream 
Fl FO is non-empty while the downstream FIFO is non-full, 
the procedure automatically restarts itself again. 

4.2 Cascading Synchronous-Handclasp FIFOs 

Superficially, the arrangement for cascading 'synchro­
nous-handclasp' FIFOs resembles that for 'asynchro­
nous-handshake' FIFOs. Again the FIFOs are in series, 
like sausages, as in Figure 1 a. And again each FIFO has 
two control inputs, which in principle might be called 'Shift 
In' and 'Shift Out'; and also two status flags, which in 
principle might be called 'Input Ready' and 'Output 
Ready.' 

But usually, for these synchronous FIFOs, these con­
trol inputs and status flags have different names. In the 
Sharp LH543620 1024><36 synchronous FIFO, 'Shift In' 
is called 'Write Enable'; and there actually are two such 
'Write Enable' signals, which get ANDed together. Like­
wise, 'Shift Out' is rechristened 'Read Enable,' and again 
there are two such ANDed signals. 'Input Ready' and 
'Output Ready' are renamed 'Full Flag' and 'Empty Flag' 
respectively, and now are understood as assertive-LOW 
signals. 
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And there is one enormous architectural and behav­
ioral difference, which goes far beyond mere nomencla­
ture or signal assertiveness, and which changes the 
entire character of the data-transfer procedure for the 
handclasp cascading architecture. Now, there is an ex­
ternal, free-running 'transfer clock.' For any given two 
successive FIFOs in the cascade, this transfer clock is 
connected both to the 'read-clock' input at the output port 
of the upstream FIFO, and to the 'write-clock' input atthe 
input port of the downstream FIFO. 

So, this transfer clock does all of the necessary timing. 
There is no 'handshaking'; and the repetition rate of the 
data-transferring procedure isn't derived from any proc­
ess-dependent internal-gating delays within FIFOs. 

The transfer clock does not have to be the same as 
the write clock which is visible to the rest of the system, 
at the input port of the entire FIFO cascade. Nor does it 
have to be the same as the system-visible read clock, at 
the output port of the entire FIFO cascade. However, for 
overall smoothness of operation, it certainly is desirable 
that the same transfer clock get used at each FIFO-to­
FIFO interface, everywhere within the cascade; that is, 
that there only be one transfer clock per 'effective FIFO.' 

Apart from the use of the transfer clock, the handclasp 
interconnections between a Fl FO and its downstream 
successor in the cascade look very similar to those for 
asynchronous-handshake FIFOs; see Figure 4. The 
downstream FIFO's Full Flag is connected to both of the 
upstream FIFO's Read Enable inputs; and the upstream 
FIFO's Empty Flag is connected to both of the down­
stream Fl FO's Write Enable inputs. It is all right to connect 
duplicate enables together at the FIFO ports interior to 
the cascade; although the duplicate-enable functionality 
often is needed at the two extreme ends (input and output) 
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of the entire FIFO cascade, it isn't needed for FIFO-to­
Fl FO data transfer within the cascade. 

Full Flag and Empty Flag are assertive-LOW signals. 
Thus, when Full Flag is HIGH, the downstream FIFO is 
not full, and may be written into; and when Empty Flag is 
HIGH, the upstream FIFO is not empty, and may be read 
from. So, the system meaning of these signals resembles 
that of the assertive-HIGH Input Ready and Output Ready 
signals, except of course that now the signals behave as 
levels and not as pulses. But the names, and the seman­
tic-psychological assertiveness perceptions of designers, 
have changed. 

And the mechanism for data transfer from an upstream 
FIFO to a downstream FIFO reduces to the following 
simple rule: Whenever the upstream FIFO is not empty, 
and the downstream FIFO is not full, a data word is 
transferred from the upstream FIFO to the downstream 
FIFO after EVERY transfer-clock rising edge. 

Assuming that the transfer clock never is interrupted, 
this procedure obviously continues until either the up­
stream FIFO becomes empty, or else the downstream 
FIFO becomes full. Thus, the stable quiescent condition 
for the entire Fl FO cascade, if neither any write operations 
nor any read operations are taking place, is that all of the 
data words 'fall to the bottom' of the cascade, as in a 
'hopper.' As a matter of fact, 'hopper' is one synonym for 
'FIFO'; in the specialized jargon used by the designers of 
digital telephone-switching systems, FIFOs traditionally 
are called 'hoppers.' 

CLOCK 

~ 
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4.3 Cascading Token-Passing FIFOs 

Token passing as a method of controlling cascaded 
FIFOs was introduced by Mostekin 1981, in the MK4501 

512x9 asynchronous FIFO. Today, FIFOs which conform 
to the MK4501 asynchronous one-wire token-passing 
architecture dominate the world FIFO market. By now, 
architecturally-compatible descendants of the MK4501 
are offered in every power-of-two depth from 256x9 to 

16384x9. 
Sharp has produced the LH5496/97/98/99 family of 

asynchronous MK5401-architecture FIFOs for several 

years; these are 512x9, 1024><9, 2048><9, and 4096><9 
respectively. Sharp's newer LH540202/03/04/05 family 
directly replaces the largest three Fl FOs in that older 
Sharp family, and adds an 8192><9 FIFO at the deeper 
end. 

The original MK4501 was very slow; its cycle time was 
235 nsec, and its data-access time was 200 nsec. But the 
speed of more-recent architecturally-similar FIFOs has 
improved dramatically. For instance, Sharp offers speed 
grades of the new LH540202 (1024><9) and LH540203 
(2048><9) FIFOs with the cycle time at 25 nsec, and the 
data-access time and the flag-access times all the way 
down to 15 nsec. 

READ CLOCK <1-"0--------n WRITE CLOCK 
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Nevertheless, operation of asynchronous FIFOs in 
systems at very high speeds, say above 25 MHz to 30 
MHz, becomes progressively more difficult. The difficul­
ties have led to a boom in new synchronous architectures 
for FIFOs. However, some of the earliest synchronous­
FIFO architectures did not make any explicit provision for 
depth cascading. 

Subsequently, Integrated Device Technology at­
tempted to use the one-wire-token-passing architecture 
in a line of fast 18-bit-wide synchronous FIFOs. That 
attempt did not succeed; predictably, once in a very great 
while, the 'one wire' becomes a severe bottleneck, for 
reasons which are discussed below. 

And so IDT, Sharp, and other manufacturers switched 
to the two-wire-token-passing architecture for new syn­
chronous FIFOs. Adding the second wire eliminates a 
troublesome technical problem, and thereby provides 
very much better performance at high speeds. Sharp's 
new LH540215 and LH540225 synchronous FIFOs, 
512x18 and 1024x18 respectively, use the two-wire-to­
ken-passing architecture. 
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In either token-passing architecture, FIFOs are cas­
caded in parallel, like bananas, rather than in series like 
sausages. (Refer to Figures 1a, 1b, 5, and 6.) The input­
data buses of all FIFOs in the cascade are tied together, 
and likewise for their output-data buses and their Read 
Enable and Write Enable control inputs. One FIFO in the 
cascade is designated as 'first-load' or 'master,' normally 
by tying a certain control pin LOW which is tied HIGH for 
all other FIFOs in the cascade. And the token-passing 
signaling pins of all FIFOs in the cascade are connected 
together in a ring configuration. 

When the array of FIFOs is reset, the internal logic of 
the master FIFO comes up in a slightly different state than 
that of the other FIFOs. Actually, there are THREE possi­
ble post-reset internal-logic states; besides 'cascaded­
master' and 'cascaded-non-master' (or, 'cascaded­
slave'), there is a third state which applies to a 'stand­
alone' FIFO, that is, to a FIFO which is not part of any 
cascade. 

TOKEN PULSE 
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i--................ _,..__9 ..... --~DATAOUT 
Oo-Os 

COMPOSITE 
EMPTY FLAG 
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Figure 5. Depth Cascading for Three 
One-Wire-Token-Passing 9-Bit Asynchronous FIFOs 
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For concreteness and descriptive simplicity in what 
follows, the FIFO depth is assumed to be 1024 words. 

According to common sense, the first FIFO operation 
after a reset operation always should be a write operation; 
if you haven't written anything into the FIFO yet, there's 
nothing meaningful in there which you can read back out. 
Thus, when the first write operation is requested of the 
FIFO array after a reset operation, the designated master 
FIFO has the 'write token' within its internal write-pointer­
counting and memory-array-addressing logic. There is 
likewise a 'read token,' which this designated master 
FIFO also has within its internal read-pointer-counting 
and memory-array-addressing logic, which comes into 
play whenever the first read operation is requested of the 
FIFO array. 

After 1024 words have been written into the master 
FIFO, it passes the write token on to the next FIFO in the 
cascade. In between FIFOs, this token takes the form of 
a pulse, LOW-going in all common FIFO architectures, 
and generally having a duration of approximately half of 
one clock interval. 

The read token also is passed along from one FIFO to 
the next one by this same procedure. But one more thing 
must happens also: a FIFO's data outputs must be in a 
high-impedance state unless that FIFO has the read 
token, even if that FIFO's 'Output Enable' (OE) control 
input is being asserted. In practice, OE is routed in parallel 
to every FIFO in the cascade, anyway. Thus, the sending 
FIFO's data outputs go into a high-impedance state as 
soon as the read token has been passed on; and the 
receiving FIFO's data outputs, which had been in a 
high-impedance state, become active as soon as the read 
token has been received. 

In a FIFO with the one-wire-token-passing architec­
ture, the 'one wire' carries both the write token and the 
read token, at different times. The output pin for the 
sending FIFO usually is called 'Expansion Out' (XO); and 
the input pin for the receiving Fl FO usually is called 
'Expansion In' (Xi). 

In a FIFO with the two-wire-token-passing architec­
ture, there is a 'write-token wire,' and also a 'read-token 
wire.' The output pins for the sending FIFO are called 
'Write Expansion Ouf (WXO) and 'Read Expansion Ouf 
(RXO); and the input pins forthe receiving FIFO are called 
'Write Expansion In' (WXI) and 'Read Expansion In' (RXI). 

Whether an 'effective FIFO' array or an individual Fl FO 
is being considered, the 'empty' condition may be de­
scribed as the read token catching up with the write token; 
and the 'full' condition may be described as the write token 
catching up- almost- with the read token. 

Almost, but not quite; the read token still must be one 
position ahead of the write token, unless a one-word 
'overrun' (overwriting a data word location not yet read 
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out) has occurred. Now, most FIFO architectures include 
internal 'interlock' logic to prevent such an overrun. But a 
few FIFOs, for instance Sharp's LH5492 4096><9 synchro­
nous FIFO, are designed to operate with external inter­
lock logic, and do not have internal logic to inhibit either 
overrun or the opposite condition, 'underrun' (reading out 
from a data word location not yet written). 

Returning to the one-wire-token-passing architecture, 
how does a FIFO which has just received a pulse on its 
Xi input know whether that pulse is to be interpreted as a 
read token, or as a write token? Simple, as long as all 
FIFO circuits operate reliably, and there haven't been any 
spurious noise pulses on the 'one wire'; the first pulse 
received after a reset operation is considered to be a write 
token, the second is a read token, the third is again a write 
token, the fourth is again a read token, and thereafter the 
interpretation alternates between write- token and read­
token. Thus, the interpretation is determined by the 
equivalent of a trigger flipflop within the FIFO's internal 
control logic. 

Now, to see why the one-wire-token-passing architec­
ture becomes inappropriate for high-speed FIFOs, con­
sider what happens when the read token catches up with 
the write token exactly at the point where an XO pulse is 
ready to go out, on the 'one wire,' from one FIFO to the 
next FIFO in a cascade. 

What now? The write token is all set to move on to the 
next FIFO, and so is the read token. And, both of these 
pass through the 'one wire' between the two FIFOs in the 
form of half-clock-period-duration LOW-going pulses. So, 
should there be just one regular-length token pulse, or 
one double-length token pulse, or two token pulses? 

The receiving FIFO's Xi input circuit and read-to­
ken/write-token trigger flipflop are edge-sensitive. Thus, 
they need to see two distinct pulses- perhaps, even, two 
pulse falling edges; in order to start off both that FIFO's 
internal write pointer and its internal read pointer, there 
indeed must be two separate LOW-going pulses. And, 
there has to be a long-enough HIGH interval, in between 
these two LOW-going pulses, that they always get de­
tected reliably as two pulses. Any token-pulse detection 
mistake by the receiving Fl FO would immediately put the 
entire FIFO array into an erroneous operating state, from 
which no recovery would be possible without another 
reset operation. That event, in turn, would render all the 
data in the entire FIFO array unrecoverable. 

Extra time must be allocated by the FIFO's internal 
logic, therefore, just in case it is necessary on any given 
cycle to generate and propagate two distinct token 
pulses. Consequently, to avoid losing data when this 
condition occurs, this occasional extra time must be 
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allowed for in the design and timing of the entire system, 
thus reducing system performance. 

On an entirely-random basis, it would be a very rare 
event that the read token would catch up with the write 
token precisely at the most-inconvenient time. However, 
if the system has a standard block length which is some 
power of two, blocks may end precisely on FIFO bounda­
ries fairly often. And, if the system usually writes a block, 
and then reads it before doing anything else, then a 
problem may occur fairly frequently. 

In any case, simply adding the second token-passing 
wire, so that the write token and the read token each have 
their very own wire, completely eliminates this particular 
bottleneck problem. 

Returning to the behavior of the entire FIFO array, the 
array wiring should connect XO (or, WXO and RXO) of 
the last Fl FO back to Xi (or, WXI and RXI) of the 'master' 
or 'first-load' FIFO. After both tokens have gotten started 
off and are circulating through the array, this master FIFO 
becomes activated for writing or reading by receiving the 
applicable token, just like any other FIFO in the array. See 
again Figure 5, for one-wire token passing; also Figure 6, 
for two-wire token passing. 

In some FIFO architectures, the master FIFO takes on 
an additional responsibility, that of computing 'master' 
fullness-flag values (FF and EF) for the entire FIFO array. 
The intent of this feature is to eliminate the need for the 
usual 'jellybean' logic external to the FIFO array, which 
otherwise is used to compute 'composite' fullness flags 
for the entire array. IDT first added this 'master-flag' 
feature to the initial version of their two-wire-token­

pass ing FIFOs, the 512x18/1024x18 IDT72215A/ 
IDT72225A. In these FIFOs, and in the Paradigm Tech­
nology PDM722n5 FIFOs which emulate their architec­
ture, the master FIFO's FF and EF outputs no longer 
reflect the fullness situation just within the master FIFO 
itself, but instead reflect the fullness situation for the entire 
FIFO array. 

To implement this usage, the master FIFO must know 
how many FIFOs there are in the entire FIFO array. And 
so there is a 'depth code,' which must be loaded into a 
master-FIFO internal register by the system. Also, the 
master FIFO must have redundant master counters, to 
keep track of where the write token and the read token 
are in the entire FIFO array, with enough bits to provide 
enough states to encompass representing the complete 
range of addresses for the entire FIFO array. Since any 
physical FIFO device must be capable of filling a master­
FIFO socket, all the compatible FIFO devices manufac­
tured must include the necessary master-counter logic. 

And, during system operation, if the master read 
counter or write counter ever gets out of synchronization 
with the local read counter or write counter respectively, 

SHARP 

FIFO Memories 

within whichever FIFO currently has the applicable token, 
this discrepancy must get resolved somehow, whenever 
that token again comes around the loop back into the 
master FIFO's Xl(or WXI or RXI) input. 

In any case, IDT did not go into full-scale production 
with their IDT722n5A x18 FIFOs, but instead has pro­
duced the IDT722n5B versions. These IDT722n5B Fl­
FOs no longer incorporate the master-fullness-flag logic; 
the master FIFO's FF and EF outputs reflect just the 
fullness situation within the master FIFO itself. Sharp's 
LH540215 and LH540225 x18 Fl FOs are pin-compatible 

replacements for the IDT72215B and IDT72225B x18 
FIFOs respectively. However, Sharp's versions also have 
some additional flag-synchronization and high-imped­
ance-read-inhibit functionality, which is outside the scope 
of this paper. [2], [3] 

When a token-passing-architecture FIFO is being 
used 'standalone,' and is not part of any cascade, its XO 
(or WXO and RXO) outputs have no cascading-related 
function. Thus, in several different FIFO architectures, the 
XO output or the WXO output has been used opportunis­
tically, to provide a Half-Full Flag (HF) status output 
whenever the Fl FO is in 'standalone' mode; the applicable 
data sheets show a pin designated as 'XO/HF,' or as 
'WXO/HF.' The FIFO's internal logic determines the 
FIFO's mode, 'cascaded-master' or 'cascaded-slave' or 
'standalone, during a reset operation, according to the 
connection of the Xi (or WXI or RXI) and 'first-load' control 
inputs. 

Of course, when a FIFO is included within some 
cascade, its HF output is not available. It would not have 
any useful system meaning, even if it were available. 

5. PARALLELING FIFOs 

Previous sections have discussed different architec­
tural approaches to cascading FIFOs, that is, to depth 
expansion of a Fl FO array. This final section analyzes 
paralleling Fl FOs, that is, width expansion of a Fl FO array. 
Of course, both types of expansion may occur within one 
FIFO array. 

In a perfect world, two FIFOs logically and physically 
next to each other, each receiving exactly the same 
waveforms at their corresponding control inputs, always 
would do exactly the same thing at the same time. 

In the real world, the circuit-board wires leading to the 
control inputs for one of these two FIFOs may be just a 
little bit longer, than those leading to the other FIFO. Also, 
the two FIFO devices may have come from different lab 
lots, and thus may differ in their inherent speed. Both 
should respond to the same control-input-signal combi­
nation in the same way; but one may respond more 
quickly than the other. 
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Apparent reliability problems may arise when control­
input signals violate setup-time specifications for the two 
FIFOs; but one FIFO is quick enough to be able to 
respond, and the other one isn't. At that point, ifs possible 
that the write pointers, and/or the read pointers, in the two 
side-by-side FIFOs are no longer pointing at the same 
relative internal FIFO-memory locations. Thereafter, the 
output data stream will consist of full words which are 
derived half from one input-data-stream word, and half 
from the one before it. In this situation, a reset operation 
is the only way to get the two FIFOs back to tracking each 
other properly again. 

Even though a system designer may have tried very 
conscientiously to observe FIFO timing specifications, 
there are subtle ways in which timing violations may 
occur. Now, as a general rule, the two opposite ends of 
the two side-by-side FIFOs may be responding to clock 
signals, or demand signals, which are not synchronized 
with each other in any way. 

So, say that both FIFOs become completely full, and 
that a read operation comes along at some time which 
isn't serendipitous with respect to the write-port timing, 
and creates a vacancy so that one more word now may 
be written. If both FIFOs contain internal interlock logic to 
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prevent them from trying to write a word when they are 
full, but this internal logic releases the internal write-lock­
out signal much more rapidly for one of the two FIFOs 
than for the other one when the vacancy is created, then 
one FIFO may allow the next write operation - and the 
other one may not! Or, if there also is external interlock 
logic in the surrounding system, one FIFO's Full Flag may 
respond more quickly than the other one's, causing a 
similar effect. 

This particular type of problem, of paralleled FIFOs 
'getting out of step' with each other, may arise either with 
asynchronous FIFOs or with synchronous FIFOs. 

Also, by duality, there is a similar sequence of events 
which may occur at the other ports of the two FIFOs, as 
a consequence of their having become completely empty; 
when another word gets written in at a non-serendipitous 
time, one FIFO may become again ready to output data 
before the other one does. 

A robust solution to this 'getting-out-of-step' design 
problem is the 'interlocked-crosscoupling' paralleling-in­
terconnection scheme shown in Figure 7. The Full Flag 
output of each FIFO is connected to one of the Write 
Enable control inputs of the other FIFO. And, likewise, the 
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Empty Flag output of each FIFO is connected to one of 
the Read Enable control inputs of the other FIFO. 

Notice that, even though the Write Enable and Read 
Enable control inputs are assertive-HIGH, and the Full 
Flag and Empty Flag status outputs are assertive-LOW, 
the polarity of the actual signals still works out OK. When 
the Full Flag FF is deasserted, meaning that the FIFO isn't 
full and can accept more data words, FF is HIGH - and, 
if it is connected to Write Enable, writing is thereby 
enabled! Ditto for the Empty Flag EF, when it is connected 
to Read Enable. 

The small triangular symbol denotes a change in per­
ceived signal assertiveness, from a driving output to 
driven input(s). 

Now, assuming that the two FIFOs both have internal 
interlocking to prevent overrun and underrun, neither 
FIFO can respond to a write request or a read request, 
unless both it andthe other one truly are ready to respond. 
Thus, borderline cases, where one FIFO gets out of step 
with the other one, get suppressed. 

Many FIFOs, including Sharp's LH5492 4096><9 and 
LH543620 1024x36 synchronous FIFOs, feature dupli­
cate Write Enable signals, and also duplicate Read En­
able signals, specifically to support interlocked 
crosscoupling. Even if one enable signal of each type is 
used in this manner, the other one of the same type still 
remains available for control of the FIFO array by the 
system. 

External logic generally is required, in order to 
crosscouple more than two paralleled FIFOs in this man­
ner, since present-day FIFO pinouts don't provide more 
than two enables of each type. This logic computes a 
'Composite Full Flag' and a 'Composite Empty Flag,' 
which are logic-AND functions (with appropriate use of de 
Morgan's Theorem) of the corresponding flags of the 
individual FIFO devices. These composite flags are 
routed respectively back to one Write Enable control 
input, and one Read Enable control input, of each of the 
individual FIFOs. 

SHARP 

FIFO Memories 

6. SUMMARY 

FIFOs are memory components internally. But they 
interact with the system of which they are part, and with 
each other, like logic devices. 

Fl FOs often are used in arrays, to expand the memory 
available within the 'effective FIFO' which is required by 
the system. The expansion may be either in depth (the 
number of memory words), or in width (the number of bits 
within one memory word), or in both depth and width at 
once. 

Recent FIFOs include architectural features to make 
depth-expansion (cascading) and width-expansion (par­
alleling) both more designer-friendly and more reliable. 
Four different cascading architectures are in widespread 
use today. Architectural support for paralleling comes 
down simply to providing extra 'enable' control inputs. 
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Packaging 

PACKAGE SELECTIONS: STATIC RAMs 
PIN COUNT (NOMINAL DIMENSIONS) 

PRODUCT DIP SDIP SOJ SOP TSOP PLCC 

18 22 24 24 31 31 32 24 31 24 31 31 32 24 31 32 311 322 321 5'2 
(:DJ) (DI) (:DJ) (&XI) (:DJ) (&XI) (&XI) (DI) (DI) (DI) (DI) (4CXJ) (400) (4SI) (4SI) (525) (0813) (GI) (DJ) (750) 

PSEUDO-STATIC RAMs 

LH5P832 x x x 
LH5P864 x 
LH5P8128 x x x 
LH5P8129 x x x 

STATIC RAMs 

LH5101 x 
LH5114 x 
LH51161H x x x 
LH5116S x 
LH51181H x x x 
LH5168/H x x x x 
LH5168SH x 
LH5168ST x 
LH5168Z8 x 
LH5168Z9 x 
LH5268A x x x 
LH51256L x x 
LH52B256 x x x 
LH52252A x x 
LH52253 x x 
LH52258A x x 
LH521002 x 
LH521007A x 
LH521008 x 
LH521028 x 

1. TSOP(I) 
2. TSOP(ll) - Consult factory for availability. 
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PACKAGE SELECTIONS: MASK-PROGRAMMABLE ROMs 
PIN COUNT (NOMINAL DIMENSIONS) 

PRODUCT DIP SOP QFP TSOP 

28 32 40 42 28 32 40 44 44 44 64 321 492 
(IDI) (IDI) (IDI) (IDI) (48J) (52S} (52S} (IDI) (1010) (1414) (1420) (rl82ll) (1218) 

MASK·PROGRAMMABLEROMs 

LH53259 x x x 
LH53515 x x x x 
LH53H0900 x x 
LH530800A x x x 
LH530800A-Y x x x 
LH531000B x x x 
LH532000B x x x x x 
LH532000B-S x x x x x 
LH532100B x x x 
LH53H4100 x x x 
LH53H4000 x x x 
LH534KOO x x x 
LH534POO x x x x 
LH534ROO x x x 
LH534000B x x x x x 
LH534000B-S x x x x x 
LH534100B x x 
LH534500A x x x x 
LH534600A x x x 
LH538POOA x x x 
LH538ROOA x x x 
LH538000-S x x x x 
LH538300B x x x 
LH538500B x x x x x 
LH538600 x x x x x 
LH5316500C x x x 
LH5316501 x x 
LH5332500 x x 

1. TSOP (Type II) 
2. TSOP (Type I) 
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PACKAGE SELECTIONS: FIFO MEMORIES 
PIN COUNT (NOMINAL DIMENSIONS) 

PRODUCT DIP SOJ Pl.CC PQFP PGA 

28 28 28 28 321 68 132 1l!ll 
(:IJO) IQ) (:IJO) (4Sl) (4Sl) (9Sl) (9Sl) (1:&>) 

FIFO MEMORIES 

LH5481/91 x x 
LH5492 x 
LH5496/96H x x x 
LH5497/97H x x x 
LH5498 x x x 
LH5499 x x 
LH5420 x x 
LH540202 x x x x 
LH540203 x x x x 
LH540204 x x x x 
LH540205 x x 
LH540215/25 x 
LH543601/11 x x 
LH543620 x 

1. Rectangular Body (450 x 550) 
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Packaging 

PACKAGING NOMENCLATURE 
DIP - Dual-In-line-Package 

• SKDIP - Skinny DIP (0.300 inch package width) 

• SDIP - Shrink DIP (0.070 inch lead pitch) 

• CERDIP - Ceramic DIP 

SOP - Small Outline Package 

• TSOP - Thin SOP 

SOJ - Small Outline J-leaded Package 

NOMINAL DIMENSIONS 

ZIP- Zigzag In-line Package 

QFP - Quad Flat Package (Metric Standard) 

• PQFP - Plastic QFP (JEDEC Bumpered 
Standard) 

PLCC - Plastic Leaded Chip Carrier 

PGA- Pin Grid Array 

t 
(mil) 

~ 
__J 

DIP SOP 

QFP SOJ 

r(mil)1 

c:1[ ]\\:, 
TSOP (II) 

7-4 

ZIP 

------(mil)----.. .... , 

~1 

~ .............................. ......-Jj 
PLCC 

(••)::::ri 

'-====er TSOP (I) 
ND-1 



18DIP {DIP18-P-300) 

c::::: ~:[~::~ 
I~ 23.25 [0.915] . -

9 I 
22.75 [0.896] ---j 

3.65 [0.144] 

~¥±3.25[0.1:~~0[0.173] 
4.00 [0.157] 

3.45 [0.136] 

_ I 3.o5 [0.1201 

2.54[0.100] --ii- 0.51 [0.020]MIN 
TYP. 0.56 [0.022] 

0.36 [0.014] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

22DIP {DIP22-P-300) 

~ : : : : : : : : : : []:~ ::~ 
~ 27.45[1.081] - - 1-1 I 

22 

26.95 [1.061] -----/ 

3.65 [0.144] 

4.0 [0.158] 

3.4 [0.133] 
83.25 [0.1:8~ [0.173] 

--11-- 3.0[0.118] 

~~ [0.100] 0.56 [0.022] 0.51 [0.02] MIN 

. 0.36 [0.014] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

SHARP 

7.64 [0.300] 

H Fl 

Packaging 

DETAIL 

1BDIP 

DETAIL 

22DIP·3 
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24DIP (DIP24-P-300) 

24 f;:::::::::: :1J~::~ 
I 29.85 [1.175] - - - 12

1 

29.35 [1.155] -----! 
3.65 [0.144] 

;
?±3.25 [0.1:: [0.173] 

4.0 [0.158] 

3.4 [0.133] 

--1~ 3.0 [0.118] 

~~-[0.100] 0.56 [0.022] 0.51 [0.02] MIN 

0.36 [0.014] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

24DIP (DIP24-P-600) 

24 13 

4.45 [0.175] 

4.90 [0.193] 

3.45 [0.136] 
?±

4.05 [0.1:~~0 [0.209] 

_JI 3.05 [0.120] 

2.54 [0.100] l- 0.51 [0.020] MIN 

TYP. 0.60 [0.024] 
0.40 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

7-6 

DETAIL 

0.3 [0.012] 
0.2 [0.008] _...,,_~ 

7.64 [0.300] 

h Fl 

15.24 [0.600] 

DETAIL 

r;= TYP.~ 
r ~ 

2401P·1 

SHARP 



28DIP (DI P28-P-300) 

f; : : : : : : : : : : : : :tn~ ro~ 
• 35.0 [1.378] 141 

34.4 [1.354] • 

28 

28DIP (DI P28-P-W300) 

f ;: : : : : : : : : : : : tr~:::~: 
34.80 [1.370] 141 
34.54 [1.360] • 

SHARP 

0.35 [0.014] 
0.15 [0.006] 

7.62 [0.300) 

H Fl 

0.30 [0.012] 
0.20 [0.008] 

7.62 [0.300] 

H Fl 

Packaging 

DETAIL 

DETAIL 

2BDIP-5 
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28DIP {DIP28-P-600) 

1 
13.45 [0.530] 
12.95 [0.510] 

~·~~~l 
14.1 

i------- 36.3 (1.429] - . 
35.7(1.406] -----~ 

4.5 (0.177] 

~#4.0(0.158~.2[0.204] 
5.0 [0.197] 

3.5 (0.138] 

--H-- 3.010.1101 

2.54 (0.100] o.6 [0.024] 0.51 [0.020] MIN 

TYP. 0.4 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

32DIP {DIP32-P-600) 

1 

4.50 (0.177] 

~~4.00~~~:~:.205] 
5.00 [0.197] 

3.50 [0.138] 
3.00 [0.118] 

2.54 [0.100] ---11- 0.51 [0.020] MIN 
TYP. 0.60 [0.024] 

0.40 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

7-8 

DETAIL 

15.24 (0.600] 

I TYP. 
. · 1 ,....._____, 

DETAIL 

15.24 [0.600] r,= TYP. ~ 

r ' 
320tP 

SHARP 



40DIP {DIP40-P-600) 

40 

0 0 
1 
13.45 [0.530] 
12.95 [0.510] 

'l:":r"t:-":!". ~~~"T""T""!""""l""..,....,....,.._l 
11 20.1 
~--------52.30 [2.059] __________ . 

51.70 [2.035] 

4.55 [0.179] 

~~3.95~~~:~:1.213] 
4.80 [0.189] 
3.55 [0.140] 
2.95 [0.116] :: .. """''"" ~~-[0 · 1001 0.60 [0.024] 

0.40 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

42DIP {DIP42-P-600) 

42 22 

1 

4.55 [0.179] 

~~3.95~~~:~:1213] 
4.80 [0.189] 
3.55 [0.140] 
2.95 [0.116] :: .. ''·"'''" ~~~-[0 - 1001 0.60 [0.024] 

0.40 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

Packaging 

DETAIL 

15.24 [0.600] r,= TYP. ~ 

f \ 

4001P 

DETAIL 

15.24 [0.600] r,= TYP. ~ 

l \ 
42DIP 

7-9 



Packaging 

24SDIP (SDIP24-P-300) 

i:: :: : :: :::~]Jr.::~~ 
11 - - - - - - 121 
1-- 22.25 (0.876] ---I 

21.75 (0.856] 

3.65 (0.144] 

~83.25(0.1:~~0(0.173] 
4.00 (0.157] 

3.45 (0.136] 
3.05(0.120] 

=:"''°'""" 1.78 (0.070] 0.56 (0.022] 
TYP. 0.36 [0.014] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

7-10 

DETAIL 

7.62 (0.300] 

r,TYP.~ 

Fl 
24SDIP 



Packaging 

24SOJ (SOJ24-P-300) 

l 
DETAIL 

7.9 [0.311] 
7.5 [0.295] 

8.63 [0.340] 

···r· .. , 3.7 [0.146] 
3.3 [0.130] 2.6 [0.102] 

2.2 [0.087] J 
12.1 

16.2 [0.638] ----~--i· 
15.8 [0.622] 

.~ 
1.27 [0.050] 0.53 [0.021] 1.15 [0.045] 
TYP. 0.33 [0.013] 0.85 [0.033] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

28SOJ (SOJ28-P-300) 

16.7[0.736] _____ --i 
1--------18.3 [0.720] 

~ 
0.33 [0.013] 1.27 [0.050] 

TYP. MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

SHARP 

Q 0.102 [0.004] 

0.2 [0.008] ~ l :b 
I 1.0 [o.216J __j 
I- 6.6 [0.260] 

DETAIL 

l 
7.9 [0.311] 

J~ 
8.63 [0.340] 

'"l'"' 
3.7 [0.146] 

0.604~~~~::: ~IN 
0.6 [0.024] 

Q 0.102 [0.004] 

0.20 [0.008] ~ l :b 
1.15 [o.o45J I 7.0 [o.276l ___j 
0.85 [0.033] I- 6.6 [0.260] 

24SOJ 

28SOJ300 
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28SOJ (SOJ28-P-400) 
28 15 

1: I 1 
.. 

1 

'""·------- 18.7 [0.736] _____ _ 
18.3 [0.720] 

1.27 [0.50] 0.33 [0.013] 
TYP. 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

32SOJ (SOJ32-P-400) 
32 

I 
10.4 [0.409] 
10.0 [0.394] J 11.13[0.438] 

10.73 r422] 

Q 0.102 [0.004] 

17 ____ ~ 

10.4 [0.409] 
10.0 [0.394] 

J 11.13[0.438] 

10.73r422] 

3.7 [0.146] 
3.3 [0.130] 

DETAIL 

'·"'·'"'' l_ ~ 
2.2 [0.087] ifl 
0.64 [0.025] MIN 

0.8 [0.031] 
0.6 [0.024] 

l :b 
I 9.5 [0.3741 I 
I-9.1 [0.358] ----I 

3.7 [0.146] 
3.3 (0.130] 

DETAIL 

28SOJ400 

1: I 1.1 

... --------- 21.2 [0.835] ------~-
20.8 [0.819] 

1.27 [0.050] 0.33 [0.013] 

TYP. 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

7-12 

Q 0.102[0.004] 

I 9.5 co.3741 I 
I- 9.1 [0.358] ----I 

32SOJ400 



24SOP (SOP24-P-450) 

1.27 [0.050] 
TYP. 

15.60 [0.614] 
15.20 [0.598] 

1.70 [0.067] 

t 

1.70 [0.067] 

I 
12.40 [0.488] 
11.60 [0.457] 

0.15 [0.006] 

1.03 [0.040] 

r::==:::i-+----'-+-----. 2.40 [0.094] 

~'4==l===i==}="" 2.00 [0.079] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

28SOP (SOP28-P-450) 

1.27 [0.050] 
TYP. 

[ "~""' 17.80 [0.701] 

0.20 [0.008] 
o.00[0.000] 

1.03 [0.040] 

1. 70 [0.067] 

t 

1.70 [0.067] 

12.40 [0.488] 
11.60 [0.457] 

0.15 [0.006] 

1.03 [0.041] 

c::::::==:J-+----'-+---. 2.40 [0.094] 

~4==f=F==l===2.00[0.079] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

SHARP 

0.20 [0.008] 
0.00 [0.000] 

1.025 [0.041] 

~l·"' 
--l~ 

0.20 [0.008] 
0.10 [0.004] 

~}·"'' 
--l~ 

0.20 [0.008] 
0.10 [0.004] 

Packaging 

24SOP 

28SOP 
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7-14 

32SOP (SOP32-P-525) 

1.27 [0.050] 
TYP. 

L .... , .... 
20.40 [0.803] 

11.50 [0.453] 14.50 [0.571] 
11.10 [0.437] 13.70 [0.539] 

1.40 [0.055] 

0.15 (0.006] 

1.28[0.50] 

c=::::::::::::J-!---'-+---. 2.90 [0.114] 

~~=l"=y==l'-~2.50[0.098] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

40SOP (SOP40-P-525) 

1.27 [0.050] 
TYP. 

1~uuu11 ,...,,, ... ----i 
'------ 26.10[1.028] 

0.20 [0.008] 
0.00 [0.000] 

1.28 [0.050] 

1.40 [0.055] 

t 

11.50 [0.453] 14.50 [0.571] 
11.10 [0.437] 13.70 [0.539] 

1.40 [0.055] 

0.15 [0.006] 

1.28 [0.050] 

c=::::=::==::J -----------,-t-'---r---r 2.90[0.114] 

~~=l=y==f-~2.50[0.098] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

0.20 [0.008] 
0.00 [0.000] 

1.28 [0.050] 

_j~ 
0.20 [0.008] 
0.10 [0.004] 

_j~ 
0.20 [0.008] 
0.10 [0.004] 

32SOP 

40SOP 



44SOP (SOP44-P-600) 

0.50 [0.120] 
0.30 [0.012] 

II 

1.'D[0.050] 
TYP. 

c ~~'"'" ----28.00 [1.102] 

13.40 (0.528] 
13.00 (0.512] 

0.15 (0.006] 

1.275 (0.050] 

16.40 [0.646] 
15.60 (0.614] 

~~ 
0.20 [0.006] 
0.10 [0.004] 

2.9 [0.114] 3.25 [0.128] 
2.5 [0.098 2.45 [0.096] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

28TSOP (TSOP28-P-0813) 

0.25 (0.010] 
0.05 (0.002] 

1.28 (0.050] 

12.00 (0.480] 13.70 (0.548] 
11.60 (0.464] 13.10 (0.524] 

.~J_ 

0.15 [0.006] 
1.10 [0.044] 
0.90 [0.036] 

0.20 [0.008] 
0.00 [0.000] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

1.20 [0.047] 
MAX 

12.60 [0.504] 
12.20 [0.488] 

_l 
~~ 

0.20 (0.008] 
0.10 (0.004] 

Packaging 

44SOP 

28TSOP 
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32TSOP (TSOP32-P-0820) 

0.30 [0.012] 
0.10 [0.004] 

0.50 [0.020] 
TYP. 

32 rn 
18.60 [0.732] 
18.20 (0.717] 

.~_l 
20.40 (0.803] 
19.60 [0.772] 

+------~ 

o. 15 (0.006] 

l±--ft-i-039) 
buuuuuuuuuuuuuuud~ 1·2010·047J 

0.20 [0.008] 
o.oo (0.000] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

48TSOP (TSOP48-P-1218) 

0.50 (0.020) 
TYP. 

l 
19.00 [0.748] 

u 
--ll--

0.20 [0.008] 
0.10 (0.004) 

1.10 (0.043) 
0.90 (0.035) 

l 
17.00 [0.669] 

J 
--ll--

0.20 (0.008) 
0.10 (0.004) 

~ 1.20(0.047] 

'it1Htt11t111HH::t::::::f::::;::====:::;:::::::__i_MAX 

DIMENSIONS IN MM [INCHES) 
MAXIMUM LIMIT 
MINIMUM LIMIT 

0.425 [0.017] 0.20 [0.008] 
0.00 (0.000] 

48TSOP 



44QFP (QFP-44-P-1010) 

0.80 [0.031] 
TYP. 

13.90 [0.547] 
13.10[0.516] 

11 

10.20 [0.402] 13.90 [0.547] 
9.80 [0.386] 13.10 (0.516] 

1.75 [0.069] 
8 PLACES 

DETAIL 
1.65 [0.065] 
1.25 [0.049] 

I-Ir 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT ~ 
44QFP (QFP-44-P-1414) 

34 

44 

0.80 (0.031] 
TYP. 

33 

• 

23 

12 

11 

14.20 [0.560] 18.20 (0.717] 
13.80 [0.543] 17.40 (0.685] 

DETAIL 
2.10 (0.083] 
1. 70 [0.067] 

0.20 [0.008] 
0.10 [0.004] 

II 

~ 1 

Packaging 

11.50 [0.453] 

1.05 [0.041] 
0.65 [0.026] 

0.20 [0.008] STANDOFF 
0.00 [0.000] 

0.20 (0.008] 
0.10 (0.004] 

II 

l 
15.80 [0.622] 

1.20 (0.04 7] 
0.80 [0.031] 1__:__ 14.20 [0.560] 

13.80 (0.543] 
1.90 (0.075] 
8PLACES 

nr 
~ 

0.20 [0.008] STANDOFF 
0.00 (0.000] 

,__ ___ 18.20 (0.717] 
17.40 (0.685] -----i 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

SHARP 

44QFP-2 
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64QFP (QFP64-P-1420) 
0.10 [0.0041 

--11--

f 51 n 1.00 (0.039) 

7-18 

19.20 [0.756] 
18.40 (0.724] 

14.20 (0.559] 
13.80 [0.543) 

2.40 (0.095] 
8PLACES 

20.20(0.795)~0 
------19.80 [0.779] 

, ______ 25.20 [0.9921 
24.40 [0.961 J 

.d/6iiriiiririiiii~-1 
I . 22.98 (0.905] • I :1 [0.0081 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

28PLCC (PLCC28-P-S450) 

1.143 
(0.045] 

1.14 
(0.045] 

4.37 

Q 0.10[0.004] [0.1721 

11.48 (0.452] 

12.57 (0.495] 
12.32 [0.485] 

DIMENSIONS IN MM [INCHES] ~:~~~ Ci~I~ 

0.10 [0.0041 

n,=L 
12.32 (0.485) 

11.48 
[0.452) 

2.64 
[0.1041 

0.51 
[0.0201 

MIN 

DETAIL 

2.95 (0.116] 
2.55 (0.1001 n r 0.20 (0.008] STANDOFF 

~ 000 .... 

DETAIL 

''V 
_JL 
0.46 [0.018) 

64QFP 

l 
10.80 (0.425) 
10.03 (0.395) 

J 



32PLCC (PLCC32-P-R450) 

,.Inn 
14.86 [0.585) 

14.05 [0.553] 
13.89 [0.547] 

3.56 [0.140] 
c::, 0.10 [0.004] 3.12 [0.123] 

"""'"' ._ii 11.35 [0.447] 

12.57 [0.495] 
12.32 [0.485] 

rnnnnrlflflb~ [0.095] 
~[0.060] 
I - - ~-9~[0:30~ - - 1--.f-,...t 
I--- 9.91 [o.39oJ ---I o.3BJ?No1SJ 

MAXIMUM LIMIT 
DIMENSIONS IN MM (INCHES) MINIMUM LIMIT 

32PLCC (PLCC32-P-R450-PED) 

rn 15. 11 [0.595) 
14.86 [0.585) 

14.05 [0.553] 
13.89 [0.547] 

,,....... ._11 11.35 [0.447] 

12.57 [0.495] 
12.32 [0.485] 

3.56 [0.140] 
c::, 0.10 [0.004] 2.54 [0.100] ~'1'""' 1.52 [0.060] -------- I 

~ 10.92 [0.430] ~ 0.38 [0.015] 
9.91 [0.390] 0.13 [0.005] 

DIMENSIONS IN MM (INCHES) ~~~I~~~ t1:i~ 

SHARP 

l 
13.46 [0.530] 

]'~ 

DETAIL 
0.81 [0.032] 
0.66 [0.026] 

v 
--11-
0.53 [0.021] 
0.33 [0.013] 

l 
13.46 [0.530] J-

DETAIL 
0.81 [0.032] 
0.66 [0.026] 

v 
--11-

Packaging 

32f'LCC 

0.53 [0.021] 
0.33 [0.013] 

32PLCC-1 

7-19 



Packaging 

52PLCC (PLCC52-P-750) 

19.69 [0.775] 20.57 [0.810] 
18.67 [0.735] 19.56 [0.770] 

11~ ::::~;;::--------!=== 20.57(0.810] _____ __ 
19.56 [0.770] 4.06 [0.160] 

3.56 [0.140] 

~~ pjo.mco00<1I 

1.27 [0.050] 0.58 [0.023] 0.76 [0.030] 
TYP. 0.33 [0.013] 1.38 [0.015] 

MAXIMUM LIMIT 
DIMENSIONS IN MM (INCHES) MINIMUM LIMIT 

7-20 

18.8 [0.740] 
17.78 [0.700] 

52PLCC 

SHARP 



68PLCC (PLCC68·P-950) 

t--------- 24.23 [0.954] ________ ..., 
24.13 [0.950] 

25.27 [0.995] ----------i 
--------- 25.02 [0.985] 

24.23 [0.954] 
24.13 [0.950] 

25.27 [0.995] 
25.02 [0.985] 

3.91 [0.154] 4.57 [0.180] 
3.71 [0.146] 4.19 [0.165] 

Packaging 

23.62 [0.930] 
22.61 [0.890] 

~-.-f-___.l-=10..__lo.10~[0.o__,_,0411 
1.27 [0.050] 0.53 [0.021] 0.051 [0.020] 

BSC 0.33 [0.013] MIN 

DIMENSIONS IN MM [INCHES] 
MAXIMUM LIMIT 
MINIMUM LIMIT 68PLCC-1 

7-21 



Packaging 

132PQFP (PQFP132-P-$950) 

28.02 [1.103] 
27.86 [1.097] 

27.69 [1.090] 
27.18 [1.070] 

24.21 [0.953] 
24.05 [0.947] 

0.635 
[0.025]TYP 
NON-ACCUM 

45° 
CHAMFER 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

7-22 

4.57 [0.180] 

14
.06[0.

160F] 0.51 [0.020] 

J MIN. 

SECTION 

0.51 [0.020] MIN. 
--ji-----. 

132 PQFP 

SHARP 



120PGA (PGA120-C-S1360) 

35.05 [1.380] 
34.03 [1.340] 

35.05 [1.380] 
34.03 [1.340] 

2.54 [0.100] BSC 

Packaging 

1.27 [0.050] DIA TYP 

l 

0.50 [0.020] 
0.40 [0.016] 

I-----+-- 1.40 [0.055] 
1.14 [0.045] 

i----+- 3.30 [0.130] TYP 

,_ ____ 4.83 [0.190] 

4.32 [0.170] 

3.30 [0.130] 
@@@@@@@@@@@@ 2.54[0.100] 

@@@ @@@@ @@@@@ (eJ-~-.-
@@ @@@@@@@@@@@ 
@@@ @@@@ 
@@@ @@@ 
@@@ @@@ 
@ @ @ @ @ @ 30.48 [1.200] BSC 

@@@ @@@ 
@@@ @@@ 
@@@ @@@ 
@@@@@@@@@@@@@ 
@@@@@@@@@@@@@ 

@@@@@@@@@@!EIH--+--~ 

2.54 [0.100] BSC 

i---- 30.48 [1.200] BSC 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

SHA.RP 

120PGA 
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SHARP'S SALES OFFICES & 
HEADQUARTERS LOCATIONS 

HEADQUARTERS 
5700 NW Pacific Rim Blvd. 
M/S 20 Camas, WA 98607 
Tel: 206·834-2500 
Fax: 206-834-8903 

BRANCH OFFICE 
1980 zanker Road 
San Jose, CA 95112 
Tel: 408·436-4900 
Fax: 408-436·0924 

REGIONAL OFFICE 
16841 Armstrong Avenue 
Irvine, CA 92714 
Tel: 714-250·0225 
Fax: 714-250·0438 

REGIONAL OFFICE 
1300 Naperville Road 
Romeoville, IL 60441 
Tel: 708-759-6318 
Fax: 708·759·6319 

REGIONAL OFFICE 
1825 S. Woodward Ave. 
Sutte 170 
Bloomfield Hills, Ml 48302 
Tel: 313-338-9944 
Fax: 313·338·9955 

REGIONAL OFFICE 
9950 Cypresswood, Suite 140 
Houston, TX 77070 
Tel: 713·955·9909 
Fax: 713·955·991 O 

BRANCH OFFICE 
1025 Royal Lane 
DFW Airport, TX 75261-9035 
Tel: 214-574-5205 
Fax: 214-574-9870 

BRANCH OFFICE 
14A Second Avenue 
Burlington, MA 01803 
Tel: 617·270·7979 
Fax: 617·229·9117 

REGIONAL OFFICE 
Canterbury Hall 
4815 Emperor Blvd., Sutte 140 
Morrisville, NC 27560 
Tel: 919-941·0065 
Fax: 919-941-0066 





JAPAN 
SHARP Corporation 
IC Sales Department 
International Sales & Marketing Group 
IC/Electronic Components 
Integrated Circuits Group 
2613-1 Ichinomoto-Cho 
Tenri-City, Nara 632, Japan 
Phone: (07436) 5-1321 
Telex: LABOMETA-B ]63428 
Facsimile: (07436) 5-1532 

EUROPE 
SHARP Electronics (Europe) GmbH 
Microelectronics Division 
SonninstrafSe 3 
20097 Hamburg, Germany 
Phone: ( 49) 40 2376-2286 
Telex: 2161867 (HEEG D) 
Facsimile: ( 49) 40 2376-2232 

SINGAPORE .. 
SHARP-ROXY Sales (Singapore) PfE. Ltd. 
lOOG Pasir Panjang Road, Singapore 0511 
Phone: 4731911 
Telex: 55504 (SRSSIN RS) 
Facsimile: 4794105 

MAIAYSIA 
SHARP-ROXY Sales & Service Company 
(M), SDN.BHD 
IC/Electronic Component Dept. 
No. llB, Jalan 223, Section 51-A, 
46100 Pataling Jaya, 
Selangor, Malaysia 
Phone: (3) 7571477 
Telex: RMKL MA37167 
Facsimile: (3) 7571736 

NORTH AMERICA 
SHARP Electronics Corporation 
Microelectronics Group 
5700 NW Pacific Rim Blvd., MIS 20 
Camas, WA 98607, U.S.A. 
Literature: (800) 642-0261 
Phone: (206) 834-2500 
Telex: 49608472 (SHARPCAM) 
Facsimile: (206) 834-8903 

HONGKONG 
SHARP-ROXY (Hong Kong) Ltd 
3rd Business Division 
Room 1701-1711, Admiralty Centre, Tower 1 
18 Harcourt Road, Hong Kong 
Phone: 8229311/8229348 
Telex: 7 4258 SRHL HX 
Facsimile: 5297561/8660779 

KOREA 
SHARP Electronic Components 
(Korea) Corporation 
RM 501 Geosung Bldg, 541 Dohwa-dong 
Mapo-ku, Seoul, Korea 
Phone: (02) 711-5813 
Telex: SHARPCC K22080 
Facsimile: (02) 71 1-5819 

TAIWAN 
SHARP Electronic Components 
(Taiwan) Corporation 
7F, No. 16, Sec 4, Nanking E. Rd. 
Taipei, Taiwan, Republic of China 
Phone: (02) 741-7341 
Telex: 10518 SECT 
Facsimile: (02) 741-7326, (02) 741-7328 

SHARR 
FROM SHARP MINDS 

COME SHARP PRODUCTS"' 
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