LH543620

1024 x 36 Synchronous FIFO

FEATURES

Fast Cycle Times: 20/25/30 ns

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

Byte-Order-Reversal Function (i.e.,
‘Big-Endian’ <> ‘Little-Endian’ Conversion)

16-mA-loL Three-State Outputs
Automatic Byte Parity Checking
Selectable Byte Parity Generation

Five Status Flags: Full, Aimost-Full,
Half-Full, Almost-Empty, and Empty

All FIFO Status Flags are Synchronous
(AE, HF, AF Through Programming of
Control Register)

Programmed Values may be entered from
either Port

Two Enable Control Signals foreach Port
Mailbox Register with Synchronized Flags
Asynchronous Data-Bypass Function
‘Smart’ Data-Retransmit Function

Configurable for Paralleled FIFO Operation
(72-Bit Data Width)

Space-Saving PQFP and TQFP 1
Packages

PQFP-to-PGA Package Conversion 2

This is a final data sheet; except that all references to the TQFP
package have Preliminary status.

For PQFP-to-PGA conversion for thru-hole board designs, Sharp

recommends ITT Pomona Electronics’ SMT/PG A Generic Con-
verter model #5853, This converter maps the LH543620 132-
pin PQFP to a generic 13 x 13, 132-pin PGA (100-mil pitch). For
more information, contact Sharp or ITT Pomona Electronics at
1500 East Ninth Street, Pomona, CA 91766, (909) 469-2900.

SHARP

FUNCTIONAL DESCRIPTION

The LH543620 is a FIFO (First-In, First-Out) memory
device, based on fully-static CMOS RAM technology,
capable of containing up to 1024 36-bit words. It can
replace four or more nine-bit-wide FIFOs in many appli-
cations.

The input port and the output portoperate inde-
pendently of each other. Write operations are performed
on the rising edge of the input clock CKIl, and enabled by
two enabled signals ENl, ENI2. Read operations are
performed on the rising edge of the output clock CKO and
enabled by two enabled signals ENO1, ENO2.

Five status flags are available to monitor the memory
array status: Full, Almost-Full, Half-Full, Almost-Empty,
and Empty. The Almost-Full and Almost-Empty flags are
initialized to a default offset of eight locations from their
respective boundaries, but they are each programmable
over the entire FIFO depth.

Both the input port and the output port may be set
independently to operate at three data-word widths: 36
bits, 18 bits, or 9 bits. This setting may be changed during
system operation. The LH543620 can perform Byte-Or-
der-Reversal on the four nine-bit bytes of each 36-bit data
word passing through it, thus accomplishing ‘Big Endian’
& ‘Little Endian’ conversion.

When data is read out of the FIFO a byte-parity check
is performed. The pairity flag is used to indicate that a
parity error was detected in one of the 9-bit bytes of the
output word.

Parity generation, when selected, creates the parity bit
of each 8-bit byte of the input word. The result is written
into the MSB-bit of each 9-bit byte, overwriting the pre-
vious contents of the bit. The default is odd parity. How-
ever, the FIFO may be programmed to use even pairity.

The LH543620 has a data-bypass mode that connects
the output port to the input portasynchronously. A mailbox
facility with Synchronized Flags is provided from the input
port to the output port.

TheLH543620’s ‘Smart-Retransmit’ capability sets the
internal-memory read pointer to any arbitrary memory
location. The ‘Smart-Retransmit’ capability includes a
Marking Function and a Programmable Offset to support
data communication and digital signal processing appli-
cations.
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1024 x 36 Synchronous FIFO

LH543620
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Figure 1. LH543620 Block Diagram
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1024 x 36 Synchronous FIFO LH543620
PIN DESCRIPTIONS (SUMMARY)
[ .
w PIN PIN
PIN NAME ‘ TvPE - | DESCRIPTION PIN NAME TYPE * DESCRIPTION
DATABUS B CONTROL SIGNALS SYNCHRONOUS
' D[35:0] o 36-Bit Input-Port Databus TO THE OUTPUT CLOCK
Q[15:0] VO/Z | Three-State 36-Bit Output- ENO1,ENO: ! Output-Port Enables
Q[35:16] O/Z Port Databus ADO[2:0] | Output-Port Address
CKI | | Input-Port Clock Selection
n -
put+ion Lloc RTMD[1:0] ] Retransmit Mode Control
CKO ] Output-Port Clock p— -
RT I Retransmit
ASYNCHRONOUS CONTROL
—— STATUS FLAGS SYNCHRONOUS
RS || Master Reset TO THE OUTPUT CLOCK
OE ! Output Enable AE o ‘ Almost-Empty Flag
BYE | i Data-Bypass Enable EF o ) Empty Flag
Command-Address Port == \ :
CAPR | Reference PF = (0] Parity-Error FlagF I
, n —_— Mailbox E
CONTROL SIGNALS SYNCHRONOUS ME ° allbox-Empty Flag
ENIENE | 1 Input-Port Enables Vee v Positive Power
ADI[2:0] | Input-Port Address Vss vV __| Ground
. Input-Port Word-Width
WSI[1:0] | Selection
STATUS FLAGS SYNCHRONOUS
TO THE INPUT CLOCK
FF O | FullFlag
AF o] Almost-Full Flag
HF' 0 Half-Full Flag
MFF O | Mailbox-Full Flag |

“1=Input, O = Qutput, V = Voltage, Z = High-Impedance
1. The half-full flag is user-selectable to be synchronized to either
CKI or CKO.

SHARP B 4180798 001L378 01T WM
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LH543620

1024 x 36 Synchronous FIFO

PIN CONNECTIONS
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FF C—] 25 109 ] Das
PF C—] 26 108 ]VCC
CKO ] 27 107 1 ENI,
Vec T 28 106 1 ENI,
Qs — 29 105 ] ADI,
Q3 — 30 104 3 ADI,
Vgg C—] 31 103 /1 ADI,
Qg 1 32 102 ] WSl
Qzp 133 101 ] WSI,
Voo ] 34 TOP VIEW 100 1 Vgg
Qy 35 99 ] CAPR
Q, T—1 36 98 1 BYE
Vg 1 37 97 ] ENO,
Qx 138 96 ] ENO,
Qs ] 39 95 1 ADO,
Vee ] 40 94 1 ADO,
Qy ] a1 93 /1 ADO,
Qe C— 42 92 [ Ve
Vgs T 43 91 [/ wso,
Qs C— 44 90 —1 wso,
Q ] 45 80 —Rs
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Figure 2. Pin Connections for 132-Pin PQFP Package
{Top View)
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1024 % 36 Synchronous FIFO LH543620
PIN LIST
__PINNAME [ PINNO. | __PINNAME | PIN NO. PINNAME | PINNO. |
D1a 1 Qis 61 Dzs 116 |
D13 2 Qia 62 D27 117
Diz 3 Qi3 64 D2s 119
D1 4 Q12 65 ~ Das 120
D1o 5 Q1 67 D24 121
Dy 6 Qo 68 D23 122
Ds 8 Qo 70 D22 123
D7 9 Qs 71 D24 124
_ Ds 10 Q7 73 D2o 125
Ds 11 Qs 74 D19 126
Da 12 Qs 76 Dis 127
Ds 13 Q4 77 CKI 128
D2 14 Qs .79 Dy7 130
D+ 15 | Q2 80 Dis 131 |
Do 16 -y 82 D1s 132
MEF 18 Qo 83 Vss 7
MFF 19 OE 85 Vee 17
EF 20 RT 86 Vss 22
AE 21 RTMD, 87 Vee 28
HF 23 RTMDo 88 Vss 31
AF 24 RS 89 Vee 34
FF 25 WSO, 90 Vss 37 |
PF 26 WSOo 9 Vce 40
~_CKO 27 ~ ADO2 93 Vss 43
Qs 29 ADOy 94 Vee 48
Qas 30 ADQg 95 Vss 49
Qa 32 ENO. 96 Vss 50
Qaz 33 ENO, 97 Vce 51
Qs1 35 . BYE 98 . Vee 54
Qa0 36 . CAPR 99 Vss 57
Qzo 38 WSH 101 Vee 60
Qos 39 WSl 102 | Vss 63
Qo7 41 ADL 103 Vee 66
Qzs 42 ADlI; 104 Vss 69
Qas 44 ADlp 105 Vee 72
Q24 45 ENIz 106 Vss 75
Qz 47 ENl 107 Vee 78
Qx 48 D35 109 Vss 81
Q21 52 D3 110 Vee 84
Q0 53 Das 11 Vce 92
Qig 55 Ds2 112 Vss 100
Qs 56 D3y 113 Vee 108
Q17 58 Dao 114 Vss 118
Q16 59 | D29 115 Vee 129
SHARP
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LH543620

1024 x 36 Synchronous FIFO

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING
1 Supply Voltage to Vss Potential -05Vto7V
Signal Pin Voltage to Vss Potential? -05VtoVec+ 05V
DC Output Current 3 +75 mA o
Storage Temperature Range -65°C to 150°C
Power Dissipation (Package Limit) . 2.5 Watts (Quad Flat Pack)

NOTES:

1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is astress rating for
transient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range'
of this specffication is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

2. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle.

3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time.

OPERATING RANGE

SYMBOL PARAMETER MIN MAX UNIT |
L Ta Temperature, Ambient 0 70 C |

Vee Supply Voltage 45 55 Vv

Vss Supply Voltage 0] 0 A

Vi Logic LOW input Voltage ' | —0.5 08 \

ViH Logic HIGH Input Voltage 22 Vee + 0.5 Vv
NOTE:

1. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle.

DC ELECTRICAL CHARACTERISTICS (Over Operating Range)

SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
I Input Leakage Current Vee =55V, Vn=0V To Vcc -10 10 u/;i
Lo 1/0 Leakage Current OE =V, O V £ Vout £ Vee -10 10 pA
VoL Logric LOW Output Voltage loL = 16.0 mA 0.4 \'
VoH Logic HIGH Output Voltage loH = —8.0 mA 24 \
lcc Average Supply Current 2 Measured at fc = maximum 205 | 380 | mA
lcce Average Standby Supply Current '® | All Inputs = Viumin (Clock idle) 40 85 mA

All Inputs = Vg,
Icca Power-Down Supply Current ! 8;:;:‘;?: doé);r;’e ted, 0.01 1.0 mA
Clocks =Vcc
NOTE:

1. lcc, Ieca, and lees are dependent upon actual output boading, and lcc is also dependent on cycle times.
Specified values are with outputs open (for Icc: Cp = 0 pF); and, for Icc, operating at minimum cycle times.

2. lcc (MAX): Using worst case conditions and data pattern. icc (TYP): Using Voc = 5V and average data pattern.

3. lecz (TYP): Using Vcc =5 Vand Ta =25°C.

- 81480798 0016381 LOu WE
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1024 < 36 Synchronous FIFO

LH543620

AC TEST CONDITIONS
,, PARAMETER | RATING !
‘ Inp&t Pulse Levels Vssto 3V +5V

Input Rise and Fall Tlmes (10%to 99%) 3ns T1KO

Output Reference Levels 1.5V DEVICE

Input Timing Reference Levels 15V UPE%ER © _L .

Output Load, Timing Tests Figure 3 eR0 8 80 pF
CAPACITANCE 2 1

PARAMETER RATING )

. Gin MAX. (Input Capacitance) 8 pF * INCLUDES JIG AND SCOPE CAPACITANCES 4300027
} Cout MAX. (Output Capacitance) 10pF Figure 3. Output Load Circuit
NOTES:

1. Sample tested only.

2. Capacitances are maximum values at 25°C,
measured at 1.0 MHz, with Vjy=0 V.

SHARP B 41407984 00M6382 540 N
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LH543620

1024 x 36 Synchronous FIFO

AC ELECTRICAL CHARACTERISTICS ' (See Timing Diagrams Pages 21-35)

| svmsoL l DESCRIPTION 20 | 25 =0 it
MIN MAX MIN MAX MIN MAX

| fc Clock Cycle Frequency 50 40 33 | MHz
tc Clock Cycle Time 20 25 30 ns
tcH Clock HIGH Time 8 10 12 ns
tcL Clock LOW Time 9 12 14 ns
tps Data In Setup Time 5 6 7 ns

iti \

tbso g:tgais?:rn;eo 'I;mgu \:Vprl:ctel; (\)I\rltrmng to Resource 10 | 12 14 ns
tbH Data In Hold Time 2 L2 2 ns
tDHO Erac:i I-é)od?p‘ll:ltn;% ItWhen Wiriting to Resource Register 2 2 ns
ta Data Out Access Time 14 16 18 ns
ton Data Out Hold Time 4 4 4 ns
tes Enable Setup Time 5 6 7 ns
teH Enabie Hold Time 2 2 2 ns
toes Output Enable Setup Time 6 7 8 ns
toEH Output Enable Hold Time 2 2 2 ns
toL OE to Data Out Low-Z 2 1 1 1 | ns

. toz OE to Data Out High-Z 2 12 15 19 ns
toe OE to Data Valid 10 12 14 ns
ter Empty Flag Access Time 14 16 18 ns
tFF Full Flag Access Time 14 16 18 ns
tae AE Flag Access Time 14 16 18 ns
tAF AF Flag Access Time 14 16 18 ns
thr HF Flag Access Time 14 16 18 ns
trr Parity Flag Access Time 14 16 18 ns
tMEF Mailbox FF Access Time 14 16 18 ns
tMEF Mailbox EF Access Time 14 16 18 ns
tas Address Setup Time 10 12 14 ns
taH Address Hold Time 2 2 2 ns
twss WSI and WSO Setup Time 10 12 14 ns |
twsH WSI and WSO Hold Time 2 2 2 ns |
tRTMS Retransmit Mode Setup Time 5 I8 7 \ ns
tRTMH Retransmit Mode Hold Time 2 2 2 ns
tr1s Retransmit Setup Time 5 6 7 ns

| tRTH Retransmit Hold Time 2 2 2 ns
trs Reset Pulse Width 20 25 30 ns
tRsSR Reset Recovery Time 2 10 12 15 ns
tRF Reset LOW to Flag Valid 30 35 40 ns
{;Te) Reset to Data Out LOW 18 20 22 ns
tBA Bypass LOW to Data Valid 12 16 18 ns

. tBD Bypass Propagation Delay | 12 16 18 ns

\ tSKEW1 Skew Time Between CKO and CKi for FF 2 7 9 11 ns
1SKEW2 Skew Time Between CKI and CKO for EF * 7 9 11 ns
tsKEWM Skew Time Between Clock for Mailbox Flags ‘ 7 9 11 ns

NOTES:

1. Timing measurements performed at ‘AC Test Condition’ levels.

2. Values are guaranteed by design; not currently tested.

3. These times also apply to the Programmable-Almost-Full and Half-Full flags when they are synchronized to CK.

4. These times also apply to the Half-Full and Programmable-Almost-Empty flags when they are synchronized to CKO.

BN 3130798 001L383 447 WM SHARP
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1024 x 36 Synchronous FIFO LH543620

PIN DESCRIPTIONS (FUNCTIONAL)

PIN NAME DESCRIPTION

DATABUS

36-bit Input-Port Databus. The D port is the input port for the FIFO memory array, the resource
D[35:0] registers, and the mailbox, or it may be directly connected to the output port. See Figure 4.
D[35:0] is synchronous to the rising edge of CKI.

Three-State 36-Bit Output-Port Databus. The Q port is the output port for the FIFO memory array,
Q[35:0] the resource registers, and the mailbox, or it may be directly connected to the input port. See Figure

: 4. Q[35:0] is synchronous to the rising edge of CKO. The lower 16 bits of the Q port (Q[15:0]) may
also be used as the input port for the resource register.

CLOCKS

CKI Input-Port Clock. CKl is a free-running waveform controlled by an oscillator. It may be irregular or
asynchronous if minimum clock-HIGH times and clock-LOW times are met.

Output-Port Clock. CKO is a free-running waveform controlled by an oscillator. It may be imegular
CKO ‘ e ; ,
| or asynchronous if minimum clock-HIGH times and clock-LOW times are met.
INPUT PORT OUTPUT PORT
SELECT INPUT SELECT OUTPUT
PORT FUNCTION PORT FUNCTION
ADI [2:0] = ADO [2:0] =
RESOURCE RESOURCE
MAILBOX | ReGiSTER MAILBOX | ‘REGISTER
D — MAILBOX MAILBOX — Q
MFF = L MFF = H
MEF = H MEF =L
L @ H L H
D — RESOURCE | IDLE | RESOURCE
REGISTER (ADI) REGISTER (ADO) — Q
L H
| IDLE | Q — RESOURCE
REGISTER (ADO)
» All the operations are synchronized to CKl, + All the operations are synchronized to CKO,
except MEF is set HIGH on CKO. except MFF is set HIGH on CKI.
543620-5
Figure 4. Resource Registers, Read and Write
SHARP M 38180798 00Lb384 313 WA
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LH543620

1024 x 36 Synchronous FIFO

PIN NAME DESCRIPTION
ASYNCHRONOUS CONTROL
BS Master Reset. When asserted LOW, the LH543620 internal resource registers are set to their
default value. See Table 1. The status flags indicate Empty FIFO.
Output Enable. When asserted LOW, OE forces Q[35:0] to be active. When deasserted HIGH, OE

OE ! forces Q[35:0] into a Hi-Z state. Bit 6 of the control register governs whether OE suppresses the

i advancement of the Read Pointer (RP). In this case, OE must obey setup time and hold time
relative to CKO.

BYE Data-Bypass Enable. When asserted LOW, BYE connects Q[35:0] directly to D[35:0].
Command-Address Port Reference. CAPR detemmines the source of the 16-bit word to be loaded
into the resource register. Whenever CAPR is LOW, the word comes from the Input Port. Whenever
CAPR is HIGH (OE is HIGH), the word comes from the Qutput Port.

CAPR i
NOTES:
1. The destination of the resource register is always the Output Port.
2. CAPR is assumed to be a steady signal. It is not allowed to change ‘on-the-fly’ during operation.
CONTROL SIGNALS SYNCHRONOUS TO THE INPUT CLOCK
‘ Input-Port Enables. ENIi and ENI; are active HIGH and synchronous to the rising edge of CKI.
ENI4, ENl2 | Data is written into the FIFO memory array when both ENI, and ENI, are asserted HIGH.
NOTE: ENly, ENI: DO NOT ENABLE writing data into the Resource Registers or the Mailbox.
ADII2:0 Input-Port Address. ADI[2:0] specifies the Input-Port destination. See Table 1. ADI[2:0] is
[2:0] synchronized to the rising edge of CKL.
WSI[1:0] Input-Port Word-Width Selection. WSI[1:0] selects the Input-Port Word-Width. See Table 2.
’ WSI[1:0] is synchronous to the rising edge of CKI.
Table 1. Input-Port Address Table 2. Input-Port Word-Width Selection
DEFAULT VALUE WSl | WSl FUNCTION
ADI2 | ADl1 | ADio SELECTION (of the selected 9-Bit Data-Path =
REGISTER) Ll L g e Input data D[8:0]
L L L RBASE register 0 ‘ 18.Bit Data-Path
: -Bit Data-Pa : .
L L 'H ROFFSET o oL H | width | Input data D[17:0]
‘ | register :
— B H L Reserved
L H L AF offset value 8 36-Bil DalaPath
! -Bit Data-Pa .
L H H Parity register 0 H o H | width Input data D[35:0] |
H L L AE offset value 8
H |L H | Control register | 1
H H L Mailbox 0
Resource
H H H registers write
| . disabled
B 5180758 D0lbL385 257 A SHARP
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1024 x 36 Synchronous FIFO

LH543620
1 PIN NAME DESCRIPTION
\ STATUS FLAGS SYNCHRONOQUS TO THE INPUT CLOCK
‘ . Full Flag. FF is synchronous to the rising edge of CKI. When asserted LOW, 1024 36-bit words of
FF . the FIFO memory array contain meaningful data. When FF is asserted, writing data to the FIFO is
: disabled.
Almost-Full Flag. When asserted LOW, AF indicates that there are at most ‘p’ vacant 36-bit
_ words remaining in the FIFO memory armray, where ‘p' is the value of the Almost-Full-Offset-Value.
AF AF has two synchronization modes depending on Bit 5 of the control register.
Bit 5 = 0 (Default) Asynchronous Mode
Bit 5 = 1: AF is synchronous to the rising edge of CKl.
_ Half-Full Flag. When asserted LOW, there are at least 513 36-bit words in the FIFO memory
HF array. HF has three synchronization modes depending on Bits 3 and 4 of the control register. See
Table 3.
MFE Mailbox-Full Flag. MFF is synchronized to the rising edge of CKI. When asserted LOW, it
indicates that a new mail word has been placed in the mailbox.
CONTROL SIGNALS SYNCHRONOUS TO THE OUTPUT CLOCK
Output-Port Enables. ENO1and ENO: are active HIGH, synchronous to the rising edge of CKO.
ENO1, ENO2 | Data is read from the FIFO memory array when both ENOy, ENO: are asserted.
NOTE: ENOy, ENO; DO NOT ENABLE reading data from the Resource Register or the Mailbox.
Output-Port Address. ADO[2:0] specifies the Output-Port source/destination. See Table 4.
ADOPR:0 ADOI[2:0] is synchronous to the rising edge of CKO.
[2:0] NOTE: In order to read the resource register at the output bus, BYE should be deasserted and the
FIFO memory array should be disabled.
Table 3. HF Synchronization Modes Table 4. Output-Port Address
CONTROL A DEFAULT VALUE
REGISTER FUNCTION ADOz2 | ADO1 | ADOo SELECTION (of the selected
REGISTER)
BIT4 | BIT3 “
— | RBASE
L* L* | Asynchronous Mode: T L L L register 0
L H Synchronous Mode I: HF is ROFFSET
synchronous to the rising edge of CKO L L H register Y
' H L Synchronous Mode II: HF is L H L | AF offset value 8
H H synchronous to the rising edge of CKI L H H Parity register o
* Default Mode H L L | AE offset value 8
. Control
H L H register 1
H H L Mailbox 0]
Resource
H H H registers read | Not applicable
disabled

SHARP
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LH543620 1024 x 36 Synchronous FIFO

PIN NAME

DESCRIPTION

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

Output-Port Word-Width Selection. WSO[1:0] is synchronous to the rising edge of CKO.

- WSO[1:0] selects the Output-Port Word-Width and controls byte-order-reversal according to
© Table 5.

WSO[1:0]

Retransmit Mode Control. RTMD{1:0] is synchronized to the rising edge of CKO. RTMD[1:0}
controls the placement of new contents into the Read Pointer (RP) and/or the Retransmit Base

. (RBASE) registers. Whenever Retransmit (RT) is asserted, one of three operations is performed
according to the setting of RTMD[1:0]. See Tabie 6.

RTMD[1:0] | NOTES:

\ ) 1. When RTMD[1:0] 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 Aimost-Empty Flag is used as an input to the ENI of the next FIFO in the chain.

2. In standard FIFO operation RTMD[1:0] must not be set to 0 and the Retransmit signal must be !
HIGH. !

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

AT of the Retransmit Mode operations to be performed, according to the encoding of RTMDI[1:0). See
Table 6.

NOTE: When RTMD[1:0] = O (FIFO is in cascade mode) RT is ignored.

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

WSO, | WSOq FUNCTION RTMD; | RTMDy | OPERATION ACTION TAKEN
9-Bit Data-Path . Depth The Almost-Empty
L L Width Output data Q[8:0] L L Cascade | Flagis a handshake
an . Mode signal for cascading
L | w | J8BitDaw-Path | o 0 data O[17:0]
Width . | (RBASE) +
L H Retransmit (ROFFSET) — RP
36-Bit Data-Path
H L | Width With Byte- | Output data Q[35:0] (RBASE) +
Order-Reversal (ROFFSET) — RP
; Retransmit | and
H | H \3,3;,?2 Data-Path | output data Q[35:0] | H L | andMark | (RBASE) +
; ’ (ROFFSET) »
RBASE
H H Mark (RP) -~ RBASE
B 3180798 001L387 022 W SHARP )
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1024 x 36 Synchronous FIFO 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[1:0]

| setting.

1. RTMDI[1:0] = 0: 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 amay, where ‘q’ is Almost-E mpty-Offset-

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[1:0] = 0: AE is a handshake signal for cascading.

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 emors, it is deasserted HIGH. When an emror is detected, the
parnty check result of each 9-bit byte of the 36-bit output word is written fo 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).

=
m
L

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 !

Vce

Positive Power.

Vss

Ground.

OPERATIONAL DESCRIPTION The FIFO write and read operations are supported by

The LH543620 has four operating modes:

Normal Mode

Programmable Resource Registers

the following mechanisms:

Byte-Order-Reversal and Bus Funneling/Defunneling
Functions

Status Flags

Mailbox Retransmit Mechanism
Data Bypass Parity Checking
NORMAL MODE

Parity Generation

Normal FIFO operation refers to Read and Write op-
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 ENI1 and ENIz are

asserted HIGH.

Data Read operations from the FIFO

memory occur at the rising edge of CKO. The operation
is enabled if both ENO¢ and ENO2 are asserted HIGH.

SHARP
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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
WSI[1:0] and WSO[1:0] according to Tables 2 and 5. Data
is packed and unpacked from a 36-bit word memory array.
Table 7 describes all combinations of funneling/defunneling.

Changes to the funneling/defunneling settings during
system operation should be made one clock before a

word boundary, as shown in Example 3.

Example 1: 36-t0-9 Funneling

CONDITIONS RESULTS
 WSI[1:0] | WSO[1:0]

3 - Input 36 bits wide.

_ 0 | Output 9 bits wide. ~
i Pins used are Q[8:0]. ‘

The dataflow structure is illustrated by Figure 5.

Example 2: 18-to0-36 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.

CONDITIONS RESULTS
WSI[1:0] : WSO[1:0]
1 _ Input 18 bits wide.
Pins used are D[17:0].
_ > Output 36 bits wide with byte
order reversal.

The dataflow structure is illustrated by Figure 6.

Example 3: Changing Input Bus Width From 9 to 36

During Operation
CKl wsl ACTION
0 0 | Wiite 1st 9-bit byte
1 0 | Write 2nd 9-bit byte
2 0 Write 3rd 9-bit byte
) 3 | Wiite 4th 9-bit byte ]
| 4 | 3 | Wiite 1st 36-bit word

Table 7. Bus Funneling/Defunneling *

INPUT OUTPUT
cK WwSi=0 cKo | wso=3 WSO =2 \ WSO =1 WS0=0
cycles D[35:9) D[8:0]| cycles | Q[35:0] Q[35:0] Q[35:18] | Q[17:0] Q[35:9] Q[8:0]
0 XXX BO 0 B3|B2|B1|/Bo|B0|B1/B2|B3/B3|/B2/B1/B0/B3[B2|B1| BO
1 XXX B1 1 B7 |B6|B5 B4 B4 B5/B6|B7 | B1 Bo|/B3!B2|B0|B3|B2| Bt
2 XXX B2 2 L B7 | B6 /B5 B4{B1|B0|B3| B2
3 XXX B3 3 B5 B4 |B7 B6|B2|B1/B0| B3
4 XXX B4 4 B7 B6|B5| B4
5 XXX B5 5
6 XXX B6 6
7 XXX B7 7 ‘ B i
8 XXX B8 8 | | 1
wSi=1 WS0O=3 WS0=2 WSO=1 WS0=0
D[35:18] D[17:0] Q[35:0] Q[35:0] 0[35:18]‘ Q[17:0] Q35:9] Q[8:0]
0 XX B1| BO 0 B3 |B2|(B1,/B0 B0 |B1 B2|B3|B3|B2 B1 B0 |B3|B2|B1| BO
K XX B3| B2 1 B7 | B6|B5/B4 B4 | B5 | B6 |B7 |B1|B0| B3| B2 B0 |B3|B2| B1
2 XX B5, B4 . 2 B7 |B6|B5|B4 . Bi | Bo | B3| B2
3 XX B7 | B6 3 'B5/B4|B7/B6 B2 B1.B0| B3
4 XX B9 | B8 4 B7 |B6|B5| B4
WSI=3 WwWs0=3 WSO =2 WSO=1 WSO =0
D[35:0] Q[35:0] Q[35:0] Q[35:18] | Q[17:0] Q[35:9] Q[8:0]
0 B3| B2 |B1| B0 0 B3|B2 | B1/B0|B0 B1/B2|B3|/B3|B2|B1/B0|B3|!B2|B1| B0
1 B7 | B6 | B5 B4 1 B7 | B6!/B5 /B4 B4|B5 B6|B7|B1,B0 B3 B2 |B0|B3|B2| B1
B7 | B6|B5 /B4 |B1|B0/B3| B2
‘ B5|B4 | B7|B6/B2 B1|B0! B3
\ B7 B6|B5| B4
* NOTE: B0, B1, . ., represent data bytes.
BN 84180798 001L389 9T5 EM SHARP
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LH543620
INPUT: WSI[1:0}=3 LH543620 OUTPUT: WSO[1:0]=0
B3 B7 D35 Q35 B3 80 B1 B2
BYTE #4 |BYTE #8 - . BYTE #4 [BYTE#1 |BYTE #2 |BYTE #3 |BYTE #8
D27
B2 B6 D26 B2 B3 BO B1
BYTE #3 |BYTE #7 . BYTE #3 | BYTE #4 |BYTE #1 [BYTE #2 |BYTE #7
D18
B1 BS D17 B1 82 B3 BO
BYTE #2 |BYTE #6 . _ BYTE #2 |BYTE #3 [BYTE #4 |BYTE #1 |BYTE 46
D9
BO B4 D8 BO B1 B2 B3
BYTE #1 |BYTE #5 . BYTE #1 | BYTE #2 |BYTE #3 [BYTE #4 |BYTE 85
DO
0 1 2 o 1 2 3 4
CKI CKO
NOTES:
HEAVY SOLID LINES = Main data path.
SHADED LINES = Not used for this application.
543620-30
Figure 5. Example of 36-to-9 Bus Funneling
INPUT: WSI{1:0]=1 LH543620 OUTPUT: WSO[1:0]= 2
b3’ ass B?ms 1 24\'75
. . #
NOT USED BYTE # 5
D27 Q27
D26 Q26 B1 B5
NOT USED - . BYTE #2 |BYTE #6 o
2 D18 Q18 3
o 3]
Q °
@ B1 B3 B5 B7 D17 17 B2 B6 >
o |BYTE#2 [BYTE #4 [BYTE #6 |BYTE #8 - . BYTE #3 |BYTE 47 5
£ =
D9 Q9
BO B2 B4 B6 D8 Q8 B3 B7
BYTE #1 |BYTE #3 |BYTE #5 |BYTE #7 . . BYTE #4 | BYTE #8
DO Qo
0 1 2 3 4 0 1 2 3
CKI CKO
NOTES:
HEAVY SOLID LINES = Main data path.
SHADED LINES = Not used for this application.
’ 543620-31
Figure 6. Example of 18-t0-36 Bus Defunneling
With Byte Order Reversal
SHARP
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Status Flags
There are five status flags:
FF Full Flag
AF Almost-Full Flag
HF Half-Full Flag
AE Almost-Empty Flag
EF Empty Flag

The functionality and the synchronization of the status
flags are detailed in the Pins Descriptions (Functional)
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 outof 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: RTMDI[1:0], RT, and two Resource regis-
ters: RBASE and ROFFSET.

RTMDI[1:0] sets the mode of operation. See Table 6.
RT enables the operation synchronous to CKO.
Retransmit allows three modes of operation:

Mark: RTMD[1:0] = 3 and RT is asserted. The value of
the Read Pointeris saved into the RBASE register.

Retransmit: RTMD[1:0] = 1 and RT is asserted. The
Read Pointer is loaded by the value of RBASE plus the
value of ROFFSET.

Retransmit and Mark: RTMD[1:0] = 2 and RT is as-
serted: The Read Pointer is loaded by the value of RBASE
plus the value of ROFFSET. Then the value of the Read
Pointer is saved into the RBASE register.

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

When RT is asserted and RTMD{1:0] is setto 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
dataword. 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.

I 3140798 0016391 553 W

NOTES

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

2. RTMD[1:0] must be selected two cycles prior to RT
being asserted and remain stable during RT low.

3. At least two words need to be in the FIFO memory
array prior to performing a retransmit.

4. Whenusing 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 notto write more than
1024 words from the marked point.

5. When the retransmit mechanism is not used, the
recommended connection is:
RTMD[1:0]=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[1:0] = 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[1:0] = 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 overap-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[1:0] = 2, the AF offset register is programmed
to N = Block Size, and the ROFFSET register is
programmed to (N —Ovenrap). The datais 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 FIFO's RT signal, which
causes the RP and RBASE 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.

To avoid a possible invalid PF signal, ENOy and ENO2
shouid not be deassented during the CLKO low time.

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

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).

Pari
a parity bit for each of the bytes of the input word. The ty
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.
EXAMPLE 3 PARITY CHECK
Q35 Qo
Output word: 100111100 000111100 100111000 000111000
Odd parity: Parity Register=0110; PF-Asserted Low
Even parity: Parity Register= 1001; PF-Asserted Low
EXAMPLE 4 PARITY GENERATION
D35 DO
Input word: 100111100 000111100 100111000 000111000
Output, odd parity: 100111100 100111100 000111000 000111000
Output, even parity: 000111100 000111100 100111000 100111000
SHARP B 2130798 001b392 49T W
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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 fromthe
resource register is possible only from the Output Port.
The source port for the wiite operation is determined by
the control signal CAPR.

Input Port:

Datafromthe Input Port is written to a resource register
when:

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

CAPRis LOW

The operationis enabled by ADI[2:0]and synchronized
to CKI.

Output Port:

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

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

CAPR s HIGH
OE is HIGH

NOTE: ADI[2:0] should remain stable whenever data is
coming in from the output port.

Datais read froma 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 ADO[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

lelsf4]a]2]1]o]
S

0 EVEN PARITY
1 ODD PARITY

{ 0 PARITY GENERATION IS DISABLED
1 PARITY GENERATION IS ENABLED

[ 0 AE ASYNCHRONOUS

0 HF ASYNCHRONOUS

1 HF SYNCHRONOUS TO CKO

2 OR 3 HF SYNCHRONOUS TO CKi
0 AF ASYNCHRONOUS
1 AF SYNCHRONOUS TO CKI

1 AE SYNCHRONQUS TO CKO

J
A8
{ 0 OE DOES NOT CONTROL THE READ POINTER
\.1 OE CONTROLS THE READ POINTER

543620-29

Figure 7. LH543620 Control Register

B 5180798 0016393 326 W
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Writing to the Mailbox is enabled from the Input Port
when the Input Port address field ADI[2:0] = 6. The write
operation is synchronous to the rising edge of CKL

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 readis enabled from the Output Port, when
the Output Port address field ADO[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 CKl.

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
placedin 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
(ENl4 2 = HIGH) then the input data D is also written to
the FIFO memory amray on the rising edge of CKL. If the
Output is enabled, (ENO1,2 = HIGH) then the input data
D is transferred to the output buffer, and the Read Pointer
is incremented by CKO. The control signal OE is function-
ing when BYE is asserted.

SHARP

The recommended control setting for bypass is:

ENI=LOW, ENO = LOW, ADI[2:0]=7,

ADO[2:0] =7, OE = LOW, BYE =LOW
OPERATIONAL MODES AND CONFIGURATIONS
Interlocked Width Expansion (Figure 8A)

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 ENly
(or ENE) input of the other FIFQ.

Cross-connecting the EF output of each FIFO to ENO4
(or ENO2) 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 8B and 8C)

Depth cascading is accomplished by:

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

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

Connecting the AE output of the upper FIFO to ENK
input (or ENI2) of the lower FIFO.

Connecting the FF output of the lower FIFO to ENO4
input (or ENOg) of the upper FIFO.

NOTE: RTMD[1:0] should remain stable during cascade
mode operation (i.e., remain low).

B 51807984 001L394 2L2 MR
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NOTES:
DI = System data input width.

DO = System data output width.

CKI = CKi CKO CKO
ENI ENI, ENO, ENO
={ ENI, EF |—
— FF ENO,
DI[71:36] w1 D[35:0) Q[35:0] DO[71:386)
CKI CKO
=] ENI, ENO,
FF {3 BNt € 3
> FF ENO, q
DI[35:0] D[35:0] Q[35:0] [——f- DO[35:0]
A. INTERLOCKED WIDTH EXPANSION
COMMON
CLOCK —]
CKI —={ CKI CKO [=—2— CKl CKO |~— CKO
cc
ENl; —s={ ENK ENO, 1 ENI, ENO4 |=— ENO;
ENl, —=] ENI, AE =] En, EF |—= EF
FF ——]|FF ENO, FF ENO, |~— ENO,
DI[35:0] =m=ps]D[35:0] RTMD[1:0] Q[35:0] D[35:0] RTMD[1:0] Q[35:0] st~ DO[35:0}
| i
LL HH
B. PIPELINED CASCADING MODE
COMMON
CLOCK ]
CKI CKI CKO CKI CKO CKO
T Vee
ENI = ENI, ENO, ENI, ENO, }= ENO
ENI, AE ENl, EF |
— FF ENO, FF ENO,
DI71:36] »- D[35:0] RTMD[1:0] Q[35:0] *1D[35:0] RTMD[1:0] Q[35:0] »- DO[71:36]
| I
LL HH
CKI CKO CKI CKO [
T Vee
ENI, ENO, . =] ENI, ENO,

_ O] ENI, AE ENL, EF dJ —
FF N — — P EF
O FF ENO, |~ FF ENO, U
DI[35:0] me————-| D[35:0) RTMD[1:0] Q[35:0] D[35:0] RTMD[1:0] Q[35:0) [ DO[35:0]
I |
LL HH

C. 'TWO-DIMENSION' PIPELINED CASCADING MODE

543620-7

Figure 8. LH543620 Width and Depth Expansion Scheme
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TIMING DIAGRAMS

s X )
EFAE - N\ \\\\\\\\\\\?\\\\\\\\\ N
e W it
a=a. AN 727 :1'.'.:'.:'t:.:::::::::::i:j‘.ffé‘i‘v'fzzzzzzzzzzzzzzzz

ENy, ENIg,

enc, enoy XX XXX XXX XX XXX XX XXX XXX XX KUK XXX KKK

ADI[2:0]°
ADO[2:0]

1L~

RN

NOTES:
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.
3. If CAPR =L, then ADO = XXX and ADI must be = H,H,H for proper reset.
If CAPR = H, then ADI = XXX and ADO must be = H,H,H for proper reset.

543620-15

Figure 9. Reset Timing

SHARP BN 5150798 001L396 035 EM
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tc
tor ten
o Y f S\__zz__\__7
ten tes ten tes |
ENl,, ENL, / /[ \

oy tos ton |

. tos

tc
te ten ten tes ten tes
ENO,, ENO, / / \R
OF 7
toe ta ta toz
ton ton ton
Q[35:0] Q:G PREVIOUS DATA
NOTES:
1. Both ENIy and ENI; must be asserted (HIGH) to enable write operations.
2. Both ENO, and ENO, must be asserted (HIGH) to enable read operations.
543620-8
Flgure 10. Write and Read Operation
B 3180798 00LL39? T71 HN SHARP
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CKi

ENl,, ENI,

D[35:0)

CKO

Q[35:0]

OE

ENO,, ENO, /

AN A N NV

tes ten

tos ton

DATA VALID

tskews

N S

(NOTE)

DATA-OUT VALID

-

NOTE: If tgkews < (minimum specification) then EF may change one CKO cycle later.

543620-9

Flgure 11. Empty Flag Timing

SHARP
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NO WRITE WRITE

N

ter trr
FF
(NOTE) tos tou
D(35:0] DATA WRITE
tes
ENIy, ENI,
tsikewt
s ten
ENO,, ENO,
ta
ton
Q[35:0] DATA READ

NOTE: If tgewy < (minimum specification) then Tfmay change one CKI cycle later.

543620-10

Figure 12. Full Flag Timing
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WORD (1024 - p-1) WRITE OCCURS WORD (1024 - p-1) READ OCCURS
w _ /N N S N\ L
w /TN N\
— tskewt
S
P
ENI,, ENL,
ENQ,, ENO, < /
A7
tar tar
SYNCHRONOUS MODE

AF
55
47

tap tar
ASYNCHRONOUS MODE

AF
S5
e

NOTES: _
1. The synchronization mode of AF is set by programming bit 5 of control register.
2. When in synchronization mode and tgcews < (Min specification) then AF may change one CKl later.

543620-11

Flgure 13. Almost-Full Flag -
Synchronous and Asynchronous Modes

WORD (q + 1) READ OCCURS WORD (q + 1) WRITE OCCURS

S
ENO,, ENO, N\

| |
NV N AW aW aWavwav

ENI,, ENI, g /

= = tSKEWZ

tac tae

ASYNCHRONOUS MODE

tae tae

SYNCHRONOUS MODE

AE

NOTES:

1. The synchronization mode is set by programming bit 2 of control register.
2. When AE is in synchronous mode and tgxewe < (Min specification) then AE may change one CKO cycle later.

543620-12

Flgure 14. Almost-Empty Flag -
Synchronous and Asynchronous Modes

SHARP B 5180798 001L400 396 EE
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WORD 513 WRITE OCCURS WORD 513 READ OCCURS
cKl _/_\_//_\_/W }\_ N\
cko _/—\_/ _\_/_L/) S-\_/ /—1
tskEwz t
- SKEW1
SS
s
ENl,, ENI, \
ENO,, ENO, /
)
tHe thr
ASYNCHRONOQUS MODE
HF
SS—
27
thr e
SYNCHRONQUS TO CKI
HF
(X3
L
tr thr
SYNCHRONOQUS TO CKO
AF
55
vl
NOTE: The synchronization mode of HF is determined by the state of bits 3 and 4 of the Control Register. o
543620-2
Figure 15. Half-Full Flag -
Synchronous and Asynchronous Modes
m 8130798 0016401 222 WE SHARP
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LH543620
w _ N S S
tos ton
D[35:0] :i’ N1 l N2 X N3 >< N4 X N5
ENLY, ENI, /
toxewz
o /NS A /S S L
e
EF L
ta
ton
Q[35:0] N1 Y X ne
ten
ENO,, ENO, 7L
OE \
NOTE: 1. If tgcgwz < (minimum specification) then EF may change one CKO
later and the first word (N1) will appear on Q[35:0] one cycle later. 54362013

Figure 16. First Word Latency

ENO,, ENO, _/

Q[35:0}

X N1 N2 X N3

NOTE: Parity error at word N1.

543620-14

Flgure 17. Parity Flag

SHARP

BR 3180798 00Lbu402 169 HN

L
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LH543620

1024 % 36 Synchronous FIFO

BYE N‘

D[35:0]

Q[35:0]

(FIFO OUT) X I X ls

X (FIFO OUT)

NOTES: _
1. i ENlis enabled during BYE = LOW, the bypass data
will be written into the FIFO.
2. If ENO is enabled the data at the Q Port is the bypass data.
The RP will be updated according to CKO.

Figure 18. Bypass

643620-18

cKo _JZ_\_ZZ_\_%—\_ZZ_\_}[—\_

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

tas | tan
ADO[2:0] 7 3 7
ta
ton
Q[35:0] N1 )O( N2 PARITY R. >O< N3 )O( N4
tEH tES tEH tEs
ENO,, ENO, '\\ /
OE \
FIFO (N2) = Q PARITY R—> Q FIFO (N3) —» Q

Figure 19. Read Resource Register

543620-17

BN 3130798 00L&L403 0TS mA

SHARP
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1024 x 36 Synchronous FIFO

LH543620
CAPR \
~tas tan ,
ADI[2:0] 7 k * 7
~ 1ps toH )
Q[35:0] D1 * c * D2 D3 X D4
ten tes ten les
ENL,, ENL, \\ /
D1 - FIFO C — CONTROL REG. D2 - FIFO D3 — FIFO
543620-18
Flgure 20. Write Resource Register From the Input Port
co _ N A _Af£ S S
CAPR /
toes toen
OE 7L L
s tan
ADOI2:0] 7 J( 5 J(
~ toso toho
Q[35:0] }( N1 i c J( N2 X N3 X
ten tes ten les
ENO,, ENO, '\\ /
FIFO(NI)>Q  Q(C)—= CONTROL  FIFO(N2) > Q FIFO (N3) > Q
REG.
543620-19
Flgure 21. Write Resource Register From Output Port
SHARP BN 31340798 00LLuOY T3I1 B
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LH543620 1024 x 36 Synchronous FIFO

CKl

NS S S S

ENIy, ENI, /
twss

WSI[1:0] WS WSI2

DATA IS STORED
ACCORDING TO: W31 WSI2 WSi2 wsi2

543620-20

Flgure 22. WSI[1:0] Timing

wo £ NS A S S
ENO,, ENO, _/

twss
WSOJ[1:0] WSO1 WS02
DATA IS READ
ACCORDING TO: WSO1 wWso02 WSQ02 WSs02

543620-21

Figure 23. WSO[1:0] Timing

B 3130794 00lb405 978 W SHARP
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1024 x 36 Synchronous FIFO LH543620

CKO
ten tes ten tes_|
ENO,, ENO, \ /
tas|  tan
ADO[2:0] 7 L 6 l 7
tver
MEF l
ta
ton
Q[35:0] Q (FIFO) MAILBOX X Q (FIFO) X
WFF
tskewm tvee
NOTE: If tskewnm < minimum specification MFF may be changed one CKi later. 543600.22

Figure 24. Mailbox Read

SHARP BN 2180798 00lb40b 804 WM

.
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LH543620

1024 x 36 Synchronous FIFO

CKl
ten tes ten tes
ENI,, ENI, \ /
tas|  tan
ADI[2:0] 7 |x- 6 l 7
tvee
MFF ]K
tos| _ lon

D([35:0] 1" l M 12

MEF

tskEwm

tmer

NOTE: If tgkewm < Minimum specification MEF may be changed one CKO later.

543620-23

Flgure 25. Mailbox Write

BN 5180798 00Lb4D? 740 wm
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LH543620

1024 x 36 Synchronous FIFO

$2-029EvS

*mo| 14 Buunp ejqels ujewas jsnw pue papesse Bujeq 1Y o} oud ajpho auo pajosies eq isnw [0:LlAWLY 2
- "59|3A9 0N 4o} 10} 158 (M (OMD O} peziuciyouhs) sbej;
4H Pue 3y SNOUOIYOUAS 10} SNjElS Jwsuellay ‘MO e JY PUe 4H ‘HOIH ee 44 pue '3V ‘43 'snieis Jwsueney ‘|

:S3LON
I = 1354404
SNLVLS SNLYLS SN1YLS SNLVLS SNLYLS
¥N LINSNVHL3Y N EN LIWSNYH13H 044 TYWHON
NED ¢ XXX X sowns
3SVEH « 3SVAH « 3SVEH 39vad
(SN) ss3ayaay {yN) ssagaav {eN) ss3yaav (2N) ssayaay
/N /IR 1
= w._.m-.
I._.mw
V4
9N SN 9N X SN E SN x N x eN &N EE 2N X IN [o:selo
4 € anly
7 wE._,E
HINLEY

/ ZON3 "'ON3

\__ 2

AVAVAVAVAVE..

Figure 26. Retransmit Using Retransmit and Mark Mode
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1024 x 36 Synchronous FIFO

LH543620

Se-029ers

‘M| LY Buunp s|qeis urewial }snw pue pessse

Buieq LY o} soud 21240 suo pajosies eq isnw [0: LJAWLY "2
‘s8[0A0 O 1IN0} Jo} 15BY (M (OMD 01 peziuciyouAs) sbey

4H puE Ty Snouoiyoufs o} SNIEIS JWSUBISH ‘MO 818 4V PUB JH 'HOIH 818 44 pue ‘3 ‘43 :Sniels Jwsuensy °L

SNLYLS LINSNVHLIY bA SNLYLS SOV TYWHON
oN Xezxmzxmzx_zx
SN vzxszNzXFzX

I5vaH
(2N) ss3daay
TR0 €= AV1Ea
LINSNVHL3Y |/
w.rm~
I._.I«
! X e
wEI—
IS_._.mﬂin

‘SALON

SOV

2=1384404 HL1IM
[o:selo

0=138440H H1IM
[o:gelo

[L:0lan.Ly

*0ONZ “*ON3

Flgure 27. Retransmit Using Mark Mode and

Retransmit Mode
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1024 x 36 Synchronous FIFO

LH543620

CKO / \ j
loes toEH
o kN 7
ENO,, ENO, /
ta toz
toL ton

Q[35:0] X X

543620-26

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

SHARP 8180798 0DLbL4L0 235 WM
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LH543620 1024 x 36 Synchronous FIFO

PACKAGE DIAGRAM

132PQFP (PQFP132-P-S950) o
SECTION 0°-8

/\' 0.15 [0.006]
—rﬂil 0.25[0.010] TYP.
45°

CHAMFER \f_ﬁ\ }
[ [
- 0.635
[0.025] TYP
NON-ACCUM

0.51 [0.020] MIN.

£ |O.10 [0.004] |

S
= =
— —1
| — —
—] —
— —
— —
—] —
| m— —
— —
28.02 [1.103] = —
27.86 [1.097] = =
27.69 [1.090] =] —
27.18 [1.070] = TOP VIEW —
— —
24.21[0.953] = —
24.05[0.947] = =
— 3
— — |
| s— —
— —
— —
c—] —
—] | —3
— —
— —
— —
\h
24.21 [0.953] |
24.05 [0.947] = 0.51 [0.020]
27.69 1.090] o MIN.
27.18 [1.070] ' 4.57[0.180]
28.02 [1.103] 4.06 [0.160]
27.86 [1.097]
MAXIMUM LIMIT
DIMENSIONS IN MM [INCHES] ~e e = V1L
MINIMUM LIMIT
132 PQFP
132-pin PQFP
B 2180798 00lb411l 171 HE SHARP
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1024 x 36 Synchronous FIFO LH543620

ORDERING INFORMATION
LH543620 X - #4
Device Type Package Speed

20
25 Cycle Times (ns)
30

LM 144-Pin, Thin Quad Flat Package *

1024 x 36 Synchronous FIFO

* Contact a Sharp representative for availability of TQFP package.
Example: LH543620P-20 (1024 x 36 Synchronous FIFO, 20 ns, 132-Lead, Plastic Quad Flat Package)

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

543620-32

S B 34140798 001lkuyle 008 N
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