512 x 36
1,024 x 36
2,048 x 36

IDT

3.3 VOLT CMOS SyncFIFO™

IDT72V3631
IDT72V3641
IDT72V3651

FEATURES
o Storage capacity:

IDT72V3631 - 512 x 36

IDT72V3641 - 1,024 x 36

IDT72V3651 - 2,048 x 36
Supports clock frequencies up to 67 MHz
Fast access times of 10ns
Free-running CLKA and CLKB can be asynchronous or coinci-
dent (permits simultaneous reading and writing of data on a
single clock edge)
Clocked FIFO buffering data from Port A to Port B
Synchronous read retransmit capability
Mailbox register in each direction
Programmable Almost-Full and Almost-Empty flags
Microprocessor interface control logic
Input Ready (IR) and Almost-Full (AF) flags synchronized by
CLKA
Output Ready (OR) and Almost-Empty (AE) flags synchronized
by CLKB

Available in 132-pin plastic quad flat package (PQFP) or space-
saving 120-pin thin quad flat package (TQFP)

Pin and functionally compatible versions of the 5V operating
IDT723631/723641/723651

Easily expandable in width and depth

Industrial temperature range (-40°C to +85°C) is available

DESCRIPTION

The IDT72V3631/72V3641/72V3651 are pin and functionally compatible
versons ofthe IDT723631/723641/723651, designedtorun offa 3.3V supply
forexceptionally low-power consumption. These devices are monolithic high-
speed, low-power, CMOS clocked FIFO memory. Itsupports clock frequencies
upto67MHzandhasreadaccesstimesasfastas 10ns. The512/1,024/2,048
x 36 dual-port SRAM FIFO buffers datafrom port Ato Port B. The FIFO memory
has retransmit capability, which allows previously read data to be accessed
again. The FIFO operates in First Word Fall Through mode and has flags to
indicate empty and full conditions and conditions and two programmable flags
(Almost-Fulland Almost-Empty) to indicate when a selected number of words
is storedinmemory. Communication between each port may take place with
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3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36

DESCRIPTION (CONTINUED)

two 36-bit mailbox registers. Each mailbox register has aflag to signal when
newmail has been stored. Two ormore devicesmay be usedin paralleltocreate
wider data paths. Expansion is also possible in word depth.

These devices are a clocked FIFO, which means each port employs a
synchronousinterface. All datatransfers through a portare gated to the LOW-
to-HIGH transition of a continuous (free-running) port clock by enable signals.
The continuous clocks for each port are independent of one another and can
be asynchronous or coincident. The enables for each port are arranged to
provide a simple interface between microprocessors and/or buses with
synchronous control.

PIN CONFIGURATION

The InputReady (IR) flag and Amost-Full (AF) flag of the FIFO are two-stage
synchronizedto CLKA. The Output Ready (OR)flagand Aimost-Empty (AE)
flag of the FIFO are two-stage synchronized to CLKB. Offset values for the
Almost-Fulland Almost-Empty flags of the FIFO can be programmed from port
A or through a serial input.

ThelDT72V3631/72V3641/72V3651 are characterized for operation from
0°Cto 70°C. Industrial temperature range (-40°C to +85°C) is available by
special order. These devices are fabricated using IDT's high speed, submicron

CMOStechnology.

Electrical pin 1 in center of beveled edge. Pin 1 identifier in corner.

NOTES:
1. NC - No internal connection.
2. Uses Yamaichi socket 1C51-1324-828.
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PQFP (PQ132-1, order code: PQF)

TOP VIEW
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IDT72V3631/72V3641/72V3651
3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36

PIN CONFIGURATION (CONTINUED)
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IDT72V3631/72V3641/72V3651

3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36

PIN DESCRIPTION
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Symbol Name I/0 Description
A0-A35 | Port-AData I/O | 36-hitbidirectional data portfor side A.
AE Almost-Empty O | Programmable flag synchronized to CLKB. Itis LOW when the number of words inthe FIFO is less than or equal to
Flag the value inthe Almost-Empty register (X).
AF Almost-Full O | Programmable flag synchronized to CLKA. Itis LOW when the number of empty locations in the FIFOis less than or
Flag equaltothe valueinthe Almost-Full Offsetregister (Y).

B0-B35 | Port-BData I/0| 36-bitbidirectional data portforside B.

CLKA Port-A Clock I | CLKAisacontinuous clock that synchronizes all data transfers through port-A and may be asynchronous or
coincident to CLKB. IR and AF are synchronous to the LOW-to-HIGH transition of CLKA.

CLKB Port-B Clock | | CLKBisacontinuous clock that synchronizes all data transfers through port-B and may be asynchronous or
coincidentto CLKA. OR and AE are synchronous to the LOW-to-HIGH transition of CLKB.

CSA Port-A Chip | [ CSAmustbe LOW to enable a LOW-to-HIGH transition of CLKA to read or write data on port-A. The A0-A35

Select outputs are in the high-impedance state when CSA is HIGH.
CSB Port-B Chip | [ CSBmustbe LOW to enable aLOW-to-HIGH transition of CLKB to read or write data on port-B. The B0-B35
Select outputs are in the high-impedance state when CSB is HIGH.

ENA Port-AEnable | | ENAmustbe HIGH to enable a LOW-to-HIGH transition of CLKA to read or write data on port-A.

ENB Port-B Enable | | ENB mustbe HIGH to enable a LOW-to-HIGH transition of CLKB to read or write data on port-B.

FS1/ Flag-Offset I FSl/@ and FSO0/SD are dual-purpose inputs used for flag Offset register programming. During a device reset,

SEN, Select1/ FS1/SENand FS0/SD selects the flag offset programming method. Three Offset register programming methods are

Serial Enable available: automatically load one of two preset values, parallel load from port A, and serial load.
FS0/SD | FlagOffset0/ When serial load is selected for flag Offset register programming, FS1/SEN s used as an enable synchronous to
Serial Data the LOW-to-HIGH transition of CLKA. When FS1/SENis LOW, a rising edge on CLKA load the bit present on FS0/
SDintothe Xand Y registers. The number of bit writes required to program the Offset registers is 18/20/22 for the
IDT72V3631/72V3641/72V3651 respectively. The firstbitwrite stores the Y-register MSB and the last bit write stores
the X-register LSB.

IR Input Ready O | IRissynchronized tothe LOW-to-HIGH transition of CLKA. When IR is LOW, the FIFO is full and writes to its

Flag array are disabled. Whenthe FIFO s in retransmit mode, IR indicates when the memory has been filled to the point
of the retransmit data and prevents further writes. IR is set LOW during reset and is set HIGH after reset.

MBA Port-AMailbox | | AHIGH level chooses a mailbox register for a port-A read or write operation.

Select
MBB Port-B Mailbox | | AHIGH level chooses a mailbox register for a port-B read or write operation. When the BO-B35 outputs are active,
Select aHIGH level on MBB selects data from the maill register for output and a LOW level selects FIFO data for output.
MBF1 | MailLRegister | O | MBFTissetLOW bythe LOW-to-HIGH transition of CLKA that writes data to the mail1 register. MBF1is setHIGH
Flag by a LOW-to-HIGH transition of CLKB when a port-B read is selected and MBB is HIGH. MBF1 is set HIGH by a
reset.

MBF2 | Mail2Register | O | MBF2issetLOW bythe LOW-to-HIGH transition of CLKB that writes data to the mail2 register. MBF2is setHIGH

Flag by a LOW-to-HIGH transition of CLKA when a port-A read is selected and MBA is HIGH. MBF2 is set HIGH by a
reset.

OR OutputReady O | ORissynchronized to the LOW-to-HIGH transition of CLKB. When OR is LOW, the FIFO is empty and reads are

Flag disabled. Ready data s presentin the output register of the FIFO when OR is HIGH. OR is forced LOW during the
reset and goes HIGH on the third LOW-to-HIGH transition of CLKB after aword is loaded to empty memory.

RFM Read From | | Whenthe FIFOisinretransmitmode, a HIGH on RFM enables a LOW-to-HIGH transition of CLKB to reset the read

Mark pointer to the beginning retransmitlocation and output the first selected retransmit data.

RST Reset | | Toresetthedevice, four LOW-to-HIGH transitions of CLKA and four LOW-to-HIGH transitions of CLKB must occur
while RST is LOW. The LOW-to-HIGH transition of RST latches the status of FS0 and FS1 for AF and AE offset
selection.

RTM Retransmit | | WhenRTMisHIGH and valid datais presentin the FIFO output register (OR is HIGH), a LOW-to-HIGH transition

Mode of CLKB selects the data for the beginning of a retransmit and puts the FIFO in retransmit mode. The selected word
remains the initial retransmit point untila LOW- to-HIGH transition of CLKB occurs while RTMis LOW, taking the FIFO
outofretransmitmode.

WRA | Port-AWrite/ | | AHIGH selects awrite operation and a LOW selects a read operation on port A for a LOW-to-HIGH transition of

Read Select CLKA. The AD-A35 outputs are in the high-impedance state when W/RA is HIGH.
W/RB | Port-BWrite/ | | ALOW selects awrite operation and a HIGH selects a read operation on port B for a LOW-to-HIGH transition of
Read Select CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is LOW.
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IDT72V3631/72V3641/72V3651
3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36 COMMERCIALTEMPERATURE RANGE

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR
TEMPERATURE RANGE (Unless otherwise noted)?

Symbol Rating Commercial Unit
Vcce Supply Voltage Range -0.5t0+4.6 \Y
Vi@ InputVoltage Range -0.5to Vce+0.5@) v
Vo®@ Output Voltage Range -0.5to Vee+0.5 v

lIK Input Clamp Current, (Vi< 0 or Vi > Vcc) 120 mA

lok Output Clamp Current, (Vo =<0 or Vo > Vcc) 150 mA

lout Continuous Output Current, (Vo =0to Vcc) 150 mA

Icc Continuous Current Through Vcc or GND +400 mA

TsTG Storage Temperature Range -65t0 150 °C
NOTES:

1. Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional operation of the device at these
or any other conditions beyond those indicated under "Recommended Operating Conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may
affect device reliability.

2. The input and output voltage ratings may be exceeded provided the input and output current ratings are observed.

3. Control Inputs: maximum Vi = 5.0V.

RECOMMENDED OPERATING

CONDITIONS

Symbol Parameter Min. Typ. Max. Unit
Vce | Supply Voltage 30 33 36 \Y
ViH HIGH Level Input Voltage 2 — Vee+0.5 Vv
Vi LOW-Level InputVoltage — — 08 Vv
loH HIGH-Level Output Current — — 4 mA
loL LOW-Level Output Current — — 8 mA
TA Operating Free-air 0 — 70 °C

Temperature

ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING
FREE-AIR TEMPERATURE RANGE (Unless otherwise noted)

IDT72V3631
IDT72V3641
IDT72V3651
Commercial
tcLk = 15, 20 ns
Symbol Parameter Test Conditions Min.  Typ.®  Max. Unit
VOH Output Logic "1" Voltage Ve = 3.0V, [oH = -4 mA 2.4 — — V
VoL Output Logic "0" Voltage Ve = 3.0V, loL =8 mA — — 0.5 V
ILI Input Leakage Current (Any Input) Vce = 3.6V, Vi=Vccor0 — — 15 HA
ILO Output Leakage Current Vce = 3.6V, Vo =Vccor0 — — 15 UA
Icc2® Standby Current Vce = 3.6V, Vi=Vcec-0.2Vor 0 — — 400 HA
CIN Input Capacitance Vi =0, f=1MHz — 4 — pF
Cout Output Capacitance Vo =0, f=1MHZ — 8 — pF

NOTES:
1. All typical values are at Vcc = 3.3V, Ta = 25°C.
2. For additional Icc information, see Figure 1, Typical Characteristics: Supply Current (Icc) vs. Clock Frequency (fs).
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IDT72V3631/72V3641/72V3651
3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36 COMMERCIALTEMPERATURE RANGE

DETERMINING ACTIVE CURRENT CONSUMPTION AND POWER DISSIPATION

The Icc(f) current for the graph in Figure 1 was taken while simultaneously reading and writing the FIFO on the IDT72V3641 with CLKA and CLKB set
tofs. Alldatainputs and data outputs change state during each clock cycle to consume the highest supply current. Data outputs were disconnected to normalize
the graphtoazero-capacitance load. Once the capacitance load per data-output channeland the number of IDT72V3631/72V3641/72V3651 inputs driven
by TTL HIGH levels are known, the power dissipation can be calculated with the equation below.

CALCULATING POWER DISSIPATION
With Icc(f) taken from Figure 1, the maximum power dissipation (PT) of these FIFOs may be calculated by:

Pt = Vce x lec(f) + Z(CL x Veee x fo)
N

where:

N = numberofoutputs=36

CL = outputcapacitanceload

fo = switching frequency of an output

When no reads or writes are occurring on these devices, the power dissipated by a single clock (CLKA or CLKB) input running at frequency fs is
calculated by:

PT =Vcce x fs x 0.025 mA/MHz

175 | |
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Figure 1. Typical Characteristics: Supply Current (Icc) vs. Clock Frequency (fs)
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IDT72V3631/72V3641/72V3651

3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36

ACELECTRICALCHARACTERISTICS OVERRECOMMENDED RANGES OF
SUPPLY VOLTAGE AND OPERATING FREE-AIRTEMPERATURE

COMMERCIALTEMPERATURE RANGE

IDT72V3631L15 IDT72V3631L20
IDT72V3641L15 IDT72V3641L20
IDT72V3651L15 IDT72V3651L20
Symbol Parameter Min. Max. Min. Max. Unit
fs Clock Frequency, CLKA or CLKB - 66.7 - 50 MHz
tCLK Clock Cycle Time, CLKA or CLKB 15 - 20 - ns
tCLKH Pulse Duration, CLKA or CLKB HIGH 6 - 8 - ns
tCLKL Pulse Duration, CLKA or CLKB LOW 6 - 8 - ns
DS Setup Time, A0-A35 before CLKAT and BO-B35 5 - 6 - ns
before CLKBT
tENS1 Setup Time, ENAto CLKAT: ENBto CLKBT 5 - 6 - ns
tENS2 Setup Time, CSA, W/RA, and MBA to CLKAT 7 - 75 - ns
CSB, W/RB, and MBB to CLKBT
tRMS Setup Time, RTM and RFM to CLKBT 6 - 6.5 - ns
tRSTS Setup Time, RST LOW before CLKAT 5 - 6 - ns
or CLKBT®
tFss Setup Time, FSO and FS1 before RST HIGH 9 - 10 - ns
tsps® Setup Time, FS0/SD before CLKAT - 6 - ns
tSENS® Setup Time, FS1/SEN before CLKAT 5 - 6 - ns
DH Hold Time, A0-A35 after CLKAT and B0-B35 0.5 - 05 - ns
after CLKBT
tENH1 Hold Time, ENA after CLKAT: ENB after CLKB T 0.5 - 05 - ns
tENH2 Hold Time, CSA, W/RA, and MBA after CLKAT; 0.5 - 05 - ns
CSB, W/RB, and MBB after CLKBT
tRMH Hold Time, RTM and RFM after CLKBT 0.5 - 0.5 - ns
tRSTH Hold Time, RST LOW after CLKAT or CLKBT® 5 - 6 - ns
tFSH Hold Time, FS0 and FS1 after RST HIGH 0 - 0 - ns
tSPH® Hold Time, FS1/SEN HIGH after RST HIGH 0 - 0 - ns
tSDH@ Hold Time, FS0/SD after CLKAT 0 - 0 - ns
tSENH@ Hold Time, FS1/SEN after CLKAT 0 - 0 - ns
tSKEW10) Skew Time, between CLKAT and CLKBT 9 - 11 - ns
for OR and IR
tskew2®4 | SkewTime, between CLKAT and CLKBT 12 - 16 - ns
for AE and AF
NOTES:

1. Requirement to count the clock edge as one of at least four needed to reset a FIFO.
2. Only applies when serial load method is used to program flag Offset registers.

3. Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and CLKB cycle.
4. Design simulated, not tested.
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IDT72V3631/72V3641/72V3651
3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36 COMMERCIALTEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS

IDT72V3631L15 IDT72V3631L20
IDT72V3641L15 IDT72V3641L20
IDT72V3651L15 IDT72V3651L20
Symbol Parameter Min. Max. Min. Max. Unit
fs Clock Frequency, CLKA or CLKB - 66.7 - 50 MHz
ta Access Time, CLKBT to BO-B35 2 10 2 12 ns
tPIR Propagation Delay Time, CLKAT to IR 1 8 1 10 ns
tPOR Propagation Delay Time, CLKBT to OR 1 8 1 10 ns
tPAE Propagation Delay Time, CLKBT to AE 1 8 1 10 ns
tPAF Propagation Delay Time, CLKAT to AF 1 8 1 10 ns
tPMF Propagation Delay Time, CLKAT to MBF1 0 8 0 10 ns
LOW or MBF2 HIGH and CLKBT to MBF2
LOW or MBF1 HIGH
tPMR Propagation Delay Time, CLKAT to BO-B35® 2 10 2 12 ns
and CLKBT to A0-A352
tMDV Propagation Delay Time, MBB to B0-B35 Valid 2 10 2 12 ns
tRSF Propagation Delay Time, RST LOW to AE LOW 1 15 1 20 ns
and AF HIGH
tEN Enable Time, CSA and W/RA LOW to A0-A35 2 10 2 12 ns
Active and CSB LOW and W/RB HIGH to
B0-B35Active
IS Disable Time, CSA or W/RA HIGH to A0-A35 1 8 1 10 ns
at high impedance and CSB HIGH or W/RB
LOWtoBO0-B35athighimpedance

NOTES:
1. Writing data to the maill register when the B0-B35 outputs are active and MBB is HIGH.
2. Writing data to the mail2 register when the A0-A35 outputs are active and MBA is HIGH.
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IDT72V3631/72V3641/72V3651
3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36

SIGNALDESCRIPTION

RESET

The IDT72V3631/72V3641/72V3651 is reset by taking the Reset (RST)
input LOW for atleast four port-A Clock (CLKA) and four port-B (CLKB) LOW-
to-HIGH transitions. The Resetinputmay switch asynchronouslytothe clocks.
Aresetinitializes the memory read and write pointers and forces the Input Ready

(IR) flag LOW, the Output Ready (OR) flag LOW, the Almost-Empty (AE) flag

LOW, andthe Almost-Full (AF) flag HIGH. Resetting the device alsoforcesthe
Mailbox Flags (MBF 1, MBF2) HIGH. AfteraFIFOisreset, its Input Ready flag
is set HIGH after atleast two clock cycles to begin normal operation. AFIFO
must be reset after power up before data is written toits memory. The relevant

FIFO Reset timing diagram can be found in Figure 2.

FIRST WORD FALL THROUGH MODE (FWFT)

These devices operate in the First Word Fall Through mode (FWFT). This
mode usesthe Output Ready function (OR) to indicate whether or notthereiis
valid dataatthe data outputs (B0-B35). Italso uses the Input Ready (IR) function
toindicate whether or not the FIFO memory has any free space forwriting. In
the FWFT mode, the firstword written to an empty FIFO goes directly to data
outputs, noread request necessary. Subsequentwords mustbe accessed by
performing aformal read operation.

ALMOST-EMPTY FLAG AND ALMOST-FULL FLAG OFFSET PROGRAM-
MING
Tworegistersinthese devices are usedto hold the offsetvalues forthe Aimost-

Empty and Aimost-Full flags. The Almost-Empty (AE) flag Offset register is
labeled X, and the Almost-Full (AF) flag Offsetregisterislabeled Y. The Offset
register can be loaded with avalue inthree ways: one of two presetvalues are
loadedintothe Offsetregisters, parallelload fromport A, or serialload. The Offset
register programming modeis chosenbythe flag select (FS1, FS0) inputs during

aLOW-to-HIGH transition on the RST input (See Table 1).

— PRESETVALUES

Ifthe presetvalue of 8 or 64 is chosen by the FS1and FSOinputsatthetime
of aRST LOW-to-HIGH transition according to Table 1, the preset value is
automatically loadedintothe Xand Y registers. No other device initializationis
necessary tobegin normal operation, andthe IR flagis set HIGH after two LOW-
to-HIGH transitions on CLKA. Forthe Presetvalue loading timing diagram, see
Figure 2.

— PARALLEL LOAD FROMPORTA

Toprogramthe Xand Y registers from port A, the device is reset with FSO
and FS1 LOW during the LOW-to-HIGH transition of RST. After this resetis
complete, the IR flag is set HIGH after two LOW-to-HIGH transitions on CLKA.
Thefirsttwowritestothe FIFO do not store datain its memory butload the Offset
registersinthe orderY, X. Each Offsetregisterofthe IDT72V3631, IDT72V3641,
and IDT72V3651 uses port-A inputs (A8-A0), (A9-A0), and (A10-A0),
respectively. The highestnumberinputis used as the mostsignificanthbitofthe
binary numberineach case. Eachregister value can be programmed from 1
t0508(IDT72V3631),1t01,020(IDT72V3641),and 1t0 2,044 (IDT72V3651).
Afterboth Offsetregisters are programmed fromport A, subsequent FIFO writes
store datainthe RAM. Thetiming diagram for parallelload of offset registers
can be found in Figure 3.

— SERIAL LOAD
Toprogramthe Xand Y registers serially, the device is reset with FS0/SD
and FS1/SENHIGH during the LOW-to-HIGH transition of RST. Afterthisreset

COMMERCIALTEMPERATURE RANGE

iscomplete, the Xand Y register values are loaded bitwise through the FS0/
SDinputon each LOW-to-HIGH transition of CLKA thatthe FS1/SENinputis
LOW. Thereare 18-, 20-, or 22-bitwrites needed to complete the programming
forthe IDT72V3631,IDT72V3641, or IDT72V3651, respectively. The first-bit
write stores the most significant bit of the Y register, and the last-bit write stores
the leastsignificantbitof the X register. Eachregister value canbe programmed
from 1 to 508 (IDT72V3631), 1 to 1,020 (IDT72V3641), or 1 to 2,044
(IDT72V3651).

Whenthe optionto program the Offset registers serially is chosen, the Input
Ready (IR) flagremains LOW until all register bits are written. The IR flagis set
HIGH by the LOW-to-HIGH transition of CLKA after the last bitis loaded to allow
normal FIFO operation. The timing diagram for serial load of offset registers
can be found in Figure 4.

FIFO WRITE/READ OPERATION

The state of the port-A data (A0-A35) outputsis controlled by the port-A Chip
Select (CSA) andthe port-A Write/Read select (W/RA). The A0-A35 outputs
areinthe high-impedance state when either CSA or W/RA s HIGH. The A0-
A35 outputs are active when both CSA and W/RA are LOW.

Data is loaded into the FIFO from the A0-A35 inputs on a LOW-to-HIGH
transition of CLKAwhen CSAand the port-A Mailbox select (MBA) are LOW,
WI/RA the port-AEnable (ENA), and the Input Ready (IR) flag are HIGH (see
Table 2). Writes to the FIFO are independent of any concurrent FIFO read.
For the Write Cycle Timing diagram, see Figure 5.

The port-B control signals are identical to those of port-Awith the exception
thatthe port-B Write/Read select (W/RB)is the inverse of the port-A Write/Read
select (W/RA). The state of the port-B data (B0-B35) outputsis controlled by
the port-B Chip Select (CSB) and the port-B Write/Read select (W/RB). The
B0-B35 outputs are in the high-impedance state when either CSBis HIGH or
WI/RB is LOW. The B0-B35 outputs are active when CSBis LOW and W/RB
isHIGH.

Dataisreadfromthe FIFOtoits outputregister ona LOW-to-HIGH transition
of CLKBwhen CSB andthe port-B Mailbox select (MBB) are LOW, W/RB, the
port-B Enable (ENB), and the Output Ready (OR) flag are HIGH (see Table
3). Reads fromthe FIFO are independent of any concurrent FIFO writes. For
the Read Cycle Timing diagram, see Figure 6.

The setup-andhold-time constraintstothe port clocks forthe port Chip Selects
and Write/Read selects are only for enabling write and read operationsand are
notrelated to high-impedance control of the data outputs. Ifaport Enableis LOW
duringaclock cycle, the port Chip Selectand Write/Read select may change
states during the setup- and hold time window of the cycle.

Whenthe ORflagis LOW, the nextdatawordis senttothe FIFO outputregister
automatically by the CLKB LOW-to-HIGH transitionthat setsthe OR flag HIGH.
WhenORisHIGH, anavailable datawordis clocked to the FIFO outputregister

onlywhenaFIFOreadis selected by the port-B Chip Select (CSB), Write/Read

select (W/RB), Enable (ENB), and Mailbox select (MBB).

TABLE 1 — FLAG PROGRAMMING

FS1 FSO RST X and Y Registers ®
H H T Serial Load
H L T 64
L H T 8
L L T Parallel Load From Port A
NOTE:

1. Xregister holds the offset for AE; Y register holds the offset for AF.
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SYNCHRONIZED FIFO FLAGS

EachIDT72V3631/72V3641/72V3651 FIFOflagis synchronizedtoits port
Clock through at least two flip-flop stages. Thisis done toimprove the flags’
reliability by reducing the probability of metastable events ontheir outputs when
CLKA and CLKB operate asynchronously to one another. OR and AE are
synchronizedto CLKB. IR and AF are synchronized to CLKA. Table 4 shows
the relationship of each flag to the number of words stored inmemory.

OUTPUT READY FLAG (OR)

The Output Readyflag of a FIFOis synchronizedto the port Clock that reads
data fromits array (CLKB). When the OR flagis HIGH, new data is present
inthe FIFO outputregister. Whenthe OR flagis LOW, the previous dataword
is presentinthe FIFO outputregister and attempted FIFO reads are ignored.

AFIFOread pointer isincremented each time a new word is clocked toits
outputregister. The state machine that controls an OR flag monitors a write-
pointer and read-pointer comparator that indicates when the FIFO memory
statusisempty,empty+1, orempty+2. Fromthetime awordiswrittentoa FIFO,
itcan be shifted tothe FIFO outputregisterinaminimum of three cycles of CLKB.
Therefore, an OR flag is LOW if a word in memory is the next data to be sent
tothe FIFO outputregister and three CLKB cycles have not elapsed since the
time the word was written. The OR flag of the FIFO remains LOW until the third
LOW-to-HIGH transition of CLKB occurs, simultaneously forcing the OR flag
HIGH and shifting the word to the FIFO outputregister.

ALOW-to-HIGH transition on CLKB begins the first synchronization cycle of
awrite if the clock transition occurs at time tSkew1 or greater after the write.
Otherwise, the subsequent CLKB cycle may be the first synchronization cycle
(see Figure 7).

COMMERCIALTEMPERATURE RANGE

INPUT READY FLAG (IR)

The InputReady flag of a FIFO is synchronized to the port Clock that writes
datatoitsarray (CLKA). Whenthe IR flagis HIGH, amemory locationis free
inthe FIFO to write new data. No memory locations are free whenthe IR flag
isLOW and attempted writes to the FIFO are ignored.

Eachtime awordiswrittento a FIFO, its write pointer isincremented. The
state machine that controls an IR flag monitors a write-pointer and read pointer
comparatorthatindicates whenthe FIFO memory statusis full, full-1, or full-2.
Fromthetimeawordisread fromaFIFO, its previous memory locationis ready
tobe writteninaminimum ofthree cycles of CLKA. Therefore, an IR flagisLOW
iflessthantwocycles of CLKA have elapsed since the nextmemory write location
hasbeenread. The second LOW-to-HIGH transition on CLKA after the read
setsthe Input Ready flag HIGH, and data can be written in the following cycle.

ALOW-to-HIGH transition on CLKA beginsthe firstsynchronization cycle of
aread if the clock transition occurs at time tSkew1 or greater after the read.
Otherwise, the subsequent CLKA cycle may be the first synchronization cycle
(see Figure 8).

ALMOST-EMPTY FLAG (AE)

The Aimost-Empty flag of a FIFO is synchronized to the port Clock that reads
datafromitsarray (CLKB). The state machine that controls an AE flag monitors
a write-pointer and read-pointer comparator that indicates when the FIFO
memory status is almost-empty, almost-empty+1, or almost-empty+2. The
almost-empty state is defined by the contents of register X. Thisregisterisloaded
with a preset value during a FIFO reset, programmed from port A, or
programmed serially (see Almost-Empty flag and Almost-Full flag offset pro-

TABLE 2 — PORT-A ENABLE FUNCTION TABLE

CSA W/RA ENA MBA CLKA Data A (AQ-A35) I/O Port Functions

H X X X X Input None

L H L X X Input None

L H H L T Input FIFO Write

L H H H T Input Maill Write

L L L L X Output None

L L H L T Output None

L L L H X Output None

L L H H T Output Mail2 Read (Set MBF2 HIGH)

TABLE 3 — PORT-B ENABLE FUNCTION TABLE

CSB W/RB ENB MBB CLKB Data B (B0-A35) /O Port Functions

H X X X X Input None

L L L X X Input None

L L H L T Input None

L L H H T Input Mail2 Write

L H L L X Output None

L H H L T Output FIFO read

L H L H X Output None

L H H H T Output Maill Read (Set MBF1 HIGH)
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gramming section). The AE flagis LOWwhenthe FIFO contains X or lesswords
andisHIGHwhenthe FIFO contains (X+1) or more words. Adataword present
inthe FIFO output register has been read from memory.

Two LOW-to-HIGH transitions of CLKB are required after a FIFO write for
the AE flagtoreflectthe new level of fill; therefore, the AE flag ofa FIFO containing
(X+1) ormore wordsremains LOW iftwo cycles of CLKB have notelapsedsince
the write that filled the memory tothe (X+1) level. AnAE flagis setHIGH by the
second LOW-to-HIGH transition of CLKB after the FIFO write that fills memory
to the (X+1) level. A LOW-to-HIGH transition of CLKB begins the first
synchronization cycleifitoccurs attime tskew2 or greater after the write thatfills
the FIFOto (X+1) words. Otherwise, the subsequent CLKB cycle may be the
firstsynchronization cycle (see Figure 9).

ALMOST-FULL FLAG (AF)

The Almost-Fullflag of a FIFO is synchronized to the port Clock that writes
datatoitsarray (CLKA). The state machine that controls an AF flag monitors
a write-pointer and read-pointer comparator that indicates when the FIFO
memory statusis almost-full, almost-full-1, or almost-full-2. The almost-full state
isdefined bythe contents ofregister Y. Thisregisterisloadedwitha presetvalue
during a FIFO reset, programmed from port A, or programmed serially (see
Almost-Empty flagand Aimost-Fullflag offset programming section). The AF flag
isLOWwhenthe number ofwordsinthe FIFOis greater than orequal to (512-Y),
(1,024-Y),0R(2,048-Y)forthe IDT72V3631, IDT72V3641, or IDT72V3651,
respectively. The AF flag is HIGH when the number of words in the FIFO is
less than or equal to [512-(Y+1)], [1,024-(Y+1)], or [2,048-(Y+1)] for the
IDT72V3631, IDT72V3641, or IDT72V3651, respectively. A data word
presentinthe FIFO output register has been read from memory.

Two LOW-to-HIGH transitions of CLKA are required after a FIFO read for
its AF flagtoreflectthe newlevel offill. Therefore, the AF flag ofa FIFO containing
[512/1,024/2,048-(Y+1)] or less words remains LOW iftwo cycles of CLKA have
notelapsedsincethe readthatreducedthe number ofwordsinmemoryto [512/
1,024/2,048-(Y+1)]. An AF flag is set HIGH by the second LOW-to-HIGH
transition of CLKA after the FIFO read that reduces the number of words in
memory to [512/1,024/2,048-(Y+1)]. A LOW-to-HIGH transition of CLKA
begins the firstsynchronization cycle ifit occurs attime tSkewz2 or greater after
thereadthatreducesthe numberofwordsinmemoryto[512/1,024/2,048-(Y+1))].
Otherwise, the subsequent CLKA cycle may be the first synchronization cycle
(see Figure 10).

TABLE 4 — FIFO FLAG OPERATION

COMMERCIALTEMPERATURE RANGE

SYNCHRONOUS RETRANSMIT

The synchronous retransmitfeature of these devices allow FIFO datato be
read repeatedly starting ata user-selected position. The FIFQisfirst putinto
retransmit mode to select a beginning word and prevent ongoing FIFO write
operationsfromdestroying retransmitdata. Datavectorswithaminimumlength
ofthreewords canretransmitrepeatedly starting atthe selectedword. The FIFO
can be taken out of retransmit mode at any time and allow normal device
operation.

The FIFOis putin retransmit mode by a LOW-to-HIGH transition on CLKB
when the retransmit mode (RTM) inputis HIGH and OR is HIGH. Therising
CLKB edge marks the data present in the FIFO output register as the first
retransmitdata. The FIFO remainsin retransmitmode untila LOW-to-HIGH
transition occurs while RTMis LOW.

When two or more reads have been done past the initial marked retransmit
word, aretransmitisinitiated by aLOW-to-HIGH transition on CLKB whenthe
read-from-mark (RFM) inputis HIGH. This rising CLKB edge shifts the first
retransmitword to the FIFO output register and subsequent reads can begin
immediately. Retransmit loops can be done endlessly while the FIFO is in
retransmitmode. RFM mustbe LOW during the CLKBrising edge that takes
the FIFO out of retransmit mode (see Figure 11).

Whenthe FIFOis putinto retransmitmode, it operates with tworead pointers.
The currentread pointer operates normally, incrementing each time whena
newword s shiftedtothe FIFO outputregister. Thisread pointer positionis used
by the ORand AE flags. The shadow read pointer stores the memory location
atthetime the device is putinto retransmit mode and does not change until the
deviceistakenoutofretransmitmode. The shadowread pointer positionis used
bythe IRand AF flags. Datawrites can proceed while the FIFQisin retransmit
mode, but AF is set LOW by the write that stores (512-Y), (1,024 - Y), or
(2,048-Y)words afterthefirstretransmitword forthe IDT72V3631, IDT72V3641,
orIDT72V3651, respectively. The IR flagis set LOW by the 512th, 1,024th,
or2,048thwrite after the first retransmitword for the IDT72V3631, IDT72V3641,
or IDT72V3651, respectively.

Whenthe FIFOisinretransmitmode and RFMisHIGH, arising CLKB edge
loads the current read pointer with the shadow read-pointer value and the OR
flag reflectsthe newlevel offillimmediately. If the retransmitchanges the FIFO
status out of the almost-empty range, up to two CLKB rising edges after the
retransmitcycle are neededto switch AE high (see Figure 12). The rising CLKB

Number of Words in the FIFO®? Synchronized Synchronized
to CLKB to CLKA
IDT72V3631® IDT72V3641® IDT72V3651® OR AE AF IR
0 0 0 L L H H
1to X 1to X 1to X H L H H
(X+1) to [512-(Y+1)] (X+1) to [1,024-(Y+1)] (X+1) to [2,048-(Y+1)] H H H H
(512-Y) to 511 (1,024-Y) t0 1,023 (2,048-Y) to 2,047 H H L H
512 1,024 2,048 H H L L

NOTES:

1. When a word is present in the FIFO output register, its previous memory location is free.

2. Data in the output register does not count as a "word i n FIFO memory". Since in FWFT mode, the first words written to an empty FIFO goes unrequested to the output register (no read

operation necessary), it is not included in the memory count. _
3. Xis the Aimost-Empty Offset for AE. Y is the Almost-Full Offset for AF.
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edge thattakes the FIFO out of retransmit mode shifts the read pointer used by
the IR and AF flags from the shadowto the currentread pointer. Ifthe change
of read pointer used by IR and AF should cause one or both flags to transmit
HIGH, at least two CLKA synchronizing cycles are needed before the flags
reflectthe change. Arising CLKA edge after the FIFO is taken out of retransmit
mode is the first synchronizing cycle of IR if it occurs at time tSkew1 or greater
after the rising CLKB edge (see Figure 13). Arising CLKA edge after the FIFO
istaken outof retransmitmodeis the first synchronizing cycle of AF ifitoccurs
attime tskew2 or greater after the rising CLKB edge (see Figure 14).

MAILBOX REGISTERS

Two 36-bitbypassregistersare onthe IDT72V3631/72V3641/72V3651to
pass commandand controlinformation between port Aand port B. The Mailbox
select(MBA, MBB)inputs choose between amail registerand a FIFO fora port
datatransfer operation. ALOW-to-HIGH transitionon CLKAwrites A0-A35 data
tothe maill registerwhen aport-A Write s selected by CSA, W/RA, and ENA

COMMERCIALTEMPERATURE RANGE

with MBAHIGH. ALOW-to-HIGH transitionon CLKB writes BO-B35 datatothe
mail2 register when a port-B Write is selected by CSB, W/RB, and ENB with
MBB HIGH. Writing data to a mail register sets its corresponding flag (MBF 1
or MBF2) LOW. Attempted writes to a mail register are ignored while its mail
flagisLOW.

Whenthe port-B data (BO-B35) outputs are active, the data on the bus comes
fromthe FIFO outputregisterwhenthe port-B Mailbox select (MBB)inputis LOW
and fromthe Maill registerwhen MBBis HIGH. Mail2 datais always present
onthe port-Adata (A0-A35) outputs whenthey are active. The Maill register
Flag (MBF1)is set HIGH by aLOW-to-HIGH transition on CLKBwhen aport-
BReadisselected by CSB, W/RB, and ENBwith MBB HIGH. The Mail2 register
Flag (MBF2)is set HIGH by aLOW-to-HIGH transition on CLKAwhena port-
ARead s selected by CSA, W/RA, and ENA with MBA HIGH. The dataina
mail register remainsintactafteritis read and changes onlywhennewdatais
writtentotheregister. Mail Register and Mail Register Flag timing can be found
in Figure 15 and 16.
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CLKA Wr\_/_
~— IRSTH
CLKB _/ﬂ_%_\_;l? N L
tRSTS — tFss T e o tFSH
RST X A
FS1FSO XK 0,T KKK XKKHKKIKKKKK XK
- tPIR —— tPIR
R ONOONONONRONONIONNIONNANNN ;l<
~=tPOR
OR  NONONONONONONONONONONONONININININNNNNN
- tRSF |
AE NONONONONNNNNN
= tRSF ->|
AF NONONONONNNNNNSF
_ = tRSF |
ESAANNNNNNNN\ % -

Figure 2. FIFO Reset and Loading X and Y with a Preset Value of Eight

kA __ 1 N A A A T

tFSS\ /-tFSH
FS1FS0 ok YISO

<+ tPIR
IR

ENA L S S XXX XXX NN

tbs — 1DH

A0-A35 L XXX XXX X X XXX KX XD XX XXX

AF Offset AE Offset First Word
) X) Stored in FIFO

4658 drw 06

tENS1 7~ | —tENH1

NOTE:
1. CSA = LOW, W/RA = HIGH, MBA = LOW. It is not necessary to program Offset register on consecutive clock cycles.

Figure 3. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values from Port A
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oLk _/4—\_/—\_74_\_/_\;5_7‘_\—7\1
{(
RST £ )) L
tPIR >
IR SS 7\4
tFsS L tsPH tSENS & 1SENH tSENS,~ | 5 tSENH
FSUSEN 7T LTI KRS 777 777777
tFSS ™~ . /;‘ tFSH tSDS Y 4—( tSDH tSDS\ ‘_{ tSDH
soso 7770 RRRIIKIK KX XK HKIXKIKKKKKIK
F Offset E Offset 4658 drw 07
(Y) MSB (X) LSB
NOTE:

1. ltis not necessary to program Offset register bits on consecutive clock cycles. FIFO write attempts are ignored until IR is set HIGH.

Figure 4. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values Serially
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4658 drw 08

Figure 5. FIFO Write Cycle Timing
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No Operation -~ tois

; ltMDV la— tA -— tA
= {EN
BO - B35 W1 ;l( W2 J( W3

Figure 6. FIFO Read Cycle Timing

4658 drw 09
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FIFO Empty :lrﬁ’L
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tENS1 T ~—o tENH1
S S S S s S S S S S SROOMONONNONANNNN

— tA—>
Old Data in FIFO Output Register )‘( Wi

4658 drw 10

1. tskewz is the minimum time between a rising CLKA edge and a rising CLKB edge for OR to transition HIGH and to clock the next word to the FIFO output register in three CLKB cycles.
If the time between the rising CLKA edge and rising CLKB edge is less than tskewz, then the transition of OR HIGH and the first word load to the output register may occur one CLKB cycle
later than shown.

Figure 7. OR Flag Timing and First Data Word Fall Through when the FIFO is Empty
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tCLK ——
tCLKH tCLKL —

CLKB
CSB LOW

W/RB HIGH
MBB LOW

tENST T~ <7 tENH1

ENB LA | RN\

OR HIGH

~-— A
BO - B35 Previous Word in FIFO Output Register Next Word From FIFO
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IR FIFO Full

CSA LOW

W/RA HIGH
tENS2 —~ re tENH2
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tENST T~ 1 tENH1
EeNA /S S SRINDNNNNNNANN
tbs I~ ~| tDH
A0 - A35 XXX KKK IR I Write I XK

4658 drw 11

NOTE:
1. tskewz is the minimum time between a rising CLKB edge and a rising CLKA edge for IR to transition HIGH in the next CLKA cycle. If the time between the rising CLKB edge and rising
CLKA edge is less than tskewsz, then IR may transition HIGH one CLKA cycle later than shown.

Figure 8. IR Flag Timing and First Available Write when the FIFO is Full

cKA N4

tENST — | /7 tENH1

ENA _ A7 PR
~—tskEwz L
ﬂ

tPAE 4:' ~— tPAE
AE X Word in FIFO (X+1) Words in FIFO

tENS1 N ~ tENH1

ENB A SRONONNN

4658 drw 12

NOTES:

1. tskewz is the minimum time between a rising CLKA edge and a rising CLKB edge for AE to transition HIGH in the next CLKB cycle. If the time between the rising CLKA edge and rising
CLKB edge is less than tskewz, then AE may transition HIGH one CLKB cycle later than shown.

2. FIFO write (CSA = LOW, W/RA = HIGH, MBA = LOW), FIFO read (CSB = LOW, W/RB = HIGH, MBB = LOW).

Figure 9. Timing for AE when FIFO is Almost-Empty
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AFE [Depth @-(Y+1)] Words in FIFO (Depth~ -Y) Words in FIFO

CLKB mm
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ENB 4 SRNNNN

4658 drw 13

NOTES:

1. tskew2 is the minimum time between a rising CLKA edge and a rising CLKB edge for AF to transition HIGH in the next CLKA cycle. If the time between the rising CLKB edge and rising
CLKA edge is less than tskewz, then AF may transition HIGH one CLKA cycle later than shown.

2. Depth is 512 for the IDT72V3631, 1,024 for the IDT72V3641, and 2,048 for the IDT72V3651.

3. FIFO write (CSA = LOW, W/RA = HIGH, MBA = LOW), FIFO read (CSB = LOW, W/RB = HIGH, MBB = LOW).

Figure 10. Timing for AF when FIFO is Almost-Full

cke 7 N A A S

tENST — _ |, /7 tENH1

ENB % N XXX
tRMS — _ | tRVH tRMS \ r tRMH

RT™M N7 NN N

tRMS ™~ | —tRMH
RFM yr SRANN
OR HIGH <tA>>l< <tA>>l< 4tA>>l< *tA:l(

B0-B35 WO W1 W2 WO W1
Initiate Retransmit Mode Retransmit from End Retransmit 4658 drw 14
with WO as First Word Selected Position Mode

NOTE:

1. CSB=LOW, W/RB =HIGH, MBB =LOW. No input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. Other enables are shown only to relate
retransmit operations to the FIFO output register.

Figure 11. Retransmit Timing Showing Minimum Retransmit Length

ckBs 7 A ST N HFHr

RTM  HIGH

IRMS N L7 tRMH
74

REM T S

& tPAE
AE X or fewer words from Empty ‘_;IL (X+1) or more
words from Empty 4658 drw 15

NOTE:
1. Xis the value loaded in the Almost-Empty flag Offset register.

Figure 12. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X.
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m
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CLKA T

IR FIFO Filled to First Restransmit Word

1

tPIR
One or More Write Locations Available

CLkB 7 Nl A N NSNS
tRMS— —tRMH

RTM NN R 5o N

NOTE:
1. tskewz is the minimum time between a rising CLKB edge and a rising CLKA edge for IR to transition HIGH in the next CLKA cycle. If the time between the rising CLKB edge and rising
CLKA edge is less than tskewsz, then IR may transition HIGH one CLKA cycle later than shown.

4658 drw 16

Figure 13. IR Timing from the End of Retransmit Mode when One or More Write Locations are Available

okA N~ ]

AF (Depth(z)—Y) or More Words Past First Restransmit Word

2 /‘ tPAE

(Y+1) or More Write Locations Available

CLKB .~ N A N N

tRMS —~ ~— tRMH

RTM S

NOTES:

1. tskewz is the minimum time between a rising CLKB edge and a rising CLKA edge for AF to transition HIGH in the next CLKA cycle. If the time between the rising CLKB edge and rising
CLKA edge is less than tskewz, then AF may transition HIGH one CLKA cycle later than shown.

2. Depth is 512 for the IDT72V3631, 1,024 for the IDT72V3641, and 2,048 for the IDT72V3651.

3. Y is the value loaded in the Aimost-Full flag Offset register.

4658 drw 17

Figure 14. AF Timing from the End of Retransmit Mode when (Y+1) or More Write Locations are Available
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Figure 15. Timing for Maill Register and MBF1 Flag
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IDT72V3631/72V3641/72V3651
3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36

COMMERCIALTEMPERATURE RANGE
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Figure 16. Timing for Mail2 Register and MBF2 Flag
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NOTES:

1. Mailbox feature is not supported in depth expansion applications. (MBA + MBB tie to GND)

Transfer clock should be set either to the Write Port Clock (CLKA) or the Read Port Clock (CLKB), whichever is faster.

2.

3. Retransmit feature is not supported in depth expansion applications.

4. The amount of time it takes for OR of the last FIFO in the chain to go HIGH (i.e. valid data to appear on the last FIFO's outputs) after a word has been written to the first FIFO is the sum
of the delays for each individual FIFO: (N - 1)*(4*transfer clock) + 3*TrcLk, where N is the number of FIFOs in the expansion and TrcLk is the CLKB period.

5. The amount of time is takes for IR of the first FIFO in the chain to go HIGH after a word has been read from the last FIFO is the sum of the delays for each individual FIFO: (N -

1)*(3*transfer clock) + 2*TwcLk, where N is the number of FIFOs in the expansion and Twctk is the CLKA period.

Figure 17. Block Diagram of 512 x 36, 1,024 x 36, 2,048 x 36 Synchronous FIFO Memory with

Programmable Flags used in Depth Expansion Configuration
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IDT72V3631/72V3641/72V3651
3.3V CMOS SYNCFIFO™ 512 x 36, 1,024 x 36 and 2,048 x 36 COMMERCIALTEMPERATURE RANGE

PARAMETER MEASUREMENT INFORMATION
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NOTE:

1. Includes probe and jig capacitance

Figure 18. Load Circuit and Voltage Waveforms
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ORDERING INFORMATION

IDT XXXXXX X XX X X
Device Type Power Speed  Package Process/
Temperature
Range
I—| BLANK  Commercial (0°C to +70-C)
| PF Thin Quad Flat Pack (TQFP, PN120-1)
| PQF Plastic Quad Flat Pack (PQFP, PQ132-1)
15 . Clock Cycle Time (tCLK)
20 Commercial Only} Speed in Nanoseconds
{L Low Power
72v3631 512 x 36— 3.3V SyncFIFO
72V3641 1,024 x 36— 3.3V SyncFIFO
72V3651 2,048 x 36— 3.3V SyncFIFO
4658 drw 22
NOTE:

1. Industrial temperature range is available by special order.
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