IDT72T4088, IDT72T4098

2.5VOLTHIGH-SPEED TeraSync™ DDR/SDRFIFO 40-BIT CONFIGURATION
I D I 16,384 x 40, 32,768 x 40,
® 65,536 x 40, 131,072 x 40 IDT72T40108, IDT72T40118

FEATURES:
o Choose among the following memory organizations:
IDT7274088 — 16,384 x40
IDT7274098 — 32,768 x 40
IDT72740108 — 65,536 x 40
IDT72740118 —  131,072x40

« Up to 250MHz Operation of Clocks
- 4ns read/write cycle time, 3.2ns access time
« Users selectable input port to output port data rates, 500Mb/s
Data Rate
-DDR to DDR
-DDR to SDR
-SDR to DDR
-SDR to SDR
o User selectable HSTL or LVTTL I/Os
« Read Enable & Read Clock Echo outputs aid high speed operation
e 25VLVTTLor 1.8V, 1.5V HSTL Port Selectable Input/Ouput voltage
e 3.3V Input tolerant
« Mark & Retransmit, resets read pointer to user marked position
« Write Chip Select (WCS) input enables/disables Write
Operations
« Read Chip Select (RCS) synchronous to RCLK
« Programmable Almost-Empty and Almost-Full flags, each flag

can default to one of four preselected offsets

Dedicated serial clock input for serial programming of flag offsets
User selectable input and output port bus sizing

x40 in to x40 out

x40 in to x20 out

x40 in to x10 out

-x20 in to x40 out

-x10in to x40 out

Auto power down minimizes standby power consumption
Master Reset clears entire FIFO

Partial Reset clears data, but retains programmable settings
Empty and Full flags signal FIFO status

Select IDT Standard timing (using EF and FF flags) or First
Word Fall Through timing (using OR and IR flags)

Output enable puts data outputs into High-Impedance state
JTAG port, provided for Boundary Scan function

208 Ball Grid array (PBGA), 17mm x 17mm, 1mm pitch

Easily expandable in depth and width

Independent Read and Write Clocks (permit reading and writing
simultaneously)

High-performance submicron CMOS technology

Industrial temperature range (-40°C to +85°C) is available
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PBGA: 1mm pitch, 17mm x 17mm (BB208-1, order code: BB)
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IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT
CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40

DESCRIPTION:

TheIDT72T4088/72T4098/72T40108/72T40118 are exceptionally deep,
extremely high speed, CMOS First-In-First-Out (FIFO) memories with the ability
toread and write data on bothrising and falling edges of clock. The device has
aflexible x40/x20/x10 Bus-Matching mode and the option to select single or
double dataratesforinputand output ports. These FIFOs offer several key user
benefits:

« Flexible x40/x20/x10 Bus-Matching on both read and write ports

« Ability to read and write on both rising and falling edges of a clock

« Userselectable Single or Double Data Rate of input and output ports

o Auserselectable MARK location for retransmit

o Userselectable I/O structure for HSTL or LVTTL

« Thefirstword datalatency period, fromthe time the firstword is written to

an empty FIFO to the time it can be read, is fixed and short.

« Highdensity offerings up to 5Mbit

« High speed operation of up to 250MHz

Bus-Matching Double Data Rate FIFOs are particularly appropriate for
network, video, telecommunications, datacommunications and other applica-
tionsthatrequire fast datatransfer on bothrising and falling edges of the clock.
Thisisagreatalternative toincreasing data rate without extending the width of
the bus orthe speed of the device. They are also effective in applications that
needto bufferlarge amounts of data and match buses of unequal sizes.

Each FIFO has a data input port (Dn) and a data output port (Qn), both of
which canassume either a40-bit, 20-bit, ora 10-bitwidth as determined by the
state of external control pins Input Width (IW), Output Width (OW), and Bus-
Matching (BM) pin during the Master Reset cycle.

Theinputportis controlled by aWrite Clock (WCLK) inputand a Write Enable
(WEN)input. Data present onthe Dn datainputs can be written into the FIFO
on every rising and falling edge of WCLK when WEN is asserted and Write
Single Data Rate (WSDR) pin held HIGH. Data can be selected to write only
ontherising edges of WCLKif WSDRis asserted. To guarantee functionality
ofthe device, WEN must be a controlled signal and not tied to ground. Thisis
importantbecause WEN mustbe HIGH during the time when the Master Reset
(MRS) pulse is LOW. In addition, the WSDR pin must be tied HIGH or LOW.
Itis not a controlled sighal and cannot be changed during FIFO operation.

Write operations can be selected for either Single or Double Data Rate mode.
For Single Data Rate operation, writing into the FIFO requires the Write Single
Data Rate (WSDR) pinto be asserted. Datawill be written intothe FIFO onthe
rising edge of WCLK when the Write Enable (WEN) is asserted. For Double
Data Rate operations, writingintothe FIFO requires WSDR to be deasserted.
Datawill be writteninto the FIFO on both rising and falling edge of WCLK when
WEN is asserted.

The output port is controlled by a Read Clock (RCLK) input and a Read
Enable (REN)input. Datais read fromthe FIFO on everyrising andfalling edge
of RCLK when RENis asserted and Read Single Data Rate (RSDR) pin held
HIGH. Data can be selected toread only onthe rising edges of RCLK ifRSDR
isasserted. To guarantee functionality of the device, REN must be a controlled
signal and not tied to ground. This isimportant because REN must be HIGH
during the time when the Master Reset (MRS) pulse is LOW. In addition, the
RSDR pin must be tied HIGH or LOW. Itis nota controlled signal and cannot
be changed during FIFO operation.

Read operations can be selected for either Single or Double Data Rate mode.
Similartothe write operations, reading fromthe FIFO insingle data rate requires
the Read Single Data Rate (RSDR) pinto be asserted. Datawill be read from
the FIFO ontherising edge of RCLK whenthe Read Enable (REN)is asserted.
ForDouble Data Rate operations, reading into the FIFO requiresRSDR to be
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deasserted. Data will be read out of the FIFO on both rising and falling edge
of RCLK when and REN is asserted.

Boththeinputand output portcanbe selectedforeither2.5V LVTTLorHSTL
operation. This can be achieved by tyingthe HSTL signal LOW for LVTTL or
HIGH for HSTL voltage operation. Whenthe read portis setup forHSTL mode,
the Read Chip Select (RCS)inputalso has the benefit of disabling the read port
inputs, providing additional power savings.

Thereisthe option of selecting different data rates on the inputand outputports
ofthe device. There are atotal of four combinations to choose from, Double Data
Rate to Double Data Rate (DDR to DDR), DDR to Single Data Rate (DDR to
SDR), SDRto DDR,and SDRto SDR. Therates can be setup usingthe WSDR
andRSDR pins. Forexample, to set up the inputto output combination of DDR
to SDR, WSDRwillbe HIGH and RSDR will be LOW. Read and write operations
areinitiated onthe rising edge of RCLK and WCLK respectively, never onthe
falling edge. IfREN or WENis asserted after arising edge of clock, noread or
write operations will be possible on the falling edge of that same pulse.

An Output Enable (OE) inputis provided for high-impedance control ofthe
outputs. A read Chip Select (RCS) input is also provided for synchronous
enable/disable of the read port controlinput, REN. The RCS inputis synchro-
nizedto the read clock, and also provides high-impedance controlsto the Qn
data outputs. When RCSis disabled, REN will be disabled internally and the
data outputs will be in High-Impedance. Unlike the Read Chip Select signal
however, OE is not synchronous to RCLK. Outputs are high-impedanced
shortly after a delay time when the OE transitions from LOW to HIGH.

The Echo Read Enable (EREN) and Echo Read Clock (ERCLK) outputs
are usedto provide tighter synchronization between the data being transmitted
fromthe Qn outputs and the data being received by the input device. These
outputsignals fromthe read port are required for high-speed data communi-
cations. Dataread fromthe read portis available on the output bus with respect
to EREN and ERCLK, which is useful when data s being read at high-speed
operationswhere synchronizationisimportant.

Thefrequenciesofboththe RCLK and WCLK signals may vary from 0to fMAX
with complete independence. There are norestrictions onthe frequency of one
clockinputwithrespecttoanother.

There are two possible timing modes of operation with these devices: IDT
Standard mode and First Word Fall Through (FWFT) mode.

InIDT Standard mode, the firstword written to an empty FIFO will notappear
onthe dataoutputlines unless a specific read operationis performed. Aread
operation, which consists of activating REN and enabling arising RCLK edge,
will shiftthe word frominternal memory to the data output lines. Be aware that
in Double Data Rate (DDR) mode only the IDT Standard mode is available.

In FWFT mode, the firstword written toan empty FIFOis clocked directly to
the dataoutput lines after three transitions of RCLK. Aread operation does not
have to be performed to access the first word written to the FIFO. However,
subsequentwords written to the FIFO do require a LOW on REN for access.
The state of the FWFT input during Master Reset determines the timing mode
inuse.

Forapplications requiring more data storage capacity thanasingle FIFO can
provide, the FWFT timing mode permits depth expansion by chaining FIFOs
inseries (i.e. the data outputs of one FIFO are connectedto the corresponding
data inputs of the next). No external logic is required.

These FIFOs have four flag pins, EF/OR (Empty Flag or Output Ready), FF/
IR (Full Flag or Input Ready), PAE (Programmable Almost-Empty flag), and
PAF (Programmable Almost-Fullflag). The EF and FF functions are selected
inIDT Standard mode. TheIRand OR functions are selected in FWFT mode.
PAE and PAF are always available for use, irrespective of timing mode.
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CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40

DESCRIPTION (CONTINUED)

PAE and PAF flags can be programmed independently to switch atany point
inmemory. Programmable offsets mark the location within the internal memory
thatactivates the PAE and PAF flags and can only be programmed serially. To
program the offsets, set SEN active and data can be loaded viathe Serial Input
(Sl)pinattherising edge of SCLK. Toread outthe offset registers serially, set
SREN active and data can be read outviathe Serial Output (SO) pinatthe rising
edge of SCLK. Four default offset settings are also provided, sothat PAE can
be marked ata predefined number of locations from the empty boundary and
the PAF threshold can also be marked at similar predefined values from the full
boundary. The default offset values are set during Master Reset by the state
ofthe FSELO and FSEL1 pins.

During Master Reset (MRS), the following events occur: the read and write
pointers are settothe firstlocation of the internal FIFO memory, the FWFT pin
selects IDT Standard mode or FWFT mode, the bus width configuration of the
read andwrite portis determined by the state of IWand OW, and the default offset
values forthe programmable flags are set.

The Partial Reset (PRS) also sets the read and write pointers to the first
location of the memory. However, the timing mode and the values storedinthe
programmable offset registers before Partial Reset remain unchanged. The
flags are updated accordingtothe timingmode and offsetsin effect. PRSis useful
forresetting a device inmid-operation, when reprogramming programmable
flags would be undesirable.

The timing of the PAE and PAF flags are synchronous to RCLK and WCLK,

respectively. The PAE flag is asserted upon the rising edge of RCLK only and

not WCLK. Similarly the PAF is asserted and updated on the rising edge of
WCLK only and not RCLK.

ThisdeviceincludesaRetransmitfrom Mark feature that utilizes two control
inputs, MARK and RT (Retransmit). Ifthe MARK inputis enabled with respect
tothe RCLK, the memory location being read atthe pointwill be marked. Any
subsequent retransmit operation (when RT goes LOW), will reset the read
pointerto this “marked” location.

The device can be configured with differentinputand outputbus widths as
previously stated. These rates are: x40 to x40, x40 to x20,x40 to x10, x20 to
x40, and x10 to x40.

If, atanytime, the FIFOis not actively performing an operation, the chip will
automatically power down. Once inthe power down state, the standby supply
currentconsumptionis minimized. Initiating any operation (by activating control
inputs) willimmediately take the device out of the power down state.

A JTAG test portis provided, here the FIFO has fully functional boundary
Scan feature, compliant with IEEE 1449.1 Standard Test Access Port and
Boundary Scan Architecture.

The Double Data Rate FIFO has the capability of operating in either LVTTL
orHSTL mode. HSTL mode can be selected by enabling the HSTL pin. Both
inputand output ports will operate in either HSTL or LVTTL mode, but cannot
be selectedindependent of one another.

The IDT72T4088/72T4098/72T40108/72T40118 are fabricated using
IDT's high-speed submicron CMOS technology.
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PARTIAL RESET (PRf) MASTER RESET (MRS)

WRITE CLOCK (WCLK) | . READ CLOCK (RCLK)
WRITE ENABLE (WEN) . READ ENABLE (REN)
WRITE CHIP SELECT (WCS) | gy [+ 21 PO ENABLE (OF)
_ READ CHIP SELECT (RCS
WRITE SINGLE DATA RATE (WSDR) | /274088 < (RCS)
> 72TT 4098 | READ SINGLE DATA RATE (RSDR)
72740108 [*
(x40, x20, x10) DATAIN (Do - Dn) | 75140115 |_(x40, X20, x10) DATA OUT (Qo - Qr) -
SERIAL CLOCK (SCLK) RCLK ECHO (ERCLK) .
SERIAL ENABLE(SEN) _ REN ECHO (EREN
SERIAL READ ENABLE(SREN) _ <MARK
FIRST WORD FALL THROUGH (FWFT) _ _ RETRANSMIT (RT)
SERIAL INPUT (SI) EMPTY FLAG/OUTPUT READY (EF/OR)
- SERIAL OUTPUT (SO) PROGRAMMABLE ALMOST-EMPTY (PAE) _
) FULL FLAG/INPUT READY (FF/IR) >
~ PROGRAMMABLE ALMOST-FULL (PAF)
T 5995 drw03

INPUT WIDTH (W)  OUTPUT WIDTH (OW)

Figure 1. Single Device Configuration Signal Flow Diagram

TABLE 1 — BUS-MATCHING CONFIGURATION MODES

BM W ow Write Port Width Read Port Width
L L L x40 x40
H L L x40 x20
H L H x40 x10
H H L x20 x40
H H H x10 x40

NOTE:
1. Pin status during Master Reset.

TABLE 2 — DATA RATE-MATCHING CONFIGURATION MODES

WSDR RSDR Write Port Width Read Port Width
H H Double Data Rate Double Data Rate
H L Double Data Rate Single Data Rate
L H Single Data Rate Double DataRate
L L Single Data Rate Single Data Rate

NOTE:
1. Pin status during Master Reset.
2. Data Rate Matching can be used in conjunction with Bus-Matching modes.
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PINDESCRIPTION
Symbol & Name I/IOTYPE Description
Pin No.

BM® Bus-Matching LVTTL | During Master Reset, this pin along with IW and OW selects the bus sizes for both write and read

(K2) INPUT | ports.

Do-D39 DatalInputs HSTL-LVTTL | Datainputs fora40-, 20-, or 10-bitbus. Whenin 20- or 10- bitmode, the unused input pins are inadon’t

(See Pin No. INPUT [ carestate. The databusis sampled onbothrising andfalling edges of WCLK when WEN is enabled and

table for details) DDR Mode is enabled or on the rising edges of WCLK only in SDR Mode.

EF/OR Empty Flag/ HSTL-LVTTL | Inthe IDT Standard mode, the EF function is selected. EF indicates whether or not the FIFO memory

(M14) OutputReady OUTPUT | isempty. In FWFT mode, the OR function is selected. OR indicates whether or not there is valid data
available atthe outputs.

ERCLK Echo Read HSTL-LVTTL | Read Clock Echo output, must be equal to or faster than the Qn data outputs.

(L16) Clock OUTPUT

EREN Echo Read HSTL-LVTTL | Read Enable Echo output, used in conjunction with ERCLK.

(K16) Enable OUTPUT

FF/R Full Flag/ HSTL-LVTTL | Inthe IDT Standard mode, the FF functionis selected. FF indicates whether or not the FIFO memory s

(H3) Input Ready OUTPUT | empty. InFWFT mode, the IR functionis selected. IR indicates whether or not there is space available
forwriting to the FIFO memory.

FSELOW Flag SelectBit0 LVTTL | DuringMaster Reset, thisinputalongwith FSEL1 will selectthe default offset values for the programmable

(J3) INPUT | flags PAE and PAF. There are four possible settings available.

FSEL1® Flag Select Bit 1 LVTTL During Master Reset, this input along with FSELO will select the default offset values for the programmable

(J2) INPUT [ flags PAE and PAF. There are four possible settings available.

FWFT FirstWord Fall LVTTL | During Master reset, selects First Word Fall Through or IDT Standard mode. FWFT is not available in

(G2) Through INPUT | DDR mode. In SDR mode, the first word will always fall through on the rising edge.

HSTL® HSTL Select LVTTL | Thisinputpinis usedto select HSTL or 2.5V LVTTL device operation. If HSTL inputs are required, this

(B7) INPUT | inputmustbe tied HIGH, otherwise it must be tied LOW and cannot toggle during operation.

W InputWidth LVTTL | During Master Reset, this pin along with OW and BM, selects the bus width of the read and write port.

(K1) INPUT

MARK Mark Read HSTL-LVTTL| Whenthis pinisassertedthe currentlocation ofthe read pointer will be marked. Any subsequent Retransmit

(E14) Pointer for INPUT | operationwillresetthe read pointer to this position. There is an unlimited number to times to setthe mark

Retransmit location, butonly the mostrecentlocation marked will be acknowledged.

MRS Master Reset HSTL-LVTTL | MRSinitializes the read and write pointers to zero and sets the output registers to all zeros. During Master

(J2) INPUT [ Reset, the FIFOis configured for either FWFT or IDT Standard mode, Bus-Matching configurations, and
programmable flag default settings.

OE OutputEnable | HSTL-LVTTL| WhenHIGH, dataoutputs Qo-Q39areinhighimpedance. When LOW, the data outputs Qo-Q39 are enabled.

(G15) INPUT [ Nootheroutputs are affected by OE.

ow® OutputWidth LVTTL | During Master Reset, this pin along with IW and BM, selects the bus width of the read and write port.

(L3) INPUT

PAE Programmable [ HSTL-LVTTL | PAE goes HIGH ifthe number of words in the FIFO memory is greater than or equal to offset n, whichis

(L15) Almost-Empty OUTPUT | storedinthe Empty Offsetregister. PAE goes LOW ifthe number of wordsinthe FIFO memoryislessthan

Flag offsetn.

PAF Programmable [ HSTL-LVTTL | PAF goes HIGH if the number of free locations in the FIFO memory is more than offset m, whichis stored

(G3) Almost-FullFlag | OUTPUT | inthe Full Offsetregister. PAF goes LOW ifthe number of free locations inthe FIFO memoryis less than
orequaltom.

PRS Partial Reset HSTL-LVTTL | PRSinitializes the read and write pointers to zero and sets the output registers to all zeros. During Partial

(K3) INPUT | Reset, the existing mode (IDT standard or FWFT) and programmable flag settings are not affected.

Q0-Q39 DataOutputs HSTL-LVTTL | Dataoutputs fora40-, 20-, or 10-bitbus. Whenin 20- or 10- bitmode, the unused output pins should not

(See Pin No. OUTPUT | be connected. The outputdata s clocked onbothrising and falling edges of RCLK when RENis enabled

table for details) and DDR Mode is enabled or on the rising edges of RCLK only in SDR Mode.

RCLK Read Clock HSTL-LVTTL| Inputclockwhenusedin conjunctionwith REN for reading data fromthe FIFO memory and outputregister.

(G16) INPUT
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PINDESCRIPTION (CONTINUED)

Symbol & Name I/OTYPE Description
Pin No.

RCS Read Chip Select | HSTL-LVTTL | RCS provides synchronous enable/disable control of the read portand High-Impedance control ofthe

(F14) INPUT Qndataoutputs, synchronous to RCLK. When using RCS the OE pinmustbe tied LOW. During Master
or Partial Resetthe RCS inputis don't care, if OE is LOW the data outputs will be Low-Impedance
regardless of RCS.

REN Read Enable HSTL-LVTTL| WhenLOW andin DDR mode, REN along with arising and falling edge of RCLK will send datain FIFO

(F16) INPUT memory tothe outputregisterand read the current datain outputregister. In SDR mode data will only be
read on the rising edge of RCLK only.

RSDR® ReadSingleData|  LVTTL WhenLOW, thisinputpin setsthe read portto Single Data Clockmode. When HIGH, the read portwill operate

(L2) Rate INPUT inDouble Data Clockmode. This pinmust be tied either HIGH or LOW and cannot toggle during operation.

RT Retransmit HSTL-LVTTL| RT asserted ontherising edge of RCLKiinitializes the read pointer to the firstlocationin memory. EFflag

(F15) INPUT is setto LOW (ORto HIGH in FWFT mode). The write pointer, offset registers, and flag settings are not
affected. Ifamark has been setviathe MARK input pin, then the read pointer willinitialize tothe mark|ocation
when RT is asserted.

SCLK Serial Clock LVTTL Arising edge of SCLK will clock the serial data present on the Slinputinto the offset registers provided

(H15) INPUT that SENis enabled. Arising edge of SCLK will also read data out of the offsetregisters provided that SREN
isenabled.

SEN Serial Input HSTL-LVTTL| SENusedin conjunctionwith Sland SCLK enables serial loading of the programmable flag offsets.

(J15) Enable INPUT

SREN Serial Read HSTL-LVTTL| SREN used in conjunction with SO and SCLK enables serial reading of the programmable flag offsets.

(J16) Enable INPUT

Sl Serial Input HSTL-LVTTL| Thisinputpinis used toload serial datainto the programmable flag offsets. Used in conjunction with SEN

(H16) INPUT and SCLK.

SO Serial Output HSTL-LVTTL| Thisoutputpinis usedtoread data fromthe programmable flag offsets. Used in conjunction with SREN

(K15) OUTPUT | and SCLK.

TCK® JTAG Clock HSTL-LVTTL | Clockinputfor JTAG function. One of four terminals required by IEEE Standard 1149.1-1990. Test

(F1) INPUT operations ofthe device are synchronous to TCK. Data from TMS and TDI are sampled on the rising edge
of TCK and outputs change on the falling edge of TCK. Ifthe JTAG functionis not used this signal needs
to be tied to GND.

TDI® JTAGTestData |HSTL-LVTTL | Oneoffourterminalsrequired by IEEE Standard 1149.1-1990. During the JTAG boundary scan operation,

(E2) Input INPUT testdata serially loaded viathe TDIl onthe rising edge of TCK to either the Instruction Register, ID Register
and Bypass Register. Aninternal pull-up resistor forces TDI HIGH if left unconnected.

TDO® JTAGTestData |HSTL-LVTTL | Oneoffourterminalsrequired by IEEE Standard 1149.1-1990. During the JTAG boundary scan operation,

(F3) Output OUTPUT | testdataseriallyloaded outputviathe TDO onthe falling edge of TCK from either the Instruction Register,
ID Register and Bypass Register. This outputis highimpedance except when shifting, while in SHIFT-
DR and SHIFT-IR controller states.

TMS®@ JTAG Mode HSTL-LVTTL | TMSisaserialinputpin. One of fourterminals required by IEEE Standard 1149.1-1990. TMS directs the

(F2) Select INPUT the device throughits TAP controller states. Aninternal pull-upresistor forces TMS HIGH if left unconnected.

TRST® JTAGReset HSTL-LVTTL [ TRST is an asynchronous reset pin for the JTAG controller. The JTAG TAP controller does not

(E3) INPUT automatically resetupon power-up, thus itmust be reset by either this signal or by setting TMS=HIGH for
five TCK cycles. Ifthe TAP controller is not properly reset then the FIFO outputs will always be in high-
impedance. Ifthe JTAG functionis used butthe user does notwanttouse TRST, then TRST can be tied
with MRS to ensure proper FIFO operation. Ifthe JTAG functionis notused then this signal needs to be
tiedto GND. Aninternal pull-up resistor forces TRST HIGH if left unconnected.

WCLK Write Clock HSTL-LVTTL| Input clock when used in conjunction with WEN for writing data into the FIFO memory.

(G1) INPUT

WCS Write Chip Select | HSTL-LVTTL| The WCS pin can be regarded as a second WEN input, enabling/disabling write operations.

(H2) INPUT

WEN Write Enable HSTL-LVTTL| WhenLOW andin DDR mode, WEN along with arising and falling edge of WCLK will write datainto the

(H1) INPUT FIFO memory. In SDR mode data will only be read on the rising edge of RCLK only.




IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT
CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

PINDESCRIPTION (CONTINUED)

Symbol & Name I/OTYPE Description
Pin No.
WSDRWY WriteSingleData [ LVTTL When LOW, thisinput pin sets the write port to Single Data Clock mode. When HIGH, the write port will
(L1) Rate INPUT | operate in Double Data Clock mode. This pin must be tied either HIGH or LOW and cannot toggle
during operation.
Vce +2.5V Supply INPUT There are Ve supply inputs and must be connected to the 2.5V supply rail.
(See below)
\/bDQ O/PRailVoltage INPUT This pinshould be tied tothe desired voltage rail for providing power to the output drivers. Nominally 1.5V
(See below) or 1.8V for HSTL, 2.5V for LVTTL.
GND Core Ground Pin|  INPUT These are Ground pins are for the core device and must be connected to the GND rail.
(See below)
Vref Reference INPUT Thisis a Voltage Reference input and must be connected to a voltage level determinedin the
(T3) Voltage Recommended DC Operating Conditions section. This provides the reference voltage whenusing HSTL
classinputs. IfHSTL classinputs are not being used, this pin must be connected to GND.
NOTES:

1. Inputs should not change state after Master Reset.
2. These pins are for the JTAG port. Please refer to pages 25-28 and Figures 5-7.

PIN NUMBER TABLE
Symbol Name I/IOTYPE Pin Number
Do-39 Datalnputs HSTL-LVTTL [ DO-C3, D1-A4, D2-B4, D3-C4, D4-A5, D5-B5, D6-C5, D7-A6, D8-B6, D9-A7, D10-R7, D11-T7,
INPUT | D12-R6, D13-T6, D14-R5, D15-T5, D16-R4, D17-T4, D18-P3, D19-R3, D20-N2, D21-P2, D22-R2,
D23-N1, D24-P1, D25-R1, D26-N3, D(27-29)-M(1-3), D30-E1, D(31-33)-D(3-1), D34-C1,
D(35,36)-B(1,2), D37-C2, D38-A3, D39-B3
Qo-39 Data Outputs HSTL-LVTTL [ Q0-B10, Q1-A10, Q2-B11, Q3-A11, Q4-B12, Q5-A12, Q6-B13, Q7-A13, Q8-B14, Q9-Al4,Q10-T14
OUTPUT |Q11-R14,Q12-T13,Q13-R13, Q14-T12, Q15-R12, Q16-T11, Q17-R11, Q18-T10, Q19-R10,
Q(20,21)-C(14,15), Q(22,23)-B(15,16), Q24-C16, Q(25-27)-D(16-14), Q(28,29)-E(16,15),
Q(30,31)-M(15,16), Q(32-34)- N(14-16), Q(35-37)-P(14-16), Q(38,39)-R(15,16)
Vce +2.5V Supply INPUT | A(1,2), C(6,7), D(4-7), K4, L4, M4, N(4-7), P(5-7), T(1,2)
VDDQ O/PRailVoltage INPUT | A(15,16), C(10-13), D(10-13), E13, F(4,13), G(4,14), H(4,14), J14, K14, L14, M13, N(10-13),
P(10-13), T(15,16)
GND Ground Pin INPUT | A(8,9), B(8,9), C(8,9), D(8,9), E4, G(7-10,13), H(7-10,13), J(4,7-10,13), K(7-10,13), L13, N(8,9),
P(4,8,9), R(8,9), T(8,9)




IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40

ABSOLUTE MAXIMUM RATINGS

CAPACITANCE (12=+25°C, f=1.0MHz)

Symbol _ Rating Commercial unit Symbol Parameter® Conditions Max. Unit
VTERM TerminalVoltage -0.5t0+3.6@ v
with respect to GND CING3) Input Vin = 0V 100 pF
Capacitance
TstG Storage Temperature -55t0 +125 °C
Coutt2 Output Vour = 0V 10 pF
lout DC Output Current -50 to +50 mA Capacitance
NOTES: NOTES:
1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause 1 ith output deselected, (OE > Vin).
permanent damage to the device. This is a stress rating only and functional operation 5 characterized values 'not currently tested.
of the device at these or any other conditions above those indicated in the operational 3\ for Vref is 20pF. '
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
2. Compliant with JEDEC JESD8-5. VCC terminal only.
RECOMMENDED DC OPERATING CONDITIONS
Symbol Parameter Min. Typ. Max. Unit
\Vice Supply Voltage 2375 25 2.625 V
GND Supply Voltage 0 0 0 V
VIH InputHigh Voltage — LVTTL 17 — 345 v
— eHSTL VREF+0.2 — — \Y
— HSTL VREF+0.2 — — V
Vi InputLow Voltage — LVTTL 0.3 — 0.7 \Y
— eHSTL — — VREF-0.2 \Y
— HSTL — — VREF-0.2 V
VREF Voltage Referencelnput  — eHSTL 0.8 0.9 10 \Y
(HSTL only) — HSTL 0.68 0.75 0.9 V
Ta Operating Temperature Commercial 0 — 70 °C
TA Operating Temperature Industrial -40 — 8 °C
NOTE:
1. VREF is only required for HSTL or eHSTL inputs. VREF should be tied LOW for LVTTL operation.
DCELECTRICALCHARACTERISTICS
(Commercial: Vcc = 2.5V +£0.125V, TA= 0°C to +70°C;Industrial: Vcc = 2.5V £ 0.125V, TA=-40°C to +85°C)
Symbol Parameter Min. Max. Unit
LI Input Leakage Current -10 10 uA
ILo OutputLeakage Current -10 10 UA
VoH® OutputLogic“1"Voltage, loH=-8 mA @VppQ =2.5V +0.125V (LVTTL) VopQ-0.4 — \Y
loH=-8 mA @VppQ =1.8V £ 0.1V (eHSTL) VoDQ-0.4 — Y
loH=-8 mA @VpbpQ = 1.5V + 0.1V (HSTL) VopQ-0.4 — Y
VoL OutputLogic“0"Voltage, loL=8mA @VbbpQ =2.5V £0.125V (LVTTL) — 0.4V \Y
loL=8mA @VopQ=1.8V £0.1V (eHSTL) — 0.4v Y
loL=8mA @VopQ =15V +0.1V (HSTL) — 0.4V V
lccat? Active Vcc Current (Vec=2.5V)  I/0=LVTTL — 20 mA
I/O = HSTL — 60 mA
I/O = eHSTL — 60 mA
Icca® Standby Vcc Current (Vec=2.5V) /0 =LVTTL — 10 mA
I/0 = HSTL — 50 mA
I/O = eHSTL — 50 mA
NOTES:

1. Both WCLK and RCLK toggling at 20MHz. Data inputs toggling at 10MHz. WCS = HIGH, REN or RCS = HIGH.

2. Typical Icc1 calculation:  for LVTTL 1/O IcCl (mA) = 0.6mA x fs, fs = WCLK frequency = RCLK frequency (in MHz)

for HSTL or eHSTL /0 IcC1 (mA) = 38mA + (0.7mA x fs), fs = WCLK frequency = RCLK frequency (in MHz)

With Data Outputs in High-Impedance: IDDQ (mA) = 0.15mA x fs

With Data Outputs in Low-Impedance: IDDQ (mA) = (CL x VDDQ x fs x 2N)/2000

fs = WCLK frequency = RCLK frequency (in MHz), VDDQ = 2.5V for LVTTL; 1.5V for HSTL; 1.8V for eHSTL, N = Number of outputs switching.
tA = 25°C, CL = capacitive load (pf)

4. Total Power consumed: PT = [(VCC x ICC) + (VDDQ X IDDQ)].

5. Outputs are not 3.3V tolerant.

3. Typical IDDQ calculation:



IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT

COMMERCIAL AND INDUSTRIAL

TEMPERATURE RANGES

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40

ACELECTRICALCHARACTERISTICS"
(Commercial: Vcc = 2.5V £ 5%, TA=0°C to +70°C;Industrial: Vcc = 2.5V £ 5%, TAa = -40°C to +85°C)

Commercial Commercial Com’l & Ind’l® Commercial
IDT72T4088L4 IDT72T4088L5 | IDT72T4088L6-7 | IDT72T4088L10
IDT72T4098L4 IDT72T4098L5 | IDT72T4098L6-7 | IDT72T4098L10
IDT72T40108L4 | IDT72T40108L5 |IDT72T40108L6-7 | IDT72T40108L10
IDT72T40118L4 | IDT72T40118L5 |IDT72T40118L6-7 | IDT72T40118L10
Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. | Unit
fs Clock Cycle Frequency (Synchronous) — 250 — 200 — 150 — 100 | MHz
tA DataAccess Time 0.6 32 0.6 36 0.6 38 0.6 45 ns
tASO DataAccess Serial Output Time 0.6 32 0.6 36 0.6 338 0.6 45 ns
teLK Clock Cycle Time 4 — 5 — 6.7 — 10 — ns
tCLKH Clock High Time 18 — 23 — 2.8 — 45 — ns
tCLKL Clock Low Time 18 — 23 — 2.8 — 45 — ns
DS Data Setup Time 12 — 15 — 20 — 3.0 — ns
DH DataHold Time 05 — 05 — 05 — 05 — ns
tENS Enable Setup Time 12 — 15 — 2.0 — 3.0 — ns
tENH Enable Hold Time 05 — 05 — 05 — 05 — ns
wess | WCSsetuptime 12 — 15 — 2.0 — 30 — ns
twesH | WCSholdtime 05 — 05 — 05 — 05 — ns
fc Clock Cycle Frequency (SCLK) — 10 — 10 — 10 — 10 MHz
tSCLK Serial Clock Cycle 100 — 100 — 100 — 100 — ns
tSCKH Serial Clock High 45 — 45 — 45 — 45 — ns
tSCKL Serial Clock Low 45 — 45 — 45 — 45 — ns
tsbs Serial Data In Setup 15 — 15 — 15 — 15 — ns
tSDH Serial Data In Hold 5 — 5 — 5 — 5 — ns
tSENS Serial Enable Setup 5 — 5 — 5 — 5 — ns
tSENH Serial Enable Hold 5 — 5 — 5 — 5 — ns
RS ResetPulse Width® 0 — 0 — 0 — 0 — ns
tRSS Reset Setup Time 15 — 15 — 15 — 15 — ns
tHRSS HSTL Reset Setup Time 4 — 4 — 4 — 4 — us
RSR ResetRecovery Time 10 — 10 — 10 — 10 — ns
tRSF Resetto Flagand Output Time — 10 — 12 — 15 — 15 ns
toLz Output Enable to Outputin Low Z® 0 — 0 — 0 — 0 — ns
toE Output Enable to Output Valid — 32 — 36 — 338 — 45 ns
toHz Output Enable to Outputin High Z® — 32 — 36 — 38 — 45 ns
tWFF Write Clock to FF or IR — 32 — 36 — 38 — 45 ns
{REF Read Clock to EF or OR — 32 — 36 — 38 — 45 ns
tPAFS Write Clock to Programmable Almost-Full Flag — 32 — 36 — 38 — 45 ns
tPAES Read Clock to Programmable Aimost-Empty Flag — 32 — 36 — 38 — 45 ns
tERCLK RCLK to Echo RCLK output — 36 — 4 — 43 — 5 ns
{CLKEN RCLK to Echo REN output — 32 — 36 — 38 — 45 ns
tRCSLZ RCLK to Active from High-Z — 32 — 36 — 38 — 45 ns
tresHz | RCLK to High-Z®) — 32 — 36 — 338 — 45 ns
tskew | Skew time between RCLK and WCLK for EF/OR and FF/IR 35 — 4 — 5 — — ns
tskew2 | Skew time between RCLK and WCLK for EF/OR and FF/IR 35 — 4 — 5 — — ns
in DDR mode
tskews | Skew time between RCLK and WCLK for PAE and PAF 4 — 5 — 6 — 8 — ns
NOTES:

1. All AC timings apply to both IDT Standard mode and First Word Fall Through mode.
2. Industrial temperature range product for the 6-7ns speed grade is available as a standard device. All other speed grades are available by special order.
3. Pulse widths less than minimum values are not allowed.
4. Values guaranteed by design, not currently tested.



IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT COMMERCIAL AND INDUSTRIAL

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES
HSTL AC TEST LOADS
1.5VAC TEST CONDITIONS \VDDQ/2
Input Pulse Levels 0.25t01.25V
Input Rise/Fall Times 0.4ns 500
Input Timing Reference Levels 0.75 I/O °_€) Z0 = 50Q
Output Reference Levels VbpQ/2
5995 drw04
NOTE: = -
1. VopQ = 1.5V+,

Figure 2a. AC Test Load

EXTENDED HSTL
1.8V AC TEST CONDITIONS 6 1
5 4
Input Pulse Levels 0.4t01.4V ™
InputRise/Fall Times 0.4ns c 47T
Input Timing Reference Levels 0.9 § 3 T
as
OutputReference Levels VbDQ2 o) E o+
4 —"
1 —_—
NOTE:
1. VopQ = 1.8V —— — f
20 30 50 80 100 200
Capacitance (pF) 5995 drwoda
Figure 2b. Lumped Capacitive Load, Typical Derating
2.5VLVTTL
2.5V AC TEST CONDITIONS
Input Pulse Levels GND to 2.5V
InputRise/Fall Times 1ns
Input Timing Reference Levels Vieel2
OutputReference Levels VbDo/2
NOTE:

1. For LVTTL Vcc = Vbpq.



IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT COMMERCIAL AND INDUSTRIAL

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES

OUTPUT ENABLE & DISABLE TIMING

Output Output
Enable Disable
J— VIH
OE
O e e VIL
tOE & toLZ » toHZz —>
Output Ve
Normally \%: : toomv | _/ P
LOW 100mV ? N ~—— Fi------------- VOL
Output 100mv 4 ~ B VOH
Normally VcC N R 100mv
HIGH 2 f \%C
NOTES: 5995 drw04b
1. REN is HIGH.
2. RCS is LOW.

READ CHIP SELECT ENABLE & DISABLE TIMING

RCLK

Output Ve
Normally o

100mV
— e
Low 100mv =

Output 100mV ¢ ‘ _____________ VOH
Normally Vcc [
HIGH 2 }

5995 drwodc

NOTES:
1. REN is HIGH.
2. OE is LOW.



IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40

FUNCTIONAL DESCRIPTION

TIMING MODES: IDT STANDARD vs FIRST WORD FALL THROUGH
(FWFT) MODE

The IDT72T4088/72T4098/72T40108/72T40118 support two different
timing modes of operation: IDT Standard mode or First Word Fall Through
(FWFT)mode. The selection of which mode will operate is determined during
Master Reset, by the state of the FWFT input.

During Master Reset, ifthe FWFT pinis LOW, then IDT Standard mode will

be selected. Thismode uses the Empty Flag (EF) toindicate whether or notthere
are any words presentin the FIFO. It also uses the Full Flag function (FF) to
indicate whether or notthe FIFO has any free space forwriting. InIDT Standard
mode, every word read from the FIFO, including the first, must be requested
using the Read Enable (REN) and RCLK.

If the FWFT pin is HIGH during Master Reset, then FWFT mode will be

selected. Thismode uses Output Ready (OR) to indicate whether or not there
is valid data at the data outputs (Qn). Italso uses Input Ready (IR) toindicate
whether or notthe FIFO has any free space forwriting. Inthe FWFT mode, the
firstword written to anempty FIFO goes directly to Qn after three RCLK rising
edges, applying REN = LOW s not necessary. However, subsequentwords
must be accessed using the Read Enable (REN) and RCLK.

Various signals, in bothinputs and outputs operate differently depending on

whichtimingmodeisin effect.

IDT STANDARD MODE

Inthis mode, the status flags FF, PAF, PAE, and EF operate inthe manner
outlinedin Table 4. Towrite datainto the FIFO, Write Enable (WEN) must be
LOW. Data presented to the DATA IN lines will be clocked into the FIFO on
subsequent transitions of the Write Clock (WCLK). After the first write is

performed, the Empty Flag (EF) will go HIGH. Subsequentwrites will continue
tofillupthe FIFO. The Programmable Almost-Empty flag (PAE) will go HIGH
aftern+1words have beenloaded into the FIFO, where nis the empty offset
value. The default setting forthese values are listed in Table 3. This parameter
isalso user programmable. See section on Programmable Flag Offset Loading.

Continuing towrite dataintothe FIFOwithout performing read operations will
cause the Programmable Almost-Full flag (PAF) to go LOW. Again, if noreads
areperformed, the PAF will go LOW after (16,384-m) writes for the IDT72T4088,
(32,768-m)writes forthe IDT72T4098, (65,536-m) writes forthe IDT72T40108
and (131,072-m) writes for the IDT72T40118. The offset “m” s the full offset
value. The default setting forthese values are listed in Table 3. This parameter
is also user programmable. See the section on Programmable Flag Offset
Loading.

Whenthe FIFQisfull, the Full Flag (FF) will go LOW, inhibiting further write
operations. Ifnoreads are performed after areset, FF willgo LOW after Dwrites
to the FIFO. D = 16,384 writes for the IDT72T4088, 32,768 writes for the
IDT72T4098, 65,536 writes for the IDT72T40108 and 131,072 writes for the

IDT72T40118, respectively.

Ifthe FIFQis full, thefirstread operationwill cause FF togo HIGH. Subsequent
read operationswill cause PAF to go HIGH atthe conditions describedin Table
4 ffurther read operations occur, without write operations, PAE will go LOW
when there are n words in the FIFO, where n is the empty offset value.
Continuing read operations will cause the FIFO to become empty. Thenthe last
word has been read fromthe FIFO, the EF will go LOW inhibiting further read
operations. REN is ignored when the FIFQ is empty.

When configuredin IDT Standard mode, the EF and FF outputs are double
register-buffered outputs. IDT Standard mode is available whenthe device is
configured in both Single Data Rate and Double Data Rate mode.

Relevanttiming diagrams for IDT Standard mode can be foundin Figure 10,
11,12, 13,14, 15, 16, 17, 18 and 23.

FIRST WORD FALL THROUGH MODE (FWFT)

Inthis mode, the status flags OR, IR, PAE, and PAF operate inthe manner
outlined in Table 5. To write data into to the FIFO, WEN must be LOW. Data
presented to the DATA IN lines will be clocked into the FIFO on subsequent
transitions of WCLK. Afterthe firstwrite is performed, the Output Ready (OR)
flag will go LOW. Subsequentwriteswill continue tofill up the FIFO. PAE will go
HIGH after n+2words have been loaded into the FIFO, where nis the empty
offset value. The default setting for these values are listed in Table 3. This
parameter is also user programmable. See section on Programmable Flag
OffsetLoading.

Continuing towrite datainto the FIFO without performing read operations will
cause the Programmable Almost-Full flag (PAF) to go LOW. Again, if noreads
are performed, the PAF will go LOW after (16,385-m) writes for the IDT72T4088,
(32,769-m) writes forthe IDT72T4098, (65,537-m) writes for the IDT72T40108
and (131,073-m) writes for the IDT72T40118. The offset “m”is the full offset
value. The defaultsetting forthese values are listed in Table 3. This parameteris
alsouser programmable. See the section on Programmable Flag Offset Loading.

Whenthe FIFQisfull, the Input Ready (IR) will go LOW, inhibiting further write
operations. Ifnoreads are performed after areset, IRwill go LOW after Dwrites
to the FIFO. D = 16,385 writes for the IDT72T4088, 32,769 writes for the
IDT72T4098, 65,537 writes for the IDT72T40108 and 131,073 writes for the
IDT72T40118, respectively. Note thatthe additional wordin FWFT modeis due
to the capacity of the memory plus output register.

Ifthe FIFOisfull, thefirstread operationwill cause IR togo HIGH. Subsequent
read operationswill cause PAF to go HIGH atthe conditions describedin Table
5. Iffurtherread operations occur, without write operations, PAE will go LOW
when there are n words in the FIFO, where n is the empty offset value.
Continuing read operations will cause the FIFO to become empty. Thenthe last
word has beenread fromthe FIFO, the OR will go HIGH inhibiting further read
operations. REN is ignored when the FIFQ is empty.

When configuredin FWFT mode, the OR flag outputis triple register-buffered
andthe IR flag outputis double register-buffered. FWFT modeis only available
when the device is configured in Single Data Rate mode.

Relevanttiming diagrams for IDT Standard mode can be foundin Figure 19,
20,21, 22 and 24.



IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT

COMMERCIAL AND INDUSTRIAL

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40

TABLE 3 — DEFAULT PROGRAMMABLE

FLAG OFFSETS
IDT72T4088, 7274098, 72740108, 72T40118
FSEL1 FSELO Offsets n,m
H H 255
L H 127
H L 63
L L 7
NOTES:

1. n = empty offset for PAE.
2. m = full offset for PAF.

PROGRAMMING FLAG OFFSETS

Fulland Empty Flag offsetvalues are user programmable. The IDT72T4088/
72T4098/72T40108/72T40118 have internal registers for these offsets. There
arefourselectable default offsetvalues during Master Reset. These offsetvalues
are shownin Table 3. The offset values can also be programmed serially into
the FIFO. Toload offsetvalues, set SEN LOW and the rising edge of SCLK wil

TEMPERATURE RANGES

load datafromthe Slinputintothe offsetregisters. SCLK runs atanominal speed
of 10MHz atthe maximum. The programming sequence starts with one bit for
each SCLKrising edge, starting withthe Empty Offset LSB and ending with the
Full Offset MSB. The total number of bits per device is listed in Figure 3,
Programmable Flag Offset Programming Sequence. See Figure 25, Loading
of Programmable Flag Registers, forthe timing diagram for this mode. The PAE
and PAF can show avalid status only after the complete set of bits (for all offset
registers) has been entered. The registers can be reprogrammed as long as
the complete setof new offset bitsis entered.

In addition to loading offset values into the FIFO, itis also possible to read
the currentoffsetvalues. Similartoloading offset values, set SREN LOW and
therisingedge of SCLK will send datafromthe offsetregisters outtothe SO output
port. Wheninitializing areadtothe offset registers, datawill be read starting from
the firstlocationin the register, regardless of where it was last read.

Figure 3, Programmable Flag Offset Programming Sequence, summarizes
the control pins and sequence for programming offset registersand reading and
writinginto the FIFO.

The offset registers may be programmed (and reprogrammed) any time
after Master Reset. Valid programming ranges are from 0 to D-1.

TABLE 4 — STATUS FLAGS FOR IDT STANDARD MODE

IDT72T4088 IDT72T4098 IDT72T40108 IDT72T40118 FF |PAF|[PAE| EF
0 0 0 0 H|H|[L|[L
Number of 1ton™ 1ton" 1ton™ 1ton™ H H L H
Words in (8,193) to (16,384-(m+1)) | (16,385) to (32,768-(m+1)) | (32,769) to (65,536-(m+1)) | (65,537) to (131,072-m+1)] H | H | H [ H
FIFO (16,384-m) to 16,383 (32,768-m) to 32,767 (65,536-m) to 65,535 (131,072-m) to 131,071 H|L[H]|H
16,384 32,768 65,536 131,072 Ll L |H]|H
NOTE:
1. See table 3 for values for n, m.
TABLE 5— STATUS FLAGS FOR FWFT MODE
IDT72T4088 IDT72T4098 IDT72T40108 IDT72T40118 IR |PAF|PAE| OR
0 0 0 0 L | H]|L|[H
Number of 1ton+1 M 1ton+1 ™) 1ton+1 1ton+1 L | H|[L]|L
Words in (8,194) to (16,385-(m+1)) | (16,386) to (32,769-(m+1)) | (32,770) to (65,537-(m+1)) | (65,538) to (131,073-(m+1))| L H|H]L
FIFO (16,385-m) to 16,384 (32,769-m) to 32,768 (65,537-m) to 65,536 (131,073m)t0o131072 | L | L | H | L
16,385 32,769 65,537 131,073 Hl L |[H]|L
5995 drw05
NOTE:

1. See table 3 for values for n, m.
2. FWFT mode available only in Single Data Rate mode.
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CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES
IDT72T4088
IDT72T4098
IDT72T40108
WSDR | RSDR | WEN | REN | SEN | SREN | WCLK | RCLK | SCLK IDT72T40118
Serial write to registers: Serial write to registers:
X X 1 1 0 1 X X In SDR Mode In DDR Mode
28 bits for the IDT72T4088 26 bits for the IDT72T4088
30 bits for the IDT72T4098 28 bits for the IDT72T4098
32 bits for the IDT72T40108 30 bits for the IDT72T40108
34 bits for the IDT72T40118 32 bits for the IDT 72T40118
1 bit for each rising SCLK edge | 1 bit for each rising SCLK edge
Starting with Empty Offset Starting with Empty Offset
(LSB) Ending with Full Offset (LSB) Ending with Full Offset
(MSB) (MSB)
X X 1 1 1 0 X X Serial read from registers: Serial read from registers:
In SDR Mode In DDR Mode
28 bits for the IDT72T4088 26 bits for the IDT72T4088
30 bits for the IDT72T4098 28 bits for the IDT72T4098
32 bits for the IDT72T40108 30 bits for the IDT72T40108
34 bits for the IDT72T40118 32 bits for the IDT72T40118
1 bit for each rising SCLK edge [ 1 bit for each rising SCLK edge
Starting with Empty Offset Starting with Empty Offset
(LSB) Ending with Full Offset (LSB) Ending with Full Offset
(MSB) (MSB)
1 1 0 1 X X f X X Write Memory (DDR)
0 1 0 1 X X f X X Write Memory (SDR)
1 1 1 0 X X X f X Read Memory (DDR)
1 0 1 0 X X X f X Read Memory (SDR)
X X 1 1 X X X X X No Operation
5995 drw06
NOTES:

1. The programming sequence applies to both IDT Standard and FWFT modes.
2. When the input or output ports are in DDR mode, the depth is reduced by half but the overall density remains the same. For example, the IDT72T4088 in SDR mode is
16,384 x 40 = 655,360, in DDR mode the configuration becomes 8,192 x 80 = 655,360. In both cases, the total density are the same.

Figure 3. Programmable Flag Offset Programming Sequence
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RETRANSMIT FROM MARK OPERATION

The Retransmit from Mark feature allows FIFO data to be read repeatedly
starting at a user-selected position. The FIFO is first put into retransmit mode
that will “mark” a beginning word and also set a pointer that will prevent
ongoing FIFO write operations from over-writing retransmit data. The retrans-
mit data can be read repeatedly any number of times from the “marked”
position. The FIFO can be taken out of retransmit mode at any time to allow
normal device operation. The “mark” position can be selected any number of
times, each selection over-writing the previous mark location.

In Double Data Rate, data is always marked in pairs. That is, the unit of data
read on the rising and falling edge of WCLK. If the data marked was read on
the falling edge of RCLK, then the marked data will be the unit of data read from
the rising and falling edge of that particular RCLK edge. Refer to Figure 23,
Retransmit from Mark in Double Data Rate Mode, for the timing diagram in
this mode. Retransmit operation is available in both IDT standard and FWFT
modes.

During IDT standard mode the FIFO is put into retransmit mode by a Low-
to-High transition on RCLK when the MARK input is HIGH and EF is HIGH.
The rising RCLK edge marks the data present in the FIFO output register as
the first retransmit data. Again, the data is marked in pairs. Thus if the data
marked was read on the falling edge of RCLK, the first part of retransmit will
read out the data read on the rising edge of RCLK, followed by the data on the
falling edge (the marked data). The FIFO remains in retransmit mode until a
rising edge on RCLK occurs while MARK is LOW.

Once a marked location has been set, a retransmit can be initiated by a
rising edge on RCLK while the Retransmit input (RT) is LOW. REN must be
HIGH (reads disabled) before bringing RT LOW. The device indicates the start
of retransmit setup by setting EF LOW, also preventing reads. When EF goes
HIGH, retransmit setup is complete and read operations may begin starting
with the first unit of data at the MARK location. Since IDT standard mode is
selected, every word read including the first “marked” word following a re-
transmit setup requires a LOW on REN.

Note, write operations may continue as normal during all retransmitfunctions,
howeverwrite operationstothe “marked” location will be prevented. See Figure

TABLE 6 — 1/0 CONFIGURATION

23, Retransmitfrom Markin Double Data Rate Mode, for the relevant timing
diagram.

During FWFT mode the FIFO is put into retransmit mode by a rising RCLK
edge when the MARK inputis HIGH and OR is LOW. The rising RCLK edge
marks the data present in the FIFO output register as the first retransmit data.
The data is marked in pairs. The FIFO remains in retransmit mode until a
rising RCLK edge occurs while MARK is LOW.

Once a marked location has been set, a retransmit can be initiated by a
rising RCLK edge while the Retransmit input (RT) is LOW. REN must be
HIGH (reads disabled) before bringing RT LOW. The device indicates the
start of retransmit setup by setting OR HIGH, preventing read operations.

When OR goes LOW, retransmit setup is complete and on the next ising
RCLK edge (RT goes HIGH), the contents of the first retransmit location are
loaded onto the output register. Since FWFT mode is selected, the first word
appears on the outputs regardless of REN, a LOW on REN is not required for
the first word. Reading all subsequent words requires a LOW on REN to
enable the rising RCLK edge. See Figure 24, Retransmit from Mark (FWFT
mode) for the relevant timing diagram.

Before a retransmit can be performed, there must be at least 1280 bits
(or 160 bytes) of data between the write pointer and mark location.
Thatis, 40 bits x32 for the x40 mode, 20 hits x64 for the x20 mode, and 10 bits
x128 for the x10 mode. Also, once the Mark is set, the write pointer will not
increment past the marked location, preventing overwrites of retransmit data.

HSTL/LVTTL I/O

This device supports both LVTTL and HSTL logic levels on the input and
outputsignals. If LVTTLisdesired,aLOW onthe HSTL pinwill setthe inputs
andoutputsto LVTTL mode. IfHSTL is desired, aHIGH onthe HSTL pin will
settheinputsand outputstoHSTL mode. VREF isthe inputvoltage reference
usedinHSTL mode. Typically alogic HIGHin HSTL would be Vref+0.2Vand
alogicLOWwould be VREF-0.2V. Table 6illustrates which pins are and are
notassociated with thisfeature. Note thatall “Static Pins” mustbe tied to Vcc or
GND. These pinsare LVTTL only and are purely device configuration pins.

HSTL SELECT STATIC PINS
HIGH = HSTL LVTTL ONLY
LOW =LVTTL
Write Port Read Port Signal Pins Static Pins
Dn (I/P) Qn(O/P) EF/OR (O/P) SCLK (I/P) TRST (I/P) IW (I/P)
WCLK (I/P) RCLK (I/P) PAF (OIP) SI(IP) TDI (IIP) oW (IIP)
WEN (I/P) REN (I/P) PAE (O/P) SO (o/P) TDO (O/P) BM ((I/P)
WCS (I/P) RCS (IIP) FF/IR (O/P) MRS (I/P) SEN (I/P) HSTL (I/P)
MARK (I/P) ERCLK (O/P) PRS (I/P) SREN (I/P) FSEL1 (I/P)
OE (I/P) EREN (O/P) TCK (I/P) FSELO (I/P)
RT (IIP) TMS (I/P) FWFT (I/P)
WSDR (I/P)
RSDR (I/P)
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SIGNAL DESCRIPTION

INPUTS:
DATAIN (DO - Dn)

(Do — D39) are data inputs for the 40-bit wide data, (Do — D19) are data
inputs for the 20-bit wide data, or (Do — D) are data inputs for 10-hit wide data.

CONTROLS:
MASTER RESET (MRS)

AMaster Resgtis accomplished whenever the MRS inputis taken toa LOW
state. This operation sets the internal read and write pointers to the first location
of the RAM array. PAE will go LOW and PAF will go HIGH.

If FWFT is LOW during Master Reset then IDT Standard mode along with
EF and FF are selected. EF will go LOW and FF will go HIGH, If FWFT is
HIGH, then the First Word Fall Through (FWFT) mode, along with IR and OR
are selected. OR will go HIGH and IR will go LOW.

All control settings such as OW, IW, BM, WSDR, RSDR, FSELO and FSEL1
are defined during the Master Reset cycle.

During a Master Reset the output register is initialized to all zeros. A Master
Reset s required after power up before a write operation can take place. MRS
is asynchronous.

See Figure 8, Master Reset Timing, for the relevant timing diagram.

PARTIAL RESET (PRS)

APartial Reset is accomplished whenever the PRS input is taken to a LOW
state. Asin the case of the Master Reset, the internal read and write pointers
are set to the first location of the RAM array. PAE goes LOW and PAF goes
HIGH.

Whichever mode was active at the time of Partial Reset will remain active
after Partial Reset. If IDT Standard Mode is active, then FF will go HIGH and
EF will go LOW. Ifthe First Word Fall Through mode is active, then OR will go
HIGH and IR will go LOW.

Following Partial Reset, all values held in the offset registers remain un-
changed. The output register is initialized to all zeroes. PRS is asynchronous.
Partial Reset is useful for resetting the read and write pointers to zero without
affecting the values of the programmable flag offsets and the timing mode of the
FIFO.

See Figure 9, Partial Reset Timing, for the relevant timing diagram.
RETRANSMIT (RT)

The Retransmit (RT) input is used in conjunction with the MARK inpu.
Together they provide a means by which data previously read out of the FIFO
can be reread any number of times. When the retransmit operation is selected
(i.e. after data has been marked), a rising edge on RCLK while RT is LOW wil
reset the read pointer back to the memory location set by the user via the
MARK input.

If IDT Standard mode has been selected, the EF flag will go LOW on the
rising edge of RCLK that retransmit was initiated (i.e. rising edge of RCLK
while RT is LOW). EF will go back to HIGH on the next rising edge of RCLK,
which signifies that retransmit setup is complete. The next read operation will
access data from the “marked” memory location.

Subsequent retransmit operations may be performed, each time the read
pointer returning to the “marked” location. See Figure 23, Retransmit from
Mark in Double Data Rate Mode (IDT Standard Mode) for the relevant timing
diagram.

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

If FWFT mode has been selected, the OR flag will go HIGH on the rising
edge of RCLK that retransmit was initiated. OR will return LOW on the next
rising edge of RCLK, which signifies that retransmit setup is complete. Under
FWFT mode, the contents in the marked memory location will be loaded onto
the output register on the next rising edge of RCLK. To access all subsequent
data, a read operation will be required.

Subsequent retransmit operations may be performed, each time the read
pointer returning to the “marked” location. See Figure 24, Retransmit from
Mark (FWFT Mode) for the relevant timing diagram.

MARK

The MARK inputis used to select Retransmit mode of operation. On arising
edge of RCLK while MARK is HIGH will mark the memory location of the data
currently present on the output register, in addition placing the device in
retransmit mode. Note, there must be a minimum of 1280 bits (or 160 bytes) of
data between the write pointer and mark location. That is, 40 bits x32 for the
x40 mode, 20 bits x64 for the x20 mode, and 10 bits x128 for the x10 mode.
Also, once the MARK is set, the write pointer will not increment past the
“marked” location untilthe MARK is deasserted. This prevents “overwriting” of
refransmit data.

The MARK input must remain HIGH during the whole period of retransmit
mode, a falling edge of RCLK while MARK is LOW will take the device out of
retransmit mode and into normal mode. Any number of MARK locations can
be set during FIFO operation, only the last marked location taking effect. Once
amark location has been set the write pointer cannot be incremented past this
marked location. During retransmit mode write operations to the device may
continue without hindrance.

FIRST WORD FALL THROUGH (FWFT)

During Master Reset, the state of the FWFT input determines whether the
device will operate in IDT Standard mode or First Word Fall Through (FWFT)
mode.

If, at the time of Master Reset, FWFT is LOW, then IDT Standard mode will
be selected. This mode uses the Empty Flag (EF) to indicate whether or not
there are any words present in the FIFO memory. It also uses the Full Flag
function (FF) to indicate whether or not the FIFO memory has any free space
forwriting. In IDT Standard mode, every word read from the FIFO, including
the first, must be requested using the Read Enable (REN) and RCLK.

If, at the time of Master Reset, FWFT is HIGH, then FWFT mode will be

selected. This mode uses Output Ready (OR) to indicate whether or not there
is valid data at the outputs (Qn) to be read. It also uses Input Ready (IR) to
indicate whether or not the FIFO memory has any free space for writing. In the
FWFT mode, the first word written to an empty FIFO goes directly to Qn after
three RCLK rising edges, bringing REN LOW is not necessary. Subsequent
words must be accessed using the Read Enable (REN) and RCLK. Note that
FWFT mode can only be used when the device is configured to Single Data

Rate (SDR) mode.

WRITE CLOCK (WCLK)

Anwrite cycle is initiated on the rising and/or falling edge of the WCLK input.
If the Write Single Data Rate (WSDR) pin is selected, data will be written only
on the rising edge of WCLK, provided that WEN and WCS are LOW. If the
WSDR s not selected, data will be written on both the rising and falling edge of
WCLK, provided that WEN and WCS are LOW. Data setup and hold times
must be met with respect to the LOW-to-HIGH transition of the WCLK. It is
permissible to stop the WCLK. Note that while WCLK is idle, the FF, IR, and
PAF flags will not be updated. The write and read clocks can either be
independent or coincident.
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WRITE ENABLE (WEN)

When the WEN inputis LOW, data may be loaded into the FIFO RAM array
onthe rising edge of every WCLK cycle if the device is not full. Data is stored
inthe RAM array sequentially and independently of any ongoing read opera-
tion.

When WEN is HIGH, no new data is written in the RAM array on each
WCLK cycle.

To prevent data overflow in the IDT Standard mode, FF will go LOW,
inhibiting further write operations. Upon the completion of a valid read cycle,
FF will go HIGH, allowing a write to occur. The FF is updated by two WCLK
cycles +tskew after the RCLK cycle.

To prevent data overflow in the FWFT mode, IR will go HIGH, inhibiting
further write operations. Upon the completion of a valid read cycle, IR will go
LOW, allowing a write to occur. The IR flag is updated by two WCLK cycles +
tskew after the valid RCLK cycle.

WEN is ignored when the FIFO is full in either IDT Standard mode or
FWFT.

WRITE SINGLE DATA RATE (WSDR)

When the Write Single Data Rate pin is LOW, the write port will be set to
Single Data Rate mode. In this mode, all write operations are based only on
the rising edge of WCLK, provided that WEN and WCS are LOW. When
WSDRis HIGH, the read port will be set to Double Data Rate mode. In this
mode, all write operations are based on both the rising and falling edge of
WCLK, provided that WEN and WCS are LOW, on the rising edge of WCLK.

READ CLOCK (RCLK)

Aread cycle isinitiated on the rising and/or falling edge of the RCLK input.
If the Read Single Data Rate (RSDR) pin is selected, data will be read only on
the rising edge of RCLK, provided that REN and RCS are LOW. Ifthe RSDR
is not selected, data will be read on both the rising and falling edge of WCLK,
provided that REN and RCS are LOW, on the rising edge of RCLK. Setup and
hold times must be met with respect to the LOW-to-HIGH transition of the
RCLK. Itis permissible to stop the RCLK. Note that while RCLK is idle, the EF/
OR and PAE flags will not be updated. Write and Read Clocks can be inde-
pendent or coincident.

READ ENABLE (REN)

When Read Enable is LOW, data is loaded from the RAM array into the
output register on the rising edge of every RCLK cycle if the device is not
empty.

When the REN input is HIGH, the output register holds the previous data
and no new data is loaded into the output register. The data outputs Q0-Qn
maintain the previous data value.

InIDT Standard mode, every word accessed at Qn, including the first word
written to an empty FIFO, must be requested using REN provided that the

Read Chip Select (RCS) is LOW. When the last word has been read from the
FIFO, the Empty Flag (EF) will go LOW, inhibiting further read operations.
REN s ignored when the FIFQ is empty. Once a write is performed, EF will go
HIGH allowing a read to occur. Both RCS and REN must be active LOW for
data to be read out on the rising edge of RCLK.

In FWFT mode, the first word written to an empty FIFO automatically goes
to the outputs Qn, on the third valid LOW-to-HIGH transition of RCLK + tSKew
after the firstwrite. REN and RCS do not need to be asserted LOW for the First
Word to fall through to the output register. All subsequent words require that a
read operation to be executed using REN and RCS. The LOW-to-HIGH

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

transition of RCLK after the last word has been read from the FIFO will make
Output Ready (OR) go HIGH with a true read (RCLK with REN and RCS
LOW), inhibiting further read operations. REN is ignored when the FIFO is

empty.

READ SINGLE DATA RATE (RSDR)

When the Read Single Data Rate pin is LOW, the read port will be setto
Single Data Rate mode. In this mode, all read operations are based only on
the rising edge of RCLK, provided that REN and RCS are LOW. When RSDR
is HIGH, the read port will be set to Double Data Rate mode. In this mode, all
read operations are based on both the rising and falling edge of RCLK,
provided that REN and RCS are LOW, on the rising edge of RCLK.

SERIAL CLOCK (SCLK)

The serial clockis used to load and read data in the programmable offset
registers. Data from the Serial Input (SI) can be loaded into the offset registers
on the rising edge of SCLK provided that SEN is LOW. Data can be read from
the offset registers via the Serial Output (SO) on the rising edge of SCLK
provided that SREN is LOW. The serial clock can operate at a maximum
frequency of 10MHz and its parameters are different than the FIFO system
clock.

SERIAL ENABLE (SEN)

The SEN input is an enable used for serial programming of the program-
mable offset registers. It is used in conjunction with Sl and SCLK when pro-
gramming the offset registers. When SEN is LOW, data at the Serial In (SI)
input can be loaded into the offset register, one bit for each LOW-to-HIGH
transition of SCLK.

When SEN is HIGH, the offset registers retain the previous settings and no
offsets are loaded. SEN functions the same way in both IDT Standard and
FWFT modes.

SERIAL READ ENABLE (SREN)

The SREN output is an enable used for reading the value of the program-
mable offset registers. Itis used in conjunction with Sl and SCLK when reading
from the offset registers. When SREN is LOW, data can be read out of the offset
register from the SO output, one bit for each LOW-to-HIGH transition of SCLK.

When SREN is HIGH, the reading of the offset registers will stop. When-
ever SREN is activated values in the offset registers are read starting from the
first location in the offset registers and not from where the last offset value was
read. SREN functions the same way in both IDT Standard and FWFT modes.

SERIAL IN (SI)

This pin acts as a serial input for loading PAE and PAF offsets into the
programmable offset registers. It is used in conjunction with the Serial Clock
(SCLK) and the Serial Enable (SEN). Data from this input can be loaded into
the offset register, one bit for each LOW-to-HIGH transition of SCLK provided
that SEN is LOW.

SERIAL OUT (SO)

This pin acts as a serial output for reading the values of the PAE and PAF
offsets in the programmable offset registers. Itis used in conjunction with the
Serial Clock (SCLK) and the Serial Enable Output (SREN). Data from the
offset register can be read out using this pin, one-bit for each LOW-to-HIGH
transition of SCLK provided that SREN is LOW.
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OUTPUT ENABLE (OE)

When Output Enable is LOW, the parallel output buffers receive data from
the output register. When OE is HIGH, the output data bus (Qn) goes into a
high-impedance state. During Master or Partial Reset the OE is the only input
that can place the output data bus into high-impedance. During resetthe RCS
input can be HIGH or LOW and has no effect on the output data bus.

READ CHIP SELECT (RCS)

The Read Chip Select input provides synchronous control of the Read
output port. When RCS goes LOW, the nextrising edge of RCLK causes the
Qn outputs to go to the low-impedance state. When RCS goes HIGH, the next
RCLK rising edge causes the Qn outputs to return to high-impedance. During
aMaster or Partial Reset the RCS input has no effect on the Qn output bus, OE
is the only input that provides high-impedance control of the Qn outputs. If OE
is LOW, the Qn data outputs will be low-impedance regardless of RCS until the
first rising edge of RCLK after a reset is complete. Then if RCS is HIGH the
data outputs will go to high-impedance.

The RCS input does not effect the operation of the flags. For example, when
the first word is written to an empty FIFO, the EF will still go from LOW to HIGH
based on arising edge of RCLK, regardless of the state of the RCS input.

Also, when operating the FIFO in FWFT mode the first word written to an
empty FIFO will still be clocked through to the output register based on RCLK,
regardless of the state of RCS. For this reason the user should pay extra
attention when a data word is written to an empty FIFO in FWFT mode. [fRCS
is HIGH when an empty FIFO is written into, the first word will fall through to the
output register but will not be available on the Qn outputs because they are in
high-impedance. The user must take RCS active LOW to access this firstword,
placing the output bus in low-impedance. REN must remain HIGH for at least
one cycle after RCS has gone LOW. Arising edge of RCLK with RCS and
REN LOW will read out the next word. Care must be taken so as notto lose the
first word written to an empty FIFO when RCS is HIGH. Refer to Figure 22,
RCS and RENRead Operation (FWFT Mode). The RCS pin must also be
active (LOW) in order to perform a Retransmit. See Figure 18 for Read Cycle
and Read Chip Select Timing (IDT Standard Mode). See Figure 21 for Read
Cycle and Read Chip Select Timing (FWFT Mode).

WRITE CHIP SELECT (WCS)

The WCS disables all Write Port inputs (data only) if it is held HIGH. To

perform normal operations on the write port, the WCS must be enabled.

HSTL SELECT (HSTL)

The inputs that were listed in Table 6 can be setup to be either HSTL or
LVTTL. If HSTL is HIGH, then HSTL operation of those signals will be se-
lected. IfHSTLis LOW, then LVTTL will be selected.

BUS-MATCHING (BM, IW, OW)

The pins BM, IW, and OW are used to define the input and output bus
widths. During Master Reset, the state of these pins is used to configure the
device bus sizes. See Table 1 for control settings. All flags will operate on the
word/byte size boundary as defined by the selection of bus width. See Table
7 for Bus-Matching Write to Read Ratio.

FLAG SELECT BITS (FSELO and FSEL1)

These pins will select the four default offset values for the PAE and PAF flags
during Master Reset. The four possible settings are listed on Table 3. Note that
the status of these inputs should not change after Master Reset.

TEMPERATURE RANGES

OUTPUTS:

DATA OUT (Q0-Q39)

(Q0 - Q39) are data outputs for 40-bit wide data, (Q0 — Q19) are data
outputs for 20-bit wide data, or (Q0—Q9) are data outputs for 10-bit wide data.
FULL FLAG (FFAR)

Thisis adual-purpose pin. InIDT Standard mode, the Full Flag (FF) function
is selected. When the FIFO is full, FF will go LOW, inhibiting further write
operations. When FF is HIGH, the FIFQ is not full. If no reads are performed
after areset (either MRS or PRS), FF will go LOW after D writes to the FIFO
(D=16,384 for the IDT72T74088, 32,768 for the IDT72T4098, 65,536 for the
IDT72T40108,131,072forthe IDT72T40118. See Figure 10, Write Cycle and
Full Flag Timing (IDT Standard Mode), for the relevant timing information.

InFWFT mode, the Input Ready (IR) functionis selected. IR goesLOWwhen
memory space is available forwritingin data. Whenthereisnolongerany free
space left, IR goes HIGH, inhibiting further write operations. If no reads are
performed after areset (either MRS or PRS), IR will go HIGH after D writes to
the FIFO (D=16,385forthe IDT72T4088, 32,769 forthe IDT72T4098, 65,537
forthe IDT72T40108, 131,073 for the IDT72T40118). See Figure 19, Write
Timing (FWFT Mode), for the relevanttiming information.

The IR status not only measures the contents of the FIFO memory, but also
counts the presence of aword in the output register. Thus, in FWFT mode, the
total number of writes necessary to deassert IR is one greater than needed to
assert FF in IDT Standard mode.

FF/Ris synchronous and updated on the rising edge of WCLK. FF/IR are
double register-buffered outputs.

Note, whenthe deviceisin Retransmitmode, thisflag isa comparison ofthe
write pointer to the “marked” location. This differs fromnormal mode where this
flag is a comparison of the write pointer to the read pointer.

EMPTY FLAG (EF/OR)

Thisisadual-purpose pin. Inthe IDT Standard mode, the Empty Flag (EF)
functionis selected. Whenthe FIFO is empty, EF will go LOW, inhibiting further
read operations. When EF is HIGH, the FIFO is notempty. See Figure 12, Read
Cycle, Empty Flag and First Word Latency Timing (IDT Standard Mode), for
the relevanttiming information.

InFWFT mode, the Output Ready (OR) function is selected. OR goes LOW
atthe same time that the first word written to an empty FIFO appears valid on
the outputs. OR stays LOW after the RCLK LOW to HIGH transitionthat shifts the
lastword fromthe FIFO memory to the outputs. OR goes HIGH only with atrue
read (RCLKwithREN=LOW). The previous data stays atthe outputs, indicating
the last word was read. Further data reads are inhibited until OR goes LOW
again. See Figure 20, Read Timing (FWFT Mode), for the relevant timing
information.

EF/ORiis synchronous and updated on the rising edge of RCLK.

In IDT Standard mode, EF is a double register-buffered output. In FWFT
mode, ORis atriple register-buffered output.

PROGRAMMABLE ALMOST-FULL FLAG (PAF)

The Programmable Almost-Full flag (PAF) will go LOW when the FIFO
reaches the almost-full condition. In IDT Standard mode, if no reads are
performed after reset (MRS), PAF will go LOW after (D - m) words are written
tothe FIFO. The PAF will go LOW after (16,384-m) writes for the IDT72T4088,
(32,768-m)writesforthe IDT72T4098, (65,536-m) writes forthe IDT72T40108,

(131,072-m) writes for the IDT72T40118. The offset “m” is the full offset

value. The default setting for this value is listed in Table 3.
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In FWFT mode, the PAF will go LOW after (16,385-m) writes for the
IDT72T4088, (32,769-m)writes forthe IDT72T4098, (65,537-m) writes forthe
IDT72T40108, (131,073-m) writes for the IDT72T40118. where mis the full
offsetvalue. The default setting for this value islisted in Table 3.

See Figure 29, Programmable Almost-Full Flag Timing (IDT Standard and
FWFT Mode), for the relevant timing information.

Note, whenthe device isin Retransmitmode, this flagis acomparison of the
write pointer to the “marked” location. This differs from normal mode where this
flagis a comparison of the write pointer to the read pointer.

PROGRAMMABLE ALMOST-EMPTY FLAG (PAE)

The Programmable Almost-Empty flag (PAE) will go LOW when the FIFO
reachesthe almost-empty condition. InIDT Standard mode, PAE willgo LOW
when there are nwords or less in the FIFO. The offset “n” is the empty offset
value. The default setting for this value is stated in the footnote of Table 3.

In FWFT mode, the PAE will go LOW when there are n+1 words or lessin
the FIFO. The default setting for this value is stated in Table 3.

See Figure 30, Programmable Almost-Empty Flag Timing (IDT Standard

and FWFT Mode), for the relevant timing information.

ECHO READ CLOCK (ERCLK)

The Echo Read Clock output is provided in both HSTL and LVTTL mode,
selectable via HSTL. The ERCLK is a free-running clock output, it will always
follow the RCLK input regardless of REN and RCS.

The ERCLK output follows the RCLK input with an associated delay. This
delay provides the user with a more effective read clock source when reading

RCLK /] K XR
l+— tERCLK—>
l+— tERCLK
ERCLK
[ tA tD [4— tA —»[4-tD-|
QSLOWEST®)
5995 drw07
NOTES:
1. REN is LOW.

2. tErCLK > tA, guaranteed by design.

3. Qslowest is the data output with the slowest access time, ta.
4. Time, to is greater than zero, guaranteed by design.

5. REN=RCS=0E=0.

Figure 4. Echo Read Clock and Data Output Relationship

TEMPERATURE RANGES

data from the Qn outputs. This is especially helpful at high speeds when
variables within the device may cause changes in the data access times.
These variations in access time maybe caused by ambient temperature, sup-
ply voltage, or device characteristics. The ERCLK output also compensates
for any trace length delays between the Qn data outputs and receiving de-
vices inputs.

Any variations effecting the data access time will also have a corresponding
effect on the ERCLK output produced by the FIFO device, therefore the
ERCLK output level transitions should always be at the same position in time
relative to the data outputs. Note, that ERCLK is guaranteed by design to be
slower than the slowest Qn, data output. Refer to Figure 4, Echo Read Clock
and Data Output Relationship, Figure 27, Echo Read Clock & Read Enable
Operation in Double Data Rate Mode and Figure 28, Echo RCLK & Echo
REN Operation for timing information.

ECHO READ ENABLE (EREN)

The Echo Read Enable outputis provided inbothHSTL and LVTTL mode,
selectableviaHSTL.

The EREN output is provided to be used in conjunction with the ERCLK
output and provides the reading device with a more effective scheme for
reading data from the Qn output port at high speeds. The EREN output is
controlled by internal logic that behaves as follows: The EREN outputis active
LOW for the RCLK cycle that a new word is read out of the FIFO. That is, a
rising edge of RCLK will cause EREN to go active, LOW if both REN and RCS
are active, LOW and the FIFO is NOT empty.
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TABLE 7 — BUS-MATCHING WRITE TO READ RATIO

x40 DDR Input to x40 DDR Output

ONE WRITE TO ONE READ (1:1)

x40 SDR Input to x40 SDR Output

Configuration Configuration
WSDR | RSDR BM w ow WSDR | RSDR BM w ow
H H L L L L L L L L
DDR Write Clock | x40 Data In DDR Read Clock | x40 Data Out SDR Wirite Clock | x40 Data In SDR Read Clock| x40 Data Out
Positive Edge 1 | D[39:0] <=LW1 | Positive Edge 1 | Q[39:0]<=LW1 Positive Edge 1 | D[39:0]<=LW?1|Positive Edge 1 | Q[39:0]<=LW1
Negative Edge 1 [ D[39:0]<=LW2 | Negative Edge 1 | Q[39:0] <=LW2
x40 SDR Input to x20 DDR Output x20 DDR Input to x40 SDR Output
Configuration Configuration
WSDR | RSDR BM W ow WSDR | RSDR BM W ow
L H H L L H L H H L
SDR Write Clock| x40 Data In DDR Read Clock| x20 Data Out DDR Write Clock| x20 Data In SDR Read Clock | x40 Data Out
Positive Edge 1 | D[39:20]<=W1 | Positive Edge1 |Q[19:0]<=W1 Positive Edge 1 | D[19:0]<=W1 | Positve Edge1 | Q[39:20]<=W1
D[19:0]<=W2 [ Negative Edge 1 | Q[19:0] <=W2 Negative Edge 1| D[19:0]<=W2 Q[19:0] <=W2
ONEWRITE TO TWO READ (1:2)
x40 DDR Input to x40 SDR Output x40 SDR Input to x20 SDR Output
Configuration Configuration
WSDR | RSDR BM w ow WSDR | RSDR BM w ow
H L L L L L L H L L
DDR Write Clock| x40 Data In SDR Read Clock | x40 Data Out SDR Write Clock| x40 Data In SDR Read Clock | x20 Data Out
Positive Edge 1 | D[39:0]<=LW1 | PositiveEdgel [Q[39:0]<=LW1| |Positive Edgel | D[39:20]<=LW1 | Positive Edge1 | Q[19:0]<=LW1
Negative Edge 1| D[39:0]<=LW2 | Positive Edge2 | Q[39:0]<=LW1 D[19:0]<=LW2 [ Positive Edge2 | Q[19:0]<=LW2
x40 DDR Input to x20 DDR Output x40 SDR Input to x10 DDR Output
Configuration Configuration
WSDR | RSDR BM w ow WSDR | RSDR BM W ow
H H H L L L H H L H
DDR Write Clock | x40 Data In DDR Read Clock | x20 Data Out SDR Write Clock | x40 Data In DDR Read Clock | x10 Data Out
Positive Edge 1 | D[39:20] <= LW1{ Positive Edge 1 | Q[19:0]<=LW1 Positive Edge 1 | D[39:30] <=B1 | Positive Edge 1 | Q[9:0]<=B1
D[19:0] <=LW2[ Negative Edge 1 | Q[19:0] <=LW?2 D[29:20] <=B2 [ Negative Edge 1 | Q[9:0]<=B2
Negative Edge 1| D[39:20] <= LW3| Positive Edge 2 | Q[19:0] <= LW3 D[19:10] <=B3 | Positive Edge2 | Q[9:0]<=B3
D[19:0] <=LW4| Negative Edge 2 | Q[19:0] <= LW4 D[9:0] <=B4 [Negative Edge 2 | Q[9:0] <=B4
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TABLE 7 — BUS-MATCHING WRITE TO READ RATIO (CONTINUED)
ONE WRITE TO FOUR READ (1:4)

x40 DDR Input to x20 SDR Output x40 SDR Input to x10 SDR Output

Configuration Configuration
WSDR | RSDR | BM w oW WSDR [ RSDR | BM w oW
H L H L L L L H L H
DDR Write Clock | x40 Data In SDR Read Clock | x20 Data Out SDR Write Clock| x40 Data In SDR Read Clock | x10 Data Out
Positive Edge 1 | D[39:20] <= LW1 Positive Edge 1 | Q[19:0]<=LW1 | |PositiveEdge1 | D[39:30] <=B1 |Positive Edgel | Q[9:0]<=B1
D[19:0] <=LW2| Positive Edge 2 | Q[19:0] <=LW?2 D[29:20] <=B2 | PositiveEdge2 | Q[9:0]<=B2
Negative Edge 1| D[39:20] <= LW3| Positive Edge 3 | Q[19:0] <= LW3 D[19:10] <=B3 | Positive Edge3 | Q[9:0]<=B3
D[19:0] <=LWa4| Positive Edge4 | Q[19:0]<=LW4 D[9:0] <=B4 |PositiveEdge4 | Q[9:0]<=B4

x40 DDR Input to x10 DDR Output

Configuration
WSDR | RSDR | BM W ow
H H H L H
DDR Write Clock| x40 Data In SDR Read Clock | x10 Data Out
Positive Edge 1 | D[39:30]<=B1 [ Positive Edge 1 | Q[9:0]<=B1
D[29:20]<=B2 | Negaitive Edge 1 | Q[9:0] <=B2
D[19:10] <=B3 | Positive Edge2 | Q[9:0]<=B3
D[9:0] <=B4 | Negaitive Edge 2 | Q[9:0] <= B4
Negative Edge 1| D[39:30]<=B5 [ Positive Edge 3 | Q[9:0]<=B5
D[29:20]<=B6 | Negaitive Edge 3 | Q[9:0] <=B6
D[19:10]<=B7 | Positive Edge4 | Q[9:0]<=B7
D[9:0] <=B8 | Negaitive Edge 4 | Q[9:0]<=B8

ONE WRITE TO EIGHT READ (1:8)

x40 DDR Input to x10 SDR Output

Configuration
WSDR | RSDR BM W ow
H L H L H
DDR Write Clock{ x40 Data In SDR Read Clock | x10 Data Out
Positive Edge 1 | D[39:30]<=B1 | Positive Edge1 | Q[9:0]<=B1
D[29:20]<=B2 | Positive Edge2 | Q[9:0]<=B2
D[19:10]<=B3 | Positive Edge 3 | Q[9:0]<=B3
D[9:0] <=B4 | Positive Edge4 | Q[9:0]<=B4
Negative Edge 1 D[39:30]<=B5 | Positive Edge5 | Q[9:0]<=B5
D[29:20]<=B6 | Positive Edge 6 | Q[9:0]<=B6
D[19:10]<=B7 | Positive Edge 7 | Q[9:0] <=B7
D[9:0] <=B8 | Positive Edge8 | Q[9:0]<=B8
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TABLE 7 — BUS-MATCHING WRITE TO READ RATIO (CONTINUED)

x20 DDR Input to x40 DDR Output

Configuration Configuration
WSDR | RSDR BM w ow WSDR | RSDR BM w ow
L H L L L H H H H L
SDR Write Clock | x40 Data In DDR Read Clock | x40 Data Out DDR Write Clock| x20 Data In DDR Read Clock | x40 Data Out
Positive Edge 1 | D[39:0] <=LW1| Positive Edge 1 | Q[39:0]<=LW1 Positiv_e Edgel | D[19:0] <=W1 | Positive Edge1 [ Q[39:20] <=W1
Positive Edge 2 | D[39:0] <=LW2| Negative Edge 1 | Q[39:0]<=Lw2 | |NegativeEdgel) D[19:0] <=W2 Q[19:0] <=W2
Positive Edge 2 | D[19:0] <=W3 | Negative Edge 1 | Q[39:20] <=W3
Negative Edge 2| D[19:0] <=W4 Q[19:0] <=W4
x20 SDR Input to x40 SDR Output x10 DDR Input to x40 SDR Output
Configuration Configuration
WSDR | RSDR BM W ow WSDR | RSDR BM w ow
L L H H L H L H H H
SDR Write Clock | x20 Data In SDR Read Clock | x40 Data Out DDR Write Clock| x10 Data In SDR Read Clock | x40 Data Out
Positive Edge 1 | D[19:0]<=W1 | Positive Edge 1 | Q[39:20]<=W1 Positiv_e Edgel [ D[9:0] <=B1 | PositiveEdgel | Q[39:30] <=B1
Positive Edge 2 | D[19:0] <= W2 Q[19:0]<=W2 Negative Edge 1 D[9:0] <=B2 Q[29:20] <=B2
Positive Edge 2 | D[9:0] <=B3 Q[19:10] <=B3
Negative Edge 2| D[9:0] <=B4 Q[9:0] <=B4
FOUR WRITE TO ONE READ (4:1)
x20 SDR Input to x40 DDR Output x10 DDR Input to x40 DDR Output
Configuration Configuration
WSDR | RSDR BM w ow WSDR | RSDR BM w ow
L H H H L H H H H H
SDR Write Clock| x20 Data In DDR Read Clock | x40 Data Out DDR Write Clock [ x10 Data In DDR Read Clock | x40 Data Out
Positive Edge 1 | D[19:0] <=W1 | Positve Edge1 | Q[39:20] <=W1 Positive Edge1 [ D[9:0] <=Bl1 |PositiveEdgel |[Q[39:30] <=B1
Positive Edge 2 | D[19:0] <=W2 Q[19:0] <=W2 [ |Negative Edge1|D[9:0] <=B2 Q[29:20] <=B2
Positive Edge 3 | D[19:0] <=W3 | Negative Edge 1 [ Q[39:20] <=W3 | |PositiveEdge2 | D[9:0] <=B3 Q[19:10] <=B3
Positive Edge 4 | D[19:0] <=W4 Q[19:0] <=w4 Negative Edge 2| D[9:0] <=B4 Q[9:0] <=B4
Positive Edge 3 [ D[9:0] <=B5 [ Negative Edge 2 | Q[39:30] <=B5
Negative Edge 3| D[9:0] <=B6 Q[29:20] <=B6
Positive Edge4 | D[9:0] <=B7 Q[19:10] <=B7
x10 SDR Input to x40 SDR Output Negative Edge 4| D[9:0] <=B8 Q0]  <=B8
Configuration
WSDR | RSDR BM w ow
L L H H H
SDR Write Clock| x10 Data In SDR Read Clock | x40 Data Out
Positive Edge 1 | D[9:0] <=B1 | Positive Edgel [ Q[39:30] <=B1
Positive Edge 2 | D[9:0] <=B2 Q[29:20] <=B2
Positive Edge 3 | D[9:0] <=B3 Q[19:10] <=B3
Positive Edge 4 | D[9:0] <=B4 Q[9:0] <=B4
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TABLE 7 — BUS-MATCHING WRITE TO READ RATIO (CONTINUED)
EIGHT WRITE TO ONE READ (8:1)

x10 SDR Input to x40 DDR Output

Configuration
WSDR [ RSDR BM W ow
L H H H H
SDR Wirite Clock | x10 Data In DDR Read Clock | x40 Data Out
Positive Edge 1 | D[9:0] <=B1 | Positive Edge Q[39:30] <=B1
Positive Edge 2 | D[9:0] <=B2 Q[29:20] <=B2
Positive Edge 3 | D[9:0] <=B3 Q[19:10] <=B3
Positive Edge 4 | D[9:0] <=B4 Q[9:0] <=B4
Positive Edge5 | D[9:0] <=B5 | Negative Edge | Q[39:30] <=B5
Positive Edge 6 | D[9:0] <=B6 Q[29:20] <=B6
Positive Edge 7 | D[9:0] <=B7 Q[19:10] <=B7
Positive Edge 8 | D[9:0] <=B8 Q[9:0] <=B8

TABLE 8 — TSKEW MEASUREMENT

Data Port Status Flags TsKew Measurement
Configuration
DDR Input EF & PAE Negative Edge WCLK to
to Positive Edge RCLK
DDR Output
FF & PAF Negative Edge RCLK to
Positive Edge WCLK
DDR Input EF & PAE Negative Edge WCLK to
to Positive Edge RCLK
SDR Output
FF & PAF Positive Edge RCLK to
Positive Edge WCLK
SDR Input EF & PAE Positive Edge WCLK to
o Positive Edge RCLK
DDR Output
FF & PAF Negative Edge RCLK to
Positive Edge WCLK
SDR Input EF & PAE Positive Edge WCLK to
o Positive Edge RCLK
SDR Output
FF & PAF Positive Edge RCLK to
Positive Edge WCLK
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JTAG TIMING SPECIFICATION

¢ trek
t4\
t1 t2
t3—/
TDI/
TMS
tDs pi«-tpH
TDO DO
¢— {6 —p too
TRST Notes to diagram: 5995 dnos
t1 = trckLow
15 t2 = tTCKHIGH
13 = tTCKFALL
t4 = tTCKRISE
t5 = tRST (reset pulse width)
t6 = tRSR (reset recovery)
Figure 5. Standard JTAG Timing
JTAG
ACELECTRICALCHARACTERISTICS
(Vee = 2.5V £ 5%; Tease = 0°C to +85°C)
Parameter Symbol Test
Conditions
SYSTEM INTERFACE PARAMETERS T vl o
IDT72T4088 -
IDT72T4098 JTAG Clock Input Period | tTck - 00| - ns
IDT72T40108 JTAG Clock HIGH {TCKHIGH - 0| - | ns
IDT72T40118
. - - JTAG Clock Low tTCKLOW - 40 - ns
Parameter Symbol | Test Conditions| Min. | Max.| Units
JTAG ClockRise Time | tTCKRISE - - | 5% ] ns
Data Output toow - 20 ns
JTAG Clock Fall Time tTCKFALL - - | 59 | ns
DataOutputHold|  tboH® 0 - ns
JTAG Reset tRST - 50 - ns
Data Input DS trise=3ns 10 - ns
{DH tfall=3ns 10 . JTAG ResetRecovery | tRSR - 50 - ns
NOTE: NOTE:
1. 50pf loading on external output signals. 1. Guaranteed by design.
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JTAGINTERFACE The Standard JTAG interface consists of four basic elements:
. Test Access Port (TAP)

TAP controller

Instruction Register (IR)

Data Register Port (DR)

Five additional pins (TDI, TDO, TMS, TCK and TRST) are provided to
support the JTAG boundary scan interface. The IDT72T4088/72T4098/
72T40108/72T40118incorporates the necessary tap controller and modified

pad cells oimplementthe JTAG facilty. Thefollowing sections provide a brief description of each element. Fora

Note that IDTprovides apprOpriate Boundary ScanDescription Language complete descriptionrefertothe IEEE Standard Test Access Port Specification
program files forthese devices. (IEEE Std. 1149.1-1990).

The Figure below shows the standard Boundary-Scan Architecture

DevicelD Reg. Mux

—| Boundary Scan Reg. I
Bypass Reg.
TDO
TDI
—p> g >
=) clkDR, ShiftDR

TMS UpdateDR

TCLK - TAP

== Cont-

TRST, I

rofler Instruction Decode |
clkIR, ShiftIR
UpdatelR
| Instruction Register |
Control Signals
5995 drw09
Figure 6. Boundary Scan Architecture
TEST ACCESS PORT (TAP) THETAP CONTROLLER
The Tap interface is a general-purpose port that provides access to the The Tap controlleris asynchronous finite state machine that responds to

internal of the processor. Itconsists of fourinputports (TCLK, TMS, TDI, TRST)  TMSand TCLK signalsto generate clock and control signals to the Instruction
and one output port (TDO). and Data Registers for capture and update of data.
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1 Test-Logic
Reset
¥y 1
0 Run-Test/ 1 > Select- 1 N Select-
Idle —p| DR-Scan IR-Scan
‘ | T 7
1 Capture-DR Capture-IR
+O 0 +O 0
> Shift-DR 1 » Shift-IR
v, 1y
Input = TMS e | o 1
> EXit1-DR . Exit1-IR
+0 0 *0
Pause-DR Pause-IR
v 1y
0| Exit2-DR 0 Exit2-IR
v 1y
Update-DR | Update-IR <
1y *0 1y *o
< 5995 drw10

NOTES:
1. Five consecutive TCK cycles with TMS = 1 will reset the TAP.

2. TAP controller does not automatically reset upon power-up. The user must provide a reset to the TAP controller (either by TRST or TMS).

3. TAP controller must be reset before normal FIFO operations can begin.

Figure 7. TAP Controller State Diagram

Refer to the IEEE Standard Test Access Port Specification (IEEE Std.
1149.1)for the full state diagram

Allstate transitions withinthe TAP controller occur at the rising edge of the
TCLK pulse. The TMS signal level (0 or 1) determines the state progression
thatoccurs oneach TCLKrising edge. The TAP controller takes precedence
over the FIFO memory and must be reset after power up of the device. See
TRST description for more details on TAP controller reset.

Test-Logic-Reset Alltestlogicis disabledin this controller state enabling the
normal operation ofthe IC. The TAP controller state machineis designedin such
awaythat, nomatterwhattheinitial state of the controlleris, the Test-Logic-Reset
state can be entered by holding TMS at high and pulsing TCK five times. This
is the reason why the Test Reset (TRST) pin is optional.

Run-Test-ldle Inthis controller state, the testlogicinthe ICis active only if
certaininstructions are present. Forexample, ifaninstruction activates the self
test, thenitwill be executed whenthe controller enters this state. The testlogic
inthe ICisidles otherwise.

Select-DR-Scan This is a controller state where the decision to enter the
Data Path or the Select-IR-Scan state ismade.

Select-IR-Scan This is a controller state where the decision to enter the
Instruction Pathis made. The Controller canreturntothe Test-Logic-Reset state
otherwise.

Capture-IR Inthis controller state, the shift register bank in the Instruction
Register parallel loads a pattern of fixed values ontherising edge of TCK. The
last two significant bits are always required to be “01”.

Shift-IR In this controller state, the instruction register gets connected
between TDIand TDO, and the captured pattern gets shifted on eachrising edge
of TCK. Theinstruction available onthe TDI pinis also shiftedintotheinstruction
register.

Exit1-IR Thisisacontroller state where adecisionto enter either the Pause-
IR state or Update-IR state is made.

Pause-IR This state is provided in order to allow the shifting of instruction
registerto be temporarily halted.

Exit2-DR Thisisacontroller state where a decision to enter either the Shift-
IR state or Update-IR state is made.

Update-IR Inthis controller state, the instructioninthe instruction registeris
latchedintothe latch bank of the Instruction Register on every falling edge of
TCK. Thisinstruction also becomesthe currentinstruction once tis latched.

Capture-DR Inthis controller state, the datais parallel loaded into the data
registers selected by the currentinstruction on the rising edge of TCK.

Shift-DR, Exitl-DR, Pause-DR, Exit2-DR and Update-DR These
controller states are similar to the Shift-IR, Exit1-IR, Pause-IR, Exit2-IR and
Update-IR statesinthe Instruction path.
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THE INSTRUCTION REGISTER

TheInstructionregister allows aninstructionto be shifted in serially into the
processor at the rising edge of TCLK.

The Instructionis used to select the testto be performed, or the test data
registertobeaccessed, orboth. Theinstructionshiftedintothe registerislatched
atthe completion of the shifting process when the TAP controlleris at Update-
IR state.

Theinstruction register must contain 4 bitinstruction register-based cells
which canholdinstruction data. These mandatory cells are located nearestthe
serial outputsthey are the least significant bits.

TESTDATAREGISTER

The Test Dataregister contains three test data registers: the Bypass, the
Boundary Scan register and Device ID register.

These registers are connectedin parallel between acommon serial input
andacommon serial data output.

The following sections provide a brief description of each element. Fora
complete description, refertothe IEEE Standard Test Access Port Specification
(IEEE Std. 1149.1-1990).

TEST BYPASS REGISTER

Theregisteris used to allow test data to flow through the device from TDI
toTDO. Itcontainsasingle stage shiftregister foraminimumIlengthin serial path.
Whenthe bypass register s selected by aninstruction, the shift register stage
is setto alogic zero on the rising edge of TCLK when the TAP controllerisin
the Capture-DR state.

The operation of the bypass register should not have any effect on the
operation ofthe device inresponse to the BYPASS instruction.

THE BOUNDARY-SCAN REGISTER

The Boundary Scan Register allows serial data TDI be loaded into orread
outofthe processorinput/output ports. The Boundary Scan Registerisa part
ofthe IEEE 1149.1-1990 Standard JTAG Implementation.

THE DEVICE IDENTIFICATION REGISTER

The Device Identification Register is a Read Only 32-bit register used to
specify the manufacturer, part number and version of the processor to be
determinedthroughthe TAP inresponse to the IDCODE instruction.

IDT JEDEC ID number is 0xB3. This translates to 0x33 when the parity
is dropped in the 11-bit Manufacturer ID field.

For the IDT72T4088/72T4098/72T40108/72T40118, the Part Number
field containsthe following values:

Device Part# Field

IDT7274088 04A3

IDT7274098 04A2

IDT72740108 04A1

IDT72740118 04A0
31(MSB) 28 27 121 1 0(LSB)
Version (4 bits) | Part Number (16-bit) | Manufacturer ID (11-bit)
0X0 0X33 1

IDT72T4088/4098/40108/40118 JTAG Device Identification Register

TEMPERATURE RANGES

JTAG INSTRUCTION REGISTER

The Instruction register allowsinstructionto be serially inputinto the device
whenthe TAP controllerisinthe Shift-IR state. Theinstructionis decodedto
performthe following:

o Selecttestdataregistersthatmay operate while the instructionis
current. The othertest data registers should not interfere with chip
operationandthe selected dataregister.

« Definethe serialtestdataregister paththatis usedtoshiftdatabetween
TDl'and TDO during data register scanning.

The Instruction Registeris a4 bitfield (i.e.IR3,IR2,IR1,IR0) to decode 16

different possible instructions. Instructions are decoded as follows.

Hex Instruction Function

Value

0x02 IDCODE Select Chipldentification dataregiste
0x01 SAMPLE/PRELOAD | SelectBoundary Scan Register
0x03 HI-IMPEDANCE JTAG

0x0F BYPASS SelectBypass Register

Table 8. JTAG Instruction Register Decoding

Thefollowing sections provide a brief description of each instruction. For
acomplete descriptionrefertothe IEEE Standard Test Access Port Specification
(IEEE Std. 1149.1-1990).

IDCODE

The optionalIDCODE instructionallowsthe ICtoremaininits functional mode
and selectsthe optional device identification register to be connected between
TDIand TDO. The device identificationregisterisa 32-bit shift register containing
information regarding the IC manufacturer, device type, and version code.
Accessing the device identification register does notinterfere with the operation
ofthelC. Also, accesstothe device identificationregister should beimmediately
available, viaa TAP data-scan operation, after power-up of the IC or after the
TAP has beenresetusing the optional TRST pin or by otherwise moving tothe
Test-Logic-Resetstate.

SAMPLE/PRELOAD

The required SAMPLE/PRELOAD instruction allows the IC toremainina
normal functional mode and selectsthe boundary-scanregister to be connected
between TDIand TDO. During this instruction, the boundary-scanregister can
be accessed viaadate scan operation, to take a sample ofthe functional data
entering and leaving the IC.

HIGH-IMPEDANCE

The optional High-Impedance instruction sets all outputs (including two-state
aswellasthree-state types) of an ICtoadisabled (high-impedance) state and
selects the one-bit bypass register to be connected between TDIl and TDO.
Duringthisinstruction, data can be shifted through the bypass register from TDI
to TDO without affecting the condition of the IC outputs.

BYPASS

The required BYPASS instruction allows the IC to remain in a normal
functional mode and selects the one-bit bypass register to be connected
between TDI and TDO. The BYPASS instruction allows serial data to be
transferredthrough the IC from TDI to TDO without affecting the operation of
thelC.
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EF/OR >k If FWFT = LOW, EF = LOW
= tRSF g If FWFT = LOW, FF = HIGH
FF/IR >‘< If FWFT = HIGH, IR = LOW
< tRSF >
e N
< tRSF >
PAF /Z

|
1RSF E = HIGH
Qo - Qn .t

OE = LOW 5995 drw11
NOTES: o o
1. During Master Reset the High-Impedance control of the Qn data outputs is provided by OE only, RCS can be HIGH or LOW until the first rising edge of RCLK after Master Reset
is complete.

2. The status of these pins are latched in when the Master Reset pulse is LOW.

Figure 8. Master Reset Timing
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CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES
PRS N[ RS "/
PRS N 4
tRSST~
-« tRSR
Eed N
tRSS? > <+— {RSR
WEN 4 XK
’[RSS? >
74
tRSS? >
SEN 7Z
tRSS? >
SREN 7Z
< tRSF > If FWFT = HIGH, OR = HIGH
F/OR >k If FWFT = LOW, EF = LOW
< tRSF > If FWFT = LOW, FF = HIGH
FF/ >‘< If FWFT = HIGH, IR = LOW
h tRSF >
PAE 51\
< tRSF >
PAF F
< tRSF > .
OE =HIGH
] N .
Qo -Qn N, -
OE =LOW 5995 drw12
NOTE: o o
1. During Partial Reset the High-Impedance control of the Qn data outputs is provided by OE only, RCS can be HIGH or LOW until the first rising edge of RCLK after Master Reset
is complete.

Figure 9. Partial Reset Timing
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+—— oLk —>
tCLKHTg—

h NO WRITE \ tCLKL—Fh NO WRITE
WCLK N 1 2 \_ ) 1 o N N\
tSKEW! —~ tDS— | ~— tDH tskEW! — — toH

2
o 30 CXXXXKIXXIIX XK b

= twrF ] |<—tWFF — twrr — twrr
FF

N\

tENS— — tENH tens — — tenH
EN N\ ;I ; ;
tENS ~

y tA -~ th ——>
Qo- Q39 DATA READ NEXT DATA READ

NOTES:

1. tskew1 is the minimum time between a rising RCLK edge and a rising WCLK edge to guarantee that FF will go HIGH (after one WCLK cycle plus twrr). If the time between the
rising edge of the RCLK and the rising edge of the WCLK is less than tskewi, then the FF deassertion may be delayed one extra WCLK cycle.

2. OE = LOW, EF = HIGH.

3. WCS = Low.

4. WCLK must be free running for FF to update.

5995 drw13

Figure 10. Write Cycle and Full Flag Timing (IDT Standard Mode)
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CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES

toLk
[~ tOLKH——= toLkL —
_/
RCLK 74—\—771ﬁ\—712ﬁL71—P

tENS T o tENH

tENS T |, 47 tENH tENS 1l 4y TENH le o
REN §§§ xii )( NO OPERATION NO OPERATION {.MM
M tREF—™ Li tREF [+ tREF—|
x \ B g

ta

——ta —] ——
Qo- Qa9 —'(ﬁ) LAST WORD : ‘ LAST WORD >k Do >L D1
[+ toLz—! [« toHz »‘ +toz *‘
_ toOE——

OE

;
tskewt =

WCLK mfmm

o tENH tENS—, |~ tENH

teENS *4—}
EN SE
[+——twcss —| t«——twesH —J/
WCS

tos—

tDg-++x(IDH e~ tDH
Do - D39 >>>R Do >k > D1

NOTES:

1. tskew1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH (after one RCLK cycle plus tre). If the time between the
rising edge of WCLK and the rising edge of RCLK is less than tskewi, then EF deassertion may be delayed one extra RCLK cycle.

2. First data word latency = tskew1 + 1¥TRCLK + tREF.

3. RCS is LOW.

4. RCLK must be free running for EF to update.

5995 drw15

Figure 12. Read Cycle, Output Enable, Empty Flag and First Data Word Latency (IDT Standard Mode)
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CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES

RCLK 74—\—7h 7Z—L7/—L7 )

tENS—

REN

tENS — tENS —

—tENH pp—. A —
RCS ﬁt jﬁ %t
+—tREF l+—tREF
EF

tA—» /tRCSHZ

» —1RCsHz
tRCSLZ—— ‘—\>] tResizw . A ‘_"
Qo-Qn———— LAST DATA1 . LAST DATA

| tsKEWT “4

WCLK _/—\_m m
tENS —»+— tENH
WEN
tDS——>f«——— tDH——>
Dn Dx

NOTES:

1. tskew1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH (after one RCLK cycle plus trer). If the time between the
rising edge of WCLK and the rising edge of RCLK is less than tskewi, then EF deassertion may be delayed one extra RCLK cycle.

2. First data word latency = tskew1 + 1*TRCLK + tREF.

3. OE is LOW.

4. RCLK must be free running for EF to update.

5995 drw21

Figure 18. Read Cycle and Read Chip Select (IDT Standard Mode)
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IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT COMMERCIAL AND INDUSTRIAL

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES

tSCLK ——»
{SCKH 1SCKL»]

tSENS-bA—/;—tng_\ - tENH -]
SEN : : ; /

tSDS] ( ( |4 tsDH
BIT 1 3 BIT 1 >< >< "
SI >< « >< BIT X « BIT X
)] )
I EMPTY OFFSET > FULL OFFSET > 5995 drw28

NOTE:
1. In SDR mode, X = 14 for the IDT72T4088, X = 15 for the IDT72T4098, X = 16 for the IDT72T40108, X = 17 for the IDT72T40118.
2. In DDR mode, X = 13 for the IDT72T4088, X = 14 for the IDT72T4098, X = 15 for the IDT72T70108, X = 16 for the IDT72T40118.

Figure 25. Loading of Programmable Flag Registers (IDT Standard and FWFT Modes)

SCLK

tSENS->4—/;—tSE§\ tENH —»]
SREN : : ; /

-« tSOA» ( Jﬂ— tSOA
BITO >< ”’ >< BT xM BITO >< ” BITx™M
SO {f (

[ EMPTY OFFSET T FULL OFFSET ——

5995 drw29

NOTE:

1. In SDR mode, X = 14 for the IDT72T4088, X = 15 for the IDT72T4098, X = 16 for the IDT72T40108, X = 17 for the IDT72T40118.
2. In DDR mode, X = 13 for the IDT72T4088, X = 14 for the IDT72T4098, X = 15 for the IDT72T40108, X = 16 for the IDT72T40118.
3. Offset register values are always read starting from the first location in the offset register upon initiating SREN.

Figure 26. Reading of Programmable Flag Registers (IDT Standard and FWFT Modes)
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IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT COMMERCIAL AND INDUSTRIAL

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES
WeK TN N A T N N N N N
tENS— ,~1ENH
WEN

[«tDS»-atD DS »r«-tDH> | tDS Bt tDH|
bo-Dn XXX)k i Y ez >k e X KXXXXXXXX X XXX XXX XXKX XXX XX XXXXXXX

~SKEW1

RCLK
~ tERCLK

ERCLK

tENS - e tENH
REN
< tENS-»|
RCS 4(

|
%
|
|
|
X

tCLKEN {CLKEN tCLKEN CLKEN
/- /- /- 4
EREN J‘
s tRCsLz ot oA
an HIGH-Z ’\l/ Wi+ J( W2 ;( Wn+3
~ tREF ~REF
OR A—
~ A ot <t
o/P Whn Last Word Whn+1 * Whn+2 Wn+3
Reg.
5995 drw31
NOTE:

1. The O/P Register is the internal output register. Its contents are available on the Qn output bus only when RCS and OE are both active, LOW, that is the bus is not in High-
Impedance state.
2. OE is LOW.
Cycle:
a&b. At this point the FIFO is empty, OR is HIGH.
RCS and REN are hoth disabled, the output bus is High-Impedance.
c. Word Wn+1 falls through to the output register, OR goes active, LOW.
RCS is HIGH, therefore the Qn outputs are High-Impedance. EREN goes LOW to indicate that a new word has been placed on the output register.
d.  EREN goes HIGH, no new word has been placed on the output register on this cycle.
e. No Operation.
f. RCS is LOW on this cycle, therefore the Qn outputs go to Low-Impedance and the contents of the output register (Wn+1) are made available.
NOTE: In FWFT mode is important to take RCS active LOW at least one cycle ahead of REN, this ensures the word (Wn+1) currently in the output register is made
available for at least one cycle.
g.  REN goes active LOW, this reads out the second word, Wn+2.
EREN goes active LOW to indicate a new word has been placed into the output register.
h.  Word Wn+3 is read out, EREN remains active, LOW indicating a new word has been read out.
NOTE: Wn+3 is the last word in the FIFO.
i This is the next enabled read after the last word, Wn+3 has been read out. OR flag goes HIGH and EREN goes HIGH to indicate that there is no new word available.
3. OE is LOW.
4. The truth table for EREN is shown below:

RCLK OR RCS

X = = oo |0

Xk or o %|
=

e
_ O O oo
=

Figure 28. Echo RCLK and Echo REN Operation (FWFT Mode Only)



IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT COMMERCIAL AND INDUSTRIAL

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40 TEMPERATURE RANGES

WCLK

tENS— | ,— tENH

WEN
tPAFS tPAFS
PAF D - (m +1) words in FIFO® D - m words in FIFO® D-(m+1) words

in FIFO®
tSKEws‘a-'bl
RCLK \

tENS\ Y tENH

En N7

NOTES:

1. m = PAF offset.

2. D = maximum FIFO Depth.
In IDT Standard Mode: D=16,384 for the IDT72T4088, 32,768 for the IDT72T4098, 65,536 for the IDT72T40108, 131,072 for the IDT72T40118.
In FWFT Mode: D=16,385 for the IDT72T4088, 32,769 for the IDT72T4098, 65,537 for the IDT72T40108, 131,073 for the IDT72T40118.

3. PAF is asserted and updated on the rising edge of WCLK only.

4. tskews is the minimum time between a rising RCLK edge and a rising WCLK edge to guarantee that PAF will go HIGH (after one WCLK cycle plus tpars). If the time between the
rising edge of RCLK and the rising edge of WCLK is less than tskews, then the PAF deassertion time may be delayed one extra WCLK cycle.

5. RCS = LOW.

Figure 29. Programmable Almost-Full Flag Timing (IDT Standard and FWFT Modes)

tCLKH TCLKL-
WCLK N L S N N N N

tENS— | —tENH
>

WEN
n words in FIFO®, n words in FIFO®,
PAE n + 1 words in FIFO® n+ 1 words in FIFO'Z), n + 1 words in FIFO®
(4) n +2 words in FIFO®
-~ tSKEW3 tPAES— tPAES T~

RCLK

—REN 5995 drw33
NOTES:

1. n = PAE offset.

2. For IDT Standard Mode.

3. For FWFT Mode.

4. PAE is asserted and updated on the rising edge of RCLK only.

5. tskews is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that PAE will go HIGH (after one RCLK cycle plus tras). If the time between the
rising edge of WCLK and the rising edge of RCLK is less than tskews, then the PAE deassertion may be delayed one extra RCLK cycle.

. PAE is asserted and updated on the rising edge of RCLK only.

6. RCS = LOW.

o

Figure 30. Programmable Almost-Empty Flag Timing (IDT Standard and FWFT Modes)



IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x

40

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

OPTIONAL CONFIGURATIONS

WIDTH EXPANSION CONFIGURATION

Word width may be increased simply by connecting together the control
signals of multiple devices. Statusflags canbe detected fromany one device.
The exceptions are the EF and FF functionsin IDT Standard mode and the IR
and OR functionsin FWFT mode. Because of variationsin skew between RCLK
and WCLK, itis possible for EF/FF deassertion and IR/OR assertion to vary
by one cycle between FIFOs. InIDT Standard mode, such problems can be

avoided by creating composite flags, that is, ANDing EF of every FIFO, and
separately ANDing FF of every FIFO. In FWFT mode, composite flags can
be created by ORing OR of every FIFO, and separately ORing IR of every
FIFO.

Figure 31 demonstrates a width expansion using two IDT72T4088/
72T4098/72T40108/72T40118 devices. Do- D4ofrom each device form a80-
bitwide input bus and Qo-Q39 from each device form a 80-bit wide outputbus.
Anywordwidth can be attained by adding additional IDT72T4088/72T4098/
72T40108/72T740118 devices.

SERIAL CLOCK (SCLK)

PARTIAL RESET (PRS)
MASTER RESET (MRS)

FIRST WORD FALL THROUGH

(FWFT)

RETRANSMIT (RT)
Dm+1 - Dn
DATAIN m-+n/ Do-Dm W YYvYyvy n/ YYVYVY
/ VA » / | READ CLOCK (RCLK)
WRITECLOCK(WCLK) .| |« I I READ CHIP SELECT (RCS)
__ o READ ENABLE (REN)
WRITE ENABLE (WEN) | _IpT_ | " o7 -
“| 7214088 7274088 _| ( OUTPUT ENABLE (OE)
72T4098 7274098
72T40108 72T40108 PROGRAMMABLE (PAE) >
- FULL FLAG/INPUT READY (FF/IR) #1 | 72T40118 72140118 o
T — | _EMPTYFLAG/OUTPUT READY (EF/OR) #1 R
< FULL FLAG/INPUT READY (FF/IR) #2 - == EMPTY FLAG/OUTPUT READY (EF/OR) #2 _ | eatE >
PROGRAMMABLE (PAF) FIFO FIFO n 1. m+n
#1 #2 / Gner -Qn /> oataouT
m / /
//
5995 drw34
Qo - Qm rw
NOTES:

1. Use an AND gate in IDT Standard mode, an OR gate in FWFT mode.
2. Do not connect any output control signals directly together.
3. FIFO #1 and FIFO #2 must be the same depth, but may be different word widths.

Figure 31. Block Diagram of 16,384 x 80, 32,768 x 80, 65,536 x 80, 131,072 x 80 Width Expansion



IDT72T4088/98/108/118 2.5V HIGH-SPEED TeraSync™ DDR/SDR FIFO 40-BIT

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

CONFIGURATION 16,384 x 40, 32,768 x 40, 65,536 x 40 and 131,072 x 40

FWFT I

TRANSFER CLOCK v
FWFT FWFT
WRITE CLOCK |\ ¢ ROLK »| weolk ROLK |« READ CLOCK
IDT IDT 7eS | READ CHIP SELECT
__ —— — RCS |«
WRITE ENABLE | = 7974088 OR »| WEN 7274088
72T4098 7574098 REN l<___ READ ENABLE
<INPUT READY " 72T40108 BEN le R 72740108 o) |__OUTPUT READY,
72740118 ACS 72T40118 g
o OE le OUTPUT ENABLE
OE GND
DATA OUT

n n
% Dn On* Dn Qn ﬁ

5995 drw35

Figure 32. Block Diagram of 32,768 x 40, 65,536 x 40, 131,072 x 40, 262,144 x 40 Depth Expansion in Single Data Rate Mode

DEPTH EXPANSION CONFIGURATION IN SINGLE DATA RATE
(FWFT MODE ONLY)

The IDT72T4088 can easily be adapted to applications requiring depths
greaterthan 16,384, 32,768 forthe IDT72T4098, 65,536 forthe IDT72T40108,
131,072 for the IDT72T40118 with an 40-bit bus width. In FWFT mode, the
FIFOs canbe connectedin series (the data outputs of one FIFO connectedto
the data inputs of the next) with no external logic necessary. The resulting
configuration provides a total depth equivalent to the sum of the depths
associatedwith eachsingle FIFO. Figure 32 shows a depth expansionusing
two IDT72T4088/72T4098/72T40108/72T40118 devices.

Care should be takento select FWFT mode during Master Resetfor all FIFOs
inthe depth expansion configuration. Also, the devices must be operating in
Single Data Rate mode since thatis the only mode available in FWFT. The first
wordwrittentoan empty configuration will pass from one FIFO tothe next (“ripple
down")untilitfinally appears atthe outputs of the last FIFO inthe chain—noread
operationis necessary butthe RCLK of each FIFO mustbe free-running. Each
time the dataword appearsatthe outputs of one FIFO, that device'sORline goes
LOW, enabling a write to the next FIFO inline.

For an empty expansion configuration, the amount of timeittakes for OR of
thelastFIFOinthe chaintogo LOW (i.e. valid datato appearonthe last FIFO's
outputs) afteraword has beenwritten to the first FIFO is the sum of the delays
for each individual FIFO:

(N = 1)*(4*transfer clock) + 3*TRCLK

where Nisthe number of FIFOsinthe expansionand TRCLK is the RCLK period.
Note that extra cycles should be added for the possibility that the tskew1

specificationis notmetbetween WCLK and transfer clock, orRCLK and transfer
clock, forthe ORflag.

The "ripple down"delayis only noticeable for the firstword writtento an empty
depth expansion configuration. There willbe nodelay evidentfor subsequent
words writtentothe configuration.

The first free location created by reading from a full depth expansion
configurationwill "bubble up"fromthe last FIFO to the previous one untilitfinally
movesintothefirstFIFO ofthe chain. Eachtime afreelocationis createdinone
FIFO ofthe chain, that FIFO's IR line goes LOW, enabling the preceding FIFO
to write aword tofill it.

Forafull expansion configuration, the amountoftimeittakes for IR of thefirst
FIFOinthe chainto go LOW after aword has beenread fromthe last FIFO is
the sum of the delays for each individual FIFO:

(N = 1)*(3*transfer clock) + 2 TwcCLk

where N is the number of FIFOs in the expansion and TwcLk is the WCLK
period. Note that extra cycles should be added for the possibility that the tskewz1
specificationis notmetbetween RCLK and transfer clock, or WCLK and transfer
clock, forthe IR flag.

The Transfer Clockline should be tied to either WCLK or RCLK, whichever
isfaster. Boththese actionsresultin datamoving, as quickly as possible, tothe
end of the chain and free locations to the beginning of the chain.



ORDERING INFORMATION
IDT XXXXX X XX X X
: Process /
D T P Pack
evice Type ower Speed ackage Temperature
Range
BLANK Commercial (0°C to +70°C)
10} Industrial (-40°C to +85°C)
{ BB Plastic Ball Grid Array (PBGA, BB208-1)
4 Commercial Only
5 Commercial Only Clock Cycle Time (tCLK)
6-7 Commercial and Industrial ( Speed in Nanoseconds
10 Commercial Only
|L Low Power

|72T4088 16,384 x 40 — 2.5V High-Speed TeraSync™ DDR/SDR FIFO
72T4098 32,768 x 40 — 2.5V High-Speed TeraSync™ DDR/SDR FIFO
‘72T401 08 65,536 x40 — 2.5V High-Speed TeraSync™ DDR/SDR FIFO

72T40118 131,072 x 40— 2.5V High-Speed TeraSync™ DDR/SDR FIFO
5995 drw36

NOTE:
1. Industrial temperature range product is available for 6-7ns as a standard product. All other speed grades are available by special order.

DATASHEET DOCUMENT HISTORY
03/01/2002  pgs. 1,4,6,8,9,and 23.

04/08/2002  pgs. 1,8,9,11,33-37, 42, 46-48, and 51.
04/24/2002  pgs. 19, and 28.

05/24/2002  pgs. 6-9, and 12.

11/21/2002  pgs. 1,and 10.

02/11/2003  pgs. 7,8, and 27.

03/20/2003  pgs. 25,27,28, and 44.

CORPORATE HEADQUARTERS for SALES: for Tech Support:

I DT 2975 Stender Way 800-345-7015 or 408-727-6116 408-330-1753

e Santa Clara, CA 95054 fax: 408-492-8674 email: FIFOhelp@idt.com
www.idt.com



