IQENESAS 2.5V 18M-BIT HIGH-SPEED TeraSync™

FIFO 36-BIT CONFIGURATIONS

524,288 x 36 IDT72T36135M
FEATURES: Separate SCLK input for Serial programming of flag offsets

o Industry’s largest FIFO memory organization:

IDT72T36135 524,288 x 36 - 18M-bits
o Up to 200 MHz Operation of Clocks
o Functionally and pin compatible to 9Mbit IDT72T36125 TeraSync
devices
User selectable HSTL/LVTTL Input and/or Output
User selectable Asynchronous read and/or write port timing
Mark & Retransmit, resets read pointer to user marked position
Write Chip Select (WCS) input disables Write Port
Read Chip Select (RCS) synchronous to RCLK
Programmable Almost-Empty and Almost-Full flags, each flag can
default to one of eight preselected offsets
o Program programmable flags by either serial or parallel means
o Selectable synchronous/asynchronous timing modes for Almost-

Empty and Almost-Full flags

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[1:2] and FF[1:2] flags) or First
Word Fall Through timing (using OR[1:2] and IR[1:2] flags)
Output enable puts data outputs into high impedance state
JTAG port, provided for Boundary Scan function

Available in 240-pin (19mm x 19mm)Plastic Ball Grid Array (PBGA)
50% more space saving than the leading 9M-bit FIFOs
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

Green parts available, see ordering information
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IDT and the IDT logo are registered trademarks of Integrated Device Technology, Inc. The TeraSync FIFO is a trademark of Integrated Device Technology, Inc.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES
PIN CONFIGURATION
/— A1 BALL PAD CORNER
Al O O O O O O O O O O O O O O ON
vce vce vce vec Ve vcc WCLK  PRS GND FF1 FF2 RCLK OE VvbbQ VDDQ VDDQ  VDDQ VDDQ
B O O O O O O O O O O O O O O O O o o
vce vce vce vce vce vcc WEN MRS GND PAF1 EFT REN RBCS VbbQa VbbQ VbbQ VbbQ - VDDQ
c|] O O O O O O O O O O o 0O o o o o oo
vce vce vce vee vce vee WCS [D GND PAF2 PAET MARK RT VbbQ  Vppa VDDQ vbbQ  VDDQ
p | O O O O O O O O O O O O
Vce Vce Vcc FWFT/SI DNC FSELO SHSTL FSEL1 GND GND PAE2 EF2 RHSTL ASYR PFM VDDQ VDDQ VDDQ
] O O O O o O O
vce vce vce GND GND  VbDQ VDDQ  VDbQ
Fl O o O o O O
vce vce vce GND GND  VDDQ VbDQ VDDQ
c| O O O o O O
vce SEN SCLK WHSTL GND  VvbDQ VDDQ VDDQ
H o O O o O O O O O O O
vce vce VcC  ASYW GND GND GND GND GND  VbDQ VbbQ VDDQ
s |1 O O O o O O O o O O
vee vee vcc  VREF GND GND GND GND GND VbbQ VbbQ VbbQ
k] O O O O O O O O O O O O
vce vce vce DNC GND GND GND GND GND VbbQ  VbbaQ VbbQ
L] O O O O O O O
D33 D34 D35 GND GND GND GND GND GND vbba Q35 Q34
m | O O O O O
D30 D31 D32 GND GND Q33 Q32 Q31
Nn|] O O O O O O O O
D27 D28 D29 GND GND Q30 Q29 Q28
p|l O O O O O
D24 D25 D26 GND GND Q27 Q26 Q25
Rl O O O O O O O O O O o O o O o o o o
D21 D22 D23 GND GND GND GND GND GND GND GND GND GND GND GND Q24 Q23 Q22
T| O O O O O O O o O O O O O O O
D19 D20 D13 D10 D5 D4 D1 T™S TDO  GND Qo Q2 Q3 Q8 Qi1 Q14 Q21 Q20
v] O O O O O O O O O O O o oo o o o o o
D18 D17 D14 D11 D7 D8 D2 TRST TDI GND Q1 Q6 Q5 Q9 Q12 Q15 Q18 Q19
v o O O O
\VCC D16 D15 D12 D9 D6 D3 Do TCK GND DNC Q4 Q7 Q10 Q13 Q116 Q17 VDDQr
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
6723 drw02
NOTE:

1. DNC - Do Not Connect.

PBGA: 1mm pitch, 19mm x 19mm (BB240, order code: BB)
TOP VIEW
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO
524,288 x 36

DESCRIPTION:

The IDT72T36135M is an exceptionally deep, extremely high speed,
CMOS First-In-First-Out (FIFO) memory with clocked read and write controls
and a wide extended x36 bus to allow ample data flow. These FIFOs offer
several key user benefits:

. High density offering of 18 Mbit

. 200MHz R/W Clocks supporting 7.2Gbps of data throughput

. User selectable MARK location for retransmit

. User selectable I/O structure for HSTL or LVTTL

. Asynchronous/Synchronous translation on the read or write ports

. Thefirstword datalatency period, fromthe time the firstword is written

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

TeraSync FIFOs are particularly appropriate for network, video, telecom-
munications, datacommunications and other applications that need to buffer
large amounts of data at very high performance.

Theinput portcan be selected as eithera Synchronous (clocked) interface,
or Asynchronous interface. During Synchronous operation the input port is
controlled by aWrite Clock (WCLK) inputand a Write Enable (WEN)input. Data
presenton the Dn datainputsis written into the FIFO on every rising edge of
WCLK when WEN is asserted. During Asynchronous operation only the WR
inputis used towrite dataintothe FIFO. Datais written on arising edge of WR,
the WEN inputshould be tied toits active state, (LOW).

The input port can be selected for either 2.5V LVTTL or HSTL operation,
thisoperationis selected by the state ofthe WHSTL inputduringamasterreset.
A Write Chip Selectinput (WCS) is provided for use when the write portis in
both LVTTLand HSTL modes. During operation the WCS inputcan be used
to disable write portinputs (data only).

Theoutputportcan be selected as eithera Synchronous (clocked) interface,
or Asynchronous interface. During Synchronous operation the output portis
controlled by aRead Clock (RCLK)inputand Read Enable (REN)input. Data
is read from the FIFO on every rising edge of RCLK when REN is asserted.
During Asynchronous operation only the RDinputis used toread datafromthe
FIFO. Data is read on arising edge of RD, the REN input should be tied to its
active state, LOW. When Asynchronous operationis selected on the output port
the FIFO must be configured for Standard IDT mode, also the RCS should be
tied LOW andthe OE inputused to provide three-state control ofthe outputs, Qn.

The outputportcanbe selected foreither 2.5V LVTTL orHSTL operation,
this operation s selected by the state ofthe RHSTL inputduringa master reset.

AnOutput Enable (OE)inputis provided for three-state control of the outputs.
ARead Chip Select (RCS)inputisalso provided, the RCS inputis synchronized
tothe read clock, and also provides three-state control of the Qndata outputs.
When RCS is disabled, the data outputs will be high impedance. During
Asynchronous operation ofthe output port, RCS should be enabled, held LOW.

The frequencies of both the RCLK and the WCLK signals may vary from 0
tofMax with completeindependence. There are norestrictions onthe frequency
ofthe one clock input with respect to the other.

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 specificread operationis performed. Aread
operation, which consists of activatingREN and enabling arising RCLK edge,
will shiftthe word frominternal memory to the data output lines.

In FWFT mode, the firstword written to an empty FIFO is clocked directly
tothe data outputlines after three transitions ofthe RCLK signal. AREN does
not have to be asserted for accessing the first word. However, subsequent
words written to the FIFO do require a LOW on REN for access. The state of
the FWFT/Slinputduring Master Reset determines the timingmode in use.

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

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

The 18M-bit TeraSync FIFO has 8 flag pins, EF/OR[1:2] (Empty Flag or
Output Ready), FF/IR[1:2] (Full Flag or Input Ready), PAE[1:2] (Program-
mable Almost-Empty flag) and PAF[1:2] (Programmable Almost-Fullflag). The
EF[1:2]and FF[1:2] functions are selectedin IDT Standard mode. The R[1:2]
and OR[1:2]functions are selected in FWFT mode. PAE[1:2]and PAF[1:2] are
always available foruse, irrespective oftimingmode. Each flaghasadouble
because the 18M FIFO was designed as a Multi-chip Module, so each set of
flags supportsits respective internal 9IM FIFO. Some extra external gating logic
willhave to be used to accurately read each flag output. This will be covered
inthe flagging section of the datasheet.

PAE[1:2]and PAF[1:2] can be programmed independently to switch atany
pointinmemory. Programmable offsets determine the flag switching threshold
andcanbeloaded by twomethods: parallel or serial. Eightdefaultoffset settings
arealso provided, sothat PAE[1:2] can be setto switch ata predefined number
oflocations from the empty boundary and the PAF[1:2] threshold can also be
setatsimilar predefined values from the full boundary. The defaultoffsetvalues
are setduring Master Reset by the state of the FSELO, FSEL1, and LD pins.

For serial programming, SEN together with LD on each rising edge of
SCLK;, are usedtoload the offset registers via the Serial Input (Sl). Forparallel
programming, WEN together with LD on each rising edge of WCLK, are used
to load the offset registers via Dn. REN together with LD on each rising edge
of RCLK canbe usedtoreadthe offsetsin parallel from Qnregardless of whether
serial or parallel offsetloading has been selected.

During Master Reset (MRS) the following events occur: the read and write
pointers are set to the first location of the FIFO. The FWFT pin selects IDT
Standard mode or FWFT mode.

The Partial Reset (PRS) also sets the read and write pointers to the first
location of the memory. However, the timing mode, programmable flag
programming method, and defaultor programmed offset settings existing before
Partial Resetremain unchanged. The flags are updated according to the timing
modeand offsetsineffect. PRSis useful forresetting a devicein mid-operation,
when reprogramming programmable flags would be undesirable.

Itis also possible to select the timing mode of the PAE[1:2] (Programmable
Almost-Emptyflag) and PAF[1:2] (Programmable Aimost-Fullflag) outputs. The
timing modes can be set to be either asynchronous or synchronous for the
PAE[1:2]and PAF[1:2]flags.

Ifasynchronous PAE/PAF[1:2] configuration is selected, the PAE[1:2]is
asserted LOW on the LOW-to-HIGH transition of RCLK. PAE[1:2] is reset to
HIGH on the LOW-to-HIGH transition of WCLK. Similarly, the PAF[1:2] is
asserted LOW on the LOW-to-HIGH transition of WCLK and PAF[1:2]is reset
to HIGH on the LOW-to-HIGH transition of RCLK.

If synchronous PAE/PAF[1:2] configuration is selected , the PAE[1:2] is
assertedand updated ontherisingedge of RCLK only and not WCLK. Similarly,
PAF[1:2] is asserted and updated on the rising edge of WCLK only and not
RCLK. The mode desired is configured during MasterReset by the state of the
Programmable Flag Mode (PFM) pin.

This device includes a Retransmitfrom Mark feature that utilizes two control
inputs, MARK and , RT (Retransmit). Ifthe MARK inputis enabled with respect
tothe RCLK, the memory location being read at that pointwill be marked. Any
subsequentretransmitoperation, RT goes LOW, will reset the read pointerto
this‘marked'’ location.

If,atanytime, the FIFOis not actively performing an operation, the chip will
automatically power down. Oncein the power down state, the standby supply
currentconsumptionisminimized. Initiating any operation (by activating control
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO

524,288 x 36

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

DESCRIPTION (CONTINUED)

inputs) willimmediately take the device out of the power down state.

Both an Asynchronous Output Enable pin (OE) and Synchronous Read
Chip Selectpin (RCS)are provided on the FIFO. The Synchronous Read Chip
Selectis synchronized tothe RCLK. Both the outputenable and read chip select
control the output buffer of the FIFO, causing the buffer to be either HIGH
impedance orLOWimpedance.

AJTAGtest portis provided, here the FIFO has fully functional Boundary
Scan feature, compliant with IEEE 1449.1 Standard Test Access Port and

Boundary Scan Architecture. Special consideration should be taken into

accountfor JTAGtesting since the deviceisaMCM. Please see JTAG section
forfurther details.

The TeraSync FIFO has the capability of operating its ports (write and/or
read)ineither LVTTL orHSTL mode, each ports selectionindependentof the
other. The write port selection is made via WHSTL and the read port selection
viaRHSTL. An additionalinput HSTL is also provided, this allows the user to
selectHSTL operation for other pins on the device (notassociated with the write
or read ports).

The IDT72T36135M is fabricated using high speed submicron CMOS
technology.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

PARTIAL RESET (PRS) MASTER RESET (MRS)

:

WRITE CLOCK (WCLK/WR), <READ CLOCK (RCLK/RD)
WRITE ENABLE (WEN) READ ENABLE (REN)
WRITE CHIP SELECT (WCS) < OUTPUT ENABLE (OE)
LOAD (LD) , < READ CHIP SELECT (RCS)
(x36) DATA IN (Do - Dn) > DT (x36) DATA OUT (Qo - Qn) >
SERIAL CLOCK (SCLK) | 72T30135M} BCLK -
SERIAL ENABLE(SEN) _ REN >
> <MARK

FIRST WORD FALL THROUGH/ —
SERIAL INPUT (FWFT/SI) <RETRANSMIT (RT)

FULL FLAG/INPUT READY (FE/R[2)) EMPTY FLAG/OUTPUT READY (EF/OR[1:2])

- PROGRAMMABLE ALMOST-EMPTY (PAE[122))
PROGRAMMABLE ALMOST-FULL (PAF[1:2)) >

6723 drw03

Figure 1. Single Device Configuration Signal Flow Diagram
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO

COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES
PINDESCRIPTION
Symbol [ Name IIOTYPE Description
ASYR™ [ Asynchronous LVTTL | AHIGH onthisinputduring Master Resetwill select Synchronous read operation for the output port. ALOW
Read Port INPUT | willselectAsynchronous operation. If Asynchronous s selected the FIFO mustoperatein IDT Standard mode.
ASYW® [ Asynchronous LVTTL | AHIGH onthisinputduring Master Reset will select Synchronous write operation for the input port. ALOW
Write Port INPUT | will select Asynchronous operation.
D0-D35 | Datalnputs HSTL-LVTTL| Datainputs fora 36-bitbus.
INPUT
EF/OR |Empty Flag/ HSTL-LVTTL| Inthe IDT Standard mode, the EF[1:2] function s selected. EF[1:2] indicates whether or notthe FIFOmemory
[1:2] OutputReady OUTPUT | isempty.InFWFT mode, the OR[1:2]functionis selected. OR[1:2]indicates whether or notthere s valid data
available atthe outputs. Please see Flagging section for external gating instructions of these flags.
FF/R  |FullFlag/ HSTL-LVTTL| Inthe IDT Standard mode, the FF[1:2] functionis selected. FF[1:2]indicates whether or not the FIFO memory
[1:2] Input Ready OUTPUT | isfull. Inthe FWFT mode, the IR[1:2]functionis selected. IR[1:2]indicates whetherornotthereis space available
for writing to the FIFO memory. Please see Flagging section for external gating instructions of
these flags.
FSELO0™| Flag SelectBit0 LVTTL | DuringMaster Reset, this input along with FSEL1 and the LD pin, will select the default offset values for the
INPUT programmable flags PAE[1:2] and PAF[1:2]. There are up to eight possible settings available.
FSEL1"| Flag SelectBit 1 LVTTL | DuringMaster Reset, this input along with FSELO and the LD pin will select the default offset values for the
INPUT | programmable flags PAE[1:2] and PAF[1:2]. There are up to eight possible settings available.
FWFT/ | FirstWord Fall HSTL-LVTTL| During Master Reset, selects First Word Fall Through or IDT Standard mode. After Master Reset, this pin
Sl Through/Serial In INPUT | functions as aserial input forloading offset registers. If Asynchronous operation of the read port has been
selected then the FIFO mustbe set-upin IDT Standard mode.
D Load HSTL-LVTTL| This s a dual purpose pin. During Master Reset, the state of the LD input along with FSELO and FSELA1,
INPUT | determinesone ofeightdefaultoffsetvaluesforthe PAE[1:2]and PAF[1:2] flags, along with the method by which
these offsetregisters canbe programmed, parallel or serial (see Table 1). After Master Reset, this pinenables
writing to and reading from the offset registers.
MARK [ MarkforRetransmit| HSTL-LVTTL| Whenthis pinis asserted the currentlocation of the read pointer will be marked. Any subsequent Retransmit
INPUT | operationwill reset the read pointer to this position.
MRS  [MasterReset HSTL-LVTTL| MRS initializes the read and write pointers to zero and sets the output register to all zeroes. During Master
INPUT | Reset, the FIFOisconfigured foreither FWFT or IDT Standard mode, Synchronous/Asynchronous operation
ofthe read or write port, one of eight programmable flag default settings, serial or parallel programming of
the offset settings, zerolatency timing mode, and synchronous versus asynchronous programmable flag
timingmodes.
OE OutputEnable HSTL-LVTTL @ provides Asynchronous three-state control of the data outputs, Qn. During a Master or Partial Reset the
INPUT | OEinputisthe onlyinputthatprovide High-Impedance control of the data outputs.
PAE Programmable HSTL-LVTTL| PAE[1:2] goes LOW ifthe number of words in the FIFO memory is less than offset n, which is stored in the
[1:2] Almost-EmptyFlag | OUTPUT | Empty Offsetregister. PAE[1:2] goes HIGH if the number of words in the FIFO memory is greater than or
equal to offset n. Please see Flagging section for external gating instructions of these flags.
PAF Programmable HSTL-LVTTL| PAF[1:2]goes HIGH fthe number of free locations in the FIFO memory is more than offset m, which is stored
[1:2] Almost-FullFlag OUTPUT | inthe Full Offsetregister. PAF[1:2] goes LOW ifthe number of free locations in the FIFO memoryis less than
or equal to m. Please see Flagging section for external gating instructions of these flags.
PFM® | Programmable LVTTL | DuringMaster Reset,aLOW on PFMwill select Asynchronous Programmable flag timing mode. AHIGH on
Flag Mode INPUT PFMwill select Synchronous Programmable flag timing mode.
PRS Partial Reset HSTL-LVTTL| PRSinitializes the read and write pointers to zero and sets the outputregister to all zeroes. During Partial Reset,
INPUT | theexistingmode (IDT or FWFT), programming method (serial or parallel), and programmable flag settings
areallretained.
Q0-Q35 | DataOutputs HSTL-LVTTL| Dataoutputs foran 36-bitbus.
OUTPUT
RCLK/ | Read Clock/ HSTL-LVTTL| If Synchronous operation ofthe read porthas been selected, when enabled by@ﬂe risingedge of RCLK
RD Read Stobe INPUT | reads datafrom the FIFO memory and offsets from the programmable registers. If LD is LOW, the values
loaded into the offset registers is output on arising edge of RCLK.If Asynchronous operation of the read
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO

524,288 x 36

PINDESCRIPTION (CONTINUED)

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

Symbol Name IOTYPE Description
RCLK/ | Read Clock/ HSTL-LVTTL| porthas been selected, a rising edge on RD reads data from the FIFO in an Asynchronous manner.
RD Read Strobe INPUT | RENshould be tied LOW.
RCS Read Chip Select | HSTL-LVTTL| RCSprovides synchronous control ofthe read portand outputimpedance of Qn, synchronousto RCLK. During
INPUT [ aMaster Resetor Partial Reset the RCS inputis don't care, if OE is LOW the data outputs will be
Low-Impedance regardless of RCS.
REN Read Enable HSTL-LVTTL| If Synchronous operation of the read port has been selected, REN enablesRCLK for reading data fromthe
INPUT | FIFO memory and offsetregisters. If Asynchronous operation of the read port has been selected, the REN
inputshould be tied LOW.
RHSTL™| Read Port HSTL LVTTL | Thispinis used to select HSTL or 2.5v LVTTL outputs for the FIFO. If HSTL inputs are required, this input
Select INPUT | mustbetied HIGH. Otherwiseitshould be tied LOW.
RT Retransmit HSTL-LVTTL| RT asserted on the rising edge of RCLK initializes the READ pointer to zero, sets the EF[1:2] flag to LOW
INPUT | (OR[1:2]to HIGH in FWFT mode) and doesn'tdisturb the write pointer, programming method, existing timing
mode or programmable flag settings. Ifamark has been set viathe MARK input pin, then the read pointer will
jumptothe ‘mark’location.
SCLK | Serial Clock HSTL-LVTTL| Arisingedge on SCLK will clock the serial data presentonthe Slinputintothe offsetregisters providing that
INPUT | SENisenabled.
SEN Serial Enable HSTL-LVTTL| SENenables serial loading of programmable flag offsets.
INPUT
SHSTL | SystemHSTL LVTTL | Allinputs notassociated with the write or read port can be selected forHSTL operation viathe SHSTL input.
Select INPUT
TCK@ | JTAGClock HSTL-LVTTL| Clock input for JTAG function. TMS and TDI are sampled on the rising edge of TCK. Data is output on
INPUT | TDO on the falling edge.
TRST®@ | JTAGReset HSTL-LVTTL| TRST is an asynchronous reset pin for the JTAG controller.
INPUT
™S JTAG Mode HSTL-LVTTL| TMS s a serial input pin. Bits are serially loaded on the rising edge of TCK, which selects 1 of 5 modes of
Select INPUT | operation for the JTAG boundary scan.
TDI TestData Input HSTL-LVTTL| During JTAG boundary scan operation test data is serially loaded via TDI on the rising edge of TCK.
INPUT | Thisisalso the data for the Instruction Register, ID Register and Bypass Register.
TDO TestDataOutput | HSTL-LVTTL| During JTAG boundary scan operation test data is serially output via TDO on the falling edge of TCK.
OUTPUT | This outputis in High-Z except when shifting, while in SHIFT-DR and SHIFT-IR controller states.
WEN Write Enable HSTL-LVTTL| When Synchronous operation of the write porthas been selected, WEN enables WCLK for writing data into
INPUT | theFIFOmemory and offsetregisters. If Asynchronous operation of the write porthas been selected, the
WEN input should be tied LOW.
WCS Write ChipSelect | HSTL-LVTTL| This pin disables the write port data inputs when the device write portis configured for HSTL mode. This
INPUT provides added power savings.
WCLK/ | Write Clock/ HSTL-LVTTL| If Synchronous operation of the write port has been selected, when enabled by WEN, the rising edge of
WR Write Strobe INPUT | WCLKwrites datainto the FIFO. If Asynchronous operation of the write porthas been selected, WR writes
datainto the FIFO on arising edge in an Asynchronous manner, (WEN should be tied to its active state).
WHSTL®| Write PortHSTL LVTTL | ThispinisusedtoselectHSTLor2.5VLVTTLinputsforthe FIFO. IfHSTLinputs are required, thisinput must
Select INPUT | betied HIGH. Otherwise it should be tied LOW.
Viee +2.5v Supply Power These are Vice supply inputs and must be connected to the 2.5V supply rail.
GND Ground Pin GND These are Ground pins and must be connected to the GND rail.
Vref Reference I Thisis a Voltage Reference inputand must be connected to a voltage level determined from the table,
Voltage “Recommended DC Operating Conditions”. This provides the reference voltage when using HSTL class
inputs. IFHSTL class inputs are not being used, this pin should be tied LOW.
vDDQ O/PRail Voltage | This pin should be tied to the desired voltage rail for providing power to the output drivers.
NOTES:

1. Inputs should not change state after Master Reset.

2. If the JTAG feature is not being used, TCK and TRST should be tied LOW.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES
ABSOLUTE MAXIMUM RATINGS CAPACITANCE (Ta=+25°C, f=1.0MHz)
Symbol Rating Commercial Unit Symbol Parameter'! Conditions Max. Unit
VTERM Terminal Voltage -0.5t0+3.6@ \ CIN2Y Input Vin = 0V 150 pF
with respect to GND Capacitance
TsTG Storage Temperature 5510 +125 °C Coutt2 Output Vout = 0V 105 pF
lout DC Output Current -50 to +50 mA Capacitance
NOTES: NOTES:

1. With output deselected, (OE > Vi),
2. Characterized values, not currently tested.
3. CiN for Vref is 40pF.

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause
permanent damage to the device. This is a stress rating only and functional operation
of the device at these or any other conditions above those indicated in the operational
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 2625 \Y
GND Supply Voltage 0 0 0 V
VIH InputHigh Voltage — LVTTL 1.7 — 345 v

— eHSTL VREF+0.2 — \Vopa+0.3 \%

— HSTL VREF+0.2 - Vopa+0.3 \%

Vi InputLow Voltage — LVTTL 0.3 — 0.7 \Y
— eHSTL 0.3 — VREF-0.2 \

— HSTL 0.3 — VReF-0.2 \

VREF( Voltage Reference Input  — eHSTL 0.8 09 1.0 v
— HSTL 0.68 0.75 09 \%
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.
2. Outputs are not 3.3V tolerant.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

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
ILi InputLeakage Current -10 10 HA
ILo OutputLeakage Current -10 10 YA
VoH® OutputLogic“1”Voltage, loH=-8mA @Vbba=2.5V+0.125V (LVTTL) VbpQ-0.4 — v
lon=-8mA @Vobpa=1.8V+0.1V (eHSTL) VbpQ-0.4 — v
lon=-8mA @Voba = 1.5V £0.1V (HSTL) \bDQ-0.4 — V
VoL OutputLogic“0”Voltage, loL=8mA @Vbba=2.5V£0.125V (LVTTL) — 0.4V \Y
loL=8mA @Voba=1.8V+0.1V (eHSTL) — 0.4V v
lo.=8mA @Vbbpa=1.5V+0.1V (HSTL) — 0.4V V
Icct(2 Active Ve Current (Vce = 2.5V) I/0=LVTTL — 120 mA
I/0 = HSTL — 180 mA
I/0 = eHSTL — 180 mA
Icca Standby Vcc Current (Vec=2.5V)  1/0=LVTTL — 40 mA
I/0 = HSTL — 140 mA
I/0O = eHSTL — 140 mA
NOTES:

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

2. For the IDT72T36135M, typical ICC1 calculation (with data outputs in Low-Impedance):
3. For all devices, typical IDDQ calculation:  with data outputs in High-Impedance: IDDQ (mA) = 0.15 x fs, fs = WCLK = RCLK frequency (in MHz)

with data outputs in Low-Impedance: IDDQ (mA) = (CL x VDDQ x fs x N)/2000
fs = WCLK = RCLK frequency (in MHz), VDDQ = 2.5V for LVTTL; 1.5V for HSTL; 1.8V for eHSTL, CL = capacitive load (pf), tA = 25°C,
N = Number of outputs switching.

4. Total Power consumed: PT = (VCC x ICC) + VDDQ x IDDQ).
5. Outputs are not 3.3V tolerant.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

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

Commercial Com’l & Ind’l
IDT72T36135ML5 IDT72T36135ML6
Symbol Parameter Min. Max. Min. Max. Unit
9 Clock Cycle Frequency (Synchronous) — 200 — 166 MHz
A DataAccess Time 0.6 36 0.6 38 ns
tCLK Clock Cycle Time 5 — 6 — ns
tCLKH Clock High Time 25 — 30 — ns
tCLKL Clock Low Time 25 — 3.0 — ns
s Data Setup Time 15 — 20 — ns
oH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 15 — 20 — ns
tENH Enable Hold Time 05 — 05 — ns
tLDs Load Setup Time 15 — 20 — ns
fL.DH Load Hold Time 05 — 05 — ns
twess | WCSsetup time 15 — 20 — ns
twesH | WCSholdtime 05 — 05 — ns
fs Clock Cycle Frequency (SCLK) — 10 — 10 MHz
tScLK Serial Clock Cycle 100 — 100 — ns
tSCKH Serial Clock High 45 — 45 — ns
tscKL Serial Clock Low 45 — 45 — ns
tsbs Serial Data In Setup 15 — 15 — ns
fSDH Serial Data In Hold 5 — 5 — ns
tSENS Serial Enable Setup 5 — 5 — ns
tSENH Serial Enable Hold 5 — 5 — ns
RS ResetPulse Width® 10 — 10 — ns
tRsS Reset Setup Time 15 — 15 — ns
tHrss | HSTL Reset Setup Time 4 — 4 — us
fRSR ResetRecovery Time 10 — 10 — ns
{RSF Resetto Flagand Output Time — 15 — 15 ns
twre | Write Clock to FF[1:2] or IR[1:2] — 36 — 37 ns
tREF Read Clock to EF[1:2] or OR[1:2] — 36 — 37 ns
tpars | Write Clock to Synchronous PAF[1:2] — 36 — 37 ns
taEs | Read Clock to Synchronous PAE[1:2] — 36 — 37 ns
treslz | RCLK to Active from High-Z® — 3.6 — 3.7 ns
tresHz | RCLK to High-Z@ — 36 — 3.7 ns
tskew1 | Skew time between RCLK and WCLK for EF[1:2] and FF[1:2] — 4 — 5 ns
tskew2 | Skew time between RCLK and WCLK for PAE[1:2] and PAF[1:2] — 5 — 6 ns

NOTES:

1. All AC timings apply to both Standard IDT mode and First Word Fall Through mode.

2. Pulse widths less than minimum values are not allowed.

3. Values guaranteed by design, not currently tested.

4. Industrial temperature range product for 6ns speed grade is available as a standard device. All other speed grades are available by special order.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

ACELECTRICALCHARACTERISTICS —ASYNCHRONOUS TIMING
(Commerecial: Vcc = 2.5V £ 5%, TA= 0°C to +70°C;Industrial: Vcc = 2.5V + 5%, TA=-40°C to +85°C)

Commercial Com’l & Ind’l
IDT72T36135ML5 IDT72736135ML6
Symbol Parameter Min. Max. Min. Max. Unit
fA Cycle Frequency (Asynchronous) — 83 — 06 MHz
taA DataAccess Time 0.6 10 0.6 12 ns
tcve Cycle Time 12 — 15 — ns
tcyH Cycle HIGH Time 5 — 7 — ns
tovL Cycle LOW Time 5 — 7 — ns
tRPE Read Pulse after EF[1:2] HIGH 10 — 12 — ns
tFFA Clock to Asynchronous FF[1:2] — 10 — 12 ns
tEFA Clock to Asynchronous EF[1:2] — 10 — 12 ns
tPAFA Clock to Asynchronous Programmable Aimost-Full Flag — 10 — 12 ns
tPAEA Clock to Asynchronous Programmable Almost-Empty Flag — 10 — 12 ns
toLz Output Enable to Outputin Low Z® 0 — 0 — ns
toE Output Enable to Output Valid — 36 — 38 ns
toHz Output Enable to Outputin High Z® — 36 — 38 ns
tHF Clock to HF — 10 — 12 ns

NOTES:

1. All AC timings apply to both Standard IDT mode and First Word Fall Through mode.

2. Industrial temperature range product for 6ns speed grade is available as a standard device. All other speed grades are available by special order.
3. Values guaranteed by design, not currently tested.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES
HSTL AC TEST LOADS
1.5VAC TEST CONDITIONS
\VVDDQ/2

InputPulse Levels 0.25t01.25V

InputRise/Fall Times 0.4ns

Input Timing Reference Levels 0.75 /O ©

OutputReference Levels VDDQ/2 10pF
NOTE: 6723 drw04
1. Voba = 1.5V+.

Figure 2a. AC Test Load
EXTENDED HSTL
1.8V AC TEST CONDITIONS 6
5 —_

InputPulse Levels 0.4t01.4V >

InputRise/Fall Times 0.4ns c 47T

Input Timing Reference Levels 0.9 Tg 3 T

OutputReference Levels \/DDQ/2 8 % o+

akE
1 —_—
NOTE: — . . . .
1. Vbba = 1.8V+. 1 I I I 1
20 30 50 80 100 200
Capacitance (pF) 6723 drwoda
Figure 2b. Lumped Capacitive Load, Typical Derating

2.5VLVTTL
2.5V ACTEST CONDITIONS

InputPulse Levels GND to 2.5V

InputRise/Fall Times 1ns

Input Timing Reference Levels \Vcel2

OutputReference Levels \/oDQ/2
NOTE:

1. For LVTTL Vcc = Voba.
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524,288 x 36 TEMPERATURE RANGES
OUTPUT ENABLE & DISABLE TIMING
Output Output
Enable Disable
o VIH
OE
O VIL
tOE & toLz » toHz—>
Output Vce
Normally vee . 100mV vl 2
2 /—‘ei /
LOW 100mV — Fi-- oo VOL
Output 100mV A - i ——————————— VOH
Normally YCC p— 74 N 100mv Voo
HIGH 2 1 Ty
NOTES:
1. REN is HIGH.
2. RCS is LOW.

READ CHIP SELECT ENABLE & DISABLE TIMING

N VIH
RCS
VIL
RCLK
— tRCSHZ—#
Output /o 4 vee
Normally —5~ 100mV. >
2 / <
Low 1oomv ¥ ¥T _____________ VoL
L
Output womv | | ——————————————————— """~~~ ------ VOH
Normally \% ¥T 10omv | Voo
HIGH vec
6723 drw06
NOTES:
1. REN is HIGH.
2. OE is LOW.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO

524,288 x 36

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

FUNCTIONAL DESCRIPTION

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

The IDT72T36135M supporttwo differenttiming modes of operation: IDT
Standard mode or First Word Fall Through (FWFT) mode. The selection of
whichmode will operate is determined during Master Reset, by the state ofthe
FWFT/Slinput.

If, atthe time of Master Reset, FWFT/Slis LOW, then IDT Standard mode
willbe selected. Thismode uses the Empty Flag (EF[1:2]) toindicate whether
ornotthereareanywords presentinthe FIFO. Italso uses the Full Flag function
(FF[1:2]) toindicate whether or not the FIFO has any free space for writing. In
IDT Standard mode, every word read from the FIFO, including the first, must
be requested using the Read Enable (REN) and RCLK.

If, atthe time of Master Reset, FWFT/Slis HIGH, then FWFT mode will be
selected. This mode uses Output Ready (OR[1:2]) toindicate whether or not
there is valid data at the data outputs (Qn). It also uses Input Ready (IR[1:2])
toindicate whetherornotthe FIFO has any free space forwriting. Inthe FWFT
mode, thefirstword written toanempty FIFO goes directly to Qnafterthree RCLK
rising edges, REN = LOW is not necessary. Subsequent words must be
accessed using the Read Enable (REN) and RCLK.

Various signals, bothinputand output signals operate differently depending
onwhichtiming modeisin effect.

IDT STANDARD MODE

In this mode, the status flags, FF[1:2], PAF[1:2], PAE[1:2], and EF[1:2]
operateinthe manneroutlinedin Table 2. Towrite datainto tothe FIFO, Write
Enable (WEN) mustbe LOW. Data presented tothe DATAIN lines will be clocked
intothe FIFO on subsequenttransitions of the Write Clock (WCLK). After the first
writeis performed, the Empty Flag (EF[1:2]) willgo HIGH. Subsequent writes
will continue tofillup the FIFO. The Programmable Aimost-Empty flag (PAE[1:2])
willgoHIGH aftern + 1 words have beenloadedintothe FIFO, where nis the
empty offsetvalue. The defaultsetting forthese values are statedin the footnote
of Table 1. This parameter is also user programmable. See section on
Programmable Flag OffsetLoading.

Continuing towrite datainto the FIFO will cause the Programmable Aimost-
Fullflag (PAF[1:2]) togoLOW. Again, ifnoreads are performed, the PAF[1:2]
willgo LOW. The offset“m”is the full offset value. The default setting for these
values are stated in the footnote of Table 1. This parameter is also user
programmable. See section on Programmable Flag OffsetLoading.

Whenthe FIFOisfull, the Full Flag (FF[1:2]) willgo LOW, inhibiting further
write operations. Ifno reads are performed after areset, FF[1:2] willgo LOW
after D writes to the FIFO.

If the FIFO is full, the first read operation will cause FF[1:2] to go HIGH.
Subsequentread operations will cause PAF[1:2]to go HIGH atthe conditions
describedin Table 2. If further read operations occur, without write operations,
PAE[1:2] willgo LOW when there are nwordsin the FIFO, where nis the empty
offsetvalue. Continuing read operations will cause the FIFO to become empty.
When the last word has been read from the FIFO, the EF[1:2] will go LOW
inhibiting further read operations. REN is ignored when the FIFO is empty.

When configuredin IDT Standard mode, the EF[1:2]and FF[1:2] outputs
aredouble register-buffered outputs.

Relevanttiming diagrams for IDT Standard mode can be found in Figure
10,11,12and 17.

FIRST WORD FALL THROUGH MODE (FWFT)

In this mode, the status flags, IR[1:2], PAF[1:2], PAE[1:2], and OR[1:2]
operateinthe manneroutlinedin Table 3. Towrite datainto to the FIFO, WEN
mustbe LOW. Datapresentedtothe DATAINlines will be clocked into the FIFO
onsubsequenttransitions of WCLK. After the firstwrite is performed, the Output
Ready (OR[1:2]) flagwill go LOW. Subsequentwrites will continue tofill up the
FIFO.PAE[1:2]willgoHIGHaftern + 2words have beenloadedinto the FIFO,
wherenisthe empty offsetvalue. The default setting forthese values are stated
inthefootnote of Table 1. This parameteris alsouser programmable. See section
on Programmable Flag OffsetLoading.

Whenthe FIFQis full, the Input Ready (IR[1:2]) flag will go HIGH, inhibiting
furtherwrite operations. Ifno reads are performed afterareset, IR[1:2] will go
HIGH after D writes to the FIFO. Note that the additional wordin FWFT mode
is due to the capacity of the memory plus output register.

Ifthe FIFQisfull, thefirstread operation will cause the IR[1:2] flagtogo LOW.
Subsequentread operations will cause the PAF[1:2]togo HIGH atthe conditions
describedin Table 3. If further read operations occur, without write operations,
the PAE[1:2] will go LOW when there are n + 1 words in the FIFO, where nis
the empty offset value. Continuing read operations will cause the FIFO to
become empty. When the lastword has been read from the FIFO, OR[1:2] will
go HIGH inhibiting further read operations. REN is ignored when the FIFQ is
empty.

When configuredin FWFT mode, the OR[1:2] flag outputis triple register-
buffered, and the IR[1:2] flag outputis double register-buffered.

Relevanttiming diagrams for FWFT mode can be found in Figure 13, 14,
15and 18.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO
524,288 x 36

PROGRAMMING FLAG OFFSETS

Full and Empty Flag offset values are user programmable. The
IDT72T36135Mhaveinternal registers forthese offsets. There are eightdefault
offsetvalues selectable during Master Reset. These offset values are shown
inTable 1. Offsetvalues can also be programmed into the FIFO in one of two
ways; serial or parallel loading method. The selection of the loading method is
done using the LD (Load) pin. During Master Reset, the state of the LD input
determineswhether serial or parallel flag offset programmingisenabled. AHIGH
onLDduringMaster Reset selects serialloading of offsetvalues. ALOWon LD
during Master Reset selects parallelloading of offset values.

Inadditiontoloading offsetvalues into the FIFO, itis also possible to read
the currentoffsetvalues. Offsetvalues canbe read via the parallel output port
Qo-Qn, regardless of the programming mode selected (serial or parallel). Itis
notpossible to read the offset values in serial fashion.

Figure 3, Programmable Flag Offset Programming Sequence, summaries
the control pins and sequence for both serial and parallel programming modes.
Foramore detailed description, see discussion that follows.

Theoffsetregisters may be programmed (and reprogrammed) any time after
Master Reset, regardless of whether serial or parallel programming has been
selected. Valid programming ranges are from 0 to D-1.

TABLE 1 — DEFAULT PROGRAMMABLE

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

SYNCHRONOUS vs ASYNCHRONOUS PROGRAMMABLE FLAG
TIMING SELECTION

TheIDT72T36135M can be configured during the Master Reset cycle with
either synchronous orasynchronous timing for PAF[1:2] and PAE[ 1:2] flags by
use of the PFM pin.

Ifsynchronous PAF/PAE[1:2] configurationis selected (PFM, HIGH during
MRS), the PAF is asserted and updated on the rising edge of WCLK only and
not RCLK. Similarly, PAE[1:2] is asserted and updated on the rising edge of
RCLK only and not WCLK. For detail timing diagrams, see Figure 22 for
synchronous PAF[1:2]timing and Figure 23 for synchronous PAE[1:2] timing.

Ifasynchronous PAF/PAE[1:2] configurationis selected (PFM, LOW during
MRS), the PAF is asserted LOW on the LOW-to-HIGH transition of WCLK and
PAF[1:2]isresetto HIGH on the LOW-to-HIGH transition of RCLK. Similarly,
PAE[1:2]is asserted LOW onthe LOW-to-HIGH transition of RCLK. PAE[1:2]
is reset to HIGH on the LOW-to-HIGH transition of WCLK. For detail timing
diagrams, see Figure 24 for asynchronous PAF[1:2] timing and Figure 25 for
asynchronous PAE[1:2]timing.

TABLE 2 — STATUS FLAGS FOR IDT

FLAG OFFSETS STANDARD MODE
IDT72T36135M IDT72T36135M /F |rae |PaE | =
LD FSEL1 FSELO Offsets n,m Number of 0 |t
H L L 1,023 Words in 1ton® H H L H
L H L 511 FIFO n + 1 to (524,288-(m+1)) H H H H
(524,288-m) to 524,287 H L H H
L L H 255 524,288 L L H H
L L L 127 NOTE.
L H H 63 1. See Table 1 for values for n, m.
H H L 31
H L H 15
H H H 7 TABLE 3 — STATUS FLAGS FOR FWFT
1D FSEL1 FSEL0 | Program Mode| MODE
H X X Serial® IDT72T36135M IR |PAF |PAE | OR
L X X Parallel® Number of 0 L[ H L |H
*THIS PIN MUST BE HIGH AFTER MASTER RESET TO WRITE Words in 1ton+1 t ﬂ ; t
OR READ DATA TO/FROM THE FIFO MEMORY. FIFO n+ 1o (524,289 (m+1)
(524,289-m) to 524,288 L L H L
NOTES: 524,289 H L H L
1. n = empty offset for PAE[1:2]. NOTE: eres e

2. m = full offset for PAF[1:2].
3. As well as selecting serial programming mode, one of the default values will also

be loaded depending on the state of FSELO & FSEL1.
4. As well as selecting parallel programming mode, one of the default values will

also be loaded depending on the state of FSELO & FSEL1.

1. See Table 1 for values for n, m.
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

ID | WEN| REN | SEN | WCLK | RCLK | SCLK IDT72T36135M
X X Parallel write to registers:,
0 0 1 1 Empty Offset (LSB) |

Empty Offset (MSB)
Full Offset (LSB)

Full Offset (MSB) —
0 1 0 1 X X Parallel read from registers:
f Empty Offset (LSB) ]

Empty Offset (MSB)
Full Offset (LSB)
Full Offset (MSB) >

f Serial shift into registers:
0 ! ! 0 X X 38 bits for the IDT72T36135M

1 bit for each rising SCLK edge
Starting with Empty Offset (LSB)
Ending with Full Offset (MSB)

X 1 1 1 X X X No Operation
1 X X j X X Write Memory
1 X 0 X X j X Read Memory
1 1 1 X X X X No Operation
6723 drw08
NOTES:

1. The programming method can only be selected at Master Reset.
2. Parallel reading of the offset registers is always permitted regardless of which programming method has been selected.
3. The programming sequence applies to both IDT Standard and FWFT modes.

1st Parallel Offset Write/Read Cycle
D/Q17D/Q16 Data Inputs/Outputs D/Q0

EMPTY OFFSET (LSB) REGISTER
16/15[14[13]12[11[10[ 9] 8]7 [6[5]a ]3] 2]1
# of Bits Used J

2nd Parallel Offset Write/Read Cycle
D/Q17D/Q16 Data Inputs/Outputs D/Qo

EMPTY OFFSET (MSB) REGISTER

DDA s 18)17

3rd Parallel Offset Write/Read Cycle
DIQ17)/Q16 Data Inputs/Outputs D/Q
FULL OFFSET (LSB) REGISTER 0
16/15[14]13[12[11[10] 9 [8 [7|6]5 ][4 ]3] 2] 1

4th Parallel Offset Write/Read Cycle
D/Q17

D/Q16 Data Inputs/Outputs D/Q
FULL OFFSET (MSB) REGISTER 0
19]18[17

6723 drw09

NOTE:

1. Consecutive reads of the offset registers is not permitted. The read operation must be disabled for a minimum of
one RCLK cycle in between offset register accesses. (Please refer to Figure 21, Parallel Read of Programmable
Flag Registers (IDT Standard and FWFT Modes) for more details).

Figure 3. Programmable Flag Offset Programming Sequence

© 2019 Renesas Electronics Corporation
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SERIAL PROGRAMMING MODE

If Serial Programming mode has been selected, as described above, then
programming of PAE[1:2] and PAF[1:2] values can be achieved by using a
combination ofthe LD, SEN, SCLK and Slinput pins. Programming PAE[1:2]
and PAF[1:2] proceeds as follows: when LD and SEN are set LOW, dataon
the Slinputare written, one bitforeach SCLK rising edge, starting with the Empty
OffsetLSBandending with the Full OffsetMSB. 38 bits total required. See Figure
19, Serial Loading of Programmable Flag Registers, for the timing diagram for
thismode.

Using the serial method, individual registers cannot be programmed
selectively. PAE[1:2] and PAF[1:2] can show a valid status only after the
complete setofbits (forall offset registers) has been entered. The registers can
bereprogrammedaslongasthe complete setof new offsetbitsis entered. When
LDis LOW and SEN is HIGH, no serial write to the registers can occur.

Write operations to the FIFO are allowed before and during the serial
programming sequence. Inthis case, the programming of all offsetbits does not
havetooccuratonce. Aselectnumberofbits can be writtento the Slinputand
then, by bringing LD and SEN HIGH, data can be written to FIFO memory via
Dnby toggling WEN. When WEN is brought HIGH with LD and SEN restored
toaLOW, the nextoffset bitin sequence is written to the registers via SI. Ifan
interruption of serial programming is desired, itis sufficient either to set LD LOW
anddeactivate SEN orto set SENLOW and deactivate LD. OnceLDand SEN
arebothrestored toa LOW level, serial offset programming continues.

From the time serial programming has begun, neither programmable flag
will be valid until the full set of bits required tofill all the offset registers has been
written. Measuring fromthe rising SCLK edge thatachieves the above criteria;
PAF[1:2] will be valid after three more rising WCLK edges plus tPAF, PAE[1:2]
will be valid after the next three rising RCLK edges plus tPAE.

Itisonly possible toread the flag offset values via the parallel output port Qn.

PARALLEL MODE

IfParallel Programming mode has been selected, as described above, then
programming of PAE[1:2] and PAF[1:2] values can be achieved by using a
combinationofthe LD, WCLK , WEN and Dninputpins. Programming PAE[1:2]
and PAF[1:2] proceeds as follows: LD and WEN must be set LOW. When
programming the Offset Registers of the TeraSync FIFO'’s the number of
programming cycles will be based on the bus width, the following rules apply:

4 enabled write cycles are required to program the offsetregisters, (2 per
offset). Data ontheinputs Dn are written into the Empty Offset Register onthe
firsttwo LOW-to-HIGH transition of WCLK. Upon the third and fourth LOW-to-
HIGH transitionof WCLK, dataare writteninto the Full OffsetRegister. See Figure
3, Programmable Flag Offset Programming Sequence for more details.

RETRANSMIT FROM MARK OPERATION

The Retransmitfrom Mark feature allows FIFO data to be read repeatedly
starting ata user-selected position. The FIFOisfirst putintoretransmitmode that
will‘mark’ abeginningword and also seta pointerthatwill preventongoing FIFO
write operations from over-writing retransmit data. The retransmitdata can be
read repeatedly any number of times from the ‘marked’ position. The FIFO can
be taken out of retransmit mode atany time to allow normal device operation.
The ‘mark’ position can be selected any number oftimes, each selection over-

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

writing the previous marklocation. Retransmitoperationis availablein both IDT
standard and FWFT modes.

During IDT standard mode the FIFOis putinto retransmit mode by a Low-
to-High transition on RCLK whenthe ‘MARK' inputis HIGHand EF[1:2]is HIGH.
Therising RCLK edge ‘marks’ the data presentin the FIFO outputregisteras
thefirstretransmitdata. The FIFO remainsin retransmitmode untilarising edge
on RCLK occurs while MARK is LOW.

Once a‘marked’ location has been set (and the device is still in retransmit
mode, MARKis HIGH), aretransmit can be initiated by arisingedge on RCLK
while the retransmitinput (RT) is LOW. REN must be HIGH (reads disabled)
before bringing RT LOW. The device indicates the start of retransmit setup by
setting EF[1:2] LOW, also preventing reads. When EF[1:2] goes HIGH,
retransmitsetupis complete andread operations may begin starting with the first
dataatthe MARK Iocation. Since IDT standard mode is selected, every word
readincluding the first‘marked’ word following aretransmitsetup requiresaLOW
on REN (read enabled).

Note, write operations may continue as normal during all retransmit
functions, howeverwrite operations to the ‘marked’ location will be prevented.
See Figure 17, Retransmit from Mark (IDT standard mode), for the relevant
timingdiagram.

During FWFT mode the FIFOiis putinto retransmitmode by arising RCLK
edge when the ‘MARK  inputis HIGH and OR[1:2] is LOW. The rising RCLK
edge ‘marks’the data presentinthe FIFO output register as the firstretransmit
data. The FIFO remains in retransmit mode until a rising RCLK edge occurs
while MARK s LOW.

Once amarked location has been set (and the device is still in retransmit
mode, MARK s HIGH), aretransmitcan beinitiated by arising RCLK edge while
the retransmitinput (RT)is LOW. REN mustbe HIGH (reads disabled) before
bringing RT LOW. The device indicates the start of retransmit setup by setting
OR[1:2]HIGH.

When OR[1:2]goes LOW, retransmitsetupis complete and onthe nextrising
RCLK edge after retransmit setupis complete, (RT goes HIGH), the contents
ofthefirstretransmitlocation are loaded onto the outputregister. Since FWFT
mode is selected, the firstword appears on the outputs regardless of REN, a
LOW onREN s not required for the firstword. Reading all subsequentwords
requires a LOW on REN to enable the rising RCLK edge. See Figure 18,
Retransmit from Mark timing (FWFT mode), for the relevant timing diagram.

Note, there mustbe aminimumof 128 words of databetween the write pointer
andread pointerwhenthe MARK s asserted. Also, once the MARK s set, the
write pointer will not increment past the “marked” location until the MARK is
deasserted. This prevents “overwriting” of retransmit data.

HSTL/LVTTL /O
Both the write port and read port are user selectable between HSTL or
LVTTL I/O, via two select pins, WHSTL and RHSTL respectively. All other
control pins are selectable via SHSTL, see Table 4 for details of groupings.
Note, thatwhen the write portis selected for HSTL mode, the usercanreduce
the power consumption (in stand-by mode by utilizing the WCS input).
All“Static Pins” must be tied to Vcc or GND. These pins are LVTTL only,
and are purely device configuration pins.
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TABLE 4 — 1/0 CONFIGURATION
WHSTL SELECT RHSTL SELECT SHSTL SELECT STATIC PINS
WHSTL: HIGH = HSTL RHSTL: HIGH = HSTL SHSTL: HIGH = HSTL LVTTL ONLY
LOW = LVTTL LOW = LVTTL LOW = LVTTL
Dn (IIP) RCLK/RD (I/P) | EFIOR[1:2](O/P) || SCLK (I/P) PRS (I/P) ASYR (IIP) ASYW (I/P)
WCLK/WR (I/P) RCS (I/P) PAF[1:2] (O/P) LD (I/P) TRST (IIP) FSEL1 (I/P) FSELO (I/P)
WEN (I/P) MARK (I/P) PAE[1:2] (OIP) MRS (I/P) TDI (IIP) SHSTL (I/P) PFM (I/P)
WCS (I/P) REN (I/P) FFAR[T:2] (O/P) || TCK (I/P) RHSTL (I/P) WHSTL (I/P)
OE (IP) TDO (O/P) TMS (I/P)
RT (IP) SEN (I/P)
Qn (O/P) FWFT/SI (I/P)
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SIGNAL DESCRIPTION
INPUTS:

DATA IN (Do - Dn)
Data inputs for 36-bit wide data (Do - D35).

CONTROLS:

MASTER RESET (MRS )

AMasterResetis accomplished wheneverthe MRS inputis takentoa LOW
state. This operation sets the internal read and write pointers to the firstlocation
of the RAM array. PAE[1:2] will go LOW, PAF[1:2] will go HIGH.

If FWFT/SIis LOW during Master Reset then the IDT Standard mode,
alongwithEF[1:2]and FF[1:2] are selected. EF[1:2] willgo LOW and FF[1:2]
will go HIGH. If FWFT/SI is HIGH, then the First Word Fall Through mode
(FWFT), along with IR[1:2] and OR[1:2], are selected. OR[1:2]willgo HIGH
and IR[1:2] will go LOW.

Allcontrol settings suchas RMand PFMare defined during the Master Reset
cycle.

DuringaMasterReset, the outputregisterisinitialized toall zeroes. AMaster
Resetis required after power up, before awrite operation can take place. MRS
isasynchronous.

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

PARTIAL RESET (PRS)

APartial Resetis accomplished wheneverthe PRS inputistakentoa LOW
state. Asinthe case of the Master Reset, the internal read and write pointers
are setto thefirstlocation of the RAM array, PAE[1:2] goes LOW, PAF[1:2]
goes HIGH.

Whichever mode is active at the time of Partial Reset, IDT Standard mode
orFirstWord Fall Through, that mode will remain selected. Ifthe IDT Standard
modeis active, then FF[1:2]willgo HIGH and EF[1:2] willgo LOW. Ifthe First
Word Fall Through modeis active, then OR[1:2]willgo HIGH, and IR[1:2] will
goLOW.

Following Partial Reset, all values held in the offset registers remain
unchanged. The programming method (parallel or serial) currently active at
the time of Partial Resetis alsoretained. The outputregisteris initialized to all
zeroes. PRS is asynchronous.

A Partial Reset is useful for resetting the device during the course of
operation, when reprogramming programmable flag offset settings may notbe
convenient.

See Figure 9, Partial Reset Timing, for the relevant timing diagram.

ASYNCHRONOUS WRITE (ASYW)

The write port can be configured for either Synchronous or Asynchronous
mode of operation. If during Master Reset the ASYW input is LOW, then
Asynchronous operation of the write port will be selected. During Asynchro-
nous operation of the write port the WCLK inputbecomes WRiinput, thisis the
Asynchronous write strobe input. Arising edge on WR will write data present
onthe Dninputsintothe FIFO. (WEN mustbe tied LOW when using the write
portin Asynchronous mode).

Whenthe write portis configured for Asynchronous operation the full flag
(FF[1:2]) operates in an asynchronous manner, that is, the full flag will be
updated based inboth awrite operation and read operation. Note, if Asynchro-
nous mode is selected, FWFT is not permissable. Refer to Figures 26, 27, 30
and 31 for relevant timing and operational waveforms.

COMMERCIAL AND INDUSTRIAL
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ASYNCHRONOUS READ (ASYR)

Theread port can be configured for either Synchronous or Asynchronous
mode of operation. If during a Master Reset the ASYR input is LOW, then
Asynchronous operation of the read port will be selected. During Asynchro-
nous operation ofthe read portthe RCLK inputbecomes RD input, this is the
Asynchronous read strobe input. A rising edge on RD will read data from the
FIFO via the output register and Qn port. (REN must be tied LOW during
Asynchronous operation of the read port).

The OE input provides three-state control of the Qn output bus, in an
asynchronous manner. (RCS, provides three-state control ofthe read portin
Synchronous mode).

When the read portis configured for Asynchronous operation the device
mustbe operatingon DT standard mode, FWFT modeis not permissible ifthe
read port is Asynchronous. The Empty Flag (EF[1:2]) operates in an
Asynchronous manner, that s, the empty flag will be updated based on both
aread operation and a write operation. Refer to figures 28, 29, 30 and 31 for
relevanttimingand operational waveforms.

RETRANSMIT (RT)

The Retransmit (RT) input is used in conjunction with the MARK input,
together they provide ameans by which data previously read outof the FIFO
canbereread any number oftimes. If retransmit operation has been selected
(i.e.the MARKinputis HIGH), arising edge on RCLK while RT is LOW will reset
the read pointer back tothe memory location setby the userviathe MARK nput.

[fIDT standard mode has been selected the EF[1:2] flag willgo LOW and
remain LOW for the time that RT is held LOW. RT can be held LOW for any
numberof RCLK cycles, the read pointer being reset to the marked location.
The nextrising edge of RCLK after RT has returned HIGH, will cause EF[1:2]
togo HIGH, allowing read operations to be performed on the FIFO. The next
read operation willaccess data from the ‘marked’ memory location.

Subsequentretransmitoperations may be performed, each time the read
pointer returning tothe ‘marked’location. See Figure 17, Retransmit from Mark
(IDT Standard mode) for the relevant timing diagram.

[fFWFT mode has been selected the OR[1:2] flag will go HIGH and remain
HIGH for the time that RT is held LOW. RT can be held LOW for any number
of RCLK cycles, the read pointer being reset to the ‘marked’ location. The next
RCLK rising edge after RT has returned HIGH, will cause OR[1:2] togo LOW
anddue to FWFT operation, the contents of the marked memory location will
be loaded onto the output register, a read operation being required for all
subsequentdatareads.

Subsequentretransmitoperations may be performed eachtime the read
pointer returning tothe ‘marked’location. See Figure 18, Retransmitfrom Mark
(FWFT mode) for the relevant timing diagram.

MARK

The MARK inputis used to select Retransmitmode of operation. An RCLK
rising edge while MARK is HIGH will mark the memory location of the data
currently present on the output register, the device will also be placed into
retransmitmode. Forthe IDT72T36135Maminimumof 128 words (x36). Also,
once the MARK s set, the write pointer will notincrement past the “marked”
location untilthe MARK s deasserted. This prevents “overwriting” of retransmit
data.

The MARK inputmust remain HIGH during the whole period of retransmit
mode, a falling edge of RCLK while MARK is LOW will take the device out of
retransmitmode and into normal mode. Any number of MARK locations canbe
setduring FIFO operation, only the last marked location taking effect. Once a
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mark location has been setthe write pointer cannotbe incremented past this
marked location. During retransmit mode write operations to the device may
continue without hindrance.

FIRST WORD FALL THROUGH/SERIAL IN (FWFT/SI)

Thisis adual purpose pin. During Master Reset, the state of the FWFT/
Slinputdetermines whether the device will operate in IDT Standard mode or
First Word Fall Through (FWFT) mode.

If, atthe time of Master Reset, FWFT/SlisLOW, then IDT Standard mode
willbe selected. This mode uses the Empty Flag (EF[1:2]) toindicate whether
ornotthere are any words presentin the FIFO memory. Italso uses the Full
Flag function (FF[1:2]) toindicate whether or not the FIFO memory 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, atthe time of Master Reset, FWFT/SIis HIGH, then FWFT mode will be
selected. This mode uses Output Ready (OR[1:2]) toindicate whether or not
there is valid data at the data outputs (Qn). Italso uses InputReady (IR[1:2])
toindicate whether or notthe FIFO memory has any free space forwriting. In
the FWFT mode, the firstword written to anempty FIFO goes directly to Qnafter
three RCLK rising edges, REN =LOW is not necessary. Subsequentwords
must be accessed using the Read Enable (REN) and RCLK.

After Master Reset, FWFT/Slacts as a serial inputforloading PAE[1:2] and
PAF[1:2] offsets into the programmable registers. The serialinputfunctioncan
only be usedwhen the serial loading method has been selected during Master
Reset. Serial programming using the FWFT/SI pin functions the same way in
both IDT Standard and FWFT modes.

WRITE STROBE & WRITE CLOCK (WR/WCLK)

IfSynchronous operation ofthe write porthas been selected viaASYW, this
inputbehaves as WCLK.

Awrite cycle is initiated on the rising edge of the WCLK input. Data setup
and hold times must be metwith respect to the LOW-to-HIGH transition of the
WCLK. Itis permissible to stopthe WCLK. Note thatwhile WCLKisidle, the FF/
IR[1:2],and PAF[1:2]flags willnotbe updated. The Write and Read Clocks can
either be independentor coincident.

If Asynchronous operation has been selected thisinputis WR (write strobe).
Datais Asynchronously writteninto the FIFO viathe Dninputs whenever there
isarising edge on WR. In this mode the WEN input must be tied LOW.

WRITE ENABLE (WEN)

Whenthe WEN input isLOW, datamay be loaded intothe FIFORAMarray
ontherising edge of every WCLK cycle ifthe device is not full. Data is stored
in the RAM array sequentially and independently of any ongoing read
operation.

WhenWENis HIGH, nonew datais written in the RAM array oneach WCLK
cycle.

Topreventdataoverflow inthe IDT Standard mode, FF[1:2] willgo LOW,
inhibiting further write operations. Upon the completion of avalid read cycle,
FF[1:2] willgo HIGH allowing a write to occur. The FF[1:2]is updated by two
WCLK cycles + tskew after the RCLK cycle.

Topreventdataoverflow inthe FWFTmode, IR[1:2] willgo HIGH, inhibiting
furtherwrite operations. Uponthe completion of avalid read cycle, IR[1:2] will
go LOW allowing a write to occur. The IR[1:2] flag is updated by two WCLK
cycles +tskew after the valid RCLK cycle.

WEN isignoredwhen the FIFQisfullineither FWFT or IDT Standard mode.

If Asynchronous operation of the write porthas been selected, then WEN
mustbe held active, (tied LOW).

READ STROBE & READ CLOCK (RD/RCLK)

If Synchronous operation of the read porthas been selected viaASYR, this
inputbehavesas RCLK. A read cycleisinitiated onthe rising edge ofthe RCLK
input. Data can be read on the outputs, on the rising edge of the RCLK input.
Itis permissible to stopthe RCLK. Note thatwhile RCLK isidle, the EF/OR[1:2],
and PAE[1:2] flags will not be updated. The Write and Read Clocks can be
independentor coincident.

If Asynchronous operation has beenselected thisinputis RD (Read Strobe)
.Datais Asynchronously read from the FIFO via the outputregister whenever
there is a rising edge on RD. In this mode the REN and RCS inputs must be
tied LOW. The OE inputis used to provide Asynchronous control of the three-
state Qnoutputs.

WRITE CHIP SELECT (WCS)
The WCS disables all Write Port inputs (data only) if itis held HIGH. To
performnormal operations onthe write port, the WCS mustbe enabled, held LOW.

READ ENABLE (REN)

When Read Enable is LOW, data is loaded from the RAM array into the
outputregisterontherisingedge ofevery RCLK cycleifthe device isnotempty.

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

Inthe IDT Standard mode, every word accessed at Qn, including the first
word written to an empty FIFO, must be requested using REN provided that
RCSisLOW. Whenthe lastword has been read from the FIFO, the Empty Flag
(EF[1:2]) will go LOW, inhibiting furtherread operations. RENisignored when
the FIFO is empty. Once a write is performed, EF[1:2] will go HIGH allowing
areadtooccur. The EF[1:2]flagis updated by two RCLK cycles + tsKew after
the valid WCLK cycle. Both RCS and REN mustbe active, LOW for datato be
read out on the rising edge of RCLK.

Inthe FWFT mode, thefirstword written toan empty FIFO automatically goes
tothe outputs Qn, on the third valid LOW-to-HIGH transition of RCLK + tSKEW
afterthefirstwrite. RENand RCS donotneedtobe asserted LOW forthe First
Word to fall through to the output register. In order to access all other words,
a read must be executed using REN and RCS. The RCLK LOW-to-HIGH
transition after the last word has been read from the FIFO, Output Ready
(OR[1:2]) will go HIGH with atrue read (RCLK withREN =LOW;RCS =LOW),
inhibiting further read operations. REN is ignored when the FIFQ is empty.

If Asynchronous operation of the Read port has been selected, then REN
mustbe held active, (tied LOW).

SERIAL ENABLE ( SEN)

The SENinput is an enable used only for serial programming of the offset
registers. The serial programming method must be selected during Master
Reset. SENisalways usedin conjunctionwith LD. When these lines are both
LOW, dataatthe Slinputcanbeloadedintothe programregisterone bitforeach
LOW-to-HIGH transition of SCLK.

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

OUTPUT ENABLE ( OE)

When Output Enable is enabled (LOW), the parallel output buffers receive
datafromthe outputregister. When OE is HIGH, the output data bus (Qn) goes
intoahighimpedance state. During Master ora Partial Resetthe OE is the only
inputthat can place the outputbus Qn, into High-Impedance. During Resetthe
RCSinputcan be HIGH or LOW, it has no effect on the Qn outputs.
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READ CHIP SELECT (RCS)

The Read Chip Select input provides synchronous control of the Read
outputport. WhenRCS goes LOW, the nextrising edge of RCLK causes the
Qnoutputstogotothe Low-Impedance state. WhenRCS goes HIGH, the next
RCLKTrising edge causes the Qnoutputs toreturnto HIGH Z. During a Master
or Partial Resetthe RCS inputhas no effecton the Qnoutputbus, OE isthe only
inputthat provides High-Impedance control of the Qnoutputs. I OE is LOW the
Qn data outputs will be Low-Impedance regardless of RCS until the firstrising
edge of RCLK aftera Resetis complete. ThenifRCSis HIGH the data outputs
will goto High-Impedance.

TheRCSinputdoes noteffectthe operation oftheflags. Forexample, when
the firstword is written to an empty FIFO, the EF[1:2] will still go from LOW to
HIGHbased onarising edge of RCLK; regardless ofthe state of the RCS input.

Also, when operating the FIFOin FWFT mode the first word written toan
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 musttake care when
adatawordis writtentoan empty FIFOin FWFT mode. IfRCSis disabled when
anempty FIFOiswritten into, the firstword will fall through to the output register,
butwill notbe available on the Qn outputs which arein HIGH-Z. The user must
take RCS active LOWtoaccess this firstword, place the outputbus in LOW-Z.
RENmustremaindisabled HIGH foratleastone cycle afterRCS has gone LOW.
Arising edge of RCLK with RCS and REN active LOW, will read out the next
word. Care must be taken so as not to lose the first word written to an empty
FIFOwhenRCSis HIGH. Referto Figure 16, RCS andREN Read Operation
(FWFT Mode). The RCS pin must also be active (LOW) in order to perform
aRetransmit. See Figure 12 for Read Cycle and Read Chip Select Timing (IDT
Standard Mode). See Figure 15for Read Cycle and Read Chip Select Timing
(First Word Fall Through Mode).

If Asynchronous operation ofthe Read porthas been selected, thenRCS
mustbe held active, (tied LOW). OE provides three-state control of Qn.

WRITE PORT HSTL SELECT (WHSTL)

The controlinputs, datainputs and flag outputs associated with the write port
canbesetuptobe eitherHSTL or LVTTL. IFWHSTL is HIGH during the Master
Reset, then HSTL operation of the write portwill be selected. IFWHSTL is LOW
atMaster Reset, then LVTTL will be selected.

Theinputs and outputs associated with the write portare listed in Table 4,
I/O Configuration.

READ PORT HSTL SELECT (RHSTL)

The controlinputs, datainputs and flag outputs associated with the read port
canbesetuptobeeitherHSTLor LVTTL. IfRHSTLis HIGH during the Master
Reset, thenHSTL operation of the read portwill be selected. FRHSTLis LOW
atMaster Reset, then LVTTL will be selected for the read port.

Theinputs and outputs associated with the read portare listed in Table 4,
I/0 Configuration.

SYSTEM HSTL SELECT (SHSTL)

Allinputs notassociated with the write and read port can be setup to be either
HSTLorLVTTL. If SHSTLis HIGH during Master Reset, then HSTL operation
of allthe inputs not associated with the write and read port will be selected. If
SHSTL is LOW at Master Reset, then LVTTL will be selected. The inputs
associated with SHSTL are listed in Table 4, 1/0 Configuration.

LOAD (LD)

Thisisadual purpose pin. During Master Reset, the state ofthe LD input,
alongwithFSELOand FSEL1, determines one of eightdefault offset values for
the PAE[1:2] and PAF[1:2]flags, along with the method by which these offset
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registers can be programmed, parallel or serial (see Table 1). After Master
Reset, LD enables write operations to and read operations from the offset
registers. Only the offsetloading method currently selected can be used towrite
totheregisters. Offsetregisters canbe read onlyin parallel.

After Master Reset, the LD pinis used to activate the programming process
oftheflagoffsetvaluesPAE[1:2]and PAF[1:2]. PulingLDLOW will begin aserial
loading or parallelload orread ofthese offsetvalues. THISPINMUST BEHIGH
AFTERMASTERRESET TOWRITE ORREAD DATATO/FROMTHEFIFO
MEMORY.

PROGRAMMABLE FLAG MODE (PFM)

During Master Reset,aLOW on PFMwill select Asynchronous Program-
mable flag timing mode. A HIGH on PFM will select Synchronous Program-
mable flag timingmode. fasynchronous PAF/PAE[1:2] configurationis selected
(PFM, LOW duringMRS), the PAE[1:2]is asserted LOW on the LOW-to-HIGH
transition of RCLK. PAE[1:2]is resetto HIGH on the LOW-to-HIGH transition
of WCLK. Similarly, the PAF[1:2] is asserted LOW on the LOW-to-HIGH
transition of WCLK and PAF[1:2]isresetto HIGH on the LOW-to-HIGH transition
of RCLK.

Ifsynchronous PAE/PAF[1:2] configurationis selected (PFM, HIGH during
MRS), the PAE[1:2]is asserted and updated on the rising edge of RCLK only
andnotWCLK. Similarly, PAF[1:2]is asserted and updated on the rising edge
of WCLK only and not RCLK. The mode desired is configured during master
reset by the state of the Programmable Flag Mode (PFM) pin.

OUTPUTS:

FULL FLAG ( FFAR[1:2])

Thisisadual purpose pin. InIDT Standard mode, the Full Flag (FF[1:2])
functionis selected. Whenthe FIFOisfull, FF[1:2]will go LOW, inhibiting further
write operations. When FF[1:2]is HIGH, the FIFOis not full. If no reads are
performed afterareset (either MRS or PRS), FF[1:2] will go LOW after D writes
tothe FIFO (D = 524,288 forthe IDT72T36135M). See Figure 10, Write Cycle
and Full Flag Timing (IDT Standard Mode), for the relevanttiming information.
Please see Flagging section forexternal gating instructions of these flags.

InFWFT mode, the InputReady (IR[1:2]) functionis selected. IR[1:2] goes
LOW when memory space is available for writing in data. When there is no
longerany free space left, IR[1:2] goes HIGH, inhibiting furtherwrite operations.
Ifnoreadsare performed afterareset (either MRS or PRS), IR[1:2] will go HIGH
after D writestothe FIFO (D = 524,288 forthe IDT72T36135M). See Figure
13, Write Timing (FWFT Mode), for the relevant timing information.

The IR[1:2] status notonly measures the contents ofthe FIFO memory, but
alsocounts the presence ofawordinthe outputregister. Thus,in FWFTmode,
the total number of writes necessary to deassert IR[1:2] is one greater than
needed to assert FF[1:2]in IDT Standard mode.

FF/IR[1:2]is synchronous and updated on the rising edge of WCLK. FF/
IR[1:2] are double register-buffered outputs.

Note, whenthe device isin Retransmit mode, this flag is a comparison of
the write pointer to the ‘marked’ location. This differs from normal mode where
this flag is a comparison of the write pointer to the read pointer.

EMPTY FLAG ( EF/OR[1:2])

This is a dual purpose pin. In the IDT Standard mode, the Empty Flag
(EF[1:2])functionis selected. Whenthe FIFOis empty, EF[1:2] willgo LOW,
inhibiting furtherread operations. When EF[1:2]is HIGH, the FIFOis notempty.
SeeFigure 11, Read Cycle, Empty Flag and First Word Latency Timing (IDT
Standard Mode), for the relevant timing information. Please see Flagging
section forexternal gatinginstructions ofthese flags.
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InFWFT mode, the Output Ready (OR[1:2]) functionis selected. OR[1:2]
goes LOW atthe same time that the firstword written toan empty FIFO appears
validontheoutputs. OR[1:2] stays LOW afterthe RCLKLOW to HIGH transition
thatshiftsthe lastword fromthe FIFO memorytothe outputs. OR[1:2]goes HIGH
onlywithatrue read (RCLK with REN=LOW). The previous data stays atthe
outputs, indicating the lastword was read. Furtherdata reads are inhibited until
OR[1:2]goes LOW again. See Figure 14, Read Timing (FWFT Mode), forthe
relevanttiming information.

EF/OR[1:2] is synchronous and updated on the rising edge of RCLK.

In IDT Standard mode, EF[1:2] is a double register-buffered output. In
FWFT mode, OR[1:2]is atriple register-buffered output.

PROGRAMMABLE ALMOST-FULL FLAG ( PAF[1:2])

The Programmable Almost-Fullflag (PAF[1:2]) willgo LOWwhenthe FIFO
reaches the almost-full condition. In IDT Standard mode, if no reads are
performed after reset (MRS), PAF[1:2] will go LOW after (D - m) words are
writtentothe FIFO. The PAF[1:2] will go LOW after (524,288-m) writes for the
IDT72T36135M. The offset “m”is the full offsetvalue. The default setting for this
valueis statedin the footnote of Table 2, Status Flags for IDT Standard Mode.
Please see Flagging section forexternal gating instructions of these flags.

InFWFT mode, the PAF[1:2] willgo LOW after (524,289-m) writes for the
IDT72T36135M, where misthe full offsetvalue. The default setting for this value
is stated in Table 3, Status Flags for FWFT Mode.

See Figure 22, Synchronous Programmable Almost-Full Flag Timing (IDT
Standard and FWFT Mode), for the relevant timing information.

Ifasynchronous PAF[1:2] configurationis selected, the PAF[1:2]is asserted
LOW onthe LOW-to-HIGH transition of the Write Clock (WCLK). PAF[1:2]is
reset to HIGH on the LOW-to-HIGH transition of the Read Clock (RCLK). If
synchronous PAF[1:2] configurationis selected, the PAF[1:2]is updated on the
rising edge of WCLK. See Figure 24, Asynchronous Almost-Full Flag Timing
(IDT Standard and FWFT Mode).

Note, whenthe deviceisin Retransmitmode, this flagis acomparison of the
write pointerto 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[1:2])

The Programmable Aimost-Empty flag (PAE[1:2]) willgo LOW when the
FIFOreachesthe almost-empty condition. InIDT Standard mode, PAE[1:2] will
goLOWwhenthere are nwords orlessinthe FIFO. The offset “n”is the empty
offsetvalue. The default setting for this value is stated in the footnote of Table 1.
Please see Flagging section forexternal gatinginstructions of these flags.

In FWFT mode, the PAE[1:2] will go LOW when there are n+1 words or
lessinthe FIFO. The default setting for this value is stated in Table 1.

See Figure 23, Synchronous Programmable Almost-Empty Flag Timing
(IDT Standard and FWFT Mode), for the relevant timing information.

Ifasynchronous PAE[1:2] configurationis selected, the PAE[1:2]is asserted
LOW onthe LOW-to-HIGH transition of the Read Clock (RCLK). PAE[1:2]is
reset to HIGH on the LOW-to-HIGH transition of the Write Clock (WCLK). If
synchronous PAE[1:2] configurationis selected, the PAE[1:2]is updated on the
rising edge of RCLK. See Figure 25, Asynchronous Programmable Almost-
Empty Flag Timing (IDT Standard and FWFT Mode).
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gateisused for FWFT mode andan AND gateis used for IDT mode. This must
be done to avoid timing skew problems between the two sets offlags. Forthe

& EF2), full flag (FF1 & FF2), Programmable Almost Empty Flag (PAET &
PAE2), and Programmable Aimost Full Flag (PAF 1 & PAF2) the user mustwork
withinordertobe able to correctly read the status of each flag. Since this device
isamulti-chip module (MCM), both die’s flags mustbe read accordingly toavoid
skewing problems between the twointernal die.

Toremedy this function, the user must tie together FF1 & FF2, and EF 1 &
EF2flag outputs to an external gate from a neighboring programmable device
suchasan FPGA or PLD and read from the output of the logical gate. An OR

PAE[1:2]and PAF[1:2] active low outputflags, the user has the optiontoleave
the PAE[1:2]and PAF[1:2] as is and use both pins atdifferent programmable
water marks for measuring buffer status. Please see the section on Parallel
Programming Mode to understand how to program these two sets of flags as
differentwater marksin Functional Description section ofthe datasheet. This
gives added flexibility for queue management. Below is an example diagram
forhowthisis accomplished.

IDT72T36135M
EFT  EF2 R FR2 PAET PAEZ PAFT PAF2
' OPTIONAL :
GATE GATE . | anD AND ;
(1) (1) | GATE GATE :
; ;
1 1
£ F \ PAE PAF .

NOTE:

6723 drw10

1. An “OR” Gate is used for FWFT mode, and an “AND” Gate is used for IDT Standard mode.

Figure 4. Output Flag Gating Considerations

PIN COMPATIBILITY WITHOM TERASYNC (IDT72T36125) CONSIDER-
ATIONS

The IDT72T36135M can be a drop and replacement for the 9M TeraSync
(IDT72T36125) if specific pin changes are made tothe 18M FIFO. Sincethe
18M TeraSyncis a Multi-Chip Module (MCM), containing two 9M TeraSyncs
(IDT72T18125) in width expansion mode, certain functionality can not be
offered in the 18M TeraSync such as bus matching, single flag outputs and

interspersed parity. Fromthese changes, the 18M FIFO has removed specific
inputssuchas W, OW,BM, BE, IP, while alsogaining another setof outputflags
as specified in Considerations for Reading Flag Outputs which are EF2,
FF2, PAE2, and PAF2.

Tomaintaindrop-in replacementcompatibility for the 18M TeraSync, the pin
changesonthe pindiagramforthe 18M TeraSync FIFO fromthe 9M TeraSync
FIFO have been identified, and listed in the table below.

TABLE 5 — PIN CHANGES BETWEEN 9M TERASYNC AND 18M TERASYNC

9M TeraSync FIFO (IDT72T36125) 18M TeraSync FIFO (IDT72T36135M)
pins changed new pins

BM EF2
P PAE2
w NC (No Connect)
ow NC (No Connect)
HF PAF2

EREN FF2

ERCLK NC (No Connect)
BE GND

NOTES:

1. Internally, the 9M pins on the left side of the table will be tied to the GND or VDD plane, respectively in the 18M device.

2. Please see IDT72T36125 TeraSync FIFO datasheet for additional features listed.
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JTAG FUNCTIONALITY AND CON-
FIGURATION

TheIDT72T36135Mis composed oftwoindependentmemory arrays, and
thus cannotbetreated asasingle JTAG device inthe scan chain. The twoarrays
(AandB)eachhaveidentical characteristicsand commands butmustbe treated
as separate entities in JTAG operations. Please refer to Figure 5, JTAG
Configuration for IDT72T36135M.

JTAG signaling must be provided serially to each array and utilize the
information provided in the Scan Register Descriptions, JTAG Instruction
Description. Specifically, commands for Array B must precede those Array A
in any JTAG operations sent to the IDT72T36135M. Please reference
Application Note AN-411, “JTAG Testing of Multichip Modules” for specific
instructions on performing JTAG testing on the IDT72T36135M. AN-411 is
available atwww.idt.com.

—P > >
DI Aray A |TPOA TDIB Array B TDO
i1t f
TCK
T™S
TRST

6723 drwi1

Figure 5. JTAG Configuration for IDT72T36135M
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JTAG TIMING SPECIFICATION

¢ trek
t4\
11 2
TCK i P J
t3-/
TDI/
TMS
tDs 1< toH
TDO TDO
<4— 16— too
TRST Notes to diagram: o723 dntz
t1 = treckLow
5 t2 = tTCKHIGH
t3 = tTCKFALL
t4 = tTCKRISE
t5 = tRST (reset pulse width)
t6 = tRSR (reset recovery)
JTAG
ACELECTRICALCHARACTERISTICS
(Vee = 2.5V £ 5%; Tease = 0°C to +85°C)
Parameter Symbol Test IDT72T36135M
Conditions
Min. [ Max.|Units
SYSTEMINTERFACE PARAMETERS JTAG Clock Input Period | trck : 100 - | ns
IDT72T36135M JTAG Clock HIGH tTCKHIGH - 40 - ns
Parameter Symbol | Test Conditions [ Min. | Max. | Units [ [JTAG Clock Low tTCKLOW - 40 | - ns
DataOutput toom - 20 | ns JTAGClockRise Time | tTCKRISE - - | 59 ns
DataOutputHold|  tpoH® 0 - ns JTAG Clock Fall Time tTCKFALL - - | 59| ns
Data Input tDS trise=3ns 10 - ns JTAGReset tRST - 50 | - ns
o tfll=3ns 10 JTAG ResetRecovery | tRsR - 5| - | ns
NOTE: NOTE:
1. 50pf loading on external output signals. 1. Guaranteed by design.
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JTAGINTERFACE o TAPcontroller

_ . Instruction Register (IR)
Five additional pins (TDI, TDO, TMS, TCK and TRST) are provided to . Data Register Port (DR)
supportthe JTAG boundary scaninterface. The IDT72T36135Mincorporates
thenecessarytap controllerand modified pad cellstoimplementthe JTAG facility. comTTﬁéﬂ%ﬁiﬁiiﬂ%ﬁfﬁg;E%E térti:rflg:f;?gg?:c%;zztg]oﬁ%mgg%cZ?icr)ﬁ
Notethat DT provides appropriate Boundary Scan Description Language (IEEFIJE St 11 43 11990). P
program files forthese devices.

The Standard JTAGinterface consists of four basic elements: ; : ;
. Test Access Port (TAP) The Figure below shows the standard Boundary-Scan Architecture

DevicelD Reg. Mux

—|Boundary Scan Reg.I
TDO
TDI _, < ol
A
clkDR, ShiftDR

T™MS UpdateDR

TCLK | TAP

s —|Cont-

TRST » I

rolier Instruction Decode |
clkiR, ShiftlIR
Updatelﬁ
| Instruction Register |
Control Signals
6723 drw13
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 a synchronous finite state machine thatresponds to

internal ofthe processor. Itconsists of fourinput ports (TCLK, TMS, TDI, TRST)  TMSand TCLK signals to generate clock and control signals to the Instruction
and one output port (TDO). and Data Registers for capture and update of data.

© 2019 Renesas Electronics Corporation



IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO

COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES
1 Test-Logic
Reset
A% 1
0 Run-Test/ ! > Select- 1 > Select-
Idle —p| DR-Scan IR-Scan
A * 0 ] * 0
1 Capture-DR Capture-IR
+0 0 *0 ;(]
> Shift-DR p| Shift-IR
v 1y
Input = TMS vy [ e 1
> Exit1-DR L Exit1-IR
Yo Vo Yo
Pause-DR Pause-IR
v 1y
0| Exit2-DR 0 Exit2-IR
2 1y
Update-DR [ Update-IR | & |
1Y ‘o 1y ‘o
< 6723 drw14
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) forthe full state diagram

All state transitions within the TAP controller occur atthe rising edge of the
TCLKpulse. The TMS signallevel (0 or 1) determines the state progression
thatoccurs oneach TCLK rising 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 testlogicin the ICis active only if
certaininstructions are present. Forexample, ifaninstruction activates the self
test, thenitwillbe executed when the controller enters this state. The testlogic
inthe ICisidles otherwise.

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

Select-IR-Scan This is a controller state where the decision to enter the
Instruction Pathismade. The Controller canreturn tothe Test-Logic-Reset state
otherwise.

Capture-IR Inthis controller state, the shiftregister bankin the Instruction
Register parallelloads a pattern of fixed values on therising 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 eachrisingedge
of TCK. Theinstructionavailable onthe TDI pinis also shifted in to the instruction
register.

Exit1-IR Thisisa controller state where adecisionto entereither 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 Thisis a controller state where a decision to enter either the Shift-
IR state or Update-IR state is made.

Update-IR Inthis controller state, the instruction in the instructionregisteris
latchedin to the latch bank of the Instruction Register on everyfalling edge of
TCK. Thisinstruction also becomes the currentinstruction once itis latched.

Capture-DR Inthis controller state, the dataiis parallel loadedin to the data
registers selected by the currentinstruction on the rising edge of TCK.

Shift-DR, Exit1-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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SCAN REGISTERDESCRIPTIONS

THE INSTRUCTION REGISTER

The Instruction registerallows an instruction to be shifted in serially into the
processor at the rising edge of TCLK.

The Instructionis used to select the test to be performed, or the testdata
registertobe accessed, orboth. Theinstructionshifted intothe registerislatched
atthe completion of the shifting process when the TAP controlleris at Update-
IRstate.

Theinstructionregister must contain 8 bitinstruction register-based cells
which can holdinstructiondata. These mandatory cells are located nearestthe
serial outputs they are the least significantbits.

TESTDATAREGISTER

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

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

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

TEST BYPASS REGISTER

The registeris used to allow test data to flow through the device from TDI
toTDO. ltcontainsasingle stage shiftregisterforaminimumlengthinserial path.
Whenthe bypass registeris 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 Registeris a part
ofthe [IEEE 1149.1-1990 Standard JTAG Implementation.

THE DEVICE IDENTIFICATION REGISTER

The Device Identification Register is a Read Only 64-bit register used to
specify the manufacturer, part number and version of the processor to be
determinedthroughthe TAPinresponse to the IDCODE instruction.

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

For the IDT72T36135M, the Part Number field contains the following
values:

Device Part# Field
IDT72T36135M 0417
31(MSB) 28 27 12 11 1 0(LSB)
Version (4 bits) | Part Number (16-bit) |Manufacturer ID (11-bit)
0X0 0X33 1
IDT72T36135M JTAG Device Identification Register
Please note:

The IDT72T36135M device is a two die MCM which means 64 bits will be
shifted out of the device when the useris inIDCODE. Since the JTAG device
identification registeris 32 bits per die.

JTAG INSTRUCTION REGISTER

The Instruction register allows instruction to be serially inputinto the device
whenthe TAP controllerisin the Shift-IR state. Theinstructionis decoded to
performthe following:

o Selecttestdataregisters thatmay operate while the instructionis
current. The other test data registers should notinterfere with chip
operationand the selected dataregister.

« Definethe serial testdataregister path thatis used to shiftdatabetween
TDIl'and TDO during data register scanning.

The Instruction Register is a 8 bit field (i.e.IR3, IR2, IR1, IR0 per die) to

decode 32 different possible instructions. Instructions are decoded as follows.

Please note:

Again, sincethis deviceisatwodie MCM, the JTAG instructions mustbe shifted
intwice during JTAG testing. Toaccountforeach dies 4bitinstruction registers
foratotal of 8 bits altogether.

JTAGINSTRUCTION DESCRIPTION

Hex Instruction Function

Value

0x00 EXTEST SelectBoundary Scan Register
0x22 IDCODE Select ChipIdentification data register
0x11 SAMPLE/PRELOAD | SelectBoundary ScanRegister
0x33 HIGH-IMPEDANCE | JTAG

OxFF BYPASS SelectBypass Register

JTAG Instruction Register Decoding

The following sections provide a brief description of eachinstruction. For
acompletedescriptionrefertothe IEEE Standard TestAccess Port Specification
(IEEE Std. 1149.1-1990).

EXTEST

Therequired EXTEST instruction places the IC into an external boundary-
testmode and selects the boundary-scan registerto be connected between TDI
and TDO. During this instruction, the boundary-scan registeris accessed to
drive testdata off-chip via the boundary outputs and receive test data off-chip
viathe boundaryinputs. As such, the EXTEST instruction is the workhorse of
IEEE. Std 1149.1, providing for probe-less testing of solder-joint opens/shorts
and of logic cluster function.

IDCODE

Theoptional IDCODE instruction allows the IC toremaininits functional mode
andselects the optional device identification register to be connected between
TDland TDO. The deviceidentification registeris a 64-bitshiftregister containing
information regarding the IC manufacturer, device type, and version code.
Accessing the device identification register does notinterfere with the operation
ofthe|C. Also, access tothe device identification register should be immediately
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 to the
Test-Logic-Resetstate.

SAMPLE/PRELOAD

The required SAMPLE/PRELOAD instruction allows the IC toremainina
normal functional mode and selects the boundary-scanregisterto be connected
between TDIand TDO. During thisinstruction, the boundary-scanregister can
be accessed viaadate scan operation, to take a sample of the functional data
enteringandleavingthe IC. Thisinstructionis also used to preload testdatainto
the boundary-scan register before loading an EXTEST instruction.
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HIGH-IMPEDANCE

The optional High-Impedanceinstruction sets all outputs (including two-state
aswellas three-state types) ofan IC toa disabled (high-impedance) state and
selects the one-bit bypass register to be connected between TDIand TDO.
During thisinstruction, data can be shifted through the bypass registerfrom TDI
to TDO withoutaffecting the condition ofthe IC outputs.

TEMPERATURE RANGES

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 TDIand TDO. The BYPASSinstructionallows serial datatobe transferred
through the IC from TDIto TDO without affecting the operation of the IC.
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NOTE:

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.

Figure 8. Master Reset Timing
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wen S o S
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FF/IR
2] If FWFT = HIGH, TR = LOW
< tRSF >
PAE N
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PAF 7
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OE = LOW 6723 drwi6
NOTE:

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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NOTES:

1. tskew1 is the minimum time between a rising RCLK edge and a rising WCLK edge to guarantee that FF[1:2] will go HIGH (after one WCLK cycle pus twrF). If the time between
the rising edge of the RCLK and the rising edge of the WCLK is less than tskew1, then the FF[1:2] deassertion may be delayed one extra WCLK cycle.

2. ID = HIGH, OE = LOW, EF[1:2] = HIGH.

3. WCS = LOw.

Figure 10. Write Cycle and Full Flag Timing (IDT Standard Mode)
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Q0 -Qn —’f<><><> LAST WORD : : LAST WORD Do D1
+toLz [« tOHZ *‘ ~toLz *‘
_ tOE——>
OE

]
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WEN T N
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WCS J
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tDg-+f tDH ~ tDH
DO - Dn >>R Do jﬂ >E D1 jﬁ

NOTES:

1. tskew1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF[1:2] will go HIGH (after one RCLK cycle plus tReF). If the time between
the rising edge of WCLK and the rising edge of RCLK is less than tskew1, then EF[1:2] deassertion may be delayed one extra RCLK cycle.

2. ID = HIGH.

3. First data word latency = tskewt + 1*TRCLK + tREF.

4. RCS is LOW.
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Figure 11. Read Cycle, Output Enable, Empty Flag and First Data Word Latency (IDT Standard Mode)
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NOTES:

1. tskew1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF[1:2] will go HIGH (after one RCLK cycle plus tReF). If the time between
the rising edge of WCLK and the rising edge of RCLK is less than tskew1, then EF[1:2] deassertion may be delayed one extra RCLK cycle.

2. 1D = HIGH.

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

4, OE is LOW.
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Figure 12. Read Cycle and Read Chip Select (IDT Standard Mode)
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

tSCLK———
{SCKH: 1SCKL-|

[:tSENS-><—/;l—;S;\ Lt tENH —»
SEN 7l

~——1LDS

<—tLDs—>4—;l7\ < tL.DH
LD :: : k
tSDS ( ( |4 tSDH
BIT 19 BIT 19
sl o X ¢ X >’< e X X
) )
> > 6723 drw26

EMPTY OFFSET r|< FULL OFFSET |

Figure 19. Serial Loading of Programmable Flag Registers (IDT Standard and FWFT Modes)

| tcLK »
tCLKH tCLKL—
WCLK Z_L/

tLDS\ | /=—I1LDH

m NN\ 7N

tENS tENH
e <+ tENH ]
~— tDH —,IDH

tDS\
PAE PAF
Do -Dr WXXMMX%XXWX

6723 drw27

§

%

)

=
m
bz

/|A

Figure 20. Parallel Loading of Programmable Flag Registers (IDT Standard and FWFT Modes)

9

«——————tolk ——————
TCLKH—P|-——tCLKL —
RCLK wm

—1LDH —1LDH —tLDH

[4— tLDS —t—p| [4— tLDS —m [4— tLDS —r
LD
— tENH — tENH
— tENS —I>|t—p| — tENS —P| — tENS
EN

)

/'tENH

)

tAp| A [-tA]
Qo - Qn DATA IN OUTPUT REGISTER * PAE OFFSET VALUE * PAF OFFSET VALUE *m OFFSET
6723 drw28
NOTES:
1. OE = LOW.

2. The offset registers cannot be read on consecutive RCLK cycles. The read must be disabled (REN = HIGH) for a minimum of one RCLK cycle in between register accesses.

Figure 21. Parallel Read of Programmable Flag Registers (IDT Standard and FWFT Modes)
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

'[CLKL\ /—"(CLKL
WCLK 1 2 1 2

tENS 1"_( tENH
WEN QQ& 7“/ L L
tPAFS

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

[1:2] in FIFO®

R E N \\Sb> / 6723 drw29

NOTES:

1. m = PAF[1:2] offset.

2. D = maximum FIFO depth.
In IDT Standard mode: D = 524,288 for the IDT72T36135M.
In FWFT mode: D =524,289 for the IDT72T36135M.

3. tskewz is the minimum time between a rising RCLK edge and a rising WCLK edge to guarantee that PAF[1:2] will go HIGH (after one WCLK cycle plus tPAFs). If the time between
the rising edge of RCLK and the rising edge of WCLK is less than tskewz, then the PAF[1:2] deassertion time may be delayed one extra WCLK cycle.

4. PAF[1:2] is asserted and updated on the rising edge of WCLK only.

5. Select this mode by setting PFM HIGH during Master Reset.

Figure 22. Synchronous Programmable Almost-Full Flag Timing (IDT Standard and FWFT Modes)

tOLKH —— _—tCLKL
WCLK JHL;M

tENS— ~—1tENH
R
e |

n words in FIFO®,

n words in FIFO®,

PAE n + 1 words in FIFO n + 1 words in FIFO®, n + 1 words in FIFQ"
[1 32] — tokew2™ tPAES— n + 2 words in FIFO® tPAES —~,
RCLK
m 6723 drw30
NOTES:

1. n = PAE[1:2] offset.

2. For IDT Standard mode

3. For FWFT mode.

4. tskewz is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that PAE[1:2] will go HIGH (after one RCLK cycle plus tPas). If the time between
the rising edge of WCLK and the rising edge of RCLK is less than tskewz, then the PAE[1:2] deassertion may be delayed one extra RCLK cycle.

. PAE[1:2] is asserted and updated on the rising edge of WCLK only.

6. Select this mode by setting PFM HIGH during Master Reset.

7. RCS = LOW.

[$)]

Figure 23. Synchronous Programmable Almost-Empty Flag Timing (IDT Standard and FWFT Modes)
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

4— tCLKH —P|€— tCLKL—P|

tENs\ —tENH

NN 274

WEN
¢—— tPAFA—P]
PAFTT2] D - (m + 1) words in FIFO D- mF:’gdS D~ (m+ 1) words
n in FIFO
4——1PAFA
tENS
AN
EN \\\
6723 drw31
NOTES:

1. m = PAF[1:2] offset.
2. D = maximum FIFO Depth.
In IDT Standard Mode: D = 524,288 for the IDT72T36135M.
In FWFT Mode: D = 524,289 for the IDT72T36135M.
3. PAF[1:2] is asserted to LOW on WCLK transition and reset to HIGH on RCLK transition.
4. Select this mode by setting PFM LOW during Master Reset.
5. RCS = LOW.

Figure 24. Asynchronous Programmable Almost-Full Flag Timing (IDT Standard and FWFT Modes)

weLK I NN
tENH
< >le ]
WEN //
) @) 4—— tPAEA ds in FIFO®
PAE[ 2] n words in FIFO™™, n + 1 words in FIFO®), nwores - @)
: n + 1 words in FIFO® o+ 2 words in FIFO® n + 1 words in FIFO
+

i ——tPAE —»

tENS\
<P

- ONNY

NOTES:

. n = PAE[1:2] offset.

. For IDT Standard Mode.

. For FWFT Mode.

. PAE[1:2] is asserted LOW on RCLK transition and reset to HIGH on WCLK transition.
. Select this mode by setting PFM LOW during Master Reset.

. RCS = LOW.

6723 drw22

OO WN -

Figure 25. Asynchronous Programmable Almost-Empty Flag Timing (IDT Standard and FWFT Modes)
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL
524,288 x 36 TEMPERATURE RANGES

1A
Qn Wo Wi
FFT2] *tFFAﬁg
L tFFA |=-tFFA -

tcyc

6723 drw23

NOTE: .
1. OE = LOW, WEN = LOW and RCS = LOW.

Figure 26. Asynchronous Write, Synchronous Read, Full Flag Operation (IDT Standard Mode)

RCLK _/—\—711—\—7 2 7—\—/_
XEtENs <tEN j/
H
‘&tA e—tA
Qn Last Word Wo Wi
"tREjL *tREF;L
EF[1:2]

tSKEW*+——1CYL

By
m
2

WR tcYH
tDS#tDH* e tDS*‘*tDH
Dn Wo >k><><>[ Wi RECCCCC 0550550505055
NOTE:

1. OE = LOW, WEN = LOW and RCS = LOW.

Figure 27. Asynchronous Write, Synchronous Read, Empty Flag Operation (IDT Standard Mode)
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

WOLK  \ (_wfﬂe\)ml_\#—;

WEN

o KKK HKKKK KK KKK KKK KA or X B

- tWFF twWFF
FF[1:2]

tSKEW-| fovc

teyL > tCYH—>

RD i—}E—X
tAA tAA

Qn Last Word Wx Wx+1

NOTE: . .
1. OE = LOW, RCS = LOW and REN = LOW.
2. Asynchronous Read is available in IDT Standard Mode only.

6723 drw35

Figure 28. Synchronous Write, Asynchronous Read, Full Flag Operation (IDT Standard Mode)

WCLK \ a2 A N

tDS —+—1tDH

b XXE Wo §<><><><><><><><><><><><><><><><><><><><><><><><><><><><><

=
m
z

Wo

Qn Last Word in Output Register

6723 drw36

NOTE: _ o
1. OE = LOW, REN = LOW and RCS = LOW.
2. Asynchronous Read is available in IDT Standard Mode only.

Figure 29. Synchronous Write, Asynchronous Read, Empty Flag Operation (IDT Standard Mode)
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO COMMERCIAL AND INDUSTRIAL

524,288 x 36 TEMPERATURE RANGES

- >

DT hv—

WA 7%‘ \
<tDH tDS >{«tDH

On wo §<><><>E wi ;<><><><><><><><><><><><><><><><><><><><

RD 7
<—tAA—> «—1AA
Qn Last Word in O/P Register Wo W1
< EFA RPE <« tEFA
EF[1:2]
6723 drw37
NOTES:

1. OE = LOW, WEN = LOW, REN = LOW and RCS = LOW
2. Asynchronous Read is available in IDT Standard Mode only.

Figure 30. Asynchronous Write, Asynchronous Read, Empty Flag Operation (IDT Standard Mode)

WR

Dn

RD

Qn

e-tFFA ‘*tFFA
FF2]

NOTES: - -
1. OE = LOW, WEN = LOW, REN = LOW and RCS = LOW.
2. Asynchronous Read is available in IDT Standard Mode only.

6723 drw38

Figure 31. Asynchronous Write, Asynchronous Read, Full Flag Operation (IDT Standard Mode)
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IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO

COMMERCIAL AND INDUSTRIAL

524,288 x 36

OPTIONAL CONFIGURATIONS

WIDTH EXPANSION CONFIGURATION

Word width may beincreased by connecting togetherthe control signals of
multiple devices plus using external gating logic. Status flags canbe gated and
detected fromthe gate output. The EF[1:2], FF[1:2], PAE[1:2], and PAF[1:2]

PROGRAMMABLE ALMOST FULL

TEMPERATURE RANGES

flags should be gated using logical gates toremove the possibility of clock skew
between the two device(s) outputs.

Figure 32 demonstrates a width expansion using two IDT72T36135M
devices. Do - D35 from each device form a 72-bit wide input bus and Qo-Q35
fromeach device forma 72-bitwide output bus. Any word width can be attained
by adding additional IDT72T36135M devices.

FULL FLAG/INPUT READY

SERIAL CLOCK FIFO#1| anD FIFO#1 | qate
(SCLK) GATE | (PAF) O 1 care (FF/R)
PARTIAL RESET (PRS) GaTE [ o
FIFo#2| anp |— FIFO#2 | GATE [—
MASTER RESET (MRS) GATE o)
FIRST WORD FALL THROUGH/ FiFos1| gate FFo#1[ anp
SERIAL INPUT (FWFT/SI) O |l care |EROR) | &4 [~ anp | (PAB)
p— GATE
RETRANSMIT (RT) rrore| aare | rrosa| awp >
Dm+1 - Dn ) GATE
mn/ Do-pm M/ XYYV | VARAZ11 EMPTY FLAG/OUTPUT READY  PROGRAMMABLE AEI'\\AAOP%T(
DATAIN 7 7 B _ _ _ _|{READ CLOCK (RCLK)
WRITE CLOCK (WCLK) - - — — —{«READ CHIP SELECT (RCS)
_ _ _ _|, READ ENABLE REN)
WRITE ENABLE (WEN) | - “ -
— |, output ENABLE (OF)
LOAD (D) | -
FULL FLAG/INPUT READY (FF/IR) #1
N J—— GATE
ey B FULL FLAG/INPUT READY (FF/IR) #1 FULL FLAG/INPUT READY (FF/IR)) #2 Pl S
< — IDT IDT
o1 FULL FLAG/INPUT READY (FF/IR) #2 | 72T36135M 79T36135M
PROGRAMMABLE ALMOST FULL (PAF) #1 e
— PROGRAMMABLE ALMOST FULL (PAF) #1 F;ljo FLI;O PROGRAMMABLE ALMOST FULL (PAF) #2 GATE >
<—[eaTe | PROGRAMMABLE ALMOST FULL (PAF) #2
EMPTY FLAG/OUTPUT READY (EF/OR) #1 .
J—— ATE
_ EMPTY FLAG/OUTPUT READY (EF/OR) #1 EMPTY FLAG/OUTPUT READY (EF/OR) #2 Rl ——
GATE [ R
i O EMPTY FLAG/OUTPUT READY (E _
- G/IOUTPY (EF/OR) #2 PROGRAMMABLE ALMOST EMPTY (PAE) #1 [
@ PROGRAMMABLE ALMOST EMPTY (PAE) #1 PROGRAMMABLE ALMOST EMPTY (PAE)#2 | GATE [
AND
| GATE | PROGRAMMABLE ALMOST EMPTY (PAE) #2
n / Qm+1-Qn m+n
/ / »DATA OUT

m
|Qo -Qm

NOTES:

1. An OR gate is used for FWFT mode, AND gate for IDT 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.
4. PAE/PAF[1:2] optional, see section of external gating of output flags.

6723 drw39

Figure 32. Block Diagram of 524,288 x 72 Width Expansion

DEPTH EXPANSION CONFIGURATION (FWFT MODE ONLY)

TheIDT72T36135M can easily be adapted to applications requiring depths
greaterthanand 524,288 with an 36-bit bus width. In FWFT mode, the FIFOs
canbe connectedinseries (the data outputs of one FIFO connected tothe data
inputs of the next) with no external logic necessary. The resulting configuration
provides a total depth equivalent to the sum ofthe depths associated with each
single FIFO. Figure 33 shows a depth expansion using two IDT72T36135M
devices.

For depth expansion mode option #1, “logical OR gates” need to be used
todrive the active lowinput WEN and REN pins respectively from the active low
output OR[1:2] and IR[1:2] pins. Two sets of OR gates are used in this mode
to derive afeedbackloop tothe REN and WEN pins to avoid writing orreading

to/from a device when the device is not ready to accept data. The 2™ row of
OR gatestakeinthe IR or OR pin’s status and allow for data to be written/read
to the next FIFO in the chain. If the IR or OR pins are low, this will enable the
device toacceptwrites orreads fromthe nextdeviceinline. To use thismode,
the FIFO device's clock speed depends on the added prop delay of the “OR”
gatesand setup time betweenthe two FIFO devices. Example, ifthe “OR” gates
being used have acombined 10ns propagation delay, a 1nsjitter budget, and
1nsclock skew margin, 12ns mustbe takeninto accountduringeach clock cycle.
Forinstance, a25MHz clock has around a40ns clock cycle. Fora45%-55%
clock duty cycle, 18ns accountfor45% ofthe duty cycle when the clockis high.
Thismeans, 18ns—12ns =6ns of setup time for data to be available at the 2"
IDT FIFOwhichis fine considering the setup time for this FIFOis around 1.5ns.

© 2019 Renesas Electronics Corporation



IDT72T36135M 2.5V 18M-BIT TeraSync™ 36-BIT FIFO
524,288 x 36

Designers mustleave an adequate timing window to allow data to be captured
bythe 2 IDTFIFO. Please take this into consideration when using this depth
expansion mode to avoid data meta-stability issues.

Care should be takento select FWFT mode during Master Resetforall FIFOs
in the depth expansion configuration. The first word written to an empty
configuration will pass from one FIFO to the next ("ripple down") untilitfinally
appears at the outputs of the last FIFO in the chain — no read operation is
necessary butthe RCLK ofeach FIFO mustbe free-running. Eachtimethe data
word appears atthe outputs of one FIFO, thatdevice's OR[1:2] line goes LOW,
enabling a write to the next FIFO in line. OR gates are used to take in the
considerations ofthe next FIFQinthe chains IR pinstatus. Ifthe IR pins are Low,
this will enable the device to accept writes from upstream devices.

Foranempty expansion configuration, the amount oftime ittakes for OR[1:2]
ofthelastFIFOinthechaintogoLOW(i.e. valid datatoappearonthelastFIFO's
outputs) afteraword has been written to the first FIFO is the sum of the delays
for each individual FIFO and the sum of the OR gate prop delays:

(N = 1)*(4*transfer clock) + 3*TRCLK + 2 *OR prop delay

whereNisthe numberof FIFOsinthe expansionand TRCLK s the RCLK period.
Note that extra cycles should be added for the possibility that the tSKEW1
specificationis notmetbetween WCLK and transfer clock, or RCLK and transfer
clock, forthe OR[1:2]flag.

The "ripple down"delayis only noticeable for the firstword written toan empty
depth expansion configuration. There willbe nodelay evidentfor subsequent
words written to the configuration.

COMMERCIAL AND INDUSTRIAL
TEMPERATURE RANGES

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
FIFOofthe chain, that FIFO's IR[1:2] line goes LOW, enabling the preceding
FIFO to write a word tofill it.

Forafullexpansion configuration, the amountoftime it takes for IR[1:2] of the
firstFIFOinthe chainto go LOW afteraword has beenread fromthe last FIFO
is the sum of the delays for each individual FIFO and the sum of the OR gate
prop delays:

(N =1)*(3*transfer clock) + 2 TwCLK + 2 *OR prop delay

where N is the number of FIFOs in the expansion and TWCLK is the WCLK
period. Note thatextra cycles should be added forthe possibility that the tSKEW1
specificationis notmetbetween RCLK and transfer clock, or WCLK and transfer
clock, forthe IR[1:2]flag.

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

Depth Expansion Option #2 is depicted in Figure 34, Depth Expansion
Option#2. One device will be active atatime by togglingthe WCS pins. Data
willbe writteninto FIFOin Ping Pong fashion. Firstdata is writteninto FIFO#1,
second datais writteninto FIFO#2, third datais written into FIFO#1, fourth data
iswritteninto FIFO#2, and soon. Data canthenbe read outinthe same manner
on the read side by toggling the RCS1 and RCS2.

FWFT/SI
TRANSFER CLOCK l
FWFT/S| ‘ FWFT/SI
WRITE CLOCK WOLK RCLK ° WOLK ROLK READ CLOCK
oRT - === |.READ CHIP SELECT
WRITE ENABLE | (oo 8R2 EN RCS [« EAD I SELEY
= REN READ ENABLE
IoT REN IDT | HEAD ERABLE
INPUT READY | — il
<INPUTREADY | 5 72T36135M 2 72T36135M  ~ | OUTPUT READY
RCS l OR —————
OE GND OE |« QUTPUT ENABLE
DATAIN N an d Bn n, DATAOUT
# Dn Qn
6723 drw40
Figure 33. Depth Expansion Option #1
FF1 EF1
- E— L 5
WCS1 o o7 P
lad d ———
72T36135M #1 RCS1
di
36 36
IDT < =N
WEN | 72T36135M #2 %
= — > _ RCS2
WCSs2 FF2 EF2
+— > 6723 drwd1

Figure 34. Depth Expansion Option #2
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ORDERING INFORMATION
XXXXX X XX X X X
) Process /
Device Type Power Speed Package Temperature
Range

BLANK Commercial (0° C to +70° C)
1M Industrial (-40° C to +85° C)
{G Green
{BB Plastic Ball Grid Array (PBGA, BB240)
|5 Commercial Only Clock Cycle Time (tcLK)
l6 Commercial and Industrial /' Speed in Nanoseconds
L Low Power

{72T36135M 524,288 x 36 —2.5V 18M-Bit High-Speed TeraSync™ FIFO
6723 drw42
NOTES:

1. Industrial temperature range product for 6ns speed grade is available as a standard device. All other speed grades are available by special order.
2. Green parts are available. For specific speeds and packages please contact your sales office.

DATASHEET DOCUMENT HISTORY
09/01/2005 pg. 1.

02/28/2006 pg. 10.

05/29/2006 pgs. 10,21, and 23.

02/04/2009 pg. 48.

05/10/2016 pgs. 2,3,4,7,9,19, 24,46, 47, and 48
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OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.
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resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
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