2.5VQUAD/DUAL TeraSync™DDR/SDRFIFO

x10QUAD FIFO or x10/x20 DUAL FIFO CONFIGURATIONS

32,768 x 10 x 4/16,384 x 20 x 2 IDT72T54242

65,536 x 10 x 4/32,768 x 20 x 2 IDT72T54252
131,072 x 10 x 4/65,536 x 20 x 2 IDT72T54262

FEATURES o Up to 200MHz operating frequency or 2Ghps throughput in SDR mode
« Choose from among the following memory organizations: o Up to 100MHz operating frequency or 2Ghps throughput in DDR mode
IDT72T54242 - 32768 x 10 X 4132768 X 10 X 2 o Double Data Rate, DDR is selectable, providing up to 400Mbps
IDT72T54252 - 65536 X 10 X 4/65,536 X 10 X 2 bandwidth per data pin
IDT72T54262 - 131,072 x 10 X 4/131.072 X 10 X 2 o User selectable Single or Double Data Rate modes on both the

write port(s) and read port(s)

All'l/Os are LVTTL/ HSTL/ eHSTL user selectable

3.3V tolerant inputs in LVTTL mode

ERCLK and EREN Echo outputs on all read ports

Write enable WEN and Chip Select WCS input for each write port
Read enable REN and Chip Select RCS input for each read port
User Selectable IDT Standard mode (using EF and FF) or FWFT
mode (using IR and OR)

Programmable Almost Empty and Almost Full flags per FIFO
Dedicated Serial Port for flag offset programming

Power Down pin minimizes power consumption

2.5V Supply Voltage

Available ina 324-pin PBGA, 1mm pitch, 19mm x 19mm

IEEE 1149.1 compliant JTAG port provides boundary scan function
Low Power, High Performance CMOS technology

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

o User Selectable Quad / Dual Mode - Choose between two or
four independent FIFOs
e Quad Mode offers
- Eight discrete clock domain, (four write clocks & four read clocks)
- Four separate write ports, write data to four independent FIFOs
- 10-bit wide write ports
- Four separate read ports, read data from any of four independent FIFOs
- Independent set of status flags and control signals for each FIFO
o Dual Mode offers
- Four discrete clock domain, (two write clocks & two read clocks)
- Two separate write ports, write data to two independent FIFOs
- 10-hit/20-bit wide write ports
- Two separate read ports, read data from any of two independent FIFOs
- Independent set of status flags and control signals for each FIFO
- Bus-Matching on read and write port x10/x20
- Maximum depth of each FIFO is the same as in Quad Mode

FUNCTIONAL BLOCKDIAGRAMS

Quad Mode
l«—— RCLKO
[<—— RENO
[<@— RCS0
WOCLKO < - gFE((;LKO
WENO ——»  y tren
FIFOO  Wcso —b 32,768 x 10 EREND FIFO 0
Datain D[9:0] =t 8553 x 10 i 19:0]  Data Out
22X le—— RCLK1
FIFO 0 | €&—— RENT
[<@— RCS1
WCLK1 —— P> — SFE::LM
WEN1 ——P» L » ren
FIFO 1 WCS1 —P» 32,768 x 10 EREN1 FIFO 1
. 65,536 x 10 .
Data In D[19:10] ==ée==t=Jp>" sk xi0 ok 3 119:10] Data Out
l—— RCLK2
FIFO 1 —— FERD
— fcs2
> <—— OE2
w%zz — ——® ERCLK2
FIFO2  wcs2 —Pp» 32,768 x 10 P EREN2 FIFO 2
Data In D[29:20 Hh-» 65,536 x 10 # Data Out
[ 1 =750 131,072 x 10 x10 Q[29:20]
l<—— RCLK3
FIFO 2 '@—— RENS
<@—— RCS3
WCLK3 —— ] <&—— OEs
WEN3 —p»] — ERCLK3
FIFO 3 WCS3 —P» 32,768 x 10 —» EREN3 FIFO 3
Data In D[39:30] ==t=]p>1 65,536 x 10 # Data Out
[ ] x10 131,072 x 10 x10 Q[39:30]
FIFO 3 -
. ——» EF0/OR0
FO/IR0 ~—— ey
PAF0 €—| T g B[ PAEO_
FF/R1 €4—8 S o [—» EF1/OR!
PAF1 €—| o = O 5| PAET
__PAF (o R T O —Pp EF2/OR2
F2 iR €—|g o © EF2/
PAF2 <@—]T o e 2> PAE2
FF3R3 €4¢— S = i —» EF3/0R3
PAFs 4— ¢ —® PAE3
6158 drwo1 (See next page for Dual Mode)
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FUNCTIONAL BLOCKDIAGRAMS (CONTINUED)

Dual Mode
<§—— RCLKO
<¢—— RENO
<@—— RCSo
<€¢—— OFo
v%g » ——» ERCLKO
WENO —— -
FIFO 0 WCS0 —P» 32,768 x 10/16,384 x 20 ERENO FIFO 0
DataIn D[19:0] ==plemtml>-| | | (65,536 x 10/32,768 x 20 Data Out
x10 or 131,072 x 10/65,536 x 20 x10 or 0[19:0]
x20 FIFO 0 x20
<§—— RCLK2
<—— REN2
<¢—— RCS2
> <4—— OE2
W%; > —P» ERCLK2
. —» EREN2
FIFO 2 WCS2 —P» 32,768 x 10/16,384 x 20 FIFO 2
Dataln D 2 +* 65,536 x 10/32,768 x 20 Data Out
[39:20] x10 or 131,072 x 10/65,536 x 20 x10or Q[39:20]
x20 FIFO 2 x20
R b | [2] -
FFOlR0 €— g = + 5 —» EF0/OR0O
pAF0 €—1€ = g S—» Paco
o (o R 3 M
FF2R2 & S g BO P EF2/0R2
N © (o)) P
PAF2 4— & § T S PAE2
(7] ('8

6158 drw02
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32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2

DESCRIPTION

The IDT72T54242/72T54252/72T54262 Quad/Dual TeraSync FIFO
devices areideal formany applications where data stream convergence and
parallel buffering of multiple data paths are required. These applications may
include communication systems such as data bandwidth aggregation, data
acquisition systems and medical equipment, etc. The Quad/Dual FIFO allows
the userto selecteithertwo orfourindividual internal FIFOs for operation. Each
internal FIFO has its own discrete read and write clock, independentread and
write enables, and separate status flags. The density of each FIFO is fixed.

IfQuad mode s selected, there will be atotal of eight clock domains, four read
and fourwrite clocks. Data can be written into any of the four write ports totally
independentof any other port, and can be read out of any of the four read ports
corresponding to their respective write port. Each port has its own control
enables and status flags and is 10 bits wide. The device functions as four
separate 10-hitwide FIFOs.

IfDualmode is selected, there will be atotal of four clock domains, tworead
andtwo write clocks. Data can be written into any of the two write ports totally
independent of any other port, and can be read out of any of the two read ports
corresponding to their respective write port. Each port has its own control
enables and status flags. All input and output ports have bus-matching
capabilities of x10 or x20 bits wide.

AstypicalwithmostIDT FIFOs, two types of datatransferare available, IDT
Standard mode and First Word Fall Through (FWFT) mode. This affects the
device operationandalsothe flag outputs. The device provides eightflag outputs
perinputand output port. A dedicated Serial Clockis used for programming the
flag offsets. This clockis also used for reading the offsetvalues. The serialread
and write operations are performed viathe SCLK, FWFT/SI, SWEN, SREN,
and SDO pins. The flag offsets can also be programmed using the JTAG port.
Ifthis optionis selected, the SCLK, SWEN, and SREN pins must be disabled.

The Quad/Dual device offers amaximumthroughput of 2Gbps per port, with
selectable SDR or DDR datatransfer modes forthe inputs and outputs. InSDR

TEMPERATURE RANGES

mode, the input clock can operate up to 200MHz. Data will transition/latch on
therising edge of the clock. InDDR mode, the input clock can operate upto 100
MHz, with data transitioning/latched on both rising and falling edges of the clock.
The advantage of DDRisthatitcan achieve the same throughputas SDR with
only halfthe number of bits, assuming the frequencyis constant. For example,
a4Gbpsthroughputin SDR is 100MHz x 40 bits. In DDR mode, itis 100MHz
x 20 bits, because two bits transition per clock cycle.

AllRead ports provide the user with adedicated Echo Read Enable, EREN
and Echo Read Clock, ERCLK output. These outputs aid in high speed
applications where synchronization of the input clock and data of receiving
device is critical. Otherwise known as “Source Synchronous Clocking,” the
echo outputs provide tighter synchronization ofthe data transmitted from the
FIFO andthe read clockinterfacing the FIFO outputs.

A Master Resetinput is provided and all setup and configuration pins are
latched with respect to a Master Reset pulse. For example, the mode of
operation, bus-matching, and datarate are selected at Master Reset. APartial
Resetis provided for each internal FIFO. When a Partial Resetis performed
onaFIFOtheread andwrite pointers of that FIFO are resetto the firstmemory
location. The flag offset values, timing modes, and initial configurations are
retained.

The Quad/Dual device has the capability of operating its I/O at either 2.5V
LVTTL, 1.5V HSTL or 1.8V eHSTL levels. A Voltage Reference, Vref input
isprovided forHSTLandeHSTL interfaces. Thetype of l/Ois selected viathe
IOSEL pin. The core supply voltage of the device, Vccisalways 2.5V, however
the output pins have a separate supply, VbbQwhichcanbe 2.5V, 1.8V, or 1.5V.
Theinputsofthis device are 3.3Vtolerantwhen VbDQis setto 2.5V. The device
also offers significant power savings, most notably achieved by the presence
of a Power Down input, PD.

A JTAG test portis provided. The Quad/Dual device has a fully functional
Boundary Scanfeature, compliantwith IEEE 1149.1 Standard Test Access Port
and Boundary Scan Architecture.
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Do - D3g (x10, x20, or x40)

INPUT

WDDR 70 RDDR
*WENO RENO*
*WSCQ = ————————— RSCO0*
*WCLKQ ———— — RCLKO*
Y VY VYV ] Y VY VYV
Write Control N m - Read Control
Logic o - Logic
4 \
Write Pointer D] K Read Pointer
\ i RAM
PAF0 4——o ARRAY y —
“EEQ ¢ Status Flag >
Fro Logic 8,192 x 40 Status Flag | __ EFo*
CFF €— 16.384 x 40 Logic ___
’ — CEF
A 32,768 x 40 ?
SCLK >
S—WEN > Programmable
SREN > —» ERCLKO*
SDI _ Flag Control Echo Outputs
o — ERENO*
SDO =
A
FSEL[1:0] 4 L
PFM HSTL 1/0 > |OSEL
Control
MRS —» Reset
PRS —m» Logic
——
|
TCK >
TRST P JTAG Control »
T™S »-| (Boundary Scan) [— o
TDI >
TDO = \/
OUTPUT
Y_ oo
Qq - Qgg (x10, x20, or x40) 6158 drw03A

NOTES:
1. This block diagram only shows the architecture for FIFO 0. There are a total of four FIFOs inside this device all with the identical architecture.

2. *Denotes dedicated signal for each internal FIFO inside the device.

Figure 1. Quad/Dual Block Diagram
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PIN CONFIGURATION

/— A1 BALL PAD CORNER

»nlO O OO OOO OO OOOOO O O O OY
DO D1 D2 VREF MRS PRS0 PRS1 PRS2 Vcc GND Voba PRS3 OE0 OE1 OE2 OE3 Qo Q1
B|] O O O O O O O O O O O O O O O O
D3 D4 D5 GND MD FSELO RDDR GND Vcc GND Vbba  PD TDI  SCLK SREN FWFT/SI TDO Q2
c] O O O O O O O O O 0O OO 0O o o o o o o
D6 D7 D8 D9 FSEL1 OW WDDR IW vce GND Vvbba GND TCK TMS TRST SWEN SDO Q3
p ] O O O O O O O O O O O O O O o o o o
D10 D11 D12 PFM IOSEL vcc GND GND vcc GND  VbbQ VbbQ Vbba VDbQ  VDDQ Q6 Q5 Q4
el O O O O O O O O O O OO O oo o o o o
D13 D14 D15 GND vce vce vce vce vce GND VDDQ VDDQ VDDQ VDDQ VDDQ Q9 Q8 Q7
F| O O O O O O O O O O o O oo o o o o o
WCLKO D16 D17 Vcc Vcc GND GND GND GND GND GND GND GND Vbba Vbba Qi2 Q11 Qlo
s | O O O OO O O OO O o OO o o o o o o
WCLK1 D18 D19 vVecc Vcc GND GND GND GND GND GND GND GND Vbbae Vbba Qi5 Q14 Q13
Hl] O O O O O O O O O O o 0O oo o o o o o
WCLK2 D20 D21 Vecc Vecc GND GND GND GND GND GND GND GND VbbQ VbbQ Q18 Q17 Qie
s |1 O O O OO O O OO O o o o oo o o o
WCLK3 D22 D23 Vec Vecc GND GND GND GND GND GND GND GND Vbba Vbba EREN1T ERENO Q19
k] O O O O O O O 0O O O O O O O o o o o
D26 D25 D24 vce vce GND GND GND GND GND GND GND GND Vbba Vbba EREN2 EREN3 Q20
L] O O O O O 0O O O O O 0o O o o o o o
D29 D28 D27 Vcc Vec GND GND GND GND GND GND GND GND VbbQ Vbba Q21 Q22 Q23
m]|] O O O O O O O O O O oo o o o o o o o
D32 D31 D30 Vcc Vcc GND GND GND GND GND GND GND GND VbbQ Vbba Q24 Q25 Q26
Nn|] O O O O O O O O O O O O o o o o o o
D35 D34 D33 vcc  Vce GND GND GND GND GND GND GND GND Vbba Vbba Q27 Q28 Q29
p| O O O O O O O O O O O O O 0o o o o o
D38 D37 D36 vce Ve vcc  vee vce GND GND Vbba Vbba Vbba VbbQ — Vbba Q30 Q31 Q32
R O O O O O O O O O O O O o O O o o o
WEN2 WEN3 D39 Vce vce Vce Vce Vce GND GND VbbQ VDDQ VbbQ VDDQ  VbbQ Q33 Q34 ERCLKO
tT| O O O O O O O O O O OO O o oo oo o o o
WCS3 WENO WEN1 FFo  PAF1 NC PAF2 Vcc GND FF2 PAF3 GND RCS1 REN2 Q35 Q36 Q37 ERCLK1
v O O O O O O O O 0O O oo O oo o o o o o
WCS0 WCSt1 WCS2 PAF0  EFt NC EF2 vcc GND PAE3 FF3 RCS3 RCSO REN1 RENO Q38 Q39 ERCLK2
v O O O O O O O O o O
\GND GND PAE0 EF0  PAEt1 FF1  PAE2 Vcc GND  EF3 GND RCS2 REN3 RCLK3 RCLK2 RCLK1 RCLKO ERCLK}
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
6158 drw03B

NOTE:
1. NC = No Connection.

PBGA (BB324-1, order code: BB)
TOP VIEW
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PINDESCRIPTIONS
Symbol Name I/O Type Description
D[39:0] DatalnputBus HSTL-LVTTL | Thesearethedatainputsforthe device. Dataiswrittenintothe partviathese inputs using the respective
INPUT write portclocks and enables. In Quad mode, these inputs provide four separate busses to the four
separate FIFOs. D[9:0] is FIFO[0], D[19:10] is FIFO[1], D[29:20] is FIFO[2], D[39:30] is FIFO[3].
In Dualmode, these inputs provide two separate busses to the two separate FIFOs. D[19:0]is FIFO[0],
D[39:20]is FIFO[2]. Any unused inputs should be tied to GND.
E__F0/1/2/3, Empty Flag0/1/2/3 [ HSTL-LVTTL | Thesearethe Empty Flags (IDT Standard mode) or Output Ready Flag (FWFT mode) corresponding
ORO0/1/2/3 or Output Ready OUTPUT® | to each of the four FIFOs on the read port. If Dual mode is selected EF1/OR1 and EF3/OR3 are
Flags 0/1/2/3 notused and can be leftfloating.
ERCLKO0/1/2/3| EchoRead Clock | HSTL-LVTTL | These are the echo clock outputs corresponding to each of the four FIFOs on the read port. The
0/1/2/13 OUTPUT® | echoread clockis guaranteed to transition after the slowest output data switching. If Dual mode is
selected ERCLK1 and ERCLK3 are not used and can be left floating
EREN0/1/2/3 | EchoRead Enable | HSTL-LVTTL | Theseare the echoread enable outputs corresponding to each of the four FIFOs onthe read port.
0/1/213 OUTPUT® | Theechoread enable is synchronous to the RCLK inputand is active when aread operation has
occurred and anewword has been placed onto the data outputbus. If Dualmode is selected EREN1
and EREN3 are not used and can be left floating.
ﬁ0/1/2/3, Full Flags 0/1/2/3 or | HSTL-LVTTL | Thesearethe Full Flags (IDT Standard mode) and InputReady Flags (FWFT mode) corresponding
IRO/1/2/3 Input Ready Flags | OUTPUT® | toeach of the four FIFOs on the read port. If Dual mode is selected FF1/IR1 and FF3/IR3 are not
0/1/2/3 usedand can be leftfloating.
FSEL Flag Select HSTL-LVTTL | Flagselectdefaultoffsetpins. During master reset, the FSEL pins are usedto select one offour default
[1:0] INPUT PAE and PAF offsets. Both the PAE and the PAF offsets are programmed to the same value. Values
are:00=7;01=63;10=127;11=1023. The offsetvalue selected is supplied to all internal FIFOs.
FWFT/SI FirstWord Fall HSTL-LVTTL | DuringMaster Reset, FWFT=1selects FirstWord Fall Through mode, FWFT=0selects IDT Standard
Through/ Serial INPUT mode. After Master Resetthis pinis used for the Serial Datainputfor the programming of the PAE and
Input PAF flag's offset registers.
IOSEL I/O Select CMOS®@ | Thisinputdetermines whether the inputs will operate in LVTTL or HSTL/eHSTL mode. If IOSEL
INPUT pinis HIGH, then allinputs and outputs that are designated "LVTTL or HSTL" in this section will be
settoHSTL. IFIOSELis LOWthen LVTTLis selected. This signal mustbe tied to either Vcc or GND
for proper operation.
w InputWidth CMO0S®@ If Dualmode is selected, this pinis used during master reset to select the input word width bus size
INPUT forthe device. 0=x10; 1=x20. If Quad mode is selected the input word width will be x10 regardless
of IW. IWmust be tied to Vcc or GND and cannot be left floating.
MD Mode CMOS®@ | Thismode selection pinis used during master reset to select either Quad or Dual mode operation.
INPUT AHIGH onthis pin selects Quad mode, a LOW selects Dual mode.
MRS Master Reset HSTL-LVTTL | Thisinputprovidesafulldevice reset. All set-up pins are latched based on amaster reset operation.
INPUT Read and write pointers will be reset to the first location memory. All flag offsets are cleared and
resettodefaultvalues determined by FSEL[1:0].
OE0/1/2/3 OutputEnable HSTL-LVTTL | Thesearethe outputenables corresponding to eachindividual FIFO onthe read port. All data outputs
0/1/2/13 INPUT will be placed into High Impedance ifthis pinis High. These inputs are asynchronous. If Dual mode
is selected OE1 and OE3 are not used and should be tied to Vcc.
ow OutputWidth CMO0S®@ If Dualmode is selected, this pinis used during master reset to select the output word width bus size
INPUT for the device. 0=x10; 1=x20. If Quad mode is selected the output word width will be x10 regardless
of OW. OW must be tied to Vcc or GND and cannot be left floating.
PAE0/1/2/3 Programmable HSTL-LVTTL | Thesearethe programmable almostempty flags thatcanbe used as an early indicator for the empty
Almost-Empty OUTPUT® | boundary of each FIFO. The PAE flags canbe setto one of four default offsets determined by the
Flags 0/1/2/3 state of FSELO and FSEL1 during master reset. The PAE offsetvalue can also be written and read
fromserially by either the JTAG port or the serial programming pins (SCLK, SI, SDO, SWEN, SREN).
Thisflag can operatein synchronous or asynchronous mode depending on the sate of the PFM pin
during master reset. If Dualmode is selected PAE1 and PAE3 are notused and can be left floating.
PAF0/1/2/3 Programmable HSTL-LVTTL | These are the programmable almost full flags that can be used as an early indicator for the full
Almost-Full Flags OUTPUT® | boundary of each FIFO. The PAF flags can be setto one of four default offsets determined by the
0/1/2/13 state of FSELO and FSEL1 during master reset. The PAF offset value canalso be written and read
fromserially by eitherthe JTAG portorthe serial programming pins (SCLK, SI, SDO, SWEN, SREN).
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COMMERCIAL ANDINDUSTRIAL

32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2

TEMPERATURE RANGES

PINDESCRIPTIONS (CONTINUED)

Symbol Name I/0 Type Description
PAF0/1/2/3 Programmable HSTL-LVTTL | Thisflagcanoperate insynchronous orasynchronous mode depending on the sate of the PFM pin
(Continued)  [Almost-FullFlags0-3| OUTPUT® | duringmasterreset. If Dualmode is selected PAF1 and PAF3 are not used and can be left floating.
PD Power Down HSTL-LVTTL | Thisinput provides considerable power savingin HSTL/eHSTL mode. If this pinis low, the input
INPUT leveltranslators for allthe datainput pins, clocks and non-essential control pins are turned off.
When PD is brought high, power-up sequence timing will have to be adhered to before the inputs
willbe recognized. Itis essential that the user respect these conditions when powering down the
partand powering up the part, so asto not produce runt pulses or glitches on the clocks if the clocks
are free running. PD does not provide any power consumption savings when the inputs are
configured for LVTTL.
PFM Programmable CMOS® | During master reset, aHIGH on PFM selects synchronous PAE/PAF flag timing, a Low during
Flag Mode INPUT master reset selects asynchronous PAE/PAF flag timing. This pin controls all PAE/PAF flag outputs.
PRS0/1/2/3 Partial Reset HSTL-LVTTL | Theseare the partial resetinputs for eachinternal FIFO. The read, write, flag pointers, and output
INPUT registerswill allbe setto zero when partial resetis activated. During partial reset, the existing mode
(IDT or FWFT), input/output bus width and rate mode, and the programmable flag settings are all
retained. If Dual mode is selected, PRS1 and PRS3 are not used and should be tied to Vcc.
Q[39:0] DataOutputBus HSTL-LVTTL | These are the Data Outputs for the device. Data s read from the part via these outputs using the
OUTPUT® | respective read portclocks and enables. InQuad mode, these outputs provide four separate busses
fromthe four separate FIFO's. Q[9:0]is FIFO[0], Q[19:10]is FIFO[1], Q[29:20]is FIFO[2], Q[39:30]
isFIFO[3]. In Dual mode these outputs provide two separate busses fromthe two separate FIFO's.
Q[19:0]is FIFO[0] and Q[39:20] is FIFO[2].
RCLKO0/1/2/3 [Read Clock 0/1/2/3 |HSTL-LVTTL | Thesearethe clockinputs corresponding to each of the four FIFOs onthe read port. If Dual mode
INPUT is selected then RCLK1 and RCLK3 are not used and should be tied to GND. In SDR mode data
willbe accessed ontherising edge of RCLK whenREN and RCS are LOW atthe rising edge of RCLK.
In DDR mode data will be accessed on both rising and falling edge of RCLK when REN is LOW.
RCS0/1/2/3  |ReadChipSelect |HSTL-LVTTL | Thesearetheread chipselectinputs corresponding to each of the four FIFOs onthe read port. This
INPUT pin provides synchronous control of the read portand highimpedance control of the output data bus.
RCSis only sampled ontherrising edge of RCLK. During master or partial reset this inputis adon't
care, if OE is LOW the data inputs will be in Low-Impedance regardless of the state of RCS. If Dual
mode is selected then RCS1 and RCS3 are not used and should be tied to Vcc.
REN0/1/2/3  |Read Enable HSTL-LVTTL | Theseare theread enableinputs corresponding to each of the four FIFOs onthe read port. In SDR,
INPUT whenthis signal (and RCS) are LOW data will be sent from the FIFO memory to the outputbus on
every rising edge of RCLK. In DDR mode, data will be accessed on both rising and falling edges
of RCLK. Notein DDR mode the REN and RCS are only sampled onthe rising edge of RCLK. New
data will always begin from the rising edge not the falling edge of RCLK. If Dual mode is selected
then REN1 and REN3 are not used and should be tied to Vcc.
RDDR Read Port DDR CMOS®@ | Duringmasterreset, this pin selects the output portto operate in DDR or SDR format. fRDDRisHIGH,
INPUT thenawordisread ontherising andfalling edge of the appropriate RCLKO, 1,2 and 3input. fRDDR
is LOW, then a word is read only on the rising edge of the appropriate RCLKO, 1, 2 and 3 inputs.
SCLK Serial Clock HSTL-LVTTL | Serial clock for writing and reading the PAE and PAF offset registers. On the rising edge of each
INPUT SCLK, whenSWEN islow, one bitof data.is shifted into the PAE and PAF registers. Ontherising edge
ofeach SCLK, when SREN s low, one bit of data is shifted out of the PAE and PAF offset registers.
Thereading of the PAE and PAF registersis non-destructive. If programming of the PAE/PAF offset
registers are done viathe JTAG port, this input must be tied to Vcc.
SDO Serial Data LVTTL Thisoutputis usedtoread data fromthe programmable flag offsetregisters. Itis used in conjunction
OUTPUT® | withthe SREN and SCLK signals.
SREN Serial Read Enable |HSTL-LVTTL | WhenSREN is brought LOW before the rising edge of SCLK, the contents of the PAE and PAF
INPUT offsetregisters are copiedto aserial shiftregister. While SREN is maintained LOW, on eachrising
edge of SCLK, one bit of data is shifted out of this serial shiftregister through the SDO output pin.
If programming ofthe PAE/PAF offsetregistersis done viathe JTAG port, thisinputmust be tied HIGH.
SWEN SerialWriteEnable [HSTL-LVTTL | Oneachrising edge of SCLK when SWEN is LOW, data from the FWFT/SI pin is serially loaded
INPUT into the PAE and PAF registers. If programming of the PAE/PAF offset registers is done viathe
JTAG port, thisinput must be tied HIGH.
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TEMPERATURE RANGES

PIN DESCRIPTIONS (CONTINUED)

Symbol Name I/0 Type Description
TCK® JTAG Clock HSTL-LVTTL | Clockinputfor JTAG function. One of four terminals required by IEEE Standard 1149.1-1990. Test
INPUT operations of the device are synchronous to TCK. Data from TMS and TDI are sampled on the
rising edge of TCK and outputs change on the falling edge of TCK. Ifthe JTAG function is not used
this signal needs to be tied to GND.
TDI® JTAG TestData HSTL-LVTTL | One of four terminals required by IEEE Standard 1149.1-1990. During the JTAG boundary scan
Input INPUT operation, test data serially loaded via the TDI on the rising edge of TCK to either the Instruction
Register, ID Register and Bypass Register. Aninternal pull-up resistor forces TDI HIGH if left
unconnected.
TDO® JTAG TestData HSTL-LVTTL | One of four terminals required by IEEE Standard 1149.1-1990. During the JTAG boundary scan
Output OUTPUT | operation, test data serially loaded output viathe TDO on the falling edge of TCK from either the
Instruction Register, ID Register and Bypass Register. This outputis highimpedance except
when shifting, while in SHIFT-DR and SHIFT-IR controller states.
TMS®) JTAGMode Select |HSTL-LVTTL| TMSisaserialinputpin. One offourterminals required by IEEE Standard 1149.1-1990. TMS directs
INPUT the device throughiits TAP controller states. Aninternal pull-up resistor forces TMS HIGH if left
unconnected.
TRST® JTAGReset HSTL-LVTTL | TRSTis anasynchronous reset pin for the JTAG controller. The JTAG TAP controller does not
INPUT automatically reset upon power-up, thusitmustbe reset by either this signal or by setting TMS=HIGH
for five TCK cycles. Ifthe TAP controller is not properly reset then the FIFO outputs will always be
inhigh-impedance. Ifthe JTAG functionis used butthe user does notwanttouse TRST, then TRST
canbetiedwith MRS to ensure proper FIFO operation. Ifthe JTAG functionis notused thenthis signal
needs to be tied to GND. Aninternal pull-up resistor forces TRST HIGH if left unconnected.
WCLKO/1/2/3 | Write Clock0/1/2/3  |HSTL-LVTTL | These are the clockinputs corresponding to each of the four FIFOs on the write port. If Dual mode
INPUT is selected then WCLK1 and WCLK3 are notused and should be tied to GND. In SDR mode data
will be written onthe rising edge of WCLK when WEN and WCS are LOW at therising edge of WCLK.
In DDR mode data will be written on both rising and falling edge of WCLK when WEN and WCS are
LOW attherising edge of WCLK.
WCS0/1/2/13 | Write Chip Select HSTL-LVTTL| These arethe write chip selectinputs corresponding to each of the four FIFOs on the write port. This
INPUT pin can be regarded as a second write enable input, enabling/disabling write operations. WCS is
only sampled onthe rising edge of WCLK. If Dual mode is selected then WCS1 and WCS3 are not
used and should be tied to Vcc.
WDDR Write Port DDR CMOS®@ During masterreset, this pin selects the input portto operate in DDR or SDR format. If WDDR isHIGH,
INPUT then aword is written on the rising and falling edge of the appropriate WCLKO, 1, 2 and 3 input.
IfWDDR is LOW, then aword is written only on the rising edge of the appropriate WCLKO, 1,2 and
3inputs.
WENO0/1/2/3 | Write Enable 0/1/2/3 [HSTL-LVTTL | These are the write enable inputs corresponding to each of the four FIFOs on the write port. In SDR,
INPUT whenthis signal (and WCS) are LOW data on the databus will be written into the FIFO memory on
every rising edge of WCLK. In DDR mode, data will be written on both rising and falling edges of
WCLK. Note in DDR mode the WEN and WCS are only sampled onthe rising edge of WCLK. New
data will always begin writing from the rising edge, not the falling edge of WCLK. If Dual mode is
selected then WEN1 and WEN3 are not used and should be tied to Vicc.
Vcce +2.5V Supply Power These are Vcc core power supply pins and must all be connected to a +2.5V supply rail.
VDDQ OutputRail Voltage Power This pin should be tied to the desired voltage rail for providing to the output drivers. Nominally 1.5V
or 1.8V for HSTL, 2.5V for LVTTL.
GND Ground Pin Ground These ground pins are for the core device and must be connected to the GND rail.
Vref Reference voltage Power ThisisaVoltage Reference inputand must be connected toavoltage level determinedinthe Voltage
Recommended DC Operating Conditions section. This provides the reference voltage when using
HSTL classinputs. If HSTL class inputs are not being used, this pin must be connected to GND.
NOTES:

1. All unused outputs may be left floating.
2. All CMOS pins should remain unchanged. CMOS format means that the pin is intended to be tied directly to Vcc or GND and these particular pins are not tested for ViH or VL.
3. These pins are for the JTAG port. Please refer to pages 27-31 and Figures 7-9.

9 MARCH 22, 2005




IDT72T54242/72T54252/72T54262 2.5V QUAD/DUAL TeraSync™ DDR/SDR FIFO

COMMERCIAL ANDINDUSTRIAL

32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2

TEMPERATURE RANGES

QUAD/DUAL I/O USAGE SUMMARY

SET-UP, CONFIGURATION & RESET PINS
Regardless ofthe mode of operation, (Quad or Dual), the following inputs
mustbe always be used. These inputs must be set-up with respectto master
resetasthey are latched during this time.
WDDR - Write Port DDR/SDR selection
RDDR — Read Port DDR/SDR selection
MD -Mode Selection
OW-Outputwidth
IW-Input Width
FSEL[1:0]-Flag offsetdefault values
IOSEL-1/O Level Selection
PFM - Programmable Flag Mode
FWFT/SI - First word Fall Through or IDT Standard mode

SERIAL PORT
Thefollowing pins are used when user programming ofthe Programmable
Flag offsetsisrequired:
SCLK - Serial Clock
SWEN - Serial Write Enable
SREN - Serial Read Enable
FWFT/SI - Serial Data In
SDO - Serial Data Out

QUADMODE
The following inputs/ outputs should be used when Mux mode is selected
by the user:

INPUTS:

WCLKO, WCLK1, WCLK2, WCLK3 - Four write port clocks
WENO, WEN1, WEN2, WEN3 — Four write port enables
WCS0, WCS1, WCS2, WCS3 - Four write port chip selects
RCLKO, RCLK1, RCLK2, RCLK3 - Four read port clocks

RENO, REN1, REN2, REN3 - Four read port enables

RCS0, RCS1, RCS2, RCS3, - Four read port chip selects
EO0, OE1, OE2, OE3 - Four read port output enables

OUTPUTS:

ERCLKO, ERCLK1, ERCLK2, ERCLK3 - Four read port echo read clocks
ERENO, EREN1, EREN2, EREN3 - Four read port echo read enables
EF0/OR0, EF1/0R1, EF2/0R2, EF3/0R3 - Four read port Empty/Output
Ready Flags

FFO/IR0, FF1/IR1, FF2/IR2, FF3/IR3—Fourwrite portfull/input ready flags
PAEO, PAE1, PAE2, PAE3-Fourread port programmable almostempty flags

PAFO0,PAF1, PAF2, PAF3-Fourwrite port programmable almostempty flags

DUAL MODE
The following inputs/ outputs should be used when Mux mode is selected
by the user:

INPUTS:

WCLKO, WCLK2 - Two write port clocks
WENO, WEN2 — Two write port enables
WCS0, WCS2 - Two write port chip selects
RCLKO, RCLK2 - Two read port clocks
RENO, REN2 — Two read port enables
RCS0, RCS2 - Two read port chip selects
OE0, OE2 - Two read port output enables

OUTPUTS:

ERCLKO, ERCLK2 - Two read port echo read clock outputs
ERENO, EREN2 - Two read port echo read enable outputs
EF0/OR0, EF2/0R2 - Two read port empty/output ready flags
FFO/R0, FF2/IR2 - Two write port Full/ Input Ready Flags
PAEO, PAE2-Two read port programmable almost empty flags
PAFO0, PAF2 - Two write port programmable almost full flags
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ABSOLUTE MAXIMUM RATINGS™

TEMPERATURE RANGES

CAPACITANCE (TA=+25°C, f=1.0MHz)

Symbol Rating ComT&Indl | Unit Symbol Parameter Conditions Max. Unit
VTERM Terminal Voltage -0.5t0+3.6% \ CINed Input Vin = 0V 100 PF
with respect to GND Capacitance
TsTG Storage Temperature -55t0+125 °C CouTi? Output Vourt = 0V 10 pF
lout DC Output Current -50t0+50 mA Capacitance
T Maximum Junction Temperature +150 °C NOTES:
NOTES: 1. With output deselected, (OE > Vi).

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.

2. Characterized values, not currently tested.

3. CIN for Vref is 20pF.

RECOMMENDED DC OPERATING CONDITIONS

Symbol Parameter Min. Typ. Max. Unit
Vee Supply voltage relative to GND 2.375 25 2.625 vV
VbDQ Outputsupply voltage —LVTTL 2.375 25 2.625 \Y
—eHSTL 17 18 19 \
—HSTL 14 15 1.6 \
VREF® Voltagereferenceinput ~ —eHSTL 0.8 0.9 10 \Y
—HSTL 0.68 0.75 0.9 \
VIH Inputhighvoltage —LVTTL 17 — 345 \Y
—eHSTL VREF+0.2 — VopQ+0.3 Vv
—HSTL VREF+0.2 — VopQ+0.3 Vv
ViL Inputlow voltage —LVTTL 0.3 — 0.7 \%
—eHSTL 0.3 — VREF-0.2 \
—HSTL 0.3 — VREF-0.2 V
Ta Operatingtemperature (Commercial) 0 — +70 °C
TA Operatingtemperature (Industrial) -40 — +85 °C
NOTES:

1. VREF is only required for HSTL or eHSTL inputs. VREF should be tied LOW for LVTTL operation.

2. GND = Ground.
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DCELECTRICALCHARACTERISTICS
(Industrial: Vcc = 2.5V £ 0.125V, TA=-40°C to +85°C)

Symbol Parameter Min. Max. Unit
[ InputLeakage Current -10 +10 nA
ILo OutputLeakage Current -10 +10 uA
Icc3®d JTAG InputLeakage Current — -16 mA
VoHW OutputLogic“1"Voltage, loH=-8 mA @LVTTL VopQ-0.4 — Y
loH = -8 mA @eHSTL VbpQ-0.4 — \
loH = -8 mA @HSTL VbpQ-0.4 — \
VoL OutputLogic“0” Voltage, loL=8mA @LVTTL — 04 v
loL =8 mA @eHSTL — 04 Vv
loL=8mA @HSTL — 04 \
Icc1@*4 | Active Vcc Current (Quad mode) -LVTTL — 2500 mA
(SeeNote 7 fortest conditions) --eHSTL — 3500 mA
- HSTL — 3500 mA
Icc2?34 [ Active Ve Current (Dual mode) -LVTTL — 1807 mA
(See Note 8 for test conditions) --eHSTL — 2950 mA
-- HSTL — 2950 mA
IbpQ1@39 [ Active VbbQ Current (Quad mode) -LVTTL — 50 mA
(SeeNote 7 fortest conditions) --eHSTL — 40 mA
-- HSTL — 40 mA
IbpQ2?%9 | Active VbpQ Current (Dual mode) -LVTTL — 5 mA
(See Note 8 fortest conditions) --eHSTL — 20 mA
- HSTL — 20 mA
IsB1234 | Standby Vcc Current(Quad mode) -LVTTL — 1100 mA
(See Note 9fortest conditions) --eHSTL — 2400 mA
- HSTL — 2407 mA
IsB234 [ Standby Vcc Current(Dualmode) -LVTTL — 1000 mA
(See Note 10fortestconditions) --eHSTL — 185 mA
-- HSTL — 1850 mA
Ise3?* | StandbyVbpQ Current(Quad mode) ~-LVTTL — 40 mA
(See Note 9fortest conditions) --eHSTL — 35 mA
-- HSTL — 3 mA
IsB42%9 | Standby Vpopq Current (Dual mode) -LVTTL — 0 mA
(See Note 10fortest conditions) --eHSTL — 15 mA
- HSTL — 15 mA
IPD164 Power Down Vce Current (Quad mode) -LVTTL — 150 mA
(See Note 11 fortestconditions) --eHSTL — 300 mA
- HSTL — 30 mA
[PD2C4 Power Down Vce Current (Dual mode) -LVTTL — 150 mA
(SeeNote 12 fortest conditions) --eHSTL — 300 mA
-- HSTL — 300 mA
IPD3ES) Power Down VbpQ Current (Quad mode) -LVTTL — 05 mA
(SeeNote 11 fortest conditions) --eHSTL — 05 mA
-- HSTL — 0.5 mA
[PD4ES) Power Down VppQ Current (Dual mode) -LVTTL — 0.2 mA
(See Note 12 fortest conditions) --eHSTL — 0.2 mA
- HSTL — 0.2 mA
NOTES:

1. Outputs are not 3.3V tolerant.
2. Al WCLKs and RCLKs toggling at 20MHz. Data inputs toggling at 10MHz.
3. Vce = 2.5V, OE0-3 = HIGH.
4. Typical Icc1 calculation: for LVTTL 1/O: IcC1 (Quad mode) = 11.25 X fs
Icc1 (Dual mode) = 7.74 x fs
for HSTL 1/0: Icct (Quad mode) = 158 + (11.25 x fs)
Icc1 (Dual mode) = 115 + (7.74 x fs)
where fs = WCLK = RCLK frequency (in MHz) NOTES CONTINUED ON PAGE 13.
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5. Typical IDDQ calculation: With data outputs in High-Impedance: IDDQ (Quad mode) = 0.8 X fs
IDDQ (Dual mode) = 0.3 X fs
With data outputs in Low-Impedance: IDDQ (Quad mode and Dual mode) = CL_X VDDQ x fs x N
2000
where fs = WCLK = RCLK frequency (in MHz). CL = capacitance load (pF), N= Number of outputs switching.
6. Total Power consumed: PT = [(VCC x ICC) + (VDDQ x IDDQ)].
7. Maximum value tested wtih RCLK = WCLK = 20MHz at 85°C. Maximum value may differ depending on VCC and temperature.
8. WEN0-3 = RENO-3 = LOW, WCS0-3 = RCS0-3 = LOW, PD = HIGH.
9. WENO,2 = REND,2 = LOW, WCS0,2 = RCS0,2 = LOW, PD = HIGH.
10. WENO-3 = RENO-3 = HIGH, WCS0-3 = RCS0-3 = HIGH, PD = HIGH.
11. WENO,2 = RENO,2 = HIGH, WCS0,2 = RCS0,2 = HIGH, PD = HIGH.
ENO-3 = RENO-3 = HIGH, WCS0-3 = RCS0-3 = HIGH, PD = LOW.
13. WENO,2 = RENO,2 = HIGH, WCS0,2 = RCS0,2 = HIGH, PD = LOW.

-
)
=
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ACELECTRICALCHARACTERISTICS"
(Commercial: Vcc=2.5V £ 0.15V, TA= 0°C to +70°C;Industrial: Vcc = 2.5V £ 0.15V, TA=-40°C to +85°C; JEDEC JESD8-A compliant)

Commerical Com'l & Ind'l

IDT72T54242L5 IDT72T54242L6-7

IDT72T54252L5 IDT72T54252L6-7

IDT72T54262L5 IDT72T54262L6-7
Symbol Parameter Min. Max. Min. Max. Unit
fs1 Clock Cycle Frequency (WCLK & RCLK) SDR — 200 — 150 MHz
fs2 Clock Cycle Frequency (WCLK & RCLK) DDR — 100 — 75 MHz
Iy Data Access Time 0.6 3.6 0.6 3.8 ns
teLke Clock Cycle Time SDR 5 — 6.7 — ns
tcLk2 Clock Cycle Time DDR 10 — 13 — ns
CLKHL Clock High Time SDR 2.3 — 2.8 — ns
tCLKH2 Clock High Time DDR 4.5 — 6.0 — ns
fCLKLL Clock Low Time SDR 2.3 — 2.8 — ns
teLkL2 Clock Low Time DDR 4.5 — 6.0 — ns
tos Data Setup Time 1.5 — 2.0 — ns
tDH Data Hold Time 0.5 — 0.5 — ns
tENS Enable Setup Time 1.5 — 2.0 — ns
tENH Enable Hold Time 0.5 — 0.5 — ns
fc Clock Cycle Frequency (SCLK) — 10 — 10 MHz
taso Serial Output Data Access Time — 20 — 20 ns
tscLK Serial Clock Cycle 100 — 100 — ns
tSCKH Serial Clock High 45 — 45 — ns
[Se Serial Clock Low 45 — 45 — ns
tsps Serial Data In Setup 15 — 15 — ns
tSDH Serial Data In Hold 5 — 5 — ns
{SENS Serial Enable Setup 5 — 5 — ns
tSENH Serial Enable Hold 5 — 5 — ns
trs® Reset Pulse Width 200 — 200 — ns
tRSS Reset Setup Time 15 — 15 — ns
RSR Reset Recovery Time 10 — 10 — ns
tRSF Reset to Flag and Output Time — 12 — 15 ns
torz (OE - Qn) | Output Enable to Output in Low-Impedance 0.6 3.6 0.8 3.8 ns
toHz Output Enable to Output in High-Impedance 0.6 3.6 0.8 3.8 ns
toE Output Enable to Data Output Valid 0.6 3.6 0.8 3.8 ns
tRCsLZ RCLK to Active from High-Impedance — 3.6 — 3.8 ns
RCSHZ RCLK to High-Impedance — 3.6 — 3.8 ns
tPDLZ Power Down to Output Low-Impedance — 194 — 19.6 ns
tPDHZ Power Down to Output High-Impedance — 13.5 — 13.7 ns
tPDL Power Down LOW — 19.4 — 19.6 ns
tPDH Power Down HIGH 1 — 1 — us
twrF Write Clock to FF or IR — 3.6 — 3.8 ns
REF Read Clock to EF or OR — 3.6 — 3.8 ns
tPAFS Write Clock to Synchronous Programmable Almost-Full Flag — 3.6 — 3.8 ns
tPAES Read Clock to Synchronous Programmable Almost-Empty Flag — 3.6 — 3.8 ns
tPAFA Write Clock to Asynchronous Programmable Almost-Full Flag — 10 — 12 ns
PAEA Read Clock to Asynchronous Programmable Almost-Empty Flag — 10 — 12 ns
{ERCLK RCLK to Echo RCLK Output — 4.0 — 4.3 ns
{CLKEN RCLK to Echo REN Output — 3.6 — 3.8 ns
tSKEW1 SKEW time between RCLK and WCLK for EF/OR and FF/IR for SDR inputs and outputs 4 — 5 — ns
tSKEW? SKEW time between RCLK and WCLK for EF/OR and FF/IR in for DDR inputs and outputs 5 — 6 — ns
tSKEW3 SKEW time between RCLK and WCLK for PAE and PAF 5 — 6 — ns

NOTES:

1. With exception to clock cycle frequency, these parameters apply to both DDR and SDR modes of operation.

2. Al AC timings apply to both IDT Standard mode and FWFT mode in both Quad and Dual mode.

3. Pulse width less than the minimum value is not allowed.

4. Values guaranteed by design, not currently tested.

5. Industrial temperature range product for the 6-7ns speed grade is available as a standard device. All other speed grades available by special order.
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HSTL AC TEST LOADS
1.5VAC TEST CONDITIONS
VDDQ/2
Input Pulse Levels 0.25t01.25V
InputRise/Fall Times 0.4ns
Input Timing Reference Levels 0.75V /O ©
OutputReference Levels 0.75V 10pF
NOTES: = = =
1. Vobpg = 1.5V. 6158 drw04
2. VREF = 0.75V. .
Figure 2a. AC Test Load
EXTENDED HSTL
1.8V AC TEST CONDITIONS
Input Pulse Levels 0.4t01.4V 6 T
InputRise/Fall Times 0.4ns 5 -+
Input Timing Reference Levels 0.9v i
OutputReference Levels 0.9v c 47T
® 3+
o
[aleY 1
NOTES: e 2
1. Voog = L8V. I
2. VREF = 0.9V.
—t— — f
20 30 50 80 100 200
Capacitance (pF)
6158 drw04a
LVTTL
2.5V AC TEST CONDITIONS Figure 2b. Lumped Capacitive Load, Typical Derating
Input Pulse Levels GND to 2.5V
InputRise/Fall Times Ins
Input Timing Reference Levels 125V
OutputReference Levels 1.25v
NOTE:

1. For LVTTL, VCC = VbpQ = 2.5V.
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32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2

OUTPUT ENABLE & DISABLE TIMING

Output Output
Enable Disable
- VIH
OE
"""""""""" VIL
tOE & tOLZ tOHZ —™
Single Output
Norma”y Vee/2 /__¢ 100mV / Vce/2
LOW 1oomv } — ¥ 4 VOL
Single Output 1oomv. | AVES iﬁ """""" VOH
Normally N E 100mV
HIGH Vee/2 ¥ Vee/2
e—— {OE —»| N
le-toLZ toHz
Output Bus  Vcc/2 ————— < Current data in output register Vece/2
NOTES:
1. REN'is HIGH.
2. RCS is LOW. 6158 drwo5
READ CHIP SELECT ENABLE & DISABLE TIMING
VIH
BCS — tENH 7{/
————————————————————————————————————————— VIL
tENS —
RCLK //
<— tRCSLZ—> «— tRCSHZ—>|
Single Output vee ¢ Vcc
Normally =5~ — toomv | f 2
Low 100mV f —— f ——————————— VoL
Single Output toomv /—) ————————— VOH
Normally YcC — toomv N Vce
HIGH 2 ' e
FE:RCSLZ* torz
Output Bus \% i m< Current data in output register \%
NOTES: "
1. REN is HIGH.
2. OE is LOW.

16
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FUNCTIONAL DESCRIPTION

MASTER RESET & DEVICE CONFIGURATION

During Master Resetthe device configuration and settings are determined,
thisincludesthe following:

1. Quad or Dual mode

2. IDT Standard or First Word Fall Through (FWFT) flag timing mode

3. Single or Double Data Rates on both the Write and Read ports

4. Programmable flag mode, synchronous or asynchronous timing

5. Write and Read Port Bus Widths, x10 or x20 (in Dual mode only)

6. Default Offsets for the programmable flags, 7, 63, 127, or 1023

7. LVTTL or HSTL I/O selection

The state ofthe configuration inputs during master resetwill determine which
ofthe above modes are selected. Amaster reset comprises of pulsing the MRS
input pinfrom high to low for a period of time (tRs) with the configuration inputs
heldintheir respective states. Table 1 summarizes the configuration modes
available during master reset. They are described as follows:

Quad or Dual mode. This mode is selected using the MD input. If during
master reset, MD is HIGH then Quad mode is selected, ifMD is LOW then Dual
modeis selected. InQuad mode fourindependent FIFOs are available, while
in Dual mode two independent FIFOs are available.

IDT Standard or FWFT mode. The two available flag timing modes are
selected usingthe FWFT/Slinput. If FWFT/SIis LOW during master resetthen
IDT Standard mode is selected, if itis highthen FWFT mode is selected. The
timing modes are described later inthis section.

Single Data Rate (SDR) or Double Data Rate (DDR). The input/output
dataratesare portselectable. Thisis aversatile feature that allows the userto
selecteither SDR or DDR onthe write ports and/or read ports of all FIFOs using
the WDDR and RDDRinputs. If WDDR is LOW during master resetthen the write
ports of all FIFOs will functionin SDR mode; if itis high then the write ports will
be DDR mode. IfRDDR is LOW during master reset then the read ports of all

TABLE1—DEVICE CONFIGURATION

TEMPERATURE RANGES

FIFOswillfunctionin SDR mode; ifitis high then the read portwill be DDR mode.
Thisfeature is described inthe Signal Descriptions section.

Programmable Almost Empty/Full Flags. These flags can operate in
either synchronous or asynchronous timing mode. If the programmable flag
input, PFMis HIGH during master resetthen all programmable flags will operate
in a synchronous manner, meaning the PAE flags are double buffered and
updated based on the rising edge of its respective read clocks. The PAF flags
arealsodouble buffered and updated based onthe rising edge of its respective
write clocks. If it is LOW then all programmable flags will operate in an
asynchronous manner, meaning the PAE and PAF flags are notdouble buffered
and willupdate throughthe internal counter afteranominal delay. This feature
is described inthe Signal Descriptions section.

Selectable Bus Width. In Dual mode, the bus width can be selected on
the read andwrite ports using the IWand OWinputs. If IWisLOW thenthe write
portswill be 10 bits wide, if IWis HIGH then the write ports will be 20 bits wide.
IfOWisLOWthenthe read portswill be 10 bitswide, ifOWisHIGH thentheread
ports will be 20 bitswide. Note in Quad mode the inputs and outputs are always
10bitswide regardless of the state ofthese pins. This feature is described inthe
Signal Descriptions section.

Programmable Flag Offset Values. These offset values can be user
programmed or they can be set to one of four default values during a master
reset. For default programming, the state of the FSEL[1:0] inputs during master
resetwill determine the value. Table 2, Default Programmable offsets lists the
four offsetvalues and howto selectthem. For programming the offsetvaluesto
aspecific number, use the serial programming signals (SCLK, SWEN, SREN,
FWFT/SI)toloadthe valueintothe offsetregister. Youmay alsouse the JTAG
portonthisdevice toload the offsetvalue. Keepin mind thatyou must disable
the serial programming signalsifyou planto use the JTAG portforloading the
offset values. To disable the serial programming signals, tie SCLK, SWEN,
SREN, and FWFT/SIto Vcc. Athorough explanation of the serial and JTAG
programming ofthe flag offsetvaluesis providedinthe "Serial Write and Reading
of Offset Registers” section.

I/0 Level Selection. The l/Os can be selected for either 2.5VLVTTL levels
or1.5VHSTL/1.8VeHSTL levels. The state of the IOSEL inputwill determine
which /0 level will be selected. If IOSEL is HIGH then the applicable I/Os will

PINS VALUES CONFIGURATION be 1.5VHSTL or 1.8V eHSTL, depending onthe voltage level applied to VDDQ
MD 0 Dualmode and VREF. ForHSTL, VDDQand VREF = 1.5V and for eHSTL VDDQand VREF
1 Quadmode =1.8V.IfIOSELisLOWthenthe applicable /Oswill be 2.5V LVTTL. As noted
FWFT/SI 0 IDT Standard mode inthe Pin Description section, IOSEL isaCMOS inputand mustbetied to either
1 FWFTmode Vce or GND for proper operation.
WDDR 0 Single Data Rate write port
1 Double Data Rate write port
RDDR 0 Single Data Rate read port
1 | DoublebaRate readpor TABLE 2 — DEFAULT PROGRAMMABLE
PFM 0 Asynchronous operation of PAE and PAF outputs FLAG OFFSETS
1 Synchronous operation of PAE and PAF outputs IDT72T54242
] 0 Write portis 10 bits wide IDT72T54252
1 Write portis 20 bits wide in dual mode, 10 bits wider IDT72T54262
inDualmode
ow 0 Read portis 10 bits wide FSEL1 FSELO Offsets nm
1 Read portis 20 bits wide in dual mode, 10 bits wider 0 0 7
inDualmode 0 1 63
FSEL[1:0] 00 Programmable flag registers offsetvalue =7 1 0 127
01 Programmable flag registers offsetvalue =63 1 1 1023
10 Programmable flag registers offsetvalue =127
1 Programmable flag registers offsetvalue = 1023 NOTES:
IOSEL 0 All applicable 1/Os (except CMOS) are LVTTL L. In default programming, the offset value selected applies to all internal FIFOs.
1 All anplicable 1/0s (excent CMOS) are HSTL/eHSTL 2. To program different offﬂvalugs for each FIFO, serial programming must be used.
applica ( P ) 3. nis the offset value for PAE, m is the offset value for PAF.
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SERIAL WRITING AND READING OF OFFSET REGISTERS

The offset registers can be loaded with a default value or they can be user
programmed with a specific value. One of four default values are loaded based
onthe state ofthe FSEL[1:0]inputs. The flag offset values can be programmed
either through the dedicated serial programming port or the JTAG port. The
dedicated serial port can be used to load or read the contents of the offset
registers. The offsetregisters are programmed and read sequentially through
aseries of shiftregisters. Each bitinthe serialinput will shift through the offset
registers and program each FIFOs offset registers.

The serial read and write operations are performed by the dedicated SCLK,
FWFT/SI, SWEN, SRENand SDO pins. The total number of bits required per
device are listed in Figure 3, Programmable Flag Offset Programming
Methods. These bits accountfor all four PAE/PAF offsetregistersin the device.
Towrite tothe offsetregisters, setthe serial write enable signal active (LOW),
andoneachrising edge of SCLK one bitfromthe FWFT/SI pinis serially shifted
into the flag offset register chain. Once the complete number of bits has been
programmedintoall fourregisters, the programming sequenceis complete. The
programming sequenceislistedin Figure 3. Toread the values from the offset
registers, set the serial read enable active (LOW). Then on eachrising edge
of SCLK, one hitis shifted out to the serial data output. The serial read enable
mustbe keptLOW throughoutthe entire read operation. Tostop reading the offset
register, disable the serial read enable (HIGH). Thereis asetup time for reading

TEMPERATURE RANGES

the offsetregisters, asthe offset register data for each FIFOis temporarily stored
inascanchain. Whendatahas been completely read outofthe offsetregisters,
any additional read operations to the offset register will resultin zeros as the
outputdata.

Reading and writing the offset registers can also be accomplished using the
JTAG port. Towritetothe offsetregisters using JTAG, setthe instructional register
tothe offsetwrite command (Hex Value =0x0008). The JTAG portwill load data
into each of the offset registers in a similar fashion as the serial programming
described above. Toreadthe valuesfromthe offsetregisters, settheinstructional
registertothe offsetread command (Hex Value=0x0007). The TDO ofthe JTAG
portwill output datain a similar fashion as the serial programming described
above.

The number of bits required to load the offset registersis dependenton the
size ofthe device selected and the width ofthe I/Os selected. Each offset register
requires 15bits, 16 bits or 17 bitsforthe IDT72T54242/72T754252/72T54262
devicesrespectively. Soatotal of 120 bits, 128 bits or 136 bits will need to be
loadedintoeach offsetregister chainforthe IDT72T54242/72T54252/72T54262
devicesrespectively. lf Dual modeis selected, only two of the four offset register
will need to be programmed (PAE/PAF2, PAE/PAFO). Therefore, the total
number of bits required will be half of its Quad mode operation. See Figure 4,
Offset Register Serial Bit Sequence foramapping of the serial bits to each offset
registers.

JTAG Programming | Serial Programming | IDT Part Number | Quad Mode | Dual Mode® | Dual Mode
Instruction Code (IW/OW = x10) | (IW/OW = x20)
SWEN SREN
0008 (Hex) 0 1 IDT72T54242 120 60 56
IDT72T54252 128 64 60
IDT72T54262 136 68 64
0007 (Hex) 1 0 IDT72T54242 120 60 56
IDT72T54252 128 64 60
IDT72T54262 136 68 64

PROGRAMMING INSTRUCTIONS:

JTAG Programming
1. Load JTAG Instruction code in "JTAG Timing Specifications" section.

6158 drw07

2. Use rising edge of TCK to clock in the required bits from the TD2 input or to clock out from the TDO output pin.

Serial Programming
1. Set SWEN and SREN as shown above.

2. If reading, SREN LOW will clock data out of the SDO pin on every rising TCK edge. If writing, SWEN LOW will clock in data from the FWFT/SI pin.

NOTES:

1. The programming methods apply to both IDT Standard mode and FWFT mode.
2. The number of bits indicated are for all four PAE/PAF offset registers.

3. SWEN = 0, and SREN = 0 simultaneously are not allowed.

4. In Dual mode (IW/OW = x10), the total number of bits required will be half since only two FIFOs are active.

5. Parallel programming is not available.

Figure 3. Programmable Flag Offset Programming Methods
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TIMING MODES: IDT STANDARD vs FIRST WORD FALL THROUGH
(FWFT) MODE

ThelDT72T54242/72T54252/72T54262 supporttwo differenttiming modes
of operation: IDT Standard mode and First Word Fall Through (FWFT) mode.
The selection ofwhich mode will be usedis determined during master reset, by
the state ofthe FWFT input.

During masterreset, iftthe FWFT pinis LOW, then IDT Standard mode will

be selected. Thismode uses the Empty Flag (EF) toindicate whether or notthere
are any words presentin the FIFO. It also uses the Full Flag (FF) to indicate
whether or notthe FIFO has any free space forwriting. InIDT Standard mode,
everyword read fromthe FIFO, including thefirst, mustbe requested using the
Read Enable (REN), Read Chip Select (RCS), and RCLK.

If the FWFT pin is HIGH during master reset, then FWFT mode will be

selected. Thismode uses Output Ready (OR) to indicate whether or not there
isvalid dataatthe dataoutputs. Italsouses Input Ready (IR) toindicate whether
ornotthe FIFO hasany free space forwriting. Inthe FWFT mode, the firstword
written to an empty FIFO goes directly to output bus after three RCLK rising
edges. Applying REN =LOW is not necessary, although havingRCS = 0 atthe
previous rising RCLK is necessary to keep the output from being in high-
impedance. However, subsequent words must be accessed using Read
Enable (REN), Read Chip Select (RCS), and RCLK. Various signals in both
inputsand outputs operate differently depending onwhichtimingmodeisineffect.
The timing mode selected affects allinternal FIFOs and are not programmed

individually.

IDT STANDARD MODE o
Inthismode, the status flags FF, PAF, PAE, and EF operate inthe manner
outlinedin Table 3, Status Flags for IDT Standard Mode. Towrite datainto the

FIFO, Write Enable (WEN), and Write Chip Select (WCS) mustbe LOW. Data
presented to the DATA IN lines will be clocked into the FIFO on subsequent
transitions ofthe Write Clock (WCLK). After the firstwrite is performed, the Empty

Flag (EF)willgo HIGH. Subsequentwrites will continue tofillupthe FIFO. The

Programmable Aimost-Empty flag (PAE) willgo HIGH after n + 1 words have
been loaded into the FIFO, where "n" is the empty offset value. The default

TEMPERATURE RANGES

settings for these values are listed in Table 2. This parameter is also user
programmable asdescribedinthe Serial Writing and Reading of Offset Registers
section.

Continuing towrite datainto the FIFO without performing read operations will
cause the Programmable Almost-Full flag (PAF) to go LOW. Again, if noreads
are performed, the PAF will go LOW after (32,768-m) writes forthe IDT72T54242,
(65,536-m) writes for the IDT72T54252, and (131,072-m) writes for the
IDT72T54262. Inx20 dual mode, PAF will go LOW after (16,384-m) writes for
the IDT72T54242, (32,768-m) writes for the IDT72T54252, and (65,536-m)
writes forthe IDT72T54262. The offset “m”is the full offset value. The default
setting for these values are listed in Table 3, Status Flags for IDT Standard
Mode. This parameteris also user programmable. See the section on Serial
Writing and Reading of Offset Registers for details.

Whenthe FIFQisfull, the Full Flag (FF) willgo LOW, inhibiting further write
operations. Ifnoreads are performed after areset, FF willgo LOW after Dwrites
tothe FIFO, where D =32,768 writes for the IDT72T54242, 65,536 writes for
the IDT72754252, and 131,072 writes for the IDT72T54262. Inx20 dual mode,
FF willgo LOW after 16,384 writes forthe IDT72T54242, 32,768 writes for the
IDT72T54252, and 65,536 writes for the IDT72754262.

Ifthe FIFOQis full, the firstread operationwill cause FF togo HIGH. Subsequent
read operationswill cause PAF to go HIGH atthe conditions describedin Table
3, Status Flagsfor IDT Standard Mode. If further read operations occur without
write operations, PAE will go LOWwhen there are nwordsin the FIFO, where
nisthe empty offsetvalue. Continuing read operations will cause the FIFO to
become empty. When the lastword has been read from the FIFO, the EF will
9o LOW inhibiting further read operations. RENis ignored when the FIFQ is
empty, butRCS will continue to determine whether or not the outputisin high-
impedance.

When configured in IDT Standard mode, the EF and FF outputs are double
register-buffered outputs. IDT Standard mode is available whenthe device is
configured in either Single Data Rate or Double Data Rate mode. Relevant
timing diagrams for IDT Standard mode canbe foundin Figure 10,11, 12, 13,
14, 15, 16, 17, 18 and 23.

IDT72T54242 IDT72T54252 |IDT72T54262 |IDT72T54242 IDT72T54242 |IDT72T54252 |IDT72T54262 | Offset
Quad mode Quad mode Quad mode Dual mode Dual mode Dual mode Dual mode Register
IW/OW = x20 IW/OW = x10 [IW/OW =x10 | IW/OW = x10
or or
IDT72T54252 | IDT72T54262
IW/OW = x20 | IW/OW = x20
1-15 1-16 1-17 - - — pAEs"”
16-30 17-32 18- 34 _ _ _ PAF3!"
Serial Bits 31-45 33-48 35 - 51 1-14 1-15 1-16 1-17 PAE2
46 - 60 49 - 64 52 - 68 15-28 16 - 30 17-32 18-34 PAF2
= (1
61-75 65 - 80 69 -85 — — — _ PAE1"
= (1
76 - 90 81-96 86 - 102 — — — PAF1"
91-105 97 - 112 103 - 119 29 - 42 31-45 33-48 35-51 PAEO
106 - 120 113-128 120 - 136 43 -56 46 - 60 49 - 64 52 - 68 PAFO
NOTESZ 6158 drw08

1. These registers are not used in Dual mode. They are not programmed or read in the serial chain.

2. In all modes, the higher numbered bit is the MSB. For example, in the IDT72T54242 in Quad mode, the first bit is the LSB for PAE3.

19

Figure 4. Offset Registers Serial Bit Sequence
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FIRST WORD FALL THROUGH MODE (FWFT)

Inthis mode, the status flags OR, IR, PAE, and PAF operate inthe manner
outlinedin Table 4, Status Flags for FWFT Mode. Towrite dataintoto the FIFO,
WEN, and WCS must be LOW. Data presented to the DATA IN lines will be
clockedintothe FIFO on subsequenttransitions of WCLK. After thefirstwrite is
performed, the Output Ready (OR) flag will go LOW. Subsequent writes will
continuetofillupthe FIFO. PAE will go HIGH after n + 2words have been loaded
intothe FIFO, where nis the empty offset value. The default setting for these
values are listed in Table 4, Status Flags for FWFT Mode. This parameter is
alsouser programmable as describedinthe Serial Writing and Reading of Offset
Registers section.

Continuing towrite datainto the FIFO without performing read operations will
cause the Programmable Almost-Full flag (PAF) to go LOW. Again, if noreads
are performed, the PAF will go LOW after (32,769-m) writes forthe IDT72T54242,
(65,537-m) writes for the IDT72T54252, and (131,073-m) writes for the
IDT72T54262. Inx20 dual mode, PAF will go LOW after (16,385-m) writes for
the IDT72T54242, (32,769-m) writes for the IDT72T54252, and (65,537-m)
writes forthe IDT72T54262. The offset “m”is the full offset value. The default
setting forthese values are listedin Table 4, Status Flags for FWFT Mode. This
parameter is also user programmable. See the section on serial writing and
reading of offsetregisters for details.

TEMPERATURE RANGES

Whenthe FIFOisfull, the InputReady (IR) willgo LOW, inhibiting further write
operations. Ifnoreads are performed after areset, IRwill go LOW after Dwrites
tothe FIFO, where D=32,769 writes for the IDT72T54242, 65,537 writes for
the IDT72T54252,and 131,073 writes forthe IDT72T54262. In x20 dual mode,
FF willgo LOW after 16,385 writes for the IDT72T54242, 32,769 writes for the
IDT72T54252, and 65,537 writes for the IDT72T754262.

Ifthe FIFOisfull, the firstread operationwill cause IR to go HIGH. Subsequent
read operationswill cause PAF to go HIGH atthe conditions describedin Table
4, Status Flags for FWFT Mode. Iffurther read operations occur without write
operations, PAE will go LOW when there are nwords in the FIFO, where nis
the empty offset value. Continuing read operations will cause the FIFO to
become empty. Whenthe lastword has been read from the FIFO, the OR wil
go HIGH inhibiting further read operations. REN is ignored when the FIFQ is
empty, butRCSwill continue to determine whether or not the outputisin high-
impedance.

When configuredin FWFT mode, the OR flag outputistriple register-buffered
andthe IR flag outputis double register-buffered. Relevanttiming diagrams for
FWFT mode can be found in Figure 19, 20, 21, 22 and 24.

TABLE 3 — STATUS FLAGS FOR IDT STANDARD MODE

IDT72T54242 IDT72T54242 IDT72T54252 IDT72T54262
Dual mode Quad mode or Dual mode | Quad mode or Dual mode | Quad mode or Dual mode
IW/OW = x20 IW/OW = x10 IW/OW = x10 IW/OW = x10
or or
Number of IDT72T54252 IDT72T54262
Words in Dual mode IW/OW = x20 | Dual mode IW/OW = x20 FF |PAE |PAE| EF
FIFO 0 0 0 0 H| H| L L
1ton 1ton 1ton 1ton H H H
16,384 - (m) to 16,383 32,768 - (m) to 32,767 65,536 - (M) to 65,535 131,072 - (m) to 131,071 H L H H
16,384 32,768 65,536 131,072 L L H H
NOTE:
1. See Table 2 for values for n, m. Values n,m may be different for each FIFO.
IDT72T54242 IDT72T54242 IDT72T54252 IDT72T54262
Dual mode Quad mode or Dual mode | Quad mode or Dual mode | Quad mode or Dual mode
IW/OW = x20 IW/OW = x10 IW/OW = x10 IW/OW = x10
or or
Number of IDT72T54252 IDT72T54262
Words in Dual mode IW/OW = x20 | Dual mode IW/OW = x20 R |PAF |PAE| OR
FIFO 0 0 0 0 L H| L H
1to n+1 1ton+1 1to n+1 1ton+1 L H L L
16,385 - (m) to 16,384 32,769 - (m) to 32,768 65,537 - (m) to 65,536 131,073 - (m) to 131,072 L L H L
16,385 32,769 65,537 131,073 H L H L
NOTE: 6158 drw09

1. See Table 2 for values for n, m. Values nm may be different for each FIFO.
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SELECTABLE MODES

Thisdeviceis capable of operatingin two different modes: Quad mode or Dual
mode. Inthe Quad mode there are fourindependent FIFOs available, with the
inputand output bus widths set to 10 bits wide for each FIFO. Atotal of eight
independent clock inputs are available- four RCLKs and four WCLKSs. Each
FIFO hasindependent read and write controls, outputenable controls, as well
outputs ERCLK and EREN for eachindividual FIFOto aid high-speed operation
where synchronizing datais critical.

Inthe Dual mode there are two independent FIFOs available, with the input
and output bus widths each selectable between x10 or x20. Bus-matching is
available inthis mode, allowing for more flexibility. A total of fourindependent
clock inputs are available, two RCLKs and two WCLKs. Each FIFO has
independent read and write controls— output enable controls, as well as
outputs ERCLK and EREN for eachindividual FIFOto aid high-speed operation
where synchronizing datais critical.

HSTL/LVTTL /O

Theinputsand outputs of this device can be configured for either LVTTL or
HSTL/eHSTL operation. Ifthe IOSEL pinis HIGH during master reset, thenall
applicable LVTTL or HSTL signals will be configured for HSTL/eHSTL
operating voltage levels. To select between HSTL or eHSTL VREF must be
drivento 1.5V or 1.8V respectively. Typically alogic HIGH in HSTL would be
VREF + 0.2V and a logic LOW would be VRer - 0.2V.

Ifthe IOSEL pinis LOW during master reset, then all applicable LVTTL or
HSTL signals will be configured for LVTTL operating voltage levels. In this
configuration VREF mustbe setto GND. Table 5illustrates which pinsare and

TEMPERATURE RANGES

arenotassociated with this feature. Note thatall “Static Pins” mustbetiedto Vcc
orGND. These pinsare LVTTL only and are purely device configuration pins.
Note the IOSEL pinshould be tied HIGH or LOW and cannottoggle before and
aftermasterreset.

BUS MATCHING

In the Dual mode operation, the write and read port have bus-matching
capability such thatthe input and output busses can each be either 10 bits or
20bitswide. The buswidth of both the inputand output portis determined during
masterresetusing the input (IW) and output (OW) widths setup pins. The selected
portwidthis applied toboth FIFO ports, such thatboth FIFOs will be configured
foreitherx10 orx20 bus widths. When writing or reading data froma FIFO the
number of memory locations available to be read will depend on the bus width
selected and the density of the device.

Ifthe write/read ports are 10 bitswide, this provides the userwitha FIFO depth
of 32,768 x 10 for the IDT72T54242, 65,536 x 10 for the IDT72T54252, or
131,072x10forthe IDT72T54262. Ifthe write/read ports are 20 bits wide, this
provides the user with a FIFO depth of 16,384 x 20 for the IDT72T54242,
32,768 x 20 for the IDT72T54252, or 65,536 x 20 for the IDT72T54262. The
FIFO depthswillalways have afixed density of 327,680 bitsforthe IDT72T54242,
655,360 bits for the IDT72T54252 and 1,310,072 bits for the IDT72T54262
regardless of bus-width configuration on the write/read port. When the device
isoperatingin double datarate, the wordistwice aslarge asin single datarate
since one word consists of both the rising and falling edge of clock. Therefore
inDDR, the FIFO depths will be half ofwhatitis mentioned above. Forinstance,
if the write/read portis 10 bits wide, the depth of each FIFOis 16,384 x 10 for
the IDT72754242, 32,768 x 10 for the IDT72T54252, or 65,536 x 10 for the
IDT72T54262. SeeFigure 5, Bus-Matchingin Dual mode for more information.

TABLE 5 —1/0 VOLTAGE LEVEL ASSOCIATIONS

LVTTL/HSTL/eHSTL SELECT STATIC CMOS SIGNALS
Write Port Read Port JTAG Signal Pins Serial Clock Port Static Pins

D[39:0] Q[39:0] TCK FSEL[1:0] SCLK IOSEL
WCLKO/1/2/3 RCLK0/1/2/3 TRST PD SREN w
WEN0/1/2/3 REN0/1/2/3 ™S MRS SWEN ow
WCS0/1/2/3 RCS0/1/2/3 DI PRS0/1/2/3 FWFT/SI MD
FF/IR0/1/2/3 EF/OR0/1/2/3 TDO FWFT/SI SDO PFM
PAF0/1/2/3 OE0/1/2/3 RDDR

PAE0/1/2/3 WDDR

ERCLK0/1/2/3

EREN0/1/2/3

NOTE:

1. In Dual mode, not all available signals will be used. Signals with a designation of 1 and 3 are not used.
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(d) x10 INPUT to x20 OUTPUT

Figure 5. Bus-Matching in Dual mode

22

32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2
D39-D30 D29-D20 D19-D10 D9-D0O
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FIFO 0 and FIFO 2
FIFO 2 FIFO 2 FIFO 0 FIFO 0
INPUT PORT BUS-WIDTH x20 D39-D30  D29-D20  D19-D10 D9-DO
OUTPUT PORT BUS-WIDTH x20 D c B A Read from
FIFO 0 and FIFO 2
w | ow FIFO 2 FIFO 2 FIFO 0 FIFO 0
H|H (a) x20 INPUT to x20 OUTPUT
INPUT PORT BUS-WIDTH x20 D39-D30 D29-D20 D19-D10 D9-D0O
OUTPUT PORT BUS-WIDTH x10 c A 1st Read from
w | ow FIFO 0 and FIFO 2
H L FIFO 2 FIFO 2 FIFO 0 FIFO 0
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D B 2nd Read from
FIFO 0 and FIFO 2
FIFO 2 FIFO 2 FIFO 0 FIFO 0
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FIFO 0 and FIFO 2
FIFO 2 FIFO 2 FIFO 0 FIFO 0
D39-D30 D29-D20 D19-D10 D9-D0O
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FIFO 2 FIFO 2 FIFO 0 FIFO 0
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w | ow FIFO 0 and FIFO 2
L L FIFO 2 FIFO 2 FIFO 0 FIFO 0
D39-D30 D29-D20 D19-D10 D9-D0O
D C 2nd Read from
FIFO 0 and FIFO 2
FIFO 2 FIFO 2 FIFO 0 FIFO 0
(c) x10 INPUT to x10 OUTPUT
INPUT PORT BUS-WIDTH x10 D39-D30 D29-D20 D19-D10 D9-D0O
OUTPUT PORT BUS-WIDTH x20 D B c A Read from
w low FIFO 0 and FIFO 2
FIFO 2 FIFO 2 FIFO 0 FIFO 0
L H
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SIGNALDESCRIPTIONS

INPUTS:
DATA INPUT BUS (D[39:0])

Thedatainputbussesare 10 bits wide in Quad mode and 20 or 10-bits wide
in Dual mode. In Quad mode, D[9:0] are data inputs for FIFOO0, D[19:10] are
for FIFO1, D[29:20] are for FIFO2, and D[39:30] are for FIFO3. In Dual mode,
D[19:0]are datainputsfor FIFO0 and D[39:20] are for FIFO2 for the 20-bitwide
data bus. D[9:0] are data inputs for FIFO0 and D[29:20] are data inputs for
FIFO2 for the 10-hit wide data bus.

MASTER RESET (MRS)

Thereisasingle masterresetavailable for allinternal FIFOs in this device.
Amasterresetisinitiated whenever the MRS inputistakentoa LOW state. This
operationsetsthe internalread and write pointers of all FIFOs to the firstlocation
inmemory. The programmable almost empty flag will go LOW and the almost
fullflags will go HIGH.

If FWFT/SI signalis LOW during master reset then IDT Standard mode is
selected. This mode utilizes the empty and full status flags from the EF/OR and
FF/IR dual-purpose pin. During master reset, all empty flags will be setto LOW
and all full flags will be setto HIGH.

If FWFT/SI signal is HIGH during master reset, then the First Word Fall
Through modeis selected. This mode utilizes the input read and output ready
status flags from the EF/OR and FF/IR dual-purpose pin. During master reset,
allinput ready flags will be setto LOW and all output ready flags will be set to
HIGH.

Alldevice configuration pins suchas MD, OW, IW, WDDR, RDDR, IOSEL,
PFM, FSEL[1:0]and FWFT/SIneedtobe defined before the masterresetcycle.
Duringamasterresetthe outputregistersareinitializedtoall zeros. Ifthe output
enables are LOW during master reset, thenthe outputbus willbe LOW. Ifthe
outputenable(s) are HIGH during master reset, then the output bus willbe in
high-impedance. RCS has no affect onthe data outputs during masterreset. If
the outputwidth OWis configured tox10in Dualmode, thenthe unused outputs
Q[19:10] and Q[39:30] will be in high-impedance. A master resetis required
after power up before awrite operationtoany FIFO cantake place. Master reset
is an asynchronous signal and thus the read and write clocks can be free-
running oridle during master reset. See Figure 10, Master Reset Timing, for
the associatedtiming diagram.

PARTIAL RESET (PRS0/1/2/3)

Apartialresetisameans by whichthe user can resetboththe read and write
pointers of eachindividual FIFOinside the device without changing the FIFO's
configuration. There are four dedicated partial resetsignals (two in Dual mode)
thateach correspondtoanindividual FIFO. There are norestrictions astowhen
partial reset can be performed in either operating modes.

During partial reset, the internal read and write pointers are set to the first
locationin memory, PAE goes LOW and PAF goes HIGH. Whichever timing
mode was active atthe time of Partial Resetwill remain active after Partial Reset.
If IDT Standard Mode is active, then FF will go HIGH and EF will go LOW. If
the First Word Fall Through mode is active, then OR will go HIGH and IR will
goLOW.

Following Partial Reset, all values held in the offset registers remain
unchanged. The output registers are initialized to all zeros. All other
configurations set up during master reset remain unchanged. PRS is an
asynchronous signal. See Figure 11, Partial Reset Timing, forthe associated
timing diagram.

TEMPERATURE RANGES

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

Thisisadual purpose pin. During master reset, the state ofthe FWFT/Slinput
determineswhetherthe device will operatein IDT Standard mode or First Word
Fall Through (FWFT) mode.

IfFWFT/SIisLOW before the falling edge of master reset, thenIDT Standard
mode will be selected. Thismode uses the Empty Flag (EF) toindicate whether
ornotthere are anywords presentinthe FIFOs’memory. Italso uses the Full
Flag (FF) toindicate whether or notthe FIFOs’ memory has any free space for
writing. InIDT Standard mode, every word read fromthe FIFOs, including the
first, mustbe requested usingthe Read Enable (REN), Read Chip Select (RCS)
and RCLK.

IfFWFT/Slis HIGH before the falling edge of master reset, then FWFT mode

willbe selected. Thismode uses Output Ready (OR) toindicate whether or not
thereisvalid datainthe outputregister. ltalsouses Input Ready (IR) toindicate
whetherornotthe FIFO'smemory has any free space forwriting. In otherwords,
they aretheinverse of the empty andfull flags. Inthe FWFT mode, the firstword
writtento anempty FIFO goesdirectly to data outputs after three RCLK rising
edges, providedthatthe firstRCLK meets the tsSkew parameter. There may be
aone RCLK cycle delay if tskew is not met. REN and RCS do not need to be
enabled. Subsequent words must be accessed using the REN, RCS, and
RCLK.

Thestate ofthe FWFT/Slinputmustbe keptatthe present state forthe minimum
ofthe resetrecoverytime (tRsR) after master reset. After thistime, the FWFT/
Slactsasaserialinputforloading PAE and PAF offsetsinto the programmable
offsetregisters. The serialinputisusedin conjunctionwith SCLK, SWEN, SREN,
and SDOto accessthe offset registers. Serial programming using the FWFT/
Sl pin functions the same way in both IDT Standard and FWFT modes.

WRITE CLOCK (WCLKO0/1/2/3)

Thereare apossible total of fourwrite clocks (ortwoin Dualmode) available
in this device depending on the mode selected, each corresponding to the
individual FIFOsinmemory. Awrite can be initiated on the rising (or falling) edge
ofthe WCLK input. Iftthe write double datarate (WDDR) mode pinistied HIGH,
datawillbe written onboth the rising and falling edge of WCLK0/1/2/3, provided
that WENO/1/2/3 and WCS0/1/2/3 are enabled on the rising edge of WCLK 0/
1/2/3.1fWDDRistied LOW, datawill be written only onthe rising edge of WCLKO/
1/2/3 provided that WEN0/1/2/3 and WCS 0/1/2/3 are enabled. Each write
clockiscompletelyindependentfromthe others.

Datasetupand hold times mustbe metwithrespecttothe LOW-to-HIGH (and
HIGH-to-LOW in DDR)transition ofthe write clock. Itis permissible to stop the
write clocks, for asynchronous operations. Note that while the write clocks are
idle, the FF0/1/2/3 and PAF0/1/2/3flags will not be updated unless the portis
operating in asynchronous timing mode (PFM=0). The write clocks can be
independentor coincidentwith one another. InDual mode, the unused clocks
(WCLK1 and WCLK3) should be tied to GND.

WRITE ENABLE (WEN0/1/2/3)

There are atotal of four write enables (ortwoin Dualmode) available in this
device depending onthe mode selected, one for each individual FIFO. When
thewrite enableinputis LOW ontherising edge of WCLK insingle datarate mode,
data s loaded on the rising edge of every WCLK cycle, provided the device
is notfulland the write chip select (WCS) s enabled. The setup and hold times
are referenced with respect to the rising edge of WCLK only. When the write
enable inputis LOW on the rising edge of WCLK in double data rate, data is
loadedintoany ofthe FIFOs ontherrising and falling edge of every WCLK cycle,

provided the device s notfulland the write chip select (WCS)is enabled onthe
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rising edge of WCLK. Inthismode, the data setupand hold times are referenced
withrespecttotherising and falling edge of WCLK. Note that WEN and WCS
are sampled only on the rising edge of WCLK in either data rates.

Datais storedinthe FIFOs’ memory sequentially and independently of any
ongoing read operation. When the write enables or write chip selects are HIGH,
nonewdataiswritteninto the corresponding FIFO oneach WCLK cycle. Each
write enable operatesindependently of the others. In Dual mode, the unused
write enables (WEN1 and WEN3) should be tied to Vcc.

WRITE CHIP SELECT (WCS0/1/2/3)

There are a total of four write chip selects (or two in Dual mode) available
inthis device depending onthe mode selected, one for eachindividual FIFO.
The write chip selects disables all data bus inputsifitis held HIGH. To perform
normalwrite operations, the write chip select mustbe enabled, (held LOW). The
fourwrite chip selects are completelyindependent of one another. When the
write chip selectis LOW ontherising edge of WCLK in single data rate mode,
datais loaded on the rising edge of every WCLK cycle, provided the device
is not full and the write enable (WEN) of the corresponding FIFO is LOW.

Whenthe write chip selectis LOW onthe rising edge of WCLKin double data
rate mode, datais loaded into any of the FIFOs on the rising and falling edge
ofevery WCLK cycle, providedthe deviceis notfull and the write enable (WEN)
of the corresponding FIFO is LOW on the rising clock edge.

When the write chip selectis HIGH onthe rising edge of WCLK in single data
rate mode, the write port is disabled and no words are written into the FIFO
memory, ontherisingedge of WCLK, evenifWENis LOW. Ifthe write chipselect
is HIGH on the rising edge of WCLK in double data rate mode, the write port
isdisabled and nowords are writteninto the FIFO memory ontherising or falling
edge of WCLK, evenif WEN is LOW. Note that WCS is sampled ontherising
edge of WCLK only in either data rate. In Dual mode, the unused write chip
selects (WCS1 and WCS3) should be tied to Vcc.

WRITE DOUBLE DATA RATE (WDDR)

Whenthe write double data rate (WDDR) pinis HIGH, the write port will be
setto double data rate mode. Inthis mode, all write operations are based on
therising and falling edge of the write clocks, provided that write enables and
write chipselectsare LOW fortherising clock edges. Indouble datarate the write
enable signals are sampled with respectto the rising edge of write clock only,
and a word will be written to both the rising and falling edge of write clock
regardless of whether or notwrite enable is active on the falling edge of write
clock.

When WDDR is LOW, the write port will be setto single data rate mode. In
this mode, all write operations are based on only the rising edge of the write
clocks, provided that write enables and write chip selects are LOW during the
rising edge of write clock. This pin should be tied HIGH or LOW and cannot
toggle.

READ CLOCK (RCLK0/1/2/3)

There are atotal of four read clocks (or two in Dual mode) available in this
device depending onthe mode selected, each corresponding to the individual
FIFOsinmemory. Aread can be initiated on the rising (or falling) edge of the
RCLK input. Ifthe read double data rate (RDDR) mode pinis tied HIGH, data
willbe read on both the rising and falling edge of RCLK0/1/2/3, provided that
RENO0/1/2/3 and RCS0/1/2/3 are enabled on the rising edge of RCLKO0/1/2/
3.IfRDDRistied LOW, data will be read only on the rising edge of RCLK0/1/
2/3 provided that REN0/1/2/3 and RCS0/1/2/3 are enabled. Each read clock
iscompletelyindependent fromthe others.

Thereisanassociated dataaccesstime (ta) forthe datato be read out of the
FIFOs. Itis permissible to stop the read clocks. Note that while the read clocks

TEMPERATURE RANGES

areidle, the EF/0/1/2/3and PAE0/1/2/3flags will notbe updated unlessthe part
isoperating inasynchronous timing mode (PFM=0). The write and read clocks
canbeindependentor coincident. In Dual mode, the unused clocks (RCLK1
and RCLK3) should be tied to GND.

READ ENABLE (REN0/1/2/3)

Thereare atotal of four read enables (or two in Dual mode) available in this
device depending onthe mode selected, one foreachindividual FIFOs . When
thereadenableinputis LOW ontherising edge of RCLKinsingle datarate mode,
datawillbe read ontherising edge of every RCLK cycle, provided the device
is notempty and the read chip select (RCS) is enabled. The associated data
accesstime (ta) is referenced with respectto the rising edge of RCLK. When
the read enable inputis LOW on the rising edge of WCLK in double datarate
mode, data will be read on the rising and falling edge of every RCLK cycle,
provided the device is not empty and RCS is enabled. In this mode, the data
accesstimesare referencedwithrespecttotherisingandfalling edges of RCLK.
NotethatREN, andRCS are sampled only onthe rising edge of RCLK ineither
datarate.

Dataread fromthe FIFO's memory sequentially and independently of any
ongoing write operation. Whentheread enables or read chip selects are HIGH,
no new data is read on each RCLK cycle. Each read enable operates
independently of the others.

Topreventreading fromanempty FIFOinthe IDT Standard mode, the empty
flag of each FIFO willgo LOW withrespectto RCLK, whenthe total number of
wordsinthe FIFO has beenread, thus inhibiting further read operations. Upon
the completion of a valid write cycle, the empty flag will go HIGH with respect
toRCLK two cycleslater, thus allowing another read to occur similarly, for FWFT
mode, the output ready flag of each FIFO will go HIGH with respectto RCLK
whenthe total number of wordsinthe FIFO has beenread out. In Dual mode,
the unused read enables (REN1 and REN3) should be tied to Vcc.

READ CHIP SELECT (RCS0/1/2/3)

There are a total of four read chip selects (or two in Dual mode) available
inthisdevice, each correspondingtoanindividual FIFO. The read chip select
inputs provide synchronous control of the read port. When the read chip select
is held LOW, the next rising edge of the corresponding RCLK will enable the
outputbus. Whenthe read chip selectgoes HIGH, the nextrising edge of RCLK
will send the output bus into high-impedance and prevent that RCLK from
initiating a read, regardless of the state of REN. During amaster or partial reset
the read chip selectinput has no effect onthe output bus—output enable isthe
onlyinputthat provides high-impedance control of the outputbus. If outputenable
isLOW, the data outputs will be active regardless of read chip selectuntilthe first
rising edge of RCLK afteraresetis complete. Afterwards if read chip selectis
HIGH the data outputs will go to high-impedance. Each read chip select is
completelyindependentofthe others.

Theread chipselectinputs donotaffectthe updating of the flags. Forexample,
whenthefirstwordis writtento any/all empty FIFOs, the empty flags will still go
from LOWto HIGH based onarising edge ofthe RCLK, regardless of the state
of the read chip selectinputs. Also, when operating the FIFO in FWFT mode
the firstword written to any/all empty FIFOs will still be clocked through to the
outputbus onthe thirdrising edge of RCLK, regardless of the state of read chip
selectinputs, assuming thatthe tskew parameteris met. Forthis reasonthe user
should pay extra attention to the read chip selects when a datawordis written
toany/allempty FIFOsin FWFT mode. Ifthe read chip selectinputs are HIGH
whenanempty FIFOiswritteninto, the firstword will fall through to the output
register but will not be available on the outputs because they are in high-
impedance. The user mustenable read chip selectontherising edge of RCLK
while disabling REN to access this firstword. In Dual mode, the unused read
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chipselects (RCS1andRCS3) should be tied to Vcc. Referto Figures 23 and
24, Read Cycle and Read Chip Select for the associated timing diagrams.

READ DOUBLE DATA RATE (RDDR)

Whenthe read double datarate (RDDR) pintied HIGH, the read port will be
setto double data rate mode. In this mode, all read operations are based on
the rising and falling edge of the read clocks, provided that read enables and
read chip selects are LOW. In double data rate the read enable signals are
sampled with respect to the rising edge of read clock only, and a word will be
read fromboth the rising and falling edge of read clock regardless of whether
ornotread enable and read chip select are active on the falling edge of read
clock.

WhenRDDRistied LOW, the read port will be setto single data rate mode.
Inthis mode, allread operations are based on only the rising edge of the read
clocks, provided that read enables and read chip selects are LOW during the
rising edge ofread clock. This pin should be tied HIGH or LOW and cannottoggle
before or after masterreset.

OUTPUT ENABLE (OE0/1/2/3)

There are total of four asynchronous output enables (two in Dual mode)
availableinthis device, each corresponding to anindividual FIFOinmemory.
Whenthe outputenableinputs are LOW, the outputbus of eachindividual FIFO
becomes active and drives the data currently in the output register. When the
outputenable inputs are HIGH, the output bus of each individual FIFO goesiinto
high-impedance. Duringmaster or partial resetthe outputenableis the onlyinput
thatcan place the output data businto high-impedance. During reset the read
chipselectinputhas no effecton the output data bus. Each outputenable input
iscompletely independent fromthe others. In Dual mode, the unused output
enables (OE1 and OE3) should be tied to Vcc.

I/0 SELECT (IOSEL)

Theinputsand outputs of this device can be configured for either LVTTL or
HSTL/eHSTL operation. Ifthe IOSEL pinis HIGH during master reset, thenall
applicable LVTTL or HSTL signals will be configured for HSTL/eHSTL
operating voltage levels. To select between HSTL or eHSTL VREF must be
drivento 1.5V or 1.8Vrespectively. Ifthe IOSEL pinis LOW during masterreset,
thenall applicable LVTTL or HSTL programmable pins will be configured for
LVTTL operating voltage levels. In this configuration VREF should be set to
GND. This pin should be tied HIGH or LOW and cannot toggle before or after
masterreset. Pleaserefertotable 5foralistof LVTTL/HSTL/eHSTL program-
mable pins.

POWER DOWN (PD)

This device has a power down feature intended for reducing power
consumption for HSTL/eHSTL configuredinputs whenthe deviceisidle fora
long period of time. By entering the power down state certain inputs can be
disabled, thereby significantly reducing the power consumption of the part. All
WEN and REN signals must be disabled foraminimum of four WCLK and RCLK
cycles before activating the power down signal. The power down signal is
asynchronous and needs to be held LOW throughout the desired power down
time. During power down, the following conditions for the inputs/outputs signals
are:

o Alldatain FIFO(s) memory are retained.

« Alldatainputsbecomeinactive.

« Allwrite and read pointers maintain their last value before power down.
« Allenables, chip selects, and clock input pins become inactive.

TEMPERATURE RANGES

« Alldata outputs become inactive and enter high-impedance state.
« Allflag outputs will maintain their current states before power down.
« Allprogrammable flag offsets maintain their values.
« Allecho clocks and enables will become inactive and enter high-
impedance state.
« The serial programming and JTAG portwill become inactive and enter
high-impedance state.
« Allsetup and configuration CMOS staticinputs are not affected, asthese
pins are tied to a known value and do not toggle during operation.
Allinternal counters, registers, and flags will remain unchanged and maintain
their currentstate priorto power down. Clockinputs can be continuous and free-
running during power down, but will have no affect on the part. However, itis
recommended thatthe clockinputs be lowwhenthe power downis active. To
exitpower down state and resume normal operations, disable the power down
signalby bringingitHIGH. There mustbe aminimum of Lus waiting period before
read and write operations can resume. The device will continue fromwhere it
had stopped and no form of resetis required after exiting power down state. The
power down feature does not provide any power savings whenthe inputs are
configured for LVTTL operation. However, itwill reduce the currentfor 1/Os that
are not tied directly to Vcc or GND. See Figure 35, Power Down Operation,
forthe associated timing diagram.

SERIAL CLOCK (SCLK)

The serial clock is used to load and read data in the programmable offset
registers. Datafromthe serialinputsignal (FWFT/SI) canbe loadedinto the offset
registers on the rising edge of SCLK provided that the serial write enable
(SWEN)signalis LOW. Data canbe readfromthe offset registers viathe serial
dataoutput(SDO)signal onthe rising edge of SCLK providedthat SRENis LOW.
The serial clock can operate at a maximum frequency of 10MHz.

SERIAL WRITE ENABLE (SWEN)

The serialwrite enable inputis an enable used for serial programming of the
programmable offset registers. Itis used in conjunction with the serial input
(FWFT/SI) and serial clock (SCLK) when programming the offset registers.
Whenthe serial write enable is LOW, data atthe serialinputis loaded into the
offsetregister, one hitforeach LOW-to-HIGH transition of SCLK. When serial
write enable is HIGH, the offset registers retain the previous settings and no
offsetsare loaded. Serial write enable functions the same way in both Standard
IDT and FWFT modes. See Figure 29, Loading of Programmable Flag
Registers, forthe timing diagram.

SERIAL READ ENABLE (SREN)

The serial read enable input is an enable used for reading the value of the
programmable offsetregisters. Itis used in conjunctionwith the serial data output
(SDO) and serial clock (SCLK) when reading the offset registers. When the
serialread enableis LOW, data atthe serial data output can be read from the
offsetregister, one hitforeach LOW-to-HIGH transition of SCLK. When serial
read enableis HIGH, the reading ofthe offset registers will stop. Whenever serial
read enable (SREN)is activated (LOW) valuesinthe offsetregisters are copied
directly into a serial scanoutregister. SREN must be kept LOWin ordertoread
the entire contents of the scan outregister. [fatany point SRENis toggled HIGH,
another copy function fromthe offsetregister to the serial scan out register will
occurthe nexttime SRENis enabled (LOW). Serial read enable functions the
same way in both IDT Standard and FWFT modes. See Figure 30, Reading
of Programmable Flag Registers, for the timing diagram.
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OUTPUTS:

DATA OUTPUT BUS (Q[39:0])

The dataoutputbussesare 10 bits wide in Quad mode and 20 or 10-bits wide
in Dualmode. InQuad mode, Q[9:0] are data outputs for FIFO0, Q[19:10] are
for FIFO1, Q[29:20] are for FIFO2, and Q[39:30] are for FIFO3. In Dual mode,
Q[19:0] are data outputs for FIFOO0 and Q[39:20] are for FIFO2 for the 20-hit
wide databus. Q[9:0] are data outputs for FIFO0 and Q[29:20] are data outputs
for FIFO2 for the 10-bit wide data bus.

EMPTY/OUTPUT READY FLAG (EF/0/1/2/3)

There are fourempty/outputready flags (twoin Dual mode) available in this
device, each corresponding tothe individual FIFOsinmemory. Thisisadual-
purpose pinwhose functionis determined based on the state of the FWFT/SI
pinduring master reset. Inthe IDT Standard mode, the empty flags are selected.
Whenanindividual FIFO isempty, its empty flag will go LOW, inhibiting further
read operations fromthat FIFO. When the empty flag is HIGH, the individual
FIFOis notempty andvalid read operations can be performed. See Figure 18,
Read Cycle, Output Enable and Empty Flag Timing, for the relevant timing
information. Also see Table 3, Status Flags for IDT Standard Mode forthe truth
table ofthe emptyflags.

InFWFT mode, the outputready flags are selected. Outputready flags (OR)
go LOW atthe same time that the firstword written to an empty FIFO appears
onthe outputs, whichis aminimum of two read clock cycles provided the RCLK
and WCLK meets the tskew parameter (See Table 6 - TSKEw Measurement).
ORstays LOW afterthe RCLK LOW-to- HIGH transitions that shifts the lastword
from the FIFO memory to the outputs. OR goes HIGH when another read
operation is performed, indicating the last word was read. The previous data
staysatthe outputs, further data reads are inhibited until OR goes LOW again
andanewword appears onthe bus. See Figure 22, Read Timing and Output
Ready Flag, forthe relevanttiming information. Also see Table 4, Status Flags
for FWFT Mode forthe truth table of the empty flags. To preventreadinginthe
FWFT mode, the output ready flag of each FIFO will go HIGH with respect to
RCLK, when the total number of words has been read out of the FIFO, thus
inhibiting further read operations. Uponthe completion of avalid write cycle, the
output ready flag will go LOW with respect to RCLK three cycles later, thus
indicating another read has occurred.

The empty/output ready flags are synchronous and updated on the rising
edge of RCLK. InIDT Standard mode, the flags are double register-buffered
outputs. In FWFT mode, the flags are triple register-buffered outputs. Each
empty flag operates independently of the others and always indicates the
respective FIFO's status.

FULL/INPUT READY FLAG (FF/IR/0/1/2/3)

There are four full/input ready flags (two in Dual mode) available in this
device, each corresponding tothe individual FIFOsinmemory. Thisisadual-
purpose pinwhose functionis determined based on the state ofthe FWFT/SI
pinduring master reset. Inthe IDT Standard mode, the full flags are selected.
When anindividual FIFO isfull, its full flags will go LOW after the rising edge of
WCLK thatwrotethe lastword, thusinhibiting further write operationstothe FIFO.
Whenthefullflagis HIGH, the individual FIFOis notfull and valid write operations
can be performed. See Figure 11, Write Cycle and Full Flag Timing for the
associated timing diagram. Also see Table 4, Status Flags for FWFT Mode for
thetruthtable of the full flags.

InFWFT mode, theinputready flags are selected. Input ready flags go LOW
whenthereis adequate memory space inthe FIFOs forwritingin data. The input
ready flags go HIGH after the rising edge of WCLK thatwrote the lastword, when
there are nofree spaces available forwritingin data. See Figure 16, Write Cycle

TEMPERATURE RANGES

and OutputReady Timing, for the associated timing information. Also see Table
4, Status Flags for FWFT Mode for the truth table of the full flags. The inputready
status notonly measures the contents ofthe FIFOs memory, butalso counts the
presence ofawordinthe outputregister. Thus, in FWFT mode, the total number
of writes necessary to make IR LOW is one greater than needed to assert FF
inIDT Standard mode.

FF/IRis synchronous and updated on the rising edge of WCLK. FF/IR are
double register-buffered outputs. Each flag operates independently of the
others. Topreventdataoverflowinthe IDT Standard mode, the full flag of each
FIFOwillgo LOWwithrespectto WCLK, when the maximum number of words
hasbeenwrittenintothe FIFO, thusinhibiting further write operations. Uponthe
completionofavalid read cycle, the full flag will go HIGH with respectto WCLK
two cycles later, thus allowing another write to occur.

Topreventdataoverflowinthe FWFT mode, theinputready flag of each FIFO
willgo HIGHwithrespectto WCLK, when the maximum number of words has
been written into the FIFO, thus inhibiting further write operations. Upon the
completion of avalid read cycle, the input ready flag will go LOW with respect
to WCLK two cycles later, thus allowing another write to occur.

PROGRAMMABLE ALMOST EMPTY FLAG (PAE0/1/2/3)

There are four programmable almost empty flags (two in Dual mode)
availableinthis device, each corresponding to anindividual FIFOinmemory.
The programmable almostempty flagis an additional status flag that notifies the
userwhen the FIFO memory is near empty. The user may utilize this feature
asan earlyindicator as towhenthe FIFO will become empty. InIDT Standard
mode, PAE will go LOW when there are nwords or lessinthe FIFO. In FWFT
mode, the PAE willgo LOWwhenthere are n-1words or lessinthe FIFO. The
offset“n”isthe empty offsetvalue. The default setting for this value s stated in
Table 2. There are fourinternal FIFOs hence four PAE offsetvalues, (n0, n1,
n2, and n3).

Therearetwotimingmodesavailable forthe PAE flags, selectable by the state
of the Programmable Flag Mode (PFM) pin. If PFM is tied HIGH, then
synchronoustiming modeis selected. IfPFMistied LOW, then asynchronous
timing mode is selected. Insynchronous configuration, the PAE flagis updated
ontherising edge of RCLK. Inasynchronous PAE configuration, the PAE flag
isasserted LOW onthe LOW-to-HIGH transitions of the Read Clock (RCLK).
PAE isresettoHIGH onthe LOW-to-HIGH transitions of the Write Clock (WCLK).
See Figures 31 and 33, Synchronous and Asynchronous Programmable
Almost-Empty Flag Timing, for the relevanttiming information.

Eachprogrammable almostempty flag operatesindependently ofthe others.

PROGRAMMABLE ALMOST FULL FLAG (PAF0/1/2/3)

There are four programmable almost full flags (twoin Dual mode) available
in this device, each corresponding to the individual FIFOs in memory. The
programmable aimostfull flagis anadditional status flag that notifiesthe userwhen
the FIFO memory is nearly full. The user may utilize this feature as an early
indicator as towhenthe FIFO will notbe able toacceptany more dataandthus
prevent data from being dropped. In IDT Standard mode, if no reads are
performed after master reset, PAF will go LOW after (D-m) (D meaning the
density of the particular device) words are written to the FIFO. In FWFT mode,
PAF willgo LOW after (D+1-m) words are written to the FIFO. The offset “m”
isthe full offsetvalue. The default setting for this value is stated in Table 2. There
arefourinternal FIFOs hence four PAF offsetvalues, (m0, m1, m2, and m3).

Therearetwotimingmodesavailable forthe PAF flags, selectable by the state
of the Programmable Flag Mode (PFM) pin. If PFM is tied HIGH, then
synchronoustiming modeis selected. IfPFMistied LOW, then asynchronous
timing modeis selected. In synchronous configuration, the PAF flagis updated
ontherising edge of WCLK. Inasynchronous PAF configuration, the PAF flag
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isasserted LOW onthe LOW-to-HIGH transitions of the Write Clock (WCLK).
PAFisresettoHIGH onthe LOW-to-HIGH transitions of the Read Clock (RCLK).
See Figure 31 and 33, Synchronous and Asynchronous Programmable
Almost-Full Flag Timing (IDT Standard and FWFT mode), for the relevanttiming
information.

Each programmable almost full flag operates independently of the others.

ECHO READ CLOCK (ERCLKO0/1/2/3)

There are fourechoread clock outputs (twoin Dual mode) available in this
device, each corresponding totheir respective inputread clocksinthe FIFO.
The echoread clockis a free-running clock output, that will always follow the
RCLK inputregardless ofthe read enables and read chip selects. The ERCLK
outputfollowsthe RCLK inputwith anassociated delay. This delay providesthe
userwithamore effective read clock source when reading data from the output
bus. Thisis especially helpful at high speeds when variables within the device
may cause changesinthe dataaccesstimes. These variationsinaccesstime
may be caused by ambienttemperature, supply voltage, or device characteristics.

Anyvariations effecting the data access time will also have acorresponding
effectonthe echoread clock output produced by the FIFO, therefore the echo
read clock output level transitions should always be atthe same positionintime
relative tothe data outputs. Note, thatecho read clock is guaranteed by design
tobe slowerthanthe slowestdata outputs. Referto Figure 6, Echo Read Clock
and Data Output Relationship, Figures 25, 26, and 27 Echo Read Clock and
Read Enable Operation for timing information. Each echo read clock output
operate independently of the others and transitions with respect to the data
outputs ofits FIFO.

RCLK /

ERCLK

TEMPERATURE RANGES

TABLE 6 — TSKEW MEASUREMENT

DataPort | StatusFlags | Tskew Measurement Datasheet
Configuration Parameter
DDR Input EF/OR | Negative Edge WCLKto | tskew2
o Positive Edge RCLK
DDROutput [ FF/R Negative Edge RCLKto |  tskEw?2
Positive Edge WCLK
PAE Negative Edge WCLKto |  tskEws
Positive Edge RCLK
PAF Negative Edge RCLKto |  tskEw3
Positive Edge WCLK
DDR Input EF/OR | Negative Edge WCLKto | tskew?
o Positive Edge RCLK
SDR Output FF/IR Positive Edge RCLK to tSKEW1
Positive Edge WCLK
PAE Negative Edge WCLKto |  tskews
Positive Edge RCLK
PAF Positive Edge RCLK to tSKEW3
Positive Edge WCLK
SDR Input EF/OR Positive Edge WCLK to tSKEW1
o Positive Edge RCLK
DDR Output FF/IR Negative Edge RCLKto |  tskEw2
Positive Edge WCLK
PAE Positive Edge WCLK to tSKEW3
Positive Edge RCLK
PAF Negative Edge RCLKto |  tskews
Positive Edge WCLK
SDR Input EF/OR Positive Edge WCLK to tSKEW1
o Positive Edge RCLK
SDR Output FF/IR Positive Edge RCLK to tSKEW1
Positive Edge WCLK
PAE Positive Edge WCLK to tSKEW3
Positive Edge RCLK
PAF Positive Edge RCLK to tSKEW3
Positive Edge WCLK

QSLOWEST®

6158 drw11

NOTES:

1. REN is LOW.

2. tERCLK > tA, guaranteed by design.

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

Figure 6. Echo Read Clock and Data Output Relationship
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¢ trek
t—p—t2
TCK i S_/_—__T—/_
TDI/
TMS
tDs 1< tDH |10
TDO Do
€—t4—p] tooH
TRST 6158 drw12
i3 Notes to diagram:
t1 = trckLow
t2 = tTCKHIGH
t3 = tRST (reset pulse width)
t4 = tRSR (reset recovery)
Figure 7. Standard JTAG Timing
JTAG
ACELECTRICALCHARACTERISTICS
SYSTEM INTERFACE PARAMETERS (Ve = 2.5V 5% Tease = 0°C o +85°C)
:nggiggé Parameter Symbol Test
IDT72T54262 Conditions| Min. | Max.| Units
Parameter Symbol | Test Conditions | Min. | Max. | Units JTAG ClockinputPeriod | trck - 100 ] - ns
DataOutput - i 20 | ns JTAG Clock HIGH tTCKHIGH - 40 | - ns
DataOutputHold|  tboH® 0 . s JTAG Clock Low trckLow - 40 | - ns
Data [nput DS trise=3ns 10 - ns JTAGReset (RST . 0| - ns
tDH tfall=3ns 10 - JTAG ResetRecovery | tRSR - 5 | - ns
NOTE:

1. 50pf loading on external output signals.
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JTAG TIMING SPECIFICATIONS
(IEEE1149.1 COMPLIANT)

The JTAG test portinthis deviceis fully compliantwith the IEEE Standard
TestAccess Port (IEEE 1149.1) specifications. Five additional pins (TDI, TDO,

TMS, TCK and TRST) are provided to support the JTAG boundary scan

interface. Note that IDT provides appropriate Boundary Scan Description
Language program files for these devices.

The Standard JTAG interface consists of five basic elements:

Test Access Port (TAP)
TAP controller
Instruction Register (IR)
Data Register Port (DR)
Bypass Register (BYR)

The following sections provide a brief description of each element. Fora
complete descriptionrefertothe IEEE Standard Test Access Port Specification

(IEEE Std. 1149.1-1990).

The Figure below shows the standard Boundary-Scan Architecture

v

In Pad —®{ Incell —9> —®> Outcell —®| Out Pad
All inputs
Eg: Dins, Clks Core
(BSDL file * Logic ‘ All outputs
describes the
chain order) In Pad —® Incell —® > Outcell —®> Out Pad
TDI T
" ID "
—> —p
> >
. Bypass
®  Instruction TDO
™S > Register
> -
TCK TAP Instruction
—_ Select
TRST
— Enable
6158 drw13
Figure 8. JTAG Architecture
TESTACCESS PORT (TAP) THETAP CONTROLLER

The TAP interface is a general-purpose port that provides access to the
internal JTAG state machine. It consists of fourinput ports (TCLK, TMS, TDI,

TRST) and one output port (TDO).

The TAP controllerisasynchronous finite state machine thatresponds to
TMSand TCLK signalsto generate clock and control signals to the Instruction

and Data Registers for capture and updating of data passed through the TDI
serialinput.
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1 Test-Logic
Reset
Input is } +0 1
TMS 0 1 1
Run-Test/ > Select- > Select-
Idle —p»{ DR-Scan IR-Scan
. T 7
1 Capture-DR | Capture-IR
Yo Yo Yo qo
> Shift-DR | p| Shift-IR
- 1 L 1
> EXit1-DR > Exit1-IR
+0 0 +0
Pause-DR Pause-IR
v 1y
o| Exit2-DR 0 Exit2-IR
v 1y
Update-DR | Update-IR | & |
1y +o 1y *o
< 6158 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 9. TAP Controller State Diagram

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

All state transitions withinthe TAP controller occur atthe rising edge of the
TCLK pulse. The TMS signal level (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-ResetAlltestlogicis disabledinthis controller state enablingthe
normal operationofthe IC. The TAP controller state machine is designedinsuch
away that, no matterwhatthe initial state ofthe controlleris, the Test-Logic-Reset
state canbe entered by holding TMS athigh and pulsing TCK five times. This
is the reason why the Test Reset (TRST) pin is optional.

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

Select-DR-Scan Thisis a controller state where the decision to enter the
Data Path orthe Select-IR-Scan state is made.

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

Capture-IR Inthis controller state, the shift register bankin the Instruction
Register parallelloads a pattern of fixed values on the rising 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 patterngets shifted on eachrising edge
of TCK. Theinstruction available onthe TDI pinis also shiftedintothe instruction
register.

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

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

Exit2-DR Thisisa controller state where adecision to enter either the Shift-
IR state or Update-IR state is made.

Update-IR Inthis controller state, the instructioninthe instruction registeris
latched into the latch bank of the Instruction Register on everyfalling edge of
TCK. Thisinstruction also becomesthe currentinstruction once itis latched.

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

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

The Instruction register allows aninstruction to be shiftedin serially into the
processor at the rising edge of TCLK.

The Instructionis used to select the test to be performed, or the test data
registertobe accessed, orboth. Theinstruction shifted intothe registeris latched
atthe completion of the shifting process whenthe TAP controlleris at Update-
IR state.

Theinstruction register must contain 4 bitinstruction register-based cells
whichcan holdinstruction data. These mandatory cells are located nearest the
serial outputsthey are the least significant bits.

TESTDATAREGISTER

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

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

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

Test Bypass Register

Theregisteris usedto allow test data to flow through the device from TDI
to TDO. Itcontainsasingle stage shiftregister foraminimumlengthin serial path.
Whenthe bypassregisteris 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 tothe BYPASS instruction.

The Boundary-Scan Register

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

The Device Identification Register

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

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

Forthe IDT72T54242/72T54252/72T54262, the Part Number field con-
tains the following values:

Device Part# Field
IDT72754242 4C5 (hex)
IDT72754252 4C6 (hex)
IDT72T54262 4C7 (hex)
31(MSB) 28 27 12 1 1 0(LSB)
Version (4 bits)  [Part Number (16-bit) | Manufacturer ID (11-bit)
0X0 00B3 (hex) 1

IDT72T54242/252/262 JTAG Device Identification Register

TEMPERATURE RANGES

JTAG INSTRUCTION REGISTER

The Instructionregister allowsinstruction to be serially inputinto the device
whenthe TAP controllerisin the Shift-IR state. The instruction is decoded to
performthe following:

o Selecttestdataregistersthat may operate while the instruction is
current. The othertest data registers should notinterfere with chip
operationandthe selected dataregister.

o Definetheserialtestdataregister paththatis usedtoshift data between
TDIand TDO during data register scanning.

The Instruction Register is a 4 bitfield (i.e. IR3, IR2, IR1, IR0) to decode

16 different possible instructions. Instructions are decoded as follows.

Hex | Instruction Function

Value

0000 | EXTEST Testexternal pins

0001 | SAMPLE/PRELOAD| Selectboundaryscanregister

0002 | IDCODE Selects chipidentification register

0003 | CLAMP Fix the output chains to scan chain values

0004 | HI-IMPEDANCE | Putsalloutputsin high-impedance state

0007 | OFFSET READ Read PAE/PAF offsetregister values

0008 | OFFSETWRITE | Write PAE/PAF offsetregistervalues

000F | BYPASS Selectbypassregister

Private Several combinations are private (for IDT

internal use). Do not use codes other than
those identified above.

JTAG Instruction Register Decoding

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

EXTEST

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

SAMPLE/PRELOAD

The required SAMPLE/PRELOAD instruction allows the ICtoremainina
normal functional mode and selects the boundary-scan registerto be connected
between TDIand TDO. During thisinstruction, the boundary-scan register can
be accessed viaadate scan operation, to take a sample of the functional data
enteringand leavingtheIC. Thisinstructionis also usedto preload testdatainto
the boundary-scan register before loading an EXTEST instruction.

IDCODE

The optional IDCODE instructionallows the ICtoremaininits functional mode
andselectsthe optional device identification register to be connected between
TDIland TDO. The device identificationregisteris a 32-hit shift register containing
information regarding the IC manufacturer, device type, and version code.
Accessingthe device identification register does notinterfere with the operation
oftheIC. Also, accesstothe deviceidentification register should beimmediately
available, viaa TAP data-scan operation, after power-up of the IC or after the
TAP has beenresetusingthe optional TRST pin or by otherwise moving tothe
Test-Logic-Reset state.
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CLAMP

The optional CLAMP instruction sets the outputs of an IC to logic levels
determined by the contents of the boundary-scan register and selects the one-
bitbypass register to be connected between TDland TDO. Before loading this
instruction, the contents of the boundary-scan register can be presetwith the
SAMPLE/PRELOAD instruction. During this instruction, data can be shifted
through the bypassrregister from TDI to TDO without affecting the condition of
the outputs.

HIGH-IMPEDANCE

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

TEMPERATURE RANGES

OFFSET READ

Thisinstructionis an alternative to serial reading the offset registers for the
PAE/PAF flags. When reading the offset registers through this instruction, the
dedicated serial programming signals must be disabled.

OFFSET WRITE

Thisinstructionisanalternative to serial programming the offset registers for
the PAE/PAF flags. Whenwriting the offset registers throughthisinstruction, the
dedicated serial programming signals must be disabled.

BYPASS

The required BYPASS instruction allows the IC to remain in a normal
functional mode and selects the one-bit bypass register to be connected
between TDI and TDO. The BYPASS instruction allows serial data to be
transferredthroughthe IC from TDIto TDO without affecting the operation of
thelC.

32 MARCH 22, 2005



IDT72T54242/72T54252/72T542622.5V QUAD/DUAL TeraSync™ DDR/SDR FIFO

COMMERCIAL ANDINDUSTRIAL

32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2 TEMPERATURERANGES
I tRS >
RS N 7[
|<—t,:{33—> <—{RSR |
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sren <F <
<— tRSS | HIGH = Quad mode
MD® LOW = Dual mode
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<= tRSS > HIGH = Synchronous PAE/PAF Timing
PFM® LOW = Asynchronous PAE/PAF Timing
4 tRSS > HIGH = Read/Write Double Data Rate
RDDR®),
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0/1/2/3 If FWFT = HIGH, IR = LOW
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NOTES:

~No oA, wWwN
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. OE can be toggled during master reset. During master reset, the high-impedance control of the Qn data outputs are provided by OE only.
. RCLK(s), WCLK(s) and SCLK(s) can be free running or idle.

. The state of these pins are latched when the master reset pulse is LOW.

. JTAG flag should not toggle during master reset.

. RCS and WCS can be HIGH or LOW until the first rising edge of RCLK after master reset is complete.
. If Dual mode is selected, only the signals designated with a "0" or "2" are used.

. If Dual mode is selected, outputs Q[19:10] and Q[39:30] are not used if outputs are configured to x10.

Figure 10 . Master Reset Timing
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<— {RSF —»|
PAF A
<— {RSF
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<4 {RSF
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Q[39:0]® Xi ———————————————————————————————————
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6158 drw16
NOTES:

1. This timing diagram shows the partial reset timing for a single FIFO. Each PRS is independent of the others.
2. During partial reset the high-impedance control of the Qn data outputs are provided by OE only, RCS can be HIGH or LOW until the first rising edge of RCLK after master reset.
3. If Dual mode is selected, outputs Q[19:10] and Q[39:30] are not used if outputs are configured to x10.

Figure 11. Partial Reset Timing
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«—— oLk —»|
tCLkKH1z—

K—\ NO WRITE tCLKL"h NO WRITE
WCLKO M% M\)N%
tskew] — tDsS—. — toH P DS 3 | ey O

D[9:0] X X XXX KX X XXX XXX Wx M Wi >kXX

twrr

e twrF ‘<—tWFF—> o (WFF L—>/_

N S S A S S

sy}
Q
[
A
o

tENS— | _——tENH tens — — tenn
ENO ‘L\ j‘
tENS
~
RCS0 > >
tA — tA ——>
Q[9:0] | DATA READ )k NEXT DATA READ
4—4 6158 drw17
tResLz—

NOTES:

1. The timing diagram shown is for FIFOO. FIFO1-3 exhibits the same behavior.

2. tskew1 is the minimum time between a rising RCLKO edge and a rising WCLKO edge to guarantee that FFO will go HIGH (after one WCLKO cycle plus twrF). If the time between
the rising edge of the RCLKO and the rising edge of the WCLKO is less than tskew1, then the FFO deassertion may be delayed one extra WCLKO cycle. (See Table 6 - Tskew
measurement).

3. OEO = LOW, and WCSO0 = LOW.

4. WCLKO must be free running for FFO to update.

5.[_MD W ow__| WDDR | RDDR_[FWFT/SI

1 D/C D/C 0 0 0

Figure 12. Write Cycle and Full Flag Timing (Quad mode, IDT Standard mode, SDR to SDR)
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tcLk
r=——tCLKH —— toLKL —
v _/
RCLKO _74—\—77‘ﬁ\—712ﬁL7 i

tENS T~ ~—tENH tENS — —tENH

ENS T Ll &7 tENH
RENO SS\LL J( NO OPERATION NO OPERATION {H%
tREF— Li tREF +—tREF
EFO ‘ ﬂ ﬂl&

B T A — <~ ta—*
Q[e:0] —,'M Wit | | W Wx =
s *tOHZ*‘ [+—toE +‘

2)
tskEwr

wewo N N A NN ST N
tENS -1 A EENH tENS— |~ tENH
WENO :_

[e—— tENS——>| te—— tENH —J{
WCSO0

tDs+e 5] toH tos— —1DH

D[9:0] K wx XK @

NOTES:

1. The timing diagram shown is for FIFOO. FIFO1-3 exhibits the same behavior. -

2. tskewt is the minimum time between a rising WCLKO edge and a rising RCLKO edge to guarantee that EFO will go HIGH (after one RCLKO cycle plus trer). If the time between
the rising edge of WCLKO and the rising edge of RCLKO is less than tskew1, then EF0 deassertion may be delayed one extra RCLKO cycle. (See Table 6 - Tskew measurement)..

6158 drw23

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

4. RCSO = LOW. .

5. RCLKO must be free running for EFO to update.

6.1 MD W ow WDDR | RDDR _|FWFT/SI
1 D/C D/C 0 0 0

Figure 18. Read Cycle, Output Enable and Empty Flag Timing (Quad mode, IDT Standard mode, SDR to SDR)
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IDT72T54242/72T54252/72T542622.5V QUAD/DUAL TeraSync™ DDR/SDR FIFO COMMERCIAL ANDINDUSTRIAL

32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2 TEMPERATURE RANGES

tcLk

fe—— tCLKH —»|a— tCLKL —»|
v J — 2
—7Zx ml

[H

tENS—

tENS — NS~ —tENH

r—tENH -~
RCS0 jt g’ ¥
+—IREF le— trer
EFO

tRCSHZ tRCSHZ

tA — —

ROSLZ— ‘_q trosiz e, nmy

Qe:0) ——— LAST DATA-1 - LASTDATA

le— tskEW12

wetko N N Nl NN T N
tENS—>|«—— tENH—>|
WENO
tDS —»«——1tDH
D[9:0] Dx

NOTES:

1. The timing diagram shown is for FIFOO. FIFO1-3 exhibit the same behavior. .

2. tskews is the minimum time between a rising WCLKO edge and a rising RCLKO edge to guarantee that EFO will go HIGH (after one RCLKO cycle plus trer). If the time between
the rising edge of WCLKO and the rising edge of RCLKO is less than tskews, then EFO deassertion may be delayed one extra RCLKO cycle.

6158 drw29

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

4. OEO = LOW. .

5. RCLKO must be free running for EFO to update.

6. _MD W oW WDDR_| RDDR__[FWFT/SI
1 D/C D/C 0 0 0

Figure 24. Read Cycle and Read Chip Select (Quad mode, IDT Standard mode, SDR to SDR)
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IDT72T54242/72T54252/72T54262 2.5V QUAD/DUAL TeraSync™ DDR/SDR FIFO COMMERCIAL ANDINDUSTRIAL

32K

WCLKO /7 \ NI

X 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2 TEMPERATURERANGES

tENS tENH
-, -

[#{DS»#{DH tDS#r#{DH»| 4 {DS - e{DHP|
019:0) XXX* i %W >k s X X XRXX XXX X XXX X XXX XXX XX XXX X XXX XXXX

~tSKEW1

RCLKO Ko N Ao N A A A A S
ERCLKO VRN NN VRN VRN VRN IV N4

tENS [ tENH
ENO

tRCsLz ot
/
Q[9:0] HIGH-Z ’\L Wn+1 Whn+2 Wn+3
<)
ORO q
1A 1A 1A
oP Whn Last Word ;ﬂ Wh+1 J( Whni+2 ;ﬂ Whn+3

Reg.

NOTE

< {ENS-P>|
So *

/lCLKEN ~1CLKEN /tCLKEN {CLKEN

—_ ¥ —L o

~ A A

tREF tREF

*jﬁ

6158 drw32

1. The timing diagram shown is for FIFOO0. FIFO1-3 exhibit the same behavior.

2. The OIP Register is the internal output register. Its contents are available on the Qn output bus only when RCS0 and OEO are both active, LOW, that is the bus is not in High-
Impedance state.

3. OEO is LOW.

Cycle:

a&b.
c.

d.
e.

i.
4. OEl

At this point the FIFO is empty, OR0 is HIGH.

RCS0 and RENO are hoth disabled, the output bus is High-Impedance.

Word Wn+1 falls through to the output register, ORO goes active, LOW.

RCS0 is HIGH, therefore the Qn outputs are High-Impedance. ERENO goes LOW to indicate that a new word has been placed on the output register.

ERENO goes HIGH, no new word has been placed on the output register on this cycle.

No Operation.

RCS0 is LOW on this cycle, therefore the Qn outputs go to Low-Impedance and the contents of the output register (Wn+1) are made available.

NOTE: In FWFT mode is important to take RCSO active LOW at least one cycle ahead of RENO, this ensures the word (Wn+1) currently in the output register is made
available for at least one cycle.

RENO goes active LOW, this reads out the second word, Wn+2.

ERENO goes active LOW to indicate a new word has been placed into the output register.

Word Wn+3 is read out, ERENO remains active, LOW indicating a new word has been read out.

NOTE: Wn+3 is the last word in the FIFO.

This is the next enabled read after the last word, Wn+3 has been read out. OR0 flag goes HIGH and ERENO goes HIGH to indicate that there is no new word available.
0 is LOW, WDDR = LOW, and RDDR = LOW.

Figure 27. Echo RCLK and Echo Read Enable Operation (Quad mode, FWFT mode, SDR to SDR)

50 MARCH 22, 2005



IDT72T54242/72T54252/72T54262 2.5V QUAD/DUAL TeraSync™ DDR/SDR FIFO COMMERCIAL ANDINDUSTRIAL

32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2 TEMPERATURE RANGES

RCLKO L‘_\_/-x-w%‘_\_f_\_/_
+—— tERCLK —]
ERCLKO u Uwuum
tENS
«— tENH Al
RENO
«tENS >
RCSO
CLKEN tCLKEN tCLKEN
~ ~ e
ERENO
tREF
4L>
EFo 51(
zct)ALz A +—tA +—tA la—tA —»|
Q[9:0] WD-1 WD Last Word

6158 drw33

NOTES:

1. The timing diagram shown is for FIFOO0. FIFO1-3 exhibit the same behavior.

2. The ERENO output is LOW if RCS0 and RENO are LOW on the rising RCLKO edge provided that the FIFO is not empty. If the FIFO is empty, ERENO will go HIGH to indicate that
there is no new word available.

3. The ERENO output is synchronous to RCLKO.

4. OE0 = LOW.

5 [_MD W ow WDDR | RDDR _|FWET/SI
1 DIC DIC 0 0 0

Figure 28. Echo Read Clock and Read Enable Operation (Quad mode, IDT Standard mode, SDR to SDR)
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IDT72T54242/72T54252/72T542622.5V QUAD/DUAL TeraSync™ DDR/SDR FIFO COMMERCIAL ANDINDUSTRIAL

32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2 TEMPERATURE RANGES

tENS—, | ,—tEnH
WENO
[— tPAFS [— tPAFS
PAF0 D - (m0 +1) words in FIFO® 4;1( D - m0 words in FIFO® D-(m0+1) words

in FIFO®
tSKEWS(q

'(ENS\ Y tENH

7l( / 6158 drw36

NOTES:

1. The timing diagram shown is for FIFOO0. FIFO1-3 exhibit the same behavior.

2. m0 = PAFO offset .

2. D = maximum FIFO depth. For density of FIFO with bus-matching, refer to the bus-matching section on page 19.

4. tskews is the minimum time between a rising RCLKO edge and a rising WCLKO edge to guarantee that PAFO will go HIGH (after one WCLKO cycle plus trars). If the time
between the rising edge of RCLKO and the rising edge of WCLKO is less than tskewz, then the PAFO deassertion time may be delayed one extra WCLKO cycle.

5. PAFO is asserted and updated on the rising edge of WCLKO only.
6. RCSO = LOW, and WCS0 = LOW.
7.1 _MD W ow WDDR | RDDR PFM

1 DIC D/C 0 0 1

Figure 31. Synchronous Programmable Almost-Full Flag Timing (Quad mode, IDT Standard and FWFT mode, SDR to SDR)

| tCLKH 3>l tCLKL -]
WCLKO NN AN AN N N

tENS—, | —tENH
-

ENO
n0 words in FIFO(S), @ n0 words in FIFO',
PAEO no + 1 \{vords in FIFO' n0 + 1 words in FIFO®, n0 + 1 words in FIFO
‘ tPAES—, n0 + 2 words in FIFO" tPAES——
RCLKO 2
RENO 6158 drw37
NOTES:
1. The timing diagram shown is for FIFO0. FIFO1-3 exhibit the same behavior.
2. n0 = PAEQ offset.
3. For IDT Standard mode
4. For FWFT mode. _
5. tskews is the minimum time between a rising WCLKO edge and a rising RCLKO edge to guarantee that PAEO will go HIGH (after one RCLKO cycle plus trags). If the time between
the rising edge of WCLKO and the rising edge of RCLKO is less than tskews, then the PAEO deassertion may be delayed one extra RCLKO cycle.
6. PAEO is asserted and updated on the rising edge of RCLKO only.
7. RCSO = LOW, and WCS0 = LOW.
8. _MD w ow WDDR_| RDDR PEM
1 D/IC D/C 0 0 1

Figure 32. Synchronous Programmable Almost-Empty Flag Timing (Quad mode, IDT Standard and FWFT mode, SDR to SDR)
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IDT72T54242/72T54252/72T54262 2.5V QUAD/DUAL TeraSync™ DDR/SDR FIFO COMMERCIAL ANDINDUSTRIAL

32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2 TEMPERATURERANGES

4— tCLKH—P4— tCLKL—P|
WCLKO /_\M

tENS\ —tENH

o NN

—— tPAFA—P
PAFO D - (mO + 1) words in FIFO D -.m'(:)l\'l:vgrds D - (mO + 1) words
n in FIFO
4——tPAFA
ACLKO m/_\ﬂ
tENS
A
ENO \\

6158 drw38

NOTES:

1. The timing diagram shown is for FIFOO0. FIFO1-3 exhibit the same behavior.

2. m0 = PAFO offset.

3. D = maximum FIFO depth. For density of FIFO with bus-matching, refer to the bus-matching section on page 19.
4. PAFO is asserted to LOW on WCLKO transition and reset to HIGH on RCLKO transition.

5. RCSO = LOW, and WCS0 = LOW.

6.1 MD W ow WDDR | RDDR PFM
1 D/C D/C 0 0 0

Figure 33. Asynchronous Programmable Almost-Full Flag Timing (Quad mode, IDT Standard and FWFT mode, SDR to SDR)

€— tCLKH—P 14— tCLKL—P
WCLKO /_\M
tENS tENH
\I ) /&<
WENO \\ //
) 4—— tPAEA : (3)
BAEO n0 words in FIFO®), 70 + 1 words in FIFO®), n0 words in .FIFO (,4)
n0 + 1 words in FIFO*) n 0+ 2 words in FIFO® n0 + 1 words in FIFO
[ ——1tPAEA—p
RCLKO mm
tENS
PN
RENO \\
6158 drw39
NOTES:
1. The timing diagram shown is for FIFOO0. FIFO1-3 exhibit the same behavior.
2. n0 = PAEO offset.
3. For IDT Standard Mode.
4. For FWFT Mode.
5. PAEO is asserted LOW on RCLKO transition and reset to HIGH on WCLKO transition.
6. RCSO = LOW, and WCS0 = LOW.
7.[_MD W oW WDDR_| RDDR PEM
1 D/C D/C 0 0 0

Figure 34. Asynchronous Programmable Almost-Empty Flag Timing (Quad mode, IDT Standard and FWFT mode, SDR to SDR)
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IDT72T54242/72T54252/72T542622.5V QUAD/DUAL TeraSync™ DDR/SDR FIFO COMMERCIAL ANDINDUSTRIAL
32K x 10 x 4/16K x 20 x 2, 64K x 10 x 4/32K x 20 x 2 and 128K x 10 x 4/64K x 20 x 2 TEMPERATURE RANGES

—_— 3 1 S—y | 3
! ADH ,tosi } !

tos DH tos ' ADH DS
! = ‘
D[39:0] WD10 ; WD11 ;< M: ; WD13
1ns
(1)
RCLK — 7 N/ . N _f1 2 3 4 s T N =
3 1 1
_ i i g !
EN ; % -
i
i I I
tA D ta P tA ~tPDHZ ~tpDLZ® P tA

< e . s
Q[39:0] WD:;1< WD2 WD3 J( WD4 ‘51 Hi-z LP g 2 WoH WDS
J [

t¢————— tPDH® —p!
|e— tPDH® —»‘
55

— tPDL———p]

Fo 5

/tERCLK
Hi-Z
ERCLK M ! SV—U

tEREN tEREN
2y <>

EREN jﬁ Hi-z S5

6158 drw40

NOTES:
1. All read and write operations must have ceased a minimum of 4 WCLK and 4 RCLK cycles before power down is asserted. REN and WEN must be held HIGH during this interval.
2. When the PD input becomes deasserted, there will be a 1us waiting period before read and write operations can resume.
All input and output signals will also resume after this time period.
. Setup and configuration static inputs are not affected during power down.
. Serial programming and JTAG programming port are inactive during power down.
. RCS = 0, WCS = 0 and OE = 0. These signals can toggle during and after power down.
. All flags remain active and maintain their current states.
. During power down, all outputs will be in high-impedance.

~N o o W

Figure 35. Power Down Operation

55 MARCH 22, 2005



IDT XXXXX X XX X X
- Process /
D T P Speed Pack
evice Type ower pee ackage Temperature
Range
BLANK Commerecial (0°C to +70°C)
1M Industrial (-40°C to +85°C)
IBB Plastic Ball Grid Array (PBGA, BB324-1)
|5 Commercial Only Clock Cycle Time (tcLk)
|6-7 Commercial and Industrial [ Speed in Nanoseconds
L Low Power

72754242 32,768 x 10 x 4/32,768 x 10 x 2— 2.5V Quad/Dual TeraSync™ DDR/SDR FIFO
72754252 65,536 x 10 x 4/65,536 x 10 x 2 — 2.5V Quad/Dual TeraSync™ DDR/SDR FIFO
72T54262 131,072 x 10 x 4/131,072 x 10 x 2— 2.5V Quad/Dual TeraSync™ DDR/SDR FIFO

6168 drwa1

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

DATASHEET DOCUMENT HISTORY

12/01/2003 pgs. 1,6, 13,27, and 30.
03/22/2005 pgs. 1,4,7,12-15and 56.
CORPORATE HEADQUARTERS for SALES: for Tech Support:
‘ I DT 6024 Silver Creek Valley Road 800-345-7015 or 408-284-8200 408-360-1753
™ San Jose, CA 95138 fax: 408-284-2775 email: FIFOhelp@idt.com

www.idt.com



