2.5VSEQUENTIAL FLOW-CONTROL DEVICE
36 BIT WIDE CONFIGURATION
® For use with 128Mb to 256Mb DDR SDRAM IDT72T6360

FEATURES * |DT Standard mode or FWFT mode of operation

* Product to be used with single or multiple external DDR SDRAM | * Empty and full flags for monitoring memory status
to provide significant storage capability of up to 1Gb density * Programmable Almost-Empty and Almost-Full flags, each flag
* 166MHz operation (6ns read/write cycle time) can default to one of four preselected offsets or serially

* User selectable input and output port bus-sizing programmed to a specific value o
- X36in to x360ut * Selectable synchronous/asynchronous timing modes for

Almost-Empty and Almost-Full flags

- x36in to x18out .
- x36in to x9out ° Mas?er Reset clears all data and s.ettlngs .

- x18in to x360ut o Partial Reset clears c.iata, bu? retalns. programmabllg settings
-x18in to x18out o Depth expandable with multiple devices for densities greater

- X18in to x9out thlan 1Gb . . . .

- x9in to x360ut o Width exr?andable with multiple devices for bus widths greater
- x9in to x18out than 36 blts. .

-x9in to x9out JTAG functionality (Boundary Scan)

Available in a 324-pin PBGA, 1mm pitch, 19mm x 19mm
HIGH performance 0.18um CMOS technology

Industrial temperature range (-40°C to +85°C) is available
Supports industry standard DDR specifications, including
Samsung, Micron, and Infineon memories

For other bus configurations see IDT72T6480 (x12, x24, or x48)
2.5V-LVTTL or 3.3V-LVTTL configured ports

Independent and simultaneous read and write access

User selectable synchronous/asynchronous read and write
port timing
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9, x18,x36 BIT WIDE CONFIGURATION

DESCRIPTION

The IDT72T6360 sequential flow-control device is a device incorporating
a seamless connection to external DDR SDRAM for significant storage
capacity supporting high-speed applications. Both read and write ports of the
sequential flow-control can operate independently at up to 166MHz. There
isauserselectable correction feature that will correctany erroneous single
data bit when reading from the SDRAM.

Theindependentread and write ports each has associated read and write
clocks, enables, and chip selects. Both ports can operate either synchro-
nously orasynchronously. Other features include bus-matching, program-
mable status flags with selectable synchronous/asynchronous timingmodes,
IDT Standard or FWFT mode timing, and JTAG boundary scan functionality.

The bus-matching feature will allow the inputs and outputs to be configured
to x36, x18, or x9 bus width. There are four default offset values available

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

for the programmable flags (PAE/PAF), as well as the option of serially
programming the offsets to a specific value.

The device packageis 19mmx 19mm 324-pin PBGA. It operatesata 2.5V
corevoltage with selectable 2.5V or 3.3V 1/Os. The I/Qinterface tothe SDRAM
willbe 2.5V SSTL_2 only and not 3.3V tolerant. Bothindustrial and commercial
temperature ranges will be offered.

The sequential flow-control device controls individual DDR SDRAM of either
128Mb or256Mb. The device will supportindustry standard DDR specification
memories (note DDR Il is not supported), which include vendors such as
Samsung, Micron, and Infineon. The data bus connectedtothe DDR SDRAM
can be 16-bit, 32-bit, or 64-bits wide. The sequential flow-control device can
independently control up to four separate external memories fora maximum of
density of 1Gb (128MB). Depth expansion mode is available for applications
that require more than 1Gb of storage memory.
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x9,x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
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Figure 1. Sequential Flow-Control Device Block Diagram
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PIN CONFIGURATION
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NOTE:

PBGA (BB324-1, order code: BB)

Do Not Connect.
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FEBRUARY 10,2009



IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE COMMERCIALANDINDUSTRIAL

x9,x18,x36 BIT WIDE CONFIGURATION TEMPERATURE RANGES
PINDESCRIPTIONS
Symbol Pin No. Name /OTYPE Description
Location
READ PORT INTERFACE
ASYR® V6 Asynchronous INPUT | AHIGH on this input during master reset will select synchronous read operation for the
Read Port 3.3Vor |outputport. ALOW will selectasynchronous operation. Ifasynchronousis selected the
2.5V LVTTL [ device must operate in IDT Standard mode and the read enable must be tied to GND.
EF/OR Vi3 | EmptyFlag/ OUTPUT [ InIDT Standard mode, the EF function is selected. EF indicates whether or not the device
Output Ready 3.3Vor [ memoryisempty. InFWFT mode, the OR function is selected. ORindicates whether or not
2.5V LVTTL [thereisvalid data available atthe outputs.
OE ui12 OutputEnable INPUT | Asynchronous three-state control of the data outputs. All data outputs Q[35:0] will be placed

3.3Vor [inhigh-impedance ifthis pinis HIGH. Conversely, all data outputs will be active when this
2.5V LVTTL | pinisLOW.

PAE U13 Programmable OUTPUT | Thisisthe programmable almost empty flag that can be used as an early indicator for the
AlmostEmpty Flag 3.3Vor | emptyboundary condition of the internal memory. PAE goes LOW ifthe number of words
2.5V LVTTL [inthe sequential flow-control device is lessthan offsetn, whichis storedin the empty offset
register. PAE goes HIGH if the number of words in the sequential flow-control device is
greaterthan orequal to the offsetn.

Q[35:0] SeePin | DataOutputBus OUTPUT | Data outputs for a 36, 18, and 9-bit bus.

No.table 3.3Vor
2.5V LVTTL
RCLK/ V9 Read Clock/ INPUT [ Thisis adual function pin. If synchronous operation of the read portis selected, the rising
RD Read Strobe 3.3Vor |edgeof RCLK reads data from the sequential flow-control device when REN is enabled.

2.5V LVTTL [ Ifasynchronous operation of the read port is selected, a rising edge on RD reads data
fromthe sequential flow-control device without the need of a free-runninginput read clock.

RCS V12 Read Chip Select INPUT | Synchronous three-state control of the data outputs. Provides another means of controlling
3.3Vor |thedataoutputs synchronous to RCLK. Can be regarded as a second output enable
2.5V LVTTL | signal.

REN V10 Read Enable INPUT | REN enables RCLK for reading data from the sequential flow-control device. If
3.3Vor |asynchronous mode is selected onthe read port, this signal should be tied to GND.
2.5V LVTTL
SREN V11 Serial Read Enable | INPUT | When SREN is brought LOW before the rising edge of SCLK, the contents of the PAE and

3.3Vor | PAF offsetregisters are copiedtoaserial shift register. While SREN is maintained LOW, on
2.5V LVTTL [ eachrisingedge of SCLK, one bit of data is shifted out of this serial shift register through the
SO output pin used only when JSEL = 0.

WRITE PORT INTERFACE
ASYW() T6 Asynchronous INPUT | AHIGH on this input during master reset will select synchronous write operation for the
Write Port 3.3Vor |inputport. ALOW will selectasynchronous operation. Ifasynchronous is selected the
2.5V LVTTL | device must operate in IDT Standard mode and the write enable must be tied to GND.
D[35:0] SeePin | Datalnputs INPUT | Datainputs fora 36, 18, and 9-bit bus.
No.table 3.3Vor
2.5V LVTTL
FF/R R12 Full Flag/ OUTPUT | InIDT Standard mode, theﬁfunc@n is selected. FF indicates whether or not the device
Input Ready 3.3Vor | memoryisfull. InFWFT mode, the IR functionis selected. IR indicates whether or not there
2.5V LVTTL | is space available for writing to the device memory.
PAF T12 Programmable OUTPUT | Thisisthe programmable almostfull flag that can be used as an early indicator for the full
AlmostFull Flag 3.3Vor | boundary condition of the internal memory. PAF goes HIGH if the number of free locations
2.5V LVTTL | inthe sequential flow-control device is more than offset m, which is stored in the full offset
register. PAF goes LOW ifthe number of free locations in the sequential flow-control device
islessthan orequal to the offsetm.
SWEN T Serial Write Enable INPUT | On each rising edge of SCLK when SWEN is LOW, data from the S| pinis serially loaded
3.3Vor |intothe PAE and PAF registers used only when JSEL =0.
2.5V LVTTL

7 FEBRUARY 10,2009
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PIN DESCRIPTIONS (Continued)

Symbol Pin No. Name VOTYPE Description
Location
WRITE PORT INTERFACE (Continued)
WCLK/WR V8 Write Clock/ INPUT [ Thisisadual function pin. If synchronous operation of the write port is selected, the rising
Write Strobe 3.3Vor | edge of WCLK writes datainto the sequential flow-control device when WEN is enabled.
2.5V LVTTL | Ifasynchronous operation of the write portis selected, a rising edge on WR writes data into
the sequential flow-control device without the need of a free-running input write clock.
WCS T7 Write Chip Select INPUT | Synchronous three-state control of the datainputs. Provides ameans of controlling the
3.3Vor | datainputssynchronousto WCLK. Typically used to avoid bus-contention when multiple
2.5V LVTTL | devices are sharing the same input data bus.
WEN V7 Write Enable INPUT | WEN enables WCLK forwriting data into the sequential flow-control device. If
3.3Vor | asynchronous mode s selected onthe write port, this signal should be tied to GND.
2.5V LVTTL
MEMORY INTERFACE
A[12:0] See Pin [ Memory Address OUTPUT | Outputaddress bus to be connected to the input address bus of the external memory to
No.table |Bus SSTL_2 | provide row and column address.
BA[1:0] BA1-B11 | MemoryBank OUTPUT | Addressbits to be connected to the externalmemory's BA inputs to determine which bank
BA0-C11 | Address Input Bit SSTL_2 | anACTIVE, READ, WRITE, or PRECHARGE command is being applied.
CK C7 Memory Clock OUTPUT | Clockoutputtobe connected tothe externalmemory's input clock.
SSTL_2
CK A7 Memory Clock OUTPUT | Differential clock outputto be connected to the external memory's differential input clock.
Inverted SSTL_2
CAS D12 | MemoryColumn OUTPUT | Outputenable signal to be connected to the external memory's CAS pinto activate and
Address Strobe SSTL_2 | deactivatethe columnaddress strobe.
DQ[63:0] | SeePin [MemoryDataBus |Bi-Directional | Input/outputdata bus forthe externalmemory's data bus.
No. table SSTL_2
DQS[7:0] | SeePin | MemoryData Bi-Directional | Input/output data strobe to be connectedto the external memory's data strobe.
No. table | Strobe SSTL_2
RAS A12 | Memory Row OUTPUT | Outputstrobe signal to be connected to the external memory's RAS pinto activate and
Address Strobe SSTL_2 | deactivate the row address strobe.
WE At1 Memory Write OUTPUT | Outputstrobe signalto be connected to the external memory's WE pinto activate and
Enable SSTL_2 | deactivatethe write address strobe.
CONTROL AND FEATURE INTERFACE
BM[3:0]" | SeePin | Bus-MatchingBit INPUT | Selects the bus width of the read and write ports.
No.table 3.3Vor
2.5V LVTTL
FSEL[1:0]"| FSEL1-P6 | FlagSelectBit INPUT [ Duringmaster reset, these inputs will select one of four default values for the programmable
FSELO-R6 3.3Vor |flags PAE and PAF. The selected value will apply to both PAE and PAF offset.
2.5V LVTTL
FWFT® uz FirstWord Fall INPUT | Duringmaster reset, a HIGH on this input selects FWFT timing mode. ALOW selects IDT
Through 3.3Vor | Standardtimingmode.
2.5V LVTTL
IDEM® R7 IDT StandardMode|  INPUT | This select pin is used for depth expansion configuration in IDT Standard mode. If this pin
Depth Expansion 3.3Vor is tied HIGH, then the FF/IR signal will be inverted to provide a seamless depth
Mode Select 2.5V LVTTL | expansioninterface. If depth expansionin FWFT mode is desired, this pin should be
tied to GND. If no depth expansion is used, this pin should be tied to GND.
IOSEL™ P7 I/OVbDQ Select INPUT | Thisinput determines whetherthe inputs and outputs will tolerate a2.5V or 3.3V voltage
3.3Vor |signals. IfIOSELis HIGH, thenall I/Os will be 2.5V tolerant. If IOSEL is LOW, then all I/Os
2.5V LVTTL | willbe 3.3Vtolerant. Seetable 15, foralist of affected I/O signals.
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE COMMERCIALANDINDUSTRIAL
x9,x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES

PIN DESCRIPTIONS (Continued)

Symbol Pin No. Name VOTYPE Description
Location
CONTROL AND FEATURE INTERFACE (Continued)
JSEL® P11 JTAG Select INPUT | This pin selects whetherthe JTAG pins will be used for serial programming. If JSSEL is

3.3Vor [ HIGH,the JTAG pins will only be used for JTAG boundary-scan function. If JSEL is LOW,
2.5V LVTTL | the JTAG function s disabled and the JTAG pins will be used for serial programming of the
PAE/PAF offsetregisters.

MIC[2:0]" [ MIC2-U10 |Memory INPUT | Thesesignals enable the EDC feature of the device. See Table 8, MIC[2:0] Configurations
MIC1-R10 |Configuration 3.3Vor | fordetails.
MIC0-P10 2.5V LVTTL
MCLK H1 Master Clock INPUT | 33MHz reference clock used to generate CK and CK for external memory interface.
3.3Vor
2.5V LVTTL
MRS V5 Master Reset INPUT Master resetinitializes the read and write pointers to zero and sets the output register to all
3.3Vor | zeros. Allinitialized settings for the device will be configured during master reset.
2.5V LVTTL
MSPEED"[ T8 Memory Speed INPUT | Thisinputselectthe speed ofthe externalmemory interfacing the sequential flow-control
3.3Vor [ device. ALOW selects 133MHz, and HIGH selects 166MHz.
2.5V LVTTL
MTYPE®™ | MTYPE1-U8 | Memory Type INPUT | Theseinputs selectwhichtype of external memory isinterfacing the sequential flow-control
[1:0] MTYPEO-R8 | [1:0] 3.3Vor | device.See Table 14 forthe list of selectable memories.
2.5V LVTTL
PRS ué Partial Reset INPUT Partial resetinitializes the read and write pointers to zero and sets the output registerstoall

3.3Vor | zeros.Allexisting configurationsin the sequential flow-control device willnot be affected.
2.5V LVTTL | Thisincludes the IDT Standard or FWFT mode timing, programmable flag settings, and
bus width and data rate mode.

TCK/ ut1 JTAG Clock/ INPUT | Thisisadualfunctionpin. Whenthe JSEL pinisHIGH, thisis the clockinput for JTAG boundary-
SCLK Serial Clock 3.3Vor | scanfunction.One offourterminals required by IEEE Standard 1149.1-1990. Test operations
2.5V LVTTL | ofthe device are synchronousto TCK. Datafrom TMS and TDl are sampled on the rising edge
of TCK and outputs change on the falling edge of TCK.

When the JSEL pinis LOW, this is the serial clock input for writing and reading the PAE/PAF
offsetregisters. Onthe rising edge of every SCLK when SWEN is LOW, one bit of data from
the S pinis shiftedintothe PAE and PAF offset registers. On therising edge of each SCLK when
SREN s LOW, one bitof data fromthe SO pinis shifted out of the PAE and PAF offset registers.
Ifthe JTAG or serial programming is not used this signal needs to be tied to GND.

TDI/SI R11 JTAG TestData INPUT | Thisisadualfunctionpin. Whenthe JSEL pinis HIGH, thisis the JTAG testdatainput pin. One
Input/ Serial Input 3.3Vor | offourterminals required by IEEE Standard 1149.1-1990. During the JTAG boundary scan
2.5V LVTTL | operation, test data serially loaded via the TDI on the rising edge of TCK to the Instruction
Register, ID Register and Bypass Register.

When the JSEL pinis LOW, this is the serial input pin forthe PAE/PAF offset registers. An
internal pull-up resistor forces TDI/SIHIGH if left unconnected.

TDO/SO P12 JTAG TestData OUTPUT | Thisisadual function pin. When the JSEL pinis HIGH, thisis the JTAG test data output pin.
Output/SerialOutput| 3.3V or | One of four terminals required by IEEE Standard 1149.1-1990. During the JTAG boundary
2.5V LVTTL | scan operation, test data serially loaded output via the TDO on the falling edge of TCK from
eitherthe Instruction Register, ID Registerand Bypass Register. This outputis high-impedance
except when shifting, while in SHIFT-DR and SHIFT-IR controller states.

Whenthe JSEL pinis LOW, thisis the serial data output pin forthe PAE/PAF offsetregisters.

™S T10 JTAG Mode Select INPUT | TMSisaserialinputpin. One of fourterminals required by IEEE Standard 1149.1-1990. TMS
3.3Vor | directsthedevicethroughits TAP controller states. Aninternal pull-up resistorforces TMSHIGH
2.5V LVTTL | ifleftunconnected.

NOTE: 1. These pins should not change after master reset.

Please see next page for Power & Ground pins and Pin Number Location Table.
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE

x9, x18,x36 BIT WIDE CONFIGURATION

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

PIN DESCRIPTIONS (Continued)

Symbol Pin No. Name /OTYPE Description
Location
POWER AND GROUND SIGNALS
Vce SeePin  [Core Vcc and Power | The core power supply pins for the device as well as to the external DDR SDRAM.
No.table |Outputvoltage Needs to be connected to a +2.5V Vcc power plane.
for DDR SDRAM
AvVcc B7,D7 Internal PLL Vcc Power The power supply pins for the internal PLL of the device. Needs to be connectedto a
+2.5V supply rail.
\VbbQ SeePin  [Outputrailvoltage Power | This pinis used to provide power to the output drivers. The nominal values are 2.5V or
No.table [forl/Os 3.3V, depending on the state of the IOSEL pin.
VREF D16 Reference Voltage Power | Thisisavoltage reference input to the SDRAM and must be connected to Vccre.
GND SeePintable | Ground Pin Ground | The ground pins for the device that must be connected to the ground plane.
AGND E6,E7 | Ground pinfor Ground | The ground pins for the analog circuitry in the device that must be connected to the ground
analogcircuit plane.

PINNUMBER LOCATION TABLE

Symbol Name I/OTYPE Pin Number
A[12:0] | MemoryAddressBus | OUTPUT |A12-D11, A11-C10, A10-B10, A9-A10, A8-D10, A7-D9, A6-C9, A5-A9, A4-B9, A3-D8, A2-C8, A1-A8,
SSTL 2 [A0-B8
BM[3:0] | Bus-Matching INPUT | BM3-P9, BM2-R9, BM1-T9, BM0-U9
3.3Vor
2.5V LVTTL
D[35:0] | Datalnputs INPUT | D35-R2, D34-R1, D33-R3, D32-P2, D31-P1, D30-P3, D29-P4, D28-P5, D27-N2, D26-N1, D25-N3,
3.3Vor |D24-N4, D23-N5, D22-M2, D21-M1, D20-M3, D19-M4, D18-M5, D17-L2, D16-L1, D15-L3, D14-L4,
2.5V LVTTL | D13-L5,D12-K2,D11-K1,D10-K3, D9-K4, D8-K5, D7-J5, D6-J4, D5-J3, D4-J1, D3-J2, D2-H5,D1-H4,
DO0-H3
DQ[63:0]| Memory Data Bus Bi-Directional | DQ63-H17, DQ62-G15, DQ61-G16, DQ60-G18, DQ59-F14, DQ58-F15, DQ57-F18, DQ56-F17,
SSTL_2 | DQ55-F16, DQ54-E15, DQ53-E18, DQ52-E17, DQ51-D17, DQ50-C18, DQ49-C17, DQ48-E16,
DQ47-C15, DQ46-D15, DQ45-C16, DQ44-B15, DQ43-D14, DQ42-E14, DQ41-C14, DQ40-A16,
DQ39-B14, DQ38-A15, DQ37-C13, DQ36-A14, DQ35-A13, DQ34-C12, DQ33-D13, DQ32-B12,
DQ31-H2, DQ30-G5, DQ29-G4, DQ28-G3, DQ27-G2, DQ26-F5, DQ25-F4, DQ24-F3, DQ23-F1,
DQ22-F2, DQ21-E5, DQ20-E4, DQ19-E1, DQ18-E2, DQ17-D3, DQ16-D1, DQ15-D2, DQ14-CH,
DQ13-C2, DQ12-C4, DQ11-C3, DQ10-A3, DQ9-B4, DQ8-A4, DQ7-D4, DQ6-C5, DQ5-B5, DQ4-A5,
DQ3-C6, DQ2-B6, DQ1-A6, DQO-DS,
DQS[7:0]| Memory Data Strobe | Bi-Directional | DQS7-G17, DQS6-D18, DQS5-B16, DQS4-B13, DQS3-G1, DQS2-E3, DQS1-B3, DQS0-D5
SSTL 2
Q[35:0] | DataOutputBus Output | Q35-T15,Q34-R15,Q33-P15,Q32-P14,Q31-P16,Q30-R16,Q29-N15,Q28-M15,Q27-T17,Q26-R17,
3.3Vor [Q25-P17,Q24-T18,Q23-N14, Q22-R18, Q21-P18, Q20-N17, Q19-N16, Q18-N18, Q17-M18,
2.5V LVTTL | Q16-M17,Q15-M16, Q14-L18, Q13-L15, Q12-K16,Q11- L16, Q10-L17, Q9-K18, Q8-K17, Q7-K15,
Q6-J15, Q5-J16, Q4-J18, Q3-J17,Q2-H15, Q1-H16, Q0-H18
Vce Core Vce & Output Power [ E(8-13), F(6-13), G(6,7,12-14), H6, J6, K6, L(6,7), M(6-8), N(6-11), R(4,5), T(1-5), U(3-5), V(3,4)
voltage for DDR SDRAM
\/bba Outputrail voltage for Power | H(13,14), J(13,14), K(13,14), L(13,14), M(12-14), N(12,13)
I/Os
GND Ground Pin Ground | A(1,2,17,18), B(1,2,17,18), G(8-11), H(7-12), J(7-12), K(7-12), L(8-12), M(9-11), P8, U(1,2,17,18),
V(1,2,17,18)
DNC Do Not Connect — P13, R(13,14), T(13,14,16), U(14-16), V(14-16)
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9,x18,x36 BIT WIDE CONFIGURATION

DETAILED DESCRIPTIONS

SEQUENTIAL FLOW-CONTROL STRUCTURE

The IDT sequential flow-control (SFC) device is comprised of three inter-
faces:inputport, output port,and memory interface. Theinputand outputport
canoperate independently of each other with selectable bus widths ofx9, x18,
orx36 bitswide. Thethirdinterface, ormemoryinterface, is connected directly
to an external memory, which can be used to offload data entering the SFC
device.

WRITING AND READING FROM THE SEQUENTIAL FLOW-CONTROL
DEVICE

Writingintothe SFC deviceis accomplished by setting the write enable signal
(WEN) and write chip select (WCS) low with a free running write clock (WCLK).
Data will be written on the rising edge of every WCLK into the Quad-Port (QP)
cacheofthe SFC device. Theinternal state machine ofthe device will determine
whetherto sendthe datatothe DDR SDRAM or senditdirectly through to the
outputbus, dependingonwhenthe dataistobe accessed. This provides “data
coherency” and minimizes the path that the data hastotravel.

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

Reading from the SFC device is accomplished by setting the read enable
signal (REN) and read chip select (RCS) low with a free running read clock
(RCLK). Data will be senttothe outputbus onthe rising edge of every RCLK.
This data will be accessed either from the QP cache or the external DDR
SDRAM.

EXTERNAL MEMORY SELECTION

The DDR SDRAM interface of the SFC device can support DDR SDRAM
with standard DDR | specifications. The SFC device can supportany external
memory withinthe following characteristics:

« Bus width: 16-bit or 32-bit wide
o Speed: 133MHz or 166MHz
« Density: 128Mb or 256Mb

Table 1liststhe DDR SDRAMminimum specificationsthatare requiredtomeet
the sequential flow-control device requirements. Table 2 lists the memory
vendors and associated part numbers of DDR SDRAMSs that have been
validated by IDT to meet the requirements for the DDR SDRAM interface.

TABLE 1 - DDR SDRAM MINIMUM SPECIFICATIONS

DDR SDRAM Minimum Specifications
Symbol Parameter 16-bit DDR 32-bit DDR Units
SDRAM SDRAM
tcK CL=25 | Clockcycletime 6 n/a ns
CL=3.0 n/a 6
tRFC Auto refresh command period 75 63 ns
tRCD Active to read/write delay 20 n/a ns
tRP Precharge comman period 20 18 ns
twR Write recoverytime 15 1.5 ns
tRCDRD Active to read delay n/a 18 ns
tRCDWR Active to write delay nfa 9 ns
NOTE:

1. These are the minimum specifications that the DDR SDRAM must meet.

TABLE 2 -SUPPORTED MEMORY VENDORS

Density Bus Width Vendor Parti

128Mb 32 Samsung K4D263238"X"-GC45

256Mb 16 Samsung K4H561638"X"-TCLB3
K4H561638"X"-GCLB3

256Mb 16 Micron MT46V16M16TG-6T
MT46V16M16TG-75

256Mb 16 Infineon HYB25D256160BTL-6
HYB25D256160BTL-7

256Mb 32 Samsung K4D553238"X"-JC50

NOTES:

1. The part numbers listed above include packages that are recommended and validated by IDT.
Other packages (such as lead free PCB, FBGA, etc.) may also be used but have not been

validated by IDT.

2. The letter "X" for Samsung memory part numbers denotes the latest die revision for that particular

device. Check with Samsung for the latest updated part number.
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9, x18,x36 BIT WIDE CONFIGURATION

EXTERNAL MEMORY CONFIGURATIONS

The DDR SDRAM interface of the sequential flow-control (SFC) device has
a64-bitoutput databus that provides up tofour (16-bit SDRAM) external DDR
SDRAM connections. Formultiple memory connections, they mustbe of the
same density configuration and speed grade. For example, two device
connected cannot consist of one 128Mb and one 256Mb memory nor two
128Mb with one at 133MHz and the other at 166MHz. Below is a summary of
the possible configurations:

« One 16-bit device connecting a x16 interface to the DDR SDRAM
« One 32-bit device connecting a x32 interface to the DDR SDRAM

COMMERCIALANDINDUSTRIAL

TEMPERATURERANGES

« Two 16-bit devices connecting a x32 interface to the DDR SDRAM
« Two 32-bit devices connecting a x36 interface to the DDR SDRAM
« Two 32-bit devices connecting a x64 interface to the DDR SDRAM

« Three 16-bit devices connecting a x36 interface to the DDR SDRAM
« Four 16-bit devices connecting a x64 interface to the DDR SDRAM

These various configurations determine the storage density of the SFC
device. The storage density can range fromaminimum of 128Mb toamaximum
of 1Gb. Table 3lists the possible ways to connectthe DDR SDRAMs and the
number of chipset solutions to obtain the various storage densities.

TABLE 3-TOTAL POSSIBLE EXTERNAL MEMORY CONFIGURATIONS

Two Chip Solution(" Three Chip Solution(" Four Chip Solution® Five Chip Solution(

@Configuration 1,2 @Configurations 3,4, 5 @Configuration 6 @Configuration7

1 x128Mb [4M x 32] 2 x 128Mb [4M x 32] N/A N/A
Totalmemory: 128Mb Totalmemory: 256Mb

1 x 256Mb [8M x 32] 2 x 256Mb [8M x 32] N/A N/A
Totalmemory: 256Mb Totalmemory: 512Mb

1 x 128Mb [8M x 16] 2 x 128Mb [8M x 16] 3x 128Mb [8M x 16] 4 x 128Mb [8M x 16]

Totalmemory: 128Mb

Totalmemory: 256Mb

Totalmemory: 384Mb

Totalmemory:512Mb

1 x 256Mb [16M x 16]
Totalmemory: 256Mb

2 x 256Mb [16M x 16]
Totalmemory:512Mb

3 x 256Mb [16M x 16]
Totalmemory: 768Mb

4 x 256Mb [16M x 16]
Totalmemory: 1Gb

NOTES:
1. The chip solution number includes the sequential flow-control device and external DDR SDRAM
2. See Figure 2a-2g for the 7 different configurations referenced in the table above.
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9,x18,x36 BIT WIDE CONFIGURATION

CONNECTING THE DDR SDRAM

Below are the various chipset solution configurations available to the
sequential flow-control device (see Figure 2a-2g). The external memory
interface is designed to seamlessly connectone ormore DDR SDRAMs. The
output signal names should be connected directly to its corresponding input
signalonthe DDR SDRAM. There are three signals onthe DDR SDRAM that
mustbe tiedtoa static state. CKE, CS, and DM. Table 4 outlines howto connect
the many interface pins to the DDR SDRAM(s). Figure 3 and 4 are some
examples of the memory interface connections for various density configura-
tions. Forinformation on DDR SDRAM layout recommendations, please see
IDT application note AN-423.

DDR SDRAM: 128Mb [4Mb x 32] or 256Mb [8Mb x 32]
Total Memory Density: 128Mb or 256Mb
Useable Memory®: 108Mb or 252Mb

Data Bus 128Mb or
IDT |« 7> »|  256Mb
SFC DDR
Address Bus SDRAM
12 >

6357 drw04

Figure 2a. Configuration 1 - Two Chip Solution

DDR SDRAM: 256Mb [16Mb x 16]
Total Memory Density: 256Mb
Useable Memory®: 216Mb

SFC 10 boR
Adg 5 SDRAM
ress bus
13 >

6357 drw05

Figure 2b". Configuration 2 - Two Chip Solution

DDR SDRAM: 128Mb [4Mb x 32] or 256Mb [8Mb x 32]
Total Memory Density: 256Mb or 512Mb
Useable Memory®@: 216Mb or 504Mb

DT Data Bus 128Mb or
—~ »|  256Mb
SFC 64 732 DDR
Address Bus SDRAM
12

6357 drw06

Figure 2c. Configuration 3 - Three Chip Solution

NOTES:
1. e 12-bit address bus for 8Mb x16
o 13-bit address bus for 16Mb x16
2. Refer to Total Available Memory Usage section for details.

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

DDR SDRAM: 128Mb [4Mb x 32] or 256Mb [8Mb x 32]
Total Memory Density: 256Mb or 512Mb
Useable Memory®: 108Mb or 252Mb

DT Data Bus 128Mb or
—~— »|  256Mb
SFC 36 ‘32 DDR
Address Bus SDRAM
12

6357 drw07

Figure 2d. Configuration 4 - Three Chip Solution

DDR SDRAM: 256Mb [16Mb x 16]
Total Memory Density: 512Mb
Useable Memory®: 504Mb

DT Data Bus 256Mb
5 >
SFC ‘32 16 DDR
SDRAM

Address Bus

13 >

6357 drw08

Figure 2e™. Configuration 5 - Three Chip Solution

DDR SDRAM: 256Mb [16Mb x 16]
Total Memory Density: 768Mb
Useable Memory®: 567Mb

Data Bus

IDT
SFC

Address Bus
A3

6357 drw09

Figure 2f", Configuration 6 - Four Chip Solution

DDR SDRAM: 256Mb [16Mb x 16]
Total Memory Density: 1Gb
Useable Memory®: 1008Mb

Data Bus
'64 7

IDT
SFC
Address Bus

13

6357 drw10

Figure 2g". Configuration 7 - Five Chip Solution
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE

x9, x18,x36 BIT WIDE CONFIGURATION

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

TABLE 4-SFC TO DDR SDRAM INTERFACE CONNECTIONS

IDT | Dat%gus > 1222/:\%»
SFC DDR
Address Bus | SDRAM
12 v
CONFIGURATION 1
SFC Outputs | DDR SDRAM
DQ[31:0] DQ[31:0]
DQS[3:0] DQS[3:0]
A[11:0] A[11:0]
CK, CK CK,CK
RAS,CAS RAS,CAS
BA[1:0] BA[1:0]
WE WE
DDR SDRAM Hard wired pins
CKE — Vce
CS—>GND
DM[3:0] — GND
SFC Hard wired pins
DQ[63:32] — Vcce
DQS[7:4] — Vcce
A12 — Vice
DT < Data1 gus ZSSD'\Ab
5re Address Bus SDRAM
13 >
CONFIGURATION 2
SFC Outputs | DDR SDRAM
DQ[15:0] DQ[15:0]
DQS0 LDQS
DQSt1 ubDQS
A[12:0] A[12:0]
CK,CK CK,CK
RAS,CAS RAS,CAS
BA[1:0] BA[1:0]
WE WE
DDR SDRAM Hard wired pins
CKE — Vce
CS—GND
LDM — GND
UDM — GND
SFC Hard wired pins
DQ[63:16] — Vce
DQS[7:2] — Vce

Eata Bus g 128Mb or
é[;{) % > 286Dl\|/qlb
Address Bus SDRAM
12 v
CONFIGURATION 3
SFC Outputs | DDR SDRAM #1 | DDR SDRAM #2
DQ[31:0] DQ[31:0] --
DQ[63:32] -- DQ[31:0]
DQS[3:0] DQS[3:0] -
DQS[7:4] -- DQS[3:0]
A[11:0] A[11:0] A[11:0]
CKCK  |CKTK | CKTK
RAS, CAS RAS, CAS RAS, CAS
BA[1:0] BA[1:0] BA[1:0]
WE WE WE
DDR SDRAM Hard wired pins
CKE — Vce
CS—GND
DM[3:0] — GND
SFC Hard wired pins
A12 - Vce
Eata Bus =
éliglc') L > 2gg|\gb
Address Bus . SDRAM
12 v
CONFIGURATION 4
SFC Outputs | DDR SDRAM #1 | DDR SDRAM #2
DQ[31:0] DQ[31:0] --
DQ[35:32] - DQ[3:0]
DQ[63:36] - -
DQS[3:0] DQS[3:0] --
DQS[7:4] - DQS[3:0]
A[11:0] A[11:0] A[11:0]
CK, CK CK, CK CK, CK
RAS,CAS RAS,CAS RAS,CAS
BA[1:0] BA[1:0] BA[1:0]
WE WE WE
DDR SDRAM Hard wired pins
CKE — Vce
CS—>GND
DM[3:0] — GND
DQ[31:4] — Vcc
SFC Hard wired pins
A12 - Vce
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9,x18,x36 BIT WIDE CONFIGURATION

COMMERCIALANDINDUSTRIAL

TEMPERATURERANGES

TABLE 4-SFC TO DDR SDRAM INTERFACE CONNECTIONS(Continued)

IDT
SFC

Data Bus
dl

752 716

Address Bus

\4

\ 4

13

256Mb
DDR
SDRAM

%%

IDT
SFC

Data Bus

i L
Y36 16

Address Bus

13

6357 drw09

CONFIGURATION 5
SFC Outputs | DDR SDRAM #1 [ DDR SDRAM #2
DQ[15:0] DQ[15:0] --
DQ[31:16] -- DQ[15:0]
DQS0 LDQS --
DQS1 ubDQsS -
DQS2 -- LDQS
DQS3 -- ubQS
A[12:0] A[12:0] A[12:0]
CK,CK CK,CK CK,CK
RAS, CAS RAS, CAS RAS,CAS
BA[1:0] BA[1:0] BA[1:0]
WE WE WE
DDR SDRAM Hard wired pins
CKE — Vce
CS—GND
LDM — GND
UDM — GND
SFC Hard wired pins
DQ[63:32] — Vce
DQS[7:2] — Vce
CONFIGURATION 6
SFC Outputs | DDR SDRAM #1 | DDR SDRAM #2 | DDR SDRAM #3
DQ[15:0] DQ[15:0] --
DQ[31:16] - DQ[15:0] -
DQ[35:32] -- -- DQ[3:0]
DQS0 LDQS --
DQS1 ubQsS --
DQS2 - LDQS
DQS3 ubDQS -
DQS4 - LDQS
DQS5 -- -- ubQsS
A[12:0] A[12:0] A[12:0] A[12:0]
CK, CK CK, CK CK, CK CK, CK
RAS,CAS RAS, CAS RAS, CAS RAS, CAS
BA[1:0] BA[1:0] BA[1:0] BA[1:0]
WE WE WE WE
DDR SDRAM Hard wired pins
CKE — Vce
CS — GND
LDM — GND
UDM — GND
DQ[15:4] — Vce
SFC Hard wired pins
DQ[63:36] — Vce
DQSI[7:6] — Vcc

15
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE COMMERCIALANDINDUSTRIAL
x9, x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES

TABLE 4-SFC TO DDR SDRAM INTERFACE CONNECTIONS(Continued)

716 -
[ ]
.
IDT <D€i£a 2 #—1 P
SFC 64 16
Address Bus .
13 »
CONFIGURATION 7
SFC Outputs | DDR SDRAM #1 | DDR SDRAM #2 | DDR SDRAM #3 | DDR SDRAM #4
DQ[15:0] DQ[15:0] -- -- --
DQ[31:16] - DQ[15:0] -
DQ[47:32] -- - DQ[15:0] -
DQ[63:48] - - DQ[15:0]
DQSo LDQS --
DQS1 ubQS --
DQS2 - LDQS
DQS3 -- UDQS --
DQS4 - -- LDQS
DQS5 -- - ubQS --
DQS6 - - - LDQS
DQS7 -- -- -- ubQS
A[12:0] A[12:0] A[12:0] A[12:0] A[12:0]
CK,CK CK,CK CK,CK CK,CK CK,CK
RAS,CAS RAS,CAS RAS,CAS RAS,CAS RAS,CAS
BA[1:0] BA[1:0] BA[1:0] BA[1:0] BA[1:0]
WE WE WE WE WE
DDR SDRAM Hard wired pins
CKE — Vce
CS — GND
LDM — GND
UDM — GND
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9,x18,x36 BIT WIDE CONFIGURATION

COMMERCIALANDINDUSTRIAL

Sequential DDR SDRAM
Flow-Control 2M x 16 x4
Device 128M
CK »CK
CK p{CK
DQSI[3:0] |« ,:1 PDQS[3:0] Vce
WE pIWE A
CAS »CAS CRE
RAS PpRAS
DQ[31:0] |« 75 »DQ[31:0] DM[3:0] —
Al11:0] 75 P(A[11:0] CS |—
6357 drw11
Figure 3. Memory Interface Connection (Single Chip)
Sequential DDR SDRAM
Flow-Control 8M x 32
Device 256M
CK P(CK
CK P»{CK
DQS|[7:0] |« < »|DQs[3:0] vce
WE »{WE A
CAS PpICAS CKE —
RAS Pp1RAS
DQI[31:0] :64 3; DQ[31:0] DM[3_0] | —
A0l 47 ZPIAL11:0] CS |—
L plck N
—p|CK
#’ DQS[3:0] \V/e'o]
L—pWE 4
L——p(CAS CKE |—
pRAS
—4;—»paato  PMIB0I
#’AH 1:0] CS —

6357 drw12

Figure 4. Memory Interface Connection (Two Chip)

TEMPERATURERANGES
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
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TOTALAVAILABLE MEMORY USAGE

The sequential flow-control (SFC) is designed to efficiently use as much of
the DDR SDRAMmemory as possible, but due to the discontinuity betweenthe
SFC bus width (x36) and the DDR SDRAM interface (x16 or x32), some
columns in a row of the SDRAM will not be used. As a result, the total usable
memory will be slightly less thanthe total available memoryinthe SDRAM. Table
5outlines the total usable memory for the various configurations depending on

COMMERCIALANDINDUSTRIAL
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whether ornotthe Error Detection and Correction (EDC) feature is selected.
Ifthe EDC feature is selected, 8 syndrome bits will be generated per every 64
bits of data. Therefore every third write burst to the SDRAM will send out the
8syndrome bits, resultingin 24 unusedbitsinthe column. Therefore, using the
EDCfeature, there willbe significantly less usable memory of data storage. The
EDC functionis describedinthe Error Detection and Correction section of this
datasheet.

TABLE 5 -TOTAL USEABLE MEMORY BASED ON VARIOUS CONFIGURATIONS

Total DDR SDRAM Total Usable Total Usable
Density Memory (EDC off) Memory (EDC on)

Configuration 1

1 x [4Mb x 32 128Mb 108Mb 72Mb

1 x [8Mb x 32 256Mb 252Mb 144Mb
Configuration 2

1 x [8Mb x 16] 128Mb 108Mb 72Mb

1 x [16Mb x 16] 256Mb 216Mb 144Mb
Configuration 3

2 x [4Mb x 32 256Mb 216Mb 144Mb

2 x [8Mb x 32 512Mb 504Mb 288Mb
Configuration 4

2 x [4Mb x 32 256Mb 122Mb 108Mb

2 x [8Mb x 32 512Mb 284Mb 252Mb
Configuration 5

2 x [8Mb x 16] 256Mb 252Mb 144Mb

2 x [16Mb x 16] 512Mb 504Mb 288Mb
Configuration 6

3 x [8Mb x 16] 384Mb 284Mb 252Mb

3x[16Mb x 16] 768Mb 567Mb 504Mb
Configuration 7

4 x [8Mb x 16] 512Mb 504Mb 288Mb

4 x [16Mb x 16] 1Gb 1008Mb 576Mb
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MAXIMUM I/0O OPERATING FREQUENCY 166MHz. The main factors that determine the usable memory are the I/O bus-
The sequential flow-control (SFC) device is designed to operate at the  width of the SFC, the density and number of DDR SDRAMs connected, and

maximum frequency of 133MHz. There are certain configurationshowever, that ~ whetherornotEDC is used. Tables 6 and 7 lists the maximum frequency for

canincrease ordecrease the maximumfrequency of theinputand outputports.  the inputand output ports of the SFC based on the various configurations.

In some configurations (e.g. x24 I/0 width), the I/0 speeds can run up to

TABLE 6 - IDT72T6360 MAXIMUM FREQUENCY
BASED ON 166MHz DDR SDRAM

Bus-Width x36 Bus-Width x18 Bus-Width x9
EDCOn | EDC Off | EDCOn | EDC Off | EDCOn | EDC Off
Configuration 1 | 66MHz 83MHz 133MHz | 166MHz | 166MHz | 166MHz
Configuration 2 | 33MHz 50MHz 83MHz 166MHz | 166MHz | 166MHz
Configuration 3 | 133MHz | 166MHz | 166MHz | 166MHz | 166MHz | 166MHz
Configuration 4 | 83MHz 100MHz | 166MHz | 166MHz | 166MHz | 166MHz
Configuration 5 | 66MHz 83MHz 133MHz | 166MHz | 166MHz | 166MHz
Configuration 6 | 83MHz 100MHz | 166MHz | 166MHz | 166MHz | 166MHz
Configuration 7 | 133MHz | 166MHz | 166MHz | 166MHz | 166MHz | 166MHz

TABLE 7 - IDT72T6360 MAXIMUM FREQUENCY
BASED ON 133MHz DDR SDRAM

Bus-Width x36 Bus-Width x18 Bus-Width x9
EDCOn | EDC Off | EDCOn | EDC Off | EDCOn | EDC Off
Configuration 1 50MHz 66MHz 100MHz | 133MHz | 166MHz | 166MHz
Configuration 2 | 33MHz 33MHz 66MHz 83MHz | 133MHz | 166MHz
Configuration 3 | 100MHz | 133MHz | 166MHz | 166MHz | 166MHz | 166MHz
Configuration 4 | 66MHz 83MHz 133MHz | 166MHz | 166MHz | 166MHz
Configuration 5 | 50MHz 66MHz 100MHz | 133MHz | 166MHz | 166MHz
Configuration 6 | 66MHz 83MHz 133MHz | 166MHz | 166MHz | 166MHz
Configuration 7 | 100MHz | 133MHz | 166MHz | 166MHz | 166MHz | 166MHz
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ERROR DETECTION AND CORRECTION

The Error Detectionand Correction (EDC) feature is available to ensure data
integrity betweenthe DDR SDRAM nterface andthe SFC. The EDC corrects
all single bit hard and soft errors that are accessed from the DDR SDRAM.
Multiple bit errors are not detected nor corrected.

The EDC logic blocks consist of a check bit generator and error detection
correction logic. Whenthe EDCis enabled, the check bit generatorwill generate
8 syndrome bits on the 8-byte boundary. The 8 syndrome bits are written into
the DDR SDRAM along with the data. The SFC will burst write two cycles for
data, and one cycle for syndrome bits. In order to minimize overhead and

TABLE 8 - MIC[2:0] CONFIGURATIONS

EDC Off EDC On
Configuration 1 MIC [2:0] = 000 MIC [2:0]=010
Configuration 2 MIC [2:0] = 001 MIC [2:0] =011
Configuration 3 MIC [2:0] = 111 MIC [2:0] =101
Configuration 4 MIC [2:0] = 100 MIC[2:0]=110
Configuration 5 MIC [2:0] = 000 MIC [2:0] =010
Configuration 6 MIC [2:0] =100 MIC [2:0] =110
Configuration 7 MIC [2:0] = 111 MIC [2:0] = 101

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

increasethroughput, notallmemoryinthe DDR SDRAM s utilized. Table 5 lists
the total usable memory for all 7 configurations when the EDC is enabled.

When aread operation s performed, the syndrome bits will be transferred
tothe error detection correction logic block and decoded to determine whether
there are any single bit errors on the data. Single bit errors will be corrected
and data is passed through to the QP cache.

The EDCis enabled usingthe MIC[2:0] pins. Whenthe EDCis enabled, the
dynamics of the total usable memoryinthe DDR SDRAM andthe SFC operating
speedwillvary, listedin Tables 6 and 7. Table 8 shows how to enable the EDC
feature forthe 7 configurations
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SETTING THE MEMORY INTERFACE SIGNALS MSPEED. For information about these signals, please refer to the Signal

The configurations listed in Figure 2a-2g can be programmed into the  Description section. Table 9is a list that shows the settings for the different
sequential flow-control device by using the MIC[2:0], MTYPE[1:0], and  configurations.

TABLE 9 - MEMORY CONFIGURATIONS SETTINGS

MIC[2:0] MTYPE[1:0] MSPEED
Configuration 1 000 - EDC Off 00 - (4Mb x 32) 0- 133MHz
010-EDC On 10 - (8Mb x 32) 1 - 166MHz
Configuration 2 001-EDC Off 0-133MHz
011-EDC On 11-(16be16) 1 - 166MHz
Configuration 3 111 - EDC Off 00 - (4Mb x 32) 0-133MHz
101 -EDC On 10 - (8Mb x 32) 1 - 166MHz
Configuration 4 110 - EDC Off 00 - (4Mb x 32) 0- 133MHz
100 - EDC On 10 - (8Mb x 32) 1 - 166MHz
Configuration 5 000 - EDC Off — 0-133MHz
010-EDC On 11 - (16Mb x 16) 1 - 166MHz
Configuration 6 110 - EDC Off — 0-133MHz
100 - EDC On 11 - (16Mb x 16) 1-166MHz
Configuration 7 111 - EDC Off — 0- 133MHz
101-EDC On 11 - (16Mb x 16) 1 - 166MHz
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TABLE 10 - DEVICE CONFIGURATION

Signal Pins |Static State Configuration
ASYR 0 Read port configured in asynchronous mode
1 Read port configuredin synchronous mode
ASYW 0 Write port configured in asynchronous mode
1 Write port configuredin synchronous mode
BM[3:0] — See Table 13-Bus-Matching Configurations
FSEL[1:0] 00 Programmable flag register offsetvalue =127
01 Programmable flag register offsetvalue=1,023
10 Programmable flag register offset value = 4,095
1 Programmable flag register offset value = 16,383
FWFT 0 IDT Standardmode
1 FWFT mode
IDEM 0 Depthexpansionin FWFT mode
1 Depth expansionin DT Standard mode
IOSEL 0 /0 voltage set to 3.3V levels
1 I/0 voltage set to 2.5V levels
JSEL 0 JTAG functionis disabled
1 JTAG functionis enabled
MIC[2:0] — See Table 8- MIC[2:0] Configurations for description
MSPEED 0 External memory interface clocks setto 133MHz
1 External memory interface clocks setto 166MHz
MTYPE[1:0] 00 External memory configuration is: 4M x 32
01 Notused
10 External memory configuration is: 8M x 32
1 External memory configurationis: 16M x 16

TABLE11-DEFAULT PROGRAMMABLE
FLAG OFFSETS

FSEL1 FSELO Offset n,m
0 0 127
0 1 1,023
1 0 4,095
1 1 16,383

COMMERCIALANDINDUSTRIAL
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FUNCTIONAL DESCRIPTIONS
MASTER RESET AND DEVICE CONFIGURATION

Duringmaster resetthe sequentialflow-control configuration and settings are
determined, thisincludes the following:

1. Synchronous or Asynchronous read and write port operation

2. Bus-width configuration

3. Defaultoffsetregistervalues

4. IDT standard or first word fall through (FWFT) timing mode

5. Depth expansion in IDT standard or FWFT mode

6. /0 voltage setto 2.5V or 3.3V levels

7. JTAG function enabled or disabled

8. Configuration ofthe external memory interface

The state ofthe configurationinputs during master resetwill determine which
ofthe above modes are selected. Amaster reset comprises of pulsingthe MRS
input pin from high to low for a period of time (tRs) with the configurationinputs
heldintheirrespective states. Table 10 summarizes the configurationmodes
available duringmasterreset. These signals are describedin detailinthe signal
descriptionsection.

PROGRAMMABLE ALMOST EMPTY/ALMOST FULL FLAGS

The SFC has aset of programmable flags (PAE/PAF) that can be used as
anearlyindicatorforthe empty andfullboundary conditions. These flagshave
anoffsetvalue (n, m)thatwill determine the almostempty and almostfullboundary
conditions. There are fourdefault offsetvalues selectable duringmasterreset,
these values are shownin Table 11, Default Programmable Flag Offsets.

Offsetvalues can also be programmed using the serial programming pins
(SCLK, SI,and SWEN). The SFC hastwointernal offset registersthatare used
tostore the specific offsetvalue, one forthe PAE and one forthe PAF. The total
number ofbits (shownin Table 12, Number of Bits Required for Offset Registers)
mustbe completely programmedtothe offsetregisters. The serial programming
sequence begins by writing data into the PAE register followed by the PAF
register. See Figure 29, Serial Loading of Programmable Flag Registers for
the associated timing diagram. The total number of bits required to programthe
offsetregisters will vary depending on the type of configuration thatis shownin
Figure 2a-2¢, the bus-width selected, and whether EDC is used.

Thevaluesofn, mare usedsuchthatthe PAE willbecome active (LOW) when
there are atleastone tonwords writteninthe device. Similarly PAF willbecome
active (LOW)whenthere are atleast D—Mwords ormoreinthe device, where
Dis the density of the SFC.

TABLE 12- NUMBER OF BITS REQUIRED FOR OFFSET REGISTERS

Write Port Bus-Width x48 x24 x12
EDC On EDC Off EDC On EDC Off EDC On EDC Off

Configuration 1(128Mb) 21 2 2 23 23 24
Configuration 1 (256Mb) 2 23 23 24 24 25
Configuration2 (256Mb) 2 23 23 24 24 25
Configuration 3 (256Mb) 2 23 23 24 24 25
Configuration3(512Mb) 23 24 24 25 25 26
Configuration4 (256Mb) 2 2 23 23 24 24
Configuration4 (512Mb) 23 23 24 24 25 25
Configuration’(512Mb) 23 24 24 25 25 26
Configuration 6 (768Mb) 24 24 25 25 26 26
Configuration7 (1Gb) 24 25 25 26 26 27
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SIGNAL DESCRIPTIONS

INPUTS
DATA INPUTS (Do - D35)

Data inputs for 36-bit wide data (Do - D35), data inputs for 18-bit wide data
(Do - D17) or data inputs for 9-bit wide data (Do - Da).

CONTROLS
MASTER RESET (MRS)

AMaster Resetis accomplished wheneverthe MRS inputis toggled LOW
then HIGH. This operation sets the internal read and write pointers to the first
location of the RAM array. PAE will go LOW, PAF will go HIGH.

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

All configuration control signals mustbe setpriortothe LOW to HIGH transition
of MRS.

DuringaMaster Reset, the outputregisterisinitializedto all zeroes. AMaster
Resetis required after power up, before a write operation can take place. MRS
isanasynchronous function.

See Figure 6, Master Resetand Initialization, forthe relevanttiming diagram.

PARTIAL RESET (PRS)

APartial Resetis accomplishedwheneverthe PRSinputistoggled LOW then
HIGH. Asinthe case of the Master Reset, the internal read and write pointers
are setto the first location of the RAM array, PAE goes LOW, and PAF goes
HIGH.

Whichevermodeis active atthe time of Partial Reset, IDT Standard mode or
First Word Fall Through, that mode will remain selected. Ifthe IDT Standard
modeis active, then FF will go HIGH and EF will go LOW. Ifthe FirstWord Fall
Through mode is active, then OR will go HIGH, and IR will go LOW.

Following Partial Reset, all values held in the offset registers remain
unchanged. The outputregisterisinitializedtoall zeroes. PRSisasynchronous.

APartial Resetis usefulforresetting the device during the course of operation,
when reprogramming programmable flag offset settings may notbe convenient.

See Figure 7, Partial Reset, for the relevant timing diagram.

ASYNCHRONOUS WRITE (ASYW)

The write port can be configured for either synchronous or asynchronous
mode of operation. If during Master Reset the ASYW input is LOW, then
asynchronous operation of the write port will be selected. Duringasynchronous
operation of the write port the WCLK input becomes WR input, this is the
asynchronous write strobe input. A rising edge on WR will write data present
onthe datainputsintothe sequential flow-control device (SFC). (WEN mustbe
LOW when using the write port in asynchronous mode).

Whenthe write portis configuredforasynchronous operationthe device must
be operating on IDT standard mode, FWFT mode is not permissable. The full
flag (FF) and programmable almost full flag (PAF) operatesinanasynchronous
manner, thatis, the full flagand PAF flag will be updated based in both a write
operationandread operation. Note, if asynchronous mode is selected, FWFT
isnotpermissible. Referto Figure 24, Asynchronous Write andPAE flag—IDT
Standard mode and Figure 25, Asynchronous Write and PAF flag — IDT
Standard modefor relevanttiming and operational waveforms.

ASYNCHRONOUS READ (ASYR)
The read port can be configured for either synchronous or asynchronous
mode of operation. If during a Master Reset the ASYR input is LOW, then
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asynchronous operation ofthe read port will be selected. During asynchronous
operation of the read port the RCLK input becomes RD input, this is the
asynchronous read strobe input. A rising edge on RD will read data from the
SFCyviathe output registerand data output port. (REN must be tied LOW during
asynchronous operation of the read port).

The OE input provides three-state control of the Qn output bus, in an
asynchronous manner.

Whentheread portis configured forasynchronous operationthe device must
be operatingon IDT standard mode, FWFT modeis not permissible ifthe read
portis asynchronous. The Empty Flag (EF) and programmable almost empty
flag (PAF) operatesinanasynchronous manner, thatis, the empty flagand PAE
will be updated based on both a read operation and a write operation. Refer
to Figure 23, Asynchronous Read andPAF flag—IDT Standard mode, Figure
26, Asynchronous Empty Boundary — IDT Standard mode, Figure 27,
Asynchronous Full Boundary - IDT Standard mode,, and Figure 28, Asyn-
chronous Read andPAE flag - IDT Standard mode, for relevant timing and
operational waveforms.

FIRST WORD FALL THROUGH (FWFT)

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

If, atthe time of Master Reset, FWFTis LOW, then IDT Standard mode will
be selected. This mode uses the Empty Flag (EF) to indicate whether or not
there areany words presentinthe SFC. Italso uses the Full Flag function (FF)
to indicate whether or not the SFC has any free space for writing. In IDT
Standard mode, every word read from the SFC, including the first, must be
requested using the Read Enable (REN) and RCLK.

If, at the time of Master Reset, FWFT is HIGH, then FWFT mode will be
selected. Thismode uses Output Ready (OR) toindicate whether or notthere
is valid data at the data outputs (Qn). Italso uses Input Ready (IR) toindicate
whetherornotthe SFC has any free space forwriting. Inthe FWFT mode, the
firstword written to an empty SFC goes directly to Qn after three RCLK rising
edges, REN =LOW is not necessary. Subsequentwords mustbe accessed
using the Read Enable (REN) and RCLK.

WRITE STROBE AND WRITE CLOCK (WR/WCLK)

If synchronous operation of the write porthas been selected via ASYW, this
inputbehaves as WCLK.

Awrite cycleisinitiated onthe rising edge ofthe WCLK input. Data setupand
holdtimes mustbe metwith respecttothe LOW-to-HIGH transition of the WCLK.
Itis permissibleto stopthe WCLK. Note thatwhile WCLKisidle, the FF/IR, and
PAF flags will not be updated. The Write and Read Clocks can either be
independentor coincident.

Ifasynchronous operation has beenselected thisinputis WR (write strobe).
Datais asynchronously writteninto the SFC viathe Dninputs wheneverthere
is a rising edge on WR. In this mode the WEN input must be LOW.

WRITE ENABLE (WEN)

Whenthe WEN inputis LOW, data may be loaded intothe SFC ontherising
edge of every WCLK cycle if the device is not full. Data is stored in the RAM
array sequentially and independently of any ongoing read operation.

When WEN is HIGH, no new data is written in the SFC.

Topreventdataoverflowinthe IDT Standard mode, FF willgo LOW, inhibiting
further write operations. Uponthe completion of a valid read cycle, FF will go
HIGHallowingawrite to occur. The FFis updated by two WCLK cycles + tSKEW
afterthe RCLK cycle.
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Topreventdataoverflowinthe FWFT mode, IR will go HIGH, inhibiting further
write operations. Upon the completion of a valid read cycle, IR will go LOW
allowingawrite to occur. The IR flag is updated by two WCLK cycles +tSKEw
afterthe valid RCLK cycle.

WEN isignored whenthe SFCis fullin either FWFT or IDT Standard mode.

Ifasynchronous operation ofthe write porthas been selected, then WEN must
be held active.

READ STROBE AND READ CLOCK (RD/RCLK)

If synchronous operation ofthe read port has been selected viaASYR, this
inputbehaves asRCLK. Aread cycleisinitiated ontherising edge ofthe RCLK
input. Data can be read on the outputs, on the rising edge of the RCLK input.
Itis permissible to stop the RCLK. Note thatwhile RCLKisidle, the EF/OR and
PAE flags will not be updated. The Write and Read Clocks can be independent
orcoincident.

Ifasynchronous operationhas beenselectedthisinputis RD (Read Strobe).
Data is asynchronously read from the SFC whenever there is a rising edge
onRD. Inthismode the REN and RCS inputs must be tied LOW. The OE input
is usedto provide asynchronous control of the three-state Qn outputs.

WRITE CHIP SELECT (WCS)

The WCS disables all Write data operations (data only) ifitis held HIGH. To
perform normal operations on the write port, the WCS must be enabled, held
LOW.

READ ENABLE (REN)

When Read EnableisLOW, datais loaded fromthe RAMarray into the output
register on the rising edge of every RCLK cycle if the device is not empty.

Whenthe RENinputis HIGH, the output register holds the previous dataand
then no new data is loaded into the output register. The data outputs Qo-Qn
maintain the previous data value.

Inthe IDT Standardmode, every word accessed atQn, including thefirstword
written to an empty cache, must be requested using REN provided that RCS
isLOW. Whenthe lastword has been read fromthe SFC, the Empty Flag (EF)
will go LOW, inhibiting further read operations. RENisignored when the SFC
isempty. Once a write is performed, EF will go HIGH allowing a read to occur.
The EF flagis updated by two RCLK cycles + tSKEW afterthe valid WCLK cycle.
Both RCS and REN must be active, LOW for data to be read out on the rising
edge of RCLK.

Inthe FWFT mode, the firstword written to an empty SFC automatically goes
tothe outputs Qn, on the third valid LOW-to-HIGH transition of RCLK +tSKEW
afterthefirstwrite. RENandRCS donotneedtobe asserted LOW forthe First
Wordtofallthroughtothe outputregister. Inorderto access all otherwords, a
read must be executed using REN and RCS. The RCLK LOW-to-HIGH
transition afterthe lastword has been read fromthe SFC, Output Ready (OR)
willgo HIGH with atrue read (RCLK with REN = LOW;RCS =LOW), inhibiting
further read operations. REN is ignored when the SFC is empty.

Ifasynchronous operation of the Read porthas been selected, then REN must
be held active, (LOW).

OUTPUT ENABLE (OE)

When Output Enable is enabled (LOW), the parallel output buffers receive
datafromthe output register. When OE is HIGH, the output databus (Qn) goes
intoa highimpedance state. During Master ora Partial Resetthe OE isthe only
inputthatcan place the outputbus Qn, into High-Impedance. During Resetthe
RCSinputcan be HIGH or LOW, it has no effect on the Qn outputs.
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READ CHIP SELECT (RCS)

The Read Chip Selectinput provides synchronous control ofthe Read output
port. WhenRCS goes LOW, the nextrising edge of RCLK causes the Qn outputs
togotothe Low-Impedance state. WhenRCS goes HIGH, the next RCLK rising
edge causesthe QnoutputstoretumntoHIGHZ. Duringa Master or Partial Reset
the RCSinputhasnoeffectonthe Qnoutputbus, OE isthe onlyinputthatprovides
High-Impedance control ofthe Qn outputs. If OE is LOW the Qndata outputs will
be Low-Impedance regardless of RCS until the first rising edge of RCLK after
a Reset is complete. Then if RCS is HIGH the data outputs will go to High-
Impedance.

TheRCSinputdoes noteffectthe operation of the flags. Forexample, when
the firstword s written to an empty SFC, the EF will still go from LOW to HIGH
based on arising edge of RCLK; regardless of the state of the RCS inpu.

Also, whenoperatingthe SFCin FWFT mode thefirstword writtentoan empty
SFC will still be clocked through to the output register based on RCLK,
regardless of the state of RCS. Forthis reason the user must take care when
adatawordis writtentoan empty SFCin FWFT mode. IfRCS is disabled when
anempty SFCiswritteninto, the firstword willfallthrough to the outputregister,
but will notbe available onthe Qn outputs which are in HIGH-Z. The user must
take RCS active LOW to access this firstword, place the output busin LOW-Z.
RENmustremaindisabled HIGH foratleastone cycle afterRCS has gone LOW.
Arising edge of RCLK with RCS and REN active LOW, will read out the next
word. Care mustbe taken soas nottolose the firstword writtentoanempty SFC
when RCS is HIGH. See Figure 15 for Read Chip Select. If asynchronous
operation ofthe Read port has been selected, thenRCS must be held active,
(tied LOW). OE provides three-state control of Qn.

BUS-MATCHING (BM[3:0])

Thesepinsare usedtodefine theinputand outputbus widths. During Master
Reset, the state of these pinsis usedto configure the device bus sizes. Allflags
will operate onthe word/byte size boundary as defined by the selection of bus
width. See Figures 22-25 for Bus-Matching Configurations. See Table 13, Bus-
Matching Configurations forthe available configurations.

TABLE 13 -BUS-MATCHINGS

BM3 BM2 BM1 BMO | Read Bus | Write Bus
Width Width
1 0 0 0 x36 x36
1 0 0 1 x18 x36
1 1 0 1 x9 x36
1 0 1 1 x36 x18
1 1 1 1 x36 x9
0 0 0 1 x18 x18
0 1 0 1 x9 x18
0 0 1 1 x18 x9
0 1 1 1 x9 x9

FLAG SELECT (FSEL[1:0])

Duringmasterreset, these inputs will select one of four default values forthe
programmable flags PAE and PAF. The selected value (listed in Table 14 -
MTYPE[1:0] Configurations) will apply to both PAE and PAF offset.
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MEMORY CONFIGURATION (MIC[2:0])
These signals enable the EDC feature of the device. See Table 8, MIC[2:0]
Configurations formore information.

MEMORY SPEED (MSPEED)

This pinis usedto determine the memory interface clock speed (CK and CK)
forthe external memory used. If MSPEED is HIGH, external memory CK and
CKwill be operating at 166MHz. fMSPEED is LOW, then the external memory
CK and CK will be operating at 133MHz.

MASTER CLOCK (MCLK) o
33MHz reference clock used to generate CK and CK for external memory
interface.

MEMORY TYPE (MTYPE[1:0])

These signals selectthe density configuration of the external DDR SDRAM
used. See Table 14, for selection of the memory density configuration.

TABLE14-MTYPE[1:0] CONFIGURATIONS

Density Configurations
4M x 32 8M x 32 Reserved | 16Mx 16
MTYPEO 0 0 1 1
MTYPE1 0 1 0 1

DEPTH EXPANSION MODE SELECT (IDEM)

This select piniis used for depth expansion configuration in IDT Standard
mode. I this pin s tied HIGH, then the FF/IR signal will be inverted to provide
aseamless depth expansioninterface. Ifthis pinis tied LOW, the depth expansion
in IDT Standard mode will be deactivated. For details on depth expansion
configuration, see Figure 34, Depth Expansion Configurationin IDT Standard
Mode and Figure 35, Depth Expansion Configuration in FWFT Mode.

SERIAL READ ENABLE (SREN)

The serial read enable inputis an enable used for reading the value of the
programmable offset registers. By settingthe JSEL pinto LOW, the serial data
output (SO) and serial clock (SCLK) signals can be used with SREN to program
the offsetregisters. When SREN is LOW, data atthe SO can be read fromthe
offsetregister, one bit foreach LOW-to-HIGH transition of SCLK. When serial
read enableis HIGH, the reading of the offset registers will stop. SREN mustbe
keptLOW inordertoread the entire contents of the scan out register. If atany
point SREN istoggled HIGH, the read pointer of the offset registers will resetto
thefirstlocation. The nexttime SREN is enabled the first contentsinthe offset
register willbe read back. Serial read enable functions the same way inboth
IDT Standard and FWFT modes. See Figure 30, Reading of Programmable
Flag Registers, forthe timing diagram.

SERIAL WRITE ENABLE (SWEN)

The serial write enable inputis an enable used for serial programming of the
programmable offsetregisters. By settingthe JSEL pinto LOW, the serialinput
(SI) and serial clock (SCLK) signals can be used with SWEN to program the
offsetregisters. When SWENis LOW, dataatthe Slinputareloadedintothe offset
register, one bit for each LOW-to-HIGH transition of SCLK. When SWEN is
HIGH, the offsetregisters retain the previous settingsand no offsets are loaded.
Serial write enable functions the same way in both Standard IDT and FWFT
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modes. See Figure 29, Loading of Programmable Flag Registers, forthe timing
diagram.

I/0 VDDQ SELECT (IOSEL)

Thisinputdetermines whetherthe inputs and outputs will tolerate a2.5V or
3.3Vvoltagesignals. IfIOSELisHIGH, thenall l/Os willbe 2.5V levels. If IOSEL
isLOW, thenall I/Os willbe 3.3V levels. See Table 15 fora list of affected I/O
signals.

TABLE 15 - PARAMETERS AFFECTED
BY 1/0 SELECTION

SFCI1/O affected by I/0 selection DDR SDRAM I/O -
NOT affected®
ASYR MIC[2:0] RCS A[12:0]  DQ[63:0]
ASYW MCLK REN BA[1:0]  DQS[7:0]
BM[3:0] MRS SREN CK RAS
D[35:0] MSPEED SWEN CK WE
EF/OR MTYPE[1:0] TCK/SCLK CAS
FF/IR OE TDI/SI
FSEL[1:0] PAE TDO/SO
FWFT PAF T™S
IDEM PRS WCLKWR
IOSEL Q[35:0] WCS
JSEL RCLK/RD ~ WEN
NOTE:

1. 1/0O to DDR SDRAM is not affected by 1/O voltage selection

JTAG SELECT (JSEL)

Thisinputdetermines whetherthe JTAG port will be activated or deactivated.
[fJSELisHIGH, thenthe JTAG portis activated and the associated JTAG pins
(TCK, TDI, TDO, TMS) are used for the boundary-scan function. If JSSEL is
LOW, the JTAG portis disabled and the serial programming pins (SCLK, S,
SO) will be used to program and read the offset register values for PAE and
PAF. See Figure 29 and 30, Serial Loading and Reading of Programmable
Registersforinformation on how to programthe registers.

OUTPUTS
FULL FLAG/INPUT READY (FF/IR)

Thisisadual purpose pin. InIDT Standard mode, the Full Flag (FF) function
is selected. When the SFC is full, FF will go LOW, inhibiting further write
operations. When FF is HIGH, the SFC is notfull. If no reads are performed
afterareset (either MRS or PRS), FF will go LOW See Figure 12, Full Boundary
-IDT Standard Mode, for the relevant timing information.

InFWFT mode, the Input Ready (IR) functionis selected. IR goes LOW when
memory space is available forwritingin data. Whenthereisnolongeranyfree
space left, IR goes HIGH, inhibiting further write operations. If no reads are
performed afterareset (eitherMRS orPRS), IR will go HIGH see Figure 9 Write
First Word Cycles - FWFT Mode, for the relevant timing information.

The IR status not only measures the contents ofthe SFC memory, butalso
countsthe presence of awordinthe output register. Thus, in FWFT mode, the
total number of writes necessary to de-assert IR is one greater than needed o
assert FF in IDT Standard mode.

FF/IRis synchronous and updated on the rising edge of WCLK. FF/IR are
double register-buffered outputs.
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EMPTY FLAG (EF/OR)

Thisisadual purpose pin. Inthe IDT Standard mode, the Empty Flag (EF)
functionis selected. Whenthe SFCisempty, EF will goLOW, inhibiting further
read operations. When EF is HIGH, the SFC is not empty. Figure 10, Empty
Boundary-IDT Standard Mode for the relevant timing information.

InFWFT mode, the Output Ready (OR) functionis selected. OR goes LOW
atthe sametime thatthe firstword written to anempty SFC appears validonthe
outputs. OR stays LOW afterthe RCLK LOW to HIGH transitionthat shifts the
last word from the SFC to the outputs. OR goes HIGH only with a true read
(RCLK withREN =LOW). The previous data stays atthe outputs, indicating
the last word was read. Further data reads are inhibited until OR goes LOW
again. See Figure 11, Empty Boundary (FWFT Mode), forthe relevanttiming
information.

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

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

PROGRAMMABLE ALMOST-FULL FLAG (PAF)

The Programmable Almost-Full flag (PAF) will go LOW when the SFC
reaches the almost-full condition. In IDT Standard mode, if no reads are
performed after reset (MRS), PAF will go LOW after (D -m) words are written
tothe SFC. See Figure 22, SynchronousPAF Flag-IDT Standard Mode and
FWFT Mode, forthe relevant timing information.

Ifasynchronous PAF configurationis selected, the PAF is asserted LOWon
the LOW-to-HIGH transition of the Write Clock (WCLK). PAF is resetto HIGH
onthe LOW-to-HIGH transition of the Read Clock (RCLK). If synchronous PAF
configuration is selected, the PAF is updated on the rising edge of WCLK.

PROGRAMMABLE ALMOST-EMPTY FLAG (PAE)

The Programmable Almost-Empty flag (PAE) will go LOW when the SFC
reaches the almost-empty condition. InIDT Standard mode, PAE will goLOW
whentherearenwordsorlessinthe SFC. The offset“n”is the empty offsetvalue.
The default setting for this value is in Table 10, Device Configuration.

In FWFT mode, the PAE will go LOW when there are n+1 words or less in
the SFC. See Figure 21, Synchronous PAE Flag - IDT Standard Mode and
FWFT Mode, forthe relevant timing information.

Ifasynchronous PAE configurationis selected, the PAE isasserted LOWon
the LOW-to-HIGH transition of the Read Clock (RCLK). PAE is resetto HIGH
onthe LOW-to-HIGH transition of the Write Clock (WCLK). If synchronous PAE
configuration is selected, the PAE is updated on the rising edge of RCLK.

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

DATAOUTPUTS (Qo-Q35)
(Qo-Qa3s) are data outputs for 36-bit wide data, (Qo- Q17) are data outputs
for 18-bit wide data or (Qo-Qs) are data outputs for 9-bit wide data.

MEMORY CLOCK OUTPUT (CK)
These signals are to be connected to the external DDR SDRAM's clock
input.

MEMORY CLOCK OUTPUT INVERTED (CK)
Thesesignalsaretobe connectedtothe external DDR SDRAM's differential
clockinput.

MEMORY BANK ADDRESS INPUT BIT (BA[1:0])
These signals are to be connected to the external DDR SDRAM's bank
addressinputbits.

MEMORY COLUMN ADDRESS STROBE (CAS)
These signals are to be connected to the external DDR SDRAM's column
address strobe input.

MEMORY ADDRESS BUS (A[12:0])
These signals are to be connectedto the external DDR SDRAM's address
bus.

MEMORY WRITE ENABLE (WE)
These signals are to be connected to the external DDR SDRAM's write
enable.

MEMORY ROW ADDRESS STROBE (RAS)
These signals are to be connected to the external DDR SDRAM's row
address strobe input.

BI-DIRECTIONAL/O

MEMORY DATA INPUTS/OUTPUTS DQ[63:0]
Thesesignals are tobe connectedtothe external DDR SDRAM's datainput
bus.

MEMORY DATA STROBE OUTPUT DQS[7:0]
Thesesignals aretobe connectedtothe external DDR SDRAM's data strobe
inputs.
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CAPACITANCE (TA=+25°C, f=1.0MHz)

Symbol Rating Com'l & Ind'| Unit Symbol Parameter Conditions Max. Unit
VTERM Terminal Voltage -0.5t0+3.6? v CINEY Input Vin = OV 10 pF
with respect to GND Capacitance
Tsta Storage Temperature -55t0+125 °C Coutt? Output Vout = 0V 10 pF
TuMAX Maximum Junction Temp. 150 °C Capacitance
lout DCOutput Current -50t0+50 mA NOTES:
NOTES: 1. With output deselected, (OE > ViH).
1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause g gha;act\e}rlzfe d \;%IUES’ ot currently  tested.
permanent damage to the device. This is a stress rating only and functional operation - UINTOr Vet s 0pr.
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.
PACKAGE THERMAL DATA
Symbol Parameter Industrial/ Unit
Commercial
6Juc Junctiontocase thermalresistance 338 C/wW
6ua Junctiontoairthermalresistance C/wW
aiflow @ Om/s 274
@ 1m/s 228
@ 2m/s 203
@ 3m/s 195
@ 4m/s 182
@ 5m/s 17.8
MSL Moisture sensitivity level 3
RECOMMENDED DC OPERATING CONDITIONS
Symbol Parameter Min. Typ. Max. Unit
Vce Supply Voltage 2.375 25 2625 \
AVce Analog Supply Voltage 2.375 25 2.625 \Y
Vbba Output Rail Voltage for1/Os 2.375 — 345 \
GND Supply Ground 0 0 0 V
VREer(" SSTL_2 Voltage Reference Input 1.13 1.25 1.38 \
TA Operating Temperature (Commercial) 0 — 70 °C
TA Operating Temperature (Industrial) -40 — 8 °C
NOTE:

1. Typically the value of VREF is expected to be (0.49-0.51) x VCC.
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DCELECTRICALCHARACTERISTICS
(Commercial: Vcc = 2.5V + 0.125V, TA=0°C to +70°C;Industrial: Vcc = 2.5V + 0.125V, TA=-40°C to +85°C)

I/0 Type Symbol Parameter Min. Max. Unit
SFC Input Il Inputleakage current -10 10 nA
(LVTTL) VH InputHigh Voltage Vbba = 3.3V 20 55 \%

Vbba =25V 1.7 345 v
Vi InputLow Voltage Vbpa = 3.3V — 08 v
Vbba =2.5V 0.3 0.7 \
SFC Output ILo Outputleakage current -10 10 uA
(LVTTL) VoH Read/Write interface output logic “1” voltage with [OH1 Vboba =3.3V Vbba-0.4 - v
Vbba=2.5V Voba-0.4 — v
VoL Read/Write interface output logic “0” voltage with [oL1 Vbba = 3.3V — 04 v
Voba=2.5V — 04 v
IoH Read/Write interface output high current (source current) Vboba =3.3V 2 - mA
Vbba =2.5V 8 — mA
loL Read/Write interface outputlow current (sink current) Vbba = 3.3V 8 — mA
\/bba = 2.5V 8 — mA
DDR SDRAM loH Memory interface output high current (source current) -7.6 — mA
I/O(SSTL_2)" | loL Memory interface outputlow current (sink current) 76 — mA
VIH Memory Interface Input High Voltage 1.7 3.0 V
Vi Memory Interface Input Low Voltage 0.3 0.7 V
VoH Memory Interface Output High Voltage 1.5 — V
VoL Memory Interface Output Low Voltage — 1.00 v
POWERCONSUMPTION

Symbol Parameter Min. Max. Unit

Icct® Active Vcc current — 650 mA

Icco® Active AVce current — 18 mA

Icca® Active Vpbacurrent — 1 mA

15810 Standby Vcc current — 600 mA

IsB2® Standby Vbba current — 1 mA

General DC Test Conditions
® Measurements taken with Vcc = 2.625V, OE = HIGH, WCLK = RCLK = 16.7MHz, MCLK = 33.3MHz
* Data toggles alternately at 1/2 WCLK and RCLK frequency
® 0.4 <VN<Vce, 04 < Vour < Vee

®  Qutputs are unloaded (lout = 0)

NOTES:

1. These parameters are compliant under JEDEC standard for SSTL_2 (JESD8-9A). These parameters are classified as SSTL_2 Class | output buffers under section 3.2.1 of

JESD8-9A.

o B~ W

. ICC (active current) is measured with MCLK = 33.3MHz, RCLK = WCLK = 16.7MHz, and alternate 101010 data pattern toggling on the outputs.
. ISB (standby current) is measured with MCLK = RCLK = WCLK = OMHz with no output data toggling.
. VsDREF is the VREF of the DDR SDRAM. It is not to be confused with the VReF of the SFC.
. The maximum value may not represent the maximum current dissipated from the SFC. ICC values are dependent upon various factors that include: VCC, temperature,

capacitive load, frequency, bus-width, and output switching characteristics. For calculating ICC with specific parameters, please contact IDT technical support for

assistance.
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x9, x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
2.5VLVTTLACTEST CONDITIONS AC TEST LOADS
Input Pulse Levels GND to 2.5V VDDQ/2
Input Rise/Fall Times ins
Input Timing Reference Levels 1.25V
OutputReference Levels 1.25V "
I/0
10pF
2.5V SSTLAC TEST CONDITIONS
Figure 5a. AC Test Load
Input Pulse Levels GND to 2.5V
Input Rise/Fall Times ins
Input Timing Reference Levels 1.25V
Output Reference Levels 1.25V
6 —
5 —
2 4
3.3VLVTTLAC TEST CONDITIONS g 3
S22
Input Pulse Levels GND to 3.0V <= 1
Input Rise/Fall Times 3ns . L .
Input Timing Reference Levels 1.5V o b '
put Timing v 2030 50 80 100 200
Output Reference Levels 1.5V )
CapaCItance (pF) 6357 drw13a

Figure 5b. Lumped Capacitive Load, Typical Derating
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ACELECTRICALCHARACTERISTICS"Y" —SYNCHRONOUS TIMING
(Commercial: Vcc = 2.5V £+ 5%, TA=0°C to +70°C;Industrial; Vcc = 2.5V + 5%, TA = -40°C to +85°C)

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

Commercial Com'l & Ind'l®
IDT72T6360L6 IDT72T6360L7-5

Symbol Parameter Min. Max. Min. Max. Unit
fs Synchronous Clock Cycle Frequency — 166 — 133 MHz
tA DataAccess Time 1 4 1 5 ns
toLK Clock Cycle Time 6 — 75 — ns
tCLKH Clock High Time 2.7 — 35 — ns
tCLKL Clock Low Time 2.7 — 35 — ns
DS Data Setup Time 2 — 25 — ns
DH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 2 — 25 — ns
tENH Enable Hold Time 05 — 0.5 — ns
tRS ResetPulse Width 10 — 10 — ns
tRSU Reset Setup Time 15 — 15 — ns
tRSH ResetHold Time 10 — 10 — ns
tPL Resetto PLL Lock 20 — 20 — us
tRSF Resetto Flagand Output — 15 — 15 ns
toHz OutputenabletoHigh-Z 1 4 1 5 ns
toE Output Enable Valid 1 4 1 5 ns
fuc Master Clock Cycle Frequency 2 K2 2 4 MHz
tvcyc | Master Clock Cycle Time 294 31.3 294 31.3 ns
tmckH | Master Clock Cycle HIGH 0.45 0.55 0.45 0.55 tmMeye
tmckL | Master Clock Cycle LOW 0.45 0.55 0.45 0.55 tmMeYe
fsc Serial Clock Cycle Frequency — 10 — 10 MHz
tscLK Serial Clock Cycle 100 — 100 — ns
tscLkH | Serial Clock HIGH 45 — 45 — ns
tscLkL | Serial Clock LOW 45 — 45 — ns
tSDS Serial Data Setup 15 — 15 — ns
tSDH Serial Data Hold 5 — 5 — ns
tSENS Serial Enable Setup 5 — 5 — ns
tsent | Serial Enable Hold 5 — 5 — ns
tASO Serial Output Data Access Time — 20 — 20 ns
twrrs | Write Clock to Synchronous FF/IR — 4 — 5 ns
tReFs | Read Clock to Synchronous EF/OR — 4 — 5 ns
tPaFs | WCLK to Synchronous PAF — 4 — 5 ns
tPAEs | RCLK to Synchronous PAE — 4 — 5 ns
tskewt | Skew time between RCLK and WCLK for EF/OR and FF/IR in SDR 4 — 5 — ns
tskew2 | Skew time between RCLK and WCLK for PAE/PAF 5 — 7 — ns
twess | WCS Setup Time 2 — 25 — ns
twcsH | WCS Hold Time 05 — 05 — ns
fc1 Memory Clock Cycle Frequency at 166MHz 160 170 — — MHz
foo Memory Clock Cycle Frequency at 133MHz 128 136 128 136 MHz
tcKi Memory Clock Cycle Time at 166MHz 6.2 5.9 — — ns
tcke Memory Clock Cycle Time at 133MHz 7.8 7.3 7.8 7.3 ns
tCKH1 Memory Clock Cycle HIGH at 166MHz 0.45 0.55 — — teki
tCKH2 Memory Clock Cycle HIGH at 133MHz 0.45 0.55 0.45 0.55 tcke
1CKL1 Memory Clock Cycle LOW at 166MHz 0.45 0.55 — — tCKi
tekL2 Memory Clock Cycle LOW at 133MHz 0.45 0.55 0.45 0.55 tcke

NOTES:

1. Al Ab timings apply to both Standard IDT mode and First Word Fall Through mode.

2. Industrial temperature range product for the 7.5ns speed grade is available as a standard device. All other speed grades are available by special order.
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ACELECTRICALCHARACTERISTICS—ASYNCHRONOUS TIMING

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

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

Commercial Com'l & Ind'l®
IDT72T6360L6 IDT72T6360L7-5
Symbol Parameter Min. Max. Min. Max. Unit
A Asynchronous Clock Cycle Frequency — 100 — 83 MHz
tha DataAccess Time 0.6 8 0.6 10 ns
tcve Cycle Time 10 — 12 — ns
toyeH | Cycle HIGH Time 45 — 5 — ns
toyoL Cycle LOW Time 45 — 5 — ns
tFFa Rising Edge to FF — 8 — 10 ns
tEFa Rising Edge to EF — 8 — 10 ns
tAFa | Rising Edge to PAF — 8 — 10 ns
tpAEa | Rising Edge to PAE — 8 — 10 ns
tRPE Read Pulse after EF HIGH 8 — 10 — ns
NOTES:

1. All AC timings apply to both Standard IDT mode and First Word Fall Through mode.
2. Industrial temperature range product for the 7.5ns speed grade is available as a standard device. All other speed grades are available by special order.
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MRS

tRS —»
¥

REN

|<_tRSU—><-tRH -;L

WEN

|<—tRsu—><-tRH -;L

SREN

|¢—tRSU —»|«-tRH _;L

SWEN

Q[35:0]

FWFT

ASYR

ASYW

|« tRSU —>|<-tRH -;L

4 tRSF
If IDT mode is selected ;lt

<« tRSF
If FWFT mode is selected q[
< tPL >
: -
If IDT mode is selected 7
< tPL >
If FWFT mode is selected ==
< tPL >
— — —‘ 1 — -—. — —. —l _; l_
Tbidock_mgi/ nozle Iock&d_t:o hglaquire.t_:i g‘pera_tin_g:frequﬂcy before tPL I | I | I
< tPL >
r . l - l_. l - l_. .— l_. l - l__
The clock may_not be locked to the required oe'erating frequency before tPL | I | I | | |
— — -’ — - | -l — -l — - - r—
If OE = HIGH
<—tRsU—» FWFT Mode If OE = LOW
>k IDT Standard Mode

«—tRSU—p| Synchronous read port selected
Asynchronous read port selected

«—tRSU—p| Synchronous write port selected
Asynchronous write port selected

IOSEL

PAF

«—tRSU—»| 3.3V I/O voltage selected
2.5V 1/0 voltage selected

4—’[RSF-;|\
J

N

PAE

IDEM

NOTE:

|<- tF{SF-;L

<€—1tRSU —>| Depth Expansion in IDT Standard Mode
Depth Expansion in FWFT Standard Mode

6357 drw20

1. For other signals that are latched during master reset, refer to Master Reset and Device Configuration section.

Symbol Parameter Min. Max. Unit
tRS ResetPulse Width 10 — ns
tRSU Reset Setup Time 15 — ns
tRSH ResetHold Time 10 — ns
tPL Resetto PLL Lock 20 — us
tRSF Resetto Flagand Output — 15 ns

Figure 6. Master Reset and Initialization
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PRS
< tRSU —p| ¢~ tRH—p
= %
[+ tRSU—p| € tRH
wEw = X
¢ {RSU—p| < tRH-p|
SREN A 5'&
|« tRSU—p| < tRH-p,
S =" N
< tRSF»
EF If IDT mode is selected llT
<« tRSF»
OR If FWFT mode is selected
_ <« IRSF
FF If IDT mode is selected
<« IRSF
IR If FWFT mode is selected
If OE = HIGH
If OE = LOW
< tRSF
PAF 4
|<- tRSF-p|
PAE N
6357 drw21
Symbol Parameter Min. Max. Unit
RS Reset Pulse Width 10 — ns
tRsU ResetSetup Time 15 — ns
tRSH ResetHold Time 10 — ns
tPL Resetto PLL Lock 20 — us
tRSF Resetto Flagand Output — 15 ns

Figure 7. Partial Reset
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wok N N N N N S N
tENS tENH
<> <P
e L ¥
tens. | tENH
D[3510] * Word 0 * Word 1 X Word 2 X
tSKEWA1
RCLK \_/\341_\_75\_7%%_
tENS tENH
REN )l;_>
IRECs tREFs
EF 7|‘ 4’\
t tA tA
Q[35:0] Word 0 * Word 1 * Word 2
6357 drw22
NOTES:

1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK cycle
(plus tREFs). If tSKEW1 is not met, then EF de-assertion may be delayed one extra RCLK cycle.
2. Settings: OE = LOW, RCS = LOW, WCS = LOW, BM[3:0] = 1000, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

Figure 8. Write First Word Cycles - IDT Standard Mode

wok N A N N N N S O
tENS tENH
WEN
i
ItENsI |EN|H
D[3510] Word 0 * Word 1 >< Word 2 ><
tSKEW1
{ENS tENH
REN ‘4
JRECs tREFs
oR 5|< 7|4
t A tA
0[3510] Word 0 Word 1 * Word 2
6357 drw23
NOTES:

1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK cycle
(plus tREFs). If tSKEW1 is not met, then EF de-assertion may be delayed one extra RCLK cycle.
2. Settings: OE = LOW, RCS = LOW, WCS = LOW, BM[3:0] = 1000, FWFT = HIGH, ASYR = HIGH, and ASYW = HIGH.

Figure 9. Write First Word Cycles - FWFT Mode

6ns 7-5ns
Symbol Parameter Min. | Max. | Min. | Max. | Unit
tSENS Serial Enable Setup 5 — 5 — ns
1SENH Serial Enable Hold 5 — 5 — ns
A DataAccess Time 1 4 1 5 ns
tskewt | Skew time between RCLK and WCLK for EF/OR 4 — 5 — ns
and FF/IRin SDR
tREFs Read Clock to Synchronous EF/OR — 4 — 5 ns
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toLk
{CLKH —— toLKL ——

RCLK _74—\—7*1 2 74\—7

o tENH

tENS Tl 7 tENH tENS |l 4y tENH tENs " L 4
REN SS&L /J( NO OPERATION NO OPERATION 3{;_‘ J/ xr’_w_
——tREF —— EﬁREF" ~—tREF—*]
e X i
tA A [ ta—>]
Q[35:0] Last Word | ‘ Last Word 4" Word 0 >@

toLz -+ Word 1
_ < toe —™
OE k

1
tskEWT e

WCLK m’mw_

o tENH tENS ), |, — tENH

tENS"‘_’ I
R N N[ Y
tpg++{IDH tos > 7 tDH
D350 s DK

NOTES:

1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK cycle (plus tREFs). If tSKEW1 is
not met, then EF de-assertion may be delayed one extra RCLK cycle.

2. Settings: RCS = LOW, WCS = LOW, BM[3:0] = 1000, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

Figure 10. Empty Boundary - IDT Standard Mode

<+toHz "‘

6357 drw2d

tREFs | REss
OR %
tA tA tA tA
Q[35:0]  LastWord - 3* Last Word - 2 * Last Word - 1 * Last Word 1 Word 0
tSKEW1|
wok N N N S S S

;
@
W

DS - l—P|
D[35ZO] % Word 0 *

NOTES:

1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK cycle (plus tREFs).
If tSKEW1_is not met, then EF de-assertion may be delayed one extra RCLK cycle.

2. Settings: OE = LOW, RCS = LOW, WCS = LOW, BM[3:0] = 1000, FWFT = HIGH, ASYR = HIGH, and ASYW = HIGH.

Figure 11. Empty Boundary - FWFT Mode

6357 drw25

6ns 7-5ns
Symbol Parameter Min. | Max.| Min. [ Max. | Unit
toLK Clock Cycle Time 6 — 75 — ns
tCLKH Clock High Time 2.7 — 35 — ns
tOLKL Clock Low Time 2.7 — 35 — ns
DS Data Setup Time 2 — 25 — ns
DH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 2 — 25 — ns
tENH Enable Hold Time 05 — 05 — ns
tA DataAccess Time 1 4 1 5 ns
tREFs Read Clock to Synchronous EF/OR — 4 — 5 ns
tskewi | Skew time between RCLK and WCLK for EF/OR and FF/IR in SDR 4 — 5 — ns
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WCLK m%mw
tSKEW1
{ENS tENH >
<P <>
WEN ﬂk 44
tDH
<DSple—>

D[35:0] >|< WD-1 )|( wo X

RCLK m%%%éx
{ENS
P
REN
PN «;ItA PN <_;|tA
Q[35:0] Previous Word in Register >k Word 0 Word 1 >k Word 2 Word 3

NOTES: 6357 drw26
1. tSKEW1 is the minimum time between a rising RCLK edge and a rising WCLK edge to guarantee that FF will go HIGH after one WCLK cycle

(plus tWFFs). If tSKEW1 is not met, then FF de-assertion may be delayed one extra WCLK cycle.
2. Settings: OE = LOW, RCS = LOW, WCS = LOW, BM[3:0] = 1000, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

Figure 12. Full Boundary - IDT Standard Mode

wek  NC A N\ 1 2N
{SKEW1
{ENS {ENH
<> <>
wen [ ke
{DH
<Dspje—>
D[35:0] )I( WD-1 >k WD X
tWFFs twFFs

RCLK _/_\MRJ%F\JK

{ENS

= S
<> <+2p <> 1A

Q[35:0] Word 0 >k Word 1 * Word 2 >k Word 3 ;LWorcM

NOTES: o ) » » __ 6357 drw27
1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK cycle

(plus tREFs). If tSKEW1 is not met, then EF de-assertion may be delayed one extra RCLK cycle.
2. Settings: RCS = LOW, WCS = LOW, BM[3:0] = 1000, FWFT = HIGH, ASYR = HIGH, and ASYW = HIGH.

Figure 13. Full Boundary - FWFT Mode

6ns 7-5ns
Symbol Parameter Min. | Max. | Min. | Max. [ Unit
DS Data Setup Time 2 — 25 — ns
DH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 2 — 25 — ns
tENH Enable Hold Time 05 - 05 - ns
1} DataAccess Time 1 4 1 5 ns
twrrs | Write Clock to Synchronous FF/IR — 4 — 5 ns
tskewt | Skew time between RCLK and WCLK for EF/OR and FF/IRin SDR| 4 — 5 — ns
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9,x18,x36 BIT WIDE CONFIGURATION

RCLK

EN

Q[35:0]

OE

NOTE:

1. Settings: RCS = LOW, BM[3:0] = 1000, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

RCLK

REN

Q[35:0]

RCS

NOTE:

COMMERCIAL ANDINDUSTRIAL
TEMPERATURERANGES
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Figure 14. Output Enable
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tENH
<>
tRCSHZ
leta leta <A ;RCSLZ; >
<=tA—p
Word 1 Word 2 Word 3 Word 4 Word 4

tENS

=

1. Settings: OE = LOW, BM[3:0] = 1000, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

WCLK

N\

WEN

D[35:0]

Figure 15. Read Chip Select
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| tENS
tDH

<4 DS >|4¢—>
Word 0

* Word 1 X Word 2

twess

WCS
NOTE:

twcsH

1. Settings: BM[3:0] = 1000, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

Figure 16. Write Chip Select

6357 drw30

6ns 7-5ns
Symbol Parameter Min. | Max. | Min. | Max. | Unit
DS Data Setup Time 2 — 25 — ns
DH DataHold Time 0.5 — 0.5 — ns
tENS Enable Setup Time 2 — 25 — ns
tENH Enable Hold Time 05 — 05 — ns
A DataAccess Time 1 4 1 5 ns
toHz OutputenabletoHigh-Z 1 4 1 5 ns
tOE OutputEnable Valid 1 4 1 5 ns
twoss | WCS Setup Time 2 — | 25 — ns
twesH | WCS Hold Time 05 | — | 05 | — [ ns
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x9, x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
we N N A N N O L
tENS | tENH
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NOTES: __ 6357 drw31
1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK

cycle (plus tREFs). If tSKEW1 is not met, then EF de-assertion may be delayed one extra RCLK cycle.
2. Settings: OE = LOW, RCS = LOW, WCS = LOW, BM[3:0] = 1011, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

Figure 17. Bus-Matching Configuration - x36 In to x18 Out - IDT Standard Mode

WCLK _AJW
tENS | tENH
e ¥
{DH
DS le—>|
D[35:0] >E Word 0 >k
tSKEW1

tREFS tR| EF!S|
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A tA tA tA
<> > <> <P
Q[8;0] Previous Word in Register D[35:27] Word 0 D[8:0] Word 0 D[17:9] Word 0 D[26:18] Word 0 D[35:27]

6358 drw32
NOTES:
1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK cycle
(plus tREFs). If tSKEW1 is not met, then EF de-assertion may be delayed one extra RCLK cycle.
2. Settings: OE = LOW, RCS = LOW, WCS = LOW, BM[3:0] = 1111, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

Figure 18. Bus-Matching Configuration - x36 In to x9 Out - IDT Standard Mode

6ns 7-5ns
Symbol Parameter Min. | Max.| Min. | Max. | Unit
DS Data Setup Time 2 — 25 — ns
tDH DataHold Time 0.5 — 05 — ns
tENS Enable Setup Time 2 — 25 — ns
tENH Enable Hold Time 05 — 05 — ns
A DataAccess Time 1 4 1 5 ns
tREFs Read Clock to Synchronous EF/OR — 4 — 5 ns
tskewt | Skew time between RCLK and WCLK for EF/OR and FF/Rin SDR | 4 — 5 — ns
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x9, x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
wek N o O L
tENS tENH

;
Wi

tDS-><tD—H> *tDS-P‘tﬂ
D[17:0] >F Word 0 Q[17:O]*Word 0 Q[17:0>k
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tREFS tREFS
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NOTES: 6357 drw33

1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK cycle
(plus tREFs). If tSKEW1 is not met, then EF de-assertion may be delayed one extra RCLK cycle.
2. Settings: OE = LOW, RCS = LOW, WCS = LOW, BM[3:0] = 1001, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

Figure 19. Bus-Matching Configuration - x18 In to x36 Out - IDT Standard Mode
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tA
Q[35:0] Previous Word in Register * Word 0
NOTES: 6357 drw34

1. tSKEW1 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that EF will go HIGH after one RCLK cycle
(plus tREFs). If tSKEW1 is not met, then EF de-assertion may be delayed one extra RCLK cycle.
2. Settings: OE = LOW, RCS = LOW, WCS = LOW, BM[3:0] = 1101, FWFT = LOW, ASYR = HIGH, and ASYW = HIGH.

Figure 20. Bus-Matching Configuration - x9 In to x36 Out - IDT Standard Mode

6ns 7-5ns
Symbol Parameter Min. [ Max.| Min. | Max. | Unit
DS Data Setup Time 2 — 25 — ns
DH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 2 — 25 — ns
tENH Enable Hold Time 05 — 05 — ns
tA DataAccess Time 1 4 1 5 ns
tREFs Read Clock to Synchronous EF/OR — 4 — 5 ns
tskewi | Skew time between RCLK and WCLK for EF/OR and FFARinSDR | 4 — 5 — ns
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x9, x18,x36 BIT WIDE CONFIGURATION

WCLK

=
m
pd

D[35:0]

RCLK

EN

Q[35:0]

NOTES:
1. tSKEW2 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that PAE will go HIGH after one RCLK
cycle (plus tPAEs). If tSKEW2 is not met, then PAE de-assertion may be delayed one extra RCLK cycle.

COMMERCIALANDINDUSTRIAL

TEMPERATURERANGES

tENH

DH
DS pje—>
Word n + 1 *
n words or less in Memory @ n + 1 words or more in Memory @
n+ 1 words or less in Memory @ n + 2 words or more in Memory @

tPAES tPAES
|tSKEW2 ¢ >
1 2 1 2
| tens | tENH
€= tA =
Previous Word in Register Word 0

2. n = PAE offset, see Table10 for information on setting PAE offset values.
3. Settings: OE = LOW, RCS = LOW, BM[3:0] = 1000, ASYR = HIGH, and ASYW = HIGH.

Figure 21. Synchronous PAE Flag - IDT Standard Mode and FWFT Mode
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NOTES:
1. tSKEW2 is the minimum time between a rising WCLK edge and a rising RCLK edge to guarantee that PAF will go HIGH after one RCLK

cycle (plus tPAFs). If tSKEW2 is not met, then PAF de-assertion may be delayed one extra RCLK cycle.
2. m = PAF offset, D = density of SFC, see Table10 for information on setting PAF offset values.
3. Settings: OE = LOW, RCS = LOW, BM[3:0] = 1000, ASYR = HIGH, and ASYW = HIGH.

Figure 22. Synchronous PAF Flag - IDT Standard Mode and FWFT Mode

6ns 7-5ns
Symbol Parameter Min. | Max. [ Min. [ Max. | Unit
DS Data Setup Time 2 — 25 — ns
tDH DataHold Time 05 — 05 — ns
tENH Enable Hold Time 05 — 05 — ns
tA DataAccess Time 1 4 1 5 ns
tPAFs WCLK to Synchronous PAF — 4 — 5 ns
tPAES RCLK to Synchronous PAE — 4 — 5 ns
tskew2 | Skew time between RCLK and WCLK for PAE/PAF | 5 — 7 - ns

40
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x9,x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
RD
tAa < thap & thap
Q[35:0] Word D - (m - 2) %WordD-(m- 1)* Word D - m Word D - (m + 1)
| {PAFa
PAF 7|‘ D - (m + 1) words or less
in Memory
(D - m) words or more in Memory
NOTES: -
1. m = PAF offset, see Table10 for information on PAF offset values. D = density of SFC. 6357 drw37

2. Settings: OE = LOW, RCS = LOW, BM[3:0] = 1000, FWFT = LOW, ASYR = LOW, and ASYW = LOW.
3. Asynchronous read is available in IDT standard mode only.

Figure 23. Asynchronous Read and PAF Flag - IDT Standard Mode

WR t 1 / t
DH DH DH
< iDSP < iDs» <« DS P |¢—>
D[35:0] * Word n - 1 * Word n Word n + 1
| {PAE]
PAE n words or less in Memory 7|£n + 1 words or more in Memory "
6357 drw38
NOTES: o
1. n = PAE offset, see Table10 for information on PAE offset values.
2. Settings: WCS = LOW, BM[3:0] = 1000, FWFT = LOW, ASYR = LOW, and ASYW = LOW.
3. Asynchronous read is available in IDT standard mode only.
Figure 24. Asynchronous Write and PAE Flag - IDT Standard Mode
WR 74 N\
toH tDH tDH
tDs <« DS < DS P |€—>
D[35:0] Word D - (m + 2*/%rd D-(m+1) Word D - m
| tPAFa
PAF D - (m + 1) words or less in Memory sk
NOTES: D - m words or more in Memory
1. m = PAF offset, see Table10 for information on PAF offset values. D = density of SFC. 6357 drw39

2. Settings: WCS = LOW, BM[3:0] = 1000, FWFT = LOW, ASYR = LOW, and ASYW = LOW.
3. Asynchronous read is available in IDT standard mode only.

Figure 25. Asynchronous Write and PAF Flag - IDT Standard Mode

6ns 7-5ns
Symbol Parameter Min. | Max. [ Min. [ Max. | Unit
DS Data Setup Time 2 — 25 — ns
tDH DataHold Time 0.5 — 05 — ns
tha DataAccess Time 0.6 8 0.6 10 ns
tPAFa Rising Edge to PAF — 8 — 10 ns
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x9,x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
l4—tcYC—p
tovew | tover
WR 4 k£ \
tDH tDH
DS Pl¢—Pj4-DS >
D[35:0] >E Word 0 * Word 1 ;k
< tRPE »>
RD 7%
tAa
Q[35:0] Previous word in register >k Word 0 Word 1
le— tEFa |<— tEFa —
& %
NOTES: 6357 drw40
1. Settings: OF = LOW, RCS = LOW, WCS = LOW, FWFT = LOW, ASYR = LOW, and ASYW = LOW.
2. Asynchronous read is available in IDT standard mode only.
Figure 26. Asynchronous Empty Boundary - IDT Standard Mode
WR e
~1oH
DS le—|
D[35:0] Wb *
RD
|4— tha—p|
Q[350] Previous word in register * Word 0
|<— tFFa —p |<— tFFa
. 3
NOTES 6357 drw41
1. Settings: OF = LOW, RCS = LOW, WCS = LOW, FWFT = LOW, ASYR = LOW, and ASYW = LOW.
2. Asynchronous read is available in IDT standard mode only.
Figure 27. Asynchronous Full Boundary - IDT Standard Mode
RD
tAa €tAa P | €tAa P
Q[35:0] Word n - 3 ;k Word n - 2 >k Word n - 1 >k Word n
[ (PAEs
PAE n words or less in Memory " §L n words or more in Memory
NOTES: 6357 drwa2
1. n = PAE offset, see Table10 for information on PAE offset values.
2. Asynchronous read is available in IDT standard mode only.
Figure 28. Asynchronous Read and PAE Flag - IDT Standard Mode
6ns 7-5ns
Symbol Parameter Min. | Max. | Min. [ Max. | Unit
tAa DataAccess Time 0.6 8 0.6 10 ns
tcve Cycle Time 10 — 12 — ns
tCYCcH Cycle HIGH Time 45 — 5 — ns
toveL Cycle LOW Time 45 — 5 — ns
DH DataHold Time 05 — 05 — ns
DS Data Setup Time 2 — 25 — ns
teFa Rising Edge to EF — 8 — 10 ns
tFFa Rising Edge to FF — 8 — 10 ns
tPAEa Rising Edge to PAE — 8 — 10 | ns
tRPE Read Pulse after EF HIGH 8 — | 10 — | ns
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x9,x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
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SWEN : z \ /

1DS <4—tDH
S| BITO >< \\ >< BITX BITO >< \\ >< BITX
7/ 77
[< EMPTY OFFSET >< FULL OFFSET > 6357 drw43

NOTES:
1. Settings: JSEL = LOW. _
2. x is the required number of bits to program the PAE and PAF offset registers. See Table 12 for the numbers based on the values external configurations.

Figure 29. Serial Loading of Programmable Flag Registers (IDT Standard and FWFT Modes)
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[ EMPTY OFFSET > FULL OFFSET »|

6357 drwd4

NOTES:
1. Settings: JSEL = LOW. _
2. x is the required number of bits to program the PAE and PAF offset registers. See Table 12 for the numbers based on the values external configurations.

Figure 30. Reading of Programmable Flag Registers (IDT Standard and FWFT Modes)

6ns 7-5ns
Symbol Parameter Min. | Max. | Min. [ Max. | Unit
tDH DataHold Time 05 — 05 — ns
DS Data Setup Time 2 — 25 — ns
tASO Serial Output Data Access Time — 20 — 20 ns
tSENS Serial Enable Setup 5 — 5 — ns
tSENH Serial Enable Hold 5 — 5 — ns
tSCLK Serial Clock Cycle 10 — 10 — ns
tSCLKH Serial Clock HIGH 45 — 45 — ns
tSCLKL Serial Clock LOW 45 — 45 — ns
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SYSTEMINTERFACE PARAMETERS

IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE

COMMERCIALANDINDUSTRIAL

x9, x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
¢ trek
t4\
t + o
V N\ /
TCK | [ /| gg / ~
t3-/
TDI/
TMS
tbs p|<toH
TDO TDO
tpo 6357 drwa5

Notes to diagram:

t1 = trckLow

t2 = tTCKHIGH

t8 = tTCKFALL

t4 = tTCKRISE

Figure 31. Standard JTAG Timing

JTAG
ACELECTRICALCHARACTERISTICS
(Vee = 2.5V & 5%; Tambient (Industrial) = 0°C to +85°C)

Parameter Symbol Test
Conditions

IDT72T6360 Min. | Max.| Units
JTAG Clock Input Period | tTCK - 100 - ns

Parameter Symbol | Test Conditions | Min. | Max.| Units
JTAG Clock HIGH tTCKHIGH - 40 | - ns

DataOutput tpo 20 | ns
JTAG Clock Low trckLow - 40 | - ns

DataOutputHold|  tDoH® 0 ns
JTAG ClockRise Time | tTCKRISE - - | 5% ns

Data Input tDs trise=3ns 10 ns -
DH tall=3ns 10 JTAGClockFallTime | tTCKFALL - - | 59 ns
NOTE: NOTE:

1.

50pf loading on external output signals.

1. Guaranteed by design.
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9,x18,x36 BIT WIDE CONFIGURATION

JTAG TIMING SPECIFICATIONS
(IEEE1149.1 COMPLIANT)

The JTAGtest portinthis deviceis fully compliant with the IEEE Standard
TestAccess Port (IEEE 1149.1) specifications. Fouradditional pins (TDI, TDO,
TMS and TCK) are provided to support the JTAG boundary scan interface.
Note that IDT provides appropriate Boundary Scan Description Language
program files forthese devices.

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

The Standard JTAG interface consists of seven basic elements:

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

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

The Figure below shows the standard Boundary-Scan Architecture

y

. In Pad —®>( Incell —> —®> 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 I
— ID L >
> —
> B
‘ . Bypass
—»
—
®  Instruction TDO
™S > Register
— ¥ .
TCK TAP Instruction
Select
Enable
6357 drw46
Figure 32. JTAG Architecture
TEST ACCESS PORT (TAP) THETAP CONTROLLER

The TAP interface is a general-purpose port that provides access to the

internal JTAG state machine. It consists of three input ports (TCLK, TMS, TDI)

and one output port (TDO).

The TAP controlleris asynchronous finite state machine that responds to
TMSand TCLK signals to generate clock and control signals tothe Instruction

and Data Registers for capture and updating of data passed through the TDI
serialinput.

45
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE

COMMERCIALANDINDUSTRIAL

x9,x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
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1y +o 1y *0
< 6357 drw47

NOTES:
1. Five consecutive 1's at TMS will reset the TAP.
2. TAP controller resets automatically upon power-up.

Figure 33. TAP Controller State Diagram

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

Allstate transitions withinthe TAP controller occur at the rising edge of the
TCLK pulse. The TMS signallevel (0 or 1) determines the state progression
that occurs on each TCLK rising edge.

Test-Logic-Reset Alltestlogicis disabledinthis controller state enabling the
normaloperation ofthe IC. The TAP controller state machineis designedinsuch
awaythat, nomatterwhattheinitial state of the controlleris, the Test-Logic-Reset
state can be entered by holding TMS at high and pulsing TCK five times.

Run-Test-ldle Inthis controller state, the testlogicin the IC is active only if
certaininstructions are present. Forexample, ifaninstruction activates the self
test, thenitwillbe executed whenthe controller enters this state. The testlogic
inthe IC isidle otherwise.

Select-DR-Scan This is 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 Pathis made. The Controllercan returntothe Test-Logic-Reset state
otherwise.

Capture-IR Inthis controller state, the shift register bankin the Instruction
Registerparallelloads a pattern of fixed values onthe rising edge of TCK. The
lasttwo significant bits are always required to be “01”.

46

Shift-IR In this controller state, the instruction register gets connected
between TDland TDO, and the captured pattern gets shifted on each rising
edge of TCK. The instruction available on the TDI pinis also shifted in to the
instruction register. TDO changes on the falling edge of TCK.

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

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

Exit2-DR Thisis a controller state where adecisionto enter either the Shift-
IR state or Update-IR state is made.

Update-IR Inthis controller state, the instructionin the instruction register
scanchainislatchedintothe registerofthe Instruction Registeron everyfalling
edgeof TCK. Thisinstruction alsobecomesthecurrentinstructiononceitislatched.

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

Shift-DR, Exit1-DR, Pause-DR, Exit2-DR and Update-DR These
controller states are similar to the Shift-IR, Exit1-IR, Pause-IR, Exit2-IR and
Update-IR statesinthe Instruction path.
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE
x9,x18,x36 BIT WIDE CONFIGURATION

THE INSTRUCTION REGISTER

The instruction register (IR) is eight bits long and tells the device what
instructionistobe executed. Information containedintheinstructionincludes the
mode of operation (eithernormalmode, inwhich the device performsits normal
logic function, or test mode, in which the normal logic function is inhibited or
altered), the test operation to be performed, which of the four dataregistersis
tobe selectedforinclusioninthe scan path during data-register scans, andthe
source of datatobe capturedintothe selected data registerduring Capture-DR.

TESTDATAREGISTER

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

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

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

TEST BYPASS REGISTER

The registeris usedto allow test data to flow through the device from TDI
toTDO. ltcontains asingle stage shift registerforaminimumlengthinthe serial
path. Whenthe bypassregisteris selected by aninstruction, the shift register
stageis settoalogic zeroontherising edge of TCLK whenthe TAP controller
isinthe Capture-DR state.

The operation of the bypass register should not have any effect on the
operation ofthe device in response tothe BYPASS instruction.

THE BOUNDARY-SCAN REGISTER

The boundary-scan register (BSR) contains one boundary-scan cell
(BSC)foreach normal-function inputpinand one BSC for each normal-function
/0 pin (one single cell for both input data and output data). The BSR is used
1)tostoretest data thatis to be applied externally to the device outputpins, and/
or2)to capture datathatappearsinternally atthe outputs of the normal on-chip
logic and/or externally at the device input pins.

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 device to be
determinedthroughthe TAPinresponse to the IDCODE instruction.

IDTJEDEC ID numberis 0xB3. This translates to 0x33 when the parity is
droppedinthe 11-bitManufacturer ID field.

Forthe IDT72T6360, the Part Numberfield contains the following values:

Device Part# Field
IDT72T6360 0437 (hex)
31(MSB) 28 27 12 11 1 0(LSB)
Version (4 bits) | Part Number (16-bit) | Manufacturer ID (11-bit)
0000 0033 (hex) 1
IDT72T6360 JTAG Device Identification Register
47

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

JTAG INSTRUCTION REGISTER

The Instruction register allows an instruction to be serially input into the
devicewhenthe TAP controllerisinthe Shift-IR state. Theinstructionis decoded
to performthe following:
Selecttestdata registersthatmay operate while the instruction is
current. The othertest data registers should not interfere with chip
operationandthe selected data register.
Definethe serialtestdata register paththatis usedto shift databetween
TDIland TDO during data register scanning.

The Instruction Register is a 4 bit field (i.e. IR3, IR2, IR1, IR0) to decode
16 different possibleinstructions. Instructions are decoded as follows.

Hex [Instruction Function

Value

0000 | EXTEST Testexternal pins

0001 | SAMPLE/PRELOAD | Selectboundary scanregister

0002 |[IDCODE Selectschipidentification register

0003 | HIGH-IMPEDANCE (Putsalloutputsinhigh-impedance state

0008 | CLAMP Fix the output chains to scan chain values

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

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

EXTEST

The required EXTEST instruction places the device into an external
boundary-testmode and selects the boundary-scan register to be connected
between TDIand TDO. During this instruction, the boundary-scan registeris
accessedto drive test data off-chip via the 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/shortsand of logic clusterfunction.

SAMPLE/PRELOAD

The required SAMPLE/PRELOAD instruction allows the device toremainin
a normal functional mode and selects the boundary-scan register to be
connectedbetween TDIand TDO. During this instruction, the boundary-scan
register can be accessed via a data scan operation, to take a sample of the
functional data enteringandleaving the device. Thisinstructionis alsousedto
preload testdataintothe boundary-scan register before loadingan EXTEST
instruction.

IDCODE

The optional IDCODE instruction allows the device to remainin its functional
mode and selects the optional device identification register to be connected
between TDIand TDO. The device identification registeris a 32-bit shift register
containing information regarding the device manufacturer, device type, and
version code. Accessingthe device identification register does notinterfere with
the operation of the device. Also, access to the device identification register
should beimmediately available, viaa TAP data-scan operation, after power-
up of the device or by otherwise moving to the Test-Logic-Reset state.
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CLAMP

The optional CLAMP instruction setsthe outputs of andevice tologiclevels
determined by the contents ofthe boundary-scan register and selects the one-
bitbypass registerto be connected between TDIand TDO. Before loading this
instruction, the contents of the boundary-scan register can be preset with the
SAMPLE/PRELOAD instruction. During this instruction, data can be shifted
through the bypass registerfrom TDIto TDO without affecting the condition of
theoutputs.

HIGH-IMPEDANCE
The optional High-Impedanceinstruction sets all outputs (including two-state
aswellasthree-state types) of an device toadisabled (high-impedance) state

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

andselects the one-bitbypass registertobe connectedbetween TDIand TDO.
Duringthisinstruction, data can be shifted through the bypass registerfrom TDI
to TDO without affecting the condition of the device outputs.

BYPASS

The required BYPASS instruction allows the device to remaininanormal
functional mode and selects the one-bit bypass register to be connected
between TDI and TDO. The BYPASS instruction allows serial data to be
transferred through the IC from TDIto TDO without affecting the operation of
the device.
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DEPTH EXPANSION CONFIGURATION

The sequential flow-control (SFC) device can be connected with multiple
SFCsindepth expansion to provide additional storage density that's greater
than 1Gb. In depth expansion mode, two or mode devices are connected
throughacommontransferinterface, as showninFigure 34. Thetransferclock
canbe aseparate free-running clock or driven from the same system write or
read clock.

Indepth expansion configuration, the first word written to an empty configu-
ration will pass fromthe first SFC to the next until it appears on the second (or
last) SFCinthe chain. Ifnoreads are performed, data will begin accumulating
inthe second SFC untilitis full. Once the second SFCis full it will disable the
RENtothefirst SFC. Atthis point data will begin accumulatinginthe first SFC.
Oncebothdevices are full, the entire configurationis full and the full flagindicator
willgoLOW.

Foranempty configuration, the amount oftime it takes forthe empty flag of
the second (orlast) SFCinthe chainto go LOW (i.e. valid data available tobe

COMMERCIAL ANDINDUSTRIAL
TEMPERATURERANGES

read out of the device) after a word has been written into the first FIFQ is the
sum of the delays for each individual SFC:

(N - 1) x (4 x transfer clock) + 3 x RCLK

Where Nisthe number of SFCsinthe chain and RCLKis the RCLK period
in ns. This latency is only noticeable for the first word written to an empty
configuration. There willbe no delay evident for subsequentwords writteninto
thechain.

Inthe full configuration, the amount of time ittakes for the FF of the first SFC
togo from LOW to HIGH after reading one word fromthe chainis the sum of the
delays for each individual SFC:

(N- 1) x (3 x transfer clock) + 2 x WCLK

Depthexpansionisavailableinboth IDT Standard mode and First Word Fall
Through (FWFT) mode. If IDT Standard mode is selected, the IDEM signal
needstobe HIGH. IfFFWFT modeis selected, the IDEM signalneedstobe LOW.

Vce
GND
Transfer Clock
Write Clock FWFT FWFT
—————p|WCLK RCLK |g——L—p werk RCLK [ead Clock o,
Write EnableI WEN SFC OR »| wen SFC EF Empty Flag >
#1 #2
Full Flag | _—— S — — | g Read Enable
4+—————FF REN [¢——— R REN [—————
Data Inputs Data Output:
“ Dn Qn “ Dn Qn A
IDEM IDEM
T T 6357 drw48
Vce Vce

Figure 34. Depth Expansion Configuration in IDT Standard Mode

Vce

Transfer Clock

Write Clock FWET FWFT
—  Pwo RCLK |——L—p| WCLK RCLk | Read Clock o
i Output Ready FI
Write EnableI WEN SFC oR WEN SFC oR” utput Ready Flag
#1 #2
Input Ready Flag | _ Read Enable
4+—F REN |¢——| ” REN [&————
Data Inputs Data Output
ﬁ Dn Qn ﬁ Dn Qn A
IDEM IDEM
T T 6357 drw49
GND GND

Figure 35. Depth Expansion Configuration in FWFT Mode
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WIDTH EXPANSION CONFIGURATION

The sequential flow-control (SFC) device can be connected with another
SFCs in width expansion to support bus-widths greater than 36-bits. This
configuration connectstheinputand outputbus of two devices togethertocreate
awiderbus. The read and write clocks for each device are driven with a clock
driver. The empty and full flags of both devices are connectedto a logic gate
(AND/OR) depending on whether IDT Standard mode or FWFT mode is
selected. Because of the variationin skew between the read clock and write

clock, itis possible forEF/FF deassertionand IR/OR assertiontovary fromone
cyclebetweenthedevices. Thelogicgate connectedtothe statusflagswill create
acomposite flag that will update the status of both SFC devicestorepresenta
more accurate status of the configuration. Tominimize the skew betweenthe
two write and read clocks, a clock driver (IDT5T905 recommended) is used
to drive the input clocks for both SFC devices. Figure 36 illustrates the width
expansion configuration.

: ; SFC
Clock Driver I> Write Clock > Read Clock <I Clock Driver
WCLK RCLK |
IDT5T905
Write Enable =N — Read Enable IDTST905
»| WEN REN
Full Flag/Input Ready o Empty Flag/Output Ready
FF/IR EF/OR
Data Inputs Data Outputs
Dn
4+——| Gate" 64 64 Gate"” —p
Clock Driver Write Clock WCLK SFC Read Clock <I Clock Driver
IDT5T905 IDT5T905
WEN
FF/IR
Full Flag/Input Ready Empty Flag/Output Ready
Dn
6357 drw50
NOTES:

1. Use an AND gate in IDT Standard mode, an OR gate in FWFT mode.
2. Do not connect any output signals directly together.

Figure 36. Width Expansion Configuration in IDT Standard Mode and FWFT Mode
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XXXXX X XX X X
. Process /
D T P Pack:
evice Type ower Speed ackage Temperature
Range

BLANK Commercial (0°C to +70°C)
1M Industrial (-40°C to +85°C)
IBB Plastic Ball Grid Array (PBGA, BB324)
|6 Commercial Only Clock Cycle Time (tCLK)
|7-5 Commercial and Industrial_S Speed in Nanoseconds
L Low Power

|72T6360 2.5V Sequential Flow Control Device configurable to x9, x18, or x36

6357 drwlast
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