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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  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 timing modes,
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 operatesata2.5V
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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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE COMMERCIAL ANDINDUSTRIAL

x9,x18,x36 BIT WIDE CONFIGURATION TEMPERATURERANGES
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Figure 1. Sequential Flow-Control Device Block Diagram
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IDT72T63602.5V, SEQUENTIAL FLOW-CONTROL DEVICE

x9, x18,x36 BIT WIDE CONFIGURATION

TEMPERATURERANGES

PIN CONFIGURATION
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NOTE:

PBGA (BB324-1, order code: BB)

Do Not Connect.
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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
OutputReady 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, the FF function 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 orequalto 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



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

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

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 data into 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 external memory'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 signalto 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/O VbDQ Select INPUT | Thisinputdetermines whether the inputs and outputs will tolerate a 2.5V 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 configurations in the sequential flow-control device will not 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. Data from 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. Ontherising edge of every SCLK when SWEN is LOW, one bit of data from
the S pinis shiftedintothe PAE and PAF offsetregisters. 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 See Pintable | 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 SDRAMs 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 canrange 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] — Vce
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

FEBRUARY 10,2009




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 ubQs --
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 Pp{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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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
TEMPERATURERANGES

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/O 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 ~ whetherornot EDC 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 interface 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 expansioninIDT Standard mode
IOSEL 0 I/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 ordisabled

8. Configuration ofthe external memory interface

The state ofthe configurationinputs during master resetwill determine which
ofthe above modes are selected. A master reset comprises of pulsingthe MRS
inputpin 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 2 2 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’5(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 - Ds).

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 toHIGH transition
of MRS.

DuringaMaster Reset, the outputregisterisinitialized toall zeroes. AMaster
Resetis required after power up, before awrite operation cantake 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. During asynchronous
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 operation the 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

23

COMMERCIALANDINDUSTRIAL
TEMPERATURERANGES

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 mustbe 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.

Whenthe read 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, FWFT is 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 afterthree 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 onthe outputs, on the rising edge of the RCLK input.
Itis permissible to stopthe RCLK. Note thatwhile RCLKsidle, 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
is empty. Once awrite 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 for the 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 QnoutputstoretumtoHIGHZ. Duringa Master or Partial Reset
the RCSinputhasnoeffectonthe Qnoutputbus, OE isthe onlyinputthatprovides
High-Impedance control ofthe Qn outputs. If OE is LOW the Qn data outputs will
be Low-Impedance regardiess 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
adataword s 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 of the 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. IfMSPEED 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 configurationin IDT Standard
mode. If this pin is 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 settings and 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 /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 aword inthe output register. Thus, in FWFT mode, the
total number of writes necessary to de-assert IR is one greater than neededto
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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