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1.8VMULTI-QUEUE FLOW-CONTROL DEVICES

(8 QUEUES) 36 BIT WIDE CONFIGURATION

589,824 bits IDT72P51339
1,179,648 bits IDT72P51349
2,359,296 bits IDT72P51359
w 4,718,592 bits IDT72P51369
FEATURES - x36 in to x36 out - x18 in to x36 out - x9in to x36 out
« Choose from among the following memory density options: _ng'.n o X;8OUt - X;g into X;8 out - Xg into X;8 out
T D I o e
IDT72P51349 ~ —  Total Available Memory = 1,179,648 bits o 100% Bus UtiIizatit;n .Read anc’i Write on ev’ery c.Iock cycle
IDT72P51359  — - Total Available Memory =2,359,296bits | o0\ 16 First Word Fall Through (FWFT) or IDT standard
IDT72P51369 —  Total Available Memory = 4,718,592 bits

Configurable from 1 to 8 Queues

Default configuration of 8 or 4 symmetrical queues
Default multi-queue device configurations

- IDT72P51339: 2,048 x 36 x 8Q

- IDT72P51349: 4,096 x 36 x 8Q

-IDT72P51359: 8,192 x 36 x 8Q

- IDT72P51369: 16,384 x 36 x 8Q

Default configuration can be augmented via the queue address
bus

Number of queues and individual queue sizes may be
configured at master reset though serial programming
200 MHz High speed operation (5ns cycle time)

3.6ns access time

Independent Read and Write access per queue

User Selectable Bus Matching Options:

mode of operation

Ability to operate on packet or word boundaries

Mark and Re-Write operation

Mark and Re-Read operation

Individual, Active queue flags (OR / EF, IR / FF, PAE, PAF, PR)
8 bit parallel flag status on both read and write ports

Direct or polled operation of flag status bus

Expansion of up to 64 queues and/or 32Mb logical configura-
tion using up to 8 multi-queue devices in parallel

JTAG Functionality (Boundary Scan)

Available in a 256-pin PBGA, 1mm pitch, 177mm x 17mm

HIGH Performance submicron CMOS technology

Industrial temperature range (-40°C to +85°C) is available
Green parts available, see Ordering Information

FUNCTIONAL BLOCKDIAGRAM
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592

DESCRIPTION

The IDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol devices are single chips with up to 32 discrete configurable FIFO queues.
All queues within the device have a common data input bus, (write port) and
acommondataoutputbus, (read port). Data writteninto the write portis directed
toaspecific queue viaaninternal de-multiplex operation, addressed by the write
addressbus (WRADD). Dataread fromthe read portis accessed from a specific
queue viaaninternal multiplex operation, addressed by the read address bus
(RDADD). Data writes and reads can be performed at high speeds up to
200MHz, with access times of 3.6ns. Data write and read operations are totally
independent of each other, a queue maybe selected on the write portand a
different queue on the read port or both ports may select the same queue
simultaneously.

The device provides Full flagand Empty flag status forthe queue selected
forwrite and read operations respectively. Also a Programmable Almost Full
and Programmable Almost Empty flag for each queue is provided. Two 8 bit
programmable flag busses are available, providing status of queues not
selected for write or read operations. When 8 or less queues are configured
inthe device these flagbusses provide anindividual flag per queue, whenmore
than8queuesare used, eithera Polled or Direct mode bus operation provides
the flagbusses with all queues status.

Bus Matchingis available on this device, either port can be 9 bits, 18 bits or
36 bitswide. When Bus Matchingis used the device ensures the logical transfer
of datathroughputin a Little Endianmanner.

Apacketmode of operationis also provided. Packetmode provides a packet
ready flag output (PR) indicating when at least one (or more) packets of data

withinaqueue s available forreading. The Packet Ready indicatoris generated
upondetection of the startand end of packet demarcation bits. The multi-queue
device then providesthe userwithaninternally generated packet ready status
per queue.

The userhas full flexibility configuring queues within the device, being able
toprogramthe total number of queues between 1and 32, theindividual queue
depthsbeingindependent of each other. The programmable flag positions are
alsouserprogrammable. All programmingis done via a dedicated serial port.
Ifthe user does notwish to programthe multi-queue device, a default option is
available that configures the device in a predetermined manner.

AMaster Reset must be provided to the device. A Master Reset latches in
configuration/setup pins and must be performed before further programming of
thedevice cantake place. Ontherisingedge of master resetthe device operating
modeis set, the device programming mode (serial, parallel or default) is setand
the expansion configuration device type (master or slave) is set.

The multi-queue flow-control device has the capability of operatingits /O in
either2.5VLVTTL, 1.5VHSTLor1.8VeHSTLmode. The type of [/Ois selected
viathe IOSEL input. The core supply voltage (VDD) to the multi-queueis 1.8V,
however the output levels can be set independently via a separate supply,
\/bDQ.

AJTAGtestportis provided, here the multi-queue flow-control device has
afully functional Boundary Scan feature, compliantwith IEEE 1149.1 Standard
Test Access Portand Boundary Scan Architecture.

See Figure 1, Multi-Queue Flow-Control Device Block Diagram for an
outline ofthe functional blocks withinthe device.
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Figure 1. Multi-Queue Flow-Control Device Block Diagram
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DETAILED DESCRIPTION

MULTI-QUEUE STRUCTURE

The IDT multi-queue flow-control device has a single data input port and
single data output portwith up to 32 FIFO queuesin parallel buffering between
thetwo ports. The user can setup between 1 and 8 queues within the device.
These queues can be configuredto utilize the total available memory, providing
the userwith full flexibility and ability to configure the queues tobe various depths,
independent of one another.

MEMORY ORGANIZATION/ALLOCATION

The memory is organized into whatis known as “blocks”, each block being
256 x36 bits. Whenthe user s configuring the number of queues and individual
queue sizesthe user mustallocate the memory to respective queues, in units
of blocks, thatis, a single queue can be made up from 0tom blocks, where m
isthe total number of blocks available within a device. Also the total size of any
given queue must be in increments of 256 x36. For the IDT72P51339,
IDT72P51349,IDT72P71759 and IDT72P51369 the Total Available Memory
is 128,256, and 512 blocks respectively (a block being 256 x36). Queues can
be builtfromthese blocks to make any size queue desired and any number of
queues desired.

BUS WIDTHS

Theinputportiscommontoall queues withinthe device, asis the outputport.
The device providesthe userwith Bus Matching options such thatthe input port
and output port can be either x9, x18 or x36 bits wide, the read and write port
widths can be setindependently of one another. Because a ports are common
toall queues the width of the queues is notindividually set. The input width of
allqueues are the same and the output width of all queues are the same.

WRITING TO AND READING FROM THE MULTI-QUEUE

Data being writteninto the device viathe input portis directed toadiscrete
queue viathe write queue addressinput. Conversely, data beingread fromthe
devicereadportis read froma queue selected viathe read queue addressinput.
Data can be simultaneously written into and read from the same queue or
differentqueues. Once a queueis selected for data writes or reads, the writing
andreading operation is performedin the same mannerasaconventional [IDT
synchronous FIFO, utilizing clocks and enables, there is a single clock and
enable per port. When a specific queue is addressed on the write port, data
placedonthe datainputsis writtentothat queue sequentially based on the rising
edge of awrite clock provided setup and hold times are met. Conversely, data
isread ontothe output portafteranaccesstimefromarisingedge onareadclock.

The operation ofthe write portis comparable to the function of a conventional
FIFO operatinginstandard IDT mode. Write operations can be performedon
the write port provided thatthe queue currently selectedis notfull, afull flag output
provides status of the selected queue. The operation of the read port is
comparable tothe function of a conventional FIFO operatingin FWFT mode.
When a queue is selected on the output port, the next word in that queue will
automatically fall through tothe outputregister. All subsequentwords fromthat
queue require an enabled read cycle. Data cannot be read from a selected
queue if that queue is empty, the read port provides an Empty flag indicating
when data read out s valid. If the user switches to a queue that is empty, the
lastword fromthe previous queue will remain on the outputbus. In addition to
FirstWord Fall Through (FWFT)the device can operatein IDT Standard mode
or packet mode. In IDT Standard mode the read port provides a word to the
outputbus (Qout) foreach clock cycle that RENis asserted. Referto Figure 48,
Read Queue Select, Read Operation (IDT Mode). In packet mode the device
assertsapacket ready status flag toindicate one ormore packets are available
forreading.

TEMPERATURERANGES

Asmentioned, the write port has a full flag, providing full status of the selected
queue. Alongwiththe full flag a dedicated almostfull flagis provided, this almost
fullflag is similarto the almostfull flag of a conventional IDT FIFO. The device
provides a user programmable almost full flag for all 8 queues and when a
respective queueis selected onthe write port, the almostfull flag provides status
forthatqueue. Conversely, the read port has an Empty flag, providing status
ofthe data being read from the queue selected onthe read port. As well as the
Emptyflagthe device provides a dedicated aimostempty flag. Thisalmostempty
flagis similartothe almost empty flag of a conventional IDT FIFO. The device
provides a userprogrammable almostempty flag foreach 8 queuesandwhen
arespective queueis selected onthe read port, the almostempty flag provides
statusforthatqueue.

PROGRAMMABLE FLAG BUSSES

Inadditiontothese dedicated flags, full & almost full onthe write portand Output
Ready &almostempty onthe read port, there are two flag status busses. An
almostfull flag statusbusis provided, thisbusis 8 bits wide. Also, analmostempty
flag status busis provided, again this busis 8 bits wide. The purpose of these
flagbussesisto provide the userwithameans by whichtomonitorthe datalevels
within queuesthat may notbe selected on the write or read port. As mentioned,
the device provides almost full and almost empty registers (programmable by
the user) for each of the 8 queues in the device.

Inthe IDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-
control devices the user has the option of utilizing anywhere between 1 and 8
queues, therefore the 8 bit flag status busses are multiplexed between the 8
queues, aflagbus canonly provide status for 2 ofthe 8 queues atany moment,
thisisreferredtoas a “Status Word”, such thatwhen the busis providing status
ofqueues 1through 8, thisis status word 1, when itis queues 9through 16, this
is status word 2 and so on up to status word 16. If less than 8 queues are setup
inthe device, there are still 4 status words, such thatin “Polled” mode of operation
theflag bus will still cycle through 4 status words. If for example only 22 queues
are setup, status words 1 and 2 will reflect status of queues 1through8and 9
through 16 respectively. Status word 3will reflectthe status of queues 17 through
22 ontheleastsignificant 6 bits, the most significant 2 bits of the flag bus are don’t
care. The remaining status words are notused asthere are noqueuestoreport.

The flag busses are available in two user selectable modes of operation,
“Polled” or“Direct”. When operatingin polled mode a flag bus provides status
of each status word sequentially, thatis, on eachrising edge of a clock the flag
bus s updatedto showthe status of each status word in order. The rising edge
of the write clock will update the almost full bus and a rising edge on the read
clockwillupdate the almostempty bus. The mode of operationis always the same
forboth the almostfulland almostempty flag busses. When operatingin direct
mode, the status word on the flag bus is selected by the user. Sothe usercan
actually addressthe status word to be placed on the flag status busses, these
flagbusses operate independently of one another. Addressing of the almost full
flagbusis done viathe write port and addressing of the almost empty flag bus
is done via the read port.

PACKETREADY

The multi-queue flow-control device also offers a “Packet Mode” operation.
PacketModeis user selectable. Inpacket mode withax36 bitwordlength, users
can define the length of packets orframe by using the two most significant bits
ofthe word. In a 36-bit word, bit 34 is used to mark the Start of Packet (SOP)
andbit35is used to mark the End of Packet (EOP) as shownin Table 10. When
writing datainto a given queue , the first word being written is marked, by the
user setting bit 34 as the “Start of Packet” (SOP) and the last word written is
marked as the “End of Packet” (EOP) with all words written between the Start
of Packet (SOP) marker (bit 34) and the End of packet (EOP) packet marker

8 AUGUST 4, 2005



IDT72P51339/72P51349/72P51359/72P51369 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592

(bit35) constitutingthe entire packet. A packetcanbeanylengththe userdesires,
uptothetotal available memoryinthe multi-queue device. The device monitors
the SOP (bit 34) andlooks forthe word that contains the EOP (bit 35). The read
portissuppliedwithanadditional statusflag, “Packet Ready”. The Packet Ready
(PR) flag in conjunction with Empty Flag or Output Ready flag (EF/OR)
indicates when atleast one packet s available toread. Whenin packetmode
the almost empty flag status, provides packet ready flag status forindividual
queues.

EXPANSION (IDT STANDARD MODE)

Expansion of multi-queue devices is also possible. Up to 8 devices can be
connectedinaparallel bus configurationasindicatedin Figure 67, Expansion
using ID codes, and Figure 68, Expansion using WCS/RCS providing both
depthexpansion and/or queue expansion. Expansion of devices is supported
onlyinIDT Standard mode. Depth Expansion means expanding the depths of

TEMPERATURERANGES

individual queues. Queue expansion means increasing the total number of
queues available. Depth expansion is possible by virtue of the fact that more
memory blocks withina multi-queue device can be allocated to a fewer number
of queuesto increase the depth of each queue. Forexample, depth expansion
of8 devices providesthe possibility of 8 queues of 4096K bits, each queue being
setup withinasingle device utilizing allmemory blocks available to produce a
single queue. Thisis the deepest queue that can setup within a device.

For queue expansion a maximum number of 256 queues (32 x 8 queues)
may be setup, with a average of each queue being 16,384K x36 deep using
8devices, eachwith 8 queues. Iffewer queues are desired, then more memory
blocks will be available toincrease queue depthsif desired. When connecting
multi-queue devicesin expansion configuration all respective input pins (data
& control) and output pins (data & flags), should be “connected” together
betweenindividual devices. Referto Figure 67, Expansion using ID codes, and
Figure 68, Expansion using IWCS/RCSfor device connection details.

9 AUGUST 4, 2005



IDT72P51339/72P51349/72P51359/72P51369 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
PINDESCRIPTIONS
Symbol & Name I/OTYPE Description
(Pin No.)
BM [3:0] BusMatching |HSTL-LVTTL| These pins define the bus width of the input write port and the output read port of the device. The bus
(J1,L14,15,16) INPUT widths are setduring a Master Rest cycle. The BM[3:0] signals must meet the setup and hold time
requirements of Master Reset and must nottoggle/change state after a Master Reset cycle.
D[35:0] DatalnputBus |HSTL-LVTTL| These are the 36 data input pins. Data is written into the device via these input pins on the rising edge
Din INPUT of WCLK provided that WEN is LOW. Note, that in Packet mode D32-D35 may be used as packet
(See Pin No. markers, please see packet ready functional discussionfor more detail. Due to bus matching notallinputs
table fordetails) may be used, any unused inputs should be tied LOW.
D[35] Transmit End of Packet (TEOP)
D[34] Transmit Start of Packet (TSOP)
D[33:32] User definable bits
D[31:0] Datainputbits
DF® DefaultFlag HSTL-LVTTL | Ifthe userrequires default programming of the multi-queue device, this pin mustbe setup before Master
(L3) INPUT Resetand mustnottoggle during any device operation. The state of thisinputat master reset determines
the value of the PAE/PAF flag offsets. If DF is LOW the value is 8, if DF is HIGH the value is 128.
DFM® DefaultMode  |HSTL-LVTTL | The multi-queue device requires programming after master reset. The user can do this serially via the
(L2) INPUT serial port, or via parallel programming or by the default programming option The default programming
option provides a pre-defined configuration. If DFMis LOW at master reset then serial mode will be
selected, if HIGH then default mode is selected.
EF/OR Empty Flag/ HSTL-LVTTL | This signalis bi-modal. When IDT Standard mode is selected the pin provides Empty Flag (EF) status.
(P9) Output Ready OUTPUT | WhenFWFTmodeisselectedthe pin provides output ready (OR) status. This outputflag provides Output
Ready status for the data word present on the multi-queue flow-control device data outputbus, Qoutin
FWFTmode. Thisflagis a 2-stage delayed to match the data output path delay. Thereisa 3RCLK cycle
delayin DT Standard mode and a4 cycle delay for FWFT mode fromthe time a given queueis selected
forreads, tothetime the ORflag represents the datainthat queue. When a selected queue onthe read port
is readto empty, the OR flag will go HIGH, indicating that data on the output bus s notvalid. The OR flagalso
has High-Impedance capability, requiredwhen multiple devices are used andthe ORflags are tied together.
ESTR PAEnFlagBus [HSTL-LVTTL| Ifdirectoperation of the PAEn bus has been selected, the ESTRinputis used in conjunction with RCLK
(R15) Strobe INPUT andthe RDADD bus to select a status word of queues to be placed on tothe PAEn bus outputs. A status
word addressed viathe RDADD bus s selected onthe rising edge of RCLK provided that ESTR is HIGH.
If Polled operations has been selected, ESTR should be tied inactive, LOW. Note, thata PAEn flag bus
selectioncannotbe made, (ESTRmustNOT goactive) until programming of the parthas been completed
and SENO has gone LOW.
ESYNC PAEn Bus Sync [HSTL-LVTTL | ESYNC is an output from the multi-queue device that provides a synchronizing pulse forthe PAEn bus
(R16) OUTPUT | during Polled operation of the PAEn bus. During Polled operation each status word of queue status flags
is loaded on to the PAEn bus outputs sequentially based on RCLK. The first RCLK rising edge loads
status word 1 onto PAEN, the second RCLK rising edge loads status word 2 and so on. The fifth RCLK
rising edge will again load status word 1. During the RCLK cycle that status word 1 of a selected device
is placed on to the PAEn bus, the ESYNC output will be HIGH. For all other status words of that device,
the ESYNC output willbe LOW.
EXI PAEnBus HSTL-LVTTL | The EXlinputis used when multi-queue devices are connected in expansion configuration and Polled
(T16) Expansion In INPUT PAEn bus operation has been selected . EXI of device ‘N’ connects directly to EXO of device ‘N-1. The
EXlreceives atokenfromthe previous device inachain. Insingle device mode the EXIinput must be tied
LOW ifthe PAEn bus is operated in direct mode. If the PAEn bus is operated in polled mode the EXI
inputmustbe connected to the EXO output of the same device. In expansion configuration the EXI of
thefirst device should be tied LOW, when direct mode is selected.
EXO PAEnBus HSTL-LVTTL | EXOisanoutputthatis used when multi-queue devices are connected in expansion configuration and
(T15) ExpansionOut | OUTPUT | Polled PAEnbusoperationhasbeenselected. EXO of device ‘N’ connects directly to EXI of device ‘N+1'.

This pin pulses when device N has placed its final (4th) status word on to the PAEN bus with respect to
RCLK. This pulse (token) is then passed on to the next device in the chain ‘N+1"and on the next RCLK
rising edge the first status word of device N+1 will be loaded on to the PAEn bus. This continues through
the chainand EXO of the last device is then looped back to EXI of the first device. The ESYNC output of
each device in the chain provides synchronization to the user of this looping event.
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PINDESCRIPTIONS (CONTINUED)

TEMPERATURERANGES

Symbol &
Pin No.

Name

IOTYPE

Description

FFR
(P8)

Full Flag/
Input Ready

HSTL-LVTTL
OUTPUT

This pin provides the full flag output for the active Queue, thatis, the queue selected on the input port
forwrite operations, (selected via WCLK, WRADD bus and WADEN). Onthe 3rd WCLK cycle afteraqueue
selection, this flag will show the status ofthe newly selected queue. Data can be written to this queue on
the next cycle provided FF is HIGH. This flag has High-Impedance capability, this is important during
expansion of devices, whenthe FF flag output of up to 8 devices may be connected togetheronacommon
line. The device with a queue selected takes control of the FF bus, all other devices place their FF output
into High-Impedance. When a queue selection is made on the write port this output will switch from
High-Impedance control on the next WCLK cycle. This flag is synchronized to WCLK.

FM®
(K16)

Flag Mode

HSTL-LVTTL
INPUT

This pinis setup before a master resetand must nottoggle during any device operation. The state of the
FM pin during Master Resetwill determine whetherthe PAFnand PAEn flagbusses operatein either Polled
or Direct mode. If this pin is HIGH the mode is Polled, if LOW then it will be Direct.

FSTR
(R4)

PAFn Flag Bus
Strobe

HSTL-LVTTL
INPUT

If direct operation ofthe PAFn bus has been selected, the FSTRinputis usedin conjunction with WCLK
andthe WRADD bus to select a status word of queues to be placed on to the PAFn bus outputs. A status
word addressedviathe WRADD busiis selected on the rising edge of WCLK provided that FSTRis HIGH.
If Polled operations has been selected, FSTR should be tied inactive, LOW. Note, thata PAFn flag bus
selectioncannotbe made, (FSTRmustNOT goactive) until programming ofthe parthas been completed
and SENO has gone LOW.

FSYNC
(R3)

PAFn Bus Sync

HSTL-LVTTL
OUTPUT

FSYNC is an output from the multi-queue device that provides a synchronizing pulse forthe PAFn bus
during Polled operation of the PAFn bus. During Polled operation each status word of queue status flags
is loaded on to the PAFn bus outputs sequentially based on WCLK. The first WCLK rising edge loads
statusword 1 onto PAFn, the second WCLK rising edge loads status word 2 and so on. The fifth WCLK
rising edge will again load status word 1. During the WCLK cycle that status word 1 of a selected device
is placed on tothe PAFn bus, the FSYNC output will be HIGH. Forall other status words of that device,
the FSYNC output will be LOW.

FWFT
(R11)

FirstWord Fall
Through

HSTL-LVTTL
INPUT

Firstword fallthrough (FWFT) or IDT Standard mode is selected during a Master Resetcycle. Toselect
FWFT mode assertthe FWFT signal =HIGH, if FWFT =LOW during the master resetthen DT Standard
modeis selected.

FX
(T2)

PAFnBus
Expansion In

HSTL-LVTTL
INPUT

The FXlinputis used when multi-queue devices are connected in expansion configuration and Polled
PAFnbus operation has been selected . FX| of device ‘N’ connects directly to FXO of device ‘N-1°. The
FXI receives a token from the previous device in a chain. In single device mode the FXI input must be
tied LOW ifthe PAFn bus is operated in directmode. Ifthe PAFn bus is operated in polled mode the FXI
inputmustbe connected to the FXO output of the same device. In expansion configuration the FXI of the
firstdevice should be tied LOW, when direct mode is selected.

FXO
(T3)

PAFnBus
Expansion Out

HSTL-LVTTL
OUTPUT

FXOisanoutputthatis used when multi-queue devices are connected in expansion configuration and
Polled PAFnbus operation has beenselected . FXO of device ‘N’ connects directly to FXI of device ‘N+1".
This pin pulses when device N has placed its final (4th) status word on to the PAFn bus with respect to
WCLK. This pulse (token) isthen passed onto the next device inthe chain ‘N+1’ and on the next WCLK
rising edge the first status word of device N+1 will be loaded on to the PAFn bus. This continues through
the chainand FXO of the lastdevice is then looped back to FXI of the first device. The FSYNC output of
each device in the chain provides synchronization to the user of this looping event.

ID[2:0]"
(ID2-C9
ID1-A10
ID0-B10)

Device ID Pins

HSTL-LVTTL
INPUT

Forthe 8Q multi-queue device the WRADD and RDADD address busses are 8 bits wide. When a queue
selection takes place the 3MSb’s (bits 7, 6, 5) of this 8 bit address bus are used to address the specific
device (the 5-7 LSb’s are used to address the queue within that device). During write/read operations
the 3MSb’s of the address are compared to the device ID pins. Inan eight device expansion configuration,
thefirst device ina chain of multi-queue’s (connected in expansion configuration), may be setup as ‘000'
(thisis referredto asthe Master Device), the second as ‘001’ and so onthrough to device 8 whichis ‘111’,
however the ID does not have to match the device order. In single device mode these pins should be
setup as ‘000’ and the 3 MSb’s of the WRADD and RDADD address busses should be tied LOW. The
ID[2:0]inputs setup a respective devices ID during master reset. These ID pins must nottoggle during
any device operation. Note, the device selected as the ‘Master' mustbe ID ‘000'. In serial programming,
the master device (ID 000) must be programmed last.
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PIN DESCRIPTIONS (CONTINUED)

Symbol & Name /OTYPE Description
Pin No.

IOSEL 10 Select LVTTL This pinis used to select either HSTL or 2.5V LVTTL operation for the I/O. If HSTL or eHSTL I/O are

(C8) INPUT required then IOSEL should be tied HIGH (VbDQ). IFLVTTL I/O are required then it should be tied LOW.

MAST® MasterDevice |HSTL-LVTTL| ThestateofthisinputatMaster Resetdetermineswhetheragivendevice (withinachain ofdevices),isthe

(K15) INPUT Master device or a Slave. Ifthis pinis HIGH, the device is the master ifitis LOW then itis a Slave. The
master device is the first to take control of all outputs after a master reset, all slave devices go to High-
Impedance, preventing bus contention. Ifa multi-queue device is being used in single device mode, this
pinmustbe setHIGH.

MRS MasterReset  |HSTL-LVTTL| AmasterresetisperformedbytakingMRS from HIGHto LOW, to HIGH. Device programmingis required

(T9) INPUT aftermasterreset.

OE OutputEnable |HSTL-LVTTL| The OutputenablesignalisanAsynchronous signal used to provide three-state control of the multi-queue

(M14) INPUT dataoutputbus, Qout. If a device has been configured as a “Master” device, the Qout data outputs will
beinaLow Impedance conditionifthe OE inputis LOW. If OE is HIGH then the Qout data outputs will be
inHigh Impedance. If a device is configured a “Slave” device, then the Qout data outputs will always be
inHigh Impedance until that device has been selected onthe Read Port, atwhich point OE provides three-
state ofthat respective device.

PAE Programmable [HSTL-LVTTL| This pinprovidesthe Almost-Empty flag status forthe Queue thathas been selected onthe output port

(P10) Almost-Empty OUTPUT | forread operations, (selected via RCLK, RDADD and RADEN). This pin is LOW when the selected

Flag Queue is almost-empty. This flag output may be duplicated on one ofthe PAEn bus lines. This flagis

synchronized to RCLK.

PAEn/PRn Programmable [HSTL-LVTTL| Onthe 32Q device the PAEn/PRn bus is 8 bits wide. During a Master Reset this bus is setup for either

(PAE7-P11 | Aimost-Empty OUTPUT | AlmostEmptymode orPacketmode. Thisoutputbus provides PAE/PRn status of 8 queues (1 status word),

PAE6-P12 FlagBus/Packet within a selected device, having a maximum of 16 status words. During Queue read/write operations

PAE5-R12 Ready Flag Bus these outputs provide programmable empty flag status or packet ready status, in either direct or polled

PAE4-T12 mode. The mode of flag operation is determined during master reset via the state ofthe FMinput.

PAE3-P13 Thisflagbusis capable of High-Impedance state, thisisimportant during expansion of multi-queue devices.

PAE2-R13 During directoperationthe PAEn/PRn busis updatedto show the PAE/PR status of a status word of queues

PAE1-T13 within a selected device. Selection is made using RCLK, ESTR and RDADD. During Polled operation

PAE0-T14) the PAEn/PRnbusis loaded withthe PAE/PRn status of multi-queue flow-control status words sequentially
based on the rising edge of RCLK. PAE or PR operationis determined by the state of PKT during master
reset.

PAF Programmable [HSTL-LVTTL| This pin providesthe Aimost-Full flag status forthe Queue thathas been selected on the input port for

(R8) Almost-FullFlag| OUTPUT | write operations, (selected via WCLK, WRADD and WADEN). This pinis LOW when the selected
Queueis almost-full. This flag output may be duplicated on one of the PAFn bus lines. This flag is
synchronizedto WCLK.

PAFn Programmable [HSTL-LVTTL| Onthe 32Q device the PAFn busis 8 bits wide. At any one time this output bus provides PAF status

(PAF7-P7 Almost-FullFlag| OUTPUT | of8queues (1 statusword), withina selected device, havingamaximum of 16 status words. During Queue

PAF6-P6 Bus read/write operations these outputs provide programmable full flag status, in either direct or polled mode.

PAF5-R6 The mode of flag operation s determined during master reset via the state of the FMinput. This flagbus

PAF4-R7 is capable of High-Impedance state, thisisimportant during expansion of multi-queue devices. During direct

PAF3-P5 operation the PAFn bus is updated to show the PAF status of a status word of queues withina selected

PAF2-R5 device. Selectionis made using WCLK, FSTR, WRADD and WADEN. During Polled operationthe PAFn

PAF1-T5 busisloaded with the PAF status of multi-queue flow-control status words sequentially based on the rising

PAF0-T4) edge of WCLK.

PKT® PacketMode |HSTL-LVTTL| The state ofthis pin duringaMaster Reset will determine whether the partis operating in Packet mode

(J14) INPUT providing both a Packet Ready (PR) outputand a Programmable Almost Empty (PAE) discrete output,

or standard mode, providing a (PAE) output only. If this pin is HIGH during Master Reset the part will
operate inpacketmode, if itis LOW then almost empty mode. If packet mode has been selected the read
port flag bus becomes packet ready flag bus, PRn and the discrete packet ready flag, PRis functional.
If almostempty operation has been selected then the flag bus provides almost empty status, PAEn and
the discrete almost empty flag, PAE is functional, the PR flagis inactive and should not be connected.
PacketReady utilizesusermarked locationstoidentify startand end of packets being writteninto the device.
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Symbol & Name /OTYPE Description
Pin No.

PR PacketReady | HSTL-LVTTL | Ifpacketmode hasbeenselectedthisflagoutputprovides Packet Ready status of the Queue selected

(R9) Flag OUTPUT | forreadoperations. Duringa master reset the state of the PKT input determines whether Packet mode
of operation will be used. If Packetmode is selected, then the condition of the PR flag and EF/OR signal
areassertedindicates a packetis ready for reading. The user must mark the start of a packetand the end
of a packet when writing data into a queue. Using the Start Of Packet (SOP) and End Of Packet (EOP)
markers, the multi-queue device sets PR LOW if one ormore “complete” packets are availableinthe queue.
Acomplete packet(s) must be written before the useris allowed to switch queues.

Q[35:0] Data OutputBus| HSTL-LVTTL | These arethe 36 data output pins. Datais read out of the device via these output pins onthe rising edge

Qout OUTPUT | of RCLK provided thatRENis LOW, OE is LOW andthe Queueis selected. Note, thatin Packet Ready

(See Pin No. mode Q32-Q35may be used as packet markers, please see packet ready functional discussionformore

table for details) detail. Due tobus matching not all outputs may be used, any unused outputs should not be connected.

QSEL[1:0] QueueSelect | HSTL-LVTTL | The QSEL pins provides various queue programming options. Refer to Table 2, for details.

(QSEL1K1 INPUT 1.AQSEL value of 00, enables the user to program the number of queues using the Write Address bus.

QSEL0-J2 2.AQSELvalue of 01, enables the userto program the number of queues using the Read Address bus.
3. AQSEL value of 10, Selects a configuration of 4 queues.
4. AQSEL value of 11, selects a configuration of 8 queues

RADEN Read Address | HSTL-LVTTL | The RADEN inputis used in conjunction with RCLK and the RDADD address bus to select a queue to

(R14) Enable INPUT be read from. A queue addressed via the RDADD bus is selected on the rising edge of RCLK provided
thatRADENis HIGH. RADEN should be asserted (HIGH) only during a queue change cycle(s). RADEN
should notbe permanently tied HIGH. RADEN cannotbe HIGH forthe same RCLK cycle as ESTR. Note,
thataread queue selection cannot be made, (RADEN must NOT go active) until programming of the
part has been completed and SENO has gone LOW.

RCLK Read Clock HSTL-LVTTL | When enabled by REN, the rising edge of RCLK reads data from the selected queue via the output

(T10) INPUT bus Qout. The queue to be read is selected via the RDADD address bus and a rising edge of RCLK
while RADENis HIGH. A rising edge of RCLK in conjunction with ESTR and RDADD will also select the
PAEn/PRn flag status word to be placed on the PAEn/PRn bus during direct flag operation. During polled
flag operation the PAEn/PRnbus s cycled with respectto RCLK and the ESYNC signal is synchronized
toRCLK. The PAE, PRand OR outputs are all synchronized to RCLK. During device expansion the EXO
and EXI signals are based on RCLK. RCLK must be continuous and free-running.

RCS Read Chip HSTL-LVTTL [ TheRCSsignalinconcertwith REN signal provides control to enable data on tothe output read data bus.

(R10) Select INPUT During a Master Reset cycle the RCS itis don't care signal.

RDADD Read Address | HSTL-LVTTL | Forthe 8Q device the RDADD bus is 8 bits. The RDADD bus is a dual purpose address bus. The first

[7:0] Bus INPUT functionof RDADD s to selecta Queue to be read from. The least significant 5 bits of the bus, RDADD[4:0]

(RDADD7-P16 are usedto address 1 of 32 possible queues within a multi-queue device. The most significant 3 bits,

RDADDG6-P15 RDADD][7:5]are usedto select 1 of 8 possible multi-queue devices that may be connectedin expansion

RDADD5-P14 mode. Anin expansion configuration the 3MSb’s will address a device with the matching ID code. The

RDADD4-N16 address present on the RDADD bus will be selected on arising edge of RCLK provided that RADEN is

RDADD3-N15 HIGH, (note, that data can be placed on to the Qoutbus, read from the previously selected queue on this

RDADD2-N14 RCLK edge). Two RCLK rising edges after read queue select, data will be placed onto the Qout outputs

RDADD1-M16 fromthe newly selected queue, regardless of REN due to the firstword fall through effect.

RDADDO-M15) The second function of the RDADD bus is to select the status word of queues to be loaded on to the
PAEn/PRnbus during strobed flagmode. The least significant 4 bits, RDADDY[3:0] are used to select the
status word of a device to be placed on the PAEn bus. The most significant 3 bits, RDADD[7:5) are again
usedtoselect 1 of 8 possible multi-queue devices that may be connected in expansion configuration.
Address bits RDADD[4] is don’t care during status word selection. The status word address present
onthe RDADD bus will be selected on the rising edge of RCLK provided that ESTRis HIGH, (note, that
data can be placed on to the Qout bus, read from the previously selected Queue on this RCLK edge).
Please refer to Table 5 for details on RDADD bus.

REN ReadEnable | HSTL-LVTTL | The REN input enables read operations from a selected Queue based on a rising edge of RCLK.

(T11) INPUT Inthe FWFT mode, aqueuetobe read from can be selected via RCLK, RADEN and the RDADD address

bus regardless of the state of REN. A read enable s not required to cycle the PAEn/PRn bus (in polled
mode) or to select the PAEn status word, (in direct mode).
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IDT72P51339/72P51349/72P51359/72P51369 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592

TEMPERATURERANGES

PIN DESCRIPTIONS (CONTINUED)

Symbol & Name /OTYPE Description
(Pin No.)

SCLK Serial Clock HSTL-LVTTL | If serial programming of the multi-queue device has been selected during master reset, the SCLK input

(N3) INPUT clocksthe serial data through the multi-queue device. Data setup onthe Slinputis loaded into the device
ontherising edge of SCLK provided that SENIis enabled, LOW. When expansion of devicesis performed
the SCLK of all devices should be connected to the same source.

SENI Serial Input HSTL-LVTTL | During serial programming of amulti-queue device, dataloaded onto the Slinput will be clocked into the

(M2) Enable INPUT part (via a rising edge of SCLK), provided the SENIinput of that device is LOW. If multiple devices are
cascaded, the SENIinput should be connected tothe SENO output of the previous device. Sowhen serial
loading of a given device is complete, its SENO output goes LOW, allowing the next device in the chain
tobe programmed (SENO will follow SENI of a given device once that device is programmed). The SENI
input of the master device (or single device), should be controlled by the user.

SENO SerialOutput | HSTL-LVTTL | Thisoutputis usedtoindicate that serial programming or default programming of the multi-queue device

(M1) Enable OUTPUT | hasbeencompleted. SENO follows SENI once programming of a device is complete. Therefore, SENO
will go LOW after programming provided SENIis LOW, once SENI is taken HIGH again, SENO will also
goHIGH. Whenthe SENO output goes LOW, the device is ready to begin normal read/write operations.
If multiple devices are cascaded and serial programming of the devices will be used, the SENO output
should be connected to the SENIinput of the next device in the chain. When serial programming of the
firstdevice is complete, SENO will go LOW, thereby taking the SENI input of the next device LOW and
so on throughout the chain. When a given device in the chain is fully programmed the SENO output
essentially follows the SENIinput. The user should monitorthe SENO output ofthe final device in the chain.
When this output goes LOW, serial loading of all devices has been completed.

S| Serial In HSTL-LVTTL | Duringserial programmingthis pinisloaded with the serial data that will configure the multi-queue devices.

(L1) INPUT Data present on Sl will be loaded on a rising edge of SCLK provided that SENI is LOW. In expansion
modethe serial datainputisloadedintothe firstdevice inachain. Whenthatdevice s loaded andits SENO
has gone LOW, the data presenton Sl will be directly output to the SO output. The SO pin of the first device
connectstothe Sl pin of the second and so on. The multi-queue device setup registers are shift registers.

SO Serial Out HSTL-LVTTL | Thisoutputis usedinexpansionconfigurationandallows serial data to be passedthrough devicesinthe

(M3) OUTPUT | chaintocomplete programming of all devices. The Sl of a device connects to SO of the previous device
inthe chain. The SO of the final device in a chain should not be connected.

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

(A8) INPUT operations ofthe device are synchronous to TCK. Datafrom TMS and TDI are sampled on the rising edge
of TCK and outputs change onthe falling edge of TCK. Ifthe JTAG function is not used this signal needs
to be tied to GND.

TDI® JTAG TestData | HSTL-LVTTL | Oneoffourterminals required by IEEE Standard 1149.1-1990. During the JTAG boundary scan operation,

(B9) Input INPUT testdata serially loaded via the TDI onthe rising edge of TCK to either the Instruction Register, ID Register
and Bypass Register. Aninternal pull-up resistor forces TDI HIGH if left unconnected.

TDO® JTAG TestData | HSTL-LVTTL | One of four terminals required by IEEE Standard 1149.1-1990. During the JTAG boundary scan

(A9) Output OUTPUT | operation, testdata seriallyloaded outputviathe TDO onthe falling edge of TCK fromeitherthe Instruction
Register, ID Registerand Bypass Register. This outputis highimpedance except when shifting, whilein
SHIFT-DR and SHIFT-IR controller states.

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

(B8) Select INPUT device throughits TAP controller states. Aninternal pull-up resistor forces TMS HIGH if left unconnected.

TRST® JTAGReset  |HSTL-LVTTL | TRSTisanasynchronousresetpinforthe JTAG controller. The JTAG TAP controllerdoes notautomatically

(C7) INPUT resetupon power-up, thusitmustbe resetby either this signal or by setting TMS=HIGH for five TCK cycles.
Ifthe TAP controlleris not properly reset then the outputs will always be in high-impedance. Ifthe JTAG
function is used but the user does not want to use TRST, then TRST can be tied with MRS to ensure
proper queue operation. Ifthe JTAG function is not used then this signal needs to be tied to GND. An
internal pull-up resistorforces TRST HIGH if left unconnected.

WADEN Write Address | HSTL-LVTTL | The WADEN inputis used in conjunction with WCLK and the WRADD address bus to selecta queueto

(P4) Enable INPUT be writteninto. Aqueue addressed viathe WRADD bus is selected on the rising edge of WCLK provided

that WADEN is HIGH. WADEN should be asserted (HIGH) only during aqueue change cycle(s). WADEN
should notbe permanently tied HIGH. WADEN cannotbe HIGH forthe same WCLK cycle as FSTR. Note,
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IDT72P51339/72P51349/72P51359/72P51369 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592

TEMPERATURERANGES

PINDESCRIPTIONS (CONTINUED)

Symbol & Name /OTYPE Description
Pin No.

WADEN WriteAddress  [HSTL-LVTTL | thatawrite queue selectioncannotbe made, (WADEN mustNOT go active) until programming of the part

(Continued)  [Enable INPUT has been completed and SENO has gone LOW.

WCLK Write Clock HSTL-LVTTL [ When enabled by WEN, the rising edge of WCLK writes data into the selected Queue via the input

(T7) INPUT bus, Din. The Queue to be written to is selected via the WRADD address bus and a rising edge of
WCLK while WADEN is HIGH. A rising edge of WCLK in conjunction with FSTR and WRADD will also
selectthe flag status word to be placed on the PAFn bus during direct flag operation. During polled flag
operationthe PAFn busis cycled with respectto WCLK andthe FSYNC signalis synchronized to WCLK.
The PAFn, PAF and FF outputs are all synchronized to WCLK. During device expansion the FXO and
FXI signals are based on WCLK. The WCLK must be continuous and free-running.

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

(T8) Select INPUT

WEN WriteEnable ~ [HSTL-LVTTL | The WEN input enables write operations to a selected Queue based on arising edge of WCLK. A

(Te) INPUT queue to be written to can be selected via WCLK, WADEN and the WRADD address bus regardless
of the state of WEN. Data present on Din can be written to a newly selected queue on the second WCLK
cycle after queue selection provided that WEN is LOW. A write enableis not required to cycle the PAFn
bus (in polled mode) or to select the PAFn status word, (in direct mode).

WRADD WriteAddress  [HSTL-LVTTL | Forthe 32Q device the WRADD bus is 8 bits. The WRADD bus is a dual purpose address bus. The

[7:0] Bus INPUT first function of WRADD is to selecta Queue to be writtento. The least significant 5 bits of the bus,

(WRADD7-T1 WRADDI4:0] are used to address 1 of 32 possible queues within a multi-queue device. In expansion

WRADDG6-R1 configurationthe mostsignificant 3 bits, WRADD(7:5] are usedto select 1 of 8 possible multi-queue devices

WRADD5-R2 (dependantonthe number of queues addressed) thatmay be connected in expansion configuration. These

WRADD4-P1 3MSb’s will address a device with the matching ID code. The address present on the WRADD bus will

WRADD3-P2 be selected onarising edge of WCLK provided that WADEN is HIGH, (note, that data presenton the Din

WRADD2-P3 bus can be written into the previously selected queue on this WCLK edge and on the next rising WCLK

WRADD1-N1 also, providing that WENis LOW). Two WCLK rising edges after write queue select, data can be written

WRADDO-N2) intothe newly selected queue.
The second function ofthe WRADD busis to selectthe status word of queues to be loaded on to the PAFn
bus during strobed flagmode. The least significant 4 bits, WRADD[3:0] are used to select the status word
of a device to be placed on the PAFn bus. The most significant 3 bits, WRADDJ[7:5] are again used to
select 1 of 8 possible multi-queue devices that may be connected in expansion configuration. Address bits
WRADDJ4]is don’t care during status word selection. The status word address presentonthe WRADD
bus will be selected on the rising edge of WCLK provided that FSTR is HIGH, (note, that data can be
writteninto the previously selected queue on this WCLK edge). Please referto Table 4 for details on the
WRADD bus.

VDD +1.8V Supply Power These are VDD power supply pins and must all be connected to a +1.8V supply rail.

(See pg. 16)

Vbba O/PRailVoltage|  Power These pins must be tied to the desired output rail voltage. For LVTTL I/O these pins mustbe connected

(See pg. 16) to+2.5V, forHSTL these pins mustbe connectedto +1.5V and foreHSTL these pins mustbe connected
to+1.8V.

GND Ground Pin Ground These are Ground pins and must all be connected to the GND supply rail.

(See pg. 16)

Vref Reference HSTL Thisis a Voltage Reference input and mustbe connected to a voltage level determined from the table

(K3) Voltage INPUT "Recommended DC Operating Conditions". The input provides the reference level for HSTL/eHSTL
inputs. For LVTTL I/0O mode this input should be tied to GND.

NOTES:

1. Inputs should not change after Master Reset.
2. These pins are for the JTAG port. Please refer to pages 82-86 and Figures 71-73.
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IDT72P51339/72P51349/72P51359/72P51369 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIALANDINDUSTRIAL

(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

PIN NUMBER TABLE

Symbol Name /OTYPE Pin Number
D[35:0] DatalnputBus |HSTL-LVTTL|D35-J3, D(34-32)-H(3-1), D(31-29)-G(3-1), D(28-26)-F(3-1), D(25-23)-E(3-1), D(22-20)-D(3-1),
Din INPUT | D(19-17)-C(3-1), D(16,15)-B(2,1), D(14-12)-A(1-3), D11-B3, D10-A4, D9-B4, D8-C4, D7-A5, D6-B5,

D5-C5, D4-A6, D3-B6, D2-C6, D1-A7, D0-B7

Q[35:0] DataOutputBus | HSTL-LVTTL | Q(35,34)-J(15,16), Q(33-31)-H(14-16), Q(30-28)-G(14-16), Q(27-25)-F(14-16), Q(24-22)-E(14-16),
Qout OUTPUT | Q(21,20)-D(15,16), Q19-B16, Q(18,17)-C(16,15), Q16-D14, Q(15,14)-A(16,15), Q13-B15, Q12-A14,
Q11-B14,Q10-C14, Q9-A13, Q8-B13, Q7-C13, Q6-A12, Q5-B12, Q4-C12, Q3-A11, Q2-B11,
Q(1,0)-C(11,10)

VoD +1.8V Supply Power | D(7-10),E(6,7,10,11), F(5,12), G(4,5,12,13), H(4,13), J(4,13), K(4,5,12,13), L(5,12), M(6,7,10,11), N(7-10)
\bDQ O/PRailVoltage| ~ Power | D(4-6,11-13), E(4,5,12,13), F(4,13), L(4,13), M(4,5,12,13), N(4-6,11-13)
GND Ground Pin Ground | E(8-9), F(6-11), G(6-11), H(5-12), J(1,5-12), K(2,6-11,14), L(B-11), M(8-9)
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
ABSOLUTE MAXIMUM RATINGS CAPACITANCE (TA=+25°C, f=1.0MHz)
Symbol . Rating Commercial Unit Symbol Parameter(") Conditions Max. Unit
VITERM Terminal Voltage -0.5t0+2.9@ v
with respect to GND CIN@3) Input Vin = 0V 10@ pF
Capacitance
TsTG Storage Temperature -5510 +125 °C
Cout2 Output Vour = OV 15 pF
lout DC Output Current -50 to +50 mA Capacitance
NOTES: NOTES:

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause 1 ith output deselected, (O > ViH).
permanent damage to the device. This is a stress rating only and functional operation 5 characterized values, not currently tested.
of the device at these or any other conditions above those indicated in the operational 3\ for Vref is 20pF.
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

2. Compliant with JEDEC JESD8-5. VDD terminal only.

RECOMMENDED DC OPERATING CONDITIONS

Symbol Parameter Min. Typ. Max. Unit
VoD Supply Voltage 1.7 1.8 1.9 v
Vbba OutputRail Voltage forl/Os  — LVTTL 2.375 25 2625 v
— eHSTL 1.7 1.8 1.9 v
— HSTL 1.4 1.5 1.6 V
GND Supply Voltage 0 0 0 v
VIH® InputHigh Voltage — LVTTL 17 — 2625 %
— eHSTL VREF+0.2 — — v
— HSTL VREF+0.2 — — \
Vi InputLow Voltage — LVTTL 0.3 — 07 v
— eHSTL — — VREF-0.2 v
— HSTL — — VREF-0.2 V
VREF(® Voltage Reference Input — eHSTL 0.8 0.9 1.0 v
(HSTL only) — HSTL 0.68 0.75 0.9 \
TA Operating Temperature Commercial 0 — 70 °C
TA Operating Temperature Industrial -40 — 85 °C
NOTE:

1. VREF is only required for HSTL or eHSTL inputs. VREF should be tied LOW for LVTTL operation.
2. VIH AC Component = VREF + 0.4V

17 AUGUST 4, 2005



IDT72P51339/72P51349/72P51359/72P51369 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIALANDINDUSTRIAL

(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

DCELECTRICALCHARACTERISTICS
(Commercial: VDD =1.8V + 0.10V, TA=0°C to +70°C;Industrial: VDD = 1.8V + 0.10V, TA=-40°C to +85°C

Symbol Parameter Min. Max. Unit
LI InputLeakage Current -10 10 UA
ILo OutputLeakage Current -10 10 uA
VoH® OutputLogic“1”Voltage, loH=-8mA @Vbba=2.5V +0.125V (LVTTL) Vopa-0.4 — v
lon=-8 mA @Vbpa=1.8V £ 0.1V (eHSTL) VbpQ-0.4 — Y
loH=-8mA @Vbpa=1.5V+0.1V (HSTL) \VbpQ-0.4 — \
VoL OutputLogic“0”Voltage, loL=8mA @Vbba =25V +0.125V (LVTTL) — 0.4V Y
loL=8mA @Vbpa=1.8V£0.1V (eHSTL) — 0.4V \Y
loL=8mA @Vopa=1.5V+0.1V (HSTL) — 0.4V \Y
IpD1(12 Active VDD Current (VDD = 1.8V) I/0=LVTTL — 80 mA
I/0 = HSTL — 150 mA
I/0 = eHSTL — 150 mA
Ipp2t"-9) Standby Vop Current (Vbp = 1.8V) I/0=LVTTL — 5 mA
I/O = HSTL — 100 mA
I/O = eHSTL — 100 mA
IppQ*2 Active Vopa Current  (VDDQ=2.5VLVTTL) I/0=LVTTL — 10 mA
(Voba =1.5V HSTL) I/O = HSTL — 10 mA
(Voba=1.8V eHSTL) I/O = eHSTL — 10 mA
NOTES:

. Both WCLK and RCLK toggling at 20MHz.

. Data inputs toggling at 10MHz.

. Total Power consumed: PT = [(VDD x IDD) + (VDDQ x IDDQ)].

. Outputs are not 3.3V tolerant.

. The following inputs should be pulled to GND: WRADD, RDADD, WADEN, FSTR, ESTR, SCLK, SI, EXI, FXI and all Data Inputs.

The following inputs should be pulled to VDD: WEN, REN, SENI, MRS, TDI, TMS and TRST.
All other inputs are don't care and should be at a known state.

(SN I\
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
HSTL AC TEST LOADS
1.5VAC TEST CONDITIONS
VDDQ/2

Input Pulse Levels 0.25t01.25V

InputRise/Fall Times 0.4ns

Input Timing Reference Levels 0.75

OutputReference Levels Vbpa/2
NOTE: 6716 drw04

1. Voba = 1.5V £ 0.1V.
Figure 2a. AC Test Load

EXTENDED HSTL
1.8VAC TEST CONDITIONS

Input Pulse Levels 0.4t01.4V
Input Rise/Fall Times 0.4ns
Input Timing Reference Levels 0.9
OutputReference Levels Vbpa/2

(Typical, ns)

- N Wk~ 00O
|
I

AtCD

NOTE:
1. Voba = 1.8V £ 0.1V. —t—1 — f

20 30 50 80 100 200
2.5VLVTTL Capacitance (pF) 6716 awosa
2.5V AC TEST CONDITIONS

Figure 2b. Lumped Capacitive Load, Typical Derating
Input Pulse Levels GND to 2.5V
Input Rise/Fall Times ins
Input Timing Reference Levels VoD/2
OutputReference Levels \Vbba/2

NOTE:
1. Vbpa = 2.5V + 0.125V.

OUTPUT ENABLE & DISABLE TIMING

Output Output
Enable Disable

{OE & toLZ tOHZ —»

OQutput !

Normally ~ VCC/2 100mV vl Vce/2

LOW 100mV ~— A ___

Output 1oomv < A
Normally  \/cc/2 N~
HIGH 1

NOTE: 6716 drw05
1. RENis HIGH.
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TEMPERATURERANGES

(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592

ACELECTRICALCHARACTERISTICS
(Commercial: VDD = 1.8V £ 0.10V, TA=0°C to +70°C;Industrial: VDD = 1.8V £ 0.10V, TA=-40°C to +85°C; JEDEC JESD8-A compliant)

Commercial Com'l & Ind'l
IDT72P51339L5 IDT72P51339L6
IDT72P51349L5 IDT72P51349L6
IDT72P51359L5 IDT72P51359L6
IDT72P51369L5 IDT72P51369L6
Symbol Parameter Min. Max. Min. Max. Unit
fs Clock Cycle Frequency (WCLK & RCLK) — 200 — 166 MHz
tA DataAccess Time 0.6 36 0.6 37 ns
toLK Clock Cycle Time 5 - 6 - ns
tCLKH Clock High Time 225 — 27 — ns
toLKL Clock Low Time 225 — 27 — ns
DS Data Setup Time 15 — 20 — ns
DH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 15 — 20 — ns
tENH Enable Hold Time 05 — 05 — ns
tRS Reset Pulse Width 0 — 0 — ns
tRSS Reset Setup Time 15 - 15 - ns
tRSF ResetOutput Status — 10 — 10 ns
tRSR ResetRecovery Time 10 — 10 — ns
toLz(OE-Qn)® | Output Enable to Outputin Low-Impedance 0.6 36 06 37 ns
toHz® Output Enable to Outputin High-Impedance 0.6 36 06 37 ns
toE Output Enable to Data Output Ready 0.6 36 06 37 ns
¢ Clock Cycle Frequency (SCLK) — 10 — 10 MHz
tsCLK Serial Clock Cycle 100 — 100 — ns
tSCKH Serial Clock High 45 — 45 — ns
tSCKL Serial Clock Low 45 - 45 - ns
tsDs Serial Data In Setup 20 — 20 — ns
tSDH Serial Data In Hold 12 — 1.2 — ns
tSENS Serial Enable Setup 20 — 20 — ns
tSENH Serial Enable Hold 1.2 — 1.2 — ns
tsbo SCLK to Serial Data Out — 20 - 20 ns
tSENO SCLK to Serial Enable Out — 2 — 2 ns
tsbop Serial Data Out Propagation Delay 0.6 37 0.6 37 ns
tSENOP Serial Enable Propagation Delay 0.6 37 06 37 ns
tPCSF Programming Complete to Status Flag — 7+1 SCLK — 7+1 SCLK [ clock cycles
tAs Address Setup 15 — 20 — ns
tAH Address Hold 05 — 05 — ns
twFF Write Clock to Full Flag — 36 — 37 ns
tREF Read Clock to Empty Flag — 36 — 37 ns
tsTS PAE/PAF Strobe Setup 15 — 15 — ns
tsTH PAE/PAF Strobe Hold 05 — 05 — ns
tos Queue Setup 15 — 20 — ns
o Queue Hold 05 — 05 — ns
twAF WCLK to PAF flag 06 36 06 37 ns
tRAE RCLK to PAE flag 06 36 06 37 ns
tPAF Write Clock to Synchronous Almost-Full Flag Bus 0.6 36 0.6 3.7 ns
tPAE Read Clock to Synchronous Almost-Empty Flag Bus 0.6 36 06 37 ns
tPAELZ® RCLK to PAE Flag Bus to Low-Impedance 0.6 36 0.6 3.7 ns
NOTES:

1. Industrial temperature range product for the 6ns is available as a standard device. All other speed grades available by special order.
2. Values guaranteed by design, not currently tested.

20 AUGUST 4, 2005
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

ACELECTRICALCHARACTERISTICS (CONTINUED)
(Commercial: VDD=1.8V £ 0.10V, TA=0°C to +70°C;Industrial: VDD = 1.8V £ 0.10V, TA=-40°C to +85°C; JEDEC JESD8-A compliant)

Commercial Com'l & Ind'l"
IDT72P51339L5 IDT72P51339L6
IDT72P51349L5 IDT72P51349L6
IDT72P51359L5 IDT72P51359L6
IDT72P51369L5 IDT72P51369L6
Symbol Parameter Min. Max. Min. Max. Unit
tPAEHZ® RCLK to PAE Flag Bus to High-Impedance 0.6 36 0.6 3.7 ns
tPAFLZ® WCLK to PAF Flag Bus to Low-Impedance 0.6 36 0.6 3.7 ns
tPAFHZ® WCLK to PAF Flag Bus to High-Impedance 0.6 36 06 37 ns
tFFHZ® WCLK to Full Flag/Input Ready to High-Impedance 0.6 36 0.6 3.7 ns
tFFLZ® WCLK to Full Flag/Input Ready to Low-Impedance 0.6 36 06 37 ns
tEFLZ® RCLK to Empty Flag/Output Ready Flag to Low-Impedance 0.6 36 06 37 ns
tEFHZ® RCLK to Empty Flag/Output Ready Flag to High-Impedance 0.6 36 06 37 ns
tFSYNC WCLK to PAF Bus Sync to Output 06 36 06 37 ns
tFx0 WCLK to PAF Bus Expansion to Output 0.6 36 0.6 37 ns
tESYNG RCLK to PAE Bus Sync to Output 06 36 06 37 ns
texo RCLK to PAE Bus Expansion to Output 06 36 06 37 ns
tPR RCLK to Packet Ready Flag 0.6 36 0.6 3.7 ns
tSKEW1 SKEW time between RCLK and WCLK for FF/IR and EF/OR 5 — 6 — ns
tSKEW2 SKEW time between RCLK and WCLK for PAF and PAE 5 — 6 — ns
tSKEW3 SKEW time between RCLK and WCLK for PAF[0:7] and PAE[0:7] 5 — 6 — ns
tsKEW4 SKEW time between RCLK and WCLK for PR and EF/OR 5 — 6 — ns
txis Expansion Input Setup 15 — 20 — ns
tXH Expansion Input Hold 05 — 05 — ns
tPPMS Parallel Programming Setup 15 — 15 — ns
tPPMH Parallel Programming Hold 5 — 5 — ns

NOTES:
1. Industrial temperature range product for the 6ns is available as a standard device. All other speed grades available by special order.
2. Values guaranteed by design, not currently tested.

21 AUGUST 4, 2005



IDT72P51339/72P51349/72P51359/72P51369 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIALANDINDUSTRIAL

(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
FUNCTIONALDESCRIPTION DFM-Programming mode, serial or default

DF - Offset value for PAE and PAF

Once amasterresethas taken place, the device mustbe programmedeither
serially or viathe default method before any read/write operations can begin.

See Figure 37, Master Resetfor relevant timing.

MASTERRESET

AMaster Resetis performed by toggling the MRS input from HIGH to LOW
toHIGH. Duringamasterresetallinternal multi-queue device setup and control
registers areinitialized and require programming either serially by the uservia
the serial port, or via parallel programming or by using the default settings. Refer
to Figure 4, Device Programming Hierarchy for the programming hierarchy
structure. During a master reset the state of the following inputs determine the
functionality of the part, these pins should be held HIGH or LOW.

PKT —Packet Mode

FM - Flag bus Mode

BM [3:0]— Bus Matching options

MAST — Master Device

IDO, 1, 2 - Device ID

PROGRAMMING MODE CAPTURED

On the rising of /MRS the programming mode signals (QSEL 0 &1,
DEFAULT) are captured. Once the programming mode signals are captured
(latched), referto Table 1 for details. [twill then require anumber of clock cycles
forthe devicetocomplete the configuration. Configurationcompletionisindicated
whenthe SENO signaltransitions from high tolow. The configuration completion
indication is consistentwith the previous MQ device.

QSELO >< See Table 2 for definition of value

QSEL1 >< See Table 2 for definition of value

Default mode >< DFM = LOW for Serial Programming mode
(DFM)

6716 drw06

Figure 3. Reference Signals

TABLE 1 — DEVICE PROGRAMMING MODE COMPARISON

Programmable Parameter | Serial Programming Parallel Programming Default Programming

Number of Queues Any number from 1 to 8 Any numberfrom1t0 8 40r8

Queue Depth Each queue depth can be The total memory is evenly divided | The total memory is evenly divided
individualized acrossthe queues acrossthe queues

PAE/PAF Offset Value | Programmable to any value Fixed value Fixed value

Bus Matching Any combination of x9 or x18 or x36 can| Any combination of x9 or x18 orx36 | Any combination of x9, x18, or x36 can
be selected using the BM[3:0] bits. can be selected using the BM[3:0] bits. | be selected using the BM[3:0] bits

I/0 voltage LVTTL, eHSTL, HSTL LVTTL, eHSTL, HSTL LVTTL, eHSTL, HSTL

TABLE2—SETTING THE QUEUE PROGRAMMING MODE DURING MASTER RESET

Default Queue Programming Method
Mode 9 9

(DFM) |QSEL 1 |QSEL 0

=
o)
(72

0 0 0 RESERVED

0 0 1 RESERVED

0 1 0 RESERVED

Serial programming mode

1 0 0 Enables the user to program the number
of Queues using the Write Address bus

1 0 1 Enables the user to program the number
of Queues using the Read Address bus

1 1 0 Selects 4 Queue

1 1 1 Selects 8 Queue

> | ||| | |— |
o
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SERIAL PROGRAMMING

The multi-queue flow-control device s afully programmable device, provid-
ingthe userwith flexibilityin how queues are configuredin terms of the number
of queues, depth of each queue and position of the PAF/PAE flags within
respective queues. Alluser programmingis done viathe serial portafteramaster
reset has taken place. Internally the multi-queue device has setup registers
which mustbe serially loaded, these registers contain values forevery queue
within the device, such as the depth and PAE/PAF offset values. The
IDT72P51339/72P51349/72P51359/72P51369 devices are capable of up to
8queuesandtherefore contain 128 sets of registers forthe setup of each queue.

DuringaMaster Resetifthe DFM (DefaultMode) inputis LOW, thenthe device
will require serial programming by the user. It is recommended that the user
utilize a‘C’ program provided by IDT, this program will prompt the user for all
information regarding the multi-queue setup. The program willthen generate
aserial bit streamwhich should be serially loaded into the device via the serial
port. For the IDT72P51339/72P51349/72P51359/72P51369 devices the
serial programming requires a total number of serially loaded bits per device,
(SCLK cycles with SENI enabled), calculated by: 19+(Qx72) where Qis the
number of queues the user wishes to setup within the device.

Once the master reset is complete and MRS is HIGH, the device can be
seriallyloaded. Data presentonthe Sl (serialin), input s loaded into the serial
port on a rising edge of SCLK (serial clock), provided that SENI (serial in
enable),is LOW. Once serial programming ofthe device has been successfully
completedthe device willindicate this viathe SENO (serial outputenable) going
active, LOW. Upon detection of completion of programming, the user should
ceaseallprogrammingandtake SENIinactive, HIGH. Note, SENOfollows SENI
once programming of a device is complete. Therefore, SENO will go LOW after
programming provided SENIis LOW, once SENI istaken HIGH again, SENO
willalso go HIGH. The operation of the SO outputis similar, when programming
ofagivendevice is complete, the SO output will follow the Slinput.

If devices are being usedin expansion configuration the serial ports of devices
shouldbe cascaded. The usercanloadalldevices viathe serialinput portcontrol
pins, S| & SENI, of the first device in the chain. Again, the user may utilize the
‘C’ program to generate the serial bit stream, the program prompting the user
forthe number of devices to be programmed. The SENO and SO (serial out)
ofthefirstdevice should be connected tothe SENTand Slinputs of the second
device respectively and soon, withthe SENO & SO outputs connectingtothe
SENI& Slinputs of all devices through the chain. All devices in the chain should
be connectedtoacommon SCLK. The serial outputport of the final device should
be monitored by the user. When SENO of the final device goes LOW, this
indicates that serial programming of all devices has been successfully com-
pleted. Upon detection of completion of programming, the user should ceaseaall
programming and take SENI of the first device in the chaininactive, HIGH.

Asmentioned, the firstdevice inthe chain hasits serial input port controlled
bythe user, thisis the firstdevice to have itsinternal registers serially loaded
bythe serial bitstream. When programming of this device is complete it will take
its SENO output LOW and bypass the serial data loaded onthe Slinputtoits
SO output. The serialinput of the second device in the chain is now loaded with
the data fromthe SO of the first device, while the second device has its SENI
input LOW. This process continues through the chain until all devices are
programmed and the SENO of the final device (or master device, ID ='000')
goesLOW.

Once all serial programming has been successfully completed, normal
operations, (queue selections on the read and write ports) may begin. When
connectedinexpansion configuration, the IDT72P51339/72P51349/72P51359/
72P51369 devices require a total number of serially loaded bits per device to
complete serial programming, (SCLK cycles with SENI enabled), calculated by:
n[19+(Qx72)]where Qis the number of queues the userwishes to setup within
the device, where n is the number of devices in the chain.
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TEMPERATURERANGES

See Figure 42, Serial Port Connectionand Figure 43, Serial Programming
forconnectionandtiminginformation.

DEFAULTPROGRAMMING

During a Master Reset if the DFM (Default Mode) input is HIGH the multi-
queue device will be configured for default programming, (serial programming
is not permitted). Default programming provides the user with a simpler,
however limited meansto setup the multi-queue flow-control device, ratherthan
using the serial programming method. The default mode will configure a multi-
queue device with the maximum number of queues setup, and the available
memory allocated equally between the queues. The values of the PAE/PAF
offsetsis determined by the state of the DF (default) pin during a master reset.

Forthe IDT72P51339/72P51349/72P51359/72P51369 devices the default
mode will setup 8 queues, each queue being 512 x 36, 1024 x 36, 2048 x36,
and 4096 x 36 deep respectively. For each device, the value of the PAE/PAF
offsetsis determined at master reset by the state of the DF input. If DF is LOW
then both the PAE & PAF offset will be 8, if HIGH then the value is 128.

When configuringthe IDT72P51339/72P51349/72P51359/72P51369 de-
vicesindefaultmode the user simply has to apply WCLK cycles afteramaster
reset, until SENO goes LOW, this signals that default programmingis complete.
Theseclockcyclesare requiredforthe device toloaditsinternal setup registers.
Whenasingle multi-queue device is used, the completion of device program-
mingis signaled by the SENO output of a device goingfrom HIGHto LOW. Note,
that SENImust be held LOW when a device s setup for default programming
mode.

When multi-queue devices are connected in expansion configuration, the
SENI ofthefirstdeviceinachain canbe held LOW. The SENO ofadevice should
connecttothe SENIofthe nextdevicein the chain. The SENO of the final device
is usedtoindicate that default programming of all devicesis complete. Whenthe
master (ID='000) SENO goes LOW normal operations may begin. Again, all
devices will be programmed with their maximum number of queues and the
memory divided equally between them. Please refer to Figure 38, Default
Programming.

PARALLEL PROGRAMMING

Duringa Master Resetcycle (i.e. the MRS signal transitions from HIGH to
LOWthen LOWto HIGH) ifthe DFM (Default Mode) input signalis HIGH and
the QSEL 1 input signal is LOW the Multi-Queue Flow Control device is
configured for Parallel Programming. Parallel Programming enables the
number of queues within the device to be setthrough either the Write Address
(WRADD) bus or Read Address (RDADD) bus after the Master Reset cycle.
Within Parallel Programming mode the Multi-Queue (MQ) device program-
mable parameters are; number of queues, queue depth, PAE/PAF flag offset
value, bus matching and the 1/0 voltage level. As previously indicated, the
number of queues are configured using the write or read address bus,
however bus matching is setduring the Master Reset cycle. The value thatis
setduringthe Master Reset cycleis determined by the Bus Matching (BM) bits.
Forthe IDT72P51339/72P51349/72P51359/72P51369 devices in Parallel
Programming Mode the value of the PAE/PAF offsets at master reset is
determined by the state of the DF input. If DF is LOW then both the PAE & PAF
offset will be 8, if HIGH then the value is 128.

When configuring the IDT72P51339/72P51349/72P51359/72P51369
devices in Parallel Programming Mode the user simply has to apply WCLK
cycles aftera master reset, untilISENO goes LOW, this signals that Parallel
Programming is complete. These clock cycles are required for the device to
load itsinternal setup registers. Whenasingle multi-queue deviceis used, the
completion of device programmingis signaled by the SENO output of a device
going from HIGH to LOW. Note, that SENI must be held LOW when a device
is setup for Parallel Programming mode.
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When Multi-Queue devices are connectedin an Expansion Configuration, PROGRAMMING HIERARCHY
the SENI signal of the first device in achain mustbe held LOW. The SENO signal Configuring the device is a 2 stage sequence. The first stage is to set the
ofadevice should connecttothe SENI ofthe nextdeviceinthe chain. The SENO  expansion device type, the desired programming mode and the device
of the final device is used to indicate that the programming of all devicesis  operatingmode duringthe master reset cycle (i.e. onthe rising edge of Master
complete. When the master device (ID="000") SENO signal goes LOWthe  Reset (MRS)). The second stage is to set values such as PAE/PAF, number
internal programming is complete and queue write/read operationmaybegin.  of queues, queue depth, etc. using the programming mode (serial, parallel,
Please refer to Figure 39, Parallel Programmingfor signal timing details. default) selectedin stage 1. Referto Figure 4, Device Programming Hierarchy.

Master Reset Cycle

-~ N

Device Operating Mode
Expansion Device Selected
Device Type Programming
Selected Mode Selected (Packet Mode) Fl;o 'V'Oi
(IDT Mog FVE’ Mode) (IDT Mode) (FWFT Mode)
Master Slave
Device Device
Serial Parallel Queue
Programming Programming
\4
Default

Programming
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Figure 4. Device Programming Hierarchy
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QUEUE DESCRIPTION

CONFIGURATION OF THEIDT MULTI-QUEUE FLOW-CONTROL DEVICE
ThelDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol devices can be configured in distinct modes, namely Packet mode, FIFO

Operational Modes
Packet Mode

LN\

IDT Standard FWFT Mode
Mode

FIFO Mode

SN

IDT Standard FWFT Mode
Mode

TEMPERATURERANGES

mode, Standard mode, and FWFT mode. To configure the device operational
mode set the configuration pins (PKT, FWFT) as indicated in Table 3, Mode
Configuration.

TABLE 3 — MODE CONFIGURATION

Configuration Signals Modes
PKT FWFT
LOW LOW FIFO mode - IDT Standard Mode
Low HIGH FIFO mode - FWFT
HIGH LOW Packet mode - IDT Standard Mode
HIGH HIGH Packetmode - FWFT

InIDT Standard mode the read port signal EF/OR s configured for empty
flag (EF) signaling. EF isanactive LOW signal. When EF is LOW itsignifies the
selected (present) queue is empty. Onthe write port, signal FF/IR is configured

RCLK

forfullflag (FF) signaling. FF is an active LOW signal. When FFisLOW it signifies
the selected (present) queue is full. Refer to Figure 5, IDT Standard mode
illustrated (Read Port).

VANV NNV N

Qout >< ><

Last Data Word

Y}
m
=2
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Figure 5. IDT Standard mode illustrated (Read Port)

InFWFT modethe read portsignal EF/ORis configured for output ready (OR)
signaling. ORis anactive LOW signal. When ORis HIGH, itsignifiesthereis no
available word to read. On the write port, signal FF/IR is configured for input

ready (IR) signaling. IRis an active LOW signal. When IR isLOW it signifies the
write portis ready forwriting into the selected queue. Referto Figure 6, FWFT
mode illustrated (Read Port).

ALK SN N N N
OR : : : :
Qout . \ \ \
Data Bus : >< Last Data Wo:rd : :
REN Z Z Z Z

\
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Figure 6. First Word Fall Through (FWFT) mode illustrated (Read Port)
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