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FEATURES

Choose from among the following memory density options:

IDT72P51339 —  Total Available Memory = 589,824 bits

IDT72P51349 —  Total Available Memory = 1,179,648 bits
IDT72P51359 —  Total Available Memory = 2,359,296 bits
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:

—x36 in to x36 out —x18in to x36 out
—x36in to x18out —x18in to x18 out —x9intox18 out
—x36in to x9out —x18in to x9 out —-x9intox9 out
User selectable I/0: 1.5V HSTL, 1.8V eHSTL, or 2.5V LVTTL
100% Bus Utilization, Read and Write on every clock cycle
Selectable First Word Fall Through (FWFT) or IDT standard
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, 17mm x 17mm

HIGH Performance submicron CMOS technology

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

—x9in to x36 out
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DESCRIPTION

ThelDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol devices are single chips with up to 32 discrete configurable FIFO queues.
All queues within the device have acommon data input bus, (write port) and
acommondataoutputbus, (read port). Datawritteninto the write portis directed
toaspecific queue viaaninternal de-multiplex operation, addressed by the write
addressbus (WRADD). Dataread fromthe read portis accessed from aspecific
queue viaaninternal multiplex operation, addressed by the read address bus
(RDADD). Data writes and reads can be performed at high speeds up to
200MHz, withaccesstimes of 3.6ns. Datawrite and read operations are totally
independent of each other, a queue maybe selected on the write port and a
different queue on the read port or both ports may select the same queue
simultaneously.

The device provides Full flag and Empty flag status for the 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 flag busses provide anindividual flag per queue, when more
than 8 queuesare used, eitheraPolled or Direct mode bus operation provides
the flag busses with all queues status.

Bus Matchingis available onthis device, either port can be 9 bits, 18 bits or
36 bitswide. When Bus Matchingis used the device ensures the logical transfer
of datathroughputinaLittle Endian manner.

Apacketmode of operationisalso provided. Packetmode provides apacket

ready flag output (PR) indicating when at least one (or more) packets of data

TEMPERATURERANGES

withinaqueue isavailable forreading. The Packet Readyindicatoris generated
upondetection of the startand end of packet demarcation bits. The multi-queue
devicethen providesthe userwithaninternally generated packet ready status
per queue.

The user has full flexibility configuring queues within the device, being able
to programthe total number of queues between 1 and 32, the individual queue
depthsbeingindependent of each other. The programmable flag positions are
alsouser programmable. All programming is done via a dedicated serial port.
Ifthe user does notwish to program the multi-queue device, adefault optionis
available that configures the device in a predetermined manner.

AMaster Reset must be provided to the device. AMaster Reset latchesin
configuration/setup pins and must be performed before further programming of
the device cantake place. Ontherising edge 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 1in
either2.5VLVTTL, 1.5VHSTLor1.8VeHSTL mode. Thetype of [/Ois selected
viathe IOSEL input. The core supply voltage (VoD) to the multi-queueis 1.8V,
however the output levels can be set independently via a separate supply,
VDDQ.

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

See Figure 1, Multi-Queue Flow-Control Device Block Diagram for an
outline of the functional blocks within the 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 queues in parallel buffering between
the two ports. The user can setup between 1 and 8 queues within the device.
These queues canbe configured to utilize the total available memory, providing
the userwith full flexibility and ability to configure the queues to be various depths,
independent of one another.

MEMORY ORGANIZATION/ALLOCATION

The memoryis organizedintowhatis known as “blocks”, each block being
256 x36 bits. Whenthe useris 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 0 to mblocks, 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
is128, 256, and 512 blocks respectively (ablock being 256 x36). Queues can
be built fromthese blocks to make any size queue desired and any number of
queues desired.

BUS WIDTHS

Theinputportiscommontoall queueswithinthe device, asisthe output port.
The device provides the 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 not individually 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

Databeing writteninto the device viathe input portis directed to a discrete
queue viathe write queue addressinput. Conversely, data being read fromthe
deviceread portisread fromaqueue selected viathe read queue addressinput.
Data can be simultaneously written into and read from the same queue or
differentqueues. Once aqueueis selected for data writes orreads, the writing
andreading operationis performedinthe 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
placed onthe datainputsis written to that queue sequentially based onthe rising
edge of awrite clock provided setup and hold times are met. Conversely, data
isreadontothe output portafteranaccesstime fromarising edge onaread clock.

The operation ofthe write portis comparable to the function of a conventional
FIFO operatingin standard IDT mode. Write operations can be performed on
thewrite port providedthatthe queue currently selectedis notfull, afull flag output
provides status of the selected queue. The operation of the read port is
comparabletothe function of a conventional FIFO operatingin FWFT mode.
Whena queue is selected on the output port, the next word in that queue will
automatically fall throughto the outputregister. All subsequentwords fromthat
queue require an enabled read cycle. Data cannot be read from a selected
queue ifthat queue is empty, the read port provides an Empty flag indicating
when data read outis valid. If the user switches to a queue that is empty, the
lastword fromthe previous queue willremain on the output bus. In addition to
FirstWord Fall Through (FWFT) the device can operate in IDT Standard mode
or packet mode. In IDT Standard mode the read port provides a word to the
outputbus (Qout)foreach clock cyclethat RENis asserted. Referto Figure 48,
Read Queue Select, Read Operation (IDT Mode). In packet mode the device
assertsapacket ready status flag toindicate one or more packets are available
forreading.

TEMPERATURERANGES

Asmentioned, the write porthas afull flag, providing full status of the selected
queue. Alongwiththe full flag a dedicated almost fullflag s provided, this almost
fullflag is similarto the almost full flag of aconventional 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 aimostfull flag provides status
forthat queue. Conversely, the read port has an Empty flag, providing status
ofthe data being read from the queue selected onthe read port. Aswell asthe
Emptyflagthe device provides adedicated almostempty flag. Thisalmostempty
flagis similarto the almostempty flag of a conventional IDT FIFO. The device
provides auser programmable aimostempty flag for each 8 queues andwhen
arespective queueis selected onthe read port, the almost empty flag provides
statusforthatqueue.

PROGRAMMABLE FLAG BUSSES

Inadditiontothese dedicatedflags, full & almostfull onthe write portand Output
Ready & almost empty on the read port, there are two flag status busses. An
almostfull flag status busis provided, this busis 8 bits wide. Also, analmostempty
flag status busis provided, again this bus s 8 bits wide. The purpose ofthese
flagbussesisto provide the userwithameans by whichtomonitor the datalevels
withinqueuesthat may not be selected on the write or read port. As mentioned,
the device provides almost fulland 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 devicesthe user has the option of utilizing anywhere between 1and 8
queues, therefore the 8 bit flag status busses are multiplexed between the 8
queues, aflag bus canonly provide status for 2 of the 8 queues atany moment,
thisisreferredtoasa“Status Word”, such thatwhen the busis providing status
ofqueues 1through 8, thisis statusword 1, when itis queues 9through 16, this
isstatusword 2 and soonupto statusword 16. If less than 8 queues are setup
inthe device, there are still 4 statuswords, suchthatin “Polled” mode of operation
the flag bus will still cycle through 4 status words. If for example only 22 queues
are setup, statuswords 1 and 2 will reflect status of queues 1 through8and 9
through 16 respectively. Statusword 3willreflect the status of queues 17 through
22 ontheleastsignificant 6 bits, the most significant 2 bits of the flag bus are don't
care. The remaining statuswords are notused as there are noqueuestoreport.

The flag busses are available in two user selectable modes of operation,
“Polled” or“Direct”. When operating in polled mode a flag bus provides status
of each statusword sequentially, thatis, on eachrising edge of aclock the flag
bus s updatedto showthe status of each statuswordin order. Therising edge
of the write clock will update the almost full bus and a rising edge on the read
clockwill update the almostempty bus. The mode of operationis always the same
forboththe almost fulland almostempty flag busses. When operating in direct
mode, the status word on the flag bus is selected by the user. Sothe user can
actually address the status word to be placed on the flag status busses, these
flagbusses operate independently of one another. Addressing of the almost full
flag busis done viathe write portand 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. In packet mode withax36 bitwordlength, users
candefinethe length of packets or frame by using the two most significant bits
of the word. Ina 36-bitword, bit 34 is used to mark the Start of Packet (SOP)
andbit 35isusedtomarkthe End of Packet (EOP) as shownin Table 10. When
writing datainto a given queue, the firstword being written is marked, by the
user setting bit 34 as the “Start of Packet” (SOP) and the last word written is
marked asthe “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
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(bit35) constituting the entire packet. A packetcanbe anylengththe user desires,
uptothetotal available memory inthe multi-queue device. The device monitors
the SOP (bit 34) and looks for the word that contains the EOP (bit 35). Theread
portis suppliedwithanadditional statusflag, “Packet Ready”. The Packet Ready
(PR) flag in conjunction with Empty Flag or Output Ready flag (EF/OR)
indicates when atleast one packetis available toread. Whenin packet mode
the almost empty flag status, provides packet ready flag status for individual
queues.

EXPANSION (IDT STANDARD MODE)

Expansion of multi-queue devicesis also possible. Upto 8 devices can be
connectedinaparallel bus configuration asindicatedin 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 withinamulti-queue device canbe allocated to afewer number
of queuesto increase the depth of each queue. Forexample, depth expansion
of8devices providesthe possibility of 8 queues of 4096K bits, each queue being
setupwithinasingle device utilizing all memory blocks available to produce a
single queue. This is 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. Refer to Figure 67, Expansion using ID codes, and
Figure 68, Expansion using WCS/RCSfor device connection details.
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PIN DESCRIPTIONS
Symbol & Name I/IOTYPE 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 set during a Master Rest cycle. The BM[3:0] signals must meet the setup and hold time
requirements of Master Resetand 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 packetready functional discussion for more detail. Due to bus matching not allinputs
table for details) 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] Datainput bits
DF® DefaultFlag HSTL-LVTTL | Ifthe userrequires default programming of the multi-queue device, this pin must be setup before Master
(L3) INPUT Resetand mustnottoggle during any device operation. The state of thisinputat master resetdetermines
the value of the PAE/PAF flag offsets. If DF is LOW the value s 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 DFM is LOW at master reset then serial mode will be
selected, ifHIGH then default mode is selected.
EF/OR EmptyFlag/  |HSTL-LVTTL| Thissignalis bi-modal. When IDT Standard mode is selected the pin provides Empty Flag (EF) status.
(P9) OutputReady OUTPUT | WhenFWFT modeisselectedthe pin provides outputready (OR) status. This output flag provides Output
Ready status forthe dataword present on the multi-queue flow-control device dataoutputbus, Qoutin
FWFT mode. Thisflag is a 2-stage delayed to match the data output path delay. Thereisa3RCLK cycle
delayinIDT Standard mode and a4 cycle delay for FWFT mode fromthe time agiven queue s selected
forreads, tothetime the ORflag representsthe datainthat queue. When aselected queue ontheread port
isread toempty, the ORflag will go HIGH, indicating that data onthe output busis notvalid. The ORflag also
has High-Impedance capability, required when multiple devices are used and the OR flags aretied together.
ESTR PAEnFlagBus |HSTL-LVTTL| Ifdirectoperation ofthe PAEnbus has beenselected, the ESTRinputis used in conjunctionwith RCLK
(R15) Strobe INPUT andthe RDADD bus to select a status word of queues to be placed ontothe PAEn bus outputs. A status
word addressed viathe RDADD bus s selected ontherising edge of RCLK provided that ESTR is HIGH.
IfPolled operations has been selected, ESTR should be tied inactive, LOW. Note, thata PAEn flag bus
selection cannotbe made, (ESTR mustNOT go active) until programming of the part has been completed
and SENO has gone LOW.
ESYNC PAEN Bus Sync [HSTL-LVTTL | ESYNCisan output from the multi-queue device that provides a synchronizing pulse for the PAEn bus
(R16) OUTPUT | duringPolled operation ofthe 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 on to 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 outputwill be 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
EXlreceivesatoken fromthe previous deviceinachain. Insingle device mode the EXlinput must be tied
LOW ifthe PAEN busis operated in direct mode. If the PAEn bus is operated in polled mode the EXI
input must be connected to the EXO output of the same device. Inexpansion configuration the EXI of
the firstdevice should be tied LOW, when direct mode is selected.
EXO PAEnBus HSTL-LVTTL | EXOisanoutputthatis used when multi-queue devices are connected in expansion configurationand
(T15) ExpansionOut | OUTPUT | Polled PAEnbusoperation hasbeenselected . 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 respectto
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

I/OTYPE

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, when the FF flag output of upto 8 devices may be connected together onacommon
line. The device with a queue selected takes control ofthe FF bus, all other devices place their FF output
into High-Impedance. Whena queue selectionis 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

Thispinis setup before a master resetand must nottoggle during any device operation. The state ofthe
FM pinduring Master Resetwill determine whetherthe PAFnand PAEnflag busses operate in either Polled
or Direct mode. Ifthis pin is HIGH the mode is Polled, if LOW then it will be Direct.

FSTR
(R4)

PAFn Flag Bus
Strobe

HSTL-LVTTL
INPUT

Ifdirect operation ofthe PAFn bus has been selected, the FSTR inputis used in conjunction with WCLK
and the WRADD bus to selecta status word of queues to be placed onto the PAFn bus outputs. A status
word addressed viathe WRADD busis selected ontherising edge of WCLK provided that FSTRis HIGH.
If Polled operations has been selected, FSTR should be tied inactive, LOW. Note, thata PAFn flag bus
selection cannotbe made, (FSTR mustNOT go active) until programming of the parthas been completed
and SENO has gone LOW.

FSYNC
(R3)

PAFn Bus Sync

HSTL-LVTTL
OUTPUT

FSYNCis an output from the multi-queue device that provides asynchronizing pulse for the 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
status word 1 onto PAFn, the second WCLK rising edge loads status word 2 and so on. The fifth WCLK
rising edge willagain load status word 1. During the WCLK cycle that status word 1 of a selected device
is placed on to the PAFn bus, the FSYNC outputwill be HIGH. For all other status words of that device,
the FSYNC output will be LOW.

FWFT
(R11)

FirstWord Falll
Through

HSTL-LVTTL
INPUT

Firstword fallthrough (FWFT) or IDT Standard mode is selected during a Master Reset cycle. To select
FWFT mode assertthe FWFT signal=HIGH, if FWFT = LOW during the master resetthen IDT 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 . FXI 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 FXIinput must be
tied LOW ifthe PAFn busis operated in directmode. Ifthe PAFn bus s operated in polled mode the FXI
inputmustbe connected to the FXO output ofthe same device. In expansion configuration the FXl ofthe
firstdevice should be tied LOW, when direct modeis selected.

FXO
(T3)

PAFnBus
Expansion Out

HSTL-LVTTL
OUTPUT

FXOisanoutputthatis used when multi-queue devices are connected in expansion configuration and
Polled PAFn bus operation has been selected . 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) is then 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 chain and FXO ofthe last device is thenlooped 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. Whenaqueue
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 3MSh’s ofthe address are comparedtothe device ID pins. Inan eight device expansion configuration,
thefirst device inachain of multi-queue’s (connected in expansion configuration), may be setup as ‘000’
(thisisreferred to asthe Master Device), the second as ‘001’ and so onthrough to device 8whichis ‘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 MSh’s of the WRADD and RDADD address busses should be tied LOW. The
ID[2:0]inputs setup arespective devices ID during master reset. These ID pins must not toggle during
any device operation. Note, the device selected as the ‘Master' mustbe 1D ‘000'. In serial programming,
the master device (ID 000) must be programmed last.
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PIN DESCRIPTIONS (CONTINUED)

Symbol & Name I/IOTYPE 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 requiredthen IOSEL should be tied HIGH (VDDQ). IfLVTTL I/O are required thenit should be tied LOW.

MAST® MasterDevice [HSTL-LVTTL| Thestate ofthisinputatMaster Resetdetermineswhetheragiven device (withinachainof devices), isthe

(K15) INPUT Master device or a Slave. If this 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 amaster reset, all slave devices go to High-
Impedance, preventing bus contention. Ifamulti-queue device is being usedin single device mode, this
pinmustbe setHIGH.

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

(T9) INPUT aftermasterreset.

OE OutputEnable |HSTL-LVTTL| The OutputenablesignalisanAsynchronous signal usedto provide three-state control ofthe multi-queue

(M14) INPUT dataoutput bus, Qout. If a device has been configured as a “Master” device, the Qout data outputs will
beinaLowImpedance conditionifthe OE inputis LOW. If OE is HIGH then the Qout data outputs will be
inHigh Impedance. Ifadeviceis configured a“Slave” device, thenthe Qout data outputs will always be
in High Impedance untilthat 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 for the Queue that has been selected on the output port

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

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

synchronizedto RCLK.

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

(PAE7-P11 | Amost-Empty OUTPUT | AlmostEmptymode orPacketmode. This outputbus provides PAE/PRn status of 8 queues (1 statusword),

PAE6-P12 Flag Bus/Packet within a selected device, having amaximum 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 operationis determined during master resetvia the state ofthe FMinput.

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

PAE2-R13 During directoperationthe PAEn/PRn busis updated to showthe PAE/PR status of astatus 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 with the PAE/PRn status of multi-queue flow-control status words sequentially
based on the rising edge of RCLK. PAE or PR operation s determined by the state of PKT during master
reset.

PAF Programmable |HSTL-LVTTL| This pin providesthe Almost-Full flag status for the Queue that has been selected on the input port for

(R8) Almost-FullFlag | OUTPUT | write operations, (selected viaWCLK, WRADD and WADEN). This pinis LOW when the selected
Queue is almost-full. This flag output may be duplicated on one of the PAFn bus lines. This flagis
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(1statusword), withinaselected device, havingamaximum of 16 statuswords. 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 is determined during master reset via the state ofthe FMinput. This flag bus

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 within a selected

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

PAF1-T5 busisloadedwith the PAF status of multi-queue flow-control status words sequentially based onthe rising

PAF0-T4) edge of WCLK.

PKT® PacketMode  |HSTL-LVTTL| The state ofthis pin during a Master Resetwill 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 pinis HIGH during Master Reset the part will
operate in packetmode, ifitis LOW then almost empty mode. If packet mode has been selected the read
portflag bus becomes packetready flag bus, PRn and the discrete packet ready flag, PR is functional.
Ifalmostempty operation has been selected then the flag bus provides almost empty status, PAEn and
the discrete almostempty flag, PAE is functional, the PR flag isinactive and should not be connected.
PacketReady utilizesusermarkedlocationstoidentify startand end of packets being written into the device.
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PINDESCRIPTIONS (CONTINUED)

Symbol & Name I/IOTYPE Description
Pin No.

PR PacketReady [ HSTL-LVTTL | Ifpacketmode hasbeen selected thisflag output provides Packet Ready status ofthe Queue selected

(R9) Flag OUTPUT | forread operations. During amaster resetthe state ofthe PKT input determines whether Packet mode
of operationwill be used. If Packetmodeis selected, then the condition of the PR flag and EF/OR signal
areassertedindicates a packetis ready forreading. The user mustmarkthe startof a packetandthe end
of a packet whenwriting datainto a queue. Using the Start Of Packet (SOP) and End Of Packet (EOP)
markers, the multi-queue device setsPRLOW f one or more “complete” packets are availableinthe queue.
Acomplete packet(s) must be written before the useris allowed to switch queues.

Q[35:0] DataOutputBus| HSTL-LVTTL | These arethe 36 data output pins. Datais read out of the device viathese output pins on the rising edge

Qout OUTPUT | of RCLK provided thatREN is LOW, OE is LOW and the Queue is selected. Note, thatin Packet Ready

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

table for details) detail. Due to bus matching notall outputs may be used, any unused outputs should not be connected.

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

(QSEL1-K1 INPUT 1. AQSEL value of 00, enables the userto program the number of queues using the Write Address bus.

QSEL0-J2 2.AQSEL value 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. Aqueue addressed viathe RDADD bus is selected on the rising edge of RCLK provided
thatRADEN is HIGH. RADEN should be asserted (HIGH) only during aqueue change cycle(s). RADEN
should notbe permanently tied HIGH. RADEN cannotbe HIGH forthe same RCLK cycleas 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 RADENisHIGH. Arising edge of RCLK in conjunctionwith ESTR and RDADD will also select the
PAEn/PRn flag status word to be placed onthe PAEn/PRn bus during direct flag operation. During polled
flag operation the PAEn/PRn bus s cycled with respect to RCLK and the ESYNC signal is synchronized
toRCLK. The PAE, PRand OR outputs are all synchronized to RCLK. During device expansionthe 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 outputread 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 function of 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,

RDADD6-P15 RDADD][7:5] are usedto select 1 of 8 possible multi-queue devices that may be connected in expansion

RDADD5-P14 mode. Aninexpansion configuration the 3 MSh’s willaddress a device with the matching ID code. The

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

RDADD3-N15 HIGH, (note, that data can be placed onto the Qout bus, read from the previously selected queue onthis

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/PRn bus during strobed flagmode. The least significant 4 bits, RDADDI[3:0] are used to select the
statusword of a device to be placed onthe PAEn bus. The mostsignificant 3 bits, RDADD[7:5] are again
usedtoselect 1 of 8 possible multi-queue devices that may be connected in expansion configuration.
Address bits RDADDI4] is don't care during status word selection. The status word address present
onthe RDADD bus will be selected onthe rising edge of RCLK provided that ESTR is 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, aqueue to be 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 I/IOTYPE Description
(Pin No.)

SCLK Serial Clock HSTL-LVTTL | Ifserial programming ofthe 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 Slinputisloadedinto the device
ontherising edge of SCLK provided that SENTis 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 Slinputwill 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 outputofthe previous device. Sowhen serial
loading of a given deviceis complete, its SENO output goes LOW, allowing the next device inthe 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 | Thisoutputisusedtoindicate that serial programming or default programming of the multi-queue device

(M1) Enable OUTPUT | hasbeen completed. SENO follows SENI once programming of adevice is complete. Therefore, SENO
will go LOW after programming provided SENIis LOW, once SENIis taken HIGH again, SENO willalso
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 followsthe SENIinput. The user should monitor the SENO output of the final device inthe chain.
Whenthis outputgoes LOW, serial loading of all devices has been completed.

S Serial In HSTL-LVTTL | Duringserial programmingthis pinisloaded with the serial data thatwill 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
mode the serial datainputisloadedintothe firstdevice inachain. Whenthat deviceis loaded andits SENO
has gone LOW, the data presenton Slwill be directly output to the SO output. The SO pin of the first device
connectstothe Sl pin ofthe second and so on. The multi-queue device setup registers are shiftregisters.

SO Serial Out HSTL-LVTTL | Thisoutputisusedinexpansion configurationand allows serial datato be passedthrough devicesinthe

(M3) OUTPUT | chaintocomplete programming of all devices. The Sl of adevice connectsto 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 TDl are sampled on therising edge
of TCKand outputs change onthe falling edge of TCK. Ifthe JTAG functionis not used this signal needs
to be tied to GND.

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

(B9) Input INPUT testdata seriallyloaded viathe TDlontherising edge of TCK to either the Instruction Register, ID Register
and Bypass Register. Aninternal pull-up resistor forces TDI HIGH if left unconnected.

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

(A9) Output OUTPUT | operation, testdata serially loaded outputviathe TDO onthe falling edge of TCK from either the Instruction
Register, ID Register and Bypass Register. This outputis highimpedance exceptwhen shifting, while in
SHIFT-DR and SHIFT-IR controller states.

TMS@ JTAG Mode HSTL-LVTTL | TMSisaserialinputpin. One offourterminals required by IEEE Standard 1149.1-1990. TMS directsthe

(B8) Select INPUT devicethroughits TAP controller states. Aninternal pull-upresistor forces TMS HIGH if left unconnected.

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

(C7) INPUT resetupon power-up, thusitmustbe reset by 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. If the JTAG function is not used then this signal needs to be tied to GND. An
internal pull-upresistor forces TRST HIGH if left unconnected.

WADEN WriteAddress | HSTL-LVTTL | The WADEN inputis used in conjunction with WCLK and the WRADD address busto selecta queue to

(P4) Enable INPUT bewritteninto. Aqueue addressed viathe WRADD bus s 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 cycleasFSTR. 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 I/IOTYPE Description
Pin No.
WADEN WriteAddress  |HSTL-LVTTL | thatawrite queue selection cannotbe 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 datainto 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. Arising 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 PAFnbusis cycled with respectto WCLK and the FSYNC signal is 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 a rising edge of WCLK. A
(T6) 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 writtento a newly selected queue on the second WCLK
cycle after queue selection provided that WEN is LOW. Awrite enable is notrequired 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 hits. The WRADD bus is a dual purpose address bus. The
[7:0] Bus INPUT first function of WRADD isto selecta Queue to be written to. 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
WRADD6-R1 configurationthe mostsignificant 3 bits, WRADD[7:5] are used to select 1 of 8 possible multi-queue devices
WRADD5-R2 (dependantonthe number of queues addressed) that may be connectedin expansion configuration. These
WRADD4-P1 3MSb’s will address a device with the matching ID code. The address present onthe WRADD bus will
WRADD3-P2 beselected onarising edge of WCLK provided that WADEN is HIGH, (note, that data present onthe Din
WRADD2-P3 bus can be written into the previously selected queue on this WCLK edge and on the nextrising WCLK
WRADD1-N1 also, providing that WEN is 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 adevice to be placed on the PAFn bus. The most significant 3 bits, WRADDI7:5] are again used to
select 1 of 8 possible multi-queue devices that may be connected in expansion configuration. Address bits
WRADDI4]isdon'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
writtenintothe previously selected queue onthisWCLK edge). Please refer to 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)
VDDQ O/P RailVoltage Power These pins must be tied to the desired output rail voltage. For LVTTL I/O these pins must be connected
(See pg. 16) to+2.5V, for HSTL these pins must be connected to +1.5V and for eHSTL these pins must be 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 inputand must be connected to avoltage 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/O 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 I/IOTYPE 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] Data OutputBus | 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-Al14,
Q11-B14,Q10-C14,Q9-A13, Q8-B13, Q7-C13, Q6-A12, Q5-B12, Q4-C12, Q3-Al1, 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)

VDDQ 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(6-11), M(8-9)
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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
ABSOLUTE MAXIMUM RATINGS CAPACITANCE (1a=+25°C, f=1.0MHz)
Symbol _ Rating Commercial Unit Symbol Parameter® Conditions Max. Unit
VTERM Terminal Voltage -0.5t0+2.9@ \Y
with respect to GND CIN@3) Input Vin = 0V 100 pF
Capacitance
TstG Storage Temperature -55to +125 °C
Cout®2 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. with output deselected, (OE = Vin).
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 ¢y 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
VDD Supply Voltage 17 18 19 \Y
\VopQ OutputRail Voltageforl/Os  — LVTTL 2.375 25 2.625 v
— eHSTL 17 18 19 Y
— HSTL 14 15 1.6 \Y
GND Supply Voltage 0 0 0 v
VIH® Input High Voltage — LVTTL 17 — 2625 \Y
— eHSTL VREF+0.2 — — \%
— HSTL VREF+0.2 — — V
Vi InputLow Voltage — LVTTL 0.3 — 0.7 \Y
— eHSTL — — VREF-0.2 \Y
— HSTL — — VREF-0.2 V
VREFW Voltage Reference Input — eHSTL 0.8 0.9 1.0 \Y
(HSTL only) — HSTL 0.68 0.75 0.9 \Y
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
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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

DCELECTRICALCHARACTERISTICS
(Commercial: Vbb=1.8V +0.10V, TA=0°C to +70°C;Industrial: Vob= 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 @VppQ =25V +0.125V (LVTTL) VoDQ-0.4 — v
loH=-8 mA @VbpQ =1.8V £ 0.1V (eHSTL) VopQ-0.4 — \Y
loH=-8 mA @VppQ = 1.5V £ 0.1V (HSTL) VbpQ-0.4 — Vv
VoL OutputLogic“0"Voltage, loL=8mA @VbpQ =25V +0.125V (LVTTL) — 0.4V Vv
loL=8mA @VopQ =1.8V 0.1V (eHSTL) — 0.4v Vv
loL=8mA @VopQ =15V +0.1V (HSTL) — 0.4v Vv
IDD1¢2) Active Vop Current (Vbp = 1.8V) /0 =LVTTL — & mA
I/0 = HSTL — 150 mA
I/0 = eHSTL — 150 mA
Ipp2t:9) Standby Vop Current (Vbp = 1.8V) /O =LVTTL — %5 mA
I/0 = HSTL — 100 mA
I/0 = eHSTL — 100 mA
IpDQ®*2) Active VpbQ Current  (VDpQ=2.5VLVTTL) 1/0=LVTTL — 10 mA
(VbpQ = 1.5V HSTL) I/0 = HSTL — 10 mA
(VpbQ=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.

g WM
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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
HSTL AC TEST LOADS
1.5V AC TEST CONDITIONS
VDDQ/2

Input Pulse Levels 0.25t01.25V

Input Rise/Fall Times 0.4ns

Input Timing Reference Levels 0.75

OutputReference Levels VbpQ/2
NOTE: 6716 drw04

1. Vopg = 15V + 0.1V.
Figure 2a. AC Test Load

EXTENDED HSTL
1.8VAC TEST CONDITIONS

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

(Typical, ns)

- N Wk~ 00O
|
I

AtCD

NOTE:

1. Vopg = 1.8V £ 0.1V. 1 I I I T

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
InputRise/Fall Times 1ns
Input Timing Reference Levels \/bD/2
OutputReference Levels VbDo/2

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

OUTPUT ENABLE & DISABLE TIMING

Output Output
Enable Disable

VIH

O e VIL

{OE & toLZ tOHZ —»

Output !

Normally ~ VCC/2 100mV vl Vce/2

LOW 100mV ~ T _____________ VOL

Output 100mL¢ / ~J - i ___________ VOH
Normally  \/cc/2
HIGH ]

Vce/2

NOE 6716 drw05
1. RENis HIGH.
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

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

Commercial Com'l & Ind'[¥
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 DataAccessTime 0.6 36 0.6 37 ns
teLK Clock Cycle Time 5 — 6 — ns
tCLKH Clock High Time 225 — 2.7 — ns
toLkL Clock Low Time 225 — 2.7 — ns
DS Data Setup Time 15 — 20 — ns
DH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 15 — 2.0 — ns
tENH Enable Hold Time 05 — 05 — ns
RS Reset Pulse Width 0 — K — ns
tRSS Reset Setup Time 15 — 15 — ns
{RSF ResetOutput Status — 10 — 10 ns
RSR ResetRecovery Time 10 — 10 — ns
toLz(OE-Qn@ | OutputEnable to Outputin Low-Impedance 0.6 36 0.6 37 ns
toHz®? Output Enable to Outputin High-Impedance 0.6 36 0.6 37 ns
toe Output Enable to Data Output Ready 0.6 36 0.6 37 ns
c Clock Cycle Frequency (SCLK) — 10 — 10 MHz
tSCLK Serial Clock Cycle 100 — 100 — ns
tSCKH Serial Clock High 45 — 45 — ns
tSCKL Serial Clock Low 45 — 45 — ns
tsbs Serial Data In Setup 20 — 20 — ns
tSDH Serial Data In Hold 12 — 12 — ns
tSENS Serial Enable Setup 20 — 20 — ns
tSENH Serial Enable Hold 12 — 12 — ns
tspbo SCLK to Serial Data Out — 20 — 20 ns
tSENO SCLK to Serial Enable Out — 20 — 20 ns
tsbop Serial Data Out Propagation Delay 0.6 37 0.6 37 ns
tSENOP Serial Enable Propagation Delay 0.6 37 0.6 37 ns
tPCSF Programming Complete to Status Flag — 7+1 SCLK — 7+1 SCLK | clock cycles
tas Address Setup 15 — 2.0 — ns
tAH Address Hold 05 — 05 — ns
tWFF Write Clock to Full Flag — 36 — 37 ns
{REF Read Clock to Empty Flag — 36 — 37 ns
tsTS PAE/PAF Strobe Setup 15 — 15 — ns
tsTH PAE/PAF Strobe Hold 05 — 05 — ns
Qs Queue Setup 15 — 2.0 — ns
H Queue Hold 05 — 05 — ns
WAF WCLK to PAF flag 06 36 06 37 ns
RAE RCLK to PAE flag 06 36 06 37 ns
tPAF Write Clock to Synchronous Almost-Full Flag Bus 0.6 36 0.6 37 ns
tPAE Read Clock to Synchronous Almost-Empty Flag Bus 0.6 36 0.6 37 ns
tPAELZ® RCLK to PAE Flag Bus to Low-Impedance 0.6 36 0.6 37 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.
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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: VDb = 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 37 ns
tPAFLZ® WCLK to PAF Flag Bus to Low-Impedance 0.6 36 0.6 37 ns
tPAFHZ® WCLK to PAF Flag Bus to High-Impedance 0.6 36 0.6 37 ns
tFFHZ® WCLK to Full Flag/Input Ready to High-Impedance 0.6 36 0.6 37 ns
tFFLZ® WCLK to Full Flag/Input Ready to Low-Impedance 0.6 36 0.6 37 ns
tEFLZ? RCLK to Empty Flag/Output Ready Flag to Low-Impedance 0.6 36 0.6 37 ns
tEFHZ® RCLK to Empty Flag/Output Ready Flag to High-Impedance 0.6 36 0.6 37 ns
tFSYNC WCLK to PAF Bus Sync to Output 0.6 36 0.6 37 ns
tFX0 WCLK to PAF Bus Expansion to Output 0.6 36 0.6 37 ns
{ESYNC RCLK to PAE Bus Sync to Output 06 36 06 37 ns
tExo RCLK to PAE Bus Expansion to Output 0.6 36 0.6 37 ns
PR RCLK to Packet Ready Flag 0.6 36 0.6 37 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 — 2.0 — ns
tXH Expansion InputHold 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.
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FUNCTIONAL DESCRIPTION

MASTERRESET

AMaster Resetis performed by toggling the MRS input from HIGH to LOW
to HIGH. Duringamaster resetallinternal multi-queue device setup and control
registers areinitialized and require programming either serially by the user via
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 amaster 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

TEMPERATURERANGES

DFM - Programming mode, serial or default

DF — Offset value for PAE and PAF

Onceamasterresethastaken place, the device mustbe programmed either
serially orviathe default method before any read/write operations can begin.

See Figure 37, Master Reset for relevant timing.

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. Itwill then require anumber of clock cycles
forthe device to complete the configuration. Configuration completionisindicated
whenthe SENOsignaltransitions from hightolow. The configuration completion
indicationis consistentwith the previous MQ device.

See Table 2 for definition of value

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 1to 8 Any number from 1to 8 4or8

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

PAEIPAF Offset Value | Programmable to any value Fixed value Fixed value

Bus Matching
be selected using the BM[3:0] bits.

Any combination of x9 or x18 or x36 can| Any combination of x9 or x18 or x36
canbe selected using the BM[3:0] bits.

Any combination of x9, x18, or x36 can
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

D“t;(f)aduelt Queue Programming Method
MRS | (DFM) |QSEL 1 |QSEL 0
0 0 0 RESERVED
0 0 1 RESERVED
0 1 0 RESERVED

Serial programming mode

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

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

Selects 4 Queue

> | ||| | |— |
o

Selects 8 Queue

6716 drw07
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SERIAL PROGRAMMING

The multi-queue flow-control device is afully programmable device, provid-
ing the userwith flexibilityin how queues are configuredinterms ofthe 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 must be serially loaded, these registers contain values for every 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.

Duringa Master Resetifthe DFM (DefaultMode) inputis LOW, thenthe device
will require serial programming by the user. Itis 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 programwillthen 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 atotal number of serially loaded bits per device,
(SCLK cycles with SENI enabled), calculated by: 19+(Qx72) where Qisthe
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), inputisloadedinto 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
completed the device willindicate this viathe SENO (serial outputenable) going
active, LOW. Upon detection of completion of programming, the user should
ceaseall programming and take SENIinactive, HIGH. Note, SENO follows SENI
once programming of adeviceis complete. Therefore, SENO will go LOW after
programming provided SENIis LOW, once SENlis taken HIGH again, SENO
will also go HIGH. The operation ofthe SO outputis similar, when programming
of agiven device is complete, the SO output will follow the Slinput.

Ifdevices are being used inexpansion configuration the serial ports of devices
should be cascaded. The user canload all devices viathe serialinput port control
pins, SI & SENI, of the first device inthe chain. Again, the user may utilize the
‘C’ programto 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 SENT and Slinputs of the second
device respectively and so on, with the SENO & SO outputs connecting to the
SENI&Slinputsofall devicesthrough the chain. All devicesinthe chain should
be connectedtoacommon SCLK. The serial output port 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. Upondetection of completion of programming, the user should cease all
programming and take SENI of the first device in the chaininactive, HIGH.

Asmentioned, thefirstdevice inthe chain hasits serial input port controlled
by the user, thisis the first device to have its internal registers serially loaded
by the serial bitstream. When programming of this device is complete it will take
its SENO output LOW and bypass the serial data loaded on the Slinputtoits
SOoutput. The serialinput of the second device inthe chainis nowloaded 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
connectedinexpansionconfiguration, the IDT72P51339/72P51349/72P51359/
72P51369 devices require atotal number of serially loaded bits per device to
complete serial programming, (SCLK cycleswith SENI enabled), calculated by:
n[19+(Qx72)]where Qisthe number of queues the userwishesto setup within
the device, where niis the number of devices in the chain.

23
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See Figure 42, Serial Port Connection and Figure 43, Serial Programming
forconnectionandtiminginformation.

DEFAULT PROGRAMMING

During a Master Reset if the DFM (Default Mode) input is HIGH the multi-
queue device willbe 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, rather than
using the serial programming method. The default mode will configure amulti-
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 amaster 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 ofthe 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 de-
vicesin default mode the user simply has to apply WCLK cycles afteramaster
reset, until SENO goes LOW, this signals that default programmingis complete.
These clock cyclesarerequiredforthe device toload itsinternal setup registers.
When asingle multi-queue device is used, the completion of device program-
mingis signaled by the SENO outputof adevice going from HIGHto LOW. Note,
that SENImust be held LOW when adevice is setup for default programming
mode.

Whenmulti-queue devices are connected in expansion configuration, the
SENI ofthefirstdeviceinachain can be held LOW. The SENO of adevice should
connecttothe SENI ofthe nextdevicein the chain. The SENO of the final device
isusedtoindicate 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

During aMaster Reset cycle (i.e. the MRS signal transitions from HIGH to
LOWthen LOWto HIGH) ifthe DFM (Default Mode) input signal is 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 I/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
setduring the Master Reset cycle is 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 ofthe DF input. If DF is LOW then both the PAE & PAF
offsetwill be 8, if HIGH then the value is 128.

When configuring the IDT72P51339/72P51349/72P51359/72P51369
devicesin Parallel Programming Mode the user simply has to apply WCLK
cycles afteramaster reset, untiiSENO goes LOW, this signals that Parallel
Programming is complete. These clock cycles are required for the device to
loadits internal setup registers. Whenasingle multi-queue device is used, the
completion of device programmingis signaled by the SENO output of adevice
going fromHIGH 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 connected in an Expansion Configuration, PROGRAMMING HIERARCHY
the SENIsignal ofthefirstdevice inachainmustbe held LOW. The SENO signal Configuring the device is a 2 stage sequence. The first stage is to set the
ofadevice should connecttothe SENI of the 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 during the 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 operationmay begin.  of queues, queue depth, etc. using the programming mode (serial, parallel,
Please referto Figure 39, Parallel Programming for signal timing details. default) selectedinstage 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
(DT 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

CONFIGURATIONOF THE IDT MULTI-QUEUE FLOW-CONTROL DEVICE
ThelDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol devices can be configuredin distinct modes, namely Packet mode, FIFO

Operational Modes
Packet Mode

LN\

IDT Standard FWFT Mode
Mode

FIFO Mode

N

IDT Standard FWFT Mode
Mode

TEMPERATURERANGES

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

TABLE 3 — MODE CONFIGURATION

Configuration Signals Modes
PKT FWFT
Low LowW 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 ?/ﬁﬁconfigured forempty
flag (EF)signaling. EF isanactive LOW signal. When EF is LOW itsignifiesthe
selected (present) queueis empty. Onthe write port, signal FF/IRis configured

RCLK

forfullflag (FF) signaling. FF isanactive LOW signal. When FF is LOWitsignifies
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

6716 drw09

Figure 5. IDT Standard mode illustrated (Read Port)

InFWFTmodethe read portsignal EF/ORis configured for outputready (OR)
signaling. ORisanactive LOW signal. When ORisHIGH, itsignifiesthereisno
available word to read. On the write port, signal FF/IR is configured for input

ready (IR) signaling. IR is an active LOW signal. WhenIRis LOW tsignifies 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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STANDARD MODE OPERATION

WRITE QUEUE SELECTION AND WRITE OPERATION
(STANDARD MODE)

The IDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol devices can be configured up to amaximum of 8 queues which data can
be written via a common write port using the data inputs (Din), write clock
(WCLK) and write enable (WEN). The queue to be written is selected by the
address present on the write address bus (WRADD) during arising edge on
WCLK while write address enable (WADEN)is HIGH. The state of WEN does
notimpactthe queue selection. The queue selection requires 4 WCLK cycle.
Allsubsequent data writes will be to this queue untilanother queue is selected.

Standard mode operationis defined asindividual words will be writtentothe
device as opposed to Packet Mode where complete packets are written. The
write port is designed such that 100% bus utilization can be obtained. This
means that data can be written into the device on every WCLK rising edge
including the cycle that a new queue is being addressed.

TEMPERATURERANGES

Changing queues requires 4 WCLK cycles onthe write port (see Figure 44,
Write Queue Select, Write Operation and Full flag Operation). WADEN goes
high signaling a change of queue (clock cycle “A"). The address on WRADD
atthattime determinesthe next queue. Data presented during each cycle, will
bewrittentothe active queue, provided WENis LOW. IFWEN is HIGH (inactive),
datawillnotbe writteninaqueue. The write port discrete full flag will update to
showthe full status ofthe newly selected queue. Data presentonthe datainput
bus (Din), can be written into the newly selected queue on the rising edge of
WCLK a change of queue, provided WEN is LOW and the queue is notfull. If
the selected queueisfull atthe pointofits selection, any writes to that queue will
be prevented. Data cannot be written into a full queue.

Refer to Figure 44, Write Queue Select, Write Operation and Full flag
Operation, Figure 46, Write Operations in First Word Fall Through for timing
diagramsand Figure 47, Full Flag Timing in Expansion Configuration for timing
diagrams.

TABLE 4 — WRITE ADDRESS BUS, WRADD[7:0]

Operation| WCLK |WADEN| FSTR WRADD|7:0]
T T
Write f 1 0 7 6 5 43,210
Queue Device Select Writ'e Ql:!eue Address
Select (Compared to (2 bits =14 Queues
1D2,1,0) 3 bits = 8 Queues)
BAEn 0 1 7 6 541 3210
Quadrant j Device Select| X Status Word
Select (Compared to Address
ID2,1,0)
Stigjjre\/\s/grd Queue Status on PAFn Bus
0000 Q0 : Q7 — PAFO : PAF7

6716 drw11
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READ QUEUE SELECTION AND READ OPERATION
(STANDARD MODE)

TheIDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol devices can be configured up to a maximum of 8 queues which data can
be read via a common read port using the data outputs (Qout), read clock
(RCLK) and read enable (REN). An output enable, OE control pin is also
providedtoallow High-Impedance selection ofthe Qoutdataoutputs. The multi-
queue device read port operates in standard IDT mode and “First Word Fall
Through” mode (see Figure 46, Write Operationsin First Word Fall Through).
The queuetobereadis selected by the address presented onthe read address
bus (RDADD) during a rising edge on RCLK while read address enable
(RADEN)is HIGH. The state of REN does notimpactthe queue selection. The
queueselectionrequires4 RCLK cycles. Allsubsequent datareads will be from
this queue untilanother queue is selected.

Standard mode operationis defined asindividual words will be read fromthe
device. The read port is designed such that 100% bus utilization can be

2,359,296, and 4,718,592 TEMPERATURERANGES
obtained. This means that data can be read out of the device on every RCLK
rising edge including the cycle that a new queue is being addressed.

Changing queues requires aminimum of four RCLK cycles onthe read port
(see Figure 48, Read Queue Select, Read Operation). RADEN goes high
signalingachange of queue (clock cycle “D"). The address on RDADD at that
time determines the next queue. Data presented during that cycle will be
read.Reading data can continue fromthe active, provided RENis LOW. IfREN
isHIGH (inactive) forthese two clock cycles, datawill notbe read fromthe queue.
Ifanewselected queueis empty, any reads fromthat queue will be prevented.
Data cannotbe read from an empty queue. Rememberthat OE allowsthe user
to place the data output bus (Qout) into High-Impedance and the data can be
read in to the output register regardless of OE.

Referto Table 5, for Read Address Bus arrangement. Also, refer to Figures
13,15, and 16 forread queue selectionand read port operationtiming diagrams.

TABLE 5 — READ ADDRESS BUS, RDADD[7:0]

Operation] RCLK |RADEN| ESTR RDADD[7:0]
T T

Read Queue f 1 0 7 6 5 43,210
Select Device Select Reqd Queue Address

(Compared to (2 Bits =14 Queues

ID2,1,0) 3 bits = § Queues)
BAEN/PRN 0 1 7.6543210
Quadrant f Device Select| X Status Word

Sel (Compared to Address

elect ID2,1,0)
Status Word =—= =5

Address Queue Status on PAEn/PRn Bus

0000

Q0 : Q7 — PAFO : PAF7

27

6716 drw12

AUGUST 4, 2005



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

COMMERCIAL ANDINDUSTRIAL

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

PACKETMODE OPERATION

The Packet mode operation provides the capability where, user defined
packets or frames can be written to the device as opposed to Standard mode
whereindividual words are written. For clarification, in Packet Mode, a packet
canbewrittentothe device withthe startinglocation designated as Transmit Start
of Packet(TSOP)andthe ending location designated as Transmit End of Packet
(TEOP). In conjunction, a packet read from the device will be designated as
Receive Start of Packet (RSOP) and a Receive End of Packet (REOP). The
minimum size fora packetis fourwords (SOP, twowords of dataand EOP). The
4 words must be the largest word that is configured. For example inax18to
x9bus matching configuration the fourwords must be x18 bitwords. The almost
empty flag bus becomes the “Packet Ready” PR flag bus when the device is
configured for packetmode. Valid packets are indicated when bothPRand OR
areasserted.

WRITE QUEUE SELECTION AND WRITE OPERATION (PACKET MODE)

Changing queuesrequires 4 WCLK cycles onthe write port (see Figure 54,
Writingin Packet Mode during a Queue Change). WADEN goes high signaling
achange of queue (clock cycle “B”or“I"). The address on WRADD at therising
edge of WCLK determines the next queue. Data presented on Din during that
cycle (“B" or “I") and the next cycle (“C” or “J”) can continue to be written to
the active (old) queue (Q, or Q, respectively), provided WEN is LOW (active).
IFWEN isHIGH (inactive) for these two clock cycles (H), data will not be written
intothe previous queue (Q,). Thewrite portdiscrete full flag will update to show
the full status of the newly selected queue (Qy) atthis last cycle'srising edge (‘D"
or“K"). Datavalues presented on the datainputbus (Din), can be writteninto
the newly selected queue (Q,) onthe rising edge of WCLK onthe third cycle
(“E")following arequest for change of queue, provided WENisLOW (active)
andthe newqueueis notfull. Ifaselected queueis full (FF isLOW), thenwrites
tothat queue will be prevented. Note, data cannot be writteninto afull queue.

Referto Figure 54, Writing in Packet Mode during a Queue Change fortiming
diagrams.

TEMPERATURERANGES

READ QUEUE SELECTION AND READ OPERATION (PACKET MODE)

Changing queues requires 4 RCLK cycles onthe read port (see Figure 55,
Reading in Packet Mode during a Queue Change). RADEN goes high
signaling a change of queue (clock cycle “B" or “I"). The address on RDADD
atthe rising edge of RCLK determines the queue. Asiillustrated in Figure 55
during cycle (“B” or “I"), and the next cycle (“C" or “J") data can continue to
be read fromthe active (old) queue (Q, or Q respectively), provided bothREN
and OE are LOW (active) simultaneously with changing queues. Inapplications
where the multi-queue flow-control device is connected to a shared bus, an
outputenable, OE control pinis also provided toallow High-Impedance selection
ofthe data outputs (Qout).

Refer to Figure 55, Reading in Packet Mode during a Queue Change as
wellas Figure 38,39, 40,41, and 42 fortiming diagrams and Table 5, for Read
Addressbusarrangement.

Note, the almostempty flag bus becomes the “Packet Ready” flag bus when
the device is configured for packet ready mode.

EXPANDING UP TO 256 QUEUES OR PROVIDING DEEPER QUEUES

Expansion cantake place onlyinIDT Standard mode. Inthe 8 Queue multi-
queue device, the WRADD address busis 8 bitswide. The 7 Least Significant
bits (LSbs) are used to address one of the 32 available queues withina single
multi-queue device. The Most Significant bit (MSbs) is used when adevice is
connected in expansion configuration with up to 8 devices connected inwidth
expansion, each device havingits own bitaddress. When logically expanded
withmultiple parts, each device is statically setup withaunique chip ID code on
the ID pins, IDO, ID1,and ID2. Adevice is selected when the Most Significant
bit of the WRADD address bus matches the ID code. The maximum logical
expansion is 64 queues (8 queues x 8 devices).

Note: The WRADD busisalso usedinconjunctionwith FSTR (almostfullflag
bus strobe), to address the almost full flag bus during direct mode of operation.

Referto Table 4, for Write Address bus arrangement. Also, referto Figure
47, Full Flag Timing Expansion Configuration, Figure 51, Output Ready Flag
Timing (In Expansion Configuration), and Figure 67, Expansion using ID
codes, fortiming diagrams.
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SWITCHING QUEUES ON THE WRITE PORT
TheIDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-

trol devices can be configured uptoamaximumof 8 queues. Datais writteninto

aqueue using the Data Input (Din) bus, Write Clock (WCLK) and Write Enable

(WEN)signals. Selecting a queue occurs by placing the queue address onthe

359,296, and 4,718,592 TEMPERATURERANGES

Write Address bus (WRADD) during arising edge of WCLK while Write Address
Enable (WADEN)is HIGH. For reference, the state of Write Enable (WEN) is
a“Don'tCare”during aqueue selection. WEN has significance during the queue
mark operation. Selecting a queue requires 4 WCLK cycles. Refer to Figure

7, Write Port Switching Queues Signal Sequence.

|<— Queue Switch Cycle —>|

, QS-1, QSO , Qsi,

Qs2, Qs3 ,

I
I I I I I I
WCLK I I I I I I

WRADD

Queue X

Queue
address X
I
1
WADEN ’ \

address
|

[

6716 drw13

Figure 7. Write Port Switching Queues Signal Sequence

TheIDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol device supports changing (switching) queues every four (4) clock cycles.
To switch from the Present Queue (PQ) to another queue requires a queue
addresstobe placed onthe Write Address Bus (WRADD) bus and arising edge
of Write Clock (WCLK) and Write Address Enable (WADEN)is HIGH. There
arenorestrictions astothe ordertowhich queues are selected or switched into
oroutof.

Formaximum efficiency, during the 4 clock cycles required to switch queues
the IDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-control
device can continue towrite into the Present Queue (PQ). The Present Queue
isdefinedasthe current selected queue. Referto Figure 8, Switching Queues
BusEfficiency.

|<— Queue Switch Cycles” —>|

ww YU

WEN

[

WADEN / \

Din { pa | Pa | Pa | Pa

| na | Na

NOTES:
1. PQ = Present Queue
NQ = Next Queue
* Requires 4 clock cycles to switch queues.
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Figure 8. Switching Queues Bus Efficiency
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TheIDT72P51339/72P51349/72P51359/72P51369 multi-queueflow-con-  the write and read ports. The simultaneous queue switching may occur with
trol device supports writing and reading from either the same queue of from  eitherthe Write Clock and Read Clock synchronous or asynchronoustoeach
different queues. The device also supports simultaneous queue switchingon  other. For reference refer to Figure 9, Simultaneous Queue Switching.

WCLKJ\_{\:/\Z—\g\:/\:/\/\/\/\
[\

WADEN [ : \

n Paf PafPaferafPrafNg

o LU

=
m
z

D

AYaNaWAl

REN '

]
]
1
1
RADEN [ : \ :
1

I e g
—

I
—

I P
—

au PQ] PQJPQ ] Pa)Pa ) Pa NG
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Figure 9. Simultaneous Queue Switching

The multi-queue flow-control device requires 4 clock cyclesto switch queues
onthewrite port. Referto Table 6, Write Queue Switch Operation for a detailed
description of each queue switch clock cycle.

TABLE 6 — WRITE QUEUE SWITCH OPERATION

Queue Switch IDT Mode FWFT Mode
Cycle
QS-1 Queue Switch Initiated, Rewrite/No Rewrite selection | Queue Switch Initiated, Rewrite/No Rewrite selection
QS0 Queue MARK /Un-MARK Queue MARK /Un-MARK
Qs1 — —
QS?2 « PAF signal updated for Next Queue (NQ) « PAF signal updated for Next Queue (NQ)
» Packet Ready (PR) signal updated « Packet Ready (PR) signal updated
« Full Flag (FF) updated for NQ « IR flag updated for NQ
QS3 Start of Write Data Operation Startof Write Data Operation
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SWITCHING QUEUES ON THE READ PORT
TheIDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol devices can be configured up toamaximum of 8 queues. Datais read from
a queue using the Data Output (Qout) bus, Read Clock (RCLK) and Read
Enable (REN) signals. Selecting a queue on the read port occurs by placing
the queue address on the Read Address bus (RDADD) during a rising edge

TEMPERATURERANGES

of RCLK while Read Address Enable (RADEN) is HIGH. For reference, the
state of Read Enable (REN)isa“Don’t Care” during aread port queue selection.
REN has significance during the queue mark operation. Selecting a queue
requires 4 WCLK cycles. Refer to Figure 10, Read Port Switching Queues
Signal Sequence.

|<— Queue Switch Cycle —>|

1

Qst

Qs2, Qs3 ,

1 I I I I
RCLK 1 l I I I I

Queue Queue
RDADD addressX address X
I I I I I I
1 1 1 1 1 1
, \ 1 1 1 ’ \ 1
RADEN I I I I

6716 drw16

Figure 10. Read Port Switching Queues Signal Sequence

TheIDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol device supports changing (switching) queues every four (4) clock cycles.
To switch from the Present Queue (PQ) to another queue requires a queue
addresstobe placed onthe Read Address Bus (RDADD) busandarising edge
of Read Clock (RCLK) and Read Address Enable (RADEN) is HIGH. There
arenorestrictions astothe ordertowhich queues are selected or switched into
oroutof.

Formaximum efficiency, during the 4 clock cycles required to switch queues
the IDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-control
device can continue toread fromthe Present Queue (PQ). The Present Queue
isdefined asthe current selected queue. Referto Figure 11, Switching Queues
BusEfficiency.

|<— Queue Switch Cycles —>|

RCLK

WA RWEAW WA W EAWE

EN

[

RADEN / \

Qout

f pa [ Pa } Pa ) Pa | Pa | Nna | Na

NOTE:
PQ = Present Queue
NQ = Next Queue
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Figure 11. Switching Queues Bus Efficiency
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SIMULTANEOUS QUEUE SWITCHING

TheIDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol device supports reading and writing from either the same queue of from

TEMPERATURERANGES

the read and write ports. The simultaneous queue switching may occur with
eitherthe Read Clock and Write Clock synchronous or asynchronoustoeach
other. For reference refer to Figure 12, Simultaneous Queue Switching.

different queues. The device also supports simultaneous queue switching on

L\

WCLK _/_\_Z_\ . . . ! .

B e e
o o

Din XPQ:XPQ:XPQ:XPQ:XNQ:X .

e S R S S S —
o __ [T\ L L

ot pQ | PQ { PQ { PQ \ PQ \ PQ | NQIX
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Figure 12. Simultaneous Queue Switching

The multi-queue flow-control device requires 4 clock cyclesto switch queues
ontheread port, referto Table 7, Read Queue Switch Operation fora detailed
description of each queue switch clock cycles.

TABLE 7 — READ QUEUE SWITCH OPERATION

Queue Switch IDT Mode FWFT Mode
Cycle
QS-1 Queue Switch Initiated, Re-read/No Re-read selection | Queue Switch Initiated, Re-read/No Re-read selection
QS0 Queue MARK /Un-MARK Queue MARK /Un-MARK
Qs1 — —
QS2 « PAE signal updated for Next Queue (NQ) « PAE signal updated for Next Queue (NQ)
« Packet Ready (PR) signal updated « Packet Ready (PR) signal updated
« Empty Flag (EF) updated for NQ
QS3 Start of Read Data Operation » Start of Read Data Operation
« OR updated for NQ
TABLE 8 — SAME QUEUE SWITCH
PQ NQ Supported Comment
NotMarked Not Marked Yes Queue Switchisignored
NotMarked Marked Yes Add Mark to current queue
Marked Not Marked, No Reread NotAllowed
Marked Not Marked, Reread Yes Remove Mark
Marked Marked, No Reread Not Allowed 'F;ggfnpdr;sem Quere
Marked Marked, Reread Yes Keep Mark NQ = Next Queue

32 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

QUEUE MARKing

The overallintent of the MARK functionis to provide the ability to either re-
write and/or re-read information thatis stored into a queue.

Aqueue canbe MARKed by either the write port orthe read port. The MARK
operationis portindependent. The same queue can be marked by the write port
and the read port simultaneously. Only the active queue can be MARKed,

TEMPERATURERANGES

MARK AND REWRITE/ MARK AND REREAD

The MARK functionality operates inany mode combination (Packetmode,
IDT Standard Mode, FIFO Mode, FWFT Mode), FWFT). Queues onthe Write
Port are MARKed using the WCLK & WADEN signals. Queues on the Read
Portare MARKed using the RCLK and RADEN signals. Refertothe following
timing diagrams for additional queue MARK details. Referto Figure 13 through

multiple queues can NOT be MARKed by a port. Aport (write orread) mayonly ~ 18forfurtherinformation.
designate one queue MARKed atatime. Uponaqueue switchadecision must

bemade astowhethertoreturntothe Markedlocation orthe lastaccess address.

: A : B C D
, @s1 ,Q® Qst  Qs2 Qs3
1

O AVAVAVAVAY AWAVRWANE

»
Ll

Next Queue (NQ)

Present Queue (PQ)

6716 drw29

@QS-1, if WEN=0 and WADEN=1, PQ will be updated in QS0,1, and 2, and NQ data will be written in QS3.

@Qs-1,ifWEN_N=1and WADEN=1, there is no update for PQ during QS0-QS2. Nexttime PQ is switched back, data will be written into last update
location (rewrite).

@QS0, WADEN status is used to determine if a“mark” is requested for NQ. If WADEN=1in QS0, NQ will be marked. In FIFO mode, the first NQ
position after QS is marked (latch WFCR values before QS3), data can't be read out beyond this location. In packet mode, every SOP position is
markedtillnext SOP comes, then the mark moves to new position.

@QsS0, if WADEN=0, NQis not marked.

Figure 13. MARK and Re-Write Sequence

A B C D E
Qs1 ' Q% :QS1 :QSZ Qs3
e T
REN R . .
RADEN [ @S _\":-‘\ : :
e S ) S G | \
' ' ' P

Present Queue Next Queue
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@QS-1(A), ifREN=0and RADEN=1, (request for a Queue Switch occurs RADEN=1 and simultaneously reading from a queue) the Queue Address
Register will be updated in QS2, and the data from the Next Queue (NQ) will be available in QS3.
@QS-1,ifREN=1and RADEN=1, (request for a Queue Switch occurs RADEN =1) the Queue Address Register will be updated in QS2. The Present
Queue address pointer will notincrement during QS0-QS2. The Nexttime PQ is selected, the data will be from the last addressed location.
@QS0, RADEN status is used to determine ifa “mark” is requested for NQ. If RADEN=1in QS0, NQ will be mark. In FIFO mode, first NQ position after
QSismarked (latch RFCR values before QS3), data can't overwrite this location. In packet mode, every SOP position is marked till next SOP comes,
thenthe mark moves to new position.

Figure 14. MARK and Re-Read Sequence
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Write Queue MARK This rising edge of
WCLK is the start of
the 1st cycle
Write Queue l Write Queue
' Select Cycle 1 MARK Cycle '

wo T N\ N\
WADEN | / : b\

WADEN ACTION
1 1 Selects a Queue & MARK the Queue
1 0 Selects a Queue
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Figure 15. MARKing a Queue in Packet Mode - Write Queue MARK

Read Queue MARK
This rising edge of RCLK is
the start of the 1st cycle

®

Read Queue Read Queue
1 Select Cycle ! MARK Cycle !

| N

.y
>
@)
m
\i

RADEN ACTION
1 1 Selects a Queue & MARK the Queue
1 0 Selects a Queue
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Figure 16. MARKing a Queue in Packet Mode - Read Queue MARK
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. Thisrising edge of
Write Queue UN-MARK WCLK isthe start
of the 1" cycle.

Write Queue l Write Queue
1 Select Cycle 1 MARK Cycle 1

WADEN ACTION
1 1 Selects a Queue and MARK the Queue
1 0 Selects a Queue and Remove MARK

6716 drw33

Figure 17. UN-MARKing a Queue in Packet Mode - Write Queue UN-MARK

Thisrising edge of
Read Queue UN-MARK RCLK isthe start
of the 1" cycle.

®

Read Queue Read Queue
1 Select Cycle 1 MARK Cycle

RADEN ACTION
1 1 Selects a Queue and MARK the Queue
1 0 Selects a Queue & Remove MARK
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Figure 18. UN-MARKing a Queue in Packet Mode - Read Queue UN-MARK
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MARK OPERATIONAL NOTES:
INPACKET MODE

Write Port
- MARKing alocation can only occur during a Queue switch cycle
- Thereis only one MARKed location within a Queue
- Only 1 packet can be MARKed at a time within a Queue.
- Inpacketmode, for afull packet re-write the MARK must occur at the SOP location of the packet.
- Inpacket mode data can be re-written from the MARK
- Inpacketmode the MARK moves from packet to packet within a queue when the next packet is written.
- The sequence to move the MARK to the next packet is, first an EOP must occur, then a valid write occurs.

MARK Move Sequence

EOP > Queue MARK > | soP

6716 drwX35

Read Port
- MARKing can only occur during a Queue switch cycle
- Only 1 packet can be MARKed at a time within a Queue.
- Inpacketmode, MARK is movedto alocation of the packet.
- Inpacket mode the MARK can be moved from SOP (start of packet) to SOP (start of packet) within the queue by a valid read.
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Write Queue MARK

1
WADEN ! /
1

Write Queue
Select Cycle

wok /T N\ N\ N\

Thisrising edge of
V\S(CLK isthe start of the
1" cycde

l Write Queue

M MARK Cycle i

-

TEMPERATURERANGES

WADEN ACTION
1 1 Selects the Queue and MARK the Queue
1 0 Selects a Queue
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Figure 19. MARKing a Queue in FIFO Mode - Write Queue MARK

This rising edge of
RCLK isthe start
of the1™ cycle

®

Read Queue Read Queue
1 Select Cycle 1 MARK Cycle 1

Rk 4 N/ N\ N\
RADEN / \

Read Queue MARK

RADEN ACTION
1 1 Selects the Queue and MARK the Queue
1 0 Selects a Queue
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Figure 20. MARKing a Queue in FIFO Mode - Read Queue MARK

MARK Operational Notes:
In FIFO Mode
Write Port Read Port

MARKing can only occur during a Queue switch cycle MARKing can only occur during a Queue switch cycle
The entire Queue is MARKed at atime. Onlythefirstlocation ofthe Queue canbe MARKedin Standard /FWFT

InIDT Standard/FWFT mode, MARK is used to mark the firstlocation mode.

ofthe Queue. - InIDT Standard mode the MARK canNOT be moved locationtolocation
InIDT Standard/FWFT mode the MARK can NOT be moved withinthe withinthe queue.

queue.
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Un-MARKing a Queue

UN-MARKing a Queue in FIFO Mode

Write Queue UN-MARK Thisrising edge of
WCLK isthe start

of thet® cycle

®

Write Queue Write Queue
1 Select Cycle 1 MARK Cycle 1

week /0 N/ N/ O\
WADEN | L\ :

WADEN ACTION

1 0 Selects a Queue and UN-MARK the Queue
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Figure 21. UN-MARKing a Queue in FIFO Mode - Write Queue UN-MARK

Read Queue UN-MARK Thisrising edge of
RCLK isthe start

of the1® cycle

®

Read Queue Read Queue
1 Select Cycle 1 MARK Cycle 1

reck /N \__/
RADEN | ;

RADEN ACTION

1 0 Selects a Queue and UN-MARK the Queue
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Figure 22. UN-MARKIing a Queue in FIFO Mode - Read Queue UN-MARK

UN-MARK Operational Notes:

In FIFO Mode
Write Port Read Port
- Un-MARKing can only occur during a Queue switch cycle. - Un-MARKing can only occur during a Queue switch cycle.
- InFIFOMode, UN-MARKing a Queue can be accomplished by either - InStandard/FIFO mode, UN-MARKing a Queue canbe accomplished
switching to the same queue or switching to another queue. by either switching to the same queue or switching to another queue.
- Note only 1 queue can be marked at any given time. - Note only 1 queue can be marked at any given time.
- InStandard/FIFO mode the MARK can NOT be moved location to - InStandard/FIFO mode the MARK can NOT be moved location to
locationwithinthe queue. locationwithinthe queue.
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Leaving a MARK Active L
During a Queue switch the value of WEN for the write portand REN for the
read port determines whether the MARK remains active or is de-activated.

Leaving a MARK active on the Write Port

request)

' Write Queue ! Write Queue !
' Select Cycle ! MARK Cycle !
1 1 1
WCLK ) \ /) \ ) \
1 1 1
1 1 1
1 b e e e o o2 o |_ _
WADEN ' v v
1 1 1
\ Leave the MARK - ss === T _
1 1 1
WEN ' / i ' \ '
! (A rewrite | .
1 1 1
1 1 1
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Figure 23. Leaving a MARK active on the Write Port

Leaving a MARK active on the Read Port

request) 1 6716 drwa1

! Read Queue ! Read Queue !
! Select Cycle ! MARK Cycle !
1 1 ]
RCLK / \ / \ ) \
] 1 ]
] 1 ]
1 D e e e o o - - -2 _ _
1 1 A ' \
RADEN . . \ . \
. Leave the MARK - mmmmm= - - _
1 1 ]
FEN -/ '\ '
REN . (A re-read . .
1 1
1 1

Figure 24. Leaving a MARK active on the Read Port
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Inactivating a MARK L
During a Queue switch the value of WEN for the write portand REN for the
read port determines whether the MARK remains active or is de-activated.

Inactivating a MARK on the Write Port

(No re-write) 6716 drwa2

! Write Queue ! Write Queue 1

I Select Cycle ! MARK Cycle !

1 1 1
WCLK ) \ / \ V4 \

1 1 1

1 1 1

1 1 1

1 1 cE--T- === " 1 ST
WADEN . . \ | \

1 Inactivatethe + a7

L Write Port MARK 1
WEN : :

1 1

1 1

Figure 25. Inactivating a MARK on the Write Port Active

Inactivating a MARK on the Read Port

(No re-read) 6716 drw43

1 Read Queue 1 Read Queue 1

! Select Cycle ! MARK Cycle 1

1 1 1
RCLK y \ / \ / \

1 1 1

1 1 1

1 1 f - | I \
RADEN : R R

1 Inactivatethe + 4 T

L Read Port MARK 1

EN 1 1

. .

1 1

1 1

Figure 26. Inactivating a MARK on the Read Port Active
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Write Cycle
| ) 1st Cycle > | | ) 2nd Cycle )
Action WEN WADEN WEN WADEN
(active LOW) (active HIGH) (active LOW) (active HIGH)
NO 0 0 0 0
Operation
Selects a 0 1 0 1
Queue
NO 1 0 1 0
Operation
NO 1 1 1 1
Operation
6716 drw44
Read Cycle
| ) 1st Cycle ) | | ) 2nd Cycle N
Action REN RADEN REN RADEN
(active LOW) (active HIGH) (active LOW) (active HIGH)
NO . 0 0 0 0
Operation
Selects a 0 1 0 1
Queue
NO 1 0 1 0
Operation
NO 1 1 1 1
Operation
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FLAGDESCRIPTION
PAFn FLAG BUS OPERATION
TheIDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol device can be configured for up to 8 queues, each queue having its own
almostfull status. Anactive queue hasits flag status outputto the discrete flags,
FF andPAF, onthe write port. Queues thatare not selected for awrite operation
can have their PAF status monitored viathe PAFn bus. The PAFn flag bus s
8bits wide, sothat 8 queues atatime can have their status output to the bus.
If9 ormore queues are setup within adevice then there are 2 methods by which
the device canshare the bus between queues, “Direct”mode and “Polled” mode
depending onthe state of the FM (Flag Mode) input during a Master Reset. If
8orless queuesare setupwithinadevice then eachwillhave its own dedicated
output fromthe bus. If 8 or less queues are setup in single device mode, itis
recommended to configure the PAFn bus to polled mode asit does not require
using the write address (WRADD).

FULL FLAG OPERATION

The multi-queue flow-control device provides asingle Full Flag output, FF.
The FF flag output provides a full status of the queue currently selected on the
write port for write operations. Internally the multi-queue flow-control device
monitorsand maintains a status ofthe full condition of all queueswithinit, however
onlythe queue thatis selected forwrite operations has its full status outputto the
FF flag. This dedicated flag s often referred to as the “active queue full flag”.

When queue switches are being made on the write port, the FF flag output
will switch to the new queue and provide the user with the new queue status,
onthe 3rd cycle after anew queue selectionis made. The user then has afull
status for the new queue one cycle ahead of the WCLK rising edge that data
can be written into the new queue. Thatis, a new queue can be selected on
the write portviathe WRADD bus, WADEN enable and arising edge of WCLK.
Onthe4thrising edge of WCLK, the FF flag outputwill showthe full status of the
newly selected queue. Onthe forth rising edge of WCLK following the queue
selection, data can be writteninto the newly selected queue provided that data
and enable setup & hold times are met.

Note, the FF flag will provide status of a newly selected queue three WCLK
cycleafterqueue selection, whichis one cycle before data can be written tothat
queue. This preventsthe userfromwriting datato aqueue thatis full, (assuming
thata queue switch has been made to a queue thatis actually full).

TheFF flagis synchronoustothe WCLK andalltransitions of the FF flag occur
based onarising edge of WCLK. Internally the multi-queue device monitors and
keepsarecord ofthe full status for all queues. Itis possible that the status of a
FF flagmaybe changinginternally eventhough thatflag is not the active queue
flag (selected on the write port). A queue selected on the read port may
experience a change of its internal full flag status based on read operations.

See Figure 44, Write Queue Select, Write Operation and Full Flag
Operationand Figure 47, Full Flag Timing in Expansion Configurationfortiming
information.

EXPANSION CONFIGURATION - FULL FLAG OPERATION

When multi-queue devices are connected in Expansion configuration the FF
flags of all devices should be connectedtogether, such thata system controller
monitoring and managing the multi-queue devices write port only looks at a
single FF flag (as opposed to a discrete FF flag for each device). This FF flag
isonly pertinentto the queue being selected for write operations at thattime.
Remember, thatwhenin expansion configuration only one multi-queue device
canbe written toatany momentintime, thus the FF flag provides status of the
active queue on the write port.

This connection of flag outputsto create asingle flag requires thatthe FF flag
outputhave aHigh-Impedance capability, such thatwhenaqueue selectionis

TEMPERATURERANGES

made only asingle device drives the FF flag bus and all other FF flag outputs
connected tothe FF flag bus are placedinto High-Impedance. The user does
nothave to selectthis High-Impedance state, a given multi-queue flow-control
devicewillautomatically place its FF flag outputinto High-Impedance whennone
ofits queues are selected for write operations.

When queueswithinasingle device are selected forwrite operations, the FF
flag output of that device will maintain control of the FF flag bus. Its FF flag will
simply update between queue switchesto showthe respective queue full status.

The multi-queue device placesits FF flag outputinto High-Impedance based
onthe 1-3bitID code (1 if two multi-queue are configured witha maximum total
of 256 queues, 2iffour devices are used totalling a maximum of 256 queues,
and 3ifthere are upto eight devices withamaximumtotal of 256 queues) found
inthe 1-3most significant bits of the write queue address bus, WRADD. Ifthe
1-3mostsignificant bits of WRADD match the 1-3bitID code setup onthe static
inputs, IDO, ID1 and ID2 then the FF flag output of the respective device will be
inaLow-Impedance state. Ifthey do not match, thenthe FF flag output of the
respective device will be in a High-Impedance state. See Figure 47, Full Flag
Timingin Expansion Configuration for details of flag operation, including when
more than one device is connected in expansion.

EMPTY OR OUTPUT READY FLAG OPERATION (EF/OR)

The multi-queue flow-control device provides a single Empty or Output
Ready flag output, EF/OR. The OR provides an empty status or data Output
Ready status forthe dataword currently available onthe output register of the
read port. Therising edge ofan RCLK cycle that places new data ontothe output
register of the read port, also updates the OR flag to show whether or notthat
new dataword is actually valid. Internally the multi-queue flow-control device
monitors and maintains a status of the empty condition of all queues withinit,
howeveronlythe queue thatis selected for read operations hasits Output Ready
(empty) status outputtothe ORflag, giving avalid status forthe word being read
atthattime.

The nature of the firstword fall through operation means thatwhen the last
dataword is read from a selected queue, the OR flag will go HIGH onthe next
enabled read, that is, on the next rising edge of RCLK while REN is LOW.

When queue switches are beingmade onthe read port, the OR flag will switch
to show status ofthe new queueinline with the data output fromthe new queue.
Whenaqueue selection is made the first data from that queue willappear on
the Qout data outputs 4 RCLK cycles later, the ORwill change state toindicate
validity of the data fromthe newly selected queue on this 3*RCLK cycle also.
The previous cycles will continue to output data from the previous queue and
the OR flag will indicate the status ofthose outputs. Again, the OR flag always
indicates status for the data currently presenton the outputregister.

TheORflagis synchronoustothe RCLK andalltransitions of the OR flag occur
based onarising edge of RCLK. Internally the multi-queue device monitors and
keepsarecord of the Output Ready (empty) status for all queues. Itis possible
that the status of an OR flag may be changing internally even though that
respective flagis notthe active queue flag (selected on the read port). Aqueue
selected onthe write port may experience achange ofitsinternal OR flag status
based onwrite operations, thatis, data may be written into that queue causing
itto become “notempty”.

See Figure 48, Read Queue Select, Read Operation and Figure 51, Output
Ready Flag Timing for details of the timing.

EXPANSION-EMPTY FLAG OPERATION

When multi-queue devices are connected in Expansion configuration, the EF
flags of all devices should be connectedtogether, such thata system controller
monitoring and managing the multi-queue devices read port only looks at a
single EF flag (as opposed to adiscrete EF flag for each device). This EF flag
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isonly pertinentto the queue being selected for read operations at that time.
Remember, thatwhenin expansion configuration only one multi-queue device
canbereadfromatany momentintime, thus the EF flag provides status of the
active queue on the read port.

This connection offlag outputsto create asingle flag requiresthat the EF flag
outputhave aHigh-Impedance capability, such thatwhen a queue selectionis
made only asingle device drives the EF flag bus and all other EF flag outputs
connected tothe EF flag bus are placed into High-Impedance. The user does
nothave to selectthis High-Impedance state, a given multi-queue flow-control
devicewillautomatically placeits EF flag outputinto High-Impedance whennone
ofits queues are selected for read operations.

When queueswithinasingle device are selected forread operations, the EF
flag output of that device will maintain control of the EF flag bus. Its EF flag will
simply update between queue switches to showthe respective queue status.

The multi-queue device placesits EF flag outputinto High-Impedance based
onthe 1-3hitID code (1if two multi-queue are configured witha maximum total
of 256 queues, 2iffour devices are used totalling amaximum of 256 queues,
and 3ifthere are upto eight devices withamaximumtotal of 256 queues) found
inthe 3mostsignificantbits ofthe read queue address bus, RDADD. Ifthe 3most
significant bits of RDADD matchthe 1-3hit ID code setup onthe staticinputs, IDO,
ID1 and ID2 then the EF flag output of the respective device will be ina Low-
Impedance state. Ifthey do notmatch, thenthe EF flag output of the respective
device will be in a High-Impedance state. See Figure 51, Output Ready Flag
Timing for details of flag operation, including when more than one device is
connectedin expansion.

ALMOST FULL FLAG

As previously mentioned the multi-queue flow-control device provides a
single Programmable Almost Fullflag output, PAF. The PAF flag output provides
astatus ofthe almostfull condition for the active queue currently selected onthe
write port for write operations. Internally the multi-queue flow-control device
monitors and maintains a status of the almost full condition of all queues within
it, however only the queue that is selected for write operations has its full status
outputtothe PAF flag. This dedicated flagis often referred to asthe “active queue
almostfullflag”. The position of the PAF flag boundary within a queue can be
atany pointwithinthat queues depth. Thislocation can be user programmed
viathe serial port or one of the default values (8 or 128) can be selectedifthe
user has performed default programming.

Asmentioned, every queue withinamulti-queue device has its own almost
full status, whenaqueueis selected onthe write port, this statusis output viathe
PAF flag. The PAF flag value for each queue s programmed during multi-queue
device programming (along with the number of queues, queue depths and
almostempty values). The PAF offsetvalue, m, for arespective queue can be
programmed to be anywhere between ‘0’and ‘D', where ‘D’ is the total memory
depthforthat queue. The PAF value of different queues within the same device
canbedifferentvalues.

When queue switches are being made on the write port, the PAF flag output
will switch to the new queue and provide the user with the new queue status,
onthethird cycle afteranew queue selectionis made, onthe same WCLK cycle
that data can actually be written to the new queue. Thatis, a new queue can
be selected onthe write portviathe WRADD bus, WADEN enable and arising
edge of WCLK. Onthe third rising edge of WCLK following a queue selection,
the PAF flag outputwill showthe full status of the newly selected queue. The PAF
is flag outputis double register buffered, so when a write operation occurs at
the almost full boundary causing the selected queue status to go almost full the
PAF willgo LOW 2 WCLK cycles after the write. The same istrue when aread
occurs, there will be a 2 WCLK cycle delay after the read operation.
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Sothe PAF flag delay from awrite operation to PAF flag LOWis 2 WCLK +
twAF. The delay from aread operation to PAF flag HIGH is tskew2 + WCLK +
tWAF.

Note, if tSKEw is violated there will be one added WCLK cycle delay.

The PAF flagis synchronous tothe WCLK and all transitions of the PAF flag
occur based on a rising edge of WCLK. Internally the multi-queue device
monitors and keeps arecord ofthe aimostfull status for all queues. Itis possible
thatthe status of a PAF flagmaybe changing internally even though thatflag is
notthe active queue flag (selected on the write port). A queue selected onthe
read portmay experience achange of itsinternal almost full flag status based
on read operations. The multi-queue flow-control device also provides a
duplicate ofthe PAF flag on the PAF[7:0] flag bus, this will be discussed in detail
inalater section of the data sheet.

See Figures 23 and 24 for Almost Full flag timing and queue switching.

ALMOSTEMPTYFLAG

As previously mentioned the multi-queue flow-control device provides a
single Programmable Almost Empty flag output, PAE. The PAE flag output
provides a status of the almost empty condition for the active queue currently
selected onthe read port for read operations. Internally the multi-queue flow-
control device monitors and maintains a status of the almost empty condition of
allqueueswithinit, however only the queue that s selected for read operations
hasits empty status output to the PAE flag. This dedicated flagis often referred
toasthe “active queue almostempty flag”. The position ofthe PAE flag boundary
withinaqueue can be atany pointwithin that queues depth. Thislocation can
be user programmed via the serial port or one of the default values (8 or 128)
canbe selectedifthe user has performed default programming.

Asmentioned, every queue withinamulti-queue device has its own almost
empty status, whenaqueue is selected onthe read port, this statusis output via
the PAE flag. The PAE flag value for each queue is programmed during multi-
queue device programming (along with the number of queues, queue depths
andalmostfull values). The PAE offsetvalue, n, for arespective queue can be
programmed to be anywhere between ‘0’ and ‘D', where ‘D’ is the total memory
depthforthat queue. The PAE value of different queues within the same device
canbedifferentvalues.

When queue switches are being made onthe read port, the PAE flag output
will switch to the new queue and provide the user with the new queue status,
onthethird cycle afteranew queue selectionismade, onthe same RCLK cycle
that data actually falls through to the output register fromthe new queue. That
is,anew queue can be selected onthe read portviathe RDADD bus, RADEN
enable and arising edge of RCLK. Onthe third rising edge of RCLK following
aqueue selection, the data word from the new queue will be available at the
outputregister and the PAE flag outputwill show the empty status of the newly
selected queue. The PAE is flag outputis double register buffered, sowhena
read operation occurs atthe almost empty boundary causing the selected queue
status to go almost empty the PAE will go LOW 2 RCLK cycles after the read.
The sameistrue whenawrite occurs, there willbe a3 RCLK cycle delay after
the write operation.

Sothe PAE flag delay from a read operation to PAE flag LOWis 2 RCLK +
tRAE. The delay from awrite operation to PAE flag HIGH is tskEw2 + RCLK +
tRAE.

Note, if tskew is violated there will be one added RCLK cycle delay.

The PAE flag is synchronous tothe RCLK and all transitions of the PAE flag
occur based on a rising edge of RCLK. Internally the multi-queue device
monitorsand keepsarecord ofthe almostempty statusforallqueues. Itispossible
that the status ofa PAE flagmaybe changing internally even thoughthatflagis
notthe active queue flag (selected onthe read port). A queue selected onthe
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write portmay experience achange of itsinternal almost empty flag status based
on write operations. The multi-queue flow-control device also provides a
duplicate ofthe PAE flag onthe PAE[7:0] flag bus, this will be discussed in detail
inalater section of the data sheet.

See Figures 25 and 26 for Almost Empty flag timing and queue switching.

PAFn - DIRECT BUS

IfFMisLOW atmaster resetthenthe PAFnbus operatesin Direct (addressed)
mode. In direct mode the user can address the status word of queues they
require and it will be placed on to the PAFn bus. For example, consider the
operation of the PAFn bus when 26 queues have been setup. To output status
ofthefirst status word, Queue[0:7]the WRADD busis usedin conjunctionwith
the FSTR (PAF flag strobe) input and WCLK. The address present on the 4
least significant bits ofthe WRADD buswith FSTR HIGH will be selected as the
status word address on a rising edge of WCLK. To address status word 0,
Queue[0:7]the WRADD bus should be loaded with “0010000”, the PAFn bus
will change statusto showthe newstatusword selected 1 WCLK cycle after status
word selection. PAFN[0:7] gets status of queues, Queue[0: 7] respectively.

Toaddress statusword 1, Queue[8:15], the WRADD addressis “00100001".
PAFn[0:7] getsstatus of queues, Queue[8:15] respectively. Toaddressthe 2nd
statusword, Queue[16:23], the WRADD addressis “00100010”. PAF[0:7] gets
status of queues, Queue[16:23] respectively. To address the 3rd status word,
Queue[24:31], the WRADD address is “00100011”. PAF[0:1] gets status of
queues, Queue[24:25] respectively. Remember, only 26 queues were setup,
sowhenstatusword4is selected the unused outputs PAF[2:7] will be don'tcare
states.

Note, that if a read or write operation is occurring to a specific queue, say
queue X’ onthe same cycle as astatus word switchwhichwillinclude the queue
‘X', thenthere may be an extra WCLK cycle delay before that queues statusis
correctly shown onthe respective output of the PAFn bus. However, the active
PAF flag will show correct status atall imes.

Statuswords can be selected on consecutive clock cycles, thatis the status
word onthe PAFn bus can change every WCLK cycle. Also, data presenton
theinputbus, Din, canbe written into a Queue onthe same WCLK rising edge
thata statuswordis being selected, the only restriction being that awrite queue
selection and PAFn status word selection cannot be made onthe same cycle.

If8 orless queues are setup then queues, Queue[0:7] have their PAF status
outputon PAF[0:7] constantly.

When the multi-queue devices are connected in expansion of more than one
devicethe PAFn busses of all devices are connected together, when switching
between status words of different devices the user must utilize the 1-3 most
significant bits of the WRADD address bus (aswellasthe 2LSB'’s). These 1-
3MSh’s correspondtothe device ID inputs, which are the staticinputs, IDO, ID1
&ID2.

Please refer to Figure 63 PAFn - Direct Mode Status Word Selection for
timing information. Also refer to Table 4, Write Address Bus, WRADD.

PAFn - POLLED BUS

IfFMis HIGH at master reset thenthe PAFn bus operatesin Polled (looped)
mode. In polled mode the PAFn bus only cycles throughthe number of status
words required to display the status of the number of queues that have been
setupinthe part. Everyrising edge ofthe WCLK causes the next status word
to be loaded on the PAFn bus. The device configured as the master (MAST
inputtied HIGH), will take control ofthe PAFn afterMRS goes LOW. Forthe whole
WCLK cyclethat the first statuswordis on PAFnthe FSYNC (PAFn bus sync)
outputwillbe HIGH, for all other status words, this FSYNC output willbe LOW.
This FSYNC output provides the user with a mark with which they can
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synchronize tothe PAFn bus, FSYNC is always HIGH for the WCLK cycle that
the first status word of a device is present on the PAFn bus.

When devices are connected in expansion configuration, only one device
will be setasthe Master (ID="'000"), MAST inputtied HIGH, all other devices
willhave MAST tied LOW. The master device is the first device to take control
ofthe PAFnbus and will place its first status word on the bus onthe rising edge
of WCLK. Forthe nextn WCLK cycles (n=number of queues divided by 8 with
nbeing increased by one for any remainder) the master device will maintain
control ofthe PAFnbus and cycleits status words through t, all other devices
hold their PAFn outputsin High-Impedance. Whenthe master device has cycled
allof its status words it passes a token to the next device in the chainand that
device assumes control ofthe PAFn bus and then cyclesits status words and
soon, the PAFnbus control token being passed onfrom device to device. This
token passing is done viathe FXO outputs and FXlinputs of the devices (‘PAF
Expansion Out”and “PAF ExpansionIn”). The FXO output ofthe master device
connectstothe FXI ofthe second device inthe chainand the FXO ofthe second
connectstothe FXlofthe thirdand so on. Thefinal deviceinachainhasits FXO
connected tothe FXI of the firstdevice, so that once the PAFn bus has cycled
throughaall status words of all devices, control ofthe PAFnwill pass tothe master
device again and so on. The FSYNC of each respective device will operate
independently and simply indicate whenthat respective device hastaken control
of the bus andis placingits first status word on to the PAFn bus.

When operatinginsingle device mode the FXIinput must be connectedto
the FXO output ofthe same device. In single device mode atokenis still required
to be passed into the device for accessing the PAFn bus.

Please refer to Figure 66, PAFn Bus — Polled Mode for timing information.

PAEN/PRn FLAG BUS OPERATION

TheIDT72P51339/72P51349/72P51359/72P51369 multi-queue flow-con-
trol device can be configured for up to 8 queues, each queue having its own
almostempty/ packetready status. An active queue hasits flag status outputto
the discrete flags, OR, PAE and PR, on the read port. Queues that are not
selected foraread operation can have their PAE/PR status monitored via the
PAEN/PRn bus. The PAEn/PRn flag bus is 8 bits wide, so that 8 queues ata
time can have their status outputto the bus. If 9 ormore queues are setup within
a device then there are 2 methods by which the device can share the bus
between queues, "Direct" mode and "Polled" mode depending on the state of
the FM (Flag Mode) input during a Master Reset. If 8 orless queues are setup
within a device then each will have its own dedicated output from the bus. If 8
orlessqueuesare setupinsingle device mode, itis recommendedto configure
the PAFn bus to polled mode as it does not require using the write address
(WRADD).

PAEN/PRn - DIRECT BUS

If FM is LOW at master reset then the PAEn/PRn bus operates in Direct
(addressed) mode. In direct mode the user can address the status word of
queues they require to be placed on to the PAEn/PRn bus. For example,
consider the operation ofthe PAEn/PRn buswhen 26 queues have beensetup.
Tooutputstatus of the first status word, Queue[0: 7] the RDADD busis usedin
conjunctionwiththe ESTR (PAE/PR flag strobe) inputand RCLK. The address
presentonthe 2 least significant bits ofthe RDADD bus with ESTR HIGH will
be selected asthe statusword address onarising edge of RCLK. Sotoaddress
statusword 1, Queue[0:7]the RDADD bus should be loaded with “xxxx0000",
the PAEn/PRn bus will change status to showthe new status word selected 1
RCLK cycle after status word selection. PAEN[0:7] gets status of queues,
Queue[0:7]respectively.

Toaddress the second status word, Queue[8:15], the RDADD addressis
“xxxx0001”. PAEN([0:7] gets status of queues, Queue[8:15] respectively. To
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TABLE 9 — FLAG OPERATION BOUNDARIES & TIMING

Output Ready, EF Flag Boundary Full Flag, FF Boundary

I/O Set-Up EF Boundary Condition I/0 Set-Up FF Boundary Condition
In36 to out36 (Almost Empty Mode) EF Goes LOW after Last Read In36 to out36 FF Goes LOW after D+1 Writes
(Both ports selected for same queue (Bothportsselected forsame queue | (see note belowfortiming)
when the 1%t Word is written in) when the 1%t Word is written in)
In36 to out36 (Packet Mode) EF Goes LOW after Last Read In36 to out36 FF Goes LOW after D Writes
(Both ports selected for same queue (Write portonly selected for queue (seenote belowfortiming)
when the 1%t Word is written in) when the 1% Word is written in)
In36 to out18 EF Goes LOW after Last Read In36 to out18 FF Goes LOW after D Writes
(Both ports selected for same queue (Bothportsselected forsamequeue | (seenote belowfortiming)
when the 1 Word is written in) when the 1% Word is written in)
In36 to out9 EF Goes LOW after Last Read In36 to out18 FF Goes LOW after D Writes
(Both ports selected for same queue (Write portonly selected for queue (seenote belowfortiming)
when the 15 Word is written in) when the 1* Word is written in)
In18 to out36 EF Goes LOW after Last Read In36 to out9 FF Goes LOW after D Writes
(Both ports selected for same queue (Bothportsselected forsamequeue | (seenote belowfortiming)
when the 1% Word is written in) when the 1t Word is written in)
In9 to out36 EF Goes LOW after Last Read In36 to out9 FF Goes LOW alter D Wiites
(Both ports selected for same queue (Write portonly selected for queue (seenote belowfortiming)
when the 1%t Word is written in) when the 1 Word is written in)

In18 to out36
(Bothports selected for same queue
when the 1%t Word is written in)

FF Goes LOW after ([D+1] x 2) Writes
(seenote belowfortiming)

In18 to out36
(Write portonly selected for queue
when the 1%t Word is written in)

FF Goes LOW after (D x 2) Writes
(seenote belowfortiming)

In9 to out36

FF Goes LOW after ([D+1] x 4) Writes

Programmable Almost Full Flag, PAF & PAFn Bus Boundary (Bothportsselected forsamequeue | (see note belowfortiming)
/0 Set-Up PAF & PAFn Boundary when the 13 Word is written in)
in36to out36 PAF/PAFn Goes LOW after In9 to out36 FF Goes LOW after (D x 4) Writes
(Both ports selected for same queue whenthe 1%t | D+1-mWrites (Write portonly selected for queue (seenote below for timing)
Word s written in until the boundaryis reached) | (see note belowfortiming) when the 1 Word is written in)
in36 to out36 PAF/PAFn Goes LOW after NOTE:
(Write portonly selected for same queue whenthe | D-mWrites D = Queue Depth
18*'Word is written in until the boundary is reached)| (see note below for timing) FF Timing
in36 to out18 PAF/PAFn Goes LOW after Assertion: .
D-mWrites (see belowfortiming) Write Qperation to FF LOW: twFF
in36 to out9 PAF/PAFn Goes LOW after De:j:grttéog—:F HIGH: (SKEWL + tWF
- D-_mV%s(seebelowfortlmlng) If tSKEW1 is violated there may be 1 added clock: tSKEW1+WCLK +twFF
in18 to out36 PAF/PAFn Goes LOW after
([D+1-m] x 2) Writes
(see note below fortiming)
in9 to out36 PAF/PAFn Goes LOW after
([D+1-m] x 4) Writes
(seenote belowfortiming)
NOTE:

D = Queue Depth
m = Almost Full Offset value.
Default values:

if DF is LOW at Master Reset then m = 8

if DF is HIGH at Master Reset then m= 128

PAF Timing
Assertion:

Write Operation to PAF LOW: 2 WCLK + twAF

De-assertion: Read to PAF HIGH: tSKEW2 + WCLK + tWAF

If tSKEW?2 is violated there may be 1 added clock: tSKEW2 + 2 WCLK + tWAF

PAFn Timing
Assertion:

Write Operation to PAFn LOW: 2 WCLK* + tPAF

De-assertion: Read to PAFn HIGH: tSKEW3 + WCLK* + tPAF

If tSKEW3 is violated there may be 1 added clock: tSKEW3 + 2 WCLK* + tPAF
* If a queue switch is occurring on the write port at the point of flag assertion or de-assertion
there may be one additional WCLK clock cycle delay.
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TABLE 9 — FLAG OPERATION BOUNDARIES & TIMING (CONTINUED)

Programmable Almost Empty Flag, PAE Boundary Programmable Almost Empty Flag Bus, PAEn Boundary
/0 Set-Up PAE Assertion /0 Set-Up PAEn Boundary Condition
in36 to out36 PAE Goes HIGH after n+2 in36 to out36 PAEn Goes HIGH after
(Bothports selected for same queue whenthe 1% | Writes (Bothports selected for same queue whenthe 1% | n+2Writes
Word iswrittenin until the boundaryisreached) | (seenote below fortiming) Word is writtenin until the boundary is reached) (seenote belowfortiming)
in36 to out18 PAE Goes HIGH after n+1 in36 to out36 PAEn Goes HIGH after
(Both ports selected for same queue whenthe 1% | Writes (Write portonly selected for same queue whenthe | n+1Writes
Wordiswritten in until the boundaryisreached) | (seenote belowfortiming) 1*Word is written in until the boundary is reached) | (see note below fortiming)
in36 to out9 PAE Goes HIGH after n+1 in36 to out18 PAEn Goes HIGH after n+1
(Both ports selected for same queue whenthe 15t | Writes Writes (see below fortiming)
Word is writtenin until the boundary is reached) | (see note below for timing) in36 to out9 PAEn Goes HIGH after n+1
in18 to out36 PAE Goes HIGH after - Writes (see below for timing)
(Both ports selected for same queuewhenthe 1% | ([n+2] x 2) Writes in18 to out36 PAEn Goes HIGH after
Wordiswrittenin until the boundaryisreached) | (seenote below fortiming) (Bothports selected forsame queuewhenthe 1 f ([n+2]x 2) Writes
- — Wordiswritten in until the boundaryis reached) (seenote belowfortiming)
in9 to out36 PAE Goes HIGH after - =
: in18 to out36 PAEn Goes HIGH after
(Both ports selected for same queuewhenthe 1 | ([n+2] x 4) Writes : .
Word iswrittenin until the boundaryisreached) | (seenote below fortiming) (Write portonly selected for same queue whenthe | ([n+1] x 2) Writes
18'Word is written in until the boundary is reached) | (see note belowfortiming)
NOTE: in9 to out36 PAEn Goes HIGH after
n= A'mOStDigﬁﬁ’ gfjee;_Va'Uh?-DF < LOW at Master Resel then 1= & (Both ports selected for same queue whenthe 1% | ([n+2] x 4) Writes
i DF is HIGH af Master Reset then n = 128 Word is written in until the boundary is reached) (SE note below for timing)
PAE Timing in9 to out36 PAEn Goes HIGH after
Assertion:  Read Operation to PAE LOW: 2 RCLK + tRAE (Write portonly selected for same queue whenthe | ([n+1] x 4) Writes
De-assertion: Write to PAE HIGH: tSKEW2 + RCLK + tRAE 18'Word is written in until the boundary is reached) | (see note belowfortiming)

If tSKEW?2 is violated there may be 1 added clock: tSKEW2 + 2 RCLK + tRAE

PACKET READY FLAG, PRBOUNDARY

Assertion:

Both the rising and falling edges of PR are synchronous to RCLK.

PR Falling Edge occurs upon writing the first TEOP marker, on input D35,
(assuming a TSOP marker, oninput D34 has previously beenwritten).i.e. a
complete packetis available withinaqueue.

Timing:

From WCLK rising edge writing the TEOP word PR goes LOW after: tSKEw4
+2RCLK +tPR

IftSkEW4is violated:

PR goes LOW after tskEw4 + 3 RCLK + tPr

De-assertion:

PRRising Edge occurs uponreading the last RSOP marker, from output Q34.
i.e. there are no more complete packets available within the queue.

Timing:

From RCLK rising edge Reading the RSOP word the PR goes HIGH after:
3RCLK +tPR

(Please referto Figure 57, Data Output (Receive) Packet Mode of Operation
fortiming diagram).
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NOTE:

n = Almost Empty Offset value.
Default values: if DF is LOW at Master Reset then n = 8
if DF is HIGH at Master Reset then n = 128

PAEn Timing
Assertion:
De-assertion:

Read Operation to PAEn LOW: 2 RCLK* + tPAE

Write to PAEn HIGH: tSKEW3 + RCLK* + tPAE
If tSKEW3 is violated there may be 1 added clock: tSKEW3 + 2 RCLK* + tPAE

* If a queue switch is occurring on the read port at the point of flag assertion or de-assertion
there may be one additional RCLK clock cycle delay.

PACKET READY FLAG BUS, PRn BOUNDARY

Assertion:

Both the rising and falling edges of PRn are synchronous to RCLK.

PRn Falling Edge occurs upon writing the first TEOP marker, on input D35,
(assuming a TSOP marker, oninput D34 has previously been written). i.e. a
complete packetis available withinaqueue.

Timing:

From WCLK rising edge writing the TEOP word PR goes LOW after: tskew4
+2 RCLK* + tPAE

Iftskewa4 is violated PRn goes LOW after tskew4 + 3 RCLK* + tPAE
*Ifaqueue switchis occurring onthe read portatthe point offlag assertion there
may be one additional RCLK clock cycle delay.

De-assertion:

PRRising Edge occurs uponreading the last RSOP marker, from output Q34.
i.e. there are no more complete packets available within the queue.

Timing:

From RCLK rising edge Reading the RSOP word the PR goes HIGH after:
3 RCLK* + tPAE

*Ifa queue switch is occurring onthe read port at the point of flag assertion or
de-assertion there may be one additional RCLK clock cycle delay.
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addressthethird statusword, Queue[16:23], the RDADD addressis “xxxx0010".
PAE[0:7] gets status of queues, Queue[16:23] respectively. To address the
fourth status word, Queue[24:31], the RDADD address is “xxxx0011".
PAE[0:1] gets status of queues, Queue[24:25] respectively. Remember, only
26 queues were setup, sowhen status word 4 is selected the unused outputs
PAE[2:7] will be don't care states.

Note, thatif a read or write operation is occurring to a specific queue, say
queue X’ onthe same cycle as astatus word switchwhichwillinclude the queue
', thenthere may be an extra RCLK cycle delay before that queues status is
correctly shown on the respective output of the PAEn/PRn bus.

Status words can be selected on consecutive clock cycles, thatis the status
word onthe PAEn/PRn bus can change every RCLK cycle. Also, data can be
read out of a Queue onthe same RCLK rising edge that a status word is being
selected, the only restriction being that aread queue selection and PAEn/PRn
status word selection cannot be made on the same RCLK cycle.

If8 orless queues are setup then queues, Queue[0:7] have their PAE/PR
status outputon PAE[0:7] constantly.

Whenthe multi-queue devices are connectedin expansion of more thanone
device the PAEn/PRn busses of all devices are connected together, when
switching between status words of different devices the user must utilize the 3
mostsignificant bits ofthe RDADD address bus (aswellasthe 2LSB's). These
3MSb'scorrespondtothe device IDinputs, which are the staticinputs, IDO, ID1
&1D2.

Please referto Figure 62, PAEn/PRn - Direct Mode Status Word Selection
fortiming information. Also refer to Table 5, Read Address Bus, RDADD.

PAEN - POLLED BUS

It FMis HIGH at master reset then the PAEn/PRn bus operates in Polled
(looped) mode. In polled mode the PAEn/PRn bus automatically cycles through
the 4 status words within the device regardless of how many queues have been
setup inthe part. Every rising edge of the RCLK causes the next status word
tobeloaded onthe PAEn/PRnbus. The device configured as the master (MAST
inputtied HIGH), will take control of the PAEn/PRn after MRS goes LOW. For
the whole RCLK cycle that the first status word is on PAEn/PRn the ESYNC
(PAEn/PRn bus sync) outputwill be HIGH, for all other status words, this ESYNC
outputwillbe LOW. ThisESYNC output providesthe userwithamark withwhich
they can synchronize to the PAEn/PRn bus, ESYNC is always HIGH for the
RCLK cycle that the first status word of a device is present on the PAEn/PRn
bus.

When devices are connected in expansion configuration, only one device
will be set as the Master (ID="000"), MAST input tied HIGH, all other devices
willhave MAST tied LOW. The master device is the first device to take control
ofthe PAEn/PRnbus and will place s first status word on the bus on the rising
edge of RCLK after the MRS input goes LOW. For the next n RCLK cycles
(n=number of queues divided by 8 with nincrementing by one should there be
aremainder) the master device will maintain control ofthe PAEn/PRn bus and
cycleitsstatuswords throughit, all other devices hold their PAEn/PRn outputs
inHigh-Impedance. Whenthe master device has cycled all of its status words
itpasses atokentothe nextdeviceinthe chainand that device assumes control
ofthe PAEn/PRnbusandthencyclesits statuswordsand soon, the PAEn/PRn
bus control token being passed on from device to device. This token passing
isdone viathe EXO outputs and EXIinputs of the devices (‘PAE Expansion Out”
and“PAE Expansion In"). The EXO output of the master device connectstothe
EXl ofthe second device inthe chain and the EXO of the second connects to
the EXl ofthe third and so on. Thefinal device inachain hasits EXO connected
tothe EXI ofthefirstdevice, sothatonce the PAEn/PRnbus has cycled through
all status words of all devices, control of the PAEn/PRnwill pass to the master
device again and so on. The ESYNC of each respective device will operate
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independently and simply indicate whenthat respective device hastaken control
ofthe bus andis placing its first status word on to the PAEn/PRn bus.

When operatingin single device mode the EXlinput mustbe connectedto
the EXO outputofthe same device. Insingle device mode atokenis still required
to be passed into the device for accessing the PAEN bus.

PACKETREADY FLAG

The 36-bitmulti-queue flow-control device provides the user with a Packet
Readyfeature. DuringaMaster Reset PacketMode s selected by PKT=HIGH.
ThePRdiscrete flag, provides apacketready status ofthe active queue selected
ontheread port. Apacketready statusisindividually maintained on all queues;
however onlythe queue selected onthe read port has its packet ready status
indicated onthe PR outputflag. A packetis available on the outputfor reading
whenbothPRand OR are asserted LOW. Ifless thanafull packetis available,
the PRflag will be HIGH (packet not ready). In packet mode, nowords can be
read from a queue until a complete packet has been written into that queue,
regardless of REN.

When packetmode s selected the Programmable Almost Empty bus, PAEn,
becomes the Packet Ready bus, PRn. When configured in Direct Bus (FM =
LOW during a master reset), the PRn bus provides packet ready status in 8
queue increments. The PRn bus supports either Polled or Direct modes of
operation. The PRn mode of operation is configured through the Flag Mode
(FM) bit during a Master Reset.

Whenthe multi-queueis configured for packet mode operation, the two most
significantbits ofthe 36-bit data bus are used as “packet markers”. Onthe write
portthese are bits D34 (Transmit Start of Packet,) D35 (Transmit End of Packet)
and ontheread port Q34, Q35. All four bits are monitored by the packet control
logicas dataiswrittenintoand read outfromthe queues. The packetready status
forindividual queues is then determined by the packet ready logic.

Onthe write port D34 is used to “mark” the first word being written into the
selected queue asthe “Transmit Start of Packet”, TSOP. Tofurther clarify, when
the userrequires aword being written to be marked as the start of a packet, the
TSOP input (D34) must be HIGH forthe same WCLK rising edge as the word
thatiswritten. The TSOP markeris storedinthe queue along with the dataitwas
written in until the word is read out of the queue via the read port.

Onthe write port D35is used to “mark” the lastword of the packet currently
being writteninto the selected queue as the “Transmit End of Packet” TEOP.
Whenthe userrequiresaword being writtento be marked asthe end of apacket,
the TEOP input mustbe HIGH for the same WCLK rising edge as the word that
iswrittenin. The TEOP markeris stored inthe queue along with the dataitwas
written in until the word is read out of the queue via the read port.

The packetready logic monitors all start and end of packet markers both as
they enter respective queues viathe write portand as they exit queues viathe
read port. The multi-queue internal logicincrements and decrements a packet
counter,whichis provided foreach queue. The functionality of the packetready
logic provides status as to whether atleast one full packet of data is available
withinthe selected queue. A partial packetinaqueue isregarded as a packet
not ready and PR (active LOW) will be HIGH. In Packet mode, nowords can
be read from a queue until atleastone complete packethas beenwritteninto
the queue, regardless of REN. For example, ifa TSOP has been written and
some number of words latera TEOP is written a full packet of datais deemed
tobeavailable, and the PR flagand OR will go active LOW. Consequentlyifreads
beginfromaqueuethathas only one complete packetandthe RSOP is detected
onthe output port as data is being read out, PR will go inactive HIGH. OR will
remain LOW indicating there is still valid data being read out of that queue until
the REOP isread. The user may proceed with the reading operation until the
currentpackethasbeenread outand nofurther complete packetsare available.
Ifduring thattime another complete packet has beenwritteninto the queue and
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the PRflag will again gone active, then reads from the new packet may follow
afterthe current packet has been completely read out.

The packetcounterstherefore look for start of packet markers followed by end
of packet markers and regard data in between the TSOP and TEOP as afull
packetof data. The packet monitoring has no limitation asto how many packets
arewrittenintoaqueue, the only constraintis the depth of the queue. Note, there
isaminimum allowable packet size of fourwords, inclusive ofthe TSOP marker
and TEOP marker.

The packet logic does expect a TSOP marker to be followed by a TEOP
marker.

If a second TSOP marker is written after a first, it is ignored and the logic
regards data between the first TSOP and the first subsequent TEOP as the full
packet. The sameistrue for TEOP; asecond consecutive TEOP markisignored.
Onthe read side the user should regard a packet as being between the first
RSOP and the first subsequent REOP and disregard consecutive RSOP
markers and/or REOP markers. Thisiswhya TEOP may be writtentwice, using
the second TEOP as the “filler” word.

Asanexample, the user may alsowishtoimplementthe use of an “Almost
End of Packet” (AEOP) marker. For example, the AEOP can be assigned to
datainputhitD33. The purpose of this AEOP marker is to provide anindicator
that the end of packetis a fixed (known) number of reads away from the end
of packet. This is a useful feature when due to latencies within the system,
monitoring the REOP marker alone does not prevent “over reading” ofthe data
fromthe queue selected. Forexample, an AEOP marker set4 writes before the
TEOP marker provides the device connected to the read port with and “almost
end of packet” indication 4 cycles before the end of packet.

The AEOP can be set any number of words before the end of packet
determined by user requirements or latencies involved in the system.

See Figure 55, Reading in Packet Mode during a Queue Change, Figure
57, Data Output (Receive) Packet Mode of Operation.

PACKET MODE-MODULO OPERATION

The internal packet ready control logic performs no operation on these
modulo bits, they are only informational bits that are passed through with the
respective data byte(s).

When utilizing the multi-queue flow-control device in packet mode, the user
may alsowantto consider the implementation of “Modulo” operation or “valid
byte marking”. Modulo operation may be useful when the packets being
transferred through a queue are in a specific byte arrangement even though
the databuswidthis 36 bits. InModulo operationthe user can concatenate bytes
toforma specific data string through the multi-queue device. A possible scenario
is where a limited number of bytes are extracted from the packet for either
analysis orfiltered for security protection. This will only occur whenthe first 36
bitword of a packet is written in and the last 36 bit word of packet is writtenin.
Themodulooperationisameans bywhichthe usercanmark andidentify specific
datawithinthe Queue.

Onthewrite portdatainputbits, D32 (transmitmodulo bit 2, TMOD2) and D33
(transmitmodulo bit 1, TMOD1) can be used as data markers. An example of
this could be to use D32 and D33 to code which bytes of aword are part of the
packet thatis also being marked as the “Start of Marker” or “End of Marker”.
Conversely on the read port when reading out these marked words, data
outputs Q32 (receive modulo bit 2, RMOD2) and Q33 (receive modulo bit 1,
RMOD1)will pass onthe byte validity information forthat word. Referto Table
10for one example of how the modulo bits may be setupand used. See Figure
57, Data Output (Receive) Packet Mode of Operation.

TABLE 10 — PACKET MODE VALID BYTE FOR x36 BIT WORD CONFIGURATION
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g g g g g g g S 8
8 3 B Qb & 2 X =
0 0 o 0 A a o [a) =)
— | AN
ala|anla
OlO|o|o | BYTED BYTE C BYTE B BYTE A
w|w
==
TMOD1 (D33) TMOD2 (D32)
RMOD1 (Q33) RMOD2 (Q32) VALID BYTES
0 0 A B CD
0 1 A
1 0 A B
1 1 A B, C
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PACKET MODE DEMARCATIONBITS

TheIDT72P51339/72P51349/72P51359/72P51369 can be configured for
packetmode operation. Inpacketmodethe IDT72P51339/72P51349/72P51359/
72P51369 provides the functionality to demarcate packets withinaqueue. The
demarcation functionality is only available in packet mode and is used to
generate the Packet Ready (PR) flag.

The demarcation of packets/informationis accomplished with the demarcation
bits [35:32]. The demarcation bitassignments are; bit 35 End of Packet (EOP),
bit 34 Startof Packet (SOP), bit 33 Almost End of Packet (AEOP) and bit 32 Almost

Startof Packet (ASOP).
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During packet mode bus matching, whichisthe ability to setthe write interface
andreadinterface toindependentword lengths (i.e. 9 bitword, 18 bitword, 36
bitword), the demarcation bits are located within their respective word length.
For example withina 36 bit to 36 bitword bus matching configuration bit 35is
designated asthe End of Packet (EOP) and bit 34 is Start of Packet (SOP). In
an 18bitto 18 bitword bus matching configuration bit 17 is designated End of
Packet (EOP) and bit 16 is Start of Packet. The minimum packet word length
required by the IDT72P51339/72P51349/72P51359/72P51369 s four (4) of
the largestwords specified within abus matching configuration. Referto Figure
27-35for designated locations of the demarcation bits within a specific word
configuration.

NOTES:

6716 drw20

1. A Start of Packet (SOP) and End of Packet (EOP) may not occur within a same word.

2. The x36 bit words locate SOP and EOP as follows;

Figure 27. 36bit to 36bit word configuration

a. hit 35 is EOP
b. bit 34 is SOP.
17 0
(even word)
32,34 <15:0>
17 0
(odd word)
35,33 <31:16> 6716 drw21
NOTES:

1. In a 36 bit word to 18 bit word configuration the 36 bit word is converted to two (2)
18 bit words.

2. An SOP and EOP may not occur within a same word.

3. The x18 hit even words (0,2,4, etc.) contain demarcation bits 32 (ASOP) and 34
(SOP).

4. The x18 bit odd words (1,3,5, etc.) contain demarcation bits 33 (AEOP) and 35
(EOP).

Figure 28. 36bit to 18bit word configuration

o)
o

Zi

34 <7:0>

Zi

32 <15:8>

C

|

33 <23:16>
D

|

35 <31:24>

6716 drw22

NOTES:
1. In a 36 bit word to 9 hit word configuration the 36 bit word is converted into four (4)
9 bit words.
2. An SOP and EOP may not occur within a same word.
3. The x9 bit words contain the demarcation bits as follows;
a. Bit 8 in Word “A” is the Start of Packet (SOP)
b. Bit 8 in Word “B” is the Almost Start of Packet (ASOP).
c. Bit 8 in Word “C” is the Almost End of Packet (AEOP).
d. Bit 8 in Word “D” is the End of Packet (EOP).

Figure 29. 36bit to 9bit word configuration
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35343332 0

6716 drw23

2nd <15:0>, 15t <15:0>

NOTES:
1. In a 18hit word to 36 bit word configuration two (2) eighteen bit words are concatenated to form one x36
bit word.
2. The x36 bit words contain demarcation bits as follows;
a. Bit 35 is End of Packet (EOP)
b. Bit 34 is Start of Packet (SOP).
c. Bit 33 Almost End of Packet (AEOP).
d. Bit 32 Almost Start of Packet (ASOP).

Figure 30. 18bit to 36bit word configuration

17 16 0
6716 drw24

NOTES:
1. An SOP and EOP may not occur within a same word.
2. The x18 bit words contain the demarcation bits as follows;
a. Bit 17 is the End of Packet (EOP).
b. Bit 16 is the Start of Packet (SOP).
3. In this configuration there is no ASOP or AEOP demarcation bits.

Figure 31. 18bit to 18bit word configuration

o

A 8
B 17 <7.0> 9
17 <15:8>
NOTES: 6716 drw24a
1. In a 18 hit word to 9 bit word configuration a single eighteen bit word is converted into two (2) nine bit words.
2. The x9 bit words contain demarcation bits as follows;
a. Bit 17 is End of Packet (EOP)
b. Bit 16 is Start of Packet (SOP).
3. An SOP and EOP may not occur within the same word.
4. In this configuration there is no ASOP or AEOP demarcation bits.

Figure 32. 18bit to 9bit word configuration
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3534 33 32 0

S e—

4h<7:0>, 39<7:0>, 2"9<7:0>, 15<7:0>

6716 drw25

NOTES:
1. In a9 bit word to 36 bit word configuration four (4), nine bit words are concatenated
to form one x36 bit word.
2. The x36 hit words contain demarcation bits as follows;
a. Bit 35 is End of Packet (EOP)
b. Bit 34 is Start of Packet (SOP).
c. Bit 33 Almost End of Packet (AEOP).
d. Bit 32 Almost Start of Packet (ASOP).

Figure 33. 9bit to 36bit word configuration

17 16 0
NOTES: 6716 drw26

1. In a 9 bit word to 18 bit word configuration two (2), nine bit words are concatenated
to form one x18 bit word.
2. The x18 hit words contain demarcation bits as follows;
a. Bit 17 is End of Packet (EOP)
b. Bit 16 is Start of Packet (SOP).
3. An SOP and EOP may not occur within the same word.

Figure 34. 9bit to 18bit word configuration

8 0
6716 drw27

NOTES:

1. An SOP and EOP may not occur within the same word.

2. Bit 8 of the x9 bit even words (0,2,4, etc.) is checked for a Start of Packet (SOP).
3. Bit 8 of the x9bit odd words (1,3,5, etc.) is checked for End of Packet (EOP).

4. The minimum packet word length is 4 words.

Figure 35. 9bit to 9bit word configuration
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BUS MATCHING OPERATION TABLE 11 — BUS-MATCHING SET-UP
Bus Matching operation between the input portand output portis available. BM3 BM2 BM1 BMO | Write Port | Read Port

During amaster reset of the multi-queue the state of the three setup pins, BM

[3:0] (Bus Matching), determine the inputand output port bus widths as shown 0 0 0 0 X36 x36

inTable 11, “Bus Matching Set-Up”. 9 bitwords, 18 bitwords and 36 bitwords 0 0 0 1 x36 x18

canbewritten into and read fromthe queues. Whenwriting to or reading from 0 0 1 0 x36 x9

the multi-queue in a bus matching mode, the device orders data in a “Little 0 0 1 1 x18 X36

Endian” format. See Figure 36, Bus Matching Byte Arrangement for details. 0 1 0 1 Y18 18
The Full flag and Almost Full flag operation is always based on writes and 0 1 1 0 <18 %0

reads of datawidths determined by the write portwidth. Forexample, ifthe input

portisx36 and the output portis x9, then four data reads from a full queue will 0 1 0 0 X9 x36

be required to cause the full flag to go HIGH (queue notfull). Conversely, the 0 1 1 1 X9 x18

Empty flagand Almost Empty flag operations are always based on writes and 1 0 0 1 X9 X9

reads of datawidths determined by the read port. Forexample, if the input port
isx18andthe output portis x36, two write operations will be required to cause
the Empty flag (EF) of an empty queue to go HIGH (queue is not empty).
Note, thatthe input port serves allqueues withinadevice, as does the output
port, therefore theinput bus width to all queuesis equal (determined by the input
portsize) and the output bus width from all queuesis equal (determined by the

outputportsize).
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BYTE ORDER ON INPUT PORT: D35-D27 D26-D18 D17-D9 D8-D0
A B C D Write to Queue
BYTE ORDER ON OUTPUT PORT: Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM A B (o] D Read from Queue
L

(a) x36 INPUT to x36 OUTPUT

Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM C D 1st: Read from Queue
H
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
A B 2nd: Read from Queue
(b) x36 INPUT to x18 OUTPUT
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM
. D 1st: Read from Queue
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
c 2nd: Read from Queue
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
B 3rd: Read from Queue
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
A 4th: Read from Queue
(c) x36 INPUT to x9 OUTPUT
BYTE ORDER ON INPUT PORT: D35-D27 D26-D18 D17-D9 D8-D0
A B 1st: Write to Queue
D35-D27 D26-D18 D17-D9 D8-D0
Cc D 2nd: Write to Queue
BYTE ORDER ON OUTPUT PORT: Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM Cc D A B Read from Queue
H
(d) x18 INPUT to x36 OUTPUT
BYTE ORDER ON INPUT PORT: D35-D27 D26-D18 D17-D9 D8-DO
A 1st: Write to Queue
D35-D27 D26-D18 D17-D9 D8-D0
B 2nd: Write to Queue
D35-D27 D26-D18 D17-D9 D8-DO
C 3rd: Write to Queue
D35-D27 D26-D18 D17-D9 D8-DO0
D 4th: Write to Queue
BYTE ORDER ON OUTPUT PORT: Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM D C B A Read from Queue
H
(e) x9 INPUT to x36 OUTPUT 6716 drw28

NOTE:
1. Please refer to Table 11, Bus-Matching set-up for details.

Figure 36. Bus-Matching Byte Arrangement
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S trRs >
RS hNE 4
[+~ tRSS—>
EN
EN £ N
[« tRSS—>| - tRSR >
SENI ‘
[¢—tRSS—™|
FSTR, —
ESTR
<+ tRSS—*|
WADEN, N
RADEN
[+ tRSS *
IDO, ID1, E
ID2
r+—tRSS —#|
BM % X
r+— tRSS | HIGH = Polled mode
FM g ) LOW = Strobed (Direct)
[+ tRSS > HIGH = Master Device
MAST SZ / LOW = Slave Device
[+ tRSS | HIGH = Packet Ready Mode
PKT X>
[+ tRSS > HIGH = Queue Programming
DFM ; Z / LOW = Serial Programming
[+— tRSS |
QSEL [1:0] 5 Z /| See Table 2, for setting the Queue Programming
[« tRss > HIGH = Offset Value is 128
DF ; Z / LOW = Offset value is 8
< tRSF —»|
N HIGH-Z if SI Devi
s | N ____________________.™H GH-Z it Slave Device
LOGIC "0" if Master Device
— tRSF
EF/OR _ HIGH-Zif Slave Device_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ______
LOGIC "0" if Master Device
[+ tRSF > LOGIC "1" if Master Device
L HIGH-Z if Slave Device
< tRSF |
PAE _ HIGH-Zif Slave Device  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
LOGIC "0" if Master Device
[ tRSF | LOGIC "1" if Master Device
PAFn T T T T T T T T T T T T T T T T T T T T T T T T T GHZif Slave Device
— tRSF —»|
SAEN _ _HIGH-ZifSlaveDevice _ _ _ _ _ _ _ _ _ __ _________________
LOGIC "0" if Master Device
[+ tRSF > LOGIC "1" if Master Device
PR 372 HIGH-Z if Slave Device
~ RSF > LOGIC "1" if Master Device
PR e e e
" HIGH-Z if Slave Device
< tRSF > LOGIC "1" if OE is LOW and device is Master
Qn 7 HIGH-ZifOEis HIGH or Device is Slave
NOE 6716 drwd6
1. OE can toggle during this period. Figure 37. Master Reset
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

WCLK AN 1 K% \_74—\_%4—\_74—¥74—\_7Z ~__~
tQs tQH
el
WADEN |
tENS
~ Y tENS
WEN
tAS ~ — tAH

WRADD WE_EI;_» WWWWXWWWW

‘ /"tWFF
FF A — tWAF
—
PAF A —tPAF
Active Bus A

PAF-Qx

6716 drw48

Figure 40. Queue Programming via Write Address Bus

RCLK _ 7 N__ A __f \ i N RN A N N
t
ENSN ~ tENS
REN *
tas~ | - taH
RADEN
taAs—~ | taH
RoADD XK o RHIIRIIIIIIIIIKK
<_/»IIF{EF
OR
~tRAE
PAE i
‘ <_/iPAE
Active Bus
PAE-Qx®) ‘ ‘
r-2 r-1 r r+1 r+2 r+3 r+4
6716 drw49
Figure 41. Queue Programming via Read Address Bus
Master Reset T T 5
Default Mode 55
DFM =0 ) v v v
DFM MRS DFM MRS DFM MRS
MQ1 MQ2 MQn
Serial Enable —»| SENI SENO}—p| SENI SENO §¢ p| SENI Mastersgng |—p Serial Loading
ID="000’ Complete
SCLK SCLK SCLK

Serial Clock I I T 6716 drw50

Figure 42. Serial Port Connection for Serial Programming
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
tENS tENH
N ]
WEN
tDS—+» <« {DH-»|«{DS—»<{DH»«{DS»<1DH
Dn >E W1 w2 w3 XX X XX
tSKEW1
<L
ROLK MM—\_/ \
REN
r tA r tA
Qout Last Word Read Out of Queue W1 Qy X W2 Qy W3 Qy
/tREF /tREF
OR
6716 drw54
NOTES:
1. Qy has previously been selected on both the write and read ports.
2. OE is LOW.

3. The First Word Latency = tSKEW1 + RCLK + tA. If tSKEW1 is violated an additional RCLK cycle must be added.

Figure 46. Write Operations in First Word Fall Through mode
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tas ~ |t tas— | tan

| |
roson XK G0 (XXX K KHIIHIIKK

tas: tQH
~ |- tas~ | ~foH
RADEN AA—%

Qout PQ PQ PQ PQ Qao W Last Word Qis Qis

—tREF
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tENS- tENH
Y o
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4\—><—>
WRADD Qis
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WADEN

tos —toH

-
[
Din WM Q:WQWWX

6716 drws9

Cycle:

*A* Queue 30 is selected for read operations. It requires 4 clock cycles to switch queues.

*B* Reads are now enabled. A word from the previously selected queue will be read out.

*C* Another word from Present Queue (PQ) is read.

*D* Another word from PQ is read.

*E* Wd is read from Q30 of D1. This happens to be the last word of Q30, therefore OR goes HIGH to indicate that the data on the Qout is not valid (Q30 was read to empty).
Word, Wd remains on the output bus. Queue 15 is selected for read operations.

*F* The last word of Q30 remains on the Qout bus, OR is HIGH, indicating that this word has been previously read.

*G* The last word of queue 30 remains on the Qout bus.

*H* The last word of queue 30 remains on the Qout bus.

*1* The next word, available from the newly selected queue, Q15 is now read out. This will occur regardless of REN, due to FWFT mode.

*J* A word, is read from Q15.

*K* The OR flag stays LOW to indicate that Q15 has additional words available for reading.

Figure 51. Output Ready Flag Timing (In FWFT Mode)
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

*gr

o . o - - . - .
wolk N AT N AT N A N N A N N e N A N N N

=
m
z

tAs — —tAH tas— —tAH

- |
WRADD D1Qs D1 Qo ORI KR KK
tas~ | o tas—~ | foH

WADEN H

PAF HIGH-Z
(Device 1)

- XXX
D1Qs tWAF tWAF
/\/ tAFLZ ~ * ~

— tFFHZ

PAF
(Device 2) /1

6716 drw66

Cycle:

*A* Queue 5 of Device 1 is selected on the write port. A queue within Device 2 had previously been selected. The PAF output of device 1 is High-Impedance.
*B* No write occurs, WEN is HIGH.

*C* No write occurs, WEN is HIGH.

*D* No write occurs, WEN is HIGH.

*E* Word, Wd-m is written into Q5 causing the PAF flag to go from LOW to HIGH. The flag latency is 3 WCLK cycles + twar.

*F* Queue 9 in device 1 is now selected for write operations. This queue is not almost full, therefore the PAF flag will update after a 3 WCLK + twar latency.
*G* The PAF flag goes LOW based on the write 2 cycles earlier.

*H* No write occurs, WEN is HIGH.

*|* The PAF flag goes HIGH due to the queue switch to Q9.

Figure 58. Almost Full Flag Timing and Queue Switch

tOLKL—— ,—— tCLKL
WCLK 7F i ;m—\
tENS —~ | — tENH
|

. . N
tWAF tWAF

—
D - (m+1) words in Queue® D- m words in Queue D-(m+1) words
tSKEW2 — in Queue

RN
e N N N N N N N N

EN 6716 drw67

NOTE:

1. The waveform shows the PAF flag operation when no queue switch occurs and a queue is selected on both the write and read ports is being written to then read
from at the almost full boundary.

2. Flag Latencies:
Assertion: 2*WCLK + twar
De-assertion: tskew2 + WCLK + twar

3. If tskewz is violated there will be one extra WCLK cycle.

Figure 59. Almost Full Flag Timing
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REN
tas — — tAH tas— —taH
|
roAoD SOCK DriEn Kt 5 KKK 00004
tas~ toH tas— <_/ng
RADEN
toz{¢ A ~ta A A
- [——
Qout HIGH-Z D1 Q30 Wn ;( D1 Q30 Wn+1 * D1 O15\‘N0 *D1 Q15 W1
ez ~—IRAE ~— RAE
PAE HIGH-Z ‘_'}/ * N
(Device 1)
— tAEHZ
PAE HIGH-Z
(Device 2) I 6716 drw68
Cycle:

*A* Queue 30 of Device 1 is selected on the read port. A queue within Device 2 had previously been selected. The PAE flag output and the data outputs of device 1 are High-Impedance.

*B* No read occurs, REN is HIGH.

*C* No read occurs, REN is HIGH.

*D* No read occurs, REN is HIGH

*E* The PAE flag output now switches to device 1. Word, Wn is read from Q30 due to the FWFT operation. This read operation from Q30 is at the almost empty boundary, therefore
PAE will go LOW 2 RCLK cycles later.

*F* Q15 of device 1 is selected.

*G* The PAE flag goes LOW due to the read from Q30 2 RCLK cycles earlier. Word Wn+1 is read out due to the FWFT operation.

*H* Word, WO is read from Q15 due to the FWFT operation.

*|* The PAE flag goes HIGH to show that Q15 is not almost empty.

Figure 60. Almost Empty Flag Timing and Queue Switch (FWFT mode)

wx £ R NN TN N N

tENs —~ | —tENH
Sn

WEN
PAE n+1 words in Queue n+2 words in Queue i
n+1 words in Queue
— tsKEw2 tRAE —
RCLK J\JZ J \ﬂ \7/
tENS — ~— tENH
REN ;14 6716 drw69
NOTE:

1. The waveform here shows the PAE flag operation when no queue switches are occurring and a queue selected on both the write and read ports is being written to then read
from at the almost empty boundary.
Flag Latencies:

2. Assertion: 2*RCLK + traE
De-assertion: tskew2 + RCLK + tRAE

3. If tskewz is violated there will be one extra RCLK cycle.

Figure 61. Almost Empty Flag Timing
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RCLK \sz/—\—7 Z—\J%Zj_/%l—\_/
tas taH
PRSP tQS—d-1a— toH +e— tQS - taH |
Device 1 Device 1 Device 1
Status Word 2 Status Word 3 Status Word 0
RDADD 001xxx10 001xxx11 001xxx00
tsTS tSTH tsTs tSTH
~ [ ™ =
ESTR %
tPAE tPAE tPAE
- "y «—»
PAEV Device 1 Status Word 2 evice 1 Status Word}k)evice 1 Status Word 0
PRn tENS tENH tENS tENH
~ [ ~ [~
RADEN DX O HKX KKK
6716 drw70
NOTES:

1. Status words can be selected on consecutive cycles.
2. On an RCLK cycle that the ESTR is HIGH, the RADEN input must be LOW.
3. There is a latency of 2 RCLK for the PAEn bus to switch.

Figure 62. PAEn/PRn - Direct Mode - Status Word Selection

WCLK \ I N S N S N S NS S N S N
- tQS—a—tQH-»ja— tQS —wia—tQH |
Device 1 Device 1 Device 1
Status Word 1 Status Word 3 Status Word 2
WRADD 001xxx01 001xxx11 001xxx10
tsTs tSTH tsTs tsTH
a - ™ >
FSTR
tPAF tPAF tPAF
I - ,
PAFn Device 1 Status Word 1 evice 1 Status Word ?k Device 1 Status Word 2
tENS tENH tENS tENH
Tl PANN <«
WADEN XXX AXX XX -
6716 drw71
NOTES:

1. Status words can be selected on consecutive cycles.
2. On a WCLK cycle that the FSTR is HIGH, the WADEN input must be LOW.
3. There is a latency of 2 WCLK for the PAFn bus to switch.

Figure 63. PAFn - Direct Mode - Status Word Selection
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*A* *B* *c* *D* *E* *F* *G* *H*
WCLK ﬂt_%_t\_}‘ 2 3 N e N e N 2 N
QS —, —taH tQs— — taH
| -
WADEN 7F ﬂ‘( 7J; _4? : t
STS |\ ~ {STH
|-t —— |
FSTR sz_ _4‘
tENS
# 3 —tENH
WEN
tAs— —tAH tas — —tAH tAs ~ -~ tAH
WRADD  XXXX> XXX APl
tDH
|
on XK oK Wor K Wz K Vo K
Writes to Previous Q D5Q24
—tSKEW3
RCLK  _7 N A A A ¥ A A

tas—
RADEN 7P j‘?
tSTS — 7 ISTH
ESTR 7P ;1<

REN
RDADD
> > >
Device 5 -Qn Wa Wa+1 )l( Wy Wy+1 )k Wy+2 )l( Wy+3
‘ D5 Q17 ‘ D5 Pﬂ D5‘Q24 DS‘ Q24 D5[Q24 D5 Q24
Prev PAEnN Previous value loaded on to PAE bus
~——T tPAEHZ (tpAE
tPAEZL— RN
Device 5 PAEn = —Cxxxx xxx1 XXXX XXXO
D5 s*v 3 D5 SW 3
Bus PAEN Previous value loaded on to PAE bus O xxxx xxx1 XXXX XXXO0
D5 SW 3 D5 SW 3
_—1tRAE _—1RAE _—tRAE
|
Device 5 PAE D5 Q17 Status D5 Q24
‘ ‘ ‘ Status 6716 drw72
*AA* *BB* *CC* *DD* *EE* *FF* *GG*

Cycle:
*A*  Queue 24 of Device 5 is selected for write operations.
Word, Wp is written into the previously selected queue.
*AA* Queue 24 of Device 5 is selected for read operations.
A status word from another device has control of the PAEn bus.
The discrete PAE output of device 5 is currently in High-Impedance and the PAE active flag is controlled by the previously selected device.
*B*  Word Wp+1 is written into the previously selected queue.
*BB* Current Word is kept on the output bus since REN is HIGH.
*C*  Word Wp+2 is written into the previously selected queue.
*CC* Word Wa+1 of D5 Q17 is read due to FWFT.
*D*  Word, Wn is written into the newly selected queue, Q24 of D5. This write will cause the PAE flag on the read port to go from LOW to HIGH (not almost empty) after time,
tskews + RCLK + trRAE (if tskews is violated one extra RCLK cycle will be added).
*DD* Word, Wy from the newly selected queue, Q24 will be read out due to FWFT operation.
Status word 4 of Device 5 is selected on the PAEn bus. Q24 of device 5 will therefore have is PAE status output on PAE[0]. There is a single RCLK cycle latency before
the PAEN bus changes to the new selection.
*E*  Queue 8 of Device 3 is selected for write operations.
Word Wn+1 is written into Q24 of D5.
*EE* Word, Wy+1 is read from Q24 of D5.
*F*  No writes occur.
*FF* Word, Wy+2 is read from Q24 of D5.
The PAEn bus changes control to D5, the PAEn outputs of D5 go to Low-Impedance and status word 4 is placed onto the outputs. The device of the previously selected
status word now places its PAEn outputs into High-Impedance to prevent bus contention.
The discrete PAE flag will go HIGH to show that Q24 of D5 is not almost empty. Q24 of device 5 will have its PAE status output on PAE[Q].
*G*  Status word 3 of device 4 is selected on the write port for the PAFn bus.
*GG* The PAEn bus updates to show that Q24 of D5 is almost empty based on the reading out of word, Wy+1.
The discrete PAE flag goes LOW to show that Q24 of D5 is almost empty based on the reading of Wy+1.

Figure 64. PAEn - Direct Mode, Flag Operation
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
A “B* *C* *D* *E* *F* *G* *H* >
RCLK ﬂ_74_\_7‘4_\_7‘_\_74_¥74_\_7‘_\_74_\_ﬁ4_\_74_¥
tos— = toH tOS\._ . : toH
RADEN %__SL(
tsTs \_ _/ tSTH
ESTR
EN
tAs —~ ~tAH tAs — —tAH tAs— —tAH
RDADD X XXX D0Q3 1K XXX XXX XX XKD7 sw o XD D6Q2 )b(XX XXX KK AKX XA XXX
000 11111 111 00000 110 00010
OE
4_Qt‘ou A A 1A 1A
Qout f Wx ‘_;K WX +1 )k WD-M+1 ;( WD-M+2 Wo
DO Q31 DO Q31 D6 Q2
lesr ISKEWS
WCLK /_\J \ 7 \. 7L1 \ % 2 \ 7L3 AN - \ 7~ AN 7% \ F
tSTS—~ | — tSTH
FSTR j%ﬁ
tAs — —tAH  tAS~ —tAH
WRADD XXX)kDo %adi&)@( Do Qs XXXXX XXX XK KKK KK KK KK KK KRR K KK KKK KHKHKAHKHKAKXX XXX
000 00011 tENS tENH
— PN o
WEN 4(
tas taH
N /g
WADEN
DS -4 tDH —»-}¢— DS —-(a- IDH —|4— DS —f{-a IDH |
Din - X XXX KKK KKK KK XK KKK AKX KX XK KKK XK Word Wy ?K Wyt )k yi2 )kXXXZZXXXZ
DO(Q31 D0|Q31 DO|Q31
_ & IPAFLZ tPAF o tPAF
Device 0 PAFn ﬂ DOSW3 0XXX XXXX DOSW3 1 XXX XXXX DOSW3 O0XXX XXXX
HIGH-Z \‘ ‘ ‘ ‘
Bus PAFn DxSWy DOSW3 OXXX XXXX DOSW3 1 XXX XXXX DOSW3 OXXX XXXX
‘ tPAFHZ
Prev. DxSWy i : HIGH-Z :
PAFn ‘ — tPAFLZ — tWAF
Device 0 HIGH - Z : N
PAF ‘ 6716 drw73
*AA* *BB* *Cc* *DD* *EE* *FF* *GG*

Cycle:
*A*  Queue 31 of device 0 is selected for read operations.
The last word in the output register is available on Qout. OE was previously taken LOW so the output bus is in Low-Impedance.
*AA* Status word 4 of device 0 is selected for the PAFn bus. The bus is currently providing status of a previously selected status word, Quad Y of device X.
*B* No read operation.
*BB* Queue 31 of device 0 is selected on the write port.
*C*  Word, Wx+1 is read out from the previous queue due to the FWFT effect.
*CC* PAFn continues to show status of Quad4 DO.
The PAFn bus is updated with the status word selected on the previous cycle, DO Quad 4. PAF[7] is LOW showing the status of queue 31.
The PAFn outputs of the device previously selected on the PAFn bus go to High-Impedance.
*D* A new status word, Quad 0 of Device 7 is selected for the PAFn bus.
Word, Wd-m+1 is read from Q31 DO due to the FWFT operation. This read is at the PAFn boundary of queue DO Q31. This read will cause the PAF[7] output to go from
LOW to HIGH (almost full to not almost full), after a delay tskews + WCLK + tPAF. If tskews is violated add an extra WCLK cycle.
*DD* No write operation.
*E*  No read operations occur, REN is HIGH.
*EE* PAF[7] goes HIGH to show that DO Q31 is not almost empty due to the read on cycle *C*.
The active queue PAF flag of device 0 goes from High-Impedance to Low-Impedance.
Word, Wy is written into DO Q31.
*F*  Queue 2 of Device 6 is selected for read operations.
*FF* Word, Wy+1 is written into DO Q31.
*G*  Word, Wd-m+2 is read out due to FWFT operation.
*GG* PAF[7] and the discrete PAF flag go LOW to show the write on cycle *DD* causes Q31 of DO to again go almost full.
Word, Wy+2 is written into DO Q31.
*H*  No read operation.
*I*  Word, WO is read from QO of D6, selected on cycle *F*, due to FWFT.

Figure 65. PAFn - Direct Mode, Flag Operation
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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

Serial Programming Data Input

Serial Enable
+ Yy VY ¢
SENI SI FXI EXI
Data Bus Output Data Bus
@@= (D35 Qp-Q35  (—y
i R lock
Write Clock > wolk ROLK | ead Cloc|
Write Enable — J— R Enabl
»  WEN REN |« ead Enable
1 WeCs RCS /L
i _I < - Read Select
Write Queue Select .-- WRADD RDADD --‘ ead Queue Selec
Write A Read Address
rite Address »| WADEN DEVICE RADEN [«
Full Strobe _ 1 » Empty Strobe
Programmable Almost Full > FSTR ESTR < Programmable Almost Empty
® PAFn PAEn @
Full 1 Empty Sync 1
i Sync ESYNC ESYNC e >
— Empty/Output Ready Fla
F:ull Flag EF EF pty P! y =9
Almost Empty Fla
A:Imost Full Flag BAE BAE pty g
i _ Packet Reads
Serial Clock o scik PR >
SENO SO FXO EXO
Yy \ A Y
SENI SI  FXI EXI
» Dg-D3s Qp-Q35  jnll)
» WCLK RCLK |
»  WEN REN |«
—1 WcCs RCS L
'--- iy VVRADD RDADD |« --1
»| WADEN RADEN |
I DEVICE I
»| FSTR 2
» ESTR [«
* P — PAE
Full Sync2 .- m PAFn PAEn _-*-‘ Empty Sync 2
-t FSYNC ESYNC >
FF EF
PAF PAE
»| SCLK PR
SENO SO FXO EXO
Yy vv v
SENI SI FXI EXI
I » Do-D3s5 Qp-Q35  |e—
»| WCLK RCLK |
> WEN REN [
I/ WGCs RCS L
ﬁ WRADD RDADD |«
»| WADEN DEY]ICE RADEN [«
» FSTR (Master, ID =‘000') ESTR |«
Full Sync n PAFn PAEn Empty Sync n
-t FSYNC ESYNC o
FF EF
PAF PAE
» SCLK P
SENO FXO EXO
DONE -=
6716 drw75
NOTES:

1. If devices are configured for Direct operation of the PAFn/PAEN flag busses the FXI/EXI of the MASTER device should be tied LOW. All other devices tied HIGH. The FXO/EXO
outputs are DNC (Do Not Connect).
2. Q outputs must not be mixed between devices, i.e. Q0 of device 1 must connect to QO of device 2, etc.

Figure 67. Expansion using ID codes

79 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

Serial Programming Data Input

Serial Enable
* Yy Vv ¢
SENI SI FXI EXI
Data Bus Output Data Bus
@==pp- D, D35 Qo035 p—
Write Clock
; > WCLK RCLK |« Read Clock
Write Enable Read Enable
> WEN REN [« —
P N RCS1
WCSsT » WCS RCS |« =
Write Queue Select SLAVE Read Queue Select
—— @—— # WRADD DEVICE RDADD (<t E——
Write Address ) Read Address
»  WADEN 1 RADEN [«
Full Strobe Empty Strobe
» ESTR |«
Programmable Almost Full FSTR S Programmable Almost Empty
i @ PAFn PAEN ®
Empty S 1
R Synet FSYNGC ESYNC TPy YNy,
o _ Empty/Output Ready Fla
F:ull Flag =3 D = 001 EF pty. P! y =Q
- Almost Empty Fla
/gmcst Full Flag BAE PAE pty =9
. o Packet Reads
Serial Clock »| scik PR >
SENO SO FXO EXO
A4 \ A A
SENI SI FXI EXI
@===p-| D D35 QuQz5
> WCLK RCLK [«
» WEN SLAVE REN |
WCs2 » Wcs DEVICE 7CS | RCs2
r-- plly-|  V/RADD 2 RDADD |« --1
I »| WADEN RADEN |«
»| FSTR I
> ESTR [«
* P — PAEn |l *
Full Sync2 | am ™ PAFn PAEN - —® Empty Sync 2
-t FSYNC ESYNC >
ID =010
FF EF
PAF PAE
»! SCLK PR
SENO SO FXO EXO
Yy vvv
SENI SI FXI EXI
Bl | Dj-D35 QpQ35  |—
- WCLK MASTER RCLK |«
WCS0 > WEN REN [« RCSO0
» WCS DEVICE RCS |
ﬁ WRADD 0 RDADD h ]
»| WADEN RADEN [«
»| FSTR ESTR |«
Full Sync n PAFn PAEn Empty Sync n
- FSYNC ESYNC >
ID = 000
FF EE
PAF PAE
» scik P
SENO FXO EXO
DONE -=
6716 drw75a
NOTES:

1. If devices are configured for Direct operation of the PAFn/PAEN flag busses the FXI/EXI of the MASTER device should be tied LOW. All other devices tied HIGH. The FXO/EXO
outputs are DNC (Do Not Connect).
2. Q outputs must not be mixed between devices, i.e. Q0 of device 1 must connect to QO of device 2, etc.

Figure 68. Expansion using WCSIRCS
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(8 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
A B C D E F G H J
A
I'[ENHI ItENsI ¢ tENH ) ItENsI

REN

teENH ‘tENS I tens )
RCS1 —
Qout >< Qi A >< Q1B >< Qi C Qi D Qi E

tens | tenH ENS ‘tENH
—ayyr 4P e DLt B DL
RCS? JL‘—’ T M
Qout2 Q2_A Q2_B —
tENS| tENH tENS| tENH

RCS3 {f‘—' jﬁf‘—'
Qout3 Q3 C ———
Q_Bus >< Qi A >< Q1B >< Q1 c >< @ A >< Q1D >< @ B >< Q3 C >< Qi E
NOTE: 6716 drwA

1. RCS signals are mutually exclusive, (i.e.. only one RCS signal can be asserted (low) at a time).

Figure 69. Expansion Connection Read Chip Select (RCS)

WEN i
54 tENH | ltENsI ItENHI

tENS | tENH i fEns
i i i tEns itENH i tENSitENH i
s I R S i | |
— i i i i i tens| ten ! tens) tenn |
tos | toH E | i i ] | | |
Din Dev?ce 1 Noiwrite>< De\z:ice 1 >< De\:yice 2>< Dd:avice 1>< No ;\Nrite >< De‘idice 2>< De\i/ice 3>< De\i/ice 1
| | | | | I l I I 6716 drwB

Figure 70. Expansion Connection Write Chip Select (WCS)
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JTAG INTERFACE

Five additional pins (TDI, TDO, TMS, TCK and TRST) are provided to
support the JTAG boundary scan interface. The IDT72P51339/72P51349/
72P51359/72P51369incorporates the necessary tap controller and modified
pad cellstoimplementthe JTAG facility.

NotethatIDT provides appropriate Boundary Scan Description Language
programfiles forthese devices.

TEMPERATURERANGES

The Standard JTAG interface consists of four basic elements:
e TestAccess Port (TAP)

TAP controller

Instruction Register (IR)

Data Register Port (DR)

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

The Figure below shows the standard Boundary-Scan Architecture

—|Boundary Scan Reg.l
o000
Bypass Reg.

Mux

Instruction Decode |

6716 drw76

TDO
TDI _, < »l |
p clkDR, ShiftDR
TMS UpdateDR
TOLK | TAP
TRST, conty
— > roller
clkiR, ShiftIR
Updatelﬁ
| Instruction Register |
Control Signals
Figure 71. Boundary Scan Architecture
TEST ACCESS PORT (TAP)

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

internal of the processor. It consists of fourinput ports (TCLK, TMS, TDI, TRST)
and one output port (TDO).

THETAPCONTROLLER

The Tap controlleris a synchronous finite state machine thatresponds to

TMSand TCLK signalsto generate clock and control signals tothe Instruction
and Data Registers for capture and update of data.
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TEMPERATURERANGES

1 Test-Logic
Reset
vy :
0 Run-Test/ ! > Select- 1 > Select-
Idle —p»| DR-Scan IR-Scan
A + 0 ] * 0
1 Capture-DR _ | Capture-IR
+0 0 +0 fo
> Shift-DR | p| Shift-IR
Input = TMS e — e 1
> Exit1-DR > Exit1-IR
+0 0 +0
Pause-DR Pause-IR
v 1y
0| Exit2-DR 0 Exit2-IR
v 1y
Update-DR [<& Update-IR | 4
1y *o 1y *0
¢

NOTES:
1. Five consecutive TCK cycles with TMS = 1 will reset the TAP.

6716 drw77

2. TAP controller does not automatically reset upon power-up. The user must provide a reset to the TAP controller (either by TRST or TMS).

3. TAP controller must be reset before normal Queue operations can begin.

Figure 72. TAP Controller State Diagram

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

Allstate transitions withinthe TAP controller occur at the rising edge of the
TCLK pulse. The TMS signal level (0 or 1) determines the state progression
thatoccurs oneach TCLK rising edge. The TAP controller takes precedence
over the Queue and must be reset after power up of the device. See TRST
description formore details on TAP controller reset.

Test-Logic-ResetAlltestlogicis disabledinthis controller state enabling
the normal operation of the IC. The TAP controller state machine is designed
insuch awaythat, no matterwhatthe initial state of the controller s, the Test-
Logic-Resetstate can be entered by holding TMS athighand pulsing TCK five
times. This is the reason why the Test Reset (TRST) pin is optional.

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

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

Select-IR-Scan This is a controller state where the decision to enter the
Instruction Pathis made. The Controller can returntothe Test-Logic-Reset state
otherwise.

83

Capture-IR Inthis controller state, the shift register bank in the Instruction
Register parallelloads a pattern of fixed values on the rising edge of TCK. The
last two significant bits are always required to be “01".

Shift-IR In this controller state, the instruction register gets connected
between TDIand TDO, and the captured pattern gets shifted on eachrisingedge
of TCK. Theinstructionavailable onthe TDI pinis also shiftedintothe instruction
register.

Exitl-IR Thisisacontroller state where adecision to enter either the Pause-
IR state or Update-IR state ismade.

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

Exit2-DR Thisisacontroller state where a decision to enter either the Shift-
IR state or Update-IR state is made.

Update-IR Inthis controller state, the instruction inthe instructionregisteris
latchedinto the latch bank of the Instruction Register on every falling edge of
TCK. Thisinstruction also becomesthe currentinstruction onceitis latched.

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

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

The Instructionregister allows aninstructionto be shifted in serially intothe
processor at the rising edge of TCLK.

The Instruction is used to select the test to be performed, or the test data
registertobe accessed, orboth. Theinstructionshifted intothe registeris latched
atthe completion ofthe shifting process when the TAP controlleris at Update-
IR state.

Theinstruction register must contain 4 bitinstruction register-based cells
which canhold instruction data. These mandatory cells are located nearestthe
serial outputs they are the least significant bits.

TESTDATAREGISTER

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

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

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

TEST BYPASS REGISTER

Theregisteris used to allow test data to flow through the device from TDI
toTDO. Itcontains asingle stage shiftregisterforaminimumlengthin serial path.
Whenthe bypassregisteris selected by aninstruction, the shift register stage
is setto a logic zero on the rising edge of TCLK when the TAP controllerisin
the Capture-DR state.

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

THE BOUNDARY-SCAN REGISTER

The Boundary Scan Register allows serial data TDI be loaded into orread
outofthe processor input/output ports. The Boundary Scan Registeris a part
ofthe IEEE 1149.1-1990 Standard JTAG Implementation.

THE DEVICE IDENTIFICATION REGISTER

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

IDT JEDEC ID numberis 0xB3. This translates to 0x33 whenthe parity is
dropped inthe 11-bit Manufacturer ID field.

Forthe IDT72P51339/72P51349/72P51359/72P51369, the Part Number
field containsthe following values:

Device Part# Field (HEX)

IDT72P51339 0474

IDT72P51349 0475

IDT72P51359 0476

IDT72P51369 0477.
31(MSb) 28 27 12 11 1 O(LSB)
Version (4 bits) | Part Number (16-bit) | Manufacturer ID (11-bit)
0X0 0X33 1

JTAG DEVICE IDENTIFICATION REGISTER

84

TEMPERATURERANGES

JTAG INSTRUCTION REGISTER

The Instruction register allows instructionto be serially inputinto the device
whenthe TAP controller is in the Shift-IR state. The instruction is decoded to
performthe following:
Selecttestdataregistersthat may operate while the instructionis
current. The othertest data registers should notinterfere with chip
operationandthe selected dataregister.
Definethe serialtestdataregister paththatis usedto shift data between
TDland TDO during data register scanning.

The Instruction Registeris a4 bitfield (i.e. IR3, IR2, IR1, IR0) to decode
16 different possible instructions. Instructions are decoded as follows.

Hex Instruction Function
Value
00 EXTEST SelectBoundary Scan Register
01 SAMPLE/PRELOAD | SelectBoundary ScanRegister
02 IDCODE SelectChipldentification dataregister
03 HIGH-IMPEDANCE | JTAG
OF BYPASS SelectBypass Register

JTAG INSTRUCTION REGISTER DECODING

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

EXTEST

Therequired EXTEST instruction places the ICinto an external boundary-
testmode and selects the boundary-scan registerto be connected between TDI
and TDO. During this instruction, the boundary-scan register is accessed to
drive test data off-chip viathe boundary outputs and receive test data off-chip
viathe boundary inputs. As such, the EXTEST instructionis the workhorse of
|[EEE. Std 1149.1, providing for probe-less testing of solder-joint opens/shorts
and of logic cluster function.

IDCODE

TheoptionalIDCODE instruction allowsthe ICtoremaininits functionalmode
and selects the optional device identification registerto be connected between
TDI and TDO. The device identification register is a 32-bit shift register
containinginformation regarding the IC manufacturer, device type, and version
code. Accessing the device identification register does not interfere with the
operationofthe IC. Also, accessto the device identification register should be
immediately available, viaa TAP data-scan operation, after power-up of the
IC orafterthe TAP has been resetusing the optional TRST pin or by otherwise
moving tothe Test-Logic-Reset state.

SAMPLE/PRELOAD

The required SAMPLE/PRELOAD instruction allows the ICtoremainina
normal functional mode and selects the boundary-scan registerto be connected
between TDIand TDO. Duringthisinstruction, the boundary-scanregister can
be accessed viaadate scanoperation, to take asample of the functional data
entering and leaving the IC. Thisinstruction is also used to preload test data
into the boundary-scan register before loading an EXTEST instruction.
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HIGH-IMPEDANCE

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

85

BYPASS

The required BYPASS instruction allows the IC to remain in a normal
functional mode and selects the one-bit bypass register to be connected
between TDI and TDO. The BYPASS instruction allows serial data to be
transferred through the IC from TDIto TDO without affecting the operation of
thelC.
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¢ tTek
t4\
e t1—ph o
TCK \ / Sﬁ  —
t3-/
TDI/
TMS
tos pi<tDH
TDO TDO
4—t6—p tbo
TRST 6716 drw78

Notes to diagram:
t1 = trckLow
t2 = tTCKHIGH

13 = tTCKFALL
t4 = tTCKRISE

t5 = tRST (reset pulse width)
t6 = tRSR (reset recovery)

Figure 73. Standard JTAG Timing

JTAG

ACELECTRICALCHARACTERISTICS
(VDD = 2.5V % 5%; Tcase = 0°C to +85°C)

Parameter Symbol Test
Conditions

SYSTEMINTERFACE PARAMETERS Min. | Max.{ Units
IDT72P51339 JTAG Clock Input Period | tTck 100 - ns

IDT72P51349 )
IDT72P51359 JTAG Clock HIGH tTCKHIGH 40 ns
IDT72P51369 JTAG Clock Low tTCKLOW 4 [ - ns
Parameter Symbol | Test Conditions | Min. | Max.| Units JTAG ClockRise Time | ttckrise - | 50 ns
DataOutput tDo® 2 | ns JTAGClockFall Time | tTCKFALL - | 50 | ns
DataOutputHold| tboH® 0 - ns JTAG Reset tRST 50 - ns
Data Input s trise=3ns 10 - ns JTAG ResetRecovery | tRsr 5| - | ns

DH tfall=3ns 10
NOTE: NOTE:

1. 50pf loading on external output signals.
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1. Guaranteed by design.
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ORDERING INFORMATION
IDT _XXXXX X XX X X X
: Process /
D T P Pack
evice Type Power Speed ackage G Temperature
Range

BLANK Commercial (0°C to +70°C)
1 Industrial (-40°C to +85°C)
IG Green
IBB Plastic Ball Grid Array (PBGA, BB256-1)
|5 Commercial Only Clock Cycle Time (tCLK)
|6 Commercial and Industrial | Speed in Nanoseconds
{L Low Power

72P51339 589,824 bits — 1.8V Multi-Queue Flow-Control Device
72P51349 1,179,648 bits — 1.8V Multi-Queue Flow-Control Device
‘72P51359 2,359,296 bits — 1.8V Multi-Queue Flow-Control Device

72P51369 4,718,592 bits — 1.8V Multi-Queue Flow-Control Device
6716 drw79

NOTES:
1. Industrial temperature range product for the 6ns is available as a standard device. All other speed grades available by special order.

2. Green parts are available. For specific speeds contact your sales office.

DATASHEET DOCUMENT HISTORY

02/04/2005 pg. 11.
08/01/2005 pgs. 1,3,7,9, 11,13, 15, 17, 18, 20, 21, 25-28, 30-32, 45, 54-56, 58-66, 73, 74, 78, 80 and 87.
CORPORATE HEADQUARTERS for SALES: for Tech Support:
‘ I DT 6024 Silver Creek Valley Road 800-345-7015 or 408-284-8200 408-360-1533
- San Jose, CA 95138 fax: 408-284-2775 email: Flow-Controlhelp@idt.com
www.idt.com
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