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1.8VMULTI-QUEUE FLOW-CONTROL DEVICES
(128 QUEUES) 40 BIT WIDE CONFIGURATION

IDT72P51767
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FEATURES

o Choose from among the following memory density options:
IDT72P51767 —  Total Available Memory = 5,242,880 bits
IDT72P51777 —  Total Available Memory = 10,485,760 bits

o Configurable from 1 to 128 Queues

o Multiple default configurations of symmetrical queues

o Default multi-queue device configurations
- IDT72P51767: 512 x 40 x 128Q
—IDT72P51777: 1,024 x 40 x 128Q

o Number of queues and queue sizes may be configured; at

master reset, though serial programming, (via the queue

address bus)

166 MHz High speed operation (6ns cycle time)

0.48ns access time

Independent Read and Write access per queue

Echo Read Clock available

Internal PLL

On-chip Output Impedance matching

User Selectable Bus Matching Options:

- x40 in to x40 out -x20in to x20 out

- x40 in to x20 out —x20in to x40out

User selectable 1/0: 1.5V HSTL or 1.8V eHSTL

100% Bus Utilization, Read and Write on every clock cycle
Selectable Back off one (BOI) 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 (EF, FF, PAE, PAF)

8 bit parallel flag status on both read and write ports
Direct or polled operation of flag status bus

Expansion of up to 256 queues

JTAG Functionality (Boundary Scan)

Available ina 376-pin BGA, 1Imm pitch, 23mm x 23mm
HIGH Performance submicron CMOS technology
Industrial temperature range (-40°C to +85°C) is available
Green parts available, seeing Ordering Information
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(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits

DESCRIPTION

The IDT72P51767/ IDT72P51777 multi-queue flow-control devices are
single chip solutions containing up to 128 configurable queues. Allqueues within
the device have acommon datainputbus, Din[39:0] (write port) and acommon
dataoutputbus Qout[39:0], (read port). Datawrittenintothe write portis directed
toarespective queue viaanintegrated de-multiplex function. Dataread from
the read port is accessed from a given queue transparently via an internal
multiplex operation. Data writes and reads can be performed at high speeds
upto 166MHz DDR allowing datarates upto 10Gigabits/s (OC-192). By utilizing
highspeed interfaces suchas 1.5V HSTL, coupled with a x40 bit databus and
10Mb of data storage, the 10G Multi-Queue can interface with the industry
standard 10 Gigabits/sec Media Independent Interface (XGMIl) to allow high
speed datatransmission over 10G Ethernet and SONET line cards. Datawrite
andread operations are totally independent of each other. The Write Clock and
Read Clock can operate atindependent frequencies. A differentqueue may
be selected onthe write port and read port or both ports may selectthe same
queue simultaneously. Multiple clocking schemes are offered for this device as
well. The user can utilize either single ended or differential clockingfor DDR
read operations. DDR write operation utilize a single ended clock. SDR write
and read operations utilize a single ended clock.

The devices provide Full flag and Empty flag status for the queue selected
forwrite and read operations respectively. Also a Programmable Almost Full

(PAF)and Programmable Almost Empty (PAE) flag for each queue is provided.
Two 8 bit programmable flag busses (PAFn, PAEn) are available, providing
status of queues that are not the present queue selected for write or read
operations. When 8 or fewer queues are configured in the device, these flag
busses provide an individual flag per queue, when more than 8 queues are
used; the queue statusis multiplexed throughthe 8 stus lines. The multiplexing
can be configured either a Polled or Direct mode of bus.

Bus Matching is available onthis device; either port can be x20 bits or x40
bitswide. When Bus Matchingis used the device ensures the logical transfer
of datathroughput. . Witha 40 databits configuration parity checkingand packet
taggingis achievable if desired. Parity checking is available through the use of

TEMPERATURERANGES

4 user selectable bits as part of the 40 bitword. The user will be able to pass
along parity bits through the Multi-Queue to use for error detectionin a up/down
stream device. The Multi-Queue device does not provide parity checking
circuits.

InBack off One mode, the user can switch queues without having toread the
lastpipelined dataword thatis stored inthe outputregisterwhichin IDT standard
modeisrequiredto be read out during aqueue switch. The last pipelined data
wordinBOImodeisretainedinthe outputdataregister untilitis actively read.

AMarkand Re-write and aMark and Re-read function are available on the
write and read portsrespectively. These functions allows foramark location to
be independently issued on the read and/or write ports, in their respective
queues. The option to reset a given queue to the mark location effectively
dropping data written into the queue or allow data to be read again from the
device.

The devicesofferadefault configuration uponreset, offering 128 symmetrical
queuesconfiguredat start-up, whichmeansthe user can program the number
of queues to divide the 20Mb/5Mb of memory depending on the device. The
Multi-Queues can even be programmedto supportone single queue to be used
as a FIFO for high performance applications of sequential queuing. The
programmable flag positions are also user programmable. Ifthe user does not
wish to program the multi-queue device, a default option is available that
configuresthe device ina predetermined manner. AMaster Resetlatchesin
all configuration setup pins and must be performed before programming ofthe
device cantake place.

The multi-queue flow-control devices have the capability of operatingits /0
ineither 1.5VHSTL, or 1.8V eHSTL mode. Thetype of I/Ois selected viathe
IOSEL input. The core supply voltage (VCC) tothe multi-queue is always 1.8V,
however the output levels can be set independently via a separate supply,
VDDQ. The package usedwillbe a23mmx23mm, BB-376 BGA package for
better noise immunity and ground bounce prevention.

AJTAG test portis provided, here the multi-queue flow-control device has
afullyfunctional Boundary Scan feature, compliantwith IEEE 1149.1 Standard
TestAccess Portand Boundary Scan Architecture.
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Figure 1. Multi-Queue Flow-Control Device Block Diagram
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits

DETAILED DESCRIPTION

MULTI-QUEUE STRUCTURE

The IDT multi-queue flow-control device has a single data input port and
single data output portwith upto 128 FIFO queuesin parallel buffering between
thetwo ports. The user can setup between 1 and 128 Queues withinthe 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 organized into whatis known as “blocks”, each block being
256 x40 hits. Whenthe useris configuring the number of queues andindividual
queue sizesthe user mustallocate the memory to respective queues, in units
of blocks, thatis, a single queue can be made up from 0 to m blocks, where m
isthe total number of blocks available within adevice. Also the total size of any
given queue must be in increments of 256 x40. For the IDT72P51767 and
IDT72P51777 the Total Available Memoryis 1024 and 512 blocks respectively
(ablock being 256 x40). Queues can be built from these blocks to make any
size queue desired and any number of queues desired.

BUS WIDTHS

Theinputportis commontoall queues withinthe device, asis the output port.
The device providesthe userwith Bus Matching options such thatthe input port
and output port can be either x20, x40 bits wide, the read and write portwidths
can be setindependently of one another. Because a ports are common to all
queuesthewidth ofthe queuesis notindividually set. Theinputwidth ofall queues
are the same and the output width of all queues are the same.

WRITING TO & READING FROM THE MULTI-QUEUE

Databeingwritten into the device viathe input portis directed toa 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 datawrites or reads, the writing
and reading operation is 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
placedonthe datainputsis written to that queue sequentially based onthe rising
edge of awrite clock provided setup and hold times are met. Conversely, data
isread ontothe output port after an access time fromarising edge on aread
clock.

The operation ofthe write portis comparable to the function of a conventional
FIFO operatingin standard IDT mode. Write operations can be performedon
the write port providedthatthe queue currently selectedis notfull, afull flag output
provides status of the selected queue. Whenaqueue is selected on the output
port, the next word in that queue will be available for reading on the output
register. Allsubsequentwords fromthat queue require an enabled read cycle.
Datacannotbe read fromaselected queueifthatqueue isempty, the read port
provides an Empty flagindicatingwhen dataread outis valid. Ifthe user switches
toaqueue thatis empty, the lastword fromthe previous queue willremain on
the output bus. The device can operate in IDT Standard mode or BOI mode.
InIDT Standard mode the read port provides aword to the output bus (Qout)
foreachclockcyclethatRENis asserted. Refer to Figure 46, SDR Read Queue
Select, Read Operation (IDT Mode).

Asmentioned, the write porthas afull flag, providing full status of the selected
queue. Alongwith the fullflag a dedicated almost fullflag s provided, this almost
fullflag is similar to the almost full flag of a conventional IDT FIFO. The device
provides a user programmable almost full flag for all 128 queues and whena

TEMPERATURERANGES

respective queueis selected onthe write port, the almostfull flag provides status
forthat queue. Conversely, the read porthas an Empty flag, providing status
ofthe data being read from the queue selected onthe read port. Aswellas the
Emptyflagthe device provides adedicated almostempty flag. This almostempty
flagis similartothe almostempty flag of a conventional IDT FIFO. The device
provides a user programmable almost empty flag for each 128 queues and
when arespective queue is selected on the read port, the almost empty flag
provides status forthatqueue.

PROGRAMMABLE FLAG BUSSES

Inadditiontothese dedicated flags, 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 bitswide. Also, analmostempty
flag status busis provided, again thisbusis 8 bits wide. The purpose of these
flagbussesisto provide the userwithameans by whichtomonitor the datalevels
within queuesthat may not be selected onthe write orread port. As mentioned,
the device provides almost fulland almost empty registers (programmable by
the user) for each of the 128 queues in the device.

Inthe IDT72P51767/72P51777 multi-queue flow-control devices the user
hasthe option of utilizing 1 to 128 queues, therefore the 8 bit flag status busses
are multiplexed betweenthe 128 queues, aflag bus can only provide status for
8ofthe 128 queuesatany moment, thisis referred to as a “Status Word", such
thatwhenthe busis providing status of queues 1 through 8, this is status word
1,whenitis queues 9 through 16, this is status word 2 and so on up to status
word 16. Ifless than 128 queues are setupinthe device, there are still 4 status
words, suchthatin“Polled” mode of operation the flag bus will still cycle through
4 status words. If for example only 22 queues are setup, status words 1 and
2willreflect status of queues 1 through 8 and 9 through 16 respectively. Status
word 3will reflect the status of queues 17 through 22 on the least significant 6
bits, the most significant 2 bits of the flag bus are don't care. The remaining status
words are not used as there are no queues to report.

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
ofeach statusword sequentially, thatis, on eachrising edge of aclock the flag
busis updated to showthe status of each status word in 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 alwaysthe same
forboththe almost fulland almostempty flag busses. When operating indirect
mode, the status word on the flag bus is selected by the user. Sothe user can
actually address the status word to be placed onthe flag status busses, these
flagbusses operate independently of one another. Addressing ofthe almost full
flag bus is done via the write portand addressing of the almost empty flag bus
is done via the read port.

EXPANSION

Expansion of multi-queue devices is possible. Expansion achieves either
depth or queue expansion. Depth Expansion means expanding the depths of
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
ofqueuesto increase the depth of each queue. Forexample, depth expansion
of 2 devices provides the possibility of 2 queues, each queue being setup within
asingle device utilizing allmemory blocks available to produce asingle queue.
Thisis the deepest queue that can setup within a device.

For queue expansion amaximum number of 256 queues (2x 128 queues)
may be setup. If fewer queues are desired, then more memory blocks will be
availabletoincrease queue depthsif desired. Referto Figure 61, Connecting
two 10G Multi-Queue 128Q devices in Expansion Mode, and Figure 62,
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES
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(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits

Connecting three or more 10G Multi-Queue 128Q in Expansion mode using
WRADD bit 7/ RDADD bit 7 for device connection detalils.

10Gbps MULTI-QUEUE DIFFERENCES FROM THE 4M MULTI-QUEUE

The 10G Multi-Queue was developed to support very high performance
applications that needed 10Gh/s of bandwidth, and the flexibility of buffering
packets ofinformationin large bursts such as Jumbo Ethernet packetsthatcan
beaslarge as 9KBs. Listed below are the differences between the 10G Multi-
Queue andthe previous 4M Multi-Queue with descriptions of the enhancements
made to support performance functionsin queuing.

PERFORMANCE ENHANCEMENTS
o 333.34 Mbps (per pin) High speed data rate in DDR mode
« x40Dinand x40 Qout (8 more pins for user selectable operation such as
parity check or packettagging)
« Electrical compatibility to 802.3ae XGMII specification for passive
interconnection to Ethernetdevices.
- Single clocking in DDR and SDR, PLL on/off Mode. (PAD_PLLON
pin) allowing data latency to be the same for SDR and DDR.
« Burstof2timingandinterface logic
- Outputimpedance matching for signal quality onthe output pins.
- More Data latency (same cycle on write, 1 cycle on read)

TEMPERATURERANGES

- Three “echo” output pins: ERCLK, ERCLK, and EREN

used for Source Synchronous data onthe output. Data can be center
aligned onthe Echo Clock orissued ontherising edge of the Echo Clock.
-Access Time (Ta) reduced to 0.48ns with Echo Clock used for faster
Synchronized data delivery down stream

USER FLEXIBILITY IMPROVEMENTS
« 10Mbits of storage and queuing density for support large packet frames
suchas Jumbo Ethernet
« DuringaQueue switch, BOImode preservesthe datawordinthe output
registeruntilit'sread.
« “Real Time" Flags, for both DDR and SDR.
- PAF/PAE have 1 more cycle (WCLK/RCLK) latency (3 vs. 2)
- Tskew of EF/PAE with respect to WCLK has 1 WCLK cycle delay.
- Tskew of FF/PAF with respect to RCLK has 1 RCLK cycle delay.
« Programmable Default configuration of 128,64, 32, 16, 8 or 4 symmetrical
queues are available using DFM, QSEL[2:0] pins
Userselectable 1/0: 1.5VHSTL, or 1.8V eHSTL for faster switching I/O
Expansion of upto 256 queues and/or 80Mhitlogical configuration using
upto 8 multi-queue devices
Defaultflag offsetvalueis defined according tobus matching configuration
- The PAE flag can be used as a packet indicator

TABLE 1 —SUMMARY OF THE DIFFERENCES BETWEEN

THE 4M MQ AND 10G MQ

FEATURE AM MQ (IDT72P51769) 10M MQ (IDT72P51777)
Data Transfer Modes SDR SDR, DDR
BusWidth x36, x18, x9 x40, x20
XGMII Compatibility no yes
Accesstime (ta) 3.6 ns max 0.48nsmax
Data Storage Capacity 4Mb 10Mb
Data Throughput 7.2Gbps 10Gbps
Operating Frequency 200mhz 166mhz
Configurable Queues Upto 128 Upto 128
Package 256 pin PBGA 376 pinBGA
OutputImpedance Technology no yes
I/OVoltages 1.5V,1.8V,2.5V 1.5Vv,1.8V
Echoread Clock no yes
Modes of Operation FWFT, IDT, Packet IDT, BOI
Outputdata Clocking Edgealigned Centeredaligned
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TEMPERATURERANGES

Description

These pins define the bus width and data transfer rate (DDR/SDR) of the input write portand the output
read portofthe device. The buswidths/data rates are setduring aMaster Restcycle. The BM[3:0] signals
must meetthe setup and hold time requirements of Master Resetand must nottoggle/change state after
aMaster Reset cycle.

Whenin BOI, data s back-off one position in which Packet 1 and Packet 2 are out again during second
Queue Switch. See section on 10Ghps Multi-queue Differences from the 4M multi-queue, previous page.

These are the 32 data input pins. Data is written into the device via these input pins on the rising edge
of WCLK provided that WEN is LOW. Any unused data input pins should be tied HIGH.

D[39:36] user definable input bits

D[33] user definableD[32] user definableD[31:0] data input bits

The 10G multi-queue device requires programming after master reset. The user can do this serially via
the serial port, or the user can use the default method. If DFMis LOW at Master Reset then serial mode
willbe selected, if DFMis HIGH then default mode is selected.

The Empty Flag (EF) provides valid status for the selected queue. The Empty Flagindicates the selected
queue is empty, all words have been read. This flag is delayed to match the data output path delay.

Therising edge of this clockis centered aligned with Qout data.

Read Clock Echo is the inverse of ERCLK.

Echo Read Enable output, used in conjunction with ERCLK and ERCLK.

If direct operation of the PAEn bus has been selected, the ESTR inputis used in conjunction with RCLK
andthe RDADD busto selecta quadrantof queuesto be placed onto PAEn output. A quadrant addressed
viathe RDADD busis selected ontherising edge of RCLK provided that ESTRis HIGH. If Polled operation
has beenselected, ESTR should betiedinactive, LOW. Note, thataPAEn flag bus selection cannotbe made,
(ESTRmustNOT go active) until programming of the parthas been completed and SENO has gone LOW.

ESYNCis an output from the multi-queue device that provides a synchronizing pulse for the PAEn bus
during Polled operation of the PAEn bus. During Polled operation each quadrant of queue status flags
is loaded on to the PAEn bus outputs sequentially based on RCLK. The first RCLK rising edge loads
quadrant 1 onto PAEN, the second RCLK rising edge loads quadrant 2 and so on. The fifth RCLK rising
edge will again load quadrant 1. During the RCLK cycle that quadrant 1 of a selected device is placed
ontothe PAEnbus, the ESYNC outputwill be HIGH. For all other quadrants of that device, the ESYNC
outputwillbe LOW.

The EXIinputis used when multi-queue devices are connected in expansion mode and Polled PAEn bus
operation has beenselected. EXI of device ‘N’ connects directlyto EXO of device ‘N-1". The EXIreceives
atoken fromthe previous device inachain. In single device mode the EXIinput must be tied LOW if the
PAEn busis operated in direct mode. If the PAEn bus is operated in polled mode the EXI input mustbe
connectedtothe EXO output ofthe same device. In expansion mode the EXI of the first device should be
tied LOW, whendirectmodeis selected.

EXQisan outputthat is used when multi-queue devices are connected in expansion mode and Polled
PAEn bus operation has been selected. EXO of device ‘N’ connects directly to EXI of device ‘N+1". This
pin pulses when device N has placed its final (4th) quadrant on to the PAEn bus with respect to RCLK.
This pulse (token) is then passed on to the next device in the chain ‘N+1’ and on the next RCLK rising
edge the firstquadrant of device N+1 will be loaded on to the PAEn bus. This continues through the chain
and EXO ofthe lastdevice isthenlooped back to EXI of the firstdevice. The ESYNC output of each device
inthe chain provides synchronization to the user of this looping event.

PIN DESCRIPTIONS
Symbol & Name I/IOTYPE
(Pin No.)
BM[3:0] BusMatching | 1.8V LVTTL
(BM3-BB13 INPUT
BM2-AA12
BM1-BB12
BMO0-BB11)
BOI Back OffOne HSTL
(P20) Mode INPUT
D[39:0] DatalnputBus HSTL
(See Pin No. INPUT
table for details)
DFM DefaultMode 1.8V LVTTL
(AA11) INPUT
EF Empty Flag HSTL
(N21) OUTPUT
ERCLK EchoRead HSTL
(E22) Clock OUTPUT
ERCLK Echo Read HSTL
(F20) Clock OUTPUT
EREN Echo Read HSTL
(E21) Enable OUTPUT
ESTR PAEnFlagBus |  HSTL
(R20) INPUT
ESYNC PAEnBusSync|  HSTL
(P21) OUTPUT
EXI PAENnBus HSTL
(R21) Expansion In INPUT
EXO PAEnBus HSTL
(P22) ExpansionOut | OUTPUT
FF Full Flag HSTL
(E1) OUTPUT

This pin provides the full flag output for the active Queue, thatis, the queue selected on the input port for
write operations, (selected via WCLK, WRADD bus and WADEN). On the WCLK cycle after a queue
selection, this flag will show the status of the newly selected queue. Data can be written to this queue
provided FF is HIGH. This flag has High-Impedance capability, this isimportant during expansion of
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PINDESCRIPTIONS (CONTINUED)

TEMPERATURERANGES

Symbol &
Pin No.

Name

I/OTYPE

Description

FF (Continued)
(ED)

Full Flag

HSTL
OUTPUT

devices, whenthe FF flag output of up to 8 devices may be connected together on acommon line. The
device withaqueue selected takes control of the FF bus, all other devices place their FF outputinto High-
Impedance. Whena queue selectionis made onthe write port this outputwill switch from High-Impedance
control onthe next WCLK cycle. This flag is asserted synchronous to WCLK.

(U2)

Flag Mode

1.8V LVTTL
INPUT

This pinis setup before a Master Resetand must nottoggle during any device operation. The state of the
FM pinduring Master Resetwill determine whetherthe PAFnand PAEnflag busses operate in either Polled
or Directmode. If FMis HIGH, Polled mode is selected, if FM LOW, Direct mode is selected.

FSTR
(T2)

PAFn Flag
Bus Strobe

HSTL
INPUT

Ifdirect mode for the PAFn bus has been selected, the FSTRinputis used in conjunction with WCLK and
the WRADD bus to select a quadrant of queues to be placed on to the PAFn bus outputs. A quadrant
addressed viathe WRADD bus is selected on the rising edge of WCLK provided that FSTR is HIGH. If
polled operations has been selected, FSTR should be tied inactive, LOW. Note, thata PAFn flag bus
selection cannotbe made, (FSTRmustNOT goactive) until programming ofthe parthas been completed
and SENO has gone LOW.

FSYNC
(2)

PAFn Bus Sync

HSTL
OUTPUT

FSYNCis an output from the multi-queue device that provides a synchronizing pulse for the PAFn bus
during Polled operation of the PAFn bus. During Polled operation each quadrant of queue status flags
is loaded on to the PAFn bus outputs sequentially based on WCLK. The first WCLK rising edge loads
quadrant 1 onto PAFn, the second WCLK rising edge loads quadrant 2 and so on. The fifth WCLK rising
edge willagainload quadrant 1 queue status flags. During the WCLK cycle that quadrant 1 of aselected
deviceis placed ontothe PAFn bus, the FSYNC outputwill be HIGH. For all other quadrants of that device,
the FSYNC output willbe LOW.

FXI
(T1)

PAFnBus
ExpansionIn

HSTL
INPUT

The FXlinputis used when multi-queue devices are connected in expansion mode and Polled PAFn bus
operation has beenselected . FXlof device ‘N’ connects directly to FXO of device ‘N-1". The FXIreceives
atoken fromthe previous device inachain. Insingle device mode the FXIinput must be tied LOW if the
PAFn busis operated in direct mode. If the PAFn bus is operated in polled mode the FXl input must be
connectedtothe FXO output of the same device. Inexpansion mode the FXI of the first device should be
tied LOW, whendirectmodeis selected.

FXO
(3)

PAFnBus
Expansion Out

HSTL
OUTPUT

FXOisan outputthatis used when multi-queue devices are connected in expansion mode and Polled
PAFnbus operation has been selected . FXO of device ‘N’ connects directly to FX| of device ‘N+1'. This
pin pulses when device N has placed its final (4th) quadrant on to the PAFn bus with respectto WCLK.
This pulse (token) is then passed on to the next device inthe chain ‘N+1"and on the next WCLK rising
edge the firstquadrant of device N+1 will be loaded onto the PAFn bus. This continues through the chain
and FXO ofthe lastdeviceisthenlooped back to FXl of the firstdevice. The FSYNC output of each device
inthe chain provides synchronization to the user of this looping event.

ID[2:0]

(ID2-A12
ID1-B12
ID0-A13)

Device ID Pins

1.8V LVTTL
INPUT

The ID[2:0] pins are used to uniquely address individual devices when multiple Multi-Queue devices are
connected in expansion mode. Addressing devices in expansion mode requires matching WRADD/
RDADD address bits withthe address that isassigned to each device by the ID[2:0] pins. During write/
read operations the WRADD/RDADD address are compared to the device ID [2:0] value. Note:
expansionmode supports amaximum 256 queues, regardless of the number of devices usedin expansion
mode. Thefirstdevice inachain of multi-queue’s (connectedin expansionmode), may be setup as ‘000,
the second as ‘001". In single device mode the ID[2:0] pins should be setup as ‘0xx’ and the MSb (bit
7) of the WRADD and RDADD address busses should be zero. The ID[2:0] inputs setup a respective
device ID during Master Reset. These ID pins must nottoggle during any device operation. Note, the device
selected as the ‘Master' does not have to have the ID of ‘000",

MAST
(U1)

Master Device

1.8V LVTTL
INPUT

The state of thisinput at Master Reset determines whether a given device (within a chain of devices), is
the Master device ora Slave. Ifthis pinis HIGH, the device isthe master ifitisLOWthenitis a Slave. The
master device is the first to take control of all outputs after a Master Reset, all slave devices go to High-
Impedance, preventing bus contention. Ifamulti-queue device is being used in single device mode, this
pinmustbe setHIGH.

Master Reset

HSTL
INPUT

The Master Resetis used to configure the device. To configure the device configuration signals mustbe
asserted thatmeetthe setuptime and hold time requirements ofa Master Reset cycle. TransitioningMRS
from HIGH to LOW then LOW to HIGH performs a complete Master Reset cycle. Note, additional device
programming is required after master reset.
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PINDESCRIPTIONS (CONTINUED)

Symbol & Name I/IOTYPE Description
Pin No.

OE OutputEnable HSTL The Output Enable signalis the three-state control of the multi-queue data output bus Q[39:0], Qout. Ifa

(R22) INPUT device hasbeenconfigured asa“Master” device, the Qout data outputs will be inalowimpedance condition
ifthe OE inputis LOW. If OE is HIGH then the Qout data outputs will be in highimpedance. I a device is
configured a“Slave” device, then the Qout data outputs willalways be in highimpedance until that device
has been selected onthe Read Port, at which point OE provides three-state of that respective device.

PAE Programmable HSTL This pin provides the Almost-Empty flag status for the Queue thathas been selected on the output port for

(N20) Almost-Empty OUTPUT | readoperations, (selectedviaRCLK, RDADD and RADEN). This pinis LOW whenthe selected Queue

Flag isalmost-empty. This flag output may be duplicated on one ofthe PAEn buslines. This flagis synchronized

toRCLK.

PAEN[7:0] Programmable HSTL The PAEnbusis 8 bitswide. During aMaster Reset this bus s setup for AImost Empty configuration. This

(PAE7-F21 Flag Bus OUTPUT | outputbus provides PAE status of 8 queues (1 quadrant), within a selected device. During Queue read/

PAE6-F22 write operations these outputs provide programmable empty flag status or packet data available status,

PAE5-G20 ineither polled or directmode. The mode of flag operationis determined during master resetvia the state

PAE4-G21 ofthe FMinput. This flag busis capable of High-Impedance state, this isimportant during expansion of

PAE3-G22 multi-queue devices. During direct operationthe PAEn busis updated to show the PAE status of aquadrant

PAE2-H20 of queues within a selected device. Selection is made using RCLK, ESTR and RDADD. During Polled

PAE1-H21 operationthe PAEn bus is loaded with the PAE status of multi-queue flow-control quadrants sequentially

PAE0-H22) based on the rising edge of RCLK.

PAF Programmable HSTL This pin provides the Aimost-Full flag status for the Queue thathas been selected onthe input port for write

(F3) Almost-FullFlag| OUTPUT | operations, (selected via WCLK, WRADD and WADEN). This pin is LOW when the selected Queue is
almost-full. This flag output may be duplicated on one ofthe PAFn buslines. The PAE flag is asserted
synchronousto WCLK.

PAFn[7:0] Programmable HSTL The PAFnbusis 8 bits wide. Atany one time this output bus provides PAF status of 8 queues (1 quadrant),

(PAF7-F2 Almost-FullFlag | OUTPUT | withinaselected device. During Queue read/write operations these outputs provide programmable full

PAF6-F1 Bus flag status, in either direct or polled mode. The mode of flag operationis determined during master reset

PAF5-G3 viathe state of the FMinput. This flag bus is capable of High-Impedance state, this is important during

PAF4-G2 expansion of multi-queue devices. During direct operationthe PAFn bus is updatedto showthe PAF status

PAF3-G1 ofaquadrant of queues within a selected device. Selectionis made using WCLK, FSTR, WRADD and

PAF2-H3 WADEN. During Polled operation the PAFn bus is loaded with the PAF status of multi-queue flow-control

PAF1-H2 quadrants sequentially based on the rising edge of WCLK.

PAF0-H1)

PLLON PLL ON HSTL Thispinisusedtoenablethe PLL. WhenPLLisactivated, datawill be clocked outby PLL generated clock.

(V1) INPUT

Q[39:0](Qout) | DataOutputBus HSTL These are the 40 data output pins. Data is read out of the device via these output pins on the rising edge

(See Pin No. OUTPUT | of RCLK provided thatRENis LOW, OE is LOW and the Queue s selected. Due to bus-matching notall

table for details outputs may be used, any unused outputs should not be connected.

QSEL[2:0] QueueSelect | 1.8V LVTTL | The QSEL pins provides various queue programming options. Refer to Table 10, Write Queue Switch

(QSEL2-BB10 INPUT Operation for detalils.

QSEL1-AAL0

QSEL0-BB9)

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

(T22) Enable INPUT be read from. Aqueue addressed via the RDADD bus is selected on the rising edge of RCLK provided
that RADEN isHIGH. RADEN should be asserted (HIGH) only during a queue change cycle(s). RADEN
should notbe permanently tied HIGH. RADEN cannotbe HIGH for the same RCLK cycle asESTR. Note,
thataread queue selection cannotbe made, (RADEN mustNOT go active) until programming ofthe part
has been completed and SENO has gone LOW.

RCLK Read Clock HSTL When enabled by REN, the rising edge of RCLK reads data from the selected queue viathe output bus

(J22) INPUT Qout. The queue to be read is selected via the RDADD address bus and a rising edge of RCLK while

RADEN s HIGH. Arising edge of RCLKin conjunction with ESTR and RDADD will also selectthe PAEn
flag quadranttobe placed onthe PAEn bus during direct flag operation. During polled flag operation the
PAEnbusis cycled with respectto RCLK and the ESYNC signalis synchronized to RCLK. The PAE, and
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits

TEMPERATURERANGES

PINDESCRIPTIONS (CONTINUED)

Symbol & Name I/OTYPE Description
Pin No.

RCLK (Cont'd) |Read Clock HSTL EF outputs are all synchronized to RCLK. During device expansion the EXO and EXI signals are based

(J22) INPUT on RCLK. RCLK must be continuous and free-running.

RCS Read Chip HSTL The RCS signal in concert with REN signal provides control to enable data on to the output read data

(J21) Select INPUT bus. During a Master Reset cycle the RCS itis don’t care signal.

RDADDI[7:0] |ReadAddress HSTL Forthe 128Q device the RDADD bus is 8 bits. The RDADD busis a dual purpose address bus. The first

(RDADD7-V20 | Bus INPUT functionof RDADDIstoselectaQueuetobe read from. Theleast significant 5 bits of the bus, RDADD[4:0]are

RDADDG6-V21 usedtoaddress 1 of 128 possible queues within a multi-queue device. The most significant 3 bits,

RDADD5-V22 RDADD]7:5]are usedto select 1 of 8 possible multi-queue devices that may be connected in expansion

RDADD4-U20 mode. These 3MSB's will address a device with the matching ID code. (See ID[2:0] description for more

RDADD3-U21 detail on matching ID code. The second function of the RDADD busis to select the quadrant of queues

RDADD2-U22 tobe loaded onto the PAEn bus during strobed flagmode. The least significant 4 bits, RDADD[3:0] are

RDADD1-T20 usedtoselectthe quadrantofadevice tobe placed onthe PAEnbus. The mostsignificant 3 bits, RDADD| 7:5]

RDADDO-T21) areagain usedto select 1 of 8 possible multi-queue devices that may be connected in expansion mode.
Address bit RDADDI[4]is don't care during quadrant selection.

REN Read Enable HSTL The RENinputenables read operations from a selected Queue based onarising edge of RCLK. Aqueue

(J20) INPUT toberead from can be selected viaRCLK, RADEN andthe RDADD address busregardless of the state
of REN. Datafromanewly selected queue will be available on the Qout output bus on the second RCLK
cycle after queue selection regardless of REN. A read enable is not required to cycle the PAEn bus
(in polled mode) or to select the PAEn quadrant, (in direct mode).

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

(K3) INPUT clocksthe serial data through the multi-queue device. Data setup onthe Slinputisloaded into the device
ontherising edge of SCLK provided that SENIis enabled, LOW. When expansion of devices is performed
the SCLK of all devices should be connected to the same source.

SENI Serial Input HSTL During serial programming of amulti-queue device, dataloaded onto the Slinputwill be clocked into the

(K1) Enable INPUT part (viaarising edge of SCLK), provided the SENIinput of that device is LOW. If multiple devices are
cascaded, the SENlinputshould be connected tothe SENO output of the previous device. Sowhen serial
loading of agiven device is complete, its SENO output goes LOW, allowing the next device inthe chain
to be 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 Serial Output HSTL This outputis used to indicate that serial programming or default programming of the multi-queue

(K2) Enable OUTPUT | devicehasbeencompleted. SENOfollows SENIonce programming of adevice is complete. Therefore,
SENOwillgo LOW after programming provided SENIis LOW, once SENIis taken HIGH again, SENO
will also go HIGH. When the SENO output goes LOW, the device is ready to begin normal read/write
operations. Ifmultiple devices are cascaded and serial programming of the devices will be used, the SENO
outputshould be connected to the SENIinput ofthe next device inthe chain. When serial programming
ofthefirstdevice is complete, SENO will go LOW, thereby taking the SENIinput of the next device LOW
andsoonthroughoutthe chain. When a given device inthe chainis fully programmed the SENO output
essentially follows the SENIinput. The user should monitor the SENO output of the final device in the chain.
Whenthis outputgoes LOW, serialloading of all devices has been completed.

Sl SerialIn HSTL During serial programming this pinis loaded with the serial data thatwill configure the multi-queue devices.

(L2) INPUT Data present on Sl will be loaded on arising edge of SCLK provided that SENIis LOW. In expansion
mode the serial datainputis loaded into the firstdevice inachain. Whenthat device isloaded and its SENO
has gone LOW, the data presenton Slwill be directly output to the SO output. The SO pin of the first device
connectstothe Sl pinofthe second and so on. The multi-queue device setup registers are shiftregisters.

SO Serial Out HSTL This outputis used in expansion mode and allows serial data to be passed through devices inthe chain

(L3) OUTPUT | tocomplete programming of all devices. The Sl of adevice connects to SO ofthe previous device inthe
chain. The SO of the final device in a chain should not be connected.

TCK JTAG Clock HSTL Clock inputfor JTAG function. One of four terminals required by IEEE Standard 1149.1-1990. Test

(B10) INPUT operations ofthe device are synchronousto TCK. Data from TMS and TDI are sampled ontherising edge

of TCK and outputs change onthe falling edge of TCK. Ifthe JTAG functionis not used this signal needs
to be tied to GND.
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits

TEMPERATURERANGES

PINDESCRIPTIONS (CONTINUED)

Symbol & Name I/OTYPE Description
(Pin No.)

TDI JTAG TestData HSTL One of four terminals required by IEEE Standard 1149.1-1990. During the JTAG boundary scan

(A11) INPUT operation, Input test data serially loaded via the TDI on the rising edge of TCK to either the Instruction
Register, ID Registerand Bypass Register. Aninternal pull-up resistor forces TDIHIGH if leftunconnected

TDO JTAG TestData HSTL One of four terminals required by [EEE Standard 1149.1-1990. During the JTAG boundary scan

(B11) Output operation, testdata serially loaded output viathe TDO onthe falling edge of TCK from either the Instruction
Register, ID Register and Bypass Register. This outputis highimpedance exceptwhen shifting, whilein
SHIFT-DR and SHIFT-IR controller states.

TP IDT Internal LVTTL ForIDT internal test purpose only, must be tied to GND for normal/correct operation.

(U3) TestPin

™S JTAG Mode HSTL TMSisaserial input pin. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the

(A10) Select INPUT device throughiits TAP controller states. Aninternal pull-upresistor forces TMS HIGH if left unconnected.

TRST JTAG Reset HSTL TRST is an asynchronous reset pin for the JTAG controller. The JTAG TAP controller does not

(A9) INPUT automatically resetupon power-up, thus itmust be reset by either this signal or by setting TMS=HIGH for
five TCK cycles. Ifthe TAP controlleris not properly resetthenthe outputs will always be in high-impedance.
Ifthe JTAG functionis used but the user does notwant to use TRST, then TRST can be tied with MRS
toensure proper queue operation. Ifthe JTAG functionis not used then this signal needs to be tied to GND.
Aninternal pull-upresistor forces TRST HIGH if left unconnected.

WADEN Write Address HSTL The WADEN inputis used in conjunction with WCLK and the WRADD address bus to selecta queue to

(M3) 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 for the same WCLK cycle asFSTR. Note,
thatawrite queue selection cannotbe made, (WADEN mustNOT go active) until programming of the part
has been completed and SENO has gone LOW.

WCLK Write Clock HSTL When enabled by WEN, the rising edge of WCLK writes datainto the selected Queue viathe input bus,

(M2) INPUT Din. The Queue to be writtentoiis selected viathe WRADD address bus and arising edge of WCLK while
WADEN isHIGH. Arising edge of WCLK in conjunction with FSTR and WRADD will also select the flag
quadrantto be placed on the PAFn bus during directflag operation. During polled flag operation the PAFn
busis cycled with respectto WCLK and the FSYNC signalis synchronized to WCLK. The PAFn, PAF and
FF outputs are all synchronized to WCLK. During device expansion the FXO and FXI signals are based
on WCLK. The WCLK must be continuous and free-running

WCS Write Chip HSTL The WCS signalin concertwith WEN signal provides control to enable data from the input write data bus

(L1) Select INPUT to be written into the device. During a Master Reset cycle the WCS itis don't care signal.

WEN Write Enable HSTL The WEN inputenables write operationsto aselected Queue based onarising edge of WCLK. A queue

(M1) INPUT tobe written to can be selected via WCLK, WADEN and the WRADD address bus regardless ofthe state
of WEN. Data present on Din can be written to a newly selected queue on the second WCLK cycle after
queue selection provided that WENis LOW. Awrite enable s notrequiredto cycle the PAFn bus (in polled
mode) or to select the PAFn quadrant,, (in direct mode).

WRADD[7:0] | Write Address HSTL The WRADD busis 8 bits. The WRADD busis a dual purpose address bus. The firstfunction of WRADD

(WRADD7-R2 |Bus INPUT istoselectaQueuetobewrittento. The least significant5 bits ofthe bus, WRADDI[4:0] are used to address

WRADD6-R1 10f128 possible queues withinamulti-queue device. The mostsignificant 3 bits, WRADD[7:5] are used

WRADD5-P3 toselect1of 8 possible multi-queue devices that may be connected in expansionmode. These 3MSB’s

WRADD4-P2 willaddress a device with the matching ID code. (See ID[2:0] description for more detail on matching ID

WRADD3-P1 code. The second function of the WRADD bus s to selectthe quadrant of queues to be loaded onto the

WRADD2-N3 PAFnbus during strobed flag mode. The leastsignificant4 bits, WRADD[3:0] are used to selectthe quadrant

WRADD1-N2 ofadevicetobe placed onthe PAFn bus. The mostsignificant 3 bits, WRADDI[7:5] are again used to select

WRADDO-N1) 1of8 possible multi-queue devices that may be connected in expansion mode. Address bit WRADD[4]
isdon'tcare during quadrant selection.

ZQ ZQ HSTL Outputimpedance Matching Input. This inputis used to tune the device outputs to the system data bus

(N22) INPUT impedance. Q[39:0] outputimpedanceis setto 0.2 x RQ, where RQis aresistor connected between ZQ

and ground. This pin cannot be connected directly to GND or left unconnected.
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits

TEMPERATURERANGES

PINDESCRIPTIONS (CONTINUED)

Symbol & Name I/IOTYPE Description

Pin No.
VDD +1.8V Supply Power These are VCC power supply pins and must all be connected to a +1.8V supply
(See below)
VDDQ OutputVoltage Power These pins must be tied to the desired output supply voltage (=1.5V for HSTL and =1.8V for eHSTL).
(See below)
Vref Reference INPUT Thisisa Voltage Reference inputand must be connected to a voltage level determined from the table
(J1, M21) Voltage "Recommended DC Operating Conditions”. The input provides the reference level for HSTL/

eHSTLinputs.

GND Ground Ground These are Ground pins and must all be connected to the Ground of the power supply.
(See below)
AVDD PLL Power Power 1.8V PLL Power Supply.
(K21, M22)
AVSS PLL Ground Ground Ground for the PLL device. Should be connected to ground of the system.
(L(21,22), K22)

NOTE:

1. Inputs should not change after Master Reset.

PIN NUMBER TABLE
Symbol Name I/OTYPE Pin Number
D[39:0] DatalnputBus [HSTL-LVTTL| D39-AA9, D38-BB8, D37-AA8, D36-BB7,D35-AA7,D34-BB6, D33-AA6, D32-BB5, D31-AA5, D30-BB4,
INPUT | D29-AA4, D28-BB3, D27-AA3, D(26,25)-Y(3,4), D(24-22)-W(3-1), D(21,20)-V(3,2), D(19,18)-E(2,3),

D(17-15)-D(1-3), D(14,13)-C(4,3), D12-B3, D11-A3, D10-B4, D9-A4, D8-B5, D7-A5, D6-B6, D5-A6,
D4-B7, D3-A7, D2-B8, D1-A8, D0-B9

Q[39:0] DataOutputBus | HSTL-LVTTL| Q39-AA13,Q38-BB14,Q37-AA14,Q36-BB15, Q35-AA15, Q34-AA15,Q33-AA16,Q32-BB17,Q31-AAL7,
Q30-BB18,Q29-AA18,Q28-BB19, Q27-AA19, Q26-BB20, Q25-AA20, Q(24,23)-Y(20,19),
Q(22-20)-W(20-22), Q(19-17)-D(22-20), Q(16,15)-C(19,20), Q14-B20, Q13-A20, Q12-B19, Q11-A19,
Q10-B18, Q9-A18, Q8-B17,Q7-A17,Q6-B16, Q5-A16, Q4-B15, Q3-A15, Q2-B14, Q1-Al4, Q0-B13

/oD +1.8V Supply Power | D(4-10,13-19), E(4-9,14-17,19), G18, H(4,5,18,19), J(4,19), P(4,19), R(3-5,18,19), V/(4-8,15-19),

W(4-10,13-19)
\/DDQ O/PRailVoltage|  Power | C(5-10,13-18) E18, F(4,5,18,19), G(4,5,19), T(4,5,18,19), U(4,5,18,19), Y(5-10,14-18)
GND Ground Pin Ground | A(1,2,21,22), B(1,2,21,22), C(1,2,11,12,21,22), D(11,12), E(10-13), J(5,9-14,18), K(4,5,9-14,18-20),

L(4,5,9-14,18-20), M(4,5,9-14,18-20), N(4,5,9-14,18,19), P(5,9-14,18), V(9-14), W(11,12),
Y(1,2,11-13,21,22), AA(1,2,21,22), BB(1,2,21,22)

15 FEBRUARY 11,2009




IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIALANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits TEMPERATURERANGES
ABSOLUTE MAXIMUM RATINGS CAPACITANCE (1A= +25°C, f= 1.0MHz)
Symbol . Rating Commercial unit Symbol Parameter® Conditions Max. Unit
V/TERM Terminal Voltage -0.5t0+2.9@ \Y
with respect to GND CIN@3) Input Vin = 0V 100 pF
Capacitance
TsTG Storage Temperature -55t0 +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 ith output deselected, (O > V).
permanent damage to the device. This is a stress rating only and functional operation 5 cparacterized values, not currently tested.
of the device at these or any other conditions above those indicated in the operational 3 ¢ for Vref is 20pF.
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

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

RECOMMENDED DC OPERATING CONDITIONS

Symbol Parameter Min. Typ. Max. Unit
/oD Supply Voltage 17 18 19 \Y
\/bDQ OutputRail Voltageforl/Os  — eHSTL 17 18 19 \Y
— HSTL 14 15 16 \
GND Supply Voltage 0 0 0 \Y
VIH® InputHigh Voltage — eHSTL VREF+0.2 — — \
— HSTL VREF+0.2 — — V
Vi InputLow Voltage — eHSTL — — VREF-0.2 \Y
— HSTL — — VREF-0.2 \
VREF® Voltage Reference Input — eHSTL 08 09 1.0 v
(HSTL only) — HSTL 0.68 0.75 09 \
TA Operating Temperature Commercial 0 — 70 °C
TA Operating Temperature Industrial -40 — 85 °C
NOTES:

1. VREF is only required for HSTL or eHSTL inputs.
2. VIH AC Component = VREF + 0.4V
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIALANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits TEMPERATURERANGES

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

Symbol Parameter Min. Max. Unit
ILi Input Leakage Current -10 10 HA
ILo OutputLeakage Current -10 10 HA
VoH1? Output High Voltage (test conditions: RQ = 205Q |oH = -8mA) \/bDQ/2-0.12 \/DDQ/2+0.12 V
VoL1® Output Low Voltage (test conditions: RQ =205€2 loL = 8mA) \VbpQ/2-0.12 VbDQ/2 +0.12 \Y
VOH2®) Output High Voltage (test conditions: loH=-0.1mA) VbDQ-0.12 \VoDQ v
VoLt Output Low Voltage (test conditions: loL =0.1mA) Vss 0.2 v
Ibp1®2 Active Vop Current (Vop = 1.8V) I/0 = HSTL — 200 mA
I/O = eHSTL — 200 mA
Ibp2®-%) Standby Vob Current (VoD = 1.8V) I/0 = HSTL — 120 mA
I/O = eHSTL — 120 mA
[DpQ®2 Active VbpQ Current (VbpQ = 1.5V HSTL) I/O = HSTL — 20 mA
(VbDQ = 1.8V eHSTL) I/O = eHSTL — 20 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 2.5V or 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 VbD: WEN, REN, SENI, MRS, TDI, TMS and TRST.
All other inputs are don't care and should be at a known state.
. The ZQ pin is used to control the device outputs (Q[39:0], EREN, ERCLK, and ERCLK).
7. Outputs are impedance-controlled. 10H= -(VDDQ/2)/(RQ/5) and is guaranteed by device characterization for 175Q< RQ < 350€2. This parameter is tested at RQ = 250Q2
which gives a nominal 50Q output impedance.
8. Outputs are impedance-controlled. 0L = (VDDQ/2)/(RQ/5) and is guaranteed by device characterization for 175Q< RQ < 350Q This parameter is tested at RQ = 250Q
which gives a nominal 50Q output impedance.
9. This measurement is taken to ensure that the output has the capability of pulling to the VDDQ rail, and is not intended to be used as an impedance measurement point.
10. This measurement is taken to ensure that the output has the capability of pulling to VSS, and is not intended to be used as an impedance measurement point.
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits TEMPERATURERANGES
HSTL AC TEST LOADS
1.5V AC TEST CONDITIONS
gy D DQ /2
VREF
Input Pulse Levels 0.25t01.25V
InputRise/Fall Times 0.4ns OUTPUT
Input Timing Reference Levels 0.75
OutputReference Levels VDDQI2 Device = 500
Under
Test
NOTE:
ZQ

1. VopQ = 1.5V £ 0.1V.

EXTENDED HSTL
1.8V AC TEST CONDITIONS Figure 2a. AC Test Load
InputPulse Levels 0.4t01.4V 6 +
InputRise/Fall Times 0.4ns 5 1
Input Timing Reference Levels 0.9 a
OutputReference Levels VbDQ/2 c 4T
| 3+
Q
Qg
NOTE: oS o+
1. Voo = 1.8V # 0.1V, Sl i
—— — f
20 30 50 80 100 200
Capacitance (pF) 6724 drwoda
Figure 2b. Lumped Capacitive Load, Typical Derating
OUTPUT ENABLE & DISABLE TIMING
Output Output
Enable Disable
VIH
OE
O I il e VIL
tOE & toLz » tOHZ —>
Output
Normally ~ Vcc/2 /__* 100mV T VbDa/2
LOW 1oomv &N — F---momoo- VOL
Output 100mV - +— ——————————— VOH
Normally  vcc/2 p— < 4 100mv
HIGH f \VDDQ/2
NO‘lL 6724 drw05
1. REN is HIGH.
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits TEMPERATURERANGES

ACELECTRICALCHARACTERISTICS
(Commercial: Vbp=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 and Ind'l
IDT72P51767L6 IDT72P51767L7-5
IDT72P51777L6 IDT72P51777L7-5
Symbol Parameter Min. Max. Min. Max. | Unit
c Clock Cycle Frequency — 166 — 133 MHz
ta (PLLON) | DataAccessTime -1.0 1.0 -1.2 12 ns
ta (PLL OFF) | DataAccess Time 0.6 36 0.8 38 ns
toLK Clock Cycle Time 6.0 — 75 — ns
tCLKH Clock High Time 2.8 — 30 — ns
toLkL Clock Low Time 28 — 30 — ns
s Data Setup Time 0.48 — 0.7 — ns
tDH DataHold Time 0.48 — 0.7 — ns
tENS Enable Setup Time 20 — 22 — ns
{ENH Enable Hold Time 05 — 0.7 — ns
RS Reset Pulse Widthe 0 — 0 — ns
tRSS Reset Setup Time 15 — 15 — ns
RSR Reset Recovery Time 10 — 10 — ns
tOHZ Output Enable to Outputin HighZ 0.6 36 0.8 38 ns
toE Output Enable to OF 06 36 08 38 ns
fs Clock Cycle (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 Datain Setup 20 — 20 — ns
tSDH Serial Data in Hold 0.8 — 0.8 — ns
tSENS Serial Enable Setup 20 — 20 — ns
tSENH Serial Enable Hold 0.8 — 0.8 — ns
tsDo SCLK to Serial Data Out — 20 — 20 ns
tSENO SCLK to Enable Out — 20 — 20 ns
[Shie Serial Data Out Delay 0.8 36 0.8 36 ns
tSENOP Serial Enable Delay 0.8 36 0.8 36 ns
tPewQ Programming to Write Queue Selection — 7 — 7 cycles
tPCRQ Programming to Read Queue Selection — 7 — 7 cycles
tas Address Setup 20 — 22 — ns
tAH Address Hold 05 — 0.7 — ns
tWFF Write Clock to Full Flag (FF) — 36 — 38 ns
{REF Read Clock to Empty Flag (EF) — 36 — 38 ns
tsTS Strobe Setup 20 — 22 — ns
tSTH Strobe Hold 05 — 0.7 — ns
fos Queue Setup 20 — 2.2 — ns
oH Queue Hold 05 — 0.7 — ns
WAF WCLK to PAF flag 06 36 08 38 ns
RAE RCLK to PAE flag 06 36 08 38 ns
tPAF WCLK to Sync PAF bus 0.6 36 0.8 38 ns
tPAE RCLK to Sync PAE bus 0.6 3.6 08 38 ns
tPAELZ RCLK to Low-Z 0.6 36 0.8 38 ns
tPAEHZ RCLK to High-Z 0.6 36 0.8 38 ns
tPAFLZ WCLK to PAF Bus Low-Z 06 36 08 38 ns
NOTES:

1. Industrial temperature range product for the 7-5ns 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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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits TEMPERATURERANGES

ACELECTRICALCHARACTERISTICS (CONTINUED)

(Commercial: Vbb=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 and Ind'l
IDT72P51767L6 IDT72P51767L7-5
IDT72P51777L6 IDT72P51777L7-5
Symbol Parameter Min. Max. Min. Max. | Unit
tPAFHZ WCLK to PAF Bus High-Z 06 36 08 38 ns
tFFHZ WCLK to FF High-Z 0.6 36 08 38 ns
tFFLZ WCLK to FF Low-Z 0.6 36 0.8 38 ns
{EFHZ RCLK to EF High-Z 0.6 36 0.8 38 ns
teFLZ RCLK to EF Low-Z 0.6 36 08 38 ns
fFSYNC WCLK to PAF Bus Sync 0.6 36 0.8 38 ns
tFx0 WCLK to PAF Bus Exp 06 36 08 38 ns
tESYNC RCLK to PAF Bus Sync 0.6 36 0.8 38 ns
tEXO RCLK to PAF Bus Exp 0.6 3.6 0.8 38 ns
teErCLK (DDR) | RCLK to ERCLK (DDR) — 25 — 32 ns
tERCLK (SDR) | RCLK to ERCLK (SDR) — 4 — 5 ns
tSKEWL Skew time for EF and FF 6.0 — 70 — ns
tSKEW2 Skew time for PAF and PAE 6.0 — 7.0 — ns
tSKEW3 Skew time for PAF/PAE[0:7] 6.0 — 70 — ns
txis Expansion Input Setup 20 — 22 — ns
XIH Expansion Input Hold 05 — 0.7 — ns
fLock PLLLock Time — 15 — 15 us
NOTES:

1. Industrial temperature range product for the 7-5ns 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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XGMII REFERENCE SPECIFICATION

The XGMIluses 1.5V High Speed Transceiver Logic (HSTL) signal levels.
The electrical characteristics ofthe XGMIl are specified such thatthe XGMII
can be applied within a variety of 10 Gb/s equipment types. The electrical
specifications are selectedforanintegrated circuittointegrated circuitapplication.
The electrical characteristics specifiedinthis clause apply toall XGMI signals.

TEMPERATURERANGES

Whenimplemented as a chip-to-chip interface, the XGMII uses High Speed
Transceiver Logic (HSTL), specified fora 1.5 volt output buffer supply voltage.
XGMIl chip-to-chip signals shall comply with EIA/JEDEC Standard EIA/JESDS-
6using Class |, outputbuffers. Outputimpedance shallbe greaterthan 38Qto
assure acceptable overshootand undershoot performanceinanun-terminated
interconnection.

TABLE 2 — DC AND AC SPECIFICATIONS (INFORMATIVE)

Symbol Parameter Minimum Nominal Maximum Units
\bDQ Output Voltage Supply 14 15 16 V
VREF Input Reference Voltage 0.68 0.75 0.90 vV
VIH_DC DC Input Logic High VREF+0.10 - \VoDQ+0.3 \Y
ViL_DC DC Input Logic Low -0.30 - VREF-0.1 V
VIH_AC AC Input Logic High VREF+0.20 - - V
VIL_AC AC Input Logic Low - - VREF-0.20 \Y

optional

Figure 3. HSTL Termination for XGMII

TABLE 3 — IDT TO XGMII INTERFACE MAPPING SCHEMA

Signal Type IDT Interface Signal XGMII Signal
Nomenclature Nomenclature
Input Port
- Input Port Data D[31:0] TXD [31:0]
D[32:39] User definable
- Input Port Enable WEN N/A
- Input Port Control N/A TXC[3:0]
-Input Port Status FF, PAF N/A
- Input Port Clock WCLK TX_CLK
Output Port
-OutputPortData Q[31:0] RXD [31:0]
Q[32:39] User definable
-Output PortEnable REN N/A
-OutputPort Control N/A RXC [3:0}
-Output Port Status EF,PAE N/A
-OutputPort Clock RCLK RX_CLK

yAl
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FUNCTIONAL DESCRIPTION

MASTERRESET

AMaster Resetis performed by toggling the MRS inputfrom HIGH to LOW
toHIGH. Duringamasterresetallinternal multi-queue device setupand 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 6, Device Programming Hierarchy for the programming hierarchy
structure. During amaster resetthe state ofthe following inputs determine the
functionality of the part, these pins should be held HIGH or LOW.

FM - Flag bus Mode

BM[3:0]-Bus Matching options

MAST - Master Device

IDO, 1, 2 — Device ID

QSEL[2:0] Queue SelectMode

DFM - Programming mode, serial or default
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

Ontherising of MRS the programming mode signals (QSEL [2:0], DFM) are
captured. Once the programming mode signals are captured (latched), refer
to Table 5, Setting the Queue Programming Mode during Master Reset for
details. Itwill thenrequire anumber of clock cycles for the device to complete
the configuration. Configuration completionisindicated when the SENO signal
transitions from hightolow. The configuration completionindicationis consistent
with the previous MQ device.

MRS l/

QSEL[2:0] ><

See Table for definition of value

DFM ><

DFM = LOW for Serial Programming mode

6724 drw06

Figure 4. Reference Signals

TABLE 4 — DEVICE PROGRAMMING MODE COMPARISON

Programming Options Serial Programming Mode Default/Parallel Programming Mode

Queue Selection Any number from 1to 128 Any number from 1t0 128

Queue Depth Each queue depth can be individualized Default Value (total available memory divided

by number of queues)

PAE/PAF Programmable to any value Defaultvalue

Bus-Matching Any available option can be selected using Any available option can be selected using
BM[3:0] pins BM[3:0] pins

I/Ovoltage Any available option can be selected Any available option can be selected
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TABLES5—SETTING THE QUEUE PROGRAMMING MODE DURING MASTERRESET

Default
Mode
/MRS (DFM) QSEL 2 QSEL 1 QSEL 0 Queue Programming Method

0

(=)
(=)
o

Serial programming mode
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED

Selects 128 Queues
Selects 64 Queues
Selects 32 Queues

Selects 16 Queues

Selects 8 Queues

=l el e e el B =l B = Bl Nl el el e
el el E=d =] =) Rl R} Bl Bl B el el R}
(=3 NN NN R el Nel BN R Holl Nol B Bl e
el = Rl =1 El =N R el Bl Il BE I el B

Selects 4 Queues

Parallel programming enables the user
T 1 1 1 0 to program the number of queues using
the Write Address bus
Parallel programming enables the user
T 1 1 1 1 to program the number of queues using

the Read Address bus

6724 drw07
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SERIAL PROGRAMMING

The multi-queue flow-control deviceis a fully programmable device, provid-
ingthe userwith flexibility in how queues are configuredinterms of the number
of queues, depth of each queue and position of the PAF/PAE flags within
respective queues. All user programming is done via the serial port after a
master reset has taken place. Internally the multi-queue device has setup
registerswhichmustbe serially loaded, these registers contain values forevery
queue within the device, such as the depth and PAE/PAF offsetvalues. The
IDT72P51767/72P51777 devices are capable of up to 128 queues and
therefore contain 128 sets of registers for the setup of each queue.

During a Master Reset if the DFM (Default Mode) input is LOW, then the
device will require serial programming by the user. Itis recommended thatthe
user utilize a‘C’ program provided by IDT, this program will prompt the user
for all information regarding the multi-queue setup. The program will then
generate aserial bit stream which should be serially loaded into the device via
the serial port. Forthe IDT72P51767/72P51777 devices the serial program-
ming requires atotal number of serially loaded bits per device, (SCLK cycles
with SENI enabled), calculated by: 27+(Qx104) where Q is the number of
queues the user wishes to setup within the device.

Once the master reset is complete and MRS is HIGH, the device can be
seriallyloaded. Data presentonthe Sl (serialin), inputisloadedinto the serial
port on a rising edge of SCLK (serial clock), provided that SENI (serial in
enable),is LOW. Once serial programming of the 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
cease all programming and take SENI inactive, HIGH. Note, SENO follows
SENIonce programming ofadeviceis complete. Therefore, SENOwill go LOW
after programming provided SENI is LOW, once SENI is taken HIGH again,
SENO will also go HIGH. The operation of the SO output is similar, when
programming ofagiven device is complete, the SO outputwill followthe Slinput.

If devices are being used in expansion configuration the serial ports of
devices should be cascaded. The user canload all devices via the serialinput
portcontrol pins, SI& SENI, of thefirstdevice inthe chain. Again, the user may

EACH OF THE 26 BIT WORDS ARE DESCRIBED BELOW:

Header Word: Thisis 1st 26-bitword and has the following bit assignments.
«Bits[25:7]is the Start of Header identifier.
« Bits [6:0] are the number of queues to be programmed.

TEMPERATURERANGES

utilize the ‘C’ programto generate the serial bit stream, the program prompting
the user for the number of devicesto be programmed. The SENO and SO (serial
out) ofthefirstdevice should be connectedtothe SENTand Slinputs of the second
device respectively and so on, with the SENO & SO outputs connecting to the
SENI& Slinputs of all devices through the chain. All devicesinthe chain should
be connectedtoacommon SCLK. The serial outputportofthe final device should
be monitored by the user. When SENO of the final device goes LOW, this
indicatesthatserial programming of all devices has been successfully completed.
Upon detection of completion of programming, the user should cease all
programming and take SENI of the first device in the chain inactive, HIGH.

Asmentioned, the first device inthe chain has ts serial input port controlled
by the user, this is the first device to have its internal registers serially loaded
by the serial bit stream. When programming of this device is complete it will take
its SENO output LOW and bypass the serial dataloaded on the Slinputtoits SO
output. The serialinput of the second device inthe chainis now loaded with the
data from the SO of the first device, while the second device hasits SENI input
LOW.Thisprocess continues through the chain untilall devices are programmed
and the SENO of the final device (or master device, ID ='000") goes LOW.

Once all serial programming has been successfully completed, normal
operations, (queue selections on the read and write ports) may begin. When
connected in expansion configuration, the IDT72P51767/72P51777 devices
require a total number of serially loaded bits per device to complete serial
programming, (SCLK cycleswith SENI enabled), calculated by: n[27+(Qx104)]
where Q is the number of queues the user wishes to setup within the device,
where nis the number of devices in the chain.

See Figure 40, Serial Port Connection and Figure 41, Serial Programming
forconnectionandtiminginformation.

The IDT72P51777/72P51767 device can be programmed using the serial
inputsignals (SENI, SI, SCLK). Serial programmingis accomplished by shifting
in 26 bitwords. Itrequires 1 Header Wordto start the programming sequence
andanadditional4 Programming Words for each queue thatis configured within
the device.

The Startof Headeridentifier MUST be all ones (1's). The all 1's patternin the Header word signifies the start of the programming cycle. The Header
Word is only needed once for each device. For example, for 128 queues bits [6:0] = “1111111" for 32 queues bits [6:0] = “0011111".

Bits | 25| 24| 23| 22| 21| 20| 19| 18| 17| 16| 15| 14| 13| 12| 11| 20 9| 8|7 | 6| 5] 4| 3] 2 1] 0
valuel 1| 1 o o] ol o] 2o 2 2 a2 o] 2| 1] 2| t] 1 [o64] Q32fois] o8| 4] Q2 o1

FF: Thisis  the 2 26-bit word and represents the Full Flag programmed value. The Full Flag value is equal to the Queue depth-2. Each queue requires an
individual FF value.

Bits |25| 24| 23] 22| 21| 20| 19 18 17 16 15 14 13 12 | 11 10 987|654 [3]2]1]0

Binary|0 | 0 0|0 0| 0 |524288 |262144|131072| 65536 | 32768 | 16384 | 8192 | 4096 | 2048 | 1024 | 512|256 [ 128| 64 | 32|16 | 8 | 4 | 2| 1
Value
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PAE: Thisis the 3 26-hitword and represents the Programmable Almost Empty (PAE) value. Each queue requires anindividual PAE value. The PAE value

that is programmed into the device is the number of words. For example, for a PAE value = 52 words, bits [19:0] = “00000000000000110100".

Bits |25 24| 23] 22| 21) 20| 19 18 17 16 15 14 13 12 ] 11 10 | 918

Binary]0 | O | 0| O | O 0 |524288|262144|131072| 65536 | 32768 | 16384
Value

716|514 ]13[2]1]0
8192 | 4096 2048 | 1024 | 512256 (128|164 | 32|16 | 8

PAF: Thisis the 4™ 26-bit word and represents the Programmable Almost Full (PAF) value. Each queue requires an individual PAF value. The PAF value

thatis programmed into the device is the “Queue Depth Value” - “The PAF Offset value”. For example, with a Queue Depth of 16K (16384) and a desired
PAF value = 39 words, bits [19:0] = “00000011111111011001".

Bits |25 24| 23] 22| 21) 20| 19 18 17

16 15 14 13 12 ] 11 10 | 918 | 7

Binary] 0 | O 0|0 0| 0 |524288 |262144|131072| 65536 | 32768 | 16384 | 8192 | 4096 | 2048 | 1024 | 512|256 | 128| 64 | 32 | 16
Value

Queue End/Start Address
Thisis the 5th 26-bit word and represents both the start and end address of each queue.

End Address: The queue end address is bits [25:13] of the 26-bit. An end addresses is specified as; Queue Depth — 1k . Ending address are specified in

increments of LK words. Forexample, fora Queue Depth of 16K, the first queue would have a starting address of 0, bits[12:0] = “0000000000000” and an
end address of 15K, bits [25:13] ="0000000001111",

Start Address: The queue starting address s bits[12:0] of the 26-bitword. Startaddresses are specified inincrements of words. The first queue should always
startataddress 0. The starting address of the next queue should be programmed atan address thatis words greater the ending address of the previous queue.

Bits | 25 | 24 | 23 22 | 21 20 19 |18 | 17
Value| 4096 | 2048 | 1024 | 512 | 256 | 128 | 64 | 32

16 | 15 [ 14 [ 13| 12 11 10 9 8 7 6 5 413121110
16 8 | 4 | 2 | 1 |4096| 2048|1024 | 512 | 256 | 128 | 64 32116181421

—— EndAddress 4>| - Start Address

%
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The following is an explanation of the hinary file created by the C program for the 10G MQ devices (IDT72P51767/72P51777).

The Desired Device Configurationis;
« Number of Queues = 32
« Each Queue Depth = 16k
« Each Queue PAE Value = 52
« Each Queue PAF Value = 39

This is the Start of Header Identifier.
The Start of Header Identifier signifies

/ the start of the programming cycle.

This is number of queues (32) that will

POT11114—— o configured in the device.

00000000000011111111111110

Queue 0 000000000000000000001 10100 \ Queue Programming
00
\ Full Flag Programmed Value

Programmable Almost Empty Value

Queue End Queue Start Programmable Almost Full Value
Address Address Queue End/Start Address

00000000000011111111111110
00000000000000000000110100
00000000000011111111011001
00000001111110000000100000

Queue 1

00000000000011111111111110
00000000000000000000110100
Queus 2 00000000000011111111011001
00000010111110000001000000

00000000000011111111111110
Queue 3 00000000000000000000110100
00000000000011111111011001
00000011111110000001100000

00000000000011111111111110
00000000000000000000110100
00000000000011111111011001
00011111111110001111100000

Queue 31

This indicates the end of the
programming sequence for

: .
<«— Stop Bit «— the device.
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DEFAULT PROGRAMMING

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

Forthe IDT72P51767/72P51777 devices the default mode will setup 128
queues, each queue being 256 x40, 512 x40, and 1024 x40 deeprespectively.

When configuringthe IDT72P51767/72P51777 devicesin default mode the
user simply has to apply WCLK cycles after a master reset, until SENO goes
LOW, this signals that default programming is complete. These clock cyclesare
required forthe device toload itsinternal setup registers. When a single multi-
queue deviceis used, the completion of device programmingis signaled by the
SENO outputofadevice going from HIGHto LOW. Note, that SENI mustbe held
LOWwhen adevice is setup for default programming mode.

When multi-queue devices are connected in expansion configuration, the
SENI ofthefirstdeviceinachain canbe held LOW. The SENO of adevice should
connecttothe SENIof the nextdeviceinthe 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 a Master Reset cycle (i.e. the MRS signal transitions from HIGH to
LOWthen LOWto HIGH)ifthe DFM (Default Mode) input signalis HIGH and
the QSEL[2:0] input signal is "110" for Write address and "111" for Read
address, the Multi-Queue Flow Control device is configured for Parallel
Programming. Parallel Programming enables the number of queues withinthe

TEMPERATURERANGES

device to be set through either the Write Address (WRADD) bus or Read
Address (RDADD) bus after the Master Reset cycle. Within Parallel Program-
ming mode the Multi-Queue (MQ) device programmable parameters are;
number of queues, queue depth, PAE/PAF flag offsetvalue, bus matchingand
the 1/0 voltage level. As previously indicated, the number of queues are
configured using the write or read address bus, however bus matching is set
during the Master Reset cycle. The value thatis set during the Master Reset
cycle is determined by the Bus Matching (BM) bits. For the IDT72P51767/
72P51777 devicesin Parallel Programming Mode the value of the PAE/PAF
offsets at master resetis determined by the state ofthe input.

When configuring the IDT72P51767/72P51777 devices in Parallel Pro-
gramming Mode the user simply hastoapply WCLK cycles afteramasterreset,
until SENO goes LOW, this signals that Parallel Programmingis complete. These
clockcyclesare required forthe device toload itsinternal setup registers. When
asingle multi-queue device is used, the completion of device programming is
signaled by the SENO output of a device going from HIGH to LOW. Note, that
SENImustbe held LOWwhenadevice is setupfor Parallel Programming mode.

ID[2:0] PINS AND WRADD/RDADD CONFIGURATIONS

The 10G DDR Multi-Queue will have the ability to expand up to amaximum
of 256 Queues by 2 to 8 devices depending on the configuration setup. For
programming the ID Codes for each device the WRADD/RDADD address
busesimpose the limitation of 256 Queues because, withan 8-bitaddress bus,
the 3MSBinthe WRADD/RDADD are usedtodecode the ID[2:0] pinsoneach
device. Theslave devices musthbe configured before the master device as well.
For 8-device expansion the least [4:0] bits are used for expansion addressing
meaning a configuration of 32 queues can be accomplished. The MSBs [7:5]
willselectwhich ofthe eight devices to access depending ontheir MSBID[2:0]
settings. IfID[2:0]is 000, thenitserves as the master device. Otherwise, the
devices will serve as the slave devices. Ex: For using two 128 queue MQ
devices, ID[2:0]=0xxis for selecting the master device. For using 8 devices,
ID[2:0]=111isforselecting the 8th slave device and WRADD/RDADD hits [4:0]
for configuring 32 queues/device. And so on.

TABLE 6 —1D[2:0] AND WRADDI[7:5]/RDADD[7:5] CONFIGURATION

Queues Addressed X 128 64 32 16 8 4 2
ID[2:0] Master Device Configuration 0xx 00x 000 000 000 000 000
WRADD[7:5] or RDADDI[7:5]

ID[2:0] 2nd Device Configuration 1xx 10x 100 100 100 100 100
WRADD|7:5] or RDADD[7:5]

ID[2:0] 3rd Device Configuration NA 01x 010 010 010 010 010
WRADD[7:5] or RDADDI[7:5]

ID[2:0]4th Device Configuration NA 11x 110 110 110 110 110
WRADD[7:5] or RDADDI[7:5]

ID[2:0] 5th Device Configuration NA NA 001 001 001 001 001
WRADD|7:5] or RDADD[7:5]

ID[2:0] 6th DeviceConfiguration NA NA 101 101 101 101 101
WRADD[7:5] or RDADDI[7:5]

ID[2:0] 7th Device Configuration NA NA 011 011 011 011 011
WRADD[7:5] or RDADDI[7:5]

ID[2:0] 8th Device Configuration NA NA 111 111 111 111 111
WRADD|7:5] or RDADD[7:5]
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TABLE 7 — PARALLEL PROGRAMMING MODE QUEUE CONFIGURATION

EXAMPLE"

WRADD/RDADDJ[7:0]

128 Queues/Device

64 Queues/Device

32 Queues/Device

16 Queues/Device

8Queues/Device

4 Queues/Device

X IX |IX[|IX|IX|X|X]|N

(=} Jol fol ol Fol Rl § ol o)
o|lo|o|o|Oo|F, |0

1 Queue/Device

olo|lo|lo|rr|r||~
olo|lo|r|r|r|~]|w
olo|r|r|r|r|]N
ok~
ol |||k~ |o

NOTE:

1. Users can also program 6 different settings in Default Programming mode using QSEL[2:0] and DFM pins instead of using Parallel Programming Mode.
This table above shows how a user might program the number of queues in the device and can program any 1-128 queues in the device by using

the WRADD/RDADD[7:0] pins.

The 10G Multi-Queue also has the capability of expanded theoretically to
unlimited numberof devices. AsFigure 5shows, the WRADD[7]and RDADD[7]
will act as the Write Chip Select Enable and Read Chip Select Enable
respectively, and the user can then decode each Multi-Queue device sepa-
rately using these pins and still maintain 128 Queues per device. The
WRADD[6:0] and RDADD[6:0] can still be routed as shared buses to each
device, as canwrite and read data buses and external control pins and flags.

Tomakethis possible the ID pin, ID2 of all slave devices must be connected to
“1"andthe Masterdevice ID Pins, ID[2:0], should equal 000. Itisnotrecommend
expanding greater than 10 devices because sufficient capacitive loading on
each busmakesitdiffcultto drive agreater multiple of devices perbus. Thereal
WCS and RCS pins can be tied to aground plane on the board to save FPGA
pins.

s WOLK RCLK le———
’—r /WEN /REN <—I
W_A[6:0] R_A[6:0]
W_A7_S2 »W_A7 |D=110 R.A7|«
(YWCS2) DIN QOUTﬁ
WCLK
*—>
s WOLK RCLK e
AWENS R » /WEN /REN [¢—
W_A[6:0] R_A[6:0]
W_A7_$1 »W_A7 |[D=101 R_A7|e
(WCS1) et DIN QOUT’—’
>
D_BUS M
WCLK RCLK
» /WEN /REN {—Y
WADDR<6:0> o g S
W A7 M e ID=000 = A
(/WCS0) DIN QOUT’—’

Figure 5. Expansion for Unlimited Number of Multi-Queue Devices Example
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When Multi-Queue devices are connected inan Expansion Configuration,
the SENIsignal of the firstdevice inachain mustbe held LOW. The SENO signal
ofadevice should connecttothe SENI ofthe nextdeviceinthe chain. The SENO
of the final device is used to indicate that the programming of all devices is
complete. When the master device (ID="000") SENO signal goes LOW the
internal programming is complete and queue write/read operation may begin.
Please refer to Figure 41, Parallel Programming for signal timing details.

TEMPERATURERANGES

PROGRAMMING HIERARCHY

Configuring the device is a 2 stage sequence. The first stage is to set the
expansion device type, the desired programming mode and the device
operating mode during the master resetcycle (i.e. ontherising edge of Master
Reset (MRS)). The second stage is to set values such as PAE/PAF, number
of queues, queue depth, etc. using the programming mode (serial, parallel,
default) selectedin stage 1. Referto Figure 6, Device Programming Hierarchy.

Master Reset Cycle

-

N

Device Operating Mode
Selected

BOI Mode or IDT Standard mode

Parallel Queue
Programming

IDT standard mode, the device operates as the IDT72P51769 (4M multi-
queue) device as shown in Figure 49 and 50.

Expansion Device
Device Type Programming
Selected Mode Selected
Master Slave
Device Device
Serial
Programming
4
Default
Programming
Figure 6. Device Programming Hierarchy
MODES OF OPERATION
STANDARD MODE OPERATION

The 10G Multi-queue supports two modes of operation, IDT Standard Mode
and BOI Mode.

IDT STANDARD MODE VS. BOI MODE
The device mode s configured during the master reset cycle. Only the read
sideis affected by these two modes, the write side isidenticalin both modes. In

yAY

The other option, or BOImode, has the device reissue the last data from a
queue uponreentrytothatqueue. Thisallows foracustomerto monitoradata
bitand stop reading based on the output (e.g., End of Packet or EOP). Note:
the EF flag is always updated “real time” using the read countin both modes.
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PLL ON VS PLL OFF MODES

The PLL has afrequency response rate of 85-166MHz. The PLL reduces
theaccesstime (ta) for the DDR. Below 85MHz orin SDR mode, the PLL must
be turned off. The following diagrams show the difference between the two

S A U W A U I W A Y W W A W e W
S g e W
e NN AWl aWals
ERCLKJ—\/‘E‘\‘{;“\‘;m A AN AN A
R S g S5 S S
o, N S S 6 08 6

1. Echo clocks are center aligned.

2. ERCLK is aligned with internal PLL generated clock.

3. QOUT is clocked out 1 cycle after valid REN.

4. Data Access time (Ta) is +/-1.0ns when PLL is on, with respect to rising edges of RCLK (1 Clock Latency).

Figure 7. DDR Read Operation with PLL ON

1
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' Y
1 I‘ I ItAl
1 'q 1 —P
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EF : : : o \

6724 drw09c
NOTES:
1. ERCLK has uncontrollable delay when PLL is off.
2. DOUT is clocked out 1 cycle after valid REN.
3. Data Access time (Ta) is <3.6ns when PLL is off, with respect to rising/falling edges of RCLK.

Figure 8. DDR Read Operation with PLL OFF
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QOUT
(PLL on)

NOTES: 6724 drw09d
1. In single-ended clocking scheme, ERCLK is 50% duty cycle.

2. QOUT is clocked out 1 cycle after valid REN.

3. Data Access time (Ta) is +/-1.0ns when PLL is on, with respect to rising edges of RCLK.

Figure 9. SDR Read Operation with PLL ON

e [\
Nann Ui / \
sox \_ SN A NSNS\

1
EREN :
! \
1 1 1 ‘ '
1 “I 1 tA 1 :
QOouT [ [ [ 1
(PLL off) l X ! ! X i X X X
1 1 1 1
1 1 1 1 :
EF : : : o
1 1 1 1 \
PAE \
NOTES: 6724 drw09e

1. ERCLK has uncontrollable delay when PLL is off, Ta <3.6ns when PLL is off.
2. DOUT is clocked out 1 cycle after valid REN.
3. Data Access time (Ta) is <3.6ns when PLL is off, with respect to rising edges of RCLK.

Figure 10. SDR Read Operation with PLL OFF
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STANDARD MODE OPERATION

WRITE QUEUE SELECTION AND WRITE OPERATION
(STANDARD MODE)

The IDT72P51767/72P51777 multi-queue flow-control devices can be
configured up to a maximum of 128 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 writtenis selected by the address presenton
the write address bus (WRADD) during a rising edge on WCLK while write
addressenable (WADEN)isHIGH. The state of WEN does notimpactthe queue
selection. The queue selection requires 4 WCLK cycle. All subsequent data
writes will be to this queue until another queue is selected.

Standard mode operationis defined as individual words will be written to the
device. The write port is designed such that 100% bus utilization can be
obtained. Thismeansthat data can be writteninto the device on every WCLK
rising edge including the cycle thata new queue is being addressed.

TEMPERATURERANGES

Changing queuesrequires 4 WCLK cycles onthe write port (see Figure 42,
SDR 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 determines the next queue. Data presented during that
cycle, will be writtentothe active (each) queue, provided WENis LOW. IFWEN
is HIGH (inactive), data will not be written in a queue. The write port discrete
fullflag willupdate toshowthe full status of the newly selected queue. Datapresent
onthe datainputbus (Din), can be written into the newly selected queue onthe
rising edge of WCLK achange of queue, provided WEN is LOW and the queue
isnotfull. Ifthe selected queueis full atthe point ofits selection, any writes to that
queue will be prevented. Data cannot be written into a full queue.

Referto Figure 42, SDR Write Queue Select, Write Operationand Full flag
Operation, and Figure 45, Full Flag Timing in Expansion Configuration for
timing diagrams.

TABLE 8 —WRITE ADDRESS BUS, WRADD[7:0]

Operation| WCLK [WADEN| FSTR WRADD[7:0]
T T
Write j 1 0 7 615,432 10
Queue Device Splect; Write Queue Address
Select (Compared to! (6 bits = 64 Queues
ID2,1,0)| | 7 bits = 128 Queues)
PAEN j 0 1 7 6 5(4]1 32 10
Quadrant Device Select| X Status Word
Select (Compared to Address
ID2,1,0)
Status Word | ¢ 06 Status on PAFn Bus
Address
0000 QO : Q7 — PAFO : PAF7
0001 Q8 : Q15 — PAFO : PAF7
0010 Q16 : Q23 — PAFO : PAF7
0011 Q24 : Q31 — PAFO0 : PAF7
0100 Q32 : Q39 — PAFO : PAF7
0101 Q40 : Q47 — PAFO : PAF7
0110 Q48 : Q55 — PAF0 : PAF7
0111 Q56 : Q63 — PAFO : PAF7
1000 Q64 : Q71 — PAFO : PAF7
1001 Q72 : Q79 — PAFO0 : PAF7
1010 Q80 : Q87 — PAFO0 : PAF7
1011 Q88 : Q95 — PAFO : PAF7
1100 Q96 : Q103 — PAF0 : PAF7
1101 Q104 : Q111 — PAFO : PAF7
1110 Q112: Q119 — PAFO : PAF7
1111 Q120 : Q127 — PAFO : PAF7
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READ QUEUE SELECTION AND READ OPERATION
(STANDARD MODE)

The IDT72P51767/72P51777 multi-queue flow-control devices can be
configured uptoamaximumof 128 queueswhich datacanbereadviaacommon
read port using the data outputs (Qout), read clock (RCLK) and read enable
(REN). An output enable, OE control pin is also provided to allow High-
Impedance selection ofthe Qout data outputs. The multi-queue device read port
operatesinstandard IDT mode or BOImode. The queue to be read is selected
by the address presented on the read address bus (RDADD) during a rising
edge on RCLK while read address enable (RADEN)is HIGH. The state of REN
does notimpact the queue selection. The queue selection requires 4 RCLK
cycles. Allsubsequent datareads will be from this queue until another queue
isselected.

TEMPERATURERANGES

Standard mode operationis defined asindividual words will be read fromthe
device. The read port is designed such that 100% bus utilization can be
obtained. This means that data can be read out of the device on every RCLK
rising edge including the cycle thata new queue is being addressed.

Changing queues requires aminimum of four RCLK cycles onthe read port
(see Figure 46, SDR Read Queue Select, Read Operation). RADEN goes
high signaling a change of queue (clock cycle “D"). The address on RDADD
atthattime determinesthe next queue. Data presented during that cycle willbe
read. Reading data can continue from the active queue, provided RENis LOW.
IfRENis HIGH (inactive), datawill notbe read from the queue. Ifanewselected
queueisempty, reads fromthat queue will be prevented. Data cannot be read
fromanemptyqueue. RememberthatOE allowsthe usertoplace the dataoutput
bus (Qout) into High-Impedance and the datacan be readintothe outputregister
regardless of OE.

Referto Table 9, for Read Address Bus arrangement.

TABLE 9 — READ ADDRESS BUS, RDADDI[7:0]

Operation| RCLK |RADEN| ESTR RDADDI[7:0]
] ]
Read Queue f 1 0 7:6,5 432 10
Select Device Splect Read Queue Address
(Compared to (6 bits = 64 Queues
ID2,4,0) ! 7 bits = 128 Queues)
___ 7 6 54 32 10
PAEn 0 1 Device Select
X S Word
Quadrant j (Compared to tit;jrests)r
Select ID2,1,0)

Status Word
Address

Queue Status on PAEn Bus

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Q0 : Q7 — PAFO : PAF7
Q8: Q15 — PAFO : PAF7
Q16 : Q23 — PAFO : PAF7
Q24 : Q31 — PAFO0 : PAF7
Q32 : Q39 — PAFO : PAF7
Q40 : Q47 — PAFO : PAF7
Q48 : Q55 — PAFO : PAF7
Q56 : Q63 — PAFO : PAF7
Q64 : Q71 — PAFO0 : PAF7
Q72 : Q79 — PAFO : PAF7
Q80 : Q87 — PAFO : PAF7
Q88 : Q95 — PAFO : PAF7
Q96 : Q103 — PAFO : PAF7
Q104 : Q111 — PAFO : PAF7
Q112: Q119 — PAFO : PAF7
Q120 : Q127 — PAFO : PAF7
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SWITCHING QUEUES ON THE WRITE PORT bus (WRADD) during a rising edge of WCLK while Write Address Enable
The IDT72P51767/72P51777 multi-queue flow-control devices can be  (WADEN)is HIGH. Forreference, the state of Write Enable (WEN)isa“Don't
configured uptoamaximum of 128 queues. Dataiswrittenintoaqueueusing  Care"duringaqueue selection. WEN has significance during the queue mark

the DataInput (Din) bus, Write Clock (WCLK) and Write Enable (WEN) signals.  operation. Selectingaqueue requires 4 WCLK cycles. Referto Figure 11, Write
Selectingaqueue occurs by placing the queue address onthe Write Address ~ Port Switching Queues Signal Sequence.

|<—Queue Switch Cycle —>|
, QS-1, Qso, Qs1, Qs2, Qs3 ,

| |
| I I I 1 I
WCLK I I I I I I
| | | | | |
Queue Queue
WRADD X address X address X
| |
I I

WADEN /_\ /_\

Figure 11. Write Port Switching Queues Signal Sequence

6724 drw13

The IDT72P51767/72P51777 multi-queue flow-control device supports Formaximum efficiency, during the 4 clock cycles required to switch queues
changing (switching) queues every four (4) clock cycles. To switchfromthe  theIDT72P51767/72P51777 multi-queue flow-control device can continue to
Present Queue (PQ)toanother queuerequiresaqueue addresstobeplaced  writeintothe Present Queue (PQ). The Present Queueis defined asthe current
on the Write Address Bus (WRADD) bus and a rising edge of Write Clock  selected queue. Referto Figure 12, Switching Queues Bus Efficiency.
(WCLK)and Write Address Enable (WADEN)isHIGH. There are norestrictions
asto the order to which queues are selected or switched into or out of.

|<— Queue Switch Cycles” —>|

reran WA W RWAW WA WRWEAWEAWE
WEN / \

WADEN / \

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

6724 drw14

NOTES:
1. PQ = Present Queue
NQ = Next Queue

* Requires 4 clock cycles to switch queues. . Lo .
Figure 12. Switching Queues Bus Efficiency
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The IDT72P51767/72P51777 multi-queue flow-control device supports ~ The simultaneous queue switching may occur with either the Write Clock and
writing and reading from either the same queue of from differentqueues. The  Read Clock synchronous or asynchronous to each other. For reference refer
device also supports simultaneous queue switchingonthewriteandreadports.  to Figure 13, Simultaneous Queue Switching.

ey AW AWAVANANAWAERWERWE

EN ,

1

1

1 1

WADEN [ v\ 1
1

1

on PQ J PQ f PQ | PQ | PQ | NQ

avavaANaWaWE

AW AWAW,

1
1
1
1
RADEN JE_\ :
1

cu PQJ PQJPQJPa)Pa ] Palra ] na
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Figure 13. Simultaneous Queue Switching

The multi-queue flow-control device requires 4 clock cycles to switch queues
onthewrite port. Referto Table 10, Write Queue Switch Operationfor adetailed
description of each queue switch clock cycle.

TABLE 10 —WRITE QUEUE SWITCH OPERATION

Queue Switch Cycle IDT Mode
Qs-1 Queue Switch Initiated, Rewrite/No Rewrite selection
QS0 Queue MARK / Un-MARK
Qs1 —
QS2 « PAF signal updated for Next Queue (NQ)
« Full Flag (FF) updated for NQ
QS3 Startof Write Data Operation
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OUTPUT DATA DURING A QUEUE SWITCH

EN | |

REN <« A

(internal)

L LDy Ly W UL

RCLK |

Qout

1
1
1
1
1
1
1
I
1
1
1
| 6724 drw15a
1

!

During this cycle the 10G MQ
device de-asserts EREN, and
maintains word=EOP + 1 to the
output data bus.

During this cycle the 10G MQ
device delivers word=EOP. The
receiving device detects EOP and
de-asserts REN, However the MQ
sees a rising edge of RCLK with
REN asserted and interprets it as
another read request, and delivers
EOP +1 on the next cycle.

During this cycle the 10G MQ
device detects the assertion of REN Data latency = cycle + 3.6ns (max)

NOTE:
1. Application specific.

Figure 14. Application: Reading words from the MQ using the EOP bit to end the read operation
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(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits
REN
1 1 1 1
RCLK
— > A : :
1 1
Qout 0 ! 1
1 1
] 1
EREN . .
1 1
1 1
1 1

!

data bus.

During this cycle the 10G MQ
device delivers word=0.

During this cycle the 10G MQ
device detects the assertion of REN

During this cycle the 10G MQ
device de-asserts EREN, and
maintains word=0 to the output

Data latency = cycle + 3.6ns (max)
(from REN asserted)

Figure 15. Output Data during a Queue Switch (SDR w/o PLL)
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Parameters: SDR Mode, PLL=0ON, 1 read operation, centered aligned data/clock
pause, 1 word read operation

RCLK

Qout 0 ! 1

I I T

! ! During this cycle the 10G MQ

' ' device de-asserts EREN,
maintains the output data
register with word=0.

6724 drw15¢

During this cycle the 10G MQ
device asserts EREN, loads the
output data register with word=0.

During this cycle the 10G MQ

device detects the assertion of REN Data Iatency = CyCIe + (+/-0.48ns)

(from REN asserted)

Figure 16. Output Data during a Queue Switch (SDR w/ PLL)
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Parameters: DDR Mode, PLL=ON, 1 word read operation, centered aligned data/clock
pause with No queue switch, 1 word read operation

EN
RCLK
—> A l—
Qout ol 1 213
EREN T
A

During this cycle the 10G MQ 6724 drw15d
device de-asserts EREN,

maintains the output data

register with word=1.

During this cycle the 10G MQ
device asserts EREN, loads the
output data register with word-0
then word=1.

During this cycle the 10G MQ

device detects the assertion of REN Data latﬂcy = CyCIe +1A (+/-O.48ns)

(from REN asserted)

Figure 17. Output Data during a Queue Switch (DDR w/ PLL)
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Parameters: DDR Mode, PLL=OFF, 1 word read operation, edge aligned data/clock
pause with No queue switch, 1 word read operation

EN
RCLK
—>lta le—
Qout 0] 1 213
EREN T
4 During this cycle the 10G MQ 6724 drwise

device de-asserts EREN,
maintains the output data
register with word=1.

During this cycle the 10G MQ
device asserts EREN, loads the
output data register with word-0
then word=1.

During this cycle the 10G MQ

device detects the assertion of REN Data Iatency = CyCIe +1A (3.6ns)

Figure 18. Output Data during a Queue Switch (DDR w/o PLL)
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Parameters: DDR Mode, PLL=ON, 2 word read operation, WITH QUEUE SWITCH
to NQ and QUEUE SWITCH BACK TO ORIGINAL QUEUE, 2 word read operation

3
m
P

—>|4|cycles < 4 cycles

ROLK LI L 11 I A

Qout

m
0
m
2

A A T 1 6724 drw15f

During this cycle the 10G MQ
device de-asserts EREN, loads
the output data register with
word=2 and addresses memory.

During this cycle the 10G MQ
device asserts EREN, loads the
output data register with word-0
& 1 and addresses memory.

ta = cycle + (+/-0.48ns)

During this cycle the 10G MQ
device detects the assertion of REN
and addresses memory word=0 & 1.

Figure 19. Output Data during two Queue Switches (DDR w/ PLL)
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TEMPERATURERANGES

Parameters: SDR Mode, PLL=OFF, 3 word read operation, edge aligned data/clock,

pause with No queue switch.

EN |
—

I

RCLK 2! f4 4o |
1
 —Pl A |€—

Qout ! EOP - 2" EOP - 1" eop"
1

EREN :
1 A 6724 drw15g
A

then word=1.

During this cycle the 10G MQ
device detects the assertion of REN.

NOTE:
1. Application specific.

During this cycle the 10G MQ
device asserts EREN, loads the
output data register with word-0

During this cycle the 10G MQ
device de-asserts EREN, maintains
the output data register with word=1

Data latency = cycle + tA (3.6ns) max

Figure 20. Output Data during two Queue Switches (DDR w/o PLL)
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TABLE 11 — BACKUP USAGE WHEN RE-ENTERING A QUEUE

Operating Mode of Clock used by Method to Stop -1 word MQ
Frequency Operation receiving device Read Port backup
Range to latch data operation required
1Mhz to 166Mhz SDR Read Clock Word Count N
PLL=OFF
1Mhz to 166Mhz SDR Read Clock EOP Processing Y (BOI)
PLL=OFF
83.33Mhz to SDR /ERCLK Word Count N
166Mhz PLL=ON
83.33Mhz to DDR /ERCLK EOP Processing Y (BOI)
166Mhz PLL=ON
1Mhz to 100Mhz DDR Read Clock Word Count N
PLL=OFF
1Mhz to 100Mhz SDR Read Clock EOP Process Y (BOI)
PLL=OFF
90Mhz to SDR ERCLK Word Count N
100Mhz PLL=OFF
90Mhz to SDR ERCLK EOP Process Y (BOI)
100Mhz PLL=OFF
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SWITCHING QUEUES ON THE READ PORT

The IDT72P51767/72P51777 multi-queue flow-control devices can be
configured up toamaximum of 128 queues. Datais read from a queue using
the Data Output (Qout) bus, Read Clock (RCLK) and Read Enable (REN)
signals. Selectingaqueue onthe read portoccurs by placing the queue address

onthe Read Address bus (RDADD) during arising edge of RCLK while Read

TEMPERATURERANGES

Address Enable (RADEN)is HIGH. For reference, the state of Read Enable
(REN) is a “Don't Care” during a read port queue selection. REN has
significance during the queue mark operation. Selecting a queue requires 4
RCLK cycles. Refer to Figure 21, Read Port Switching Queues Signal
Sequence.

|<— Queue Switch Cycle —>|

, QS-1, Qso
|

Qst

Qs2, Qs3

1
| I I I I
RCLK I I I I [ [

Queue
RDADD addressX
I

Queue

address X
I

RADEN ' \

[ ]

6724 drw16

Figure 21. Read Port Switching Queues Signal Sequence

The IDT72P51767/72P51777 multi-queue flow-control device supports
changing (switching) queues every four (4) clock cycles. To switch from the
Present Queue (PQ)toanother queue requires aqueue addresstobe placed
on the Read Address Bus (RDADD) bus and a rising edge of Read Clock
(RCLK) and Read Address Enable (RADEN) is HIGH. There are no
restrictions asto the ordertowhich queues are selected or switched into or out
of.

Formaximum efficiency, duringthe 4 clock cycles required to switch queues
the IDT72P51767/72P51777 multi-queue flow-control device can continue to
readfromthe PresentQueue (PQ). The Present Queue is defined asthe current
selected queue. Referto Figure 22. Switching Queues Bus Efficiency.

|<— Queue Switch Cycles —>|

RCLK

AVAVAWENAWAWAWRWAWE

EN

[

RADEN / \

Qout

 pa f Pa ) Pa} Pa | Pa | Pa | Na

NOTE:
PQ = Present Queue
NQ = Next Queue

6724 drw17

Figure 22. Switching Queues Bus Efficiency
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SIMULTANEOUS QUEUE SWITCHING Write Clock synchronous or asynchronous to each other. For reference refer
The IDT72P51767/72P51777 multi-queue flow-control device supports  to Figure 23, Simultaneous Queue Switching.
reading and writing from either the same queue orfrom differentqueues. The  The multi-queue flow-control device requires 4 clock cycles toswitch queues

device alsosupportssimultaneous queue switching onthereadandwrite ports.  onthe read port, referto Table 12, Read Queue Switch Operationfor a detailed
The simultaneous queue switching may occur with eitherthe Read Clockand  description of each queue switch clock cycles.

e N

WADEN [ : \

Din XPQ:XPQIXPQIXPQIXNQIX

S AW AWEAWAWAWANAWRWRWE

=
m
pd

By
m
=z

RADEN ’ ' \
1

Qout PQXPCI)XPQIXPQXPQXPQXNQX

6724 drw18

Figure 23. Simultaneous Queue Switching

TABLE 12 — READ QUEUE SWITCH OPERATION

Queue Switch IDT Mode
Cycle
Qs-1 Queue Switch Initiated, Re-read/No Re-read selection
QS0 Queue MARK / Un-MARK
Qs1 —
QSs2 « PAE signal updated for Next Queue (NQ)
« Empty Flag (EF) updated for NQ
QSs3 Startof Read Data Operation

TABLE 13 — SAME QUEUE SWITCH

PQ NQ Supported Comment
Not Marked 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 Legend:
PQ = Present Queue
Marked Marked, Reread Yes Keep Mark NQ = Next Queue
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QUEUE MARKing

Theoverallintent 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 eitherthe write port or the 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 (BOImode, IDT
Standard Mode). Queues onthe Write Port are MARKed using the WCLK &
WADEN signals. Queues onthe Read Portare MARKed using the RCLK and
RADEN signals. Refer to the following timing diagrams for additional queue
MARK details. Refer to Figure 24 and 25 for further information.

multiple queues canNOT be MARKed by a port. A port (write or read) may only
designate one queue MARKed atatime. Uponaqueue switchadecision must
bemadeastowhethertoreturntothe Markedlocationorthelastaccessaddress.

WADEN N -
D.ngxgxxxxxxxx

o
|

-
»

Present Queue (PQ) Next Queue (NQ)

6724 drw29

e @QS-1,if WEN=0and WADEN=1, PQ will be updated in QS0,1, and 2, and NQ data will be written in QS3.
e  @QS-1,ifWEN_N=1and WADEN=1, there is no update for PQ during QS0-QS2. Nexttime PQ is switched back, data will be writteninto last update
location (rewrite).
e« @QS0, WADEN status is used to determine if a“mark” is requested for NQ. If WADEN=1in QS0, NQ will be marked. In IDT mode, the first NQ
position after QS is marked (latch WFCR values before QS3), data can't be read out beyond this location.
e @QSO0,ifWADEN=0, NQisnotmarked.
Figure 24. MARK and Re-Write Sequence

A B C D E F
as-1 | aso ! ast ! as2 Qs3 Qs4
R AU S U A W A U AR AW ARV A AW A
 —r P : :
REN ," L “ 1 1 1
RADEN | as _\ ) -:-‘\ : :
aour _f b f f L

Present Queue Next Queue

6724 drw30
« @QS-1,ifREN=0and RADEN=1, Present Queue will be updatedin QS0, QS1, and QS2, and the data from the Next Queue (NQ) will be available in QS4.
« @QS-1,ifREN=1and RADEN=1, Present Queue will not be updated QS0-QS2. The Nexttime PQis selected, the data will be from the last updated location.
o @QS0, RADEN statusis used to determine ifa “mark” is requested for NQ. If RADEN=1in QS0, NQ will be marked. InIDT mode, first NQ position after
QSis marked (latch RFCR values before QS3), data can't overwrite this location.

Figure 25. MARK and Re-Read Sequence
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Write Queue MARK Thisrising edge of
WCLK isthe start of the
1% cyde
Write Queue Write Queue
1 Select Cycle 4 MARK Cycle

wok N/ N/ N\
WADEN / \

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

6724 drw36

Figure 26. MARKing a Queue - Write Queue MARK

Read Queue MARK This rising edge of
RCLK isthe start

of the1® cyde

®

Read Queue Read Queue
1 Select Cycle 1 MARK Cycle 1

ok N/ N/
RADEN / \

RADEN ACTION
1 1 Selects the Queue and MARK the Queue
1 0 Selects a Queue

6724 drw37

Figure 27. MARKing a Queue - Read Queue MARK

MARK Operational Notes:

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 of the Queue can be MARKed.
MARK is usedto mark the firstlocation of the Queue. - The MARK can NOT be moved location to location within the queue.

MARK can NOT be moved within the queue.
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Un-MARKing a Queue

UN-MARKing a Queue

Write Queue UN-MARK Thisrising edge of
WCLK isthe start

of the1® cyde

®

Write Queue Write Queue
1 Select Cycle i MARK Cycle 1

wow /N /N /
WADEN AN

WADEN ACTION

1 0 Selects a Queue and UN-MARK the Queue

6724 drw38

Figure 28. UN-MARKing a Queue - Write Queue UN-MARK

Read Queue UN-MARK This rising edge of
RCLK isthestart

of the1® cyde

®

Read Queue Read Queue
1 Select Cycle i MARK Cycle 1

rRek /N /N /
RaDEN + /1 \

RADEN ACTION

®

1 0 Selects a Queue and UN-MARK the Queue

6724 drw39

Figure 29. UN-MARKing a Queue - Read Queue UN-MARK

UN-MARK Operational Notes:

Write Port Read Port
- Un-MARKing can only occur during a Queue switch cycle. - Un-MARKing can only occur during a Queue switch cycle.
- UN-MARKing a Queue can be accomplished by either switching to - UN-MARKingaQueue can be accomplished by either switchingtothe
the same queue or switching to another queue. 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.

- The MARK canNOT be moved location to location within the queue. The MARK can NOT be moved location to location within the queue.
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Leaving a MARK Active o
During aQueue switch the value of WEN for the write portand REN for the
read port determines whether the MARK remains active oris 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 1 1
1 1 cottT 0t 00T I- o
WADEN . , . ,
;  Leave the MARK STt TT T T T T
1 1 1
Yy 1 / 1 \ 1
WEN ] (A rewrite 1 .
1 1 1
1 1 1

6724 drw40

Figure 30. Leaving a MARK active on the Write Port

Leaving a MARK active on the Read Port

request) 6724 drwa1

! Read Queue ! Read Queue !
I Select Cycle ! MARK Cycle !
1 1 1
RCLK / \ / \ / \
1 1 1
1 1 1
1 o e e o - - 22 _ _
1 1 ) " \
RADEN . . \ . \
. Leave the MARK s s . —_—
1 1 1
- I / i \ )
REN . (A re-read i 1
1 1 1
1 1 1

Figure 31. 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) 6724 drw42

! Write Queue ! Write Queue !

! Select Cycle ! MARK Cycle !

1 1 1
WCLK / \ / \ / \

1 1 1

1 1 1

1 1 1

1 FoTT Tt 00" I_ o

WADEN : Lo : \

1 Inactivatethe '+ a T

1 Write Port MARK !
WEN : :

1 1

1 1

Figure 32. Inactivating a MARK on the Write Port Active

Inactivating a MARK on the Read Port

(No re-read) 6724 drw43

1 Read Queue 1 Read Queue 1

I Select Cycle ! MARK Cycle 1

1 1 1
RCLK Y \ / \ / \

] 1 1

] 1 1

1 1 cmmm- - | I \
RADEN : Lo R

1 Inactivate the + 4 T

1 Read Port MARK 1
REN ! !

. .

1 1

1 1

Figure 33. 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
6724 drw44

Read Cycle

¢ 1st Cycle ) | | ‘ 2nd Cycle )
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

il

6724 drw45
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FLAG DESCRIPTION

PAFn FLAG BUS OPERATION

The IDT72P51767/72P51777 multi-queue flow-control device can be
configured for upto 128 queues, each queue havingits own almost full status.
Anactive queue hasits flag status outputto the discrete flags, FF and PAF, on
the write port. Queuesthatare not selected for awrite operation can have their
PAF status monitored via the PAFn bus. The PAFn flag bus is 8 bits wide, so
that8 queuesatatime canhave their status outputtothe bus. If9 ormore queues
aresetupwithinadevice thenthere are 2methods 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 or less queues
are setupwithinadevice then eachwillhave its own dedicated output from the
bus. If8 orless queues are setupinsingle device mode, itis recommendedto
configure the PAFn bus to polled mode as it 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 afull status of the queue currently selected on the
write port for write operations. Internally the multi-queue flow-control device
monitorsand maintains astatus of the full condition of all queueswithinit, however
onlythe queue thatis selected forwrite operations hasits full status outputtothe
FF flag. This dedicated flag is 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 hasafull
status for the new queue one cycle ahead of the WCLK rising edge that data
can be written into the new queue. That is, a new queue can be selected on
the write portviathe WRADD bus, WADEN enable andarising edge of WCLK.
Onthe 4thrising edge of WCLK, the FF flag outputwill show the full status of the
newly selected queue. Onthe forthrising 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 flagwill provide status of anewly selected queue three WCLK
cycleafterqueue selection, whichis one cycle before data canbe writtento that
queue. This preventsthe userfromwriting datato aqueue thatis full, (assuming
that a queue switch has been made to a queue thatis actually full).

TheFFflagis synchronoustothe WCLK and all transitions of the FF flag occur
based onarising edge of WCLK. Internally the multi-queue device monitorsand
keepsarecord of the full status for all queues. Itis possible that the status of a
FFflagmaybe changinginternally eventhoughthatflag is notthe 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 42, SDR Write Queue Select, Write Operation and Full Flag
Operationand Figure 45, Full Flag Timing in Expansion Configurationfor timing
information.

EXPANSION CONFIGURATION - FULL FLAG OPERATION

When multi-queue devices are connected in Expansion configuration the FF
flags of all devices should be connected together, such thatasystem 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 that time.
Remember, thatwhen in expansion configuration only one multi-queue device
canbe written to atany momentin time, thus the FF flag provides status of the
active queue on the write port.

TEMPERATURERANGES

This connection of flag outputs to create asingle flag requires that the FF flag
outputhave aHigh-Impedance capability, suchthatwhenaqueue selectionis
made only asingle device drives the FF flag bus and all other FF flag outputs
connected tothe FF flag bus are placed into 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 1-3hitID code (1 iftwo multi-queue are configured with a maximum total
of 256 queues, 2 if four devices are used totalling amaximum of 256 queues,
and 3ifthere are upto eight devices witha maximum total of 256 queues) found
inthe 1-3most significant bits ofthe write queue address bus, WRADD. Ifthe
1-3mostsignificant bits of WRADD match the 1-3 it ID code setup onthe static
inputs, IDO, ID1 and ID2 then the FF flag output of the respective device will be
inaLow-Impedance state. If they do notmatch, then the FF flag output of the
respective device willbe inaHigh-Impedance state. See Figure 45, Full Flag
Timing in Expansion Configuration for details of flag operation, including when
more than one device is connected in expansion.

EMPTY FLAG OPERATION (EF)

The multi-queue flow-control device provides asingle Empty flag output, EF.
Therising edge ofan RCLK cycle that places new data onto the output register
of the read port. Internally the multi-queue flow-control device monitors and
maintains a status of the empty condition of all queues withinit.

See Figure 46, SDR Read Queue Select, Read Operation for details ofthe
timing.

EXPANSION-EMPTY FLAG OPERATION

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

This connection of flag outputsto create asingle flagrequiresthatthe EF flag
outputhave aHigh-Impedance capability, suchthatwhenaqueue 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 place its EF flag outputinto High-Impedance when none
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 show the respective queue status.

The multi-queue device placesits EF flag outputinto High-Impedance based
onthe 1-3hitID code (1 iftwo multi-queue are configured with a maximumtotal
of 256 queues, 2 if four devices are used totalling amaximum of 256 queues,
and 3ifthere are upto eight devices witha maximum total of 256 queues) found
inthe 3mostsignificantbits ofthe read queue address bus, RDADD. Ifthe 3most
significant bits of RDADD match the 1-3hitID code setup onthe staticinputs, IDO,
ID1 and ID2 then the EF flag output of the respective device will be in a Low-
Impedance state. If they do notmatch, then the EF flag output of the respective
device will be ina High-Impedance state.
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ALMOST FULL FLAG

As previously mentioned the multi-queue flow-control device provides a
single Programmable Almost Fullflag output, PAF. The PAF flag outputprovides
astatus ofthe almostfull conditionforthe 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 thatis selected for write operations hasits full status
outputtothe PAF flag. This dedicatedflagis oftenreferredtoas the “active queue
almostfullflag”. The position of the PAF flag boundary within a queue can be
atany pointwithinthatqueues depth. This location 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 hasits own almost
full status, whenaqueueis selected onthe write port, this statusis output viathe
PAF flag. The PAF flag value for each queue is programmed during multi-queue
device programming (along with the number of queues, queue depths and
almostempty values). The PAF offsetvalue, m, for arespective queue canbe
programmedto be anywhere between‘0’and ‘D', where 'D’is the total memory
depthforthat queue. The PAF value of different queues within the same device
canbe differentvalues.

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 fullboundary causing the selected queue status to go almost full the
PAF willgo LOW 3WCLK cycles after the write. The same istrue when aread
occurs, there will be a3 WCLK cycle delay after the read operation.

Sothe PAF flag delay from a write operation to PAF flag LOWis 3WCLK +
twAF. The delay from a read 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 to the 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 of the almostfull status for all queues. Itis possible
thatthe status of a PAF flagmaybe changinginternally eventhoughthatflagis
notthe active queue flag (selected onthe write port). Aqueue selected onthe
read port may experience achange ofitsinternal almost full flag status based
on read operations. The multi-queue flow-control device also provides a
duplicate of the PAF flag onthe PAF[7:0] flag bus, this will be discussedin detail
inalater section ofthe data sheet.

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

ALMOSTEMPTY FLAG

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 ofthe almost empty condition of
allqueueswithinit, however only the queue thatis selected forread operations
hasits empty status output to the PAE flag. This dedicated flagis oftenreferred
toasthe“active queue almostemptyflag”. The position of the PAE flagboundary
withina queue 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 selected ifthe user has performed default programming.
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TEMPERATURERANGES

Asmentioned, every queue withinamulti-queue device hasits 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, forarespective queue canbe
programmedto 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 beingmade 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 from the new queue. That
is,anew queue can be selected onthe read portviathe RDADD bus, RADEN
enable and arising edge of RCLK. Onthe thirdrising edge of RCLK following
aqueue selection, the data word from the new queue will be available at the
outputregister and the PAE flag output will show the empty status of the newly
selected queue. The PAEis flag outputis double register buffered, sowhena
read operation occurs atthe almostempty boundary causing the selected queue
status to go almostempty the PAE will go LOW 3 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 LOW is 3RCLK +
tRAE. The delay from a write operation to PAE flag HIGH is tskew2 + RCLK +
tRAE.

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

The PAE flagis synchronoustothe 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 status forall queues. Itispossible
thatthe status ofa PAE flagmaybe changinginternally eventhoughthatflagis
notthe active queue flag (selected onthe read port). A queue selected onthe
write port may experience achange ofitsinternal almostempty flag status based
on write operations. The multi-queue flow-control device also provides a
duplicate of the PAE flag onthe PAE[7:0] flag bus, thiswill be discussedin detail
inalater section ofthe data sheet.

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

PAFn - DIRECT BUS

IfFMisLOW atmaster resetthenthe PAFn bus 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 PAFnbus when 26 queues have been setup. To output status
ofthefirststatus word, Queue[0: 7]the WRADD bus is used in conjunction with
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 asthe
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
willchange statustoshowthe 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] gets status 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, thatif aread or write operation is occurring to a specific queue, say
queue ‘X onthe same cycle as astatus word switchwhichwillinclude the queue
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', thenthere may be an extra WCLK cycle delay before that queues statusis
correctly shown on the respective output of the PAFn bus. However, the active
PAF flag will show correct status atall imes.

Statuswords canbe 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 on the same WCLK rising edge
thatastatuswordis being selected, the only restriction being thatawrite queue
selectionand PAFn status word selection cannotbe made on the same cycle.

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

Whenthe multi-queue devices are connected in expansion of more than one
device the PAFnbusses of all devices are connected together, when switching
between status words of different devices the user must utilize the 1-3 most
significant bits ofthe WRADD address bus (aswellasthe 2LSB's). These 1-
3MSb’scorrespondtothe device IDinputs, which are the staticinputs, IDO, ID1
&1D2.

Please refer to Figure 57 PAFn - Direct Mode Status Word Selection for
timing information. Also refer to Table 8, Write Address Bus, WRADD.

PAFn - POLLED BUS

IfFMis HIGH at master resetthenthe PAFn bus operatesin Polled (looped)
mode. Inpolled mode the PAFn bus only cycles through the number of status
words required to display the status of the number of queues that have been
setupinthe part. Everyrising edge of the WCLK causes the next status word
to be loaded on the PAFn bus. The device configured as the master (MAST
inputtied HIGH), willtake control of the PAFn after MRS goes LOW. For thewhole
WCLK cyclethatthe first status word s on PAFnthe FSYNC (PAFn bus sync)
outputwill be HIGH, for all other status words, this FSYNC output willbe LOW.
This FSYNC output provides the user with a mark with which they can
synchronize tothe PAFnbus, FSYNCis always HIGH forthe 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
willbe set asthe 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 PAFnbus and will place s first status word on the bus on the 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 PAFn bus and cycleits status words throughit, all other devices
hold their PAFn outputsin High-Impedance. Whenthe master device has cycled
allofits status words it passes a token to the next device in the chain and 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 passingis done viathe FXO outputs and FXI inputs of the devices (‘PAF
Expansion Out”and “PAF ExpansionIn”). The FXO output ofthe master device
connectstothe FXlofthe second deviceinthe chainand the FXO ofthe second
connectstothe FXIofthethirdand soon. Thefinal deviceinachainhasits FXO
connectedtothe FXI ofthe firstdevice, sothat once the PAFn bus has cycled
throughall 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 whenthatrespective device hastaken control
of the bus and s placing its first status word on to the PAFn bus.

When operating in single device mode the FXIinput must be connected to
the FXO outputofthe same device. Insingle device mode atokenis still required
to be passed into the device for accessing the PAFn bus.

Please referto Figure 60, PAFn Bus—Polled Mode for timing information.

TEMPERATURERANGES

PAEN FLAG BUS OPERATION

The IDT72P51767/72P51777 multi-queue flow-control device can be
configured for up to 128 queues, each queue having its own almost empty/
packetready status. Anactive queue hasitsflag status outputtothe discreteflag,
PAE, onthe read port. Queues that are not selected for a read operation can
have their PAE status monitored viathe PAEn bus. The PAEnflag busis 8 bits
wide, sothat8 queues atatime can have their status output to the bus. If 9 or
more queues are setup within a device 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
8orlessqueuesare setupwithinadevice theneachwill have 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 asitdoes notrequire
using the write address (WRADD).

PAEn - DIRECT BUS

IfFMisLOW atmaster resetthenthe PAEn bus operatesin Direct (addressed)
mode. In direct mode the user can address the status word of queues they
require to be placed on to the PAEN bus. Forexample, consider the operation
ofthe PAEn buswhen 26 queues have been setup. To output status of the first
statusword, Queue[0:7]the RDADD busis usedin conjunctionwiththe ESTR
(PAE flag strobe) inputand RCLK. The address presentonthe 2 least significant
bits of the RDADD bus with ESTR HIGH will be selected as the status word
address on arising edge of RCLK. So to address status word 1, Queue[0:7]
the RDADD bus should be loaded with “xxxx0000”, the PAEn bus will change
status to show the 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 address is
“xxxx0001”. PAEN[0:7] gets status of queues, Queue[8:15] respectively. To
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, that if a read or write operation is occurring to a specific queue, say
queue ‘X onthe same cycle as a status word switchwhichwillinclude the queue
‘X', thenthere may be an extra RCLK cycle delay before that queues statusis
correctly shown on the respective output ofthe PAEn bus.

Statuswords canbe selected on consecutive clock cycles, thatis the status
word onthe PAEnbus can change every RCLK cycle. Also, data can be read
outofaQueue onthe same RCLK rising edge thata statuswordis being selected,
the only restriction being that a read queue selection and PAEn status word
selection cannotbe made onthe same RCLK cycle.

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

Whenthe multi-queue devices are connected in expansion of more than one
devicethe PAEnbusses of all devices are connected together, when switching
between status words of different devices the user must utilize the 3 most
significant bits of the RDADD address bus (as well as the 2 LSB'’s). These 3
MSh’s correspondtothe device ID inputs, which are the staticinputs, ID0, ID1
&1D2.

Please refer to Figure 56, PAEn - Direct Mode Status Word Selection for
timing information. Also referto Table 9, Read Address Bus, RDADD.
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TEMPERATURERANGES

TABLE 14 — FLAG OPERATION BOUNDARIES & TIMING

Empty Flag, EF Flag Boundary

Full Flag, FF Boundary

/0 Set-Up EF Boundary Condition

I/0 Set-Up

FF Boundary Condition

EF Goes HIGH after 1 Write
(seenote 1 below for timing)

In40 to out40 (Almost Empty Mode)
(Both ports selected for same queue
when the 1%t Word is written in)

In40 to out40
(Bothports selected for same queue
when the 15t Word is written in)

FF Goes LOW after D Writes
(seenote below fortiming)

EF Goes HIGH after 1 Write
(seenote 1 below fortiming)

In40 to out20
(Both ports selected for same queue
when the 1%t Word is written in)

In40 to out40
(Write portonly selected for queue
when the 1%t Word is written in)

FF Goes LOW after D Writes
(seenote below fortiming)

EF Goes HIGH after 1= Write
(seenote 1 belowfortiming)

In20 to out40
(Both ports selected for same queue
when the 15t Word is written in)

NOTE:
1. EF Timing
Assertion:
Write to EF HIGH: tSKEW1 + RCLK + tROV
If tSKEW1 is violated there may be 1 added clock: tSKEW1 + 2 RCLK + tREF
De-assertion:
Read Operation to EF HIGH: tREF
2. In40 = SDR40 or DDR20

In20 = SDR20

Programmable Almost Full Flag, PAF & PAFn Bus Boundary

/0 Set-Up PAF & PAFn Boundary
in40to out40 PAF/PAFn Goes LOW after
(Both ports selected for same queue whenthe 1 | D-mWrites
Word is written in until the boundary isreached) | (see note below fortiming)
in40to out40 PAF/PAFn Goes LOW after
(Write portonly selected for same queue whenthe | D-mWrites
18'Word is written in untilthe boundary is reached)| (see note below fortiming)
in40to out20 PAF/PAFn Goes LOW after

D-mWrites (see belowfortiming),
NOTE:

D = Queue Depth
m = Almost Full Offset value.
1. In40 = SDR40 or DDR20

In20 = SDR20

PAF Timing
Assertion:  Write Operation to PAF LOW: 3 WCLK + twAF
De-assertion: Read to PAF HIGH: tSKEW2 + WCLK + twWAF

If tSKEW2 is violated there may be 1 added clock: tSKEW2 + 3 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 + 3 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.

95

In40 to out20
(Bothports selected for same queue
when the 15t Word is written in)

FF Goes LOW after D Writes
(seenote belowfortiming)

In40 to out20
(Write portonly selected for queue
when the 1%t Word is written in)

FF Goes LOW after D Writes
(seenote below fortiming)

In20 to out40
Both ports selected for same queue
when the 15t Word is written in)

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

In20 to out40
(Write portonly selected for queue

when the 1%t Word is written in)

FF Goes LOW after (D x 2) Writes
(seenote below fortiming)

NOTE:
D = Queue Depth
FF Timing
Assertion: .
Write Operation to FF LOW: tWFF

De-assertion:
Read to FF HIGH: tSKEW1 + tWFF

If tSKEWL1 is violated there may be 1 added clock: tSKEW1+WCLK +WFF

1. In40 = SDR40 or DDR20
In20 = SDR20
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TABLE 14 — FLAG OPERATION BOUNDARIES & TIMING (CONTINUED)

Programmable Almost Empty Flag, PAE Boundary Programmable Almost Empty Flag Bus, PAEn Boundary
I/O Set-Up PAE Assertion I/0 Set-Up PAEn Boundary Condition
in40 to out40 PAE Goes HIGH after n+1 in40 to out40 PAEN Goes HIGH after
(Both ports selected for same queue whenthe 1% | Writes (Both ports selected for same queue whenthe 1 | n+1Writes
Wordis writtenin untilthe boundaryisreached) | (see note below fortiming) Wordiswrittenin until the boundary is reached) (see note below fortiming)
in40 to out20 PAE Goes HIGH after n+1 in40 to out40 PAEn Goes HIGH after
(Both ports selected for same queue whenthe 13 | Writes (Write portonly selected for same queue whenthe | n+1Writes
Word iswritten in until the boundaryisreached) | (seenote below fortiming) 1%Word is written in until the boundary is reached) | (see note belowfor timing)
in20 to out40 PAE Goes HIGH after in40 to out20 PAEn Goes HIGH after n+1
(Both ports selected for same queue whenthe 15t | ([n+1] x 2) Writes Writes (see below fortiming)
Word is writtenin untilthe boundaryisreached) | (seenote belowfortiming) in20to out40 PAEN Goes HIGH after
(Both ports selected for same queue whenthe 1%t | ([n+1] x 2) Writes
NQTE: Word is written in until the boundary is reached) (see note below fortiming)
n = Almost Empty Offset value. - —
1. In40 = SDR40 or DDR20 in20 to out40 PAEnN Goes HIGH after
In20 = SDR20 (Write portonly selected for same queue whenthe | ([n+1] x 2) Writes
1'Word is written in until the boundary is reached) | (see note below for timing)
PAE Timing
Assertion:  Read Operation to PAE LOW: 3 RCLK + tRAE NOTE:

De-assertion: Write to PAE HIGH: tSKEW2 + RCLK + tRAE
If tSKEW2 is violated there may be 1 added clock: tSKEW2 + 3 RCLK + tRAE

PAEn - POLLED BUS

IfFMis HIGH atmaster reset thenthe PAEn bus operatesin Polled (looped)
mode. In polled mode the PAEn bus automatically cycles through the 4 status
words within the device regardless of how many queues have been setupin
the part. Everyrising edge ofthe RCLK causesthe nextstatusword to be loaded
onthe PAEnbus. The device configured asthe master (MAST inputtied HIGH),
will take control ofthe PAEn after MRS goes LOW. For the whole RCLK cycle
thatthe first status word is on PAEn the ESYNC (PAEn bus sync) outputwill be
HIGH, for all other status words, thisESYNC output willbe LOW. ThisESYNC
output provides the user with a mark with which they can synchronize to the
PAEnbus, ESYNCisalways HIGH for the RCLK cycle that the first status word
of adevice is present on the PAEn bus.

When devices are connected in expansion configuration, only one device
will be setas 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 bus and will place ts first status word on the bus on the rising edge
of RCLK afterthe MRS inputgoes LOW. Forthe nextn RCLK cycles (n=number
of queuesdivided by 8with nincrementing by one should there be aremainder)

n = Almost Empty Offset value.
1. In40 = SDR40 or DDR20
In20 = SDR20

PAEn Timing
Assertion:
De-assertion:

Read Operation to PAEn LOW: 3 RCLK* + tPAE

Write to PAEn HIGH: tSKEW3 + RCLK* + tPAE
If tSKEW3 is violated there may be 1 added clock: tSKEW3 + 3 RCLK* + tPAE

* |f 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.

the master device will maintain control ofthe PAEn bus and cycleits status words
throughit, all other devices hold their PAEn outputs in High-Impedance. When
the master device has cycled all of its status words it passes a token to the next
deviceinthe chain andthat device assumes control of the PAEn bus and then
cyclesits statuswords and so on, the PAEn bus control token being passed on
from device to device. Thistoken passing is done viathe EXO outputs and EXI
inputs of the devices (‘PAE Expansion Out”and “PAE ExpansionIn”). The EXO
outputofthe master device connectstothe EXI ofthe second device inthe chain
andthe EXO of the second connects to the EXI of the third and so on. The final
deviceinachainhasits EXO connectedtothe EXI ofthefirstdevice, sothatonce
the PAEn bus has cycled through all status words of all devices, control of the
PAEn will pass to the master device again and so on. The ESYNC of each
respective device will operate independently and simply indicate when that
respective device hastaken control of the bus andis placingits first status word
ontothe PAEn bus.

When operatingin single device mode the EXlinputmust be connectedto
the EXO outputofthe same device. In single device mode atokenis still required
to be passed into the device for accessing the PAEn bus.
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TABLE 15 — INTERFACE DATA RATES

Supported Data Transfer Rate
Input Interface Output Interface Combination
SDR SDR Yes
SDR DDR Yes
DDR SDR Yes
DDR DDR Yes

INPUT INTERFACE

Theinputportwill supporteither Edge Aligned data clocking or Center Aligned
dataclocking. Nodevice configurationis required. For reference XGMIl uses
centeraligned clocking.

Theinputinterface will supporteither Single Data Rate (SDR) data transfers
or Double Data Rate (DDR) data transfers.

—>| DDR Cycle Time
1

OUTPUTINTERFACE

The outputinterface will provide a Centered Aligned data clock for Double
DataRate (DDR) operation and Edge Aligned data clock for Single Data Rate
(SDR) operation. The output interface will support either Single Data Rate
(SDR) data transfers or Double Data Rate (DDR) data transfers.

Note, the sum of (tamax + tsu min) must be less than the cycle time.

le—
fiow N A AN

Data

X0t XX

Figure 34. DDR Source Synchronous Center Aligned Clocking

|<7 SDR Cycle Time 4>|

ct AX

/ N
X

Figure 35. SDR Edge Aligned Clocking
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BUS MATCHING OPERATION

Bus Matching operation between the input portand output portis available.
Duringamaster reset of the multi-queue the state ofthe three setup pins, BM
[3:0] (Bus Matching), determine the inputand output port bus widths as shown
inTable 16, “Bus Matching Configurations”. 20 bitwords and 40 bitwords can
be writteninto and read from the Queues. Whenwriting to or reading fromthe
multi-queueinabus matching mode, the device ordersdataina“Little Endian”
format. See Figure 36, Bus Matching Byte Arrangement for details.

The Fullflag and Almost Full flag operation is always based on writes and
reads of datawidths determined by the write portwidth. Forexample, iftthe input

TEMPERATURERANGES

portis x40 andthe output portis x20, thentwo datareads fromafull queue will
be required to cause the full flag to go HIGH (queue not full). Conversely, the
Empty flagand Almost Empty flag operations are always based onwrites and
reads of datawidths determined by the read port. For example, ifthe input port
isx20andthe output portis x40, 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 all queues withinadevice, as does the output
port, therefore the inputbus widthto all queuesis equal (determined by the input
portsize) and the output bus width from all queues is equal (determined by the

outputportsize).

TABLE 16 —BUS-MATCHING CONFIGURATIONS

BM3 | BM2 Write Read

(IDR) | (ODR) | BM1 | BM0 Port Port PAE Default PAF Default
0 0 0 0 DDR x40 | DDR x40 16 D-16
0 0 0 1 DDR x40 | DDR x20 16 D-16
0 0 1 0 DDR x40 | SDR x40 16 D-16
0 0 1 1 DDR x40 | SDR x20 16 D-16
0 1 0 0 DDR x20 | DDR x40 16 D-16
0 1 0 1 DDR x20 | DDR x20 32 D-32
0 1 1 0 DDR x20 | SDR x40 32 D-32
0 1 1 1 DDR x20 | SDR x20 32 D-32
1 0 0 0 SDR x40 | DDR x40 16 D-16
1 0 0 1 SDR x40 | DDR x20 32 D-32
1 0 1 0 SDR x40 | SDR x40 32 D-32
1 0 1 1 SDR x40 | SDR x20 32 D-32
1 1 0 0 SDR x20 | DDR x40 16 D-16
1 1 0 1 SDR x20 | DDR x20 32 D-32
1 1 1 0 SDR x20 | SDR x40 32 D-32
1 1 1 1 SDR x20 | SDR x20 64 D-64
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BYTE ORDER ON INPUT PORT: D39-D30 D29-D20 D19-D10 D9-D0O
A B C D Write to Queue
BYTE ORDER ON OUTPUT PORT: Q39-Q30 Q29-Q20 Q19-Q10 Q9-Q0
A B C D Read from Queue

(a) x40 INPUT to x40 OUTPUT

D39-D30 D29-D20 D19-D10 D9-DO

A B C D Write to Queue

Q39-Q30 Q29-Q20 Q19-Q10 Q9-Q0

A B 1st: Read from Queue

Q39-Q30 Q29-Q20 Q19-Q10 Q9-Q0

(o] D 2nd: Read from Queue

(b) x40 INPUT to x20 OUTPUT

BYTE ORDER ON INPUT PORT: D39-D30 D29-D20 D19-D10 D9-DO

A B Write to Queue

Q39-Q30 Q29-Q20 Q19-Q10 Q9-Q0

A B Read from Queue

(c) x20 INPUT to x20 OUTPUT

BYTE ORDER ON OUTPUT PORT:

D39-D30 D29-D20 D19-D10 D9-DO

A B 1st: Write to Queue
D39-D30 D29-D20 D19-D10 D9-D0

(o] D 2nd: Write to Queue

Q39-Q30 Q29-Q20 Q19-Q10 Q9-Q0

(o] D A B Read from Queue

(d) x20 INPUT to x40 OUTPUT

6724 drw28

NOTES:
1. Please refer to Table 16, Bus-Matching set-up for detalils.
2. @ Data bits not used in this configuration.

Figure 36. Bus-Matching Byte Arrangement
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<+—tRSS >

4= tRSS ™

5
o

505

NS

r*— tRSS —*|

BM[3:0]

[+ tRSS > HIGH = Polled mode

g kS

FM LOW = Strobed (Direct)

[*+—tRSS ™ HIGH = Master Device

!

MAST LOW = Slave Device

[ tRSs | HIGH = Queue Programming

DFM E i > LOW = Serial Programming
[4—tRSS |
QSEL [2:0] ; i > See Table 2, for setting the Queue Programming
<— tRSF |
— HIGH-Z if Slave Device
FF ] R e e e e e e ST S
LOGIC "0" if Master Device
< tRSF —*|
EF _ HIGH-Z if Slave Device  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
LOGIC "0" if Master Device
< tRSF ™ LOGIC "1" if Master Device
PAF - HIGHZIfSlave 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 HiGHZ T Siave Device
< tRSF —*|
5aEn _ _HIGH-ZifSlaveDeviee  _ _ _ _ _ _ _ _ _ ___________________
LOGIC "0" if Master Device
< tRSF ™ LOGIC "1" if OE is LOW and device is Master
an T T T HIGH-Zif OE is HIGH or Device is Slave
6724 drw46
NOTE:
1. OE can toggle during this period. Figure 37. Master Reset
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits

Master Reset O PY S
Default Mode $5
DFM =0 ; y : y ¢
DFM MRS DFM MRS DFM MRS
MQ1 MQ2 MQn
Serial Enable —»| SENI SENO|—p»| SENI SENO ¢ p-| SENI Mastersgno |—p Serial Loading
ID=000’ Complete
Serial Input —»| SI SO |—»| Sl SO ————» s SO

SCLK SCLK SCLK

Serial Clock I I T 6724 drw50

Figure 40. Serial Port Connection for Serial Programming
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL
(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits TEMPERATURERANGES

20
m
b4

s
(%]

RDADD Y WWWWWWX

ftQH
RADEN ]
/tA /-tA /tA /‘tA
Q[39:0] X1 ;g X2 X X3 X X4 X X5 ;|< X6 X X7 ;g X8 X X9 ;l< X10X_
~—tREF ~—tREF ~—tREF
EF
-~ IRAE ~—IRAE
PAE
6724 drw56a
NOTES:

1. On Cycle 2, Queue Y is addressed to read data from.

2. On Cycle 6, Queue Y data is available on the Read bus

3. On Cycle 5, EF and PAE flags have updated to give the status for Queue Y

4. Previous Data from Queue X will be read during queue switch until 3 cycle latency from queue switch, plus 1 cycle Read delay of the first word in Queue Y is completed.
5. REN is high for falling edge of cycle 3 and all of cycle 4 which means Words X6-X8 will not be available for read operation

Figure 47. DDR Read Operation, Read Queue Select, EF & PAE Flag Operation

70 FEBRUARY 11,2009



COMMERCIAL ANDINDUSTRIAL

(7))
L
o
>
(1]
(=]
-
(@)
o
-
4
(@)
S
=
(@)
-
LL
L
=
]
2
Q
s
-
=2
=
>
o
-
N~
N~
N~
-
T
o
S
~
©
~
-
n
o
N
N~
[
a

TEMPERATURERANGES

(2]
=
o]
[=]
o)
Sk
(=]
o
2
-
-
T

c

«©
(=]
<
o
(2]
(2]
c2
0
=
o
=
<<
o
2
o
L.
=
(®]
(&)
L
=]
=
E
om
(=]
<
—_—
(2]
1]
=)
L
=2
(¢}
[-e]
N
A

8SMIP ¥2L9

(apow 1)) pealay pue e 199]9S ananQ) peay ‘g ainbi4

‘paylew sI 9, dnand |«

‘pA18Ias I 9, anand  xHx

‘paysew jou Ing pajdslas Sl 4, anand  «Qx«

394D

‘youms ananb e Buunp 1220 Auo ued ananb e Buprep ‘gz
awn uaAlb Aue 1e paylew aq ued ananb T AuQ ‘T
‘S310N

“—so} HO

N3avd

COOXXRH XXX AKX AKX XXX

aavad

Z
LI
[asy

M10d

FEBRUARY 11,2009

71



COMMERCIAL ANDINDUSTRIAL

(7))
L
)
>
L
(a]
.|
o
1
[
P
(]
-
=
o
.|
L.
LU
>
w
=2
Q
s
|
=2
=
>
¢y
-
~
~
~
-
Lo
o
N
~
[{e]
~
-
Lo
o
N
~
[
a

TEMPERATURERANGES

(2]
=
Ne]
(=]
©
4’
©
o
7’
-
=
T

c

©
(=)
<
By
22}
(22}
2
0
Z
o
=
<
o
2
O
LL
=
O
o
w
a
=
E
[11]
o
<
(2}
w
2
w
2
o
©
N
Z

uonesado pesy ¥aaq Jo) Anus-ay anand) uo SIsuIod apoj 10g 05 a4nbi4

BE0MIP $2L9

@oow oo | %O | 9O | SO i SO | &GO | SO | O | 9O | 99O | 9O | 9O | 0O

m?:XVAﬁEX m—+:XVAm_.+:X :.+:XVA0_V+EX mo+cXVAho+:> wo+:>VAmo+:> ¢o+:>VAmo+:> NO+:>VAE+:> uA VAO_V.EX mo+:XV,Awo+:X B+:XVA@0+:X mo+:XVA¢o+:X mo+:XVWAmo+:X S+cXVA ux oo
o o e W i i i o s el oW i
! ! ! , B ! ! ! ! ! ! ! 3avd
43
! ! ! , § N3
; L 4410000 01400000 | 1110000
vooooooo%g%xma X voooooooooooooooo% %00 X §§§§ 510 X aavay
R [ , , > LIL

HY} ~—sv}
: , P wﬁ , , , , van wﬁ N3avy

IQ \ l soy i , ” | .._9 AN
(ww / ww / \i‘(\dﬁ /|wh E‘/ wk /Lki‘ x._om

M KN Sl Wy R He N s =R Qs Ox K-N A

_._S\ L N—8V]

uonesado peay ¥aq Jo} Aus-ay anangd Uo SI2UI0d SPO pIepuels “6i a4nbi4

60MIP $2L9

woow 9o | O | O | SO | SO | SO | SO | 99O | D | O | 9O | 99O | PO

L TI;XVA@ F+Cx g F+Cx VAV _.+Cx [ _.+Cx v,AN _.+Cx I _.+Cx v,ANO+C> w0+r_> VAmO+C> AVO+C> VA®O+C> NO+C>VAFO+C> C> VAO —+Cx mO+CXVAw0+CX NO+CXV,A©O+CX mo+cxv,AVO+Cx mo+cxv,ANO+Cx —O+CX VA Cx wﬂ_OO
- ».
AF @r  woh Wo o @S- @r @r @r @ er erh W o
43
, , N3
! ! ! Lk Sooo 0 F Soooo L Sooo
XK ARARK AR IR AR AKAK AKX KKK K §HD MA XXXXXXXXXXXXXXXX 00 MA XXXXXXXXXXXXXXXXX% SKD MA aavay
m m m ” Is \ 1 N—swv ” T gy L HY —sv}
, , — | : ” N w)m van w)m NIavd
Ig o g ” ; TS IbZAg RS-} | IQ oo

*s_; ,,._,, u,v? ,,? «_,, L.? «Gu, ﬁ_* *m_« ,,n_,, ,,0,, «m_,, ,,<,,

FEBRUARY 11,2009

72



TEMPERATURERANGES

COMMERCIAL ANDINDUSTRIAL

(440 = 11d ‘spow yas)

(epow 1 Q) suoneladp peay Yum Uondsjas anand) peay ‘TS ainbi4 peal s 40 10} XM PIOM +dls

‘peal sl ud) 10} z+ap\ PIOM £Ox

‘pajenul s uonesado pesy N«

'Sng 00 8y} Uo surewal z+ap ud) PIOM «Ws«

'Sng 00 8y} UO Surewal z+ap ud) PIOM T«

"HOIH SI NJY 8ouIs snq Indino ay} uo day SI pIOM WUBIIND « M«

T ‘pajasies urebe st dd ‘enanb 8yl [«

‘peal s uQ JO OM PIOM  «lx

‘peal si O Jo T+HAM PIOM xHx

‘pajeniul S uonesado pesy 49y

'Sng oY Uo surewsal T+apn dO ‘sindd0 uonelado peal ou 810§eIay) PaUasSe Jou S| NIY «dx
*SNg N0Y) U0 Surewal T+ap dY) ‘sindoo uonesado peal ou 810jelay) PaLasSe 10U SI NIY «I«
*SNg N0Y) Lo Surewal T+ap dY) ‘sindoo uonesado peal ou 810jelay) PaUasSe 10U SI NIY «Ox
*sng N0Q) uo surewal T+ap do “suonesado 1od peal Joj pa1dejas SI UY ‘anenb MaU Y 4O
'sng Indino 8y uo surewas T+ap\ dO) piom ‘pajqesIp ale Speay «H

*dd) ‘ananb payoaes uasald ayy woly peal st ap dd) pIOM xV«

Ikl
oamp vz
43
vf M 90 MA BRITXe) vT BRI} MA FaM IO VT ) MA STV Te) VT [TT) 1n0D
v v v v~ v v v
% u\ 1 N3avy

o— “soy Hol— 50}

% o) v TE&%MKM% aavay
- e
Hy—

-~
= | \-sv}

le‘IZmu\v wzw«w WIZM— ‘wzwuu
P L S NN ' N 104

e «Hx #Ds wds =N Pl i «Ou #8s Ve

(]
=
Q2
[/ K=
w e
s
> o
o~
o«
-
OoT
(o
=
ZQ
O«
Qo
=2
[o]
Tz
w S
m g
2
g >
=R
- L
=
=8
o W
~0
K=
~E
o M
o o
S
7
5w
=@
=)
nQ
(<]
=
oz

FEBRUARY 11,2009

73



COMMERCIAL ANDINDUSTRIAL

(7))
L
)
>
L
(o
.|
o
o
[
=
(]
Q
=
o
.|
L.
L
>
w
=2
Q
s
|
=2
=
>
¢y
-
~
~
~
-
(o]
o
N
~
[{e]
~
-
Lo
o
N
~
[
a

TEMPERATURERANGES

(2]
=
Ne]
(=]
©
4’
©
o
7’
-
=
T

c

©
(=)
<
By
22}
(22}
2
0
Z
o
=
<
o
2
O
LL
=
O
o
w
a
=
E
[11]
o
<
(2}
w
2
w
2
o
©
N
Z

Buiwil 30 pue uoneladp peay 19913S anangd) peay zG ainbi

VO Wolj pess S| EM PIOM «Mx
VO Woy peal s ZW ‘PIOM  «[x
‘'vO woly peal si TAW ‘piop Aidwa Ajenoe si ananb syl uod peal syl uo parases Si gd) ‘anand) |«
"¥O woy peal st OM PIOM «Hx

‘pajqeus urebe are speay

‘pareniul y anand wol peay

‘SN Indino ay) uo surewsas vO Jo OM ‘PIom dlojaiay pajqesip ale speay
‘uonelado peas ou S| a1yl dJUIS snq Indino uo 1day erep snoinaid
‘uonelado peas ou S| a1yl dJUIS Snq Indino uo 1day erep snoinaid

"HOIH = N3Y uonessdo peas oN

*Ox
=N
xdx
*Qx
*Ox
*»8x

‘fidwa 01 peas sem ananb snoinaid ayr 89k Siyy uo ybBnoys ey |IM BIep ON "Speal Joj Paldg|as SI Y anand) «V«

EIRYe)
"pajjonuod souepadwl-ybiH 8q 01 SBOIASP |[e JO SsSN INdINo Byl smojfe SIyL “Jaiefol PaloBuLIod 8g Pinoys s8diABp e Jo sindul 3O 8yl uoieInByuod uoisuedxd uf 'T
‘S310N
L9MIp ¥2L9
SM YO vﬂA M YO VW M YO VW ZM YO vﬁ LM YO VW OM YO VW Je1sibey IndinQ ul eleQ Shoinald @ oo
—— Z7101
5\ 5\ 5\ 5\ <~\ 5\ 5\ 9
NIQ\ 30
MAFLN I N3avy
WO | =soy W | sy
% 0 vOAXXXXXXvOAXXvOOOOAXvOAXXXXXXXXXXXXXVQXXXXXXXX% g‘ulu@ aavay
i T T w— | s
LJ N3H
|
\snay HnzE— snay
/LN|/|NN|/|\N|/|\N|/|\N|(\ N A10d

AN

FEBRUARY 11,2009

74



IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL
(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits TEMPERATURERANGES
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 tAFLZ
PAF HIGH-Z pil L
(Device 1)

— tFFHZ
PAF
(Device 2) A

6724 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 HIGH to LOW. 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.

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

Figure 53. Almost Full Flag Timing and Queue Switch

teLKL—— — tCLKL
WCLK 7'2 i ;m N

tENS —~ | — tENH
]

- \‘i 4;11 L tWAF AZL L twWAF

PAF &)

D - (m+1) words in Queue

D - m words in Queue D-(m+1) words
in Queue

tSKEW2 —

TN AN AN NN DN N
- tens —~ | o tENH

EN 6724 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 54. Almost Full Flag Timing
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BAE n+1 words in Queue i
PAE n+2 words in Queue n+1 words in Queue
— tSKEW2 tRAE —
RCLK \_/_\:;IZ
tENS — ~—tENH
EN 6724 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 + trRAE
De-assertion: tskew2 + RCLK + tRAE

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

Figure 55. AlImost Empty Flag Timing
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RCLK EZ_\_/—\_7!—\_7(—\_‘j/_\_7(—\_7(—\_/—
s~ |, ~fon tQS—#a—tQH e tas—»1etQH -
Device 1 Device 1 Device 1
Status Word 2 Status Word 3 Status Word 0
RDADD X}(X)F;;xxw MW}E 0010011 )E 001x000 J< <
tsT tSTH
tsTs~ ~1sTH S— —
ESTR
/'(PAE /tPAE /tPAE
re—— [ |
PAENn A Device 1 Status Word 2 %evice 1 Status Word }l([)evice 1 Status Word 0
tEN S0 ol /-;ENH '[ENS=\ . ~tENH
RADEN DO AKX XX ~ XXX
6724 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 56. PAEn - Direct Mode - Status Word Selection

WCLK (—\{\_‘j(—\_;‘_\gz—\_/_
taH
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Device 1 Device 1 Device 1
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WRADD X X X K 001xxx01 001xxx11 001xxx10 DXL AKX XX
tsTS tsTH tsT! tsTH
PR o <o
FSTR
tPAF tPAF tPAF
Ll leC leC
PAFn J Device 1 Status Word 1 )Lﬁevice 1 Status Word ?k Device 1 Status Word 2
tENS tENH tENS tENH
e AN Lo
WADEN K ALK A AR A
6724 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 57. PAFn - Direct Mode - Status Word Selection
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*A* *B* *c* *D* *E* *F* *G* *H*
1
Welk TN A N\ ¥ S A N A K A
tas — —taH tas— — taH
WADEN 7F ﬂ( 7F _*
tsTS T — tSTH
FSTR J _4‘
tENS tENH
)l;\_, e »
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WS~ |~ >k D |t Dl
WRADD D5Q24 X X X X XX X XXX X>E D3Q8 XXX XX XXX
t
101{11000 ios 1DH S o] [tDH N /tDH 011 OTOOO
on KK o K Wort Wor2 W K Wi
Writes to Previous Q D5Q24
—tSKEW3
-
RCLK A 74_\_7%4 £ 7%4_\_/_\
tQ o tQH
RADEN 13
tsTs — T tSTH
ESTR 7l QK
tENS tENH
< e
EN
tAs~ (tAH tAS — ~—tAH
ADADD XXX KBt KT KX Ko i K XKL KT KKK I I II KKK KIS
101{11000 101|00011
la—tA -tA - tA»] < tA < tA>|
Device 5 -Qn Wa Wa+1 ;( Wy )k Wy+1 Wy+2 Wy+3
D5 Q17 ‘ D5 P17 DS‘ Q24 DS‘ Q24 D5|Q24 D5 Q24
Prev PAEN Previous value loaded on to PAE bus
<« (PAEHZ /tPAE
tPAEZL—_ -l
Device 5 PAEn XXXX XXX1 XXXX XXXO0
D5 SW 3 D5 SW 3
Bus PAEN Previous value loaded on to PAE bus K xxxx xxx1 XXXX XXXO
D5 SW 3 D5 SW 3
—1tRAE _—1RAE _—tRAE
Device 5 PAE D5 Q17 Status D5 Q24
‘ ‘ status 6724 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.
*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 + trae (if tskews is violated one extra RCLK cycle will be added).
*DD* 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|0].
*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 58. PAEN - Direct Mode, Flag Operation
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D0|Q31 DO|Q31 D0|Q31
— 4 (PAFLZ tPAF tPAF
Device 0 PAFn DOSW3 O0XXX XXXX DOSW3 TXXX XXXX DOSW3 OXXX XXXX
HIGH-Z ™ ‘
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*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. OF 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.
*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.
*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.
*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.

Figure 59. PAFn - Direct Mode, Flag Operation
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TEMPERATURERANGES
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P weik
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— REN |g
P| WCs oS |«
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FF EF >
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N D —
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6724 drw75

NOTE:

1. ID2 MUST be unique between the devices.

Figure 61. Connecting two 10G MQ 128Q devices in Expansion Mode
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Figure 62. Connecting THREE or more 10G MQ 128Q in Expansion Mode Using WADDR bit 7/RDADD bit 7
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JTAGINTERFACE The Standard JTAG interface consists of four basic elements:
. . . === . e  TestAccess Port(TAP)
Five additional pins (TDI, TDQ, TMS, TCK and TRST) are provided to e  TAPcontroller
support the JTAG boundary scan interface. The IDT72P51767/72P51777 e Instruction Register (IR)
incorporatesthe necessary tap controllerand modified pad cells toimplement e  Data Register Port (DR)
the JTAGfacility.
Note thatIDT provides appropriate Boundary Scan Description Language The following sections provide a brief description of each element. Fora
program files for these devices. complete description refertothe IEEE Standard Test Access Port Specification

(IEEE Std. 1149.1-1990).

The Figure below shows the standard Boundary-Scan Architecture

x
—|Boundary Scan Reg.l
TDO
TDI — < >l
clkDR, ShiftDR
TMS UpdateDR
> TAP
TCLK
=" ContH
TRST > I
rofler Instruction Decode |
clkIR, ShiftIR
Updatelﬁ
| Instruction Register |
Control Signals 6724 drw76
Figure 63. Boundary Scan Architecture
TEST ACCESS PORT (TAP) THETAP CONTROLLER
The Tap interface is a general-purpose port that provides access to the The Tap controlleris a synchronous finite state machine thatresponds to
internal ofthe processor. Itconsists of fourinput ports (TCLK, TMS, TDI, TRST)  TMSand TCLK signals to generate clock and control signals to the Instruction
and one output port (TDO). and Data Registers for capture and update of data.
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Y

1 Test-Logic
Reset

(A L 1

0 Run-Test/ 1

> Select- > Select-
Idle —p»| DR-Scan IR-Scan

L) *0 *o

1 Capture-DR 1_ Capture-IR

+0 0 *0 0
p.| Shift-DR || shift-IR

Input = TMS »| Exiti-DR [ | Exiti-IR !

Yo ﬂ Yo q
Pause-DR Pause-IR

1 1y

0| Exit2-DR 0 Exit2-IR
v 1y
Update-DR <& Update-IR | 4
1y *o 1y *o
< 6724 drw77

NOTES:

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

2. TAP controller does not automatically reset upon power-up. The user must provide a reset to the TAP controller (either by TRST or TMS).
3. TAP controller must be reset before normal Queue operations can begin.

Figure 64. TAP Controller State Diagram

Refer to the IEEE Standard Test Access Port Specification (IEEE Std. Capture-IR Inthis controller state, the shift register bankin the Instruction
1149.1) for the full state diagram. Register parallelloads a pattern of fixed values on the rising edge of TCK. The

Allstate transitions withinthe TAP controller occur attherisingedge ofthe  last two significant bits are always required to be “01”.
TCLK pulse. The TMSsignallevel (0 or 1) determines the state progression Shift-IR In this controller state, the instruction register gets connected
thatoccursoneach TCLK rising edge. The TAP controllertakes precedence  betweenTDIand TDO, andthe captured patterngets shifted on eachrising edge
over the Queue and must be reset after power up of the device. See TRST ~ of TCK. Theinstructionavailable onthe TDI pinis also shiftedintotheinstruction
descriptionfor more details on TAP controller reset. register.

Test-Logic-ResetAlltestlogicis disabled inthis controller state enabling Exit1-IR Thisisacontroller state where a decisionto enter either the Pause-
the normal operation of the IC. The TAP controller state machineis designed IR state or Update-IR state is made.

insuchaway that, no matter what the initial state of the controlleris, the Test- Pause-IR This state is provided in order to allow the shifting of instruction
Logic-Reset state can be entered by holding TMS athighand pulsing TCK five  register to be temporarily halted.
times. Thisis the reason why the Test Reset (TRST) pin is optional. Exit2-DR Thisisacontroller state where adecision to enter either the Shift-

Run-Test-Idle Inthis controller state, the testlogicinthe ICis active onlyif IR state or Update-IR state is made.
certaininstructions are present. For example, ifaninstruction activates the self Update-IR Inthis controller state, the instruction in the instructionregisteris
test, thenitwill be executed whenthe controller entersthis state. Thetestlogic  latchedintothe latch bank of the Instruction Register on every falling edge of

inthe ICisidles otherwise. TCK. Thisinstructionalso becomesthe currentinstruction onceitis latched.
Select-DR-Scan Thisis a controller state where the decision to enter the Capture-DRInthis controller state, the datais parallel loadedin to the data
DataPathorthe Select-IR-Scan state is made. registers selected by the currentinstruction onthe rising edge of TCK.

Select-IR-Scan This is a controller state where the decision to enter the Shift-DR, Exitl-DR, Pause-DR, Exit2-DR and Update-DR These
Instruction Pathis made. The Controller canreturntothe Test-Logic-Resetstate ~ controller states are similar to the Shift-IR, Exit1-IR, Pause-IR, Exit2-IR and
otherwise. Update-IR statesinthe Instruction path.
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THE INSTRUCTION REGISTER

The Instructionregister allows aninstructionto be shifted in serially into the
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. Theinstruction shifted intothe registerislatched
atthe completion of the shifting process whenthe TAP controlleris at Update-
IR state.

Theinstruction register must contain 4 bitinstruction register-based cells
whichcan holdinstruction data. These mandatory cells are located 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.

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

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

TEST BYPASS REGISTER

Theregister is used to allow test data to flow through the device from TDI
to TDO. ltcontainsasingle stage shiftregisterforaminimumlengthinserial path.
Whenthe bypass register is selected by aninstruction, the shiftregister stage
is settoalogic 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 loadedinto orread
outofthe processorinput/output ports. The Boundary Scan Register is 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 TAPinresponse to the IDCODE instruction.

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

For the IDT72P51767/72P51777, the Part Number field contains the
following values:

Device Part# Field (HEX)
IDT72P51767 048t
IDT72P51777 048e
31(MSh) 28 27 12 11 1 0(LSB)
Version (4 bits) | Part Number (16-bit) | Manufacturer ID (11-bit)
0X0 0X33 1

JTAG DEVICE IDENTIFICATION REGISTER

85

TEMPERATURERANGES

JTAG INSTRUCTION REGISTER

The Instructionregister allows instruction to be serially inputinto the device
whenthe TAP controllerisin the Shift-IR state. The instructionis decodedto
performthe following:
Selecttest dataregistersthat may operate while the instruction is
current. The other test data registers should not interfere with chip
operationandthe selected dataregister.
Define the serial testdataregister paththatis usedto shift data between
TDIand TDO during data register scanning.

The Instruction Register isa4 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 Scan Register
02 IDCODE Select Chip Identification dataregister
03 HIGH-IMPEDANCE | JTAG
OF BYPASS SelectBypass Register

JTAG INSTRUCTION REGISTER DECODING

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

EXTEST

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

IDCODE

The optional IDCODE instructionallowsthe ICtoremaininits functional mode
and selectsthe optional device identification register to 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 notinterfere with the
operationoftheIC. Also, accessto the device identification register should be
immediately available, viaa TAP data-scan operation, after power-up of the
ICorafterthe TAP has been reset using the optional TRST pin or by otherwise
moving tothe Test-Logic-Resetstate.

SAMPLE/PRELOAD

The required SAMPLE/PRELOAD instruction allows the ICtoremainina
normalfunctional mode and selectsthe boundary-scanregisterto be connected
between TDIand TDO. During thisinstruction, the boundary-scan register can
be accessedviaadate scan operation, to take asample of the functional data
entering and leaving the IC. This instruction is also used to preload test data
intothe boundary-scan register before loadingan EXTEST instruction.
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HIGH-IMPEDANCE BYPASS
The optional High-Impedanceinstruction sets all outputs (including two-state The required BYPASS instruction allows the IC to remain in a normal

aswellasthree-state types) ofan ICtoadisabled (high-impedance) stateand ~ functional mode and selects the one-hit bypass register to be connected
selects the one-bit bypass register to be connected between TDIand TDO.  between TDI and TDO. The BYPASS instruction allows serial data to be
During thisinstruction, data canbe shifted throughthe bypassregisterfrom TDI  transferred throughthe IC from TDIto TDO without affecting the operation of

to TDO without affecting the condition ofthe IC outputs. thelC.
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IDT72P51767/72P51777 1.8V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIALANDINDUSTRIAL

(128 QUEUES) 40 BIT WIDE CONFIGURATION 5,898,240 and 11,796,480 bits TEMPERATURERANGES
¢ trek
t4\
t1 t2
TCK 1 SS / ™ /
t3-/
TDI/
TMS
tbs p{«toH
TDO TDO
— {6 —p>] tbo
TRST Notes to diagram: Srad o
t1 = trckLow
15 t2 = tTCKHIGH
8 = tTCKFALL
t4 = tTCKRISE
t5 = tRST (reset pulse width)
t6 = tRSR (reset recovery)
Figure 65. Standard JTAG Timing
JTAG
ACELECTRICALCHARACTERISTICS
(VDD = 2.5V =+ 5%; Tcase = 0°C to +85°C)
Parameter Symbol Test IDT72P51767
Conditions| IDT72P51777
Min. | Max.| Units
SYSTEMINTERFACE PARAMETERS JTAG Clock Input Period | trck - 100 - | ns
IDT72P51767
IDT72P51777 JTAG Clock HIGH tTCKHIGH - 40 - ns
JTAG Clock Low tTCKLOW - 40 - ns
Parameter Symbol | Test Conditions | Min. | Max.| Units JTAG ClockRise Time | tTckRrISE - -l 50 | ns
DataOutput toow - 20 [ ns JTAGClockFall Time | trckraLL - - | 50 | ns
DataOutputHold|  tooH® 0 - ns JTAG Reset tRST - 50 | - ns
Datalnput DS trise=3ns 10 o JTAG Reset Recovery | tRsR - 5 - | ns
tDH tfall=3ns 10
NOTE: NOTE:
1. 50pf loading on external output signals. 1. Guaranteed by design.
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ORDERING INFORMATION
XXXXX X XX X X X
’ Process /
D T P d Pack
evice Type ower Spee ackage Temperature
Range
Commercial (0°C to +70°C)
Industrial (-40°C to +85°C)
Green
IBB Ball Grid Array (BGA, BB376-1)
|6 Commercial Only Clock Cycle Time (tcLk)
|7-5 Commercial and Industrial [ Speed in Nanoseconds
{L Low Power

|72P51767 5,898,240 bits — 10G DDR Multi-Queue Flow-Control Device 1.8V
|72P51777 11,796,480 bits — 10G DDR Multi-Queue Flow-Control Device 1.8V

6724 drw79

NOTES:
1. Industrial temperature range product for the 7-5ns is available as a standard device. All other speed grades available by special order.
2. Green parts are available. For specific speeds contact your local sales office.

DATASHEET DOCUMENT HISTORY

01/18/2006 pgs. 1,17,19, 20, 30, and 31.
02/11/2009 pg. 88.

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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