- { 3.3VMULTI-QUEUE FLOW-CONTROL DEVICES
ENESAS (16 QUEUES) 18 BIT WIDE CONFIGURATION
589,824 bits IDT72V51433
1,179,648 bits IDT72V51443
2,359,296 bits IDT72V51453
FEATURES: 8 bit parallel flag status on both read and write ports

o Choose from among the following memory density options:

IDT72V51433 —  Total Available Memory = 589,824 bits
IDT72V51443 —  Total Available Memory = 1,179,648 bits
IDT72V51453 —  Total Available Memory = 2,359,296 bits

Configurable from 1 to 16 Queues

166 MHz High speed operation (6ns cycle time)

3.7ns access time

Queues may be configured at master reset from the pool of

Total Available Memory in blocks of 512 x 18 or 1,024 x 9

Independent Read and Write access per queue

o User programmable via serial port

o Default multi-queue device configurations
-IDT72V51433: 2,048 x 18 x 16Q or 4,096 x 9 x 16Q
-IDT72V51443: 4,096 x 18 x 16Q or 8,192 x 9 x 16Q
-IDT72V51453: 8,192 x 18 x 16Q or 16,384 x 9 x 16Q

o 100% Bus Utilization, Read and Write on every clock cycle

Individual, Active queue flags (OV, FF, PAE, PAF)

Shows PAE and PAF status of 8 Queues

Direct or polled operation of flag status bus

Global Bus Matching - (All Queues have same Input Bus Width
and Output Bus Width)

User Selectable Bus Matching Options:

- x18in to x18out

- x9in to x18out

- x18in to x9out

- x9in to x9out

FWFT mode of operation on read port

Partial Reset, clears data in single Queue

Expansion of up to 8 multi-queue devices in parallel is available
JTAG Functionality (Boundary Scan)

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

HIGH Performance submicron CMOS technology

Industrial temperature range (-40°C to +85°C) is available

FUNCTIONAL BLOCKDIAGRAM

MULTI-QUEUE FLOW-CONTROL DEVICE
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IDT72V51433/72V51443/72V51453 3.3V, MULTI-QUEUE FLOW-CONTROL DEVICES

COMMERCIAL AND INDUSTRIAL

(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits

DESCRIPTION:

The IDT72V51433/72V51443/72V51453 multi-queue flow-control de-
vices are single chip withinwhich anywhere between 1 and 16 discrete FIFO
queues canbe setup. Allqueues withinthe device have acommon datainput
bus, (write port) and acommon data outputbus, (read port). Data written into
the write port is directed to a respective queue via an internal de-multiplex
operation, addressed by the user. Data read fromthe read portis accessed
fromarespective queue viaaninternal multiplex operation, addressed by the
user. Datawrites and reads can be performed at high speeds upto 166MHz,
with access times of 3.7ns. Data write and read operations are totally
independent of each other, a queue maybe selected on the write portand a
different queue on the read port or both ports may select the same queue
simultaneously.

The device provides Full flag and Output Valid flag status for the queue
selected for write and read operations respectively. Also a Programmable
AlmostFulland Programmable Almost Empty flag for each queueis provided.
Two 8bit programmable flag busses are available, providing status of queues
notselected forwrite orread operations. When 8 or less queues are configured
in the device these flag busses provide an individual flag per queue, when
more than8 queues are used, eithera Polled or Directmode of bus operation
providesthe flag busses with all queues status.

TEMPERATURE RANGES

Bus Matching is available on this device, either port can be 9 bits or 18 bits
wide. When Bus Matchingis used the device ensuresthe logical transfer of data
throughputin aLittle Endian manner.

The user has full flexibility configuring queues within the device, being able
to program the total number of queues between 1 and 16, the individual queue
depths beingindependent of each other. The programmable flag positions are
also user programmable. All programming is done via a dedicated serial port.
Ifthe user does notwish to program the multi-queue device, adefault optionis
available that configures the device in a predetermined manner.

Both Master Resetand Partial Reset pinsare provided on this device. AMaster
Reset latches in all configuration setup pins and must be performed before
programming ofthe device cantake place. A Partial Reset will resetthe read and
write pointers of anindividual queue, provided that the queueis selected on both
the write portand read port at the time of partial reset.

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

See Figure 1, Multi-Queue Flow-Control Device Block Diagram foran outline
ofthe functional blocks within the device.
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Figure 1. Multi-Queue Flow-Control Device Block Diagram
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DETAILED DESCRIPTION

MULTI-QUEUE STRUCTURE

The IDT multi-queue flow-control device has a single data input port and
single data output portwith upto 16 FIFO queuesin parallel buffering between
thetwo ports. The user can setup between 1and 16 Queues withinthe device.
These queues canbe configuredto utilize the total available memory, providing
the userwith full flexibility and ability to configure the queuesto be various depths,
independent of one another.

MEMORY ORGANIZATION/ALLOCATION

The memory s organized into what is known as “blocks”, each block being
512x180r1,024x 9 bits. Whenthe useris configuring the number of queues
and individual queue sizes the user must allocate the memory to respective
queues, inunits of blocks, that is, a single queue can be made upfromOtom
blocks, where misthe total number of blocks available within adevice. Alsothe
total size of any given queue must be inincrements 0f 512 x 18 or 1,024 x 9.
Forthe IDT72V51433,IDT72V51443 and IDT72V51453 the Total Available
Memoryis 64, 128 and 256 blocks respectively (ablock being512x 18 or 1,024
x9). Ifany portis configured for x18 bus width, ablock size is 512 x 18. If both
the write and read ports are configured for x9 bus width, a block size is 1,024
x9. Queues canbe builtfromthese blocksto make any size queue desired and
any number of queues desired.

BUS WIDTHS

Theinput portiscommonto allqueues within the device, asisthe output port.
The device providesthe userwith Bus Matching options such thatthe input port
and output portcan be either x9 or x18 hits wide, the read and write portwidths
being setindependently of one another. Because the ports are commonto all
queuesthewidth of the queuesis notindividually set, so thatthe input width of
all queues are equal and the output width of all queues are equal.

WRITING TO & READING FROM THE MULTI-QUEUE

Data being writteninto the device viathe input portis directed toa discrete
queue viathe write queue selectaddressinputs. Conversely, databeing read
fromthe deviceread portisread fromaqueue selected viathe read queue select
addressinputs. Data canbe simultaneously written into and read from the same
queue or different queues. Once a queue is selected for data writes or reads,
the writing and reading operation is performed in the same manner as a
conventional IDT synchronous FIFO, utilizing clocks and enables, there isa
single clock and enable per port. When a specific queue is addressed on the
write port, data placed onthe datainputs is written to that queue sequentially
based ontherising edge of awrite clock provided setup and hold times are met.
Conversely, dataisread ontothe output portafter anaccesstime fromarising
edge on aread clock.

The operation ofthe write portis comparable to the function of a conventional
FIFO operatinginstandard IDT mode. Write operations can be performed on
thewrite port provided thatthe queue currently selectedis notfull, afullflag output
provides status of the selected queue. The operation of the read port is
comparable tothe function of a conventional FIFO operatingin FWFT mode.
When a queue is selected on the output port, the next word in that queue will
automatically fall throughto the outputregister. All subsequentwords fromthat
queue require an enabled read cycle. Data cannot be read from a selected
queueifthatqueueisempty, theread port provides an Output Valid flagindicating
when dataread outis valid. If the user switches to a queue that is empty, the
lastword from the previous queue will remain on the output register.

TEMPERATURE RANGES

Asmentioned, the write port has a full flag, providing full status of the selected
queue. Alongwiththe full flag a dedicated almost full flag s provided, this almost
fullflag is similarto the almost full flag of a conventional IDT FIFO. The device
provides a user programmable almost full flag for all 16 queues and when a
respective queue is selected onthe write port, the almostfull flag provides status
for that queue. Conversely, the read port has an output valid flag, providing
status of the data being read fromthe queue selected onthe read port. As well
asthe outputvalid flag the device provides a dedicated almostempty flag. This
almostemptyflagis similartothe almostempty flag of aconventional IDT FIFO.
The device provides a user programmable almostempty flag for all 16 queues
andwhenarespective queueis selected ontheread port, the almostempty flag
provides status forthatqueue.

PROGRAMMABLE FLAG BUSSES

Inadditiontothese dedicated flags, full & almost full on the write portand output
valid &almostempty onthe read port, there are two flag status busses. Analmost
fullflag status busis provided, this busis 8 bits wide. Also, analmostempty flag
status busis provided, again thisbusis 8 bits wide. The purpose of these flag
bussesisto provide the user withameans by which to monitor the datalevels
within queues that 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 16 queues in the device.

In the IDT72V51433/72V/51443/72V51453 multi-queue flow-control de-
vicesthe user has the option of utilizing anywhere between 1 and 16 queues,
therefore the 8 bitflag status busses are multiplexed between the 16 queues,
aflag bus can only provide status for 8 of the 16 queues at any moment, this
isreferredtoasa“Sector”, such thatwhenthe busis providing status of queues
1through 8, thisis sector 1, whenitis queues 9 through 16, thisis sector 2. If
lessthan 16 queues are setupinthe device, there are still 2 sectors, such that
in“Polled” mode of operation the flag bus will still cycle through 2 sectors. If for
exampleonly 14 queuesare setup, sector L willreflect status of queues 1 through
8. Sector 2 willreflectthe status of queues 9 through 14 on the least significant
6 bits, the most significant 2 bits of the flag bus are don't care.

The flag busses are available in two user selectable modes of operation,
“Polled” or “Direct”. When operating in polled mode a flag bus provides status
of each sector sequentially, thatis, on eachrising edge of a clock the flag bus
isupdatedto showthe status of each sectorinorder. The rising edge ofthe write
clockwillupdate the almost full bus and arising edge onthe read clock will update
the almost empty bus. The mode of operation is always the same for both the
almostfull and almostempty flag busses. When operating in direct mode, the
sectoronthe flag busis selected by the user. Sothe user can actually address
the sector to be placed on the flag status busses, these flag busses operate
independently of one another. Addressing of the almostfull flag bus is done via
the write portand addressing of the almost empty flag bus s done via the read
port.

EXPANSION

Expansion of multi-queue devices s also possible, up to 8 devices can be
connectedinaparallel fashion providing the possibility of both depth expansion
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 within a multi-queue device can be allocated toincrease the
depth of a queue. For example, depth expansion of 8 devices provides the
possibility of 8 queues of 32K x 18 deep withinthe IDT72V/51433, 64K x 18 deep
withinthe IDT72V51443, and 128K x 18 deep withinthe IDT72V51453, each

© 2019 Renesas Electronics Corporation



IDT72V51433/72V51443/72V51453 3.3V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIAL AND INDUSTRIAL

(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits TEMPERATURE RANGES

queue being setup withinasingle device utilizing allmemory blocks available  increase queue depths if desired. When connecting multi-queue devices in
to produce a single queue. Thisis the deepest queue that can setupwithina  expansionmode all respective input pins (data & control) and output pins (data
device. & flags), should be “connected” together between individual devices.

For queue expansion amaximum number of 128 (8 x 16) queues may be
setup. Ifless queues are setup, then more memory blocks will be available to
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PINDESCRIPTIONS
Symbol Name I/OTYPE Description
D[17:0] DatalnputBus LVTTL | Thesearethe 18 datainput pins. Data is written into the device via these input pins on the rising edge
Din INPUT | of WCLK provided that WENis LOW. Due to bus matching not allinputs may be used, any unusedinputs
should be tied LOW.
DF® DefaultFlag LVTTL | Iftheuserrequires default programming of the multi-queue device, this pinmust be setup before Master

INPUT | Resetandmustnottoggle duringany device operation. The state ofthisinputat masterreset determines
the value of the PAE/PAF flag offsets. If DF is LOW the value is 8, if DF is HIGH the value is 128.

DFM® DefaultMode LVTTL | The multi-queue device requires programming after master reset. The user can do this serially via the
INPUT | serial port, orthe user canuse the default method. If DFMis LOW at master reset then serial mode will be
selected, ifHIGH then default mode is selected.

ESTR PAEn Flag Bus LVTTL | Ifdirectoperationofthe PAEn bushas been selected, the ESTRinputis usedin conjunction with RCLK
Strobe INPUT | andthe RDADD bus to select a sector of queues to be placed on to the PAEn bus outputs. A sector
addressed viathe RDADD bus is selected on the rising edge of RCLK provided that ESTR is HIGH. If
Polled operations has been selected, ESTR should be tied inactive, LOW. Note, thataPAEn flag bus
selection cannotbe made, (ESTR mustNOT goactive) until programming of the parthas been completed
and SENO has gone LOW.

ESYNC PAEN Bus Sync LVTTL | ESYNCisanoutputfromthe multi-queue device that provides a synchronizing pulse forthe PAEn bus
OUTPUT | during Polled operation ofthe PAEn bus. During Polled operation each sector of queue status flagsis loaded
ontothe PAEn bus outputs sequentially based on RCLK. The first RCLK rising edge loads sector 1 on
to PAEN, the second RCLK rising edge loads sector 2. The third RCLK rising edge will again load sector
1. Duringthe RCLK cycle that sector 1 of aselected device s placed ontothe PAEn bus, the ESYNC output
will be HIGH. For sector 2 of that device, the ESYNC output will be LOW.

EXI PAEnBus LVTTL | The EXlinputis used when multi-queue devices are connected in expansion mode and Polled PAEn
Expansion In INPUT | bus operation has been selected . EXI of device ‘N’ connects directly to EXO of device ‘N-1’. The EXI

receives a token from the previous device in a chain. In single device mode the EXI input must be tied
LOW ifthe PAEnbusis operatedindirectmode. If the PAEn bus is operated in polled mode the EXIinput
mustbe connected tothe EXO output ofthe same device. Inexpansion mode the EXI of the first device
should be tied LOW, when direct mode is selected.

EXO PAEnBus LVTTL | EXOisanoutputthatis used when multi-queue devices are connected in expansion mode and Polled
Expansion Out OUTPUT | PAEnbus 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 2nd sector onto the PAEn bus with respect to RCLK. This pulse
(token)isthen passed onto the next device inthe chain ‘N+1’and on the next RCLK rising edge the first
sector of device N+1 will be loaded on tothe PAEn bus. This continues through the chain and EXO of the
last device is then looped back to EXI of the first device. The ESYNC output of each device inthe chain
provides synchronization to the user of this looping event.

FF Full Flag LVTTL | Thispinprovidesthefullflag outputforthe active queue, thatis, the queue selected on the input port for
OUTPUT | 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 on
the next cycle provided FF is HIGH. This flag has High-Impedance capability, this is important during
expansion of devices, whenthe FF flag output of up to 8 devices may be connected together onacommon
line. The device with a queue selected takes control of the FF bus, all other devices place their FF output
into High-Impedance. When a queue selection is made on the write port this output will switch from
High-Impedance control on the next WCLK cycle. This flag is synchronized to WCLK.

FM® Flag Mode LVTTL | Thispinis setup before amasterresetand mustnottoggle duringany device operation. The state ofthe
INPUT | FMpinduringMaster Resetwilldetermine whetherthe PAFnand PAEnflag busses operate in either Polled
or Directmode. If this pinis HIGH the mode is Polled, if LOW then it will be Direct.

FSTR PAFn Flag Bus LVTTL | Ifdirectoperation ofthe PAFnbus has beenselected, the FSTR inputis used in conjunctionwith WCLK
Strobe INPUT | andthe WRADD bus to selecta sector of queues to be placed on to the PAFn bus outputs. A sector
addressed viathe WRADD bus s 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, (FSTR mustNOT go active) until programming of the parthas been completed
and SENO has gone LOW.
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PINDESCRIPTIONS (CONTINUED)
Symbol Name I/IOTYPE Description

FSYNC PAFn Bus Sync LVTTL | FSYNCisan outputfromthe multi-queue device that provides a synchronizing pulse for the PAFn bus
OUTPUT | during Polled operation ofthe PAFn bus. During Polled operation each sector of queue status flagsis loaded
ontothe PAFnbus outputs sequentially based on WCLK. The first WCLK rising edge loads sector 1.on
to PAFn, the second WCLK rising edge loads sector 2. The third WCLK rising edge will again load
sector 1. During the WCLK cycle that sector 1 of a selected device is placed on to the PAFn bus, the
FSYNC output will be HIGH. For sector 2 of that device, the FSYNC output will be LOW.

FXI PAFnBus LVTTL | The FXlinputis used when multi-queue devices are connected in expansion mode and Polled PAFn
ExpansionIn INPUT | bus operation has been selected. FXI of device ‘N’ connects directly to FXO of device ‘N-1". The FXI
receives a token from the previous device in a chain. In single device mode the FXI input must be tied
LOW ifthe PAFnbusis operated in directmode. Ifthe PAFn busis operatedin polled mode the FXI input
mustbe connected to the FXO output of the same device. Inexpansion mode the FXI of the first device
should be tied LOW, when directmode is selected.

FXO PAFnBus LVTTL [ FXOisanoutputthatis used when multi-queue devices are connected in expansion mode and Polled
Expansion Out OUTPUT | PAFnbus operation has been selected . FXO of device ‘N’ connects directly to FXI of device ‘N+1". This
pin pulseswhen device N has placedits 2nd sector on tothe PAFn bus with respectto WCLK. This pulse
(token)isthen passed ontothe next device inthe chain ‘N+1’ and on the next WCLK rising edge the first
sector of device N+1 will be loaded on tothe PAFn bus. This continues through the chainand FXO of the
last device is thenlooped back to FXI of the first device. The FSYNC output of each device in the chain
provides synchronization to the user of this looping event.

ID[2:0]® | Device ID Pins LVTTL | Forthe 16Q multi-queue device the WRADD and RDADD address busses are 8 bitswide. Whenaqueue
INPUT | selectiontakes place the 3 MSb'’s of this 8 bit address bus are used to address the specific device (the
5LSh’s are used to address the queue within that device). During write/read operations the 3 MSb’s

ofthe address are comparedto the device ID pins. Thefirst device inachain of multi-queue’s (connected
in expansion mode), may be setup as ‘000’, the second as ‘001" and so on through to device 8 which
is‘111", however the ID does not have to match the device order. In single device mode these pins should
be setupas ‘000’ and the 3MSh’s ofthe WRADD and RDADD address busses should be tied LOW. The
ID[2:0] inputs setup a respective devices ID during master reset. These ID pins must nottoggle during
any device operation. Note, the device selected as the ‘Master’ does not have to have the ID of ‘000"

W Input Width LVTTL [ IWselectsthe buswidth for the data input bus. If W is LOW during a Master Reset then the bus width
INPUT [ isx18,if HIGH thenitis x9.
MAST® Master Device LVTTL [ ThestateofthisinputatMaster Resetdetermines whetheragiven device (withinachain of devices), isthe

INPUT | Masterdevice oraSlave. Ifthis pinis HIGH, the device isthe masterifitis LOWthenitisa Slave. The master
deviceisthefirsttotake control of all outputs afteramasterreset, all slave devices go to High-Impedance,
preventing bus contention. Ifa multi-queue device is being used in single device mode, this pin must
be setHIGH.

MRS Master Reset LVTTL | Amasterresetis performed bytaking MRS from HIGH to LOW, to HIGH. Device programming s required
INPUT [ aftermasterreset.

OE OutputEnable LVTTL | TheOutputenable signalisan Asynchronous signal used to provide three-state control ofthe multi-queue
INPUT | dataoutputbus, Qout. Ifadevice has been configured as a “Master” device, the Qout data outputs will
beinaLowImpedance conditionifthe OE inputis LOW. IfOE is HIGH then the Qout data outputs will be
inHighImpedance. Ifadevice is configured a“Slave” device, thenthe Qout data outputs will always be
inHighImpedance untilthatdevice has been selected on the Read Port, atwhich point OE provides three-
state of that respective device.

ov Output Valid Flag LVTTL | Thisoutputflag provides outputvalid status for the dataword presentonthe multi-queue flow-control device
OUTPUT | dataoutputport, Qout. Thisflagis therefore, 2-stage delayed to match the data output path delay. That
is, thereisa2 RCLK cycle delay fromthe time a given queue is selected for reads, tothe time the OV flag
representsthe datainthat respective queue. Whenaselected queue onthe read portis read to empty,
the OV flag will go HIGH, indicating that data on the output bus is not valid. The OV flag also has High-
Impedance capability, required when multiple devices are used and the OV flags are tied together.

ow® OutputWidth LVTTL [ OWselectsthe buswidthforthe data outputbus. If OWis LOW during a Master Resetthen the bus width
INPUT [ isx18,ifHIGH thenitis x9.
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PINDESCRIPTIONS (CONTINUED)

Symbol Name I/OTYPE Description

PAE Programmable LVTTL | Thispinprovidesthe Almost-Empty flag status for the queue thathas been selected on the output port
Almost-Empty Flag OUTPUT | for read operations, (selected via RCLK, RDADD and RADEN). This pin is LOW when the selected
queue is almost-empty. This flag output may be duplicated on one of the PAEn bus lines. This flag is
synchronizedto RCLK.

PAEn Programmable LVTTL | Onthe 16Qdevicethe PAEnbusis8 bitswide. This output bus provides PAE status of 8 queues (1 sector),
Almost-Empty FlagBus| OUTPUT | within a selected device, having atotal of 2 sectors. During queue read/write operations these outputs
provide programmable empty flag status, in either direct or polled mode. The mode of flag operation is
determined during master resetvia the state of the FMinput. This flag busis capable of High-Impedance
state, thisisimportant during expansion of multi-queue devices. During direct operation the PAEn busiis
updated to showthe PAE status of asector of queues within a selected device. Selection is made using
RCLK, ESTR and RDADD. During Polled operation the PAEn bus is loaded with the PAE status of
multi-queue flow-control sectors sequentially based on the rising edge of RCLK.

PAF Programmable LVTTL [ Thispinprovidesthe Almost-Fullflag status for the queue thathas been selected on the input port forwrite
Almost-Full Flag OUTPUT | operations, (selected via WCLK, WRADD and WADEN). This pinis LOW when the selected queue is
almost-full. Thisflag output may be duplicated on one ofthe PAFn buslines. Thisflagis synchronized to WCLK.

PAFn Programmable LVTTL | Onthe 16Q device the PAFn bus is 8 bits wide. At any one time this output bus provides PAF status of

Almost-FullFlagBus |OUTPUT | 8 queues (1 sector), within a selected device, having a total of 2 sectors. During queue read/write

operationsthese outputs provide programmable full flag status, in either direct or polled mode. The mode
offlag operation is determined during master reset via the state of the FMinput. This flag bus is capable
of High-Impedance state, thisisimportant during expansion of multi-queue devices. During direct operation
the PAFn busis updated to showthe PAF status of a sector of queues within a selected device. Selection
ismade using WCLK, FSTR, WRADD and WADEN. During Polled operation the PAFn busis loaded with
the PAF status of multi-queue flow-control sectors sequentially based onthe rising edge of WCLK.

PRS Partial Reset LVTTL | APartial Resetcanbe performedonasingle queue selectedwithinthe multi-queue device. Before a Partial
INPUT | Resetcan be performed on a queue, that queue must be selected on both the write port and read port
2 clock cycles before the reset s performed. A Partial Resetis then performed by taking PRS LOW for
one WCLK cycle and one RCLK cycle. The Partial Reset will only reset the read and write pointers to
the firstmemory location, none of the devices configuration will be changed.

Q[17:0] DataOutputBus LVTTL | Thesearethe 18 dataoutputpins. Dataisread outofthe device viathese output pins onthe rising edge
Qout OUTPUT [ of RCLK providedthat RENis LOW, OE is LOW and the queue is selected. Due to bus matching not all
outputs may be used, any unused outputs should not be connected.

RADEN Read AddressEnable | LVTTL | The RADEN inputis used in conjunction with RCLK and the RDADD address bus to select a queue to
INPUT | beread from. Aqueue addressed viathe RDADD bus s 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 cycleasESTR. Note,
that aread queue selection cannotbe made, (RADEN mustNOT go active) until programming of the part
has been completed and SENO has gone LOW.

RCLK Read Clock LVTTL | When enabled by REN, the rising edge of RCLK reads data from the selected queue via the output
INPUT | bus Qout. The queue to be read is selected via the RDADD address bus and a rising edge of RCLK
while RADEN isHIGH. Arising edge of RCLK in conjunctionwith ESTR and RDADD will also select the
PAEn flag sectorto be placed on the PAEn bus during direct flag operation. During polled flag operation
the PAEnbusis cycled withrespectto RCLK and the ESYNC signal is synchronized to RCLK. The PAE
and OV outputs are all synchronized to RCLK. During device expansion the EXO and EXI signals are
based on RCLK. RCLK must be continuous and free-running.

RDADD Read Address Bus LVTTL [ Forthe 16Q device the RDADD bus s 8 bits. The RDADD hus is a dual purpose address bus. The first
[7:0] INPUT | functionof RDADD isto selectaqueuetobe read from. Theleast significant4 bits of the bus, RDADDJ[3:0]
areusedtoaddress 1 of 16 possible queues withinamulti-queue device. Address pin, RDADD[4] provides
the userwith a Null-Q address. If the user does not wish to address one of the 16 queues, aNull-Q can
be addressed using this pin. The Null-Q operation is discussed in more detail later. The most significant
3bits, RDADD[7:5] are used to select 1 of 8 possible multi-queue devices that may be connected in

expansion mode. These 3MSh’s will address a device with the matching ID code. The address present
onthe RDADD bus will be selected on arising edge of RCLK provided that RADEN is HIGH, (note, that
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PINDESCRIPTIONS (CONTINUED)

Symbol

Name

I/OTYPE

Description

RDADD
[7:0]
(Continued)

Read Address Bus

LVTTL
INPUT

datacanbe placed ontothe Qoutbus, read fromthe previously selected queue onthisRCLK edge). On
the nextrising RCLK edge after aread queue select, a data word fromthe previous queue will be placed
ontothe outputs, Qout, regardless ofthe REN input. Two RCLK rising edges after read queue select, data
will be placed on to the Qout outputs from the newly selected queue, regardless of REN due to the first
word fallthrough effect.

The second function ofthe RDADD bus is to select the sector of queues to be loaded on to the PAEn bus
during strobed flag mode. The least significant bit, RDADD[0] is used to select the sector of a device to
be placed on the PAEn bus. The most significant 3 bits, RDADD[7:5] are again used to select 1 of 8
possible multi-queue devices thatmay be connected in expansion mode. Address bits RDADD[4:2] are
don'tcare during sector selection. The sector address present onthe RDADD bus will be selected onthe
rising edge of RCLK provided that ESTRis HIGH, (note, that data can be placed onto the Qout bus, read
fromthe previously selected queue onthis RCLK edge). Please referto Table 2 for details on RDADD bus.

Read Enable

LVTTL
INPUT

The REN input enables read operations from a selected queue based on arising edge of RCLK. A
queue to be read from can be selected via RCLK, RADEN and the RDADD address bus regardless
ofthe state of REN. Data fromanewly selected queue will be available onthe Qout output bus onthe second
RCLK cycle after queue selection regardless of REN due to the FWFT operation. Aread enable is not
required to cycle the PAEN bus (in polled mode) or to select the PAEn sector , (in direct mode).

SCLK

Serial Clock

LVTTL
INPUT

If serial programming of the multi-queue device has been selected during master reset, the SCLK input
clocksthe serial data through the multi-queue device. Data setup onthe Slinputisloadedintothe device
ontherising edge of SCLK provided that SENTis enabled, LOW. When expansion of devicesis performed
the SCLK of all devices should be connected to the same source.

[%2)
m
=

Serial Input Enable

LVTTL
INPUT

During serial programming of a multi-queue device, dataloaded onto the Slinputwill be clockedinto the
part (via arising edge of SCLK), provided the SENIinput of that device is LOW. If multiple devices are
cascaded, the SENIinput should be connected to the SENO output of the previous device. Sowhen serial
loading of a given device is complete, its SENO output goes LOW, allowing the next device inthe chain
to be programmed (SENOwill 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.

Serial Output Enable

LVTTL
OUTPUT

Thisoutputis usedtoindicate that serial programming or default programming of the multi-queue device
has been completed. SENO follows SENI once programming of adevice is complete. Therefore, SENO
willgo LOW after programming provided SENIis LOW, once SENI is taken HIGH again, SENO will also
goHIGH. Whenthe SENO outputgoes LOW, the device is ready to begin normal read/write operations.
If multiple devices are cascaded and serial programming of the devices will be used, the SENO output
should be connected to the SENIinput of the next device in the chain. When serial programming of the
firstdevice is complete, SENO will go LOW, thereby taking the SENI input of the next device LOW and
so on throughout the chain. When a given device in the chain is fully programmed the SENO output
essentially follows the SENIinput. The user should monitorthe SENO output ofthe final device inthe chain.
Whenthis outputgoes LOW, serial loading of all devices has been completed.

S|

Serial In

LVTTL
INPUT

During serial programming this pinis loaded with the serial data that will configure the multi-queue devices.
Data present on Sl will be loaded on a rising edge of SCLK provided that SENI is LOW. In expansion
mode the serial datainputis loadedinto thefirst device inachain. Whenthat device is loaded andits SENO
has gone LOW, the data present on Sl will be directly outputtothe SO output. The SO pin ofthe firstdevice
connectstothe Sl pinofthe second and so on. The multi-queue device setup registers are shiftregisters.

SO

Serial Out

LVTTL
OUTPUT

Thisoutputis used in expansion mode and allows serial data to be passed through devicesinthe chain
to complete programming of all devices. The Sl of adevice connects to SO of the previous device inthe
chain. The SO of the final device in a chain should not be connected.

TCK®

JTAG Clock

LVTTL
INPUT

Clockinput for JTAG function. One of four terminals required by IEEE Standard 1149.1-1990. Test
operations ofthe device are synchronousto TCK. Data from TMS and TDI are sampled on therising edge
of TCKand outputs change onthe falling edge of TCK. Ifthe JTAG functionis not used this signal needs
to be tied to GND.

TDI®

JTAG TestData
Input

LVTTL
INPUT

One of four terminals required by IEEE Standard 1149.1-1990. During the JTAG boundary scan
operation, test data serially loaded viathe TDI onthe rising edge of TCK to either the Instruction Register,
ID Register and Bypass Register. Aninternal pull-up resistor forces TDI HIGH if left unconnected.
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PINDESCRIPTIONS (CONTINUED)

Symbol Name I/IOTYPE Description
TDO®@ JTAGTestData LVTTL | One of four terminals required by IEEE Standard 1149.1-1990. During the JTAG boundary scan
Output 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, while in
SHIFT-DR and SHIFT-IR controller states.

TMS@ JTAG Mode Select LVTTL | TMSisaserialinputpin. One of fourterminals required by IEEE Standard 1149.1-1990. TMS directs the
INPUT | devicethroughits TAP controller states. Aninternal pull-up resistor forces TMS HIGH ifleft unconnected.
TRST® JTAGReset LVTTL [ TRSTisanasynchronousresetpinforthe JTAG controller. The JTAG TAP controller does notautomatically

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

WADEN Write AddressEnable| LVTTL | The WADEN inputis usedin conjunction with WCLK and the WRADD address busto selecta queueto
INPUT | bewritteninto. Aqueue addressed viathe WRADD busis selected on the rising edge of WCLK provided
that WADEN is HIGH. WADEN should be asserted (HIGH) only during aqueue change cycle(s). WADEN
should notbe permanently tied HIGH. WADEN cannotbe HIGH forthe same WCLK cycleas FSTR. 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 LVTTL | Whenenabled by WEN, the rising edge of WCLK writes data into the selected queue via the input bus,
INPUT [ Din. The queuetobewrittentois 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
sector to 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 expansionthe FXO and FXI signals are based
on WCLK. The WCLK must be continuous and free-running.

WEN Write Enable LVTTL | TheWEN inputenableswrite operationsto aselected queue based on arising edge of WCLK. Aqueue
INPUT | tobewrittento canbe selected via WCLK, WADEN and the WRADD address busregardless of the state
of WEN. Data present on Din can be written to anewly selected queue on the second WCLK cycle after
queue selection provided that WENis LOW. Awrite enable s not required to cycle the PAFn bus (in polled
mode) or to select the PAFn sector, (in direct mode).

WRADD Write Address Bus LVTTL | Forthe 16Q device the WRADD busis 7 bits. The WRADD busis a dual purpose address bus. The first
[6:0] INPUT | functionof WRADDisto selectaqueuetobe writtento. The leastsignificant 4 bits of the bus, WRADD][3:0]
are used to address 1 of 16 possible queues within a multi-queue device. The most significant 3 bits,
WRADDJ6:4] are usedto select 1 of 8 possible multi-queue devices that may be connected in expansion
mode. These 3 MSh's will address a device with the matching ID code. The address present on the
WRADD bus will be selected onarising edge of WCLK provided that WADEN is HIGH, (note, that data
presenton the Din bus can be written into the previously selected queue onthis WCLK edge and onthe
nextrising WCLK also, providing that WEN is LOW). Two WCLK rising edges after write queue select,
data can be writteninto the newly selected queue.

The second function of the WRADD bus is to select the sector of queues to be loaded on to the PAFn
bus during strobed flag mode. The least significant bit, WRADDI[0]is used to select the sector of a device
tobe placed onthe PAFnbus. The mostsignificant 3 bits, WRADD[6:4] are again usedtoselect 1 0f8 possible
multi-queue devices that may be connectedin expansion mode. Address bits WRADDJ[3:1] are don't care
during sector selection. The sector address presentonthe WRADD bus will be selected ontherising edge
of WCLK providedthat FSTRis HIGH, (note, that data can be writteninto the previously selected queue
onthis WCLK edge). Please refer to Table 1 for details on the WRADD bus.

Vce +3.3V Supply Power | These are Vcc power supply pins and must all be connected to a +3.3V supply rail.
GND Ground Pin Ground | These are Ground pins and must all be connected to the GND supply rail.
NOTES:

1. Inputs should not change after Master Reset.
2. These pins are for the JTAG port. Please refer to pages 45-49 and Figures 29-31.
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(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits TEMPERATURE RANGES
ABSOLUTE MAXIMUM RATINGS RECOMMENDED DC OPERATING
Symbol Rating Com'l & Ind'l Unit CONDITIONS
VTERM Terminal Voltage -05t0+45 % Symbol Parameter Min. | Typ. | Max. | Unit
with respect to GND vee® | Supply Voltage (Com'lind'l) 315 | 33 | 345 | v

TsTG Storage Temperature -55t0 +125 °C GND | Supply Voltage (Com'l/ind'l) 0 0 0 v

lout DCOutput Current -50to +50 mA VIH | InputHigh Voltage (Com'l/indl) 20 | — |vect03| Vv
NOTE: ViL | InputLow Voltage (Com'l/Ind'l) — — 038 V
1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause Ta Onerating Temperature Commercial 0 - +70 oc

permanent damage to the device. This is a stress rating only and functional operation P 9 p

of the device at these or any other conditions ahove those indicated in the operational TA Operating Temperature Industrial 40 —_ +85 °C

sections of this specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect reliability. NOTE:

1. Vec = 3.3V + 0.15V, JEDEC JESD8-A compliant.

DCELECTRICALCHARACTERISTICS
(Commercial: Vcc = 3.3V £0.15V, TA= 0°C to +70°C;Industrial: Vcc = 3.3V £ 0.15V, TA=40°C to +85°C; JEDEC JESD8-A compliant)

Symbol Parameter Min. Max. Unit
L@ Input Leakage Current -10 10 UA
ILo® OutputLeakage Current -10 10 UA
VOH Output Logic “1” Voltage, IOH =-8 mA 24 — V
VoL Output Logic “0” Voltage, IOL=8 mA — 04 Vv
Icc1®49) Active Power Supply Current — 100 mA
Icc239) Standby Current — % mA
NOTES:

1. Measurements with 0.4 < VIN < Vcc.
. OE > Vi, 0.4 < Vour < Vec.
. Tested with outputs open (lout = 0).
. RCLK and WCLK toggle at 20 MHz and data inputs switch at 10 MHz.
. Typical lcct = 16 + 3.14%s + 0.02*CL*s (in mA) with Vce = 3.3V, ta = 25°C, fs = WCLK frequency = RCLK frequency (in MHz, using TTL levels), data switching at fs/2,
CL = capacitive load (in pF).
6. RCLK and WCLK, toggle at 20 MHz.
The following inputs should be pulled to GND: WRADD, RDADD, WADEN, RADEN, FSTR, ESTR, SCLK, SI, EXI, FXI and all Data Inputs.

g wN

All other inputs are don't care, and should be pulled HIGH or LOW.

CAPACITANCE (1A= +25°C, f= 1.0MHz)

Symbol Parameter Conditions Max. Unit
cne Input Vin = OV 10 pF
Capacitance
Couti®? Output Vour = 0V 10 pF
Capacitance
NOTES:

1. With output deselected, (OE > V).
2. Characterized values, not currently tested.
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TEMPERATURE RANGES
AC TEST LOADS

Vce/2

50Q

/0 o—@ Z0 = 50Q

— 20 30 50 80 100 200
- - Capacitance (pF)

AICD
(Typical, ns)

5939 drw04a

Figure 2a. AC Test Load Figure 2b. Lumped Capacitive Load, Typical Derating

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
InputRise/Fall Times 15ns
Input Timing Reference Levels 15v
OutputReference Levels 15V
OutputLoad See Figure 2a & 2b

OUTPUT ENABLE & DISABLE TIMING

Output Output
Enable Disable
- VIH
OE
O e VIL
tOE & tOLZ # toHZ —
Output
Normally ~ Vcc/2 y 100mV Vel Vce/2
LOW 100mV N — Fq- oo VOL
Output 100mV - ] -i ___________ VOH
Normally ~ N_} 100mv
HIGH Vce/2 I Nt Vo2

5939 drw04b
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(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits TEMPERATURE RANGES

ACELECTRICALCHARACTERISTICS
(Commercial: Vcc= 3.3V £0.15V, TA=0°C to +70°C;Industrial: Vcc = 3.3V £ 0.15V, TA=40°C to +85°C; JEDEC JESD8-A compliant)

Commercial Com'l & Ind'I®¥

IDT72V51433L6 IDT72V51433L7-5

IDT72V51443L6 IDT72V51443L7-5

IDT72V51453L6 IDT72V51453L7-5
Symbol Parameter Min. Max. Min. Max. Unit
fs Clock Cycle Frequency (WCLK & RCLK) — 166 — 133 MHz
tA DataAccess Time 0.6 37 0.6 4 ns
teLK Clock Cycle Time 6 — 75 — ns
tCLKH Clock High Time 2.7 — 35 — ns
toLkL Clock Low Time 27 — 35 — ns
DS Data Setup Time 2 — 20 — ns
fDH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 2 — 20 — ns
{ENH Enable Hold Time 05 — 05 — ns
RS ResetPulse Width 10 — 10 — ns
tRSS ResetSetup Time 15 — 15 — ns
RSR ResetRecovery Time 10 — 10 — ns
tPRSS Partial Reset Setup 20 — 25 — ns
tPRSH Partial Reset Hold 05 — 05 — ns
toLz(OE-Qn@ | OutputEnable to Outputin Low-Impedance 0.6 37 0.6 4 ns
toHz® Output Enable to Outputin High-Impedance 0.6 37 0.6 4 ns
toE OutputEnable to Data Output Valid 0.6 37 0.6 4 ns
c Clock Cycle Frequency (SCLK) — 10 — 10 MHz
tSCLK Serial Clock Cycle 100 — 100 — ns
tSCKH Serial Clock High 45 — 45 — ns
tSCKL Serial Clock Low 45 — 45 — ns
tsbs Serial Data In Setup 20 — 20 — ns
tSDH Serial Data In Hold 12 — 12 — ns
tSENS Serial Enable Setup 20 — 20 — ns
{SENH Serial Enable Hold 12 — 12 — ns
tsbo SCLK to Serial Data Out — 20 — 20 ns
tSENO SCLK to Serial Enable Out — 20 — 20 ns
tsbop Serial Data Out Propagation Delay 15 37 15 4 ns
tSENOP Serial Enable Propagation Delay 15 37 15 4 ns
tPowQ Programming Complete to Write Queue Selection 20 — 20 — ns
tPCRQ Programming Complete to Read Queue Selection 20 — 20 — ns
tas Address Setup 25 — 30 — ns
taH Address Hold 1 — 1 — ns
twrF Write Clock to Full Flag — 37 — 5 ns
trOV Read Clock to Output Valid — 37 — 5 ns
tsTs Strobe Setup 2 — 2 — ns
tSTH Strobe Hold 05 — 05 — ns
t0s Queue Setup 2 — 25 — ns
oH Queue Hold 05 — 05 — ns
tWAF WCLK to PAF flag 0.6 37 06 4 ns
RAE RCLK to PAE flag 06 37 06 4 ns
tPAF Write Clock to Synchronous Almost-Full Flag Bus 0.6 37 0.6 4 ns
tPAE Read Clock to Synchronous Almost-Empty Flag Bus 0.6 37 0.6 4 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.

© 2019 Renesas Electronics Corporation
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(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits TEMPERATURE RANGES

ACELECTRICALCHARACTERISTICS (CONTINUED)
(Commercial: Vcc=3.3V £0.15V, TA=0°C to +70°C;Industrial: Vcc = 3.3V £ 0.15V, TA=40°C to +85°C; JEDEC JESD8-A compliant)

Commercial Com'l & Ind'lV

IDT72V51433L6 IDT72V51433L7-5

IDT72V51443L6 IDT72V51443L7-5

IDT72V51453L6 IDT72V51453L7-5
Symbol Parameter Min. Max. Min. Max. Unit
tPAELZ® RCLK to PAE Flag Bus to Low-Impedance 0.6 37 0.6 4 ns
tPAEHZ? RCLK to PAE Flag Bus to High-Impedance 0.6 37 0.6 4 ns
tPAFLZ® WCLK to PAF Flag Bus to Low-Impedance 0.6 37 0.6 4 ns
tPAFHZ® WCLK to PAF Flag Bus to High-Impedance 0.6 37 0.6 4 ns
tFFHZ® WCLK to Full Flag to High-Impedance 0.6 37 0.6 4 ns
tFFLZ® WCLK to Full Flag to Low-Impedance 0.6 37 0.6 4 ns
toviz? RCLK to Output Valid Flag to Low-Impedance 0.6 37 0.6 4 ns
tovHz? RCLK to Output Valid Flag to High-Impedance 0.6 37 0.6 4 ns
tFSYNC WCLK to PAF Bus Sync to Output 0.6 37 0.6 4 ns
tFx0 WCLK to PAF Bus Expansion to Output 0.6 37 0.6 4 ns
tESYNC RCLK to PAE Bus Sync to Output 0.6 37 0.6 4 ns
tExo RCLK to PAE Bus Expansion to Output 0.6 37 0.6 4 ns
tSKEW1 SKEW time between RCLK and WCLK for FF and OV 45 — 5.75 — ns
tSKEW2 SKEW time between RCLK and WCLK for PAF and PAE 6 — 75 — ns
tSKEW3 SKEW time between RCLK and WCLK for PAF[0:7] and PAE[0:7] 6 — 75 — ns
tSKEW4 SKEW time between RCLK and WCLK for OV 6 — 75 — ns
txis Expansion Input Setup 1.0 — 13 — ns
tH Expansion Input Hold 05 — 05 — 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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FUNCTIONAL DESCRIPTION

MASTERRESET

AMaster Resetis performed by toggling the MRS input from HIGH to LOW
toHIGH. Duringamaster resetallinternal multi-queue device setup and control
registersareinitialized and require programming either serially by the user via
the serial port, or using the default settings. During amaster reset the state of
the following inputs determine the functionality of the part, these pins should be
held HIGH or LOW.

FM - Flag bus Mode

IW, OW-Bus Matching options

MAST - Master Device

IDO, 1, 2 - Device ID

DFM - Programming mode, serial or default

DF — Offset value for PAE and PAF

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

See Figure 4, Master Reset for relevant timing.

PARTIALRESET

APartial Resetisameans by whichthe user canresetboththe read and write
pointers of a single queue that has been setup within a multi-queue device.
Before a partial reset cantake place onaqueue, the respective queue mustbe
selected onboth the read portand write portaminimum of2RCLK and 2 WCLK
cyclesbeforethe PRS goes LOW. The partial resetis then performed by toggling
the PRSinputfrom HIGH to LOW to HIGH, maintaining the LOW state for atleast
one WCLKandone RCLK cycle. Once apartial resethastaken place aminimum
of 3WCLKand 3RCLK cycles mustoccur before enabled writes or reads can
oceur.

A Partial Reset only resets the read and write pointers of a given queue, a
partial resetwill not effectthe overall configuration and setup ofthe multi-queue
device and its queues.

See Figure 5, Partial Reset for relevant timing.

SERIAL PROGRAMMING

The multi-queue flow-control device is afully programmable device, provid-
ingthe userwith flexibility in how queues are configuredinterms ofthe number
of queues, depth of each queue and position of the PAF/PAE flags within
respective queues. Alluser programmingis done viathe serial portafteramaster
reset has taken place. Internally the multi-queue device has setup registers
which mustbe serially loaded, these registers contain values for every queue
within the device, such as the depth and PAE/PAF offset values. The
IDT72V51433/72V51443/72V51453 devices are capable of upto 16 queues
andtherefore contain 16 sets of registers for the setup of each queue.

DuringaMaster Resetifthe DFM (Default Mode) inputis LOW, thenthe device
will require serial programming by the user. Itis recommended that the user
utilize a‘C’ program provided by IDT, this program will prompt the user for all
information regarding the multi-queue setup. The programwillthen generate
aserial bit streamwhich should be serially loaded into the device via the serial
port. Forthe IDT72V51433/72V51443/72V51453 devices the serial program-
ming requires atotal number of serially loaded bits per device, (SCLK cycles
with SENIenabled), calculated by: 19+(Qx72) where Qisthe number of queues
the user wishes to setup within the device. Please refer to the separate
Application Note, AN-303 forrecommended control of the serial programming
port.

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
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enable), is LOW. Once serial programming of the device has been successfully
completedthe device willindicate this viathe SENO (serial outputenable) going
active, LOW. Upon detection of completion of programming, the user should
ceaseall programming andtake SENIinactive, HIGH. Note, SENOfollows SENI
once programming of adevice is complete. Therefore, SENOwill go LOW after
programming provided SENIis LOW, once SENIis taken HIGH again, SENO
willalso go HIGH. The operation ofthe SO outputis similar, when programming
ofagivendevice is complete, the SO output will follow the Slinput.

Ifdevices are being usedin expansion mode the serial ports of devices should
be cascaded. The usercanload all devices viathe serialinput port control pins,
SI& SENI, of the first device in the chain. Again, the user may utilize the ‘C’
programto generate the serial bit stream, the program prompting the user for
the number of devices to be programmed. The SENO and SO (serial out) of
the first device should be connected to the SENI and Slinputs of the second
device respectively and so on, withthe SENO & SO outputs connectingtothe
SENI& Slinputs ofall devices through the chain. All devicesin the chain should
be connectedtoacommon SCLK. The serial output port ofthe final device should
be monitored by the user. When SENO of the final device goes LOW, this
indicates that serial programming of all devices has been successfully com-
pleted. Upondetection of completion of programming, the user should cease all
programming and take SENI of the first device in the chain inactive, HIGH.

Asmentioned, the firstdevice in the chain has its serial input port controlled
by the user, thisis 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 Slinputto its
SO output. The serialinput of the second device inthe chain isnow loaded with
the data fromthe SO of the first device, while the second device has its SENI
input LOW. This process continues through the chain until all devices are
programmed and the SENO of the final device goes LOW.

Once all serial programming has been successfully completed, normal
operations, (queue selections on the read and write ports) may begin. When
connectedinexpansionmode, the IDT72V51433/72V51443/72V51453 de-
vices require atotal number of serially loaded bits per device to complete serial
programming, (SCLK cycleswith SENIenabled), calculated by: n[19+(Qx72)]
where Q is the number of queues the user wishes to setup within the device,
where nis the number of devices in the chain.

SeeFigure 6, Serial Port Connectionand Figure 7, Serial Programming for
connectionandtiminginformation.

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 means by which to setup the multi-queue flow-control device,
rather than using the serial programming method. The default mode will
configure a multi-queue device such that the maximum number of queues
possible are setup, with all of the parts available memory blocks being allocated
equally betweenthe queues. The values of the PAE/PAF offsetsis determined
by the state of the DF (default) pin during a master reset.

Forthe IDT72V51433/72V51443/72V51453 devices the default mode will
setup 16 queues, each queue configured as follows: Forthe IDT72V51433 with
x9inputandx9 output ports, depthis 4,096, if one or both ports isx18, then the
depthis2,048. Forthe IDT72V51443 withx9inputand x9 output ports, depth
i$8,192, ifone orboth portsisx18, thenthe depthis 4,096. Forthe IDT72V51453
with x9 inputand x9 output ports, depth is 16,384, if one or both portsis x18,
thenthe depth s 8,192. For both devices the value of the PAE/PAF offsets s
determined at master reset by the state ofthe DF input. If DF is LOW then both
the PAE & PAF offset will be 8, if HIGH then the value is 128.
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When configuring the IDT72V51433/72V51443/72V/51453 devicesin de-
faultmode the user simply hasto apply WCLK cycles after amaster reset, until
SENOgoesLOW, thissignalsthatdefault programmingis complete. These clock
cycles are required for the device to load its internal setup registers. When a
single 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 LOWwhenadeviceis setup for default programming mode.

When multi-queue devices are connected in expansion mode, the SENI of
thefirstdeviceinachain canbeheld LOW. The SENO ofadevice should connect
tothe SENI ofthe nextdevice inthe chain. The SENO ofthe final device is used
toindicate that default programming of all devices is complete. Whenthe final
SENO goes LOW normal operations may begin. Again, all devices will be
programmed with theirmaximum number of queues and the memory divided
equally between them. Please refer to Figure 8, Default Programming.

WRITE QUEUE SELECTION & WRITE OPERATION

ThelDT72V51433/72V51443/72V/51453 multi-queue flow-control devices
have upto 16 queuesthatdata can be writteninto viaa common write portusing
the data inputs, Din, write clock, WCLK and write enable, WEN. The queue
address present on the write address bus, WRADD during a rising edge on
WCLK while write address enable, WADEN isHIGH, is the queue selected for
write operations. The state of WEN s don't care during the write queue selection
cycle. The queue selection only has to be made onasingle WCLK cycle, this
will remain the selected queue until another queue is selected, the selected
queue isalways the last queue selected.

The write portis 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. Whenanew queue
is selected forwrite operations the address for that queue must be present on
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the WRADD bus during arising edge of WCLK provided that WADEN is HIGH.
Aqueuetobewrittentoneed only be selected onasinglerising edge of WCLK.
Allsubsequentwrites will be written to that queue untilanew queue is selected.
Aminimumof2WCLK cycles mustoccur between queue selections onthe write
port. Onthe next WCLK rising edge the write port discrete full flag will update
to showthe full status ofthe newly selected queue. Onthe secondrising edge
of WCLK, data presentonthe datainput bus, Din can be written into the newly
selected queue provided that WENis LOW and the new queueis notfull. The
cycleofthe queue selectionand the next cycle will continue to write data present
onthe datainputbus, Dinintothe previous queue provided that WEN is active
LOW.

IFWEN is HIGH, inactive for these 2 clock cycles, then datawill not be written
into the previous queue.

Ifthe newly selected queue s full atthe point ofits selection, thenwrites tothat
queue will be prevented, a full queue cannot be written into.

Inthe 16 queue multi-queue device the WRADD address busis 7 bits wide.
Theleastsignificant4 bits are used to address one of the 16 available queues
withina single multi-queue device. The mostsignificant 3 bits are used when
adevice is connected in expansion mode, up to 8 devices can be connected
in expansion, each device having its own 3 bit address. The selected device
isthe oneforwhich the address matches a3 bitID code, whichis statically setup
onthe ID pins, IDO, ID1, and ID2 of each individual device.

Note, the WRADD busis also used in conjunctionwith FSTR (almost full flag
bus strobe), to address the almost full flag bus sector during direct mode of
operation.

Referto Table 1, for Write Address bus arrangement. Also, refer to Figure
9, Write Queue Select, Write Operation and Full flag Operation and Figure
11, Full Flag Timing Expansion Mode for timing diagrams.

TABLE 1 — WRITE ADDRESS BUS, WRADD[6:0]

Operation| WCLK |WADEN| FSTR WRADDI6:0]
Write Queue f 1 0 6 5 4 32 10
Select Device Select| Write Queue Address
(Compared to | (4 bits = 16 Queues)
ID0,1,2)
PAFn Sector 0 1 7 6 514321 0
Select j Device Select| X X X X | Sector
(Compared to Address
ID0,1,2)
Sector Queue Status on PAFn Bus
Address
0 Q0 : Q7 — PAFO : PAF7
1 Q8: Q15 — PAFO0 : PAF7
5939 drw05
17
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READ QUEUE SELECTION & READ OPERATION

The multi-queue flow-control device has up to 16 queues that datais read
fromviaacommon read port using the data outputs, Qout, read clock, RCLK
andread enable, REN. Anoutputenable, OE control pinis also provided to allow
High-Impedance selection of the Qout data outputs. The multi-queue device
read portoperatesinamode similarto “First Word Fall Through” on atraditional
IDT FIFO, but with the added feature of data output pipelining. This data
pipelining on the output port allows the user to achieve 100% bus utilization,
which is the ability to read out a data word on every rising edge of RCLK
regardless of whether a new queue is being selected for read operations.

The queue address presentonthe read address bus, RDADD during arising
edge on RCLK while read address enable, RADEN is HIGH, is the queue
selected for read operations. A queue to be read from need only be selected
onasingle rising edge of RCLK. All subsequent reads will be read from that
queue untilanew queueis selected. Aminimum of 2 RCLK cycles must occur
between queue selections onthe read port. Data fromthe newly selected queue
will be present on the Qout outputs after 2 RCLK cycles plus an access time,
providedthat OE is active, LOW. On the same RCLK rising edge that the new
queueis selected, data can still be read from the previously selected queue,
provided that REN is LOW, active and the previous queueis notempty onthe
following rising edge of RCLK aword willbe read from the previously selected
queueregardless of REN due tothe fall through operation, (provided the queue
isnotempty). Rememberthat OE allows the userto place the Qout, data output
bus into High-Impedance and the data can be read onto the output register
regardless of OE.

When a queue is selected on the read port, the nextword available in that
queue (provided that the queue is not empty), will fall through to the output
register after 2 RCLK cycles. As mentioned, inthe previous 2 RCLK cyclesto
the new data being available, data can still be read from the previous queue,
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provided thatthe queueis notempty. Atthe pointof queue selection, the 2-stage
internal data pipeline isloaded with the last word from the previous queue and
the nextword fromthe new queue, both these words will fall through to the output
register consecutively upon selection of the new queue. This pipelining effect
providesthe userwith 100% bus utilization, but brings about the possibility that
a “NULL" queue may be required within a multi-queue device. Null queue
operationis discussedinthe next section on.

Ifanempty queueis selected forread operations onthe rising edge of RCLK,
onthe same RCLK edge and the following RCLK edge, 2 finalreads will be made
fromthe previous queue, provided that REN is active, LOW. Onthe nextRCLK
rising edge a read from the new queue will not occur, because the queue is
empty. The lastword inthe data outputregister (from the previous queue), will
remain there, butthe outputvalid flag, OV will go HIGH, toindicate that the data
presentis no longer valid.

The RDADD busis also usedin conjunctionwith ESTR (almostempty flag
bus strobe), to address the almost empty flag bus of arespective device during
direct mode of operation. In the 16 queue multi-queue device the RDADD
addressbusis 8 bitswide. The least significant 4 bits are used to address one
of the 16 available queues within a single multi-queue device. The 5th least
significantbitis used to selecta "Null" Queue. During aNull-Q selectionthe 4
LSB'sare don'tcare. The Null-Q is seen as an empty queue on the read port.
Null-Q operationis discussed in more detail in a separate section. The most
significant 3 bits are used when a device is connected in expansion mode, up
to8 devices can be connected in expansion, each device having its own 3 bit
address. The selected deviceis the one forwhich the address matches a 3 bit
ID code, which is statically setup on the ID pins, IDO, ID1, and ID2 of each
individual device.

Referto Table 2, for Read Address bus arrangement. Also, refer to Figures
12,14 & 15forread queue selection and read port operation timing diagrams.

TABLE 2 — READ ADDRESS BUS, RDADD[7:0]

peration| RCLK |RADEN | ESTR RDADDI7:0]
Read Queue f 1 0 7 6 5|4 3210
Select Device Select | Null-Q| Read Queue Address
(Compared to [ Select| (4 bits = 16 Queues)
ID0,1,2) Pin
PAEnN Sector Device Select| 4 3 2 1 0
0 1 (Compared to
Select P X X X X Sector
ID0,1,2) Address

Sector
Address

Queue Status on PAEn Bus

0
1

Q0 :Q7 — PAEO: PAE7
Q8:Q15— PAEO : PAE7

5939 drw06
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NULL QUEUE OPERATION (OF THE READ PORT)

Pipelining of datato the output port enables the device to provide 100% bus
utilizationin standard mode. Data can be read out ofthe multi-queue flow-control
device on every RCLK cycle regardless of queue switches or other opera-
tions. The device architecture is such that the pipeline is constantly filled with
the nextwords ina selected queue to be read out, again providing 100% bus
utilization. This type of architecture does assume that the user s constantly
switching queues such that during a queue switch, the last data word required
fromthe previous queue will fall through the pipeline to the output.

Note, thatifreads cease atthe empty boundary of a queue, thenthe lastword
will automatically flow through the pipeline to the output.

The Null-Q is selected via read port address space RDADD[4]. The
RDADDI7:0] bus should be addressed with xxx1xxxx, this address is the
Null-Q. Anullqueue canbe selected when nofurther reads are required from
a previously selected queue. Changing to a null queue will continue to
propagate datainthe pipeline tothe previous queue’s output. The Null-Q can
remain selected untila data becomes available inanother queue for reading.
The Null-Q can be utilized in either standard or packet mode.

Note: Ifthe user switches the read portto the null queue, thisqueue is seen
asandtreated asan empty queue, therefore after switching to the null queue
the lastword fromthe previous queue willremaininthe outputregister and the
OV flag will go HIGH, indicating data is not valid.

The Nullqueue operation only has significance to the read port of the multi-
queue, itis a means to force data through the pipeline to the output. Null-Q
selection and operation has no meaning on the write port of the device. Also,
refer to Figure 16, Read Operation and Null Queue Select for diagram.

BUS MATCHING OPERATION

Bus Matching operation between the input portand output portis available.
Duringamaster resetofthe multi-queue the state of the two setup pins, IW (Input
Width) and OW (Output Width) determine the inputand output port bus widths
as per the selections shown in Table 3, “Bus Matching Set-up”. 9 bit bytes or
18 bitwords can be writteninto and read from the queues. When writing to or
reading fromthe multi-queue in abus matching mode, the device orders data
ina“Little Endian”format. See Figure 3, 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. For example, ifthe input
portis x18 and the output portis x9, then two data reads froma full queue will
be required to cause the full flag to go HIGH (queue not full). Conversely, the
Output Valid flag and Aimost Empty flag operations are always based onwrites
andreads of datawidths determined by the read port. For example, ifthe input
portisx9andthe output portis x18, two write operations will be required to cause
the output valid flag of an empty queue to go LOW, output valid (queue is not
empty).

Note, thatthe input port serves all queues withinadevice, as does the output
port, therefore the input bus width to all queuesis equal (determined by the input
portsize) and the output bus width from all queuesis equal (determined by the
outputportsize).

TABLE 3 —BUS-MATCHING SET-UP

IW ow Write Port Read Port
0 0 x18 x18

0 1 x18 X9

1 0 X9 x18

1 1 X9 x9
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FULL FLAG OPERATION

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

When queue switches are being made on the write port, the FF flag output
will switch to the new queue and provide the user with the new queue status,
onthe cycle afteranewqueue selectionis made. The userthen has a full status
forthe new queue one cycle ahead of the WCLK rising edge that data can be
writteninto the new queue. Thatis, a new queue can be selected on the write
portviathe WRADD bus, WADEN enable and arising edge of WCLK. Onthe
nextrising edge of WCLK, the FF flag outputwill show the full status of the newly
selected queue. On the second rising edge of WCLK following the queue
selection, data canbe writteninto the newly selected queue provided that data
and enable setup & hold times are met.

Note, the FF flag will provide status of a newly selected queue one WCLK
cycle after queue selection, whichiis one cycle before data can be writtento that
queue. This prevents the userfromwriting datato a queue thatis full, (assuming
that a queue switch has been made to a queue thatis actually full).

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

See Figure 9, Write Queue Select, Write Operationand Full Flag Operation
and Figure 11, Full Flag Timing in Expansion Mode for timing information.

EXPANSION MODE - FULL FLAG OPERATION

Whenmulti-queue devices are connected in Expansion mode the FF flags
of all devices should be connected together, such that a system controller
monitoring and managing the multi-queue devices write port only looks at a
single FF flag (as opposed to a discrete FF flag for each device). This FF flag
isonly pertinentto the queue being selected for write operations at thattime.
Remember, thatwheninexpansion mode 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.

This connection of flag outputsto create asingle flag requires that the FF flag
outputhave aHigh-Impedance capability, such thatwhenaqueue selectionis
made only asingle device drives the FF flag bus and all other FF flag outputs
connected tothe FF flag bus are placedinto High-Impedance. The user does
nothave to selectthis High-Impedance state, agiven multi-queue flow-control
devicewillautomatically place its FF flag outputinto High-Impedance whennone
ofits queues are selected for write operations.

Whenqueueswithinasingle device are selected forwrite operations, the FF
flag output of that device will maintain control ofthe 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 3hitID code foundinthe 3 mostsignificant bits of the write queue address
bus, WRADD. Ifthe 3mostsignificant bits o WRADD matchthe 3bitID code setup
onthe staticinputs, ID0, ID1 and ID2 then the FF flag output of the respective
device will beina Low-Impedance state. Ifthey do notmatch, thenthe FF flag
outputofthe respective device willbe ina High-Impedance state. See Figure
11, Full Flag Timingin Expansion Mode for details of flag operation, including
when more than one device is connected in expansion.
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OUTPUT VALID FLAG OPERATION

The multi-queue flow-control device provides a single Output Valid flag
output, OV. The OV provides an empty status or data outputvalid status for the
dataword currently available onthe outputregister of the read port. The rising
edge ofan RCLK cycle that places new data onto the outputregister ofthe read
port, also updates the OV flag to show whether or not that new data word is
actually valid. Internally the multi-queue flow-control device monitors and
maintains a status of the empty condition of all queues withinit, however only
the queuethatis selected forread operations hasits output valid (empty) status
outputtothe OV flag, giving avalid status for the word being read atthat time.

The nature of the firstword fall through operation means that when the last
datawordis read from aselected queue, the OV flag will go HIGH onthe next
enabled read, that is, on the next rising edge of RCLK while REN is LOW.

When queue switches are being made onthe read port, the OV flag will switch
to show status ofthe new queue inline with the data output fromthe new queue.
Whena queue selection is made the first data from that queue will appear on
the Qout data outputs 2RCLK cycles later, the OV will change state toindicate
validity of the data from the newly selected queue on this 2" RCLK cycle also.
The previous cycles will continue to output data from the previous queue and
the OV flag will indicate the status of those outputs. Again, the OV flag always
indicates status for the data currently presentonthe outputregister.

The OVflagis synchronoustothe RCLK and all transitions of the OV flag occur
based onarising edge of RCLK. Internally the multi-queue device monitors and
keepsarecord ofthe outputvalid (empty) status for all queues. Itis possible that
the status of an OV flag may be changing internally eventhoughthat respective
flagis notthe active queue flag (selected on the read port). A queue selected
onthe write port may experience achange ofits internal OV flag status based
on write operations, thatis, data may be written into that queue causing it to
become “notempty”.

SeeFigure 12, Read Queue Select, Read Operation and Figure 13, Output
Valid Flag Timing for details of the timing.

EXPANSION MODE - OUTPUT VALID FLAG OPERATION

When multi-queue devices are connected in Expansion mode, the OV flags
of all devices should be connected together, such that a system controller
monitoring and managing the multi-queue devices read port only looks at a
single OV flag (as opposed to adiscrete OV flag for each device). This OV flag
isonly pertinent to the queue being selected for read operations at that time.
Remember, thatwheninexpansion mode only one multi-queue device canbe
read fromatany momentintime, thus the OV flag provides status of the active
queue on the read port.

This connection offlag outputs to create asingle flag requires thatthe OV flag
outputhave a High-Impedance capability, such thatwhenaqueue selectionis
made only asingle device drivesthe OV flag bus and all other OV flag outputs
connected to the OV flag bus are placedinto High-Impedance. The user does
nothave to selectthis High-Impedance state, a given multi-queue flow-control
device willautomatically placeits OV flag outputinto High-Impedance whennone
ofits queues are selected for read operations.

When queueswithinasingle device are selected forread operations, the OV
flag output ofthat device will maintain control ofthe OV flag bus. Its OV flag will
simply update between queue switches to show the respective queue output
valid status.

The multi-queue device placesits OV flag outputinto High-Impedance based
onthe 3hitID code foundinthe 3mostsignificant bits of the read queue address
bus, RDADD. Ifthe 3mostsignificant bits of RDADD match the 3 bitID code setup
onthe staticinputs, ID0, ID1and ID2 thenthe OV flag outputof the respective
device will beinaLow-Impedance state. Ifthey do not match, then the OV flag
outputofthe respective device willbe ina High-Impedance state. See Figure
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13, Output Valid Flag Timing for details of flag operation, including when more
than one device is connected in expansion.

ALMOST FULL FLAG

As previously mentioned the multi-queue flow-control device provides a
single Programmable Almost Fullflag output, PAF. The PAF flag output provides
astatus ofthe almost full condition for the active queue currently selected onthe
write port for write operations. Internally the multi-queue flow-control device
monitors and maintains a status of the almost full condition of all queues within
it, however only the queue thatis selected for write operations has its full status
outputtothe PAF flag. This dedicated flagis often referred to as the “active queue
almostfullflag”. The position of the PAF flag boundary within a queue can be
atany pointwithinthat queues depth. This location can be user programmed
viathe serial port or one of the default values (8 or 128) can be selected if the
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 s programmed during multi-queue
device programming (along with the number of queues, queue depths and
almostempty values). The PAF offsetvalue, m, for a respective queue can be
programmed to be anywhere between ‘0’and ‘D', where ‘D’is the total memory
depthforthat queue. The PAF value of different queues within the same device
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,
onthe second cycle afteranew queue selectionis made, onthe same WCLK
cyclethatdata canactually be writtento the new queue. Thatis, anew queue
can be selected onthe write port viathe WRADD bus, WADEN enable and a
rising edge of WCLK. On the second rising edge of WCLK following a queue
selection, the PAF flag outputwill showthe full status of the newly selected queue.
The PAF isflag output is double register buffered, so when a write operation
occursatthealmostfullboundary causing the selected queue status togoalmost
fullthe PAF will go LOW 2 WCLK cycles after the write. The same is true when
aread occurs, there will be a2 WCLK cycle delay after the read operation.

So the PAF flag delays are:

from a write operation to PAF flag LOW is 2 WCLK + twAF

The delay from aread operationto PAF flag HIGH is tskew2 +WCLK + twaF

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

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

See Figures 18 and 19 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 almostempty 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 for read operations
hasits empty status output to the PAE flag. This dedicated flagis often referred
toasthe “active queue almostempty flag”. The position of the PAE flag boundary
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withinaqueue can be atany pointwithin that queues depth. Thislocation can
be user programmed via the serial port or one of the default values (8 or 128)
canbe selectedifthe user has performed default programming.

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

When queue switches are being made onthe read port, the PAE flag output
will switch to the new queue and provide the user with the new queue status,
onthe second cycle afteranew queue selectionis made, onthe same RCLK
cyclethatdataactually fallsthrough to the outputregister from the new queue.
Thatis, a new queue can be selected on the read port via the RDADD bus,
RADEN enable andarising edge of RCLK. Onthe secondrising edge of RCLK
followingaqueue selection, the dataword from the new queue will be available
atthe outputregister and the PAE flag output will show the empty status of the

TEMPERATURE RANGES

newly selected queue. The PAE is flag outputis double register buffered, so
when a read operation occurs at the almost empty boundary causing the
selected queue status to go almostempty the PAE will go LOW 2 RCLK cycles
after the read. The same is true when a write occurs, there will be a2 RCLK
cycle delay after the write operation.

Sothe PAE flag delays are:

from a read operation to PAE flag LOW is 2 RCLK + tRAE

The delay from awrite operation to PAE flag HIGH is tskew2 + RCLK +tRAE

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

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

See Figures 20 and 21 for Almost Empty flag timing and queue switching.
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TABLE 4 — FLAG OPERATION BOUNDARIES & TIMING

Output Valid, OV Flag Boundary

Full Flag, FF Boundary

110 Set-Up OV Boundary Condition 110 Set-Up FF Boundary Condition
In18 to out18 or In9 to out9 OV Goes LOW after 15 Write In18 to out18 or In9 to out9 FF Goes LOW after D+1 Writes
(Both ports selected for same queue (seenote belowfortiming) (Bothportsselected forsame queue | (see note belowfortiming)
when the 1%t Word is written in) when the 1%t Word is written in)
In18 to out9) OV Goes LOW after 15t Write In18 to out18 or In9 to out9 FF Goes LOW after D Writes
(Both ports selected for same queue (seenote below fortiming) (Write portonly selected for queue (seenote belowfortiming)
when the 1%t Word is written in) when the 1%t Word is written in)
In9 to out18 OV Goes LOW after 2/ Write In18 to out9 FF Goes LOW after D Writes
(Both ports selected for same queue (see note below fortiming) (Bothportsselectedforsamequeue | (see note belowfortiming)
when the 1%t Word is written in) when the 1%t Word is written in)
NOTE: In18 to out9 FF Goes LOW after D Writes
1. OV Timing (Write portonly selected for queue (seenote belowfortiming)
Assertion: when the 1t Word is written in)
Write to OV LOW: tSKEW1 + RCLK + tROV = .
If tSKEW1 is violated there may be 1 added clock: tSKEW1 + 2 RCLK + tROV In9 to out18 FF Goes LOW after ([D+1] x 2) Writes
De-assertion: (Bothportsselected forsamequeue | (seenote belowfortiming)
Read Operation to OV HIGH: tRov when the 1%t Word is written in)
In9 to out18 FF Goes LOW after (D x 2) Writes
(Write portonly selected for queue (seenote below fortiming)
when the 1%t Word is written in)

NOTE:
D = Queue Depth
FF Timing
Assertion: o
Write Operation to FF LOW: twFF

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

If tSKEW1 is violated there may be 1 added clock: tSKEW1+WCLK +WFF
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TABLE 4 — FLAG OPERATION BOUNDARIES & TIMING (CONTINUED)

Programmable Almost Empty Flag Bus, PAEn Boundary

Programmable Almost Empty Flag, PAE Boundary
/0 Set-Up PAE Assertion

In18 to out18 or In9 to out9 PAE Goes HIGH after n+2
(Both ports selected for same queue whenthe 1 | Writes
Word is writtenin until the boundaryisreached) | (seenote below fortiming)
In18 to out9 PAE Goes HIGH after n+1
(Both ports selected for same queue whenthe 15 | Writes
Wordiswrittenin until the boundaryisreached) | (see note below fortiming)
In9 to out18 PAE Goes HIGH after
(Both ports selected for same queuewhenthe 1% | ([n+2] x 2) Writes
Word iswrittenin until the boundaryisreached) | (seenote below fortiming)

NOTE:
n = Almost Empty Offset value.
Default values: if DF is LOW at Master Reset then n = 8
if DF is HIGH at Master Reset then n = 128
PAE Timing
Assertion:  Read Operation to PAE LOW: 2 RCLK + tRAE
De-assertion: Write to PAE HIGH: tSKEW2 + RCLK + tRAE
If tSKEW?2 is violated there may be 1 added clock: tSKEW2 + 2 RCLK + tRAE

Programmable Almost Full Flag, PAF & PAFn Bus Boundary
110 Set-Up PAF & PAFn Boundary
In18 to out18 or In9 to out9 PAF/PAFn Goes LOW after
(Both ports selected for same queue whenthe 1%t | D+1-mWrites
Word is written in until the boundary is reached) | (see note below fortiming)
In18 to out18 or In9 to out9 PAF/PAFn Goes LOW after
(Write portonly selected for same queue whenthe | D-m Writes
18*Word is written in until the boundary is reached)| (see note below for timing)
In18to out9 PAF/PAFn Goes LOW after
D-mWrites (see below fortiming
In9 to out18 PAF/PAFn Goes LOW after
([D+1-m] x 2) Writes
(see note belowfortiming)
NOTE:

D = Queue Depth
m = Almost Full Offset value.
Default values: if DF is LOW at Master Reset then m = 8
if DF is HIGH at Master Reset then m= 128

PAF Timing
Assertion:  Write Operation to PAF LOW: 2 WCLK + twAF
De-assertion: Read to PAF HIGH: tSKEW2 + WCLK + tWAF

If tSKEW?2 is violated there may be 1 added clock: tSKEW2 + 2 WCLK + tWAF
PAFn Timing
Assertion:  Write Operation to PAFn LOW: 2 WCLK* + tPAF
De-assertion: Read to PAFn HIGH: tSKEW3 + WCLK* + tPAF

If tSKEW3 is violated there may be 1 added clock: tSKEW3 + 2 WCLK* + tPAF
* If a queue switch is occurring on the write port at the point of flag assertion or de-assertion
there may be one additional WCLK clock cycle delay.

I/0 Set-Up PAEn Boundary Condition
In18 to out18 or In9 to out9 PAEn Goes HIGH after
(Both ports selected for same queuewhenthe 18t | n+2Writes
Word iswrittenin until the boundaryisreached) | (see note belowfortiming)
In18 to out18 or In9 to out9 PAEN Goes HIGH after
(Write portonly selected for same queue whenthe | n+1Writes
18'Word is written in untilthe boundary is reached) | (see note below fortiming)
In18to out9 PAEn Goes HIGH after n+1

Writes (see below for timing)

In9 to out18 PAEN Goes HIGH after
(Both ports selected for same queue whenthe 18 | ([n+2] x 2) Writes
Word is written in until the boundary is reached) (see note belowfortiming)
In9 to out18 PAEN Goes HIGH after
(Write portonly selected for same queue whenthe | ([n+1] x 2) Writes
18'Word is written in until the boundary is reached) | (see note belowfortiming)

NOTE:

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

PAEn Timing
Assertion: Read Operation to PAEn LOW: 2 RCLK* + tPAE
De-assertion: Write to PAEn HIGH: tSKEW3 + RCLK* + tPAE

If tSKEW3 is violated there may be 1 added clock: tSKEW3 + 2 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.
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PAFn FLAG BUS OPERATION

ThelDT72V51433/72V51443/72V51453 multi-queue flow-control devices
can be configured for upto 16 queues, each queue having its own almost full
status. Anactive queue hasitsflag status outputtothe discrete flags, FF and PAF,
onthe write port. Queues thatare not selected for a write operation can have
their PAF status monitored viathe PAFn bus. The PAFn flag bus is 8 bits wide,
sothat 8 queues atatime can have their status output to the bus. If 9 or more
queuesare setupwithinadevice thenthere are 2 methods by which the device
can share the bus between queues, "Direct" mode and "Polled" mode
depending onthe state of the FM (Flag Mode) input during a Master Reset. If
8orlessqueuesare setupwithina device then eachwill 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 asit does not require
using the write address (WRADD).

PAFn - DIRECT BUS

IfFMisLOW atmasterresetthenthe PAFnbus operatesin Direct (addressed)
mode. Indirectmode the user can address the sector of queues they require
to be placed on to the PAFn bus. For example, consider the operation of the
PAFn buswhen 10 queues have been setup. To output status of the first sector,
Queue[0:7] the WRADD bus is used in conjunction with the FSTR (PAF flag
strobe) input and WCLK. The address present on the significant bit of the
WRADD buswith FSTRHIGH will be selected asthe sectoraddress onarising
edge of WCLK. Sotoaddress sector 1, Queue[0:7]the WRADD bus should be
loaded with “xxxxxx0”, the PAFn bus will change status to showthe new sector
selected 1 WCLK cycle after sector selection. PAFn[0:7] gets status of queues,
Queue[0:7]respectively.

To address the second sector, Queue[8:15], the WRADD address is
“xxxxxx1”. PAF[0:1] gets status of queues, Queue[9:10] respectively. Remem-
ber, only 10 queues were setup, sowhensector 2is selected the unused outputs
PAF[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 sector switchwhich willinclude the queue ‘X',
then there may be an extra WCLK cycle delay before that queues status is
correctly shown onthe respective output of the PAFn bus. However, the active
PAF flag will show correctstatus atalltimes.

Sectors canbe selected on consecutive clock cycles, thatis the sectoronthe
PAFnbus canchange every WCLK cycle. Also, data present on the input bus,
Din, can be writteninto a queue on the same WCLK rising edge that a sector
isbeing selected, the only restriction being thatawrite queue selectionand PAFn
sector selection cannot be made onthe same cycle.

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

Whenthe multi-queue devices are connectedin expansion of more than one
devicethe PAFn busses of all devices are connected together, when switching
between sectors of different devices the user must utilize the 3 most significant
bits of the WRADD address bus (as well as the 2 LSB's). These 3 MSB's
correspond tothe device ID inputs, which are the static inputs, ID0, ID1 & ID2.

Please refer to Figure 23 PAFn - Direct Mode Sector Selection for timing
information. Also refer to Table 1, Write Address Bus, WRADD.

PAFn - POLLED BUS

IfFMis HIGH atmasterreset thenthe PAFn bus operatesin Polled (looped)
mode. In polled mode the PAFn bus automatically cycles through the 2 sectors
withinthe device regardless of how many queues have been setupinthe part.
Everyrising edge ofthe WCLK causes the nextsectortobe loaded onthe PAFn
bus. The device configured as the master (MAST input tied HIGH), will take
control ofthe PAFn after MRS goes LOW. For the whole WCLK cycle that the

TEMPERATURE RANGES

firstsectoris on PAFnthe FSYNC (PAFn bus sync) outputwill be HIGH, for the
2nd sector, this FSYNC outputwillbe LOW. This FSYNC output provides the
userwithamarkwithwhich they can synchronize tothe PAFnbus, FSYNCis
always HIGH forthe WCLK cycle that the first sector of a device is presenton
the PAFn bus.

When devices are connected in expansion mode, only one device will be
setasthe Master, MAST inputtied HIGH, all other devices willhave MAST tied
LOW. The master device is the first device to take control of the PAFnbus and
will place its first sector onthe bus onthe rising edge of WCLK after the MRS
inputgoes HIGH. For the next 3 WCLK cycles the master device willmaintain
control ofthe PAFn bus and cycle its sectors through t, all other devices hold
theirPAFn outputs in High-Impedance. When the master device has cycledits
sectorsitpassesatokentothe nextdeviceinthe chainandthatdevice assumes
control of the PAFn bus and then cycles its sectors and so on, the PAFn bus
controltoken being passed on fromdevice to device. Thistoken passingisdone
viathe FXO outputs and FXlinputs of the devices (“PAF Expansion Out” and
“PAF Expansion In”). The FXO output ofthe master device connectstothe FXI
ofthe second deviceinthe chainandthe FXO ofthe second connectsto the FXI
ofthe thirdand so on. The final device inachain hasits FXO connectedto the
FXlofthefirstdevice, sothatonce the PAFn bus has cycled through all sectors
of all devices, control ofthe PAFnwill pass to the master device againand so
on. The FSYNC of each respective device will operate independently and
simply indicate whenthat respective device has taken control ofthe bus andis
placingits firstsector onto the PAFn bus.

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

Please refer to Figure 26, PAFn Bus — Polled Mode for timing information.

PAEN FLAG BUS OPERATION

TheIDT72V51433/72V51443/72V51453 multi-queue flow-control devices
can be configured forupto 16 queues, each queue havingits own almostempty
status. Anactive queue hasits flag status outputtothe discrete flags, OVand PAE,
onthe read port. Queues that are not selected for aread operation can have
their PAE status monitored viathe PAEn bus. The PAEnflag busis 8 bits wide,
sothat8 queuesatatime can have their status output to the bus. 1f9 ormore
queuesare setupwithinadevice then there are 2 methods by which the device
can share the bus between queues, "Direct" mode and "Polled" mode
depending onthe state of the FM (Flag Mode) input during a Master Reset. If
8orless queuesare setupwithinadevice then eachwillhave its own dedicated
output fromthe bus. If 8 or less queues are setup in single device mode, itis
recommended to configure the PAFn bus to polled mode asit does not require
using the write address (WRADD).

PAEn - DIRECT BUS

IfFMisLOWatmasterresetthenthe PAEn bus operatesin Direct (addressed)
mode. Indirect mode the user can address the sector of queues they require
to be placed on to the PAEn bus. For example, consider the operation of the
PAEnbuswhen 10 queues have been setup. Tooutputstatus of the first sector,
Queue|0:7] the RDADD bus is used in conjunction with the ESTR (PAE flag
strobe) inputand RCLK. The address presentonthe least significant bit of the
RDADD buswith ESTR HIGH will be selected as the sectoraddress onarising
edge of RCLK. Sotoaddress sector 1, Queue[0:7] the RDADD bus should be
loaded with “xxxxxx0”, the PAEn bus will change status to show the new sector
selected 1 RCLK cycle after sector selection. PAEN[0:7] gets status of queues,
Queue[0:7]respectively.

Toaddressthe 2nd sector, Queue[8:15], the RDADD addressis “Xxxxxx1".
PAEJ0:1] gets status of queues, Queue[9:10] respectively. Remember, only 10

© 2019 Renesas Electronics Corporation



IDT72V51433/72V51443/72V51453 3.3V, MULTI-QUEUE FLOW-CONTROL DEVICES

COMMERCIAL AND INDUSTRIAL

(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits

queues were setup, sowhen sector 2is selected the unused outputs PAE[2:7]
willbe don'tcare states.

Note, that if a read or write operation is occurring to a specific queue, say
queue ‘X onthe same cycle asasector switchwhich willinclude the queue X',
then there may be an extra RCLK cycle delay before that queues status is
correctly shown on the respective output of the PAEn bus.

Sectors canbe selected on consecutive clock cycles, thatisthe sectoronthe
PAEnbus canchange every RCLK cycle. Also, data can be read outofaqueue
onthe same RCLK rising edge thata sectorisbeing selected, the only restriction
being thata read queue selection and PAEn sector selection cannotbe made
onthe same RCLK cycle.

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

Whenthe multi-queue devices are connected in expansion of more thanone
devicethe PAEn busses of all devices are connected together, when switching
between sectors of different devices the user must utilize the 3most significant
bits of the RDADD address bus (as well as the 2 LSB's). These 3 MSB's
correspondtothe device IDinputs, which are the staticinputs, IDO, ID1 & 1D2.

Please refer to Figure 22, PAEn - Direct Mode Sector Selection fortiming
information. Also refer to Table 2, Read Address Bus, RDADD.

PAEn - POLLED BUS

IfFMis HIGH atmaster reset then the PAEn bus operatesin Polled (looped)
mode. Inpolled mode the PAEn bus automatically cycles through the 2 sectors
withinthe device regardless of how many queues have been setupinthe part.
Everyrising edge ofthe RCLK causes the nextsector to be loaded onthe PAEn
bus. The device configured as the master (MAST input tied HIGH), will take
control of the PAEn after MRS goes LOW. Forthe whole RCLK cycle that the

TEMPERATURE RANGES

firstsectoris on PAEnthe ESYNC (PAEn bus sync) outputwill be HIGH, for the
2nd sector, thisESYNC outputwillbe LOW. ThisESYNC output provides the
userwithamarkwithwhich they can synchronize tothe PAEnbus, ESYNCis
always HIGH forthe RCLK cycle that the first sector of a device is present on
the PAEN bus.

When devices are connected in expansion mode, only one device will be
setasthe Master, MAST inputtied HIGH, all other devices will have MAST tied
LOW. The master device is the first device to take control ofthe PAEn bus and
will placeitsfirstsectoronthe bus on therising edge of RCLK after the MRS input
goesLOW. Forthe next 3RCLK cycles the master device will maintain control
ofthe PAEnbus and cycleits sectorsthroughit, all other devices hold their PAEn
outputsin High-Impedance. Whenthe master device has cycled its sectors it
passesatokentothe nextdevice inthe chainandthat device assumes control
of the PAEn bus and then cycles its sectors and so on, the PAEN bus control
token being passed on from device to device. This token passing is done via
the EXO outputsand EXIinputs of the devices (‘PAE Expansion Out’and “PAE
ExpansionIn”). The EXO outputofthe master device connectstothe EXl ofthe
second device inthe chainand the EXO of the second connects to the EXI of
the thirdand soon. Thefinal device inachain hasits EXO connected tothe EXI
ofthefirstdevice, sothat once the PAEN bus has cycled through all sectors of
alldevices, control of the PAEnwill pass to the master device againand so on.
The ESYNC of each respective device will operate independently and simply
indicate when that respective device hastaken control of the bus andis placing
its first sector ontothe PAEN bus.

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

Please refer to Figure 27, PAEn Bus—Polled Mode for timing information.
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BYTE ORDER ON INPUT PORT: D17-D9 D8-D0
A B Write to Queue

BYTE ORDER ON OUTPUT PORT: ~ Q17-Q9 Q8-Q0

BE | IW | OW A B Read from Queue
L L L

(a) x18 INPUT to x18 OUTPUT - BIG ENDIAN

Q17-Q9 Q8-Q0

BE | Iw | oW B A Read from Queue

H L L
(b) x18 INPUT to x18 OUTPUT - LITTLE ENDIAN
Q17-Q9 Q8-Q0

BE | IW | oW >§§< A 1st: Read from Queue

L L H

Q17-Q9 Q8-Q0

B 2nd: Read from Queue

(c) x18 INPUT to x9 OUTPUT - BIG ENDIAN

Q17-Q9 Q8-Q0
?_,E Iw | ow &é B 1st: Read from Queue

Q17-Q9 Q8-Q0

;252 A 2nd: Read from Queue

(d) x18 INPUT to x9 OUTPUT - LITTLE ENDIAN

BYTE ORDER ON INPUT PORT: D17-D9 D8-DO

& A 1st: Write to Queue

D17-Q9 D8-Q0

% B 2nd: Write to Queue

BYTE ORDER ON OUTPUT PORT: Q17-Q9 Q8-Q0

BE | Iw | ow A B Read from Queue
L H L
(a) x9 INPUT to x18 OUTPUT - BIG ENDIAN
_ Q17-Q9  Q8-Q0
BE Iw | OW
H H L B A Read from Queue

(a) x9 INPUT to x18 OUTPUT - LITTLE ENDIAN

5939 drw07

Figure 3. Bus-Matching Byte Arrangement
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0 | tRS >
VRS N -+
[+ tRSS—>|
e XOF
EN
|<—tRss—> < tRSR >
sen NS
tRSS—™|
FSTR,
ESTR
< trsS—>
WADEN, N
RADEN N
«— tRSS >
1DO, IDA1,
ID2
le— tRSS
ow, IW ; )
<+ tRSS ¥ HIGH = Looped
FM % LOW = Strobed (Direct)
<+ tRSS HIGH = Master Device
MAST SZ > LOW = Slave Device
<+ tRSS > HIGH = Default Programming
DFM LOW = Serial Programming
< tRSS HIGH = Offset Value is 128
DF LOW = Offset value is 8
<— tRSF
== N - - e e _____ _HGHZifSlveDevice _
LOGIC “0" if Master Device
< IRSF ™ | OGIC "1" if Master Device
ov /1" " HIGH-Z i Slave Device T T oo o
< tRsF *Z LOGIC "1" if Master Device
PAF T T T T T T T T T T T T T T T T T T T T T T T T T T T T HIGH-Z if Slave Device
<— tRSF >
BAE Xi_ HIGH-Zif Slave Device  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ________
LOGIC "0" if Master Device
< tRSF > LOGIC "1" if Master Device
PAFn T T T T T T T T T T T T T T T T T T T T T T T T T HiGHzZif Slave Device
<— tRSF —>|
PAEN _ _HIGH-Zif Slave Device_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ________
LOGIC "0" if Master Device
< tRSF LOGIC "{" if OE is LOW and device is Master
Qn S T T T T T T T T T 7 7 HIGH-Zif OE is HIGH or Device is Slave

5939 drw08

NOTES:
1. OE can toggle during this period.

2. PRS should be HIGH during a MRS. Figure 4. Master Reset
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w-2 w-1 w w+1 w+2 w+3
WCLK 174—\_%—\_74—\_74—\_74—\_74 N\ /
tas tQH
PR
WADEN % ﬂk
tENS
~ tENS ~
WEN *
tas t
~ ~— 1AH
WRADD Qx
‘ ‘ /"tWFF
FF ‘ el —twar
PAF ‘ A —tPAF
Active Bus F
PAF-Qx® PSS, | __tprsH
-« e »
PRS < 1
tPR:s/ "= tprsH
RCLK 7 N N__f N N . A N\ A+ N
tENS
N, tENS ~
REN
tQS\ - tQH
RADEN
tas — — tAH
RDADD Qx
tROV
_ >
oV
| | | | g
PAE «ji
| | | | | =0
Active Bus
PAE-Qx® ‘ ‘ ‘ ‘ ‘ ‘
r-2 r-1 r r+1 r+2 r+3
NOTES 5939 drw09
1. For a Partial Reset to be performed on a Queue, that Queue must be selected on both the write and read ports.
2. The queue must be selected a minimum of 2 clock cycles before the Partial Reset takes place, on both the write and read ports.
3. The Partial Reset must be LOW for a minimum of 1 WCLK and 1 RCLK cycle.
4. Writing or Reading to the queue (or a queue change) cannot occur until a minimum of 3 clock cycles after the Partial Reset has gone HIGH, on both the write and read ports.
5. The PAF flag output for Qx on the PAFn flag bus may update one cycle later than the active PAF flag.
6. The PAE flag output for Qx on the PAEn flag bus may update one cycle later than the active PAE flag.

Figure 5. Partial Reset

Master Reset

Default Mode T T
v 'R
MRS MRS

) N\
N\ o
<
‘

DFM DFM DFM MRS
MQ1 MQ2 MQn
Serial Enable —»| SENI SENO|__p| SENI SENO e »| SENI SENO |—p Serial Loading
Complete
Serial Input —p»{ SI SO |—p Sl SOL— ¢ gl s SO
SCLK SCLK SCLK

Serial Clock I I T 5939 drw10

Figure 6. Serial Port Connection for Serial Programming
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IDT72V51433/72V51443/72V51453 3.3V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIAL AND INDUSTRIAL

(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits TEMPERATURE RANGES
wek /N A A N S S S S
tENS tENH
N /<
EN
tDS—><-tDH~;I<-tDS—><—tDH~>lz-tDS—><-tDH
Dn E w1 w2 w3 XK KK KRR KK AKX AKX AKX KX
tSKEW1
<—F>
RCLK m%_m_—\_/_ A
tENS\
. >
REN SR *
r tA r tA r tA
Qout Last Word Read Out of Queue W1 Qy W2 Qy W3 Qy
FWFT FWFT
/-tROV /tnov
oV
5939 drw12a
NOTES:
1. Qy has previously been selected on both the write and read ports.
2. OE is LOW.

3. The First Word Latency = tSKEW1 + RCLK + tA. If tSKEWL1 is violated an additional RCLK cycle must be added.

Figure 10. Write Operations & First Word Fall Through
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IDT72V51433/72V51443/72V51453 3.3V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIAL AND INDUSTRIAL

(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits TEMPERATURE RANGES
Ar “B* o 0 g “F G H g
RCLK N\ 7 S A N N S N S NS S N S N
YENS\
REN
tas — s tAH tas— <_¢tAH
RDADD D1 Qo D1Q15 ‘
tas— <_,LQH tas~ ~toH
RADEN
ta ta tA tA
toz-L « I «y I
Qout - ‘ D1 Qo WpLast Word J( D1 Q15 >k D1 Q15 We Last Word J( Wo Q15
(Device 1) PFT We-1 D1
tROV —trov —trov —trov
— ! (iOVLZ le—"nl L—» m
%\évice " HIGH-Z e ( *
— tovHz
ov
(Device 2) 4_:1 a— tSKEW1 —]

WCLK mml—\j
tENS\ (tENH
EN
tas
)—><—>

WRADD TR TK KKK D
tas—,

WADEN

2R AR AR R AR AKX KX

5939 drw15

Cycle: o
*A* Queue 9 of Device 1 is selected for read operations. The OV is currently being driven by Device 2, a queue within device 2 is selected for reads. Device 2 also has control

of Qout bus, its Qout outputs are in Low-Impedance. This diagram only shows the Qout outputs of device 1. (Reads are disabled).

*B* Reads are now enabled. A word from the previously selected queue of Device 2 will be read out.

*C* The Qout of Device 1 goes to Low-Impedance and word Wd is read from Q9 of D1. This happens to be the last word of Q9. Device 2 places its Qout outputs into
High-Impedance, device 1 has control of the Qout bus. The OV flag of Device 2 goes to High-Impedance and Device 1 takes control of OV. The OV flag of Device 1 goes LOW
to show that Wd of Q9 is valid.

*D* Queue 15 of device 1 is selected for read operations. The last word of Q9 was read on the previous cycle, therefore OV goes HIGH to indicate that the data on the Qout is
not valid (Q9 was read to empty). Word, Wd remains on the output bus.

*E* The last word of Q9 remains on the Qout bus, OV is HIGH, indicating that this word has been previously read.

*F* The next word (We-1), available from the newly selected queue, Q15 of device 1 is now read out. This will occur regardless of REN, 2 RCLK cycles after queue selection
due to the FWFT operation. The OV flag now goes LOW to indicate that this word is valid.

*G* The last word, We is read from Q15, this queue is now empty.

*H* The OV flag goes HIGH to indicate that Q15 was read to empty on the previous cycle.

*[* Due to a write operation the OV flag goes LOW and data word WO is read from Q15. The latency is: tskew1 + 1*RCLK + tRov.

Figure 13. Output Valid Flag Timing (In Expansion Mode)
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IDT72V51433/72V51443/72V51453 3.3V, MULTI-QUEUE FLOW-CONTROL DEVICES COMMERCIAL AND INDUSTRIAL

(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits TEMPERATURE RANGES
Ax g ot “pr g . .G He q age
RCLK Mml—\gl—\_?%%%%z—\_%—\_/
TENS - t— tENH —»| IENS\ <—K>‘ENH
MS)—><—/>‘MH MS)—><:>|AH
RDADD WW‘( Qn WW)W Qe
tas— —tar tas— —tar
RADEN
<o Yy lest Py Py Py
Qout Qp Wb >k Qp Wb+1 Qp W42 )k Qn Wx * Qn Wix+1 * Qp Wb+3 Qp W44
ov
Cycle:

*A* Word Wd+1 is read from the previously selected queue, Qp.

*B* Reads are disabled, word Wd+1 remains on the output bus.

*C* A new queue, Qn is selected for read port operations.

*D* Due to FWFT operation Word, Wd+2 of Qp is read out regardless of REN.

*E* The next available word Wx of Qn is read out regardless of REN, 2 RCLK cycles after queue selection. This is FWFT operation.
*F* The queue, Qp is again selected.

*G* Word Wx+1 is read from Qn regardless of REN, this is due to FWFT.

*H* Word Wd+3 is read from Qp, this read occurs regardless of REN due to FWFT operation.

*I*  Word Wd+4 is read from Qp.

*J* Reads are disabled on this cycle, therefore no further reads occur.

Figure 14. Read Queue Selection with Reads Disabled

A% B C “D* E* F G H I*
RCLK \_71—\_%—\_7%1—\4%1—\_7%1—\_7“
tENS tENH tENS
< s <
REN
tas tAH tas tAH
PN PR PRI Pt
oA R KRR R KR KKK AT I IR I KK III K
tas toH tas. tQH
RIS e
ok T
OE
tA tA tA tA tA toHz
toLz tOE —m| I /s /s /s /- I

Qout Previous Data in O/P Register ;( Qa Wo ;( QA W1 ;ﬂ Qa W2 ;ﬂ QaWs ;ﬂ Qa W4 p—
PFT No Read
/;[tov ROV Qe is Empty

5939 drw17

NOTES:

1. The Output Valid flag, OV is HIGH therefore the previously selected queue has been read to empty. The Output Enable input is Asynchronous, therefore the Qout output bus
will go to Low-Impedance after time toLz.
The data currently on the output register will be available on the output after time toe. This data is the previous data on the output register, this is the last word read out of the
previous queue.

2. In expansion mode the OE inputs of all devices should be connected together. This allows the output busses of all devices to be High-Impedance controlled.

Cycle:

*A* Queue A is selected for reads. No data will fall through on this cycle, the previous queue was read to empty.

*B* No data will fall through on this cycle, the previous queue was read to empty.

*C* Word, WO from Qa is read out regardless of REN due to FWFT operation. The OV flag goes LOW indicating that Word WO is valid.

*D* Reads are disabled therefore word, WO of Qa remains on the output bus.

*E* Reads are again enabled so word W1 is read from Qa.

*F* Word W2 is read from Qa.

*G* Queue, Qb is selected on the read port. This queue is actually empty. Word, W3 is read from Qa.

*H* Word, W4 falls through from Qa.

*1* Qutput Valid flag, OV goes HIGH to indicate that Qb is empty. Data on the output port is no longer valid.

Output Enable is taken HIGH, this is Asynchronous so the output bus goes to High-Impedance after time, toHz.

Figure 15. Read Queue Select, Read Operation and OE Timing
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(16 QUEUES) 18 BIT WIDE CONFIGURATION 589,824, 1,179,648 and 2,359,296 bits TEMPERATURE RANGES
NULL QUEUE SELECT
SELECT NEW QUEUE
A - o D - e
ROK N N o N N A N N
g™ B
RDADD XXX XK 0001x000¢ l\><><>0< 00000100
tosj A taH tos) P /:tQH
RADEN —+ ﬂl: — e
tENS
[ tENH P
REN

—1A 1A —1A 1A
Qout Q1 Wn-3 ;l( Q1 Wn-2 ;'( Q1 Wn-1 Q1 Wn Q4 W0

/—tROV tROV FWFT
ov ;l‘ :lt

5938 drw18

NOTES:

1. The purpose of the Null queue operation is so that the user can stop reading a block (packet) of data from a queue without filling the 2 stage output pipeline with the next words
from that queue.

2. Please see Figure 17, Null Queue Flow Diagram.

Cycle:

*A* Null Q of device 0 (32nd queue) is selected, when word Wn-1 from previously selected Q1 is read.

*B* REN is HIGH and Wn (Last Word of the Packet) of Q1 is pipelined onto the O/P register.
Note: *B* and *C* are a minimum 2 RCLK cycles between Q selects.

*C* The Null Q is seen as an empty queue on the read side, therefore Wn of Q1 remains in the O/P register and OV goes HIGH.

*D* A new Q, Q4 is selected and the 1st word of Q4 will fall through present on the O/P register on cycle *F*.

Figure 16. Read Operation and Null Queue Select

Queue 4
Memory

Queue 4
Memory

Queue 1
Memory
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Figure 17. Null Queue Flow Diagram
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Cycle: o
*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.

*C* Word, Wd-m is written into Q5 causing the PAF flag to go from HIGH to LOW. The flag latency is 2 WCLK cycles + twar.

*D* Queue 9 if device 1 is now selected for write operations. This queue is not almost full, therefore the PAF flag will update after a 2 WCLK + twar latency.
*E* The PAF flag goes LOW hased on the write 2 cycles earlier.
*F* The PAF flag goes HIGH due to the queue switch to Q9.

Figure 18. Almost Full Flag Timing and Queue Switch
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NOTE:
1. The waveform here shows the PAF 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 full boundary.
Flag Latencies:
Assertion: 2*WCLK + twar
De-assertion: tskew2 + WCLK + twar
If tskewz is violated there will be one extra WCLK cycle.

Figure 19. Almost Full Flag Timing
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Cycle:

*A* Queue 12 of Device 1 is selected on the read port. A queue within Device 2 had previously been selected. The PAE flag output and the data outputs of device 1 are High-Impedance.

*B* No read occurs.

*C* The PAE flag output now switches to device 1. Word, Wn is read from Q12 due to the FWFT operation. This read operation from Q12 is at the almost empty boundary, therefore
PAE will go LOW 2 RCLK cycles later.

*D* Q15 of device 1 is selected.

*E* The PAE flag goes LOW due to the read from Q12 2 RCLK cycles earlier. Word Wn+1 is read out due to the FWFT operation.

*F* Word, WO is read from Q15 due to the FWFT operation. The PAE flag goes HIGH to show that Q15 is not almost empty.

Figure 20. Almost Empty Flag Timing and Queue Switch
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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:
Assertion: 2*RCLK + trRAE
De-assertion: tskew2 + RCLK + {RAE
If tskew2 is violated there will be one extra RCLK cycle.

Figure 21. Almost Empty Flag Timing
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NOTES:

1. Sectors 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 1 RCLK for the PAEn bus to switch.

Figure 22. PAEn - Direct Mode - Sector Selection
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NOTES:

1. Sectors 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 1 WCLK for the PAFn bus to switch.

Figure 23. PAFn - Direct Mode - Sector Selection
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*AA* *BB* *CCc* *DD* *EE* *FF*
Cycle:
*A*  Queue 4 of Device 5 is selected for write operations.

Word, Wp is written into the previously selected queue.

*AA* Queue 4 of Device 5 is selected for read operations.

*B*

A sector 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.
Word Wp+1 is written into the previously selected queue.

*BB* Word, Wa+1 is read from Qn of D5, due to FWFT operation.

*C*

Word, Wn is written into the newly selected queue, Q4 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.

*CC* Word, Wy from the newly selected queue, Q4 will be read out due to FWFT operation.

*D*

Sector 2 of Device 5 is selected on the PAEn bus. Q4 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.

Queue 8 of Device 3 is selected for write operations.

Word Wn+1 is written into Q4 of D5.

*DD* The PAEn bus changes control to D5, the PAEn outputs of D5 go to Low-Impedance and sector 2 is placed onto the outputs. The device of the previously selected

*E*

sector now places its PAEn outputs into High-Impedance to prevent bus contention. Word, Wy+1 is read from 1 Q4 of D5. o
The discrete PAE flag will go HIGH to show that Q4 of D5 is not almost empty. Q4 of device 5 will have its PAE status output on PAE[0].
No writes occur.

*EE* Word, Wy+2 is read from Q4 of D5.

*Ex

Sector 1 of device 4 is selected on the write port for the PAFn bus.
Word, Wx is written into Q8 of D3.

*EF* The PAEn bus updates to show that Q4 of D5 is almost empty based on the reading out of word, Wy+1.

The discrete PAE flag goes LOW to show that Q4 of D5 is almost empty based on the reading of Wy+1.
Figure 24. PAEn - Direct Mode, Flag Operation
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*AA* *BB* *CCc* *DD* *EE* *FF*

Cycle:
*A*  Queue 16 of device 0 is selected for read operations.

The last word in the output register is available on Qout. OE was previously taken LOW so the output bus is in Low-Impedance.
*AA* Sector 2 of device 0 is selected for the PAFn bus. The bus is currently providing status of a previously selected sector, Sect Y of device X.
*B*  Word, Wx+1 is read out from the previous queue due to the FWFT effect.
*BB* Queue 16 of device 0 is selected on the write port.
The PAFn bus is updated with the sector selected on the previous cycle, DO Sect 2. PAF[7] is LOW showing the status of queue 16.
The PAFn outputs of the device previously selected on the PAFn bus go to High-Impedance.
*C* A new sector, Sect 1 of Device 7 is selected for the PAFn bus.
Word, Wd-m+1 is read from Q16 DO due to the FWFT operation. This read is at the PAFn boundary of queue DO Q16. This read will cause the PAF[7] output to go from
LOW to HIGH (almost full to not almost full), after a delay tskews + WCLK + trar. If tskew3 is violated add an extra WCLK cycle.
*CC* PAFn continues to show status of Sect 2 DO.
*D*  No read operations occur, REN is HIGH.
*DD* PAF[7] goes HIGH to show that DO Q16 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 Q16.
*E*  Queue 2 of Device 6 is selected for write operations.
*EE* Word, Wy+1 is written into DO Q16.
*F*  Word, Wd-m+2 is read out due to FWFT operation.
*FF* PAF[7] and the discrete PAF flag go LOW to show the write on cycle *DD* causes Q16 of DO to again go almost full.
Word, Wy+2 is written into DO Q16.
*G*  Word, WO is read from QO of D6, selected on cycle *E*, due to FWFT.

Figure 25. PAFn - Direct Mode, Flag Operation
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NOTE:
1. This diagram is based on 3 devices connected in expansion mode.

Figure 26. PAFn Bus - Polled Mode
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NOTE:
1. This diagram is based on 3 devices connected in expansion mode.

Figure 27. PAEn Bus - Polled Mode
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NOTES:

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

Figure 28. Multi-Queue Expansion Diagram
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JTAGINTERFACE The Standard JTAG interface consists of four basic elements:
e TestAccess Port (TAP)

Five additional pins (TDI, TDO, TMS, TCK and TRST) are provided to e  TAPcontroller
support the JTAG boundary scan interface. The IDT72V51433/72V51443/ ° Instruction Register (IR)
72V51453incorporates the necessary tap controller and modified pad cells to e  Data Register Port (DR)
implementthe JTAG facility. ] ) ) ) o
Note that IDT provides appropriate Boundary Scan Description Language The following sections provide a brief description of each element. Fora
orogram filesforthese devices. acl)znéﬁ)_:lest?ddels&g)tllorf gr)%fg)rtothe |EEE Standard Test Access Port Specification

The Figure below shows the standard Boundary-Scan Architecture

Mux
—| Boundary Scan Reg. I
TDO
TDI — < o
P clkDR, ShiftDR
T™MS UpdateDR
— > TAP
TCLK
TRST, Cont
rofler | Instruction Decode |
clkIR, ShiftIR
UpdatelR
| Instruction Register |
Control Signals 5939 drw31
Figure 29. 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 of the processor. Itconsists of fourinput ports (TCLK, TMS, TDI, TRST) ~ TMSand TCLK signals to generate clock and control signalstothe Instruction
and one output port (TDO). and Data Registers for capture and update of data.
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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 30. TAP Controller State Diagram

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

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

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

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

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

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

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

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

Exitl-IR Thisisacontroller state where adecisionto enter either the Pause-
IR state or Update-IR state is made.

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

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

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

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

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

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

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

Theinstruction register must contain 4 bitinstruction register-based cells
which canholdinstructiondata. These mandatory cellsarelocated nearestthe
serial outputs they are the least significant bits.

TESTDATAREGISTER

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

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

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

TEST BYPASS REGISTER

Theregisteris used to allow test data to flow through the device from TDI
toTDO. Itcontainsasingle stage shiftregister foraminimumlengthin serial path.
Whenthe bypassregisteris selected by aninstruction, the shift register stage
is setto alogic zero on the rising edge of TCLK when the TAP controller isin
the Capture-DR state.

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

THE BOUNDARY-SCAN REGISTER

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

THE DEVICE IDENTIFICATION REGISTER

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

IDT JEDEC ID number is 0xB3. This translates to 0x33 when the parity
is dropped in the 11-bit Manufacturer ID field.

Forthe IDT72V51433/72V51443/72V51453, the Part Number field con-
tainsthe following values:

Device Part# Field (HEX)
IDT72V51433 0x431
IDT72V51443 0x432
IDT72V51453 0x433
31(MSB) 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

TEMPERATURE RANGES

JTAG INSTRUCTION REGISTER

The Instructionregister allowsinstruction to be serially inputinto the device
whenthe TAP controllerisin the Shift-IR state. Theinstruction is decodedto
performthe following:

o Selecttestdataregistersthatmay operate while the instructionis
current. The other test data registers should notinterfere with chip
operationandthe selected dataregister.

o Definetheserialtestdataregister path thatis usedto shift databetween
TDIland TDO during data register scanning.

The Instruction Registeris a4 bitfield (i.e. IR3, IR2, IR1, IR0) to decode

16 different possible instructions. Instructions are decoded as follows.

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

JTAG INSTRUCTION REGISTER DECODING

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

EXTEST

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

IDCODE

TheoptionalIDCODE instructionallowsthe ICtoremaininitsfunctionalmode
and selectsthe optional device identification registerto be connected between
TDI and TDO. The device identification register is a 32-bit shift register
containinginformationregarding the IC manufacturer, device type, and version
code. Accessing the device identification register does not interfere with the
operationofthe IC. Also, accesstothe device identification register should be
immediately available, viaa TAP data-scan operation, after power-up of the
IC orafter the TAP has been resetusing the optional TRST pin or by otherwise
movingtothe Test-Logic-Reset state.

SAMPLE/PRELOAD

The required SAMPLE/PRELOAD instruction allows the IC toremainina
normal functionalmode and selects the boundary-scan register to be connected
between TDIand TDO. During thisinstruction, the boundary-scan register can
be accessed viaa date scan operation, to take a sample of the functional data
entering and leaving the IC. Thisinstruction is also used to preload test data
into the boundary-scanregister before loading an EXTEST instruction.
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HIGH-IMPEDANCE BYPASS
The optional High-Impedance instruction sets all outputs (including two-state The required BYPASS instruction allows the IC to remain in a normal

aswellasthree-state types) ofanICtoadisabled (high-impedance) stateand ~ functional mode and selects the one-bit 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
Duringthisinstruction, data can be shifted throughthe bypassregisterfrom TDI  transferred throughthe IC from TDI to TDO without affecting the operation of
to TDO without affecting the condition ofthe IC outputs. thelC.
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¢ trek
t4\
t1—pb 2
TCK 10 S_/—_T—/_
3/
TDI/
T™MS
tDs p{«-toH
TDO Do
4— 16 —p> tbo
TRST Notes to diagram: 5989 e
t1 = trckLow
t5 t2 = tTCKHIGH
13 = tTCKFALL
t4 = tTCKRISE
t5 = tRST (reset pulse width)
t6 = tRSR (reset recovery)
Figure 31. Standard JTAG Timing
JTAG
ACELECTRICALCHARACTERISTICS
(Ve = 3.3V £ 5%; Tease = 0°C to +85°C)
Parameter Symbol Test
Conditions
SYSTEMINTERFACE PARAMETERS Min. | Max.| Units
IDT72V51433 JTAG Clock Input Period | tTCK - 100 - ns
IDT72V51443 . .
IDT72V51453 JTAG Clock HIGH tTCKHIGH 40 ns
Parameter | Symbol | Test Conditions | Min. | Max. | Units JTAG ClockLow frekLow _ Wl -]
iseTi . . &
DataOutput Do ] 20 s JTAG ClockRise Time | tTCKRISE 5 ns
i - B &
DataOutputHold| DoH® 0 - s JTAG Clock Fall Time tTCKFALL 5 ns
Data Input DS trise=3ns 10 - ons JTAGReset RST - ) -]
tDH tfall=3ns 10 - JTAG ResetRecovery | tRSR - 50 - ns
NOTE: NOTE:
1. 50pf loading on external output signals. 1. Guaranteed by design.
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ORDERING INFORMATION
IDT XXXXX X XX X X
. Process /
D T P Pack
evice Type ower Speed ackage Temperature
Range
\—‘ BLANK Commercial (0°C to +70°C)
1M Industrial (-40°C to +85°C)
|BB Plastic Ball Grid Array (PBGA, BB256-1)
|6 Commercial Only Clock Cycle Time (tcLk)
| 7-5 Commercial & Industrial Speed in Nanoseconds
{L Low Power

|72V51433 589,824 bits — 3.3V Multi-Queue Flow-Control Device
72V51443 1,179,648 bits — 3.3V Multi-Queue Flow-Control Device

72V51453 2,359,296 bits — 3.3V Multi-Queue Flow-Control Device
5939 drw34

NOTE:
1. Industrial temperature range product for the 7-5ns is available as a standard device. All other speed grades available by special order.
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12/19/2001 pgs. 12 and 28.

01/15/2002 pg. 47.

04/05/2002 pgs. 7,9,11, 13 and 48.
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