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IDT72P51539
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FEATURES

e Choose from among the following memory density options:

IDT72P51539 —  Total Available Memory = 589,824 bits

IDT72P51549 —  Total Available Memory = 1,179,648 bits
IDT72P51559 —  Total Available Memory = 2,359,296 bits
IDT72P51569 —  Total Available Memory = 4,718,592 bits

e Configurable from 1 to 32 Queues
o Default configuration of 32 or 16 symmetrical queues
o Default multi-queue device configurations
-IDT72P51539: 512 x 36 x 32Q
- IDT72P51549: 1,024 x 36 x 32Q
- IDT72P51559: 2,048 x 36 x 32Q
- IDT72P51569: 4,096 x 36 x 32Q
o Default configuration can be augmented via the queue address
bus
o Number of queues and individual queue sizes may be
configured at master reset though serial programming
e 200 MHz High speed operation (5ns cycle time)
e 3.6nsaccesstime
o Independent Read and Write access per queue

User Selectable Bus Matching Options:
—x36 in to x36 out —x18in to x36 out
—x36in to x18out —-x18in to x18 out —X9into x18 out
—x36in to x9out —x18in to x9 out —-Xx9intox9 out
User selectable I/0: 1.5V HSTL, 1.8V eHSTL, or 2.5V LVTTL
100% Bus Utilization, Read and Write on every clock cycle
Selectable First Word Fall Through (FWFT) or IDT standard
mode of operation

Ability to operate on packet or word boundaries

Mark and Re-Write operation

Mark and Re-Read operation

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

Direct or polled operation of flag status bus

Expansion of up to 256 queues and/or 32Mb logical configura-
tion using up to 8 multi-queue devices in parallel

JTAG Functionality (Boundary Scan)

Available ina 256-pin PBGA, Imm pitch, 17mm x 17mm

HIGH Performance submicron CMOS technology

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

—X9in to x36 out

FUNCTIONAL BLOCKDIAGRAM

MULTI-QUEUE FLOW-CONTROL DEVICE

Q31

f
m
z
1O4HLINOD FL1idM

READ CONTROL
T
m
z

I:)in

Qout

x36, 18 or x9
DATA IN

SOVId LM

—>

I TrmTOaATTT
gt

rImMTIrNITOATIT T
e
[ NL I T I I O I I I B B |

Q0

vy

x36, x18 or x9
DATA OUT

READ FLAGS

L2 2 N 2 ]

F/

i

©
Y
-]

IDT andthe IDT logo are registered trademarks of Integrated Device Technology, Inc

COMMERCIAL AND INDUSTRIAL TEMPERATURE RANGES

6715 drw01

FEBRUARY 2009

©2009 Integrated Device Technology, Inc. All rights reserved. Product specifications subject to change without notice.

1

DSC-6715/4



IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIALANDINDUSTRIAL

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

Table of Contents

FEALUIES ...t E R R R R R R R R R R R R R R R R R R R R SRR R R R R R R R R R R R R R s 1
T 10111 TSR RTPR PSR 5
I oT ) 1T U Lo RSP RTRSTPRRN 7
DLy V1 [=T0 B TCT o0 4o RSP TRTTRPSR 8

Pin Descriptions
Pin number table

Recommended DC OPerating CONUITIONS .......ccoviieiiiirinisiisisisieiiere et s et ae e s e s s s e s ee bbb s eR e s snn et 17
ADSOIULE MAXIMUM FALINGS ...vvvvevveesereeiieserses et ere s s s e eseessses e sese e s se s s s s ae e s e e e e a8 s e e a8 e e e se s e R b s e e R b et R R b e E Rt s bbb e et s s e s s s nnnin 17
DC IECEIICAI CNAFACLEIISTICS ......vvvuiveeireiireiis ittt s8R 18
AC ElECLIICAI CNAIACTEIISTICS ....vvvuivescriteiesiiees ettt s s s e 111888188888 20
FUNCHIONAI AESCIIPLION ....cvvicscieteie ettt et e a8 e 4000 R e e s e Rt b e n et 22
RS LC] £ (00 =040 11T SRR 23
DEFAUIE PrOGIAMMING w..vuvvvvvevereseretieeseretsessesessessesesssssesesessssesesesessesesssssssesesssassesesssassesesassssesesesssassesessassesesessssesesasssansesasassssesasassssasesassssnsesnssnes 23
e oL 010 o 11 21T TSSO 23
(T T=N L= Y0 4o SRS TSTRRS 25
Configuration of the IDT Multi-QUeUE fIOW-CONITOABVICE .......cvuvuiircieiriisiceisis st es s 25
ST 10U o0 Lol 0] 0T o4 SRR 26
Read Queue Selection and REAA OPEIALION ..........cveuiirrieieiiereieiierees st see e es s sss s s s se s s s s ese s st sas s e s ee e se s s s eseses s ese s s s s s anns 27
SWitChiNg QUEUES ONthE WIIEE POM ........iieeieicecieisise ettt ettt e et ee AR s e 29
SWiItching QUEUES ONtHE REAA POM ..ottt ettt s e s et e e et en e n s 31
Vo L= Yoo TSRS 42
PAFN FIAQ BUS OPEIAION 1..v.vuvvveeieiesereteiseseteessessesssssesesassssesessssssasesssssasesesssassesesssassesessssssasesssssassesesssssesessssssesesassssnsesessssesesasassesesssesssesasnssnes 42
U oo ] =T TSP 42
Empty or Output Ready Flag OPeration (EF/OR) ......ccvvieiriirierieiiesesissssessssssssesssssasessssssasesessssssesessssssasessssssssssssssssesessssssssesassssasssessssssesesssnes 42
NS Vo TSR 43
AIMOSEEMPLY FIAG 1. vttt sttt s a8 s8R E s8R 08 E e R e AR R E st r e 43
Vo Tl =T 0| T TSR 47
Packet MOAE DEMATCAON IS ........cvivieeiiericiei ittt bbb 49
JTAG INEEITACE ... icveice bbb e b2 bbb e £ b £ 888 E bbbt bbbt 82
JTAG AC €lECLIICAI CRATACTEIISTICS ......viiveieeiieiiei e bbb bbbt b b 86
(0o T=T T o 1 0] 07 (T TSRS 87

List of Tables

Table 1 — Device programming MOUE COMPANSON .........cuuuerrurierereeraesereeseresesessesesesesesssaesesssassesesssassssesssessssesesesassesesssassesesasassssesessassesesasassesesassssssesasns 22
Table 2 — Setting the queue programming MOAE AUNNG MASIEN TESEL .......cvivvr ittt s et b bbb st 22
Talle 3 — MOUE CONFIGUIBTION ....v.vvieeieeisee ettt bbb E bbb bbbt bbb 25
Table 4 — Write AQAreSS BUS, WRADDI[7:0] ...c..v.eutierirereieeeieieiee sttt b bbbt 26
Table 5 — Read Address BUS, RDADDI7:0] ........c.vteuriieritiertieriseeesesesessteeseses et eh s eb st eb bbb bbbt bbb 27
Table 6 — Write QUEUE SWILCH OPEIALION .......c..vieviieeireriieteieiet ettt ettt 30
Table 7 — Read QUEUE SWILCH OPEIALION .......cv.eurrieeeieeitiet ettt eb bbb bbb bbbt 32
Table 8 — SAME QUEUE SWILCN ....vviviiiiitiiciitiiteetet ettt bbb b bbb bbbttt e b e b e b e b b e b et e b e b eb e b e b et e b e b e b e b e b e b e b ebeb e b e b et e b e b e b e b e b et et ebebe b e b et et eb et et ebebebereberis 32
Table 9 — Flag operation BoUNAITES AN TIMING .....v.vvieriiereieiieeie sttt ee e e e e ee et b e st s bbbt eb e 45
Table 10 — Packet Mode Valid Byte for x36 bit WOrd CONfIGUIALION ..........cv.iuiviieriiiieieeset bbb 48
Talle 11 — BUS-MALICHING SEI-UP ....cvviieieie ettt 52

2 FEBRUARY 13,2009



IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL

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

List of Figures

Figure 1. Multi-Queue Flow-Control DVICE BIOCK DIAGIAM .......cv.veviiiiereiriiisreietsissesesessesssessssessssssssesessssssesessssssasesssassssesessssssesessssssesesssssesesessssssesesasnes 6
= B Y O =T - 1o TSR TSTRS 19
Figure 2b. Lumped Capacitive Load, TYPICAI DEIALING ......vv.vveveueereieiiiereretsissrsessssssssesssesssesssesessssssssessssssssesssssssssesasassesessssssssessssssssesesssssesessssssesens 19
FIGUIE 3. RETEIENCE SIGNAIS ..vvuviveeieteiss ettt ettt ese e s e e s s 0 s8R e e e st e st e e n s 22
Figure 4. Device Programming HIBTAICNY ........vceiiceieiis et sttt e et s e e st ee e n s 24
Figure 5. IDT Standard mode illUSLrated (REAA POI) .....c.cvviieieiiieeieisiiereeisie sttt es e e s e s b nnes 25
Figure 6. First Word Fall Through (FWFT) mode illustrated (REAA POI) .....cvvviieieiieiiieiiesieisseses s s ssesesssnsesessssssssees 25
Figure 7. Write Port SWitching QUEUES SIGNAI SEUUEBNCE .......cveviuiiereieiiiereietssesesesseesesesssessssss e sesssssseesssessasese s ss st asese s s assasesesesssesessansesesassssnsens 29
Figure 8. SWItching QUEUES BUS EffICIENCY ....v.vvvuveiiircieieiis ettt et e st n s 29
Figure 9. SIMUItaNE0oUS QUEUE SWILCIING ©.v.v.vuvvveveiiereeeiiieseretsissiesessesese s s eeesssse s s s s ssee s sses s s as e s s e e e st s s e st e e s b st e ne b en e s s e nns 30
Figure 10. Read Port Switching QUEUES SIGNAI SEUUENCE ......vevvreeeieesierereisieerstesseesssessssesssesssesesssssseessssssssesesessssesesesassesesssassssesssssssesessssnsesesasassesens 31
Figure 11. SWitching QUEUES BUS EffICIENCY ......vuveiiireieiiiecieisiis sttt sttt s e ee e n b n s 31
Figure 12. SIMUItaNEOUS QUEUE SWILCHING ©.....v.vueieriireieieiis ettt ettt ettt e et e et e s n s 32
Figure 13. MARK @N0 RE-WIE SEUUBICE .......vuiveeirreieiiesereteisssesesessiesesesssesesssssse et sessssesssessssesesesassssesasassssesssnssssesessassesesssassesesssnssssesesssssesesasassesens 33
Figure 14. MARK and RE-REAU SEUUENCE .....vueveuriririieiiereietsiisiesssessssesssessssesessssssesessssssssessssssssesesssassesessassesessssssssesessssssesesssassesessssssasesassssssesessssnsesess 33
Figure 15. MARKing a Queue in Packet Mode - WIite QUEUE MARK ........cciiieiiiiieisiei st nnes 34
Figure 16. MARKing a Queue in Packet Mode - Read QUEUE MARK .......c.euiiiriieiiiiieisisiieisiss et sess st s s asesss s sesssnseses 34
Figure 17. UN-MARKing a Queue in Packet Mode - Write QUEUE UN-MARK ..........cviiirieiririicreiei st ssessss s sesssnsesees 35
Figure 18. UN-MARKing a Queue in Packet Mode - Read QUEUE UN-MARK .......cooiiieieriieiieeisisis st sssesessssssnnns 35
Figure 19. MARKing a Queue in FIFO Mode - Write QUEUE MARK ......cv ittt an s snne s senes 37
Figure 20. MARKing a Queue in FIFO Mode - Read QUEUE MARK ......ccviiiiieieiiieisiei ettt esas s snnns 37
Figure 21. UN-MARKing a Queue in FIFO Mode - Write QUEUE UN-MARK .......oiiiieieieinireisirs st sseses s sessssssnsns 38
Figure 22. UN-MARKing a Queue in FIFO Mode - Read QUEUE UN-MARK ......cccviiuririeriieiereieisss et ssessssssssesssssssesessssssesens 38
Figure 23. Leaving @ MARK @CHVE 0N thE WHEE POt ......c.cviieeieiiiccieisiie ettt sttt n s nes 39
Figure 24. Leaving @ MARK @CtIVE ONTHE REAA POM .........co.ieiiiiiccieisiee ettt et 39
Figure 25. Inactivating @ MARK ONthe WHIEE POTTACHIVE ........ceveieiieeieiiereieiiss ettt st as st et en s 40
Figure 26. Inactivating @ MARK 0N the REAU POIACLVE .......ccueuiieeieiiieeeisiis sttt s st es s nnes 40
Figure 27. 36hit t0 360t WOTd CONTIGUIALION .......vvviicrcieiiiscieisis ettt d e n bt e s 49
Figure 28. 36hit t0 18Dt WOTA CONTIGUIALION .......vvvevriecreieiiissceetsiss ettt e st 49
Figure 29. 36hit t0 DIt WOIT CONFIGUIALION .....vuvvveviricreieiieeie sttt s e ee e e e R e en et s Rt s e n e s 49
Figure 30. 18hit t0 360it WOTd CONTIGUIALION .......vvvvricecieiiecietsise ettt e st e e s nn s 50
Figure 31. 18hit to 18Dt WOTd CONTIGUIALION .......vvvvriecrcieiiiss ettt ettt ee et e b e n s 50
Figure 32. 18hit t0 9bit WOIT CONfIGUIALION .....vuvvveveiriireieiieeietsise ettt ee e e e R e en b s R st n et 50
Figure 33. 90it t0 36it WOIT CONfIGUIALION .....vuvvveviricreieiiieeietsise ettt ee e e e e R e e e e R s n e s 51
Figure 34. 90it t0 18hit WOIT CONfIGUIALION ...v.vuvvveviriicreieiieseeet st sse ettt s et ee bR e e e e Rt b s n e 51
Figure 35. 90it t0 Dt WOIH CONFIGUIALION ...v.v.vuiiveieiicicieie ettt d s e s e R e e n s 51
Figure 36. BUS-MatChiNg BYIE AITANGEMENT ........cvevieireieriereeetsieeseseesesesesesssesessssssesesssessesessssssssesessassesesasassesesasssasese s ssasesessanseses s s asesas s senesesassnseses 53
FIGUIE 37, IMASIET RESEL ......vvcvvetesereteiies et et s e et et s e st e s s s R s a8 E s8R £ 4008 e e e Rt e Rt en e s s n s

Figure 38. Default Programming
Figure 39. Parallel Programming

Figure 40. Queue Programming Via WIItE AQUIESS BUS .........cveueurirrieiiereieisieeestssssesssess s sssesssssssseessssssasessssssssesesssssesessssssssesssssssesessssssesessssssesees 57
Figure 41. Queue Programming Via REAU AGUIESS BUS ..........cuiuiireieiiiereieisisesstsissesssessssesssesssessssssssesessssssasessssssssesssssssesesssassesesssssssesassssssesessssssesees 57
Figure 42. Serial Port Connection for Serial PrOGraAMMING .......c.ov.vereriereieisiereeessseesssssssessssssssesessssssesessssssesessssssssessssssssesesssassesessssssssesassssssesessssssesess 57
FIGUIE 43. SEaAl PYOGIAMMING w..v.vvevevvrsereteeseseseesesssseessssesesessssssesssessssesesessssesessassesesssssssesssssssesessassssesasassssesssnsssnsesasassesesssassesesssnssssesasssssesesasassesens 58
Figure 44. Write Queue Select, Write Operation and FUll Flag OPETALION ............covriiriirierieeiiereisisns s ssssssssessssssssessssssssesessssssesesssssesees 59
Figure 45. Write QUEUE SEIECE AN MK .......v.veviicicieiiis ettt d e e s e s 60
Figure 46. Write Operations in First Word Fall TATOUGN MOGE .........ceiiiririiiciciesiss s nnes 61
Figure 47. Full Flag Timing in EXPanSion CONfIGUIALION .......v.vuereirieeieiiereei e eestssss s esss st sasese st s s sasessssssssesessssnsesesasssesens 62
Figure 48. Read Queue Select, Read Operation (IDT MOUE) .........vererrirrerrerieiereesisisreisssesesesssssesssssssessssssssesessssssesesassssesessssssesessssssssesessssssesessssssesens 63
Figure 49. Read Queue Select, Read Operation (FWFT MOUE) .......civuivirrirrrrirriieisiriisisisis e sses st ss s sssess s sssese s sn s s s asesassssssesessssnseses 64
Figure 50. Read Queue Select and Mark (IDT MOUE) ....c.c.v.veuriereieiiiereretsieerseessesssess s sssesess s sss s st s s sase st ss s s an s e s s s eneses s seneses s e seres 65
Figure 51. Output Ready Flag Timing (IN FWEFT MOOE) .....v.vueuriiireieiiiereieisissisesessssessssssssessssssssessssssseessssssasessssssssesssssssesesssassesessssssesassssssesessssnsesess 66
Figure 52. Read Queue Selection with Read Operations (IDT MOUE) ........vceiuvrierririiiniiereressssereess s sssesese s ssesessssssssesesessnsesessssssesens 67
Figure 53. Read Queue Select, Read Operation and OF TIMING ......c.evrerererirerinieieersieeiesseesssesesssssssessssssssesessssssssesessssesessssssssessssssssssessssssesesssssesens 68
Figure 54. Writing in Packet Mode during @ QUEUE ChANJE .......cuvuveeieiiereieiiie ettt s s ennnes 69

3 FEBRUARY 13,2009



IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIALANDINDUSTRIAL

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

List of Figures (Continued)

Figure 55. Reading in Packet Mode during @ QUEUE CRANGE .........veueviiriieriie et eis ettt bbb s bbb s s bbb s s bbb s b bt 70
Figure 56. Writing Demarcation BitS (PACKELIMOUE) ........c.cvviiueriiiiieieiieice ettt bbbt b b n et bbb bbb nes 71
Figure 57. Data Output (Receive) Packet MOAE OF OPEIALION .........cceiiiriieiiieeieieie ettt s bbb s bbb n et 72
Figure 58. Almost Full Flag Timing and QUEUE SWILCH ........c.iiiiiiiieiece ettt bbbt bbbt 73
Figure 59. AIMOSE FUINFIAY TIMING +.oveviviriiteteiiiees et st bbbt s bbb bbb s e bbbt b s bbb s et et s s sttt en bbb s nns 73
Figure 60. Almost Empty Flag Timing and Queue SWItch (FWFTMOUE) .....coverieiiiiieiiieiese et senes 74
Figure 61. AIMOSt EMPLY FIAG TIMING ...v.vvvveviiiiieieiiicsce ettt sttt et s a1ttt s bbb s b b st e s bbbt s st b s bbb en bbb n e n s 74
Figure 62. PAEN/PRN - DireCt MOde - StAtUS WOI SEIECHON ............vveeeeeerseeeeseeesssssesessssssessssssssssss s sssessss s ssessss s sss st 75
Figure 63. PAFN - DireCt MOE - StAtUS WOI SEIECHON .........cvveeevereeeeeeeiesseeesesseesessssesesssssssesssssssss s sssessss s ss s s s st ens s 75
Figure 64. PAEN - DIreCt MOUE, FIAG OPEIALON .............vvveereeeieeseeeeessssesesseeessse s st st 76
Figure 65. PAFN - DireCt MOGE, FIAG OPEIALON .............ovvveereeesiveseeeesssiesessseessseesesssessss s ssss st s st 77
FIGUPE 66. PAFN BUS - POIEA IMOUE ........vveooeeeeeeeeeeve sttt 78
Figure 67. EXPaNSION USING ID COUES ....v.vuiviueriiriiiiissiieteiisesetsis st et se et s st b s s s s b s bbb e s e b b s Rt s s s bbb en bbb s e bbb st en e tes 79
Figure 68. EXPanSIoN USING WES/RTS ...........ivvereeiieieoeeseeesseees s ssss s sssss sttt 80
Figure 69. Expansion Connection Read Chip SEIECE (RTS) .........vv.uuvveuriierseeeseieessisesesssssssessssssssssess s sss s ss s sss st 81
Figure 70. Expansion Connection Write Chip SEIECE (WCS) .........c..uuvveereierseeeeseeeessisesessssssssessssses s ss st 81
Figure 71. BoUNary SCANATCRIIECIUNE .......cvviiveveiiiicietiie ettt et e b b1 bbb s bbb s bbb s s e bbb b b s s bbb s bbb st 82
Figure 72. TAP CONLrOlEr STAE DIAYIAM .....cvvviuiveiiiscieteiieitetesss et e st sttt ss e eae s s st s s s s s b st e s b b e s e bbb et b s R b b e bbb b s st b s s st et en et b b an et 83
Figure 73. StANCard JTAG TIMING .....c.ceriveriietiiieetsiesesese s esesssss st ssse bbb s s et bes s bbb s s se s e b e s s b e b b s e bbb s e s A b s Rt b ee bbb s s R bbb en sttt en et 86

4 FEBRUARY 13,2009



IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

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

DESCRIPTION

ThelDT72P51539/72P51549/72P51559/72P51569 multi-queue flow-con-
trol devices are single chips with up to 32 discrete configurable FIFO queues.
All queues within the device have a common data input bus, (write port) and
acommondataoutputbus, (read port). Datawritteninto the write portis directed
toaspecific queue viaaninternal de-multiplex operation, addressed by the write
addresshus (WRADD). Dataread fromthe read portis accessed fromaspecific
queue viaaninternal multiplex operation, addressed by the read address bus
(RDADD). Data writes and reads can be performed at high speeds up to
200MHz, withaccesstimes of 3.6ns. Datawrite and read operations are totally
independent of each other, a queue maybe selected on the write port and a
different queue on the read port or both ports may select the same queue
simultaneously.

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

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

Apacketmode of operationis also provided. Packetmode provides a packet

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

TEMPERATURERANGES

withinaqueueisavailable forreading. The Packet Ready indicatoris generated
upon detection ofthe startand end of packet demarcation bits. The multi-queue
devicethen providesthe userwith aninternally generated packet ready status
per queue.

The user has full flexibility configuring queues withinthe device, being able
to program the total number of queues between 1 and 32, 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 programthe multi-queue device, adefault optionis
available that configures the device ina predetermined manner.

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

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

AJTAG test portis provided, here the multi-queue flow-control device has
afullyfunctional Boundary Scan feature, compliantwith IEEE 1149.1 Standard
TestAccess Portand Boundary Scan Architecture.

See Figure 1, Multi-Queue Flow-Control Device Block Diagram for an
outline ofthe functional blocks within the device.
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Figure 1. Multi-Queue Flow-Control Device Block Diagram
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

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

DETAILED DESCRIPTION

MULTI-QUEUE STRUCTURE

The IDT multi-queue flow-control device has a single data input port and
single data output portwithupto 32 FIFO queues in parallel buffering between
the two ports. The user can setup between 1 and 32 queues withinthe device.
These queues canbe configured to utilize the total available memory, providing
the userwith full flexibility and ability to configure the queues to be various depths,
independent of one another.

MEMORY ORGANIZATION/ALLOCATION

The memoryis organized into whatis known as “blocks”, each block being
256 x36 hits. Whenthe useris configuring the number of queues andindividual
queue sizesthe user mustallocate the memory to respective queues, in units
of blocks, thatis, a single queue can be made up from 0 to m blocks, where m
isthe total number of blocks available within adevice. Also the total size of any
given queue must be in increments of 256 x36. For the IDT72P51539,
IDT72P51549,IDT72P71759 and IDT72P51569 the Total Available Memory
is128, 256, and 512 blocks respectively (ablock being 256 x36). Queues can
be built fromthese blocks to make any size queue desired and any number of
queuesdesired.

BUS WIDTHS

Theinputportis commontoall queues withinthe device, asis the output port.
The device providesthe userwith Bus Matching options such thatthe input port
and output port can be either x9, x18 or x36 bits wide, the read and write port
widths can be setindependently of one another. Because a ports are common
toall queues the width of the queues is not individually set. The input width of
all queues are the same and the output width of all queues are the same.

WRITING TO AND READING FROM THE MULTI-QUEUE

Databeingwritten into the device viathe input portis directed toa discrete
queue viathe write queue addressinput. Conversely, data being read fromthe
deviceread portisread fromaqueue selected viathe read queue addressinput.
Data can be simultaneously written into and read from the same queue or
differentqueues. Once aqueueis selected for datawrites or reads, the writing
and reading operation is performedinthe same mannerasaconventional IDT
synchronous FIFO, utilizing clocks and enables, there is a single clock and
enable per port. When a specific queue is addressed on the write port, data
placedonthe datainputsis written to that queue sequentially based onthe rising
edge of awrite clock provided setup and hold times are met. Conversely, data
isread ontothe output portafteranaccesstime fromarising edge onaread clock.

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

TEMPERATURERANGES

Asmentioned, the write porthas afull flag, providing full status of the selected
queue. Alongwith the full flag a dedicated almost fullflagis provided, this almost
fullflagis similar to the aimost full flag of a conventional IDT FIFO. The device
provides a user programmable almost full flag for all 32 queues and when a
respective queueis selected onthe write port, the almostfull flag provides status
forthat queue. Conversely, the read porthas an Empty flag, providing status
ofthe data being read from the queue selected onthe read port. Aswellas the
Emptyflagthe device provides adedicated almostempty flag. This almostempty
flagis similartothe almostempty flag of a conventional IDT FIFO. The device
providesauser programmable aimostempty flag foreach 32 queuesand when
arespective queueis selected onthe read port, the almost empty flag provides
statusforthat queue.

PROGRAMMABLE FLAG BUSSES

Inadditiontothese dedicated flags, full & almostfull onthe write portand Output
Ready & almost empty on the read port, there are two flag status busses. An
almostfullflag status busis provided, this busis 8 bitswide. Also, analmostempty
flag status busis provided, again thisbusis 8 bits wide. The purpose of these
flagbussesisto provide the userwithameans by whichtomonitor the datalevels
within queuesthat may not be selected onthe write orread port. As mentioned,
the device provides almost fulland almost empty registers (programmable by
the user) for each of the 32 queues in the device.

In the IDT72P51539/72P51549/72P51559/72P51569 multi-queue flow-
control devicesthe user has the option of utilizing anywhere between 1 and 32
queues, therefore the 8 bit flag status busses are multiplexed between the 32
queues, aflagbus canonly provide status for 8 of the 32 queues atany moment,
thisisreferredtoasa“Status Word”, suchthatwhen the busis providing status
ofqueues 1through 8, thisis statusword 1, whenitis queues 9through 16, this
is statusword 2 and soonupto statusword 16. Ifless than 32 queues are setup
inthe device, there are still 4 status words, suchthatin“Polled” mode of operation
the flag bus will still cycle through 4 status words. If for example only 22 queues
are setup, statuswords 1 and 2 will reflect status of queues 1 through 8and 9
through 16 respectively. Statusword 3will reflectthe status of queues 17 through
22 ontheleastsignificant 6 bits, the most significant 2 bits of the flag bus are don't
care. The remaining statuswords are notused asthere are no queuestoreport.

The flag busses are available in two user selectable modes of operation,
“Polled” or“Direct”. When operating in polled mode a flag bus provides status
ofeach statusword sequentially, thatis, on eachrising edge of aclock the flag
busis updated to showthe status of each status word in order. Therising edge
of the write clock will update the almost full bus and a rising edge on the read
clockwill update the almostempty bus. The mode of operationis alwaysthe same
forboththe almost fulland almostempty flag busses. When operating indirect
mode, the status word on the flag bus is selected by the user. Sothe user can
actually address the status word to be placed onthe flag status busses, these
flagbusses operate independently of one another. Addressing ofthe almost full
flag bus is done via the write portand addressing of the almost empty flag bus
is done via the read port.

PACKETREADY

The multi-queue flow-control device also offers a “Packet Mode” operation.
PacketModeisuserselectable. In packetmode with ax36 bitword length, users
candefine the length of packets or frame by using the two most significant bits
of the word. Ina 36-bitword, bit 34 is used to mark the Start of Packet (SOP)
andhit35isusedtomarkthe End of Packet (EOP) asshownin Table 10. When
writing datainto a given queue , the firstword being written is marked, by the
user setting bit 34 as the “Start of Packet” (SOP) and the last word written is
marked as the “End of Packet” (EOP) with all words written between the Start
of Packet (SOP) marker (bit 34) and the End of packet (EOP) packet marker
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(hit35) constituting the entire packet. A packetcan be any length the user desires,
uptothe total available memoryin the multi-queue device. The device monitors
the SOP (bit 34) and looks for the word that contains the EOP (bit 35). The read
portis suppliedwithanadditional status flag, “Packet Ready”. The Packet Ready
(PR) flag in conjunction with Empty Flag or Output Ready flag (EF/OR)
indicates when atleast one packetis available to read. Whenin packet mode
the almostempty flag status, provides packet ready flag status for individual
queues.

EXPANSION (IDT STANDARD MODE)

Expansion of multi-queue devices is also possible. Up to 8 devices canbe
connected inaparallel bus configuration asindicated in Figure 67, Expansion
using ID codes, and Figure 68, Expansion using WCS/RCS providing both
depth expansion and/or queue expansion. Expansion of devicesis supported
onlyinIDT Standard mode. Depth Expansion means expanding the depths of

TEMPERATURERANGES

individual queues. Queue expansion means increasing the total number of
queues available. Depth expansion s possible by virtue of the fact that more
memory blocks withinamulti-queue device can be allocated to afewer number
of queuesto increase the depth of each queue. Forexample, depth expansion
of8devices provides the possibility of 8 queues of 4096K bits, each queue being
setup withinasingle device utilizing allmemory blocks available to produce a
single queue. Thisis the deepest queue that can setup within a device.

For queue expansion a maximum number of 256 queues (8 x 32 queues)
may be setup, withaaverage of each queue being 4K x36 deep using 8 devices,
eachwith 32 queues. Iffewer queues are desired, then more memory blocks
willbe available toincrease queue depthsif desired. When connecting multi-
queue devices in expansion configuration all respective input pins (data &
control) and outputpins (data & flags), should be “connected” together between
individual devices. Referto Figure 67, Expansion using ID codes, and Figure
68, Expansion using WCS/RCS for device connection details.
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
PIN DESCRIPTIONS
Symbol & Name I/IOTYPE Description
(Pin No.)
BM [3:0] BusMatching  [HSTL-LVTTL| These pins define the bus width of the input write port and the output read port of the device. The bus

(31, L14,15,16)

INPUT

widths are setduring a Master Rest cycle. The BM[3:0] signals must meet the setup and hold time
requirements of Master Resetand must nottoggle/change state after a Master Reset cycle.

D[35:0]

Din

(See Pin No.
table for details)

Data InputBus

HSTL-LVTTL
INPUT

These are the 36 data input pins. Data is written into the device via these input pins on the rising edge
of WCLK provided that WEN is LOW. Note, that in Packet mode D32-D35 may be used as packet
markers, please see packetready functional discussion for more detail. Due to bus matching notallinputs
may be used, any unused inputs should be tied LOW.

D[35] Transmit End of Packet (TEOP)

D[34] Transmit Start of Packet (TSOP)

D[33:32] User definable bits

D[31:0] Datainputbits

DF®
(L3)

DefaultFlag

HSTL-LVTTL
INPUT

Ifthe user requires default programming of the multi-queue device, this pinmust be setup before Master
Resetand mustnottoggle during any device operation. The state of thisinput atmaster resetdetermines
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®
(L2)

DefaultMode

HSTL-LVTTL
INPUT

The multi-queue device requires programming after master reset. The user can do this serially via the
serial port, or via parallel programming or by the default programming option The default programming
option provides a pre-defined configuration. If DFM is LOW at master reset then serial mode will be
selected, ifHIGH then default mode is selected.

Empty Flag/
OutputReady

HSTL-LVTTL
OUTPUT

This signalis bi-modal. When IDT Standard mode is selected the pin provides Empty Flag (EF) status.
When FWFT modeis selected the pin provides output ready (OR) status. This outputflag provides Output
Ready status for the dataword present on the multi-queue flow-control device data outputbus, Qoutin
FWFT mode. Thisflag is a 2-stage delayed to match the data output path delay. Thereisa3RCLK cycle
delayinIDT Standard mode and a4 cycle delay for FWFT mode fromthe time agiven queue is selected
forreads, tothe time the OR flag represents the datainthat queue. When aselected queue on the read port
isreadto empty, the OR flagwill go HIGH, indicating that data onthe outputbusis notvalid. The ORflag also

has High-Impedance capability, requiredwhen multiple devices are used and the OR flags aretied together.

ESTR
(R15)

PAEn Flag Bus
Strobe

HSTL-LVTTL
INPUT

Ifdirect operation of the PAEN bus has been selected, the ESTRinputis used in conjunction with RCLK
andthe RDADD bus to select a status word of queues to be placed onto the PAEn bus outputs. A status
word addressed viathe RDADD busis selected onthe rising edge of RCLK provided that ESTRisHIGH.
If Polled operations has been selected, ESTR should be tied inactive, LOW. Note, thataPAEn flag bus
selection cannotbe made, (ESTR mustNOT go active) until programming of the parthas been completed
and SENO has gone LOW.

ESYNC
(R16)

PAEnN Bus Sync

HSTL-LVTTL
OUTPUT

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

EXI
(T16)

PAEnBus
Expansion In

HSTL-LVTTL
INPUT

The EXlinputis used when multi-queue devices are connected in expansion configuration and Polled
PAEn bus operation has been selected . EXI of device ‘N’ connects directly to EXO of device ‘N-1'. The
EXlreceives atoken fromthe previous deviceinachain. Insingle device mode the EXIlinputmustbe tied
LOW ifthe PAEn busis operated in direct mode. If the PAEn bus is operated in polled mode the EXI
input must be connected to the EXO output ofthe same device. In expansion configuration the EXI of
the firstdevice should be tied LOW, when directmode is selected.

EXO
(T15)

PAEnBus
Expansion Out

HSTL-LVTTL
OUTPUT

EXOis anoutputthatis used when multi-queue devices are connected in expansion configuration and
Polled PAEn bus operation has been selected . EXO of device ‘N’ connects directly to EXI of device ‘N+1'.
This pin pulses when device N has placed its final (4th) status word on to the PAEn bus with respect to
RCLK. This pulse (token) is then passed on to the next device in the chain ‘N+1’and on the next RCLK
rising edge the first status word of device N+1 will be loaded on to the PAEn bus. This continues through
the chainand EXO ofthe last device is then looped back to EXI of the first device. The ESYNC output of
each device in the chain provides synchronization to the user of this looping event.
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PINDESCRIPTIONS (CONTINUED)

TEMPERATURERANGES

Symbol &
Pin No.

Name

I/OTYPE

Description

FFR
(P8)

Full Flag/
Input Ready

HSTL-LVTTL
OUTPUT

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

FM®
(K16)

Flag Mode

HSTL-LVTTL
INPUT

This pinis setup before amaster resetand must nottoggle during any device operation. The state of the
FM pinduring Master Resetwill determine whetherthe PAFnand PAEnflag busses operate in either Polled
or Directmode. If this pinis HIGH the mode is Polled, if LOW then it will be Direct.

FSTR
(R4)

PAFn Flag Bus
Strobe

HSTL-LVTTL
INPUT

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

FSYNC
(R3)

PAFn Bus Sync

HSTL-LVTTL
OUTPUT

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

FWFT
(R11)

FirstWord Fall
Through

HSTL-LVTTL
INPUT

Firstword fallthrough (FWFT) or IDT Standard mode is selected during a Master Reset cycle. To select
FWFT mode assertthe FWFT signal=HIGH, if FWFT = LOW during the master resetthen IDT Standard
modeisselected.

FXI
(T2)

PAFnBus
ExpansionIn

HSTL-LVTTL
INPUT

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

FXO
(T3)

PAFnBus
Expansion Out

HSTL-LVTTL
OUTPUT

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

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

Device ID Pins

HSTL-LVTTL
INPUT

Forthe 32Q multi-queue device the WRADD and RDADD address busses are 8 hitswide. When a queue
selection takes place the 3MSh’s (bits 7, 6, 5) of this 8 bit address bus are used to address the specific
device (the 5-7 LSb’s are used to address the queue within that device). During write/read operations
the 3MSh’s of the address are compared to the device ID pins. Inan eight device expansion configuration,
thefirstdevice inachain of multi-queue’s (connected in expansion configuration), may be setup as ‘000’
(thisisreferredto asthe Master Device), the second as ‘001’ and so onthroughto device 8 whichis ‘111,
however the ID does not have to match the device order. In single device mode these pins should be
setup as ‘000’ and the 3 MSh’s of the WRADD and RDADD address busses should be tied LOW. The
ID[2:0]inputs setup a respective devices ID during master reset. These ID pins must not toggle during
any device operation. Note, the device selected as the ‘Master’ mustbe ID ‘000'. In serial programming,
the master device (ID 000) must be programmed last.

11 FEBRUARY 13,2009




IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

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

TEMPERATURERANGES

PINDESCRIPTIONS (CONTINUED)

Symbol & Name I/IOTYPE Description
Pin No.

IOSEL |0 Select LVTTL This pinis used to select either HSTL or 2.5V LVTTL operation for the I/O. If HSTL or eHSTL I/O are

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

MAST® MasterDevice |HSTL-LVTTL| ThestateofthisinputatMaster Resetdetermineswhetheragivendevice (withinachainof devices), isthe

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

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

(T9) INPUT aftermasterreset.

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

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

PAE Programmable |HSTL-LVTTL| This pinprovidesthe Almost-Empty flag status for the Queue thathas been selected on the output port

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

Flag Queueis almost-empty. This flag output may be duplicated on one of the PAEn bus lines. Thisflag is

synchronized to RCLK.

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

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

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

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

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

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

PAE2-R13 During direct operation the PAEn/PRnbusis updated to show the PAE/PR status of a statusword of queues

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

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

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

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

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

(PAF7-P7 Almost-FullFlag [ OUTPUT | of8queues (1statusword), withinaselected device, havingamaximum of 16 statuswords. During Queue

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

PAF5-R6 The mode of flag operationis determined during master resetvia the state of the FMinput. This flag bus

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

PAF3-P5 operation the PAFn bus s updated to show the PAF status of a status word of queues within aselected

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

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

PAF0-T4) edge of WCLK.

PKT® PacketMode  |HSTL-LVTTL| The state ofthis pin during a Master Reset will determine whetherthe partis operating in Packet mode

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

or standard mode, providing a (PAE) output only. If this pin is HIGH during Master Reset the part will
operatein packetmode, ifitis LOW then almostempty mode. If packet mode has been selected the read
portflag bus becomes packetready flag bus, PRn and the discrete packet ready flag, PRis functional.
Ifalmostempty operation has been selected then the flag bus provides almost empty status, PAEnand
the discrete almostempty flag, PAE is functional, the PR flag is inactive and should not be connected.
PacketReadyutilizesusermarked locations toidentify startand end of packets being writteninto the device.
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COMMERCIALANDINDUSTRIAL

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

TEMPERATURERANGES

PINDESCRIPTIONS (CONTINUED)

Symbol & Name I/OTYPE Description
Pin No.

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

(R9) Flag OUTPUT | forread operations. During a master reset the state of the PKT input determines whether Packet mode
of operationwill be used. If Packet mode s selected, then the condition ofthe PR flag and EF/OR signal
areassertedindicates apacketisready for reading. The user must mark the start of a packetand the end
of apacketwhen writing datainto a queue. Using the Start Of Packet (SOP) and End Of Packet (EOP)
markers, the multi-queue device sets PRLOW ifone ormore “complete” packets are available in the queue.
Acomplete packet(s) must be written before the user is allowed to switch queues.

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

Qout OUTPUT | of RCLK providedthatRENis LOW, OE isLOW and the Queueis selected. Note, thatin Packet Ready

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

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

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

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

QSEL0-J2 2.AQSEL value of 01, enables the userto program the number of queues using the Read Address bus.
3. AQSEL value of 10, Selects a configuration of 16 queues.
4. AQSEL value of 11, selects a configuration of 32 queues

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

(R14) Enable INPUT be read from. A queue addressed viathe RDADD busiis selected on the rising edge of RCLK provided
that RADEN isHIGH. RADEN should be asserted (HIGH) only during a queue change cycle(s). RADEN
should notbe permanently tied HIGH. RADEN cannotbe HIGH for the same RCLK cycle asESTR. Note,
thataread queue selection cannot be made, (RADEN must NOT go active) until programming of the
parthas been completed and SENO has gone LOW.

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

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

RCS Read Chip HSTL-LVTTL | TheRCSsignalinconcertwith REN signal provides control to enable data ontothe outputread data bus.

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

RDADD Read Address | HSTL-LVTTL | Forthe 32Q device the RDADD busiis 8 bits. The RDADD bus is a dual purpose address bus. The first

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

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

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

RDADD5-P14 mode. Aninexpansion configuration the 3MSb's will address a device with the matching ID code. The

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

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

RDADD2-N14 RCLK edge). TwoRCLK rising edges afterread queue select, datawill be placed onto the Qout outputs

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

RDADDO0-M15) The second function of the RDADD bus is to select the status word of queues to be loaded onto the
PAEN/PRnbus during strobed flag mode. The least significant 4 bits, RDADD[3:0] are used to select the
status word of a device to be placed onthe PAEn bus. The mostsignificant 3 bits, RDADD[7:5] are again
usedtoselect 1 of 8 possible multi-queue devices that may be connected in expansion configuration.
Address bits RDADDI[4] is don't care during status word selection. The status word address present
onthe RDADD bus will be selected onthe rising edge of RCLK provided that ESTRis HIGH, (note, that
data can be placed on to the Qout bus, read from the previously selected Queue on this RCLK edge).
Please refer to Table 5 for details on RDADD bus.

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

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

bus regardless of the state of REN. Aread enable is not required to cycle the PAEn/PRn bus (in polled
mode) or to select the PAEn status word, (in direct mode).
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TEMPERATURERANGES

PINDESCRIPTIONS (CONTINUED)

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

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

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

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

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

SENO SerialOutput ~ [HSTL-LVTTL | Thisoutputisusedtoindicate that serial programming or default programming of the multi-queue device

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

Sl SerialIn HSTL-LVTTL | Duringserial programming this pinisloaded withthe serial data that will configure the multi-queue devices.

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

SO Serial Out HSTL-LVTTL | Thisoutputisusedinexpansion configuration and allows serial datato be passedthroughdevicesinthe

(M3) OUTPUT | chaintocomplete programming of all devices. The Slof 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 HSTL-LVTTL | Clockinputfor JTAG function. One of four terminals required by IEEE Standard 1149.1-1990. Test

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

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

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

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

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

TMS®@ JTAG Mode HSTL-LVTTL | TMSisaserialinputpin. One offour terminals required by IEEE Standard 1149.1-1990. TMS directs the

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

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

(CT) 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 is used but the user does not want to use TRST, then TRST can be tied with MRS to ensure
proper queue operation. Ifthe JTAG function is not used then this signal needs to be tied to GND. An
internal pull-up resistor forces TRST HIGH if left unconnected.

WADEN WriteAddress  [HSTL-LVTTL | The WADEN inputis used in conjunction with WCLK and the WRADD address bus to selectaqueue to

(P4) Enable INPUT bewritteninto. Aqueue addressed viathe WRADD bus s selected on the rising edge of WCLK provided

that WADEN is HIGH. WADEN should be asserted (HIGH) only during a queue change cycle(s). WADEN
should notbhe permanently tied HIGH. WADEN cannot be HIGH for the same WCLK cycle as FSTR. Note,
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TEMPERATURERANGES

PINDESCRIPTIONS (CONTINUED)

Symbol & Name I/IOTYPE Description
Pin No.

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

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

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

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

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

(T8) Select INPUT

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

(T6) INPUT queue to be written to can be selected via WCLK, WADEN and the WRADD address bus regardless
of the state of WEN. Data present on Din can be written to anewly selected queue on the second WCLK
cycle after queue selection provided that WEN is LOW. A write enable is notrequired to cycle the PAFn
bus (in polled mode) or to select the PAFn status word , (in direct mode).

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

[7:0] Bus INPUT firstfunction of WRADD isto selecta Queue to be written to. The least significant 5 bits of the bus,

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

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

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

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

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

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

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

WRADDO-N2) intothe newly selected queue.
The second function ofthe WRADD busis to select the status word of queuesto be loaded on tothe PAFn
bus during strobed flag mode. The least significant4 bits, WRADDJ[3:0] are used to select the status word
of adevice to be placed on the PAFn bus. The most significant 3 bits, WRADDJ[7:5] are again used to
select1of8possible multi-queue devices that may be connectedin expansion configuration. Address bits
WRADDI4]isdon't care during status word selection. The status word address present onthe WRADD
bus will be selected on the rising edge of WCLK provided that FSTR is HIGH, (note, that data can be
writteninto the previously selected queue onthis WCLK edge). Please referto Table 4 for details onthe
WRADD bus.

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

(See pg. 16)

\DDQ O/PRailVoltage|  Power These pins must be tied to the desired outputrail voltage. For LVTTL I/O these pins must be connected

(See pg. 16) to+2.5V, forHSTL these pins must be connected to +1.5V and for eHSTL these pins mustbe connected
to+1.8V.

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

(See pg. 16)

Vref Reference HSTL Thisisa Voltage Reference inputand must be connected to a voltage level determined from the table

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

NOTES:

1. Inputs should not change after Master Reset.
2. These pins are for the JTAG port. Please refer to pages 82-86 and Figures 71-73.

15 FEBRUARY 13,2009




IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIAL ANDINDUSTRIAL

(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
PIN NUMBER TABLE
Symbol Name I/OTYPE Pin Number

D[35:0] DatalnputBus |HSTL-LVTTL| D35-J3, D(34-32)-H(3-1), D(31-29)-G(3-1), D(28-26)-F(3-1), D(25-23)-E(3-1), D(22-20)-D(3-1),

Din INPUT | D(19-17)-C(3-1), D(16,15)-B(2,1), D(14-12)-A(1-3), D11-B3, D10-A4, D9-B4, D8-C4, D7-A5, D6-B5,
D5-C5, D4-A6, D3-B6, D2-C6, D1-A7, DO-B7

Q[35:0] DataOutputBus | HSTL-LVTTL| Q(35,34)-J(15,16), Q(33-31)-H(14-16), Q(30-28)-G(14-16), Q(27-25)-F(14-16), Q(24-22)-E(14-16),

Qout OUTPUT | Q(21,20)-D(15,16), Q19-B16, Q(18,17)-C(16,15), Q16-D14, Q(15,14)-A(16,15), Q13-B15, Q12-Al4,
Q11-B14,Q10-C14, Q9-A13, Q8-B13, Q7-C13, Q6-A12, Q5-B12, Q4-C12, Q3-Al1, Q2-B11,
Q(1,0)-C(11,10)

VDD +1.8V Supply Power | D(7-10),E(6,7,10,11),F(5,12),G(4,5,12,13),H(4,13),J(4,13),K(4,5,12,13),L(5,12), M(6,7,10,11), N(7-10)

\VDDQ O/PRailVoltage| ~ Power | D(4-6,11-13), E(4,5,12,13), F(4,13), L(4,13), M(4,5,12,13), N(4-6,11-13)

GND Ground Pin Ground | E(8-9), F(6-11), G(6-11), H(5-12), J(1,5-12), K(2,6-11,14), L(6-11), M(8-9)
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ABSOLUTE MAXIMUM RATINGS CAPACITANCE (1A= +25°C, f= 1.0MHz)
Symbol . Rating Commercial unit Symbol Parameter® Conditions Max. Unit
V/TERM Terminal Voltage -0.5t0+2.9@ \Y
with respect to GND CIN@3) Input Vin = 0V 109 pF
Capacitance
TsTG Storage Temperature -55t0 +125 °C
Cout®2 Output Vour = OV 15 pF
lout DC Output Current -50 to +50 mA Capacitance
NOTES: NOTES:

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

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

RECOMMENDED DC OPERATING CONDITIONS

Symbol Parameter Min. Typ. Max. Unit
/oD Supply Voltage 17 18 19 \Y
\/bDQ OutputRail Voltageforl/Os  — LVTTL 2.375 25 2625 \Y
— eHSTL 17 18 19 v
— HSTL 14 15 16 \
GND Supply Voltage 0 0 0 \Y
VIH® InputHigh Voltage — LVTTL 17 — 2.625 \Y
— eHSTL VREF+0.2 — — \Y
— HSTL VREF+0.2 — — \
ViL InputLow Voltage — LVTTL 0.3 — 0.7 \
— eHSTL — — VREF-0.2 Vv
— HSTL — — VREF-0.2 V
VREFW Voltage Reference Input — eHSTL 08 09 10 v
(HSTL only) — HSTL 0.68 0.75 0.9 \
TA Operating Temperature Commercial 0 — 70 °C
TA Operating Temperature Industrial -40 — 85 °C
NOTE:

1. VREF is only required for HSTL or eHSTL inputs. VREF should be tied LOW for LVTTL operation.
2. VIH AC Component = VREF + 0.4V
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(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

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

Symbol Parameter Min. Max. Unit
ILI InputLeakage Current -10 10 LA
ILo OutputLeakage Current -10 10 HA
VoH® OutputLogic“1"Voltage, loH=-8mA @VbbQ =2.5V +0.125V (LVTTL) VbpQ-0.4 — \Y
loH=-8 mA @VbpQ = 1.8V £ 0.1V (eHSTL) \/bDQ-0.4 — Vv
loH =-8 mA @VbpQ = 1.5V + 0.1V (HSTL) \/bDQ-0.4 — V
VoL OutputLogic“0”"Voltage, loL=8mA @VbbQ = 2.5V £0.125V (LVTTL) — 0.4v V
loL=8mA @VpbpQ = 1.8V 0.1V (eHSTL) — 0.4V V
loL=8mA @VbpQ =15V +0.1V (HSTL) — 0.4V Vv
IoD12 Active Vob Current (VDD = 1.8V) I/0=LVTTL — &0 mA
I/O = HSTL — 150 mA
I/O = eHSTL — 150 mA
Ibp2t-9 Standby Vob Current (Vbp = 1.8V) I/0 = LVTTL — 25 mA
I/O = HSTL — 100 mA
I/O = eHSTL — 100 mA
IDDQ®2 Active VbpQ Current  (VDDQ=2.5VLVTTL) I/O=LVTTL — 10 mA
(VopQ = 1.5V HSTL) I/0 = HSTL — 10 mA
(VbbQ =1.8V eHSTL) I/O = eHSTL — 10 mA
NOTES:
1. Both WCLK and RCLK toggling at 20MHz.
2. Data inputs toggling at 10MHz.
3. Total Power consumed: PT = [(VDD x IDD) + (VDDQ x IDDQ)].
4. Outputs are not 3.3V tolerant.
5. The following inputs should be pulled to GND: WRADD, RDADD, WADEN, FSTR, ESTR, SCLK, SI, EXI, FXI and all Data Inputs.

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

1.5V AC TEST CONDITIONS

Input Pulse Levels
InputRise/Fall Times

Input Timing Reference Levels
OutputReference Levels

0.25t01.25V
0.4ns
0.75
\VbDQ/2

AC TEST LOADS

\VVDDQ/2

6715 drwo4

NOTE:
1. VbpQ = 1.5V £ 0.1V.

Figure 2a. AC Test Load

EXTENDED HSTL
1.8V AC TEST CONDITIONS

0.4t0 1.4V
0.4ns
0.9
\/bDQ/2

Input Pulse Levels

Input Rise/Fall Times

Input Timing Reference Levels
OutputReference Levels

(Typical, ns)

- DD W~ OO
|
I

AtCD

NOTE:

1. Vopg = 1.8V £ 0.1V. 1 I I I I

2030 50 80 100

Capacitance (pF)

200

6715 drw04a

2.5VLVTTL
2.5V AC TEST CONDITIONS

Figure 2b. Lumped Capacitive Load, Typical Derating

Input Pulse Levels

Input Rise/Fall Times

Input Timing Reference Levels
OutputReference Levels

GND to 2.5V
1ns
Vop/2
\/bDQ/2

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

OUTPUT ENABLE & DISABLE TIMING

Output
Enable

Output

Output
Disable

tOE & toLZ

Normally ~ Vcc/2

LOW

Output

Normally  \/cc/0

v
/—ﬁ
100mV

HIGH

NOTE:
1. RENis HIGH.

1 OOmL$7
f

tOHZ —>

100mV

au

19

§ 100mv

VIH

VIL

Vce/2

VoL

VOH

Vce/2

6715 drw05
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(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

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

Commercial Com'l & Ind'l®
IDT72P51539L5 IDT72P51539L6
IDT72P51549L5 IDT72P51549L 6
IDT72P51559L5 IDT72P51559L 6
IDT72P51569L5 IDT72P51569L6
Symbol Parameter Min. Max. Min. Max. Unit
fs Clock Cycle Frequency (WCLK & RCLK) — 200 — 166 MHz
ta DataAccess Time 0.6 36 0.6 37 ns
toLk Clock Cycle Time 5 — 6 — ns
tCLKH Clock High Time 2.25 — 27 — ns
fCLKL Clock Low Time 2.25 — 2.7 — ns
s DataSetup Time 15 — 20 — ns
fDH DataHold Time 05 — 05 — ns
tENS Enable Setup Time 15 — 20 — ns
tENH Enable Hold Time 05 — 05 — ns
RS Reset Pulse Width 0 — 0 — ns
tRSS Reset Setup Time 15 — 15 — ns
tRSF ResetOutput Status — 10 — 10 ns
RSR ResetRecovery Time 10 — 10 — ns
toLz(0E-Qn@ | OutputEnableto Outputin Low-Impedance 06 36 0.6 37 ns
toHz? Output Enable to Outputin High-Impedance 0.6 36 0.6 37 ns
toE Output Enable to Data Output Ready 06 36 0.6 37 ns
fc 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
tsps Serial DataIn Setup 20 — 20 — ns
tSDH Serial Data In Hold 12 — 12 — ns
tSENS Serial Enable Setup 20 — 20 — ns
tSENH Serial Enable Hold 12 — 12 — ns
tspo SCLK to Serial Data Out — 20 — 20 ns
tSENO SCLK to Serial Enable Out — 20 — 20 ns
tspop Serial Data Out Propagation Delay 0.6 37 0.6 37 ns
tSENOP Serial Enable Propagation Delay 06 37 0.6 37 ns
tPCsF Programming Complete to Status Flag — 7+1 SCLK — 7+1 SCLK | clock cycles
tas Address Setup 15 — 20 — ns
tAH Address Hold 05 — 05 — ns
twrr Write Clock to Full Flag — 36 — 37 ns
tREF Read Clock to Empty Flag — 36 — 37 ns
tsTs PAE/PAF Strobe Setup 15 — 15 — ns
tSTH PAE/PAF Strobe Hold 05 — 05 — ns
Qs Queue Setup 15 — 20 — ns
tH Queue Hold 05 — 05 — ns
WAF WCLK to PAF flag 06 36 06 37 ns
RAE RCLK to PAE flag 06 36 06 37 ns
tPAF Write Clock to Synchronous Almost-Full Flag Bus 0.6 36 0.6 37 ns
tPAE Read Clock to Synchronous Almost-Empty Flag Bus 0.6 36 0.6 37 ns
tPAELZ® RCLK to PAE Flag Bus to Low-Impedance 0.6 36 0.6 37 ns

NOTES:
1. Industrial temperature range product for the 6ns is available as a standard device. All other speed grades available by special order.
2. Values guaranteed by design, not currently tested.
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL

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

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

Commercial Com'l & Ind'I¥
IDT72P51539L5 IDT72P51539L6
IDT72P51549L5 IDT72P51549L6
IDT72P51559L5 IDT72P51559L6
IDT72P51569L5 IDT72P51569L6
Symbol Parameter Min. Max. Min. Max. Unit
tPAEHZ® RCLK to PAE Flag Bus to High-Impedance 0.6 36 0.6 37 ns
tPAFLZ® WCLK to PAF Flag Bus to Low-Impedance 0.6 36 0.6 37 ns
tPAFHZ® WCLK to PAF Flag Bus to High-Impedance 0.6 36 0.6 37 ns
tFFHZ® WCLK to Full Flag/Input Ready to High-Impedance 0.6 36 0.6 37 ns
tFFLZ® WCLK to Full Flag/Input Ready to Low-Impedance 0.6 36 0.6 37 ns
teFLZ? RCLK to Empty Flag/Output Ready Flag to Low-Impedance 0.6 36 0.6 37 ns
tEFHZ® RCLK to Empty Flag/Output Ready Flag to High-Impedance 0.6 36 0.6 37 ns
{FSYNC WCLK to PAF Bus Sync to Output 0.6 36 0.6 37 ns
tFx0 WCLK to PAF Bus Expansion to Qutput 0.6 36 0.6 37 ns
tESYNC RCLK to PAE Bus Sync to Output 0.6 36 0.6 37 ns
tEXO RCLK to PAE Bus Expansion to Output 0.6 36 0.6 37 ns
PR RCLK to Packet Ready Flag 0.6 36 0.6 37 ns
tSKEW1 SKEW time between RCLK and WCLK for FF/IR and EF/OR 5 — 6 — ns
tSKEW2 SKEW time between RCLK and WCLK for PAF and PAE 5 — 6 — ns
tSKEW3 SKEW time between RCLK and WCLK for PAF[0:7] and PAE[0:7] 5 — 6 — ns
tSKEW4 SKEW time between RCLK and WCLK for PR and EF/OR 5 — 6 — ns
txis Expansion Input Setup 15 — 20 — ns
tXIH Expansion Input Hold 05 — 05 — ns
tPPMS Parallel Programming Setup 15 — 15 — ns
tPPMH Parallel Programming Hold 5 — 5 — ns

NOTES:
1. Industrial temperature range product for the 6ns is available as a standard device. All other speed grades available by special order.
2. Values guaranteed by design, not currently tested.
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

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

FUNCTIONAL DESCRIPTION

MASTERRESET

AMaster Resetis performed by toggling the MRS input from HIGH to LOW
toHIGH. Duringamasterresetallinternal multi-queue device setup and control
registers areinitialized and require programming either serially by the user via
the serial port, or via parallel programming or by using the default settings. Refer
to Figure 4, Device Programming Hierarchy for the programming hierarchy
structure. During amaster resetthe state ofthe following inputs determine the

TEMPERATURERANGES

DFM - Programming mode, serial or default

DF - Offset value for PAE and PAF

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

See Figure 37, Master Reset for relevant timing.

PROGRAMMING MODE CAPTURED
On the rising of /MRS the programming mode signals (QSEL 0 &1,

DEFAULT) are captured. Once the programming mode signals are captured
(latched), referto Table 1 for details. ltwill thenrequire anumber of clock cycles
forthe device to complete the configuration. Configuration completionisindicated
whenthe SENOsignaltransitions fromhighto low. The configurationcompletion
indication s consistentwith the previous MQ device.

functionality of the part, these pins should be held HIGH or LOW.
PKT —Packet Mode
FM - Flag bus Mode
BM{[3:0]-Bus Matching options
MAST - Master Device
IDO, 1, 2 — Device ID

MRS

./
ascio X
aseur X
~

See Table 2 for definition of value

See Table 2 for definition of value

Default mode
(DFM)

DFM = LOW for Serial Programming mode

6715 drw06

Figure 3. Reference Signals

TABLE 1 — DEVICE PROGRAMMING MODE COMPARISON

Programmable Parameter | Serial Programming Parallel Programming

Default Programming

Number of Queues Any number from 1t0 32 Any number from 1t0 32 16 or 32

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

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

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

LVTTL, eHSTL, HSTL

Bus Matching Any combination of x9 or x18 or x36 can| Any combination of x9 or x18 or x36

be selected using the BM[3:0] bits. canbe selected using the BM[3:0] bits.
LVTTL, eHSTL, HSTL LVTTL, eHSTL, HSTL

I/0 voltage

TABLE2—SETTING THE QUEUE PROGRAMMING MODE DURING MASTER RESET

Dl\ﬁtf)adue“ Queue Programming Method
MRS | (DFM) [QSEL 1 |QSEL 0
0 0 0 RESERVED
0 0 1 RESERVED
0 1 0 RESERVED

Serial programming mode

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

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

Selects 16 Queue

Selects 32 Queue

— || | | |
o
o

6715 drw07
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

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

SERIAL PROGRAMMING

The multi-queue flow-control device is afully programmable device, provid-
ingthe userwithflexibilityinhow queues are configured in terms of the number
of queues, depth of each queue and position of the PAF/PAE flags within
respective queues. Alluser programmingis done viathe serial portafteramaster
reset has taken place. Internally the multi-queue device has setup registers
which must be serially loaded, these registers contain values for every queue
within the device, such as the depth and PAE/PAF offset values. The
IDT72P51539/72P51549/72P51559/72P51569 devices are capable of up to
32queuesandtherefore contain 128 sets of registersfor the setup ofeach 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 programwill then generate
aserial bit streamwhich should be serially loaded into the device viathe serial
port. For the IDT72P51539/72P51549/72P51559/72P51569 devices the
serial programming requires atotal number of serially loaded bits per device,
(SCLK cycles with SENI enabled), calculated by: 19+(Qx72) where Q is the
number of queues the user wishes to setup within the device.

Once the master reset is complete and MRS is HIGH, the device can be
seriallyloaded. Datapresentonthe Sl (serialin), inputis loaded into the serial
port on a rising edge of SCLK (serial clock), provided that SENI (serial in
enable),is LOW. Once serial programming of the device has been successfully
completed the device will indicate this viathe SENO (serial outputenable) going
active, LOW. Upon detection of completion of programming, the user should
ceaseallprogramming andtake SENIinactive, HIGH. Note, SENO follows SENI
once programming of adevice is complete. Therefore, SENO will go LOW after
programming provided SENIis LOW, once SENIis taken HIGH again, SENO
will also go HIGH. The operation of the SO outputis similar, when programming
ofagivendevice is complete, the SO output will follow the Slinput.

Ifdevices are being usedin expansion configurationthe serial ports of devices
should be cascaded. The user canload all devices viathe serial input portcontrol
pins, S| & 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
forthe number of devices to be programmed. The SENO and SO (serial out)
of thefirstdevice should be connected to the SENIand Slinputs of the second
device respectively and so on, with the SENO & SO outputs connecting tothe
SENI& Slinputsofall devicesthroughthe chain. All devicesin the chain should
be connectedtoacommon SCLK. The serial output port of the final device should
be monitored by the user. When SENO of the final device goes LOW, this
indicates that serial programming of all devices has been successfully com-
pleted. Upondetection of completion of programming, the user should cease all
programming and take SENI of the first device in the chaininactive, HIGH.

Asmentioned, the firstdevice inthe chain hasits serialinput port controlled
by the user, thisis the firstdevice to have itsinternal registers serially loaded
bythe serial it stream. When programming ofthis device is complete itwill take
its SENO output LOW and bypass the serial dataloaded on the Slinputto its
SO output. The serial input of the second device inthe chainis nowloaded with
the data fromthe SO of the first device, while the second device hasits SENI
input LOW. This process continues through the chain until all devices are
programmed and the SENO of the final device (or master device, ID ='000")
goesLOW.

Once all serial programming has been successfully completed, normal
operations, (queue selections on the read and write ports) may begin. When
connectedinexpansionconfiguration, the IDT72P51539/72P51549/72P51559/
72P51569 devices require atotal number of serially loaded bits per device to
complete serial programming, (SCLK cycleswith SENIenabled), calculated by:
n[19+(Qx72)]where Qis the number of queues the user wishes to setup within
the device, where niis the number of devices in the chain.

23

TEMPERATURERANGES

See Figure 42, Serial Port Connection and Figure 43, Serial Programming
forconnection andtiminginformation.

DEFAULTPROGRAMMING

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

Forthe IDT72P51539/72P51549/72P51559/72P51569 devices the default
mode will setup 32 queues, each queue being 512 x 36, 1024 x 36, 2048 x36,
and 4096 x 36 deeprespectively. For each device, the value of the PAE/PAF
offsetsis determined at master reset by the state ofthe DF input. If DF is LOW
then both the PAE & PAF offset will be 8, if HIGH then the value is 128.

When configuring the IDT72P51539/72P51549/72P51559/72P51569 de-
vicesin defaultmode the user simply has to apply WCLK cycles afteramaster
reset, until SENO goes LOW, this signals that default programming is complete.
These clockcyclesarerequiredforthe device toloaditsinternal setup registers.
When asingle multi-queue device is used, the completion of device program-
mingissignaled bythe SENO outputofadevice goingfromHIGHto LOW. Note,
that SENI mustbe held LOWwhen a device is setup for default programming
mode.

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

PARALLEL PROGRAMMING

During aMaster Reset cycle (i.e. the MRS signal transitions from HIGH to
LOWthen LOWto HIGH)ifthe DFM (Default Mode) input signalis HIGH and
the QSEL 1 input signal is LOW the Multi-Queue Flow Control device is
configured for Parallel Programming. Parallel Programming enables the
number of queues withinthe device to be setthrough either the Write Address
(WRADD) bus or Read Address (RDADD) bus after the Master Reset cycle.
Within Parallel Programming mode the Multi-Queue (MQ) device program-
mable parameters are; number of queues, queue depth, PAE/PAF flag offset
value, bus matching and the I/0 voltage level. As previously indicated, the
number of queues are configured using the write or read address bus,
however bus matching is setduring the Master Reset cycle. The value thatis
setduring the Master Reset cycle is determined by the Bus Matching (BM) bits.
Forthe IDT72P51539/72P51549/72P51559/72P51569 devices in Parallel
Programming Mode the value of the PAE/PAF offsets at master reset is
determined by the state of the DF input. If DF is LOW then both the PAE & PAF
offsetwill be 8, if HIGH then the value is 128.

When configuring the IDT72P51539/72P51549/72P51559/72P51569
devicesin Parallel Programming Mode the user simply has to apply WCLK
cycles after amaster reset, untiSENO goes LOW, this signals that Parallel
Programming is complete. These clock cycles are required for the device to
loadits internal setup registers. When asingle multi-queue device is used, the
completion of device programming is signaled by the SENO output of adevice
goingfromHIGHto LOW. Note, that SENI must be held LOW whena device
is setup for Parallel Programming mode.
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL

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

When Multi-Queue devices are connectedinan Expansion Configuration, PROGRAMMING HIERARCHY
the SENIsignal of the firstdevice inachain mustbe held LOW. The SENO signal Configuring the device is a 2 stage sequence. The first stage is to set the
ofadevice should connecttothe SENIofthe nextdeviceinthechain. The SENO  expansion device type, the desired programming mode and the device
of the final device is used to indicate that the programming of all devicesis  operatingmode during the master resetcycle (i.e. ontherising edge of Master
complete. When the master device (ID="000") SENO signal goes LOW the  Reset (MRS)). The second stage is to set values such as PAE/PAF, number
internal programming is complete and queue write/read operation maybegin.  of queues, queue depth, etc. using the programming mode (serial, parallel,
Please refer to Figure 39, Parallel Programming for signal timing details. default) selectedin stage 1. Referto Figure 4, Device Programming Hierarchy.

Master Reset Cycle

g .

Device Operating Mode
Expansion Device Selected
Device Type Programming
Selected Mode Selected (Packet Mode) (FI}O Mode)
(IDT Mode) (FWFT Mode) (IDT Mode) (FWFT Mode)
Master Slave
Device Device
Serial Parallel Queue
Programming Programming
v
Default

Programming

6715 drw08

Figure 4. Device Programming Hierarchy
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

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

QUEUE DESCRIPTION

CONFIGURATION OF THEIDT MULTI-QUEUE FLOW-CONTROL DEVICE
ThelDT72P51539/72P51549/72P51559/72P51569 multi-queue flow-con-
trol devices can be configured in distinct modes, namely Packet mode, FIFO

Operational Modes
Packet Mode

LN\

IDT Standard FWFT Mode
Mode

FIFO Mode

N

IDT Standard FWFT Mode
Mode

TEMPERATURERANGES

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

TABLE 3 — MODE CONFIGURATION

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

InIDT Standard mode the read port signal ﬁ/ﬁﬁconﬁgured forempty
flag (EF)signaling. EF isanactive LOW signal. When EF isLOW itsignifies the
selected (present) queueis empty. Onthe write port, signal FF/IR is configured

RCLK

forfullflag (FF) signaling. FF is an active LOW signal. WhenFF isLOW itsignifies
the selected (present) queue is full. Refer to Figure 5, IDT Standard mode
illustrated (Read Port).

VANV NV NV N

Qout >< ><

Last Data Word

Y}
m
pzd

6715 drw09

Figure 5. IDT Standard mode illustrated (Read Port)

InFWFT mode the read portsignal EF/ORis configured for outputready (OR)
signaling. ORis anactive LOW signal. When ORisHIGH, itsignifies thereisno
available word to read. On the write port, signal FF/IR is configured for input

ready (IR) signaling. IR is an active LOW signal. WhenRis LOW itsignifies the
write portis ready forwriting into the selected queue. Referto Figure 6, FWFT
mode illustrated (Read Port).

6715 drw10
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OR : : : :
Qout . : :
Data Bus : >< Last Data Wo:rd . .
REN E E E E

Figure 6. First Word Fall Through (FWFT) mode illustrated (Read Port)
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIALANDINDUSTRIAL

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

STANDARD MODE OPERATION

WRITE QUEUE SELECTION AND WRITE OPERATION
(STANDARD MODE)

TheIDT72P51539/72P51549/72P51559/72P51569 multi-queue flow-con-
trol devices can be configured up to amaximum of 32 queues which data can
be written via a common write port using the data inputs (Din), write clock
(WCLK) and write enable (WEN). The queue to be written is selected by the
address present on the write address bus (WRADD) during a rising edge on
WCLK while write address enable (WADEN)is HIGH. The state of WEN does
notimpactthe queue selection. The queue selectionrequires4 WCLK cycle.
Allsubsequent datawrites will be to this queue until another queue is selected.

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

TEMPERATURERANGES

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

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

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

Operation| WCLK |WADEN| FSTR WRADD[7:0]
T T
Write i 1 0 765:4:32 10
Queue Device Select| Write Queue Address
Select (Compared tol (4 bits = 16 Queues
ID2,1,0) !5 bits = 32 Queues)
PAEN 0 1 7 6 5|41 32 10
Quadrant j Device Select| X Status Word
Select (Compared to Address
ID2,1,0)
Status Word Queue Status on PAFn Bus
Address
0000 Q0 : Q7 — PAFO : PAF7
0001 Q8 : Q15 — PAFO : PAF7
0010 Q16 : Q23 — PAFO : PAF7
0011 Q24 : Q31 — PAFO : PAF7

6715 drw11
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READ QUEUE SELECTION AND READ OPERATION
(STANDARD MODE)

TheIDT72P51539/72P51549/72P51559/72P51569 multi-queue flow-con-
trol devices can be configured up toamaximum of 32 queues which data can
be read via a common read port using the data outputs (Qout), read clock
(RCLK) and read enable (REN). An output enable, OE control pin is also
providedtoallow High-Impedance selection ofthe Qout data outputs. The multi-
queue device read port operates in standard IDT mode and “First Word Fall
Through”mode (see Figure 46, Write Operations in First Word Fall Through).
The queuetobereadis selected by the address presented onthe read address
bus (RDADD) during a rising edge on RCLK while read address enable
(RADEN)is HIGH. The state of REN does notimpactthe queue selection. The
queue selectionrequires 1 RCLK cycles. Allsubsequent data reads will be from
this queue untilanother queueis selected.

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

TEMPERATURERANGES

obtained. This means that data can be read out of the device on every RCLK
rising edge including the cycle that a new queue is being addressed.

Changing queues requires aminimum of four RCLK cycles onthe read port
(see Figure 48, Read Queue Select, Read Operation). RADEN goes high
signalinga change of queue (clock cycle “D”). The address on RDADD at that
time determinesthe nextqueue. Data presented during that cycle will be read.
Reading data can continue from the active, provided REN is LOW. [fRENis
HIGH (inactive) forthese two clock cycles, datawill notbe read fromthe queue.
Ifanewselected queueis empty, any reads fromthat queue will be prevented.
Datacannotbe read fromanempty queue. Rememberthat O allows the user
to place the data output bus (Qout) into High-Impedance and the data can be
read into the outputregister regardless of OE.

Referto Table 5, for Read Address Bus arrangement. Also, referto Figures
13,15, and 16forread queue selection and read port operation timing diagrams.

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

Operation| RCLK |RADEN| ESTR RDADDI7:0]
T T
7 6 5,4,3 2 10
Read Queue j 1 0 Device Select: Realld Queue Address
Select (Compared to! (4 bits = 16 Queues
ID2,1,0) | 5 bits = 32 Queues)
BAEn/PRn 0 1 7.6543210
Quadrant j Device Select| X Status Word
(Compared to Address
Select ID2,1,0)
Status Word AT B
Address Queue Status on PAEn/PRn Bus
0000 Q0 : Q7 — PAFO : PAF7
0001 Q8 : Q15 — PAFO : PAF7
0010 Q16 : Q23 — PAFO : PAF7
0011 Q24 : Q31 — PAFO : PAF7
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PACKETMODE OPERATION

The Packet mode operation provides the capability where, user defined
packets or frames can be written to the device as opposed to Standard mode
where individual words are written. For clarification, in Packet Mode, a packet
canbewrittentothe device withthe starting location designated as Transmit Start
of Packet(TSOP) andthe ending location designated as Transmit End of Packet
(TEOP). In conjunction, a packet read from the device will be designated as
Receive Start of Packet (RSOP) and a Receive End of Packet (REOP). The
minimumssize for a packetis fourwords (SOP, twowords of dataand EOP). The
4 words must be the largest word that is configured. For example inax18 to
x9bus matching configuration the fourwords mustbe x18 bitwords. The almost
empty flag bus becomes the “Packet Ready” PR flag bus when the device is
configured for packetmode. Valid packets are indicated when both PRand OR
areasserted.

WRITE QUEUE SELECTION AND WRITE OPERATION (PACKET MODE)

Changing queuesrequires 4 WCLK cycles onthe write port (see Figure 54,
Writing in Packet Mode during aQueue Change). WADEN goes high signaling
achange of queue (clock cycle “B” or“I"). The address on WRADD at the rising
edge of WCLK determinesthe next queue. Data presented on Din during that
cycle (“B” or “I") and the next cycle (“C” or “J") can continue to be written to
the active (old) queue (Q, or Q, respectively), provided WENisLOW (active).
IfWEN s HIGH (inactive) for these two clock cycles (H), data will not be written
intothe previous queue (Q,). Thewrite portdiscrete fullflag will update to show
thefullstatus of the newly selected queue (Q,) atthislastcycle’srising edge (D"
or“K"). Data values presented on the data input bus (Din), can be written into
the newly selected queue (Q,) onthe rising edge of WCLK on the third cycle
(“E" following arequest for change of queue, provided WEN is LOW (active)
andthe newqueueisnotfull. Ifaselected queueisfull (FF isLOW), thenwrites
tothat queue will be prevented. Note, data cannot be writteninto afull queue.

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

TEMPERATURERANGES

READ QUEUE SELECTION AND READ OPERATION (PACKET MODE)

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

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

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

EXPANDING UP TO 256 QUEUES OR PROVIDING DEEPER QUEUES

Expansion cantake place onlyin IDT Standard mode. Inthe 32 Queue multi-
queue device, the WRADD address bus is 8 bitswide. The 7 Least Significant
bits (LShs) are usedto address one of the 32 available queues withinasingle
multi-queue device. The Most Significant bit (MSbs) is used when adevice is
connected in expansion configuration with up to 8 devices connected inwidth
expansion, each device having its own bitaddress. When logically expanded
with multiple parts, each deviceis statically setupwitha unique chip ID code on
theIDpins, IDO, ID1,and ID2. Adevice is selected when the Most Significant
bit of the WRADD address bus matches the ID code. The maximum logical
expansion is 256 queues (32 queues x 8 devices).

Note: The WRADD busisalsousedin conjunctionwith FSTR (almostfull flag
bus strobe), to address the almost full flag bus during direct mode of operation.

Referto Table 4, for Write Address bus arrangement. Also, refer to Figure
47, Full Flag Timing Expansion Configuration, Figure 51, Output Ready Flag
Timing (In Expansion Configuration), and Figure 67, Expansion using ID
codes, fortiming diagrams.
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SWITCHING QUEUES ON THE WRITE PORT

The IDT 72P51539/72P51549/72P51559/72P51569 multi-queue flow-
control devices canbe configured up toamaximum of 32 queues. Datais written
into a queue using the Data Input (Din) bus, Write Clock (WCLK) and Write

Enable (WEN)signals. Selectinga queue occurs by placing the queue address

TEMPERATURERANGES

onthe Write Address bus (WRADD) during arising edge of WCLK while Write
Address Enable (WADEN) is HIGH. For reference, the state of Write Enable
(WEN)isa“Don’t Care” during aqueue selection. WEN has significance during
the queue mark operation. Selecting aqueue requires4 WCLK cycles. Refer
to Figure 7, Write Port Switching Queues Signal Sequence.

|<— Queue Switch Cycle —>|

, QS-1, QS0

Qst

Qs2, Qs3 ,

I I
1 I I I I I
WCLK I I I I I I

Queue Queue
WRADD X address X address X
| | | | | |
I I I I I I
| | | |
WADEN ! | : :

6715 drw13

Figure 7. Write Port Switching Queues Signal Sequence

The IDT 72P51539/72P51549/72P51559/72P51569 multi-queue flow-
control device supports changing (switching) queues every four (4) clock
cycles. To switch from the Present Queue (PQ) to another queue requires a
queue address to be placed on the Write Address Bus (WRADD) bus and a
rising edge of Write Clock (WCLK) and Write Address Enable (WADEN) is
HIGH. There are norestrictions as to the order to which queues are selected
or switched into or out of.

Formaximum efficiency, during the 4 clock cycles required to switch queues
the IDT 72P51539/72P51549/72P51559/72P51569 multi-queue flow-control
device can continue towrite into the Present Queue (PQ). The Present Queue
isdefined asthe current selected queue. Refer to Figure 8, Switching Queues
BusEfficiency.

|<— Queue Switch Cycles” —>|

e W AWAWRWEAWRWAWAWRWE

EN

[

WADEN / \

Din

Y pa { Ppa | Pa | Pa | Na | Na

NOTES:
1. PQ = Present Queue
NQ = Next Queue
* Requires 4 clock cycles to switch queues.

6715 drw14

Figure 8. Switching Queues Bus Efficiency
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The IDT 72P51539/72P51549/72P51559/72P51569 multi-queue flow-  the write and read ports. The simultaneous queue switching may occur with
control device supports writing and reading from eitherthe same queue offrom  eitherthe Write Clock and Read Clock synchronous or asynchronousto each
differentqueues. The device also supports simultaneous queue switchingon  other. For reference refer to Figure 9, Simultaneous Queue Switching.

WLk /\(\:/\Z_\Z\:/\'/\/\/\/\
[\

EN ,

'
1

I

’ I \ I

WADEN 1 1
1

I

=

Di

5

PQ | PQ | Pa [ Pa f Pa | NQ

avavavaWa

R awANAWA

e}
m
2

T

1
1
1
1
1
RADEN [ : \ :
1

au PQJ PQ ] Pa ) Pa]Pal Pana
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Figure 9. Simultaneous Queue Switching

The multi-queue flow-control device requires 4 clock cycles to switch queues
onthewrite port. Referto Table 6, Write Queue Switch Operationfor adetailed
description of each queue switch clock cycle.

TABLE 6 —WRITE QUEUE SWITCH OPERATION

Queue Switch IDT Mode FWFT Mode
Cycle
Qs-1 Queue Switch Initiated, Rewrite/No Rewrite selection | Queue Switch Initiated, Rewrite/No Rewrite selection
QS0 Queue MARK /Un-MARK Queue MARK /Un-MARK
Qs1 — —
QS2 « PAF signal updated for Next Queue (NQ) « PAF signal updated for Next Queue (NQ)
« Packet Ready (PR) signal updated « Packet Ready (PR) signal updated
« Full Flag (FF) updated for NQ « IR flag updated for NQ
QS3 Startof Write Data Operation Startof Write Data Operation
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SWITCHING QUEUES ON THE READ PORT

The IDT 72P51539/72P51549/72P51559/72P51569 multi-queue flow-
control devices can be configured up toamaximum of 32 queues. Datais read
fromaqueue using the Data Output (Qout) bus, Read Clock (RCLK) and Read
Enable (REN) signals. Selecting a queue on the read port occurs by placing
the queue address on the Read Address bus (RDADD) during arising edge

TEMPERATURERANGES

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

|<— Queue Switch Cycle —>|

, QS-1, QSO
|

Qst

Qs2, QSs3

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

Queue

address X
I

RDADD

Queue
address
|

RADEN ' \

[ ]

6715 drw16

Figure 10. Read Port Switching Queues Signal Sequence

The IDT 72P51539/72P51549/72P51559/72P51569 multi-queue flow-
control device supports changing (switching) queues every four (4) clock
cycles. To switch from the Present Queue (PQ) to another queue requires a
queue address to be placed on the Read Address Bus (RDADD) bus and a
rising edge of Read Clock (RCLK) and Read Address Enable (RADEN) is
HIGH. There are norestrictions as to the order to which queues are selected
or switched into or out of.

Formaximum efficiency, duringthe 4 clock cycles required to switch queues
the IDT 72P51539/72P51549/72P51559/72P51569 multi-queue flow-control
device can continue toread fromthe Present Queue (PQ). The Present Queue
isdefined asthe currentselected queue. Referto Figure 11, Switching Queues
BusEfficiency.

|<— Queue Switch Cycles —>|

RCLK

AVAVAWEWAWAWAWRWAWE

EN

[\

RADEN / \

Qout

[ Pa f Pa ) Pa ) Pa | Pa | Na | Na

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

The IDT 72P51539/72P51549/72P51559/72P51569 multi-queue flow-
control device supports reading and writing from either the same queue of from
differentqueues. The device also supports simultaneous queue switching on

AYATATAEAVAWRWEA

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

WCLK _/_\ ]_\

U S S T S S
e

Din XPQ:XP(%XPQ:XPQ:XNQIX .

o SN SN T ——
woer __ [T\ L L

Qout  PQ | PCI)XPQIXPQIXPQIXPQIXNQIX
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Figure 12. Simultaneous Queue Switching

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

TABLE 7 — READ QUEUE SWITCH OPERATION

Queue Switch IDT Mode FWFT Mode
Cycle
Qs-1 Queue Switch Initiated, Re-read/No Re-read selection | Queue Switch Initiated, Re-read/No Re-read selection

QS0 Queue MARK / Un-MARK Queue MARK / Un-MARK
Qs1 — —
QS2 « PAE signal updated for Next Queue (NQ) « PAE signal updated for Next Queue (NQ)

« Packet Ready (PR) signal updated « Packet Ready (PR) signal updated
« Empty Flag (EF) updated for NQ

QSs3 Start of Read Data Operation

« Start of Read Data Operation

« OR updated for NQ
TABLE 8 — SAME QUEUE SWITCH
PQ NQ Supported Comment
Not Marked Not Marked Yes Queue Switchisignored
NotMarked Marked Yes Add Mark to current queue
Marked Not Marked, No Reread NotAllowed
Marked Not Marked, Reread Yes Remove Mark
Marked Marked, No Reread Not Allowed Legend:
PQ = Present Queue
Marked Marked, Reread Yes Keep Mark NQ = Next Queue
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QUEUE MARKing

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

Aqueue canbe MARKed by eitherthe write port or the read port. The MARK
operationis portindependent. The same queue can be marked by the write port
and the read port simultaneously. Only the active queue can be MARKed,
multiple queues canNOT be MARKed by a port. A port (write or read) may only

TEMPERATURERANGES

MARK AND REWRITE/ MARK AND REREAD

The MARK functionality operatesin any mode combination (Packet mode,
IDT Standard Mode, FIFO Mode, FWFT Mode), FWFT). Queues onthe Write
Port are MARKed using the WCLK & WADEN signals. Queues on the Read
Portare MARKed using the RCLK and RADEN signals. Refer to the following
timing diagrams for additional queue MARK details. Referto Figure 13 through
18forfurtherinformation.

designate one queue MARKed atatime. Uponaqueue switchadecision must
be made astowhethertoreturntothe Marked location orthe lastaccess address.

' A'B C D
, Qs1 , Q0 Qst  Qs2

QSs3

WADEN ﬁ -
xgxgxxxxxxxx

A

-
»

Present Queue (PQ) Next Queue (NQ)

6715 drw29

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

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

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

@QS0, if WADEN=0, NQis notmarked. ) )
Figure 13. MARK and Re-Write Sequence

A B C D E
QS : Q0 :os1 :QSZ Qs3
e B e
REN L ' '
RADEN / Qs _\":-‘\ : :
aour _f Jf ok b \ \
1 1 1 >

A

Present Queue Next Queue

6715 drw30

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

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

WCLK ! \ / \ / \
WADEN | / , L\

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

6715 drw31

Figure 15. MARKing a Queue in Packet Mode - Write Queue MARK

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

@

Read Queue Read Queue
1 Select Cycle 1 MARK Cycle 1

RCLK / \ / \ / \

RADEN / i i \

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

6715 drw32

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

®

Write Queue Write Queue
1 Select Cycle 1 MARK Cycle 1

WCLK { \ / \ i \

=
o
m
E
>

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

6715 drw33

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

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

®

Read Queue Read Queue
1 Select Cycle 1 MARK Cycle 1

ST S N S N A

.y}
>
O
m
=z
-

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

6715 drw34

Figure 18. UN-MARKing a Queue in Packet Mode - Read Queue UN-MARK
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MARK OPERATIONAL NOTES:
IN PACKET MODE

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

MARK Move Sequence

EOP > Queue MARK > [ sop

6714 drwX35

Read Port
- MARKing can only occur during a Queue switch cycle
- Only 1 packet can be MARKed at a time within a Queue.
- Inpacketmode, MARK is movedto alocation of the packet.

- Inpacket mode the MARK can be moved from SOP (start of packet) to SOP (start of packet) within the queue by a valid read.
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Write Queue MARK Thisrising edge of
WCLK isthe start of the
1% cyde
Write Queue Write Queue
Select Cycle H MARK Cycle '

wok N/ N/ N\
WADEN / \

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

6715 drw36

Figure 19. MARKing a Queue in FIFO Mode - Write Queue MARK

Read Queue MARK Thisrising edge of
RCLK isthestart

of the1® cyde

®

Read Queue Read Queue
1 Select Cycle 1 MARK Cycle 1

Rk /0 N/ N\ /
RADEN / \

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

6715 drw37

Figure 20. MARKing a Queue in FIFO Mode - Read Queue MARK

MARK Operational Notes:

In FIFO Mode
Write Port Read Port
- MARKing can only occur during a Queue switch cycle - MARKing can only occur during a Queue switch cycle
The entire Queue is MARKed at atime. - Onlythefirstlocation of the Queue canbe MARKed in Standard /[FWFT
InIDT Standard/FWFT mode, MARK is used to mark the firstlocation mode.
ofthe Queue. - InIDT Standard mode the MARK canNOT be moved ocation tolocation
InIDT Standard/FWFT mode the MARK canNOT be moved withinthe withinthe queue.
queue.
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Un-MARKing a Queue

UN-MARKing a Queue in FIFO Mode

Write Queue UN-MARK This rising edge of
WCLK isthe start

of the1® cyde

®

Write Queue Write Queue
1 Select Cycle 1 MARK Cycle 1

wok /0 N/ N/ \___
WADEN AN

WADEN ACTION

1 0 Selects a Queue and UN-MARK the Queue

6715 drw38

Figure 21. UN-MARKing a Queue in FIFO Mode - Write Queue UN-MARK

Read Queue UN-MARK Thisrising edge of
RCLK isthestart

of the1® cyde

®

Read Queue Read Queue
1 Select Cycle i MARK Cycle 1

rek /N /N J/
RaDEN /1 \

RADEN ACTION

1 0 Selects a Queue and UN-MARK the Queue

6715 drw39

Figure 22. UN-MARKing a Queue in FIFO Mode - Read Queue UN-MARK

UN-MARK Operational Notes:

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

Leaving a MARK active on the Write Port

request)

' Write Queue ! Write Queue !
! Select Cycle ! MARK Cycle !
1 1 1
WCLK / \ / \ ) \
1 1 1
1 1 1
1 1 1
1 1 $-T- - =-=-=-=" |- TN
WADEN . . \ | \
| Leave the MARK s s s 0T _
1 1 1
— ' / : \ '
WEN 1 (A rewrite 1 :
1 1 1
1 1 1
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Figure 23. Leaving a MARK active on the Write Port

Leaving a MARK active on the Read Port

request) 6715 drwa1

! Read Queue ! Read Queue !
! Select Cycle ! MARK Cycle !
1 1 1
RCLK / \ / \ / \
1 1 1
1 1 1
1 1 1
1 1 ¢e-- s 7 ==" I- T
RADEN . . \ | \
. Leave the MARK s s ST
1 1 1
— I / i \ )
REN . (A re-read i 1
1 1 1
1 1 1

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

Inactivating a MARK on the Write Port

(No re-write) 6715 drwa2

' Write Queue ! Write Queue !

! Select Cycle ! MARK Cycle !

1 1 1
WCLK / \ / \ / \

1 1 1

1 1 1

1 L e e e o o o oo _ _

. . T . A
WADEN . . \ . \

1 Inactivatethe '+ a T

1 Write Port MARK !
WEN C\ :

1 1

1 1

Figure 25. Inactivating a MARK on the Write Port Active

Inactivating a MARK on the Read Port

(No re-read) 6715 drw43

1 Read Queue 1 Read Queue 1

I Select Cycle ! MARK Cycle 1

] 1 ]
RCLK Y \ / \ / \

1 1 1

1 1 1

1 1 - - - - | \
RADEN : Lo b

- e o mm mEm mm mm mm owm I— - - e —————————————————————

1 Inactivate the 1 1

1 Read Port MARK 1 1
1\ / -

1 1 1

] 1 ]

] 1 ]

Figure 26. Inactivating a MARK on the Read Port Active
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Write Cycle

| ¢ 1st Cycle R | | ¢ 2nd Cycle > |
Action WEN WADEN WEN WADEN

(active LOW) (active HIGH) (active LOW) (active HIGH)
NO . 0 0 0 0
Operation
Selects a 0 1 0 1
Queue
NO 1 0 1 0
Operation
NO 1 1 1 1
Operation

6715 drw44
Read Cycle
¢ 1st Cycle ) | | ‘ 2nd Cycle > |

Action REN RADEN REN RADEN

(active LOW) | (active HIGH) (active LOW) (active HIGH)
NO ' 0 0 0 0
Operation
Selects a 0 1 0 1
Queue
NO 1 0 1 0
Operation
NO 1 1 1 1
Operation

41
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FLAGDESCRIPTION
PAFn FLAG BUS OPERATION
TheIDT72P51539/72P51549/72P51559/72P51569 multi-queue flow-con-
trol device can be configured for upto 32 queues, each queue having its own
almostfull status. Anactive queue hasits flag status output to the discrete flags,
FF andPAF, onthe write port. Queues thatare not selected for awrite operation
can have their PAF status monitored via the PAFn bus. The PAFn flag busiis
8bits wide, so that 8 queues atatime can have their status output to the bus.
If9 ormore queues are setup withina device then there are 2 methods by which
the device can share the bus between queues, “Direct”mode and “Polled” mode
depending on the state of the FM (Flag Mode) input during a Master Reset. If
8orless queuesare setupwithinadevice theneachwill have its own dedicated
output fromthe bus. If 8 or less queues are setup in single device mode, itis
recommended to configure the PAFn bus to polled mode asitdoes notrequire
using the write address (WRADD).

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 astatus ofthe 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 3rd cycle after anew queue selectionis made. The userthen has afull
status for the new queue one cycle ahead of the WCLK rising edge that data
can be written into the new queue. Thatis, a new queue can be selected on
the write portviathe WRADD bus, WADEN enable and arising edge of WCLK.
Onthe4thrising edge of WCLK, the FF flag outputwill showthe full status of the
newly selected queue. Onthe forthrising edge of WCLK following the queue
selection, data can be writteninto the newly selected queue provided that data
and enable setup & hold times are met.

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

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

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

EXPANSION CONFIGURATION - FULL FLAG OPERATION

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

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

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

The multi-queue device placesits FF flag outputinto High-Impedance based
onthe 1-3hitID code (1 iftwo multi-queue are configured with a maximum total
of 256 queues, 2 if four devices are used totalling amaximum of 256 queues,
and 3ifthere are upto eight devices witha maximum total of 256 queues) found
inthe 1-3most significant bits ofthe write queue address bus, WRADD. Ifthe
1-3mostsignificantbits of WRADD match the 1-3 bitID code setup onthe static
inputs, IDO, ID1 and ID2 thenthe FF flag output of the respective device will be
inaLow-Impedance state. If they do notmatch, then the FF flag output of the
respective device willbe inaHigh-Impedance state. See Figure 47, Full Flag
Timing in Expansion Configuration for details of flag operation, including when
more than one device is connected in expansion.

EMPTY OR OUTPUT READY FLAG OPERATION (EF/OR)

The multi-queue flow-control device provides a single Empty or Output
Ready flag output, EF/OR. The OR provides an empty status or data Output
Ready status for the dataword currently available on the outputregister of the
read port. Therising edge of an RCLK cycle that places new data onto the output
register of the read port, also updates the OR flag to showwhether or not that
new datawordis actually valid. Internally the multi-queue flow-control device
monitors and maintains a status of the empty condition of all queues within i,
howeveronlythe queuethatis selected forread operations hasits Output Ready
(empty) status outputtothe OR flag, giving avalid status for the word being read
atthattime.

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

When queue switches are beingmade onthe read port, the OR flag will switch
toshow status ofthe new queue in line with the data output fromthe new queue.
Whena queue selection is made the first data from that queue will appear on
the Qoutdataoutputs 4 RCLK cycles later, the OR will change state toindicate
validity of the data from the newly selected queue on this 3RCLK cycle also.
The previous cycles will continue to output data from the previous queue and
the OR flag will indicate the status of those outputs. Again, the OR flag always
indicates status for the data currently present on the outputregister.

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

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

EXPANSION-EMPTY FLAG OPERATION

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

This connection of flag outputsto create asingle flagrequiresthatthe EF flag
outputhave aHigh-Impedance capability, suchthatwhenaqueue selectionis
made only asingle device drives the EF flag bus and all other EF flag outputs
connected tothe EF flag bus are placed into High-Impedance. The user does
not have to selectthis High-Impedance state, a given multi-queue flow-control
devicewillautomatically place its EF flag outputinto High-Impedance when none
ofits queues are selected for read operations.

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

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

ALMOST FULL FLAG

As previously mentioned the multi-queue flow-control device provides a
single Programmable Almost Fullflag output, PAF. The PAF flag outputprovides
astatus ofthe almostfull conditionforthe active queue currently selected onthe
write port for write operations. Internally the multi-queue flow-control device
monitors and maintains a status of the almost full condition of all queues within
it, however only the queue thatis selected for write operations hasits full status
outputtothe PAF flag. This dedicatedflagis oftenreferredtoas the “active queue
almostfullflag”. The position of the PAF flag boundary within a queue can be
atany pointwithinthatqueues depth. This location can be user programmed
viathe serial port or one of the default values (8 or 128) can be selectedifthe
user has performed default programming.

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

When queue switches are being made on the write port, the PAF flag output
will switch to the new queue and provide the user with the new queue status,
onthethird cycle afteranew queue selectionis made, onthe same WCLK cycle
that data can actually be written to the new queue. Thatis, a new queue can
be selected onthe write portviathe WRADD bus, WADEN enable and arising
edge of WCLK. Onthe third rising edge of WCLK following a queue selection,
the PAF flag outputwill showthe full status of the newly selected queue. The PAF
is flag outputis double register buffered, so when a write operation occurs at
the almost fullboundary causing the selected queue status to go almost full the
PAF willgo LOW 2 WCLK cycles after the write. The same istrue when aread
occurs, there will be a2 WCLK cycle delay after the read operation.
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Sothe PAF flag delay from a write operation to PAF flag LOWis 2 WCLK +
twAF. The delay from a read operation to PAF flag HIGH is tskew2 + WCLK +
tWAF.

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

The PAF flagis synchronous to the WCLK and all transitions of the PAF flag
occur based on a rising edge of WCLK. Internally the multi-queue device
monitors and keeps arecord of the almostfull status for all queues. Itis possible
thatthe status of aPAF flagmaybe changinginternally eventhoughthatflagis
notthe active queue flag (selected onthe write port). Aqueue selected onthe
read port may experience achange ofitsinternal almost full flag status based
on read operations. The multi-queue flow-control device also provides a
duplicate of the PAF flag onthe PAF[7:0] flag bus, this will be discussedin detail
inalater section ofthe data sheet.

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

ALMOSTEMPTY FLAG

As previously mentioned the multi-queue flow-control device provides a
single Programmable Almost Empty flag output, PAE. The PAE flag output
provides a status of the almost empty condition for the active queue currently
selected onthe read port for read operations. Internally the multi-queue flow-
control device monitors and maintains a status ofthe almost empty condition of
allqueueswithinit, however only the queue thatis selected forread operations
hasits empty status output to the PAE flag. This dedicated flagis oftenreferred
toasthe“active queue almostemptyflag”. The position of the PAE flagboundary
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 selected ifthe user has performed default programming.

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

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

Sothe PAE flag delay from a read operation to PAE flag LOW is 2 RCLK +
tRAE. The delay from a write operation to PAE flag HIGH is tskew2 + RCLK +
tRAE.

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

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

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

PAFn - DIRECT BUS

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

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

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

Statuswords can be selected on consecutive clock cycles, thatisthe status
word onthe PAFn bus can change every WCLK cycle. Also, data presenton
theinputbus, Din, canbe written into a Queue on the same WCLK rising edge
thatastatuswordis being selected, the only restriction being thatawrite queue
selectionand PAFn status word selection cannotbe made on the same cycle.

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

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

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

PAFn - POLLED BUS

IfFMis HIGH at master resetthenthe PAFn bus operatesin Polled (looped)
mode. Inpolled mode the PAFn bus only cycles through the number of status
words required to display the status of the number of queues that have been
setupinthe part. Everyrising edge of the WCLK causes the next status word
to be loaded on the PAFn bus. The device configured as the master (MAST
inputtied HIGH), willtake control of the PAFn after MRS goes LOW. Forthewhole
WCLK cycle thatthe first status word is on PAFnthe FSYNC (PAFn bus sync)
outputwill be HIGH, for all other status words, this FSYNC output willbe LOW.
This FSYNC output provides the user with a mark with which they can
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synchronize tothe PAFnbus, FSYNCisalways HIGH forthe WCLK cycle that
the first status word of a device is present on the PAFn bus.

When devices are connected in expansion configuration, only one device
willbe setas the Master (ID="000"), MAST input tied HIGH, all other devices
willhave MAST tied LOW. The master device is the first device to take control
ofthe PAFnbus and will place s first status word on the bus on the rising edge
of WCLK. Forthe nextn WCLK cycles (n=number of queues divided by 8 with
nbeing increased by one for any remainder) the master device will maintain
control ofthe PAFn bus and cycleits status words throughit, all other devices
hold their PAFn outputsin High-Impedance. When the master device has cycled
all ofits status words it passes a token to the next device in the chain and that
device assumes control ofthe PAFn bus and then cyclesits statuswords and
soon, the PAFnbus control token being passed onfrom device to device. This
token passing is done viathe FXO outputs and FXI inputs of the devices (‘PAF
Expansion Out”and “PAF ExpansionIn”). The FXO outputofthe master device
connectstothe FXlofthe second deviceinthe chainand the FXO of the second
connectstothe FXIofthethirdand soon. Thefinal deviceinachainhasits FXO
connectedtothe FXI ofthe firstdevice, sothat once the PAFn bus has cycled
throughall status words of all devices, control ofthe PAFnwill pass tothe master
device again and so on. The FSYNC of each respective device will operate
independentlyand simply indicate whenthatrespective device hastakencontrol
of the bus and is placing its first status word on to the PAFn bus.

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

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

PAEN/PRn FLAG BUS OPERATION

TheIDT72P51539/72P51549/72P51559/72P51569 multi-queue flow-con-
trol device can be configured for upto 32 queues, each queue having its own
almostempty/ packetready status. Anactive queue hasits flag status outputto
the discrete flags, OR, PAE and PR, on the read port. Queues that are not
selectedforaread operation can have their PAE/PR status monitored via the
PAEN/PRn bus. The PAEn/PRn flag bus is 8 bits wide, so that 8 queues ata
time can have their status outputto the bus. If 9 or more queues are setup within
a device then there are 2 methods by which the device can share the bus
between queues, "Direct' mode and "Polled" mode depending onthe state of
the FM (Flag Mode) input during a Master Reset. If 8 or less queues are setup
within adevice then each will have its own dedicated output from the bus. If 8
orlessqueuesare setupinsingle device mode, itis recommendedto configure
the PAFn bus to polled mode as it does not require using the write address
(WRADD).

PAEN/PRn - DIRECT BUS

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

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

Output Ready, EF Flag Boundary

Full Flag, FF Boundary

I/0 Set-Up

EF Boundary Condition

I/0 Set-Up

FF Boundary Condition

In36 to out36 (Almost Empty Mode)
(Bothports selected for same queue
when the 15t Word is written in)

EF Goes LOW after Last Read

In36 to out36
(Both ports selected for same queue
when the 1°*Word is written in)

FF Goes LOW after D+1 Writes
(seenote below for timing)

In36 to out36 (Packet Mode)
(Both ports selected for same queue
when the 1%t Word is written in)

F Goes LOW after Last Read

In36 to out36
(Write portonly selected for queue
when the 1%t Word is written in)

FF Goes LOW after D Writes
(see note belowfor timing)

In36 to out18
(Both ports selected for same queue
when the 1°*Word is written in)

EF Goes LOW after Last Read

In36 to out9
(Both ports selected for same queue
when the 15t Word is written in)

EF Goes LOW after Last Read

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

F Goes LOW after Last Read

In9 to out36
(Both ports selected for same queue
when the 1°*Word is written in)

EF Goes LOW after Last Read

Programmable Almost Full Flag, PAF & PAFn Bus Boundary

/0 Set-Up PAF & PAFn Boundary
in36 to out36 PAF/PAFn Goes LOW after
(Both ports selected for same queue whenthe 1t | D+1-m Writes
Word s written in until the boundary isreached) | (see note belowfortiming)
in36 to out36 PAF/PAFn Goes LOW after
(Write portonly selected for same queue whenthe | D-mWrites
18'Word is written in until the boundary is reached)| (see note below for timing)
in36to out18 PAF/PAFn Goes LOW after

D-mWrites (see belowfor timing),
in36 to out9 PAF/PAFn Goes LOW after
D-mWrites (see below for timing)
in18 to out36 PAF/PAFn Goes LOW after
([D+1-m] x 2) Writes
(see note below for timing)
in9 to out36 PAF/PAFn Goes LOW after
([D+1-m] x 4) Writes
(seenote belowfortiming)
NOTE:

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

if DF is LOW at Master Reset then m = 8

if DF is HIGH at Master Reset then m= 128

PAF Timing
Assertion:

Write Operation to PAF LOW: 2 WCLK + tWAF

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

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

PAFn Timing
Assertion:

Write Operation to PAFn LOW: 2 WCLK* + tPAF

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

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

there may be one additional WCLK clock cycle delay.
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In36 to out18
(Both ports selected for same queue
when the 1°*Word is written in)

FF Goes LOW after D Writes
(seenote below for timing)

In36 to out18
(Write portonly selected for queue
when the 1%t Word is written in)

FF Goes LOW after D Writes
(see note belowfor timing)

In36 to out9
(Both ports selected for same queue
when the 1°*Word is written in)

FF Goes LOW after D Writes
(seenote below for timing)

In36 to out9
(Write portonly selected for queue
when the 1%t Word is written in)

FF Goes LOW after D Writes
(see note belowfor timing)

In18 to out36
(Both ports selected for same queue
when the 1°*Word is written in)

FF Goes LOW after ([D+1] x 2) Writes
(seenote below for timing)

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

FF Goes LOW after (D x 2) Writes
(see note belowfor timing)

In9 to out36
(Both ports selected for same queue
when the 1°*Word is written in)

FF Goes LOW after ([D+1] x 4) Writes
(seenote below for timing)

In9 to out36
(Write portonly selected for queue

when the 1%t Word is written in)

FF Goes LOW after (D x 4) Writes
(see note belowfor timing)

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 +tWFF
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TABLE 9 — FLAG OPERATION BOUNDARIES & TIMING (CONTINUED)

Programmable Almost Empty Flag, PAE Boundary

Programmable Almost Empty Flag Bus, PAEn Boundary

in36 to out9
(Both ports selected for same queue when the 1°

PAE Goes HIGH after n+1
Writes

110 Set-Up PAE Assertion /0 Set-Up PAEn Boundary Condition
in36 to out36 PAE Goes HIGH after n+2 in36 to out36 PAEN Goes HIGH after
(Both ports selected for same queue whenthe 1% | Writes (Both ports selected for same queue whenthe 1 | n+2Writes
Wordis writtenin untilthe boundaryisreached) | (see note below fortiming) Wordiswrittenin until the boundary is reached) (see note below fortiming)
in36 to out18 PAE Goes HIGH after n+1 in36 to out36 PAEn Goes HIGH after
(Both ports selected for same queue whenthe 15t | Writes (Write portonly selected for same queue whenthe | n+1Writes
Word iswritten in until the boundaryisreached) | (seenote below fortiming) 1%Word is written in until the boundary is reached) | (see note belowfor timing)

in36 to out18 PAEn Goes HIGH after n+1

Writes (see below for timing)

Word is written in until the boundary is reached)

in18 to out36
(Both ports selected for same queue when the 1
Word is written in until the boundary is reached)

in9 to out36
(Both ports selected for same queue whenthe 1°
Word is written in until the boundary is reached)

(see note below for timing)

PAE Goes HIGH after
([n+2] x 2) Writes

(see note belowfortiming)
PAE Goes HIGH after
(In+2] x 4) Writes

(see note 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 tSKEW2 is violated there may be 1 added clock: tSKEW2 + 2 RCLK + tRAE

PACKET READY FLAG, PRBOUNDARY

Assertion:

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

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

Timing:

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

Iftskew4is violated:

PR goes LOW after tskew4 + 3 RCLK + tPR

De-assertion:

PR Rising Edge occurs upon reading the last RSOP marker, from output Q34.
i.e. there are no more complete packets available withinthe queue.
Timing:

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

(Pleasereferto Figure 57, Data Output (Receive) Packet Mode of Operation
fortiming diagram).

in36 to out9 PAEn Goes HIGH after n+1
Writes (see below for timing)

in18to out36 PAEN Goes HIGH after

(Both ports selected for same queue whenthe 1t | ([n+2] x 2) Writes

Word is written in untilthe boundary is reached) (see note below fortiming)

in18 to out36 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 below fortiming)

in9 to out36 PAEn Goes HIGH after

(Both ports selected for same queue whenthe 1%t | ([n+2] x 4) Writes

Word is written in until the boundary is reached) (see note belowfortiming)

in9 to out36 PAEN Goes HIGH after

(Write portonly selected for same queue whenthe | ([n+1] x 4) Writes

1'Word is written in until the boundary is reached) | (see note below for timing)

NOTE:

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

PAEn Timing
Assertion:
De-assertion:

Read Operation to PAEn LOW: 2 RCLK* + tPAE

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

* |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.

PACKET READY FLAG BUS, PRn BOUNDARY

Assertion:

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

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

Timing:

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

If tskewa is violated PRn goes LOW after tskEw4 + 3 RCLK* + tPAE
*|faqueue switchis occurring onthe read portatthe pointof flag assertion there
may be one additional RCLK clock cycle delay.

De-assertion:

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

Timing:

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

*Ifa 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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addressthethird statusword, Queue[16:23], the RDADD addressis “xxxx0010".
PAE[0:7] gets status of queues, Queue[16:23] respectively. To address the
fourth status word, Queue[24:31], the RDADD address is “xxxx0011".
PAE[0:1] gets status of queues, Queue[24:25] respectively. Remember, only
26 queues were setup, sowhen status word 4 is selected the unused outputs
PAE[2:7] will be don't care states.

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

Statuswords can be selected on consecutive clock cycles, thatis the status
word onthe PAEn/PRn bus can change every RCLK cycle. Also, data can be
read outof a Queue onthe same RCLK rising edge that a status word is being
selected, the only restriction being that aread queue selection and PAEn/PRn
status word selection cannotbe made onthe same RCLK cycle.

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

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

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

PAEn - POLLED BUS

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

When devices are connected in expansion configuration, only one device
will be setas the Master (ID="000"), MAST input tied HIGH, all other devices
willhave MAST tied LOW. The master device is the first device to take control
ofthe PAEn/PRn bus and will place its first status word on the bus onthe rising
edge of RCLK after the MRS input goes LOW. For the next n RCLK cycles
(n=number of queues divided by 8 with nincrementing by one should there be
aremainder) the master device will maintain control of the PAEn/PRn bus and
cycleits statuswordsthroughit, all other devices hold their PAEn/PRn outputs
inHigh-Impedance. Whenthe master device has cycled all of its status words
itpassesatokentothe nextdeviceinthe chainandthatdevice assumes control
ofthe PAEn/PRnbusandthen cyclesits statuswords andso on, the PAEn/PRn
bus control token being passed on from device to device. This token passing
isdone viathe EXO outputs and EXIinputs of the devices (‘PAE Expansion Out”
and“PAE Expansion In”). The EXO outputofthe master device connectstothe
EXlofthe second device inthe chain and the EXO of the second connects to
the EXlofthe third and so on. Thefinal device inachainhasits EXO connected
tothe EXlofthefirstdevice, sothatonce the PAEn/PRn bus has cycled through
all status words of all devices, control ofthe PAEn/PRn will pass to the master
device again and so on. The ESYNC of each respective device will operate
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independentlyand simply indicate whenthatrespective device hastakencontrol
of the bus andis placingits first status word on to the PAEn/PRn bus.

When operating in single device mode the EXIinputmustbe connected to
the EXO outputofthe same device. Insingle device mode atokenis still required
to be passed into the device for accessing the PAEn bus.

PACKETREADY FLAG

The 36-hitmulti-queue flow-control device provides the user with a Packet
Readyfeature. DuringaMaster Reset PacketModeis selected by PKT=HIGH.
ThePRdiscreteflag, provides apacketready status of the active queue selected
ontheread port. A packetready statusis individually maintained onall queues;
however only the queue selected onthe read port has its packet ready status
indicated onthe PRoutputflag. A packetis available on the outputfor reading
whenbothPRand OR are asserted LOW. Ifless than a full packetis available,
the PRflag will be HIGH (packet not ready). In packet mode, nowords can be
read from a queue until a complete packet has been written into that queue,
regardless of REN.

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

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

Onthe write port D34 is used to “mark” the first word being written into the
selected queue asthe “Transmit Startof Packet”, TSOP. Tofurther clarify, when
the userrequires aword being written tobe marked as the start of apacket, the
TSOP input(D34) mustbe HIGH for the same WCLK rising edge as the word
thatiswritten. The TSOP markeris stored inthe queue along with the dataitwas
written in until the word is read out of the queue via the read port.

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

The packetready logic monitors all startand end of packet markers both as
they enter respective queues viathe write portand as they exit queues viathe
read port. The multi-queue internal logicincrements and decrements a packet
counter,whichis provided foreach queue. The functionality ofthe packet ready
logic provides status as to whether atleast one full packet of data is available
withinthe selected queue. A partial packetinaqueue isregarded as a packet
not ready and PR (active LOW) will be HIGH. In Packet mode, no words can
beread fromaqueue until atleast one complete packet has beenwritteninto
the queue, regardless of REN. For example, if a TSOP has been written and
some number of words latera TEOP is written a full packet of data is deemed
tobeavailable, andthe PR flagand ORwill go active LOW. Consequentlyifreads
beginfromaqueuethathasonly one complete packetandthe RSOPis detected
onthe output port as data is being read out, PR will go inactive HIGH. OR will
remain LOW indicating there is still valid data being read out of that queue until
the REOP isread. The user may proceed with the reading operation until the
currentpackethasbeenread outand nofurther complete packets are available.
Ifduring thattime another complete packet has beenwritteninto the queue and
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the PR flag will again gone active, then reads from the new packet may follow
afterthe current packethas been completely read out.

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

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

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

As anexample, the user may also wish toimplement the use of an “Almost
End of Packet” (AEOP) marker. For example, the AEOP can be assigned to
datainputhitD33. The purpose of this AEOP markeris to provide anindicator
thatthe end of packet is a fixed (known) number of reads away fromthe end
of packet. This is a useful feature when due to latencies within the system,
monitoring the REOP marker alone does not prevent “over reading” of the data
fromthe queue selected. Forexample, an AEOP marker set 4 writes before the
TEOP marker providesthe device connected tothe read portwithand “almost
end of packet”indication 4 cycles before the end of packet.

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

TEMPERATURERANGES

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

PACKET MODE -MODULO OPERATION

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

When utilizing the multi-queue flow-control device in packet mode, the user
may also wantto consider the implementation of “Modulo” operation or “valid
byte marking”. Modulo operation may be useful when the packets being
transferred through a queue are in a specific byte arrangement even though
the databuswidthis 36 bits. InModulo operation the user can concatenate bytes
toformaspecific data string through the multi-queue device. A possible scenario
is where a limited number of bytes are extracted from the packet for either
analysis or filtered for security protection. Thiswill only occurwhenthe first 36
bitword of a packetis written in and the last 36 bit word of packet is writtenin.
The modulo operationisameans by whichthe user can mark andidentify specific
datawithinthe Queue.

Onthewrite portdatainputhits, D32 (transmitmodulo bit2, TMOD2) and D33
(transmitmodulo bit 1, TMOD1) can be used as datamarkers. An example of
this could be touse D32 and D33 to code which bytes of aword are partofthe
packet that is also being marked as the “Start of Marker” or “End of Marker”.
Conversely on the read port when reading out these marked words, data
outputs Q32 (receive modulo hit2, RMOD2) and Q33 (receive modulo bit 1,
RMODZ1)will pass onthe byte validity information for thatword. Referto Table
10for one example of how the modulo bits may be setup and used. See Figure
57, Data Output (Receive) Packet Mode of Operation.

TABLE 10 — PACKET MODE VALID BYTE FOR x36 BIT WORD CONFIGURATION

8 o 2 8 3 Q o
G 6 O O O <] [¢] ~ =4
2 3 85 9 = S B g g
8 8 8 8 8 a a 8 a
-— [qV]
alalqla
OO ol|0O BYTE D BYTE C BYTE B BYTE A
T R%)
S| =
TMOD1 (D33) TMOD2 (D32)
RMOD1 (Q33) RMOD2 (Q32) VALID BYTES
0 0 A B CD
0 1 A
1 0 A, B
1 1 A B, C

6715 drw19
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PACKET MODE DEMARCATIONBITS

TheIDT72P51539/72P51549/72P51559/72P51569 can be configured for
packetmode operation. Inpacketmode the IDT72P51539/72P51549/72P51559/
72P51569 provides the functionality to demarcate packets withinaqueue. The
demarcation functionality is only available in packet mode and is used to
generate the Packet Ready (PR) flag.

The demarcation of packets/informationis accomplishedwiththe demarcation
hits[35:32]. The demarcation bitassignments are; bit 35 End of Packet (EOP),
hit34 Startof Packet (SOP), hit33 Aimost End of Packet (AEOP) and hit 32 Almost

Startof Packet (ASOP).

TEMPERATURERANGES

During packetmode bus matching, whichisthe ability to setthe write interface
andread interface toindependentword lengths (i.e. 9 bitword, 18 bitword, 36
bitword), the demarcation bits are located within their respective word length.
For example withina 36 hitto 36 bitword bus matching configuration bit 35is
designated asthe End of Packet (EOP) and bit 34 is Start of Packet (SOP). In
an 18 hitto 18 bitword bus matching configuration bit 17 is designated End of
Packet (EOP) and hit 16is Start of Packet. The minimum packetword length
required by the IDT72P51539/72P51549/72P51559/72P51569 s four (4) of
thelargestwords specified within a bus matching configuration. Referto Figure
27-35 for designated locations of the demarcation bits within a specific word
configuration.

35 0
6715 drw20
NOTES:
1. A Start of Packet (SOP) and End of Packet (EOP) may not occur within a same word.
2. The x36 hit words locate SOP and EOP as follows;
a. hit 35 is EOP
b. bit 34 is SOP.
Figure 27. 36bit to 36bit word configuration
A 8 0
B 34 <7.0>
17
(even word)
32 <15:8>
32, 34 <15:0> ’ \-/
33 <23:16>
17 0 D
(0dd word) w
35 <31:24>
35,33 <31:16> 6715 drw21 6715 drw22
NOTES:
1. In a 36 hit word to 9 bit word configuration the 36 bit word is converted into four (4)
NOTES: 9 hit words.

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

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

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

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

Figure 28. 36bit to 18bit word configuration

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

3. The x9 bit words contain the demarcation bits as follows;
a. Bit 8 in Word “A” is the Start of Packet (SOP)
b. Bit 8 in Word “B” is the Almost Start of Packet (ASOP).
c. Bit 8 in Word “C” is the Almost End of Packet (AEOP).
d. Bit 8 in Word “D” is the End of Packet (EOP).

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

6715 drw23

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

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

Figure 30. 18bit to 36bit word configuration

17 16 0
6715 drw24

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

Figure 31. 18bit to 18bit word configuration

A 8 0
B 17 <7:0> 9
17 <15:8>
NOTES: 6715 drw2da
1. In a 18 bit word to 9 bit word configuration a single eighteen bit word is converted into two (2) nine bit words.
2. The x9 bit words contain demarcation bits as follows;
a. Bit 17 is End of Packet (EOP)
b. Bit 16 is Start of Packet (SOP).

3. An SOP and EOP may not occur within the same word.
4. In this configuration there is no ASOP or AEOP demarcation bits.

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

4h<7:0>, 3'9<7:0>, 2"<7:0>, 15<7:0>
6715 drw25

NOTES:
1. In a 9 bit word to 36 bit word configuration four (4), nine hit words are concatenated
to form one x36 bit word.
2. The x36 hit words contain demarcation bits as follows;

a. Bit 35 is End of Packet (EOP)

b. Bit 34 is Start of Packet (SOP).

c. Bit 33 Almost End of Packet (AEOP).

d. Bit 32 Almost Start of Packet (ASOP).

Figure 33. 9bit to 36bit word configuration

17 16 0
NOTES: 6715 drw26

1. In a9 bit word to 18 bit word configuration two (2), nine bit words are concatenated
to form one x18 bit word.
2. The x18 bit words contain demarcation bits as follows;
a. Bit 17 is End of Packet (EOP)
b. Bit 16 is Start of Packet (SOP).
3. An SOP and EOP may not occur within the same word.

Figure 34. 9bit to 18bit word configuration

8 0

6715 drw27

NOTES:

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

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

4. The minimum packet word length is 4 words.

Figure 35. 9bit to 9bit word configuration
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BUS MATCHING OPERATION

Bus Matching operation between the input portand output portis available.
Duringamaster reset of the multi-queue the state ofthe three setup pins, BM
[3:0] (Bus Matching), determine the inputand output port bus widths as shown
inTable 11, “Bus Matching Set-Up”. 9 bitwords, 18 bitwords and 36 bitwords
canbe writteninto and read from the queues. When writing to or reading from
the multi-queue in a bus matching mode, the device orders data in a “Little
Endian” format. See Figure 36, Bus Matching Byte Arrangement for details.

The Fullflag and Almost Full flag operation is always based on writes and
reads of datawidths determined by the write portwidth. Forexample, iftthe input
portis x36 and the output portis x9, then four data reads froma full queue will
be required to cause the full flag to go HIGH (queue not full). Conversely, the
Empty flagand Almost Empty flag operations are always based onwrites and
reads of datawidths determined by the read port. For example, ifthe input port
isx18andthe output portis x36, two write operations will be required to cause
the Empty flag (EF) of an empty queue to go HIGH (queue is not empty).

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

TEMPERATURERANGES

TABLE 11 — BUS-MATCHING SET-UP

BM3 BM2 BM1 BMO | Write Port | Read Port
0 0 0 0 x36 x36
0 0 0 1 x36 x18
0 0 1 0 x36 X9
0 0 1 1 x18 x36
0 1 0 1 x18 x18
0 1 1 0 x18 X9
0 1 0 0 x9 x36
0 1 1 1 x9 x18
1 0 0 1 X9 X9
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BYTE ORDER ON INPUT PORT: D35-D27 D26-D18 D17-D9 D8-D0
A B C D Write to Queue
BYTE ORDER ON OUTPUT PORT: Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM A B C D Read from Queue
L

(a) x36 INPUT to x36 OUTPUT

Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM (o] D 1st: Read from Queue
H
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
A B 2nd: Read from Queue
(b) x36 INPUT to x18 OUTPUT
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM
" D 1st: Read from Queue
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
Cc 2nd: Read from Queue
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
B 3rd: Read from Queue
Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
A 4th: Read from Queue
(c) x36 INPUT to x9 OUTPUT
BYTE ORDER ON INPUT PORT: D35-D27 D26-D18 D17-D9 D8-D0
A B 1st: Write to Queue
D35-D27 D26-D18 D17-D9 D8-D0
C D 2nd: Write to Queue
BYTE ORDER ON OUTPUT PORT: Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM C D A B Read from Queue
H
(d) x18 INPUT to x36 OUTPUT
BYTE ORDER ON INPUT PORT: D35-D27 D26-D18 D17-D9 D8-D0
A 1st: Write to Queue
D35-D27 D26-D18 D17-D9 D8-DO
B 2nd: Write to Queue
D35-D27 D26-D18 D17-D9 D8-D0
C 3rd: Write to Queue
D35-D27 D26-D18 D17-D9 D8-D0
D 4th: Write to Queue
BYTE ORDER ON OUTPUT PORT: Q35-Q27 Q26-Q18 Q17-Q9 Q8-Q0
BM D C B A Read from Queue
H
(e) x9 INPUT to x36 OUTPUT 6715 drw28

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

Figure 36. Bus-Matching Byte Arrangement
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(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
- tRs >
MRS N v
[+ tRsS—>
e >
EN
[+ tRSS—> f«——— tRSR
SENI }
[*—tRSS—™
FSTR, N\
ESTR
<+ tRSS—>
WADEN, N
RADEN
[4—tRSS —»|
IDO, IDA, E
ID2
r«+—tRSS
BM % *
[« tRSS | HIGH = Polled mode
FM X> LOW = Strobed (Direct)
[ tRSS > HIGH = Master Device
MAST Ei > LOW = Slave Device
r+—tRSS HIGH = Packet Ready Mode
PKT X>
[ tRSs > HIGH = Queue Programming
DFM X> LOW = Serial Programming
[+ tRSS |
QSEL[1:0] X> See Table 2, for setting the Queue Programming
[+ tRSS > HIGH = Offset Value is 128
DF E i > LOW = Offset value is 8
< tRSF |
_ HIGH-Z if Slave Device
FFIR | e m e e e m e e e e TR I
LOGIC "0" if Master Device
< tRSF |
EF/OR _ HIGH-Zif Slave Device _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ___
LOGIC "0" if Master Device
< 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 HIGHZ(f Slave Device
[— tRSF
PAE _ HIGH-Zif Slave Device _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____
LOGIC "0" if Master Device
< tRSF = LOGIC "1" if Master Device
PAFN T T T T T T T T T T T T T T T T T T T T T T T T T HIGHZif Slave Device
[ tRSF
PAEN | _HIGH:Zi{fSlave Deviee_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ ____________
LOGIC "0" if Master Device
[+ [RSF | LOGIC "1" if Master Device
PR T T T T T T T T T T T T T T T T T iGAZi Slave Devie
~"IRSF ™ LOGIC "1" if Master Device
FRn " TAIGHZifSave Deviee T T T TTTTTT
< RSF > LOGIC "1" if OE is LOW and device is Master
an " HIGH-Zif OE is HIGH or Device is Slave
NOTE: 6715 drw46
1. OE can toggle during this period. Figure 37. Master Reset
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL

(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURE RANGES
WCLK x7_M4— N 74_\_7|4_\_74_\_74_\_74ﬂ_/
tas~ taH
WADEN 7‘4 ﬁk
tENS — tENS
WEN }4
tas
~ -~ tAH
WRADD Qx ‘
~— tWFF
= 4
FF - /-=tWAF
DAE z
PAF L PAF
Active Bus ~
PAF-Qx
6715 drw48
Figure 40. Queue Programming via Write Address Bus
ROLK 7 N A N__f N S NS S N S NS oS N S N
tENS t
~N ~ tENS
REN >‘<
tas~ | toH
RADEN T %
NS Nl o tan
RDADD ><><>Q<></| ox DO RN AX
tREF
__ ]
OR
-~ tRAE
PAE +:l<
 —1PAE
Active Bus >
PAE-Qx®
r-2 r-1 r r+1 r+2 r+3 r+4
6715 drw49
Figure 41. Queue Programming via Read Address Bus
Master Reset T T 5
Default Mode 5
oFu-0  _§ ¥ } !
DFM MRS DFM MR DFM MRS
MQ1 MQ2 MQn
Serial Enable —» SENI SENO|—p| SENI SENOL ¢ 5 |SENI Mastersgno |—p Serial Loading
ID="000’ Complete
Serial Input —»{ SI SO |—»{ SI SO —S¢—pf sI SO
SCLK SCLK SCLK

Serial Clock I I T 6715 drw50

Figure 42. Serial Port Connection for Serial Programming
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL

(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURE RANGES
WCLK _/_\_71_\_'1_\_74_\_/_\_/_\_/_\_/
tENS\ /_tENH
WEN 3.:
tDS—><—tDH$>I<-tDS—><-tDH$lz-tDS—><-tDH
Dn l: w1 w2 w3 2L LR AKX AKX AKX KX XK
tSKEW1
<—F>
RCLK mm—u \
REN
A A
Qout Last Word Read Out of Queue W1 Qy X W2 Qy W3 Qy
/-tREF /_tREF
OR
6715 drw54
NOTES:
1. Qy has previously been selected on both the write and read ports.
2. OE is LOW.

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

Figure 46. Write Operations in First Word Fall Through mode
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. . ) - - o " . ) )
RCLK ™\ A mw
1ENS\
REN
tas tAH tas. tAH
. ol T
roAD> XK G KXHKX KKK as

| — |

Qout PQ PQ PQ PQ Qso Wb Last Word Q15 Q15

tENs~ /tENH

tas tAH
el o
wanoo SR s KK

tas taH
1

WADEN

tos—~

toH
P

6715 dws9.

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

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

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

*D* Another word from PQ is read.

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

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

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

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

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

*J* A word, is read from Q15.

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

Figure 51. Output Ready Flag Timing (In FWFT Mode)
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Figure 55. Reading in Packet Mode during a Queue change
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(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES

tas tAH tas. tAH
P -~ ~ <

WRADD @EB: 55_;K><><><><><><><><><><><><><><><><><><><><><><><><>< D1 Qo ‘ XK ARARARARRARARRARK XXX

tQS\
- -]
WADEN fik 7‘4—*

/'IAFLZ
PAF HIGH-Z "
(Device 1)

— tFFHZ
PAF
(Device 2) l

6715 drw66
Cycle:

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

*C* No write occurs, WEN is HIGH.

*D* No write occurs, WEN is HIGH.

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

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

*H* No write occurs, WEN is HIGH.

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

Figure 58. Almost Full Flag Timing and Queue Switch

tCLKL— ,— tCLKL
WCLK 7'2 q; RN

tENS —~ | — tENH

WER L% N

PAF

L tWAF

tWAF —»
D - (m+1) words in Queue'® D - m words in Queue a-(QI'TJJreL)eWOrds
tSKEW2 —,

TN N NN AN N
tENs —~ | ,— tENH

EN 6715 drw67

NOTE:

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

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

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

Figure 59. Almost Full Flag Timing
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“Ax B «cr D+ g e “G* P e
RCLK \_7!—\_%—\_%—\_7!—\_7!—\_71—\_71—\_71—\_71—\_/
REN
tas ~ P tAH tas— 4_/>tAH
oADK Br s K XK KKKt e KK KKK,
tas~ ~taH tas— <_/1>QH
RADEN
torz ¢ A A A A
HIGH-Z i <—>>¥< <—>>‘<
Qout D1 Q30 Wn >‘< D1 Q30 Wn+1 D1 Q15 Wo D1 Q15 W1
ez ~IRAE ~—RAE
PAE HIGH-Z "
(Device 1)
- tAEHZ
PAE HIGH-Z
(DeViCe 2) ! 6715 drw68
Cycle:

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

*B* No read occurs, REN is HIGH.

*C* No read occurs, REN is HIGH.

*D* No read occurs, REN is HIGH

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

*F* Q15 of device 1 is selected.

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

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

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

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

tCLKH — — tCLKL

WCLK 7'2 i # mmm&m

tENS —~ ~— tENH

PAE n+1 words in Queue n+2 words in Queue n+1 words in Queue
— tSKEW?2 tRAE —
RCLK J\:;IZ
tENS — ~—tENH
REN 6715 drw69
NOTE:

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

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

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

Figure 61. AlImost Empty Flag Timing
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RCLK N e U e N (ﬂ_f\_‘j/_vz—\_;ﬁ\_/_
tas tQH
< rlen tQS—pa—tQH {a— taS—pla— taH >
Device 1 Device 1 Device 1
Status Word 2 Status Word 3 Status Word 0
RDADD 001xxx10 001xxx11 001xxx00
tsTs tSTH tsT tsTH
N s SN A

e Da

tPAE tPAE tPAE
le—Lp le—Lp le—Lp
PA_En/ Device 1 Status Word 2 evice 1 Status Word }l([)evice 1 Status Word 0
PRn tENS t t t
ENa:\ e /-=ENH ENS:\ > —IENH
RADEN XXX PR XXX
6715 drw70
NOTES:

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

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

WCLK (—\{\_‘j(—\_;‘_\gz—\_/_
taH
|« tQS—p-a— tQH-a— taS e taH >
Device 1 Device 1 Device 1
Status Word 1 Status Word 3 Status Word 2
WRADD X X X K 001xxx01 001xxx11 001xxx10 DXL AKX XX
tsTS tsTH tsT! tsTH
PR o <o
FSTR
tPAF tPAF tPAF
Ll leC leC
PAFn J Device 1 Status Word 1 )Lﬁevice 1 Status Word ?k Device 1 Status Word 2
tENS tENH tENS tENH
e AN Lo
WADEN K ALK A AR A
6715 drw71
NOTES:

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

Figure 63. PAFn - Direct Mode - Status Word Selection
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*A* *B* *C* *D* *E* *F* *G* *H*
1
WCLK — N ¥ ¥ 3 A N A A S
tas — —taH tas— — tQH
WADEN 7F ﬂk 7F #
tsTS ™ — tSTH
FSTR J _4‘
tENS tENH
o ~=e )
WEN
tAH tas tAs tAH
tAs~ |~ D |t Dl
WRADD D5Q24)kXXX)(XXXX)< >E D3Q8
t
101{11000 tos ,IDH N [tDH N [tDH 011 OTOOO
bn XXX)E_\X,p Wpr Wp2 Wors KW
Writes to Previous Q D5Q24
—tSKEW3
-
RCLK e TN K A i NI N
ta ~otQoH
RADEN 371’3
tsTS —~ — tSTH
ESTR A k
tENS tENH
PERN " »
REN
tAH
tAS [ tAs — ) tAH
RDADD DSC;;;<XXXXXXXXXXXXX>E;;W 3 )b(XXXXXXXXXXXXXXXXXXXXXXXX
101{11000 101/00011
la—tA -« tA - tA»] < tA-» -« tA>]
Device 5 -Qn Wa Wa+1 §< Wy )k Wy+1 )k Wy+2 Wy+3
D5 Q17 ‘ D5 PW DS‘ Q24 DS‘ Q24 D5[Q24 D5 Q24
Prev PAEn Previous value loaded on to PAE bus
~——T tPAEHZ (tPAE
tPAEZLI—_ | -«
Device 5 PAEn — —C xxxX XXx1 XXXX XXXO
D5 SW 3 D5 SW 3
Bus PAEN Previous value loaded on to PAE bus DK xxxx xxx1 XXXX XXX0
D5 SW 3 D5 SW 3
_—1tRAE _—1tRAE _—1RAE
Device 5 PAE D5 Q17 Status D5 Q24
‘ StatUS 6715 drw72
*AA* *BB* *cc *DD* *EE* *FF* *GG*

Cycle:
*A*  Queue 24 of Device 5 is selected for write operations.

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

Figure 64. PAEn - Direct Mode, Flag Operation
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*A* *B* *c* *D* *E* *F* *G* *H* *I*
RCLK ﬂt_74_t\_%_\_7‘_\_74_¥7‘_®\—7‘:0}_7‘_\_%_\_74_¥
QST ~ | toH S
RADEN #__ﬁk |
tsTS ™~ <_/>tSTH
ESTR |
REN
tas — ~ tAH tas— | s tAH tas— <_¢tAH
RDADD 5502 KX XX KKK KX KK IKI KK KKK
000 11111 111 00000 110 00010
OE T
rtoz A <Lt>A A 1A
Qout 4_1‘ Wx & WX +1 J( WD-M+1 ;( WD-M+2 Wo
DO Q31 DO Q31 D6 Q2
|l ISKEW3

WOLK 7N A N A A A L F L F
tSTS T~ ~—1STH

FSTR 2_—’%‘

tAS?_> ~—tAH tE\_> —tAH
WRADD XXX*DOW:;;(ZX;(DOQM XXX KRR KKK AKX K KK XXX RN

000 00011 tENS\ KtENH

)l;—»

=
m
z

tas — tQH

~
WADEN F qlq

DS —» 4~ tDH w4 tDS —p1a- {DH |4 DS —|¢- IDH-»|
Din X XXX KKK XXX XK KK AKX KK AKX KKK XXX XK Word Wy )k Wy 1 )k ye2 )kXXXXXZXXK

D0|Q31 DO|Q31 D0|Q31

— 4 (PAFLZ tPAF tPAF

Device 0 PAFn DOSW3 O0XXX XXXX DOSW3 TXXX XXXX DOSW3 OXXX XXXX
HIGH-Z ™ ‘
Bus PAFn DxSW y DOSW3 OXXX XXXX DOSW3 1XXX XXXX DOSW3  OXXX XXXX
‘ tPAFHZ
Prev. DXSW y 1 HIGH-Z
PAEnN — tPAFLZ —twaF
Device 0 HIGH - Z
PAF 6715 drw73
*AA* *BB* *cc* *DD* *EE* *FF* *GG*

Cycle:
*A*  Queue 31 of device 0 is selected for read operations.

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

Figure 65. PAFn - Direct Mode, Flag Operation
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IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES

COMMERCIAL ANDINDUSTRIAL

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

Serial Programming Data Input

TEMPERATURERANGES

Serial Enable

Data Bus

i Yy Vv l

Write Clock

Write Enable

Write Queue Select

Write Address

Full Strobe

Proirammable Almost Full

Full Sync1

|
| |
‘ I”—‘
A2 ] vy ¥

AT &

| Flag

>

Imost Full Flag

A

Serial Clock

Full Sync2

\ 4

SENI SI FXI EXI

WADEN DEVICE
1

Output Data Bus

Read Clock

Read Enable

Read Queue Select
E—

Read Address

Empty Strobe

Programmable Almost Empty

Empty Sync 1

Empty/Output Ready Flag

&

Almost Empty Fla

Packet Read

12

Y

Full Sync n

SENI Sl FXI EXI
Do-D3s
WCLK
WEN

WCs
WRADD

WADEN

DEVICE
FSTR 2
PAFn
FSYNC

SENO SO FXO EXO

\

Empty Sync 2

»
=

-
ol - -

<..-.
X |- - -

k!

A 4

\ 4

(%)
m
£
i
x
m

Do-D3s
WCLK
WEN
WCS
WRADD

WADEN DEVICE

n
FsTR  (Master, ID = ‘000')

SENO FXO EXO

Empty Sync n

DONE =

NOTES:

6715 drw75

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. QO of device 1 must connect to QO of device 2, etc.

Figure 67. Expansion using ID codes
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Serial Programming Data Input

TEMPERATURERANGES

Serial Enable
* Yy VY *
SENI SI FXI EXI
Output Data Bus
Data Bus I I Do-Dss Qp-Qzs
Write Clock »| wolk ROLK | Read Clock
Write Enable : WEN e : Read Enable
WCST e — RCST
WCST > WCS RCS | cs
Weritt lect SLAVE Read Queue Select
rite Queue Selec - # WRADD DEVICE RDADD « -
Write Address ) Read Address
»| WADEN 1 RADEN [«
Full Strobe Empty Strobe
- ESTR |«
Programmable Almost Full FSTR Programmable Almost Empty
PAENn PAEn |
Empty S 1
F=uIISync1 ESYNG ESYNC mpty ync=
Full Flag — __ Empty/Output Ready Flag
<t FF ID = 001 EF >
Almost Full Flag PAF BAE Almost Empty Flag
Serial Clock N R Packet Reads
SENO SO FXO EXO
Y vy Y
SENI SI  FXI EXI
@uum-| D(-D35 Qp-Q3s
> WCLK RCLK
»| WEN SLAVE i
WCs? > Wcs DEVICE mes RCS?
ey V/RADD 2 RDADD
» WADEN RADEN
> FSTR ESTR
Full Sync2 PAFn PAEn Empty Sync 2
-t FSYNC ESYNC >
ID =010
FF EF
PAF PAE
» SCLK PR
SENO SO FXO EXO
Vo
Yy v VvV V
SENI SI FXI EXI
# Do-D3s Qp-Qz5
» WCLK RCLK
eSS > WEN MASTER REN TS5
> WCS DEVICE RCS
WRADD 0 RDADD
» WADEN RADEN
| FSTR ESTR
Full Sync n PAFn PAEn Empty Sync n
< FSYNC ESYNC »
_ ID =
F 000 =
PAF PAE
» SCLK R
SENO FXO EXO
DONE =
6716 drw75a
NOTES:

1. If devices are configured for Direct operation of the PAFn/PAEN flag busses the FXI/EXI of the MASTER device should be tied LOW. All other devices tied HIGH. The FXO/EXO

outputs are DNC (Do Not Connect).

2. Q outputs must not be mixed between devices, i.e. QO of device 1 must connect to QO of device 2, etc.

Figure 68. Expansion using WCS/RCS

80

FEBRUARY 13,2009



IDT72P51539/72P51549/72P51559/72P51569 1.8V, MQ FLOW-CONTROL DEVICES COMMERCIAL ANDINDUSTRIAL

(32 QUEUES) 36 BIT WIDE CONFIGURATION 589, 824, 1,179,648, 2,359,296, and 4,718,592 TEMPERATURERANGES
A B C D E F G H | J
roe ) IR RN I I B
ItENHI I‘[ENSI ¢ tENH ) ItENsI
EN
tENH {ENS ‘ tENS )
RCS1
Qout | ata | aiB | atc Q1.D Q1E
tENs | tENH tENS| tENH
- b
RCS2 t‘_’}
Qout2 Q2_A Q2B
tEns| tenH tens| tenH
RCS3 {f‘—’ j{f‘—’
Qout3 QB C |)—
aBis | atA|[  qiB | atc | aa| Q1D | @B | @mc| | atE
6715 drwA
NOTE:
1. RCS signals are mutually exclusive, (i.e.. only one RCS signal can be asserted (low) at a time).
Figure 69. Expansion Connection Read Chip Select (RCS)
A B C D E F G H | J

/—Wﬁ tEns

:
:
i |
WEN : ! !
i tENH tENS 1 4 tENH fENS | tENH i i
: 4—p4—Pp 4“—> 4 —> : : tENS
WCST | | ; : | | e
| | | tENS HENH | | tens itenH :
_ i i | l i | 4P i
I [} ] 1 ] ]
i i E i i ENEE tENH i tENSE tENH i
WCS3 I I ! | ! = - i | < '
! ! i ! ! : ! : !
tos ! _toH ! : ! ! : | | :
> ! : ! ! ! ! !
Din Deviice 1 Noiwrite>< De\z:ice 1 >< De\:yice 2>< Dl:avice 1>< No write >< De\E/ice 2>< De\:kice 3>< De\E/ice 1
! ! ! ! !

-

| |
6715 drwB

Figure 70. Expansion Connection Write Chip Select (WCS)
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JTAGINTERFACE The Standard JTAG interface consists of four basic elements:
. . . E— , e  TestAccess Port(TAP)

Five additional pins (TDI, TDQ, TMS, TCK and TRST) are provided to e  TAPcontroller
support the JTAG boundary scan interface. The IDT72P51539/72P51549/ e Instruction Register (IR)
72P51559/72P51569 incorporates the necessary tap controller and modified e  Data Register Port (DR)
pad cellstoimplementthe JTAG facility.

Note thatIDT provides appropriate Boundary Scan Description Language The following sections provide a brief description of each element. Fora
program files for these devices. complete description refertothe IEEE Standard Test Access Port Specification

(IEEE Std. 1149.1-1990).

The Figure below shows the standard Boundary-Scan Architecture

x
—|Boundary Scan Reg.l
TDO
TDI — < >l
clkDR, ShiftDR
TMS UpdateDR
> TAP
TCLK
=" ContH
TRST > I
rofler Instruction Decode |
clkIR, ShiftIR
Updatelﬁ
| Instruction Register |
Control Signals 6715 drw76
Figure 71. Boundary Scan Architecture
TEST ACCESS PORT (TAP) THETAP CONTROLLER
The Tap interface is a general-purpose port that provides access to the The Tap controlleris a synchronous finite state machine thatresponds to
internal ofthe processor. Itconsists of fourinput ports (TCLK, TMS, TDI, TRST)  TMSand TCLK signals to generate clock and control signals to the Instruction
and one output port (TDO). and Data Registers for capture and update of data.
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Y

1 Test-Logic
Reset

MRz 1

1 1
Run-Test/ > Select- > Select-
Idle —p»| DR-Scan IR-Scan
A + 0 ] * 0
1 Capture-DR | Capture-IR

Yo ¥o Yo o]
p.| Shift-DR 1| Shift-IR

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

Yo ﬂ Yo q
Pause-DR Pause-IR

1 1y

0| Exit2-DR 0 Exit2-IR
v 1y
Update-DR | Update-IR | o |
1y *o 1y *o
< 6715 drw77

NOTES:

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

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

Figure 72. TAP Controller State Diagram

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

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

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

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

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

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

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

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

The Instruction is used to select the test to be performed, or the test data
registertobe accessed, orboth. Theinstruction shifted intothe registerislatched
atthe completion of the shifting process whenthe TAP controlleris at Update-
IR state.

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

TESTDATAREGISTER

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

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

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

TEST BYPASS REGISTER

Theregister is used to allow test data to flow through the device from TDI
to TDO. ltcontainsasingle stage shiftregisterforaminimumlengthinserial path.
Whenthe bypass register is selected by aninstruction, the shiftregister stage
is settoalogic zero on the rising edge of TCLK when the TAP controllerisin
the Capture-DR state.

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

THE BOUNDARY-SCAN REGISTER

The Boundary Scan Register allows serial data TDI be loadedinto orread
outofthe processorinput/output ports. The Boundary Scan Register is a part
ofthe IEEE 1149.1-1990 Standard JTAG Implementation.

THE DEVICE IDENTIFICATION REGISTER

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

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

Forthe IDT72P51539/72P51549/72P51559/72P51569, the Part Number
field contains the following values:

Device Part# Field (HEX)

IDT72P51539 0478

IDT72P51549 0479

IDT72P51559 047D

IDT72P51569 047E
31(MSbh) 28 27 12 11 1 0(LSB)
Version (4 bits) | Part Number (16-bit) | Manufacturer ID (11-hit)
0X0 0X33 1

JTAG DEVICE IDENTIFICATION REGISTER

TEMPERATURERANGES

JTAG INSTRUCTION REGISTER

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

The Instruction Register isa4 bitfield (i.e. IR3, IR2, IR1, IR0) to decode
16 different possible instructions. Instructions are decoded as follows.

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

JTAG INSTRUCTION REGISTER DECODING

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

EXTEST

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

IDCODE

The optional IDCODE instructionallowsthe ICtoremaininits functional mode
and selectsthe optional device identification register to be connected between
TDI and TDO. The device identification register is a 32-bit shift register
containinginformation regarding the IC manufacturer, device type, and version
code. Accessing the device identification register does notinterfere with the
operationoftheIC. Also, accessto the device identification register should be
immediately available, viaa TAP data-scan operation, after power-up of the
ICorafterthe TAP has been reset using the optional TRST pin or by otherwise
moving tothe Test-Logic-Resetstate.

SAMPLE/PRELOAD

The required SAMPLE/PRELOAD instruction allows the ICtoremainina
normalfunctional mode and selectsthe boundary-scanregisterto be connected
between TDIand TDO. During thisinstruction, the boundary-scan register can
be accessedviaadate scan operation, to take asample of the functional data
entering and leaving the IC. This instruction is also used to preload test data
intothe boundary-scan register before loadingan EXTEST instruction.
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HIGH-IMPEDANCE

The optional High-Impedanceinstruction sets all outputs (including two-state
aswellasthree-state types) of an ICto adisabled (high-impedance) state and
selects the one-bit bypass register to be connected between TDI and TDO.
During thisinstruction, data can be shifted throughthe bypass registerfrom TDI
to TDO without affecting the condition ofthe IC outputs.

85

BYPASS

The required BYPASS instruction allows the IC to remain in a normal
functional mode and selects the one-bit bypass register to be connected
between TDI and TDO. The BYPASS instruction allows serial data to be
transferred throughthe IC from TDIto TDO without affecting the operation of
thelC.
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¢ trek
t4\
t1 t2
TCK 1 SS / ™ /
t3-/
TDI/
TMS
tbs p{«toH
TDO TDO
4— 16— tbo
TRST Notes to diagram: o1 arwre
t1 = trckLow
15 t2 = tTCKHIGH
8 = tTCKFALL
t4 = tTCKRISE
t5 = tRST (reset pulse width)
t6 = tRSR (reset recovery)
Figure 73. Standard JTAG Timing
JTAG
ACELECTRICALCHARACTERISTICS
(VDD = 2.5V =+ 5%; Tcase = 0°C to +85°C)
Parameter Symbol Test
Conditions
SYSTEMINTERFACE PARAMETERS Min. | Max.|Units
IDT72P51539 JTAG Clock Input Period | tTck - 00| - ns
IDT72P51549 . ]
IDT72P51559 JTAG Clock HIGH tTCKHIGH 40 ns
IDT72P51569 JTAG Clock Low tTCKLOW - 4 | - ns
Parameter Symbol | Test Conditions | Min. | Max.| Units JTAG ClockRise Time | tTCKRISE - -l so | ns
DataOutput tDo® - 20 [ ns JTAGClockFall Time | tTCKFALL - - [ 59| ns
DataOutputHold| tboH® 0 - ns JTAGReset tRST - 50 - ns
Datalnput DS trise=3ns 10 - ns JTAG ResetRecovery | tRsR - 50 | - ns
DH tfall=3ns 10
NOTE: NOTE:
1. 50pf loading on external output signals. 1. Guaranteed by design.
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ORDERING INFORMATION
—XXXXX__ X XX X D, G, SH—
: Process /
D T P Pack
evice Type Power Speed ackage G Temperature
Range

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

‘72P51539 589,824 bits — 1.8V Multi-Queue Flow-Control Device

72P51549 1,179,648 bits — 1.8V Multi-Queue Flow-Control Device
‘72P51559 2,359,296 bits — 1.8V Multi-Queue Flow-Control Device
72P51569 4,718,592 bits — 1.8V Multi-Queue Flow-Control Device

6715 drw79
NOTES:
1. Industrial temperature range product for the 6ns is available as a standard device. All other speed grades available by special order.
2. Green parts are available. For specific speeds contact your local sales office.
DATASHEET DOCUMENT HISTORY
02/04/2005 ng. 11.
08/01/2005 pgs. 1,3,7,9,11, 13,15, 17, 18, 20, 21, 25-28, 30-32, 45, 54-56, 58-66, 73, 74, 78, 80 and 87.
02/13/2009 ng. 87.
CORPORATE HEADQUARTERS for SALES: for Tech Support:
‘ I DT 6024 Silver Creek Valley Road 800-345-7015 or 408-284-8200 408-360-1533
. San Jose, CA 95138 fax: 408-284-2775 email: Flow-Controlhelp@idt.com

www.idt.com
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