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Intel® IXP45X and Intel® IXP46X Product
Line of Network Processors

Product Features

Datasheet

For a complete list of product features, see “Product Features” on page 9. This document
describes in full the features of the silicon. Some of these features require enabling software
supplied by Intel. Please refer to the Intel® IXP400 Software Programmer’s Guide for
information on which features are enabled at this time.

These features do not require enabling
software

* Intel XScale® Core — Up to 667 MHz
* PClv. 2.2 33/66 MHz (Host/Option)

* USB 1.1 Device Controller

® USB 2.0 Host Controller

¢ DDRI SDRAM Interface

* Master/Target Capable Expansion bus

* Two UARTs

¢ Internal Bus Performance Monitoring Unit
e 16 GPIO

* Four Internal Timers

* Synchronous Serial Protocol (SSP) Port
* 12C Interface

¢ Spread Spectrum clocking for Reduced
EMI

* Packaging
—b544-Pin PBGA
— Commercial/Extended Temperature
— Lead-Free Support

Typical Applications

* Small-to-Medium Business Router
* Industrial Controllers

* Modular Router

* Access Points (802.11a/b/g)

¢ Network-Attached Storage

e Wired/Wireless RFID Readers

These features require enabling software.
For information on which features are
enabled at this time, see the Intel® 1XP400
Software Programmer’s Guide.

e Cryptography Unit (Random Number
Generator and Exponentiation Unit)

¢ Encryption/Authentication (AES/
AES-CCM/3DES/DES/SHA-1/SHA-256/
SHA-384/SHA-512/MD-5)

¢ Two High-Speed, Serial Interfaces

* Three Network Processor Engines

¢ Up to three MII Interfaces

* Up to six SMII Interfaces

e Upto one UTOPIA Level 2 Interface
¢ |EEE-1588 Hardware Assist

¢ \oIP Integrated Access Device (IAD)
* Video IP Telephones

* Security Gateway/Router

* Network Printers

¢ Control Plane

* Mini-DSLAM

Document Number: 306261-002
May 2005


http://www.arrow.com

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. NO LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN
INTEL'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF INTEL PRODUCTS INCLUDING LIABILITY OR WARRANTIES
RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER
INTELLECTUAL PROPERTY RIGHT. Intel products are not intended for use in medical, life saving, life sustaining applications.

Intel may make changes to specifications and product descriptions at any time, without notice.

Designers must not rely on the absence or characteristics of any features or instructions marked “reserved” or “undefined.” Intel reserves these for
future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

Contact your local Intel sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an ordering number and are referenced in this document, or other Intel literature may be obtained by calling
1-800-548-4725 or by visiting Intel's website at http://www.intel.com.

AnyPoint, AppChoice, BoardWatch, BunnyPeople, CablePort, Celeron, Chips, CT Media, Dialogic, DM3, EtherExpress, ETOX, FlashFile, i386, i486,
960, iICOMP, InstantlP, Intel, Intel Centrino, Intel logo, Intel386, Intel486, Intel740, IntelDX2, IntelDX4, IntelSX2, Intel Create & Share, Intel GigaBlade,
Intel InBusiness, Intel Inside, Intel Inside logo, Intel NetBurst, Intel NetMerge, Intel NetStructure, Intel Play, Intel Play logo, Intel SingleDriver, Intel
SpeedStep, Intel StrataFlash, Intel TeamStation, Intel Xeon, Intel XScale, IPLink, ltanium, MCS, MMX, MMX logo, Optimizer logo, OverDrive,
Paragon, PC Dads, PC Parents, PDCharm, Pentium, Pentium Il Xeon, Pentium Ill Xeon, Performance at Your Command, RemoteExpress, SmartDie,
Solutions960, Sound Mark, StorageExpress, The Computer Inside., The Journey Inside, TokenExpress, VoiceBrick, VTune, and Xircom are
trademarks or registered trademarks of Intel Corporation or its subsidiaries in the United States and other countries.

*Other names and brands may be claimed as the property of others.
Copyright © 2005, Intel Corporation

May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
2 Document Number: 306261-002

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com

intel ® Contents

Contents

O T o o o [0 o3 Y= L (= PSRRI 9
1.1 Product LINE FEALUINES .......eeeii et es 9

L |V FoTe (=Y S o Y=Y ot (ol == {0 S 14

b2 I AN o Lo 10 1 A I 1 E=T o T 12 = o | SRR 15
3.0 FUNCLIONGAI OVEIVIEW ...eeiiieiiiiiiii ettt ettt e sttt e e et e e e e st e e e s sttt e e e s nnteeeeeaanneeeeeeanntbeeeeennnres 15
3.1 Key FUNCHONAI UNIES ...ttt e e e eee e 19

3.1.1  Network Processor Engines (NPES).........cccouiiiiiiiiiiiii e 19

R Tt 0 | ) (= = | = 1 PO 21

3121 NOMh AHB ...t 21

T A Yo TV Y o | TP 21

3.1.2.3  Memory Port Interface ... 22

3.1.2.4  APB BUS...oiiiiii et 22

3.1.3  MI/SMIIINTEITACES ... ... 22

3.1 4 UTOPIA LEVEI 2.ttt ettt e a e et ae e e e et ee e e e nnes 23

3.1.5  USB 1.1 DeVice INterface ... 23

3.1.6  USB 2.0 HOSt INTEIfaCE .....eeeeeeeieeiee e 23

K Tt B A O B @7 o (o] [ TP 24

3.1.8 DDRI SDRAM CONLIOIIET.......ueiiiiiiiiieee e eciiiie ettt etee e e et e e e s enaae e e e e ennees 24

3.1.9  EXPanSion INtErfacCe ..o ————— 26

3.1.9.1  Expansion Bus Legacy Mode of Operation.............ccceeeeieiiieeiiiiiiiiiinns 27

3.1.9.2 Expansion Bus Enhanced Mode of Operation ...........cccccceevveeiiiiiiiiinnnn, 27

3.1.10 High-Speed, Serial INterfaces..........ccccuiiiiiiiiiie e 28

R e T U o I PSPPSRI 28

K I 2 €1 [ SRR 28

3.1.13 Internal Bus Performance Monitoring Unit (IBPMU) .............cooiiiiiiiiiiiiieieeeeeeee, 29

3.1.14  Interrupt CONtrOlIEr ... . ... e e 29

R Tt It £ 11 0 =T TP PP PP ORPR 30

3.1.16 |EEE 1588 Hardware ASSIStanCe............coeiiiiiiiiiiiiiiiiieeeen e 30

3.1.17 Synchronous Serial Port INterface ............ccoooiiiiiiiiiiie e 30

K I B T 1 O | (=1 o = o= PP POUPRRPN 31

3.1.19 AES/DES/SHAIMD-5 ......ooioiiieiie ettt e e e e e 31

3.1.20 Cryptography UNit.........cccuiiiiiiiiiiee e 31

3.1.21 QUEUE MANAGET .....ciiiitiiiie ettt ettt e e et e e e e et e e e e e et e e e e e snbeeeaesennneeeeeeennees 32

3.2 INtEl XSCAIE® COME.....eueoveeeeceeeeeceee et 33

3.2.1  SUPEI PIPEIINE ...t a e 34

3.2.2  Branch Target BUFEr ........oooviiiiiii e 35

3.2.3 Instruction Memory Management Unit..........ccccooooiiiiiiiiiiiiii e 35

3.2.4 Data Memory Management Unit............ooorriiiiiiiieeie e 36

3.2.5  INStruCtion CaChe.........uuiiiiiiiie e 36

K T B - - T O Tor o1 PP SOUPRRPN 37

3.2.7  MiNi-Data CaACh@ ....cceiiiiiiiiie et e e 37

3.2.8  Fill Buffer and Pend BUffer...........cooiiiiiiiiii e 37

3.2.9  WItE BUITEI .o 38

3.2.10 Multiply-Accumulate COPrOCESSON ......uuviiiiieieeeeieiiiciiireeee e e e e e e e e e e eeesrrr e areeeaeaeeeas 38

3.2.11 Performance Monitoring UNit............uuviiiiiiiiie e 39

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
Document Number: 306261-002 3

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Contents inte|®

Ky 1 B =Y o 1U o T T o | ST PRRR 39

O I o= (o3 = T [N [ o] 4 g =1 4 o o I RSP RRP 40
4.1 Package DeSCrIPLION ......o ittt e s e e 40
411 Package DrawingS.........eeeiiiiiiiiee ettt ettt et e e e st e e e e e abaeeeeeaaaes 40

4.1.2  Package Markings .........coooiiiiiiiiiiieiee ettt et e e 43

4.1.3  Part NUMDEIS. ...t e e e e e e e e e e e e eeeeas 44

4.2  Functional Signal DEfiNItiONS ......ccooiiiiiiiiiiie e 46
4.3 Signal-Pin DeSCriPtIONS. ...t e e e e e e e e e e e eeeeas 89
4.4  Package Thermal SpecifiCations ..........ocoueiiiiiiiie e 114
5.0 Electrical SPECITICALIONS .....coiiiiiiiiiii et e e e e anaeeee s 115
5.1 Absolute Maximum RatingS ........oooi e 115
5.2 VCCPLL'I’ VCCPLL21 VCCPLL3’ VCCOSCP’ VCCOSC Pin Requirements ................................. 116
5.21  ViepLLr Requirement ... 116

5.2.2 VgepLiz Requirement. ... 116

5.2.3  ViepLiz Requirement.. ... 117

5.2.4 Vicoscp Requirement ... 117

5.2.5 Vicosc Requirement ... 118

5.3 RCOMP Pin REQUIrEMENES.......ccoiiiiiie et a e e e e e 119
5.4 DDRI_RCOMP Pin REQUIFEMENTS ........coiiiiiiiiiieitci et 119
5.5  DC SPECIfICALIONS ....uuiiiiiei it aaa e e e e 120
5.5.1  Operating ConditioNS .......coooiiiiiiiieie e 120

5.5.2 PCIDC PaArameters ......ccooiiiiiiiiiieiieeee ettt e et e e e e e e e e e 120

5.5.3 USB 1.1 DC Parameters..........uuuuiiiiiiiiiaaaai ettt e e e e e e e 121

554 UTOPIA Level 2 DC Parameters ...t 121

5.5.5 MI/SMII DC Parameters........oooocuuuiiiiiiiiiiiiee ettt e e e e e e e e 122

5.5.6 MDIDC Parameters ........coooiiiiiiiiiiiiieiieee et e e e e 122

5.5.7 DDRI SDRAM Bus DC Parameters ..........cccccuuuiiiiiiiiieeieee et 122

5.5.8 Expansion Bus DC Parameters............oooooiiiiiiiiiiiiiiiiiiiei e 123

5.5.9 High-Speed, Serial Interface 0 DC Parameters............coooiiiiiiiiiie s 124
5.5.10 High-Speed, Serial Interface 1 DC Parameters...........cccoooiiiiiiiiiiiiieeeeeeeee 124

5.5.11 UART DC Parameters ......coooiiiiiiiiieiie ettt e e e e e e e 124
5.5.12 Serial Peripheral Interface DC parameters............cccooovviiiiiiciiie e, 125
5.5.13 12C Interface DC Parameters ...........oooiiiiiiiiiiiiiiieieeeee e 125
5.5.14 GPIO DC Parameters .......coooiuiiiieiiiieiee ettt ee e e e e e e e e e 126
5.5.15 JTAG DC Parameters..... ..ottt e e e 126
5.5.16 Reset DC Parameters........ooo it 126
5.5.17 All Remaining I/O DC Parameters ... 127

5.6  AC SPeCifiCatioNS........iiiiei i 127
5.6.1  Clock Signal TimiNgs .....cooiiiiiiieiiei et e e e e e e e e e e 127
5.6.1.1  Processors’ CIOCK TiMINGS.......ccceiuuuiiiiieiiiee e 127

5.6.1.2 PCI CIOCK TIMINGS ..eveieiieeiiiiiiiciiiiie et e e e e e e e e e 128

5.6.1.3  MII/SMII CIOCK TiMINGS ....veeeeeiiiiiieeeiiiiieeeeiiieieeeesiieeee e e ee e e sneeeeeeees 129

5.6.1.4 UTOPIA Level 2 CIOCK TimMiNGS ......ccvveeeeriiiiiieee e e e eiieeeee e 129

5.6.1.5 Expansion Bus CIOCK TiIMINGS .......cccuuiiiiiiiiiiie e 129

5.6.2  BuUS SigNal TIMINGS ...coiiiiiiiiiiiiiieie e 130
B.8.2.1 POl e 130

5.6.22 USB 1.1 Interface. ... .o 131

5.6.2.3 UTOPIA LEVEI 2.t 132

B5.6.2.4  MI/SMIL.cooiiiiiiiie ettt s 133

May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
4 Document Number: 306261-002

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

intel ® Contents

B5.8.2.5  IMDIO ...ttt e nnaee s 136

5.6.2.6 DDRI SDRAM BUS .....ooiiiiiieiiiie i e estieeesieeesetee e saeeesteeesneeeesseeeessneeeens 137

5.6.2.7 EXPaANSION BUS .....cooiiiiiiieie et 140

5.6.2.8 Serial Peripheral Port Interface Timing ..., 156

5.6.2.9 12C Interface TiMINgG.....c...uueeiiiiiiiaai i 157

5.6.2.10 High-Speed, Serial Interfaces...........ccccoocvieeieieeeiii e, 158

B5.8.2. 11 JTAG ...ttt e et ae e anaee s 160

5.6.3  RESE TIMINGS .. eeeiiiiiiiiiiiie e et e e e e e e snteeeeeeas 161

5.7  POWEE SEQUENCE .....oeeiiiiiiiiiei ettt ettt e sttt e e e et e e e e st et e e e s annbeeeeesnneeeeas 162

5.8  POWEr DiSSIPAION .....ueiiiiiiiiiiii e 163

5.9  Ordering INfOrMatioN .........oiueeiiiiiieee e 163

Figures

1 Intel® IXP465 Network Processor BIOCK DIagram ..............ccceewevecueeeereeeeseeeseseesesseesenseseenenen. 16

2 Intel® IXP460 Network Processor BIOCK DIagram ............cccococeueeeveueeseeeeeeesesesessessesesnenenennnes 17

3 Intel® IXP455 Network Processor BIOCK DIagram ...............occeeeeceueeereeesenseseeseseseseennenenenes 18

4 Intel XScale® Core BIOCK DIAQIaM ...........c.cceueueeeeeeeeeeeeeeeeeeeeeee e eneesesee s een s ennan e, 34

5 544-Pin Lead PBGA Package — First of TWO Drawings ..........cccouruiiiiiiiiiiiie e 41

6  544-Pin Lead PBGA Package — Second of TWO Drawings ..........cccuevieiiiiiiiie i 42
7  Package Markings:

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors—

Extended and Commercial Temperature, Lead-Free / Compliant with Standard for

Restriction on the Use of Hazardous Substances (ROHS) ... 43
8 Package Markings:

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors —

Commercial and Extended Temperature, Lead-Based ...........ccccceeeveiiiiicciiiiiiiiiiiieeee e 44

9 VeepLrt Power Filtering Diagram ..........ocooiiiiiiiii s 116
10 Vieprro Power Filtering Diagram ..........oociiiiiiiie e 117
11 Veeoprrs Power Filtering Diagram ..o 117
12 Viecoscp Power Filtering Diagram .........c.oooiiiiiiiii e 118
13 Vicosc Power Filtering Diagram ..o 118
14 RCOMP Pin External Resistor ReqUIremMents ............coooiiiiiiiiiiiiiiee e 119
15 DDRI_RCOMP Pin External Resistor Requirements.............cooiviiiiiiiiiiie e 119
16 Typical Connection t0 an OSCIllator ...........uiiiii i e 128
LA = OF O 1011 101 G 011 Vo USRI 130
LR T = 1 I [T 10 T2 11T TR P 130
19 UTOPIA Level 2 INPUE TIMINGS ...eeeiiiiiiiiie ittt e e e e s s e nnre e e e e e snneeeas 132
20 UTOPIA Level 2 Output TIMINGS ....veeiiieiiiiiieee et e et e e e et e e e e e snnneeeeeeaes 132
21 SMII OULPUE TIMINGS .. .ceeeieeei ittt ettt e e e e ettt e e e e s st et e e e s sanbaeeeeesanbeeeeeeaanbaeesanes 133
22 SMIIINPUE TIMINGS .eei ettt e e e ettt e e e e aab e ee e e s ambe e e e e e sanbeeeeessnbeeeeeeaabeeeesane 134
23 Source Synchronous SMI Output TiMINGS......coouuiiiiiiiiiiiee e 134
24 Source Synchronous SMI INPUt TIMINGS .....ooiiiiiiiiiiiiiie e 135
25 MII OULPUE TIMINGS ..ottt e e e et e e e st e e e e e snbe e e e e e snbeeeeesannbeeeeeeanneeeeeane 135
26 MIEINPUE TIMINGS ©eetiieiiiiiiie et et e e e sttt e e e e sabbeee e e s abbe e e e e sanbeeeeeesanbeeeeeesareeeesanes 136
27  MDIO OULPUL TIMINGS .eteeiieiiiiieiee ittt et e e ettt e e e ettt e e e e snbe e e e e s snbeeeeesanneeeeeesaseeeesanes 136
28  MDIO INPUL TIMINGS ... itteiii ettt ettt e e sttt e e e e sttt e e e e sabbeee e e e aabeeeeeesasbaeeeesannteeeeeane 137
29 DDRI SDRAM WIItE TiMINGS ..eeeiiiiiiiiiiee ittt ettt ee e ettt e ettt ee e et e e s s e e e e snnseeeeeannneeeaeeas 137
30 DDRI SDRAM Read Timings (2.0 CAS LatenCy) ......coeeiiiiiiieeiiiiiee e 138
31 DDRI SDRAM Read Timings (2.5 CAS LatenCy) ......cccoiiiiiiieeiiiiiee e 139
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
Document Number: 306261-002 5

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Contents inte|®

32 Expansion Bus Synchronous TiMIiNG .......ccooiiiiiiiiiiiiiiiee e 140
33 Intel MURIPIEXEA MOTE..... ..ot e b ee e e e 141
34 INtel SIMPIEX MOTE .....ooiiiieie e e e e e et e e e e ee e e e nnes 142
35 Motorola® MUIPIEXEd MOGE .........eiiiiiiiiiiiee e e e 144
36  Motorola® SIMPIEX MOGE .....cooiiiiiiiiei e e e e enes 146
37 HPI*—8 MOdE WIE ACCESSES ....ueeiieiiiiiiiee ettt ettt et e e e et e e e et e e e e s nbee e e e e s nreeas 147
38 HPI*-16 Multiplexed WIite MO ..........coiiiiiiiiiiee e 150
39 HPI*-16 Multiplexed Read MOAE ............coiiiiiiiiiiiiee e 151
40 HPI*-16 Non-Multiplexed Read MO ..........ccuiiiiiiiiiiiee e 152
41  HPI*-16 Non-Multiplexed Write MOE...........ccuuiiiiiiiiiieee e 154
42  EXpansion BUs [/O Walit..........cooo i e 155
43 Serial Peripheral Interface TimiNg .......cc.ueviiiiiiiiii e 156
YV O ) (=Y o 2= Yot ] 1 11 T SRR 157
45 High-Speed, Serial TiMiNGS .......couiiiiiiiie e e e e a e e et e e e s e snneee e e e 158
46 Boundary-Scan General TIMINGS .....cccoiiiuiiiieiiiiiiiee et e e e ertteee e e s st eee e e sbeeeeessssbeeeeesabaeeeeseanes 160
47 Boundary-Scan ReSet TIMINGS .....couuuiiiiiiiiiiii et e et e e e e e e e s e snbeeeeeeanes 160
48  RESEE TIMINGS . .ttiieiiiiiiie ettt et e e e e sttt e e e e ettt e e e e s asbee e e e e e beee e e e e anbbeeeeeaanbeeeeennnees 161
49  Power-up SeqUENCE TIMING ..cooiiiiiiiiiiiiiiiie et e e e e e e e e e nbeee e e e nnnee 162
Tables
1 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Features....................... 14
2 Related DOCUMENTS ... .ottt e e e e e e e ettt et e e e e e e e e e e s e e ntnbeneneeeaaaaeaeaaannns 15
3 Network ProcesSor FUNCHONS. ......oooiii ittt e e e e e e e e e e 19
4  Supported DDRI Memory Configurations ...........ccooiaiioiiiieeece e 25
5 GPIO Alternate FUNCLON Table ... e e e 29
6  Intel® IXP46X Product Line Part Numbers: Lead (pb) Packaging .........coccvviiiiiiiiieieiee 44
7 Intel® IXP46X Product Line Part Numbers: Lead Free (pb-free) Packaging ........ccccceeeeiiiinnnnes 45
8  Intel® IXP45X Product Line Part Numbers: Lead (pb) Packaging .........coccvviiiiiiiiieieiee 45
9  Intel® IXP45X Product Line Part Numbers: Lead Free (pb-free) Packaging ........ccccceeeeiiiinnnnes 46
10 Signal Type DefinitiONS .....ccoo it ee e e e e e e e e e ee e e e e e s e e 46
11 DDR SDRAM INTEIFACE ....cciiiiiieiee it 48
2 O I 0o o1 o] | =Y PP SPURRRRT 50
13 High-Speed, Serial INterface 0 ............ooiiiiiiii e e e 55
14 High-Speed, Serial INterface 1 ...... ... e e e 57
15 UTOPIA Level 2/MI_A/ SMIA] INTEIrfaCe ......ccuviiiiiiiiee e 59
16 MI/SMIIINTEITACES ...ttt e e e e e e e e e e s e eeeee e e e e aannns 68
17  EXpansion BUs INTEITACE..........oooeeiecee e e e e e 76
T8  UART INTEITACES ...ttt ettt e e e e e e e e e e e s eeeeeee e e e e aannns 79
19 Serial Peripheral Port INterface .........cooooi oo 81
P2 I 7 O [ 01 =Y o =T YU SUPRTRRPR 82
21 USB HOSH/DeVICE INTEITACES ......eeeieiiieiee ettt e e e e e e e e 83
22 OSCIlAtOr INTEITACE. ..ottt e e e e e e e e e e ee et e e e e e e e e nnns 84
PG T €1 (@ I 10 (=T o =T PSR UPRRRPPR 85
24 JTAG INTEITACE ...ttt e oo e ettt e e e e e e e e e e e e e nbeneeeeeeaeeeeaaannns 86
25 SYSIEM INTEITACE.....ceieiiieie ettt et e e e e e e e e eee e e e e e e e nnes 86
26 POWET INTEITACE ..ottt e e e e e e e e e e e e e s b s e e eeeaeeeeaaannns 88
27 Processors’ Ball Map ASSIGNMENTS ...t e e e e e e e e e e e e e e annes 89
28 2.8-Watt Maximum Power DiSSipation..........cccoiiiiiiiiiiiii e 115
29 3.3-Watt Maximum Power DiSSipation..........cccoiiiiiiiiiiiii s e 115
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
6 Document Number: 306261-002

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

intel ® Contents

KO O] o111 (19T I @7 o] o Lo 1 1[o] o = TSR SPR 120
K I O I B T O o= =T 41 (= SR 120
32 USB 1.1 DC Parameters......ccccuuiiiiieiiiiieeee e e ieeseettieee e aeaae e e e s s ssssssste e aeeeeaeaaeeesessanssnteanneneeeeenss 121
33 UTOPIA Level 2 DC PArameters .......uuuiiiiiieeeiieieeiiiiieieeeee e e e e e sse sttt eeeeaaee e e s s snsnnnaesaeeeeaaaaeesenan 121
34 MI/SMII DC Parameters......cccccuuuiiiieiieiieeee e e ee e ieeiete e eetaeeeeesssasnteaeeaeeeeaeeaeeessssasnnnsennaneenaeenss 122
I |V 1B LI B T =T = 1y 1= (=T PR 122
36 DDRI SDRAM BUS DC Parameters ........ccooiiieeiiiiiiiiiriieee e e e e seeseete e e e e ae e e e s s snssnnnnnnaeeeeeeaaaeees 122
37 Expansion Bus DC Parameters ..........ooiuiiiiiiiiiiiiee e iiiieee et e et e et e e e e areee e e e e 123
38 High-Speed, Serial Interface 0 DC Parameters..........cuevieiiiiiiie i 124
39 High-Speed, Serial Interface 1 DC Parameters.........cccuevieiiiiieie i 124
40 UART DC PArameLErS ......uueeiiiiieeiiiiiiiiiitiieeeteeae e e e e s st eeaeaaeeeesssassnatasaeaereeaeaesessaannnnsnnenes 124
41 Serial Peripheral Interface DC Parameters ..........ooccuiiiiiiiiiiie e 125
42 12C Interface DC Parameters .........cooiiiiiiiiiiiiiiie ettt e e e e e e e e e s er e e e e e e e e e s e e ennnrnneees 125
43 GPIO DC PAr@metersS ......cuueeiiiiiieeieiiiiieiiiee it e te e e e e e e se et e e e e aeeeeesassssnntasteaereeeeaeseeseaannnnsnneees 126
B I € B T O === .41 (= = SRR 126
45 PWRON_RESET _N and RESET_IN_N Parameters..........ccccooiiiiiiiiiiiiii e 126
46 All Remaining I/O DC Parameters (JTAG, PLL_LOCK) .......ccuuiiiiiiiiiiiie e 127
47 DeVices ClOCK TiMINGS.....ueiiiiiiiiiieeiiiiieee ettt e e e ettt e s ettt e e e s sbbbeeee s snseeeaesaanseeeessansbeeeeesanneeeens 127
48 Processors’ Clock Timings Spread Spectrum Parameters............ooooocciviiiieieeee e, 128
49 PCI CIOCK TIMNGS ..eeeietitiiiieesiitiiee ettt ee e e ettt e e e aee e e e s s s be et e e s abbeeee e e s nseeeeeeanbseeeeeannsseeeeaanneeeess 128
50  MII/SMII CIOCK TiMINGS ... utiiiiee ettt ettt ettt e et e e e e sttt e e e e snbb e e e e e e s bae e e e e e snbeeeeeennneas 129
51 UTOPIA Level 2 CIOCK TIMINGS .. .vveiiie ittt ettt e et e e e e et e e e e e sneeee e e enneee 129
52 Expansion Bus ClOCK TiMINGS .......uiiiiiiiiiiiie et 129
53  PCI BUS SigNal TiMINGS ....oueeeieeeiiiieee ettt e et e e e ettt e e e st e e e e e e nbe e e e e e sneeeeeesnneas 131
54 UTOPIA Level 2 Input TIMINGS ValUES .......cocviiiiiiiiiiie e 132
55 UTOPIA Level 2 Output TIimings ValUES ..........oooiiiiiiiiiiiiiiie e 133
56  SMIl Output TIMINGS VAIUES ........oeeiiiiiiiiiiie e e 133
57  SMIIINPUt TIMINGS VAIUES ....cocoiiiiiiiii e e e eneeas 134
58 Source Synchronous SMII Output TimiNgs Values............ccoeiiiiiiiiiiiiiiee e 134
59 Source Synchronous SMII Input Timings Values ...........ccooiiiiiiiiiiiiiiei e 135
60  MII Output TimMINGS VAIUES .....cooiiiiiiiiiii ettt et e e et e e e e snbeeeeeenes 135
61 MIIINput TimMINGS VAIUES .......eiiiiiiiiiiiiie ettt e e et e e e s eabae e e e s abeeeeeanes 136
62  MDIO TIMINGS VAIUES .....ooi ittt ettt e e ettt e e e st ee e e s anbbeeeeesabeeeeeanes 137
63 DDRI SDRAM Write TimiNGs VAIUES .......ccooiiiiiiiiiieeiee ettt e e e et eeeaaa e 138
64 DDRI SDRAM Read Timing ValUES...........ccoiiiiiiiiiieiieeiee ettt e e e e e eeeaeaas 139
65 Expansion Bus Synchronous Operation Timing Values ..........cccuevieiiiieeiiiiiiiiiieiieeeeeeea e, 140
66 Intel MultipleXxed MOdE ValUES........ccocoeeiiiiiiieeeee et e e e e e e e e e e e e ens 141
67 Intel SIMPIEX MOAE VAIUES .........uviiiiiiiiiieeeee ettt e e e e e e e e e e s aaeeeeeaae s 143
68 Motorola® Multiplexed Mode VAlUES ...........cc.uuiiiiiiiiiiiie ettt aaa e 144
69 Motorola® SImpIeX MOAE VAIUES............ccooiiiiieeeee et eeaaa e 146
70 HPI* Timing Symbol DeSCHPLON......cciiiii it e e e aaaaaeas 148
71 HPI*™—8 Mode Write ACCESSES VaAlUES........cooiiiiiiiieiiiieie e 148
72 Setup/Hold Timing Values in Asynchronous Mode of Operation...............cccceccviiiiiieeeieeeeeeen. 149
73  HPI*-16 Multiplexed Write ACCESSES VAIUES ..........uuviiiiiiiieeeii ittt aa e 149
74 HPI*-16 Multiplexed Read AcCCESSES VAlUES ...........uuiiiiiiiiieiee et 150
75 HPI-16 Non-Multiplexed Read ACCESSES ValUES........cccceeeiiiiiiiiiieeeeeeieeeee s e e e e e e 152
76 HPI-16 Non-Multiplexed Write ACCESSES ValUES.........ooevviiiiiiiiiiiiiiiiie e ee e e eeeeeeeaenees 153
77 Serial Peripheral Port Interface Timing ValUES............cocooiiiiiiiiiiiieeeeeee e 156
78 12C Interface TimiNG VAIUES ........cccuiiiiiiiiiicie e e e e e e e e s e r e eeee e s 157
79 High-Speed, Serial TimiNg ValUES..........cooooiiiiieiiieeee ettt e e e 159
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
Document Number: 306261-002 7

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Contents

80
81
82
83

Boundary-Scan Interface Timings Values
Reset Timings Table Parameters
Power Dissipation Values
Power Dissipation Test Conditions

Revision History

May 2005
8

Downloaded from AFfOW.com.

Date

Revision

Description

May 2005

002

Added support for Intel® IXP455 Network Processor including
Table 1 on page 14, Figure 3 on page 18, Table 27 on page 89,
and Table 82 on page 163.

Section 4.0, “Package Information” on page 40: added
“Package Markings” and “Part Numbers” sections.

Table 11 on page 48: enhanced description of DDRI_CBJ[7:0].
Table 49 on page 128: added Tg| gy raTe information.

March 2005

001

Initial release of document.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet

Document Number: 306261-002


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

i ntel ® Product Features

1.0 Product Features

1.1 Product Line Features

Note: This document discusses all features supported on the Intel® IXP45X and Intel® IXP46X Product
Line of Network Processors. A subset of these features is supported by certain processors in the
IXP45X/1XP46X product line, such as the Intel® 1XP460 or Intel® 1XP455 network processors.
For details on feature support listed by processor, see Table 1 on page 14.

Some of the features described in this document require software delivered by Intel. Some features
may not be enabled with current software releases. The features which require software are
identified within this document. Please refer to the Intel® IXP400 Software Programmer’s Guide
for information on which features are enabled at this time.

* Intel XScale® Core (compliant with Intel® StrongARM” architecture)
— High-performance processor based on Intel XScale® Microarchitecture
— Seven/eight-stage Intel® Super-Pipelined RISC Technology

— Memory Management Unit (MMU)
 32-entry, data memory management unit
 32-entry, instruction memory management unit (MMU)
» 32-KByte, 32-way, set associative instruction cache
» 32-KByte, 32-way, set associative data cache
» 2-KByte, two-way, set associative mini-data cache
 128-entry, branch target buffer
* Eight-entry write buffer
« Four-entry fill and pend buffers

— Clock speeds:
e 266 MHz
* 400 MHz
¢ 533 MHz
« 667 MHz (Not supported on Intel® IXP455 Network Processor)

— Intel® StrongARM™ Version 5TE Compliant

— Intel® Media Processing Technology
Multiply-accumulate coprocessor

— Debug unit
Accessible through JTAG port

¢ PCl interface
— 32-bit interface

— Selectable clock
» 33-MHz clock output produced by GP1015
* 1-to 66-MHz clock input

— PCI Local Bus Specification, Revision 2.2 compatible

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
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Product Features i ntel ®

— PClI arbiter supporting up to four external PCI devices (four REQ/GNT pairs)
— Host/option capable
— Master/target capable
— Two DMA channels
* USB 1.1 device controller
— Full-speed capable
— Embedded transceiver
— 16 endpoints
* USB 2.0 host controller
— Low-speed and full-speed capable
— Embedded transceiver
— EHCI Compliant
— Separate interface from USB 1.1 device controller
* DDRI-266 SDRAM interface
— Internally multi-ported Memory Controller Unit (Three Internal Ports)
— 32-bit data
— 13-bit address
— 133.32 MHz (which is 4 * OSC_IN input pin)
— Supports 128/256/512/1,024-Mbit technologies
— Unbuffered DDRI SDRAM support only
— Up to eight open pages simultaneously maintained
— Support for 32 Mbyte, minimum; 1 Gbyte, maximum

— User-enabled, single-bit error correction/multi-bit error detection ECC support
(ECC not supported on Intel® IXP455 Network Processor)

* Expansion interface
— Master/Target interface
— 25-bit address
— 32-bit data
— Eight programmable outbound chip selects
— One inbound chip select
— Four request/grant pairs

— Outbound transfers (IXP45X/IXP46X network processors are the master to external target
devices)

— Inbound transfers (IXP45X/IXP46X network processors are a target to external masters)
— Bus tri-state for sideband transfers (External masters accesses to external target device)
— Outbound transfer support

May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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« Supports Intel/Motorola* microprocessors
» Multiplexed-style bus cycles
 Simplex-style bus cycles

Product Features

» DSP support for Texas Instruments* DSPs supporting HP1*-8 bus cycles
» DSP support for Texas Instruments DSPs supporting HP1-16 bus cycles

* Synchronous flash support
 Flow through ZBT SRAM burst support
» Up to 80-MHz operation at 40 pF load

 Supports even/odd-parity generation and checking in all extended modes and in some

legacy modes (Intel and Motorola style bus cycles)

— Inbound transfer support
* Single transfer or burst support

Cryptography Unit

— Exponentiation Unit (EAU)

— Random Number Generator (RNG)

— Secure Hash Algorithm (SHA)
Two UART Interfaces

— 1,200 Baud to 921 Kbaud

— 16550 compliant

— 64-byte Tx and Rx FIFOs

— CTS and RTS modem-control signals
Synchronous Serial Port Interface

— Master Mode Only

— Motorola’s Serial Peripheral Interface (SPI)
— National’s Microwire*

— Texas Instruments’ synchronous serial protocol (SSP)
I2C interface

— Multi-master capable

— Slave capable

— Fast-mode support 400 Kbps

— Slow-mode support 100 Kbps

Internal bus performance monitoring unit (IBPMU)
— Seven 27-bit event counters

— Monitoring of internal-bus occurrences and duration events

16 GPIOs

Four internal timers
— Watchdog Timer
— General-Purpose Timer

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
Document Number: 306261-002

Downloaded from AFfOW.com.

May 2005
11


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Product Features i ntel ®

— Two one-shot timers

* Packaging
— 544-pin PBGA
— Commercial temperature (0° to 70° C)
— Extended temperature (-40° to 85° C)
— Lead Free Support

The remaining features described in the product line features list require software in order
for these features to be functional. To determine if the feature is enabled, see the Intel®
IXP400 Software Programmer’s Guide.

* Three network processor engines (NPEs)N°t 1

Used to off load typical Layer-2 networking functions such as:

— Ethernet filtering

— ATM SARing

— HDLC

— Layer-2 switching

— Security acceleration (AES/DES3/SHA/MD-5)

Configurable Network Interface, configurable in the following manner:
— Three MII/SMII/SS-SMII interfaces

— Two MII/SMII/SS-SMII interface + 1 UTOPIA Level 2 interface

— One MII/SMII/SS-SMII interface + 1 UTOPIA Level 2 interface + four SMI1/SS-SMI|
interfaces

— Two MII/SMII/SS-SMII interfaces + four SMII/SS-SMII interfaces
MII/SMII/SS-SMII interfaces are: Note 1

— 802.3 Ml interfaces that additionally support SMII/SS-SMII interfaces
— Single MDIO interface to control the MII/SMII/SS-SMII interfaces
UTOPIA Level 2 Interface is: N°t¢ 1

— Eight-bit interface

— Up to 33-MHz clock speed

— Five transmit and five receive address lines
Note 1

Notes 1, 3

* Encryption/Authentication
— DES
— DES3
— AES 128-bit and 256-bit
— Single-pass AES-CCM
— SHA-1, SHA-256, SHA-384, SHA-512
— MD-5

* Two high-speed, serial interfaces N°® !

May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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i ntel ® Product Features

— Six-wire

— Supports speeds up to 8.192 MHz

— Supports connection to T1/E1 framers

— Supports connection to CODEC/SLICs

— Eight HDLC channels

— Clock source provided from an external source or internal HSS clock divider
e |EEE 1588 Hardware Assistance Nots 2.3

— Time master support

— Time target support

Notes:
1. This feature requires Intel supplied software. To determine if this feature is enabled by a
particular software release, see the Intel® IXP400 Software Programmer’s Guide.
2. Although this feature has direct access from the Intel XScale® Core, this feature monitors the
activity of the MII interfaces which requires Intel-supplied software to operate.
3. Four SMII/SS-SMII interfaces and IEEE 1588 hardware assistance are not available for the
Intel® 1XP455 Network Processor.
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
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Model-Specific Features

INlal.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Features

Feature Intel® IXP465 Intel® IXP460 Intel® IXP455
Processor Speed (MHz) 266/ 400/ 533 / 667 266 /400 /533 / 667 266 /400/533
GPIO X X X
UART 0/1 X X X
HSS 0 (NPE-A)T X X
HSS 1 (NPE-A)t X X
UTOPIA 2/ Mil / SMII (NPE A)t X X
MII / SMII / 4-Port SMII (NPE B)t X Xtt
MIl / SMII (NPE C)t X X X
USB 1.1 Device Controller X X X
USB 2.0 Host Controller X X X

PCI

32-bit, up to 66-MHz

32-bit, up to 66-MHz

32-bit, up to 66-MHz

Expansion Bus

32-bit or 16-bit,
80-MHz, Host Support,

32-bit or 16-bit,
80-MHz, Host Support,

32-bit or 16-bit,
80-MHz, Host Support,

Parity Support Parity Support Parity Support

DDRI-266 SDRAM 32-bit, VJI?T?EMCHCZ clock | 32-bit, vat?ENgg clock 32-bi\}\,/it1h?;?:tMEl-cl:chlock
AES / AES-CCM/ DES / DES3 t X X
Cryptography Unit X X
Multi-Channel HDLC T 8 8
SHA /MD-5 X X
IEEE1588 Hardware Assistance X X

e X X X

SSP X X X
Commercial Temperature X X X
Extended Temperature X X X

t These features require Intel-supplied software in order to be operational. To determine if the feature is
enabled, see the Intel® IXP400 Software Programmer’s Guide.

Tt 4-Port SMII is not supported on the IXP455 network processor.
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]
Intel® About This Document

2.0 About This Document

This datasheet contains a functional overview of the Intel® IXP45X and Intel® IXP46X Product
Line of Network Processors, as well as mechanical data (package signal locations and simulated
thermal characteristics), targeted electrical specifications, and some bus functional wave forms for
the device.

Detailed functional descriptions — other than parametric performance — are published in the
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Developer’s Manual.

Other related documents are shown in Table 2.

Table 2. Related Documents
Document Title Document #

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Developer’s Manual 306262
Intgl® I‘XP45X and Intel® IXP46X Product Line of Network Processors Hardware Design 305261
Guidelines

Intel® IXP4XX Product Line of Network Processors Specification Update 306428
Intel® IXP400 Software Programmer’s Guide 252539
Intel XScale® Core Developer’s Manual 273473
Intel XScale® Microarchitecture Technical Summary —
PCI Local Bus Specification, Revision 2.2 N/A
Universal Serial Bus Specification, Revision 1.1 N/A
DDR SDRAM Specification N/A

3.0 Functional Overview

The Intel® 1XP45X and Intel® IXP46X Product Line of Network Processors are compliant with the
Intel® StrongARM” Version 5TE instruction-set architecture (ISA). The IXP45X/IXP46X network
processors are designed with Intel, 0.18-micron semiconductor process technology. This process
technology — along with the compactness of the Intel® StrongARM™ RISC ISA, the ability to
simultaneously process data with up to three integrated network processing engines (NPEs), and
numerous dedicated-function peripheral interfaces — enables the IXP45X/IXP46X network
processors to operate over a wide range of low-cost networking applications with industry-leading
performance.

As indicated in Figure 1, Figure 2, and Figure 3, the IXP45X/I1XP46X network processors combine
many features with the Intel XScale® Core to create a highly integrated processor applicable to
LAN/WAN-based networking applications in addition to other embedded networking applications.

This section briefly describes the main features of the product. For detailed functional descriptions,

see the Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Developer’s
Manual.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
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Functional Overview In ®
Figure 1. Intel® IXP465 Network Processor Block Diagram
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In ® Functional Overview
Figure 2. Intel® IXP460 Network Processor Block Diagram
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Functional Overview In ®
| Figure 3. Intel® IXP455 Network Processor Block Diagram
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| ]
Inte|® Functional Overview

3.1 Key Functional Units

The following sections briefly describe the functional units and their interaction in the system. For
more detailed information, refer to the Intel® IXP45X and Intel® IXP46X Product Line of Network
Processors Developer’s Manual.

Unless otherwise specified, the functional descriptions apply to all of the IXP45X/IXP46X
network processors. For specific information on supported interfaces, refer to Table 1 on page 14.
For model-specific block diagrams, see Figure 1 on page 16, Figure 2 on page 17, and Figure 3 on
page 18.

3.1.1 Network Processor Engines (NPEs)

The network processor engines (NPEs) are dedicated-function processors containing hardware
coprocessors integrated into the IXP45X/IXP46X network processors. The NPEs are used to off
load processing function required by the Intel XScale core.

These NPEs are high-performance, hardware-multi-threaded processors with additional local-
hardware-assist functionality used to off load highly processor-intensive functions such as Mll
(MAC), CRC checking/generation, AAL 2 segmentation and re-assembly, AES, AES-CCM, DES,
DES3, SHA-1/256/384/512, MD5, etc.

All instruction code for the NPEs are stored locally and is accessed using a dedicated instruction
memory bus. Likewise, a separate dedicated data memory bus allows accesses to local code store
as well as DDR SDRAM via the AHB bus.
These NPEs support processing of the dedicated peripherals that can include:

* One UTOPIA Level 2 (Universal Test and Operation PHY Interface for ATM) interface

* Two High-Speed Serial (HSS) interfaces

¢ Up to three Media-Independent Interface (MII), up to six Serial Media Independent Interfaces
(SMII)/Source-Synchronous Serial Media Independent Interfaces (SS-SMII), or some
combination of each.

Table 3 specifies the possible combination of interfaces for the NPEs contained on the IXP45X/

IXP46X network processors. These configurations are determined by the factory programmed fuse
settings or by software that configures the part during boot-up.

Table 3. Network Processor Functions (Sheet 1 of 2)

Device uToPIA | Hss | M! /:M” Mil /‘é’SM” Mil /CSM” A?gggs HDLC [SHA MD-5

(%‘;rf‘;iﬁl‘:)ra“m 0 X X Ml Ml X 8 X
Configuration 1 X X SMil Mil X 8 X
Configuration 2 X X SMil SMil X 8 X
Configuration 3 X X 4 SMil Mil X 8 X
Configuration 4 X X 4 SMIl SMil X 8 X
Configuration 5 X Mil Mil Mil X 8 X
Configuration 6 X Mil SMil Mil X 8 X

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
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Table 3.
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Network Processor Functions (Sheet 2 of 2)

Device UTOPIA | HSS Mil fASM” Mil /%SM” Mil /CSM” AI/ESD/EIQES HDLC |[SHA MD-5
Configuration 7 X Ml SMil SMiI X 8 X
Configuration 8 X Mil 4 SMil MII 8 X
Configuration 9 X Ml 4 SMII SMil X 8 X
Configuration 10 X SMil 4 SMil SMil X 8 X
Configuration 11 X SMII SMil SMiI X 8 X
Configuration 12 X SMil SMII MII X 8 X
Configuration 13 X SMII 4 SMII Ml X 8 X

The NPE core is a hardware-multi-threaded processor engine that is used to accelerate functions
that are difficult to achieve high performance in a standard RISC processor. Each NPE core is a
133.32-MHz (which is 4 * OSC_IN input pin) processor core that has self-contained instruction
memory and self-contained data memory that operate in parallel. Each NPE core has 4 K words of
instruction memory and 4 K words of data memory.

In addition to having separate instruction/data memory and local-code store, the NPE core supports
hardware multi-threading with support for multiple contexts. The support of hardware multi-
threading creates an efficient processor engine with minimal processor stalls due to the ability of
the processor core to switch contexts in a single clock cycle, based on a prioritized/preemptive
basis. The prioritized/preemptive nature of the context switching allows time-critical applications
to be implemented in a low-latency fashion — which is required when processing multi-media
applications.

The NPE core also connects to several hardware-based coprocessors that are used to implement
functions that are difficult for a processor to implement. These functions include:

* HSS Serialization/ De-serialization * CRC checking/generation
* DES/DES3/AES * SHA-1/256/384/512
¢ MD-5 ¢ HDLC bit stuffing/de-stuffing

* Learning/filtering content addressable memory  * Media Access Controller functionality
* UTOPIA Level 2 Framing

These coprocessors are implemented in hardware, enabling the coprocessors and the NPE
processor core to operate in parallel.

With the addition of the new switching coprocessor (SWCP) and the Ethernet coprocessors,
functions like a four-port, Layer-2 switch can be easily implemented using all Intel-based silicon.
Also, by using NPEs to implement switching functions, value added features like VLAN or IP
switching can be easily upgraded using existing silicon. Therefore, speeding up the end customer’s
time to market while keeping product costs the same.

The combined forces of the hardware multi-threading, local-code store, independent instruction
memory, independent data memory, and parallel processing — contained on the NPE — allows the
Intel XScale core to be utilized for application purposes. The multi-processing capability of the
peripheral interface functions allows unparalleled performance to be achieved by the application
running on the Intel XScale core.
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In ® Functional Overview

3.1.2 Internal Bus

The internal bus architecture of the IXP45X/1XP46X network processors are designed to allow
parallel processing to occur and to isolate bus utilization, based on particular traffic patterns. The
bus is segmented into four major buses:

* North Advanced, High-Performance Bus (AHB) * Memory Port Interface
* South AHB * Advanced Peripheral Bus (APB)

3.1.2.1 North AHB

The North AHB is a 133.32-MHz (which is 4 * OSC_IN input pin), 32-bit bus that can be mastered
by the NPE A, NPE B, or NPE C. The targets of the North AHB can be the DDRI SDRAM or the
AHB/AHB bridge. The AHB/AHB bridge allows the NPEs to access the peripherals and internal
targets on the South AHB.

Data transfers by the NPEs on the North AHB to the South AHB are targeted predominately to the
queue manager. Transfers to the AHB/AHB bridge may be “posted” — when writing — or “split”
— when reading.

When a transaction is “posted,” a master on the North AHB requests a write to a peripheral on the
South AHB. If the AHB/AHB Bridge has a free FIFO location, the write request will be transferred
from the master on the North AHB to the AHB/AHB bridge. The AHB/AHB bridge will complete
the write on the South AHB, when it can obtain access to the peripheral on the South AHB. The
North AHB is released to complete another transaction.

When a transaction is “split,” a master on the North AHB requests a read of a peripheral on the
South AHB. If the AHB/AHB bridge has a free FIFO location, the read request will be transferred
from the master on the North AHB to the AHB/AHB bridge. The AHB/AHB bridge will complete
the read on the South AHB, when it can obtain access to the peripheral on the South AHB.

Once the AHB/AHB bridge has obtained the read information from the peripheral on the South
AHB, the AHB/AHB bridge notifies the arbiter, on the North AHB, that the AHB/AHB bridge has
the data for the master that requested the “split” transfer. The master on the North AHB — that
requested the split transfer — will arbitrate for the North AHB and transfer the read data from the
AHB/AHB bridge. The North AHB is released to complete another transaction while the North
AHB master — that requested the “split” transfer — waits for the data to arrive.

These “posting” and “splitting” transfers allow control of the North AHB to be given to another
master on the North AHB — enabling the North AHB to achieve maximum efficiency. Transfers to
the AHB/AHB bridge are considered to be small and infrequent, relative to the traffic passed
between the NPEs and the DDRI SDRAM on the North AHB.

When multiple masters arbitrate for the North AHB, the masters are awarded access to the bus in a
round-robin fashion. Each transaction can be no longer than an eight-word burst. This
implementation promotes fairness within the system.

3.1.2.2 South AHB

The South AHB is a 133.32-MHz (which is 4 * OSC_IN input pin), 32-bit bus that can be mastered
by the Intel XScale core, PCI controller, Expansion Bus Interface, USB Host Controller, and the
AHB/AHB bridge. The targets of the South AHB Bus can be the DDRI SDRAM, PCI Controller,
Queue Manager, Expansion Bus, or the AHB/APB bridge. As a special case, the Intel XScale®
Core is the only master which can access the Cryptography Unit (target).
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3.1.2.3

3.1.2.4

3.1.3
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Accesses across the APB/AHB bridge allows interfacing to peripherals attached to the APB. The
Expansion bus and PCI controller can be configured to support split transfers.

Arbitration on the South AHB are round-robin. Each transaction can be no longer than an eight-
word burst. This implementation promotes fairness within the system.

Memory Port Interface

The Memory Port Interface (MPI) is a 128-bit bus that provides the Intel XScale core a dedicated
interface to the DDRI SDRAM. The Memory Port Interface operates at 133.32 MHz (which is 4 *
OSC_IN input pin).

The Memory Port Interface stores memory transactions from the Intel XScale core which have not
been processed by the Memory Controller. The Memory Port Interface supports eight core
processor read transactions up to 32 bytes each. That total equals the maximum number of
outstanding transaction the Core Processor Bus Controller can support. (That includes core DCU
[4 - load requests to unique cache lines], IFU [2 - prefetch], IMM [1 - tablewalk], DMM [1 -
tablewalk].)

The Memory Port Interface also supports eight core-processor-posted write transactions up to
16 bytes each.

Avrbitration on the Memory Port Interface is not required due to no contention with other masters.
Acrbitration will exist in the DDRI memory controller between all of the main internal busses.

APB Bus

The APB Bus is a 66.66-MHz (which is 2* OSC_IN input pin), 32-bit bus that can be mastered by
the AHB/APB bridge only. The targets of the APB bus can be:

* USB 1.1 device controller * UARTs

* The internal bus performance monitoring unit (IBPMU) e All NPEs

* GPIO * Interrupt controller

* |EEE 1588 Hardware Assist * Timers

e 12C ¢ Serial Peripheral Port Interface

The APB interface is also used as an alternate-path interface to the NPEs and is used for NPE code
download and configuration.

No arbitration is required due to a single master implementation.

MII/SMII Interfaces

The IXP45X/1XP46X network processors can be configured to support up to three MlI, up to six
SMII/SS-SMII industry-standard, or some combination thereof, media-independent interface (MII)
interfaces. These interfaces are integrated into the 1XP45X/IXP46X network processors with
separate media-access controllers and in many cases independent network processing engines. (See
Table 3 for allowable combinations.)
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3.1.4

3.1.5

3.1.6

Functional Overview

The independent NPEs and MACs allow parallel processing of data traffic on the MII interfaces
and off loading of processing required by the Intel XScale core. The IXP45X/IXP46X network
processors are compliant with the IEEE 802.3 specification.

In addition to the MII interfaces, the IXP45X/1XP46X network processors include a single
management data interface that is used to configure and control PHY devices that are connected to
the MII interfaces. The IXP45X/1XP46X network processors provide support for serial media
independent interface (SMII).

UTOPIA Level 2

The integrated UTOPIA Level 2 interface works with a network-processing engine core for several
of the IXP45X/1XP46X network processors. The pins of the UTOPIA Level 2 interface are
multiplexed with one of the MII/SMII interfaces. (See Table 3 for details.)

The UTOPIA Level 2 interface supports a single- or a multiple-physical-interface configuration
with cell-level or octet-level handshaking. The network processing engine handles segmentation
and reassembly of ATM cells, CRC checking/generation, and transfer of data to/from memory.
This allows parallel processing of data traffic on the UTOPIA Level 2 interface, off-loading these
processing tasks from the Intel XScale core.

The IXP45X/1XP46X network processors are compliant with the ATM Forum, UTOPIA Level 2
Specification, Revision 1.0.

USB 1.1 Device Interface

The integrated USB 1.1 device interface supports full-speed operation and 16 endpoints and
includes an integrated transceiver.

There are:
¢ Six isochronous endpoints (three input and three output)
* One control endpoints
¢ Three interrupt endpoints
¢ Six bulk endpoints (three input and three output)

USB 2.0 Host Interface

USB Host functionality is implemented on the IXP45X/1XP46X network processors. The function
being performed is defined by the USB 2.0 specification, maintained by usb.org and the interface is
(largely) EHCI compliant, as defined by Intel.

Not all features defined by the 2.0 specification are supported for this implementation. The
following is a partial list of supported features:

¢ Host function

* Low-speed interface
¢ Full-speed interface

* EHCI register interface
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3.1.7

3.1.8

Note:
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The following is a partial list of features not supported:
* Device function
* OTG function
* High-speed interface

PCI Controller

The IXP45X/1XP46X network processors’ PCI controller is compatible with the PCI Local Bus
Specification, Rev. 2.2. The PClI interface is 32-bit compatible bus and capable of operating as
either a host or an option (i.e. not the Host). This PCI implementation supports 3.3 V 1/O only.

DDRI SDRAM Controller

The IXP45X/1XP46X network processors integrate a high-performance, multi-ported Memory
Controller Unit (MCU) to provide a direct interface between the IXP45X/IXP46X network
processors and their local memory subsystem. The MCU supports:

* DDRI 266 SDRAM

* 128/256/512-Mbit, 1-Gbit DDRI SDRAM technology support

¢ Only unbuffered DRAM support (No registered DRAM support)

¢ Dedicated port for Intel XScale core to DDR SDRAM

* Between 32 Mbyte and 1 Ghyte of 32-bit DDR SDRAM for low-cost solutions
* Single-bit error correction, multi-bit detection support (ECC)

® 32-, 40-bit wide Memory Interfaces (non-ECC and ECC support)

The DDRI SDRAM interface provides a direct connection to a high-bandwidth and reliable
memory subsystem. The DDRI SDRAM interface is a 32-bit-wide data path.

An 8-bit Error Correction Code (ECC) across each 32-bit word improves system reliability. It is
important to note that ECC is also referred to as CB in many DIMM specifications. The pins on
IXP45X/1XP46X network processors are called DDRI_CBJ[7:0]. The controller supports the 8 bits
due to the fact that internally it is a 32- or 64-bit controller. However, this implementation of the
controller only supports 32 bits.

The 1XP455 network processor does not support ECC functionality.

The ECC circuitry was designed to operate always on a 64-bit word and when operating in 32-bit
mode, the upper 32 bits are driven to zeros internally. To summarize the impact to the customer, the
full 8 bits of ECC must be stored and read from a memory array in order for the ECC logic to work.
An 8-bit-wide memory must be used when implementing ECC.

The memory controller only corrects single bit ECC errors on read cycles. The ECC is stored into
the DDRI SDRAM array along with the data and is checked when the data is read. If the code is
incorrect, the MCU corrects the data (if possible) before reaching the initiator of the read. ECC
error scrubbing must be done with software. User-defined fault correction software is responsible
for scrubbing the memory array and handling double-bit errors.
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Functional Overview

In order to limit double-bit errors from occurring, periodically reading the entire usable memory
array will allow the hardware unit within the memory controller to correct any single-bit, ECC
errors that may have occurred prior to these errors becoming double-bit ECC errors. Using this
method is system-dependent.

It is important to note as well, that when sub-word writes (byte writes or half-word writes) to a
32-bit memory with ECC enabled, the memory controller will implement read-modify writes.
Implementing read-modify writes is important to understand when understanding performance
implications when writing software.

To understand a read-modify write, understanding that a byte to be written falls within a 32-bit
word which is addressed on a word-aligned boundary. When a byte write is requested, the memory
controller will read the 32-bit word which encompasses the byte that is to be written. The memory
controller will then modify the specified byte, calculate a new ECC, and then write the entire 32-bit
word back into the memory location it was read from.

The value written back into the memory location will contain the 32-bit word with the modified
byte and the new ECC value.

The MCU supports two banks of DDR SDRAM. The MCU has support for unbuffered DDRI 266
only.

Table 4 illustrates the supported DDR SDRAM configurations for the IXP45X/1XP46X network
processors. The 128/256/512-Mbit, 1-Gbit DDRI SDRAM devices comprise four internal leaves.
The MCU controls the leaf selects within 128/256/512-Mbit, 1-Gbit DDRI SDRAM by toggling
DDRI_BA[0] and DDRI_BA[1].

The two DDR SDRAM chip enables (DDRI_CS[1:0]#) support a DDRI SDRAM memory
subsystem consisting of two banks. The base address for the two contiguous banks are
programmed in the DDR SDRAM Base Register (SDBR) and must be aligned to a 32-Mbyte
boundary. The size of each DDR SDRAM bank is programmed with the DDR SDRAM boundary
registers (SBRO and SBR1).

Table 4. Supported DDRI Memory Configurations (Sheet 1 of 2)
DDRI SDRAM DDRI SDRAM Address Size Leaf Select Total Page
Technology Arrangement # Banks Memory Size?
Row | Col | DDRI_BA[1] | DDRI_BA[Q] Size
1 64 Mbyte 4K
16M x 8 12 10 |_ADI[26] |_AD[25]
2 128 Mbyte 4K
128 Mbit
1 32 Mbyte 2K
8M x 16 12 9 |_AD[25] |_AD[24]
2 64 Mbyte 2K
1 128 Mbyte 4K
32M x 8 13 10 |_ADI[27] |_AD[26]
2 256 Mbyte 4K
256 Mbit
1 64 Mbyte 2K
16M x 16 13 9 |_ADI[26] |_AD[25]
2 128 Mbyte 2K
NOTES:
1. Table indicates 32-bit-wide memory subsystem sizes
2. Table indicates 32-bit-wide memory page sizes
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Table 4. Supported DDRI Memory Configurations (Sheet 2 of 2)

DDRI SDRAM DDRI SDRAM Address Size Leaf Select Total Page
Technology Arrangement #Banks Memolry Size?
Row | Col DDRI_BA[1] | DDRI_BA[0] Size
1 256 Mbyte 8K
64M x 8 13 1 |_AD[28] |_AD[27]
2 512 Mbyte 8K
512 Mbit
1 128 Mbyte 4K
32M x 16 13 10 |_AD[27] |_AD[26]
2 256 Mbyte 4K
1 512 Mbyte 8K
128M x 8 14 11 |_AD[29] |_AD[28]
2 1 Gbyte 8K
1 Gbit
1 256 Mbyte 4K
64M x 16 14 10 |_AD[28] |_AD[27]
2 512 Mbyte 4K
NOTES:
1. Table indicates 32-bit-wide memory subsystem sizes
2. Table indicates 32-bit-wide memory page sizes

The memory controller is a 32-bit only interface. If a x16 memory chip is used, a minimum of two
memory chips would be required to facilitate the 32-bit interface required by the IXP45X/IXP46X
network processors. If ECC is required, additional memories would need to be added. For more
information on DDRI SDRAM support and configuration see the Intel® IXP45X and Intel®
IXP46X Product Line of Network Processors Developer’s Manual.

The memory controller internally interfaces to the North AHB, South AHB, and Memory Port
Interface with independent interfaces. This architecture allows DDRI SDRAM transfers to be
interleaved and pipelined to achieve maximum possible efficiency.

The maximum burst size supported to the DDRI SDRAM interface is eight 32-bit words. This burst
size allows the best efficiency/fairness performance between peripheral accesses from the North
AHB, the South AHB, and the MPI.

The programming priority of the MCU is for the Memory Port Interface to have the highest priority
and two AHB ports will have the next highest priority. For more information on MCU arbitration
support and configuration see the Intel® IXP45X and Intel® IXP46X Product Line of Network
Processors Developer’s Manual.

One item to be aware of is that when ECC is being used, the memory chip chosen to support the
ECC must match that of the technology chosen on the interface. Therefore, if X8 in a given

configuration technology is chosen then the ECC memory chip must be the same. If a x16
configuration is chosen then a x16 chip must be used for the ECC chip.

3.1.9 Expansion Interface

The expansion interface allows easy and — in most cases — glue-less connection to peripheral
devices. It also provides input information for device configuration after reset.

Some of the peripheral device types are SRAM, flash, ATM control interfaces, and DSPs used for
voice applications. (Some voice configurations can be supported by the HSS interfaces and the
Intel XScale core, implementing voice-compression algorithms.)

The expansion interface functions in two modes of operation:
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* |Legacy (16-bit, data mode)
¢ Enhanced (32-bit, data mode)

3.1.9.1 Expansion Bus Legacy Mode of Operation

In the legacy mode of operation, the expansion interface is a 16-bit interface that allows an address
range of 512 bytes to 16 Mbytes, using 24 address lines for each of the eight independent chip
selects.

Accesses to the expansion bus interface is completed in five phases. Each of the five phases can be
lengthened or shortened by setting various configuration registers on a per-chip-select basis. This

feature allows the IXP45X/1XP46X network processors to connect to a wide variety of peripheral

devices with varying speeds.

The expansion interface supports Intel or Motorola* microprocessor-style bus cycles. The bus
cycles can be configured to be multiplexed address/data cycles or separate address/data cycles for
each of the eight chip-selects.

Additionally, Chip Selects 4 through 7 can be configured to support Texas Instruments* HPI-8 or
HPI-16 style accesses for DSPs.

The expansion interface is an asynchronous interface to externally connected chips. However, a
clock must be supplied to expansion interface of the IXP45X/IXP46X network processors for the
interface to operate. This clock can be driven from GPIO 15 or an external source. The maximum
clock rate that the expansion interface can accept in legacy mode of operation is 66 MHz. If GPIO
15 is used as the clock source, the Expansion Bus interface can only be clocked at a maximum of
33.32 MHz. GPIO 15’s maximum clock rate is 33.32 MHz.

By providing this legacy mode of operation, code developed for previous generations of this
platform becomes easily portable.

3.1.9.2 Expansion Bus Enhanced Mode of Operation

In the enhanced mode of operation, the expansion interface is a 32-bit interface that allows an
address range of 512 bytes to 32 Mbytes per chip select on IXP45X/1XP46X network processors,
using 25 address lines for each of the eight independent chip selects.

Additionally, in enhanced mode, the interface supports shared access to the bus with external
masters. This shared access is achieved with four request/grant pins and an integrated arbiter. Not
only can external devices access each other, but they can also access the I XP45X/IXP46X network
processors’ internal registers (including the DDRI SDRAM interface).

The advantage to this feature is that shared memory access can be achieved by using the DDRI
SDRAM interface attached to IXP45X/1XP46X network processors. This lowers the system’s
overall bill of materials.

Enhanced mode also supports synchronous transfers at speeds of up to 80 MHz with a 40-pF load.
In addition to fully synchronous support, the enhanced mode also supports burst transfers of up to
eight-word lengths. The synchronous bus support is compatible to Zero Bus Turnaround (ZBT)
SRAM cycles for inbound/outbound transactions for both read/write transactions.

Additionally, the outbound read transactions can support the Intel StrataFlash® K3 synchronous-
burst support.
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3.1.10

3.1.11

3.1.12
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Byte-wide parity is an optional configuration of this interface in all modes of operation except:
* Intel StrataFlash® K3 synchronous-burst mode
* HPI mode

At the de-assertion of reset, the 25-bit address bus is used to capture configuration information
from the levels that are applied to the pins at this time. External pull-up/pull-down resistors are
used to tie the signals to particular logic levels. (For additional details, see “Package Information”
on page 40.) If a signal is required to be placed into a pull-up state during this initialization period,
the IXP45X/1XP46X network processors contain internal weak pull-ups. Depending upon the
system design, pull-down resistors may be the only thing required.

High-Speed, Serial Interfaces

The high-speed, serial interfaces (HSS) are six-signal interfaces that support serial transfer speeds
from 512 KHz to 8.192 MHz, for some models of the IXP45X/IXP46X network processors. (For
processor-specific speeds, see Table 3 on page 19.)

Each interface allows direct connection of up to four T1/E1 framers and CODEC/SLICs to the
IXP45X/1XP46X network processors. The high-speed, serial interfaces are capable of supporting
various protocols, based on the implementation of the code developed for the network processor
engine core.

For a list of supported protocols, see the Intel® IXP400 Software Programmer’s Guide.

UARTs

The UART interfaces are a 16550-compliant UART with the exception of transmit and receive
buffers. Transmit and receive buffers are 64 bytes-deep versus the 16 bytes required by the
16550 UART specification.

The interfaces can be configured to support speeds from 1,200 Baud to 921 Kbaud. The interfaces
support configurations of:

* Five, six, seven, or eight data-bit transfers
* One or two stop bits
* Even, odd, or no parity

The request-to-send (RTS_N) and clear-to-send (CTS_N) modem control signals also are available
with the interface for hardware flow control.

GPIO

There are 16 GPIO pins supported by the IXP45X/IXP46X network processors. GPIO pins 0
through 13 can be configured to be general-purpose input or general-purpose output. Additionally,
GPIO pins 0 through 12 can be configured to be an interrupt input.

GPIO Pin 14 can be configured similar to GPIO Pin 13 or as a clock output. The output-clock
configuration can be set at various speeds, up to 33 MHz, with various duty cycles. GPIO Pin 14 is
configured as an input, upon reset.
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Table 5.

3.1.13

3.1.14

Functional Overview

GPIO Pin 15 can be configured the same as GPIO Pin 13 or as a clock output. The output-clock
configuration can be set at various speeds, up to 33 MHz, with various duty cycles. GPIO Pin 15 is
configured as an output, upon reset. GPIO Pin 15 can be used to clock the expansion interface, after
reset.

Several other GP1O pins can serve as an alternate function, as outlined in Table 5.

GPIO Alternate Function Table

GPIO Pin Number Alternate Function

0 External USB 1.1 Device Clock

1 External USB 2.0 Host Clock

NPE A External Condition 0

NPE A External Condition 1

NPE B External Condition 4

NPE B External Condition 5
NPE C External Condition 2
Auxiliary IEEE1588 Master Snapshot
Auxiliary IEEE1588 Slave Snapshot

9:13 (Reserved)
14 Output Clock 14
15 Output Clock 15

| N[O~ W|DN

Internal Bus Performance Monitoring Unit (IBPMU)

The IXP45X/1XP46X network processors contain a performance monitoring unit that may be used
to capture predefined events within the system outside of the Intel XScale core. These features aid
in measuring and monitoring various system parameters that contribute to the overall performance
of the processor.

The Performance Monitoring (PMON) facility provided comprises:
¢ Eight Programmable Event Counters (PECx)
* Previous Master/Slave Register
¢ Event Selection Multiplexor

The programmable event counters are 27 bits wide. Each counter may be programmed to observe
one event from a defined set of events. An event consists of a set of parameters which define a start
condition and a stop condition.

The monitored events are selected by programming the Event Select Registers (ESR).

Interrupt Controller

The IXP45X/1XP46X network processors implement up to 64 interrupt sources to allow an
extension of the Intel XScale core’s FIQ and IRQ interrupt sources. These sources can originate
from some external GPIO pins, internal peripheral interfaces, or internal logic.
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3.1.15

3.1.16

| Note:

3.1.17
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The interrupt controller can configure each interrupt source as an FIQ, IRQ, or disabled. The
interrupt sources tied to Interrupt 0 to 7 can be prioritized. The remaining interrupts are prioritized
in ascending order. For example, Interrupt 8 has a higher priority than 9, 9 has a higher priority than
10, and 30 has a higher priority that 31.

An additional level of priority can be set for interrupts 32 through 64. This priority setting gives
any interrupt between 32 through 64 priority over interrupts 0 through 31.

Timers

The IXP45X/1XP46X network processors contain four internal timers operating at 66.667 MHz
(which is 2* OSC_IN input pin) to allow task scheduling and prevent software lock-ups. The
device has four 32-bit counters:

* Watch-Dog Timer * Timestamp Timer * Two general-purpose Timers

The Timestamp Timer and the two general-purpose timers have the optional ability to use a pre-
scaled clock. A programmable pre-scaler can be used to divide the input clock by a 16-bit value.
The input clock can be either the APB clock (66.66 MHz) or a 20-ns version of the APB clock
(50 MHz). By default all timers use the APB clock.

The 16-bit pre-scale value ranges from divide by 2 to 65,536 and results in a new clock enable
available for the timers that ranges from 33.33 MHz down to 1,017.26 Hz.

The Timestamp Timer also contains a 32-bit compare register that allows an interrupt to be created
at times other than time 0.

IEEE 1588 Hardware Assistance

In a distributed control system containing multiple clocks, individual clocks tend to drift apart.
Some kind of correction mechanism is necessary to synchronize the individual clocks to maintain
global time, which is accurate to some clock resolution. The IEEE 1588 standard for a precision
clock synchronization protocol for networked measurement and control systems can be used for
this purpose. The IEEE 1588 standard defines several messages that can be used to exchange
timing information.

The IXP45X/IXP46X network processors implement the IEEE 1588 hardware-assist logic on three
of the MII interfaces. Using the hardware assist logic along with software running on the Intel
XScale core, a full source or sink capable IEEE-1588 compliant network node can be
implemented.

The 1XP455 network processor does not support IEEE 1588 hardware-assist.

Synchronous Serial Port Interface

The IXP45X/1XP46X network processors have a dedicated Synchronous Serial Port (SSP)
interface. The SSP interface is a full-duplex synchronous serial interface. It can connect to a variety
of external analog-to-digital (A/D) converters, audio and telecom CODECSs, and many other
devices which use serial protocols for transferring data.

It supports National’s Microwire*, Texas Instruments’* synchronous serial protocol (SSP), and
Motorola's* serial peripheral interface (SPI*) protocol.
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The SSP operates in master mode (the attached peripheral functions as a slave), and supports serial
bit rates from 7.2 Kbps to 1.8432 Mbps using the on-chip, 3.6864-MHz clock, and bit rates from
65.10 Kbps to 16.67 Mbps using a maximum off-chip, 33.33 MHz clock. Serial data formats may
range from 4 to 16 bits in length. Two on-chip register blocks function as independent FIFOs for
data, one for each direction. The FIFOs are 16 entries deep x 16 bits wide. Each 32-bit word from
the system fills one entry in a FIFO using the lower half 16-bits of a 32-bit word.

3.1.18 I2C Interface

The 1°C Bus Interface Unit allows the IXP45X/IXP46X network processors to serve as a master
and slave device residing on the 1°C bus. The I°C bus is a two-pin serial bus. SDA is the data pin
for input and output functions and SCL is the clock pin for reference and control of the 12C bus.

The 1°C bus allows the IXP45X/IXP46X network processors to interface to other 1°C peripherals
and micro-controllers for system management functions. The serial bus requires a minimum of
hardware for an economical system to relay status and reliability information on the IXP45X/
IXP46X network processors subsystem to an external device.

The 1°C Bus Interface Unit is a peripheral device that resides on the IXP45X/IXP46X network
processors’ APB. Data is transmitted to and received from the 12C bus via a buffered interface.
Control and status information is relayed through a set of memory-mapped registers. Refer to the
12C Bus Specification for complete details on 1°C bus operation.

The 1°C supports:
¢ Multi-master capabilities
¢ Slave capabilities

The 12C unit supports both fast-mode operation — at 400 Kbps — and standard mode — at
100 Kbps. Fast mode logic levels, formats, capacitive loading and protocols function the same in
both modes. The 12C unit does not support I°C 10-bit addressing or CBUS.

3.1.19 AES/DES/SHA/MD-5

The IXP45X/IXP46X network processors implement on-chip hardware acceleration for underlying
security and authentication algorithms.

The encryption/decryption algorithms supported are AES, single pass AES-CCM, DES, and triple
DES. These algorithms are commonly found when implementing IPSEC, VPN, WEP, WEP2,
WPA, and WPA2.

The authentication algorithms supported are MD-5, SHA-1, SHA-256, SHA-384, and SHA-512.
Inclusion of SHA-384 and SHA-512 allows 256-bit key authentication to pair up with 256-bit AES
support.

3.1.20 Cryptography Unit

The Cryptography Unit implements three major functions:
¢ Exponentiation Unit (EAU)
¢ Random Number Generator (RNG)
¢ Secure Hash Algorithm (SHA function for the RNG)
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The EAU supports various large number arithmetic operations. These operations include modular
exponentiation, modular reduction, multiply, add and subtract. These operations are controlled
through a set of memory mapped registers. Parameters for and results of the operations are written
in little-endian ordering into a RAM (contained within the EAU) which the EAU state machine
accesses and also uses for temporary registers. The arithmetic operations supported by the EAU are
used by software executing in the host processor to build larger cryptographic functions such as
signing and verification procedures. Since the EAU executes only one operation at a time, the host
processor must serialize the required operations to the EAU.

The EAU begins operating after the host processor has moved data into the EAU RAM and loads
the EAU’s command register with an appropriate command. After executing the command, the
EAU appropriately sets its status bits and waits idle until it receives another command from the
host processor.

The RNG unit provides a digital, random-number generation capability. It uses a LFSR (Linear
Feedback Shift Register) to generate a sequence of pseudo-random bits. These sequences are
shifted into a FIFO of 32-bit words, which may be read sequentially from the random number
register. A new word is generated every 32 clocks and the RNG will buffer 16 of these words at a
time.

The output of the RNG should be passed through the SHA engine for added randomness. The host
processor (Intel XScale core) is responsible for implementing this SHA-based, random-number
generation. The LFSR also allows one entropy source. The entropy source is fed in from a PN
sequence generator which has a period of 2742 - 1. The coefficients for the PN sequence is chosen
such that it produces the maximal sequence length. The coefficients are not mentioned for security
reasons. The coefficients for the 128-stage LSFR are similarly not mentioned here for security
reasons.

3.1.21 Queue Manager

The Queue Manager provides a means for maintaining coherency for data handling between
various processors cores contained on the IXP45X/IXP46X network processors (NPE to NPE,
NPE to Intel XScale core, etc.). It maintains the queues as circular buffers in an embedded 8-Kbyte
SRAM. The Queue Manager also implements the status flags and pointers required for each queue.

The Queue Manager manages 64 independent queues. Each queue is configurable for buffer and
entry size. Additionally status flags are maintained for each queue.

The Queue Manager interfaces include an Advanced High-performance Bus (AHB) interface to the
NPEs and Intel XScale core (or any other AHB bus master), a Flag Bus interface, an event bus (to
the NPE condition select logic), and two interrupts to the Intel XScale core.

The AHB interface is used for configuration of the Queue Manager and provides access to queues,
queue status, and SRAM. Individual queue status for queues 0-31 is communicated to the NPEs via
the flag bus. Combined queue status for queues 32-63 are communicated to the NPEs via the event
bus. The two interrupts, one for queues 0-31 and one for queues 32-63, provide status interrupts to
the Intel XScale core.
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Functional Overview

3.2 Intel XScale® Core
The Intel XScale technology is compliant with the Intel® StrongARM” Version 5TE instruction-set
architecture (ISA). The Intel XScale core, shown in Figure 4, is designed with Intel, 0.18-micron
production semiconductor process technology. This process technology — with the compactness of
the Intel® StrongARM™ RISC ISA — enables the Intel XScale core to operate over a wide speed
and power range, producing industry-leading mW/MIPS performance.
Intel XScale core features include:
* Seven/eight-stage super-pipeline promotes high-speed, efficient core performance
¢ 128-entry branch target buffer keeps pipeline filled with statistically correct branch choices
¢ 32-entry instruction memory-management unit for logical-to-physical address translation,
access permissions, and Instruction-Cache (I-cache) attributes
* 32-entry data-memory management unit for logical-to-physical address translation, access
permissions, Data-Cache (D-Cache) attributes
¢ 32-Kbyte instruction cache can hold entire programs, preventing core stalls caused by multi-
cycle memory accesses
¢ 32-Kbyte data cache reduces core stalls caused by multi-cycle memory accesses
¢ 2-Kbyte mini-data cache for frequently changing data streams avoids “thrashing” of the D-
cache
¢ Four-entry, fill-and-pend buffers to promote core efficiency by allowing “hit-under-miss”
operation with data caches
¢ Eight-entry write buffer allows the core to continue execution while data is written to memory
¢ Multiple-accumulate coprocessor that can do two simultaneous, 16-bit, SIMD multiplies with
40-bit accumulation for efficient, high-quality media and signal processing
¢ Performance monitoring unit (PMU) furnishing two 32-bit event counters and one 32-bit cycle
counter for analysis of hit rates, etc.
This PMU is for the Intel XScale core only. An additional PMU is supplied for monitoring of
internal bus performance.
* JTAG debug unit that uses hardware break points and 256-entry trace history buffer (for flow-
change messages) to debug programs
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
Document Number: 306261-002 33

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

| ]
Functional Overview Inte|®

Figure 4. Intel XScale® Core Block Diagram
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3.2.1 Super Pipeline

The super pipeline is composed of integer, multiply-accumulate (MAC), and memory pipes.

The integer pipe has seven stages:
* Branch Target Buffer (BTB)/Fetch 1
* Fetch 2
* Decode
* Register File/Shift
¢ ALU Execute
¢ State Execute
* Integer Writeback

The memory pipe has eight stages:

* The first five stages of the Integer pipe (BTB/Fetch 1 through ALU Execute)
.. . then finishes with the following memory stages

* Data Cache 1
* Data Cache 2
* Data Cache Writeback
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The MAC pipe has six to nine stages:

* The first four stages of the Integer pipe (BTB/Fetch 1 through Register File/ Shift)
.. . then finishes with the following MAC stages

* MAC1
* MAC?2
* MAC3
* MAC4
* Data Cache Writeback

The MAC pipe supports a data-dependent early terminate where stages MAC 2, MAC 3, and/or
MAC 4 are bypassed.

Deep pipes promote high instruction execution rates only when a means exists to successfully
predict the outcome of branch instructions. The branch target buffer provides such a means.

3.2.2 Branch Target Buffer

Each entry of the 128-entry Branch Target Buffer (BTB) contains the address of a branch
instruction, the target address associated with the branch instruction, and a previous history of the
branch being taken or not taken. The history is recorded as one of four states:

e Strongly taken * \Weakly taken * Weakly not taken e Strongly not taken

The BTB can be enabled or disabled via Coprocessor 15, Register 1.

When the address of the branch instruction hits in the BTB and its history is strongly or weakly
taken, the instruction at the branch target address is fetched. When its history is strongly or weakly
not-taken, the next sequential instruction is fetched. In either case the history is updated.

Data associated with a branch instruction enters the BTB the first time the branch is taken. This
data enters the BTB in a slot with a history of strongly not-taken (overwriting previous data when
present).

Successfully predicted branches avoid any branch-latency penalties in the super pipeline.
Unsuccessfully predicted branches result in a four-to-five-cycle, branch-latency penalty in the
super pipeline.

3.2.3 Instruction Memory Management Unit

For instruction pre-fetches, the Instruction Memory Management Unit (IMMU) controls logical-to-
physical address translation, memory access permissions, memory-domain identifications, and
attributes (governing operation of the instruction cache).

The IMMU contains a 32-entry, fully associative instruction-translation, look-aside buffer (ITLB)
that has a round-robin replacement policy. ITLB entries zero through 30 can be locked.

When an instruction pre-fetch misses in the ITLB, the IMMU invokes an automatic table-walk
mechanism that fetches an associated descriptor from memory and loads it into the ITLB. The
descriptor contains information for logical-to-physical address translation, memory-access
permissions, memory-domain identifications, and attributes governing operation of the I-cache.
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The IMMU then continues the instruction pre-fetch by using the address translation just entered
into the ITLB. When an instruction pre-fetch hits in the ITLB, the IMMU continues the pre-fetch
using the address translation already resident in the ITLB.

Access permissions for each of up to 16 memory domains can be programmed. When an
instruction pre-fetch is attempted to an area of memory in violation of access permissions, the
attempt is aborted and a pre-fetch abort is sent to the core for exception processing. The IMMU and
DMMU can be enabled or disabled together.

Data Memory Management Unit

For data fetches, the Data Memory Management Unit (DMMU) controls logical-to-physical
address translation, memory-access permissions, memory-domain identifications, and attributes
(governing operation of the data cache or mini-data cache and write buffer). The DMMU contains
a 32-entry, fully associative data-translation, look-aside buffer (DTLB) that has a round-robin
replacement policy. DTLB entries 0 through 30 can be locked.

When a data fetch misses in the DTLB, the DMMU invokes an automatic table-walk mechanism
that fetches an associated descriptor from memory and loads it into the DTLB. The descriptor
contains information for logical-to-physical address translation, memory-access permissions,
memory-domain identifications, and attributes (governing operation of the D-cache or mini-data
cache and write buffer).

The DMMU continues the data fetch by using the address translation just entered into the DTLB.
When a data fetch hits in the DTLB, the DMMU continues the fetch using the address translation
already resident in the DTLB.

Access permissions for each of up to 16 memory domains can be programmed. When a data fetch
is attempted to an area of memory in violation of access permissions, the attempt is aborted and a
data abort is sent to the core for exception processing.

The IMMU and DMMU can be enabled or disabled together.

Instruction Cache

The Instruction Cache (I-Cache) can contain high-use, multiple-code segments or entire programs,
allowing the core access to instructions at core frequencies. This prevents core stalls caused by
multi-cycle accesses to external memory.

The 32-Kbyte I-cache is 32-set/32-way associative, where each set contains 32 ways and each way
contains a tag address, a cache line of instructions (eight 32-bit words and one parity bit per word),
and a line-valid bit. For each of the 32 sets, 0 through 28 ways can be locked. Unlocked ways are
replaceable via a round-robin policy.

The I-cache can be enabled or disabled. Attribute bits within the descriptors — contained in the
ITLB of the IMMU — provide some control over an enabled I-cache.

When a needed line (eight 32-bit words) is not present in the I-cache, the line is fetched (critical
word first) from memory via a two-level, deep-fetch queue. The fetch queue allows the next
instruction to be accessed from the I-cache, but only when its data operands do not depend on the
execution results of the instruction being fetched via the queue.
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3.2.6 Data Cache

The Data Cache (D-Cache) can contain high-use data such as lookup tables and filter coefficients,
allowing the core access to data at core frequencies. This prevents core stalls caused by multi-cycle
accesses to external memory.

The 32-Kbyte D-cache is 32-set/32-way associative, where each set contains 32 ways and each
way contains a tag address, a cache line (32 bytes with one parity bit per byte) of data, two dirty
bits (one for each of two eight-byte groupings in a line), and one valid bit. For each of the 32 sets,
zero through 28 ways can be locked, unlocked, or used as local SRAM. Unlocked ways are
replaceable via a round-robin policy.

The D-cache (together with the mini-data cache) can be enabled or disabled. Attribute bits within
the descriptors, contained in the DTLB of the DMMU, provide significant control over an enabled
D-cache. These bits specify cache operating modes such as read and write allocate, write-back,
write-through, and D-cache versus mini-data cache targeting.

The D-cache (and mini-data cache) work with the load buffer and pend buffer to provide “hit-
under-miss” capability that allows the core to access other data in the cache after a “miss” is
encountered. The D-cache (and mini-data cache) works in conjunction with the write buffer for
data that is to be stored to memory.

3.2.7 Mini-Data Cache

The mini-data cache can contain frequently changing data streams such as MPEG video, allowing
the core access to data streams at core frequencies. This prevents core stalls caused by multi-cycle
accesses to external memory. The mini-data cache relieves the D-cache of data “thrashing” caused
by frequently changing data streams.

The 2-Kbyte, mini-data cache is 32-set/two-way associative, where each set contains two ways and
each way contains a tag address, a cache line (32 bytes with one parity bit per byte) of data, two
dirty bits (one for each of two eight-byte groupings in a line), and a valid bit. The mini-data cache
uses a round-robin replacement policy, and cannot be locked.

The mini-data cache (together with the D-cache) can be enabled or disabled. Attribute bits
contained within a coprocessor register specify operating modes write and/or read allocate, write-
back, and write-through.

The mini-data cache (and D-cache) work with the load buffer and pend buffer to provide “hit-
under-miss” capability that allows the core to access other data in the cache after a “miss” is
encountered. The mini-data cache (and D-cache) works in conjunction with the write buffer for
data that is to be stored to memory.

3.2.8 Fill Buffer and Pend Buffer

The four-entry fill buffer (FB) works with the core to hold non-cacheable loads until the bus
controller can act on them. The FB and the four-entry pend buffer (PB) work with the D-cache and
mini-data cache to provide “hit-under-miss” capability, allowing the core to seek other data in the
caches while “miss” data is being fetched from memory.
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3.2.9

3.2.10
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The FB can contain up to four unique “miss” addresses (logical), allowing four “misses” before the
core is stalled. The PB holds up to four addresses (logical) for additional “misses” to those
addresses that are already in the FB. A coprocessor register can specify draining of the fill and pend
(write) buffers.

Write Buffer

The write buffer (WB) holds data for storage to memory until the bus controller can act on it. The
WB is eight entries deep, where each entry holds 16 bytes. The WB is constantly enabled and
accepts data from the core, D-cache, or mini-data cache.

Coprocessor 15, Register 1 specifies whether WB coalescing is enabled or disabled. When
coalescing is disabled, stores to memory occur in program order — regardless of the attribute bits
within the descriptors located in the DTLB.

When coalescing is enabled, the attribute bits within the descriptors located in the DTLB are
examined to determine when coalescing is enabled for the destination region of memory. When
coalescing is enabled in both CP15, R1 and the DTLB, data entering the WB can coalesce with any
of the eight entries (16 bytes) and be stored to the destination memory region, but possibly out of
program order.

Stores to a memory region specified to be non-cacheable and non-bufferable by the attribute bits
within the descriptors located in the DTLB causes the core to stall until the store completes. A
coprocessor register can specify draining of the write buffer.

Multiply-Accumulate Coprocessor

For efficient processing of high-quality, media-and-signal-processing algorithms, the Multiply-
Accumulate Coprocessor (CPQ) provides 40-bit accumulation of 16 x 16, dual-16 x 16 (SIMD),
and 32 x 32 signed multiplies. Special MAR and MRA instructions are implemented to move the
40-bit accumulator to two core-general registers (MAR) and move two core-general registers to the
40-bit accumulator (MRA). The 40-bit accumulator can be stored or loaded to or from D-cache,
mini-data cache, or memory using two STC or LDC instructions.

The 16 x 16 signed multiply-accumulates (MIAxy) multiply either the high/high, low/low, high/
low, or low/high 16 bits of a 32-bit core general register (multiplier) and another 32-bit core
general register (multiplicand) to produce a full, 32-bit product that is sign-extended to 40 bits and
added to the 40-bit accumulator.

Dual-signed, 16 x 16 (SIMD) multiply-accumulates (MIAPH) multiply the high/high and low/low
16-bits of a packed 32-bit, core-general register (multiplier) and another packed 32-bit, core-
general register (multiplicand) to produce two 16-bits products that are both sign-extended to

40 bits and added to the 40-bit accumulator.

The 32 x 32 signed multiply-accumulates (MIA) multiply a 32-bit, core-general register
(multiplier) and another 32-bit, core-general register (multiplicand) to produce a 64-bit product
where the 40 LSBs are added to the 40-bit accumulator. The 16 x 32 versions of the 32 x 32
multiply-accumulate instructions complete in a single cycle.
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3.211

3.2.12

Functional Overview

Performance Monitoring Unit

The performance monitoring unit (PMU) contains two 32-bit, event counters and one 32-bit, clock
counter. The event counters can be programmed to monitor I-cache hit rate, data caches hit rate,
ITLB hit rate, DTLB hit rate, pipeline stalls, BTB prediction hit rate, and instruction execution
count.

Debug Unit

The debug unit is accessed through the JTAG port. The industry-standard, IEEE 1149.1 JTAG port
consists of a test access port (TAP) controller, boundary-scan register, instruction and data
registers, and dedicated signals TDI, TDO, TCK, TMS, and TRST#.

The debug unit — when used with debugger application code running on a host system outside of
the Intel XScale core — allows a program, running on the Intel XScale core, to be debugged. It
allows the debugger application code or a debug exception to stop program execution and redirect
execution to a debug-handling routine.

Debug exceptions are instruction breakpoint, data breakpoint, software breakpoint, external debug
breakpoint, exception vector trap, and trace buffer full breakpoint. Once execution has stopped, the
debugger application code can examine or modify the core’s state, coprocessor state, or memory.
The debugger application code can then restart program execution.

The debug unit has two hardware-instruction, break point registers; two hardware, data-breakpoint
registers; and a hardware, data-breakpoint control register. The second data-breakpoint register can
be alternatively used as a mask register for the first data-breakpoint register.

A 256-entry trace buffer provides the ability to capture control flow messages or addresses. A
JTAG instruction (LDIC) can be used to download a debug handler via the JTAG port to the mini-
instruction cache (the I-cache has a 2-Kbyte, mini-instruction cache, like the mini-data cache, that
is used only to hold a debug handler).
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Document Number: 306261-002 39

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

|
Package Information Inte|®

4.0 Package Information

This section contains information on the following topics:

* “Package Description” which includes “Package Drawings”, “Package Markings”, and “Part
Numbers”

* “Functional Signal Definitions” on page 46
* “Signal-Pin Descriptions” on page 89
* “Package Thermal Specifications” on page 114

4.1 Package Description

The IXP45X/1XP46X network processors are built using a 544-ball, plastic ball grid array (PBGA)
package with a drop-in heat spreader (H).

For all extended temperature products and the 667-MHz speed option of the commercial
temperature product, a 10-mm-high, thermal-adhesive-based heat sink will be required. The heat
sink does not force the addition of any surface area to the board design.

41.1 Package Drawings

The package is shown in Figure 5 and Figure 6.
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Figure 5.

544-Pin Lead PBGA Package — First of Two Drawings
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Figure 6.

544-Pin Lead PBGA Package — Second of Two Drawings
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4.1.2 Package Markings

Figure 7. Package Markings:
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors—
Extended and Commercial Temperature, Lead-Free / Compliant with Standard for
Restriction on the Use of Hazardous Substances (RoHS)

Package Information

Pin#1 L )

= EWIXP465AET <

I FPO# <

MXC) 04 <

ATPO# =

YWW KOREA=

Notes:

see Section 4.1.3.

1. Part Number field — For the different part numbers of Intel® IXP45X and Intel® [XP46X Product Line of Network Processors,

2. Package ball counts — Intel® IXP45X and Intel® IXP46X Product Line of Network Processors have a ball count of 544.
3. Drawing is not to scale. Marking content is an example.

Drop-In Heat Spreader
(24-mm Diameter)

Part Number 1
Finish Site Traceability Code
Lead-Free Designator (e1)
Intel Copyright

Assembly Site Traceability Code

Assembly Year (Y) and
Work Week (WW) and
Country of Origin

B4916-001

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet

Document Number: 306261-002

Downloaded from AFfOW.com.

May 2005
43


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Package Information In

®
Figure 8. Package Markings:
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors —
Commercial and Extended Temperature, Lead-Based
Drop-In Heat Spreader
(24-mm Diameter)
1
GWIXP465AET = Part Number
FPO# < Finish Site Traceability Code
|NTEL@© '04 = Intel Copyright
ATPO# = / Assembly Site Traceability Code
YWW KOREA= Assembly Year (Y) and
; Work Week (WW) and
Pin#1 >e Country of Origin
/

B4923-001

Notes:

1. Part Number field — For the different part numbers of Intel® IXP45X and Intel® IXP46X Product Line of Network Processors,
see Section 4.1.3.

2. Package ball counts — Intel® IXP45X and Intel® IXP46X Product Line of Network Processors have a ball count of 544.

3. Drawing is not to scale. Marking content is an example.

4.1.3 Part Numbers

The tables in this section list the part numbers for the IXP46X product line of network processors
(Table 6 and Table 7) and the IXP45X product line of network processors (Table 8 and Table 9).

| Tableé. Intel® IXP46X Product Line Part Numbers: Lead (pb) Packaging (Sheet 1 of 2)

| Device Stepping ?,a?_s; Part Number Tegf[;:rri?]t;re

| IXP465 A0 667 GWIXP465AE Commercial

| IXP465 A0 533 GWIXP465AD Commercial

| IXP465 A0 400 GWIXP465AC Commercial

| IXP465 A0 266 GWIXP465AB Commercial

| IXP460 A0 667 GWIXP460AE Commercial

| IXP460 A0 533 GWIXP460AD Commercial

| IXP460 A0 400 GWIXP460AC Commercial
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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Table 6.

Table 7.

Table 8.

Device Stepping ?l\aﬁs)’ Part Number Tegf;:f):rriert]tgre
IXP465 A0 667 EWIXP465AE Commercial
IXP465 A0 533 EWIXP465AD Commercial
IXP465 A0 400 EWIXP465AC Commercial
IXP465 A0 266 EWIXP465AB Commercial
IXP460 A0 667 EWIXP460AE Commercial
IXP460 A0 533 EWIXP460AD Commercial
IXP460 A0 400 EWIXP460AC Commercial
IXP460 A0 266 EWIXP460AB Commercial
IXP465 A0 667 EWIXP465AET Extended
IXP465 A0 533 EWIXP465ADT Extended
IXP465 A0 400 EWIXP465ACT Extended
IXP465 A0 266 EWIXP465ABT Extended
IXP460 A0 667 EWIXP460AET Extended
IXP460 A0 533 EWIXP460ADT Extended
IXP460 A0 400 EWIXP460ACT Extended
IXP460 A0 266 EWIXP460ABT Extended
Intel® IXP45X Product Line Part Numbers: Lead (pb) Packaging (Sheet 1 of 2)
Device Stepping ?I\F;Iﬁs)i Part Number Tegf[;:rri?]tgre
IXP455 A0 533 GWIXP455AD Commercial
IXP455 A0 400 GWIXP455AC Commercial
IXP455 A0 266 GWIXP455AB Commercial
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2022

Package Information

Intel® IXP46X Product Line Part Numbers: Lead (pb) Packaging (Sheet 2 of 2)

Device Stepping ?l\':/)lﬁ'ezt)j Part Number Tegfﬁ)grriar:tg re
IXP460 A0 266 GWIXP460AB Commercial
IXP465 A0 667 GWIXP465AET Extended
IXP465 A0 533 GWIXP465ADT Extended
IXP465 A0 400 GWIXP465ACT Extended
IXP465 A0 266 GWIXP465ABT Extended
IXP460 A0 667 GWIXP460AET Extended
IXP460 A0 533 GWIXP460ADT Extended
IXP460 A0 400 GWIXP460ACT Extended
IXP460 A0 266 GWIXP460ABT Extended

Intel® IXP46X Product Line Part Numbers: Lead Free (pb-free) Packaging
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Table 8. Intel® IXP45X Product Line Part Numbers: Lead (pb) Packaging (Sheet 2 of 2)
. . Speed Temperature
Device Stepping (MH2) Part Number Offering
I IXP455 A0 533 GWIXP455ADT Extended
[ IXP455 A0 400 GWIXP455ACT Extended
I IXP455 A0 266 GWIXP455ABT Extended
| Table®. Intel® IXP45X Product Line Part Numbers: Lead Free (pb-free) Packaging
. . Speed Temperature
| Device Stepping (MH2) Part Number Offering
I IXP455 A0 533 EWIXP455AD Commercial
I IXP455 A0 400 EWIXP455AC Commercial
I IXP455 A0 266 EWIXP455AB Commercial
[ IXP455 A0 533 EWIXP455ADT Extended
I IXP455 A0 400 EWIXP455ACT Extended
[ IXP455 A0 266 EWIXP455ABT Extended
4.2 Functional Signal Definitions

The signal definition tables list pull-up and pull-down resistor recommendations when the
particular enabled interface is not being used in the application. These external resistor
requirements are only needed if the particular model of IXP45X/IXP46X network processors has
the particular interface enabled and the interface is not required in the application.

Warning: None of the IXP45X/IXP46X network processors’ 1/O pins are 5-V tolerant.

Disabled features within the IXP45X/1XP46X network processors do not require external resistors,
as the processor will have internal pull-up or pull-down resistors enabled as part of the disabled
interface. To determine which interfaces are not enabled within the IXP45X/IXP46X network
processors, see Table 1 on page 14.

Table 10 presents the legend for interpreting the Type field in the other tables in this section of the

document.
Table 10. Signal Type Definitions (Sheet 1 of 2)
Symbol Description
| Input pin only
(0] Output pin only
1/0 Pin can be either an input or output
oD Open Drain pin
PWR Power pin
GND Ground pin
1 Driven to Vcc
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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intel.

Table 10. Signal Type Definitions (Sheet 2 of 2)

Symbol Description
0 Driven to Vss
X Driven to unknown state
ID Input is disabled
H Pulled up to Vcc
Pulled to Vss
PD Pull-up Disabled
z Output Disabled
VO A valid output level is driven, allowed states -- 1, 0, H
VB Valid level on the signal, allowed states - 1, 0, H, Z
VI ;leed to drive a valid input level, allowed states - 1, 0, H,
VOD Valid Open Drain output, allowed states are 0 or Z
PE Pull-up Enabled, equivalent to H
TRI Output Only/Tristatable
ePU External 10K ohm Pull-Up is required on the board
N/C No Connect

Pin must be connected as described

This section includes the following tables:

Table 11, “DDR SDRAM Interface” on page 48
Table 12, “PCI Controller” on page 50

Table 13, “High-Speed, Serial Interface 0” on page 55

Table 14, “High-Speed, Serial Interface 1” on page 57

Table 15, “UTOPIA Level 2/MI1_A/ SMII[4] Interface” on page 59

Table 16, “MII/SMII Interfaces” on page 68

Table 17, “Expansion Bus Interface” on page 76
Table 18, “UART Interfaces” on page 79

Table 19, “Serial Peripheral Port Interface” on page 81
Table 20, “I2C Interface” on page 82

Table 21, “USB Host/Device Interfaces” on page 83
Table 22, “Oscillator Interface” on page 84

Table 23, “GPIO Interface” on page 85

Table 24, “JTAG Interface” on page 86

Table 25, “System Interface” on page 86

Table 26, “Power Interface” on page 88

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet

Document Number: 306261-002
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In Package Information

4.3 Signal-Pin Descriptions

When designing with a multifunction processor, sometimes a board design may be built to allow a
group of products to be produced from a single board design. When this occurs, some features of a
given processor may not be used. The Intel® IXP45X and Intel® IXP46X Product Line of Network
Processors Hardware Design Guidelines gives the system designer a guide to determine how the
signals must be conditioned and how the part behaves under given configurations.

Table 27. Processors’ Ball Map Assignments (Sheet 1 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
A1 VSS X X X
A2 VSS X X X
[ A3 DDRI_CB[0] X X
A4 DDRI_CK_N[1] X X X
A5 DDRI_DM[3] X X X
A6 DDRI_DQ[30] X X X
A7 DDRI_DQ[26] X X X
A8 DDRI_DQ[25] X X X
A9 DDRI_DQ[22] X X X
A10 DDRI_DQ[18] X X X
A11 DDRI_MA[4] X X X
A12 VSS X X X
A13 DDRI_MA[0] X X X
A14 DDRI_MA[8] X X X
A15 DDRI_BA[1] X X X
A16 VCCM X X X
A17 DDRI_CS_N[1] X X X
A18 DDRI_CAS_N X X X
A19 DDRI_DM[1] X X X
A20 DDRI_DQ[13] X X X
A21 DDRI_DQJ11] X X X
A22 DDRI_DM[0] X X X
A23 DDRI_DQI[6] X X X
A24 VCCM X X X
A25 VSS X X X
A26 VSS X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
Document Number: 306261-002 89
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Package Information In

®
Table 27. Processors’ Ball Map Assignments (Sheet 2 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
B1 VSS X X X
B2 VSS X X X
I B3 DDRI_CB[2] X X
I B4 DDRI_CB[1] X X
B5 DDRI_CK{[1] X X X
B6 DDRI_DQS[3] X X X
B7 DDRI_DQ[31] X X X
B8 DDRI_DQ[24] X X X
B9 DDRI_DQ[21] X X X
B10 DDRI_DQ[23] X X X
B11 DDRI_DQJ[17] X X X
B12 DDRI_MA[5] X X X
B13 DDRI_MA[7] X X X
B14 DDRI_MA[9] X X X
B15 DDRI_MA[11] X X X
B16 DDRI_CS_NI[0] X X X
B17 DDRI_RAS N X X X
B18 DDRI_VREF X X X
B19 DDRI_DQS[1] X X X
B20 DDRI_DQJ[14] X X X
B21 DDRI_DQS[0] X X X
B22 DDRI_DQ[5] X X X
B23 DDRI_DQI[7] X X X
B24 VCCP X X X
B25 USB_HPEN X X X
B26 VSS X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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intel.

Package Information

Table 27. Processors’ Ball Map Assignments (Sheet 3 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455

C1 PCI_AD[30] X X X
c2 PCI_GNT_N[O] X X X

[ c3 DDRI_CB[3] X X

[ c4 DDRI_CBI[5] X X

[ c5 DDRI_CB[7] X X
C6 DDRI_DQS[4] X X X
c7 DDRI_DQ[28] X X X
cs DDRI_DQ[27] X X X
c9 DDRI_DM[2] X X X
C10 VCCM X X X
c1 DDRI_DQ[16] X X X
C12 VSS X X X
c13 DDRI_MA[1] X X X
C14 VCCM X X X
c15 DDRI_BA[0] X X X
C16 DDRI_CKE[0] X X X
c17 DDRI_CK[0] X X X
Cc18 DDRI_RCVENOUT_N X X X
C19 DDRI_DQ[15] X X X
C20 DDRI_DQ[10] X X X
C21 DDRI_DQ[4] X X X
Cc22 DDRI_DQ[3] X X X
c23 DDRI_DQJ[2] X X X
C24 VSS X X X
C25 EX_CS N[2] X X X
C26 EX_CS_N[5] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and

requirements, see Section 4.2, “Functional Signal Definitions” on page 46.

NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
Document Number: 306261-002
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Package Information In

®
Table 27. Processors’ Ball Map Assignments (Sheet 4 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
D1 VCCP X X X
D2 PCI_REQ N[1] X X X
D3 PCI_GNT_N[1] X X X
D4 VSS X X X
[ D5 DDRI_CB[4] X X
I D6 DDRI_CB[6] X X
D7 DDRI_DM[4] X X X
D8 DDRI_DQJ[29] X X X
D9 VSS X X X
D10 DDRI_DQS|[2] X X X
D11 DDRI_DQJ[19] X X X
D12 DDRI_MA[3] X X X
D13 DDRI_MA[6] X X X
D14 DDRI_MA[10] X X X
D15 DDRI_MA[13] X X X
D16 DDRI_CKE[1] X X X
D17 DDRI_CK_N[0] X X X
D18 DDRI_DQJ[12] X X X
D19 DDRI_DQ[9] X X X
D20 DDRI_DQI8] X X X
D21 VCCM X X X
D22 DDRI_DQI[1] X X X
D23 DDRI_DQI0] X X X
D24 EX_CS_N[1] X X X
D25 EX_CS_N[4] X X X
D26 VCCP X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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intel.

Package Information

Table 27. Processors’ Ball Map Assignments (Sheet 5 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
E1 PCI_ADI[26] X X X
E2 PCI_ADI[28] X X X
E3 PCI_REQ_NIO0] X X X
E4 PCI_GNT_N[2] X X X
E5 VSS X X X
E6 VSS X X X
E7 VCCM X X X
E8 VCCM X X X
E9 VCCM X X X
E10 VSS X X X
E11 DDRI_DQ[20] X X X
E12 VCCM X X X
E13 DDRI_MA[2] X X X
E14 VSS X X X
E15 DDRI_MA[12] X X X
E16 DDRI_WE_N X X X
E17 DDRI_RCVENIN_N X X X
E18 VSS X X X
E19 VSS X X X
E20 VCCM X X X
E21 VSS X X X
E22 VSS X X X
E23 USB_HPWR X X X
E24 EX_CS_N[3] X X X
E25 EX_GNT_N[1] X X X
E26 EX_REQ_N[2] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 6 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
F1 PCI_AD[21] X X X
F2 PCI_CBE_N[3] X X X
F3 VCCP X X X
F4 PCI_ADI[31] X X X
F5 PCI_GNT_N[3] X X X
F6 VSS X X X
F7 DDRI_CK[2] X X X
F8 VSS X X X
F9 VCCM X X X
F10 VCC X X X
F11 VCC X X X
F12 VCC X X X
F13 VCC X X X
F14 VCC X X X
F15 VCC X X X
F16 VCC X X X
F17 VSS X X X
F18 VSS X X X
F19 VSS X X X
F20 VSS X X X
F21 SPARE1 X X X
F22 VSS X X X
F23 EX_CS_NI[0] X X X
F24 EX_GNT_REQ N X X X
F25 EX_REQ _N[1] X X X
F26 VSS X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 7 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
G1 PCI_AD[18] X X X
G2 PCI_ADI[20] X X X
G3 PCI_AD[22] X X X
G4 PCI_AD[25] X X X
G5 PCI_REQ_N[3] X X X
G6 PCI_INTA_N X X X
G7 RCOMP_REF X X X
G8 DDRI_CK_N[2] X X X
G9 VCC X X X
G10 VCC X X X
G11
G12
G13
G14
G15
G16
G17 VCC X X X
G18 VCC X X X
G19 VCC X X X
G20 DDRI_RCOMP X X X
G21 USB_DPOS X X X
G22 USB_HPOS X X X
G23 EX_SLAVE_CS_N X X X
G24 EX_REQ_GNT_N X X X
G25 EX_ADDR[22] X X X
G26 EX_ADDR[18] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 8 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
H1 VCCP X X X
H2 PCI_ADI[17] X X X
H3 VSS X X X
H4 PCI_AD[24] X X X
H5 PCI_ADI[29] X X X
H6 PCI_REQ _N[2] X X X
H7 PCI_SERR_N X X X
H8
H9
H10
H11
H12
H13
H14
H15
H16
H17
H18
H19
H20 USB_DNEG X X X
H21 USB_HNEG X X X
H22 EX_CS_N[7] X X X
H23 EX_GNT_N[3] X X X
H24 EX_ADDR[23] X X X
H25 EX_ADDR[21] X X X
H26 EX_ADDR[17] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.

May 2005
9

Downloaded from AFfOW.com.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet

Document Number: 306261-002


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

[ ]
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Table 27. Processors’ Ball Map Assignments (Sheet 9 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
J1 PCI_CLKIN X X X
J2 PCI_FRAME_N X X X
J3 PCI_ADI[16] X X X
J4 PCI_AD[19] X X X
J5 PCI_ADI[23] X X X
J6 PCI_ADI[27] X X X
J7 VCC X X X
J8
J9
J10
J1
J12
J13
J14
J15
J16
J17
J18
J19
J20 VCC X X X
J21 EX_CS_N[6] X X X
J22 VSS X X X
J23 EX_ADDR[24] X X X
J24 EX_ADDR[20] X X X
J25 EX_ADDR[5] X X X
J26 VCCP X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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®
Table 27. Processors’ Ball Map Assignments (Sheet 10 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
K1 VSS X X X
K2 PCI_DEVSEL_N X X X
K3 PCI_CBE_N[2] X X X
K4 PCI_STOP_N X X X
K5 VSS X X X
K6 PCI_IDSEL X X X
K7 VCC X X X
K8
K9
K10
K11
K12
K13
K14
K15
K16
K17
K18
K19
K20 VCC X X X
K21 EX_GNT_N[2] X X X
K22 EX_REQ_N[3] X X X
K23 EX_ADDR[19] X X X
K24 EX_ADDR[4] X X X
K25 EX_RD_N X X X
K26 EX_CLK X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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intel.

Table 27. Processors’ Ball Map Assignments (Sheet 11 of 26)

Package Information

Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
L1 PCI_AD[11] X X X
L2 PCI_CBE_N[1] X X X
L3 PCI_PERR_N X X X
L4 PCI_PAR X X X
L5 PCI_IRDY_N X X X
L6 VCC X X X
L7
L8
L9
L10
L1 VSS X X X
L12 VSS X X X
L13 VSS X X X
L14 VSS X X X
L15 VSS X X X
L16 VSS X X X
L17
L18
L19
L20
L21 VCC X X X
L22 VCCP X X X
L23 EX_ALE X X X
L24 EX_BE_N[0] X X X
L25 EX_BE_N[2] X X X
L26 EX_BE_N[3] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 12 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
M1 PCI_CBE_N[0] X X X
M2 PCI_AD[12] X X X
M3 PCI_AD[14] X X X
M4 PCI_ADI[13] X X X
M5 PCI_ADI[15] X X X
M6 VCC X X X
M7
M8
M9
M10
M11 VSS X X X
M12 VSS X X X
M13 VSS X X X
M14 VSS X X X
M15 VSS X X X
M16 VSS X X X
M17
M18
M19
M20
M21 VCC X X X
M22 EX_WR_N X X X
M23 EX_BE_N[1] X X X
M24 VSS X X X
M25 EX_IOWAIT_N X X X
M26 EX_RDY_N[O0] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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intel.

Package Information

Table 27. Processors’ Ball Map Assignments (Sheet 13 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
N1 PCI_AD[6] X X X
N2 PCI_AD[4] X X X
N3 VCCP X X X
N4 PCI_ADI[10] X X X
N5 PCI_ADI[9] X X X
N6 VCC X X X
N7
N8
N9
N10
N11 VSS X X X
N12 VSS X X X
N13 VSS X X X
N14 VSS X X X
N15 VSS X X X
N16 VSS X X X
N17
N18
N19
N20
N21 VCC X X X
N22 EX_ADDR[3] X X X
N23 EX_ADDR[2] X X X
N24 EX_RDY_N[1] X X X
N25 EX_RDY_NI[2] X X X
N26 EX_RDY_N[3] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Package Information In

®
Table 27. Processors’ Ball Map Assignments (Sheet 14 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
P1 VSS X X X
P2 PCI_TRDY_N X X X
P3 PCI_AD[2] X X X
P4 PCI_ADI8] X X X
P5 PCI_ADI0] X X X
P6 VCC X X X
P7
P8
P9
P10
P11 VSS X X X
P12 VSS X X X
P13 VSS X X X
P14 VSS X X X
P15 VSS X X X
P16 VSS X X X
P17
P18
P19
P20
P21 VCC X X X
P22 EX_DATA[23] X X X
P23 EX_PARITY[1] X X X
P24 EX_PARITY[2] X X X
P25 EX_BURST X X X
P26 EX_WAIT_N X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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intel.

Package Information

Table 27. Processors’ Ball Map Assignments (Sheet 15 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
R1 PCI_AD[7] X X X
R2 PCI_AD[5] X X X
R3 PCI_AD[3] X X X
R4 PCI_AD[1] X X X
R5 HSS_TXFRAMEO X X
R6 VCC X X X
R7
R8
R9
R10
R11 VSS X X X
R12 VSS X X X
R13 VSS X X X
R14 VSS X X X
R15 VSS X X X
R16 VSS X X X
R17
R18
R19
R20
R21 VCC X X X
R22 VCC X X X
R23 EX_DATA[21] X X X
R24 EX_DATA[22] X X X
R25 EX_DATA[15] X X X
R26 VCCP X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Package Information In

®
Table 27. Processors’ Ball Map Assignments (Sheet 16 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
T HSS_TXDATAO X X
T2 HSS_TXCLKO X X
T3 HSS_RXFRAMEO X X
T4 HSS_RXDATAO X X
T5 HSS_RXCLKO X X
T6 ETHC_TXEN X X X
T7
T8
T9
T10
T11 VSS X X X
T12 VSS X X X
T13 VSS X X X
T14 VSS X X X
T15 VSS X X X
T16 VSS X X X
T17
T18
T19
T20
T21 VCC X X X
T22 EX_DATA[17] X X X
T23 EX_DATA[11] X X X
T24 VSS X X X
T25 EX_DATA[13] X X X
T26 EX_DATA[14] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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intel.

Package Information

Table 27. Processors’ Ball Map Assignments (Sheet 17 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
U1 HSS_TXFRAME1 X X
u2 HSS_TXDATA1 X X
u3 VCCP X X X
u4 HSS_TXCLK1 X X
us VSS X X X
ué ETHC_RXDV X X X
u7 VCC X X X
us
U9
u10
U11
u12
u13
u14
u15
u16
u17
u18
u19
u20 VCC X X X
u21 EX_DATA[28] X X X
u22 EX_DATA[30] X X X
u23 EX_DATA[16] X X X
u24 EX_DATA[18] X X X
u25 EX_DATA[12] X X X
u26 EX_DATA[20] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Package Information In

®
Table 27. Processors’ Ball Map Assignments (Sheet 18 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
V1 HSS_RXFRAME1 X X
V2 HSS_RXDATA1 X X
V3 HSS_RXCLK1 X X
V4 ETHC_TXDATA[1] X X X
V5 ETHC_RXDATA[3] X X X
V6 VCC X X X
V7 VCC X X X
V8
V9
V10
V11
V12
V13
V14
V15
V16
V17
V18
V19
V20 VCC X X X
V21 EX_DATA[25] X X X
V22 VSS X X X
V23 EX_DATA[6] X X X
V24 EX_DATA[8] X X X
V25 EX_DATA[10] X X X
V26 EX_DATA[19] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
106 Document Number: 306261-002

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

[ ]
Intel® Package Information

Table 27. Processors’ Ball Map Assignments (Sheet 19 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
W1 VCCP X X X
w2 ETHC_TXDATA[3] X X
W3 VSS X X X
w4 ETHC_RXDATA[2] X X X
W5 ETHC_CRS X X X
W6 ETHB_COL X X X
w7 ETHB_TXDATA[O] SMII_TXDATA[O] X X X
W8
W9
W10
W11
W12
W13
W14
W15
W16
W17
w18
W19
W20 EX_ADDR[12] X X X
W21 EX_ADDR[6] X X X
w22 EX_DATA[2] X X X
W23 VCCP X X X
W24 EX_DATA[29] X X X
W25 EX_DATA[31] X X X
W26 EX_DATA[9] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 20 of 26)
Ball Signal Name Processor Number

Configuration 1 ‘ Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455

Y1 ETHC_TXDATA[2] X X X

Y2 ETHC_TXDATA[0] ‘ SMII_TXDATA[5] ‘ X X X

Y3 ETHC_RXDATA[1] X X X

Y4 ETHC_COL X X X

Y5 ETHB_TXEN SMII_TXCLK X X X

Y6 ETHB_TXDATA[1] SMII_TXDATA[1] X Conﬁg)_(l only Conﬁg%(lonly

Y7 VCCP X X X

Y8 ETHB_RXDATA[3] SMII_RXDATA[3] X Config).(l only Config).(l only

Y9 VCC X X X

Y10 VCC X X X

Y11

Y12

Y13

Y14

Y15

Y16

Y17 VCC X X X

Y18 VCC X X X

Y19 EX_ADDR[13] X X X

Y20 EX_ADDR[11] X X X

Y21 EX_ADDR[10] X X X

Y22 EX_ADDR[7] X X X

Y23 EX_DATA[1] X X X

Y24 EX_DATA[4] X X X

Y25 EX_DATA[5] X X X

Y26 EX_DATA[7] X X X

NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and

requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 21 of 26)
Ball Signal Name Processor Number
Configuration 1 | Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455

AA1 ETHC_TXCLK X X X
AA2 | ETHC_RXDATA[O] | SMII_RXDATA[5] | X X X
AA3 VSS X X X

| AA4 | ETHB_TXDATA[3] SMII_TXDATA[3] X Conﬂg%(l only Conﬁg%(l only
AA5 VSS X X X
AAG SPARE2
AA7 ETHB_RXDV SMII_RXSYNC X X X

| AA8 | ETHB_RXDATA[1] SMII_RXDATA[1] X Conﬂg%(l only Conﬁg%(l only
AA9 | UTP_OP_DATA[4] ETHA_TXEN X X
AA10 | UTP_IP_DATA[3] ETHA_RXDATA[3] X X
AA11 VCC X X X
AA12 VCC X X X
AA13 VCC X X X
AA14 VCC X X X
AA15 VCC X X X
AA16 VCC X X X
AA17 GPIO[7] X X X
AA18 GPIO[1] X X X
AA19 SSP_RXD X X X
AA20 EX_ADDR[14] X X X
AA21 VSS X X X
AA22 EX_ADDR[0] X X X
AA23 EX_PARITY[3] X X X
AA24 EX_DATA[26] X X X
AA25 EX_DATA[27] X X X
AA26 VSS X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and

requirements, see Section 4.2, “Functional Signal Definitions” on page 46.

NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 22 of 26)
Ball Signal Name Processor Number
Configuration 1 ‘ Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455

AB1 ETHC_RXCLK X X X
AB2 ETH_MDIO X X X

| AB3 | ETHB_TXDATA[2] SMII_TXDATA[2] X Conﬁg)_(l only Conﬁg%(lonly
AB4 VSS X X X
AB5 VSS X X X
AB6 VSS X X X

| AB7 | ETHB_RXDATA[2] | SMIl_RXDATA[2] X Config).(l only Conﬁg)fl only
AB8 UTP_OP_DATA[5] X X
AB9 VSS X X X
AB10 UTP_OP_FClI X X
AB11 VCCPLL2 X X X
AB12 VCCPLL3 X X X
AB13 VCC X X X
AB14 PLL_LOCK X X X
AB15 VCCP X X X
AB16 RXDATAO X X X
AB17 GPIO[12] X X X
AB18 GPIO[8] X X X
AB19 VCCP X X X
AB20 I2C_SDA X X X
AB21 VSS X X X
AB22 VCCP X X X
AB23 EX_ADDRI[1] X X X
AB24 EX_PARITY[0] X X X
AB25 EX_DATA[24] X X X
AB26 EX_DATA[3] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and

requirements, see Section 4.2, “Functional Signal Definitions” on page 46.

NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 23 of 26)
Signal Name Processor Number
Ball Configuration 1 | Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455

AC1 ETH_MDC X X X
AC2 ETHB_CRS | SMII_SYNC | SMII_TXSYNC X X X
AC3 VCCP X X X
AC4 VSS X X X
AC5 VCCP X X X
AC6 | UTP_OP_DATA[7] SMII_TXDATA[4] X X
AC7 | UTP_OP DATA[3] | ETHA_TXDATA[3] X X
AC8 | UTP_IP_DATA[5] ETHA_COL X X
AC9 UTP_OP_FCO X X
AC10 VCCP X X X
AC11 UTP_IP_FCI X X
AC12 VCCPLL1 X X X
AC13 UTP_IP_ADDR[4] X X
AC14 RESET_IN_N X X X
AC15 JTG_TMS X X X
AC16 JTG_TCK X X X
AC17 CTSO N X X X
AC18 GPIO[14] X X X
AC19 GPIO[9] X X X
AC20 GPIO[4] X X X
AC21 SSP_TXD X X X
AC22 EX_ADDR[15] X X X
AC23 VSS X X X
AC24 EX_ADDRI9] X X X
AC25 EX_DATA[0] X X X
AC26 VCCP X X X

Blank field indicates no physical

ball on package.

NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
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Table 27. Processors’ Ball Map Assignments (Sheet 24 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
AD1 ETHB_TXCLK SMII_CLK X X X
AD2 ETHB_RXCLK SMII_RXCLK X X X
AD3 | ETHB_RXDATA[O] SMII_RXDATA[0] X X X
AD4 | UTP_IP_DATA[T7] SMII_RXDATA[4] X X
AD5 VCCP X X X
AD6 | UTP_IP_DATA[6] ETHA_CRS X X
AD7 VSS X X X
ADS8 UTP_OP_SOC X X
AD9 UTP_OP_ADDRJ[3] X X
AD10 UTP_IP_SOC X X
ADM1 OSC_vccCP X X X
AD12 OSC_VSS X X X
AD13 OSC_vcC X X
AD14 UTP_IP_ADDRI[0] X X
AD15 VSS X X X
AD16 JTG_TDI X X X
AD17 TXDATAL X X X
AD18 TXDATAO X X X
AD19 VSS X X X
AD20 GPIO[13] X X X
AD21 GPIO[5] X X X
AD22 GPIO[0] X X X
AD23 SSP_SFRM X X X
AD24 12C_SCL X X X
AD25 EX_ADDR[16] X X X
AD26 EX_ADDR[8] X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Package Information

Table 27. Processors’ Ball Map Assignments (Sheet 25 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 | Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455
AE1 VSS X X X
AE2 UTP_OP_DATA[6] X X
AE3 | UTP_OP_DATA[2] ETHA_TXDATA[2] X X
AE4 | UTP_OP_DATA[1] ETHA_TXDATA[1] X X
AE5 UTP_IP_DATA[4] ETHA_RXDV X X
AE6 | UTP_IP_DATA[1] ETHA_RXDATA[1] X X
AE7 VCCP X X X
AE8 UTP_OP_ADDR[4] X X
AE9 UTP_OP_ADDRJ[1] X X
AE10 UTP_IP_FCO X X
AE11 OSC_VSSP X X X
AE12 OSC_VSSP X X X
AE13 UTP_IP_ADDR[3] X X
AE14 UTP_IP_ADDR[1] X X
AE15 VCCP X X X
AE16 SCANTESTMODE_N X X X
AE17 JTG_TDO X X X
AE18 RXDATA1 X X X
AE19 RTS1_N X X X
AE20 RTSO_N X X X
AE21 GPIO[15] X X X
AE22 GPIO[6] X X X
AE23 GPIO[2] X X X
AE24 SSP_SCLK X X X
AE25 SSP_EXTCLK X X X
AE26 VSS X X X
NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.
Blank field indicates no physical ball on package.
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Table 27. Processors’ Ball Map Assignments (Sheet 26 of 26)
Signal Name Processor Number
Ball Configuration 1 Configuration 2 ‘ Configuration 3 | Intel® IXP465 | Intel® IXP460 | Intel® IXP455

AF1 VSS X X X
AF2 VSS X X X
AF3 | UTP_OP_DATA[0] | ETHA_TXDATA[O] X X
AF4 | UTP_IP_DATA[2] ETHA_RXDATA[2] X X
AF5 VSS X X X
AF6 | UTP_IP_DATA[O] ETHA_RXDATA[O] X X
AF7 UTP_OP_CLK ETHA_TXCLK X X
AF8 UTP_OP_ADDR][2] X X
AF9 UTP_OP_ADDRI0] X X
AF10 UTP_IP_CLK ETHA_RXCLK ‘ X X
AF11 OSC_IN X X X
AF12 VCCP X X X
AF13 OSC_OouT X X
AF14 UTP_IP_ADDR[2] X X
AF15 BYPASS_CLK X X X
AF16 PWRON_RESET_N X X X
AF17 HIGHZ_N X X X
AF18 JTG_TRST_N X X X
AF19 VCCP X X X
AF20 CTS1N X X X
AF21 VSS X X X
AF22 GPIO[11] X X X
AF23 GPIO[10] X X X
AF24 GPIO[3] X X X
AF25 VSS X X X
AF26 VSS X X X

NOTE: Interfaces not being utilized at a system level may require external pull-up or pull-down resistors. For specific details and
requirements, see Section 4.2, “Functional Signal Definitions” on page 46.
NOTE: Configuration 1,2 and 3 are set by the Expansion bus configuration when Reset is deasserted.

Blank field indicates no physical ball on package.

4.4

Package Thermal Specifications

The thermal parameters defined in Table 28 and Table 29 are based on simulated results of
packages assembled on standard multi-layer, 2s2p, 1.0-0z copper layer boards in a natural
convection environment. The maximum case temperature is based on the maximum junction
temperature and defined by the relationship:

Tease MaxX = Tjmay - (Fy7 X Power)
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Table 28.

Table 29.

5.0

Electrical Specifications

Where ;7 is the junction-to-package top thermal characterization parameter. If the case
temperature exceeds the specified T, Mmax, thermal enhancements such as heat sinks or forced air
will be required. In the tables below, @, is the package junction-to-air thermal resistance.

2.8-Watt Maximum Power Dissipation

Package Type Estimated Power On W Tynee Max. +
(TPD)

35mm HSBGA 2.8W 12.5°C/W 1.4°C/W 116°C

1 This is a not to exceed maximum allowable case temperature.
3.3-Watt Maximum Power Dissipation

Package Type Estimated Power Oa . Tonee Max.
(TPD)

35mm HSBGA 3.3W 12.5°C/W 1.4°CIW 115°C

1 This is a not to exceed maximum allowable case temperature.

Electrical Specifications

5.1

Warning:

Absolute Maximum Ratings

Parameter

Maximum Rating

Ambient Air Temperature (Extended)

-40°Cto 85°C

Ambient Air Temperature (Commercial) 0°Cto70°C

Supply Voltage Core -0.3Vto2.1V
Supply Voltage /0 -0.3Vto3.6V
Supply Voltage DDR -0.3Vto 2.75V
Supply Voltage Oscillator (Vecosc) -0.3Vto2.1V
Supply Voltage Oscillator (Vccoscp) -0.3Vto3.6V
Supply Voltage PLL (Vecpy (1) 0.3Vto21V
Supply Voltage PLL (Vceppy2) -03Vto21V
Supply Voltage PLL (Vceppy3) -03Vto21V
Voltage On Any 1/O Ball -0.3Vto 3.6V

Storage Temperature

-55°C to 125° C

Stressing the device beyond the “absolute maximum ratings” may cause permanent damage. These

are stress ratings only. Operation beyond the “operating conditions” is not recommended and

extended exposure beyond the “operating conditions” may affect device reliability.
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Electrical Specifications Inte|®

5.2 VeepLL1: VeepLr2: YeepLrs: Yecoser Yecosc Pin
Requirements

To reduce voltage-supply noise on the analog sections of the IXP45X/1XP46X network processors,
the phase-lock loop circuits (Veepr 1. VeepLL2: VeeplLa) and oscillator circuit (Vecoscp
Vccosc) require isolated voltage supplies.

The filter circuits for each supply are shown in the following sections.

52.1 VCCPLLl ReC]Uirement

A parallel combination of a 10-nF capacitor (for bypass) and a 200-nF capacitor (for a first-order
filter with a cut-off frequency below 30 MHz) must be connected to the Vcpy 1 pin of the
IXP45X/1XP46X network processors.

The ground of both capacitors should be connected to the nearest Vg5 supply pin. Both capacitors
should be located less than 0.5 inch away from the Vcpp 1 pin and the associated Vgg pin. In
order to achieve the 200-nF capacitance, a parallel combination of two 100-nF capacitors may be
used as long as the capacitors are placed directly beside each other.

Figure 9. VcepLL 1 Power Filtering Diagram
Vcc
e VCCPLL1
l ‘ ‘ Intel®
IXP45X/IXP46X
10 nF —/ 100 nF ————100 nF N5et\fvork 6
\ TT Vss Processors
— VSS
5.2.2 VeepLL2 Requirement

A parallel combination of a 10-nF capacitor (for bypass) and a 200-nF capacitor (for a first-order
filter with a cut-off frequency below 30 MHz) must be connected to the Vcpy 2 pin of the
IXP45X/1XP46X network processors.

The ground of both capacitors should be connected to the nearest Vgg supply pin. Both capacitors
should be located less than 0.5 inch away from the Vccpy (2 pin and the associated Vgg pin. In
order to achieve the 200-nF capacitance, a parallel combination of two 100-nF capacitors may be
used as long as the capacitors are placed directly beside each other.
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Figure 10.

5.2.3

Figure 11.

5.24
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VcepLL2 Power Filtering Diagram

Voo
‘ VecerpLLe Intel®
l ‘ ‘ IXP45X/IXP 46X
10 nF == 100 nF —————100 nF Network
\ TT Vss Processors
L
— Vss

VeepLLz Requirement

A parallel combination of a 10-nF capacitor (for bypass) and a 200-nF capacitor (for a first-order
filter with a cut-off frequency below 30 MHz) must be connected to the Vcp | 3 pin of the
IXP45X/IXP46X network processors.

The ground of both capacitors should be connected to the nearest Vsg supply pin. Both capacitors
should be located less than 0.5 inch away from the Vcp| | 3 pin and the associated Vgg pin. In
order to achieve the 200-nF capacitance, a parallel combination of two 100-nF capacitors may be
used as long as the capacitors are placed directly beside each other.

VcepLL3 Power Filtering Diagram

Vcc
T VecepLLs
‘ i ‘ ‘ Intel®
IXP45X/IXP46X
10 nF —/— 100 nF ————100 nF N56tV/VOI’k 6
\ TT Vss Processors

Vcecoscp Requirement

A single, 170-nF capacitor must be connected between the Vcp oscp Pin and Vggp ogcp pin of
the IXP45X/IXP46X network processors. This capacitor value provides both bypass and filtering.

When 170 nF is an inconvenient size, capacitor values between 150 nF to 200 nF can be used with
little adverse effects, assuming that the effective series resistance of the 200-nF capacitor is under
50 mQ

In order to achieve a 200-nF capacitance, a parallel combination of two 100-nF capacitors may be
used as long as the capacitors are placed directly beside each other. Vggp ggcp is made up with two
pins, AD10 and AF10. Ensure that both pins are connected as shown in Figure 12.
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Figure 12.

5.2.5

Figure 13.
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Vccoscp Power Filtering Diagram

intel.

Vccosce

1

——170 nF
Vssosce

‘jvss

Vssosce

Inte!®
IXP45X/IXP46X
Network
Processors

Vecosc Requirement

A parallel combination of a 10-nF capacitor (for bypass) and a 200-nF capacitor (for a first-order
filter with a cut-off frequency below 33 MHz) must be connected to both of the Vcgsc pins of the
IXP45X/1XP46X network processors.

The grounds of both capacitors should be connected to the Vggosc supply pin. Both capacitors
should be located less than 0.5 inch away from the Vcosc pin and the associated Vggogc pin.

In order to achieve a 200-nF capacitance, a parallel combination of two 100-nF capacitors may be

used as long as the capacitors are placed directly beside each other.

Vccosc Power Filtering Diagram

Vee
| Vccosc
10 nF — 100 nF=— ——100 nF

Vssosc

— Vss
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5.3 RCOMP Pin Requirements

Figure 14 shows the requirements for the RCOMP pin.
Figure 14. RCOMP Pin External Resistor Requirements

RCOMP
Intel®
340, IXP45X/IXP46X
+1% Network
Processors
Vss
— Vss
B5030-01
54 DDRI_RCOMP Pin Requirements
Figure 15 shows the requirements for the DDRI_RCOMP pin.
Figure 15. DDRI_RCOMP Pin External Resistor Requirements
DDR1_RCOMP
Intel®
20 Q, IXP45X/IXP46X
+ 1% Network
Processors
Vss
— Vss
B5031-01
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Electrical Specifications In ®
5.5 DC Specifications
55.1 Operating Conditions
Table 30. Operating Conditions
Symbol Parameter Min. Typ. Max. Units Notes
Voltage supplied to the I/O, with the
VeeP | exception of the DDRI SDRAM Interface. 3135 | 33 | 3465 v
Voltage supplied to the internal logic. 1.235 13 1.365 v
v (266, 400 and 533MHz)
cc Voltage supplied to the internal logic.
(667MHz) 1.33 1.4 1.47 \
Vee Voltage supplied to the DDRI SDRAM 2300 25 2700 Vv
Interface.
Vecose I\éc;itsge supplied to the internal oscillator 1235 13 1365 Vv
Vecoscp | Voltage supplied to the oscillator 1/0. 3.135 3.3 3.465 \
VeepLLt I\é(())l;t)age supplied to the analog phase-lock 1235 13 1365 v
VecpLLz I\c/)cz)léage supplied to the analog phase-lock 1235 13 1.365 vV
5.5.2 PCI DC Parameters
Table 31. PCI DC Parameters
Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 0.5 Veep \ 3,4
Vi Input-low voltage 0.3 Veep \ 3
VoH Output-high voltage lout =-500 pA 0.9 Veep \Y 3
VOL Output-low voltage IOUT =1500 HA 0.1 VCCP \Y 3
m Input-leakage current 0<V|y<Veep -10 10 pA 1,3
CiN Input-pin capacitance 5 pF 2,3
1/0O or output pin
Cour capacitance 5 PF 23
CipseL | IDSEL-pin capacitance 5 pF 2,3
Lpin Pin inductance 20 nH 2,3
NOTES:
1. Input leakage currents include hi-Z output leakage for all bidirectional buffers with tri-state outputs.
2. These values are typical values seen by the manufacturing process and are not tested.
3. For additional information, see the PCI Local Bus Specification, Revision 2.2.
4. Please consult the Intel® IXP4XX Product Line of Network Processors Specification Update for the VIH
specification.
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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5.5.3

Table 32.

5.54

Table 33.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet

USB 1.1 DC Parameters

USB 1.1 DC Parameters

Electrical Specifications

Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 \Y 1
Vi Input-low voltage 0.8 \Y

. lout =
V Output-high volt 2.8 \
OH utput-high voltage 6.1 * VoumA
v Output-low voltage 1ouT = 0.3 v
utput-low v .
oL P g 6.1 * VormA
M Input-leakage current 0<V|y<Vccp -10 10 pA
CiN Input-pin capacitance 5 pF 2
NOTES:
1. Please consult the product specification update for the VIH specification.
2. These values are typical values seen by the manufacturing process and are not tested.
UTOPIA Level 2 DC Parameters
UTOPIA Level 2 DC Parameters

Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 \Y
Vi Input-low voltage 0.8 \%

VoH Output-high voltage louT =-8 MA 24 \
VoL Output-low voltage lour =8 MA 0.5 \
Output current at high
lon voltage Von>24V -8 mA
Output current at low
loL voltage VoL <05V 8 mA
I Input-leakage current 0<V|n<Veep -10 10 MA 1
CiN Input-pin capacitance 5 pF 2
I/O or output pin
Cour capacitance S PF 2
NOTES:

1. Input leakage currents include hi-Z output leakage for all bidirectional buffers with tri-state outputs.
2. These values are typical values seen by the manufacturing process and are not tested.
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Electrical Specifications

5.55 MII/SMII DC Parameters
Table 34. MII/SMII DC Parameters
Symbol Parameter Conditions Min. Typ. Max. Units Notes
Vin Input-high voltage 2.0 \%
VL Input-low voltage 0.8 \%
Vonumi | Output-high voltage loyt =-6 MA 24 \
VOLM“ OUtpUt-lOW voltage IOUT =6 mA 0.4 \Y
Vousmi | Output-high voltage loyt =-10 mA 24 \
VOLSMH OUtpUt-lOW voltage IOUT =10mA 0.4 \Y
I Input-leakage current 0 <V|y<Vcep -10 10 pA
Cin Input-pin capacitance 5 pF 1
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
5.5.6 MDI DC Parameters
Table 35. MDI DC Parameters
Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 V
ViL Input-low voltage 0.8 \
VoH Output-high voltage louTr =-6 MA 24 \
VoL Output-low voltage lout =6 MA 0.4 \
m Input-leakage current | 0 <V|y < Vcep -10 10 HA
Cin Input-pin capacitance 5 pF 1
Cinmpio | Input-pin capacitance 5 pF 1
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
5.5.7 DDRI SDRAM Bus DC Parameters
Table 36. DDRI SDRAM Bus DC Parameters (Sheet 1 of 2)
Symbol Parameter Conditions Min. Typ. Max. Units | Notes
VDDRl_VREF 1/0 Reference voltage 0'49*VCCM 0.51 *VCCM \Y
Vi Input-high voltage VDR VREF* Veemt0.3 |V 1
Vi Input-low voltage 0.3 VODRLVREF™ |y 2
VoH Output-high voltage louT = -15mA 1.95 \
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
2. Only 2.5V DDRI SDRAM is supported
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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Electrical Specifications

Table 36. DDRI SDRAM Bus DC Parameters (Sheet 2 of 2)
Symbol Parameter Conditions Min. Typ. Max. Units | Notes
VoL Output-low voltage loutr = 15mMA 0.35 \
I Input-leakage current | 0 <V|y <Veem -10 10 HA
Cio I/0O-pin capacitance 5 pF 1
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
2. Only 2.5V DDRI SDRAM is supported
5.5.8 Expansion Bus DC Parameters
Table 37. Expansion Bus DC Parameters
Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 \%
Vi Input-low voltage 0.8 \Y
Vouprvo | Output-high voltage loutr =-8 MA 2.4 \% 1,2
VoLprvo | Output-low voltage lout=8 mA 0.4 \% 1,2
Voupry1 | Output-high voltage lour =-14 mA 2.4 \% 1,3
Voipry1 | Output-low voltage lout = 14mA 0.4 \% 1,3
Voupry2 | Output-high voltage loutr =-20 MA 24 \% 1,4
VoLprvz2 | Output-low voltage lout =20 MA 0.4 \ 1,4
m Input-leakage current | 0 <V|y < Vccp -10 10 MA
Cin Input-pin capacitance 5 pF 2
NOTES:

1. These values are typical values seen by the manufacturing process and are not tested.

2. The values represented with this voltage parameter would typically be used in a system in which the
expansion bus interfaces a single load of 6pF placed less than 2 inches away from the IXP45X/IXP46X
network processors. This drive strength setting should be used to avoid ringing when minimal loading is
attached. Please use IBIS models and simulation tools to guarantee the design.

3. The values represented with this voltage parameter would typically be used in a system in which the
expansion bus interfaces four loads of 6pF each. All components are placed no further than 4 inches away
from the IXP45X/IXP46X network processors. This drive strength setting should be used to avoid ringing
when medium loading is attached. Please use IBIS models and simulation tools to guarantee the design.

4. The values represented with this voltage parameter would typically be used in a system in which the
expansion bus interfaces eight loads of 6pF and all components are placed less than 6 inches from the
IXP45X/IXP46X network processors. Another use case of this drive strength would typically be four loads
of 6pF operating at 80MHz. This drive strength setting should be used to avoid ringing when maximum
loading or frequency is utilized. Please use IBIS models and simulation tools to guarantee the design.
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5.5.10
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High-Speed, Serial Interface 0 DC Parameters

High-Speed, Serial Interface 0 DC Parameters

Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 \Y
Vi Input-low voltage 0.8 \%
VoH Output-high voltage loyT =-6mMA 24 \
VoL Output-low voltage louT = 6MA 0.4 \%
I Input-leakage current | 0 <V|y < Vceep -10 10 pA
CiN Input-pin capacitance 5 pF 1
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
High-Speed, Serial Interface 1 DC Parameters
High-Speed, Serial Interface 1 DC Parameters
Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 \
Vi Input-low voltage 0.8 \
Vou Output-high voltage lout = -6mMA 24 \
VoL Output-low voltage lout = 6MA 0.4 \
m Input-leakage current | 0 <V|y < Vcep -10 10 pA
Cin Input-pin capacitance 5 pF 1
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
UART DC Parameters
UART DC Parameters
Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 \Y
Vi Input-low voltage 0.8 \%
Von Output-high voltage louT =-4mA 24 \
VoL Output-low voltage lout =4mA 0.4 \
M Input-leakage current | 0 <V|y < Vccp -10 10 pA
CiN Input-pin capacitance 5 pF 1
NOTES:

1. These values are typical values seen by the manufacturing process and are not tested.
2. This interface has been designed assuming a single load which can be between 5pF to 25pF.
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intel.

5.5.12

Table 41.

5.5.13

Table 42.

Serial Peripheral Interface DC parameters

Serial Peripheral Interface DC Parameters

Electrical Specifications

Symbol Parameter Conditions Min. Typ. Max. Units Notes
Vin Input-high voltage 2.0 \Y
VL Input-low voltage 0.8 \%
Vou Output-high voltage loyT =-6mA 24 \Y
VoL Output-low voltage loyT = 6mMA 0.4 \%
I Input-leakage current | 0 <V|y < Vccp -10 10 pA
Cin Input-pin capacitance 5 pF 1
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
I°C Interface DC Parameters
I2C Interface DC Parameters
Symbol Parameter Conditions Min. Typ. Max. Units Notes
\m Input-high voltage 2.0 \%
Vi Input-low voltage 0.8 \
VoH Output-high voltage lour=n/a n/a n/a n/a \ 2
VoL Output-low voltage louT = 4mA 0.4 \
m Input-leakage current | 0 <V|y < Vccp -10 10 MA
Cin Input-pin capacitance 5 pF 1
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
2. Voltage output high for this interface is not applicable due to it being an open drain 1/O.
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2(1322
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5.5.15

Table 44.
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Table 45.
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®
GPIO DC Parameters
GPIO DC Parameters
Symbol Parameter Conditions Min. | Typ. | Max. | Units | Notes
VIH Input-high voltage 2.0 Vv
ViL Input-low voltage 0.8 \
Output-high voltage for GPIO 0 to —
VoH GPIO 13 lout =-16 mA 24 \
Output-low voltage for GPIO 0 to _
VoL GPIO 13 lout = 16 MA 0.4 \
Output-high voltage for GPIO 14 and _
VOH GPIO 15 IOUT =-4 mA 2.4 \
Output-low voltage for GPIO 14 and _
VOL GPIO 15 IOUT =4 mA 0.4 \
I Input-leakage current 0<V|N<Vcep -10 10 pA
Cin Input-pin capacitance 5 pF 1

NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.

JTAG DC Parameters

JTAG DC Parameters

Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 \
Vi Input-low voltage 0.8 \
VoK Output-high voltage lout =-4 mA 2.4 \%
VoL Output-low voltage loyT =4 mA 0.4 \
M Input-leakage current | 0 < V| <Vcep -10 10 pA
Cin Input-pin capacitance 5 pF 1
NOTES:

1. These values are typical values seen by the manufacturing process and are not tested.

Reset DC Parameters

PWRON_RESET _N and RESET_IN_N Parameters

Symbol Parameter Conditions Min. Typ. Max. Units Notes
ViH Input-high voltage 2.0 \Y
Vi Input-low voltage 0.8 \%

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
Document Number: 306261-002
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Inte|® Electrical Specifications

5.5.17 All Remaining I/O DC Parameters

Table 46. All Remaining I/O DC Parameters (JTAG, PLL_LOCK)

Symbol Parameter Conditions Min. Typ. Max. Units Notes
Vin Input-high voltage 2.0 \Y
VL Input-low voltage 0.8 \%
Vou Output-high voltage loyT =-4mA 24 \Y
VoL Output-low voltage louT =4mA 0.4 \%
I Input-leakage current | 0 <V|y < Vccp -10 10 pA
Cin Input-pin capacitance 5 pF 1
NOTES:
1. These values are typical values seen by the manufacturing process and are not tested.
2. These parameters are only applicable to signal other than power and ground signals.

5.6 AC Specifications
5.6.1 Clock Signal Timings
5.6.1.1 Processors’ Clock Timings

Table 47. Devices’ Clock Timings

Symbol Parameter Min. Nom. Max. Units Notes
Vin Input-high voltage 2.0 \Y
Vi Input-low voltage 0.8 \Y

Clock frequency for IXP45X/IXP46X

TFREQUENCY | network processors oscillator. 33.33 33.33 33.33 MHz 1.3

Arrequency | Clock tolerance over -40° C to 85° C. -50 50 ppm
c Pin capacitance of IXP45X/IXP46X 5 F
IN network processors inputs. P
Toc Duty cycle 35 50 65 % 2

NOTES:

1. This value is oscillator input. Use as an oscillator input, tie to the crystal input pin and leave the crystal
output pin disconnected.

2. This parameter applies when driving the clock input with an oscillator.

3. Where the IXP45X/IXP46X network processors are configured with an input reference-clock, the slew rate
should never be faster than 2.5 V/nS to ensure proper PLL operation. To properly guarantee PLL operation
at the slower slew rate, the Vih and Vil levels need to be met at the 33.33MHz frequency.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
Document Number: 306261-002 127

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
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Table 48. Processors’ Clock Timings Spread Spectrum Parameters
Spread—S_p_ectrum Min Max Notes
Conditions
Characterized and guaranteed by design, but not
Frequency deviation from -2.0% +0.0% tested. Do not over-clock the PLL input. The A.C.
33.33 MHz as a percentage e 7% | timings will not be guaranteed if the device exceeds
33.33 MHz.
Modulation Frequency 50 KHz Characterized and guaranteed by design, but not
tested
NOTES:
1. It is important to note that when using spread spectrum clocking, other clocks in the system will change
frequency over a specific range. This change in other clocks can present some system level limitations.
Please refer to the application note titled Spread Spectrum Clocking to Reduce EMI Application Note,
when designing a product that utilizes spread spectrum clocking.
Figure 16. Typical Connection to an Oscillator
Intel® IXP45X / IXP46X
Network Processors
OSC_IN
Oscillator
—O0SC_OUT
5.6.1.2 PCI Clock Timings
Table 49. PCI Clock Timings
33 MHZ 66 MHZ
Symbol Parameter Units Notes
Min. Max. Min. Max.
TPERlODPClCLK Clock period for PCI Clock 30 15 ns
TCLKH|GH PCI Clock hlgh time 1 6 ns
TelkLow PCI Clock low time 11 6 ns
Slew Rate requirements for
TSLEWRATE | poi Clogk 1 4 1.5 4 V/ns
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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5.6.1.3 MII/SMII Clock Timings
Table 50. MII/SMII Clock Timings
Symbol Parameter Min. Nom. Max. Units | Notes
Clock period for SMII_CLK
T | reference clock when operating in 8 8 ns
period100Mbit | M| or Source Synchronous mode
of operation
Clock period for SMII_TXCLK and
T | SMII_RXCLK clock when operating 8 8 ns
period100Mbit | in Source Synchronous SMIl mode
of operation
Clock period for Tx and Rx Ethernet
Tperiod100Mbit clocksp 40 40 ns
Clock period for Tx and Rx Ethernet
Tperiod10Mbit clocksp 400 400 ns
Duty cycle for Tx and Rx Ethernet
Tauty clocks 35 50 65 %
T. Rise and fall time requirements for 2 ns
rise/fall Tx and Rx Ethernet clocks
5.6.1.4 UTOPIA Level 2 Clock Timings
Table 51. UTOPIA Level 2 Clock Timings
Symbol Parameter Min. Nom. Max. Units | Notes
Clock period for Tx and Rx UTOPIA Level 2
Toeriod | Giooks. 30.303 | ns
Tauy ggg(gycle for Tx and Rx UTOPIA Level 2 40 50 60 %
T. Rise and fall time requirements for Tx and 5 ns
riseffall | Rx UTOPIA Level 2 clocks
5.6.1.5 Expansion Bus Clock Timings
Table 52. Expansion Bus Clock Timings
Symbol Parameter Min. Nom. Max. Units | Notes
Tperiod | Clock period for expansion bus clock 12.5 ns
Tauty Duty cycle for expansion bus clock 40 50 60 %
T. Rise and fall time requirements for 2 ns
riseffall | expansion bus clock
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
Document Number: 306261-002 129

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

]
Electrical Specifications Inte|®

5.6.2 Bus Signal Timings

The AC timing waveforms are shown in the following sections.

5.6.2.1 PCI

Figure 17. PCI Output Timing

CLK

—/

Telk2out(b)

Output
Delay

A9572-01

NOTE: VHI =0.6 VCC and VLOW =0.2 Vcc_

Figure 18. PCI Input Timing

CLK
Thold
Input
A9573-01
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Table 53. PCI Bus Signal Timings

33 MHz 66 MHz
Symbol Parameter Units Notes
Min. Max. Min. Max.

Clock to output for all bused
signals. This is the PCI_AD[31:0],
PCI_CBE_N [3:0], PCI_PAR,
Tekooutw | PCI_FRAME_N, PCI_IRDY_N, 2 1 1 6 ns
PCI_TRDY_N, PCI_STOP_N,
PCI_DEVSEL_N, PCI_PERR_N,
PCI_SERR_N

Clock to output for all point-to-point
Tak2out | Signals. This is the PCI_GNT_N 2 12 1 6 ns
and PCI_REQ_N(0) only.

Input setup time for all bused
signals. This is the PCI_AD[31:0],
PCI_CBE_N [3:0], PCI_PAR,
Tsetupb PCI_FRAME_N, PCI_IRDY_N, 7 3 ns
PCI_TRDY_N, PCI_STOP_N,
PCI_DEVSEL_N, PCI_PERR_N,
PCI_SERR_N

Input setup time for all point-to-
T point signals. This is the

setup PCI_REQ_N and PCI_GNT_N(0)
only.

10,12 5 ns

Thold Input hold time from clock. 0 0 ns 4,7,8
5,6,7,

Trstoff Reset active-to-output float delay 40 40 ns

NOTES:

1. See the timing measurement conditions.

2. Parts compliant to the 3.3 V signaling environment.

3. REQ# and GNT# are point-to-point signals and have different output valid delay and input setup times
than do bused signals. GNT# has a setup of 10 ns for 33 MHz and 5 ns for 66 MHz; REQ# has a setup of
12 ns for 33 MHz and 5 ns for 66 MHz.

. RST# is asserted and de-asserted asynchronously with respect to CLK.

. All PCI outputs must be asynchronously driven to a tri-state value when RST# is active.

. Setup time applies only when the device is not driving the pin. Devices cannot drive and receive signals at
the same time.

7. Timing was tested with a 70-pF capacitor to ground.

8. For additional information, see the PCI Local Bus Specification, Revision 2.2.

o oA

5.6.2.2 USB 1.1 Interface

For timing parameters, see the USB 1.1 specification. The USB 1.1 interface for the IXP45X/
IXP46X network processors supports both a device or function controller only and a host only
controller. The IXP45X/1XP46X network processors USB 1.1 device interface cannot be line-
powered.

To assure proper operation with the IXP45X/IXP46X network processors USB interfaces, please
consult the Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Hardware
Design Guidelines and the Intel® IXP4XX Product Line of Network Processors Specification

Update.
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5.6.2.3

Figure 19.

Table 54.

Figure 20.
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UTOPIA Level 2

UTOPIA Level 2 Input Timings

Clock

signats (U

DI

Tsetup | Thold

A9578-01

UTOPIA Level 2 Input Timings Values

Symbol Parameter

Min.

Max.

Units

Notes

Input setup prior to rising edge of clock. Inputs
T included in this timing are UTP_IP_DATA[7:0],

setup UTP_IP_SOC, AND UTP_IP_FCI, and
UTP_OP_FCI.

ns

Input hold time after the rising edge of the clock.
T Inputs included in this timing are

hold UTP_IP_DATA[7:0], UTP_IP_SOC, and
UTP_IP_FCI, and UTP_OP_FCI.

ns

UTOPIA Level 2 Output Timings

Clock 1

Signate - (R

I,

Tclk2out

Tholdout

A9579-01
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Table 55. UTOPIA Level 2 Output Timings Values

Symbol Parameter Min. Max. Units Notes

Rising edge of clock to signal output. Outputs
included in this timing are UTP_OP_SOC,
Tekoout | UTP_OP_FCO, UTP_IP_FCO, 17 ns 1
UTP_OP_DATA[7:0], UTP_IP_ADDR[4:0] and
UTP_OP_ADDRJ4:0].

Signal output hold time after the rising edge of
the clock. Outputs included in this timing are
Tholdout | UTP_OP_SOC, UTP_OP_FCO, UTP_IP_FCO, 1 ns 1
UTP_OP_DATA[7:0], UTP_IP_ADDR[4:0] and
UTP_OP_ADDRJ4:0].

NOTES:
1. Timing was designed for a system load between 5pF and 25pF

5.6.2.4 MIlI/SMII

Figure 21. SMII Output Timings

T, I T,
| |
| |
[l Il I
SMIl_CLK | | | :
| |
| | I L
SMIl_OUTPUTS ! L/ | :\3_
: : | |
[ I | |
Table 56. SMII Output Timings Values
Symbol Parameter Min. Max. Units Notes

Clock to output delay for SMII_TXD[4:0] and

T4 SMII_SYNC with respect to rising edge of 1.5 5 ns 1
SMII_CLK
T SMII_TXD[4:0] and SMII_SYNC hold time after 15 1
2 | SMII_CLK. : ns
NOTES:

1. Timing was designed for a system load between 5pF and 15pF
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®
Figure 22. SMIl Input Timings
T, T,
——P—P
SMII_CLK |
SMII_INPUTS \)
Table 57. SMIl Input Timings Values
Symbol Parameter Min. Max. Units Notes
SMII_RXD setup time prior to rising edge of
Ts | smi_cLk 15 ns
T SMII_RXD hold time after the rising edge of 1 ns
4 SMII_CLK
Figure 23. Source Synchronous SMII Output Timings
I T, I | T, |
| |
| I
L 1 I
SMIl_TXCLK | | |
| | '
! \
| |
SMII_OUTPUTS I ] ! IM_
I I
I I | |
I I | |
Table 58. Source Synchronous SMII Output Timings Values
Symbol Parameter Min. Max. Units Notes
Clock to output delay for SMII_TXD[4:0] and
T4 SMII_TXSYNC with respect to rising edge of 1.5 5 ns 1
SMII_TXCLK
T SMII_TXDI[4:0] and SMII_TXSYNC hold time 15 ns 1
2 after SMII_TXCLK. :
NOTES:
1. Timing was designed for a system load between 5pF and 15pF
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Figure 24. Source Synchronous SMIl Input Timings

Electrical Specifications

T T
3
———P
SMII_RXCLK |
SMII_INPUTS \\
Table 59. Source Synchronous SMIl Input Timings Values
Symbol Parameter Min. Max. Units Notes
T SMII_RXD and SMII_RXSYNC setup time prior 15 ns 1
3 to rising edge of SMII_RXCLK ’
T SMII_RXD and SMII_RXSYNC hold time after 1 ns 1
4 the rising edge of SMII_CLK
NOTES:
1. Timing was designed for a system load between 5pF and 15pF
Figure 25. MIl Output Timings
Ty T2
) | | | | 1,
eth_tx_clk _{ }‘ / \ :/ \ / {' 3 / { \
I | I I | I
eth_tx_data[7:0] X X X \
b | Lo i
eth tx_en | [ | | \ :
I I I I I I
I I | | 1 |
eth_crs | I / ! ! \ .
T T | | | |
I I I ! I I
A9580-01
Table 60. MII Output Timings Values
Symbol Parameter Min. Max. Units Notes
Clock to output delay for ETH_TXDATA and
T4 ETH_TXEN. 12.5 ns 1,2
ETH_TXDATA and ETH_TXEN hold time after
T2 | ETHCTXCLK. 15 ns |2
NOTES:

1. These values satisfy t the Ml specification requirement of 0 ns to 25 ns clock to output delay.
2. Timing was designed for a system load between 5 pF and 15 pF.
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Electrical Specifications In ®
Figure 26. MIl Input Timings
Tz | Ty
<> - > <>
\ |
etocak [\ [\ L L
| I I | I I
| | | | | |
eth_rx_data[7:0] X X X X X
Lo R |
eth_rx_dv | [ | | \ :
| | | | | |
h | l I 1 1 |
eth_crs | | | | \
—lll | | | | |
| | | | | |
A9581-01
Table 61. MII Input Timings Values
Symbol Parameter Min. Max. Units Notes
T ETH_RXDATA and ETH_RXDV setup time prior 5.5 ns 1
3 to rising edge of ETH_RXCLK .
T ETH_RXDATA and ETH_RXDV hold time after 0 ns 12
4 the rising edge of ETH_RXCLK ’
NOTES:
1. These values satisfying the 10-ns setup and hold time requirements necessary for the Ml specification.
2. The T4 input hold timing parameter is not 100% tested and is guaranteed by design.
5.6.2.5 MDIO
Figure 27. MDIO Output Timings
ETH_MDC
Tq To
R —
ETH_MDIO
A9582-02
NOTE: Processor is sourcing MDIO.
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Figure 28.

Table 62.

5.6.2.6

Figure 29.
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| Ts
ETH_MDC 4\_
T3 Ty
ETH_MDIO
A9583-02
NOTE: PHY is sourcing MDIO.
MDIO Timings Values
Symbol Parameter Min. Max. Units Notes
T ETH_MDIO, clock to output timing with respect to ETH_MDC/2 ns
rising edge of ETH_MDC clock +15ns
™ ETH_MDIO output hold timing after the rising 10 ns
edge of ETH_MDC clock
T3 ETH_MDIO input setup prior to rising edge of 3 ns
ETH_MDC clock
T4 ETH_MDIO hold time after the rising edge of 1 ns
ETH_MDC clock
T5 ETH_MDC clock period 125 500 ns 1
NOTE:
1. Timing was designed for a system load between 5pF and 20pF
DDRI SDRAM Bus
DDRI SDRAM Write Timings
T, |T T, T,
<>ad «— ple—»

DDRI_DQ, CB, DM

DDRI_M_CLK /

ADDR/CTRL

ADDR/CMDVALID

DDRI_DQS /

Ts

Pl P

DATAVALID
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Electrical Specifications In

Table 63. DDRI SDRAM Write Timings Values

Symbol Parameter Min. Max. Units Notes
T Output valid for DDRI_DQS prior to each edge of 14 ns 1
1 DDRI_M_CLK. :
T, DDRI_DQS output hold time after each edge of 1.0 ns 1

the DDRI_M_CLK.

Output valid for ADDR/CTRL prior to the rising
edge of DDRI_M_CLK. Address and control
T3 signals consist of DDRI_RAS_N, DDRI_CAS_N, 1.5 ns 1
DDRI_CS_N, DDRI_WE_N, DDRI_BA,
DDRI_MA, and DDRI_CKE.

ADDR/CTRL output hold time after the rising
edge of the DDRI_M_CLK. Address and control
Ty signals consist of DDRI_RAS_N, DDRI_CAS_N, 1.5 ns 1
DDRI_CS_N, DDRI_WE_N, DDRI_BA,
DDRI_MA, and DDRI_CKE.

Output valid for DDRI_DQ, DDRI_CB, and

Ts | DDRI_DM prior to each edge of DDRI_DQS. 1.0 ns
T DDRI_DQ, DDRI_CB, and DDRI_DM output hold 0 o
6 time after each edge of the DDRI_DQS. ’
NOTES:

1. DDRI_M_CLK is representative of all DDRI_CK and DDRI_CK_N signals. The rising edge of
DDRI_M_CLK represents the crossover point of the respective DDRI_CK and DDRI_CK_N signals. The
skew between the separate DDR clocks have been compensated in the timings which have been
described. The period to period clock jitter on each DDRI_M_CLK pair is spec’ed at +/-100ps.

Figure 30. DDRI SDRAM Read Timings (2.0 CAS Latency)

T 0 T, 0
I ||
Tyl Tap o |
) e el
L
DDRI_M_CLK .': N B S |
I L BE
DDR|_DQS RN Ty I O S
Y 1]
DDRI_RCVENOUT_N NIt W
AT tl
DDRI_RCVENIN_N N e /
LILELIL
I V \ V \
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Figure 31. DDRI SDRAM Read Timings (2.5 CAS Latency)
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Table 64. DDRI SDRAM Read Timing Values
Symbol Parameter Min Max. Units Notes
T DDRI_RCVENOUT_N minimum output valid 0.9 ns 1
1 time after DDRI_M_CLK :
T DDRI_RCVENOUT_N maximum output valid 27 ns 1
2 time after DDRI_M_CLK :
DDRI_RCVENIN_N input valid time before
Ts | DDRI DQS 36 ns
T, DDRI_RCVENIN_N hold time from DDRI_DQS 0.1 ns
valid
Maximum delay for Data valid after any edge of
Ts DDRI_DQS. Both of these signal are inputs from 0.75 ns
the memory during read operations.
Maximum guaranteed time before data begins
to transition to the next valid data prior to any
DDRI_DQS clock edge. Both of these signal are
T inputs from the memory during read operations. 1.0 ns
6 This time in conjunction with timing parameter '
Ts specify the window for which the DDRI data
signals can operate with the memory controller
on the IXP45X/IXP46X network processors.
NOTES:
1. Designed to JEDEC specification, it is recommended that IBIS models be used to verify signal integrity on
individual designs

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
Document Number: 306261-002

Downloaded from AFfOW.com.

May 2005
139


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Electrical Specifications In ®
5.6.2.7 Expansion Bus
5.6.2.7.1 Expansion Bus Synchronous Operation
Figure 32. Expansion Bus Synchronous Timing
EX_CLK \ T, \
S —
T2
EX_DATA _BE_N, PARITY - e —
output_signals
EX_control signals -
output_signals
T, | T,
EX_DATA _BE_N, PARITY - iainia
input_signals )
EX_control signals -
input_signals —
bles
Table 65. Expansion Bus Synchronous Operation Timing Values
Low Drive Med Drive Hi Drive
Symbol Parameter Units| Notes
Min.| Max. | Min. | Max. | Min.| Max.
T Valid rising edge of EX_CLK to valid signal on the 10 8.5 6.5 ns 1,2,3,
output. 4
T,  |Valid signal hold time after the rising edge of EX_CLK | 1 1 1 ns |10%3
Valid data signal on an input prior to the rising edge of 1,2, 3,
T3 EX_CLK 2 2 2 ns |,
Required hold time of a data input after the rising edge 1,2, 3,
Ty of EX_CLK 0.5 0.5 0.5 ns |4
Valid control/arbiter signal on an input prior to the 1,2,3,
Ts rising edge of EX_CLK 35 35 35 ns
Required hold time of a control/arbiter input after the 1,2, 3,
T6  lrising edge of EX_CLK 0.5 0.5 0.5 ns |4
NOTES:

1. Timing was designed for a system load between 5pF and 60pF for low drive setting at typically no more than a 33MHz clock

2. Timing was designed for a system load between 5pF and 50pF for medium drive setting at typically no more than a 66MHz
clock

3. Timing was designed for a system load between 5pF and 40pF for high drive setting at typically no more than a 80MHz clock

4. Drive settings do not apply to EX_CS_N signals and are expected to be point to point. The timing on this signal was designed
for a system load between 5pF and 10pF

5. EX_control_signals output signals consist of EX_ALE, EX_ADDR, EX_CS_N, EX_GNT_REQ_N, EX_GNT_N, EX_RD_N,
EX_WR_N, EX_WAIT_N

6. EX_control_signals input signals consist of EX_ADDR, EX_CS_N, EX_SLAVE_CS_N, EX_REQ_GNT_N, EX_REQ_N,
EX_BURST, EX_RD_N, EX_WR_N
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Electrical Specifications

5.6.2.7.2 Expansion Bus Asynchronous Operation
Figure 33. Intel Multiplexed Mode
| T | T2 | T3 | T4 | T5 |
! 2-5 Cycles ! 1-4 Cycles ! 1-16 Cycles ! 1-4 Cycles ! 1-16 Cycles !
ALE Extended
[ [ [ [ [ [
\
Excow /[ / J J_J |\
[ : [ [ \ I Trecov !
\ \ [ [ \
EX_CS_N | Talepulse_ ' Tale2valcs \ ‘ ‘ :
I 1 T T |
[ ‘ \ \ \ [ \
EX_ADDR D Valid Address X
\ ! ! ! Tdhold2afterwr !
EX_ALE / \ ! ! o !
- | ‘ ; ; ‘ ;
| ! | Twrpulse | |
EX_WR_N ; \ Tavalovalwit . | |
} Tale2addrhold } } } }
~—
} Multiplexed Address/Data } ! }
EX_DATA X Address X Output Data X
\ ‘ \ \ [
! l ! | Trdsetu \ ! !
EX_RD_N | } | \ :f<—>‘p Trdhold !
[ [ I | [
\ ! | I I I
EX_DATA — Address W ‘ ‘
\ \ I [ [ | A9585-01
Table 66. Intel Multiplexed Mode Values (Sheet 1 of 2)

Symbol Parameter Min.| Max. | Units | Notes
Talepulse Pulse width of ALE (ADDR is valid at the rising edge of ALE) 1 4 Cycles|1,7
Tale2addrhold |Valid address hold time after from falling edge of ALE 1 1 Cycles|1,2,7
Tdval2valwrt | Write data valid prior to WR_N falling edge 1 4 Cycles|3, 7
Twrpulse Pulse width of the WR_N 1 16 | Cycles|4,7
Tdholdafterwr |Valid data after the rising edge of WR_N 1 4 Cycles|5, 7
Tale2valcs Valid chip select after the falling edge of ALE 1 4 | Cycles|7
NOTES:

1. The EX_ALE signal is extended form T to 4T nnsec based on the programming of the T1 timing parameter.
The parameter Tale2addrhold is fixed at T.

2. Setting the address phase parameter (T1) will adjust the duration that the address appears to the external device,

3. Setting the data setup phase parameter (T2) will adjust the duration that the data appears prior to a data
strobe (read or write) to an external device.

4. Setting the data strobe phase parameter (T3) will adjust the duration that the data strobe appears (read or
write) to an external device. Data will be available during this time as well.

5. Setting the data hold strobe phase parameter (T4) will adjust the duration that the chip selects, address, and
data (during a write) will be held.

6. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
expansion interface.

7. T is the period of the clock measured in ns.

8. Clock to output delay for all signals will be a maximum of 15 ns for devices requiring operation in
synchronous mode.

9. Timing was designed for a system load between 5pF and 60pF for high drive setting
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Electrical Specifications In ®
Table 66. Intel Multiplexed Mode Values (Sheet 2 of 2)
Symbol Parameter Min. | Max. | Units | Notes

Trdsetup Data valid required before the rising edge of RD_N 53 | 147 ns

Trdhold Data hold required after the rising edge of RD_N 2 ns

Trecov Tlme needed between successive accesses on expansion 1 16 | Cycles|6

interface.
NOTES:

1. The EX_ALE signal is extended form T to 4T nnsec based on the programming of the T1 timing parameter.
The parameter Tale2addrhold is fixed at T.
2. Setting the address phase parameter (T1) will adjust the duration that the address appears to the external device
3. Setting the data setup phase parameter (T2) will adjust the duration that the data appears prior to a data
strobe (read or write) to an external device.
4. Setting the data strobe phase parameter (T3) will adjust the duration that the data strobe appears (read or
write) to an external device. Data will be available during this time as well.
. Setting the data hold strobe phase parameter (T4) will adjust the duration that the chip selects, address, and
data (during a write) will be held.
. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
expansion interface.
. T is the period of the clock measured in ns.
. Clock to output delay for all signals will be a maximum of 15 ns for devices requiring operation in
synchronous mode.
9. Timing was designed for a system load between 5pF and 60pF for high drive setting

o O,

© N

Figure 34. Intel Simplex Mode

| T | T2 | T3 | T4 | T5 |
! 1-4 Cycles ! 1-4 Cycles ! 1-16 Cycles ! 1-4 Cycles ! 1-16 Cycles !
I I I I I I
EXCLK [\
| | | | I Trecov _|
EX_CS_N : |\ | | =
| | t t 1 |
| I I I | I
EX_ADDR M Valid Address X
| | | Twrpulse__| | |
EX_WR_N : :Tdval2valwrt \_A ; ;
i Taddrovales < 1 Tdhold2afterwr [
e——> I  —— I
EX_DATA : ( Output Data ——
1 T T 1
I I ey I ! I I
| 'rdsetup t :
EX_RD_N : ! \ ——f<—Trdnoud :
I I 1! I | I I
EX_DATA : : : 'l' Input Data 'I‘ : :
. . O . | .
I I
A9586-01
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Intel Simplex Mode Values

Symbol Parameter Min. | Max. | Units Notes

Taddrovaics | Valid address to valid chip select 1 4 Cycles |1,2,7

Tyvazvawrt | Write data valid prior to EXPB_IO_WRITE_N falling edge 1 4 Cycles | 3,7

Twrpulse Pulse width of the EXP_IO_WRITE_N 1 16 Cycles | 4,7

Taholdafterwr | Valid data after the rising edge of EXPB_IO_WRITE_N 1 4 Cycles | 5,7

Data valid required before the rising edge of

Trasewp | EXP_IO_READ_N 53 | 147 | ns

T Data hold required after the rising edge of
rdhold EXP_IO_READ_N

Time required between successive accesses on the

Trecov expansion interface. 1 16 Cycles | 6

NOTES:

1.
2.

3.
4.

EX_ALE is not valid in simplex mode of operation.

Setting the address phase parameter (T1) will adjust the duration that the address appears to the external
device.

Setting the data setup phase parameter (T2) will adjust the duration that the data appears prior to a data
strobe (read or write) to an external device.

Setting the data strobe phase parameter (T3) will adjust the duration that the data strobe appears (read or
write) to an external device. Data will be available during this time as well.

. Setting the data hold strobe phase parameter (T4) will adjust the duration that the chip selects, address,

and data (during a write) will be held.

. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the

expansion interface.

. T is the period of the clock measured in ns.
. Clock to output delay for all signals will be a maximum of 15 ns for devices requiring operation in

synchronous mode.

. Timing was designed for a system load between 5pF and 60pF for high drive setting
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Electrical Specifications

Figure 35. Motorola* Multiplexed Mode
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Table 68. Motorola* Multiplexed Mode Values (Sheet 1 of 2)

Symbol Parameter Min. |Max. |[Units Notes
Talepulse Pulse width of ALE (ADDR is valid at the rising edge of ALE) | 1 4 Cycles [1,7
Tale2addrhold | Valid address hold time after from falling edge of ALE 1 1 Cycles [1,2,7
Tavaiovaids | Write data valid prior to EXP_MOT_DS_N falling edge 1 4 Cycles [3,7

NOTES:
1. The EX_ALE signal is extended form T to 4T nnsec, based on the programming of the T1 timing parameter.
The parameter Tale2addrhold is fixed at T.
2. Setting the address phase parameter (T1) will adjust the duration that the address appears to the external
device.
3. Setting the data setup phase parameter (T2) will adjust the duration that the data appears prior to a data
strobe (read or write) to an external device.
4. Setting the data strobe phase parameter (T3) will adjust the duration that the data strobe appears (read or
write) to an external device. Data will be available during this time as well.
5. Setting the data hold strobe phase parameter (T4) will adjust the duration that the chip selects, address,
and data (during a write) will be held.
6. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
expansion interface.
7. T is the period of the clock measured in ns.
8. Clock to output delay for all signals will be a maximum of 15 ns for devices requiring operation in
synchronous mode.
9. Timing was designed for a system load between 5pF and 60pF for high drive setting
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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Table 68. Motorola* Multiplexed Mode Values (Sheet 2 of 2)
Symbol Parameter Min. |Max. |Units Notes
Tdspulse Pulse width of the EXP_MOT_DS_N 1 16 Cycles |4,7
Tdaholdafterds | Valid data after the rising edge of EXP_MOT_DS_N 1 4 Cycles |5,7
Tae2vales | Valid chip select after the falling edge of ALE 1 4 Cycles |7
Data valid required before the rising edge of
Trdsetup EXP_MOT DS N 53 | 147 ns
Trdhold Data hold required after the rising edge of EXP_MOT_DS_N| 2 ns
Time needed between successive accesses on expansion
Trecov interface. 1 16 Cycles |6
NOTES:
1. The EX_ALE signal is extended form T to 4T nnsec, based on the programming of the T1 timing parameter.
The parameter Tale2addrhold is fixed at T.
2. Setting the address phase parameter (T1) will adjust the duration that the address appears to the external
device.
3. Setting the data setup phase parameter (T2) will adjust the duration that the data appears prior to a data
strobe (read or write) to an external device.
4. Setting the data strobe phase parameter (T3) will adjust the duration that the data strobe appears (read or
write) to an external device. Data will be available during this time as well.
5. Setting the data hold strobe phase parameter (T4) will adjust the duration that the chip selects, address,
and data (during a write) will be held.
6. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
expansion interface.
7. T is the period of the clock measured in ns.
8. Clock to output delay for all signals will be a maximum of 15 ns for devices requiring operation in
synchronous mode.
9. Timing was designed for a system load between 5pF and 60pF for high drive setting
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
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Figure 36.

Motorola* Simplex Mode
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Table 69. Motorola* Simplex Mode Values (Sheet 1 of 2)
Symbol Parameter Min. | Max. | Units Notes
Tadovalcs Valid address to valid chip select 1 4 Cycles [1,2,7
Tavalovalds Write data valid prior to EXP_MOT_DS_N falling edge 1 4 Cycles | 3,7
Taspulse Pulse width of the EXP_MOT_DS_N 1 16 Cycles | 4,7
Tdholdafterds | Valid data after the rising edge of EXP_MOT_DS_N 1 4 Cycles | 5,7
NOTES:
1. EX_ALE is not valid in simplex mode of operation.
2. Setting the address phase parameter (T1) will adjust the duration that the address appears to the external
device.
3. Setting the data setup phase parameter (T2) will adjust the duration that the data appears prior to a data
strobe (read or write) to an external device.
4. Setting the data strobe phase parameter (T3) will adjust the duration that the data strobe appears (read or
write) to an external device. Data will be available during this time as well.
5. Setting the data hold strobe phase parameter (T4) will adjust the duration that the chip selects, address,
and data (during a write) will be held.
6. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
expansion interface.
7. T is the period of the clock measured in ns.
8. Clock to output delay for all signals will be a maximum of 15 ns for devices requiring operation in
synchronous mode.
9. Timing was designed for a system load between 5pF and 60pF for high drive setting
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
146 Document Number: 306261-002

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

In ® Electrical Specifications

Table 69. Motorola* Simplex Mode Values (Sheet 2 of 2)

Symbol Parameter Min. | Max. | Units Notes

Data valid required before the rising edge of

Trasetwp | EXP_MOT DS_N 53 | 1471 ns

Data hold required after the rising edge of

Trdnold EXP_MOT DS_N 2 ns
T Time required between successive accesses on the 1 16 Cvales | 6
recov expansion interface. y

NOTES:

1. EX_ALE is not valid in simplex mode of operation.

2. Setting the address phase parameter (T1) will adjust the duration that the address appears to the external
device.

3. Setting the data setup phase parameter (T2) will adjust the duration that the data appears prior to a data
strobe (read or write) to an external device.

4. Setting the data strobe phase parameter (T3) will adjust the duration that the data strobe appears (read or
write) to an external device. Data will be available during this time as well.

5. Setting the data hold strobe phase parameter (T4) will adjust the duration that the chip selects, address,
and data (during a write) will be held.

6. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
expansion interface.

7. T is the period of the clock measured in ns.

8. Clock to output delay for all signals will be a maximum of 15 ns for devices requiring operation in

synchronous mode.
9. Timing was designed for a system load between 5pF and 60pF for high drive setting

Figure 37. HPI*-8 Mode Write Accesses
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HPI* Timing Symbol Description

State Description Min | Max Unit Notes
T™ Address Timing 3 4 Cycles 1,5,6
T2 Setup/Chip Select Timing 3 4 Cycles |2,6
T3 Strobe Timing 2 16 Cycles |3,5,6
T4 Hold Timing 3 4 Cycles |6
T5 Recovery Phase 2 17 Cycles |6

HPI*-8 Mode Write Accesses Values

Symbol Parameter Min. | Max. | Units | Notes
Valid time that address is asserted on the line. The

Tadd setwn | address is asserted at the same time as chip select. 1 45 | Cycles | 1,5,6
Delay from chip select being active and the HDS1 data

Tos2hdstval | strobe being active. 3 4 | Cycles|5,6

Thds1_pulse | Pulse width of the HDS1 data strobe 4 5 Cycles | 2,4,5
Data valid prior to the rising edge of the HDS1 data

Taata_setwp | stopg " 9 edg 4 5 | Cycles |3,56

Tdata_hoia | Data valid after the rising edge of the HDS1 data strobe. 4 36 | Cycles | 3,6
Time required between successive accesses on the

Trecov expansion interface. 2 17| Cycles | 4,6
NOTES:

1. The address phase parameter (T1) must be set to a minimum value of 2. This value allows three T clocks
for the address phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/
IXP46X network processors have had sufficient time to recognize the HRDY and hold the address phase
for at least one clock pulse after the HRDY is de-active.

2. The data setup phase parameter (T2) must be set to a minimum value of 2. This value allows three T
clocks for setup phase.

3. The data strobe phase parameter (T3) must be set to a minimum value of 1. This value allows two T
clocks for the data phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/
IXP46X network processors have had sufficient time to recognize the HRDY and hold the data setup
phase for at least one clock pulse after the HRDY is de-active

4. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
Expansion Bus interface.

5. HRDY can be asserted by the DSP at any point in the access. The interface will not leave states T1 or T3
until HRDY is de-active

6. One cycle is the period of the Expansion Bus clock.

7. Timing was designed for a system load between 5 pF and 60 pF for high drive setting.

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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intel.

Table 72.

Table 73.

Setup/Hold Timing Values in Asynchronous Mode of Operation

Electrical Specifications

Parameter Min. | Max. | Units | Notes
Output Valid after rising edge of EX_CLK 10 ns 1
Output Hold after rising edge of EX_CLK 0 ns 1
Input Setup prior to rising edge of EX_CLK 3.5 ns 1
Input Hold required after rising edge of EX_CLK 0.5 ns 1
NOTES:
1. The Setup and Hold Timing values are for all modes.
HPI*-16 Multiplexed Write Accesses Values
Symbol Parameter Min. | Max. | Units | Notes
Valid time that address is asserted on the line. The address
Tadd _setup | is asserted at the same time as chip select. 1 45 | Cycles | 1,5,6
Delay from chip select being active and the HDS1 data
Tesandstval | strobe being active. 3 4 | Cycles | 5,6
Thds1_pulse | Pulse width of the HDS1 data strobe 5 Cycles | 2,4,5
Tdata_setup | Data valid prior to the rising edge of the HDS1 data strobe. 4 5 Cycles | 3,5,6
Tdata_hoid | Data valid after the rising edge of the HDS1 data strobe. 36 | Cycles | 3,6
T ecor Time re_quw.ed between successive accesses on the 9 17 Cycles | 4,6
expansion interface.
NOTES:

1. The address phase parameter (T1) must be set to a minimum value of 2. This value allows three T clocks
for the address phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/IXP46X
network processors have had sufficient time to recognize the HRDY and hold the address phase for at
least one clock pulse after the HRDY is de-active.

2. The data setup phase parameter (T2) must be set to a minimum value of 2. This value allows three T
clocks for setup phase.

3. The data strobe phase parameter (T3) must be set to a minimum value of 1. This value allows two T clocks
for the data phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/IXP46X
network processors have had sufficient time to recognize the HRDY and hold the data setup phase for at
least one clock pulse after the HRDY is de-active

4. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
Expansion Bus interface.

5. HRDY can be asserted by the DSP at any point in the access. The interface will not leave states T1 or T3
until HRDY is de-active

6. One cycle is the period of the Expansion Bus clock.

7. Timing was designed for a system load between 5pF and 60pF for high drive setting

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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Electrical Specifications In ®
Figure 38. HPI*-16 Multiplexed Write Mode
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(hrdy) Tdata_setup} i
- P Tdata_hold -
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(hdin) Dat: Data —
Table 74. HPI*-16 Multiplexed Read Accesses Values
Symbol Parameter Min. | Max. | Units | Notes
Valid time that address is asserted on the line. The address
Tadd_setp | is asserted at the same time as chip select. " 45 | Cycles | 1,5,6
Delay from chip select being active and the HDS1 data
Tesandstval | strobe being active. 3 4 | Cycles | 5,6
Thds1_puise | Pulse width of the HDS1 data strobe 4 5 Cycles | 2,4,5
Data is valid from the time from of the falling edge of
Tdata_setup | HDS1_N to when the data is read. 4 | 5 |Cycles 3,56
Time required between successive accesses on the
Trecov expansion interface. 2 17| cycles | 4,6
NOTES:
1. The address phase parameter (T1) must be set to a minimum value of 2. This value allows three T clocks
for the address phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/
IXP46X network processors have had sufficient time to recognize the HRDY and hold the address phase
for at least one clock pulse after the HRDY is de-active.
2. The data setup phase parameter (T2) must be set to a minimum value of 2. This value allows three T
clocks for setup phase.
3. The data strobe phase parameter (T3) must be set to a minimum value of 1. This value allows two T
clocks for the data phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/
IXP46X network processors have had sufficient time to recognize the HRDY and hold the data setup
phase for at least one clock pulse after the HRDY is de-active
4. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
Expansion Bus interface.
5. HRDY can be asserted by the DSP at any point in the access. The interface will not leave states T1 or T3
until HRDY is de-active
6. One cycle is the period of the Expansion Bus clock.
7. Timing was designed for a system load between 5pF and 60pF for high drive setting
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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In Electrical Specifications

Figure 39. HPI*-16 Multiplexed Read Mode
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Electrical Specifications In ®
Table 75. HPI-16 Non-Multiplexed Read Accesses Values
Symbol Parameter Min. | Max. | Units | Notes
Valid time that address is asserted on the line. The address is
Tadd _setup | asserted at the same time as chip select. 1 45 | Cycles | 1,5,6
Delay from chip select being active and the HDS1 data strobe
Tes2ndstval being actve 9 3 4 | Cycles | 5,6
Thds1_pulse | Pulse width of the HDS1 data strobe 4 5 Cycles | 2,4,5
Data is valid from the time from of the falling edge of HDS1_N
Taata_setup | to when the data is read. 969 - 4 5 | Cycles | 3,5,6
Time required between successive accesses on the
Trecov expansi?)n interface. 2 17| Cycles 14,6

NOTES:

1. The address phase parameter (T1) must be set to a minimum value of 2. This value allows three T clocks
for the address phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/IXP46X
network processors have had sufficient time to recognize the HRDY and hold the address phase for at
least one clock pulse after the HRDY is de-active.

2. The data setup phase parameter (T2) must be set to a minimum value of 2. This value allows three T
clocks for setup phase.

3. The data strobe phase parameter (T3) must be set to a minimum value of 1. This value allows two T clocks
for the data phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/IXP46X
network processors have had sufficient time to recognize the HRDY and hold the data setup phase for at
least one clock pulse after the HRDY is de-active

4. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
Expansion Bus interface.

5. HRDY can be asserted by the DSP at any point in the access. The interface will not leave states T1 or T3
until HRDY is de-active

6. One cycle is the period of the Expansion Bus clock.

7. Timing was designed for a system load between 5pF and 60pF for high drive setting

Figure 40. HPI*-16 Non-Multiplexed Read Mode

T1 T2 T3 T4 T5 T1. T2 T3
EX_CLK
EX_CS N -
(hes_n) lrecov
- Tadd_setup »
EX—ADDR[Z(:E;’} Valid Valid
EX_RD_N
(hr_w_n)
Tes2hdstval [ Thds1_pulse >
EX_WR_N R
(hds1_n)
EX_RDY_N
(hrdy) NI S
-t Tdata_setup »
EX(_r?d/;\)ES | Valid Data alid Data
B-01
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Electrical Specifications

Table 76. HPI-16 Non-Multiplexed Write Accesses Values
Symbol Parameter Min. | Max. | Units Notes
Valid time that address is asserted on the line. The address
Tadd_setup | is asserted at the same time as chip select. " | 45 | Cycles | 1,56
Delay from chip select being active and the HDS1 data

Tesandstval | strobe being active. 3 4 | Cycles | 5,6

Thds1_pulse | Pulse width of the HDS1 data strobe 4 5 Cycles | 2,4,5

Tyata_setup | Data valid prior to the rising edge of the HDS1 data strobe. 4 5 Cycles | 3,5,6

Tdata_hold | Data valid after the rising edge of the HDS1 data strobe. 4 36 | Cycles | 3,6
Trocor Time re_qunjed between successive accesses on the 9 17 | cydles | 4,6
expansion interface.
NOTES:

1. The address phase parameter (T1) must be set to a minimum value of 2. This value allows three T clocks
for the address phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/IXP46X
network processors have had sufficient time to recognize the HRDY and hold the address phase for at least
one clock pulse after the HRDY is de-active.

2. The data setup phase parameter (T2) must be set to a minimum value of 2. This value allows three T clocks
for setup phase.

3. The data strobe phase parameter (T3) must be set to a minimum value of 1. This value allows two T clocks
for the data phase. This setting is required to ensure that in the event of an HRDY, the IXP45X/IXP46X
network processors have had sufficient time to recognize the HRDY and hold the data setup phase for at
least one clock pulse after the HRDY is de-active

4. Setting the recovery phase parameter (T5) will adjust the duration between successive accesses on the
Expansion Bus interface.

5. HRDY can be asserted by the DSP at any point in the access. The interface will not leave states T1 or T3
until HRDY is de-active

6. One cycle is the period of the Expansion Bus clock.

7. Timing was designed for a system load between 5 pF and 60 pF for high drive setting
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Electrical Specifications

HPI*-16 Non-Multiplexed Write Mode
T4 ET5§T1§T2§ T3 T4

Figure 41.
PT1iT2! T3 § :
EX_CLK

EX_CS_N
(hes_n) recov
-t Tadd_setup >
=X_ADDR[23:0] Valid Vaiid
(ha)
EX RD N
(hr_w_n) S
Thds1:_pulse
Tcs2hds1val |« " ]
EX_WR_N
(hds1_n) NI
EX_RDY_N N N
(hrdy)
Tdata_setup |« Tdata_hold - —
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5.6.2.7.3

Figure 42.

®

Electrical Specifications

EX_IOWAIT_N

The EX_IOWAIT _N signal is available to be shared by devices attached to chip selects 0 through
7, when configured in Intel or Motorola modes of operation. The shared device will assert
EX_IOWAIT_N in the T2 phase or a read or write transaction. During idle cycles, the board is
responsible for ensuring that EX_IOWAIT _N is pulled-up. The Expansion bus controller will
always ignore EX_IOWAIT_N for Synchronous Intel mode writes.

When an external device asserts EX_IOWAIT_N before the first cycle of a Strobe phase of a read
or write transaction, the Expansion bus controller will hold in the Strobe phase until the
EX_IOWAIT _N signal returns to an inactive state. Since there is a synchronizer cell on
EX_IOWAIT N, the external device must assert EX_IOWAIT _N three cycles before the
deassertion of EX_WR_N/EX_RD_N. This implies that the value programmed in the T2 and T3
phase cannot both be equal to zero. After EX_IOWAIT_N is deasserted the Expansion bus
controller will transition to the T4 - Hold state after the T3 counter reaches zero.

The EX_IOWAIT_N signal only affects the interface during the strobe phase of a read/write
transfer. If Chip Selects 4 through 7 are configured in HP1 mode of operation, each chip select will
have a corresponding HRDY signal called EX_RDY. The polarity of the ready signal is
programmable. Chip Select 4 corresponds to EX_RDY signal 0 and Chip Select 7 corresponds to
EX_RDY signal 3.

Expansion Bus I/O Wait

EX_IOWAIT_N

T
(1 Cycle)

T2
(1 Cycle)

| | |
| | |
U e U W e U e U

T3
(3 Cycles)

EX_CLK [\

EX_CS_N

EX_ADDR Valid Address

EX_RD_N

e

F -5 — — 4 — 4

EX_DATA

X Valid Data ¥
I
| | |
A9589-01

NOTE: Notice that the access is an Intel-style simplex read access. The data strobe phase is set to a value to last

three clock cycles. The data is returned from the peripheral device prior to the three clocks and the
peripheral device de-asserts EX_IOWAIT_N. The data strobe phase terminates after two clocks even though
the strobe phase was configured to pulse for three clocks.
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Serial Peripheral Port Interface Timing

Serial Peripheral Interface Timing

y Yy
\ A

SSPEXTCLK

SSPSCLK N

»| |20

A
Y
A
Y

SSPINPUTS

DoV

A
Y

SSPOUTPUTS

Serial Peripheral Port Interface Timing Values

Symbol Parameter Min. Max. Units | Notes

Minimum and maximum clock periods which can
T be produced by the SSP_SCLK when the clock is

PER_INTCLK | heing generated from the internal 3.7033MHz
clock.

.0072 1.8432 MHz

Minimum and maximum clock period which can be
produced by the SSP_SCLK when the clock is
Tper ExTCLK | being generated from the externally supplied .06445 16.5 MHz
N maximum clock rate of 33 MHz clock
(SSP_EXTCLK).

Input Setup time for data prior to the valid edge of

Tis SSP_SCLK. These signals include SSP_SRXD.

15 ns

Input hold time for data after the to the valid edge

T of SSP_SCLK. These signals include SSP_SRXD.

SSP_SCLK clock to output valid delay from output
Toov signals. These signals include SSP_STXD and 1 6 ns
SSP_SFRM.

Output data hold valid from valid edge of
TDOH SSP_SCLK. These signals include SSP_STXD 1 ns
and SSP_SFRM.

Output Valid Delay from SSP_EXTCLK to

Tov SSP_SCLK in external clock mode

2 15 ns

1. Timing was designed for a system load between 5pF and 40pF
2. Clock jitter on the SSPSCLK is designed to be an average of the specified clock frequency. The SSPSCLK
jitter specification is unspecified.
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5.6.2.9 I°C Interface Timing
Figure 44.  I°C Interface Timing
12c_spA |/ [; / ) O /X n \ \/_
& BUF > TSF T T
Low T HDSTA
> |[e* s
12C_SCL \J |/ N
| e | [ [ ] e >
THDST N THDDAT 3 TSUSTA TSUSTO
Stop Start Thicn T Repeated Stop
DAT
Start

Table 78. I2C Interface Timing Values

Symbol Parameter Min. Max. Min. Max. | Units | Notes

FscL SCL Clock Frequency 0 100 0 400 KHz

Bus Free Time Between STOP and START

TBUF | Condition 47 13 us

THDSTA | Hold Time (repeated) START Condition 4 0.6 us 2

TLow SCL Clock Low Time 4.7 1.3 us 1

THIGH SCL Clock High Time 4 0.6 us 1

TsustAa | Setup Time for a Repeated START Condition 4.7 0.6 us

THoDAT | Data Hold Time 0 3.45 0 0.9 us

TsubAT | Data Setup Time 250 100 ns

TsR SCL and SDA Rise Time 1000 | 20+0.1C»b 300 ns

TsF SCL and SDA Fall Time 300 | 20+0.1Cb | 300 ns

Tsusto | Setup Time for STOP Condition 4 0.6 us

NOTES:

1. Not tested

2. After this period, the first clock pulse is generated
Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
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5.6.2.10

Figure 45.

High-Speed, Serial Interfaces

High-Speed, Serial Timings

As Inputs:
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hss_rxclk?

hss_(tx or rx)frame
(Positive edge)

hss_(tx or rx)frame
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hss_ rxdata
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hss_ rxdata
(Negative edge)

As Outputs:

hss_(tx or rx)frame
(Positive edge)

hss_(tx or rx)frame
(Negative edge)
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Table 79. High-Speed, Serial Timing Values
Symbol Parameter Min. Max. Units | Notes
T Setup time of HSS_TXFRAME, HSS_RXFRAME, and 5 ns 123
HSS_RXDATA prior to the rising edge of clock e
T Hold time of HSS_TXFRAME, HSS_RXFRAME, and 0 ns 123
HSS_RXDATA after the rising edge of clock ’
R Setup time of HSS_TXFRAME, HSS_RXFRAME, and 5 ns 123
HSS_RXDATA prior to the falling edge of clock ’
T4 Hold time of HSS_TXFRAME, HSS_RXFRAME, and 0 ns 123
HSS_RXDATA after the falling edge of clock ’
15 Rising edge of clock to output delay for HSS_TXFRAME, 15 ns |14
HSS_RXFRAME, and HSS_TXDATA ’
T6 Falling edge of clock to output delay for HSS_TXFRAME, 15 ns 134
HSS_RXFRAME, and HSS_TXDATA T
17 Output Hold Delay after rising edge of final clock for 0 ns |1 3.4
HSS_TXFRAME, HSS_RXFRAME, and HSS_TXDATA ’
T8 Output Hold Delay after falling edge of final clock for 0 ns 11.3 4
HSS_TXFRAME, HSS_RXFRAME, and HSS_TXDATA v
T9 HSS_TXCLK period and HSS_RXCLK period 1/8.192 MHz | 1/512KHz | ns |5
NOTES:

1. HSS_TXCLK and HSS_RXCLK may be coming from external independent sources or being driven by the
IXP45X/IXP46X network processors. The signals are shown to be synchronous for illustrative purposes and are
not required to be synchronous.

2. Applicable when the HSS_RXFRAME and HSS_TXFRAME signals are being driven by an external source as
inputs into the IXP45X/IXP46X network processors. Always applicable to HSS_RXDATA.

3. The HSS_RXFRAME and HSS_TXFRAME can be configured to accept data on the rising or falling edge of the
given reference clock. HSS_RXFRAME and HSS_RXDATA signals are synchronous to HSS_RXCLK and
HSS_TXFRAME and HSS_TXDATA signals are synchronous to the HSS_TXCLK.

4. Applicable when the HSS_RXFRAME and HSS_TXFRAME signals are being driven by the IXP45X/IXP46X
network processors to an external source. Always applicable to HSS_TXDATA.

5. The HSS_TXCLK can be configured to be driven by an external source or be driven by the IXP45X/IXP46X
network processors. The slowest clock speed that can be accepted or driven is 512 KHz. The maximum clock
speed that can be accepted or driven is 8.192 MHz. The clock duty cycle accepted will be 50/50 + 20%.

6. Timing was designed for a system load between 5 pF and 30 pF for high drive setting

Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet May 2005
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®
5.6.2.11 JTAG
Figure 46. Boundary-Scan General Timings
Thsel Tosch
JTG_TCK
JTG_TMS, JTG_TDI X X
—>|Tbsis < |
—>| Tosin|<—
JTG_TDO X X
Thsoh —> |<— | |
Thsod
B0416-01
Figure 47. Boundary-Scan Reset Timings
JTG_TRST_N
Tosr
JTG_TMS _/__\_
Tosrs | Tosrh
A9597-01
Table 80. Boundary-Scan Interface Timings Values
Symbol Parameter Conditions Min. | Typ. | Max. | Units | Notes
Toscl JTG_TCK low time 50 ns 2
Thsch JTG_TCK high time 50 ns 2
T JTG_TDI, JTG_TMS setup time to 10 ns
bsis rising edge of JTG_TCK
T JTG_TDI, JTG_TMS hold time 10 ns
bsih from rising edge of JTG_TCK
JTG_TDO hold time after falling
Tosoh | edge of JTG_TCK 15 ns 1
JTG_TDO clock to output from
Tosod | falling edge of JTG_TCK 40 | ns 1
Tosr JTG_TRST_N reset period 30 ns
T JTG_TMS setup time to rising 10 ns
bsrs | edge of JTG_TRST_N
T JTG_TMS hold time from rising 10 ns
bsth | edge of JTG_TRST_N
NOTES:
1. Tests completed with a 40-pF load to ground on JTAG_TDO.
2. JTG_TCK may be stopped indefinitely in either the low or high phase.
May 2005 Intel® IXP45X and Intel® IXP46X Product Line of Network Processors Datasheet
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5.6.3 Reset Timings

Figure 48. Reset Timings

Veep

VCCM

Vee /

PLL_LOCK

PWRON_RESET N

RESET_IN_N
EX_ADDR[24:0] / CFG Settinps To Be Captureq IXP46X Diives Outputs
EX_ADDR[24:0]-Pull Up/Down [ CFG Seftings To Be Captijred )
TRELEASE_P\NRON_RST_N TRELEASE_RST_N TPLL_LOCK TEX_ADDR_HOLD
d > lad alad -
TEXfADDRfSEI‘UP
< >
Table 81. Reset Timings Table Parameters
Symbol Parameter Min. | Typ. | Max. | Units Note

Minimum time required to hold the PWON_RST_N at logic
TRELEASE PWON RsT N |O state after stable power has been applied to the IXP45X/ | 500 ms 1
- ~ 7 |IXP46X network processors.

Minimum time required to hold the RESET_IN_N at logic 0

T state after PWON_RST_N has been released to a logic 1 10 ns
RELEASE_RESET_IN_N |state. The RESET_IN_N signal must be held low when the

PWON_RST_N signal is held low.

Maximum time for PLL_LOCK signal to drive to logic 1 after
TpLL LockK RESET_IN_N is driven to logic 1 state. The boot sequence 10 us
- does not occur until this period is complete.

Minimum time for the EX_ADDR signals to drive the inputs
TEX ADDR SETUP prior to RESET_IN_N being driven to logic 1 state. This is 50 ns 2
- - used for sampling configuration information.

Minimum/maximum time for the EX_ADDR signals to drive
TeEX_ADDR_HOLD the inputs prior to PLL_LOCK being driven to logic 1 state. 0 20 ns 2
This is used for sampling configuration information.

Minimum time required to drive RESET_IN_N signal to
logic 0 in order to cause a reset after the IXP45X/IXP46X
TWARM RESET network processors have been in normal operation. The 500 ns
- power must remain stable and the PWON_RST_N signal
must remain stable.

NOTES:

1. TRELEASE PWRON RsT N is the time required for the internal oscillator to reach stability. When an external oscillator is being
used the 500-ms delay is not required.

2. The expansion bus address is captured as a derivative of the RESET_IN_N signal going high. When a programmable-logic
device is used to drive the EX_ADDR signals instead of pull-downs, the signals must be active until PLL_LOCK is active.
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5.7

Figure 49.
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Power Sequence

The 3.3-V 1/0 voltage (Vccp) and the 2.5-V 1/0 voltage (Vccmy must be powered up at least 1 ps
before the core voltage (V). The IXP45X/1XP46X network processors core voltage (V) must
never become stable prior to the 3.3-V 1/O voltage (Vccp) or the 2.5-V 1/O voltage (Vccom)-

Sequencing between Vcp and V¢ €an occur in any order with respect to one another.
Tio_PHASE can be:

® Veepprior to Veem
° VCCM prior to VCCP
° Vccp SimUltaneOUSly to VCCM

The Vceose: VeepLr VeepLrz, and Veepy 3 Voltages follow the V¢ power-up pattern. The
VCCOSCP follows the VCCP power-up pattern.

The value for Tpower up Must be at least 1 ps before the later of Vecp and Vg The
Teower up timing parameter is measured between the later of the I/O power rails (Vccpat 3.3 V
orVeepmat 2.5 V) and Vecat 1.3 V.

Power-up Sequence Timing

ccp

cC

TIO_PHASE TPOWER_UF \Y

> bl CCM
4 < Ll ] Lt

VOLTS
N

TIME
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5.8 Power Dissipation
The Intel® IXP45X and Intel® IXP46X Product Line of Network Processors were tested assuming
a typical worst case networking application under a tester environment. The following power
assessments in Table 82 assume this typical worst case networking application using the interface
activity factors listed in Table 83. The actual power may vary if interface activity factors are
different from Table 83. If applications do not require use of certain peripherals or if interfaces
operate at lower activity factors, then the power required by the part may be significantly less than
the numbers stated in Table 82.
Table 82. Power Dissipation Values
. Power Per Rail Maximum Power
Part Type Power Rail Icc (mA) (MW) T Dissipation (Watts)
33V 88 305
Intel® IXP45X and Intel® IXP46X Product
| Line of Network Processors— 266 MHz 25V 255 669 28
13V 1335 1822
3.3V 88 305
Intel® IXP45X and Intel® IXP46X Product
| Line of Network Processors — 400 MHz 25V 255 669 3.0
1.3V 1485 2027
33V 88 305
Intel® IXP45X and Intel® IXP46X Product
| Line of Network Processors — 533 MHz 25V 255 669 32
1.3V 1630 2225
3.3V 88 305
Intel® IXP46X Product Line — 667 MHz 25V 255 669 3.6
1.4V 1785 2624
1 Power in mW is calculated using Maximum Vcc specification for each power rail.
Activity factor is directly proportional to the overall power consumption where each application
will have a different activity factor and different power conclusion. Table 83 illustrates the activity
factor of each interface on the tester during the typical worst case networking application.
Table 83. Power Dissipation Test Conditions
Interface DDR PCI EXP Ethernet UTOPIA
(data/addr) (addr/cntl) (data/cntl) (data) (data)
Activity Factor 15% /6% 16% / 10% 5% 13.7% 20% 17%
NOTES:
1. All output clocks toggling at their specified rate.
2. Tester did not include termination resistors on any interface for power analysis.
3. Tester measures power at 85 degrees F Ambient.
4. Current measurements are average and not peak.
5. Intel XScale® Core processor tested running DSP software.
5.9 Ordering Information

For ordering information, please contact your local Intel sales representative.
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