INTal. ntel® 1XP45X 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
* 16 GPIO

* Four Internal Timers

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

* Spread Spectrum clocking for Reduced
EMI

¢ Packaging
—>544-Pin PBGA
—Commercial/Extended Temperature
— Lead-Free Support

Typical Applications

¢ Small-to-Medium Business Router
* [Industrial Controllers

e Modular Router

* Access Points (802.11a/b/g)

¢ Network-Attached Storage

e Wired/Wireless RFID Readers

Downloaded from Elcodis.com electr components distributor

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

* 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
e |EEE-1588 Hardware Assist

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

* Security Gateway/Router

* Network Printers

¢ Control Plane

* Mini-DSLAM
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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:
* 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

¢ PCIl interface
— 32-bit interface

— Selectable clock
 33-MHz clock output produced by GP1015
e 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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— PCI 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/1XP46X 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® [XP46X Product Line of Network Processors Datasheet
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« Supports Intel/Motorola* microprocessors

» Multiplexed-style bus cycles

« Simplex-style bus cycles

» DSP support for Texas Instruments* DSPs supporting HP1*-8 bus cycles
» DSP support for Texas Instruments DSPs supporting HPI-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)
* 1°C 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 May 2005
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— 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)Note 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/SMI1/SS-SMII interfaces are: No® 1

— 802.3 Ml interfaces that additionally support SMI1/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°t !
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— 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
* |EEE 1588 Hardware Assistance N°ts 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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1.2

Table 1.

May 2005
14

Model-Specific Features

INtal.

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
HSS 0 (NPE-A)t X X
HSS 1 (NPE-A)t X X
UTOPIA 2/ Mil / SMII (NPE A)t X X
MIl / 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, V\jl?r?El\/ICI-lcz clock | 32-bit, vJ|?h3ENCIZ|-g clock 32-bivt\}it1h$i):i-tMEl-chlock
AES / AES-CCM/ DES / DES3 t X X
Cryptography Unit X X
Multi-Channel HDLC t 8 8
SHA /MD-5 t 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 SMIl is not supported on the IXP455 network processor.
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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® IXP45X 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/1XP46X 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.
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Figure 1. Intel® IXP465 Network Processor Block Diagram
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Figure 2. Intel® IXP460 Network Processor Block Diagram
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| Figure 3. Intel® IXP455 Network Processor Block Diagram
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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/1XP46X
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 Mli
(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 Mil /ASM” Mil I?BSM” Mil /CSM” AI/ESD/EQES HDLC |SHA MD-5

%;rf‘;igllt‘)raﬁon 0 X X MIl MIl X 8 X
Configuration 1 X X SMil Mil X 8 X
Configuration 2 X X SMiI SMiI X 8 X
Configuration 3 X X 4 SMIl MII X 8 X
Configuration 4 X X 4 SMII SMiI X 8 X
Configuration 5 X MII Ml MII X 8 X
Configuration 6 X Mil SMiI Mil X 8 X
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Table 3. Network Processor Functions (Sheet 2 of 2)

Device UTOPIA | HSS Mil /ASM” Mil /AéSM” Mil /CSM” AI/EEIEQES HDLC |[SHA MD-5
Configuration 7 X Mil SMil SMil X 8 X
Configuration 8 X Mil 4 SMII Ml X 8 X
Configuration 9 X Mil 4 SMII SMil X 8 X
Configuration 10 X SMil 4 SMil SMil X 8 X
Configuration 11 X SMil SMII SMil X 8 X
Configuration 12 X SMII SMil Mil X 8 X
Configuration 13 X SMil 4 SMil MII 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
e 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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20 Document Number: 306261-002

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5200631/GWIXP465BADT.html

In ® Functional Overview

3.1.2 Internal Bus

The internal bus architecture of the IXP45X/I1XP46X 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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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.

Avrbitration 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.

3.1.2.3 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.

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

3.1.24 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) ¢ All NPEs

* GPIO * Interrupt controller

¢ |EEE 1588 Hardware Assist * Timers

e I°C * 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.

3.1.3 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 (MI1)
interfaces. These interfaces are integrated into the IXP45X/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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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).

3.1.4 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.

3.15 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)

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

3.1.7 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.

3.1.8 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 Gbyte 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.

Note: The IXP455 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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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