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1.1 Introduction

Chapter 1: Functional Specification

Programmable Source Decoder with Integrated
Peripherals
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The PNX8526 is a highly integrated media processor intended for deployment in
Advanced Set Top Box (ASTB) and Digital Television (DTV) systems. The PNX8526
is targeted at the mid to high-end ASTB/DTV systems, focusing on decoding “all
format” HD and SD MPEG2 source material with standard definition (SD), or double
line-rate SD display capabilities. This assumption implies that although the PNX8526
can process high level input formats, its display capabilities are primarily targeted at
the hundreds of millions of NTSC, PAL, and SECAM television sets in use. It is also
targeted at lower cost DTVs: those DTVs that are not considered high definition.
Progressive output is also available for double line-rate television displays or for high
resolution graphic content to be displayed on a computer monitor. The PNX8526 is
designed in a high performance 0.12 micron process.

The PNX8526 is responsible for the source decode functions in ASTB/DTV systems.
These functions include conditional access, MPEG2 transport stream de-mux,
MPEG2 video decode, audio decode and processing, graphics generation, video
processing, and image composition and display. A 32-bit 200 MHz VLIW processor,
referred to as the TriMedia 3200 CPU core (TM32G CPU), carries out the majority of
media processing operations performed by the PNX8526. Fixed function hardware
will perform some operations that are not handled by the TM32 CPU. Additionally, the
PNX8526 supports a number of peripheral interfaces such as 12C, USB, IDE and
UART. Additional interfaces such as IEEE-1284 and Ethernet are supported via
Super I/O devices that reside on a PCI expansion bus. This bus also provides for
glueless interface to 8-bit wide slave devices, such as Flash/ROM, DOCSIS modem,
UARTS, etc.

An embedded MIPS processor (PR3940) running at 150 MHz is intended to run the
OS. (There is no direct support for an external processor; however, a CPU of any
type may be connected to the PNX8526 via the PCI interface.) This implies a
complete CPU subsystem consisting of the CPU itself, local memory, and an
interface to PCI. The MIPS processor is primarily responsible for control functions
and graphics-intensive operating systems, while the TM32 CPU is responsible for
running all real-time media processing functions. All resources supported within the
PNX8526 are accessible by both the MIPS processor and the TM32 CPU. The
software documentation of the PNX8526 provides more details on the interaction
between the MIPS and the TM32 CPU.

The PNX8526 is intended to be used with a small companion IC, the PNX8510. This
analog companion chip provides the majority of analog video and audio support for
the output of the PNX8526. The PNX8510 companion is capable of simultaneously
driving two video channels (6 DACs) and two stereo audio channels (4 DACs).

=  PHILIPS
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1.2 PNX8526 Feature Summary

e 200 MHz, 5 instruction/clock cycle 32-bit VLIW processing core (TM32G CPU)
e 150 MHz, MIPS PR3940 processing core

* External CPU support via PCI

*  Support for multiple digital video (D1) input streams

e Support for multiple MPEG2 or DIRECTYV transport streams (parallel format)

*  On-chip conditional access for DVB, DES, MULTI2, ICAM, DIRECTV

*  On-chip copy protection support for OpenCable and ATSC (NRSS-B)

* Simultaneous decode of two SD streams (MPEG2) or one HD MPEG Stream
(AFD style HD-SD decode)

* Simultaneous decode of two AC-3 or equivalent audio streams
* High performance 2D rendering and DMA capability

* Dual image composition/screen refresh engines: four layer primary output, two
layer secondary output

*  Multiple channel output to support watch/record and multi-room modes
* Embedded 1394 link layer with 5C copy protection
*  Soft modem support via SSI interface

* 16, 32, and 64 MB Unified Memory Architecture implemented with high speed
SDRAM (166 MHz)

*  System expansion capability via industry standard PCI bus

e Core peripherals (IZC, UART, USB, etc.) on the chip, other peripherals
supported via third-party SuperlO chip

1.3 PNX8526 Functional Overview

UM10104_1

The functionality achieved within the PNX8526 can be divided into three major
categories: decode, processing, and display. Decode functions take input data
streams and convert those streams into memory based structures that the PNX8526
may further process. Decode functions may be simple, as in the case of storing D1
video into memory, or substantially more complex, as in the case of MPEG2.
Processing functions are those that modify an existing data structure and prepare
that structure for display functions. Display functions take the processed data
structures from memory and generate the appropriate output stream. As in the case
of the decode functions, display functions can be relatively simple, such as an 12S
audio output, or very complex, as in the case of multi-channel video display.

All decoded data structures are stored in memory, even when further processing is
not required. This mechanism implies that there is no direct path between input and
output data streams. The memory serves as the buffer to de-couple input and output
data streams. Based on the mode of operation, there may be multiple data structures
in memory for a given input stream. The PNX8526 uses the TM32 CPU and a
timestamping mechanism to determine when a specific memory data structure is to
be displayed.

© Koninklijke Philips Electronics N.V. 2002. All rights reserved.
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The PNX8526 implements the required decode, processing, and display functions
with a combination of fixed function hardware and TM32 CPU software modules. The
MIPS processor is not intended to be involved with the three primary function types,
other than to control them. The PNX8526 provides a good balance between those
functions that are implemented in fixed hardware and those that are programmed to
run on the TM32 CPU. The following tables illustrate how the major tasks are
implemented under each of the three main functional areas.

Table 1: Decode Function Responsibilities

Decode Functions TM32 CPU Hardware Comments
D1 digital video input X Video Input Processor (VIP)
Section filtering X Programmable hardware, with

transparent mode to escape to
software if a new provider uses
an unforeseen method

PID filtering X

Transport de-mux X Flexible hardware, with option to
perform transparent mode and
do de-mux in software for ATSC/
other

MPEG2 decode X Complete MPEG2 algorithm
below slice level

MPEG2 decode X Above slice level

Conditional access X DVB, MULTI2, ICAM, DES,
DIRECTYV internal to the
PNX8526, POD, Cl external

Audio decode X Two AC-3 streams or equivalent

Table 2: Processing Function Responsibilities

Processing Functions TM32CPU Hardware Comments

Audio processing X Processing and mixing of various
PCM or AC-3 streams

2D Rendering and DMA X

Primary video processing X Scaling, anti-flicker, and de-
interlacing

Display CSC Matrix, CLUT, BCS, X

gamma correction

Advanced video processing X Algorithms not in hardware may
run on TM32 CPU (as bandwidth
allows)

UM10104_1 © Koninklijke Philips Electronics N.V. 2002. All rights reserved.
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Table 2: Processing Function Responsibilities ...Continued

Processing Functions TM32CPU Hardware Comments
V.34, V.90 modem X
Transport stream creation X Partial transport stream for

transmission across 1394 (simple
derivative of input stream)

Transport stream creation X Transport stream assembly for
transmission across 1394
(intelligently assembled stream)

Table 3: Display Function Responsibilities

Display Features TM32CPU Hardware Comments

Video stream X Advanced Image Composition Processor
composition (AICP)

Audio stream X

composition

1.4 Display Modes

UM10104_1

Table shows the supported display resolutions that provide acceptable performance,
features and quality. The PNX8526 is primarily intended to drive standard definition
analog television sets and low cost digital televisions. The PNX8526 is not intended
to support full high definition (HD) output nor does it support on-chip high end image
enhancement. However, the PNX8526 display capabilities are programmable, and a
wide variety of display systems can be supported.

The PNX8526 supports two simultaneous output video channels: primary and
secondary. In a watch/record scenario, the primary channel is intended to be the
viewable channel. It will display a fully composited video image consisting of PIPs,
menus, and other graphical information. The secondary channel is intended to be the
recordable channel.

Other uses are possible. For example; external high-end image enhancement can be
applied to the secondary display output channel, and brought back in to the PNX8526
through the third video input, and blended with graphics for emission through the
primary display channel.

The PNX8526 hosts two independent Advanced Image Composition Processor
(AICP) modules. The primary AICP contains four image layers and is mainly intended
to be connected to a TV or monitor. The second AICP contains two layers and is
intended to connect to a VCR. The layers have their own pixel clock and frame timing
generator for fully independent display modes. Because of the independence of the
layers, a wide variety of scenarios is possible.

© Koninklijke Philips Electronics N.V. 2002. All rights reserved.

Rev. 01 — 8 October 2003 1-4



Philips Semiconductors PNX8526

Chapter 1: Functional Specification

To support scenarios other than watch/record, one or both AICPs can be set to divide
their layers over two pixel/timing synchronous multiplexed outputs. This allows
refresh of up to four screens, but with more limited compositing capabilities.

Table 4: Display Resolutions

Display Modes Interface Mode Sync Interface Speed
4:2:2 CVBS or Y/C PAL/NTSC/SECAM resolution 4:2:2 4:2:2 Muxed embedded SAV/ 27 MHz
Example PAL: 864 pixel/line x 312.5 lines/field x 50 Hz = 13.5  Components EAV D1 style
MHz/Y samples 6.75 MHz/U samples 6.75 MHz/V samples
4:4:4 RGB or YUV PAL/NTSC/SECAM resolution 4:4:4 4:4:4 Muxed embedded SAV/ 40.5 MHz
Example PAL: 864 pixel/line x 312.5 lines/field x 50 Hz = 13.5  Components EAV D1 style or
MHz/component external H/V/
Blank
4:4:4 RGB or YUV 2FH (double line frequency -> double 4:4:4 Muxed embedded SAV/ 81 MHz
refresh rate) Example PAL: 864 pixel/line x 312.5 lines/field x 50 Components EAV D1 style or
Hz x 2 = 27 MHz/component external H/V/
Blank
4:4:4 RGB or YUV 480P (PAL/NTSC resolution, progressive)  4:4:4 Muxed embedded SAV/ 81 MHz
Example PAL: 864 pixel/line x 625 lines/field x 50 Hz = 27 MHz/ Components EAV D1 style
component external H/V/
Blank
UM10104_1 © Koninklijke Philips Electronics N.V. 2002. All rights reserved.
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1.5 System Functional Overview

Figure 1 shows a block diagram of a typical PNX8526-based system. The system
shown is a “standalone system,” which uses the internal MIPS host.

from ext. tuner SDRAM
! } 64-bit
Transport Stream 1394 10 —3,L> RGB or Y/C
TS (output) DV_OUT1 - L1 . cvBS
0OB in ! pv_out2 %, 1
—[POD-1/ =Y
NRSS-B/CI=|  CA V3 (65T 128_OUT1 =|PNX8510L 17 ¢ (cves)
n >
SIS — erace |—= DV3( in) 12S_OUT2 |— 2, .
NRSS-B/CI| ™| 12c-2 [_12C 1A RIL
- 7 A2 R/L
PNX8526 5 GPIO
Transport Stream 27 MHz#_
analog video l . fan?logd
— 711X > DV2 (656/TSin) SSI/UART3 [«—{ TONt-ENA o pgTN
or modem
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USB (2x) I T 1
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IrDA Data (UART1) |  boot |
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- c 7 7 -
bocsIs PCI Super 1/0 | buffer | | Flash |
|
| | | IDE
IDE  LAN 1284 10 MB/s

UDMAG6

Figure 1: PNX8526-Based System Block Diagram

The PNX8526 runs on a single 27 MHz xtal from which all internal and external
clocks are derived by on-chip synthesizers. (See Section 1.6.2 for details.) The
PNX8526 boots directly from attached Flash memory or ROM. If desired, custom
boot methods can be programmed using the optional 12C boot EEPROM.

The PNX8526 has three Digital Video inputs that accept digitized analog video
(ITU-656), although only two ITU-656 streams can be processed simultaneously.
(See Section 1.6.10) Two of these inputs, DV2 and DV3, can also accept scrambled
transport streams.

The DV inputs support parallel transport stream formats. In addition, a single
incoming 1394 transport stream is supported. Two selected transport streams can
undergo internal de-scrambling and decoding.

UM10104_1 © Koninklijke Philips Electronics N.V. 2002. All rights reserved.
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Based on the system implementation, one or both transport streams may pass
through Point of Deployment (POD) or Common Interface (Cl) conditional access
modules before transfer into the PNX8526. Either a single companion IC, such as the
SCM Microsystems CIMaX, or two CIMaX chips can be used. In the latter case, it is
possible to handle dual decoding no matter which conditional access system is used.

The PNX8526 contains on-chip DVB, MULTI2 and DES hardware de-scramblers, as
well as an ICAM verifier. The entitlement system for these de-scramblers is provided
via two Smartcard interfaces.

The TM32 CPU does further processing on the result of the transport stream de-mux.

For MPEG2 video, a slice level HL MPEG2 video decoder performs the majority of
the MPEG2 algorithm. The TM32 CPU does all MPEG2 processing above the slice
level. Two simultaneous SD streams or one HD stream may be processed.

All audio processing is done by the TM32 CPU. Compressed audio will be present in
memory from either the transport stream de-multiplex or from the SPDIF input port.
The SPDIF input port is intended primarily for DTV applications where a SPDIF
source is available from an external source device, such as a DVD player. PCM
(stereo sample) audio is present in memory from the 12S input ports or SPDIF input.
Two AC-3 (or equivalent) compressed audio streams may be decoded
simultaneously. The TM32 CPU may also process effects, enhancements and mix the
audio data. Multi-channel compressed audio or down-mixed stereo PCM audio is
transmitted over the SPDIF output interface. Multi-channel audio samples are Dolby
Pro Logic down-mixed into the two stereo 1S interfaces to the PNX8510 companion
IC. In addition to the two I2S inputs and two I12S outputs, a bi-directional I12S interface
is provided. This allows connection of other audio inputs or outputs—headphones, for
example.

Remark: There is not enough computing power to support encoding of multi-channel
compressed audio simultaneous with video processing. So the multi-channel
compressed audio transmitted over SPDIF must be from one of the original
compressed sources.

Graphics rendering may be accomplished with the MIPS or the TM32 CPU by
utilizing the 2D Drawing and DMA engine. This engine can perform fast area fills, 3-
operand bitblts, monochrome data expansion, and lines. It can also be used as a
generic DMA engine to transfer data between memory locations on a byte-aligned
basis. An alpha bitblt capability is also provided to allow for anti-aliased text and lines
as well as source/destination blending operations.

Once all video and graphics data for specific fields or frames has been generated in
memory, the video display pipeline starts processing those images for display. The
video processing functions include 6-tap horizontal/vertical scaling, anti-flicker
filtering, and de-interlacing (when progressive output is required). The processed
images are then combined for each output. Up to four surfaces of any supported
format may be combined to produce the primary display output. Up to two surfaces
are combined to produce the secondary output. Compositing of more surfaces for
future video algorithms is possible by using the TM32 CPU and/or the memory based
scaler prior to invoking the compositing/display engine. This is subject to CPU and
memory bandwidth availability.

The PNX8526 contains a 1394 interface with 5C copy protection. The PNX8526 1394
can simultaneously transmit two transport streams while receiving one transport
stream. The transmitted streams can be partial transport streams (created by PID

© Koninklijke Philips Electronics N.V. 2002. Al rights reserved.
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filtering of an input) or one of the two streams can be software generated. In the case
of receiving a scrambled 1394 transport stream input, the stream can either use the
on-chip de-scramblers, or may be routed to the external companion CA IC for de-
scrambling by the POD/CI CA module(s).

The PNX8526 contains a variety of peripheral interfaces to support both ASTB and
DTV requirements. There are two Smartcard interfaces, two USB ports, two 12c
ports, one IrDA Data UART and two general purpose UARTSs, one of which (UART3)
is multiplexed with an SSI interface for soft modem support. The PNX8526 also
contains an integrated IDE controller, which only requires an external isolation buffer
to implement a full disk interface with sustained speeds up to 10 MB/s. A third-party
PCI Super I/O chip may be utilized to provide peripheral functionality not contained
on the PNX8526. Functions such as IEEE-1284, 10/100 Ethernet, floppy drive
support, UDMAG66 IDE controllers and others are currently available in low-cost,
commercially available parts.
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1.6 PNX8526 Detailed Functional Description

1.6.1 Functional Block Diagram
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Figure 2: PNX8526 Functional Block Diagram
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1.6.2 System Boot

The PNX8526 uses a scripted boot. The hardware Boot module reads a script
consisting of simple commands (“write a given value at a given address, delay xxx
cycles...”). The choice of script is determined by pullup/pulldown resistors on the
three BOOTMODE pins (these pins double as GPIO[2:0] after boot)..

Table 5: BOOTMODE

BootMode[2:0] Boot Method
000 Use 12C EEPROM script, fully customized boot
001 Use built-in script 1
010 Use built-in script 2
oM External EEPROM boot script with fast [IC clock, testmode
100 Use built-in script 3: fast boot script used for manufacturing
Others Reserved

Built-in script 1 initializes the system and starts the MIPS executing from a direct
addressable memory (ROM, nor-Flash) attached to PCI-XIO. The initial clocks are
chosen conservatively, and the MIPS is responsible for completing the full-speed
initialization.

Built-in script 2 initializes the system, copies part of an attached NAND-Flash to
SDRAM, and starts MIPS execution in SDRAM.

The I2C EEPROM allows a fully customized boot method, and is typically used for:

* External host configurations - the boot script initializes the system and sets
personality data in the PCI module (subsystem vendor ID, etc.). This prepares
the PNX8526 for the host enumeration of all PCI devices. The PNX8526 then
awaits external host configuration, TM32 program download and start.

* Custom boot, for example over an attached LAN, or over another device capable
of providing the initial SDRAM boot image

* Boot with special SDRAM configurations not supported by script1 and 2

The PNX8526 on-chip MIPS is capable of direct ROM or standard Flash execution to
allow for booting.

Remark: Direct execution from NAND-Flash is not supported.

Direct execution, however, has limited performance. Therefore, the first thing the
MIPS typically does is to copy a file contained in Flash to system SDRAM and
execute it at high speed. That Flash file contains the self-decompressing initial
system software application. This multi-stage boot process minimizes system
memory cost.

The scripted boot, in combination with an appropriately programmed 12C EEPROM,
allows booting in many ways, including direct TM32 CPU boot from SDRAM.

A standalone PNX8526 system is able to reliably update its own Flash boot image,
whether the Flash is standard or NAND-Flash. In most systems this is done by extra
Flash storage capacity that is used by the Flash update software to guarantee
atomicity of a boot image update under power failure. The update either succeeds or
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the old boot image is retained. In some systems, it may be cost attractive to use a
medium sized boot I°C EEPROM instead. This boot EEPROM holds the code to
recover a corrupted Flash from some system resource, such as a cable feed.

Boot is fully explained in Chapter 3 Boot.

TM32 CPU Core Processor

The TM32 CPU is a 0.12 micron core version of the TriMedia 3200 media processor
CPU. This CPU core is a 200 MHz, 5 instructions per clock cycle, Very Long
Instruction Word (VLIW) processor, with an extensive set of multimedia instructions. It
implements the TriMedia 1300 instruction set. The TM32 CPU supports 32-bit integer
and IEEE-compatible 32-bit floating point data formats. It also provides a Single
Instruction Multiple Data (SIMD) style operation set for operating on dual 16-bit or
quad 8-bit packed data. It has a peak floating point compute capacity of

1 G operations/s, and has 800 M multiply-add/s capability on 16-bit data. Its on-chip
dual access 16 kB 8-way set-associative data cache provides a CPU local data
bandwidth of 1.6 GB/s. Its on-chip 32 kB 8-way set-associative instruction cache
provides 224 bits of instructions every clock cycle, for an instruction rate of 5.6 GB/s.

In the PNX8526 target operating mode, the TM32 CPU is responsible for one
transport stream creation, dual audio decode and control of the HL MPEG2 decoder.
The TM32 CPU has sufficient compute performance to deal with a variety of future
operating modes. It can decode most SD video compression standard and
associated audio at full frame rate, such as decoding a DV camcorder image stream
arriving over 1394. It can do intelligent conversion from NTSC video to 60 Hz
progressive. It is also capable of doing all audio and video compression,
decompression and processing necessary for bi-directional video conferencing.

The TM32 CPU is responsible for all media processing and real-time processing
functions within the PNX8526. It runs a small real-time kernel operating system,
which allows it to respond efficiently and predictably to real-time events. In some
cases, the TM32 CPU will handle a media processing function in conjunction with
fixed hardware, such as the HL MPEG2 decoder. Fixed hardware that is associated
with media processing exists on a segment of the PI-Bus local to the TM32 CPU. This
ensures low latency from the TM32 CPU to fixed hardware devices.

The TM32 CPU executes code from the unified system SDRAM memory.

The TM32 CPU is capable of operating in little or big-endian mode. The mode is
chosen shortly after CPU startup by setting the CPU PCSW.

Debug of software running on the TriMedia CPU is performed using an interactive
source debugger on a PC with a JTAG plugin board. The PC talks to the TM32 CPU
through the PNX8526 JTAG pins and the TM_DBG module (Figure 7 ) . The
TMN_DBG provides an improved version of the TM1x00 JTAG debug port.

PR3940 MIPS RISC Core

The MIPS PR3940 core is a 150 MHz, 195 MIPS (Dhrystone 2.1) class processor
that implements the MIPS-Il and MIPS-16 ISA. It has a built-in R4000 TLB-based
MMU, and splits 16 kB Instruction and 8 kB Data caches with 2-way and 4-way set
associativity. The PR3940 fully implements kernel/user mode style system protection
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and memory address translation and access control. This allows the PNX8526 to run
mature operating systems with inter-process protection. The PR3940 is an integer-
only core that uses traps and emulation to support floating point instructions.

This processor is responsible for running the operating system and control functions
within the system. It also serves to execute Conditional Access software modules that
are only available as MIPS ISA binaries.

Devices associated with control functions exist on a segment of the PI-Bus close to
the PR3940. This ensures low latency from the PR3940.

The PR3940 core executes code from the unified system SDRAM memory. It can
also execute directly from standard Flash or ROM, but with reduced performance.
Direct execution from NAND-Flash is not supported.

The PR3940 core is capable of operating in little or big-endian mode. The mode is
chosen at MIPS reset time. The PNX8526 has provisions to deploy Flash updates
that change the endianness of operation of the software stack. This is implemented
by a MIPS self-reset during the application boot process.

Debug of software running on the MIPS core uses an industry standard EJTAG port
with a dedicated set of pins.

OS Security

By default, both CPUs in the PNX8526 have access to all of system memory and to
all on-chip devices. By utilizing the MIPS TLB, it is possible to protect the OS kernel
from corruption by user-mode processes, and to run user-mode device driver
processes that are protected from errant or malignant user-mode processes. In
addition, the PNX8526 has special hardware provisions that allow setting aside a
private range of memory for the TM32 CPU, and also allows selectively disabling
access to devices for the TM32 CPU. This can be used to allow the TM32 CPU
software the same protection and access rights as MIPS user-mode processes.

This advanced capability allows application of the PNX8526 in open systems, where
user-mode tasks can be downloaded to either CPU without compromising the
security of the system. An errant or malignant user-mode task on either CPU is
hardware protected from overwriting kernel data structures, other user-mode task
data or gaining access to private devices.

2D Drawing and DMA Engine

The PNX8526 includes a 2D rendering and DMA engine. The 2D Draw engine
performs high speed graphics operations, including solid fills, three-operand bitblt,
lines, and monochrome data expansion. Supported drawing formats include 8, 16,
and 32 bits per pixel. Monochrome data can be color expanded to any supported
pixel format. Anti-aliased lines and fonts are supported via a 16-level alpha blend
bitblt. A full 256-level alpha bitblt is available to blend source and destination images
together. Drawing is supported to any naturally aligned memory location and at any
naturally aligned image stride, i.e. 16 and 32-bit pixels should be allocated at byte
addresses that are a multiple of 2 or 4, respectively.
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1.6.7 HL MPEG2 Decoder (VMPG)

The high-level MPEG2 video decoder does all portions of the MPEG2 algorithm
below slice level. The TM32 CPU processes above the slice level. All 18 ATSC
formats may be decoded. Additionally, multiple SD streams may be processed
simultaneously.

1.6.8 Video Processing and Display (MBS and AICP)

Images residing in the system DRAM may require further processing after being
decoded (MPEG), captured (analog video), or rendered (graphics). There is
dedicated hardware to perform common functions, such as scaling, anti-flicker
filtering, format conversions and de-interlacing. The TM32 CPU may also be utilized
for video processing algorithms that are not implemented in hardware. The memory
based scaler (MBS) module performs video processing operations with memory
images as source and destination. The two advanced image composition processors
(AICPs) then perform the final processing, including color-space conversion, and
combine the images to produce the final display output on the primary and secondary
channels.

The on-chip hardware image processing modules all use the same “native” pixel
formats, as shown in Table 6. This ensures that image data produced by one module
can be read by another.

Remark: The MBS supports all formats on input, so it can be used for format
conversion coincident with a scaling operation.

The MBS contains a universal pixel format converter, such that software written to
paint pixels in a specific packed RGB or YUV image format can be ported without
modification.

Table 6: Native Pixel Format Summary

VIP MPG MBS MBS 2D AICP

Name Note Out Out In Out Draw* In
1 bpp indexed CLUT entry = 24-bit color + 8-bit alpha X X
2 bpp indexed X X
4 bpp indexed X X
8 bpp indexed X X X
RGBa 4444 16-bit unit, containing one pixel with alpha ** X X X X
RGBa 4534 ** X X X X
RGB 565 16-bit unit, containing one pixel, no alpha ** X X X X
RGBa 8888 32-bit unit, containing one pixel with alpha * X X X X
packed YUVa 4:4:4 32-bit unit containing one pixel with alpha X X X X X
packed YUV 4:2:2 (UYVY) 16-bit unit, two successive units contain two X X X X
packed YUV 4:2:2 (YUY2, horizontally adjacent pixels, no alpha " ” « ”
2vuy)
planar YUV 4:2:2 Three arrays, one for each component X X X
semi-planar YUV 4:2:2 Two arrays, one with all Ys, one with U and Vs X X X
UM10104_1 © Koninklijke Philips Electronics N.V. 2002. All rights reserved.
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Table 6: Native Pixel Format Summary ...Continued

VIP MPG MBS MBS 2D AICP

Name Note Out Out In Out Draw* In
planar YUV 4:2:0 Three arrays, one for each component X X
semi-planar YUV 4:2:0 Two arrays, one with all Ys, one with U and Vs X X X

* Shown are the 2D Engine frame buffer formats where drawing, raster ops and alpha-blending of surfaces can be accelerated.
Additionally, the 2D Drawing Engine host port supports 1 bpp monochrome font/pattern data, and 4 and 8-bit alpha only data for
host-initiated, anti-aliased drawing.

** The VIP is capable of producing RGB formats, but not when performing horizontal scaling.

1.6.8.1 Memory Based Scaler (MBS)

Processing of images in the main memory may be performed with the use of a
Memory Based Scaler (MBS). As the name implies, the primary function of the MBS
is to read images from memory, perform a scaling operation, and write the resultant
image back into memory. This method has a number of advantages over an “on-the-
fly” or real-time approach. Perhaps the biggest advantage is that the scaling
operation is de-coupled from the display operation. In the case of a PIP, a real-time
approach implies that a huge amount of memory bandwidth must be concentrated in
a very small amount of time while the rest of the time the scaler remains idle. The
MBS has the ability to process many images in the time it takes to display a single
frame. Because the MBS is not a real-time device, it utilizes any available memory
bandwidth that is not claimed by higher priority PNX8526 resources. This helps with
averaging out memory access bandwidth.

In addition to its basic scaling capabilities, the MBS performs linear and non-linear
aspect ratio conversion (including panorama and amaronap modes), anti-flicker
filtering, de-interlacing and pixel format conversion functions.

The video processing functions are based on 4 and 6-tap polyphase filters with up to
64 phases. Three 6-tap filter units are used for horizontal scaling/filtering while three
4-tap filter units are assigned to vertical scaling/filtering. For some video formats
(e.g. YUV 4:2:x) the three 4-tap filters can be combined to work as two 6-tap filters.

The MBS contains simple median filters to support de-interlacing in combination with
other operations. Alternately, a special 2x32 phase mode allows higher quality inter-
field filtering style de-interlacing by using different polyphase coefficient sets for every
other output line.

Although a video processing task is constrained to 1024 pixels horizontally on either
input or output, any arbitrary input to output size conversion can be achieved by
processing a video source within multiple scale tasks. The MBS can continue
processing a new task where a previous task left off by programming the start phase
of the new task according to the phase where the previous task ended.

The processing speed of the MBS depends on available memory bandwidth, but it
has a theoretical upper limit of 120 million pixels per second. Depending on
compression or expansion ratio, this rate can only be achieved on either input or
output.

The MBS supports a wide variety of input and output pixel data formats. On input, it
can handle any of the native PNX8526 pixel formats. Input also has a universal pixel
converter, where any non-standard (but packed) RGB or YUV format can be
converted prior to operation. Input formats include indexed pixels with color depths of
1, 2, 4, and 8 bits. An internal LUT is used to convert the index 1, 2, 4, and 8-bit
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formats into true color, plus an optional alpha value. The output format is independent
of the input format. Output formats include any of the native PNX8526 pixel formats,
excluding the indexed color formats.

Advanced Image Composition Processors (AICP)

The two AICPs combine images from main memory into composited images and
refresh the primary and secondary display channel. All compositing is done either in
RGB or YUV color space, depending on the AICP output mode. Each layer performs
color space conversion if the memory format it receives differs from the output format.
The overall architecture of the AICP is shown in Figure 3

The Primary AICP composites up to four image layers. The secondary AICP supports
two layers. The AICPs can allocate layers in a general way to each of the display
channels.

A layer is responsible for producing a valid pixel for every display coordinate. All of
the layers are identical, so there are no restrictions as to how each layer may be
utilized. For example, the primary display can have four video layers, four graphics
layers, three graphics + one video layer, etc. A wide variety of RGB, YUV, and alpha
formats are supported as input to a layer module. The layer structure is described in
more detail in Section 1.6.8.3.
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Remark: “Region based graphics” are not supported at the AICP hardware level,
software must generate one uniform color depth surface if an application requires
region based graphics.
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Figure 3: AICP1 and AICP2 Architecture Overview
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The properly formatted pixels from each layer are combined back-to-front in a
cascaded series of mixer units. There is one mixer associated with each layer of the
AICP. Compositing functionality is highly programmable and includes chroma, alpha
or color key based alpha-blending, and pixel selection from the previous layer, the
current layer or the background color. Alpha-blending can either use a per-pixel alpha
or global surface alpha. A mode such as PIP is simple to implement by setting
layer_N for full screen video and layer_ N+1 to the PIP. PIP size and position may be
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changed on a frame-by-frame basis. Effects such as blending a PIP in and out of the
full screen video are easy to achieve using the 256 level alpha blend capability of
each mixer. Details of the AICP mixer are described in Section 1.6.8.4

A special output formatter makes it possible to take any combination of two output
streams allocated from the image layers and interleave them into a data stream
running at twice the frequency. With the two AICPs in the PNX8526 a maximum of
four different image streams can be generated. It should be noted that two streams
originating from the same AICP are fully pixel/line synchronous and must hence have
the same resolution and refresh rate. Any resolution/mode can be run in this
multiplexed fashion, subject to pin speed limitations. (The 2Fh or 480P 4:4:4 modes
can not be interleaved.) Each interleaved AICP channel needs a private PNX8510
companion chip (see Section 1.6.9).

Each AICP layer can read images in any of the native pixel formats, excluding the
planar or semi-planar formats, which require MBS preprocessing.

Video arithmetic precision is as follows:

* 8 bits per component for memory image data

* 8 bits per component after layer CLUT

* 9 bits per component after layer color space conversion
* 9 bits per component compositing

e 10 bits per component after final gamma look-up

The AICP operates in master mode. In master mode, the AICP generates all video
clocks and synchronization timing.

The primary and secondary AICP each have separate synthesizers for pixel-clock
generation. Software uses these synthesizers to achieve perfect lock to the
transmission source of the digital video that is being displayed by the AICP. In a view/
record scenario, where the viewed channel differs from the recorded channel, neither
will ever frame-skip. If a channel carries a PIP that is not transmission synchronous, it
may occasionally frame-skip to correct for transmission drift.

AICP Layer Structure

An AICP layer contains all the necessary functions to process and handle a single
image surface. It is the layers responsibility to produce a constant pixel stream for an
image stored in the frame buffer based on the programmed pixel format, the layer
position within the overall screen and the required pixel manipulation operations. The
layer has a generic, highly programmable structure that allows it to process a wide
variety of different images such as live video material and computer generated
graphic contents. The operation mode of a layer mostly depends on the incoming
pixel data format and the selected output mode of the AICP. The target should always
be to perform as few conversions as possible to a specific image in order to preserve
picture quality. The layer control unit coordinates the size and location of a particular
surface. It signals the pixel formatter block when to start and to stop the generation of
an active pixel stream on a line-by-line basis. The layer control unit also provides a
very simple error recovery mechanism in case of a FIFO underflow, which ensures
correct restart of the next display field.

The layer register array contains all necessary, layer specific programming registers.
It is accessible as part of the AICP memory mapped register space.
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The pixel formatter fetches the raw pixel data from the layer FIFO and splits it up into
the color and potential alpha components. The pixel formatter follows a generic
approach which makes it possible to adopt any future pixel formats as long as the
total number of bits per pixel does not exceed 32. The pixel formatter is also
responsible for color expansion and “4:2:2 to pseudo 4:4:4” conversion to simplify the
processing of the data stream.

Following the pixel formatter, a set of 256x8-bit look-up tables is placed in the pixel
data path. These tables are independent from each other, they do not share the
address lines. With this approach a pre-gamma correction on component basis as
well as the expansion of indexed colors is possible.

The color key block is placed after the look-up tables because it has to operate on
expanded but unfiltered data. The block generates a set of up to four color keys used
to indicate a match to a set of up to four pre-specified colors or color ranges. The
color matching logic is highly programmable, resulting in a flexible scheme which
uses masks and raster operations on a color component basis. Furthermore a key
color exchange mode is implemented to reduce visible artifacts introduced through
filtering of images containing a color key.

Connected to the color key unit, an up-sampling filter converts co-sited or
interspersed 4:2:2 data formats into 4:4:4 formats.

The layer also contains a universal color space matrix with a set of programmable
coefficients to assure that all possible YUV and RGB data format conversions can be
accomplished. This approach supports conversion between any flavor of RGB to
YUV, YUV to RGB as well as YUV to YUV.

The color space conversion results in a data path expansion to 9 bits. All processing
after this uses 9 bits per component.
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The down filter unit prepares the pixel stream to be encoded with a standard digital
video encoder requiring 4:2:2 YUV data formats. Due to the reduced chrominance
bandwidth available in 4:2:2 formats, the signal needs to be band-limited to avoid
artifacts.

The layer data path is concluded with a block that controls the brightness, contrast
and saturation of an image layer. The block can be used to equalize layer-specific
image properties before mixing.

AICP Mixer Structure

Each AICP layer provides the pixel stream corresponding to its image. The AICP
mixers, shown in Figure 5, compose all layers back-to-front to produce an output
picture. In general, a mixer takes two pixel streams, one from the previous layer,
another from the current layer. Both pixel streams have specific mixing information
associated with each input pixel. That means, in detail, every pixel comes with an
alpha, four color keys, a previous key, a new pixel key1 and a new pixel key2
information. By programming multiple raster operations (ROPs), software can control
whether a pixel is:

e Shown from the current or the previous layer
* Alpha blended (result is a blend of the current and previous layers)
e And/or inverted (inversion of the previous layer)

The inputs to those raster operations are mask/key information and pixel key
information bits. Whenever an input key specification matches a key pattern of a
pixel, the output of the ROP is active. All pixel modification features are controlled by
those active signals. Other ROPs are implemented to decide which pixel information
(color keys, alpha, key1/key2, previous key) is passed out with the newly assembled/
blended/modified pixel. By using the output of one mixer as input to the next mixer,
software can generate a hierarchically composited picture.
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Figure 5: AICP Mixer Block Diagram

1.6.9 PNX8510 Analog Companion Chip

The PNX8510 is a companion IC that provides the final, analog stage in the video and
audio pipelines.

The PNX8510 has two major interfaces: video and audio. The video interface
consists of two 10-bit D1 ports. There are two integrated digital encoders (DENCs)
that support NTSC, PAL, or SECAM output. Six 10-bit video DACs support two output
channels. The first channel can support SCART output with four DACs. The second
channel supports only composite or S-Video using two DACs. The D1 ports support
interleaved modes so that the PNX8526 controller can use one PNX8510 companion
to drive two display channels.

The PNX8510 supports audio via two 12S interfaces. There are four audio DACs to
support two stereo channel outputs. Control of the PNX8510 is achieved via an 12C or
the D1-VBI interface. Full details of the PNX8510 are provided in the PNX8510
analog Companion Chip Data Sheet.

1.6.10 Video Input Processor (VIP)

The PNX8526 accepts up to two simultaneous video input streams from analog video
sources digitized by Philips 711x series video decoders. A video stream may be
stored anywhere in unified memory. It is possible to store the video data as separate
fields or as a single frame. The video data can be scaled horizontally (using a high
quality 6-tap polyphase or transposed polyphase filter). The VIP supports a variety of
output pixel formats, including RGB and YUV4:2:2 formats, as shown in Figure 6. The
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VIP performs error feedback rounding if programmed to emit a YUV memory format
with less than 8 bits per component. Contrast, Brightness and Saturation control must
be performed in the 711x decoder chip.

The primary use of each VIP is for 13.5 Mpix/s (27 MHz byte rate) digital video.
Higher data rates, up to a 40-MHz pixel rate are supported only for specific scenarios
that do not exceed the system bandwidth budget.

To reduce the amount of video data written to memory the VIP can compress video
lines horizontally using a 6-tap polyphase scaler. This scaler can run in both normal
and transposed polyphase modes. Vertical scaling, mirroring or de-interlacing
requires use of the MBS.

VBI data may be captured from the incoming stream and placed in unified memory for
re-insertion by the video DENC(s) and/or software processing. VBI data extraction is
done via definition of either a separate VBI capture window or by processing ANC
header codes.

The VIP supports a raw data-streaming input mode similar to the TM1x00 line of
media processors. This mode is suitable for handling future 8 to 10-bit data formats.

Transport Stream Routing and MSP

Three MPEG System Processors (MSPs) are the primary point of entry for transport
streams. A transport stream routing network is associated with the three MSP
modules. See Figure 6 for a diagram of all transport stream routing capabilities.

The PNX8526 supports decoding of up to two simultaneous input transport streams,
selected from a variety of sources, including one received over 1394, and up to two
from the DV2 and DV3 inputs. Parallel only transport stream formats are supported
on the DV inputs. The DV2 and DV3 inputs each can receive a single parallel format
transport stream.
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Internal de-scramblers are provided for both selected transport streams. Transport
streams may be passed through external Point of Deployment (POD) or Common
Interface (Cl) conditional access modules before delivery to the PNX8526. This
requires an external POD/CI interface chip, such as a CIMaX or similar. Refer to
block diagram Figure 1.
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Figure 6: Transport Stream, Digital Video Input and 1394 System Connections
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All MSPs are capable of parsing MPEG2 and DIRECTYV transport streams, including
de-scrambling, de-multiplexing and routing of appropriate data to memory. They are
compliant with DVB, DES, ICAM and MULTI2 de-scrambler standards. The MSP
block is also capable of doing the DES ECB copy protection decoding used by ATSC
or OpenCable™ external conditional access modules. These functions are mutually
exclusive—each MSP can only perform one de-scramble operation at a time.

Each MSP performs PID filtering and timestamping, de-scrambling, de-multiplexing
and section-filtering on a transport stream, and DMAs the resulting data to system

memory. Once the transport streams have been transferred to unified memory, the
TM32 CPU processes the audio, video and other streaming data types. The TM32

CPU also performs clock recovery based on the transport stream timestamps.
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Remark: It is possible to selectively bypass the hard-wired MSP processing such as
built-in section filter and transport de-multiplexer and perform these functions in TM32
CPU software.

For use as a transport stream transmitted across 1394, the MSP blocks are also
capable of providing a partial transport stream derived from PID filtering on the input.
Simple software program map table insertion capability is provided.

For a more complicated transport stream, TM32 CPU software can generate one
arbitrary transport stream through the TSDMA block. This stream has programmable
packet length, clock and inter-packet gap. The source is dual DMA buffers used in a
ping-pong fashion.

The TM32 software or MSP hardware-generated transport streams can be
transmitted across the 1394 or the TS out pins. The software-generated transport
stream can also be sent into each MSP for diagnostic purposes.

Main Memory Interface (MMI)

A 64-bit, 166 MHz SDRAM interface is provided. This interface can support memory
footprints of 16, 32, or 64 MB. The following table illustrates the supported memory
configurations:

Table 7: Memory Configurations

Total Amount Number of
of SDRAM Implemented Memory Chips
16 MB 2M X 32 (64 Mbit) 2
32 MB 4M X 16 (64 Mbit) 4
4M X 32 (128 Mbit) 2
64 MB 8M X 16 (128 Mbit) 4
8M X 32 (256 Mbit) 2

The memory interface generates the required SDRAM protocol, but isolates internal
PNX8526 resources from this protocol by using the 64-bit DVP memory protocol.

The memory interface also arbitrates on the memory highway, guaranteeing
adequate bandwidth and latency to internal resources. The PNX8526 memory arbiter
uses a programmable cyclical list based arbiter, with the ability to give all unused list
slots to the TM32 CPU and/or PR3940 MIPS CPU. This arbiter guarantees required
latency to all real-time agents, while optimizing CPU performance.

Conditional Access Interfaces

The PNX8526 supports both proprietary internal de-scrambling algorithms as well as
external replaceable conditional access modules. Internal de-scramblers are
provided for DVB, MULTI2 and DES. An ICAM hardware verifier is included. The
external conditional access modules that are supported include:

* DVB's Common Interface
e OpenCable's Point of Deployment (POD) interface
* National Renewable Security System (NRSS-B) interface
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These standards are all based on a variant of the 16-bit PC card interface. It is
assumed that one or more separate companion ICs, such as the SCM Microsystems
CIMaX will be used to interface between the POD/CI modules and the PNX8526 IC.
The companion ICs will connect as peripherals to the PNX8526 expansion bus for
CPU access. These companion ICs will deliver a cleartext or copy-protected
transport stream to one or both of the PNX8526 transport stream inputs. Copy
protection is undone by the on-chip MSP modules, which support the Opencable and
ATSC (NRSS-B) DES ECB copy protection decoding. Copy protection decoding for
DVB is currently not supported.

Authentication for copy protection of conditional access modules is performed in
software.

Audio Interfaces (Al, AO, SPDI and SPDO)

The PNX8526 contains three Audio Input and three Audio Output modules. They are
connected to provide the following functionality:

«  Two IS stereo input ports (12S_IN1/2). These ports are used in association with

the two analog video input streams. The 1°S data is transferred via DMA to the
unified memory array. The stereo audio inputs support up to 16-bit samples at
rates up to 96 kHz.

«  Two dedicated stereo 12S outputs that interface with the companion analog IC
(PNX8510) for two independent stereo audio programs. The stereo audio
outputs support up to 32-bit samples at rates up to 96 kHz.

e Athird I°S port that can be configured as either stereo input or as an 8-channel
output. This port outputs up to eight sample-rate synchronous audio channels

over four 12S data wires with common control wires. This port has 16-bit input
sample precision and up to 32-bit output sample precision at rates up to 96 kHz.

The SPDI/O modules provide SPDIF (Sony Philips Digital Interface) input and output
capability as follows:

* A SPDIF output with IEC-1937 capabilities. Transmitted data is generated by
TM32 CPU software. This output port can carry either stereo PCM samples from
an internal audio mix, or one of the originally received compressed audio
programs (5.1 channel AC-3, multi-channel MPEG audio). No transcoding of
audio is provided in the normal system operation compute budget. The sample
rate of transmitted audio is controlled by software, allowing perfect
synchronization to the broadcast audio source.

* A SPDIF input to connect to external sources, such as a DVD player. The
incoming data is timestamped and written to unified system memory. Data
interpretation and sample rate recovery is by software on the TM32 CPU. The
audio data received can be in a variety of formats, such as stereo PCM data, 5.1
channel AC-3 data per IEC-1937 or other. Software-decoded audio can be used
for mixing with other audio for output along one of the audio outputs.

1394 Interfaces

The PNX8526 includes a 1394 link layer controller and provides a PHY-LINK
interface for interfacing with an external 1394 or 1394.a compliant physical layer
device running at 400, 200 or 100 Mbits/s. A typical use of the 1394 interface will be
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to pass through HD tuner programs to an external HDTV set, to send a single
program transport stream to a Digital VCR and to receive time-shifted programs from
an external Digital VCR. The PNX8526 supports the following enhancements to the
1394 link layer required for Set Top Box applications:

* |EC61883 International Standard of Digital Interface
* Copy Protection based on 5C

The 1394 on the PNX8526 can simultaneously send two transport streams across the
1394, while receiving one transport stream. The transport stream routing to/from
1394 is shown in Figure 6. Transmitted transport streams can be any of the system
input transport streams, streams generated by MSP hardware (by PID filtering), or a
transport stream created by TM32 software and emitted by TSDMA (one only).

The transport stream received across the 1394 can be used as one of the two
transport streams de-scrambled and decoded by the PNX8526. Alternately, the
PNX8526 TSOUT pins allow the 1394-received transport stream to run through
external conditional access hardware and re-enter the PNX8526 as a cleartext
transport stream.

The authentication needed for 1394 5C copy protection is performed in software on
the TM32 CPU core.

Utility DMA Controller and CRC Checker

The PNX8526 provides a four-channel scatter/gather type DMA controller, which can
move data anywhere in system physical address space—to/from DRAM, to/from XIO
or PCI (areas mapped in the PCI controller). It uses a linked-list DMA control data
structure. It can also be used to compute a Cyclical Redundancy Check (CRC) over a
range of memory.

PCI Bus Interface Unit

The PNX8526 contains an expansion bus interface unit ‘PCI-XIO8’ that allows easy
connection of a variety of board-level memory components and peripherals. The bus
interface is a single set of pins that allows simultaneous connection of 32-bit PClI
master/slave devices as well as 8-bit microprocessor slave peripherals and standard
or disk-type (NAND) Flash memory. In addition, with external isolation buffers, a full
P1O mode IDE interface with sustained speeds of 10 MB/s is provided.

The bus interface unit contains a built-in DMA unit that can move blocks of data from
a peripheral to or from the PNX8526 SDRAM. The DMA unit can access PCI as well
as 8-bit wide XIO devices. The DMA unit packs XIO 8-bit device data to/from 32-bit
words, so that no CPU involvement is required to pre or post-process the data. The
IDE interface has its own independent DMA controller to write to/read from SDRAM.

PCI Capabilities

The PNX8526 complies with Revision 2.2 of the PCI Bus Specification, and operates
as a 32-bit PCI master/target at 33 MHz.

The PNX8526 as PCl master allows either of its CPUs to generate all single cycle
PCI transaction types, including memory cycles, I/O cycles, configuration cycles and
interrupt acknowledge cycles. As a PCI target, the PNX8526 responds to memory
transactions and configuration type cycles, not to I/O cycles.
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PCI clock is an input to the PNX8526, but the PNX8526 also generates a PCI drive-
compliant 33 MHz clock, which can be wired to be used as the PCI clock for the entire
system.

Simple Peripheral Capabilities (X108)

The 8-bit microprocessor peripheral interface is a master-only interface, and provides
non-multiplexed address and data lines. A total of 26 address bits are provided, as
well as a bi-directional 8-bit data bus. Up to 64 MB of peripheral address space is
allowed. The interface control signals are compatible with a Motorola® 68360 bus
interface, and support both fixed wait-state or dynamic completion acknowledgement.
The PNX8526 as bus master only transfers 8-bit quantities, however, using a valid
MC68360 subset.

Three pre-decoded chip select pins are available to accommodate typical outside
slave configurations with minimal or no external glue logic. Each chip select pin has
an associated programmable address range within the 64-MB peripheral space. Each
chip select pin can also obey external DTACK completion signaling, or be set to have
known wait cycles.

The peripheral interface derives 24 of the 26 address wires and all 8 data wires from
the PCI AD[31:0] pins. An XIO access appears as a valid PCI transaction to PCI
master/targets on the same wires.

Standard random-access Flash memory connects as an 8-bit peripheral.
NAND-Flash, sometimes called “disk flash,” has private pins to act as control signals
and uses the same eight data wires.

The table below summarizes extension capabilities of the bus interface unit.

Table 8: PCI-XIO8 Bus Interface Unit Capabilities

External
Device

External PCI
Master

External PCI
Slave

External 8 Bit
Slave

Standard
Flash

UM10104_1

8-Bit Wide

Device Type Capabilities
32-Bit, 33 MHz PCI Glueless connection supported for up to three external PCI masters. Additional external
Masters masters can be supported with external arbitration. External PCI bus masters can perform

high bandwidth, fairly low latency DMA into and out of PNX8526 SDRAM. Large block
transfer capable devices can sustain up to 100 MB/s into SDRAM.

32-Bit, 33 MHz PCI Glueless connection supported for multiple devices subject only to capacitive loading con-
Targets

straints. MIPS CPU can perform low-latency up to 32-bit writes and reads to/from PCI tar-
gets. DMA masters on the MIPS PI-Bus can do DMA to/from PCI memory targets.

8-Bit Wide, De-muxed  Up to three devices supported gluelessly, or unlimited number subject to capacitive load-
Address/Data Devices ing rules with external address decode logic. MIPS CPU and TriMedia CPU can perform
on XIO Bus

32-bit or smaller reads and writes to these XIO devices, which are mapped to 8-bit wide
transfers by the bus interface unit. DMA masters on PI-Bus can DMA to/from memory
connected to XIO.

PNX8526 provides 3 chip selects, one of which is available for a Flash device. Address
range and wait states are programmable. The MIPS CPU can execute or read from Flash.
Execution is low performance and only recommended for boot usage. The TM32 CPU
can read Flash, if XIO is enabled for TriMedia. The MIPS CPU can reprogram Flash using
special software. Flash can be a DMA source for PI-Bus DMA masters. Flash cannot be
the target of a Pl bus master write—writes require a software flash programming protocol.
Using the built-in XIO DMA unit, a bandwidth of 11 MB/s can be obtained from a 70 ns
byte-wide Flash device on a 33 MHz PCI bus. Flash is mostly active during system boot-
ing, or with low bandwidth, during system operation in order to implement a paging as well
as a small non-volatile file system.
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Table 8: PCI-XIO8 Bus Interface Unit Capabilities ...Continued

External
Device Device Type Capabilities

NAND-Flash  8-Bit Wide Direct execution, direct PI-Bus read or direct PI-Bus write from this Flash type are not
supported. Explicit programmed 1/O through special NAND-Flash PCI-XIO8 control/status
registers is used to implement a file system on this disk-like Flash type. A minimal file sys-
tem loader must be resident in I°C boot EEPROM if this is the only non-volatile memory in
the system.
Using the NAND-Flash XIO provisions, a peak bandwidth of 13 MB/s, and a sustained
bandwidth of 11 MB/s can be obtained from a AM30LV0064D 8Mx8 UltraNAND or equiva-
lent Flash device.

CIMax 8-Bit Data, 26-Bit The external logic for conditional access consists of a CIMaX device, with two PCMCIA

Device Address slot devices and glue logic (373, 245). This entire subsystem behaves like an 8-bit wide
slave with up to 26-bit address space. This subsystem interfaces gluelessly to the XIO
bus, except for the possible logic needed to combine the DTACK signaling of multiple
devices. There is medium bandwidth of communication between CIMaX and the
PNX8526.

DOCSIS Future DOCSIS devices are expected to be PCI bus mastering devices.

Devices They connect gluelessly.

External 8-Bit Wide Counts as generic XIO slave device.

SRAM, ROM,

EEPROM

External Not Supported Not supported on PCI-XI08

SDRAM

External Not Supported The PNX8526 PCI-XIO8 does not support external Motorola-style masters. The PNX8526

Motorola- assumes that it always is the master over the XIO bus.

Style Masters

External 8-bit Not Supported Not supported. Use one of the streaming DV inputs or outputs instead.

DMA devices

1.6.18 Peripherals

UM10104_1

The PNX8526 supports the required peripherals to build a baseline ASTB or DTV

system. Peripheral functionality beyond what is supported in the PNX8526 may be
achieved by using commercially available Super IO devices that reside on the PCI
bus. The PNX8526 supports the following on-chip peripherals:

One USB Root Host with two ports, each with individual overcurrent detect and
powerdown control. The Root Host complies with revision 1.1 of the USB
Specification (Universal Host Controller).

Two Smartcard UART Interfaces (requires external TDA8004 or similar)

Two I2C interfaces (multi-master, 100/400 kHz)
One 2-wire IrDA Data UART (UART1)
Two 4-wire UART (UARTZ2/3, general purpose, one is muxed with SSI)

One SSI: a Synchronous Serial Interface to implement soft modem. It is a bus-
mastering DMA version. The IOM-2 mode for Siemens® ISDN is not supported.
The SSI requires an external bit clock source.

GPIO (General Purpose Software 1/0) Pins with IR remote receive capability.
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GPIO Pins

The PNX8526 has 12 dedicated GPIO pins (three of these twelve double as boot
mode pins with resistor straps, but may be used as GPIO after boot). In addition, 49
other pins (with a high likelihood of not being used in certain systems), are
designated as optional GPIO pins. These can operate either in regular mode or in
GPIO mode.

For any GPIO pin, the PNX8526 provides the following functionality:

* Individual or group-wise software value and drive on/off assignment (group
chosen by mask)

* Fast software read capability
* Signal event sequence timestamping capability
* Signal generation capability

Up to 16 GPIO pins can be designated as monitored. There are 12 “single event”
monitors that generate a precise timestamp and interrupt on a single change of a
single bit (rising, falling or either). There are four “multi-event” monitors that DMA an
event list with timestamps or a sampled data list into memory. Each monitor can
sample 1, 2 or 4 GPIO pins at a time. Edge events are timestamped with better than
75 ns resolution. Sampling can be based on a programmable divider of 108 MHz, or
on a clock provided by another GPIO pin.

Timestamped event lists can be used to interpret signals with frequencies up to
100-200 kHz, depending on system bandwidth. Sampled lists can be used to interpret
signals up to several MHz in frequency.

The event sequence timestamping mechanism can be used for many functions and is
particularly useful for interpreting remote control commands, as described below.

Alternatively, the four multi-event monitors can also individually be set as event
sequence generators, driven from either a sampled list in memory or a timestamp/
event list in memory. Either 1, 2 or 4 designated GPIO pins can be driven from each
generator.

The sequence generation capability is well suited to IR blaster applications.

Remote Control

The PNX8526 uses the GPIO pin event sequence timestamping mechanism or
sampling mechanism and software to interpret remote control commands. Event
sequence timestamping can resolve events on signal edges with 75 ns accuracy. A
sequence of events followed by a period of inactivity generates an interrupt. Software
then interprets the “character” by looking at the event list. The sampling method
instead allows constant frequency sampling and software interpretation of the
sampled patterns.

These mechanisms allow interpretation of a wide variety of remote control protocols.
The Philips RC-5, RC-6 and RC-MM as well as the IrDA Control 1.0 remote control
protocols are all decoded with this mechanism, provided that the RF demodulation is
performed externally. Most other consumer electronic vendor remote control
protocols can be supported by appropriate software.
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The GPIO DMA of event lists or samples into memory assures the ability to interpret
complex, fast edge-rate sequences with precise resolution and a minimum of CPU
interrupts.

IR Blaster

The GPIO DMA-based signal sequence generation capability is suitable towards
creating IR control signals of any type, including RC-5, RC-6, RC-MM and IrDA
Control. The GPIO block provides the capability to software generate (sampling or
timed event based) signals, which are then optionally modulated upon a digital carrier
wave with 33%, 50% or 66% duty cycle. The carrier is a divider of 108 MHz.

This creates a flexible IR Blaster capability, where software can implement any
current or future protocol.

Endianness

The PNX8526 fully supports little and big-endian software stacks. Endian mode is set
at boot or shortly after, and not changed.

The PNX8526 always starts its on-chip MIPS device in a fixed endianness,
determined by the boot script. There is a provision for MIPS software to change
endianness dynamically, such that a field software Flash upgrade can contain an
“opposite endianness” operating system from the one originally released.

The PNX8526 on-chip peripherals and coprocessors observe the system global
endianness flag, as does the MIPS CPU. TM32 endianness is set by the TM32
program module itself and should always be identical to system endianness.

When selecting PCI peripherals for a dual-endianness product, care must be taken to
ensure that they can operate without “CPU fixup” in either endianness. Typically,
PowerPC-compatible PCI devices support both endian modes.

Interrupts

The PNX8526 on-chip devices and off-chip interrupt sources connect to an interrupt
request line on both processors. Software uses an “interrupt enable mask” to decide
which device is handled by which processor. At any moment, only one CPU is
responsible for a given device, but different software applications might have different
CPU assignments for devices.

The TM32 CPU itself has a built-in interrupt controller that provides efficient
auto-vectoring interrupts for up to 32 separate requests. Additional interrupts are
provided for by the TPIC block, which contains one or more PICs (DVP-standard
Programmable Interrupt Controllers). The MIPS CPU has a single interrupt request
line and uses one or more PIC blocks to mask and prioritize interrupts.

The PR3940 and TM32 CPU have the capability to assert mutual interrupts. This is
done by one CPU writing to the MMIO location of the interrupt controller on the other
CPU. (This would also apply to any off-chip CPU.)

In case of an external PCI host CPU, the PR3940 is not used. In that case, the PICs
associated with the PR3940 are used to provide the INTA signal, which then
functions as interrupt request to the PCI host CPU.

© Koninklijke Philips Electronics N.V. 2002. All rights reserved.

Rev. 01 — 8 October 2003 1-29



Philips Semiconductors PNX8526

UM10104_1

Chapter 1: Functional Specification

1.6.24 Special Display Scenarios

The PNX8526 supports a few non-standard display operating modes that can be
used in specific applications.

The AICP has a mode where the two 10-bit outputs are used to emit a high-
bandwidth YUV 4:2:2 pixel structure by using the DV1 (primary) output for Y and DV2
(secondary) output for multiplexed UV. Using this mode, a single image stream with
pixel rates up to 81 Mpix/s can be emitted across the DV1 and DV2 output pins. Due
to the high memory bandwidth consumed in this mode, other PNX8526 features are
limited. There is no secondary AICP in this mode. Scaling by the MBS and use of
additional AICP layers may be limited by memory bandwidth availability.

The primary AICP supports YUV 4:2:2 refresh of a 960x1080I display, i.e. half
horizontal resolution HD. In this mode, the secondary AICP can still be used.
Because of the high memory bandwidth usage by the AICP, not all PNX8526 features
are available in this scenario.

The PNX8526 is not able to support a primary AICP operation at 1440x960I with a
simultaneous secondary AICP operation. The DV output clock rate limitation of
approximately 80 MHz requires that both the DV1 and DV2 pins are used for this
resolution. No 4:1:1 mode display output is supported.
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Figure 7:
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PNX8526 Bus Topology

The PNX8526 IC is a Philips Digital Video Platform (DVP) compliant design. A high-
speed, 64-bit wide memory interface, the MMI bus provides high bandwidth and low
latency memory access to those modules requiring high performance memory
access. Two Pl-Buses and a crossover Pl-to-Pl MMIO bridge provide memory
mapped I/O access from each processor to control or observe status of all peripheral
modules. Modules may also use Pl segments as a medium bandwidth memory
access bus via the T-PIMI and M-PIMI DMA gateways. Modules processing audio or
video streams or requiring real-time interrupt response attach to the TM32 CPU PI

segment.
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Both the MIPS PR3940 and TM32 CPU processors have low latency, high bandwidth
connections to the 64-bit memory interface. Additionally, both processors interface to
Pl segments for MMIO access. Both processors can access all modules, however,
there may be some additional latency if MIPS tries to access media processing
modules or when the TM32 CPU accesses control functions.

Miscellaneous Modules

The following modules support the system, but don’t provide user-level functionality:
* FPBC - Fast PI-Bus controller

*  MPIC - MIPS Programmable Interrupt Controller

* EJTAG - the module that implements the MIPS debug port

* FPIMI - Fast PI-Bus to MMI. This unit provides main memory access to the
MIPS.

* M-Bridge - Makes transactions between the MIPS fast PI-Bus and MIPS
peripheral Pl-Bus.

e MPBC - MIPS side PI-Bus Controller

* GLOBAL - Global register file, which contains software readable and writable
registers not associated with a particular peripheral.

* CLOCKS - Global clock, reset and powerdown logic. Manufactures all clocks
and resets for all modules. All clocks are derived from a single 27 MHz xtal
connected to the PNX8526. Some clocks are made by a simple PLL with
feedback divider and pre-divider. Where needed (audio, video clocks), TriMedia-
style Direct Digital Synthesizers are used to provide for dynamically (software)
programmable clocks.

*  PIMI - These two modules provide DMA access to Main Memory for the
peripherals on the MIPS and TriMedia side PI-Buses, respectively.

* C-Bridge - Crossover bridge. It allows the MIPS to do MMIO (programmed 1/0O)
transactions to devices on the TriMedia side, and the TM32 CPU to do MMIO
transactions to devices on the MIPS side. In normal operation, a device is
always managed by one CPU only.

e TPBC - TriMedia side PI-Bus Controller.

* TPIC - TriMedia Programmable Interrupt Controller. The TM32 CPU has 32
auto-vectoring direct request inputs. The TPIC is an interrupt expander to
provide for additional interrupt lines.

e JTAG - This module contains the chip boundary-scan logic. The pins of this
module are also used for the TM32 CPU debug port.

1.8 Power Requirements

UM10104_1

The PNX8526 requires a 1.26 Volt core supply voltage and a 3.3 Volt I/0 supply
voltage.

In full performance operating mode, with the TM32 CPU at 200 MHz, MIPS at
150 MHz and 64 bit SDRAM at 166 MHz, total power is 2.0 watts; roughly divided as
1.5 watts for the core and 0.5 watt for 1/O.
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Power dissipation for each CPU is linear in response to frequency. Reduced
dissipation modes are possible where compute budget allows. (The CPUs have a
limited set of programmable clock rates.) The TM32 CPU core supports full dynamic
powerdown/wakeup with 0 dissipation. Power can be reduced further by powering
down individual on-chip modules (software powerdown) and by halting the MIPS
CPU. Provisions exist for automatic wakeup (both CPUs) on interrupts and 1/O
events.

1.9 Package

The PNX8526 is packaged in a 456-pin PBGA package, with 36 center thermal/
ground balls and 35 x 35 mm body size. This allows for up to 352 active signal pins.

1.10 Delta between PNX8525 and PNX8526

The following lists the differences between the PNX8525 with limitation as defined in
PNX8525 Limiation Document V1.5, or later and the PNX8526.

Device Identification
* The JTAG Device ID has changed
* The MIPS Module ID has changed

* THE TM32 Module ID has changed
Table 9: Functional Deltas PNX8526

PNX8525 PNX8526
JTAG Device ID 0x1_25A0_02B tbd
MIPS Module ID 0x0010_2B22 0x0010_2B23
TM32 Module ID 0x2B80_0001 0x2B80_3001

Physical Characteristics

* Reduced Core supply voltage

* Reduced Core Power Dissipation
Table 10: Physical Deltas PNX8526

PNX8525 PNX8526
Core Supply Voltage 1.8V 1.26 V
Core Power Dissipation 45W 20W
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Chapter 2: System Memory Map and
nexpers Protection
Programmable Source Decoder with Integrated

2.1 Introduction

All on/off-chip CPUs and devices in the PNX8526 system see objects in the system at
the same physical address. To implement protection, not all masters in the system
are allowed to access all objects. In particular, it is possible to set registers such that
processes on the TM32 CPU core can not access devices and memory ranges that
are mission critical.

This chapter describes the following:
* Standard PNX8526 system memory map (internal MIPS host CPU)
* Object visibility rules and protection mechanisms
* Registers controlling the system memory map and protection mechanisms
* Alternate system memory map (external PCI host CPU).

* Memory map view from the MIPS, TM32 CPU, PI-Bus masters and external PCI
devices

Remark: Alternate PNX8526 system configurations exist, but are not supported.

2.2 Standard System Memory Map

The standard system memory map applies to PNX8526 configurations without an
external PCl host processor. In such systems, the PNX8526 hardware reset and boot
block script initialize on-chip registers and start the on-chip MIPS CPU. Initialization
software on the MIPS completes system initialization.

=  PHILIPS
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Figure 1: PNX8526 Standard System Memory Map (Internal MIPS Host)

Chapter 2: System Memory Map and Protection

The resulting standard system memory map is shown in Figure 1

OXFFFF FFFF

UM_REGION_HI Shadow of
MIPS User-Mode Region in DRAM
UM_REGION_LO (only visible to on-chip MIPS CPU)

0x2000 0000 Flash is set against top of this range
XIO Bus Peripherals & Flash (2..256 MB) <-——
[Base18 (XIO_BASE) |—» us Peripherals & Flash ( (0x1FCO 0000 is MIPS boot address)
MMIO On-Chip Device Registers (2 MB)

|Base14 (MMIO_BASE) >
PCI_BASE1_HI PCI Bus Aperture
PCI_BASE1_LO

Local DRAM (max 256 MB)

‘ Base10 (DRAM_BASE)
0x0000 0000

UM10104_1

2.2.1 Apertures in the Standard System Memory Map

The PNX8526 local DRAM aperture is 16, 32 or 64 MB, and it is used for accessing
the SDRAM.

The XIO bus aperture is not used in all systems. If used, it can be set from 2..256 MB
in size. An access to this aperture goes to external XIO peripherals attached to the
PNX8526 PCI-XIO bus, such as an IDE disk drive, ROM, Flash, SRAM memory, or
8-bit peripheral devices. Due to the sharing of wires between PCI and XIO devices,
the XIO aperture is not accessible to PCI bus masters. It is however claimed as an
aperture upon building the PCI bus memory map to prevent a local XIO peripheral
from being assigned the same address as a PCI device.

The MMIO aperture is a fixed 2 MB in size. It contains the 32-bit wide control and
status registers of all on-chip devices of the PNX8526.

The PCI bus aperture starts above DRAM and ends at the first MMIO aperture
address. An access to this aperture goes to PCI bus target devices, which may be a
range of memory or a PCl device control/status register. See Chapter 8 PCI-XIO for
more information.

The “shadow of DRAM” aperture is only used in case of MIPS operation with the
Translation Lookaside Buffer (TLB) off. In that case, it can be enabled to allow MIPS
User-Mode access to a portion of system DRAM. It is described in more detail in
Section 2.7.1.
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An example of a typical system configuration and its standard memory map is shown
in Figure 2. This is the configuration set by the PNX8526 built-in boot script #1.

OXFFFF FFFF 32 MB SDRAM
Unused

PNX8500
Ox1FFF FFFF
64 MB XIO
0x1C00 0000 Boot Mode | <«— 001
0x1BEO 0000 2 MB MMIO RESET_IN <-—
Unused
(map to PCI after boot) i XI0_SELD
PCI Bus
0x01FF FFFF Y
32 MB SDRAM 17 1} \

0x0000 0000 I PCI Device ‘ |Nor FIash/ROM‘

Figure 2: System Configuration and Std. Memory Map (Boot Script #1)

2.2.2 Building the Standard System Memory Map

2.2.3

The system memory map is built according to the following rules:

* DRAM is set to start at address 0, with a size equal to or greater than the actual

DRAM size in the system. The aperture size must be a power of 2 between 2 MB
and 256 MB.

* |f used in the system, the XIO aperture is set against the top of the first 512 MB. It

must have a size equal to or greater than the actual peripheral address range.
The aperture size must be a power of 2 between 2 MB and 256 MB, and
allocated on a natural boundary i.e., a 128-MB aperture must start on an address
that is a multiple of 128 MB.

* The 2-MB MMIO aperture, with on-chip device control/status registers, is set

against XIO. It must be allocated on a 2-MB boundary.

® The area between the top of DRAM and MMIO is designated as a bridge to the

PCI bus.

The PNX8526 built-in boot scripts perform the first three of the above steps. MIPS
software is responsible for the last step. If the size assumptions by the built-in boot
scripts are inappropriate, a custom boot script can be used. Refer to Chapter 3 Boot.

Rationale for the Standard System Memory Map

The PNX8526 address decoder logic requires that all three apertures are powers of
two in size and are “naturally aligned” i.e., a 32-MB aperture must start on an address
that is a multiple of 32 MB.
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It is required that MIPS kernel mode processes can access any object in the system.
Due to the nature of the virtual to physical address translation in the on-chip MIPS,
kernel mode access is limited to the first 512 MB of physical address space. Hence,
the standard system memory map puts all objects in the lower 512 MB.

Furthermore, the MIPS exception vectors must reside in the lower part of the physical
address space, necessitating DRAM at this address.

The MIPS starts execution from physical address 0x1FCO0 0000, which is mapped to
the XIO, allowing MIPS to start from external ROM or Flash.

Remark: The system has a special MIPS boot provision, described in Section 2.7.1.1,
which can be used to boot MIPS without any direct addressable XIO to external ROM
or Flash.

The choice of MMIO positioned below XIO is arbitrary.

The PCI aperture must be kept as large as possible to allow for multiple PCI devices
with attached local memories. Hence, it fills all left over space.

2.3 Hardware Limitations to Object Visibility

The PNX8526 hardware imposes the following limits:
® On-chip device DMA is not allowed to access MMIO registers.
* T-PI Bus DMA devices are not allowed to target the PCI or XIO aperture.

In addition, the TM32 CPU core is set up such that it never maps the PCI or XIO
aperture into its address space. This convention is highly recommended as certain
PCI and XIO devices may have side effects from read operations, and the TM32 CPU
generates speculative reads.

Table 1: PNX8526 Hardware Limitations to Object Visibility

Master Type DRAM MMIO PCI X10
On-chip MIPS CPU yes yes yes yes
On-chip TM32 CPU core yes yes Note A Note A
On-chip M-PI DMA devices yes no yes yes
On-chip T-PI DMA devices yes no no no
Off-chip PCI bus masters yes yes yes no

[1-1] The TM32 CPU core is not normally set to see PCI or XIO directly in its address map. It can however use explicit MMIO

transactions to the PCI-XIO block to perform any single cycle type PCI transaction, including memory, 1/0O and intack. Using
the same method, it can also perform XIO bus transactions.

UM10104_1
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2.4 Protection Mechanisms

2.4.1 Introduction

MIPS architecture uses virtual-to-physical address translation and kernel mode or
User Mode to accomplish the protection and encapsulation common in modern
operating systems:

® The kernel can access all system resources.

* Kernel memory is protected from errant User-Mode processes.

User-Mode processes are protected from each other.

User-Mode processes can not control system resources (devices), except as
described in the next bullet.

The kernel can give a User-Mode driver task-specific privileges, such as
managing a disk drive to implement a file system by mapping the device into the
User-Mode task address space.

The on-chip PR3940 MIPS, when used with its Translation Lookaside Buffer (TLB)
on, provides the mechanisms to implement the above protection and encapsulation.

2.4.2 MIPS with TLB Disabled

The PNX8526 provides protection if an application wants to run the MIPS with TLB
off. This provision allows kernel mode access to all resources, per Table 1, but with
User-Mode access limited to a range of DRAM.

UM_REGION_HI
UM_REGION_LO

BASE10 (DRAM_BASE)
0x0000 0000

MIPS User-Mode Region

—

Figure 3: MIPS User-Mode DRAM Aperture Region

Refer to the UM_REGION_LO/HI register for instructions on how to enable and set
the region. At reset, this mechanism is disabled. Refer to Section 2.7.1 for the MIPS
Virtual Memory Map view of the system in this mode, which includes:

* The kernel is protected from errant user processes.
® The kernel can control/access all system resources.

® User processes can not access any system resources other than the designated
memory region.

® User processes are not protected from one another.
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* MIPS user processes can be protected from corruption by errant TM32 CPU core
processes and vice versa. See Section 2.4.3.

2.4.3 TM32 Protection Mechanisms

TM32 CPU and MIPS User-Mode processes have similar privileges and protection
that are available.

®* The TM32 CPU core processes are protected from MIPS User-Mode processes
(but not from one another).

* Devices can be given to the TM32 CPU core tasks to control.

The TM32 CPU in the PNX8526 has no built-in supervisor/User-Mode protection
or TLB. To implement the above protection, the following system provisions exist:

* |t is possible to limit DRAM access by the TM32 CPU and its DMA devices to a
specific range of DRAM.

* |t is possible to disallow access by the TM32 CPU to individual device MMIO
registers.

J

TM_REGION_HI
TM_REGION_LO

BASE10 (DRAM_BASE)
0x0000 0000

TM32 CPU Region

Figure 4: TM32 CPU and Device DRAM Aperture Region

The TM32 DRAM region protection is activated by putting a value in the
TM_REGION_HI register that is greater than the value in TM_REGION_LO. On
reset, the TM32 DRAM region is enabled, but ranges from 0..64 MB i.e., the TM32
can access all of DRAM.

The TM OWNED M-PIl and TM OWNED T-PI registers contain a bit for each on-chip
PNX8526 device. Setting this bit associates a device with the TM32 CPU. If this bit is
set, the device can be programmed by the TM32 and should be considered to have

no more rights than the TM32.

Remark: The TM_OWNED bits are part of the Global 2 unit.

By disabling TM32 CPU access to the Global 2 unit (TM_OWNED M-PI register, bit
13=0), the TM32 CPU is no longer able to change the TM_OWNED bits.

If a device’s TM_OWNED bit is set to ‘1’ (default):
* The device’s MMIO registers are readable/writable by the TM32 CPU.
® The device can only DMA to/from the TM32 CPU region in DRAM.

If set to ‘0’:
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® The device’s MMIO registers are inaccessible by the TM32 CPU (causes
ERROR ACK).

* The device can DMA from/to all of DRAM.

Remark: The bus location of a device (on the MIPS or TM32 PI-Bus) has no influence
on a device’s accessibility by the TM32 core.

Different software applications may partition devices across the MIPS or TM32 CPU
as required by setting the TM_OWNED bit. No provisions exist to protect a device
from access by the MIPS. A kernel-mode process on MIPS is trusted and a User-
Mode process can be TLB mapped to include/exclude a given device.

2.5 Registers Descriptions

Table 2: System Memory Map and Protection Register Summary

Offset Name Description
TM32 CPU Protection Registers (in GLOBAL2)
0x04 DOO0O TM_OWNED M PI M-PI attached devices associated with TM32 CPU core
0x04 D004 TM_OWNED_ T PI T-PI attached devices associated with TM32 CPU core
MIPS TLB Off Protection Registers (in GLOBALZ2)
0x04 D010 UM_REGION_LO MIPS User-Mode region low address register
0x04 D014  UM_REGION_HI MIPS User-Mode region high address register
TM32 CPU Protection Registers (in GLOBALZ2)
0x04 D018 TM_REGION_LO TM32 CPU Region low address register
0x04 DO1C  TM_REGION_HI TM32 CPU Region high address register
General Registers (in GLOBALZ2)
0x04 D200 PI_DRAM_LO determines low address of DRAM seen by Pl-bus masters
0x04 D204 PI_DRAM_HI determines high address of DRAM seen by Pl-bus masters
0x04 D600 10_MUX_CTRL controls 1/0 multiplexing for the Audio, SSI, RGB, ICAM and VIP functions

UM10104_1 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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Global 2 Registers

Name
(Field or Function)

Description

Devices Controlled or Accessible by TM32 CPU Core Registers

Read/ Reset
Bits Write Value
Offset 0x04 D000
31:20 -
19 R/W 0x1
18 R/W 0x1
17 R/W 0x1
16 R/W 0x1
15 R/W 0x1
14 R/W 0x1
13 R/W 0x1
12 R/W 0x1
11 R/W 0x1
10 R/W 0x1
9 R/W 0x1
8 R/W 0x1
7 R/W 0x1
6 R/W 0x1
5 R/W 0x1
4 R/W 0x1
3 R/W 0x1
2 R/W 0x1

TM OWNED M-PI
Unused
TM_OWNED_GLBREG_1

TM_OWNED_DMA

TM_OWNED_TMDBG

TM_OWNED_RESET

TM_OWNED_2D

TM_OWNED_MBC

TM_OWNED_GLBREG_2
TM_OWNED_UART 3
TM_OWNED_UART 2
TM_OWNED_UART 1
TM_OWNED_1394
TM_OWNED_USB
TM_OWNED_CLOCKS
TM_OWNED_[2C 2
TM_OWNED_I2C_1
TM_OWNED_SMARTCARD_

2

TM_OWNED_SMARTCARD_
1

TM_OWNED_BOOT

Ignore during writes and read as zeroes.

0 = TM32 does not have access to Global 1 registers.
1 = TM32 has access to Global 1 registers.

0 = TM32 does not have access to the DMA registers.
1 = TM32 has access to the DMA registers.

0 = TM32 does not have access to the Debug registers.
1 = TM32 has access to the Debug registers

0 = TM32 does not have access to the Reset registers.
1 = TM32 has access to the Reset registers.

0 = TM32 does not have access to the 2D Draw Engine
registers.
1 = TM32 has access to the 2D Draw Engine registers.

0 = TM32 does not have access to the M-PI| Bus controller
registers.
1 = TM32 has access to the M-PI Bus controller registers.

0 = TM32 does not have access to Global 2 registers.
1 = TM32 has access to Global 2 registers.

0 = TM32 does not have access to the UART3 registers.
1 =TM32 has access to the UART 3 registers.

0 = TM32 does not have access to the UART2 registers.
1 =TM32 has access to the UART 2 registers.

0 = TM32 does not have access to the UART1 registers.
1 =TM32 has access to the UART1 registers.

0 = TM32 does not have access to the IEEE 1394 registers.
1 =TM32 has access to the IEEE 1394 registers.

0 = TM32 does not have access to the USB registers.
1 = TM32 has access to the USB registers.

0 = TM32 does not have access to the Clock registers.
1 =TM32 has access to the Clock registers.

0 = TM32 does not have access to the 12C2 registers.
1 = TM32 has access to the 1°C2 registers.

0 = TM32 does not have access to the 1°C1 registers.
1 = TM32 has access to the 1°C1 registers.

0 = TM32 does not have access to Smartcard?2 registers.
1 = TM32 has access to the Smartcard?2 registers.

0 = TM32 does not have access to Smartcard1 registers.
1 = TM32 has access to the Smartcard1 registers.

0 = TM32 does not have access to the Boot registers.
1 = TM32 has access to the Boot registers.

UM10104_1
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Read/ Reset

Bits Write Value
1 R/W 0x1

0 R/IW 0x1

Offset 0x04 D004
31:23 -

22 R/W 0x1
21 R/W 0x1
20 R/W 0x1
19 R/W 0x1
18 R/W 0x1
17 R/W 0x1
16 R/W 0x1
15 R/W 0x1
14 R/W 0x1
13 R/W 0x1
12 R/W 0x1
11 R/W 0x1
10 R/W 0x1
9 R/W 0x1

8 R/W 0x1

7 R/W 0x1

6 R/W 0x1

5 R/W 0x1

Global 2 Registers

Name
(Field or Function)

TM_OWNED_DEBUG

TM_OWNED_PCI_XIO

TM OWNED T-PI
Unused
TM_OWNED_MSP2

TM_OWNED_MSP1

TM_OWNED_TSDMA

TM_OWNED_AIN3

TM_OWNED_AOUT3

TM_OWNED_AIN2

TM_OWNED_AOUT2

TM_OWNED_AIN1

TM_OWNED_AOUT1

TM_OWNED_AICP2

TM_OWNED_AICP1

TM_OWNED_MBS

TM_OWNED_D3D

TM_OWNED_SPDIFIN

TM_OWNED_SPDIFOUT

TM_OWNED_SSI

TM_OWNED_VIP_2

TM_OWNED_VIP_1

Description

0 = TM32 does not have access to the Debug registers.
1 = TM32 has access to the Debug registers.

0 = TM32 does not have access to the PCI-XIO block registers.

1 = TM32 has access to the PCI-XIO and its block registers.

Ignore during writes and read as zeroes.

0 = TM32 does not have access to the MSP2 registers.
1 = TM32 has access to the MSP2 registers.

0 = TM32 does not have access to the MSP1 registers.
1 = TM32 has access to the MSP1 registers.

0 = TM32 does not have access to the TSDMA registers.
1 =TM32 has access to the TSDMA registers.

0 = TM32 does not have access to the Audio In3 registers.
1 = TM32 has access to the Audio In3 registers.

0 = TM32 does not have access to the Audio Out3 registers.

1 = TM32 has access to the Audio Out3 registers.

0 = TM32 does not have access to the Audio In2 registers.
1 = TM32 has access to the Audio In2 registers.

0 = TM32 does not have access to the Audio Out2 registers.

1 = TM32 has access to the Audio Out2 registers.

0 = TM32 does not have access to the Audio In1 registers.
1 = TM32 has access to the Audio In1 registers.

0 = TM32 does not have access to the Audio Out1 registers.

1 = TM32 has access to the Audio Out1 registers.

0 = TM32 does not have access to the AICP2 registers.
1 = TM32 has access to the AICP2 registers.

0 = TM32 does not have access to the AICP1 registers.
1 =TM32 has access to the AICP1 registers.

0 = TM32 does not have access to the MBS registers.
1 = TM32 has access to the MBS registers.

0 = TM32 does not have access to the D3D registers.
1 = TM32 has access to the D3D registers.

0 = TM32 does not have access to the SPDIF In registers.
1 = TM32 has access to the SPDIF In registers.

0 = TM32 does not have access to the SPDIF Out registers.
1 = TM32 has access to the SPDIF Out registers.

0 = TM32 does not have access to the SSI registers.
1 = TM32 has access to the SSI registers.

0 = TM32 does not have access to the VIP2 registers.
1 = TM32 has access to the VIP2 registers.

0 = TM32 does not have access to the VIP1 registers.
1 =TM32 has access to the VIP1 registers.

UM10104_1
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Global 2 Registers

Read/ Reset Name
Bits Write Value (Field or Function) Description
4 R/W 0x1 TM_OWNED_MPG 0 = TM32 does not have access to the MPEG registers.
1 = TM32 has access to the MPEG registers.
3 R/W 0x1  TM_OWNED_GPIO 0 = TM32 does not have access to the GPIO registers.
1 = TM32 has access to the GPIO registers.
2 R/W 0x1 TM_OWNED_TBC 0 = TM32 does not have access to the T-Pl Bus controller
registers.
1 =TM32 has access to the T-PI Bus controller registers.
1 R/W 0x1  TM_OWNED_TPIC 0 = TM32 does not have access to the PIC registers.
1 = TM32 has access to the PIC registers.
0 R/W 0x1 TM_OWNED_TM32 0 = TM32 does not have access to the PI-Bus registers.
1 =TM32 has access to the PI-Bus registers.
Global 2 Registers
Read/ Reset Name
Bits Write Value (Field or Function) Description

MIPS User-Mode Region Registers
Offset 0x04 D010

31:16 R/W  0x0000 UM_REGION_LO

15:0

Offset 0x04 D014
31:16  R/W 0x0000 UM_REGION_HI

15:0

UM_REGION_LO

Unused

UM_REGION_HI

Unused

TriMedia DRAM Region Registers
Offset 0x04 D018
31:16  R/W 0x0000 TM_REGION_LO

15:0

Offset 0x04 D01C
31:16  R/W 0x0400 TM_REGION_HI

15:0

UM10104_1

TM_REGION_LO

Unused

TM_REGION_HI

Unused

Lowest PI-Bus address mapped to MIPS User-Mode region,
64-kB granularity.

Ignore during writes and read as zeroes.

First PI-Bus address outside the MIPS User-Mode region, 64-kB
granularity.

Reset to 0 to disable the MIPS User-Mode region.

Ignore during writes and read as zeroes.

Lowest PI-Bus address that maps to the TM32 CPU core and its
controlled devices in DRAM region, 64-kB granularity.
TM aperture is reset to start at 0.

Ignore during writes and read as zeroes.

First PI-Bus address outside TM32 CPU core and its controlled
devices in DRAM region, 64-kB granularity.
TM aperture is reset to 64 MB.

Ignore during writes and read as zeroes.
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Read/ Reset Name
Bits Write Value (Field or Function)

DRAM Location Seen from PI-Bus Registers
Offset 0x04 D200 PI_DRAM_LO
31:16 R/W 0x0000 PI_DRAM_LO

15:0 - Unused
Offset 0x04 D204 PI_DRAM_HI
31:16 R/W  0x0400 Pl _DRAM_HI

15:0 - Unused

Global 2 Registers

Description

Lowest PI-Bus address mapped to DRAM, 64-kB granularity.
Pl-Bus DRAM aperture is reset to start at 0.

Ignore during writes and read as zeroes.

First address outside PI-Bus DRAM space, 64-kB granularity.
Pl-Bus DRAM aperture is reset to 64 MB.

Ignore during writes and read as zeroes.

Read/ Reset Name
Bits Write Value (Field or Function)

1/0 Multiplexer Control Register
Offset 0x04 D600 10_MUX_CTRL
31:15 - Unused
14 R/W 0x0  AIO_MUX_SEL

13 R/W 0x0  SSI_SEL

12 R/W 0x0 RGB24_SEL

11:10 R/W 0x0 SMCRD2_MUX_CTRL

98 RW  0x0 SMCRD1_MUX_CTRL

7 - Unused

UM10104_1

Global 2 Registers

Description

Ignore during writes and read as zeroes.

12S_10 Audio mode:
0 = Select 12S_I0O as Audio Out.
1 = Select 12S_IO as Audio In.
SSI or UART3 mode:
0 = Select UARTS3.
1 = Select SSI.
Audio Out2 or RGB mode:
0 = Select Audio Out2.
1 = Select RGB (DV_OUT [23:20]).
ICAM or SmartCard2 mode:

00 = SmartCard1 module ports go to SmartCard2 pins.
01 = SmartCard2 module ports go to SmartCard2 pins.
10 = ICAM1 module ports go to SmartCard2 pins.
11 = ICAM2 module ports go to SmartCard2 pins.

ICAM or SmartCard2 mode:

00 = SmartCard1 module ports go to SmartCard1 pins.
01 = SmartCard2 module ports go to SmartCard1 pins.
10 = ICAM1 module ports go to SmartCard1 pins.
11 = ICAM2 module ports go to SmartCard1 pins.

Ignore during writes and read as zeroes.
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Global 2 Registers

Read/ Reset Name
Bits Write Value (Field or Function) Description

6:4 R/W 0x0  VIP2_MUX_ CTRL[2:0] VIP2 module selection:

000 = VIP data from DV1 port

001 = VIP data from DV2 port

010 = VIP data from DV3 port

*011 = VIP data from DV_OUT1(AICP1) port
*100 = 1394 data from link core

* These functions are not available.
3 - Unused Ignore during writes and read as zeroes.

2:0 R/W 0x0  VIP1_MUX_CTRL[2:0] VIP1 module selection:

000 = VIP data from DV1 port

001 = VIP data from DV2 port

010 = VIP data from DV3 port

*011 = VIP data from DV_OUT2 (AICP2) port
*100 = 1394 data from link core

* These functions are not available.

2.5.2 PCI, TM32, and MIPS Aperture Control Registers

The following registers relate to the PNX8526 System Memory Map and Object
Visibility. For more information, see Chapter 8 PCI-XIO, Chapter 25 Internal TM32
CPU Core Processor, and Chapter 35 PI-Bus Architecture.

Table 3: Registers - PCl, TM32 and MIPS

Offset Name Description

BASE Registers (PCI-XIO)

0x04 0050 BASE10 (DRAM_BASE) Shadow of PCI config register that determines DRAM base
address in memory map

0x04 0054 BASE14 (MMIO_BASE) Shadow of PCI config register that determines MMIO base
address in memory map

0x04 0058 BASE18 (XIO_BASE) Shadow of PCI config register that determines XIO base
address in memory map

0x04 0018 PCI_base1_lo Low address of region 1 of Pl-bus that gets bridged to PCI

0x04 001C PCI_base1_hi High address of region 1 of Pl-bus that gets bridged to PCI

0x04 0020 PCI_base2_lo Low address of region 2 of Pl-bus that gets bridged to PCI

0x04 0024 PCI_base2_hi High address of region 2 of Pl-bus that gets bridged to PCI

TM32 CPU Aperture Control Registers (TM32 CPU)

00x10 0034 TM32_DRAM_LO Low address of DRAM

00x10 0038 TM32_DRAM_HI High address of DRAM

00x10 003C TM32_DRAM_CLIMIT Cacheable limit (addresses above this are not cached)

MIPS-Related Registers (FPBC)
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Offset
0x03 F020

0x03 F024

0x03 F028

0x03 F02C

0x03 F034

Name
MIPS_BOOT_ADRO

MIPS_BOOT_ADR4

MIPS_BOOT_ADRS

MIPS_BOOT_ADRC

EN_MIPS_REMAP_FPBC

Description

Address of first of 4 registers to re-map the MIPS reset
vector

Address of second of 4 registers to re-map the MIPS reset
vector

Address of third of 4 registers to re-map the MIPS reset
vector

Address of fourth of 4 registers to re-map the MIPS reset
vector

Enable the 4 registers to re-map the MIPS reset vectors at
0x1fc0,0000..000c

2.6 Alternate System Memory Map with External Host CPU

UM10104_1

2.6.1 PCI Standard Boot and Memory Map Assembly

If an external host CPU (MIPS or other) is present on the PCI bus, it has the
responsibility to enumerate and configure all PCI resident devices, including each
PNX8526. This configuration process builds an address map where apertures of all
devices (including each PNX8526) are given unique PCIl addresses. The
standardized protocol that accomplishes this is described in the PCI Local Bus

Specification, Revision 2.2.

The configuration process of the PNX8526 in this case is summarized below:

1. The boot block writes to the PCI_SETUP register to set the desired size for each
of the DRAM, MMIO and XIO apertures—typically equal to attached DRAM size
on a particular board; 2 MB for MMIO and up to 128 MB for XIO. The PCI-XIO
block generates a “retry” on any attempt by the host to access it until the
PCl_SETUP write is completed.

2. The host PCI BIOS reads each base address PCI configuration register of a PCI
device, in particular the Isb to determine if the requested aperture is a PCI
memory or |/O space aperture. The PNX8526 has three such base addresses,
each requesting a PCI memory space type aperture. They are Base10 (DRAM),
Base14 (MMIO) and Base18 (XIO).

3. The host writes an “all 1” value to each base address register and reads it back.
The PCI block hardware returns Os in all “don’t care bits” and 1s in all actually
writable bits, from which the host deduces the size of the requested memory

aperture.

4. The host writes a unique address value to each base address register to set the
aperture base address of DRAM, MMIO and XIO.

Remark: The outcome of this host configuration process is three apertures (DRAM,
MMIOQO, XIO) that will most likely be adjacent to each other in the PCI address space
and anywhere between 0x0 to OxFFFF FFFF.
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Internal MIPS and External Host CPU

The address decoding logic for DRAM, XIO and on-chip MMIO devices is designed to
decode addresses relative to the base address values established by the PCI
memory map building protocol. The TM32 CPU core is able to execute code and
load/store data at any physical address. However, the on-chip MIPS CPU is not able
to execute in this unpredictable PCI host address map environment, since it expects
a certain physical memory layout e.g., DRAM and MMIO must be within the first

512 MB.

Hence, the internal MIPS CPU is not used when an external host is present. In
certain instances e.g., if the code on the external host is developed specifically for the
PNX8526, and it can guarantee “MIPS-friendly” base address values, the internal
MIPS can still be used.

2.7 Memory Map Perspectives

UM10104_1

2.71

View from MIPS

The on-chip MIPS is only active when no external host CPU is present. If MIPS is
active, it is in the “standard system memory map” environment, where all system
resources are in the first 512 MB of the physical address space.

The chosen virtual-to-physical addressing scheme for the internal PR3940 MIPS
CPU is shown in the following diagram.

OcFFFF FFFFI I noitiee O<FFFF FFFF
Wy t Sw- It e
kseg2
(kernel cached)
0xC000 0000 0xC000 0000
OXBFFF FFFF — 3¢B  3GB OXBFFF FFFF
kernel uncached
0xA000 0000/ ¢ ) o Gl | Mapping ol
OX9FFF FFFF ksegO if TLB is OF
I
0x8000 0000 (kernel cached) GB
Ox7FFF FFFF optional DRAM
shadow
kuseg
(user cached) 0x4000 0000
0-5GBF Ox1FFF FFFF
0x0000 0000 . 0x0000 0000
Virtual Address Physical Address
Note: Shaded areas are TLB mappable.
Figure 5: MIPS Address Map

Kseg0 and kseg1 are not mappable via the TLB. They map directly to the lower
0.5-GB where all system resources (DRAM, PCI, MMIO, XIO) reside.
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The software debug area is the only part of kseg2 that is used in the PNX8526. This
SW debug area is non-cacheable and can not be mapped with a TLB. The mapping
of this area can be enabled/disabled in the PNX8526.

User-Mode processes will reside in kuseg. They will almost always be mapped via
the MIPS TLB. The TLB allows per page translation to any physical address in the 4
GB physical memory space.

If the TLB is off, kuseg is mapped to 0x4000 0000 as shown in the diagram. This
mode of operation can be supported by programming the PNX8526
UM_REGION_LO and UM_REGION_HI registers with the physical address range
that is desired to shadow to DRAM. This shadow then maps to actual DRAM at
UM_REGION_LO (0x4000 0000) to UM_REGION_HI (0x4000 0000).

MIPS Exception Vector Logic

The exception vectors for the MIPS reside in kseg0 or kseg1 depending on the value
of the MIPS internal Boot Exception Vector (BEV) bit. These exception vectors and
the corresponding virtual and physical address locations are shown in the following
table.

Table 4: MIPS Exception Vector Addresses

Exception BEV =0 BEV = 1 (Reset Default)

Virtual Address Physical Virtual Address Physical
Address Address

Reset 0OxbfcO 0000 0x1fc0 0000 OxbfcO 0000 0x1fc0 0000

Soft Reset

UTLB Miss 0x8000 0000  0x0000 0000 OxbfcO 0100 0x1fc0 0100

TLB Miss 0x8000 0080  0x0000 0080 OxbfcO 0180 0x1fc0 0180

TLB Modification

Bus Error

Non-Maskable 0xbfcO 0000 0x1fc0 0000 OxbfcO 0000 0x1fc0 0000

Interrupt

Address Error 0x8000 0080  0x0000 0080 Oxbfc0 0180 0x1fc0 0180

Overflow

System Call

Break Point

Reserved

Instruction

Coprocessor

unusable

Interrupt

Debug OxbfcO 0200 0x1fc0 0200 or  OxbfcO 0200 or 0x1fc0 0200 or

0xff20 0200 0xff20 0200 0xff20 0200

Remark: The BEV bit is set to 1 during reset and typically set to 0 after boot of the
operating system.

© Koninklijke Philips Electronics N.V. 2003. All rights reserved.

Rev. 01 — 8 October 2003 2-48



Philips Semiconductors PNX8526
Chapter 2: System Memory Map and Protection

The PNX8526 has a special “reset remap” system provision in the F-PI Bus controller
that provides a way to have a programmable reset vector (or exception vectors)
during boot:

® The bit ‘EN_MIPS_REMAP_FPBC'’ in the FPBC bus controller enables four 32-
bit registers that respond to MIPS accesses starting at address 0x1fcO 0000,
0x1fc0 0100 or Ox1fc0 0180. This mapping is by default enabled at reset, but can
be disabled by boot if desired.

* These registers are reset to contain a ‘load register’, jump to register’ and ‘NOP’
instruction. The address that this sequence jumps to can be changed in the boot
script by writing a different ‘load register’ value to the first register
(MIPS_BOOT_ADRO in FPBC). The reset default is ‘lui t0, AO10’, causing
execution to start in kseg1, uncached, 0xA010 0000, which maps to 1 MB into the
SDRAM.

The boot script can use the reset remap mechanism to start the MIPS at any desired
address e.g., from an XIO non-volatile memory or from initialized SDRAM.

A similar mechanism exists to remap the debug exception vector. Refer to Chapter 35
PI-Bus Architecture for details.

2.7.2 View from the TM32 CPU Core

The memory map seen by the TM32 CPU core contains three apertures. Each
aperture is independent. Any address is a legal base address, including

0x0000 0000. Apertures should not be set to overlap or extend across the

OxFFFF FFFF limit of 32-bit addressing conventions. The apertures are shown in the
following block diagram.

OxFFFF FFFFF Inaccessible
2 MB
MMIO Aperture
MMIO_BASE
TM32_APERT1_HI Inaccessible

Pl Aperture
TM32_APERT1_LO

Inaccessible
TM32_DRAM_HI

I Non-cacheable
TM32_DRAM_CLIMIT
DRAM Aperture
TM32_DRAM_LO

0x0000 0000 Inaccessible

Figure 6: Memory Map for TM32 CPU Core
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The TM32 CPU core requires all apertures to be a multiple of 64 kB and reside on a
64-kB boundary. They are programmed by writing to MMIO registers inside the TM32
CPU core, with the exception of the MMIO_BASE, which is directly taken from the
PCI Base14 register content. In the PNX8526, the TM32_DRAM_LO/HI registers
must be set to view the entire PNX8526 SDRAM aperture. Protection can be
accomplished by using the TM_REGION_LO/HI registers, as described in

Section 2.4.3.

The TM32 CPU can access the DRAM aperture with all load and store instructions.
Loads and stores in the cacheable area use the data cache. Loads and stores in the
non-cacheable area bypass the data cache and go directly to memory across the
memory interface. Execution is supported from the entire DRAM aperture, which
always uses the instruction cache.

Upon either reset, TM32 CPU puts all registers and cache control in its defined initial
state. It does not start program execution. Program execution is started when the
code for “start” is written to the TM32_CTL MMIO register. Execution starts at the
address contained in the TM32_START_ADDR MMIO register and the boot address
is therefore flexible. Also, the addresses for the exception vectors are programmable
and do not put any constraints on the system design.

The Pl aperture is not normally used in the PNX8526. It is enabled by writing a
TM32_APERT1_HI greater than TM32_APERT1_LO. In that case, loads/stores to
such addresses cause (non-cached) accesses across the T-Pl bus. In special
applications of the PNX8526, this could be used to map (part of) PCI and/or XIO
directly into the TM32 address map.

Remark: Due to the TM32 CPU core architecture and compiler code generator, it does
speculative loads i.e., it may perform loads to any location in its address map without an explicit
request. The MMIO devices inside the PNX8526 are designed to cope with this, but not all PCI
or XIO devices may be able to do so. For this reason, direct mapping of PCIl or XIO is not
generally recommended.

View from PCI Bus

There are two different cases to consider for PCI:

* The PNX8526 is PCI configuration manager. Its CPU allocates base addresses
for all PCI components in the system.

* An external CPU is PCI configuration manager on the PCI bus and the PNX8526
is one of the components.
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2.7.3.1 PNX8526 as PCI Configuration Manager

As PCI configuration manager, the PNX8526 builds the standard system memory
map. External PCl bus masters see the memory map, but can only access the
PNX8526 SDRAM and MMIO apertures and other PCI target devices, not the XIO
aperture

OxFFFF FFFF

PNX8500 MMIO (2 MB)

[ Basel4 (MMIO_BASE) |

PNX8500 DRAM

Base10 (DRAM_BASE)
0x0000,0000

Figure 7: PNX8526 (as seen from a PCI Bus Master - #1)

2.7.3.2 An External Host CPU as PCI Configuration Manager

In this case, the host CPU PCI BIOS builds the system memory map. The host CPU
assigns each PNX8526 in the system a unique Base10, Base14 and Base18 per the
procedure described in Section 2.5.2.

Usually, apertures of a given device end up adjacent to one another. In a X86 PC,
apertures typically end up near the high-end of the 4-GB address space. Address 0 is
never used as the first 640 kB are used by the PC. Other host CPUs may have their
own conventions. In general, no assumptions should be made about the resulting
memory layout, other than that apertures don’t overlap.

Remark: PCI specification requires an aperture to be aligned at a boundary which is
the same size as the aperture e.g., a 128-MB aperture will be located at a 128-MB
boundary. External PCl bus masters see the memory map, but can only directly
access the PNX8526 SDRAM and MMIO apertures, not the XIO aperture. See

Figure 7.

It is possible for the external host CPU to do an indirect access to PNX8526 XIO by
writing to the PCI XIO module MMIO registers to request a single cycle XIO access or
a XIO DMA transaction.
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OXFFFF FFFF

PNX8500 MMIO (2 MB)

[Base14 (MMIO_BASE) |—

PNX8500 DRAM

| Base10 (DRAM_BASE} -
0x0000 0000

Figure 8: PNX8526 (as seen from a PCl Bus Master - #2)

2.7.4 View from Fast Pl-Bus

Visibility from the MIPS and the EJTAG modules on the Fast PI-Bus is shown in
Figure 8 below. All addresses are physical addresses. The MIPS User-Mode region
will map to the SDRAM. The User-Mode region must be above address 0x4000 0000
as described in the MIPS documentation for MIPS address map mode 1.

To allow direct access to the PNX8526 apertures from kseg0 and kseg1 (cached and
uncached kernel mode) inside the MIPS, PCI, XIO and MMIO apertures should all be
within the lower 512 MB physical address space. The pi_dram_lo and pi_dram_hi
apertures specify the MIPS view of SDRAM. This MIPS exception handler is located
at address 0x0. Therefore pi_dram_lo must be specified at address 0x0.
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0xFF40 0000
0xFF30 0000
0xFF20 0000

MIPS User Mode - No TLB

um_region_lo

1FC0 0000 to 1FCO0 1000 can optionally
be mapped to Fast PI-Bus Controller

Base18
Aperture size XI0
Base18
2MB
MMIO - Peripheral Bus
Basel4 MMIO - Fast Bus
pci_base2_hi —p
PCI2
pci_base2 o —p
pci_basel_hi —pi
. PCI1
pci_base1_lo —pm
pi_dram_hi
Pl - DRAM > SDRAM
pi_dram_lo 0x0 —®0x0
Figure 9: View of Physical Address Space from Fast Pl-Bus

If the “EN_MIPS_REMAP_FPBC” bit in the Fast PI-Bus Controller (FPBC) bus

controller is set, the FPBC will map the physical address space from 0x1FCO0 0000 to
0x1FCO0 1000 to internal registers. These registers contain code to relocate MIPS
execution to SDRAM for exception handling e.g., of system reset or debug exception.

This process is exemplified in the reset vector as follows:

® The MIPS processor will boot from virtual address 0xBFCO 0000, which maps to
physical address 0x1FCO0 0000. The MIPS processor requires boot code at this

location.

® As described in Section 2.7.1.1, inside the FPBC module there are four registers
that are mapped from 0x1FCO0 0000 to 0x1FCO0 000C. This mapping is enabled at
reset time and can be disabled during or after boot.

* When the Boot block releases the MIPS reset, the MIPS will start fetching code
from address Ox1FCO 0000. It will execute a ’load register’ followed by a ’jump
register’ and a NOP instruction stored in these registers. Following execution of
‘jump register’ the execution will be transferred to the SDRAM. For bus accesses
to non-defined areas, the bus controller responds with error acknowledge on

reads and writes.
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2.7.5 View from M-PIl and T-PIl Buses

Accessibility from the M-Pl and T-PI buses is shown in Figure 9. SDRAM is
accessible to all peripherals.

Peripherals on the M-PI bus can also DMA to the PCI or XIO apertures by enabling
PCI-XIO block mapping of PI-Bus to the PCI1/PCI2/XIO apertures. On the T-PI bus,
only the SDRAM aperture is visible to the peripherals. TM32 will typically be enabled
to access the SDRAM and MMIO apertures only. However, the TM32 can be enabled
to also access the PCI1/2 and XIO apertures. The XIO and PCI apertures are
connected by the cross-over bridge. TM32 access to these apertures is not enabled
as XIO and PCI peripherals may be sensitive to speculative reads done by the TM32.

Only the Boot, PCI, MIPS, TM32 and EJTAG modules are allowed to access MMIO
space. Accesses from all other peripherals are blocked.

4GB
Base18
Aperture size
X0
Base18 g
2MB
t MMIO - Peripheral Bus
Base1 MMIO - Fast Bus
pci_base2_hi B
PCI2
pci_base2_lo >
pci_basel1_hi _pp
. PCI1
pci_base1_lo g
pi_dram_hi — —
SDRAM SDRAM
pi_dram_lo —p 0—>

Figure 10: View from M-PI Bus and T-Pl Bus
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3.1 Functional Specification

The Boot module is used to initialize some of the hardware by executing a boot script
(see Section 3.4.2 and Section 3.4.3 for examples). Once the boot script has been
executed, the PR3940 MIPS can begin to run the “boot software code” (not to be
confused with the boot script)

A PNX8500
Pl-Bus Oofi | Cust
ptional Custom
BOOT Module 12C1 2 Boot Script
-
#1 2G EEPROM
2-128 kB
M internal 400 kHz
«—p-| Master/Slave |,/ 5 O
PI-Bus Interface P
BOOTMODE[2:0]
_(= GPIO[2:0]) ? External 10k resistors to
- 7 GND or 2.7k resistors to
3.3V to choose bootmode
T peri_rst_n
RESET Module | . RESET_IN
v 27 MHz -~ =

(from xtal osc)

Figure 1: PNX8526 System Components Related to Boot

The Boot module is activated upon the following events:
* Hardware RESET (assertion, followed by de-assertion of RESET_IN)
* Software RESET (a write to the RST_CTL register asserting PNX8526 soft reset)
* PR3940 MIPS watchdog timeout

Once activated, the Boot module goes through the following event sequence:

* Delays a few cycles to allow GPIO[2:0] pins to tri-state and pullup/down to
stabilize.

* Samples the logic value on the BOOTMODE[2:0] pins to determine which boot
script to execute.

=  PHILIPS
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* Executes the chosen script, which may be one of two built-in scripts or an
external °C EEPROM script. Script entries cause the boot block to perform
writes across the PI-Bus to initialize MMIO registers and memories.

* Terminates Boot and sets the Boot_Status MMIO register to “Boot Over.”

3.2 Symbolic Boot Language

UM10104_1

Boot scripts are written using a simple symbolic language as shown below.
/I PNX8526 boot script example

mem] write 00047250 00000003 // enable clk pciin CLK PCI CTL
mem] write 00047200 00000003 // enable clk mem in CLK MEM CTL
/... some words omitted ...

mem! write 0004080c 0000027 // start DMA from flash to DRAM

idle 324000 /] wait 12 mSec for DMA to complete

In this simple language, “mem1 write <hex1> <hex2>" stands for a write relative to
the current MMIO_BASE i.e. a write of value <hex2> to the device control register
with MMIO offset <hex1>.

The command “memO0 write <hex1> <hex2>" stands for a write relative to SDRAM
base i.e., a write that fills SDRAM at address <hex1> with a value <hex2>. The store
operation follows endian mode rules, that is...

* for hex2 = Oxabcdefgh, and operating mode is little-endian (mode at start of
boot), the value “gh” will end up at byte address <hex1>, “ef” at <hex1+2>, etc.

* for hex2 = Oxabcdefgh, and operating mode is big-endian, the value “ab” will end
up at byte address <hex1>, “cd” at <hex1+2>, etc.

The command “idle <decimal1>” stands for delay <decimal1> 27 MHz clock ticks.
A “I” starts a comment that lasts till the end of the line. Empty lines are allowed
anywhere.

Other Issues

* A store to RST_CTL may change the value of endian mode during the boot
process and hence, the interpretation of the next “mem0” command. Provide at
least 10 us delay between such a store and the next “mem0 write.”

* A store to PCl “base_address_10_image” MMIO register (only allowed if PCI
configuration management is enabled), establishes the DRAM_BASE address
and hence, should be performed before any “mem0” commands are issued.

* A store to PCl “base_address 14 _image” MMIO register (only allowed if PCI
configuration management is enabled) changes the MMIO_BASE address.
Provides at least 10 us delay between such a store and the next “mem1 write.”

A tool is available that translates the PNX8526 symbolic language to a binary image
suitable for EEPROM programming. Contact a Philips PNX8526 sales representative.
Read the tool documentation carefully to see how the latest release of the tool deals
with the above issues.
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3.3 Internal vs. External Host Boot

The following table describes the BOOTMODE[2:0] settings for selecting either an
internal or external boot script.

Table 1: Boot Mode and Choice of Boot Script

BOOTMODE
[2:0] Script
000 External EEPROM boot script
001 Built-in script #1: 32 MB of SDRAM at 100 MHz. Start MIPS from random-
access, non-volatile memory (Flash, ROM...) attached to XIO profile 0.
010 Built-in script #2: same as script #1, except start MIPS in SDRAM after
transferring 8 kB of boot code from NAND-Flash to SDRAM.
011 External EEPROM boot script with fast IIC clock, testmode
100 Built-in script #3: fast boot script used for manufacturing
Other Reserved for future extension.

In most cases, the PNX8526 is used with the internal PR3940 MIPS host, which
means it can boot from a built-in boot script without the need for a boot EEPROM.
This is shown on the right side of Figure 2. In this case, a Flash, ROM or other non-
volatile memory device stores all boot software code for the PNX8526. This is the
common method of booting that will be described first in Section 3.4.

In cases where built-in scripts are not applicable e.g., if a non-standard DRAM
configuration is required or a different type of NAND- Flash is used, a boot EEPROM
is required. This will be covered in Section 3.5.4.

In a configuration with an external host CPU, a serial boot EEPROM is always
required. It contains board level personality data needed by the host BIOS. In such a
case no Flash/ROM needs to be associated with the PNX8526. The host CPU loads
the PNX8526 application code from its Flash or disk, fills SDRAM and starts the
TM32 CPU. Refer to Section 3.5.5 for details on external host boot
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External Host Internal MIPS
| RaM | [Flash | [ sDRAM | 32-MB SDRAM
PNX8500 | I2C PNX8500
-+»| Boot
Host CPU EEPROM
Boot Mode | <«— 000 or 011 Boot Mode | <=—— 001 or 010
RESET_IN |<— RESET_IN -— or 100
XIO_SELO
PCI Bus PCI Bus
|
J
' | ] R
| PClDevice| [ PCIDevice | | PCiDevice| | Flash/ROM |
Figure 2: External Host vs. Internal MIPS Boot Environment

3.4 Built-In Boot Scripts

3.4.1 MIPS Reset Vector Re-Direction

The PNX8526 contains a special provision to allow re-directing of the MIPS reset
vector. This special provision is explained in Section 2.7.1.1 of Chapter 2 System
Memory Map and Protection as well as in Chapter 35 PI-Bus Architecture in the F_PI
Bus Controller registers. The boot scripts below use this mechanism.

3.4.2 Built-In Boot Script #1 (Boot Mode 001

OXFFFF,FFFF 32-MB SDRAM
Unused
PNX8500
Ox1FFF,FFFF
64-MB XIO
0x1C00,0000 Boot Mode | <— 001
0x1BE0,0000 2-MB MMIO RESET_IN <«—
Unused
Map to PCI after Boot
(Map to PCI after Boot) XI0_SELO
PCI Bus
0x01FF,FFFF Y
32-MB SDRAM 17 1} v
0x0000,0000 ‘ PCI Device ‘ ‘Nor FIash/ROM‘
Figure 3: System Configuration and Physical Memory Map for Script #1
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PNX8526 built-in script #1

!

!

/I - configure memory as 32 MByte, running at 100 MHz
I/ - set E-PI bus clock to 100 MHz

/I - memory map (standard config for internal MIPS):

// SDRAM/Base10 at 0x0000.0000

/I MMIO /Base14 at 0x1be0.0000 (2M - Set against XIO)

/1 XIO /Basel8 at 0x1¢00.0000 (64M required by WinCe)
/1 - set MMI refresh corresponding to 100MHz SDRAM.

/1 - start internal MIPS direct execution from non-volatile

/I memory attached to XIO chip-select 0(NorFlash,ROM ...)
!
!
!
!
!
!
!
!

o Clock Module Setting
- clk_mem, clk fpi running at 100MHz
only clk_fpi, clk_mips phase alignment required.
- clk_tpi, clk_mpi always running at 1/2 clock f pi
and phase shifted 180 degrees

—

/o enable clk_pci by writing to CLK_PCI_CTL (0x047250)
mem] write 00047250 00000003

/I o enable clk_mem by writing to CLK MEM_CTL (0x047200)
mem] write 00047200 00000003

/I o enable clk_fpi by writing to CLK_FPI CTL (0x047204)
mem] write 00047204 00000005

/I o enable clk_tpi by writing to CLK_TPI CTL (0x04720C)
mem] write 0004720C 00000003

/I o enable clk_mpi by writing to CLK_MPI _CTL (0x047210)
mem] write 00047210 00000003

!

/" - All other clocks are running at reset frequency 27MHz

!

/" o MMI Enable

/I o Write to mm_enable to enable SDRAM interface.

mem] write 0004d414 00000001

!

—

/0 PCI Settings

/o Write to pci setup register

/o enable pci system arbitration

/o enable config mgmt

/o expansion rom disabled

I obasel( 16/32/64MB, prefetchable, enabled

| obasel4 2MB, non-prefetchable, enabled

/I o basel8 64MB, non-prefetchable, enabled

mem] write 00040010 01d60e03 #If 32MB Base10 aperture

/I meml write 00040010 01d60e83 #If 64MB Basel0 aperture
/I meml write 00040010 01d60d83 #If 16MB Basel0 aperture
!

/I o Enable memory spaces and mastering on PCI

/I (Due to PCI specification - this can not be done per default)
mem] write 00040044 00000006 0

!

I o Set GPIO settings to allow XIO profile 0 accesses

/
/
/
/
/
/

Chapter 3: Boot
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/" (This could be done per default - But it is not desirable

/I since this would change the GPIO defaults and make the

/I implementation less generic and less flexible for if

/I the XIO profile 0 was actually being used as GPIOs

meml write 0010400¢ 01551500 0 // GPIO reg MC3

!

/I" o Enable NOR flash or ROM on profile 0:

/o Write to xio sel0 profile register

/" Don’t use ack, No. of wait states -> 6 (state machine adds 2
/' more clocks, which will yield 240 ns, sel0_offset ->0,
/1'sel0_type -> NOR and enabled.

mem! write 00040814 00000c09 0

/I o Setup mips reset vector relocation to execute from 0x1¢00.0000
mem] write 0003F020 3C08BCO00 0 // move mips boot from

/I A010 > 1C00 + A000 = BC0O

!

!

I o Release MIPS reset, it starts running little-endian

mem] write 00060000 00000008

/"o we're done, end of script leads to generation of end of boot

/
/
/

3.4.3 Built-In Boot Script #2 (Boot Mode 010)

OXFFFF,FFFF 32-MB SDRAM
Unused

PNX8500
O0x1FFF,FFFF
64-MB XIO
0x1C00,0000 Boot Mode | <— 010
0x1BEO0,0000 2-MB MMIO RESET_IN <-—
Unused
(Map to PCI after Boot) i XI0_SELD
PCI Bus
0x01FF,FFFF
32-MB SDRAM 1} 1}

0x0000,0000 PCI Device NAND-Flash

e.g., KM29U128T

Figure 4: System Configuration and Physical Memory Map for Script #2

/I PNX8526 built-in script #2

/I - configure memory as 32 MByte, running at 100 MHz

I/ - set F-PI Bus clock to 100 MHz

/I - memory map (standard internal MIPS config):

// SDRAM/Base10 at 0x0000.0000

/I MMIO /Base14 at 0x1be0.0000 (2M - Set against XIO)

/1 XIO /Basel8 at 0x1¢00.0000 (64M required by WinCe)

/I - set MMI refresh corresponding to 100MHz SDRAM.

/1 - configure for a Samsung KM29U128T Nand Flash on XIO chip select 0
I/ - transfer the first § kByte of Flash to SDRAM at 0x0010,0000

/- start internal MIPS from SDRAM at 0x0010,0000

!
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0 Clock Module Setting
- clk_mem, clk fpi running at 100MHz
only clk fpi, clk_mips phase alignment required.
- clk tpi, clk_mpi always running at 1/2 clock f pi
and phase shifted 180 degrees

—_ = = = = —
= = = = = = =

/I o enable clk_pci by writing to CLK_PCI_CTL (0x047250)
mem] write 00047250 00000003

/I o enable clk_mem by writing to CLK MEM_CTL (0x047200)
mem] write 00047200 00000003

/" o enable clk fpi by writing to CLK_FPI CTL (0x047204)
mem] write 00047204 00000005

/I o enable clk_tpi by writing to CLK_TPI CTL (0x04720C)
mem] write 0004720C 00000003

/I o enable clk_mpi by writing to CLK_MPI _CTL (0x047210)
mem] write 00047210 00000003

!

/I - All other clocks are running at reset frequency 27MHz

!

/" o MMI Enable

/I o Write to mm_enable to enable SDRAM interface.

mem] write 0004d414 00000001

o PCI Settings
o Write to pci setup register

0 enable pci system arbitration

o enable config mgmt

0 expansion rom disabled

0 basel0 16/32/64MB, prefetchable, enabled

0 basel4 2MB, non-prefetchable, enabled
/I o basel8 64MB, non-prefetchable, enabled
mem] write 00040010 01d60e03 #If 32MB Base10 aperture
/I mem1 write 00040010 01d60e83 #If 64MB Basel0 aperture
/I mem1 write 00040010 01d60d83 #If 16MB Basel0 aperture
!
/I o Enable memory spaces and mastering on PCI
/I (Due to PCI specification - this can not be done per default)
mem] write 00040044 00000006 0
!

/" o Set GPIO settings to allow XIO profile 0 accesses

/I (This could be done per default - But it is not desirable
/I since this would change the GPIO defaults and make the
I implementation less generic and less flexible for if

[ the XIO profile 0 was actually being used as GPIOs
mem] write 0010400¢ 01551500 0 // GPIO reg MC3

!

/I o Transfer Initial code for MIPS boot to
/I SDRAM by programming DMA utility device. Default DMA
[ start address is 0x1¢00.0000, dma_lenght is 8kB and

/I the default SDRAM address is 0x0010.0000
/I o Write to xio sel0 profile register
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o Nand Flash

o use_ack

— — —— — — —
=T == = = =

o enable xio profile
0 8MB sel0 size

0 0 offset from xio aperture

0 REN 10=REN hi=120ns

/' o WEN lo=WEN_hi=120ns
mem! write 00040814 00628011 0

1l

—

-

/I o send to xio

o0 Max burst size 128 data phases
o linear increment of address

mem] write 0004080c 00000296

!

/I o Wait until transfer is complete in 12ms
/I (Calculations by indicate this is over in 6 ms)

idle 324000
!

/o Kick off DMA by writing to DMA controls register
/o Command type write
/" o Initiate DMA transaction
/
/

Chapter 3: Boot

I o Release MIPS reset, it starts running little-endian at0x0010,0000
mem] write 00060000 00000008
II'o we’re done, end of script leads to generation of end of boot

3.4.4 Built-In Boot Script #3, for Boot Mode 100

Figure 5:

OXFFFF,FFFF

unused
Ox1FFF,FFFF
64MB XIO
0x1C00,0000
0x1BE0,0000 2MB MMIO
unused

(map to PCI after boot)

0x01FF FFFF

0x0000,0000

32MB SDRAM

32 MB SDRAM

PNX8500

Bootmode
RESET_IN

PCI Bus t

-<«— 100

i

PCI Device

System Configuration and Physical Memory Map for Script #3

UM10104_1

[ g e i v e e g

/
/
/
/
/
/
/
/

PNX8500 built-in script #3
- configure memory as 32 MByte, running fromexternal clock source
- set F-PI bus clock running from external clock source
- memory map (standard internal MIPS config):
SDRAM/Base10 at 0x0000.0000
MMIO /Base14 at 0x1be0.0000 (2M - Set against XI0)
XIO /Basel8 at 0x1c00.0000 (64M required by WinCe)
- The purpose of this script is to do fast boot for functional test.
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- Enabling required clocks to run from external source
- Release sys rst out n for external PCI master

0 Clock Module Setting
- clk_mem, clk_fpi running from external source
only clk fpi phase alignment required.
- clk tpi, clk_mpi always running at 1/2 clock f pi
and phase shifted 180 degrees

/I o enable clk_pci by writing to CLK_PCI_CTL (0x047250)
mem] write 00047250 00000005

/I o enable clk_mem by writing to CLK MEM_CTL (0x047200)
mem] write 00047200 00000005

/I o enable clk_fpi by writing to CLK_FPI CTL (0x047204)
mem] write 00047204 00000009

/I o enable clk_tpi by writing to CLK_TPI CTL (0x04720C)
mem] write 0004720C 00000003

/I o enable clk_mpi by writing to CLK_MPI _CTL (0x047210)
mem] write 00047210 00000003

!

/I - All other clocks are running at reset frequency 27MHz

!

/" o MMI Enable

/I o Write to mm_enable to enable SDRAM interface.

mem] write 0004d414 00000001

o PCI Settings
o Write to pci setup register

0 enable pci system arbitration

o enable config mgmt

0 expansion rom disabled

0 basel0 16/32/64MB, prefetchable, enabled

0 basel4 2MB, non-prefetchable, enabled
/I o basel8 64MB, non-prefetchable, enabled
mem] write 00040010 01d60e03 #If 32MB Base10 aperture
/I mem1 write 00040010 01d60e83 #If 64MB Basel0 aperture
/I mem1 write 00040010 01d60d83 #If 16MB Basel0 aperture
!
/I o Enable memory spaces and mastering on PCI
/I (Due to PCI specification - this can not be done per default)
mem] write 00040044 00000006 0
!

/" o Set GPIO settings to allow XIO profile 0 accesses

/I (This could be done per default - But it is not desirable
/I since this would change the GPIO defaults and make the
/I implementation less generic and less flexible for if

[ the XIO profile 0 was actually being used as GPIOs
mem] write 0010400¢ 01550000 0 // GPIO reg MC3

!

/I 0 PCI Settings

I o Write to sub_system and vendor ID register
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/I o enables pei interface

mem] write 0004006¢ 12345678

1l

/l'0 Release SYS OUT reset,

mem! write 00060000 00000002
/10 we’re done, end of script leads to generation of end of boot

3.5 External Boot Scripts

PNX8526

Chapter 3: Boot

3.5.1 External I°C Boot EEPROM Types

The PNX8526 Boot module supports all I2C EEPROMSs (sometimes called ‘2 wire’
EEPROMSs) that use a 1-byte or 2-byte address protocol and respond to an 12c
device code 1010,. Subtle differences exist between devices, in particular:

* Avoid devices that have partial array write protection, since such devices could
be overwritten by accidental or intentional 12C writes, causing boot failure on next

reset.

* Some devices may have additional functionality that is useful.

* Availability may vary.

® Programming protocols may vary.

Table 2 lists a variety of devices currently on the market. This list is by no means
exhaustive, nor has operation of these devices been verified.

Table 2: Examples of I2C EEPROM Devices

Size Device Write
Protection
Coverage
128 Bytes ATMEL® 24C01A  full array
128 Bytes Philips PCA8581C  none
256 Bytes ATMEL 24C02 full array
256 Bytes  Philips PCF85102C-2 none
512 Bytes ATMEL 24C04 full array
1 kB ATMEL 24C08 full array
2kB ATMEL 24C16 upper 1 kByte
2kB Philips PCF85116-3  full array
2kB Summit SMS8198  full array
4 kB ATMEL 24C32 upper 1 kByte
8 kB ATMEL 24C64 upper 2 kByte
16 kB ATMEL 24C128 full array
32 kB ATMEL 24C256 full array
64 kB ATMEL 24C512 full array

UM10104_1

Address Comments

Protocol

1 byte
1 byte
1 byte
1 byte
1 byte
1 byte
1 byte

1 byte
1 byte

2 bytes
2 bytes
2 bytes
2 bytes
2 bytes

suitable
not recommended due to lack of write protection
suitable
not recommended due to lack of write protection
suitable
suitable

tested, but not recommended, first 1 kB can be
overwritten

suitable

tested and suitable, includes power on reset circuit
suitable for board level reset generation

not recommended, first part can be overwritten
not recommended, first part can be overwritten
suitable

tested and suitable

suitable
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The Boot module has a limited intelligence I°C interface:

* |t does not arbitrate for the 12C bus. No other masters are allowed to be active on
this bus upon reset.

* |t runs at a fixed 330-kHz frequency (derived from the 27-MHz PNX8526 xtal).
* |t supports slave clock stretching.
* |t can handle EEPROMs with both 1-byte and 2-byte addressing formats (see
Section 3.5.3).
3.5.2 External EEPROM Boot Script Binary Format
The boot script consists of a sequence of 32-bit commands. Valid commands are:

* Write a given 32-bit value at a given address (useful for writing device control
registers).

* Write an arbitrary length list of 32-bit values starting at a given address (useful for
filling memory with a processor binary image).

* Delay by a given number of 27-MHz clock ticks (useful to wait for completion of
an action, such as a PLL frequency change, or a device DMA operation).

* Terminate Boot.

For a 2048-byte or smaller EEPROM, the script must start at byte address 1 (not 0).
For a 4096-byte or larger EEPROM, the boot script must start at byte address 0. For
clarification, refer to Section 3.5.3.

Each set of four successive bytes is assembled into a 32-bit word value (the byte
read first ends up as the least significantChapter 4 Endian Mode byte (Isbyte), etc.).
The 32-bit words are then interpreted as commands, as shown in Table 3.

Table 3: Boot Script Binary Format
LSBytes of First

Command Word Command Encoding (Bits)
....00 Write 32-bit value ‘v’ at word1:
32-bit word address ‘a’ aaaaaaaaaaaaaaaaaaaaaaaaaaaaaall
word2:

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

....01 Write an arbitrary length list of word1:
32-bit values starting at aaaaaaaaaaaaaaaaaaaaaaaaaaaaaall
address ‘a’ word2: length
word3: last: valuey
....0010 Delay by ‘n’ 27-MHz ticks word1:
0<=n<=228_1 nnnnnnnnnnnnnnnnnnnnnnnnnnnn0010
....0110 Terminate boot process, word1:
stop reading EEPROM XXXXXXXXXXXXXXXXXXXXXXXXXXXX0110
other Reserved for future extension
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3.5.21

3.5.3

Chapter 3: Boot

Binary Boot Script Endian Mode Issues

Remark: 32-bit words “v” are written across the PIl-Bus exactly as they are assembled
by the Boot module i.e., the msbits of the 32-bit word are transmitted as msbits on the
PI-Bus, etc.

When writing to an MMIO register address, there is no endian mode issue. The
msbits of the word “v” end up as the msbits of the MMIO register.

When writing to an SDRAM address there is an endian mode issue. Depending on
the current endian mode (which can be changed by boot itself when it writes to the
RST_CTL MMIO register), 32-bit PI-Bus words get written to memory in one of two
ways:

* |n little-endian mode, the msbits of “v” (or last read EEPROM byte of the word),
end up in memory byte address “a+3” and Isbits (or first read EEPROM byte),
end up at address “a.”

* In big-endian mode, the msbits of “v” (or last read EEPROM byte), end up at
address “a” and the Isbits (or first read EEPROM byte), end up at address ‘a+3’.
For clarification, refer to Chapter 4 Endian Mode .

Details on I1°C Operation
In order to retrieve the boot script, the Boot module performs the following across 1°C:
* START, 1010000, wait-for-ack, 00000000, wait-for-ack, STOP.
* START, 1010001, wait-for-ack, <accept data byte, send ACK or STOP if done>.
The interpretation of this sequence by 2048 bytes or smaller EEPROMs is:

* Write a byte value 0 to address 0 (setting the next address-pointer to byte
address 1).

* Read, starting from address 1.
Hence, for a 2048-byte or smaller EEPROM, the boot image must start at byte 1.
The interpretation of this sequence by 4096 bytes or larger EEPROMs is:

* Write a 0 byte-long sequence to address 0 (setting next address pointer to byte
address 0).

* Read, starting from address 0.

Hence, for a 4096-byte or larger EEPROM, the boot image must start at byte 0.
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Internal Host Booting Using an External Script

PCI Bus ¢ PCI Bus t

Without Flash With Flash
xxM SDRAM xxM SDRAM
PNX8500 | I°C PNX8500 | I°C
64-kB Boot 1-kB Boot
EEPROM EEPROM
Boot Mode | <— 000 Boot Mode | <+— 000
RESET IN <— RESET IN <—
XIO_SELO

]

] ; '

| PCiDevice| | PClDevice | | PCiDevice| | Flash/ROM |

Figure 6: Custom Boot: Without Flash — With Flash

3.5.5

UM10104_1

If none of the built-in scripts is suitable e.g., due to a different type of NAND-Flash or
a different memory organization, an external serial boot EEPROM is required.
Depending on the application characteristics, this can be a small (1 kB or less)
EEPROM that contains a small boot script and starts MIPS from Flash/ROM.
Alternately, a large serial EEPROM can be used that contains e.g., a complete disk
file system or upload capability from another device, etc.

External Host Boot

It is possible to use the PNX8526 in a configuration where an external CPU, such as
an external MIPS, X86, PowerPC, or SH4 is the host. In that case, the PNX8526
behaves as a plug-in PCI device. Most of the responsibility of booting is taken care of
by the host PCI BIOS and by the PNX8526 driver on the host. However, there is still a
requirement for a boot script in order to initialize the hardware and get it ready to act
as a recognizable PCI device.

© Koninklijke Philips Electronics N.V. 2003. All rights reserved.

Rev. 01 — 8 October 2003 3-67



Philips Semiconductors PNX8526

Figure 7:

UM10104_1

| RAM | [ Flash | [32-MB SDRAM ]|
2
BASE 10 32-MB SDRAM PNX8500 lE oot
‘DRAM_BASE’ Host CPU EEPROM
Boot Mode| <«— 000
2-MB MMIO
BASE_14 RESET_IN| «—
‘MMIO_BASE’
BASE_18 64-MB XIO t PCI Bus t
‘XIO_BASE’ 1} 1}
(all set by host BIOS)
| PCI Device | ‘ PCI Device ‘

External Host Boot System Environment and System Memory Map

3.5.5.1

Chapter 3: Boot

External host boot differs significantly from all other boot scripts previously described.
It requires an external EEPROM. This EEPROM has the responsibility to bring the
system into a good initial state and to personalize certain data:

* Subsystem Vendor ID, a 16-bit value that identifies the ‘board’ vendor. Philips has
code 0x1131. Manufacturers of PCI plug-in cards for the open market must obtain
and use their own ID (from the PCI Special Interest Group). See PCI Local Bus
Specification, Rev2.2, Chap 6.

* Subsystem ID, a 16-bit value established by the board vendor to identify a
particular board. Allocated by the vendor’s PCI Special Interest Group
representative. This value is used to identify a suitable driver for PC plug-and-

play.

* Sizes for all apertures that must be given unique physical addresses at PCI BIOS
device enumeration time (DRAM, MMIO and XIO for the PNX8526).

Remark: The aperture sizes are written by boot into PCI block registers. The host PCI
BIOS software retrieves the values by a write, followed by a readback to the PCI
Configuration space base address registers. It then assigns a suitable value to each
base address. See PCI Local Bus Specification, Rev2.2, Section 6.2.1.5 for more
details.

Example of External Host Boot Script

Example PNX8526 external host boot script (untested)

This script will:

- set size of all PCI apertures (SDRAM, MMIO and XI0)
- initialize Subsystem Vendor ID and Subsystem ID

- set up clocks to suitable values

- stop (host will do the rest)

Then the host BIOS will:
- read size of all PNX8526 PCI apertures
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assign a base to cach aperture

/-
!
/I Then the PNX8526 driver will:

/- set all registers to establish TM32 and PI-Bus memory map

/1 - configure all other key registers

//- download code into SDRAM

/1- point the TM32 at it, and start it

!

II'set clk_mem, clk fpito 100 MHz, clk tpi, clk mpi to 71.5 MHz
meml write 00047200 00000003 // select PLLO output as clk_mem
mem] write 00047204 00000005 // set clk_fpi equal to clk_ mem
meml write 0004720¢ 00000003 // set clk_tpi to functional clock
mem] write 00047210 00000003 // set clk_mpi to functional clock
!

/lenable SDRAM interface

mem] write 0004d414 00000001

/
/- enable target abort

/- enable PCI to memory highway interface

/- enable XIO (for this example)

/- 64 MByte X10, non-prefetchable

/- 2 MByte MMIO, non-prefetchable

/- 32 MByte DRAM, non-prefetchable

/I - disable config mgmt (host bridge is PCI config mgr)
mem] write 00040010 01d64a00

/I - enable memory spaces and mastering

mem] write 00040044 00000006

!

/I~ Philips: 0x1131

/I~ Philips board number 0x00aa (EX. ONLY, not a real code)
mem! write 0004006c 00aall31

/I that’s it - rest done by host !

3.6 Boot Stages and Responsibilities

UM10104_1

3.6.1

Stage 0 is the stage that starts MIPS execution in a mode that is conservative (slow
SDRAM). Much more than stage 0 is involved to get an actual application running at
full speed.

Remark: In case of boot script #1, the MIPS ends up in direct execution from
non-volatile XIO memory. This is a slow mode of execution. It is much better to bring
code into SDRAM and execute it there.

After Stage 0
Software on the MIPS is responsible for further system bringup:
* Optimize the operating speed of the system.

* Set system endian mode.
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* Read the file containing the Flash application image into SDRAM.

* Execute it.

3.6.2 Checklist

To get to full-speed application execution, the different stages have to accomplish the
following steps together:

* Set endian mode.

¢ If direct executing from XIO, copy (part of) code to SDRAM and execute from
there.

® Change all clocks to optimum value (this assumes that the code image is built
with knowledge of the actual MIPS, TM32 and SDRAM speed operating
capabilities).

* Change MMI refresh setting to optimal.

* Configure the F-PIMI (posted writes, enable busy/ext wb_empty generation in
the F-PI Bus controller).

® Configure PI_DRAM_LO/HI to actual SDRAM memory size.

® Configure all bridges.

* Release sys_rst_out_n so that board level peripherals start operation.

® Configure PCI subsystem vendor ID register.

* Configure TM32.

® Configure the MMI arbiter.

* Configure powerdown/up configuration (en_mips_coma_sfin mm_self_refresh).
® Configure clocks for all on-chip peripherals.

* Configure io_mux register in global registers.
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3.7 Register Descriptions

The base address for the PNX8526 Boot module is 0x04 2000.

BOOT REGISTERS
Read/ Reset Name
Bits Write Value (Field or Function) Description
Offset 0x04 2000 Boot Status
31:1 R 31’b0 Reserved
0 R 0 Boot Status 1 = Boot over
0 = Boot in progress
Offset 0x04 2FFC Module ID
31:16 R 0x010A Boot Module ID These bits represent the Boot Module ID.
15:12 R 1 Major Revision Major Revision number of the module
11:8 R 0 Minor Revision Minor Revision number of the module
7:0 R 0 Aperture Size Aperture Size is 4 kB.
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4.1 Introduction

Two addressing conventions exist in the computer industry: little-endian and
big-endian.

* |n the little-endian convention, a multi-byte number is stored in memory with the
least significant byte at the lowest memory address, and subsequent bytes at
increasing addresses.

* In the big-endian convention, the most significant byte is stored at the lowest
memory address, and subsequent bytes are stored at increasing addresses.

The PNX8526 supports both big-endian mode and little-endian mode, allowing it to
run either little-endian or big-endian software, as required by the particular
application.

This chapter explains the concepts and programmer’s view of data structures
required for peripheral control and peripheral DMA. The chapter also contains a
section that shows how hardware blocks, buses and bridges implement the
programmer’s view.

4.2 Feature Summary

* The PNX8526 supports big-endian and little-endian operation.

* The system as a whole (CPUs and on-chip DMA peripherals) must operate in the
same endian mode.

* When used with an external CPU, the PNX8526 must operate in the same endian
mode as the external CPU.

* The endian-mode choice is made at boot time. It can be changed by software,
but this requires a partial system reset.

4.3 Endian Mode Theory

There are two basic laws of endian mode: one imposed by CPU history, and one by
convention. Both must be met by any system architecture that implements dual-
endian operation capability. In addition, there are some implementation choices for a
system architecture. Section 4.6 explains the choices that were made for the
PNX8526 on-chip buses. These choices are somewhat arbitrary, but they must be
followed to ensure future compatibility.

=  PHILIPS
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4.3.1 Law 1: The “CPU Rule”

This section is intended to explain CPU endian modes in detail. For those familiar
with CPUs and endian modes, it is optional reading.

The following summarizes how CPUs and byte-addressable memory operate:

* When storing a “n byte” size item from a CPU register to memory at address “A,”
the bytes modified are always the bytes with byte address “A”.."A+n-1.”

* In little-endian mode, the byte at address “A” receives the least significant bits of
the multi-byte item.

* In big-endian mode, the byte at address “A” receives the most significant bits.

Consider the following example a (hypothetical) C struct:
struct {
Ulnt§ C;// “command” byte
Ulnt8 F;// “flags” byte
Ulnt16 L;// “length” 16 bit value
Ulnt32 A;// “address” 32 bit value
} DMA_Descriptor;

Remark: This is based on an example in the Apple® publication,”Designing PCI
Cards and Drivers for Power Macintosh Computers”.

A compiler would assign byte offsets as follows: C:0, F:1, L:2, A:4. This assignment is
independent of system endian mode. Figure 1 and Figure 2 show the two layout
views.

Word 1 Word 2

C F L A

Figure 1: Big-Endian Layout of DMA_Descriptor

Word 2 Word 1

A L F C

Figure 2: Little-Endian Layout of DMA_Descriptor

The PR3940 and TM32 CPUs on the PNX8526 both support 8, 16 and 32-bit data
types and a memory system that is byte addressable. Both CPUs support a big-
endian and little-endian mode of operation. The effect of a CPU store instruction on
memory is defined in Table 1. As an example, a 16-bit store operation always stores
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the 16-bit quantity contained in the 16 Isbits of the CPU register. And the memory

locations affected are “a” and “a+1.” But which byte goes where is dependent on
endian mode.

Table 1: Memory Result of a Store to Address ‘a’ Instruction

Endian Mode  R13 Content Data Size Result of Storeg;,(R13, Address a)
little 0x04050607 8 bits m[a] = 0x07
little 0x04050607 16 bits m[a] = 0x07; m[a+1] = 0x06
little 0x04050607 32 bits m[a] = 0x07; m[a+1] = 0x06; m[a+2] = 0x05; m[a+3] = 0x04
big 0x04050607 8 bits m[a] = 0x07
big 0x04050607 16 bits m[a] = 0x06; m[a+1] = 0x07
big 0x04050607 32 bits m[a] = 0x04; m[a+1] = 0x05; m[a+2] = 0x06; m[a+3] = 0x07

The effect of a CPU load instruction on a register is defined for unsigned and signed
loads in Table 2 and Table 3.

Remark: A load always sets all bits of the CPU register. In the case of an unsigned
load, higher order bits are filled with zeroes. In the case of a signed load, higher order
bits are filled with the sign bit of the data item loaded.

Table 2: Register Result of an (Unsigned) Load Instruction

Register Value Result of

Memory Content Endian Mode Data Size Loadg;,c(Address a)
m[a] = 0xAA; m[a+1] = OxBB; m[a+2] = 0xCC; m[a+3] = 0xDD little 8 bits 0x000000AA
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD little 16 bits 0x0000BBAA
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD little 32 bits 0xDDCCBBAA
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD big 8 bits 0x000000AA
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD big 16 bits 0x0000AABB
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD big 32 bits 0xAABBCCDD

Table 3: Register Result of a (Signed) Load Instruction

Register Value Result of

Memory Content Endian Mode Data Size Load;,c(address a)
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD little 8 bits OxFFFFFFAA
m[a] = OxAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD little 16 bits OxFFFFBBAA
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD little 32 bits 0xDDCCBBAA
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD big 8 bits OxFFFFFFAA
m[a] = OxAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD big 16 bits OxFFFFAABB
m[a] = 0xAA; m[a+1] = 0xBB; m[a+2] = 0xCC; m[a+3] = 0xDD big 32 bits 0xAABBCCDD

An interesting example is the small C program below that determines whether the
program runs on a big-endian or little-endian mode machine.

int w = 0x04050607;

char *a = (char *) &w;

if (*a == 0x04) printf(“big-endian”); else printf(“little-endian”);

UM10104_1 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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int w = 0x04050607: CPU Register Content

char *a = (char *)&w; 04 05 06 07
31 0
Big-Endian Mode Memory Content Little-Endian Mode Memory Content
at0  at a+2 a+3 a+3  a*2  atl a+0
04 05 06 07 04 05 06 07

Figure 3: Memory Content Created by the C Program

4.3.2 Law 2: The “DMA Convention Rule”

The DMA convention rule says that “when a stream of items enters the system, items
should be placed in memory such that an item that arrived later has a higher address
value.” On output, a similar convention holds—items sent first are those with the
lowest addresses.

A variant of this rule relates to the storage of images. Pixels from left to right have
increasing addresses. Lines from top to bottom have increasing addresses.

This is a convention that keeps programmers sane. It may also be seen as arbitrary,
but obviously the best choice between two alternatives.

A more precise version of this rule is:

If item 'O’ of a DMA item stream is placed at address “A,” item “i” of a DMA stream
should be placed at byte address “A+i*s,” where “s” is the item size in bytes.

For an example of this rule, refer to Section 4.5.

4.4 PNX8526 Endian Mode Architecture Details

The programmer’s view of the PNX8526 endian architecture is as follows:

® The CPUs, peripherals and coprocessors on the PNX8526 store and retrieve
audio samples, image pixels and data observing both the CPU rule and DMA
rule.

* The system as a whole runs in either little-endian or big-endian mode.

® The mode is determined by the “sys_big_end” bit in the RST_CTL register of the
Reset module, which is “exported” to other modules.

® The value of this bit is set during system initialization.
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Global Endian Mode

Both CPUs and all peripherals always operate in a single endian mode. This endian
mode is determined by the sys_big_end bit in the RST_CTL register of the PNX8526
Reset module. The value of this bit is set during system boot and normally not
changed afterwards. It is possible for software to change this bit after boot, by writing
to the RST_CTL register with a pattern that contains the new sys_big _end value and
a ‘1’ in the pulse_mips_reset bit position of the same register. This causes a reset of
the MIPS, which then comes back up in the designated new endian mode.

Table 4: RST_CTL.sys_big_end Bit

RST_CTL.sys_big_end PNX8526 Endian Mode PI-Bus Big-Endian Signal
0 little-endian 0
1 big-endian 1

Remark: The TM32 CPU core endian mode is determined by a bit in its PCSW. This
is historically set by the “crt0.s” software module on the TM32 CPU core, which
initializes the PCSW.

The PNX8526 version of this software module is responsible for reading the
RST_CTL.sys_big_end bit value and establishing the same TM32 CPU core endian
mode as the rest of the system.

Peripheral Control

All peripheral blocks have Control and Status registers, accessed by CPU
Programmed 1/O. In the PNX8526, all programmed I/O happens through Memory
Mapped I/O registers. A CPU can access device Control and Status registers by
using the correct MMIO address for a device register. In the PNX8526, all device
registers are 32 bits wide and may only be accessed through 32-bit load/store
operations.

A control/status register load/store always copies the 32 bits verbatim between a
CPU register and the device register. The device’s left-most msb (bit 31) ends up in
the CPU’s left-most msb (bit 31), and the device’s right-most Isb (bit 0) ends up in the
right-most CPU register bit. This happens regardless of system endian mode
settings.

MMIO load and store instructions always see the same bit layout of device MMIO
registers, regardless of endian mode. The field and bit layout is precisely as specified
in the device register table with bit 31 designating the msb and bit 0 the Isb.

Remark: The packing and ordering of packed bit structure fields in C compilers are
not precisely defined. Typically, big-endian C compilers pack fields from left (msb) to
right (Isb). Little-endian C compilers pack from right to left. Because of this and also
because of inherent inefficient code when accessing structure fields, it is not
recommended to use C structure declarations to access MMIO register fields.
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Peripheral DMA

Every DMA capable peripheral in PNX8526 observes the PI-Bus big-endian signal,
and therefore the global RST_CTL.sys_big_end value, to determine how to write
each data item or unit to memory.

An example of a unit would be:
* 16-bit audio sample
® 32-bit audio sample
® 32-bit unit containing a RGBa 8888 true color pixel with alpha value.

The peripheral performs byte swapping within units as needed, and packs units as
needed for transmission across on-chip buses. Byte swapping is done in such a
fashion that 8, 16 and 32-bit units always end up in memory bytes in the form
prescribed by the CPU rule. Successive item packing are placed in incrementing
addresses, as designated by the DMA rule.

For more information on what constitutes a “unit,” and precise endian mode views of
image and audio data, refer to Chapter 7 Pixel Formats, and to the audio peripheral
documentation in Chapter 20 Audio Input Ports and Chapter 21 Audio Output Ports.

There are different classes of DMA devices. A device such as a UART always deals
with a single unit size (a character). A device such as an Audio Out module deals with
a single unit size in a given operating mode—16-bit/sample or 32-bit/sample mode,
for example. The module is disabled and reset between mode changes. A device
dealing with transport streams may have to deal with byte and 32-bit mixed data.

SIMD Programming Issues

The peripheral DMA hardware architecture ensures that software dealing with loads
and stores of unit size data can be written in a way that is oblivious to the endian
mode.

With the current TM32 CPU core, this is not possible for software that performs
Single Instruction Multiple Data (SIMD) style programming using multimedia
operations. Consider the case of a FIR filter, operating on 16-bit sample units, but
using 2-at-a-time load/store/multiply operations. Which of the two 16-bit halfwords is
the earlier sample?

* For big-endian mode, the msb halfword contains the earlier sample.
* For little-endian mode, the Isb halfword contains the earlier sample.

The current TM32 CPU core on PNX8526 requires that SIMD software be written
aware of endian mode.
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4.4.5 Optional Endian Mode Override

Some PNX8526 DMA peripherals have bits in a control register that allow override of
the global endian mode. Refer to each module for details. This method is used only in
modules that deal with DMA of data of a single, fixed size (in a given mode). Such
modules implement a field that allows selection of the following modes:

* Normal mode (reset default), obey global PNX8526 endian mode
¢ Explicit little-endian, unswapped
* Swap over 16 bits

* Swap over 32 bits

4.5 Example: Audio In—Programmer’s View

The PNX8526 Audio In block receives mono or stereo, 8 or 16-bit/sample audio data
and fills memory with an 8 or 16-bit data structure. The data structure is put in
memory according to both endian mode laws.

A programmer’s view of the Audio In function is sketched in Figure 4. The
programmer sees the address of each item (according to the DMA rule), and expects
that 16-bit values are correctly stored in memory according to the CPU law. The DMA
logic of the Audio In block therefore needs to write data in memory (byte) locations
precisely, as in Table 5.

Remark: The programmer also sees the Control and Status registers of the audio In
block as in Figure 5. These registers are always seen with the same bit-layout in the
CPU register, regardless of endian mode.

adr adr+1 adr+2 adr+3 adr+4 adr+5 adr+6 adr+7
8-bit ‘ left, ‘ lefty 1 ‘ left, .o ‘ left s ‘ left, .4 ‘ left.,s ‘ left, .o ‘ lefty,7 ‘
mono
adr adr+1 adr+2 adr+3 adr+4 adr+5 adr+6 adr+7
8-bit ‘ left, ‘ right, ‘ left, .1 ‘ right,.4 ‘ left, .o ‘ right ‘ left, s ‘ right,es ‘
stereo
adr adr+2 adr+4 adr+6
16-bit ‘ left, ‘ left 4 ‘ left.o ‘ lefty,s ‘
mono
adr adr+2 adr+4 adr+6
16-bit | left, | right, | left, 1 | right, |
stereo
Figure 4: Audio In Memory Data Structure (Programmer’s View)

Table 5: Precise Mapping Audio In Sample Time and Bits to Memory Bytes

Operating Mode m[adr] m[adr+1] m[adr+2] m[adr+3]
8-bit mono—little-endian or big-endian left,[7:0] left,+1[7:0] left,+o[7:0] left,+3[7:0]
8-bit stereo—little-endian or big-endian left,[7:0] right,[7:0] left,+1[7:0] right,+1[7:0]
16-bit mono—little-endian left,[7:0] left,[15:8] left,+4[7:0] left,+1[15:8]

UM10104_1
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Table 5: Precise Mapping Audio In Sample Time and Bits to Memory Bytes ...Continued

Operating Mode
16-bit mono—big-endian
16-bit stereo—little-endian

16-bit stereo—big-endian

m[adr] m[adr+1] m[adr+2] m[adr+3]
left,,[15:8] left,[7:0] left,+4[15:8] left,+1[7:0]
left,[7:0] left,[15:8] right,[7:0] right,,[15:8]
left,[15:8] left,[7:0] right,[15:8] right,[7:0]
31 27 23 19 15 1 7 3 0
ALSTATUS(rw) [~ =~ """ [ TITTT]
BUF1_ACTIVE —
OVERRUN
HBE (Highway bandwidth error)
BUF2_FULL
BUF1_FULL
RESERVED
31 27 23 19 15 11 7 3 0
ALCTL(rw) [T T[] [ TTTTTTTT]
RESET — OVR_INTEN —
CAP_ENABLEJ HBE_INTEN J
CAP MODE BUF2_INTEN
. BUF1_INTEN
SIGN_CONVERT ACK_OVR
DIAG_MODE ACK_HBE
ACK2
ACK1
Figure 5: Audio In Control/Status MMIO Registers

4.6 Implementation Details

4.6.1 Endian System Block Diagram

UM10104_1

Figure 6 shows a system block diagram with two example DMA peripherals
(“IP-blocks”). Each DMA peripheral deals with a 16-bit unit size. IP block 1 transfers
data across the PI-Bus, the other across the DVP Memory Bus. For the following,
assume that both devices are input devices that DMA data to system memory. For
DMA output devices that read data from memory, the operation is similar but in the
opposite direction.

The system endian mode of operation is designated to each component by the PI-
Bus big-endian signal - asserted for big-endian mode, negated for little-endian mode.

Remark: Both IP blocks are identical. They perform all DMA data transfers across the
standard 32-bit “L2 interface.”

This interface uses a simple rule determining where bytes on the 32-bit bus end up,
irrespective of endian mode. The 8 Isb wires end up at a memory byte address of the
form “4n+0,” the 8 msb wires end up at an address of the form “4n+3,” etc. according
to Table 6. Four byte-lane enable signals indicate which lanes carry valid data during
this cycle.
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The DMA peripheral, or IP-block, must deal with unit endian swapping and unit
packing. Swapping is defined as “positioning each byte of a unit correctly with respect
to the memory byte address that it is supposed to go to.” Swapping is what
implements the CPU rule. Packing is defined as “the action that places consecutive
units simultaneously on a wider bus in order to implement the DMA rule.”

As shown in IP-block 1 and 2, swapping ensures that the most significant 8 bits and
least significant 8 bits of a unit are placed appropriately on the L2 interface according
to the PI-Bus big-endian signal value. Once the unit is appropriately swapped,
packing always puts the first unit on the lower bits of the L2 bus in order to ensure
that the DMA rule is obeyed.

The DMA peripheral need not be aware of the details of either the PI-Bus, or the DVP
Memory Bus. It just swaps and packs, based on its knowledge of unit size and system
endian mode, and creates the valid L2 interface data.

Two standard solutions are provided to interface L2 to the DVP buses:
* The “PI-DMA Gizmo” connects the 32-bit L2 interface to the PI-Bus.

® The “packer Lego” and “DMA Gizmo” map the 32-bit L2 interface to the 64-bit
DVP Memory Bus.

Since the PI-Bus uses a different endian convention than the L2 interface, the PI-
DMA Gizmo must perform endian swapping based on the PI-Bus opcode and system
endian mode. The reverse operation happens in the PIMI, which provides the DMA
gateway to system memory. It must translate the PI-Bus convention back to the L2
interface convention. Refer to Section 4.6.6 for details.

Remark: The connection from the 32-bit L2 interface to the DVP Memory Bus is
identical, both for the IP block as well as for the PIMI. No swapping is needed in this
path because the L2 interface uses the same rule for byte lane addresses as the DVP
Memory Bus.

The following subsections show how unit data of different lengths travels across the
three key interfaces: the 32-bit L2 interface, the PI-Bus and the DVP Memory Bus.
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4.6.2 DMA Across 32-Bit L2 Interface

The address invariance rule of the L2 interface is given in Table 6. A given byte lane
implies the address, regardless of endian mode of the system.

Table 6: 32 Bit L2 Interface Byte Address

L2-D[31:24]
4n+3

L2-D[23:16] L2-D[15:8] L2-D[7:0]
4n+2 4n+1 4n+0

Devices dealing with 8, 16 or 32-bit units must place bytes on the L2 interface given
in Table 7. Any device designed according to these rules can be connected to the
Pl-bus or DVP Memory Bus using standard building blocks.

Table 7: L2 Interface Rules

Device
Item

Unit Size
8 bits

16 bits

16 bits

32 bits

32 bits

System
Endian Mode L2 _D[31:24] L2 _D[23:16] L2_D[15:8] L2_D[7:0]
either item #4 with item #3 with item #2 with item #1 with
address a+3 address a+2  address a+1 address a

big item #2 with address a+2 item #1 with address a
bits 7..0 bits 15..8 bits 7..0 bits 15..8
little item #2 with address a+2 item #1 with address a
bits 15..8 bits 7..0 bits 15..8 bits 7..0
big item with address a
bits 7..0 bits 15..8 bits 23..16 bits 31..24
little item with address a
bits 31..24 bits 23..16 bits 15..8 bits 7..0

4.6.3 DMA Across Pl-Bus

The PI-Bus is said to be “endian neutral.” This is true as long as a device only
transports one unit at a time across PI, so 8 bits at a time for a UART, 16 bits at a time
for a 16-bit Audio device, etc. For performance, however, units need to be packed for
transport. This, plus the basic DMA rule and CPU rule create the issue of endian
mode on PI, as shown below.

The PI-Bus associates byte addresses with byte lanes as a function of bus opcode
and system endian mode (PI-Bus big-endian signal) according to Table 8.

Table 8: Pl-Bus Byte Address as a Function of OPCODE and Big-Endian

BIG-
ENDIAN

0
0
0
0
0
0

UM10104_1

PIOPCODE PI-D[31:24]  PI-D[23:16]  PI-D[15:8]  PI-D[7:0]
WDx 4*A+3 4*A+2 4*A+1 4*A+0
HWO 4*A+1 4*A+0
HW1 4*A+3 4*A+2
BYO 4*A+0
BY1 4 A+
BY2 4*A+2
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Table 8: Pl-Bus Byte Address as a Function of OPCODE and Big-Endian ...Continued

:INGnlAN PIOPCODE PI-D[31:24]  PI-D[23:16]  PI-D[15:8]  PI-D[7:0]
0 BY3 -——- — — 4*A+3
0 TBO -—- 4*A+2 4*A+1 4*A+0
0 TB1 - 4*A+3 4*A+2 4*A+1
1 WDx 4*A+0 4*A+1 4*A+2 4*A+3
1 HWO - - 4*A+0 4*A+1
1 HW1 47A+2 4*A+3
1 BYO 4*A+0
1 BY1 — — — 4*A+1
1 BY2 -——- — — 4*A+2
1 BY3 4*A+3
1 TBO 4*A+0 4*A+1 4*A+2
1 TB1 4*A+1 4*A+2 4"A+3

WD = 32-bit word ; HW = 16-bit halfword; BY = byte; TB = three byte

Devices that directly place data in or retrieve data from memory are DMA devices.
Low and medium bandwidth devices perform DMA over the PI-Bus—such devices
can have a single PI-Bus connection for both MMIO and DMA.

The 32-bit PI-Bus used in the PNX8526 allows 8-bit at-a-time, 16-bit at-a-time or
32-bit at-a-time writes and reads. If a device uses the same transfer size across
PI-Bus as the underlying unit size, the device need not be aware of system endian
mode.

For devices with 8 and 16-bit data types, this is inefficient use. The architecture of the
buses and arbitration in the PNX8526 recommends transferring data in larger
chunks, preferably chunks of 16 bytes or more. This requires coalescing smaller
items into 32-bit words.

Devices that don’t use the standard L2 bus and building blocks and group smaller
data items into 32-bit Pl words must observe the PI-Bus packing rules in Table 9.

Table 9: PI-Bus Unit DMA Rules (32 Bits at-a-time Transfer)

System
Device ltem Epgdian
Unit Size Mode PI_D[31:24] PI_D[23:16] PI_D[15:8] PI_D[7:0]

8 bits big item #1 with item #2 with item #3 with item #4 with

address a address a+1 address a+2  address a+3

8 bits little item #4 with  item #3 with  item #2 with  item #1 with

address a+3 address a+2  address a+1 address a
UM10104_1 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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Table 9: PI-Bus Unit DMA Rules (32 Bits at-a-time Transfer) ...Continued

System
Device Item Epgdian
Unit Size Mode PI_D[31:24] PI_D[23:16] PI_D[15:8] PI_DJ[7:0]
16 bits big item #1 with item #2 with
address a address a+2
o] ot T bi bit15....iieees bi
t0 to
16 bits little item #2 with item #1 with
address a+2 address a
o o T bi bit15.. .. bi
t0 to
32 bits either item

4.6.4 DMA Across DVP Memory Bus

The 64-bit DVP Memory Bus associates byte-addresses with byte lanes in a fixed
manner, independent of system endian mode, according to Table 10.

Table 10: DVP Memory Bus Byte Address
Data[63:56] Data[55:48] Data[47:40] Data[39:32] Data[31:24] Data[23:16] Data[15:8] Data[7:0]
8n+7 8n+6 8n+5 8n+4 8n+3 8n+2 8n+1 8n+0

Devices that directly place data in or retrieve data from memory are DMA devices.
High bandwidth devices, or devices that require low latency access to memory,
perform DMA over the DVP Memory Bus.

DVP Memory Bus DMA devices use large (64-byte or larger) block transfers using
the 8-byte lanes of the DVP Memory Bus on PNX8526.
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Devices that deal with 8, 16 or 32-bit item data sizes and connect directly to the DVP
Memory Bus must follow the rules in Table 11. Note in particular the bit numbers of
the 16 and 32-bit data items in big-endian modes. Devices that use the L2 interface
can rely on the standard packer and DMA Gizmo to accomplish the DVP Memory Bus
rules.

Table 11: DVP Memory Bus Item DMA Rules

Device Item
Unit Size

8 bits

16 bits

16 bits

32 bits

32 bits

UM10104_1

System

Data Data Data Data Data Data Data Data

Endian Mode  [63:56] [55:48] [47:40] [39:32] [31:24] [23:16] [15:8]  [7:0]

big

little

big

little

either

4.6.5

4.6.6

item#8 item#7 item #6 item #5 item #4 item #3 item #2 item #1
addr. a+7 addr. a+6 addr.a+5 addr.a+4 addr.a+3 addr.a+2 addr.a+1 addr. a

item #4 item #3 item #2 item #1
address a+6 address a+4 address a+2 address a
b7...b0 b15...b8 b7...b0 b15...b8 b7...b0 b15...b8 b7...b0 b15...b8
item #4 item #3 item #2 item #1
address a+6 address a+4 address a+2 address a
b15...b8 b7...b0 b15...b8 b...b0 b15...b8 b7...b0 b15...b8 b7...b0
item #2 item #1

address a+4 address a

b7...b0 b15...b8 b23...b16 b31...b24 b7..b0 b15...b8 b23...b16 b31...b24
item #2 item #1

address a+4 address a

b31...b24 b23...b16 b15...b8 b7...b0 b31...b24 b23...b16 b15...b8 b7...b0

P10-Only Devices

It is possible that a device uses a PIO-only approach. A UART or simple 12C interface
device may not want to implement any DMA, but instead present four characters at a
time in an MMIO register. This type of device presents a minor endian-mode issue.
There are two possible implementations for the data registers in such a device:

* Present items in a fixed order, e.g. the first item in d[7:0], second in d[15:8], ...
fourth in d[31:24].

* Present items in an order that corresponds to system endianness, i.e. for big-
endian mode first item in d[31:24], for little-endian mode the first item in d[7:0].

The second method is preferred, but the first method is acceptable for low-speed
devices where CPU software can easily do the endian-mode conversion.

PIMI Bridge

The PIMI bridge translates PI-Bus initiated read and write transactions to DVP
Memory transactions. This translation is performed in a byte-address invariant way,
i.e. the byte address associated with every 8-bit quantity must be equal on each side
of the bridge.

Remark: This translation need not be aware of the unit size being transported.

The IP-block that was the originator of units has performed swapping and packing
such that each byte has been given the correct byte address.
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All the PIMI has to do is use the PIl-Bus opcode to determine transaction size and
derive from this the intended byte address for each byte of data. This places data
appropriately on the DVP Memory Bus side. Another way to think about this is that
the PIMI has to undo the translation from the L2 bus to the PI-Bus.

The translation occurs in two steps. When writing device data to memory, the first
step converts 32-bit PI-Bus writes to writes across a 32-bit L2 interface. The second
step performs packing from the 32-bit L2 bus to the 64-bit DVP Memory Bus. For
devices that read memory data, the two steps occur in the reverse direction.

The PI-Bus associates addresses with each byte transferred, depending on the PI-
Bus opcode and the setting of the big-endian signal. This byte address is given in
Table 8, where the value “A” denotes the integer value on PI-Bus A[n:2] address
wires.

The L2 interface always associates addresses in a fixed manner with a given byte
lane, as indicated in Table 12.

The net result of this and the byte-address invariance rule for bridges results in the
PIMI translation matrix of Table 13.

Table 12: 32-Bit L2 Interface Byte Address
L2-D[31:24] L2-D[23:16] L2-D[15:8] L2-D[7:0]
4n+3 4n+2 4n+1 4n+0

Table 13: Pl-Bus to L2 Bridging as a Function of Pl OPCODE and Big-Endian

EINGmAN PIOPCODE PI-D[31:24]  PI-D[23:16]  PI-D[15:8] PI-D[7:0]

0 WDx L2-D[31:24]  L2-D[23:16]  L2-D[15:8] L2-D[7:0]

0 HWO L2-D[15:8] L2-D[7:0]

0 HW1 L2-D[31:24]  L2-D[23:16]
0 BYO L2-D[7:0]

0 BY1 L2-D[15:8]
0 BY2 L2-D[23:16]
0 BY3 L2-D[31:24]
0 TBO L2-D[23:16]  L2-D[15:8] L2-D[7:0]

0 TB1 L2-D[31:24]  L2-D[23:16]  L2-D[15:8]

1 WDx L2-D[7:0] L2-D[15:8] L2-D[23:16]  L2-D[31:24]
1 HWO L2-D[7:0] L2-D15:8]

1 HW1 L2-D[23:16]  L2-D[31:24]
1 BYO L2-D[7:0]

1 BY1 L2-D[15:8]
1 BY2 L2-D[23:16]
1 BY3 L2-D[31:24]
1 TBO L2-D[7:0] L2-D[15:8] L2-D[23:16]
1 TB1 L2-D[15:8] L2-D[23:16]  L2-D[31:24]

© Koninklijke Philips Electronics N.V. 2003. All rights reserved.

Rev. 01 — 8 October 2003 4-86



Philips Semiconductors PNX8526
Chapter 4: Endian Mode

4.6.7 PCI Interface

The PCI interface on the PNX8526 connects to the off-chip PCI-bus, the PI-Bus and
the DVP Memory Bus. As with any bridge, the PClI interface must maintain the byte
address of any byte of a transaction on all sides of the bridge.

The PCI interface bridges the following transactions in the PNX8526:

* PCI master read/writes from/to PNX8526 MMIO registers using 32-bit
transactions only

* PCI master read/writes from/to PNX8526 SDRAM
* PIl-Bus master initiated read/writes from/to PCI targets

* PCl interface internal DMA transactions, where the source can be a PCI target or
SDRAM, and the destination is a PCI target or SDRAM.

The 32-bit PCI bus uses byte address conventions identical to the L2 interface and
DVP Memory Bus: Refer to Table 14.

Table 14: 32 Bit PCl Interface Byte Address
PCI-AD[31:24] PCI-AD[23:16] PCI-AD[15:8] PCI-AD[7:0]
4n+3 4n+2 4n+1 4n+0

The PI-Bus uses byte address conventions given in Table 8.
The DVP Memory Bus uses the byte address conventions given in Table 10.

With the above byte address conventions on the three sides of the bridge and the
byte address invariance rule for bridges, the swap modes can be derived. Since the
convention on the PCI bus closely matches those on the DVP Memory Bus, the only
system endian mode dependent swapping occurs for transactions involving the
Pl-Bus.

4.7 Detailed Example

This section describes all steps involved in how a big-endian mode external CPU
(e.g. a Power Macintosh), paints an RGB565 pixel format frame buffer in the
PNX8526 SDRAM and how this is displayed on the AICP. This example illustrates the
following:

* The Power Macintosh PCI bridge and its address invariance rule based swapper
* The GIB-endian PCI pixel transfer

* How data arrives correct in SDRAM in native RGB565 pixel format

* How the AICP takes it and displays it

* How the TM32 CPU core sees the data

The Power Macintosh was the first platform that successfully demonstrated big-
endian operations across the PCI bus. Details of how this works can be found in the
Apple document “Designing PCI Cards and Drivers for Power MacIntosh Computers.”
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Suppose that the big-endian CPU in the Power Macintosh uses a 32-bit store
operation to create two RGB565 pixels. Pixel 1, the left-most pixel, has (byte)
address “A” and pixel 2 has address “A+2.” Since these two pixels are transferred in a
single 32-bit word, “A” is a multiple of 4.

The intermediate stages that the data goes through can be found in Figure 7

msb Isb

P1.R P1.G P1B | P2.R P2.G P2.B PowerPC CPU Register content create by software
PRV

< A+2 =!4 A+3 » PowerPC CPU data byte address association

»
»

‘swap’ as performed by Power Mac PCI bridge
(for 32-bit CPU store operations)

AD31 ADOO ) . )
T ‘GIB Endian’ RGB565 transport across PCl bus, as described in

P2R [P2.gP1.g P1B | P1R P1.g| PCIMulimedia Design Guide, Revision 1.0
Data byte address association
< A+3 > A+2 >« A1 > % “g’represents partial bits from the “G” pixel

P2g| P2B

P1R | P1.G | P1B | P2ZR | P2.G | P2B

Big-Endian View of resulting SDRAM content
PR

I A+3

Pl B2yl A3,

P2.g P2B | P2R [P2gP1.q] P1.B | P1R [P1.g] 32 lsbits (or msbits) of 64-bit AICP read across DVP Memory Bus
€ A3 [ A2 [ At [l A

»
< L |

» Data byte address association

P1 g‘ P1.B P1.R ‘PI1.Ig AICP view after unit unpack
« 2yl Ay

Data byte address association

P1.R | P1.G | P1B AICP view after big-endian mode swap

A JA A+l Data byte address association
L | L

<
|

Figure 7: Big-Endian External CPU Drawing Two RGB565 Pixels

Remark: The Power Macintosh architecture contains a PCI bridge that maintains byte
address invariance. Since all stages inside the PNX8526 maintain byte addresses, the
end-to-end result of the complex sequence of actions is a successfully rendered pair
of RGB565 pixels.

It is recommended to use only external big-endian CPU/PCI bridge combinations that
implement the Power Macintosh style byte-invariant address model with the
PNX8526. Some external CPU PCI bridges may only contain a static,
transaction-size CPU unaware swapper. The use of such external components is not
recommended and will require special care in software.
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nexperia Management
| Programmable Source Decoder with Integrated

5.1 Introduction

This chapter includes separate sections on the Clock and Reset modules (see
Section 5.2 below and Section 5.3 on page 5-124, respectively). Power Management
is also covered at the end of the chapter following the Reset Module registers (see
Section 5.4 on page 5-132).

5.2 Clock Module Functional Description

The Clock module generates and controls all modules, buses and CPU clocks in the
PNX8526. The features of the PNX8526 clock system are as follows:

* Generates all bus clocks.

* Generates module clocks that meet frequency and jitter requirements.
* Module clocks are under software control.

* Allows bypass of full-custom blocks to support system debug.

* Glitch-free clock control (frequency transitions and switching)

* Clock frequencies are programmable to match CPU speeds with memory
subsystems.

5.2.1 Overview
The Clock module has two main interfaces (see Figure 1):

* An interface to the Custom Analog Block (CAB). The CAB module includes all
PLLs, several high speed clock dividers, and several Direct Digital Synthesizer
(DDS) blocks that provide the main source of clocks for the Clock module.

* An interface to the MIPS PI-Bus. Clock controls are programmed via the PI-Bus.
Clock control logic consists of the following:
* Programmable dividers controlled by configuration registers

* Clock-blocking circuitry to allow for safe, glitch-free switching of clocks. Clocks
are typically switched when:
— PLLs or dividers are reprogrammed.

— Clocks are switched on/off for powerdown reasons.
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— Following reset and boot up of the chip when all clocks are switched from
27 MHz to their programmed functional frequencies.

* Aline of delay cells to allow for clock matching

Figure 1:
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Clock Module Block Diagram
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Remark: Not all clocks to the other modules are generated in the Clock module.
There may be other clocks that come into the PNX8526 from external sources. Some
of these clocks will be fed through the Clock module so that they may undergo the
same controls required during reset and powerdown.

Custom Analog Block (CAB)

The Custom Analog Block (CAB) is designed to produce clocks from 40 to 200 MHz
and a clock of 1.728 GHz.

A 27 MHz crystal provides the source clock for all PLLs in the CAB block. The PLLs
are programmable from the Clock module registers to generate a range of possible
frequencies. The oscillator pad has an enable controlled by the Clock module.
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The DDS blocks are required to make slight adjustments to each video and audio
clock to track transmission sources. Software controls this tracking by programming
the DDS (8...0) blocks to adjust the clocks. These adjustments are very fine and a
1.7 GHz PLL generates a 1.728 GHz clock with only 0.6 ns jitter to the synthesizers.
Some of the video clocks will not tolerate a short term jitter of 0.6 ns, so additional
PLLs (PLL4 and PLL5) are required to improve short term jitter.

Table 1: Specification of HC-49U 27.00000 MHZ Crystal

Frequency
Package
Temperature range

Capacitive load (CL)

27.00000 MHZ fundamental
HC-49U

10C to 60C

18pF

Frequency accuracy (all included :temperature, +/-40 ppm

aging , frequency at 25C)
* series resonance resistor
* shunt capacitance

* drive level

* motional capacitance

40o0hm max.
7pF max.
1mW max.

20fF maximum. (as low as possible).

Table 2: Operating Conditions of the 1.728 GHz PLL

Limits
Parameter Symbol Min Max Units
Reference Clock Frequency Range clk_in 27 27 MHz
PLL Clock Output Frequency clk_out 1728 1728 MHz
PLL Clock Feedback Frequency clk_fdb 27 27 MHz
Table 3: AC Characteristics of the 1.728 GHz PLL
Limits

Parameter Min Typ Max  Units
RMS long term Output Clock Jitter (10us) 20 ps
Clk_out Duty Cycle 40 60 %
Clk_out Edge Rate 180 ps
Cload = 0.1pF, 10% - 90%

Acquisition Time 10 us

Conditions: Clk_in Duty Cycle is 40 to 60% and rise time max is 2 ns.

UM10104_1

© Koninklijke Philips Electronics N.V. 2003. All rights reserved.

Rev. 01 — 8 October 2003 5-91



Philips Semiconductors PNX8526

5.2.2

UM10104_1

Chapter 5: Clock Reset and Power Management

Table 4: Operating Conditions of the DDS

Limits

Parameter Symbol Min Max  Units
Reference Clock Frequency Range clk9, clk3 - 1728 MHz
DDS Output Frequency clk_out 864 MHz
Digital GND Voltage gnd 0 0 Vdc
VIH (I/P=1) VIH 1.08 Vdc
VIL (I/P=0) VIL 0.2 Vdc
Clk_out Loading CL 0.5 pf
Table 5: AC Characteristics of the DDS

Limits
Parameter Conditions Min Typ Max Units
Clk_out Duty Cycle 40 60 %
Clock_out Edge Rate 0.3 ns
Cload = 0.1pF, 10% - 90%
CIk9, Clk3 Rise/Fall Time @ 1.728 GHz 180 ps
CIk9, Clk3 Duty Cycle @ 1.728 GHz 40 60 %
Conditions:

- Clk_in Duty Cycle is 40 to 60% and rise/fall time can be longer (if clk9 and clk3 freq is low,
max is 2 ns)

- Due to CIk3 and CIk9 very high frequencies, the setup and hold times are “don’t care” for
freq <31:0> and shift_en.

Chip 1/0

The following chip I/Os are related directly to the Clock module:

Table 6: Clock Module 1/0
Chip Port Type Description
XTAL OSC 27 MHz clock input from oscillator pad

PLL_OUT OUT Clock to off-chip PCI devices; note this signal is routed back into the
PCI_CLK input pad if the PNX8526 is in PCI master mode.

The following chip I/Os are related to clocks generated or received by the PNX8526
modules independently of the Clock module:
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Table 7: Other Clock Module I/O

Chip Port Type Description

CLK_1394 IN External 1394 module clock from chip pin

PCI_CLK IN External PCI clock from chip pin (33 MHz, 66 MHz)
MM_CLK_OUT1 1/0 SDRAM clock output

DV2_CLK IN Clock to MSP1/2: muxed with clk_tsdma and clk_tsio
DV3_CLK IN Clock to MSP1/2: muxed with clk_tsdma and clk_tsio
DV2_DATA IN Data to MSP1/2: muxed with clk_tsdma and clk_tsio
DV3_DATA IN Data to MSP1/2: muxed with clk_tsdma and clk_tsio
TS_CLK /0 Digital video output clock

DV_CLK1 110 Clock output from ICP1

DV_CLK2 110 Clock output from ICP2

12S_IN1_OSCLK /0 Audio oversample output clock
12S_IN1_SCK /0 Audio input/output bit clock
12S_IN2_OSCKL /0 Audio oversample output clock
12S_IN2_SCK I/0 Audio input/output bit clock
12S_10_OSCKL I/O Audio oversample output clock
12S_I0O_SCK I/0 Audio input/output bit clock

12S_OUT1_0OSC 1/0 Audio oversample output clock
KL

12S_OUT1_SCK 1/O0 Audio input/output bit clock
12S_0OUT2_0OSC 1/0 Audio oversample output clock

KL
12S_0UT2_SCK 1/O Audio input/output bit clock
AIO_OSCLK I/0 GPIO used as external source for a module clock
AlO_SCK I/0 GPIO used as external source for a module clock
AIO_SD[1:0] /0 GPIO used as external source for a module clock
SSI_SCKL_CTS IN SSI module serial clock external input; GPIO used as external
N source for a module clock
GPIO[8:3] I/0 GPIO used as external source for a module clock
UA1_TX 110 GPIO used as external source for a module clock
UA1_RX 110 GPIO used as external source for a module clock
UA2_TX 110 GPIO used as external source for a module clock
UA2_RX 110 GPIO used as external source for a module clock
UA2_RTSN I/0 GPIO used as external source for a module clock
UA2_CTSN 110 GPIO used as external source for a module clock
SSI_TX 110 GPIO used as external source for a module clock
SSI_RXD I/0 GPIO used as external source for a module clock
UM10104_1 © Koninkiijke Philips Electronics N.V. 2003. Al rights reserved.
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Table 7: Other Clock Module I/O ...Continued

Chip Port

SSI_FS_RTSN /O
DBG_TCK |
JTAG_TCK |

5.23

5.2.31

Operation

System Level Clocks

Type Description

GPIO used as external source for a module clock
JTAG clock used for TMDBG
E-JTAG clock used for MIPS E-JTAG

The clocks required for the PNX8526 modules are summarized in Table 8.

Table 8: System Level and Internal Clocks

Bus or Module

Memory Bus

Fast PI-Bus

MIPS PI-Bus

TriMedia PI-Bus

MIPS

PCI

uSB

UM10104_1

Signal Name

clk_mem

clk_fpi

clk_mpi

clk_tpi

clk_mips

clk_pci

clk48

clk12

Description

Clock to memory
highway and MMI
module

Clock to Fast F-PI
Bus

Clock to M-PI
peripheral bus

Clock to TM32
T-Pl Bus

Clock to PR3940
MIPS core

Clock to PCI block

Clock to USB
block

Clock to USB
block

Required

Frequencies (see Clock

note)

Low frequencies,
100 MHz,
125 MHz,
133 MHz,

143 MHz, 166MHz

Low frequencies,
100 MHz,

125 MHz,

133 MHz,

143 MHz, 150
MHz

Low
frequencies.....
50 MHz, 72 MHz,
75 MHz

Low
frequencies....
50 MHz, 72 MHz,
75 MHz

Same as clk_fpi

33 MHz

48 MHz

12 MHz

Requirements

TM32 must be in
powerdown mode
when this clock is
reprogrammed.

Can also be
clk_mem

Special alignment

wrt clk_fpi and half

the frequency of
clk_fpi

Special alignment

wrt clk_fpi and half

the frequency of
clk_fpi

Aligned to clk_fpi

+/- 0.25%
tolerance

Clock Module Control

PLLO and
CLK_MEM_CTL
register control

PLL1and
CLK_FPI_CTL register
control

PLL1 and
CLK_MPI_CTLregister
control.

PLL1 and
CLK_TPI_CTL register
control.

PLL1 and
CLK_MIPS_CTL
register control

CLK_PCI_CTL register
control. Always a chip
input: source can be
from off chip or if
generated internally,
clk_pci is sent off chip
and routed back into
the chip

CLK48_CTL register
control

Divided down version
of clk48
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Bus or Module

MPG

Ic1

lIC2

UART1

UART2

UART3

D2D

1394
SMART1,2

MBS

VIP1

UM10104_1

Signal Name
clk_1x

clk_4x
clk_pll

clk_vmpg

clk_iic1

scl1_out

clk_iic2

scl2_out

clk_uart1

baud_clk

clk_uart2

baud_clk

clk_uart3

baud_clk

clk_d2d

clk_1394 i

clk_smart

clk_mbs

clk_vip1

Description
Internal USB clock

Internal USB clock
Internal USB clock

Video MPEG
decoder clock

11IC1 module clock

Output clock
generated in [IC1

11IC2 module clock

Output clock
generated in 11C2

UART1 module
clock

Internal UART1
clock

UART2 module
clock

Internal UART2
clock

UART3 module
clock

Internal UART3
clock

2D Drawing
Engine clock

1394 module clock

Smartcard module
clock

MBS module clock

VIP1 module clock Low freq .. 80 MHz

Required
Frequencies (see
note)

12 MHz or
1.5 MHz

48 MHz or 6 MHz

12 MHz or
1.5 MHz

Low freq, up to
133 MHz

12 MHz

12 MHz/n
n=30,40,60,80,12
0,160,240,480

12 MHz

12 MHz/n
n=30,40,60,80,12
0,160, 240,480

3.6923 MHz

Baud

rate = 3.6923 MHz
/n n=[Baud
rate[15:0]+1]*16

3.6923 MHz

3.6923 MHz/n
n=[Baud
rate+1]*16

3.6923 MHz

3.6923 MHz/n
n=[Baud
rate+1]*16

Low
freq...120 MHz

49.152 MHz
54 MHz

108 MHz ..
120 MHz

Clock
Requirements

Clock Module Control

n/a

n/a

n/a

PLL3 and
CLK_VMPG_CTL
register control

CLK_IIC1_CTL
register control

n/a

CLK_IIC2_CTL
register control

n/a

CLK_UART1_CTL
register control

n/a

CLK_UART2_CTL
register control

n/a

CLK_UART3_CTL
register control

n/a

CLK_D2D_CTL
register control

external chip i/p

CLK_SMART_CTL
register control

PLL2 and
CLK_MBS_CTL
register control

CLK_VIP1_CTL
register control
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Bus or Module
VIP2

MSP1

MSP2

MSP3

TMDBG

EJTAG
MSP 1, 2

MSP 1, 2

TSOUT

ICP1

UM10104_1

Signal Name

clk_vip2

clk_vmsp1
clk_nds1
msp1_in_clk
clk_1394tx1
mspout1_clk

clk_vmsp2
clk_nds2
msp2_in_clk
clk_1394tx2
mspout2_clk

clk_vmsp3
msp3_in_clk
mspout3_clk

DBG_TCK

JTAG_TCK

clk_tsdma

clk_1394rx

tsout_clk_out
tsout_serial_clk
tsout_parallel_cl
k

clk_icp1_mux

Description
VIP2 module clock

MSP1 module
clock

MSP2 module
clock

MSP3 module
clock

TMDBG JTAG
clock

EJTAG clock
MSP1/2 modules

MSP1/2 modules

MSP1/2 modules

ICP1 pixel clock
from DDS

Required
Frequencies (see
note)

Low freq .. 80 MHz

Low freq ..
108 MHz

Low freq
..108 MHz

Low freq
..108 MHz

Up to 33MHz

Up to 33MHz
Low freq..108MHz

Low freq ..
108 MHz

Low freq ..
108MHz

Up to 81 MHz
Typical: 27 MHz,
54 MHz, 81 MHz

Clock
Requirements

Clock Module Control

CLK_VIP2_CTL
register control

CLK_MSP1_CTL
CLK_MSP1_SRC_CT
L CLK_VMSP1_CTL
CLK_1394TX1_CTL
CLK_1394TX1_SRC_
CTL CLK_NDS1_CTL
MSPOUT1_CLK_CTL
MSPOUT1_CLK_SRC
_CTL register controls

CLK_MSP2_CTL
CLK_MSP2_SRC_CT
L CLK_VMSP2_CTL
CLK_1394TX2_CTL
CLK_1394TX2_SRC_
CTL CLK_NDS2_CTL
MSPOUT2_CLK
MSPOUT2_CLK_SRC
_CTL register controls

CLK_MSP3_CTL
CLK_MSP3_SRC_CT
L CLK_VMSP3_CTL
MSPOUT3_CLK
MSPOUT3_CLK_SRC
_CTL register controls

Input clock

Input clock

CLK -TSDMA_CTL
CLK -TSDMA -
SRC_CTL

CLK_1394RX_CTL
CLK_1394RX_SRC_C
TL

TSOUT_CLK_OUT_C
TL
TSOUT_CLK_OUT_S
RC_CTL
TSOUT_SERIAL_CTL
TSOUT_PARALLEL_C
TL
TSOUT_PARALLEL_S
RC_CTL register
control

DDSO0_ICP1_CTL
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Bus or Module

ICP2

AIN-1

AOUT-1

AIN-2

AOUT-2

AOUT-3

SPDIO

Debug and GPIO

Debug and GPIO

[8-1]

UM10104_1

Signal Name

clk_icp1

clk_icp2_mux

clk_icp2

ai1_osclk

ao1_osclk

ai2_osclk

ao2_osclk

aio3_osclk

clk_spdo

clk_spdi

clk_tstamp

clk_spy

Nominal value is shown in bold.

5.2.3.2

Description

ICP1 pixel clock

ICP2 pixel clock
from DDS

ICP2 pixel clock

Audio oversample
clock form DDS
block

Audio oversample
clock form DDS
block

Audio oversample
clock form DDS
block

Audio oversample
clock form DDS
block

Audio oversample
clock form DDS
block

SPDIO module
clock

SPDIO module
clock

Timestamp clock

Spy clock

Required
Frequencies (see
note)

Up to 50 MHz

Up to 81 MHz
Typical: 27 MHz,
54 MHz, 81 MHz

Low freq .. 50 MHz

Low freq ...
40 MHz

Low freq ....
40 MHz

Low freq ....
40 MHz

Low freq ....
40 MHz

Low freq ....
40 MHz

Low freq ..
6.14 MHz ..
12.29 MHz

72 MHz, 144 MHz

108 MHz

13.5 MHz

Sources of PNX8526 Clocks

Clock
Requirements

Clock Module Control

CLK_ICP1_CTL: Can
be programmed to 1/2,
1/3, 1/4 or 1/6 of the
clk_icp1_mux

DDS1_ICP2_CTL

CLK_ICP2_CTL: Can
be programmed to 1/2,
1/3, 1/4 or 1/6 of the
clk_icp2_mux

DDS2_Al1_CTL

DDS3_AO1_CTL

DDS4_Al2_CTL

DDS5_AO2_CTL

DDS6_AIO3_CTL

DDS7_SPDO_CTL

CLK_SPDI_CTL

CLK_TSTAMP_CTL
register control.

CLK_SPY_CTL

All clocks in the PNX8526 clock system are generated from four possible sources:

* Four identical “standard” PLLs

* High-frequency dividers from the 1.7 GHz PLL in the CAB

* Direct Digital Synthesizer (DDS) blocks in the CAB
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* External clock inputs, or derived from input data streams.

The clock assignments for each of these four sources are summarized in Table 9,
Table 10, Table 11, and Table 12, respectively.

Table 9: Standard PLL Clock Assignments

Expected N, M, P Parameters

UM10104_1

Source Clocks (see note)

PLLO - clk_mem 143 MHz: (N,M,P) = (51,3,1) ...... 143.1 MHz
100 MHz: (N,M,P) = (35,3,1) ...... 99.9 MHz
... low frequencies

PLL1 - clk_fpi 143 MHz: (N,M,P) = (51,3,1) ...... 143.1 MHz
100 MHz: (N,M,P) = (35,3,1) ...... 99.9 MHz
... low frequencies

PLL2 - clk_mbs 120 MHz: (N,M,P) = (80,7,1) ...... 143.1 MHz
100 MHz: (N,M,P) = (35,3,1) ...... 99.9 MHz
... low frequencies

PLL3 - clk_vmpg 133 MHz: (N,M,P) = (87,7,1) ...... 133.5 MHz

100 MHz: (N,M,P) =
... low frequencies

Note: Parameters are in decimal.

Table 10: 1.7 GHz PLL Divider Clocks

(35,3,1) ...... 99.9 MHz

Divider in Divider in

Clocks Divider Values CAB Clock
- clk_pci 1.728 GHz/52 = 33.23 MHz y n
- clk48 1.728 GHz/36 = 48 MHz y n
- clk12 clk48/4 = 12 MHz y
- clk_iic1, clk_iic2
- clk_uart1, clk_uart2, clk48/13 = 3.69 MHz n y
clk_uart3
- clk_d2d 1.728 GHz/n: y n

n=16 gives 108 MHz

n=20 gives 86.4 MHz

n is programmable in the Clock

module

Note: clk_mbs (from PLL2) will also

be selectable for clk_d2d)
- clk_vmsp1 1.728 GHz/16 = 108 MHz y n
- clk_vmsp2 1.728 GHz/16 = 108 MHz y n
- clk_vmsp3 1.728 GHz/16 = 108 MHz y n
- clk_nds1 108 MHz/2 = 54 MHz n
- clk_nds2 108 MHz/2 = 54 MHz n
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Table 10: 1.7 GHz PLL Divider Clocks ...Continued

Table 12: External Clocks

Divider in Divider in
Clocks Divider Values CAB Clock
- clk_spdi 1.728 GHz/12 = 144 MHz y
144 MHz/2 = 72 MHz n y
- clk_tstamp 1.728 GHz/16 = 108 MHz y n
- clk_spy 108 MHz/8 = 13.5 MHz n y
(Note: This division is done in the
Clock Module)
Table 11: DDS Clock
Source  Clocks Notes
DDSO0 - clk_icp1_mux Typical: 27 MHz, 54 MHz, 81 MHz
DDS1  -clk_icp2_mux Typical: 27 MHz, 54 MHz, 81 MHz
DDS2 -ai1_osclk low freq .. 30 MHz
DDS3 - ao1_osclk low freq .. 30 MHz
DDS4 - ai2_osclk low freq .. 30 MHz
DDS5 -ao2_osclk low freq .. 30 MHz
DDS6 - aio3_osclk low freq .. 30 MHz
DDS7 - clk_spdo low freq .... 12.29 MHz (default 6.14 MHz)
DDS8 -clk_tsdma low freq .... 24 MHz

Note: Bold denotes the default frequency.

DDS frequencies are determined by the following equation:
freq = (1.728 GHz * )2

N= value programmed into DDS frequency control registers - DDSn_CTL[31:0].

Clock Frequency IN/OUT 1/0 Name Description

xtal_clk 27 MHz OSsC XTAL 27 MHz clock input from oscillator pad

clk_pci 33 MHz ouT PLL_OUT Clock to off-chip PCI devices. Note this signal is
routed back into the PCI_CLK input pad if the
PNX8526 is in PCI master mode.

clk 1394 i IN CLK 1394 External 1394 module clock from chip pin

clk_pci_i 33 MHz IN PCI_CLK External PCI clock from chip pin (33 MHz)

mm_clk_out 143 MHz, 133MHz ouT MM_CLK_OUT1  SDRAM clock output

... low freq.

DV1_CLK IN DV1_CLK Source clock for VIP1

DV2_CLK IN DV2_CLK Source clock for MSP1/2

DV3_CLK IN DV3 CLK Source clock for MSP1/2

DV2_DATA IN DV2_DATA Source clock for MSP1/2

DV3_DATA IN DV3_DATA Source clock for MSP1/2

UM10104_1
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Clock Frequency IN/OUT 1/0 Name Description
tsout_clk_out ouT ts_clk Digital video o/p clock
dv_clk1 ouT dv_clk1 Clock output from ICP1
dv_clk2 ouT dv_clk2 Clock output from ICP2
i2s_in1_osclk ouT i2s_in1_osclk Audio oversample output clock
i2s_in1_sck ouT i2s_in1_sck Audio input/output bit clock
i2s_in2_osclk ouT i2s_in2_osclk Audio oversample output clock
i2s_in2_sck ouT i2s_in2_sck Audio input/output bit clock
i2s_io_osclk ouT i2s_io_osclk Audio oversample output clock
i2s_io_sck ouT i2s_io_sck Audio input/output bit clock
i2s_out1_osclk ouT i2s_out1_osclk Audio oversample output clock
i2s_out1_sck ouT i2s_out1_sck Audio input/output bit clock
i2s_out2_osclk ouT i2s_out2_osclk Audio oversample output clock
i2s_out2_sck ouT i2s_out2_sck Audio input/output bit clock
ssi_sclk_ctsn IN ssi_sclk_ctsN SSI module serial clock external input
scl1_out 12 MHz/n ouT 12C1_SCL Clock output generated internally in 11C-1
n=30,40,60,80,120,1
60,240,480
scl2_out 12 MHz/n, ouT 12C2_SCL Clock output generated internally in 11C-2
n=30,40,60,80,120,1
60,240,480
sc1_scck 40.5 MHz/n, ouT SC1_SCCK Clock output generated internally in
n=4610,16 SmartCard-1
sc2_scck 40.5 MHz/n, ouT SC2_SCCK Clock output generated internally in
n=4610,16 SmartCard-2
5.2.3.3 PLL Programming
A PLL consists of a Voltage Controlled Oscillator (VCO) and a Post Divide (PD)
circuit, as shown in Figure 2. Each PLL[0-5] has a control register for programming its
parameters
PLL
?)LIt(eTchlk) M > PD »| Loop VCO P » clk_out
.| FILTER >
fs ( ' 3
< N |«
K
9
Figure 2: PLL Parameters

UM10104_1
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Remark: Custom PLLs are used for PLLO...5 in Figure 1. The frequency for this PLL
is given by:
Frequency = 27 MHz * N/M *P

where N is 9-bit, M is 5-bit, and P is 2-bit. The N, M and P bits are programmable in the control register.

The frequency from the VCO can be determined as follows:
VCO =27 MHz * N/M

The output of the VCO can be post-divided by 1, 2, 4 according to the following
equation:
Frequency = VCO / P

The bit width of N, M is 9 and 5-bit, respectively. P is a two-bit divider that can divide
by 1(P=00), 2(P=01), 4(P=10) or 8(P=11).

Constraints

The PLLs have certain characteristics that must be met according to the following
equations:

150MHz > Fpd > 1.6875MHZ ..o (1
270MHZ 2 Fvco 2 27TMHZ.. ... (2)

Fpd = (Fvco/N) i.e., (Fin/M) = (Fvco/N). Therefore, N/M = (Fvco/Fin) and for Fin = 27
MHz, we end up withN/M = (FVCO/Fin)........cccooiiiiiiiiiieeiiee, (3)

Inequality (1) is needed to guarantee the loop's stability, which implies that M < 16.

To produce a frequency, e.g. of 42 MHz, Fvco must be 4x42 MHz = 168 MHz in order
to satisfy the inequality (2).

Since Fin = 27 MHz, then equation (3) gives N/M = (168/27) i.e., N/M = (56/9). So
choose N=59 and M=9.

Table 13 provides values for the PLL parameters to achieve certain output
frequencies.

Table 13: Programmable Output Frequencies

M Fpd N Fvco MHz f(P) Fout MHz
10 2.7 61 164.7 1 164.7
10 2.7 53 143.1 1 143.1
9 3 88 264 2 132

9 3 89 267 2 133.5
9 3 83 249 2 124.5
9 3 84 252 2 126

9 3 80 240 2 120

5 5.4 37 199.8 2 99.9
7 3.857 43 165.9 2 82.93
9 59 168 4 42
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In the event of a problem with any of the clock sources from the CAB, it is possible to
switch these clocks to off-chip sources. The external clock sources will be routed
through the GPIOs. Table 14 shows the GPIOs to be used in the Bypass mode.

Table 14: Bypass Clock Sources

Clocks from Clock

Module
clk_mem
clk_fpi
clk_mips
clk_mbs
clk_vmpg
clk_pci
clk48
clk12
clk_iic1
clk_iic2
clk_uart1
clk_uart2
clk_uart3
clk_smart1
clk_smart2
clk_d2d
clk_vmsp1
clk_vmsp2
clk_vmsp3
clk_spdi
clk_tstamp
clk_spy
clk_icp1_mux
clk_icp2_mux
clk_icp1
clk_icp2
ai1_osclk
ao1_osclk
ai2_osclk
ao2_osclk
aio3_osclk

clk_spdo

UM10104_1

Bypass Control Register
CLK_MEM_CTL.sel_ext clk.
CLK_FPI_CTL.sel_ext_clk.

CLK_MBS_ CTL.sel _ext clk
CLK_VMPG_CTL.sel_ext_clk
CLK_PCI_CTL.sel_ext_clk
CLK48 CTL.sel _ext clk
CLK12_CTL.sel_ext_clk
CLK_IIC1_CTL.sel_ext_clk
CLK_lIC2_CTL.sel_ext_clk
CLK_UART1_CTL.sel_ext_clk
CLK_UART2_CTL.sel_ext_clk
CLK_UART3_CTL.sel_ext_clk
CLK_SMART1_CTL.sel_ext_clk
CLK_SMART2_CTL.sel_ext_clk
CLK_D2D_CTL.sel_ext_clk
CLK_VMSP1_CTL.sel_ext_clk
CLK_VMSP2_CTL.sel_ext_clk
CLK_VMSP3_CTL.sel_ext_clk
CLK_SPDI_CTL.sel_ext_clk
CLK_TSTAMP_CTL.sel_ext_clk
CLK_SPY_CTL.sel_ext_clk
DDSO0_ICP1_CTL.sel_ext_clk
DDS1_ICP2_CTL.sel_ext_clk
CLK_ICP1_CTL.sel_ext_clk
CLK_ICP2_CTL.sel_ext_clk
DDS2_Al1_CTL.sel_ext_clk
DDS3_AO1_CTL.sel_ext_clk
DDS4_Al2_CTL.sel_ext_clk
DDS5_AO2_CTL.sel_ext_clk
DDS6_AIO3_CTL.sel_ext_clk
DDS7_SPDO_CTL.sel_ext_clk

GPIO Assignment
GPIO[3]
GPIO[4]

GPIO[5]
GPIO[6]
GPIO[7]
GPIO[8]
SSI_TX

SSI_RXD

UA1_TX
UA1_RX

UA2_TX
UA1_RX
SSI_FS_RTSN
UA2_RX

UA2_RTSN

UA2_CTSN

UA1_RX

Frequency

low to 166 MHz
low to 143 MHz
low to 150 MHz
low to 120 MHz
low to 133 MHz

33 MHz

48 MHz

12 MHz

12 MHz

12 MHz

3.69 MHz

3.69 MHz

3.69 MHz

54 MHz

54 MHz

80 MHz .. 108 MHz
108 MHz

108 MHz

108 MHz

72 MHz, 144 MHz
108 MHz

13.5 MHz

Up to 81 MHz

Up to 81 MHz

Up to 40.5 MHz

Up to 40.5 MHz
low freq .... 33 MHz
low freq .... 33 MHz
low freq .... 33 MHz
low freq .... 33 MHz
low freq .... 33 MHz
108 MHz
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Table 14: Bypass Clock Sources ...Continued

Clocks from Clock

Module Bypass Control Register GPIO Assignment Frequency
msp1_in_clk MSP1_IN_CTL.sel_ext_clk SSI_SCLK_CTSN 0 to 108 MHz
msp2_in_clk MSP2_IN_CTL.sel_ext_clk 0 to 108 MHz
clk_1394tx1 1394TX1_CLK_CTL.sel_ext_clk 0 to 108 MHz
clk_1394tx2 1394TX2_CLK_CTL.sel_ext_clk 0 to 108 MHz
clk_tsdma CLK_TSDMA_CTL.sel_ext_clk 0 to 108 MHz
clk_nds1 CLK_NDS1_CTL.sel_ext_clk AlIO_OSCLK 54 MHz
clk_nds2 CLK_NDS2 CTL.sel_ext_clk 54 MHz
tsout_clk_out TSOUT_CLK_OUT_CTL.sel_ext_clk AIO_SCK 0 to 108 MHz
tsout_serial_clk TSOUT_SERIAL_CLK_CTL.sel_ext clk 0 to 108 MHz
tsout_parallel_clk TSOUT_PARLLEL_CLK CTL.sel_ext clk AIO_WS 0to 13.5 MHz
5.2.3.5 Power Up and Reset Sequence

UM10104_1

5.2.3.6

5.2.3.7

On power up, the Clock module outputs all clocks to modules, defaulting to the
27 MHz xtal_clk clock. Reset of all modules and the boot-up sequence executed by
the Boot module runs on the 27 MHz clock.

At some point in the boot-up sequence, the Boot module programs all clk_mem and
PI-Bus clock PLLs to their required frequencies for functional operation. After waiting
for the 300 us PLL settling time, the Boot block will set the “exit_reset” registers for
these clocks and the clock module will switch these bus clocks from the 27 MHz
xtal_clk to their individual programmed functional frequencies.

Powerdown

All clocks generated in the Clock module may be disabled by programming the
relevant clock enable bit of each clock control register. It is possible to gate module
clocks in individual modules rather than in the Clock module.

Clock Detection

Clock detection is required in the case of an external clock being removed or
connected—e.g., if the video cable to the Set Top Box is suddenly removed (and an
external video clock thereby stopped), this event will be detected by the Clock
module. Also the Clock module detects when the cable is reconnected and a clock is
present again.

These events are flagged by an interrupt that is routed to both the M-PIC and the
T-PIC. The clock detection is done on the following clock inputs to the PNX8526:

e DV1_CLK
e DV2_CLK
e DV3_CLK

CLK_1394

12S_IN1_SCK
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* [2S_IN2_SCK

* 12S_10_SCK

* DV1_DATA (via TSIO, called ts_s12_clk in the Clocks module)

Clock detection is based on an 8-bit Gray counter running at the external clock

DV2_DATA (via TSIO, called ts_s22_clk in the Clocks module)

frequency. This allows detection of clocks between 1 MHz and 200 MHz. It takes up

to 2 us from when a clock is removed until the interrupt condition is generated.

Interrupt Generation

Interrupts will be generated whenever “clock present” changes status. Therefore an
interrupt will be generated if a clock changes from “present” to “non-present” or from

“non-present” to “present.” The interrupt registers are implemented using the
standard peripheral interrupt module and can thus be enabled/cleared/set by

software.

5.2.4 Register Descriptions

The base address for the Clock module in the PNX8526 is 0x04 7000.

Register Address Map

Offset

0x04 7000

0x04 7004

0x04 7008

0x04 700C

0x04 7010

0x04 7014

0x04 7018

0x04 701C-709C
0x04 7100

0x04 7104

0x04 7108

0x04 710C

0x04 7110

0x04 7114

0x04 7118

0x04 711C

0x04 7120

0x04 7124-719C
0x04 7200

UM10104_1

Name

PLLO_CTL
PLL1_CTL
PLL2_CTL
PLL3_CTL
PLL4_CTL
PLL5_CTL
PLL1_7_CTL
Reserved
DDSO0_ICP1_CTL
DDS1_ICP2_CTL
DDS2_AI1_CTL
DDS3_AO1_CTL
DDS4_AI2_CTL
DDS5_AO2_CTL
DDS6_AIO3_CTL
DDS7_SPDO_CTL
DDS8_TSDMA_CTL
Reserved
CLK_MEM_CTL

Description

PLLO Control Register

PLL1 Control Register

PLL2 Control Register

PLL3 Control Register

PLL4 Control Register

PLL5 Control Register

PLL1_7 GHz Control Register

DDSO0: clk_icp1_mux frequency control
DDS1: clk_icp2_mux frequency control
DDS2: ai1_osclk frequency control
DDS3: ao1_osclk frequency control
DDS4: ai2_osclk frequency control
DDS5: ao2_osclk frequency control
DDS6: aio3_osclk frequency control
DDS?7: clk_spdo frequency control
DDS8: clk_tsdma frequency control

clk_mem control
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Offset Name

0x04 7204 CLK_FPI_CTL

0x04 7208 Reserved

0x04 720C CLK_TPI_CTL

0x04 7210 CLK_MPI_CTL

0x04 7214 Reserved

0x04 7218 CLK_VMPG_CTL

0x04 721C CLK_D2D_CTL

0x04 7220 CLK_VIP1_CTL

0x04 7224 CLK_VIP2_CTL

0x04 7228 CLK_SMART_CTL

0x04 722C CLK48_CTL

0x04 7230 CLK12_CTL

0x04 7234 CLK_lIC1_CTL

0x04 7238 CLK_lIC2_CTL

0x04 723C CLK_UART1_CTL

0x04 7240 CLK_UART2_CTL

0x04 7244 CLK_UART3_CTL

0x04 7248 CLK_MSP1_SRC_CTL
0x04 724C CLK_MSP1_CTL

0x04 7250 CLK_PCI_CTL

0x04 7254 CLK_MBS_CTL

0x04 7258 CLK_SPDI_CTL

0x04 725C CLK_TSTAMP_CTL

0x04 7260 CLK_SPY_CTL

0x04 7264 CLK50_CTL

0x04 7268 CLK_VMSP1_CTL

0x04 726C CLK_VMSP2_CTL

0x04 7270 CLK_NDS1_CTL

0x04 7274 CLK_NDS2_CTL

0x04 7278 CLK_1394TX1_SRC_CTL
0x04 727C CLK_1394TX1_CTL

0x04 7280 CLK_1394TX2_SRC_CTL
0x04 7284 CLK_1394TX2_CTL

0x04 7288 CLK_TSDMA_SRC_CTL
0x04 728C CLK_TSDMA_CTL

0x04 7290 TSOUT_CLK_OUT_SRC_CTL
0x04 7294 TSOUT_CLK_OUT_CTL
0x04 7298 TSOUT_SERIAL_CLK_CTL

UM10104_1

Description

clk_fpi control

clk_tpi control

clk_mpi control
clk_vmpg control
clk_d2d control

clk_vip1 control

clk_vip2 control
clk_smart control

clk48 control

clk12 control

clk_iic1 control

clk_iic2 control

clk_uart1 control
clk_uart2 control
clk_uart3 control
clk_msp1 source control
clk_msp1 control

clk_pci control

clk_mbs control

clk_spdi control
clk_tstamp control
clk_spy control

clk50 control

clk_vmsp1 control
clk_vmsp2 control
clk_nds1 control
clk_nds2 control
clk_1394tx1 source control
clk_1394tx1 control
clk_1394tx2 source control
clk_1394tx2 control
clk_tsdma source control
clk_tsdma control
tsout_clk_out source control
tsout_clk_out control

tsout_serial_clk control
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Offset
0x04 729C
0x04 7300
0x04 7304
0x04 7308
0x04 730C
0x04 7310
0x04 7314
0x04 7318
0x04 731C
0x04 7320
0x04 7324
0x04 7328-739C
0x04 7400
0x04 7404
0x04 7408
0x04 740C
0x04 7410-741C
0x04 7420
0x04 7424
0x04 7428
0x04 742C
0x04 7430
0x04 7434
0x04 7438
0x04 743C
0x04 7440-745C
0x04 7460
0x04 7464
0x04 7468
0x04 746C
0x04 7470
0x04 7474
0x04 7478
0x04 747C
0x04 7480
0x04 7484
0x04 7488
0x04 748C

UM10104_1

Name

Reserved
CLK_ICP1_MUX_CTL
CLK_ICP1_CTL
CLK_ICP2_MUX_CTL
CLK_ICP2_CTL
Al1_OSCLK_CTL
AO1_OSCLK_CTL
Al2_OSCLK_CTL
AO2_OSCLK_CTL
AlIO3_OSCLK_CTL
CLK_SPDO_CTL

Reserved
GPIO_CLK_QO0_CTL
GPIO_CLK_Q1_CTL
GPIO_CLK_Q2_CTL
GPIO_CLK_Q3 _CTL
Reserved
CLK_VIP1_SEL_CTL
CLK_VIP2_SEL_CTL
CLK_SMART2_CTL
CLK_AI1_SCK_O_CTL
CLK_AO1_SCK_O_CTL
CLK_AI2_SCK_O_CTL
CLK_AO2_SCK_O_CTL
CLK_AIO3_SCK_O_CTL
Reserved
CLK_OPTION_DIV_CTL
MSPOUT1_CLK_SRC_CTL
MSPOUT1_CLK_CTL
MSPOUT2_CLK_SRC_CTL
MSPOUT2_CLK_CTL
CLK_1394RX_SRC_CTL
CLK_1394RX_CTL
MSP2_IN_CLK_SRC_CTL
MSP2_IN_CLK_CTL
TSOUT_PARALLEL_CLK_SRC_CTL
TSOUT_PARALLEL_CLK_CTL
CLK_VMSP3_CTL

Description

clk_icp1_mux control
clk_icp1 control
clk_icp2_mux control
clk_icp2 control

ai1_osclk control
ao1_osclk control
ai2_osclk control
ao2_osclk control
aio3_osclk control
clk_spdo control
gpio_clkout_qO control
gpio_clkout_q1 control
gpio_clkout_g2 control
gpio_clkout_q3 control
clk_vip1 source select
clk_vip2 source select
clk_smart2 select
clk_ai1_sck_o select
clk_ao1_sck o select
clk_ai2_sck_o select
clk_ao2_sck_o select
clk_aio3 sck o select
optional clock for msp control
mspout1_clk source control
mspout1_clk control
mspout2_clk source control
mspout2_clk control
clk_1394rx source control
clk_1394rx control
msp2_in_clk source control
msp2_in_clk control
tsout_parallel_clk source control
tsout_parallel_clk control

msp3 control
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Table 15: Clock Module Register Summary ...Continued

Offset Name Description

0x04 7490 MSP3_IN_CLK SRC _CTL msp3_in_clk source control

0x04 7494 MSP3_IN_CLK_CTL msp3_in_clk control

0x04 7498 MSPOUT3_CLK_SRC_CTL mspout3_clk source control

0x04 749C MSPOUT3 CLK CTL mspout3_clk control

0x04 74A0-7FDC Reserved -

0x04 7FEO INTERRUPT STATUS Status of Clock Detection interrupts
0x04 7FE4 INTERRUPT ENABLE Enable Clock Detection interrupts
0x04 7FES8 INTERRUPT CLEAR Clear Clock Detection interrupts
0x04 7FEC INTERRUPT SET Set Clock Detection interrupts
0x04 7FFO Reserved -

0x04 7FF4 POWERDOWN Powerdown mode

0x04 7FF8 Reserved -

0x04 7FFC Module ID Module Identification and revision information

CLOCK REGISTERS

Read/ Reset Name (Field or
Bits  Write Value Function) Description

Clock Control
Offset 0x04 7000 PLLO_CTL

Reset values are set for expected frequencies for faster boot-up, shorter boot code. Note: When this register is written,
PI_ACK must be held in “WAT” until blocking of the clock has started.

31 R n/a pll0_blocked 1 = blocking of clock from the PLL is in progress
30:26 R/W n/a Reserved Read as 0, write nothing
25 R/W 0 sel_pwrdwn_clk_mem 1 = select XTAL_CLK/16 as source clock for clk_mem - this is used in

powerdown mode to slow down clk_mem. NOTE: to slow down clk_fpi,
clk_mips, clk_mpi & clk_tpi, CLK_FPI_CTL must be set to

hex00000005

24:16 R/W 23h pll0_n 9-bit N parameter to PLLO

15:13 R/W n/a Reserved Read as 0, write nothing

12.8 R/W 3h pll0_m 5-bit M parameter to PLLO

74 R/W n/a Reserved Read as 0, write nothing

3:2 R/W 1h pll0_p 2-bit P parameter to PLLO. The programming values for P are: 00: P=1,
01: P=2,10: P=4, 11: P=8

1 R/W 0 pll0_pd 1 = powerdown PLLO

0 R/W n/a Reserved Read as 0, write nothing

Offset 0x04 7004 PLL1_CTL

Reset values are set for expected frequencies for faster boot-up, shorter boot code. Note: When this register is written,
PI_ACK must be held in “WAT” until blocking of the clock has started

31 R n/a pll1_blocked 1 = blocking of clock from the PLL is in progress
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Read/
Bits Write
30:25 R/W
24:16 R/W
15:13 R/W
128 R/W
7:4 R/W
3:2 R/W
1 R/W
0 R/W

Offset 0x04 7008

Reset
Value

n/a
23h
n/a
3h
n/a
1h

0

n/a

Name (Field or
Function)

Reserved
pll1_n
Reserved
pll1_m
Reserved

pll1_p

pll1_pd
Reserved
PLL2 CTL

CLOCK REGISTERS

Description

Read as 0, write nothing
9-bit N parameter to PLL1
Read as 0, write nothing
5-bit M parameter to PLL1
Read as 0, write nothing

2-bit P parameter to PLL1. The programming values for P are: 00: P=1,
01: P=2, 10: P=4, 11: P=8

1 = powerdown PLL1

Read as 0, write nothing

Reset values are set for expected frequencies for faster boot-up, shorter boot code. Note: When this register is written,
PI_ACK must be held in “WAT” until blocking of the clock has started

31 R

30:25 R/W
2416 R/W
15:13 R/W
1228 R/W
74 R/W
3:2 R/W
1 R/W
0 R/W

Offset 0x04 700C

n/a
n/a
23h
n/a
3h
n/a
1h

0

n/a

pll2_blocked
Reserved
pll2_n
Reserved
pll2_m
Reserved

pli2_p

pll2_pd
Reserved
PLL3 _CTL

1 = blocking of clock from the PLL is in progress
Read as 0, write nothing

9-bit N parameter to PLL2

Read as 0, write nothing

5-bit M parameter to PLL2

Read as 0, write nothing

2-bit P parameter to PLL2. The programming values for P are: 00: P=1,
01: P=2, 10: P=4, 11: P=8

1 = powerdown PLL2

Read as 0, write nothing

Reset values are set for expected frequencies for faster boot-up, shorter boot code. Note: When this register is written,
PI_ACK must be held in “WAT” until blocking of the clock has started

31 R
30:25 R/W
24:16 R/W
15:13 R/W
12.8 R/W
7:4 R/W
3:2 R/W
1 R/W
0 R/W
Offset 0x04 7010
31 R
30:25 R/W

n/a
n/a
23h
n/a
3h
n/a
1h

0

n/a

n/a

n/a

plI3_blocked
Reserved
pll3_n
Reserved
pli3_m
Reserved

pll3_p

plI3_pd

Reserved
PLL4 CTL

pll4_blocked

Reserved

1 = blocking of clock from the PLL is in progress
Read as 0, write nothing

9-bit N parameter to PLL3

Read as 0, write nothing

5-bit M parameter to PLL3

Read as 0, write nothing

2-bit P parameter to PLL3. The programming values for P are: 00: P=1,
01: P=2, 10: P=4, 11: P=8.

1 = powerdown PLL3

Read as 0, write nothing

1 = blocking of clock from the PLL is in progress

Read as 0, write nothing

UM10104_1
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Read/ Reset

Bits  Write Value

24:16 R/W 1Eh

15:13 R/W n/a

128 R/W 2h

74 R/W n/a

3:2 R/W 3h

1 R/W

0 R/W 0

Offset 0x04 7014

31 R n/a

30:25 R/W n/a

24:16 R/W 1Eh

15:13 R/W n/a

128 R/W 2h

74 R/W n/a

3:2 R/W 3h

1 R/IW 0

0 R/W 0

Offset 0x04 7018

31:3 R/W n/a

2 R/W 0

1:0 R/W n/a

Offset 0x04 701C—709C

31:.0 R/W 0400-
0000h

Offset 0x04 7104

31:.0 R/W 0400-
0000h

Offset 0x04 7108

31:.0 R/W 05ED-
097Bh

Offset 0x04 710C

31:.0 R/W 05ED-
097Bh

Offset 0x04 7110

31:.0 R/W 05ED-
097Bh

Offset 0x04 7114

Name (Field or
Function)

pll4_n
Reserved
pll4 m
Reserved

plli4_p

pli4_pd
pli4_bp
PLL5 CTL
pll5_blocked
Reserved
pll5_n
Reserved
pll5_m
Reserved

pll5_p

pli5_pd

pll5_bp
PLL1_7GHZ_CTL

Reserved

pll1_7ghz_pd

Reserved

CLOCK REGISTERS

Description

9-bit N parameter to PLL4
Read as 0, write nothing
5-bit M parameter to PLL4
Read as 0, write nothing

2-bit P parameter to PLL4. The programming values for P are: 00: P=1,
01: P=2,10: P=4, 11: P=8

1 = powerdown PLL4
1 =bypass PLL4

1 = blocking of clock from the PLL is in progress
Read as 0, write nothing

9-bit N parameter to PLL5

Read as 0, write nothing

5-bit M parameter to PLL5

Read as 0, write nothing

2-bit P parameter to PLL5. The programming values for P are: 00: P=1,
01: P=2,10: P=4, 11: P=8

1 = powerdown PLL5
1 = bypass PLL5

Read as 0, write nothing
1 = powerdown PLL1_7GHZ

Read as 0, write nothing

RESERVED 0x04 7100DDS0_ICP1_CTL

ddsO0_icp1_ctl[31:0]

DDS1_ICP2_CTL
dds1_icp2_ctl[31:0]

DDS2_Al1_CTL
dds2_ai1_ctl[31:0]

DD3_AO1_CTL
dds3_ao1_ctl[31:0]

DDS4_AI2_CTL
dds4_ai2_ctl[31:0]

DDS5_AO2_CTL

32-bit DDSO0 control (default = 27MHz)

32-bit DDS1 control (default = 27MHz)

32-bit DDS2 control (default = 40MHz)

32-bit DDS3 control (default = 40MHz)

32-bit DDS4 control (default = 40MHz)

UM10104_1
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Read/ Reset

Bits  Write Value

31:.0 R/W 05ED-
097Bh

Offset 0x04 7118

31:.0 R/W 05ED-
097Bh

Offset 0x04 711C

31:.0 R/W 00E9-
0452h

Offset 0x04 7120

31:.0 R/W 038E-
38E3h

Offset 0x04 7124—719C

31:3 R/W n/a

2:1 R/W Oh

0 R/W 1

Offset 0x04 7204

31:14 R/W n/a

3:1 R/W Oh

0 R/W 1

Offset 0x04 7208

31:2 R/W n/a

1 R/W 0

0 R/W 1

Offset 0x04 7210

31:2  R/W n/a

1 R/W 0

0 R/W 1

Offset 0x04 7214

31:3 R/W n/a

2:1 R/W Oh

0 R/W 1

Offset 0x04 721C

31:8 R/W n/a

7 R/W 1

6:5 R/W n/a

Name (Field or
Function)

dds5_ao2_ctl[31:0]

DDS6_AIO3_CTL
dds6_aio3_ctl[31:0]

DDS7_SPDO_CTL
dds7_spdo_ctl[31:0]

DDS8_TSDMA_CTL

dds8_tsdma_ctl[31:0]

CLOCK REGISTERS

Description

32-bit DDS5 control (default = 40MHz)

32-bit DDS6 control (default = 40MHz)

32-bit DDS7 control (default = 128*48kHz = 6.14MHz)

32-bit DDS8 control (default = 24MHz)

RESERVED 0x04 7200CLK_MEM_CTL

Reserved

sel_clk_mem

en_clk_mem
CLK_FPI_CTL
Reserved

sel_clk_fpi

en_clk_fpi

Read as 0, write nothing

10 = sel_ext_clk_mem - clk_mem = GPIO[3] 01 = exit_rst_clk_mem -
clk_mem = functional clock (PLLO) 00 = clk_mem = 27MHz xtal_clk

1 = enable clk_mem

Read as 0, write nothing

100 = sel_ext_clk_fpi - clk_fpi = GPIO[4] 010 = sel_clk_mem_fpi -
source of clk_fpi is clk_mem001 = exit_rst_clk_fpi - source of clk_fpi is
PLL1 000 = clk_fpi = 27MHz xtal_clk

1 = enable clk_fpi

Reserved 0x04 720CCLK_TPI_CTL

Reserved
exit_rst_clk_tpi
en_clk_tpi
CLK_MPI_CTL
Reserved
exit_rst_clk_mpi

en_clk_mpi

Read as 0, write nothing
0 = clk_tpi = 27MHz xtal_clk 1 = clk_tpi = functional clock
1 = enable clk_tpi

Read as 0, write nothing
0 = clk_mpi = 27MHz xtal_clk 1 = clk_mpi = functional clock

1 = enable clk_mpi

Reserved 0x04 7218CLK_VMPG_CTL

Reserved

sel_clk_vmpg

en_clk_vmpg
CLK_D2D_CTL

Reserved

div_clk_d2d_pd

Reserved

Read as 0, write nothing

10 = sel_ext_clk_vmpg - clk_vmpg = GPIO[6]01 = exit_rst_clk_vmpg -
clk_vmpg = functional clock 00 = clk_vmpg = 27MHz xtal_clk

1 = enable clk_vmpg

Read as 0, write nothing
1 = powerdown clk_d2d divider in the CAB

Read as 0, write nothing

UM10104_1
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CLOCK REGISTERS
Read/ Reset Name (Field or

Bits  Write Value Function) Description

4 R/W 1 div_clk_d2d Divide clk_d2d:0 = 86.4MHz - divide 1.728GHz by 20 1 = 108 MHz -
divide 1.728GHz by 16

3:1 R/W Oh sel_clk_d2d 100 = sel_ext_clk_d2d - clk_d2d = UA1_TX010 = sel_clk_mbs_d2d -

select clk_mbs input 001 = exit_rst_clk_d2d - clk_d2d = functional clock
000 = clk_d2d = 27MHz xtal_clk

0 R/W 1 en_clk_d2d 1 = enable clk_d2d

Offset 0x04 7220 CLK_VIP1_CTL

31:3 R/W n/a Reserved Read as 0, write nothing

2 R/W Oh sel_invert_clk_vip1 1 = select inverted functional clock

1 R/W Oh exit_rst_clk_vip1 0 =clk_vip1 = 27MHz xtal_clk 1 = clk_vip1 = functional clock
0 R/W 1 en_clk_vip1 1 = enable clk_vip1

Offset 0x04 7224 CLK_VIP2_CTL

31:3 R/W n/a Reserved Read as 0, write nothing

2 R/W Oh sel_invert_clk_vip2 1 = select inverted functional clock

1 R/W Oh exit_rst_clk_vip2 0 =clk_vip2 = 27MHz xtal_clk 1 = clk_vip2 = functional clock
0 R/W 1 en_clk_vip2 1 = enable clk_vip2

Offset 0x04 7228 CLK_SMART1_CTL

(N.B: CLK_TSTAMP_CTL.div_clk_tstamp_pd must be set to ‘0’ for clk_smart1 functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W Oh sel_clk_smart1 10 = sel_ext_clk_clk_smart: clk_smart = ext cclock 01 =

exit_rst_clk_smart1: clk_smart = functional clock 00 = clk_smart =
27MHz xtal_clk

0 R/W 1 en_clk_smart 1 = enable clk_smart

Offset 0x04 722C CLK48 CTL

314 R/W n/a Reserved Read as 0, write nothing

3 R/W 1 div_clk48_pd 1 = powerdown clk48 divider in the CAB

2:1 R/W Oh sel_clk48 10 = sel_ext_clk48 - clk48 = GPIO[8] 01 = exit_rst_clk48 - clk48 =
functional clock 00 = clk48 = 27MHz xtal_clk

0 R/W 1 en_clk48 1 = enable clk48

Offset 0x04 7230 CLK12_CTL

(N.B: CLK48_CTL.div_clk48_pd must be set to ‘0’ for clk12 functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W Oh sel_clk12 10 = sel_ext_clk12 - clk12 = SSI_TXO01 = exit_rst_clk12 - clk12 =
functional clock00 = clk12 = 27MHz xtal_clk

0 R/W 1 en_clk12 1 = enable clk12

Offset 0x04 7234 CLK_IlIC1_CTL

(N.B: CLK48_CTL.div_clk48_pd must be set to ‘0’ for clk_iic1 functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

21 R/W Oh sel_clk_iic1 10 = sel_ext_clk_iic1 - clk_iic1 = SSI_TXO01 = exit_rst_clk_iic1 - clk_iic1

= functional clock00 = clk_iic1 = 27MHz xtal_clk
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CLOCK REGISTERS

Read/ Reset Name (Field or
Bits  Write Value Function) Description
0 R/W 1 en_clk_iic1 1 = enable clk_iic1

Offset 0x04 7238

CLK_liC2_CTL

(N.B: CLK48_CTL.div_clk48_pd must be set to ‘0’ for clk_iic2 functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W Oh sel_clk_iic2 10 =sel_ext_clk_iic2 - clk_iic2 =SSI_TX 01 = exit_rst_clk_iic2 - clk_iic2
= functional clock 00 = clk_iic2 = 27MHz xtal_clk

0 R/W 1 en_clk_iic2 1 = enable clk_iic2

Offset 0x04 723C

CLK_UART1_CTL

(N.B: CLK48_CTL.div_clk48_pd must be set to ‘0’ for clk_uart1 functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W Oh sel_clk_uart1 10 = sel_ext_clk_uart1 - clk_uart1 = SSI_RXD 01 = exit_rst_clk_uart1 -
clk_uart1 = functional clock 00 = clk_uart1 = 27MHz xtal_clk

0 R/W 1 en_clk _uart1 1 = enable clk_uart1

Offset 0x04 7240 CLK_UART2_CTL
(N.B: CLK48_CTL.div_clk48_pd must be set to ‘0’ for clk_uart2 functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

21 R/W Oh sel_clk_uart2 10 = sel_ext_clk_uart2 - clk_uart2 = SSI_RXD 01 = exit_rst_clk_uart2 -
clk_uart2 = functional clock 00 = clk_ uart2 = 27MHz xtal_clk

0 R/W 1 en_clk_uart2 1 = enable clk_uart2

Offset 0x04 7244

CLK_UART3_CTL

(N.B: CLK48_CTL.div_clk48_pd must be set to ‘0’ for clk_uart3 functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W Oh sel_clk_uart3 10 = sel_ext_clk_uart3 - clk_ uart3 = SSI_RXD 01 = exit_rst_clk_ uart3
- clk_ uart3 = functional clock 00 = clk_ uart3 = 27MHz xtal_clk

0 R/W 1 en_clk_uart3 1 = enable clk_uart3

Offset 0x04 7248

MSP1_IN_CLK_SRC_CTL

31:20 R/W n/a Reserved Read as 0, write nothing

19:16 R/W Oh sel_msp1_in_clk_src2 1001 = select clock specified by bits [9:8] 0110 = select 1394rx_clk
0101 = selectts_p22 clk 0100 = selectts_p21_clk 0011 = select
ts_p12_clk 0010 = selectts_p11_clk 0001 = select DV3_clk 0000 =
select DV2_clk

15:10 R/W n/a Reserved Read as 0, write nothing

9:8 R/W Oh sel_msp1_in_clk_src 11 = select clock specified by bits [2:0] 10 = select dds8 clk_tsdma 01
= select DV3_clk 00 = select DV2_clk

7:3 R/W n/a Reserved Read as 0, write nothing

2:0 R/W Oh sel_msp1_in_clk_div8 101 = select dds8_clk_option to be divided by 8 100 = select

Offset 0x04 724C

31:3

UM10104_1

R/W

n/a

MSP1_IN_CLK_CTL

Reserved

dds8_clk_tsdma to be divided by 8 011 = select ts_s22_clk to be
divided by 8 010 = select DV3_clk to be divided by 8 001 = select
ts_s12_clk to be divided by 8 000 = select DV2_clk to be divided by 8

Read as 0, write nothing
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CLOCK REGISTERS
Read/ Reset Name (Field or

Bits  Write Value Function) Description
2:1 R/W Oh sel_msp1_in_clk_4x1 10 =sel_ext_clk_msp1 - clk_msp1 = SSI_SCLK_CTSN 01 =
mux exit_rst_clk_msp1 - clk_msp1 = functional clock 00 = clk_msp1 =

27MHz xtal_clk

0 R/W 1 en_msp1_in_clk 1 = enable clk_msp1

Offset 0x04 7250 CLK_PCI_CTL

31:4 R/W n/a Reserved Read as 0, write nothing

3 R/W Oh div_clk_pci_pd 1 = powerdown clk_pci divider in the CAB

2:1 R/W Oh sel_clk_pci 10 = sel_ext_clk_pci - clk_pci = GPIO[7] 01 = exit_rst_clk_pci - clk_pci
= functional clock 00 = clk_pci = 27MHz xtal_clk

0 R/W 1 en_clk_pci 1 = enable clk_pci

Offset 0x04 7254 CLK_MBS_CTL

31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W Oh sel_clk_mbs 10 = sel_ext_clk_mbs - clk_mbs = GPIO[5] 01 = exit_rst_clk_mbs -
clk_mbs = functional clock 00 = clk_mbs = 27MHz xtal_clk

0 R/W 1 en_clk_mbs 1 = enable clk_mbs

Offset 0x04 7258 CLK_SPDI_CTL

317 R/W n/a Reserved Read as 0, write nothing

6 R/W Oh div_clk_spdi_pd 1 = powerdown clk_spdi divider in the CAB

5:3 R/W Oh div_clk_spdi 000 = clk_spdi = 144MHz, from CAB 001 = clk_spdi = 72MHZ, div by 2
in wsg_clock

2:1 R/W Oh sel_clk_spdi 10 = sel_ext_clk_spdi - clk_spdi = UA2_TX 01 = exit_rst_clk_spdi -
clk_spdi = functional clock 00 = clk_spdi = 27MHz xtal_clk

0 R/W 1 en_clk_spdi 1 = enable clk_spdi

Offset 0x04 725C CLK_TSTAMP_CTL

31:4 R/W n/a Reserved Read as 0, write nothing

3 R/W 0 div_clk_tstamp_pd 1 = powerdown clk_tstamp divider in the CAB

21 R/W Oh sel_clk_tstamp 10 = sel_ext_clk_tstamp - clk_tstamp = UA1_RX 01 =

exit_rst_clk_tstamp - clk_tstamp = functional clock 00 = clk_tstamp =
27MHz xtal_clk

0 R/W 1 en_clk_tstamp 1 = enable clk_tstamp

Offset 0x04 7260 CLK_SPY_CTL

(N.B: CLK_TSTAMP_CTL.div_clk_tstamp_pd must be set to ‘0’ for clk_spy functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

21 R/W Oh sel_clk_spy 10 = sel_ext_clk_spy - clk_spy = SSI_FS_RTSN 01 = exit_rst_clk_spy -
clk_spy = functional clock 00 = clk_spy = 27MHz xtal_clk

0 R/W 1 en_clk_spy 1 = enable clk_spy

Offset 0x04 7264 CLK50_CTL

(also controls CLK25 since they must be switched simultaneously)

31:2 R/W n/a Reserved Read as 0, write nothing

1 R/W 1 exit_rst_clk50 0 = clk50 = 27MHz xtal_clk 1 = clk50 = functional clock
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Read/
Bits Write
0 R/W

Offset 0x04 7268

Reset
Value

1

Name (Field or
Function)

en_clk50
CLK_VMSP1_CTL

CLOCK REGISTERS

Description
1 = enable clk50

(N.B: CLK_TSTAMP_CTL.div_clk_tstamp_pd must be set to ‘0’ for clk_vmsp1 functional clock to work)

314 R/W
3 R/W
2:1 R/W
0 R/W

Offset 0x04 726C

n/a
Oh
Oh

1

Reserved
sel_invert_clk_vmsp1

sel_clk_vmsp1

en_clk_vmsp1
CLK_VMSP2_CTL

Read as 0, write nothing
1 = select inverted functional clock

10 = sel_ext_clk_vmsp1 - clk_vmsp1 = UA1_RX 01 =
exit_rst_clk_vmsp1 - clk_vmsp1 = functional clock 00 = clk_vmsp1 =
27MHz xtal_clk

1 = enable clk_vmsp1

(N.B: CLK_TSTAMP_CTL.div_clk_tstamp_pd must be set to ‘0’ for clk_vmsp2 functional clock to work)

31:4 R/W
3 R/W
2:1 R/W
0 R/W
Offset 0x04 7270
31:4 R/W
3 R/W
2:1 R/W
0 R/W
Offset 0x04 7274
31:4 R/W
3 R/W
2:1 R/W
0 R/W
Offset 0x04 7278
31:20 R/W
19:16 R/W
15:10 R/W
9:8 R/W
73 R/W

UM10104_1

n/a
Oh
Oh

n/a
Oh
Oh

n/a
Oh
Oh

n/a
Oh

n/a
Oh

n/a

Reserved
sel_invert_clk_vmsp2

sel_clk_vmsp2

en_clk_vmsp2
CLK_NDS1_CTL

Reserved

sel_invert_clk_nds1

sel_clk_nds1

en_clk_nds1
CLK_NDS2 CTL

Reserved

sel_invert_clk_nds2

sel_clk_nds2

en_clk_nds2

Read as 0, write nothing
1 = select inverted functional clock

10 = sel_ext_clk_vmsp2 - clk_vmsp2 = UA1_RX 01 =
exit_rst_clk_vmsp2 - clk_vmsp2 = functional clock 00 = clk_vmsp2 =
27MHz xtal_clk

1 = enable clk_vmsp2

Read as 0, write nothing
1 = select inverted functional clock

10 = sel_ext_clk_nds1 - clk_nds1 = AIO_OSCLK 01 =
exit_rst_clk_nds1 - clk_nds1 = functional clock 00 = clk_nds1 = 27MHz
xtal_clk

1 = enable clk_nds1

Read as 0, write nothing
1 = select inverted functional clock

10 = sel_ext_clk_nds2 - clk_nds2 = AIO_OSCLK 01 =
exit_rst_clk_nds2 - clk_nds2 = functional clock 00 = clk_nds2 = 27MHz
xtal_clk

1 = enable clk_nds2

CLK_1394TX1_SRC_CTL

Reserved
sel_clk_1394tx1_src2

Reserved
sel_clk_1394tx1_src

Reserved

Read as 0, write nothing

1001 = select clock specified by bits [9:8] 0111 = select mspout2_clk
0110 = select clk_tsdma 0101 = select ts_p22_clk 0100 = select
ts_p21_clk 0011 = select ts_p12_clk 0010 = select ts_p11_clk 0001 =
select DV3_clk 0000 = select DV2_clk

Read as 0, write nothing

11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

Read as 0, write nothing
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Read/
Bits Write
2:0 R/W

Offset 0x04 727C

31:3 R/W
2:1 R/W
0 R/W
Offset 0x04 7280
31:20 R/W
19:16 R/W
15:10 R/W
9:8 R/W
73 R/W
2:0 R/W

Offset 0x04 7284

31:3 R/W
2:1 R/W
0 R/W
Offset 0x04 7288
31:10 R/W
9:8 R/W
73 R/W
2:0 R/W

Offset 0x04 728C

31:4 R/W
3 R/W

UM10104_1

Reset
Value

Oh

n/a
Oh

n/a
Oh

n/a
Oh

n/a
Oh

n/a
Oh

n/a
Oh

n/a
Oh

n/a
Oh

Name (Field or
Function)

sel_clk_1394tx1_div8

CLK_1394TX1_CTL
Reserved

sel_clk_1394tx1_4x1
mux

en_clk_1394tx1

CLOCK REGISTERS

Description

101 = select clk_option to be divided by 8 100 = select dds8_clk_tsdma
to be divided by 8 011 = select ts_s22_clk to be divided by 8 010 =
select DV3_clk to be divided by 8 001 = select ts_s12_clk to be divided
by 8 000 = select DV2_clk to be divided by 8

Read as 0, write nothing

10 = sel_ext_clk_1394tx1 - clk_1394tx1 = SSI_SCLK_CTSN 01 =
exit_rst_clk_1394tx1 - clk_1394tx1 = functional clock 00 = clk_1394tx1
= 27MHz xtal_clk

1 = enable clk_1394tx1

CLK_1394TX2__SRC_CTL

Reserved
sel_clk_1394tx2_src2

Reserved
sel_clk_1394tx2_src

Reserved
sel_clk_1394tx2_div8

CLK_1394TX2_CTL
Reserved

sel_clk_1394tx2_4x1
mux

en_clk_1394tx2

Read as 0, write nothing

1001 = select clock specified by bits [9:8] 0111 = select mspout2_clk
0110 = select clk_tsdma 0101 = select ts_p22 clk 0100 = select
ts_p21_clk 0011 = select ts_p12_clk 0010 = selectts_p11_clk 0001 =
select DV3_clk 0000 = select DV2_clk

Read as 0, write nothing

11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

Read as 0, write nothing

101 = select clk_option to be divided by 8 100 = select dds8_clk_tsdma
to be divided by 8 011 = select ts_s22_clk to be divided by 8 010 =
select DV3_clk to be divided by 8 001 = select ts_s12_clk to be divided
by 8 000 = select DV2_clk to be divided by 8

Read as 0, write nothing

10 = sel_ext_clk_1394tx2 - clk_1394tx2 = SSI_SCLK_CTSN 01 =
exit_rst_clk_1394tx2 - clk_1394tx2 = functional clock 00 = clk_1394tx2
= 27MHz xtal_clk

1 = enable clk_1394tx2

CLK_TSDMA_SRC_CTL

Reserved

sel_clk_tsdma_src

Reserved

sel_clk_tsdma_div8

CLK_TSDMA_CTL
Reserved

sel_invert_clk_tsdma

Read as 0, write nothing

11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

Read as 0, write nothing

101 = select clk_option to be divided by 8 100 = select dds8_clk_tsdma
to be divided by 8 011 = select ts_s22_clk to be divided by 8 010 =
select DV3_clk to be divided by 8 001 = select ts_s12_clk to be divided
by 8 000 = select DV2_clk to be divided by 8

Read as 0, write nothing

1 = select inverted functional clock
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Read/
Bits Write

2:1 R/W Oh

0 R/W 1
Offset 0x04 7290
314 R/W n/a

3:0 R/W Oh

Offset 0x04 7294
314 R/W n/a
3 R/W Oh

2:1 R/W Oh

0 R/W 1
Offset 0x04 7298
314 R/W n/a
3 R/W Oh

2:1 R/W Oh

0 R/W 1
Offset 0x04 729C
31:4 R/W n/a
3 R/W Oh

2:1 R/W Oh

0 R/W 1
Offset 0x04 7304
31:7  R/W n/a
6 R/W 0

5:3 R/W 1

2:1 R/W Oh

UM10104_1

Reset
Value

Name (Field or
Function)

sel_clk_tsdma_4x1m
ux

en_clk tsdma

CLOCK REGISTERS

Description

10 = sel_ext_clk_tsdma - clk_tsdma = SSI_SCLK_CTSN 01 =
exit_rst_clk_tsdma - clk_tsdma = functional clock 00 = clk_tsdma =
27MHz xtal_clk

1 = enable clk_tsdma

TSOUT_CLK_OUT_SRC_CTL

Reserved

sel_tsout_clk_out_src

Read as 0, write nothing

1000 = select dds8_clk_tsdma 0111 = select clk_tsdma 0110 = select
mspout1_clk 0101 = select mspout2_clk 0100 = select 1394rx_clk 0011
= selectts_s22 clk 0010 = select DV3_clk 0001 = select ts_s12_clk
0000 = select DV2_clk

TSOUT_CLK_OUT_CTL

Reserved

sel_invert_tsout _clk
out

sel_tsout_clk_out_4x
1mux

en_tsout clk out

Read as 0, write nothing

1 = select inverted functional clock

10 = sel_ext_tsout_clk_out - tsout_clk_out = AIO_OSCLK 01 =
exit_rst_tsout_clk_out - tsout_clk_out = functional clock 00 =
tsout_clk_out = 27MHz xtal_clk

1 = enable tsout_clk_out

TSOUT_SERIAL_CLK_CTL

Reserved

sel_invert_tsout_seial
_clk

sel_tsout_serial_clk

en_tsout_serial_clk

Read as 0, write nothing

1 = select inverted functional clock

10 = sel_ext_tsout_serial_clk - tsout_serial_clk = AIO_OSCLK 01 =
exit_rst_tsout_serial_clk - tsout_serial_clk = functional clock 00 =
tsout_serial_clk = 27MHz xtal_clk

1 = enable tsout_serial_clk

RESERVED 0x04 7300CLK_ICP1_MUX_CTL

Reserved

sel_invert_clk_icp1_m
ux

sel_clk_icp1_mux

en_clk_icp1_mux
CLK_ICP1_CTL

Reserved

sel_invert_clk_icp1

div_clk_icp1

sel_clk_icp1

Read as 0, write nothing

1 = select inverted functional clock

10 = sel_ext_clk_icp1_mux - clk_icp1_mux = UA2_RX 01 =
exit_rst_clk_icp1_mux - clk_icp1_mux = functional clock 00 =
clk_icp1_mux = 27MHz xtal_clk

1 = enable clk_icp1_mux

Read as 0, write nothing
1 = select inverted clock from divider

Divide clk_icp1: 101 = divide clock by 8 100 = divide clock by 6 011 =
divide clock by 4 010 = divide clock by 3 001 = divide clock by 2 000 =
no divide

10 = sel_ext_clk_icp1 - clk_icp1 = UA2_RTSN 01 = exit_rst_clk_icp1 -
clk_icp1 = functional clock 00 = clk_icp1 = 27MHz xtal_clk
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Read/ Reset
Bits Write Value

0 R/W 1
Offset 0x04 7308
31:4 R/W n/a
3 R/W Oh

2:1 R/W Oh

0 R/W 1
Offset 0x04 730C
31:7  R/W n/a
6 R/W 0
5:3 R/W 1

2:1 R/W Oh

0 R/W 1
Offset 0x04 7310
31:3 R/W n/a
2:1 R/W Oh

0 R/W 1
Offset 0x04 7314
31:3 R/W n/a
2:1 R/W Oh

0 R/W 1
Offset 0x04 7318
31:3 R/W n/a
2:1 R/W Oh

0 R/W 1
Offset 0x04 731C
31:3 R/W n/a
2:1 R/W Oh

Name (Field or
Function)

en_clk_icp1
CLK_ICP2_MUX_CTL
Reserved

sel_invert_clk_icp2_m
ux

sel_clk_icp2_mux

en_clk_icp2_mux
CLK_ICP2_CTL

Reserved

sel_invert_clk_icp2

div_clk_icp2

sel_clk_icp2

en_clk _icp2
Al1_OSCLK_CTL
Reserved

sel_ai1_osclk

en_ai1_osclk
AO1_OSCLK_CTL
Reserved

sel_ao1_osclk

en_ao1_osclk
Al2_OSCLK_CTL
Reserved

sel_ai2_osclk

en_ai2_osclk
AO2_OSCLK_CTL
Reserved

sel_ao2_ osclk

CLOCK REGISTERS

Description

1 =enable clk_icp1

Read as 0, write nothing

1 = select inverted functional clock

10 = sel_ext_clk_icp2_mux - clk_icp2_mux = UA2_RX 01 =
exit_rst_clk_icp2_mux - clk_icp2_mux = functional clock 00 =

clk_icp2_mux = 27MHz xtal_clk

1 = enable clk_icp2_mux

Read as 0, write nothing

1 = select inverted clock from divider

Divide clk_icp1: 101 = divide clock by 8 100 = divide clock by 6 011 =

no divide

divide clock by 4 010 = divide clock by 3 001 = divide clock by 2 000 =

10 = sel_ext_clk_icp2 - clk_icp2 = UA2_RTSN 01 = exit_rst_clk_icp2 -
clk_icp2 = functional clock 00 = clk_icp2 = 27MHz xtal_clk

1 =enable clk_icp2

Read as 0, write nothing

10 = sel_ext_ai1_osclk - ai1_osclk = UA2_CTSN 01 =
exit_rst_ai1_osclk - ai1_osclk = functional clock 00 = ai1_osclk =

27MHz xtal_clk

1 = enable ai1_osclk

Read as 0, write nothing

10 = sel_ext_ao1_osclk - ao1_osclk = UA2_CTSN 01 =
exit_rst_ao1_osclk - ao1_osclk = functional clock 00 = ao1_osclk =

27MHz xtal_clk

1 = enable ao1_osclk

Read as 0, write nothing

10 = sel_ext_ai2_osclk - ai2_osclk = UA2_CTSN 01 =
exit_rst_ai2_osclk - ai2_osclk = functional clock 00 = ai2_osclk =

27MHz xtal_clk

1 = enable ai2_osclk

Read as 0, write nothing

10 = sel_ext_ao2 osclk - ao2_osclk = UA2_ CTSN 01 =
exit_rst_ao2_osclk - ao2_osclk = functional clock 00 = ao2_osclk =

27MHz xtal_clk

UM10104_1
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CLOCK REGISTERS

Read/ Reset Name (Field or
Bits  Write Value Function) Description
0 R/W 1 en_ao2_osclk 1 = enable ao2_osclk
Offset 0x04 7320 AIO3_OSCLK_CTL
31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W Oh

0 R/W 1
Offset 0x04 7324
31:3 R/W n/a

2:1 R/W Oh

sel_aio3_osclk

en_aio3_osclk
CLK_SPDO_CTL
Reserved

sel_clk_spdo

en_clk_spdo

10 = sel_ext_aio3_osclk - aio3_osclk = UA2_CTSN 01 =
exit_rst_aio3_osclk - aio3_osclk = functional clock 00 = aio3_osclk =
27MHz xtal_clk

1 = enable aio3_osclk

Read as 0, write nothing

10 = sel_ext_clk_spdo - clk_spdo = UA1_RX 01 = exit_rst_clk_spdo -
clk_spdo = functional clock 00 = clk_spdo = 27MHz xtal_clk

1 = enable clk_spdo

Offset 0x04 7328—739C RESERVED 0x04 7400GPIO_CLK_QO0_CTL

0 R/W 1
31:2 R/W n/a
1 R/W 0
0 R/W 1
Offset 0x04 7404
31:2 R/W n/a
1 R/W 0
0 R/W 1
Offset 0x04 7408
31:2 R/W n/a
1 R/W 0
0 R/W 1
Offset 0x04 740C
31:2 R/W n/a
1 R/W 0
0 R/W 1

Reserved

exit_rst_gpio_clkout_
q0

en_gpio_clkout_q0
GPIO_CLK_Q1_CTL

Reserved

exit_rst_gpio_clkout_

q1

en_gpio_clkout_qg1
GPIO_CLK_Q2_CTL

Reserved

exit_rst_gpio_clkout_
q2

en_gpio_clkout_g2
GPIO_CLK_Q3 _CTL
Reserved

exit_rst_gpio_clkout
q3

en_gpio_clkout_g3

Read as 0, write nothing

0 = gpio_clkout_q0 = 27MHz xtal_clk 1 = gpio_clkout_qg0 = functional
clock

1 = enable gpio_clkout_q0

Read as 0, write nothing

0 = gpio_clkout_q1 = 27MHz xtal_clk 1 = gpio_clkout_g1 = functional
clock

1 = enable gpio_clkout_qg1

Read as 0, write nothing

0 = gpio_clkout_q2 = 27MHz xtal_clk 1 = gpio_clkout_g2 = functional
clock

1 = enable gpio_clkout_qg2

Read as 0, write nothing

0 = gpio_clkout_q3 = 27MHz xtal_clk 1 = gpio_clkout_qg3 = functional
clock

1 = enable gpio_clkout_qg3

Offset 0x04 7410—741C Reserved 0x04 7420CLK_VIP1_SEL_CTL
(NB: VIP1 data muxing must be programmed in the |IO-MUX to match the programming of the VIP1 clock muxing)

31:3 R/W n/a
2:0 R/W Oh

Offset 0x04 7424

Reserved

sel_clk_vip1_src

CLK_VIP2_SEL_CTL

Read as 0, write nothing

100 = source is clk_1394rx 011 = source is clk_icp_out2 010 = source
is DV3_CLK pad 001 = source is DV2_CLK pad 000 = source is
DV1_CLK pad

(NB: VIP2 data muxing must be programmed in the |IO-MUX to match the programming of the VIP2 clock muxing)

UM10104_1
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Read/ Reset Name (Field or

Bits  Write Value Function) Description

31:3 R/W n/a Reserved Read as 0, write nothing

2:0 R/W Oh sel_clk_vip2_src 100 = source is clk_1394rx 011 = source is clk_icp_out1 010 = source
is DV3_CLK pad 001 = source is DV2_CLK pad 000 = source is
DV1_CLK pad

Offset 0x04 7428 CLK_SMART2_CTL

(N.B: CLK_TSTAMP_CTL.div_clk_tstamp_pd must be set to ‘0’ for clk_smart2 functional clock to work)

31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W 0 sel_clk_smart2 10 = sel_ext_clk_clk_smart2: clk_smart2 = ext clock 01 =

exit_rst_clk_smart2: clk_smart2 = functional clock 00 = clk_smart2 =
27MHz xtal_clk

0 R/W 1 en_clk_smart2 1 = enable clk_smart2

Offset 0x04 742C CLK_AI1_SCK_O_CTL

31:2 R/W n/a Reserved Read as 0, write nothing

1 R/W 0 exit_rst_clk_ai1_sck_ 0 =clk_ai1_sck_o = 27MHz xtal_clk 1 = clk_ai1_sck_o = functional
o clock

0 R/W 1 en_clk_ai1_sck o 1 =enable clk_ai1_sck_o

Offset 0x04 7430 CLK_AO1_SCK_O_CTL

31:2 R/W n/a Reserved Read as 0, write nothing

1 R/W 0 exit_rst_clk_ ao1_sck 0 =clk_ao1_sck o=27MHz xtal_clk 1 = clk_ao1_sck_o = functional
o clock

0 R/W 1 en_clk_ao1_sck o 1 =enable clk_ao1_sck o

Offset 0x04 7434 CLK_AI2_SCK_O_CTL

31:2 R/W n/a Reserved Read as 0, write nothing

1 R/W 0 exit rst clk_ai2 sck  0=clk _ai2 _sck o=27MHz xtal_clk 1 = clk_ai2_sck_o = functional
o] clock

0 R/W 1 en_clk_ai2_sck_o 1 =enable clk_ai2_sck_o

Offset 0x04 7438 CLK_AO2 _SCK_O_CTL

31:2 R/W n/a Reserved Read as 0, write nothing

1 R/W 0 exit_rst_clk_ao2_sck_ 0 =clk_ao2_sck_o = 27MHz xtal_clk 1 = clk_ao2_sck_o = functional
o clock

0 R/W 1 en_clk_ao2_sck o 1 =enable clk_ao2_sck_o

Offset 0x04 743C CLK_AIO3_SCK_O_CTL

31:2 R/W n/a Reserved Read as 0, write nothing

1 R/W 0 exit_rst_clk_aio3_sck 0 =clk_aio3 sck_o =27MHz xtal_clk 1 = clk_aio3_sck_o = functional
0 clock

0 R/W 1 en_clk_aio3_sck_o 1 =enable clk_aio3_sck_o

Offset 0x04 7440—745C RESERVED 0x04 7460CLK_OPTION_CTL

31:3 R/W n/a Reserved Read as 0, write nothing
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Read/
Bits Write

2:0 R/W 0

Offset 0x04 7464
31:10 R/W n/a
9:8 R/W Oh

73 R/W n/a
2:0 R/W Oh

Offset 0x04 7468
314 R/W n/a
3 R/W Oh

2:1 R/W Oh

0 R/W 1
Offset 0x04 746C
31:10 R/W n/a

9:8 R/W Oh

73 R/W n/a
2:0 R/W Oh

Offset 0x04 7470
314 R/W n/a
3 R/W Oh

2:1 R/W Oh

0 R/W 1

Offset 0x04 7474

31:10 R/W n/a
9:8 R/W Oh

7:3 R/W n/a

UM10104_1

Reset
Value

Name (Field or
Function)

sel_clk_option_div

CLOCK REGISTERS

Description

101 = divide clock by 8: 2.25MHz 100 = divide clock by 6: 3.0MHz 011
= divide clock by 4: 4.5MHz 010 = divide clock by 3: 6MHz 001 = divide
clock by 2: 9MHz 000 = no divide: 18MHz

MSPOUT1_CLK_SRC_CTL

Reserved

sel_mspout1_clk_src

Reserved

sel_mspout1_clk_div8

MSPOUT1_CLK_CTL
Reserved

sel_invert_mspout1_c
Ik

sel_mspout1_clk_4x1
mux

en_mspout1_clk

Read as 0, write nothing

11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

Read as 0, write nothing

101 = select clk_option to be divided by 8 100 = select dds8_clk_tsdma
to be divided by 8 011 = select ts_s22_clk to be divided by 8 010 =
select DV3_clk to be divided by 8 001 = select ts_s12_clk to be divided
by 8 000 = select DV2_clk to be divided by 8

Read as 0, write nothing

1 = select inverted functional clock

10 = sel_ext_mspout1_clk - mspout1 _clk = SSI_SCLK_CTSN 01 =
exit_rst_mspout1_clk - mspout1_clk = functional clock 00 =
mspout1_clk = 27MHz xtal_clk

1 = enable mspout1_clk

MSPOUT2_CLK_SRC_CTL

Reserved

sel_mspout2_clk_src

Reserved

sel_mspout2_clk_div8

MSPOUT2_CLK_CTL
Reserved

sel_invert_mspout2_c
Ik

sel_mspout2_clk_4x1
mux

en_mspout2_clk

Read as 0, write nothing

11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

Read as 0, write nothing

101 = select clk_option to be divided by 8 100 = select dds8_clk_tsdma
to be divided by 8 011 = select ts_s22_clk to be divided by 8 010 =
select DV3_clk to be divided by 8 001 = select ts_s12_clk to be divided
by 8 000 = select DV2_clk to be divided by 8

Read as 0, write nothing

1 = select inverted functional clock

10 = sel_ext_mspout2_clk - mspout2_clk = SSI_SCLK_CTSN 01 =
exit_rst_mspout2_clk - mspout2_clk = functional clock 00 =
mspout2_clk = 27MHz xtal_clk

1 = enable mspout2_clk

CLK_1394RX_SRC_CTL

Reserved

sel_clk_1394rx_src

Reserved

Read as 0, write nothing

11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

Read as 0, write nothing
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Read/
Bits Write
2:0 R/W

Offset 0x04 7478

314 R/W
3 R/W
2:1 R/W
0 R/W
Offset 0x04 747C
31:20 R/W
19:16 R/W
15:10 R/W
9:8 R/W
7:3 R/W
2:0 R/W

Offset 0x04 7480

31:3 RW
2:1 R/IW
0 R/W
Offset 0x04 7484
31:3 RW
2:0 R/W

Offset 0x04 7488

31:4 R/W
3 R/wW
2:1 R/W

UM10104_1

Reset
Value

Oh

n/a
Oh
Oh

1

n/a
Oh

n/a
Oh

n/a
Oh

n/a
Oh

n/a
Oh

n/a
Oh

Oh

Name (Field or
Function)

sel_clk_1394rx_div8

CLK_1394RX_CTL
Reserved
sel_invert_1394rx_clk

sel_clk_1394rx_4x1m
ux

en_clk_1394rx

CLOCK REGISTERS

Description

101 = select clk_option to be divided by 8 100 = select dds8_clk_tsdma
to be divided by 8 011 = select ts_s22_clk to be divided by 8 010 =
select DV3_clk to be divided by 8 001 = select ts_s12_clk to be divided
by 8 000 = select DV2_clk to be divided by 8

Read as 0, write nothing
1 = select inverted functional clock

10 = sel_ext_clk_1394rx - clk_1394rx = SSI_SCLK_CTSN 01 =
exit_rst_clk_1394rx - clk_1394rx = functional clock 00 = clk_1394rx =
27MHz xtal_clk

1 = enable clk_1394rx

MSP2_IN_CLK_SRC_CTL

Reserved

sel_msp2_in_clk_src2

Reserved

sel_msp2_in_clk_src

Reserved

sel_msp2_in_clk_div8

MSP2_IN_CLK_CTL
Reserved

sel_msp2_in_clk_4x1
mux

en_msp2_in_clk

Read as 0, write nothing

1001 = select clock specified by bits [9:8] 0110 = select 1394rx_clk
0101 = select ts_p22_clk 0100 = select ts_p21_clk 0011 = select
ts_p12_clk 0010 = select ts_p11_clk 0001 = select DV3_clk 0000 =
select DV2_clk

Read as 0, write nothing

11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

Read as 0, write nothing

101 = select dds8_clk_option to be divided by 8 100 = select
dds8_clk_tsdma to be divided by 8 011 = select ts_s22_clk to be
divided by 8 010 = select DV3_clk to be divided by 8 001 = select
ts_s12_clk to be divided by 8 000 = select DV2_clk to be divided by 8

Read as 0, write nothing

10 = sel_ext_clk_msp2 - clk_msp2 = SSI_SCLK_CTSN 01 =
exit_rst_clk_msp2 - clk_msp2 = functional clock 00 = clk_msp2 =
27MHz xtal_clk

1 = enable clk_msp2

TSOUT_PARALLEL_CLK_SRC_CTL

Reserved

sel_tsout_parallel_clk
_src

Read as 0, write nothing

110 = select parallel clock (divided by 8) 101 = select clk_tsdma 100 =
select mspout1_clk 011 = select mspout2_clk 010 = select 1394rx_clk
001 = select DV3_clk 000 = select DV2_clk

TSOUT_PARALLEL_CLK_CTL

Reserved

sel_invert_tsout_paral
lel_clk

sel_tsout_parallel_clk
_4x1mux

Read as 0, write nothing

1 = select inverted functional clock

10 = sel_ext_tsout_parallel_clk - tsout_parallel_clk = AIO_WS 01 =
exit_rst_tsout_parallel_clk - tsout_parallel_clk = functional clock 00 =
tsout_parallel_clk = 27MHz xtal_clk
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CLOCK REGISTERS
Read/ Reset Name (Field or

Bits  Write Value Function) Description

0 R/W 0 en_tsout_parallel_clk 1 = enable tsout_parallel_clk

Offset 0x04 748C CLK_VMSP3_CTL

(N.B: CLK_TSTAMP_CTL.div_clk_tstamp_pd must be set to ‘0’ for clk_vmsp3 functional clock to work)
31:4 R/W n/a Reserved Read as 0, write nothing

3 R/W Oh sel_invert_clk_vmsp3 1 = select inverted functional clock

2:1 R/W Oh sel_clk_vmsp3 10 = sel_ext_clk_vmsp3 - clk_vmsp1 = UA1_RX 01 =

exit_rst_clk_vmsp3 - clk_vmsp1 = functional clock 00 = clk_vmsp3 =
27MHz xtal_clk

0 R/W 1 en_clk_vmsp3 1 = enable clk_vmsp3

Offset 0x04 7490 MSP3_IN_CLK_SRC_CTL

31:20 R/W n/a Reserved Read as 0, write nothing

19:16 R/W Oh sel_msp3_in_clk_src2 1001 = select clock specified by bits [9:8] 0110 = select 1394rx_clk

0101 = select ts_p22_clk 0100 = select ts_p21_clk 0011 = select
ts_p12_clk 0010 = select ts_p11_clk 0001 = select DV3_clk 0000 =
select DV2_clk

15:10 R/W n/a Reserved Read as 0, write nothing

9:8 R/W Oh sel_msp3_in_clk_src 11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

7:3 R/W n/a Reserved Read as 0, write nothing

2:0 R/W Oh sel_msp3_in_clk_div8 101 = select dds8_clk_option to be divided by 8 100 = select

dds8_clk_tsdma to be divided by 8 011 = select ts_s22_clk to be
divided by 8 010 = select DV3_clk to be divided by 8 001 = select
ts_s12_clk to be divided by 8 000 = select DV2_clk to be divided by 8

Offset 0x04 7494 MSP3_IN_CLK_CTL

31:3 R/W n/a Reserved Read as 0, write nothing

2:1 R/W Oh sel_msp3_in_clk 4x1 10 =sel_ext _clk_msp3 - clk_ msp3 = SSI_SCLK_CTSN 01 =

mux exit_rst_clk_msp3 - clk_msp3 = functional clock 00 = clk_msp3 =

27MHz xtal_clk

0 R/W 1 en_msp3_in_clk 1 = enable clk_msp2

Offset 0x04 7498 MSPOUT3_CLK_SRC_CTL

31:10 R/W n/a Reserved Read as 0, write nothing

9:8 R/W Oh sel_mspout3_clk_src 11 = select clock divided by 8 (parallelised) 10 = select dds8_clk_tsdma
01 = select DV3_clk 00 = select DV2_clk

7:3 R/W n/a Reserved Read as 0, write nothing

2:0 R/W Oh sel_mspout3_clk_div8 101 = select clk_option to be divided by 8 100 = select dds8_clk_tsdma
to be divided by 8 011 = select ts_s22_clk to be divided by 8 010 =
select DV3_clk to be divided by 8 001 = select ts_s12_clk to be divided
by 8 000 = select DV2_clk to be divided by 8

Offset 0x04 749C MSPOUT3_CLK_CTL

31:4 R/W n/a Reserved Read as 0, write nothing

3 R/W Oh sel_invert_mspout3_c 1 = select inverted functional clock

Ik
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Philips Semiconductors

CLOCK REGISTERS

Read/ Reset Name (Field or
Bits  Write Value Function) Description
2:1 R/W Oh sel_mspout3_clk_4x1 10 = sel_ext_mspout3_clk - mspout3_clk = SSI_SCLK_CTSN 01 =
mux exit_rst_mspout3_clk - mspout3_clk = functional clock 00 =

1

en_mspout3_clk

mspout3_clk = 27MHz xtal_clk

1 = enable mspout3_clk

Offset 0x04 74A0—7FF8 RESERVED 0x04 7FEOINTERRUPT STATUS

0 R/W
31 R
30 R
29 R
28 R
27 R
26 R
25 R
24 R
23 R
229 R/W
8 R

7 R

6 R

5 R

4 R

3 R

2 R

1 R

0 R
Offset 0x04 7FE4
31:19 R/W
8 R/W
7 R/wW
6 R/W
5 R/W
4 R/W
3 R/W
2 R/W
1 R/W
0 R/W

Offset 0x04 7FE8

31:9

UM10104_1

R/W

=3 O O O O 0O 0o o o o 3 O o o o o o o o o
Q ()

O O O O o o o o o

n/a

ts_s22 clk_present
ts_s12_clk_present
aio3_sckin_present
ai2_sckin_present
ai1_sckin_present
clk_1394 present
dv3 clk present
dv2_clk_present
dv1_clk_present
Reserved

ts_s22 clk_int
ts_s12_clk_int
aio3_sckin_int
ai2_sckin_int
ai1_sckin_int
clk_1394_int

dv3 clk_int
dv2_clk_int
dv1_clk_int

INTERRUPT ENABLE

Reserved

ts_s22 clk_int enable
ts_s12_clk_int enable
aio3_sckin_int enable
ai2_sckin_int enable
ai1_sckin_int enable
clk_1394_int enable
dv3 clk_int enable
dv2_clk_int enable

dv1_clk_int enable

INTERRUPT CLEAR

Reserved

1 = Clock present 0 = Clock NOT present
1 = Clock present 0 = Clock NOT present
1 = Clock present 0 = Clock NOT present
1 = Clock present 0 = Clock NOT present
1 = Clock present 0 = Clock NOT present
1 = Clock present 0 = Clock NOT present
1 = Clock present 0 = Clock NOT present
1 = Clock present 0 = Clock NOT present
1 = Clock present 0 = Clock NOT present
Read as 0, write nothing

1 = Clock int

1 = Clock int

1 = Clock int

1 = Clock int

1 = Clock int

1 = Clock int

1 = Clock int

1 = Clock int

1 = Clock int

Read as 0, write nothing

1 = Interrupt enabled 0 = Interrupt NOT enabled
1 = Interrupt enabled 0 = Interrupt NOT enabled
1 = Interrupt enabled 0 = Interrupt NOT enabled
1 = Interrupt enabled 0 = Interrupt NOT enabled
1 = Interrupt enabled 0 = Interrupt NOT enabled
1 = Interrupt enabled 0 = Interrupt NOT enabled
1 = Interrupt enabled 0 = Interrupt NOT enabled
1 = Interrupt enabled 0 = Interrupt NOT enabled
1 = Interrupt enabled 0 = Interrupt NOT enabled

Read as 0, write nothing
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CLOCK REGISTERS
Read/ Reset Name (Field or

Bits  Write Value Function) Description

8 R/W 0 clearts_s22 _clk_int 1 = clear interrupt

7 R/W 0 clearts_s12_clk_int 1 = clear interrupt

6 R/W 0 clear aio3_sckin_int 1 = clear interrupt

5 R/W 0 clear ai2_sckin_int 1 = clear interrupt

4 R/W 0 clear ai1_sckin_int 1 = clear interrupt

3 R/W 0 clear clk_1394 int 1 = clear interrupt

2 R/W 0 clear dv3_clk_int 1 = clear interrupt

1 R/W 0 clear dv2_clk_int 1 = clear interrupt

0 R/W 0 clear dv1_clk_int 1 = clear interrupt

Offset 0x04 7FEC SET INTERRUPT

319 R/W n/a Reserved Read as 0, write nothing

8 R/W 0 setts_s22 clk_int 1 = set interrupt

7 R/W 0 setts_s12_clk_int 1 = set interrupt

6 R/W 0 set aio3_sckin_int 1 = set interrupt

5 R/W 0 set ai2_sckin_int 1 = set interrupt

4 R/W 0 set ai1_sckin_int 1 = set interrupt

3 R/W 0 set clk_1394 _int 1 = set interrupt

2 R/W 0 set dv3_clk_int 1 = setinterrupt

1 R/W 0 set dv2_clk_int 1 = set interrupt

0 R/W 0 set dv1_clk_int 1 = set interrupt

Offset 0x04 7FFO0 RESERVED 0x04 7FF4POWERDOWN

31 R/W 0 POWER_DOWN Powerdown register for the module 0 = Normal operation of the
peripheral. This is the reset value.1 = Module is powered down and
module clock can be removed. At powerdown, module responds to all
reads with DEADABBA (except for reads of powerdown bit) and all
writes with ERR ACK (except for writes to powerdown bit).

300 - - Unused Ignore during writes and read as zeroes.

Offset 0x04 7FF8 RESERVED 0x04 7FFCMODULE_ID

31:16 R 0x0108 module_id Module ID

15:12 R 1 rev_major Major revision

11:8 R 0 rev_minor Minor revision

7.0 R 0 app_size Aperture size is 0 = 4 kB.

5.3 Reset Module Functional Description

The Reset module generates all reset signals required for the PNX8526:

* Reset to all PI-Bus peripherals, which also initiate the Boot module.
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® Separate MIPS reset signal.
* Reset for all external devices.
These resets are triggered or released in a number of ways:
* External reset input to the PNX8526
* Programmable "assert reset" and "release reset" registers

* Watchdog timeout issued by watchdog timer in MIPS CPU causes all resets to be
asserted

* Programmable "do" software system reset, which also asserts all resets.

The Reset module also provides control over the endianness of the system.

5.3.1 Overview

Reset is a module on the M-PI Bus, as shown in Figure 3.

sys_rst_out_n

— peri_rst n

(to off-chip
) (to T-PI Bus &
peripherals) .
F-PI Bus peripherals)
Peripheral 1
Reset Module int_rst1_n
f————pmips_rst n ——l : int rst2 n
reset in.n Registers peri_rst_n
watchdog_tout - RST_CTL Peripheral 2
(from MIPS CPU) RST_CAUSE L | g int_rst_n
SYS_BIG_END B pi_bigendian i
|
Pl-Interface M-PI Bus I
|
|
1
Peripheral N
L - int_rst_n

Figure 3: PNX8526 Resets

During normal boot of the system, the external reset input to the PNX8526,

reset_in_n, will be asserted following power up of the system. This causes the
assertion of all the reset signals as shown in Figure 4. When the Clock module
receives the peri_rst_n, it ensures that all modules receive the 27 MHz crystal
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oscillator input. The 27 MHz clock to all modules will remain until the Boot module
programs a register in the Clock module to switch from 27 MHz to the functional
module clocks. This allows all modules to be reset synchronously with the 27 MHz
clock and all modules will be designed to operate at a minimum of 27 MHz.

After de-asserting the reset_in_n signal, the peri_rst_n is also de-asserted and all
peripherals release their internal resets synchronously. The Boot module will set up
the system configuration registers and then release the MIPS reset by writing to the
"release MIPS reset" bit (rel_mips_rst_n) of the RST_CTL register. The MIPS
processor will later release the sys_rst_out_n by writing to the "release external
reset" bit, rel_sys_rst_out, bit in the RST_CTL register.

After the Boot module has programmed all PLLs, it will set a "switch_to_modclks"
register in the Clock module and the Clock module will safely switch from the 27 MHz
clock to the separate module functional clocks. This is shown in Figure 4

o o i i©o o o

vdd _

4

. tpll =100 smEin
_PIT=100 s

reset_in_n L

trst= 1 msmin _ H H H ‘:1

NP f L

2imodule clock cycles : : :
1 /] ' ' ' ' '

mips_rst_n |'i&

C: Releaseid by bc:ot module
o, s '

sys_rst_out_n r?ﬁ

module clocks

Figure 4:

UM10104_1

peri_rst_n i
mod int_rst_n 1
\

i Released by MIPS . :
 — i i
1Clocks switahed

R by Boot mollule

Reset Timing Diagram

»4 > >
27 MHz pi_clk '

Referring to above:
1. reset_in_n asserted for 1 msmin after power-good. peri_rst_n follows the release
of reset_in_n. Clock module kicks off 27 MHz clock to all modules.

2. All module resets sync to 27 MHz and all modules are reset at the same time.
The Boot script can now kick off.

3. Boot script programs all PLLs to desired frequencies, then waits for PLL settle
time (100 pusmin) before programming "switch_to_modclks" reg in the Clock
module.

4. All module clocks are blocked in the clock module to ensure safe, glitchless
switch over from 27 MHz to module clocks.

5. All modules are now receiving their required clocks for normal function.
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According to PCI Standards, during power up reset_in_n must remain asserted for a
minimum of 1 ms (t,s;). At all other times reset_in_n must be asserted for a minimum
of 100 ps.

Remark: The entire boot-up sequence shown in Figure 4 is repeated in the event of
a software reset or a MIPS CPU watchdog timeout.

In both cases, the Clock module will switch all module clocks to 27 MHz; peri_rst_n
will be asserted for 100 us before being released, and the Boot module will run the
boot-up script again.

5.3.1.1 Chip l/O
Table 16: Reset Module I/O

Chip Port Type Description

RESET_IN | External reset input to the PNX8526—activates all resets generated in the Reset module.
The pad has hysterisis control to prevent spikes on RESET_IN.

SYS_RSTN_OUT 0] Reset output from the PNX8526 chip to reset external devices. Note: the pad is a PCI IO

pad which will always be used as an output.

5.3.1.2 Major Interfaces

The PIO interfaces to the M-PIl Bus and allows PI read/write access to the Reset
module registers.

5.3.2 Operation
The Reset module has four major blocks:

* PIO interface which allows Pl-Bus read/write access to the Reset module
configuration registers.

* PERI_RST State Machine generates reset to peripherals, MMI, TM32 CPU core.
* MIPS_RST State Machine generates reset to MIPS CPU.
* SYS_RST_OUT State Machine generates reset to external devices.

The following sections describe the operation of the reset state machines. All reset
signals are generated “glitch-free.”
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PERI_RST State Machine

reset n=0

IDLE

peri_rst_n =
reset_n

counter =0

reset n=0
counter = 100 us

set do_sw_rst

or
watchdog_tout = 1

DO_RST
peri_rst n=0
counte

|' =
counter +1
counter < 100 us

Figure 5: PERI State Machine

The peri_rst_n signal is asserted if a software reset is programmed or the MIPS
watchdog timer issues a timeout signal or an external reset_in_n is asserted. Both
software reset and watchdog timeout reset cause peri_rst_n to be asserted for 100
us. A counter is triggered to count 100 ps and will run at the pi_clk frequency of
27 MHz during reset. The peri_rst_n signal is synchronized in each PI-Bus
peripheral.
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5.3.2.2 MIPS_RST State Machine

reset n=0

IDLE

mips_rst_ n=0

reset n=0
or

set do_sw._rst set rel_mips_rst_n

or (after reset_n=1)
watchdog_tout = 1 /

REL_RST

mips_rst_n=1

Figure 6: MIPS_RST State Machine

In the normal sequence of events, after power up of the PNX8526, the Boot module
will set rel_mips_rst_n allowing the MIPS CPU to get out of reset and start fetching
instructions (see Figure 4). The mips_rst_n may be asserted again if:

* A software reset is issued by setting the do_sw_rst bit of the RST_CTL register.
* Atimeout is issued by the watchdog timer in the MIPS CPU.
* An external reset_in_n is asserted.

In the case of a software reset or watchdog timeout, a full system reboot sequence is
conducted and mips_rst_n will remain asserted until released by the Boot module.
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5.3.2.3 SYS_RST_OUT State Machine

5.3.3

5.3.3.1

reset n=0

reset. n=0
or

set do_sw_rst set rel_sys_rst_out

or
watchdog_tout = 1

or
set assert_sys_rst_oul

REL_RST
sys_rst_out_n =1

Figure 7: SYS_RST_OUT State Machine

In the normal sequence of events, the MIPS CPU will set rel_sys_rst_out once the

MIPS CPU is out of reset, as shown in Figure 4. The sys_rst_out_n will be asserted
again if:

® The assert_sys_rst_out bit of the RST_CTL register is set.

* A software reset is issued by setting the do_sw_rst bit of the RST_CTL register.
* A timeout is issued by the watchdog timer in the MIPS CPU.

* An external reset_in_n is asserted.

In the case of a software reset or watchdog timeout, a full system reboot sequence is
conducted and sys_rst_out_n will remain asserted until released by the MIPS CPU.

Register Descriptions
The base address of the Reset module in the PNX8526 is 0x06 0000.

Register Address Map

Table 17: Reset Module Register Summary

Offset Name Description

0x06 0000 RST_CTL Controls do/release of all resets, swap endianess
0x06 0004 RST_CAUSE Read-only status of resets cause

0x06 0008 EN_WATCHDOG _RST Enable watchdog_tout reset

UM10104_1
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Table 17: Reset Module Register Summary ...Continued
Offset Name Description
0x06 000C-OFFO  Reserved
0x06 OFF4 POWERDOWN Powerdown mode
0x06 OFFC Module ID Module Identification and revision information
RESET REGISTERS
Read/ Reset Name
Bits Write Value (Field or Function) Description
Offset 0x06 0000 RST CTL
31:6 R/W - Unused
5 R/W 0 sys_big_end 0 = Little-Endian
1 = Big-Endian
w - Unused
w NI rel_mips_rst_n 0 = No action
1 = Release MIPS Reset.
2 w NI do_sw_rst 0 = No action
1 = Do Software Reset.
1 w NI rel_sys_rst_out 0 = No action
1 = Release System Reset of External Peripherals.
0 w NI assert_sys_rst_out 0 = No action
1 = Do System Reset of External Peripherals.
Offset 0x06 0004 RST_CAUSE
Note: This register is set on every write to RST_CTL register or watchdog timeout or reset_in_n.
31:2 - Unused
1:0 R NI RST_CAUSE Reset Cause register:
00 = Cause is external system reset, reset_in_n.
01 = Cause is software system reset.
11 = Cause is watchdog timeout.
Offset 0x06 0008 EN_WATCHDOG_RST
31:1 - Unused
0 R/W 1 EN_WATCHDOG_RST Enable Watchdog Reset register:

Offset 0x06 000C-0OFF0

Offset 0x06 OFF4
31 R/W

Reserved
POWERDOWN
POWER_DOWN

0 = Disable reset due to watchdog timeout.
1 = Enable reset upon watchdog timeout.

Powerdown register for the module

0 = Normal operation of the peripheral. This is the reset value.
1 = Module is powered down and module clock can be
removed.

At powerdown, module responds to all reads with DEADABBA
(except for reads of powerdown bit) and all writes with ERR ACK
(except for writes to powerdown bit).

UM10104_1
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RESET REGISTERS
Read/ Reset Name

Bits Write Value (Field or Function) Description

30:0 - Unused Ignore during writes and read as zeroes.

Offset 0x06 OFFC MODULE_ID

31:16 R 0x0123 Module_ID Reset Module ID: 0x0123
15:12 R 0 rev_major Major revision

11:8 R 0 rev_minor Minor revision

7:0 R 0 app_size Aperture size is 0 = 4 kB.

5.4 Power Management

The PNX8526 central Clock module creates the clocks for all device modules. A PI-
only device in the PNX8526 typically has two clocks: the Pl clock and the module
clock. A DVP memory DMA device typically has three clocks: Pl clock, MMI clock and
module clock.

5.4.1 Module Control

Power management procedures allow the shutdown of unused portions of the
PNX8526 to conserve power. The following sections detail the safe powerdown and
wake up procedures.

5.41.1 Device Powerdown
Powerdown of a device in the PNX8526 is accomplished by the following sequence:

1. A CPU (MIPS or TM) disables the device by writing to the regular device's MMIO
Control (CTL) register, 'ENABLE' bit.

2. The CPU waits for the device to acknowledge that it has successfully finished any
pending transactions. Most devices are “instant down,” but some special devices
may need a device-specific wait until the STATUS register indicates they have
achieved a coherent state suitable for powerdown.

Any pending device interrupts should be handled at this point by the CPU, and
the device should not generate new interrupts or bus transactions when disabled.
At this point, the module registers are still fully functional. Any device register can
be read/written, and the device can be re-enabled if desired.

3. The CPU then writes to the device's POWERDOWN control bit. This bit does not
gate the internal module clock or other clocks.

At this point, except for the register that contains the POWERDOWN bit, none of
the device's registers are accessible.

Reads from any other register will return a known value (Oxdeadabba) to indicate
that the real content isn't available. Writes to any register, except the
POWERDOWN bit register, will result in instant PI-Bus error ACK.

4. The CPU then performs MMIO transactions to the central Clock module to stop
the module clock in a controlled way (i.e. with no glitches/illegal periods).
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The register with the POWERDOWN bit is (still) the only accessible register, and
the block is fully powered down. The Pl and MMI clocks are still running.

Remark: The Pl and MMI clock frequencies may be lowered in certain powerdown
modes.

Device Wakeup

Wakeup of a device is under CPU control. The sequence is the reverse of
powerdown:

1. Start the module clock
2. Disable the POWERDOWN bit
3. Setup the device and then enable it.

It is important to note that the PI-Bus must operate at full speed (at least 60MHz)
when accessing peripheral registers. Exceptions to this are accesses to the clock
module and interrupt module registers. These registers are guaranteed to work for
any combination of bus clock and module clock frequency.

CPU Idle Power

Aside from the system power modes, the internal MIPS and the TM32 CPU core have
provisions to reduce (but not shut down) power whenever the idle task is
dispatched—i.e., whenever there is no CPU work to be done. Refer to the PR3940
MIPS RISC Core Data Book and the

TM32 Media Core Processor Data Book for details.

Essentially, the MIPS enters powerdown by a special “write to coprocessor 0,” and
wakes up whenever an interrupt occurs. The following powerdown modes are
supported by the PR3940:

* Sleep: Not very low power since snooping is supported. Do not use this mode.

® Coma: In this mode, clocks to ALL internal PR3940 units, except for the interrupt,
are off. The PR3940 will wake up from Coma when an interrupt is asserted.

The PR3940 clock should never be disabled in the Clock module. This would remove
the possibility of wakeup from a hardware interrupt.

The TM32 CPU core enters powerdown by performing a “store” to a specific MMIO
address (the POWERDOWN register). It wakes up when an interrupt occurs.

The TM32 CPU core also has an externally initiated full power shutdown mode.
When this is requested (by writing to the global register file), the TM32 CPU core
finishes any pending transactions and does a controlled shutdown of PLL and clocks,
reducing power to zero. This powerdown state can be initiated for example, by the
MIPS.

The bits in the global register file will be:

* tm32_pwrdwn_req: To request TM32 CPU core powerdown. This bit will reset to
0 (no pwrdwn request). The bit is R/W.
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* tm32_pwrdwn_ack: Acknowledge powerdown from TM32 CPU core. This signal
will be asserted when TM32 CPU core has entered powerdown mode. This bit is
Read only.

TM32 CPU core will only exit this mode when tm32_pwrdwn_req is de-asserted. This
means that power up will be controlled from the MIPS and this will therefore be slow.
This could cause real-time interrupt events to be missed.

5.4.3 PNX8526 System Power Modes

The PNX8526 has a number of system powerdown modes. A mode determines what
is on and what is off. The transition between power modes is performed by software
on an internal or external host CPU.

Bus clocks (clk_fpi, clk_mpi, clk_tpi, clk_mem) will never be stopped. They can
optionally be generated from a divided version of the XTAL clock (XTAL/16) thus
eliminating the need for having any PLLs active. When changing the speed of the bus
clocks the PI clocks should be lowered before clk_mem. This will require the F-PIMI
to be set to asynchronous mode.

The frequency can be controlled in the Clock module. The bus clock frequencies can
be programmed to be very low. This also means that the bridges (PIMIs, PIC, etc.)
will always be clocked.

In each power mode, certain parts of the system are shut down and certain clocks
may have been lowered.

Examples of power modes are given below.
Reduced Power Mode

* All video and audio associated devices are off.

* TM32 CPU core is fully shut down.

* PI-Bus, MIPS and DVP memory highways are running at normal speed.
Minimal Power Mode

* All devices are off (except devices capable of detecting wakeup events).

TM32 CPU core is fully shutdown.

MIPS CPU is in Coma mode.

Pl-Buses are running at reduced speed.
* DVP memory highway is running at reduced speed.
* SDRAMSs are in power standby mode.
In order to enter the minimal power mode, the following sequence is required:

1. Shut down all DMA peripherals.

2. Set MMI refresh rate to match the new desired clock frequency of clk_mem. This
is done by writing to global register file 1.
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. Set ALL PIMIs to asynchronous mode. This allows the clk_pi and the clk_mem to

be asynchronous. This is done by writing to global register file 2.

4. Change clk_fpi, clk_tpi and clk_mpi (Done by one write to clock module.)
5. Disable the SDRAM interface.

6. Change clk_mem.

Remark: TM32 core must be in powerdown mode when clk_mem is changed.
7. Enable the SDRAM interface. This must be done to ensure no SDRAM access is

in progress while changing clk-mem.

8. Set SDRAM to self-refresh mode and the MIPS CPU to Coma mode. This can be

done in two different ways:

— Via Internal CPU
The MIPS CPU enters Coma mode. This causes the MIPS CO_COMA output
to be asserted which ensures that mm_enable is de-asserted to the MMI. This
causes the MMI to enter self-refresh mode.

— Via External CPU
The external CPU writes to the mm_self _refresh register in the global register
file 2. This causes mm_enable to be de-asserted and the MMI enters self-
refresh mode. The state of the MMI can be read by polling the mm_enable bit
in the self-refresh register.

Wakeup

Wakeup is the inverse of powerdown.

1.

The CPU is awakened by interrupt. The CPU enters running mode. This causes
the mm_enable signal to be asserted, and the MMI will exit the self-refresh mode.
If there is no internal processor wakeup, the exit from self-refresh mode must be
done by writing to the mm_self _register in global register file 2.

2. The CPU accesses the interrupt vector location.

3. The bus clock frequency must be increased as follows:

— Change clk_mem.
— Change clk_pi.

4. Set PIMIs to desired operating mode.

5. Set MMI refresh rate to match new clk_mem frequency.

6. Enable/access peripherals.

Remark: Peripherals can only be accessed when the Pl-Buses are running at full
speed.

Software on both CPUs determines the nature of the wakeup event and either wakes
up more devices to get into another power mode, or decides that the event can be
ignored (key “4” was pressed on the IR remote, not the power key).

PCIl Power Modes

Assignment to the PCI power mode bits causes a CPU interrupt. The CPU examines
the value to determine the requested power mode, and (if appropriate) establishes
this power mode and acknowledges success or failure to the PCI host CPU.
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6.1 Functional Description

6.1.1

The Priority Interrupt Controller (PIC) module is programmed to determine which
peripheral interrupt request should raise an interrupt to the CPU. In the PNX8526,
there are two CPUs, so there are two PICs—one for the MIPS processor, called
M-PIC, and the other for the TriMedia processor, called T-PIC. M-PIC and T-PIC are
identical modules but will be configured separately by software.

Overview
The PIC modules in the PNX8526 have the following functionality:

* Global interrupts disable: all interrupts to the CPU and optional power manager
can be disabled.

* Multi-CPU support: each interrupt request line connected to a PIC can be
disabled. Therefore the same line can be connected to multiple PICs.

* Prioritization: each interrupt request line generates a CPU or powerdown
interrupt if the priority level of that interrupt is greater than the value of the PICs
priority limiter.

* Identification: the CPU can efficiently read the identification of the highest
priority interrupt that is causing the PIC to raise an interrupt.

* Inter-processor communication: one PIC generates an interrupt request to
another PIC by an MMIO write. This enables one CPU to raise an interrupt to
another CPU.

* Set and Clearing Interrupts: software can generate an interrupt to the CPU via
an MMIO write to the PIC. This is mainly intended for testing purposes.

The overall interrupt architecture in the PNX8526 is shown in Figure 1.
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PR3940 TM32
VIC
mips_cpuint mips_cpunmi_n tm_vicint[23:0]\A
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WSG_PIC
N *|IPC N
E-PI > M-PIC T-PIC >
bus - >
intreq[50:1] intreq[50:1] cpunmi| cpuint
inta_out r v v
-
M-PIC ROUTER — T-PIC ROUTER -
|
en_pci_inta_out
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T-PI Interrupts

M-PI Interrupts

Bridge int_req[50:5] Bus of all EIJF;I
44 system
interrupts
UsSB Audio
UART SPDIO
M-PI
bus
*IPC = Inter
Processor Bridge
Communication

Figure 1: PNX8526 Interrupt Diagram

The M-PIC and T-PIC are identical. They both collect interrupts from devices on the
F-PI, M-Pl and T-PI buses and handle other tasks, like generating the PCI interrupt
and tm_vicint vector for the TM32.

The PR3940 MIPS RISC processor requires a negative edge NMI. Therefore, the
PICs generate a negative edge on cpunmi_n when an NMI has been detected.

Time-critical interrupts for the TM32 processor are sent straight to the TM32
processor via bits in the tm_vicint bus (see Section 6.2.2). They are also sent
indirectly to the TM32 via the T-PIC’s cpuint and cpunmi ports (see Section 6.1.2).

Figure 2 shows the PIC I/O diagram.
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[ peri_rst_n
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pi_sel_pic cpunmi CPU
— — interrupt
; . i signals
pi_a[11:2] cpunmi_n
—
Pl Bus 7 >
signals pi_opc[4:0] PIC
pi_read Module
4>
pi_d[31:0]
int_req_out[4:1]
pi_ tout ﬁL> Software
— int_clr_in[4:1] Interrupt
. <7L Interface
pi_ack[2:0] int_clr_outj4:1] | Signals
Interrupts intreq[50:1]
from L
peripherals
Figure 2: Priority Interrupt Controller IO Diagrams

The PIC is a Pl slave. It handles 50 interrupt requests (intreq[50:1]). Its lowest four
interrupt requests are assigned as software interrupts for inter-processor
communication.

The PIC generates three interrupts for its CPU—cpuint, cpunmi and cpunmi_n.
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Interrupt
Request

1
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Interrupt Description

Software Interrupt for Inter-Processor Communication
Software Interrupt for Inter-Processor Communication
Software Interrupt for Inter-Processor Communication
Software Interrupt for Inter-Processor Communication
Universal Serial Bus Interrupt

General Purpose 10 Interrupt FIFO 0

General Purpose 10 Interrupt FIFO 1

General Purpose 10 Interrupt FIFO 2

General Purpose 10 Interrupt FIFO 3

General Purpose 10 Interrupt TSU

General Purpose 10 TM-VIC Interrupt

1394 FireWire™ Interrupt

Advanced Image Composition Processor 1 Interrupt
Advanced Image Composition Processor 2 Interrupt
12C 1 Interrupt

12C 2 Interrupt

Smartcard 1 Interrupt

Smartcard 2Interrupt

UART 1 Interrupt

UART 2 Interrupt

UART 3 Interrupt

PCI interrupt

T-PI bus controller error interrupt

M-PI bus controller error interrupt

F-PI bus controller error interrupt

2D Drawing Engine Interrupt

MBS Interrupt

MPEG Interrupt

Video Input Processor 1

Video Input Processor 2

SPDIF Input Interrupt

SPDIF Output Interrupt

Audio Input 1 Interrupt

Audio Output 1 Interrupt

Audio Input 2 Interrupt

Audio Output 2 Interrupt

Polarity
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Positive

Connection to TriMedia

viC

No
No
No
No
No
No
No
No
No
No
vicint 20
vicint 0
vicint 10
vicint 4
No
No
No
No
No
No
No
vicint 16
No
No
No
No
vicint13
vicint14
vicint 9
vicint 22
vicint 24
vicint 25
vicint 11
vicint 12
vicint 26
vicint 27
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Table 1: Table of Interrupt Requests to the PIC ...Continued

Interrupt Connection to TriMedia
Request Interrupt Description Polarity VIC
37 Audio Input & Output 3 Interrupt Positive vicint 23
38 Serial Sychronous Interface Interrupt Positive vicint 15
39 MPEG System Processor 1 MIPS Interrupt Positive No
40 MPEG System Processor 1 Trimedia Interrupt Positive vicint 19
41 MPEG System Processor 2 MIPS Interrupt Positive No
42 MPEG System Processor 2 Trimedia Interrupt Positive vicint 3
43 Transport Stream DMA interrupt Positive vicint 21
44 DMA interrupt Positive No
45 Unused
46 TriMedia debug interrupt Positive vicint 18
47 PCI INTA interrupt Negative No
48 Clock module interrupt Positive No
49 MPEG System Processor 3 MIPS Interrupt Positive No
50 MPEG System Processor 3 Trimedia Interrupt Positive vicint 17
Total 50 48 Pos/ 1 Neg 22 vicints
1 Unused

6.2 Operation

6.2.1 PIC Interrupt Outputs

UM10104_1

The priority interrupt controller receives 50 interrupt request lines (intreq_[50:1]) from
interrupt-generating devices. All the interrupt requests must be glitch-free. Each of
these interrupt request lines is a level-based signal that is individually prioritized to
produce the following interrupt signals to the CPU.

cpuint is a level based signal that is asserted when an intreq([i] is pending and its
priority is greater than the priority limiter. This PIC output is either sent to the internal
processor or to an external processor via PCl. Refer to Figure 1.

cpunmi is a level-based signal that is asserted when an intreq([i] is pending and its
priority is set to a maximum. This PIC output is sent to the CPU if the processor has a
level-based NMI input.

cpunmi_n is an inverted version of cpunmi. This was created because the PR3940
MIPS CPU needs a negative edge on its NMI input to trigger a Non-Maskable
Interrupt inside the processor.
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TriMedia Interrupt Requests

The TriMedia VIC receives a normal cpuint and cpunmi from the T-PIC (Interrupts

1 to 2). Other than these, the TriMedia has time-critical interrupts connected directly
to avoid the delay of going through the T-PIC (Interrupts 0,3,4 and 9 to 27). It also has
four TM32 core internal timer interrupts (Interrupts 5 to 8) and four software interrupts
for host communication, applications, debugger and RTOS (Interrupts 28 to 31).

Table 2: Table of Interrupt Request Signals to the VIC

No. Interrupt Connected to TriMedia VIC No Interrupt Connected to TriMedia VIC
0 1394 FireWire Interrupt 16 PCI
1 PIC cpuint 17 MPEG System Processor 3 TriMedia
2 PIC cpunmi 18 TM Debug
3 MPEG System Processor 2 TriMedia Interrupt 19 MPEG System Processor 1 TriMedia
4 AICP 2 Interrupt 20 GPIO VIC Interrupt
5 TM Core Internal timer 21 TSDMA
6 TM Core Internal timer 22 Video Input Processor 2
7 TM Core Internal timer 23 Audio Input & Output 3
8 TM Core Internal timer 24 SPDIF Input
9 Video Input Processor 1 25 SPDIF Output
10 AICP 1 26 Audio Input 2
11 Audio Input 1 27 Audio Output 2
12 Audio Output 1 28 Software host communication
13 MBS 29 Software application
14 MPEG 30 Software debugger
15 SSI 31 Software RTOS
6.2.3 Inter-Processor Communication

UM10104_1

In order to implement Inter-Processor Communication (IPC) between the PR3940
MIPS CPU and the TM3200 CPU, one CPU must be able to interrupt the other. This
is accomplished through software interrupts (intreq[4:1]). The CPUs use set and clear
bits to control these software interrupts.

The direction of the four software interrupts can be divided between the two
processors in any way—e.g., two from the PR3940 MIPS and two from the TM3200
or three from the PR3940 MIPS and one from the TM3200, etc.
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The following diagram shows how the M-PIC and T-PIC are connected for efficient

IPC

PR3940 TM32 CPU
‘ MIPS CPU ‘

cpunmi_n¢ Cpuintf 5PC|_|NTA cpunmi? cpuint?l

int_req_out[4}1] - intreq[4:1]
int_clr_in[4{1] int_clr_out[4:1]
M-PIC _ < T-PIC
intreq[4:1] int_req_out[4:1]
g
int_clr_out[4]1]

- int_clr_in[4:1]

Figure 3: Interface between PICs for Inter-Processor Communication

.IPC functionality is described in the following example:

1.

MIPS writes to M-PIC int_set1 register to set int_req_out1. This causes T-PIC
intreq1 to go high and T-PIC cpuint will be asserted if intreq1’s priority is higher
than the priority limiter. (T-PIC CPU covers all normal and NMI interrupts
generated by the PIC.)

. TM3200 reads the interrupt, executes the ISR (Interrupt Service Routine), and

then clears the interrupt. The clearing is done by writing to T-PIC int_clr1 register
which causes int_clr_out1 to go high. The T-PIC cpuint is immediately de-
asserted (done by blocking the T-PIC intreq1 inside T-PIC).

. M-PIC int_clIr_in1 goes high, and the int_set1 register inside the M-PIC is

cleared. This causes M-PIC int_req_out1 to be de-asserted and thus T-PIC
intreq1 is de-asserted. This releases the T-PIC int_cIr_out1 and M-PIC int_clr_in1
signals.

. Software should not write to the M-PIC’s int_set1 register again until the M-PIC

int_clr_in1 signal is cleared. This is required to ensure that clearing the previous
interrupt has been completed. All transfers between the two PICs are
asynchronous.
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Figure 4 shows waveforms of the above example

e N
- intreq \

T-PIC cpuint I (|
T-PIC int_clr_out1

M-PIC int_clr_in1 /

Figure 4: IPC Timing Diagram

6.2.3.1 IPC Registers

The registers PIC_INT_REG_[4:1] are reserved for Inter-Processor Communication.
Each of these four registers can generate and receive software interrupts. Software
will assign which of the four registers generate and which receive software interrupts.

* |IPC registers assigned to generate a software interrupt: Each of these registers
can be programmed to generate and clear a separate software interrupt. In this
case the INT_PRIORITY for these registers should be set to zero so that no
interrupt is generated to the PIC’s own processor.

* |IPC registers assigned to receive a software interrupt: Each of these registers
can be programmed to clear and set priority on a separate software interrupt and
read to detect if a software interrupt has been generated. The INT_SET bit for
these registers should not be asserted while this register is assigned for receiving
a software interrupt.

6.2.4 Interrupt Source Register

The PIC_INT_SRC register allows the CPU to identify the cause of the interrupt and
vector to the right interrupt service routine. The CPU accomplishes this as follows:

* Create a 4096 byte-aligned Interrupt Service Routine (ISR) address table in
memory.

* Program the base address of the table in the INT_TABLE_ADDR field of the
PIC_INT_SRC register.

* After an interrupt has been detected, read the PIC_INT_SRC register. The
INT_SRC field of this register provides the identity of the highest priority pending
interrupt. The INT_TABLE_ADDR field provides the base address of the Interrupt
Handlers address table.

* Read the ISR address from the table and jump to it.

An ISR address table is shown in Figure 5. Each entry in the table is 8 bytes wide: 4
bytes for the ISR address and 4 bytes reserved for the new value of the priority
limiter.
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ISR Address Table in Data Memory

INT_TABLE_ADDR + 0x000

INT_TABLE_ADDR + 0x008

INT_TABLE_ADDR + 0x010

INT_TABLE_ADDR + 0x018

INT_TABLE_ADDR + 0xhhh

INT_TABLE_ADDR + OxYYY

6.2.4.1

isr_1_address

isr_1_priority_limiter

isr_2_address

isr_2_priority_limiter

isr_3_address

isr_3_priority_limiter

isr_h_address

isr_h_priority_limiter

isr_Y_address

isr_Y_priority_limiter

Vectoring Using ISR Table and the PIC_INT_SRC Register

Special Interrupt Service Cases

program memory

isr_h_instruction_1
/ isr_h_instruction_2

isr_h_instruction_3

Change priority limiter value and then read PIC_INT_SRC register:

One PI clock cycle of delay is needed between these transactions to ensure that the
CPU reads the correct PIC_INT_SRC. See Figure 6,below. Software should ensure
these PI transactions are not performed back-to-back to avoid this race condition.

|
PRIORITY LIMITER | old priority limiter X new priority Iimiter! |
| | |
INT_SRC | old int src : newint src
[
| PI transaction to change | |3 x PI clock | |
| priority limiter value cycles to |
| | | generate | |
| {INT_SRC »l
| - >|< : |
| | | Pl transaction tdread |
| |  PIC_INT_SRC régister |
[
[ |- -
Figure 6: PI Clock Cycles Needed Between Transactions (Priority Limiter Change and Read of PIC_INT_SRC)

1 x Pl clock cycles needed
to ensure the CPU reads back
the correct PIC_INT_SRC

o

PI_CLK [ ] | ]

I

PI_OPC

PI_ACK

VALID I

(DG —

| |

| |

WAT ><_RDY >} !
I

|

T

|

I

|
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Interrupt was raised, but interrupt source is de-asserted:

It is possible that, by the time the CPU gets to read the PIC_INT_SRC register, there
are no pending interrupts higher than the priority limiter. In this case the INT_SRC
field equals zero. This can happen for various reasons. The interrupt service routine
should be able to cope with the situation.

Multiple pending interrupts:

Multiple pending interrupt inputs may have the same priority level. The PIC chooses
one of them as the source for interrupting the connected CPU by using the input line
number as a parameter. An interrupt line connected to a lower input-line number has
a higher priority than interrupts connected to higher input-line numbers (intreq[1] has
a higher priority than intreq[2], and so forth).

Clear the interrupt in the module or PIC, then read the PIC_INT_SRC register:

Three PI clock cycles of delay are needed between these transactions to ensure that
the CPU reads the correct PIC_INT_SRC. See Figure 7, below. Software should
ensure these PI transactions are not performed back-to-back to avoid this race
condition.

Figure 7:

PI_CLK
PI_OPC
PI_ACK

INTERRUPT[i]
SYCHRONISED
INTERRUPT[i]
INSIDE PIC

INT_SRC

Pl Clock Cycles Needed Between Transactions (Interrupt Clear and Read of PIC_INT_SRC)

3 x PI clock cycles needed
to ensure the CPU reads back
the correct PIC_INT_SRC

N

I
| Pl transaction to read
|  PIC_INT_SRC register

|< »I

| |
KVALID | | VALID ! i
| <WAT><RBY | | WAT K RoY>—
| interrupt removed | | | |
in module or
| i dul PIC | . | |
| f T T T
; | | | | |
| | | | | |
; old int src | | | >k newlint src
| | | |
| Pl transaction to clear | 2x Pl clock | | 3 x PI clock |
| interrupt in the module cycles | cycles to |
orin the PIC. | synchronization | | generate | |
| | |INT_SRC
- > < > : |
|
I
|
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6.2.5

Interrupt Priority

Each interrupt request line has a priority value programmed in its register. The
PIC_INT_PRIORITY register has a programmable limiter value to control which
interrupt request lines can assert cpuint. Pending Interrupts with priority greater than
the PRIORITY_LIMITER raise an interrupt to the CPU.
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The PIC supports 16 priority levels (0-15) for each interrupt. An intreq[i] can be
disabled from raising an interrupt to the CPU by setting its INT_PRIORITY to zero. At
reset, the INT_PRIORITY of all interrupts is set to zero, thereby disabling them.

The PRIORITY_LIMITER can be set (0-15) to control which devices may interrupt the
CPU. At the highest level, 15, cpuint is disabled and only CPUNMI can be generated.

While servicing an interrupt, the priority limiter can be used to prevent interrupts with
lower priority from interfering with the current execution. This is to support nesting of
interrupts.

Device Interrupt Registers

The PNX8526 has 50 interrupt request lines, and the PIC has 50 matching interrupt
registers. These registers serve several purposes:

* Provide an interrupt pending bit that indicates if intreq[i] is pending.
* Allow software to set and clear the interrupt pending bit.
* Allow software to set the priority for intreq[i].

Remark: There is no way to tell if INT_PENDING was set by intreq]i] or by software
using INT_SET. Therefore it is up to software to track the use of INT_SET.

Special Cases

Writing INT_SET and INT_CLR to PIC_INT_REG_i

INT_SET INT_CLR Action
0 0 Update INT_PRIORITY
0 1 Clear INT_PENDING
1 0 Set INT_PENDING
1 1 Invalid, no operation performed
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Figure 8: Pl Clock Cycles Needed Between Transactions (Interrupt Clear and Read of PIC_INT_REG _i)
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Clear the interrupt in the module or the PIC, then read the PIC_INT_REG _i:

One PI clock cycle of delay is needed between these transactions to ensure the CPU
reads the correct value in the INT_PENDING field in the PIC_INT_REG i register.
Software should ensure these PI transactions are not performed back-to-back to
avoid this race condition.

1 x Pl clock cycles needed
to ensure the CPU reads back
the correct PIC_INT_SRC
~=
[ [ O O B
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|
I | |
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|
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I
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|
|
|

|
2x Pl clock | Register

e e
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I
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I

Pl transdction to read
| PIC_INT_REG._i register

|
|
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|
|
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|
|
|
|
| - >

6.2.7 PCI Interrupt Enable Register

UM10104_1

The PCI_INTA is the PNX8526 PCI interrupt pin. It can be enabled as an output pin
and connected to pci_inta_out, or it can be enabled as an input pin and connected to
one of the PIC’s intreq lines. This control is done via the Global 2 register
Enable_IntA O

(see Section 6.3.1 on page 6-154).
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The PNX8526 has two PIC modules: M-PIC services the MIPS PR3940 and T-PIC
services the TriMedia TM32 processor. The register base address for M-PIC is
0x03 E000. The register base address for T-PIC is 0x10 2000.Register Address Map

Table 3: PIC Register Summary

Offset Name
M-PIC
0x03 E000 PIC_INT_PRIORIT
Y
0x03 E004 PIC_INT_SRC
0x03 E008— Reserved
EO010

0x03 E014 PIC_INT_REG_1
0x03 E018 PIC_INT_REG_2
0x03 E01C PIC_INT_REG_3
0x03 E020 PIC_INT_REG_4
0x03 E024 PIC_INT_REG_5
0x03 E028 PIC_INT_REG_6
0x03 E02C PIC_INT_REG_7
0x03 E030 PIC_INT_REG_8
0x03 E034 PIC_INT_REG_9
0x03 E038  PIC_INT_REG_10
0x03 EO3C  PIC_INT_REG_11
0x03 E040  PIC_INT_REG_12
0x03 E044  PIC_INT_REG_13
0x03 E048  PIC_INT_REG_14
0x03 E04C  PIC_INT_REG_15
0x03E050  PIC_INT_REG_16
0x03 E054  PIC_INT_REG_17
0x03 E058  PIC_INT_REG_18
0x03 E05C  PIC_INT_REG_19
0x03 E060  PIC_INT_REG_20
0x03 E064  PIC_INT_REG_21
0x03 E068  PIC_INT_REG 22
0x03 EOBC  PIC_INT_REG_23
0x03 E070  PIC_INT_REG_24
0x03E074  PIC_INT_REG_25
0x03 E078  PIC_INT_REG_26
0x03 EO7C  PIC_INT_REG_27
0x03E080  PIC_INT_REG 28

Description

PIC Interrupt Priority register

PIC Interrupt Source register

Interrupt register 1 (reserved for software interrupt)
Interrupt register 2 (reserved for software interrupt)
Interrupt register 3 (reserved for software interrupt)
Interrupt register 4 (reserved for software interrupt)
USB Interrupt

General Purpose 10 Interrupt FIFO 0

General Purpose 10 Interrupt FIFO 1

General Purpose 10 Interrupt FIFO 2

General Purpose 10 Interrupt FIFO 3

General Purpose 10 Interrupt TSU

General Purpose 10 TM-VIC Interrupt

1394 FireWire Interrupt

AICP 1 Interrupt

AICP 2 Interrupt

12C 1 Interrupt

12C 2 Interrupt

Smartcard 1 Interrupt

Smartcard 2 Interrupt

UART 1 Interrupt

UART 2 Interrupt

UART 3 Interrupt

PCI Interrupt

T-PI bus controller error Interrupt

M-PI bus controller error Interrupt

F-PI bus controller error Interrupt

2D Drawing Engine Interrupt

MBS Interrupt

MPEG Interrupt
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Table 3: PIC Register Summary ...Continued

Offset
0x03 E084
0x03 E088
0x03 EO8C
0x03 E090
0x03 E094
0x03 E098
0x03 E09C
0x03 EOAOQ
0x03 EOA4
0x03 EOA8
0x03 EOAC
0x03 EOBO
0x03 EOB4
0x03 EOB8
0x03 EOBC
0x03 EOCO
0x03 EOC4
0x03 EOC8
0x03 EOCC
0x03 EODO
0x03 EOD4
0x03 EOD8

0x03 EODC—
EFFO

0x03 EFF4

0x03 EFF8

0x03 EFFC
T-PIC

Name
PIC_INT_REG_29
PIC_INT_REG_30
PIC_INT_REG_31
PIC_INT_REG_32
PIC_INT_REG_33
PIC_INT_REG_34
PIC_INT_REG_35
PIC_INT_REG_36
PIC_INT_REG_37
PIC_INT_REG_38
PIC_INT_REG_39
PIC_INT_REG_40
PIC_INT_REG_41
PIC_INT_REG_42
PIC_INT_REG_43
PIC_INT_REG_44
PIC_INT_REG_45
PIC_INT_REG_46
PIC_INT_REG_47
PIC_INT_REG_48
PIC_INT_REG_49
PIC_INT_REG_50

Reserved

Powerdown
Reserved
Module ID

Description

VIP 1 Interrupt

VIP 2 Interrupt

SPDIF Input Interrupt
SPDIF Output Interrupt
Audio Input 1 Interrupt
Audio Output 1 Interrupt
Audio Input 2 Interrupt
Audio Output 2 Interrupt
Audio Input & Output 3 Interrupt
SSI Interrupt

MSP 1 MIPS Interrupt
MSP 1 TriMedia Interrupt
MSP 2 MIPS Interrupt
MSP 2 TriMedia Interrupt
Transport Stream DMA Interrupt
DMA Interrupt

Unused

TriMedia debug interrupt
PCI INTA Interrupt
Clocks module interrupt
MSP 3 MIPS Interrupt
MSP 3 TriMedia Interrupt

Powerdown mode

Module Identification and revision information

The T-PIC registers begin at 0x10 2000. They are identical to the M-PIC registers, described

above.

Table 4: PIC Global 2 Register Summary

Address Name

0x04 PCI Inta Output
D050 Enable

Description

Global 2 register
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Read/ Reset
Bits Write Value

Offset 0x03 E000
314 -
3:0 R/W OxF

Offset 0x03 E004
31112 RW 0

11:3 R 0
2:0 -
Offset 0x03 E008-E010
Offset 0x03 E014
31 R NI
30 w 0
29 w 0
28:8 -
7:4 R
3:0 R/W
Offset 0x03 E018

Name

(Field or Function)
PIC_INT_PRIORITY
Unused
PRIORITY_LIMITER

PIC_INT_SRC
INT_TABLE_ADDR

INT_SRC

Unused
Reserved
PIC_INT_REG_1

INT_PENDING

INT_SET

INT_CLR

Unused
Reserved
INT_PRIORITY

PIC_INT REG_2

M-PIC REGISTERS

Description

Read as zero

Interrupt Priority Limiter:

Pending Interrupts with priority greater than the PRIORITY _
LIMITER raise an interrupt to the CPU.
Special case: PRIORITY_LIMITER = 15

No interrupts can be raised to the CPU via the CPUINT, only
CPUNMI can be generated.

Base address for Interrupt Handlers address table. Interrupt
Handler routines address table is 4096 byte-aligned in memory.

Interrupt Source identifies the highest priority pending interrupt at
the time this register is read. Allows room for 511 interrupt
sources. Value 0 indicates no pending Interrupt.

Read as zero.

Interrupt Pending

Reads to this register indicate whether the interrupt is pending for
service regardless of the INT_PRIORITY value and the priority
limiter.

0 = intreq[i] is not asserted and INT_SET bit is not set.
1 =intreq[i] is asserted or INT_SET bit is set.
Interrupt Set. Writes to this register have the following effect:

0 = No effect
1 = Makes INT_PENDING =1 and INT_PRIORITY is not
updated.

Reads return zero. Reset: INT_SET is inactive after reset.
Interrupt Clear. Writes to this register have the following effect:

0 = No effect
1 = Makes INT_PENDING = 0 if intreq[i] is not asserted and
INT_PRIORITY is not updated.

Reads return zero. Reset: INT_CLR is inactive after reset.
Read as zero.
May be used for future increase in the number of priority levels.

The INT_PRIORITY field determines the priority level of the
intreq[i] line. This field is only written if INT_SET and INT_CLR
are 0.

Interrupt register 2. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E01C

PIC_INT_REG_3

Interrupt register 3. This register is identical to PIC_INT_REG_1 (0x03 E014).

UM10104_1

© Koninklijke Philips Electronics N.V. 2003. All rights reserved.

Rev. 01 — 8 October 2003 6-150



Philips Semiconductors PNX8526
Chapter 6: Priority Interrupt Controller

M-PIC REGISTERS

Read/ Reset Name

Bits Write Value (Field or Function) Description
Offset 0x03 E020 PIC_INT_REG_4

Interrupt register 4. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E024 PIC_INT_REG_5

USB Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E028 PIC_INT_REG_6

General Purpose 10 Interrupt FIFO 0. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E02C PIC_INT_REG_7

General Purpose 10 Interrupt FIFO 1. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E030 PIC_INT_REG_8

General Purpose 10 Interrupt FIFO 2. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E034 PIC_INT_REG_9

General Purpose 10 Interrupt FIFO 3. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E038 PIC_INT_REG_10

General Purpose 10 Interrupt TSU. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EO3C PIC_INT_REG_11

General Purpose 10 TM-VIC Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E040 PIC_INT_REG_12

1394 FireWire Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E044 PIC_INT_REG_13

AICP 1 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E048 PIC_INT_REG_14

AICP 2 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E04C PIC_INT_REG_15

12C 1 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E050 PIC_INT_REG_16

12c 2 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E054 PIC_INT _REG_17

Smartcard 1 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E058 PIC_INT_REG_18

Smartcard 2 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E05C PIC_INT_REG_19

UART 1 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E060 PIC_INT_REG_20

UART 2 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E064 PIC_INT_REG_21

UART 3 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E068 PIC_INT_REG_22
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M-PIC REGISTERS

Read/ Reset Name

Bits Write Value (Field or Function) Description

PCI Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E06C PIC_INT_REG_23

T-PI bus controller error Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E070 PIC_INT_REG_24

M-PI bus controller error Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E074 PIC_INT_REG_25

F-PI bus controller error Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E078 PIC_INT_REG_26

2D Drawing Engine Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EO7C PIC_INT_REG_27

MBS Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E080 PIC_INT_REG_28

MPEG Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E084 PIC_INT_REG_29

VIP 1 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E088 PIC_INT_REG_30

VIP 2 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 EO8C PIC_INT_REG_31

SPDIF Input Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E090 PIC_INT_REG_32

SPDIF Output Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E094 PIC_INT_REG_33

Audio Input 1 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E098 PIC_INT_REG_34

Audio Output 1 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E09C PIC_INT_REG_35

Audio Input 2 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 EOA0 PIC_INT_REG_36

Audio Output 2 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 E0A4 PIC_INT_REG_37

Audio Input & Output 3 Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EOA8 PIC_INT_REG_38

SSI Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 EOAC PIC_INT_REG_39

MSP 1 MIPS Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).

Offset 0x03 EOBO PIC_INT_REG_40

MSP 1 TriMedia Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
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M-PIC REGISTERS

Read/ Reset Name
Bits Write Value (Field or Function) Description
Offset 0x03 EOB4 PIC_INT_REG_41
MSP 2 MIPS Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EOB8 PIC_INT_REG_42
MSP 2 TriMedia Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EOBC PIC_INT_REG_43
Transport Stream DMA Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EOCO PIC_INT_REG_44
DMA Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 E0C4 PIC_INT_REG_45
Unused.
Offset 0x03 EOC8 PIC_INT_REG_46
TriMedia debug interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EOCC PIC_INT_REG_47
PCI INTA Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EODO PIC_INT_REG_48
Clocks module interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EOD4 PIC_INT_REG_49
MSP 3 MIPS Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EOD8 PIC_INT_REG_50

MSP 3 TriMedia Interrupt. This register is identical to PIC_INT_REG_1 (0x03 E014).
Offset 0x03 EODC—EFFO0 Reserved

Offset 0x03 EFF4 PIC_POWERDOWN
31 R/W 0 POWER_DOWN
30:0 - Unused
Offset 0x03 EFF8 Reserved
Offset 0x03 EFFC PIC_MOD_ ID
31:16 R 0x011D MODULE ID
15:12 R 1 MAJREV
11:8 R 0 MINREV
7:0 R 0 MODULE APERTURE SIZE

UM10104_1

Powerdown register for the module

0 = Normal operation of the peripheral. This is the reset value.
1 = Module is powered down and module clock can be
removed.

At powerdown, module responds to all reads with DEADABBA
(except for reads of powerdown bit) and all writes with ERR ACK
(except for writes to powerdown bit).

Ignore during writes and read as zeroes.

The PIC module ID is 0x011D.
Major Revision
Minor Revision

Aperture size = 4 kB*(bit_value+1)
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6.3.1 Global 2 Registers

GLOBAL 2 REGISTERS

Read/ Reset Name

Bits Write Value (Field or Function) Description
PCI Inta Output Enable Register
Offset 0x04 D050 ENABLE_INTA_O
31:1 - Unused Ignore during writes and read as zeroes.
0 R/W 0x0 ENABLE_INTA_O Enables PCI INTA output.

0 = Disable PCl inta output.
1 = Enable PCI inta output.

Reset is to be disabled.
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Chapter 7: Pixel Formats

Programmable Source Decoder with Integrated
Peripherals
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Several hardware subsystems in the PNX8526 deal directly with images. Such
hardware subsystems must follow the same memory representation and
interpretation of images in order to successfully pass images between subsystems.

Software modules also constitute subsystems that can produce or consume images.
Although most modules are designed with an abstraction layer from the underlying
format, some legacy modules may exist that assume a particular pixel representation
in memory.

In order to run a wide variety of software modules on the PNX8526, it would be ideal
if the hardware subsystems all supported programmable pixel formats. This,
however, is not feasible. Therefore, the PNX8526 uses the following pixel format
strategy:

* A limited number of native pixel formats are supported by all image subsystems,
as appropriate.

* The Memory Based Scaler supports conversion from arbitrary pixel formats to
any native format during the anti-flicker filtering operation. (This operation is
usually required on graphics images anyway, so no extra passes are introduced.)

* Hardware subsystems support all native pixel formats in both little-endian and
big-endian system operation.

* Software always sees the same component layout for a native pixel format unit,
whether it is running in little-endian or big-endian mode— i.e., for a given native
format, RGB (or YUV) and alpha are always in the same place.

* Software dealing with multiple units at a time in Single Instruction Multiple Data
(SIMD) style must be aware of system endian mode.

* The native formats of the PNX8526 include the most common indexed, packed
RGB, packed YUV and planar YUV formats used by Microsoft® DirectX and
Apple® QuickTime, with 100% bit layout compatibility in both little and big-endian
modes.
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7.2 Summary of Native Pixel Formats
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Table 1 and Figure 1 summarize the native pixel formats and the image hardware

subsystems that support them.

Table 1: Native Pixel Format Summary

Name

1 bpp indexed
2 bpp indexed
4 bpp indexed
8 bpp indexed
RGBa 4444
RGBa 4534
RGB 565
RGBa 8888

packed YUVa 4:4:4

packed YUV 4:2:2 (UYVY)
packed YUV 4:2:2 (YUY2, 2vuy)
planar YUV 4:2:2

semi-planar YUV 4:2:2

planar YUV 4:2:0

semi-planar YUV 4:2:0

(1) The VIP is capable of producing RGB formats, but not when performing horizontal scaling.

Note
CLUT entry = 24 bit color + 8 bit alpha

16 bit unit, containing 1 pixel with
alpha
16 bit unit, containing 1 pixel, no alpha

32 bit unit, containing 1 pixel with
alpha

32 bit unit containing 1 pixel with alpha
16 bit unit, 2 successive units contain 2
horizontally adjacent pixels, no alpha
3 arrays, 1 for each component

2 arrays, 1 with all Ys, 1 with U and Vs
3 arrays, 1 for each component

2 arrays, 1 with all Ys, 1 with U and Vs

(1
(1
(1M
(1

X

In

X

X

Out

X X X

X

x

X X X

X

VIP MPG MBS MBS 2D Draw

Out Out Engine (2)

x X X

X

AICP

x X X

X

(2) Shown are the 2D Drawing Engine frame buffer formats where drawing, RasterOps and alpha-blending of surfaces can
be accelerated. The 2D Drawing Engine host port also supports 1 bpp monochrome font/pattern data, and 4 and 8-bit alpha
only data for host initiated anti-aliased drawings.

The layout shown in Figure 1 is the way that a unit ends up in a CPU register given a
unit size (8, 16 or 32 bits) load operation, regardless of the PNX8526 endian mode of
operation.

UM10104_1
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7.3 Native Pixel Format Representation

7 0
‘ i1‘ i2| i3| i4|i5 | i6| i7‘ i8‘1 bpp index
7 0
‘ i1 | 2 | i3 ‘ i4 ‘2 bpp index
7 0
‘ o | T ‘4 bpp index
7 0
‘ T T ‘8 bpp index
15 12 11 8 7 4 3 0
‘ "alpha | | "R ‘ TG ] "B |RGBa 4444
15 12 11 7 6 4 3 0
| Talpha | "R ‘ T T ‘ 'B |RGBa 4534
15 1110 5 4 0
| T é T | T T é T T | T T B T |RGB 565
31 2423 16 15 8 7 0
T T T T T T T T T T T T T T T T T T T T T T T T T T T
\ alpha | R | G | B | ReBa 8888
31 2423 16 15 8 7 0
T T T T T T T T T T T T T T T T T T T T T T T T T T
| alpha | v | Y | U | YUva 444
15 8 7 0
. T T T T T T T T T T T T
1st unit | Y1 | u ‘
31 24 23 16 UYVY
2nd unlt ’ T T IY2 T T T ‘ T T T \l/ T T T ‘
15 8 7 0
. T T T T T T T T T T T T
1st unit ’ U ‘ Y1 |YUY2 or
31 24 23 16 2vuy
. T T T T T T T T T T T T T
2nd unit | v | Y2 |
(For planar YUV 4:2:0 formats, refer to Figure 9 and Figure 10)
Figure 1: Native Pixel Format Unit Layout

7.3.1 Indexed Formats

The indexed formats support a 1, 2, 4 or 8-bit pixel format. For each of the respective
2, 4, 16 or 256 code values, a full look-up for a 24-bit color and 8-bit alpha is
performed, using a subsystem-specific, programmable color look-up table.

Figure 2 shows the “software view” of the four indexed formats. Packing of pixels
within the byte always uses the “first, left-most pixel in most significant bit(s)” packing
convention. Pixel groups from left to right have increasing memory byte addresses.

UM10104_1
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Indexed formats are accepted by the AICP and MBS. The 2D Drawing Engine
supports 8 bpp indexed as a frame buffer format, but supports no other indexed

variants.
7 0
‘ i1| i2| i3| i4‘i5 ‘ i6‘ i7| i8‘1 bpp index
7 0
‘ i1 | 2 ‘ i3 ‘ i4 ‘ 2 bpp index
7 0
‘ ] ‘ T ‘ 4 bpp index
7 0
‘ b : b ‘ 8 bpp index
memory address A memory address A+1 memory address A+k
left-most pixel (group) ‘ l next pixel (group) | .- ‘ right-most pixel (group) ‘
1 byte
Figure 2: Indexed Formats

7.3.2 16-Bit/Pixel Packed Formats
The 16-bit native formats are RGBa 4444, RGBa 4534 and RGB 565.

Figure 3 shows the “software view” of these formats. The CPU register layout is
always the same when performing 16-bit load/store instructions, regardless of system
endian mode. Adjacent pixels have left-to-right increasing memory addresses.

16-bit formats are accepted and produced by the AICP, VIP, MBS and the 2D
Drawing Engine

15 12 11 8 7 4 3 0

‘ alpha | | "R ‘ TG ‘ "B | ‘ RGBa 4444
15 12 11 7 6 4 3 0

| "alpha | , "R ‘ e ‘ ‘B’ ‘RGBa 4534
15 11 10 5 4 0

| T é T T | T T é T T | T T B T T | RGB 565

memory address A memory address A+2
left-most pixel ‘ ‘ next pixel ‘
- 16 bit R
N L
Figure 3: 16-Bit/Pixel Packed Formats

7.3.3 32-Bit/Pixel Packed Formats
The 32-bit formats include RGBa 8888 and YUVa 4:4:4 with an 8-bit per pixel alpha.
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Figure 4 shows the “software view,” resulting from a 32-bit load into a CPU register.
This view is independent of system endian mode. Left-to-right pixels have increasing
memory addresses.

32-bit formats are accepted and produced by all units except the MPEG-2 decoder.

31 24 23 16 15 8 7 0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
‘ alpha | R | G | B | ReBa 8888
31 24 23 16 15 8 7 0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
| alpha | v | Y | U | YUVa 444
1 byte
< >
memory address A memory address A+4 memory address A+4k
left-most pixel ‘ ‘ next pixel | ... right-most pixel
32-bit word
< >
Figure 4: 32-Bit/Pixel Packed Formats

7.3.4 Packed YUV 4:2:2 Formats

Packed YUV 4:2:2 formats store two horizontally adjacent pixels into two 16-bit units.
Each pixel has an individual luminance (Y1 for the left of the pair, Y2 for the right of
the pair). There is a single U and V value associated with the pair. The U and V
values are taken from the same spatial position as the Y1 sample (Figure 7).

There are two variants of packed YUV 4:2:2: the Microsoft ‘UYVY’ format and the
Microsoft ‘'YUY2' format. The big-endian view of the YUY2 format is identical to the
Power Maclintosh ‘2vuy’ format.

Figure 5 and Figure 6 show the software view of UYVY and YUY2/2vuy. Two
successive 16-bit units contain a pair of pixels. This view is independent of system
endian mode.

Packed YUV 4:2:2 formats are accepted and produced by the MBS, VIP and AICP.

15 8 7 0
T T T T T T T T T T T T T T
1st unit l Y1 | u
31 24 23 16 UYVY
2nd unit | T T T IY2 T T T | T T T \I/ T T T ‘
P 1 byte R
memory address A memory address A+2 memory address A+4k+2
left-most pixel pair, 1st unit | ‘ left-most pixel pair, 2nd unit| ------ right-most pixel pair, 2nd unil{
P 16-bit word
Figure 5: UYVY Packed YUV 4:2:2 Format
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Figure 6:

15 8 7 0
T T T T T T T T T T T T T T
1st unit ’ U ‘ Y1 ‘
31 24 23 16 YUY2/2vuy
2nd unit | T T T \I/ T T T | T T T IY2 T T T ‘
P 1 byte R
memory address A memory address A+2 memory address A+4k+2
left-most pixel pair, 1st unit | ‘ left-most pixel pair, 2nd unit| - --- - right-most pixel pair, 2nd uni4
P 16-bit word
YUY2/2vuy Packed YUV 4:2:2 Format

UM10104_1

chrominance luminance
| ] samples samples l l
¢ o b o o dp o d o P o
6 o ¢ o o o d o o
“par”

Figure 7: Spatial Sampling Structure of Packed and Planar YUV 4:2:2 Data

chrominance luminance

1—17 samples samples l l
olo olJOo O O O O O O O O

o o o o o o o o o o0 O O

o o o 0o o o o o o0 O O O

o o o o o o o o o O O O
Figure 8: Spatial Sampling Structure of YUV 4:2:0 Data

7.3.5 Planar YUV 4:2:0 and YUV 4:2:2 Formats

The spatial sampling structure of planar YUV 4:2:0 data is shown in Figure 8. The
planar YUV 4:2:2 data has the spatial sampling structure as in Figure 7.

There are two variants of planar YUV 4:2:0 and two of YUV 4:2:2:

® Planar, or ‘3 plane’ format. An image is described by 3 pointer values (Py, Pu,
Pv). Each pointer points to a 2D array of Y, U and V values. Figure 9.
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® Semi-planar, or ‘2 plane’ format. An image is described by 2 pointer values (Py,
Puv). The Y pointer points to a 2D array of Y values. The Puv pointer points to a
2D array of UV pair values.

Remark: The U value of a UV pair always has the lower byte address. See Figure 10.

The MBS supports all planar formats on input and output. The VIP can produce the
planar and semi-planar YUV 4:2:2 planar formats. The semi-planar YUV 4:2:0 format
is the only format produced by the MPEG video decoder hardware.

a a+1 a+2 a+2k-1
Py — » Y1‘ Y2| YS‘ eeee | Y2k| tstline 4
@ Y linepitch
Y1 ‘ Y2 ‘ YS‘ ceo. | Y2k| 2ndline H lines
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(b) U linepitch
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Figure 9: Planar YUV 4:2:0 and 4:2:2 Formats
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Figure 10: Semi-Planar YUV 4:2:0 and YUV 4:2:2 Formats
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1st line

2nd line H lines

last line

n = H/2 times (4:2:0)
n = H times (4:2:2)

7.4 Universal Converter

The MBS input stage contains a universal pixel format converter that can convert any
packed 16 or 32-bit pixel RGB format to an 8-bit alpha, R, G and B value for internal
processing. This conversion can be done in combination with any MBS operation,

particularly anti-flicker filtering.

The conversion is done by specifying the following:

* the width (16 or 32 bits) of a unit (this designates endian mode handling)

* the position (bit 31..0) within the unit for each of the alpha, R,G and B fields

* the width (1..8 bit) of each of the alpha, R,G and B fields

UM10104_1
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7.5 Alpha Value and Pixel Transparency

Many of the native pixel formats include a per-pixel alpha value. This alpha value is
an inverse measure of the ‘transparency’ of a pixel. The AICP and 2D Drawing
Engine are the only subsystems that interpret per-pixel alpha values when
compositing surfaces. The native pixel format convention of a per-pixel alpha is
shown in Table 2.

Table 2: Alpha Code Value and Pixel Transparency

Alpha Code Transparency Value
0 Fully transparent 0/256
1 Almost fully transparent 1/256
254 Almost fully opaque 254/256
255 Fully opaque 256/256

The AICP input stage allows full alpha value table look-up using a 256 entry, 8-bit
wide table. This can be used to translate a non-native format alpha convention to the
native convention.

7.6 RGB and YUV Values

All RGB native formats use unsigned R,G and B values. The full range of values is
allowed, i.e. 8-bit fields have a range [0,255].

All YUV native formats use the conventions from ITU-R BT. 601-4.
* Y ranges [16,235] with 16 designating a Ey = 0 and 235 designating E, = 1.0

* U, or Cb ranges [16,240] with 128 for a Ep, = 0.0, 16 for Ep,, =-0.5, 240 for Epy, =
+0.5

* V, or Cr ranges [16,240] with 128 for a Ep, = 0.0, 16 for Ep, = -0.5, 240 for Ep,
=+0.5

7.7 Image Storage Format

With the exception of the planar formats, described in Section 7.3.5, the layout of an
image in memory is determined by the following elements:

* pixel format, which implies the unit size(s)
* origin pointer—the (byte) address of the first unit of the image

* line pitch—the address difference between a pixel on a line and a pixel directly
below it

* width W, in number of pixels

*® height H, in number of lines
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Remark: Forindexed formats, each unit contains one or more pixels. For the packed
formats, a unit is a pixel, with the exception of packed YUV 4:2:2 where two units are
needed to describe a pixel pair.

Figure 11 shows how images are stored in memory
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(@ linepitch | ‘ ‘
unit1‘ unit2| unit3| 2nd line H lines

‘ unit1 ‘ unit2 | unit3 l cees last line

<+—>
Tunit

i
<

W pixels

v

Figure 11: Image Storage Format

7.8 System Endian Mode

The PNX8526 is designed to run either little-endian or big-endian software. The entire
system always operates in a single endian mode—i.e. both CPUs and all hardware
subsystems run either little or big-endian. This is determined by a global endianness
flag.

The endian mode determines how a multi-byte value is stored to/loaded from memory
byte addresses.

For the native pixel formats, Section 7.3 always shows two elements in the figures:
the layout of a ‘unit’, which is always 8, 16 or 32 bits, and the mapping of adjacent
units to memory byte addresses. These two elements are always maintained,
independent of system endian mode.

What this implies is that each hardware subsystem needs to map a unit to memory
byte addresses in an endian mode-dependent manner. The rules are as follows:

® Storing a 16-bit unit to address ‘A’ results in modifying memory bytes ‘A’ and ‘A+1’

® Storing a 32-bit unit to memory address ‘A’ results in modifying memory bytes ‘A
to ‘A+3’

* In little-endian mode, the least significant bits of a unit go to the lowest byte
address

* In big-endian mode, the most significant bits of a unit go to the lowest byte
address

* Going from left to right, adjacent units go to increasing memory addresses
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The full details of how a hardware subsystem accomplishes this are not described
here. In summary, a hardware block interfaces to a 32 or 64-bit DMA bus (the L2
interface) that has precise rules for which byte lane corresponds to which memory
byte address. This allows a block to send or load the bytes belonging to successive
units according to the above rules.
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8.1 Functional Description

8.1.1

8.1.1.1

The PCI-XIO module is a PCI-to-PI bridge with additional complex functionality that
includes an independent DMA engine interface to the DVP memory bus and
extended 1/O (XIO) functionality. XIO supports IDE, NAND and NOR type Flash and
8-bit Motorola devices.

This module has the following interfaces:
* PCI Revision 2.2
* 32-Bit PI-Bus
* XIO (shared with PCI-AD and PCI-C/BE# lines)
* 64-Bit DVP Memory Bus

Overview

The PCI-XIO module is designed to optimize the throughput of PI-to-PCl and
PCI-to-PI traffic. There is no frequency relationship assumed between Pl and PCI
clocks. The details of the different functions inside this module are described below.

PCI Interface

The PCI-XIO module supports 33 MHz PCI spec version 2.2. It can operate as a
configuration manager when the internal processor (e.g., MIPS) is enabled. It can
also act as a target to external configuration cycles when an external processor and
north bridge are used in the system.

Features:
* Three base addresses are supported.

® Option to enable internal PCI arbiter which can support up to three external PCI
masters. If IDE or Motorola XIO devices are enabled, the maximum number of
external masters is two.

* As a PCI master, it can generate all types of single transaction PCI cycles: IO,
memory, interrupt acknowledge and configuration cycle.

*® Linear burst mode is supported on memory transactions. Other burst mode
transfers are terminated after a single data transfer.

* A DMA engine provides high speed transfer to and from SDRAM and an external
PCI device. The DMA can also be used to transfer data to and from XIO devices.
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® The PCI clock and RST are generated externally and input to this module.

* In PCI terminology it is a single function device.

The following general PCI features are not implemented in the PCI-XIO module:

* As a PCl target, the device only responds to memory and configuration cycles.

® Subtractive decoding is not supported.

* There is no hard-coded legacy decoding of address space (such as VGA 10 and
memory).

® Burst-to-10 and configuration space is not supported.

The INT function is provided by the PIC. Refer to Chapter 6 Priority Interrupt

Controller for information on the Priority Interrupt Controller (PIC).

Supported commands on PCI are shown in the following table:

Table 1: Supported PCI Commands

Command: PCI Target Command: PCI Master
Responds to: Generates

IO Read

10 Write
Memory Read Memory Read
Memory Write Memory Write
Configuration Read Configuration Read
Configuration Write Configuration Write !
Memory Read Multiple Memory Read Multiple
Memory Read Line Memory Read Line
Memory Write and Invalidate Memory Write and Invalidate

Interrupt Acknowledge

Note : Configuration write can be initiated only when configuration management is enabled.

8.1.1.2 Pl Interface

The PI side of the bridge acts both as a master and slave on the 32-bit PI-Bus. It
supports both big and little-endian systems.

Features:

* As a Pl Master

UM10104_1

Supports default grant

Does locked WDUs for burst-writes. This feature may be disabled, when it
issues multiple unlocked WDUs.

Ping-pong 32 x 32-bit buffers to sustain continuous external PCI agent write-
bursts

Supports all subword PI opcodes
Supports “Pl retract/error-acknowledge” and “Pl timeout”
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* As a Pl Slave
— Supports all opcodes for both reads and writes
— Supports PI timeout

— Only contiguous addresses with the same opcode are supported in a locked
transfer.

— Three PI selects: one each for PCl space, XIO space and internal MMIO
registers

— Supports posted and non-posted writes. In non-posted writes, only WDU and
subword accesses are allowed.

— Bursting to internal MMIO register space is not allowed.

— Retracts on PI-Bus when getting a “retry” on PCI for reads and non-posted
single writes.

DVP Memory Bus Interface

To optimize PCI-to-system memory throughput in the DVP system, a direct path has
been provided between PCl and the DVP memory bus using this interface. This
interface is master on the 64-bit DVP memory bus. There is a switch to divert traffic
from the external PCl masters to the system memory through this interface. By
default that traffic goes via the Pl interface.

Features:
* Separate read/write buffers of 64x32 bits

* For PCI burst reads, speculative read of 32 words (128 bytes) is done from the
memory

* 166 MHz DVP memory bus

® Continuous PCI write/read bursts can be sustained (contingent on availability of
the DVP memory bus).

XIO Interface

The XIO interface uses a part of the PCI interface and some additional signals to
interface with external Flash (NAND and NOR types), NOR-ROM, IDE and 8-bit
Motorola devices. This function “steals” a PCI cycle and runs an XIO transfer using
part of the PCI bus before giving control back to PCI. The XIO port may be accessed
at any time after the configuration registers have been initialized. Up to three profiles
may be enabled at one time. Each one requires a chip select. When 64 MB
addressing is required, an extra pin (XIO_A[25]) is required. When an IDE or
Motorola profile is enabled, a REQ_B or GNT_B is used for the acknowledge or
interrupt. Flash profiles have a dedicated ACK pin to allow PCI transactions to
continue while the device is busy. Any pin that is not being used in one of these
functions may be turned over for other uses by the GPIO module.

Motorola Interface

In this XIO mode, any 8-bit Motorola 68360 type external slave can be addressed.
For details about connecting a Motorola device to a PCl interface, please refer to
Table 1. Even though the Motorola interface is an asynchronous interface, internal
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timings are generated in multiples of PCI clock. For programming to do Motorola
cycles, please refer to XIO Selx Profile registers. For writes, data-strobe (DS)
assertion time is made programmable by using sel0_we_hi field. There is an option to
use the acknowledge from the device DSACK, or to have a fixed wait time before
probing for read-data and removing DS for write-data.

NAND-Flash Interface

A flexible interface is provided to interface to a NAND-Flash. There are two registers
that define the type of cycle that will be performed. The read and write strobes can be
programmed independently with a high timer from one to four pci clocks. A cycle may
contain 0, 1, or 2 commands and 0, 1, 2, or 3 address phases with or without data.
Refer to Section 8.2.1 for information on how to use this interface.

NOR Flash Interface

In this XIO mode, any 8-bit NOR flash can be addressed. Up to 64 MB may be
addressed. The DS timing is programmable as is the WN timing. The user has the
option of monitoring the R/BN signal from the flash or using a fixed response for the
DS low timing.

IDE Interface

In this XIO mode, an IDE disk drive can be addressed. Only PIO mode is supported.
The internal DMA engine can be programmed to perform data transfer to and from

the IDE once the disk drive’s registers have been programmed. The DIOR and DIOW
strobe high and low times are programmable. Refer to Section 8.2.4 for more details.

UM10104_1

The PCI / XIO module supports the 33 MHz PCI spec version 2.2.

The Pl interface supports all subword operations along with all block word operations.
Pl double-word operations are not supported because the bus is restricted to 32 bits.
The PI section will also split a PCI transaction into multiple transactions on the PI-Bus
when the “byte enables” on PCI do not match any Pl opcode.

All word writes from PCI are mapped to WDU (single data phase) opcodes on PI.
During a burst, these WDU will be locked together. Breaks in the sequence, such as a
null data phase or “less than a word” will split the internal transfer into multiple
transfers on Pl. Subword data phases will always be transferred as isolated (non-
locked) transfers on Pl. Reads from PCIl may be mapped to WDU or WD32 (32 data
phase) PI transactions. All subword reads are mapped to WDU reads. If spec_rd_en
bit is asserted for one of the PCI apertures and the address is aligned to 128 bytes, a
WD32 read is executed on PI. This allows the PCI to have data ready instantly after
the initial latency. This should only be used when there are no speculative read side
effects. If the address is not “128-byte aligned” or the spec_rd_en bit is not asserted,
the read will map to WDU. In this mode, data is retrieved only as requested.

Remark: Reads with high initial latency will be very slow as each data phase will have
the equivalent of the initial latency.
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Access from external masters may be restricted to word-only if desired. When this
feature is enabled, attempted access with less than a word will result in the PCI slave
terminating the transaction with a target abort or ignoring the write and returning 0 on
read. This behavior is determined by a configuration switch.

When the PCI device can not return data on reads within 16 clocks, the transactions
will terminate in a retry. The read will be completed internally and the PCI will hold the
data exclusively for the initiating agent for the duration of the “read_lifetime” timer. No
other read will be accepted while the timer is active. After the timer expires, any read
request will be accepted. The saved data will be tossed if a different master requests
a read.

Any XIO device(s) can be accessed any time after the PCI configuration space has
been initialized. To be PCI compliant, it will monitor the internal address rather than
the 10 pads. At this time, an XIO cycle is run on the PCI pins. PCI pins AD[31:24]
present the address to the device while AD[7:0] contain the data. The PCI CBE pins
are used for XIO control. There are three dedicated pins to be used as chip selects to
the device(s).

XIO_CTRL DMA Confi i
-« onfiguration
XIO Agent Registers
. > PCI Master

Master buffers Pl slave Pl

PCI P tristate Bus

Bus
PCI Slave Pl master —
slave buffers

v Slave Hw Memo
buffers Inteyrface Highwarl)g/
Figure 1: PCI Block Diagram

The following table shows how the XIO supports Motorola 68360 8-bit devices along
with various flash types.

Table 2: XIO Pin Multiplexing

68360 NAND- Can Be
PCI Signal 110 8-Bit NOR Flash Flash IDE GPIO

DEVSEL# I/O NA NA NA NA

FRAME# 110 NA NA NA NA N
IRDY# 1’0 NA NA NA NA N
TRDY# I/O NA NA NA NA N
STOP# I/0 NA NA NA NA N
IDSEL I/0 NA NA NA NA N
PAR 110 NA NA NA NA N
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Table 2: XIO Pin Multiplexing ...Continued

68360 NAND- Can Be
PCISignal /0 8-Bit NORFlash  Flash IDE GPIO
PERR# /0 NA NA NA NA N
SERR# /0 NA NA NA NA N
REQ_A# [ NA NA NA NA Y
REQ_B# [ DSACK NA NA NA Y
REQ# 10 NA NA NA NA N
GNT_A# o) NA NA NA NA Y
GNT_B# o) NA NA NA INTREQ Y
GNT# /0 NA NA NA NA N
AD[31:24] /0 D[7:0] D[7:0] AD[7:0] D[15:8] N
AD[23:16] IO A[23:16]  A[23:16] NA D[7:0] N
AD[15] /0 A[15] A[15] NA Cs1 N
AD[14] /0 A[14] A[14] NA CS0 N
AD[13:11] 1o AM3:1]  A[3:11] NA A[2:0] N
AD[10] /0 A[10] A[10] NA DIOW N
AD[9] /0 A[9] A[9] NA DIOR N
AD[8] /0 A[8] A[8] NA DATA DIR N
AD[7:2] 110 Al7:2] Al7:2] NA NA N
AD[1] /0 A[1] A[1] ALE NA N
AD[0] /0 A[0] A[0] CLE IORDY N
CBE3# /0 Al24] Al24] NA NA N
CBE2# /0 AS OEN REN NA N
CBE1# /0 R/WN WN WEN NA N
CBEO# /0 DS NA SA NA N
XIO_A[25] o) A[25] A[25] NA NA Y
XI0_ACK | NA R/BN R/BN NA Y
XI0O_SEL0,12 O cs CE CE CE Y

NAND-Flash Interface

Interfacing to a NAND-Flash involves both hardware setup and software support. The
hardware support is designed to be very flexible in supporting the standard devices
plus extensions that may be provided by some flash vendors. Table 4 shows
recommended settings for the hardware configured for various NAND-Flash
operations.

A NAND transaction may consist of 0, 1, or 2 command phases and 0, 1, 2 or 3
address phases, and n data phases. The sequence is as follows: first command, low
address (address bits [7:0]), middle address (address bits [16:8]), high address
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(address bits [24:17]), data, second command. For transactions with fewer than three
address phases, low address is first dropped, then middle address. Any transaction
that includes an address phase must include at least one command phase.

Table 3: Recommended Settings for NAND

Cmd Addr Include Monitor Cmd Cmd

Description  No. No. Data ACK A B Notes

Read Data 1 3 Y Y 00h or 01h NA Recommended to use DMA. This may be set to
more than one segment if restricting
max_burst_size to 128.

Read ID 1 1 Y N 90h NA Recommended to use direct (or indirect) access.

Read Status 1 0 Y N 70h NA May read up to four bytes of status with direct
access.

Write Data 2 Y Y 80h 10h Recommended to use DMA.

Block Erase N Y 60h dOh Recommended to use direct (or indirect) access.

Reset 1 N ffh NA Recommended to use direct (or indirect) access.

UM10104_1

With a direct access to the NAND, n is limited to 4 bytes. Using the DMA, n is limited
to the segment length, 512 or 528 bytes with spare area. This is to allow time for the
busy signal to become stable at segment boundaries. The DMA may be programmed
to read much larger areas if the NAND does not assert its busy state or is allowed to
pause at segment boundaries. Programmers should consult the vendor’s data sheet
for the appropriate NAND-flash selection.

The WEN and REN timing information will also be found in the data sheets. The
PNX8526 supports read profiles with low time from 1 to 4 PCI clock periods. Write
profiles of 1 to 4 PCI clock periods is supported for command and address writes.
Data writes must use a high time of at least 2 PCI clock periods. If data is not part of
the transaction, the second command will follow the last address phase.

The ACK signal is monitored, when enabled, only at predetermined parts of the
transaction. During read operations, it will monitor the ACK after the last address
phase, before the read begins. The fixed delay must be programmed to a value
sufficient to allow the ACK to become valid before sampling it. This should include
time to double synchronize the ACK to the PCI clock. The ACK is also sampled
before starting a NAND transaction (but after the PCI wrapper has started). This
applies to all types of transactions. Even a status read will stall until the device is
ready if monitor ACK is enabled when starting the NAND transaction.

The read data operation may be done by blending DMA and direct access to
minimize the time the PCI bus is blocked from other types of transactions. To do this,
set the profile to issue 1 command, 3 address phase, and no data. Also load the
appropriate command into the Command A register. Next do a write to the starting
address of interest. Change the profile to 0 command, 0 address, include data. The
DMA should be programmed to transfer the selected amount of data to SDRAM. If
the DMA is started before the device is ready, it will stall until the device is ready.

The ACK may be monitored to determine when the device is ready prior to initiating
the DMA. Once the device is ready, no further monitoring of the ACK takes place. If
the amount of data to be transferred exceeds one segment, the max burst size should
be set to 128 to allow for pause in the transfer that allows the ACK to be monitored
between segments.
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Remark: This approach will not pause at the correct location if the spare area is being
accessed.

A pin is provided for accessing the spare area. This is multiplexed with CBE[0] of the
PCI bus. It will be driven to the selected state during all command phases, address
phases and data phases. This may not meet the timing requirements on some
manufactured devices. For devices that need the pin to be stable outside of this area,
the SA pin may be tied low if always used, tied high if never used, or tied to a GPIO
and enabled as needed. The boot script that loads the initial code expects the spare
area access to be disabled.

Examples of block erase, data read and write and status read are shown in the
following timing diagrams.

frame
irdy T
trdy
CS
CLE
WEN | |
REN |<—>‘<—>
|l twn |<—?|
10 command_a ——( status }
akpe/ N\ N\ N\ Y
twh: (WEN_hi + 1) * clk_pci period Shown with WEN_hi = 0
twi: (WEN_Ilo + 1) * clk_pci periodShown with WEN_lo = 0
tre: (REN_lo + 1) * clk_pci periodShown with REN_lo = 1
Figure 2: Read Status
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frame _\_ Si S ) .S

ff §f ) B
f§ 1§ 1)

cs S ss

i §f )

| I i

REN S S ) 7N S YL

e TN T §
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10 command_ax add[7:0] Xadd[16:9] add[24:171>—$ S [ \data_1>—-<data_2>—$ s—-<data_n>
= NAVAVAVAVAVAVAVAVAVAVAVAVA Y AVAY AVAVAVAVAVAVAVAV s VAVAVAVAYA

twh: (WEN_hi + 1) * clk_pci period Shown with WEN_hi = 0
twi: (WEN_lo + 1) * clk_pci periodShown with WEN_lo = 0
try: (REN_hi + 1) * clk_pci periodShown with REN_hi = 0
tre: (REN_lo + 1) * clk_pci periodShown with REN_lo =0
tw: (DLY + 1) * clk_pci periodWait time until ACK valid

Figure 3: Read Data

UM10104_1 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.

Rev. 01 — 8 October 2003 8-174




Philips Semiconductors PNX8526
Chapter 8: PCI-XIO

rame N\ )
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10 command_a add[\7A:’0] V\Hadd[16:9] add24:17)X_ data_1 data 2 (SS] data_n X command_b
T RAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV s VaVaVaVaVaVaVa

twh: (WEN_hi + 1) * clk_pci period Shown with WEN_hi = 0
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Figure 4: Write Data
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Refer to Table 2 on page 8-170 for signal descriptions.

frame

irdy

trdy /_

CSs
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WEN

— T W
twe | twe

10 command_a add[16:9] X add[24:17] command_b

ck_pei "\ /N Y\ Y\ NS\

twh: (WEN_hi + 1) * clk_pci period Shown with WEN_hi = 0
twi: (WEN_Ilo + 1) * clk_pci periodShown with WEN_lo = 0

Figure 5: Block Erase

8.2.2 Motorola Style Interface

The Motorola style interface supports 8-bit devices only. The following timing
diagrams illustrate a 2-byte write and 2-byte read operation. The time between the
falling edge of AS and DS is controlled by the DS time high field in the profile register.
The time low is determined by the DS time low field of the profile register or by the
external device if “wait for ACK” is enabled.

The ty (write time high) and t; (wait low) timing should be programmed to match the
device according to the vendor’s specification. The resolution is a multiple of the PCI
clock period. Refer to the descriptions for the XIO Select Profile registers.
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frame - SS ss
rdy ) )
{ { _
SEL ) {f
he {f {f
bs S f
<> | L
RWN o (( L s 1T
(¢ (e
ADDR address \\ address + 1 A\ a
| [ [ gp | | | [ [ [ ¢¢! | | [
DATA datal )} data 2 )) a
DSACK ;S__\ )S“\
pei_ck /\_/ "\ O\ Y
ty: DS_high * clk_pci period Shown with DS_high = 1
t: DS_low * clk_pci periodShown with DSACK monitoring
Figure 6: Motorola Write
Refer to Table 2 for signal descriptions.
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frame

irdy
trdy /_

SEL

AS

os ‘

R/WN

ADDR address address + 1

DATA data1 data2
internal_stb

peick /N /N N\ N\

t.: (DS_low +1) * clk_pci periodShown with DS_lo = 1

Figure 7: Motorola Read

Refer to Table 2 for signal descriptions.

8.2.3 NOR Flash Interface

The NOR flash interface supports 8-bit devices only. The following timing diagrams
illustrate write and read timings for a typical NOR device. The busy signal is not
shown; it should be inactive during these cycles. Typically, the busy signal will be
monitored before starting a transaction to the NOR flash. The tyy (write time high)
and ty,_ (write time low) timing should be programmed to match the device based on
the flash vendor’s specification. Refer to the descriptions for the XIO Select Profile
registers. The resolution is a multiple of the PCI clock period. The tg (read time, or
“wait for data”) is also programmed in the profile bits[13:9].
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frame

irdy

trdy

SEL

WN

twH ty]

OEN
ADDR | | a|ddress | ‘ | |>< | |ddress |+ 1 | |
DATA datal X data 2

pei_clk "\ /N Y\ Y\ S\

Q

twh: (WN_high + 1) * clk_pci period Shown with WN_high = 1
twi: (WN_low + 1) * clk_pci periodShown with WN_low = 1
Figure 8: NOR Flash Write
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Refer to Table 2 for signal descriptions.

frame

irdy

trdy

SEL

WN

OEN

ADDR address X address + 1

DATA data1 data2

internal_stb

pei_ck "N\ N/ N\ N\ AVAVAWVAVWAVEVANAW
e

tr
tr: OEN_lo * clk_pci period Shown with OEN_lo = 3
Figure 9: NOR Flash Read

Refer to Table 2 for signal descriptions.

8.2.4 IDE Description

The IDE (ATA) interface supports PIO mode transfer with a theoretical maximum
transfer rate of 16.6 MB/s (PIO-4 mode). (The PNX8526’s bandwidth requirement for
data transfer on IDE is under 10 MB/s.) The XIO module DMA is used for data
transfer to and from the disk.

All IDE disk registers (eight command and one control) are accessible via PI. All IDE
disk registers are indirectly accessed via GPXIO registers.
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Figure 10 shows a block diagram of the IDE interface.
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Figure 10: IDE Interface

-
PCI_GNT_B - INTRQ
XIO_SEL[1] - IDE_ENABLE +
< 7
PCI_ADO - IORDY 9
p
>
Z
Outputs »n | — |
> 5 T
= IDE Cable =
— =
- > 3
PCI AD[31:16] - DD[15:0] o
- o
c
c
T
Q
35

The IDE port is multiplexed with PCI, FLASH and Motorola interface pins. There are
two dedicated pins, IDE_ENABLE (XIO_SEL[1]) and INTRQ. The IDE Disk interrupt
(INTRQ) is connected to PCI_GNT_B, which is routed to the PIC through GPIO.

The SYS_RSTN_OUT of PNX8526 is connected with the IDE interface reset. All
outputs are driven on PCI-CLK. All inputs are registered on PCI_CLK. The Low and
High periods of DIOR/DIOW are programmable (using sel profile register).

All physical signals need to be isolated from PCI on the board as shown in Figure 11
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8.2.4.1

DATA_DIR- AD8 v
Dir1/2 VCC
- p-| A0l B10] | g—p
PCI AD[31:24] DD[15:8]
A1[7 B1[7] | <g¢—p
- AT 7 INTREQ GNT_B
> -
741516245
VCC
PCI AD[23:16] DDI[7:0]
10K
- p| A2[7]  B2[7] | g—p
VCC VCC VCC VCC VCC
OE_n1/2
1K 1K 1K 1K 1K
XIO_SEL[1] - IDE_ENABLE
AD15 [ OE12 . p CS1
AD14 > p CSO
AD13 gy - DA2
AD12 > 74LS244 p DA1
AD11 > p DAO
AD10 — p| > DIOW-
AD9 g p DIOR-
ADO g | - IORDY
SYS_RSTN_OUT > > RESET_n
Buffer Note the 10 K pullup required for
INTRQ, XIO_SEL and the 1.0 K pullup
required for DIOW-, DIOR- and IORDY.
Figure 11: Isolation Translation Logic

Data Transfer Operation

In PIO mode, data transfer to/from disk is done using read/write operations of the
command and control block registers. PI/PO protocol is explained in the ATA-2

specification.

All command block registers can be programmed using direct or indirect access in
the XIO block. All disk registers are programmed. When the disk is ready to transfer
data, DMA is enabled.
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8.2.4.2 Registers

All IDE device registers are defined in the ATA-2 Specification. These registers can
be accessed directly from PI or indirectly via GPXIO registers. The lower five bits of
the GPXIO address register need to be configured as follows:

Table 4: GPXIO Address Configuration

Address to be Address on IDE

Written Register Name Cs1 CSo0 DA2 DA1 DAO
5'b40 Data register 1 0 0 0 0
5’b44 ERR/Feature 1 0 0 0 1
5’b48 Sector count 1 0 0 1 0
5b4C Sector number 1 0 0 1 1
5'b50 Cylinder Low 1 0 1 0 0
5'b54 Cylinder High 1 0 1 0 1
5'b58 Device/Head 1 0 1 1 0
5'b5C Status/Command 1 0 1 1 1
5’b38 Alternate status/Device 0 1 1 1 0

control

Programming IDE Registers

IDE is a submodule of PCI-XIO. It shares PCI pins with other XIO blocks. Three XIO
SEL pins can be configured for use by any XIO device. Each SEL pin is associated
with the profile register in the PCI block. The profile register determines the mode of
the SEL pin, pulse width for control signals and memory apertures for each mode.

Before accessing any IDE register, the appropriate profile register needs to be
programmed. For example, if XIO_SEL[1] has been used for IDE, the sel1_profile
register needs to be programmed and IDE needs to be enabled.

* At power on, the IDE disk will respond in PIO-0 mode only.
* Program the appropriate register in PIO-0 mode to set PIO-4 mode.

® Using sel1_profile register, set lo and high period of DIOR/DIOW pulses for P1O-
4 mode.

* High period in selx_profile register is used for the setup time of DA/CS lines with
DIOR/DIOW.

* Low period in selx_profile register is used for the lo period of the DIOR/DIOW
pulse.

* Hold of DA/CS with respect to DIOR/DIOW is always for one PCI clock.

* Recommended values for sel_we_hi and sel_we_lo for PIO-0 mode are 7 and
13, respectively (assuming a 33 MHz PCI clock).

* Recommended values for sel_we_hi and sel_we_lo for PIO-4 mode are 1 and 3
respectively.
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* During DMA transactions the high period is used for the setup of the first
transaction only.

e t0 > X
Cso.Cs1.DAR20] i/ ; 0 N /
oy - 2 > 2l
DIOR/DIOW , N
(Inverted) ' : :
. i o t4 .
! t3 '4—»; :

WRITE DD[7:0)/
WRITE DD[15:0] : : - I

READ DDI[7:0]/
READ DD[15:0]

L ota . : : t6z |
- Cotd
I : <
ioroY ———— (A : e {
' tb :
- <A
—

Figure 12: Register Transfer/PIO Data Transfer on IDE

Table 5: IDE Timing

PIO Timings (ATA-2 Spec) Mode 0 Mode 4 (ns)

t0 Cycle time (min) 600 120

t1 ADD valid to DIOR/DIOW setup (min) 70 25

t2 DIOR/DIOW pulse width (min) 165 70

t2i DIOR/DIOW Recovery time (min) - 25

t3 DIOW data setup (min) 60 20

t4 DIOW data hold (min) 30 10

t5 DIOR data setup (min) 50 20

t6 DIOR data hold (min) 5 5

t6z DIOR data tristate(max) 30 30

t9 DIOR/DIOW to add,cs hold (min) 20 10

trd Read data valid to IORDY active (min) 0 0

ta IORDY setup time (max) 35 35

tb IORDY pulse width (max) 1250 1250

tc IORDY assertion to release (max) - 5
UM10104_1 © Koninkiijke Philips Electronics N.V. 2003. Al rights reserved.
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. t0 - 150 nsec
-t |
: . 30ns |
clk_pci : | :
' : t9 - 30ns |
CS0.CS1,DA[2:0]: ! 5 Z
! . t1-30ns t2 - 90ns I :
. - >t >
DIOW-/DIOR, ' 7 :
(Inverted) ! ' '
-———— P .
' t2i - 60ns : t3-30ns. 4 -30ns
| | <~
WRITE DD[7:0)/: : { : ;
WRITE DD[15:0}/: . : . '
READ DD[7:0/ l ' : H
READ DD[15:0)/ ; . ;
:4 ta - 60ns - '
1orDY-pullup———— (Y :
‘ Note: All outputs driven by PCI-CLK
Figure 13: Timings on IDE Bus

akpa N/ N\

ADDR ss

DIOW/DIOR SS

WRITE DDJ7: ss
READ DDI[7:0] S S_<:>.

iorov-putup ———— [ (S

Figure 14: IDE Transaction, Flow Controlled by Device IORDY

8.2.5 PCIl Interrupt Enable Register

PCI_INTA is the PNX8526 PCI interrupt pin. It can be enabled as an output pin and
connected to pci_inta_out. Or it can be enabled as an input pin and connected to one
of the PIC’s intreq lines. This control is done via the Global 2 register Enable_IntA_O
(see Section 8.3.2 on page 8-204).

8.3 Register Descriptions

The base address for the PNX8526 PCI-XIO module is 0x04 0000.
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The following section describes the registers in the PCI-XIO block. The PCI
configuration registers and the memory mapped 10 registers are included.

Register Address Map

The following table is a summary of all the registers in this module.
Table 6: PCI-XIO Register Summary

Address

0x04 0000
0x04 0004
0x04 0008
0x04 000C
0x04 0010
0x04 0014
0x04 0018
0x04 001C
0x04 0020
0x04 0024
0x04 0028
0x04 002C
0x04 0030
0x04 0034
0x04 0038
0x04 003C
0x04 0040
0x04 0044
0x04 0048
0x04 004C
0x04 0050
0x04 0054
0x04 0058

0x04 005C—0068

0x04 006C
0x04 0070
0x04 0074
0x04 0078
0x04 007C
0x04 0080
0x04 0084

0x04 0088—4 07FC

0x04 0800

UM10104_1

Name
pci_status
pci_int_mask
pci_int_clr
pci_int_set
pci_setup
pci_control
pci_base1 lo
pci_base1_hi
pci_base2_lo
pci_base2_ hi
read_lifetime
gppm_addr
gppm_wdata
gppm_rdata
gppm_ctrl
Reserved
device/vendorid
config_cmd_stat
class codefrev id
latency timer
base10
base14
base18
Reserved
subsystem ids
Reserved
cap_pointer
Reserved
config_misc
pmc
pwr_state
Reserved

dma_eaddr

Description

PCI Interrupt Status

PCI Interrupt Enable

PCI Interrupt Clear

PCI Interrupt Set

PCI Setup register

PCI Control register

Internal view of external PCI bottom address, 1st aperture
Internal view of external PCI top address, 1st aperture
Internal view of external PCI bottom address, 2nd aperture
Internal view of external PCI top address, 2nd aperture
Length of time data is held exclusively for requesting agent.
General purpose PCl Master Cycle address register
General purpose PCl Master Cycle write data register
General purpose PCl Master Cycle read data register

General purpose PCI Master Cycle control register

Image of device id and vendor id (configuration reg. 00)

Image of configuration command and status register (configuration reg 04)
Image of class code and revision id (configuration reg. 08)

Image of latency timer, cache line size (configuration reg. 0C)

Image of configuration base address 10 (configuration reg. 10)

Image of configuration base address 14 (configuration reg. 14)

Image of configuration base address 18 (configuration reg. 18)
Subsystem id, subsystem vendor id (configuration reg. 2C)

Image of capabilities pointer (configuration reg. 34)

Image of interrupt line, and interrupt line registers (configuration reg. 3C)
Power management capabilities (configuration reg. 40)

Power Management control (configuration reg. 44)

PCI address for DMA transaction.
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Table 6: PCI-XIO Register Summary ...Continued

Address Name Description
0x04 0804 dma_iaddr Internal address for DMA transaction
0x04 0808 dma_length DMA length in words
0x04 080C dma_ctrl DMA control
0x04 0810 Xio_ctrl XIO misc control
0x04 0814 xio_sel0_prof XIO sel0 profile
0x04 0818 xio_sel1_prof XIO sel1 profile
0x04 081C xio_sel2_prof XIO sel2 profile
0x04 0820 gpxio_addr Indirect general purpose XIO address
0x04 0824 gpxio_wdata Indirect general purpose XIO write data
0x04 0828 gpxio_rdata Indirect general purpose XIO read data
0x04 082C gpxio_ctrl Indirect general purpose XIO control
0x04 0830 nand_ctrls NAND-Flash profile controls
0x04 0834—O0FF8 Reserved
0x04 OFFC module_id DVP Module ID

...Continued

Table 7: PCI Configuration Register Summary

Address Name

0x0000 Device / Vendor ID
0x0004 Command / Status
0x0008 Class Code/Rev ID
0x000C Latency Timer/ Cache Line size
0x0010 Base Address 10
0x0014 Base Address 14
0x0018 Base Address 18
0x001C—0028 Reserved

0x002C Subsystem ID
0x0030 Reserved

0x0034 Capability Pointer
0x0038 Reserved

0x003C INTR

0x0040 pmc

0x0044 pwr_state

UM10104_1

Description
Device ID and Vendor ID
Command and Status register

The Class code to be specified appropriate for the application.
This will be implemented as a parameter. The Rev ID will initially
be 0.

Latency Timer, Cache Line Size.
Base Address, memory

Base Address, memory — MMIO
Base Address, memory — XIO

Subsystem ID and Subsystem Vendor ID

Capabilities Pointer Register

Interrupt Line, Interrupt Pin, Min_Gnt, MAX_Lat

Power management Capability

Power Management control
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Table 8: PCI-XIO Global 2 Register Summary

Address Name Description
0x04 D050 PCI Inta Output Global 2 register
Enable
PCI-XIO REGISTERS
Read/ Reset Name
Bits Write Value (Field or Function) Description
PCI Control Registers
Offset 0x04 0000 PCI Interrupt Status
31:21 R 0 Reserved
20 R 0 pwrstate_chg Power management register has been changed.
19 R 0 xio_acc_err XIO access error. XIO or PCl master not enabled.
18 R 0 pim_rd_err Pl master read error detected.
17 R 0 pim_wr_err Pl master write error detected.
16 R 0 pis_rd_err Pl slave read error detected.
15 R 0 pis_wr_err Pl slave write error detected.
14 R 0 xio_ack_done Rising edge of xio_ack has been observed.
13 R 0 gpxio_done GPXIO transaction completed.
12 R 0 dma_done DMA transaction completed.
1" R 0 serr_seen SERR observed on PCI bus.
10 R 0 gppm_done General purpose PClI command completed.
9 R 0 err_bad_cmd Non-supported DMA command attempted or other error.
8 R 0 err_base10_subword Subword attempt to base10 aperture when restrained to word
only (not used on the PNX8526).
7 R 0 err_base14_subword Subword attempt to base14 aperture when restrained to word
only.
6 R 0 err_base18 subword Subword attempt to base18 aperture when restrained to word
only (not used on the PNX8526).
5 R 0 mstr_parity err PCI master set or observed parity error (PERR).
4 R 0 err_parity Detected parity error (PERR).
3 R 0 err_sys Signaled system error (SERR)
2 R 0 err_r_mabort Received Master Abort.
1 R 0 err_r_tabor Received Target Abort.
0 R 0 err_s_tabort Signaled Target Abort.
Offset 0x04 0004 PCI Interrupt Enable
31:21 R 0 Reserved
20 R/W en_int_pwrstate_chg Enable interrupt on change of power state register.
19 R/W en_int_xio_acc_err Enable interrupt on XIO access error.

UM10104_1
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Read/
Bits Write
18 R/W
17 R/W
16 R/W
15 R/W
14 R/W
13 R/W
12 R/W
11 R/W
10 R/W
9 R/W
8 R/W
7 R/W
6 R/W
5 R/W
4 R/W
3 R/W
2 R/W
1 R/W
0 R/W
Offset 0x04 0008
31:21 R
20 w
19 W
18 W
17 W
16 W
15 W
14 W
13 w
12 w
11 W
10 W
9 w
8 w
7 W
6 w

UM10104_1

Reset
Value

0

O O O O O O O O O 0O 0o o o o o o o o

O O O O O O O O O O o o o o o o

Name
(Field or Function)

en_int_pim_rd_err
en_int_pim_wr_err
en_int_pis_rd_err
en_int_pis_wr_err
en_int_xio_ack_done
en_int_gpxio_done
en_int_dma_done
en_int_serr_seen
en_int_gppm_done

en_int bad_cmd

en_int_base10_subword
en_int_base14_subword

en_int_base18_ subword

en_int_mstr_parity err
en_int_parity
en_int_err_sys
en_int_r_mabort
en_int_r_tabort
en_int_s_tabort

PCI Interrupt Clear
Reserved
clr_pwrstate_chg
clr_xio_acc_err
clr_pim_rd_err
clr_pim_wr_err
clr_pis_rd_err
clr_pis_wr_err
clr_xio_ack_done
clr_gpxio_done
clr_dma_done
clr_serr_seen
clr_gppm_done
clr_bad_cmd
clr_base10_subword
clr_base14_subword

clr_base18_subword

PCI-XIO REGISTERS

Description

Enable interrupt on Pl master read error.

Enable interrupt on Pl master write error.

Enable interrupt on PI slave read error.

Enable interrupt on PI slave write error.

Enable interrupt on rising edge of xio_ack done.

Enable interrupt on gpxio_done.

Enable interrupt on dma_done.

Enable interrupt on SERR observed on PCI bus.

Enable interrupt on general purpose PCl master cycle done.
Enable interrupt on Bad-Command status.

Enable interrupt on subword attempt to Base10 error status.
Enable interrupt on subword attempt to Base14 error status.
Enable interrupt on subword attempt to Base18 error status.
Enable interrupt on Master Parity Error.

Enable interrupt on Parity Error status.

Enable interrupt on System Error status.

Enable interrupt on received Master Abort status.

Enable interrupt on received Target Abort status.

Enable interrupt on signaled Target Abort status.

Clear power state change register flag.

Clear XIO access error.

Clear Pl master read error flag.

Clear Pl master write error flag.

Clear Pl slave read error flag.

Clear PI slave write error flag.

Clear xio_ack done flag.

Clear GPXIO done flag.

Clear dma_done flag.

Clear serr_seen flag.

Clear GPPM done flag.

Clear Bad-Command status.

Clear subword attempt to Base10 error status.
Clear subword attempt to Base 14 error status.

Clear subword attempt to Base18 error status.
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Read/ Reset Name
Bits Write Value (Field or Function)

5 w 0 clr_mstr_parity err
4 w 0 clr_parity
3 w 0 clr_err_sys
2 w 0 clr_r_mabort
1 w 0 clr_r_tabort
0 w 0 clr_s_tabort
Offset 0x04 000C PCI Interrupt Set
31:21 R 0 Reserved
20 w 0 set_pwrstate_chg
19 w 0 set xio_acc_err
18 w 0 set_pim_rd_err
17 w 0 set_pim_wr_err
16 w 0 set pis rd_err
15 w 0 set_pis_wr_err
14 w 0 set_xio_ack_done
13 w 0 set_gpxio_done
12 w 0 set_dma_done
11 w 0 set_serr_seer
10 W 0 set_gppm_done
9 w 0 set_bad_cmd
8 w 0 set_base10_subword
7 w 0 set_base14_subword
6 w 0 set_base18_subword
5 w 0 set_mstr_parity err
4 W 0 set_parity
3 w 0 set_err_sys
2 w 0 set_r_mabort
1 w 0 set_r _tabort
0 w 0 set_s_tabort
Offset 0x04 0010 PCI Setup

PCI-XIO REGISTERS

Description

Clear Master Parity Error.

Clear Parity Error status.

Clear System Error status.

Clear received Master Abort status.
Clear received Target Abort status.

Clear signaled Target Abort status.

Set change of power state register flag.

Set XIO access error.

Set Pl master read error flag.

Set Pl master write error flag.

Set PI slave read error flag.

Set Pl slave write error flag.

Set xio_ack done flag.

Set GPXIO done flag.

Set dma_done flag.

Set serr_seen flag.

Set gppm_done flag.

Set Bad-Command status.

Set subword attempt to Base10 error status.
Set subword attempt to Base14 error status.
Set subword attempt to Base18 error status.
Set master Parity Error.

Set Parity Error status.

Set System Error status.

Set received Master Abort status.

Set received Target Abort status.

Set signaled Target Abort status.

This register must be initialized before any PCI cycles will be entertained. The boot loader is expected to load the values at
boot time. Write once by boot loader, otherwise read only. Because this register is “written once” the bit fields are

designated “R/W1.”

31:28 R 0 Reserved
27 R/WA1 1 d2_support
26 R/WA1 1 d1_support
25 R/W1 0 Reserved

UM10104_1

Support for D2 power state
Support for D1 power state
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Read/ Reset Name
Bits Write Value (Field or Function) Description
24 R/WA1 0 en_ta Terminate restricted access attempt with target abort (otherwise,
ignore writes, return 0 on read).
23 R/WA1 en_pci2mmi Enable memory hwy interface.
22 R/W1 en_xio Enable XIO functionality.
21 R/W1 base18 prefetchable PCI base address 18 is a prefetchable memory aperture.
20:18 R/W1 01 base18_siz The size of aperture located by PCI cfg base 18 is:
011 =16 MB
100 = 32 MB
101 = 64 MB
110 =128 MB
This aperture is used as the XIO aperture in the PNX8526.
17 R/WA1 1 en_base18 Enable 3rd aperture, PCI base address 18 (non-PNX8526
application). The PNX8526 will always use this aperture.
16 R/W1 0 base14 prefetchable PCI Base address 14 is a prefetchable memory aperture.
15 R 0 Reserved
14:12  R/W1 000 base14_siz The size of aperture located by PCI cfg base 14 is:
000=2MB or 32if IO
This aperture is used as the MMIO aperture in the PNX8526.
11 R/W1 1 en_base14 Enable 2nd aperture, PCl base address 14 (non-PNX8526
application). The PNX8526 will always use this aperture.
10 R/WA1 1 base10_prefetchable PCI Base address 10 is a prefetchable memory aperture.
9:7 R/W1 100 base10_siz The size of aperture located by PCI cfg base 10 is:
011 =16 MB
100 = 32 MB
101 = 64 MB
This aperture is used as the DRAM aperture in the PNX8526.
6:2 Reserved
1 R/W1 0 en_config_manag Enable configuration management.
0 R/WA1 0 en_pci_arb Enable PCI system arbitration.
Offset 0x04 0014 PCI Control
31:10 R 0 Reserved

R/W 0 en_serr_seen Enable monitoring of the SERR pin.

R/W 0 en_pi_wp Enable write-posting from PI-Bus.

R/W 0 en_wrlock Enables locked Pl-write transactions originating from PCI. If this
bit is ‘0’ the bridge breaks down a burst from the PCI side into
single WDU writes on the PI side.

6 R/W 0 en_base10_spec_rd Read ahead to optimize PCI read latency to base 10.
5 R/W 0 en_base14_spec_rd Read ahead to optimize PCI read latency to base 14.
4 R/W 0 en_base18 spec rd Read ahead to optimize PCI read latency to base 18.
3 R/W 0 disable_subword2_10 Disable subword access to/from Base10 aperture.

UM10104_1
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Read/ Reset
Bits Write Value
2 R/W 1
1 R/W 1
0 R/W 1
Offset 0x04 0018
31:21 R/W 0
20:0 R 0
Offset 0x04 001C
31:21 R/W 0
20:0 R 0
Offset 0x04 0020
31:21 R/W 0
20:0 R 0
Offset 0x04 0024
31:21 R/W 0
20:0 R 0
Offset 0x04 0028

31:16

UM10104_1

PCI-XIO REGISTERS

Name
(Field or Function)

disable_subword2_ 14
disable_subword2_18

en_retry_timer

PCI_Base1_lo

pci_base1_lo

Reserved
PCI_Base1_hi
pci_base1_hi

Reserved

PCI_Base2_lo

pci_base2_lo

Reserved
PCI_Base2_hi
pci_base2_hi

Reserved
Read Data Lifetime Timer

Unused

Description
Disable subword access to/from Base14 aperture.
Disable subword access to/from Base18 aperture.

Enables timer for 16 tic rule enforcer. This bit does not affect
access to the XIO aperture.

For internal address decoding: low bar of first aperture for
external PCl access. This register affects the decode and routing
of the bus controllers. It should not be relied on as stable for 10
clocks after writing. It is recommended that the PCI_Base1_lo be
initialized before the PCI_Base1_hi to avoid a potentially large
segment of address space being temporarily allocated to PCI
space.

For internal address decoding: high bar of first aperture for
external PCl access (up to but not including). This register affects
the decode and routing of the bus controllers. It should not be
relied on as stable for 10 clocks after writing. It is recommended
the PCI_Base1_lo be initialized before the PCI_Base1_hi to
avoid a potentially large segment of address space being
temporarily allocated to PCI space.

For internal address decoding: low bar of second aperture for
external PCl access. This register affects the decode and routing
of the bus controllers. It should not be relied on as stable for 10
clocks after writing. It is recommended the PCI_Base2_lo be
initialized before the PCI_Base2_hi to avoid a potentially large
segment of address space being temporarily allocated to PCI
space.

For internal address decoding: high bar of second aperture for
external PCl access (up to but not including). This register affects
the decode and routing of the bus controllers. It should not be
relied on as stable for 10 clocks after writing. It is recommended
the PCI_Base?2_lo be initialized before the PCI_Base2_hi to
avoid a potentially large segment of address space being
temporarily allocated to PCI space.
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Read/ Reset Name
Bits Write Value (Field or Function) Description

15:0 R/W 8000 read_lifetime This register is the amount of time (in PCI clocks) that the PCI will
hold a piece of data exclusively for an external PCI master. The
timer is initiated when the PCI can not complete the requested
read in 16 clock cycles and issues a retry.

Offset 0x04 002C General Purpose PCIl Master (GPPM) Address

31:0 R/W 0 gppm_addr This register will be written with the address for the single data
phase cycle to be issued on the PCI bus. It will accept only 32-bit
writes. When issuing type 0 configuration transactions, the
device number (bits [15:11]) is expanded to bits [31:11] on the

PCI bus.
Offset 0x04 0030 General Purpose PCIl Master (GPPM) Write Data
31:0 R/W 0 gppm_wdata This register will be written with the data for the single data phase
cycle to be issued on the PCI bus. This register will accept any
size write.
Offset 0x04 0034 General Purpose PCI Master (GPPM) Read Data
31:0 R 0 gppm_rdata This register will hold data from the selected target after
completion of the read.
Offset 0x04 0038 General Purpose PCI| Master (GPPM) Control
31:11 R 0 Reserved
10 R 0 gppm_done 1 = cycle has completed. This bit can also be viewed in the
pci_status register. Write to register 0008 to clear.
9 R/W 0 init_pci_cycle 1 = initiate a PCI single data phase transaction on the PCI bus
with address “gppm_addr” and data “gppm_data.”
8 R 0 Reserved
74 R/W 0 gppm_cmd Command to be used with PCI cycle. The acceptable commands
to use in the command field include IO read, 10 write, memory
Read, memory Write, configuration read and interrupt
acknowledge. If configuration management is enabled,
configuration write may be used.
3.0 R/W 0 gppm_ben Byte enables to be used with PCI cycle
Offset 0x04 0040 Image of Device ID and Vendor ID
31:16 R 0x8500 device_id PCI configuration device ID
15:0 R 0x1131 vendor_id PCI configuration vendor 1D
Offset 0x04 0044 Image of Command/Status
31:16 R 0x0290 status PCI configuration status register
15:0 R/W*  0x0000 command PCI configuration command register.
*This register is read/write if configuration management is
enabled (pci_setup[1]). If not enabled, it is read only.
Refer to configuration register 4 for details on which bit are
implemented and are controllable.
Offset 0x04 0048 Image of Class Code/Revision ID
31:8 R/W1* 040000 class code PCI configuration class code.
*Write-once/Read-only
UM10104_1 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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PCI-XIO REGISTERS

Read/ Reset Name
Bits Write Value (Field or Function) Description
7:0 R 0 revision id PCI configuration revision ID
Offset 0x04 004C Image of Latency Timer/Cache Line Size
31:24 R 0 BIST PCI configuration BIST
23:16 R 0 Header Type PCI configuration Header Type
15:8 R/W* 0 latency timer PCI configuration latency timer.

7:0 R/W* 0

cache line size

*This register is read/write if configuration management is
enabled (pci_setup[1]). If not enabled, it is read only.

PCI configuration cache line size.
*This register is read/write if configuration management is
enabled (pci_setup[1]). If not enabled, it is read only.

Offset 0x04 0050 Base Address 10 Image

31:4 R/W* 0 Base Address 10 PCI configuration Base address for DRAM.
This register affects the decode and routing of the bus
controllers. It should not be relied on as stable for 10 clocks after
writing.
*This register is read/write if configuration management is
enabled (pci_setup[1]). If not enabled, it is read only.

3 R cfg Prefetchable Value is determined at boot time.
2:0 R 0 Type Indicates type 0 memory space (locatable anywhere in 32-bit

Offset 0x04 0054
31:4 R/wW* 0

3 R cfg*

2:0 R 0

Offset 0x04 0058
31:4 R/W* 0

3 R cfg
2:0 R 0

Offset 0x04 006C

Base Address 14 Image
Base Address 14

Prefetchable

Type

Base Address 18 Image
Base Address 18

Prefetchable
Type

address space).

PCI configuration Base address for MMIO.

This register affects the decode and routing of the bus
controllers. It should not be relied on as stable for 10 clocks after
writing.

*This register is read/write if configuration management is
enabled (pci_setup[1]). If not enabled, it is read only.

Value is determined at boot time.
*Value determined by PCI Setup register.

Indicates type 0 memory space (locatable anywhere in 32-bit
address space).

PCI configuration Base address for XIO.

This register affects the decode and routing of the bus
controllers. It should not be relied on as stable for 10 clocks after
writing.

This register is read/write if configuration management is
enabled (pci_setup[1]). If not enabled, it is read only.

Value is determined at boot time.

Indicates PCI “type 0” memory space (locatable anywhere in 32-
bit address space).

Subsystem ID/Subsystem Vendor ID Write Port

This register must be initialized before any PCI cycles will be entertained. The boot loader is expected to load the values at

boot time. This register is a Write-once/Read-only register (R/W1).
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PCI-XIO REGISTERS

Read/ Reset Name

Bits Write Value (Field or Function) Description
31:16  R/W1 0 subsystem ID This is the write port for the Subsystem ID (PCI config 2C).
150 R/W1 0 subsystem vendor ID This is the write port for the Subsystem Vendor ID (PCI config
2C).
Offset 0x04 0070 Reserved
Offset 0x04 0074 Image of Configuration Reg 34
31:8 R 0 Reserved
7:0 R 40 CAP_PTR Capabilities Pointer
Offset 0x04 007C Image of Configuration Reg 3C
31:24 R 0x18 max_lat Max Latency
23:16 R 0x09 min_gnt Minimum Grant
15:8 R 0x01 interrupt pin Interrupt pin information
7:0 R/W*  0x00 Interrupt Line This register conveys interrupt line routing information.

*This register is read/write if configuration management is
enabled (pci_setup[1]). If not enabled, it is read only.

Offset 0x04 0080 Image of Configuration Reg 40
31:27 R 00000 Reserved
26 R cfg® d2_support 1 = Device supports D2 power management state.
*Value determined by PCI Setup register.
25 R cfg® d1_support 1 = Device supports D1 power management state.
*Value determined by PCI Setup register.
24:19 R 0 Reserved
18:16 R 010  version Indicates compliance with version 1.1 of PM.
15:8 R 00 Next Iltem Pointer There are no other extended capabilities.
7:0 R 01 Cap_ID Indicates this is power management data structure.
Offset 0x04 0084 Image of Configuration Reg 44
31:2 R 0 Reserved
1:0 R/W* 0 pwr_state Power State
*This register is read/write if configuration management is
enabled (pci_setup[1]). If not enabled, it is read only.
Offset 0x04 0800 DMA PCI Address
This register will accept only word writes.
31:0 R/W  1c00_0 dma_eaddr This is the external starting address for the DMA engine. It is
000 used for DMA transfers over PCIl and XIO. Bit 0 and 1 are not
used because all DMA transfers are word aligned.
Offset 0x04 0804 DMA Internal Address
This register will accept only word writes.
31:0 R/W 0010_0 dma_iaddr This is the internal read source/ write destination address in
000 SDRAM.
Offset 0x04 0808 DMA Transfer Size

This register will accept any size writes.
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Name

(Field or Function)
Reserved
dma_length

DMA Controls

This register will accept any size writes.

Reserved

snd2xio

fix_addr

max_burst_size

init_dma

cmd_type

XIO Control Register
Reserved

xio_ack

Reserved

XIO Sel0 Profile

PCI-XIO REGISTERS

Description

This is the length of the DMA transfer (number of 4-byte words).

0 = DMA will target PCI.
1 = DMA will target XIO.

0 = DMA will use linear address.
1 = DMA will use a fixed address (for XIO).

PCI transaction will be split into multiple transactions. Max size:

000 = 8 data phase

001 = 16 data phase

010 = 32 data phase

011 = 64 data phase

100 = 128 data phase

101 = 256 data phase

110 = 512 data phase

111 = No restriction in transfer length

Initiate DMA transaction. This bit is cleared by the DMA engine

when it begins its operation.

Command to be used for DMA. This field is restricted to memory

type commands.

Live XIO_ACK status bit.

This register sets up the profile of the XIO select 0 line. All times are in reference to PCI clocks.

Read/ Reset
Bits Write Value
31:16 R/W 0
15:0 R/W 800
Offset 0x04 080C
31:10 R 0
9 R/W 0
8 R/W 0
75 R/W 0
4 R/W 0
3.0 R/W 0
Offset 0x04 0810
31:2 R 0
1 R
0 R/W 0
Offset 0x04 0814
31:23 R 0
22 R/W 0
21:18 R/W 0
17:14 R/W 0

UM10104_1

Reserved

sel0_use_ack

sel0_we_hi

sel0_we_lo

0 = Fixed wait state
1 = Wait for ACK
Not used for IDE.

68360: DS time high.

NOR: WN time high

NAND: REN profile, [19:18] low time; [21:20] high time
IDE: DIOR and DIOW high time

68360: Not used.

NOR: WN time low

NAND: WEN profile, [15:14] low time; [17:16] high time
IDE: DIOR and DIOW low time
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Name
(Field or Function)

sel0_wait

sel0_offset

sel0_type

sel0_siz

en_sel0

XI0O Sel1 Profile

PCI-XIO REGISTERS

Description

68360: DS time low if using fixed timing.

NOR: OEN time low if not using ACK.

NAND: Delay between address and data phase if not using ACK,
delay until monitoring ACK.

IDE: Not used.

Starting address offset from start address of XIO aperture, in 8M
increments. This field must be naturally aligned with the size of
the profile.

Device type selected:

00 = 68360 type device
01 = NOR Flash

10 = NAND-Flash

11 =IDE

Amount of address space allocated to SelO:
00 =8M
01 =16M
10 = 32M
11 = 64M

1 = Enable sel0 profile.

This register sets up the profile of the XIO select 1 line. All times are in reference to PCI clocks.

Read/ Reset

Bits Write Value
13:9 R/W 0
8:5 R/W 0
4:3 R/W 0
2:1 R/W 0
0 R/W 0

Offset 0x04 0818

31:23 R 0
22 R/W 0
21:18 R/W 0
17:14 R/W 0
13:9 R/W 0
85 R/W 0
4:3 R/W 0

UM10104_1

Reserved

sell_use_ack

sel1_we_hi

sel1_we_lo

sel1_wait

sel1_offset

sel1_type

1 = Wait for ACK
0 = fixed wait state.
Not used for IDE.

63860: time high.

NOR: WN time high

NAND: REN profile, [19:18] low time; [21:20] high time
IDE: DIOR and DIOW high time

63860: Not used.

NOR: WN time low

NAND: WEN profile, [15:14] low time; [17:16] high time
IDE: DIOR and DIOW low time

63860: DS time low if using fixed timing.

NOR: OEN time low if not using ACK.

NAND: Delay between address and data phase if not using ACK,
delay until monitoring ACK.

IDE: Not used.

Address offset form start address of XIO aperture, in 8M
increments. This field must be naturally aligned with the size of
the profile.

Sel1 is configured as:

00 = 68360 type device
01 = NOR Flash

10 = NAND-Flash

11 =IDE
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Name

(Field or Function)

sell_siz

en_sell

XI0O Sel2 Profile

PCI-XIO REGISTERS

Description

Amount of address space allocated to Sel1:
00 =8M
01=16M
10 = 32M
11 = 64M

Enable sel1 profile.

This register sets up the profile of the XIO select 2 line. All times are in reference to PCI clocks.

Read/ Reset
Bits Write Value
2:1 R/W 0
0 R/W 0
Offset 0x04 081C
31:23 R 0
22 R/W 0
21:18 R/W 0
17:14 R/W 0
13:9 R/W 0
85 R/W 0
4:3 R/W
2:1 R/W 0
0 R/W 0
Offset 0x04 0820
31:0 R/W 0

Reserved

sel2_use ack

sel2_we_hi

sel2_we_lo

sel2_wait

sel2_offset

sel2_type

sel2_siz

en_sel2
GPXIO_address
gpxio_addr

0 = Fixed wait state.
1 = Wait for ACK
Not used for IDE

68360: DS time high.

NOR: WN time high

NAND: REN profile, [19:18] low time; [21:20] high time
IDE: DIOR and DIOW high time

63860: Not used.

NOR: WN time low

NAND: WEN profile, [15:14] low time; [17:16] high time
IDE: DIOR and DIOW low time

68360: DS time low if using fixed timing.

NOR: OEN time low if not using ACK.

NAND: Delay between address and data phase if not using ACK,
delay until monitoring ACK.

IDE: Not used.

Address offset form start address of XIO aperture, in 8M
increments. This field must be naturally aligned with the size of
the profile.

Sel2 is configured as:

00 = 68360 type device
01 = NOR Flash

10 = NAND-Flash

11 = IDE

Amount of address space allocated to Sel2:
00 =8M
01 =16M
10 = 32M
11 = 64M

Enable sel2 profile.

General Purpose XIO cycle address. This register sets the
address for an indirect read or write to/from XIO address space.
Only 4 byte writes are allowed in this register. The values
programmed for bits 0 and 1 are not used by the XIO module.
Refer to gpxio_ben.

UM10104_1
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PCI-XIO REGISTERS

Name
(Field or Function)
GPXIO_write_data

gpxio_wdata

GPXIO_read_data

gpxio_rdata

GPXIO_ctrl

Description

General Purpose XIO cycle data. This register is programmed
with data for a write cycle.

General Purpose XIO cycle data. This register contains the data
of a read cycle after completion.

This register controls the type of access to XIO and provides status.

Read/ Reset
Bits Write Value
Offset 0x04 0824
31:0 R/W 0
Offset 0x04 0828
31:0 R 0
Offset 0x04 082C
31:11 R 0
10 w 0
9 R 0
8 R 0
R/W
R/W
R/W
R/W
3.0 R/W
Offset 0x04 0830
21:16 R/W 17
15:8 R/W 0
7:0 R/W 0
Offset 0x04 OFFC
31:16 R 0x0113
15:12 R 0
11:8 R 1
7:0 R 0

UM10104_1

Reserved
set_gpxio_done
gpxio_cyc_pending

gpxio_done

clr_gpxio_done

gpxio_init

gpxio_int
gpxio_rd

gpxio_ben

NAND-Flash controls

nand_ctrls

command_b

command_a

Module ID
Module ID
Major Revision number
Minor revision number

mod_size

Set gpxio_done.
1 = GPXIO transaction on XIO is pending.

General Purpose XIO cycle complete. This bit may also be set by
writing 1 to bit 10 (set_gpxio_done). This bit is cleared by writing
1tobit6or7.

1 = Clear “gpxio_done.”

1 = Initiate a transaction on XIO. The type of transaction will
match the profile of the selected aperture. This bit gets cleared if
the cycle has been initiated. This bit clears bit 8 if set.

Generate interrupt on completion of XIO cycle.
Read/not write command on XIO

Active low byte enables to be used on the indirect XIO cycle.
These are used to determine how many bytes to access and the
lower two address bits for use in “gpxio_addr”.

This field controls the type of NAND-Flash access cycle. The bits
are defined as follows:

[21]: 1 = Enable access to spare area; 0: access normal area
[20]: 1 = Include data in access cycle; 0 access does not
include data phase(s)

[19:18] = Number of commands to be used in NAND-Flash
access

[17:16] = Number of address phases to be used in NAND-
Flash access.

This is the second command for NAND-Flash when two
commands are required to complete a cycle.

This is the command type to be used with NAND-Flash cycles
when one or more commands are required to complete a cycle.

PNX8526 Module ID
Major Revision number
Minor revision number
Module size is 4 kB.
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Read/
Bits Write
Offset 0x0000
31:16 R
15:0 R
Offset 0x0004
31 R/W
30 R/W
29 R/W
28 R/W
27 R/W
26:25 R
24 R/W
23 R
22 R
21 R
20 R
19:10 R
9 R/W
8 R/W
7 R
6 R/W
5 R
4 R/W
3 R
2 R/W
1 R/W
0 R

Reset
Value

0x8500

0x1131

cfg*

0000

o O o o

O O O o o o

PCI CONFIGURATION REGISTERS

Name
(Field or Function)
Device ID/Vendor ID

Device ID

Vendor ID

Command/Status

Parity Error

Signaled System Error

Received Master Abort

Received Target Abort

Signaled Target Abort

Devsel Timing
Master Data Parity Error

Fast Back-to-Back
Capable

Reserved
66 MHz Capable

Capabilities List
Reserved

Fast back-to-back enable
SERR enable

Stepping Control

Parity Error Response

VGA Palette Snoop
Memory Write & Invalidate
Special Cycles

Enable Bus Master
Enable Memory space
Enable IO Space

Description

The ID assigned by the PCI SIG representative. The value will be
hard coded. Reset value 8500 has been assigned to the
PNX8526.

Value 0x1131 is the ID assigned to Philips Semiconductors by
the PCI SIG representative.

This bit will be set whenever the device detects a parity error.
Write 1 to clear.

This bit is set whenever the device asserts SERR. Write 1 to
clear.

Set by the PCI master when its transaction is terminated with a
master abort. Write 1 to clear.

Set by the PCI master when its transaction is terminated with a
target abort. Write 1 to clear.

Set by the PCI target when it terminates a transaction with a
target abort. Write 1 to clear.

The PCI target uses medium DEVSEL timing.
Set by the PCI master when PERR is observed.

The PCI supports fast back-to-back transactions.

0 = 33 MHz PCI (PNX8526 is 33 MHz).
*Value determined by PCI Setup register.

Indicates a new Capabilities linked list is available at offset 40h.

Enable fast back-to-back transactions for PCI master.
Enable SERR to report system errors.
Address stepping is not supported.

0 = No parity error response
1 = Enable parity error response.

VGA is not supported.

Enable use of memory write and invalidate.

Special cycles are not supported.

Enable the PCI bus master.

Enable all memory apertures.

The PNX8525 does not respond to IO transactions.

UM10104_1
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PCI CONFIGURATION REGISTERS

Read/ Reset Name

Bits Write Value (Field or Function) Description
Offset 0x0008 Class Code/Revision ID
31:8 R/W*  0x0400 Class Code The PNX8526 is defined as a multimedia video device. *The boot
00 loader may change the class code to an alternate value if done

before writing to the pci_setup register.

7:0 R 1 Revision ID Revision ID. Will initially be assigned to 0. Revision ID must not
be synthesized. It will need to be changed with revised silicon,
whether for bug fixes or enhancements.

Offset 0x000C Latency Timer/Cache Line Size
31:16 R 0x0000 Reserved Note: BIST is not implemented. Header is 0.
15:8 R/W 0 Latency Timer Latency Timer
7:0 R/W 0 Cache Line Size Cache Line Size
Offset 0x0010 Base10 Address Register
This aperture is for the SDRAM on the PNX8526. 64M, 32M or 16M memory sizes are supported on the PNX8526.
31:28 R/W 0 Base10 Address Upper 4 bits of base10 address of the first memory aperture
2721  R/W* 0 Base10 Address *The base 10 can be configured to various aperture sizes from 2

MB to 256 MB. (See PCI Setup register on page 8-190).
Depending on aperture size selected, various bits will be R/W or
Read Only.

Bit: 27262524232221

256M:RORORORORORORO
128M:RWRORORORORORO
64M:RWRWRORORORORO
32M:RWRWRWRORORORO
16M:RWRWRWRWRORORO
8M:RWRWRWRWRWRORO
4M:RWRWRWRWRWRWRO
2M:RWRWRWRWRWRWRW

20:4 R 0 Reserved
3 R cfg Prefetchable Value is determined at boot time.
2:0 R 0 Type Indicates type 0 memory space (locatable anywhere in 32-bit
address space).

Offset 0x0014 Base14 Address Register
This aperture will be set to 2 MB for MMIO on the PNX8526.

31:28 R/W 0001 Base14 Address Upper 4 bits of base14 address of the first memory or 10 aperture
UM10104_1 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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PCI CONFIGURATION REGISTERS

Read/ Reset Name

Bits Write Value (Field or Function)

27:21 R/W* 1011111 Base14 Address

20:4 R 0 Reserved
3 R cfg Prefetchable
2:0 R 0 Type
Offset 0x0018

Base18 Address Register

Description

*The base 14 can be configured to various aperture sizes from 2
MB to 256 MB. (See PCI Setup register on page 8-190).
Depending on aperture size selected, various bits will be R/W or
Read Only.

Bit: 27262524232221
256M:RORORORORORORO
128M:RWRORORORORORO
64M:RWRWRORORORORO
32M:RWRWRWRORORORO
16M:RWRWRWRWRORORO
8M:RWRWRWRWRWRORO
4M:RWRWRWRWRWRWRO
2M:RWRWRWRWRWRWRW

Value is determined at boot time.

Type of aperture.

0=PCltype 0

1=PCl type 1
Indicates type 0 memory space (locatable anywhere in 32-bit
address space).

This aperture is for the XIO on the PNX8526, which supports up to 128 MB of XIO memory space.

31:28 R/W 0001 Base18 Address
27:21 R/W* 110000 Base18 Address

0
20:4 R 0 Reserved
3 R cfg®  Prefetchable
2:0 R 0 Memory

Offset 0x002C

Upper 18 bits of base address of the first memory or 10 aperture

*The base 18 can be configured to various aperture sizes from 2
MB to 256 MB. (See PCI Setup register on page 8-190).
Depending on aperture size selected, various bits will be R/W or
Read Only.

Bit: 27262524232221
256M:RORORORORORORO
128M:RWRORORORORORO
64M:RWRWRORORORORO
32M:RWRWRWRORORORO
16M:RWRWRWRWRORORO
8M:RWRWRWRWRWRORO
4AM:RWRWRWRWRWRWRO
2M:RWRWRWRWRWRWRW

Prefetchable if configured as 1. *Value determined by PCI Setup
register.

This bit indicates type 0 memory aperture.

Subsystem ID/Subsystem Vendor ID

The values used in this register will be loaded into the register before entertaining any transactions on the PCI bus. The boot
loader will initialize control register address 0x006C with the correct values.

31:16 R 0 Subsystem ID

UM10104_1

Subsystem ID. The value for this field is provided by Philips PCI
SIG representative for Philips internal customers. External
customers will provide their own number.
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Read/
Bits Write
15:0 R
Offset 0x0030
Offset 0x0034
31:8 R
7:0 R
Offset 0x003C
31:24 R
23:16 R
15:8 R
7:0 R/W
Offset 0x0040
31:27 R
26 R
25 R
24:19 R
18:16 R
15:8 R
7:0 R
Offset 0x0044
31:2 R
1:0 RW

Reset
Value

0

0
0x40

0x18

0x09
0x01
0x00

0x0000
cfg*

cfg

010

00
01

PCI CONFIGURATION REGISTERS

Name
(Field or Function)

Subsystem Vendor ID

Reserved
Capabilities Pointer
Reserved

cap_pointer

Description

Subsystem Vendor ID. The value for this field is 1131 for Philips
internal customers. External customers need to apply to the PCI
SIG to obtain a value if they do not have one already.

Indicates extended capabilities are present starting at 40.

Max_Lat, Min_Gnt, Interrupt pin, Interrupt Line

max_lat

min_gnt
interrupt_pin

interrupt_line

Indicates the max latency tolerated in 1/4 microsecond for PCI
master.

Indicates how long the PCI master will need to use the bus.
Indicates which interrupt pin is used.

Interrupt routing information

Power Management Capabilities

Reserved

d2_support

d1_support

Reserved

version

Next Item Pointer
Cap_ID

PMCSR
Reserved

pwr_state

1 = Device supports D2 power management state
*Value determined by PCI Setup register.

1 = Device supports D1 power management state
*Value determined by PCI Setup register.

Indicates compliance with version 1.1 of PM.

There are no other extended capabilities.

Indicates this is power management data structure.

power_state

UM10104_1
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8.3.2 Global 2 Registers

GLOBAL 2 REGISTERS

Read/ Reset Name

Bits Write Value (Field or Function) Description
PCI Inta Output Enable Register
Offset 0x04 D050 ENABLE_INTA_O
31:1 - Unused Ignore during writes and read as zeroes.
0 R/W 0x0 ENABLE_INTA_O Enables PCI INTA output.

0 :Disable PCl inta output.
1 :Enable PCI inta output.

Reset is to be disabled.
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Chapter 9: Main Memory Interface
nexperia (MM')
| Programmable Source Decoder with Integrated

9.1 Introduction

This chapter describes the SDRAM controller of the PNX8526. This controller is
called the Main Memory Interface (MMI). The MMI is the interface between internal
PNX8526 devices and off-chip Synchronous DRAM memory. The MMI Arbiter is
described separately in Chapter 36 MMI Arbiter.

Throughout this chapter functional timing diagrams are used in a plain ascii-based
format. A timing diagram may look like the following:

enable . 1mM
data VWV
data2 012345
address AAABBB

This timing diagram represents one signal per line, with the signal name listed on the
left side. All signals are synchronous with a clock. The ASCII characters represent

the value of the signal over time using one character per clock cycle to represent the
value in that clock cycle that is sampled on the next clock edge. The characters mean

the following:

low value ‘_’

high value 1’

don’t care or undefined space

a valid value A%

corresponding data beat of a burst data transfer number

value belonging to transaction ‘A’ or ‘B’ or similar ‘A or ‘B’ or similar

The MMI connects the PNX8526 to SDRAM memory over a 64-bit bus operating at
up to 166 MHz. This provides a peak bandwidth of 1.33 GB.

The memory controller uses efficient interleaving, pipelining and overlapping of
memory transactions to achieve high-sustained bandwidth utilization. The latency of
the SDRAM controller (excluding arbitration delay) is minimal by using a zero-cycle
latency design. This helps optimize the performance of CPUs.
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The memory controller has special support for MPEG video, allowing two-
dimensional block transfers for MPEG motion compensation and image construction
with high bus bandwidth utilization. There are two formats for storing data in memory;
one optimized for MPEG video, the other optimized for linear transfers.

The controller includes various convenient features such as automatic initialization,
refresh, power management, memory protection and support for a variety of memory
configurations.

9.2 SDRAM Configurations

UM10104_1

9.21

9.2.2

Supported Chips and Configurations

The MMI supports Jedec-standard SDRAM of the 64-Mbit and 128-Mbit generations.
All SDRAM chips must have 4 banks per chip. The 4 banks are interleaved to obtain
high bandwidth utilization. Therefore, 2 bank versions of SDRAM are not supported.

The PNX8526 uses 3.3V LVTTL I/O pins and the SDRAM chips must be compatible
with this.

At most, 4 SDRAM chips can be connected to operate the system at full speed. No
board level buffers or glue logic are necessary.

The SDRAM memory consists of a single rank of memory chips on a 64-bit wide data
bus. Several memory chips must be connected in parallel to fill the 64-bit bus width.

There are three possible memory footprints supported by the PNX8526: 16 MB,
32 MB and 64 MB.

The following four memory configurations are possible:

Table 1: Supported Memory Configurations

Size (MB) # Chips Type of Chip

16 2 2M by 32 SDRAM (64 Mbits)
32 4 4M by 16 SDRAM (64 Mbits)
32 2 4M by 32 SDRAM (128 Mbits)
64 4 8M by 16 SDRAM (128 Mbits)

Detailed SDRAM Specifications

This section describes the logic and timing specs that SDRAM devices must comply
with to be supported.

Logically, the SDRAM devices must follow the "PC100 SDRAM" specification
published on the Intel® website.

SDRAM timing details differ between vendors, part types and speed grades. The
SDRAM controller is intended to accommodate the timing specs of almost all parts/
vendors. The following lists timing/functionality assumptions that the MMI relies on.

© Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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Remark: Timing numbers have been selected to emphasize the use of SDRAM
devices with high clock speed, rather than SDRAM devices with low latency.

Table 2: Specs of Supported SDRAM

SDRAM Specs Value
Burst length Full page burst length is used for all
transfers
CAS latency 3 cycles
tRC: RAS cycle time 10 cycles
tRAS: RAS to precharge delay 7 cycles
tRCD: RAS to CAS delay 3 cycles
tRRD: RAS to RAS delay 2 cycles
tRP: Precharge time 3 cycles
tCCD: CAS to CAS delay 1 cycle
tRFC: Refresh to RAS delay 12 cycles
tRDL: Last write data into row precharge 2 cycles

The precharge command may be used to terminate read and write bursts. In case of
a read burst, the precharge command must be followed by 2 more valid data beats
before the DQ bus goes to hi-Z, as follows:

command P

DQ bus VVV---

In case of a write burst, the precharge command is issued 2 cycles after the last write
data beat and DQM is asserted after the end of the data beat as follows:

command P
DQ bus VVV---
DQM 11

The SDRAM controller creates bus turnaround cycles on the SDRAM data bus. At
least 1 Hi-Z cycle is created on the SDRAM DQ bus when read switches to write or
write switches to read.

9.3 SDRAM I/O Pins

This section discusses the chip 1/0O pins that the MMI uses to connect to the SDRAM.
All pins use 3.3V LVTTL signal levels. Table 3 shows the following 93 signal pins:
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Table 3: 1/0 Pin List for the SDRAM Bus

Pin Name Type 1/0 Buffer Purpose
MM_CLK][1:0] (0] SDRAM clock 2 identical clock pins that share the
load
MM_CKE (0] SDRAM clock enable
MM_CS# (0] SDRAM chip select
MM_RAS# (0] SDRAM RAS control
MM_CAS# 0] SDRAM CAS control
MM_WE# (0] SDRAM write enable
MM_A[11:0] @) row/column address
MM_BA[1:0] 0] bank address
MM_DQI63:0] /0 read/write data
MM_DQM[7:0] 0] byte write enable

Remark: The MM_DQ pins are bi-directional off-chip. On-chip, this signal is split into
two uni-directional signals (MM_DQ_IN and MM_DQ_OUT) between the MMI and 1/0
pads. There is also a signal MM_DQ_ENABLE that controls the tri-state enable of the
MM_DAQ tri-state driver pads.

Pin Connections

Each of the control and address pins in Table 3 are connected to pins on the SDRAM
chips with corresponding names. The MM_DQ and MM_DQM pins are split into equal
groups and connected to different SDRAM chips. For instance, in a 16-MB system
with 2 chips of 2M by 32, MM_DQ[31:0] and MM_DQM[3:0] are connected to
DQ[31:0] and DQM[3:0] of one SDRAM chip and MM_DQ[63:32] and MM_DQM][7:4]
are connected to DQ[31:0] and DQM][3:0] of the other chip.

The SDRAM clock has 2 output pins: MM_CLK[0] and MM_CLK]1]. Each pin needs
to be connected to the CLK input of half of the SDRAM chips.

© Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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PNX8526 SDRAM
x32
DQ[63:32] [4— ¥ DQ[31:0] addr
contro
DQM][7:4] p DQMI[3:0] clk -
SDRAM
x32
ddr
: D BE— : a
DQ[31:0] DQ[31:0] contro
DQM[7:4] » DQM[3:0] clk ol
mm_clk[1:
mm_Ur]as#,mm_cas#,mm_we#,mm_cs#,mm_cke
mm_a[11:0],mm_ba[1:0]

PNX8526 SDRAMaddr
DQ[63:48][¢——P DQ[IS.OJ(16 control
DQM][7:6] » DOM[1:0] c¢lk o

SDRAM addr
DQ[47:32]/ & DQIIS0] < contro
DQM[5:4] »| DOM[1:0] clk 0
SDRAM 44dr
DQ[3116] <—> DQ[lSO] X16 contro
DQM[3:2] »| DQM][1:0] clk o
SDRAMaddr
DQ[15:0] & DQ[15:00 .14 contro
DQMJ1:0] »| DQM[1:0] clk o
mm_clk[1:0]
mm_ras#, mm_cas#,mm_we# mm_cs#,mm_cke

mm_a[11:0],mm_ba[1:0]

Figure 1: SDRAM Board Connections (PNX8526 Connection to 2 or 4 SDRAM Chips)

9.4 SDRAM Initialization

This section describes chip initialization as it relates to the SDRAM controller and
SDRAM chips. The initialization sequence is as follows:
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1. Power up.
The system clock generators need to be turned on, and the clocks to the external
SDRAM and on-chip SDRAM controller stabilized. The MMI reset signal
rst_mem_raw_n must be asserted low and be asynchronously stable and glitch-
free during power up i.e., when power starts to come up and clocks may or may
not be running, the rst_mem_raw_n signal must be low.

2. Release SDRAM reset.
The reset signal rst_mem_raw_n is low during power up and clock stabilization.
After the power up is completed, the rst mem_raw_n is asserted high. The MMI
contains a synchronizer in the MMI clock domain for this signal.

3. Assert mm_enable
After the reset has been de-asserted, the MMI waits for the signal mm_enable to
be asserted. This triggers the SDRAM controller to start the SDRAM initialization
procedure. Configuration signals (see below) and other input signals of the
SDRAM controller must get their initial values before mm_enable is asserted.
The clock to SDRAM MM_CLK needs to be stable for at least 200 us before
mm_enable is asserted.

4. SDRAM initialization.
The SDRAM controller carries out the initialization of the SDRAM chips, which
includes setting the SDRAM mode register to the value: {5’b0, 3'b011, 1’b0,
3’b111}.
This means CAS latency=3, wrap type=linear, burst length=full page.

5. SDRAM ready.
When the SDRAM initialization is completed, the mm_ready signal is asserted by
the SDRAM controller. During reset, power up, and initialization, this signal is
kept de-asserted.

When the mm_ready signal is asserted, the SDRAM controller starts listening to the
memory bus request signals and any other control signal inputs. Memory
transactions can now start.

The mm_enable signal must be asserted for initialization to start. Otherwise
initialization will not occur.

Table 4: Timing of SDRAM Initialization
Ist_mem_raw_n JBRNRRNRRNRERRRRInRIneNe Nttt

mm enable INRRRNORRRRRNNNeeeeIt
mm_ready NSNS
clock VVVVVVVVVVVVVVVVVVVVVVVVVVVVVY

< powerup >< wait >< SDRAM init >< okay >

9.5 SDRAM Refresh

UM10104_1

The SDRAM controller supports automatic refresh of the SDRAM chips using the
SDRAM CBR auto refresh mechanism. The SDRAM controller contains a refresh
counter that counts SDRAM clock cycles between refresh operations. The counter is
preset with a programmable refresh value so that software can control the refresh
rate. The programmable refresh value is presented to the SDRAM controller as an
input signal mm_refresh.
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The refresh works as follows. Whenever the refresh counter expires, the current
memory transaction is completed, all SDRAM banks are precharged, and one CBR
auto refresh command is issued to all SDRAM chips simultaneously. This refreshes
one row in all banks in all SDRAM chips. After a required waiting time, new memory
transactions can start. Typically, the whole refresh operation takes about 20 SDRAM
clock cycles.

When the refresh operation is completed, the refresh counter is loaded again with the
value of the mm_refresh signal and count down for the next refresh operation starts.

The refresh counter is a 16-bit counter. The refresh initialization value is a 10-bit
value that is loaded into the 10 most significant bits (msbits) of the refresh counter;
the 6 Isbits are set to 0 when the refresh counter is loaded. In other words, the value
of mm_refresh is multiplied by 64 before it’s loaded into the refresh counter.

A signal mm_refresh_enabled can be used to turn SDRAM refresh on or off
altogether. Normally, refresh should be on, but it can be useful to turn it off when the
chip is exercised on a tester with a program that contains loops.

A signal mm_short_refresh tells the SDRAM controller to do a special, fast refresh
sequence. In this mode it is assumed that the clock frequency of the system is so low
that the SDRAM refresh can be completed in 1 clock cycle, and the total refresh
operation takes only a few clock cycles. When the system operates at a very low
speed, the mm_refresh value may need to be set to a very low value, and refresh will
take up an unusually large chunk of the available SDRAM bandwidth. Doing a fast
SDRAM sequence will help to reduce this penalty.

The value that needs to be programmed into mm_refresh is:
mm_refresh = REFRESH_INTERVAL / CLOCK_PERIOD / SCALING

in which REFRESH_INTERVAL is the time between refreshes, CLOCK_PERIOD is
the SDRAM clock period and SCALING is the scaling factor 64. A refresh value of 0
should not be programmed; it would result in having a refresh period of 64 kB cycles.

Typically, SDRAM requires 4096 refreshes every 64 milliseconds (ms) so the
REFRESH_INTERVAL is 15 ps.

If a 100 MHz system is used, mm_refresh is 15 us / 10ns / 64 = 23. This is a good
default value.

For a 133 MHz, 143 MHz or 166MHz system, mm_refresh must be 30,32 or 38
respectively.

OEM customers need to check what is required for the specific SDRAM brand used
in the system and adjust the value accordingly. Also, adjustment needs to be made
for the specific clock period used.

9.6 Powerdown and Self-Refresh

The SDRAM controller supports a low-power mode for the SDRAM called self-
refresh.
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Two internal signals implement the powerdown control protocol of the SDRAM
controller: mm_enable (input) and mm_ready (output). These signals are also used
during initialization of the MMI. (The mm_enable signal is controlled in the global 2
register module.)

To enter SDRAM self-refresh mode, the system must de-assert the mm_enable
signal. This signal must be asserted during normal operation. When the SDRAM
controller notices that the mm_enable signal is de-asserted, it will start to put the
SDRAM into self-refresh. When completed, the SDRAM controller de-asserts the
mm_ready signal, which is asserted during normal operation. If the mm_enable
signal is asserted quickly again, before the mm_ready signal has gone down, the
SDRAM will still be put into self-refresh for a minimum amount of time and the
mm_ready will go low for some time. During this time no memory traffic will occur.

When the SDRAM is in the self-refresh state i.e., when the mm_ready signal and the
mm_enable signal are both low, the clock to the SDRAM chips may be stopped by
the system.

The SDRAM controller itself can also be powered down simply by stopping the clock
feeding into the SDRAM control module. Whenever this clock is stopped, the SDRAM
controller does not respond to any changes in its input signals, such as Memory Bus
request signals. Whenever this clock is operating, but the SDRAM is in self-refresh
mode, the SDRAM controller only listens to the mm_enable signal.

When the system wants to wake up SDRAM from self-refresh, it must first resume the
clock feeding into the SDRAM controller, and then assert the mm_enable signal (this
may happen in the same clock cycle). This will trigger the SDRAM controller to bring
the SDRAM chips back up from self-refresh. When that is completed, the SDRAM
controller asserts the mm_ready signal and memory transactions can resume.

The timing of the powerdown protocol is illustrated below:
Table 5: Timing of SDRAM Powerdown Signals

mm_enable 1111 INRRRRRRRRRRRNNneanett!
mm_ready 1LTTTITTTTTTTL1111 IRRRNNN!
clock VVVVVVVVVVVVVVVVVV VVVVVVVVVVVVVVVVVVVVVY
<gointo  ><self-refresh on><come out of ><traffic>

<self-refresh><clock may stop ><self-refresh><okay >

UM10104_1

9.7.1

9.7.2

Values for Address Bits

During operation of the SDRAM controller at various times, the address bits MM_A
have “don’t care” values. In such cases the controller will minimize the changes in
value of the address bits in order to minimize power dissipation.

Tri-State Bus Driver

During idle bus cycle (including during powerdown, boot and reset), the SDRAM
controller must drive the tri-state SDRAM data bus to a value to avoid the bus floating
for a long time.
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A default driver mechanism is included in the SDRAM controller that takes care of
this. During ongoing read or write bursts, the default driver is inactive. When no read
data stream is present for a few cycles, the default driver kicks into action. The bus
can be floating for up to 7 clock cycles. The default value that is driven onto the bus is
constant high

64'hFFFFFFFFFFFFFFF

When the default driver is active, DQM is also asserted.

9.8 Memory Protection

9.8.1 Architecture

The Main Memory Interface (MMI) unit in the PNX8526 contains a memory protection
mechanism that enables privileged access to a memory region under software
control.

The privileged memory region is demarcated by a set of base and bound registers:
TM_REGION_LO and TM_REGION_HI. A memory access to an address outside the
region between TM_REGION_LO and TM_REGION_HlI is disabled by the MMI if it
comes from a device that participates in the memory protection scheme. A memory
access to an address between TM_REGION_LO and TM_REGION_HlI is always
allowed.

There is a TM_OWNED bit for each of the peripherals connecting directly to the
Memory Bus. These are: ICP1, ICP2, MBSR, MBSW, VIP1, VIP2, VMPGL, VMPGR,
VMPGW, TM32, D2D, D3D, PCI.

Remark: Protection for peripherals that connect through a PIl-Bus and PIMI to the
memory bus is handled by the PIMI, not by the MMI.

Whenever the TM_OWNED bit is set for a peripheral, the access outside of the
region between TM_REGION_LO and TM_REGION_HI is protected.

The memory protection is depicted in Figure 2.

-— Protected Region

TM_REGION_HI

-— Public Region

TM_REGION_LO

-— Protected Region

Figure 2: Memory Protection Regions in the Memory Address Space

UM10104_1 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.

Rev. 01 — 8 October 2003 9-213




Philips Semiconductors PNX8526
Chapter 9: Main Memory Interface (MMI)

9.8.2 Registers

The base and bound registers TM_REGION_LO and TM_REGION_HI control the
size of the protection region. TM_REGION_LO and TM_REGION_HI must not cross
a 64-MB boundary.

Values in TM_REGION_LO and TM_REGION_HI are 64-kB aligned. Both registers
are 32-bit registers with the low order 16 bits fixed to 0 (i.e. ,writing to the 16 lower
order bits has no effect, reading them returns the value 0).

The TM_REGION_LO and TM_REGION_HI register values are transferred to the
MMI when the MMI is first enabled or when either register has been reprogrammed.

The value of TM_REGION_LO must be smaller than or equal to the value in
TM_REGION_HI. If TM_REGION_LO > TM_REGION_HI, the operation of the
protection mechanism is undefined.

When TM_REGION_LO == TM_REGION_HI then effectively the whole memory is
protected.

TM_REGION_LO indicates the start of the region where access is always allowed;
the region with address less than TM_REGION_LO is the lower protected region.
TM_REGION_HI is the address where the upper protected region starts.

The protection regions are defined as follows:
if a device i does a memory access at address A[i], then
if (TM_OWNED[i] == 1)
if (TM_REGION_LO <= A[i] < TM_REGION_HI)
then access allowed
else access denied
else access allowed

Unaligned memory transactions may be partially inside and partially outside the
protected region. If that happens, the whole transaction is denied access, including
the parts of the transaction that access an allowed address.

The protection algorithm for an unaligned transaction for device i is:
if (TM_OWNED[i] == 1) {
if (TM_REGION LO <= A[i] < TM_REGION HI)
then
if (TM_REGION_LO <= (A[i] + size[i] - size_of word) <
TM_REGION HI)
then access allowed
else access denied
else access denied

J

else access allowed

9.8.3 Protection Behavior

When a protected region is accessed and protection activated, then the following
happens:

* If the attempted memory operation is a memory write operation, then the write is
suppressed and nothing is written to the memory.
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* If the attempted memory operation is a memory read operation, then the value
Oxdeadbeefdeadbeef is returned for each 64-bit word in the memory transaction.

9.9 Register Descriptions

In previous sections the MMI Control signals: mm_sdram_size, mm_refresh,
mm_refresh_enabled, mm_short_refresh, tm_region_lo, tm_region_hi, tm_owned
have been introduced.

These signals are associated with MMIO registers to allow software control of the
configuration of the SDRAM controller. The MMIO registers are located in Global 2
registers. The base address for these registers is 0x04 D400.

The value that the configuration signals mm_sdram_size, mm_refresh,
mm_refresh_enabled, mm_short_refresh have during boot are used by the SDRAM
controller as the initial values during SDRAM initialization. These boot values must be
fixed before the mm_enable signal is asserted and remain the same afterwards.

9.9.1 Register Address Map

Table 6: SDRAM Controller Register Summary (Global 2 Registers)

Offset Name Description

0x04 D400 MM_SDRAM_SIZE Indicates SDRAM size.

0x04 D404 MM_REFRESH Indicates the number of SDRAM clock cycles between refreshes
scaled by 64.

0x04 D408 MM_SHORT_REFRESH Turns on fast SDRAM refresh during emulation.

0x04 D410 MM_REFRESH_ENABLED Turns SDRAM refresh on/off.

0x04 D410 MM_ENABLE_INTERLEAVE Enables linear or interleave mode.

0x04 D414 MM_SELF_REFRESH Controls SDRAM self-refresh.

0x04 D418 MM_CONTROL Main control register for the MMI

Read/ Reset
Bits Write Value

GLOBAL 2 REGISTERS

Name
(Field or Function) Description

MMI SDRAM Control Registers

Offset 0x04 D400
31:2 -
1:0 R/W 0x2

Offset 0x04 D404
31:10 -

UM10104_1

MM_SDRAM_SIZE

Unused Ignore during writes and read as zeroes.
MM_SDRAM_SIZE[1:0] Specifies SDRAM footprint:
00: Unused
01: 16 MB
10: 32 MB
11: 64 MB
MM_REFRESH
Unused Ignore during writes and read as zeroes.
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Read/ Reset
Bits Write Value

9:0 R/W 0x17

Offset 0x04 D408
31:1 -
0 R/W 0x0

Offset 0x04 D40C
31:1 -
0 R/W 0x1

Offset 0x04 D410
31:1 -
0 R/W 0x1

Offset 0x04 D414
31:3 -
2 R/W 0x0

1 R 0x1

0 R/W 0x1

Offset 0x04 D418
31:1 -
0 R/W 0x0

UM10104_1

GLOBAL 2 REGISTERS

Name
(Field or Function)

MM_REFRESH[9:0]

MM_SHORT_REFRESH
Unused
MM_SHORT_REFRESH

MM_REFRESH_ENABLED
Unused
MM_REFRESH_ENABLED

MM_ENABLE_INTERLEAVE
Unused

MM_ENABLE_INTERLEAV
E

MM_CONTROL
Unused
EN_MIPS_COMA_SF

MM_READY

MM_ENABLE

MM_READY_ENABLE
Unused
MM_READY_ENABLE

Description

Refresh period in clock cycles, scaled by 64. Note: This should
only be modified when mm_enable=0 and mm_ready=0, then the
SDRAM has entered self-refresh and it is safe to change the
refresh period.

Ignore during writes and read as zeroes.

Short refresh for Quickturn:

0: Regular refresh
1: Short refresh

Ignore during writes and read as zeroes.

Refresh on or off:

0: Refresh is off.
1: Refresh is on.

Ignore during writes and read as zeroes.

Memory format:

0: Linear memory format
1: Two-way interleave memory format

Ignore during writes and read as zeroes.

Enable MIPS coma putting SDRAM into self-refresh.

0: When MIPS goes into coma mode, SDRAM is not put into
self-refresh.
1: When MIPS goes into coma mode, SDRAM is put into
self-refresh by MMI (SDRAM memory controller).

SDRAM Intialization or powerdown status:

0: SDRAM is being initialized or in powerdown.
1: SDRAM intialization is complete and SDRAM is not in
powerdown.

Intialize or powerdown SDRAM:

0: Powerdown SDRAM.
1: Functional MMI SDRAM controller

Ignore during writes and read as zeroes.
Enable write to mm_enable bit not to finish until mm_ready
reacts:

0: Write to mm_enable finishes immediately.

1: Write to mm_enable bit finishes when mm_ready equals
the new value of mm_enable.
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9.10 Unified Memory Organization in PNX8526

9.10.1 Introduction

This section describes the organization of the unified SDRAM memory as used in the
PNX8526 project. Information is provided on:

* The mapping of addresses to banks, columns and rows in SDRAM
* Two-way and four-way interleaving of SDRAM banks

* How MPEG frames are stored in the memory

* How to do motion compensation of MPEG frames

* A brief discussion of gaps between memory transactions

The PNX8526 has a unified memory organization i.e., a single SDRAM memory is
used for many different purposes:

* Video frame processing by an MPEG decoder, including efficient retrieval of
reference frames for motion compensation

® General purpose microprocessor memory traffic, in particular cache miss traffic
* Video I/0 and graphics display

e 2D and 3D graphics generation

* Various other I/O traffic

These different types of memory traffic are combined on one memory bus that
achieves high sustained effective bandwidth close to the peak bandwidth of the bus.

The memory is optimized for a 64-bit bus using 64-Mbit SDRAM devices. The
minimum memory size and granularity are 16 MB.

9.10.2 Organization of Addresses

The memory organization is optimized for transfers of 128-byte blocks. A two-way
interleaving scheme is used between adjacent regions of 64 bytes. This makes it
possible to have multiple back-to-back transfers of 128 bytes without gaps and with
100% bus utilization. Only when transfer is switched from read to write or from write
to read do gaps have to be inserted. A 64-bit bus and SDRAM CAS latency=3 are
used.

Figure 3 depicts interleaving of 64-byte regions. Table 7 shows the SDRAM
commands for two consecutive 128-byte accesses with two-way interleaving and
100% bandwidth utilization on a 64-bit bus.
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Regions of 64 bytes are Interleaved Between Even and Odd Numbered SDRAM
Banks as shown in Figure 3.

Address 0 64 128 192 256 320 384
Bank 0 [ — — —
Bank 1 — — —

Figure 3: Two-Way Interleaving

Table 7: SDRAM Traffic for Interleaving of 128-byte Transactions

SDRAM command R C R CP R CP R CP P
applied to bank osw 0 1 10 0 01 1 10
SDRAM data to bank0 01234567 ‘ 01234567

SDRAM data to bank1 89ABCDEF ‘ 89ABCDEF
SDRAM data bus 0123546789ABCDEF0123456789ABCDEF

[7-1] A 128-byte write operation is split into 2 transfers of 64 bytes; the first one from the even

bank, the 2nd from the odd bank. While the 2nd transfer takes place, a precharge, a RAS,
and a CAS command for the even SDRAM bank is given. A subsequent 128-byte write
follows the first one without gaps.

Regions of 64 bytes in the memory address space alternate between SDRAM banks.
A transfer of 128 bytes is split into a transfer of 64 bytes from the even numbered
bank followed by a transfer of 64 bytes from the odd numbered bank. While the
transfer from the odd numbered bank takes place, the even numbered bank is
available to do precharge, RAS, and CAS for the next 128-byte transaction. If done,
transfer of the 2nd transaction can follow the first transaction seamlessly.

Apart from the interleaving of 64-byte regions, the address space is mapped linearly
to SDRAM rows. That makes it easy to have a variety of block transfer sizes in a
transaction, while accessing a single SDRAM row. It also makes it possible to store
the pixels of a video line in the same SDRAM bank.

It is assumed there are 4 SDRAM banks in a SDRAM chip. Those banks are
alternated with each other, i.e., if an address region fills a row in bank 0 and bank 1
(using the two-way interleaving scheme), then the next consecutive addresses are in
the same row in banks 2 and 3 of the SDRAM. This organization makes it possible to
store consecutive video lines in different SDRAM banks, allowing interleaving access
to the video lines by interleaving the SDRAM banks.

At least an 8-bit column address must be available. This makes the size of an
SDRAM row at least 2 kB, big enough to store a full video line up to HD resolution.

In summary, byte addresses are mapped to SDRAM banks, columns, and rows as
follows:
address = {remaining_rows_and_columns, bank[1], column[7:3], bank[0], column[2:0], byte offset[2:0]}

The organization of the rows and remaining columns, if any, and the total address
width depend on the particular SDRAM type and memory size used.
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9.10.3 MPEG Memory Format

9.10.3.1

UM10104_1

General Description

This section discusses the memory format and the location of pixels in memory for
MPEG frames. With MPEG frames, the |-frames are used as reference frames for
motion compensation. They are also the final output of the MPEG video decoder unit.
The format discussed here is not used for other video frames, such as the output of
the scaler unit or D1 video input units.

The video lines of an MPEG frame are stored in memory such that all pixels of a
video line can fit in one SDRAM row of one SDRAM bank. The video lines do not
need to be aligned with SDRAM row boundaries, so they can start in one row and
continue to the next row. Consecutive video lines are stored adjacent to each other in
the SDRAM rows, so there is no padding between video lines of a frame.

The SDRAM chips that are used have at least 4 banks. These 4 banks are
interleaved with each other, such that when the video lines completely fill a row in one
bank, the next row to fill will be in the next bank.

The purpose of this organization is to allow easy access to a multitude of video lines
by interleaved access to the 4 SDRAM banks. This makes it possible to do efficient
two-dimensional fetching of groups of pixels from adjacent video lines in a single
two-dimensional memory transaction.

Since the memory uses the 64 bytes interleaved format in which groups of 64 bytes
are alternately stored in odd or even numbered memory banks, the pixels of a video
line can not be stored sequentially if they are to be in the same bank.

Therefore, to store a video line, the MMI skips the 64-byte portions that are not in the
same SDRAM bank. When it gets to the end of an SDRAM row, it wraps back and
uses the skipped portions of the memory range, which are then all positioned in the
next SDRAM row. Skipping 64-byte portions is called the 64-byte stride format.

It is assumed that the width of the SDRAM bus is 64 bits and that SDRAM parts have
an 8-bit column address or more. If that is the case, then an SDRAM row contains

2 kB of memory, or more, which is sufficient to store an entire video line of up to 2048
pixels.

Figure 4 depicts what storage of MPEG video lines looks like, taking 64 bytes
interleaving into account.
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The frame starts at the beginning of a row in SDRAM bank 0 or 2
Address 0 64 128 192 256 320 384 448
159
Pixel # 0 63 127 128 |0 31 32 95
Bank0 [T I:I
Bank 1 L\ N
Pixel # 96 159 0 63 64 127 128 |0 31
159
Address 512 576 640 704 768 832 896 960
Pixel # 32 95 59 63 127
Bank0 [ ] I:I
Bank 1 _ _ // -
Pixel # 128 |0 31 32 95 96 159 0 63
159
Address 1024 1088 1152
] 159
Pixel # 64 127 128 f
Bank0 77777 [ .
Bank 1 -
Hole in address range /- v?deo Iine ! = v?deo I?ne S
from address 1088 to 1151 video line 2 I - video line 6
at the end of the frame. L |=videoline 3 [_]=videoline7
[_]=videoline 4
MPEG Video Lines in Memory (with 64-Byte Stride Format)

9.10.3.2

9.10.3.3
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Padding

Some padding is necessary at the beginning and end of a frame to ensure that
64-byte portions of video lines using the 64-byte stride format are not mingled with
64-byte portions of other surrounding data that don’t use the 64-byte stride format.
The video frame has to start on a 4-kB boundary, i.e. at the start of an odd and even
pair of SDRAM rows. The end of the video frame has to be padded to fill any holes
left over between 64-byte portions of the last video lines of the frame.

Frames, Fields and Pixels

The MPEG video frames are stored in YUV 4:2:0 format. The Y component of pixels
is stored separately from the U and V components of pixels. The U and V
components are stored together as UV pixels.

A frame consists of 2 fields; the even field contains the even-numbered video lines in
the frame and the odd field contains the odd-numbered video lines in the frame.

The fields are stored separately to make it possible to do motion compensation on the
fields separately. This is necessary because the MPEG standard allows different
motion vectors for each field.

A video frame is stored in 4 different parts: Y components for the even field, UV
components for the even field, Y components for the odd field, and UV components
for the odd field.
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9.10.3.4 Alternate Address Space for 64-Byte Stride

9.10.3.5

The 64-byte stride is best described by an alternate address space. Bytes that are
consecutive in the alternate address space are observing the 64-byte stride format in
the regular address space. There is a one-to-one mapping function f between an
address AA in the alternate address space and an address A in the regular address
space as follows:

AA[25:0] = f(A) = {A[25:12], A[6], A[11:7], A[5:0]}

and the inverse mapping function ff is:
A[25:0] = ff(AA) = {AA[25:12], AA[10:6], AA[11], AA[5:0]}

This assumes a 26-bit address space.
Y Pixels

The following specifies precisely how the Y component of pixels (or Y pixels in short)
is organized in memory.

The 2 video fields of a video frame are in separate locations of memory. The video
lines of one field are stored together in linear order in memory. There is no padding
between the lines. The fields must be aligned on a 4-kB boundary.

The even numbered lines of a frame form the even field. The odd numbered lines of a
frame form the odd field. We refer to lines in a field with their number in the frame (not
in the field). Each Y pixel uses 1 byte.

Assume the start address of the even field is FIELD_EVEN_BASE with the alternate
address
AFIELD EVEN BASE = f(FIELD EVEN BASE)

in the alternate address space. Assume the length of a video line is LINE_SIZE pixels
(for instance 720).

Similarly, the start address of the odd field is FIELD_ODD_BASE with the alternate
address
AFIELD ODD BASE = f(FIELD ODD BASE)

in the alternate address space.

The address PIXEL_ADDRESS_EVEN of Y-pixel number P on an even numbered
line L of the frame in the even field is:
PIXEL ADDRESS EVEN = ff(AFIELD EVEN BASE + L/2 * LINE_SIZE + P)

The address PIXEL_ADDRESS_ODD of pixel number P on an odd numbered line L
of the frame in the odd field is:
PIXEL ADDRESS ODD = ff(AFIELD ODD BASE + (L-1)/2 * LINE_SIZE + P)

A 16 by 16 macroblock in a frame, starting at line L and pixel P, has its pixels stored at
addresses A[X,Y] as follows:

FOR (Y=L; Y<=L+15;Y=Y+1)

FOR (X=P; X<=P+15;X=X+1)

if (Y mod 2 == ()

[* line in the even field */

A[X,Y] = ff(AFIELD_EVEN BASE + L/2 * LINE_SIZE + P);

else
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/* line in the odd field */
A[X,Y] = ff(AFIELD_ODD _BASE + (L-1)/2 * LINE_SIZE + P);

9.10.3.6 UV Pixels

The U and V pixels are stored together in UV pixels.

A video frame of 720 by 480 pixels in YUV 4:2:0 video format consists of a Y frame of
720 by 480 bytes, a U frame of 360 by 240 bytes and a V frame of 360 by 240 bytes.
Because of subsampling, the U and V frames each have 360 pixels per line and 240
lines. U and V pixels each use 1 byte per pixel.

The 16-bit UV pixels are formed as follows:
for every U pixel U[L,P] online L, pixel P in the U frame and every V pixel V[L,P] on
the same line L and the same pixel P, the UV pixel UV[L,P] is defined as:

UVIL,P] = {VIL,P], U[L,P]}

The U pixel is the least significant byte in the UV pixel, the V pixel is the most
significant byte in the UV pixel.

The U frame of 360 by 240 and the V frame of 360 by 240 are combined into one UV
frame of 720 by 240 bytes with 2 bytes per UV pixel. The even lines of the frame form
the even field of 720 by 120 bytes, the odd lines in the frame form the odd field of
720 by 120 bytes.

For the other possible video frame sizes, storage is similar.
The UV pixels are stored in memory as follows.

Assume the start address of the even UV field is FIELD_EVEN_BASE with the
alternate address
AFIELD_EVEN_BASE = f(FIELD_EVEN_BASE)

in the alternate address space. Assume the length of a video line is LINE_SIZE bytes
(for instance 720).

Similarly, the start address of the odd field is FIELD_ODD_BASE, with the alternate
address

AFIELD_ODD_BASE = f(FIELD_ODD_BASE)
in the alternate address space.

Both fields have to be aligned on a 4-kB boundary, so
FIELD_EVEN_BASE mod 4096 = 0

and
FIELD_ODD_BASE mod 4096 = 0.

The address PIXEL_ADDRESS_EVEN of pixel number P on an even numbered line
L in the even field of the UV frame is:

PIXEL_ADDRESS_EVEN = ff(AFIELD_EVEN_BASE + L/2 * LINE_SIZE + P*2)

The address PIXEL_ADDRESS_ODD of pixel number P on an odd numbered line L
in the odd field of the UV frame is:
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PIXEL_ADDRESS_ODD = ff(AFIELD_ODD_BASE + (L-1)/2 * LINE_SIZE +
P*2)
A 16 by 8 UV macroblock in a frame, starting at line L and pixel P, consisting of 8 UV
pixels of 2 bytes each on 8 lines, has its pixels stored at addresses A[X,Y] as follows:
FOR (Y=L; Y<=L+7;Y=Y+1)
FOR (X=P; X<=P+7;X=X+1)

if (Y mod 2 ==0)
/* line in the even field */

A[X,Y] = ff(AFIELD_EVEN_BASE + L/2 * LINE_SIZE + 2*P);
else

/* line in the odd field */

A[X,Y] = ff(AFIELD_ODD_BASE + (L-1)/2 * LINE_SIZE + 2*P);

9.10.4 16.4 Motion Compensation

This section illustrates how to do data transfers for MPEG motion compensation.

Motion compensation is done per macroblock and field. The Y macroblocks and UV
macroblocks are each processed independently. In Figure 5 the organization of a
macroblock (Y-component of video) is depicted.

16 pixels wide

R — B ——
Y_start ! video line 0
Y_start+1280 | video line 2
Y_start+2*1280 video line 4

Y_start+3*1280
Y_start+4*1280
Y_start+5*1280
Y_start+6*1280
Y_start+7*1280

video line 6 i ;
video line 8 f lines high

video line 10
video line 12
video line 14

i

|

i

]

address of each 8+-byte boundary
video line portion

Figure 5: Storage of Y Macroblocks
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Odd and even fields are stored separately and aligned on an 8-Bit boundary. The
even field macroblock is 16 pixels wide and 8 lines high, containing the even
numbered video lines. In this example, a pixel (Y-component) uses 1 byte and
line_size is 1280.

Figure 6:

UM10104_1

pix 9-15 pix 0-8

Y_start

line 4-14

line 0-2 [}
)

\J

Read 24-byte wide, aligned on 8-byte boundary
by 8 lines high

Reading a Block of 16 Pixels by 8 Lines

In Figure 6 above, the block is totally unaligned with respect to the macroblocks of the
video frame. In this case, it is necessary to read the surrounding 24 pixels wide by 8
lines, aligned on an 8-byte boundary.

Frames are stored field-wise, i.e., the even-numbered lines of the frame are stored in
the even field and the odd-numbered lines are stored in the odd frame. Macroblocks
are 16 pixels wide and 8 video lines high per Y field. UV macroblocks are 8 pixels
wide (16 bytes) and 4 lines high per field. The pixels of a video line are stored
adjacent to each other in memory using the

64-byte stride format. There is a video line size stride in memory between each
consecutive video line.

To keep the explanation simple, the examples in this section use addresses with
pixels always adjacent to each other and disregarding the 64-byte stride format. In
reality, the two-dimensional memory operations take the 64-byte stride into account.

To do motion compensation the MMI has to fetch a 16 by 8 Y macroblock out of its
surrounding Y macroblocks. It's not aligned in any way, as depicted in Figure 6, so in
this example it needs pixels 9-15 of line 4-14 of macroblock 1, pixels 0-8 of line 4-14
of macroblock 2, pixels 9-15 of line 0-2 of macroblock 3 and pixels 0-8 of line 0-2 of
macroblock 4.

To read this unaligned block from memory, a two-dimensional read operation is used
that reads the surrounding 24 byte-wide block, aligned on an 8-byte boundary by 8
lines high. Alignment of 8 bytes is the minimum alignment size supported by the
memory system (that’s 1 word on the 64-bit bus). Any unused pixels in the block
being read are discarded or may be cached for possible later use.
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The memory system supports a 24-byte by 4 line two-dimensional read operation, so
the 24 by 8 read is split into two separate memory operations reading 24 by 4 each.
In the example shown in Figure 6, what is needed is to do a 24 by 4 read at address
(Y_start+2*LINE_SIZE+9), followed by a 24 by 4 read at address
(Y_start+6*LINE_SIZE+9).

Since adjacent video lines are either in the same SDRAM row or in different SDRAM
banks, the two-dimensional memory transactions can be carried out efficiently by
interleaving access to SDRAM banks.

In the case of motion compensation with half pixel resolution, a block of 17 pixels
wide and 9 lines high may need to be read. This needs to be split into two-
dimensional read operations, one read of 24 bytes by 4 lines, plus one read of 24
bytes by 5 lines, aligned on an 8-bit boundary. The memory system supports a
special transaction type for the 24-byte by 5-line two-dimensional read.

Where the Y-component of the field macroblock measures 16 bytes by 8 lines, the
corresponding UV components of the UV field macroblock are stored in 16 bytes
wide by 4 lines high (YUV 4:2:0 video format).

For motion compensation of the UV component, we need to read the 16 by 4 block, in
a manner similar to the Y-block by using a 24-byte by 4-line two-dimensional memory
read operation aligned on an 8-byte boundary.

In case of half-pixel resolution we may need to read 18 pixels by 5 lines for the UV
component. This needs to be done with a 24 by 5 read, aligned on an 8-byte
boundary.

Storing MPEG Frames Using 32 by 4 Writes

The result of MPEG motion compensation is calculated macroblock by macroblock.
To store this into memory, two-dimensional write operations are supported by the
memory system. The write operation is 32 bytes horizontally by 4 video lines
vertically, aligned on a 16-byte boundary.

The two fields of a frame are stored separately. A field macroblock contains 16 by 8
Y pixels and 16 by 4 UV pixels. Two adjacent macroblocks need to be accumulated to
fill the 32 pixels horizontally needed for the 32 by 4 write operation.

To write two adjacent field macroblocks to memory, two 32-byte by 4-line write
operations are issued for Y and one 32 by 4 write operation for UV pixels.

The macroblocks are always nicely aligned making these write operations very
efficient, unlike reading macroblocks for motion compensation that are unaligned and
therefore less efficient.

If a video line contains an odd number of macroblocks, then at the end of the video
line it may need to write only a single macroblock to memory. That can be done by
masking out the unused portion of the 32 by 4 write operation using byte write
enables.
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Reading Video Lines of Calculated MPEG Frames

Since the MPEG frames are stored in memory using the 64-byte stride format,
retrieving video lines of the calculated frames for further processing has to be special.
MPEG video lines need to be fetched using 64-byte read bursts aligned on 64-byte
boundaries (which is less efficient than reading frames produced by the scaler that
can be fetched with128-byte bursts).

Since video lines are generally not aligned on 64-byte boundaries, a first 64-byte read
needs to be done to read the first few pixels. The number of pixels in this first group is
variable and depends on the alignment of the video line. After the initial group, groups
of 64 pixels can be read aligned on 64-byte boundaries using 64-byte read bursts.

Remark: When calculating the address of the next group of 64 pixels, the address has
to be
incremented by 128, not by 64 to take the 64-byte stride format into account.

The end of the video line may be unaligned to a 64-byte boundary, so that the last
64 bytes read burst returns some pixels of the next video line. Those pixels may need
to be discarded, if the next video line is not needed immediately.

Storage of Other Video Frames

Video frames other than MPEG reference frames are not involved in motion
compensation and it is not necessary to access their individual macroblocks.
Therefore, they do not need to use the memory format that is optimized for
two-dimensional memory transactions. Instead, these frames should use the regular
linear memory format. Each video line is stored linearly in memory and only linear
access to them is used.

It is preferred to use 128-byte read and write transactions. These will use two-way
interleaving and optimal memory bandwidth utilization.

9.11 Performance Features

UM10104_1

The memory controller includes features to aggressively optimize bandwidth
utilization. Pipelining and interleaving are used to overlap transactions with each
other using multiple SDRAM banks simultaneously. MPEG two-dimensional
transactions are internally reordered to optimize bandwidth.

Latency is optimized in several ways. When a request enters the memory controller
from the arbiter, an SDRAM row activate command is immediately generated and
sent from the PNX8526 1/0 pads to the SDRAM chips in the next cycle. The moment
that an arbitration decision is made is also postponed as long as possible. The arbiter
can still change its selection of which internal bus agent wins the arbitration in the
same cycle as the first row activate command is generated. Phrased differently, the
SDRAM controller has zero-cycle latency.
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10.2 Functional Description

The PNX8526 has a number of General Purpose Input Output (GPIO) pins. There are
a number of dedicated GPIO pins and certain others that can be configured as GPIO.
These are pins that might not otherwise be required in some system configurations.

The functions of the PNX8526 GPIO module are as follows:

* Masked software group/signal value setting

* Software observation

® Signal sequence monitoring (using event timestamps or samples)

* Timed pattern generation capability (using event timestamps or samples)

10.2.1 GPIO Pin Assignment

The PNX8526 has 12 dedicated GPIO pins, GPIO[11:0] in the pin list. In addition,
Table 1 lists the 49 other pins that can either operate with primary functionality or be

set as GPIO pins. GPIO mode selection is on a pin-by-pin basis.

Table 1: GPIO Pin Assignments

Primary
Function

PCI_GNT B
PCI_GNT A
PCI_REQ_B
PCI_REQ_A
XI0_A25
XI0_ACK
XI10_SEL[2:0]
AIO_SD[3:0]
AIO_WS
AIO_SCK
AIO_OSCLK

GPIO
Number!

60
59
58
57
56
55
54—52
51—48
47
46
45

Primary
Function

TS_SOP
TS_CLK
TS_DATA[7:0]
SSI_SCLK_CTSN
SSI_FS_RTSN
SSI_RXD
SSI_TXD
UA2_CTSN
UA2_RTSN
UA2_RX

UA2_TX

GPIO
Number’

31
30
29—22
21
20
19
18
17
16
15
14
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Table 1: GPIO Pin Assignments ...Continued

Primary GPIO Primary GPIO
Function Number' Function Number’
DV1_VALID 44 UA1_RX 13
DV1_CLK 43 UA1_ TX 12
DV1_DATA[9:0] 42—33 Dedicated GPIO 11—00
TS_VALID 32

" This GPIO Number is used in the field names of the GPIO Control and Data registers.

The following internal signals are supplied to the GPIO module to enable monitoring
using event timestamping:

* VIP1/2 timestamp: vip1/2_eow_aux, vip1/2_eow_vid

ICP1/2 timestamp: icp1_tstamp, icp2_tstamp

Al1/2, AO 1/2, AIO timestamp: ai1/2_tstamp, ao1/2_tstamp, aio_tstamp

® SPDIO: spdo_tstamp, spdi_tstamp1 (SPDI word select timestamp), spdi_tstamp2
® GPIO timestamps: LAST_WORD<0..3>

* TSDMA timestamps: tsdma_tstamp1/2

Any of the GPIO or internal signals listed above can be selected for signal monitoring.
The GPIO pins can also be selected for pattern generation.

When a GPIO pin is programmed to GPIO mode, and the primary functional mode is
an input to a module, the normal functional input signal is held inactive. Table 2 below
shows the relevant signals and their inactive state. This is to avoid unpredictable
behavior in a module when a pin is being used as a GPIO.

Table 2: Inactive States for Module Inputs

Functional Module Input Destination Module Inactive State
PCI_REQ_B PCI 1
PCI_REQ_A PCI 1
XIO_ACK XI0 1
AlO_SD AlO 0
AlIO_WS AlO 0
AIO_SCK AlO 0
DV1_VALID MSP/VIP NA
DV1_CLK MSP NA
DV1_DATA[9:0] MSP/VIP NA
SSI_SCLK_CTSN SSlI 1
SSI_FS_RTSN SSl| 1
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Table 2: Inactive States for Module Inputs ...Continued

Functional Module Input Destination Module Inactive State
SSI_RXD SSl| 0
UA2_CTSN UART2 1
UA2_RX UART2 0
UA1_RX UART1 0

The dedicated GPIO pins GPIO[11:9] are used as ICAM/Smartcard IO when not
programmed in GPIO mode. Table 3 below describes the muxing. The ICAM/
Smartcard inputs are held inactive when GPIO[11:9] are programmed in GPIO mode.

Table 3: SmartCard GPIO Muxing

GPIO Smartcard Signal Inactive State
GPIO[11] ICAM2_SC_C4 0

GPIO[10] ICAM2_SC_C8 0

GPIO[9] ICAM2_SC_SETVPP N/A

GPIO Mode Settings

Each GPIO pin operates in one of three modes:
® primary function
® open drain output
e tri-state output.

GPIO mode select

Each pin has a 2-bit mode field in a 32-bit word. Values are as follows:

Table 4: GPIO Mode Select
GPIO Mode Description

00 Retain pin mode of operation. This will not overwrite current mode.
01 Switch pin mode to primary operating mode. Refer to Table 1.

10 Switch pin mode to GPIO.

11 Switch pin mode to open-drain GPIO (this prevents active high drive)

GPIO Data Settings

Each GPIO pin can be used as a single output, or several can be grouped and used
as a bus. The GPIO data setting can be programmed by a single MMIO write that

provides a mask, drive and data value. The Mask and IO Data (IOD) make up a 2-bit
value—the Mask bit is located in the upper 16 bits (31:16) and the IOD bit is located
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in the lower 16 bits (15:0) of the 32-bit MMIO register. For example, Mask bit[16] is
paired with 10D bit[0] and [17]...[1], [18]...[2], etc. This pairing makes up the 2-bit
value for programming the GPIO data setting, shown in Table .

Table 5: Settings for Mask[xx] and I0D[xx] Bits
MASK]|[xx] Bit 10D[xx] Bit Description

0 0 Retains current stored data (will not overwrite current data).
Not readable.

0 1 Sets the corresponding GPIO pin in tri-state mode allowing
the pin to be used as data input.

1 0 GPIO output mode. Drives a generated pattern (if enabled) or
IOD (‘0’ in this case) onto the corresponding GPIO pin.

1 1 GPIO output mode. Drives a generated pattern (if enabled) or
IOD (‘1’ in this case) onto the corresponding GPIO pin. Note:
If open-drain mode is selected, drive to ‘1’ is disabled.

[5-1] The number portion of MASKxx or IODxx identifies the GPIO number of the particular pin.
Refer to Table 1.

With 32-bit MMIO registers, this creates update capability for up to 16 signals
simultaneously.

To avoid glitches on GPIO lines, the following programming order is recommended:

Step 1) Program Mode Select register with ‘10’ [ GPIO mode ]
Step 2) Program Mode Select register with ‘01’ [primary operating mode]

Remark: This programming order is not required for GPIO[60:52].
Reading GPIO Pin Status

Each GPIO pin status can be read by software using MMIO read. In the 32-bit
register, the lower 16 bits are the GPIO pin data values.

For “open drain” or “tri-state” output values, the input value read by software is the
pad value, not the driven value.

Software reading of the GPIO input pad is always possible, even when the GPIO pin
is operating in primary function mode.

Signal Monitoring and Pattern Generation

There are four FIFO queues available to perform signal monitoring or pattern
generation. Each FIFO queue can be programmed to operate in either of these
modes for a selected GPIO pin.

The FIFO is a DMA/memory based FIFO to allow efficient CPU access to large event
lists.

A double buffer style FIFO is used.The base start addresses for both DMA buffers in
every queue is programmable as is the size of the DMA buffers. The ‘size’ parameter
allows DMA buffers to be up to 1 MB.
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There is also 128 bytes of internal buffering for each FIFO queue to ensure efficient
use of the DMA streaming. This internal buffering is split into two buffers of 64-byte
capacity. This is implemented as one 32x32 register file divided into two 64-byte
buffers.

Initially in pattern generation modes, the hardware requests 2 x 64 bytes from the
DMA buffer(s) in order to fill its two 64-byte internal buffers. When one of these
internal buffers becomes empty 64-byte DMA requests are generated to fill the empty
internal buffer. The DMA read requests are always 64 bytes.

In signal monitoring, the 64-byte internal buffers are filled by the GPIO and flushed
out to the DMA buffers. The DMA write requests are always 64 bytes.

In addition there are 12 32-bit (31-bit timestamp 1-bit direction) timestamp units which
can be used for event timestamping for a selected GPIO pin. Therefore a total of 16
signals can be selected for monitoring and four for pattern generation.

A 34-bit time counter runs at 108 MHz. The 31 msbits of this counter are used for the
master time count. This gives a resolution of 13.5MHz for master time (and
timestamps). The master time counter is reset by peri_rst_n.

The master time counter is used to:
* Generate timestamps in event timestamping
* Compare timestamps in pattern generation
* Also readable by the CPU

Signal Monitoring

A maximum of 16 signals selected from the GPIO pins or the PNX8526 internal GPIO
observable signals, can be simultaneously “monitored” using either the four FIFO
queues or the 12 32-bit timestamp units.

Signals can be monitored in two different ways:
¢ Event Timestamping: Using event timestamps whenever a signal changes state

® Signal Sampling: Sampling the signal value at a programmable frequency or by a
selected clock input

The 12 Timestamp Units can only monitor signals using event timestamping. The four
FIFO queues can be programmed to monitor signals using either event timestamping
or signal sampling.

In each of the 12 timestamp units, 31-bit timestamps plus a direction bit are written to
32-bit registers. A DATA_VALID interrupt is generated whenever data is written to the
register. An overrun error interrupt is generated whenever new data is received
before the DATA_VALID interrupt has been cleared. The old data is not overwritten:
the new data is lost.

The TSU (timestamp unit) register is stable to be read by software while the relevant
DATA _VALID flag is raised.

© Koninklijke Philips Electronics N.V. 2003. All rights reserved.

Rev. 01 — 8 October 2003 10-231



Philips Semiconductors PNX8526

UM10104_1

Chapter 10: GPIO/IR

In each of the four FIFO queues, timestamps or samples are initially written to two
internal 64 byte buffers. When one of these internal buffers is full, a DMA request for
the contents of the internal buffer to be written to a DMA buffer in memory is
generated. Writing to the internal buffers switches to the second buffer. An interrupt is
generated if overrun occurs in the internal buffers (INT_OE).

GPIO MMIO Description for Signal Monitoring FIFO queues

Upon reset, signal monitoring is disabled (FIFO_MODE, EVENT_MODE= 00), and
DMA buffer 1 is the active DMA buffer. Software initiates signal monitoring by
providing two equal size empty DMA buffers and putting their base address and size
in the BASE1, BASE2 and SIZE registers. Once two valid DMA buffers are assigned,
monitoring can be enabled by programming FIFO_MODE and EVENT_MODE. The
GPIO hardware will proceed to fill DMA buffer 1 with timestamps or samples. Once
DMA buffer 1 fills up, BUF1_RDY is asserted, and monitoring continues without
interruption in DMA buffer 2. If BUF1_RDY_EN is enabled, a level triggered interrupt
request is generated to the chip level interrupt controller.

When BUF1_RDY is high, software is required to assign a new, empty buffer to
BASE1 and then clear the BUF1_RDY flag (write a ‘1’ to BUF1_RDY_CLR) before
buffer 2 fills up to avoid overrun.

Monitoring continues in DMA buffer 2 until it fills up. At that time, BUF2_RDY is
asserted and monitoring continues in the new DMA buffer 1, etc.

If the software fails to read the full DMA buffers in time (i.e., BUFx_RDY is not cleared
in time), the overrun (FIFO_OE) error flag is raised and data may be lost. The
FIFO_OE error flag can only be cleared by an explicit write of logic '1’ to
FIFO_OE_CLR.

If enabled, an interval of silence can cause a BUFx_RDY flag to be asserted before
all locations in the DMA buffer have been filled. Therefore, whenever BUFx_RDY is
asserted, software is required to read the relevant INT_STATUS register to know
exactly how many valid 32-bit words of data are in the DMA buffer. The INT_STATUS
holds the VALID_PTR field which gives this information.

The number of valid 32-bit data words written to the DMA buffers is loaded by the
GPIO hardware to the VALID_PTR field of the INT_STATUS register immediately
before the GPIO sets the relevant BUFx_RDY flag. If a second BUFx_RDY is
activated before the first flag was cleared VALID_PTR cannot be updated by the
GPIO until the first activated BUFx_RDY flag is cleared by software. This clear will
allow the GPIO to load the new VALID_PTR value for the second buffer.

If both BUFx_RDY flags are cleared at the same time, i.e., if the value of VALID_PTR
is not needed, the VALID _PTR value points back to the first buffer whose BUFx_RDY
flag was raised. If the VALID _PTR value is required to be read, each BUFx_RDY
must be cleared individually and in the correct order.

VALID_PTR is stable to be read by software when a BUFx_RDY flag is raised.
BASE1 should be stable to be loaded by the GPIO hardware when BUF1_RDY is
cleared by software and BASE2 should be stable to be loaded by the GPIO hardware
when BUF2_RDY is cleared by software.
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Software activated upon a BUFx_RDY or DATA_VALID interrupt can scan the FIFO
or read the timestamp unit register in order to interpret complex bit serial protocols.

Remark: A DMA buffer can “fill up” in two ways: all available locations are written to,
or in the event of timestamping, an interval of silence can occur.

SIZE must be a multiple of 64 bytes to accommodate 64-byte DMA accesses. SIZE is
a static configuration register and should not change during GPIO operation.

Event Timestamping

For each monitored signal, rising edges, falling edges or both edges can be
monitored.

Any change (according to the monitored edge event) generates a 31-bit timestamp
and a 1-bit edge direction in a 32-bit word. The 1-bit direction indicator is logic 1 if a
rising edge has occurred and logic 0 if a falling edge has occurred. The direction bit is
the msb of the 32-bit word generated.

31 30 0

Dir 31-bit timestamp

Dir = 0 => falling edge
Dir = 1 => rising edge

Figure 1: 32-Bit Timestamp Format

The event timestamps are written (per monitored signal) to a DMA buffer or a
timestamp unit register, which is software readable.

When the DMA buffers are being used, if events occur on a monitored signal and an
interval of silence follows, the relevant internal buffer contents are flushed to the DMA
buffers.

When the contents of the internal buffer are flushed to the DMA buffer the relevant
BUFx_RDY flag is set. The BUFx_RDY interrupt indicates that the DMA buffer is
ready to be read by software and writing is switched to the second DMA buffer.

When an interval of silence occurs all 64 bytes of the internal buffer are flushed even
though there may not be 64 bytes of valid data in the internal buffer. Software must
then read the module status to read the address where the last valid 32-bit data word
was written (VALID_PTR).

The length of the interval duration is programmed using the INTERVAL register.

Remark: If there is no internal buffer data to be flushed and no valid data in the DMA
buffers, the interval of silence will not cause BUFx_RDY to be asserted.
Timestamping always works, even if the pin selected for monitoring is operating in
regular mode.

Signal Sampling

In “signal sampling” a signal or a group of signals can be monitored at a programmed
frequency or by a selected clock input.

The programmed sampling frequenc