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Conventions

This section presents the acronyms, abbreviations, units of measurement and other con-
ventions used in this datasheet.

0.1 Acronyms and Abbreviations

The acronyms and abbreviations used in this datasheet arelisted a phabetically in the table
bel ow:

Table 0-1 Acronyms and abbreviations

Acronym/Abbreviation Definition

2D/3D 2 Dimensional/3 Dimensional

AC Alternating Current

ADC Analog-to-Digital Converter

ATA AT Attachment

AV or A/V Audio Visual

BGA Ball Grid Array

BPP Bits per Pixel

CMOS Complementary Metal Oxide Semiconductor
CODEC Coder/Decoder

CPU Central Processing Unit

CSs Cascading Style Sheets or Content Scrambling System
D/A Digital-to-Analog

DAA Data Access Arrangement

DAC Digital-to-analog Converter

DC Direct Current

DDR SDRAM Double Data Rate Synchronous DRAM

DMA Direct Memory Access

DRAM Dynamic Random-access Memory

DSL Digital Subscriber Line
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Table 0-1 Acronyms and abbreviations (Continued)

Acronym/Abbreviation

Definition

DSP Digital Signal Processor

DVD Digital Versatile Disc or Digital Video Disc
DVI Digital Visual Interface

EJTAG Enhanced Joint Test Action Group

EIA Electronic Industries Alliance

FCS Frame Check Sequence

FIFO First In/First Out

GPIO General Purpose Input/Output

HDMI High-Definition Multimedia Interface
HDTV High-Definition Television

1 Input

1/0 Input/Output

12C Inter Integrated Circuit

IDE Integrated Drive Electronics

IEC International Electrotechnical Commission
IPTV Internet Protocol TV

IR Infrared

IRQ Interrupt Request Line

1SO International Organization for Standardization
JPEG Joint Photographic Experts Group

LCD Liquid Crystal Display

LSB Least Significant Bit/Byte

MIPS Millions of Instructions per Second

MMU Memory Management Unit

MPEG Moving Picture Experts Group

MSB Most Significant Bit/Byte

(e} Output

OosD On Screen Display

P/U Pull-up Resistor

PCB Printed Circuit Board
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Table 0-1 Acronyms and abbreviations

(Continued)

Acronym/Abbreviation

Definition

PCI Peripheral Component Interconnect

PID Program Id

PIP Picture In Picture

PKI1 public key infrastructure

PLL Phase Locked Loop

PVR Personal Video Recorder

RAM Random Access Memory

RGB Red Green Blue

RISC Reduced Instruction Set Computer

ROM Read Only Memory

RTC Real-time Clock

S/PDIF Sony/Philips Digital Interface

SDTV Standard Definition Television

SPI Synchronous Parallel Interface

SRAM Static Random Access Memory

SSI Synchronous Serial Interface

SSI Server-side Include or Single-system Image
TDMX Transport Demultiplexer

TLB Translation Look-aside Buffer

UART Universal Asynchronous Receiver Transmitter
usB Universal Serial Bus

VOD Video On Demand

YCbCr Y is brightness (luma), Cb is blue minus luma (B-Y) and

Cr is red minus luma (R-Y)
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0.2 Units of Measurement

The units of measurement used in this datasheet are listed alphabetically in the table

below:

Table 0-2 Units of measurement

Symbol Unit of measurement

MA microampere

MF microfarad

Ms microsecond (1,000 nanoseconds)
Oc degree Celsius

GB gigabyte

bpp Bits Per Pixel

Hz Hertz (Cycle Per Second)

kohm kiloohm

Kb kilobit

KB kilobyte (1,024 Bytes)

Kbps kilobit per second

KBps kilobyte per second

KHz kilohertz

mA milliampere

Mbps megabit per second

MBps megabyte (1,048,576 bits) per second
Mb megabit

MB megabyte (1,048,576 bytes)

MHz megahertz (1,000 kilohertz)

ms millisecond (1,000 micro seconds)
ns nanosecond

\Y volt

W watt
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0.3 General Conventions

Numbers and Number Bases

®* Binary numbers are enclosed in single quotation marks when in text, e.g., ‘11’ desig-
nates a binary number.

® Binary numbers are written with alower case ‘b’ suffix. e.g., 16b.

® Binary numbers larger than four digits are written with a space dividing each group of
four digits, asin 1011 0101 1010b.

Note:  All other numbers are decimal.

Naming Conventions

® Theregister acronyms appear in capital letters such as SDIOVH or SDIN_EGD_HDG

®* Register bitsare listed in square brackets M SB-to-L SB separated by a colon mark,
e.g., SDHE[3:0].

* TBD indicated that the values are ‘ to be determined’, NA or N/A indicate ‘ not avail-
able’ and NC indicates that apin is ‘no connect’.

Sigma Designs Confidential 5
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Introduction

1.1 Block Diagram of SMP8634

e e i A
! 1
! 1
: Transport Demultiplexer Video Decoder Subsystem :
[ ] 1
! 32-bit RISC | IRQ Controller | 16-bit RISC | IRQ Controller | |
P 1
! 1
: A DM (ak0s2) PM (4Kx32) | Reset Controller | DM (4Kx16) PM (2Kx32) | Reset Controller | !
1
1
Cipher Engines 1
1 D
| | Timer | | Video Decoder | | Timer | :
: S Parser 1
1
S hy -
: Hardware Section Filter | emaphores | | Sub-picture Decoder | | Semaphores | :
1 L 1
1 I 1
: Audio Processing Subsystem System Block :
! ] 1
: 32-bit DSP | IRQ Controller | GPIO Block | Bus Arbiters 1
1
1 P P 1
1 DM (12Kx32] PM (3Kx32] General Purpose 1/0 (GPIO)
1 A ¢ ) | ¢ ) | Reset Controller | | Clock Generator | A :
: b Front Panel Interface (FIP) b :
1 | Serial In | Timer 12C (Master, Slave) 1
1 s Pulse Width Modulators (2) s 1
1 1
: | Serial Out | | Semaphores | Infrared Decoder (IR) | Semaphores | 1
1
1 L] ]
! 1
1 I 1
: Host Interface DRAM Controllers 1
— 1
1 1
! G-Bus Unit DRAM Unit M 1
: P USB 2.0 (2-Port) Peripheral Bus interface P !
H Arbiter !
\ A A '
1 5 | PCI Slave | | IDE/ATAPI-6 Interface | | M-Bus Unit | RAS Generator 1
1 D H
! 1
CAS Generator
: S | PCI Master | | Ethernet | | | S 1
1
1 | V-Bus Unit | DDR Timing 1
1 1
1 - 1
1 | 1
! 1
: Host CPU Block Video Processing Subsystem 1
— — 1
1
H MIPS 4KEc (300MHz) | IRQ Controller | i
e — -
H RINESE (16KB)| D-Cache (16KB) | Edge Detector | v Video Input i
! 1
1 o B |
: | JTAG | | Timer | " Graphics Input :
1 S 1
1
| | Local RAM (8KB) | | UART | s i
1 M 1
1 e OSD Graphics Scaler P 1
1 | a 1
! A 1
1 _ n
1 D :
t Main Video Scaler n
i MIPS 4KEc (200MHz) | IRQ Controller | _ Router s !
M
1 € 8-bit Graphics Scaler 1
1 p I-Cache (12KB)| D-Cache (12KB) i 1
1 Edge Detector r 1
1 Video Plane Channel 1
1 A f x 1
1
H D | Boot ROM | Timer a Multi-format Scaler 1 e :
1 1
1 S r 1
1 c Multi-format Scaler 2 H
1 | Smart Card Interface | Real-time Clock (Battery Backed) R Color Bars H
: 2D Graphics Accelerator Generator 1
1
1 L 1
1 | Serial Flash | | Ciphers | 1
1 1
1 1
! 1

Figure 1-1 SMP8634 block diagram

Sigma Designs Confidential 7



SMP8634 Datasheet

SMP8634-DS-A-07

1.2 Main Features of SMP8634

Host CPU

Embedded 300MHz MIPS 4K Ec for operating system, middleware and applications
16K program and 16K data caches
Interrupt controller and timers

Highly secure DRM/CA solution

Separate 200MHz MIPS 4K Ec to securely execute DRM and conditional access soft-
ware

24K program and 16K data memory

Encrypted DRAM and flash memory, secure boot |oader, secure PKI, encrypted 1/0
interfaces, battery backed-up real-time clock

Supports awide variety of DRM and conditional access solutions

IO standards

32-bit PCI v2.1 (33 or 66MHz) bus master/slave/host

Peripheral bus supports IDE (PIO modes), CompactFlash, Local Bus and 8/16-hit
NOR Flash

Dedicated IDE controller supports ATA/ATAPI-6 modes, UDMA mode 5 up to and
including

Supports Ethernet 10/100, USB2.0

Front panel controller interface supports NEC uPD16311, NEC uPD16312, PTC
PT6311 and PTC PT6312 front panel controllers

ISO 7816 smart card interface

12C master/save interfaces

Dual 8-hit parallel SPI transport stream interface, or triple serial transport stream
interface

12S interface up to 20Mbps

Two UARTs

Local bus interface supports 802.11 chips, MPEG encoders and other external devices
32 general purpose I/0 pins

Video decoding standards

Video decoding of MPEG-1, MPEG-2 MP@HL, MPEG-4.2 ASP@L5 (720p),
MPEG-4.10 (H.264) BP@L 3, MP@L4.0 and HP@L 4.0, WMV9 MP@HL, SMPTE
421M (VC-1) MP@HL and AP@L 3.

Hardware accel erated Baseline JPEG decoding
DVD-Video and Superbit DVD

*  CSSdecryption
* 169 and 4:3 playback, |etterbox, 3:2 pull-down
*  Multiple angles and sub-picture
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1: Introduction

=) HD

Error concealment, deblocking filter

Elementary video stream bit rate

*  MPEG-2 SDTV (HDTV): 20 (40) Mbps maximum

*  MPEG-4.2 SDTV (HDTV): 20 (40) Mbps maximum

*  MPEG-4.10 (H.264) SDTV (HDTV): 20 (40) Mbps maximum

*  WMV9Y/SMPTE 421M (SMPTE 421M (VC-1)) SDTV (HDTV): 20 (40) Mbps maxi-
mum

® Video processing

Brightness, color and contrast controls for each output port
Hardware cursor (4096 pixels, 4-bpp, up to 255 pixels horizontally and vertically)

2D graphics accelerator (up to 100 M samples per second operation for most opera-
tions)

*  Line, Rectangle, Ellipse and Circle: generate a single-color line, rectangle, ellipse or
circle with optional gradient fill

*  Blend: alphablend one rectangular region onto another

*  Move: move arectangular region to another location

*  Replace: modified version of Move

*  Raster Operations: standard 256 Bool ean operations
OpenType/TrueType font rendering acceleration

32-bit OSD with flicker filtering and scaling

Optional deinterlacing of interlaced sources

Arbitrary scaling of video and graphics up to 1920x1080 pixels
Alphamixing of video, graphics, cursor and OSD
Picture-in-Picture (PIP) support

* Video interfaces

Sigma Designs Confidential

Flexible 40-bit video/graphics input interface supports multiple video sources, DVI
and HDM I receivers, 3D graphics chips

NTSC/PAL composite and s-video outputs with optional Macrovision protection

Analog Y PbPr/RGB video outputs with optional Macrovision protection in 480i, 576i,
480p and 576p Y PbPr output modes (12-bit DACs, interlaced or progressive, SDTV
or HDTYV resolution)

Integrated HDMI v1.1 video output interface includes HDCP content protection
(requires external HDMI transmitter)

150MHz Y ChCr/RGB digital video output interface

*  8-bit and 16-hit 4:2:2 Y CbCr data

*  24-bit 4:4:4 Y CbCr data

*  24-bit RGB data (888)

*  BT.601, BT.656, or VIP 2.0, ‘video valid’ output signa
*  Master or dave timing
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Audio processing and interfaces

Two audio DSPs
12S and S/PDIF digital audio input interface

Each DSP includes five 12S serial digital outputsto support 7.1-channel plus 2.0-
channel downmixed audio simultaneously

Digital serial S/PDIF (IEC 60958) audio output

Transport formats

Transport input interfaces

*  Two 8-bit SPI or three SSI, with polarity control of data valid signal
*  PCI, IDE, Local Bus

Transport demux supports 128 dedicated PIDs (aggregate)
Transport input bit rate: 243M bps maximum (aggregate)

Media formats

BD-ROM, BD-RE v2, BD-R, HD DVD-Video

DVD-Video, DVD-Audio, SVCD (IEC 62107-2000), VCD 1.x and 2.0

DVD-R, DVD-RW, DVD+R, DVD+RW (conditional)

HDV

Audio CD, CD-R, CD-RW, CompactFlash

WMA, JPEG, MP3 and MPEG-4.2 AVI files using | SO 9660 or HIghMAT ™ format
Picture CD (JPEG files using 1SO 9660 format)

Navigation software, HighM AT™ support

Streaming formats

ISMA (Internet Streaming Media Alliance) MPEG-4.2

MPEG-2, MPEG-4

WM9 with DRM

MPEG-4.10 (H.264) and SMPTE 421M (VC-1) over MPEG-2 Transport

On screen display

High resolution, true-color OSD support

2, 4,7, and 8-bpp from 24-bit palette

Programmable OSD scaler

Programmable flicker filter for interfaced output modes
Alphablending over video (8-bit)

Operating system support

Linux
WinCE
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1.3 Main Components of SMP8634

The SMP8634 is an advanced, single-chip audio/video decoder that provides highly-inte-
grated solutionsfor HDTV, IPTV, DVD/BD/HD-DVD, MPEG-4.10 (H.264), WMV9 and
SMPTE 421M (VC-1) decoding. It incorporates flexible, advanced audio/video process-
ing, enabling cost-effective solutions for consumer products, such as digital media adapt-
ers, IPTV set-top boxes, networked DV D players, BD and HD-DV D players/recorders and
digital televisions.

The SMP8634 includes optimized features for tightly embedded applications such as TV/
PDP integration, streaming video endpoints, and multifunction consumer appliances. The
device aso includes features that enable designers to easily incorporate advanced capabili-
tiessuch as A/V streaming, DVD/BD/HD-DVD playback, Video-on-Demand (VOD), Per-
sona Video Recording (PVR) and Picture-in-Picture (PIP) into their products.

In addition, the SMP8634 supports numerous popular mediaformats including DV D-
Video, DVD-Audio, SVCD, VCD1.x, VCD2.0 and CD/CD-R/CD-RW (audio, JPEG, MP3
and MPEG-4 AV files). It dso supports ISMA MPEG-4 streaming format, and MPEG-4
over MPEG-2 transport streaming.

The SMP8634 architecture is composed of various hardware functional units— severa
incorporating custom-designed processor modules — interconnected by multiple high-
speed synchronous data buses. Although the details of the on-chip buses are beyond the
scope of this document, the primary buses and their functions are described bel ow.

A 32-bit G-Bus connects the integrated MIPS CPU with each functional unit. It provides
access to the programmable configuration, control and status registers contained within
each unit. The state of the deviceisinitialized, controlled, and reconfigured as necessary
through this bus. The G-Bus also supports direct access to the memory areas controlled by
two memory controllers, PCI, flash memory areas and 32-bits of address and data (4G
dwords addressable). It is an arbitrated, multi master bus.

The M-Bus provides the data path that allows each functional unit to communicate with
the external memory controller. It provides a 64-bit data path resulting in a peak data band-
width of 1600M B/sec at a system clock frequency of 200MHz. The M-Bus arbitrates
access among 17 DMA channels. An arbitration algorithm provides programmable bus
bandwidth to be allocated and guaranteed to each DMA channel.

The V-Bus provides a dedicated high-speed data path between the video processing engine
and the external memory controller.

Sigma Designs Confidential 11
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In addition to these device-wide buses, the various functional units typically have one or
more dedicated local buses within the unit. These buses are not further described in this
document.

The main modules of the SMP8634 are briefly described below. Each moduleis discussed
in detail under their respective chapters.

Host CPU Block

The host CPU block of the SMP8634 contains a 300MHz MIPS 4KEc CPU with its
instruction and data cache to support the embedded operating system, middle ware and
applications required for consumer appliances. The supported operating systems include
Linux and WinCE. The software for the CPU isloaded from an external flash using a
secure boot loader. Alternately, an external host CPU (such as x86, MIPS or ARM) may
be used.

In addition to the RISC processor itself, the host CPU block contains the following addi-
tional resources. 2Kx32 (8KB) local memory, two interrupt controllers, edge detection
logic, two programmable timers and two Universal Asynchronous Receiver/Transmitters
(UARTS).

Security Processor Subsystem

A separate 200MHz MIPS 4KEc CPU is used to securely execute conditional access and
DRM software. The software for this CPU resides on an internal flash (encrypted and dig-
itally signed) to facilitate upgrades and is loaded using a secure boot |oader.

DRAM Controllers

The SMP8634 contains two identical double-data rate synchronous DRAM (DDR-
SDRAM) controllers operating at the memory clock rate. Because the DDR technology
transfers data on both edges of the clock, the effective burst data bandwidth of each con-
troller is 1.6GB/sec when using the full 32-bit interface (total peak bandwidth of 3.2GB/
sec with 2 controllers). The DRAM controllers can interface up to 512MB of external
DDR SDRAM, using a 32-hit wide data bus.

System Block

The SMP8634 system block contains the following modules: A GPIO block, 12C master
and slave and a clock generator. The GPIO block in turn contains General Purpose 1/0
(GPIO), Front Panel Interface (FIP) controller, Pulse Width Modulator (PWM) and an
infrared decoder.
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The genera purpose 1/0 controller provides 32 pins of general purpose control signals and
logic to help eliminate the glue logic necessary for system integration. Its functionsinclude
indicating the system operation and controlling other devices.

The Front Panel Interface (FIP) controller directly supports the NEC uPD16311, NEC
uPD16312, PTC PT6311 and PTC PT6312. Other front panel controllers may be used by
interfacing to the UART or the GPIO.

Theinfrared input allows the interfacing to an external IR receiver. The NEC and the Phil-
ips RC5/RC6 IR formats, commonly used by consumer equipment are supported.

The 12C master and slave interfaces enable the SMP8634 to read from and write to external
devices. This 12C master controller, which supports the synchronous Inter Integrated Cir-

cuits (1°C) serial protocol, enables the host CPU to access an external 1°C slave device
using asimplified register interface. A separate slave interface allows the SMP8634 to be

the target of 12C transactionsinitiated by an external master.

The clock generator contains one audio clock, two video clocks, one system clock and one
CPU clock. The clock generator creates two high speed (up to 300MHz) clocks from a
27MHz external clock using two programmable PLLs, and creates the main system clock
and multiple video and audio clocks by dividing either one of the high speed clocks or the
27MHz reference.

Host Interface

The host interface unit provides the interface between the primary internal buses (G-bus
and M-bus) and the PCI, Ethernet 10/100, USB 2.0, the peripheral bus and the IDE inter-
face.

The SMP8634 supports both a PCI and a multimode * peripheral’ bus for system-level
interconnection. The PCI bus implementation is aversion 2.1 compliant, 32-bit wide bus
capable of operating at 33 or 66MHz.

The SMP8634 includes a USB 2.0 Embedded Host Controller and PHY. It also includes an
Ethernet 10/100 MAC with an M1l (Media Independent Interface) interface to connect to
an external PHY device.

A separate Peripheral Bus Interface (PBI) is also supported. This interface can operatein
several modes with programmable cycle timings, which can be varied on a cycle-by-cycle
basis. The bus can operate as a general-purpose interface, or an ‘| SA-like' busfor connect-
ing external devices, or an IDE bus for attaching storage devices, or amemory bus for
directly attaching asynchronous memory such as a parallel flash ROM.
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When being used as a general-purpose interface, the PBI can operate in either a separate
address and data mode (25 address/16 data) or a multiplexed address/data mode. In the
IDE mode, the interface can support ATA/ATAPI-6 device attachments.

Video Decoder Subsystem

The SMP8634 contains two identical video decoders. The video decoder subsystem exe-
cutes the video decoding algorithms supported by the SMP8634. Its architecture isa
hybrid of both processor-based and hardwired logic approaches.

The video decoder engine consists of a proprietary 16-bit RISC CPU which is augmented
by a number of hardware functional units. These functional units perform the most com-
pute-intensive portions of the video decompression algorithms supported by the
SMP8634.

Video Processing Subsystem

The SMP8634 video processing engine provides sophisticated display processing, format-
ting and output capabilities. The video processing and display unit (VPD) has extensive
capabilities for retrieving graphics and video images from the memory, formatting the
images as needed, mixing the images and then presenting the video stream for display in a
required format. Other capabilities provided by the VPD include hardware-assisted 2D
graphics acceleration, and support for an external video input port.

The 2 available video outputs consist of, digital output and main analog output. The digital
output supports 8, 16 or 24-hit output, RGB or Y PbPr data format and the analog output
supports RGB, Y PbPr, S-video and composite video. The digital and analog component
outputs can each support output formats up to 1920x1080p.

The SMP8634 contains a HDMI Transmitter requiring an external PHY. The HDMI
Transmitter block in the SMP8634 is HDMI v1.1 compliant, which transports consumer
electronics standard digital video and digital audio over aTMDS interface.

Audio Processing Subsystem

The SMP8634 contains an integrated audio subsystem based on a custom-designed 32-bit
digital signal processor (DSP). Audio decoding and processing algorithms are imple-
mented on two identical DSPs. This firmware-based approach gives great flexibility for
accommodating future audio standards or specialized audio requirements. The audio unit
provides 5 1°S output channels, one S/PDIF output channel, and one 1°S audio input chan-
nel.
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Transport Demultiplexer

The SMP8634 includes an on-chip, RISC processor-based transport demultiplexer
(TDMX) unit. The transport demultiplexer block is capable of handling up to three multi-
program bitstreams of up to 81Mbps each, with an aggregate total of up to 243Mbps.

1.4 Application Examples

1.4.1 Networked DVD Player

The networked DV D player example below provides the typical functionality required for
anetworked DVD player. System integration requires very little external logic since the
SMP8634 provides most of the features including:

®*  Progressive DVD-Video, DVD-Audio, MPEG4.10 (H.264), WMV 9/SMPTE 421M
(VC-1) playback

® Interlaced or progressive Y PbPr or RGB video outputs

® NTSC/PAL composite and S-video outputs

® 7.1-channel and S/PDIF audio outputs

* 12C bus master function for controlling other chips

* A MIPS CPU for operating system, middleware and applications

DDR DRAM
AND FLASH

HDMI PHY To DIGITAL INPUT OF HDTV / DTV MONITOR

RECEIVER

ANALOG RGB OR YPBPR

NTSC / PAL COMPOSITE AND S-VIDEO

FRONT PANEL
CONTROLLER

SMP8634 SPDIF DIGITAL AubiO OUTPUT

7.1-CHANNEL ANALOG AUDIO OUTPUT

N

€D /DVD DRIVE ETHERNET

PCI Bus

802.11
AIBIG

{

Figure 1-2 Application example - networked DVD player
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1.4.2 Digital Media Adapter or IPTV Set-top Box

The Digital Media Adapter or IPTV Set-top Box application requires very little external
logic since the SMP8634 provides most of the features including:

® Decoding of MPEG-1, MPEG-2, MPEG-4.10 (H.264) and WMV 9/SMPTE 421M
(VC-1) content

e 2D graphics, OSD and deinterlacing

* Interlaced or progressive Y PbPr or RGB video outputs

® NTSC/PAL composite and S-video outputs

¢ 5.1-channel and S/PDIF audio outputs

* A MIPS CPU for operating system, middleware and applications

DDR DRAM
AND FLASH

PHY

FRONT PANEL
CONTROLLER

IR INPUT

HDMI PHY

SMP8634

PCI| Bus

802.11
AIB/G

!

ETHERNET

HDMI OuT

ANALOG RGB OR YPBPR

NTSC / PAL COMPOSITE AND S-VIDEO

SPDIF DiGITAL Aupio OUTPUT

7.1-CHANNEL ANALOG AuUDIO OUTPUT

Figure 1-3 Application example - digital media adapter or IPTV set-top box
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1.4.3 LCD/Plasma HDTV with Digital Cable Receiver

The HDTYV receiver with digital cable receiver example below provides the typical func-
tionality required for an digital cable compliant DTV. System integration requires very lit-
tle external logic since the SMP8634 provides most of the features including:

®*  Wired and/or wireless networking support

® HDTV and SDTV decoding with 2D graphics, OSD and deinterlacing

®* Anaog and digital video outputs

®* S/PDIF digital audio output for driving a surround sound receiver

*  12C bus master function for controlling other chips

®* A RISC CPU for operating system, middleware and applications

® Easily modified to support ATSC, DVB-T, DVB-Sor DVB-C

* DVD playback may be easily added

IR
IR RECEIVER

DDR DRAM
AND FLASH

HDMI —>|

CVBS, S-VIDEO, YPBPR

CABLE SIGNAL

FRONT PANEL
CONTROLLER | e 7] i/
HDMI
RECEIVER e
v
Aupio
—
VIDEO
DECODER SMP8634
TUNER
FAT | am
DEMOD
TV Aubio
. PROCESSOR ~ [—>
00B QPSK AND AMPLIFIERS
TUNER DEMOD e

CABLECARD

Aubio

o |
!

802.11
AIBIG

!

ETHERNET

T0 LCD OrR PDP

SIPDIF TO SURROUNC
SOUND RECEIVER

TO SPEAKERS

Figure 1-4 Application example - LCD or plasma HDTV with digital cable receiver
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? Host CPU Block

2.1 Block Diagram of Host CPU Block

MIPS 4KEc (300MHz)

IRQO

> I-Cache
(16KB) ISP MIPS

> RISC D-Cache MMU > EC'B‘US » Bus Converter/Remap
IRQ2 (16KB) | DSP

IRQ1]

Local RAM Remap Control
8KB Registers

L-Bus

Edge Detector

Timer 0 UART 0

IRQO Controller

IRQ2 Controller

Timer 1 UART 1

IRQ1 Controller

Figure 2-1 Block diagram of host CPU block
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2.2 Introduction

The host CPU block of the SMP8634 contains a 300MHz MIPS 4KEc CPU with its
instruction and data cache to support the embedded operating system, middleware and
applications required for the consumer products. Supported operating systemsinclude
Linux and WinCE. Software for the CPU isloaded from an external flash using a secure
boot loader. Alternately, an external host CPU (such as x86, MIPS or ARM) may be used.

In addition to the RISC processor itself, the host CPU block contains the following addi-
tional resources:

®* 2Kx32 (8KB) local memory

® Threeinterrupt controllers

® Edge detection logic

® Two programmable timers

®* Two Universal Asynchronous Receiver/Transmitter (UARTS)

The CPU accesses the G-Bus as amaster. A bridge allows the CPU to be a G-Bus master,
and access al the G-Bus mapped local resources through the L-Bus. For aMIPS 4KEc, a
MIPS EC-Bus G-Bus bridgeis used.

Other components of the host CPU block reside on alocal bus and can be accessed by
either the RISC or the other G-Bus master. Both the bridges in the host CPU block per-
form a bus protocol adaptation and a configurable address translation (remap). The host
CPU block connects to the rest of the chip viathe G-Bus.

Table 2-1 Remap registers

Address? Register Name R/W/AZ? Description

+F000 CPU_REMAPO R/W CPU Remap O Register
+F004 CPU_REMAP1 R/W CPU Remap 1 Register
+F008 CPU_REMAP2 R/W CPU Remap 2 Register
+F00C CPU_REMAP3 R/W CPU Remap 3 Register
+F010 CPU_REMAP4 R/W CPU Remap 4 Register

1. G-Bus byte address relative to the host CPU block base.
2. Read/write/auto update.
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Central Processor Unit (CPU)

2.3 Introduction

The SMP8634 uses a 300MHz MIPS 4KEc™ processor (~459 conforming DMIPS at
300MHz). The MIPS32™ 4KEc™ core is a high-performance, low-power, 32-bit MIPS
RISC core. It is highly portable across processes. The 4KEc coreisideally positioned to
support new products for emerging segments of the digital consumer, network, systems
and information management markets, enabling new tailored solutions for embedded
applications. The SMP8634 takes full advantage of all these features.

The 4KEc core is a 32-bit privileged resource architecture. A Memory Management Unit
(MMU) contains 4-entry instruction and data Translation L ookaside Buffers (ITLB/
DTLB) and a 32 dua-entry joint TLB (JTLB) with variable page sizes. The 4KEc core
includes a Multiply/Divide Unit (MDU) that implements single cycle MAC instructions,
which enable the DSP algorithms to be performed efficiently. It allows 32-bit x 16-bit
MAC instructionsto be issued every cycle, while a32-bit x 32-bit MAC instruction can be
issued every 2 cycles.

It contains 2-way set associative 16K B instruction and 16KB data caches. The load and
fetch cache misses only block until the critical word becomes available. The pipeline
resumes execution while the remaining words are being written to the cache. Both caches
arevirtualy indexed and physically tagged to allow them to be accessed in the same clock
that the address is translated.

An Enhanced JTAG (EJTAG) block allows for single-stepping of the processor as well as
instruction and data virtual address/value breakpoints.

2.4 Features

® b5-stage pipeline
® 32-bit address and data paths

*  MIPS32-compatible instruction set
- Multiply-Accumulate and Multiply-Subtract instructions (MADD, MADDU, MSUB,
MSUBU)
- Targeted Multiply instruction (MUL)
- Zero/One Detect instructions (CLZ, CLO)
- Wait instruction (WAIT)
- Conditional Move instructions (MOVZ, MOVN)
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- Prefetch instruction (PREF)
MIPS32 architecture features

- Vectored interrupts and support for external interrupt controller

- Programmable exception vector base

- Atomic interrupt enable/disable

- Bit field manipulation instructions

- Improved virtua memory support (smaller page sizes and hooks for more extensive
page table manipulation)

Separate, 16K B, 2-way set associative instruction and data caches

- Loadsblock only until the critical word is available
- Write-back and write-through support

- 16-bytecacheline size

- Virtually indexed, physically tagged

- Cachelinelocking support

- Non-blocking prefetches

MIPS32 privileged resource architecture

- Count/Compare registers for real-time timer interrupts
- | and D watch registers for software breakpoints

Programmable Memory Management Unit (MMU)

- 32 dua-entry JTLB with variable page size
- 4d-entry ITLB

- 4-entry DTLB

Multiply/Divide unit

- Maximum issue rate of one 32x16 multiply per clock
- Maximum issue rate of one 32x32 multiply every other clock

- Early-initerative divide. Minimum 11 and maximum 34 clock latency (dividend (rs)
sign extension-dependent)

EJTAG debug

- Support for single stepping
- Virtual instruction and data address/val ue breakpoints
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2.5 Block Diagram

MDU I-cache EJTAG <>
Off-chip
TAP
A A Debug I/F
\ 4 \ 4
Execution Core | , P Cache VI
(RE/ALU/Shift) [€ MMU Controller BIU <O)n-chip
A y A Bus(es)
\ 4 A \ 4
System TLB D-cache Power
Coprocessor Management

Figure 2-2 4KEc core block diagram

2.6 Functional Description

2.6.1 4KEc Core Logic Blocks

The 4K Ec core contains the following blocks:

® Execution Unit

®*  Multiply/Divide Unit (MDU)

® System Control Coprocessor (CPO)
®* Memory Management Unit (MMU)
®* Transition Lookaside Buffer (TLB)
® Cache Controllers

® BusInterface Unit (BIU)

* Power Management

® Instruction Cache

® DataCache

® Enhanced JTAG (EJTAG) Controller
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2.6.2 Pipeline Flow

The 4K Ec core pipeline consists of five stages:

a > v DR

Instruction (I Stage)
Execution (E Stage)

Memory (M Stage)

Align (A Stage)

Writeback (W stage)

The 4K Ec core implements a bypass mechanism that allows the result of an operation to
be forwarded directly to the instruction that needs it without having to write the result to
the register and then read it back. The following diagram shows atiming diagram of the

4K Ec core pipeline.

| M A w

T T T T
l l l l l |
l l l l l |
l l l l l |
| | | Bypass | | !
[} [} ‘ T | [} 1
l l &\ Bypass l !

[} [}
I-Cache RegRd ALU Op : : i
I-TLB | Dec D-AC D-Cache Align RegW i
T I
| | oTLe | | :
I I I )
[ I-Al -A2 ! [ |
l l l |
l l l |
1 1 1 1 1 |
l l l l l |
l l l l l |
1 1 \ 1 Bypass 1 1 |
| | . i | !
[} [} 1 1 |
: | Mul - 16x16, 32x16 Acc RegW !
: : [} [} [} :
1 1 1 1 1 |
1 1 1 Bypass 1 1 |
l l + + l |
| | : /. | ;
| | Mul - 32x32/ / Acc RegW !
: : ] W ] ] :
l l l l l |
[} [} 1 1 |
: | Div / / Acc RegW :
: ! 1/ !
[} ' '

Figure 2-3 4KEc core pipeline
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2.6.2.1 | Stage: Instruction Fetch

During the Instruction fetch stage:

* Aninstruction isfetched from the instruction cache

®* MIPS16einstructions are expanded into MIPS32-like instructions
2.6.2.2 E Stage: Execution

During the Execution stage:

® Operands are fetched from the register file

®* TheArithmetic Logic Unit (ALU) begins the arithmetic or the logical operation for
register-to-register instructions

* TheALU calculates the data virtual address for load and store instructions

* The ALU determines whether the branch condition is true and cal cul ates the virtual
branch target address for branch instructions

® |nstruction logic selects an instruction address

All multiply and divide operations begin in this stage
2.6.2.3 M Stage: Memory Fetch

During the Memory fetch stage:

®* Thearithmetic ALU operation completes

®* Thedata cache access and the data virtual-to-physical address translation are per-
formed for load and store instructions

® Datacachelook-up is performed and a hit/miss determination is made
* A 16x16 or 32x16 multiply calculation completes
® A 32x32 multiply operation stallsthe MDU pipeline for one clock in the M stage

® A divide operation stalls the MDU pipeline for amaximum of 34 clocksinthe M

stage. Early-in sign extension detection on the dividend will skip 7, 15 or 23 stall
clocks.
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2.6.2.4 A Stage: Align

During the Align stage:

* Load dataisaligned to its word boundary

* A 16x16 or 32x16 multiply operation performs the carry-propagate-add. The actual
register writeback is performed in the W stage.

®* A MUL operation makes the result available for writeback. The actual register write-
back is performed in the W stage.

2.6.2.5 W Stage: Writeback

During the Writeback stage:

* For register-to-register or load instructions, the instruction result is written back to the
register file.

2.6.3 Execution Unit

The 4K Ec core execution unit implements aload/store architecture with single-cycle ALU
operations (logical, shift, add and subtract) and an autonomous multiply/divide unit. The
4K Ec core contains several 32-bit general purpose registers used for integer operations
and address calculation.

The execution unit includes:

® A 32-hit adder used for calculating the data address

®  Anaddress unit for calculating the next instruction address

® Alogic for branch determination and branch target address calculation
* Aload aigner

® Bypass multiplexers used to avoid stalls when executing instructions streams where
data producing instructions are followed closely by consumers of their results

* A leading zero/one detect unit for implementing the CLZ and CLO instructions
* AnArithmetic Logic Unit (ALU) for performing bitwise logical operations

® A shifter and store aligner
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2.6.4 Multiply/Divide Unit (MDU)

The 4K Ec core includes a multiply/divide unit (MDU) that contains a separate pipeline for
multiply and divide operations. This pipeline operatesin parallel with the integer unit (1U)
pipeline and does not stall when the |U pipeline stalls. This setup alows long-running
MDU operations, such as a divide, to be partially masked by system stalls and/or other
integer unit instructions.

The MDU consists of a 32x16 booth recoded multiplier, result/accumulation registers (HI
and LO), adivide state machine, and the necessary multiplexers and control logic. Thefirst
number shown (‘32" of 32x16) represents the rs operand. The second number (‘ 16’ of
32x16) represents the rt operand. The 4KEc core only checks the value of the latter (rt)
operand to determine how many times the operation must pass through the multiplier. The
16x16 and 32x16 operations pass through the multiplier once. A 32x32 operation passes
through the multiplier twice. The MDU supports execution of one 16x16 or 32x16 multi-
ply operation every clock cycle; 32x32 multiply operations can be issued every other clock
cycle. Appropriate interlocks are implemented to stall the issuance of back-to-back 32x32
multiply operations. The multiply operand size is automatically determined by the logic
built into the MDU.

Divide operations are implemented with a simple 1-bit per clock iterative algorithm. An
early-in detection checks the sign extension of the dividend (rs) operand. If rsis 8 bits
wide, then 23 iterations are skipped. For a 16-bit widers, 15 iterations are skipped, and for
a24-bit widers, 7 iterations are skipped. Any attempt to issue a subsequent MDU instruc-
tion while adivideis still active causes an 1U pipeline stall until the divide operationis
completed. The following table lists the repeat rate (peak issuerate of cyclesuntil the oper-
ation can be reissued) and latency (number of cycles until aresult isavailable) for the

4K Ec core multiply and divide instructions. The approximate latency and repeat rates are
listed in terms of pipeline clocks.

Table 2-2 4KEc core latencies and repeat rates

Operand Size (mul

Opcode rt) (div rs) Latency Repeat Rate
MULT/MULTU, MADD/MADDU, 16-bit 1 1
MSUB/MSUBU 32_bit 2 2
MUL 16-bit 2 1

32-bit 3 2
DIV/DIVU 8-bit 12 11

16-bit 19 18

24-bit 26 25

32-bit 32 33
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The processor architecture defines that the result of a multiply or divide operation be
placed in the HI and LO registers. Using the Move-From-HI (MFHI) and Move-From-LO
(MFLO) instructions, these values can be transferred to the general purpose register file.

In addition to the HI/L O targeted operations, the processor architecture also defines a mul-
tiply instruction, MUL, which places the |east significant results in the primary register
fileinstead of the HI/LO register pair. By avoiding the explicit MFL O instruction,
required when using the L O register, and by supporting multiple destination registers, the
throughput of multiply-intensive operationsis increased.

Two other instructions, multiply-add (MADD) and multiply-subtract (MSUB), are used to
perform the multiply-accumulate and multiply-subtract operations. The MADD instruc-
tion multiplies two numbers and then adds the product to the current contents of the HlI
and LO registers. Similarly, the MSUB instruction multiplies two operands and then sub-
tracts the product from the HI and L O registers. The MADD and MSUB operations are
commonly used in the DSP algorithms.

2.6.5 System Control Coprocessor (CP0)

In the processor architecture, CPO is responsible for the virtual-to-physical address trans-
lation and the cache protocols, the exception control system, the processor’s diagnostics
capability, the operating modes (kernel, user and debug) and whether interrupts are
enabled or disabled. Configuration information such as, cache size and set associativity is
also available by accessing the CPO registers listed in the table below:

Table 2-3 Coprocessor 0 registers in numerical order

Register

Number Register Name Register Usage Function

0 INDEX Memory management Index into the TLB array

1 RANDOM Memory management  Randomly generated index into the TLB
array

2 ENTRYLOO Memory management  Low-order portion of the TLB entry for
odd-numbered virtual pages

3 ENTRYLO1 Memory management  Low-order portion of the TLB entry for
odd-numbered virtual pages

4 CONTEXT Exception processing Pointer to page table entry in memory

4 CONTEXT-CONFIG Exception processing Controls the layout of the Context register

5 PAGEMASK Memory management  Control for variable page sizes in TLB
entries

5 PAGEGRAIN Memory management  Controls the layout of the ENTRYLO,

PAGEMASK and ENTRYHI registers
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Table 2-3 Coprocessor 0 registers in numerical order (Continued)

Register

Number Register Name Register Usage Function

6 WIRED Memory management Cont_rols the number of fixed (‘wired’) TLB
entries

7 HWRENA Enables access via the RDHWR instruction
to selected hardware registers

8 BADVADDR Exception processing Reports the address for the most recent
address-related exception

9 COUNT Exception processing Processor cycle count

10 ENTRYHI Memory management  High-order portion of the TLB entry

11 COMPARE Exception processing Timer interrupt control

12 STATUS Exception processing Processor status and control

12 INTCTL Exception processing Interrupt system status and control

12 SRSCTL Exception processing Shadow register set status and control

12 SRSMA Exception processing Provides mapping from vectored interrupt
to a shadow set

13 CAUSE Exception processing Cause of last general exception

14 EPC Exception processing Program counter at last exception

15 PRID Processor identification and revision

15 EBASE Exception vector base register

16 CONFIG Configuration register

16 CONFIG1 Configuration register 1

16 CONFIG2 Configuration register 2

16 CONFIG3 Configuration register 3

17 LLADDR Load linked address

18 WATCHLO Exception processing Low-order watchpoint address

19 WATCHHI Exception processing High-order watchpoint address

20-22 Reserved

23 DEBUG Debug Debug control and exception status

23 TRACECONTROL Debug PC/Data trace control register

23 TRACECONTROL2 Debug Additional PC/Data trace control

23 USE TRACEDATA Debug User Trace control register

23 TRACEBPC Debug Trace breakpoint control

24 DEPC Debug Program counter at last debug exception
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Table 2-3 Coprocessor O registers in numerical order (Continued)

Register

Number Register Name Register Usage Function

25 Reserved

26 ERRCTL Used for software testing of cache arrays
27 Reserved Reserved in the 4KEc core

28 TAGLO/DATALO Low-order portion of cache tag interface
29 Reserved

30 ERROREPC Exception processing Program counter at last error

31 DESAVE Debug Debug handler scratchpad register

The coprocessor 0 also contains the logic for identifying and managing exceptions. The
exceptions can be caused by avariety of sources, including boundary casesin data, exter-
nal events, or program errors. The following table shows the exception types in the order

of priority:

Table 2-4 4KEc core exception type

Exception Description

Reset Assertion of SI_COLDRESET or SI_RESET signals

DSS EJTAG debug single step

DINT EJTAG debug interrupt. Caused by the assertion of the external EJ_DINT
input, or by setting the EJTAGBRK bit in the ECR register.

NMI Assertion of EB_NMI signal

Machine Check

TLB write that conflicts with an existing entry

Interrupt

Assertion of unmasked hardware or software interrupt signal

Deferred Watch

Deferred Watch (unmasked by K|DM->!(K|DM) transition)

DIB EJTAG debug hardware instruction break matched

WATCH A reference to an address in one of the watch registers (fetch)

AdEL Fetch address alignment error. Fetch reference to protected address.
TLBL Fetch TLB miss

TLBL Fetch TLB hit to page with V=0

IBE Instruction fetch bus error

DBp EJTAG breakpoint (execution of SDBBP instruction)

Sys Execution of SYSCALL instruction

Bp Execution of BREAK instruction
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Table 2-4 4KEc core exception type (Continued)

Exception

Description

RI

Execution of a reserved instruction

CpuU

Execution of a coprocessor instruction for a coprocessor that is not enabled

Ov

Execution of an arithmetic instruction that overflowed

Tr

Execution of a trap (when trap condition is true)

DDBL/DDBS

EJTAG data address break (address only) or EJTAG data value break on store
(address+value)

WATCH

A reference to an address in one of the watch registers (data)

AdEL

Load address alignment error. Load reference to protected address.

AdES

Store address alignment error. Store to protected address.

TLBL

Load TLB miss

TLBL

Load TLB hit to page with V=0

TLBS

Store TLB miss

TLBS

Store TLB hit to page with V=0

TLB Mod

Store to TLB page with D=0

DBE

Load or store bus error

DDBL

EJTAG data hardware breakpoint matched in load data compare

2.6.5.1 Interrupt Handling

The 4K Ec core includes support for six hardware interrupt pins, two software interrupts
and atimer interrupt. These interrupts can be used in any of the following two interrupt

modes;

® |nterrupt compatibility mode

® External Interrupt Controller (EIC) mode, which redefines the way in which interrupts
are handled to provide full support for an external interrupt controller handling priori-
tization and vectoring of interrupts. The presence of this mode is denoted by the VEIC
bit in the CONFIG3 register. On the 4KEc core, the VEIC hit is set externally by the
static input, SI_EICPRESENT, to allow the system logic to indicate the presence of an
external interrupt controller.
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2.6.5.2 Modes of Operation

The 4K Ec core supports three modes of operation: user mode, kernel mode and debug
mode. The user mode is most often used for applications programs. The kernel mode is
typically used for handling exceptions and operating system kernel functions, including
CP0O management and 1/O device accesses. An additional debug mode is used during sys-
tem bring-up and software development. Refer to the EJTAG section outlined later in this
chapter for more information on the debug mode.

OXFFFFFFFF \
Memory Mapped
0xFF400000
OXFF3FFFFF
Memory/EJTAG! > kseg3
0xFF200000
OxF1FFFFFF
Memory Mapped
0xE0000000 )
OXDFFFFFFF
Kernel Virtual Address Space
Mapped, 512MB kseg2
0xC0000000
OXBFFFFFFF .
Kernel Virtual Address Space
Unmapped, 512MB ksegl
Uncached
0xA0000000
OX9FFFFFFF
Kernel Virtual Address Space ksegO
Unmapped, 512MB
0x80000000
OX7FFFFFFF
User Virtual Address Space
Mapped, 2048MB kuseg
0x00000000

1. This space is mapped to the memory in the user or the kernel mode, and by the EJTAG module in the
debug mode.

Figure 2-4 4KEc core virtual address map
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2.6.6 Memory Management Unit (MMU)

The 4K Ec core contains afully functionad MMU that interfaces between the execution unit
and the cache controller. Although the 4K Ec core implements a 32-hit architecture, the
MMU has a 64-bit architecture.

The 4KEc core implements a TLB-based MMU. The TLB consists of three tranglation
buffers: a 32 dual-entry fully associative Joint TLB (JTLB), a4-entry fully associative
Instruction TLB (ITLB) and a4-entry fully associative Data TLB (DTLB).

When an instruction address is calculated, the virtual address is compared to the contents

of the 4-entry ITLB. If the addressis not found in the ITLB, then the JTLB is accessed. If
the entry isfound in the JTLB, then that entry is then written into the ITLB. If the address
isnot found in the JTLB, then a TLB refill exception is taken.

When adata address is calculated, the virtual address is compared to both the 4-entry
DTLB and the JTLB. If the address is not found in the DTLB, but isfound in the JTLB,
then that address isimmediately written to the DTLB. If the addressis not found in the
JTLB, then a TLB refill exception is taken. The following figure shows how the ITLB,
DTLB, and JTLB are implemented in the 4K Ec core:

Virtual Address Instruction Cache

g Tag RAM

. v
Instruction
Address > ITLB > Comparator
Calculator i Instruction
A Hit/Miss
IVA Entry
Y
DVA JTLB
Entry
v Data
Hit/Miss
Data Address > DTLB Comparator
Calculator
A
» Data Cache RAM

Virtual Address

Figure 2-5 Address translation during a cache access
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2.6.7 Translation Lookaside Buffer (TLB)

The TLB consists of three address translation buffers:

® 32 dua-entry fully associative Joint TLB (JTLB)
® ZJ-entry fully associative Instruction TLB (ITLB)

® J-entry fully associative Data TLB (DTLB)
2.6.7.1 Joint TLB (JTLB)

The 4K Ec core implements a 32-dual-entry, fully associative JTLB that maps 32 virtual
pages to their corresponding physical addresses. The purpose of the TLB isto transate
virtual addresses and their corresponding ASIDs into a physical memory address. The
translation is performed by comparing the upper bits of the virtual address (along with the
ASID) against each of the entriesin the tag portion of the joint TLB structure.

The JTLB is organized as 32 pairs of even and odd entries containing pages that rangein
sizefrom 4KB (or 1KB) to 256MB into the 4GB physical address space. By default, the
minimum page size is normally 4KB on the 4K Ec core; as abuild time option, it is possi-
ble to specify a minimum page size of 1KB.

The JTLB is organized in page pairs to minimize the overall size. Each tag entry corre-
spondsto 2 data entries. an even page entry and an odd page entry. The highest order vir-
tual address bit not participating in the tag comparison is used to determine which of the
data entriesis used. Since the page size can vary on apage-pair basis, the determination of
which address bits participate in the comparison and which bit is used to make the even-
odd determination is decided dynamically during the TLB look-up.

2.6.7.2 Instruction TLB (ITLB)

ThelITLB isasmall 4-entry, fully associative TLB dedicated to performing the transla-
tions for the instruction stream. The ITLB only maps minimum sized pages/sub pages.
The minimum page size is either 1KB or 4KB, depending on the PAGEGRAIN and
CONFIG3 registers.

ThelTLB is managed by the hardware and is transparent to the software. The larger JTLB
is used as abacking store for the ITLB. If afetch address cannot be translated by the
ITLB, then the JTLB is used to attempt to trandate it in the following clock cycle. If suc-
cessful, then the trandation information is copied into the ITLB for future use. Thereisa
two cycle ITLB miss penalty.
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2.6.7.3 Data TLB (DTLB)

The DTLB isasmall 4-entry, fully associative TLB dedicated to performing the transla-
tions for loads and stores. Similar to the ITLB, the DTLB only maps either 1KB or 4KB
pages/sub pages depending on the PAGEGRAIN and CONFIG3 registers.

The DTLB ismanaged by the hardware and is transparent to the software. Thelarger JTLB
isused as abacking store for the DTLB. The JTLB islooked up in parallel withthe DTLB
to minimize the DTLB miss penalty. If the JTLB tranglation is successful, the tranglation
information is copied into the DTLB for future use. Thereisaone cycle DTLB miss pen-
alty.

2.6.7.4 Virtual-to-Physical Address Translation

Converting avirtual address to a physical address begins by comparing the virtual address
from the processor with the virtual addressesin the TLB; thereis a match when the virtual
page number (VPN) of the address is the same as the VPN field of the entry, and either the
Global (G) hit of the TLB entry isset, or the ASID field of the virtual addressisthe same
asthe ASID field of the TLB entry.

Thismatch isreferred to asa TLB hit. If thereis no match, then aTLB miss exception is
taken by the processor and the software is allowed to refill the TLB from a page table of

virtual/physical addresses in memory. The following figure shows a flow diagram of the
address trandation process for two different page sizes:

Virtual Address with 1M (22°) 4KB Pages

39 32 31 20 bits = 1M Pages 12 11 0
ASID VPN Offset
8 h—’ 20 . 12 y
Offset passed
TLB | Virtual-to-physical translation in TLB unchange_d to
the physical
32-bit Physical Address memory
Bit 31 of the virtual o
address selects 31
the user and the | PEN | Offset |
kernel spaces
Virtual-to-physical Offset passed
TLB | translation in TLB unchanged to the

physical memory

v %

RN
N
~
N
w

39 3
ASID VPN Offset

8 bits = 256 Pages
Virtual Address with 256 (28) 16MB Pages

Figure 2-6 32-bit virtual address translation
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Thetop portion of the above figure shows avirtual addressfor a4KB page size. Thewidth
of the Offset in the above figure is defined by the page size. The remaining 20 bits of the
address represent the virtual page number (VPN), and index the 1M-entry page table.

The bottom portion of the above figure shows the virtual address for a 16MB page size.
The remaining 8 hits of the address represent the VPN, and index the 256-entry page table.

In the above figure, the virtual address is extended with an 8-bit address space identifier
(ASID), which reduces the frequency of TLB flushing during a context switch. This 8-hit
ASID contains the number assigned to that process and is stored in the CPO ENTRY HI
register.

2.6.7.5 Hits, Misses and Multiple Matches

Each JTLB entry contains atag portion and a data portion. If amatch isfound, then the
upper bits of the virtual address are replaced with the page frame number (PFN) stored in
the corresponding entry in the data array of the joint TLB (JTLB). The granularity of
JTLB mappingsis defined in terms of TLB pages. The 4KEc core’s JTLB supports pages
of different sizes ranging from 1KB to 256MB in powers of 4.

If no match occurs (TLB miss), an exception is taken and software refills the TLB from
the page table resident in memory. Software can write over aselected TLB entry or use a
hardware mechanism to write into a random entry.

The 4K Ec core implements a TLB write compare mechanism to ensure that multiple TLB
matches do not occur. On the TLB write operation, the write value is compared with al
other entriesin the TLB. If amatch occurs, then the 4K Ec core takes a machine check
exception, setsthe TS bit in the CPO STATUS register, and aborts the write operation.

Thefollowing table shows the address bits used for even/odd bank selection depending on
page size and the relationship between the lega values in the mask register and the
selected page size:

Table 2-5 Mask and page size values

Pagemask[28:11] Page Size Even/0dd Bank Select Bit
000000000000000000 1KB (if present) VAddr[10]
000000000000000011 4KB VAddr[12]
000000000000001111 16KB VAddr[14]
000000000000111111 64KB VAddr[16]
000000000011111111 25KB VAddr[18]
000000001111111111 1MB VAddr[20]
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Table 2-5 Mask and page size values (Continued)

Pagemask[28:11] Page Size Evens/0dd Bank Select Bit
000000111111111111 4MB VAddr[22]
000011111111111111 16MB VAddr[24]
001111111111111111 64MB VAddr[26]
111111111111111111 256MB VAddr[28]

2.6.7.6 TLB Tag and Data Formats

The entry is divided into the following fields:

® Globa processindicator
® Address space identifier
*  Virtual page number

®*  Compressed page mask

Setting the global process indicator (G bit) indicates that the entry is global to all the pro-
cesses and/or threads in the system. In this case, the 8-bit address space identifier (ASID)
value isignored since the entry is not relative to a specific thread or process.

The ASID helpsto reduce the frequency of the TLB flushing on a context switch. The
existence of the ASID allows multiple processes to exist in both the TLB and instruction
caches. The current ASID valueis stored in the ENTRY HI register and is compared to the
ASID value of each entry. The following figure shows the TLB tag entry format:

ASID[7:0] VPN2[31:25] VPN2[24:11] CMASK[7:0]

1 8 7 14 8

Figure 2-7 TLB tag entry format
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The following table shows the TLB tag entry fields:

Table 2-6 TLB tag entry fields

Field Name

Description

G

Global Bit. When set, indicates that this entry is global to all the processes and/or
the threads and thus disables the inclusion of the ASID in the comparison.

ASID[7:0]

Address Space Identifier. Identifies with which process or thread this TLB entry is
associated.

VPN2[31:25],
VPN2[24:11]

Virtual Page Number divided by 2. This field contains the upper bits of the virtual
page number. Because it represents a pair of TLB pages, it is divided by 2. Bits
[31:25] are always included in the TLB lookup comparison. Bits [24:11] are included
depending on the page size.

CMASK[7:0]

Compressed Page Mask Value. This field is a compressed version of the page mask.
It defines the page size by masking the appropriate VPN2 bits from being involved
comparison. It is also used to determine which address bit is used to make the even/
odd page determination.

Thefollowing figure shows the TLB data array entry format:

PFN([31:12] or [29:10]) C[2:0]

20

3 1 1

Figure 2-8 TLB data array entry format

Thefollowing table showsthe TLB data array entry fields:

Table 2-7 TLB data array entry fields

Field Name

Description

PFN[31:12] or
[29:101)

Physical Frame Number. Defines the upper bits of the physical address. The [29:10]
range illustrates, that if 1KB page granularity is enabled in the PAGEGRAIN register,
the PFN is shifted to the right, before being appended to the part of the virtual
address that is not translated. In this mode the upper two physical address bits are
not covered by PFN but forced tozero.For page sizes larger than the minimum con-
figured page size, only a subset of these bits is actually used.

C[2:0]

Cacheability. Contains an encoded value of the cacheability attributes and deter-
mines whether the page should be placed in the cache or not.

‘Dirty’ or write-enable bit. Indicates that the page has been written and/or is writ-
able. If this bit is set, stores to the page are permitted. If the bit is cleared, stores to
the page cause a TLB Modified exception.

Valid bit. Indicates that the TLB entry, and thus the virtual page mapping, are valid.
If this bit is set, accesses to the page are permitted. If the bit is cleared, accesses to
the page cause a TLB Invalid exception.

38
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2.6.7.7 Page Sizes and Replacement Algorithm

To assist in controlling both the amount of mapped space and the replacement characteris-
tics of various memory regions, the 4K Ec core provides two mechanisms. First, the page
size can be configured, on a per-entry basis, to map a page size of 1KB to 256MB (in mul-
tiples of 4). The CPO PAGEMASK register isloaded with the mapping page size, which is
then entered into the TLB when anew entry is written. Thus, operating systems can pro-
vide specia purpose maps. For example, atypical frame buffer can be memory mapped
with only one TLB entry.

The second mechanism controls the replacement algorithm when a TLB miss occurs. To
select a TLB entry to be written with a new mapping, the 4K Ec core provides arandom
replacement algorithm. However, the processor also provides a mechanism where a pro-
grammable number of mappings can be locked into the TLB viathe CPO WIRED register,
thus avoiding random replacement.

2.6.8 Cache Controllers

The 4K Ec core contains separate, 16KB, 2-way set associative instruction and data cache
controllers. Each cache can each be accessed in a single processor cycle. In addition, each
cache has its own 32-hit data path and both caches can be accessed in the same pipeline
clock cycle. Refer to the section on instruction and data cache outlined in this chapter for
more information on instruction and data cache organization.

2.6.8.1 Hardware Reset

For historical reasons within the processor architecture, the 4KEc core has two types of
reset input signals: SI_RESET and SI_COLDRESET.

Functionally, these two signals are ORed together within the core and then used to initial-
ize critical hardware state. Both reset signals can be asserted either synchronously or asyn-
chronously to the core clock, SI_ CLKIN, and will trigger a Reset exception. The reset
signals are active high, and must be asserted for aminimum of 5 SI_CLKIN cycles. The
falling edge triggers the Reset exception. The primary difference between the two reset
signalsisthat thesignal SI_RESET setsabit in the STATUS register. This bit could be
used by the software to distinguish between the two reset signalsif desired.
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The reset behavior is summarized in the following table:

Table 2-8 4KEc reset types

SI_RESET S1_COLDRESET Action

0 0 Normal operation, no reset.

1 0 Reset exception; sets the STATUS.SR bit.
X 1 Reset exception

One (or both) of the reset signals must be asserted at power-on or whenever the hardware
initialization of the core isdesired. A power-on reset typically occurs when the machineis
turned oniinitially. A hard reset usually occurs when the machineis already on and the
system is rebooted. In the debug mode, EJTAG can request that a soft reset (viathe
SI_RESET pin) be masked. It is system dependent whether this functionality is supported.
In normal mode, the SI_ RESET pin cannot be masked. The SI_COLDRESET pinis never
masked.

2.6.9 Power Management

The 4K Ec core offers a number of power management features, including |ow-power
design, active power management, and power-down modes of operation. The coreisa
static design that supports slowing or halting of the clocks, which reduces system power
consumption during idle periods. The 4KEc core provides two mechanisms for system-
level low power support:

® Register-controlled power management

® [nstruction-controlled power management
2.6.9.1 Register-Controlled Power Management

The RP bit in the CPO Status register provides a software mechanism for placing the sys-
tem into alow power state. The state of the RP bit is available externally viathe SI_RP
signal. The external agent then decides whether to place the device in alow power mode,
such as reducing the system clock frequency.

Three additional bits, Statusgy | , Statusgg,_, and Debugp), support the power management
function by allowing the user to change the power state if an exception or error occurs
while the 4KEc coreisin alow power state. Depending on what type of exceptionis
taken, one of these three bits will be asserted and reflected onthe SI_EXL, SI_ERL, OR
EJ DEBUGM outputs. The external agent can look at these signals and determine
whether to leave the low power state to service the exception.
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The following 4 power-down signals are part of the system interface and change state as
the corresponding bits in the CPO registers are set or cleared:

®* TheSl_RPsignal represents the state of the RP bit (27) in the CPO Status register
®* TheSI_EXL signal represents the state of the EXL hit (1) in the CPO Status register
®* TheSl_ERL signal represents the state of the ERL bit (2) in the CPO Status register

* TheEJ DEBUGM signal represents the state of the DM bit (30) in the CPO Debug
register

2.6.9.2 Instruction-Controlled Power Management

The second mechanism for invoking power-down mode is through the execution of the
WAIT instruction. When the WAIT instruction is executed, the internal clock is sus-
pended; however, the internal timer and some of the input pins (SI_INT[5:0], SI_NMI,
SI_RESET and SI_COLDRESET) continue to run. Once the CPU isin instruction-con-
trolled power management mode, any interrupt, NMI, or reset condition causesthe CPU to
exit this mode and resume normal operation.

The 4KEc core asserts the SI_SLEEP signal which is part of the system interface bus,
whenever the WAIT instruction is executed. The assertion of SI_SLEEP indicates that the
clock has stopped and the 4K Ec core is waiting for an interrupt.

2.6.10 Instruction Cache

Theinstruction cache is an on-chip memory block of 16KB. Because the instruction cache
isvirtually indexed, the virtual-to-physical address translation occursin parallel with the
cache access rather than having to wait for the physical address trandlation. The tag holds
22 bits of physical address, avalid bit, and alock bit. The LRU replacement bits (0-6b per
set depending on associativity) are stored in a separate array.

Theinstruction cache block also contains and manages the instruction line fill buffer.
Besides accumulating the data to be written to the cache, instruction fetches that reference
datain the line fill buffer are serviced either by a bypass of that data, or the data coming
from the external interface. The instruction cache control logic controls the bypass func-
tion.

The 4K Ec core supports instruction-cache locking. Cache locking allows critical code or
data segments to be locked into the cache on a*“ per-line” basis, enabling the system pro-
grammer to maximize the efficiency of the system cache.

The cache-locking function is always available on all instruction-cache entries. Entries can
then be marked as locked or unlocked on a per entry basis using the cache instruction.
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2.6.11 Data Cache

The data cache is an on-chip memory block of 16KB. This virtually indexed, physically
tagged cache is protected. Because the data cache is virtually indexed, the virtual-to-phys-
ical address tranglation occursin parallel with the cache access. The tag holds 22 bits of
physical address, avalid bit and alock bit. Thereis an additional array holding dirty bits
and LRU replacement algorithm bits (0-6b depending on associativity) for each set of the
cache.

In addition to instruction-cache locking, the 4K Ec core also supports a data-cache locking
mechanism identical to the instruction cache. Critical data segments are locked into the
cache on a'per-line’ basis. The locked contents can be updated on a store hit, but cannot
be selected for replacement on a cache miss. The cache-locking function is always avail-
able on all the data cache entries. Entries can then be marked as locked or unlocked on a
per-entry basis using the cache instruction.

2.6.11.1 Cache Memory Configuration

The 4K Ec core incorporates on-chip instruction and data caches that can each be accessed
in asingle processor cycle. Each cache hasits own 32-bit data path and can be accessed in
the same pipeline clock cycle. Thefollowing table lists the 4K Ec core instruction and data
cache attributes:

Table 2-9 4KEc core instruction and data cache attributes

Parameter Instruction Data

Size 16KB 16KB

Organization 2-way set associative 2-way set associative

Line size 16-byte 16-byte

Read unit 32-bit 32-bit

Write policies NA Write-through with write allocate,

Write-through without write allocate,
Write-back with write allocate.

Miss restart after transfer of Miss Word Miss Word

Cache locking Per Line Per Line
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2.6.11.2 Cache Protocols

The 4K Ec core supports the following cache protocols:

® Uncached: Addressesin amemory areaindicated as uncached are not read from the
cache. Stores to such addresses are written directly to the main memory, without
changing the cache contents.

®  Write-through, no write allocate: Loads and instruction fetches first search the cache,
reading the main memory only if the desired data does not reside in the cache. On data
store operations, the cacheisfirst searched to seeif the target addressis cache resi-
dent. If it isresident, then the cache contents are updated and the main memory is aso
written. If the cache look-up misses, then only the main memory iswritten.

®  Write-through, write allocate: Similar to above, but stores missing in the cache will
cause acacherefill. The store datais then written to both the cache and the main mem-
ory.

*  Write-back, write allocate: Stores that missin the cache will cause acacherefill. Store
data, however, isonly written to the cache. Cache lines that are written by stores will
be marked as dirty. If adirty line is selected for replacement, then the cache line will
be written back to the main memory.

2.6.12 EJTAG Debug Support

The 4KEc core provides for an optional Enhanced JTAG (EJTAG) interface for usein the
software debug of application and the kernel code. In addition to the standard user mode
and the kernel modes of operation, the 4KEc core provides a Debug mode that is entered
after adebug exception (derived from a hardware breakpoint, single-step exception, €tc.) is
taken and continues until a debug exception return (DERET) instruction is executed. Dur-
ing this time, the processor executes the debug exception handler routine.

The EJTAG interface operates through the Test Access Port (TAP), a serial communica-
tion port used for transferring test datain and out of the 4K Ec core. In addition to the stan-
dard JTAG instructions, special instructions defined in the EJTAG specification define
what registers are selected and how they are used.

2.6.12.1 Debug Registers

Three debug registers (DEBUG, DEPC and DESAVE) have been added to the processor
Coprocessor 0 (CPO) register set. The DEBUG register shows the cause of the debug
exception and is used for setting up single-step operations.

The Debug Exception Program Counter Register (DEPC) holds the address on which the
debug exception was taken. Thisis used to resume program execution after the debug
operation finishes. Finally, the debug exception save register (DESAVE) enables the sav-
ing of general purpose registers used during execution of the debug exception handler.
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To exit the debug mode, a debug exception return (DERET) instruction is executed. When
thisinstruction is executed, the system exits the debug mode, allowing normal execution
of application and system code to resume.

2.6.12.2 EJTAG Hardware Breakpoints

There are several types of simple hardware breakpoints defined in the EJTAG specifica-
tion. These stop the normal operation of the CPU and force the system into the debug
mode. There are two types of simple hardware breakpoints implemented in the 4K Ec core:
instruction breakpoints and data breakpoints. The 4K Ec core implements two data and
four instruction breakpoints.

Theinstruction breaks occur on instruction fetch operations, and the break is set on the
virtual address. I nstruction breaks can aso be made on the ASID value used by the MM U.
A mask can be applied to the virtual address to set the breakpoints on a range of instruc-
tions.

The data breakpoints occur on load/store transactions. The breakpoints are set on virtual
address and ASID values, similar to the Instruction breakpoint. Data breakpoints can be
set on aload, astore or both. The data breakpoints can also be set based on the value of the
load/store operation. Finally, masks can be applied to both the virtual address and the
load/store value.

2.6.12.3 EJTAG Pin Description

Table 2-10 EJTAG pin descriptions

Pin Name Ball ID Direction Description

JTAG_UART# D11 | A high level on this pin enables the JTAG inter-
face of certain UART1 pins (listed in this table).
This pin includes an internal pull-down resistor.

UART1_DSR B11 | EJ_TRST_N. Active-low Test Reset Input (TRST)
for the EJTAG TAP. At power-up, the assertion of

EJ_TRST_N causes the TAP controller to be reset.

UART1_DCD c11 1 EJ_TCK. Test clock input (TCK) for the EJTAG
TAP.

UART1_CTS Cc12 | EJ_TMS. Test mode select input (TMS) for the
EJTAG TAP.

UART1_RX Al2 1 EJ_TDI. Test data input (TDI) for the EJTAG TAP.

UART1_RTS B10 (0] EJ_TDO. Test data output (TDO) for the EJTAG
TAP.
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2.6.12.4 Electrical Characteristics
EJTAG AC Electrical Characteristics

Table 2-11 EJTAG AC characteristics

Symbol Units Min Typ Max
Trex ns 25

TrckH ns 10

TrekL ns 10

Tsu ns 5

Th ns 3

TrpobLy ns 5
Trpoz ns 5
TrrsTL ns 25

T ns 3

2.6.12.5 Timing Diagram
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Figure 2-9 EJTAG timing diagram
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Local Memory

2.7 Introduction

Thelocal RAM isa2Kx32 memory that supports byte, word and dword accesses. This
SRAM can be used to share various data items between the G-Bus masters, aswell asto
storecritical RISC CPU code such as, reset vectors or interrupt service routines (I1SRs).
Thelocal RAM is accessible from the G-Bus and from the CPU L-Bus.

2.8 Features

*  2Kx32 memory
®  Supports byte, word and dword accesses

® Supports 8, 16 and 32-bit reads and writes

2.9 Functional Description

Theinterna SRAM consists of 8KB of memory which is accessible by the processor for
instruction fetches as well as data reads and writes. This memory can be used by the soft-
ware as ageneral data scratchpad, or can be downloaded with the code in order to run per-
formance critical software.

Theinternal memory consists of a 2048 x 32-bit synchronous SRAM. Accessesto this
memory are performed in asingle processor clock cycle so that no wait states are required.
Theinternal memory logic supports 8, 16 and 32-bit reads and writes.

The SRAM introduces 1 wait state on the L-Bus on all the read transactions, and one non-
dword write transaction. The dword writes have 0 wait state.

2.9.1 Memory Remapping

After power-up, the internal memory is mapped to addresses 60000 to 61FFF. A remap bit
isprovided in the CPU configuration register to remap the internal memory address space
from its startup address mapping to the beginning of ROM space. Remapping the internal
memory to ROM space allows the firmware to execute the code from the internal SRAM
for faster access and greater flexibility. When the internal SRAM is remapped, the first
8KB of the external ROM is accessible at addresses 0040 0000 to 0040 1FFF.
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Theregisters CPU_RESET_VEC, CPU_UNDEF_VEC, CPU_SWI_VEC,
CPU_INSTR_ABORT, CPU_DATA_ABORT, CPU_IRQO0_VEC, CPU_IRQ1 VEC and
CPU_IRQ2_VEC are the memory locations used to store the reset and exception vectors
for the CPU. They should be programmed with the op-code of ajump instruction to the
appropriate exception handling routine. At power up, al registersare 0.

2.10 Register Map

2.10.1 Local Memory Registers

Table 2-12 Host CPU block local memory registers

Address® Register Name R/W/A? Description

+6000 CPU_RESET_VEC R/W CPU Reset Vector Register

+6004 CPU_UNDEF_VEC R/W CPU Undefined Vector Register

+6008 CPU_SWI_VEC R/W CPU Software Interrupt Vector Register
+600C CPU_INSTR_ABORT R/W CPU Instruction Abort Register

+6010 CPU_DATA_ABORT R/W CPU Data Abort Register

+6014 Reserved

+6018 CPU_IRQO_VEC R/W CPU IRQO Vector Register

+601C CPU_IRQ1_VEC R/W CPU IRQ1 Vector Register

+6020 CPU_IRQ2_VEC R/W CPU IRQ2 Vector Register

1. Address refers to G-Bus byte address relative to the host CPU block base.
2. Read/Write/Auto update.
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Interrupt Controller

2.11 Introduction

Theinterrupt controller isthe central location for interrupt handling. It accepts the inter-
rupts generated by the internal blocks and generates the processor interrupts. It enables
and disables each interrupt individually or globally. A 2-level interrupt priority selection
can be implemented.

2.12 Features

* Enabling/disabling of individual interrupts
® Global enable/disable

® 2-level interrupt priority selection

2.13 Block Diagram

IRQO Interrupt
>

Interrupt_} Interrupt Priorit
from the 1 Interrupt Masking > b y IRQ1 Interrypt
Blocks Selection >

IRQ2 Interrupt
»

Figure 2-10 Interrupt controller block diagram

48 Sigma Designs Confidential



g 2: Host CPU Block
=] HD

2.14 Functional Description

Theinterrupt controller allows each interrupt to be asserted as three interrupt levels, IRQO,
IRQ1 or IRQ2. This alows the interrupt to be used for application-specific needs, while
still fulfilling the real-time requirements. Each interrupt may be individually masked;
alternatively, all interrupts may be masked without altering the individual interrupt masks.

The interrupt control for al the processor interruptsis provided in a central location. Each
interrupt may be enabled or disabled individually, or a global enable/disable may be
enforced. Interrupts must be cleared at the source once the service regquest is served. All
the blocks with cascaded interrupt control provide an interrupt mask for each interrupt
source and each source can be cleared individually. Thisisillustrated bel ow:

Interrupt
Masking

Interrupt
Regjister

Mask

Register
IRQO Interrupt

Interrupt
Register ’_ED’ ‘o CPU
Mask L

: Interrupt Interrupt Interrupt IRQ1 Interrupt
Register Masking Priority =% to CPU
Selection

IRQ2 Interrupt
to CPU

Interrupt
Register

Mask

Register Global

1
1
1
1
:
1
1
Mask '
'
1
1
1
:
1
1

Interrupt
Regjister

Mask
Register

Interrupts from
Other Blocks

Figure 2-11 Cascaded interrupt structure

Interrupt Priority

Each interrupt may be assigned apriority of IRQO, IRQ1 or IRQ2, allowing the software to
customize the priority of each block.
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Global Disable

Theinterrupt controller provides a global disable control bit. This feature can be used to
avoid interrupting critical portions of the code before completion. The global disable does
not affect the individual interrupt masks. The software need not perform a save and
restore. This savestime by reducing the code size and the interrupt latency if an interrupt
is asserted when al the other interrupts are disabled.

2.14.1 Control (mask) Blocks

The control (masking) blocks allow the 63 (possibly edge-detected) interrupt lines to be
masked, and routed to three CPU interrupt lines. They also contain registers to generate
software interrupts.

2.14.2 Register Map - Control Block

Table 2-13 Control block registers

Address?
IRQO IRQ1 IRQ2 Register Name? R/W/AS Description
+EO00 +E100 +E300 CPU_XXX_STATUS_LO R/A CPU IRQO0/1/2 Status Low Regis-
ter
+E004 +E104 +E304 CPU_XXX_RAWSTAT_L R/A CPU IRQ0/1/2 Raw Status Low
O Register
+E008  +E108  +E308  CPU_XXX_ENABLESET R/W/A CPU IRQO0/1/2 Enable Set Low
_LO Register
+EOOC +E10C +E30C CPU_XXX_ENABLECLR R/W CPU IRQ0/1/2 Enable Clear Low
_LO Register
+E010 +E110 +E310 CPU_XXX_SOFTSET R/W CPU IRQO0/1/2 Soft Set Register
+E014  +E114  +E314  CPU_XXX_SOFTCLR R/W CPU IRQO0/1/2 Soft Clear Regis-
ter
+EO018 +E118 +E318 CPU_XXX_STATUS_HI R/W/A CPU IRQ0/1/2 Enable Set High
Register
+E01C  +E11C  +E31C  CPU_XXX_RAWSTAT_H R/W CPU IRQ0/1/2 Enable Clear High
1 Register
+E020 +E120 +E320 CPU_XXX_ENABLESET R/W CPU IRQO0/1/2 Soft Set High
_HI Register
+EO02 +E124  +E324  CPU_XXX_ENABLECLR R/W CPU IRQO0/1/2 Soft Clear High
_HI Register

1. Address refers to G-Bus byte address relative to the host CPU block base.
2. XXX is IRQO/IRQ1/IRQ2 depending on the address.
3. Read/Write/Auto update
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2.14.3 Processor Timer Interrupt

The CPU has six interrupt inputs and an internal timer capable of generating an interrupt.
The processor interrupt inputs 0, 1 and 2 are connected to the interrupt control blocks pre-
viously described. The processor interrupt inputs 3 and 4 are connected to O (inactive) and
the processor interrupt input 5 is connected to the processor timer interrupt output.

2.14.4 Edge Detector

The CPU interrupt controller block receives up to 40 hardware interrupt sources. An edge
detector receives these 40 lines, and if needed, an edge detection is performed on selected
lines. The output of the edge detector consists of 40 ‘latched’ interrupt lines, driven to
three identical control (masking) blocks. Each control block can independently mask each
of its 40 inputs, plus one software controlled interrupt.

40
Interrupt
Sources

L-Bus

! !

Edge Detector Control 0 -
X40 X40 =

"1 3

IRQ1

.............................

ljDO* L/ ’_}D IRQO

.............................

Soft IRQ x 16 IRQ2

Figure 2-12 Edge detector

The 40 interrupts are assigned as shown in the following table:

Table 2-14 Interrupt sources

Bit Source
0 Used for software interrupts
1 UART O
2 UART 1
3 Unused
4 Unused
5 Timer O

Sigma Designs Confidential

51



SMP8634 Datasheet SMP8634-DS-A-07

Table 2-14 Interrupt sources (Continued)

Bit Source

6 Timer 1

7 DVD loader

8 Real-time clock

9 Host interface channel WO

10 Host interface channel W1

11 Host interface channel RO

12 Host interface channel R1

13 PCI INTA#

14 PCI INTB#

15 PCI INTC#

16 PCI INTD#

17 IDE DMA

18 IDE

19 Front Panel Interface (FIP)

20 PClI local bus fault

21 Infrared receiver

22 12c

23 Graphics accelerator

24 VSYNC 0 (Composite analog output)

25 VSYNC 1 (Component analog output)

26 VSYNC 2 (Main analog output)

27 VSYNC 3 (Digital output)

28 VSYNC 4 (Gfxin-vsync: start of v-blanking)
29 VSYNC 5 (Gfxin-vsync: end of v-blanking)
30 VSYNC 6 (Vidin-vsync: start of v-blanking)
31 VSYNC 7 (Vidin-vsync: end of v-blanking)
32 Smart card

33 HDMI

34 HDMI I12C

35 V-Bus channel WO
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Table 2-14 Interrupt sources (Continued)

Bit Source

36 V-Bus channel W3

37 Ethernet PHY

38 Ethernet MAC

39 USB 1.1 Embedded Host
40 USB 2.0 Embedded Host

For each of the 40 interrupt lines, two bits called rise and fall select the operating mode
according to the following table:

Table 2-15 Operating mode selection for interrupt lines

Ride Fall Operating Mode

0 0 Level sensitive (active high)

1 1 Level sensitive (active low = inverted)
1 0 Rising edge sensitive

0 1 Falling edge sensitive

In order to set/clear the operating mode of some lines without changing the others, a read-
modify-write operation can be performed on CPU_CONFIG_RISE L O/HI and
CPU_CONFIG_FALL_LO/HI registers. To make this operation simpler, the following 4
register pairs should be used: CPU_CONFIG_RISE_SET_LO/HI,
CPU_CONFIG_RISE_CLR_LO/HI, CPU_CONFIG_FALL_SET_LO/HI and
CPU_CONFIG_FALL_CLR_LO/HI. When writing to these 4 register pairs, the bits set
tol imply amodification of the operating mode of the corresponding interrupt, the bits set
to 0 have no effect.

Reading the CPU_EDGE_STATUS LO/HI register returns the individua interrupt lines
values at the output of the edge detector.

Reading the CPU_EDGE_RAWSTAT L O/HI register returnsthe individual interrupt lines
values at the input of the edge detector. Note that for interrupts lines that arein “level sen-
sitive active high” mode, these two registers will return the same value.

Each bit written to 1 in the CPU_EDGE_RAWSTAT_L O/HI register will clear the corre-
sponding interrupt capture register; bits written to 0 have no effect. In the case of an edge
sensitive interrupt, this write shall be done before exiting the interrupt subroutine in order
to avoid automatic re-entering.
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For debug purposes, each bit written to 1 in the CPU_EDGE_STATUS LO/HI register
will set the corresponding capture register. Bits written to 0 have no effects.

2.14.4.6 Register Map

Table 2-16 Register map - Edge detector

Address® Register Name R/W/A? Description
+E200 CPU_EDGE_STATUS_LO R/W CPU Edge Detector Status Low Regis-
ter
+E204 CPU_EDGE_RAWSTAT_LO R/W/A CPU Edge Detector Raw Status Low
Register
+E208 CPU_EDGE_CONFIG_RISE_LO R/W CPU Edge Detector Configuration Rise
Low Register
+E20C CPU_EDGE_CONFIG_FALL_LO R/W CPU Edge Detector Configuration Fall
Low Register
+E210 CPU_EDGE_CONFIG_RISE_SET_  R/W CPU Edge Detector Configuration Rise
LO Set Low Register
+E214 CPU_EDGE_CONFIG_RISE_CLR_ R/W CPU Edge Detector Configuration Rise
LO Clear Low Register
+E218 CPU_EDGE_CONFIG_FALL_SET_ R/W CPU Edge Detector Configuration Fall
LO Set Low Register
+E21C CPU_EDGE_CONFIG_FALL_CLR_ R/W CPU Edge Detector Configuration Fall
LO Clear Low Register
+E220 CPU_EDGE_STATUS_HI R/W CPU Edge Detector Status High Regis-
ter
+E224 CPU_EDGE_RAWSTAT_HI R/W/A CPU Edge Detector Raw Status High
Register
+E228 CPU_EDGE_CONFIG_RISE_HI R/W CPU Edge Detector Configuration Rise
High Register
+E22C CPU_EDGE_CONFIG_FALL_HI R/W CPU Edge Detector Configuration Fall
High Register
+E230 CPU_EDGE_CONFIG_RISE_SET_  R/W CPU Edge Detector Configuration Rise
HI Set High Register
+E234 CPU_EDGE_CONFIG_RISE_CLR_ R/W CPU Edge Detector Configuration Rise
HI Clear High Register
+E238 CPU_EDGE_CONFIG_FALL_SET_ R/W CPU Edge Detector Configuration Fall
HI Set High Register
+E23C CPU_EDGE_CONFIG_FALL_CLR_ R/W CPU Edge Detector Configuration Fall
HI Clear High Register

1. Address refers to G-Bus byte address relative to the host CPU block base.

2. Read/Write/Auto update.
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Timers

2.15 Introduction

The SMP8634 has atimer block implemented in the host CPU block. The timer block con-
tains two independent timers, Timer 0 and Timer 1, each with two modes of operation peri-
odic or free-running. They areidentical except that, Timer 0 is driven by the system clock,
while Timer 1 receives the external 27MHz clock source. Each timer is a 16-bit counter
which decrements on each input clock (an optiona divide-by-16 or divide-by-256 pre-
scaler is supported). When the counter reaches zero, an interrupt is generated and the ini-
tial count value is automatically rel oaded.

2.16 Features

* Twotimers
®  Supportsindependent clock pre-scale for each timer
® Independent interrupt for each timer

®  Supports two modes of operation, periodic and free-running

2.17 Block Diagram
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: Timer 1 > ! Timer 1
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Figure 2-13 Timer block diagram (system overview)
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2.18 Functional Description

56

Timers are primarily used to accurately track long periods of time (such as during time-
outs and internal performance monitoring), freeing the processor for more important tasks.
Two timers provide great flexibility, allowing small delay times to be programmed in one
timer whilethe second is used for time-out functions, or to allow multiple concurrent tasks
access to independent timers.

The timer block includes two timers with scalable processor ticks. They count down from
auser-loaded value, which must be reloaded to avoid a time-out. Each timer has an inde-
pendent clock pre-scale function and an independent interrupt. They can be set to a peri-
odic or afree-running mode.

The system bus interface block interfaces the timer registers to the processor through the
system bus.

Thetimer isimplemented as a 16-bit down counter. The timer counts down from the count
value programmed in the timer load value register; on reaching zero an interrupt is gener-
ated. Depending on the mode, the timer then reloads the load value, continues counting or
stops. Thetimer load value register can be changed at any time; the timer will begin count-
ing from the new value written to the this register.

Thetimer load value registers hold the initial count value that is rel oaded each time the
counter reaches 0, when operating in the periodic mode. The value in the timer counter
value registers decrement on each clock cycle until they reach 0. They are then automati-
cally reloaded with the values in the timer load value registers, and the interrupt bit INT 5/
6 is set. The values can be overwritten at any time, whatever the mode.

Thetimer control registers allow the selection between the periodic mode or the free-run-
ning mode. Pre-scale sets the clock divisor to 1 (00), 16 (01) or 256 (10).

2.18.1 Timer Control

The timer powers up disabled. It can be enabled or disabled using the timer control regis-
ter. When the timer is disabled, it stops counting and retains its current value. When it is
enabled again, it resumes counting from its current value. The timer can be reset at any
time to the value in the timer load val ue register using the timer control register. The
counter value immediately loads, irrespective of the timer being enabled.

Theinterrupts from the timer can be cleared through the timer clear register. Reading the
interrupt bit will return the current status of the interrupts. Writinga‘1’ to the correspond-
ing interrupt bits clears the interrupts.
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2.18.1.1 Load Value/Counter

A counter operating off of the system clock drives the timer. The load value register pro-
grammed by the firmware controlsits period. Thisregister contains the load value for the
timer. In al the modes except the free-running mode, this value is loaded into the timer
counter before counting down. It may be updated at any time; the new value will be writ-
ten to the counter immediately. Writing load value of 0 will disable the timer except in the
free-running mode; in free-running mode, this register value is ignored.

2.18.1.2 Mode Control

Two modes of operation isavailable for the timers, namely, periodic and free-running. The
timer control register controls the timer reloading and disabling.

Periodic

In the periodic mode, the timer counts down to zero from the load value. An interrupt is
generated when the count is zero. After reaching zero, the load value is reloaded into the
timer and the timer counts down again. A load value of zero disables the timer.

Free-running

In the free-running mode, the timer counts down to zero from FFFFh. An interrupt is gen-
erated when the count is zero. After reaching zero, FFFFh is reloaded into the timer. The
load register isignored in this mode. This modeisidentical to the periodic mode with a
load value of 65535. When the timer isfirst enabled, it begins counting down from its cur-
rent value, and not from FFFFh.

2.18.1.3 Interrupt Control

Each timer may generate an interrupt when it times out. The interrupts from the timers can
be cleared through the timer clear registers. Reading theinterrupt bit will return the current
status of the interrupts. Writinga‘1’ to the corresponding interrupt bits clears the inter-
rupts.

2.18.1.4 Clock Pre-scale

A clock pre-scaleis provided for the timer clock. When used, the pre-scale divides the sys-

tem clock by powers of two, from 22 to 216in order to achieve higher resolution or longer
timer periods as defined below:
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2.19 Register Map
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Table 2-17 Timer clock pre-scale

Vvalue® Timer clock frequency
(o] System clock

1 System clock / 4

2 System clock / 8

3 System clock / 16

14 System clock / 32,768
15 System clock / 65,536

1. The pre-scale value should not be changed unless the timer is disabled.

2.19.1 Timer Registers

Table 2-18 Timer registers

Address® Register Name R/W/A? Description

+C500 CPU_TIMERO_LOAD R/W Timer O Load Value Register
+C504 CPU_TIMERO_VALUE R/W/A Timer O Counter Value Register
+C508 CPU_TIMERO_CTRL R/W Timer O Control Register
+C50C CPU_TIMERO_CLR W Timer O Clear Register

+C600 CPU_TIMER1_LOAD R/W Timer 1 Load Value Register
+C604 CPU_TIMER1_VALUE R/W/A Timer 1 Counter Value Register
+C608 CPU_TIMER1_CTRL R/W Timer 1 Control Register
+C60C CPU_TIMER1_CLR W Timer 1 Clear Register

1. Address refers to G-Bus byte address relative to the host CPU block base.
2. Read/Write/Auto update.
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UARTS

2.20 Introduction

The SMP8634 contains two instances of Universal Asynchronous Receiver-Transmitter
(UART), UART 0 and UART 1, for supporting asynchronous serial communications.

Thetwo UARTs, UARTO and UART1 are functionally equivalent to the industry-standard
16550, and differ only in afew minor configuration/control register definitions (listed in
the Functional Description section below). Each UART includes an independent baud rate
generator. Baud rates supported are dependent on the frequency of operation. The baud
rate generator may either use the system clock (200MHz typically) or the 27MHz external
clock asitsreference.

The UARTSs also provide debugging with full modem support that allows simultaneous
connection to remote systems.

2.21 Features

®  Supports modem communication support

® Supportsthe ‘' FIFO mode' inwhich the transmitter and receiver are each buffered with
16 byte FIFO's to reduce the number of interrupts presented to the CPU

®* Holding and shift registers eliminate the need for precise synchronization between the
CPU and the serial data

®  Supports independently controlled transmit, receive, line status and data set interrupts

®  Supports 300 - 115.2kbps baud rate (higher rate will depend upon the clock fre-

quency). The programmable baud generator divides any input clock by 1 to (216 - 1)
and generates the 16 x clock.

®  Supports fully programmabl e serial-interface with the following characteristics:

- 5,6, 7or 8-bit characters
- Even, odd, stick or no-parity bit generation and detection
- 1,1%or 2-stop bit generation

® Supportsfalse start bit detection
®  Supports complete status reporting capabilities

® Supports line break generation and detection
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® Supportsthe following internal diagnostic capabilities:

- Loopback controls for communications link fault isolation
- Break, parity, overrun, framing error simulation

®  Supportsfull prioritized interrupt system controls
®  Supports receive buffer interrupts for empty, half-full and byte-received

®  Supports transmit buffer interrupt for empty

2.22 Block Diagram
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Figure 2-14 UART block diagram

60 Sigma Designs Confidential



2: Host CPU Block
5% HD

2.23 Functional Description

The Universal Asynchronous Receiver/Transmitter is a peripheral device providing seria
communications capabilities. It converts the internal datafrom parallel to serial format (or
vice versa) for bidirectional transmission down a single cable. The device receives a char-
acter, generates an interrupt, and storesit in a buffer until the next character isready. The
CPU must fetch the information and clear the interrupt flag before the next character is
received.

Thetwo UARTs, UART 0 and UART 1 in the SMP8634 are almost compatible with the
industry standard 16550. The differences between the SMP8634 UARTs and the 16550 are
listed below:

®* Registers are 4-byte apart in the SMP8634 UART versus the 1-byte in the 16550
®* TheUART inthe SMP8634 is connected to INT 1
* CPU_UART_RXD and CPU_UART_TXD registers are at two different addresses

®* The16-hit register CPU_UART_CLKDIV isthe concatenation of the Multiplier Latch
(MS) and Divisor Latch (LS) registers on the 16550

®* Theregister CPU_UART_CLKSEL either selects the system clock (typically

200MHz), or the external clock (27MHz) as the clock source for the baud rate genera-
tor

The UART block provides two independent UARTs, UART 0 and UART 1 for serial com-
munication and debugging. The UART includes full modem support, allowing simulta-
neous connections to remote systems. This UART is compatible with generic UART
devices used on PCs and other systems. Proper start, parity, and stop bits are appended to
characters transmitted on the TXD output pin. Similarly, the characters received at the
RXD input pin are stripped of the extra bits enveloping them. Receiver and transmitter
logic runs on the clock derived from the main clock input (divided by 16) divided by the
valuein the clock divider control register.

The UART performs serial-to-parallel conversion on data characters received from an
external device or amodem, and parallel-to-serial conversion on data characters received
from the CPU. The CPU can read the complete status of the UART at any time during the
functional operation. Status information reported includes the type and condition of the
transfer operations being performed by the UART, as well as any error conditions (parity,
overrun, framing or break interrupt).
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The UART supports serial dataformats consisting of 5-8 data bits, 1-2 stop bits and even/
odd/stick/no parity. The baud rate generator uses a sel ectable clock source, and the UART
blocks support baud rates from 300 to 115.2kbps. Its 16-byte transmit buffer interrupts for
empty data, and the 16-byte receiver interrupts for empty, half-full, and byte-received

data. The UART also detects false start bits, breaks and supports modem communications.

The UART can be put into an aternate mode (FIFO mode) to relieve the CPU of excessive
software overhead. In this mode internal FIFOs are activated allowing 16-byte (plus 3-bit
of error data per bytein the RCVR FIFO) to be stored in both the receive and the transmit
modes.

2.23.1 UART Data Formats

The UART includes a programmabl e baud rate generator that is capable of dividing the
timing reference clock input by divisors of 2 to 65535 and by 16. The UART has complete
modem-control capability, and a processor-interrupt system. Interrupts can be pro-
grammed to the user's requirements, minimizing the computing required to handle the
communications link.

BTTIVE
€

sve] XX =X =X X mX X o e [\ seof

Bl oceccoce: "/ x

Figure 2-15 UART data formats
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Baud rate (fyq rate) = INPUL clock frequency (fir,) / (16xN) = bits/sec, where N = 1 to 216-1

Bit time =1/ Baud rate = sec/bit
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Start bit

TXD and RXD are normally high. To transmit a character drive the TXD line low for one
bit time. The receiver dways samples the RXD line; when it detects a start bit it starts
shifting a new character in.

Data

A character can be programmed for 5-8 data bits. Both the receiving and transmitting
UARTSs should be programmed for the same settings or communication fails.

Parity

The parity generation and checking can be enabled or disabled. If the parity is disabled,
then no parity bit is transmitted and the receiver will not expect a parity bit. If the parity is
enabled, then it can be an even, odd or a stick parity.

® Even parity: The parity bitis 1 if the character has an odd number of 1's
® Odd parity: The parity bit is 1 if the character has an even number of 1's
®  Stick parity: The parity bit can be forced to be either ‘1’ or ‘0’

Stop Bit

The stop bits (‘1) are the last bits to be transmitted/received for each character. The num-
ber of stop bits can be programmed to 1, 1% or 2-bit times. The stop bits act as spacers
between characters when transmitted back to back. Both the receiving and the transmitting
UARTS need to be programmed for the same settings. The communication may fail if the
number of stop bits expected by the receiver is greater than the number of stop bits actually
received.

Break

A break is detected if the RXD lineis held low longer than character time, which isthe
time taken to transmit or receive a character including start, parity and stop bits. This usu-
ally happensif the RXD lineis disconnected or if the transmitting UART forces abreak or
isturned off. To force abreak, the break bit in the line control register needs to be set. An
interrupt is generated if a break is detected.

Modes

While only afew modes are standard, nearly limitless combinations are possible. Any of
the following variables can be combined to create distinct modes: baud rate, FIFO/non-
FIFO, data bits, stop bits and parity.
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Interrupts

UART operation and line speed are controlled by the UART line control register and afew
other registers. The UART S generate data ready (DR) or character time-out, buffer empty
(THRE), line status (OE, PE, FE, AND BIl), and modem status (DCTS, DDSR, RI, and
DCD) interrupts.

The data ready interrupt (DR) will be asserted when the receiver buffer depth is equal to
the number of characters programmed in the trigger register.

The THRE interrupt will be asserted if the transmitter buffer depth isless than or equal to
the number of characters programmed in the trigger register.

Theline status interrupt is asserted when a receive overrun occurs (OE) or if the received
parity is different from the expected value (PE) or, if avalid stop bit is not detected (FE)
or, if abreak isreceived when the RXD signal is at alow state for more than one character
transmission time from start bit to stop bit (BI).

The modem status interrupt bit DCTS, is asserted when the CTSN (Clear to Send) pin
changes, or when the DSRN (data set ready) pin changes or, when the RIN (ring indicator)
pinisat alow value or, when the DCDN (data carrier detect) pin is changing.

If more than one category of interrupt is asserted, only the highest priority ID will be
given. The line and modem status interrupts are cleared by reading the corresponding sta-
tusregister (LSR, MSR). The receiver data available interrupt will be cleared when all the
datais read from the receiver buffer or the FIFO. The transmitter buffer empty will be
cleared when the data is written to the TXD register, or if the | IR register isread and the
THRE interrupt ID is set. The transmit and receive FIFOs have the effective depth of six-
teen characters when enabled and a depth of one character when disabled.

2.23.2 UART Shared Function

2.23.2.1 GPIO Function

There are seven UART pins which can individually be used as GPIOsif the UART func-
tionality is not required. The following table shows the relationship between the UART
signals and the GPIOs:

DTR RTS TXD DCD DSR CTS RXD

GPIO6 GPIO5 GPI104 GPIO3 GPI102 GPIO1 GPIOO

CPU_UART_GPIO_MODE: Thisregister selects the UART mode/GPIO mode (0 =
UART, 1= GPIO) for each pin.
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Common values are:

® 7F00 = All pinsarein the UART maode (power-up value)

®* 7F7F = All pinsarein the GPIO mode (UART function is disabled)

® 7F11 =TXD-RXD arein the UART mode (allowing a2 wire seria protocol), and the

other pins are in the GPIO mode.

The CPU_UART_GPIO_DIR register determines the direction of the GPIOs (0 = input, 1
= output). This affects the pins in the GPIO mode only. The CPU_UART_GPIO_DATA

register gives the value of the GPIO pin.

2.23.2.2 Smart Card Function

In the SMP8634 three extra GPIO pins, SCARD_CTL[2:0] are provided to control an
external interface circuit associated with the smart card reader. These 3 extra pins are con-
trolled by bits[18:16] of the CPU_UART_GPIO_DIR register (O=input, 1=output) and
bits [18:16] of the CPU_UART_GPIO_DATA register for UART #0.

2.24 Register Map

2.24.1 UART Registers

Table 2-19 UART registers

Address® Register Name R/W/A? Description

+C100/C200 CPU_UART_RXD R/A Receive Buffer Register
+C104/C204 CPU_UART_TXD W Transmit Buffer Register
+C108/C208 CPU_UART_INTEN R/W Interrupt Enable Register
+C10C/C20C CPU_UART_INTID R/W Interrupt Identification Register
+C110/C210 CPU_UART_FIFOCTL R/W FIFO Control Register
+C114/C214 CPU_UART_LINECTL R/W Line Control Register

+C118/C218 CPU_UART_MODEMCTL R/W Modem Control Register
+C1l1C/Cc21C CPU_UART_LINESTAT R/W Line Status Register

+C120/C220 CPU_UART_MODEMSTAT R/W Modem Status Register
+C124/C224 CPU_UART_SCRATCH R/W Scratch Register

+C128/C228 CPU_UART_CLKDIV R/W UART Clock Divider Control Register
+C12C/C22C CPU_UART_CLKSEL R/W UART Clock Select Control Register
+C130/C230 CPU_UART_GPIO_DIR R/W GPIO Direction Register
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Table 2-19 UART registers (Continued)

Address? Register Name R/W/A2 Description
+C134/C234 CPU_UART_GPIO_DATA R/W GPIO Data Register
+C138/C238 CPU_UART_GPIO_MODE R/W GPIO Mode Register

1. Address refers to G-Bus byte address relative to the host CPU block base.
2. Read/Write/Auto update.

2.25 Pin Description

2.25.1 UART Pins

Table 2-20 UART pin descriptions

Pin Name Ball ID Direction Description

UARTO_CTS B14 B UART O clear to send. Flow control signal.

UARTO_DCD B12 B UART 0 data carrier detect. Data set status signal.

UARTO_DSR Cci14 B UART O data set ready. Data set status signal.

UARTO_DTR C13 B UART O data terminal ready. Data terminal status
signal.

UARTO_RTS B13 B UART O request to send. Flow control signal.

UARTO_RX Al4 B UART O receive data input

UARTO_TX Al13 B UART 0 transmit data output

UART1_CTS C12 B UART 1 clear to send. Flow control signal.

UART1_DCD C11 B UART 1 data carrier detect. Data set status signal.

UART1_DSR B11 B UART 1 data set ready. Data set status signal.

UART1_DTR C10 B UART 1 data terminal ready. Data terminal status
signal.

UART1_RTS B10 B UART 1 request to send. Flow control signal.

UART1_RX Al12 B UART 1 receive data input

UART1_TX All B UART 1 transmit data output
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2.26 Electrical Characteristics

2.26.1 UART DC characteristics

Table 2-21 UART DC characteristics

Symbol Description Units Min Typ Max
IOHl High level output current (@Vpoy = 2.4V) mA 12 27 46
1o, ® Low level output current (@Vp = 0.4V) mA 7 13 19
VIH2 Input high voltage \% 2.0 5.5
VIL(Z) Input low voltage \% -0.3 0.8
1. Parameter applies to all pins configured as outputs.
2. Parameter applies to all pins configured as inputs.
2.26.2 UART AC characteristics
Table 2-22 UART AC characteristics
Parameter Minimum Typical Maximum Units
TeiT 8.68 us
Baud Rate (1/ Tg1) 115.2 Kbps

2.27 Timing Diagrams

Baud rate (fgqrae) = |NPUL clock frequency (fi,) / (16xN) = bits/sec, where N = 1 to 216-1

Bit time = 1/Baud rate = sec/bit

Transmitter Timing

I C
7 ~ 7 r} 7 N, K
UARTXx_TXD \ // S A ~ c M / Moo
-t - - - -t -t -
START DATA(5-8) PARITY STOP
(opt) (1 or2)
Receiver Timing
I c
—\ 7 N/ s 7 N R
UARTXx_RXD \ // A A P Py / Moo
=4 4
-t - -
T T

BIT BIT

Figure 2-16 UART timing diagram
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3 Security Subsystem

3.1 Block Diagram of Security Subsystem
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Figure 3-1 Security subsystem block diagram
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3.2 Introduction

The SMP8634 includes a variety of features designed to ensure that the DRM/CA soft-
ware runs with robust security:

®  Security CPU (XPU)

®  Secure boot loader - chip boots from the embedded flash only (trusted boot block)
® Embedded seria flash

¢ Pardlel flash data can be encrypted and digitally signed

* DRAM datacan be encrypted

® Secure PKI - on-chip key storage, keys are not externally accessible.

* Real-time clock with battery back-up. Detection of a disabled clock can be done.

® UniqueID - programmable at production (inside embedded flash)

®* AsaPCl device, accessto internal resources (registers, DRAM etc.) can be restricted
by the internal security software

The security subsystem block of the SMP8634 includes a dedicated 200MHz MIPS 4K Ec
CPU (~306 conforming DMIPS). The application software for the XPU isloaded from
external flash memory. In addition to the XPU processor itself, the security subsystem
block contains the following additional resources:

®* Boot ROM: Upon hardware reset, the XPU processor executes from the boot ROM.
® RSA public keys. Another ROM (can be modified with on-metal change).

® Seriad flashinterface: Controls the embedded serial flash located in the chip package.
® Cipher block: For acceleration of AES and (3)DES functions.

®  Smart card Interface: Supports |SO/IEC7816 standard asynchronous protocols.

* Real-time clock: Battery-backed real-time clock with tamper detection.

® Interrupt controller

® 2 programmabletimers
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The XPU accesses the G-Bus as a master. A bus converter allows the XPU to be a G-Bus
master, and access all the G-Bus mapped loca resources through the L-Bus. Other compo-
nents of the security subsystem can be accessed by either the XPU or another G-Bus mas-
ter. The bus converter in the security subsystem performs abus protocol adaptation and a
configurable address translation (remap). The security subsystem connects to the rest of
the chip viathe G-Bus.

3.3 Features

® Dedicated 200MHz MIPS 4K Ec CPU to securely execute the DRM and the condi-
tional access software

® 24KB program and 16KB data memory

* Encrypted DRAM and flash memory, secure boot loader, secure PK1, encrypted 1/0
interfaces.

®  Supports up to 4 DRM solutions simultaneously

® Supports awide variety of DRM/CA solutions

- Available from Sigma Designs Inc.,

*

*

*

*

WM DRM-ND and WM DRM-PD

DTCP/IP

HDCP for DVI and HDMI

CPPM for DV D-Audio playback

CPRM for DVD-R and DVD-RW playback

CSSfor DVD-Video playback

AACS for BD-ROM, BD-R, BD-RE v2 and HD DV D-Video playback
BD+ for BD-ROM playback

BD-CPS for BD-RE v1 playback

Verance VCMS/AV Detector for HD-DVD, BD
Verance Audio Watermark Detector for DVD-Audio
VCPS for DVD+R/+RW

SSL

Macrovision copy protection for analog video outputs
Widevine Cypher® Virtual SmartCard™

- Third party solutions (requires the purchase of SMP8634 security SDK)

*
*
*

*
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Irdeto Access

SecureMedia

ARIB, ATSC, DVB-CI, DVB-CSA and OpenCable* conditional access
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Note: The OEM is responsible for licensing and purchasing any production keys and programming
them (in the encrypted form) into the on-chip serial flash during OEM product production. Sigma
Designs provides the tools needed to do this.

Note: * Requires the use of a SCM Microsystem CIMax SP2 chip.

Note: DRM software and/or keys are not included with SDKs and Development Kits. Once your
license(s) are verified, software and/or keys for required features will be available via our devel-
oper website.

Central Processor Unit (XPU)

3.4 Description

72

The SMP8634 uses a separate 200MHz MIPS 4K Ec CPU (~306 conforming DMIPS) to
securely execute conditional access and the DRM/CA software. The application software
for this XPU resides in flash memory (encrypted and digitally signed) to facilitate
upgrades.

The encryption and decryption keys are stored (in the encrypted form) in the on-chip serial
flash. Additional keys may be encrypted and loaded into the serial flash during the OEM
product production. To ensure security, keys are not available to the software running on
the host CPU. The encryption and decryption keys are stored (in encrypted form) in the
on-chip seria flash.

The XPU core is a high-performance, low-power, 32-bit MIPS RISC core. The 4KEc core
isa32-bit privileged resource architecture. A Memory Management Unit (MMU) con-
tains 4-entry instruction and data Trans ation Lookaside Buffers (ITLB/DTLB) and a 32
dua-entry joint TLB (JTLB) with variable page sizes. The 4KEc core includes a Multiply/
Divide Unit (MDU) that implements single cycle MAC instructions, which enable the
DSP algorithms to be performed efficiently. It allows 32-bit x 16-bit MAC instructionsto
beissued every cycle, while a 32-bit x 32-bit MAC instruction can be issued every 2
cycles.

It contains 3-way set associative 12K B instruction and 12K B data caches. The load and
fetch cache misses only block until the critical word becomes available. The pipeline
resumes execution while the remaining words are being written to the cache. Both caches
arevirtually indexed and physically tagged to allow them to be accessed in the same clock
that the address is transl ated.
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For more details on the X PU processor refer to the section on CPU in the chapter Host
CPU Block.

3.4.1 XPU MIPS Requirements

The following table lists the MIPS requirements for various functions performed by the
XPU.

Table 3-1 MIPS requirements for various functions performed by the XPU

Function Typical MIPS needed
XPU baseline TBD
- WM DRM-ND TBD
- WM DRM-PD TBD
- DTCP/IP TBD
- HDCP for DVI and HDMI TBD
- CPPM for DVD-Audio playback TBD
- CPRM for DVD-R and DVD-RW playback TBD
- CSS for DVD-Video playback TBD
- AACS for BD-ROM playback TBD
- AACS for HD DVD-Video playback TBD
- BD+ for BD-ROM playback TBD
- BD-CPS for BD-RE playback TBD
- Verance audio watermark detection 50

- VCPS for DVD+R/+RW TBD
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Hardware Cipher Block

3.5 Description

74

The cipher block for the XPU has eight 32-bit data registers, corresponding to 4 DES
blocks. There is a second set of 8 registers, that is a copy of thefirst set with byte swap
(for endianess adjustment). For example, writing 0x33221100 to DATAO or writing
0x00112233 to DATAOR areidentical (same for reading).

The encryption/decryption is performed by writing N = 1, 2, 3 or 4 data blocksinto the
data registers starting from DATAOQ. The DES cipher is started for N blocks. After a wait
for the DESidleflag, N blocks from the data registers can be read.

3.5.1 DES Encryption/Decryption Unit

The DES encryption/decryption unit can either encrypt or decrypt a 64-bit data block
using the DES or the Triple DES algorithm. The supported modes are DES ECB, CBC,
OFB and Triple DES TECB, TCBC and TOFB, both in encryption and decryption. The
configuration is unique for a group of 64-bit data blocks. The number of blocksin a data
groupis1to 255. ThelV register isused in the OFB and CBC chaining modes (ignored in
the ECB mode). It must be programmed before the encryption/decryption is started, and
gets automatically updated after each block is processed. The IV is updated without user
intervention in the following modes: OFB, TOFB, CBC, TCBC hoth encryption and
decryption. These modes are chained modesin which the output depends on the outputs of
the previous blocks. The IV value at the end of a group is the value which would be
required for an additional block in the group. It means that Encrypting 100 data blocksin
CBC mode and then again 100 data blocks in CBC mode without writing any value in the
IV between the two executions will be exactly the same as encrypting in one shot the 200
data blocks. Thisisto over run the limitation of 255 blocks in a group. Thereisthus no
limitation in actual groupsin either modes. The number of key pairsis 8 (even/odd).

Key format

The Triple DES/DES algorithm uses a 56-bit key. However, 8-bit are added to the key (in
key[63:0] hits 0, 8...56) to get a 64-bit key (these bits are the parity control hits). These
parity bits are not used during encryption or decryption. However, a 64 bit key must be
written in the registers. The value of bits 0, 8, 16, 24, 32, 40, 48, 56 of key[63:0] can be
anything. Thus, the encryption using the key = 0000000000000000 and the key =
0101010101010101 will exactly be the same.
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Data Format

The data interface (input and output) is a standard valid/ready interface. Data block[63:0]
= 64'h0011223344556677. The bytes will be sent in the order: 00 11 22 33 44 55 66 77.
Thus the left most byte of the data block is sent for. The left most byte of the output block
will be out first. If the encrypted/decrypted bytes received are in the order: 00, 11, 22, 33,
44, 55, 66 and 77, then output enciphered, deciphered block is 64’ h0011223344556677.

Table 3-2 Performance

DES - 64-bit to 8-byte Triple DES - 64- bit to 8- byte
One Block 50 Cycles 86 Cycles
Several blocks 34 Cycles 49 Cycles

Thetotal number of clock cycles represents the time between the start of the ciphering and
the rising edge of the DES_END. If the number of the blocksis higher than one, then the
blocks are received and sent while the other blocks are encrypted.

3.5.2 AES Encryption/Decryption Unit

The AES encryption/decryption unit can either encrypt or decrypt a 128, 192 or 256-bit
data block using the AES algorithm. The supported modes are ECB, OFB, CBC, CFB and
CTR, both in encryption and decryption. The supported key lengths are 128, 192 and 256-
bit independent of the data block size. The configuration is unique for agroup of data
blocks. The number of blocks in adata group is up to 255. The number of key pairsis 3
(even/odd).

Thekey registers (Ox1E60 - Ox1E67) are write only whilethe |V registersisread and write
capable. Although writing to the key register is permitted, asthe AES module is activated,
the contents of the key and IV vector registers are over written with the contentsin the
code word RAM. When read from the key register, the D-Bus will return values of zeroes.
Read of 1V vector registersis permitted at the end of each block ciphering, to enable the
continuation of the block ciphering in the chained modes.

Inthe ECB modethe |V registers areignored. In the OFB, CBC and the CFB modes, these
registers are used for 1V storage. In the CTR mode these registers store the counter value.
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ThelV or counter is updated by the modulein the following modes: OFB, CBC, CFB, and
CTR (during both encryption and decryption). When the cipher isin a chaining mode, the
output depends on the outputs of the previous blocks. The IV value at the end of agroupis
the value which would be required for an additional block in the group. It means that
encrypting 100 data blocks in OFB mode, and then again 100 data blocks in any chaining
modes without writing any valuein the IV between the 2 executions will be exactly the
same as encrypting in one step the 200 data blocks. This over runs the limitation of 255
blocksin agroup. Thusthereis no limitation in actual group size in any chaining mode.

Inthe CTR mode, the IV is composed of 3 components: anonce (typicaly first 32-bit vec-
tor), aninitial vector and a 32-bit counter. The counter isincremented for every datablock.
At the end of the group, the value taken by the counter is the value which would be needed
for an additiona block in the previous group.

Data Format

Thedatainterface (input and output) is astandard valid/ready interface. Datablock[127:0]
= 128'h00112233445566778899%abbccddeeff. The bytes will be sent in the order: 00 11
22 33445566 77 88 99 aabb cc dd ee ff. The left most byte of the data block is sent first.
The left most byte of the output block will be out first. If the encrypted/decrypted bytes
received arein the order, 00, 11, 22, 33, 44, 55, 66, 77...ff, then the output enciphered,
deciphered block is 128" h00112233445566778899aabbccddeeff.

Table 3-3 Performance

Size of block

(byte) 16 16 16 24 24 24 32 32 32
Size of Key? 16 24 32 16 24 32 16 24 32
Total Cycles 95 115 130 150 160 170 225 230 245

1. In clock cycle (200MHz clock)
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Real-time Clock (RTC)

3.6 Description

Thereal-time clock (RTC) provides a battery powered time counter and 64-bit storage that
remains when the main power isremoved. This enables applications requiring time-limited
access to content, such as 24-hour viewing of downloaded content, etc.

The RTC contains 3 internal registers. The time register value increments every second.
The write only data register values, keyO and key1, can be used as AES keys.

The three registers are duplicated for main power and battery power. When aregister is
written to, both the copies take the same value. Once the main power is removed, the main
power registers lose their value, while the battery powered registers keep the value. Upon
power up, acommand isissue to reload the main power registers from the battery power
registers.

One additional register, valid, can be set to 0 or 1 and read back. Thisflag reads 0 when the
battery power isremoved, and stays at zero after the battery power is restored, until a“set
valid command is given to the RTC. When the valid flag is 0, time, keyO and key1 take
the value OxFFFFFFFF. Therefore, avalid flag must be set before the RTC can be used for
any function.

The commands are given to the RTC by optionally writing a value into the register
XPU_RTC_DATA, and then writing a command code into the register XPU_RTC_CMD.

3.7 Register Map

3.7.1 Real-time Clock Registers

Table 3-4 Real-time clock registers

Address? Register Name R/W/A2 Description

CBOO XPU_RTC_DATA W XPU Real-time Clock Data Register

CB0O4 XPU_RTC_CMDSTAT R/W XPU Real-time Clock CMD Status Register
CB08 XPU_RTC_TIME R XPU Real-time Clock Time Register

1. Address refers to G-Bus byte address relative to the security subsystem register base.
2. Read/Write/Auto update.
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3.8 Pin Description

3.8.1 Real-time Clock Pins

Table 3-5 Real-time clock pin descriptions

Pin Name Ball ID Direction Description

RTC_CLK_IN AN24 | Reserved. Make no connection to this pin (inter-
nal pull-down).

RTC_CLK_OUT AP23 O RTC clock output

RTC_RING AM24 l¢] RTC ring output

RTC_TEST AM25 1 RTC test input

RTC_VDD_BAT 3V3  AlL24 |

RTC crystal oscillator power (3.3V)

RTC_VDD_BAT 3V3  AL25 I

RTC battery power (3.3V)

RTC_VSS AK24 | RTC crystal oscillator ground

RTC_XTAL_DISC AN25 | Reserved. Make no connection to this pin (inter-
nal pull-down).

RTC_XTAL_IN AP24 | RTC 32KHz crystal oscillator input

RTC_XTAL_OUT AP25 o RTC 32KHz crystal oscillator output

Boot ROM

The boot ROM contains the initial boot code, and the RSA keys used to verify the second-
ary boot code. During system start-up, the device begins executing from the boot ROM. It
then continues booting either from the serial flash or an external parallel flash, after

authenticating the digital signature of the code.

Serial Flash

78

The SMP8634 contains an embedded 512K b serial flash memory. The flash memory con-
tains the system boot code (in conjunction with the boot ROM) and any necessary encryp-
tion/decryption keys for AACS, CPPM, CPRM, DTCP/IIP, etc. The serial flash imageis
encrypted and digitally signed using a 2048-bit RSA key. The boot ROM code verifiesthe
signature, before executing. Only code and keys signed by Sigma Designs may reside in

the serial flash.
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Smart Card Interface

3.9 Introduction

The security subsystem in the SMP8634 contains a smart card interface. The smart card
interface supports | SO/IEC7816 standard asynchronous protocols. It may be used for
applications such as DVB-CSA conditiona access and proprietary IPTV DRM solutions.
The smart card interface controller is connected to the card reader viaan IC card interface,
which performs all the supply, protection and control functions.

3.10 Features

®  Supports ISO/IEC7816 standard asynchronous protocols

®* May be used for applications requiring DVB-CSA conditional access

3.11 Block Diagram

Transmit Logic and State Machine

Serial-out Shift
Register Logic
4

P Transmit FIFO »

\ 4

[ Transmit State Machine |

D-Bus

< $» Smart Card Interface Main State Machine |« > InpuUOutpqt [ —>
Interface Control Logic
y To/From
Smart
_____________________________________ Card
- i |
Reader

Y
[ Receive State Machine

A

Serial-in Shift <
Register Logic

A

A

Receive FIFO

Receive Logic and State Machine

Figure 3-2 Smart card interface block diagram

Sigma Designs Confidential 79



SMP8634 Datasheet SMP8634-DS-A-07

3.12 Functional Description

The smart card module contains a D-Bus interface, transmit logic, main state machine and
output control logic sub modules. The D-Businterface module contains all the registers.
The transmit logic contains the state machine, transmit fifo and the transmit output shift
register logic sub modules.

The transmit state machine waits for the byte(s) from the D-Bus interface. When it gets a
byte, it triesto send it to the smart card reader. When it completes the transfer it asserts an
interrupt to indicate the completion of the transmission. After the interrupt has been
asserted, the D-Bus interface (CPU) supplies the next byte. If the FIFO is enabled, then
more bytes can be written into the FIFO. This reduces the number of interrupts to the CPU
and increases the performance.

The main state machine of the card controls the state of the card by doing the card activa-
tion, cold reset, warm reset, clock stopping and the deactivation of the card.

The main smart card interface state machine contains the following states:

Unpowered idle state: Initial state after reset.

Activate card state: The card is activated.

Cold reset state: Cold reset is applied to the card.

Powered idle state: The card is powered and ready for use (read/write).
Warm reset state: Warm reset is applied to the card.

Clock stop state: The clock to the card is stopped.

Deactivate card state: The card is deactivated.

N o g M o DdPRE

The default state after reset isthe Unpowered idle state. The state machine should bein the
powered idle state in order to communicate to the card. The initialization sequence from
the unpowered idle to the powered idle state can be done either entirely by the hardware or
by both the hardware and the software.

If the software performs the initialization sequence, then it should change the state by
writing into the STATE_REG register.
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Deactivate Card Done
Unpowered <

Idle
Activate Card
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Activate Deactivate Card
Card
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Cold Deactivate Card »| Deactivate
Reset q Card
Deactivate Card |
Cold Reset Done Deactivate Card
\ 4
Warm Powered » Clock
Reset Warm Reset Idle Clock Stop Stop
>
Warm Reset Done " Th Done

Deactivate Card

Figure 3-3 Smart card interface state machine

The receive logic contains the receive state machine, receive fifo and the receive input
shift register logic. The receive state machine waits for any activity on the smart card data
line. As soon asit detects atransfer, it tries to catch the byte(s) in the shift register. After
receiving one byte, it interrupts the CPU. If the receive FIFO is enabled, then more bytes
can be read from the smart card into the FIFO. This reduces the number of interruptsto the
CPU and increases the performance.

Before any write/read to the smart card, registers CLK_HIGH_VAL, CLK_LOW_VAL,
EGT_ETU_REG PARAM_REG SCARD_CTRL_REG SOFT_OUT_REG and
INTEN_REG should be programmed to the desired values.

To write to the smart card without the FIFO, datais written to the registers

TX_BYTE _REG or TX_WORD_REG or TX_DWORD_REG. This starts the write proto-
col to the smart card. After the dataistransmitted an interrupt is asserted. More data can be
sent in the sane manner given above.
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To write to the smart card with the FIFO, write datato the registers TX_BYTE_REG or
TX_WORD_REG or TX_DWORD_REG. Up to 16 bytes can be written into the transmit
FIFO (FIFO depth = 16 bytes). Theregister STATE_REG gives the number of bytesin the
transmit FIFO. If thisis lessthan 16, then more bytes need to be written into the FIFO.

To read from the smart card without the FIFO, wait for the RX_DONE interrupt. This
interrupt is set once one byte is received. Then, read the datafrom the register
RX_BYTE_REG. To receive more data repeat the steps given above.

To read from the smart card with the FIFO, wait for the RX_DONE interrupt. Thisinter-
rupt is set once the receive FIFO reaches the RFIFO_THRESHOLD value. Then, read the
datafrom the registers RX_BYTE_REG or RX_WORD_REG or RX_DWORD_REG.
Read until the FIFO is not empty. To receive more data repeat the steps given above.

Writing into the register TX_BYTE_REG sends one byte to the smart card. Writing into
the register TX_WORD_REG sends two bytes to the smart card. Writing into the
TX_DWORD_REG register sends four bytes to the smart card.

If FIFO is enabled, then the datawill be written into the FIFO. Then, from the FIFO the
datawill be sent to the smart card.

Reading the register RX_BY TE_REG gets one byte from the smart card. Reading the reg-
ister RX_WORD_REG gets two bytes from the smart card. Reading the register
RX_DWORD_REG gets four bytes from the smart card.

Theregister CLK_HIGH_VAL givesthe smart card output clock high value in number of
sysclks. Theregister CLK_LOW_VAL givesthe smart card output clock low vauein
number of sysclks. The register TIMEOUT_LOAD gives the time-out value programmed
in number of smart card clocks. The register PARAM_REG givesthe Tc, Th, Tgand Th
counter load values programmed in number of 256 smart card clocks. The register
EGT_ETU_REG givesthe EGT and ETU count load values. The ETU load vaue is pro-
grammed in number of smart card clocks and the EGT load value is programmed in num-
ber of ETU units.

By using the register SOFT_OUT_REG, the smart card pin values can be directly con-
trolled. The smart card control register activates/deactivates the card. The smart card state
register controls the states of the smart card interface state machine.
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3.13 Register Map

3.13.1 Smart Card Interface Registers

Table 3-6 Smart card interface registers

Addresst Register Name R/W/A2 Description

+C300 TX_BYTE_REG Smart Card Transmit Byte Register
+C304 TX_WORD_REG Smart Card Transmit Word Register
+C308 TX_DWORD_REG Smart Card Transmit Dword Register
+C30C Reserved

+C310 RX_BYTE_REG R Smart Card Receive Byte Register
+C314 RX_WORD_REG R Smart Card Receive Word Register
+C318 RX_DWORD_REG R Smart Card Receive Dword Register
+C31C Reserved

+C320 CLK_HIGH_VAL R/W Smart Card Clock High Value Register
+C324 CLK_LOW_VAL R/W Smart Card Clock Low Value Register
+C328 TIMEOUT_LOAD R/W Smart Card Time-out Value Register
+C32C PARAM_REG R/W Smart Card Parameters Register
+C330 EGT_ETU_REG R/W Smart Card EGT and ETU Register
+C334 SOFT_OUT_REG R/W Smart Card Software Output Register
+C338 SCARD_CTRL_REG R/W Smart Card Control Register

+C33C STATE_REG R/W Smart Card State Register

+C340 INT_REG R/C Smart Card Interrupt Register
+C344 INTEN_REG R/W Smart Card Interrupt Enable Register
+C348 ALT_ETU_CNT R Alternate ETU Count Register

+C34C STATUS_REG R Smart Card Status Register

+C35C CRC_REG R Smart Card CRC Register

+C350 CRC_INIT_REG R/W Smart Card CRC Initial Value Register

1. Address refers to G-Bus byte address relative to the security subsystem register base.
2. Read/Write/Auto update.
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3.14 Pin Description

3.14.1 Smart Card Interface Pins

Table 3-7 Smart card interface pin descriptions

Pin Name Ball ID Direction Description
SCARD_CLK Al6 O Smart card clock
SCARD_CTLO C15 B Smart card control 1
SCARD_CTL1 D16 B Smart card control 2
SCARD_CTL2 E16 B Smart card control 3
SCARD_FC# B16 o Smart card function code
SCARD_I0 Al15 B Smart card 10
SCARD_RST B15 O Smart card reset
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3.15 Introduction

The SMP8634 has atimer block implemented in the security subsystem. The timer block
contains two independent timers, Timer 0 and Timer 1, each with two modes of operation
periodic or free-running. They are identical except that, Timer O is driven by the system
clock, while Timer 1 receives the external 27MHz clock source. Each timer is a 16-bit
counter which decrements on each input clock (an optional divide-by-16 or divide-by-256
pre-scaler is supported). When the counter reaches zero, an interrupt is generated and the
initial count value is automatically reloaded.

3.16 Features

* Twotimers

® |ndependent clock pre-scale for each timer

Independent interrupt for each timer

Two modes of operation, periodic and free-running

3.17 Block Diagram
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Figure 3-4 Timer block diagram (system overview)
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3.18 Functional Description

86

Timers are primarily used to accurately track long periods of time (such as during time-
outs and internal performance monitoring), freeing the processor for more important tasks.
Two timers provide great flexibility, allowing small delay times to be programmed in one
timer whilethe second is used for time-out functions, or to allow multiple concurrent tasks
access to independent timers.

The timer block includes two timers with scalable processor ticks. They count down from
auser-loaded value, which must be reloaded to avoid a time-out. Each timer has an inde-
pendent clock pre-scale function and an independent interrupt. They can be set to a peri-
odic or afree-running mode.

The system bus interface block interfaces the timer registers to the processor through the
system bus. The timer isimplemented as a 16-bit down counter. The timer counts down
from the count value programmed in the timer load val ue register; on reaching zero an
interrupt is generated. Depending on the mode, the timer then reloads the load value, con-
tinues counting or stops. The timer load value register can be changed at any time; the
timer will begin counting from the new value written to the this register.

Thetimer load value registers hold theinitial count value that is rel oaded each time the
counter reaches 0, when operating in the periodic mode. The value in the timer counter
value registers decrement on each clock cycle until they reach 0. They are then automati-
cally reloaded with the values in the timer load value registers, and the interrupt bit INT 5/
6 is set. The values can be overwritten at any time, whatever the mode. The timer control
registers allow the selection between the periodic mode or the free-running mode. Pre-
scale sets the clock divisor to 1 (00), 16 (01) or 256 (10).

3.18.1 Timer Control

The timer powers up disabled. It can be enabled or disabled using the timer control regis-
ter. When the timer is disabled, it stops counting and retains its current value. When it is
enabled again, it resumes counting from its current value. The timer can be reset at any
time to the value in the timer load val ue register using the timer control register. The
counter value immediately loads, irrespective of the timer being enabled.

Theinterrupts from the timer can be cleared through the timer clear register. Reading the
interrupt bit will return the current status of the interrupts. Writing a‘1’ to the correspond-
ing interrupt bits clears the interrupts.
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3.18.1.1 Load Value/Counter

A counter operating off of the system clock drives the timer. The load value register pro-
grammed by the firmware controlsits period. Thisregister contains the load value for the
timer. In al the modes except the free-running mode, this value is loaded into the timer
counter before counting down. It may be updated at any time; the new value will be writ-
ten to the counter immediately. Writing load value of 0 will disable the timer except in the
free-running mode; in free-running mode, this register value is ignored.

3.18.1.2 Mode Control

Two modes of operation isavailable for the timers, namely, periodic and free-running. The
timer control register controls the timer reloading and disabling.

Periodic

In the periodic mode, the timer counts down to zero from the load value. An interrupt is
generated when the count is zero. After reaching zero, the load value is reloaded into the
timer and the timer counts down again. A load value of zero disables the timer.

Free-running

In the free-running mode, the timer counts down to zero from FFFFh. An interrupt is gen-
erated when the count is zero. After reaching zero, FFFFh is reloaded into the timer. The
load register isignored in this mode. This modeisidentical to the periodic mode with a
load value of 65535. When the timer isfirst enabled, it begins counting down from its cur-
rent value, and not from FFFFh.

3.18.1.3 Interrupt Control

Each timer may generate an interrupt when it times out. The interrupts from the timers can
be cleared through the timer clear registers. Reading theinterrupt bit will return the current
status of the interrupts. Writinga‘1’ to the corresponding interrupt bits clears the inter-
rupts.
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3.18.1.4 Clock Pre-scale

A clock pre-scale is provided for the timer clock. When used, the pre-scale divides the

system clock by powers of two, from 2 to

216in order to achieve higher resolution or

longer timer periods as defined below:

Table 3-8 Timer clock pre-scale

valuel Timer clock frequency

System clock

1 System clock / 4

2 System clock / 8

3 System clock / 16

14 System clock / 32,768
15 System clock / 65,536

1. The pre-scale value should not be changed unless the timer is disabled.
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XPU Interrupt Controller

3.19 Introduction

Theinterrupt controller isthe central location for interrupt handling. It accepts the inter-
rupts generated by the internal blocks and generates the processor interrupts. It enables and
disableseach interrupt individually or globally. A 2-level interrupt priority selection can be
implemented.

3.20 Features

® Enabling/disabling of individual interrupts
® Global enable/disable

® 2-level interrupt priority selection

3.21 Block Diagram

____________________________________

IRQO Interrupt
>

Interrupt Interrupt Priorit
from the =71 P{ Interrupt Masking > pt Friority IRQ1 Interr%t
Blocks Selection

IRQ2 Interrupt
>

Figure 3-5 Interrupt controller block diagram
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3.22 Functional Description

90

Theinterrupt controller allows each interrupt to be asserted asthreeinterrupt levels, IRQO,
IRQ1 or IRQ2. This allows the interrupt to be used for application-specific needs, while
still fulfilling the real-time requirements. Each interrupt may be individually masked;
aternatively, al interrupts may be masked without altering the individual interrupt masks.

Interrupt sources include the following: Timer 1 and 0, UART 1 and 0, PIO 1 and 0, 1°C
master, DVD loader, IDE interface, 1°Sinterface and the MPEG core.

Theinterrupt control for al the processor interruptsis provided in acentral location. Each
interrupt may be enabled or disabled individually, or aglobal enable/disable may be
enforced. Interrupts must be cleared at the source once the service request is served. All
the blocks with cascaded interrupt control provide an interrupt mask for each interrupt
source and each source can be cleared individually. Thisisillustrated bel ow:

Interrupt
Masking

Interrupt
Register

Mask
Register

IRQO Interrupt
to CPU

Interrupt Interrupt Interrupt IRQ1 Interrupt
Masking Priority = to CPU
Selection

IRQ2 Interrupt
to CPU

Mask
Register

Interrupt
Register
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Register

1
1

1

1

i

1

Global !
Mask 1
!

1

1

1

i

1

1

Interrupt
Register

et

e o
1D
1D

Mask
Register

Interrupts from
Other Blocks

Figure 3-6 Cascaded interrupt structure

Interrupt Priority

Each interrupt may be assigned a priority of IRQO, IRQ1 or IRQ2, allowing the software
to customize the priority of each block.

Sigma Designs Confidential



i 3: Security Subsystem
f% HD

Global Disable

The interrupt controller provides aglobal disable control bit. This feature can be used to
avoid interrupting critical portions of the code before completion. The global disable does
not affect the individual interrupt masks. The software need not perform a save and
restore. This savestime by reducing the code size and the interrupt latency if an interrupt is
asserted when all the other interrupts are disabled.

3.22.1 Control (mask) Blocks

The control (masking) blocks allow the 31 (possibly edge-detected) interrupt lines to be
masked, and routed to three XPU interrupt lines. They also contain registers to generate
software interrupts.

3.22.2 Processor Timer Interrupt

The XPU has six interrupt inputs and an internal timer capable of generating an interrupt.
The processor interrupt inputs 0, 1 and 2 are connected to the interrupt control blocks pre-
viously described. The processor interrupt inputs 3 and 4 are connected to O (inactive) and
the processor interrupt input 5 is connected to the processor timer interrupt output.

3.22.3 Edge Detector

The XPU interrupt controller block receives up to 31 hardware interrupt sources. An edge
detector receives these 31 lines, and if needed, an edge detection is performed on selected
lines. The output of the edge detector consists of 31 ‘latched’ interrupt lines, driven to
threeidentical control (masking) blocks. Each control block can independently mask each
of its 31 inputs, plus one software controlled interrupt.

L-Bus

! !

Edge Detector Control 0 -
x31 A x31 ]

uln_ 3 3
Interrupt }
Sources D)’ |/ ‘N IRQO
/.
. l . ’_}/ IRQ1

Soft IRQ x 16 IRQ2

Figure 3-7 Edge detector
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The 31 interrupts are assigned as shown in the following table:

Table 3-9 Interrupt sources

Bit Source

0 Unused

1 UART O

2 UART 1

3 Unused

4 Unused

5 XPU Timer O

6 XPU Timer 1

7 DVD loader

8 XPU Real-time clock

9 Host interface channel WO

10 Host interface channel W1

11 Host interface channel RO

12 Host interface channel R1

13 PCI INTA#

14 PCI INTB#

15 PCI INTC#

16 PCI INTD#

17 Reserved

18 Reserved

19 Reserved

20 PCI local bus fault

21 Reserved for external interrupt

22 12c

23 Graphics accelerator

24 VSYNC 0 (Component analog output)
25 VSYNC 1 (Composite analog output)
26 VSYNC 2 (Main analog output)

27 VSYNC 3 (Digital output)

28 VSYNC 4 (Gfxin-vsync: start of v-blanking)
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Table 3-9 Interrupt sources (Continued)

Bit

Source

29

VSYNC 5 (Gfxin-vsync: end of v-blanking)

30

VSYNC 6 (Vidin-vsync: start of v-blanking)

31

VSYNC 7 (Vidin-vsync: end of v-blanking)

For each of the 31 interrupt lines, two bits called rise and fall select the operating mode
according to the following table:

Table 3-10 Operating mode selection for interrupt lines

Ride Fall Operating Mode

0 (o] Level sensitive (active high)

1 1 Level sensitive (active low = inverted)
1 0 Rising edge sensitive

0 1 Falling edge sensitive

Two configuration registers can be read or written, to set or verify the operating mode of
all the 31 lines. In order to set/clear the operating mode of certain lines (without changing
the others), aread-modify-write operation can be performed on these registers.

Reading the status register returns the individual interrupt lines values at the output of the
edge detector. Reading the edge raw status register returns the individual interrupt lines
values at the input of the edge detector. For interrupts lines that are in ‘level sensitive,

active high’ mode, the two status registers will return the same value.

Writing the edge raw status register will clear the capture register (for each bit writtenas 1,
of the corresponding interrupt). This should be done before exiting an interrupt service

routine to avoid re-entering, only on edge sensitive interrupts.
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Bus accessibility

3.23 Description
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In the SMP8634 some restrictions are placed on the bus accesses. For example, the XPU
will have access to certain areas of the DRAM that are inaccessible by the host CPU.

The following table shows the four top level busses that interconnect the top level blocks
of the chip and their master/slave connections:

Table 3-11 Top level bus connections

Master
Bus Group:L Master Slave
G-Bus GO GWD/GRD task during simulation Security subsystem
GO Security subsystem Video decoder
G1 Video decoder Audio block
G1 Audio block Transport demultiplexer
G1 Transport demultiplexer Video decoder
G2 Host CPU block DRAM controller
G3 Host interface System block
Host CPU block
Host interface
M-Bus D1 Video decoder DRAM controller
D1 Audio block
D1 Transport demultiplexer
D3 Host interface
V-Bus D2 Video output DRAM controller

Direct load port D1

Video decoder

DRAM controller

1. GO...G3 are groups of G-Bus masters. D1...D3 are groups of DMA masters (i.e. M-Bus, V-Bus and the
direct load port) and are therefore relevant to only one slave, the DRAM controller. Typically, a hierarchy
G0>G1>G2>G3 is implemented, meaning that GO has the maximum number of accesses and G3 the least.

The bus accessibility is handled at the slave level, and is similar (with minor differences)
to all the slaves described above.

Every time aslaveis accessed it will, first check which of the mastersisinitiating the
transaction. Theinitiating master 1D is converted into a group code. A check on addressis
being accessed is placed. Whether the master group is allowed to access the requested
address is verified. Depending on the outcome the request is either serviced or ignored.
Any number masters from the same group can have accesses to the same address.

Theinformation about group accessibilities and address accessihilities is stored in the
accessibility configuration registers, which are accessible to group GO (security sub-

system) only.
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3.23.1 Memory Area Accessibility

The memory area (256MB) is configurable on a4KB page basis using the memory access-
registers. These registers can be used in the increasing order, depending on how many
areas are required (up to five). Thisis particularly important when less than 128MB of
memory is implemented on the DRAM controller. For example, if only 64MB of areais
present, then an access to any address above 64MB aliases to the address minus 64MB,
defeating the protection mechanism.

Reset Condition

Upon hardware reset, only the XPU (G0), and no other resource on the SMP8634 will have
full accessto the DRAM. A DRAM controller reset does not affect the access control reg-
isters.

Register Area Accessibility

The access registers are (64K B) configurable on a dword basis using the registers
DC_REG_ACCESS X. Unlikethe DRAM itself, the DRAM controller registers are not
accessible by the M-Bus, V-Bus or the direct load port. The group information contains
four 2-bit fields (corresponding to 3 master groups). Within each 2-bit field,

* BitOif set, alows write access to the corresponding group

* Bit1if set, alows read access to the corresponding group

The accessibility control for the transport demux, the video decoder and audio block is
identical to the one from the DRAM controller, except that, in the DRAM controller, total
memory space is 256MB, configurable with agranularity of 4KB. Transport demux mem-
ory space is 128K B, configurable with a granularity of 4-byte and only two configuration
registers are there for the register space accessibility.

The accessibility control for the security subsystem isidentical to the one from the DRAM
controller, except that, in the DRAM controller, total memory spaceis 256MB, config-
urable with a granularity of 4KB.

The XPU memory space is 4MB, configurable with a granularity of 256-byte; there are 6
registers for memory space accessibility, and three registers for register space accessibility
and power-up va ues are discussed below.
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Power-up values when the PROTECTED BUSSES directiveis present:
XPU_MEM_ACCESSO = ‘h03_00_0000

XPU_MEM_ACCESS1 = “h00_00_0000 // Overridden by XPU_MEM_ACCESSO0 ->
unused

XPU_MEM_ACCESS2 = “h00_00_0000 // Overridden by XPU_MEM_ACCESSO0 ->
unused

XPU_MEM_ACCESS3 = “h00_00_0000 // Overridden by XPU_MEM_ACCESSO0 ->
unused

XPU_REG_ACCESS0 = ‘h57_00_2000
XPU_REG_ACCESSL1 = ‘h03_00_7FEO
XPU_REG_ACCESS2 = ‘hFF_00_0000
With these values,

1. The XPU ROM iswritable by all the resources, but readable only by the XPU. Thisis
done for quickturn emulation where the ROM is replaced by a RAM to download the
contents before starting the XPU. On the real chip, writability by any other resource
will have no effect since aROM will be implemented.

2. The XPU bridge registers are read-write accessible for al the resources, alowing the
PCI to start the X PU once the ROM isloaded. One of the first instructionsin the X PU
ROM should make this registers inaccessible to prevent the CPU or PCI from reset-
ting the XPU. On the real chip, the XPU starts automatically.

3. Other resources within the XPU register space are read/write accessible to the XPU
only.
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4.1 Block Diagram of DRAM Controller
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Figure 4-1 DRAM controller block diagram
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4.2 Introduction

The SMP8634 contains two identical double-data rate synchronous DRAM (DDR-
SDRAM) controllers operating at up to 200MHz. Each DRAM controller supports up to
256MB of DDR-1 memory (DDR-2 is not supported). Because the DDR technology trans-
fers data on both edges of the clock, the maximum effective burst data bandwidth of each
controller is 1.6GB/sec. No more than 80% of the memory bandwidth should be used
(~1.3GB/sec for each 32-hit interface). The contents of the DRAM memory may also be
encrypted (proprietary algorithm) to protect the contents.

Compatible external memory devices attached to the memory interface provide the data
storage capability necessary for all the functions performed by the SMP8634. These func-
tionsinclude:

® Multiple audio, video and data buffers

* Temporary data storage for hardware function blocks

® Program and data memory for the on-chip CPUs, DSPs and RISC processors

®  Transport stream buffers

The DRAM controllers supports memory devices which conform to JEDEC standard
JESD79. The electrical interface to the external memories supports JEDEC SSTL_2 com-
pliant signaling.

4.3 Features

* Two 32-bit DRAM controllers
® Double-data rate synchronous DRAM (DDR-400)

®* 32 or 64-bit DRAM interface

32-hit: MPEG-2 HDTV applications
64-bit: MPEG-4.10 (H.264) or SMPTE 421M (VC-1) HDTV applications

* Effective burst data bandwidth of the DRAM interfaceis up to 3.2GB/sec
* Interfaces up to 512MB of external DDR SDRAM
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4.4 Functional Description

The two SMP8634 DRAM controllers (DRAM controller 0 and DRAM controller 1) can
interface to up to 512MB of external DDR SDRAM, using two 32-bit wide data busses.
Thetwo DRAM controllersinterface with the different modules of the SMP8634 through,

®* A G-Busfor flat addressing of the DRAM, and configuration registers.
* AnM-Busfor DMA transfers to/from all the blocks except the video output block
* A V-Busfor DMA transfers to/from the video output block

® Adirect load port to interface to the video decoder for motion compensation loads

As shown in the block diagram, the memory controller connects to all four of the primary
device buses. Each bus connects to the controller via an interface unit, which contains
command queues as well as FIFOs for read and/or write data. The interface unitsin turn
connect to the DRAM unit which actually controls the external memory.

Any G-Bus master can program the configuration registers of al four units. Also, a G-Bus
master can access the entire DRAM space via the G-Bus unit.

Each of the DRAM controllers occupies two sections on the G-Bus space: A 256MB sec-
tion for direct memory accesses and a 64K B section for configuration register accesses.

Within the DRAM units, an arbiter analyzes the pending requests from the many DMA
channelsin the various functional units. Based on the channel priority, the bank access
requested and the currently available banks, the arbiter determines order of the service
reguested by the various channels. The DRAM units are designed to maximize utilization
of the DRAMs, while simultaneously controlling read and write access latency.

The SMP8634 device uses a sophisticated delay-lock loop (DLL) technique to optimize
critical timingsin the DRAM interface. These timings are automatically updated on a peri-
odic basis to maintain the critical characteristics under changing voltage and temperature
conditions, and are not accessible to the customers.
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4.4.1 Memory Configurations

Thetwo 32-bit DRAM controller interfaces can connect to either 64, 128 or 512MB of
DDR-1 SDRAM using two 32-bit wide data busses. Due to timing tolerances, capacitive
load considerations and PCB trace length considerations, only the recommended DRAM
vendors/products should be used with the SMP8634.

Table 4-1 Supported memory configurations

Total Memory Bus Width Memory Chip

(MB) (DRAMO/DRAM1) Configuration Rows Columns

64 32/0 Two 16Mx16 8192 512

128 32/0 Two 32Mx16 8192 1024

256 32/0 Two 64Mx16 8192 1024

256 32/32 Four 32Mx16 8192 1024

384 32/32 DRAMO: Four 64Mx8 8192 2048
DRAM1: Two 32Mx16 8192 1024

512 32/32 Four 64Mx16 8192 1024

512 32/32 Eight 64Mx8 8192 2048

Many factors affect the external memory configuration needed to support a particular
application. In addition to the basic requirement of picture buffer areas needed to support
the video decoding process and any necessary graphics planes, other storage requirements
must also be considered. Additional factors which come into play may include:

® Font sets and graphics elements which must be maintained in the off-screen display
memory

®  Multiple graphics buffers required for ‘instant’ updates (animation effects)

® Useof video and graphics input ports

® Nature of processing tasks being performed on the host CPU

Determining the optimum memory configuration requires that the application require-

ments be well defined. More demanding applications may require an analysis of the mem-
ory bandwidth utilization.

The DRAM registers control the DRAM refresh timing, CAS latency, and DRAM organi-
zation (total size, row/column size and the number [1x32 or 2x16] of DDR chips used).
They also control the programmable delay lines affecting the data output delay (write
transactions) and the input delay (read transactions). The registers allow the monitoring of
the DRAM bandwidth usage.
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4.4.2 Memory Connection Diagrams

This section provides the connection diagrams for avariety of supported external memory
configurations. These diagrams show basic signal connections only; they do not address
detailed electrical issues such as termination networks.

SMP8634
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Figure 4-2 64MB memory; 32-bit bus width
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4.4.3 Memory Bandwidth Considerations

For complex applications, the available memory bandwidth may limit what can be done
with SMP8634. In these cases the total available memory bandwidth (assuming DDR-400
DRAM) isasfollows:

®  For each 32-bit interface, maximum memory bandwidth is 1.6GB/s (1.3GB/s for
DDR-333)

®  Should not exceed 80% of maximum, resulting in 1.3GB/s available memory band-
width for each 32-bit interface (1GB/s for DDR-333)

Table 4-2 Memory bandwidth requirements for video

Source Format (frames per

Function second) Memory bandwidth needed
MPEG-4.10 (H.264) video 1920 x 1080 x 30 1.1GB/s (0.95GB/s decode only)
decode and display 1280 x 720 x 60 1.0GB/s
720 x 576 x 50 0.45GB/s
720 x 576 x 25 0.22GB/s
720 x 480 x 60 0.45GB/s
720 x 480 x 30 0.22GB/s
SMPTE 421M (VC-1) video 1920 x 1080 x 30 0.97GB/s
decode and display 1280 x 720 x 60 0.86GB/s
720 x 576 x 50 0.31GB/s
720 x 576 x 25 0.15GB/s
720 x 480 x 60 0.31GB/s
720 x 480 x 30 0.15GB/s
MPEG-2 video decode and dis- 1920 x 1080 x 30 0.41GB/s
play 1280 x 720 x 60 0.37GB/s
720 x 576 x 50 0.14GB/s
720 x 576 x 25 0.07GB/s
720 x 480 x 60 0.14GB/s
720 x 480 x 30 0.07GB/s
Displaying 32-bit graphics 1920 x 1080 x 60 498MB/s
1920 x 1080 x 50 415MB/s
1920 x 1080 x 30 249MB/s
1920 x 1080 x 25 207MB/s
1280 x 720 x 60 221MB/s
1280 x 720 x 50 184MB/s
720 x 576 x 50 83MB/s
720 x 576 x 25 41MB/s
720 x 480 x 60 83MB/s
720 x 480 x 30 41MB/s
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Table 4-2 Memory bandwidth requirements for video (Continued)

Source Format (frames per

Function second) Memory bandwidth needed
Displaying 24-bit graphics (24- 1920 x 1080 x 60 498MB/s
bit data is written and read as 1920 x 1080 x 50 415MB/s
32-bit data)

1920 x 1080 x 30 249MB/s
1920 x 1080 x 25 207MB/s
1280 x 720 x 60 221MB/s
1280 x 720 x 50 184MB/s
720 x 576 x 50 83MB/s
720 x 576 x 25 41MB/s
720 x 480 x 60 83MB/s
720 x 480 x 30 41MB/s
Displaying 16-bit graphics 1920 x 1080 x 60 249MB/s
1920 x 1080 x 50 207MB/s
1920 x 1080 x 30 124MB/s
1920 x 1080 x 25 104MB/s
1280 x 720 x 60 111MB/s
1280 x 720 x 50 92MB/s
720 x 576 x 50 41MB/s
720 x 576 x 25 21MB/s
720 x 480 x 60 41MB/s
720 x 480 x 30 21MB/s
Displaying 8-bit graphics 1920 x 1080 x 60 124MB/s
1920 x 1080 x 50 104MB/s
1920 x 1080 x 30 62MB/s
1920 x 1080 x 25 52MB/s
1280 x 720 x 60 55MB/s
1280 x 720 x 50 46MB/s
720 x 576 x 50 21MB/s
720 x 576 x 25 10MB/s
720 x 480 x 60 21MB/s
720 x 480 x 30 10MB/s
Additional bandwidth for Type 1 1920 x 1080i x 30 93MB/s
deinterlacing of main video 1920 x 1080i x 25 78MB/s
720 x 576i x 25 16MB/s
720 x 480i x 30 16MB/s
Additional bandwidth for Type 2 1920 x 1080i x 30 187MB/s
(motion adaptive) deinterlacing 1920 x 1080i x 25 156MB/s
of main video
720 x 576i x 25 31MB/s
720 x 480i x 30 31MB/s
Additional bandwidth for simul-
taneous HD+SD output
- On-the-fly mode OMB/s
- Buffered mode 42MB/s

Video decoder RISC

3MB/s (assuming 24Mbps bit-

stream)
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Table 4-3 Memory bandwidth requirements for audio

Function

Typical memory bandwidth needed

Decoding, output formatting and routing

- Dolby Digital 5.1 29MB/s
- Dolby Digital Plus 2.0 TBD

- Dolby Digital Plus 5.1 TBD

- Dolby Digital Plus 7.1 TBD

- Dolby TrueHD 5.1 TBD

- Dolby TrueHD 7.1 TBD
-DTS 5.1 24MB/s
- DTS-HD 7.1 TBD

- MPEG-1 Layers I, 11 2.0 75MB/s
- MPEG -1 Layer 11l (mp3) 2.0 65MB/s
- MPEG-4 AAC-LC 2.0 TBD

- MPEG-4 AAC-LC 5.1 49MB/s
- MPEG-4 HE-AAC 5.1 41MB/s
- MPEG-4 BSAC 2.0 TBD
-LPCM 7.1 70MB/s
- WMA9 2.0 53MB/s
- WMA Pro 5.1 32MB/s
- ATRAC3 2.0 1MB/s
Encoding

- Dolby Digital 5.1 TBD
-DTS 5.1 TBD
Other

- Watermark detection 1MB/s
- Post processing TBD
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For example, displaying aHD MPEG-4.10 (H.264) video + SD MPEG-4.10 (H.264) + 32-
bit HD graphics + 8-bit HD subtitle requires, 1.1 + 0.22 + 0.25 + 0.06 = 1.6GB/s of mem-
ory bandwidth to display it on the TV. This does not include the additional memory band-
width required for writing the graphics and the subpicture data, deinterlacing, audio, and
the CPU/XPU requirements. Note that the display on the TV must always be at 30 (25)
frames or 60 (50) fields per second.

To assist in calculating the needed memory bandwidth for various applications, additional
typical memory bandwidth values for various other operations are:

Table 4-4 Typical memory bandwidth values

Function Typical memory bandwidth needed
XPU baseline 1MB/s

- WM DRM-ND and WM DRM-PD 6MB/s (16Mbps bitstream max.)
- DTCP/IP 3MB/s

- HDCP for DVI and HDMI 1MB/s

- CPPM for DVD-Audio playback 1MB/s

- CPRM for DVD-R and DVD-RW playback 1MB/s

- CSS for DVD-Video playback 1MB/s

- AACS for BD-ROM playback 7MB/s

- AACS for HD DVD-Video playback 7MB/s

- BD+ for BD-ROM playback 7MB/s

- BD-CPS for BD-RE playback 7MB/s

- Verance audio watermark detection 1MB/s

- VCPS for DVD+R/+RW 1MB/s

BD-ROM
- BD-J graphics (read + write)

- Java bytecode interpreter code and data cache
misses

- Presentation graphics (PG) rendering
- Interactive graphics (IG) rendering
- PG decoded object buffer

- Dripfeed decode

200MB/s single-buffered

300MB/s double-buffered

50MB/s estimated

150MB/s estimated for bytecode accelerated Java
16MB/s

8MB/s

32MB/s (read)

16MB/s (write)

1MB/s

HD-DVD cursor, graphics, subpicture and second-
ary video rendering

280Mpixels/s

Transport demultiplexer
- AACS

- AACS+

- BD+

10MB/s
10MB/s
10MB/s
10MB/s

Sigma Designs Confidential

107



SMP8634 Datasheet

SMP8634-DS-A-07

4.4.3.1 BD-ROM Player Considerations

The following tablesillustrate a basic configuration for BD-ROM playersthat balances
the memory bandwidth requirements between the two DRAM interfaces. DRAM bank 1
uses 64MB of DDR-400 DRAM; DRAM bank 0 uses 256MB of DDR-400 DRAM. Linux

and DirectFB must use DRAM bank 0.

With this configuration, when outputting 1080i30 video (Table 4-4), more than 64MB may
be used in DRAM bank 1. This enables having additional memory storage with an avail-

able memory bandwidth of ~200MB/s.

When outputting 1080p60 video (Table 4-5), thereis not sufficient memory bandwidth on

DRAM bank 1 to access unused or additional memory.

Table 4-5 Typical BD-ROM player memory bandwidth values - 1080i30 source, 1080i30

output
DRAM bank 1 DRAM bank O
(MB/sec) (MB/sec) Note

H.264 decode (1920x1080i30) and display 1100 Based on 8634
data sheet

Display blended BD-J graphics and OSD (32-bit, 249 Based on 8634

1920x1080x30) data sheet

Display PG (8-bit, 1920x1080x30) 62 Based on 8634
data sheet

Display background (16-bit, 1920x1080x30) 124 (O if PIP) Based on 8634
data sheet

Write PG 16 BR-ROM spec

PG decoded object buffer (read+write) 48 BD-ROM spec

BD-J graphics (read-+write, includes FAA) 200 300MB/s for
double-buff-
ered

Blending BD-J graphics and OSD data 50 Typical. 100
MB/s for dou-
ble buffered
OSD data.
OSD pixel for-
mat, object
number/sizes
and frame rate
dependent.

Dripfeed (background) 1

Deinterlacing (1920x1080x30) NA Motion adap-
tive. Based on
8634 data
sheet

Simultaneous HD + SD output 42 Based on 8634

datasheet
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Table 4-5 Typical BD-ROM player memory bandwidth values - 1080i30 source, 1080i30
output (Continued)

DRAM bank 1 DRAM bank O

(MB/sec) (MB/sec) Note
XPU (AACS, BD+) 14 Based on 8634
datasheet
Audio 29 Typical. Based
on 8634
datasheet
Video RISC 4 Bitstream from
DRAM to video
decoder
Transport demux (1ch, 40Mbps) 30 Based on 8634
datasheet
Driver sw cache misses 10 Estimated
Application software cache misses 100 Estimated
Java bytecode interpreter code and data cache 50 Estimated. For
misses bytecode-

accelerated
Java, 150MB/s.

Total - without PIP 1142 846

H.264 video decode (720x480i30) and display 220 Based on 8634
datasheet

Audio 4 Typical. Based
on 8634
datasheet.

Transport demux (1ch, 20Mbps) 15 Based on 8634
datasheet

No background display with PIP -124 Based on 8634
datasheet

Total - with PIP 1142 961 Luma keying
for PIP on rev.
C and later
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Table 4-6 Typical BD-ROM player memory bandwidth values - 1080i30 source, 1080p60

output
DRAM bank 1 DRAM bank O
(MB/sec) (MB/sec) Note
H.264 decode (1920x1080i30) and display 1100 Based on 8634
data sheet
Display blended BD-J graphics and OSD (32-bit, 498 Based on 8634
1920x1080x60) data sheet
Display PG (8-bit, 1920x1080x60) 124 Based on 8634
data sheet
Display background (16-bit, 1920x1080x60) 249 (O if PIP) Based on 8634
data sheet
Write PG 16 BR-ROM spec
PG decoded object buffer (read+write) 48 BD-ROM spec
BD-J graphics (read+write, includes FAA) 200 300MB/s for
double-buff-
ered
Blending BD-J graphics and OSD data 50 Typical. 100
MB/s for dou-
ble buffered
OSD data.
OSD pixel for-
mat, object
number/sizes
and frame rate
dependent.
Dripfeed (background) 1
Deinterlacing (1920x1080x30) 187 Motion adap-
tive. Based on
8634 data
sheet
Simultaneous HD + SD output 42 Based on 8634
datasheet
XPU (AACS, BD+) 14 Based on 8634
datasheet
Audio 29 Typical. Based
on 8634
datasheet
Video RISC 4 Bitstream from
DRAM to video
decoder
Transport demux (1ch, 40Mbps) 30 Based on 8634
datasheet
Driver sw cache misses 10 Estimated
Application software cache misses 100 Estimated
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Table 4-6 Typical BD-ROM player memory bandwidth values - 1080i30 source, 1080p60

output (Continued)

DRAM bank 1 DRAM bank O
(MB/sec) (MB/sec) Note
Java bytecode interpreter code and data cache 50 Estimated. For
misses bytecode-
accelerated
Java, 150MB/s.
Total - without PIP 1329 1282
H.264 video decode (720x480i30), deinterlace 236 Based on 8634
and display datasheet
Audio 4 Estimated (in
+ DRAM delay)
Transport demux (1ch, 20Mbps) 15 Based on 8634
datasheet
No background display with PIP -249 Based on 8634
datasheet
No motion adaptive (Type 2) deinterlacing of -187 Based on 8634
main video with PIP due to sharing of multi-for- datasheet
mat scaler 1
Type 1 deinterlacing of main video 93 Based on 8634
datasheet
Total - with PIP 1235 1288 Luma keying
for PIP on rev.
C and later
Sigma Designs Confidential 111



SMP8634 Datasheet SMP8634-DS-A-07

Table 4-7 Typical BD-ROM player memory bandwidth values - 1080p24 source, 1080p60

output
DRAM bank 1 DRAM bank O
(MB/sec) (MB/sec) Note
H.264 decode (1920x1080p24) and display 950 Based on 8634
data sheet
Display blended BD-J graphics and OSD (32-bit, 498 Based on 8634
1920x1080x60) data sheet
Display PG (8-bit, 1920x1080x60) 124 Based on 8634
data sheet
Display background (16-bit, 1920x1080x60) 249 (O if PIP) Based on 8634
data sheet
Write PG 16 BR-ROM spec
PG decoded object buffer (read+write) 48 BD-ROM spec
BD-J graphics (read+write, includes FAA) 200 300MB/s for
double-buff-
ered
Blending BD-J graphics and OSD data 50 Typical. 100
MB/s for dou-
ble buffered
OSD data.
OSD pixel for-
mat, object
number/sizes
and frame rate
dependent.
Dripfeed (background) 1
Deinterlacing (1920x1080x30) NA Motion adap-
tive. Based on
8634 data
sheet
Simultaneous HD + SD output 42 Based on 8634
datasheet
XPU (AACS, BD+) 14 Based on 8634
datasheet
Audio 29 Typical. Based
on 8634
datasheet.
Video RISC 4 Bitstream from
DRAM to video
decoder
Transport demux (1ch, 40Mbps) 30 Based on 8634
datasheet
Driver sw cache misses 10 Estimated
Application software cache misses 100 Estimated
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Table 4-7 Typical BD-ROM player memory bandwidth values - 1080p24 source, 1080p60
output (Continued)

DRAM bank 1 DRAM bank O

(MB/sec) (MB/sec) Note
Java bytecode interpreter code and data cache 50 Estimated. For
misses bytecode-

accelerated
Java, 150MB/s.

Total - without PIP 992 1282

H.264 video decode (720x480p24) and display 220 Based on 8634
datasheet

Audio 4 Typical. Based
on 8634
datasheet.

Transport demux (1ch, 20Mbps) 15 Based on 8634
datasheet

No background display with PIP -249 Based on 8634
datasheet

Total - with PIP 992 1272 Luma keying
for PIP on rev.
C and later

4.4.4 Memory Size Requirements

Thefollowing tables list some of the major software/firmware components and the typical
amount of DRAM they require.

Table 4-8 Video Decoding DRAM requirements (MB, includes all needed buffers, no
deinterlacing or type 1 deinterlacing)

MPEG-4.10 SMPTE 421M
MPEG-2 MPEG-4.2 (H.264) (VC-1)

352x240 1 1 3 2

352x288

352x480i 2 2 5 3

352x576i

720x480i 4 4 7 4

720x576i

1280x720p 7 8 13 8

1920x1080i 16 17 36 18
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Table 4-9 Video Decoding DRAM requirements (MB, includes all needed buffers, type 2
deinterlacing used)

MPEG-4.10 SMPTE 421M

MPEG-2 MPEG-4.2 (H.264) (VC-1)
352x240 2 2 3 2
352x288
352x480i 3 3 5 3
352x576i
720x480i 4 5 8 5
720x576i
1280x720p 9 9 14 10
1920x1080i 19 20 39 21

Table 4-10 Typical Firmware DRAM requirements (MB)
Total DRAM DRAM DRAM

Firmware Required Bank 1 Bank O
Video decoding (HD MPEG-4.10) 39 39
Audio decoding 5 5
Linux (11) + MRUA/DCC-HD/DirectFB (11) + kernel 30 30
mode drivers (8)
XPU 4 4
2D graphics accelerator 1 1
Simultaneous HD + SD output 2 2
Total 81 41 40
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4.4.4.2 BD-ROM Player Considerations

Thefollowing tableillustrates a basic configuration for aBD-ROM player. It appliesto the
DRAM memory bandwidth calculations in Tables 4-4, 4-5 and 4-6. DRAM bank 1 uses
64MB of DDR-400 DRAM; DRAM bank 0 uses 256MB of DDR-400 DRAM. Linux and
DirectFB must use DRAM bank O.

Table 4-11 Typical BD-ROM player DRAM requirements (MB)

Total

DRAM DRAM DRAM

Required Bank 1 Bank O
Drive buffer 12 12
Explicit bdav-std buffers (not including video buffers) 16 (42 if no 16

BD-J)
Implied bdav-std buffers for seamless playback, etc. 10 10
Background plane 4 4
BD-J plane (includes off-screen drawing area, OSD) 8 8
IG plane (2x) 0 (4 if no 0

BD-J)
PG plane (2x) 4 4
BD-J 72 72
Firmware 81 41 40
HDMV + BD-J middleware 35 - 35
Other software + OSD bitmaps 10 - 10
Total - without PIP 252 41 211
Physical total due to available DRAM sizes - 64 256
Secondary video decode (SD MPEG-4.10) 7 7
Secondary audio decode 4 4
Explicit bdav-std buffers (not including video buffers) 4 4
Implied bdav-std buffers 0 0
Total - with PIP 267 41 226
Physical total due to available DRAM sizes - 64 256
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4.5 Pin Description

45.1 DRAM Controller Pins

Table 4-12 DRAM controller pin descriptions

Pin Name Ball 1d Direction Description

DRAMO_AO V34 O Memory address bit O

DRAMO_A1 V33 (0] Memory address bit 1

DRAMO_A10 u32 o Memory address bit 10

DRAMO_A11 T30 o Memory address bit 11

DRAMO_A12 R31 O Memory address bit 12

DRAMO_A13 R33 O Memory address bit 13. Memory address bus
provides the SDRAM with the row address for
the active commands, and the column address
and the auto-precharge value for read/write
commands.

DRAMO_A2 V32 o Memory address bit 2

DRAMO_A3 w31 o Memory address bit 3

DRAMO_A4 W30 O Memory address bit 4

DRAMO_A5 V31 O Memory address bit 5

DRAMO_A6 V30 O Memory address bit 6

DRAMO_A7 U3l o Memory address bit 7

DRAMO_AS8 u3o o Memory address bit 8

DRAMO_A9 T31 o Memory address bit 9

DRAMO_BAO U34 (0] Bank address output O

DRAMO_BA1 u33 o Bank address output 1. BA[1:0] define to which
SDRAM bank an active, read, write or precharge
command is being applied.

DRAMO_CAS# T34 (o] Column address strobe. Memory command out-
put. In conjunction with CAS# and WE#, this
signal determines the memory operation
requested (active-low).

DRAMO_CK K34 (o] Non-inverted clock output. CK and CK# are a

differential clock signal pair. The SDRAMO
address and control signals are sampled on the
crossing of the positive edge of CK and the neg-
ative edge of CK#. SDRAM output (read) data is
referenced to the crossings of CK and CK# in
both directions.
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Table 4-12 DRAM controller pin descriptions (Continued)

Pin Name Ball I1d Direction Description

DRAMO_CK# L34 (0] Inverted clock output. CK and CK# are a differ-
ential clock signal pair. The SDRAM address and
control signals are sampled on the crossing of
the positive edge of CK and the negative edge of
CK#. SDRAM output (read) data is referenced to
the crossings of CK and CK# in both directions
(active-low).

DRAMO_CKE R30 O Clock enable. A high level activates, and a low
level deactivates the internal clock signals in the
SDRAM. This signal is driven low to activate the
SDRAM power-down modes.

DRAMO_DMO H33 (0] Write data mask for bits [07:00] of memory data

DRAMO_DM1 H32 o Write data mask for bits [15:08] of memory data

DRAMO_DM2 N33 (0] Write data mask for bits [23:16] of memory data

DRAMO_DM3 N34 O Write data mask for bits [31:24] of memory
data. Write data is masked when the corre-
sponding DM bit is sampled high by the SDRAM
during a write access.

DRAMO_DQO K31 B Memory data bus bit O (LSB)

DRAMO_DQ1 K30 B Memory data bus bit 1

DRAMO_DQ10 G33 B Memory data bus bit 10

DRAMO_DQ11 G32 B Memory data bus bit 11

DRAMO_DQ12 G30 B Memory data bus bit 12

DRAMO_DQ13 G31 B Memory data bus bit 13

DRAMO_DQ14 F34 B Memory data bus bit 14

DRAMO_DQ15 F33 B Memory data bus bit 15

DRAMO_DQ16 R34 B Memory data bus bit 16

DRAMO_DQ17 P31 B Memory data bus bit 17

DRAMO_DQ18 P30 B Memory data bus bit 18

DRAMO_DQ19 P32 B Memory data bus bit 19

DRAMO_DQ2 K33 B Memory data bus bit 2

DRAMO_DQ20 P33 B Memory data bus bit 20

DRAMO_DQ21 P34 B Memory data bus bit 21

DRAMO_DQ22 N31 B Memory data bus bit 22

DRAMO_DQ23 N30 B Memory data bus bit 23

DRAMO_DQ24 M30 B Memory data bus bit 24

DRAMO_DQ25 M32 B Memory data bus bit 25
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Table 4-12 DRAM controller pin descriptions (Continued)

Pin Name Ball Id Direction Description

DRAMO_DQ26 M33 B Memory data bus bit 26

DRAMO_DQ27 M34 B Memory data bus bit 27

DRAMO_DQ28 L31 B Memory data bus bit 28

DRAMO_DQ29 L30 B Memory data bus bit 29

DRAMO_DQ3 K32 B Memory data bus bit 3

DRAMO_DQ30 L32 B Memory data bus bit 30

DRAMO_DQ31 L33 B Memory data bus bit 31 (MSB)

DRAMO_DQ4 J34 B Memory data bus bit 4

DRAMO_DQ5 J33 B Memory data bus bit 5

DRAMO_DQ6 J32 B Memory data bus bit 6

DRAMO_DQ7 J31 B Memory data bus bit 7

DRAMO_DQ8 H31 B Memory data bus bit 8

DRAMO_DQ9 G34 B Memory data bus bit 9

DRAMO_DQSO0 H34 B Data strobes for bits 07:00 of memory data

DRAMO_DQS1 H30 B Data strobes for bits [15:08] of memory data

DRAMO_DQS2 N32 B Data strobes for bits [23:16] of memory data

DRAMO_DQS3 M31 B Data strobes for bits [31:24] of memory data
bus. Output by the SMP8634 with the write data;
output by the SDRAM with the read data.

DRAMO_RAS# T33 (o] Memory command output. In conjunction with
WE#, this signal determines the memory opera-
tion requested.

DRAMO_CS# T32 (0] Chip select (active low)

DRAMO_VREFSSTLO L29 | SSTL-2 voltage reference input (1.25V)

DRAMO_VREFSSTL1 J30 | SSTL-2 voltage reference input (1.25V)

DRAMO_VREFSSTL2 G29 | SSTL-2 voltage reference input (1.25V)

DRAMO_WE# R32 O Write enable (active-low). Memory command
output. In conjunction with CAS# and WE#, this
signal determines the memory operation
requested.

DRAM1_AO B34 o Memory address bit O

DRAM1_A1 C34 o Memory address bit 1

DRAM1_A10 C33 o Memory address bit 10

DRAM1_A11 E31 O Memory address bit 11
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Table 4-12 DRAM controller pin descriptions (Continued)

Pin Name Ball Id Direction Description

DRAM1_A12 F31 O Memory address bit 12

DRAM1_A13 B31 O Memory address bit 13. Memory address bus
provides the SDRAM with the row address for
the active commands, and the column address
and the auto-precharge value for read/write
commands.

DRAM1_A2 D34 (e] Memory address bit 2

DRAM1_A3 E34 (0] Memory address bit 3

DRAM1_A4 D33 O Memory address bit 4

DRAM1_A5 E33 (0] Memory address bit 5

DRAM1_A6 D32 o Memory address bit 6

DRAM1_A7 E32 (e] Memory address bit 7

DRAM1_A8 F32 o Memory address bit 8

DRAM1_A9 D31 O Memory address bit 9

DRAM1_BAO A33 (0] Bank address output O

DRAM1_BA1 B33 (o] Bank address output 1. BA[1:0] define to which
SDRAM bank an active, read, write or precharge
command is being applied.

DRAM1_CAS# A32 (0] Column address strobe (active-low). Memory
command output. In conjunction with WE#, this
signal determines the memory operation
requested.

DRAM1_CK A26 (o] Non-inverted clock output. CK and CK# are a
differential clock signal pair. SDRAM address and
control signals are sampled on the crossing of
the positive edge of CK and the negative edge of
CK#. SDRAM output (read) data is referenced to
the crossings of CK and CK# in both directions.

DRAM1_CK# A27 O Inverted clock output. CK and CK# are a differ-
ential clock signal pair. SDRAM address and con-
trol signals are sampled on the crossing of the
positive edge of CK and the negative edge of
CK#. SDRAM output (read) data is referenced to
the crossings of CK and CK# in both directions
(active-low).

DRAM1_CKE F30 O Clock enable. A high level activates, and a low
level deactivates the internal clock signals in the
SDRAM. This signal is driven low to activate the
SDRAM power-down modes.

DRAM1_DMO B24 o Write data mask for bits [07:00] of memory data

DRAM1_DM1 c24 (0] Write data mask for bits [15:08] of memory data

DRAM1_DM2 B29 (0] Write data mask for bits [23:16] of memory data
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Table 4-12 DRAM controller pin descriptions (Continued)

Pin Name Ball Id Direction Description
DRAM1_DM3 A29 O Write data mask for bits [31:24] of memory
data. Write data is masked when the corre-
sponding DM bit is sampled high by the SDRAM
during a write access.
DRAM1_DQO D26 B Memory data bus bit O (LSB)
DRAM1_DQ1 E26 B Memory data bus bit 1
DRAM1_DQ10 B23 B Memory data bus bit 10
DRAM1_DQ11 c23 B Memory data bus bit 11
DRAM1_DQ12 D23 B Memory data bus bit 12
DRAM1_DQ13 A22 B Memory data bus bit 13
DRAM1_DQ14 B22 B Memory data bus bit 14
DRAM1_DQ15 c22 B Memory data bus bit 15
DRAM1_DQ16 A31 B Memory data bus bit 16
DRAM1_DQ17 D30 B Memory data bus bit 17
DRAM1_DQ18 E30 B Memory data bus bit 18
DRAM1_DQ19 C30 B Memory data bus bit 19
DRAM1_DQ2 B26 B Memory data bus bit 2
DRAM1_DQ20 B30 B Memory data bus bit 20
DRAM1_DQ21 A30 B Memory data bus bit 21
DRAM1_DQ22 D29 B Memory data bus bit 22
DRAM1_DQ23 E29 B Memory data bus bit 23
DRAM1_DQ24 E28 B Memory data bus bit 24
DRAM1_DQ25 c28 B Memory data bus bit 25
DRAM1_DQ26 B28 B Memory data bus bit 26
DRAM1_DQ27 A28 B Memory data bus bit 27
DRAM1_DQ28 D27 B Memory data bus bit 28
DRAM1_DQ29 E27 B Memory data bus bit 29
DRAM1_DQ3 C26 B Memory data bus bit 3
DRAM1_DQ30 c27 B Memory data bus bit 30
DRAM1_DQ31 B27 B Memory data bus bit 31 (MSB)
DRAM1_DQ4 A25 B Memory data bus bit 4
DRAM1_DQ5 B25 B Memory data bus bit 5
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Table 4-12 DRAM controller pin descriptions (Continued)

Pin Name Ball I1d Direction Description

DRAM1_DQ6 C25 B Memory data bus bit 6

DRAM1_DQ7 D25 B Memory data bus bit 7

DRAM1_DQ8 D24 B Memory data bus bit 8

DRAM1_DQ9 A23 B Memory data bus bit 9

DRAM1_DQSO0 A24 B Data strobes for bits 07:00 of memory data

DRAM1_DQS1 E24 B Data strobes for bits [15:08] of memory data

DRAM1_DQS2 C29 B Data strobes for bits [23:16] of memory data

DRAM1_DQS3 D28 B Data strobes for bits [31:24] of memory data
bus. Output by the SMP8634 with the write data;
output by the SDRAM with the read data.

DRAM1_RAS# B32 (0] DRAM1 row address strobe (active-low). Mem-
ory command output. In conjunction with CAS#
and WE#, this signal determines the memory
operation requested.

DRAM1_CS# C32 O DRAM1 chip select (active-low).

DRAM1_VREFSSTLO F28 | SSTL-2 voltage reference input (1.25V)

DRAM1_VREFSSTL1 E25 | SSTL-2 voltage reference input (1.25V)

DRAM1_VREFSSTL2 E23 | SSTL-2 voltage reference input (1.25V)

DRAM1_WE# C31 O DRAM1 write enable (active-low). Memory com-

mand output. In conjunction with CAS# and
WE#, this signal determines the memory opera-
tion requested.

4.6 Electrical Characteristics

All DRAM 1/0 signals conform to the el ectrical characteristics specified for SSTL-2 Class
Il interface as specified in the JEDEC standard, JESD79D, dated January 2004. Refer to
the JEDEC standard for details regarding switching levels, drive performance, etc.
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4.7 Timing Diagrams

The DDR SDRAM controller conforms to the interface specifications defined by the
JEDEC standard, JESD79D, dated January 2004. All generated and required timings con-
form to the requirements of the JESD79 specification for the ‘DDR400" speed grade.

Thecritical timings below are generated by characterization. All other timings specifiedin
the JESD79 specification are guaranteed by design for the ‘ DDR400’ speed grade, and are
not listed in this document.

Table 4-13 DRAM interface timing parameters

Parameter Minimum Typical Maximum Units
tek 5.00 12.0 ns
ten 0.45 0.55 tex
toL 0.45 0.55 Tex
tis 1.50 ns
tiy 1.50 ns
tpopLy 0.55 ns
thovLp 0.63 ns
tos 0.70 ns
toy 0.70 ns
tbosH 0.42 tek
tbosL 0.42 tex
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Figure 4-5 CK/CK#/CKE timing diagram
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Figure 4-8 DQ/DQS/DM write timing diagram
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5 System Block

5.1 Block Diagram of System Block
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Figure 5-1 Block diagram of system block
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Introduction

The SMP8634 system block contains the following modules:

®* A GPIO block containing General Purpose I/0O (GPIO), Front Panel Interface (FIP)
Controller, Pulse Width Modulator (PWM) and infrared decoder

*  |2C master and slave
* A clock generator

®* A G-Busarbiter that supports five masters. MIPS CPU, PCI, MPEGO, MPEGL1 and
TDMX

* An M-Bus arbiter with 17 channels

®* A V-Busarbiter with 15 channels

Many SMP8634 sub-blocks require shared accesses to the internal system buses. The bus
arbiters all ocate the access to the individual system buses based on the priority of the
device.

The system block of SMP8634 contains three bus arbiters, G-Bus, M-Bus and the V-Bus
arbiters. G-Bus arbiter supports five masters. M1PS CPU, PCI, MPEGO, MPEGL1 and
TDMX. The M-Bus arbiter has 17 configuration registers, each corresponding to aM-Bus
channel. The V-Bus arbiter has 15 configuration registers, each corresponding to a V-Bus
channel.

A G-Busto L-Bus bridge, alows each of the above blocks to be configured through the G-
Bus. The DRAM controller has an internal local bus (L-Bus) connecting one master (G-
Busto L-Bus bridge) with four slaves: The G-Bus, M-Bus and the VV-Bus units. Through
the G-Busto L-Bus bridge and the L-Bus, any G-Bus master can program configuration
registers of all the units. Also, a G-Bus master can access the entire DRAM space through
the bridge, the L-Bus and the G-Bus unit.

As shown in the block diagram, the system block connects to each of the three primary
device data buses previously mentioned. The system controller unit provides the arbitra-
tion logic for the four primary internal buses. The M-Bus and V-Bus arbitersimplement a
bandwidth allocation agorithm allowing each bus master to be assigned a certain mini-

mum and maximum bandwidth allocation in increments of 2°© of the total available band-
width.

When certain constraints are met in the allocation of minimum and maximum bandwidth,
each master can be guaranteed to receive its minimum bandwidth, and often receives
more.
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GPIO Block

5.3 General Purpose I/0O (GPIO)

The SMP8634 provides 32 dedicated general-purpose input/output (GPIO) pinsto help
eliminate the glue logic necessary for system integration. Additional GPIO can be
achieved if required, since certain other interfaces on the device have GPIO capability as
an aternate function.

The 32 GPIO pins are individually configurable as inputs or outputs. Pins default to input
mode after device reset. Registers configure the direction and output value of each pin.
GPIO pins 14 and 15 each have an associated pulse-width modulator (PWM) block which
can be enabled in place of the direct software controlled mode. When enabled, the PWM
blocks produce a pulse train on the output pin with a duty cycle controlled by the value of
aconfiguration register. The duty cycle control is a 12-bit value, so the output duty cycle
can vary from 0 to 1-2°%2. A simple digital-to-analog converter can be implemented using
an external RC filter to integrate the pulse train.

Because the control of the GPIO configuration registers by the host CPU involves hard-
ware elements (write buffers, shared buses) with variable “latency”, the GPIO pins should
not be used for applications requiring precise control of timing. Generally, the GPIO pins
should be use for low-speed or non-critical control and signaling applications.

5.3.1 Features

®  Supports 32 independently controllable inputs/outputs
®  Two pulse width modulators (PWM) as special functions

® Upto four pins can be used for host CPU interrupts

5.3.2 GPIO Controllers

The 32 dedicated GPIO signals are created from two separate instances of a GPIO control-
ler block. The two controllers differ somewhat in their capabilities. The notation “High
Block Controller” (HBC) refersto the controller managing GPIO(31:16), and “Low Block
Controller” (LBC) refers to the controller managing GPIO(15:00).
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5.3.2.1 Low Block Controller

Features of the LBC include the following:

® Independent direction control for each of the 16 GPIO pins
® Uptofour of the 16 GPIO pins may be used as an interrupt to the system processor

*  Special “alternate” function modules (two 12C controllers, two pulse-width modula-
tors, front-panel interface) optionally share pins with the GPIO pins

* A *“masking” function is supported to allow only specified bits to be updated by a
write operation to the data register

During awrite to the Output Data Register, the 16 data bits to be written are placed in the
lower 16 bits of the 32-hit value written by the CPU. The upper 16 bits function as a
“mask” value. A logic zero in any of the upper 16 bits causes the corresponding databit in
the lower 16 bits to be NOT written (previous value is retained). As an example, alogic
zero in bit position 24 causes Output Data Register bit 8 to be unchanged during a write,
while alogic onein bit position 24 causes bit 8 to be written. This simplifies control of
individual GPIO hits.
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5.3.3 Block Diagram

12C PWM Front
Master 0 Panel
12C PWM
Slave 1

Alternate Function Modules

Direction

Register <

Output

Data (—
Register A |
G-Bus G-bu s
Poce Interface
? >
> 16-to-4 to
seI;egt-or g Interrupt
Controller
Interrupt
Register <

Figure 5-2 LBC general block diagram

The LBC includes both “ alternate functions” and “ selectable inputs’ for greater flexibility.

Alter nate functionsinclude the two PWM modules, master and slave 12C controllers,
and serial front-panel interface (FIP) controller. When one of the aternate functionsis

enabled (e.g., 1°C master), the corresponding pins (GPIO[1] and GPIO[0] are routed to a
dedicated hardware block and can no longer be used as GPIOs. There are five fixed-pin

alternate functions (PWMO, PWM1, 1°C master, 1°C slave, and FIP) which can be inde-
pendently enabled. See Figure the following figure for pin assignments of the aternate
functions.
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Selectable inputs are input functions only (e.g., PCI Interrupt Input A). They are preas-
signed to a particular pin at reset, but can be reassigned to another pin using the control
register. Pins used as the selectabl e inputs should be set up as GPIO pins and configured as
inputs. The following figure shows the GPIO alternate function and selectable inputsin

Selectable Inputs

Infrared Remote Input

(PCI) Interrupt Input D

(PCI) Interrupt Input C

(PCI) Interrupt Input B

(PCI) Interrupt Input A

detail:
GPIO Alternate Function

15 PWM Generator 0
14 PWM Generator 1
13
12
11
10
9
8
7 sda
5 Slave I'C ="
5 clk
4 stb
3 Front Panel Interface dout
2 (FIP) din
1 sda
5 Master I°C ="

Figure 5-3 GPIO[15:0] alternate and selectable inputs

5.3.3.2 High Block Controller

The HBC is similar to the LBC, with the following simplifications:

®* TheHBC does not support the use of any of GPIO(31:16) as interrupt inputs. There-
fore, the interrupt mapping register and 16:4 selector are not implemented.

* No“dternate functions’ (1°C, PWMs, or front-panel interface) are included. Only
simple GPIO control is supported.

130
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Output Data Register masking is supported in the same way described for the LBC.

Direction g
Register
Output
Data r—
Register
G-Bus
Pads ] Interface
- G-bus

Figure 5-4 HBC general block diagram

5.3.3.3 Behavior of GPIO Pins during Chip Initialization

SYSTEM
POWER

RESET#

DIRECTION UNDEFINED ‘ INPUT ‘ INPUT (*)

OUTPUT DATA ‘

*
REG UNDEFINED ZERO ‘ ZERO (*)

(*) CONDITION UNTIL CHANGED BY SOFTWARE WRITE TO GPIO REGISTERS

Figure 5-5 Behavior of GPIO pins during chip initialization
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5.3.4 Register Map

5.3.4.1 GPIO Registers

Table 5-1 GPIO registers

Addresst Register Name R/W/A2 Description

+0500 SYS_GPIO_DIR R/W GPIO Direction Register
+0504 SYS_GPIO_DATA R/W GPIO Data Register
+0508 SYS_GPIO_INT R/W GPIO Interrupt Register
+710C GPIO_DIR2 R/W GPIO Direction 2 Register
+7110 GPIO_DATA2 R/W GPIO Data 2 Register

1. Address refers to G-Bus byte address relative to the system block register base.
2. Read/Write/Auto update.

5.3.5 Pin Description

5.3.5.1 GPIO Pins

The SMP8634 provides 32 general-purpose |/O (GPIO) pins which may be individually
configured as inputs or outputs and used for design-specific applications.

Table 5-2 GPIO pin description

Pin Name Ball ID Direction Description
GPIOO A5 B General-purpose 10 pin O

Alternate function: Master 12C.
GPIO1 B5 B General-purpose 10 pin 1

Alternate function: Master 12C.
GPIO10 E6 B General-purpose 10 pin 10

Selectable input: (PCI) Interrupt Input C.
GPIO11 E8 B General-purpose 10 pin 11

Selectable input: (PCI) Interrupt Input D.
GPlO12 B7 B General-purpose 10 pin 12

Selectable input: Infrared Remote input.
GPIO13 c7 B General-purpose 10 pin 13
GPl1O14 D7 B General-purpose 10 pin 14

Alternate function: PWM generator 1.
GPIO15 E7 B General-purpose 10 pin 15

Alternate function: PWM generator O.
GPIO16 AF5 B General-purpose 10 pin 16
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Table 5-2 GPIO pin description (Continued)

Pin Name Ball ID Direction Description
GP1017 AF4 B General-purpose 10 pin 17
GP1018 AF3 B General-purpose 10 pin 18
GP1019 AF2 B General-purpose 10 pin 19
GPI10O2 C5 B General-purpose 10 pin 2
Alternate function: Front Panel Interface (FIP).
GP1020 AE5 B General-purpose 10 pin 20
GP1021 AE4 B General-purpose 10 pin 21
GP1022 AE3 B General-purpose 10 pin 22
GP1023 AE2 B General-purpose 10 pin 23
GP1024 AD5 B General-purpose 10 pin 24
GP1025 AD4 B General-purpose 10 pin 25
GP1026 AD3 B General-purpose 10 pin 26
GP1027 AD2 B General-purpose 10 pin 27
GP1028 AC5 B General-purpose 10 pin 28
GP1029 AC4 B General-purpose 10 pin 29
GPI103 D5 B General-purpose 10 pin 3
Alternate function: Front Panel Interface (FIP).
GP1030 AB5 B General-purpose 10 pin 30
GPIO31 AB4 B General-purpose 10 pin 31
GPI104 D4 B General-purpose 10 pin 4
Alternate function: Front Panel Interface (FIP).
GPIO5 E4 B General-purpose 10 pin 5
Alternate function: Front Panel Interface (FIP).
GPIO6 E5 B General-purpose 10 pin 6
Alternate function: Slave I12C.
GPIO7 B6 B General-purpose 10 pin 7
Alternate function: Slave I1%C.
GPI108 Cc6 B General-purpose 10 pin 8
Selectable input: (PCI) Interrupt Input A.
GPI109 D6 B General-purpose 10 pin 9

Selectable input: (PCI) Interrupt Input B.
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5.3.6 Electrical Characteristics

5.3.6.1 GPIO DC Electrical Characteristics

Table 5-3 GPIO DC characteristics

Symbol Description Units Min Typ Max
lont High level output current (@Vpoy = 2.4V) mA 12 27 46
ot Low level output current (@Vg,_ = 0.4V) mA 7 13 19
VIH2 Input high voltage \% 2 5.5
V,,_2 Input low voltage \% -0.3 0.8

1. Parameter applies to all pins configured as outputs.
2. Parameter applies to all pins configured as inputs.
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5.4 Front Panel Controller Interface (FIP)

5.4.1 Introduction

The Front Panel Controller Interface (FIP) directly supports the NEC uPD16311, NEC
uPD16312, PTC PT6311 and PTC PT6312. Other front panel controllers may be used by
interfacing to the UART or the GPIO.

5.4.2 Features

®  Supports NEC uPD16311 and uPD16312
®  Supports PT6311 and PT6312
® |nterrupt driven

®* Workson afixed clock rate of 27MHz
5.4.3 Block Diagram

VFD/FIP IFController

FIP Registers

System Bus

VFD/FIP
Controller | DOUT DOUT

1080800  Fao

[}
|
[}
|
[}
[}
|
[}
[}
|
[}
[}
|
:
1
VFD Display uPD16311 CLK !
[}
[}
|
[}
[}
|
[}
|
[}
[}
|
[}
[}
|
[}

FIP State Machine ———»

or
PT6311

FIP Clock Generator [«¢————

Figure 5-6 FIP block diagram
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5.4.4 Functional Description

This block is designed to connect directly to the NEC uPD16311, NEC uPD16312,
PT6311 or PT6312 VFD/FIP controller chips. The VFD/FIP controller chips mentioned
are commonly used to control VFD displays used in consumer appliances. When enabled
PIO[5:2] are used as control pins DOUT, DIN, STB and CLK.

In some applications DIN and DOUT are connected together on both sides (SMP8634 and
the VFD controller/FIP controller chip) to save one communication line. In this case, the
tristate mode needs to be enabled and an external pull-up resistor connected.

The FIP command register is used to provide a command to a VFD/FIP device to set the
display mode, data read/write mode, address of the display memory and the display con-
trol. The display data register stores the display data. The LED datais stored by the LED
data register.

The key data registers are used to the store key data. The FIP controller will serially shift
out the key datafrom its key input storage RAM after awrite to the FIP command register.

The switch data register is used to store the switch input data. It isvalid after awriteto the
FIP command register.

The configuration register controls the enabling of the FIP controller interface. The con-
figuration register value is used to divide the input clock and generate the FIP clock
(default = 27d).

Frequency (FIP_CLK) = Frequency (XIN) / (FIP_CLK_DIV + 1); where, FIP_CLK_DIV
should be greater than 2, and values 0, 1 and 2 default to 2.

The configuration register also issues an interrupt on the completion of read or write trans-
actions. The interrupt status register is used to clear the interrupts. It is recommended to
clear this register before enabling the interrupts.
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5.4.5 Register Map

5.4.5.1 FIP Registers

Table 5-4 FIP registers

Address® Register Name R/W/A? Description

+0540 FIP_COMMAND R/W FIP Command Register
+0544 FIP_DISPLAY_DATA R/W FIP Display Data Register
+0548 FIP_LED_DATA R/W FIP LED Data Register
+054C FIP_KEY_DATAL R FIP Key Datal Register
+0550 FIP_KEY_DATA2 R FIP Key Data2 Register
+0554 FIP_SWITCH_DATA R FIP Switch Data Register
+0558 FIP_CONFIG R/W FIP Configuration Register
+055C FIP_INT rR/C3 FIP Interrupt Status Register

1. Address refers to G-Bus byte address relative to the system block register base.
2. Read/Write/Auto update.
3. Read/Clear.

5.4.6 Pin Description

5.4.6.1 FIP Pins

Table 5-5 FIP pin description

Pin Name Ball ID Direction Description

GP10O2 C5 B FIP serial data input
GPIO3 D5 B FIP serial data output
GP104 D4 B FIP data strobe
GPIO5 E4 B FIP serial 1/0 clock
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5.4.7 Electrical Characteristics

5.4.7.1 FIP Electrical Characteristics

Table 5-6 FIP DC characteristics

Symbol Description Units Min Typ Max
lont High level output current (@Vpoy = 2.4V) mA 12 27 46
loL Low level output current (@Vg,_ = 0.4V) mA 7 13 19
VIH2 Input high voltage \% 2 5.5
V,,_2 Input low voltage \% -0.3 0.8

1. Parameter applies to all pins configured as outputs.
2. Parameter applies to all pins configured as inputs.

5.4.7.2 FIP AC Electrical Characteristics

Table 5-7 FIP AC characteristics

Symbol Units Min Typ Max
TekL ns 500

Tekn ns 500

Tov ns 0 10
Tsu ns 10

Ty ns 6

TsteDLY ns 1250

TrwsTe ns 1000
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Figure 5-7 FIP timing diagram
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5.5 Infrared Decoder

5.5.1 Introduction

Theinfrared input allows the interfacing to an external IR receiver. The NEC and Philips
RC5/RC6 Mode 6A IR formats, commonly used by consumer equipment are supported.

5.5.2 Features

®  Supports RC5 and RC6 Mode 6A formats
®  Supports RC5 extended format

®  Supports NEC format

® Interrupt driven

®* Containserror detection

5.5.3 Block Diagram

IR Decoder

RC5/RC6
Configuration
Registers

RC5/RC6 Decoder

INT Select

GPIO Block 1

IR SYNCand | IR ’ Interrupt -
Debounce Mask ‘

System Bus

T
Input Selector

IR Receiver

NEC Decoder

GPIO Block 0

GPIO Select NEC

Configuration
Registers

Figure 5-8 Infrared decoder block diagram
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5.5.4 Functional Description

This block enables the user to receive the IR scan codes from a RC5/RC6 Mode 6A/ NEC

standard compliant remote control.

The control register sets the number of bitsto be captured in one frame. It also sets the pre-
devider value for the NEC IR decoder. Using this register a GPIO pin may be selected to
be used as an input for the NEC and RC5/RC6 Made 6A IR decoder block.

The decoder data register contains the last scan code captured. This register can be used to
detect whether aRC5/RC6 Mode 6A scan code, or a NEC scan code was received.

5.5.4.1 Supported RC6 Mode 6A Formats

SCC [7:0] or SCIF [X*8-1:0]; X=({1,2}

SCIF [X*8-1:0]; X={1,2}

Short Customer Information Field, duration X*8*2T X={1,2}
LCIF [X*8-1:0] X=(3, ..., 16}

[2:0] LCC [15:0] LCIF [X*8-1:0] X={3, ... , 16} SFT
HEADER CTRL FIELD INFORMATION FIELD LO
RCB6A frame T = 444.44 us
Header Leader bit, duration 8T (6T high, 2T low) 6T 2T
Header Start bit, duration 2T (T high, T low) TIT
MB Header Mode bits, duration 3 * 2T,
[2:0] in Mode 6A MB[2:0]="110' - TT 1 TT
T Header Trailer bit, duration 4T,
in Mode 6A T= 0’ po2T 2T
SCC [7:0] or Short Customer Code, duration 8 * 2T, SCC [7] =0
LCC [15:0] Long Customer Code, duration 16 * 2T, LCC[15] = 1 - TT L
s TT

Long Customer Information Field, duration X*8*2T X={3, ..., 16}

SF

=

Lead out = Signal Free Time, duration 6T
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5.5.4.2 Supported RC5 Formats (Standard and Extended)

A frameis emitted from a RC5 compliant IR remote control once akey is pressed. If the
key is held down, the same frame will be sent repeatedly. If the same key is pressed again
(after releasing), the same frame will be sent again, except that the T bit will be inverted.

The extended RC5 format supports 128 commands rather than 64. Thisis achieved by
using the 2nd start bit of the standard RC5 format as bit C6.

S S T A4 A3 A2 Al A0 C5 C4 Cc3 Cc2 C1 co

RC5 frame

S Cé T A4 A3 A2 Al A0 C5 ca Cc3 Cc2 C1 co

RCS5 extended frame

t
bit

| t frame
'0" bit 1" bit

S: Start bit, T: Toggle bit, A[4:0]: 5 system address hits, C[5:0]: 6 system command bits
(supported in the RC5 standard format), C[6:0]: 7 system command bits (supported only
in the RC5 extended format)

Table 5-8 RC5 timing parameters

Minimum Typical Maximum Units
tpit 1.334 1.778 2.222 ms
terame 24.889 ms
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5.5.4.3 Supported NEC Format

A frameis emitted from aNEC compliant IR remate control once akey is pressed. After
the START condition is transmitted, ADDRESS and ADDRESS# are sent (L SB first). The
ADDRESSH# represents the bit compliment of ADDRESS. Then the COMMAND and
COMMAND# are transmitted wherein COMMAND# represents the bit compliment of
COMMAND; transmission is LSB first. If the key is held down, arepeat frame is being
sent by the remote.

NEC frame

START ADDRESS ADDRESS COMMAND COMMAND

| 110 ms |

NEC repeat frame

AGC
burst

space
burst

space

9 ms 2.25 |560
ms us
110 ms }
NEC waveforms
START '1' bit '0' bit burst space
| 9ms | 4.5ms | 560us | 560us

2.25ms | 1.12ms |

START: Start condition, ADDRESS: 8-hit system address, COMMAND: 8-bit system
command

Table 5-9 NEC timing parameters

Minimum Typical Maximum Units

110 ms

Yrame
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5.5.5 Register Map

5.5.5.1 Infrared Decoder Registers

Table 5-10 Infrared decoder registers

Addresst Register Name R/W/A/C? Description

+0518 IR_NEC_CONTROL R/W Infrared NEC Control Register

+051C IR_NEC_DECODER_DATA R Infrared NEC Decoder Data Register

+0520 IR_RC5_DECODER_CONTROL R/W Infrared RC5 Decoder Control Register

+0524 IR_RC5_DECODER_CLK_DIV R/W Infrared RC5 Decoder Clock Divisor
Register

+0528 IR_RC5_DECODER_DATA R Infrared RC5 Decoder Data Register

+052C IR_INT_STATUS R/C Infrared Interrupt Status Register

1. Address refers to G-Bus byte address relative to the system block register base.
2. Read/Write/Auto update/Clear.

5.5.6 Pin Description

5.5.6.1 Infrared Decoder Pin

Table 5-11 Infrared decoder pin description

Pin Name

Ball ID Direction

Description

GPIO12

B7 B

Default pin assigned to the IR decoder input
function (may be mapped to any other GPIO pin
under the software control).

5.5.7 Electrical Characteristics

5.5.7.1 Infrared Decoder DC Characteristics

Table 5-12 Infrared decoder DC characteristics

Symbol Description Units Min Typ Max
lont High level output current (@Von = 2.4V) mA 12 27 46
loL Low level output current (@Vg,_ = 0.4V) mA 7 13 19
VIH2 Input high voltage \% 2 5.5
V,,_2 Input low voltage \% -0.3 0.8

1. Parameter applies to all pins configured as outputs.
2. Parameter applies to all pins configured as inputs.
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Inter Integrated Circuits (1°C)

5.6 Introduction

The 12C master and slave interfaces enable the SMP8634 to read from and write to external
devices. The 12C master controller, which supports the synchronous Inter Integrated Cir-

cuits (1°C) serial protocol, enables the host CPU to access an external 1°C slave device
using asimplified register interface. A separate slave interface allows the SMP8634 to be

the target of 12C transactions initiated by an external master. Both interfaces accommodate
bidirectional datatransfer, have programmable address width of up to 8-bit with sequential
byte read or write capability, and generate interrupts whenever bytes are transmitted or
received.

5.7 Features

*  Supports synchronous Inter Integrated Circuits (12C) serial protocol
®  Supports bidirectional data transfer

®  Supports programmable address width up to 8-bit

® Capable of sequential byte read or write

® Generates interrupts when bytes are received/transmitted

*  Supports programmable 1°C bus clock rate

®  Supports transmission of device address and register address to do device, page and
address sdlection to perform read and write accesses.

® Each of the interfaces support 100K bps or 400K bps bit rates
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5.8 Block Diagram
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1 1
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1 1
1 1
1 1
1 1
rdata 1 1
* , i GPIOO/
< ! . ! [2CM_SCL _
wdata ! . i o
addr ' " I°C Master I°C Master !
. > Peripheral Bus State !
sel I . Interface Machine 1 GPIOY/
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1 el 1
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.
Figure 5-9 12C master block diagram
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Figure 5-10 12C slave block diagram
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5.9 Functional Description

5.9.1 I2C Master

This 12C master controller enables the host CPU to access an external 12C dave device
using asimplified register interface.

A configuration register controls the status of the 12C master. When enabled, the 12C mas-
ter connects to the GPIO pins. When disabled, the state machine s reset and the 1°C master

disconnects from the GPIO port. When the bit DEVADRDIS s set to ‘1’ the 1°C host con-
troller will not transfer the device address. When set to ‘0, the device address will be
transmitted before the register address or data. When the bit REGADRDISissetto‘1’, the
I%C host controller will not transfer the register address data, but will only read or write the
serial data. When set to ‘0’, normal transfers will occur with the address being shifted out
followed by the data being read or written.The register address register stores the address

to be sent to the external 12C save devices, if the bit ADRDIS is not set.

First, the software will configure the 12C controller by programming the register CONFIG
and selecting the proper value of the register CLKDIV. Then, the software may program
the device address register DEVADR with an address and/or data to be written to or read
from the external 12C slave device. To access an external 12C slave device, the CPU should
program the registers DEVADR and/or ADR/DATAOUT. To do aburst read or a burst
write the register BY TECNT needsto be set as well.

The direction and the start of the transfer is determined by a bit in the register

STARTXFER. Writing to this bit starts the 12C state machine. It will handle all the proper
hardware signalling.

The state machine starts by asserting a start condition on the 1°C bus, followed by shifting
the seven bits contained in the register DEVADR. It checks for an acknowledge signal
from the addressed slave device. If there is no acknowledgement, then a bit is set in the
register I2C STATUS. In case the bit ADRDISwas set to ' O’ , then the state machine will
take the data from the register ADR. Then in the case of awrite it will shift out the eight
bitsin the register DATAOUT or, in case of aread it will shift the datainto the register
DATAIN.

The 1°C bus consists of two bidirectional lines, the serial data (SD) line, and the serial

clock (SCLK) line. A start condition on the 12C busisindicated by asserting the SD low
when the SCLK is high. Subsequent device address and data are shifted at the rate of 1-bit

per SCLK (see the I1°C master timing diagram).
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The transmitter on the 12C bus sets the data on the SD line during the low phase of the
clock, the receiver on the 12C bus samples the data on during the high phase of the clock.
When the host 12C controller is done transmitting or receiving data on the 12C busiit will
assert a stop condition by releasing the SD line during the high phase of the SCLK. The

clock divider register is used to generate the 1°C bus SCLK by applying the equation:
SCLK =SYS CLK /(2x CLKDIV).

When the start transfer register iswritten to, the I%C state machine starts a read/write
access on the 12C bus. A read/write direction bit is sent out to the 1°C slave devices. It is
writtenwith a‘1’ for reads, and written with a‘0’ for writes. For a sequential read/write
the bit RWDIR needs to be programmed only once to start the transmission of the
seguence.

Setting the bit DUMMY to ‘1’ will enablethe DUMMY write, where no data transfer is
required. Thisis useful when the host CPU is trying to do a random read from particular

1°C slave memory devices, the 12C state machine would shift the device address followed
by the address, if not disabled, then returnsto IDLE without shifting out the datain the

register DATAOUT. This bit should be written to ‘O’ for normal 12C bus accesses.

At the end of atransfer a“stop condition’ or a*‘no stop condition’ isissued. Therefore the
next transfer will begin with a‘repeated start’. The value written to the byte count register
(plus one) will indicate the number of bytes to be written to or read from the external 1°C
slave devices. It is used when the firmware is doing a sequential read or write. After every
sequence, this register needs to be reprogrammed.

During the 12C writes, as soon as the register STARTXFER is written to by the processor,
astart condition is automatically asserted. When the transfer starts, the bit I2CIDLE in the
register STATUS s cleared to 0. The device addressin the bit DEVADR will be serialy
shifted out followed by the bit RWDIR in the register STARTXFER, and the 8-bit write
datais stored in the register DATAOUT.

Once the transaction is completed, the 12C host controller asserts a stop condition. Then

the 12CIDLE bit will be set to ‘1’. During a sequential write to an external 12C slave
device, thebit DOUTEMPTY isset intheregister STATUS after every byte is shifted out.

The state machine then holds the 12C bus SCLK low, until the host CPU supplies new data

to the register DATAOUT. The I12C state machine keeps repeating the loop until all the
bytes have been shifted out.

Sigma Designs Confidential



5: System Block
5% HD

During the 1C reads, as soon as the register STARTXFER iswritten to by the processor, a
Start Condition is automatically asserted on the 12C bus. When the transfer starts, the bit
I2CIDLE in theregister STATUS is cleared to 0. The device address in the bit DEVADR
will be serially shifted out followed by the bit RWDIR. The external device begins driving
the read data on the serial dataline, and the 12C host controller will start sampling the data

and store them in the register DATAIN. The transaction is completed, as soon as the 1°C
host controller initiates a stop condition. The bit I2CIDLE will besetto ‘1’. During aread

from the external device, the 8 bits which are received from the externa 12C slave devices

are stored in the datain register. The bit DATARDY in the register STATUS will be set to
‘1’ when this register contains valid data.

During a sequential read from an external 12C slave device, the bit DATAREADY issetin
the register STATUS after every byte is shifted in. The state machine then holds the 1°C

bus SCLK low until the host CPU reads the register DATAIN. The 12C state machine keeps
repeating the loop until all bytes have been shifted in.

5.9.2 I°C Slave

The SDA and SCL are the two pins that control the operation of the 2-wire-bus. The SDA
isthe bidirectiona open-drain serial datalO and the SCL isthe serial interface input clock
controlled by the master. The SMP8634 acts as a dave device and the device address regis-
ter is used to select the 7-bit slave address of the SMP8634. This register also enables the

12C dave.

The data received and transmitted through the SDA must be stable while the SCL is high.
The data on SDA can change their states only when the SCL is low. The start signal isthe
falling edge of SDA when the SCL is high. The start signal informs all the slave devices
that a data transfer sequenceisinitiated. In contrast, the stop signal issignalled by theris-
ing of the SDA while the SCL is high. When the serial interface is not active, thelogic
level of the SDA and the SCL are both high, due to external pull-up resistors.

Thefirst data transferred after the start signal is the 7-bit lave address and the bit R/W.
When the bit R/W is high, the master reads from the registers in the slave. When the bit R/
W islow, the master writes to the registersinside the slave. If the transmitted slave address
matches the address programmed by the address register, then the SMP8634 acknowledges
being selected by bringing the SDA low on the ninth pulse of the SCL clock. Otherwise,
the SMP8634 does not acknowledge, and both the SDA and the SCL are high and the
device remains in inactive mode.
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In order to write the data to the SMP8634, the master needs to provide the 7-bit Slave
address and set the bit R/W to 0. Then the master needs to provide the data to the
SMP8634. Aninterrupt will be generated and the SM P8634 software will need to read the
dataregister. If an external master reads the device, then this 8-bit data will be sent to that
master. During awrite from the external device, the 8-bit data that was received from the

external 1°C master deviceis stored here. The bit DATARDY in the register STATUS will
be setto ‘1" when thisregister contains valid data. It means that the register DATAIN has
valid datain it. Thisbit is cleared when the register DATAIN is read by the host CPU.

If the I%C slave controller data has not been read fast enough by the host CPU before the

next byte from the external 1°C master, then an ‘ overflow’ error occurs and an interrupt is
asserted. The register DATAIN needs to be read once to clear it from the corrupted (last)
data. Thisway theregister DATAIN, the status register, apending ‘ overflow’ interrupt and
‘dataready’ areall cleared for a new transaction.

If the host does not send new bytes to the 1°C slave before the master read access, then an
‘underflow’ error occurs and an interrupt is asserted. The interrupt is cleared when the
slave is supplied with new the data.

If amaster is reading, and the data is not ready (inside the 1°C slave), then the 1°C slave

can hold the bus until the data becomes ready by forcing the 12C clock to low. The bus
hold register can be used for this bus holding function.

When the master reads from the slave, and the datais not ready, the slave will hold the bus
if the bit HOLDEN is 1. At the sametimeit will start atime-out counter (count down) by
loading the value bit HOLDCOUNT. The slave will end the bus holding when either the
dataisread, or the counter expires (becomes zero). If the counter expires before the datais
ready, then an ‘underflow’ interrupt is issued.

If theinterrupt mode bit is 0, then the * doutempty’ interrupt isissued as soon asthe current

dataiis read by an 12C master. That means that the bus hold register always contains the
data provided that the interrupt is serviced. It also means that, a succession of bytes needs
be provided to the slave. Inside the slave module are two registers, DATAOUT and
SHIFT. When the slave detects that the master is starting a read transfer, it moves the data
from the register DATAOUT to the register SHIFT and immediately issues a ‘ doutempty’
interrupt to the host; so that the host will have more time to service the interrupt (interrupt
service latency). Thus, there will always be an extrainterrupt at the end of the transfer.
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If the interrupt mode bit is 1, then the ‘ doutempty’ interrupt isissued only if abyteis
requested by a master read. When the slave detects that the master is starting aread trans-

fer, it issues a ‘ doutempty’ interrupt to the host and holds the 1°C bus (by forcing the 1°C
clock to low) until, either the datais provided by the host CPU or the bus holding times

out. Thus, there will be no extrainterrupt, but the 1°C bus speed may reduce.

Also, in the I2C master write, after receiving one byte the slave will hold the bus until the
host CPU reads the byte. Here the overflow does not occur and the bytes are not missed.

5.10 Register Maps

5.10.1 I°C Master Registers

Table 5-13 12C master registers

Address? Register Name R/W/A2 Description

+0580 12C_MASTER_CONFIG R/W 12C Master Configuration Register
+0584 12C_MASTER_CLK_DIV R/W 12C Master Clock Divisor Register
+0588 12C_MASTER_DEV_ADDR R/W 12C Master Device Address Register
+058C 12C_MASTER_ADR R/W 12C Master Address Register
+0590 12C_MASTER_DATAOUT R/W 12C Master Data Out Register
+0594 12C_MASTER_DATAIN R 12C Master Data In Register

+0598 12C_MASTER_STATUS R 12C Master Status Register

+059C 12C_MASTER_STARTXFER R/W 12C Master Start Transfer Register
+05A0 12C_MASTER_BYTE_CNT R/W 12C Master Byte Count Register
+05A4 12C_MASTER_INTEN R/W 12C Master Interrupt Enable Register
+05A8 12C_MASTER_INT R/C3 12C Master Interrupt Register

1. Address refers to G-Bus byte address relative to the system block register base.
2. Read/Write/Auto update.
3. Read/Clear.
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5.10.2 I°C Slave Registers

Table 5-14 12C slave registers

Address® Register Name R/W/A2 Description

+05C0 12C_SLAVE_ADDR_REG R/W 12C Slave Device Address Register
+05C4 12C_SLAVE_DATAOUT R/W 12C Slave Data Out Register
+05C8 12C_SLAVE_DATAIN R 12C Slave Data In Register

+05CC 12C_SLAVE_STATUS R 12C Slave Status Register

+05D0 12C_SLAVE_INTEN R/W 12C Slave Interrupt Enable Register
+05D4 12C_SLAVE_INT R/C3 12C Slave Interrupt Register
+05D8 12C_BUS_HOLD R/W 12C Bus Hold Register

1. Address refers to G-Bus byte address relative to the system block register base.
2. Read/Write/Auto update.
3. Read/Clear.

5.11 Pin Description

5.11.1

I°C Master and Slave Interface Pins

Table 5-15 12C master and slave interface pin descriptions

Pin Name Ball ID Direction Description

GPIOO A5 B 12CM_SCL. 12C master interface serial clock
GPIO1 B5 B 12CM_SDA. 1°C master interface serial data
GP106 E5 B 12CS_SCL. I°C slave interface serial clock
GP107 B6 B 12CS_SDA. 12C slave interface serial data
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5.12 Electrical Characteristics

5.12.1 12C Master and Slave Interface DC Characteristics

Thefollowing DC electrical characteristics apply to both SCL and SDA signals. These sig-
nals are bidirectional pinswith open-drain output stages. Proper external resistive termina-
tion (pull-up resistors) must be used to achieve correct signaling levels.

Table 5-16 12C master and slave interface DC characteristics

Symbol Description Units Min Typ Max
loL Low level output current (@Vg,_ = 0.4V) mA 7 13 19
ViH Input high voltage \% 2 5.5
Vi Input low voltage \% -0.3 0.8
Iin Input current (@V,y = 0.2V to VDD_3V3) HA -10 10

5.12.2 12C Master and Slave Interface AC Characteristics

Table 5-17 12C master and slave interface AC characteristics

Parameter Description Minimum Typical Maximum Units
FscL SCL clock frequency 400 KHz
THIGH SCL clock high time 1.3 us
TLow SCL clock low time 0.6 us
TeuF Bus free time 1.3 us
Tsu:par Data setup time 250 ns
THD:DAT Data hold time (o] ns
Tsu:sta Setup time, START condition 0.6 us
Thp:sTA Hold time, START condition 0.6 us
Tsu:sto0 Setup time, STOP condition 0.6 us
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5.13 Timing Diagrams
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Figure 5-11 I2C master transfer timing diagram
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Clock Generator

Introduction

The clock generator contains audio clocks, video clocks, system clock and a CPU clock.
The clock generator creates two high speed (up to 300MHZz) clocks from a 27MHz exter-
nal clock using two programmable PLLs, and creates the main system clock and multiple
video and audio clocks by dividing either one of the high speed clocks or the 27MHz refer-
ence.

The clock generator module receives seven different clock inputs, and generates 13 sepa-
rate clock and timer tick outputs. The clock generator module contains four independent
frequency synthesizers based on phase-locked loops (PLLS). Every PLL except one, can
use any of the seven input sources as its reference clock; PLLO always receivesits refer-
ence clock from the XTAL_IN pin (nominal 27MHz source) and generates the internal
system clock.

5.15 Features

® Createstwo high speed clocks (up to 300MHz)
® Contains audio clocks, video clocks, system clock and a CPU clock

®  Supports progranmable PLLs
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5.16 Block Diagram
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Figure 5-12 Clock generator block diagram

5.17 Functional Description

Thethree PLL registers determine the multiplying and dividing factors. When the PLL
bypass bit is set, the post-dividers are driven by the PLL input (rather than the PLL out-
put). Thedirect output is not affected by the bypass. The PLL output frequency isequal to,
Fout = Fin X (N+2) / (M+2). The PLL input source selection is encoded according to the

following table:

0

1 2

3

4 5

6 7

PWRDWN

XTAL_IN

VCXOO_IN

VCXO1_IN

RCLKO_IN

RCLK1_IN

VIO_CLK

VI1_CLK
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The divider registers determine the post-dividers ratio (must be between 2 and 15). The
PLL output (PLL input when bypass is activated) is divided by D1 to generate CK 1, and
divided by D2 to generate CK2. The clean dividers generate an output frequency equal to,

Fout = SysClk / (2 + divider x 2°27).

5.18 Register Map

5.18.1 Clock Generation Registers

Table 5-18 Clock generation registers

Address® Register Name R/W/A? Description

+0000 SYS_CLKGENO_PLL R/W System Clock Generator O PLL Register

+0008 SYS_CLKGEN21_PLL R/W System Clock Generator 1 PLL Register

+000C SYS_CLKGEN1_DIV R/W Syst_em Clock Generator 1 Divider
Register

+0010 SYS_CLKGEN2_PLL R/W System Clock Generator 2 PLL Register

+0014 SYS_CLKGENZ2_DIV R/W System Clock Generator 2 Divider
Register

+0018 SYS_CLKGEN3_PLL R/W System Clock Generator 3 PLL Register

+001C SYS_CLKGEN3_DIV R/W System Clock Generator 3 Divider
Register

+0030 SYS_HOSTCLK_MUX R/W System Host Clock Mux Register

+0034 SYS_SYSCLK_PREMUX R/W System Clock Premux Register

+0038 SYS_AVCLK_MUX R/W System AV Clock Mux Register

+003C SYS_SYSCLK_MUX R/W System Clock Mux Register

1. Address refers to G-Bus byte address relative to the clock generator base.
2. Read/Write/Auto update.

5.18.2 Clean Dividers Registers

Table 5-19 Clean dividers registers

Address® Register Name R/W/AZ Description

+0080 SYS_CLEANDIVO_DIV R/W System Clock Clean Divider O Divider
Register

+0084 SYS_CLEANDIVO_CTRL R/W/A System Clock Clean Divider O Control
Register

+0088 SYS_CLEANDIV1_DIV R/W System Clock Clean Divider 1 Divider
Register
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Table 5-19 Clean dividers registers (Continued)

Address? Register Name R/W/AZ Description

+008C SYS_CLEANDIV1_CTRL R/W/A System Clock Clean Divider 1 Control
Register

+0090 SYS_CLEANDIV2_DIV R/W System Clock Clean Divider 2 Divider
Register

+0094 SYS_CLEANDIV2_CTRL R/W/A System Clock Clean Divider 2 Control
Register

+0098 Reserved

+009C Reserved

+00A0 SYS_CLEANDIV4_DIV R/W System Clock Clean Divider 4 Divider
Register

+00A4 SYS_CLEANDIV4_CTRL R/W/A System Clock Clean Divider 4 Control
Register

+00A8 SYS_CLEANDIV5_DIV R/W System Clock Clean Divider 5 Divider
Register

+00AC SYS_CLEANDIV52_CTRL R/W/A System Clock Clean Divider 5 Control
Register

+00B0 SYS_CLEANDIV6_DIV R/W System Clock Clean Divider 6 Divider
Register

+00B4 SYS_CLEANDIV6_CTRL R/W/A System Clock Clean Divider 6 Control
Register

+00B8 SYS_CLEANDIV7_DIV R/W System Clock Clean Divider 7 Divider
Register

+00BC SYS_CLEANDIV7_CTRL R/W/A System Clock Clean Divider 7 Control
Register

+00CO0 SYS_CLEANDIV8_DIV R/W System Clock Clean Divider 8 Divider
Register

+00C4 SYS_CLEANDIV8_CTRL R/W/A System Clock Clean Divider 8 Control
Register

+00C8 SYS_CLEANDIVO_DIV R/W System Clock Clean Divider 9 Divider
Register

+00CC SYS_CLEANDIV9_CTRL R/W/A System Clock Clean Divider 9 Control
Register

+00D0 SYS_CLEANDIV10_DIV R/W System Clock Clean Divider 10 Divider
Register

+00D4 SYS_CLEANDIV10_CTRL R/W/A System Clock Clean Divider 10 Control

Register

1. Address refers to G-Bus byte address relative to the clock generator base.
2. Read/Write/Auto update.
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5.18.3 Clock Counter Registers

Table 5-20 Clock counter registers

Address® Register Name R/W/A? Description

+0040 SYS_CLK_CNT R/W/A System Clock Counter Register

+0044 SYS_RND_CNT R/W/A System Clock Random Generator
Counter Register

+0048 SYS_XTAL_IN_CNT R/W System XTAL In Counter Register

+004C SYS_CNT_CFG R/W System Clock Counter Configuration
Register

+0050 SYS_CFG_CNTO R/W/A System Clock Configuration Counter O
Register

+0054 SYS_CFG_CNT1 R/W/A System Clock Configuration Counter 1
Register

+0058 SYS_CFG_CNT2 R/W/A System Clock Configuration Counter 2
Register

+005C SYS_CFG_CNT3 R/W/A System Clock Configuration Counter 3
Register

+0060 SYS_CFG_CNT4 R/W/A System Clock Configuration Counter 4

Register

1. Address refers to G-Bus byte address relative to the clock generator base.
2. Read/Write/Auto update.

5.19 Pin Description

5.19.1 Clock Generator Pins

Table 5-21 Clock generator pin description

Pin Name Ball ID Direction Description

XTAL_IN A10 1 27MHz crystal oscillator input
XTAL_OUT A9 O Crystal oscillator output
XTAL_BUF B9 O Buffered crystal oscillator output
VCXOO_IN Cc9 | Input from external VCXO #0
VCXO1_IN c8 | Input from external VCXO #1
RCLKO_IN B8 | PLL reference clock input #0
RCLKO_OUT D8 o PLL reference clock output #0
RCLK1_OUT D9 O Auxiliary clock output #1
RCLK1_XTAL_IN A7 | Crystal oscillator input
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Table 5-21 Clock generator pin description

Pin Name Ball ID Direction Description

RCLK1_XTAL_OUT A6 O Crystal oscillator output

5.20 Electrical Characteristics

5.20.1 Clock Generator DC Characteristics

Table 5-22 Clock generator DC characteristics

Symbol Description Units Min Typ Max
lon High level output current (@Von = 2.4V) mA 12 27 46
loL Low level output current (@Vg,_ = 0.4V) mA 7 13 19
VIH2 Input high voltage \% 2 5.5
VIL2 Input low voltage \% -0.3 0.8

1. Parameter applies to RCLKO_OUT, RCLK1_OUT and RCLK2_OUT.
2. Parameter applies to RCLKO_IN, RCLK1_IN, VCXOO0_IN and VCXO1_IN.

5.20.2 System Clock Characteristics

Table 5-23 System clock characteristics

Symbol Description Min Typ Max Units
Frer Reference clock frequency 27.000 MHz
Reference clock tolerance 25 ppm

DERIVED CLOCKS

FMEMCK DDR clock frequency 201 MHz
FvipcLk Video output pixel clock fre- 148.5 MHz
quency
FpcicLk PCI clock frequency 66 MHz
FaubcLk Audio clock frequency 50 MHz
Delta (Fyemck) DDR clock long-term jitter 350 ps
Delta (FyipcLk) Video clock long-term jitter 500 ps
Delta (FpcicLk) PCI clock long-term jitter 950 ps
Delta (FaupcLk) Audio clock long-term jitter 950 ps
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6 Host Interface

6.1 Block Diagram of Host Interface
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Figure 6-1 Host interface block diagram
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Introduction

The host interface unit provides the interface between the primary internal buses (G-bus
and M-bus) and the PCl, the peripheral bus and the IDE interfaces. As a G-Bus ave, the
host interface occupiestwo sections of the G-Bus space: A 64K B section for configuration
registers accesses, and a 64MB section for linear access to an externa flash memory.

The SMP8634 supports both a PCl and a multimode ‘ peripheral’ bus for system-level
interconnection. The PCI bus implementation isaversion 2.1 compliant, 32-bit wide bus
capable of operating at 33 or 66MHz. The electrical interface supports both 3.3V and 5V
signaling. The interface supports both master and target operation, as well as ACPI power
management (v.2.2). On-chip logic optionally implements the PCI bus configuration and
arbitration functions (up to four external masters) so that no external PCl ‘host’ deviceis
needed. This alowsthe design of small, tightly-embedded systemsin which the SMP8634
hosts the PCI bus.

A separate Peripheral Bus Interface (PBI) is also supported. This interface can operatein
several modes with programmable cycle timings which can be varied on a cycle-by-cycle
basis. The bus can operate as a general-purpose interface (as an ‘| SA-like' bus for con-
necting externa devices), or as an IDE bus for attaching storage devices, or asamemory
bus for directly attaching an asynchronous memory such as a parallel flash ROM.

When being used as a general -purpose interface, the PBI can operate in either a separate
address and data mode (25 address/16 data) or a multiplexed address/data mode. The tim-
ings of all the relevant parameters (address setup, command pulse widths, etc.) are pro-
grammable to support the external device requirements. The interface also supports an
asynchronous IORDY input for additional timing control.

In the IDE mode, the interface can support ATA/ATAPI-6 device attachments. Two
devices (master and slave) may be connected, but only one can be used at any given time;
they will not work simultaneously. Both PIO and DMA transfer modes are supported. The
IDE interface allows CD, DVD or hard disk drivesto be attached directly.
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PCI Master/Slave/Host Interface

6.3 Introduction

The 32-bit PCl master/slave/host interface (33 or 66MHZz) is designed for both reads and
writes with programmable burst length, and is compliant with PCI v2.1 specifications. It
supports 3.3V and 5V operation and PCI power management per the PCl Bus Power Man-
agement Specification Revision 1.2. Only DO and D3 power states are supported; PME#'s
are not supported. Up to four external PCI devices may be controlled by the SMP8634 in
the PCI host mode. Content over this interface may be optionally AES, 3DES or DES
encrypted/decrypted. To further secure the content when an external host is used, a‘ secure
PCI’ mode can control the regions of the DRAM that the external host CPU can access.

6.4 Features

®  Supports both reads and writes

®  Supports programmable burst length

® Compliant with PCI v2.1 specifications

® PCI host supports up to four external PCI devices

®  Supports AES, 3DES or DES encrypted/decrypted content
6.5 Functional Description

The host, as a PCI master, can perform G-Bus accesses through the PCI slave interface, the
R-Bus and the R-Bus to G-Bus bridge. The entire G-Bus space (128MB) or a portion of it
is mapped into the PCI space (configured through startup bits). The R-Busis a single mas-
ter (the PCI interface), single slave (the R-Bus to G-Bus bridge) bus.

The PCI slave block contains specific PCI configuration registers, and registersfor the
DRAM read/write operations. When these registers are accessed, the datais sent to or
received from the M-Bus interface through 8-bit ports. The M-Bus interface, programmed
by any G-Bus master through the G-Busto L-Bus bridge and L-Bus will exchange the data
with the DRAM controller viathe M-Bus.

The PCI master interface (which is also programmed through the L-Bus), can initiate data
block moves to/from the host memory to 8-bit ports connected to the M-Bus interface.

Sigma Designs Confidential 163



SMP8634 Datasheet SMP8634-DS-A-07

164

An external PCI host can access the G-bus address space via the PCI dave interface. The
dave interface also provides the PCI configuration register block and registers for the
DRAM read/write operations. This allows for direct SDRAM access through the PCI
slave interface. The PCI master interface can initiate block data moves between the
SDRAM and the PCI host memory.

The host uses the PCI configuration space registers to auto-detect and configure PCI
devices. Prior to the host reading the configuration block, severa registers in the block
must be initialized. Initialization of these registersis performed by the boot code stored in
the internal serial flash memory. The boot code establishes the following nominal register
values:

Table 6-1 Default values for PCI register fields

PCI Configuration Register Field Default Value (Hex)
VendorID 0x1105

DevicelD 0x8634

Class Code 0x048000

RevisionID 0x01

Subsystem Vendor ID 0x1105

Subsystem Device ID 0x0000

The SMP8634 can function as the PCI host. To support this, it includes the PCI bus arbi-
tration logic and four REQ#/GNT# pairs. In addition, it adds four IDSEL pins to support
agent configuration cycle selection. These added pins and capabilities allow up to four
external PCl masters and/or slave devices to be connected to the SMP8634 PCl bus with-
out requiring an external host.
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The following figures shows the general connection topology for the arbitration pins and

IDSEL pinsin the SMP8634:

PCI Host Device or

Bridge

GNTw#
GNTx#
GNTy#
GNTz#

REQw#
REQx#
REQy#
REQz#

IDSELw
IDSELX
IDSELy
IDSELz

SMP8634

to other masters

from other masters

to other devices

REQO/GNT#

GNTO/REQ#

IDSELO

Figure 6-2 PCIl arbitration pin connection diagram (PCl device)
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Figure 6-3 PCIl arbitration pin connection diagram (PCI host)

165



SMP8634 Datasheet SMP8634-DS-A-07

6.5.1 PCI Slave Access

6.5.1.1 Direct Access

This example assumes that the PCI memory is set to 8MB
(default setting).
-
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- .
_ PPLagtiotiss
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Region 0 Configuration
+64K L e 64KB
PCI Space G-Bus Space

(Processor Space)

Figure 6-4 PCI slave direct access (8MB default setting)

When the SMP8634 is used on a PCI expansion board, the host can access all the configu-
ration registers, internal memories and external DDR using the PCI slave access. At boot
time, the SMP8634 requests between 1MB to 128MB of memory space (default is 8MB).
This memory spaceis split into 8 regions. Each region can be mapped to a specific area of
the processor memory space, using the region base address registers. Region O is hard-
wired to start at address 0. The first 64K of the Region 0 is used for the region base
address registers, the interrupt register, the slave DMA access and the time-out control
registers, and cannot be used to access the G-Bus.

The region base address registers can a so be accessed from the G-Bus, so the CPU can
change them. This can be useful when that SMP8634 is used as a host, and master-capable
devices attached to the SMP8634 need access to particular regions of the SMP8634 mem-
ory.
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6.5.1.2 DMA Access

DMA transfers to the external DDR can be performed using the PCI slave access. Prior to
writing or reading any data from the special DMA locations described below, the switch-
box and the M-Bus interface should be set up for aDMA transfer. The DMA transfers are
best performed using the PCI master access.

6.5.1.3 Time-out Control

Time-out control isthe same for direct access and for the DMA access. In direct access,
time-out can occur if the G-Bus istoo slow to respond. Thisis most likely to happen with
very slow G-Bus daves, such as the serial flash controller. In DMA access, time-out can
occur if the switchbox is not routing the PCI slave, or if the M-Bus interface is not expect-
ing any data from the switchbox.

6.5.1.4 PCI Device Configuration

The PCI configuration space registers are used by the host to auto-detect and configure the
devices on the bus. Some parameters must be setup before the host reads the registers:
Vendor ID, Device ID, Class code, Revision 1D, Subsystem vendor 1D and Subsystem
device ID.

Configuration should be performed by the boot code stored in the internal seria flash
memory, in less than 22* PCI clock periods. Once the configuration is complete, the boot

code will write 1 to the bit VLD of the register HOST_REG2.

The Vendor ID should always be set to 0x1105 (denoting ‘ Sigma Designs, Inc.). The top
16 hits of the class code should always be set to 0x0480 (denoting ‘ Other Multimedia
Device'). The Revision ID shall be incremented for each new tape-out of he SMP8634.
The values from the memory size field of register PCI_REG3 are defined as follows:

000 001 010 011 100 101 110 111

1MB 2MB 4MB 8MB 16MB 32MB 64MB 128MB

The other PCI configuration registers are read-only. They can be accessed by writing the
number of the register (DWORD address) in the select part of the register PCI_REG3, and
the contents of the selected register can be read from the register PCI_CONFIG

Sigma Designs Confidential 167



SMP8634 Datasheet SMP8634-DS-A-07

168

6.5.2 PCI Master Access

Transferring Data from the Host to the SMP8634 (Read Transaction)

To transfer a block of data from the host to the SMP8634, the switchbox and the M-Bus
interface are programmed with the destination address and size in the SMP8634 DDR.
Then, the PCI master is programmed with the address in the host memory. In the case of a
PC, the address is the physical address of the source datain the memory. The transfer is
completed when the register READ_DMA_COUNTER is 0. The software then writesa 0
to the register READ_DMA_ENABLE.

Transferring Data from the SMP8634 to the Host (Write Transaction)

To transfer a block of data from the SMP8634 to the host, the switchbox and the M-Bus
interface are programmed with the source address and size in the SMP8634 DDR. Then,
the PCI master is programmed with the address in the host memory. In the case of a PC,
the address is the physical address of the destination in the memory. The transfer is com-
pleted when the register WRITE_DMA_COUNTER is 0. The software then writesa0 to
theregister WRITE_DMA_ENABLE.

6.5.3 PCI Host
The PCI host regroups two functionalities:

1. PCI bus arbitration: 2-level priority round-robin arbitration of the bus ownership.

2. PCI host bridge: Low-latency PCl master (through G-Bus) available to the host sys-
tem.

6.5.3.1 PCI Arbiter

Level 1 SMP8634

r Master ‘
SMP8634 Device - 1
Host Bridge

Level 2 I l

r SMP8634 mmmp L2 Devices
Master representative

L Device - 3 J

Device - 2

Device - 3 Device - 1

t Device - 2 J

Figure 6-5 PCI arbiter
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Thereare 2 loops, Level 1 and Level 2, and 6 agents. Two of them are always part of the
Level 1 loop (host bridge and L2 representative) and the 4 others may be part of either
loops (exclusive selection). The Level 2 representative is not an agent by itself but one of
the agents of the Level 2 loop. It makes requests when any Level 2 agent makes a request.

The arbitration is request based. If requests are asserted, then the bus is granted to the first
device reguesting in the priority list. The arrows indicate the dynamics of the priority
order. In each loop, given a current master agent, the arrow starting from this agent points
at the highest priority potential next agent and so on. For example, when all the agents are
level 1, and the current master is Device-1 then, the priority order for the next grant is
Device-2, Device-3, Host Bridge, SMP8634 Master and Device-1.

When no new agent is requesting and the current master is done, the bus is parked on the
current master. When the current level 1 master isthe L2 representative, the level 2 loop
toggles. Each level-versatile agent is attributed a programmable time-out that restricts its
control of the bus after the address phase. A broken agent time-out gives 16 clocks to each
master to start the address phase once the busisidle.

A super request mode is available to the host bridge agent. It makes its request higher in
the priority in any case. After a super request, the highest priority next agent is the agent
next to the one that was ‘interrupted’ by the host.

6.5.3.2 PCI Host Bridge

The host bridge allows low latency G-Bus controlled master transactions on the PCI bus.
Each transaction is a single address phase/single data phase (max one dword at one
address). It can be of configuration read/write, 1O read/write or amemory read/write
access, as defined by the G-Bus address range being used. In the priority scheme, the host
isusualy like any other agent, unless the super request bit is turned on.

6.5.3.3 PCI Configuration Access

A direct mapping between the G-Bus address and the PCI address is implemented. It
alows the host to perform type0 and typel configuration accesses on the PCI bus. During
atype 0 access, the device number can be programmed within the G-Bus address or
through the L-Bus registers. If the L-Bus register agent selection is used, then the bit
DEVICE # should be set to 0. Inversely if the G-Bus address agent selection is used, then
the *agent select’ bits of the register HOST_REG2 should be set to 0.

During the type 1 access, the bit DEVICE # must be programmed through the G-Bus
address. It isrecommended to use the direct G-Bus address mapping. During an | O access,
the G-Bus byte enable bits are mapped to PCI_AD[1:0].
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6.5.3.4 Agent Detection

Upon power up to detect the PCl agentsin the system the SMP8634 boot software resets
the PCI bus. Thisis accomplished using a GPIO pin. After setting the registers
MAMBO_IS HOST and HOST_REG?2, the Device ID and the Vendor 1D of the selected
device are read at the address of the host memory. If the agent is not present or the dataiis
not ready within the configuration retry cycles, then an interrupt is generated. The register
HOST_REG2 contains the interrupt status. At the end of the agent detection process, the
software has the Device IDs and Vendor |Ds of all the devices in the system. It then hasto
configure each one of the present devices, before using them.

Once the devices are configured for agent configuration registers, their 1/0 and memory
spaces can be accessed by reading and writing to registers IOSPACE and MEMORY S
PACE.

Note:  The software must also be careful to map all the devices in the lower 512MB of the PCI memory
space, since the SMP8634 can only use 512MB on the PCI bus.

6.6 Register Map

170

6.6.1 PCI Slave Registers

6.6.1.1 PCI Slave Direct Access Registers

Table 6-2 PCI slave direct access registers

Addresst Register Name R/W/A2 Description

+9000 REGION_O_BASE R Region O Base Address Register
+9004 REGION_1_BASE R/W Region 1 Base Address Register
+9008 REGION_2_BASE R/W Region 2 Base Address Register
+900C REGION_3_BASE R/W Region 3 Base Address Register
+9010 REGION_4_BASE R/W Region 4 Base Address Register
+9014 REGION_5_BASE R/W Region 5 Base Address Register
+9018 REGION_6_BASE R/W Region 6 Base Address Register
+901C REGION_7_BASE R/W Region 7 Base Address Register
+9020 PCI_IRQ_STATUS R/A PCI Interrupt Status Register
+9024 PCI_IRQ_SET R/W PCI Interrupt Set Register
+9028 PCI_IRQ_CLEAR R/W PCI Interrupt Clear Register
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Table 6-2 PCI slave direct access registers

Addresst Register Name R/W/A2 Description

+FF883 PREFETCH R/A Prefetch Register
+FF8C3 DISC-LAT R/W Discard Latency Register
+FFFEC3 ABORT R/W Abort Register

1. Address refers to G-Bus byte address relative to the PCI base address.
2. Read/Write/Auto update.
3. Address refers to G-Bus byte address relative to the host register base address.

6.6.1.2 PCI Slave Time-out Control Registers

Table 6-3 PCI slave time-out control registers

Address® Register Name R/W/A? Description

+8000 TIMEOUT_VALUE R/W Time-out Value Register
+8004 TIMEOUT_STATUS R/A Time-out Status Register
+8008 TIMER_COUNTER R/W/A Timer Counter Register
+800C TIMER_TEST_REGISTER W Timer Test Register
+8010 WAKEUP_REGISTER w Wake Up Register

1. Address refers to G-Bus byte address relative to the PCI base address.
2. Read/Write/Auto update.

6.6.1.3 PCI Slave Device Configuration Registers

Table 6-4 PCI slave device configuration registers

Address® Register Name R/W/A? Description

+FED4 HOST_REG2 R/W Host Region 2 Register
+FEES8 PCI_REGO R/W PCI Region O Register
+FEEC PCI_REG1 R/W PCI Region 1 Register
+FEFO PCI_REG2 R/W PCI Region 2 Register
+FEF4 PCI_REG3 R/W PCI Region 3 Register
+FEF8 PCI_CONFIG R/A PCI Configuration Register

1. Address refers to G-Bus byte address relative to the PCI base address.
2. Read/Write/Auto update.
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6.6.2 PCI Master Access Registers

Table 6-5 PCIl master access registers

Address® Register Name R/W/A? Description

+FECO READ_DMA_ADDRESS R/W/A Read DMA Address Register
+FEC4 READ_DMA_COUNTER R/W/A Read DMA Counter Register
+FEC8 READ_DMA_ENABLE R/W Read DMA Enable Register
+FECC DMA_REV_ORDER R/W DMA Revision Order Register
+FED8 WRITE_DMA_ADDRESS R/W/A Write DMA Address Register
+FEDC WRITE_DMA_COUNTER R/W/A Write DMA Counter Register
+FEEOQO WRITE_DMA_ENABLE R/W Write DMA Enable Register
+FEE4 DMA_BURST R/W DMA Burst Register

1. Address refers to G-Bus byte address relative to the host register base address.
2. Read/Write/Auto update.

6.6.3 PCI Host Registers

Table 6-6 PCI host registers

Address® Register Name R/W/AZ Description

+FE90 MAMBO_IS_HOST R/W Mambo Is Host Register
+FEDO HOST_REG1 R/W Host Regionl Register
+FED4 HOST_REG2 R/W Host Region2 Register
+FE80 HOST_REG3 R/W Host Region3 Register
+FE84 HOST_REG4 R/W Host Region4 Register
+FE94 HOST_REG5 R/W Host Region5 Register
+1000_0000- CONFIGURATION R/W Configuration Register
+10FF_FFFC

+1800_0000- 1/0 SPACE R/W 1/0 Space Register
+2000_0000

+2000_0000- MEMORY SPACE R/W Memory Space Register
+4000_0000

1. Address refers to G-Bus byte address relative to the host register base address.
2. Read/Write/Auto update.
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6.7 Pin Descriptions

6.7.1 PCI Pins

Table 6-7 System bus pin descriptions

Pin name Ball ID Direction Description

PCI_ADO AL19 B PCI address/data pin O (LSB)
PCI_AD1 AN19 B PCI address/data pin 1
PCI_AD10 AN17 B PCI address/data pin 10
PCI_AD11 AL17 B PCI address/data pin 11
PCI_AD12 AM17 B PCI address/data pin 12
PCI_AD13 AL16 B PCI address/data pin 13
PCI_AD14 AN16 B PCI address/data pin 14
PCI_AD15 AK16 B PCI address/data pin 15
PCI_AD16 AK15 B PCI address/data pin 16
PCI_AD17 AP14 B PCI address/data pin 17
PCI_AD18 AK14 B PCI address/data pin 18
PCI_AD19 AP13 B PCI address/data pin 19
PCI_AD2 AK19 B PCI address/data pin 2
PCI_AD20 AL13 B PCI address/data pin 20
PCI_AD21 AN13 B PCI address/data pin 21
PCI_AD22 AM14 B PCI address/data pin 22
PCI_AD23 AN12 B PCI address/data pin 23
PCI_AD24 AL11 B PCI address/data pin 24
PCI_AD25 AN11 B PCI address/data pin 25
PCI_AD26 AM12 B PCI address/data pin 26
PCI_AD27 AP11 B PCI address/data pin 27
PCI_AD28 AL10 B PCI address/data pin 28
PCI_AD29 AN10 B PCI address/data pin 29
PCI_AD3 AM19 B PCI address/data pin 3
PCI_AD30 AM11 B PCI address/data pin 30
PCI_AD31 AP10 B PCI address/data pin 31 (MSB). The address and

the data are multiplexed on the AD pins during
the memory and the 1/0 operations on the PCI

bus.
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Table 6-7 System bus pin descriptions (Continued)

Pin name Ball ID Direction Description

PCI_AD4 AK17 B PCI address/data pin 4

PCI_AD5 AP18 B PCI address/data pin 5

PCI_AD6 AK18 B PCI address/data pin 6

PCI_AD7 AN18 B PCI address/data pin 7

PCI_ADS8 AP17 B PCI address/data pin 8

PCI_AD9 AM18 B PCI address/data pin 9

PCI_CBEO# AL18 B Command/byte enable pin 0. Applies to
PCI_AD(7:0).

PCI_CBE1# AP16 B Command/byte enable pin 1. Applies to
PCI_AD(15:8).

PCI_CBE2# AN14 B Command/byte enable pin 2. Applies to

PCI_AD(23:16).

PCI_CBE3# AP12 B Command/byte enable pin 3. During the address
phase of a transaction the CBE(3:0)# defines the
PCI command. During the data phase each signal
indicates whether the associated data byte will be
transferred. The CBE3# applies to
PCI_AD(31:24).

PCI_CLK AP8 | Clock input for PCI interface section. Either
33MHz or a 66MHz clock signal.

PCI_DEVSEL# AP15 B Device select pin. A target asserts DEVSEL# when
it decodes its address.

PCI_FRAME# AL14 B Cycle frame pin. Current initiator asserts the
FRAME# pin to indicate the start and duration of a
transaction.

PCI_GNTBO AP9 (0] PCI host mode: Bus grant for master #0.
Asserted low to grant the PCI ownership to an
external master.

PCI device mode: Bus request output to an exter-
nal PCI host.

PCI_GNTB1 AN9 O PCI host mode: Bus grant for master #1.
Asserted low to grant the PCI ownership to an
external master.

PCI device mode: Unused, make no connection.

PCI_GNTB2 AM10 O PCI host mode: Bus grant for master #2.
Asserted low to grant the PCI ownership to an
external master.

PCI device mode: Unused, make no connection.

PCI_GNTB3 AM9 (0] PCI host mode: Bus grant for master #3.
Asserted low to grant the PCI ownership to an
external master.

PCI device mode: Unused, make no connection.
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Table 6-7 System bus pin descriptions (Continued)

Pin name

Ball ID

Direction

Description

PCI_IDSELO

AM13

PCI host mode: ID select for PCI device #0.
Asserted low by the SMP8634 to indicate a config-
uration cycle to a PCI device.

PCI device mode: Asserted low by an external PCI
host to indicate a configuration cycle for the
SMP8634.

PCI_IDSEL1

AL12

PCI host mode: ID select for PCI device #1.
Asserted low by the SMP8634 to indicate a config-
uration cycle to a PCI device.

PCI Device Mode: Unused, make no connection.

PCI_IDSEL2

AK12

PCI host mode: ID Select for the PCI device #2.
Asserted low by the SMP8634 to indicate a config-
uration cycle to a PCI device.

PCI device mode: Unused, make no connection.

PCI_IDSEL3

AK13

PCI host mode: ID Select for the PCI device #3.
Asserted low by the SMP8634 to indicate a config-
uration cycle to a PCI device.

PCI device mode: Unused, make no connection.

PCI_INTA#

AN8

Interrupt A pin. Asserted by a PCI agent to
request an interrupt.

PCI_IRDY#

AM15

Initiator ready pin. The current bus master
asserts IRDY# to indicate that it is ready to com-
plete a transaction.

PCI_PAR

AM16

Parity. Driven by an initiator (write) or currently-
addressed target (read) to create even parity
across AD(31:0) and CBE(3:0)#.

PCI_REQO#

AL9

PCI host mode: Bus request for master #0.
Asserted low by an external master requesting a
PCI bus transaction.

PCI device mode: Bus grant input from an exter-
nal PCI host.

PCI_REQ1#

AK9

PCI Host Mode: Bus Request for Master #1.
Asserted low by external master requesting PCI
bus transaction.

PCI Device Mode: Unused, make no connection.

PCI_REQ2#

AK10

PCI host mode: Bus Request for master #2.
Asserted low by external master requesting PCI
bus transaction.

PCI Device Mode: Unused, make no connection.

PCI_REQ3#

AK11

PCI host mode: Bus Request for master #3.
Asserted low by external master requesting PCI
bus transaction.

PCI Device Mode: Unused, make no connection.

PCI_STOP#

AN15

Stop pin. Asserted by an addressed target to
request the bus master to terminate the current
transaction in progress.

PCI_TRDY#

AL15

Target ready pin. The currently addressed target
asserts TRDY# to indicate that it is ready to com-
plete a transaction.
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6.8 Electrical Characteristics
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6.8.1 PCI DC Characteristics

Table 6-8 PCl interface DC characteristics

Symbol Parameter Units Min Max

ViH Input high voltage \Y 0.5xvDD_3V3 5.5

Vi Input low voltage \ -0.3 0.3xvDD_3V3
I Input leakage (condition: 0 < VIN < 3.3V) uA + 10

VoH Output high voltage \% 0.9xVDD_3V3

VoL Output low voltage \% 0.1xVDD_3V3
Cin Input pin capacitance pF 10

Ccrk CLK pin capacitance pF 5 10

CipseL IDSEL pin capacitance pF 8

Lpin Pin inductance nH 20

6.8.2 PCI AC Characteristics

The SMP8634 PCI |/0O buffers fully conform to the electrical characteristics specified in
the sections * Electrical Specification’ and ‘66MHz PCI Specification’ of the PCI Local
Bus Specification, Revision 2.2. The PCI bus specification provides a comprehensive set
of AC characteristics which compliant devices must meet. These characteristics are speci-
fied interms of V/I curves, output slew rates, and detailed measurement procedures, and
are not reproduced in this document. The 1/0 cells used in the SMP8634 provide compli-

ance with these specifications by design and characterization.
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6.9 Timing Diagrams

Timing Parameters

Certain PCI bus timing parameters have different values depending on whether the signal
is‘bused’ or ‘point-to-point’. The point-to-point signals are the REQ# and GNT# signals.
The timing parameters which differ between these two groups areidentified as‘BUS' or

‘PTP in the table below. For exact measurement conditions for all the timing parameters,

refer to the PCI Local Bus Specification, Revision 2.2, Section 7.6.4.3.

Table 6-9 PCI timing parameters

Symbol Parameter Units Min Max
Teve PCI_CLK cycle time (measured at ns 15
0.4xVDD_3V3 level)
THIGH PCI_CLK high time (measured at ns 6
0.5xVDD_3V3 level)
TLow PCI_CLK low time (measured at ns 6
0.3xVDD_3V3 level)
TvaL CLK to Signal Valid Delay (BUS) ns 2 6
TvaL CLK to Signal Valid Delay (PTP) ns 2 6
Ton Float to Active Delay ns 2
Tore Active to Float Delay ns 14
Tsu Input Set Time to CLK (BUS) ns 3
Tsu Input Set Time to CLK (PTP) ns 5
Ty Input Hold Time from CLK ns 0
P Teve o
- >
PCI_CLK
P THIGH iy TLOW g
- Ll »
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Figure 6-7 PCl input timing diagram
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Figure 6-8 PCI output timing diagram
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USB 2.0 Embedded Host Interface

The SMP8634 includes a USB 2.0 Embedded Host Controller and PHY. Two USB 2.0
Embedded Host ports are available.

Although aHost Controller isincluded on-chip, the SMP8634 is designed to be used in a
closed system where the end-user cannot install additional software and drivers. Dueto the
wide variety of USB peripherals and applications, manufacturers must implement their
own peripheral-specific drivers and application software to be able to use the USB inter-
face. Each manufacturer is also required to have a Targeted Peripheral List (TPL) in their
manuals that tells the end-users which peripherals are supported. Entriesin a TPL may
refer to specific products (manufacturer and model) or, may refer to a class of products
(HDD, wheel mouse, flash card, etc.). To receive the USB compliance certification, manu-
facturers must submit their product with afully function USB implementation.

6.10 Functional Description

6.10.1 USB 2.0 Embedded Host Controller

The USB 2.0 Embedded Host Controller isfully compliant with the USB 2.0 specification
and the Enhanced Host Controller Interface (EHCI) specification revision 1.0. The con-
troller supports high-speed (480M bps) transfers. The controller comprehends the high-
speed, full-speed and |ow-speed data ranges providing compatibility with afull range of
USB devices. The full-speed and |ow-speed operations are supported viaaUSB 1.1 OHCI
Host Companion Controller. The controller operates independently of the system bus of
the SMP8634, shielding the complexities of the USB 2.0 Embedded Host Controller native
protocol.

6.10.2 USB 2.0 Embedded Host Transceiver PHY

USB 2.0 Embedded Host interface includes a fully integrated PHY core supporting High
Speed (HS), Full-Speed (FS) and Low-Speed Transceivers and which is compliant with
the USB 2.0 specification. It includes clock/data recovery, on-chip PLL, integrated and
calibrated termination and pull-up/down resistors with full analog transceiver functionality
for the complete USB 2.0 PHY.
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The USB 2.0 Embedded Host Transceiver transmits the data onto the line, receives the
data and recovers the clock correctly from the receive data. The analog front end includes
a high-speed differential driver and an envelope detection/disconnection differential
receiver. The high-speed receiver primarily consists of three functional elements; a differ-
ential datareceiver, atransmission envelope detector and a disconnection envelope detec-
tor.

Thedifferential datareceiver receives the high-speed (480Mbps) differential datafrom the
USB and convertsit to asingle-ended NRZI. A transmission envel ope detector monitors
the amplitude of the high-speed differential data signal from the USB. A disconnection
envelope detector also monitors the amplitude of the differential data signal from the
USB, but with adifferent operation and different signa levels of interest.

A high-speed current driver is used for high-speed data transmission. When the driver is
not transmitting, a standby mode allows the current to be directed internally to ground and
places the driver in a high-output-impedance state. The transition between standby and
non-standby modes does not exhibit much delay, and use of the stand-by/non-standby
modes ensures that the driver meets the required accuracy starting with the first symbol of
a packet.

6.11 Pin Description
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6.11.1 USB 2.0 Pins

Table 6-10 USB 2.0 pin descriptions

Pin Name Ball ID Direction Description

USB20_ATEST AN23 B USB 2.0 analog test 1/0
USB20_DM_0O AP21 B USB 2.0 line interface - port O -DM
USB20_DM_1 AP22 B USB 2.0 line interface - port 1 -DM
USB20_DP_0O AN21 B USB 2.0 line interface - port O -DP
USB20_DP_1 AN22 B USB 2.0 line interface - port 1 -DP
USB20_REXT AN20 B USB 2.0 bias resistor input
USB20_VSST_0O AL20 1 USB 2.0 ground

USB20_VSSC AL21 | USB 2.0 ground

USB20_VDD33C AL22 1 USB 2.0 analog power supply (3.3V)
USB20_VSST_1 AL23 1 USB 2.0 ground

USB20_VDD33T_0 AM20 1 USB 2.0 analog power supply (3.3V)
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Table 6-10 USB 2.0 pin descriptions (Continued)

Pin Name

Ball ID Direction

Description

USB20_VDD33T_0 AM21 1

USB 2.0 analog power supply (3.3V)

USB20_VDD33T_0O AM22 1

USB 2.0 analog power supply (3.3V)

USB20_VDD33T_1 AM23 I

USB 2.0 analog power supply (3.3V)

USB20_VSST_O AK20 1 USB 2.0 ground

USB20_VSST_0O AK21 1 USB 2.0 ground

USB20_VSST_1 AK22 1 USB 2.0 ground

USB20_VSST_1 AK23 1 USB 2.0 ground

uUsB20_XI AP20 | USB 2.0 Xtal oscillator input (optional)
USB20_XO AP19 (0] USB 2.0 Xtal oscillator output (optional)

6.12 Electrical Characteristics

6.12.1 USB 2.0 DC Characteristics — FS Operation

Table 6-11 USB 2.0 DC characteristics — FS operation

Parameter Description Conditions  Minimum Typical Maximum Units

Vbirs Differential rcvr input 0.2 \Y
sensitivity

Vemrs Differential rcvr com- 0.8 2.5 \%
mon-mode voltage

ViLse Single-ended rcvr low- 0.8 \Y
level input voltage

ViHse Single-ended rcvr high- 2.0 \%
level input voltage

Vhysse Single-ended rcvr hyster- 50 150 mVv
esis

VEsoL Low-level output voltage 0.3 \%

VEsSoH High-level output voltage 2.8 3.6 \Y

Zespry Driver output impedance 40.5 45 49.5 ohms

VTERM DP pullup resistor termi- 3.0 3.6 Vv
nation voltage
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6.12.2 USB 2.0 DC Characteristics — HS Operation

Table 6-12 USB 2.0 DC characteristics — HS operation

Parameter Description Conditions  Minimum Typical Maximum Units
VpiHs Differential rcvr input 100 mVv
sensitivity
VeMHs Common-mode voltage -50 500 mVv
range
VHsso Squelch detection Squelch 100 mVv
threshold (diff) threshold
Vhsso Single-ended rcvr high- Unsquelch 150 mVv
level input voltage threshold
VhsoL Low-level output voltage Ref. GND -10 10 mVv
VHsoH High-level output volt- Ref. GND 360 440 mVv
age
VoLHs Idle-level output voltage Ref. GND -10 10 mVv
VCHIRP) Chirp-J output voltage 700 1100 mv
(diff)
VCHIRPK Chirp-K output voltage -900 -500 mVv
(diff)
Iz Off-state leakage current +/-1 UA
Cin Transceiver input capaci- Pin to GND 5 10 pF
tance
6.12.3 Dynamic Characteristics — FS Operation
Table 6-13 Dynamic Characteristics — FS Operation
Parameter Description Conditions Minimum Typical Maximum Units
Tesr Rise time CL= 50pF; 4 20 nS
10 to 90% of
|[VOH — VoL |
Tesk Fall time CL= 50pF; 4 20 nS
10 to 90% of
|[VOH — VoL |
Vcrs Output crossover volt-  Excluding 1.3 2.0 \Y
age first transi-
tion from
IDLE
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6.12.4 Dynamic Characteristics — HS Operation

Table 6-14 Dynamic Characteristics — HS Operation

Parameter Description Conditions  Minimum Typical Maximum Units
Thsr Rise time 500 pS
THsk Fall time 500 pS

Additional dynamic specifications:
1. TheUSB2.0 PHY output drivers conform to the eye pattern requirements as specified
in Template 1 of the USB2.0 Revision 2.0 specification.

2. TheUSB2.0 PHY receivers conform to the eye pattern (including source and receiver
jitter tolerance requirements) as specified in Template 4 of the USB2.0 Revision 2.0
specification.
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Ethernet Interface
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The SMP8634 includes an Ethernet 10/100 MAC (an external PHY chipisrequired). A
single ethernet port is provided. The Ethernet MAC module allows the SMP8634 to com-
municate data over the Ethernet protocol (IEEE. 802.3). It consists of three modules: a
DMA layer, a Transaction Layer Interface (TL1), and a Media Access Controller layer
(MAC).

The Direct Memory Access (DMA) controller isthefirst layer of the Ethernet subsystem.
It isresponsible for exchanging the data between the TLI layer and the system memory.
The SMP8634 controls the DMA operation through a set of registers.

The DMA isageneric 32-hit DMA for avariety of block data transfer applications. The
data transfers are executed between the SMP8634 data buffers and a application interface
The layer is optimized for packet-oriented DMA transfers with frame delimiters. It sup-
ports dual-buffer and linked descriptor chaining. The descriptor architecture allows for
large blocks of datatransfer with minimum CPU intervention. Each descriptor can transfer
up to 2KB of data. The DMA layer provides comprehensive status reporting for normal
operation and transfers with errors. A programmable burst transfer size provides optimal
system bus utilization. The layer also supports start/stop modes of operation and separate
VCI portsfor host buffer, source, destination and CSR access. Single channel transmit and
receive engines support simple round-robin arbitration between engines.

The 32-bit TLI block provides a bridge between the DMA controller and the Ethernet
MAC. Thelayer isoptimized for packet-oriented transfers. A programmable burst transfer
size provides optimal system bus utilization. The TLI consists of two sets of FIFOs; a
Transmit (TX) FIFO with dynamic threshold, and a Receive (RX) FIFO with afixed
threshold. The FIFOs support zero wait state bursts between internal FIFO buffers and the
DMA/MAC. Thereceive FIFO sends only filtered packets to the DMA. The transmit
FIFO supports store and forward mechanism. The frame dataisheld inthe TLI FIFO until
the MAC retransmits the packets with collision.

The MAC can operate in either 100M bps or 10Mbps data transfer modes depending on the
programming of the internal PHY. It handles all the requirements of the Ethernet protocol
for both full-duplex and half-duplex modes. It supports CSMA/CD protocol for the half-
duplex mode. Also supported in the half-duplex mode are, collision detection and auto
retransmission on collisions. Flow control for the full-duplex operation and backpressure
for the half-duplex operation are provided. The MAC contains a set of registersfor con-
trolling and checking the status of the transmissions. It supports Virtua Local Area Net-
work (VLAN) operations. A variety of receive and transmit counters provide statistics
management support. The 32-bit CRC generation and checking are done automatically.
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There are options to insert PAD/CRC32 on transmit and to set automatic pad stripping in

receive packets.

The MAC contains a variety of flexible address modes on the Ethernet side; one 48-hit
perfect address, 64 hash-filtered multicast addresses, passes to all multicast addresses, pro-
miscuous mode, inverse filtering passes to all incoming packets with status reports. It con-
tains a programmabl e 32-bit, 16-bit or 8-bit wide data bus on the system bus.

6.13 Pin Description

6.13.1 MIll Interface pins

Table 6-15 MIl interface pin descriptions

Pin Name Ball ID Direction Description

ETH_COL AC3 B Ethernet collision detect/GP1014
ETH_CRS AA3 B Ethernet carrier sense/GPIO13
ETH_MDC AD1 B Ethernet management data clock/GP10O15
ETH_MDINT# AA5 B Ethernet management interrupt/GP1017
ETH_MDIO Y4 B Ethernet management data 1/0/GP1016
ETH_RX_DV AE1 B Ethernet receive data valid /GP107
ETH_RX_ER AF1 B Ethernet receive error/GP108
ETH_RXCLK AC2 B Ethernet receive clock/GP106
ETH_RXDO AC1 B Ethernet receive data 0/GP109
ETH_RXD1 AB3 B Ethernet receive data 1/GP1010
ETH_RXD2 AB2 B Ethernet receive data 2/GP1011
ETH_RXD3 AB1 B Ethernet receive data 3/GP1012
ETH_TX_EN AA2 B Ethernet transmit enable/GP101
ETH_TXCLK AAl B Ethernet transmit clock/GP100
ETH_TXDO Y3 B Ethernet transmit data 0/GP102
ETH_TXD1 Y2 B Ethernet transmit data 1/GP103
ETH_TXD2 Y1 B Ethernet transmit data 2/GP104
ETH_TXD3 w1 B Ethernet transmit data 3/GP10O5
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6.14 Electrical Characteristics

6.14.1 MIl Interface DC Characteristics

Table 6-16 MIl Interface DC characteristics

Symbol Description Units Min Typ Max
IOHl High level output current (@Vpoy = 2.4V) mA 12 27 46
o, @ Low level output current (@Vg_ = 0.4V) mA 7.0 13 19
V2 Input high voltage \% 2.0 5.5
VIL(Z) Input low voltage \% -0.3 0.8

1. Parameter applies to all outputs and bi-directional pins when driving.
2. Parameter applies to all inputs and bidirectional pins when receiving.

6.14.2 MIl Interface AC Electrical Characteristics

Table 6-17 MiIl interface AC characteristics

Symbol Units Min Typ Max
TrxcLk ns 40

TrxDSU ns 3

TRXDH ns 3

TrxcLk ns 40

TxpVLD ns 0 8
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6.15 Timing Diagram
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Figure 6-9 Mll Interface timing diagram
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Peripheral Bus Interface (PBI)

6.16 Introduction

The SMP8634 has an external Peripheral Bus Interface (PBI), which supports multiple
protocols based on asynchronous (1SA like) transactions. This bus can be used to connect
slave devices such as:

® Oneortwo IDE hard drives (i.e. CD-ROM, DVD drives)

®* NOR-type paralld flash memory (up to 64MB per chip select)

® |SA compatible chips (MPEG2 encoder, €etc.)

The PBI interfaceis basically a bridge between the G-Bus and the PB. It isthe only master
on the PB. A DMA engine performs repetitive accesses on the PB and transfers the data
to/from the DRAM. The DMA engine is compatible with the IDE DMA mode.

6.17 Features

® Supports awide range of external devices like MPEG encoders, 802.11 chips and
other external devices

®  Supports up to four devices
® Capable of handling single register read/write transactions from/to a slave device

®* DMA transfers (FIFO read/write) between an external chip and the host memory or
the MPEG decoder memory are possible

* Two FIFO read ports can be used for video and audio

® Supportsawrite FIFO to send data to an external chip set

6.18 Block Diagram

M-BUS <g¢———p» AUTO - PBI
Peripheral Bus  («g¢——p»G-Bus

L-Bus -

Figure 6-10 Peripheral Bus Interface (PBI) block diagram
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6.19 Functional Description

The Periphera Bus Interface (PBI) in the SMP8634 can operate in several modes with pro-
grammable cycle timings which can be varied on a cycle-by-cycle basis. The bus can oper-
ate as a general-purpose, ‘| SA-like' local bus for connecting external devices, an IDE bus
for attaching storage devices, or asamemory bus for attaching asynchronous parallel flash
memory. The master-only bus can be used to connect slave devices such as:

* |DE hard disk drives, CD-ROM drives and DVD drives

®  Supports direct attachment of 8-bit or 16-bit NOR-type parallel flash memory (up to
64MB per chip select)

®  SupportsISA compatible devices (MPEG encoder, etc.)

When being used as a general -purpose interface, the PBI can operate in either a separate
address and data mode (25 address/16 datalocal bus) or a multiplexed address/data mode.
Thetimings of all the relevant parameters (address setup, command pulse widths, etc.) are
programmabl e to support the external device requirements. The interface also supports an
asynchronous IORDY input for additional timing control.

When being used as an IDE interface, the IDE controller interfaces one or two external
IDE devices and DDR memory. It provides a simple, standard interface to mass storage
peripherals. The IDE interface isa common feature of consumer-level DVD and HDD
drives; the SMP8634 provides adirect interface to these drives. In the IDE mode, the inter-
face can support ATA/ATAPI-4 device attachments. Two devices (master and slave) may
be connected, but only one can be used at any given time; they will not work simulta-
neously. Both PIO and DMA transfer modes are supported. The IDE interface allows CD,
DVD or hard disk drives to be directly connected.

When used to connect external asynchronous memory such as NOR-type parallel flash
memory, the PBI supports an 8-bit data bus width and 26-bit addressing (64MB per chip
select), or a 16-bit data bus width and 25-bit addressing (64MB per chip select). Since
there aretotal four chip select signals for the PBI, up to 256M B of NOR-type parallel flash
memory many used. For applications requiring more flash memory, a device such as M
System's 1GB NAND-type flash module with NOR-type interface may be used.

Note: Parallel flash device attached to store main CPU bootloader code must be a 16-bit device (not 8-
bit) and must be connected to either chip select #2 or chip select #3.
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Table 6-18 Typical parallel flash memory requirements for various applications

Networked DVD Digital Media Blu-ray Disc HD-DVD

Player Adapter Player Player

16MB 16MB 256MB (standard) 128MB (standard)
1GB (full-featured) 256MB (full-featured)

6.19.1 PBI Address Mapping

Besides configuration registers, the PBI occupies two areas in the G-Bus space:

* A 2048-byteregister area. The register area consists of four 512-byte sections.
Depending on which section is accessed, one of the four chip selects (PB_CS#B[3:0])
is activated. For example, a G-Bus access to address 2_0600 activates PB_CS#[3].

* A 256MB memory area. The memory also consists of four (64MB) sections, each
activating one PB_CS#{3:0] line.

G-Bus accesses to these areas are translated into the PB transactions by the PBI. For each
section of the memory area, the user must configure 4 parameters through the register
CS_CONFIG the PB data width (8/16-bit), the multiplexed/non multiplexed address data,
the packed/unpacked and the IDE/non IDE parameters.

Thefirst two parameters indicate the mode (as described in the PBI signals paragraph).
The packed/unpacked flag dictates the behavior of the PBI when the G-Bus transaction
width does not match the P-Bus data width. The G-Busis 32-bit wide, and supports byte,
word and dword transactions, with word and dword transactions respectively aigned on
an address multiple of 2 and 4.

When the packed flag is set, a G-Bus transaction may generate more than one PB transac-
tion, according to the following table. The base indicates the G-Bus address of the con-
cerned section of the memory area.

Table 6-19 PBI data transactions

G-Bus

Transaction

Type PB Data Width = 8 PB Data Width = 16

byte 1 PB transaction No transaction generated on the PB
PB address = G-Bus byte address - Base

word 2 PB transactions 1 PB transaction
1st PB address = G-Bus byte address - PB address = (G-Bus byte address -
Base Base)/2

2nd PB address = 1st PB address + 1
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Table 6-19 PBI data transactions (Continued)

G-Bus

Transaction

Type PB Data Width = 8 PB Data Width = 16

dword 4 PB transactions 2 PB transactions
1st PB address = G-Bus byte address - 1st PB address = (G-Bus byte addr -
Base Base)/2
2nd PB address = 1st PB address + 1 2nd PB address = 1st PB address + 1

3rd PB address = 1st PB address + 2
4th PB address = 1st PB address + 3

When the packed flag is cleared, only the dword G-Bus transactions are alowed (the G-
Bus byte address being a multiple of 4), and each G-Bus transaction generates one PB
transaction.

If the PB data width = 8, then the PB datais the LSB of the G-Bus data. During the write
transactions, the 3 M SB of the G-Bus data are discarded and during the read transactions,
they read 0.

If the PB datawidth = 16, then the PB datais the least significant word of the G-Bus data.
During the write transactions, the most significant word of the G-Bus dataiis discarded and
during the read transactions, it reads O. In both the cases, the PB address = (G-Bus byte
addr — Base) / 4.

The four sections of the register area use the same parameters as their memory area coun-
terparts, with the exception that the accesses are always unpacked regardless of the pack/
unpack configuration bit.

6.19.2 PBI Registers

The PBI timing registers define the 7 timing sets (see timing diagrams for a description of
Ta, T, Tc and Tp). The PB use timing registers are registers are associated with the PB
timing registers, and define for which type of transaction each timing set is used. When a
PB transaction occurs, the PBI checksif the type of the transaction matches the description
in the register PB_USE_TIMINGHQO. If so, then the register PB_TIMINGO is used. Other-
wise, theregister PB_USE_TIMINGL is checked, and so on. If no match occurs, then the
register PB_DEFAULT timing is used.

The automode registers are used to setup a DMA transfer between the PB and the
SMP8634 DRAM. Some applications using PB DMA are,

* |DE device: To transfer the data sectors between an IDE device (hard disk, CD ROM)
and the DRAM
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® Flash memory: To load the data bl ocks from the flash memory to the DRAM.

* External MPEG encoder: To read the compressed bitstream from an MPEG encoder
into the DRAM.

The datais transferred through two dedicated 8-bit ports (one for each direction) of the
PBI, the host interface switchbox and the M-Bus interface. On the PBI side, aDMA trans-
fer is setup using the two automode registers. The automode control register indicates the
number of PB accesses to perform. In the 8-bit mode, count bytes are transferred. In the
16-bit mode, count words (2 x count bytes) are transferred. The direction bit gives the
direction of the data transfer between the DRAM and the PB.

6.19.3 PBI Timing

6.19.3.1 Non Multiplexed Mode

The PBI transactions in both multiplexed and the non-multiplexed modes are generated in
distinct phases. The phases are timed using programmed numbers of system clock periods
to define each interval. In the diagrams below, the T, Tg, T and T, parameters represent
the programmable values. A separate set of timing parameters is associated with each of
the four PB_CSx# outputs; four different sets of cycle timings can be defined and selec-
tively issued to the attached devices. The asynchronously-sampled IORDY signal can be
deasserted by an addressed device to extend the transaction.

5ns

weed [ YL

PB A, PB CSB .<

PB_AD (read)

N

PB_AD (write) [\

PB_WRB/PB_RDB \____ /
IORDY / A \

Tat2 Tetl T+l < 1 Tot3

/
v
A
£ 4
A
\ 4
v
A
v

Figure 6-11 Functional timing diagram: non-multiplexed modes (default parameters)
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A non-multiplexed (address data) PB transaction is configured through a set of 4 timing
parameter: Ty Tg, Tc and Tp. Inthe above diagram Ty = Tg = T = T = 2 (default
value). Also, during aread transaction, PB_ WR# remains high. During awrite transaction,
PB_RD# remains high.

For anon-multiplexed PBI transaction:;

1. At thebeginning of the transaction, PB_A and one of the four PB_CS# signals are
asserted.

2. Ta+2clock cycleslater, the datais driven on PB_AD if the transaction is awrite.

3. Tgt+lclock cycleslater, PB_WR# or PB_RD# are asserted respectively for awrite or
read transaction.

4. Tc+1clock cycleslater, PB_IORDY #is sampled. The sampling of PB_IORDY # will
continue until it is high.

5. Oneclock cycle later, PB_WR# (or PB_RD#) is de-asserted. In the case of aread
transaction, the read datais sampled at this point.

6. Tp+3clock cycleslater, the transaction terminates. The PB_A and PB_CS# may
change if a new transaction follows.

6.19.3.2 Multiplexed Mode

16ns

nhahhhhhhhhhhhhhhhl
PE_CSB _\ /_
PB.AD(wite) X Address X Address X

PB_AD (read) X Address > VAN
Read Data

PB_ALE ____\ /_

PB_WRE/PB_RDB \—/7
PB_IORDY / \ |

TA+2 TA+2 TB+1 TC"“I 1 TD+3
> S EEE——

Figure 6-12 Functional timing diagram: multiplexed modes
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For a multiplexed PBI transaction:

1

At the beginning of the transaction, PB_AD isdriven with address and one of the four
PB_CS# signals are asserted.

Ta+2 clock cycles later, PB_ALE is taken active (low).
Ta+2 clock cycles later, PB_AD is driven with the write data for a write transaction,
or floated for aread transaction.

Tg+1 clock cycles|ater, PB_WR# or PB_RD# are asserted respectively, for awrite or
aread transaction.

Tc+1 clock cycleslater, PB_IORDY#is sampled. The sampling of PB_IORDY # con-
tinues until it is high.

One clock cycle later, the asserted command is de-asserted. For aread transaction, the
read datais sampled at this point.

Tp+3 clock cycles later, the transaction terminates. The PB_AD and PB_CS# may
change if a new transaction follows.

6.19.4 PBI Signals

The PBI supports four address/data modes:

Mode 8/26: 8-bit data/26-bit address, non-multiplexed. Typically used with an 8-bit
flash memory (up to 64MB)

Mode 16/25: 16-bit data/25-bit address, non-multiplexed. Typically used with a 16-bit

flash memory (up to 64MB) or IDE device (IDE devices require only three address
bits)

Mode 16/16mux: 16-bit data/16-bit address, multiplexed. Typically used with an
external MPEG-2 encoder (up to 128K B).

Mode 16/25mux: 16-bit data/25-bit address, multiplexed (up to 64MB).

Note: Parallel flash device attached to store main CPU bootloader code must be a 16-bit device (not 8-

bit) and must be connected to either chip select #2 or chip select #3.
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The following table shows the PB signals, with the functionality of the PB_A[15:0] and
PB_AD[15:0] pinsfor each mode. Please note that the PB mode can change on a cycle-to-

cycle basis, allowing disparate

devices to be simultaneously connected.

Table 6-20 PBIl address/data pin descriptions

Mode 8/26 16/25 16/16 mux 16/25 mux

Signal Dir Function Dir Function Dir Function Dir Function

PB_A[24:18] O Not used O addr[24:18] O Not used O Not Used

PB_A[17:0] o] addr[25:8] O addr[17:0] o] Not used o] addr [24:8]*

PB_AD[15:8] B data[7:0] B data[15:8] B addr/ B data[15:8]
data[15:8]

PB_AD[7:0] (e] addr[7:0] B data[7:0] B addr/ B addr/
data[7:0] data[7:0]

1. The signal PB_A17 is not used in this mode.

Other pins associated with the PBI and their descriptions are as follows:

Table 6-21 PBI control pin descriptions

Signal Direction Description

PB_CS#[3:0] O Four chip selects (active low)

PB_RD# (e] Read strobe (active low)

PB_WR# (¢] Write strobe (active low)

PB_IORDY# 1 Ready - An accessed device can extend the PB transaction by pulling
this line low through an open collector.

PB_ALE O Address latch enable. In multiplexed address/data mode, this signal
indicates when to latch the address.

PB_DIR# (¢] Indicates the direction of the current transaction (may be used to
control external transceivers).

PB_DMAREQ 1 An external IDE device can request a DMA transfer using this signal

PB_DMAACK (0] DMA acknowledge
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6.20 Register Map

6.20.1 PBI Configuration Registers

Table 6-22 PBI configuration registers

Address? Register Name R/W/A2 Description

+0800 PB_TIMINGO R/W Peripheral Bus Timing O Register
+0804 PB_TIMING1 R/W Peripheral Bus Timing 1 Register
+0808 PB_TIMING2 R/W Peripheral Bus Timing 2 Register
+080C PB_TIMING3 R/W Peripheral Bus Timing 3 Register
+0810 PB_TIMING4 R/W Peripheral Bus Timing 4 Register
+0814 PB_TIMING5 R/W Peripheral Bus Timing 5 Register
+0818 PB_DEFAULT_TIMING R Peripheral Bus Default Timing Regis-

ter

+081C PB_USE_TIMINGO R/W Peripheral Bus Use Timing O Register
+0820 PB_USE_TIMING1 R/W Peripheral Bus Use Timing 1 Register
+0824 PB_USE_TIMING2 R/W Peripheral Bus Use Timing 2 Register
+0828 PB_USE_TIMING3 R/W Peripheral Bus Use Timing 3 Register
+082C PB_USE_TIMING4 R/W Peripheral Bus Use Timing 4 Register
+0830 PB_USE_TIMING5 R/W Peripheral Bus Use Timing 5 Register
+0834 PB_CS_CONFIG R/W Peripheral Bus CS Configuration Reg-

ister

1. Address refers to G-Bus byte address relative to the host interface register base.
2. Read/Write/Auto update.

6.20.2 PBI Automode Registers

Table 6-23 PBIl automode registers

Address® Register Name R/W/A? Description

+0840 PB_AUTOMODE_START_ADDR R/W Peripheral Bus Automode Start
ESS Address Register

+0844 PB_AUTOMODE_CONTROL R/W Peripheral Bus Automode Control

Register

1. Address refers to G-Bus byte address relative to the host interface register base.
2. Read/Write/Auto update.
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6.20.3 IDE/Flash Interface Registers

Table 6-24 IDE/Flash interface registers

Address® Register Name R/W/A? Description

+0000 IDE_DATA R/W IDE Data Register

+0004 IDE_ERROR R/W IDE Error Register

+0008 IDE_COUNT R/W IDE Counter Register
+000C IDE_START_SECTOR R/W IDE Start Sector Register
+0010 IDE_CYLINDER_LO R/W IDE Cylinder Low Register
+0014 IDE_CYLINDER_HI R/W IDE Cylinder High Register
+0018 IDE_HEAD_DEVICE R/W IDE Head Device Register
+001C IDE_CMD_STAT R/W IDE CMD Status Register
+0200 Reserved

+0204 Reserved

+0208 Reserved

+020C Reserved

+0210 Reserved

+0214 Reserved

+0218 IDE_IRQ_STAT R/W IDE Interrupt Status Register
+021C IDE_CMD_STAT R/W IDE CMD Status Register

1. Address refers to G-Bus byte address relative to the host interface register base.
2. Read/Write/Auto update.
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6.21 Pin Description

6.21.1 PBI Pins

Table 6-25 PBI pin descriptions

Pin Name Ball 1D Direction Description

PB_AO AM32 o PBI address bit 0 (LSB)

PB_Al AN32 O PBI address bit 1

PB_A10 AN30 (¢} PBI address bit 10

PB_All AP30 o PBI address bit 11

PB_A12 AK29 (6] PBI address bit 12

PB_A13 AL29 (6] PBI address bit 13

PB_A14 AM29 (6] PBI address bit 14

PB_A15 AN29 (0] PBI address bit 15 (MSB). Provides address for

non-multiplexed bus cycles.

PB_A16 AP29 O PBI address bit 16

PB_A17 AL28 O PBI address bit 17

PB_A18 AM28 (6] PBI address bit 18

PB_A19 AN28 (0] PBI address bit 19

PB_A2 AP32 (0] PBI address bit 2

PB_A20 AP28 (0] PBI address bit 20

PB_A21 AL27 (6] PBI address bit 21

PB_A22 AM27 o PBI address bit 22

PB_A23 AN27 (6] PBI address bit 23

PB_A24 AP27 (e} PBI address bit 24

PB_A3 AM31 (0] PBI address bit 3

PB_A4 AN31 (0] PBI address bit 4

PB_A5 AP31 o PBI address bit 5

PB_A6 AJ30 (6] PBI address bit 6

PB_A7 AK30 (6] PBI address bit 7

PB_A8 AL30 (0] PBI address bit 8

PB_A9 AM30 (0] PBI address bit 9

PB_ADO AK34 B Multiplexed address/data bit O (LSB)
PB_AD1 AK33 B Multiplexed address/data bit 1
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Table 6-25 PBI pin descriptions (Continued)

Pin Name Ball ID Direction Description

PB_AD10 AH32 B Multiplexed address/data bit 10

PB_AD11 AH31 B Multiplexed address/data bit 11

PB_AD12 AJ34 B Multiplexed address/data bit 12

PB_AD13 AJ33 B Multiplexed address/data bit 13

PB_AD14 AJ32 B Multiplexed address/data bit 14

PB_AD15 AJ31 B PBI multiplexed address/data bit 15 (MSB). Used
as multiplexed address and data bus for 16/
16mux and 24/8 mux modes. Used as a data bus
in 24/8 and 16/16 modes. AD(7:0) forms low-
order byte of address in 24/8 mode.

PB_AD2 AK32 B Multiplexed address/data bit 2

PB_AD3 AK31 B Multiplexed address/data bit 3

PB_AD4 AL34 B Multiplexed address/data bit 4

PB_AD5 AL33 B Multiplexed address/data bit 5

PB_AD6 AL32 B Multiplexed address/data bit 6

PB_AD7 AL31 B Multiplexed address/data bit 7

PB_AD8 AH34 B Multiplexed address/data bit 8

PB_AD9 AH33 B Multiplexed address/data bit 9

PB_ALE AG30 (0] Address latch enable

PB_CSO# AG34 (0] Chip select #0 (active low)

PB_CS1# AG33 (@] Chip select #1 (active low)

PB_CS2# AG32 (0] Chip select #2 (active low)

PB_CS3# AG31 o Chip select #3 (active low). Pins PB_CSB3:0
become active for accesses to specified regions of
the PB memory space.

PB_DIR# AH30 O Transfer direction (low = read, high = write)

PB_DMACK# AM33 (0] DMA acknowledge

PB_DMARQ AN33 | DMA request

PB_IORDY AP33 | Device ready. A device can extend a transfer
cycle by pulling this line low prior to the IORDY
sampling point, and holding it low until the device
is ready to complete the cycle.

PB_RD# AM34 (0] Read command (active low)

PB_WR# AN34 (@) Write command (active low)

Sigma Designs Confidential

199



SMP8634 Datasheet

SMP8634-DS-A-07

6.22 Electrical Characteristics

6.22.1 PBI AC Characteristics

Table 6-26 PBI AC characteristics

Symbol Description Units Minimum Maximum
TrpSU Read data setup time to PB_RD# deasserted ns tsyscLk+8

TrRDOH Read data hold time from PB_RD# deasserted ns 0

TrDYSU IORDY setup time to RD#/WR# deasserted ns tsyscLk+4

TRDYH IORDY hold time from RD#/WR# deasserted ns -(tsyscik-4)

T, Internal clock to earliest output transition Notel Notel

T, Internal clock to latest output transition Notel Notel
Topskew Skew range for synchronous output signals ns 0 4

1. No specifications supplied since parameter not externally measurable. Parameters used to explain Topskew:

6.23 Timing Diagrams

200

The PBI can operate in severa modes, and allows interaction with a variety of external
devices. The PBI controller is clocked by the system clock (200MHz nominal), but pro-
grammable parameters allow custom adjustments of the actual bus timings.

All the PBI output timings are synchronized to theinternal system clock. The variationsin
the system clock frequency affect the bus timings. The following diagram shows the tim-
ings for the bus input signals PB_ADn (read cycles) and PB_IOCHRDY.
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PB_IORDY isan asynchronous input. Failure to meet setup and hold times may resultina
failure to recognize inputs, but will not cause system failure.

SYSCLK V
(INTERNAL) :
[} Tl |
|‘ ’, T2 |
——>
| | [
[}
PBI OUTPUTS STABLE * ”O;:UT:PIU;T[ S:E X STABLE
! :
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>
! TOPSKEW :
4
PB_RD# . |
[}
:TRDSU : TRDH :
l ' '
| |
PB_AD(n) : X
[} [}
[} 1
! Trovsu :
< >
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PB_WR# ' '
- : : Trovk :
| >
L 1
PB_IORDY / \ !
' i

Figure 6-13 PBI input timing diagram

Sigma Designs Confidential 201



SMP8634 Datasheet SMP8634-DS-A-07

IDE/ATAPI-6 Interface

6.24 Introduction

The IDE/ATAPI-6 interface can support the ATA/ATAPI-6 device attachments. Two
devices (master and slave) may be connected but only one can be used at any given time.
Both the PIO and the DMA transfer modes are supported. The IDE interface allows CD,
DVD, BD, HD-DVD or hard disk drivesto be directly attached.

6.25 Features

® Dedicated IDE/ATAPI-6 interface

®  Supports ATA/ATAPI-6 device attachments

® Supportstransfer rates of up to 100MB/sec (UltraDMA mode 5)

®  Supports both PIO and DMA transfer modes

® Allowsdirect attachment of CD, DVD, BD, HD-DVD or hard disk drives

6.26 Block Diagram

|
|
|
| i Primary
M-Bus

¢ ' Primary DMA — IDE Device 0
X Channel
\ Control :
| p™ p™ |

< System Bus : :
' :

Figure 6-14 IDE/ATAPI-6 interface block diagram
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6.27 Functional Description

The IDE controller interfaces between up to two external IDE devices and the DDR mem-
ory. It provides a simple, standard interface to mass storage peripherals. The IDE (also
referred to as ATA) interface is a common feature of consumer-level DVD and HDD
drives; the SMP8634 provides a direct interface to these drives.

The SMP8634 | DE controller supports the ATAPI-6 specification, also known as
UltraDMA/100. A conformance to this specification requires support for the following
transfer modes and command sets:

®* PIO modes; Modes 0, 1, 2, 3and 4
*  Multi word DMA modes: Modes 0, 1 and 2

e UltraDMA modes: Modes 2, 3, 4 and 5

* ATAPI command set

With ATAPI-6 compatibility, the SMP8634 can support peak transfer rates of up to
100MB/sec using the synchronous, dual-clock-edge protocol.

The interface provides support for the cable ID function, which allows systems to be
designed to accommodate either the standard 40-conductor cable, or the optional 80-con-
ductor cable.

The IDE controller gets datafrom the IDE drive and sendsit to the DDR memory. The IDE
interface is primarily used to connect mass storage peripheral sto the system. The flexible,
low-cost ATAPI-6 interface is a standard addition to consumer-level DVD drives. The
SMP8634 provides a direct interface to these IDE/ATAPI-6 drives. The ATA drivesare
memory-mapped devices.

6.27.1 IDE Interface

The pre-fetch and post write sub-module controls the data read/write of the external ATA/
ATAPI devices during the read sectors, the write sectors, the read multiple and the write
multiple commands. When data pre-fetching and posting are enabled, accesses to the IDE
data port use the FIFO in the DMA channels.

Sigma Designs Confidential 203



SMP8634 Datasheet SMP8634-DS-A-07

204

The datais pre-fetched on 512-byte boundaries into the FIFO during the data port reads.
The datais written into the FIFO during data port writes. During the read commands data
transfer, writes to any register in the external ATA/ATAPI device other than the data port
causes the FIFO to be cleared and pre-fetched data to be lost. During the write commands
with write posting enabled, writesto any register other than the data port register causes
data in the FIFO to be flushed to the external device, before the write is allowed to con-
tinue.

6.27.2 IDE Control

The IDE interface is controlled by the primary IDE control register. It also selects the tim-
ing characteristics of the IDE cycle for the PIO and the standard bus master transfers. The
I/O transactions targeting the IDE ATA register blocks (command and control blocks) are
positively decoded and drive the IDE interface.

Two IDE timing registers control the timing characteristics for the primary drive 0 and pri-
mary drivel on the IDE channel. They allow the programming of independent operating
modes for each IDE agent. The UltraDMA control register enables each individual chan-
nel and drive for UltraDMA transfers (both ATA/33 and ATA/66).

6.27.3 DMA Channel

The DMA channels are identical blocks. The DMA channels interface the channel inter-
face block and an IDE controller. The IDE controller block strobes datainto and out of the
64x32-bit FIFO inthe DMA channel block based on the setting of the read/write direction
bit in the register BMIC. These channels contain the bus master |DE control registers
mapped to the I/0O space.

The DMA activity starts when the host software sets the start/stop bit in the register
BMIC. The DMA channel state machine starts moving to/from the system memory from/
to the 64x32-bit FIFO in the corresponding channel. The source/destination address in the
DDR memory is provided by the register IDE_DMAPTR. The size of the transfer is spec-
ified in theregister IDE_DMALEN.

When al the data transfer for the command is compl ete, the ATA/ATAPI device asserts an
interrupt. The DMA channel waits until the last data words have been moved to/from the
system memory before setting the interrupt bit and clearing the bus master IDE active bit
of the register BMIS.
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6.28 Register Maps

6: Host Interface

6.28.1

IDE/ATAPI-6 Controller Configuration Registers

Upon reset, the IDE controller setsits internal registers to a predetermined default state,
which represents the minimum functionality feature set required to bring up the system. It
isthe responsibility of the firmware to properly program the configuration registersto

achieve optima system performance.

Table 6-27 IDE/ATAPI-6 controller configuration registers

Address? Register Name R/W/A2 Description

+0834 IDESRC R/W IDE Slew Rate Control Register

+0838 PRI_DRV1UDMATIM1 R/W Primary Drive 1 UltraDMA Timing
Register 1

+083C PRI_DRV1UDMATIM2 R/W Primary Drive 1 UltraDMA Timing
Register 2

+0840 PRI_IDECTL R/W Primary IDE Control Register

+0844 PRI_DRVOTIM R/W Primary Drive O Timing Register

+0848 PRI_DRV1TIM R/W Primary Drive 1 Timing Register

+084C IDEMISC W IDE Miscellaneous Register

+0850 IDESTATUS R IDE Status Register

+0854 UDMACTL R/W UltraDMA Control Register

+0858 PRI_DRVOUDMATIM1 R/W Primary Drive 0 UltraDMA Timing
Register 1

+085C PRI_DRVOUDMATIM2 R/W Primary Drive O UltraDMA Timing
Register 2

+08C4 PREF_ST R Prefetch FIFO Status Register

1. Address refers to G-Bus byte address relative to the host interface register base.
2. Read/Write/Auto update.
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6.28.2 IDE/ATAPI-6 Device Registers

The primary channel devices command and control block registers window through the
IDE block.

Table 6-28 IDE/ATAPI-6 device registers

Address® Register Name R/W/A? Description

+0866 Reserved

+0870-77 Reserved

+08E6 IDE_DEV_CTL R/W Primary IDE Control Block Register
+08F0-F7 R/W Primary IDE Command Block Registers

1. Address refers to G-Bus byte address relative to the host interface register base.
2. Read/Write/Auto update.

6.28.3 IDE/ATAPI-6 DMA Channel Registers

Table 6-29 IDE/ATAPI-6 DMA channel registers

Address® Register Name R/W/A? Description

+0900 BMIC R/W Bus Master IDE Command Register
+0904 BMIS R/W Bus Master IDE Status Register
+0908 Reserved

+09EO IDE_DMAPTR R/W IDE DMA Address Register

+09E4 IDE_DMALEN R/W IDE DMA Length Register

+09F0 PIO_PREFETCH_DATA R/W P10 Prefetch Data Register

1. Address refers to G-Bus byte address relative to the host interface register base.
2. Read/Write/Auto update.
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6.29 Pin Description

6.29.1

IDE/ATAPI-6 Pins

The IDE/ATA interface provides a dedicated port for the attachment of standard storage

devices.

Table 6-30 IDE/ATAPI-6 interface pin descriptions

Pin Name Ball 1D Direction Description
IDE_CSO# D22 (6] Chip select #0
IDE_CS1# E22 (6] Chip select #1
IDE_DACK# C20 O DMA acknowledge
IDE_DMARQ D20 | DMA request

IDE_AO B21 (0] IDE bus address bit 0
IDE_A1 E21 (0] IDE bus address bit 1
IDE_A2 c21 O IDE bus address bit 2
IDE_DO c19 B IDE data bit 0 (LSB)
IDE_D1 A19 B IDE data bit 1
IDE_D10 B17 B IDE data bit 10
IDE_D11 D18 B IDE data bit 11
IDE_D12 A18 B IDE data bit 12
IDE_D13 C18 B IDE data bit 13
IDE_D14 E19 B IDE data bit 14
IDE_D15 B19 B IDE data bit 15 (MSB)
IDE_D2 D19 B IDE data bit 2
IDE_D3 B18 B IDE data bit 3
IDE_D4 E18 B IDE data bit 4
IDE_D5 C17 B IDE data bit 5
IDE_D6 Al17 B IDE data bit 6
IDE_D7 D17 B IDE data bit 7
IDE_D8 C16 B IDE data bit 8
IDE_D9 E17 B IDE data bit 9
IDE_IOR# A20 O Read command (active-low)
IDE_IOW# E20 O Write command (active-low)
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Table 6-30 IDE/ATAPI-6 interface pin descriptions (Continued)

Pin Name Ball ID Direction Description

IDE_INTRQ D21 1 IDE device interrupt request

IDE_IORDY B20 1 IDE cycle extension input

IDE_NPCBLID A21 1 Cable ID input. Used to detect the type of cable

assembly in use.

6.30 Electrical Characteristics

208

6.30.1 IDE/ATAPI-6 Interface DC Characteristics

Table 6-31 IDE/ATAPI-6 interface DC characteristics

Symbol Description Units Min Typ Max
IOHl High level output current (@Vpoy = 2.4V) mA 12 27 46
o2 Low level output current (@Vg,_ = 0.4V) mA 7 13 19
VIH2 Input high voltage \% 2.0 5.5
VILb Input low voltage \% -0.3 0.8

1. Parameter applies to IDE_D(15:0) when driving. Also applies to IDE_CS(1:0)#, IDE_DACK#, IDE_A(2:0),
IDE_IOR#, and IDE_IOW#.

2. Parameter applies to IDE_D(15:0) when receiving. Also applies to IDE_DMARQ, IDE_INTRQ, IDE_IORDY,
and IDE_NPCBLID.

6.30.1 IDE/ATAPI-6 Interface AC Characteristics

The SMP8634 contains an ATA/ATAPI (IDE) interface capable of supporting the follow-
ing modes:

® PO operation; modes 0 through 4

®  Multi-word DMA operation; modes 0 through 2

e UltraDMA operation; modes O through 5

The AC characteristics for the supported modes are described in this section. Many of the
settings are dependent on values programmed into various configuration registers as well
as the system clock frequency of the SMP8634. The values given in the tables in this sec-
tion assume a system clock frequency of 200MHz.
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Due to the number of waveform diagrams which are needed to depict all of the parameters
for the various modes of operation, the reader isinstead referred to the official specifica-
tions which define the ATA/IDE modes. The tables contained herein use the same termi-
nology for the various parameters. The specification document which the SMP8634 ATA/
IDE interfacereflectsis: INCITS 361:2002 “Information Technology - AT Attachment
with Packet Interface-6 (ATA/ATAPI-6)". This document is available from the I nterna-
tional Committee for Information Technology Standards (www.incits.org).

6.30.1.1 PIO Mode Characteristics

Table 6-32 PIO mode characteristics

Parameter Description Mode Minimum Typical Maximum Units
To Cycle time? 0 600 ns
1 385 ns
2 240 ns
3 180 ns
4 120 ns
Ty Address valid to RD/WR 0 70 ns
Command assertion?
1 50 ns
2 30 ns
3 30 ns
4 25 ns
TogB RD/WR Command 0 290 ns
asserted pulse width (8-
bit)3 1 290 ns
2 290 ns
3 80 ns
4 70 ns
To.168 RD/WR Command 0 165 ns
asserted pulse width (16-
bit)3 1 125 ns
2 100 ns
3 80 ns
4 70 ns
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Table 6-32 PIO mode characteristics (Continued)

Parameter Description Mode Minimum Typical Maximum Units
Tyj RD/WR Command deas- 0 - ns
serted interval®
1 - ns
2 - ns
3 70 ns
4 25 ns
T3 Data setup time to WR 0-4 T, ns
Command deasserted
T4 WR Command deasserted 0 30 ns
to data invalid®
1 20 ns
2 15 ns
3 10 ns
4 10 ns
Tg Data valid to RD Com- 0 50 ns
mand deasserted®
1 35 ns
2 20 ns
3 20 ns
4 20 ns
Te RD Command deasserted 0-4 5 ns
to data invalid®
Tez RD Command deasserted 0-4 30 ns
to output data hi-z®
Tg RD/WR Command deas- 0-4 Ty; ns
serted to address invalid
TrD Read data valid to IORDY 0-4 0 ns
active®
Ta IORDY setup® 0-4 35 ns
Ts IORDY pulse width® 0-4 1250 ns
Tc IORDY assertion to 0-4 5 ns
release®

1. Programmed as 1 — 128 system clock periods (PRI_DRVXTIM register).
2. Programmed as 1 — 16 system clock periods (PRI_DRVXTIM register).
3. Programmed as 1 — 64 system clock periods (PRI_DRVXTIM register).
4. Programmed as 1 — 64 system clock periods (PRI_DRVXTIM register).
5. Programmed as 1 -8 system clock periods (PRI_DRVXTIM register).

6. Device-controlled parameters.
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6.30.1.2 Multi-word DMA Mode Characteristics

Table 6-33 Multi-word DMA mode characteristics

Parameter Description Mode Minimum Typical Maximum  Units
To Cycle time?! 0 480 ns
1 150 ns
2 120 ns
Tp RD/WR Command 0 215 ns
asserted pulse width?
1 80 ns
2 70 ns
Te RD Command asserted to 0 195 ns
data valid®
1 60 ns
2 50 ns
Te RD Command deasserted 0 5 ns
to data invalid®
1 5 ns
2 5 ns
Te Data setup time to WR 0 185 ns
Command deasserted
1 50 ns
2 40 ns
Ty WR Command deas- 0 20 ns
serted to data invalid®
1 15 ns
2 10 ns
TR DMACK to RD Command 0-2 Tkr ns
assertion delay
Tiw DMACK to WR Command 0-2 Tkw ns
assertion delay
T, Command deassertion to 0 25 ns
DMACK delay
Tkr RD Command deasserted 0 50 ns
interval®
1 50 ns
2 25 ns
Tkw WR Command deas- 0 215 ns
serted interval®
1 50 ns
2 25 ns
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Table 6-33 Multi-word DMA mode characteristics (Continued)

Parameter Description Mode Minimum Typical Maximum  Units
TR RD Command asserted to 0 120 ns
DMAREQ deasserted®
1 45 ns
2 35 ns
Tow WR Command asserted to 0 40 ns
DMAREQ deasserted?
1 40 ns
2 35 ns
Tur CSx assertion to RD Com-  0-2 Tkr ns
mand assertion
Tyw CSx assertion to WR 0-2 Tkr ns
Command assertion
TN RD/WR Command deas- 0 15 ns
sertion to CSx deasser-
tion 1 10 ns
2 10 ns
Tz DMACK to read data hi-z® O 20 ns
1 25 ns
2 25 ns
1. Programmed as 1-128 system clock periods (PRI_DRVXTIM register).
2. Programmed as —64 system clock periods (PRI_DRVXTIM register).
3. Device-controlled parameters.
4. Programmed as 1-8 system clock periods (PRI_DRVXTIM register).
5. Programmed as 1-64 system clock periods (PRI_DRVXTIM register).
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6.30.1.3 Ultra DMA Mode Characteristics

Table 6-34 Ultra DMA mode characteristics

Parameter Description/Comments Mode Minimum Maximum Units
TocveTve Sustained average two 0 240 ns
cycle time
1 160 ns
2 120 ns
3 920 ns
4 60 ns
5 40 ns
Teyve Cycle time, strobe edge to 0 120 ns
strobe edge
1 80 ns
2 60 ns
3 45 ns
4 30 ns
5 20 ns
Tocye Cycle time, strobe edge to 0 240 ns
strobe edge
1 160 ns
2 120 ns
3 920 ns
4 60 ns
5 40 ns
Tps Data valid before strobe 0-5 4 ns
edge at recipient
Tpu Data invalid after strobe 0-5 4 ns
edge at recipient
Tpvs Data valid before strobe 0-5 Teve-10 ns
edge at sender
TovH Data invalid after strobe 0-4 10 ns
edge at sender
5 5 ns
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Table 6-34 Ultra DMA mode characteristics (Continued)

Parameter Description/Comments Mode Minimum Maximum Units
Tevs CRC word valid setup time 0 70 ns
at host (relative to DMACK
negation) 1 50 ns
2 35 ns
3 20 ns
4 10 ns
5 10 ns
TevH CRC word valid hold time at 0 10 ns
sender (relative to DMACK
negation) 1 10 ns
2 10 ns
3 10 ns
4 10 ns
5 10 ns
Tzs Time from STROBE output 0-5 Device-controlled parame-
released-to-driving until ter
the first transition of critical
timing
Tozrs Time from data output 0 120 ns
released-to-driving until
t_he_flrst transition of critical 1 80 ns
timing
2 60 ns
3 45 ns
4 30 ns
5 25 ns
Tes First strobe time 0-5 Device-controlled parame-
ter
T, Limited interlock time 0-5 2 3 TsyscLk
TyvL Interlock time with mini- 0-5 20 ns
mum
Tul Unlimited interlock time 0-5 2 TsyscLk
Taz Outputs released to hi-Z 0-5 10 ns
TzaH Minimum delay time 0-5 20 ns

required for output drivers
to assert or negate from
released (host)
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Table 6-34 Ultra DMA mode characteristics (Continued)

Parameter Description/Comments Mode Minimum Maximum Units
TzaD Minimum delay time 0-5 Device-controlled parame-
required for output drivers ter
to assert or negate from
released (device)
Tenv Envelope time [DMACK to 0 20 70 ns
STOP and DMACK to
HDMARDY- during in-burst
initiation and from DMACK 1 20 70 ns
to STOP during data out
burst initiation] 2 20 70 ns
3 20 55 ns
4 20 55 ns
5 20 50 ns
Trrs Ready-to-final-STROBE 0-5 15 ns
time
Trp Ready-to-pause time 0 160 ns
1 125 ns
2 100 ns
3 100 ns
4 100 ns
5 85 ns
TiorDYZ Maximum time to release 0-5 Device-controlled parame-
IORDY ter
Tz10RDY Minimum time before driv- 0-5 Device-controlled parame-
ing IORDY ter
Tack Setup and hold time for 0-5 20 ns
DMACK (before assertion or
negation)
Tss STROBE edge to negation 0-5 50 ns
of DMARQ or assertion of
STOP (when sender termi-
nates a burst)
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7.1 Block Diagram of Video Decoder Subsystem
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Figure 7-1 Video decoder subsystem block diagram

Sigma Designs Confidential 217



SMP8634 Datasheet SMP8634-DS-A-07

7.2 Introduction

The SMP8634 contains two identical video decoders each capable of decoding HD
MPEG-4.10 (H.264), HD SMPTE, SMPTE 421M (VC-1), HD WMV9, HD MPEG-2 and
MPEG-1. The video decoder subsystem executes the video decoding al gorithms supported
by the SMP8634. Its architecture is a hybrid of both processor-based and hardwired logic
approaches. The proprietary RISC CPU runs at 300MHz, and the hardware-based data
path processing runs at 200MHz.

The SMP8634 supports dual HD decoding, and so is capable of decoding, for example,
two MPEG-2 streams, two MPEG-4.10 (H.264) streams, or one MPEG-4.10 (H.264)
stream and one SMPTE 421M (VC-1) stream. The maximum number of simultaneous
programs that can be decoded and displayed depends on the source format and resolution.
The video decoder subsystem can also support the video decoding requirements for
MSTV IPTV, BD, HD-DVD, FVD, DVD, SVCD, VCD, ARIB, ATSC, DMB, DVB and
OpenCable applications.

Table 7-1 Number of programs that can be decoded simultaneously by SMP8634

SMPTE 421M
MPEG-2 MPEG-4.2 WMV9 (vC-1) MPEG-4.10 (H.264)

Max profile MP@HL ASP@L5 MP@HL MP@HL AP@L3  BP@L3 MP@L4.01
and level

HP@L4.0t
1080i30 2 N/A N/A 2 N/A 2
1080p25 2 2 2 2 N/A 2
720p60 2 2 2 2 2 N/A 2
480p60 2 2 2 2 2 2 2
576p50
480i30 4 4 N/A N/A 4 4 4
576i25

1. L4.1 for BD and HD-DVD applications.

The following minimum and maximum resol utions are supported by each video decoder.
The source resol ution information is extracted from the AVI/ASF hitstream or from the
video elementary bitstream.
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Table 7-2 Resolutions supported by each video decoder

Minimum Maximum
MPEG-2 16x32 4096x4096
MPEG-4.2 64x64 4096x4096
MPEG-4.10 (H.264) 64x64 4096x4096
SMPTE 421M (VC-1) 64x64 2048x2048

Although each video decoder is capable of these maximum resolutions, a maximum reso-
lution of 1920x1080 is more realistic due to the many other functions required to be sup-
ported in atypical design.

Common source program resolutions and frame refresh rates include,

® 480, 544 and 640 x 480i @ 25, 29.97 and 30Hz

® 480, 544 and 640 x 480p @ 23.976, 24, 29.97, 30, 59.94 and 60Hz
® 704 and 720 x 480i @ 29.97 and 30Hz

¢ 704 and 720 x 480p @ 23.976, 24, 29.97, 30, 59.94 and 60Hz

® 704 and 720 x 576i @ 25Hz

® 704 and 720 x 576p @ 23.976, 24, 25 and 50Hz

* 1280x 720p @ 23.976, 24, 25, 29.97, 30, 50, 59.94 and 60Hz

® 960, 1280, 1440 and 1920 x 1080i @ 25, 29.97 and 30Hz

® 960, 1280, 1440 and 1920 x 1080p @ 23.976, 24, 25, 29.97 and 30Hz

Each of the 2 video decoder engines consists of a proprietary 16-bit RISC CPU whichis
augmented by a number of hardware functional units. These functional units perform the
most compute-intensive portions of the video decompression algorithms supported by the
SMP8634. The video RISC CPU executes certain portions of the algorithms, and prepares
the data for, and coordinates the execution of the hardware units.

This architecture represents a carefully engineered trade-off between the hardware com-
plexity, operating clock frequency and adaptability.

Appropriate microcode (supplied by SigmaDesigns Inc.) isloaded into the video CPU
program memory from the DRAM to perform the required video decompression.
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7.3 Features

The high memory bandwidth requirements created by the motion compensation features
of the various video codecs is addressed by the ‘Direct Load Port’ feature of the engine.
This port provides a dedicated, prioritized, high-bandwidth port to the system memory.

MPEG-1

MPEG-2 MP@HL

MPEG-4.2 ASP@L5

WMV9 MP@HL

SMPTE 421M (VC-1) MP@HL and AP@L3

MPEG-4.10 (H.264) MP@L 4.0 and HP@L 4.0 up to 1920x1080p25, 1920x1080i30
or 1280x720p60 resolution. L4.1 for BD and HD-DVD applications.

Microsoft MPEG-4 v3 for maximum DivX compatibility

Hardware accelerated Baseline JPEG decoding

In-loop deblocking filter for MPEG-4.10 (H.264) and SMPTE 421M (VC-1)
Error concealment for MPEG-2 and MPEG-4.2

Elementary video stream bit rate

- MPEG-2SDTV (HDTV): 20 (40) Mbps maximum

- MPEG-4.2 SDTV (HDTV): 20 (40) Mbps maximum

- MPEG-4.10 (H.264) SDTV (HDTV): 20 (40) Mbps maximum

- WMV9Y/SMPTE 421M (VC-1) SDTV (HDTV): 20 (40) Mbps maximum

7.4 Functional Description

220

7.4.1 MPEG-2 Decoding

Features and capabilities of MPEG-2 decoding include,

MP@HL up to 1920x1080p25, 1920x1080i30 or 1280x720p60 resolution

Supportslow delay mode (no B pictures, no frame reordering delay, handling of VBV
underflow)
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An error detected during the texture decoding triggers the resynchronization to the next
start code. The area corresponding to the macroblocks skipped (not decoded) during this
resynchronization process keeps the content of the previously decoded picture in that
buffer. Once an error is detected at the texture level, the decoded picture is marked as cor-
rupted. The application decidesif the corrupted pictures are displayed or not by setting the
DisplayErrorThreshold (the default value is zero which means that only good pictures are

displayed).
7.4.2 MPEG-4.2 Decoding

Features and capahilities of MPEG-4.2 decoding include,

* ASP@L5
® Rectangular shape video decoding up to 1280x720p30 resolution
® Support for B Pictures, data partitioning and error resiliency

®* No support for global motion compensation (GMC)

7.4.3 MPEG-4.10 (H.264) Decoding

Features and capahilities of MPEG-4.10 (H.264) decoding include,

®*  BP@L3 upto 720x480p30 or 720x576p25 resolution, including FMO and ASO

* MP@L4.0 and HP@L 4.0 up to 1920x1080p25, 1920x1080i30 or 1280x720p60 reso-
lution. L4.1 for BD and HD-DVD applications.

®* TheHigh 10, High 4:2:2, High 4:4:4 and Extended profiles are not supported
® Decoding can start at any recovery point
® Handling of SPS and PPS between slices of a same picture

* DPB output delay information is used to output pictures as soon as possible (reduces
latency)

* Almost al display meta data from the elementary video stream is output, including.
but not limited to. aspect ratio, pan-scan, chromaticity, picture structure and cropping
information

* Key-frame (akal-frame) playback supported
®  Supports up to 180 Mbin/sfor CABAC streams
®  Supports up to 135 dlices per frame

® Anerror detected during the texture decoding triggers:

- Thediscarding of the current picture
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- Thedisplay of the remaining anchor(s) and

- Theresynchronization to the next intra-picture

7.4.3.1 SEI Messages and VUI

Table 7-3 Supported MPEG-4.10 (H.264) SEI (Supplemental enhancement information)

messages and VUI (video usability information)

Not
Supported Passed to
Supported at this Time Application

Buffering period SEI message X
Picture timing SEI message X
Pan-scan rectangle SEI message X
Filler payload SEI message X
User data registered by ITU-T Recommendation T.35 X
SEl message
User data unregistered SElI message X
Recovery point SEI message syntax X
Decoded reference picture marking repetition SEI X
message
Spare picture SEI message X
Scene information SEI message X
Sub-sequence information SEI message X
Sub-sequence layer characteristics SEI message X
Sub-sequence characteristics SEI message X
Full-frame freeze SEI message X
Full-frame freeze release SEI message X
Full-frame snapshot SEI message X
Progressive refinement segment start SEI message X
Progressive refinement segment end SEI message X
Motion-constrained slice group set SEI message X
All VUI content X
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7.4.4 SMPTE 421M (VC-1) Decoding

Features and capabilities of SMPTE 421M (VC-1) decoding include,

MP@HL up to 1280x720p60 (<90% of the P-picture macroblocks have 4 motion vec-

tors) or 1920x1080p25 resolution. Up to 1280x720p30 or 1920x1080p25 resolution if
unconstrained 4MV bitstream.

AP@L 3 up to 1920x1080i 30 (<60% of the B-picture macroblocks have 4 motion vec-
tors), 1920x1080p25 or 1280x720p60 resolution. Up to 1920x1080i 25,
1920x1080p25 or 1280x720p60 resolution if unconstrained 4MV bitstream.

Almost al display metadatafrom the elementary video stream is output, including. but

not limited to. aspect ratio, pan-scan, chromaticity, picture structure and cropping
information

Key-frame (aka |-frame) playback supported
Pan-scan playback supported
An error detected during the texture decoding triggers:

- Thediscarding of the current picture
- Thedisplay of the remaining anchor(s) and,
- Theresynchronization to the next intra-picture

7.4.5 WMV9 Decoding

Features and capabilities of WMV 9 decoding include,

MP@HL up to 1280x720p60 (<90% of the P-picture macroblocks have 4 motion vec-

tors) or 1920x1080p25 resolution. Up to 1280x720p30 or 1920x1080p25 resolution if
unconstrained 4MV bitstream.

Does not support WMV7 or WMV 8 formats

Does not support Screen, Image and Image Version 2 profiles

7.4.6 H.263 Decoding

Decoding of MPEG-4.2 ‘short_video _header’ bitstreams, which are technically identical
to baseline H.263 bitstreams, is supported. Overlapped motion compensation and PB pic-
tures are not supported.
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7.4.7 User Data Extraction

If user data (such as closed captioning, teletext, etc.) is present in the picture layer of the
video stream, the video decoder extracts and storesit in a DRAM-based FIFO and pro-
vides an interrupt to the host CPU. The application software on the host CPU may then
access the user data for further processing.

7.4.8 JPEG Decode Acceleration

Each video decoder supports the decoding of 4:2:0 and 4:2:2 Y CbCr baseline JPEG
images (from 1x1 to 4096x4096 resolution) using hardware acceleration. The resulting

Y CbCr image may be rendered into an appropriate display plane or off-screen memory
(for additional processing). When rotating a4:2:2 image, it is converted to 4:2:0, resulting
in aminor degradation of video quality. 4:4:4 Y CbCr or RGB images may be decoded
using software on the host CPU.

BD-ROM and HD DV D-Video use JFIF v1.02 as the container format for JPEG images.
BD-ROM and HD DV D-Video performance requirements are:

Table 7-4 BD-ROM and HD DVD-Video JPEG decode performance requirements

BD-ROM HD DVD-Video

JPEG 600K pixels/sec (baseline) 1.03M pixels/sec
300K pixels/sec (progressive)

For HD DV D-Video, one 1920x1080 JPEG image, one 1920x1080 PNG-32 image and
one 1920x1080 PNG-8 image must be able to be decoded within six seconds without
affecting playback. JPEG decoding performanceis:

Table 7-5 JPEG decode performance measurements

JPEG Source Decoding Performance (Mpixels/sec)
4:2:0 baseline 13
4:2:2 baseline 10
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7.4.9 PNG/MNG Decode Acceleration

PNG/MNG decoding is done by software on the host CPU. No hardware accelerationis
available. BD-ROM and HD DV D-Video performance requirements are:

Table 7-6 BD-ROM and HD DVD-Video PNG decode performance requirements

BD-ROM HD DVD-Video
PNG-32 500K pixels/sec 690K pixels/sec
PNG-8 700K pixels/sec 2.07M pixels/sec

Current PNG-32 and PNG-8 decoding performances are ~1.26M and ~2.76M pixel s/sec-
ond, respectively.

7.4.10 GIF Decode Acceleration

GIF decoding is done by software on the host CPU. No hardware acceleration is available.
BD-ROM and HD DV D-Video performance requirements are:

Table 7-7 BD-ROM and HD DVD-Video GIF decode performance requirements

BD-ROM HD DVD-Video

GIF 700K pixels/sec TBD

7.4.11 Subtitle Decode
Each video decoder supports decoding of the following subtitle formats,
®* DVD-Video bit-mapped subpicture

® 2-bit HD DVD-Video hit-mapped subpicture
®* BD-ROM bit-mapped subtitle

The resulting image may be rendered into an appropriate display plane or off-screen mem-
ory (for additional processing).

To improve subtitle rendering performance, the video decoder includes hardware accelera-
tion for run-length decoding of,

* DVD-Video bit-mapped subpictures

® 2-bit HD DVD-Video bit-mapped subpictures (DV D-Video compatible except HD
resolution)
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®* BD-ROM bit-mapped subtitles

Hardware acceleration for 8-bit HD DV D-Video run-length decoding is not supported.
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8.1 Block Diagram of Video Processing Subsystem
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Figure 8-1 Video processing subsystem block diagram
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Figure 8-2 Video processing pipeline
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8.2 Introduction

Figure 8-3 Video processing pipeline

The video processing subsystem has extensive capabilities for retrieving graphics and
video images from the memory, formatting the images as needed, mixing the images and
then presenting the video stream for display in arequired format. Other capabilities
include hardware-assisted 2D graphics accel eration, and support for video and graphics
input ports. The primary functions performed include:

® Up- or down-scaling avideo or graphics images to a specified resolution

* Dataformat conversion (color lookup, color space conversion, etc.)

®  |ndependent positioning of each scaled image

® Ordering and merging (alpha-blending) of up to eight video/graphics sources

® Brightness, contrast and saturation controls

®* TV encoding to NTSC or PAL standards (composite and s-video)
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® Selection of analog out mode (various RGB and Y PbPr formats)
® Video digital-to-analog conversion

* Digital video output formatting

® Video and graphicsinput interfaces

® 2D graphics acceleration

Each video and graphics picture retrieved from the memory can be converted to other
pixel formats as necessary, and scaled independently. The results are then alpha-blended
on a pixel-by-pixel basis using a programmable priority of the plane order.

The video processing block also includes support for 2D graphics acceleration. The accel-
erator is abit-block transfer mechanism for moving, filling, merging and expanding rect-
angular regions of display memory without the processor intervention after the initial
setup. A pixel rate of one pixel per system clock can be supported when executing the
acceleration operations.

The 3 available video outputs consist of,

1. Digital video output: Supports 8, 16 or 24-bit RGB/Y CbCr or HDMI data format.
2. Analog component output: Supports RGB or Y PbPr.
3. Anaog CVBS/S-video outputs: Supports NTSC/PAL composite and s-video.

The digital and component analog outputs can each support output formats of up to
1920x1080p.

8.3 Features

230

Video Processing

® Hardware cursor (4096 pixels, 4-bpp, up to 255 pixels horizontally and vertically)

® 2D graphics accelerator with OpenType/TrueType font rendering acceleration (up to
100M samples per second operation for most operations)
- Accelerator supports alpha/color merging a pha modulation

- Supportsline, rectangle, ellipse and circle to generate a single-color line, rectangle,
ellipse or circle with optional gradient fill

- Supports blend to alpha blend of one rectangular region onto another
- Supports move to move arectangular region to another location

- Supports replace (a modified version of move)

- Supports raster operations (standard 256 boolean operations)
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Supports a 32-bit OSD with flicker filtering and scaling

Supports optional deinterlacing of interlaced main video, including support for
motion-adaptive deinterlacing

Supports arbitrary scaling of video and graphics of up to 1920x1080 pixels, with all
common HDTV set-top box and HDTV scaling modes supported.

Supports pixel-based alpha mixing of video, OSD, subtitles, graphics and hardware
cursor with programmable global plane priority

Video Input and Output Interfaces

Supports a flexible 40-bit video/graphics input interface
Supports brightness, saturation and contrast controls for each output port

Supports NTSC/PAL composite analog output with optional Macrovisionv7.1.L1 pro-
tection (54MHz, 12-bit DAC)

Supports NTSC/PAL s-video anal og output with optional Macrovision v7.1.L 1 protec-
tion (54MHz, 12-bit DACs)

Supports analog Y PoPr / RGB with optional Macrovision v7.1.L1 and v1.2 protection
in 480i, 576i, 480p and 576p Y PbPr output modes (12-bit DACs, interlaced or pro-
gressive, SDTV or HDTV resolution)

Supports a 150MHz RGB/Y ChCr digita video output interface with option of gamma
and color temperature control

- Supports 8-hit 4:2:2 YChCr data

- Supports 16-bit 4:2:2 Y CbCr data

- Supports 24-bit 4:4:4 Y CbCr data

- Supports 24-bit RGB data

- Supports BT.601, BT.656, or VIP 2.0 timing with optional ‘video valid’ output signal
- Supports master or slave timing

Supports HDMI v1.1 output (external PHY chip required)
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8.4 Functional Description

232

8.4.1 Multi-plane Memory Architecture

Conceptually, the SMP8634 uses a multi-plane memory architecture. For many applica-
tionstypical planesinclude:

® Hardware cursor

* 0OSD

® Subtitles (includes subpictures, teletext and closed captions)

®  Secondary video (picture-in-picture or PIP)

* Mainvideo
8.4.1.1 OSD Plane

The OSD plane contains menus for setting user preferences and displaying playback sta-
tus, program guides, user messages, etc.

Application software on the host CPU istypically responsible for rendering datainto the
OSD plane. The following sample software is available from Sigma:

* Navigationfor,

- DVD-Video, DVD-VR, DVD+VR

- DVD-Audio

- VideoCD, SVCD

- CD-DA

- File Player (from HDD for example)

- For additional information on sample navigation software, please refer to the appen-
dix.

® Picture CD (JPEG filesusing | SO 9660 format)
®* ATSC/DVB program guide

To improve OSD rendering performance, the SMP8634 includes hardware acceleration
for,

®  OpenType/TrueType font rendering

® 2D graphics acceleration with optional simultaneous up/down scaling
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8.4.1.2 Subtitle Plane

The subtitle plane contains decoded bitmapped subtitles, text subtitles, animated graphics,
subpictures, teletext and closed captioning data that is to be rendered over the main video.
Whether or not it is rendered over the secondary video (PIP) is determined by the program-
mable global plane priority order.

Application software on the host CPU is typically responsible for rendering into the subti-
tle plane any subtitle formats not supported by the video decoder block. The following
sample software are available from Sigma:

® Closed captioning for,

- CEA-608
- EIA-708

® Subtitlesfor,

- BD-ROM text subtitles
- HD DVD-Video advanced subtitles

®* Navigationfor,
- DVD-Video
- DVD-VR, DVD+VR
- DVD-Audio

- For additional information on sample navigation software, please refer to the appen-
dix.

While the video decoder block uses hardware to improve bit-mapped subtitle performance,
text based subtitle performance is enhanced by using hardware acceleration for,

®  OpenType/TrueType font rendering
® 2D graphics acceleration with optional simultaneous up/down scaling
8.4.1.3 Secondary Video Plane

The secondary video plane contains decompressed video data from the secondary video
decoder for PIP or dual TV output applications. It may alternately contain foreground
graphics, background graphics and still images.

8.4.1.4 Main Video Plane

The main video plane contains decompressed video data from the main video decoder.
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8.4.1.5 Typical Memory Plane and Scaler Usage

Each memory planeistypically capable of supporting awide variety of picture buffer for-
mats. In addition to support for double-buffered memory planes, off-screen graphics com-
position can be done, with the result rendered into any memory plane that supports the
graphics picture buffer formats. Each memory planeis also typically associated with a
scaler, capable of color format conversion and independent x-y scaling. After scaling,
pixel-based alpha mixing is done. The priority display order of the memory planesis pro-
grammable, except for the on-chip hardware cursor which is aways on top. How these
memory planes and their associated scalers are typically used is shown below:

Table 8-1 Memory planes and scaler usage for a typical application

Memory Plane Scaler Used Function?®
OosD OSD scaler Device OSD
Subtitle Subtitle scaler Subtitles

Subpictures
Closed Captions

Teletext
Secondary Video? Multi-format scaler 1 or 2 Secondary Video (PIP)
Photos
Main Video3 Main video scaler Main Video
Multi-format scaler 1 Motion adaptive deinterlacing of
Main Video

Scaling of Secondary Video for
PIP or still images

Multi-format scaler 2 Scaling during 2D Graphics
Acceleration

Motion adaptive deinterlacing of
Main Video

Scaling of Secondary Video for
PIP or still images

Each scaler may only be used for one of the indicated functions.

When both the main video and secondary video are high-definiton MPEG-4.10 (H.264) or SMPTE 421M
(VC-1), the OSD should be limited to 8bpp HD or upscaled 32bpp SD due to DRAM memory bandwidth con-
siderations.

3. Motion adaptive (Type 2) deinterlacing of main video is not available when both Multi-format scaler 1 and 2
are used for other purposes.

N
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8.4.1.6 Blu-ray and HD-DVD Applications

For more advanced applications, such as Blu-ray (BD) and HD-DVD, additional memory
planes and scalers are available to enabl e the support of:

® Hardware cursor

* OSD

* Subtitles

®  Secondary video

* Mainvideo

® Background graphics or foreground software cursor

How these memory planes and their associated scalers can be used for the Blu-ray Disc
(BD) and HD-DVD applications is shown below:

Table 8-2 Memory planes and scaler usage for BD and HD-DVD applications (supports
PIP or Type 2 motion adaptive deinterlacing)

Memory Plane Scaler Used BD HD-DVD
FG/BG Graphics Video plane channel Background Graph- Cursor
ics
osD1 OSD scaler Device OSD Device OSD
BD-J Graphics iHD Graphics
Subtitle Subtitle scaler Presentation Subpictures

Graphics
Closed Captioning

Advanced Subtitles
Closed Captioning

3 Multi-format scaler 1

Secondary Video?,

Secondary Video

Motion Adaptive
Deinterlacing

Secondary Video

Motion Adaptive
Deinterlacing

Main Video

Main video scaler

Main Video

Main Video

BD IG*

Multi-format scaler 2

BD-J Graphics
Acceleration

HDMV Interactive
Graphics

Scaling during 2D
Graphics Accelera-
tion

1. For BD, DirectFB software is used to merge the Device OSD and BD-J Graphics planes into a single OSD
plane. For HD-DVD, DirectFB software is used to merge the Device OSD and iHD Graphics planes into a sin-
gle OSD plane. DirectFB may only be used with DRAM bank 0.

2. The source resolution and frame rate of Secondary Video is limited t0720x480p24, 720x576p24,
720x480i30, 720x480p30, 720x576i25 or 720x576p25.

3. Motion adaptive (Type 2) deinterlacing of Main Video is not available when Secondary Video is displayed
using PIP (picture-in-picture) since Multi-format scaler 1 is used for both features. For Blu-ray players:
- 1080p60 (Type 2 deinterlaced) output is possible when no secondary (PIP) video is displayed
- 1080p60 (3-2 pulldown) or 1080p24 output is possible when both main and secondary (PIP) video are p24
sources. This limitation is because multi-format scaler 2 is needed for graphics performance in case the user
calls up any menus.
- 1080p60 (Type 1 deinterlaced) output is possible when both main and secondary (PIP) video are i30
sources.

4. BD-J Graphics acceleration and HDMV Interactive Graphics are mutually exclusive.
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Table 8-3 Alternate memory planes and scaler usage for BD applications (no support for
PIP or Type 2 motion adaptive deinterlacing)

Memory Plane Scaler Used BD

FG/BG Graphics Video plane channel Background Graphics
0SD OSD scaler Device OSD

Subtitle Subtitle scaler Presentation Graphics

Closed Captioning

BD-J Graphics Multi-format scaler 1 BD-J Graphics
Main Video Main video scaler Main Video
BD IG Multi-format scaler 2 BD-J Graphics Acceleration

HDMV Interactive Graphics

The FG/BG graphics plane contains still imagesthat are used for BD background graphics
(visible when no video or graphicsis present for aregion of the display), or aHD-DVD
cursor image. Typicaly, a JPEG image, an MPEG-2 |-frame or, an SD MPEG-2 |-/P-
frame video drip (1 every 30 seconds) is used to provide BD background graphics data. A
PNG image (up to 256 x 256 8-bit pixels) is used to provide HD-DVD cursor data. Since
the video plane channel does not have scaling capability, Multi-format scaler 2 and the 2D
graphics accelerator are used to read the decoded source image, scaleit to the desired out-
put resolution, and write it to the FG/BG Graphics plane.

8.4.2 Picture Buffer Formats

8.4.2.1 Indexed Graphics — 1/2/4/8-bpp, using LUT

Indexed graphics LUT formats with 1/2/4-bpp are supported by the 2D graphics accelera-
tor (Y input only), OSD scaler and multi-format scalers.

Indexed graphics LUT formats with 8-bpp is supported by the 2D graphics accelerator (X
and Y inputs, output) as well asthe OSD scaler, subtitle and multi-format scalers.

Byte Address > 0 1
Bit > 76543210 76543210

|

|
Pixel # (4 bpp) > ‘ 0

|

Pixel # (1 bpp) =

o‘l

Pixel # (2 bpp) 2> 0

Pixel # (8 bpp) 2

236 Sigma Designs Confidential



@ muLCTI 8: Video Processing Subsystem

HD

8.4.2.2 Graphics - 16-bpp

There are six formats using 16-bpp. All are supported by the 2D graphics accelerator (X
and Y inputs, output) and by the OSD and multi-format scalers.

Byte Address > 1 0 5 .
Bit> |7654321076543210/ 76543210/76543210
RGB-565 Pixel # > 0 :
Component > | R4 | GBO | BleOl ROl | G50l | B0
CrYCb-565 Pixel # > 0 .
Component > | crsol | VB0l | cbiso] cl4o] | Y50 | Cblao]
aRGB-1555 Pixel # > 0 1
Component > o) R#40] | GUO0] | BXO] o R@O] | oMo | BM4O)
aCbYCr-1555 Pixel # > 0 :
Component > o Cr[4:0] | Y[4:0] | Cb[4:0] o Cr[4:0] | Y[4:0] | Cb[4:0]
aRGB-4444 Pixel # > 0 -
Component > | of30] | R0} | GEO | BEO | | aiz0] | RBO | GRO | BRI
aCrYCh-4444 Pixel # > 0 .
Component 2> | o3:0] | Cf3:0] | Y[3:0] | Cb3:0] of3:0] | Cri30] | Y[3:0] | Cb[3:0]

In the above diagram bytes are swapped (1, 0, 3, 2, 5, 4...). When the processor (or ancther
G-Bus master) reads a 16-bit word from the DRAM, it will receive the low address bytein
low position, and the high address byte in the high position. Thus, the 16-bit word will
appear as shown in the diagram.

8.4.2.3 Graphics - 32-bpp

These modes are supported by the 2D graphics accelerator (source input, destination input
and destination output) and by the OSD and multi-format scalers.

Byte Address 2> 3 2 1 0 7 6 5 4
Bit > |;=—>o|7—>0o|7—P0|7—>0| |[7—>0o|7—>0|7—P0|7—>
aRGB-8888 Pixel # > 0 1
Component > of7:0] | RI70] | G[7:0] | B[70] of7:0] | RI70] | G[7:0] | B[7:0]
aCrYCb-8888 Pixel # > 0 1
Component > o[7:0] | Cr[7:0] | Y[7:0] | Cb[7:0] a[7:0] | Cr[7:0] | Y[7:0] | Cb[7:0]
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8.4.2.4 Video-Luminance

When an MPEG bit stream is decoded, the resulting frames are in the 4:2:0 or the 4:2:2
format. In either case, the luminance and the chrominance are stored in separate buffers
(one buffer for luminance and one buffer for Cb and Cr).

In the luminance buffer, datais stored as 8-bpp, with increasing byte address correspond-
ing to increasing pixel X coordinates, except on tile crossing boundaries.

Byte Address > 0 1 2 3 4 5 6 7
Bit> |7—>o|7—>0o|7—>0|7—>0| |[7—>0|7—>0|7—>0|7—>0
Pixels # > 0/1 2/3
Component »> Cb Yo | e Cb Y2 e ovs

8.4.2.5 Video-Chrominance

In the chrominance, datais stored as 16-bpp, as shown below. A chrominance buffer typi-
cally uses the same number of bytes per line, as the associated luminance buffer in the
4:2:2 or the 4:2:0 modes (half the number of pixels, but two components). However, in the
4:2:0 mode, there are half as many lines of chrominance compared to the luminance.

Byte Address >
Bit >

Pixel # (565 mode) >
Component >

0
76543210

1
76543210

2
76543210

3
76543210

0
Cb[7:0] ‘

Cr[7:0]

Cb[7:0]

1
\

Cr[7:0]

8.4.2.6 Video — Interleaved 4:2:2

Thisformat is used for the video coming from the video input ports. Each line contains
2xN pixels of luminance, N pixels of Cb and N pixels of Cr interleaved as follows:

Byte Address > 0 1 2 3 4 5 6 7
Bit> |7—>olr—>0o|r—>0|lr—>0| [r—> 07— 0|70 —>0
Pixels # > 0/1 2/3
Component = Cb | Yo | C | v1 Cb | Y2 | C | ¥3
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8.4.3 OSD Scaler

The OSD enables full-screen menus, images and text to be blended over the video, graph-
ics and subtitles. The OSD scaler accepts most graphics data formats, and performs pro-
grammable edge adaptive scaling with directiona filtering. Input resolutions of up to
2048x1080 are supported.

Supported input formats to the OSD scaler are:

® |ndexed graphics- 1, 2, 4 and 8-bpp (no subtitle/subpicture support)
® Graphics- 16-bpp

-  RGB-565

- CrYCb-565

- 0oRGB-1555

- aYCbCr-1555

-  0RGB-4444

- 0YCDbCr-4444

® Graphics- 24-bpp

- RGB-888
- YChCr-888

®  Graphics- 32-bpp

- 0RGB-8888
- oYCbCr-8888

Before scaling, four 256x8 LUTs are available to perform aRGB gamma correction, 0-255
to 16-235 RGB range conversion or Indexed Graphics to 16/24/32-bpp RGB/Y CbCr con-
version.

Theindividually programmable H and V-scalers can operate in either 2-tap mode (2-tap
horizontally and 4-tap vertically so processing is done on a 2x4 matrix of data) or 4-tap
mode (4-tap horizontally and 4-tap vertically so processing is done on a 4x4 matrix of
data). 2-tap scaling isimplemented as two 63-coefficient, 16 times interpolating filters -
for each of the 16 interpolating positions, 2 coefficients (taps) are used. In the 2-tap mode,
the input line resolution of up to 2048 pixelsis supported for al the input data formats. 4-
tap scaling isimplemented as four 63-coefficient, 16 times interpolating filters - for each
of the 16 interpolating positions, 4 coefficients (taps) are used. In the 4-tap mode, the input
line buffer size restricts the input line resolution to 1440 or 1024 pixelsin 24- and 32-bpp
data formats.
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Table 8-4 OSD line resolutions

Maximum Line

Tap Pixel Resolution Vertical Scaling Ratio Resolution
2-tap 16-bpp Any 2048
24/32-bpp Any 2048
4-tap 16-bpp Any 2048
24/32-bpp (X1, Infinity) 1920
[/2, X1] 1440
[/3, /2] 1024

The OSD scaler aso implements a 3-tap flicker reduction filter with edge detection (scaler
must be in 4-tap mode). Three sets of coefficients provide light, moderate, and strong
flicker reduction options, in addition to no filtering.

After scaling, BT.601 or BT.709 RGB to Y CbCr conversion and colorimetry correction
between BT.601 and BT.709 may be performed. No contrast (or ‘picture’ or ‘white level’),
saturation (or ‘color’), brightness (or ‘black level’), hue (or ‘tint’) or sharpness control is
provided. The data (typically 32-bpp oY ChCr) is then sent to the mixer, 2D graphics
accelerator (X input) or DRAM.

8.4.3.1 Alpha Support

For the 1/2/4/8-bpp, RGB-656, RGB-888, CrY Cb-565 and CrY Cb-888 source formats, 8
bits of al pha data can be generated viathe 00 valueintheVO_OSD_ALPHA_ROUTING
register. By changing the value of 0.0, the entire OSD may be faded in and out.

For the «RGB-1555 and oY CbCr-1555 formats (either source or from the LUTS), two
bytes are used to generate 8 bits of alphainformation, the a0 and a1 valuesin the
VO_OSD_ALPHA ROUTING register. Which aphavalueisused is determined by the
1-bit source aphavalue. By changing the value of these bytes, the entire OSD may be
faded in and out.
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For the aRGB-4444, oY CbCr-4444, oRGB-8888 and oY CbCr-8888 formats (either
source or from the LUTS), the entire OSD may be faded in or out by generating new alpha
information as follows:

AO=(AS* al) + ([1-AS] * a0) where,
AO = Output alpha value
AS = Source alphavaue
a0, ol = Vaues of theoO and ol inthe VO_OSD_ALPHA_ROUTING register.

8.4.3.2 Color Keying

Color keying forces the output apha data to a value of O (transparent) whenever the input
color fallswithin the color key value and 4-bit range. The color key valueis set according
to the input source color space (which may different from the output color space).

It is not possible to use the color key feature with Indexed Graphics data.

8.4.4 Hardware Cursor

The hardware cursor block generates a small picture for the main mixer block. It supports
up to 4096 4-bit pixels and feeds into the alpha mixer. An arbitrary bitmap is stored in 4-
bpp format in a512x32 on-chip SRAM. No external memory bandwidth is required to sup-
port the cursor. It may be organized as any size, up to 255 pixels horizontally or vertically.
Each 4-bit pixel isfed to a 16x32 look-up table which outputs 32-bit (8-8-8-8 format)

oY CbCr pixels.The datais then sent to the mixer.

The horizontal and vertical dimensions of the cursor picture are constrained as follows:

® X sizelessthan or equal to 255
®* Y sizelessthan or equal to 255

®* Total pixels (X x Y) less than or equal to 4096
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8.4.5 Multi-format Scaler 1 and Multi-format Scaler 2

The Multi-format scaler 1 and Multi-format scaler 2 can be used for avariety of functions
such as,

* Enabling asecondary video to be displayed over the main video to support picture-in-
picture (PIP) applications

* Enabling the output of a second video stream for dua TV applications (Multi-format
scaler 1 only)

®  Supporting Type 2 deinterlacing (motion adaptive deinterlacing) of the main video
® Scaling during 2D graphics processing (Multi-format scaler 2 only)

® Scaling and displaying of high-resolution JPEG images (photos)

Note:  Only two of the above features may be used at a time since there are only two multi-scalers.

Input resolutions of up to 2048x1080 are supported. Supported input formats to the Multi-
format scaler 1 and Multi-format scaler 2 are,

®  Video (4:2:0 or 4:2:2 YCbCr)
* Indexed graphics- 1, 2, 4 and 8-bpp (no subtitle/subpicture support)
® Graphics- 16-bpp

-  RGB-565

- YCbCr-565

- oRGB-1555

- aYCbCr-1555

- oRGB-4444

- oYChCr-4444
®  Graphics- 24-bpp

- RGB-888

- YCbCr-888
®  Graphics- 32-bpp

- oRGB-8888

- oYChCr-8888

Before scaling, four 256x8 LUTs are available to perform RGB gamma correction, 0-255
to 16-235 RGB range conversion or Indexed Graphics to 16/24/32-bpp RGB/Y CbCr con-
version.
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Theindividually programmable H and V-scalers operate in a 2-tap mode (2-tap horizon-
tally and 4-tap vertically so processing is done on a 2x4 matrix of data) with a scaling
range of 0.25 to infinity. The 2-tap scaling is implemented as two 63-coefficient, 16 times
interpolating filters - for each of the 16 interpolating positions, 2 coefficients (taps) are
used. Additional downscaling is possible by employing the pre-downscaler before the 2-
tap scalers. The scalers can support the differing chrominance sample alignment of
MPEG-1 versus MPEG-2. Memory limitations on rev. A and B constrain the pixel/line
input (line buffer level) resolutions, rev. C and later do not have these constraints.

Table 8-5 Multi format scaler line resolutions

Maximum Line Maximum Line
Resolution Resolution
Pixel Resolution Vertical Scaling Ratio rev. A and B rev. C and later
16-bpp Any 2048 2048
24/32-bpp [X1, Infinity] 2048 2048
[/2, X1] 1280 2048
[/3, /2] 1024 2048

A horizontal downscaler before the H scaler is available to support larger downscaling fac-
tors. It decreases the number of pixels per line (using pixel skipping) by afractional ratio.
Vertical downscaling beforethe V scaler (by skipping scan lines) is also possible. Combin-
ing these two capabilities enables support for source resolutions up to 4096x4096 or scal-
ing factors less than 0.25x.

For displaying 4:3 content on a 16:9 display, the commonly used ‘pillar’, ‘wide', ‘ zoonm'’
and ‘panorama maodes can be implemented. For the ‘pillar’ mode, the 4:3 sourceis dis-
played without distortion; black bars are added to the left and right sides of the 4:3 image
tofill the 16:9 screen. For the ‘wide’ mode, the 4:3 sourceislinearly scaled to fill the 16:9
display, resulting in a distorted image unless anamorphic content is used. For the ‘ zoom’
mode, the center 16:9 portion of the 4:3 source s displayed without distortion. For ‘ pan-
orama mode, the center portion of the imageislinearly scaled, while the left and right
sides are nonlinearly scaled; the left and right locations where nonlinear scaling stops/
startsis programmable.

For displaying 16:9 content on a 4:3 display, the commonly used ‘crop’, ‘letterbox’ and
‘squeeze’ modes can be implemented. For the ‘crop’ mode, the center 4:3 portion of the
16:9 sourceis displayed without distortion. For the ‘ letterbox’ mode, the entire 16:9 source
is displayed without distortion; black bars are added to the top and bottom of the 16:9
image to fill the 4:3 screen. For the ‘ squeeze’ mode, the 16:9 sourceislinearly scaled to
fill the 4.3 screen, resulting in a distorted image. The appendix illustrates the various scal-
ing modes, and is also available on our web site.
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After scaling, a 3x3 matrix multiplier is used to implement,

®* RGB to YCbCr conversion (BT.601 or BT.709)
® Contrast (or ‘picture’ or ‘whitelevel’) control, range of 0 to 4x in 1/128 steps
® Saturation (or ‘color’) control, range of 0 to 4x in 1/128 steps

e BT.709 (HDTV) to BT.601 (SDTV) and BT.601 (SDTV) to BT.709 (HDTV) colorim-
etry conversion

The matrix multiplier is followed by three programmable DC offsets to provide optional
brightness (or ‘black level”) control. The DC offsets have arange of -512 to +511.7/8, in
steps of 1/8. No sharpness or hue (or ‘tint’) control is provided. The appendix illustrates
differences of BT.601 and BT.709 colorimetry, and is also available on our web site.

Note that content being displayed viaa Multi-format scaler must be authored for flicker-
free display on aninterlaced TV; thereis no anti-flicker filtering filter available.

The output of the Multi-format scaler 1 (typically 32-bpp oY CbCr) isinput to the main
mixer (when used for PIP or motion adaptive deinterlacing), display routing block (when
used for dual TV output), or 2D graphics accelerator (Y input), or may be stored in
DRAM. The output of the Multi-format scaler 2 isinput to the main mixer (when used for
PIP or motion adaptive deinterlacing) or 2D graphics accelerator (Z input).

8.4.5.1 Alpha Support

For the video, 1/2/4/8-bpp, RGB-656, RGB-888, CrY Ch-565 and CrY Cb-888 source for-
mats, 8 bits of apha data can be generated via the a0 valuein the
VO_VCR_ALPHA_ROUTING and VO_GFX_ALPHA_ROUTING registers. By chang-
ing the value of a0, the entire picture may be faded in and out.

For the aRGB-1555 and oY CbCr-1555 formats (either source or from the LUTS), two
bytes are used to generate 8 bits of alphainformation, the a0 and a1 valuesin the
VO_VCR_ALPHA_ROUTING and VO_GFX_ALPHA_ROUTING registers. Which
alphavalueis used is determined by the 1-bit source alphava ue. By changing the val ue of
these bytes, the entire picture may be faded in and out.
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For the aRGB-4444, oY CbCr-4444, oRGB-8888 and oY CbCr-8888 formats (either
source or from the LUTS), the entire picture may be faded in or out by generating new
aphainformation as follows:

AO=(AS* al) + ([1-AS] * 00) where,
AO = Output alphavalue
AS = Source alphavalue

00, ol = Vaues of theoO and ol inthe VO_VCR_ALPHA_ROUTING register and
VO_GFX_ALPHA_ROUTING registers.

8.4.5.2 Color Keying

Color keying forces the output apha datato a value of O (transparent) whenever the input
color fallswithin the color key value and 4-bit range. The color key valueis set according
to the input source color space (which may different from the output color space).

It is not possible to use the color key feature with Indexed Graphics data or video data.

8.4.5.3 Luma Keying of Secondary Video - HD DVD-Video

Although secondary video for HD DV D-Video can be done, the SMP8634 cannot support
the programmable range of luma keying that HD-DV D specifies. This prevents the main
video being shown for below-black secondary video pixels. Therefore, the PIP will always
be rectangular.

8.4.5.4 Luma Keying of Secondary Video - BD-ROM

Onrev. C and later, lumakeying of BD-ROM secondary video is supported. Additional
memory bandwidth is not required for perform lumakeying sinceit is a real-time hard-
ware-based process within the video processing pipeline.
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8.4.6 Main Video Scaler

The main video scaler is used to scale the main video. Input resolutions up to 2048x1080
are supported.

Supported input formats to the video scaler are:

®  Video (4:2:0 or 4:2:2 YCbCr)

Theindividually programmable H and V-scaler operates in a 4-tap mode (4-tap horizon-
tally and 4-tap vertically so processing is done on a 4x4 matrix of data). 4-tap scaling is
implemented as four 63-coefficient, 16 times interpolating filters - for each of the 16 inter-
polating positions, 4 coefficients (taps) are used.

For displaying 4:3 content on a 16:9 display, the commonly used ‘pillar’, ‘wide’, ‘zoom’
and ‘panorama modes can be implemented. For the ‘pillar’ mode, the 4:3 sourceis dis-
played without distortion; black bars are added to the left and right sides of the 4:3 image
tofill the 16:9 screen. For the ‘wide’ mode, the 4:3 sourceislinearly scaled to fill the 16:9
display, resulting in a distorted image unless anamorphic content is used. For the ‘ zoom’
mode, the center 16:9 portion of the 4:3 source is displayed without distortion. For ‘ pan-
orama mode, the center portion of the image is linearly scaled, while the left and right
sides are nonlinearly scaled; the left and right locations where nonlinear scaling stops/
startsis programmable.

For displaying 16:9 content on a4:3 display, the commonly used ‘crop’, ‘letterbox’ and
‘squeeze’ modes can be implemented. For the ‘ crop” mode, the center 4:3 portion of the
16:9 source is displayed without distortion. For the ‘letterbox’ mode, the entire 16:9
source is displayed without distortion; black bars are added to the top and bottom of the
16:9 imageto fill the 4:3 screen. For the ‘ squeeze’ mode, the 16:9 sourceislinearly scaled
to fill the 4:3 screen, resulting in a distorted image. The appendix illustrates the various
scaling modes, and is also available on our web site.

After scaling, a 3x3 matrix multiplier is used to implement,

® Contrast (or ‘picture’ or ‘white level’) control, range of 0 to 4x in 1/128 steps
®  Saturation (or ‘color’) control, range of 0 to 4x in 1/128 steps

* BT.709 (HDTV) to BT.601 (SDTV) and BT.601 (SDTV) to BT.709 (HDTV) colorim-
etry conversion
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The matrix multiplier is followed by three programmable DC offsets to provide optional
brightness (or ‘black level’) control. The DC offsets have arange of -512 to +511.7/8, in
steps of 1/8. No sharpness or hue (or ‘tint’) control is provided. The appendix illustrates
differences of BT.601 and BT.709 colorimetry, and is also available on our web site.

The output of the video scaler (32-bpp oY CbCr) isinput to the main mixer (for viewing)
and the HD to SD downscaler (for downscaling to SD resol ution when HD+SD outputs are
used).

8.4.6.1 Deinterlacing
Two deinterlacing modes are available, Type 1 and Type 2.
De-interlacing Type 1

This agorithm is not motion adaptive. A frame N is built from the fields N-1 and N. Both
the fields are upscaled, and a certain amount of data from the field N-1 isinserted in the
output frame, giving afixed proportion for the whole frame.

The following figure illustrates the deinterlacing algorithm. In this figure, there is no addi-
tional scaling on top of deinterlacing and the vertical scaling phaseis .

Field N-1 Field N Frame N

mmmmmmmmmmmmos e e e = 16 . Lpew = AL Ly + (16-A) L Ly

______________ 16 . Leyr = B . Lyt (16-B) . Ly

Existing lines in fields N or N-1
-------------- Interpolated lines (2 taps line averaging) in fields N or N-1
Lines of frame N with a corresponding line in field N (Lcurrent)

— — m— - = | ines of frame N with no corresponding line in field N (Loq)

Figure 8-4 De-interlacing type 1

Here'A’ represents the fraction of datafrom the field N-1 used to create the new linesin
the frame N (i.e. lines that do not exist in the field N). ‘B’ represents the fraction of data
from the field N-1 inserted in the existing lines of field/frame N. The parity of the frame
being deinterlaced must be programmed. The vertical scaling factor/phase must be set
using the frame dimensions as input dimensions.
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De-interlacing Type 2

This mode is motion and edge adaptive and uses 3 fields. A frame N is built from fields N-
1, N and N+1. The lumas of the fields N-1 and N+1 (same polarity) are locally compared
(4x2 blocks), resulting in aloca motion detection. The fields N and N-1 are both upscaled
and information from field N-1 islocally inserted in the output frame depending on how
much motion islocally detected. Like most motion adaptive algorithms, it continuously
shifts between inter-field deinterlacing (‘weave') when thereislittle motion, and intra-
field deinterlacing (‘bob’) when there is more motion.

The main video scaler V-Bus channels have a‘dual field’ operation mode. In this mode, 2
fields are simultaneously sent to the main scaler, by aternating their lines: line 0 of field O,
line O of field 1, line 1 of field O, line 1 of field 1 and line 2 of field 0. In the type 1 mode,
fields N-1 and N must be read that way from the DRAM. In the type 2 mode, fields N-1
and N+1 must be read that way from DRAM. At the same time, field N must be sent to the
Multi-format scaler 1 or Multi-format scaler 2. The main video scaler will then output
frame N-1 (upscaled from field N-1) with amodulated a phaindicating how much inser-
tion is desired. In the same way, the Multi-format scaler 1 or Multi-format scaler 2 will
output aframe N (upscaled from field N).

The upscaled frame N-1 should then be blended on top of the upscaled frame N resulting
into the motion adaptive de-interlaced output frame N.

The type 2 agorithm supports concurrent de-interlacing and re-sizing: for instance, if the
input is480i and the display is 720P. It could also be used to scale from one interlaced for-
mat to another interlaced format: for instance 480i to 1080i, or 480i to 576i.

Contrary to type 1, the type 2 de-interlacing uses three blocks within the video outpuit:

® Themain video scaler which inputs fields N-1, N+1 and outputs an intra field direc-
tional filtering de-interlaced frame N-1 with a motion modul ated alpha.

®* TheMulti-format scaler 1 or Multi-format scaler 2 which inputs field N and outputs
an intrafield directional filtering de-interlaced frame.

®*  Themixer which blendstheintrafield directional filtering frame N-1 on top of the
intrafield directional filtering frame N (with directional filtering).
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Field N-1 Field N Field N+1 Frame N
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Existing lines in fields N, N-1 or N+1
-------------- Interpolated lines (2 taps line averaging) in fields N, N-1or N+1
Lines of frame N with a corresponding line in field N (Lcyrrent)

=—— =—— — — = Lines of frame N with no corresponding line in field N (Loq)
Figure 8-5 De-interlacing type 2

8.4.6.2 Film Grain Technology: HD DVD-Video

Thomson's Film Grain Technology (FGT) for HD DVD-Video is not supported. Asa
result, the main video cannot have artificial film grain added to it during playback.

8.4.7 Subtitle Scaler

This scaler enables closed captioning, teletext and various types of subtitles/subpictures to
be blended over the video. Input resolutions of up to 2048x1080 are supported.

Supported input formats to the subtitle scaler are:

® |Indexed graphics- 1, 2, 4 and 8-bpp
® |ndexed graphics - 8-bpp + 8-bpp of apha

Before scaling, a256x32 LUT performs Indexed Graphics to 32-bpp oY CbCr conversion.
In the 8-bpp + 8-bpp alpha mode, the 8-bpp of indexed graphic data addresses the 256x32
LUT to generate 24-bpp Y CbCr; the 8-bpp of source alpha datais directly used.

Theindividually programmable H and V-scalers operate in a 2-tap mode (2-tap horizon-
tally and 4-tap vertically so processing is done on a 2x4 matrix of data), with a scaling
range of 0.25 to infinity. 2-tap scaling isimplemented as two 63-coefficient, 16 timesinter-
polating filters - for each of the 16 interpolating positions, 2 coefficients (taps) are used.
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A horizontal downscaler before the H scaler is available to support larger downscaling
factors. It decreases the number of pixels per line (using pixel skipping) by afractional
ratio. Vertical downscaling before the V scaler (by skipping scan lines) is also possible.
Combining these two capabilities enables support for source resolutions up to 4096x4096
or scaling factors less than 0.25x.

The subtitle scaler also implements a 3-tap flicker reduction filter. Three sets of coeffi-
cients provide light, moderate, and strong flicker reduction options, in addition to no filter-

ing.

After scaling, colorimetry correction from BT.601 to BT.709 may be performed. No con-
trast (or ‘picture’ or ‘whitelevel’), saturation (or ‘color’), brightness (or ‘black level’),
hue (or ‘tint’) or sharpness control is provided. The output of the subtitle scaler (32-bpp
oY CbCr) isinput to the main mixer.

The 8-bit HD DV D-Video subpicture format is not supported since it requires each of the
three button states to support 256 colors, requiring three 256x32 LUTs and more than
8bpp memory plane support.

8.4.8 HD to SD Scaler

This scaler is used to downscale HD content to SD resol ution to enable simultaneous HD
and SD video outputs. Possible sources to the scaler are either the main mixer output (used
for simultaneous SD and HD outputs) or, main video scaler output (no OSD available, so
useful for recording).

The HD image from the main mixer or main video scaler isfirst horizontally downscaled,
with arange of 1/8x to 1x in increments of 1/2048, using a bilinear filter. The first 0-1023
pixels and the first 0-1023 lines of the HD image can be ignored, and 3 different 3-tap
low-pass filters can be enabled prior to the horizontal downscaling. 4:4:4 to 4:2:2 Y CbCr
or RGB-888 to RGB-565 conversion is then performed to reduce the DRAM memory
bandwidth and the on-chip memory buffer sizes. Vertical downscaling, with arange of 1/
8x to 1x inincrements of 1/2048, isthen performed using abilinear filter. Up to 511 pixels
or lines of black stripes can then be added on the left/right sides or top/bottom sides of the
SD image.

For displaying 16:9 content on a4:3 display, the commonly used ‘crop’, ‘letterbox’ and
‘squeeze’ modes can be implemented. For the ‘crop’ mode, the center 4:3 portion of the
16:9 source is displayed without distortion. For the ‘letterbox’ mode, the entire 16:9
source is displayed without distortion; black bars are added to the top and bottom of the
16:9 imageto fill the 4:3 screen. For the * squeeze’ mode, the 16:9 sourceislinearly scaled
to fill the 4:3 screen, resulting in a distorted image. The appendix illustrates the various
scaling modes, and is also available on the Sigma web site.
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The down-scaled content is sent either directly to the display routing block (on-the-fly
mode) or stored in DRAM and read back before being displayed (buffered mode).

8.4.8.1 On-the-fly Mode

In on-the-fly mode, the 4:2:2 Y CbCr or RGB-565 SD imageis converted to 4:4:4 Y CbCr
or RGB-888 and sent directly to the display routing block. This mode does not use any
DRAM memory bandwidth, but there are two considerations.

VSYNC frequency: The SD and HD outputs must be running at exactly the same VSYNC
frequency.

Vertical scaling mismatch: The scaling ratio between the HD source and the SD output is
determined by the ratio of total lines (for example 525 from 1125 = 0.467, when scaling
from 1080i to 480i), which differs from the ratio of active lines (480 from 1080 = 0.444
using the same example). Thefirst ratio is typically higher and as a consequence the on-
the-fly mode will usually result in an active picture that is dightly stretched vertically. In
the example, 480/ 0.467 * 0.444 = 457 active lines that will be stretched (~5%) and dis-
played using 480 lines.

8.4.8.2 Buffered Mode

Although thisimplementation requires DRAM memory bandwidth, it makesiit possible to
output HD at 60Hz and SD at 59.94Hz (for example) and/or avoid the vertical scaling mis-
match issue.

The 4:2:2 Y CbCr or RGB-565 SD image is written to DRAM at the HD display vsync fre-
guency. The SD image is then read back from the DRAM at the SD display vsync fre-
guency. Synchronization between the vsync frequenciesis done in the software by using
the multiple buffersin the DRAM. The SD image is converted back to 4:4:4 Y CbCr or
RGB-888 and the result delivered to the display routing block.

8.4.9 Video Plane Channel

The video plane channel, useful for BD-ROM background graphics or HD DV D-Video
software cursor, reads Y CbCr data from the DRAM, convertsit to 4:4:4 Y CbCr data (if
required) and provides it to the main mixer. No scaling, color space conversion or user
adjustments (brightness, contrast, etc.) are available. Input resolutions of up to 2047x2047
are supported.
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Supported input formats are:

® 16-bpp 4:2:2 YCDbCr (CbCr aigned with Y or half-way between Y samples)

® 24-bpp 4:4:4YChCr

®  32-bpp4:4:4:4 oY CbCr

Typical sources for background images are MPEG-2 |-frames and JPEG images. Typical
sources for foreground software cursors are PNG images. These would need to be

decoded, converted to the appropriate Y CbCr format and scaled to the desired resolution
before being used as background graphics.

8.4.9.1 Alpha Support

For the 16-bpp 4:2:2 Y CbCr and 24-bpp 4:4:4 Y CbCr formats, 8 bits of alpha data can be
generated viathe alphavalue in the register VO_VP_CONF. By changing the value of
alpha, the entire image may be faded in and out.

For the 32-bit 4:4:4 oY CbCr format, the 8 bits of source alpha data are passed through.

8.4.9.2 Color Keying

Color keying forces the output alpha datato avalue of 0 (transparent) whenever the input
Y data has avalue of 0 and/or 255 (selectable).

8.4.10 2D Graphics and OpenType/TrueType Font Accelerator
The 2D graphics accelerator is composed of the following:

1. A bitmap accelerator to execute the bitmap operations like blending two images, mov-
ing a graphic in memory, combining graphics etc. It handles 2D bitmap basic opera-
tions (moves, blends, replaces, merge, apha modulation, raster operations etc.).

2. A vectoria accelerator to generate atwo colors per pixel mask from avectorial defini-
tion (e.g. true type fonts). It renders quadratic and cubic vectoria streams (fonts).

3. Thegradient generator to generate linear or radial fills.
The accelerator can be combined with the OSD scaler, the VCR multi scaler, the GFX
multi scaler to support scaling and tiling. The GFX multi scaler is connected to the Z

input, the VCR multi scaler can be connected to the Y input, the OSD scaler can be con-
nected to the X inpuit.
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Figure 8-6 Graphics accelerator block diagram

The above figure shows the different utilization of the graphic accelerator and the corre-
sponding data paths. The bitmap or the vectorial blocks can be used individually. The vec-
torial can be an input of the bitmap block and so cutting a texture. Moreover, instead of
|oading atexture from the memory, the bitmap can use agenerated gradient. Thereforeitis
possible to generate a vectorial image with agradient filling. The graphics accelerator also
includes a vectorial mode unit which greatly accelerates the rendering of vector mode
fonts such as OpenType/TrueType.

8.4.10.3 Graphics Accelerator (Bitmap Mode)

The graphic accelerator has 3 inputs and 1 output to DRAM. 2 inputs are DRAM channels
while the 3rd one allows to coupl e the accelerator with a multi format scaler, thus giving
scaling and format conversion capacities to the accelerator.

Sigma Designs Confidential 253



SMP8634 Datasheet SMP8634-DS-A-07

The graphics accelerator provides 5 basic operations:

Fill: Generates a single-color filled rectangle in the memory.
Blend: Alpha blends one rectangular region on top of ancther.
Move: Moves arectangular region to another location.

Replace: Combines graphicsin the memory.

N

Raster Operations. |mplements a standard 256 raster operation set on the source data.

In the move and the replace modes, the accelerator can merge the color object with an
aphafield.

This engine renders vector fonts in the following steps:

1. Datadefining the glyph outlineis read from the system DRAM viaaV-bus DMA
channel and isloaded into a FIFO.

2. A ‘control point extraction’ unit parses the incoming data and re-orders the data on a
per-control-point basis.

3. Theoutline points datais transformed as required in a transformation matrix to effect
rotations, etc.

4. Thetransformed outline points are then scaled as required in a scaling unit.

An ‘outline drawing’ unit then draws the outline in 64x64 pixel areas (2-bpp) and
stores the results in the on-chip memory. The resulting outline regions are then filled
(1-bpp) and the 64x64 regions are written to DRAM viaa V-bus DMA channel

The unit is capabl e of rendering linear or second-order outlines directly, and handles third-
order outlines if necessary by substituting a sequence of second-order segments.

X, Y Input and Z Output Channels

The X channel can input:

1. 1/2/4/8-bpp aphaformats. In which case,

- 1land 2-bpp data address a 4x8-bit apha LUT
- 4-bpp true alpha data is extended to 8-hit as 0ty = {0y, Oy}

- 8-bppisfull true alphainformation.
- The X channel output is 8-bpp alpha data, that is used for alpha-color ‘ merging’

2. 16/24/32-bpp color (with or without alpha) formats. The X channel output is 32-bpp.

TheY channel can input,

1. 1/2/4/8-bpp color LUT formats.
2. 16/24/32-bpp true color formats.
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TheY channel has a 256x32-bit LUT that can be used to decode the 1/2/4/8-bpp formats.
Depending on how the registers VO_GRAPH_ACC_CONTROL or OUTPUT_FORMAT
are set,

1. Theincoming 1/2/4/8-bpp data can be output as, 8-bpp or 16-bpp (the raw content for-
mat of the LUT if the sub modeis set to 16-bpp) or 32-bpp (whatever the content for-
mat of the LUT is).

2. Theincoming 16-bpp data can be output as 16-bpp (unchanged) or 32-bpp.
3. Incoming 24/32-bpp datais output as 32-bpp.

Output formats that are not 32-bpp alow move/replace commands to be performed with-
out altering the original DRAM format. However, even though the data is output in a non
32-bpp expanded format, the associated alpha information is processed and output along
the original data. Thisisuseful to determine whether the pixel istransparent or not, in case
of areplace command. For example,

Y_for_mode ="‘b 010 (LUT 4-bpp)
Y_sub_mode = ‘b 001 (16-bpp 1555)
Y_apha 0=‘h00

Y _apha l="hFF

Output_format = “b 00 (8-bpp)

1. 1nput: {Prua[3], Preal2], Preal1], PrualO], Po[3], Pol2], P[], P[0} (two 4-bit -pixels
per byte).

2. Pixelsareserialized (P, and Py, are separated).

3. For each n, P, addresses the 256x32 LUT. The true color output is TC(P,). In that
case, TC(P,) isin 16-bpp 1555.

4. Thealpha associated to P, is determined as follows: o(P,) = [TC(P)[15] = 1] ?
Y _apha 1:Y_apha 0

5. Output of the Y channel: {a(P,)[7:0], 20'd O, P,[3:0]}

In case the current command isreplace, {4'd 0, P,[3:0]} will bewritten in the DRAM,
using aflag determined by o(P,)[7:0].

The Z channel isthe 32-bpp output of the Multi-format scaler 2.
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Commands

Fill: Fillsarectangle with afont. The V-Businterface handles DRAM addressing to shape
the rectangle. The active channelsare X, Y/Z and X’.

Blend: Blends any of X,Y or Z with any of X,Y or Z. The X’ resolution is 8-bit (no LUT
encoding). Blend order is selected by BLEND ORDER. The active channels are X/Y/Z,
X/IY/Z and X'. The ‘blend’ command requires 2 channels, data read through X, Y or Z.

If the full blending option is not enabled then the whether top layer isread through X,Y or
Z is set by the scaling requirements. The top layer provides the aphainformation. The
output layer’s alphais calculated as follows: oLyt = Otrgp +olportom (SAUrated to FF).If the

aphasaturation bitin VO_GRAPH_ACC_CONTROL isenabled, oy, = FF.
Otherwise the blending takes place as follows (with a normalized between 0 and 1):
Oloyt = Olgop * Olhottom — Czop” Obottom

Dout = Drop * 0rop/Oout + Diottom * (1-0trop/Olout)

The layer generated by this logic can be used for further blend operations in the accelera-
tor or the mixer.

Move: Moves agraphicin the DRAM. The V-Bus interface handles the DRAM address-
ing to move the graphic.The channel Y/Z is selected by SOURCE_CTRL. If
MERGE_CTRL isenabled, then the X channel provides the accelerator with alphainfor-
mation which is merged with the color information provided by Y/Z.The active channels
aeX,Y/ZorX'.

The main purpose of thiscommand isto move datafrom an area of DRAM to another (the
frame buffer for instance), using channels'Y or Z. While being moved, the data may be
scaled, its pixel resolution may be increased, and it can be merged with the apha data. In
the latter case, a color layer can be read from the DRAM through Y or Z aswell asan
alphalayer through X. The merging operation is controlled by MERGE_CTRL
(DATA_CTRL[1]). The aphalayer can be coded in 1/2-bpp (2/4 bytes LUT modes) or in
4/8-bpp (true a pha modes).
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Replace: Replaces data without using channel X. Similar to Move, but generates a 1-bpp
flag (active high) to enable DRAM writing. For each pixel theflagisset to 1 if itsalpha
information is not nil. No source is needed, saves bandwidth (compared to Blend no need
to read the destination). The channel Y/Z is selected by SOURCE_CTRL. If
MERGE_CTRL is enabled, then the X channel provides the accel erator with alphainfor-
mation which is merged with the color information provided by Y/Z.The active channels
aeX,Y/Zor X’

The main purpose of this command isto move datafrom an area of DRAM to another (the
frame buffer for instance), using channels'Y or Z. While being moved, the data may be
scaled, its pixel resolution may be increased, and it can be merged with the alpha data. In
the latter case, a color layer can be read from the DRAM through Y or Z aswell as an
aphalayer through X. The merging operation is controlled by MERGE_CTRL
(DATA_CTRL[1]). The aphalayer can be coded in 1/2-bpp (2/4 bytes LUT modes) or in
4/8-bpp (true a pha modes).

“Replace” generates a 1-bpp flag sent to the V-Bus write channel, that enables the writing
of the pixel inthe DRAM. Theflag isgenerated asfollows: flag = (alphal = 0), where alpha
is the transparency information of the output pixel.

Raster operations: (see Appendix for adescription of the operations). The Destination is
mapped on X, Source is mapped on Z and Pattern is mapped on Y. All 3 operands should
therefore be stored in the DRAM and padded if necessary to fit the image dimensions. To
avoid using the Z channel, a 2 operands operation code may be altered in order to use a
Source instead of a Pattern.

Raster operations can be made in 16/24/32-bpp. They can aso be performed in 8-bpp. The
V-Bus channels must then be programmed in an 8-bpp mode and the graphic accelerator in
a 32-bpp mode.

8.4.10.4 Graphic Accelerator (Vectorial Mode)

The font engine renders TrueType-like glyphsin 3 steps:

1. Readsapre-parsed glyph from the DRAM (this data can also be provided directly by
the G-Bus) and pre-processes the points stream.

2. Rendersthe glyph outline and fills the character.
3. A 1-bpp (black and white) bitmap is then generated in the DRAM.
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The data defining the glyph outlineis read from the DRAM through the V-Bus R10 chan-
nel and is cached. The engineis configured through the G-Bus. The * control point extrac-
tion’ re-orders the data on a per control point basis. Then, the outline points coordinates
undergo an affine transformation. Some points needed for the calculations are inserted and
the coordinates are scaled for the output device.

The *outline drawing’ module draws the outline in a 64x64 pixel area (2-bpp) and stores it
in a1KB memory. Then the bitmap is filled (64x64x1-bpp) and each areais written to the
DRAM through the W2 channel (8- byte x X line rectangle transfers). A state machine
supervises all the memory accesses and the pixel areas sub-division.

Cache

The data read through the V-Bus or programmed by the G-Busis stored in the cache. The
glyph header (end point of each contour) is stored in the cache during the entire outline
rendering process. This header must be a multiple of 4 bytesin order to be easily address-
able. The outline control points information (flags and coordinates) is stored in a FIFO
way in the remaining free part of the cache.

+D000 +D3FC

Glyph Header Control points FIFO 32
/ > / > Data
3é End point of each contour Points /
eol Nb Contours Flags and Coordinates #} Nb of contours
eof *2 bytes /
ﬁL} > 1/ » Fifo overflow

A
y

4 bytes multiple

If the FIFO overflows with the points information, then the cache must signal it to the font
rendering state machine so that the data can be read again from the DRAM for each work-
ing area.

Control Point Extraction

Control Point Extraction

32
Header Points’ flags Coordinates +> X-Y coordinates
+’ decoding decoding redirection

- End of contour

32 Flags 4 / End of glyph
+ positioning » On/off curve
header / Cubic curve
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The ‘control point extraction’ module inputs the data stream read in the cache. The pur-
pose is to separate the data into different buses relative to:

®* The X coordinates (16-hit)

®* TheY coordinates (16-bit)

®* The'End of contour’ and ‘end of glyph’ flags (2-bit)

®* The'On/off curve and ‘cubic curve' flags (2-bit).

In the case of a composite glyph, the coordinates of the points undergo an affine transfor-
mation defined by a 6-coefficient matrix. These coefficients (a, b, ¢, d, e, ) are calculated
by the CPU and programmed by the G-Bus.

Transformation Matrix

In the case of a composite glyph, the points’ coordinates undergo an affine transformation
defined by a 6-coefficient matrix. These coefficients (a, b, ¢, d, g, f) are calculated by the
CPU and programmed by the G-Bus.

Transformation matrix

32 32
X-Y +> X =atx+ oty +e +> XY
* * 4 eog
= + +
bix +d7y +f +> on/off
cubic

Thescales(a, b, ¢, d) are 2.14 fixed point numbers (2-bit integer part, 14-bit decimal part).
(e, f) offsets are 16-hit integers in FUNits, and are applied only for thefirst point of the
glyph as the coordinates are still relatives at this point. Default values for a non-composite
glyphmustbel,0,0,1,0,0(X =xandy' =vy).

(eIl
528
&S
%
<
1

Point Insertion

Point insertion

32 32
X-Y +> Contour +> X-Y
beginning

Cubic = Middle
eoc Quadratic with an creation
eog 4 transfor- on-curve between 2 3 eoc
0n/0ff+> mation control off points +’ €og
cubic point on/off
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The module ‘point insertion’ inserts:

* The off-curve control points created when transforming a cubic Bezier curve into 4
quadratic ones. These points are the centers of the centers of the cubic curves points
and they can be determined directly by an equation for each of them, depending on the
three cubic vectors.

* Anon-curve point beginning the contour when it is not the case.

®* Theon-curve point implied between two consecutive off-curve points in the case of
TrueType outlines. This point is the middle of the two off-curve points.

Asthe coordinates are still relative ones, the middle point is just obtained by dividing the
coordinates vector by 2 and repeating it twice (with a carry for odd numbers).

Scaling

When scaling, the original coordinates in FUnits are converted into pixel units. This step
is done by multiplying the coordinates by the scale factor.

Scaling
16
/ I
® 7% Y x
A %
» Y
/

ScalejL}v

Factor 9 eoc
‘+> eog

eoc 7L> on/off

eog

on/off

The scale factor is calculated by the CPU and programmed by the G-Bus. This multiplica-
tion increases the range of X-Y coordinates (16-bit to19-bit).

This module a so scales other FUnits data, instead of control points X-Y coordinates, and
the bounding box of the glyph (xmin, xmax, ymin and ymax). Thisdatais programmed by
the G-Bus.
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8: Video Processing Subsystem

Outline Rendering

Outline Rendering

Line/curve skip and Line/curve division | Intersection with the
number of divisions scan line and pixel
calculation state read in the RAM

32} {32

Outline RAM
1KB

Once the coordinates of the control points of the outline have been scaled, the outline is
drawn in a64x64 pixel area (2-bpp). First, the relative coordinates are accumulated and
added to the previous coordinates generating absolute coordinates. By this, both the types
can be used to draw the outline lines and curves, and the lines or curves that do not get in
the area are skipped.

After astep of the lines or curves division into elementary segments, each intersection of
these segments forming the outline with the working area scan linesis calculated. In the
outline memory a 2-bit information for each touched pixel is stored.

® Dropout mode: The pixel bit indicatesif thereis acontour boundary, and if the pixel is
set, then the flag indicates the direction of the contour. If the pixel is not set and the
flag is, then there will be a dropout.

®* No dropout control: These 2 bitsindicates the ‘weight’ of the contour direction (01: 1
contour direction A or 3 direction B, 10: 2 contours direction A or B, 11: 1 contour
direction B or 3 direction A).

A dropout and an intersecting contour can not be managed at the same time, as both use
the same flag. There can not be more than 3 intersecting contours (2-bit). When the outline
drawing is completed in the area, the final bitmap isfilled and written to the DRAM
through W2 channel (1-bpp, black and white).
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Bitmap Filling

When the outline drawing is completed in the area, the final bitmap isfilled and written to
the DRAM through the W2 channd (1-bpp, black and white).

Outline RAM

[TTT] to DRAM
/16

1 Bitmap Filling
Valid Outline +> (TTTT11]
y —»[ ]
<JEEEEEEN
42
/ RAM reinitialization
/32

Thefilling is processed line by line from left to right and top to bottom in each 64x64
working area. The status of the end of linesis memorized for the next working area.

Font Rendering State Machine

The font rendering the state machine supervises all the memory accesses required by the

process.

From GBUS
Fifo overflow
Valid bitmap

Scaled

bounding
Box

Font rendering state machine

Read Control (font data)

Write Control (raster bitmap)

DRAM
9 control

Area division

—m
=

K

The state machine deals with several tasks:

Working area
coordinates

¢ Dividesthe glyph correctly into 64x64 pixel working areas and provides the current
coordinates to the outline drawing module.

* Controlsthefont dataread from the DRAM or programmed by the G-Bus. If the FIFO
does not contain this data, then the information is retrieved again for each working

area.

* Controls the writing operation of the glyph areas to the DRAM when they are valid.

* [nitiaizesthe outline RAM at the first launch of the graphic accelerator

® Controls the sub-modules reset signa

262
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8.4.10.5 Graphic Accelerator (Gradient Fill)

The gradient block is placed as an input of the bitmap graphic accelerator and isseen asa
texture generator. This block does the gradient filling of a rectangular area of 2048 maxi-
mum pixel width. The gradient can be of two kinds linear or radial.

Linear graduation is along a direction. The direction can be the horizontal axis, the vertical
axis or a combination of the horizontal and the vertical. The linear gradient is the superpo-
sition of a horizontal and avertical gradient. The first color of the gradient isin the upper
left hand corner, whereas the second color of the gradient isin the bottom right hand cor-
ner of arectangle. Thisrectangle is not necessary the drawing window area. Usually the
drawing window is inside this rectangle, but it can be larger and in that case the same pat-
tern will be repeated.

The size of the rectangle, and the position of the second color, is given by the horizontal
and the vertical scale factor: The scale factors are the inverse of the dimensions along the
gradient. These scale factors parameter the orientation of the gradient direction, for hori-
zontal gradient the scale factor 2 = 0 and for vertical gradient the scale factor = 0.

In alinear gradient mode, the color is pondered by the distance between the two color
points. The horizontal and vertical gradient filling are symmetrical.

Theradial graduation is defined by a center and two radius. The two radius define aring.
Theringisfilled by aradial gradient from one color to ancther. The color outside thering
can be transparent or the perimeter color. The interior and the exterior can be set indepen-
dently.
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8.4.10.6 Porter-Duff Compatibility

The paper "Compositing Digital Images" (1984) by Thomas Porter & Tom Duff sets vari-
ousrulesfor properly blending graphics objects, and is referenced by many specifications.
While their rules use RGB datathat is premultiplied by apha (r/o, g/a, b/o), the
SMP8634 uses non-premultiplied RGB data plus alpha (r,g,b,a).

CLEAR Rule

Figure 8-7 CLEAR example

CLEAR is described by the following equations:

® |f source apha=0,
- destination_color = destination_color
- destination_alpha = destination_alpha
® |f source alphal =0,
- destination_color = destination_color

- destination_apha=0

The alpha of the destination is cleared. When source_alphal= 0, the CLEAR rule can be
viewed as simply overwriting existing data with the source data having its alpha set to
zero. This can be achieved by setting the accelerator to the “replace” mode and forcing the
output alphato 0.
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SRC Rule

Figure 8-8 SRC example

SRC isdescribed by the following equations:

® |fsource apha=0,
- dedtination_color = destination_color
- dedtination_alpha = destination_alpha
® |fsource aphal =0,
- dedtination_color = source_color
- dedtination_alpha = source_alpha

The source is copied to the destination. When source_alphal= 0, the SRC rule can be

viewed as simply overwriting existing data with the source data. This can be achieved by
setting the accelerator to the “replace” mode.
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DST_ IN and SRC_IN Rules

5 (DST/SRC) =(0.72/0.54 DST/SRC) =(0.72/0.54

Figure 8-9 DST_IN and SRC_IN examples

DST_IN isdescribed by the following equations:

If source apha=0,

- destination_alpha = destination_alpha
- destination_color = destination_color
If source_apha! =0,

- destination_alpha = destination_alpha * source _apha
- destination_color = destination_color

SRC_IN is described by the following equations:

If source_apha=0,

- destination_alpha = destination_alpha
- destination_color = destination_color
If source_apha! =0,

- destination_alpha = destination_alpha * source apha
- destination_color = source_color

For SRC_IN, the part of the source lying inside of the destination repl aces the destination.
For DST _IN, the part of the destination lying inside of the source replaces the destination.
When source_alphal=0, the DST_IN and SRC_IN rules can be viewed as a modulation of
the alpha of object A by the alpha of object B, with the color of A remaining the same.
This can be achieved by reading object A through the Y channel, object B through the X
channel and by setting the accelerator to the “move+merge+modulate” mode. The output
is then determined as follows:
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® color =color fromY channel (object A)

* apha=aphafrom X channel (object B) multiplied by alpha of Y channel (object A)

Y channel can be replaced with Z channel and it is possible to input { alpha,color} or
{apha}-only information in the X channel.

DST_OUT and SRC_OUT Rules

alpha (DST/SRC) =(0.72/0.54

Figure 8-10 DST_OUT and SRC_OUT examples

DST_OUT isdescribed by the following equations:

® |fsource apha=0,

- dedtination_apha = destination_alpha
- destination_color = destination_color
* |f source aphal =0,
- destination_alpha = destination_apha* (1-source_alpha)

- dedtination_color = destination_color

SRC_OUT isdescribed by the following equations:

* |f source apha=0,

- dedtination_alpha = destination_alpha
- dedtination_color = destination_color

* |f source aphal =0,

- dedtination_alpha = source_alpha* (1-destination_alpha)
- dedtination_color = source_color
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For SRC_OUT, the part of the source lying outside of the destination replaces the destina-
tion. For DST_OUT, the part of the destination lying outside of the source replaces the
destination. When source_alphal= 0, the DST_OUT and SRC_OUT rules are similar to
the“IN” rules, except that the complement of the alpha of object B is used to modulate the
alphaof object A. Two passes are necessary to implement these rules using the accelera-
tor:

Pass 1. Extract object B alphaand invert it.

Input the object B viathe Y channel.
Fill theY channel alpha LUT in the reverse order [LUT(0)=255,LUT(1)=254, etc.].
Fill the'Y channel color LUT to FF for each component.

Set the Z channel to use the gradient generator. Configure the latter to generate arectangle
of dimensions similar to object B and with the color set to 00 per component.

e. BlendY and Z using the basic blending mode. The color output by the blender is,
(‘o,'os,!'aB} .

f.  Set the V-Bus write channel in 8-bpp mode. It will build a 8-bpp alphamap in DRAM that con-
tainsloB.

Qa o T

Pass 2: Read object A through Y or Z channel and the alpha map extracted in pass 1, and
configure the accelerator to movet+merge+modul ate mode.

DST_OVER and SRC_OVER Rules

ei_aigh&;fﬁ"&ﬁﬁﬁéﬁ =(0.72/0.54

Figure 8-11 DST_OVER and SRC_OVER examples

SRC_OVER isdescribed by the following equations:

* |f source _apha=0,

- destination_color = destination_color
- destination_alpha = destination_alpha
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* |f source apha=0,

- dedtination_color = source_color + [destination_color * (1 - source_alpha)]

- dedtination_alpha = source_alpha + destination_alpha - (source_apha*
destination_alpha)

DST_OVER isdescribed by the following equations:

* |f source apha=0,
- dedtination_color = destination_color
- dedtination_alpha = destination_alpha
® |fsource apha=0,

- dedtination_color = destination_color + [source_color * (1 - destination_al pha)]

- dedtination_alpha = source_alpha + destination_alpha- (source_apha*
destination_alpha)

For SRC_OVER, the source is composited over the destination. For DST_OVER, the des-
tination is composited over the source and the result replaces the destination. The
DST_OVER and SRC_OVER rules areimplemented using the “full” blend command of
the accedlerator. The hardware does not differentiate between the DST_OVER and
SRC_OVER, the command is symmetric from that point of view.

8.4.11 Main Mixer

The main mixer receives the picture streams from each of the following 8 sources. The
global plane order (layer priority) is programmable, except for the hardware cursor which
is aways the top layer (highest priority).

1. Hardware cursor

2. OSD scaler

3. Subtitle scaler

4. Multi-format scaler 1
5. Multi-format scaler 2

6. Main video scaler

7. Video plane channel

8. Video/graphicsinput port

Each incoming stream passes through a positioning block, which placesthe input picture at
a specified horizontal and vertical position within the active display window.
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8.4.11.1 Positioning Blocks

There are eight positioning blocks (one per input stream). The purpose of the positioning
block is, to position the input picture within alarge frame as shown in the diagram:

Frame X size

Y position
Frame
Y size

X position

Original Picture

Positioning block output

Figure 8-12 Positioning blocks

Each positioning block has four parameters:

1. A 13-bit signed X position (-4096 to 4095).
2. A 12-hitsigned Y position (-2048 to 2047).
3. A 12-hit X active window size (0 to 4095).
4. A 11-bitY active window size (0 to 2047).

The X and Y position parameters are signed to allow the top-left corner of the input pic-
ture to be positioned outside of the output frame (the left and/or top portion of the input
pictureis not displayed). If the discarded portion of the input picture istoo large, then
bandwidth problems will appear. In this case, the input picture should be cut in the V-Bus
interface.

8.4.11.2 Mixing

Within the mixer, the positioned streams can be assigned to any of the layers 0-6. The
highest priority (layer 7, the top layer) is always assigned to the hardware cursor.

For each output pixel, the 8 input pixels are layered and mixed according to the pro-
grammed layer (global priority) order. Each output pixel from the main mixer ultimately
consists of the alpha-blended combination of the 4 highest-priority non-transparent input
pixels.
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At any pixel location where there's no data provided by the sources, or where all the
sources are transparent, a programmabl e background color (typically black) is output. The
output of the main mixer isthen sent to the display routing block.

8.4.11.3 Clear Rectangle - HD DVD-Video

Due to the additional memory bandwidth requirements of using the 2D graphics accelera
tor to implement Clear Rectangle on active video, the SMP8634 cannot support the HD-
DVD Clear Rectangle feature on the secondary video plane.

8.4.12 Display Routing Block

The display router is essentially a crossbar switch, which couples 4 input video streams to
any of the 3 video output ports. The 4 input sources to the display router are the main
mixer output, the Multi-format scaler 1 output, the HD to SD downscaler output and the
color bars generator.

Each video output port (digital video output /component video output/CVBS and s-video
video output) is either disabled or assigned one source. Each source can thus have from 0
to 3 associated video outputs. It should be made sure that the video outputs sharing the
same source are timing compatible. This arrangement enables simultaneous HD and SD
outputs or the ability to output two programs simultaneously (HD+HD, HD+SD or
SD+SD).

The color bars generator generates a standard color bars pattern (in Y CbCr) for testing pur-
poses. Theimage size and the intensity (75% or 100%) are programmable. The white color
can be 75% or 100%. The generation is enabled as soon as the block isput in ‘run’ reset
level. There are 8 bars of equal width per line.

8.4.13 Video Output Interfaces
8.4.13.1 Display Controllers

Each video output port may be independently operated as either avideo timing master or a
slave. In the master mode, the display controller generates HSYNC and VSYNC from an
internal video clock. In the slave mode, the display controller receives HSYNC and
VSYNC from another video input/output port or an external device.

Commonly used output resolutions and frame refresh rates include:

® 704/720 x 480i @ 29.97 and 30Hz
® 704/720 x 480p @ 59.94 and 60Hz
® 704/720 x 5761 @ 25Hz
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® 704/720 x 576p @ 50Hz

® 1280 x 720p @ 50, 59.94 and 60Hz

® 1366 x 768p @ 50, 59.94 and 60Hz

* 1024 x 1024p @ 50, 59.94 and 60Hz

® 1920 x 1080i @ 25, 29.97 and 30Hz

* 1920 x 1080p @ 23.976, 24, 50, 59.94 and 60Hz

Onrev. B and later, the output video may be optionally rotated by 90, 180 or 270 degrees,
with symmetry with respect to the X axis, 1st bisector, Y axis or 2nd bisector.

Asthe video may be scaled to any resolution, these represent only the standard consumer
resolutions. Resolutions unique to fixed-resolution displays, such as LCD, DLP and PDP

are easily accommodated.

8.4.13.2 Frame Rate Conversion

The programmabl e output video timing, in addition to the 2:2 and 3:2 pulldown process-
ing and deinterlacing, enables the following source-to-output frame rate conversions to be

supported:

Table 8-6 Supported source and output frame rate combinations

29.97i 59.94p
Source/Output 23.976p 24p 25i 30i 50p 60p
23.976p Yes Yes Yes Yes Yes Yes
24p Yes Yes Yes Yes Yes Yes
25il - - Yes Yes Yes Yes
25p - - Yes Yes Yes Yes
29.97it - - Yes Yes Yes Yes
29.97p - - Yes Yes Yes Yes
30it - - Yes Yes Yes Yes
30p - - Yes Yes Yes Yes
50p - - Yes Yes Yes Yes
59.94p - - Yes Yes Yes Yes
60p - - Yes Yes Yes Yes

1. 25i, 29.97i and 30i are also commonly called 50i, 59.94i and 60i, respectively. The difference is whether
frame rate or field rate is specified.
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Each field/frame from the video decoder has a PTS and is compared with the STC to
decide what is the best field/frame to display.

When frame rate converting interlaced sources, the output is either the source field closer
in time (resulting in occasional dropped or duplicated fields) or has a matching phase
(resulting in occasional dropped or duplicated frames).

For 24p and 23.976p sources, the 3:2 pulldown info is used as a hint to determine if a
frame should be displayed again or not; the PTS and STC have the final say. For example,
if displaying aframe 3 times leads to alarge gap between the PTS and the STC, then the
frame will be displayed twice. If thereis no repeat_first field flag, the display is com-
pletely PTS/STC driven - the display sequenceisthe sameasif thereisthe flag but the first
repeated frame is random, instead of being the one set in the stream.

Table 8-7 Combinations of supported output frame rates - OSD, subtitles and graphics
available on all outputs

Supported Output Frame Rates

HDMI 23.976p  24p 25i 29.97i  30i 50p 59.94p  60p

Analog Component! 25i 29.97i  30i 50p 59.94p  60p

Analog Component?  29.97i 25i 25i 29.97i  29.97i  25i 29.97i  29.97i
29.97i

S-Video 29.97i 25i 25i 29.97i  29.97i  25i 29.97i  29.97i
29.97i

Composite 29.97i 25i 25i 29.97i  29.97i 25i 29.97i  29.97i
29.97i

1. Resolution of HDMI and analog component video is the same.
2. Resolution and frame rate of analog component video and composite video is the same.

Table 8-8 Combinations of supported output frame rates - no OSD, subtitles or graphics
on analog component outputs

Supported Output Frame Rates

HDMI 23.976p  24p 25i 29.97i 30i 50p 59.94p 60p

Analog Compo- 60p 60p 60p 60p 60p 60p 60p 60p

nent?,? 59.94p 59.94p 59.94p 59.94p 59.94p 59.94p 59.94p 59.94p
50p 50p 50p 50p 50p 50p 50p 50p
30i 30i 30i 30i 30i 30i 30i 30i
29.97i 29.97i 29.97i 29.97i 29.97i 29.97i 29.97i 29.97i
25i 25i 25i 25i 25i 25i 25i 25i

S-Video 29.97i 25i 25i 29.97i 29.97i 25i 29.97i 29.97i

29.97i
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Table 8-8 Combinations of supported output frame rates - no OSD, subtitles or graphics
on analog component outputs (Continued)

Supported Output Frame Rates

Composite 29.97i 25i 25i 29.97i 29.97i 25i 29.97i 29.97i
29.97i

1. Resolution of HDMI and analog component video may be different.
2. Requires additional memory bandwidth to read the main video plane a second time.

8.4.13.3 VBI Support on Video Outputs

Sigma's hardware library provides for the extraction, parsing, and output of various user
data types onto the video outputs during the vertical blanking interval (VBI).

The VBI datais present on the composite output, the Y channel of the s-video output and
the'Y channel of the Y PbPr output. Two of the GPIO pins may be used for adding the
appropriate DC offsets to pins 8 and 16 of a SCART connector to indicate the program
aspect ratio information. The GPIO pins may also be used to control the Line 1, Line 2,
and Line 3 signals, and monitor the Plug Detect signal, for the EIAJ CP-4120 DTerminal
interface.

Closed Captioning

480i closed captioning (including extended data services, XDS such as parental control, v-
chip, etc.) on lines 21 and 284, as defined by CEA-608-C is supported. There is no stan-
dard for transmitting closed captioning over the HDMI or 480p, 576i, 576p, 720p, 1080i
or 1080p analog component interfaces.

TheregistersVO_MAIN_ANALOG_CC_AGC (CC_data[15:0]),
VO_COMPONENT_OUT_TV_CONFIG (bits 17 and 18),
VO_COMPOSITE_OUT_TV_CONFIG (bits 17 and 18) and
VO_MAIN_ANALOG_TV_CONFIG (bits 17 and 18) control closed captioning. The bit
18 determines the extended closed captioning.

Closed captioning data (including XDS data) to be output during VBI may be provided by
application software on the host CPU or by Sigma's hardware library.

The hardware library supports the following closed captioning formats,

* DVD

- MPEG-2
*  User_data_start_code = 0x000001B2
*  User datatype = 0x4343
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e HD-DVD

-  MPEG-2
*  User_data start_code = 0x000001B2
*  Closed_caption_indicator = 0x4343

- MPEG-4.10 (H.264)
*  Uuid_iso_iec_11578 = OxFEB0A41042A911D996690008DFF5B00
*  Closed_caption_indicator = 0x4343

- SMPTE 421M (VC-1)
*  User_data_start_code = 0xO000011E
*  Closed_caption_indicator = 0x4343

* Blu-ray Disc (BD)

-  MPEG-2
*  User_data start_code = 0x000001B2
*  User_data type code = 0x03
*  Cc_type = 0x0 or Ox1

- MPEG-4.10 (H.264)

*  Uuid_iso_iec_11578 = 0x17ee8c60-f84d-11d9-8cd6-0800200c9a66
*  Type_indicator = 0x47413934
- SMPTE 42IM (VC-1)
*  User_data identifier = 0x48444D56
*  Type_indicator = 0x47413934

* ATSC

- MPEG-2
*  User_data_start_code = 0x000001B2
*  User_data type code = 0x03
*  Cc_type=0x0 or Ox1

e SCTE20and 21

- MPEG-2
*  User_data_start_code = 0x000001B2
*  User_data type code = 0x03
*  Cc_type=0x0 or Ox1

®* Minerva
Nielsen AMOL | and Il

480i Nielson AMOL | and Il dataon lines 20 and 22, as defined by CEA-805-C, is not sup-
ported.
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Multi-level Pulse-Amplitude Modulation (PAM)

Multi-level pulse-amplitude modulation (PAM), used to reconstruct a VBI analog wave-
form, is not supported on the SMP8634.

Wide Screen Signaling and Copy Protection Control

480i wide screen signaling (WSS), copy generation management (CGMS-A) and APS
data on lines 20 and 283, as defined by IEC 61880-1 and EIAJ CPR1204, is supported.
CGMS-A, APS and RCD datais also present on line 284 per CEA-608-C.

480p wide screen signaling (WSS, copy generation management (CGMS-A) and APS
data on line 41, as defined by EIAJ CPR1204-1, CEA-805-C Type A and |EC 61880-2, is
supported. On rev. C and later, CGMS-A, RCI and APS data as defined by CEA-805-C
Type B on line 40 is also supported.

576i wide screen signaling (WSS), copy generation management (CGMS-A) and APS
data on line 23, as defined by ETSI EN 300 294 and ITU-R BT.1119, is supported.

576p wide screen signaling (WSS), copy generation management (CGMS-A) and APS
data on line 43, as defined by |EC 62375, is supported.

720p copy generation management (CGMS-A) and APS data on line 24, as defined by
CEA-805-C Type A and EIAJ CPR1204-2, is supported. Onrev. C and later, CGMS-A,
RCI and APS data as defined by CEA-805-C Type B on line 23 is @l so supported.

1080i copy generation management (CGMS-A) and APS data on lines 19 and 582, as
defined by CEA-805-C Type A and EIAJ CPR1204-2, is supported. On rev. C and later,
CGMS-A, RCI and APS data as defined by CEA-805-C Type B onlines 18 and 581 isalso
supported.

Theregister VO_MAIN_ANALOG_CGMS (R/W) controls Wide Screen Signaling and
CGMS.

Table 8-9 Wide Screen Signaling and CGMS - register VO_MAIN_ANALOG_CGMS

Bit # 1 (0}
23 CGMS/WSS odd field (NTSC) / WSS (PAL) CGMS/WSS disabled on odd fields / WSS
disabled
22 CGMS/WSS on even fields (NTSC) CGMS/WSS disabled on even fields
21 Software CRC generation for CGMS/ Hardware CRC generation for CGMS/
WSS(NTSC) WSS(NTSC)
20 X X
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Table 8-9 Wide Screen Signaling and CGMS - register VO_MAIN_ANALOG_CGMS

Bit # 1 (0}

19:0 Copy Generation Management System
data and WSS (NTSC)

13:0 Wide Screen Signaling Data (PAL)

WSS and CGM S data to be output during VBI must be provided by application software
on the host CPU.

Teletext

The SMP8634 supports 3 systems:

® System B-625: for 625-line PAL systemsin Europe
® System C-525: for 525-line NTSC systemsin USA

® System D-525: for 525-line NTSC systems in Japan

The active teletext lines are located in the vertical blanking interval:

® For system B-625 (625 lines/frame):

- Topfieldline 6to line 22 (17 lines max)
- Bottom field line 318 to line 335 (18 lines max)

® For systems C-525 and D-525 (525 lines/frame):

- Topfieldline 7 toline 17 (11 lines max)
- Bottom field line 269 to line 280 (12 lines max)

Theteletext output is configured by the register
VO_MAIN_ANALAOG_TV_TELETEXT_CONFIG. There are 2 parameters,
CONFIG_LINE[17:0] and CONFIG_CODE[7:0]

CONFIG_LINE[17:0] enables the active teletext lines within the blanking: thisis an
enable (high) register. Bit O correspondsto the first line of tel etext as defined by the system
and the polarity of the field (see previous paragraph), and so on. For instance in system B,
in atop field, programming bit 0 at 1 will enable teletext on line 6.
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CONFIG_CODE][7:0] (or framing code) identifies the system. Itis,

* 8b0010 0111 for system B-625

® 8b1110 0111 for system C-525

* 8b1010 0111 for system D-525

Bit 0 is output first. Each system outputs a different number of bits per line. Each line
starts with a hardware generated clock run-in of 16 bits (alternating Os & 1s), followed by

the framing code byte. After these 3 bytes are output, the content of the teletext memory is
output.

The maximum data lengths for each system are:

® System B-625: 42 bytes (+2 run-in +1 framing code=45)
®  System C-525: 33 bytes (+2 run-in +1 framing code=36)
® System D-525: 34 bytes (+2 run-in +1 framing code=37)
Teletext datato be output during VBI must be provided by application software on the

host CPU. Sample software is available from Sigma that extracts DVB teletext data (EN
300 472) and outputs it onto the 576i analog video outputs during VBI.

8.4.13.4 Sync Timing Generators

The programmabl e sync timing generators enable support for awide variety of video tim-
ing standards, including:

* EIA-770.2 and 770.3

- 480i30, 480p60, 720p60 and 1080i30
e SMPTE 170M

- NTSC-M
e SMPTE 267M
e SMPTE 274M

- 1080i25, 1080i30, 1080p24, 1080p25, 1080p30, 1080p50 and 1080p60
e SMPTE 296M

- 720p24, 720p25, 720p30, 720p50 and 720p60
e |TU-RBT.470

- 480i30 and 57625
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* |TU-RBT.601
- 480i30 and 576i25
* |TU-RBT.656
- 480i30 and 576i25
* |TU-RBT.709
- 1080i25, 1080i30, 1080p24, 1080p25, 1080p30, 1080p50 and 1080p60
* |TU-RBT.1358
- 480p60 and 576p50

Custom timing to support various flat panel display resolutions, such as 1366x768, is aso

possible.
“BT. 601"
l On parameters
b J[ V=1 I Y offset top
-~
V=0
F=0 . . n
X offset Active video — top field I oy
—
\4
-~
y V=1
} I Y offset bottom
\ 4
3
V=0 . i .
F=1] Active video — bottom field
\ 4
V=1
,
“BT.656" H=1 H=0 H=1
parameters

Figure 8-13 Video output timing parameters
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Therange of programmability for each video timing parameter for the digital video output
port is asfollows:

Table 8-10 Range of programmability for digital video output timing

Parameter

Range

Vt_total_size (vertical total per fame)

0 - 4095 lines

Hz_total_size (horizontal total per line)

0 - 4095 pixels

X_offset (Hsync to active video)

0 - 4095 pixels

Y_offset_top (Vsync to active video, top field)

0 - 4095 lines

Y_offset_bottom (Vsync to active video, bottom field)

0 - 4095 lines

Top_field_height (total size of top field)

0 - 8191 (half lines)

Hz_sync_width (Hsync width)

0 - 4095 pixels

Vt_sync_width (Vsync width)

0 - 8191 half lines

Vt_sync_fine_adjust, lower byte (Vsync to Hsync relative position
adjust, top field)

0 to +/-127pixels

Vt_sync_fine_adjust, upper byte (Vsync to Hsync relative position
adjust, bottom field)

0 to +/-127 pixels

Therange of programmability for each video timing parameter for the component and
composite/s-video output portsisasfollows:

Table 8-11 Range of programmability for component, composite and s-video output

timing
Parameter Range
Height (total line per frame) 0 - 4095 lines

Width (total pixels per line)

0 - 4095 pixels

HsyncO (horizontal coordinate where Hsync goes low)

0 - 4095 pixels

Hsyncl (horizontal coordinate where Hsync goes high)

0 - 4095 pixels

Hsync_width (total Hsync width)

0 - 4095 pixels

Vsync_O_0_line (vertical coordinate where Vsync goes low for odd field)

0 - 4095 lines

Vsync_O_1_line (vertical coordinate where Vsync goes high for odd
field)

0 - 4095 lines

Vsync_E_0_line (vertical coordinate where Vsync goes low for even field)

0 - 4095 lines

Vsync_E_1_line (vertical coordinate where Vsync goes high for even
field)

0 - 4095 lines

Vsync_O_0_pixel (horizontal coordinate where Vsync goes low for odd
field)

0 - 4095 pixels

280
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Table 8-11 Range of programmability for component, composite and s-video output
timing (Continued)

Parameter Range
Vsync_O_1_pixel (horizontal coordinate where Vsync goes high for odd 0 - 4095 pixels
field)

Vsync_E_O_pixel (horizontal coordinate where Vsync goes low for even 0 - 4095 pixels
field)

Vsync_E_1_pixel (horizontal coordinate where Vsync goes high for even 0 - 4095 pixels
field)

Vsync_start (horizontal coordinate where Vsync starts) 0 - 4095 lines
Vsync_width (total Vsync width) 0 - 4095 lines

Note:  The appendix includes a listing of parameter values for standard video timings.

8.4.13.5 Analog Video Output

The analog video output block controls six 12-bit video DACsto provide video in the
composite, S-video (Y/C) and component (RGB or Y PbPr) formats. The block contains 2
independent video timing generators, one for the component outputs and one for the com-
posite/s-video outputs. Each timing generator can operate in a master or slave timing
mode.

One set of 3 video DACs (the VO2 block) provides the component video output (select-
able as either RGB or Y PbPr). The other set of 3 video DACs (the VO1 block) is associ-
ated with the integrated NTSC/PAL TV encoder and provides simultaneous S-video (Y
and C) and composite (CVBS) output. Each video DAC can be independently disabled
when not used for significant power savings.

For SD sources, the SMP8634 offers the ability to output composite, s-video, SD or
upscaled HD analog component, and SD or upscaled HD HDMI outputs simultaneously.
For HD sources, downscaled composite, downscaled s-video, HD or downscaled SD ana-
log component outputs, and HD or downscaled SD HDMI outputs are simultaneously
available. For two SD or HD sources, the SMP8634 also offers the ability to output both
sources simultaneously.

The DRM software running on the XPU may restrict the ability to output upscaled HD
analog component outputs from SD sources or the ability to output HD anal og component
outputs from HD sources.
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Component Video Outputs

The component video outputs support optional Macrovision v7.1.L1 and v1.2 protection
and DAC attenuation compensation. When generating 480i or 576i video, the DACs oper-
ate at 54MHz; for 480p or 576p video, the DACs operate at 108MHz; for 1920x1080i or
1280x720p video, the DACs operate at 74.25MHz. For 1920x1080p video, the DACs
operate at 148.5MHz. The analog video outputs are capable of driving a doubly-termi-
nated 75-ohm load.

The Macrovision v7.1.L1 and v1.2 certifications that Sigma receive applies only to chip
manufacturers. Other certifications (such asv7.1.S1, etc.) are implementation-dependent
(i.e. they are dependent on the type of box being produced) and therefore are up to the
OEM/ODM to obtain.

Component Video Output Timing

The block contains a complete programmable sync timing generator for operating as a
sync master, or the timing generator may be slaved to H/V sync timing from,

® Videoinput

®  Graphicsinput

®  Composite/s-video analog output

* Digital video output

* External device connected to component video output port

H/V sync signals output onto this port may be obtained from,

®  Synctiming generator

Either bi-level or tri-level sync pulses may be generated when outputting high-definition
RGB or YPbPr signals.

Component Video Output Processing

A 3x3 matrix multiplier with programmable coefficientsis used to implement:

® YCbCr/RGB color space conversion
® Contrast (or ‘picture’ or ‘white level’) control
e Saturation (or ‘color’) control

®* Hue (or ‘tint’) control
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* BT.709 (HDTV) to BT.601 (SDTV) and BT.601 (SDTV) to BT.709 (HDTV) colorim-
etry conversion

The inputs of the matrix multiplier are 24-bit Y CbCr from the display routing block; the
outputs are 36-bit Y CbCr or RGB which drives the three 12-bit video DACs. The matrix
coefficients have arange of -4 to +3.4095/4096, in steps of 1/4096. The matrix multiplier
is followed by three programmable DC offsets to provide optional brightness (or ‘black
level”) control. The DC offsets have arange of -512 to + 511.15/16, in steps of 1/16. No
sharpness control is provided for the component video outputs.

Component Video Output Formats

Supported component output formats are:

®* RGB SCART (IEC 60933)
- RGB + CVBS (composite)
- RGB: 0.700v range
- OIRE blanking setup
- NosynconR,GandB
- No support for fast blanking signal

®* RGB sync-on-green
- 0.300v bi-level sync (SD) or +/-0.300v tri-level sync (HD)
- RGB: 0.700v range
- OIRE blanking setup

* RGB SMPTE

- 0.300v bi-level sync (SD) or +/-0.300v tri-level sync (HD)
- RGB: 0.700v range

- OIRE blanking setup

- synconR,Gand B

®*  YPbPr Betacam
*  YPbPr Mll

* YPbPr SMPTE

- 0.300v bi-level sync (SD) or +/-0.300v tri-level sync (HD)
- Y:0.700v range

- Pb, Pr; +/-0.350v range

- OIRE blanking setup

- synconY, PbandPr
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® YPbPr EIA-770.2 and EIA-770.3

- 0.300v bi-level sync (SD) or +/-0.300v tri-level sync (HD)
- Y:0.700v range

- Pb, Pr: +/-0.350v range

- OIRE blanking setup

- nhosynconPbandPr

Component Video Output Configuration Options

Configuration register bits can be used to select a number of features and characteristics:

* DAC enable or power-down
® H-and V-sync source
¢ H- and V-sync polarity
* Bi-leve or tri-level sync pulsesfor HD output
® SD or HD output
® Progressive or interlaced output
* Closed caption and extended closed caption enable/disable
- CEA-608-C datais present on analog RGB outputs instead of only the G output

®* Y and RGB filter options

- 9.00MHz
- 13.0MHz

*  PbPrfilter options

- 6.50MHz
- 13.0MHz

*  YPbPr/RGB output mode
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SAMPLE RATE = 74.176 OR 74.25 MHZ

DIGITAL
BLANKING DIGITAL ACTIVE LINE
370 SAMPLES 1280 SAMPLES
(0-369) (370-1649)

TOTAL LINE

1650 SAMPLES
(0-1649)

Figure 8-14 Video waveform - 720p

SAMPLE RATE = 74.25 OR 74.176 MHZ

88 SAMPLES f\ /_ﬁ\;

DIGITAL
BLANKING DIGITAL ACTIVE LINE
280 SAMPLES 1920 SAMPLES
(0-279) (280-2199)

TOTAL LINE

2200 5AMPLES
(0-2199)

Figure 8-15 Video waveform - 1080i
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SAMPLE RATE = 27.0 MHZ
16 SAMPLES

DIGITAL
BLANKING DIGITAL ACTIVE LINE
138 SAMPLES 720 SAMPLES
(0-137) (138-857)

TOTAL LINE

858 SAMPLES
(0-857)

Figure 8-16 Video waveform - 480i

SAMPLE RATE = 27.0 MHZ
16 SAMPLES

DIGITAL
BLANKING DIGITAL ACTIVE LINE
138 SAMPLES 720 SAMPLES
(0-137) (138-857)

TOTAL LINE

858 SAMPLES
(0-857)

Figure 8-17 Video waveform - 480p
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A\

DIGITAL
BLANKING DIGITAL ACTIVE LINE
144 SAMPLES 720 SAMPLES
(0-143) (144-863)

TOTAL LINE

864 SAMPLES
{0-863)

Figure 8-18 Video waveform - 576i

SAMPLE RATE = 27.0 MHZ
12 SAMPLES

DIGITAL
BLANKING DIGITAL ACTIVE LINE
144 SAMPLES 720 SAMPLES
(0-143) (144-863)

TOTAL LINE

864 SAMPLES
(0-863)

Figure 8-19 Video waveform - 576p
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Composite (CVBS) and S-Video Outputs

The NTSC/PAL encoder (with optional Macrovision v7.1.L1 protection and DAC attenua-
tion compensation) supportsthe NTSC-M, NTSC-J, PAL-B/D/G/H/I, PAL-60 and PAL-M
baseband video standards. It uses three 54MHz 12-hit video DA Cs to generate simulta-
neous composite and s-video outputs. The analog video outputs are capable of driving a
doubly-terminated 75-ohm load.

The Macrovision v7.1.L1 certification that Sigma receives applies only to chip manufac-

turers. Other certifications (such asv7.1.S1, etc.) are implementation-dependent (i.e. they
are dependent on the type of box being produced) and therefore are up to the OEM/ODM
to obtain.

Composite and S-Video Output Timing

The block contains a complete programmable sync timing generator for operating as a
sync master, or the timing generator may be slaved to H/V sync timing from,

*  Component video anal og output

® Digital video output

* External device connected to composite and S-video output port

H/V sync signals output onto this port may be obtained from,

® Synctiming generator

Composite and S-Video Output Processing

A 3x3 matrix multiplier with programmable coefficientsis used to implement:

® Contrast (or ‘picture’ or ‘whitelevel’) control
®  Saturation (or ‘color’) control
®* Hue (or ‘tint’) control

* BT.709 (HDTV) to BT.601 (SDTV) colorimetry conversion

Theinputs of the matrix multiplier are 24-bit Y CbCr from the display routing block; the
outputs are 30-bit Y CbCr which drives the NTSC/PAL encoder. The matrix coefficients
have arange of -4 to +3.4095/4096, in steps of 1/4096. The matrix multiplier is followed
by three programmable DC offsets to provide optional brightness (or ‘black level’) con-
trol. The DC offsets have arange of -512 to + 511.15/16, in steps of 1/16. The sharpness
can be adjusted from +/-12.5% to 100% in 8 steps. A color sub carrier notch filter isalso
available.
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The composite and s-video digital outputs from the NTSC/PAL encoder are 10-bit data.
Oversampling filters output 12-bit data, which drives the three 12-bit video DACs.

When outputting 720 samples/line, either all 720 active samples may be output (does not
meet the NTSC/PAL timing) or, 1-16 samples may be cropped from the left and right sides
resulting in the center 688-720 active samples being output (in order to meet the NTSC/
PAL timing). Typically, to meet the NTSC timing, 716 samples should be output and to
meet the PAL timing, 702 samples should be output.

Composite and S-Video Output Formats

Supported composite and s-video output formats are:

Baseband NTSC-M
® Baseband NTSC-J (NTSC-M for Japan)

Baseband PAL-B/D/G/H/I

Baseband PAL-M
* Baseband PAL-60

Composite and S-Video Output Configuration

Configuration register bits can be used to select a number of features and characteristics:

®* DAC enable or power-down

® H-and V-sync source

® H- and V-sync polarity

® Closed caption and extended closed caption enable/disable

®* CGMS, WSS and Teletext enable/disable

®  Sharpness/notch filter enable/disable and gain/attenuation control

* Lumafilter options
- 4.5 MHz (driving RF modulator)
- 65MHz

® Chromafilter options

- 0.65 MHz (480i out, driving RF modulator)
- 1.00 MHz (576i out, driving RF modulator)
- 1.30 MHz (480i out)
- 2.00 MHz (576i out)

Sigma Designs Confidential 289



SMP8634 Datasheet

SMP8634-DS-A-07

* Y-Crelativedelay
- Nodeay

- Delay Chy 1, 2 or 3 sample clocks
- Delay Y by 1, 2 or 3 sample clocks

®* Composite and s-video output format

*  Qutput three composite video signals instead of one composite and one s-video

112

20 IRE

358 MHz
COLOR BURST
{9 CYCLES)

290

CYAN (% 246)
MAGEMTA [+ 229)

WHITE
YELLOW [(£174)
GREEN [+ 229)

RED (£ 246)

BLUE (174}

BLACK

BLAMEK LEVEL (512)

Figure 8-20 NTSC c for s-video
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100 IRE
358 MHz
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Figure 8-22 CVBS (NTSC)
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8.4.13.6 Digital Video Output

Thedigital video output has the following features:

®  8/16-bit (4:2:2 YCDCr) or 24-bit (RGB or 4:4:4 Y CbCr) digita output with optional
DDR output (2x12-bit)

® |ncludes a3x3 matrix multiplier to support color space conversion (Y CbCr/RGB),
brightness/contrast/saturation/hue controls and SD/HD colorimetry correction.

® LUT controlled gammaand color temperature control

Thedigital output block controls an 8/16/24-bit digital video output interface. Within the
block are provisions for color space conversion, brightness/contrast/saturation/hue adjust-
ment, 4:4:4 to 4:2:2 conversion, timing generation, and output data formatting.

Support is aso provided for a 12-bit, double-clocked output mode. It aso supports the
27MHz 720(1440) x 480i and 720(1440) x 576i 24-bit Y CbCr or RGB formats for HDMI
compatibility. The maximum pixel clock frequency for the digital video output is
148.5MHz, enabling output resolutions up to 1920x1080p60 to be supported. The 1080p
output is not available when the digital video output port is operated in a double-clocked
output mode (data transferred on both edges of the clock).

VBI datais not present on this output port due to the variety of proprietary formats used.

This port may also be used to interface to, and drive progressively, LCD and PDP panels
within adigital television.

Digital Video Output Timing

The block contains a complete programmable sync timing generator for operating as a
sync master, or the timing generator may be slaved to H/V sync timing from,

®* Videoinput port 1 or 2

® Graphicsinput port 1 or 2

®  Component analog output

®* Composite/s-video analog output

® External device connected to digital video output port

H/V sync signals output onto this port may be obtained from,

®  Synctiming generator

*  Component analog output
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®  Composite/s-video analog output

In the 8 or 16-bit modes, the output port can operate in BT.601 (separate HSYNC and
VSYNC signals) or BT.656 (embedded sync using SAV/EAV codes) modes, or inthe VIP
2.0-compatible mode. When the BT.601 format is used, the port can operate in the master
or the slave timing mode. When the BT.656 format is used, the port can operatein the
master timing mode only. A ‘valid video' output signal is available for the BT.601,
BT.656, and VIP 2.0 formats.

When generating the HDTV outputs, the ability to independently adjust the sync timing of
this output port enables the adjusting of the HDMI embedded sync to align with either the
faling edge or the center (rising edge) of the Y PbPr tri-level sync. This can prevent the
HDMI picture from being shifted by 2.3% relative to analog picturein some TVs.

Digital Video Output Processing

A 3x3 matrix multiplier with programmable coefficientsis used to implement,

®* YCbCr/RGB color space conversion

® Contrast (or ‘picture’ or ‘whitelevel’) control
e  Saturation (or ‘color’) control

® Hue (or ‘tint’) control

* BT.709 (HDTV) to BT.601 (SDTV) and BT.601 (SDTV) to BT.709 (HDTV) colorim-
etry conversion

Theinputs of the matrix multiplier are 24-bit Y CbCr from the display routing block; the
outputs are 24-bit Y CbCr or RGB. The matrix coefficients have a range of -4 to +3.2047/
2048, in steps of 1/2048. The matrix multiplier is followed by three programmable DC
offsets to provide optional brightness (or ‘black level’) control. The DC offsets have a
range of -512 to + 511.7/8, in steps of 1/8. No sharpness control is provided for the digital
video outputs.

Video Gamma Correction LUT (24-bpp RGB output mode only)

RGB video gamma correction is achieved through three 256x8 Look Up Tables (1 for each
R/G/B component). The 3 LUTs are accessed simultaneously by the GBUS master, but are
addressed separately by the data flow. They may be used to adjust the gamma of the video
when driving LCD panels (since the LCDs have a different gamma curve than what the
video uses) or black level adjustment.
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Color Temperature Control LUT (24-bpp RGB output mode only)

After video gamma correction, a luminance component Y’ isderived for each (R, G B)
pixel. For SD outputs, the following equation is used to calculate Y*:

Y'=0.299R + 0.587G + 0.114B
For HD outputs, the following equation is used to calculate Y
Y'=0.2126R + 0.7152G + 0.0722B

Y’ then addresses a 256x24 LUT containing delta (d) adjustments per RGB component.
The delta (d) adjustments are 2's complement signed and have 8 bits each. Their range is
therefore [-128,+127].

The RGB output after color temperature control is defined as follows:

* Roi->Rip+dR
Gout -> Gin + dG
®* Boy->Bjp+tdB
Digital Video Output Formats

In the single data rate, depending on the selection made by the software either one of the
the following 2 configurations are supported.

i
3

i

7

RiZn [T B e 24 hits
s [of: 0y 1 16 hit=
CeYICR o hitz
2 1 :
] G 7
RiZ R B/Ca G 24 bits
CeCR o 16 bits
Ce™iCR 2 bits

In the double datarate, it is basically the first single data rate configuration,
with the 12 lower bits sent first and the 12 upper bits sent later.
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Table 8-12 Digital video output formats

Single Edge Transfer: Single Edge Transfer:
Component Order O Component Order 1 Double Edge Transfer
3] 3] 3 3 g
i} a Q 5} i} o] o] G Jun} &
(U] o o Q (U] (9] (9] a Q o
4 > > O 4 > > O x >
Video = = = > = = = > = =
Output = = 9 E = = = 2 = =
Pin < < © - < < © o N N
(] N = e} (] N = [o4] b —
VOO0_P23  R[7] Cr[7] R[7] Cr[7]
VOO0_P22  R[6] Cr[6] R[6] Cr[6]
VOO_P21  R[5] Cr[5] R[5] Cr[5]
VOO_P20  R[4] Cr[4] R[4] Cr[4]
VOO _P19  R[3] Cr[3] R[3]1 Cr[3]
VOO P18 R[2] cr[2] R[21 cr[2]
VOO_P17  R[1] Cr[1] R[1] Cr[1]
VOO_P16  R[O] Cr[0] R[O] Cr[0]
VOO_P15  G[7] Y[7] Y[7] B[7] Cb[7] Ch/
Cr[7]
VOO_P14  G[6] Y[6] Y[6] B[6] Cb[6] Cb/
Cr[6]
VOO_P13  G[5] Y[5] Y[5] B[5] Cb[5] Ch/
Cr[5]
VOO_P12  G[4] Y[4] Y[4] B[4] Cb[4] Cb/
Cr[4]
VOO_P11  G[3] Y[3] Y[3] B[3] Cb[3] Ch/ G[3] R[7] Y[3] Cr[7]
Cr[3]
VOO_P10  G[2] Y[2] Y[2] B[2] Cb[2] Cb/ GI2] R[6] N cr[6]
Cr[2]
VOO_P9 G[1] Y[1] Y[1] B[1] Cb[1] Ch/ G[1] R[5] Y[1] Cr[5]
Cr[1]
VOO_P8 G[0] Y[0] Y[0] B[O] Cb[0] Cb/ G[0] R[4] Y[0] Cr[4]
Cr[0]
VOO_P7 B[7] Cb[7] Ch/ Y/Cb/ G[7] Y[7] Y[7] Y/Cb/ B[7] R[3] Cb[7] Cr[3]
Cr[7] Cr[7] Cr[7]
VOO_P6 B[6] Cb[6] Cb/ Y/Cb/ G[6] Y[6] Y[6] Y/Cb/ B[6] R[2] Cb[6] Cr[2]
cr[6]  cr[6] Cr[6]
VOO_P5 B[5] Cb[5] Ch/ Y/Cb/ G[5] Y[5] Y[5] Y/Cb/ B[5] R[1] Cb[5] Cr[1]
cr[5] cr[5] Cr[5]
VOO_P4 B[4] Cb[4] Cb/ Y/Cb/ G[4] Y[4] Y[4] Y/Cb/ B[4] R[O] Cb[4] Cr[0]
Cr[4] Cr[4] Cr[4]
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Table 8-12 Digital video output formats (Continued)

@ muLCTI 8: Video Processing Subsystem

Single Edge Transfer: Single Edge Transfer:
Component Order O Component Order 1 Double Edge Transfer
[ [ [ [ ¥o)
s 3 3 & g & 8 3 2 z
U] O O a U] (@) (@) o Q a
ha > > O e > > O (07 >
Video = = = > = = = > 2 =
Output 3 g g & 3 3 3 & E E
Pin < < © Q < < © Q Q q
(] N = [o4] (] (] = [o4] b —
VOO_P3 B[3] Cb[3] Ch/ Y/Cb/ G[3] Y[3] Y[3] Y/Cb/ B[3] G[7] Cb[3] Y[7]
Cr[3] Cr[3] Cr[3]
VOO_P2 B[2] Cb[2] Cb/ Y/Cb/ G[2] Y[2] Y[2] Y/Cb/ B[2] G[6] Cb[2] Y[6]
Cr[2] Cr[2] Cr[2]
VOO_P1 B[1] Cb[1] Ch/ Y/Cb/ G[1] Y[1] Y[1] Y/Cb/ B[1] G[5] Cb[1] Y[5]
Cr[1] Cr[1] Cr[1]
VOO_PO B[O] Cb[0] Cb/ Y/Cb/ G[O0] Y[O] Y[O] Y/Cb/ B[O] G[4] Cb[O0] Y[4]
Cr[0] Cr[0] Cr[0]
Output 1st 2nd 1st 2nd

Order

The RGB output data may have arange of 0 (black) to 255 (white) or 16 (black) to 235
(white) by adjusting the matrix coefficient values. Data may be optionally clipped to only
generate values of 1-254 or 16-235.

TheY output data has arange of 16 (black) to 235 (white). Data may be optionally clipped
to only generate values of 1-254 or 16-235. CbCr output data has a range of 16-240. Data
may be optionally clipped to only generate values of 1-254 or 16-240.

When generating BT.656 16-bit Y CbCr data, EAV/SAV codes can be embedded in just the
Y channel or both the' Y and CbCr channels.

8.4.13.7 HDMI v1.1 Output

The SMP8634 contains aHDMI Transmitter. A complete HDMI system implementation
reguires an external Silicon Image Sil9002 PHY transmitter chip. The HDMI Transmitter
block in the SMP8634 is fully HDMI compliant, and is used to transport consumer elec-
tronics standard digital video and digital audio over aTMDS interface. It supports the
HDMI 1.1 (High Definition Multimedia Interface) and HDCP 1.1 (High-Bandwidth Digi-
tal Content Protection) specifications. The block provides a simple method for sending
protected digital audio and video, providing end users with atruly all-digital experience.
At the same time, built in backward compatibility with DVI 1.0 alows HDMI host sys-
temsto connect to any DVI 1.0 display (DTV, plasmadisplay, LCD TV, PC monitor).
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Note that 1080p video cannot be output using on-chip HDMI. Support for 1080p video via
HDMI requires using an external HDM | transmitter chip, interfaced to the SMP8634's
digital video output interface operating in a single-clock-edge mode.

The SMP8634 has the following features:

e HDMI 1.1, HDCP 1.1 and DVI 1.0 compliant transmitter (when using the Sil9002
external PHY chip)

* Integrated HDCP encryption engine for transmitting protected audio and video con-
tent

*  Programmable data enable generator
*  Power management

® Brightness, contrast (or ‘picture or ‘whitelevel’), hue (or ‘tint’) and saturation (or
‘color’) controls

The HDMI transmitter block takes in uncompressed digital video data from the video out-
put block, compressed or uncompressed digital audio from audio DSP 0, formats and
encrypts it, then drives the digital video output pins. Note that when HDMI is used, the
digital video output port can not be used for any other application.

HDMI Output Video Processing

The registers are configured to describe which format of video is being supplied to the
HDMI transmitter. Thisinformation is passed over the HDMI link in the CEA-861C
Active Video Information (AV1) packets.

The optional Y CbCr/RGB color space converter (CSC) within the HDMI transmitter
block interfaces to the video output block with Y CbCr-only outputs, and provides full
DVI 1.0 backwards compatibility. The CSC performs the standard-definition conversions
according to BT.601, or high-definition conversions (BT.709). An up-converter allows
4:2:2 Y CbCr datainput to be converted to 4:4:4 Y CbCr for transmitting over the HDMI
link.

The HDCP encryption engine encrypts theincoming audio and video data. The encryption
processis entirely controlled by the security CPU (XPU) through a set sequence of regis-
ter reads and writes. The HDCP keys and Key Selector Value (KSV) are used in the
encryption process.
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HDMI Output Audio Processing

The HDMI block accepts digital audio from internal 12S and S/PDIF channels and forms
the audio datainto packets in accordance with the HDM I specification. The 1S channels
used to drive the HDMI block are the same as those providing the audio DSP 0 12S out-
puts. Therefore, LPCM dataover HDMI will have the same timing and format as the audio

DSP 0 1%S output pins. The HDMI v1.1 interface supports up to 2.0-channel 192K Hz or
7.1-channel 96KHz LPCM audio. The S/IPDIF channel used to drive the HDMI block is
the same as that providing the audio DSP 0 S/PDIF output. Therefore, S/PDIF-based audio
data over HDMI will have the same timing and format as the audio DSP 0 S/PDIF output

pin.

Table 8-13 Supported audio output combinations

1°s Outputs S/PDIF Output HDMI Output Supported

LPCM Bitstream Bitstream Yes

LPCM Bitstream LPCM Yes

LPCM LPCM Bitstream Yes. Requires audio

DSP 1 1%S and S/PDIF
outputs be used.

LPCM LPCM LPCM Yes

Note that it is not possible to transfer some compressed DTS-HD and Dolby TrueHD bit-
streams over HDMI v1.1. HDMI v1.3 and CEA-861D are required to support these.

Within the HDMI block, the audio data may be down-sampled by one-half or one-fourth

with register control. This allowsfor the sharing of the 1°S outputs with a high sample-rate
audio DAC, while down-sampling HDM| audio for an attached display which supports
only lower rates. Conversions from 192 to 48KHz, 176.4 to 44.1KHz, 96 to 48KHz and
88.2 to 44.1KHz are supported. The appropriate registers are configured to describe the
format of audio being input. Thisinformation is passed over the HDMI link in the CEA-
861C Audio Info (Al) packets.
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The MCLK frequencies support various audio sample rates as shown in the table bel ow:

Table 8-14 Supported MCLK frequencies

Audio Sample Rate, Fs

Multiple
of Fs 32KHz 44 .1KHz 48KHz 88.2KHz 96KHz 176.4KHz 192KHz
128 4.096MHz 5.645MHz 6.144MHz 11.29MHz 12.288MHz 22.579MHz 24.576MHz
192 6.144MHz 8.467MHz 9.216MHz 16.934MHz 18.432MHz 33.869MHz 36.864MHz
256 8.192MHz 11.290MHz 12.288MHz 22.579MHz 24 .576MHz 45.158MHz 49.152MHz
384 12.288MHz 16.934MHz 18.432MHz 33.869MHz 33.864MHz 67.738MHz 73.728MHz
512 16.384MHz 22.579MHz 24.576MHz 45.158MHz 49.152MHz
768 18.432MHz 16.934MHz 12.288MHz 67.738MHz 73.728MHz
1024 24.576MHz 45.158MHz 49.152MHz
1152 36.864MHz 50.803MHz 55.296MHz
HDMI Output DCC Control
A dedicated 1°C master interface is used to control the DDC signals.
8.4.13.8 HDMI v1.3 Support
For applications requiring HDMI v1.3 support, an externd HDMI v1.3 transmitter chip,
such as the Silicon Image Si19034 or Sil9134, may be interfaced to the SMP8634. Using
the Sil9134 enables sending DTS-HD and Dolby TrueHD compressed audio bitstreams
over HMDI. HDMI v1.3 deep-color (10- or 12-bit video data) cannot be supported using
the SMP8634.
8.4.13.9 Simultaneous SD and HD Outputs
The SMP8634 is capable of simultaneous SD and HD outputs. The HD content used for
downscaling can come from the output of the main video scaler (no OSD) or from the out-
put of the main mixer. Thefirst caseisfor the recording of the HD video, and the later
case is for simultaneous output of the HD content at both HD and SD resolutions.
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8.4.13.10 Dual TV Outputs

The SMP8634 is capable of decoding two programs and driving two TV's simultaneously.
Possible modes of operation include SD+SD, HD+SD and HD+HD.

The source of the second TV output isthe Multi-format scaler 1. No OSD is available for
the second TV output.

Audio for the main video is output onto the audio DSP 0 12S and S/PDIF outputs. Audio
for the secondary video is output onto the audio DSP 1 12S and S/PDIF outputs.

8.4.14 Video Input Interfaces

Two video input interfaces, one 8-bit (Video Input interface) and one 32-bit (Video/Graph-
ics Input interface), are designed to capture avariety of digital video formats. They enable
adesign to support 2 NTSC/PAL video decoder chips plus an HDMI receiver chip, or one
NTSC/PAL video decoder chip plus a 3D graphics chip. Example configurations for these
inputs include:

Example 1.

®*  Two 8-bit 4:2:2 Y CbCr inputs (NTSC/PAL decoders)
® One 16-hit 4:2:2 Y CbCr input (HDMI receiver)
Example 2

®*  Two 8-bit 4:2:2 Y CbCr inputs (NTSC/PAL decoders)
® One24-hit RGB input (DVI receiver)

Example 3:

®  One8-bit4:2:2 YCbCr input (NTSC/PAL decoder)

® One 32-bit RGBA input (3D graphics chip)

Only two input ports can be captured to the DRAM (viathe V-Bus) simultaneously. This
alows the video data to then be read by the main video scaler, Multi-format scaler 1 or
Multi-format scaler 2 for processing and display.
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8.4.14.1 Video Input Interface

Thedigital video input interface is designed to capture 8-bit 4:2:2 408i/576i/480p/576p
Y CbCr digita video datain the BT.601 or BT.656 format. It supports clock rates up to
54MHz and resolutions of up to 720x576p. Video datais stored in the 16bpp 4:2:2 Y CbCr

format.

Thisinput port may be combined with the pins from the video/graphics input interface to
accept 16-bit 4:2:2 Y CbCr digita video datain either the BT.601 or BT.656 format at
clock rates up to 75MHz. This enables capturing 16-bit 4:2:2 Y CbCr video for 720p or
1080i HDTV applications. The video datais stored in the 16bpp 4:2:2 Y CbCr format.

Sliced (binary) teletext data from select NTSC/PAL video decoders may also be captured
and saved to memory for further processing. The closed captioning and wide screen sig-
naling sliced (binary) VBI data may be read from the NTSC/PAL video decoder viathe

1°C interface).

Digital Video Input Formats

Table 8-15 Digital video input formats

Use Video/graphics Input2 =0

Use Video/graphics Input2 =1

Single Edge Transfer

Single Edge Transfer

Video Input Pin 16-bit YCbCr 8-bit YCbCr 8-bit YCbCr
VIO_31 Y[7] Y/Cb/Cr[7]
VIO_30 Y[6] Y/Cb/Cr[6]
VIO_29 Y[5] Y/Cb/Cr[7]
VIO_28 Y[4] Y/Cb/Cr[6]
VI0_27 Y[3] Y/Cb/Cr[7]
VIO_26 Y[2] Y/Cb/Cr[6]
VIO_25 Y[1] Y/Cb/Cr[7]
VIO_24 Y[0] Y/Cb/Cr[6]
VIl 7 Cb/Cr[7] Y/Cb/Cr[7]

VI1_6 Cb/Cr[6] Y/Cb/Cr[6]

VI1_5 Cb/Cr[5] Y/Cb/Cr[5]

VIil_4 Cb/Cr[4] Y/Cb/Cr[4]

Vil _3 Cb/Cr[3] Y/Cb/Cr[3]

VIl 2 Cb/Cr[2] Y/Cb/Cr[2]
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Table 8-15 Digital video input formats (Continued)

Use Video/graphics Input 2 =0 Use Video/graphics Input2 =1
Single Edge Transfer Single Edge Transfer

Video Input Pin 16-bit YCbCr 8-bit YCbCr 8-bit YCbCr

VI1l_1 Cb/Cr[1] Y/Cb/Cr[1]

VI1_ O Cb/Cr[0] Y/Cb/Cr[0]

Note: [VIO_P31 to VIO_P24], these pins are available to the video input channel only if, the graphic input
is not in single edge 32-bit mode and the video/graphic input 2 = 1 is used.

Digital video Input Timing

The video input block contains a complete programmable sync timing generator for oper-
ating as a sync master, or the timing generator may be slaved to H/V sync timing from,

® Externa device connected to video input port

®  Graphicsinput

® Component analog output

* Composite/s-video analog output

® Digital video output

H/V sync signals output onto this port may be obtained from,

®  Synctiming generator

When the BT.601 format is used, the port can operate in master or slave timing mode.
When the BT.656 format is used, the port can only operate in slave timing mode. A ‘valid
video' input signal is available for both the BT.601 and BT.656 formats.

In 16-bit BT.656 mode, EAV/SAV codes present in the CbCr in stream are used for timing
information. EAV/SAV codesin the Y stream are ignored.
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The range of programmability for each video timing parameter for the digital video input

port is asfollows:

Table 8-16 Range of programmability for digital video input timing

Parameter

Range

Vt_total_size (vertical total per fame)

0 - 4095 lines

Hz_total_size (horizontal total per line)

0 - 4095 pixels

X_size (horizontal active per line)

0 - 4095 pixels

Y_size (vertical active per frame)

0 - 4095 lines

X_offset (Hsync to active video)

0 - 4095 pixels

Y_offset_top (Vsync to active video, top field)

0 - 4095 lines

Y_offset_bottom (Vsync to active video, bottom field)

0 - 4095 lines

Top_field_height (total size of top field)

0 - 8191 (half lines)

Hz_sync_width (Hsync width)

0 - 4095 pixels

Vt_sync_width (Vsync width)

0 - 8191 half lines

Vt_sync_fine_adjust, lower byte (Vsync to Hsync relative position
adjust, top field)

0 to +/-127 pixels

Vt_sync_fine_adjust, upper byte (Vsync to Hsync relative position
adjust, bottom field)

0 to +/-127 pixels
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Table 8-17 Range of programmability for VBI capture

Parameter Range

Top_VBI_line_enable (VBI capture for top field or frame)3L -

Top_VBI_offset (reference line for starting top field or frame VBI cap- 0-31
ture)?

Bot_VBI_line_enable (VBI capture for bottom field)3 -

Bot_VBI_offset (reference line for starting bottom field VBI capture?) 0-31

H_size (width of VBI data, used only for VBI data during horizontal 0 - 4095 bytes
blanking)

V_size (height of VBI data, used only for VBI data during horizontal 0 - 4095 lines
blanking)

V_offset_top (top field line number where VBI window starts, used 0 - 4095

only for VBI data during horizontal blanking)

V_offset_bottom (bottom field line number where VBI window starts, 0 - 4095
used only for VBI data during horizontal blanking)

1. 24-bit value. Each bit enables (1) or disables (0) VBI capture for 24 lines, starting with the line specified by
top_VBI_offset.

2. BT.656 progressive: line 0 = first line of vertical blanking
BT.601 progressive: line 0 = first line of Vsync active edge
BT.656 interlaced: line O = first line after field ID change
BT.601 interlaced: line 0 = first line of Vsync active edge for top field and the line after for bottom field

3. 24-bit value. Each bit enables (1) or disables (0) VBI capture for 24 lines, starting with the line specified by
bot_VBI_offset.

Digital Video Input Configuration

Configuration register bits can be used to select a number of features and characteristics:

® H-and V-sync source

® H- and V-sync polarity

® VBI capture enable/disable

® VBI capturetiming

*  Start of active video interrupt enable/disable
®  8-bit or 16-bit input format

®* BT.601 or BT.656 input timing
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Table 8-18 Common video input formats

Input Pixel Clock (MHZz)

y
58 88 5 & o« s 5§ S S
s& % 8 8 ¢ g g % & 5

RGB 4:4:4 27 27 65 74.25 74.25 108 148.5 165

27 27 65 74.25 74.25
YCbCr 4:4:4 27 27 74.25 74.25 148.5 165
27 27 65 74.25 74.25
4:2:2 27 27 74.25 74.25 148.5 165
27 27 74.25 74.25 148.5 165
27 27 65 74.25 74.25
27 54 74.25 74.25
27 54
54

8.4.14.2 Video/Graphics Input Interface

The SMP8634 also contains a video/graphics input port. This block can input 16/24/32-
bpp data using either BT.656 or BT.601 protocols. The maximum input frequency is
148.5MHz. The block includes:

* A 128 pixels buffer (useful when the graphic is directly sent to the display)

* A bpp format converter (with key-color support)

® A color space converter (RGB-> Y CbCr (HD,SD) and Y CbCr HD/SD)
When the output format of the block is set to 16-bit and the color space converter output is
Y ChCr, the content is converted from Y CbCr 4.4:4 (24-bit) to Y CbCr 4:2:2 (16-bit). This

layer can be displayed by the main video scaler or the Multi-format scalers 1 or 2. In 24/
32-bpp modes, the input port supports DDR transfer (using either 12 or 16 pins).
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Video/Graphics Input Formats

The supported Y CbCr and RGB input formats include:

8-bit 4:2:2 Y CbCr

16-bit 4:2:2 YChCr

24-bit 4:4:4 Y CbCr

32-bit 4:4:4 Y CbhCr + dpha

16-bit aRGB (4444, 1555, or 565)
24-bit tRGB (0888, 8565, or 5676)

24-bit RGB data (12-bit 2x multiplexed, 888 over twowords, ‘C’ and ‘I’ version),
Intel compatible

32-hit «RGB (8888)

32-bit RGB data (16-hit 2x multiplexed, 8888 over two words‘C’ and ‘I’ version)

When the BT.601 format is used, the port can operate in either the master or the slave tim-
ing mode. When the BT.656 format is used, the port can operate in the slave timing mode
only. A *valid video’ input signal is available for both the BT.601 and BT.656 formats.

RGB input ranges of 0-255 (PC mode) or 16-235 (video mode) are supported. Though
both modes can be captured, only the 16-235 mode is converted to Y CbCr.

In dual edge transfer, the 1st chunk can be either on posedge on negedge (and vice versa
for the 2nd chunk).

Sigma Designs Confidential 307



SMP8634 Datasheet

SMP8634-DS-A-07

Table 8-19 Video/graphics input formats

Use
Graphic
Use Graphic Input 2 =0 Input2 =1
Single Edge transfer: Single Edge transfer: Single Edge
component order O component order 1 Dual edge transfer Transfer
3 3
m m
(O] 8 i (O] 8 o =
sz 8 3 £ oz g2 & s g 5
= = = =
Vileor 3 5 ¢ § & & 9§ § ¢ 3 &
graphic N N s > o N s > = = >
Input N N 2 g < N 2 = 2 - £
Pin < < © 0 < < © 0 I\ N 2
(] (] | e} (] (] | [o4] “ “ (o]
VIO_P31 Al7] A[7] Al7] A[7] Y/Cb/Cr[7]
VIO_P30 A[6] A[6] A[6] A[6] Y/Chb/Cr[6]
VIO_P29 A[5] A[5] A[5] A[5] Y/Cb/Cr[5]
VIO_P28 Al4]  Al4] Al4]  A[4] Y/Cb/Cr[4]
VIO_P27 A3l  A[3] A3l  A[3] Y/Cb/Cr[3]
VIO_P26 A2l  Al2] A2l  Al2] Y/Cb/Cr[2]
VIO_P25 A[1] A[1] A[1] A[1] Y/Cb/Cr[1]
VIO_P24 A[0] A[O] A[0] A[0] Y/Cb/Cr[0]
VIO_P23 R[7] Cr[7] R[7] Cr[7]
VIO_P22 R[6]  Cr[6] R[6]  Cr[6]
VIO_P21 R[5] Cr[5] R[5] Cr[5]
VIO_P20 R[4]  Cr[4] R[4]  Cr[4]
VIO_P19 R[3] Cr[3] R[3] Cr[3]
VIO_P18 R[2] Cr[2] R[2] Cr[2]
VIO_P17 R[1] Cr[1] R[1] Cr[1]
VIO_P16 R[O]  Cr[0] R[O]  Cr[O]
VIO_P15 G[71 YI7] Y[7] B[7] Cb[7] Cb/
Cr[7]
VIO_P14 G[6] Y[6] Y[6] B[6] Cb[6] Cb/
Cr[6]
VIO_P13 G[5]1  VI5] Y[5] B[5] Cb[5] Cb/
Cr[5]
VIO_P12 G[4] Y[4] Y[4] B[4] Cb[4] Cb/
Cr[4]
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Table 8-19 Video/graphics input formats (Continued)
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Use
Graphic
Use Graphic Input2 =0 Input2 =1
Single Edge transfer: Single Edge transfer: Single Edge
component order O component order 1 Dual edge transfer Transfer
0 2 PR
V] (@] - Q (@] 1 —
p : =2 & £ z 2 S o 2 5
Video/ s 3 ¢ § 3 3 ¢ & g S 8
graphic N N = > o o s > - = >
Input N N i g g N i s = 2 £
Pin < < © T < < © T N N —
N N = [o4] (] N = [o4] b — 0
VIO_P11 G[3] Y[3] Y[3] B[3] Cb[3] Cb/ G[3] R[71 Y[3] Cr[7]
Cr[3]
VIO_P10 G[2] YI2] Y[2] B[2] Cb[2] Cb/ GI2] R[6] Y[2] cCr[6]
Cr[2]
VIO_P9 G[1] Y[1] Y[1] B[1] Cb[1] Cb/ G[1] R[5] Y[1] Cr[5]
Cr[1]
VIO_P8 G[0]  Y[O] Y[O0] B[O] Cb[0] Cb/ G[0] R[4] Y[0O] Cr[4]
Cr[0]
VIO_P7 B[7] Cb[7] Cb/ Y/ G[7] Y[7] Y[7] Y/Cb/  B[7] R[3] Cb[7  Cr[3]
cr[71 Cb/ cr[7] 1
Cr[7]
VIO_P6 B[6] Cb[6] Cb/ Y/ G[6] Y[6] Y[6] Y/Cb/  B[6] R[2] Cb[6 Cr[2]
cr[6] Cb/ Cr[6] 1
Cr[6]
VIO_P5 B[5] Cb[5] Cb/ Y/ G[5] Y[5] Y[5] Y/Cb/  B[5] R[1] Cb[5 Cr[1]
cr[5] Cb/ Cr[5]
Cr[5]
VIO_P4 B[4] Cb[4] Cb/ Y/ G[4] Y[4] Y[4] Y/Cb/  B[4] R[O] Cb[4 cCr[O]
Cr[4] Cb/ Cr[4] ]
Cr[4]
VIO_P3 B[3] Cb[3] Cb/ Y/ G[3] VY[3] Y[3] Y/Cb/  B[3] G[7] Cb[3 Y[7]
Cr[3] Cb/ cr[3] 1
Cr[3]
VIO_P2 B[2] Cb[2] Cb/ Y/ G[2]1 VI[2] Y[2] Y/Cb/  B[2] G[6] Cb[2 Y[6]
cr[2] Cb/ cr[2] 1
Cr[2]
VIO_P1 B[1] Cb[1] Cb/ Y/ G[1] Y[1] Y[1] Y/Cb/  B[1] G[5] Cb[1  Y[5]
cr[1] Cb/ Cr[1] 1
Cr[1]
VIO_PO B[O] Cb[0] Cb/ Y/ G[0] Y[O] Y[O] Y/Cb/  B[O] G[4] Cb[0  Y[4]
cr[0] Cb/ cr[o] 1
Cr[O]
Input 1st ond 1st ond
Order on on on on
pose neg pose neg

dge edge dge edge
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Note:  The pins VIO_P31 to VIO_P24 are available to the graphic input channel only if, the video input is
in the 8-bit mode and video/graphics = 0 is used.

Single Edge Data Pins Assignment

The“Input Format” bitsin the VO_GRAPH_IN_FORMAT register describe the different
pixel formats that are supported. The following table illustrates the data bits/pins assign-
ment of the graphic input port in each of those modes.

Notice that the indices of the component bits indicate the position they would have, in an
8-bit description of the component.

Also, for simplification R, G and B are used to identify the color components. The color
space could be different. In particular, the display can handle Cr, Y, Ch.

Table 8-20 Single edge data pins assignment

24bpp- 24bpp- 16bpp- 16bpp- 16bpp- 31bpp-
Bit 24bpp 8565 5676 32bpp 565 1555 4444 7888
31 A7 A7
30 A6 A6
29 A5 A5
28 A4 A4
27 A3 A3
26 A2 A2
25 Al Al
24 AO
23 R7 A7 A7 R7 R7
22 R6 A6 A6 R6 R6
21 R5 A5 A5 R5 R5
20 R4 A4 A4 R4 R4
19 R3 A3 A3 R3 R3
18 R2 A2 R7 R2 R2
17 R1 Al R6 R1 R1
16 RO AO R5 RO RO
15 G7 R7 R4 G7 R7 A A7 G7
14 G6 R6 R3 G6 R6 R7 A6 G6
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Table 8-20 Single edge data pins assignment (Continued)

24bpp- 24bpp- 16bpp- 16bpp- 16bpp- 31bpp-
Bit 24bpp 8565 5676 32bpp 565 1555 4444 7888
13 G5 R5 R2 G5 R5 R6 A5 G5
12 G4 R4 G7 G4 R4 R5 A4 G4
11 G3 R3 G6 G3 R3 R4 R7 G3
10 G2 G7 G5 G2 G7 R3 R6 G2
9 G1 G6 G4 G1 G6 G7 R5 G1
8 GO G5 G3 GO G5 G6 R4 GO
7 B7 G4 G2 B7 G4 G5 G7 B7
6 B6 G3 Gl B6 G3 G4 G6 B6
5 B5 G2 B7 B5 G2 G3 G5 B5
4 B4 B7 B6 B4 B7 B7 G4 B4
3 B3 B6 B5 B3 B6 B6 B7 B3
2 B2 B5 B4 B2 B5 B5 B6 B2
1 B1 B4 B3 B1 B4 B4 B5 B1
o] BO B3 B2 BO B3 B3 B4 BO
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8.5.1 Video Processing Registers

8.5.1.1 Multi-format Scaler Registers

Table 8-2. Register map - Multi-format scaler

Address®

GFX CRT VCR Register Name? R/W/AS Description

+0700 +0600 +0500 VO_XXX_FORMAT_HDS R/W Video Output GFX/CRT/VCR
Format HDS Register

+0704 +0604  +0504  VO_XXX_OUTPUT_SIZE R/W Video Output GFX/CRT/VCR
Output Size Register

+0708 +0608 +0508 VO_XXX_SCALE_FACTOR R/W Video Output GFX/CRT/VCR
Scale Factor Register

+070C +060C +050C VO_XXX_SCALE_PHASE R/W Video Output GFX/CRT/VCR
Phase Register

+0710 +0610 +0510 VO_XXX_ALPHA_ROUTING R/W Video Output GFX/CRT/VCR
Alpha Routing Register

+0714 +0614  +0514  VO_XXX_KEY_COLOR R/W Video Output GFX/CRT/VCR
Key Color Register

+0718 +0618 +0518 VO_XXX_BCS R/W Video Output GFX/CRT/VCR
BCS Register

+071C +061C +051C VO_XXX_STRIP_EDGE R/W Video Output GFX/CRT/VCR
Strip Edge Register

+0720 +0620 +0520 VO_XXX_NONLINEAR_O R/W Video Output GFX/CRT/VCR
Nonlinear O Register

+0724 +0624 +0524 VO_XXX_NONLINEAR_1 R/W Video Output GFX/CRT/VCR
Nonlinear 1 Register

+0728 +0628 +0528 VO_XXX_TILING R/W Video Output GFX/CRT/VCR
Tiling Register

+072C +062C  +052C VO_XXX_BCS2 R/W Video Output GFX/CRT/VCR
BCS 2 Register

+CO000 +B000 +A000 VO_XXX_LUTO R/W Video Output GFX/CRT/VCR
LUT O Register

+C004 +B004 +A004 VO_XXX_LUT1 R/W Video Output GFX/CRT/VCR
LUT 1 Register

+C3FC +B3FC +A3FC VO_XXX_LUT255 R/W Video Output GFX/CRT/VCR

LUT 255 Register

1. Address refers to G-Bus byte address relative to the video output base.
2. XXXis GFX/CRT/VCR depending on the address.
3. Read/Write/Auto update
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8.5.2.1 Main Video Scaling Registers

Table 8-1 Main video scaling registers

Addresst Register Name R/W/A2 Description

+0400 VO_MAIN_FORMAT_HDS R/W Video Output Main Format HDS Regis-
ter

+0404 VO_MAIN_OUTPUT_SIZE R/W Video Output Main Output Size Regis-
ter

+0408 VO_MAIN_SCALE_FACTOR R/W Video Output Main Scale Factor Regis-
ter

+040C VO_MAIN_SCALE_PHASE R/W Video Output Main Scale Phase Regis-
ter

+0410 VO_MAIN_ALPHA_DEINT_ROU R/W Video Output Main Alpha Deint Rout-

TING ing Register

+0414 VO_MAIN_DEINT2 R/W Video Output Main Deint 2 Register

+0418 VO_MAIN_BCS R/W Video Output Main BCS Register

+041C VO_MAIN_PULLDOWN R/W Video Output Main Pull-down Register

+0420 VO_MAIN_STRIP_FILTER R/W Video Output Main Strip Filter Register

+0424 VO_MAIN_NONLINEAR_O R/W Video Output Main Nonlinear O Regis-
ter

+0428 VO_MAIN_NONLINEAR_1 R/W Video Output Main Nonlinear 1 Regis-

ter

1. Address refers to G-Bus byte address relative to the video output base.
2. Read/Write/Auto update.

8.5.2.2 OSD Scaler Registers

Table 8-2 OSD scaler registers

Addresst Register Name R/W/A2 Description

+0300 VO_OSD_FORMAT_HDS R/W Video Output OSD Format HDS Regis-
ter

+0304 VO_OSD_OUTPUT_SIZE R/W Video Output OSD Output Size Regis-
ter

+0308 VO_OSD_SCALE_FACTOR R/W Video Output OSD Scale Factor Regis-
ter

+030C VO_OSD_SCALE_PHASE_FLIC R/W Video Output OSD Scale Phase Flicker

KER Register

+0310 VO_OSD_ALPHA_ROUTING R/W Video Output OSD Alpha Routing Reg-
ister

+0314 VO_OSD_KEY_COLOR R/W Video Output OSD Key Color Register

+9000 VO_OSD_LUTO R/W Video Output OSD LUT O Register
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Table 8-2 OSD scaler registers (Continued)

Address? Register Name R/W/A2 Description
+9004 VO_0OSD_LUT1 R/W Video Output OSD LUT 1 Register
+90FC VO_OSD_LUT255 R/W Video Output OSD LUT 255 Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.

8.5.2.3 Hardware Cursor Registers

Table 8-3 Hardware cursor registers

Addresst Register Name R/W/A2 Description

+0100 VO_CURSOR_SIZE_CTRL R/W Video Output Cursor Size Control Reg-
ister

+0140 VO_CURSOR_ LUTO R/W Video Output Cursor LUT O Register

+017C VO_CURSOR_LUT15 R/W Video Output Cursor LUT 15 Register

+8000 VO_CURSOR_PIX0 R/W Video Output OSD Cursor Pixel0 Reg-
ister

+87FC VO_CURSOR_PIX511 R/W Video Output OSD Cursor Pixel 511
Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.

8.5.2.4 Main Mixer Registers

Table 8-4 Main mixer registers

Address® Register Name R/W/A? Description

+0800 VO_MIX_GFX_POS R/W Video Output Main Mixer GFX Position
Register

+0804 Reserved

+0808 VO_MIX_VCR_POS R/W Video Output Main Mixer VCR Position
Register

+080C VO_MIX_SP_POS R/W Video Output Main Mixer Sub-picture

Position Register

+0810 VO_MIX_MV_POS R/W Video Output Main Mixer Main Video
Position Register

+0814 VO_MIX_ OSD_POS R/W Video Output Main Mixer OSD Position
Register

+0818 VO_MIX_GIN_POS R/W Video Output Main Mixer Position GIN
Register
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Table 8-4 Main mixer registers (Continued)

Addresst Register Name R/W/A2 Description

+081C VO_MIX_CUR_POS R/W V_ideo OL_Jtput Main Mixer Cursor Posi-
tion Register

+0820 VO_MIX_INDEX R/W Video Output Index Register

+0824 VO_MIX_ FRAME _SIZE R/W Video Output Frame Size Register

+0828 VO_MIX_ BACKGROUND R/W Video Output Background Color Regis-

ter

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.

8.5.2.5 Graphic Accelerator (Bitmap Mode) Registers

Table 8-5 Graphic accelerator (bitmap mode) registers

Address? Register Name R/W/AZ Description

+0A00 VO_GRAPH_ACC_X_FORMAT R/W Video Output Graphic Accelerator X
Format Register

+0A04 VO_GRAPH_ACC_X_ALPHA R/W Video Output Graphic Accelerator X
Alpha Register

+0A08 VO_GRAPH_ACC_X_KEYCOLOR R/W Video Output Graphic Accelerator X
Key Color Register

+0A0C VO_GRAPH_ACC_Y_FORMAT R/W Video Output Graphic Accelerator Y
Format Register

+0A10 VO_GRAPH_ACC_Y_KEYCOLOR R/W Video Output Graphic Accelerator Y
Key Color Register

+0A14 VO_GRAPH_ACC_CONTROL R/W Video Output Graphic Accelerator
Control Register

+0A18 VO_GRAPH_ACC_FILL R/W Video Output Graphic Accelerator Fill

Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.
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8.5.2.6 Graphic Accelerator (Vectorial Mode) Registers

Table 8-6 Graphic accelerator (vectorial mode) registers

Address? Register Name R/W Description

+0A80 VO_GRAPH_ACC_MODE_CONT R/W Video Output Graphic Accelerator
ROL Mode Control Register

+0A84 VO_GRAPH_ACC_DRAM_READ R/W Video Output Graphic Accelerator
_ACCESS DRAM Read Access Register

+0A88 VO_GRAPH_ACC_DRAM_WRIT R/W Video Output Graphic Accelerator
E_ACCESS DRAM Write Access Register

+0A8C VO_GRAPH_ACC_X_BOUNDIN R/W Video Output Graphic Accelerator X
G_BOX Bounding Box Register

+0A80 VO_GRAPH_ACC_Y_BOUNDIN R/W Video Output Graphic Accelerator Y
G_BOX Bounding Box Register

+0A84 VO_GRAPH_ACC_SCALING_AN R/W Video Output Graphic Accelerator
D_CONTOURS Scaling and Contours Register

+0A88 VO_GRAPH_ACC_MATRIX_COE R/W Video Output Graphic Accelerator
FFS Matrix Coefficients Register

+0A9C VO_GRAPH_ACC_MATRIX_COE R/W Video Output Graphic Accelerator
FFS Matrix Coefficients Register

+0AAO0 VO_GRAPH_ACC_MATRIX_COE R/W Video Output Graphic Accelerator
FFS Matrix Coefficients Register

1. Address refers to G-Bus byte address relative to the video output block base.

8.5.2.7 Display Routing Register

Table 8-7 Display routing register

Address? Register Name R/W/A2 Description

+1208 VO_ROUTING_CTRL R/W Video Output Routing Control Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.

8.5.2.8 Color Bars Generator Registers

Table 8-8 Color bars generator registers

Address? Register Name R/W/A2 Description

+0D00 VO_COLOR_BARS_CTRL R/W Video Output Color Bars Control Reg-
ister

+0D04 VO_COLOR_BARS_SIZE R/W Video Output Color Bars Size Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.
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8.5.2.9 HDto SD Scaler Registers

Table 8-9 Color bars generator registers

Addresst Register Name R/W Description

+1300 VO_HDSD_CONFIG R/W Video Output HD to SD Configuration
Register

+1304 VO_HDSD_XSCALE R/W Video Output HD to SD X-scale Regis-
ter

+1308 VO_HDSD_YSCALE R/W Video Output HD to SD Y-scale Regis-
ter

+130C VO_HDSD_DUMP R/W Video Output HD to SD Dump Register

1. Address refers to G-Bus byte address relative to the video output block base.

8.5.3 Video Input Registers

Table 8-10 Video input registers

Address® Register Name R/W/A? Description
+0B00 VO_VID_IN_FORMAT2 R/W VO Video Input Format Register
+0B34 VO_VID_IN_DATA_SIZE R/W VO Video Input Data Size Register
+0B04 VO_VID_IN_DATA_XOFFSET R/W VO Video Input Data X-offset Register
+0B08 VO_VID_IN_DATA_YOFFSET R/W VO Video Input Data Y-offset Register
+0B0C VO_VID_IN_HZ_SYNC R/W VO Video Input Horizontal Sync Regis-
ter
+0B10 VO_VID_IN_VT_SYNC R/W VO Video Input Vertical Sync Register
+0B14 VO_VID_IN_SYNC_COORD R/W yo Video Input Sync Coordinates Reg-
ister
+0B18 VO_VID_IN_TOP_VBI R/W VO Video Input Top VBI Register
+0B1C VO_VID_IN_BOT_VBI R/W VO Video Input Bottom VBI Register
+0B20 VO_VID_IN_VBI_SIZE R/W VO Video Input VBI Size Register
+0B28 VO_VID_IN_VBI_VSM R/W VO Video Input VBI VSM Register
+0B2C VO_VID_IN_VBI_VOFFSET R VO Video Input VBI V-offset Register
+0B30 VO_VID_IN_COUNTERS R/W VO Video Input Counters Register
+0B24 VO_VID_IN_COUNTERS2 R VO Video Input Counters 2 Register
+0B38 VO_VID_IN_FORMAT2 R VO Video Input Format 2 Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.
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8.5.4 Graphic Input Registers

Table 8-11 Graphic input registers

Address® Register Name R/W/A? Description

+0C00 VO_GRAPH_IN_FORMAT R/W VO Video Input Format Register

+0C34 VO_GRAPH_IN_FORMAT2 R/W VO Video Input Data Size Register

+0C04 VO_GRAPH_IN_ALPHA_ROUTING R/W VO Video Input Data X-offset Register

+0C08 VO_GRAPH_IN_KEY_COLOR R/W VO Video Input Data Y-offset Register

+0C0C VO_GRAPH_IN_DATA_SIZE R/W VO Video Input DAta Size Register

+0C10 VO_GRAPH_IN_DATA_XOFFSET R/W VO Graphic Input Data X-offset Regis-
ter

+0C14 VO_GRAPH_IN_DATA_YOFFSET R/W VO Graphic Input Data Y-offset Regis-
ter

+0C18 VO_GRAPH_IN_HZ_SYNC R/W VO Graphic Input Top VBI Register

+0C1C VO_GRAPH_IN_VT_SYNC R/W VO Graphic Input Vertical Sync Regis-
ter

+0C20 VO_GRAPH_IN_SYNC_COORD R/W VO (_3raphic Input Sync Coordinates
Register

+0C24 VO_GRAPH_IN_SYNC_OFFSET R/W VO Graphic Input Sync Offset Register

+0C28 VO_GRAPH_IN_TOP_VBI R/W VO Graphic Input Top VBI Register

+0C2C VO_GRAPH_IN_BOT_VBI R VO Graphic Input Bottom VBI Register

+0C3C VO_GRAPH_IN_VBI_SIZE R/W VO Graphic Input VBI Size Register

+0C40 VO_GRAPH_IN_VBI_VSM R/W VO Graphic Input VBI VSM Register

+0C44 VO_GRAPH_IN_VBI_VOFFSET R/W VO Graphic Input VBI V-offset Regis-
ter

+0C30 VO_GRAPH_IN_COUNTERS R/W VO Graphic Input Counters Register

+0C38 VO_GRAPH_IN_FORMAT2 R/W VO Graphic Input Format 2 Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.
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8.5.5 Video Output Registers

8.5.5.1 Digital Output Registers

Table 8-12 Digital output registers

Address® Register Name R/W/A?  Description
+0EOO VO_DIGIT_OUT_CONVO R/W VO Digital Output Conversion O Register
+0E04 VO_DIGIT_OUT_CONV1 R/W VO Digital Output Conversion 1 Register
+0EO08 VO_DIGIT_OUT_CONV2 R/W VO Digital Output Conversion 2 Register
+0EOC VO_DIGIT_OUT_CONV3 R/W VO Digital Output Conversion 3 Register
+0E10 VO_DIGIT_OUT_CONV4 R/W VO Digital Output Conversion 4 Register
+0E14 VO_DIGIT_OUT_CONV5 R/W VO Digital Output Conversion 5 Register
+0E20 VO_DIGIT_OUT_FORMAT R/W VO Digital Output Format Register
+0E24 VO_DIGIT_OUT_XOFFSET R/W VO Digital Output X-offset Register
+0E28 VO_DIGIT_OUT_YOFFSET R/W VO Digital Output Y-offset Register
+0E2C VO_DIGIT_OUT_HZ_SYNC R/W _\/O Digital Output Horizontal Sync Reg-
ister
+0E30 VO_DIGIT_OUT_VT_SYNC R/W VO Digital Output Vertical Sync Register
+0E34 VO_DIGIT_OUT_VSYNC_COORD R/W VO Digital Output Vsync Coordinates

Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.

8.5.5.2 Analog Output Registers

Table 8-13 Analog output registers

Address? Register Name R/W/AZ Description

+0F00 VO_MAIN_ANALOG_CONVO R/W VO Main Analog Output Conversion
O Register

+0F04 VO_MAIN_ANALOG_CONV1 R/W VO Main Analog Output Conversion
1 Register

+0F08 VO_MAIN_ANALOG_CONV2 R/W VO Main Analog Output Conversion
2 Register

+0F0C VO_MAIN_ANALOG_CONV3 R/W VO Main Analog Output Conversion
3 Register

+0F10 VO_MAIN_ANALOG_CONV4 R/W VO Main Analog Output Conversion
4 Register

+0F14 VO_MAIN_ANALOG_CONV5 R/W VO Main Analog Output Conversion

5 Register
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Table 8-13 Analog output registers (Continued)

Address? Register Name R/W/A2 Description
+0F18 VO_MAIN_ANALOG_XOFFSET FIE = R/W VO Main Analog Output X-offset
LD Field Register

+0F1C VO_MAIN_ANALOG_OFFSET R/W VO Main Analog Output Offset Reg-
ister

+0F20 VO_MAIN_ANALOG_CVBS_CONVO  R/W VO Main Analog Output CVBS Con-
version O Register

+0F24 VO_MAIN_ANALOG_CVBS_CONV1 R/W VO Main Analog Output CVBS Con-
version 1 Register

+0F28 VO_MAIN_ANALOG_CVBS_CONV2  R/W VO Main Analog Output CVBS Con-
version 2 Register

+0F2C VO_MAIN_ANALOG_CVBS_CONV3 R/W VO Main Analog Output CVBS Con-
version 3 Register

+0F20 VO_MAIN_ANALOG_CVBS_CONV4  R/W VO Main Analog Output CVBS Con-
version 4 Register

+0F24 VO_MAIN_ANALOG_CVBS_CONV5 R/W VO Main Analog Output CVBS Con-

version 5 Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.

8.5.5.3 Component Analog Output Registers

Table 8-14 Component analog output registers

Address® Register Name R/W/A? Description
+1000 VO_COMPONENT_OUT_CONVO R/W VO Component Output Conversion O
Register
+1004 VO_COMPONENT_OUT_CONV1  R/W VO Component Output Conversion 1
Register
+1008 VO_COMPONENT_OUT_CONV2 R/W VO Component Output Conversion 2
Register
+100C VO_COMPONENT_OUT_CONV3  R/W VO Component Output Conversion 3
Register
+1010 VO_COMPONENT_OUT_CONV4 R/W VO Component Output Conversion 4
Register
+1014 VO_COMPONENT_OUT_CONV5  R/W VO Component Output Conversion 5
Register
+1018 VO_COMPONENT_OUT_XOFFS R/W VO Component Output X-offset Field
ET_FIELD Register
+101C VO_COMPONENT_OUT_YOFFS R/W VO Component Output Y-Offset Regis-
ET ter
+1040 VO_COMPONENT_OUT_TV_CO R/W VO Component Output TV Configura-

NFIG

tion Register
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Table 8-14 Component analog output registers (Continued)

Addresst Register Name R/W/A2 Description

+1044 VO_COMPONENT_OUT_TV_SIZ R/W VO Component Output TV Size Regis-
E ter

+1048 VO_COMPONENT_OUT_TV_HS  R/W VO Component Output TV Hsync Reg-
YNC ister

+104C VO_COMPONENT_OUT_TV_VS R/W VO Component Output TV Vsync O O
YNC_O_O0 Register

+1050 VO_COMPONENT_OUT_TV_ VS  R/W VO Component Output TV Vsync O 1
YNC_O_1 Register

+1054 VO_COMPONENT_OUT_TV_VS R/W VO Component Output TV Vsync E O
YNC_E_O Register

+1058 VO_COMPONENT_OUT_TV_ VS  R/W VO Component Output TV Vsync E 1
YNC_E_1 Register

+105C VO_COMPONENT_OUT_TV_HD R/W VO Component Output TV HD Hsync
_HSYNC_INFO Information Register

+1060 VO_COMPONENT_OUT_TV_HD R/W VO Component Output TV HD Vsync
_VSYNC Register

+1064 VO_COMPONENT_OUT_TV_CG  R/W VO Component Output TV CGMS Reg-
MS ister

+1068 VO_COMPONENT_OUT_TV_CC R/W VO Component Output TV CC AGC
_AGC Register

+106C VO_COMPONENT_OUT_TV_TE R/W VO Component Output TV Test Config-
ST_CONFIG uration Register

+1080 VO_COMPONENT_OUT_TV_MV R/W VO Component Output TV MV N 0, 22
~N_0_22 Register

+1084 VO_COMPONENT_OUT_TV_MV  R/W VO Component Output TV MV N 1, 2,

N_12 3 4 3, 4 Register
+1088 VO_COMPONENT_OUT_TV_MV R/W VO Component Output TV MV N 5, 6,
N 5678 7, 8 Register

+108C VO_COMPONENT_OUT_TV_MV  R/W VO Component Output TV MV N 9, 10,
_N_9 10 11 11 Register

+1090 VO_COMPONENT_OUT_TV_MV R/W VO Component Output TV MV N 12,
_N_12 13 14 13, 14 Register

+1094 VO_COMPONENT_OUT_TV_MV  R/W VO Component Output TV MV N 15,
_N_15 16 _17_18 16, 17, 18 Register

+1098 VO_COMPONENT_OUT_TV_MV R/W VO Component Output TV MV N 19,

N_19 20 21

29, 21 Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.
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8.5.5.4 Composite Analog Output Registers

Table 8-15 Composite analog output registers

Address? Register Name R/W/AZ Description
+1100 VO_COMPOSITE_OUT_BCS R/W VO Composite Output BCS Register
+1104 VO_COMPOSITE_OUT_XOFFSET R/W VO Composite Output X-offset Reg-
ister
+1108 VO_COMPOSITE_OUT_YOFFSET R/W VO Composite Output Y-offset Reg-
ister
+1140 VO_COMPOSITE_OUT_TV_CONFI  R/W VO Composite Output TV Configura-
G tion Register
+1144 VO_COMPOSITE_OUT_TV_SIZE R/W VO Composite Output TV Size Reg-
ister
+1148 VO_COMPOSITE_OUT_TV_HSYN R/W VO Composite Output TV Hsync
C Register
+114C VO_COMPOSITET_OUT_TV_VSYN R/W VO Composite Output TV Vsync O 0
C_0O_0 Register
+1150 VO_COMPOSITE_OUT_TV_VSYNC  R/W VO Composite Output TV Vsync O 1
0.1 Register
+1154 VO_COMPOSITE_OUT_TV_VSYNC R/W VO Composite Output TV Vsync E 0
_E_O Register
+1158 VO_COMPOSITE_OUT_TV_VSYNC  R/W VO Composite Output TV Vsync E 1
_E_1 Register
+1164 VO_COMPOSITE_OUT_TV_CGMS R/W VO Composite Output TV CGMS
Register
+1168 VO_COMPOSITE_OUT_TV_CC_A R/W VO Composite Output TV CC AGC
GC Register
+116C VO_COMPOSITE_OUT_TV_TEST_ R/W VO Composite Output TV Test Con-
CONFIG figuration Register
+1180 VO_COMPOSITE_OUT_TV_MV_N R/W VO Composite Output TV MV N 0,
_0_22 22 Register
+1184 VO_COMPOSITE_OUT_TV_MV_N R/W VO Composite Output TVMV N 1, 2,
1234 3, 4 Register
+1188 VO_COMPOSITE_OUT_TV_MV_N R/W VO Composite Output TV MV N 5, 6,
5678 7, 8 Register
+118C VO_COMPOSITE_OUT_TV_MV_N R/W VO Composite Output TV MV N 9,
~9.10 11 10, 11 Register
+1190 VO_COMPOSITE_OUT_TV_MV_N R/W VO Composite Output TV MV N 12,
12 13 14 13, 14 Register
+1194 VO_COMPOSITE_OUT_TV_MV_N R/W VO Composite Output TV MV N 15,
15 16_17_18 16, 17, 18 Register
+1198 VO_COMPOSITE_OUT_TV_MV_N R/W VO Composite Output TV MV N 19,

19 20 21

29, 21 Register

1. Address refers to G-Bus byte address relative to the video output block base.
2. Read/Write/Auto update.
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8.6 Pin Description

8.6.1 Video Input Pins

8.6.1.1 Digital Video Input 0 Pins - Graphic Input

Table 8-16 Digital video input O (graphic input) pin descriptions

Pin Name Ball ID Direction Description

VIO_CLK K1 | Video graphic input port O clock
VIO_HS J2 B Video graphic input port O Hsync
VI0_PO D2 1 Video graphic input port O bit O
VIO_P1 D1 | Video graphic input port O bit 1
VIO_P10 G5 | Video graphic input port O bit 10
VIO_P11 G4 | Video graphic input port O bit 11
VIO_P12 G3 | Video graphic input port O bit 12
VIO_P13 G2 | Video graphic input port O bit 13
VIO_P14 G1 | Video graphic input port 0 bit 14
VIO_P15 H5 | Video graphic input port O bit 15
VIO_P16 H4 | Video graphic input port O bit 16
VIO_P17 H3 | Video graphic input port 0O bit 17
VIO_P18 H2 | Video graphic input port O bit 18
VIO_P19 H1 | Video graphic input port 0 bit 19
VIO_P2 E3 | Video graphic input port O bit 2
VIO_P20 J5 | Video graphic input port O bit 20
VIO_P21 J4 | Video graphic input port O bit 21
VI0_P22 J3 | Video graphic input port O bit 22
VI0_P23 K5 | Video graphic input port 0 bit 23
VI0_P24 K4 | Video graphic input port 0O bit 24
VIO_P25 K3 | Video graphic input port 0 bit 25
VIO_P26 L5 | Video graphic input port O bit 26
VI0_P27 L4 | Video graphic input port O bit 27
VIO_P28 L3 | Video graphic input port O bit 28
VI0_P29 M5 | Video graphic input port 0 bit 29
VIO_P3 E2 | Video graphic input port O bit 3
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Table 8-16 Digital video input 0 (graphic input) pin descriptions (Continued)

Pin Name Ball 1D Direction Description

VIO_P30 M4 | Video graphic input port 0 bit 30
VIO_P31 M3 | Video graphic input port O bit 31
VIO_P4 E1 1 Video graphic input port 0 bit 4
VIO_P5 F5 | Video graphic input port 0 bit 5
VI0_P6 F4 | Video graphic input port O bit 6
VIO_P7 F3 | Video graphic input port O bit 7
VIO_P8 F2 | Video graphic input port O bit 8
VI0_P9 F1 | Video graphic input port O bit 9
VIO_VLD K2 1 Video graphic input port O data valid
VIO_VS J1 B Video graphic input port 0 Vsync

8.6.1.2 Digital Video Input 1 Pins

Table 8-17 Digital video input 1 pin descriptions

Pin Name Ball ID Direction Description
VI1_CLK A3 | Video input port 1 clock signal. Active edge pro-
grammable.
VI1_HS B3 B Video input port 1 Hsync input or output
VI1_PO A2 1 Video input port 1 pixel bus bit O
VI1_P1 B2 1 Video input port 1 pixel bus bit 1
VI1_P2 C3 | Video input port 1 pixel bus bit 2
VI1_P3 Cc4 | Video input port 1 pixel bus bit 3
VI1_P4 B1 | Video input port 1 pixel bus bit 4
VI1_P5 C1 1 Video input port 1 pixel bus bit 5
VI1_P6 c2 1 Video input port 1 pixel bus bit 6
VI1_P7 D3 1 Video input port 1 pixel bus bit 7
VI1_VLD B4 | Video input port 1 data valid
VI1_VS A4 B Video input port 1 Vsync input or output
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8.6.1.3 Digital Video Input 2 Pins

Table 8-18 Digital video input 2 pin descriptions

Pin Name Ball ID Direction Description

VI2_CLK M1 | Video input port 2 clock signal. Active edge pro-
grammable.

VI2_HS L2 B Video input port 2 Hsync input or output

VI2_VLD M2 1 Video input port 2 data valid

VI2_VS L1 B Video input port 2 Vsync input or output

8.6.1 Video Output Pins

8.6.1.1 Digital Video Output Pins

Table 8-19 Digital video output pin descriptions

Pin Name Ball ID Direction Description
VOO_CLK Ul (0] Video output pixel clock signal
VOO_HS V1 B Video output Hsync input or output. Polarity pro-
grammable.
VOO_PO w3 (0] Video output pixel bus bit O (YPbPr/RGB)
VOO_P1 V4 (0] Video output pixel bus bit 1 (YPbPr/RGB)
VOO_P10 R4 (0] Video output pixel bus bit 10 (YPbPr/RGB)
VOO_P11 R3 (0] Video output pixel bus bit 11 (YPbPr/RGB)
VOO_P12 R2 (0] Video output pixel bus bit 12 (YPbPr/RGB)
VOO_P13 R1 (0] Video output pixel bus bit 13 (YPbPr/RGB)
VOO_P14 P5 (0] Video output pixel bus bit 14 (YPbPr/RGB)
VOO_P15 P4 (0] Video output pixel bus bit 15 (YPbPr/RGB)
VOO_P16 P3 (0] Video output pixel bus bit 16 (YPbPr/RGB)
VOO_P17 P2 (0] Video output pixel bus bit 17 (YPbPr/RGB)
VOO0_P18 P1 (0] Video output pixel bus bit 18 (YPbPr/RGB)
VOO_P19 N5 (0] Video output pixel bus bit 19 (YPbPr/RGB)
VOO0_P2 V3 (0] Video output pixel bus bit 2 (YPbPr/RGB)
VOO_P20 N4 (0] Video output pixel bus bit 20 (YPbPr/RGB)
VOO_P21 N3 (0] Video output pixel bus bit 21 (YPbPr/RGB)
VOO0_P22 N2 (0] Video output pixel bus bit 22 (YPbPr/RGB)
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Table 8-19 Digital video output pin descriptions (Continued)

Pin Name Ball ID Direction Description

VOO_P23 N1 O Video output pixel bus bit 23 (YPbPr/RGB)
VOO_P3 ua O Video output pixel bus bit 3 (YPbPr/RGB)
VOO_P4 u3 (¢] Video output pixel bus bit 4 (YPbPr/RGB)
VOO_P5 T4 (e] Video output pixel bus bit 5 (YPbPr/RGB)
VOO_P6 T3 (0] Video output pixel bus bit 6 (YPbPr/RGB)
VOO_P7 T2 O Video output pixel bus bit 7 (YPbPr/RGB)
VOO_P8 T1 O Video output pixel bus bit 8 (YPbPr/RGB)
VOO_P9 R5 (0] Video output pixel bus bit 9 (YPbPr/RGB)
VOO_VLD u2 (0] Video output port data valid signal. Active high.
VOO_VSs V2 B Video output port Vsync input or output. Polarity

programmable.

8.6.1.2 Analog Video Output Pins - Composite and S-video

Table 8-20 Composite and S-video pin descriptions

Pin Name Ball ID Direction Description

VO1_AVDD AG4 1 Video output analog block 3.3V power supply
connection

VO1_AVDD_U AJ2 1 Pb-channel DAC power supply. Connect to a 3.3V
nominal supply.

VO1_AVDD_V AH2 1 Pr-channel DAC power supply. Connect to a 3.3V
nominal supply.

VO1_AVDD_Y AG2 1 Y-channel DAC power supply. Connect to a 3.3V
nominal supply.

VO1_AVSS AG5 1 Video output analog block ground connection

VO1_AVSS U AJ3 ] Pb-channel DAC ground connection

VO1_AVSS V AH3 ] Pr-channel DAC ground connection

VO1_AVSS Y AG3 ] Y-channel DAC ground connection

VO1_RSET AH4 O DAC current set pin. A resistor (140 ohm, 1% tol-
erance) connected between this pin and the
ground sets the full-scale DAC current.

VO1_U AJl (0] Analog video output. Outputs Pb signal in the

component YPbPr mode, the composite signal in
S-video mode, or B signal in component RGB
mode. Current output, intended to drive 75 ohm
doubly-terminated load.
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Table 8-20 Composite and S-video pin descriptions (Continued)

Pin Name

Ball ID

Direction

Description

VO1_V

AH1

(0]

Analog video output. Outputs Pr signal in compo-
nent YPbPr mode, C (chrominance) signal in S-
video mode, or R signal in component RGB mode.
Current output, intended to drive 75 ohm doubly-
terminated load.

VO1_VREF

AH5

Video DAC current source reference voltage
(1.25V nominal)

VO1_Y

AG1

Analog video output. Output Y (luminance) sig-
nals in the component YPbPr or S-video mode, or
G signal in the component RGB mode. Current
output, intended to drive 75 ohm doubly-termi-
nated load.

8.6.1.3 Analog Video Output Pins - Component Analog Output

Table 8-21 Component analog output pin descriptions

Pin Name Ball 1D Direction Description

VO2_AVDD AK4 1 Video output analog block 3.3V power supply con-
nection.

VO2_AVDD_U AM2 1 Pb-channel DAC power supply. Connect to a 3.3V
nominal supply.

VO2_AVDD_V AL2 1 Pr-channel DAC power supply. Connect to a 3.3V
nominal supply.

VO2_AVDD_Y AK2 1 Y-channel DAC power supply. Connect to a 3.3V
nominal supply.

VO2_AVSS AK5 1 Video output analog block ground connection

VO2_AVSS U AM3 ] Pb-channel DAC ground connection

VO2_AVSS_V AL3 1 Pr-channel DAC ground connection

VO2_AVSS_Y AK3 1 Y-channel DAC ground connection

VO2_RSET A4 O DAC current set pin. A resistor (140 ohm, 1% tol-
erance) connected between this pin and the
ground sets the full-scale DAC current.

vVO2_U AM1 O Analog video output. Outputs Pb signal in compo-
nent YPbPr mode, or B signal in component the
RGB mode. Current output, intended to drive 75
ohm doubly-terminated load.

vVO2_V AL1 O Analog video output. Outputs Pr signal in compo-
nent YPbPr mode, or R signal in the component
RGB mode. Current output, intended to drive 75
ohm doubly-terminated load.

VO2_VREF AJ5 B Video DAC current source reference voltage

(1.25V nominal)

Sigma Designs Confidential

327



SMP8634 Datasheet

SMP8634-DS-A-07

328

Table 8-21 Component analog output pin descriptions (Continued)

Pin Name

Ball ID

Direction

Description

VO2_Y

AK1

(0]

Analog video output. Outputs Y (luminance) signal
in component YPbPr mode, or G signal in the com-
ponent RGB mode. Current output, intended to
drive 75 ohm doubly-terminated load.

8.6.1.4 HDMI Pins

Table 8-22 HDMI pin descriptions

Pin Name Ball ID Direction Description

HDMI_DSCL us B HDMI DDC clock

HDMI_DSDA V5 B HDMI DDC data (open drain output)

HDMI_HPD w4 1 HDMI hot plug detect input

HDMI_MSEN W5 | HDMI monitor sense

HDMI_PD# T5 O HDMI power down (active low)

VOO_PO W3 O Bit O (LSB) of double-data rate bus to external
HDMI PHY device

VOO_P1 V4 o Bit 1 of double-data rate bus to external HDMI
PHY device

VOO_P2 V3 O Bit 2 of double-data rate bus to external HDMI
PHY device

VOO_P3 ua o Bit 3 of double-data rate bus to external HDMI
PHY device

VOO_P4 u3 O Bit 4 of double-data rate bus to external HDMI
PHY device

VOO_P5 T4 (0] Bit 5 of double-data rate bus to external HDMI
PHY device

VOO_P6 T3 O Bit 6 of double-data rate bus to external HDMI
PHY device

VOO_P7 T2 (0] Bit O of double-data rate bus to external HDMI
PHY device

VOO_P8 T1 O Bit 8 of double-data rate bus to external HDMI
PHY device

VOO_P9 R5 (0] Bit 9 of double-data rate bus to external HDMI
PHY device

VOO_P10 R4 O Bit 10 of double-data rate bus to external HDMI
PHY device

VOO_P11 R3 (0] Bit 11 (MSB) of double-data rate bus to external
HDMI PHY device

VOO_P12 R2 O ‘CTL2’ signal to external HDMI PHY device
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Table 8-22 HDMI pin descriptions (Continued)

Pin Name Ball ID Direction Description

VOO_P13 R1 O ‘CTL3’ signal to external HDMI PHY device

8.7 Electrical Characteristics

8.7.2 Digital Video Input DC Characteristics

Table 8-23 Digital video output DC electrical characteristics

Symbol Description Units Min Typ Max
IOHl High level output current (@Voy = 2.4V) mA 12 27 46
ot Low level output current (@Vg_ = 0.4V) mA 7 13 19
V2 Input high voltage \% 2 5.5
VIL2 Input low voltage \% -0.3 0.8
Rpy Pulldown resistor value Kohms 38 54 83
Rpp Pullup resistor value Kohms 63 114 259

1. Parameter applies to VIO_HS, VIO_VS, VI1_HS, VI1_VS, VI2_HS, VI2_VS when configured as outputs.

2. Parameter applies to VIO_CLK, VIO_VLD, VIO_P(31:0), VI1_CLK, VI1_VLD, VI2_CLK, VI2_VLD. Also
applies to VIO_HS, VIO_VS, VI1_HS, VI1_VS, VI2_HS, VI2_VS when configured as inputs.

3. Parameter applies to VIO_CLK, VIO_VLD, VIO_P(31:0), VI1_CLK, VI1_VLD, VI1_P(7:0), VI2_CLK, VI2_VLD.

4. Parameter applies to VIO_HS, VIO_VS, VI1_HS, VI1_VS, VI2_HS, VI2_VS.

8.7.3 Digital Video Output DC Characteristics

Table 8-24 Digital video output DC electrical characteristics

Symbol Description Units Min Typ Max
lont High level output current (@Von = 2.4V) mA 12 27 46
ot Low level output current (@Vg_ = 0.4V) mA 7 13 19
|OH2 High level output current (@Voy = 2.4V) mA 17 36 61
1.2 Low level output current (@Vg_ = 0.4V) mA 11 19 29
VIH3 Input high voltage \% 2 5.5
v, 2 Input low voltage \% -0.3 0.8

1. Parameter applies to HDMI_PD#; also HDMI_DSCL and HDMI_DSDA when in output mode.
2. Parameter applies to VOO_CLK, VOO_VLD, VOO_P(23:0; also VOO_HS and VOO_VS when configured as
outputs.
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3. Parameter applies to HDMI_HPD, HDMI_MSEN; also HDMI_DSCL and HDMI_DSDA when in input mode.
Also applies to VOO_HS and VOO_VS when configured as inputs.

8.7.4 Digital Video Input AC Characteristics

Table 8-25 Digital video input AC electrical characteristics

Parameter Conditions Minimum Typical Maximum Units
TvicLk 6.7 ns
Fvicik 148.5 MHz
TvicLkL 0.45 0.55 TvicLk
TvicLkH 0.45 0.55 TvicLk
Tsu 1.0 NS

T 0 ns

8.7.5 Digital Video Output AC Characteristics

Table 8-26 Digital video output AC electrical characteristics

Parameter Conditions Minimum Typical Maximum Units
TexcLk SDR mode 6.7 ns
FpxcLk SDR mode 148.5 MHz
TexcLk DDR mode 13.4 ns
FpxcLk DDR mode 74.25 MHz
TexcLKL 0.3 0.7 TexcLk
TexcLkH 0.3 0.7 TexcLk
ToLy 0 3.0 ns
Top SDR mode (o] 3.5 ns
Tob DDR mode 0 2.5 ns
TpLysTeEP DDR mode only 600 700 800 ps
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8.7.6 Analog Video Output DC Characteristics

Table 8-27 Analog video output electrical characteristics

Symbol Description Minimum Typical Maximum Units
DAC resolution 12 bits
RSET Current set resistor (1% tolerance) 140 ohms
IFS Full scale output current 35 37 mA
VFS Full scale output voltage (R oap = 1.35 \Y
37.5)
NLpre Differential nonlinearity 2 LSB
NLnT Integral nonlinearity 3 LSB
Offset error 1 LSB
Gain error 5 %FS
ZOouT Output impedance 1800 ohms
FPIXEL Update rate 148.5 MHz
8.8 Timing Diagrams
8.8.1 Digital Video Timing
8.8.1.1 Digital Video Input timing
| Tuicik
€ >

TVICLKL ! T

|
————————>,

VIX_CLK

\ :

VIx_P(N:0)
VIX_HS

X

VIX_VS
VIX_VLD

[}
[}
T, €

H !

Figure 8-1 Digital video input timing diagram

Ts=1ns (minimum), Th = 0 ns (minimum).
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8.8.1 Digital Video Output Timing

< >
1 [}
: TPXCLKH TPXCLKL :
2 P,
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VOO_CLK / \ /
- [}
[}
i TDL I' 1 :
" : :
VOO_HS ; . .
VOO _VS : X |
|
B :
I 1 lop !
— :
Lo l
[}
VOO_P(23:0) X | X
L 1
VOO_VLD Lo Lo
: : ] : oD
t 1
VOO_P(11:0) | ' X
VOO_VLD r
| ! 1 |
S e—
: Tovvster : Tovyster :
VOO_P(11:0) : ' '
‘ DDRDLY=n ‘ ‘ DDRDLY=n+1 ‘ ‘ DDRDLY=n+2 ‘

8.8.1.2 HSYNC/VSYNC Timing

Interlaced Mode, Top/Bottom Signalization

Hsync

V sync-top

V sync-bottom

|

|

Figure 8-2 Digital video output timing diagram

Figure 8-3 HSYNC/VSYNC timing diagram (interlaced mode, top/bottom signalization)

In this diagram both the sync pulses are active high. Both active low and active high polar-
ities for the Hsync and the V sync are supported.
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In the case of atop field, the Vsync leading edge (low to high in this diagram) occurs while
the Hsync is active. Thisincludes the standard signalization where the Hsync and the
Vsync leading edges occur during the same clock cycle. A top field is signaled by
FIELD_ID = 0. In the case of abottom field, the Vsync leading edge occurs while the
Hsync isinactive. A bottom field issignaled by FIELD_ID = 1.

Progressive mode

The Hsync/Vsync signalization in the progressive mode is similar to the top field signal-
ization in the interlaced mode.

8.8.1.3 Sync Generation

The sync generators use the following parameters:

TheHZ_TOTAL_SIZE is the number of cycles between 2 Hsyncs, that is the number of
cyclesincluded in aline.

TheVT_TOTAL_SIZE isthe number of lines (or Hsyncs) between 2 V syncs of the same
field ID (in aframe).

In the interlaced mode, the TOP_FIELD_HEIGHT isthe number of half lines between a
top and the next bottom Vsyncs.

TheHS_POLARITY and VS POLARITY alow to control the polarity of the Hsync and
Vsync pulses.

Note:  Typically, in the interlaced mode, VT_TOTAL_SIZE is an odd number and TOP_FIELD_HEIGHT =
VT_TOTAL_SIZE, In any case, the TOP_FIELD_HEIGHT should always be odd. In the progres-
sive mode, TOP_FIELD_HEIGHT = 0.

Hz tota sze

S|

Vsync

_______________ 0

Top_field_height

-~
v

Vt_totd_size

Figure 8-4 Active high Hsync and Vsync in the interlaced mode
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8.8.1.4 Active Picture Positioning

A pictureisafield in the interlaced mode and a frame in the progressive mode. The posi-
tion of a picture relative to the Hsync and the Vsync in al the inputs (601 mode) and the
output is achieved through the registers X_OFFSET, Y_OFFSET_TOP (used for the inter-
laced top fields and in the progressive mode) and Y_OFFSET_BOTTOM (used only in
the interlaced mode).

Theregister X_OFFSET positions the start of the active video relative to the leading edge
of the Hsync (in clock cycles). Theregister Y_OFFSET positions the start of the active
video relative to the leading edge of the Vsync (in lines).

The parameter Y_OFFSET_BOTTOM is used relative to the Hsync leading edge follow-
ing the Vsync leading edge. The use of these parametersisillustrated below:

] 1

D atd : | A ctive data

-
X_OFFSET

e 11

|

V sync
Y OFFSET TOP
D ata | [ [ ]
V sync E E
Y _OFFSET BOTTOM
D ata | [ [ ]

Figure 8-5 Active picture positioning timing diagram
8.8.1.5 Active Picture Dimensions

In the digital output, the dimensions of the active picture areimplied by the stream of data
input by the output blocking (coming from the router). In the inputs, in the 656 mode, the
picture dimensions are indicated by the SAV/EAV flags. In the 601 mode, the picture
dimensions are specified by the X size (size of an active linein pixel clocks) and the Y
size (number of lines of active picture in Hsyncs).
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9.1 Block Diagram of Audio Processing Subsystem
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Figure 9-1 Audio processing subsystem block diagram
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9.2 Introduction

The SMP8634 contains an integrated audio subsystem based on two identical custom-
designed 32-bit digital signal processors (DSP), each operating at up to 300MHz (rev. C or
later, 200MHz for previous revisions). The audio decoding and processing algorithms are
implemented on the proprietary DSPs. This firmware-based approach gives great flexibil-
ity for accommodating future audio standards or specialized audio requirements.

Each DSP is capable of decoding the following audio formats. In most cases, in order to
receive code for a specific audio codec, the user must be a codec licensee. A list of cur-
rently available audio codecsis available from Sigma Designs.

¢ Dolby Digital 5.1, Dolby Digital Plus 7.1, Dolby TrueHD 7.1

* DTS51,DTSHD7.1

* MPEG-1Layersl, Il and 1l (MP3) 2.0

* MPEG-4AAC-LC5.1

* MPEG-4HE-AACS5.1

* MPEG-4BSAC20

* WMA920, WMA9 Pro5.1

¢ DVD-Audio with MLP option

* AppleiTunes 2.0 (no DRM)

e ATRAC320

®  24-hitlinear PCM 7.1

Each DSPis capable of encoding the following audio formats. In order to receive code for
a specific audio codec, the user must be a codec licensee.

* Dalby Digital 5.1

* DTS51

The audio subsystem can also support the audio requirements for MSTV IPTV, BD, HD-
DVD, FvD, DVD, SVCD, VCD, ARIB, ATSC, DMB, DVB and OpenCable applications.
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9.3 Features

® 2 audio DSPsto support BD and HD-DVD audio requirements
® Proprietary DSP-based audio processors

* Dual 9.1-ch 1°Sdigital audio outputs (one for each audio DSP, typically configured as
7.1-ch + 2.0-ch downmix)
* Dua S/PDIF digital audio outputs (one for each audio DSP)
- |EC 60958
- |IEC61937-1
- 1EC 61937-2
- IEC 61937-3 (Dolby Digital)
- IEC 61937-4 (MPEG)
- IEC 61937-5 (DTS)
- IEC 61937-6 (MPEG-2 AAC format)

* Dual 2-ch IS or S/PDIF digital audio inputs (one for each audio DSP)
® Audio Over HDMI

9.4 Functional Description

The audio block of the SMP8634 contains two identical proprietary 32-bit DSPs, with the
following peripherals mapped on the D-Bus:

® Audio Miscellaneous: Includes the DMA logic to transfer data between the DSP pro-
gram/data memories and the DRAM (operates together with the M-Bus interface).
Also contains a programmable timer, reset/irq control registers and semaphores.

* M-Businterface: The DRAM side of the RISC to/from the DRAM.

®* G-Businterface: Allowsthe DSPsto become G-Bus masters and access the G-Bus
resources.

* Audioinput: Receives atwo channel serial audio stream (12S or S/PDIF formats). The
audio datais shifted into registers that can be read by the DSPs.

*  Audio output: Sends an ten/eight/six/two channel serial audio stream (1%S or S/PDIF
formats). The audio datais shifted from registers that is written by the DSPs.

The audio block connects to other SMP8634 on-chip components via the G-Bus and the
M-Bus. Several local buses connect the modules contained within the audio block.
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9.4.1 Audio Processing Capabilities

The audio unit provides two 9.1-ch 1°S outputs (one for each audio DSP), two S/PDIF out-

puts (one for each audio DSP), and two 12S or S/PDIF audio inputs (one for each audio
DSP).

9.4.1.1 Audio Codec Support

Table 9-1 MPEG audio decode support

MPEG-4
MPEG-1 MPEG-1 MPEG-4 HE-AAC MPEG-4
Codec Layer I, I1 Layer 111 AAC-LC (aacPlus) BSAC
Maximum bit rate I: 448kbps 320kbps 384kbps 384kbps 64kbps
11:384kbps
Maximum channels 2.0 2.0 5.1 5.1 2.0
2.0
Bits/sample 16 16 16 16 16
24 24 24 24 24
Sampling frequency 32 16 8 8 8
(kHz) 44.1 22.05 11.025 11.025 11.025
48 24 12 12 12
32 16 16 16
44.1 22.05 22.05 22.05
48 24 24 24
32 32 32
44.1 44.1 44.1
48 48 48
64 (2.0)
88.2 (2.0)
96 (2.0)
Downmix support - - 2.0 2.0 -
Percentage of one 12% 15% 27% (5.1) 36% TBD
audio DSP (300MHz) 7% (2.0)
used ’
MIPS used on host - - - - TBD
CPU

BD-ROM main audio - - - - _

BD-ROM secondary - - - - -
audio

HD-DVD main audio Mandatory - - - -
- 2.0 (48kHz)
Optional
- 5.1 (48kHz)
- 7.1 (48kHz)
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Table 9-1 MPEG audio decode support (Continued)

MPEG-4
MPEG-1 MPEG-1 MPEG-4 HE-AAC MPEG-4
Codec Layer I, 11 Layer 111 AAC-LC (aacPlus) BSAC
HD-DVD secondary - Optional - Optional -
audio - 2.0 (24kHz) - HE-AAC v2
- 2.0 (48kHz) - 2.0 (48kHz)
Table 9-2 Dolby audio decode support
Dolby Digital MLP Lossless
Codec Dolby Digital Plus Dolby TrueHD (for DVD-A)
Maximum bit rate 640kbps 4.736Mbps 18Mbps 10Mbps
Maximum channels 5.1 7.1 7.1 5.1
51 2.0
Bits/sample 16 16 16 16
20 20 20 20
24 24 24 24
Sampling frequency 32 32 48 48
(kHz) 44.1 44.1 %6 96
48 48 192 (5.1) 192 (2.0)
Downmix support 2.0 5.1 5.1 2.0
2.0 2.0
Percentage of one 33% 53% (7.1) 65% 47%
audio DSP (300MHz) 33% (5.1)
used ’
23% (2.0)
MIPS used on host - - - -
CPU
BD-ROM main audio Mandatory Optional Optional -
- 5.1 (48kHz) - 7.1 (48kHz) - 5.1 (192kHz)
- 7.1 (96kHz)
BD-ROM secondary - Mandatory - -
audio - 2.0 (48kHz)
Optional
- 5.1 (48kHz)
HD-DVD main audio Mandatory Mandatory Mandatory -
- 5.1 (48kHz) - 5.1 (48kHz) - 2.0 (192kHz)
Optional Optional
- 7.1 (48kHz) - 5.1(96kHz)
- 7.1 (96kHz)
HD-DVD secondary - Mandatory - -
audio - 2.0 (48kHz)
339
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Note: For Blu-ray, Dolby Lossless incorporates a Dolby Digital stream (2.0- to 5.1-ch) and a Dolby
TrueHD stream (2.0- to 7.1-ch). Dolby TrueHD is a version of MLP Lossless for Blu-ray Disc and
HD-DVD applications.

Note: For Blu-ray, the Dolby Digital Plus 7.1 stream contains a Dolby Digital 5.1 stream plus data to
extend it to 7.1 channels.

Note: For Blu-ray, the Dolby TrueHD stream contains a Dolby Digital stream (up to 5.1-ch) and one or
two TrueHD extension streams to add lossless and up to 2 additional channels.

Table 9-3 DTS audio decode support

DTS-HD-HRA
Codec DTS DTS-HD-MA
Maximum bit rate 1536kbps 6.0Mbps
24.5Mbps
Maximum channels 51 5.1 (192kHz)
7.1 (96kHz)
Bits/sample 16 16
20 20
24 24
Sampling frequency 8 8
(kHz) 11.05 11.05
12 12
16 16
22.05 22.05
24 24
32 32
44.1 44.1
48 48
64 64
88.2 88.2
96 96
128 128
176.4 176.4
192 192
Downmix support 2.0 5.1
2.0
Percentage of one 44% TBD
audio DSP (300MHz)
used

MIPS used on host - -
CPU
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Table 9-3 DTS audio decode support (Continued)

DTS-HD-HRA
Codec DTS DTS-HD-MA
BD-ROM main video Mandatory Mandatory
- Core data - Core data of core substream
Optional Optional
- Extended data - Extended data of core substream

- Extension substream

BD-ROM secondary - -

audio
HD-DVD main video Mandatory
- 5.1 (96kHz)
Optional
- 7.1 (96kHz)
- 2.0 lossless (192kHz)
HD-DVD secondary - Mandatory
audio - 2.0 (48KkHz)

Table 9-4 LPCM, WMA9 and ATRAC3 audio decode support

Codec LPCM WMA9 WMAS Pro ATRAC3

Maximum bit rate 36.864Mbps 192kbps (CBR) 768kbps (CBR) 768kbps
384kbps (VBR) 768kbps (VBR)

Maximum channels 7.1 2.0 5.1 2.0
Bits/sample 16 16 16 16
20 20 20 20
24 24 24 24
Sampling frequency 32 8 32 44.1
(kHz) 44.1 11.025 44.1 48
48 12 48
88.2 16
96 22.05
192 24
32
44.1
48
96
Downmix support 5.1 - 2.0 -
2.0
Percentage of one 20% 53% TBD
audio DSP (300MHz)
used
MIPS used on host - - - TBD
CPU
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Table 9-4 LPCM, WMA9 and ATRAC3 audio decode support (Continued)

Codec LPCM WMA9 WMAS9 Pro ATRAC3
BD-ROM main audio Mandatory - - -
- 2.0 (96kHz)
Optional
- 5.1 (192kHz)
- 7.1 (96kHz)
BD-ROM secondary - - - -
audio
HD-DVD main audio Mandatory - -
- 5.1 (96kHz)
- 2.0 (192kHz)
HD-DVD secondary - - Optional -
audio - 2.0 (24kHz)
- 2.0 (48kHz)
Table 9-5 Dolby and DTS audio encode support
Codec Dolby Digital DTS
Maximum bit rate 640kbps 1536kbps
Maximum channels 5.1 5.1
Bits/sample 16 16
20 20
24 24
Sampling frequency (kHz) 48 48
Percentage of one audio DSP (300MHz) 50% TBD
used
MIPS used on host CPU - -
Table 9-6 Blu-ray audio processing requirements
Codec
Process M1 mixer M2 mixer Parse interac- Upsampling
tive sound Downsampling
Postprocessing
Percentage of one audio DSP 5% 5% 13% 30%

(300MHz) used

MIPS used on host CPU -
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9.4.1.2 BD-ROM Audio Support

Table 9-7 BD-ROM audio support matrix - rev. C and later

Feature Audio DSP Used Feature
Main Audio Decode DSP O Dolby Digital 5.1
Dolby Digital Plus 7.1
DTS 5.1
Dolby TrueHD 5.1/7.1 (192kHz/
96kHz)
LPCM 5.1/7.1 (192kHz/96kHz)
Secondary Audio Decode DSP 1 Dolby Digital Plus 2.0
Interactive Audio Parsing and DSP 1 8-channel
Mixing
Main Audio Mixing DSP O Yes
Audio Encode for SPDIF Output DSP 1 Dolby Digital 5.1
Upsampling, Downsampling and DSP O Yes
Postprocessing
Main _
Audio  — Mix p Post Process ——» HDMI
Decode
Upsample Downsample
Audio DSP 0 A
Audio DSP 1
—p 12s
Secondary Jy 48KHz A 48KHZ (5.1 +2.0)
Audio
48KHz v
Decode
——1 .
Mix Encoder  |—pg
/PDIF
3
Interactive | 48KHz
Audio
Figure 9-2 Blu-ray audio processing - rev. C and later
343
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Table 9-8 BD-ROM audio support matrix - rev. A and B

Feature Audio DSP Used Feature
Main Audio Decode DSP O Dolby Digital 5.1
Dolby Digital Plus 7.1
DTS 5.1
Dolby TrueHD 5.1/7.1 (192kHz/
96kHz)
LPCM 5.1/7.1 (192kHz/96kHz)
Secondary Audio Decode - No
Interactive Audio Parsing and DSP 1 8-channel
Mixing
Main Audio Mixing DSP 1 Yes
Audio Encode for SPDIF Output - No
Upsampling, Downsampling and DSP 1 Yes
Postprocessing
Main
Audio
] Decode
Audio DSP 0
Audio DSP 1
Mix ——p» Post Process ——-HDMI
+ 48KHz (5.1 + 2.0)
Upsample Downsample |—<—pm-j25
48KHz
Interactive Mix
Audio 5

48KHz

344

Figure 9-3 Blu-ray audio processing - rev. A and B
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9.4.1.3 Additional Processing Capabilities

Additional capabilitiesinclude:

Downloading of new firmware
Mixing 12S or S/PDIF input with audio output

Mixing and panning of 8 streams of LPCM 1.0 or 6 streams of LPCM 1.0 + 1 stream
of LPCM 2.0

Upsampling (44.1 to 48 kHz, 2x and 4x)
De-emphasis (48 and 44.1 kHz audio only)
Soft fade-in and fade-out

Audio delay adjust, channel delay adjust, channel level adjust, test tone generation.

9.4.2 Audio DSPs

The SMP8634 audio subsystem contains two identical proprietary DSPs. Each DSP block
is built around a 32-bit DSP core. It has the following features:

300MHz (rev. C or later, 200MHz for previous revisions) cycle time (system clock).
All instructions execute in 1 cycle, except for the branching instructions (bra, call,
trap, ret etc. - executein 1 or 2 cycles) and load store instructions with wait states.

Separate program and data spaces (respectively accessed through the system bus and
the D-Bus). The system bus s used for al the instruction fetches and the D-Busis
used through the load/store instructions. Data space: 24kword (48K B); Program
space: 6kword (12K B).

Theinitial program or dataloads before the processor is started. Once the processor is
running, it fetches additional program/data through a DMA mechanism from external
memory to arbitrary parts of program/data space.

Thefirst half of the data space has 0 wait states (memory access), second half of data
space has one (or more) wait states (10 access)

The stack is located in the data memory

The two R-Businterfaces allow an external bus master to access the P-Bus and D-Bus
through the RISC

16/32-bit instruction set. Frequently used 32-hit instructions have 16-bit equivalent
instructions that can be used to minimize the code space. All the 16-bit instructions
have 32-hit equivalent instructions. The instruction set consists of three groups:

- Dataprocessing: ALU and DSP instructions.
- Memory: Data memory load/stores.
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- Control: Flow control (sbra, bra, call, trap, ret, rti), push/pop, sp and stat operations.
9.4.3 Audio Miscellaneous

The audio miscellaneous block consists of an interrupt controller, reset controller, D-Bus
and R-Bus interfaces, atimer and semaphores.

During aDMA transfer from the DRAM to the RISC Program/Data space, bytes received
from the DRAM are assembled into dwords. The resulting dwords are written to the R-
Bus. For each R-Bus transaction, the register MISC_DR_ADD isincremented by 1 and
theregister MISC_DR_CNT is decremented by 1 until it reaches 0.

Theregister MISC_DR_ADD specifies the R-Bus address used during the DMA from
external the DRAM to the RISC program/data space. When the bit 14 =1, the data spaceis
selected. When the bit 14=0, the program space is sel ected.

Theregister MISC_DR_CNT givesthe number of the R-Bus transactions (the DMA trans-
fer size). Writing a non-zero value to this register starts the DMA transfer, assuming that
the M-Bus interface has already been programmed.

Theregisters MISC_DW_MODE, MISC_DW_ADD and MISC_DW_CNT control the
DMAs from the RISC program/data spacesto DRAM. Their operation isidentical to the
read transfers.

Theregister MISC_TIMER_DIV needs to be programmed with the desired timer period.
The resulting timer frequency is given by: F= FSYSCLK / (4 x MISC_TIMER_DIV).

For example, if FSY SCLK = 148.5MHz and MISC_TIMER_DIV = 7425, then the timer
will generate an interrupt at 5SKHz.

When theregister MISC_TIMER_DIV iswritten to, the same valueis also written into the
register MISC_TIMER_CNT. The value 0, disables the timer operation.

Theregister MISC_TIMER_CNT isthe timer count down register. When this register

reaches 1, it isreloaded with the register MISC_TIMER_DIV and atimer interrupt is gen-
erated. Writing to the register MISC_TIMER_CNT does not affect the counter, but clears
thetimer interrupt. Thisistypically done when entering the timer interrupt service routine.
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9.4.4 Audio Input Interfaces

The audio input interfaces allow each DSP to receive and process the audio from the exter-
nal sources. The audio input may be received as either 12S (3-wire synchronous) or §PDIF
(1-wire self-clocked) audio data. For agiven audio DSP, either the 12S or the S/PDIF input

may be used, but not both simultaneously. The IS input operates only as aslave; it is not
capable of operating as a master.

The audio input interface has two channels organized as one pair: (L0,R0). Once the input
modes are set (once at the beginning of each session), the input interface will issue an
interrupt to the DSP as each new sample is made available. The interrupt service routine
reads the two samples and then writesin the LO register. The LO register then causes the
interrupt line to become inactive until the next sample set is made available.

The audio input block contains five registers: Two data registers (one per channel, in
which the new audio samples can be read), one configuration register which must be pro-
grammed at the beginning of arecording session and two status registers (one for global
information, and one for the S/PDIF channel status bits of the current S/PDIF input, if
available). The dataregisters are left aligned (32-bit) and M SB first.

The audio input module is on when the reset input is 1, and tries to decode the audio sam-

ple in the adapted input module (1%S or S/PDIF) according to the bit INSEL of the config-
uration register.

At the beginning of arecording session, the register SO_CONF must be programmed to
match the expected input. If it is set to select S/PDIF then no more configuration is needed

asthe S/PDIF automatically detects the sampling rate. If 1°S is selected, then the other 1°S
configuration must be set properly.

Whatever mode is chosen, when a new frame is available, the IRQ output is set, the RISC
can then read the new data in the data registers and writeto the SO_LO_DATA register to
deactivate the IRQ. In both the modes, the register SO_STATUS contains the value of the
IRQ bit asbit 0. In the S/PDIF mode, the bit SPDIF_ON, indicatesif agood S/PDIF signal

is detected. Thisbit is set to 0 in the 1S mode.
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9.4.5 Audio Output Interfaces

The audio output interfaces provide the DSPs with the ability to output the decoded sam-

plesin either the 12S format for connection to external DAC(s), or in the S/PDIF format
for connection to an external S/PDIF transmitter or optical interface. The audio output for
each audio DSP has 12 channels organized as 6 pairs: LO/RO, L1/R1, L2/R2, L3/R3, L4/

R4 and LS/RS. Thefirst 10 channels (5 pairs) drive the 5 1°S output blocks while the 6t
pair drivesthe S/PDIF output block. The I%S outputs operate only as a master; they cannot
operate in aslave mode. The audio data on the audio DSP 0 12S and S/PDIF outputs may

also be output viathe HDMI output port. All the 12S and S/PDIF output channels for a
given DSP work with one LRCLK, limiting to one sample rate for al the channels.

Table 9-9 Supported audio output combinations

1S Outputs S/PDIF Output HDMI Output Supported

LPCM Bitstream Bitstream Yes

LPCM Bitstream LPCM Yes

LPCM LPCM Bitstream Yes. Requires audio

DSP 1 1S and S/PDIF
outputs be used.

LPCM LPCM LPCM Yes

The configuration register bits for each DSP provide substantial flexibility in defining the
audio output characteristics which include:

* Enable/disabling each 1°S and S/PDIF channel

*  Defining 1S data output alignment

* Defining audio bit clock (ACLK) output polarity

* Defining frame clock (LRCLK) output polarity

®  Selecting 1S 16/32-bit mode

* Defining I12S bit order (MSB/LSB first)

® Selecting audio bit clock source
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Once the sampling rate, output modes and the miscellaneous configuration registers are set
(once at the beginning of a session), the audio output interface will issue an interrupt to the
DSP at the sampling rate (32KHz, 44.1KHz, 48KHz, 96KHz or 192KHz). The interrupt
service routine must write 8 samplesinto 10 dedicated registers (one per channel). This
causes the interrupt line to become inactive until the next sample set is required.

The audio output block has two groups of registers:

* Dataregisters. There are 12 data registers, one per channel. Typically, the DSP will
write the new decoded samples in these registers at arate equal to the sampling rate
(e.g. 44.1KHz, 48KHz.)

® Configuration registers: These registers are programmed once at the beginning of a
decoding session.

The S/PDIF output can be programmed/controlled by the software using the register
SO_CH_CTRL. Theregister SO_AUDIO_CLK_DIV specifies the fractional audio clock
divider control bits. The output clock frequency is,

FDIV_CLK = FCLK x M /[2x (M+N)]

For example,

If FCLK = 27MHz, M = 1024 and N = 101 then, FDIV_CLK = 48000 x 256
If FCLK =27MHz, M = 1568 and N = 307 then, FDIV_CLK = 44100 x 256

If FCLK = 27MHz, M = 2048 and N = 1327 then, FDIV_CLK = 32000 x 256

Note:  To reduce the audio clock jitter, clean dividers located in the system block can be used instead of
the fractional clock divider.
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9.4.5.1 1°S Output Format

The 12S interfaces operate in the 32-hit (LRCLK = ACLK/64) or 16-bit mode (LRCLK =
ACLK/32). For the 16-bit mode, only bits D23 to D8 are output starting with bit 8 (LSB
first) or bit 23 (MSB first).

To control external audio DACs that do not use 12C for the control interface, GPIO pins
may be used.

Table 9-10 12S data alignment in the 32-bit mode

LSB First LSB First LSB First MSB First MSB First MSB First

Slot Align =0 Align=1 Align=30 Align=0 Align=1 Align=30
[¢] 6] [¢] D22 D23 0 [¢]
1 o] 0 D23 D22 D23 0
2 o] 0 o] D21 D22 0
3 o] 0 o] D20 D21 0
4 6] [¢] 6] D19 D20 [¢]
5 6] [¢] 6] D18 D19 [¢]
6 6] [¢] 0 D17 D18 [¢]
7 o] DO o] D16 D17 0
8 DO D1 o] D15 D16 0
9 D1 D2 o] D14 D15 0
10 D2 D3 6] D13 D14 [¢]
11 D3 D4 6] D12 D13 [¢]
12 D4 D5 0 D11 D12 [¢]
13 D5 D6 0 D10 D11 0
14 D6 D7 0 D9 D10 0
15 D7 D8 0 D8 D9 0
16 D8 D9 6] D7 D8 [¢]
17 D9 D10 0 D6 D7 [¢]
18 D10 D11 6] D5 D6 [¢]
19 D11 D12 0 D4 D5 0
20 D12 D13 0 D3 D4 0
21 D13 D14 0 D2 D3 0
22 D14 D15 6] D1 D2 [¢]
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Table 9-10 12S data alignment in the 32-bit mode (Continued)

LSB First LSB First LSB First MSB First MSB First MSB First
Slot Align =0 Align=1 Align=30 Align=0 Align=1 Align=30
23 D15 D16 0 DO D1 0
24 D16 D17 0 o] DO o]
25 D17 D18 0 o] 0 0
26 D18 D19 [¢] 6] [¢] 0
27 D19 D20 [¢] 6] [¢] 0
28 D20 D21 [¢] 6] [¢] 0
29 D21 D22 0 o] 0 0
30 D22 D23 0 o] 0 D23
31 D23 o] 0 o] 0 D22

Note:  The frequency of LRCLK is identical in both the 16-bit and the 32-bit modes, and is equal to sclkin/

256 (or 384). However, the frequency of the ACLK (bit rate) is equal to sclkin/4 (or 6) in the 32-bit
mode and equal to sclkin/8 (or 12) in the 16-bit mode. Also, if align = 4 and MSB firs t= 0, then the
12S data is aligned with the S/PDIF data. In the 16-bit mode align = 1 (should be) for the 12S com-
patible mode.

9.4.5.2 S/PDIF (IEC 60958) Output Format

The S/PDIF outputs consists of a series of data blocks. Each block consists of 192 frames
and each frame consists of two sub-frames corresponding to the left and right channels.

SPDIF Stream 000 | Block N-1 Block N Block N+1 | 000
/ \
Block Frame 0 Frame 1 000 | Frame 190 | Frame 191 ‘
/ \
Frame Left Sub-Frame | Right Sub-Frame
|m’&’: 1 1/ 19 21 23 25 2/ 29 31
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Sub-Frame [ml S8 AUdio Data NS V|S|C|P|

Figure 9-4 S/PDIF data format
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Data bits and preamble coding

Each subframe consists of 32 bits, coded as a sequence of 64 half-bits. Except for the pre-
amble, data bits are coded as follows:

* Oiscoded ‘11’ (if preceding half-bit = 0) or ‘00" (if preceding half-bit = 1)

® liscoded ‘10" (if preceding half-bit = 0) or ‘01’ (if preceding half-bit = 1)

There are three types of preambles:

* B (left sub-frame of thefirst frame of a block)
* M (left sub-frame of any frame except the first frame of a block)

® W (right sub-frame of any frame)

The three preamble types are coded as follows:
®* Preamble B iscoded 11101000 (if preceding half-bit = 0) or ‘00010111’ (if preced-
ing half-bit = 1)

®* Preamble M iscoded ‘11100010’ (if preceding half-bit = 0) or ‘00011101’ (if preced-
ing half-bit = 1)

®* Preamble W is coded ‘ 11100100’ (if preceding half-bit = 0) or ‘00011011’ (if preced-
ing half-bit = 1)

Audio Data

The audio datafield carries the 24-bit value writteninthe SO_LS DATA/SO_RS DATA
registers. The LSB istransmitted first.

* BitOof theregister SO_LS DATA (or the register SO RS DATA) appears at the bit
position 4 within the S/PDIF sub-frame

* Bit23of theregister SO LS DATA (or theregister SO_RS DATA) appears at the bit
position 27 within the S/PDIF sub-frame

When 16-bit or 20-bit PCM samples are transmitted, they are left aligned on bit 23 of the
registers SO_LS DATA / SO_RS DATA.

Validity Bit (Subframe Bit 28)

Thisbit (bit 28 of a sub-frame) is normally set to low to indicate valid data. The S/PDIF
interface sets this bit when a data underflow occurs.
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Subcode Data (Subframe Bit 29)

This bit (bit 29 of a sub-frame) is controlled by bit 19 of theregister SO CH_STRL,
(default value= 0). Subcode datais used to convey user-specific data.

Channel Status Information (Subframe Bit 30)

This bit is used to carry side information on the S/PDIF stream, including SCMS informa-
tion. The S/PDIF specification requires the channel status bit to be equal for both the sub-
frames of aframe. Conseguently, 192 bits of the channel status information are transmitted
during a S/PDIF data block. A register contains the channel status information transmitted
during thefirst 32 frames of ablock, LSB first. During the remaining 160 (192-32) frames
the channel status bit is set to 0.

Parity (Subframe Bit 31)

This bit is generated by the S/PDIF interface so that bits 4 to 31 (inclusive) of the sub-
frame contain an even number of 1's (and 0's).

9.4.5.3 HDMI v1.1 Output Format

The HDMI v1.1 output supports LPCM and compressed audio. The audio data from the

audio DSP 0 1°S outputs or the S/PDIF output may also be transferred over HDMI. Note
that the audio capabilities are dependent on the video format being transmitted over
HDMI. For additional information, please see CEA-861D and the HDMI video output sec-
tion.

9.5 Register Maps

9.5.1 Audio Input Interface Registers

Table 9-11 Audio input interface registers

Address? Register Name R/W/AZ Description

+3E40 SI_LO_DATA R/W Audio Input Left Channel Data Regis-
ter

+3E41 SI_RO_DATA R Audio Input Right Channel Data Reg-
ister

+3E42 SI_STATUS R Audio Input Status Register

+3E43 SI_CONF R/W Audio Input Configuration Register

+3E44 SI_SPDIF_STATUS R S/PDIF Status Register

1. Address refers to G-Bus byte address relative to the audio block base.
2. Read/Write/Auto update.
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9.5.2 Audio Output Interface Registers

Table 9-12 Audio output interface registers

Address Register Name R/W Description

+3E00 SO_LO_DATA R/W 12S Pair O Left Channel Data Register
+3E01 SO_RO_DATA R/W 12S Pair 0 Right Channel Data Register
+3E02 SO_L1_DATA R/W 12S Pair 1 Left Channel Data Register
+3E03 SO_R1_DATA R/W 12S Pair 1 Right Channel Data Register
+3E04 SO_L2_DATA R/W 12S Pair 2 Left Channel Data Register
+3E05 SO_R2_DATA R/W 12S Pair 2 Right Channel Data Register
+3E06 SO_LS_DATA R/W S/PDIF Left Channel Data Register
+3E07 SO_RS_DATA R/W S/PDIF Right Channel Data Register
+3E08 SO_CH_INTR R/W Channel Interrupt Register

+3E09 SO_CH_CTRL R/W Channel Control Register

+3EO0A SO_SPDIF_CH_STAT R/W S/PDIF Channel Status Register
+3E0B SO_L3_DATA R/W 12S Pair 3 Left Channel Data Register
+3E0C SO_R3_DATA R/W 12S Pair 3 Right Channel Data Register
+3EOD Reserved

+3EOE SO_AUDIO_CLK_DIV R/W Audio fractional clock divider register

M, N)

9.5.3 Audio Miscellaneous Registers

Table 9-13 Audio miscellaneous registers

Address® Register Name R/W/A? Description

+3E80 MISC_DR_MODE R/W DRAM Read Byte Assemble Mode
Register

+3E81 MISC_DR_CNT R/W/A DRAM Read Byte Count Register

+3E82 MISC_DR_ADD R/W/A DRAM Read Address Register

+3E83 Reserved

+3E84 MISC_DW_MODE R/W DRAM Write Byte Assemble Mode
Register

+3E85 MISC_DW_CNT R/W/A DRAM Write Byte Count Register

+3E86 MISC_DW_ADD R/W/A DRAM Write Address Register
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Table 9-13 Audio miscellaneous registers (Continued)

Addresst Register Name R/W/AZ Description

+3E87 Reserved

+3E88 MISC_RESETO R/W Reset O Register

+3E89 MISC_RESET1 R/W Reset 1 Register

+3E8A MISC_INTERRUPT R/W Interrupt Register

+3E8B MISC_TIMER_DI R/W Timer Divisor Load Register
+3E8C MISC_TIMER_CNT R/A Timer Value (current) Register
+3E8D Reserved

+3E8E Reserved

+3E8F Reserved

1. Address refers to G-Bus byte address relative to the audio block base.
2. Read/Write/Auto update.

9.6 Pin Description

9.6.1 Audio Input Interface Pins

Table 9-14 Audio input interface pin descriptions

Pin Name Ball ID Direction Description

SI10_BCLK AN7 1 Audio input O serial bit clock = LRCLKx32 / 64.
Maximum frequency is 12.288MHz.

SI10_DATA AP7 | Audio input O serial data

SI0_LRCLK AL7 1 Audio input O serial left/right clock

SI0_SPDIF AM7 | Audio input O serial data S/PDIF

SI11_BCLK AL8 1 Audio input 1 serial bit clock = LRCLKx32 / 64.
Maximum frequency is 12.288MHz.

SI1_DATA AM8 1 Audio input 1 serial data

SI1_LRCLK AK7 1 Audio input 1 serial left/right clock

SI11_SPDIF AK8 1 Audio input 1 serial data S/PDIF
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9.6.2 Audio Output Interface Pins

Table 9-15 Audio output interface pin descriptions

Pin Name Ball ID Direction Description
SO0_BCLK AP3 o Audio output 0 12S audio bit clock output. Maxi-
mum frequency is 12.288MHz.
SOO0_DATA1 AP4 0 Audio output 0 12S channel 1 audio data output
SOO0_DATA2 AN3 0 Audio output 0 12S channel 2 audio data output
SOO0_DATA3 AN4 0 Audio output 0 12S channel 3 audio data output
SOO0_DATA4 AM4 0 Audio output 0 12S channel 4 audio data output
SOO0_DATAS AL4 0 Audio output 0 12S channel 5 audio data output
SOO0_LRCLK AN2 o Audio output 0 12S audio frame clock output
SOO0_MACLK AP2 o Audio output 0 audio clock generator master clock
output. Maximum frequency is 50MHz.
SOO0_SPDIF AN1 O Audio output 0 S/PDIF audio data output
SO1_BCLK AN5 o Audio output 1 12S audio bit clock output. Maxi-
mum frequency is 12.288MHz.
SO1_DATAl AP6 o Audio output 1 12S channel 1 audio data output
SO1_DATA2 AM6 o Audio output 1 12S channel 2 audio data output
SO1_DATA3 AN6 o Audio output 1 12S channel 3 audio data output
SO1_DATA4 AL6 o Audio output 1 12S channel 4 audio data output
SO1_DATAS ALS o Audio output 1 12S channel 5 audio data output
SO1_LRCLK AK6 o Audio output 1 12S audio frame clock output
SO1_MACLK AP5 O Audio output 1 audio clock generator master clock
output. Maximum frequency is 50MHz.
SO1_SPDIF AM5 (0] Audio output 1 S/PDIF audio data output
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9.7 Electrical Characteristics

9.7.1 Audio Input Interface DC Characteristics

Table 9-16 Audio input interface DC electrical characteristics

Symbol Description Units Min Typ Max
ViH Input high voltage \% 2 5.5
Vi Input low voltage \Y -0.3 0.8
Rpy Pullup resistor value kohm 35 54 85
9.7.2 Audio Output Interface DC Characteristics
Table 9-17 Audio output interface DC electrical characteristics
Symbol Description Units Min Typ Max
IOHl High level output current (@Voy = 2.4V) mA 12 27 46
ot Low level output current (@Vg, = 0.4V) mA 7 13 19
loy High level output current (@Voy = 2.4V) mA 25 54 91
loL Low level output current (@Vg, = 0.4V) mA 15 26 38
1. Parameter applies to all SO0 pins except SO0_SPDIF.
2. Parameter applies to SO0_SPDIF.
9.7.3 1%S Input AC Electrical Characteristics
Table 9-18 1S Input AC characteristics
Symbol Units Minimum Typical Maximum
FecLk MHz 12.288 20
TeeLk ns 50
TeeLkL Teeik 0.35 0.65
TacLkH Taclk 0.35 0.65
Tsr ns 10
THTR ns 0
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9.7.4 1°S Output AC Electrical Characteristics

Table 9-19 12S Output AC characteristics

Symbol Units Minimum Typical Maximum
FacLk MHz 12.288 20

TaeLk ns 50

TecLkL TeeLk 0.48 0.52
TBCLKH TecLk 0.48 0.52

Tvip ns TecLkH - 10 TecLkH + 10
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9.8 Timing Diagram

9.8.1 1%S Audio Input Timing Diagram
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Figure 9-5 12S audio input timing diagram
9.8.2 1°S Audio Output Timing Diagram
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Figure 9-6 12S audio output timing diagram
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10

Transport Demultiplexer

10.1 Block Diagram of Transport Demultiplexer
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Figure 10-1 Transport demultiplexer block diagram
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10.2

Introduction

The SMP8634 includes an on-chip, RISC processor-based transport demultiplexer
(TDMX) unit. The transport demultiplexer block is capable of handling up to three multi-
program bitstreams of up to 81Mbps each, with an aggregate total of up to 243Mbps. On-
chip demultiplexing supports the following formats:

®* DVD-Video, DVD-Audio, SVCD and VCD hitstreams

* HD DVD-Video, BD-ROM, BD-RE and BD-R bhitstreams

®*  MPEG-1 system hitstreams, MPEG-2 transport and program bitstreams
* MPEG-4file, MPEG-4.2 over MPEG-2 transport bitstreams

* MPEG-4.10 (H.264) over MPEG-2 transport

* WMV9ASF or AVI files, SMPTE 421M (VC-1) over MPEG-2 transport

The TDMX unit consists primarily of adedicated 32-bit RISC processor and parser blocks
along with specialized support hardware. The parser block contains a multiport memory
(MPM), organized as 1K by 32-bit (4 KB) with 6 independent access ports. The TDMX
interfaces with the rest of the chip viathe G-Bus and M-Bus datapaths. It has additional
internal buses to connect the various components.

The bit stream data may be input via the transport stream inputs, PCI bus, IDE interface,
Local Businterface, etc. The bitstreams are |oaded into the DRAM, processed by the
transport demultiplexer RISC (including any decryption) and the result is written to the
DRAM. The audio and video decoder DSPs then read the data from the DRAM and pro-
cessit. The bitstreams and the data not used by the SMP8634 (such as EPG etc.) are writ-
ten to the DRAM and passed on to the middleware for processing.

10.3 Features

362

® Dedicated demultiplexer RISC

- 32-bit 300MHz (rev. C or later, 200MHz for previous revisions) RISC CPU core
(proprietary)

- 16KB Dataand 16KB Program memory

- Timersand Interrupt controller support

® Compliant DTV standards

- ISO/IEC 13818-1:2000
- ATSC: A-65B
- DVB:ETS300428v.14.1
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ARIB: STD-B32 Part 3
OpenCable®

®  Transport stream input interface

Any combination of up to three transport or program streams, up to 243 Mbps total
aggregate

Hardware/software configurable two 8-bit parallel and three seria input interfaces
Programmable clock and data valid polarity

Transport streams may also be input via PCI, IDE, etc.

Programmabl e packet length to remove FEC and other data

®* Conditional access

One NRSS-A (1SO-7816 form factor) or smart card interface

One NRSS-B (PCMCIA PC card form factor) interface for DVB-CI, ATSC A-70 and
OpenCable® CableCARD

® On-chip ciphers

Sigma Designs Confidential

DES with CBC, ECB and OFB mode support

*  Block size: multiple of 64-bit

*  Key sizes: 56-bit

*  8key pair (even/odd) key table

3DESwith TCBC, TECB and TOFB mode support
*  Block size: multiple of 64-bit

*  Key sizes: 56-bit (x3)

*  8key pair (even/odd) key table

AESwith CBC, CFB, CTR, ECB and OFB mode support
*  Block sizes: multiple of 128, 192 or 256-bit

*  Key sizes: 128, 192 or 256-hit

* 3 key pair (even/odd) key table

RCA4 (stream cipher)

*  Key sizes: 8 to 256-hit (increments of 8-bit)

*  Can encrypt/decrypt segments up to 65,535 bytes at atime.
* 4 Kkey pair (even/odd) key table

DVB CSA (decryption only)

*  8key pair (even/odd) key table

ARIB Multi-2 (decryption only)

*  8key pair (even/odd) key table

C2

*  CSSfor DVD-Video

*  CPPM for DVD-Audio

*  CPRM for playback of recordable DVD
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PID filtering

- Upto 128 programmable PID filters, aggregate

- Fiveadditional fixed PIDsfor filtering of PAT, CAT, PCR, MGT and Null packets per
channel

- Flexible duplicated or erroneous packet control under software configuration
- Splicing control of up to 4 PIDs for directed channel change applications

Section filtering

- Upto 32 hardware based 12-byte match mask and 12-byte range filters per channel

- Filterscan belogically linked in order to construct alonger or more logically com-
pleted filter

ECM filtering

- Upto 8 ECM filtersimplemented by the RISC firmware
- Programmable even/odd ECM filtering

PSI/SI/PSIP processing

- 32-bit hardware based CRC checking at the end of the section
- Version number check for filtering out redundant sections (firmware)

PES header filtering

- PTSextraction
- Private data PES stream type identification
- DSM-CC support for datacasting

10.4 Functional Description

The demultiplexer contains 3 independent transport stream processing channels. This pro-
vides the capability to handle up to 3 independent transport streams simultaneously. In
addition, aprogram or PES bitstreams from external DRAM can be processed for DVD,
DVR, etc.applications.

At any given time, only 2 of the 3 data processing pipelines can be used for the system
clock recovery (by tracking the encoder clock rate). The decoder clock frequency is
adjusted according to the error terms computed, based on the differences in the value of
the extracted PCR and the value of the STC running on the decoder system. The encoder
samplesits system clock counter periodically, and inserts the value in the bit stream as
PCR.

364
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Asthe decoder receives the sampled value, the current value of the decode system clock
counter is compared against the extracted PCR. The difference produces the error term,
that controls the clock rate change of the external VCXO. All the AV display clocksin the
chip will be generated and synchronized to this adjusted clock. Without this clock recovery
scheme, ‘push’ type applications suffer from buffer underflow or over flow asthereislim-
ited control over the input data.

The packet framer block provides a seamless interface to various channel decoders (e.g.
QAM, QPSK, 8-PSK, FEC) and accepts direct inputs from multiple detachable external
conditional access modules, such as the common interface (Cl) and the point of deploy-
ment (POD) data ports. Pre-recorded data (program stream from a DVD ROM, or HDD
etc.) can also be accepted from the external DRAM.

In general, the inputs from the external channel decoders are sourced from the ‘push’ type
models in which the application datais transported in unidirectional manner. The receiving
device accepts all the data transmitted from the source stream. Therefore, no or minimal
flow-control is provided.

The applications whose inputs are coming from the external DRAM are grouped as ‘ pull’
type models, where the dataiisinitially stored at astorage mediaand is supplied as needed.
Hence, afull flow-control is employed.

The input to other pipelines can come from both ‘push’ and ‘pull’ types. As aresult, the
output video can suffer from occasional frame dropping or repeating at the display device
due to the processing data rate mismatch if the data is sourced from *push’ type applica-
tions.

Asthetransport streamis‘locked’ (i.e. the sync byteisfound at every 188 valid byte inter-
val), the packet framer starts to output the packets to the PID filtering block in 32-bit
packet aligned fashion. Therefore the TS sync byte (0x47) isalwayslocated at the MS byte
of the 32-bit output word if the word contains the sync byte. For systems using 192-byte
transport streams, the 4-byte header is ignored.

During this process if the sync signal is provided by the interface protocol, then the trans-
port sync input can be used to construct the packet-aligned transport stream data. Other-
wise, the hardware will search for the transport stream sync byte for packet alignment. In
the case of the demultiplexer configured to accept the serial transport stream inputs, the
packet framer undergoes a bit-serial to 32-bit word data format conversion.

According to the PID settings, the input data packets are filtered, so that only the selected

packets are kept in the MPM. For these sel ected packets, the PID filter also creates a corre-
sponding packet attribute as TAG. Thisinformation is stored in the MPM at the end of each
packet filtering process.
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By saving the tag information at the end of each packet filtering process, the number of
entries in the tag memory is always the same as the number of complete packetsin the
MPM. The tag information contains information like the packet types (e.g. audio, video or
system), the payload destinations, the data parsing information and the sync byte location
inthe MPM etc. This tag data supplies sufficient information about the packet, so that the
processing time for the RISC is reduced.

The MPM is comprised of four 1K by 8-bit single port memories for storing the TS pack-
ets and another memory (32-bit wide, 64 words deep) for storing the tag information.
These four 8-hit, LKB MPM memories are stacked side-by-side in order to form one 32-
bit by 1K memory. This 32-bit by 1K memory is then segmented into four equal 32x256
memories, each serving as 1KB stream buffers. The first three segments are used to store
the transport packets from each TS channel, and the last segment processes of the data
streams from the external memory.

This structure allows not only for 32-hit accessin asingle clock cycle, but also the access
data need not be word-aligned, so that the data can be accessed from any byte location of
the MPM.

The 32-bit wide, 64 words deep tag memory holds the packet attributes of the packets
stored in the MPM memory. This tag information can be accessed through D-Bus with the
assigned address space. The valid address for the last written tag address can be viewed
through the status registersin the PID filtering block. Therefore, tracking the register
value gives the number of packets newly written to the MPM since the last tag memory
access.

The next destination of the packetsin MPM is determined based on either the scrambling
control status from the packet header or the packet type as indicated by the packet
atribute. If the packet is a non-PS| packet, then the RISC firmware routes the payload
datato the internal deciphering block.

If the section filter enable attribute is set, then the RISC firmware enabl es the section fil-
tering for the PS| packets. The section filtering can be initiated by writing the section
header data to the hardware section filter register, along with the filter enable attribute
value that is obtained from the TaG memory.

Once the deciphering process is completed (either by external the CAM or the internal
descrambler), all the payload datainthe MPM will bein aclear-text format. The RISC can
determine whether any other packet processing needs to be done, before posting the data
to the external DRAM.
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Thefinal destination of each packet and additional packet parsing are resolved according
to the packet attribute information, such as the routing information and the packet types.
The packet type attribute elects the firmware filtering actions (e.g. PESfiltering for AV
data, section/ECM filtering for system data etc.), while the routing information attributes
decide the depth of the stream parsing depending on the playback type.

10.4.1 Packet Framer

The primary purpose of the packet framer block is to accept asynchronous transport
streamsin order to produce 32-bit packet-aligned data output, along with other packet con-
trol signals that are synchronous to the internal system clock.

The main features of this module are,

® Thismodule can receive MPEG TS stream data with the following three configura-
tions

- Three externa seria input ports with data, valid, clock, and/or packet sync signals.
The input data clocks can operate at any frequency up to 87.9MHz (81MHz x 204/
188). Each parallel port can be configured to accept two serial transport streams; and
the host can select any three serial inputs to process.

- Oneexternal 8-bit parallel input port and two serials with its own data, valid and/or
packet sync signals. When the input port is configured in the parallel mode, the maxi-
mum clock rate should be 10.99MHz (10.125MHz x 204/188) which is equivalent to
81Mbpsin input datarate.

- Oneinterna 32-bit OF-DMA input at a maximum average input data rate of
2.53125Mword/sec and two additional streams from external SPlI PAD inputs.

® 32-bit word aligned output data with unified data flow control signals

®*  Programmable sync byte detection either by the hardware or assisted by the input sync
signal

® Automatic sync-lock and sync-loss detection based on software controlled hysterisis
mechanism

® Datasynchronization to internal system clock
Up to 2 independent channel demodulators can be connected and simultaneously pro-
cessed. Theinterface protocol of one input channel may not be the same as the others. The

SMP8634 provides 2 or 3 digital tuner input ports. Tuners from different vendors can be
connected at the same time. Each of these tuners can have its own protocol.
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Four major logica partitions make up the packet framer: input switchbox, packet align-
ment, sync detect and the packet framer output DMA (PF-ODMA) blocks. In order to sup-
port concurrent processing of three independent channel interfaces, packet alignment and
the sync detect blocks are instantiated three times, while the switchbox and the PF-ODMA
areinstantiated only once.

The PF-ODMA provides the filtering capability of the TS packets from external the
DRAM, such as packets transported over the | P network or recorded in the hard disk. The
unfiltered transport stream is temporarily transferred to the MPM from the external
DRAM through the IDMA channels. This transport stream is then transferred to the input
switchbox via PF-ODMA.

Theinput switchbox accepts the data traffic from either the input pads or the PF-ODMA
and directs it to the assigned processing channels. The signal activities on the input ports
are monitored by the input switchbox to seeif channel demodulators are connected. When
connected, the logic block reports the status to the RISC to communicate with the host
CPU in order to obtain the channel routing instructions.

The packet synchronization is performed by the sync detect block. Thisis done by observ-
ing the input data patterns and searching for the sync byte at the fixed packet interval. To
prevent any false detection, this block keeps track of the sync state hysterisis by counting
the number of consecutive valid packets. Once the packet synchronization is established,
complete transport packets are transferred to the PID filtering block after the byte-to-word
conversion by the packet alignment block.

10.4.2 PID Filter Block

ThePID filter block extracts the PID and comparesit against the entriesin the PID bank to
seeif there isany match. Thisis done by examining the 4-byte transport header of each
packet.

The PID bank isa 128x64 memory. It is constructed with four single port 32x64 hit
SRAM memories, whose entry represents PID with associated packet attributes. This
SRAM can hold up to 128 PID entries that are accessed by al three the PID filtering chan-
nels.

The main features of the PID filter block are,

*  Automatic PID switch for splicing control
* Hardware PCR extraction with dedicated PID filter register for each channel

® 128 general PID entries that can be accessed by all the 3 channels
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® 4 additional hardwired PID filtersfor NULL, PAT, CAT and MGT for each channel
® Software controlled TS-level error handling

® Packet continuity check by monitoring the CC field in the TS header

®* TAG entry creation for reducing the packet parsing processing load of the RISC

* PID filtering logic can be bypassed, allowing software PID filtering

® Optional hardware adaptation field processing and user data extraction

No content modification is made to the packet during the PID filtering, meaning. If a
match is found, then the whole packet is stored in the MPM along with the packet
attributes in the TAG memory. When no match is found, the packet is discarded by reset-
ting the write pointer to the previous packet start address.

The packet PID is compared against the PCR PID value before it undergoes the general
PID comparisons with the PID bank entries. Each filtering channel contains a dedicated
register-based PCR PID whose value can be set by either the host CPU or the RISC. If the
PID of a packet matches with that of PCR, then the PCR value in the packet adaptation
field is copied to aregister for the RISC to initiate the clock recovery process.

The result from PCR PID comparison will not affect the result of the general PID compar-
ison. Regardless of the result in PCR PID comparison, the packet PID will be compared
against the PID entries in the PID bank as this packet may contain either audio or video

payload.

During the PID filtering process, packet errors are checked in two ways: by examining the
state of the transport error indicator (TEI) bit, and by observing the continuity counter
(CC) 4-hit field. Depending on the attribute settings for a PID, the packets with are either
discarded or stored in the MPM.

The splicing control isalso handled by this block by monitoring the splicing counter in the
adaptation field. The splicing requires two PID values (these two PID values may be iden-
tical). When the splicing is enabled, the splicing logic monitors the splicing counter in the
adaptation field of the packets associated with previous PID value, looking for the splicing
point. Meanwhile, thislogic block continues storing packets with the previous PID value.
Asthe splicing counter reaches zero, the old PID is replaced with the new PID.

The time-base of the new packets need not be the same as that of the old packets. This
causes PCR discontinuity. In this case, the host CPU is notified of the nature of PCR dis-
continuity, so that the AV display units are handled properly.
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Once the PID matching is done successfully, the attributes for the packet is prepared and
stored in the TAG memory as the last word of the packet enters the MPM. Therefore, the
number of entriesin the TAG memory equals to the number of TS packets stored in MPM.
The contents of TAG memory include the pre-parsed information such as the type of each
packet (i.e. audio, video or system), routing information (i.e. playback or recording) and
the packet start addressin the MPM. These packet attributes come from both the host and
the hardware logic states, in order to facilitate the packet parsing effort by the RISC.

The PID filtering for each channel can be disabled by setting the corresponding bit in the
control register. When this bit is set, the packet filtering is disabled and all the packet data
will be stored in the MPM. The associated TAG information is be created.

10.4.3 Cipher Block

The ciphering module contains several modules to encrypt/decrypt the stream data. It sup-
ports the following algorithms:

Multi-2 (ECB, OFB, CBC, CFB)
C2 block (ECB, CBC)

1. DES/Triple DES - (ECB, OFB, CBC)
2. AES-(ECB, OFB, CTR, CBC, CFB)
3. RC4

4. DVD

5. DVB-CSA

6.

7.

The cipher RAM provides a storage space for multiple key sets and the initialization vec-
tors. The keysfor al the ciphers, except for the DVD and C2, are written to the cipher
RAM by the CPU in a secure manner. The DVD keys are written directly to the register
space. The read access to any key address space is disabled by the hardware. The CPU
informs the demultiplexer RISC of the key sets to be used for descrambling the contents
by means of key indices, channel ID and the PID.

10.4.3.1 DES Encryption/Decryption Unit

The DES encryption/decryption unit can either encrypt or decrypt a 64-bit data block
using the DES or Triple DES algorithm. The supported modes are DES ECB, CBC, OFB
and Triple DESTECB TCBC and TOFB, both in encryption and decryption. The configu-
ration is unique for a group of 64-bit data blocks. The number of blocksin adatagroup is
1to 255.
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Key format

The Triple DES/DES a gorithm uses a 56-bit key. However, 8-bit are added to the key (in
key[63:0] bits 0, 8...56) to get a 64-bit key (these bits are the parity control bits). These
parity bits are not used during encryption or decryption. However, a 64 bit key must be
written in the registers. The value of bits 0, 8, 16, 24, 32, 40, 48, 56 of key[63:0] can be
anything. Thus, the encryption using the key = 0000000000000000 and the key =
0101010101010101 will exactly be the same.

Data Format

The data interface (input and output) is a standard valid/ready interface. Data block[63:0]
= 64'h0011223344556677. The bytes will be sent in the order: 00 11 22 33 44 55 66 77.
Thus the left most byte of the data block is sent for. The left most byte of the output block
will be out first. If the encrypted/decrypted bytes received are in the order: 00, 11, 22, 33,
44, 55, 66 and 77, then output enciphered, deciphered block is 64’ h0011223344556677.

Table 10-1 DES encryption/decryption performance

DES - 64-bit to 8-byte Triple DES - 64- bit to 8- byte
One Block 50 Cycles 86 Cycles
Several blocks 34 Cycles 49 Cycles

Thetotal number of clock cycles represents the time between the start of the ciphering and
the rising edge of the DES_END. If the number of the blocks is higher than one, then the
blocks are received and sent while the other blocks are encrypted.

10.4.3.2 AES Encryption/Decryption Unit

The AES encryption/decryption unit can either encrypt or decrypt a 128, 192 or 256-bit
data block using the AES agorithm. The supported modes are ECB, OFB and CTR, both
in encryption and decryption. The supported key lengths are 128, 192 and 256-bit indepen-
dent of the data block size. The configuration is unique for a group of data blocks. The
number of blocksin adata group can be up to 255.

Data Format

The datainterface (input and output) is astandard valid/ready interface. Data block[127:0]
= 128'h00112233445566778899%abbccddeeff. The bytes will be sent in the order: 00 11
22 3344 5566 77 88 99 aa bb cc dd ee ff. The left most byte of the data block is sent first.
The left most byte of the output block will be out first.
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If the encrypted/decrypted bytes received are in the order, 00, 11, 22, 33, 44, 55, 66,
77...ff, then the output enciphered, deciphered block is
128’ h00112233445566778899%aabbccddecff.

Table 10-2 AES encryption/decryption performance

Size of block

(byte) 16 16 16 24 24 24 32 32 32
Size of Key?! 16 24 32 16 24 32 16 24 32
Total Cycles 95 115 130 150 160 170 225 230 245

1. Inclock cycle (200MHz clock)

10.4.3.3 RC4 Encryption/Decryption Unit

The RC4 encryption/decryption unit can encrypt or decrypt data up to 65535 bytes using
the RC4 agorithm. This module handles al the key lengths from 8 to 256-bit with 8-bit
increments.

Data Format

If the given key is 48-bit long, 7B311D8415FO0 then, key 1[31:0]= 32'h7B311D84,
key_2[31:0]= 32'h15F00000 and the Length_key [8:0] = 030.

Table 10-3 RC4 encryption/decryption performance

Clock Cycle
First initialization 258 clock cycles
Second initialization 1538 clock cycles
Encrypt\Decrypt first byte 8 clock cycles
Encrypt\Decrypt following byte 6 clock cycles

10.4.3.4 DVD Decryption

The DVD decryption unit is controlled by 5 registers. The controller register indicates the
number of bytesto process, typically 2048 for a DV D sector. If the count is programmed
to 4095 (reset value), then the DV D decryption block is transparent. The start indicates
how many bytes must be transferred before the decryption begins, typically 128 for a
DVD sector. In a2048-byte encrypted sector, the first 128-byte are clear and the last 1920-
byte are encrypted. Before starting the decryption, the 40-bit title key must be pro-
grammed in the key registers. The two state registers allow abackup of the decryption
block internal state. Thisis required when a context switch occurs whilea DV D sector is
only partially processed.
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10.4.3.5 DVB-CSA

Typically the 64-bit control words, which are used to ciphering the MPEG-2 bitstream
contents by the authoring head end, (scrambling authorization module and conditiona
access system) are also encrypted and embedded in the same bitstream by the means of
EMM and ECM. The ECM carries the control word, whilethe EMM carries the entitle-
ment messages in conjunction with the key to deciphering keys for the control words.
These scrambled control words are then extracted and deciphered by the authorized decod-
ers. The following figure depicts the key delivery scheme.

[}
I
! |
I
: Scrambling :
| Authorization :
: Module |
I
I
! |
[}

Conditional Access System
(Proprietary)

Control Words

(64-bit) Control Words

(64-bit)
A

Confomance
Mechanism

Common Keys
(64-bit)

Confomance
Mechanism

Common Keys
(64-bit)

Plain Text Super de-Scrambling

Mechanism

Super Scrambling
Mechanism

Scrambled Signals

Hardware Implemented

Simulation

Figure 10-2 Overview of DVB-CSA

Once the control words are deciphered, the common keys are obtained by the conformance
mechanism. This conformance mechanism is a simple combination of addition and modu-
lus operations that can be easily performed by the secure processor before the keys are put
to use. The hardware is designed to work with a set of common keys, which has 64-bit in
length derived from the 64-bit control word.
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Key Transfer

In general, the control words are produced in a pair, namely even and odd keys by the
head-end authoring tools and this pair of keys are used to scramble in an aternative fash-
ion. One set of the keysis used to scramble the program contents for a fixed time frame.
The other set of the keys, is used to scramble the content for the next time frame. These
are transmitted through the bitstream. This alternate key transmission mechanism provides
the system with enough time for the key delivery, computation and the initialization of the
hardware.

The set of the key pair used to scramble the contentsisindicated at the scrambling control
field in the corresponding transport packet header. Hence, the RISC firmware must pro-
gram the key registers with the appropriate set of the keys, before initiating the decipher-
ing process by the hardware.

Setting up DMA channels

Because the DVB CSA allows the payload being scrambled at either TS-level or PES
level, the DMA channelsto (ODMA), or out of (IDMA) the decipher hardware must be
properly programmed with the payload byte counts based on the scrambling layer infor-
mation. This, scrambling layer information should come from either the security core or
the host CPU (as aresult of the table parsing).

When the payload is scrambled at TS-level, the payload length is described with the
packet length (188-byte) subtracted by the TS headers (4-byte) and the adaptation field
length. However, if the packet is scrambled at the PES-level, the PES header length must
be excluded from the payload byte count in addition to the ones for the TS-layer payload
length computation. Thereby, the PES header will not be scrambled.

The DVB impose the following rules in order to facilitate the decoder hardware imple-
mentation in case the authoring head-end chooses the PES-layer scrambling schemes.

1. The PES header is not scrambled.

2. The TS packets containing parts of a scrambled PES packet do not contain an adapta-
tion field, with the exception of the TS packet containing the end of the PES packet.

3. Thefirst byte of a PES packet header is the first byte of the TS packet payload.

In addition, a couple of rules described below will also be applied irrespective of whether
the payload is scrambled at the TS-layer or the PES-layer.

1. The scrambled PES header does not span over multiple TS packets.

2. TheTS packet carrying the start of ascrambled PES packet isfilled by the PES header
and the first part of the PES packet payload.
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3. Theend of the PES packet payload is aligned with the end of the TS packet by insert-
ing an adaptation field of suitable size.

10.4.3.6 Multi-2

The Multi-2 module provides the encryption and the decryption of the Multi-2 algorithm
in al the chaining modes. The module can do an encryption or adecryptionin ECB, CBC,
CFB and OFB mode with an iteration number from 1 to 255, for data size 1-byte to 255-
byte. Though the size of the base data block is 64-bit, it is not necessary for the datasize to
be amultiple of 64-bit for encryption. Moreover, a packet is not always likely to be amul-
tiple of 8-byte. The base unit is a byte, therefore the module interface for data path will be
based on 1-byte. The module loads data by 8-byte and processesit by 8 bytes block. If less
than 8-byte remain, then this residual bytes are processed in an OFB mode.

The Multi-2 configuration is done through the D-Bus. The parameters are written into the
cipher dedicated RAM. Writing into the configuration register (size of datato process, iter-
ation number for the basic Multi-2 algorithm and the chaining mode) starts the module.
The module begins to read the system key, the data key and the initial value from the
RAM. It then computes the working key, reads the data, processes the data and writes the
result back to the RAm. Except for the system keys, the current data, the initial value and
the status bit can be read back through the D-Bus. Asthe last byte of the input datais pro-
cessed, the module puts one of its outputs (end) high.

Perfor mance

The performance measures the number of cyclesto compute an encryption or adecryption
once the module has al the parameters needed to do the computation. Therefore the time
needed by the module to load the keys and the initial value from the cipher RAM (mini-
mum 24 cycles, 12 values to load, 2 cycles per value) is not taken in the total. Moreover,
the following performance asserts no delay in receiving the data from the input and no
delay in sending the data to the outpuit.

In the following performance table N is the number of 64-bit size blocks, R is the number
of residual bytes, Twork is the number of cyclesfor the working keys and Tbase is the
number of cycles for the base submodule.
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Table 10-4 Performance index for various cases

Round Size N R Twork Thase Cycles Bits/Cycle
1 1 (0] 1 14 2 23 0.34
1 8 1 (0] 6 2 29 2.20
16 8 1 0 6 21 48 1.30
32 1 0 1 14 21 62 0.12
32 8 1 0 6 21 68 0.94
32 128 16 (0] 6 21 698 1.40
32 255 31 7 6 21 1369 1.40
128 255 31 7 6 161 5209 0.39

10.4.3.7 C2 Block Cipher

The C2 Block deciphers the contents that are generated by the Content Protection for Pre-
recorded Media (CPPM) licensed authoring devices. This block supports 5 different
ciphering modes namely, C2-D, C2-G, C2E, C2-ECBC and C2-DCBC. All the 5 modes
are required during the deciphering process. The mode C2-ECBC is used when content is
Content Protection for Recordable Media (CPRM) protected and the SMP8634 is used as
the decoder.

The functionality of this block islargely partitioned into 3 independent logical blocks: C2
register, C2 control and C2 stream blocks.The C2 register block is responsible for the D-
Bus interface to configure the necessary parameters including the Secret Constant RAM
and other data blocks to be processed. Once the D-Bus programming is completed, the C2
control block uses the configuration parameters to generate the data flow control timings
based on its state machine.

The stream key generation and data ciphering are performed by the C2 stream block.
Depending on the mode of operation, the ciphered data will be routed to either the output
port of the cipher or the D-Bus registers.

When the cipher isin the CBC mode, the ciphering is applied to the data from the input
cipher ports, allowing the chaining mode for the successive input data blocks. Unlike the
CBC modesin other cipher modules (like AES or Multi-2), the cipher key is updated for
each data block. Hence in C2, the CBC chaining mode is called the converted CBC mode
as the cipher key is chained as opposed to the ciphered data in the other cipher modules.
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Once the C2 cipher block configuration is completed, it starts accepting the input data
block from the input ports using the ready/valid protocol. Due to the C2-CBC algorithm,
the first block takes 16 clock cycles longer then consecutive data blocks to generate the
stream key. Two internal 64-bit buffers are provided at the block 10 portsin order to elim-
inate the delays caused by the 64-bit block conversion from eight 8-bit bytes.

Performance

For adata block of 240,0r 1920 bytes, the C2 ciphering in the CBC mode will consume,
Num_cycles = 20 + (4 x [240-1]) + (30 x 240) + (2 x 240) + 16 = 8672 clock cycles.

Thisyields 1.77bits/cycle of total ciphering performance or 1.88bits/cycle without consid-
ering the 1O transactions. Unlike the CBC operation, the ECB mode and the one-way func-
tion aways apply the ciphering process block-by-block. Num_cycles=2+20+30+ 1=
53 cycles/black.

10.4.4 Clock Recovery Process

In the MPEG system it is assumed that the network has a constant end-to-end delay, and
the encoded bit stream is delivered to the decoder over the constant delay network. The
elapsed time between two time instances; capturing of a frame by the encoder and the dis-
playing the frame by the decoder, is constant. This delay isindependent of both the coding
type of aframe (i.e. I, P and B), and of the network types the data is transmitted over (e.g.
ATM, SONNET, DBS etc.).

Due to the packet based processing nature of the network, the instantaneous hit rate of the
network is not always constant. Rather, in most of the cases, the bit rate is burst and intro-
ducesjitter. Consequently, the constant network delay model failsin most real time appli-
cations. Typically, awell-behaved system accommodates the network jitter by putting a
large amount of smoothing buffer at the decoder front end so that the output of the smooth-
ing buffer is constant.

The clock recovery scheme at the decoder end has been devel oped based on the constant
network delay assumption, by transporting the periodically sampled encoder system time
to the decoder as part of the coded bit stream. These sampled time stamps are used to
adjust the decoder clock frequency by comparing against itslocal time stamps.
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The difference between the two time stamps (one from encoder and the other from the
decoder) is fed back to the clock controller for frequency adjustment. When the decoder
clock continuously runs faster than the encoder clock, the decoder does not get enough
data, causing the same frame to be displayed repeatedly to fill the gap. When the fre-
guency of the decoder clock is lower than that of the encoder, the amount of data from
encoder is more than the decoder can handle, causing the dropping of data (frames) in
order to keep up with the encoder.

Therefore, to avoid losing or repeating the frames, the encoder and decoder share a com-
mon time-base that synchronizes the display rate of decoded audio, video and other asso-
ciated data. This also reduces the number of buffers needed for maintaining the
appropriate frame rates, regardless of the amount of the data required for encoding a
frame.

The clock reference resides within the MPEG packet. Although, the decoder can use other
means to synchronize to the encoder clock, the use of adigital phase locked loop circuitry
(DPLL) isdiscussed in this section.

For the decoder to decode and to display an MPEG bit stream, it should be ableto generate
aclock whose characteristics are the same as the encoder clock that produces the bit
stream. Normally, a PLL is composed of the following parts: a reference clock, a system
clock, afrequency multiplier and divider, a charge pump and control, alow passfilter and
avoltage controlled oscillator (VCO). In atypica MPEG system, the PLL circuit consists
of the following with al frequency multiplier and divider constants being 1.

1. Periodically sampled encoder system time stamps (SCR or PCR) as the clock refer-
ence.

Decoder system clock as the system clock.

PCR and STC compare as phase and frequency detectors.

Digital low pass filter and scaler and 12-bit DAC as the charge pump and controllers.
Analog low passfilter as the low passfilter to the VCO.

VCXO asthe VCO.

o g > 0D

When the demultiplexer detects the PCR information from the bit stream, it samples the
current system STC value asit extracts the last bit of the PCR value from the bit stream.
Thelocal STC valueis subtracted from the extracted PCR and the difference is forwarded
to the CPU for further computation. This value is used to provide fine adjustment to the
27MHz system clock frequency. The local STC up-counters are driven by this system
clock, and have the same relationship as PCR or SCR. The counter values are sampled and
compared whenever the availahility of a PCR is detected from the bit stream.
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Both SCR and PCR are sampled at the 27MHz encoder clock and transmitted in two
pieces, a 33-bit PCR base, sampled at 90KHz and a 9-bit PCR extension, sampled at
27MHz.

Since the PCR is sampled at the time when the last bit of the 33-bit base leaves the
encoder, the MPEG spec requires this value to be compared against the value of the STC
counter when LSB of the PCR base enters the decoder.

10.4.5 Section/ECM Filtering

|
: l ! !
l ! | l
1 : ! :
I - 1 Range I
! 512x32 | \ I !
i SRAM : : @ :
I
l : ! Q :
: . 1 |
1 o 1
i | g |
: | : Match |
| RAM Controller : | !
I I
: l ! :
______ 1______________I e |
R ! __________________________ 1
| |
! HSF RAM CSR Control Status ||
| Interface logic Registers Registers :
: |
| I
! |

Figure 10-3 Hardware section filter

This demultiplexer supports various filtering schemes that applies to the sections from
PSI/SI/PSIP and private tables. The section filtering schemes are typically applied to the
clear text packets after the PID filtering and the de-scrambling operations. The section
headers embedded in the payload part of all general PIDsfrom the PID bank aswell asthe
dedicated, fixed PIDs can be filtered. The packets that need to be filtered are indicated by
the saved packet attribute set during the PID filtering. Their packet types are defined as
system or private data. The RISC collects this information by reading the TAG memory.

The hardware performs 32 match or range section-filtering for more complicated section
header filtering. The RISC performs simple ECM filtering. However, the hardware can be
set up to perform ECM filtering as well.
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The section filter is a combination of 32 12-byte match/mask filters, or 12-byte range fil-

ters. Simultaneous operation of both types of section filtersis permitted by indicating the
applied filter type in the Link byte of the filter. The filtering vectors are stored in the HSF
RAM.

10.4.5.1 Section Filtering
Match/Mask Section Filtering

Each of the 32 filters can be applied to any of the general PID entriesin the PID bank or
other dedicated PSI/SI PIDs from each channel. Each filter is made of 12 sets of match,
mask and mode bytes. Each bit of the 12-byte section filter is configured to mask or match
(either a positive match or a negative match as indicated in the mode vector). The filtering
operation consists of a bit-wise comparison between the section header and a compare
vector.

A byte istaken from the section header and compared bit-by-bit, against the correspond-
ing byte from the compare vector. This bit-wise comparison is carried out in two indepen-
dent operations, one for positive and one for negative match operation according to the
mode vector setting. A logic state 1 in the mode vector represents a positive operation, and
alogic state O represents a negative operation.

The comparison is considered a match if al the bits match in the positive mode and at
least one of the bits does not match in the negative mode. A mask is applied bit-wiseto the
results from the comparison. The result vector is AND operated with the mask vector in
order to sort out only the match result of interest.

It is possible to enable multiple filters for the same section header. In this case, all the
applied filtering outputs will be logically ANDed (or ORed) by the RISC firmware. This
results in the section to be posted to the memory if all (or any) the selected filters pass.

The HSF RAM holds the vectors for the section filtering. Each section filter consists of a
set of 12-byte compare (C vector), mode (N vector), mask (M vector) values and alink.
Thelink isused to chain the filtersin alinked list for comparison. Linking increases the
filtering depth, but the processing time is longer. To reduce the load of the RISC CPU, the
firmware filters 4-byte at atime and to stops the filtering processing when amismatch is
found. It moves on to the next filter, if the filter is not the end-of-link.

Each filter consumes 0x30 bytes in the system address space. The filter starting address
can be obtained quickly by multiplying the filter number n with 0x30 (n times 0x30).
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Range Filter

The section range filtering compares the val ues of a byte from a section header, against a
range specified for the byte in the section range filter. A section range filter consists of a
minimum compare vector (Cmin), a maximum compare vector (Cmax), a minimum mask
vector (MinM), a maximum mask vector (MaxM), function vector (FN) and alink value
(LNK). Each of the Cmin and Cmax filtering vectorsis 12-byte, FN is 12-bit and LNK is
8-hit, and are written by the applications in the HSF RAM area.

The operational range function is defined by the value of the FN byte. Each bit of the FN
byte represents the corresponding compare byte range check operation. If abitin FN isO,
then the operation on the corresponding byte is an ‘inner range’ check, or elseitisan
‘outer range’ check.

10.4.5.2 ECM Filtering

The ECM filter mechanism allows selective transfer of new ECM messages to the external
DRAM. Itisused to eliminate the repeated ECM information from reaching the host CPU.
The RISC supports up to 8 independent ECM filters, if the ECM bit CONSTRUCT fol-
lows the private section syntax format, or when the section is PES packetized as defined in
I1SO/ISE 13818-1.

The filtering will be performed by comparing the tableid or the first byte of the PES pay-
load. The STREAM_ID will be a part of the filtering process if the section is PES pack-
etized. The host setsthe 8-bit PID attributes, in addition to the 3-bit PID PTI for each ECM
PID with proper values, before applying the ECM filters to the packets.

Usually, broadcasters transmit even or odd ECM packets, updated every few secondsin an
aternating fashion. At power-up (or after user changes the programs), the host configures
the PID attributes to receive both ECM in order to descrambl e the selected program prop-
erly. Once both the ECM’s are obtained, the host configures the attribute settings again in
order to receive the odd or even ECM information.
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10.5.1 Transport Demultiplexer Pins

Table 10-5 SPI transport stream interface pin descriptions

Pin Name Ball ID Description

TDMX_GPIOO AB30 Transport demultiplexer GP1O 0

TDMX_GPIO1 AB31 Transport demultiplexer GP1O 1

TSO_CLK AF34 SPI port clock input data is transferred on the
positive-going edge of this clock. When the port
is operated in the SSI mode, this pin is not used.

TSO_IN_DO AE33 SPI input data bit O (LSB). When the port is
operated in the SSI mode, this pin is the
SSI0_DATA input.

TSO_IN_D1 AF33 SPI input data bit 1. When the port is operated in
the SSI mode, this pin is the SSI10_CLK input.

TSO_IN_D2 AE32 SPI input data bit 2. When the port is operated in
the SSI mode, this pin is the SSIO_SYNC input.

TSO_IN_D3 AF32 SPI input data bit 3. When the port is operated in
the SSI mode, this pin is the SSI10_VLD input.

TSO_IN_D4 AE31 SPI input data bit 4. When the port is operated in
the SSI mode, this pin is the SSI1_DATA input.

TSO_IN_D5 AF31 SPI input data bit 5. When the port is operated in
the SSI mode, this pin is the SS11_CLK input.

TSO_IN_D6 AE30 SPI input data bit 6. When the port is operated in
the SSI mode, this pin is the SSI1_SYNC input.

TSO_IN_D7 AF30 SPI input data bit 7 (MSB). When the port is
operated in the SSI mode, this pin is the
SSI1_VLD input.

TSO_IN_SYNC AE34 SPI sync (selectable polarity, active high/low).
Identifies the first byte of a packet. When the
port is operated in the SSI mode, this pin is not
used.

TSO_IN_VLD AD30 SPI data valid (active high). Indicates valid
transport packet bytes. When the port is oper-
ated in the SSI mode, this pin is not used.

TS1_CLK AC34 SPI port clock input data is transferred on the
positive-going edge of this clock. When the port
is operated in the SSI mode, this pin is not used.

TS1_IN_DO AD34 SPI input data bit O (LSB). When the port is
operated in the SSI mode, this pin is the
SSI2_DATA input.

TS1_IN_D1 AB33 SPI input data bit 1. When the port is operated in
the SSI mode, this pin is the SSI12_CLK input.

TS1_IN_D2 AC33 SPI input data bit 2. When the port is operated in

the SSI mode, this pin is the SSI12_SYNC input.
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Table 10-5 SPI transport stream interface pin descriptions (Continued)

Pin Name Ball ID Direction Description

TS1_IN_D3 AD33 | SPI input data bit 3. When the port is operated in
the SSI mode, this pin is the SS12_VLD input.

TS1_IN_D4 AC32 | SPI input data bit 4.

TS1_IN_D5 AD32 | SPI input data bit 5.

TS1_IN_D6 AC31 1 SPI input data bit 6.

TS1_IN_D7 AD31 1 SPI input data bit 7 (MSB).

TS1_IN_SYNC AB32 | SPI sync (selectable polarity, active high/low).
Identifies the first byte of a packet. When the
port is operated in the SSI mode, this pin is not
used.

TS1_IN_VLD AC30 | SPI data valid (active high). Indicates valid

transport packet bytes. When the port is oper-
ated in the SSI mode, this pin is not used.

10.6 Electrical Characteristics

10.6.1 Transport Demultiplexer DC Electrical Characteristics

Table 10-6 Transport demultiplexer DC electrical characteristics

Symbol Description Units Min Typ Max
IOHl High level output current (@Voy = 2.4V) mA 12 27 46
lo Low level output current (@Vg_ = 0.4V) mA 7 13 19
V2 Input high voltage \% 2 5.5
V)L Input low voltage \% -0.3 0.8
Rpy3 Pull-up resistor value Kohms 38 54 83

1. Parameter applies to TDMX_GPIO[1:0] when configured as outputs.
2. Parameter applies to TDMX_GPIO[1:0] when configured as inputs, and all other TS input interface signals.
3. Applies to TDMX_GPIO[1:0] pins.
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10.6.2 Transport Demultiplexer AC Electrical Characteristics

10.6.2.1 8-bit Parallel (SPI) Input Mode

Table 10-7 Transport demultiplexer AC characteristics

Symbol Units Min Typ Max
TrscLk ns 98.77
TrscLkH ns 3xtsyscLk
TrscikL ns 3xtsyscLk
Trspsu ns 0
TrspH ns 4AxtsyscLk
10.6.2.2 Serial Input (SSI) Mode
Table 10-8 Transport demultiplexer AC characteristics
Symbol Units Min Typ Max
TrscLk ns 12.35
TrscLkH ns 4.9
TrscLkL ns 4.9
Trspsu ns 4
TTSDH ns 1

384
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10.7 Timing Diagrams
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Figure 10-4 TS input timing diagram

10.7.1 Supported Transport Stream Input Interfaces

Serial Data Input Protocol

N

SN ECENREEERE T ERR NG

Figure 10-5 Clock, Data, Sync Protocol

The above figure shows the 3-pin interface protocol, where the sync signal indicates the
start of a packet. With this protocol, the data is assumed to be valid for next 188 X 8 clock
cycles, and any data after 188th clock cycle will be discarded until anew sync is asserted
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Figure 10-6 Clock, Data, Valid Protocol

Another possible 3-pin interface is shown in the above figure. In this protocol, the valid
signal qualifies the data at the corresponding clock cycle. Since the channel decoder pro-
cesses packet-wise data transfer in general, the valid signal is asserted during the entire
packet time frame. However, with this protocol, intra-packet gaps are allowed, i.e. the
channel decoder can de-assert the valid signal at any clock cycle.

« 188X8\VAidQdes ——————*|

oo [ 7 ) o0 [eal s [ ) w2 | N o N @) &) )

Figure 10-7 Clock, Data, Sync, Valid Protocol

The above figure shows a4-pin input interface that is composed of clock, data, sync and
valid signals. The assertion of sync indicates the start of a packet, while the valid signa
qualifiesthe validity of the data at the clock cycle. Although, a de-assertion of the valid
signal from the channel decoder during each packet time frame (i.e. 1503 subsequent
cycles after sync is asserted) is unlikely due to the nature of FEC coder, this demultiplexer
allows inter-packet gaps.
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Figure 10-8 Traditional TS Input Protocol

The above figure depicts the traditional serial input interface where the interface is com-
posed of four signals: channel clock (clock), clock valid (PKT_CLK), FEC error
(FEC_ERR) and serial data (data). When the valid signal in the previous protocol is
replaced with the inverted FEC error signal, this protocol can be treated the same as the
clock, valid, data 3-pin interface protocol.

Parallel Data Input Protocol

9y [ ] : )
wd 1 L,
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Figure 10-9 Parallel Input Protocol

The 11-pin parallel input protocol is shown in the above figure. This protocol consists of
the same signals asin the clock, data, sync, data protocol except for the 8-bit data inter-
face. Unlike the other serial input protocols, the 8-bit dataiis latched at each rising edge of
the channel clock.
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11.1 Pin Layout

u.* ".m

v | oF

i H

[

i E

i
g L
TR H W[
B g
AFIFIEAEN "
ar i 5
i : m
: g =
1§ 8§ E =
05 i 232 5
: clF: 8

Ll — =
L} m 2 m
S g

g g <

L ] WI m ..wl
T D ©

MM £

(e} o

i 8

m

Seefigure11.5

Seefigure11.4

| =

2 ' .
i of [of | e
1 of | of | of [ef) o] | o
AEIE IR G BRI
u__ of |eE| 0% oF|F| o
g | ol | o8 o |8 | o | B |t
e | 6 | oF | | eF
v | F ) oE|eF|
S AR

= | | e |

TR
EHEIEIEE
| |a|d|ef|a
AEIEAEARAE:
LS
EIEEAE L]
|G| || &
NEIEIEITIE
| || |4
|| | [a
E1E AE AKAE
SEEEIE
B8 e [ (o (1[5
i | et | |
LA AL
i (o (o8 | i | o |
L o o g e of |
i | o @ | k|0l | i
(S G T O

Figure 11-1 Overview of SMP8634 BGA
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vss |voD 2vyl = Lo Do bQ3 b2 oK K
322!'5% DRAMO_| DRAMO_| DRAMO_| DRAMO_ | DRAMO_|
Lo | D29 | DQ28 | DQ3o | DQ3L | cK
DRAMO_ | DRAMO_| DRAMO_| DRAMO_| DRAMO |
VEP 28 “noos | poss | pozs | poes | pozr | M
DRAMO_| DRAMO_ | DRAMO_| DRAMO_| DRAMO_|
s VSS | "no23 | poz2 | Dos2 | Dm2 | Dwms N
DRAMO_| DRAMO_ | DRAMO_| DRAMO_| DRAMO |
vss | vss VSS VSS VSS (VBD2V8 | "Dor7 | pote | pozo | pozi| P
DRAMO_| DRAMO_ | DRAMO_| DRAMO_| DRAMO_|
vss | vss VSS VSS Vss | T e AL WEH m3 | o | R
DRAMO_ | DRAMO_ | DRAMO_| DRAMO_| DRAMO_|
vss | vss VSS VSS voD_2vs “ T 29 csi | rass | case | T
DRAMO_ | DRAMO_ | DRAMO_| DRAMO_| DRAMO_|
vss | vss VSS VSS vss  [vbD_2ve 0 P AL BAL BAO U

Figure 11-3 SMP8634 pin diagram (top right quadrant)
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HDMI_
% DSDA VsS vss | vss [ vss VsS
HDMI_
w wsen | VSS vss | vss [ vss VsS
ETH_ | ETH_ | ETH_ | ETH_
Y | 205 | mor | ™00 | woo NC VsS vss | vss [ vss VsS
ETH
ETH_ - | ETH_ ETH_
A Sk TE>:\‘_ RS NC |y Ve vss | vss [ vss VsS
ETH_ | ETH_ | ETH_
28 | exos | oz | rxor | GPIO3L | GPIO30 VsS
ETH_ | ETH_ | ETH_
AC | exoo | rxcik | cor | GPI029| GPio2s | vss
ETH
A | Loc | GPIo27 | GPIO26 | GPIO25 | GPIO24 | VSS
ETH_
AE | Rx_ | GPIO23 | GPIO22 | GPIO21 | GPIO20 VsS
DV
ETH_
AF | rx_ | cPio19 | GPio18 | GPIO17 | GPIO16 VsS
ER
Vol Vo1
Vo1 = — | vor_ | voi_
AG v AVDD_ | Avss_| oo | aoes | VSS
Y Y
Vol Vo1
VO1_ = —~ | voi_ | voi_
AH v | AvoD_ | Avss_| Socs | ooce | vss VsS VsS VsS VsS VsS VsS
v v
Vol Vol
VO1_ = - | voz_ | voz_
A U AVDD_ | Avss_| foes | yrer | VSS VsS VsS VsS VsS vss | vss
U U
ax | Vo A\</(I)32I5 AV\?52§ voz_ | voz_ | sor | s | s | pa_ | po | Po_ | Pc_ | Pc_ | Pc | Pc | Pcl | PclL
Y v | "y | AVDD | Avss | LRCLK | LRCLK | SPDIF | REQL# | REQ2# | REQ3# | IDSEL2 | IDSEL3 | ADI18 | AD16 | ADI5 | AD4
a | Vo A\</(I)32I5 AV\?52§ soo_ | sor | so1 | sio | s REZC(;;/G pc_ | pc | Pc_ | Pc_ | Pc_ | Pc | PcL | Pcl
v v |y " | DATAS | DATAS | DATA4 | LRCLK | BCLK [T <) AD28 | AD24 | IDSEL1| AD20 |FRAME#| TRDY# | ADI3 | ADIL
av | Vo A\</(I332I5 /:(/%25 soo | sor | so1 | so. | s | pa_ | Pc_ | Pc_ | Pc_ | Pc | Pc | Pci_ | Pcl | Pcl
U U | U | DATA4 | SPDIF | DATA2 | SPDIF | DATA | GNT3# | GNT2# | AD30 | AD26 [IDSELO| AD22 | IRDY# | PAR | ADI2
an | SO0 | soo_ | soo | soo_ [ sor | sor | sio_ | PC_ [ PCL_ | PCL_ | PCL | PCL [ PCL_ | PCI_ | PCL | PCL [ PCL
SPDIF | LRCLK | DATA2 | DATA3 | BCLK | DATA3 | BCLK | INTA# | GNT1# | AD29 | AD25 | AD23 | AD21 | CBE2# | STOP# | AD14 | ADI10
PCI PCI
AP NG soo_ | soo_ | soo_ | sor | soi | sio_ | PCL | el PO | Pl | PCL | PCL | PCL | foe | PCL | PCL
MCLK | BCLK | DATA1 | MCLK | DATAL | DATA | cLk EQ# | AD3L | AD27 | CBE3# | ADL9 | AD17 A CBEl# | AD8
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Figure 11-4 SMP8634 pin diagram (bottom left quadrant)
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DRAMO_| DRAMO_| DRAMO_| DRAMO_| DRAMO_
vss | vss | vss | vss vss | vss 26 A5 > AL 20 v
vss | vss | vss | vss VDD_1v2| VSS DRQZ’KL DRﬁg”Of NC NC NC w
vss | vss | vss | vss VDD _1v2| VSS NC NC NC NC NC Y
vss | vss | vss | vss vss |vbD_3v3 NC NC NC NC Ne | Aa

TS | TS
vss |vDD 3v3 TG?:”\IAS(O_ I;'?j"l’gl— IN_ IN_ Ne | aB
sYNe | D1
TS| TSI | TSL | TSL | Lo
VDD_1v2| VSS IN_ IN_ IN_ IN_ ar | Ac
VLD D6 D4 D2
TSo_ | Tsi_ | Tsi_ | Tsi_ | Tsi_
VDD_1v2| VSS IN_ IN_ IN_ IN_ IN._ | AD
VLD D7 D5 D3 DO
Tso_ | Tso_ | Tso_ | Tso_ | Tso_
vss |vbD 3va IN_ IN_ IN_ IN_ IN_ | AE
D6 D4 D2 D0 | SYNC
TSO_ | TSO_ | TSo_ [ TSO_ | Lo
vss [vbD_3va IN_ IN_ IN_ IN_ ax | AF
D7 D5 D3 D1
PB_ PB_ PB_ PB_ PB_
VDD V2 VSS |\ | csar | cso# | csw | csor | AC
PB_ PB_ PB_ PB_ PB_
vss vDD_1v3vDD_1v2 Vss | Vss |VDD_1v2vDD_1v2l Vss | vss [vbDvz vss |vobavy [ | oo | o | e | oA
PB_ PB_ PB_ PB_ PB_
vDD 3v3 vss | vss [vop 3vivop 3vd vss | vss [vop 3vavop 3vd vss [vop aval vss s aois | aoma | ao | aoiz | A
USB20_| USB20_| USB20_| USB20

pcl_ | Pcl_ = = = -| RrRTC_ PB_ PB_ PB_ PB_ PB_ PB_

o6 | Ap2 VSSOAT_ VSSOAT_ VSSlAT_ VSSlAT_ Vss NC NC NC NC A2 27 ros | aoz | aot | aog | AK
RTC_ [ RTC_
pcl_ | Pc \LESB?T)— USB20_ \lﬁgig— \lggig— VDD_ | VDD_ |\ PB_ PB_ PB_ PB_ PB_ PB_ PB_ PB_ | .
CBEO# | ADO ~| vssac = -| BAT_ | BAT_ A21 AL7 A13 A8 AD7 | AD6 | ADs | AD4
0 3v3 1
33 33
USB20_| USB20_| USB20_| USB20 PB
PCI PCl = = = ~-| rTC_ | RTC PB PB PB PB PB PB — PB
= — | vopAT_|vDDAT_| vDDAT_[VDDAT_ = ~ | Nc — — — — — - |omaack - | am
ao9 | a3 |l o ava | Lava | 1ava| RING | TEST A22 Al18 Al4 A9 A3 A0 M RD#

pcl_ | pcl [usB2o0_ USI‘D?DZO— USI‘D?DZO— USB20_ EIE— )(RTT;f_— NC PB_ PB_ PB_ PB_ PB_ PB_ PB_ PB_ | .y

AD7 | ADL | REXT = - | ATEST = = A23 Al9 Al5 A10 A4 Al | DbmARQ| wr#
0 1 IN DISC

pcl_ | usB20_[usB20_ U%?AZO— U%?AZO— (R:IE— XTE__ )(RTTA(:L— NG PB_ PB_ PB_ PB_ PB_ PB_ PB_ e | oap
AD5 XO XI o 1| our N | our A24 A20 A16 All A5 A2 | 10rRDY
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Figure 11-5 SMP8634 pin diagram (bottom right quadrant)
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11.2 Pin Listing by Ball Id

Table 11-1. SMP8634 pin listing by ball id

Ball Ball

Id Pin Name Id Pin Name
Ball
Id Pin Name A28  DRAMI1_DQ27 B22  DRAM1_DQ14
Al NC A29 DRAM1_DM3 B23 DRAM1_DQ10
A2 VI1_PO A30 DRAM1_DQ21 B24 DRAM1_DMO
A3 VI1_CLK A31 DRAM1_DQ16 B25 DRAM1_DQ5
A4 VI1_VS A32 DRAM1_CAS# B26 DRAM1_DQ2
A5 GPIOO A33 DRAM1_BAO B27 DRAM1_DQ31
A6 RCLK1_XTAL_OUT A34 NC B28 DRAM1_DQ26
A7 RCLK1_XTAL_IN B1 VI1_ P4 B29 DRAM1_DM2
A8 RESET# B2 VI1_P1 B30 DRAM1_DQ20
A9 XTAL_OUT B3 VI1_HS B31 DRAM1_A13
A10 XTAL_IN B4 VI1_VLD B32 DRAM1_RAS#
All UARTL_TX B5 GPIO1 B33 DRAM1_BA1
A12 UART1_RX B6 GPIO7 B34 DRAM1_AO
A13 UARTO_TX B7 GPIO12 c1 VI1_P5
Al4 UARTO_RX B8 RCLKO_IN c2 VI1_P6
A15 SCARD_IO BO XTAL_BUF c3 VI1_p2
A16 SCARD_CLK B10 UART1_RTS ca VI1_P3
AL7 IDE_D6 B11 UART1_DSR C5 GP102
Al8 IDE_D12 B12 UARTO_DCD c6é GPI108
Al9 IDE_D1 B13 UARTO_RTS c7 GP1013
A20 IDE_IOR# B14 UARTO_CTS c8 VCXO1_IN
A21 IDE_NPCBLID B15 SCARD_RST co VCXO00_IN
A22 DRAM1_DQ13 B16 SCARD_FC# ci10 UART1_DTR
A23 DRAM1_DQ9 B17 IDE_D10 Ccl1 UART1_DCD
A24 DRAM1_DQSO B18 IDE_D3 c12 UART1_CTS
A25 DRAM1_DQ4 B19 IDE_D15 c13 UARTO_DTR
A26 DRAM1_CK B20 IDE_IORDY c14 UARTO_DSR
A27 DRAM1_CK# B21 IDE_AO c15 SCARD_CTLO
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HD

Ball Ball Ball

Id Pin Name Id Pin Name Id Pin Name
C16 IDE_D8 D13 VDD_PLL1_3V3 E10 TEST

Cc17 IDE_D5 D14 VDD_PLL2_3V3 El1l XTAL_DISC
c1i8 IDE_D13 D15 VDD_PLL3_3V3 E12 VSS_PLLO
C19 IDE_DO D16 SCARD_CTL1 E13 VSS_PLL1
c20 IDE_ACK# D17 IDE_D7 E14 VSS_PLL2
c21 IDE_A2 D18 IDE_D11 E15 VSS_PLL3
c22 DRAM1_DQ15 D19 IDE_D2 El6 SCARD_CTL2
Cc23 DRAM1_DQ11 D20 IDE_DMARQ E17 IDE_D9

Cc24 DRAM1_DM1 D21 IDE_IRQ E18 IDE_D4

C25 DRAM1_DQ6 D22 IDE_CSO0# E19 IDE_D14

C26 DRAM1_DQ3 D23 DRAM1_DQ12 E20 IDE_IOW#
c27 DRAM1_DQ30 D24 DRAM1_DQ8 E21 IDE_A1

c28 DRAM1_DQ25 D25 DRAM1_DQ7 E22 IDE_CS1#
Cc29 DRAM1_DQS2 D26 DRAM1_DQO E23 DRAM1_VREFSSTL2
C30 DRAM1_DQ19 D27 DRAM1_DQ28 E24 DRAM1_DQS1
C31 DRAM1_WE# D28 DRAM1_DQS3 E25 DRAM1_VREFSSTL1
C32 DRAM1_CS# D29 DRAM1_DQ22 E26 DRAM1_DQ1
C33 DRAM1_A10 D30 DRAM1_DQ17 E27 DRAM1_DQ29
C34 DRAM1_A1 D31 DRAM1_A9 E28 DRAM1_DQ24
D1 VIO_P1 D32 DRAM1_A6 E29 DRAM1_DQ23
D2 VIO_PO D33 DRAM1_A4 E30 DRAM1_DQ18
D3 VI1_P7 D34 DRAM1_A2 E31 DRAM1_A11
D4 GPIO4 E1 VIO_P4 E32 DRAM1_A7
D5 GPIO3 E2 VIO_P3 E33 DRAM1_A5
D6 GPI109 E3 VIO_P2 E34 DRAM1_A3
D7 GP1014 E4 GPIO5 F1 VIO_P9

D8 RCLKO_OUT E5 GPI1O6 F2 VIO_P8

D9 RCLK1_OUT E6 GPIO10 F3 VIO_P7

D10 RCLK2_OUT E7 GPIO15 F4 VIO_P6

D11 JTAG_UART# E8 GPIO11 F5 VIO_P5

D12 VDD_PLLO_1V2 E9 RCLK3_OUT F6 VSS
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Ball Ball Ball

Id Pin Name Id Pin Name Id Pin Name
F7 VDD_3V3 G4 VIO_P11 H1 VIO_P19

F8 VSs G5 VIO_P10 H2 VIO_P18

F9 VDD_3V3 G6 VDD_3V3 H3 VIO_P17

F10 VDD_3V3 G7 VSS H4 VIO_P16

F11 VSS G8 VDD_1V2 H5 VIO_P15

F12 VSSs G9 VSs H6 VSS

F13 VDD_3V3 G10 VSs H7 VDD_1V2
F14 VDD_3V3 Gl1 VDD_1V2 H28 VDD_1V2
F15 VSS G12 VDD_1V2 H29 VDD_2V5
F16 VSS G13 VSS H30 DRAMO_DQS1
F17 VDD_3V3 G114 VSS H31 DRAMO_DQ8
F18 VDD_3V3 G15 VDD_1V2 H32 DRAMO_DM1
F19 VSS G16 VDD_1V2 H33 DRAMO_DMO
F20 VSS G17 VSS H34 DRAMO_DQSO
F21 VSS G18 VSS J1 VIO_VS

F22 VDD_2V5 G19 VDD_1V2 J2 VIO_HS

F23 VDD_2V5 G20 VDD_1V2 J3 VI0_P22

F24 VSS G21 VDD_1V2 J4 VIO_P21

F25 VDD_2V5 G22 VSS J5 VIO_P20

F26 VSS G23 VDD_1V2 J6 VDD_3V3
F27 VDD_2V5 G24 VDD_1V2 J7 VSS

F28 DRAM1_VREFSSTLO G25 VSS J28 VSS

F29 VDD_2V5 G26 VSS J29 VSS

F30 DRAM1_CKE G27 VDD_1V2 J30 DRAMO_VREFSSTL1
F31 DRAM1_A12 G28 VSS J31 DRAMO_DQ7
F32 DRAM1_A8 G29 DRAMO_VREFSSTL2 J32 DRAMO_DQ6
F33 DRAMO_DQ15 G30 DRAMO_DQ12 J33 DRAMO_DQ5
F34 DRAMO_DQ14 G31 DRAMO_DQ13 J34 DRAMO_DQ4
G1 VIO_P14 G32 DRAMO_DQ11 K1 VIO_CLK

G2 VIO_P13 G33 DRAMO_DQ10 K2 VIO_VLD

G3 VIO_P12 G34 DRAMO_DQ9 K3 VIO_P25
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HD

Ball Ball Ball

Id Pin Name Id Pin Name Id Pin Name
K4 VIO_P24 M7 VDD_1V2 P16 VSS

K5 VIO_P23 M28 VDD_1V2 P17 VSS

K6 VDD_3V3 M29 VDD_2V5 P18 VSS

K7 VSS M30 DRAMO_DQ24 P19 VSS

K28 VSS M31 DRAMO_DQS3 P20 VSS

K29 VDD_2V5 M32 DRAMO_DQ25 P21 VSS

K30 DRAMO_DQ1 M33 DRAMO_DQ26 P28 VSS

K31 DRAMO_DQO M34 DRAMO_DQ27 P29 VDD_2V5
K32 DRAMO_DQ3 N1 VOO_P23 P30 DRAMO_DQ18
K33 DRAMO_DQ2 N2 VOO0_P22 P31 DRAMO_DQ17
K34 DRAMO_CK N3 VOO_P21 P32 DRAMO_DQ19
L1 VI2_VS N4 VOO_P20 P33 DRAMO_DQ20
L2 VI2_HS N5 VOO_P19 P34 DRAMO_DQ21
L3 VIO_P28 N6 VDD_3V3 R1 VOO_P13

L4 VIO_P27 N7 VSS R2 VOO_P12

L5 VIO_P26 N28 VSS R3 VOO_P11

L6 VSS N29 VSS R4 VOO_P10

L7 VDD_1V2 N30 DRAMO_DQ23 R5 VOO_P9

L28 VDD_1V2 N31 DRAMO_DQ22 R6 VSS

L29 DRAMO_VREFSSTLO N32 DRAMO_DQS2 R7 VDD_1V2

L30 DRAMO_DQ29 N33 DRAMO_DM2 R14 VSS

L31 DRAMO_DQ28 N34 DRAMO_DM3 R15 VSS

L32 DRAMO_DQ30 P1 VOO0_P18 R16 VSS

L33 DRAMO_DQ31 P2 VOO_P17 R17 VSS

L34 DRAMO_CK# P3 VOO_P16 R18 VSS

M1 VI2_CLK P4 VOO_P15 R19 VSS

M2 VI2_VLD P5 VOO_P14 R20 VSS

M3 VIO_P31 P6 VDD_3V3 R21 VSS

M4 VI0_P30 P7 VSS R28 VDD_1V2

M5 VIO_P29 P14 VSS R29 VSS

M6 VSS P15 VSS R30 DRAMO_CKE
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Ball Ball Ball

Id Pin Name Id Pin Name Id Pin Name
R31 DRAMO_A12 ue VDD_3V3 V21 VSS

R32 DRAMO_WE# u7 VSSs V28 VSS

R33 DRAMO_A13 ul4 VSS V29 VSS

R34 DRAMO_DQ16 uls VSS V30 DRAMO_A6
T1 VOO_P8 ule6 VSS V31 DRAMO_A5
T2 VOO_P7 u17 VSSs V32 DRAMO_A2
T3 VOO_P6 u1is VSS V33 DRAMO_A1
T4 VOO_P5 ul1l9 VSS V34 DRAMO_AO
T5 HDMI_PD# u20 VSS W1 ETH_TXD3
T6 VSS u21 VSS W2 NC

T7 VDD_1V2 u28 VSS W3 VOO_PO
T14 VSS u29 VDD_2V5 w4 HDMI_HPD
T15 VSS u30 DRAMO_A8 W5 HDMI_MSE#
T16 VSS u31 DRAMO_A7 w6 VSS

T17 VSS u32 DRAMO_A10 W7 VDD_1V2
T18 VSS u33 DRAMO_BA1 w14 VSS

T19 VSS u34 DRAMO_BAO W15 VSS

T20 VSS V1 VOO_HS W16 VSS

T21 VSS V2 VOO_VS w17 VSS

T28 VDD_1V2 V3 VOO_P2 W18 VSS

T29 VDD_2V5 V4 VOO_P1 W19 VSS

T30 DRAMO_A11 V5 HDMI_DSDA W20 VSS

T31 DRAMO_A9 V6 VDD_3V3 w21 VSS

T32 DRAMO_CS# V7 VSS w28 VDD_1V2
T33 DRAMO_RAS# V14 VSS W29 VSS

T34 DRAMO_CAS# V15 VSS W30 DRAMO_A4
Ul VOO_CLK V16 VSS W31 DRAMO_A3
u2 VOO_VLD V17 VSS W32 NC

u3 VOO_P4 V18 VSSs W33 NC

u4 VOO_P3 V19 VSS w34 NC

us HDMI_DSCL V20 VSS Y1 ETH_TXD2
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Ball Ball Ball

Id Pin Name Id Pin Name Id Pin Name
Y2 ETH_TXD1 AAL17 VSS AC6 VSS

Y3 ETH_TXDO AA18 VSS AC7 VDD_1V2
Y4 ETH_MDIO AA19 VSS AC28 VDD_1V2
Y5 NC AA20 VSS AC29 VSS

Y6 VSS AA21 VSS AC30 TS1_IN_VLD
Y7 VDD_1V2 AA28 VSS AC31 TS1_IN_D6
Y14 VSS AA29 VDD_3V3 AC32 TS1_IN_D4
Y15 VSS AA30 NC AC33 TS1_IN_D2
Y16 VSS AA31 NC AC34 TS1_CLK
Y17 VSS AA32 NC AD1 ETH_MDC
Y18 VSS AA33 NC AD2 GP1027
Y19 VSS AA34 NC AD3 GP1026
Y20 VSS AB1 ETH_RXD3 AD4 GP1025
Y21 VSS AB2 ETH_RXD2 AD5 GP1024
Y28 VDD_1V2 AB3 ETH_RXD1 AD6 VSS

Y29 VSS AB4 GPI1O31 AD7 VDD_1V2
Y30 NC AB5 GPI1030 AD28 VDD_1V2
Y31 NC AB6 VDD_3V3 AD29 VSS

Y32 NC AB7 VSS AD30 TSO_IN_VLD
Y33 NC AB28 VSS AD31 TS1_IN_D7
Y34 NC AB29 VDD_3V3 AD32 TS1_IN_D5
AAl ETH_TXCLK AB30 TDMX_GPIOO AD33 TS1_IN_D3
AA2 ETH_TX_EN AB31 TDMX_GPIO1 AD34 TS1_IN_DO
AA3 ETH_CRS AB32 TS1_IN_SYNC AE1 ETH_RX_DV
AA4 NC AB33 TS1_IN_D1 AE2 GP1023
AA5 ETH_MDINT# AB34 NC AE3 GP1022
AA6 VDD_3V3 AC1 ETH_RXDO AE4 GPI021
AA7 VSS AC2 ETH_RXCLK AE5 GP1020
AA14 VSS AC3 ETH_COL AE6 VDD_3V3
AA15 VSS AC4 GP1029 AE7 VSS

AA16 VSS AC5 GP1028 AE28 VSS
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Ball Ball Ball

Id Pin Name Id Pin Name Id Pin Name
AE29 VDD_3V3 AG32 PB_CS2# AH29  VDD_3V3
AE30 TSO_IN_D6 AG33 PB_CS1# AH30 PB_DIR#
AE31 TSO_IN_D4 AG34 PB_CSO# AH31 PB_AD11
AE32 TSO_IN_D2 AH1 VO1_V AH32 PB_AD10
AE33  TSO_IN_DO AH2 VO1_AVDD_V AH33  PB_AD9
AE34 TSO_IN_SYNC AH3 VO1_AVSS_V AH34 PB_AD8
AF1 ETH_RX_ER AH4 VO1_RSET AJl VO1_U
AF2 GPIO19 AH5 VO1_VREF AJ2 VO1_AVDD_U
AF3 GP1018 AH6 VSS AJ3 VO1_AVSS_U
AF4 GPIO17 AH7 VSS A4 VO2_RSET
AF5 GPI016 AH8 VDD_1V2 AJ5 VO2_VREF
AF6 VDD_3V3 AH9 VSS AJ6 VSS

AF7 VSS AH10 VSS A7 VSS

AF28 VSS AH11 VDD_1V2 AJ8 VSS

AF29 VDD_3V3 AH12 VDD_1V2 AJ9 VDD_3V3
AF30 TSO_IN_D7 AH13 VSS AJ10 VDD_3V3
AF31 TSO_IN_D5 AH14 VSS AJ1l VSS

AF32 TSO_IN_D3 AH15 VDD_1V2 AJ12 VSS

AF33 TSO_IN_D1 AH16 VDD_1V2 AJ13 VDD_3V3
AF34 TSO_CLK AH17 VSS AJl4 VDD_3V3
AG1 VO1.Y AH18 VSS AJ15 VSS

AG2 VO1_AVDD_Y AH19 VDD_1V2 AJ16 VSS

AG3 VO1_AVSS_Y AH20 VDD_1V2 AJ1l7 VDD_3V3
AG4 VO1_AVDD AH21 VSS AJ18 VDD_3V3
AG5 VO1_AVSS AH22 VSS AJ19 VSS

AG6 VSS AH23 VDD_1V2 AJ20 VSS

AG7 VDD_1V2 AH24 VDD_1V2 AJ21 VDD_3V3
AG28 VDD_1V2 AH25 VSS AJ22 VDD_3V3
AG29  VSS AH26  VSS AJ23 VSS

AG30 PB_ALE AH27 VDD_1V2 AJ24 VSS

AG31 PB_CS3# AH28 VSS AJ25 VDD_3V3
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Ball Ball Ball
Id Pin Name 1d Pin Name Id Pin Name
AJ26 VDD_3V3 AK23 USB20_VSSAT_1 AL20 USB20_VSSAT_0O
AJ27 VSS AK24 RTC_VSS AL21 USB20_VSSAC
AJ28 VDD_3V3 AK25 NC AL22 USB20_VDDAC_3V
3

AJ29 VSS AK26 NC

AL23 USB20_VSSAT_1
AJ30 PB_A6 AK27 NC

AL24 RTC_VDD_BAT_3V3
AJ31 PB_AD15 AK28 NC

AL25 RTC_VDD_BAT_3V3
AJ32 PB_AD14 AK29 PB_A12

AL26 NC
AJ33 PB_AD13 AK30 PB_A7

AL27 PB_A21
AJ34 PB_AD12 AK31 PB_AD3

AL28 PB_A17
AK1 VO2_Y AK32 PB_AD2

AL29 PB_A13
AK2 VO2_AVDD_Y AK33 PB_AD1

AL30 PB_A8
AK3 VO2_AVSS_ Y AK34 PB_ADO

AL31 PB_AD7
AK4 VO2_AVDD AL1 vOo2_V

AL32 PB_AD6
AK5 VO2_AVSS AL2 VO2_AVDD_V

AL33 PB_AD5
AK6 SO1_LRCLK AL3 VO2_AVSS_V

AL34 PB_AD4
AK7 SI1_LRCLK AL4 SOO0_DATA5

AM1 vVOo2_U
AK8 SI11_SPDIF AL5 SO1_DATAS

AM2 VO2_AvDD_U
AK9 PCI_REQ1# AL6 SO1_DATA4

AM3 VO2_AVSS_U
AK10 PCI_REQ2# AL7 SI0_LRCLK

AM4 SOO0_DATA4
AK11 PCI_REQ3# AL8 SI11_BCLK

AM5 SO1_SPDIF
AK12 PCI_IDSEL2 AL9 PCI_REQO#/GNT#

AM6 SO1_DATA2
AK13 PCI_IDSEL3 AL10 PCI_AD28

AM7 SI0_SPDIF
AK14 PCI_AD18 AL11 PCI_AD24

AM8 SI11_DATA
AK15 PCI_AD16 AL12 PCI_IDSEL1

AM9 PCI_GNT3#
AK16 PCI_AD15 AL13 PCI_AD20

AM10 PCI_GNT2#
AK17 PCI_AD4 AL14 PCI_FRAME#

AM11 PCI_AD30
AK18 PCI_AD6 AL15 PCI_TRDY#

AM12 PCI_AD26
AK19 PCI_AD2 AL16 PCI_AD13

AM13 PCI_IDSELO
AK20 USB20_VSSAT_O AL17 PCI_AD11

AM14 PCI_AD22
AK21 USB20_VSSAT_O AL18 PCI_CBEO#

AM15 PCI_IRDY#
AK22 USB20_VSSAT_1 AL19 PCI_ADO

AM16 PCI_PAR
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1d Pin Name Id Pin Name Id Pin Name
AM17  PCI_AD12 AN12  PCI_AD23 APY PCI_GNTO#/REQ#
AM18  PCI_AD9 AN13  PCI_AD21 AP10  PCI_AD31
AM19  PCI_AD3 AN14  PCI_CBE2# AP11  PCI_AD27
AM20  USB20_VDDAT 0_3 AN15  PCI_STOP# AP12  PCI_CBE3#
v3
AN16 PCI_AD14 AP13  PCI_AD19
AM21  USB20_VDDAT 0_3
V3 AN17  PCI_AD10 AP14  PCI_AD17
AM22 3§BZO—VDDAT—1—3 AN18  PCI_AD7 AP15  PCI_DEVSEL#
AN19  PCI_AD1 AP16  PCI_CBE1l#
AM23  USB20_VDDAT 1_3 = -
v3
AN20  USB20_REXT AP17  PCI_ADS
AM24  RTC_RING
AN21  USB20_DP_O AP18  PCI_ADS
AM25  RTC_TEST
AN22  USB20_DP_1 AP19  USB20_XO
AM26  NC
AN23  USB20_ATEST AP20  USB20_XI
AM27  PB_A22
AN24  RTC_CLK_IN AP21  USB20_DM_O
AM28  PB_A18
AN25  RTC_XTAL_DISC AP22  USB20_DM_1
AM29  PB_Al4
AN26  NC AP23  RTC_CLK_OUT
AM30  PB_A9
AN27  PB_A23 AP24  RTC_XTAL_IN
AM31  PB_A3
AN28  PB_A19 AP25  RTC_XTAL_OUT
AM32  PB_AO
AN29  PB_A15 AP26  NC
AM33  PB_DMAACK#
AN30  PB_A10 AP27  PB_A24
AM34  PB_RD#
AN31  PB_A4 AP28  PB_A20
AN1 SOO0_SPDIF
AN32  PB_A1 AP29  PB_A16
AN2 SO0_LRCLK
AN33  PB_DMARQ AP30  PB_A1l
AN3 SO0_DATA2
AN34  PB_WR# AP31  PB_A5
AN4 SO0_DATA3
AP1 NC AP32  PB_A2
AN5 SO1_BCLK
AP2 SO0_MCLK AP33  PB_IORDY
ANG SO1_DATA3
AP3 SO0_BCLK AP34  NC
AN7 SI0_BCLK
AP4 SO0_DATAL
ANS PCI_INTA#
AP5 SO1_MCLK
AN9 PCI_GNT1#
AP SO1_DATAL
AN10  PCI_AD29
AP7 SI0_DATA
AN11  PCI_AD25
APS PCI_CLK
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11.3 Pin Listing by Pin Name

Table 11-2. SMP8634 pin listing by pin name

Ball Ball
Pin Name Id Pin Name Id
Ball
Pin Name el DRAMO_DQ10 G33 DRAMO_DQ8 H31
DRAMO_AO V34 DRAMO_DQ11 G32 DRAMO_DQ9 G34
DRAMO_A1 V33 DRAMO_DQ12 G30 DRAMO_DQSO0 H34
DRAMO_A10 us2 DRAMO_DQ13 G31 DRAMO_DQS1 H30
DRAMO_A11 T30 DRAMO_DQ14 F34 DRAMO_DQS?2 N32
DRAMO_A12 R31 DRAMO_DQ15 F33 DRAMO_DQS3 M31
DRAMO_A13 R33 DRAMO_DQ16 R34 DRAMO_RAS# T33
DRAMO_A2 V32 DRAMO_DQ17 P31 DRAMO_VREFSSTLO  L29
DRAMO_A3 w31 DRAMO_DQ18 P30 DRAMO_VREFSSTL1  J30
DRAMO_A4 W30 DRAMO_DQ19 P32 DRAMO_VREFSSTL2  G29
DRAMO_A5 V31 DRAMO_DQ2 K33 DRAMO_WE# R32
DRAMO_A6 V30 DRAMO_DQ20 P33 DRAM1_AO B34
DRAMO_A7 us1 DRAMO_DQ21 P34 DRAM1_A1l c34
DRAMO_A8 uso DRAMO_DQ22 N31 DRAM1_A10 c33
DRAMO_A9 T31 DRAMO_DQ23 N30 DRAM1_Al1l E31
DRAMO_BAO us4 DRAMO_DQ24 M30 DRAM1_A12 F31
DRAMO_BA1 uss DRAMO_DQ25 M32 DRAM1_A13 B31
DRAMO_CAS# T34 DRAMO_DQ26 M33 DRAM1_A2 D34
DRAMO_CK K34 DRAMO_DQ27 M34 DRAM1_A3 E34
DRAMO_CK# L34 DRAMO_DQ28 L31 DRAM1_A4 D33
DRAMO_CKE R30 DRAMO_DQ29 130 DRAM1_A5 E33
DRAMO_CS# T32 DRAMO_DQ3 K32 DRAM1_A6 D32
DRAMO_DMO H33 DRAMO_DQ30 L32 DRAM1_A7 E32
DRAMO_DM1 H32 DRAMO_DQ31 L33 DRAM1_AS8 F32
DRAMO_DM2 N33 DRAMO_DQ4 134 DRAM1_A9 D31
DRAMO_DM3 N34 DRAMO_DQ5 133 DRAM1_BAO A33
DRAMO_DQO K31 DRAMO_DQ6 J32 DRAM1_BA1 B33
DRAMO_DQ1 K30 DRAMO_DQ7 J31 DRAM1_CAS# A32
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Pin Name Id Pin Name Id Pin Name Id
DRAM1_CK A26 DRAM1_DQ3 C26 ETH_TXCLK AA1
DRAM1_CK# A27 DRAM1_DQ30 c27 ETH_TXDO Y3
DRAM1_CKE F30 DRAM1_DQ31 B27 ETH_TXD1 Y2
DRAM1_CS# C32 DRAM1_DQ4 A25 ETH_TXD2 Y1
DRAM1_DMO B24 DRAM1_DQ5 B25 ETH_TXD3 w1
DRAM1_DM1 c24 DRAM1_DQ6 C25 GPI100 A5
DRAM1_DM2 B29 DRAM1_DQ7 D25 GPIO1 B5
DRAM1_DM3 A29 DRAM1_DQ8 D24 GPI1O10 E6
DRAM1_DQO D26 DRAM1_DQ9 A23 GPIO11 E8
DRAM1_DQ1 E26 DRAM1_DQSO A24 GPIO12 B7
DRAM1_DQ10 B23 DRAM1_DQS1 E24 GPI1013 Cc7
DRAM1_DQ11 c23 DRAM1_DQS2 C29 GP10O14 D7
DRAM1_DQ12 D23 DRAM1_DQS3 D28 GPI1015 E7
DRAM1_DQ13 A22 DRAM1_RAS# B32 GPI1O16 AF5
DRAM1_DQ14 B22 DRAM1_VREFSSTLO F28 GPIO17 AF4
DRAM1_DQ15 c22 DRAM1_VREFSSTL1 E25 GP1018 AF3
DRAM1_DQ16 A31 DRAM1_VREFSSTL2 E23 GP1019 AF2
DRAM1_DQ17 D30 DRAM1_WE# C31 GP102 C5
DRAM1_DQ18 E30 ETH_COL AC3 GP1020 AE5
DRAM1_DQ19 C30 ETH_CRS AA3 GPIO21 AE4
DRAM1_DQ2 B26 ETH_MDC AD1 GP1022 AE3
DRAM1_DQ20 B30 ETH_MDINT# AA5 GP1023 AE2
DRAM1_DQ21 A30 ETH_MDIO Y4 GP1024 ADS5
DRAM1_DQ22 D29 ETH_RX_DV AE1 GP1025 AD4
DRAM1_DQ23 E29 ETH_RX_ER AF1 GP1026 AD3
DRAM1_DQ24 E28 ETH_RXCLK AC2 GPI1027 AD2
DRAM1_DQ25 c28 ETH_RXDO AC1 GP1028 AC5
DRAM1_DQ26 B28 ETH_RXD1 AB3 GP1029 AC4
DRAM1_DQ27 A28 ETH_RXD2 AB2 GPI103 D5
DRAM1_DQ28 D27 ETH_RXD3 AB1 GPI1030 ABS5
DRAM1_DQ29 E27 ETH_TX_EN AA2 GPIO31 AB4

404 Sigma Designs Confidential



MULTI

11: Pin Information

HD

Ball Ball Ball
Pin Name Id Pin Name Id Pin Name Id
GPI10O4 D4 IDE_D9 E17 NC w34
GPIOS5 E4 IDE_ACK# Cc20 NC Y30
GPI1O6 E5 IDE_DMARQ D20 NC Y31
GPIO7 B6 IDE_IRQ D21 NC Y32
GPI1O8 C6 IDE_IOR# A20 NC Y33
GPIO9 D6 IDE_IORDY B20 NC Y34
HDMI_DSCL us IDE_IOW# E20 NC Y5
HDMI_DSDA V5 IDE_NPCBLID A21 PB_AO AM32
HDMI_HPD w4 JTAG_UART# D11 PB_Al AN32
HDMI_MSE# W5 NC Al PB_A10 AN30
HDMI_PD# T5 NC A34 PB_A11 AP30
IDE_AO B21 NC AA30 PB_A12 AK29
IDE_A1 E21 NC AA31 PB_A13 AL29
IDE_A2 c21 NC AA32 PB_A14 AM29
IDE_CSO# D22 NC AA33 PB_A15 AN29
IDE_CS1# E22 NC AA34 PB_A16 AP29
IDE_DO C19 NC AA4 PB_A17 AL28
IDE_D1 Al19 NC AB34 PB_A18 AM28
IDE_D10 B17 NC AK25 PB_A19 AN28
IDE_D11 D18 NC AK26 PB_A2 AP32
IDE_D12 A18 NC AK27 PB_A20 AP28
IDE_D13 c1is8 NC AK28 PB_A21 AL27
IDE_D14 E19 NC AL26 PB_A22 AM27
IDE_D15 B19 NC AM26 PB_A23 AN27
IDE_D2 D19 NC AN26 PB_A24 AP27
IDE_D3 B18 NC AP1 PB_A3 AM31
IDE_D4 E18 NC AP26 PB_A4 AN31
IDE_D5 C17 NC AP34 PB_A5 AP31
IDE_D6 Al7 NC W2 PB_A6 AJ30
IDE_D7 D17 NC W32 PB_A7 AK30
IDE_D8 C16 NC W33 PB_A8 AL30
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Pin Name Id Pin Name Id Pin Name Id
PB_A9 AM30 PCI_AD11 AL17 PCI_CBE2# AN14
PB_ADO AK34 PCI_AD12 AM17 PCI_CBE3# AP12
PB_AD1 AK33 PCI_AD13 AL16 PCI_CLK AP8
PB_AD10 AH32 PCI_AD14 AN16 PCI_DEVSEL# AP15
PB_AD11 AH31 PCI_AD15 AK16 PCI_FRAME# AL14
PB_AD12 AJ34 PCI_AD16 AK15 PCI_GNTO#/REQ# AP9
PB_AD13 AJ33 PCI_AD17 AP14 PCI_GNT1# AN9
PB_AD14 AJ32 PCI_AD18 AK14 PCI_GNT2# AM10
PB_AD15 AJ31 PCI_AD19 AP13 PCI_GNT3# AM9
PB_AD2 AK32 PCI_AD2 AK19 PCI_IDSELO AM13
PB_AD3 AK31 PCI_AD20 AL13 PCI_IDSEL1 AL12
PB_AD4 AL34 PCI_AD21 AN13 PCI_IDSEL2 AK12
PB_AD5 AL33 PCI_AD22 AM14 PCI_IDSEL3 AK13
PB_AD6 AL32 PCI_AD23 AN12 PCI_INTA# AN8
PB_AD7 AL31 PCI_AD24 AL11 PCI_IRDY# AM15
PB_ADS8 AH34 PCI_AD25 AN11 PCI_PAR AM16
PB_AD9 AH33 PCI_AD26 AM12 PCI_REQO#/GNT# AL9
PB_ALE AG30 PCI_AD27 AP11 PCI_REQ1# AK9
PB_CSO# AG34 PCI_AD28 AL10 PCI_REQ2# AK10
PB_CS1# AG33 PCI_AD29 AN10 PCI_REQ3# AK11
PB_CS2# AG32 PCI_AD3 AM19 PCI_STOP# AN15
PB_CS3# AG31 PCI_AD30 AM11 PCI_TRDY# AL15
PB_DIR# AH30 PCI_AD31 AP10 RCLKO_IN B8
PB_DMAACK# AM33 PCI_AD4 AK17 RCLKO_OUT D8
PB_DMARQ AN33 PCI_ADS5 AP18 RCLK1_OUT D9
PB_IORDY AP33 PCI_AD6 AK18 RCLK1_XTAL_IN A7
PB_RD# AM34 PCI_AD7 AN18 RCLK1_XTAL_OUT A6
PB_WR# AN34 PCI_ADS8 AP17 RCLK2_OUT D10
PCI_ADO AL19 PCI_AD9 AM18 RCLK3_OUT E9
PCI_AD1 AN19 PCI_CBEO# AL18 RESET# A8
PCI_AD10 AN17 PCI_CBE1# AP16 RTC_CLK_IN AN24
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Pin Name Id Pin Name 1d Pin Name Id
RTC_CLK_OUT AP23 SO0_MCLK AP2 TS1_IN_D5 AD32
RTC_RING AM24 SOO0_SPDIF ANL TS1_IN_D6 AC31
RTC_TEST AM25 SO1_BCLK AN5 TS1_IN_D7 AD31
RTC_VDD_BAT 3V3  AL24 SO1_DATA1 AP6 TS1_IN_SYNC AB32
RTC_VDD_BAT 3V3  AL25 SO1_DATA2 AM6 TS1_IN_VLD AC30
RTC_VSS AK24 SO1_DATA3 ANG UARTO_CTS B14
RTC_XTAL_DISC AN25 SO1_DATA4 ALG UARTO_DCD B12
RTC_XTAL_IN AP24 SO1_DATAS ALS UARTO_DSR ci4
RTC_XTAL_OUT AP25 SO1_LRCLK AK6 UARTO_DTR c13
SCARD_CLK A16 SO1_MCLK AP5 UARTO_RTS B13
SCARD_CTLO c15 SO1_SPDIF AM5 UARTO_RX Al4
SCARD_CTL1 D16 TDMX_GPI100 AB30 UARTO_TX A13
SCARD_CTL2 E16 TDMX_GP101 AB31 UART1_CTS c12
SCARD_FC# B16 TEST E10 UART1_DCD c11
SCARD_IO A15 TSO_CLK AF34 UART1_DSR B11
SCARD_RST B15 TSO_IN_DO AE33 UART1_DTR c10
SI0_BCLK AN7 TSO_IN_D1 AF33 UART1_RTS B10
SI0_DATA AP7 TSO_IN_D2 AE32 UART1_RX A12
SI0_LRCLK AL7 TSO_IN_D3 AF32 UART1_TX All
SI0_SPDIF AM7 TSO_IN_D4 AE31 USB20_ATEST AN23
SI1_BCLK AL8 TSO_IN_D5 AF31 USB20_DM_0 AP21
SI1_DATA AMS TSO_IN_D6 AE30 USB20_DM_1 AP22
SI1_LRCLK AK7 TSO_IN_D7 AF30 USB20_DP_0 AN21
SI1_SPDIF AKS TSO_IN_SYNC AE34 USB20_DP_1 AN22
SO0_BCLK AP3 TSO_IN_VLD AD30 USB20_REXT AN20
SO0_DATA1 AP4 TS1_CLK AC34 gSBZO_VDDAC_3V AL22
SO0_DATA2 AN3 TS1_IN_DO AD34

USB20_VDDAT 0_3 AM20

SO0_DATA3 AN4 TS1_IN_D1 AB33 v3
SO0_DATA4 AM4 TS1_IN_D2 AC33 3§BZO—VDDAT—O—3 AM21
SO0_DATAS AL4 TS1_IN_D3 AD33

USB20_VDDAT_1_3 AM22
V3

SOO0_LRCLK AN2 TS1_IN_D4 AC32
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Pin Name Id Pin Name 1d Pin Name Id
USB20_VDDAT_1_3 AM23 VDD_1V2 G16 VvDD_2V5 T29
V3

VDD_1V2 G19 VvDD_2V5 u29
USB20_VSSAC AL21

VDD_1V2 G20 vDD_3V3 AA29
USB20_VSSAT_O AK20

VDD_1V2 G21 vDD_3V3 AA6
USB20_VSSAT_0O AK21

VDD_1V2 G23 VvDD_3V3 AB29
USB20_VSSAT_0O AL20

VDD_1V2 G24 VDD_3V3 AB6
USB20_VSSAT_1 AK22

VDD_1V2 G27 vDD_3V3 AE29
USB20_VSSAT_1 AK23

VDD_1V2 G8 VvDD_3V3 AE6
USB20_VSSAT_1 AL23

VDD_1V2 H28 VvDD_3V3 AF29
uUsB20_XI AP20

VDD_1V2 H7 VvDD_3V3 AF6
USB20_XO AP19

VDD_1V2 L28 VDD_3V3 AH29
VCXOO0_IN Cc9

VDD_1V2 L7 VDD_3V3 AJ10
VCXO1_IN c8

VDD_1V2 M28 VDD_3V3 AJ13
VDD_1V2 AC28

VDD_1V2 M7 vDD_3V3 All4
VDD_1V2 AC7

VDD_1V2 R28 vDD_3V3 AJ1l7
VDD_1V2 AD28

VDD_1V2 R7 vDD_3V3 AJ18
VDD_1V2 AD7

VDD_1V2 T28 VDD_3V3 AJ21
VDD_1V2 AG28

VDD_1V2 T7 VDD_3V3 AJ22
VDD_1V2 AG7

VDD_1V2 w28 VDD_3V3 AJ25
VDD_1V2 AH11

VDD_1V2 W7 VvDD_3V3 AJ26
VDD_1V2 AH12

VDD_1V2 Y28 vDD_3V3 AJ28
VDD_1V2 AH15

VDD_1V2 Y7 vDD_3V3 AJ9
VDD_1V2 AH16

VDD_2V5 F22 VDD_3V3 F10
VDD_1V2 AH19

VDD_2V5 F23 VDD_3V3 F13
VDD_1V2 AH20

VDD_2V5 F25 VDD_3V3 F14
VDD_1V2 AH23

VDD_2V5 F27 vDD_3V3 F17
VDD_1V2 AH24

VvDD_2V5 F29 vDD_3V3 F18
VDD_1V2 AH27

VvDD_2V5 H29 vDD_3V3 F7
VDD_1V2 AH8

VDD_2V5 K29 VDD_3V3 F9
VDD_1V2 G11

VDD_2V5 M29 VDD_3V3 G6
VDD_1V2 G12

VDD_2V5 P29 vDD_3V3 J6
VDD_1V2 G15
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VDD_3V3 K6 VIO_P27 L4 VOO_HS V1
VDD_3V3 N6 VIO_P28 L3 VOO_PO w3
VDD_3V3 P6 VIO_P29 M5 VOO_P1 V4
VDD_3V3 U6 VIO_P3 E2 VOO_P10 R4
VDD_3V3 V6 VIO_P30 M4 VOO_P11 R3
VDD_PLLO_1V2 D12 VIO_P31 M3 VOO_P12 R2
VDD_PLL1_3V3 D13 VIO_P4 E1l VOO_P13 R1
VDD_PLL2_3V3 D14 VIO_P5 F5 VOO_P14 P5
VDD_PLL3_3V3 D15 VIO_P6 F4 VOO_P15 P4
VI0_CLK K1 VIO_P7 F3 VOO_P16 P3
VIO_HS J2 VIO_P8 F2 VOO_P17 P2
VIO_PO D2 VIO_P9 F1 VOO_P18 P1
VIO_P1 D1 VIO_VLD K2 VOO_P19 N5
VIO_P10 G5 VIO_VS Ji VOO_P2 V3
VIO_P11 G4 VI1_CLK A3 VOO_P20 N4
VIO_P12 G3 VI1_HS B3 VOO_P21 N3
VIO_P13 G2 VI1_PO A2 VOO_P22 N2
VIO_P14 G1 VI1_P1 B2 VOO_P23 N1
VIO_P15 H5 VI1_P2 C3 VOO0_P3 u4
VIO_P16 H4 VI1_P3 C4 VOO_P4 u3
VIO_P17 H3 VI1_P4 Bl VOO_P5 T4
VIO_P18 H2 VI1_P5 C1 VOO_P6 T3
VIO_P19 H1 VI1_P6 Cc2 VOO_P7 T2
VIO_P2 E3 VI1_P7 D3 VOO0_P8 T1
VI0_P20 J5 VI1_VLD B4 VOO0_P9 R5
VIO_P21 J4 VI1_VS A4 VOO_VLD u2
VI0_P22 J3 VI2_CLK M1 VOO_VS V2
VI0_P23 K5 VI2_HS L2 VO1_AVDD AG4
VIO_P24 K4 VI2_VLD M2 VO1_AVDD_U AJ2
VIO_P25 K3 VI2_VS L1 VO1_AVDD_V AH2
VIO_P26 LS VOO_CLK Ul VO1_AVDD_Y AG2
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VO1_AVSS AG5 VSs AA7 VSSs AJ20
VO1_AVSS_U AJ3 VSSs AB28 VSs AJ23
VO1_AVSS_V AH3 VSS AB7 VSS AJ24
VO1_AVSS_Y AG3 VSS AC29 VSS AJ27
VO1_RSET AH4 VSS AC6 VSS AJ29
VO1_U AJl VSSs AD29 VSSs AJ6
VO1_V AH1 VSs AD6 VSSs AJ7
VO1_VREF AH5 VSS AE28 VSS AJ8
VO1.Y AG1 VSS AE7 VSS F11
VO2_AVDD AK4 VSS AF28 VSS F12
VO2_AVDD_U AM2 VSS AF7 VSS F15
VO2_AVDD_V AL2 VSS AG29 VSS F16
VO2_AVDD_Y AK2 VSS AG6 VSS F19
VO2_AVSS AK5 VSS AH10 VSS F20
VO2_AVSS_U AM3 VSS AH13 VSS F21
VO2_AVSS_V AL3 VSS AH14 VSS F24
VO2_AVSS_Y AK3 VSS AH17 VSS F26
VO2_RSET A4 VSS AH18 VSS F6
VvVO2_U AM1 VSS AH21 VSS F8
VvO2_V AL1 VSS AH22 VSS G10
VO2_VREF AJ5 VSS AH25 VSS G13
vO2_Y AK1 VSS AH26 VSS Gl4
VSS AA14 VSS AH28 VSS G17
VSS AA15 VSSs AH6 VSSs G18
VSS AA16 VSS AH7 VSS G22
VSS AA17 VSS AH9 VSS G25
VSS AA18 VSS AJll VSS G26
VSS AA19 VSS AJ12 VSS G28
VSS AA20 VSs AJ15 VSs G7
VSS AA21 VSS AJ16 VSS G9
VSS AA28 VSSs AJ19 VSS H6
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Pin Name Id Pin Name Id Pin Name Id
VSS J28 VSS T15 VSS w16
VSS J29 VSS T16 VSS w17
VSS J7 VSS T17 VSS w18
VSS K28 VSS T18 VSS W19
VSS K7 VSS T19 VSS W20
VSS L6 VSS T20 VSS w21
VSS M6 VSS T21 VSS w29
VSS N28 VSS T6 VSS W6
VSS N29 VSS ul4 VSS Y14
VSS N7 VSS uls VSS Y15
VSS P14 VSS ul6 VSS Y16
VSS P15 VSS u17 VSS Y17
VSS P16 VSS u1s8 VSS Y18
VSS P17 VSS ul1l9 VSS Y19
VSS P18 VSS u20 VSS Y20
VSS P19 VSS u21 VSS Y21
VSS P20 VSS u28 VSS Y29
VSS P21 VSS u7 VSS Y6
VSS P28 VSS V14 VSS_PLLO E12
VSS P7 VSS V15 VSS_PLL1 E13
VSS R14 VSS V16 VSS_PLL2 E14
VSS R15 VSS V17 VSS_PLL3 E15
VSS R16 VSS V18 XTAL_BUF B9
VSS R17 VSS V19 XTAL_DISC E11
VSS R18 VSS V20 XTAL_IN Al10
VSS R19 VSS V21 XTAL_OUT A9
VSS R20 VSS V28
VSS R21 VSS V29
VSS R29 VSS V7
VSS R6 VSS w14
VSS T14 VSS W15
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11.4.1 UART Shared Pins

Table 11-1 Shared pin descriptions

Alternate Alternate
Pin Name Ball ID Direction Description Function Function
UART1_RX Al12 B UART 1 receive EJ_TDI. Test GPI100
data input data input (TDI)
for the EJTAG
TAP.
UART1_CTS Ci12 B UART 1 clear to EJ_TMS. Test GPIO1
send. Flow con- mode select
trol signal. input (TMS) for
the EJTAG TAP.
UART1_DSR B11 B UART 1 data set EJ_TRST_N. GPI102
ready. Data set Active-low Test
status signal. Reset Input
(TRST) for the
EJTAG TAP. At
power-up, the
assertion of
EJ_TRST_N
causes the TAP
controller to be
reset.
UART1_DCD Cl1i B UART 1 data car- EJ_TCK. Test GPI103
rier detect. Data clock input (TCK)
set status signal. for the EJTAG
TAP.
UART1_TX All B UART 1 transmit GP104
data output
UART1_RTS B10 B UART 1 request EJ_TDO. Test GPIO5
to send. Flow data output
control signal. (TDO) for the
EJTAG TAP.
UART1_DTR C10 B UART 1 data ter- GPI10O6
minal ready.
Data terminal
status signal.
UARTO_RX Al4 B UART O receive GPIOO
data input
UARTO_CTS B14 B UART O clear to GPIO1
send. Flow con-
trol signal.
UARTO_DSR Cci14 B UART O data set GPI102
ready. Data set
status signal.
UARTO_DCD B12 B UART O data car- GPIO3
rier detect. Data
set status signal.
UARTO_TX A13 B UART O transmit GPI104

data output
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Table 11-1 Shared pin descriptions (Continued)

Alternate Alternate
Pin Name Ball ID Direction Description Function Function
UARTO_RTS B13 B UART 0 request GPI105
to send. Flow
control signal.
UARTO_DTR C13 B UART O data ter- GP106

minal ready.
Data terminal
status signal.

11.4.2 GPIO Shared Pins

Alternate functions: When an alternate function is enabled (e.g Master 12C), the corre-
sponding pins (e.g. GPIO[1] and GPIO[Q]) are routed to a dedicated hardware block and
can no longer be used as GPIOs. There are five fixed-pin alternate functions (PWMO,

PWM1, FIP, 12C Slave and I°C Master) which can be independently enabled.

Selectable inputs: These are input functions only (e.g. PCI interrupt input A). They are
pre-assigned to apin at reset, but can be re-assigned to another pin using the control regis-
ter. The pin should have the GPIO function, and be programmed as an input. The following

figure shows the GPIO alternate function and selectable inputsin detail:

GPIO

Alternate Function

Selectable Inputs

15

PWM Generator 0

14

PWM Generator 1

13
12

IR
[N

=
o

Infrared Remote Input

(PCI) Interrupt Input D

(PCI) Interrupt Input C

(PCI) Interrupt Input B

(PCI) Interrupt Input A

Slave I’C

sda

sck

clk

sth

Front Panel Interface

dout

din

Ol | N W] ] O] O] N| ]| ©

Master I°C

sda

sck
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11.4.2.1 GPIO and FIP, IR and I2C Shared Pins

Table 11-2 GPIO shared pin description

Pin Name Ball ID Direction Alternate Function

GPI102 C5 B FIP serial data input

GPIO3 D5 B FIP serial data output

GP104 D4 B FIP data strobe

GPI105 E4 B FIP serial 1/0 clock

GPI1012 B7 B Infrared decoder. Default pin assigned to the IR

decoder input function (may be mapped to any
other GPIO pin under the software control).

GPIOO A5 B 12CM_SCL. 12C master interface serial clock.
GPIO1 B5 B 12CM_SDA. I12C master interface serial data.
GPIO6 E5 B 12CS_SCL. 1%C slave interface serial clock.
GPIO7 B6 B 12CS_SDA. 12C slave interface serial data.

11.4.2.2 GPIO and Ethernet Shared Pins

Table 11-3 Ethernet pin descriptions

Pin name Ball 1D Direction Alternate Function

GPIOO AAl B ETH_TXCLK. Ethernet transmit clock.
GPIO1 AA2 B ETH_TX_EN. Ethernet transmit enable.
GPI102 Y3 B ETH_TXDO. Ethernet transmit data O.
GPI103 Y2 B ETH_TXD1. Ethernet transmit data 1.
GPI104 Y1l B ETH_TXD2. Ethernet transmit data 2.
GPI0O5 W1 B ETH_TXD3. Ethernet transmit data 3.
GPI106 AC2 B ETH_RXCLK. Ethernet receive clock.
GPI107 AE1 B ETH_RX_DV. Ethernet receive data valid.
GPI108 AF1 B ETH_RX_ER. Ethernet receive error.
GPI09 AC1 B ETH_RXDO. Ethernet receive data O.
GPI1010 AB3 B ETH_RXD1. Ethernet receive data 1.
GPIO11 AB2 B ETH_RXD2. Ethernet receive data 2.
GPI1012 AB1 B ETH_RXD3. Ethernet receive data 3.
GP1013 AA3 B ETH_CRS. Ethernet carrier sense.
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Table 11-3 Ethernet pin descriptions (Continued)

Pin name Ball 1D Direction Alternate Function

GP1014 AC3 B ETH_COL. Ethernet collision detect.

GPI1015 AD1 B ETH_MDC. Ethernet management data clock.
GPIO16 Y4 B ETH_MDIO. Ethernet management data 1/0.
GP1017 AA5 B ETH_MDINT#. Ethernet management interrupt.

11.5 Miscellaneous Pins

11.5.3 Miscellaneous Pins

Table 11-4 Miscellaneous pin descriptions

Pin Name Ball ID Direction Description
NC Al - No connect
NC A34 - No connect
NC AA4 - No connect
NC AK25 - No connect
NC w2 - No connect
NC W32 - No connect
NC w33 - No connect
NC w34 - No connect
NC Y5 - No connect
NC Y30 - No connect
NC Y31 - No connect
NC Y32 - No connect
NC Y33 - No connect
NC Y34 - No connect
NC AA30 - No connect
NC AA31 - No connect
NC AA32 - No connect
NC AA33 - No connect
NC AA34 - No connect
NC AB34 - No connect
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Table 11-4 Miscellaneous pin descriptions (Continued)

Pin Name Ball 1D Direction Description

NC AK26 - No connect

NC AK27 - No connect

NC AK28 - No connect

NC AL26 - No connect

NC AM26 - No connect

NC AN26 - No connect

NC AP1 - No connect

NC AP26 - No connect

NC AP34 - No connect

RESET# A8 1 Device reset input. Active low.
RTC_TEST W3 1 Used for manufacturing purposes only
TEST E10 1 Test mode input. Tie to VSS for normal operation.
XTAL_DISC E11 1 Used for manufacturing purposes only
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12 System Specifications

12.1 Electrical Specifications

12.1.1 Absolute Maximum Ratings

Table 12-1 Absolute maximum ratings

Parameter Symbol Unit Minimum Maximum
DC supply voltage vDD_1V2 \% 1.50
DC supply voltage VDD_2V5 \ 5.50
DC supply voltage VDD_3V3 \% 5.50
DC input voltage Vimax \ -0.30 5.50
Storage temperature Tste Oc -40 125

12.1.2 Recommended Operating Conditions

Table 12-2 Recommended operating conditions

Parameter Symbol Unit Minimum Nominal Maximum
DC supply voltage VDD_1V2 \% 1.08 1.2 1.26

DC supply voltage® VDD_2V5 V 2.5 2.6 2.7

DC supply voltage VDD_3V3 \% 3 3.3 3.6
Operating ambient temperature Tame Oc 0 70

1. The voltages listed represent values when using DDR-400 DRAMs. When using DDR-333 DRAM devices
the minimum, nominal and maximum voltage values are 2.3, 2.5 and 2.7 volts respectively.
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12.2 Power Consumption
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The table below provides consolidated test and simulation results for the typical current
requirements for the various SMP8634 power supply rails under typical operating condi-
tions. These figures are not represented as worst-case, since system profiles with higher
overall activity levels could be created. Also, the measurements were obtai ned with nomi-
nal supply voltage on ‘typical’ process chips at room temperature. When designing system
power supplies and performing thermal analysis, a reasonable margin should be added to
these values.

Table 12-3 SMP8634 power consumption data

Power Input Typical Value Typical Value Notes
1.2V (Logic Core) 1400 mA 1,2
2.6V (SSTL2 DDR) 170 mA 1,3,6
3.3V (Digital 1/0) 300 mA 1,4
3.3V (Video DACs) 80/160 mA 4,7
3.3V (USB MAC + PHY) 65 mA 4,8
3.0V (RTC) 20 uA 5,9

Notes

1. The SMP8634 decoding dual HD (1080i) MPEG-2, single AC-3 audio, transport
demux active, main CPU and XPU active, DDR clock frequency are = 200MHz, and
the CPU and the system clock frequency are = 300MHz.

2. Nominal voltage = 1.20V.

3. Nomina voltage = 2.60V

4. Nomina voltage = 3.30V.

5. Nominal voltage = 3.00V.

6. The SMP8634 driving 4 16Mx16 DDR400 DRAMSs (power consumed by DDR chips
not included).

7. 105mA for one 3-DAC video output block enabled; 210mA for both 3-DAC analog
video output blocks enabled. Typical average picture levels assumed with all outputs
double-terminated.

8. Two transceivers configured as host and device. Result represents average power con-
sumption with 1us-test packets transmitted and an inter packet delay (idle time) of
8.5us. Nominal process and voltage, temperature = 75°C.

9. Simulated over WC process, voltage and temperature.
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12.3 Power Supply Sequencing

In order to minimize excessive current flow through the device 10 cells during power-up,
and to eliminate the possibility of latch-up, the power supply sequencing guidelines shown
in the figure below should be observed.

10 ms
- > < 3.6V

DD_3V3 3.0V

2.7V
VDD_2V5
/_-
2.5V (2.3V)*

1.26V

1.08V

0.7V

0.1V

Figure 12-1 Power supply sequencing

1. ldedly, VDD_3V3and VDD_2V5 should exceed VDD_1V?2 at all times as the sup-
plies are ramping up, and be within the range of 0.1V-0.7V (gray region in the above
figure).

2. TheruleVDD_3V3>VDD_1V2andVDD_2V5>VDD_1V2 may berelaxed aslong

as both supplies ramp up through the 0.1V to 0.7V region in 250 microseconds or less,
and VDD_1V2 at no time exceeds VDD_3V3 or VDD_2V5 by more than 0.5V.

3. VDD_3V3and VDD_1V2 should each reach their specified operating ranges within
10 millisecond of each other.

Note: 2.5V is minimum VDD spec for DRAM devices with nominal VDD_2V5 voltage of 2.6V and 2.3V is
minimum VDD spec for DRAM devices with nominal VDD_2V5 voltage of 2.5V.
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12.3.3 Listing of Ground Pins (VSS)

The following table lists the SMP8634 ground pins:

Table 12-4 Ground pins (VSS)

Pin Name Ball ID Direction Description
VSS F6 | Ground. Zero volt reference for 1.2, 2.5 and
3.3V supplies

VSS F8 1 Ground

VSS F11 | Ground

VSS F12 | Ground

VSS F15 | Ground

VSS F16 1 Ground

VSS F19 1 Ground

VSS F20 1 Ground

VSS F21 | Ground

VSS F24 | Ground

VSS F26 | Ground

VSS G7 1 Ground

VSS G9 1 Ground

VSS G10 1 Ground

VSS G13 | Ground

VSS Gl4 | Ground

VSS G17 | Ground

VSS G18 1 Ground

VSS G22 1 Ground

VSS G25 1 Ground

VSS G26 | Ground

VSS G28 | Ground

VSS H6 1 Ground

VSS J7 1 Ground

VSS J28 1 Ground

VSS J29 1 Ground

VSS K7 1 Ground

420 Sigma Designs Confidential



[ MULTI

12: System Specifications

HD

Table 12-4 Ground pins (VSS) (Continued)

VSS K28 Ground
VSS L6 Ground
VSS M6 Ground
VSS N7 Ground
VSS N28 Ground
VSS N29 Ground
VSS P7 Ground
VSS P14 Ground
VSS P15 Ground
VSS P16 Ground
VSS P17 Ground
VSS P18 Ground
VSS P19 Ground
VSS P20 Ground
VSS P21 Ground
VSS P28 Ground
VSS R6 Ground
VSS R14 Ground
VSS R15 Ground
VSS R16 Ground
VSS R17 Ground
VSS R18 Ground
VSS R19 Ground
VSS R20 Ground
VSS R21 Ground
VSS R29 Ground
VSS T6 Ground
VSS T14 Ground
VSS T15 Ground
VSS T16 Ground
VSS T17 Ground
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Table 12-4 Ground pins (VSS) (Continued)

VSS T18 Ground
VSS T19 Ground
VSS T20 Ground
VSS T21 Ground
VSS u7 Ground
VSS ui4 Ground
VSS uis Ground
VSS ule Ground
VSS u17 Ground
VSS uis Ground
VSS ui9 Ground
VSS u20 Ground
VSS u21 Ground
VSS u28 Ground
VSS V7 Ground
VSS Vi4 Ground
VSS V15 Ground
VSS V16 Ground
VSS V17 Ground
VSS V18 Ground
VSS V19 Ground
VSS V20 Ground
VSS V21 Ground
VSS V28 Ground
VSS V29 Ground
VSS w6 Ground
VSS w14 Ground
VSS w15 Ground
VSS W16 Ground
VSS w17 Ground
VSS w18 Ground
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Table 12-4 Ground pins (VSS) (Continued)

VSS w19 Ground
VSS w20 Ground
VSS w21 Ground
VSS w29 Ground
VSS Y6 Ground
VSS Y14 Ground
VSS Y15 Ground
VSS Y16 Ground
VSS Y17 Ground
VSS Y18 Ground
VSS Y19 Ground
VSS Y20 Ground
VSS Y21 Ground
VSS Y29 Ground
VSS AA7 Ground
VSS AAl4 Ground
VSS AA15 Ground
VSS AAl16 Ground
VSS AA17 Ground
VSS AA18 Ground
VSS AA19 Ground
VSS AA20 Ground
VSS AA21 Ground
VSS AA28 Ground
VSS AB7 Ground
VSS AB28 Ground
VSS AC6 Ground
VSS AC29 Ground
VSS AD6 Ground
VSS AD29 Ground
VSS AE7 Ground
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Table 12-4 Ground pins (VSS) (Continued)

VSS AE28 Ground
VSS AF7 Ground
VSS AF28 Ground
VSS AG6 Ground
VSS AG29 Ground
VSS AH6 Ground
VSS AH7 Ground
VSS AH9 Ground
VSS AH10 Ground
VSS AH13 Ground
VSS AH14 Ground
VSS AH17 Ground
VSS AH18 Ground
VSS AH21 Ground
VSS AH22 Ground
VSS AH25 Ground
VSS AH26 Ground
VSS AH28 Ground
VSS AJ6 Ground
VSS AJ7 Ground
VSS AJ8 Ground
VSS AJll Ground
VSS AJ12 Ground
VSS AJ15 Ground
VSS AJ16 Ground
VSS AJ19 Ground
VSS AJ20 Ground
VSS AJ23 Ground
VSS AJ24 Ground
VSS AJ27 Ground
VSS AJ29 Ground
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Table 12-4 Ground pins (VSS) (Continued)

VSS_PLL3 E12 1 Ground. Dedicated connection for PLL#3
VSS_PLL2 E13 ] Ground. Dedicated connection for PLL#2
VSS _PLL1 E14 ] Ground. Dedicated connection for PLL#1
VSS_PLLO E15 ] Ground. Dedicated connection for PLL#0

12.3.4 Volt Power Rail

12.3.4.1 1.2V Power Rail

Table 12-5 1.2V power rail (VDD_1V2)

Pin Name Ball ID Direction Description

VDD_1V2 G8 | 1.2V (nominal) power supply
VDD_1V2 G11 | 1.2V (nominal) power supply
VDD_1V2 G12 | 1.2V (nominal) power supply
VDD_1V2 G15 | 1.2V (nominal) power supply
VDD_1V2 G16 | 1.2V (nominal) power supply
VDD_1V2 G19 | 1.2V (nominal) power supply
VDD_1V2 G20 | 1.2V (nominal) power supply
VDD_1V2 G21 | 1.2V (nominal) power supply
VDD_1V2 G23 | 1.2V (nominal) power supply
VDD_1Vv2 G24 | 1.2V (nominal) power supply
VDD_1V2 G27 | 1.2V (nominal) power supply
VDD_1V2 H7 | 1.2V (nominal) power supply
VDD_1Vv2 H28 | 1.2V (nominal) power supply
VDD_1Vv2 L7 | 1.2V (nominal) power supply
VDD_1V2 L28 | 1.2V (nominal) power supply
VDD_1V2 M7 | 1.2V (nominal) power supply
VDD_1V2 M28 | 1.2V (nominal) power supply
VDD_1V2 R7 | 1.2V (nominal) power supply
VDD_1Vv2 R28 | 1.2V (nominal) power supply
VDD_1V2 T7 | 1.2V (nominal) power supply
VDD_1V2 T28 | 1.2V (nominal) power supply
VDD_1V2 w7 | 1.2V (nominal) power supply
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Table 12-5 1.2V power rail (VDD_1V2) (Continued)

Pin Name Ball ID Direction Description

VDD_1V2 w28 | 1.2V (nominal) power supply
VDD_1V2 Y7 | 1.2V (nominal) power supply
VDD_1V2 Y28 | 1.2V (nominal) power supply
VDD_1V2 AC7 | 1.2V (nominal) power supply
VDD_1V2 AC28 | 1.2V (nominal) power supply
VDD_1V2 AD7 | 1.2V (nominal) power supply
VDD_1V2 AD28 | 1.2V (nominal) power supply
VDD_1V2 AG7 | 1.2V (nominal) power supply
VDD_1V2 AG28 | 1.2V (nominal) power supply
VDD_1V2 AH8 | 1.2V (nominal) power supply
VDD_1V2 AH11 | 1.2V (nominal) power supply
VDD_1V2 AH12 | 1.2V (nominal) power supply
VDD_1V2 AH15 | 1.2V (nominal) power supply
VDD_1V2 AH16 1 1.2V (nominal) power supply
VDD_1V2 AH19 1 1.2V (nominal) power supply
VDD_1V2 AH20 1 1.2V (nominal) power supply
VDD_1V2 AH23 | 1.2V (nominal) power supply
VDD_1V2 AH24 | 1.2V (nominal) power supply
VDD_1V2 AH27 | 1.2V (nominal) power supply
VDD_PLLO_1V2 D12 | 1.2V (nominal) power supply. Dedicated power

connection for PLL#0.
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12.3.4.2 2.5V Power Rail

The VDD _2V5 powers the SSTL-2 1/0O signals which form the DDR DRAM interfaces.
Nominal voltage for this supply is 2.6V when using DDR400 DRAMSss (system clock fre-
guency = 200MHz).

Table 12-6 2.5V power rail (VDD_2V5)

Pin Name Ball ID Direction Description

VDD_2V5 F22 1 2.5/2.6V (nominal) power supply
VvDD_2V5 F23 1 2.5/2.6V (nominal) power supply
VvDD_2V5 F25 1 2.5/2.6V (nominal) power supply
VvDD_2V5 F27 1 2.5/2.6V (nominal) power supply
VDD_2V5 F29 1 2.5/2.6V (nominal) power supply
VDD_2V5 H29 1 2.5/2.6V (nominal) power supply
VDD_2V5 K29 1 2.5/2.6V (nominal) power supply
VvDD_2V5 M29 1 2.5/2.6V (nominal) power supply
VvDD_2V5 P29 1 2.5/2.6V (nominal) power supply
VvDD_2V5 T29 1 2.5/2.6V (nominal) power supply
VDD_2V5 u29 1 2.5/2.6V (nominal) power supply

12.3.4.3 3.3V Power Rail

Table 12-7 3.3V power rail (VDD_3V3)

Pin Name Ball ID Direction Description

VDD_3V3 F7 1 3.3V (nominal) power supply
VDD_3V3 F9 1 3.3V (nominal) power supply
VDD_3V3 F10 1 3.3V (nominal) power supply
VvDD_3V3 F13 1 3.3V (nominal) power supply
vDD_3V3 F14 1 3.3V (nominal) power supply
VvDD_3V3 F17 1 3.3V (nominal) power supply
VDD_3V3 F18 1 3.3V (nominal) power supply
VDD_3V3 G6 1 3.3V (nominal) power supply
VDD_3V3 J6 1 3.3V (nominal) power supply
VvDD_3V3 K6 1 3.3V (nominal) power supply
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Table 12-7 3.3V power rail (VDD_3V3) (Continued)

Pin Name Ball ID Direction Description

VDD_3V3 N6 1 3.3V (nominal) power supply

VDD_3V3 P6 1 3.3V (nominal) power supply

VDD_3V3 ué 1 3.3V (nominal) power supply

VDD_3V3 V6 1 3.3V (nominal) power supply

VDD_3V3 AA6 1 3.3V (nominal) power supply

VDD_3V3 AA29 1 3.3V (nominal) power supply

VDD_3V3 AB6 1 3.3V (nominal) power supply

VDD_3V3 AB29 1 3.3V (nominal) power supply

VDD_3V3 AE6 1 3.3V (nominal) power supply

VDD_3V3 AE29 1 3.3V (nominal) power supply

VDD_3V3 AF6 1 3.3V (nominal) power supply

VDD_3V3 AF29 1 3.3V (nominal) power supply

VDD_3V3 AH29 1 3.3V (nominal) power supply

VDD_3V3 AJ9 1 3.3V (nominal) power supply

VDD_3V3 AJ10 1 3.3V (nominal) power supply

VDD_3V3 AJ13 1 3.3V (nominal) power supply

VDD_3V3 AJl4 1 3.3V (nominal) power supply

VDD_3V3 AJ17 1 3.3V (nominal) power supply

VDD_3V3 AJ18 1 3.3V (nominal) power supply

VDD_3V3 AJ21 1 3.3V (nominal) power supply

VDD_3V3 AJ22 1 3.3V (nominal) power supply

VDD_3V3 AJ25 1 3.3V (nominal) power supply

VDD_3V3 AJ26 1 3.3V (nominal) power supply

VDD_3V3 AJ28 1 3.3V (nominal) power supply

VDD_PLL1_3V3 D13 1 3.3V (nominal) power supply Dedicated power

connection for PLL#1.
VDD_PLL2_3V3 D14 1 3.3V (nominal) power supply. Dedicated power
connection for PLL#2.
VDD_PLL3_3V3 D15 1 3.3V (nominal) power supply. Dedicated power

connection for PLL#3.
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12.4 Thermal Specifications

12.4.1 Package Thermal Characteristics

Table 12-8 Package thermal characteristics

Parameter Symbol Unit Typical Condition

Thermal resistance, junction to ambient Theta J-A Oc/w 16.6°C/W Oom/s airflow
Thermal resistance, junction to ambient Theta J-A Oc/w 149¢C/wW 1m/s airflow
Thermal resistance, junction to ambient Theta J-A Oc/w 13.1%c/w 2m/s airflow
Thermal resistance, junction to case Theta J-C Oc/w 5.1%Cc/w Oom/s airflow

12.5 Mechanical Specifications

12.5.1 Package Specifications

Symbaol Common Dimensions
Package : FPBGA
Body Size: : EE} %g 8%8
Ball Pitch : : :E E '008
Total Thickness : 2.280 +0.130
Mold Thickness : A3 1.170 Ref.
Substrate Thickness : A2 0.810 Ref.
Ball Diometer : 0.600
Stond OFf : Al 0.400 ~ 0.600
Ball Width : b 0.500 ~  0.700
Mold Area : 3 M 30:000 REF:
Chamfer CA 4,000 Ref.
Pockage Edge Tolerance : aga 0.200
Substrate Flatness : bbb 0.250
Mold Flatness : cce 0.350
Coplanarity: ddd 0.200
Ball Offset (Package) : eee 0.250
Ball Offset {Ball) : fff 0.100
Ball Count : n 820
Edge Ball Center to Center : $ E.} :;:;ggg
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12.5.2 Package Drawings
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Figure 12-2 Package diagram - top view (820 BGA)
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Figure 12-3 Package diagram - bottom view (820 BGA)
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13 Appendix

13.1 SMP8634 DDR System Implementation Guidelines

The SMP8634 Secure Media Processor utilizes state-of-the art technology to integrate vir-
tually all of the processing functions required for typica set-top box (STB) applications
into a single system-on-chip semiconductor device. The SMP8634 incorporates seven
independent processors and numerous hardware functiona blocks, all requiring high-
bandwidth low-latency access to memory areas of various size and function. In the
SMP8634, these memory requirements are aggregated into a“unified” memory architec-
ture based on commodity DRAM devices external to the chip. To provide adequate total
memory bandwidth, the unified memory isimplemented as two separate 32-bit DDR sub-
systems, each having an identical but separate controller on the chip.

Since DDR devices using a 200MHz clock (“DDR400") are used, the memory architec-
ture provides a theoretical peak bandwidth of:

2 (controllers) * 4 (bytes/controller) * 400 (Mtransfers/sec) = 3.2 Gbytes/sec

Thisarchitecture presents several challengesto reliable operation of the complete memory
system.

First, DDR400 memory technology is characterized by very tight timing requirements.
Thetiming “budgets’ alow very little margin for error. As aresult, every aspect of mem-
ory system design MUST be carefully planned and implemented, or the memory system
may have insufficient margin and be prone to errors.

Secondly, with two independent controllers on the SOC, the patterns of overall DRAM
activity become more complex. For example, read and write operations can occur simulta-
neously, creating possibilities for channel-to-channel coupling and similar effects which
cannot occur in asingle DRAM architecture.

SigmaDesigns hasinvested considerabl e effort in understanding the various factors which
bear on memory system integrity, and learning techniques to maximize margin. It isthe
goal of this document to share our findings on these topics.
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Note: In this document, the SSTL-2 power supply is named VDD_2V5, even though its nominal voltage
with DDR400 speed DRAMs is 2.60V.

®*  Whenever DDR400 DRAMSs are used, the VDD _2V5 supply should have a nominal
value of 2.60V, and the Vref should be 50% of VDD _2V5, or 1.3V nominal.

®*  When DDR333 speed DRAMs are used (FMEMCK = 166MHz), the VDD_2V5 sup-
ply should be set to 2.50V, and the Vref should be 50% or 1.25V nominal.

13.1.1 Layout Topology

The physical placement of the DDR DRAMS and decoupling components in relation to
the media processor has been shown to have a significant impact on the level of perfor-
mance and margin of the memory system. Sigma Designs recommends that the layout of
the DDR system as embodied in the “Vantage’ reference design be followed as much as
possible. The general configuration shown in the following figure is recommended:
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Figure 13-1 General recommended DRAM/SOC placement
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Key features of thistopology include the following:

* All datasignals (DQ, DQS, DM) can be routed with a maximum trace length of 1500
milsor less.

® All address, command, and clock signals can be routed with a maximum trace length
of 2000 milsor less.

®  Coupling between DRAM banks 0 and 1 is minimized.

13.1.2 General Layout Rules

Each bank of memory is comprised of two memory devices. The address and command
signals are routed in adaisy chain topology, while the data group signals are routed point-
to-point. The clock pair routing is discussed in the next section.

Power (VDD_2V5) and ground planes should be continuous, without cuts, separations or
embedded traces, throughout the area containing the DDR DRAMS, associated discretes,
and the DRAM interface section of the SMP8634 ball pattern. It is preferred that the inter-
nal planes use the “flood-over-via’ technique for connecting to the vias, rather than ther-
mal relief patterns.

The memory interface signals should not be routed on any layer that is not directly adja-
cent to a common reference plane. To help reduce crosstalk, the data and data strobes
should beisolated from the address and command signals. Thisis accomplished by routing
different signal types on separate layers of the PCB.

For each DRAM bank there are four data signal groups. For all PCB tracks, shorter lengths
are always to be preferred. Within each data signal group, the following signal length
matching should be followed:

DRAMXx_D[31:24] and DRAMx_DQM3 must be matched as closely as possible to
DRAMXx_DQS3, and must not exceed 1500 mils total length.

DRAMx_D[23:16] and DRAMx_DQM2 must be matched as closely as possible to
DRAMx_DQS2, and must not exceed 1500 mils total length.

DRAMXx_DJ[15:8] and DRAMx_DQM1 must be matched as closely as possible to
DRAMx_DQS1, and must not exceed 1500 mils total length.

DRAMXx_DJ[7:0] and DRAMx_DQMO must be matched as closely as possible to
DRAMx_DQS0, and must not exceed 1500 mils total length.
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Designs should use the following PCB track width and clearance rules (all dimensionsin
mils = 0.001 inch):

Table 13-1 PCB design rules

Signal Group General Routing Within BGA Footprint
Track Width Clearance Track Width Clearance

DQSx 5 10 4 4

CK/CK# Target to 1000hm Target to 1000hm N/A N/A
differential imped- differential imped-
ance ance

All others 5 5 4 4

13.1.3 Clock and Signal Termination

The Vantage reference design includes series termination resistors on all DRAM interface
signals. All seriesresistors have avalue of 33 ohms, although the optimal value for any
given PCB design may vary somewhat. Resistor packs may be used for the address and
command signals, and also for the data (DQ) signals. Individual resistors should be used
for the differentia clock (CK, CK#) aswell asthe DQS and DM signals. The Vantage
design places the resistors approximately near the midpoint of the signal traces.

Thedifferential clock signal can be routed either as two distinct point-to-point connections
from BGA to DRAMSs (“Y” connection) or as a daisy-chained connection. The clock sig-
nals should be routed as a differential pair, i.e., asparallel traces dimensioned to result in a
nominal 100 ohm impedance. A paralel termination resistor is placed between CK and
CK# to match the clock pair impedance. If the“Y” topology is used, each branch should
be individually terminated with a 220 ohm resistor as near as possible to the receiving end
(DRAM). In the daisy-chain topology, a single 100 ohm resistor is used, again very near
the receiving end.

Checklist for clock and signal termination,

®  Seriestermination —nomina 33 ohms—isrecommended for all DRAM signals
® Optimal termination resistor values can be determined by experiment

* Differential clock signals should be routed as a differential pair, targeted for a differ-
ential impedance of 100 ohms (each clock trace 50 ohms)

* Pardlel termination of each clock differential pair should be used
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13.1.4 Power Supply Distribution

The power supply distribution system (PDS, for short) is responsible for providing power
to the system components. It consists of the power supplies themselves, plus the PCB rout-
ing and decoupling components. The high speeds involved in the DDR system make the
PDS design critical to achieving reliable operation. This section will include specific rec-
ommendations for the SSTL-2 supply rail (VDD_2V5), the ground rail (VSS) and the
SSTL-2 reference voltage.

13.1.4.1 VDD_2V5 Rail

The SSTL-2 supply rail (VDD_2V5) should be well decoupled using proper high fre-
guency bypassing techniques. Sigmarecommends the use of at least 8 high quality ceramic
SMT capacitorsin close proximity to the BGA package. Size 0603 capacitors of value
0.1uF should be adequate, but size 0402 is even better. To the degree routing will permit,
they should be placed directly underneath the BGA (the Vantage design has four directly
underneath, and several more near the perimeter of the BGA). Via-in-pad connections to
theinterna planes will yield the best performance, but in any case stub lengthsto vias
must be kept to a minimum. Use of multiple vias per capacitor lead is desirable.

The Vantage reference design uses 2 vias per VDD_2V5 ball to connect to the power sup-
ply plane of the PCB stack. Thisis recommended to reduce parasitic inductance in the
power distribution path.

Each DRAM device must aso be well decoupled. Use ceramic 0603 SMT capacitors
placed very close to the DRAM pins, directly connected through short layer-1 traces.

Checklist for VDD_2V5 PDS,

®* Useat least 8 high quality 0603 or 0402 ceramic decoupling caps for SMP8634
®*  Mount at least four directly underneath the BGA in the SSTL - interface section
® Decouple each DDR DRAM according to DRAM vendors recommendations

® |f possible, use 2 vias per BGA VDD_2V5 ball

® Usetracewidth of 20 milsor greater between ball pads and viasfor all VDD_2V5 and
V SS connections
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13.1.4.2 Vref Reference Voltage

Vref is areference voltage for the SSTL -2 signaling scheme. It has a nominal value equal
to half of the SSTL-2 supply voltage, or 1.3V nominal. It isusually created using aresis-
tive voltage divider connected between VDD_2V5 and VSS. It is very important that Vref
be kept as clean as possible. Since high frequency signal coupling is proportional to trace
length, the Vref trace should be kept short and clear of adjacent fast switching signals. In
addition, the Vref signal should be effectively decoupled to both VDD_2V5 and to VSS.

In order to keep Vref traces short, the Vantage reference design uses three separate voltage
dividers. One divider provides Vref for both DRAMs of bank 0, another supplies the
DRAMs of bank 1, and the third provides Vref to the SMP8634. Place the Vref generator
for the SMP8634 directly underneath the Vref balls of the BGA.

Each Vref generator is constructed as shown below:

VDD _2V5
1KQ 1
—— 0.1uF
1% .
Vref(1.3V)
1KQ —— 0.1uF
1%

Figure 13-2 Vref generator circuit

13.2 Licensing
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13.2.1 General Notifications

"Dolby" and the "double-D" symbol are trademarks of Dolby Laboratories. Manufactured
under license from Dolby Laboratories. This product contains one or more programs pro-
tected under international and U.S. copyright laws as unpublished works. They are confi-
dential and proprietary to Dolby Laboratories. Their reproduction or disclosure, in whole
or in part, or the production of derivative works therefrom without the express permission
of Dolby Laboratoriesis prohibited. Copyright 1993-2005 by Dolby Laboratories. All
rights reserved. Supply of this Implementation of Dolby technology does not convey a
license nor imply aright under any patent, or any other industrial or intellectual property
right of Dolby Laboratories, to use this Implementation in any finished end-user or ready-
to-use final product. It is hereby notified that alicense for such useis required from Dolby
Laboratories.
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13.2.2 3rd-party Intellectual Property Licenses

Many 3rd party intellectual property licenses are typically required before a product can go
into production. These licenses are required regardless of the chosen chip supplier. For
your convenience, we have indicated various 3rd party intellectual property licenses you
may need.

13.2.2.1 Macrovision

Prior to ordering Macrovision-enabled chips, you will need to have a Macrovision (http://
WwWw.macrovision.com) license. Before shipping each order, Sigma Designs will verify
your license with Macrovision.

13.2.2.2 Licenses that Sigma will Verify

If your product supports any of the following features, you will need to have the corre-
sponding license(s) before ordering production chips. Before providing you with a secure
"authorization token" that enablesthe desired feature(s), SigmaDesignswill ask for acopy
of the appropriate license(s) and/or verify your license(s) with licensee(s). We will again
verify your license(s) before shipping each order.

Audio

* Dolby audio decoding and /or encoding feature(s): appropriate license(s) from Dolby
(http://www.dolby.com).

® DTS audio decoding and/or decoding feature(s): appropriate license(s) from DTS
(http://www.dtsonline.com).

*  WMA and/or WMA Pro audio decoding feature(s): "Windows Media Components
Final Product Agreement" from Microsoft (http://www.microsoft.com/windows/win-
dowsmediallicensing/default.aspx).

®* ATRAC3 audio decoding feature: ATRAC3 license from Sony (http://
WWW.SoNy.com).

Video

®* WMV decoding feature; "Windows Media Components Final Product Agreement"
from Microsoft (http://www.microsoft.com/windows/windowsmedia/licensing/

default.aspx).
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Optical Media Playback

DVD-Video playback feature: CSSlicensefrom DVD CCA (http://www.dvdcca.org).
Note that you must get a DV D format/logo license from DVD FLLC before a CSS
license will be issued. You will also need to sign our CSS Microcode License Agree-
ment.

DVD-R and DVD-RW playback feature: CPRM for DVD license from 4C (http://
www.4centity.com)

DVD+R and DVD+RW playback feature: VCPS license from Philips (http://
www.licensing.philips.com)

DVD-Audio playback feature: CPPM for DVD license from 4C (http://
www.4centity.com); Audio Watermark Detector license from Verance (http://
WWW.Verance.com)

BD-ROM playback feature: AACS license from AACS LA; BD+ license from Blu-
ray Disc Association (http://www.blu-raydisc.info/); VCMSAV Detector license
from Verance (http://www.verance.com). Note that you must get a BD format/logo
license from BDA before aBD+ license will be issued.

BD-REv2 and/or BD-R playback feature: AACS license from AACS LA (http:/
Www.aacsla.com)

HD DVD-Video playback feature: AACS license from AACS LA (http://www.aac-
sla.com); VCMS/AV Detector license from Verance (http://www.verance.com)

DRM

WM DRM 10 feature: "Windows Media DRM 10 for Devices Final Product Distribu-
tion Agreement” from Microsoft (http://www.microsoft.com/windows/windowsme-
dia/licensing/default.aspx)

DTCP/IP feature: DTCP/IP license from DTLA (http://www.dtcp.com)

HDMI output feature: HDCP license from Digital Content Protection (http://
www.digital-cp.com); HDMI license from HDMI LLC (http://www.hdmi.org)

Note that since Sigma Designs only provides low-level software tools, additional applica-
tion-level software development is required to make any desired feature fully functional.
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13.2.2.3 Licenses that Sigma does not Verify

For your convenience, we also indicate other various 3rd party intellectual property
licenses you may need to obtain prior to going into production. Sigma Designs does not
verify these licenses and does not guarantee that all required licenses are listed.

®* ATSC feature: MPEG LA (http://www.mpegla.com)

® BD feature(s): Blu-ray Disc Association (http://www.blu-raydisc.info/)

* DVB-T feature: MPEG LA (http://www.mpegla.com)

®* DVD-Video feature: DVD FLLC (http://www.dvdfllc.com); DVD 6C (http://
www.dvd6cla.com); Philips (4C) (http://www.licensing.philips.com); Nissim (http:/
WWW.Ni SSim.com)

* HD DVD-Video feature: DVD FLLC (http://www.dvdfllc.com)

* JPEG feature: Forgent Networks (http://www.forgent.com)

®* MPEG audio feature(s): ViaLicensing (http://www.vialicensing.com) for MPEG-2
AAC and MPEG-4, including HE-AAC. Philips (http://www.licensing.philips.com)
for Layers| and Il for DVD players. For Layer 111 (mp3): Sisvel (http://www.Sis-
vel.com) (Philips) for non-US patents; Audio MPEG (http://www.audiompeg.com)
(Philips) for US patents; MP3 Licensing (http://www.mp3licensing.com) (Thomson)

®* MPEG-2 system and/or video feature(s): MPEG LA (http://www.mpegla.com)

®* MPEG-4.2 video feature: MPEG LA (http://www.mpeglacom); AT&T (http://
www.att.com)

* MPEG-4.10 (H.264) video feature: MPEG LA (http://www.mpegla.com); Via Licens-
ing (http://www.vialicensing.com); AT& T (http://www.mpegla.com)

* MPEG-4.1 systems feature: MPEG LA (http://www.mpegla.com)

® SMPTE 421M (VC-1) video feature: MPEG LA (http://www.mpegla.com)

* WMA, WMV9, WM DRM and/or HighMAT feature(s): "Logo Agreement" from
Microsoft (http://www.microsoft.com/windows/windowsmedia/licensing/
default.aspx)

13.2.3 Licenses and Royalty Responsibility

Licensing and any associated royalty payments for 3rd party intellectual property are the
responsibility of the customer.
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13.3 Basic Analog Video Parameters

Table 13-2 Basic analog video parameters

NTSC-M PAL-B/D/
NTSC-J G/H/1 480P 576P 720P 1080i 1080P
Frame Rate 29.97 29.97 59.94 25 59.94 29.97 59.94
(25)
HEIGHT 0x020D 0x0271 0x020D 0x0271 OX02EE 0X0465 0x0465
525 625 525 625 750 1125 1125
WIDTH 0X0D68 0x0D80 0x0D68 0x0D80 0X0672 0x0898 0x0898
3432 3456 3432 3456 1650 (0x0AS50) (0x0AS50)
2200 2200
(2640) (2640)
HSYNC1 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000
HSYNCO 0x0001 0x0001 0x0001 0x0001 0x0001 0x0001 0x0001
VSYNC_O_0_PIXEL  0x0001 0x0001 0x0001 0x0001 0x0001 0x0001 0x0001
VSYNC_O O _LINE  0x0001 0x0001 0x0001 0x0001 0x0001 0x0001 0x0001
VSYNC_O_1 PIXEL  Ox0000 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000
VSYNC_O 1 _LINE  0Ox0001 0x0001 0x0001 0x0001 0x0001 0x0001 0x0001
VSYNC_E_O_PIXEL  Ox06B5 0x06C1 - - - 0x044D -
WIDTH/2+1  WIDTH/2+1 (0x0529)
1717 1729 WIDTH/2+1
1101
(1321)
VSYNC_E_O_LINE 0x0107 0x0139 . . . 0x0233 .
263 313 563
VSYNC_E_1 PIXEL  Ox06B4 0x06C0 . . . 0X044C .
WIDTH/2 WIDTH/2 (0x0528)
1716 1728 WIDTH/2
1100
(1320)
VSYNC_E_1_LINE 0x0107 0x0139 - - - 0x0233 -
263 313 563
HSYNC_WIDTH - - - - 0x0050 0x0058 0x0058
80 88 58
VSYNC_START - - - - 0x0104 0x0084 0x0084
260 132 132
VSYNC_WIDTH - - - - 0x0500 0x0370 0x07BC
1280 880 1980
X Offset 130*4 132*4 130*4 132*4 305 240 240
Y Offset (Top) 18 22 36 44 25 20 40
Y Offset (Bottom) 18 22 - - - 21 -
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13.4 Main Video Scaler Filters
Four ‘4-taps filters are available in the main video scaler for lumal/chroma horizontal /ver-
tical filtering. They are four 63-coefficient, 16 times interpolating filters. For each of the

16 interpolating positions 4 coefficients (taps) are used (64 = 4 x 16).

13.4.1 Frequency Response
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Figure 13-3 Frequency response
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13.4.2 Impulse Response (x 1024)

Filter 0 |64|64|62|60|57|53|48|44(38|33|28|22|17|12| 8| 4 | 0|-2|-4|-6|-7|-7|-7|-7|-6|-6|-5|-4|-3|-2| -2 | -2
Filter 1 |58|58|57|55|52|49|46|42|37|33|28|24|20|15|11| 8| 3| 2 |-1|-3|-4|-5|-5|-6|-5|-5|-5|-4|-4|-3| -3| -4
Filter 2 |52|52|51/50|48|46|43|40|36/33|29|25/21|17(14{10/ 6| 5| 2| 1|-1|-2|-3|-4|-4|-5|-5|-5|-4|-4| -3|-3
Filter 3 |46|46|44|43|42|40|38|36|34/31|28|25(22|19(16|12( 9|8 (6| 4|3 | 1| 0]|-1|-2|-2|-2|-2|-3|-2| -2 |-2
Amplitude [ 1024 ) Impulse Response
I I I I I I I
. Filter 0
80 | ' 2l
Filter 1
50 - Filter 2 sl
=i Filter3
T
40 - -
30 : : )
* L

Figure 13-4 Impulse response
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13.5 Color Space Conversion Basic Matrices
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13.6 Video Output Scaling Examples

16:9 source 4.3 display

T Left and right portions of I
16:9 picture cropped

Figure 13-5 Scaling 16:9 content for a 4:3 display — “Crop” mode

16:9 source 4:3 display

Figure 13-6 Scaling 16:9 content for a 4:3 display — “Letterbox” mode
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16:9 source 4:3 display

Entire picture horizontally
squeezed to fit 4:3 display
width, distorted picture

Figure 13-7 Scaling 16:9 content for a 4:3 display —“ Squeezed” mode

4:3 source 16:9 display

T Left and right portions of
16:9 display not used so
made black or gray

Figure 13-8 Scaling 4:3 content for a 16:9 display — “Pillar” mode
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4:3 source 16:9 display

Entire picture linearly scaled
horizontally to fill 16:9 display,
distorted picture unless used with
anamorphic content

Figure 13-9 Scaling 4:3 content for a 16:9 display — “Wide” mode

4:3 source 16:9 display

Top and bottom portion of picture
deleted, then scaled to fill 16:9
display

Figure 13-10 Scaling 4:3 content for a 16:9 display —“Zoom” mode
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4:3 source 16:9 display

Edges of picture nonlinearly
scaled horizontally to fill 16:9
display, distorted picture on left
and right sides

Figure 13-11 Scaling 4:3 content for a 16:9 display — “Panorama” mode
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13.7 SDTV vs. HDTV Colorimetry Example

Figure 13-12 SDTV Vs. SDTV Colorimetry Example
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13.8 Supported Media Formats

Table 13-3 Supported Media Formats

Format Feature Supported
Blu-ray Media BD-ROM X
BD-RE v1, v2 X
Trick Play Pause / resume X
Stop X
Next / Previous X
Fast forward (2X, ... 32X) X
Fast reverse (2X, ... 32X) X

Audio playback during FF or RW

Slow playback (1/2X, ... 1/32X) X

Reverse playback

Frame advance X
Title Search X
Chapter Search X
Time search X
Time advance (user defined) X
Angle X
Subtitle X
Audio Select X

Changeable Subpicture position

Brightness control - subpicture X

‘Scan’ of (chapter, title) X

Playback speed control (x0.6 - x1.4), with audio

Instant replay X
Advance x seconds and resume playback X
Bookmark X
Playlist X
Shuffle playback X
Repeat (chapter, title, disc) X
A-B Repeat X
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Table 13-3 Supported Media Formats (Continued)

Format Feature Supported

DVD-Video Media DVD-R X
DVD-RW X
DVD-R Dual Layer X

Trick Play Pause / resume X

Stop X
Next / Previous X
Fast forward (2X, ... 32X) X
Fast reverse (2X, ... 32X) X
Audio playback during FF or RW X
Slow playback (1/2X, ... 1/32X) X
Reverse playback
Frame advance X
Title Search X
Chapter Search X
Time search X
Time advance (user defined) X
Angle X
Subtitle X
Audio Select X
Changeable Subpicture position
Brightness control - subpicture X
‘Scan’ of (chapter, title) X
Playback speed control (x0.6 - x1.4), with audio
Instant replay X
Advance x seconds and resume playback X
Bookmark X
Playlist X
Shuffle playback X
Repeat (chapter, title, disc) X
A-B Repeat X
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Table 13-3 Supported Media Formats (Continued)

Format Feature Supported
Jacket picture support X

DVD-VR Media DVD-R X
DVD-RW X
DVD-RAM X

DVD-R Dual Layer

Trick Play Pause / resume X
Stop X
Next / Previous X
Fast forward (2X, ... 32X) X
Fast reverse (2X, ... 32X) X
Audio playback during FF or RW X
Slow playback (1/2X, ... 1/32X) X

Reverse playback

Frame advance X
Title Search X
Chapter Search X
Time search X
Time advance (user defined) X
Angle X
Subtitle X
Audio Select X

Changeable Subpicture position

Brightness control - subpicture X
‘Scan’ of (chapter, title) - X
Playback speed control (x0.6 - x1.4), with audio X
Instant replay X
Advance x seconds and resume playback. X
Bookmark X
Playlist X
Shuffle playback X
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Table 13-3 Supported Media Formats (Continued)

Format Feature Supported
Repeat (chapter, title, disc) X
A-B Repeat X
Thumbnails of playlist
Thumbnail of playlist

DVD+VR Media +R X
+RW X
+R Dual Layer X

CD-DA Media CD-R X
CD-R with HighMAT X
CD-RW X
CD-RW with HighMAT X
CD-TEXT X
dtsCD X
HDCD

Trick Play Pause / resume X

Stop X
Skip X
Fast forward X
Fast reverse X
Audio output during search X
Track search X
Time search X
Instant replay X
Bookmark X
Playlist support X
Shuffle X
Repeat (track, disc) X
A-B Repeat X
Jacket picture support

VideoCD Media CD-R X

vl.x and v2.0
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Table 13-3 Supported Media Formats (Continued)

Format Feature Supported
CD-RW X
Trick Play Pause / resume X
Stop X
Next / previous X
Fast forward X
Fast reverse X
Audio output during search X
Slow playback X

Reverse playback

Frame advance X

Time search X

Track search X

Audio Select (same audio to both left and right) X

Instant replay X

Advance x seconds and resume playback. X

Bookmark X

Playlist support X

Shuffle X

Repeat X

A-B Repeat X

PBC select X

PBC select during Play Back X

Zoom X

Karaoke CD X

VCD with CDDA X

SVCD Media CD-R X

IEC 62107-2000

CD-RW X

Trick Play Pause / resume X
Stop X

Next / previous X
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Table 13-3 Supported Media Formats (Continued)

Format Feature Supported
Fast forward X
Fast reverse X
Audio output during search X
Slow playback X
Reverse playback
Frame advance X
Time search X
Track search X
Audio Select (same audio to both left and right) X
Instant replay X
Advance x seconds and resume playback. X
Bookmark X
Playlist support X
Shuffle X
Repeat X
A-B Repeat X
PBC select X
PBC select during Play Back X
Zoom X
Karaoke CD X
VCD with CDDA X
OGT display & select X
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13.9 Supported File Formats

Table 13-4 File formats supported by SMP8634

Format Feature Supported

File Player 1SO9660 level 2 X
UDF 1.02 X
UDF 1.5 X
UDF 2.01 X
UDF 2.5 X
UDF 2.6
Number of folders X
Number of files X
Display by filename X
Display font X
Slideshow mode X

AVI Video MPEG-2 X
MPEG-4.2 X

MPEG-4.10 (H.264)

SMPTE 421M (VC-1)

WMV9 X
Audio LPCM
Dolby Digital X
WMA
WMA Pro
ASF Video MPEG-2 X
MPEG-4.2 X

MPEG-4.10 (H.264)

SMPTE 421M (VC-1)

WMV9 X
Audio LPCM

Dolby Digital X

WMA

WMA Pro
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Table 13-4 File formats supported by SMP8634

Format Feature Supported
MP3 Trick Play Pause/resume X
Stop X
Next / previous X
Fast forward X
Fast reverse
Audio output during search X
Elapsed time X
WMA Trick Play Pause/resume X
Stop X
Next/previous X
Fast forward X
Fast reverse
Audio output during search X
Elapsed time X
Time search X
Instant replay X
Bookmark X
Playlist X
Shuffle X
Repeat X
A-B Repeat X
Time search X
Instant replay X
Bookmark X
Playlist X
Shuffle X
Repeat X
A-B Repeat X
WMA Pro Trick Play Pause/resume X
Stop X
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Table 13-4 File formats supported by SMP8634

Format Feature Supported
Next/previous X
Fast forward X

Fast reverse

Audio output during search X
Elapsed time X
Time search X
Instant replay X
Bookmark X
Playlist X
Shuffle X
Repeat X
A-B Repeat X
DivX v3.11 X
V4.X X
v5.x X
Trick Play Pause/resume X
Stop X
Next/previous X
Fast forward X
Fast reverse X
Audio output during search X
Slow playback X
Reverse playback X
Frame advance X
Time search X
Time advance (user defined) X
Subtitle X
Audio Select X
Changeable subpicture position X
Brightness control of subpicture X
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Table 13-4 File formats supported by SMP8634

Format Feature Supported
Instant replay X
Advance x seconds and resume playback X
Bookmark X
Playlist X
Shuffle X
Repeat X
A-B Repeat X
DivX DRM

JPEG Trick Play Pause/resume X
Stop X
Next/previous X
Bookmark X
Playlist X
Shuffle X
Repeat X
Zoom X
Rotate CW/CCW 90 degrees X
Thumbnail X
File information X
Slideshow X
Set up a time of slide show X
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13.10 Supported Broadcast Formats

Table 13-5 Broadcast Formats supported by SMP8634

Format Feature Supported
ATSC Video MPEG-2 X

Audio Dolby Digital X
DvB Video MPEG-2 X

Audio Dolby Digital X

13.11 Raster Operations

Ternary (256) raster-operation codes define how GDI combines the bitsin a source bitmap
with the bits in the destination bitmap. Each raster-operation code represents a Boolean
operation in which the values of the pixelsin the source, the selected brush, and the desti-
nation are combined. Following are the three operands used in these operations:

Table 13-6 Operands used in raster operations

Operand

Meaning

D

Destination bitmap

P

Selected brush (also called pattern)

S

Source bitmap

Boolean operators used in these operations follow:

Table 13-7 Boolean operator meanings

Operator Meaning

a Bitwise AND

n Bitwise NOT (inverse)

o Bitwise OR

X Bitwise exclusive OR (XOR)

All Boolean operations are presented in reverse Polish notation. For example, the follow-
ing operation replaces the values of the pixelsin the destination bitmap with acombination
of the pixel values of the source and brush: PSo
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Thefollowing operation combines the val ues of the pixelsin the source and brush with the
pixel values of the destination bitmap (there are alternative spellings of the same function,
so although a particular spelling may not be in the list, an equivalent form would be):
DPSoo

Each raster-operation code is a 32-hit integer whose high-order word is a Boolean opera-
tion index and whose low-order word is the operation code. The 16-bit operation index is
a zero-extended, 8-bit value that represents the result of the Boolean operation on pre-
defined brush, source, and destination values. For example, the operation indexes for the
PSo and DPSoo operations are shown in the following list:

Table 13-8 Operation indexes for the PSo and DPSoo operations

p s D PSo DPSoo0
0 0 o] 0 0

0 0 1 0 1

0 1 o] 1 1

[¢] 1 1 1 1

1 6] 6] 1 1

1 6] 1 1 1

1 1 o] 1 1

1 1 1 1 1
Operation index: OO0FCh OOFEh

In this case, PSo has the operation index O0FC (read from the bottom up); DPSoo has the
operation index O0FE. These values define the location of the corresponding raster-opera-
tion codes, as shown in the "Raster-Operation Codes" table. The PSo operationisin line
252 (00FCh) of the table; DPSoo isin line 254 (OOFEh).

The most commonly used raster operations have been given special namesin the SDK
header file, WINDOWS.H. You should use these names whenever possible in your appli-
cations.

When the source and destination bitmaps are monochrome, a bit value of zero represents a
black pixel and a bit value of 1 represents awhite pixel. When the source and the destina-
tion bitmaps are color, those colors are represented with RGB values.
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13.11.1 Raster Operation Codes

Table 13-9 Raster operation codes

Boolean function Raster operation Boolean function in

(hexadecimal) (hexadecimal) reverse Polish Common name
00 00000042 0 BLACKNESS
01 00010289 DPSoon -

02 00020C89 DPSona -

03 000300AA PSon -

04 00040C88 SDPona —

05 000500A9 DPon —

06 00060865 PDSxnon -

07 000702C5 PDSaon —

08 00080F08 SDPnaa —

09 00090245 PDSxon -

O0A 000A0329 DPna -

oB 000BOB2A PSDnaon -

oc 000C0324 SPna —

oD 000D0B25 PDSnaon —

OE OOOEO8A5 PDSonon —

OF OOOF0001 Pn —

10 00100C85 PDSona -

11 001100A6 DSon NOTSRCERASE
12 00120868 SDPxnon —

13 001302C8 SDPaon -

14 00140869 DPSxnon -

15 001502C9 DPSaon —

16 00165CCA PSDPSanaxx —

17 00171D54 SSPxDSxaxn —

18 00180D59 SPxPDxa —

19 00191CC8 SDPSanaxn —

1A 001A06C5 PDSPaox —

1B 001B0768 SDPSxaxn —
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Table 13-9 Raster operation codes (Continued)

Boolean function Raster operation Boolean function in
(hexadecimal) (hexadecimal) reverse Polish Common name
1C 001CO6CA PSDPaox —
1D 001D0766 DSPDxaxn -
1E 001EO01A5 PDSox —
1F 001F0385 PDSoan -
20 00200F09 DPSnaa -
21 00210248 SDPxon —
22 00220326 DSna -
23 00230B24 SPDnaon —
24 00240D55 SPxDSxa -
25 00251CC5 PDSPanaxn —
26 002606C8 SDPSaox —
27 00271868 SDPSxnox —
28 00280369 DPSxa —
29 002916CA PSDPSaoxxn —
2A 002A0CC9 DPSana -
2B 002B1D58 SSPxPDxaxn —
2C 002C0784 SPDSoax —
2D 002D060A PSDnox —
2E 002E064A PSDPxox —
2F 002FOE2A PSDnoan —
30 0030032A PSna -
31 00310B28 SDPnaon —
32 00320688 SDPSoo0x —
33 00330008 Sn NOTSRCCOPY
34 003406C4 SPDSaox —
35 00351864 SPDSxnox —
36 003601A8 SDPox -
37 00370388 SDPoan —
38 0038078A PSDPoax -
39 00390604 SPDnox —
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Table 13-9 Raster operation codes (Continued)

Boolean function Raster operation Boolean function in
(hexadecimal) (hexadecimal) reverse Polish Common name
3A 003A0644 SPDSxox —
3B 003BOE24 SPDnoan —
3C 003C004A PSx —
3D 003D18A4 SPDSonox -
3E 003E1B24 SPDShaox —
3F OO3FOOEA PSan —
40 00400F0A PSDnaa —
41 00410249 DPSxon -
42 00420D5D SDxPDxa -
43 00431CC4 SPDSanaxn —
44 00440328 SDna SRCERASE
45 00450B29 DPSnaon —
46 004606C6 DSPDaox -
47 0047076A PSDPxaxn -
48 00480368 SDPxa —
49 004916C5 PDSPDaoxxn —
4A 004A0789 DPSDoax —
4B 004B0605 PDSnox —
4c 004coccs SDPana —
4D 004D1954 SSPxDSxoxn —
4E 004E0645 PDSPxox —
4F 004FOE25 PDSnoan —
50 00500325 PDna -
51 00510B26 DSPnaon —
52 005206C9 DPSDaox -
53 00530764 SPDSxaxn —
54 005408A9 DPSonon —
55 00550009 Dn DSTINVERT
56 005601A9 DPSox —
57 00570389 DPSoan -
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Table 13-9 Raster operation codes (Continued)

Boolean function Raster operation Boolean function in
(hexadecimal) (hexadecimal) reverse Polish Common name
58 00580785 PDSPoax —
59 00590609 DPSnox -
5A 005A0049 DPx PATINVERT
5B 005B18A9 DPSDonox -
5C 005C0649 DPSDxox —
5D 005DOE29 DPSnoan —
5E 005E1B29 DPSDnaox —
5F OO05FO00E9 DPan —
60 00600365 PDSxa —
61 006116C6 DSPDSaoxxn —
62 00620786 DSPDoax -
63 00630608 SDPnox —
64 00640788 SDPSoax —
65 00650606 DSPnox —
66 00660046 DSx SRCINVERT
67 006718A8 SDPSonox -
68 006858A6 DSPDSonoxxn -
69 00690145 PDSxxn —
6A 006A01E9 DPSax —
6B 006B178A PSDPSoaxxn -
6C 006CO1E8 SDPax -
6D 006D1785 PDSPDoaxxn -
6E OO6E1E28 SDPShoax —
6F 006F0C65 PDSxnan -
70 00700CC5 PDSana -
71 00711D5C SSDxPDxaxn —
72 00720648 SDPSxox —
73 00730E28 SDPnoan —
74 00740646 DSPDxox —
75 00750E26 DSPnoan —
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Table 13-9 Raster operation codes (Continued)

Boolean function Raster operation Boolean function in
(hexadecimal) (hexadecimal) reverse Polish Common name
76 00761B28 SDPSnaox —
77 007700E6 DSan —
78 007801E5 PDSax —
79 00791786 DSPDSoaxxn —
T7A 007A1E29 DPSDnoax —
7B 007B0OC68 SDPxnan —
7C 007C1E24 SPDSnoax —
7D 007D0C69 DPSxnan —
7E 007E0955 SPxDSxo —
7F 007F03C9 DPSaan -
80 008003E9 DPSaa —
81 00810975 SPxDSxon —
82 00820C49 DPSxna -
83 00831E04 SPDSnoaxn —
84 00840C48 SDPxna —
85 00851E05 PDSPnoaxn —
86 008617A6 DSPDSoaxx —
87 008701C5 PDSaxn —
88 008800C6 DSa SRCAND
89 00891B08 SDPSnaoxn —
8A 008AOE06 DSPnoa —
8B 008B0666 DSPDxoxn —
8C 008COEO8 SDPnoa —
8D 008D0668 SDPSxoxn —
8E 008E1D7C SSDxPDxax -
8F 008FOCES5 PDSanan —
90 00900C45 PDSxna -
91 00911E08 SDPSnhoaxn —
92 009217A9 DPSDPoaxx -
93 009301C4 SPDaxn —

Sigma Designs Confidential 467



SMP8634 Datasheet SMP8634-DS-A-07

Table 13-9 Raster operation codes (Continued)

Boolean function Raster operation Boolean function in
(hexadecimal) (hexadecimal) reverse Polish Common name
94 009417AA PSDPSoaxx -
95 009501C9 DPSaxn —
96 00960169 DPSxx —
97 0097588A PSDPSonoxx -
98 00981888 SDPSonoxn —
99 00990066 DSxn —
9A 009A0709 DPSnax —
9B 009BO7A8 SDPSoaxn -
9C 009C0704 SPDnax —
9D 009D07A6 DSPDoaxn -
9E OO9E16E6 DSPDSaoxx —
9F 009F0345 PDSxan -
AO 00A000C9 DPa —
Al 00A11BO0O5 PDSPnaoxn —
A2 OOA20E09 DPSnoa -
A3 00A30669 DPSDxoxn -
A4 00A41885 PDSPonoxn —
A5 00A50065 PDxn —
A6 00A60706 DSPnax —
A7 00A707A5 PDSPoaxn —
A8 O00OA803A9 DPSoa —
A9 00A90189 DPSoxn -
AA 00AA0029 D —
AB 00AB0889 DPSono -
AC 00ACO744 SPDSxax —
AD OOADOGE9 DPSDaoxn —
AE OOAEOBO6 DSPnao —
AF 00AF0229 DPno —
BO OOBOOEO5 PDSnoa -
B1 00B10665 PDSPxoxn —
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Table 13-9 Raster operation codes (Continued)

Boolean function Raster operation Boolean function in
(hexadecimal) (hexadecimal) reverse Polish Common name
B2 00B21974 SSPxDSxox -

B3 00B30CE8 SDPanan —

B4 00B4070A PSDnax -

B5 00B507A9 DPSDoaxn -

B6 0OOB616E9 DPSDPaoxx -

B7 00B70348 SDPxan —

B8 00B8074A PSDPxax -

B9 00B906E6 DSPDaoxn -

BA 00BAOBO09 DPSnao -

BB 00BB0226 DSno MERGEPAINT
BC OOBC1CE4 SPDSanax -

BD 00BDOD7D SDxPDxan -

BE 00BE0269 DPSxo —

BF 00BFO8C9 DPSano —

Cco 00COO0O0CA PSa MERGECOPY
C1 00C11B04 SPDSnhaoxn —

Cc2 00C21884 SPDSonoxn —

C3 0OO0C3006A PSxn —

c4 00C40E04 SPDnoa —

C5 00C50664 SPDSxoxn —

C6 00C60708 SDPnax —

Cc7 00C707AA PSDPoaxn —

C8 00C803A8 SDPoa —

C9 00C90184 SPDoxn -

CA 00CA0749 DPSDxax —

CcB 00CBO6E4 SPDSaoxn —

cc 00CC0020 S SRCCOPY
CD 00CD0888 SDPono -

CE OOCEOBOS8 SDPnao —

CF 00CF0224 SPno —
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Table 13-9 Raster operation codes (Continued)

Boolean function Raster operation Boolean function in
(hexadecimal) (hexadecimal) reverse Polish Common name
DO OODOOEOA PSDnoa —
D1 00D1066A PSDPxoxn —
D2 00D20705 PDSnax -
D3 00D307A4 SPDSoaxn -
D4 00D41D78 SSPxPDxax —
D5 00D50CE9 DPSanan -
D6 OOD616EA PSDPSaoxx -
D7 00D70349 DPSxan -
D8 00D80745 PDSPxax -
D9 OOD906E8 SDPSaoxn —
DA OODA1CE9 DPSDanax -
DB 00DBOD75 SPxDSxan —
DC 00DCOB04 SPDnao —
DD 00DD0228 SDno -
DE OODE0268 SDPxo —
DF OODFO8C8 SDPano -
EO OOEOO3A5 PDSoa -
E1 00E10185 PDSoxn -
E2 00E20746 DSPDxax —
E3 OOE306EA PSDPaoxn —
E4 0O0OE40748 SDPSxax -
E5 OOE506E5 PDSPaoxn -
E6 OOE61CE8 SDPSanax —
E7 OOE70D79 SPxPDxan —
E8 0O0E81D74 SSPxDSxax —
E9 OOE95CE6 DSPDSanaxxn —
EA OOEAO2E9 DPSao —
EB OOEB0849 DPSxno —
EC OOECO2E8 SDPao —
ED 0O0EDO0848 SDPxno —
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Table 13-9 Raster operation codes (Continued)

Boolean function
(hexadecimal)

Raster operation
(hexadecimal)

Boolean function in
reverse Polish

Common name

EE OOEE0086 DSo SRCPAINT
EF OOEFOA08 SDPnoo .

FO 00F00021 P PATCOPY
F1 00F10885 PDSono -

F2 0O0F20B05 PDSnao -

F3 00F3022A PSno —

F4 O0F40BOA PSDnao .

F5 00F50225 PDno .

F6 00F60265 PDSxo .

F7 O0F708C5 PDSano -

F8 O0F802E5 PDSao -

F9 00F90845 PDSxno -

FA 0O0FA0089 DPo —

FB OOFBOAO9 DPSnoo PATPAINT
FC OOFCOO08A PSo -

FD OOFDOAOA PSDnoo -

FE OOFEO2A9 DPSoo -

FF OO0FF0062 1 WHITENESS
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14 Ordering Information

The SMP8634 Secure Media Processors can be ordered in 2 distinct variations, referred to
as ‘Production’ or ‘Development’ versions. The versions differ in the internal keys which
are used to authenticate and decrypt the software during the bootup process. Development
versions are intended to be used only during the product development process, since they
do not offer the high level of security of the Production devices.

The SMP8634 devices can be distinguished as either production or development versions
by looking at the Revision field on the package. If the revision level consists of asingle
alphabetic character (e.g. Revision A), then the device is a production version chip. If the
revision level is of the form ESn, where ‘'n’ isanumeric value (e.g., ES6) then the device
is adevelopment version chip.

Evaluation boards from Sigma Designs are always assembled using the Devel opment ver-
sion of the SMP8634.

Ordering Information

Table 14-1. SMP8634 ordering information

Part Solder Package Package Ball Temperat
Number Revision Keyset Type Type Size Pitch Macrovision ure Range
SMP8634 Alphat Production Pb 820BGA 35x35mm imm Yes 0-70°C
SMP8634-LF Alphat Production Pb-free 820BGA 35x35mm imm Yes 0-70°C
SMP8635 Alphal Production Pb 820BGA 35x35mm imm No 0-70°C
SMP8635-LF Alphal Production Pb-free 820BGA 35x35mm imm No 0-70°C
SMP8634 ESn Develop- Pb 820BGA 35x35mm 1mm Yes 0-70°C

ment
SMP8634-LF ESn Develop- Pb-free 820BGA 35x35mm 1mm Yes 0-70°C

ment

1. ‘Alpha’ refers to the revision level code consisting of a single alphabetic character (e.g., ‘A’) representing the current production revision.
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Licensing, Sisvel and/or Thomson. DTS feature requires license from DTS. DVD-Audio feature requires that the customer be a 4C CPPM, Verance
IARIS/SOLANA-4C and Dolby MLP Lossless licensee. Other DVD features require licenses from DVD CCA (for CSS), DVD FLLC (for logo and format)
and Philips. Customer must be a Macrovision licensee.Sigma Designs Worldwide
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Sigma Designs products are sold by description only. Sigma Designs reserves the right to make changes in circuit design and/or specifications at any
time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Sigma
Designs is believed to be accurate and reliable. However, no responsibility is assumed by Sigma Designs or its subsidiaries for its use; nor for any
infringements of patents or other rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent
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