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MG Confidential

1.1 Introduction

The 256-bit DualBus Matrox G400 is a continuation of Matrox's expertise to deliver “Uncompromisingly
High Performance in all Areas”, as demonstrated by the award winning MGA-G200 Series of products.

Implemented in an advanced 0.25-micron, five-layer metal, high performance process, the Matrox G400
exceeds the performance, image quality and multimedia capabilities of the MGA-G200 in every way. The
Matrox G400 is one of the first full AGP 4X capable graphics controller to hit the marketplace. It has
been conceived with AGP 4X in mind and is the only device created to fully utilize over 1GB/sec of AGP
bandwidth with it's uniqgue Multi-threaded Bus Mastering capability. The Matrox G400 achieves up to
three times the 3D rendering performance of the award winning MGA-G200 in real applications at high
resolution via a new Rendering Array Process (RAP) architecture. RAP is a technique used to maximize
parallelism during 3D setup and 3D rendering allowing the chip to perform single cycle multi-texturing as
well as setup multiple triangles in parallel.

The Matrox G400 provides industry leading 3D performance levels at the absolute highest image quality.
It targets the high-performance mainstream and entry-level 3D professional workstation markets.
Innovative new features including true environment mapped bump mapping, single cycle multi-texturing,
DualHead Display and Motion Video Rendering differentiate the Matrox G400 from all competition.
Following the tradition of no compromise quality in 3D rendering, the Matrox G400 builds upon the
outstanding Vibrant Color Quality 3D rendering architecture of the G200 chip by offering Vibrant Color
Quality2 (VCQ2), the foundation of which is the placement of full precision in all blending units inside
the chip to ensure that multi-textured polygons remain as vibrant as single textured polygons. With
support for up to 32MB of SDRAM or SGRAM, the Matrox G400 supports 3D resolution up to
2056x1536 in 16.7 million colors including 8-bits of destination alpha, triple-buffered, a 24-bit Z-buffer
and an 8-bit stencil buffer all while texturing out of AGP system memory.

The Matrox G400 surpasses Matrox's reputation of engineering the fastest business acceleration solutions
in the industry. The Matrox G400's integration of the 256-bit DualBus architecture into a proven, high
performance 2D core clearly positions the chip as the world leader in graphics acceleration. The Matrox
G400 series uses a high speed RAMDAC (up to 300 MHz) to eliminate screen flicker and produce the
sharp and crystal clear displays. The high speed integrated Ramdac of the 256-bit DualBus Matrox G400
coupled with a full 128-bit bus to video memory compliments the most advanced monitors available in
the high performance marketplace. The 2D performance of the Matrox G400 is to be by far the best in the
world. For the last five years, Matrox has led the industry with a 64-bit interface between MGA graphics
chips and memory subsystems, consistently outperforming competitors' 128-bit designs. By increasing
the datapath to 128-bits, Matrox is doubling the speed of most 2D operations. The internal 2D architecture
has been re-balanced to use this extra bandwidth, and the results are expected to “max out” the 2D
benchmarks on the most powerful machines, at the highest resolutions, color depths and refresh rates.

The Matrox G400 is able to playback DVD streams at extremely high picture quality at full frame rate
while leaving a large portion of the CPU bandwidth available for other applications. This combined with
the flexibility offered by DualHead display makes Matrox G400 the most versatile software DVD
playback solution in the industry.

Growing from Matrox's success with comprehensive video upgrade options, the Matrox G400 features a
video input port, video CODEC port and video output port. Providing high performance interfaces for
external Video Decoder, Video Encoder, hardware Motion-JPEG and hardware MPEG-2 CODECs makes
the Matrox G400 the centerpiece of a fully multimedia upgradeable solution.

The convergence of the PC, the TV and the Internet sees the graphics/multimedia subsystem as the
essential enabler and multimedia connectivity is becoming a key feature for powerful graphics solution in
today's market. The Matrox G400's architecture reflects Matrox's expertise in graphics and professional
video markets and is the cornerstone of the most complete multimedia solution in the industry.

1-2 Introduction Matrox G400 Specification
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1.1.1 Supported Multimedia Features

Software DV D playback at full display resolution,

High-quality video encoder chip (MGA-TVO)

Support for HDO Digital Television input and output,

Video input, output and CODEC port

Interface for Hardware video encode, decode, MJPEG and MPEG-2 CODECs
TV tuning

B Second CRTC display output using DualHead Display

The second CRTC of DualHead Display can drive a TV output, a second monitor, or aflat panel display,

while the primary CRTC drives the high-resolution monitor. This capability meets the PC'99 System

Design Guide's requirement so that “a second display controller can allow the PC in the den to drive its
monitor at 75Hz for word processing, while at the same time displaying a DVD movie, or broadcast
program, on the family room television at 60Hz".

1.2 System Block Diagram

Figure 1-1: System Block Diagram

AGP Bus
32-bit
| SGRAM
. 8-bit 128-bit
DZL%%Z, Frame Buffer
8-bit Matrox G400
8-bit
CODEC
12-bit 1-bit
MGA-TVO Serial
Video EEPROM

Encoder
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Figure 1-2: Matrox G400 Block Diagram

RAMDAC MAFC Port VIP / VMI Port
Primary CRTC Second CRTC CODEC Port
Video Programmable Ultra-pipelined
Scaling Floating Point setup Engine
Units

CsC

Advanced 3D Texturing
and Rendering Engine

128-bit Frame Buffer Memory
Interface

AGP 2x [ 4x
Interface

v

8-, 16- or 32-Mbytes
SDRAM or SGRAM

Local Frame Buffer Memory

1.3 Chip Specifications

13.1

1-4

Performance Characteristics and Key Features

0.25-micron, five layer metal process technology
256-bit DualBus architecture
True 128-bit externa bus to frame buffer memory
A choice of 3.3V (AGP 1X, AGP 2X) or 1.5V (AGP 1X, AGP 2X, AGP 4X) in asingle device
3D Rendering Array Process (RAP) architecture

8MB to 32MB frame buffer configurations supported

Vibrant Color Quality 2 (VCQ2) Rendering
32-bit internal precision specially enhanced for multi-texturing using 32-bit source textures
32-bit Z-buffer including 8-bit stencil buffer
Symmetric Rendering Architecture

Matrox DualHead Display technology enables multiple displays within asingle AGP card:

e monitor / monitor

e monitor/ TV

» monitor / flat panel display (with Matrox flat panel configurations only)

Chip Specifications

Matrox G400 Specification
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High speed integrated RAMDAC (up to 300MHz) with UltraSharp RAMDA C technology
Flicker-free display up to 2056 x 1536 @ 32bpp

Industry leading 3D feature set and performance

True DX-6 hardware bump-mapping

Bilinear, trilinear and anisotropic filtering

DirectX6, PC 98/99, Broadcast PC, DirectShow, OpenGL compatible

2D Drawing Engine

Benchmark-winning 2D performance optimized for true color operation at high resolution
UltraSharp RAMDA C technology for highest quality analog output

Full acceleration of all GDI and DirectDraw functions

Linear frame buffer

Programmable, transparent BLTter

Linear packed pixel frame buffer

32-bit ultra-fast VGA core

3D Rendering Engine

Floating Point 3D Setup Engine with dynamically re-allocatable resources
Ultra-pipelined floating point and culling engines
» 4KB of instruction cache
» Optimized support for Direct3D and OpenGL triangles, strips, fans and vectors
* Flexible Vertex Format natively supported
* Vertex Buffers natively supported
3D Rendering Array Process (RAP) architecture
Single Cycle Multi-texturing
True DX-6 Hardware Bump-mapping
Vertex and table fogging
Specular highlighting (any color)
True color RGB Flat and Gouraud shading
- Vibrant Color Quality 2 (VCQZ2) Rendering
32 bit precision internal rendering for single and multi-texturing
32 bit source textures
* 32 bit output
» 16bpp dithering down from 32bpp palette for 16bpp output
* Full Subpixel and subtexel correction
* 8-bit precision for filter coefficients
Highly saturated & separated analog color output
Texturing support:
» Texture sizes up to 2048x2048
* All texture formats are supported
» Perspective Correct Texture Mapping
» Texturing from local and AGP memory
* Single Cycle Multi-texturing

Matrox G400 Specification Chip Specifications 1-5



MG Confidential

» Opaque Texture Surfaces
 Alpha in Texture Palettes
11 level mip-mapping support
» Texture transparency
Unique Motion Video Rendering Architecture
* Native support for non-power of 2 textures

 Allows support of 16:9 aspect ratio to be preserved when textures mapping
video streams

* Mip-map non-power of 2 textures
» Multiple YCbCr source texture formats for Video Stream Texture Mapping
* Full subpicture blended DVD as texture source
Filtering support:
* Bilinear filtering
» True eight-sample per pixel trilinear filtering
* Anisotropic filtering
Alpha blending:
* All blend modes under DirectX6 and OpenGL

» Supports all permutations of passes including light maps, environment maps,
reflection maps, etc.

Z-buffer support:
* 16-bit
» 32-bit
 24-bit plus 8-bit stencil buffer used for shadows, overlays, special rendering
effects
Guard Band Clipping
Single, Double or Triple buffering
3D-image effects combined with no exclusion conditions
Hardware dithering including dithering of LUT textures

Video and Multimedia Features

Planar YCbCr support
Multiple YCbCr pixel formats
Independent front end and back end scalars

Independent X and Y scaling with high quality 12-tap scaling filter, comprised of 4 taps
horizontally and 3 taps vertically to produce the best quality images

Full hardware subpicture support and blending for high quality DVD playback
» Aspect ratio conversion supported for proper display of 4:3 and 16:9 contents
* Full screen output to TV independent of Primary RGB display
AGP 4X bus mastering of video data
- Support for unlimited number of simultaneous video windows and sprites
Parallelized video input port, video CODEC port and video output port
HDO format support for HDTV

* (720p or 1280x720 resolution) as video input and output

1-6 Chip Specifications Matrox G400 Specification
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Second CRTC of DualHead Display supports RGB and Y CbCr packed and planar datain
interlaced and non-interlaced rasters for PC graphics and video display to a TV or amonitor

Connectivity to high quality MGA-TV O video encoder chip
Supports output to TV up to 1024x768 @ 32 bpp

Software controllable flicker filter, up to 6 lines

Underscan and overscan capabilities

Video editing architecture enables real-time A/B roll capability
Back-end scaler supports overlay modes at high resolution

Enhanced a phablended overlay modesto support DV D-Video subpicture information aswell as
WebTV User Interfaces

Additional independent and resizable overlay for support of picture-in-picture and multiple
video conferencing windows

Widest range of multimedia add-ons in the industry
m Full WDM support for video capture
B Full Microsoft DirectShow and Broadcast PC compliant

Matrox G400 Specification Chip Specifications 1-7
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Figure 1-3: Matrox G400 DualHead Display

Primary Display

Optional Display (only one)

High Resolution
Color Monitor

Up to 2056 x 1536
at 32bpp

A

Television Color Monitor Flat Panel
NTSC / PAL Up to 1280 x Up to 1280 x
SECAM 1024 at 1024 at

32 bpp 32 bpp
MGA-TVO MGA-TVO PanelLink

l____L_____J______I

RAMDAC MAFC Port VIP / VMI Port
Primary CRTC Second CRTC CODEC Port
Video Programmable Ultra-pipelined

Scaling Units Floating Point setup Engine

Advanced 3D Texturing
and Rendering Engine

Multimedia Options

DVD
CODEC

128-bit Frame Buffer Memory Interface

AGP 2x / 4x
Interface

-

HOST BUS

AGP SYSTEM MEMORY

* The MGA-TVO supports monitor resolutions up to
1024x768. The MGA-TVO can also act as an external
RAMDAC, and can support up to 1280x1024

1-8 Chip Specifications
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1.4 Typographical Conventions Used
Table 1-1: Typographical Conventions

Description Example

Active low signals are indicated by a trailing forward slash. Signal names

appear in upper-case characters. VHSYNC/
Numbered signals appear within angle brackets, separated by a colon. MA<8:0»
Register names are indicated by upper-case bold sans-serif letters. DEVID

Fields within registers are indicated by lower-case bold sans-serif letters. vendor

Bits within a field appear within angle brackets, separated by a colon. vendor<15:0>
Hexadecimal values are indicated by a trailing letter ‘h’. CFFFh

Binary values are indicated by a trailing letter ‘b’ or are enclosed in single
quotes, as: ‘00’ or ‘1. In a bulleted list within a register description field, 0 and 0000 0010b

1: are assumed to be binary.
Special conventions are used for the register descriptions. Refer to the sample register description page
in Sections3.1.], 3.2.1, and3.3.1

In a table, X = “don’t care” (the value doesn’'t matter) 1X = Register Set C
Emphasized text and table column titles are set in bold italics. Thisulsitbe set.
In theDWGCTL illustrations (inChapter 4, the ‘+’ and ‘# symbols have a spe- trans

cial meaning. This is explained ‘ifrogrammer’s Specification’ on page 4-1

#\H#H | #|#

1.5 Locating Information

The Matrox G400 register descriptions are located in Chapter 3. These descriptions are divided into
several sections, and arranged in alphabetical order within each section.

B Tofind aregister by name (when you know which section it’s in): go to the section and search
the names at the top of each page for the register you want.

B To find a register by its index or address, refer to the tables in Chapter 2. Indirect access registe
indexes are duplicated on the description page of the direct access register that they refer to.

B To find a particular field within a register, search in the Alphabetical List of Register Fields at the
back of the manual.

Information on how to program the Matrox G400 registers is locat€thapter 4 Hardware design
information is located i€hapter 5Appendix A contains pinout, timing, and other general information.

At the beginning of this manual you will find a complete Table of Contents, a List of (major) Figures, and
a List of (major) Tables.

(D Note: Matrox G400 isimplied with all references made to MGA-G400 or MGA.

Matrox G400 Specification Typographical Conventions Used 1-9
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2.1 Memory Mapping

& Note: All addresses and bits within dwords are labelled for a Little-Endian processor (X 86

211

series, for example).

Configuration Space Mapping

Table 2-1: Matrox G400 Configuration Space Mapping

Address Name/Note Description
00h-03h DEVID Device Identification
04h-07h DEVCTRL Device Control
08h-0Bh [CLASS Class Code
0Ch-OFh HEADER Header
10h-13h MGABASE2 MGA Frame Buffer Aperture Address
14h-17h MGABASE1 MGA Control Aperture Base
18h-1Bh |MGABASE3 MGA ILOAD Aperture Base Address
1Ch-2Bh  |Reserved Y —
2Ch-2Eh | SUBSYSID Loc;gtion for reading th8ubsystem 1D
Writing has no effect.
30h-33h |ROMBASE ROM Base Address
34h-37h |CAP_PTR Capabilities Pointer
38h-3Bh | Reservell —
3Ch-3Fh |INTCTRL Interrupt Control
40h-43h |OPTION Optionregister number 1
44h-47h |MGA_INDEX®@ MGA Indirect Access Index
48h-4Bh |MGA_DATAW MGA Indirect Access Data
ACh-4Fh | SUBSYSID LocaIi.on for Wr_iti ng :the Subsystem ID.
Reading will give 0’s.
50h-53h |OPTION2 Option register number 2
54h-57h |OPTION3 Option register number 3
58h-DBh | Reserveff) —
DCh-DFh |PM_IDENT Power Management Identifier
EOh-E3h |PM_CSR Power Management Control / Status
E4h-EFh | Reserved —
FOh-F3h |AGP_IDENT &) AGP Capability Identifier
F4ah-F7h |AGP_STS AGP Status
F8h-FBh |AGP_cwmD ©) AGP Command
FCh-FFh |Reserved () —

@ writi ng to areserved location has no effect. Reading from a reserved location will
give ‘0’s. Access to any location (including a reserved one) will be decoded.

@ Not supported when powerpc is ‘1. Reading to these locations will return unknown

values; writing to these locations may modify any register described in the

MGABASEL1 range.

() These locations exist only for the MGA-G400-AGP. These locations are reserved

and will return ‘O’ when read.

2-2  Memory Mapping
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2.1.2

MGA General Map

Table 2-2: MGA General Map

Address

Condition

Name/Notes

000A 0000h-000BFFFFh

GCTL6<3:2>="'00",MISC<1> =T

000A 0000h-000A FFFFh

GCTL6<3:2> = ‘01’,MISC<1> =T

000B0000ON-000B7FFFh

GCTL6<3:2> = 10’,MISC<1> =T

000B8000h-000BFFFFh

GCTL6<3:2> = ‘11",MISC<1> = ‘1’

VGA frame bufferP@

(Note 2 appliesonly if
MGAMODE = ‘1")

ROMBASE + 0000h to
ROMBASE + FFFFh

biosen =1 (seeDPTION) and

romen = 1 (seeROMBASE)

BIOS EPROM®Y

MGABASE1 + 0000h to
MGABASEL1 + 3FFFh

MGA control aperture

(se@able 2-3

@

MGABASE2 + 000000h to
MGABASE?2 + FFFFFFh

Direct frame buffer access aperture

DG

MGABASE3 + 000000h to
MGABASE3 + 7FFFFFh

8 MByte Pseudo-DMA window

D@A®)

@ m emory space accesses are decoded only if memspace = 1 (see the DEVCTRL configuration register).
@ Hardware swapping for Big-Endian support is performed in accordance with the settings of the OPMODE

register'sdirDataSiz bits.

() The usable range depends on how much memory has been installed. Reading or writing outside the usable
range will yield unpredictable results.

) Hardware swapping for Big-Endian support is performed in accordance with the settings of the OPMODE

register'simaDataSiz bits.

® This memory space is Write Only. Reads will retunknown values.

Matrox G400 Specification
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2.1.3 MGA Control Aperture
Table 2-3: MGA Control Aperture (extension of Table 3-2)

MGABASE1 + Attr. [ Mnemonic Device name

0000h-1BFFh W |DMAWIN 7K Byte Pseudo-DMA window (D)
1C00h-1DFFh W |DWGREGO First set of drawing registers @®®
1E00N-1EFFh R/W |HSTREG Host registers (D)

1FO0h-1FFFh R/W |VGAREG VGA registers (9©

2000h-207Fh RW |WIMEMDATA WARP instruction memory )
2080h-20FFh — — Reserved®

2100h-217Fh R/W| WIMEMDATAL WARP instruction memo)©
2180h-2DFFh W | DWGREG1 i%f;’:@%&g drawing
2E00h-3BFFh — — Reserve®

3C00h-3COFh R/W| DAC RAMDAC registelf§
3C10h-3C58h R/W| CRTC2 Second CRTC

3C60h-3CFFh — — Reservédl

3D00h-3DFFh R/W | BESREG Backend Scaler regi%)
3E00h-3EFFh R/W| VINCODEC Video-in and codec interf5e)
3F00h-3FFFh — — Reserved

@ Hardware swapping for Big-Endian support is performed in accordance with the settings of the OPMODE
register'simaDataSiz bits.

@ Hardware swapping for Big-Endian support is performed whe@BHON configuration register’s
powerpc bitis ‘1’.

@) see the register map rable 2-4 for a more detailed view of this memory space.

4) Reads of these locations retumknown values éxcept for range 2C40 to 2C4F and 2CDO to 2CD7).

® veAa registers have been memory mapped to provide access@R1I@ registers in order to program
MGA video modes when the VGA I/O space is not enabled.

(6) Reserved locations are decoded. The returned values are unknown.

2-4  Memory Mapping Matrox G400 Specification
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2.2 Register Mapping

& Note: For the valuesin Table 2-4, reserved locations should not be accessed. Writing to
reserved locations may affect other registers. Reading from reserved locations will
return unknown data. All footnote references can be found at the end of the table.

Table 2-4: Register Map (Part 1 of 14)

Memory /0

Register Mnemonic Name | Access| Address¥) | Address?® |Index| Description/Comments Page
DWGCTL WO | 1CO00h — 00h| Drawing Control 3-132
MACCESS WO | 1C04h — 01h| Memory Access 3-152
MCTLWTST WO | 1C08h — 02h| Memory Control Wait State 3-1%4
ZORG WO | 1CO0Ch — 03h| Z-Depth Origin 3-286
PATO WO | 1C10h — 04h| Pattern 3-16[1
PAT1 WO | 1C14h — 05h| Pattern "

— — 1C18h — — | Reserved —
PLNWT WO | 1C1Ch — 07h|Plane Write Mask 3-163
BCOL WO | 1C20h — 08h Background Color / Blit Color Mask 3-46
FCOL WO | 1C24h — 09h Foreground Color / Blit Color Key 3-140

— — 1C28h — — | Reserved —

— — 1C2Ch — OBh| Reserved (SRCBLT) —
SRCO WO | 1C30h — 0Ch| Source 3-186
SRC1 WO | 1C34h — ODh| Source "
SRC2 WO | 1C38h — OEh| Source "
SRC3 WO | 1C3Ch — OFh| Source "
XYSTRT WO | 1C40h — | 10h| XY Start Address 3-281
XYEND @ WO | 1C44h — | 12h XY End Address 3-280

— 1C48h-1C4Fh — —| Reserved —
SHIFT @ WO | 1C50h — | 14h Funnel Shifter Control 3-175
DMAPAD © WO | 1C54h — | 15h DMA Padding 3-114
sGN ©® WO | 1C58h — | 16h Sign 3-172
LEN @ WO | 1C5Ch — | 17h Length 3-151
ARO @ WO | 1C60h — 18h| Multi-Purpose Address 0 3-39
AR1 WO | 1C64h — 19h| Multi-Purpose Address 1 3-40
AR2 @ WO | 1C68h — 1Ah | Multi-Purpose Address 2 3-41
AR3 WO | 1C6Ch — | 1Bh| Multi-Purpose Address 3 3-42
AR4 ) WO | 1C70h — | 1Ch| Multi-Purpose Address 4 3-43
AR5 WO | 1C74h — | 1Dh| Multi-Purpose Address 5 3-44
AR6 @ WO | 1C78h — | 1Eh| Multi-Purpose Address 6 3-45
CXBNDRY ) WO | 1C80h — | 20h| Clipper X Boundary 3-107
FXBNDRY @ WO | 1C84h — | 21h| X Address (Boundary) 3-146

Matrox G400 Specification Register Mapping 2-5
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Table 2-4: Register Map (Part 2 of 14)

Memory /0
Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
YDSTLEN © WO | 1C88h — 22h Y Destination and Length 3-284
PITCH ® WO | 1C8Ch — | 23h|Memory Pitch 3-16P
YDST WO | 1C90h — 24h|Y Address 3-2838
— — 1C94h — — | Reserved —
yTOP ©@ WO | 1C98h — 26h | Clipper Y Top Boundary 3-285
yBOT ©® WO | 1C9Ch — 27h | Clipper Y Bottom Boundary 3-282
CXLEFT ® WO | 1CAOh — | 28h| Clipper X Minimum Boundary 3-108
CXRIGHT @ WO | 1CA4h — | 29h| Clipper X Maximum Boundary 3-109
FXLEFT ® WO | 1CA8h — | 2Ah| X Address (Left) 3-14F
FXRIGHT ©® WO | 1CACh — | 2Bh| X Address (Right) 3-148
xDsT @ WO | 1CBOh — | 2Ch| X Destination Address 3-279
— 1CB4h-1CBFh — —| Reserved —
DRO WO | 1CCOh — 30h| Data ALU 0 3-118
FOGSTART WO | 1CC4h — 31h| Fog Start 3-1438
DR2 WO | 1CC8h — 32h| Data ALU 2 3-119
DR3 WO | 1CCCh — 33h| Data ALU 3 3-120
DR4 WO | 1CDOh — 34h | Data ALU 4 3-121
FOGXINC WO | 1CD4h — 35h | Fog X Inc 3-144
DR6 WO | 1CD8h — 36h|Data ALU 6 3-122
DR7 WO | 1CDCh — 37h|Data ALU 7 3-123
DR8 WO | 1CEOh — 38h|Data ALU 8 3-124
FOGYINC WO | 1CE4h — 39h| Fog Y Inc 3-14%
DR10 WO | 1CES8h — 3Ah| Data ALU 10 3-12%
DR11 WO | 1CECh — 3Bh|Data ALU 11 3-126
DR12 WO | 1CFOh — 3Ch|Data ALU 12 3-127
FOGCOL WO | 1CF4h — 3Dh| Fog Color 3-142
DR14 WO | 1CF8h — 3Eh|Data ALU 14 3-128
DR15 WO | 1CFCh — 3Fh| Data ALU 15 3-129
— 1D00h-1DBFh — (6) | Same mapping as 1C00h-1CB#h —
WIADDR WO | 1DCOh — 70h| WARP Instruction Address 3-268
WFLAG WO | 1DC4h — 71h| WARP Flags 3-2613
WGETMSB WO | 1DC8h — 72h| WARP GetMSB Value 3-267
WVRTXSZ WO | 1DCCh — 73h| WARP \ertex Size 3-278
— — | 1DDOh — 74h| Reserved (WDBR) —
WACCEPTSEQ WO | 1DD4h — 75 |WARP Accept Sequence 3-260
WIADDR2 WO | 1DD8h — 76 | WARP Instruction Address 2 3-269
2-6 Register Mapping Matrox G400 Specification
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Table 2-4: Register Map (Part 3 of 14)

Memory /0

Register Mnemonic Name | Access| Address® | Address®® | | ndex | Description/Comments Page
WFLAG1 WO | 1DEOh — 78 |WARP Flags 1 3-264
WIADDRNB2 WO | 1EOOh — — | WARP Instruct. Add. (Non-Blocking) 2 3-272
WIADDRNB1 RO 1E04h — — |WARP Instruct. Add. (Non-Blocking) L 3-271
WFLAGNB1 R/W | 1E08h — — |WARP Flags (Non-Blocking) 1 3-266
TEST1 R/W | 1EOCh — — | Testl 3-207
FIFOSTATUS RO | 1E10h — — |Bus FIFO Status 3-141
STATUS R/W | 1E14h — — | Status 3-188
ICLEAR WO | 1E18h — — | Interrupt Clear 3-149
IEN R/W| 1E1Ch — — | Interrupt Enable 3-150
VCOUNT RO | 1E20h — — [ Vertical Count 3-242
DMAMAP30 R/W | 1E30h — — | DMA Map 3h to Oh 3-110
DMAMAP74 R/W | 1E34h — — |DMA Map 7h to 4h 3-111
DMAMAPBS8 R/W | 1E38h — — |DMA Map Bh to 8h 3-112
DMAMAPFC R/W | 1E3Ch — — |DMA Map Fh to Ch 3-1138
RST R/W | 1E40h — — |Reset 3-16}
MEMRDBK R/W | 1E44h — — [Memory Read Back 3-157
TESTO R/W | 1E48h — — | TestO 3-204
CFG_OR R/W | 1E4Ch — — | Configuration Override 3-99
PRIMPTR R/W | 1E50h — — | Primary List Status Fetch Pointer 3-166
OPMODE R/W | 1E54h — — | Operating Mode 3-159
PRIMADDRESS R/W | 1E58h — — | Primary DMA Current Address 3-164
PRIMEND R/W | 1E5Ch — — |Primary DMA End Address 3-165
WIADDRNB R/W | 1E60h — — |WARP Instruct. Add. (Non-Blocking) | 3-270
WFLAGNB R/W | 1E64h — — | WARP Flags (Non-Blocking) 3-265
WIMEMADDR WO | 1E68h — — |WARP Instruction Memory Address 3-273
WCODEADDR RO | 1E6Ch — — | WARP Microcode Address 3-262
WMISC R/W | 1E70h — — | WARP Miscellaneous 3-276

— 1E7Ch - 1E7F — — Reserved —+
DWG_INDIR_WT<0>| WO | 1E80h — — | Drawing Register Indirect Writ@ 3-131
1E84h-1EB8h
DWG_INDIR_WT<15% WO| 1EBCh — — | Drawing Register Indirect Writ&5 3-131

— 1ECOh - 1FBF¥ — —{ Reserved —
ATTR (Index) R/W| 1FCOh 3COh —t Attribute Controller 3-289
ATTR (Data) WO| 1FCOh 3COh — Attribute Controller '
ATTR (Data) RO| 1FC1h 3C1h —t Attribute Controller '

— — 1FC1h 3C1h —| Reserved —
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Table 2-4: Register Map (Part 4 of 14)

Memory /0
Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
ATTRO R/W — — 00h |Palette entry O 3-289
ATTR1 R/W — — 01h| Palette entry 1 "
ATTR2 R/W — — 02h| Palette entry 2
ATTR3 R/W — — 03h| Palette entry 3
ATTR4 R/W — — 04h| Palette entry 4
ATTR5 R/W — — 05h| Palette entry 5
ATTR6 R/W — — 06h| Palette entry 6 "
ATTR7 R/W — — 07h| Palette entry 7 "
ATTRS8 R/W — — 08h| Palette entry 8 "
ATTR9 R/W — — 09h| Palette entry 9 "
ATTRA R/W — — OAh| Palette entry A "
ATTRB R/W — — 0Bh| Palette entry B "
ATTRC R/W — — 0Ch| Palette entry C
ATTRD R/W — — 0Dh| Palette entry D
ATTRE R/W — — OEh| Palette entry E
ATTRF R/W — — OFh| Palette entry F
ATTR10 R/W — — 10h| Attribute Mode Control 3-292
ATTR11 R/W — — 11h|Overscan Color 3-294
ATTR12 R/W — — 12h| Color Plane Enable 3-295
ATTR13 R/W — — 13h|Horizontal Pel Panning 3-296
ATTR14 R/W — — 14h| Color Select 3-297
— — — — 15h-1Fh: Reserved —
INSTSO RO | 1FC2h 3C2h — Input Status 0 3-356
MISC WO | 1FC2h 3C2h —{| Miscellaneous Output 3-358
— R/W| 1FC3h| 3c3H® | — |Reserved, not decoded for I/0 —+
SEQ (Index) R/W| 1FC4h 3C4h — Sequencer 3-360
SEQ (Data) R/W| 1FC5h 3C5h —Sequencer —
SEQO R/W — — 00h|SEQO 3-361
SEQ1 R/W — — 01h|Clocking Mode 3-36
SEQ2 R/W — — 02h|{Map Mask 3-363
SEQ3 R/W — — 03h|Character Map Select 3-3p4
SEQ4 R/W — — 04h|{Memory Mode 3-365H
— R/W — — 05h - 07h: Reserved —
— — 1FC6h — — | Reserved —
DACSTAT RO | 1FC7h 3C7h — DAC Statugrequires a byte access) | 3-343
— WO | 1FC7h — — | Reserved —

2-8 Register Mapping
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Table 2-4: Register Map (Part 5 of 14)

Memory /0
Register Mnemonic Name | Access| Address® | Address®® | | ndex | Description/Comments Page
— 1FC8h-1FC9h — —| Reserved —
FEAT RO | 1FCAh 3CAh — | Feature Control 3-344
— WO | 1FCAh 3CAh — | Reserved —
— — | 1FCBh| 3cBH® | — |Reserved, not decoded for I/O -+
MISC RO | 1FCCh 3CCh — Miscellaneous Output 3-358
— WO | 1FCCh 3CCh —| Reserved —
— — | 1FCDh| 3cDH® | — |Reserved, not decoded for I/O —
GCTL (Index) R/W| 1FCEh 3CEh — Graphics Controller 3-345
GCTL (Data) R/W| 1FCFh 3CFh —tGraphics Controller "
GCTLO R/W — — 00h|Set/Reset 3-346
GCTL1 R/W — — 01h|Enable Set/Reset 3-347
GCTL2 R/W — — 02h| Color Compare 3-348
GCTL3 R/W — — 03h|Data Rotate 3-349
GCTL4 R/W — — 04h|Read Map Select 3-350
GCTL5 R/W — — 05h|Graphics Mode 3-351
GCTL6 R/W — — 06h|Miscellaneous 3-353
GCTL7 R/W — — 07h|Color Don't Care 3-35¢4
GCTL8 R/W — — 08h|Bit Mask 3-354
— — — — 09h - OFh: Reserved —
— 1FDOh-1FD3h — —| Reserved —
CRTC (Index) R/W| 1FD4h| 3D4h| —{CRTC Registergor 384H%)) 3-299
CRTC (Data) R/W| 1FD5h| 3D5h| —CRTC Registergor 3B5H%)) "
CRTCO R/W — — 00h|Horizontal Total 3-301
CRTC1 R/W — — 01h|Horizontal Display Enable End 3-302
CRTC2 R/W — — 02h| Start Horizontal Blanking 3-303
CRTC3 R/W — — 03h|End Horizontal Blanking 3-304
CRTC4 R/W — — 04h| Start Horizontal Retrace Pulse 3-305
CRTCS R/W — — 05h|End Horizontal Retrace 3-306
CRTC6 R/W — — 06h| Vertical Total 3-307
CRTC7 R/W — — 07h|Overflow 3-308
CRTCS8 R/W — — 08h|Preset Row Scan 3-3P9
CRTC9 R/W — — 09h|Maximum Scan Line 3-310
CRTCA R/W — — OAh| Cursor Start 3-311
CRTCB R/W — — 0Bh|{Cursor End 3-31p
CRTCC R/W — — 0Ch| Start Address High 3-313
CRTCD R/W — — ODh| Start Address Low 3-314
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Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page

CRTCE R/W — — OEh| Cursor Location High 3-315
CRTCF R/W — — OFh| Cursor Location Low 3-316
CRTC10 R/W — — 10h|Vertical Retrace Start 3-317
CRTC11 R/W — — 11h| Vertical Retrace End 3-318
CRTC12 R/W — — 12h|Vertical Display Enable End 3-319
CRTC13 R/W — — 13h| Offset 3-32(

CRTC14 R/W — — 14h|Underline Location 3-321
CRTC15 R/W — — 15h| Start Vertical Blank 3-322
CRTC16 R/W — — 16h|End Vertical Blank 3-32B8
CRTC17 R/W — — 17h|CRTC Mode Control 3-324
CRTC18 R/W — — 18h|Line Compare 3-328

— — — — 19h - 21h: Reserved —
CRTC22 R/W — — 22h|CPU Read Latch 3-329

— — — — 23h| Reserved —
CRTC24 R/W — — 24h| Attributes Address/Data Select 3-330

— — — — 25h| Reserved —
CRTC26 R/W — — 26h| Attributes Address 3-331

— — — — 27h - 3Fh: Reserved —

. . 1FD6h | 3D6HD | — (R;?se)eé\é%%),)not decoded for I/O o

L — | 1FD7h | 3p7HD | — (I?)erzse)eé\;erz{%l),)not decoded for I/O L

— 1FD8h-1FD9h — —| Reserved —
INSTS1 RO | 1FDAh| 3DAh | — |Input Status Yor 3BAH®) 3-357
FEAT WO | 1FDAh| 3DAh | — |Feature Controfor 3BAK®) 3-344

L — | 1rDBh | 30BH® | — (I?)erzse)eé\éer?é))not decoded for I/O .

— 1FDCh-1FDDh — —| Reserved —
CRTCEXT (Index) R/W | 1FDEh 3DEh —| CRTC Extension 3-332
CRTCEXT (Data) R/W | 1FDFh 3DFh —| CRTC Extension "
CRTCEXTO R/W — — 00h| Address Generator Extensions 3-833
CRTCEXT1 R/W — — 01h|Horizontal Counter Extensions 3-334
CRTCEXT2 R/W — — 02h| Vertical Counter Extensions 3-3B5
CRTCEXT3 R/W — — 03h|Miscellaneous 3-336
CRTCEXT4 R/W — — 04h|{Memory Page 3-338
CRTCEXT5 R/W — — 05h|Horizontal Video Half Count 3-339
CRTCEXT®6 R/W — — 06h| Priority Request Control 3-340
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Memory /0

Register Mnemonic Name | Access| Address® | Address®® | | ndex | Description/Comments Page
CRTCEXT7 R/W — — 07h|Requester Control 3-341
CRTCEXTS8 R/W — — 08h|Address Extension 3-342

— 1FEOh - 1FFER — — Reserved —+
CACHEFLUSH R/W | 1FFFh — — | Cache Flush 3-298
WIMEMDATA R/W 2000h-207Fh — WARP Instruction Memory Data 3-274

— 2080h-20FFh — —| Reserved —
WIMEMDATA1 R/W 2100h-217Fh — WARP Instruction Memory Data 1 3-2[(5

— 2180h-2BFFh — —| Reserved —
TMRO WO | 2C00h — 80h | Texture Mapping ALU 0 3-230
TMR1 WO | 2C04h — 81h Texture Mapping ALU 1 3-231
TMR2 WO | 2C08h — 82h | Texture Mapping ALU 2 3-232
TMR3 WO | 2CO0Ch — 83h  Texture Mapping ALU 3 3-233
TMR4 WO | 2C10h — 84h | Texture Mapping ALU 4 3-234
TMR5 WO | 2Cl4h — 85h | Texture Mapping ALU 5 3-235
TMR6 WO | 2C18h — 86h | Texture Mapping ALU 6 3-236
TMR7 WO | 2C1Ch — 87h | Texture Mapping ALU 7 3-237
TMR8 WO | 2C20h — 88h | Texture Mapping ALU 8 3-238
TEXORG WO | 2C24h — 89h | Texture Origin 3-221
TEXWIDTH WO | 2C28h — 8Ah | Texture Width 3-228
TEXHEIGHT WO | 2C2Ch — 8Bh| Texture Height 3-219
TEXCTL WO | 2C30h — 8Ch| Texture Map Control 3-210
TEXTRANS WO | 2C34h — 8Dh| Texture Transparency 3-2p6
TEXTRANSHIGH WO | 2C38h — 8Eh| Texture Transparency 3-2p7
TEXCTL2 WO | 2C3Ch — 8Fh| Texture Map Control 2 3-215
SECADDRESS R/W | 2C40h — 90h | Secondary DMA Current Addrdds 3-168
SECEND R/W | 2C44h — 91h|Secondary DMA End Addre$8 3-169
SOFTRAP R/W | 2C48h — | 92h Soft Trap Handlé” 3-17§
DWGSYNC R/W | 2CA4Ch — 93h | Drawing Synchronisation 3-139
DRO Z32LSB WO | 2C50h — 94h| Extended Data ALU O 3-115
DRO _Z32 MSB WO | 2C54h — 95h| Extended Data ALU O "
TEXFILTER WO | 2C58h — 96h | Texture Filtering 3-217
TEXBORDERCOL WO | 2C5Ch — 97h| Texture Border Color 3-209
DR2_Z32LSB WO | 2C60h — 98h | Extended Data ALU 2 3-116
DR2_Z32 MSB WO | 2C64h — 99h | Extended Data ALU 2 "
DR3 Z32LSB WO | 2C68h — 9Ah | Extended Data ALU 3 3-117
DR3_Z32 MSB WO | 2C6Ch — 9Bh| Extended Data ALU 3 "
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Memory /0

Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
ALPHASTART WO | 2C70h — 9Ch| Alpha Start 3-36
ALPHAXINC WO | 2C74h — 9Dh| Alpha X Inc 3-37
ALPHAYINC WO | 2C78h — 9Eh| Alpha Y Inc 3-38
ALPHACTRL WO | 2C7Ch — 9Fh| Alpha CTRL 3-33
SPECRSTART WO | 2C80h — AOh| Specular Lighting Red Start 3-183
SPECRXINC WO | 2C84h — Alh| Specular Lighting Red X Inc 3-184
SPECRYINC WO | 2C88h — | A2h| Specular Lighting Red Y Inc 3-185
SPECGSTART WO | 2C8Ch — | A3h| Specular Lighting Green Start 3-180
SPECGXINC WO | 2C90h — | Adh| Specular Lighting Green X Inc 3-181
SPECGYINC WO | 2C94h — | ABh| Specular Lighting Green Y Inc 3-182
SPECBSTART WO | 2C98h — | ABh| Specular Lighting Blue Start 3-1y7
SPECBXINC WO | 2C9Ch — | A7h| Specular Lighting Blue X Inc 3-178
SPECBYINC WO | 2CAOh — A8h| Specular Lighting Blue Y Inc 3-179
TEXORGL1 WO | 2CA4h — A9h| Texture Origin 1 3-22p
TEXORG2 WO | 2CA8h — AAh| Texture Origin 2 3-22B8
TEXORG3 WO | 2CACh — ABh| Texture Origin 3 3-224
TEXORG4 WO | 2CBOh — | ACh| Texture Origin 4 3-22b
SRCORG WO | 2CB4h — | ADh|Source Origin 3-18)7
DSTORG WO | 2CB8h — | AEh| Destination Origin 3-130

— — 2CBCh - 2CC4h —| Reserved —
STENCIL WO | 2CC8h — B2h| Stencil 3-191
STENCILCTL WO | 2CCCh — B3h  Stencil Control 3-19p
SETUPADDRESS R/W| 2CDOh — | B4h|Setup DMA Current Addred® 3-170
SETUPEND R/W| 2CD4h — | B5h|Setup DMA End Addres€) 3-171]

— 2CD8h - 2CECH — —| Reserved —
TBUMPMAT WO | 2CFOh — BCh| Text. Bump Map Transform 3-194
TBUMPFMT WO | 2CF4h — BDh| Text. Bump Map Format 3-195
TDUALSTAGEO WO | 2CF8h — BE | Texture Dual Stage 0 3-196
TDUALSTAGEL WO | 2CFCh — BF | Texture Dual Stage 1 3-201
WRO WO | 2D00h — COh| WARP Registef 3-277
WR1 WO | 2D04h — Clh|WARP Registed "
WR2 WO | 2D08h — C2h| WARP Registel "
WR63 WO | 2DFCh — FFh| WARP Registe63 3-271

— 2E00h-3BFFh — —| Reserved —t
PALWTADD R/W | 3CO00h 3C8h —| Palette RAM Write Address 3-371
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Memory /0
Register Mnemonic Name | Access| Address® | Address®® | | ndex | Description/Comments Page
PALDATA R/W | 3CO0lh 3C9oh — | Palette RAM Data 3-369
PIXRDMSK R/W | 3CO02h 3C6h —{ Pixel Read Mask 3-372
PALRDADD RW/| 3C03h| 3C7h| — rpezliesttt:riAvl\\A/c??;ﬂ /gdgéiizgs_ 3-370

— 3C04h - 3C09n — — Reserved —t
X_DATAREG R/W | 3CO0Ah — — |Indexed Data 3-373

— — — — 00h - 03h: Reserved —
XCURADDL R/W — — 04h| Cursor Base Address Low 3-384
XCURADDH R/W — — 05h|Cursor Base Address High 3-383
XCURCTRL R/W — — 06h| Cursor Control 3-386

— — — — 07h| Reserved —
XCURCOLORED R/W — — 08h| Cursor ControD Red 3-385
XCURCOLOGREEN R/W — — 09h| Cursor ControD Green "
XCURCOLOBLUE R/W — — OAh|Cursor ControD Blue "

— — — — 0Bh| Reserved —
XCURCOL1RED R/W — — OCh| Cursor Controll Red 3-385
XCURCOL1GREEN R/W — — ODh| Cursor Controll Green 3-385
XCURCOL1BLUE R/W — — OEh| Cursor Contrdl Blue "

— — — — OFh| Reserved —
XCURCOL2RED R/W — — 10h{Cursor ControR Red 3-385
XCURCOL2GREEN R/W — — 11h|Cursor ControR Green "
XCURCOL2BLUE R/W — — 12h{Cursor ControPR Blue

— — — — 13h - 17h: Reserved —t
XVREFCTRL R/W — — 18h|\Voltage Reference Control 3-407
XMULCTRL R/W — — 19h( Multiplex Control 3-395
XPIXCLKCTRL R/W — — 1Ah| Pixel Clock Control 3-39y7

— — — — 1Bh - 1Ch: Reserved —
XGENCTRL R/W — — 1Dh| General Control 3-388
XMISCCTRL R/W — — 1Eh| Miscellaneous Control 3-393
XPANELMODE R/W — — 1Fh|Panel Mode 3-396
XMAFCDEL R/W — — 20h| MAFC Delay 3-392

— — — — 21h - 29h: Reserved —
XGENIOCTRL R/W — — 2Ah| General Purpose 1/0O Control 3-389
XGENIODATA R/W — — 2Bh|General Purpose I/0 Data 3-390
XSYSPLLM R/W — — 2Ch|SYSPLL M Value 3-408
XSYSPLLN R/W — — 2Dh|SYSPLL N Value 3-404
XSYSPLLP R/W — — 2Eh|SYSPLL P Value 3-405
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Memory /0
Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
XSYSPLLSTAT RO — — 2Fh|SYSPLL Status 3-406
— — — — 30h - 37h: Reserved —
XZOOMCTRL R/W — — 38h|Zoom Control 3-408
— — — — 39h| Reserved —
XSENSETEST R/W — — 3Ah|Sense Test 3-402
— — — — 3Bh| Reserved —
XCRCREML RO — — 3Ch|CRC Remainder Low 3-382
XCRCREMH RO — — 3Dh|CRC Remainder High 3-381
XCRCBITSEL R/W — — 3Eh|CRC Bit Select 3-380
— — — — 3Fh| Reserved —
XCOLMSK R/W — — 40h| Color Key Mask 3-378
— — — — 41h| Reserved —
XCOLKEY R/W — — 42h|Color Key 3-37¢
— — — — 43h| Reserved —
XPIXPLLAM R/W — — 44h|PIXPLL M Value Register Set A 3-398
XPIXPLLAN R/W — — 45h| PIXPLL N ValueRegister Set A 3-399
XPIXPLLAP R/W — — 46h| PIXPLL P ValueRegister Set A 3-400
— — — — 47h| Reserved —
XPIXPLLBM R/W — — 48h|PIXPLL M Value Register Set B 3-398
XPIXPLLBN R/W — — 49h| PIXPLL N ValueRegister Set B 3-399
XPIXPLLBP R/W — — 4Ah|PIXPLL P ValueRegister Set B 3-400
— — — — 4Bh| Reserved —
XPIXPLLCM R/W — — 4Ch| PIXPLL M Value Register Set C 3-398
XPIXPLLCN R/W — — 4Dh|PIXPLL N ValueRegister Set C 3-399
XPIXPLLCP R/W — — 4Eh|PIXPLL P ValueRegister Set C 3-400
XPIXPLLSTAT RO — — 4Fh| PIXPLL Status 3-401
— — — — 50h| Reserved —
XKEYOPMODE R/W — — 51h|KEYING Operating Mode 3-391
XCOLMSKORED R/W — — 52h|Color Mask ORed 3-379
XCOLMSKOGREEN | R/W — — 53h|Color Mask 0Green "
XCOLMSKOBLUE R/W — — 54h|Color Mask OBlue
XCOLKEYORED R/W — — 55h|Color Key ORed 3-377
XCOLKEYOGREEN R/W — — 56h|Color Key OBlue "
XCOLKEYOBLUE R/W — — 57h|Color Key 0Green "
— — — — 58h - 5Fh: Reserved —
XCURCOL3RED R/W — — 60h| Cursor Color3 Red 3-385
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XCURCOL3GREEN | R/W — — 61h| Cursor Color 3 Green "
XCURCOL3BLUE R/W — — 62h| Cursor Colo8 Blue "
XCURCOL4RED R/W — — 63h|Cursor Colo4 Red "
XCURCOL4GREEN | R/W — — 64h| Cursor Colod Green "
XCURCOL4BLUE R/W — — 65h| Cursor Colo4 Blue "
XCURCOL5RED R/W — — 66h|Cursor Colos Red "
XCURCOL5GREEN | R/W — — 67h| Cursor Colob Green "
XCURCOL5BLUE R/W — — 68h| Cursor Colob Blue "
XCURCOLG6RED R/W — — 69h|Cursor Colo Red "
XCURCOL6GREEN | R/W — — 6Ah| Cursor Colo6 Green "
XCURCOLG6BLUE R/W — — 6Bh| Cursor Colo6 Blue "
XCURCOL7RED R/W — — 6Ch| Cursor Color7 Red "
XCURCOL7GREEN | R/W — — 6Dh| Cursor Color 7 Green "
XCURCOL7BLUE R/W — — 6Eh| Cursor Color 7 Blue "
XCURCOLS8RED R/W — — 6Fh|Cursor Colo8 Red "
XCURCOL8BGREEN | R/W — — 70h| Cursor Colo8 Green "
XCURCOLS8BLUE R/W — — 71h| Cursor Colo8 Blue "
XCURCOL9RED R/W — — 72h|Cursor Colo© Red "
XCURCOL9GREEN | R/W — — 73h| Cursor Colo® Green "
XCURCOL9BLUE R/W — — 74h| Cursor Colo® Blue "
XCURCOL10RED R/W — — 75h|Cursor Colorl0 Red "
XCURCOL10GREEN | R/W — — 76h| Cursor Colol0 Green "
XCURCOL10BLUE R/W — — 77h| Cursor Coloi0 Blue "
XCURCOL11RED R/W — — 78h|Cursor Colorll Red "
XCURCOL11GREEN | R/W — — 79h| Cursor Coloi1l Green !
XCURCOL11BLUE R/W — — 7Ah| Cursor Colodl Blue "
XCURCOL12RED R/W — — 7Bh|Cursor Colorl2 Red "
XCURCOL12GREEN | R/W — — 7Ch| Cursor Coloi2 Green "
XCURCOL12BLUE R/W — — 7Dh| Cursor Colod2 Blue "
XCURCOL13RED R/W — — 7Eh| Cursor Colorl3 Red "
XCURCOL13GREEN | R/W — — 7Fh| Cursor Coloi3 Green "
XCURCOL13BLUE R/W — — 80h| Cursor Colof3 Blue "
XCURCOL14RED R/W — — 81h|Cursor Colorl4 Red "
XCURCOL14GREEN | R/W — — 82h| Cursor Colot4 Green "
XCURCOL14BLUE R/W — — 83h| Cursor Colot4 Blue "
XCURCOL15RED R/W — — 84h| Cursor Colorl5 Red "
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XCURCOL15GREEN | R/W — — 85h| Cursor Colodl5 Green "
XCURCOL15BLUE R/W — — 86h| Cursor Colol5 Blue

— — 3CO0Bh — — | Reserved —
CURPOSXL R/W| 3CO0Ch — —| Cursor Position X LSB 3-368
CURPOSXH R/W| 3CO0Dh — — | Cursor Position X MSB "
CURPOSYL R/W | 3COEh — —| Cursor Position Y LSB
CURPOSYH R/W | 3COFh — —| Cursor Position Y MSB "
C2CTL R/W | 3C10h — — | CRTC2 Control 3-77
C2HPARAM WO | 3C14h — — | CRTC2 Horizontal Parameters 3-82
C2HSYNC WO | 3C18h — — | CRTC2 Horizontal Sync 3-8
C2VPARAM WO | 3C1Ch — — | CRTC2 Vertical Parameters 3-97
C2VSYNC WO | 3C20h — — | CRTC2 Vertical Sync 3-98
C2PRELOAD WO | 3C24h — — | CRTC2 Preload Values 3-90
C2STARTADDO WO | 3C28h — — | CRTC2 Field #0 Start Add. 3-93
C2STARTADD1 WO | 3C2Ch — — | CRTC2 Field #1 Start Add. 3-94
C2PL2STARTADDO WO | 3C30h — — | CRTC2 Field #0 Plane #2 Start Add. 3-86
C2PL2STARTADD1 WO | 3C34h — — | CRTC2 Field #1 Plane #2 Start Add. 3-87
C2PL3STARTADDO WO | 3C38h — — | CRTC2 Field #0 Plane #3 Start Add. 3-88
C2PL3STARTADD1 | WO | 3C3Ch — — | CRTC2 Field #1 Plane #3 Start Add. 3-89
C20FFSET WO | 3C40h — — | CRTC2 Offset Values 3-8b
C2MISC R/W | 3C44h — — | CRTC2 Miscellaneous 3-84
C2VCOUNT RO | 3C48h — — |CRTC2 Vertical Count 3-96
C2DATACTL R/W| 3C4Ch — — | CRTC2 Data Control 3-8D
C2SUBPICLUT WO | 3C50h — — | CRTC2 Sub-Picture Color LUT 3-95
C2SPICSTARTADDO | WO | 3Cb54h — — | CRTC2 Field #0 Sub-Picture Start Aqd. 391
C2SPICSTARTADD1 | WO | 3C58h — — | CRTC2 Field #1 Sub-Picture Start Aqd. 3192

— 3C5C-3CFFh — —| Reserved —
BESA1ORG WO | 3D00h — — | BES Buffer A-1 Org. 3-49
BESA20RG WO | 3D04h — — | BES Buffer A-2 Org. 3-57
BESB1ORG WO | 3DO08h — — | BES Buffer B-1 Org. 3-55%
BESB20ORG WO | 3DO0Ch — — | BES Buffer B-2 Org. 3-58
BESA1CORG WO | 3D10h — — | BES Buffer A-1 Chroma Org. 3-48
BESA2CORG WO | 3D14h — — | BES Buffer A-2 Chroma Org. 3-51
BESB1CORG WO | 3D18h — — | BES Buffer B-1 Chroma Org. 3-54
BESB2CORG WO | 3D1Ch — — | BES Buffer B-2 Chroma Org. 3-57
BESCTL R/W | 3D20h — — | BES Control 3-59
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BESPITCH WO | 3D24h — — | BES Pitch 3-69
BESHCOORD WO | 3D28h — — | BES Horiz. Coordinates 3-63
BESVCOORD WO | 3D2Ch — — | BES Vert. Coordinates 3-75
BESHISCAL WO | 3D30h — — |BES Horiz. Inv. Scaling Factor 3-64
BESVISCAL WO | 3D34h — — |BES Vert. Inv. Scaling Factor 3-16
BESHSRCST WO | 3D38h — — | BES Horiz. Source Start 3-67
BESHSRCEND WO | 3D3Ch — — | BES Horiz. Source Ending 3-65
BESLUMACTL WO | 3D40h — — |BES Luma Control 3-68

— — 3D44h — — | Reserved —
BESV1IWGHT WO | 3D48h — — | BES Field 1 Vert. Weight Start 3-73
BESV2WGHT WO | 3D4Ch — — | BES Field 2 Vert. Weight Start 3-714
BESHSRCLST WO | 3D50h — — | BES Horiz. Source Last 3-66
BESV1SRCLST WO | 3D54h — — | BES Field 1 Vert. Source Last Pos. 371
BESV2SRCLST WO | 3D58h — — | BES Field 2 Vert. Source Last Pos. 3472
BESA1C30RG WO | 3D60h — — | BES Buffer A-1 Chroma 3-Plane Org 3-47
BESA2C30RG WO | 3D64h — — | BES Buffer A-2 Chroma 3-Plane Org 3-50
BESB1C30RG WO | 3D68h — — | BES Buffer B-1 Chroma 3-Plane Org 3-h3
BESB2C30RG WO | 3D6Ch — — | BES Buffer B-2 Chroma 3-Plane Org 3-b6

— — 3D70h - 3DBCh —| Reserved —
BESGLOBCTL R/W | 3DCOh — — | BES Global Control 3-61
BESSTATUS RO | 3DC4h — — |BES Status 3-70

— 3DC8h - 3DFFh — —| Reserved —
VINCTLO WO | 3EO00h — — | Video Input Control Window 0 3-252
VINCTL1 WO | 3E04h — — | Video Input Control Window 1 3-2533
VBIADDRO WO | 3E08h — — | VBI Address Window 0 3-239
VBIADDR1 WO | 3EO0Ch — | —]|vBI Address Window 1 3-240
VINADDRO WO | 3E10h — — | Video Input Address Window 0 3-245
VINADDR1 WO | 3El4h — — | Video Input Address Window 1 3-246
VBICOUNT WO | 3E18h — — | Video In VBI Count 3-241
VINCTL WO | 3E1Ch — — | Video Input Control 3-249
VINADDR2 WO | 3E20h — — | Video Input Address Window 2 3-247
VINADDR3 WO | 3E24h — — | Video Input Address Window 3 3-248
VINCTL2 WO | 3E28h — — | Video Input Control Window 2 3-254
VINCTL3 WO | 3E2Ch — — | Video Input Control Window 3 3-2535
VSTATUS RO | 3E30h — —|Video Status 3-257
VICLEAR WO | 3E34h — — | Video Interrupt Clear 3-243
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VIEN R/W | 3E38h — — | Video Interrupt Enable 3-244
VINHEIGHT 3E3Ch — — | Video In Maximum Height 3-256
CODECCTL WO | 3E40h — — | CODEC Control 3-10p
CODECADDR WO | 3E44h — — | CODEC Buffer Start Address 3-1p1
CODECHOSTPTR WO | 3E48h — — | CODEC Host Pointer 3-105
CODECHARDPTR RO | 3E4Ch — — | CODEC Hard Pointer 3-104
CODECLCODE RO | 3E50h — — | CODEC LCODE Pointer 3-106

— 3E54 - 3FFF — —| Reserved —

@ TheM emory Address for the direct access registersis a byte address offset from MGABASEL.

@10 space accesses are decoded only if VGA emulation is active (see the OPTION configuration register) and
iospace = 1 (seethe DEVCTRL configuration register).

) Since the address processor finishes its processing before the data processor, we recommend that you initialize
these registersfirst, in order to take advantage of the instruction overlay capability of the address processor.

) Accessi ng aregister in this range instructs the drawing engine to start adrawing operation. For the General Purpose
index value, use the index value found in the corresponding register and/or the index with 40h.

) Word or dword accesses to these specific reserved locations will be decoded. (The PCI convention states that
I/O space should only be accessed in bytes, and that a bridge will not perform byte packing.)

6) VGA 1/0 addresses in the 3DX h range are for CGA emulation (the MISC<0> register (ioaddsel field) is ‘1’).
VGA /O addresses in the 3BXh range are for monochrome (MDA) emulatioioétdsel field is ‘0’).
Exception: for CRTCEXT, the 3BEh and 3BFh I/O addresses are resenatdiecoded.

™) These registers are not writable throdfBABASE1 + 2C40h to 2C48h andGABASE1 + 2CDxh. They can
only be written via bus mastering operations from the Matrox G400. Gnelye read througMGABASE1 +
2C4xh andMGABASEL1 + 2CDxh.

L egend:
- A shaded cell indicates an index used by the General Purpose DMA.
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3.1 Power Graphic Mode Register Descriptions

3.1.1 Power Graphic Mode Configuration Space Registers

Power Graphic Mode register descriptions contain a (double-underlined) main header which indicates the
register’s mnemonic abbreviation and full name. Below the main header, the memory address (30h, for
example), attributes, and reset value for the register are provided. Next, an illustration identifies the bit
fields, which are then described in detail underneath. Reserved fields are identified by black underscore
bars; all other fields display alternating white and gray bars.

Sample Power Graphic Mode Config. Space Register SAMPLE_CS
Address <value> (CS) \

Attributes R/W Main header
Reset Value <value>

N

ye Underscore bars
Reserved field3 o field1 /

31/30| 20| 28| 27| 26| 25] 24| 23] 22| 21| 20| 19[ 18| 17] 16| 15| 14 13] 12 11|10 9 [ 8] 7| 6| 5 | 4 [ 3| 2] 1] 0

fieldl Field 1. Detailed description of thield1 field of theSAMPLE_CS register, which
<22:0> comprises bits 22 to @.ont and case changes within the text indicate a register or
field.
field2<23> Field 2. Detailed description @ield2 in SAMPLE_CS, which is bit 23.
field3 Field 3. Detailed description of thield3 field of theSAMPLE_CS register, which
<26:24> comprises bits 26 to 24.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’
<31:27> (Reserved registers always appear at the end of a register description.)

Memory Address
The addresses of all the Power Graphic Mode registers are providedpter 2
®% Note: CS indicates that the address lies within the configuration space.

Attributes
The Power Graphic Mode configuration space register attributes are:

*RO There are no writable bits.
* WO: There are no readable bits.
* R/W: The state of the written bits can be read.

*BYTE: 8-bit access to the register is possible.

* WORD: 16-bit access to the register is possible.

* DWORD: 32-bit access to the register is possible.

* STATIC: The contents of the register wilbt change during an operation.
Reset Value

Here are some of the symbols that appear as part of a register’s reset value:

000? 0000 000S ???? 1101 0000 SO0O0 0000b
(b = binary,? = unknowr§ = bit’s reset value is affected by a strap setting, N/A = not applicable)
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AGP Command

AGP_CMD

Address
Attributes

Reset Value

rq_depth

F8h (CS)

R/W, BY TEFEWORD/DWORD, STATIC
0000 0000 0000 0000 0000 O0OOO 0000 0O000b

Reserved

| Reserved

31/ 3029 28‘27‘26‘25‘24

|| 2 21] 20]19] 18] 17 16] 15[ 4] 13] 22 1 [ 20] o |

23122|121120|119|18|17|16(15|14|13|12|11|10| 9

sba_enable
agp_enable

Reserved

8|7/6|5|4|3|2(1]|0

data_rate

data_rate
<2:0>

agp_enable
<8>

sba_enable
<9>

rq_depth
<28:24>

Reserved

Matrox G400 Specification

Indicates the operational data rate of the device. Only one bit in this field must be set:

data_rate |description
‘000’ reset value
‘0oL’ 1 x data rate
‘010’ 2 X data rate
‘100° |4 x data raté’
others Reserved

(@ Note: the 4x datarateisonly
available when typedetN pin

is tied to ‘0.

When set, this bit enables the Matrox G400 to initiate AGP operation.

When set, the side address bus of the device is enabled.

This should be programmed with the maximum number of pipelined operations that
the Matrox G400 is allowed to queue. This value should be equal, or less, than the
value reported inthe rq field of AGP_STS register.

<31:29> <23:10> <7:3>

Reserved. Writing has no effect. Reading will give ‘0’s.

®& Note: To initiate the AGP cycle, botigp_enable andsba_enable must
be set together with the propsaita_rate value (either 1X, 2X, or

4X).
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AGP_IDENT AGP Capability Identifier

Address FOh (CS)
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0010 0000 0000 0000 0000 0010b

Reserved agp_rev agp_next_ptr agp_cap_id
31|30|29] 28| 27| 26| 25| 24 23‘22‘21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘ 9 ‘ 8|7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

agp_cap_id This field contains the AGP capabilities identifier: 02h, which describes the
<7:0> information contained in the capability entry (FOh-F8h)

agp_next_ptr  Thisfield contains the hard-coded value of 00h, which indicates that there is no other
<15:8> capabilitiesin the list.

agp_rev Thisfield contains the AGP specification revision to which this device complies: 20h
<23:16> (asin2.0)
Reserved Reserved. Writing has no effect. Reading will give ‘O’s.

<31:24>
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AGP Status AGP_STS
Address Fah (CS) for Matrox G400-AGP only
Attributes RO, BY TE/'WORD/DWORD, STATIC
Reset Value 0001 1111 0000 0O0O0OO 0O0O0OO 0010 0000 0S11nb
o
go) 8 ©
o
5 2 gg:z 8
I o = o @ |
T 8 38 =2
rq Reserved n eSx O
31‘30‘29‘28‘27‘26‘25‘24 23]22(21|20]19(18]17|16|15(14]13]12|11|10| 9 | 8| 7| 6| B 4m 2\1\0

rate_cap
<2:0>

fw_cap
<4>

addr4g_cap
<5>

sba _cap
<9>

rq
<31:24>

Reserved

Matrox G400 Specification

WhentypedetN is ‘0’, the hard-coded ‘111b’ indicates that the device supports all the
AGP transfer rates (1X, 2X, and 4X).

WhentypedetN is ‘1’, the hard-coded ‘OHl indicates that the device supports two
AGP transfer rate modes (1X, 2X).

Hard-coded ‘O’s indicate that the device doessupport fastwrite transfers.
Hard-coded ‘O’s indicate that the device doessupport addresses greater than 4GB.
The hard-coded ‘1’ indicates that the device supports AGP Side band addressing.
The hard-coded ‘1 indicates that the device can manage 32 outstanding AGP

Requests.

<23:10> <8:6> <3>
Reserved. Writing has no effect. Reading will give ‘O’s.
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CAP_PTR Capabilities Pointer

Address 34h (CS)
Attributes RO, BY TE/'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 1101 1100b
Reserved cap_ptr
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14|13 12|11 10| 9 | 8| 7| 6| 5 | 4[ 3| 2] 1] 0
cap_ptr This field contains the hard-coded offset byte (DCh) within the device configuration
RO<7:0> space of the PCI Bus Power Management Interface Specification Capability Identifier
register.
Reserved Reserved. Writing has no effect. Reading will give ‘0’s.

<31:8>
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Class Code CLASS

Address 08h (CS)
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0011 SO00 0000 0000 0000 0000 0000b

class revision

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18|17 | 16| 15| 14|13] 12|11 10| 9 | 8| 7| 6| 5 | 4[ 3| 2[ 1] 0

revision Holds the current chip revision:
<7:0>  00h for Matrox G400 Rev. 0
* 01h for Matrox G400 Rev. 1

class Identifies the generic function of the device and a specific register-level programming
<31:8> interface as per the PCI specification. Two values can be read in this field according to
the vgaboot strap, which is sampled on hard reset.

vgaboot strap Value Meaning
‘o’ 038000h | Non-Super VGA display controller

‘1 030000h Super VGA compatible controller

The sampled state of the vgaboot strap (pin HDATA[O], describgéga A-9 can be
read through this register.
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DEVCTRL Device Control

Address 04h (CS)
Attributes R/W, BY TE/'WORD/DWORD, DYNAMIC
Reset Value 0000 0010 1001 0000 0000 0000 0000 0000b

o [H)
© () O = O
LL%_QQE'OU & 5“—’*Q5>”8°
=5 o © © = O X — = O .= © @©
G ST = > 9 g £ T O 0 o2 9o
S0 o222 5 Z2a Z6Bn S >5c 28849
SR ESS 0o 98 50©= e SagoEcd
5055> 3 $8558 55950225 a
s 2% - €850 0 Reserved w222 o €S0
313029282726‘25@2322212019181716151413121110 9(8|7|6|5[4[3[2|1]0
iospace I/0 space. Controls device response to 1/0 SPACE accesses (VGA registers).
R/W <0> _ ,
* 0: disable the device response
* 1: enable the device response
memspace Memory space. Controls device response to memory accesses (EPROM, VGA frame
R/W <1> buffer, MGA control aperture, MGA direct access aperture, and 8 MByte
Pseudo-DMA window).
* O0: disable the device response
* 1: enable the device response
busmaster Bus master. Controls a device’s ability to act as a master on the PCI bus (used to
R/W <2> access system memory):

* 0: prevents the device from generating PCl accesses
+ 1: allows the device to behave as a bus master

specialcycle The hard-coded ‘0’ indicates that the MGA wilit respond to a special cycle.
RO <3>

memwrien The hard-coded ‘0’ indicates that an MGA acting as a bus master will never generate
RO <4> the write and invalidate command.

vgashoop Controls how the chip handles I/0O accesses to the VGA DAC locations.
R/W <5> Thevgasnoop field is only used whemgaioen (seeOPTION on page 3-18) is ‘1.

* 0: The chip will reply to read and write accesses at VGA locations 3C6h, 3C7h,
3C8h, and 3C9h.

* 1: The chip willsnoop writes to VGA DAC locations. It wilhot assert
PTRDY/, PSTOP/andPDEVSEL/ but will internally decode the access and
program the on-board DAC. In situations where the chip is not ready to snoop the
access, it will acknowledge the cycle by assefiBbgVSEL/ and force a retry
cycle by assertingSTOP/Read accesses to VGA DAC locationsraseaffected
by vgasnoop.

resparerr The hard-coded ‘0’ indicates that the MGA witit detect and signal parity errors
RO <6> (MGA does generate parity information as per the PCI specification requirement).
Writing has no effect.
waitcycle This bit reads as ‘0’, indicating that no address/data stepping is performed for read
RO <7> accesses in the target (data stepping) and the master (address stepping). Writing has no
effect
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Device Control

DEVCTRL

serrenable
RO <8>

caplist
RO <20>

cap66mhz
RO <21>

udfsup
RO <22>

fastbackcap
RO <23>

devseltim
RO <26:25>

sigtargab
R/W <27>

rectargab
R/W <28>

recmastab
R/W <29>

sigsyserr
RO <30>

detparerr
RO <31>

Reserved

Matrox G400 Specification

This hard-coded ‘0’ indicates that MGA dasst generate SERR interrupts. Writing
has no effect.

The hard-coded ‘1’ indicates that the device has a capability list in the configuration
space. The list is located at the offset in the CAP_PTR register.Writing has no effect.

The hard-coded ‘0’ indicates that the device du#ssomply with the PCI 66 MHz
timing specification. Writing has no effect.

& Note: PCI transactions at 66 Mhz are supported as per the AGP timing
specification.
The hard-coded ‘0’ indicates that the MGA doessupport user-definable features.

The hard-coded ‘1’ indicates that the MGA supports fast back-to-back transactions
when part of the transaction targets a different agent. Writing has no effect.

Device select timing. Specifies the timing of devsel. It is read as ‘01’

Signaled target abort. Set to ‘1’ when the MGA terminates a transaction in target mode
with target-abort. This bit is cleared to ‘0’ when written with ‘1’.

Received target abort. Set to ‘1’ when the MGA is a master and a transaction is
terminated with target-abort. This bit is cleared to ‘0’ when written with ‘1’

Received master abort. Set to ‘1’ when a transaction is terminated with master-abort
by the MGA. This bit is cleared to ‘0’ when written with ‘1’.

MGA doesnot assert SERR/. Writing has no effect. Reading will return ‘0’s.

MGA doesnot detect parity errors. Writing has no effect. Reading will return ‘O’s.

<19:9> <24>
Reserved. Writing has no effect. Reading will return ‘0’s.
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DEVID Device Identification

Address 00h (C9)
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0101 0010 0101 0001 0000 0010 1011b

device vendor

31/30| 20| 28| 27| 26| 25] 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14| 13| 12| 11|10 9 [ 8| 7| 6| 5| 4[ 3| 2] 1] 0

vendor Thisfield contains the Matrox manufacturer identifier for PCl: 102Bh.

<15:0>

device Thisfield contains the Matrox deviceidentifier, which for the Matrox G400-AGP is;
<31:16> 0525h.
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Header HEADER

Address 0Ch (C9)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved

Reserved header latentim cacheline
31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14 13] 12 11 10] 9 | 8 ﬁ 6|5[4/3]2]|1]0

cacheline This read/write field specifies the system cacheline size in units of 32-bit words. This
<6:0> field, together with enhmemacc (OPTION), controls the type of PClI command used
by the bus master (could issue either memory read, memory read multiply, or memory
read line). Any value can be programmed, but the value used by the controller will be
the power of 2 smaller or equal to the value programmed. Values smaller than 4 will
be considered as 0.

latentim Value of the latency timer in PCI clocks. The count starts when PFRAME!/ is asserted.
R/W <15:11> Once the count expires, the master must initiate transaction termination as soon as its
RO <10:8> PGNT/ signal is removed.

header Thisfield specifies the layout of bytes 10h through 3Fh in the configuration space and
RO <23:16> also indicates that the current deviceis asingle function device. Thisfield isread as
00h.
Reserved <7><31:24>

Reserved. Writing has no effect. Reading will return ‘0’s.
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INTCTRL Interrupt Control

Address 3Ch (C9)
Attributes R/W, BY TE/'WORD/DWORD, STATIC
Reset Value 0010 0000 0001 0000 0000 0001 1111 1111b

maxlat mingnt intpin intline

31/30| 20| 28| 27| 26| 25] 24| 23] 22| 21| 20| 19[ 18| 17] 16| 15| 14 13] 12 1110 9 [ 8| 7| 6| 5| 4[ 3| 2] 1] 0

intline Interrupt line routing. The field is read/writable and reset to FFh upon hard reset. It is
R/W <7:0> up to the configuration program to determine which interrupt level istied to the MGA
interrupt line and program the intline field accordingly

®% Note: The value ‘FF’ indicates either ‘unknown’ or ‘no connection’.

intpin Selected interrupt pins. Read as 1h to indicate that one PCI interrupt line is used (PCI
RO <15:8> specifies that if there is one interrupt line, it must be connected BRI/ signal).

mingnt This field specifies the PCI device’s required burst length inu&/assuming a clock
RO <23:16> rate of 33 MHz.

maxlat This field specifies how often the PCI device must gain access to the PCI bus in 1/4
RO <31:24> ps, assuming a clock rate of 33 MHz.
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MGA Indirect Access Data MGA_DATA

Address 48h (CS)
Attributes R/W, BY TEY'WORD/DWORD, STATIC
Reset Value unknown

mga_data

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14| 13| 12|11 10| 9 [ 8| 7| 6| 5 [ 4[ 3| 2] 1] 0

mga_data Data. Will read or write data at the control register address provided by MGA_INDEX.
<31:0> If MGA_INDEX does not point to avalid range, unknown datawill be returned.

®& Note: The MGA_INDEX and MGA _DATA registers cannot be used to access
Pseudo-DMA windows (DMAWIN). (see page 4-29)
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MGA_INDEX MGA Indirect Access Index
Address 44h (CS)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved

Reserved mga_index

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21] 20| 19[ 18| 17| 16| 15| 14| 13] 12|11 [10] 9 [ 8] 7| 6| 5| 4[ 3| 2] 1] 0

mga_index
<13:2>

Reserved

Dword index. Used to reach any of the registersthat are mapped into the MGA control

aperture through the configuration space. This mechanism should be used for

initialization purposes only, since it is inefficient. This ‘back door’ access to the

control register can be useful when the control aperture cannot be mapped below the 1
MByte limit of the real mode of an x86 processor (during BIOS execution, for

example).
<1:0><31:14>

Reserved. When writing to this register, the bits in this feldt be set to ‘0.
Reading will return ‘O’s.

®% Note: TheMGA_INDEX andMGA_DATA registers cannot be used to
access Pseudo-DMA windows (DMAWIN) (spage 4-2%.

& Note: The valid range foMGA_INDEX is 1C00h to 3FFCh (sé@ble 2-3
for device addresses).
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MGA Control Aperture Base MGABASE1

Address 14h (C9)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

©
[H) c
3 2
S S
o £
5 8 &
mgabasel Reserved a 2 E
31/30| 20| 28] 27| 26| 25] 24| 23] 22| 21| 20| 19[ 18] 17] 16| 15| 14| 13] 12| 11 [10[ 9 [ 8| 7| 6| 5 [ 4[ 3| 2] 1] 0
memspace The hard-coded ‘0’ indicates that the map is in the memory space.
ind
RO <0>
type RO The hard-coded ‘00’instructs the configuration program to locate the aperture
<2:1> anywhere within the 32-bit address space.
prefetchable The hard-coded ‘0’ indicates that this spaaenot be prefetchable.
RO <3>
mgabasel Specifies the base address of the MGA memory mapped control registers (16 Kilobyte

<31:14> control aperture).

In situations where the MGA control aperture overlaps the MGA frame buffer

aperture and/or the ROM aperture, the following order of precedence
(listed from highest to lowest priority):

1. BIOS EPROM

2. MGA control aperture

3. 8 MByte Pseudo-DMA window
4. VGA frame buffer aperture

5. MGA frame buffer aperture

will be used

An aperture will be decodemhly if the preceding ones anet decoded. If no aperture

is decoded, the Matrox G400 wilbt respond to memory accesses.

Decoding of an aperture is related to the address (if it corresponds to
addresses), the command, and some of the control bits, sodEnepace,
romen, andrammapen.

one of the base
biosen,

Reserved Reserved. When writing to this register, the bits in this freldt be set to ‘0.

<13:4> Reading will return ‘O’s.
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MGABASE?2

MGA Frame Buffer Aperture Address

Address 10h (C9)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 1000Db

©
Q [
2 S
2

()
s & §
mgabase2 Reserved a 2 E
31‘30‘29‘28‘27‘26‘25 24|23(22|21]20(19]18|17|16]15]14[13|12|11|10{ 0 | 8| 7|6 | 5|4 |3 2\1 0

memspace
ind
RO <0>

type
RO <2:1>

prefetchable
RO <3>

mgabase2
<31:25>

Reserved
<24:4>

The hard-coded ‘0’ indicates that the map is in the memory space.

The hard-coded ‘00’ instructs the configuration program to locate the aperture
anywhere within the 32-bit address space.

A ‘1’ indicates that this space can be prefetchable (better system performance can be
achieved when the bridge enables prefetching into that range).

Specifies the PCI start address of the 32 megabytes of MGA memory space in the PCI
map.

In situations where the MGA control aperture overlaps the MGA frame buffer
aperture and/or the ROM aperture, the following precedence order will be used, listed
from highest to lowest priority:

1. BIOS EPROM

2. MGA control aperture

3. 8 MByte Pseudo-DMA window
4. VGA frame buffer aperture

5. MGA frame buffer aperture

An aperture will be decodemhly if the preceding ones anet decoded. If no aperture
is decoded, the Matrox G400 wilbt respond to memory accesses.

Decoding of an aperture is related to the address (if it corresponds to one of the base
addresses), the command, and some of the control bits, sodnespace, biosen,
romen, andrammapen.

Whenmgamode = 0 (CRTCEXT3<7>), the MGA frame buffer Aperture ot
usable.

Reserved. When writing to this register, the bits in this feldt be set to ‘0.
Reading will return ‘O’s.
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MGA ILOAD Aperture Base Address MGABASE3

Address 18h (C9)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

©
[} [
3 2
s g
(&)
s & §
mgabase3 Reserved a 2 E
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18|17 | 16| 15| 14 13| 12|11 10| 9 [ 8| 7| 6| 5 [ 4[ 3| 2] 1] 0
memspace The hard-coded ‘0’ indicates that the map is in the memory space.
ind
RO <0>
type The hard-coded ‘00’ instructs the configuration program to locate the aperture
RO <2:1> anywhere within the 32-bit address space.

prefetchable  The hard-coded ‘0’ indicates that this spaaenot be prefetchable.
RO <3>

mgabase3 Specifies the base address of the 8 MByte Pseudo-DMA window.

<3l:23> In situations where the MGA control aperture overlaps the MGA frame buffer

aperture and/or the ROM aperture, the following precedence order will be used, listed
from highest to lowest priority:

1. BIOS EPROM

2. MGA control aperture

3. 8 MByte Pseudo-DMA window
4. VGA frame buffer aperture

5. MGA frame buffer aperture

An aperture will be decodemhly if the preceding ones anet decoded. If no aperture
is decoded, the Matrox G400 wilbt respond to memory accesses.

Decoding of an aperture is related to the address (if it corresponds to one of the base

addresses), the command, and some of the control bits, so@dmespace, biosen,
romen, andrammapen.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<22:4> Reading will return ‘0’s.
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OPTION

Option

Address
Attributes
Reset Value

powerpc
biosen
noretry
nohireq

Reserved

28(27|26| 25| 24| 23| 22| 21 20‘19‘18‘17‘16‘15 14

40h (CS)
R/W, BY TE/WORD/DWORD, STATIC
0S00 0000 0000 0000 0000 000S 0000 0000b

enhmemacc
Reserved
hardpwmsk
I Reserved
memconfig
Reserved
vgaioen
Reserved
plisel
syspllpdn
Reserved
sysclkdis
Reserved

rfhcnt

1312‘11‘109876543210

31(30(29
sysclkdis System clock disable. This bit controls the system clock output:
<2>
* 0: enable system clock oscillations
* 1: disable system clock oscillations
syspllpdN System PLL power down.
<5>
* 0: power down
* 1: power up
plisel PLL Select. When set to ‘1’, the pixel clock comes freyspll.
<6>
* 0: PLL P1 drives the pixel clock
PLL P2 drives the system clock
»1: PLL P1 drives the system clock
PLL P2 drives the pixel clock
®& Note: This bitmust be set to ‘0’ for normal operation. (A ‘1" will swap
pixpll with syspll).
vgaioen VGA 1/0O map enable.
<8>
vgaioen |Satus
0 VGA 1/O locations are not decoded
(hard reset mode if vgaboot = 0)
- VGA 1/O locations are decoded
(hard reset mode if vgaboot = 1)
On hard reset, the sampled vgaboot strap (HDATA[O]) will replacegh®en value.
®% Note: The MGA control registers and MGA frame buffer mapaiveays
enabled forll modes.
memconfig Memory Configuration. This fieldhust be loaded before initiating a memory reset or
<12:10> attempting to read or write to the frame buffer.

Once synchronizednemconfig is used to determine the correct address boundaries
for the bank select, chip select, row address, and column adbinessignal should
not be changed during normal operation.

3-18 Power Graphic Mode Register Descriptions Matrox G400 Specification



Option

OPTION

hardpwmsk
<14>

nohireq
<28>

rfhent
<20:15>

enhmemacc
<22>

noretry
<29>

biosen
<30>

Matrox G400 Specification

memconfig [2:0] | Memory Organization of partsused in Frame Buffer

000 256 cols, 2048 rows, 2 X 512K x 16 (16Mb) SDRAM and
2 x 512K x 32 (32Mb) SGRAM
‘001’

256 cols, 1024 rows, 2 x 256K x 32 (16Mb) SGRAM
‘010’ 256 cols, 512 rows, 4 x128K x 32 (16Mb) SGRAM
‘011 256 cols, 2048 rows, 4 x 512K x 32 (64Mb) SDRAM
100’ 256 cols, 1024 rows, 4 x 256K x 32 (32Mb) SGRAM
101 256 cols, 4096 rows, 2 x 1M x 32 (64Mb) SDRAM
11X Reserved

®& Note: For memconfig = ‘000’, the 16Mb SDRAM is distinguished from the
32 Mb SGRAM using th@ardpwmsk field.

Hardware plane write mask. This field is used to enable SGRAM special functions.
This field mustalways be set to ‘0’ when SDRAM is used. (when SGRAM is used,
softwaremust sethardpwmsk to ‘1’ in order to take advantage of special SGRAM
functions).

This field mustalways be loadedefore attempting to write to the frame buffer and
shouldnot be changed during normal operation.

* 0: Special SGRAM functions aret available; however, a plane write mask cycle
will be emulated in the Matrox G400 at a reduced performance level.

* 1. Special SGRAM functions are enabled, so plane write mask operations will be
performed by the memory (with optimal performance) and block mode operations
are available.

& Note: hardpwmsk mustnever be set to ‘Iwhen the memory does not
consist of SGRAM

mfifo High priority Request disable. A ‘1’ disables the mfifo high priority requests
and causes all the requests to be generated in low priority.

Refresh counter. Defines the rate of the Matrox G400’s memory refresh. Page cycles
will not be interrupted by a refresh request unless a second request is queued (in this
case, the refresh request becomes the highest priority after the screen refresh). Since
all banks have to be pre-charged, both queued refreshes will keep this new highest
priority.

When programming thehcnt register, the following rule must be respected:
ram refresh period >xfficnt<5:0>* 64 + 1) * MCLK period
®% Note: Settingrfhcnt to zerohalts the memory refresh.

Enable the use of advance Read commands by the PCI Master (MRL & MRM).

Retry disable. A ‘1’ disables generation of the retry sequence and the delayed read on
the PCI bus (except during a VGA snoop cycle). At this setting, PCI latency rules may
be violated.

BIOS Enable. On hard reset, the sampled bios boot strap (HDATA[1]) is loaded into
this field.

* 0: TheROMBASE space is automatically disabled. A small serial eeprom can be
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OPTION

Option

powerpc
<31>

Reserved

present on board.
* 1: TheROMBASE space is enabledembase must be correctly initialized since it

containsunpredictable data. A big serial eeprom is present on board.

Power PC mode.

* 0: No special swapping is performed. The host processor is assumed to be of Little-

Endian type.
* 1: Enables byte swapping for the memory raM@ABASE1 + 1C00h to
MGABASEL1 + 1EFFh, as well a8 GABASE1 + 2000h taMGABASEL1 +
3BFFh andIGABASEL1 + 3D00h toMGABASEL + 3FFFh. This swapping
allows a Big-Endian processor to access the information in the same manner as a

Little-Endian processor.
& Note: There isno swapping in the configuration space.

<1:0> <4:3> <7> <9> <13> <21> <28:23>
Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
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Option2 OPTIONZ2
Address 50h (CS)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 00SS SSSS 1011 0000 0000 0000b
=2 o o s
28 2 £ = 3 E
5 8 o 3 K 5
© 0o O Q = = )
Reserved © © © 08 S S Reserved b} Reserved
31/30|29| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14|13 12|11 10| 9 | 8| 7| 6 [ 5| 4[ 3| 2] 1] 0
eepromwt EEPROM write enable. When set to ‘1’, a write access to the BIOS EPROM aperture
<8> will program that location. When set to ‘0’, write access to the BIOS EPROM aperture
hasno effect.
mod2clkp Module Clock Period. On hard reset, the sampled module clock period strap
<18:16> (MDQ2<31:29>) value will replace the valuembd2clkp.
This field is used to determine the frequency at which an LVTTL memory expansion
module is designed to operate.
modclkp Module Clock Period. On hard reset, the sampled module clock period strap
<21:19> (MDQ<31:29>) value will replace the value mbdclkp.
This field is used to determine the frequency at which an LVTTL memory expansion
module is designed to operate.
codclksl CPDEC Clock frequency Select. This field is used to select the frequency source for
<25:24> the codec clock generator.
«‘'00: PCI
«‘01": System PLL
«‘10": MCLK PIN
«‘11": AGP DLL
& Note: Hard reset at ‘11'.
codprediv This field determines if the pre-divider (divide by 2) is used.
<26>

*‘0": no divide
«‘1’: divide by 2
*% Note: hard reset at ‘0'.
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OPTION2 Option2

codpstdiv Thisfield determinesif the pre-divider (divide by 3/2) is used.
<27>
‘0’: no divide
‘1" divide by 3/2
®% Note: hard reset at ‘1'.

Reserved <7:0> <15:9> <31:28>
Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
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Option3 OPTION3

Address 54h (CS)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

served
wclksel
served
mclksel
eserved
gclksel

wclkdcyc wclkdiv i mclkdcyc mcldiv i gclkdcyc gclkdiv x

EI Reserved

31/30/29 28| 27| 26 25\24\235‘21\20 19]18]17]16 15\14\13@11\10 ols|[7|6]5]4]3 a 1]o0

gclksel Graphic Clock Selection. These bits select the source for the Graphic Clock.

<1:0>
«‘00’: select the PCI clock

‘01" select the output of the system PLL (as defined by PLLSEL)

‘10" selects an external source from the MCLK pin (permitted only if MCLK has
been configured as an input).

*‘11’: selects the AGPDLL clock

gclkdiv Graphic Clock Divider. These bits select the division factor used on the Graphic Clock
<5:3> Source.

*‘000’: select Graphic Clock Source multiplied by 1/3
* ‘001" select Graphic Clock Source multiplied by 2/5
* ‘010" select Graphic Clock Source multiplied by 4/9
*‘011": select Graphic Clock Source multiplied by 1/2
*'100'’: select Graphic Clock Source multiplied by 2/3
*'101": Graphic Clock Source bypass

*'110": Reserved

*‘111": Reserved

gclkdcyc Graphic Clock Duty Cycle Correction. These bits control the duty cycle of the
<9:6> Graphic Clock after division.
gclkdcyc | Duty cycle correction in ns at a source clock of:
‘0000’ duty cycle unaffected
‘0001’ 2.75t0 3.25
‘0010’ 3.25t0 3.75
‘0011 3.75t0 4.25
‘0100’ 4.251t0 4.75
‘0101’ 4.7510 5.25
‘0110’ 5.25t05.75
‘0111 5.751t0 6.25
‘1000’ 6.251t0 6.75
‘1001’ 6.75t0 7.25
‘1010’ 7.25t07.75
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OPTION3

mclksel
<11:10>

mcldiv
<15:13>

mclkdcyc
<19:16>

3-24  Power Graphic Mode Register Descriptions

Option3
gclkdcyc |Duty cycle correction in nsat a source clock of:
‘1011 7.251t0 8.25
‘1100’ 8.2510 8.75
‘1101 8.75109.25
1110’ 9.25109.75
1111 9.751t0 10.25

Memory Clock Selection. These bits select the source for the Memory Clock.

*'00’: select the PCI clock

‘01" select the output of the system PLL (as defined by PLLSEL)

*'10": selects an external source from the MCLK pin (permitted only if MCLK has
been configured as an input.)

*‘11’: select the AGPDLL clock

Memory Clock Divider. These bits select the division factor used on the Memory
Clock source.

*‘000’: select Graphic Clock Source multiplied by 1/3
* ‘001" select Graphic Clock Source multiplied by 2/5
* ‘010’ select Graphic Clock Source multiplied by 4/9
*‘'011": select Graphic Clock Source multiplied by 1/2
*'100’: select Graphic Clock Source multiplied by 2/3
*‘101": Graphic Clock Source bypass

*'110": Reserved

*‘111’: Reserved

Memory Clock Duty Cycle Correction. These bits control the duty cycle of the
Memory Clock after division.

mclkdcyc |Duty cycle correction in nsat a source clock of:
‘0000’ duty cycle unaffected
‘0001 2.7510 3.25
‘0010 3.251t0 3.75
‘0011’ 3.751t0 4.25
‘0100 4.25t04.75
‘0101 4.751t05.25
‘0110’ 5.25t05.75
‘0111 5.751t0 6.25
‘1000 6.25106.75
‘1001 6.751t07.25
‘1010’ 7.25t07.75
‘1011 7.2510 8.25
‘1100’ 8.2510 8.75
‘1101’ 8.75109.25
‘1110’ 9.251t09.75
‘1111 9.751t0 10.25
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Option3 OPTION3

wclksel Warp Clock Selection. These bits select the source for the Warp Clock.

<21:20>
«‘00’: select the PCI clock

‘01" select the output of the system PLL 9as defined by PLLSEL)

*‘10’: selects an external source from the MCLK pin (permitted only if MCLK has
been configured as an input)

+'11’: select the AGPDLL clock

wclkdiv Warp Clock Divider. These bits select the division factor used on the Warp Clock.

<25:23> . .
*‘000’: select Graphic Clock Source multiplied by 1/3

‘001" select Graphic Clock Source multiplied by 2/5
*‘'010’: select Graphic Clock Source multiplied by 4/9
*‘'011": select Graphic Clock Source multiplied by 1/2
*'100’": select Graphic Clock Source multiplied by 2/3
*'101": Graphic Clock Source bypass

*'110": Reserved

*‘111": Reserved

wclkdcyc Warp Clock Duty Cycle Correction. These bits control the duty cycle of the Warp after
<29:26> division.
wclkdcyc |Duty cycle correction in ns at a source clock of:
‘0000’ duty cycle unaffected
‘0001’ 2.75t0 3.25
‘0010’ 3.25t0 3.75
‘0011 3.75t0 4.25
‘0100’ 4.251t0 4.75
‘0101’ 4.7510 5.25
‘0110’ 5.25t05.75
‘0111’ 5.751t0 6.25
1000’ 6.251t0 6.75
‘1001’ 6.75t0 7.25
‘1010’ 7.25t07.75
‘1011 7.251t0 8.25
‘1100’ 8.251t0 8.75
‘1101 8.751t09.25
‘1110° 9.251t09.75
‘1111 9.75t0 10.25

Reserved <2><12><22><31:30>
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PM_CSR Power Management Control / Status

Address EOh (CS)
Attributes R/W, BY TE/'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

powerstate

Reserved

31|130(29(28|27|26|25(24|23|22|21(20|19|18|17|16|15|14|13(12|11|10| 9|8 |7|6|5|4|3|2|1|0

powerstate Thistwo bit field is used to determine the current power state of the device, and to set
<1:0> the device into anew power state. Writing to this register will place the devicein the
appropriate power state.
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Power Management Control / Status PM_CSR

powerstate |Video Controller Power State definition(D(@ )
DO

* Back-end: On

* Video Controller Context: Preserved
* Video Memory Contents: Preserved

* Interrupts: Possible

:001

D3 (Power may be removed)

» Back-end: Off

* Video Controller Context: Lost

* Video memory Contents: Lost

* Interrupts: Disabled

*« TCLUT and TCACHE data: Lost

Mask bits o DEVCTRL register:
sjospace = ‘0’
*memspace = ‘0’
* busmaster = ‘0’
Power down of SSTL buffers (memory bus)
* data/address/command
* by selecting LVTTL buffers
1T Power down of RAMDAC section:
* pixclkdis =1’
edacpdN =0’
eramcs =0’
e pixpllpdN =0’
Power down of MEMORY/GRAPHIC/WARP section:
e sysclkdis =1’
*syspllpdN = ‘0’
Power down of TCACHE and TCLUT:
Power down of ZORAN | 33 and ZORAN | 34:

>

(@ Since D1 and D2 mode are not supported, only writes with valid values will
modify the powerstate field.

@ pC| BPMI Spec. states that hardware has at least 16 PCI clocks after the
powerstate bits were written to D3 before PCLK may be stopped.

3 Aninternal reset (used like the hard reset) is generated for 16 PCI clocks when
returning from D3 (with power) to DO.

®& Note: The above table complies with the Display Device Class Power
Management Reference Specification.

Reserved: Reserved. When writing to this register, the bits in thisfield must be set to ‘0.
<31:2>
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PM_IDENT Power Management Identifier

Address DCh(CS)
Attributes RO, BY TE/'WORD/DWORD
Reset Value 0000 0000 0010 0010 1111 0000 0000 0001b

o

p

dl su

Reserved S5 pm_next_ptr pm_cap_id

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19] 18| 17] 16| 15| 14| 13| 12| 11|10 9 [ 8| 7| 6| 5| 4[ 3| 2] 1] 0

pm_cap_id Power Management Capabilities Identifier. This field contains the PCI Bus Power
<7:0> Management Interface Specification Capabilities Identifier: O1h, which describes the
information contained in the capability entry (DCh-EOh)

pm_version

Reserved
Reserved

>
n
N
©

3

pm_next_ptr Next pointer. This field contains the pointer to the next capability in the link list. For

<15:8> Matrox G400-AGP, a hard-coded “FOh” points to the AGP capabilities.
pm_version Version. Version ‘010 indicates that the Matrox G400 complies with revision 1.1 of
<18:16> the PCI Power Management Interface Specification.
dsi Device Specific Initialization. A ‘1’ indicates that the Matrox G400 requires a device
<21> specific initialization sequence when returning frdf
dl_sup The D1 Power Management statedt supported.
<25>
d2_sup The D2 Power Management statedt supported.
<26>

Reserved <31:27> <24:22> <20:19>
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ROM Base Address ROMBASE

Address 30h (CS)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

[

()]

e

rombase Reserved e
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16 15/14|13|12[11]10] 9|8 | 7|6 |5]a|3]|2]1]0
romen ROM enable. Thisfield can assume different attributes, depending on the contents of

<0> thebiosen field. This allows booting with or without the BIOS EPROM (typicaly, a

motherboard implementation will boot the MGA without the BIOS, while an add-on
adapter will boot the MGA with the BIOS EPROM).

biosen romen attribute

‘0’ RO (read as 0)

‘1 R/W
rombase ROM base address. Specifies the base address of the EPROM. Thisfield can assume
<31:16> different attributes, depending on the contents of biosen.

biosen rombase attribute
‘o’ RO (read as 0)
‘1 R/W
®& Note: The exact size of the EPROM used is application-specific (could be
128 bytes, 32 KBytes, or 64 KBytes).

In situations where the MGA control aperture overlaps the MGA frame buffer
aperture and/or the ROM aperture, the following precedence order will be used, listed
from highest to lowest:

1. BIOS EPROM (highest precedence)

2. MGA control aperture

3. 8 MByte Pseudo-DMA window

4. VGA frame buffer aperture

5. MGA frame buffer aperture (lowest precedence)

An aperture will be decoded only if the preceding ones are not decoded. If no aperture
is decoded, the Matrox G400 will not respond to memory accesses.

Decoding of an aperture is related to the address (if it corresponds to one of the base
addresses), the command, and some of the control bits, such asmemspace, biosen,
romen, and rammapen.

Even if MGA supports only a serial EPROM, this does not constitute a system
performance limitation, since the PCI specification requires the configuration
software to move the EPROM contents into shadow memory and execute the code at

that location.
Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<15:1> Reading will return ‘0’s.
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SUBSYSID Subsystem ID

Address 2Ch (CS) RO; 4Ch (CS) WO
Attributes BY TE/WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

subsysid subsysvid

31/30| 20| 28| 27| 26| 25] 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14| 13| 12| 11|10 9 [ 8| 7| 6| 5| 4[ 3| 2] 1] 0

subsysvid Subsystem Vendor ID. Thisfield is reset with the value that is found in word location
<15:0> 0078h (128 bytes ROM used), or 7FF8h of the BIOS ROM (32K ROM used), or at
word location FFF8h of the BIOS ROM (64K ROM used). It indicates a subsystem
vendor 1D as provided by the PCI Special Interest Group to the manufacturer of the
add-in board which contains the Matrox G400 chip.

subsysid Subsystem ID. Thisfield is reset with the value that is found in word location 007Ah
<31:16> (128 bytes ROM used), at word location 7FFA of the BIOS ROM (32K ROM used),
or at word location FFFAh of the BIOS ROM (64K ROM used). It indicates a
subsystem ID as determined by the manufacturer of the add-in board which contains
the Matrox G400 chip.

®& Note: If the bios boot strap is ‘0’, this may mean that no ROM, or a small
ROM, is present (usually on a motherboard implementation). If no
ROM is present, the value found on the register will be incorrect. In
this case, the system bimsist write the correct values to this register
(at location 4Ch) after the delay following a hard reset.

®& Note: This register must contain all zeros if the manufacturer of the add-in
board does not have a subsystem vendor ID, or if the manufacturer
does not wish to support tis&JBSYSID register.

®& Note: There will be a delay following a hard reset before this register is
initialized. For a small serial eeprom, this delay ip$d-or a big
serial eeprom, this delay is 1%

& Note: Writing to addresses FFF8h to FFFBh is supported for 128 bytes, 32k
ROM and 64k ROM. (If the address is bigger than the size of the
ROM, it is wrapped around).
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3.1.2 Power Graphic Mode Memory Space Registers

Power Graphic Mode register descriptions contain a (double-underlined) main header which indicates the
register’'s mnemonic abbreviation and full name. Below the main header, the memory address (1C00h, fo
example), attributes, and reset value for the register are provided. Next, an illustration identifies the bit
fields, which are then described in detail underneath. Reserved fields are identified by black underscore
bars; all other fields display alternating white and gray bars.

Sample Power Graphic Mode Memory Space Register SAMPLE_PG
Address <value>
Attributes R/W .
Main header
Reset Value <value>
% Underscore bars
Reserved  field3 < field1 /
31/30(29| 28| 27 26‘25‘24 23 22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 \ 8 \ 7 \ 6 \ 5 \ 4\ 3 \ 2 \ 1 \ 0
field1 Field 1. Detailed description of thield1 field of theSAMPLE_PG register, which
<22:0> comprises bits 22 to 0.

®& Note: The font and case changes which indicate a register or field in the text.
field2<23> Field 2. Detailed description éield2 in SAMPLE_PG, which is bit 23.

field3 Field 3. Detailed description of thield3 field of theSAMPLE_PG register, which
<26:24> comprises bits 26 to 24.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:27> (Reserved registers always appear at the end of a register description.)

Memory Address
The addresses of all the Power Graphic Mode registers are provi@edpter 2

& Note: MEM indicates that the address lies in the memory space; 10 indicates
that the address lies in the 1/0 space.

Attributes
The Power Graphic Mode attributes are:

*RO There are no writable bits.

* WO: The state of the written bits cannot be read.

* R/W: The state of the written bits can be read.

*BYTE: 8-bit access to the register is possible.

* WORD: 16-bit access to the register is possible.

* DWORD: 32-bit access to the register is possible.

» STATIC: The contents of the register wilbt change during an operation.
* DYNAMIC: The contents of the register might change during an operation.
* FIFO: Data written to this register will pass through the BFIFO.
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Reset Value

Here are some of the symbols that appear as part of a register’s reset value. Most bits are reset on hard
reset. Some bits are also reset on soft reset, and they are underlined when they appear in the register
description headers.

0000 0000 0000 ???? 1101 0000 0000 0000b
(b = binary,? = unknown, = reset on soft/hard reset (see above), N/A = not applicable)
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Alpha CTRL ALPHACTRL
Address MGABASE1 + 2C7Ch (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0001nb
S
© ) ?® ©
8 25 &
= c 29 =
= Lo 2
Reserved < atref atmode ® @ @ ® dstblendf srcbhlendf
31|30(29|28| 27| 26 25\24 23‘22‘21‘20‘19‘18‘17‘16 15\14\13 12 11@ 9 \ 8|7 \ 6 \ 5 \ 43 \ 2 \ 1 \ 0

srcblendf Source Blend Function.
<3:0>
srcblendf |source blending function
‘0000’ ZERO
‘0001’ ONE
‘0010’ DST_COLOR
‘0011 ONE_MINUS DST _COLOR
‘0100’ SRC_ALPHA
‘0101’ ONE_MINUS_SRC_ALPHA
‘0110’ DST_ALPHA
‘0111 ONE_MINUS_DST_ALPHA
‘1000’ SRC_ALPHA_SATURATE

®& Note: To disable alphablending, srcblendf must be programmed with 1 and
dstblendf with 0.

& Note: When using SRC_ALPHA_SATURATE, dstblendf must not be

programmed to 0.
dstblendf Destination Blend Function.
<7:4>
dstblendf |destination blending function
‘0000’ ZERO
‘0001 ONE
‘0010’ SRC_COLOR
‘0011 ONE_MINUS_SRC_COLOR
‘0100’ SRC_ALPHA
‘0101 ONE_MINUS_SRC_ALPHA
‘0110’ DST_ALPHA
‘0111 ONE_MINUS_DST_ALPHA
Matrox G400 Specification
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ALPHACTRL Alpha CTRL
alphamode Select the alpha mode that will be written in the frame buffer.
<9:8>
alphamode | description
‘00’ FCOL
‘or alpha channel
10’ video alpha (1-((1-SrcAlpha) %
(1-DstAlpha)))
11 RSVD
*& Note: When using video alpha, dstblendf must not be programmed to zero.
®& Note: Video alpha must not be used when astipple = ‘1'.
astipple Alpha Stipple Mode. Approximation of alpha blending using a dithering matrix. When
<11> the alpha stipple mode is selected, only the following Src and Dst function
combinations are supported:
Src function Dst function screen-door mask
ZERO ONE 100% opaque mask
ONE ZERO 0% mask
SRC_ALPHA ONE_MINUS _SRC_ALPHA | src_apha% opaque mask
ONE_MINUS SRC _ALPHA SRC_ALPHA (1-src_alpha)% opague mask
aten Alpha Test Enable. Enables the first alpha test.
<12>
atmode Alpha Test Mode. Update the pixel when the alpha test comparisomatnefhis true.
<15:13>
atmode
Value Mnemonic | Pixel Update
‘000’ NOACMP | Always
‘001 Reserved
‘010’ AE When alpha is =
‘011 ANE When alpha is <»
100’ ALT When alpha is <
101 ALTE When alpha is <z
110’ AGT When alpha is >
111 AGTE When alpha is >+
atref Alpha Test Reference. Reference value for the alpha test.
<23:16>
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Alpha CTRL ALPHACTRL
alphasel Alpha Select. Determine the aphafor the pixel.
<25:24>
alphasel |description
‘00’ alpha from texture
‘or diffused alpha
10’ modulated alpha
11 transparency? 0: diffused alpha

& Note: Alphatesting is donein two separate places. Both use the same

reference value (atRef) and aphatest mode (atMode). The first test is

done right after texture filtering and can be disabled by setting the

‘atEn’ bit to ‘0’, or by setting ‘atmode’ to “ALWAYS”. The second

test is done before alpha blending and can be disabled by
programming ‘atmode’ to “ALWAYS”.

Reserved <10> <31:26>

Reserved. When writing to this register, the bits in this freldt be set to ‘0.

®& Note: This register can be set in broadcast mode. For more details see the
definition of TEXCTL2.mapl,TEXWIDTH.map1, or

TEXHEIGHT.map1l.

& Note: Thefirst alpha test can be different for each texture in the pipeline, but
thesecond alpha test is dorafter the texture blending stage and has a
singe value for all programming passes. (For further information see

Chapter 4: Programmer’s Specificatjon

Texture O

alpha
test0

prog
pass

Texture 1

alpha
testO

texture
blending
stage

A 4

alpha
testl

prog
pass
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ALPHASTART Alpha Start

Address MGABASE1 + 2C70h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved alphastart
31|30|20|28| 27| 26| 25| 24 23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
alphastart Alpha Start Register. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

For 3D primitives, théLPHASTART register is used to scan the left edge of the

trapezoid for the alpha component of the source. This register must be initialized with
its starting alpha value.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0'.
<31:24>
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Alpha X Inc ALPHAXINC

Address MGABASEL1 + 2C74h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved alphaxinc
31|30(29|28| 27| 26|25 24 23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4‘ 3 ‘ 2 ‘ 1 ‘ 0
alphaxinc Alpha X Increment register. this field holds a signed 9.15 value in two’s complement
<23:0> notation.

For 3D primitives, théALPHAXINC register holds the alpha increment along the x
axis.

Reserved Reserved. When writing to this register, the bits in this freldt be set to ‘0.
<31:24>
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ALPHAYINC Alpha Y Inc

Address MGABASE1 + 2C78h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved alphayinc
31|30|20|28| 27| 26| 25| 24 23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
alphayinc Alpha ALU register 2. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

For 3D primitives, thé LPHAYINC register holds the alpha increment along the y-
axis.

Reserved Reserved. When writing to this register, the bits in this feldt be set to ‘0’.
<31:24>
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Multi-Purpose Address 0 ARO

Address MGABASE1 + 1C60h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved ar0
31|30(29(28| 27| 26| 25| 24| 23| 22 21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 \ 8 \ 7 \ 6 \ 5 \ 4\ 3 \ 2 \ 1 \ 0
ar0 Addressregister 0. The ar0 field is an 22-bit signed value in two’s complement
<21:0> notation.

* For AUTOLINE, this register holds the x end address (in pix8k3.thexXYEND
register on page 3-280.
e For LINE, it holds 2 x ‘b’.
* For a filled trapezoid, it holds ‘dY/'.
* For a BLIT,ar0 holds the line end source address (in pixels).
« for sub-pixel trapezoids, it holds ‘dYI' on an 18-bit signed value in two’s
complement notation (1/16 Or 1/32 precision).

Reserved Reserved. When writing to this register, the bits in this freldt be set to ‘0.
<31:22>
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AR1 Multi-Purpose Address 1

Address MGABASE1 + 1C64h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved arl
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14 13| 12|11 10| 9 [ 8| 7| 6| 5| 4[ 3| 2] 1] 0
arl Addressregister 1. The arl field is a 24-bit signed value in two’s complement
<23:0> notation. This register is also loaded wlae8 is accessed.

* For LINE, it holds the error term (initially 2 x ‘b’ - ‘a’ sgy]).
* This register doesot need to be loaded for AUTOLINE.

* For a filled trapezoid, it holds the error term in two’s complement notation; initially:

‘errl’ = [sdxI] 2 ‘dXI' + ‘dYI - 1 : —dXF’

* For a BLIT,ar1 holds the line start source address (in pixels). Because the start
source address is also requiredab$, and becausarl is loaded when writingr3
this register doesn’'t need to be explicitly initialized.

* This register is used during sub-pixel trapezoids, but doeseed to be initialized.

Reserved Reserved. When writing to this register, the bits in this fialdt be set to ‘0’
<31:24>
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Multi-Purpose Address 2 AR2

Address MGABASE1 + 1C68h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved ar2
31|30(29(28| 27| 26| 25| 24| 23| 22 21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 \ 8 \ 7 \ 6 \ 5 \ 4\ 3 \ 2 \ 1 \ 0
ar2 Addressregister 2. The ar2 field is an 22-bit signed value in two’s complement
<21:0> notation.

* For AUTOLINE, this register holds the y end address (in pix8k3.thexXYEND
register on page 3-280.

* For LINE, it holds the minor axis error increment (initially 2 x ‘b’ - 2 x ‘a’).

* For a filled trapezoid, it holds the minor axis increment (-|dXI]).

* For sub-pixel trapezoids, it holds ‘dXI’ in an 18-bit signed value in two’s
complement notation (1/16 or 1/32 precision).

Reserved Reserved. When writing to this register, the bits in this freldt be set to ‘0.
<31:22>
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AR3 Multi-Purpose Address 3

Address MGABASE1 + 1C6Ch (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved spage ar3
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14 13| 12|11 |10[ 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0
ar3 Addressregister 3. The ar3 field is a 24-bit signed value in two’s complement
<23:0> notation or a 24-bit unsigned value.

* This register is used during AUTOLINE, but does not need to be initialized.

* This register isiot used for LINE without auto initializatiomor is it used by TRAP.

* In the two-operand Blit algorithms and ILOAdD3 contains the source current
address (in pixels). This value must be initialized as the starting address for a Blit.
The source current address is always linear.

spage These three bits are used as an extensiarBton order to generate a 27-bit source or
<26:24> pattern address (in pixels). They am modified by ALU operations.

In BLIT operations, the spage field is only used with monochrome source data.
Thespage field isnot used for TRAP, LINE or AUTOLINE operations.

Reserved Reserved. When writing to this register, the bits in this fimldt be set to ‘0’.
<31:27>
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Multi-Purpose Address 4 AR4

Address MGABASE1 + 1C70h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved ard
31|30(29(28| 27| 26| 25| 24| 23| 22 21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 \ 8 \ 7 \ 6 \ 5 \ 4\ 3 \ 2 \ 1 \ 0
ar4 Addressregister 4. The ar4 field is an 22-bit signed value in two’s complement
<21:0> notation.

* For TRAP, it holds the error term. Initially:
‘errr’ = [sdxr] ? 'dXr’ + ‘dYr’ - 1: -'dXr’
* This register is used during AUTOLINE, but doesn’t need to be initialized.

* This register isiot used for LINE or BLIT operations without scaling.
* This register is used during sub-pixel trapezoids, but doeseed to be initialized.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:22>
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AR5 Multi-Purpose Address 5

Address MGABASE1 + 1C74h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved arb
31|30(20(28| 27| 26| 25| 24| 23| 22 21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 \ 8 \ 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1 \ 0
arb Addressregister 5. The ar5 field is an 22-bit signed value in two’s complement
<21:0> notation.

* At the beginning of AUTOLINEar5 holds the x start address (in pixelSge the
XYSTRT register on page 3-281. At the end of AUTOLINE the register is loaded
with the x end, so it is not necessary to reload the register when drawing a polyline.

* This register isiot used for LINE without auto initialization.

* For TRAP, it holds the minor axis increment (-|dXr]).

* In BLIT algorithms,ar5 holds the pitch (in pixels) of the source operand. A negative
pitch value specifies that the source is scanned from bottom to top while a positive
pitch value specifies a top to bottom scan.

* For sub-pixel trapezoids, it holds ‘dXr’ in an 18-bit signed value in two’s
complement notation (1/16 or 1/32 precision).

Reserved Reserved. When writing to this register, the bits in this fimldt be set to ‘0’.
<31:22>
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Multi-Purpose Address 6 ARG

Address MGABASE1 + 1C78h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved aré
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14| 13| 12|11 10| 9 [ 8| 7| 6| 5 [ 4[ 3| 2[ 1] 0
ar6 Address register 6. This field is an 22-bit signed value in two’s complement notation.
<21:0> It is sign extended to 24 bits before being used by the ALU.

* At the beginning of AUTOLINEar6 holds the y start address (in pixelSge the
XYSTRT register on page 3-281. During AUTOLINE processing, this register is
loaded with the signed y displacement. At the end of AUTOLINE the register is
loaded with the y end, so iti®t necessary to reload the register when drawing a
polyline.

* This register isiot used for LINE without auto initialization.

* For TRAP, it holds the major axis increment (‘'dYr’).

* For sub-pixel trapezoids, it holds ‘dXr’ in an 18-bit signed value in two’s
complement notation (1/16 or 1/32 notation).

Reserved Reserved. When writing to this register, the bits in this freldt be set to ‘0.
<31:22>
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BCOL Background Color / Blit Color Mask

Address MGABASE1 + 1C20h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

backcol

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14 13| 12|11 |10[ 9 [ 8| 7| 6| 5| 4[ 3| 2] 1] 0

bltcmsk
backcol Background color. The backcol field is used by the color expansion module to
<31:0> generate the source pixels when the background is sel ected.

* In 8 bits/pixel onlybackcol<7:0> is used.

* In 16 bits/pixel, onlypackcol<15:0> is used.

* In 24 bits/pixel, when not in block modeackcol<31:24> isnot used.
* In 24 bits/pixel, when in block mode, &lackcol bits are used.

Refer to'Pixel Format’ on page 4-2for the definition of the slice in each mode.

bltcmsk Blit color mask. This field enables blit transparency comparison on a planar basis (‘0’
<31:0> indicates a masked bit). Refer to the description ofrtdnesc field of DWGCTL for
the transparency equation.

* In 8 bits/pixel onlybltcmsk<7:0> is used.
* In 16 bits/pixel, onlybltcmsk<15:0> is used.
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BES Buffer A-1 Chroma 3-Plane Org. BESA1C30RG

Address MGABASE1 + 3D60h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown
Reserved besalc3org

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12| 11 10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0

besalc3org Backend Scaler buffer A field 1 Chroma 3-plane Origin. Top left corner of the buffer
<24:0> A field 1 chroma plane data used by the backend scaler. Thefield besalc3org
corresponds to a byte address in memory and holds a 25-bit unsigned value which
provides an offset value (the base address) in order to position the first pixel chroma
plane data to be read from the buffer A field 1 of the window to scale. This register
must be initialized when in planar 4:2:0 format, 3-plane mode, this register isthe Cr
plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000") and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bits in thisfield must be set to ‘0.
<31:25>
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BESA1CORG BES Buffer A-1 Chroma Org.

Address MGABASE1 + 3D10h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown
Reserved besalcorg

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14| 13] 12 11|10 0 [ 8] 7| 6| 5 | 4[ 3| 2] 1] 0

besalcorg Backend Scaler buffer A field 1 Chroma plane Origin. Top left corner of the buffer A
<24:0> field 1 chroma plane data used by the backend scaler. The field besalcorg
corresponds to a byte address in memory and holds a 25-bit unsigned value which
provides an offset value (the base address) in order to position the first pixel chroma
plane data to be read from the buffer A field 1 of the window to scale. This register
must be initialized when in planar 4:2:0 format. In 4:2:0, 2-plane mode, this register is
the chroma plane origin. In 4:2:0, 3-plane mode, this register is the Cb plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000’) and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:25>
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BES Buffer A-1 Org. BESA1ORG

Address MGABASE1 + 3D00h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown

Reserved besalorg

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19[ 18| 17] 16| 15| 14| 13] 12|11 10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0

besalorg Backend Scaler buffer A field 1 Origin. Top left corner of the buffer A field 1 data
<24:0> used by the backend scaler. The field besalorg correspondsto a byte addressin
memory and it holds a 25-bit unsigned value which provides an offset value (the base
address), in order to position the first pixel to read of the buffer A field 1 of the
window to scale. In 4:2:0 mode, this register is the luma plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror isused (the 4 LSBs must be set to '0000’), and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111)).

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<31:25>
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BESA2C30RG BES Buffer A-2 Chroma 3-Plane Org.

Address MGABASE1 + 3D64h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown
Reserved besa2c3org

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14| 13] 12 11|10 0 [ 8] 7| 6| 5 | 4[ 3| 2] 1] 0

besa2c3org Backend Scaler buffer A field 2 Chroma 3-plane Origin. Top left corner of the buffer
<24:0> A field 2 chroma plane data used by the backend scaler. The field besa2c3org
corresponds to a byte address in memory and holds a 25-bit unsigned value which
provides an offset value (the base address) in order to position the first pixel chroma
plane data to be read from the buffer A field 2 of the window to scale. This register
must beinitialized when in planar 4:2:0 format, 3-plane mode, this register isthe Cr
plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 L SBs must be set to '0000") and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:25>
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BES Buffer A-2 Chroma Org. BESA2CORG

Address MGABASEL1 + 3D14h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown
Reserved besa2corg

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12| 11 10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0

besa2corg Backend Scaler buffer A field 2 Chroma plane Origin. Top left corner of the buffer A
<24:0> field 2 chroma plane data used by the backend scaler. Thefield besa2corg
corresponds to a byte address in memory and holds a 25-bit unsigned value which
provides an offset value (the base address) in order to position the first pixel chroma
plane data to be read from the buffer A field 2 of the window to scale. This register
must be initialized when in planar 4:2:0 format. In 4:2:0, 2-plane mode, this register is
the chroma plane origin. In 4:2:0, 3-plane mode, this register is the Cb plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000") and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bits in thisfield must be set to ‘0.
<31:25>
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BESA20RG BES Buffer A-2 Org.

Address MGABASE1 + 3D04h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown

Reserved besa2org

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14| 13] 12 11|10 0 [ 8] 7| 6| 5 | 4[ 3| 2] 1] 0

besa2org Backend Scaler buffer A field 2 Origin. Top left corner of the buffer A field 2 data
<24:0> used by the backend scaler. Thefield besa2org corresponds to a byte address in
memory and holds a 25-bit unsigned value which provides an offset value (the base
address) in order to position the first pixel to be read from the buffer A field 2 of the
window to scale. In 4:2:0 mode, this register is the luma plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000’) and on the

last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bitsin this field must be set to ‘0'.
<31:25>
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BES Buffer B-1 Chroma 3-Plane Org. BESB1C30RG

Address MGABASE1 + 3D68h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown
Reserved besblc3org

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12| 11 10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0

besblc3org Backend Scaler buffer B field 1 Chroma 3-plane Origin. Top left corner of the buffer
<24:0> B field 1 chroma plane data used by the backend scaler. The field besblc3org
corresponds to a byte address in memory and holds a 25-bit unsigned value which
provides an offset value (the base address) in order to position the first pixel chroma
plane data to be read from the buffer B field 1 of the window to scale. This register
must be initialized when in planar 4:2:0 format, 3-plane, this register is the Cr plane
origin.
®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000") and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bits in thisfield must be set to ‘0.
<31:25>
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BESB1CORG BES Buffer B-1 Chroma Org.

Address MGABASE1 + 3D18h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown
Reserved besblcorg

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14| 13] 12 11|10 0 [ 8] 7| 6| 5 | 4[ 3| 2] 1] 0

besblcorg Backend Scaler buffer B field 1 Chroma plane Origin. Top left corner of the buffer B
<24:0> field 1 chroma plane data used by the backend scaler. The field besb1corg
corresponds to a byte address in memory and holds a 25-bit unsigned value which
provides an offset value (the base address) in order to position the first pixel chroma
plane data to be read from the buffer B field 1 of the window to scale. This register
must be initialized when in planar 4:2:0 format. In 4:2:0, 2-plane mode, this register is
the chroma plane origin. In 4:2:0, 3-plane mode, this register is the Cb plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000’) and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:25>
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BES Buffer B-1 Org. BESB10ORG

Address MGABASE1 + 3D08h (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown

Reserved besblorg

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12| 11 10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0

besblorg Backend Scaler buffer B field 1 Origin. Top left corner of the buffer B field 1 data
<24:0> used by the backend scaler. Thefield besblorg corresponds to a byte addressin
memory and holds a 25-bit unsigned value which provides an offset value (the base
address) in order to position the first pixel to be read from the buffer B field 1 of the
window to scale. In 4:2:0 mode, this register is the luma plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000’) and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<31:25>

Matrox G400 Specification Power Graphic Mode Register Descriptions  3-55



BESB2C30RG BES Buffer B-2 Chroma 3-Plane Org.

Address MGABASEL1 + 3D6Ch (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown
Reserved besb2c3org

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14| 13] 12 11|10 0 [ 8] 7| 6| 5 | 4[ 3| 2] 1] 0

besb2c3org Backend Scaler buffer B field 2 Chroma 3-plane Origin. Top left corner of the buffer
<24:0> B field 2 chroma plane data used by the backend scaler. The field besb2c3org
corresponds to a byte address in memory and holds a 25-bit unsigned value which
provides an offset value (the base address) in order to position the first pixel chroma
plane data to be read from the buffer B field 2 of the window to scale. This register
must be initialized when in planar 4:2:0 format, 3-plane, this register isthe Cr plane
origin.
®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 L SBs must be set to '0000") and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:25>
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BES Buffer B-2 Chroma Org. BESB2CORG

Address MGABASEL1 + 3D1Ch (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown
Reserved besb2corg

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12| 11 10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0

besb2corg Backend Scaler buffer B field 2 Chroma plane Origin. Top left corner of the buffer B
<24:0> field 2 chroma plane data used by the backend scaler. Thefield besb2corg
corresponds to a byte address in memory and holds a 25-bit unsigned value which
provides an offset value (the base address) in order to position the first pixel chroma
plane data to be read from the buffer B field 2 of the window to scale. This register
must be initialized when in planar 4:2:0 format. In 4:2:0, 2-plane mode, thisregister is
the chroma plane origin. In 4:2:0, 3-plane mode, the register is the Cb plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000") and on the
last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bits in thisfield must be set to ‘0.
<31:25>
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BESB20ORG BES Buffer B-2 Org.

Address MGABASEL1 + 3D0OCh (MEM)
Attributes WO, STATIC, BY TE, WORD, DWORD
Reset Value unknown

Reserved besb2org

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14| 13] 12 11|10 0 [ 8] 7| 6| 5 | 4[ 3| 2] 1] 0

besb2org Backend Scaler buffer B field 2 Origin. Top left corner of the buffer B field 2 data
<24:0> used by the backend scaler. Thefield besb2org corresponds to abyte addressin
memory and holds a 25-bit unsigned value which provides an offset value (the base
address) in order to position the first pixel to be read from the buffer B field 2 of the
window to scale. In 4:2:0 mode, this register is the luma plane origin.

®& Note: This address must be aligned on a paragraph boundary when no
horizontal mirror is used (the 4 LSBs must be set to '0000’) and on the

last byte of a paragraph when horizontal mirror is used (the 4 LSBs
must be set to '1111").

Reserved Reserved. When writing to this register, the bitsin this field must be set to ‘0'.
<31:25>
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BES Control BESCTL
Address MGABASE1 + 3D20h (MEM)
Attributes R/W, STATIC, BY TE, WORD, DWORD
Reset Value ???7? 27?20 ?777? ?27?7°7° ?27?7?7? ?27?77? ?2?7? 2?70

Reserved

31{30|29|28|27 26‘25 24123|22|21(20|19
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o0 o XX oooooao 04 000 X o 9o Reserved <o
18|17|16|15(14(13|12|11(10({9|8|7|6|5|4|3|2|1|0

besen
<0>

besvisrcstp
<6>

besv2srcstp
<7>

beshfen
<10>

besvfen
<11>

beshfixc
<12>

bescups
<16>

bes420pl
<17>

Matrox G400 Specification

Backend Scaer Enable.

* 0: The backend scaler is disabled
» 1: The backend scaler is enabled

Backend Scaler field 1 vertical source start polarity.

 0: source start line is even
« 1: source start line is odd

Backend Scaler field 2 vertical source start polarity.

» 0: source start line is even
« 1: source start line is odd

Backend Scaler Horizontal Filtering Enable.

* 0: The horizontal filtering is disabled
*Drop algorithm is used in downscaling and replicated in upscaling.

* 1: The horizontal filtering is enablednly when horizontal scaling is performed).
* Interpolation algorithm is used

Backend Scaler Vertical Filtering Enable.

* 0: The vertical filtering is disabled

* Drop algorithm is used in downscaling and replicated in upscaling.
* 1: The vertical filtering is enabledrfly when vertical scaling is performed)

* Interpolation algorithm is used.

Backend Scaler Horizontal Fixed Coefficient. Forces the horizontal weight to 0.5 for

the interpolation regardless of the actual calculated weight.

* 0: The horizontal actual calculated weight is used for interpolation.
* 1: The horizontal fixed coefficient is used for interpolation

Backend Scaler Chroma Upsampling enable. Horizontally interpolates a new chroma

value with a fixed coefficient of 0.5 in between each sample pair.

» 0: Chroma upsampling is disabled
* 1: Chroma upsampling is enabled

Backend Scaler 4:2:0 Planar data format.

*0: The source data is in 4:2:2 format
» 1: The source data is in 4:2:0 format
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BESCTL BES Control
besdith Backend Scaler Dither enable. Dithering is applied to smooth out some non-
<18> linearities.
* 0: Dithering is disabled
« 1: Dithering is enabled
beshmir Backend Scaler Horizontal Mirror enable. The source data is read linearly with
<19> descendant addressing instead of ascendant. Origin registers must point to the latest
pixel of the line instead of the first.
Address origins must be aligned on a paragraph boundary when no horizontal mirror
is used (the 4 LSBs must be set to '0000") and on the last byte of the paragraph when
horizontal mirror is used (the 4 LSBs must be set to '1111").
* 0: The horizontal mirror is disabled
* 1: The horizontal mirror is enabled
besbwen Backend Scaler Black and White enable. This bit forces both chromas to 128.
<20>
* 0: window is in color
* 1: window is in black and white
besblank Backend Scaler Blanking enable. When blanking is applied, the image in the window
<21> becomes black.
* 0: Blanking is disabled
* 1: Blanking is enabled
besfselm Backend Scaler Field Select Mode.
<24> _
* 0: Software field select
« 1: Hardware automatic field select is triggered and selected by the video in port.
besfsel Backend Scaler Field Select.doftware field select mode only.
<26:25> . o
«‘00": Buffer A field 1 is displayed
«‘01": Buffer A field 2 is displayed
«‘10’: Buffer B field 1 is displayed
‘11’ Buffer B field 2 is displayed
Reserved <31:27> <23:22> <15:13> <9:8><5:1>
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BES Global Control BESGLOBCTL
Address MGABASEL1 + 3DCOh (MEM)
Attributes R/W, STATIC, BYTE, WORD, DWORD
Reset Value P07 ?7?7°? ?2?77 27277 277?27 0000 0000 0700
o
g o 2 -
) o E 0o 2 b=
s £ 85c283855
o o O 2= o= > Q00
(&) o)) - >N O o O = N N
> = O S M - 0o U c c
3 2 82888339
Reserved besvcnt Reserved © o0 o0 ooo0aol oo
31/30(29| 28 27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16 15[14 |13 12]11] 10 9‘8 76|54 35 1]0

beshzoom
<0>

beshzoomf
<1>

bescorder
<3>

besreghup
<4>

bes3plane
<5>

besuyvyfmt
<6>

besprocamp
<7>

besrgbmode
<9:8>

Matrox G400 Specification

Backend Scaler accelerated 2x Horizontal Zoom enable. Must be used when the pixel
clock isfaster than 135 MHz.

* 0: Accelerated 2x horizontal zoom is disabled
» 1: Accelerated 2x horizontal zoom is enabled

Backend Scaler accelerated 2x Horizontal Zoom filtering enable. Enables the
interpolation of the new pixels for the accelerated 2x mode.

* 0: Accelerated 2x horizontal zoom filtering is disabled
» 1: Accelerated 2x horizontal zoom filtering is enabled

Backend Scaler Chroma samples Order (4:2:0 mode only).

* 0: Cb samples are in bytes 0, 2, 4, 6 of the sliceand Crin1, 3,5,7
*1: Cb samples are in bytes 1, 3, 5, 7 of the sliceand Crin0, 2,4, 6

Backend Scaler Register Update on Horizontal sync for test. When this bit is set, the
backend scaler double buffer registers will take their new values at each horizontal

sync.
®& Note: Used for testingnly.

* 0: Registers update at the vertical count programmeédsmcnt
* 1: Registers update at each horizontal sync

Backend Scaler 4:2:0 3-Plane format.

* 0: The source data is in 4:2:0 2-plane format
 1: The source data is in 4:2:0 3-plane format

Backend Scaler uyvy format (4:2:2 mode only)

*0: YUY2 format is used
*1: UYVY format is used

Backend Scaler Proc. Amp. control enable. Enables changes in contrast and
brightness.

* 0: proc. amp. control is disabled
 1: proc. amp. control is enabled

Backend Scaler RGB mode. Enables the composition of an RGB surface by the
backend scaler.
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BESGLOBCTL BES Global Control

To use the backend scaler in RGB mode, it must first be programmed in 4:2:2. The
mirroring function is not available.

+'00’: RGB disable

*‘01": RGB15 enable (1:5:5:5), 1 msb unused, scaling available with no filtering

*'10": RGB16 enable (5:6:5), scaling available with no filtering

*'11’: RGB32 enable (8:8:8:8), 8 msb unused, hiscale must be programmed to 2.0 and
no scaling available. Source width is limited to 512.

bes Backend Scaler Vertical CBCR Single. Disables the repetition of a cbcr for 2 luma
vchcersingle lines.
<10>

* 0: Each cbcr line is used for 2 luma lines in 4:2:0 mode
* 1: each cbcr line is used for a single luma line in 4:2:0 mode

besvcnt Backend Scaler Vertical Counter registers update. All backend scaler registers will
<27:16> take effect with their new programmed values when the CRTC vertical counter equals
this register.

Reserved <31:28> <15:11> <2>
Reserved. When writing to this register, the bits in this fieldt be set to ‘0'.
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BES Horiz. Coordinates BESHCOORD

Address MGABASE1 + 3D28h (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD

Reset Value ???7? ?000 0000 0000 ???? 2000 0000 0000

Reserved besleft Reserved besright

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12|11 [10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0
besright Backend Scaler Right edge coordinate. Thisis a pixel coordinate of the destination
<10:0> window in the desktop. Must be higher than besleft and not higher than the max.
horizontal desktop.

besleft Backend Scaler Left edge coordinate. Thisis apixel coordinate of the destination
<26:16> window in the desktop. Must be lower than besright.

Reserved <31:27><15:11>

Reserved. When writing to this register, the bitsin thisfield must be set to ‘0.
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BESHISCAL BES Horiz. Inv. Scaling Factor

Address MGABASE1 + 3D30h (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown

Reserved

Reserved beshiscal

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19[ 18| 17] 16| 15| 14| 13] 12 11|10 9 [ 8| 7| 6| 5| 4[ 3| 2] 1] 0

beshiscal
<20:2>

Backend Scaler Horizontal Inverse Scaling factor. Thisisa5.14 value. (For
information on calculating this field, see Chapter 4: Programmer’s Specificafion

Reserved <31:21><1:0>

Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
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BES Horiz. Source Ending BESHSRCEND

Address MGABASEL1 + 3D3Ch (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD

Reset Value unknown
o
)
Z
[¢D]
>

Reserved beshsrcend 04

31/30| 20| 28| 27| 26| 25] 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12|11 10[ 9 [ 8 7| 6| 5 [ 4[ 3| 2[ 1] 0

beshsrcend Backend Scaler Horizontal Ending source position. Ending position in the source of

<25:2> the last pixel that will contribute to the last right destination pixel. Thisisa10.14
value. (For information on calculating thisfield, see Chapter 4: Programmer’s
Specification).

Reserved <31:26> <1:0>
Reserved. When writing to this register, the bits in these fields be set to ‘0.
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BES Horiz. Source Last

BESHSRCLST
Address MGABASE1 + 3D50h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown

beshsrclst Reserved

Reserved
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21] 20| 19[ 18| 17| 16| 15| 14 13| 12|11 10| 9 | 8| 7| 6| 5 | 4[ 3| 2] 1] O

beshsrclst Backend Scaler Horizontal Source Last position. Position in the source of the last
<25:16> pixel of the complete image. Thisfield must be programmed with horizontal source

width - 1.

Reserved <31:26> <15:0>
Reserved. When writing to this register, the bits in these fields must be set to ‘0’.
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BES Horiz. Source Start BESHSRCST

Address MGABASE1 + 3D38h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
o
&)
z
(¢}
3
Reserved beshsrcst @
31/30| 20| 28| 27| 26| 25] 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12|11 10[ 9 [ 8 7| 6| 5 [ 4[ 3| 2[ 1] 0
beshsrcst Backend Scaler horizontal starting source position. Starting position in the source of
<25:2> thefirst pixel that will contribute to the left first destination pixel. Thisisa10.14

value. Must be ‘0’ when no left cropping is necessary. The cropping can be on the
source, because a part of the destination is not visible or is on both.

Reserved <31:26> <1:0>
Reserved. When writing to this register, the bits in these fields be set to ‘0.
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BESLUMACTL BES Luma Contro

Address MGABASE1 + 3D40h (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD

Reset Value unknown

Reserved besbrightness Reserved bescontrast
31]30|29| 2827 | 26| 25| 24| 23| 22| 21| 20| 19] 18] 17[ 16| 15| 14 13] 12| 11 |10 9 | 8 | 7] 6 [ 5] 4| 3] 2] 1] 0
bes Backend Scaler Brightness value. This is an 8-bit two’s complement value ranging
brightness from -128 to 127. ‘00i has no effect.
<23:16>
bescontrast Backend Scaler Contrast value. This is a 1.7 value ranging from 0 to 1.99h'&9’
<7:0> no effect.

Reserved <31:24> <15:8>
Reserved. When writing to this register, the bits in these fields be set to ‘0’.
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BES Pitch BESPITCH

Address MGABASE1 + 3D24h (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD

Reset Value unknown

Reserved bespitch
31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19[ 18| 17| 16| 15| 14| 13] 12|11 ]10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0

bespitch Backend Scaler Pitch. Offset from the beginning of one line to the next from the field

<11:.0> currently read for the source data window (in number of pixels). Must be a multiple of
81in 4:2:2 format and multiple of 32 in 4:2:0 planar format.

Reserved Reserved. When writing to thisregister, the bits in thisfield must be set to ‘0.

<31:12>
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BESSTATUS

BES Status
Address MGABASEL1 + 3DC4h (MEM)
Attributes RO, DYNAMIC, BYTE, WORD, DWORD
Reset Value unknown
T
»
3
Reserved Qa
31|30(29|28|27|26|25|24|23|22(21|20|19|18|17|16|15|14(13|12|11|10|/ 9|8 | 7|6 |5| 4|3 | 2|1 |0
besstat Backend Scaler Status.
<1:0>

*‘00’: window is currently displaying buffer A field 1
*‘01": window is currently displaying buffer A field 2
‘10" window is currently displaying buffer B field 1
‘11" window is currently displaying buffer B field 2

Reserved Reserved. When reading this register, the bits in this field will refknown, ‘0’, or
<31:2> 1.
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BES Field 1 Vert. Source Last Pos. BESV1SRCLST

Address MGABASEL1 + 3D54h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
Reserved besvlsrclast
31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19[ 18| 17| 16| 15| 14| 13] 12|11 10| 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0
besvl Backend Scaler field 1 vertical source last position. The position of thelast line (of the
srclast complete image) in the source, in reference to the line pointed to by the window field
<9:0> 1origin.
Reserved Reserved. When writing to this register, the bits in this field must be set to 0.
<31:10>
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BES Field 2 Vert. Source Last Pos.

BESV2SRCLST
Address MGABASE1 + 3D58h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown

Reserved besv2srclst

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14 13| 12|11 10| 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0

Backend Scaler field 2 Vertical Source Last position. The position of the last line (of

besv2srclst

<9:0> the complete image) in the source, in reference to the line pointed to by the window
field 2 origin.
Reserved Reserved. When writing to this register, the bitsin this field must be set to 0.
<31:10>
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BES Field 1 Vert. Weight Start BESV1IWGHT

Address MGABASE1 + 3D48h (MEM)

Attributes WO, STATIC, BY TE, WORD, DWORD

Reset Value unknown
2
- ©
g >
— (<)
(%3] (%))
o (&)

Reserved o besvliwght 0

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19[ 18| 17| 16| 15| 14| 13] 12| 11 10[ 9 [ 8| 7| 6| 5 [ 4[ 3| 2] 1] 0

besviwght Backend Scaler field 1 Vertical Weight starting value. This field contains only the 14
<15:2> bits of the fractional part. Used for awindow starting with vertical subpixel
positioning and to adjust the positioning of the frame based on the field 1 in de-
interlacing mode.

beslwghts Backend Scaler field 1 vertical Weight starting sign. Used for awindow starting with a
<16> vertical subpixel position and to adjust the positioning of the frame on the field 1 in
de-interlacing mode.

Reserved <31:17> <1:0>
Reserved. When writing to this register, the bits in these fields must be set to ‘0'.
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BESV2WGHT BES Field 2 Vert. Weight Start

Address MGABASEL1 + 3D4Ch (MEM)

Attributes WO, STATIC, BY TE, WORD, DWORD

Reset Value unknown
2
= ©
g >
9V} (¢}
(%3] (%))
o (&)

Reserved o besv2wght 0

31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21] 20| 19[ 18| 17| 16| 15| 14| 13] 12| 11 |10 9 [ 8| 7| 6| 5 | 4 [ 3| 2] 1| 0

besv2wght Backend Scaler field 2 Vertical Weight starting value. This field contains only the 14
<15:2> bits of the fractional part. Used for awindow starting with vertical subpixel
positioning and to adjust the positioning of the frame based on the field 2 in de-
interlacing mode.

bes2wghts Backend Scaler field 2 vertical Weight starting sign. Used for awindow starting with
<16> vertical subpixel positioning and to adjust the positioning of the frame based on the
field 2 in de-interlacing mode.

Reserved <31:17> <1:0>
Reserved. When writing to this register, the bitsin these fields must be set to ‘0’.
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BES Vert. Coordinates BESVCOORD

Address MGABASEL1 + 3D2Ch (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
Reserved bestop Reserved besbot
31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19] 18| 17] 16| 15| 14| 13] 12|11 [10[ 9 [ 8] 7| 6| 5 [ 4[ 3| 2] 1] 0
besbot Backend Scaler Bottom edge coordinate. Thisis apixel coordinate of the destination
<10:0> window in the desktop. Must be higher than bestop and not higher than the max.
vertical desktop.
bestop Backend Scaler Top edge coordinate. Thisis apixel coordinate of the destination
<26:16> window in the desktop. Must be lower than besbot.

Reserved <31:27> <15:11>
Reserved. When writing to this register, the bits in these fields must be set to ‘0’.
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BESVISCAL BES Vert. Inv. Scaling Factor

Address MGABASE1 + 3D34h (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD

Reset Value unknown
©
&)
z
(<)
3

Reserved besviscal @
31/30| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19[ 18| 17] 16| 15| 14| 13] 12 11|10 9 [ 8| 7| 6| 5| 4[ 3| 2] 1] 0
besviscal Backend Scaler Vertical Inverse Scaling. Thisisa5.14 value. (For information on
<20:2> calculating this field, see Chapter 4: Programmer’s Specificatjon

Reserved <31:21><1:0>
Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
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CRTC2 Control C2CTL

Address MGABASE1 + 3C10h (MEM)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000Db
- Q@
g=; =
T8 2 — 28 £ T = 23
8% 3 2988 2 £ 8 =z = ¥
29 = T 3T 3gag < x £ 5 ¢ 9
oo 8B ©0T L0 © © 2 X X
I8 3 §553 £ § 8§ §§& 8
o 0o o o o o oc2depth © Reserved 3 o 3) o o o
31|30|29|28]27|26]25|24] 23| 22] 21| 20] 19| 18] 17| 16] 15| 14| 13| 12| 11 1o‘9‘sa6‘5‘4 3/2]1]0
c2en Second CRTC Enable. Stops the address generator. No new request addresses are
<0> generated. It does not affect the programming registers.

* 0: Second CRTC disabled
*1: Second CTRC enabled

c2pixclksel CRTC2 Pixel Clock Selection. This field selects the source of the second CRTC pixel
<2:1> clock.

*‘00": PCI clock selected

*‘01": External clock selected (from the VDOCLK pin)
‘10" Pixel PLL selected

«'11: System PLL selected

c2pixclkdis CRTC2 Pixel Clock Disable

<3>
* 0: Enable the pixel clock oscillations
* 1: Disable the pixel clock oscillations
c2hiprilvl CRTC2 High Priority Request Level. This field indicates the number of requests
<6:4> accumulated in the second CRTC request FIFO when the requests to the memory

controller change from low to high priority.

c2maxhipri CRTC2 Maximum High Priority requests. This field indicates the number of high

<10:8> priority requests to be performed before switching back to low priority.
crtcdacsel CRTC DAC source Select. This field selects the DAC source.
<20>

* 0: CRTCL1 is output to the DAC
»1: CRTC2 is output to the DAC

c2depth CRTC2 Color Depth. The following table shows the color depths available with the
<23:21>
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anes)

C2CTL CRTC2 Control
second CRTC and their properties.
c2depth | Color Depth selected
‘000’ Reserved
‘001’ 15 bits/pixel (15 bpp direct, 1 bit alpha-bit or unused)
‘010’ 16 bits/pixel (16 bpp direct)
‘011’ Reserved
‘100’ 32 bits/pixel (24 bpp direct, 8 bpp of alpha data unused)
‘101 YChCr422 (4 Y-samples, 2 Cb-samples, and 2 Cr-samples)
110’ Reserved
111 YCbCr420 (4 Y-samples, 1 Cb-sample, and 1 Cr-sample) (3 pl
c2vchcer CRTC2 Vertical CbCr Single. Disables the repetition of achromalinefor 2 lumalines.
single
<22> +‘0": Each CbCr line is used fdwo luma lines in 4:2:0 mode
«‘1’: Each CbCr line is used forsangle luma line in 4:2:0 mode
c2interlace CRTC2 Interlace mode. Enable all the field #1 registers.
<25>
c2fieldlength CRTC2 Field Length polarity. Selects the polarity of the field length signal according
<26> to the VIDRST pin after a video reset.
: VIDRST :
c2fieldlength Pin Sate Field length
0 0 c2vtotal
1 c2vtotal + 1
1 0 c2vtotal + 1
1 c2vtotal
c2fieldpol Field identification Polarity. Selects the polarity of the field identification (field value
<27> in the video timing codes) signal according to the VIDRST pin after video reset.
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0 0

0
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0 1

1
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CRTC2 Control C2CTL

c2vidrstmod CRTC2 VIDRST Detection Mode. These bits select the prel oad detection mode on the
<29:28> VIDRST pin.

: VIDRST
SRl Detection Mode
‘00’ A falling edge is detected.
‘or A rising edge is detected
10’ Both falling and rising edges are detected.
11 Reserved

c2hploaden CRTC2 Horizontal Counter Preload Enable. This bit enables the preloading capability

<30> of the horizontal counter with the VIDRST pin.
c2vploaden CRTC2 Vertica Counter Preload Enable. This bit enables the preloading capability of
<31> the vertical counter with the VIDRST pin.
Reserved <7><19:11>

Reserved. When writing to this register, the bits in this field must be set to 0.
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C2DATACTL CRTC2 Data Control
Address MGABASE1 + 3C4Ch (MEM)
Attributes R/W, BY TE'WORD/DWORD, DYNAMIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000h
c C
. £% 5§
3 ET x c 0= o ¢
> So0oL Yot oo
- > 0= o o 2 C
O SE=E8 25 a8 =
o S QRL&GLARIK
14 c2statickey c2bppl5lalpha c2bppl5halpha O 0O O oo oo o
31[30|29 28‘27‘26‘25‘24 23‘22‘21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘9‘8 7le|s5]al3]2]1]0

c2dithen
<0>

c2yfilten
<1>

c2cbcrfilten
<2>

c2subpicen
<3>

c2ntscen
<4>

c2static
keyen
<5>

c2offsetdiven
<6>

c2uyvyfmt
<7>

CRTC2 Dither Enable. Dithering is applied on the luma component to smooth out
non-linearities caused by the RGB to Y CbCr color space converter.

* 0: Dithering is disabled
* 1: Dithering is enabled

CRTC2 Y Filter Enable. Filtering is applied on the luma generated by the color space
converter. 1/4: 1/2: 1/4 filtering scheme is used.

* 0: Luma filtering is disabled
* 1: Luma filtering is enabled

CRTC2 ChCr Filter Enable. Filtering is applied before subsampling on the chroma
generated by the color space converter. 1/4: 1/2: 1/4 filtering scheme is used.

* 0: Subsample Cb and Cr
* 1: Filter Cb and Cr before subsampling

CRTC2 Sub-picture Enable. Sub-picture data is applied on the output of the second
CRTC.

* 0: Sub-picture blender is disabled
* 1: Sub-picture blender is enabled

CRTC2 NTSC Enable. This bit controls a clock Killer circuit used to generate the
exact horizontal pixel count in NTS@dt divisible by 8).

* 0: NTSC clock killer circuitry is disabled
» 1: NTSC clock killer circuitry is enabled

CRTC2 Static sub-picture mixing Key Enable. Static sub-picture mixing key
(c2statickey) is applied on the sub-picture blender of the second CRTC.

* 0: Sub-picture key from the frame buffer is used by the sub-picture blender
« 1: Static sub-picture mixing key is used by the sub-picture blender

CRTC2 Sub-picture Offset Division. Selects the offset of the sub-picture data in the
frame buffer.

* 0: Use thec20ffset field directly
* 1: Use thec2offset field divided by two

CRTC2 YCbCr422 memory Format. Selects the YCbCr422 data format in the frame
buffer.
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CRTC2 Data Control C2DATACTL

c2bppl5h
alpha
<15:8>

c2bpplsl
alpha
<23:16>

c2statickey
<28:24>

Reserved
<31:29>

*0: YUV2 format is used
«1: UYVY format is used

CRTC2 15 bpp High Alpha value. In 15 bpp, the value in this field corresponds to the
high alpha bit.

CRTC2 15 bpp Low Alpha Value. In 15 bpp, the value in this field corresponds to a
low alpha bit.

CRTC2 Static sub-picture mixing Key. Sub-picture mixing key applied to the second
CRTC sub-picture blender whegistatickeyen is enabled; it controls the opacity of

the sub-picture. Only binary values between 0 and 16 (between ‘00000’ and ‘10000
are valid.

Reserved. When writing to this register, the bits in this fieldt be set to 0.
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C2HPARAM

CRTC2 Horizontal Parameters

Address
Attributes
Reset Value

Reserved

MGABASE1 + 3C14h (MEM)
WO, BY TE/WORD/DWORD, STATIC
0000 0000 0000 0000 0000 0000 0000 0000b

c2hdispend Reserved c2htotal

31/30{29 (28 27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16 15]14[13 |12 11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2htotal
<11:0>

c2hdispend
<27:16>

Reserved

CRTC2 Horizontal Total. Thisfield defines the total horizontal scan period in pixels.
The 3 LSBsof thisfield must be set to ‘000’ (a multiple of 8 pixels). Programmed
with the total number of pixels per line, minus 8.

CRTC2 Horizontal Display Enable End. This field determines the number of
displayed pixels per line. The display enable signal becomes inactive when the
horizontal pixel counter reaches this value. The 3 LSBs of this field walgebe set

to ‘000’ (a multiple of 8 pixels). Programmed with the number of displayed pixels per
line, minus 8.

<15:12> <31:28>
Reserved. When writing to this register, the bits in this feldt be set to 0.
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CRTC2 Horizontal Sync C2HSYNC

Address MGABASE1 + 3C18h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2hsyncend Reserved c2hsyncstr
31|30(29 |28 27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16 15]14[13|12 11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2hsyncstr CRTC2 Start Horizontal Sync pulse. The horizontal sync signal becomes active when
<11:0> the horizontal pixel counter reaches this value. The 3 LSBs of thisfield value must be
set to ‘000’ (a multiple of 8 pixels). Programmed with the number of pixels before the
beginning of the horizontal sync. pulse, minus 8.

c2hsyncend CRTC2 End Horizontal Sync pulse. The horizontal sync signal becomes inactive
<27:16> when the horizontal pixel counter reaches this value. The 3 LSBs of this field value
must be set to ‘000’ (a multiple of 8 pixels). Programmed with the number of pixels
before the end of the horizontal sync. pulse, minus 8.

Reserved <15:12> <31:28>
Reserved. When writing to this register, the bits in this fireldt be set to 0.
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C2MISC

CRTC2 Miscellaneous

Address
Attributes

Reset Value

Reserved

MGABASE1 + 3C44h (MEM)
R/W, BY TE/WORD/DWORD, STATIC
0000 0000 0000 0000 0000 0000 0000 0000b

c2vsyncpol
c2hsyncpol
Reserved
c2fieldlinel
Reserved
c2fieldline0

c2vlinecomp Reserved

31]30| 20|28 27| 26| 25|24 23] 22| 21| 20] 19| 18] 17|16[ 15| 14]13]12]11]10| 9 | 8 ﬁ 6|54 m 2[1]o0

c2fieldline0
<2:0>

c2fieldlinel
<6:4>

c2hsyncpol
<8>

c2vsyncpol
<9>

c2vlinecomp
<27:16>

Reserved

CRTC2 656 toggling Field Linefor field #0. Thisfield indicates the number of linesin
the vertical blank, before the field bit toggles on the EAV and SAV video timing codes
(656 output mode), minus 1.

CRTC2 656 toggling Field Linefor field #1. Thisfield indicates the number of linesin
the vertical blank, before the field bit toggles on the EAV and SAV video timing codes
(656 output mode), minus 1.

CRTC2 Horizontal Sync pulse Polarity. Selects the polarity of the horizontal sync
signal.

* 0: Horizontal sync is active high
* 1: Horizontal sync is active low

CRTC2 Vertical Sync pulse Polarity. Selects the polarity of the vertical sync signal.

* 0: Vertical sync is active high
* 1: Vertical sync is active low

CRTC2 Vertical Line Compare value. When the vertical line counter has reached this
value thec2vlinepen bit is set to ‘1’ (see thBTATUS register).

<3> <7><15:10> <28:31>
Reserved. When writing to this register, the bits in this feldt be set to 0.
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CRTC2 Offset Values C20FFSET

Address MGABASE1 + 3C40h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b
Reserved c2offset
31]30[29|28]27|26|25]24| 23] 22|21 |20] 19|18[17|16]15]14]13]12|11]10[ 9 [ 8 [ 7 |6 [5 |4 [ 3] 2| 1] 0
c2offset Logical line width of the screen. Thisfield stores the offset between the current line
<14:0> start address and the next line start address. The value isthe number of 8 quadwordsin

oneline. The 6 LSBs of this value must be set to ‘000000’ in YCbCr422 and RGB.

The 7 LSBs of this value must be set to ‘0000000’ in YCbCr420. The 8 LSBs of this
value must be set to ‘00000000’ in YCbCr420 watvcbcrsingle set to ‘1'.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:15>
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C2PL2STARTADDO CRTC2 Field #0 Plane #2 Start Add.

Address MGABASE1 + 3C30h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2pl2startadd0
31/30{29(28|27]26 |25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2pl2start CRTC2 Plane #2 Start Address of field #0. In 3-plane Y CbCr420 mode, this register
addo holds the address of the first Cb data after the vertical retrace of each screen refreshin
<24:0> non-interlace mode or each field #0 screen refresh. This address must be aligned on an
8 quadword boundary (the 6 LSBs set to ‘000000’). It becomes effective after the
beginning of the next vertical blank (double-buffered register).

Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:25>
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CRTC2 Field #1 Plane #2 Start Add. C2PL2STARTADD1

Address MGABASE1 + 3C34h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2pl2startaddl
31|30(29|28|27]26 |25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2pl2start CRTC2 Plane #2 Start Address of field #1. In 3-plane Y CbCr420 mode, this register
addl holds the address of the first Cb data after the vertical retrace of each field #1 screen
<24:0> refresh. This address must be aligned on an 8 quadword boundary (the 6 L SBs set to
‘000000). It becomes effective after the beginning of the next vertical blank (double-
buffered register).

Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:25>
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C2PL3STARTADDO CRTC2 Field #0 Plane #3 Start Add.

Address MGABASE1 + 3C38h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2pl3startadd0
31/30{29(28|27]26 |25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2pl3start CRTC2 Plane #3 Start Address of field #0. In 3-plane Y CbCr420 mode, this register
addo holds the address of the first Cr data after the vertical retrace of each screen refreshin
<24:0> non-interlace mode or each field #0 screen refresh. This address must be aligned on an
8 quadword boundary (the 6 LSBs set to ‘000000’). It becomes effective during the
next vertical blank (double-buffered register).

Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:25>
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CRTC2 Field #1 Plane #3 Start Add. C2PL3STARTADD1

Address MGABASE1 + 3C3Ch (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2pl3startadd0

31|30(29|28|27]26 |25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2pl3start Plane #3 Start Address of field #1. In 3-plane Y CbCr420 mode, this register holds the

addo address of the first Cr data after the vertical retrace for each field #1 screen refresh.
<24:0> This address must be aligned on an 8 quadword boundary (the 6 L SBs set to
‘000000). It becomes effective during the next vertical blank (double-buffered
register).
Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:25>
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C2PRELOAD CRTC2 Preload Values

Address MGABASE1 + 3C24h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2vpreload Reserved c2hpreload

31/30{29 (28 27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16 15]14[13 |12 11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2hpreload CRTC2 Horizontal counter Preload. Thisfield defines the starting count value (in

<11:0> pixels) of the horizontal counter after avideo reset. The 3 LSBs of thisfield value
must be set to ‘000’ (a multiple of 8 pixels). Programmed in the number of pixels,
minus 8.
c2vpreload CRTC2 Vertical counter Preload. This field defines the starting count value of the
<27:16> vertical counter in lines after a video reset. Programmed in number of pixels minus 1.

The preload values are used to synchronize the second CRTC with MGA-TVO. They
are loaded in their respective counter with the VIDRST pin during the synchronization
process.

Reserved <15:12> <31:28>
Reserved. When writing to this register, the bits in this fieldt be set to 0.
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CRTC2 Field #0 Sub-Picture Start Add. C2SPICSTARTADDO

Address MGABASE1 + 3C54h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2spicstartadd0
31|30(29|28|27(26 |25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2spicstart CRTC2 Start Address of the Field #0 Sub-Picture data. This register holds the address

addoO of thefirst pixel of each sub-picture field #0. This address must be aligned on an 8
<24:0> quadword boundary (the 6 LSBs set to ‘000000’). It becomes effective after the
beginning of the next vertical blank (double-buffered register).
Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:25>

Matrox G400 Specification Power Graphic Mode Register Descriptions  3-91



C2SPICSTARTADD1 CRTC2 Field #1 Sub-Picture Start Add.

Address MGABASE1 + 3C58h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2spicstartaddl
31/30{29(28|27]26 |25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2spicstart CRTC2 Start Address of the Field #1 Sub-Picture data. This register holds the address

addl of thefirst pixel of each sub-picture field #1. This address must be aligned on an 8
<24:0> guadword boundary (the 6 LSBs set to ‘000000’). It becomes effective after the
beginning of the next vertical blank (double-buffered register).
Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:25>
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CRTC2 Field #0 Start Add. C2STARTADDO

Address MGABASE1 + 3C28h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2startaddO
31|30(29|28|27]26 |25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2startaddO CRTC2 Start Address of field #0. This register holds the address of the first pixel after
<24:0> the vertical retrace of each screen refresh in non-interlace mode or each field #0 screen
refresh in interlace mode. This address must be aligned on an 8 quadword boundary
(the 6 LSBs set to ‘000000’). It becomes effective after the beginning of the next
vertical blank (double-buffered register).

Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:25>
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C2STARTADD1 CRTC2 Field #1 Start Add.

Address MGABASE1 + 3C2Ch (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved c2startaddl

31/30{29(28|27]26 |25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

c2startadd1 CRTC2 Start Address of field #1. This register holds the address of the first pixel after
<24:0> the vertical retrace of each field #1 screen refresh in interlace mode. This address must
be aligned on an 8 quadword boundary (the 6 LSBs set to ‘0000000’). It becomes
effective after the beginning of the next vertical blank (double-buffered register).

Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:25>
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CRTC2 Sub-Picture Color LUT C2SUBPICLUT

Address MGABASE1 + 3C50h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

c2subpiclutx

c2subpiccrlut c2subpiccblut c2subpicylut Reserved

31]30| 20| 28|27]26| 25|24 23] 22| 21| 20| 19|18[17|16]15|14]13]1211]10| 9 [ 8 | 7|6 [ 5] 4 |3 2] 1] 0

c2subpiclutx CRTC2 Sub-Picture Color LUT index register. A binary value that points to the sub-
<3:0> picture color register where datais to be written when the c2subpicylut,
c2subpiccblut, or c2subpiccrlut fields are accessed.

c2subpicylut  CRTC2Y valuein the Sub-picture Color LUT. The Y-value written in the color

<15:8> register pointed to by the c2subpiclutx field.

c2subpic CRTC2 Cb value in the Sub-Picture Color LUT. The Cb-value written in the color
cblut register pointed to by the c2subpiclutx field.

<23:16>

c2subpic CRTC2 Cr value in the Sub-Picture Color LUT. The Cr-value written in the color
criut register pointed to by the c2subpiclutx field.

<31