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1.1 Introduction

The Matrox MGA-G200 which is compatible with the MGA-G100 product but with a significant
improvement in performance:

m Supports full AGP features

B Includes high performance triangle setup engine
B Acceerates 3D texture mapped consumer applications such as PC games with the Enhanced
Matrox Fast Texture Architecture

Improves 2-D performance

Provides superior Windows performance

Isfully Microsoft DirectDraw, Direct 3D, and Open GL compliant
Hasfast VGA acceleration

Accelerates digital video features

Includes integrated frontend and backend scaler

Includes digital video input port and video output port

Includes hardware CODEC interface port

Includes an integrated DAC

Connectsto SSTL or LVTTL SGRAM

The Matrox MGA-G200 has special features specifically designed to provide superior 3D performancein
a4 MByte frame buffer. The Matrox MGA-G200 is intended to provide a complete solution for home PC
userswho are interested in top performance Windows 95 and DOS 3D game and multimedia applications,
but who are also interested in leveraging their home PC as a home office and education centre. It isalso

suitable for environments such as Windows NT, IBM OS/2 PM, Unix X-Windows, AutoCAD, and more.

The MGA-G200 series has an improved 3D acceleration core over the Matrox MGA-G100, key video
capabilities of the MGA-V C064FB video engine and a significantly faster frame buffer interface fo
applications requiring a high display bandwidth. It controls up to 16 megabytes of SGRAM.

The integrated DAC in the MGA-G200 eliminates the need for an external DAC. This substantially
lowers the cost and space required for the graphics sub-system.

The MGA-G200A is optimized to exploit the AGP bus features and bandwidth. Alternatively, the PCI
version or MGA-G200P also provides superior performance in a PCl-based system. In order to optimize
performance, both DMA model and execute model are supported. The bus controller uses bus-mastering
techniques to fetch command lists from PCI or AGP space, |oad textures into the texture cache or into the
frame buffer, and to blit data between system memory and the frame buffer. The AGP transfers are
performed in 2X mode, with sideband signalling and command pipelining to further parallelize and
accelerate operations. The graphic engine has been designed to accept the longer latency periods that
occur when accessing the system bus. This enables the application to store information, such astexture, in
the system memory without any loss in performance.

A fully programmabl e setup engine increases 3D performance and off-loads the CPU for other tasks.
Combined with anew bus controller, it can directly interpret triangle list information. Itsinstruction cache
enables transparent transition between multiple micro-code programs. Multiple pipelined ALUs operate
in paralel on floating point or integer data giving the MGA-G200 high performance and versatility.

A full-featured 3D rendering engine, the Enhanced Matrox Fast Texture Architecture, is the centerpiece
of the MGA-G200. This 3D engineis an advanced renderer with full perspective correct texture mapping,
lighting, Gouraud shading, specular lighting, fogging, stipple and true a pha blending, optional 16-bit or
32 bit Z-buffering, capable of bus mastering and keying on texture color or texel aphakey bit. Combined
with the video engine, the 3D engine has the ability to use video as a source for texturing. The Matrox

1-2 Introduction MGA-G200 Specification
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texture compression model saves on memory usage, allowing low cost and high performance even within
aframe buffer as small as 2MBytes.

The MGA-G200 core engine fully implements the Matrox Video Architecture with itsintegrated digital
video scaling, filtering and color space conversion engine. This architecture supports both shared frame
buffer and split frame buffer (overlay) modes of operation to provide maximum flexibility in combining
video with graphics. This architecture supports video sprites, video texture maps, graphics overlay, and
many other methods of combining video with graphics. The MGA-G200 can be upgraded with the
Matrox Video Encoder (Maven) which provides high quality output toaTV or VCR.

This specification covers two chips: the MGA-G200P that connects to a PCl bus and MGA-G200A to an
AGP bus. The specification applies the term MGA-G200 to both chips. For PCI specific information, the
term MGA-G200P will apply, while the term MGA-G200A will apply to AGP specific information.

1.2 System Block Diagram

Figure 1-1: System Block Diagram

PCI Bus or AGP Bus

32-bit
< SGRAM
: 8-bit 64-bit
DZ::c:)edoer 7 < » Frame Buffer
A
| et MGA-G200
8-bit
CODEC -,
A '
12-bit 1-bit
A4
Maven Serial
Video “ EEPROM

Encoder

MGA-G200 Specification System Block Diagram  1-3
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1.3 Application Areas

B A Windows accelerator with high performance levels. The MGA-G200 will complement the
MGA family by delivering astrong price/performance point for users who need top performance
at high resolution and color depths.
B Full acceleration of Windows multimedia and game applications. Specifically, 3D texture
mapped games achieve a significant boost in performance and image quality with the
MGA-G200 3D and triangle setup engine. In addition, all other types of games will be
accelerated by a combination of the MGA-G200’s DirectDraw, Direct 3D, and Direct Video
engine.
Digital video playback is accelerated to full screen, full motion, with high-quality scaling.The
architecture supports all of today’s popular CODECs.
Full acceleration of all MS-DOS applications via MGA-G200’s ultra-fast 32-bit VGA core.
Video capture
DVD and MPEG2 playback
Video editing
Video out to a TV with MAVEN

1.4 Target Markets

Home, SOHO, and multimedia PC markets
Mainstream business markets

Computer gaming

Workstation market

Professional multimedia PC markets
Desktop publishing

CAD

1-4 Application Areas MGA-G200 Specification
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1.5 Block Diagram

The MGA-G200 is composed of 9 sections:
* Bus Controller
» Setup Engine
» Drawing Engine
* Video Device Interface
VGA Graphics Controller
Backend Video Engine
Memory Controller
Display Controller
Display and Video Output Interface

MGA-G200 Specification Block Diagram  1-5
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Figure 1-2: MGA-G200 Block Diagram
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1.6 Features

1.6.1 PCI/AGP Bus Controller

m PCIl 2.1 compliant

AGP 1.0 compliant

Supports AGP 2X mode

Supports AGP sideband signalling

PCI and AGP bus mastering support for texture fetching, command list execution and system
memory to frame buffer and frame buffer to system memory transfers

Supports AGP command pipelining
Big and Little Endian support

1.6.2 Triangle Setup Engine

Fully programmabl e setup engine with floating point and integer operations
Instruction cache

Off-loads the CPU

Pipelined for increased performance

Parallel execution of multiple instructions

Fast access to the 3D rendering engine

3D and Texture Mapping Engine

16-bit or 32-bit Z-buffer (optionally enabled or disabled)
3D polygons with Gouraud shading
Double and triple buffering
Sub-pixel positioning
Hardware dithering including dithering of LUT textures
Perspective correct texture mapping
Storage of source textures in off-screen frame buffer and system memory
Texture cache for increased performance
Selectable high quality texture filtering modes, including on-the-fly minify-magnify filter
selection
True color lighting of textures
Specular lighting
Depth cuing and fogging
Stipple and true Alpha blending
Transparency
Keying on textures is supported
Source textures may be in the following formats:
 Color Look Up Table (compressed) 4 bpp (bit/pixel) or 8 bpp
» True Color: 5:6:5, 1:5:5:5, 4:4:4:4, 8:8:8:8
* Video: YCbCr 4:2:2 using hardware color space conversion
m Direct 3D support and acceleration
B Open GL support and acceleration

EEEEEEEERE @
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1.6.4 2D Engine

Line draw engine with patterning

2D polygons with patterning capabilities
BITBLT engine

Stretch BLT

System memory to frame buffer BLT
Frame buffer to system memory BLT
Color expansion

Clipping

Transparency and color keying
Dithering

Direct Draw support

-
o
Em 9

VGA Engine

Fully VGA compatible
Accelerated performance

=
ok
o

Video Engine

Video scaling is supported in both frontend and backend video engines
Independent X and Y scaling with high quality filtering

Support Y ChCr 4:2:2 and Y CbCr 4:2:0 formats

Support for true graphics overlay in arectangular window, and optionally with color keying
Synchronized video/graphics updates (no tearing) are supported
Supports any number of video windows/sprites simultaneously

Sync reset input for video genlock and overlay

Hardware color space conversion

ITU-R 656 compatible video input port

Parallel video device host port with DMA capability

Video pass-through mode to video output port

Proprietary 12-bit video output port

Support and acceleration of DVD and MPEG2 playback

Direct Video support and acceleration

1-8 Features MGA-G200 Specification
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1.6.7 Display Engine

Integrated DAC

250 MHz operation

Supports shared memory and graphic overlay modes
3 x 256 x 8 look-up table

Hardware color cursor

VGA compatible

Hardware pan and zoom

DDC level 2B compliant

1.6.8 Memory Controller

B Supports from 2 to 16 MBytes of memory
* up to 4 banks of 2bank x 128Kword x 32bit SGRAM
* up to 4 banks of 2bank x 256Kword x 32bit SGRAM
* up to 4 banks of 4bank x 128Kword x 32bit SGRAM
* up to 2 banks of 2bank x 512Kword x 16bit SDRAM
B Supports block write and write per bit for added performance
B Supports operating frequencies up to 143 MHz
m Configurable SSTL or LVTLL support

1.6.9 Other Features

m PCI bus power management compliant
PC98 compliant

Serial EEPROM interface

VESA 2.0-compliant

MGA-G200 Specification Features 1-9
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1.7 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 pages
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. Thinibkitbe set.
In theDWGCTL illustrations (inChapter 4, the ‘+ and ‘#' symbols have a spe- trans

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

I \H#H|#|#

1.8 Locating Information

The MGA-G200 register descriptions are located in Chapter 3. These descriptions are divided into several
sections, and arranged in alphabetical order within each section.
B To find a register by name (when you know which section it's in): go 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 register
indexes are duplicated on the description page of the direct access register that they refer to.
m 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 MGA-G200 registers is locatéthapter 4 Hardware design
information is located ilChapter 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.

1-10 Typographical Conventions Used MGA-G200 Specification
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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: MGA-G200 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-DBh | Reservetl —
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_CMD ©) 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 unkown
values; writing to these locations may modify any register described in the

MGABASEL1 range.

) These locations exist only for the MGA-G200-AGP. For the MGA-G200-PCl, all
these locations are reserved and ‘0’ will be returned 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.

MGA-G200 Specification
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2.1.3 MGA Control Aperture
Table 2-3: MGA Control Aperture (extension of Table 3-2)
MGABASEL1 + 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-2BFFh — — Reserved®
2C00h-2DFFh W | DWGREG1 f’eegclgtg‘:gﬁ)%)&‘; drawing
2E00h-3BFFh — — Reserve®
3C00h-3COFh R/W| DAC RAMDAC registefd
3C10h-3CFFh — — Reservéfl
3D00h-3DFFh R/W | BESREG Backend Scaler regi%)
3E00h-3EFFh R/W| VINCODEC Video-in and codec interf5e)
3F00h-3FFFh — — Reserved

2-4

@ 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@B¥HON 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.

Memory Mapping MGA-G200 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 13)

Memory /0

Register Mnemonic Name | Access| Address¥) | Address?® |Index| Description/Comments Page
DWGCTL WO | 1CO00h — 00h| Drawing Control 3-99
MACCESS WO | 1C04h — 01h| Memory Access 3-119
MCTLWTST WO | 1C08h — 02h| Memory Control Wait State 3-121
ZORG WO | 1CO0Ch — 03h| Z-Depth Origin 3-228
PATO WO | 1C10h — 04h| Pattern 3-128
PAT1 WO | 1C14h — 05h| Pattern "

— WO | 1C18h — — | Reserved —
PLNWT WO | 1C1Ch — 07h|Plane Write Mask 3-130
BCOL WO | 1C20h — 08h Background Color / Blit Color Mask 3-43
FCOL WO | 1C24h — 09h Foreground Color / Blit Color Key 3-107

— — 1C28h — — | Reserved —

— WO | 1C2Ch — OBh| Reserved (SRCBLT) —
SRCO WO | 1C30h — 0Ch| Source 3-153
SRC1 WO | 1C34h — ODh| Source "
SRC2 WO | 1C38h — OEh| Source "
SRC3 WO | 1C3Ch — OFh| Source "
XYSTRT WO | 1C40h — | 10h| XY Start Address 3-217
XYEND @ WO | 1C44h — | 12h XY End Address 3-216

— 1C48h-1C4Fh — —| Reserved —
SHIFT @ WO | 1C50h — | 14h Funnel Shifter Control 3-142
DMAPAD © WO | 1C54h — | 15h DMA Padding 3-81
sGN @ WO | 1C58h — | 16h Sign 3-139
LEN @ WO | 1C5Ch — | 17h Length 3-118
ARO @ WO | 1C60h — 18h| Multi-Purpose Address 0 3-36
AR1 WO | 1C64h — 19h| Multi-Purpose Address 1 3-37
AR2 @ WO | 1C68h — 1Ah | Multi-Purpose Address 2 3-38
AR3 WO | 1C6Ch — | 1Bh| Multi-Purpose Address 3 3-39
AR4 ) WO | 1C70h — | 1Ch| Multi-Purpose Address 4 3-40
AR5 WO | 1C74h — | 1Dh| Multi-Purpose Address 5 3-41
AR6 @ WO | 1C78h — | 1Eh| Multi-Purpose Address 6 3-42

— — 1C7Ch — — | Reserved —
CXBNDRY ) WO | 1C80h — | 20h| Clipper X Boundary 3-74

MGA-G200 Specification Register Mapping 2-5
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Table 2-4: Register Map (Part 2 of 13)

Memory /0

Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
FXBNDRY © WO | 1C84h — 21h X Address (Boundary) 3-113
YDSTLEN ©® WO | 1C88h — | 22h|Y Destination and Length 3-220
PITCH ® WO | 1C8Ch — | 23h|Memory Pitch 3-129
YyDsT @ WO | 1C90h — | 24h|Y Address 3-219
YDSTORG © WO | 1C94h — | 25h| Memory Origin 3-221
yTOP ©@ WO | 1C98h — 26h | Clipper Y Top Boundary 3-222
yBOT ©® WO | 1C9Ch — | 27h| Clipper Y Bottom Boundary 3-218
CXLEFT ® WO | 1CAOh — | 28h| Clipper X Minimum Boundary 3-75
CXRIGHT @ WO | 1CA4h — | 29h| Clipper X Maximum Boundary 3-76
FXLEFT ® WO | 1CA8h — | 2Ah| X Address (Left) 3-114
FXRIGHT ® WO | 1CACh — | 2Bh| X Address (Right) 3-115
XDST @ WO | 1CBOh — | 2Ch| X Destination Address 3-215

— 1CB4h-1CBFh — —| Reserved —
DRO WO | 1CCOh — | 30h|Data ALU 0O 3-85
FOGSTART WO | 1CC4h — 31h| Fog Start 3-11p0
DR2 WO | 1CC8h — | 32h|Data ALU 2 3-86
DR3 WO | 1CCCh — | 33h|Data ALU 3 3-87
DR4 WO | 1CDOh — | 34h|Data ALU 4 3-88
FOGXINC WO | 1CD4h — | 35h|Fog X Inc 3-111
DR6 WO | 1CD8h — | 36h|Data ALU 6 3-89
DR7 WO | 1CDCh — | 37h|Data ALU 7 3-90
DRS8 WO | 1CEOh — | 38h|Data ALU 8 3-91
FOGYINC WO | 1CE4h — | 39h|Fog Y Inc 3-112
DR10 WO | 1CES8h — | 3Ah| Data ALU 10 3-92
DR11 WO | 1CECh — | 3Bh|Data ALU 11 3-93
DR12 WO | 1CFOh — | 3Ch|Data ALU 12 3-94
FOGCOL WO | 1CF4h — 3Dh| Fog Color 3-109
DR14 WO | 1CF8h — | 3Eh|Data ALU 14 3-95
DR15 WO | 1CFCh — | 8Fh|Data ALU 15 3-96

— 1D00h-1DBFh — (6) | Same mapping as 1C00h-1CB#h —
WIADDR WO | 1DCOh — 70h| WARP Instruction Address 3-203
WFLAG WO | 1DC4h — | 71h|WARP Flags 3-20p
WGETMSB WO | 1DC8h — | 72h|WARP GetMSB Value 3-202
WVRTXSZ WO | 1DCCh — | 73h|WARP Vertex Size 3-210

— WO | 1DDOh — | 74h| Reserved (WDBR) —

1DD4h - 1EOFh

Reserved

2-6 Register Mapping
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Table 2-4: Register Map (Part 3 of 13)

Memory /0

Register Mnemonic Name | Access| Address® | Address®® | | ndex | Description/Comments Page
FIFOSTATUS RO | 1E10h — — |Bus FIFO Status 3-108
STATUS R/W | 1E14h — — | Status 3-15H
ICLEAR WO | 1E18h — — |Interrupt Clear 3-11p6
IEN R/W | 1E1Ch — — |Interrupt Enable 3-117
VCOUNT RO 1E20h — — [ Vertical Count 3-188

— 1E24h - 1E2Fh — — Reserved —+
DMAMAP30 R/W | 1E30h — — | DMA Map 3h to Oh 3-77
DMAMAP74 R/W | 1E34h — — |DMA Map 7h to 4h 3-78
DMAMAPBS8 R/W | 1E38h — — |DMA Map Bh to 8h 3-79
DMAMAPFC R/W | 1E3Ch — — |DMA Map Fh to Ch 3-80
RST R/W | 1E40h — — |Reset 3-134
MEMRDBK R/W | 1E44h — — |Memory Read Back 3-124
TESTO R/W | 1E48h — — | TestO 3-157
AGP_PLL R/W | 1E4Ch — — |AGP 2X PLL Control/Status 3-30
PRIMPTR R/W | 1E50h — — |Primary List Status Fetch Pointer 3-133
OPMODE R/W | 1E54h — — | Operating Mode 3-126
PRIMADDRESS R/W| 1E58h — — | Primary DMA Current Address 3-181
PRIMEND R/W | 1E5Ch — — [Primary DMA End Address 3-132
WIADDRNB R/W | 1E60h — — | WARP Instruct. Add. (Non-Blocking) | 3-205
WFLAGNB R/W | 1E64h — — | WARP Flags (Non-Blocking) 3-201
WIMEMADDR WO | 1E68h — — | WARP Instruction Memory Address 3-206
WCODEADDR RO | 1E6Ch — — | WARP Microcode Address 3-199
WMISC R/W | 1E70h — — | WARP Miscellaneous 3-208

— 1E7Ch - 1E7Fh — — Reserved —+
DWG_INDIR_WT<0>| WO | 1E80h — — | Drawing Register Indirect Writ@ 3-98
WO 1E84h-1EB8h
DWG_INDIR_WT<15% WO| 1EBCh — — | Drawing Register Indirect Writ&5 3-98

— 1ECOh - 1FBFh — —{ Reserved —
ATTR (Index) R/W| 1FCOh 3CO0h —t Attribute Controller 3-226
ATTR (Data) WO| 1FCOh 3CO0h — Attribute Controller '
ATTR (Data) RO| 1FCl1h 3C1h — Attribute Controller

— — 1FC1h 3C1h —| Reserved —
ATTRO R/W — — 00h|Palette entry O 3-226
ATTR1 R/W — — 01h| Palette entry 1 "
ATTR2 R/W — — 02h| Palette entry 2 "
ATTR3 R/W — — 03h| Palette entry 3 "

MGA-G200 Specification
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Table 2-4: Register Map (Part 4 of 13)

Memory /0
Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
ATTR4 R/W — — 04h| Palette entry 4 "
ATTR5 R/W — — 05h| Palette entry 5
ATTR6 R/W — — 06h| Palette entry 6
ATTRY R/W — — 07h| Palette entry 7
ATTRS 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 — — OCh| Palette entry C "
ATTRD R/W — — O0Dh| Palette entry D "
ATTRE R/W — — OEh| Palette entry E "
ATTRF R/W — — OFh| Palette entry F "
ATTR10 R/W — — 10h| Attribute Mode Control 3-229
ATTR11 R/W — — 11h|Overscan Color 3-231
ATTR12 R/W — — 12h| Color Plane Enable 3-2382
ATTR13 R/W — — 13h|Horizontal Pel Panning 3-283
ATTR14 R/W — — 14h| Color Select 3-234
— — — — 15h - 1Fh: Reserved —
INSTSO RO | 1FC2h 3C2h — Input Status 0 3-292
MISC WO | 1FC2h 3C2h —{| Miscellaneous Output 3-294
— R/W| 1FC3h| 3c3H® | — |Reserved, not decoded for I/O —
SEQ (Index) R/W| 1FC4h 3C4h — Sequencer 3-296
SEQ (Data) R/W| 1FC5h 3C5h —Sequencer —
SEQO R/W — — 00h|SEQO 3-297
SEQ1 R/W — — 01h|Clocking Mode 3-298
SEQ2 R/W — — 02h|Map Mask 3-299
SEQ3 R/W — — 03h|Character Map Select 3-3P0
SEQ4 R/W — — 04h|{Memory Mode 3-301
— R/W — — 05h - 07h: Reserved —
— — 1FC6h — — | Reserved —
DACSTAT RO | 1FC7h 3C7h — DAC Statugrequires a byte access) | 3-279
— WO | 1FC7h — — | Reserved —
— 1FC8h-1FC9h — —| Reserved —
FEAT RO | 1FCAh 3CAh — | Feature Control 3-280
— WO | 1FCAh 3CAh — | Reserved —
— — | 1FCBh | 3cBH® | — |Reserved, not decoded for I/O -+

2-8 Register Mapping
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Table 2-4: Register Map (Part 5 of 13)

Memory /0
Register Mnemonic Name | Access| Address® | Address®® | | ndex | Description/Comments Page
MISC RO | 1FCCh 3CCh — | Miscellaneous Output 3-294
— WO | 1FCCh 3CCh —| Reserved —
— — | 1FCDh| 3cDH® | — |Reserved, not decoded for I/O -+
GCTL (Index) R/W| 1FCEh 3CEh —t Graphics Controller 3-281
GCTL (Data) R/W| 1FCFh 3CFh — Graphics Controller "
GCTLO R/W — — 00h|Set/Reset 3-282
GCTL1 R/W — — 01h|Enable Set/Reset 3-283
GCTL2 R/W — — 02h|Color Compare 3-284
GCTL3 R/W — — 03h|Data Rotate 3-285
GCTL4 R/W — — 04h|Read Map Select 3-286
GCTL5 R/W — — 05h| Graphics Mode 3-287
GCTL6 R/W — — 06h|Miscellaneous 3-289
GCTL7 R/W — — 07h|Color Don't Care 3-290
GCTLS8 R/W — — 08h|Bit Mask 3-291
— — — — 09h - OFh: Reserved —
— 1FDOh-1FD3h — —| Reserved —
CRTC (Index) R/W| 1FD4h| 3D4h| —{CRTC Registergor 384H%) 3-236
CRTC (Data) R/W| 1FD5h| 3D5h| —|CRTC Registergor 3B5H?) "
CRTCO R/W — — 00h|Horizontal Total 3-238
CRTC1 R/W — — 01h|Horizontal Display Enable End 3-239
CRTC2 R/W — — 02h| Start Horizontal Blanking 3-240
CRTC3 R/W — — 03h|End Horizontal Blanking 3-241
CRTC4 R/W — — 04h| Start Horizontal Retrace Pulse 3-242
CRTC5 R/W — — 05h|End Horizontal Retrace 3-243
CRTC6 R/W — — 06h| Vertical Total 3-244
CRTC7 R/W — — 07h|Overflow 3-245
CRTCS8 R/W — — 08h|Preset Row Scan 3-246
CRTC9 R/W — — 09h|Maximum Scan Line 3-247
CRTCA R/W — — OAh|Cursor Start 3-248
CRTCB R/W — — 0Bh|Cursor End 3-249
CRTCC R/W — — O0Ch| Start Address High 3-250
CRTCD R/W — — O0Dh| Start Address Low 3-251
CRTCE R/W — — OEh| Cursor Location High 3-252
CRTCF R/W — — OFh| Cursor Location Low 3-253
CRTC10 R/W — — 10h| Vertical Retrace Start 3-254
CRTC11 R/W — — 11h|Vertical Retrace End 3-255
MGA-G200 Specification Register Mapping  2-9
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Table 2-4: Register Map (Part 6 of 13)

Memory /0
Register Mnemonic Name | Access Address®V) | Address'® | Index Description/Comments Page
CRTC12 R/W — — 12h| Vertical Display Enable End 3-256
CRTC13 R/W — — 13h|Offset 3-257
CRTC14 R/W — — 14h|Underline Location 3-258
CRTC15 R/W — — 15h|Start Vertical Blank 3-259
CRTC16 R/W — — 16h|End Vertical Blank 3-26p
CRTC17 R/W — — 17h|CRTC Mode Control 3-261
CRTC18 R/W — — 18h|Line Compare 3-265
- - — — 19h - 21h: Reserved —
CRTC22 R/W — — 22h|CPU Read Latch 3-266
- - — — 23h| Reserved —
CRTC24 R/W — — 24h| Attributes Address/Data Select 3-267
- - — — 25h| Reserved —
CRTC26 R/W — — 26h| Attributes Address 3-268

— — — — 27h - 3Fh: Reserved —

L — | 1FD6h | 3p6HD | — I(?)erzsseé\ée}z{%l),)not decoded for I/O L

. . 1FD7h | 3p7HD | — I(?)erzsseé\;?{%l),)not decoded for 1/0O .

— 1FD8h-1FD9%h — —| Reserved —
INSTS1 RO | 1FDAh| 3DAh | — |Input Status Xor 3BAHY) 3-293
FEAT WO | 1FDAh| 3DAh | — |Feature Controfor 3BAH®) 3-280

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

— 1FDCh-1FDDh — —| Reserved —
CRTCEXT (Index) R/W| 1FDEh 3DEh — CRTC Extension 3-269
CRTCEXT (Data) R/W| 1FDFh 3DFh — CRTC Extension "
CRTCEXTO R/W — — 00h| Address Generator Extensions 3-270
CRTCEXT1 R/W — — 01h|Horizontal Counter Extensions 3-271
CRTCEXT2 R/W — — 02h| Vertical Counter Extensions 3-2[72
CRTCEXTS3 R/W — — 03h| Miscellaneous 3-273
CRTCEXT4 R/W — — 04h|Memory Page 3-275
CRTCEXT5 R/W — — 05h|Horizontal Video Half Count 3-2716
CRTCEXT®6 R/W — — 06h| Priority Request Control 3-277
CRTCEXT7 R/W — — 07h|{Requester Control 3-278

— 1FEOh - 1FFEh — —| Reserved —+
CACHEFLUSH R/W | 1FFFh — — | Cache Flush 3-235
WIMEMDATA R/W 2000h-207Fh — WARP Instruction Memory Data 3-207
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Table 2-4: Register Map (Part 7 of 13)

Memory /0

Register Mnemonic Name | Access| Address® | Address®® | | ndex | Description/Comments Page

— 2080h-2BFFh — —| Reserved —
TMRO WO | 2CO00h — 80h | Texture Mapping ALU 0 3-177
TMR1 WO | 2C04h — 81h | Texture Mapping ALU 1 3-178
TMR2 WO | 2C08h — 82h | Texture Mapping ALU 2 3-179
TMR3 WO | 2CO0Ch — 83h | Texture Mapping ALU 3 3-180
TMR4 WO | 2C10h — 84h | Texture Mapping ALU 4 3-181
TMR5 WO | 2C1l4h — 85h | Texture Mapping ALU 5 3-182
TMR6 WO | 2C18h — 86h  Texture Mapping ALU 6 3-183
TMR7 WO | 2C1Ch — 87h Texture Mapping ALU 7 3-184
TMR8 WO | 2C20h — 88h | Texture Mapping ALU 8 3-185
TEXORG WO | 2C24h — 89h Texture Origin 3-169
TEXWIDTH WO | 2C28h — 8Ah | Texture Width 3-176
TEXHEIGHT WO | 2C2Ch — 8Bh| Texture Height 3-168
TEXCTL WO | 2C30h — 8Ch| Texture Map Control 3-161
TEXTRANS WO | 2C34h — 8Dh| Texture Transparency 3-174
TEXTRANSHIGH WO | 2C38h — 8Eh| Texture Transparency 3-1775
TEXCTL2 WO | 2C3Ch — 8Fh| Texture Map Control 2 3-165
SECADDRESS R/W | 2C40h — 90h | Secondary DMA Current Addreés 3-135
SECEND R/W | 2C44h — | 91h|Secondary DMA End Addre$8 3-136
SOFTRAP R/W /| 2C48h — | 92h|Soft Trap HandIé” 3-143
DWGSYNC R/W | 2CA4Ch — 93h Drawing Synchronisation 3-106
DRO_Z32LSB WO | 2C50h — 94h Extended Data ALU 0 3-8P
DR0O_Z32 MSB WO | 2C54h — 95h Extended Data ALU 0 "
TEXFILTER WO | 2C58h — 96h | Texture Filtering 3-16p
TEXBORDERCOL WO | 2C5Ch — 97h| Texture Border Color 3-160
DR2 732 LSB WO | 2C60h — 98h | Extended Data ALU 2 3-88
DR2_ 732 MSB WO | 2C64h — 99h | Extended Data ALU 2 "
DR3 Z32LSB WO | 2C68h — 9Ah| Extended Data ALU 3 3-84
DR3_Z32 MSB WO | 2C6Ch — 9Bh| Extended Data ALU 3 "
ALPHASTART WO | 2C70h — 9Ch|Alpha Start 3-33
ALPHAXINC WO | 2C74h — 9Dh| Alpha X Inc 3-34
ALPHAYINC WO | 2C78h — 9Eh|Alpha Y Inc 3-35
ALPHACTRL WO | 2C7Ch — 9Fh| Alpha CTRL 3-31
SPECRSTART WO | 2C80h — | AOh| Specular Lighting Red Start 3-150
SPECRXINC WO | 2C84h — | Alh| Specular Lighting Red X Inc 3-151
SPECRYINC WO | 2C88h — | A2h| Specular Lighting Red Y Inc 3-152
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Table 2-4: Register Map (Part 8 of 13)

Memory /0
Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
SPECGSTART WO | 2C8Ch — A3h| Specular Lighting Green Start 3-147
SPECGXINC WO | 2C90h — A4h| Specular Lighting Green X Inc 3-148
SPECGYINC WO | 2C94h — A5h| Specular Lighting Green Y Inc 3-149
SPECBSTART WO | 2C98h — A6h| Specular Lighting Blue Start 3-144
SPECBXINC WO | 2C9Ch — A7h| Specular Lighting Blue X Inc 3-145
SPECBYINC WO | 2CAOh — A8h| Specular Lighting Blue Y Inc 3-146
TEXORG1 WO | 2CA4h — A9h | Texture Origin 1 3-17pD
TEXORG2 WO | 2CA8h — | AAh| Texture Origin 2 3-17]1L
TEXORG3 WO | 2CACh — ABh | Texture Origin 3 3-17p
TEXORG4 WO | 2CBOh — | ACh| Texture Origin 4 3-178
SRCORG WO | 2CB4h — | ADh|Source Origin 3-15¢4
DSTORG WO | 2CB8h — | AEh| Destination Origin 3-97
— 2CBCh - 2CCFi — —| Reserved —
SETUPADDRESS R/W | 2CDOh — | B4h| Setup DMA Current Addredd 3-137
SETUPEND R/W | 2CD4h — | B5h|Setup DMA End Addresd) 3-138
— 2CD8h - 2CFFHh — —| Reserved —
WRO WO | 2D00h — COh|WARP Registef 3-209
WR1 WO | 2D04h — Clh|WARP Registed "
WR2 WO | 2D08h — C2h|WARP Registel "
WR63 WO | 2DFCh — FFh| WARP Registe63 3-20¢
— 2E00h-3BFFh — —| Reserved —
PALWTADD R/W | 3CO00h 3C8h —| Palette RAM Write Address 3-307
PALDATA R/W | 3CO01h 3C9%h — Palette RAM Data 3-305
PIXRDMSK R/W | 3CO02h 3C6h —| Pixel Read Mask 3-308
PALRDADD RW| 3C03h| 3c7h| — Egtt; ?SAVMV(?I?OardI /gdgéiiigss_ 3-306
— 3C04h - 3C09N — — Reserved —+
X _DATAREG R/W | 3COAh — — |Indexed Data 3-309
— — — — 00h - 03h: Reserved —
XCURADDL R/W — — 04h| Cursor Base Address Low 3-320
XCURADDH R/W — — 05h|Cursor Base Address High 3-319
XCURCTRL R/W — — 06h| Cursor Control 3-32P
— — — — 07h| Reserved —
XCURCOLORED R/W — — 08h| Cursor ControD Red 3-321
XCURCOLOGREEN R/W — — 09h| Cursor ControD Green "
XCURCOLOBLUE R/W — — OAh|Cursor ControD Blue "
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Table 2-4: Register Map (Part 9 of 13)

Memory /0
Register Mnemonic Name | Access| Address® | Address®® | | ndex | Description/Comments Page

— — — — 0Bh| Reserved —
XCURCOL1RED R/W — — OCh| Cursor Controll Red 3-321
XCURCOL1GREEN R/W — — ODh| Cursor Controll Green 3-321
XCURCOL1BLUE R/W — — OEh| Cursor Contrdl Blue "

— — — — OFh| Reserved —
XCURCOL2RED R/W — — 10h{Cursor ControR Red 3-321
XCURCOL2GREEN R/W — — 11h|Cursor ControR Green "
XCURCOL2BLUE R/W — — 12h{Cursor ControR Blue "

— — — — 13h - 17h: Reserved —
XVREFCTRL R/W — — 18h|\Woltage Reference Control 3-340
XMULCTRL R/W — — 19h( Multiplex Control 3-329
XPIXCLKCTRL R/W — — 1Ah|Pixel Clock Control 3-330

— — — — 1Bh - 1Ch: Reserved —
XGENCTRL R/W — — 1Dh| General Control 3-324
XMISCCTRL R/W — — 1Eh| Miscellaneous Control 3-328

— — — — 1Fh - 29h: Reserved —
XGENIOCTRL R/W — — 2Ah| General Purpose 1/0O Control 3-325
XGENIODATA R/W — — 2Bh|General Purpose I/0 Data 3-326
XSYSPLLM R/W — — 2Ch|SYSPLL M Value 3-336
XSYSPLLN R/W — — 2Dh|SYSPLL N Value 3-33)
XSYSPLLP R/W — — 2Eh|SYSPLL P Value 3-338
XSYSPLLSTAT RO — — 2Fh| SYSPLL Status 3-339

— — — — 30h - 37h: Reserved —t
XZOOMCTRL R/W — — 38h|Zoom Control 3-341

— — — — 39h| Reserved —
XSENSETEST R/W — — 3Ah|Sense Test 3-335

— — — — 3Bh| Reserved —
XCRCREML RO — — 3Ch|CRC Remainder Low 3-318
XCRCREMH RO — — 3Dh|CRC Remainder High 3-317
XCRCBITSEL R/W — — 3Eh|CRC Bit Select 3-316

— — — — 3Fh| Reserved —
XCOLMSK R/W — — 40h| Color Key Mask 3-314

— — — — 41h| Reserved —
XCOLKEY R/W — — 42h|Color Key 3-312

— — — — 43h| Reserved —
XPIXPLLAM R/W — — 44h|PIXPLL M Value Register Set A 3-331
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Table 2-4: Register Map (Part 10 of 13)

Memory /0
Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
XPIXPLLAN R/W — — 45h | PIXPLL N ValueRegister Set A 3-332
XPIXPLLAP R/W — — 46h|PIXPLL P ValueRegister Set A 3-333
— — — — 47h| Reserved —
XPIXPLLBM R/W — — 48h|PIXPLL M Value Register Set B 3-331
XPIXPLLBN R/W — — 49h|PIXPLL N ValueRegister Set B 3-332
XPIXPLLBP R/W — — 4Ah|PIXPLL P ValueRegister Set B 3-333
— — — — 4Bh| Reserved —
XPIXPLLCM R/W — — 4Ch|PIXPLL M Value Register Set C 3-331
XPIXPLLCN R/W — — 4Dh|PIXPLL N ValueRegister Set C 3-332
XPIXPLLCP R/W — — 4Eh| PIXPLL P ValueRegister Set C 3-333
XPIXPLLSTAT RO — — 4Fh| PIXPLL Status 3-33
— — — — 50h| Reserved —
XKEYOPMODE R/W — — 51h|KEYING Operating Mode 3-32
XCOLMSKORED R/W — — 52h|Color Mask ORed 3-315
XCOLMSKOGREEN | R/W — — 53h|Color Mask 0Green "
XCOLMSKOBLUE R/W — — 54h|Color Mask OBlue "
XCOLKEYORED R/W — — 55h| Color Key ORed 3-313
XCOLKEYOGREEN R/W — — 56h| Color Key 0OBlue "
XCOLKEYOBLUE R/W — — 57h|Color Key 0Green "
— — — — 58h - 5Fh: Reserved —
XCURCOL3RED R/W — — 60h| Cursor Color3 Red 3-321
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 "
XCURCOLS5RED R/W — — 66h|Cursor Colois Red "
XCURCOL5GREEN R/W — — 67h| Cursor Colob Green "
XCURCOLS5BLUE R/W — — 68h| Cursor Colob Blue "
XCURCOLG6RED R/W — — 69h|Cursor Coloi6 Red "
XCURCOL6GREEN R/W — — 6Ah| Cursor Colob Green "
XCURCOL6BLUE 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 "
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Table 2-4: Register Map (Part 11 of 13)

Memory /0

Register Mnemonic Name | Access Address) | Address® | Index Description/Comments Page
XCURCOL8GREEN | R/W — — 70h| Cursor ColoB 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 Colol3 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 "
XCURCOL15GREEN | R/W — — 85h| Cursor Coloi5 Green "
XCURCOL15BLUE R/W — — 86h| Cursor Coloi5 Blue "

— — 3C0Bh — — | Reserved —
CURPOSXL R/W | 3COCh — —| Cursor Position X LSB 3-304
CURPOSXH R/W | 3CO0Dh — — | Cursor Position X MSB "
CURPOSYL R/W | 3COEh — —| Cursor Position Y LSB "
CURPOSYH R/W | 3COFh — —| Cursor Position Y MSB "

— 3C10-3CFFh — —| Reserved —
BESA1ORG WO | 3DO00h — — | BES Buffer A-1 Org. 3-45
BESA20RG WO | 3DO04h — — | BES Buffer A-2 Org. 3-47
BESB10ORG WO | 3D08h — — | BES Buffer B-1 Org. 3-49
BESB20RG WO | 3D0Ch — — | BES Buffer B-2 Org. 3-51
BESA1CORG WO | 3D10h — — | BES Buffer A-1 Chroma Org. 3-44
BESA2CORG WO | 3D14h — — | BES Buffer A-2 Chroma Org. 3-46
BESB1CORG WO | 3D18h — — | BES Buffer B-1 Chroma Org. 3-48
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Table 2-4: Register Map (Part 12 of 13)

Memory /0
Register Mnemonic Name | Access| Addresst? | Address® | Index| Description/Comments Page
BESB2CORG WO | 3D1Ch — — | BES Buffer B-2 Chroma Org. 3-50
BESCTL R/W | 3D20h — — | BES Control 3-52
BESPITCH WO | 3D24h — — | BES Pitch 3-60
BESHCOORD WO | 3D28h — — | BES Horiz. Coordinates 3-55
BESVCOORD WO | 3D2Ch — — | BES Vert. Coordinates 3-66
BESHISCAL WO | 3D30h — — | BES Horiz. Inv. Scaling Factor -56
BESVISCAL WO | 3D34h — — | BES Vert. Inv. Scaling Factor 3-67
BESHSRCST WO | 3D38h — — | BES Horiz. Source Start 3-59
BESHSRCEND WO | 3D3Ch — — | BES Horiz. Source Ending 3-57
— — 3D40h - 3D44h —| Reserved —
BESV1IWGHT WO | 3D48h — — | BES Field 1 Vert. Weight Start 3-64
BESV2WGHT WO | 3D4Ch — — | BES Field 2 Vert. Weight Start 3-65
BESHSRCLST WO | 3D50h — — | BES Horiz. Source Last 3-58
BESV1SRCLST WO | 3D54h — — |BES Field 1 Vert. Source Last Pos. 3462
BESV2SRCLST WO | 3D58h — — |BES Field 2 Vert. Source Last Pos. 3463
— — 3D5Ch - 3DBCh —| Reserved —
BESGLOBCTL R/W | 3DCOh — — | BES Global Control 3-54
BESSTATUS RO | 3DC4h — — | BES Status 3-61
— 3DC8h - 3DFFh — —| Reserved —
VINCTLO WO | 3EOO0Oh — — | Video Input Control Window 0 3-194
VINCTL1 WO | 3EO04h — — | Video Input Control Window 1 3-195
VBIADDRO WO | 3EO08h — — | VBI Address Window 0 3-186
VBIADDR1 WO | 3EOCh — — | VBI Address Window 1 3-187
VINADDRO WO | 3E10h — — | Video Input Address Window 0 3-191
VINADDR1 WO | 3El4h — — | Video Input Address Window 1 3-192
VINNEXTWIN WO | 3E18h — — | Video Input Next Window 3-196
VINCTL WO | 3E1Ch — — | Video Input Control 3-198
— 3E20h - 3E2Fh — — Reserved —+
VSTATUS RO | 3E30h — —|Video Status 3-197
VICLEAR WO | 3E34h — — | Video Interrupt Clear 3-189
VIEN R/W | 3E38h — — | Video Interrupt Enable 3-190
— — 3E3Ch — — | Reserved —
CODECCTL WO | 3E40h — — | CODEC Control 3-69
CODECADDR WO | 3E44h — — | CODEC Buffer Start Address 3-68
CODECHOSTPTR WO | 3E48h — — | CODEC Host Pointer 3-7p
CODECHARDPTR RO | 3E4Ch — — | CODEC Hard Pointer 3-71
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Table 2-4: Register Map (Part 13 of 13)

Memory /0
Register Mnemonic Name | Access Address) | Address® | Index Description/Comments Page
CODECLCODE RO 3E50h — — |CODEC LCODE Pointer 3-7
— 3E54 - 3FFF — —| Reserved —

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

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

(3 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 thisrange 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

1/O space should only be accessed in bytes, and that a bridge will not perform byte packing.)

®) VGA 1/0 addresses in the 3DXh range are for CGA emulation (the MISC<0> register (ioaddsel field) is ‘1’).
VGA 1/O addresses in the 3BXh range are for monochrome (MDA) emulatioio éthésel field is ‘0’).

Exception: for CRTCEXT, the 3BEh and 3BFh I/O addresses are reseng¢diecoded.
™ These registers are not writable throdg@BABASEL + 2C40h to 2C48h andGABASEL + 2CDxh. They can

only be written via bus mastering operations from the MGA-G200. taeye read througMGABASEL +

2C4xh andMGABASE1 + 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 Reserved

F8h (CS) (appliesto MGA-G200-AGP only)
R/W, BY TE'WORD/DWORD, STATIC
0000 0000 0000 0000 0000 0000 0000 0000b

sba _enable
agp_enable

data rate

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

| Reserved

data_rate
<2:0>

agp_enable
<8>

sba_enable
<9>

rg_depth
<28:24>

Reserved

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

data_rate |description
‘000’ reset value
‘001’ 1 x data rate
‘010’ 2 x data rate
‘AXX’ Reserved
X1r Reserved

When set, this bit enables the MGA-G200 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 MGA-G200 is allowed to queue. Thisvalue should be equal, or less, than the value
reported intherq 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, bodgp_enable andsba_enable must
be set together with the propsaita_rate value (either 1X or 2X).
Furthermore, for the AGP-2X cycle, thgp2xpllen bit of the
AGP_PLL registermust be set.
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AGP_IDENT AGP Capability Identifier

Address FOh (CS) for MGA-G200-AGP only
Attributes RO, BY TE/WORD/DWORD, STATIC
Reset Value 0000 0000 0001 0000 0000 0000 0000 0010b

Reserved agp_rev agp_next_ptr agp_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

agp_cap_id Thisfield 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 thelist.

agp_rev Thisfield contains the AGP specification revision to which this device complies: 10h
<23:16> (asin 1.0
Reserved Reserved. Writing has no effect. Reading will give ‘0’s.

<31:24>
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AGP Status AGP_STS

Address F4h (CS) for MGA-G200-AGP only
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0001 1111 0000 0000 0000 0010 0000 0011b

p
p

(] (]
o o
o @
rq Reserved @ Reserved o
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
rate_cap The hard-coded ‘1 indicates that the device supports both AGP transfer rate modes
<1:.0> (21X, 2X).
sba_cap The hard-coded ‘1’ indicates that the device supports AGP Side band addressing.
<9>
rq The hard-coded ‘1 indicates that the device can manage 32 outstanding AGP
<31:24> Requests.

Reserved <23:10> <8:2>
Reserved. Writing has no effect. Reading will give ‘0’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 ‘O’s.

<31:8>
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Class Code CLASS
Address 08h (CS)
Attributes RO, BY TE/'WORD/DWORD, STATIC

Reset Value 0000 0011 SO0OO O0OOO 0000 OOOO 0000 0001b

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]s]4]3|2]1]0

revision Holds the current chip revision (01h).
<7:0>
class I dentifies the generic function of the device and a specific register-level programming
<31:8> interface as per the PCI specification. Two values can beread in thisfield according to
the vgaboot strap, which is sampled on hard reset.
vgaboot strap Value Meaning
‘0’ 038000h Non-Super VGA display controller
‘1 030000h | Super VGA compatible controller

The sampled state of the vgaboot strap (pin HDATA[Q], described on page A-5) 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 ()
Q © o T =
t- €88 E 3L = sec8832%8,
P Loo £ >Q af C>EOEEMQU
— (D) — O un c — (72}
S > 8 & v OO gz © = 00 8% 5 o E <
285585 2 25258 tz285825 %
35 22%2% s 8388 Reserved 3202 F2 0o
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> _ _
* O0: 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).
* 0: 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 wilht 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.
vgasnhoop Controls how the chip handles I/0O accesses to the VGA DAC locations.
R/W <5> Thevgasnoop field is only used whengaioen (seeOPTION on page 3-18is ‘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 assefiBgVSEL/ 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

MGA-G200 Specification

This hard-coded ‘0’ indicates that MGA daest 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 da#omply 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 ‘0’s.

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

Address 00h (CS)
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0101 0010 000? 0001 0000 0010 1011b

device vendor

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

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

<15:0>

device Thisfield contains the Matrox device identifier, which for the MGA-G200-PCl is;
<31:16> 0520h; for the MGA-G200-AGP it is: 0521h.
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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[29(28| 27| 26|25 24 23‘22‘21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘ Q‘SM 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 isremoved.

header Thisfield specifies the layout of bytes 10h through 3Fh in the configuration space and
RO <23:16> also indicates that the current device is a single function device. Thisfield isread as
ooh.

Reserved <7><31:24>

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

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

maxlat mingnt intpin intline

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

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 theintline 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&/4assuming a clock
RO <23:16> rate of 33 MHz.

max|at 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 TE'WORD/DWORD, STATIC
Reset Value unknown

mga_data

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

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 data will 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 Dword index. Used to reach any of the registersthat are mapped into the MGA control
<13:2> 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).

Reserved <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 (s@able 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

©
[} [
3 2
: g
(&)
s & §
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 MGA-G200 witiot 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, soxdmespace,
romen, andrammapen.

one of the base
biosen,

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

<13:4> Reading will return ‘0’s.
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MGABASE?2

MGA Frame Buffer Aperture Address

Address 10h (CS)
Attributes R/W, BY TE/'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 1000b
©
(] c
3 2
:
L o E
2 o o
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| 9 [ 8| 7 |6 |5 | 4| 3 2‘1

o

memspace
ind
RO <0>

type
RO <2:1>

prefetchable
RO <3>

mgabase2
<31:24>

Reserved
<23:4>

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 16 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 MGA-G200 witiot 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@maspace, biosen,
romen, andrammapen.

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

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

©
(] c
3 2
L o E
2 o o
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 MGA-G200 witlot 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.

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

Option

Address
Attributes
Reset Value

powerpc
biosen
noretry

Reserved

29| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14

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

enhmemacc
Reserved
hardpwmsk
memconfig

:l Reserved

Reserved
vgaioen
Reserved
plisel
syspllpdn
mclkdiv
gclkdiv
sysclkdis
sysclksl

rfhcnt

13]1211]10{ 9 | 8|7 |6[5 |4

31(30 3|2(1]0
sysclksl System clock selection. These bits select the source of the system clock:
<1:0>
*‘'00’: select the PCI clock
‘01" select the output of the system clock PLL
*'10": selects an external source from the MCLK pin (permitted only if MCLK has
been configured as an input)
‘11": Reserved
sysclkdis System clock disable. This bit controls the system clock output:
<2>
* 0: enable system clock oscillations
* 1: disable system clock oscillations
gclkdiv Graphics clock divider select. Selects the ratio by which the system clock is divided in
<3> order to produce the graphics clock wisgisclksl = ‘01’
* 0: divide by 2
* 1: divide by 3/2
mclkdiv Memory clock divider select. Selects the ratio by which the system clock is divided in
<4> order to produce the memory clock wheyrsclksl = ‘01’
* 0: divide by 2
* 1: divide by 3/2
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).
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Option OPTION

vgaioen VGA /0 map Enable.
<8>

vgaioen |Satus

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)

501

lll

On hard reset, the sampled vgaboot strap (HDATA[O]) will replace the vgaioen value.

®& Note: The MGA control registers and MGA frame buffer map are always
enabled for all modes.

memconfig Memory Configuration. This field must be loaded before initiating a memory reset or
<12:10> attempting to read or write to the frame buffer.

Address boundaries for the bank select, chip select, row address, and column address
are determined using memconfig. Thissignal should not change during normal
operation.

Definition of memconfig (2:0)

memconfig (0) | Number of banks on Base-board
one bank on base-board

0 (as in: mscN[2:1] re-mapped to mcsN[3:2])
‘T two banks on the base-board
memconfig (2:1) | Memory Organization of parts used in Frame Buffer
‘00’ (8Mb) 2 x 128K x32; 512 rows, 256 columns
‘or (16Mb) 2 x 256K x 32; 1024 rows, 256 columns
‘10’ (16Mb) 2 x 512K x 16; 2048 rows, 256 columns
11 (16Mb) 4 x 128K x 32; 512 rows, 256 columns
hardpwmsk Hardware Plane Write Mask. Thisfield is used to enable SGRAM special functions.
<14> Thisfield must always 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 MGA-G200 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
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OPTION Option
rfhcnt Refresh counter. Defines the rate of the MGA-G200’s memory refresh. Page cycles
<20:15> 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.
enhmemacc Enable the use of advance Read commands by the PCI Master (MRL & MRM).
<22>
noretry Retry disable. A ‘1’ disables generation of the retry sequence and the delayed read on
<29> the PCI bus (except during a VGA snoop cycle). At this setting, PCI latency rules may
be violated.
biosen BIOS Enable. On hard reset, the sampled bios boot strap (HDATA[1]) is loaded into
<30> this field.
* 0: TheROMBASE space is automatically disabled. A small serial eeprom can be
present on board.
* 1: TheROMBASE space is enabledembase must be correctly initialized since it
containsunpredictable data. A big serial eeprom is present on board.
powerpc Power PC mode.
<31>
* 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 a8l GABASE1 + 2000h toMGABASEL +
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.
Reserved <7><9> <13> <21> <28:23>

3-20 Power Graphic Mode Register Descriptions

Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.

MGA-G200 Specification



Option2 OPTIONZ2
Address 50h (CS)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 00SS S00O0 1011 0000 0000 0000b

Reserved

31({30(29|28|27|26|25|24|23| 22 21‘20‘19 18(17| 1

modclkp
nowclkdiv
nomclkdiv
nogclkdiv
mbuftype
Reserved
eepromwt

:II Reserved

wclkdiv

Reserved

1413‘1211109876543210

»
=
o1

eepromwt
<8>

mbuftype
<13:12>

nogclkdiv
<14>

nomclkdiv
<15>

nowclkdiv
<16>

wcelkdiv
<17>

modclkp
<21:19>

EEPROM write enable. When set to ‘1’, a write access to the BIOS EPROM aperture
will program that location. When set to ‘0’, write access to the BIOS EPROM aperture
hasno effect.

Memory Buffer Type. This fielanust be loaded before initiating a memory reset or
attempting to read or write to the frame buffer.

* mbuftype(0). Memory control signal Buffer Type. This bit controls the buffer type
for the mrasN, mcasN, mweN, mdsf, mcsN[3:0], mdgm[7:0] and ma[11:0] pins.
0: LVTTL buffer configuration
1: SSTL-3 buffer configuration requiring vref pin

* mbuftype(1). Memory data and byte enable signal buffer type. This bit controls the
buffer type for the mdq[63:0] pins.
0: LVTTL buffer configuration
1: SSTL-3 buffer configuration requiring vref pin

No Graphics Clock Divider. Selects whether or not to bypass the clock divider.

* 0: use the5CLKDIV field (GCLK = SYSCLK/GCLKDIV)
* 1: donot divide SYSCLK for GCLK (GCLK =SYSCLK).

No Memory Clock Divider select. Selects whether or not to bypass the clock divider.

* 0: use theM/CLKDIV field (MCLK = SYSCLK/MCLKDIV)
¢ 1: donot divide SYSCLK for MCLK (MCLK = SYSCLK).

No WARP Clock Divider select. Selects whether or not to bypass the clock divider.

* 0: use thavVCLKDIV field (WCLK = SYSCLK/WCLKDIV)
¢ 1: donot divide SYSCLK for WCLK (WCLK = SYSCLK).

WARP Clock Divider select. Selects the ratio by which the system clock is divided in
order to generate the WARP clock:

* 0: divide by 2
* 1: divide by 3/2

®& Note: The WARP clock must be programmed so that it is always faster than
the PCI clock.

Module Clock Period. On hard reset, the sampled module clock period strap
(MDQ<31:29>) value will replace the value mbdclkp.

This field is used to determine the frequency at which an LVTTL memory expansion
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OPTION2 Option2

module is designed to operate.

Reserved <7:0> <11:9> <18> <31:22>
Reserved. When writing to this register, the bits in these fields must be set to ‘0’.
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Power Management Control / Status PM_CSR

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

powerstate

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

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

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

Mask bits ofDEVCTRL register:
ejospace = ‘0’
*memspace = ‘0’
e busmaster = ‘0’
Power down of SSTL buffers (memory bus)
* data/address/command
* by selecting LVTTL buffers
‘11 Power down of RAMDAC section:
* pixclkdis =1’
edacpdN =0’
eramcs ='0’
e pixpllpdN =0’
Power down of MEMORY/GRAPHIC/WARP sectign:
e sysclkdis =1’
e syspllpdN =0’
Power down of TCACHE:
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.

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

4 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 bitsin this field must be set to ‘0'.
<31:2>
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Power Management Identifier PM_IDENT

Address DCh (C9)
Attributes RO, BY TE'WORD/DWORD
Reset Value 0000 0000 0010 0001 ???? 0000 0000 0001b

c
- - =
(%]
aao ¢ ® 5
> > — — S
n n (] (] |
[ T - o
N Q n 9 £ .
Reserved © © @ - o pm_next_ptr pm_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

pm_cap_id Power Management Capabilities Identifier. Thisfield contains the PCI Bus Power
<7:0> Management Interface Specification Capabilities Identifier: 01h, which describes the
information contained in the capability entry (DCh-EOh)

|

pm_next_ptr Next pointer. Thisfield contains the pointer to the next capability in the link list. For
<15:8> MGA-G200-PCl, a hard-coded “00h” indicates that there are no other capabilities in
the list. For MGA-G200-AGP, a hard-coded “FOh” points to the AGP capabilities.

pm_version Version. Version “00&” indicates that the MGA-G200 complies with revision 1.0 of

<18:16> the PCI Power Management Interface Specification.
dsi Device Specific Initialization. A ‘1’ indicates that the MGA-G200 requires a device
<21> specific initialization sequence when returning frof
dl_sup The D1 Power Management stateat supported.
<25>
d2_sup The D2 Power Management statea supported.
<26>

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

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

C

(D)

e

rombase Reserved o

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
romen ROM enable. This field can assume different attributes, depending on the contents of
<0> the biosen 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

‘o’ RO (read as 0)

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

biosen rombase attribute
‘0’ RO (read as 0)
‘7 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.V GA 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 MGA-G200 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 as memspace, 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 bitsin thisfield must be set to ‘0.
<15:1> Reading will return ‘O’s.
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Subsystem ID

SUBSYSID

Address

Attributes
Reset Value

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

subsysid subsysvid

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

subsysvid
<15:0>

subsysid
<31:16>

Subsystem Vendor ID. Thisfield is reset with the value that is found in word location
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 ID as provided by the PCI Special Interest Group to the manufacturer of the
add-in board which contains the MGA-G200 chip.

Subsystem ID. Thisfield is reset with the value that is found in word location 007Ah
(128 bytes ROM used), at word location 7FFAh 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 MGA-G200 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 bimgist 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 tis2JBSYSID register.

& Note: There will be a delay following a hard reset before this register is
initialized. For a small serial eeprom, this delay ig1d~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 (1C0O0h, 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 Memory Space Register SAMPLE_PG
Address <value>
Attributes R/W .
Main header
Reset Value <value>
g 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
field1l Field 1. Detailed description of thieeld1 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 éfeld2 in SAMPLE_PG, which is bit 23.

field3 Field 3. Detailed description of thieeld3 field of theSAMPLE_PG register, which
<26:24> comprises bits 26 to 24.
Reserved Reserved. When writing to this register, the bits in this feldt 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 proviGadjter 2

& Note: MEM indicates that the address lies in the memory space; IO 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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AGP_PLL AGP 2X PLL Control/Status

Address MGABASEL + 1E4Ch (MEM)
Attributes R/W, STATIC, BY TE/WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved

agp2xpllen

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

agp2xpllen AGP 2x mode PLL Enable.

<0>
« O0: disable the AGP 2x mode PLL oscillations
» 1: enable the AGP 2x mode PLL oscillations
Reserved Reserved. When writing to this register, the bits in this feldt be set to ‘0’.
<31:1>

Note: For MGA-G200-PCl, this register has no effect.
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Alpha CTRL ALPHACTRL

Address MGABASEL + 2C7Ch (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0001b

S
© ) ® ©
2 az §
P c 23 c
o L Hh o 2
Reserved < atref atmode @ ® @ ®© dstblendf srcblendf
31|30( 29| 28] 27|26 25‘24 23‘22‘21‘20‘19‘18‘17‘16 15‘14‘13 12 11m 9 ‘ 8|7 ‘ 6 ‘ 5 ‘ 43 ‘ 2 ‘ 1 ‘ 0
srcbhlendf Source Blend Function.
<3:0>
srchlendf |sourceblending 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 O.
dstblendf Destination Blend Function.
<7:4>
dstblendf |destination blending function
‘0000’ ZERO
‘0001’ ONE

‘0010 |SRC_COLOR

‘0011’ |ONE_MINUS_SRC_COLOR
‘01000 |SRC_ALPHA

‘0101’ |ONE_MINUS_SRC_ALPHA

‘0110’ |DST_ALPHA

‘0111 |ONE_MINUS_DST_ALPHA

alphamode Select the alpha mode that will be written in the frame buffer.
<9:8>

alphamode |description

‘00’ FCOL
‘01 alpha channel
10’ video alpha (1-((1-SrcAlpha) *

(1-DstAlpha)))
11 RSVD
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ALPHACTRL

Alpha CTRL

astipple
<11>

aten
<12>

atmode
<15:13>

atref
<23:16>

alphasel
<25:24>

Reserved

Alpha Stipple Mode. Approximation of alpha blending using adithering matrix. When
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_alpha% opaque mask

ONE_MINUS_SRC_ALPHA

SRC_ALPHA

(1-src_alpha)% opague mask

Alpha Test Enable. Enables the first alpha test.

Alpha Test Mode. Update the pixel when the alphatest comparison with atref istrue.

atmode

Value

Mnemonic

Pixel Update

‘000’

NOACMP

Always

‘001’

Reserved

‘010’

AE

When alpha is =

‘011’

ANE

v

When alpha is <3

100°

ALT

When alpha is <

101

ALTE

When alpha is <z

110

AGT

When alpha is >

111

AGTE

When alpha is >

Alpha Select. Determine the alphafor the pixel.

Alpha Test Reference. Reference value for the alpha test.

alphasel

description

:001

alpha from texture

1011

diffused alpha

:101

modulated alpha

llll

transparency? 0: diffused alpha

®& Note: Alphatesting isdone in two separate places. Both use the same
reference value (atRef) and alphatest 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”.

<10> <31:26>

Reserved. When writing to this register, the bits in this feldt be set to ‘0.
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Alpha Start ALPHASTART

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, théALPHASTART 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 freldt be set to ‘0.
<31:24>
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ALPHAXINC Alpha X Inc

Address MGABASE1 + 2C74h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved alphaxinc
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
alphaxinc Alpha X Increment register. this field holds a signed 9.15 value in two’s complement
<23:0> notation.

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

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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AlphaY Inc ALPHAYINC

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 fireldt be set to ‘0.
<31:24>
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ARO Multi-Purpose Address 0

Address MGABASE1 + 1C60h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved ar0
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
ar0 Address register 0. The ar0 field is an 18-bit signed value in two’s complement
<17:0> notation.

» For AUTOLINE, this register holds the x end address (in pix8sg theXYEND
register on page 3-212.

* 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).

Reserved Reserved. When writing to this register, the bits in this fimldt be set to ‘0’.
<31:18>
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Multi-Purpose Address 1 AR1

Address MGABASE1 + 1C64h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved arl
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
arl Addressregister 1. The arl field is a 24-bit signed value in two’s complement
<23:0> notation. This register is also loaded wize8 is accessed.

 For LINE, it holds the error term (initially 2 x ‘b’ - ‘a’ sdy]).

* 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] ? ‘dXI' + ‘dYI' - 1 : -‘dXI

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

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

Address MGABASE1 + 1C68h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved ar2
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
ar2 Address register 2. The ar2 field is an 18-bit signed value in two’s complement
<17:0> notation.

* For AUTOLINE, this register holds the y end address (in pix€lsg thexXYEND
register on page 3-212.

* 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|).

Reserved Reserved. When writing to this register, the bits in this fialdt be set to ‘0’.
<31:18>
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Multi-Purpose Address 3 AR3

Address MGABASE1 + 1C6Ch (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved spage ar3
3130|2928 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 ILOA4D3 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 extensiar8ton order to generate a 27-bit source or
<26:24> pattern address (in pixels). They at 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 fieldt be set to ‘0’.
<31:27>

MGA-G200 Specification Power Graphic Mode Register Descriptions  3-39



AR4 Multi-Purpose Address 4

Address MGABASE1 + 1C70h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved ar4
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
ar4 Address register 4. The ar4 field is an 18-bit signed value in two’s complement
<17:0> 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 is1ot used for LINE or BLIT operations without scaling.

Reserved Reserved. When writing to this register, the bits in this fialgt be set to ‘0’.
<31:18>
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Multi-Purpose Address 5 AR5

Address MGABASE1 + 1C74h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved arb
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
ar5 Addressregister 5. The ar5 field is an 18-bit signed value in two’s complement
<17:0> notation.

* At the beginning of AUTOLINEar5 holds the x start address (in pixelSge the
XYSTRT register on page 3-21At 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.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:18>
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ARG Multi-Purpose Address 6

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 18-bit signed value in two’s complement notation.
<17:0> 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 3-21Buring 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 itimot 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’).

Reserved Reserved. When writing to this register, the bits in this fimldt be set to ‘0’.
<31:18>
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Background Color / Blit Color Mask BCOL

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

backcol

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

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 selected.

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

* In 16 bits/pixel, onlypbackcol<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 4-2fbr 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 ofrdnesc 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.

MGA-G200 Specification Power Graphic Mode Register Descriptions  3-43



BESA1CORG BES Buffer A-1 Chroma Org.

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

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

besalcorg Backend Scaler buffer A field 1 Chroma plane Origin. Top left corner of the buffer A
<23:0> field 1 chroma plane data used by the backend scaler. The field besalcorg
corresponds to a byte address in memory and holds a 24-bit unsigned vaue which
provides an offset value (the base address) in order to position the first pixel chroma
plane datato be read from the buffer A field 1 of the window to scale. This register
must beinitialized when in planar 4:2:0 format (2 planes).

®& Note: Thisaddress must be aligned on agword boundary when no horizontal
mirror isused (the 3 LSBs must be set to '000’) and on the last byte of
agword when horizontal mirror is used (the 3 LSBs must be set to
'111)).
Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:24>
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BES Buffer A-1 Org. BESA1ORG

Address MGABASE1 + 3D00h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
Reserved besalorg

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

besalorg Backend Scaler buffer A field 1 Origin. Top left corner of the buffer A field 1 data
<23:0> used by the backend scaler. The field besalorg correspondsto a byte addressin
memory and it holds a 24-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: Thisaddress must be aligned on aqword boundary when no horizontal
mirror isused (the 3 L SBs must be set to '000), and on the last byte of
aqword when horizontal mirror isused (the 3 LSBs must be set to
'117)).
Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0.
<31:24>
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BESA2CORG BES Buffer A-2 Chroma Org.

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

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

besa2corg Backend Scaler buffer A field 2 Chroma plane Origin. Top left corner of the buffer A
<23:0> field 2 chroma plane data used by the backend scaler. The field besa2corg
corresponds to a byte address in memory and holds a 24-bit unsigned vaue which
provides an offset value (the base address) in order to position the first pixel chroma
plane datato be read from the buffer A field 2 of the window to scale. This register
must beinitialized when in planar 4:2:0 format (2 planes).

®& Note: Thisaddress must be aligned on agword boundary when no horizontal
mirror isused (the 3 LSBs must be set to '000’) and on the last byte of
agword when horizontal mirror is used (the 3 LSBs must be set to
'111)).
Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:24>
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BES Buffer A-2 Org. BESA20RG

Address MGABASEL1 + 3D04h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
Reserved besa2org

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

besa2org Backend Scaler buffer A field 2 Origin. Top left corner of the buffer A field 2 data
<23:0> used by the backend scaler. The field besa2org correspondsto a byte address in
memory and holds a 24-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: Thisaddress must be aligned on aqword boundary when no horizontal
mirror is used (the 3 LSBs must be set to '000") and on the last byte of
aqword when horizontal mirror is used (the 3 LSBs must be set to
'117)).
Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0.
<31:24>
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BESB1CORG BES Buffer B-1 Chroma Org.

Address MGABASEL1 + 3D18h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
Reserved besblcorg

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

besblcorg Backend Scaler buffer B field 1 Chroma plane Origin. Top left corner of the buffer B
<23:0> field 1 chroma plane data used by the backend scaler. The field besb1corg
corresponds to a byte address in memory and holds a 24-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 beinitialized when in planar 4:2:0 format (2 planes).

®& Note: Thisaddress must be aligned on agword boundary when no horizontal
mirror isused (the 3 LSBs must be set to '000’) and on the last byte of
agword when horizontal mirror is used (the 3 LSBs must be set to
'111)).
Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:24>
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BES Buffer B-1 Org. BESB10ORG

Address MGABASE1 + 3D08h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
Reserved besblorg

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

besblorg Backend Scaler buffer B field 1 Origin. Top left corner of the buffer B field 1 data
<23:0> used by the backend scaler. The field besblorg corresponds to a byte addressin
memory and holds a 24-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: Thisaddress must be aligned on aqword boundary when no horizontal
mirror is used (the 3 LSBs must be set to '000") and on the last byte of
aqword when horizontal mirror is used (the 3 LSBs must be set to
'117)).
Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0.
<31:24>

MGA-G200 Specification Power Graphic Mode Register Descriptions  3-49



BESB2CORG BES Buffer B-2 Chroma Org.

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

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

besb2corg Backend Scaler buffer B field 2 Chroma plane Origin. Top left corner of the buffer B
<23:0> field 2 chroma plane data used by the backend scaler. The field besb2corg
corresponds to a byte address in memory and holds a 24-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 beinitialized when in planar 4:2:0 format (2 planes).

®& Note: Thisaddress must be aligned on agword boundary when no horizontal
mirror isused (the 3 LSBs must be set to '000’) and on the last byte of
agword when horizontal mirror is used (the 3 LSBs must be set to
'111)).
Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:24>
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BES Buffer B-2 Org. BESB20RG

Address MGABASEL1 + 3D0OCh (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
Reserved besb2org

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

besb2org Backend Scaler buffer B field 2 Origin. Top left corner of the buffer B field 2 data
<23:0> used by the backend scaler. The field besb2org corresponds to a byte addressin
memory and holds a 24-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: Thisaddress must be aligned on aqword boundary when no horizontal
mirror is used (the 3 LSBs must be set to '000") and on the last byte of
aqword when horizontal mirror is used (the 3 LSBs must be set to
'117)).
Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0.
<31:24>
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BESCTL BES Control
Address MGABASEL + 3D20h (MEM)
Attributes R/W, STATIC, BYTE, WORD, DWORD
Reset Value P?7?7? 27?20 ??7?7° 27?7 ?727?7° 27?727 2?77?7? 2?27?70
2
w um
E T X c o 2w 2 o ? o9
T © > SSEEQS z £38 z &4 -
» Y o o ocoT I O ) cSc o s > o
2 9 3 2898998 8 294 38 83 3
Reserved 0O O X ooo0o0o0ao 04 o000 K oo Reserved 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|5|4[3|2|1|0

besen
<0>

besvilsrcstp
<6>

besv2srcstp
<7>

beshfen
<10>

besvfen
<11>

beshfixc
<12>

bescups
<16>

bes420pl
<17>
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Backend Scaler 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 enabledr(ly 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, 2 plane format
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BES Control BESCTL
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 gqword boundary when no horizontal mirror is
used (the 3 LSBs must be set to '000") and on the last byte of the qword when
horizontal mirror is used (the LSBs must be set to '111").
* 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 triggered by the video in port.
besfsel Backend Scaler Field Select.
<26:25> . .
«‘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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Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
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BESGLOBCTL BES Global Control
Address MGABASEL + 3DCOh (MEM)
Attributes R/W, STATIC, BYTE, WORD, DWORD
Reset Value PP 27?7 07?7 27?77 ?727?7° 27?727 2?7?70 0700
Q_ —
= E €
238 oo
o= > 0 O
3 g2
288393
Reserved besvcnt Reserved 00k oo
31/30(29 28 27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16 1514[13|12]11]10| 9|8 | 7|6 |5 | 4 3m 1]0

beshzoom
<0>

beshzoomf
<1>

bescorder
<3>

besreghup
<4>

besvcnt
<27:16>

Reserved
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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 Crin 1, 3,5, 7
*1: Cb samples are in bytes 1, 3, 5, 7 of the sliceand Crin 0, 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 programmedsrcnt
* 1: Registers update at each horizontal sync

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

<31:28> <15:5> <2>
Reserved. When writing to this register, the bits in this feldt be set to ‘0’.
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BES Horiz. Coordinates BESHCOORD

Address MGABASEL1 + 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 apixel 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 a pixel 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 bits in this field 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
o
)
s
()
3
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 Backend Scaler Horizontal Inverse Scaling factor. Thisisa5.14 value. (For
<20:2> information on calculating this field, see Chapter 4: Programmer’s Specificatiyn

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, BY TE, WORD, DWORD

Reset Value unknown
o
)]
s
()
o

Reserved beshsrcend @

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

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 this field, see Chapter 4: Programmer’s
Specificatio).

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
Reserved beshsrclst 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 bitsin these fields must be set to ‘0’.
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BES Horiz. Source Start BESHSRCST

Address MGABASEL1 + 3D38h (MEM)
Attributes WO, STATIC, BYTE, WORD, DWORD
Reset Value unknown
o
)]
bt
()
3
Reserved beshsrcst @
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|10
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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BES Pitch

BESPITCH
Address MGABASEL1 + 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

4in 4.:2:2 format and multiple of 8 in 4:2:0 planar format.
Reserved. When writing to this register, the bitsin this field must be set to ‘0'.

Reserved
<31:12>
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BES Status BESSTATUS

Address MGABASEL1 + 3DC4h (MEM)
Attributes RO, DYNAMIC, BYTE, WORD, DWORD
Reset Value unknown
<
7
0
Reserved 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|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 retkmown, ‘0’, or

<31:2> ‘1.
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BESV1SRCLST BES Field 1 Vert. Source Last Pos.

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 the last 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 bitsin 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 bits in this field must be set to 0.
<31:10>
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BESVIWGHT BES Field 1 Vert. Weight Start

Address MGABASEL1 + 3D48h (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD

Reset Value unknown
Qo
s -c
> >
— ()
(7] [7p]
(D) ()

Reserved a besvlwght o

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

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 thefield 1 in
de-interlacing mode.

Reserved <31:17> <1:0>
Reserved. When writing to this register, the bitsin these fieldsmust be set to ‘0’.
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BES Field 2 Vert. Weight Start BESV2WGHT

Address MGABASEL1 + 3D4Ch (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD

Reset Value unknown
2
s -c
2 >
N (]
n ()]
(] (O]

Reserved a besv2wght o

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 a window 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 bits in these fields must be set to ‘0’.
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BESVCOORD BES Vert. Coordinates

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| 1413 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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BES Vert. Inv. Scaling Factor BESVISCAL

Address MGABASE1 + 3D34h (MEM)

Attributes WO, STATIC, BYTE, WORD, DWORD

Reset Value unknown
o
)]
s
()
3

Reserved besviscal @
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|10
besviscal Backend Scaler Vertical Inverse Scaling. Thisisab5.14 value. (For information on
<20:2> calculating thisfield, see Chapter 4: Programmer’s Specification

Reserved <31:21> <1:0>
Reserved. When writing to this register, the bits in these fields$ be set to ‘0’.
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CODECADDR CODEC Buffer Start Address

Address MGABASEL + 3E44h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value unknown
()
N
s 2
L o
0N o
L o
Reserved codecstart x o

[EnY
o

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

codecbufsize Codec Buffer Size

<0>
*0: 128K byte
» 1: 256K byte
codecstart Codec Buffer Start Address. The Codec Interface’s buffer start address in the frame
<23:2> buffer is specified on a 1KB boundary (bi#8:2> must be loaded with ‘0’).
Reserved <1><31:24>

Reserved. When writing to this register, the bits in these frelds be set to ‘0’.
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CODEC Control CODECCTL
Address MGABASEL + 3E40h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000h
< g “C" c 9o
5 5 2 o T =T
= 2 283388 e <
o K3 25 908 x5 3
) o) o 3 E0T oo
© © 0 o o = O T ©
. o o O o 8 E o E o o
miscctl Reserved O 13) X o m >0 G O O
31‘30‘29‘28‘27‘26‘25‘24 23]22(21|20(19|18[17|16| 15|14 13\12 11\10\ Q‘BM 6|54l3|2]1]0

codecen Codec Enable. This bit resets the Codec Interface engine, the CODECHARDPTR

<0> register, the Codec Interface interrupts, and the Codec Interface interrupt enables.
* 0: disable (default)
*1: enable

codecmode Codec Mode.

<1>
* 0: VMI mode
*1: 133 mode

cmdexectrig
<2>

codecdatain

Command Execution Trigger

* 0: donot execute commands in memory
* 1: execute register commands in memory

& Note: If this bit is written while data transfers are in progress the codec
interface will automatically stop data transfers, trash its fifo contents
and execute the commands in the command buffer.

Codec Data In.

<3>
* 0: decompression (off Screen Frame buffer to CODEC)
* 1: compression (CODEC to off screen Frame buffer)
vmimode VMI mode valid only whercodecmode =‘0'.
<4>
*0: Mode A
*1: Mode B
stopcodec Stop Codec (either compression or decompression). During transfers, this bit
<5> determines whether or not more than 1 field will be transferred.
* 0: donot stop after current field
* 1: stop after current field
codec Codec Transfer Enable. This field enables transfers to begin. After transfers are
transen underway, this bit suspends the transfers to allow software to either fill the frame

<6> buffer with more data (during decompression) or empty the frame buffer of data
(during compression).

* 0: disable transfer
» 1: enable transfer
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CODECCTL CODEC Control

codecfifo Compression/Decompression Fifo Address of the Codec. When in VMI mode, the
addr address output is codecfifoaddr <11:8>. When in 133 mode, only 3 bits are output,
<11:8> codecfifoaddr <10:8>.

codecrwidth Pulse recovery width. This bit determines the number of gclkbuf clock cycles
<13:12> between the rising edge of a strobe and the falling edge of the next strobe of
consecutive bytes when performing compression or decompression.

133 mode and VM| mode B:

*‘00’: 4 gclkbuf cycles between read/write strobes
*‘01": 5 gclkbuf cycles between read/write strobes
*‘10": 6 gclkbuf cycles between read/write strobes

VMI mode A:

*‘'00": 5 gclkbuf cycles between data strobes
*‘01": 6 gclkbuf cycles between data strobes
*'10": 7 gclkbuf cycles between data strobes

miscctl Miscellaneous control. This byte is used to program on 8 bit flip-flop on the board for
<31:24> controlling the chip selects and other functions (SLEEP, START, etc.) of the CODEC
chips. The Codec interface must be enabled for the programming sequence to be
executed.
Reserved <7><23:14>

Reserved. When writing to this register, the bits in these frelds be set to ‘0’.
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CODEC Hard Pointer CODECHARDPTR

Address MGABASEL + 3E4Ch (MEM)
Attributes RO, BY TEFWORD/DWORD, DYNAMIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved codechardptr

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

codechardptr ~ CODEC hardware pointer. The function of this register changes, depending on the
<15:0> direction of the CODEC interface. The value of this register isincremented by the
CODEC interface channel to always point to the next location to be accessed

Additiona Reset condition: codecen

» Whencompressing video data, this register will point to the offset of the next dword
to be written to the codec interface’s circular buffer.

* Whendecompressing video data, this register will point to the offset of the next
dword to be read from the codec interface’s circular buffer.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:16>
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CODEC Host Pointer

CODECHOSTPTR
Address MGABASEL + 3E48h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value unknown

Reserved codechostptr

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

CODEC Host Pointer. An interrupt is generated (if enabled) when the dword offset

codechostptr
<15:0> pointed to by this register is accessed by the Codec Interfacein its circular buffer.

Reserved
<31:16>

Reserved. When writing to this register, the bitsin this field must be set to 0.
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CODEC LCODE Pointer CODECLCODE

Address MGABASEL + 3E50h (MEM)
Attributes RO, BY TEFWORD/DWORD, DYNAMIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved codeclcode

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

codeclcode Used only in compression. It will point to the DWORD offset in the CODEC circular

<15:0> buffer following the last DWORD of the field. This register will be updated after the
CODEC assertsits EOI (LCODE) pin.
Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<31:16>
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CXBNDRY Clipper X Boundary

Address MGABASE1 + 1C80h (MEM)

Attributes WO, FIFO, STATIC, DWORD

Reset Value unknown
Reserved cxright Reserved cxleft

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

The CXBNDRY register isnot aphysical register; it isamore efficient way to load the
CXRIGHT and CXLEFT registers.

cxleft Clipper x left boundary. See the CXLEFT register on page 3-75.
<11:0>
cxright Clipper x right boundary. See the CXRIGHT register on page 3-76.
<27:16>

Reserved <31:28><15:12>
Reserved. When writing to this register, the bitsin these fields must be set to ‘0’.
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Clipper X Minimum Boundary CXLEFT

Address MGABASE1 + 1CAOh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved cxleft
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
cxleft Clipper x left boundary. The cxleft field contains an unsigned 12-bit value which is
<11:0> interpreted as a positive pixel address and compared with the current xdst (see YDST

on page 3-215). The value of xdst must be greater than or equal to cxleft to beinside
the drawing window.

®& Note: Since the cxleft valueisinterpreted as positive, any negative xdst
value is automatically outside the clipping window.

& Note: Clipping can be disabled by the clipdis bitin DWGCTL without
changing cxleft.

Reserved Reserved. When writing to this register, the bitsin this field must be set to ‘0’.
<31l:12>
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CXRIGHT Clipper X Maximum Boundary

Address MGABASE1 + 1CA4h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved cxright
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
cxright Clipper x right boundary. The cxright field contains an unsigned 12-bit valuewhichis
<11:0> interpreted as a positive pixel address and compared with the current xdst (see YDST

on page 3-215). The value of xdst must be less than or equal to cxright to be inside
the drawing window.

®& Note: Clipping can be disabled by the clipdis bit in DWGCTL without
changing cxright.

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:12>
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DMA Map 3h to Oh DMAMAP30

Address MGABASE1 + 1E30h (MEM)
Attributes R/W, STATIC, BY TE'WORD/DWORD
Reset Value unknown
map_reg3 map_reg2 map_regl map_reg0

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

map_regN Map Register N. The 16-8-bit map registers form alook-up table used when
<31:0> addressing through the range of MGABASEL1 + 1E80hto MGABASEL + 1EBFh. The
DMAMAP30 register contains entries Oh to 3h of this lookup table. Refer to
DWG_INDIR_WT for more information.

Thevaueto placeinamap_reg field is determined as follows:

if ( address is within the DANGREQ) range )
map_reg? = ( drawing_reg byte address >> 2 )
& 0 x 7F

else if ( address is within DWREGL range )
map_reg? = (drawi ng byte address >> 2)
& 0 x 7F | 0 x 80

el se
error, can’'t use indirect mapping

MGA-G200 Specification Power Graphic Mode Register Descriptions  3-77



DMAMAP74 DMA Map 7h to 4h

Address MGABASEL1 + 1E34h (MEM)
Attributes R/W, STATIC, BY TE'WORD/DWORD
Reset Value unknown
map_reg7/ map_reg6 map_regb map_reg4

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

map_regN Map Register NMap Register N. The 16-8-bit map registers form alook-up table used
<31:0> when addressing through the range of MGABASE1 + 1E80h to MGABASEL +
1EBFh. The DMAMAP74 register contains entries 4h to 7h of thislookup table. Refer
to DWG_INDIR_WT for more information.

Thevalueto placeinamap_reg field is determined as follows:

if ( address is within the DAWGREQD range )
map_reg? = ( drawi ng_reg byte address >> 2 )
& 0 x 7F

else if (address is within DWEREGL range)
map_reg? = ( drawi ng byte address >> 2 )
& 0 x 7F | 0 x 80

el se
error, can't use indirect mapping
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DMA Map Bh to 8h DMAMAPBS

Address MGABASE1 + 1E38h (MEM)
Attributes R/W, STATIC, BY TE'WORD/DWORD
Reset Value unknown
map_regb map_rega map_reg9 map_reg8

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

map_regN Map Register N. The 16-8-bit map registers form alook-up table used when
<31:0> addressing through the range of MGABASEL1 + 1E80hto MGABASEL + 1EBFh. The
DMAMAPBS register contains entries 8h to Bh of thislookup table. Refer to
DWG_INDIR_WT for more information.

Thevaueto placeinamap_reg field is determined as follows:

if ( address is within the DANGREQ) range )
map_reg? = ( drawing_reg byte address >> 2 )
& 0 x 7F

else if ( address is within DWREGL range )
map_reg? = ( drawi ng byte address >> 2 )
& 0 x 7F | 0 x 80

el se
error, can’'t use indirect mapping
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DMAMAPFC DMA Map Fh to Ch

Address MGABASE1 + 1E3Ch (MEM)
Attributes R/W, STATIC, BY TE'WORD/DWORD
Reset Value unknown
map_regf map_rege map_regd map_regc

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

map_regN Map Register N. The 16-8-bit map registers form alook-up table used when
<31:0> addressing through the range of MGABASE1 + 1E80h to MGABASEL + 1EBFh. The
DMAMAPFC register contains entries Ch to Fh of thislookup table. Refer to
DWG_INDIR_WT for more information.

Thevalueto placeinamap_reg field is determined as follows:

if ( address is within the DAWGREQD range )
map_reg? = ( drawi ng_reg byte address >> 2 )
& 0 x 7F

else if ( address is within DWSREGL range )
map_reg? = ( drawi ng byte address >> 2 )
& 0 x 7F | 0 x 80

el se
error, can't use indirect mapping
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DMA Padding DMAPAD

Address MGABASE1 + 1C54h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

dmapad

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

dmapad DMA Padding. Writes to this register, which have no effect on the drawing engine,
<31:0> can be used to pad display lists. Padding should be used only when necessary, since it
may impact drawing performance.
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DRO_Z32LSB, DRO_Z32MSB Extended Data ALU 0

Address MGABASEL1 + 2C50h MGABASE1 + 2C54h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved drO_z32
63 ol [ | [T TL] o
dr0_z32 DataALU O
<47:0> * For TRAP or TEXTURE_TRAP with z, the DRO_Z32 register is used to scan the left

edge of the trapezoid and must be initialized with its starting z value. In this case,
DRO0O_Z32 is signed 33.15 in two’s complement notation.

 For LINE with z, the DRO_Z32 register holds the z value for the current drawn pixel
and must be initialized with the starting z value. In this case, DRO_Z32 is a signed
33.15 value in two’s complement notation.

& Note: The fielddr0_z32 is part of two registers:
 dr0_z32[47:32] = DRO_Z32MSBJ[15:0]
 dr0_z32[31:0] = DRO_Z32LSB[31:0]

Reserved Reserved. When writing to this register, bits 63 to 48 are completely ignored.

<63:48> & Note: The Reserved field is part of one register:

« dr0_z32[63:48] = DRO_Z32MSB[31:16]
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Extended Data ALU 2 DR2_Z32LSB, DR2_Z32MSB

Address MGABASEL1 + 2C60h MGABASE1 + 2C64h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

Reserved dr2_z32

63 el [ [T TTTTTIIITIIIIITT] (e

dr2_z32
<47:0>

Reserved
<63:48>

DataALU 2

* For TRAP or TEXTURE_TRAP with z, theR2 register holds the z increment
value along the x-axis. In this caf#R2 is a signed 33.15 value in two’s complement
notation.

* For LINE with z, theDR2 register holds the z increment value along the major axis.
In this caseDR2 is a signed 33.15 value in two’s complement notation.

& Note: The fielddr2_z32 is part of two registers:

» dr2_z32[63:32] = DR2_Z32MSBJ[31:0]

» dr2_z32[31:0] = DR2_Z32LSB[31:0]
Reserved. When writing to this register, bits 63 to 48 are completely ignored. Reading
will return ‘0’s.

®% Note: The Reserved field is part of one register:
e dr2_z32[63:48] = DR2_Z32MSBJ[31:16]
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DR3_Z32LSB, DR3_Z32MSB Extended Data ALU 3

Address MGABASEL1 + 2C68h MGABASE1 + 2C6Ch (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved dr3_z32
63 o | [T o
dr3_z32 DataALU 3.
<47:0>

* For TRAP or TEXTURE_TRAP with 2DR3 register holds the z increment value
along the y-axis. In this cadeR3 is a signed 33.15 value in two’s complement
notation.

* For LINE with z,DR3 register holds the z increment value along the diagonal axis.
In this caseDR3 is a signed 33.15 value in two’s complement notation.

& Note: The fielddr3_z32 is part of two registers:
» dr3_z32[63:32] = DR3_Z32MSBJ[31:0]
» dr3_z32[31:0] = DR3_Z32LSBJ[31:0]
Reserved Reserved. When writing to this register, bits 63 to 48 are completely ignored. Reading
<63:48> will return ‘0’s.

®% Note: The Reserved field is part of one register:
e dr3_z32[63:48] = DR3_Z32MSBJ[31:16]
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Data ALU O DRO

Address MGABASE1 + 1CCOh (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown

drO

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

drO Data ALU register 0.

<31:0> * For TRAP or TEXTURE_TRAP with z, theRO0 register is used to scan the left
edge of the trapezoid and must be initialized with its starting z value. In this case,
DRO is a signed 17.15 value in two’s complement notation.
* For LINE with z, theDRO register holds the z value for the current drawn pixel and
must be initialized with the starting z value. In this c88&) is a signed 17.15 value
in two’s complement notation.

®& Note: Bits 31 to 16 of DRO map to bits 15 to 0 of DRO_32MSB; bits 15 to 0
of DRO map to bits 31 to 16 of DRO_32LSB. Writing to this register
clears bits 15 to 0 of DRO_32LSB.
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DR2 Data ALU 2

Address MGABASE1 + 1CC8h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

dr2

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

dr2 Data ALU register 2.

<31:0> * For TRAP or TEXTURE_TRAP with z, theR2 register holds the z increment
value along the x-axis. In this caB&R2 is a signed 17.15 value in two’s complement
notation.
* For LINE with z, theDR2 register holds the z increment value along the major axis.
In this caseDR2 is a signed 17.15 value in two’s complement notation.

®& Note: Bits 31 to 16 of DR2 map to bits 15 to 0 of DR2_32MSB; bits 15t0 0
of DR2 map to bits 31 to 16 of DR2_32LSB. Writing to this register
clears bits 15 to 0 of DR2_32LSB.
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Data ALU 3 DR3

Address MGABASEL1 + 1CCCh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

dr3

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

dr3 Data ALU register 3.

<31:0>
* For TRAP or TEXTURE_TRAP with 2R3 register holds the z increment value
along the y-axis. In this cadeR3 is a signed 17.15 value in two’s complement

notation.
* For LINE with z,DR3 register holds the z increment value along the diagonal axis.

In this caseDR3 is a signed 17.15 value in two’s complement notation.

®& Note: Bits 31 to 16 of DR3 map to bits 15 to 0 of DR3_32MSB; bits 15 to 0
of DR3 map to bits 31 to 16 of DR3_32LSB. Writing to this register
clears bits 15 to 0 of DR3_32LSB.
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DR4 Data ALU 4
Address MGABASE1 + 1CDOh (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown

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

dr4

drd
<23:0>

Reserved
<31:24>

Data ALU register 4. This field holds a signed 9.15 value in two’s complement
notation.

» For TRAP with z, théDR4 register is used to scan the left edge of the trapezoid for
the red color (Gouraud shading). This register must be initialized with its starting red
color value.

* For LINE with z, theDR4 register holds the current red color value for the currently
drawn pixel. This register must be initialized with the starting red color.

* For TEXTURE_TRAP with texture modulatioimfodulate = ‘1’, seeTEXCTL),
the DR4 register is used to scan the left edge of the trapezoid for the red modulation
factor. This register must be initialized with its starting red modulation factor value.

* For TEXTURE_TRAP using the decal featutm¢dulate = ‘0’), the DR4 register
is used to scan the left edge of the trapezoid for the red (Gouraud shaded surface)
color. This register must be initialized with its starting red color value.

Reserved. When writing to this register, the bits in this feldt be set to ‘0’.
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Data ALU 6 DR6

Address MGABASE1 + 1CD8h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved dr6
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
dr6 Data ALU register 6. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

» For TRAP with z, théDR6 register holds the red increment value along the x-axis.
 For LINE with z, theDR6 register holds the red increment value along the major

axis.
* For TEXTURE_TRAP with modulation or decal, tb&6 register holds the red

increment value along the x-axis.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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DR7 Data ALU 7

Address MGABASE1 + 1CDCh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved dr7
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
dr7 Data ALU register 7. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

» For TRAP with z, théDR7 register holds the red increment value along the y-axis.
 For LINE with z, theDR7 register holds the red increment value along the diagonal

axis.
* For TEXTURE_TRAP with modulation or decal, tb&7 register holds the red

increment value along the y-axis.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0'.
<31:24>
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Data ALU 8 DR8

Address MGABASE1 + 1CEOh (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved dr8
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
dr8 Data ALU register 8. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

» For TRAP with z, théDR8 register is used to scan the left edge of the trapezoid for
the green color (Gouraud shading). This register must be initialized with its starting
green color value.

* For LINE with z, theDR8 register holds the current green color value for the
currently drawn pixel. This register must be initialized with the starting green color.

* For TEXTURE_TRAP with texture modulatiotm{odulate = ‘1’, seeTEXCTL),
theDR8 register is used to scan the left edge of the trapezoid for the green
modulation factor. This register must be initialized with its starting green modulation
factor value.

* For TEXTURE_TRAP using the decal featutm¢dulate = ‘0’), the DR8 register
is used to scan the left edge of the trapezoid for the green (Gouraud shaded surface)
color. This register must be initialized with its starting green color value.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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DR10 Data ALU 10

Address MGABASE1 + 1CE8h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved dr10
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
drl0 Data ALU register 10. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

» For TRAP with z, théDR10 register holds the green increment value along the x-

axis.

* For LINE with z, theDR10 register holds the green increment value along the major
axis.

* For TEXTURE_TRAP with modulation or decal, tB&10 register holds the green
increment value along the x-axis.

Reserved Reserved. When writing to this register, the bits in this fimldt be set to ‘0’.
<31:24>
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Data ALU 11 DR11

Address MGABASE1 + 1CECh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved drll
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
drll Data ALU register 11. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

* For TRAP with z, thédDR11 register holds the green increment value along the y-
axis.

* For LINE with z, theDR11 register holds the green increment value along the
diagonal axis.

» For TEXTURE_TRAP with modulation or decal, th&11 register holds the green
increment value along the y-axis.

Reserved Reserved. When writing to this register, the bits in this it be set to ‘0.
<31:24>
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DR12 Data ALU 12
Address MGABASE1 + 1CFOh (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved drl2

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

drl2
<23:0>

Reserved
<31:24>

Data ALU register 12. This field holds a signed 9.15 value in two’s complement
notation.

* For TRAP with z, thé®®R12 register is used to scan the left edge of the trapezoid for
the blue color (Gouraud shading). This register must be initialized with its starting
blue color value.

* For LINE with z, theDR12 register holds the blue color value for the currently
drawn pixel. This register must be initialized with the starting blue color.

* For TEXTURE_TRAP with texture modulatiotmfodulate = ‘1’, seeTEXCTL),
theDR12 register is used to scan the left edge of the trapezoid for the blue
modulation factor. This register must be initialized with its starting blue modulation
factor value.

* For TEXTURE_TRAP using the decal featune¢dulate = ‘0"), the DR12 register
is used to scan the left edge of the trapezoid for the blue (Gouraud shaded surface)
color. This register must be initialized with its starting blue color value.

Reserved. When writing to this register, the bits in this fialdt be set to ‘0’.
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Data ALU 14 DR14

Address MGABASE1 + 1CF8h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved drl4
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
drl4 Data ALU register 14. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

* For TRAP with z, thé®R14 register holds the blue increment value along the x-axis.
 For LINE with z, theDR14 register holds the blue increment value along the major

axis.
* For TEXTURE_TRAP with modulation or decal, tb&14 register holds the blue

increment value along the x-axis.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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DR15 Data ALU 15

Address MGABASE1 + 1CFCh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved drl5
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
drl5 Data ALU register 15. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

* For TRAP with z, thé®®R15 register holds the blue increment value along the y-axis.
* For LINE with z, theDR15 register holds the blue increment value along the

diagonal axis.
» For TEXTURE_TRAP with modulation or decal, tb&15 register holds the blue

increment value along the y-axis.

Reserved Reserved. When writing to this register, the bits in this fialdt be set to ‘0’.
<31:24>
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Destination Origin DSTORG

Address MGABASEL + 2CB8h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved
dstacc
dstmap

dstorg

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 m 1]o0

dstmap Destination Map. A memory space indicator, this field indicates the map location.

<0>
* 0: the destination is in the frame buffer memory.

* 1: the destination is in the system memory.

dstacc Destination Access type. This field specifies the mode used to access the map.

<1>
¢ 0: PCI access.

*1: AGP access.

®% Note: This field isnot considered if the destination resides in the frame
buffer source.

dstorg Destination Origin. This field provides an offset value for the position of the first pixel
<31:3> of a destination surface. Thistorg field corresponds to a qword address in memory.

The DSTORG register must be loaded with a multiple of 3, 4, 8 or 24 qwords
according to the following table:

pwidth |atype [ DSTORG (multiples of qwords)
PWS8 | IBLK 4%
PW16 | 'BLK 40
PW24 | IBLK 39
PW32 | IBLK 40
PW8 | BLK 8
PW16 | BLK 8
PW24 | BLK 24
PW32 | BLK 8

(@) The DSTORG register must be loaded with a
multiple of 4 gqwords dueto alimitation when alpha
belnding is enabled.

@ Thisrestriction isdueto the limitation of the CRTC
in PW24. If the destination is offscreen then the
real limitationsare1ina!BLK and 8in BLK
mode.

Reserved Reserved. When writing to this register, the bits in this it be set to ‘0.
<2>
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DWG_INDIR_WT

Drawing Register Indirect Write

Address

Attributes
Reset Value

MGABASEL1 + 1E80h (MEM) (entry 0)

MGABASEL + 1EBCh (MEM) (entry 15)

WO, DWORD
N/A

lut entry N

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

lutentry N
<31:0>

These 16 registers are alookup table that can be used in conjunction with the
DMAMAP registers. Writing to these locations address the register that is programmed
in the Nth byte of the DMAMAP. Thisindirect write register provides a means to
access non-sequentia drawing registers sequentially.

Address

DWG_INDIR_WT Register

MGABASE1 + 1C00h + map_reg0

DWG_INDIR_WT<0>

MGABASE1 + 1C00h + map_regl

DWG_INDIR_WT<1>

MGABASE1 + 1C00h + map_reg?2

DWG_INDIR_WT<2>

MGABASE1 + 1C00h + map_reg3

DWG_INDIR_WT<3>

MGABASE1 + 1C00h + map_reg4

DWG_INDIR_WT<4>

MGABASE1 + 1C00h + map_reg5

DWG_INDIR_WT<5>

MGABASE1 + 1C00h + map_reg6

DWG_INDIR_WT<6>

MGABASE1 + 1C00h + map_reg7

DWG_INDIR_WT<7>

MGABASE1 + 1C00h + map_reg8

DWG_INDIR_WT<8>

MGABASE1 + 1C00h + map_reg9

DWG_INDIR_WT<9>

MGABASE1 + 1C00h + map_rega

DWG_INDIR_WT<10>

MGABASE1 + 1C00h + map_regb

DWG_INDIR_WT<11>

MGABASE1 + 1C00h + map_regc

DWG_INDIR_WT<12>

MGABASEL1 + 1C00h + map_regd

DWG_INDIR_WT<13>

MGABASE1 + 1C00h + map_rege

DWG_INDIR_WT<14>

MGABASEL1 + 1C00h + map_regf

DWG_INDIR_WT<15>
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Drawing Control

DWGCTL

Address MGABASE1 + 1C00h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000

0000 0000b

3 ® oo
w o £ et 2o 5 o . o
- % o s e 82 8 2
=8 © Q Qe o0 c 2
o5 o bltmod &  trans bop v oo c o zmode = © opcod
31|30(29 28‘27‘26‘25@23‘22‘21‘20 19‘18‘17‘16@14 13121110/ 9] 8|7 ]6[5]a|3]2]1]0
opcod Operation code. The opcod field defines the operation that is selected by the drawing
<3:0> engine.
opcod
Function Sub-Function Value |Mnemonic
Lines ‘0000’ |LINE_OPEN
AUTO ‘0001’ |AUTOLINE_OPEN
WRITE LAST ‘0010’ |LINE_CLOSE
AUTO, WRITE LAST ‘0011’ | AUTOLINE_CLOSE
Trapezoid . 0100° | TRAP
Texture mapping ‘0110’ TEXTURE_TRAP
Blit RAM - RAM ‘1000’ |BITBLT
HOST - RAM ‘2001’ |ILOAD
‘0101’
‘0111
‘1010’
‘1011
Reserved 1100’
‘1101
‘1110’
1111
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DWGCTL Drawing Control

atype Accesstype. The atype field is used to define the type of access performed to the
<6:4> RAM.
atype

Value Mnemonic | RAM Access

‘000’ RPL Write (replace)’

‘001’ RSTR Read-modify-write (raster)(1)

‘010’ Reserved

‘011’ Zl Depth mode with Gouradél

‘100’ BLK  |Block write mode®

101 Reserved

‘110’ Reserved

‘111’ [ Gouraud (with depth comparé)?

@ The Read-M odify-Write sequence depends on the value of the bop field even
if atype equals RPL, RSTR, ZI, or |I. The Read will be performed according
tothetablein the bop field (see page 3-102).

@ Theraster operation also supports ZI and | operations (see page 3-102).

) When block mode is selected, only RPL operations can be performed. Even if
the bop field is programmed to a different value, RPL will be used.

) Depth comparison works according to the zmode setting (same as ‘ZI');
however, the depth is never updated.

linear Linear mode. Specifies whether the blit is linear or xy.
<> * 0: xy blit
* 1: linear blit
zmode The z drawing mode. This field must be valid for drawing using depth. This field
<10:8> specifies the type of comparison to use.
zmode
Value Mnemonic | Pixel Update
‘000’ NOZCMP | Always
‘001 Reserved
‘010’ ZE When depth is =
‘011 ZNE When depth is < >
‘100’ ZLT When depth is <
‘101 ZLTE When depth is <=
110’ ZGT When depth is >
111 ZGTE |When depth is >=
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Drawing Control DWGCTL

solid Solid line or constant trapezoid. The solid register isnot a physical register. It provides
<11> an alternate way to load the SRC registers (see page 3-153).
* 0: No effect

« 1: SRCO <= FFFFFFFFh
SRC1 <= FFFFFFFFh
SRC2 <= FFFFFFFFh
SRC3 <= FFFFFFFFh

Setting solid is useful for line drawing with no linestyle, or for trapezoid drawing with
no patterning. It forces the color expansion circuitry to provide the foreground color
during a line or a trapezoid drawing.

arzero AR register at zero. Tharzero field provides an alternate way to setAd registers
<12> (see descriptions starting page 3-3h

* 0: No effect

*1: ARO <= 0h
AR1 <=0h
AR2 <=0h
AR4 <=0h
AR5 <= 0h
AR6 <= 0h

Settingarzero is useful when drawing rectangles, and also for certain blit operations.
In the case of rectangles (TRAPBcod):

dYl <=0 (ARO)
errl <= 0 AR1)
-|dXI| <=0 AR2)
errr <= 0 AR4)
-|dXr] <= 0 ARS5)
dYr <= 0 (ARG)

sgnzero Sign register at zero. Thlegnzero bit provides an alternate way to set all the fields in
<13> the SGN register.

* 0: No effect
*1: SGN <= 0h

Settingsgnzero is useful during TRAP and some blit operations.

For TRAP: brkleft (seeSGN on page 3-139)
scanleft = 0 Horizontal scan right
sdx| = 0 Left edge in increment mode
sdxr = 0 Right edge in increment mode
sdy = 0iy (seePITCH on page 3-1295 added to
ydst (seeYDST on page 3-215)
For BLIT: scanleft = 0 Horizontal scan right
sdx| = 0 Left edge in increment mode
sdxr = 0 Right edge in increment mode
sdy = Oiy is added tydst
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DWGCTL Drawing Control

shftzero Shift register at zero. The shftzero bit provides an alternate way to set all the fields of
<14> the SHIFT register.
* 0: No effect
*1: SHIFT <= 0h
bop Boolean operation between a source and a destination slice. The table below shows
<19:16> the various functions performed by the Boolean ALU for 8, 16, 24 and, 32 bits/pixel.

During block mode operations, bop must be set to Ch. A raster operation is performed
when atype = ZI, |, RPL or RSTR.

bop Function Destination read
‘0000’ 0 No

‘0001’ ~(D|9S) Yes
‘0010’ D&~S Yes
‘001r ~S No

‘0100’ (~-D)& S Yes
‘0101’ ~D Yes
‘0110’ DM S Yes
‘0111 ~(D & S) Yes
‘1000’ D& S Yes
10071 ~(D"S) Yes
1010’ D Yes
1011’ D|~S Yes
1100’ S No

1101 (~-D)| S Yes
1110’ D| S Yes
11117 1 No
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Drawing Control DWGCTL

trans
<23:20>

Translucency. Specify the percentage of opagqueness of the object. The opaquenessis
realized by writing one of ‘n’ pixels. Theans field specifies the following
transparency pattern (where black squares are opaque and white squares are
transparent):

‘0010’ 11171

=

‘0101 ‘0110’

:

‘0111 1000’ 1001’ 1010’

- = " m
. mung
1011’ 1100’ 1101’ 1110’
H I H
= " ™
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DWGCTL Drawing Control

bltmod Blit mode selection. Thisfield is defined as used during BLIT and ILOAD operations.
<28:25>
bltmod
Value Mnemonic | Usage

Source operand is monochrome in 1 bpp.
For ILOAD, the source data is in Little-Endian format,

Source operand is monochrome in 1 bpp.
For ILOAD, the source data is in Windows format.

‘0001 BPLAN | Source operand is monochrome from one plane.

‘ : Source operand is color.
0010 BFCOL Source is formatted when it comes from host.

Source operand is color.
For ILOAD, the source data is in 32 bpp, BGR format.
Source operand is color.
For ILOAD, the source data is in 32 bpp, RGB format,
Source operand is color.
For ILOAD, the source data is in 24 bpp, BGR format,
Source operand is color.
For ILOAD, the source data is in 24 bpp, RGB format,
‘0101 Reserved
‘0110 ”
‘1000’ ”
‘1001 ”
‘1010’ ”
‘1100’ 8
‘1101’ ”
1110’ Reserved

‘0000’ BMONOLEF

‘0100’ BMONOWF

‘0011 BU32BGR

‘0111 BU32RGB

1011 BU24BGR

1111 BU24RGB

* For line drawing with line style, this field must have the value BFCOL in order to
handle the line style properly.

Refer to the subsections containetrawing in Power Graphic Mode’ on page 4-29
for more information on how to use this field. That section also presents the definition
of the various pixel formats.

pattern Patterning enable. This bit specifies if the patterning is enabled when performing
<29> BITBLT operations.

* 0: Patterning is disabled.
« 1: Patterning is enabled.
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Drawing Control DWGCTL

transc Transparency color enabled. Thisfield can be enabled for blits, vectors that have a
<30> linestyle, and trapezoids with patterning. For operations with color expansion, this bit
specifiesif the background color is used.

* 0: Background color is opaque.
* 1: Background color is transparent.

For other types of blit, this field enables the transparent blit feature, based on a
comparison with a transparent color key. This transparency is defined by the following
equation:

if ( transc==1 && (source & bltcnsk==bltckey) )
do not update the destination

el se
update the destination with the source

Refer to the=COL andBCOL register descriptions for the definitions of tiieckey
andbltcmsk fields, respectively.

clipdis Clipping Disable. This bit has the following effect on the value of CXLEFT,
<31> CXRIGHT, CYBOT, and CYTOP:
‘01 ‘1!

CXLEFT |last value programmed in CXLEFT | Oh (minimum value)
CXRIGHT |[last value programmed in CXRIGHT | FFFh (maximum value)
CYBOT |[last value programmed in CYBOT | FFFFFFh (maximum value)
CYTOP |last value programmed in CYTOP | Oh (minimum value)

Reserved <15> <24>
Reserved. When writing to this register, the bits in these fralgs be set to ‘0’.
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DWGSYNC Drawing Synchronisation

Address MGABASEL1 + 2C4C

Attributes R/W, FIFO, DYNAMIC, DWORD

Reset Value unknown
o
)]
bt
()
o

dwgsyncaddr o

31/31| 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

dwgsyncaddr  Thisregister serves as a synchronisation pointer. The value of dwgsyncaddr is
<31:2> updated with the value programmed in dwgsyncaddr only when the drawing engine
has completed the primitive sent before DWGSYNC was programmed.

When the primptrenl bit is set, thisregister iswritten by a PCl accessin the location
pointed to by PRIMPTR. The write is triggered when the drawing engine updates
dwgsyncaddr.

Reserved Reserved. When writing to this register, the bitsin this field must be set to 0.
<1:0>
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Foreground Color / Blit Color Key FCOL

Address

Attributes
Reset Value

MGABASEL1 + 1C24h (MEM)
WO, FIFO, STATIC, DWORD
unknown

forcol

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

forcol
<31:0>

bltckey
<31:.0>

bltckey

Foreground color. The forcol field is used by the color expansion module to generate
the source pixels when the foreground is selected.

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

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

* In 24 bits/pixel, whemot in block modeforcol<31:24> isnot used.
* In 24 bits/pixel, when in block mode, &ircol bits are used.

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

Part of theforcol register is also used for Gouraud shading to generate the alpha bits.
In 32 bpp (bits/pixel), bits 31 to 24 originate fréarcol<31:24>. In 16 bpp, when
5:5:5 mode is selected, bit 15 originates friarcol<31>.

Blit color key. This field specifies the value of the color that is defined as the
‘transparent’ color. Planes that awet used must be set to ‘0’. Refer to the description
of thetransc field of DWGCTL for the transparency equation

* In 8 bits/pixel, onlybltckey<7:0> is used.
* In 16 bits/pixel, onlybltckey<15:0> is used.
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FIFOSTATUS Bus FIFO Status

Address MGABASEL + 1E10h (MEM)
Attributes RO, DYNAMIC, BY TE/WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0010 0100 0000b

©
> 32
Q_ -
=R
O = QO .
Reserved oo fifocount
31(30(29|28|27|26| 25| 24| 23| 22| 21| 20| 19| 18| 17| 16| 15]14|13|12[ 11| 10| O 8M6‘5‘4‘3‘2‘1‘0
fifocount Indicates the number of free locations in the Bus FIFO. On soft or hard reset, the
<6:0> contents of the Bus FIFO are flushed and the FIFO count is set to 64.
bfull Bus FIFO full flag. When set to ‘1’, indicates that the Bus FIFO is full.
<8>
bempty Bus FIFO empty flag. When set to ‘1’, indicates that the Bus FIFO is empty. This bit is
<9> identical tofifocount<6>.
There is no need to poll thdull or fifocount values before writing to the BFIFO:
circuitry in the MGA watches the BFIFO level and generates target retries until a free
location becomes available, or until a retry limit has been exceeded (in which case, it
might indicate an abnormal engine lock-up).
Even if the machine that reads the Bus FIFO is asynchronous with the PCl interface, a
sample and hold circuit has been added to provide a correct, non-changing value
during the full PCI read cycle (tHdocount value,bfull, andbempty flag states are
sampled at the start of the PCI access).
Reserved <7><31:10>

Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
Reading will return ‘0O’s.
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Fog Color FOGCOL

Address MGABASE1 + 1CF4h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
fogcol
3130 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
fogcol Fog Color. When fogging is enabled, the fog field represents the color that is blended,
<23:0> using the fog blending factor, with the current rasterized fragment’s color.
®& Note: FOGCOL is in true color (RGB: 888) format.
Reserved Reserved. When writing to this register, the bits in this freldt be set to ‘0.
<31:24>
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Fog Start

FOGSTART
Address MGABASE1 + 1CC4h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved fogstart

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

fogstart Fog Start. This field holds a signed 9.15 value in two’s complement notation.

<23:0> For 3D primitives, th&OGSTART register is used to scan the left edge of the
trapezoid for the fog blending factor (when fogging is enabled).

®& Note: This register must be initialized with its starting fog factor value.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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Fog X Inc FOGXINC

Address MGABASE1 + 1CD4h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved fogxinc
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
fogxinc Fog X Increment register. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

For 3D primitives, th&OGXINC register holds the fog blending factor increment
along the x (or major) axis.

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

Address MGABASE1 + 1CE4h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved fogyinc
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
fogyinc Fog Y Increment register. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

For 3D primitives, th&OGYINC register holds the fog blending factor increment
along the y (or diagonal) axis.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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X Address (Boundary) FXBNDRY

Address MGABASE1 + 1C84h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
fxright fxleft

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

The FXBNDRY register isnot aphysical register; it isamore efficient way to load the
FXRIGHT and FXLEFT registers.

fxleft Filled object x left-coordinate. Refer to the FXLEFT register for a detailed description.
<15:0>
fxright Filled object x right-coordinate. See the FXRIGHT register on page 3-115.
<31:16>
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FXLEFT X Address (Left)

Address MGABASE1 + 1CA8h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved fxleft
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
fxleft Filled object x left-coordinate. The fxleft field contains the x-coordinate (in pixels) of
<15:0> the left boundary of any filled object being drawn. It is a 16-bit signed value in two’s

complement notation.

» Thefxleft field isnot used for line drawing.
* During filled trapezoid drawingxleft is updated during the left edge scan.
» During a BLIT operationfxleft is static, and specifies the left pixel boundary of the

area being written to.

Reserved Reserved. When writing to this register, the bits in this fialdt be set to ‘0’.
<31:16>
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X Address (Right) FXRIGHT

Address
Attributes
Reset Value

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

MGABASE1 + 1CACh (MEM)
WO, FIFO, DYNAMIC, DWORD
unknown

Reserved fxright

fxright
<15:0>

Reserved
<31:16>

Filled object x right-coordinate. The fxright field contains the x-coordinate (in pixels)
of the right boundary of any filled object being drawn. It is a 16-bit signed value in
two’s complement notation.

» Thefxright field isnot used for line drawing.
* During filled trapezoid drawingxright is updated during the right edge scan.
» During a BLIT operationfxright is static, and specifies the right pixel boundary of

the area being written to.
Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
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ICLEAR Interrupt Clear

Address MGABASEL + 1E18h (MEM)
Attributes WO, STATIC, BY TE/WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved
vlineiclr
Reserved
pickiclr
Reserved
softrapiclr

wciclr
wiclr

Reserved

1

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 |54 |3 |(2|1|0

softrapiclr Soft Trap Interrupt Clear. When a ‘1’ is written to this bit, the soft trap interrupt
<0> pending flag is cleared.
pickiclr Pick Interrupt Clear. When a ‘1’ is written to this bit, the pick interrupt pending flag is
<2> cleared.
vlineiclr Vertical Line Interrupt Clear. When a ‘1’ is written to this bit, the vertical line interrupt
<5> pending flag is cleared.
wiclr WARP Interrupt Clear. When a ‘1’ is written to this bit, the WARP interrupt pending
<7> flag is cleared.
wciclr WARP Cache interrupt Clear. When a ‘1’ is written to this bit, the WARP cache
<8> interrupt pending flag is cleared.
Reserved <1> <4:3> <6> <31:9>

Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
Reading will return ‘O’s.
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Interrupt Enable IEN

Address

Attributes
Reset Value

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

MGABASEL + 1E1Ch (MEM)
R/W, STATIC, BY TE/WORD/DWORD
0000 0000 0000 0000 0000 0000 0000 0000b

wcien
wien
extien
vlineien
Reserved
eserved
softrapien

Reserved

o
(&)
N
w
N
B
o

softrapien
<0>

pickien
<2>

vlineien
<5>

extien
<6>

wien
<7>

wcien
<8>

Reserved

Soft trap interrupt enable. When this field is set to ‘1’, the PCl interrupt is enabled on
the PINTA/ line when th&€ OFTRAP register is written to.

Picking Interrupt Enable. When set to ‘1’, enables interrupts if a picking interrupt
occurs.

Vertical Line Interrupt Enable. When set to ‘1’, an interrupt will be generated when
the vertical line counter equals the vertical line interrupt count.

External Interrupt Enable. When set to ‘1’, an external interrupt will contribute to the
generation of a PCI interrupt on tRENTA/ line.

WARP Interrupt Enable. When set to ‘1’, a WARP interrupt will contribute to the
generation of a PCI interrupt on the PINTA/ line.

WARP Cache interrupt enable. When set to ‘1’ a WARP CACHE miss will contribute
to the generation of a PCI interrupt on the PINTA/ line.

<1><4:3><31:9>

Reserved. When writing to this register, the bits in these fralds be set to ‘0'.
Reading will return ‘0’s.
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Length

LEN
Address MGABASEL + 1C5Ch (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

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

Reserved length

length
<15:0>

Reserved
<31:16>

Length. The length field is a 16-bit unsigned value.

* Thelength field doesnot require initialization for auto-init vectors.
* For a vector drawength is programmed with the number of pixels to be drawn.
* For blits and trapezoid filldength is programmed with the number of lines to be

filled or blitted.
» To load the texture color palettength is programmed with the number of locations

in the LUT to be filled.
Reserved. When writing to this register, the bits in this fialdt be set to ‘0’.
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Memory Access MACCESS
Address MGABASE1 + 1C04h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b
— o ES ©
[Te) g -c?i g - g e g <
Bs2 o g E T 3
205 O o = 0 =
tes x 2 Reserved S Reserved NI 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|5|4|3|2| 1|0
pwidth Pixel width. Specifies the normal pixel width for drawing
<1:0> =
pwidth
Value Mnemonic |Mode
‘00’ PW8 8 bpp
‘01 PW16 16 bpp
10’ PW32 |32 bpp
11 PW24 |24 bpp
zwidth Z depth width. Specifiesthe size of Z values:
<3>
zwidth
Value Mnemonic |Mode
‘o ZW16 |16 bitZ
‘1 ZW32 |32bitz
memreset Resets the RAM. When this bit is set to ‘1’, the memory sequencer will generate a
<15> reset cycle to the RAMs.

& Caution: Refer to Section 4.3.3 on page 4f@#dinstructions on when to use
this field. Thememreset field must always be set to ‘0’ except
under specific conditions which occur during the reset sequence.

fogen Fogging Enable. Fogging can be performed on any 3D operation.
<26>
tlutload Texture LUT load. When this bit is set to ‘1’ during an ILOAD or BITBLT operation,
<29> the destination becomes the texture LUT rather than the frame buffer.
nodither Enable/disable dithering.
<30>

MGA-G200 Specification

* 0: Dithering is performed on unformatted ILOAD, ZI, and | trapezoids.
« 1: Dithering is disabled.
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MACCESS Memory Access

dit555 Dither 5:5:5 mode. This field should normally be set to ‘0’, except for 16 bit/pixel
<31> configurations, when it affects dithering and shading.

* 0: The pixel format is 5:6:5
* 1: The pixel format is 5:5:5

Reserved <2><14:4> <25:16> <28:27>
Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
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Memory Control Wait State

MCTLWTST

Address MGABASE1 + 1C08h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value 1000 0100 1010 0100 1001 1001 0010 0001b
© > © > © © © ©
g 23 23 £33 £ 3 & < g 3 S
T 238 2T g2 & T & E s 3 2
= o 7]
g 2 ¢ 5 &s& 5 & 2 & ¢© o j S
31‘30‘295‘27‘26@24‘23 22| 21|20|19|18| 17|16 15‘14@12‘11‘10@ 8|7 m 5 4 m 2|1]o0
casltncy CAS Latency. Thisfield must be programmed prior to executing the memory power-
<2:0> up sequence. This field must be loaded before initiating a memory test.
casltncy CAS Latency (mclk)
‘000’ 2 cycles
‘0oL’ 3 cycles
‘010’ 4 cycles
‘011 5 cycles
AXX Reserved
rrddelay Minimum RAS to RAS Delay. Thisfield must be loaded before attempting to read or
<5:4> write to the frame buffer.
rrddelay RAS to RAS Delay (mclk)
‘00’ 1 cycle
‘01 2 cycles
10’ 3 cycles
11 Reserved
rcddelay Minimum RASto CAS Delay. Thisfield must be loaded before attempting to read or
<8:7> write to the frame buffer.

MGA-G200 Specification

rcddelay RASto CAS Delay (mclk)
‘00’ 2 cycles
‘or 3 cycles
10’ 4 cycles
11 Reserved
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MCTLWTST

Memory Control Wait State

rasmin RAS Minimum active time. Thisfield must be loaded before initiating a memory
<12:10> reset.
rasmin RAS Minimum (mclk)
‘000’ 3 cycles
‘00’ 4 cycles
‘010’ 5 cycles
‘011 6 cycles
‘100’ 7 cycles
‘101 8 cycles
110’ 9 cycles
111 10 cycles
rpdelay Minimum RAS precharge Delay. Thisfield must be loaded before initiating a memory
<15:14> reset.
rpdelay |Prechargeto Activate Delay (mclk)
‘00’ 2 cycles
‘or 3 cycles
10’ 4 cycles
‘11 5 cycles
wrdelay Minimum Write Recovery Delay. Thisfield must be loaded before attempting to read
<19:18> or write to the frame buffer.
wrdelay |Writeto Precharge Delay (mclk)
‘00’ 1 cycle
‘01’ 2 cycles
X’ Reserved
rddelay Minimum Read to Precharge Delay. Thisfield must be loaded before attempting to
<21> read or write to the frame buffer.
rddelay |Readto Precharge Delay
‘0’ n cycles
‘1 n+ (CL - 2) cycle§"

(@ Where n = the amount of datato be read and CL =
CASlatency (2, 3,4, 5).
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Memory Control Wait State MCTLWTST

smrdelay Minimum Special Mode Register Delay. This field must be loaded before attempting
<24:23> to read or write to the frame buffer.

smrdelay |SMR to Command Delay (mclk)

‘00’ 1 cycle
‘or 2 cycles
X’ Reserved

bwcdelay Minimum Block Write Cycle Delay. Thisfield must be loaded before attempting to
<27:26> read or write to the frame buffer.

bwcdelay |Block Write Cycle Delay (mclk)
‘00’ 1 cycle
‘or 2 cycles
X’ Reserved
bpldelay Minimum Block write to Precharge Delay. Thisfield must be loaded before attempting
<31:29> to read or write to the frame buffer.
bpldelay |Block Writeto Precharge Delay (mclk)
‘000’ 1 cycle
‘001’ 2 cycles
‘010’ 3 cycles
‘011 4 cycles
‘100’ 5 cycles
‘101 6 cycles
11X Reserved

Reserved <3> <6> <9> <13> <17:16> <20> <22> <25> <28>
Reserved. When writing to this register, the bits in these fields must be set to ‘0'.
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MEMRDBK Memory Read Back

Address MGABASEL1 + 1E44h (MEM)
Attributes R/W, FIFO, STATIC, BY TE'WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0001 0000 1000b

Reserved
mrsopcod
Reserved
eserved

strmfctl

Reserved mclkbrdl1 D: mclkbrdO

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

mclkbrdO Memory Clock Base Read Delay 0. This field must be loaded after initiating a
<3:0> memory reset and before attempting any other access to the frame buffer.

Thisfield is used to adjust the delay on the clock/strobe used to register/latch the read-
back data, MDQ(31:0), from the two banks on the base board. The pointer, mclkbrdO,
determines where the delay-line for the read-back clock will be tapped. Each

increment of mclkbrd0O adds approximately 0.2ns to the delay on the read-back clock.

* ‘0000’: minimum delay added
¢ 1111": maximum delay added

®% Note: This field should béNVIS BLE to the user. Software will set the field
using read/write trails (which vary the field).

mclkbrdl Memory Clock Base Read Delay 1. This field must be loaded after initiating a
<8:5> memory reset and before attempting another access to the frame buffer.

This field is used to adjust the delay on the clock/strobe used to register/latch the read-
back data, MDQ(63:31), from the two banks on the base board. The pointer,
mclkbrd1, determines where the delay-line for the read-back clock will be tapped.

Each increment ahclkbrd1 adds approximately 0.2ns to the delay on the read-back
clock.

* ‘0000’: minimum delay added
*1111": maximum delay added

*% Note: This field should béNVIS BLE to the user. Software will set the field
using read/write trails (which vary the field)

strmfctl Streamer Flow Control. This field is used to ensure that CRTC latencies are respected.
<23:22>
strmfctl |description
‘00’ Dp not block access to streamer
pipe.
A maximum of TWO non-
‘o1 CRTC commands can be in the

streamer pipe at any time.
A maximum of ONE non-

‘10’ CRTC commands can be in the
streamer pipe at any time.
‘11’ Reserved
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Memory Read Back MEMRDBK

mrsopcod Mode Register Set command OPCODe. Thisfield must be loaded before initializing a

<28:25> memory reset or attempting to read or write to the frame buffer.
Thisfieldisused tofill inthe4 MSB (MA(10:7)) of the Mode register set command’s
opcode.

This fieldmust be programmed with ‘0000’ during normal operation.

Reserved <4> <21:9> <24> <31:29>
Reserved. When writing to this register, the bits in these fralds be set to ‘0'.
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OPMODE Operating Mode

Address MGABASEL + 1E54h (MEM)
Attributes R/W, STATIC, WORD/DWORD
Reset Value 0000 0000 0000 0100 0000 0000 0000 0000b

N
E § © 2
© < o >
T el S o
= £ £ 8
Reserved © Reserved © Reserved © x
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
dmamod Select the Pseudo-DMA transfer mode.
<3:2>
dmamod<1:0> | DMA Transfer Mode Description

‘00’ DMA General Purpose Write

‘01’ DMA BLIT Write

‘10’ DMA Vector Write

11’ DMA Vertex Write

& Note: Writing to byte 0 of this register will terminate the current DMA
sequence and initialize the machine for the new mode (even if the
value did not change). This effect should be used to break an
incompl ete packet.

dmadatasiz DMAWIN data size. Controls a hardware swapper for Big-Endian processor support
<9:8> during access to the DMAWIN space or to the 8 MByte Pseudo-DMA window.
Normally, dmadatasiz is ‘00’ for any DMA mode except DMA BLIT WRITE.

dmadatasiz | Endian Data Internal Data Written to Register
<1:0> Format Size reg<31:24> reg<23:16> reg<15:8> reg<7.0>
o~ little any
00 - PAD<31:24> PAD<23:16> PAD<15:8> PAD<7:0>
big 8 bpp
‘01 big 16 bpp |PAD<23:16> PAD<31:24> PAD<7:.0> PAD<15:8>
‘10 big 32 bpp |PAD<7:0> PAD<15:8> PAD<23:16> PAD<31:24>
‘11 big Reserved
dirdatasiz Direct frame buffer access data size. Controls a hardware swapper for Big-Endian
<17:16> processor support during access to the full frame buffer aperture or the VGA frame
buffer aperture.
dirdatasiz Endian Data Internal Data Written to Register
<1:0> Format Size mem<31:24>mem<23:16> mem<15:8> mem<7:0p
little any
‘00’ - PAD<31:24> PAD<23:16> PAD<15:8> PAD<7.0>
big 8 bpp
‘o1 big 16 bpp |PAD<23:16> PAD<31:24> PAD<7:0> PAD<15:8>
‘10’ big 32 bpp |PAD<7:0> PAD<15:8> PAD<23:16> PAD<31:24>
11 big Reserved

®% Note: dirdatasiz must be modifiednly when there arao frame buffer
reads pending.
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Operating Mode OPMODE

Reserved <1:0> <7:4><15:10> <31:18>

Reserved. When writing to this register, the bits in these fields must be set to ‘0’.
Reading will return ‘0’s.
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PATO, PAT1 Pattern

Address MGABASE1 + 1C10h MGABASEL + 1C14h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
patregl patreg0
of [ [ [ [[ T[T T[T lefaf [T IITTI]T]]]o
patreg Pattern register. The PAT registers are not physical registers. They simply provide an
<63:0> alternate way to load the SRC registers with a Windows format 8 x 8 pattern.

The following illustration shows how the data written to the PAT registers is mapped
into the frame buffer. The screen representation is shown below:

xoff=0—» 0 1 2 3 4 5 6 7

y off =0 —»0| 7 0
1115 8
2| 23 16
3| 31 patreg(x) 24
41 39 32
5| 47 40
6| 55 48
71 63 56

The pattern-pixel pinning can be changed using the x_off and y_off fields of the
SHIFT register. See the SRCO, SRC1, SRC2, SRC3 register on page 3-153.
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Memory Pitch PITCH

Address
Attributes
Reset Value

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

MGABASEL1 + 1C8Ch (MEM)
WO, FIFO, STATIC, DWORD
unknown

Reserved

ylin

Reserved iy

iy
<12:0>

ylin
<15>

Reserved

The y-increment. Thisfield isa13-bit unsigned value. The y-increment valueis
measured in pixel unit and must be amultiple of 32 (the five LSB = 0). It must be less
than or equal to 4096. Theiy field specifies the increment to be added to or subtracted
from ydst (see YDST on page 3-215) between two destination lines. Theiy field is
also used as the multiplication factor for linearizing the ydst register.

®& Note: Every pitch that is amultiple of 32 (within the range of 32 to 4096
inclusive) is supported for linearization by the hardware.

This register must be loaded with avalue that is a multiple of 32 or 64 dueto a
restriction involving block mode, according to the table below. See ‘Constant Shaded

Trapezoids / Rectangle Fills’ on page 4-&@epage 3-100or additional restrictions
that apply to block modeafype = BLK).

pwidth value
PW8 64
PW16 32
PW24 64
PW32 32

The y-linearization. This bit specifies whether the address must be linearized or not.

* 0: The address is an xy address, so it must be linearized by the hardware
* 1: The address is already linear

<14:13> <31:16>
Reserved. When writing to this register, the bits in these fields$ be set to ‘0’.
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PLNWT Plane Write Mask

Address MGABASE1 + 1C1Ch (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

plnwrmsk

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

plnwrmsk Plane write mask. Plane(s) to be protected during any write operations. The plane
<31:0> write mask is not used for z cycles, or for direct write access (all planes are writtenin
this case).

* 0 = inhibit write

* 1 = permit write

The bits from thepInwrmsk<31:0> register are output on the MDQ<31:0> signal and
also on MDQ<63:32>. In 8 and 16 bit/pixel configurations, all bits in
plnwrmsk<31:0> are used, so the mask information must be replicated on all bytes.

In 24 bits/pixel, the plane masking feature is limited to the case of all three colors
having the same mask. The four byteplofwrmsk must be identical.

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

3-130 Power Graphic Mode Register Descriptions MGA-G200 Specification



Primary DMA Current Address PRIMADDRESS

Address MGABASEL + 1E58h (MEM)
Attributes R/W, DYNAMIC, BY TE/WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

primod

primaddress

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

primod Primary Pseudo-DMA mode. This static field indicates the Pseudo-DMA mode to be
<1:.0> used to transfer data from system memory to the MGA in mastering mode through the
primary DMA channel.

primod |DMA Transfer Mode
‘00’ DMA General Purpose Write
‘01’ |DMA BIit Write
10’ DMA Vector Write
11 DMA Vertex Write

primaddress Primary current address. Thisfield indicates the address to be used to access the
<31:2> primary DMA channel in the system memory when the MGA-G200 is performing bus
mastering.

The start address value of the primary display list must be written to this register
before PRIMEND iswritten to.

The primaddress field isincreased by one every time the MGA-G200 terminates a
read access at primaddress in the system memory.

If, when increased, primaddress becomes equal to primend, the primary channel is
empty. Bus mastering stops, and endprdmasts is set (refer to the STATUS register
description).

Refer to ‘Programming Bus Mastering for DMA Transfers’ on page 4etlmore
details.
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PRIMEND Primary DMA End Address

Address MGABASE1 + 1E5Ch (MEM)
Attributes R/W, STATIC, BY TE/WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

pagpxfer
primnostart

primend

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 ‘ 5 ‘ 4 ‘ 3 ‘ 2] 1

primnostart Primary No Start. Writing the PRIMEND register with this bit set to ‘1’ wilhot restart

<0> the primary DMA Channel while a Softrap Interrupt is pending.
pagpxfer Primary AGP Transfer. When '1', the AGP bus cycle will be used for primary DMA
<1> data transfer, otherwise, the PCI cycle will be used.
primend Primary end address. Theimend field holds the end address + 1 of the primary
<31:2> display list in the system memory, when doing bus mastering.

Writing to this field will start the transfers from the primary DMA channel in the
MGA-G200 (nless primnostart = 0), thereforePRIMEND is thelast register to be
written to (nless primnostart = 0).

Refer to'Programming Bus Mastering for DMA Transfers’ on page 4etImore
details.
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Primary List Status Fetch Pointer PRIMPTR

Address
Attributes
Reset Value

MGABASEL + 1E50h (MEM)

R/W, STATIC, BY TE/'WORD/DWORD
??7°7° 07?70 207 2077?2707 2077?27?77 ?000b

Reserved
primptrenl
primptren0

primptr

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 m 1]o

primptren0O
<0>

primptrenl
<1>

primptr
<31:3>

Reserved
<2>

Primary list status fetch Pointer Enable 0. When set to ‘1’, a gword of status data
information is written to the system memory (using PCI cycle) at the address

corresponding tprimptr every time a Softrap or Secend or Setupend register write
occurs.

Status data information:

« 1% dword: PRIMADDRESS register
« 29 dword:DWGSYNC register

Primary list status fetch Pointer Enable 1. When set to ‘1’, a gword of status data
information is written to the system memory (using PCI cycle) at the address
corresponding tprimptr every time @WGSYNC register write occurs.

Primary list status fetch Pointer. This is the qword address where the status data will
be placed in system memory.

®& Note: This addressust be in a PCl accessible range
Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
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RST

Reset

Address
Attributes
Reset Value

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 |54 |3 |2 |1

MGABASEL + 1E40h (MEM)
R/W, STATIC, BY TE/WORD/DWORD
0000 0000 0000 0000 0000 0000 0000 0000b

Reserved

softextrst
softreset

o

softreset
<0>

softextrst
<1>

Reserved
<31:2>

Soft reset. When set to ‘1’, this resets all bits that allow software resets. This has the
effect of flushing the BFIFO and the direct access read cache, and aborting the current
drawing instruction. A soft reset willot generate invalid memory cycles; memory
contents are preserved. Té@ftreset signal takes place at the end of the PCI write
cycle. The reset bit must be maintained at ‘1’ for a minimum @s1® ensure correct
reset. After that period, a ‘0’ must be programmed to remove the soft reset. This will:

* reset the set-up engine and set-up engine fifo

* terminate any bus mastering or pseudo-dma transfer

* return some register bits to their soft-reset values (see individual registers).

Refer to Section 4.3.3 on page 424 instructions on when to use this field.
o8 WARNING! A soft reset will not re-read the chip strapping.

External Software Reset. When set to ‘1’, this will activate the external reset pin
(EXTRSTN). The external reset will remain active until this bit is reset to ‘0’.

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

Address MGABASE1 + 2C40h (MEM)
Attributes R/W, FIFO, DYNAMIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

secmod

secaddress

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

secmod Secondary Pseudo-DMA mode. This static field indicates the Pseudo-DMA mode to
<1:0> be used to transfer data from system memory to the MGA in mastering mode through
the secondary DMA channel.

secmod |DMA Transfer Mode
‘00’ DMA General Purpose Write
‘01 DMA Blit Write
10’ DMA Vector Write
‘11 DMA Vertex Write

secaddress Secondary DMA Address. Thisfield indicates the address to be used to access the
<31:2> secondary DMA channel in the system memory when the MGA-G200 is performing
bus mastering.

The start address val ue of the secondary DM A channel must be written to this register
before SECEND is written to.

The field secaddress is increased by one every time the MGA-G200 terminates aread
access at secaddress in the system memory.

If, when incremented, secaddress becomes equal to secend, the secondary channel
is empty. Bus mastering then continues, using the primary channel.

The data that is written to the SOFTRAP register will also be loaded into the
secaddress field.

®& Note: It isnot possible to write to this register directly. Write access must
absolutely be performed through mastering mode. That is, a primary
display list must be programmed. Refer to ‘Programming Bus
Mastering for DMA Transfers’ on page 4-fdr more details.
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SECEND Secondary DMA End Address

Address MGABASEL1 + 2C44h (MEM)
Attributes R/W, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

sagpxfer

=
o ! Reserved

secend

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

sagpxfer Secondary AGP Transfer. When '1’, the AGP bus cycle will be used for secondary
<1> DMA datatransfer, otherwise, the PCI cycle will be used.
secend Secondary End address. The secend field holds the end address + 1 of the secondary
<31:2> DMA channel in the system memory, when doing bus mastering.

Writing to thisfield will start the secondary DMA transfers by the MGA-G200 using
bus mastering. The SECEND register must always be written to after
SECADDRESS.

®& Note: It isnot possible to write to this register directly. Write access must
absolutely be performed through mastering mode. That is, a primary
display list must be programmed. Refer to ‘Programming Bus
Mastering for DMA Transfers’ on page 4-fdr more details.

Reserved Reserved. When writing to this register, the bit in this fialgt be set to '0’. Reading
<0> will give ‘O’s.
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Setup DMA Current Address SETUPADDRESS

Address MGABASEL + 2CDOh (MEM)
Attributes R/W, FIFO, DYNAMIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

setupmod

setupaddress

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

setupmod Setup Pseudo-DMA mode. This static field indicates the Pseudo-Dma mode to be
<1:.0> used to transfer data from system memory to the MGA in mastering mode through the
setup DMA channel.

setupmod |Setup DMA Transfer Mode
‘00’ DMA Ve_rtex Fixed Length
Setup List
‘or Reserved
10’ Reserved
‘11 Reserved
setup Setup DMA Address. Thisfield indicates the addresses to be used to access the setup
address DMA channel in system memory when the MGA-G200 is performing bus mastering.

3Lz The start address value of the setup DMA channel must be written to this register

before setupend iswritten to.

The setupaddress increases by one every time the MGA-G200 terminates a read
access at setupaddress in the system memory.

If, after being incremented, setupaddress becomes equal to setupend, the setup
channel is empty. When the last setup DMA generated by the current setup list is
complete, bus mastering continues using the primary channel.

®& Note: It isnot possible to write to this register directly. Write access must
absolutely be performed through mastering mode. That is, a primary
display list must be programmed. Refer to ‘Programming Bus
Mastering for DMA Transfers’ on page 4-idr more details.
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SETUPEND Setup DMA End Address
Address MGABASE1 + 2CD4h (MEM)
Attributes R/W, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

setupagpxfer

setupend

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

[
o ! Reserved

setupagpxfer
<1>

setupend
<31:2>

Reserved
<0>

Setup AGP transfer. When '1’, the AGP bus cycle will be used for setup DMA data
transfer, otherwise, the PCI cycle will be used.

Setup End address. The setupend field holds the end address + 1 of the setup DMA
channel in the system memory, when bus mastering.

Writing to this field will start the setup DMA transfer by the MGA-G200 using bus
mastering. The SETUPEND register must always be written to after
SETUPADDRESS.

®& Note: It is not possible to write to this register directly. Write access must
absolutely be performed through mastering mode. That is, a primary
display list must be programmed. Refer to ‘Programming Bus
Mastering for DMA Transfers’ on page 4-fidr more details.

Reserved. When writing to this register, the bit in this fieldt be set to ‘0’. Reading
will give ‘O’s.
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Sign SGN

Address MGABASE1 + 1C58h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value 0?7?27 2727?7° 2?77 27?7?7? 27?7?72 2?2?20 2?2?77 ???7b
© ©
= 9] ) =
c = 2 > ©
£ ® o . O e
2 x 3 X 8 _g = ]
o Reserved S @ o oaa
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
=
©
>
©
()
sdydxl| Sign of deltay minus deltax. Thisbit is shared with scanleft. It is defined for LINE
<0> drawing only and specifies the major axis. This bit is automatically initialized during
AUTOLINE operations.
* 0: major axisisy
* 1: major axis is x
scanleft Horizontal scan direction left (1) vs. right (0). This bit is shared adiydx| and
<0> affects TRAPs and BLITscanleft is set according to the x scanning direction in a
BLIT.

Normally, this bit is always programmed to zero except for BITBLT wdiemod =
BFCOL (seeDWGCTL on page 3-99)For TRAP drawing, this bit must be set to ‘0’
(scan right).

sdxl Sign of delta x (line draw or left trapezoid edge). $Hel field specifies the x

<1> direction for a line drawojpcod = LINE) or the x direction when plotting the left
edge in a filled trapezoid draw. This bit is automatically initialized during AUTOLINE
operations.

* 0: delta x is positive
* 1: delta x is negative

sdy Sign of delta y. Thedy field specifies the y direction of the destination address. This
<2> bit is automatically initialized during AUTOLINE operations. This bit should be
programmed to zero for TRAP.

* 0: deltay is positive
* 1: deltay is negative
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SGN

Sign

sdxr
<5>

brkleft
<8>

errorinit
<31>

Sign of deltax (right trapezoid edge). The sdxr field specifies the x direction of the
right edge of afilled trapezoid.

* 0: delta x is positive
* 1: delta x is negative

Broken left. For trapezoid with subpixel positioning, the start value of the bottom-trap
must be adjusted due to the change of the left slope.

* 0: No pixel adjustment
* 1: Adjust the left edge with the new FXLEFT value

This bit is used wheapcod = AUTOLINE_OPEN or AUTOLINE_CLOSE. It
specifies the content of AR1 at the end of the initialization sequence.

* 0: AR1 holds 2x’b’-‘a’- sdy
* 1: AR1 holds 2x’b’-’a’-MGAQuadrantError

where MGAQuadrantError takes the following values:

"1"- Indicates the quadrants
in which the error term

should be biased.
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Sign SGN

The MGA's convention for numbering the quadrants is as follows, where
‘sdydxl_Major_X' =1, ‘sdxl_SUB’ = 2, ‘sdy_SUB’ = 4

then:

(110) 6

(101) 5
(001) 1

(010) 2

MGAQuadrantError (sdydx1 + (sdx1 << 1) + (sdy <<2)) ={1,1,0,1,1,0,0,0 }

Reserved <4:3> <7:6> <30:9>
Reserved. When writing to this register, the bits in these fralds be set to ‘0'.
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SHIFT

Funnel Shifter Control

Address MGABASE1 + 1C50h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved stylelen Reserved funcnt
e ! ! |
5150 29] 20 21 26 25 24 23] 22 21 20 19] 0 7] 15 1] 53] 2 15 10 01 5 17 6 | 5] 4] 3] 2] ]
| | | | | | | | |
Reserved funoff Reserved y_off x_off
x_off Pattern x offset. Thisfield is used for TRAP operations without depth, to specify the x
<3:0> offset in the pattern. This offset must be in the range 0-7 (bit 3 is always ‘0’).
This field will be modified during Blit operations.
funcnt Funnel count value. This field is used to drive the funnel shifter bit selection.
<6:0>
 For LINE operations, this is a countdown register. For 3D vectors, this field must be
initialized to ‘0’
This field will be modified during Blit operations.
y_off Pattern y offset. This field is used for TRAP operations without depth, to specify the y
<6:4> offset in the pattern.
This field will be modified during Blit operations.
funoff Funnel shifter offset. For Blit operations, this field is used to specify a bit offset in the
<21:16> funnel shifter count. In this casenoff is interpreted as a 6-bit signed value.
stylelen Line style length. For LINE operations, this field specifies the linestyle length. It
<22:16> indicates a location in thH@RC registers (sepage 3-158 so its value is the number of
bits in the complete pattern minus one. For 3D vectors, this field must be initialized to
‘0.
Reserved <15:7> <31:23/22>
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Soft Trap Handle SOFTRAP

Address MGABASEL1 + 2C48h (MEM)

Attributes R/W, FIFO, DYNAMIC, DWORD

Reset Value unknown
©
(O]
z
(]
[%)]
(&)

softraphand 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 ‘ 5 ‘ 4‘ 3 ‘ 210

softraphand Soft trap handle. When thisfield is written, a soft trap interrupt is generated, and the
<31:2> primary DMA channel is stopped (the softrapen and endprdmasts fields of
STATUS are set to ‘1’). To restart the primary DMA chanf®@RIMEND must be
written.

SOFTRAP can be written by either the primary or secondary DMA channel. If part of
the secondary channel, both the primary and the secondary channel will stop.

Data written to theoftraphand field is actually loaded into theecaddress field of
SECADDRESS (which is temporarily borrowed for use by this function). This same
mechanism could be used by software to transfer information to the interrupt handler.

®& Note: It is not possible to write to this register directly. Write access must
absolutely be performed through mastering mode. That is, a primary
display listmust be programmed. Refer to'Programming Bus
Mastering for DMA Transfers’ on page 4-idr more details.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<1:.0> Reading will return ‘0’s.
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SPECBSTART Specular Lighting Blue Start

Address MGABASE1 + 2C98h (MEM)
Attributes R/W, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved spechstart
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
specbstart Specular Lighting Blue Start value. This field holds a signed 9.15 value in two’s
<23:0> complement notation.

For TEXTURE_TRAP primitives, thEPECBSTART register must be initialized
with the starting specular light value for the blue component.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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Specular Lighting Blue X Inc SPECBXINC

Address MGABASE1 + 2C9Ch (MEM)
Attributes R/W, FIFO, STATIC, DWORD
Reset Value unknown
Reserved spechxinc

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

specbxinc Specular Lighting Blue X Increment value. This field holds asigned 9.15 valuein
<23:0> two’s complement notation.

For TEXTURE_TRAP primitives, th8PECBXINC register holds the blue increment
value along the x-axis.

Reserved Reserved. When writing to this register, the bits in this fireldt be set to ‘0.
<31:24>
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SPECBYINC Specular Lighting Blue Y Inc

Address MGABASE1 + 2CAGOh (MEM)
Attributes R/W, FIFO, STATIC, DWORD
Reset Value unknown
Reserved spechyinc

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
specbyinc Specular Lighting Blue Y Increment value. This field holds asigned 9.15 valuein

<23:0> two’s complement notation.

For TEXTURE_TRAP primitives, th8PECBYINC register holds the blue increment
value along the y-axis.

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

3-146  Power Graphic Mode Register Descriptions MGA-G200 Specification



Specular Lighting Green Start SPECGSTART

Address MGABASE1 + 2C8Ch (MEM)
Attributes R/W, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved specgstart
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
specgstart Specular Lighting Green Start value. This field holds a signed 9.15 value in two’s
<23:0> complement notation.

For TEXTURE_TRAP primitives, thEPECGSTART register must be initialized
with the starting specular light value for the green component.

Reserved Reserved. When writing to this register, the bits in this fireldt be set to ‘0.
<31:24>
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SPECGXINC Specular Lighting Green X Inc

Address MGABASE1 + 2C90h (MEM)
Attributes R/W, FIFO, STATIC, DWORD
Reset Value unknown
Reserved specgxinc

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

specgxinc Specular Lighting Green X Increment value. Thisfield holds asigned 9.15 valuein
<23:0> two’s complement notation.

For TEXTURE_TRAP primitives, thEPECGXINC register holds the green
increment value along the x-axis.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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Specular Lighting Green Y Inc SPECGYINC

Address MGABASE1 + 2C94h (MEM)
Attributes R/W, FIFO, STATIC, DWORD
Reset Value unknown
Reserved specgyinc

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
specgyinc Specular Lighting Green Y Increment value. Thisfield holds asigned 9.15 valuein

<23:0> two’'s complement notation.

For TEXTURE_TRAP primitives, thEPECGYINC register holds the green
increment value along the y-axis.

Reserved Reserved. When writing to this register, the bits in this freldt be set to ‘0.
<31:24>
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SPECRSTART Specular Lighting Red Start

Address MGABASE1 + 2C80h (MEM)
Attributes R/W, FIFO, DYNAMIC, DWORD
Reset Value unknown
Reserved specrstart

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

specrstart Specular Lighting Red Start value. This field holds a signed 9.15 value in two’s
<23:0> complement notation.

For TEXTURE_TRAP primitives, thEPECRSTART register must be initialized
with the starting specular light value for the red component.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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Specular Lighting Red X Inc SPECRXINC

Address MGABASE1 + 2C84h (MEM)
Attributes R/W, FIFO, STATIC, DWORD
Reset Value unknown
Reserved specrxinc

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

specrxinc Specular Lighting Red X Increment value. Thisfield holds asigned 9.15 valuein
<23:0> two’s complement notation.

For TEXTURE_TRAP primitives, thEPECRXINC register holds the red increment
value along the x-axis.

Reserved Reserved. When writing to this register, the bits in this fireldt be set to ‘0.
<31:24>
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SPECRYINC Specular Lighting Red Y Inc

Address MGABASE1 + 2C88h (MEM)
Attributes R/W, FIFO, STATIC, DWORD
Reset Value unknown
Reserved specryinc

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
specryinc Specular Lighting Red X Increment value. Thisfield holds asigned 9.15 valuein

<23:0> two’s complement notation.

For TEXTURE_TRAP primitives, thPECRYINC register holds the red increment
value along the y-axis.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31:24>
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Source SRCO, SRC1, SRC2, SRC3

Address MGABASEL1 + 1C30h, + 1C34h, + 1C38h, + 1C3Ch (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
srcreg3 srcreg2 srcregl srcreg0
e [ [ [ [ [ Jsefos] | [ [ [ [ [sales[ [ [ [ [ [ Jeels| [ [ [[][o
srcreg Source register. The source register is used as source data for all drawing operations.
<127:0>

For LINE with the RPL or RSTR attribute, the source register is used to store the line
style. The funcnt field of the SHIFT register points to the selected source register bit
being used as the linestyle for the current pixel. Refer to Section 4.5.4.3 on page 4-33
for more details.

For TRAP with the RPL or RSTR attribute, the source register isused to storean 8 x 8
pattern (the odd bytes of the SRC registers must be a copy of the even bytes). Refer to
Section 4.5.5.3 on page 4-41 for more details.

For al BLIT operations, and for TRAP or LINE using depth mode, the source register
isused internally for intermediate data.

A write to the PAT registers (see page 3-128) will load the SRC registers.
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SRCORG Source Origin

Address MGABASE1 + 2CB4h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

Reserved
srcacc
srcmap

srcorg

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 H

N
[EnY
o

srcmap Source Map. A memory space indicator, this field indicates the map location.

<0>
* 0: the source surface is in the frame buffer memory.

* 1: the source surface is in the system memory.

srcacc Source Access type. This field specifies the mode used to access the map.

<1>
¢ 0: PCI access.

*1: AGP access.

®% Note: This field isnot considered if the source resides in the frame buffer

space.
srcorg Source Origin. This field provides an offset value for the position of the first pixel for
<31:3> a source surface. Tlsecorg field is used during BitBlit operations. Tkecorg field

corresponds to a qword address in memory.
& Note: srcorg [4:3] must always be loaded with ‘00’.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0'.
<2>
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Status STATUS
Address MGABASEL1 + 1E14h (MEM)
Attributes R/W, DYNAMIC, BY TE'WORD/DWORD
Reset Value 0000 0000 0000 0010 0000 0000 0700 0000b
2
@ n
c 2 -
%] 0 T <
.5 2 . -8588%g5¢%2
n 5 O o c 0 gL2ag
>S5 2 e =S S B =
2 c = o =00nL 0 o
swflag Reserved 2 0T Reserved =S 20> >>a o

31|30(29(28|27|26(25(24|23|22|2120|19|18|17|16|15|14|13|12|11|10| 9 |8 | 7

(o)}
&
N
w
N
B
o

softrapen
RO <0>

pickpen
RO <2>

vsyncsts
RO <3>

vsyncpen
RO <4>

vlinepen
RO <5>

extpen
RO <6>

wpen
RO <7>

wcpen
RO <8>

dwgengsts
RO <16>

Soft trap interrupt pending. When set to ‘1’, this field indicates that the MGA-G200
has stopped reading through the primary channel.

This field is set to ‘1’ when thBOFTRAP register is written. This field is cleared
through thesoftrapiclr field (seed CLEAR onpage 3-11pbor upon soft or hard reset.

Pick interrupt pending. When set to ‘1’, indicates that a pick interrupt has occurred.

This bit is cleared through thpackiclr bit (seelCLEAR on page 3-1169r upon soft
or hard reset.

VSYNC status. Set to ‘1’ during the VSYNC period. This bit follows the VSYNC
signal.

VSYNC interrupt pending. When set to ‘1’, indicates that a VSYNC interrupt has
occurred. (This bit is a copy of tleetcintCRT field of theINSTSO VGA register).

This bit is cleared through tiventclr bit of CRTC11 or upon hard reset.

Vertical line interrupt pending. When set to ‘1’, indicates that the vertical line counter
has reached the value of the vertical interrupt line c@ed.theCRTC18 register on
page 3-265This bit is cleared through thiwineiclr bit (seelCLEAR on page 3-116)

or upon soft or hard reset.

External interrupt pending. When set to ‘1’, indicates that the external interrupt line is
driven. This bit is cleared by conforming to the interrupt clear protocol of the external
device that drive thEXTINT/ line. After a hard reset, the state of this bit is unknown
(as indicated by the question mark in the ‘Reset Value’ above), as it depends on the
state of theeXTINT/ pin during the hard reset.

WARP interrupt Pending. When set to ‘1’, indicates that a WARP interrupt has
occurred. This bit is cleared through thielr bit (seel CLEAR) or upon soft or hard
reset.

WARP Cache interrupt Pending. When set to ‘1’, indicates that a WARP cache
interrupt has occurred. This bit is cleared throughntbielr bit (seelCLEAR) or
upon soft or hard reset.

Drawing engine status. Set to ‘1’ when the drawing engine is busy. A busy condition
will be maintained during any of these conditions:

* bfifo is not empty

 warpfifo isnot empty

* the drawing engine is still processing and sending commands
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STATUS Status

» the memory has not completed the last memory access (from the drawing
engine).

» The AGP chipset has not completed the last memory access (from the draw-
ing engine).

endprdmasts  End of primary DMA channel status. When set to ‘1’, this bit indicates that the
RO <17> MGA-G200 has completed its DMA transfepgifnaddress = primend and
secaddress =secend andsetupaddress =setupend), or when a soft trap
interrupt occurs. Restarting the primary DMA by accesBIRGMEND will reset
endprdmasts to ‘0'.

& Note: Refer to'Programming Bus Mastering for DMA Transfers’ on page 4-
11 for more details.

wbusy WARP Busy. When set to ‘1’, indicates that the WARRasidle; it may be
RO <18> RUNnNing, WAITing, STALLed or loading microcode (cachemiss).
swflag Software Flag. These bits have no effect on the chip.
R/W <31:28>

Reserved <1><15:9> <27:19>
Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
Reading will return ‘0’s.

®% Note: A sample and hold circuit has been added to provide a correct, non-
changing value during the full PCI read cycle (the status values are
sampled at the start of the PCI access).
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TestO TESTO

Address MGABASEL + 1E48h (MEM)
Attributes R/W, DYNAMIC, WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

(7]

_ @ ﬁ 0

[%))] o ()]
= = c s 3 e gS 8¢S
o O (O] O = OV @ n = o c
o c = o S EC oy 0T Q
25 S >G5 58Sy cc w0

o o N T TN IR £ e Lz
g2 2 228958 CSEE
o= ringent = tclksel tmode € s = xXx o 3528 388
31|30 29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18 17 16‘15‘14 13‘12‘11 10/9ls|7]6]5]alz|2]1]0
ramtsten Memory self Test Enable (valid when tmode = ‘010’)

<0> .
* 0: Disable memory self test

* 1: Enable memory self test

ramtstdone Memory self Test Done
RO

<1> + 0: The memory self test ot finished yet

» 1: The memory self test is done

wramtstpass  WARP Ram self Test Pass. This field is composed of the PASS output of the ram

RO macro of the WARP engine.

<2>
* 0: Test failed

* 1: Test passed

tcachetst Texture Cache ram self Test Pass. This field is composed of the PASS output of the
pass ram macro of the texture cache.
RO
<3> * 0: Test failed

* 1: Test passed

tluttstpass Texture LUT self Test Pass. This field is composed of the PASS output of the ram

RO macro of the texture LUT.

<4>
* 0: Test failed

 1: Test passed

luttstpass LUT self Test Pass. This field is composed of the PASS output of the ram macro of the
RO RAMDAC LUT.
<5>

* 0: Test failed
* 1: Test passed

besramtst Back End Scaler Ram self Test Pass. This field is composed of the PASS output of the
pass ram macro of the backend scaler.
RO
<6> * 0: Test failed

* 1: Test passed
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TESTO TestO
ringen Ring oscillator enable (valid when tmode = ‘001")
<8>
* 0: Disable the ring oscillator
* 1: Enable the ring oscillator
apllbyp AGP PLL bypass mode
<9>
* 0: The AGP PLL isnot bypassed. The output of the PLL is used as the agp 2x clock.
*1: The AGP PLL is bypassed MPCLK (VDCLK is used as the agp 2x clock).
hiten Hit Enable. Cache hit signal
RO
<10>
tmode Extra Test Mode. This field is used to reconfigure the pins to access internal signals
<13:11> for test purposes.
*‘000’: Normal mode
*‘001": Observe mode
*‘'010’: Memory self-test mode
* (others): Reserved
tclksel Test Clock Select (valid whamode = ‘001"). This field selects which clock to
<16:14> output on DCC_0 when in observe motla¢de = ‘001’)
* 000: pixpll
* 001: pixpll / 4
* 010: syspll
*011: syspll / 4
* 100: agppll
*101: agppll / 4
*110: rsrv
*111: rsrv
ringcnten Ring Oscillator Counter Enable.
<17>
* O0: disables the ring counter
* 1: enables the ring counter
ringent Ring Count (value in the ring counter). Number of cycles of the ring oscillator while
RO dynamic pixclk goes through 2048 cycles.
<29:18>
ringcntclksl Ring Count Clock Select. Select the clock to use for frequency measurement.
<30>
* 0: use the ring oscillator
* 1: use the PCI clock
biosboot Bios Boot. Indicates the size of the serial eeprom, if present
RO
<31> * O0: indicates either the absence of a serial eeprom, or the presence of a 128 Byte
(up to 512 Bytes) serial eeprom on board.
* 1: indicates the presence of a 32KB or 64KB serial eeprom containing the BIOS.
Reserved <7> <30>
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TestO TESTO

‘O’'s when read.
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TEXBORDERCOL Texture Border Color

Attributes MGABASE1 + 2C5Ch (MEM)
Reset Value WO, FIFO, STATIC, DWORD
Reset Value unknown

texbordercol

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

texbordercol Texture Border Color. The texture’s border color in 32-bit ARGB format.
<31:0>
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Texture Map Control TEXCTL

Address MGABASE1 + 2C30h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
2
[} > 0 o)
= O +~ (]
©322%.3585 ¢ =
Qe s C >®W 2 = o S
s8coEEelgosd g 2
ERECCSSS RS tpitchext S palsel tformat
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
<
5]
g
tformat Texel Format. Specifies the texture’s texel format.
<3:0>
tformat
Value Mnemonic Mode Format
‘0000 TW4 4 bits/texel (Goes through the LUT)
‘0001 TW8 8 bits/texel (Goes through the LUT)
‘0010’ TW15 1:5:5:5 (A:R:G:B)
‘0011’ TW16 5:6:5 (R:G:B)
‘0100’ TW12 4:4:4:4 (A:R:G:B)
‘0110’ TW32 8:8:8:8 (A:R:G:B)
‘1010’ TW422 4:2:2 (VYUY)
palsel Palette Select. This field selects which of the 16 palettes to use for TWA4.
<7:4>
tpitchlin Texture Pitch Linear. Indicates whether or not the value irgtiheh / tpitchext field
<8> is programmed with its linear value.
* 0: bit <18:16> of registeFTEXCTL are used to set the pitch
pitch = 8 <<TEXCTL (18:16)
* 1: bit <19:9> of registeTEXCTL are used to set the pitch
pitch =TEXCTL (19:9)
tpitchext Texture Pitch. If thepitchlin bit is set to ‘1", thepitchext field is programmed with
<19:9> the pitch of the texture which can vary from 1 to 2048 where a value of ‘0O’ represents

a pitch of 2048.
& Note: If tformat is set to TW422pitchext must be a multiple of 8.

®& Note: In repeat mode (clampu or clampv = t@itchext must be
programmed with a power of 2 value.

®& Note: When using a linear pitch with mip-mappinpitchext must be
programmed with a multiple of 16 - 1 value.
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TEXCTL Texture Map Control

& Note: texture pitch must be greater or equal than the texture width

(twmask + 1)
tpitch When the tpitchlin bit is set to ‘0’, thepitch is set according to the table below:
<18:16> -
Pitch tpitch
8 ‘000’
16 ‘001’
32 ‘010’
64 ‘011’
128 ‘100’
256 ‘101’
512 ‘110’
1024 111
=& Note: texture pitch must be greater or equal than the texture width
(twmask + 1)
owalpha Over-Write Alpha. When this bit is set to ‘1’, color keying can overwrite the alpha
<22> from the texture.
azeroextend Alpha Zero Extend. Widen the alpha mask and key (tamask and takey) up to the actual
<23> texel alpha component size.
* 0: Replicate the tamask and takey
*1: Zero extend
decalckey Decal with color key. This bit indicates whether texel color keying or texel alpha
<24> keying will control the decal feature.

* 0: Alpha keying controls the decal feature. The surface transparency feature is
available (sestrans, below), based on alpha keying. Color keying is used to
prevent frame buffer updates for transparent texels (independsmaos).

* 1: Alpha keying must be disabled. Color keying controls the decal feature (it does
not automatically prevent frame buffer updates for transparent texels). The surface
transparency feature is available (seans), based on color keying.

takey Texture alpha key. This field indicates which polarity is defined as transparent.
<25>
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Texture Map Control

TEXCTL

tamask
<26>

clampv
<27>

clampu
<28>

tmodulate
<29>

strans
<30>

itrans
<31>

MGA-G200 Specification

Texture aphamask. Thisfield enables alpha transparency. To disable transparency
(that is, to make the texture opaque), set takey to ‘1’ andtamask to ‘0’

& Note: Texture alpha-keying is possible onlywidth<1:0> = TW15

Clamp mode enable for V. This bit specifies if the texture is clamped or repeated over
the surface.

* 0: repeat
*1: clamp

Clamp mode enable for U. This bit specifies if the texture is clamped or repeated over
the surface.

* 0: repeat
* 1: clamp

Texture modulate enable. This bit enables the multiplication of the texture with the

I ALU on a color-by-color basis. When modulation is disabled, decal mode is used.
The decal function selects between the texel and the surface color (I ALU), based on
thedecalckey field and the transparency information from the texture (the ‘ctransp’
and ‘atransp’ values - s@eans).

Surface transparency enable. When ‘1, this bit enables control of the frame buffer
update on a per-pixel basis. Only opaque pixels are updated itsdres = 0).
Transparency is determined by either alpha keying or color keying, according to the
setting of thedecalckey field.

Invert transparency enable. When ‘1’, the transparency decision is inverted to allow
two-pass algorithms whestrans is active.

Only the following field value combinations are allowed (all others are reserved):

tmodulate | strans | itrans | decalckey | ctransp | atransp |Pixel Result

{0} {0} ‘0 ‘o ‘0’ ‘0 texel

‘o ‘0 ‘0 ‘o ‘0’ ‘1 I

{0} ‘o {0} ‘o ‘1 X Not written
{0} ‘o ‘0 ‘1 ‘0’ ‘0 texel

{0} ‘o ‘0 ‘1 ‘1 ‘0 I

{0} ‘1 ‘0 ‘o ‘0’ ‘0 texel

‘o ‘1 ‘0 ‘o ‘0’ ‘1 Nt written
{0} ‘1 {0} ‘o ‘1 X Not written
{0} ‘1 ‘0 ‘1 ‘0’ ‘0 texel

{0} ‘1 ‘0 ‘1 ‘1 ‘0 Not written
‘0 ‘1 ‘1 ‘o’ ‘0’ ‘0 Nt written
‘o ‘1 ‘1 ‘o ‘0’ ‘1 I
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TEXCTL Texture Map Control
tmodulate | strans | itrans | decalckey | ctransp | atransp |Pixel Result
‘o ‘1 ‘7 ‘0 ‘1 X Not written
‘o’ ‘1 ‘7 ‘1 ‘o ‘o Not written
‘0’ ‘r 1 ‘1 ‘1 ‘0’ I
lll 501 IOI (01 EO’ ‘0! texel * I
‘1 ‘o’ ‘0 {0} ‘1 ‘o Not written
lll ll! IOI (01 EO’ ‘0! texel * I
‘1 1 ‘0 {0} ‘o ‘1 Not written
‘1 ‘r o {0} ‘1 X Not written
lll ll! IOI (11 EO’ ‘0! texel * I
‘1 oy ‘0 ‘1 ‘1 ‘o Not written
In the preceding table, ‘ctransp’ indicates the color keying result as defined by:
if ( texel & tkmask == tckey )
ctransp =1
el se
ctransp = 0
In the preceding table, ‘atransp’ indicates the alpha keying result as defined by:
al pha = texel <15>
if ( alpha & tamask == takey )
atransp = 1
el se
atransp = 0
Thetkmask andtckey fields are located in tiEEXTRANS register.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0'.
<21:20>
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Texture Map Control 2 TEXCTL2

Address
Attributes
Reset Value

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

MGABASE1 + 2C3Ch (MEM)
WO, FIFO, STATIC, DWORD
0000 0000 0000 0000 0000 0000 0000 0000b

idecal
decalblend

specen
o || borderen

& || ckstransdis
ElReserved
N || decaldis

—

o

Reserved

decalblend
<0>

idecal
<]1>

decaldis
<2>

ckstransdis
<4>

borderen
<5>

specen
<6>

Reserved
<31:7>

True Decal Enable. When enabled, with the decal function selected (tmodulate = ‘0’),
true decal will perform a blend between the texture (texel) and the surface RGB ALU.

Invert Decal information.

Decal Disable.

* 0: decal is made between the texture and the surface color (RGB ALU).
* 1: the texel is always chosen.

Color Key Surface Transparency Disabled. Disables surface transparency from color
keying.

Border Enable. The constant border cotexbordercol) is used instead of
duplicating the texel.

Specular Lighting Enable. Specular lighting can be performed on any 3D operation.

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

Texture Filtering

Address
Attributes
Reset Value

mapnb

MGABASE1 + 2C58h (MEM)
WO, FIFO, STATIC, DWORD
0000 0000 0000 0000 0000 0000 0000 0000b

filteralpha
avgstride

fthres Reserved magfilter  minfilter

31‘30‘29 28‘27‘26‘25‘24‘23‘22‘21 2

19]18]17[16]15]14|13]12|11]10| 0 | 8 7‘6‘5‘4 3‘2‘1‘0

o

minfilter
<3:0>

magfilter
<7:4>

avgstride
<19>

filteralpha
<20>

Minify Filtering Mode. If the texture is minified (based on the comparison between
the stride and thdthres’ value) the filter mode is selected by thénfilter value.

minfilter mnemonic | filter mode

‘0000’ NRST Nearest

‘0001 RSVD

‘0010’ BILIN Bi-linear

‘0011’ CNST Constant Bi-linear (0.25)
‘0100’ RSVD

‘0101 RSVD

‘0110’ RSVD

‘0111 RSVD

‘1000’ MM1S 1 sample mip-mapping
‘1001’ MM2S 2 sample mip-mapping
1010’ MM4S 4 sample mip-mapping
‘1011 RSVD (5 sample)
‘1100’ MM8S 8 sample mip-mapping

Magnify Filtering Mode. If the texture is magnified (based on the comparison between
the stride and thdthres’ value) the filter mode is selected by thagfilter value.

magfilter mnemonic | filter mode

‘0000’ NRST Nearest

‘0001 RSVD

‘0010’ BILIN Bi-linear

‘0011’ CNST Constant Bi-linear (0.25)
‘0100’ RSVD

‘0101 RSVD

‘0110’ RSVD

‘0111 RSVD

Average Stride. Takes the average between the x and y strides instead of the
maximum.

Apply filtering on the alpha (texture alpha).
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Texture Filtering TEXFILTER

fthres Filter Threshold. The fthres field must be programmed with the square value of the
<28:21> step wanted as the threshold between minify and magnify. If the actual step in the
textureis bigger than fthres, the engine will be minifying the texture and will apply the
minfilter on the texture. Otherwise, the magfilter will be used.

®& Note: Thisfield holds an unsigned 4.4 value.

mapnb Map Number. Specifies how many maps are used for mip-mapping. Thevalid rangeis
<31:29> Oto 4.

Reserved Reserved. When writing to this register, the bits in thisfield must be set to ‘0.
<18:8>
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TEXHEIGHT Texture Height

Address MGABASE1 + 2C2Ch (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
© © o
(&) (&) (&)
2 2 >
(] (] (]
[%)] [%)] (%]
(O] (O] O]
o thmask o rfh 14 th
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 1413 12|11 |10 9 | 8| 7| 6| 5| 4[ 3| 2] 1] 0
th Represents log2 of the texture height combined with an adjustment factor. Thisfield
<5:0> holds a 6-bit signed value in two’s complement notation, set as follows:
th = log2(texture height) +(4 - t_fractional_bits + q_fractional_bits)
Typically, th = log2(texture height) + (4 - 20 + 16).
rfh Height round-up factor. This factor is used to improve the generated image quality by
<14:9> assuring coherence in texel choice. This field holds a 6-bit signed value in two’s
complement notation, usually set to 8 - log2 (texture height) - (g_fractional_bits - 16).
thmask Height Mask. Determines the usable height of the texture (the select on which texel
<28:18> the repeat or clamping will be performed). This field holds a 11 bit unsigned value,

usually set to (texture height) -1.

& Note: The repeat modelampv = 0) will work properly ifthmask is set to
a value that is a power of two minus one.

®% Note: The minimum texture height supported (including maps in mip-
mapping) is 8thmask must be >= 7.

Reserved <8:6><17:15> <31:29>
Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
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Texture Origin TEXORG

Address MGABASE1 + 2C24h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Q.
gl Q ©
D (&)
8 ==
texorg o L2
3130|209 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
texorgmap Memory Space indicator. Thisfield indicates the map location.
<0>
* 0: texture is in FB
* 1: texture is in system memory
texorgacc Access Type. This field specifies the mode used to access the map.
<1>
* 0: PCI access
* 1. AGP access
*& Note: If the texture resides in the frame buffer space, this fiehdtis
considered.
texorg Origin of map 0. Theexorg field provides an offset value (the base address), to the
<31:5> position the first texel in the texture.
Thetexorg field corresponds to a 256-bit aligned address in memory. This register
must be set so that there is no overlap with either the frame buffer or the Z-depth
buffer.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<4:.2>
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TEXORG1 Texture Origin 1

Address MGABASE1 + 2CA4h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
texorgl 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] 0
texorgl Origin of map 1. The texorgl field provides an offset value (the base address), to the
<31:5> position the first texel in the texture.

Thetexorgl field corresponds to a 256-bit aligned address in memory. This register
must be set so that there is no overlap with either the frame buffer or the Z-depth
buffer.

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<4:0>

& Note: Fieldstexorgmap andtexorgacc, in theTEXORG register, apply to
TEXORGL1 (seepage 3-169or more information).
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Texture Origin 2 TEXORG2

Address MGABASEL1 + 2CA8h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
texorg2 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] 0
texorg2 Origin of map 2. Thetexorg2 field provides an offset value (the base address), to the
<31:5> position the first texel in the texture.

Thetexorg?2 field corresponds to a 256-bit aligned address in memory. This register
must be set so that there is no overlap with either the frame buffer or the Z-depth
buffer.

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0.
<4:0>

& Note: Fieldstexorgmap andtexorgacc, in theTEXORG register, apply to
TEXORG2 (seepage 3-169or more information).
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TEXORG3 Texture Origin 3

Address MGABASEL1 + 2CACh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
texorg3 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] 0
texorg3 Origin of map 3. The texorg3 field provides an offset value (the base address), to the
<31:5> position the first texel in the texture.

Thetexorg3 field corresponds to a 256-bit aligned address in memory. This register
must be set so that there is no overlap with either the frame buffer or the Z-depth
buffer.

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<4:0>

& Note: Fieldstexorgmap andtexorgacc, in theTEXORG register, apply to
TEXORGS3 (seepage 3-169or more information).
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Texture Origin 4 TEXORG4

Address MGABASE1 + 2CBOh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
texorg4 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] 0
texorg4 Origin of map 4. The texorg4 field provides an offset value (the base address), to the
<31:5> position the first texel in the texture.

Thetexorg4 field corresponds to a 256-bit aligned address in memory. This register
must be set so that there is no overlap with either the frame buffer or the Z-depth
buffer.

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0.
<4:0>

& Note: Fieldstexorgmap andtexorgacc, in theTEXORG register, apply to
TEXORG4 (seepage 3-169or more information).
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TEXTRANS Texture Transparency
Address MGABASEL1 + 2C34h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

tkmask

tckey

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

tckey Texture transparency color key. Thisfield holds the 16-bit unsigned value of the color
<15:0> that is defined as the ‘transparent’ color. Planes that@resed must be set to ‘0’.
tkmask Texture color keying mask. This field enables texture transparency comparison on a
<31:16> planar basis (‘0’ indicates mask). The mask setting must be basedtandtievalue,
so that unused bits are masked as shown in the table below:

twidth 15 tkmask 0

TW4 000000000000 MmMaAask

TW8 00000000 -- mask - -

TW12 - - - - --mask-=------

TW15 - -=----mask------

TW16 - - - - --mask-=------

TW32 - -=----mask------

TW422 - - - - --mask-=------

To disable transparency (that is, to make the texture opaquekegtto FFFFh and

tkmask to 0000h.
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Texture Transparency HIGH

TEXTRANSHIGH

Address MGABASE1 + 2C38h (MEM)

Attributes WO, FIFO, STATIC, DWORD

Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

tkmaskh

tckeyh

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19] 18|17 16

1514/13]12|11]10| 9 [ 8| 7| 6|5 [4[3|2[1]0

tckeyh Texture Color Key High. High portion (16 MSB) of the color key.

<15:0>

tkmaskh Texture Key Masking High. High portion (16 MSB) of the keying mask.

<31:16>
tformat 31 tkmaskh 16
TW4 0O000O0OOOOOOOOOOOOO
TW8 0O0O0OOOOOOOOOOOOOO
TW12 0O00OO0OOOOOOOOOOOOOO
TW15 0O00O0O0OOOOOOOOOOODOO
TW16 0O00OO0OOOOOOOOOOOOOO
TW32 - -----mask-=----- -
TW422 - - - - --mask-=------
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TEXWIDTH Texture Width

Address MGABASE1 + 2C28h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
© © ©
(O] (O] (]
z z -
(] (] (]
[%)] [%)] n
(&) (&) &)
o twmask o rfw 14 tw
31/30|29| 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
tw Represents log2 of the texture width, combined with an adjustment factor. This field
<5:0> holds a 6-bit signed value in two’s complement notation, set as follows:
tw = log2(texture width) + (4 - s_fractional_bits + q_fractional_bits)
Typically, tw = log2(texture width) + (4 - 20 + 16).
rfw Width round-up factor. This factor is used to improve the generated image quality by
<14:9> assuring coherence in texel choice. This field holds a 6-bit signed value in two’s
complement notation, usually set to 8 - log2 (texture width) - (g_fractional_bits - 16).
twmask Width Mask. Determining the usable width of the texture (select the texel that the
<28:18> repeat or clamping will be performed on). This field holds an 11-bit unsigned value

usually set to: (texture width) - 1.

& Note: The repeat modelampu = 0) will work properlyonly if thetwmask
is set to a value that is a power of two minus one.

®% Note: The minimum texture width supported (including maps in mip-
mapping) is 8twmask must be >= 7.

Reserved <8:6><17:15> <31:29>
Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
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Texture Mapping ALU O

TMRO
Address MGABASE1 + 2C00h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
tmrO

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

tmr0 Texture mapping ALU register 0. This field holds a signed 12.20 value in two’s
<31:0> complement notation.

For texture mapping, thEMRO register holds the s/wc-increment value along the x-
axis.
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TMR1 Texture Mapping ALU 1

Address MGABASE1 + 2C04h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

tmrl

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

tmrl Texture mapping ALU register 1. This field holds a signed 12.20 value in two’s
<31:0> complement notation.

For texture mapping, thEMR1 register holds the s/wc-increment value along the y-
axis.
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Texture Mapping ALU 2

TMR2
Address MGABASE1 + 2C08h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
tmr2

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

tmr2 Texture mapping ALU register 2. This field holds a signed 12.20 value in two’s
<31:0> complement notation.

For texture mapping, thEMR2 register holds the t/wc-increment value along the x-
axis.
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TMRS3 Texture Mapping ALU 3

Address MGABASE1 + 2C0Ch (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

tmr3

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

tmr3 Texture mapping ALU register 3. This field holds a signed 12.20 value in two’s
<31:0> complement notation.

For texture mapping, thEMR3 register holds the t/wc-increment value along the y-
axis.
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Texture Mapping ALU 4

TMR4
Address MGABASE1 + 2C10h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
tmr4

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

tmr4 Texture mapping ALU register 4. This field holds a signed 16.16 value in two’s
<31:0> complement notation.

For texture mapping, thEMR4 register holds the g/wc-increment value along the x-
axis.
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TMR5 Texture Mapping ALU 5

Address MGABASEL1 + 2C14h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown

tmr5

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

tmr5 Texture mapping ALU register 5. This field holds a signed 16.16 value in two’s
<31:0> complement notation.

For texture mapping, thEMR5 register holds the g/wc-increment value along the y-
axis.
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Texture Mapping ALU 6

TMR6
Address MGABASEL1 + 2C18h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
tmr6

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

tmr6 Texture mapping ALU register 6. This field holds a signed 12.20 value in two’s
<31:0> complement notation.

For texture mapping, thEMRG6 register is used to scan the left edge of the trapezoid
for the s/wc parameter. This register must be initialized with the starting s/wc-value.
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TMR7 Texture Mapping ALU 7

Address MGABASE1 + 2C1Ch (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown

tmr7

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

tmr7 Texture mapping ALU register 7. This field holds a signed 12.20 value in two’s
<31:0> complement notation.

For texture mapping, thHEMR7 register is used to scan the left edge of the trapezoid
for the t/wc parameter. This register must be initialized with the starting t/wc-value.
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Texture Mapping ALU 8 TMR8

Address MGABASE1 + 2C20h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown

tmr8

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

tmr8 Texture mapping ALU register 8. This field holds a signed 16.16 value in two’s
<31:0> complement notation.

For texture mapping, thEMRS8 register is used to scan the left edge of the trapezoid
for the g/wc parameter. This register must be initialized with the starting g/wc-value.

®& Note: Cases where g/wc is less than or equal to 0 will be processed as
exceptions. Software should ensure that g remains positive to avoid an
overflow.
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VBIADDRO VBI Address Window O

Address MGABASEL + 3E08h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value unknown
Reserved vbiaddrO

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

vbiaddrO VBI Data Start Address Window 0. Start address in bytes in the frame buffer of VBI

<23:0> data for Window 0. This field must be loaded with amultiple of 512 (the 9 LSBs=
‘0.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to 0.
<31:24>
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VBI Address Window 1 VBIADDR1

Address MGABASEL + 3EOCh (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value unknown
Reserved vbiaddrl

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

vbiaddrl VBI Data Start Address Window 1. Start address in bytes in the frame buffer of VBI

<23:0> datafor Window 1. This field must be loaded with a multiple of 512 (the 9 LSBs =
‘0").
Reserved Reserved. Writing to this field has effect.
<31:24>
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VCOUNT Vertical Count

Address MGABASE1 + 1E20h (MEM)
Attributes RO, WORD/DWORD, DYNAMIC
Reset Value unknown
Reserved vcount
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
vcount Vertical counter value. Writing has no effect. Reading will give the current vertical
<11:0> count value.

& Note: Thisregister must be read using aword or dword access, because the
value might change between two byte accesses. A sample and hold
circuit will ensure a stable value for the duration of one PCI read

access.
Reserved Reserved. When writing to this register, the bitsin this field must be set to ‘0.
<31:12> Reading will return ‘0’s.
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Video Interrupt Clear VICLEAR

Address MGABASEL + 3E34h (MEM)
Attributes WO, BY TE/'WORD/DWORD, STATIC
Reset Value unknown

dcmpeoiiclr
cmdcmpliclr
vinvsynciclr

blvliclr

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

vinvsynciclr Video Input Vsync Interrupt Clear. When writing a ‘1’ to this bit, the input vsync

[ERY
o

<0> interrupt pending flag is cleared.
cmdcmpliclr Command Complete Interrupt Clear. When writing a ‘1’ to this bit, the command
<1> complete interrupt pending flag is cleared.
blvliclr Buffer Level Interrupt Clear. When writing a ‘1’ to this bit, the buffer level interrupt
<2> pending flag is cleared.
dcmpeoiiclr Codec decompression end of image interrupt clear. When writing a ‘1’ to this bit, the
<3> end of image interrupt pending flag is cleared.
Reserved Reserved. Writing to this field has effect.
<31:4>
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VIEN Video Interrupt Enable

Address MGABASEL + 3E38h (MEM)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value XXXX XXXX XXXX XXXX XXXX XXXX XXXX 0000b

dcmpeoiien
cmdcmplien
vinvsyncien

blvlien

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 |54 |3 |2

vinvsyncien Video Input Vsync Interrupt Enable. When set to ‘1’, an interrupt will be generated

[EnY
o

<0> when the input video interrupt occurs.
cmdcmplien Codec Command Complete Interrupt Enable. When set to ‘1’, an interrupt will be
<1> generated when the command execution is complete.
blvlien Buffer Level Interrupt Enable. When set to ‘1’ an interrupt will be generated when the
<2> Codec Interface Read pointer for decompression (write pointer for compression) has

reached the value set in tG®DECHOSTPTR register.

dcmpeoiien Codec Decompression End Of Image Interrupt Enable. When set to a ‘1’, an interrupt
<3> will be generated when the Codec Interface is performing decompression and the end
of image marker is detected in the stream.

Reserved Reserved. Writing to this field hae effect.
<31:4>
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Video Input Address Window 0 VINADDRO

Address MGABASEL + 3E10h (MEM)
Attributes WO, BY TE/'WORD/DWORD, STATIC
Reset Value unknown
Reserved vinaddrO
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
vinaddrO Video write start Address for window 0. Start address in frame buffer of window
<23:0> 0.(byte boundary). Thisfield must be loaded with a multiple of 8 (the 3 LSBs =‘0).
Reserved Reserved. Writing to this field has effect.
<31:24>
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VINADDR1 Video Input Address Window 1

Address MGABASEL + 3E14h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value unknown
Reserved vinaddrl
3130|209 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
vinaddrl Video write start Address for window 1. Start address in frame buffer of window
<23:0> 0.(byte boundary). Thisfield must be loaded with a multiple of 8 (the 3 LSBs =‘0’).
Reserved Reserved. Writing to this field hae effect.
<31:24>
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Video Input Control VINCTL
Address MGABASEL + 3E1Ch (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0001 0000 0001 1010 1011 0000 0000b
C c
g g
= (7] [
g £ 2
Reserved o Reserved S vbiflcnt vbifOcnt Reserved B

31(30| 29| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19| 18] 17| 16 15‘14‘13‘12 11‘10‘9‘8 7le6|5|al3|2|1]0

vinen
<0>

vbifOcnt
<11:8>

vbiflcnt
<15:12>

vbitasken
<16>

rpvaliden
<24>

Reserved

MGA-G200 Specification

Video In Enable. When this bit is '0’ the video-in macro is disabled, the video input
registers, status fields, and interrupt enableseset

* 0: reset/disable
 1: enable video-in macro

VBI Field 0 Count. This field is used to initialize a counter with the number of VBI
lines available in field 0 (ODD field) of a video frame.

®& Note: This field is set to 11 (NTSC: Optional VBI for odd field) during a
hard reset.

‘0000’ minimum = 0 lines
*‘1111’: maximum = 15 lines

VBI Field 1 Count. This field is used to initialize a counter with the number of VBI
lines available in field 1 (EVEN field) of a video frame.

®& Note: This field is set to 10 (NTSC: Optional VBI for even field) during a
hard reset.

‘0000’ minimum = 0 lines
*‘1111": maximum = 15 lines

VBI range Task bit Enable. Enables the task bit of SAV/EAV codes to be used to
determine which lines of the Vertical Blanking Interval contain valid VBI data.

* 0: IGNORE task bit and capture ALL data in VBI range in the manner programmed
by theVINCTLO: vbicap0 andVINCTL1: vbicap1l fields
* 1: enable VBI data detection using task bit (Task B)

RP byte Validation Enable. Enables validation of the RP byte of the SAV/EAV codes.

* 0: Do not check RP byte for valid hamming code. Process all tasks, fields, vertical
and horizontal blanking bits in the RP byte of an SAV/EAV when encountered.
* 1: Check RP byte for valid hamming code.

<31:25><23:17><7:1>
Reserved. When writing to this register, the bits in these fralgs be set to ‘0’.
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VINCTLO

Video Input Control Window 0

Address
Attributes
Reset Value

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

MGABASEL + 3E00h (MEM)
WO, BY TE'WORD/DWORD, STATIC
0000 0000 0000 0000 0000 0000 0000 0000b

vbicap0
vincapO

Reserved vinpitchO

N
[EnY
o

vincapO
<0>

vbicapO
<2:1>

vinpitchO
<11:3>

Reserved

Video Input Capture for window O.

« 0: disable
*1: enable

VBI Capture for window 0. Enables and defines the type of VBI data to be captured
for window O.

*‘00’: no VBI captured
«‘01: raw VBI captured
*'10": Reserved

*‘11’: sliced VBI captured

Video Input Pitch for window OvinpitchO field is mod 4. The incoming video is in
YCbCr 4:2:2 which results in 4 pixels stored in every gword memory location. The

actual line pitch izinpitchO * 4. This allows up to 2048 pixels whempitch0 =
‘000000000'.

<31:12>
Reserved. When writing to this register, the bits in this feldt be set to ‘0’.
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VINCTL1

Video Input Control Window 1
Address MGABASE1 + 3E04h (MEM)
Attributes WO, BY TE/'WORD/DWORD, STATIC

Reset Value 0000 0000 0000 0000 0000 0000 0000 000O0b

vbicapl
vincapl

Reserved vinpitchl
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
vincapl Video Input Capture for window 1.
<0> )
« 0: disable
* 1: enable
vbicapl VBI Capture for window 1. Enables and defines the type of VBI data to be captured
<2:1> for window 1.

*‘00": no VBI capture
*‘01: raw VBI captured
*'10": Reserved

‘11" sliced VBI captured

vinpitchl Video Input Pitch for window 1. Thenpitch1 field is mod 4. The incoming video is
<11:3> in YCbCr 4:2:2 which results in 4 pixels stored in every gword memory location. The
actual line pitch ivinpitch1*4. This allows up to 2048 pixels when vinpitchl=

'000000000’
Reserved <31:12>

Reserved. When writing to this register, the bits in this it be set to ‘0.
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VINNEXTWIN Video Input Next Window

Address MGABASEL + 3E18h (MEM)
Attributes WO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 O0OOO 0000 000O0b

j=
2
X
c 3
£ X
> o
O C
5 £
Reserved T >
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
vinnextwin Video Input Next active Window trigger.
<0> .
* 0: grab window 0 next
* 1: grab window 1 next
autovin Automatic Next active Window trigger. Enables the video-in macro to continuously
nextwin switch between window 0 and window 1. Since writing tovimmnextwin generates
<1> the initial trigger, thevinnextwin field must be written at the same time or after
writing to this field.
 0: manual window trigger wherinnextwin is written to.
* 1: windows are continuously grabbed, automatically alternating between window 0
and window 1, starting with the window programmediimnextwin.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<31l:2>
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Video Status

VSTATUS

Address
Attributes
Reset Value

31|130(29(28|27|26|25(24|23|22|21|20|19|18|17|16(15|14|13|12|11

MGABASEL + 3E30h (MEM)
RO, BY TEFWORD/DWORD, DYNAMIC

0000 0000 0000 0000 0000 0000 0000 000O0b

codec_stalled
slcvbicapd
rawvbicapd
vincapd
vinfielddetd
dcmpeoipen
blvipen
cmdcmplpen
vnivsyncpen

Reserved Reserved

8|7|6|5|4|3|2

=
o
©
[EEN
o

vinvsyncpen
<0>

cmdcmplpen
<1>

blvipen
<2>

dcmpeoipen
<3>

vinfielddetd
<8>

vincapd
<9>

rawvbicapd
<10>

slcvbicapd
<11>

MGA-G200 Specification

Video Input Vsync interrupt Pending. When set to ‘1’, indicates that a video input
vsync interrupt has occurred. When this interrupt occurs the type of field and the data
that was captured is set in fieMsfielddetd, vincapd, rawvbicapd and

slcvbicapd.

This bit is cleared through thenvsynciclr bit (seeVICLEAR on page 3-189r
upon a video in soft or a hard reset.

Command Complete interrupt Pending. When set to ‘1’, this bit indicates that the
codec interface has completed command execution

Buffer Level Interrupt Pending. When set to ‘1’, this bit indicates that Codec Interface
read pointer for decompression (write pointer for compression) has reached the value
set in theCODECHOSTPTR register.

Codec Decompression End Of Image Interrupt Pending. When set to a ‘1’, the Codec
Interface has detected an end of image marker in the decompression stream.

Video Input Field Detected. Indicates the previous field type.

* 0: odd field
» 1: even field

Video Input Captured. When set to ‘1’, indicates that active video was captured. This
field is updated at the beginning of each vsync.

This bit is cleared through thenvsynciclr bit (seeVICLEAR on page 3-189r
upon a video in soft or a hard reset.

Raw VBI Captured. When set to ‘1’, indicates that raw VBI was captured. This field is
updated at the beginning of each vsync.

This bit is cleared through thenvsynciclr bit (seeVICLEAR on page 3-189r
upon a video in soft or a hard reset.

Slice VBI Captured. When set to ‘1’, indicates that sliced VBI was captured. This
field is updated at the beginning of each vsync.

This bit is cleared through tlvenvsynciclr bit (seeVICLEAR on page 3-189r
upon a video in soft or a hard reset.
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VSTATUS Video Status

codec Codec Stalled. Data transfer is suspended when we set the codectransen bit (within
_stalled the CODECCTL register) to ‘0. The Codec Interface will then assert the
<12> codec_stalled after it has finished transferring data into its 32 byte fifo. The

codec_stalled bit isonly valid and operational when performing data transfers
(compression or decompression) amdiectransen is set to ‘0’.

Reserved <7:4><31:13>
Reserved. When writing to this register, the bits in these frelds$ be set to ‘0’.
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WARP Microcode Address

WCODEADDR
Address MGABASE1 + 1E6Ch (MEM)
Attributes RO, DYNAMIC, DWORD
Reset Value unknown
wcodeaddr 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 7l6l5]al3]|2]1]0

wcodeaddr Warp microcode Address. Specifies the address where the microcode can be found.

<31:8> Thefield wcodeaddr is 256 byte-aligned address. See ‘Cache Operation’ on page 6-
16.

Reserved Reserved. Reading will return ‘0’.
<7:0>
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WFLAG WARP Flags

Address MGABASEL + 1DC4h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

wprgflag walucfgflag walustsflag

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

walustsflag WARP ALUs Status Flags.

<7:0>
bit flag |description
<0> C Carry
<1> Y Overflow
<2> Z Zero
<3> N Negative
<4> X Extended Flag
<5> F Current Flag
<6> — Reserved
<7> — Reserved
walucfgflag WARP ALUs Configuration Flags.
<15:8> - —
bit flag |description
<8> L Left edge sign
<9> R Right edge sign
<10> S Saturate Integer
<11> U Enable culling
<12> T Swap edge
<13> M GetMSB without ‘nnnnn’ subtract
<14> H Double dword result
<15> — Reserved
wprgflag WARP Program Available Flags. These flags are available to the program. They are
<31:16> specified as flag (F16), ... , flag (F31).

Bits 31 to 24 ar@accumulated. (See ‘Pipeline Operation’ on page §-6.
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WARP Flags (Non-Blocking) WFLAGNB

Address MGABASEL + 1E64h (MEM)
Attributes R/W, DYNAMIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

The WFLAGNB register is an alternate way to load the WFLAG register, bypassing
the BFIFO. (See WFLAG for field descriptions.)

& Note: The WARP flags are not stable when the WARP engine is running.
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WGETMSB WARP GetMSB Value

Address MGABASE1 + 1DC8h (MEM)

Attributes WO, FIFO, STATIC, DWORD

Reset Value unknown
©
()
s
(]
3

Reserved wGetMSBmax @ wGetMSBmin

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

wGetMSBmin GetMSB minimum value
<4:0>

wGetMSB GetM SB maximum value
max

<12:8>

®& Note: These values are used by the GETM SB instruction to restrict the range
of the results. Refer to the GETMSB instruction for more information.

Reserved <31:13> <7:5>
Reserved. When writing to this register, the bitsin these fields must be set to ‘0’.
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WARP Instruction Address WIADDR

Address MGABASEL + 1DCOh (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

wagp
wmode

wiaddr

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

wmode WARP Mode of operation.
<1:0>

wmode |Operation
‘00’ Suspend
‘or Resume
10’ Jump
11 Start

» Suspend:

In this mode, all execution in the WARP is stopped. Writing tontizeldr
andwagp field is ignored.
* Resume:
In this mode the microcode is allowed to resume from where it was
STOPped (suspended or STOP (instruction)). Writing tavilaedr and
wagp field is ignored. This modmust be sebnly when the engine is idle.
* Jump:
In this mode, the microcode starts executing from whereithedr field
specifies it. A reset isot performed in the engine; the softwanast be
aware of the current state of the engine (pending store back) and must check
thewbusy bit. This modanust be sebnly when the engine is idle.
* Start:
This mode operates like Jump mobet, it resets the engine.

wagp Specifies what host cycle should be used to load the microcode from the system
<2> memory when mastering is enabled (9édISC).

wagp cycle
‘0’ PCI
e AGP
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WIADDR WARP Instruction Address

wiaddr WARP Instruction Address.
<31:3>

* Bits 31 to 3 represent the current address of the microcode to be fetched.
» The WARP engine can only modify bits 17 to 3.

* When caching is disabled, bit 31 to 11 must be set to ‘0’ (the microcode must reside
within the 2 kbyte instruction memory).

®& Note: The microcode has to be aligned on a 256 byte boundary.
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WARP Instruct. Add. (Non-Blocking) WIADDRNB

Address MGABASEL + 1E60h (MEM)
Attributes R/W, DYNAMIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

The WIADDRNB register is simply an alternate means of |oading the WIADDR
register, bypassing the BFIFO. (See WIADDR for the field descriptions).

& Note: Bits 2 to 0 are write only, reading will give ‘0’.

& Note: The WARP Instruction Address registeniat stable when the WARP
engine is running.
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WIMEMADDR WARP Instruction Memory Address

Address MGABASE1 + 1E68h (MEM)
Attributes WO, STATIC, DWORD
Reset Value unknown
Reserved wimemaddr

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

wimemaddr WARRP Instruction Memory Address. This register is used to address the Instruction
<7:0> Memory to load the microcode. This register isincremented every 2 writesto the
WIMEMDATA space. When this address increments beyond the last Instruction
Memory location, it will wrap around to location 0. Writing to this register will reset

the modulo 2 counter to 0. Reading to the WIMEMDATA space will not increment
WIMEMADDR

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:8>

*& Note: The WARP enginenust be idle before writing to this register.
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WARP Instruction Memory Data WIMEMDATA

Address MGABASE1 + 2000h to MGABASE1 + 207Fh
Attributes R/W, STATIC, DWORD
Reset Value unknown

wimemdata

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

wimemdata WARRP Instruction Memory Data. Thisrange is used to load data in the WARP
<31:0> Instruction Memory. Since the Instruction Memory is 64 bits wide, two accesses are
required to this range in order to write one complete location. The addressin the
WARRP Instruction Memory to be written is determined by the value in the
WIMEMADDR register. When wucodecache = ‘0’ there isno caching.

To read one complete Instruction memory location (64 WHY)EMADDR must be
written with the location to be read. This data can then be read at MGABASE1+2000h
for DWO, and at MGABASE1+2004h for DW1.

®% Note: Thewmaster field in theWMISC register must be set ‘0’ when
writing to this rangeNIGABASE1 + 2000h toVilGABASEL1 +
207Fh).
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WMISC WARP Miscellaneous

Address MGABASEL1 + 1E70 (MEM)
Attributes R/W, DWORD, STATIC
Reset Value 2?77 2?7?7° 27727 2072° 27?77 27?7272 2?72?27 0700b
(]
e e
3 &
T 25 0
c 2 n °
QO o0 g ©
 un o
O o £ S
Reserved =2 x == =2

31|30(29(28|27|26|25(24|23|22|21|20|19|18|17|16(15|14|13|12|11|10| 98| 7|6 |54 |3 |2 |1

wucode WARP microcode Caching Enable. When set to ‘1’, microcode caching is enabled. It
cache is not necessary to load the microcode viaWI®EMDATA space before starting the
<0> WARP engine; the caching system will fetch the microcode when needed. When at

‘0’, caching of the microcode witiot be performed; the entire microcode must be
loaded into the Instruction Memory via tidMEMDATA space before starting the

engine.
wmaster When at ‘1, this bit indicates that microcode loading will be done through bus
<1> mastering; when at ‘0’, microcode loading will be handled by interrupt. ‘(Sedhe

Operation’ on page 6-)6This bit is only used whenucodecache = ‘1".

wcacheflush WARP microcode Cache Flush. When this bit is set to ‘1’ the WARP cache tags are
<3> reset: the contents of the Instruction memory are invalidated. Reading will give ‘0’s.

Reserved <31:4> <2>
Reserved. When writing to this register, the bits in this feldt be set to ‘0’.
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WARP Register WR

Address MGABASEL1 + 2D00h (MEM) (WRO0)

MGABASE1 + 2DFCh (MEM) (WR63)
Attributes WO, DB, DYNAMIC, DWORD, FIFO
Reset Value unknown

wr

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

These are the 64 multi-purpose WARP registers (WRO0, WR1, ...WR63). They can represent an IEEE
single precision floating point number, a fixed point 32-bit integer, two 16-bit words or four bytes. Itis up
to the software to define what to put in these registers and how the microcode will interpret them.
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WVRTXSZ WARP Vertex Size

Address MGABASEL1 + 1DCCh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value ???7? ?77?7° ?77?7? ?27?7?7? 2?2777 2?27?77 2?7?11 1111b
Reserved WVItxsz
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
WVItxsz WARP Vertex Size. Thisisthe number of registers (minus one) to be written
<5:0> sequentially in the WR register before switching to the next bank. Thisinformation is

used to align the vertices in the register bank boundaries and is only used by the
ACCEPT command. When WVRTXSZ + 1 registers have been transferred to the WR
register, the pointer will jump to the beginning of the next bank.

Thisfield is also used by the Setup DMA Channel to determine the dword length of
each DMA vertex fixed length setup list entry (setupmod = ‘00).

Reserved Reserved. When writing to this register, the bits in this frldt be set to ‘0.
<31:6>
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X Destination Address XDST

Address MGABASE1 + 1CBOh (MEM)

Attributes WO, FIFO, DYNAMIC, DWORD

Reset Value unknown

Reserved xdst
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
xdst The x-coordinate of destination address. The xdst field contains the running x-
<15:0> coordinate of the destination address. It is a 16-bit signed value in two’s complement
notation.

* Before starting a vector drastlst must be loaded with the x-coordinate of the
starting point of the vector. At the end of a vectaist contains the address of the
last pixel of the vector. This can also be done by accessidMBERT register.

* This register doesot require initialization for polyline operations.

* For BLITs, this register is automatically loaded fréxeft (seeFXLEFT on page 3-
114)andfxright (seeFXRIGHT on page 3-115)and no initial value must be loaded.

* For trapezoids with depth, this register is automatically loaded fixtaft. For
trapezoids without deptlidst will be loaded with the larger ékleft orcxleft, and
an initial value musmot be loaded. (SeEXLEFT onpage 3-79

Reserved Reserved. When writing to this register, the bits in this fireldt be set to ‘0.
<31:16>
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XYEND XY End Address

Address MGABASE1 + 1C44h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
y_end x_end

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

The XYEND register isnot a physical register. It is simply an alternate way to load
registers ARO and AR2.

The XYEND register is only used for AUTOLINE drawing.
When XYEND is written, the following registers are affected:

* x_end<15:0> - ar0<17:0> (sign extended)
*y end<15:0> - ar2<17:0> (sign extended)

x_end Thex_end field contains the x-coordinate of the end point of the vector. It is a 16-bit
<15:0> signed value in two’s complement notation.

y_end They_end field contains the y-coordinate of the end point of the vector. It is a 16-bit
<31:16> signed value in two’s complement notation.
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XY Start Address XYSTRT

Address MGABASE1 + 1C40h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
y_start X_start

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

The XYSTRT register isnot aphysical register. It is simply an alternate way to load
registers AR5, AR6, XDST, and YDST.

The XYSTRT register isonly used for LINE and AUTOLINE. XYSTRT does not
need to be initialized for polylines because all the registers affected by XYSTRT are
updated to the endpoint of the vector at the end of the AUTOLINE.

When XYSTRT is written, the following registers are affected:

e X_start<15:0> - xdst<15:0>

* x_start<15:0> -, ar5<17:0> (sign extended)

ey start<15:0> -, ydst<22:0> (sign extended), O sellin
oy _start<15:0> - ar6<17:0> (sign extended)

X_start Thex_start field contains the x-coordinate of the starting point of the vector. Itis a
<15:0> 16-bit signed value in two’s complement notation.

y_start They_start field contains the y-coordinate of the starting point of the vector. This
<31:16> coordinate is always xy (this means that, in order to usgYI8a RT register, the

linearizer must be used). It is a 16-bit signed value in two’s complement notation.
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YBOT Clipper Y Bottom Boundary

Address MGABASE1 + 1C9Ch (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved cybot
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
cybot Clipper y bottom boundary. The cybot field contains an unsigned 24-bit value which
<23:0> isinterpreted as a positive pixel address and compared with the current ydst (see

YDST on page 3-215). The value of theydst field must be less than or equal to cybot
to be inside the drawing window.

This register must be programmed with alinearized line number:
cybot = (bottom line number) x PITCH + YDSTORG
The YBOT register must be loaded with a multiple of 32 (the five LSBs=0).

®& Note: Clipping can be disabled by the clipdis bit in DWGCTL without
changing cybot.

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0’.
<31:24>
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Y Address YDST

Address MGABASE1 + 1C90h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value unknown
sellin Reserved ydst
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
ydst They destination. The ydst field contains the current y-coordinate (in pixels) of the
<22:0> destination address as a signed value in two’s complement notation. Two formats are

supported: linear format and xy format. The current format is selectgkinbfsee
PITCH on page 3-129)

When xy format is used(in=0), ydst represents the y-coordinate of the address. The
valid range is -32768 to +32767 (16-bit signed). The xy value is always converted to a
linear value before being used.

When linear format is usegl{n=1), ydst must be programmed as follows:
ydst = (y-coordinate) *PITCH >> 5

The y-coordinate range is from -32768 to +32767 (16-bit signed) and the pitch range
is from 32 to 4096. Pitch is also a multiple of 32.

* Before starting a vector draywlst must be loaded with the y-coordinate of the
starting point of the vector. This can be done by accessiMB&RT register. This
register doesot require initialization for polyline operations.

* Before starting a BLITydst must be loaded with the y-coordinate of the starting
corner of the destination rectangle.

* For trapezoids, this register must be loaded with the y-coordinate of the first scanned
line of the trapezoid.

* To load the texture color paletigdst must be loaded with the position in the color
palette (0 to 255) at which the texture color palette will begin loading.

& Note: Whenylin = 0 (even when the y-coordinate range is 16-bit signed), the
sign must be extended until bit 22.

sellin Selected line. Theellin field is used to perform the dithering, patterning, and
<31:29> transparency functions. During linearization, this field is loaded with the three LSBs
of ydst (y-coordinate). If no linearization occurs, then those bits must be initialized
correctly if one of the above-mentioned functions is to be used.

Reserved Reserved. When writing to this register, the bits in this fieldt be set to ‘0’.
<28:23>
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YDSTLEN Y Destination and Length

Address MGABASE1 + 1C88h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
yval length

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

The YDSTLEN register isnot a physical register. It is simply an alternate way to load
the YDST and LEN registers.

length Length. See the LEN register on page 3-118.
<15:0>
yval They destination value. See the YDST register on page 3-215. The yval field can be
<31:16> used to load the YDST register in xy format. In this case the valid range -32768 to

+32767 (16-hit signed) for YDST is respected.
ydst<22:0> <= sign extension (yval<31:16>)

For the linear format, yval does not contain enough bits, so YDST must be used
directly.
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Memory Origin YDSTORG

Address MGABASE1 + 1C94h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved ydstorg
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
ydstorg Destination y origin. The ydstorg field is a 24-bit unsigned value. It gives an offset
<23:0> valuein pixel units, used to position the first pixel of thefirst line of the intensity

buffer. Thisregister isused to initialize the YDST address.

Thisregister must be loaded with avalue that isamultiple of 32 or 64 according to the
table below, due to arestriction involving block mode. See ‘Constant Shaded
Trapezoids / Rectangle Fills’ on page 4-8@epage 3-100or additional restrictions
that apply to block modeafype = BLK).

pwidth value:

PW8 64

PW16 32

PW24 64

PW32 32

®& Note: It is recommended to useDSTORG or SRCORG in place of
YDSTORG.
Reserved Reserved. When writing to this register, the bits in this freldt be set to ‘0.

<31:24>
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YTOP Clipper Y Top Boundary

Address MGABASE1 + 1C98h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value unknown
Reserved cytop
31/30|29| 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
cytop Clipper y top boundary. The cytop field contains an unsigned 24-bit value which is
<23:0> interpreted as a positive pixel address and compared with the current ydst (see YDST

on page 3-215). The value of the ydst field must be greater than or equal to cytop to
be inside the drawing window.

This register must be programmed with alinearized line number:
cytop = (top line number) x PITCH + YDSTORG
This register must be loaded with amultiple of 32 (the five LSBs = 0).

& Note: Clipping can be disabled by the clipdis bit in DWGCTL without
changing cytop.

Reserved Reserved. When writing to this register, the bitsin thisfield must be set to ‘0'.
<31:24>
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Z-Depth Origin ZORG

Address
Attributes
Reset Value

MGABASEL + 1COCh (MEM)
WO, FIFO, STATIC, DWORD

unknown
9 &
c £
(@) N e)]
S S
o O
N N

zorg

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

o

zorgmap
<0>

zZorgacc

<1>

zorg
<31:2>

Z-depth Origin Map. This field indicates the map location.

* 0: depth buffer is in the frame buffer
* 1: depth buffer is in the system memory

Z-depth Origin Access type. This field specifies the mode used to access the map.

¢ 0: PCI access
*1: AGP access

®& Note: This field isnot considered if, the depth buffer resides in the frame
buffer space.

Z-depth origin. Theorg field is a 30-bit unsigned value used as an offset from the
Intensity buffer to position the first Z value of the depth buffer.

Thezorg field is a dword address in memory. This register must be set so that there is
no overlap with the Intensity buffer.

This field must be loaded with a multiple of 128 (the seven LSBs = 0).

Equation zwidth
zorg = (Z depth origin - ydstorg * 2) >> 2 0
zorg = (Z depth origin - ydstorg * 4) >> 2 1

MGA-G200 Specification Power Graphic Mode Register Descriptions  3-219



3-220 Power Graphic Mode Register Descriptions MGA-G200 Specification



3.2 VGA Mode Register Descriptions

3.2.1 VGA Mode Register Descriptions

The MGA-G200 VGA Mode register descriptions contain a (single-underlined) main header which

indicates the register’'s name and mnemonic. Below the main header, the memory address or index,
attributes, and reset value are indicated. Next, an illustration of the register identifies the bit fields, which
are then described in detail below the illustration. Reserved bit fields are identified by black underscore
bars; all other fields display alternating white and gray bars.

Sample VGA Mode Register Description SAMPLE_VGA
Address <value> (1/0), <value> (MEM)
Attributes R/W, BYTE/WORD, STATIC \
Reset Value <value> Main header
Underscore bar
field field field Reserved /

7‘6‘543‘210

Address

This address is an offset from the Power Graphic mode base memory address. The memory addresses ¢
be read, write, color, or monochrome, as indicated.

Index

The index is an offset from the starting address of the register group.

Attributes
The VGA 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.

* STATIC: The contents of the register will not change during an operation.

* DYNAMIC: The contents of the register might change during an operation.
Reset Value

m 000? 0000b (b = binary,? = unknown, N/A = not applicable)
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ATTR Attribute Controller

Address R/W at port 03COh (1/0), MGABASE1 + 1FCOh (MEM) VGA
R at port 03C1h (1/0), MGABASEL1 + 1FC1h (MEM) VGA
Attributes BYTE, STATIC

Reset Value nnnn nnnn 0000 000O0b

attrd Reserved pas attrx
15 14312 unfw] o] s8] 7 6 | s a3 | 2]1]0
attrx Attribute controller index register. VGA.

<4:0> A binary value that points to the VGA Attribute Controller register where dataisto be

written or read.

Register name Mnemonic attrx address
Palette entry O ATTRO 00h
Palette entry 1 ATTR1 01h
Palette entry 2 ATTR2 02h
Palette entry 3 ATTR3 03h
Palette entry 4 ATTR4 04h
Palette entry 5 ATTR5 05h
Palette entry 6 ATTR6 06h
Palette entry 7 ATTRY7 07h
Palette entry 8 ATTRS8 08h
Palette entry 9 ATTR9 09h
Palette entry A ATTRA OAh
Palette entry B ATTRB 0Bh
Palette entry C ATTRC 0Ch
Palette entry D ATTRD 0Dh
Palette entry E ATTRE OEh
Palette entry F ATTRF OFh
Attribute Mode Control ATTR10 10h
Overscan Color ATTR11 11h
Color Plane Enable ATTR12 12h
Horizontal Pel Panning ATTR13 13h
Color Select ATTR14 14h
Reserved - read as ‘% — 15h-1Fh

@ writi ng to areserved index has no effect.

*A read from port 3BAh/3DAh resets this port to the attributes address register. The
first write at 3COh after a 3BBAh/3DAh reset accesses the attribute index. The
next write at 3COh accesses the palette. Subsequent writes at 3COh toggle
between the index and the palette.

*A read at port 3C1h does not toggle the index/data pointer.
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Attribute Controller ATTR

Example of a palette write:

Reset pointer: read at port 3BAh
Write index: write at port 3COh
Write color: write at port 3C0Oh

Example of a palette read:

Reset pointer: read at port 3BAh
Write index: write at port 3COh
Read color: read at port 3C1h
pas Palette address source. VGA.
<> This bit controls use of the internal palette. If pas = 0, the host CPU can read and
write the palette, and the display isforced to the overscan color. If pas = 1, the palette
isused normally by the video stream to translate color indices (CPU writes are
inhibited and reads return all ‘1's). Normally, the internal palette is loaded during the
blank time, since loading inhibits video translation.
attrd ATTR data register.
<15:8> Retrieve or write the contents of the register pointed to bwttie field.
Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.
<7:6> Reading will give ‘O’s.

MGA-G200 Specification VGA Mode Register Descriptions  3-227



ATTRO to ATTRF Palette Entry Oh to Fh

Index attrx = 00h to attrx = OFh
Reset Value 0000 0000b

Reserved paletO-F

paletO-F Internal palette data. VGA.

<5:0> These six-bit registers allow dynamic mapping between the text attribute or graphic

color input value and the display color on the CRT screen. These internal pal ette
register values are sent from the chip to the video DAC, where they in turn serve as
addresses to the DAC internal registers. A palette register can be loaded only when
pas (ATTR<5>) =0.

Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.
<7:6>
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Attribute Mode Control ATTR10

Index
Reset Value

atcgrmode
<0>

mono
<1>

Igren
<2>

blinken
<3>

attrx = 10h

0000 0000b

5 3
o

= @ o
5 § 2z § o E
T 2 2 9 € T 5 D9
[Te) [5) © (O] = = =
o o o o o = e ©
7 6 5 4 3 2 1 0

Graphics/alphanumeric mode. VGA.

* 0: Alphanumeric modeis enabled and the input of the internal palette circuit comes
from the expansion of the foreground/background attribute.

* 1: Graphics mode is enabled and the input of the internal palette comes from the
frame buffer pixel. This bit also selects between graphics blinking or character
blinking if blinking is enabledilinken = 1).

Mono emulation. VGA.

 0: Color emulation.
» 1: Monochrome emulation.

Enable line graphics character code. VGA.

* 0: The ninth dot of a line graphic character (a character between COh and DFh) will
be the same as the background.

» 1: Forces the ninth dot to be identical to the eighth dot of the character. For other
ASCII codes, the ninth dot will be the same as the background.

For character fonts that do not utilize the line graphics charbgpten, should be ‘0’
Otherwise, unwanted video information will be displayed. This bit is ‘don’t care’ in
graphics modesaicgrmode = 0).

Select background intensity or blink enable. VGA.

* 0: Blinking is disabled. In alpha modegdgrmode (ATTR10<0>) = 0), this bit
defines the attribute bit 7 as a background high-intensity bit. In graphic modes,
planes 3 to 0 select 16 colors out of 64.

* 1: Blinking is enabled. In alpha modegdgrmode = 0), this bit defines the
attribute bit 7 as a blink attribute (when the attribute bit 7 is ‘1’, the character will
blink). The blink rate of the character is vsync/32, and the blink duty cycle is 50%.
In monochrome graphics mode¢no andatcgrmode (ATTR10<1:0>) = 11),
all pixels toggle on and off. In color graphics modeso andatcgrmode
(ATTR10<1:0>) = 01), only pixels that hawdinken (bit 3) high will toggle on
and off: other pixels will have their bit 3 forced to ‘1’. The graphic blink rate is
VSYNC/32. Graphic blink logic is applied after plane masking (that is, if plane 3
is disabled, monochrome mode will blink and color mode will not blink).
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ATTR10

Attribute Mode Control

pancomp
<5>

pelwidth
<6>

pSp4
<7>

Reserved
<4>

Pel panning compatibility. VGA.

* 0: Line compare has no effect on the output of the PEL panning register.

* 1: A successful line compare in the CRT controller maintains the panning value to
‘0’ until the end of frame (until next vsync), at which time the panning value
returns to the value dfpelcnt (ATTR13<3:0>). This bit allows panning of only
the top portion of the display.

Pel width. VGA.

* 0: The six bits of the internal palette are used instead.
* 1: Two 4-bit sets of video data are assembled to generate 8-bit video data.

P5/P4 select. VGA.

* 0: Bits 5 and 4 of the internal palette registers are transmitted to the DAC.
*1: When itis set to ‘1'colsel54 (ATTR14<1:0>) will be transmitted to the DAC.
See theATTR14 register on page 3-234.

Reserved. When writing to this register, this figldst be set to '0’.

3-230 VGA Mode Register Descriptions MGA-G200 Specification



Overscan Color ATTR11

Index attrx = 11h
Reset Value 0000 0000b

ovscol

7‘6‘5‘4‘3‘2‘1‘0

ovscol Overscan color. VGA.

<r:0> Determines the overscan (border) color displayed on the CRT screen. The value

programmed is theindex of the border color inthe DAC. The border color isdisplayed
when the internal DISPEN signal isinactive and blank is not active.
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ATTR12

Color Plane Enable

Index
Reset Value

colplen
<3:0>

vidstmx
<5:4>

Reserved
<7:6>

3-232 VGA Mode Register Descriptions

attrx = 12h
0000 0000b

vidstmx colplen

\l
Reserved
(e)]

5‘4 3‘2‘1‘0

Enable color plane. VGA.

Video status multiplexer (MUX). VGA.

These bits select two of eight color outputs for the status port. Refer to the tablein the
description of the INSTS1 register’'sdiag field that appears goage 3-293

Reserved. When writing to this register, the bits in this fieldt be set to 0.13.
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Horizontal Pel Panning ATTR13

Index attrx = 13h
Reset Value 0000 0000b

Reserved hpelcnt

76543‘2‘1‘0

hpelcnt Horizontal pel count. VGA.

<3:0> This 4-bit value specifies the number of picture elements to shift the video data

horizontally to the left, according to the following table (values 9 to 15 are reserved):

8 dot mode

pixel shifted |9 dot mode pixel

dotmode shifted mode256
hpelcnt |(SEQ1<0>)=‘1" | dotmode=‘0" | (GCTL5<6>) =1’
‘0000 0 1 0
‘0001 1 2 -
‘0010’ 2 3 1
‘0011 3 4 -
‘0100’ 4 5 2
‘0101 5 6 -
‘0110 6 7 3
‘0111 7 8 -
‘1000’ - 0 -

Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.

<7:4>
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ATTR14 Color Select
Index attrx = 14h
Reset Value 0000 0000b
Reserved colsel76 colsel54
76| s a3 2]1]o0
colsel54 Select color 5t0 4. VGA.
<1:0> When p5p4 (ATTR10<7>) is ‘1’, colsel54 is used instead of internal palette bits 5
and 4. This mode is intended for rapid switching between sets of colors (four sets of
16 colors can be defined). These bits are ‘don’t care’ wihee256 = 1.
colsel76 Select color 7 to 6. VGA.
<3:2> These bits are the two MSB bits of the external color palette index. They can rapidly
switch between four sets of 64 colors. These bits are ‘don’t care’ mwhee256
(GCTL5<6>) = 1.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to '0’.
<7:4>
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Cache Flush CACHEFLUSH

Address MGABASE1 + 1FFFh (MEM)
Attributes R/W, BYTE, STATIC
Reset Value unknown

cacheflush

7] e[ 5| a]s3]2]1]0

cacheflush Flush the cache. Writesto thisregister will flush the cache. For additional details, refer
<7.0> to ‘Direct Access Read Cache’ on page.4-5

Even though this register can be read, its data has no significance, and may not be
consistent. When writing to this registal, bits must be set to ‘0’
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CRTC CRTC Registers

Address 03B4h (1/0), (MISC<0> == 0: MDA emulation)
03D4h (1/0), (MISC<0> == 1. CGA emulation)
MGABASEL1 + 1FD4h (MEM)

Attributes R/W, BY TE/'WORD, STATIC
Reset Value nnnn nnnn 0000 0000b
crtcd Reserved crtex
15 | 14 13|12 | 1|10 9] 8 7 6 5 |4 ]3] 2]1]o0
crtex CRTC index register.
<5:0> A binary value that pointsto the VGA CRTC register where data isto be written or
read when the crtcd field is accessed.
Register name Mnemonic crtcx address
CRTC register index CRTCx —
Horizontal Total CRTCO 00h
Horizontal Display Enable Engdd CRTC1 01h
Start Horizontal Blanking CRTC2 02h
End Horizontal Blanking CRTC3 03h
Start Horizontal Retrace Pulse = CRTC4 04h
End Horizontal Retrace CRTC5 05h
Vertical Total CRTC6 06h
Overflow CRTC7 07h
Preset Row Scan CRTC8 08h
Maximum Scan Line CRTC9 09h
Cursor Start CRTCA OAh
Cursor End CRTCB 0Bh
Start Address High CRTCC 0Ch
Start Address Low CRTCD 0Dh
Cursor Location High CRTCE OEh
Cursor Location Low CRTCF OFh
Vertical Retrace Start CRTC10 10h
Vertical Retrace End CRTC11 11h
Vertical Display Enable End CRTC12 12h
Offset CRTC13 13h
Underline Location CRTC14 14h
Start Vertical Blank CRTC15 15h
End Vertical Blank CRTC16 16h
CRTC Mode Control CRTC17 17h
Line Compare CRTC18 18h
Reserved - read as® — 19h - 21h
CPU Read Latch CRTC22 22h
Reserved - read as 0 — 23h

@ writi ng to areserved index has no effect.
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CRTC Registers CRTC

Register name Mnemonic crtcx address
Attribute address/data select CRTC24 24h
Reserved - read as 0 — 25h
Attribute address CRTC26 26h
Reserved -- read as 0 — 27h - 3Fh

crtcd CRTC data register. Retrieve or write the contents of the register pointed to by the
<15:8> crtex field.

Reserved Reserved. When writing to this register, the bitsin this field must be set to '0'.
<7:6> Reading will give ‘0’s.
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Horizontal Total

CRTCO
Index crtcx = 00h
Reset Value 0000 0000b
htotal
7‘6‘5‘4‘3‘2‘1‘0
htotal Horizontal total. VGA/MGA.
<7:0>

Thisisthe low-order eight bits of a 9-bit register (bit 8 is contained in htotal
(CRTCEXT1<0>)). Thisfield defines the total horizontal scan period in character

clocks, minus 5.

Thisregister can be write-inhibited when crtcprotect (CRTC11<7>) = 1.
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Horizontal Display Enable End CRTC1

Index crtcx =01h
Reset Value 0000 0000b

hdispend

7‘6‘5‘4‘3‘2‘1‘0

hdispend Horizontal display enable end. VGA/MGA.

<r:0> Determines the number of displayed characters per line. The display enable signal
becomes inactive when the horizontal character counter reaches this value.

This register can be write-inhibited when crtcprotect (CRTC11<7>) = 1.
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CRTC2

Start Horizontal Blanking

Index
Reset Value

hblkstr
<7:0>

crtex = 02h
0000 0000b

hblkstr

7‘6‘5‘4‘3‘2‘1‘0

Start horizontal blanking. VGA/MGA.

Thisisthe low-order eight bits of a 9-bit register. Bit 8 is contained in hblkstr
(CRTCEXT1<1>). The horizontal blanking signal becomes active when the
horizontal character counter reaches this value.

Thisregister can be write-inhibited when crtcprotect (CRTC11<7>) = 1.
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End Horizontal Blanking CRTC3

Index
Reset Value

hblkend
<4:0>

hdispskew
<6:5>

Reserved
<7>

crtcx =03h
1000 0000b

hdispskew

hblkend

~ I Reserved

6‘5 4‘3‘2‘1‘0

End horizontal blanking bits. VGA/MGA.

The horizontal blanking signal becomes inactive when, after being activated, the
lower six bits of the horizontal character counter reach the horizontal blanking end
value. The five lower bits of thisvalue arelocated here; bit 5islocated in the CRTC5
register, and bit 6 islocated in CRTCEXTL1.

Thisregister can be write-inhibited when crtcprotect (CRTC11<7>) = 1.
Display enable skew control. VGA/MGA.

Defines the number of character clocks to delay the display enable signal to
compensate for internal pipeline delays.

Normally, the hardware can accommodate the delay, but the VGA design allows
greater flexibility by providing extra control.

hdispskew |Skew
‘00’ 0 additional character delays
‘or 1 additional character delays
10’ 2 additional character delays
11 3 additional character delays

Thisfield is defined as a bit for chip testing on the IBM VGA, but is not used on the
MGA. Writing to it has no effect (it will read as 1). For compatibility considerations, a
‘1’ should be written to it.
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CRTC4 Start Horizontal Retrace Pulse
Index crtcx = 04h
Reset Value 0000 0000b
hsyncstr
7‘6‘5‘4‘3‘2‘1‘0
hsyncstr Start horizontal retrace pulse. VGA/MGA.
<7:0>

These are the low-order eight bits of a 9-bit register. Bit 8 is contained in hsyncstr
(CRTCEXT1<2>). The horizontal sync signal becomes active when the horizontal

character counter reaches this value.

Thisregister can be write-inhibited when crtcprotect (CRTC11<7>) = 1.
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End Horizontal Retrace CRTC5

Index crtcx = 05h
Reset Value 0000 0000b

hblkend
hsyncdel

hsyncend

7] e[ 5| a]s3]2]1]0

hsyncend End horizontal retrace. VGA/MGA.

<4:0> The horizontal sync signal becomes inactive when, after being activated, the five

lower bits of the horizontal character counter reach the end horizontal retrace value.
This register can be write-inhibited when crtcprotect (CRTC11<7>) = 1.

hsyncdel Horizontal retrace delay. VGA/MGA.

<6:5> Defines the number of character clocks that the hsync signal is delayed to compensate

for internal pipeline delays.

hsyncdel |Skew
‘00’ 0 additional character delays
‘or 1 additional character delays
‘10’ 2 additional character delays
11 3 additional character delays

hblkend End horizontal blanking bit 5. VGA/MGA.

<r> Bit 5 of the End Horizontal Blanking value. See the CRTC3 register on page 3-241.
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CRTC6

Vertical Total

Index
Reset Value

vtotal
<7:0>

crtcx = 06h
0000 0000b

vtotal

7‘6‘5‘4‘3‘2‘1‘0

Vertical total. VGA/MGA.

These are the low-order eight bits of a 12-bit register. Bit 8 is contained in
CRTC7<0>, bit 9isin CRTC7<5>, and bits 10 and 11 are in CRTCEXT2<1:0>. The
value defines the vsync period in scan lines if hsyncsel (CRTC17<2>) =0, orin
double scan linesif hsyncsel = 1).

Thisregister can be write-inhibited when crtcprotect (CRTC11<7> = 1).
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Overflow

Index
Reset Value

vtotal
<0>

vdispend
<1>

vsyncsu
<2>

vblkstr
<3>

linecomp
<4>

vtotal
<5>

vdispend
<6>

vsyncstr
<7>

CRTC7

crtex =07h
0000 0000b

s Z g s 2

(7] [} : (7] [}

e 3 ¥ 8 2 g 5 B

> — o () — > — o

7] © +— [ o] [75] © —

> > > = > > > >

7 6 5 4 3 2 1 0

Vertical total bit 8. VGA/MGA.
Contains bit 8 of the Vertical Total. See the CRTC6 register on page 3-244.

Thisregister can be write-inhibited when crtcprotect (CRTC11<7>) = 1, except for
linecomp.

Vertical display enable end bit 8. VGA/MGA.
Contains bit 8 of the Vertical Display Enable End. See the CRTC12 register on page
3-256.

Vertical retrace start bit 8. VGA/MGA.
Contains bit 8 of the Vertical Retrace Start. See the CRTC10 register on page 3-254.

Start vertical blank bit 8. VGA/MGA.
Contains bit 8 of the Start Vertical Blank. See the CRTC15 register on page 3-259.

Line compare bit 8. VGA/MGA.
Line compare bit 8. See the CRTC18 register on page 3-265. This bit is not write-
protected by crtcprotect (CRTC11<7>).

Vertical total bit 9. VGA/MGA.
Contains bit 9 of the Vertical Total. See the CRTC6 register on page 3-244.

Vertical display enable end bit 9. VGA/MGA.
Contains bit 9 of the Vertical Display Enable End. See the CRTC12 register on page
3-256.

Vertical retrace start bit 9. VGA/MGA.
Contains bit 9 of the Vertical Retrace Start. See the CRTC10 register on page 3-254.
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CRTCS8

Preset Row Scan

Index
Reset Value

prowscan
<4:0>

bytepan
<6:5>

Reserved
<7/>

crtcx = 08h
0000 0000b

bytepan prowscan

~ I Reserved

6 | s |43 2]1]o0

Preset row scan. VGA/MGA.

After avertical retrace, the row scan counter is preset with the value of prowscan. At

maximum row scan compare time, the row scan is cleared (not preset). The units can
be one or two scan lines:

e conv2t4 (CRTC9<7>) = 0: 1 scan line
econv2t4 = 1: 2 scan lines

Byte panning control. VGA/MGA.

This field controls the number of bytes to pan during a panning operation.

Reserved. When writing to this register, this figldst be set to '0’. Reading will give
‘0's.
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Maximum Scan Line CRTC9

Index crtcx = 09h
Reset Value 0000 0000b

o

T £ . 3

¥ 8 @ 2

c o = (>é

(@] [ o]

o = > I

7 1 6 | 5| 4 \ 3 \ 2 \ 1 \ 0
maxscan Maximum scan line. VGA/MGA.
<4:0>

This field specifies the number of scan lines minus one per character row.

vblkstr Start vertical blank bit 9. VGA/MGA.
<S> Bit 9 of the Start Vertical Blank register. See the CRTCL15 register on page 3-259.

linecomp Line compare bit 9. VGA/MGA.

<6> Bit 9 of the Line Compare register. See the CRTC18 register on page 3-265.
conv2t4 200 to 400 line conversion. VGA/MGA.
<7>

Controls the row scan counter clock and the time when the start address latch loads a
new memory address:

e conv2t4 (CRTC9<7>) = 0: HS
econv2t4 = 1: HS/2

This feature allows a low resolution mode (200 lines, for example) to display as 400
lines on a display monitor. This lowers the requirements for sync capability of the
monitor.
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CRTCA Cursor Start

Index crtcx = 0Ah
Reset Value 0000 0000b

curoff

currowstr

\l
Reserved
(e)]
[6)]

4‘3‘2‘1‘0

currowstr Row scan cursor begins. VGA.
<4:0>

These bits specify the row scan of a character line where the cursor is to begin.

When the cursor start register is programmed with a value greater than the cursor end
register, no cursor is generated.

curoff Cursor off. VGA.
<5>

e Logical ‘1’: turn off the cursor
* Logical ‘0’: turn on the cursor
Reserved

Reserved. When writing to this register, the bits in this fieldt be set to '0’.
<7:6>
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Cursor End

CRTCB

Index crtcx = 0Bh
Reset Value 0000 0000b

curskew currowend

~ I Reserved

6‘5

4‘3‘2‘1‘0

currowend Row scan cursor ends. VGA.

<4:0>

Thisfield specifies the row scan of a character line where the cursor isto end.
curskew Cursor skew control. VGA.

<6:5>

These bits control the skew of the cursor signal according to the following table:

curskew

Skew

o0
o1
10
471

0 additional character delays

Move the cursor right by 1 character clock
Move the cursor right by 2 character clocks
Move the cursor right by 3 character clocks

Reserved
<7>

MGA-G200 Specification
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CRTCC Start Address High
Index crtcx = 0Ch
Reset Value 0000 0000b
startadd
7‘6‘5‘4‘3‘2‘1‘0
startadd Start address, bits<15:8>. VGA/MGA.
<7:0>

These are the middle eight bits of the start address. The 21-bit value from the
startadd (CRTCEXT0<3:0>) high-order and (CRTCD<7:0>) low-order start address
registersisthe first address after the vertical retrace on each screen refresh.

See ‘Programming in Power Graphic Mode’ on page 4f@5Smore information on
startadd programming.
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Start Address Low CRTCD

Index crtcx =0Dh
Reset Value 0000 0000b

startadd

7‘6‘5‘4‘3‘2‘1‘0

startadd Start address, bits<7:0>. VGA/MGA.
<r:0> These are the low-order eight bits of the start address. See the CRTCC register on
page 3-250.
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CRTCE Cursor Location High
Index crtcx = 0OEh
Reset Value 0000 0000b
curloc
7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
curloc High order cursor location. VGA.
<7:0> The 16-bit value from the

These are the high-order eight bits of the cursor address.

high-order and low-order cursor location registers is the character address where the
cursor will appear. The cursor is available only in a phanumeric mode.
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Cursor Location Low CRTCF

Index crtcx = 0Fh
Reset Value 0000 0000b

curloc

7‘6‘5‘4‘3‘2‘1‘0

curloc Low order cursor location. VGA.

<7:0> These are the low-order eight bits of the cursor location. See the CRTCE register on

page 3-252.
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CRTC10 Vertical Retrace Start

Index crtcx = 10h
Reset Value 0000 0000b

vsyncstr
7‘6‘5‘4‘3‘2‘1‘0

vsyncstr Vertical retrace start bits 7 to 0. VGA/MGA.
<7:0>

The vertical sync signa becomes active when the vertical line counter reaches the
vertical retrace start value (a 12-bit value). The lower eight bits are located here. Bit 8
iISin CRTC7<2>, hit 9isin CRTC7<7>, and bits 10 and 11 arein CRTCEXT2<6:5>.

The units can be one or two scan lines:

*hsyncsel (CRTC17<2>) = 0: 1 scan line
*hsyncsel = 1: 2 scan lines
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Vertical Retrace End CRTC11

Index

Reset Value

vsyncend
<3:0>

vintclr
<4>

vinten
<5>

selb5rfs
<6>

crtcprotect
<7>

crtcx =11h
0000 0000b
I3}
ot
s £ 05 3
g 3 E E
o 7 > > vsyncend
7 |6 | 5] 4| 3 \ 2 \ 1 \ 0

Vertical retrace end. VGA/MGA.

The vertical retrace signal becomes inactive when, after being activated, the lower
four bits of the vertical line counter reach the vertical retrace end value.

Clear vertical interrupt. VGA/MGA.
A ‘0’ in vintclr will clear the internal request flip-flop.

After clearing the request, an interrupt handhest write a ‘1’ tovintclr in order to
allow the next interrupt to occur.

Enable vertical interrupt. VGA/MGA.

* 0: Enables a vertical retrace interrupt. If the interrupt request flip-flop has been set at
enable time, an interrupt will be generated. We recommend settitgjr to ‘0’
whenvinten is brought low.

» 1: Removes the vertical retrace as an interrupt source.

Select 5 refresh cycles. VGA.

This bit is read/writable to maintain compatibility with the IBM VGA. It does not
control the MGA RAM refresh cycle (as in the IBM implementation). Refresh cycles
are optimized to minimize disruptions.

ProtectCRTC registers 0-7. VGA/MGA.

» 1: Disables writing taCRTC registers 0 to 7.
* 0: Enables writing. Thenecomp (line compare) field o€RTC7 is not protected.
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CRTC12 Vertical Display Enable End

Index crtex = 12h
Reset Value 0000 0000b

vdispend

7‘6‘5‘4‘3‘2‘1‘0

vdispend Vertical display enable end. VGA/MGA.

<7:0> The vertical display enable end value determines the number of displayed lines per

frame. The display enable signal becomes inactive when the vertical line counter
reaches this value. Bits 7 to O are located here. Bit 8isin CRTC7<1>, bit 9isin
CRTC7<6>, and bit 10isin CRTCEXT2<2>.
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Offset CRTC13

Index crtcx = 13h
Reset Value 0000 0000b

offset

7‘6‘5‘4‘3‘2‘1‘0

offset Logical line width of the screen. VGA/MGA.

<r:.0> These bits are the eight L SBs of a 10-bit value that is used to offset the current line
start address to the beginning of the next character row. Bits 8 and 9 arein register
CRTCEXTO0<5:4>. The value is the number of double words (dword (CRTC14<6>)
=1) or single words (dword =0) in oneline.

See ‘Programming in Power Graphic Mode’ on page 4f@5Smore information about
offset programming.
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CRTC14 Underline Location

Index crtex = 14h
Reset Value 0000 0000b

©
(]
s - I
() = [an
%) o S
&)
@ -% 3 undrow
76| s a]s3]2]1]o0
undrow Horizontal row scan where the underline will occur. VGA.
<4:0> These bits specify the horizontal row scan of a character row on which an underline
occurs.
count4 Count by 4. VGA.
<5>

* 0: Causes the memory address counter to be clocked as defineccbyth2 field
(CRTC17<3>), ‘count by two bits’.

* 1: Causes the memory address counter to be clocked with the character clock divided
by four. Thecount2 field, if set, will supersedeount4, and the memory address
counter will be clocked every two character clocks.

dword Double word mode. VGA.
<6>

* 0: Causes the memory addresses to be single word or byte addresses, as defined by
thewbmode field (CRTC17<6>).

* 1. Causes the memory addresses to be double word addresses.

See theCRTCL17 register for the address table.

Reserved Reserved. When writing to this register, this figldst be set to '0’.
<7>

*% Note: In MGA mode, dwordnust be set to ‘0’
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Start Vertical Blank

CRTC15

Index crtecx = 15h
Reset Value 0000 0000b

vblkstr

7‘6‘5‘4‘3‘2‘1‘0

vblkstr Start vertical blanking bits 7 to 0. VGA/MGA.

<r:.0> The vertical blank signal becomes active when the vertical line counter reaches the
vertical blank start value (a 12-bit value). Thelower eight bitsare located here. Bit 8is
in CRTC7<3>, bit 9isin CRTC9<5>, and bits 10 and 11 are in CRTCEXT2<4:3>.

MGA-G200 Specification
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CRTC16 End Vertical Blank
Index crtcx = 16h
Reset Value 0000 0000b
vblkend
7‘6‘5‘4‘3‘2‘1‘0
vblkend End vertical blanking. VGA/MGA.
<7:0>

The vertical blanking signal becomes inactive when, after being activated, the eight
lower bits of the internal vertical line counter reach the end vertical blanking value.
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CRTC Mode Control CRTC17

Index crtex =17h
Reset Value 0000 0000b

crterstN
wbmode
addwrap
hsyncsel
selrowscan

(o]

()]
Eﬂ Reserved
w

N

=

o

count2
cms

7

cms Compatibility mode support. VGA.
<0>
* 0: Select the row scan counter bit 0 to be output instead of memory counter address
13. See the tables below.

* 1: Select memory address 13 to be output. See the tables below.

Memory Address Tables

Legend:
A: Memory address from the CRTC counter
RC: Row counter

MA: Memory address is sent to the memory controller
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CRTC17 CRTC Mode Control

Double word access {dword (CRTC14<6>), wbmode} = 1X

{addwrap, selrowscan: cms}
Output ‘X00’ Xor ‘X10° X11’
MAO ‘0’ ‘0’ ‘0’ ‘0’
MA1 ‘0’ ‘0’ ‘0’ ‘o’
MA2 A0 A0 A0 A0
MA3 Al Al Al Al
MA4 A2 A2 A2 A2
MA5 A3 A3 A3 A3
MAG6 A4 A4 A4 A4
MA7 A5 A5 A5 A5
MAS8 A6 A6 A6 A6
MA9 A7 A7 A7 A7
MA10 A8 A8 A8 A8
MA11 A9 A9 A9 A9
MA12 Al10 Al10 Al10 Al10
MA13 RCO All RCO All
MA14 RC1 RC1 Al2 Al2
MA15 Al3 Al3 Al3 Al3

Word access {dword, wbmode} = 00

{addwrap, selrowscan: cms}
Output ‘000’ ‘001’ ‘010’ ‘011’ 100’ ‘101 ‘110’ ‘111’
MAO Al13 Al13 Al13 Al13 Al15 A15 Al15 A15
MA1 A0 A0 A0 AO A0 A0 A0 A0
MA2 Al Al Al Al Al Al Al Al
MA3 A2 A2 A2 A2 A2 A2 A2 A2
MA4 A3 A3 A3 A3 A3 A3 A3 A3
MAS5 A4 A4 A4 A4 A4 A4 A4 A4
MAG6 A5 A5 A5 A5 A5 A5 A5 A5
MA7 A6 A6 A6 A6 A6 A6 A6 A6
MAS A7 A7 A7 A7 A7 A7 A7 A7
MA9 A8 A8 A8 A8 A8 A8 A8 A8
MA10 A9 A9 A9 A9 A9 A9 A9 A9
MA1l A10 A10 A10 A10 A10 A10 A10 A10
MA12 All All All All All All All All
MA13 RCO Al2 RCO Al2 RCO Al12 RCO Al12
MA14 RC1 RC1 Al13 Al13 RC1 RC1 Al13 A13
MA15 Al4d Al4d Al4 Al4 Al4 Al4 Al4 Al4
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CRTC Mode Control

CRTC17

Byte access {dword, wbmode} = 01

MGA-G200 Specification

{addwrap, selrowscan: cms}

Output ‘X00’ ‘X01’ ‘X10’ X11’
MAO A0 A0 A0 A0
MA1 Al Al Al Al
MA2 A2 A2 A2 A2
MA3 A3 A3 A3 A3
MA4 A4 A4 A4 A4
MAS A5 A5 A5 A5
MAG A6 A6 A6 A6
MA7 A7 A7 A7 A7
MAS8 A8 A8 A8 A8
MA9 A9 A9 A9 A9
MA10 | A10 A10 A10 A10
MA1l | All All All All
MA12 | Al2 Al2 Al2 Al2
MA13 | RCO Al3 RCO Al3
MA14 | RC1 RC1 Al4 Al4
MA15 | Al5 A15 A15 A15
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CRTC17 CRTC Mode Control
selrowscan Select row scan counter. VGA.
<1>
* 0: Select the row scan counter bit 1 to be output instead of memory counter
address 14.
* 1: Select memory address 14 to be output. See the tablescimshigeld’s
description.
hsyncsel Horizontal retrace select. VGA/MGA.
<2>
* 0: The vertical counter is clocked on every horizontal retrace.
* 1: The vertical counter is clocked on every horizontal retrace divided by 2.
This bit can be used to double the vertical resolution capability of the CRTC. All
vertical timing parameters have a resolution of two lines in divided-by-two mode,
including the scroll and line compare capability.
count2 Count by 2. VGA.
<3>
* 0: Thecount4 field (CRTC14<5>) dictates if the character clock is divided by 4
(count4 = 1) or by 1 ¢ount4 = 0).
* 1: The memory address counter is clocked with the character clock divided by 2
(count4 is ‘don’t care’ in this case).
addwrap Address wrap. VGA.
<5>
* 0: In word mode, select memory address counter bit 13 to be used as memory
address bit 0. In byte mode, memory address counter bit O is used for memory
address bit 0.
 1: In word mode, select memory address counter bit 15 to be used as memory
address bit 0. In byte mode, memory address counter bit 0 is used for memory
address bit 0. See the tables indhes field’s description.
wbmode Word/byte mode. VGA.
<6>
* 0: When not in double word modévord (CRTC14<6>) = 0), this bit will rotate all
memory addresses left by one position. Otherwise, addresses are not affected. In
double word mode, this bit is ‘don’t care’. See the tables ictiefield's
description.
* 1: Select byte mode. The memory address counter bits are applied directly to the
video memory.
crterstN CRTC reset. VGA/MGA.
<7>
* 0: Force the horizontal and vertical sync to be inactive.
* 1: Allow the horizontal and vertical sync to run.
Reserved Reserved. When writing to this register, this figldst be set to '0’. Reading will give
<4> ‘O’s.
& Note: In MGA mode,wbmode must be set to 1selrowscan set to 1, and
cms to 1.
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Line Compare CRTC18

Index crtcx = 18h
Reset Value 0000 0000b

linecomp

7‘6‘5‘4‘3‘2‘1‘0

linecomp Line compare. VGA/MGA.

<r:.0> When the vertical counter reaches the line compare value, the memory address

counter is reset to ‘0’. This means that memory information located at O and up are
displayed, rather than the memory information at the line compare.

This register is used to create a split screen:
*Screen A is located at memory start addr&€$sTCC, CRTCD) and up.
*Screen B is located at memory address 0 up t€@RIECC, CRTCD value.

The line compare value is an 11-bit value. Bits 7 to O reside here, bit 8 is in
CRTC7<4>, bit 9 is INCRTC9<6>, and bit 10 is ICRTCEXT2<7>. The line
compare unit is always a scan line that is independent abtine2t4 field
(CRTC9<7>).

The line compare is also used to generate the vertical line interrupt.
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CRTC22

CPU Read Latch

Index
Reset Value

cpudata
<7:0>

crtex = 22h
0000 0000b

cpudata

7‘6‘5‘4‘3‘2‘1‘0

CPU data. VGA.

Thisregister reads one of four 8-bit registers of the graphics controller CPU datalatch.
These latches are loaded when the CPU reads from display memory. The rdmapsl

field (GCTL4<1:0>) determines which of the four planes is read in Read Mode ‘0’
(Thechain4 (SEQ4 <3>)andgcoddevmd (GCTL5 <4>) fields must be ‘0"). This
register contains color compare data in Read Mode 1.
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Attributes Address/Data Select CRTC24

Index crtecx = 24h
Reset Value 0000 0000b

attradsel

Reserved

7 6 5 4 3 2 1 0

attradsel Attributes address/data select. VGA.
<7>
* 0: The attributes controller is ready to accept an address value.
* 1: The attributes controller is ready to accept a data value.
Reserved

Reserved. When writing to this register, the bits in this feldt be set to '0’.
<6:0>
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CRTC26 Attributes Address

Index crtcx = 26h
Reset Value 0000 0000b

Reserved pas attrx
7 e | s a]s3]2]1]o0

attrx VGA attributes address
<4:0>

pas V GA palette enable.

<5>

Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.

<7:6>

*See theATTR register on page 3-226.
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CRTC Extension CRTCEXT

Address 03DEh (1/0), MGABASEL1 + 1FDEh (MEM)
Attributes R/W, BY TE/'WORD, STATIC
Reset Value nnnn nnnn 0000 0000b
crtcextd Reserved crtcextx
15 141312 n]1w0] 9| s 7 6 5 | 4 3 2 | 1] o
crtcextx CRTC extension index register.
<2:0> A binary value that points to the CRTC Extension register where data is to be written
or read when the crtcextd field is accessed.
Register Name Mnemonic crtcextx address
Address Generator Extensions | CRTCEXTO 00h
Horizontal Counter Extensions | CRTCEXT1 01h
Vertical Counter Extensions CRTCEXT2 02h
Miscellaneous CRTCEXTS3 03h
Memory Page register CRTCEXT4 04h
Horizontal Video Half Count CRTCEXT5 05h
Priority Request Control CRTCEXT®6 06h
Request for Control CRTCEXT7 07h
crtcextd CRTC extension data register.
<15:8> Retrieves or writes the contents of the register pointed to by the crtcextx field.
Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.
<7:3>
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CRTCEXTO

Address Generator Extensions

Index
Reset Value

startadd
<3:0>

offset
<5:4>

startadd
<6>

interlace
<7>

crtcextx = 00h
0000 0000b

interlace
startadd

offset startadd

76| 5| a|3]2]1]0

Start address bits 20, 19, 18, 17, and 16.

These are the five most significant bits of the start address. Seethe CRTCC register on
page 3-250.

Logical line width of the screen bits 9 and 8.

These are the two most significant bits of the offset. See the CRTC13 register on page
3-257.

Start address bits 20.

Thisisthe most significant bit of the start address. See the CRTCC register on page 3-
250.

Interlace enable.

Indicatesif interlace mode is enabled.

* 0: Not in interlace mode.
* 1: Interlace mode.
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Horizontal Counter Extensions CRTCEXT1

Index

Reset Value

htotal
<0>

hblkstr
<1>

hsyncstr
<2>

hrsten
<3>

hsyncoff

<4>

vsyncoff
<5>

hblkend
<6>

vrsten
<7>

crtcextx = 01h

0000 0000b
S = = =
c £ 8 8 = & & _
ot X c IS g c ° 8
—- > > wn > = o
l) o] 7] [2) —_ 7] o] —
> e > e e < e e
7 6 5 4 3 2 1 0

Horizontal total bit 8.

Thisisthe most significant bit of the htotal (horizontal total) register. See the CRTCO
register on page 3-238.

Horizontal blanking start bit 8.

Thisisthe most significant bit of the hblkstr (horizontal blanking start) register. See
the CRTC2 register on page 3-240.

Horizontal retrace start bit 8.

Thisisthe most significant bit of thehsyncstr (horizonta retrace start) register. See
the CRTC4 register on page 3-242.

Horizontal reset enable.
When at ‘1’, the horizontal counter can be reset by the VIDRST pin.
Horizontal sync off.

* 0: HSYNC runs freely.
*1: HSYNC is forced inactive.

Vertical sync off.

* 0: VSYNC runs freely.
*1: VSYNC is forced inactive.

End horizontal blanking bit 6. This bit is used only in MGA modgémode = 1;
seeCRTCEXT3).

Bit 6 of the End Horizontal Blanking valuBee theCRTC3 register on page 3-241.
Vertical reset enable.

When at ‘1’, the vertical counter can be reset byMH2RST pin.
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CRTCEXT2 Vertical Counter Extensions

Index crtcextx = 02h
Reset Value 0000 0000b

5 2
D]
S s 3
c 5 S
= vsyncstr  vblkstr > BS
76| 5| a]ls3][2]1]0
vtotal Vertical total bits 11 and 10.
<1:0>

These are the two most significant bits of the vtotal (vertical total) register (the
vertical total isthen 12 bits wide). See the CRTCG6 register on page 3-244.

vdispend Vertical display enable end bit 10.

<2> Thisisthe most significant bit of the vdispend (vertical display end) register (the
vertical display enable end isthen 11 bits wide). See the CRTC12 register on page 3-
256.
vblkstr Vertical blanking start bits 11 and 10.
<4:3> These are the two most significant bits of the vblkstr (vertical blanking start) register
(the vertical blanking start isthen 12 bits wide). See the CRTC15 register on page 3-
259.
vsyncstr Vertical retrace start bits 11 and 10.
<6:5> These are the two most significant bits of the vsyncstr (vertical retrace start) register
(the vertical retrace start is then 12 bits wide). See the CRTC10 register on page 3-
254.
linecomp Line compare bit 10.
<7>

Thisis the most significant bit of the linecomp (line compare) register (the line
compare isthen 11 bits wide). See the CRTC18 register on page 3-265.
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Miscellaneous CRTCEXT3

Index

Reset Value

scale
<2:0>

slow256
<5>

csyncen
<6>

crtcextx = 03h

0000 0000b
S
[ O
: 3 B
© c =
> 7 0°
e 13) »n Reserved scale
7 16 | 5] 4] 3|2 \ 1 \ 0

Video clock scaling factor. Specifies the video clock division factor in MGA mode.

Scale Division Factor
‘000’ /1

‘0oL’ 12

‘010’ /3

‘011 14

‘100’ Reserved
‘101 /6

110’ Reserved
‘111 /8

256 color mode acceleration disable.

« 0: Direct frame buffer accesses are accelerated in VGA mode 13.
« 1: VGA Mode 13 direct frame buffer access acceleration is disabled. Unless
otherwise specified, this bit should always be ‘0.

Composite Sync Enable.
Generates a composite sync signal orMi&YNC/ pin.

* 0: Horizontal sync.
* 1: Composite sync (block sync).
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CRTCEXTS3 Miscellaneous

mgamode MGA mode enable.

<7>
* 0: Select VGA compatibility mode. In this mode, VGA data is sent to the DAC via

the VGA attribute controller. The memory address counter clock will be selected
by thecount2 (CRTC17<3> andcount4 (CRTC14<5>) bits. This mode should

be used for all VGA modes up to mode 13, and for all Super VGA alpha modes.
Whenmgamode = ‘0’, the full frame buffer aperture mappedM&GABASE?2 is
unusable.

* 1: Select MGA mode. In this mode, the graphics engine data is sent directly to the
DAC. The memory address counter is clocked, depending on the state of the
hzoom field of theXZOOMCTRL register. This mode should be used for all
Super VGA graphics modes and all accelerated graphics modes.

Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.
<4:3>
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Memory Page

CRTCEXT4

Index crtcextx = 04h
Reset Value 0000 0000b

page Page.

<r:0> This register provides the extra bits required to address the full frame buffer through
the VGA memory aperture in Power Graphic Mode. Thisfield must be programmed
to zero in VGA Mode. Up to 16 megabytes of memory can be addressed. The page
register can be used instead of or in conjunction with the MGA frame buffer aperture.

GCTL6<3:2> Bits used to address RAM Comment
‘00’ CRTCEXT4<7:1>, CPUA<16:0> 128K window
‘01’ CRTCEXT4<7:0>, CPUA<15:0> 64K window
‘X Undefined Window is too small

MGA-G200 Specification

VGA Mode Register Descriptions  3-275



CRTCEXTS Horizontal Video Half Count
Index crtcextx = 05h
Reset Value 0000 0000b
hvidmid
7‘6‘5‘4‘3‘2‘1‘0
hvidmid Horizonta video half count.
<7:0>

This register specifies the horizontal count at which the vertical counter should be
clocked when in interlaced display in field 1. Thisregister isonly used in interlaced

mode. The valueto programiis.

Start Horizontal Retrace + End Horizontal Retrace - Horizontal Total

2
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Priority Request Control CRTCEXT®6

Index crtcextx = 06h
Reset Value 0000 0000b

& &
i maxhipri i hiprilvl
|
e lslalslels]o
hiprilvl High Priority request Level. Thisfield indicates the number of 8-gword requestsin the
<2:0> CRTC fifo when the request to the memory controller changes from low to high
priority
hiprilvl high priority request level

‘000’ 1

‘001’ 2

‘010’ 3

‘011 4

‘100’ 5

‘101’ 6

‘110’ 7

‘111 8

maxhipri Maximum High Priority requests. This register indicates the minimum number of high
<6:4> priority requests to be made.
P oo prir:r?srrnelgﬂa level

‘000’ 1

‘001’ 2

‘010’ 3

‘011 4

‘100’ 5

‘101’ 6

‘110’ 7

‘111 8

Reserved <3><7>

Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.
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CRTCEXT7 Requester Control

Index crtcextx = 07h
Reset Value 0000 0000b

crtcblkO

Reserved

7 6 5 4 3 2 1

o

crtcblkO Thisfield is used to enable a bandwidth-saving mode that blocks the CRTC requester
<0> when video window O is displayed.
* 0: normal mode
* 1: block request mode
®& Note: This field has effeconly whenHZOOM equals '00’.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to '0’.
<7:1>
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DAC Status

DACSTAT

Address
Attributes
Reset Value

dsts

<1:0>

Reserved
<7:2>

03C7h (1/0), MGABASEL + 1FC7h (MEM)
RO, BYTE, STATIC
0000 0000b

Reserved dsts

7 6 5 4 3 2 1 0

This port returns the last access cycle to the palette.

*‘00": Write palette cycle
*‘11": Read palette cycle

This field returns zeroes when read.

Data read 03C7h will not be transmitted to the RAMDAC, and the contents of the
DACSTAT register will be presented on the PCI bus. Writes to 03C7h will be
transmitted to the RAMDAC.
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FEAT Feature Control

Address 03BAh (1/0), Write (MISC<0> == 0: MDA emulation)
03DAh (1/0), Write (MISC<0> == 1. CGA emulation)
03CAh (1/0) Read
MGABASEL1 + 1IFDAh (MEM)

Attributes R/W, BYTE, STATIC

Reset Value 0000 0000b

— o
o] o]
[&] [&]
T T
Reserved L Q9
7 6 5 4 3 2 1 0
featchO Feature control bit 0. VGA. Genera read/write bit.
<0>
featcbl Feature control bit 1. VGA. General read/write bit.
<]1>
Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.
<7:2>
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Graphics Controller GCTL

Address 03CEh (1/0), MGABASEL1 + 1FCEh (MEM)
Attributes R/W, BY TE/'WORD, STATIC
Reset Value nnnn nnnn 0000 0000b
gctld Reserved gctlx
15 |14 3]12|unfw] o] s8] 7 6 | 5 | a3 | 2]1]0
gctlx Graphics controller index register.
<3:0> A binary value that points to the VGA graphic controller register where dataisto be
written or read when the gctld field is accessed.
Register name Mnemonic | gctlx address
Set/Reset GCTLO 00h
Enable Set/Reset GCTL1 01h
Color Compare GCTL2 02h
Data Rotate GCTL3 03h
Read Map Select GCTL4 04h
Graphic Mode GCTL5 05h
Miscellaneous GCTL6 06h
Color Don't Care GCTL7 07h
Bit Mask GCTL8 08h
Reservef — 09h - OFh
(@ Writing to a reserved index has no effect;
reading from areserved index will give‘0’s.
gctld Graphics controller data register.
<15:8> Retrieve or write the contents of the register pointed to by thegctlx field.
Reserved Reserved. When writing to this register, the bits in these fields must be set to '0'.
<7.4>
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GCTLO

Set/Reset

Index
Reset Value

setrst
<3:0>

Reserved
<7:4>

gctlx = 00h
0000 0000b

Reserved setrst

76543‘2‘1‘0

Set/reset. VGA.
These bits allow setting or resetting byte values in the four video maps:

* 1: Set the byte, assuming the corresponding set/reset enable bit is ‘1’.
* 0: Reset the byte, assuming the corresponding set/reset enable bit is ‘0’.

®& Note: This register isctive when the graphics controller is in write mode 0
and enable set/reset is activated.

Reserved. When writing to this register, the bits in this feldt be set to '0’.
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Enable Set/Reset GCTL1

Index gctlx =01h
Reset Value 0000 0000Db

Reserved setrsten

76543‘2‘1‘0

setrsten Enable set/reset planes 3t0 0. VGA.

<3:0> When a set/reset plane is enabled (the corresponding bit is ‘1’) and the write mode is 0
(wrmode (GCTL5<1:0>) = 00), the value written to all eight bits of that plane
represents the contents of the set/reset register. Otherwise, the rotated CPU data is

used.
®& Note: This register has no effect whaot in Write Mode 0.

Reserved Reserved. When writing to this register, the bits in this it be set to '0’.
<7:4>
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GCTL2 Color Compare

Index gctlx =02h
Reset Value 0000 0000b

Reserved refcol

76543‘2‘1‘0

refcol Reference color. VGA.

<3:0> These bits represent a4-bit color value to be compared. If the host processor sets Read
Mode 1 (rdmode (GCTL5<3>) = 1), the data returned from the memory read will be
a ‘1’ in each bit position where the four planes equal the reference color value. Only
the planes enabled by t&TL7 (‘Color Don’t Care’;page 3-299register will be
tested.

Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.
<7:4>
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Data Rotate

GCTL3

Index
Reset Value

rot
<2:0>

funsel
<4:3>

Reserved
<7:5>

gctlx =03h
0000 0000Db
Reserved funsel rot

7654‘3 2‘1‘0

Data rotate count bits 2 to 0. VGA.

These bits represent a binary encoded value of the number of positions to right-rotate
the host data before writing in Mode 0 (wrmode (GCTL5<1:0>) = 00).

Therotated datais also used as a mask together with the GCTL8 (‘Bit Mask’, page 3-
29]) register to select which pixel is written.

Function select. VGA.

Specifies one of four logical operations between the video memory data latches and
any data (the source depends on the write mode).

funsel Function
‘00’ Source unmodified
‘o1 Source AND latched data
10’ Source OR latched data
‘11’ Source XOR latched data

Reserved. When writing to this register, the bits in this fieldt be set to '0’.
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Read Map Select

GCTL4
Index gctlx = 04h
Reset Value 0000 0000b
Reserved rdmapsl
7 6 5 4 3 2 1 0
rdmapsl Read map select. VGA.
<1:0> These bits represent a binary encoded value of the memory map number from which
the host reads data when in Read Mode 0. This register has no effect on the color
compare read mode (rdmode (GCTL5<3>) = 1).
Reserved Reserved. When writing to this register, the bitsin this field must be set to '0'.
<7:2>
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Graphics Mode GCTL5

Index

Reset Value

wrmode
<1:0>

rdmode
<3>

gcoddevmd
<4>

srintmd
<5>

MGA-G200 Specification

gctlx = 05h
0000 0000b

mode256
srintmd
gcoddevmd
rdmode
Reserved

wrmode

~ I Reserved

6

ol
IN
w
N
=
o

Write mode select. VGA.

These bits select the write mode:’00": In this mode, the host datais rotated and
transferred through the set/reset mechanism to the input of the Boolean unit.

*‘01": In this mode, the CPU latches are written directly into the frame buffer. The
IBLU is not used.

‘10" In this mode, host data bit n is replicated for every pixel of memory plane n,
and this data is fed to the input of the BLU.

«‘11": Each bit of the value contained in thetrst field (GCTL0<3:0>) is replicated
to 8 bits of the corresponding map expanded. Rotated system data is ANDed
with theGCTL8 (‘Bit Mask’, page 3-29)Lregister to give an 8-bit value which
performs the same function @TL8 in Modes 0 and 2.

Read mode select. VGA.

* 0: The host reads data from the memory plane selecte&€by 4, unlesschain4
(SEQ4<3>) equals 1 (in this case, the read map has no effect).
* 1: The host reads the result of the color comparison.

Odd/Even mode select. VGA

*0: TheGCTL4 (Read Map Select) register controls which plane the system reads
data from.

* 1: Selects the odd/even addressing mode. It causes CPU address bit A0 to replace bi

0 of the read plane select register, thus allowing A0 to determine odd or even plane
selection.

Shift register interleave mode. VGA.

* 0: Normal serialization.
* 1: The shift registers in the graphics controller format:
» Serial data with odd-numbered bits from both maps in the odd-numberedmap

» Serial data with the even-numbered bits from both maps in the even-num-
bered maps.
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GCTL5S Graphics Mode

mode256 256-color mode. VGA.

<6>
* 0: The loading of the shift registers is controlled byshatmd field.
* 1: The shift registers are loaded in a manner which supports 256-color mode.
Reserved <2><7>

Reserved. When writing to this register, the bits in these frelds$ be set to '0’.
These fields return ‘0’s when read.
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Miscellaneous GCTL®6

Index

Reset Value

gcgrmode
<0>

chainodd
even
<]1>

memmapsl
<3:2>

Reserved
<7:4>

gctlx = 06h
0000 0000b

memmapsl
gcgrmode

even

Reserved

7 6 5 4

w
N

=

o

Graphics mode select. VGA.

* 0: Enables alpha mode, and the character generator addressing system is activated.
* 1: Enables graphics mode, and the character addressing system is not used.

Odd/Even chain enable. VGA.

* 0: The AO signal of the memory address bus is used during system memory
addressing.

* 1: Allows AO to be replaced by either the A16 signal of the system address (if
memmapsl is ‘00’), or by thehpgoddev (MISC<5>, odd/even page select) field,
described opage 3-29%

Memory map select bits 1 and 0. VGA.

These bits select where the video memory is mapped, as shown below:

memmaps| |[Address
‘00’ A0000h - BFFFFh
‘01’ A0000h - AFFFFh
‘10° B0O0OOOh - B7FFFh
11 B8000h - BFFFFh

Reserved. When writing to this register, the bits in this feldt be set to '0’.
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GCTL7 Color Don't Care

Index gctlx =07h
Reset Value 0000 0000b

Reserved colcompen

76543‘2‘1‘0

colcompen Color enable comparison for planes 3to 0. VGA.
<3:0> When any of these bits are set to ‘1’, the associated plane is included in the color
compare read cycle.

Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.
<7.4>
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Bit Mask GCTLS8

Index gctlx = 08h
Reset Value 0000 0000Db

wrmask

7‘6‘5‘4‘3‘2‘1‘0

wrmask Data write mask for pixels 7to 0. VGA.

<r:0> If any bit in this register is set to ‘1’, the corresponding bit in all planes may be altered

by the selected write mode and system data. If any bit is set to ‘0’, the corresponding
bit in each plane will not change.
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INSTSO Input Status 0

Address 03C2h (1/0), MGABASEL + 1FC2h (MEM) Read
Attributes RO, BYTE, STATIC
Reset Value ?111 0000b

- 2
3] o 0
£ = %
e §
o L 7 Reserved
7 6 5 4 3 2 1 0
switchsns Switch sense bit. VGA.
<4> Always read as ‘1’. Writing has no effect.
featin10 Feature inputs 1 and 0. VGA.
<6:5> Always read as ‘11’. Writing has no effect.
crtcintert Interrupt.
<7>

* 0: Vertical retrace interrupt is cleared.
* 1: Vertical retrace interrupt is pending.

Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.
<3:0>
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Input Status 1

INSTS1

Address

Attributes
Reset Value

hretrace
<0>

vretrace
<3>

diag
<5:4>

Reserved

03BAh (1/0), Read (MISC<0> == 0: MDA emulation)
03DAh (1/0), Read (MISC<0> == 1. CGA emulation)
MGABASEL1 + 1IFDAh (MEM)

RO, BYTE, DYNAMIC

unknown
g g
S S
o @
Reserved diag > Reserved <
76| 5| a]3][2]1]0

Display enable

* 0: Indicates an active display interval
* 1: Indicates an inactive display interval.

Vertical retrace.

* 0: Indicates that no vertical retrace interval is occurring.
* 1: Indicates a vertical retrace period.

Diagnostic.

Thediag bits are selectively connected to two of the eight color outputs of the
attribute controller. Theidstmx field (ATTR12<5:4>) determines which color
outputs are used.

vidstmx diag

5 4 5 4
‘o ‘o PD2 PDO
‘o ‘1 PD5 PD4
‘1 (0} PD3 PD1
‘1 ‘1 PD7 PD6

<2:1><7:6>

Reserved. When writing to this register, the bits in these fralds be set to '0’.
These fields return ‘0’s when read.

MGA-G200 Specification VGA Mode Register Descriptions  3-293



MISC

Miscellaneous Output

Address

Attributes
Reset Value

ioaddsel
<0>

rammapen
<1>

clksel
<3:2>

videodis
<4>

hpgoddev
<5>

3-294

VGA Mode Register Descriptions

03C2h (1/0), MGABASEL + 1FC2h (MEM) Write 03CCh (1/O)
MGABASEL1 + 1FCCh (MEM) Read
R/W, BYTE, STATIC

0000 0000b
> [
e 8 - 2 S
o I3} o © — [2)
2 2 88 ¥ E B
2 » o ¢ X E ¢
> < < S [3) R o
7 6 5 4 3 2 1 0

I/O address select. VGA.

*0: The CRTC I/O addresses are mapped to 3BXh an8TAgUS register is
mapped to 03BAh for MDA emulation.

» 1: CRTC addresses are set to 03DXh an&##TUS register is set to 03DAh for
CGA emulation.

Enable RAM. VGA/MGA.

* Logical ‘0’: disable mapping of the frame buffer on the host bus.
* Logical ‘1’: enable mapping of the frame buffer on the host bus.

Clock selects. VGA/MGA.
These bits select the clock source that drives the hardware.

*‘'00": Select the 25.175 MHz clock.
*‘01": Select the 28.322 Mhz clock.
»‘1X’: Reserved in VGA mode. Selects the MGA pixel clock.

Video disable. VGA This bit is reserved and read as ‘0’.

Page bit for odd/even. VGA.
This bit selects between two 64K pages of memory when in odd/even mode.

* 0: Selects the low page of RAM.
* 1: Selects the high page of RAM.
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Miscellaneous Output MISC

hsyncpol Horizontal sync polarity. VGA/MGA.

<6>
* Logical ‘0’: active high horizontal sync pulse.

* Logical ‘1’: active low horizontal sync pulse.

The vertical and horizontal sync polarity informs the monitor of the number of lines
per frame.

VSYNC |HSYNC |Description
768 lines per frame

+ + (marked as Reserved for IBM VGA)
- + 400 lines per frame
+ - 350 lines per frame

- - 480 lines per frame

vsyncpol Vertical sync polarity. VGA/MGA.

<7>
* Logical ‘0’: active high vertical sync pulse

e Logical ‘1’: active low vertical sync pulse
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SEQ Sequencer

Address 03C4h (1/0), MGABASEL + 1FC4h (MEM)
Attributes R/W, BY TE/WORD, STATIC
Reset Value nnnn nnnn 0000 0000b
seqd Reserved seqgx
15 14312 ufw] o] s8] 7 6 | s | a3 | 2]1]0
segx Seguencer index register.
<2:0> A binary value that pointsto the VGA sequencer register where dataisto be written or
read when the seqd field is accessed.
Register name Mnemonic | seqx address
Reset SEQO 00h
Clocking Mode SEQ1 01h
Map Mask SEQ2 02h
Character Map Select SEQ3 03h
Memory Mode SEQ4 04h
Reserved®) — 05h - 07h
@ When writi ng to areserved register, all fields must
be set to ‘0’. Reading from a reserved index will
give ‘O’s.
seqd Seguencer data register.
<15:8> Retrieve or write the contents of the register that is pointed to by the seqx field.
Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.
<7:3>
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Reset SEQO
Index segx = 00h
Reset Value 0000 0000b
-
D o
(&) c
c >
Reserved >
7 6 5 4 3 2 1
asyncrst Asynchronous reset. VGA.
<0>
* 0: For the IBM VGA, this bit was used to clear and stop the sequencer
asynchronously. For MGA, this bit can be read or written (for compatibility) but it
does not stop the memory controller.
* 1: For the IBM VGA, this bit is used to remove the asynchronous reset.
syncrst Synchronous reset. VGA.
<1>
* 0: For the IBM VGA, this bit was used to clear and stop the sequencer at the end of a
memory cycle. For MGA, this bit can be read or written (for compatibility), but it
does not stop the memory controller. The MGA-G200 does not require that this bit
be set to ‘0’ when changing any VGA register bits.
* 1: For the IBM VGA, used to remove the synchronous reset.
Reserved Reserved. When writing to this register, the bits in this fieldt be set to '0’.
<7:2>
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SEQ1

Clocking Mode

Index
Reset Value

dotmode
<0>

shftldrt
<2>

dotclkrt
<3>

shiftfour
<4>

scroff
<5>

Reserved

segx =01h
0000 0000b

scroff
shiftfour
dotclkrt
shftldrt
dotmode

.
Reserved
(o)}
(6]
D
w
N
Eﬂ Reserved
o

9/8 dot mode. VGA.

* 0: The sequencer generates a 9-dot character clock.
* 1: The sequencer generates an 8-dot character clock.

Shift/load rate. VGA.

* 0: The graphics controller shift registers are reloaded every character clock.
* 1: The graphics controller shift registers are reloaded every other character clock.
This is used for word fetches.

Dot clock rate. VGA.

* 0: The dot clock rate is the same as the clock at the VCLK pin.
 1: The dot clock rate is slowed to one-half the clock at the VCLK pin. The character
clock and shift/load signals are also slowed to half their normal speed.

Shift four. VGA.

» 0: The graphics controller shift registers are reloaded every character clock.
* 1: The graphics controller shift registers are reloaded every fourth character clock.
This is used for 32-bit fetches.

Screen off. VGA/MGA.

* 0: Normal video operation.
* 1: Turns off the video, and maximum memory bandwidth is assigned to the system.
The display is blanked, however, all sync pulses are generated normally.

<1><7:6>

Reserved. When writing to this register, the bits in these frelds$ be set to '0’.
These fields return ‘0’s when read.
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Map Mask SEQ2

Index segx =0zh
Reset Value 0000 0000b

Reserved plwren

76543‘2‘1‘0

plwren Map 3, 2, 1 and O write enable. VGA.

<3:0> A ‘1’ in any bit location will enable CPU writes to the corresponding video memory

map. Simultaneous writes occur when more than one bit is ‘1’.

Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.
<7.4>
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SEQ3 Character Map Select

Index seqx =03h
Reset Value 0000 0000b
© —_ —
o o) () K] [)
> 0 " N "
o @®© o @© Qo
b o [} o o
) © S S S
14 S S S S
76| s a3 2]1]o0
This register isreset by the reset pin (PRST/), or by the asyncrst field of the SEQO
register.
mapbsel Map B select bits 2, 1, and 0. VGA.
<4, 1:0> These bits are used for alpha character generation when the character’s attribute bit 3
is ‘0’, according to the following table:
mapbsel Map# Map location
‘000’ 0 1st 8 kilobytes of Map 2
‘001 1 3rd 8 kilobytes of Map 2
‘010’ 2 5th 8 kilobytes of Map 2
‘011’ 3 7th 8 kilobytes of Map 2
‘100’ 4 2nd 8 kilobytes of Map 2
101 5 4th 8 kilobytes of Map 2
110’ 6 6th 8 kilobytes of Map 2
111 7 8th 8 kilobytes of Map 2
mapasel Map A select bits 2, 1, and 0. VGA.
<5, 3:2> These bits are used for alpha character generation when the character’s attribute bit 3
is ‘1’, according to the following table:
mapasel Map# Map location
‘000’ 0 1st 8 kilobytes of Map 2
‘001 1 3rd 8 kilobytes of Map 2
‘010’ 2 5th 8 kilobytes of Map 2
‘011’ 3 7th 8 kilobytes of Map 2
100’ 4 2nd 8 kilobytes of Map 2
‘101 5 4th 8 kilobytes of Map 2
110 6 6th 8 kilobytes of Map 2
111 7 8th 8 kilobytes of Map 2
Reserved Reserved. When writing to this register, the bits in this imeldt be set to '0’.
<7:6>

3-300 VGA Mode Register Descriptions

MGA-G200 Specification



Memory Mode SEQ4

Index

Reset Value

memsz256
<1>

seqoddevmd
<2>

chain4
<3>

Reserved

segx = 04h
0000 0000Db
£
> 8 ho]
s N 9
T o ) >
= o = (]
g g ¢ 3
Reserved I3} %) = 4
7 6 5 4 3 2 1 0

256K memory size.

* Set to ‘0’ when 256K of memory is not installed. Address bits 14 and 15 are forced
to ‘0.

» Set to ‘1’ when 256K of memory is installed. This bit should always be ‘1'.

Odd/Even mode. VGA.

* 0: The CPU writes to Maps 0 and 2 at even addresses, and to Maps 1 and 3 at odd
addresses.

* 1: The CPU writes to any map.

®& Note: In all cases, a map is writtemless it has been disabled by the map
mask register.

Chain four. VGA.

* 0: The CPU accesses data sequentially within a memory map.

» 1: The two low-order bits AO and Al select the memory plane to be accessed by the
system as shown below:

A<1:0> |Map selected
‘00’ 0
‘01’ 1
‘10’ 2
11 3

<0> <7:4>

Reserved. When writing to this register, the bits in these fralds be set to '0’.
These fields return ‘0’s when read
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3.3 DAC Registers

3.3.1 DAC Register Descriptions

The MGA-G200 DAC register descriptions contain a (gray single-underlined) main header which

indicates the register’'s name and mnemonic. Below the main header, the memory address or index,
attributes, and reset value are indicated. Next, an illustration of the register identifies the bit fields, which
are then described in detail below the illustration. The reserved bit fields are underscored by black bars,
and all other fields are delimited by alternating white and gray bars.

Sample DAC Register Description SAMPLE_DAC
Address <value> (1/0), value (MEM)
Attributes R/W \
Reset Value <value> Main header
Underscore bar
field1 field2 Reserved field3 /
76| 5| a3 2]1]0
fieldl Field 1. Detailed description of thield1 field of theSAMPLE_DAC register, which
<7:.6> comprises bits 7 to 6zont and case changes within the text indicate a register or
field.
field2 Field 2. Detailed description of thield2 field of SAMPLE_DAC, which comprises
<5:3> bits 5 to 3.
field3 Field 3. Detailed description of thield3 field of SAMPLE_DAC, which comprises
<1:0> bits 1 to 0.

Reserved<2>  Reserved. When writing to this register, this field must be set to '0". (Reserved
registers always appear at the end of a register description.)
Address

This address is an offset from the Power Graphic mode base memory address.

Index

The index is an offset from the starting address of the indirect access reqiStafAREG).
Attributes

The DAC 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.

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

m 000? 0?00b
(b = binary, ? = unknown, N/A = not applicable)
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CURPOS

Address

Attributes
Reset Value

Reserved

Cursor Position X/Y

CURPOSXL MGABASEL1 + 3COCh (MEM)
CURPOSXH MGABASEL + 3CODh (MEM)
CURPOSYL MGABASEL1 + 3COEh (MEM)
CURPOSYH MGABASEL + 3COFh (MEM)
R/W, BYTE, WORD, DWORD

unknown

curposy Reserved Curposx

31/30| 2928 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

curposx
<11:0>

curposy
<27:16>

Reserved

X Cursor position. Determines the position of the last column of the hardware cursor
on the display screen.

In order to avoid either noise or asplit cursor within aframe, the software must ensure
that a cursor update never occurs during aretrace period (when the vsyncsts statusis
1 - seethe STATUS register). Cursor update can take place at any other time.

Cursor repositioning will only take effect on the next activation of the vertical retrace.

Cursor position (1,1) corresponds to the top left corner of the screen (it is the first
displayed pixel following avertical retrace).

Specifically, the programmed cursor x position isthe number of pixelsfrom the end of
the blank signal at which the bottom right hand corner of the cursor islocated.
Therefore, loading 001h into curposx causes the rightmost pixel of the cursor to be
displayed on the leftmost pixel of the screen.

Likewise, the programmed cursor y position is the number of scanlines from the end
of vertical blanking at which the bottom right hand corner of the cursor is located.
Therefore, loading 001h into curposy causes the bottommost pixel of the cursor to be
displayed on the top scanline of the screen. If 000h is written to either of the cursor
position registers, the cursor will be located off-screen.

The hardware cursor is operational in both non-interlace and interlaced display modes
(seetheinterlace bit of the CRTCEXTO VGA register).

Y Cursor position. Determines the position of the last row of the hardware cursor on
the display screen.

<15:12> <31:28>
Reserved. When writing to this register, the bits in these fields must be set to '0’.
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Palette RAM Data PALDATA

Address 03Coh (1/0), MGABASEL1 + 3C01h (MEM)
Attributes R/W,BYTE
Reset Value unknown

paldata

76| 5| a3 2]1]0

paldata Palette RAM data. Thisregister is used to load datainto and read datafrom the palette
<7:0> RAM. Since the palette RAM is 24 bits wide, three writes are required to this register
in order to write one complete location in the RAM. The address in the palette RAM
to be written is determined by the value of the PALWTADD register.

Likewise, three reads are required to obtain all three bytes of datain one entry. The
address in the palette RAM to be read is determined by the value of the PALRDADD
register.

Thevga8dac bit (seethe XMISCCTRL register) controls how the data is written into
the palette.

* In 6-bit mode, the host data is shifted left by two to compensate for the lack of a
sufficient bit width (zeros are shifted in). When reading data from the palette RAM
in 6-bit mode, the data will be shifted right and the two most significant bits filled
with O’s to be compatible with VGA.

* In 8-bit mode, no shifting or zero padding occurs; the full 8 bit host data is trans-
ferred.

The palette RAM is dual-ported, so reading or writing will not cause any noticeable
disturbance of the display.
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PALRDADD Palette RAM Read Address

Address 03C7h (1/0, W), MGABASE1 + 3C03h (MEM, R/W)
Attributes BYTE
Reset Value unknown

palrdadd

7‘6‘5‘4‘3‘2‘1‘0

palrdadd Palette address register for LUT read. Thisregister is used to address the palette RAM
<7:0> during aread operation. It isincreased for every three bytes read from the PALDATA
port (the palette RAM is 24 bits wide). When the address increments beyond the last
palette location, it will wrap around to location 0. Writing this register resets the
modulo 3 counter to O.

®& Note: Thislocation stores the same physical register as location
PALWTADD.
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Palette RAM Write Address PALWTADD

Address 03C8h (1/0), MGABASE1 + 3C00h (MEM)
Attributes R/W,BYTE
Reset Value unknown

palwtadd

76| 5| a]3]2]1]0

palwtadd Palette address register for LUT write. This register has two
<7:0> functions:

* Itis used to address the palette RAM during a write operation. This register is
incremented for every 3 bytes written to B#%LDATA port (the palette RAM is 24
bits wide). When the address increments beyond the last palette location, it will
wrap around to location 0. Writing this register resets the modulo 3 counter to 0.

* When used as the index register, this register is loaded with the index of the indirect
register which is to be accessed throughtheATAREG port.

®& Note: This location stores the same physical register aBAR&DADD
location.
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PIXRDMSK Pixel Read Mask

Address 03C6h (1/0), MGABASEL + 3C02h (MEM)
Attributes R/W, BYTE
Reset Value 1111 1111h

pixrdmsk

76| 5| a]s3][2]1]0

pixrdmsk Pixel read mask. The pixel read mask register is used to enable or disable a bit plane
<7:0> from addressing the palette RAM. This mask is used in all modes which access the
palette RAM (not just the 8 bit/pixel modes).

Each palette address bit is logically ANDed with the corresponding bit from the read
mask register before going to the palette RAM.

®& Note: Direct pixels (pixelsthat do not go through the palette RAM) are not
masked in any mode.
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Indexed Data

MGABASEL1 + 3COAh (MEM)

X_DATAREG

Address
Attributes R/W,BYTE
Reset Value unknown
indd
<7:0>

which is accessed is determined by the Index Register (PALWTADD).

Locations marked as ‘Reserved’ return unknown information; writing to any such

reserved location may affect other indexed registers.

indd Address | Register Addressed Mnemonic
00h-03h | Reserved —
04h Cursor Base Address Low | XCURADDL
05h Cursor Base Address High | XCURADDH
06h Cursor Control XCURCTRL
07h Reserved —
08h Cursor Colo0 RED XCURCOLORED
09h Cursor Color0 GREEN XCURCOLOGREEN
OAh Cursor Color0 BLUE XCURCOLOBLUE
0Bh Reserved —
0Ch Cursor Colorl RED XCURCOL1RED
0ODh Cursor Colorl GREEN XCURCOL1GREEN
OEh Cursor Colorl BLUE XCURCOL1BLUE
OFh Reserved —
10h Cursor Color2 RED XCURCOLZ2RED
11h Cursor Color2 GREEN XCURCOL2GREEN
12h Cursor Color2 BLUE XCURCOL2BLUE
13h-17h | Reserved —
18h \Voltage Reference Control | XVREFCTRL
19h Multiplex Control XMULCTRL
1Ah Pixel Clock Control XPIXCLKCTRL
1Bh-1Ch | Reserved —
1Dh General Control XGENCTRL
1Eh Miscellaneous Control XMISCCTRL
1Fh-29h | Reserved —
2Ah General Purpose 1/0 ControKGENIOCTRL
2Bh General Purpose I/O Data | XGENIODATA
2Ch SYSPLL M Value XSYSPLLM
2Dh SYSPLL N Value XSYSPLLN
2Eh SYSPLL P Value XSYSPLLP
2Fh SYSPLL Status SYSPLL Status

MGA-G200 Specification
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X_DATAREG

Indexed Data

indd Address | Register Addressed Mnemonic

30h-37h  |Reserved —
38h Zoom Control XZOOMCTRL
39h Reserved —
3Ah Sense Test XSENSETEST
3Bh Reserved —
3Ch CRC Remainder Low XCRCREML
3Dh CRC Remainder High XCRCREMH
3Eh CRC Bit Select XCRCBITSEL
3Fh Reserved —
40h Color Key Mask XCOLMSK
41h Reserved —
42h Color Key XCOLKEY
43h Reserved —
44h PIXPLL M Value Set A XPIXPLLAM
45h PIXPLL N Value Set A XPIXPLLAN
46h PIXPLL P Value Set A XPIXPLLAP
47h Reserved —
48h PIXPLL M Value Set B XPIXPLLBM
49h PIXPLL N Value Set B XPIXPLLBN
4Ah PIXPLL P Value Set B XPIXPLLBP
4Bh Reserved —
4Ch PIXPLL M Value Set C XPIXPLLCM
4Dh PIXPLL N Value Set C XPIXPLLCN
4Eh PIXPLL P Value Set C XPIXPLLCP
4Fh PIXPLL Status XPIXPLLSTAT
50h Reserved —
51h KEYING Operating Mode |XKEYOPMODE
52h Color Mask ORed XCOLMSKORED
53h Color Mask 0 Green XCOLMSKOGREEN
54h Color Mask 0 Blue XCOLMSKOBLUE
55h Color Key ORed XCOLKEYORED
56h Color Key 0 Green XCOLKEYOGREEN
57h Color Key 0 Blue XCOLKEYOBLUE

58h-5Fh | Reserved —
60h Cursor Color3 Red XCURCOL3RED
61h Cursor Color3 Green XCURCOL3GREEN
62h Cursor Color3 Blue XCURCOL3BLUE
63h Cursor Colo#4 Red XCURCOL4RED
64h Cursor Colo#4 Green XCURCOL4GREEN
65h Cursor Colo# Blue XCURCOL4BLUE
66h Cursor Colos Red XCURCOL5RED
67h Cursor Colos Green XCURCOL5GREEN
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Indexed Data X _DATAREG
indd Address | Register Addressed Mnemonic

68h Cursor Color 5 Blue XCURCOL5BLUE
69h Cursor Color 6 Red XCURCOLG6RED
6Ah Cursor Color 6 Green XCURCOL6GREEN
6Bh Cursor Color 6 Blue XCURCOLG6BLUE
6Ch Cursor Color 7 Red XCURCOL7RED
6Dh Cursor Color 7 Green XCURCOL7GREEN
6Eh Cursor Color 7 Blue XCURCOL7BLUE
6Fh Cursor Color 8 Red XCURCOLS8RED
70h Cursor Color 8 Green XCURCOL8GREEN
71h Cursor Color 8 Blue XCURCOLS8BLUE
72h Cursor Color 9 Red XCURCOL9RED
73h Cursor Color 9 Green XCURCOL9GREEN
74h Cursor Color 9 Blue XCURCOL9BLUE
75h Cursor Color 10 Red XCURCOL10RED
76h Cursor Color 10 Green XCURCOL10GREEN
77h Cursor Color 10 Blue XCURCOL10BLUE
78h Cursor Color 11 Red XCURCOL11RED
79h Cursor Color 11 Green XCURCOL11GREEN
7Ah Cursor Color 11 Blue XCURCOL11BLUE
7Bh Cursor Color 12 Red XCURCOL12RED
7Ch Cursor Color 12 Green XCURCOL12GREEN
7Dh Cursor Color 12 Blue XCURCOL12BLUE
7Eh Cursor Color 13 Red XCURCOL13RED
7Fh Cursor Color 13 Green XCURCOL13GREEN
80h Cursor Color 13 Blue XCURCOL13BLUE
81lh Cursor Color 14 Red XCURCOL14RED
82h Cursor Color 14 Green XCURCOL14GREEN
83h Cursor Color 14 Blue XCURCOL14BLUE
84h Cursor Color 15 Red XCURCOL15RED
85h Cursor Color 15 Green XCURCOL15GREEN
86h Cursor Color 15 Blue XCURCOL15BLUE
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XCOLKEY Color Key

Index 42h
Attributes R/W, BYTE
Reset Value unknown
colkey
76| 5| a]s3]2]1]0
colkey Color key bitsfor alpha overlay. The color key isonly used to perform color keying
<7:0> between graphics and the alpha overlay buffer in 32 bits/pixel single frame buffer
mode (depth = ‘100’). The equation is:
if (COLMBK AND ALPHA == COLKEY) ; show graphic stream
el se ; show the overlay col or LUT(ALPHA))

& Note: Thedepth field is located in th&KMULCTRL register.
where:

ALPHA is the address of the overlay register (in that mode, the palette is used as 256
overlay registers) and LUT(ALPHA) is the overlay color.

The overlay can be disabled by programming COLMSK = 0 and COLKEY = 0.
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Color Key 0 XCOLKEYO

Index 55h XCOLKEYORED
56h XCOLKEYOGREEN
57h XCOLKEYOBLUE
Attributes R/W,BYTE
Reset Value unknown
colkeyO

7‘6‘5‘4‘3‘2‘1‘0

colkeyO Color Key hits 7 to 0 for window 0. The color key is used to perform color keying
<7:0> between graphics and the video buffer.
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XCOLMSK

Index
Attributes
Reset Value

colmsk
<7:0>

Color Key Mask

40h
R/W,BYTE
unknown

Color key mask bits 7 to 0. To prevent a particular bit plane from participating in a
keying comparison, the corresponding color key mask bit should be set to Ob.

The mask is only used in 32 bits/pixel single frame buffer modes (depth = ‘100") for
overlay enable/disable.

See “XCOLKEY” on page 312 for more information.
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Color Mask 0 XCOLMSKO

Index 52h XCOLMSKORED
53h XCOLMSKOGREEN
54h XCOLMSKOBLUE
Attributes R/W,BYTE
Reset Value unknown
colmskO

7‘6‘5‘4‘3‘2‘1‘0

colmskO Color Key mask bits 7 to 0 for window 0. To prevent a particular bit plane from
<7:0> participating in a keying comparison, the corresponding color key mask bit should be
setto ‘0.
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XCRCBITSEL

CRC Bit Select

Index 3Eh
Attributes R/W, BYTE
Reset Value unknown
Reserved crcsel
76| 5| a]ls3][2]1]0
crcsel CRC bit selection. This register determines which of the 24 DA C data lines the 16-bit
<4:0> CRC should be calculated on. Valid values are Oh-17h:
Value DAC Data Linesto Use
00h-07h | blueO - blue7
08h-0OFh | green0 - green?
10h-17h | redO - red7
Reserved Reserved. When writing to this register, the bitsin this field must be set to '0'.
<7:5>
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CRC Remainder High XCRCREMH

Index 3Dh
Attributes RO, BYTE
Reset Value unknown
crcdata
76| 5| a]3]2]1]0
crcdata High-order CRC remainder. This register is used to read the results of the 16-bit CRC
<7.0> calculation. XCRCREMH corresponds to bits 15:8 of the 16-bit CRC.

A 16-bit cyclic redundancy check (CRC) is provided so that the video data’s integrity
can be verified at the input of the DACs. TK€RCBITSEL register indicates which

video line is checked. THERCRCREMH andXCRCREML registers accept video data
when the screen is not in the blank period. The CRC Remainder register is reset to 0 at
the end of vertical sync period and must be read at the beginning of the next vertical
sync period (when VSYNC status goes to 1).

The CRC is calculated as follows:

Video Data XOR
5-bit
shift XOR
register 7-bit
— shift XOR
register 4-bit

shift

( register | MSB
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XCRCREML CRC Remainder Low

Index 3Ch

Attributes RO, BYTE

Reset Value unknown

crcdata
76| 5| a]s3][2]1]0
crcdata Low-order CRC remainder. This register is used to read the results of the 16-bit CRC
<7.0> calculation. XCRCREML corresponds to bits 7:0 of the 16-bit CRC. See

XCRCREMH.
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Cursor Base Address High XCURADDH

Index 05h
Attributes R/W,BYTE
Reset Value unknown
Reserved curadrh
76| 5| a]3]2]1]0
curadrh Cursor address high. These are the high-order bits of the cursor map
<5:0> address.

The 14-bit value from the high and low order cursor address locations is the base
address (bits 23:10) of the frame buffer where the cursor maps are located. The cursor
maps must be aligned on a 1 KByte boundary.

When XCURADDL or XCURADDH are written, the values take effect immediately.
This may result in temporarily invalid cursor pixel values, if the cursor map is being
fetched simultaneously.

Two cursor maps are possible depending on the cursor mode selected (see the
curmode field in XCURCTRL). These are based on either atwo-slice mode or a six-
slice mode. In two-slice mode, each pixel of the cursor is defined by two bits (bit plane
1 and bit plane 0). The cursor data is stored in 64-hit slices in memory (each slice
contains al the datafor one plane of one cursor scanline). One scanline-planeis stored
in memory as follows::

BIT: |32 o

PIXEL: |2~

o
&

3132
32[31

63

In six-slice mode, each pixel color is defined by 4 bits, with two additional bits:
one for transparency and another for complement. The 4-bit color islinearly
written into the 4 slices and is binary encoded to select one of 16 cursor colors (see
XCURCOL). The memory map of this mode for one scanline is stored in memory

asfollows:
Address Data
Base + 0 | Slice O cursor pixels 0 to 15
Base + 1 | Slice 1 cursor pixels 16 to 31
Base + 2 | Slice 2 cursor pixels 34 to 48
Base + 3 | Slice 3 cursor pixels 49 to 63
Base + 4 | Complement pixels 0 to 63
Base + 5 | Slice 4 transparent pixels 0 tg 63
Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.

<7:6>
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XCURADDL

Index
Attributes
Reset Value

curadrl
<7:0>

Cursor Base Address Low

04h
R/W, BYTE
unknown

curadrl

7‘6‘5‘4‘3‘2‘1‘0

Cursor address low. These are the low-order bits of the cursor map address. See the

XCURADDH register description for more details.
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Cursor Color

XCURCOL

Index
08h XCURCOLORED 6Fh XCURCOLSRED
09h XCURCOLOGREEN 70h XCURCOLSGREEN
OAh XCURCOLOBLUE 71h XCURCOLS8BLUE
0Ch XCURCOL1RED 72h XCURCOL9RED
0Dh XCURCOL1GREEN 73h XCURCOL9GREEN
OEh XCURCOL1BLUE 74h XCURCOL9BLUE
10h XCURCOL2RED 75h XCURCOL10RED
11h XCURCOL2GREEN 76h XCURCOL10GREEN
12h XCURCOL2BLUE 77h XCURCOL10BLUE
60h XCURCOL3RED 78h XCURCOL11RED
61h XCURCOL3GREEN 79h XCURCOL11GREEN
62h XCURCOL3BLUE 7Ah XCURCOL11BLUE
63h XCURCOL4RED 7Bh XCURCOL12RED
64h XCURCOL4GREEN 7Ch XCURCOL12GREEN
65h XCURCOL4BLUE 7Dh XCURCOL12BLUE
66h XCURCOLS5RED 7Eh XCURCOL13RED
67h XCURCOLS5GREEN 7Fh XCURCOL13GREEN
68h XCURCOLS5BLUE 80h XCURCOL13BLUE
69h XCURCOLG6RED 81h XCURCOL14RED
6Ah XCURCOL6GREEN 82h XCURCOL14GREEN
6Bh XCURCOL6BLUE 83h XCURCOL14BLUE
6Ch XCURCOL7RED 84h XCURCOLI15RED
6Dh XCURCOL7GREEN 85h XCURCOL15GREEN
6Eh XCURCOL7BLUE 86h XCURCOL15BLUE

Attributes R/W,BYTE

Reset Value unknown

curcol
7]l e[ 5| a]s3]2]1]0
curcol Cursor color register. The desired color register (0-15) is chosen according to both the
<7:0> cursor mode and cursor map information. (See the XCURCTRL register for more

information.) Each color register is 24 bits wide and contains an 8-bit red, 8-bit green,
and 8-bit blue field.
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XCURCTRL

Index
Attributes
Reset Value

curmode
<2:0>

06h
R/W, BYTE
0000 0000b

Reserved

curmode

76| 5| a]ls3][2]1]o0

Cursor Control

Cursor mode select. Thisfield isused to disable or select the cursor mode, asindicated

below:

*‘000’: cursor disabled (default)
*‘001’: three-color cursor

«‘010": XGA cursor

* ‘011" X-Windows cursor
*'100’: 16-color palettized cursor
*‘101": Reserved

*‘110": Reserved

*‘111’: Reserved

In cursor modes other than 16 color palettizadihode = ‘100’), there are four
possible ways to display each pixel of the cursor. The following table shows how the
encoded pixel data is decoded, based on the cursor mode (sethiyde):

RAM Cursor Mode
Plane 1 Plane 0 Three-Color XGA X-Windows
‘o (0} Transparenfl) Cursor Color 0 Transparent
‘0’ 1’ Cursor Color 0 Cursor Color 1 Transparent
‘1 ‘0 Cursor Color 1 Transparent Cursor Color (
‘1 ‘1 Cursor Color 2 Complemet(ﬁ) Cursor Color 1

@ The underlying pixel is displayed (that is, the cursor has no effect on the display).
() Each bit of the underlying pixel isinverted, then displayed.

In 16 color palettized cursor mode, the cursor bit map is placed in memory as
described iKCURADDH. The following table demonstrates how the bit map data is

encoded

Slice
Display
5| 4] 3|2 1] 0
Pixel color 0| 0] G| G |C|Cy
Complement, 0| 1| X
Transparent 1 0 X
Transparent 1 1l X

3-322 DAC Registers

MGA-G200 Specification



XCURCTRL

Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’.
<7:2>
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XGENCTRL

Index
Attributes
Reset Value

alphaen
<1>

pedon

<4>

iogsyncdis
<5>

Reserved

3-324

DAC Registers

General Control

1Dh
R/W,BYTE
0000 0000b
R
© ©
S o g 2
P o © o
> 3 5 8
Reserved 2 o Reserved ®© o
7 6 5 4 3 2 1 0

Video aphabit enable. This bit is used by the keying function to enable or disable the
alphabits in the equation for split frame buffer modes (mode G16V 16 or 2G8V 16). It
isalso used in 15-hit single frame buffer mode to enable or disable the 1-bit overlay.

* 0: disabled (forces the effective value of all alpha bits to Ob) or overlay disable
* 1: enabled (alpha bits are used for color keying) or overlay enable

Pedestal control. This field specifies whether a 0 or 7.5 IRE blanking pedestal is to be
generated on the video outputs.

* 0: 0 IRE (default)
*1: 75 IRE

Green channel sync disable. This field specifies if sync (from the internal signal
HSYNC) information is to be sent to the output of the green DAC.

* 0: enable (default)
+ 1: disable (sync information is sent to the output of the green DAC)

®& Note: The HSYNC can be programmed to be either horizontal sync only, or
composite (block) sync. See tbgyncen bit of theCRTCEXT3
VGA register.

<0><3:2> <7:6>
Reserved. When writing to this register, the bits in these fraldsbe set to '0’.
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General Purpose 1/0 Control XGENIOCTRL

Index 2Ah
Attributes R/W,BYTE
Reset Value 0000 0000b

miscoe ddcoe

~ I Reserved

6 | s[4 |s]2]1]o0

ddcoe DDC pin output control. Controls the output enable of the driver on pins DDC<3:0>,
<3:0> respectively.

* 0: disable the output driver
* 1: enable the output driver

miscoe MISC pin output control. Controls the output enable of the driver on pins MISC<2:0>,
<6:4> respectively.

* 0: disable the output driver
* 1: enable the output driver

Reserved Reserved. When writing to this register, the bits in this fieldt be set to '0’.
<7:6>
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XGENIODATA General Purpose I/O Data

Index 2Bh

Attributes R/W, BYTE
Reset Value 0000 0000b

miscdata ddcdata

6 | 543 2]1]o0

~ I Reserved

ddcdata DDC pin output state. Controls the output state of the driver on pins DDC<3:0>,
<3:0> respectively. On read, thisfield returns the state of the DDC<3:0> pins.
miscdata MISC pin output state. Controls the output state of the driver on pins M1SC<2:0>
<6:4> during awrite operation. On read, this field returns the state of the MISC<2:0> pins.
Reserved Reserved. When writing to this register, the bitsin this field must be set to '0'.
<7:6>
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KEYING Operating Mode

XKEYOPMODE
Index 51h
Attributes R/W,BYTE
Reset Value 0000 0001b
o
c
(5]
>
()
=
Reserved 3
7 6 5 4 3 2 1 0
colkeyenO This field selects the type of display for video window ‘0’
<0> « 0: overlay
» 1: color key
Reserved Reserved. When writing to this register, the bits in this fieldt be set to '0’.
<7:1>
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XMISCCTRL

Index
Attributes
Reset Value

dacpdN
<0>

mfcsel
<2:1>

vga8dac
<3>

ramcs
<4>

vdoutsel
<6:5>

Reserved
<7>

3-328 DAC Registers

Miscellaneous Control

1Eh

R/W, BYTE

0000 0110b
©
o & =
—_ [7)] © o
3 e % o
¥ vdoutsel 8 2 mfcsel S
7 | 6 ‘ 5 | 4 | 3] 2 1| o

DAC power down. Thisfield is used to remove power from the DACs, to conserve
power.

* 0: DAC disabled (default)
* 1: DAC enabled

Matrox advanced feature connector (MAFC) Function Select.

*'00’: Reserved

*‘01": Matrox Advanced Feature Connector. In MAFC mode, the data just before the

DAC is output to the 12-bit feature connector using both edges of the clock.

Panel Link Mode. In Panel Link Mode, the data just before the DAC, is output

to the 12-bit feature connector using both edges of the clock.

«'11": Disable Feature Connector. When the feature connector is disabled, the
VOBLANK/, VDOCLK, and VDOUT<11:0> pins are driven low.

.10

VGA 8-bit DAC. This field is used for compatibility with standard VGA, which uses a
6-bit DAC.

* 0: 6 bit palette (default)
* 1: 8 bit palette

LUT RAM chip select. Used to power up the LUT.

*0: LUT disabled
*1: LUT enabled

Video Out Select.

*‘00’: In MAFC12 mode, the outputs are taken just before DAC and are output 12 bits
at a time on both edges of the clock. This effectively transfers one 24 bit pixel
(8 bits per channel) per clock. This works in all MGA display modes.

*‘01": Reserved

«‘10’: In BYPASS656 mode, the output is taken directly from the Video-In bus and
passed directly through to the Video-Out bus at 1 byte per clock cycle.

*‘11": Reserved

Reserved. When writing to this register, the bits in this it be set to '0’.
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Multiplex Control XMULCTRL

Index 19h
Attributes R/W,BYTE
Reset Value 0000 0000b

Reserved depth

76| 5| a]s3][2]1]0

depth Color depth. The following table shows the available color depths and their
<2:0> properties:

Value Color Depth Used

‘000’ 8 bits/pixel (palettized) (default)

‘001’ 15 bits/pixel  (palettized) + 1-bit overlay

‘010’ 16 bits/pixel  (palettized)

‘011 24 bits/pixel  (packed, palettized)

100’ 32 bits/pixel (24 bpp direct, 8 bpp overlay palettized)
‘101 Reserved

‘110° Reserved

111 32 bits/pixel (24 bpp palettized, 8 bpp unused)

When at ‘0’, themgamode field of theCRTCEXT3 VGA register sets the DAC to
VGA mode. Thedepth field should be programmed to ‘000’ when in VGA mode.

Reserved Reserved. When writing to this register, the bits in this it be set to '0’.
<7:3>

®% Note: Thedepth andmgamode fields also control the VCLK division
factor.
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XPIXCLKCTRL Pixel Clock Control

Index 1Ah
Attributes R/W,BYTE
Reset Value 0000 0000b

Z o
2 3
o ©
Reserved o o pixclksl
7 6 5 4 3 2 1 0
pixclksl Pixel clock selection. These bits select the source of the pixel

<1:0> clock:

*‘00’: selects the output of the PCI clock

*‘01’: selects the output of the pixel clock PLL
*'10’": selects external source (from tH®OCLK pin)
*‘11": Reserved

pixclkdis Pixel clock disable. This bit controls the pixel clock
<2> output:

* 0: enable pixel clock oscillations.
* 1: stop pixel clock oscillations.

pixpllpdN<3>  Pixel PLL power down.

* 0: power down
* 1: power up

Reserved Reserved. When writing to this register, the bits in this fieldt be set to '0’.
<7:4>

®® Note: See"Programming the PLLs” on page T& information on
modifying the clock parameters.
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PIXPLL M Value XPIXPLLM

Index 44h XPIXPLLAM
48h XPIXPLLBM
4Ch XPIXPLLCM

Attributes R/W,BYTE

Reset Value 15h XPIXPLLAM
1Eh XPIXPLLBM

unknown XPIXPLLCM

Reserved pixplim

76| 5| a]s3][2]1]0

pixpllm Pixel PLL M value register. The ‘m’ value is used by the reference clock prescaler
<4:0> circuit.

There are three sets of PIXPLL registers:

Set A Set B Set C
XPIXPLLAM XPIXPLLBM XPIXPLLCM
XPIXPLLAN XPIXPLLBN XPIXPLLCN
XPIXPLLAP XPIXPLLBP XPIXPLLCP

Thepixpllm field can be programmed from any of the ‘m’ registers in Set A, B, or C:
XPIXPLLAM, XPIXPLLBM, or XPIXPLLCM. The register set which defines the

pixel PLL operation is selected by tbkksel field of theMISC VGA register as

shown in the following table:

clksel Pixel Clock PLL Frequency Reset Value

‘00’ Register Set A (25.172 MHz) M=21
‘01’ Register Set B (28.361 MHz) M =30
X Register Set C Unknown

®% Note: Thepixpllm valuemust be in the range of 1 to 31.

Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.
<7:5>
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XPIXPLLN PIXPLL N Value

Index 45h XPIXPLLAN
49h XPIXPLLBN
4Dh XPIXPLLCN

Attributes R/W,BYTE

Reset Value 28h XPIXPLLAN
40h XPIXPLLBN

unknown XPIXPLLCN

pixplln

~ I Reserved

6 | 5|43 2]1]o0

pixplin Pixel PLL N value register. The ‘n’ value is used by the VCO feedback divider
<6:0> circuit.

Thepixplin field can be programmed from any of the ‘n’ registers in Set A, B, or C:
XPIXPLLAN, XPIXPLLBN, or XPIXPLLCN. The register set which defines the pixel

PLL operation is selected by théksel field of theMISC VGA register as shown in
the following table:

clksel Pixel Clock PLL Freguency Reset Value
‘00’ Register Set A (25.172 MHz) N =40
‘or Register Set B (28.361 MHz) N =64
X’ Register Set C Unknown
®% Note: Thepixplin value must be in the range of 1 (1h) to 127 (7Fh)
inclusive.
Reserved Reserved. When writing to this register, this field must be set to '0".

<7>
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PIXPLL P Value XPIXPLLP

Index 46h XPIXPLLAP
4Ah XPIXPLLBP
4Eh XPIXPLLCP

Attributes R/W,BYTE

Reset Value 01h XPIXPLLAP
01h XPIXPLLBP

unknown XPIXPLLCP

Reserved pixplls pixpllp

76| 5| a3 2]1]0

pixpllp Pixel PLL P value register. The ‘p’ value is used by the VCO clock divider circuit.
<2:0> The permitted values are:

P=0- Fo=Fvco/l
P=1- Fo=Fvco/2
P =3- Fo=Fvco/4
P=7- Fo=Fvco/8

pixplls Pixel PLL S value register. The ‘s’ value controls the loop filter bandwidth.

<4:3> 50 MHz <= Fvco < 100 MHz S=0
100 MHz <= Fvco < 140 MHz S=1
140 MHz <= Fvco < 180 MHz S=2
180 MHz <= Fvco < 250 MHz S=3

Thepixpllp andpixplls fields can be programmed from any of the ‘p’ registers in Set
A, B, or C:XPIXPLLAP, XPIXPLLBP, or XPIXPLLCP. The register set which

defines the pixel PLL operation is selected bydiksel field of theMISC VGA

register as shown in the following table:

clksel Pixel Clock PLL Frequency Reset Value
‘00’ Register Set A (25.172 MHz) P=1,S=D
‘or Register Set B (28.361 MHz) P=1,S=0
“ax Register Set C Unknown
Reserved Reserved. When writing to this register, the bits in this fieldt be set to '0’.

<7:5>
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XPIXPLLSTAT

PIXPLL Status

Index 4Fh
Attributes RO, BYTE
Reset Value unknown

X

(&)

(@]

=

a

7 6 5 4 3 2 1 0
pixlock Pixel PLL lock status.
<6>

» 1:indicates that the pixel PLL has locked to the selected frequency defined by
SetA,B,orC

» 0: indicates that lock has not yet been achieved

Reserved <5:0> <7>

3-334

Reserved. When writing to this register, the bits in these fialdsbe set to '0’.
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Sense Test XSENSETEST

Index 3Ah
Attributes R/W,BYTE
Reset Value OXXX XXXXb

Z
-8- o o
5 & £ E
o S 8 &
7 Reserved 2 o o
7 6 5 4 3 2 1 0
bcomp Sampled blue compare. Verifies that the blue termination is
RO<0> correct.
* 0: blue DAC output is below 350 mV
* 1: blue DAC output exceeds 350 mV
gcomp Sampled green compare. Verifies that the green termination is
RO<1> correct.
* 0: green DAC output is below 350 mV
* 1: green DAC output exceeds 350 mV
rcomp Sampled red compare. Verifies that the red termination is
RO<2> correct.
* 0: red DAC output is below 350 mV
* 1: red DAC output exceeds 350 mV
sensepdN Sense comparator power down
<7>
* 0: power down
» 1. power up
Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.

<6:3> ®& Note: This register reports the sense comparison function, which determines

the presence of the CRT monitor and if the termination is correct. The
output of the comparator is sampled at the end of every active line.
When doing a sense test, the software should program a uniform color
for the entire screen.
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XSYSPLLM SYSPLL M Value

Index 2Ch
Attributes R/W, BYTE
Reset Value 0000 0101b

Reserved syspllm

76| 5| a]ls3][2]1]0

sysplim System PLL M value register. The ‘m’ value is used by the reference clock prescaler
<4:0> circuit.

& Note: Thesyspllm valuemust be in the range of 1 to 31.

Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.
<7:5>
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SYSPLL N Value XSYSPLLN

Index 2Dh
Attributes R/W,BYTE
Reset Value 0001 1111b

sysplin

~ I Reserved

6 | s[4 ]3] 2]1]o0

sysplin System PLL N value register. The ‘n’ value is used by the VCO feedback divider
<6:0> circuit.
®% Note: Thesysplin value must be in the range of 1 (1h) to 127 (7Fh)
inclusive.
Reserved Reserved. When writing to this register, this field must be set to '0'.
<7>
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XSYSPLLP

Index
Attributes
Reset Value

syspllp
<2:0>

sysplls
<4:3>

Reserved
<7:5>

SYSPLL P Value

2Eh
R/W, BYTE
0001 0000b

Reserved sysplls syspllp

76| 5| a]s3]2]1]0

System PLL P value register. The ‘p’ value is used by the VCO post-divider circuit.
The permitted values are:

P=0 - Fo = Fvco/l
P=1 - Fo = Fvco/2
P=3 - Fo = Fvco/4
P=7 - Fo = Fvco/8

Other values are reserved.

System PLL S value register. The ‘s’ value controls the loop filter bandwidth.

50 MHz <= Fvco < 100 MHz- S=0
100 MHz <= Fvco < 140 MHz- S=1
140 MHz <= Fvco < 180 MHz- S=2
180 MHz <= Fvco < 250 MHz- S=3

Reserved. When writing to this register, the bits in this fieldt be set to '0’.
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SYSPLL Status

XSYSPLLSTAT

Index 2Fh
Attributes RO, BYTE
Reset Value unknown

X

(&)

o

)

>

(7]

7 6 5 4 3 2 1 0
syslock System PLL lock status.
<6>

* 1: indicates that the system PLL has locked to the selected frequency
* 0: indicates that lock ha®ot yet been achieved

Reserved <5:0> <7>

Reserved. When writing to this register, the bits in these freldsbe set to '0’.
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XVREFCTRL

Index
Attributes
Reset Value

syspllbgpdN
<0>

syspllbgen
<1>

pixpllbgpdN
<2>

pixpllbgen
<3>

dacbgpdN
<4>

dacbgen
<5>

Reserved
<7:6>

Voltage Reference Control

18h

R/W, BYTE
0000 0000b

= 2

[ ©

< % & 8 % g

s o 2 2 a a2

(@)] (@)] = e = =

Reserved o ° o o 7) 7

7 6 5 4 3 2 1 0

System PLL voltage reference block power down.

* 0: power down
*1: power up

System PLL voltage reference enable.

* 0: use external voltage reference
 1: use PLL voltage reference block

Pixel PLL voltage reference block power down.

* 0: power down
*1: power up

Pixel PLL voltage reference enable.

* 0: use external voltage reference
* 1: use PLL voltage reference block

DAC voltage reference block power down.

* 0: power down
* 1: power up

DAC voltage reference enable.

* 0: use external voltage reference
* 1: use DAC voltage reference block

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

®& Note: To select an off-chip voltage referenal,enables must be set to ‘0’
To select the internal voltage references, all enables must be set to ‘1,

and all voltage reference blocks must be powered up (write ‘0011
1111)).
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Zoom Control XZOOMCTRL

Index 38h
Attributes R/W,BYTE
Reset Value 0000 0000b

Reserved hzoom

7 6 5 4 3 2 1 0

hzoom Horizontal zoom factor. Specifies the (zoom) factor used to replicate pixelsin the
<1:.0> horizontal display line. The following factors are supported:
*‘00’: 1x (default)
* ‘01" 2x
‘10" reserved
* 11" 4%
®& Note: The cursor is not affected by theoom bits (the cursor is never
zoomed).
Reserved Reserved. When writing to this register, the bits in this feldt be set to '0’.

<7:2>
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4.1 HOST Interface

4.1.1 Introduction

The MGA-G200-PCI chip interacts directly with the PCI interface, while the MGA-G200-AGP chip
deals directly with the AGP interface. Each interface has been optimized to improve the performance of
the graphics subsystem. As aresult, the following buffering has been provided:

BFIFO Thisis a64-entry FIFO which is used to interface with the drawing engine registers.
All the registers that are accessed through the BFIFO are identified in the register
descriptions in Chapter 3 with the ‘FIFO’ attribute. The BFIFO is also used for the
data by ILOAD operations.

MIFIFO This is an 8-entry FIFO which is used for direct frame buffer VGA/MGA accesses.
CACHE This is a 8-location cache, which is used for direct frame buffer MGA read accesses.
ROMFIFO This is a 2-entry FIFO used for ROM accesses.

The following table shows when the BFIFO, MIFIFO, CACHE, or ROMFIFO are used for different
classes of access.

Access Type BFIFO MIFIFO CACHE ROMFIFO
'Configuration registers
Host Registers

VGA Registers

DAC Registers

Backend Scaler Registers
Video-In and CODEC Registers
WARP Instruction Memory

ROM
DMAWIN or MGABASE3

=

RS

Drawing registers

Host registers +DRV

VGA frame buffer

MGABASE2

PR BRI e
|l

=

(@ DRWI: Drawi ng Register Window Indirect access
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4.1.2

PCI Retry Handling

In certain situations the chip may not be able to respond to a PCl access immediately, therefore, a number
of retry cycles will be generated. A retry will be asserted when:

The BFIFO iswritten to when it isfull.

The MIFIFO iswritten to when it isfull.

The Frame Buffer isread when the MIFIFO is not empty or when the data is not available.
The VGA registers are written to when the MIFIFO is not empty.

The ROMFIFO iswritten to when it isfull.

The Serial EEPROM isread and the data is not available.

& Note: Some systems generate an error after only afew retries. In this case, you must check

4.1.3

the BFIFO flag (thereby limiting the number of retries) to prevent a system error.

PCI Burst Support

The chip uses PCI burst mode in all situations where performanceis critical. The following table
summarizes when bursting is used:

Access Access Type
MGABASE1 + DMAWIN range W
MGABASEL + drawing register range W
MGABASEL1 + host reg. range +DRWI range w
MGABASE1 + WARP instruction memory range w
MGABASES range W
VGA frame buffer range w
VGA frame buffer range (mgamode = 1) R (cache hit)
MGABASE2 range W
MGABASE?2 range R (cache hit)
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& Note: Accesses that are not supported in burst mode always generate a target disconnect
when they are accessed in burst mode. Refer to Section 2.1.3 on page 2-4 for the
exact addresses.

The PCI Specification (Rev. 2.1) statesthat atarget isrequired to complete theinitial data phase within 16
PCLKSs. In order to meet this specification, aread of alocation within the VGA frame buffer range, the
MGABASE2 range (when there is a cache miss), or the ROMBASE range will activate the delayed
transaction mechanism (when the noretry field of OPTION = ‘0").

4.1.4 PCI Target-Abort Generation

The MGA-G200 generates a target-abort in two cases, as stated in the PCI Specification. The target-abort
is generated only for 1/0O accesses, since they are the only types of access that apply to each case.

Case A: PCBE<3:0>/ and PAD<1:0> are Inconsistent

The only exception, mentioned in the PCI Specification, is when PCBE<3:0>/ = ‘1111". The following
table shows the combinations of PAD<1:0> and PCBE<3:0>/ which result in the generation of a target-
abort by the MGA-G200.

PAD<1:0> PCBE<3:0>/
‘00 ‘OXXT’

‘XOX1’
XX0r’
‘01° XXXO’
‘X011’
‘0111
10° XXXO
XX0Y
‘0111
11 XXXO0’
XX01
‘X011’

CASE B: PCBE<3:0>/ Addresses More Than One Device

For example, if a write access is performed at 3C5h R@BE<3:0>/= ‘0101’, both the VGASEQ
(Data) register and the DABALRDADD register are addressed. All of these accesses are terminated
with a target-abort, after which tiséggtargab bit of theDEVCTRL register is set to ‘1’.

4.1.5 Transaction Ordering

The order of the transactions is extremely important for the VGA and the DAC for either I/O or memory
mapped accesses. This means that a read to a VGA register must be completed before a write to the same
VGA register can be initiated (especially when there is an address/data pointer that toggles when the
register is accessed). In fact, this limits to one the number of PCI devices that are allowed to access the
MGA-G200's VGA or DAC.
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4.1.6 Direct Access Read Cache

Direct read accesses to the frame buffer (either by the MGA full frame buffer aperture or the VGA
window) are cached by one eight-dword cache entry. After ahard or soft reset, no cache hit is possible
and the first direct read from the frame buffer fills the cache. When the data is available in the cache, the
data phase of the first access will be completed in 2 pclks, and the data phase of the next accesses (in the
case of aburst) will be completed in 1 pclk.

The following situations will cause a cache flush, in order to maintain data coherency:

1. A write access to the frame buffer (MGABASE2 or VGA frame buffer).
2. A writeto the VGA registers (either 1/0O or memory).
3. A hard or soft reset.

®& Note: The cacheis not flushed when the frame buffer configuration is modified (or when the
drawing engine writes to a cached location). As a result, it is the software’s responsibility
to invalidate the cache, using one of the methods listed above, whenever any bit is written
that affects the frame buffer configuration or contents. GREHEFLUSH register can
be used, since it occupies a reserved address in the memory mapped VGA register space
(MGABASE1 + 1FFFh).

4.1.7 Big-Endian Support

PCI may be used as an expansion bus for either Little-Endian or Big-Endian processors. The host-to-PC
bridge should be implemented to enforce address-invariance, as requiredPty 8pecification.

Address invariance means, for example, that when memory locations are accessed as bytes they return
data in the same format. When this is done, however, non 8-bit data will appeayte dveapped.

Certain actions are then taken within the MGA-G200 to correct this situation.

The exact action that will be taken depends on the data size (the MGA-G200 must be aware of the data
size when processing Big-Endian data). The data size depends on the location of the data (the specific
memory space), and the pixel size (when the data is a pixel).

There aresix distinct memory spaces:
1. Configuration space.

Boot space (EPROM).

I/O space.

Register space.

Frame buffer space.

6. ILOAD space.

Configuration space

akrown

Each register in the configuration space is 32 bits, and should be addressed using dword accesses. For
these registers, no byte swapping is done, and bytes will appear in different positions, depending on the
endian mode of the host processor. Keep in mind that the MGA-G200 chip specification is written from
the point of view of a Little-Endian processor, and that the chip powers up in Little-Endian mode.

Boot space (EPROM)

As with the configuration space, no special byte translation takes place. Proper byte organization can be
achieved through correct EPROM programming. That is, data should be stored in Big-Endian format for
Big-Endian processors, and in Little-Endian format for Little-Endian processors.
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I/O space

Since I/O isonly used on the MGA-G200 for VGA emulation, it should, theoretically, only be enabled on
(Little-Endian) x86 processors. However, it is still possible to use the I/O registers with other processors
because I/0 accesses are considered to be 8-bit. In such a case, bytes should not be swapped anyway.

Byte swapping considerations aside, MGA-G200 1/0O operations are mapped at fixed locations, which
renders them incompatible with PCI's Plug and Play philosophy. This presents a second reason to avoid
using the MGA-G200 I/0O mapping on non x86 platforms.

Register Space

The majority of the data in the register space is 32 bits wide, with a few exceptions:
B The VGA compatibility section. Data in this section is 8 bits wide.
B The DAC. Data in this section is 8 bits wide.
B External devices. In this case, the width of the data cannot be known in advance.

Byte swapping for Big-Endian processors can be enabled in the register space by s&figdine
configuration space registep®werpc bit to 1.

Setting thepowerpc bit ensures that a 32-bit access by a Big-Endian processor will load the correct data
into a 32-bit register. In other words, when data is treated as 32-bit quantities, it will appear in the
identical way to both little and Big-Endian processors.

®& Note: Byte and word accesses will not return the same data on both Little and Big-Endian
processors.

In the register mapping tablesin Chapter 3, all addresses are given for a Little-Endian processor.
powerpc =1

PCI Bus
31 24 23 16 15 8 7 0
Byte 3 Byte 2 Byte 1 Byte O

Internal Register

31 0

Byte 3 Byte 2 Byte 1 Byte O
powerpc =0

PCI Bus

31 24 23 16 15 8 7 0
Byte 3 Byte 2 Byte 1 Byte O

Internal Register

31 24 23 16 15 8 7 0

Byte 3 Byte 2 Byte 1 Byte O
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Frame Buffer Space

Theframe buffer is organized in Little-Endian format, and byte swapping depends on the size of the pixel.
Asusual, addresses are not modified.

Swapping mode is directed by the dirDataSiz field of the OPMODE host register. Thisfield is used for
direct access either through the VGA frame buffer window or the full memory aperture. The only
exception is 24 bits/pixel mode, which is correctly supported only by Little-Endian processors.

32 bits/pixel, dirDataSiz = 10

PCI Bus
31 24 23 16 15 8 7 0
B<7:0> G<7:0> R<7:0> A<7:0>

Frame Buffer
31 4 23 16 15 8 7 0
A<7:0> R<7:0> G<7:0> B<7:0>

16 bits/pixel, dirDataSiz = 01

PCI Bus
31 Pixel N+1 16 15 Pixel N 0
G<2:0> B<4:0> R<4:0> G<4:3> G<2:0> B<4:0> R<4:0> G<4:3>
Y1<7:0> V0<7:0> YO0<7:0> U0<7:0>

Frame Buffer
31 Pixel N+1 16 15 Pixel N 0
R<4:0> G<4:0> B<4:0> R<4:0> G<4:0> B<4:0>
V0<7:0> Y1<7:0> uo<7:0> Y0<7:0>

8 bits/pixel, dirDataSiz = 00

PCI Bus
31 Pixel N+3 24 23 Pixel N+2 16 15 Pixel N+1 8 7 Pixel N 0
pixels<7:0> pixels<7:0> pixels<7:0> pixels<7:0>

Frame Buffer
31 PRI N+3 24 23 Pix}I N+2 16 15 Pix¥l N+1 8 7 P¥el N 0

pixels<7:0> pixels<7:0> pixels<7:0> pixels<7:0>
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ILOAD Space (DMAWIN or 8 MByte Pseudo-DMA Window)

Access to this space requires the same considerations as for the direct access frame buffer space
(described previously), except that the dmaDataSiz field of the OPMODE register is used instead of
dirDataSiz (for ILOAD operationsin DMA BLIT WRITE mode). Other DMA modes - DMA General
Purpose, DMA Vector Write, or DMA Vertex Write - should set dmaDataSiz to ‘10’ for Big-Endian or
‘00’ for Little-Endian processor.

4.1.8 Host Pixel Format

There are several ways to access the frame buffer. The pixel format used by the host depends on the
following:

B The current frame buffer’s data format

B The access method

B The processor type (Big-Endian or Little-Endian)

B The control bits which select the type of byte swapping

The supported data formats are listed below, and are shown from the processor’s perspective. The
supported formats for direct frame buffer access and ILOAD are explained in their respective sections of
this chapter.

®& Note: For Big-Endian processors, these tables assume that the CPU-to-PCI bridge respects
the PCI Specification, which states that byte address coherency must be preserved.
This is the case for PREP systems and for Macintosh computers.

Pixel Format (From the Processor’s Perspective)

8-bit A Little-Endian 8-bit (see the powerpc field of OPTION) isused in ILOAD operations.
Refer to Table 4-3 on page 4-58.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15141312 11 10 9 8 7 6 5 4 3 2 1 O

0 Pixel 3 Pixel 2 Pixel 1 Pixel O

1

2

3

8-bit B Big-Endian 8-bit (see the powerpc field of OPTION) isused in ILOAD operations.

Refer to Table 4-3 on page 4-58.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 12 1110 9 8 7 6 5 4 3 2 1 0
Pixel 0 Pixel 1 Pixel 2 Pixel 3

w N B O
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16-bit A Little-Endian 16-bit (see the powerpc field of OPTION) isused in ILOAD
operations. Refer to Table 4-3 on page 4-58.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15141312 1110 9 8 7 6 5 4 3 2 1 O

0 Pixel 1 Pixel 0

1

2

3

16-bit B Big-Endian 16-bit (see the powerpc field of OPTION) isused in ILOAD operations.

Refer to Table 4-3 on page 4-58.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 1312 1110 9 8 7 6 5 4 3 2 1 0

0 Pixel 0 Pixel 1
1
2
3
32-bit A 32-bit RGB, used in ILOAD operations. Refer to Table 4-3 on page 4-58.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1413121110 9 8 7 6 5 4 3 2 1 O
0 Alpha Pixel 0 Red Pixel 0 Green Pixel 0 Blue Pixel 0
1 Alpha Pixel 1 Red Pixel 1 Green Pixel 1 Blue Pixel 1
2 Alpha Pixel 2 Red Pixel 2 Green Pixel 2 Blue Pixel 2
3
32-bit B 32-bit BGR used in ILOAD operations. Refer to Table 4-3 on page 4-58.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1413121110 9 8 7 6 5 4 3 2 1 O
0 Alpha Pixel 0 Blue Pixel 0 Green Pixel 0 Red Pixel 0
1 Alpha Pixel 1 Blue Pixel 1 Green Pixel 1 Red Pixel 1
2 Alpha Pixel 2 Blue Pixel 2 Green Pixel 2 Red Pixel 2
3
24-bit A 24-bit RGB packed pixel, used in ILOAD operations. Refer to Table 4-3 on page 4-58.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 1110 9 8 7 6 5 4 3 2 1 O
0 Blue Pixel 1 Red Pixel 0 Green Pixel 0 Blue Pixel 0
1 Green Pixel 2 Blue Pixel 2 Red Pixel 1 Green Pixel 1
2 Red Pixel 3 Green Pixel 3 Blue Pixel 3 Red Pixel 2
3 Blue Pixel 5 Red Pixel 4 Green Pixel 4 Blue Pixel 4
4
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24-bit B 24-bit BGR packed pixel, used in ILOAD operations. Refer to Table 4-4 on page 4-66.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 1312 1110 9 8 7 6 5 4 3 2 1 O

0 Red Pixel 1 Blue Pixel 0 Green Pixel 0 Red Pixel 0

1 Green Pixel 2 Red Pixel 2 Blue Pixel 1 Green Pixel 1

2 Blue Pixel 3 Green Pixel 3 Red Pixel 3 Blue Pixel 2

3 Red Pixel 5 Blue Pixel 4 Green Pixel 4 Red Pixel 4

4

MONO A Little-Endian 1-bit used in ILOAD and BITBLT operations. Refer to

Table 4-4 on page 4-59.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O

0| P31 PO
1| P63 P32
2| P95 P64
3

P = ‘pixel’
MONO B Little-Endian 1-bit Windows format, used in ILOAD and BITBLT operations. Refer to

Table 4-4 on page 4-59.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

151413121110 9 8 7 6 5 4 3 2 1 O

0| P24 P31| P16 P23| P8 P15 PO . P7
1| P56 P63| P48 P55| P40 P47| P32 P39
2| P88 P95| P80 P87| P72 P79| P64 P71
3

MONO C Big-Endian 1-bit Windows format, used in ILOAD and BITBLT operations. Refer to

Table 4-4 on page 4-59.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 10 9 8 7 6 5 4 3 2 1 0
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0| PO P31
1| P32 P63
2| P64 P95
3
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4.1.9 Programming Bus Mastering for DMA Transfers

When the busmaster field bit of the DEVCTRL register is ‘0’(disabled), the MGA-G200 will not perform
PCI bus mastering, even if the other bus mastering registers are accessed. Disabling busmaster does n
preclude writing to the host registers related to bus mastering. To enable AGP bus mastering, the
following register must be correctly sdata_rate, agp_enable andsba_enable.

®& Note: In order to enable AGP2X transfeegjp2xpllen must be set

The bus mastering feature allows the MGA-G200 to access system memory through a DMA channel
(used in conjunction with Pseudo-DMA mode). In order to send 3D commands to the chip, General
Purpose Pseudo-DMA should be used. For texture mapping transfers between system memory and the
off-screen area, ILOAD Pseudo-DMA mode should be used. For Vertex transfer to the WARP engine, the
Vertex write Pseudo-DMA mode should be used.

®& Note: This is therecommended usage any Pseudo-DMA mode can actually be used for
either case.

The DMA channel is built with three sets of registers, as well as interrupt control and status bits. The three
sets of registers identify the system memory area to be used for the primary, secondary and setup DMA
channels.

B The primary DMA registers are accessible through the host register’s base address. They are
readable and writable.

B The secondary DMA registers are accessible only by a primary DMA transfer for writes, and
through the drawing register base addresses for reads. The secondary DMA registers cannot be
written directly through the drawing register base addresses or through the DMAWIN base
address, nor can they be written to by a secondary DMA transfer.

B The setup DMA registers are accessible only by a primary DMA transfer for writes, and through
the drawing register base addresses for reads. The setup DMA registers cannot be written
directly through the drawing register base addresses or through the DMAWIN base address, nor
can they be written to by a secondary DMA transfer.

4.1.9.1 DMA Registers
Primary Current Address (PRIMADDRESS)

This register must be initialized with the starting address of the primary DMA channel in the system
memory area. The two LSBs of this register specify the Pseudo-DMA mode to be used for transfers.

Primary End Address (PRIMEND)

This register must be initialized with the end address of the primary DMA channel in the system memory
area. Bit 1 is used to specify the system memory type where the channel reside in (PCI/AGP). And bit O
can be used to prevent that the primary list execution restart when there is a Soft Trap Interrupt pending

Secondary Current Address (SECADDRESS)

This register must be initialized with the starting address of the secondary DMA channel in the system
memory area. The two LSBs of this register specify the Pseudo-DMA mode to be used for transfers. This
register is accessed using General Purpose Pseudo-DMA mode (primary DMA transfer) in order to be
able to start secondary DMA transfers while the primary DMA channel is active.

Secondary End Address (SECEND)

This register must be initialized with the end address of the secondary DMA channel in the system
memory area. It is accessed using General Purpose Pseudo-DMA mode (primary DMA transfer) in orde
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to be able to start secondary DMA transfers while the primary DMA channel is active. Bit 1 isused to
specify the system memory type where the channel reside in (PCI/AGP).

Setup Current Address (SETUPADDRESS)

Thisregister must be initialized with the starting address of the setup DMA channel in the system
memory area. The two LSBs of this register specify the Setup-DMA mode to be used for transfers. This
register is accessed using General Purpose Pseudo-DMA mode (primary DMA transfer) in order to start
setup DMA transfers while the primary DMA channel is active.

Setup End Address (SETUPEND)

Thisregister must be initialized with the end address of the setup DMA channel in the system memory
area. It is accessed using General Purpose Pseudo-DMA mode (primary DMA transfer) in order to start
setup DMA transfers while the primary DMA channel is active. Bit 1 is used to specify the system
memory type where the channel residein (PCI/AGP).

Soft Trap Interrupt (SOFTRAP)

This register is used when the secondary DMA channel is unavail able (due to a system or memory
constraint, or other reason). When SOFTRAP iswritten, the MGA-G200 will generate an interrupt (if the
IEN register is set). In the context of texture mapping, this register must be written with the handle of the
texture so that the interrupt handler can know where the texture islocated in system memory. Writing this
register stops primary DMA transfers. To restart the primary DMA channel, the PRIMEND register must
be re-written with bit O set to ‘0'.

Interrupt Clear (ICLEAR)

Interrupt clearing. This register clears the pending soft trap interrupt.

Interrupt Enable (IEN)

Interrupt enable. This register allows the pending soft trap interrupt to be seen on the PINTA/ line.
Status (STATUS)

End of primary DMA channel status bit and soft trap interrupt pending bit. Use of the primary DMA
channel is complete when the primary, secondary and setup DMA transfers are finished.

4.1.9.2 Using the DMA Channel
To use the DMA channel, follow this sequence:

1. Write a list of commands to a buffer in main memory.

2. Write the starting address of the primary buffer in memory tefiBIADDRESS register. Since this
is a 32-bit pointer, the two LSBs are not used as an address but rather as an indication of the type of
Pseudo-DMA transfer to be used.

3. Write the address of the first dword after the end of the primary buffer RRIMEND register, and
the memory type the list resides in (PAGPXFER).

4. As soon as theRIMEND register is accessed, the primary DMA channel will be activated (if there is
no SOFTRAP pending or if bit 0 PRIMNOSTART) of PRIMEND is set to ‘0’).

5. Aread access will be performed on the PCI bus at the location pointe@RINM}DDRESS. The
data that is read will be fed to the 7K Pseudo-DMA window (which is internal to the chip).
PRIMADDRESS will be advanced to point to the next dword.

6. If, within this process the host requires the second level of Pseudo-DMA, treRGAODRESS
register must be written with the starting address of the secondary buffer in memory and the Pseudo-
DMA mode to be used, then t8&CEND register must be written. In this case, steps 7 to 9 will be
taken; if not, operations resume at step 10.
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10.

11

12.

13.

14.

& Note: It is not permitted to set SECEND to the same value as SECADDRESS.

®& Note: If the primary list status fetch pointer enable (primptren) is set, the DMA engine
will send the status info to the system memory at the address programmed in
PRIMPTR.

Read accesses will be performed on the PCI/AGP bus at the location pointed to by SECADDRESS
with the method indicated by SAGPXFER. The datathat isread will be fed to the DMAWIN window
(whichisinternal to the chip). The secondary current address will be advanced to point to the next
dword.

The SECADDRESS and SECEND registers cannot be accessed while they are being used by the
secondary DMA channel. Thiswill produce unpredictable results.

SECADDRESS and SECEND are compared. If they are different, the secondary DMA continues
(refer to step 7). If they are equal, the secondary DMA isfinished and the primary DMA continues. It
should be noted that when the primary DMA continues, the selected Pseudo-DMA mode restarts. The
General Purpose Pseudo-DMA modeis selected, the first dword fetch will be interpreted as a set of
four register indexes.

If, within this process the host requires alevel of Setup-DMA, then the SETUPADDRESS register
must be written with the starting address of the setup buffer in memory and the Setup-DMA mode to
be used, then the SETUPEND register must be written. In this case, steps 11 to 13 will be taken; if
not, operations resume at step 14.

®& Note: It isnot permitted to set SETUPEND to the same value as SETUPADDRESS.

& Note: If the primary list status fetch pointer enable (primptren) is set, the DMA engine
will send the status info to the system memory at the address programmed in
PRIMPTR.

Read accesses will be performed on the PCI/AGP bus at the location pointed by SETUPADDRESS
with the method indicated by SETUPEND. The datathat isread will befed to the Setup-DMA engine
which will generate virtual secondary DMA based on the Setup-DMA mode (SETUPMOD) (refer to
section 4.1.9.3 for Setup-DMA mode description). The setup current address will be advanced to
point to the next dword.

®& Note: The SETUPADDRESS and SETUPEND registers can only be accessed by the
primary DMA channel.

SETUPADDRESS and SETUPEND are compared. If they are different, the setup DMA continues
(refer to step 10). If they are equal, the setup DMA isfinished and the primary DMA continues. It
should be noted that when the primary DMA continues, the sel ected Pseudo-DMA mode restarts. The
General Purpose Pseudo-DMA modeis selected, the first dword fetch will be interpreted as a set of
four register indexes.

PRIMADDRESS is compared with PRIMEND. If they are different, the DMA transfer continues
(refer to step 5). If they are equal, the DMA transfer is complete.

If the SOFTRAP register is accessed in the primary DMA channel, the primary DMA transfer will
stop and an interrupt will be generated (see the softrapen field). In the context of texture mapping, the
SOFTRAP register must be written with the handle of the texture so that the interrupt routine will
know what action to take. To restart the primary DMA channel, the PRIMEND register must be
written with the primnostart field set to ‘0’. UntilPRIMEND is written, any operation can be
undertaken with the MGA-G200. If the DMAWIN window is accessed bé?&IMEND is written, it
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will be controlled by the dmamod field of the OPTION register (when the SOFTRAP register is
written, aDMA reset will occur).

4.1.9.3 Setup-DMA Channel Operation

The Setup-DMA channel (access via SETUPADDRESS and SETUPEND) is an intermediate level of
DMA used to build avirtual secondary list based on the setupmod programmed.

Theonly setupmod availableisthe DMA Vertex Fixed Length Setup List mode (see page 3-137) which
uses the information in the list to build avirtual secondary list of DMA Vertex Write for each entry of the
list.

Each entry of thelist is used as a pointer to the start of a Vertex list in system memory, the length of each
list correspond to the wvrtxsz field of the WVRTXSZ register.

So,
virtualSECADDRESS(n) = data read from the ‘n’ entry of the Setup-DMA list
virtual SECMOD(n) = DMA Vertex Write
virtual SECEND(n) = data read from the ‘n’ entry of the Setup-DMA list + WVRTXSZ + 1
virtual SAGPXFER(n) = SETUPAGPXFER

4.1.9.4 Special Cases

The PCI Specification indicates that when the MGA-G200 acts as amaster on the PCI bus, two particular
circumstances can arise (aside from the regular transfer of data):

1. Thefirst caseis amaster-abort, which occurs when an access is attempted and no device responds
(often due to aglitch in programming). When this happens, the recmastab bit of the DEVCTRL
register will be set (and will remain set until a ‘1’ is written to it).

2. The second case igaxget-abort. This is a target termination that is used when the target detects a
problem with an access generated by the MGA-G200. The MGA-G200 always generates accesses in
the correct form, so this situation depends on the target. Target-abortsrabta@ddur, since the PCI
Specification indicates that they occur with I/O accesses; the MGA-G200 gemeeaters/
accesses. There is no way to change the MGA-G200 or its programming to prevent a target-abort
from occurring. If a target-abort occurs, tieetargab bit of theDEVCTRL register will be set (and
will remain set until a ‘1’ is written to it).

The software must write to thftreset bit of theRST register when eitherraaster-abort or atarget-
abort occurs (théRST register will indicate this) to reset the DMA channel and the BFIFO. This must
also be done when a warm boot occurs (on a PC, when Ctrl+Alt+Del is pressed).
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Reset of the Pseudo-DMA sequence:

A reset of the Pseudo-DMA sequence will be generated under the following conditions:

B When the PRIMADDRESS register iswritten.

B When the SECEND register iswritten, assuming SECEND is not equal to SECADDRESS).

B When the SETUPEND register iswritten, assuming SETUPEND is not equal to
SETUPADDRESS).

B When the SOFTRAP register iswritten.

B When secondary DMA transfers end (that is, when SECADDRESS becomes equal to SECEND
at the end of the secondary DMA, and not when SECADDRESS is written with the SECEND
value).

B When setup DMA transfers end (that is, when SETUPADDRESS becomes equal to
SETUPEND at the end of the setup DMA, and not when SETUPADDRESS is written with the
SETUPEND value).

B When a master-abort or target-abort is detected.

®& Note: Thereisno reset of the Pseudo-DMA sequence when PRIMEND is written (since
PRIMEND startsthe primary DMA transfers); writing can happen more than onceto
extend the list (even while the list is still being transferred).

®& Note: Thereisno reset of the Pseudo-DMA sequence when primary DMA transfers end. If
commands are added to the primary display list, PRIMEND hasto be written with its
new value to restart the primary DMA transfers.

If you intend to write PRIMEND more than once (without re-writing PRIMADDRESS)), fill the last
set of Pseudo-DMA transfers with no-ops (reserved registers). Otherwise, the Pseudo-DMA
transfers will restart at the last Pseudo-DMA location (either index or datawhen in General Purpose
Pseudo-DMA mode).

Example:

m When PRIMADDRESS is written with ‘primaddressQ’, a reset of the Pseudo-DMA sequence is
executed.

B WhenSOFTRAP is written (through a primary DMA transfer), another reset is executed
(‘reset_f).

B WhenSECEND is written, and when the secondary DMA ends, two other resets are executed
(‘reset_b’ and ‘reset_c’).

B WhenSETUPEND is written, and when the setup DMA ends, two other resets are executed
(‘reset_d’ and ‘reset_eg’).
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Memory Address:

'primaddres1’

'primend0'

'primaddress0'

Primary DMA: Secondary DMA: Memory Address:
'secaddress1’
XX | XX | 91 | 9
'secaddress1’
'secendl’
'secendl’
XX ‘ XX ‘ 91 ‘ 90 'reset_b' 'secaddress0’
'secaddress0'
'secend0'
'reset_c'
XX‘ XX | BS ‘ B4 'secend0’
'setupaddress0’
'reset_d' K 'setupaddress0’
'setupend0' 'virtual secaddress0'
XX ‘ XX ‘ XX ‘ 92 ‘Teset_e' 'virtual secaddress1'
'softrap’ '
'reset_f' '
'
'virtual secaddressn'
'setupend(’

4-16 HOST Interface

'virtual secaddress0'

'virtual secend0'

'virtual secaddress1’

'virtual secend1’

'virtual secaddressn’

'virtual secendn'
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Additional Information

m Whenthe DMA channel isused (mastering), it is possible to know which parts of the buffer have
been executed by the drawing engine.

» The DMA current pointer is readable by the CPU through the
PRIMADDRESS, SECADDRESS or SETUPADDRESS registers.

» The primary list status fetch pointéetRIMPTR) functionality can be
used to allow the DMA engine to send the status info to system memory
every timeSECEND, SETUPEND or SOFTRAP is written.

B Theendprdmasts field of theSTATUS register always indicates whether or not all the DMA
channels have been read complet®IRIMADDRESS = PRIMEND andSECADDRESS =
SECEND andSETUPADDRESS = SETUPEND). It is set to ‘1’ when a soft trap interrupt
occurs. This bit toggles to ‘0’ as soon as the primary DMA channel restarts.

If primnostart is ‘1’ when reprogramming primend:

m To get aninterrupt when the primary DMA channel terminates, include awriteto the SOFTRAP
register asthe last DMA transfer.
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4.2 Memory Interface

4.2.1 Frame Buffer Organization

The MGA-G200 supports up to 16 megabytes (MB) of 16Mb SGRAM memory divided into four 4
MByte banks, up to 16 MB of SDRAM memory divided into two 8 MByte banks, or up to 8 MB of
SGRAM memory divided into four 2 MByte banks.

There are two different frame buffer organizations, described below:
m VGA Mode
B Power Graphic Mode

4.2.1.1 Supported Resolutions

In Power Graphic Mode, the resolution depends on the amount of available memory. The following table
shows the memory requirements for each standard VESA resolution and pixel depth.

Single Frame Buffer Mode Single Z Buffer
No Z Z 16 hits Z 32 hits

Resolution | 8-bit | 16-bit | 24-bit | 32-bit | 8-bit | 16-bit | 24-bit | 32-bit | 8-bit | 16-bit | 24-bit | 32-bit

640x 480 | 2M 2M M 2M 2M 2M — 2M 2M 2M — IM

720 x 480 2M 2M 2M 2M 2M 2M — 2M 2M 2M — IM

800 x 600 2M 2M 2M 2M 2M 2M — AM IM AM — AM
1024 x 768 2M 2M IM IM IM IM — 8M IM 8M — 8M
1152 x 864| 2M 2M IM IM IM IM — 8M 8M 8M — 8M
1280 x 1024 2M IM IM 8M IM 8M — 8M 8M 8M — 10M
1600 x 1200 2M IM 8M 8M 8M 8M — 12M{ 10M| 12M 16M

42.1.2 VGA Mode

In VGA Mode, the frame buffer can be up to 1M. In a 64-bit slice, byte line 0 is used as plane 0; byte line
lisused asplane 1; byteline 2 is used as plane 2; byte line 3 is used as plane 3. Byte lines 4-7 are not

used, and the contents of this memory are preserved. The contents of memory banks 1, 2, and 3 are also
preserved.

Address: Memory Bank:
@

000000h

63 3231 0

Memory
Bank 0

VGA
Unused Frame

OFFFFFh Butter

(@ All addresses are hexadecimal byte addresses which correspond to pixel
addresses in 8 bits/pixel mode.
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4.2.1.3 Power Graphic Mode

The possible memory configurations are described in the subsections which follow.

®& Note: All addresses are hexadecimal and are byte addresses.

Figure4-1: OPTION<12:10> memconfig [2:0] = ‘000’

Figure 4-2:

MGA-G200 Specification

Address

Memory Bank

000000h

;

AFFFFFh

Bank 0

200000h

.

3FFFFFh

Bank 1

<— Bank 1 (on base card is not populated)

400000h

v

5FFFFFh

Bank 2

Address

000000h

v

1FFFFFh

Memory Bank

OPTION<2:0> memconfig [2:0] = ‘001’

Bank 0

200000h

v

3FFFFFh

Bank 1

400000h

v

5FFFFFh

Bank 2

Bank 3
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Figure 4-3: OPTION<12:10> memconfig [2:0] = ‘010’ or ‘110’

Address Memory Bank
000000h
L Bank 0

3FFFFFh )
400000h <— Bank 1 (on base card is not populated)

i Bank 1

7FFFFFh
800000h

¢ Bank 2

BFFFFFh

Figure 4-4: OPTION<2:0> memconfig [2:0] = ‘011’ or ‘111’

Address Memory Bank

000000h

L Bank 0
3FFFFFh

400000h

¢ Bank 1
7FFFFFh

800000h

¢ Bank 2
BFFFFFh

C€00000h

Bank 3
FFFFFFh

Figure 4-5: OPTION<2:0> memconfig [2:0] = ‘100’ or ‘101’

Address Memory Bank

000000h
Bank 0

7FFFFFh

800000h
} Bank 1

FFFFFFh
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4.2.2 Pixel Format

The sliceis 64 bitslong and is organized as follows. In all cases, the least significant bit is 0. The Alpha
part of the color isthe section of a pixel that isnot used to drive the DAC. Note that the datais awaystrue

color, but in 8 bit/pixel formats pseudo color can be used when shading is not used.

The 24 bit/pixel frame buffer organization is a special case wherein there are three different slice types. In

this case, one pixel can be in two different slices.

32 bits/pixel
63 32 31 0
P1 PO
24 bits/pixel
63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0
P2 P1 PO
P5 P4 P3 P2
P7 P6 | P5
16 bits/pixel
63 48 47 32 31 16 15 0
| P3 | P2 | P1 | PO |
8 bits/pixel
63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0
|7 P6 | Ps5 A | P3 P2 | Pl PO |
Monochrome
63 0
| P63 PO|
For each of these modes, the pixels are arranged as follows:
32 bits/pixel
31 24 23 16 15 8 7 0
7 Alpha 0|7 Red 0|7 Green 0|7 Blue 0|
24 bits/pixel
23 16 15 8 7 0
|7 Red 0|7 Green 0|7 Blue 0
16 bits/pixel (5:5:5)
15 14 10 9 5 4 0
|0[4 Red o0[4 Green 0|4 Bue o0
Alpha
16 bits/pixel (5:6:5)
15 11 10 5 4 0
4 Red 0|5 Green 0|4 Blue 0
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8 bits/pixel
7 5 4 2 10
2 ol2 of1 0]
Red Green Blue
8 bits/pixel
7 0

Pseudo Color
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4.3 Chip Configuration and Initialization

431 Reset

The MGA-G200 can be both Hard and Soft reset. Hard reset is achieved by activating the PRST/ pin.
There is no need for the PRST/ pin to be synchronous with any clock.

B A Hard reset will reset al chip registersto their reset values if such values exist. Refer to the
individual register descriptions in Chapter 3 to determine which bits are hard reset.

B All state machines are reset (possibly with termination of the current operation).

B FIFOswill be emptied, and the cache will be invalidated.

B A hard reset will activate the local busreset (EXTRST/) in order to reset expansion devices when
required. The EXTRST/ signal is synchronous on PCLK.

The state of the straps are read and registered internally upon hard reset. A Soft reset will not re-read the
external straps, nor will it change the state of the bits of the OPTION register.

Strap Name Pins Description

Indicates whether a ROM is installed (‘1’) or not (‘0"). The
biosboot HDATA<1> |biosboot strap also controls thasen field of theOPTION
register.

|Used to determine the frequency at which an LVTTL memd
expansion module is designed to operate.
Indicates whether the VGA 1/O locations are decoded (‘1’) pr
not (‘0’) only if thevgaioen bit has not been written. The
vgaboot HDATA<O0> |vgaboot strap also controls bit 23 of thieASS register, setting
theclass field to ‘Super VGA compatible controller’ (‘1’) or t
‘Other display controller’ (‘0’).

=

modclkp | MDQ<31:29> y

O

A soft reset is performed by programming a ‘1’ into bit O of RIS host register. Soft reset will be
maintained until a ‘0’ is programmed (see R®T register description gpage 3-134or the details).

The soft reset should be interpreted as a drawing engine reset more than as a general soft reset. The vic
circuitry, VGA registers, and frame buffer memory accesses, for example, are not affected by a soft reset
Only circuitry in the host section which affects the path to the drawing engine will be reset. Soft reset has
no effect on the EXTRST/ line; the softextrst (RST host register) does.

4.3.2 Operations After Hard Reset

B After a hard reset, the chip will be in a VGA-compatible state.

B Register bits that do not have a reset value will wake up with unknown values.
B Frame buffer memory refreshing is not running.
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4.3.3 Power Up Sequence

Aside from the PCI initialization, certain bitsin the OPTION register must be set, according to the
devicesin the system that the chip is used in. These bits, shown in the following table, are essential to the
correct behavior of the chip:

Name Reset Value | Description
eepromwt 0 To be setto ‘1’ if a FLASH ROM is used, and writes are to be done
to the ROM.
powerpc ‘o To be set to ‘1’ to support Big-Endian processor accesses.

The refresh counter defines the rate of MGA memory refresh. Ror a
typical 144 MHz MCLK, a value of 22h would be programmed.
Takes the strap value on hard reset, but is also writable:

vgaioen | vgaboot strap ‘0’: VGA 1/O locations are not decoded
‘1’: VGA 1/0 locations are decoded.

rfhcnt ‘000000’

4.3.3.1 SGRAM Reset Sequence

After areset, the clocks must be initialized first. Observe the following sequences to ensure proper
behavior of the chip and to properly initialize the RAM.

Analog Macro Power Up Sequence

Step 1. If an ‘off-chip’ voltage reference is not used, then:
(i) ProgramXVREFCTRL (refer to the register description and its associated note).
(i) Wait 100 mS for the reference to become stable.
Step 2. Power up the system PLL by setting #yspllpdN field of OPTION to ‘1’.
Step 3. Wait for the system PLL to lock (indicated when flyslock field of theXSYSPLLSTAT reg-
ister is ‘1’).
Step 4. Power up the pixel PLL by setting thépllpdN field of XPIXCLKCTRL to ‘1".
Step 5. Wait for the pixel PLL to lock (indicated when th&lock field of XPIXPLLSTAT is ‘1’).
Step 6. Power up the LUT by setting thamcs field of XMISCCTRL to ‘1'.
Step 7. Power up the DAC by setting tlikacpdN field of XMISCCTRL to ‘1’.

The PLLs are now set up and oscillating at their reset frequencies, but they are not selected. The following
steps will set MCLK t0143 MHz, GCLK to 71.5 MHz, and PIXCLK to 25.175 M&ke ‘Programming

the PLLs’ on page 4-79

1. Disable the system clocks by settgygclkdis (OPTION register) to ‘1'.

Select the system PLL by settisigsclksl to ‘01’.

Enable the system clocks by settaygclkdis to ‘0.

Disable the pixel clock and video clock by settigiclkdis (XPIXCLKCTRL register) to ‘1’.

Select the pixel PLL by settipgxclksl to ‘01".

Enable the pixel clock and video clock by settixclkdis to ‘0’.

ook wd

®& Note: Each of the preceding six stapsst be done as a single PCl access. They cannot be
combined.
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SGRAM/SDRAM Initialization

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.
Step 6.

Step 7.
Step 8.
Step 9.

Set the scroff blanking field (SEQ1<5>) to prevent any transfer.
Program all the fields of the MCTLWTST register.

Program the memconfig field of the OPTION register.

Program the mbuftype field of the MEMRDBK register.

Program the mrscopcod field of the MEMRDBK register to ‘0000’.

Program the mclkbrd0 and mclkbrd1l fields in the MEMRDBK register with tap delay values
appropriate for the SGRAM type and loading.

Wait a minimum of 20Qus.
Set thememreset field of MACCESS.
Start the refresh by programming tiiecnt field of theOPTION register.

The MGA-G200 provides three different display modes: text (VGA or SVGA), VGA graphics, and
SVGA graphicsTable 4-1lists all of the display modes which are available through BIOS calls.

B The text display uses a multi-plane configuration in which a character, its attributes, and its font

are stored in these separate memory planes. All text modes are either VGA-compatible or
extensions of the VGA modes.

The VGA graphics modes can operate in either multi-plane or packed-pixel modes, as is the case
with standard VGA.

The SVGA modes operate in packed-pixel mode - they enable use of the graphics engine. This
results in very high performance, with high resolution and a greater number of pixel depths.

Table 4-1: Display Modes (Part 1 of 2)

Mode Type Organization Resolution Eocl);)(r);
0 VGA |40x25 Text 360x400 16
1 VGA |40x25 Text 360x400 16
2 VGA | 80x25 Text 720x400 16
3 VGA |80x25 Text 720x400 16
4 VGA |Packed-pixel 2 bpp 320x200 4
5 VGA |Packed-pixel 2 bpp 320x200 4
6 VGA |Packed-pixel 1 bpp 640x200 2
7 VGA | 80x25 Text 720x400 2
D VGA |Multi-plane 4 bpp 320x200 16
E VGA | Multi-plane 4 bpp 640x200 16
F VGA |Multi-plane 1 bpp 640x350 2
10 VGA | Multi-plane 4 bpp 640x350 16
11 VGA | Multi-plane 1 bpp 640x480 2
12 VGA | Multi-plane 4 bpp 640x480 16
13 VGA | Packed-pixel 8 bpp 320x200 256

108 VGA | 80x60 Text 640x480 16

10A VGA |132x43 Text 1056x350 16

109 VGA | 132x25 Text 1056x400 16

10B VGA | 132x50 Text 1056x400 16
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Table 4-1: Display Modes (Part 2 of 2)

Mode Type Organization Resolution Eoollo?;
10C VGA | 132x60 Text 1056x480 16
100 SVGA | Packed-pixel 8 bpp 640x400 2564
101 SVGA | Packed-pixel 8 bpp 640x480 256
110 SVGA | Packed-pixel 16 bpp 640x480 32K
111 SVGA | Packed-pixel 16 bpp 640x480 64K
112 SVGA | Packed-pixel 32 bpp 640x480 16M
102 SVGA | Multi-plane 4 bpp 800x600 16
103 SVGA | Packed-pixel 8 bpp 800x600 256
113 SVGA | Packed-pixel 16 bpp 800x600 32K
114 SVGA | Packed-pixel 16 bpp 800x600 64K
115 SVGA | Packed-pixel 32 bpp 800x600Q 16M
105 SVGA | Packed-pixel 8 bpp 1024x768 256
116 SVGA | Packed-pixel 16 bpp  1024x768 32K
117 SVGA | Packed-pixel 16 bpp  1024x768 64K
118Y | SVGA |Packed-pixel 32 bpp  1024x768 16M
107 SVGA | Packed-pixel 8 bpp 1280x1024 256
119D | SVGA |Packed-pixel 16 bpp 1280x1024 32K
11A0 | SVGA |Packed-pixel 16 bpp  1280x1024 64K
11B@ | SVGA |Packed-pixel 32 bpp 1280x1024  16M
11C SVGA | Packed-pixel 8 bpp 1600x1200 256
11D@ | SVGA |Packed-pixel 16 bpp  1600x1200 32K
11ED | SVGA |Packed-pixel 16 bpp 1600x1200 64K

@ Only possible with a frame buffer of 8 megabytes or more.

@ Only possible with a frame buffer of 4 megabytes or more

Mode Switching

The BIOS follows the procedure below when switching between video modes:

1. Wait for the vertical retrace.
Disable the video by using the scroff blanking bit (SEQ1<5>).
Select the VGA or SVGA mode by programming the mgamode field of the CRTCEXT3

2.
3.

4.

register.

If atext mode or VGA graphic modeis selected, program the V GA-compatible register to
initialize the appropriate mode.

Initialize the frame buffer.

. Wait for the vertical retrace.
. Enable the video by using theroff blanking bit.

5. Initialize the CRTC (See ‘CRTC Programming’ on page 4}61
6. Initialize the DAC and the video PLL for proper operation.
7.
8
9

®& Note: The majority of the registers required for initialization can be accessed via the I/O
space. For registers that are not mapped through the I/O space, or if the I/O space is
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disabled, indirect addressing by means of the MGA_INDEX and MGA_DATA
registers can be used. This would permit areal mode application to select the video
mode, even if the MGABASEL1 aperture is above 1M.
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4.4 Direct Frame Buffer Access

There are two memory apertures. the VGA memory aperture, and the MGABASE2 memory aperture
VGA Mode

The MGABASE2 memory aperture should not be used, due to constraints imposed by the frame buffer
organization. The VGA memory aperture operates as a standard VGA memory aperture.

& Note: In VGA Mode, only 1 Mbyte of the frame buffer is accessible. The CRTCEXT4
register must be set to ‘0.

Power Graphic Mode

Both memory apertures can be used to access the frame buffer. The full frame buffer memory aperture
provides access to the frame buffer without using any paging mechanism. The VGA memory aperture
provides access to the frame buffer for real mode applications.

The CRTCEXT4 register provides an extension to the page register in order to allow addressing of the
complete frame buffer. Accesses to the frame buffer are concurrent with the drawing engine, so there is no
requirement to synchronize the process which is performing direct frame buffer access with the process
which is using the drawing engine.

& Note: The MGA-G200 has the capacity to perform data swapping for Big-Endian
processors (the data swapping mode is selected RYRREODE register’s
dirdatasiz<1:0> field).

& Note: Plane write masks aret available during direct frame buffer accesses.

4-28 Direct Frame Buffer Access MGA-G200 Specification



MG Confidential

4.5 Drawing in Power Graphic Mode

This section explains how to program the MGA-G200's registers to perform various graphics functions.
The following two methods are available:

B Direct access to the register. In this case all registers are accessed directly by the host, using tht
address as specified in the register descriptions fouGtdapter 3

B Pseudo-DMA. In this case, the addresses of the individual registers to be accessed are embedde
in the data stream. Pseudo-DMA can be used in four different ways:

» The General Purpose Pseudo-DMA mode can be used with any
command.

» The DMA Vector Write mode is specifically dedicated to polyline
operations.

* ILOAD operations always use Pseudo-DMA transfers for exchanging
data with the frame buffer.

& Note: Only dword accesses can be used when initializing the drawing engine. This is true
for both direct register access and for Pseudo-DMA operation.

45.1 Drawing Register Initialization Using General Purpose Pseudo-DMA

The general purpose Pseudo-DMA operations are performed through the DMAWIN aperture in the MGA
control register space, or in the 8 MByte Pseudo-DMA window. It is recommended that host CPU
instructions be used in such a way that each transfer increments the address. This way, the PCI bridge ¢
proceed using burst transfers (assuming they are supported and enabled).

General Purpose Pseudo-DMA mode is entered when either the DMAWIN space or the 8 MByte Pseudc
DMA window is written to. The DMA sequence can be interrupted by writing to byte 0 QIRMODE
register; this mechanism can be used when the last packet is incomplete.

The first dword written to the DMA window is loaded into the Address Generator. This dword contains
indices to the next four drawing registers to be written, and the next four dword transfers contain the date
that is to be written to the four registers specified.

When each dword of data is transferred, the Address Generator sends the appropriate 8-bit index to the
Bus FIFO. This 8-bit address corresponds to bits 13 and 8:2. Bit 13 represents the DWGREG1 range
(refer toTable 2-3on page 2-J. Bits 1:0 are omitted, since each register is a dword. All registers marked
with the FIFO attribute in the register description€hapter 3an be initialized in General Purpose
Pseudo-DMA mode. When the fourth (final) index has been used, the next dword transfer reloads the
Address Generator.
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DMA General Purpose Transfer Buffer Structure

0 N o o A W N P O

31 24 23 16 15 8 7 0
indx3 indx2 indx1 indx0
data O
data 1
data 2

data 3
indx3 indx2 indx1 indx0
data O

data 1
data 2

45.2 Overview

To understand how this programming guide works, please refer to the following explanations:

1. All registers are presented in a table that lists the register’s name, its function, and any comment or

2.

3.

alternate function.

The table for eadlype of object (for example, lines witttepth, solid line, constant-shaded trapezoid)
is presented as a module in a third-level subsection numbered, for example, as 4.5.4.2.

The description of eadfipe of object contains a representation of IWGCTL register. The
drawing control register illustration is repeated for each objpetbecause it can vary widely,
depending on the current graphics operation (refer tDWWE&CTL description, which starts qrage
3-99.

Legend for DWGCTL lllustrations:

B When a fieldnust be set to one of several possible values for the current operation, it
appears as plus signs (+), one for each bit in the field. The valid settings are listed underneath.

B When afieldcan be set to any of several possible valid values, it appears as hash marks
(#), one for each bit in the field. The values must still be valid for their associated operations.

B When a fieldnust be set to a specific value then that value appears.

You must program the registers listed in tBé&bal Initialization (All Operations)sectionfor all
graphics operations. Once this initialization has been performed, you can select the various objects
and objectypes and program the registers for them accordingly.
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4.5.3 Global Initialization (All Operations)

You must initialize the following registers for al graphics operations:

Register Function Comment / Alternate Function

PITCH Set pitch Specify destination address linearization
(iy field)

DSTORG Determine screen origin DSTORG should be used instead of
YDSTORG

Some limitations apply.
Set pixel format (8, 16, 24, 32 bpp)Dithering mode is used in the following

MACCESS and Z precision (16 or 32 bits) and primitives: (i) lines with depth, (ii)
sets the dithering mode. Gouraud shaded trapezoids, (iii) texture

mapping, (iv) unformatted ILOAD.

CXBNDRY Left/right clipping limits Can us€XLEFT andCXRIGHT instead

YTOP Top clipping limit —

YBOT Bottom clipping limit —

PLNWT Plane write mask —

ZORG Z origin position Only required for depth operations

45.4 Line Programming

The following subsections list the registers that must be specifically programmed for solid lines, lines that
use alinestyle, and lines that have a depth component. Remember to program the registerslisted in
section 4.5.3 and subsection 4.5.5.1 first.

®& Note: In order to start the drawing engine, the last register programmed must be accessed
in the 1D00h-1DFFh range.

45.4.1 Slope Initialization
Non Auto-init Lines

Thistype of lineisinitiated when the DWGCTL register’s opcod field is set to either LINE_OPEN or
LINE_CLOSE. A LINE_CLOSE operation draws the last pixel of a line, while a LINE_OPEN operation
does not draw the last pixel. LINE_OPEN is mainly used with polylines, where the final pixel of a given
line is actually the starting pixel of the next line. This mechanism avoids having the same pixel written
twice

Register Function Comment / Alternate Function
ARO 2b™ —
AR1 Error term: 2b - a - sdy —
AR2 Minor axis increment: 2b - 2a —
SGN Vector quadrant’ —
XDST The x start position —
The y start position and vector Can userDST andLEN ins_teagl;must use -
YDSTLEN length YDST qndLl_EN when destination address i$
linear (i.e.ylin = 1, seePITCH)

(@ Definitions: a= max (|dY|, [dX]), b = min (|dY], [dX]).
@ sets major or minor axis and positive or negative direction for x and y.
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Auto-init Lines

Thistype of lineisinitiated when the DWGCTL register'sopcod field is set to either AUTOLINE _

OPEN or AUTOLINE_CLOSE. Auto-init vectormnnot be used when the destination addresses are
linear {lin = 1).

®& Note: Auto-init vectors are automatic lines whose major/minor axes and Bresenham
parameters (these determine the exact pixels that aline will be composed of) do not
have to be manually calculated by the user or provided by the host.

Register Function Comment / Alternate Function
XYSTRT The x and y starting position | Can use AR5, AR6, XDST, and YDST instead
XYEND Thex and y ending position | Can use ARO and AR2 instead
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45.4.2 Solid Lines

DWGCTL:
3 oo
285 5 5 88¢ 5 5 8
5§ % 3 =583 2 =
o &5 o bltmod o  trans bop X v o & o zmode = © opcod
#10lololo1]0]0]|#|#|#|# #|#|#]#]0|1|ojo|1]o]o]o]ojojo|s|<]+]]

m opcod: must be set to LINE_OPEN, LINE_CLOSE, AUTOLINE_OPEN, or
AUTOLINE_CLOSE

Register Function Comment / Alternate Function
FCOL Foreground color —

45.4.3 Lines That Use a Linestyle

DWGCTL:
© ©
= qé gggo -
2¢ ; gEigs g S
G E & bltmod @ trans bop &G & & & zmode = & opcod
#l#l0lolo1]0]0|#|#|#|# #|#|#]#]0jojojolo]o]oololololel<]<]<]

B opcod: mustbeLINE_OPEN, LINE_CLOSE, AUTOLINE_OPEN, or AUTOLINE_CLOSE

Register Function Comment / Alternate Function
SHIFT Linestyle length (stylelen), linestyle start point within the .
pattern (funcnt)

SRCO Linestyle pattern storage —
SRC1 Linestyle pattern storage dtylelen is from 32-63
SRC2 Linestyle pattern storage $tylelen is from 64-95
SRC3 Linestyle pattern storage $tylelen is from 96-127
BCOL Background color Itransc =0
FCOL Foreground color —

& Note: To set up alinestyle, define the pattern you wish to use, then load it into the 128-bit

source register (SRC3-0). Next, program SHIFT to indicate the length of your

pattern minus 1 (stylelen). Finally, the SHIFT register’'sfuncnt field is a count-

down register with a wrap-around from zeratglelen, which is used to indicate

the point within the pattern at which you wish to start the linestyle. At the end of a
line operationfuncnt points to the next value. For a polyline operation
(LINE_OPEN), the pixel style remains continuous with the next vector. With
LINE_CLOSE, the style does not increment with the last pixel.
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Linestyle lllustration

SHIFT : stylelen = 65, funcnt = 24
SRCO : srcregO Pl XEL_STYLE(31:0)
SRC1 : srcregl Pl XEL_STYLE( 63: 32)
SRC2 : srcreg2 Pl XEL_STYLE( 65: 64)

stylelen funcnt SRC(T
Not Used PIXEL_STYLE

127 os) | [ [ L[ L[ [[]]]o
—_— |

(direction of pattern)

* The foreground color is written when the linestyle bit is ‘1’
» The background color is written when the linestyle bit is ‘0’
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45.4.4 Lines with Depth
DWGCTL:
© ©
) © o o
2 0 - > ST g O - o
8¢ g 2 2 Ec 82 g 2
= © o O c o= O c =
o &5 o bltmod @  trans bop X v o & o zmode = © opcod
#1010 00 1]0]0]#|#|#|# #|#|#]#]0 0 00| 0]#|## 0]«|<|elele]<]s
B atype: must beeither ZI or |
B opcod: mustbesetto LINE_OPEN, LINE_CLOSE, AUTOLINE_OPEN, or
AUTOLINE_CLOSE
Register Function Comment / Alternate Function
scrblendf, dstblendf,
ALPHACTRL alphamode, astipple, alpha must set aten = ‘0’
test mode, alphasel
ALPHASTART The Alpha Start value &)
ALPHAXING The; Alph.a Increment on the 0
major axis
ALPHAYINC The Alpha Increment on the 0

diagonal axis

DRO (if zwidth = 0)
DR2_Z32LSB, DR2_Z32MSB,
(if zwidth = 1)

The z start position

Only if zmode <> NOZCMP
oratype = ZI

DR2 (if zwidth = 0)
DR2_Z32LSB, DR2_Z32MSB
(if zwidth = 1)

The z major increment

DR3 (if zwidth = 0)
DR3_Z32LSB, DR3_Z32MSB

The z diagonal increment

(if zwidth = 1)
DR4 Red start position —
DR6 Red increment on major axis —
DR7 Red increment on diagonal axis —
DR8 Green start position —
DR10 Green increment on major axis —
DR11 Green increment on diagonal axis —
DR12 Blue start position —
DR14 Blue increment on major axis —
DR15 Blue increment on diagonal axis —
FCOL Alpha value Only ifpwidth = 32, or
pwidth = 16 anddit555 = 1
FOGSTART The Fog factor Start value onlyfibgen = 1
FOGXINC The Fog factor Increment on "
major axis
FOGYINC The Fog factor Increment on "
diagonal axis
FOGCOL The Fog Color "
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(@ Whenever afunction in the ALPHACTRL register requires them, Alphastart, alphaxinc, or alphayinc are
programmed.

®& Note: That the MACCESS register'spwidth field must not be set to 24 bits per pixel
(PW24) when drawing lines with depth.

45.45 Polyline/Polysegment Using Vector Pseudo-DMA mode

The sequence for this operation is slightly different than the sequence for the other lines. First, the
polyline primitive must be initialized:

B The global initialization registefsee Global Initialization (All Operations) on page 4-8iljst
be set.

B Solid lines can be selected by initializing the registers as explained in subgestba Lines
with linestyle can be selected by initializing the registers as explained in subgebtibf In
both cases, AUTOLINE_OPEN or AUTOLINE_CLOSE must be selected.

B Bits 15-0 of theODPMODE register must be initialized to 0008h (for Little-Endian processors) or
0208h (for Big-Endian processors). It is important to accesOBEMODE register (at least byte
0) since this will reset the state of the address generator. A 16-bit access is required (to prevent
modification of thedirDataSiz field).

The polyline/polysegment will begin when either the DMAWIN space or the 8 MByte Pseudo-DMA
window is written to.

Thefirst dword that is transferred is loaded into the Address Generator. This dword contains one bit of
‘address select’ for each of the next 32 vector vertices to be sent to the drawing registers. These 32 bits are
called the vector tags. The next 32 dword transfers contain the xy address data to be written to the
drawing registers.

When a tag bit is set to zero (0), the address generator will force the index to the oneY&TRE

registers without setting the bit to start the drawing engine. When the tag bit is set to one (1), the address
generator will force the index to the one of ®END registers with the flag set to start the drawing

engine.

When each dword of data is transferred, the Address Generator checks the associated tag bit and sends the
appropriate 8-bit index to the Bus FIFO. When the 32nd (final) tag has been used, the next dword transfer
reloads the Address Generator with the next 32 vector tags.

The Pseudo-DMA sequence can be interrupted by writing to byte 0 GRREDE register; this
mechanism can be used when the last packet is incomplete.

DMA Vector Transfer Buffer Structure

31 16 15 0
0 |va1 [vn| VO
1 Yo X0
2 Y1 X1
3 Y2 X2
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n Yn+1 Xn+1
31 Y30 X30
32 Y31 X31
33|v31 |vn| VO
34 Yo X0
35 Y1 X1
36 Y2 X2

455 Trapezoid / Rectangle Fill Programming

The following subsections list the registers that must be specifically programmed for constant and
Gouraud shaded, patterned, and textured trapezoids, including rectangle and span line fills. Remember to
program the registers listed in section 4.5.3 and in the tables in subsection 4.5.5.1 first.

& Note: In order to start the drawing engine, the last register programmed must be accessed
in the 1D00h-1DFFh range.

455.1 Slope Initialization

Trapezoids, rectangles, and span lines consist of aflat edge at the top and bottom, with programmable

side edge positions at the left and right. When such a primitive is displayed, the pixels at the top and | eft

edge are actually drawn as part of the object, while the bottom and right edges exist just beyond the

object’s extents. This is done so that when a primitive is completed, the common ‘continuity points’ that
result allow a duplicate adjacent primitive to be drawn without the necessity of re-initializing all of the
edges.

& Note: That a primitive may have an edge of zero length, as in the case of a triangle (in this
caseFXRIGHT = FXLEFT). You could draw a series of joined triangles by
specifying the edges of the first triangle, then changing only one edge for each
subsequent triangle.

®& Note: For trapezoids with subpixel positioning, theleft bit in theSGN register and the
FXLEFT must be programmed for the bottom-trap in case of a broken-left trapezoid.
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Figure 4-6. Drawing Multiple Primitives

* solid lines represent left, top edges
¢ dotted lines represent right, bottom edges

triangle rectangle
L
\ |
\ |
\ Continuity points |
. - allow for continuous Y
A

drawing without
re-initialization
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Trapezoids

For trapezoid drawing, initialize the following registers:

Register Function Comment / Alternate Function
L eft edge major axisincrement: dY |
ARO —
yl_end-yl_start
ARL Left edge error term: errl .
(sdxl == XL_NEG) ? dXI + dYI - 1: - dXI
Left edge minor axis increment: -|dXI|
AR2 —
-|xI_end - xI_start|
AR Right edge error term: errr L
(sdxr == XR_NEG) ? dXr + dYr-1: - dXr
Right edge minor axis increment: -|dXr|
AR5 —
-|xr_end - xr_start|
Right edge major axis increment: dYr
ARG —
yr_end - yr_start
SGN Vector quadrant —
FXBNDRY Filled object x left and right coordinates Can &¥RIGHT andFXLEFT
Can use/DST andLEN instead;
YDSTLEN The y start position and number of lines must_ USQYDST andL!EN_When
destination address is linear
(i.,e.ylin = 1, seePITCH)

Rectangles and Span Lines

For rectangle and span line drawing, the following registers must be initialized:

Register Function Comment / Alternate Function

FXBNDRY Filled object x left and right coordinates Can &63&RIGHT andFXLEFT
Can useYDST andLEN instead;

YDSTLEN The y start position and number of lines mus_t US.EYDST andL_El\_l when
destination address is linear
(i.e.ylin =1, seePITCH)
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455.2 Constant Shaded Trapezoids / Rectangle Fills

DWGCTL:
e e
[} v O o
Lo £ 2 23 g0 - o
n o () () =
8528 & o2 c g2 8 2
=0 © Q Qc oo c 2
o &5 o bltmod @  trans bop X v o & o zmode = @ opcod
—
TRAP|#|1 |0 O|+|+|+|+|+|+|+|+]0|1|0|O|1 o|+|+|+]|0]1
RECT| #| 1 O|+ |+ |+ |+ |+|+|[+|+]|0|1]|1 1 +|+|+]0]|1

m trans: if atype isBLK (block mode(l)), the transparency pattern is not supported - the value
of trans must be ‘0000’

m bop: uses any Boolean operatioratiype is RSTR; ifatype is BLK, bop must be loaded
with ‘1100’
H atype: canbe RSTR, or BLK
Register Function Comment / Alternate Function
FCOL Foreground color

®& Note: That theMACCESS register'spwidth field can be set to 24 bits per pixel (PW24)
with the following limitations:
 atype is RSTR
or
» forcol<31:24> forcol<23:16>forcol<15:8>, andorcol<7:0> are set
to the same value

(@ ‘Block mode’ refers to the high bandwidth block mode function of SGRAM. It should be used whenever pos-
sible for the fastest performance, although certain restrictions apply (sagbkdield of theDWGCTL
register orpage 3-12h
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455.3 Patterned Trapezoids / Rectangle Fills
DWGCTL:
© ©
(O] v O o
Sc g ? oE 82 & 2
=a T O Qe oMo c i
o &5 o bltmod @  trans bop X 'v o @ o zmode = @ opcod
_|
TRAP|# |+ | 0 O|+|+|+|+|+|+|+]+]O0 olofo O+ |+]+ 1
RECT|# |+ |0 O|+ |+ |+ |+ |+ |+|+]|+]|0 1 + |+ |+ 1
B trans: if atype isBLK, thetransparency pattern is not supported - the value of trans
must be ‘0000’
m bop: uses any Boolean operatioratiype is RSTR; ifatype is BLK, bop must be loaded
with ‘1100’
B atype: Canbe RSTR, or BLK
B transc: if atype is BLK, an opaque backgroundnst supported - the value tfansc must
be ‘1’
Register Function Comment / Alternate Function
PATO Pattern storage in Windows form SeSRCO, SRCL, SRC2, SRC3 for
PAT1 9 %attern storage in Little-Endian format
SHIFT Pattern origin offset Only $hftzero =0
BCOL Background color Only ifransc =0
FCOL Foreground color

®& Note: TheMACCESS register’spwidth field can be set to 24 bits per pixel (PW24) with

the following limitations:
e atype is RSTR
or
e forcol<31:24> forcol<23:16>forcol

<15:8>, andorcol<7:0> are set

to the same value, amdickcol<31:24> backcol<23:16>,
backcol<15:8>, andbackcol<7:0> are set to the same value.

MGA-G200 Specification

Drawing in Power Graphic Mode

4-41




MG Confidential

Patterns and Pattern Offsets

Patterns can be comprised of one of two 8 x 8 pattern formats (Windows, or Little-Endian). If required,
you can offset the pattern origin for the frame buffer within the register (if no offset is required, program
the shftzero bit to ‘1’).

gx,xszX.sxsx,

o]

In the illustration on the left, the offset position is 5, 2. The
v D corresponding register position’s value is moved to the

Y, starting point of the pattern array. (This starting point is
equivalent to an offset of 0,0.) Refer to the examples on the
next page for more details.
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Screen Representation

The examples below show how the data stored in the pattern registers is mapped into the frame buffer.
The numbers inside the boxes represent the register bit positions that comprise the pattern.

» Windows format (used to drive Microsoft Windows) stores the pattern ipAf@ andPAT1 (page 3-
128 registers. The following illustration shows tR&T register pattern usage for offsets of 0,0 and 5,2

Offset = 0,0 Windows Offset = 5,2 Windows
X coordinates X coordinates

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

0 7 6 5 4 3 2 1 0 0 18 17 16 23 22 21 20 19

1 15 14 13 12 11 10 9 8 1 26 25 24 31 30 29 28 27

2 23 22 21 20 19 18 17 16 2 34 33 32 39 38 37 36 35
) )
®© S

c 3 31 30 29 28 27 26 25 24 c 3 42 41 40 47 46 45 44 43
S S

§ 4 39 38 37 36 35 34 33 32 § 4 50 49 48 55 54 53 52 51
> >

5 47 46 45 44 43 42 41 40 5 58 57 56 63 62 61 60 59

6 55 54 53 52 51 50 49 438 6 2 1 0 7 6 5 4 3

7 63 62 61 60 59 58 57 56 7 10 9 8 15 14 13 12 11

Little-Endian format (for non-Windows systems) stores the pattern BRE®, SRC1, SRC2, and

SRC3 registersjage 3-15R In this case, the patterning for each line must be duplicated within the
register (this simplifies software programming for hardware requirements). Depending on the offset,
some pattern bits may come from the original pattern byte, while others may come from the associatec
duplicate byte. The following illustration shows tBRC register pattern usage for offsets of 0,0 and

5,2.

Offset = 0,0 Little-Endian Offset = 5,2 Little-Endian
X coordinates X coordinates
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
0 0 1 2 3 4 5 6 7 0 37 38 39 40 41 42 43 44
1 16 17 18 19 20 21 22 23 1 53 54 55 56 57 58 59 60
2 32 33 34 35 36 37 38 39 2 69 70 71 72 73 74 75 76
g g
c 3 48 49 50 51 52 53 54 55 c 3 85 86 87 88 89 20 91 92
3 S
P — P
8 4 64 65 66 67 68 69 70 71 § 4 101 102 103 104 105 106 107 108
(&)
> >
5 80 81 82 83 84 85 86 87 5 117 118 119 120 121 122 123 124
6 96 97 98 99 100 101 102 103 6 5 6 7 8 9 10 11 12
7 112 113 114 115 116 117 118 119 7 21 22 23 24 25 26 27 28

* For both formats, the foreground color is written when the pattern bit is ‘1’
* For both formats, the background color is written when the pattern bit is ‘0’
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455.4 Gouraud Shaded Trapezoids / Rectangle Fills

DWGCTL:
© °©
(O] v O o
235 5 s8ge 5 O
N = ©
25z 3 =S NS e 5
T &5 2 bltmod @  trans bop X s o & » zmode = opcod
__|
TRAP|#| 0|0 0 # ol1|o0]0]|0 0+ |+]|+ 1
RECT|#| 0 0 # o111 O+ |+]+ 1
B atype: must beeither ZI or |

Register Function Comment / Alternate Function

scrblendf, dstblendf,
ALPHACTRL alphamode, astipple, alpha | must set aten = ‘0’

test mode, alphasel
ALPHASTART The Alpha Start value ()
ALPHAXING The Alpha Increment on the 0

X-axis
ALPHAYINC The Alpha Increment on the )

y-axis
DRO (if zwidth = 0) ; <>
DRO_Z32LSB, DRO_Z32MSB | The z start position Only if Z”_‘Ozo:e NOZCMP
(if zwidth = 1) oratype =
DR2 (if zwidth = 0)
DR2_Z32LSB, DR2_Z32MSB The z increment for x "
(if zwidth = 1)
DR3 (if zwidth = 0)
DR3_Z32LSB, DR3_Z32MSB The z increment for y "
(if zwidth = 1)
DR4 Red start position —
DR6 Red increment on x axis —
DR7 Red increment on y axis —
DR8 Green start position —
DR10 Green increment on x axis —
DR11 Green increment on y axis —
DR12 Blue start position —
DR14 Blue increment on x axis —
DR15 Blue increment on y axis —

Only if pwidth = 32,

FeoL Alpha value or pwidth = 16 andit555 = 1
FOGSTART The Fog factor Start value onlyfisgen = 1
FOGXINC Thg Fog _factor Increment on "

major axis
FOGYINC T_he Fog fac_tor Increment on "

diagonal axis
FOGCOL The Fog Color "

(@ Whenever afunction in the ALPHACTRL register requires them, Alphastart, alphaxinc, or alphayinc are
programmed.
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& Note: When drawing Gouraud shaded trapezoids, the MACCESS register’spwidth field
mustnot be set to 24 bits per pixel (PW24).

MGA-G200 Specification Drawing in Power Graphic Mode  4-45



MG Confidential

4555 Texture Mapping

DWGCTL
© °©
(O] v O o
2o £ z TR TR =
2c 2 & o e 832 & 2
23 % Q Qc oD c 2
© = 2 bltmod @ trans bop v o © » zmode = @ opcod
__|
TRAP|#| 0|0 0 # ol1|o0]0]|0 O+ |+]+ 1(1
RECT|#| 0|0 0 # o111 0 O+ |+]+ 1(1
B atype: must beeither ZI or |
Reaister Function Comment /

9 Alternate Function
ALPHASTART The Alpha Start value see note
ALPHAXINC The Alpha Increment on the x-axis see note
ALPHAYINC The Alpha Increment on the y-axis see note
ALPHACTRL srchlendf, dstblendf, alphamode, astipple, .

alpha test mode, alphasel

DRO (if zwidth = 0)
DRO_Z32LSB, DRO_Z32MSB
(if zwidth = 1)

Z start position

Only if zmode <>
NOZCMP oratype =
Zl

DR2 (if zwidth = 0)
DR2_Z32LSB, DR2_Z32MSB
(if zwidth = 1)

Z increment for x

DRS3 (if zwidth = 0)
DR3_Z32LSB, DR3_Z32MSB
(if zwidth = 1)

Z increment for y

Only if modulate or

DR4 Red start value .
decal is used
DR6 Red increment on x axis "
DR7 Red increment on y axis "
DR8 Green start value "
DR10 Green increment on x axis "
DR11 Green increment on y axis "
DR12 Blue start value "
DR14 Blue increment on x axis )
DR15 Blue increment on y axis "
Only if pwidth = 32,
FCOL Alpha value or pwidth = 16 and
dit555 = 1.
FOGCOL The Fog color only ifogen =1
FOGSTART The Fog factor Start value onlyfifgen =1
FOGXINC The Fog factor increment for x "
FOGYINC The Fog factor increment for y "
SPECRSTART Specular Red Start value onlysipecen =1
SPECRXINC Specular Red Increment on major axis "
SPECRYINC Specular Red Increment on diagonal axis !
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Register Function Comment / _
Alternate Function
SPECGSTART Specular Green Start value !
SPECGXINC Specular Green Increment on major axis "
SPECGYINC Specular Green Increment on diagonal axis !
SPECBSTART Specular Blue Start value !
SPECBXINC Specular Blue Increment on major axis "
SPECBYINC Specular Blue Increment on diagonal axis "
TEXBORDERCOL Texture Border Color Only iborderen =1
Texel width, texture pitch, texture alpha key,
texture alpha mask, palette select, decal with
TEXCTL color key,clampmode, tmodulate, strans, —
itrans, alpha overwrite and keying, alpha
extend
decalblend, idecal, decaldis, decalmod,
TEXCTL2 ckstransdis, borderen, specen o
TEXFILTER minfilter, maxfilter, filteralpha, fthres, mapnb —
TEXHEIGHT Texture height, height mask, and round-up -
factor
TEXORG Texture base address and origin of map 0 —
Only when mip-
TEXORG1 Origin of map 1 mapping or planar mod
is used.
TEXORG2 Origin of map 2 "
TEXORG3 Origin of map 3 Only when mip-
mapping is used.
TEXORG4 Origin of map 4 "
TEXTRANS Transparency color key, texture keying mask —

TEXTRANSHIGH

Transparency color key high, texture keying
mask high

TEXWIDTH Texture width, width mask, and round-up factor —
TMRO s/wc increment for x —
TMR1 s/wc increment for y —
TMR2 t/wc increment for x —
TMR3 t/wc increment for y —
TMR4 g/wc increment for x —
TMR5 g/wc increment for y —
TMR6 s/wc start value —
TMR7 t/wc start value —
TMR8 g/wc start value —

®& Note: The MACCESS register'spwidth field mustnot be set to 24 bits per pixel (PW24)

when drawing texture map trapezoids.

®& Note: If twidth = TW4 or TWS, the color palettaust be initialized.

& Note: Only clamp mode is supported when programmingwmeask orthmask with a
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value which is not a power of 2. The fields tw and th must be programmed with a
“power-of-2” value but s/wc and t/wc can be scaled accordingly.

®& Note: Each texture can be located in the frame buffer or in the system memory.

®& Note: Whenever a function in theLPHACTRL register requires theralphastart,
alphaxinc, alphayinc are programmed.

& Note: When using any mip_mapping filtering mode, thenask, twmask fieldsmust be
programmed with a multiple of 16 - 1.

®& Note: When using any mip_mapping filtering mode, thgchext field must be
programmed with a multiple of 16.

455.6 Video Scaler
As a video scaler, the perspective effect must be disabled, this is done by programming the following
register.

* TMR4 = 0x00000000
* TMR5 = 0x00000000
* TMR8 = 0x00010000

When used as a video scaler, texture engine quality depends on the filter selected. Bilinear filtering will
give quality output at good speed. Mip-mapping will give high quality but with lower speed.

The texture engine supports both up and down scaling. The video source can be any format defined by
texformat, but typically a video source will be one of these formats.
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455.7 Video Scaler

When the selected filter includes bilinear filtering (aleast 4 texels are needed to generate a pixel) and the
texture width is greater than 512 texels, and the texel format is TW32 or TW422, the texture cache fills
before the end of atexture line resulting in cache misses for the next line. Performances can be affected
due to the extra memory bandwidth required.

Oneway to improve performanceisto split the operation in two and keep the texel s mapped at 512 or less
for each TRAP. For the second TRAP, re-adjust the S/'wc and T/wc parameters to continue scanning the
texture where the first TRAP stopped. Use the same precision as that of the hardware for the second trap’s
Sand T start values or artifacts could occur.

®& Note: This technique may not always improve the drawing speed depending on memory
bandwidth available at the time of the operation.

®& Example: The textureisa 720x720 YUV 422 image that is to be drawn with a 1:1 ratio.

FIRST TEXTURE_TRAP:

Tw =10g92(1024)
Th = 10g2(1024)
Sstart =

Sxinc = 1/1024
Syinc =

Tstart =

Txinc =

Tyinc =1/1024
YDST =

LENGTH =720
FXLEFT =0

FXRIGHT =512

SECOND TEXTURE_TRAP:

Sstart =512 * Sxinc
Tstart =0
YDST =0

LENGTH =720
FXLEFT =512
FXRIGHT =720
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4.5.6

Bitblt Programming

The following subsections list the registers that must be specifically programmed for Bitblt operations.
Remember to program the registerslisted in section 4.5.3 and subsection 4.5.6.1 first. Also, the last
register you program must be accessed in the 1D00h-1DFFh rangein order to start the drawing

engine.

45.6.1 Address Initialization

XY Source Addresses

Register Function Comment / Alternate Function

ARO Source end address The last pixel of the first line
AR3 Source start address —

AR5 Source y increment —
FXBNDRY Destination boundary (left and right) Can E¢RIGHT andFXLEFT
DSTORG Origin of the destination —
SRCORG Origin of the same source surface —
YDSTLEN The y start position and number of | Can userDST andLEN instead

lines

Linear Source Addresses

Register Function Comment / Alternate Function

ARO Source end address The last pixel of the source

AR3 Source start address —

FXBNDRY Destination boundary (left and right) Can W€RIGHT andFXLEFT

SRCORG Origin of the source surface —

YDSTLEN The y start position and number of | Must useYDST andLEN when destination

lines

address is linear (i.¢lin = 1, seed’ITCH)

®& Note: ARO comprises 18 bits, therefore, a maximum of 256 Kpixels can be blitted.

Patterning Operations

Register Function Comment / Alternate Function
FXLEFT = destination boundary left-4
FXBNDRY o . |Can usé~XRIGHT andFXLEFT
FXRIGHT = destination boundary right
Can useYDST andLEN insteadmust use
YDSTLEN The y start position and number of lineg¥DST andLEN when destination address is
linear (i.e.ylin = 1, se€PITCH)
CXLEFT Destination boundary left —
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45.6.2 Two-operand Bitblts

DWGCTL:
© ©
(O] v O o
Lo £ 2 3 g O - o
Sc g ? oE 82 8 2
23 g Q O c o0 c 2
o &5 o bltmod @  trans bop X 'v o @ o zmode = @ opcod
_|
XY |[#|+|0 o|l1]|0]o0 # 0|1 0|0 0 1)1
LIN. + 1{1|1/0 # o111 1 1)1
B transc: must be ‘0’ if the MACCESS register’spwidth field is set to 24 bits/pixel (PW24)
Register Function Comment / Alternate Function
SGN Vector quadran@ Only needs to be set whegnzero = ‘0’
FCOL Transparency color key Only whéransc =1
BCOL Color key plane mask Only wheransc = ‘1’

@) Sets major or minor axis and positive or negative direction for x and y.

®& Note: Forrolling blit primitives AR5 (source pitch) must be programmed to ‘0’.
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45.6.3 Color Patterning 8 x 8
DWGCTL:
3 ® o o
wo £ = 2% g O s
222 2 BENgs 5 2
23 3 ) e NG s 2
o5 o bltmod & trans bop X v o & o zmode = © opcod
#+|1]0[o]1]0]0|#|#|#|# #|#|#]#]0|1|1|o|0]o]o]o]o]o]o]z|z]olo]o

B transc: must be ‘0’ if the MACCESS register'spwidth field is set to 24 bits/pixel (PW24)

. . Comment /

Register Function Alternate Function
Whenpwidth = PW8, PW16, or PW3AR0<17:3> =
AR3<17:3>

ARO Whenpw?dth = PW8: AR0<2:0> = AR3<2:0> +2 .
Whenpwidth = PW16:AR0<2:0> = AR3<2:0> + 4
Whenpwidth = PW32:AR0<2:0> = AR3<2:0> + 6
Whenpwidth = PW24:AR0<17:0> =AR3<17:0>+ 7

AR3 Pattern address + (x offset 1,@)g + (y offset * 32) —

AR5 32 —

FCOL Transparency color key Only whéransc =1

BCOL Color key plane mask Only wheransc = ‘1’

& Note: TheAR3 register performs a dual function: it sets the pattern’s address, and it is also

used to determine how the pattern will be pinned in the destination. Refer to
‘Patterns and Pattern OffSets page 4-42color patterning is performed in a
similar manner to monochrome patterning (except thaSHIET register isot
used for pinning).
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& Note: 8, 16, 32 bit/pixel pattern storage hardware restrictions:

* The first pixel of the pattern must be stored at a pixel address module

256 + 0, 8, 16, or 24.

 Each line of 8 pixels is stored continuously in memory for each pattern,
but there must be a difference of 32 in the pixel address between each
line of the pattern. To do this efficiently, four patterns should be stored
in memory in an interleaved manner, in a block of 4 x 8 x 8 pixel
locations. The following table illustrates such a pattern storage (the
numbers in the table represent the pixel addresses, modulo 256):

Pattern O

Pattern 1

Pattern 2

Pattern 3

Pixels:

3 4 5 6 7|0 1 2

3

4

5

6

7

0

1

2 3 4

5

6

710 1 2 3 4 5 6

7

Lines:

N o g b~ W N R

32

64

96

128
160
192
224

3 4 5 6 7|8
39 | 40
71|72
103|104
135|136
167|168
199|200
231|232

9 10 11 12 13 14 15

47

79
111
143
175
207
239

16 17 18 19 20 21 22 23

48

80
112
144
176
208
240

24 25 26 27 28 29 30
55
87
119
151
183
215
247

31

63

95
127
159
191
223
255

* Pattern 3 is not available when & CCESS register’spwidth field

is PW16 or PW32.

®& Note: 24 bit/pixel pattern storage hardware restrictions:
* The first pixel of the pattern must be stored at a pixel address module

256 + 0, or 16.

 Each line of 8 pixels is stored continuously in memory for each pattern,
but there must be a difference of 32 in the pixel address between each
line of the pattern. To do this efficiently, two patterns should be stored
in memory in an interleaved manner, in a block of 2 x 16 x 8 pixel
locations. The following table illustrates such a pattern storage (the
numbers in the table represent the pixel addresses, modulo 256):

Pattern O

Pattern 1

Pixels:

3 4 5 6 7 0 1 2

3

4

5

6

7

0

1

2 3 4

5

6

7 0 1 2 3 4 5 6

7

Lines:
N o g b~ WN

32

96
128
160
192
224

3 4 5 6 7 8

9 10 11 12 13 14 15

47

79

111
143
175
207
239

48
80
112
144
176
208

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

31
63
95
127
159
191
223
255
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45.6.4 BitBlts With Expansion (Character Drawing) 1 bpp

DWGCTL:
© ©
) © o o
QLo £ - 23 g0 - o
SV o (<) O NN § T I o
oS = 0 n & cg= 4] =
= © © (O] VD c oo O c -

o5 o bltmod & trans bop X v o & o zmode = © opcod
41 v 0 ==+ 0| #|#|#|# #|#|#]#]0|1|1]o|0]o]o]o|#| +|+| | L]olo]o
m trans: if atype isBLK, the transparency pattern is not supported - the value of trans

must be ‘0000’
H bop: uses any Boolean operatioratfype is RSTR; ifatype is BLK, must be loaded with
‘1100’
B bltmod: can beBMONOLEF or BMONOWF
H atype: canbe RSTRr BLK
B transc: if atype is BLK, an opaque backgroundnist supported - the value tfansc must
be ‘1’
Register Function Comment / Alternate Function
BCOL Background color Only when transc = ‘0’
FCOL Foreground color —

®& Note: TheMACCESS register’spwidth field can be set to 24 bits per pixel (PW24) with

the following limitations:

e atype is RSTR
or

* forcol<31:24> forcol<23:16>forcol<15:8>, andorcol<7:0> are set
to the same value, amdickcol<31:24> backcol<23:16>,
backcol<15:8>, andackcol<7:0> are set to the same value.

45.6.5 BitBlts With Expansion (Character Drawing) 1 bpp Planar

DWGCTL:
© °©
o O O o
wo £ s 2 o o o o
5 0 0 T} O NN = O I o
o< = %) n e c 9 .= [} Q
=6 © Q Ve oD c P
o &5 o bltmod & trans bop X v o & o zmode = © opcod
##OO‘O‘O‘lm#‘#‘#‘# #‘#‘#‘#m01000‘0‘0#0‘0‘1 1/olo]o
Register Function Comment / Alternate Function
SHIFT Plane selection —
BCOL Background color Only whetmansc = ‘0’
FCOL Foreground color —

& Note: ForMACCESS the planar bitblts aneot supported with 24 bits/pixel (PW24).
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45.7 ILOAD Programming

The following subsections list the registers that must be specifically programmed for ILOAD (image
load: Host - RAM) operations. You must take the following steps:

Step 1. Initialize the registers. Remember to program the registers listed in section 4.5.3 and
subsection 4.5.7.1. Depending on the type of operation you wish to perform, you must also pro-
gram the registers in subsection 4.5.7.2 or subsection 4.5.7.3.

Step 2. Thelast register you program must be accessed in the 1D00h-1DFFh or 2000h-2DFFh rangein
order to start the drawing engine.

Step 3.  Write the datain the appropriate format to either the DMAWIN or 8 MByte Pseudo-DMA
memory ranges.

After the drawing engine is started, the next successive BFIFO locations are used as the image data until
the ILOAD is completed. Since the ILOAD operation generates the addresses for the destination, the
addresses of the data are not used while accessing the DMAWIN or 8 MByte Pseudo-DMA window. It is
recommended that host CPU instructions be used in such away that each transfer increments the address.
This way, the PCI bridge can proceed using burst transfers (assuming they are supported and enabl ed).

®& Note: It isimportant to transfer the exact number of pixels expected by the drawing
engine, since the drawing engine will not end the ILOAD operation until al pixels
have been received. A deadlock will result if the host transfersfewer pixels than
expected to the drawing engine (the software assumes the transfer is completed, but
meanwhile the drawing engine is waiting for additional data). However, if the host
transfers more pixels than expected, the extra pixels will be interpreted by the
drawing engine as register accesses.

®% Note: The ILOAD command must not be used when no data is transferred.

The total number of dwords to be transferred will differ, depending on whether or not the source islinear:
B Whenthe sourceislinear: the datais padded at the end of the source.
Total = INT ((psiz * width * Nlines + 31) / 32)
B When the sourceisnot linear: the datais padded at the end of every line.
Total = INT ((psiz* width + 31) / 32) * Nlines
Legend:
Total:  The number of dwordsto transfer
width: ~ The number of pixels per line to write

Nlines. The number of linesto write
psiz: The source size, according to Table 4-3
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Table 4-2: ILOAD Source Size

bltmod pwidth psiz
PW8 8
PW16 16
BFCOL PW24 24
PW32 32
BMONOLEF — 1
BMONOWF — 1
BU24RGB — 24
BU24BGR — 24
BU32RGB — 32
BU32BGR — 32

45.7.1 Address Initialization

Linear Addresses

Register Function Comment / Alternate Function
A 16-bit access is required to prevent
modification of thedirDataSiz field (bits
OPMODE Data format 17:16), since direct frame buffer aE:cess may|
concurrent
ARO Total number of source pixels - 1 —
AR3 Must be 0 —
FXBNDRY Destination boundary (left and right) Can W4.EFT andFXRIGHT
Can useYDST andLEN insteadmust use
YDSTLEN The y start position and length YDST andLEN when destination address is
linear (i.e.ylin = 1, seePITCH)
XY Addresses
Register Function Comment / Alternate Function
A 16-bit access is required to prevent
OPMODE Data format modification of thedirDataSiz field (bits
17:16).
ARO Number of pixels per line - 1 —
AR3 Must be 0 —
AR5 Must be 0 —
FXBNDRY |Destination boundary (left and right) Can #€_EFT andFXRIGHT
Can useYDST andLEN insteadmust use
YDSTLEN The y start position and length YDST andLEN when destination address is
linear (as inylin = 1, seePITCH)
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45.7.2 ILOAD of Two-operand Bitblts

DWGCTL:
3 oo
285 5 5 88¢ 5 5 8
5§ % 3 =583 2 =
o &5 o bltmod o  trans bop X v o & o zmode = © opcod
41+ )]0 ==+ 0| #|#|#|# #|#|#]#]0|1|<0|0]o]o]o]+|o]o|z|z]o]o]s

B transc: must be ‘0’ if theMACCESS register'spwidth field is set to 24 bits/pixel (PW24);
must be ‘0’ when théltmod field is anything other than BFCOL

B bltmod: for a linear source, must be BFCOL. For an xy source, can be any of the following:
BFCOL, BU32BGR, BU32RGB, BU24BGR, or BU24RGB.

B sgnzero: can be set to ‘0’ whebltmod is BFCOL, or when th1ACCESS register’spwidth
field is PW32; otherwise, must be ‘1’

B linear: for an xy source, must be ‘0’; for a linear source, must be ‘1’

Function Comment / Alternate Function
For the BU32BGR and BU32RGB formats, depending gn
the MACCESS register'spwidth setting, the following bits
FCOL Foreground color from FCOL are used:

PW32: Bits 31:24 originate frofiorcol<31:24>

PW16: Bit 15 originates frorforcol<15> whendit555 = 1

SGN Scanning direction Must be set only wregnzero = ‘0’
FCOL Transparency color key Only whéransc = ‘1’
BCOL Color key plane mask| Only wheransc =1’
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There are some restrictions in the data formats that are supported for this operation Table 4-3 shows all
the valid format combinations. The structure of the buffers to be transferred is defined for each data
format (as shown in the ‘Pixel Formats’ illustrations startingpage 4-3.

Table 4-3: ILOAD Supported Formats

Processor Type bltmod dmaDataSiz pwidth Data Format
PWS8 8-bit A

o PW16 16-bit A

BFCOL 00 PW24 24-bit A

PW32 32-bit A

PWS8 24-bit A

BU24RGB ‘00’ PW16 24-bit A

PW32 24-bit A

. . PWS8 24-bit B
Little-Endian | o, 1> 48GR 00’ PW16 | 24-bitB
PW32 24-bit B

PWS8 32-bit A

BU32RGB ‘00’ PW16 32-bit A

PW32 32-bit A

PW8 32-bit B

BU32BGR ‘00’ PW16 32-bit B

PW32 32-bit B

‘00’ PW8 8-bit B

BFCOL ‘01’ PW16 16-bit B

‘10’ PW32 32-bit A

PW8 32-bit A

Big-Endian | BU32RGB ‘10’ PW16 32-bit A
PW32 32-bit A

PW8 32-bit B

BU32BGR ‘10’ PW16 32-bit B

PW32 32-bit B
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45.7.3 ILOAD with Expansion (Character Drawing)
DWGCTL:

sghzero
linear
atype

clipdis
transc
pattern
shftzero
arzero

bltmod trans bop zmode : opcod

:II Reserved

H*
+
o
+
4
4
4
El! Reserved
+
4
4
4

+

[ +[2]ofo]s

o
o

#la|uleo]1]1 ofofof1]+]

B bltmod: must be set to either BMONOL EF or BMONOWF

m trans: if atypeisBLK, thetransparency pattern is not supported - the value of trans
must be ‘0000’

H bop: uses any Boolean operatioratfype is RSTR; ifatype is BLK, bop must be loaded
with ‘1100’

B atype: RSTR, or BLK

B transc: if atype is BLK, an opaque backgroundnst supported - the value tfansc must

be ‘1’
Register Function Comment / Alternate Function
BCOL Background color Only whetmransc = ‘0’
FCOL Foreground color —

®& Note: TheMACCESS register’spwidth field can be set to 24 bits per pixel (PW24) with
the following limitations:
e atype is either RPL or RSTR
or
* forcol<31:24>forcol<23:16>forcol<15:8>, andorcol<7:0> are set
to the same value, amdckcol<31:24> backcol<23:16>,
backcol<15:8>, andackcol<7:0> are set to the same value.

There are some restrictions in the data formats that are supported for this op&aatmrA-4shows all
the valid format combinations. The structure of the buffers to be transferred is defined for each data
format (as shown in the ‘Pixel Formats’ illustrations startingpage 4-3.

Table 4-4: Bitblt with Expansion Supported Formats

Processor Type bltmod dmabDataSiz | Data Format
Little-Endi BMONOLEF ‘00’ MONO A
tie-Endlan rENoNowWrE | 00 MONO B
Big-Endian | BMONOWF ‘00’ MONO C
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4.5.8 Loading the Texture Color Palette

This operation is similar to anormal BITBLT or ILOAD operation. In this case, a source texture color
paette isloaded into the destination 256 x 1 x 16 bpp LUT (Look-Up Table) that is used in texture
mapping. Any portion of the LUT can be programmed independently.

This color palette is used to perform color expansion during texture mapping when texturesarein 4 or 8
bpp format. When 4 bpp textures are used, 16 palettes are available in the LUT. The choice of the palette
used to do color expansion is determined by the palsel field of the TEXCTL register.

© o o
S, < 2 L oo
50 & o s 882 g8 9
n C = n 0w £ c = )
O G T ) Qe o0 c Pl
X 5 o bltmod @ trans bop v o @ o zmode = © opcod
I | T
BITBLT| 0| 0 | O 1 0 1|10 oj1(1]0 1 1/1]0 0
ILOAD | O 0 ol1|0]0 1(1]0 o111 1 1/1]0
Register Function Comment / Alternate Function
ARO Source end address —
AR3 Source start address —
PITCH iy = 1024 —
yval:  Start position in the LUT
(O to 255) .
YDSTLEN length: Number of locations to fill
in the LUT (1 to 256)
SRCORG Origin of the source For BLIT only
YDSTORG 0 —
FXBNDRY 0 —
MACCESS pwidth = PW16 tlutload = 1 —
dmamod = 01,
OPMODE dmadatsiz = 00 (Little-Endian) For ILOAD only
dmadatsiz = 01 (Big-Endian)

& Note: The PITCH and MACCESS registers are not normally modified during drawing
operations, and may have to be re-programmed after this operation in order to return
the drawing engineto its origina state.
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4.6 CRTC Programming

The CRTC can be programmed in one of two modes: VGA Mode or Power Graphic Mode. The
mgamode field of the CRTCEXT3 register is used to select the operating mode.

CRTC registers 0 to 7 can be write-protected by the crtcprotect field of the CRTC11 register.

In VGA Mode, al of the CRTC extension bits must be set to ‘0’. Tihage field of CRTCEXT4 can be
used to select a different page of RAM in which to write pixels.

4.6.1 Horizontal Timing

Figure4-7. CRTC Horizontal Timing

HDISPEN J | |
HBLANK ’—L

HSYNC § L W
‘ Horizontal Display End

In VGA Mode, the horizontal timings are defined by the following VGA register fields:

Horizontal total. Should be programmed with the total number of displayed
characters plus the non-displayed characters minus 5.

Horizontal display end. Should be loaded with the number of displayed
characters minus 1.

hblkstr<7:0> Start horizontal blanking

End horizontal blanking. Should be loaded whblkstr + Horizontal Blank
signal width) AND 3Fh. Bit 6 is not used in VGA Modadamode = 0)

hsyncstr<7:0> Start horizontal retrace

End horizontal retrace. Should be loaded whisyhcstr + Horizontal Sync
signal width) AND 1Fh.

hsyncdel<1:0> Horizontal retrace delay

htotal<7:0>

hdispend<7:0>

hblkend<6:0>

hsyncend<4:0>

In Power Graphic Mode, the following bits are extended to support a wider display area:

htotal<8:0> Horizontal total
hblkstr<8:0> Start horizontal blanking
hsyncstr<8:0> Start horizontal retrace

The horizontal counter can be reseh&yncstr (CRTC4) in Power Graphic Mode by a rising edge on
the VIDRST pin, if thehrsten bit of theCRTCEXT1 register is set to ‘1’.
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The units of the horizontal counter are character clocks for VGA Mode, or 8 pixelsin Power Graphic
Mode. The scale field of the CRTCEXTS3 register is used to bring the VCLK clock down to an 8 pixel
clock.

The scale factor settings are shown in the following table:

Bits/Pixel scale
8 ‘000’
16 ‘000’
24 ‘010’
32 ‘oor

4.6.2 Vertical Timing

Figure 4-8:. CRTC Vertical Timing

VDISPEN | —
VBLANK | -

VSYNC BN

Vertical Display End

In VGA Mode, the vertical timings are defined by the following VGA register fields:

Vertical total. Should be programmed with the total number of displayed lings
plus the non-displayed lines minus 2.

Vertical display end. Should be loaded with the number of displayed lines minus
1.

Start vertical blanking. The programmed value is one less than the horizontal scan
line count at which the vertical blanking signal becomes active.

End vertical blanking. Should be loaded wittblkstr -1 + Vertical Blank signa
width) AND FFh.

vsyncstr<9:0> | Start vertical retrace

End vertical retrace. Should be loaded withy(hcstr + Vertical Sync signal
width) AND OFh.

linecomp<9:0> |Line compare

vtotal<9:0>

vdispend<9:0>

vblkstr<9:0>

vblkend<7:0>

vsyncend<3:0>
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In Power Graphic Mode, the following fields are extended to support alarger display area:

vtotal<11:0>
vdispend<10:0>
vblkstr<11:0>
vsyncstr<11:0>
linecomp<10:0>

Vertical total

Vertical display end
Vertical blanking start
Start vertical retrace
Line compare

The units of the vertical counter can be 1 or 2 scan lines, depending on the value of the hsyncsel bit of

the CRTCL17 register.

The vertical counter can be reset to vsyncstr (CRTC10) in Power Graphic Mode by the VIDRST pin if
the vrsten bit of the CRTCEXTL register is set to ‘1’. Theinten andvintclr fields of theCRTC11
register can be used to control the vertical interrupt.

4.6.3 Memory Address Counter

In VGA Mode, the following registers are used to program the memory address counter and the
cursor/underline circuitry:

startadd<15:0>
offset<7:0>

curloc<15:0>
prowscan<4:0>
maxscan<4:0>
currowstr<4:0>
currowend<4:0>
curoff<4:0>
undrow<4:0>
curskew<1:0>

Start address

Logical line width of the screen. This is programmed with the number of double
or single words in one character line.

Cursor location

Preset row scan

Maximum scan line

Row scan cursor begins

Row scan cursor ends

Cursor off

Horizontal row scan where underline will occur
Cursor skew control

B The row scan counter can be clocked by the horizontal sync signal or by the horizontal sync
signal divided by 2, depending on the value ofdbav2t4 (200 to 400 line conversion) field of
the CRTCO register.

B The memory address counter clock is controlleddynt4 (CRTC14) andcount2 (CRTC17).
These fields have no effect in Power Graphic Mode.

B The memory address can be modified bydiverd (CRTC14), wbmode, addwrap,
selrowscan, andcms (CRTC17) fields.
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In Power Graphic Mode, the following fields are extended in order to support both alarger display, and up
to 16 megabytes of memory.

startadd<20:0> |Start address.

Logical line width of the screen. This is programmed with the number of doubje

offset<9:0> . . . .
slices in one display line.

B Thedisplay can be placed in interlace mode if theinterlace bit of the CRTCEXTO register is set
to ‘1.

B Thecurloc, prowscan, currowstr, currowend, curoff, undrow andcurskew registers are
not used in Power Graphic Mode.

B Themaxscan field of theCRTCO register is used to zoom vertically in Power Graphic Mode.

B Horizontal zooming can be achieved by dividing the pixel clock period and re-programming the
horizontal registers.

4.6.4 Programming in VGA Mode

The VGA CRTC of the MGA-G200 chip conforms to VGA standards. The limitations listed below need
only be taken into account when programming extended VGA modes.

Limitations:

B htotal must be greater than 0.
mvtotal must be greater than 0.
mhtotal - hdispend must be greater than 0
mhtotal - bytepan + 2 must be greater thadispend
mhsyncstr must be greater thdrdispend + 2

CRTC Latency Formulas

This section presents several rules that must be followed in VGA Mode in order to adhere to the latency
constraints of the MGA-G200's CRTC.

In the formulas which follow, ‘cc’ represents the number of video clocks per character. The display modes
are controlled by thBEQ1 register'sdotmode anddotclkrt fields and thA\TTR10 register'spelwidth
field as shown below:

Display Mode dotmode dotclkrt pelwidth cc
Character mode: 8 1 0 0 8
Character mode: 9 0 0 9
Zoomed character: 16 1 1 0 16
Zoomed character: 18 0 1 0 18
Graphics (non-8 bit/pixel) 1 0 0 8
Zoomed graphics (non-8 bit/pixel) 1 1 0 16
Graphics (8 bit/pixel) 1 0 1 4
Zoomed graphics (8 bit/pixel) 1 1 1 8

In VGA Mode, Tvclk is equivalent to Tpixclk.
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The following factors (in GCLKs) must be applied to the formulas which follow, according to whether
text or graphics are being displayed:

Variable VGA Text VGA Graphics
A 64 28
B 1 1
C 6 6
D 73 37

Using these values, we can determine the following rules:

(cc* ((H_total - Byte_pan) - (H_dispend + MAX(H_dispskew + 2, H_syncstr - H_dispend)) + 1) - 3)
* Tvelk >= A * Tgclk

(cc* 4-1)* Tvclk >= A * Tgclk

cc* Tvclk >=B * Tgclk

(cc* ((H_total - Byte pan) - H_dispend + 2) - 1) * Tvclk >= (A + C) * Tgclk)

(cc* ((H_total - Byte pan) - (H_dispend + MAX(H_dispskew + 2, H_syncstr - H_dispend)) + 2) - 3)
* Tvclk >= (A + C) * Tgclk

(cc* ((H_total - Byte pan) - H_dispend + 3) - 1) * Tvclk >= (D + C) * Tgclk)

© o cwbd P

4.6.5 Programming in Power Graphic Mode

The horizontal and vertical registers are programmed as for VGA Mode, and they can use the CRTC
extension fields.

The memory address mapper must be set to byte mode and the offset register value (CRTC13) must be
programmed with the following formula:

videopitch x bpp x fsplit
128

offset =

Where:

bpp is the pixel width, expressed in bits per pixel

videopitch isthe number of pixels per line in the frame buffer (including pixels that are not visible

fsplit = 2 in split mode; 1 in all other modes

For example, for a 16 bit/pixel frame buffer at aresolution of 1280 x 1024 and a memconfig value of 01.
offset = (1280 x 16)/128 = 160

Depending on the pixel width (bpp), the video pitch must be a multiple of one of the following:

bpp multiple of
8 16

16 8

24 16

32 4
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The startadd field represents the number of pixelsto offset the start of the display by:

address of the first pixel to display
factor

startadd =

Depending on the pixel depth, the following factors must be used:

bpp factor
8 8
16 4
24 8
32 2

For example, to program startadd to use an offset of 64 with a 16 bit/pixel frame buffer, startadd = 64/4
= 16. With a 24 bit/pixel frame buffer, startadd = 64/8 = 8.

®& Note: When accessing the three-part startadd field, the portion which islocated in
CRTCEXTO0 must always be written; it must aways be written after the other
portions of startadd, which are located in CRTCC and CRTCD). The change of
start address will take effect at the beginning of the next horizontal retrace following
the write to CRTCEXTO. Display will continue at the next line, using the new
startadd value. This arrangement permits page flipping at any line, with no tearing
occurring within the line.

To avoid tearing between lines within a frame, software can poll either vcount or the vretrace
field of INSTS1, or use the VSYNC interrupt to update CRTCEXTO between frames.

®& Note: The Attributes Controller (ATC) isnot available in Power Graphic Mode.
There is no overscan in Power Graphic mode, therefore:

htotal + 5==hblkend +1
hdispend + 1 == hblkstr +1

The End Horizontal Blank value must always be greater that hsyncstr + 1, so that the start address latch
can be loaded before the memory address counter.

A composite sync (block sync) can be generated on the HSY NC pin of the chip if thecsyncen field of
the CRTCEXT3 register is set to ‘1’. The VSYNC pin will continue to carry the vertical retrace signal.

®& Note: The composite sync is always active low. The following values must be
programmed in Power Graphic Mode.

B hsyncdel =0

B hdispskew =0

B hsyncsel =0

B bytepan =0

B conv2t4=0

B dotclkrt =0

B dword = 0,wbmode = 1 (refer to the ‘Byte Access’ table in tBRTC17 register
description)

B selrowscan =1,cms=1
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Interlace Mode

If interlace is selected, the offset value must be multiplied by 2.
B Thevtotal value must be the total number of lines (of both fields) divided by 2.
For example, for a525 line display, vtotal = 260.

B Thevsyncstr value must be divided by 2
B Thevblkstr values must be divided by 2

B Thehvidmid field must be programmed to become active exactly in the middle of a horizontal
line.

Zooming

Horizontal zooming is achieved using the hzoom field of the XZOOMCTRL register. To implement the
zoom function, pixles are duplicated within the DAC, and the memory address generator advances at a
reduced rate.

Vertical zooming is achieved by re-scanning a line ‘n’ times. Progra@RA&9 register'smaxscan
field with the appropriate value, n-1, to obtain a vertical zoom.

B For example, sehaxscan = 3 to obtain a vertical zoom rate of x4.

Limitations:

htotal must be greater than 0 (because of the delay registers ¢ndte comparator)
htotal - hdispend must be greater than 0

In interlace modehtotal must be equal to or greater tHasyncend + 1

htotal - bytepan + 2 must be greater thanlispend

hsyncstr must be greater thdrdispend + 2

vtotal must be greater than 0 (because of the delay registers mdta comparator)
In interlace modeytotal must be an even number

In HZOOM = 00, (Horizontal Total) MOD &wst not be ‘7’

In HZOOM = 01, (Horizontal Total) MOD 16wst not be ‘15’

In HZOOM = 1X, (Horizontal Total) MOD 3#nust not be ‘31’

CRTC Latency Formulas

This section presents several rules that must be followed in Power Graphic Mode in order to adhere to th
latency constraints of the CRTC.

In the formulas below, ‘cc’ represents the number of VCLKs per character (8 pixels). Using these values,
we can determine the following rules:

1. (VC) (Tpixclk) >= Tmclk
2. ((8) htotal - hsyncstr +1) +3(VC) ) (Tpixclk) >= (124) (Tmclk)
3. ((7 -hiprilvl) (VC) (8) + ((1)VC - 1) ) (Tpixclk) >= (MP) (Tmclk) + (11) (VC) (Tpixclk)

MAXHIPRI = MIN(HIPRILVL, (SCALE + 1)(Tmclk / Tpixclk) (round to the nearest whole number)
where:

SCALE = value programmed into tf®CALE register.
VC = 8 /DF (which is the number of pixels per slice)
8 inBPP8

4 in BPP15/BPP16

8/3 in BPP24 packed pixel

2 in BPP32PAL / BPP32DIR
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Tmclk =The period of MCLK inns
Tpixclk = The period of the pixel clock in ns
MP = Memory Controller Pipe Depth
strmfctl = The Streamer Pipe Blocking Field

MP with MP without
if CODEC or VIN | CODEC or VIN
operating operating
strmfctl =2 32 32
strmfctl = 1 41 41
strmfctl =0 59 52
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Figure 4-9: Video Timing in I nterlace Mode
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4.7 Video Interface

4.7.1 Operation Modes

The MGA-G200’'s RAMDAC can operate in one of five modes, depending on the values of the
mgamode field of theCRTCEXT3 register and thdepth field of theXMULCTRL RAMDAC register,
as shown below:

mgamode | depth |Mode Selected
0 000 | VGA
000 | Pseudo Color (BPP8)
001 | True Color (BPP15)
010 | True Color (BPP16)
011 | True Color (BPP24)
100 | Direct Color (BPP32DIR)
101 | True Color (BPP32PAL)

S

4.7.1.1 VGA Mode

In VGA mode, the data to be displayed comes from the MGA-G200’s VGA Attribute Controller (ATC).
The data from the ATC is used as an address for the three-LUT RAM. The pixel read mask can be applied
to the data before it passes through the palette. The hardware cursor and keying functions are not
supported in VGA mode.

Red LUT P7 P6 PS5 P4 P3 P2 P1 PO
Green LUT P7 P6 PS5 P4 P3 P2 P1 PO
Blue LUT P7 P6 P5 P4 P3 P2 P1 PO

B The frequency of the pixel PLL is determined by ¢hesel field of the VGAMISC register,
which selects the proper set of registers for the PLL. The frequency can also be changed via the
XPIXPLLM, XPIXPLLN, andXPIXPLLP registers.

B Horizontal zooming is not supported in VGA mode.

47.1.2 Pseudo Color Mode

In Pseudo Color mode (BPP8), the data from the memory is sent to the RAMDAC's internal FIFO via the
memory controller. The data is then used as an address for the three-LUT RAM (as in VGA mode). A
hardware cursor is available.

B The pixel PLL should use register set ‘C’ register set, so as to not change the frequency of the
VGA PLL sets.

B Horizontal zooming is supported in pseudo color mode.

47.1.3 True Color Mode

The four true color modes supported by MGA-G200 are BPP15, BPP16, BPP24, and BPP32PAL. In these
modes, the pixel data from the internal RAMDAC’s FIFO is mapped to the LUT addresses as shown in
the following illustrations:

4-70 Video Interface MGA-G200 Specification



MG Confidential

15-Bit True Color (BPP15)

Red LUT P15 0 0 P14 P13 P12 P11 P10
Green LUT P15 0 0 P9 P8 P7 P6 P5
Blue LUT P15 0 0 P4 P3 P2 P1 PO

B Bit 15 can be used as an overlay color (it selects another LUT table in the RAM) and can be
masked out by the alphaen field of the XGENCTRL register (when at ‘0’).

16-bit True Color (BPP16)

Red LUT 0 0 0 P15 P14 P13 P12 P11
Green LUT 0 0 P10 P9 P8 P7 P6 PS5
Blue LUT 0 0 0 P4 P3 P2 P1 PO

24-bit True Color (BPP24 and BPP32PAL)

Red LUT P23 P22 P21 P20 P19 P18 P17 P16
Green LUT P15 P14 P13 P12 P11 P10 P9 P8
Blue LUT P7 P6 PS5 P4 P3 P2 P1 PO

In BPP24, the pixel data in the FIFO is unpacked before it enters the pixel pipeline, since each slice
contains 2 2/3 24-bit pixels. In BPP32PAL, each pixel is 32 bits wide, but the eight MSBs are not used
since they do not contain any color information.

B The hardware cursor and horizontal zooming are supported.
B Register set ‘C’ should be used to program the pixel PLL.

4.7.1.4 Direct Color Mode (BPP32DIR)

In direct color mode, each pixel in the FIFO is composed of a 24-bit color portion and an 8-bit alpha
portion. The 24-bit portion is sent directly to the RAMDAC (that is, each color is directly applied on each
DAC input). The alpha portion of the pixel can be used for color keying (refer ¥iCthe& KEY register
description) and may be displayed as a pseudo color pixel, depending on the outcome of the color
comparison.

m As in all non-VGA modes, the hardware cursor and horizontal zooming are available.
B Register set ‘C’ should be used to program the pixel PLL.

4.7.2 Palette RAM (LUT)

The MGA-G200’'s RAMDAC uses three 256x8 dual-ported RAMs for its color LUT. The use of a dual-
ported RAM allows for asynchronous operation of the RAM, regardless of the current display state. The
RAM is addressed by an 8-bit register/counBL(WTADD) and selection among the three LUTs is done
using a modulo 3 counter.

To write the red, green, and blue components of a pixel to a location in the RAM, three writes to the
PALDATA RAMDAC register must occur. Each byte will be transferred to the RAM when it is written.
The modulo 3 counter will track the color being written. When the last byte (the blue component) of a
RAM location is written, the address register is incremented, the modulo 3 counter is cleared, and the
circuit is ready to write the red component of the next location. This allows the entire RAM to be updated
with only one access to tiRALWTADD register.

To read a complete location in the palette RAM, three reads 8AthBATA RAMDAC register must
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occur. The palette address register will then be incremented to the next location. Aswith writes, the RAM
can be completely read with only one write to the PALRDADD.

Note: When changing theramcs bit of the XMISCCTRL RAMDAC register, the pixel clock must be
disabled (that is, pixclkdis = ‘1").

4.7.3 Hardware Cursor

A hardware cursor has been defined for all non-VGA modes. This cursor will be displayed over any other
display information on the screen, either video or graphics.

The cursor position is relative to the end of the blanking period. Refer taithesx andcurposy field
descriptions CURPOS). The cursor is not zoomed when horizontal and/or vertical zooming is selected.
The cursor pattern is stored in the off-screen memory of the frame buffer at the location defined by the
XCURADDH andXCURADDL RAMDAC registers. In Big Endian mode, the cursor pattern must be
swapped according to sectidril.7before being written to the frame buffer.

The CURPOSX andCURPOSY registers are double-buffered (that is, they are updated at the end of the
vertical retrace period). Theyust not be programmed when theyncsts field of theSTATUS register

is ‘1. (They can be updated at any other time.) X6B&JRADDH andXCURADDL registers araot

double buffered, so changes to this register may produce unwanted artifacts on the screen.

In interlaced mode, if the cursor Y position is greater than 64, the first line of the cursor to appear on the
screen will depend on the state of the internal field signal.

m |[f the value ofcurposy is an odd number, the data for row O of the cursor will be displayed in
the odd field. Rows 2, 4, ... 62 will then be displayed on the subsequent lines. The data for row 1
of the cursor will be displayed in the even field, followed by rows 3, 5, ... 63.

m If the value ofturposy is an even number, the data for row 0 of the cursor will be displayed in
the even field. Rows 2, 4, ... 62 will then be displayed on the subsequent lines. The data for row
1 of the cursor will be displayed in the odd field, followed by rows 3, 5, ... 63.

m If the value ofcurposy is less than 64, the cursor is partially located off the top of the screen.
The first cursor row (row N) to be displayed will always be on scan line 0, which is the first line
of the even field, and therefore the topmost scan line of the screen. Rows N+2, N+4, and so on
will follow. The data in cursor row N+1 will be displayed on the first line of the odd field, fol-
lowed by row N+3, N+5, and so on.

In order for the cursor to function properly, the following rules must be respected:

Hblank_width (ns) >=7 * Tmclk + 48 * Tmclk where:
Tmclk=MCLK cycle time (ns)

4.7.4 Keying Functions

Color keying can occur in any non-VGA color depth and resolution. The color key comparison occurs on
the index of the palette. The corresponding color key and maskmatch the pixel format used by the
RAMDAC. These formats are shown in section.1.2- 4.7.1.4 Refer to theX COLKEY andXCOLMSK

sets of registers for more details and to the Backend Scaler Programmer’s Guide4sBEt#don

In True Color BPP15 (1:5:5:5), the alpha bit can be disabled or enabled by using the ALPHAEN field of
the XGENCTRL register.
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In Direct Color BPP32DIR (RGB-alpha), color keying comparisons canbe done on the alpha byte and on
the RGB bytes. The order of precedenceis as follows:

if (al pha byte <> XCOLKEY) then
display ‘alpha-byte’;

elseif (RGB=XCOLKEYO0) then
display ‘Back End Scaler Video’;

else
display ‘RGB direct’;

end if;

The keying on the alpha byte is not restricted to the Back End Scaler Video Window. Refer to the
XCOLKEY and XCOLMSK registers for more details.

4.7.5

Horizontal zooming is achieved by changing the hzoom field of the XZOOMCTRL register. The CRTC
Memory Address Counter clock will automatically be changed accordingly. No other CRTC register need
be changed. The supported zoom factors are x1 (no zoom), x2, and x4.

Vertical zooming is performed by the CRTC and nothing need be done in the RAMDAC section of the
MGA-G200.

Zooming

4.7.6

The MGA-G200’s MAFC (Matrox Advanced Feature Connector) Video Output Port is supported for all
non-VGA display modes upto a dot clock of 65 MHz. The MAFC Port is 12 bits wide and also provides
VVSYNC/, VHSYNC/, VOBLANK/ and VDOCLK signals depending on the mode of operation. All of

the connector pins ca be disabled (reset to zero) except for the sync signals which must be active for the
monitor.

Feature Connector

The following table describes the output from the pins of the MAFC Video Output Port.

Table 4-5: MAFC Video Output Port Pins

Operating Mode VDOUT VDOCLK VOBLANK/
Multi_plexed Gated input
12 bit data 12 InpUt clock clock with
MAFC12 bits per clock gg\f/TilCr;aStef BLANK
edge dual signal
edge
Multiplexed
12 bit data 12 MGA-G200 | o \\k
PANELLINK | bits per clock drives PIXEL signal
edge dual clock
edge
8 bit data on
BYPASS656 | N6 LSB Not used Blank signal
portion of the
data bus
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When the MGA-G200 isin PANELLINK or MAFC12 output mode, the data sent through the VDOUT
data bus, istaken before the DACs. When the MAFC Port is disabled, the VDOUT bus, VDOCLK signal
and the VOBLANK!/ signal output is ‘0’

For more details, refer to tmefcsel andvdoutsel fields of theXMISCCTRL register.

4.7.7 Test Functions

A 16-bit CRC is provided to verify video integrity at the input o f the DACs. The CRC can be read via the
XCRCREMH andXCRCREML registers when the vertical sync is active. The CRC is cleared at the end
of the vertical retrace period, and calculated only when the video is activerdde field determines

which of the 24 bits will be used in the calculation.

The output of the sense comparator can be read viGSBBISETEST RAMDAC register. This provides

a means to check for the presence of the CRT monitor and determine if the termination is correct. The
sense bits are latched at the start of the blanking interval. In order to ensure a stable value at the input of
the comparator, the input of the DACs should remain constant during the visible display period. The sense
amplifiers can be powered down by settinggbesepdN bit to ‘0’
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4.7.8 PLL Clock Generators

The MGA-G200’'s RAMDAC has two independent programmable Phase Locked Loops (PLLs), named
P1 and P2. These PLLs are used as frequency sources for clock generation. One source (SYSTEM PLL
is used foilGCLK, MCLK andWCLK. The second source (PIXEL PLL) is used to generate PIXCLK and
VCLK. Either PLL can be used as source throughptlezel field fo theOPTION register. Therefore a
reference to the SYSTEM PLL or the PIXEL PLL will mean the PLL chosen througiil#es field, to

be the source of that clock.

GCLK = Graphics Engine Clock
MCLK = Memory Clock

PIXCLK = Ramdac Clock

VCLK = CRTC Clock

WCLK = Warp Engine Clock

MGA-G200 Specification Video Interface  4-75



MG Confidential

Figure 4-10: Clock Division Scheme
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4.7.8.1 System PLL

The system PLL is programmed through the XSYSPLLM, XSYSPLLN and XSYSPLLP registers. The
frequency of the Voltage Controlled Oscillator (VCO) is defined by:

Fvco = Fref * (XPIXPLLN + 1) / (XSYSPLLM + 1)
Where Fref = 14.31818 MHz.

7 <= N <= 127 (feedback divider)
1 <=M <=6 (input divider)
P={0,1,3,7} (post-divider)

0 <=S<=3

The PLL output frequency is then:
Fo=Fvco/(SYSPLLP +1)

On reset, the system PLL is bypassed and the system clock is derived from the PCI bus clock. This
permits the MGA-G200 to boot-up properly. The system PLL resetsto its oscillating frequency when the
syspllpdN bit is set to ‘1.

The memory clock (MCLK) can be selected to be the PCI bus clock, the MCLK pin, or the system PLL
clock output. The GLCK and WCLK can be (independently of each other) the PCI bus clock or the
system PLL. All clocks also have another possibility but this is for testing only.

Although all the system clocks share a single clock source, they all have independently controlled clock
dividers on the SYSTEM PLL frequency. the divider works according to the following tables.

NOMCLKDIV |MCLKDIV MCLK
1 X' SYSTEM PLL frequency
‘0’ ‘o’ 1/2 * SYSTEM PLL frequency
‘o ‘1 P/3 * SYSTEM PLL frequency

It works the same for the GCLK and the WCLK.

& Note: Refer to theSYSCLKSL, and division fields oOPTION andOPTIONZ registers
for more details.

The system clocks can be gated off when SYSCLKDIS is ‘1’, when reprogramming the SYSTEM PLL
(see section 5.7.8.3 ). Power consumption can be reduced by programming syspllpdN to ‘0’. This will
shut down the SYSTEM PLL however, all memory contents will be lost.
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4.7.8.2 Pixel PLL

The pixel PLL contains three independent sets of registers. sets A, B, and C. The clksel field of the VGA
MISC register will determine which set will define the operating frequency of the pixel PLL (seethe
pixpllan register description). The frequency of the Voltage Controlled Oscillator (V CO) is defines by the
following formula:

Fvco = Fref * (XPIXPLLN + 1) / (XPIXPLLM + 1)
Where Fref = 14.31818 MHz.

7 <= N <= 127 (feedback divider)
1 <=M <=6 (input divider)
P={0,1,3,7} (post-divider)

0 <=S<=3

The PLL output frequency is then:

Fo = Fvco/ (XPIXPLLP + 1)
On reset, the pixel clock (PIXCLK) is generated from the PCI bus clock. The pixel PLL will run with the
register set that is selected by the clksel field when the pixpllpdN field is set to ‘1’. After a reset)ksel

is ‘00, so the pixel PLL will oscillate at 25.175 MHz and VCLK will be the same frequency (since the
DAC wakes up in VGA mode).

The video clock (VCLK) is function of the display mode of the DAC:

mgamode depth Video Clock
0 XXX PIXCLK
1 000 PIXCLK/8
1 001 PIXCLK/4
1 010 PIXCLK/4
1 011 PIXCLK*8/3
1 100 PIXCLK/2
1 101 PIXCLK/4
1 110 PIXCLK/2
1 111 PIXCLK/2

The maximum supported pixel clock frequency is 250 MHz (1600 x 1200 resolution @ 85 Hz. The
minimum period of the VCLK signal is 14.8 ns (1280 x 1024, 24-bit packed pixel at a 75 Hz vertical
refresh rate).

The pixel clock can obtain its source from three different places: the Pixel PLL (normal operation), the
PCI bus clock (at boot-up), or the VDOCLK pin The selection is done viaitieéksl field of the
XPIXCLKCTRL RAMDAC register. PIXCLK and VCLK can also be shut off by settingpixelkdis

bit to ‘1’. Again, as for the system PLL, the pixel PLL can be powered down by resettipig phigpd N

bit to ‘0’ to lower power consumption.
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4.7.8.3 Programming the PLLs

To change the frequency of one of the PLLs or the source of a clock, the following procedure must be
followed:

(A) Changing the Pixel Clock Frequency or Source

To program any of the XPIXPLLM, XPIXPLLN, XPIXPLLP, or XPIXCLKCTRL registers, the memory
clock must be running and enabled (sysclkdis = ‘0’).

1. Force the screen off.

2. Setpixclkdis to ‘1’ (disable the pixel and video clocks).

3. Re-program the desired pixel PLL registers by changing the values of the registers, by changing the
clksel field of the VGAMISC register, or by selecting another source for the pixel clock.

4. Wait until the clock source is locked onto its new frequencypithieck bit is ‘1’) for the pixel PLL,
or for theVDCLK pin to become stable.

5. Setpixclkdis to ‘0’ (enable the pixel and video clocks).
6. Resume normal operations (re-enable the screen display).
No special procedures need to be followed when changing the frequency of the video clock since the

MGA-G200’s hardware will not generate glitches on the video clock whenglaenode ordepth fields
are changed.

(B) Changing the System PLL Frequency

Special care must be taken when changing the frequency of the system PLL. SK®R€3Re LM,
XSYSPLLN, andXSYSPLLP registers are clocked on the memory clock, the system PLL must always
be running.

=

Setsysclkdis to ‘1’ (disable the system clocks).

Select the PCI bus clock for the system closks¢lksl = ‘00’).
Setsysclkdis to ‘0O’ (enable the system clocks).

Re-program the desired system PLL registers.

Wait until thesyslock bit is ‘1’.

Setsysclkdis to ‘1’ (disable the system clocks).

Select the system PLL clock for the system closksdlks| = ‘01").
Setsysclkdis TO ‘0’ (enable the system clocks).

Resume normal operations.

(C) Changing the System Clock Source, MCLK, GCLK or WCLK Division Factor

1. Setsysclkdis to ‘1’ (disable the system clocks).

2. Select the new clock source or changenthékdiv and/orgclkdiv and/orwclkdiv fields. Make sure
that the new clock source is stable before continuing.

3. Setsysclkdis to ‘0’ (enable the system clocks).
Resume normal operations.

© o NOORAWOND

B

& Note: Steps (B) and (C) must be executed in an order which keeps MCLK and GCLK
within their specified values.
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DAC external components:

The magnitude of the full scale current can be controlled by aresistor using the following calculation:
R (ohm) =K * 1000 * REF(V) / lout (mA)

K factor
FEREEE] With sync No sync
7.5IRE 3.415 2.439
0.0IRE 3.231 2.255

This resistor should be placed between the RSET pin and the analog GND. A 0.1 uF capacitor should be
placed between the COMP pin and the analog VDD. The voltage applied to the Vref pinsis 1.235 V.

4-80

Video Interface

MGA-G200 Specification



MG Confidential

4.8 Video Input Interface

4.8.1 Overview of the Video-Grabber

The MGA-G200’s field based Video-Grabber captures the incoming video data and writes it into the
frame buffer. There are two sets of registers that act as a double-buffered set: one may be active during
field while the other is programmed. VBI data, either raw or decoded, may also be captured and written tc
the framebuffer. Active video data in 4:2:2 format, may be written directly into the frame buffer. The
Video-Grabber works in a ‘one-shot’ mode. Software needs to program for every field that needs to be
captured.

If both even and odd fields are desired, the pitch of both windawgi{chO andvinpitchl) should be
set to twice the anticipated line width, and the start addvessddrX) of the second window should be
set to a value of 1 line width higher that the first windows'’s start address.

4.8.2 MAFC Mode Selection

See theXMISCCTRL register to allow video in data to be driven back ouMb®UT(7:0) pins. The
video-in data is registered once WitBCLK, so there will be a one cycle delay between the input data
and the output data. The Video In interface does not have to be enabled in order for this pass-through
mode to work, but it can be enabled if the stream is desired to be captured.

4.8.3 Programming sequence

Since the Video-Grabber is a field based grabber, the sequence is the same for all types of captures: od
only, even only, both odd and even, and VBI captures.The grabber registers are programmed between
vsync for capture of the field following the nexsync.

®& Note: The registers for windowO cannot be reprogrammed while windowO is active, and
registers for window1 cannot be reprogrammed while windowl is active. It is legal
to reprogram window1 registers when windowO is active, and reprogram windowO
registers when windowl is active. If a particular window’s registers are
reprogrammed while that window is active, then data corruption will occur.
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Before Programming the Video-Grabber:

Reset the Video In interface using the VINCTL register.

Programming steps:

Step 1. Clear thevinvsyncpen flaginthe VSTATUS register to clear the previous vsync status.

Step 2.  Enable the video input vsync interrupt (vinvsyncien).

Step 3. Atthenext vsync interrupt read the VSTATUS register. If thevinvsyncpen bit is active clear
theflag likein step 1. If the completed vinfielddetd bit indicates the field desired to capture go
to step 4. Otherwise repeat this step.

Step 4. Program all the Video In window registers ‘0’ or ‘1’ related to video capture.
VINCTLX

x x
o o
c ®©
[&] (&
. o £
Reserved vinpitch > S
o[ojofojo|o|ojo]ojo]o|ofo|o]o|ofofofo|olu|#|n|n|a|un|a|n|s|n|s|s
Register Function Comments/Alternate Function
VBIADDRX VBI Write Address ifvbicapx is not ‘00b’
VINADDRX Video Write Address i’Zincapx is ‘1’

Step 5. Program thezinnextwin bit in theVINNEXTWIN register to select the same window that was
chosen in Step 4.

Step 6. If another field is desired following the field just programmed go to step 3, otherwise disable
interrupts.
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4.9 CODEC Interface

A CODEC can be used in conjunction with the MGA-G200 chip to compress and decompress a video
stream in real time.

& Note: When programming CODECHOSTPTR for compression/decompression, the
Codec Interface will not stop transferring data when the PTR value is reached.
Software should suspend the Codec Interface’s memory accesses until more data is
put into memory (or more space is available) by settadgctransen of
CODECCTL toa ‘0’

4.9.1 Memory Organization

Three main sections of memory are reserved for Codec Interface usaggODBEADDR register is
used to set the location of the buffer in the off-screen memoryTaigla. 4-11shows the organization of
the CODEC interface

Compressed data area

The compressed data area is used both for compression and decompression operations. This buffer size
selectable between 128Kbytes or 256Kbytes. The functiof®BECHARDPTR differ for compression
and decompression (refer to the register definitioriShiapter ¥or more details).

The compressed data area acts as a circular queue. Data from the beginning of one field is loaded into t
dword which follows the last data from the previous field. It is the sole responsibility of the software to
ensure that the compressed data area never overflows. The Codec Interface engine does not verify that
there is valid compressed data in the buffer before reading, nor does it check to see that there is enough
free space in the buffer before writing. The buffer level interrupt has been provided to help the software to
ensure that overflows never occur.
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Figure 4-11: CODEC Interface Organization
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Command area

The command area is used to store the commands to be sent to the CODEC. The organization of these
commands and their execution isexplained in more detail in the 4.9.2 section. The command areais set to
afixed size of 512 bytes.

Read data area

Theread data area is used to store the data which has been read from the CODEC. When more than one
location is read with a single command, the datais packed to take full advantage of the 8-byte wide
memory locations. However, if only asingle CODEC location is read, the remaining 7 bytes of the qword
will be unused.The read datais always stored beginning with the LSB. Theread dataareais set to afixed
size of 512 bytes.

49.2 Command Execution

Register read and write commands are stored in an off-screen command buffer. Each qword in the buffer
may contain either acommand or, in the case of awrite command, write data. Each command, with its
accompanying data, is stored one after the other in the command buffer.

®& Note: Thefirst gword in the queue must always contain acommand. The format of a
command, with its accompanying data, is shown in Figure 4-12.
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Figure 4-12: CODEC Command Format

63 16 15 0
Command
write data 4 write data3 write data2 Write datal
write data n write data n-1 write data n-2 write data n-3

The command word itself is composed of several control bits which affect command execution:

Command Word

count
<7:0>

pause
<8>

stop
<9>

Definition:

read
Reserved
pause

o
addr » count

151413‘12‘11‘10M8 7]6|s5|4[3]2]1]0

The count specifiesthe number of registersto be written to or read from the CODEC.
When executing writes, the count will refer to how many words in Write Data
gword(s) will be processed. When executing reads, the count will refer to how many
times the address addr in the Command Word will be read.

The pause bit isused for compression only. It is active high. The command word in
which it is contained is executed. Once this command is completed, register read/
writes are suspended until the next end-of-field marker is detected in the compressed
data stream.

®& Note: The pause bit does not reset the command buffer pointer.

The stop bit is used to halt register accesses. It is active high. The command word in
which it is contained is executed. Once this is completed, register accesses are
complete, and thecmdcmplpen field inthe VSTATUS register is set. When software
triggers command execution once again, the command buffer pointer is reset and
execution begins from the first gqword in the command buffer.

Hereis an example of how the pause and stop bits are used in compression:

Pre-compression:

During the vertical blanking interval, software loads the off-screen command buffer
with register transfer commands. The first set of instructions are used to setup the
CODEC for the next field. The last instruction in the register setup sequence has its
pause bit set high. The CODEC Interface Engine will execute all of the register read/
write commands until it reaches the pause bit. At this point, the CODEC begins data
compression transfers.

Post-compression:

In the command buffer, the pre-compression sequence should be followed by a set of
post-compression instructions (to read field status information from CODEC or setup
the next compression). When the end-of-field indication is detected in the compressed
data stream, register read/write execution automatically resumes at the command
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immediately following the last pre-compression command (the one with the pause bit
set high). Commands will be executed until the next active pause bit or stop bit is
encountered.

In the case where an active stop bit is encountered, register transfers are considered
complete and software is interrupted.

addr Address to access for register reads

<13:10> When executing read commands, addr<13:10> will indicate which address the Codec

Interface will read from in the Codec address space. This address will be read as many
times as was programmed in count<7:0>. When executing register writes, these 4
bits are unused. When transferring compressed data, the address asserted is
programmed by software in the CODECCTL register. When in VMI mode, <13:10>
are output. When in 133 mode, <11:10> are output.

Figure 4-13: Address Space of 133 CODEC in Code Slave Mode

DATAT7:0

7 0
00 CODE FIFO RIW

01 MSB W~ Host Address
ADDRI0 | HostADDRESS LSB W7(10b't3)

11 Host DATA RIW
read This bit indicates the direction of transfer for reads or writes, with respect to the
<15> CODEC. Read and write commands may be interleaved in any manner.

* 0: write data to the CODEC registers
« 1: read data from the CODEC registers

Write data:
unused addr databyte
15[14|13[12|11]10/ 9[8[ 7|6 ][5 |4 ]3| 2]1]0
databyte Data byte to be written to the indirect register.
<7:0>
addr Indicates which segment of the CODEC address space the CODEC Interface will
<11:8> write too.
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1. The Codec Interface engine begins executing commands when the CODECCTL register is written
with an access that setsthe cmdexectrig field (the command execution trigger field does not need to
be cleared by software). When software triggers command execution, the Codec Interface engine
resets its Command Area pointer and Read Data Area pointer.

B Thefirst pointer (command area pointer) selects the next gword to be read. This pointer is reset
to point to the beginning of the command area when the cmdexectrig field is set.

B The second pointer (read data area pointer) selects the next qword to be written in the read data
area. This pointer is reset to the beginning of the read data area when the cmdexectrig field is
Set.

2. The Codec Interface engine then fetches the first command.

m [f the command is awrite, the appropriate number of qwords are read from the command area
and written to the CODEC. After one gword of datais read from the command area, the datais
written to the CODEC one word at atime, starting with word 0, then word 1, and so on to word
3. If the write command completes before all 4 words are written, the remaining data is dropped
and not used. On the next write command, datais again fetched and sent to the CODEC, starting
with word 0.

m [f the command is aread, the appropriate number of bytes are read and stored in the read data
area. The datais read from the CODEC one byte at atime, and is accumulated until a complete
gword has been received. Thefirst byte read isloaded into byte 0, the second into byte 1, and so
on to byte 7 (the eighth byte). The resulting qword is then written to the next available location
of the read data area. If the read command completes before all 8 bytes are filled, the datais
written to the off-screen buffer asis (unfilled). On the next read command, datais again filled,
starting with byte 0.

3. Upon completing the read or write command, the Codec Interface engine fetches the next command
from the command buffer; the process repeats until a STOP command is executed.
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Examples

Table 4-6 shows the contents of acommand area, while Table 4-7 shows the contents of the read data area
after the execution of all commands has taken place.

Table 4-6: Contents of the Command Area

Location Contents Meaning

+ 8000h XXOXKXXXXXXXXB8401h |Read address “0001”, count=
+8008h | XXOKXXXXXXX0002h | Write 2 locations

+8010h | XXXXXXXX03FF02AAh | Write addresses and data
+8018h | XXOKXXXXXXX0003h | Write 3 locations

+ 8020h | XXXX06BB057504EEh | Write addresses and data
+8028h | XXXXXXXXXXXX0104h | Write 4 locations, pause

+ 8030h | 07DD06CC05BB04AAh | Write addresses and data
Read address “0111", count=4,
stop

Table 4-7: Contents of the Read Data Area

|

+8038h | XXXXXXXXXXXX9EOQ4h

Location Contents Meaning
+ 8200h HXOXKXXKKXXXXXXO0h Read data from address “0001”
+ 8208h XXXXXXXXDDDDDDDDh Read data from address “0111”

The first command read 1 byte from address 01h. The data, 00h, was written to memory at address
+8200h. The next command was awrite of 2 locations. The datais fetched in memory and written as data
AAh to address 02h, and data FFh to address 03h. The next command isawriteto 3 locations. The datais
fetched from memory and written as data EEh to address 04h, data 75h to address 05h, and data BBh to
address 06h. The next command is awrite to 4 locations with a pause. The data is fetched and written as
data AAh to address 04h, data BBh to address 05h, data CCh to address 06h, and data DDh to address
07h.

Since the pause bit was asserted in this command, the Codec Interface engine will not fetch its next
command until it receives the end-of-field indication from the CODEC. At this point, compressed data
transfers begin. When the end-of-field is detected, the interface engine proceeds with the next command,
which is aread from address 07h, count of 4, with stop. The datais read as DDh, DDh, DDh, DDh, and
put into location +8208h. Since the stop bit was asserted in this command, the interface engine will not
send any further commands to the CODEC and will assert the cmdcmplpen field of VSTATUS.

4.9.3 Output mode

The Codec Interface may operate in 3 possible output modes. VMI Mode A, VMI Mode B, and Zoran 133
compatible mode. The mode is programmed in the CODECCTL register. All examples set forth assume
133 mode. All programming procedures are identical in all modes (except for setting the proper mode in
the CODECCTL register.
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49.4 Codec Interface IDLE State

In order to have the Codec Interface enabled but in and IDLE state, the following fields need to be set as
indicated after the Codec Interface is disabled:

field setting after Codec disable
codecen 1
cmdexectrig 0
codectransen 0
all other fields X

4.9.5 Recovery Width Programming

The strobe recovery pulse width in the Codec Interface engine is programmable in the CODECCTL
register. Thecodecrwidth should be programmed before the Codec Interfaceis enabled (with codecen)
to begin transfers to the CODEC. If the codecrwidth is reprogrammed during data transfers, data
corruption may occur. The formulato compute the optimal recovery time, Trec (in ns), is:

Trec = N * Tgclkbuf
and Trec > Tcodecrec
Where:

Trec = minimum recovery time
Tgclkbuf = the period of gclkbuf
Tcodecrec =the CODEC’s minimum required recovery width

Given:

gclkbuf (internal graphic clock) = 72 Mhz, thus Tgclkbuf = 18s9
for 133, Tcodecrec =5%%

Then:

Trec = 55.61s, which is less that Tcodecrec = 585
Thus, Trec should be greater than 55.5 ns, corresponding to 4 gclkbuf cycles.
Thus, codecrwidth should be programmed with “00” 4 gclkbuf cycles.

4.9.6 Miscellaneous Control Programming

Themiscctl byte located in thEODECCTL register is used to program an 8 bit flip-flop on the graphics
card. The values of theiscctl field are used to set various inputs to the CODEC and MPEG2 chips like
SLEEP, START, etc. By writing to thmiscctl field, software triggers a sequence to program the on-
board flip-flop with the corresponding data.

®& Note: In order for this automated sequence to be executed, the Codec Interface engine
must be enabled and in one of the following modes/states: IDLE, COMPRESSION,
or DECOMPRESSION. For example, if the chip select for a CODEC is connected
to bit O of the on-board flip-flop, and is active low, then software could enable the
CODEC as follows:
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1. write “00000000”b to the lower byte of tlEODECCTL register (to reset it, optional)

write “00000001"b to the lower byte of tA@®DECCTL register (to enable it)

3. write “11111110"b to theniscctl field of theCODECCTL register (to set the chip
select to the CODEC).

If the Codec Interface is in the process of compression or decompression wimnesciti field is

written to, then the Interface will wait until the current byte transfer is complete. At that point the on-
board flip-flop will be programmed, and then data transfers will resume with the next byte. No data will
be lost or corrupted during this process.

no

4.9.7 Compressing data

Data being compressed comes from the video decoder. The compressed video frame is returned to the
frame buffer through the Codec Interface channel.

Figure 4-14:. Compression of a Live Video Source

PCI Bus or AGP Bus

32-bit
SGRAM
64-bit .| Frame Buffer
VIDEO Y
DECODER )
CODEC )| d
12-bit
MAVEN = = data path
Video
Encoder

Two interrupts are used while the CODEC is compressing datéouffiee level interrupt is used to tell
software the current fill state of the frame buffer. Thmmand execution completed interrupt is used to
request host services in order to adjust the compression factors.
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The following must be performed to compress video:

Step 1.  Program the video decoder according to its specification.

Step 2. Software must reset the Codec Interface engine by writing ‘0’ followed by a¢bdecen

field bit <0>:
Register Function Comment / Alternate Function
CODECCTL Reset the Codec Interface engine Write 00h to the lower byte
CODECCTL Reactivate the Codec Interface Write 01h to the lower byte

Step 3. Software must then initialize the following registers in the Codec Interface engine:

Register Function Comment / Alternate Function
CODECADDR Address of off-screen buffer —

Step 4. The CODEC must be initialized with the mode and other parameters shown below. To do this,
software must transfer CODEC register write commands into off-screen memory. Typically, the
registers to be written are:

» Mode Control

* FIFO Control

* HSTART

* HEND

* VSTART

* VEND

» Compression Ratio (See ‘Command Word Definition:” on page 4-85
to set thestop bit)

®& Note: The CODEC specification will have detailed information regarding which registers
need to be programmed.

Step 5.  Trigger the execution of commands to the CODEC:

Example:
» Codec mode = ‘1’ 133 mode
» Codecdatain = ‘1’ Compression (receiving data from the codec)
Register Function Comment / Alternate Function
CODECCTL Enable the Codec Interface engine 00001111b

Step 6. At the completion of this command, the Codec Interface engine will setithemplpen field
A of VSTATUS. The host will read the status in order to know when the command has been
executed. The host must also clearalmicmplpen flag.

Register Function Comment / Alternate Function
VICLEAR Clear interrupt 02h

Step 7. The host must then transfer the following commands to off-screen memory:

* program registers in CODEC (set thause bit)

* read field information from CODEC

* read the FIFO status for the error conditions (if necessary, see CODEC
specification) (set thetop bit)
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Step 8. The host must then enable al interrupt bits.
Register Function Comment / Alternate Function
CODECHOSTPTR |Next level interrupt value desired by the software

Step 9. Trigger the execution of commands to the CODEC and enable the transfer of compressed data:
Register Function Comment / Alternate Function
CODECCTL Reset the Codec Interface engine 01001111b

Step 10. The Codec Interface engine will then begin to transfer data from the CODEC to the compressed

data area.

®& Note: Sincethefirst field will probably be corrupted, software should discard it.

Step 11. The Codec Interface engine will interrupt the host every time CODECHARDPTR isequal to
CODECHOSTPTR. The host can detect this situation by reading the blvipen field of the
VSTATUS register. As part of the interrupt routine, the host must perform transfers from the
compressed data area to the system memory or hard disk. The host must also clear the blvipen
flag and update its pointer.

Register Function Comment / Alternate Function
CODECHOSTPTR |Next level interrupt —
VICLEAR Clear Codec Status Register 04h

Step 12. When the CODEC asserts EOI (connected to misc[2] when codec engine is enabled), this
informs the Codec Interface engine that its current read is the last byte of the field. The Codec
Interface engine will write all remaining datain its memory interface buffer to the compressed
data area and resume command execution.

Step 13. The Codec Interface engine will then interrupt software when the command is completed. The
host can detect this situation by reading the cmdcmplpen field of the VSTATUS register.
Based on the statistics, software must calculate new specs for compression field, and update
the write commands in the off-screen buffer (see Step 6). The host must also clear the

cmdcmplpen flag and restart command execution.

Register Function Comment / Alternate Function
VSTATUS Status of memory commands 00000010b

VICLEAR Clear all CODEC interrupts 06h

CODECCTL Reset the Codec Interface engine 00000000b
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4.9.8 Decompressing data

When datais being decompressed, the compressed information is sent to the CODEC through the Codec
Interface port. From there, the data is sent to the decoder and back to the MGA-G200 to be displayed on
the monitor or TV (through MAVEN):

Figure 4-15: Decompressing Data from the Memory

PCI Bus or AGP Bus

|
SGRAM
64-bit Frame Buffer
VIDEO
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CODEC
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Encoder

Two interrupts are used when the Codec I nterface is decompressing data. The buffer level interrupt isused
to request more data from the host. The decompression end of image interrupt is used to notify software
when the end of the field has been detected.

When stopcodec is set to a ‘1’ in the€ODECCTL register, and decompression is enabled, the Codec
Interface will look for the FFD9h end of image marker in the compressed data. When the end of image is
detected, the Codec Interface will stall and postittrapeoipen interrupt (if enabled).

At this point, software has 2 options:

* reset the Codec DMA engine

» usecmdexectrig of theCODECCTL to trigger command execution. If
this method is used, the softwamnast setcodectransen to a ‘0’,
preventing decompression transfers from continuing after the
commands have been completed.

If stopcodec is set to a ‘0’ for decompression transfers, then the Codec Interfaceotdiétect the
FFD9h end of image marker in the stream. It is up to software to stop the Codec Interface engine when |
has determined that the desired field is complete (by polling the buffer level interrupt).
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The following steps must be performed in order to decompress video:

Step 1.  Program the video decoder according to its specification.
Step 2. Software must reset the Codec Interface engine by writing ‘0’ followed by a ‘Xddecen
field bit <0>:

Register Function Comment / Alternate Function
CODECCTL Reset the Codec Interface engine Write 00h to the lower byte
CODECCTL Reactivate the Codec Interface engine  Write 00h to the lower byte

Step 3. Software must then initialize the following registers in the Codec Interface engine:
Register Function Comment / Alternate Function
CODECADDR Start address of buffer in off-screen .

memory
Step 4. The CODEC must be initialized with the mode and other parameters shown below. To do this,

software must transfer CODEC register write commands into off-screen memaory. Typically,
the registers to be written are:

» Mode Control
* FIFO Control
« HSTART

* HEND

* VSTART

* VEND (See ‘Command Word Definition:” on page 4-&8bset thestop

bit)

®& Note: The CODEC specification will have detailed information regarding which registers
need to be programmed.

Step 5.  Trigger the execution of commands to the CODEC:
Register Function Comment / Alternate Function
CODECCTL Enable the Codec Interface engine 00000111b
Step 6. The host must then fill at least half of the compressed data area and write its pointer
Example:
» Codec mode = ‘1’ I33 mode
Register Function Comment / Alternate Function
CODECHOSTPTR |Next level interrupt —
Step 7. At the completion of the command, the Codec Interface engine will setghemplpen field.
The host will read the status in order to know when the command has been executed. The host
must also clear themdcmplpen flag.
Register Function Comment / Alternate Function
VICLEAR Clear interrupt 02h
Step 8. The host must then enable the buffer level interrupt and enable the transfer of compressed data.
Register Function Comment / Alternate Function
CODECCTL Enable the Codec Interface engine 01000011b

4-94 CODEC Interface

MGA-G200 Specification



MG Confidential

Step 9. The Codec Interface engine will then begin to transfer data from the compressed data area to
the CODEC.

Step 10. The Codec Interface engine will interrupt the host every time CODECHARDPTR isequal to
CODECHOSTPTR. At that time, the host should add more data to the compressed data area.
The host must also clear the blvipen flag and update its pointer.

Register Function Comment / Alternate Function
CODECHOSTPTR |Next level interrupt —
VICLEAR Status of memory commands 04h

4.9.9 Error Recovery

The Codec Interface gives highest priority to command execution. When transferring data, if software
determines there is an error condition with the CODEC, software can trigger command execution and
preempt data transfers. If the Codec Interface is triggered to execute commands while it is the process of
transferring data, the Codec Interface engine will disregard any data presently inits 4 qword fifo and load
and execute the first command in the command data buffer.

When the interface engine has completed all the commands (signalled by a STOP in the last command), it
will resume data transfers wherever it left off (the CODECHARDPTR does not reset under these
conditions).

& Note: Any data already loaded in the 4 qword fifo (either from the CODEC or from the
frame buffer) when command execution is triggered will be lost.
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4.10 Backend Scaler

4.10.1 Introduction

4.10.1.1 Overview

The Backend Scaler supports one window. The supported formats of source data taken from the frame
buffer are: YCbCr in 4:2:2;and 4:2:0 (2 planes).

The window performs independent horizontal and vertical scaling. Bilinear filtering is only available on
Y component. However, horizontally interpolated upsampling of the chroma component is available. For
magnification: replicate or bilinear filters are possible. For minification: drop, fixed 0.25 coefficient or
normal bilinear filters are possible. The normal bilinear filter uses the next adjacent pixel or lineto
perform interpolation.

The Backend Scaler also supports. complete source cropping; video de-interlace conversion with subpixel
compensation; and horizontal mirroring.

The Backend Scaler registers are double-buffered: they are internally updated once per frame when the
besvcnt field compares with the CRTC vertical counter. If more than one register of awindow must be
modified, ensure that they are all reprogrammed during the same frame: the vertical counter should not
reach the programmed besvcnt in the middle of reprogramming (this can result in unexpected
intermediate video images or unwanted artifacts appearing on the screen).

Four offscreen buffers are available to the window. In software manual mode, the field selection is under
the control of software. In hardware automatic field select, the video input port toggles the circular select
after each field received so that it is not necessary for the software to be interrupted at each field.

The Backend Scaler takes data from the selected buffer, performs scaling, then sendsit to the ramdac. The
keying circuitry then decidesto display it to the screen. No memory writes are made. Two modes of
keying are available: color keying and (inside the Backend Scaler window) coordinates keying. Color
keying is done on the graphic color.

The scaling factors are limited to 1/32 in downscaling and 16384/(source width) in upscaling.

The Backend Scaler includes a'Y CbCr-to-RGB converter which allows to send full 24 bit RGB colorsto
the screen.

The Backend Scaler is not supported when the CRTC is programmed in interlace mode. Virtual desktop
and hardware zoom are supported only in software (which means that software must reprogram the
Backend Scaler accordingly with the changing desktop situation).

4.10.1.2 Notation

A fixed-point representation; it isimportant to apply this specification
[ rea number] : immediately where specified. Do not use more precision than specified. Do
not round-off any value.

>> . A logical shift to theright.
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4.10.1.3 Backend Scaler Control

Backend Scaler control results from the following registers:

Register Function
This register sets the following global controls:
beshzoom accelerated 2X horizontal zoom
BESGLOBCTL |beshzoomf accelerated 2X horizontal zoom filtering
bescorder chroma sample order
besreghup update on horizontal sync. for test
besvcnt vertical counter register update
This register sets the following window controls:
besen Backend Scaler enable
beshfen horizontal filtering enable
besvfen vertical filtering enable
beshfixc horizontal fixed coefficient enable
bescups chroma upsampling enable
BESCTL bes420pl 4:2:0 planar data format
besdith dither enable
beshmir horizontal mirror enable
besbwen black and white enable
besblank blank enable
besfselm field select mode
besfsel field select

4.10.1.4 Backend Scaler Status
The status indicates the buffer currently being displayed (A1, A2, B1, B2)

Register

Fields

Comment / Alternate Function

BESSTATUS

besstat

status of window
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4.10.1.5 Window Coordinates
The horizontal and vertical coordinates of the window in the desktop are defined as follows:

A A
g 3
[} [7]
8 8
A
besleft
besright
Window
Desktop
Thefields are combined in registers:
Register Fields Comment / Alternate Function

besleft besright must be greater than besleft
besright | 0to max. desktop

bestop besbot must greater than bestop
besbot |0 to max. desktop

BESHCOORD

BESVCOORD

4.10.1.6 Bases Address and Origin Address

The base address is the first byte of the source image in the frame buffer without source cropping or
desktop offset. The origin address is the first byte of the first line (source image) used to produce the
destination image (with source cropping and desktop offset).

The source image (below) is displayed in xy, this occurs even if stored linearly in the frame buffer.
\ | AOOAFD | AOOAFE | AOOAFF

base_address A00B0OO A00BO1 A00BO2 A00BO3
A00BO4 A00BO5 A00BO6 AO00BO7
A00BO8 A00BO9 AOOBOA AO0OBOB

origin_address A00BOC AO00BOD AOOBOE AOOBOF

[ AO0BI0 | AOOB12 | A00B13

L egend:

Data dropped by source cropping and /or desktop offset.
Data used to produce destination image.

®& Note: The base and origin addresses are useful for vertical source positioning.
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4.10.1.7 Pitch

The pitch is the offset (in numbers of pixels) from the beginning of one line to the next in the field
currently read from the source data.

The pitch must be programmed in the BESPITCH register, must be amultiple of 4 in 4:2:2 format and a
multiple of 8in 4:2:0 planar format. The maximum value for pitch is 4092 pixelsin 4:2:2 format and 4088

pixelsin 4:2:0 format.

4.10.2 Horizontal Scaling

The following illustrations demonstrate the source and desktop considerations for horizontal scaling:

iiose_oddress

cropleft cropright

srcwidth

Source

Source with left and right cropping

Destination
offsetieft window offsetright
destwidth
Desktop

Destination window with left and right offset

The last horizontal coordinate of the source must be programmed in the BESHSRCLST register:

Register

Field Function

BESHSRCLST beshsrclst srcwidth - 1
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4.10.2.1 Horizontal Inverse Scaling Factor

The Horizontal Inverse Scaling Factor istheratio of the source width to the destination width. To
calculate this inverse factor (taking into account the above parameters), do the following:

Step 1.  Set theinterval representation of source and destination variable.

o Filtering mode OFF
Filtering mode ON | pashfen = 0

beshfen =1

Downscaing® | Upscaling®

Interval representation 120

(€)
value (intrep) 1 0

@ Upscaling is used when the destination width is greater than or equal to the source
width (with source width reduced by cropping values)

(@) I the destination width is equal to the source width, intrep = 0 (with source width
reduced by cropping values).

©) I the destination width is less than 2, intrep = 0.

Step 2. Inverse Scaling Factor
Inverse Scaling Factor:

. _ srcwidth - cropleft - cropright - intrep
actor = |: destwidth - intrep :I 514

Inverse Scaling Factor with better precision:

srcwidth - cropleft - cropright - intrep
destwidth - intrep

ifactorbetter = |: :| 500 T (intrep >> 20)

Step 3.  Set the Round-off Variable
Condition: (ifactorbetter * (destwidth - 1))g oor > (ifactor * (destwidth - 1)) oor:

Filtering mode OFF
Filtering mode ON beshfen =0
beshfen =1 Condition:
True False
Round-off value (roundoff) 0 1 0

Step 4. Set the Accelerated 2X Zoom Variable

Accelerated 2x zoom ON | Accelerated 2x zoom OFF
beshzoom =1 beshzoom =0
Accelerated 2x zoom (acczoom) 2 1
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Step 5.  Program the Inverse Scaling Factor
The Inverse Scaling Factor must be programmed with the following formula:

beshiscal = (acczoom* ifactor) + (roundoff >> 14)

Thebeshiscal value must bein the following interval:

srewidth .
16384 <= beshiscal <32
Register Field

BESHISCAL beshiscal

4.10.2.2 Horizontal Source Positioning

The horizontal starting source position (BESHSRCST) isthe first source pixel that will contribute to the
left first destination pixel.

Without horizontal mirroring (beshmir = 0):
beshsrcst = cropleft + offsetleft * (ifactor + (roundoff >>14))

With horizontal mirroring (beshmir = 1):

beshsrcst = cropright + offsetleft * (ifactor + (roundoff >> 14))
The horizontal ending source position (BESHSRCEND) is the last source pixel that will contribute to the
last right destination pixel.

beshsrcend = beshsrcst + ((destwidth - offsetleft - offsetright - 1) | acczoom) g oor
* (acczoom* ifactor + (roundoff >>14))

Register Field
BESHSRCST beshsrcst
BESHSRCEND |beshsrcend
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4.10.3 Vertical Scaling

The following illustration demonstrates the source and desktop considerations for vertical scaling:

i base_address

® 7
8
Q
9
O
origin_. —>® =
qQddress .g
5 Source
5

\

cropbop

,

Source with top and bottom cropping
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destheight

offsettop

Destination
window

Desktop

offsetbot

4 A

Destination window with top and bottom offset
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4.10.3.1 Vertical Inverse Scaling Factor

The Vertical Inverse Scaling Factor isthe ratio of the source height to the destination height. To calculate
thisinverse factor, (taking into account the above parameters) do the following:

*% Note: For de-interlace conversion, the sourceis afield

Step 1.  Set theinterval representation of source and destination.

Filtering mode OFF

Filtering mode ON besvfen =0
besvfen =1 1 (1
Downscallng( ) Upscallng( )
Interval representation 2)(3 3
value (intrep) 190 1 °

@ Upscaling is used when the destination height is greater than or equal to the source
height (with source height reduced by cropping values)

(@) 1f the destination hei ght is equal to the source height, intrep = 0 (with source height
reduced by cropping values).

) |f the destination height is less than 2, intrep = 0.

Step 2.  Inverse Scaling Factor
Inverse Scaling Factor:

j srcheight - croptop - cropbot - intrep
factor = _ .
racer |: destheight - intrep 5.14

Inverse Scaling Factor with better precision:

srcheight - croptop - cropbot - intrep
destheight - intrep

ifactorbetter = |: :| 500 * (intrep >> 20)

Step 3.  Set the Round-off Variable
Condition: (ifactorbetter * (destheight - 1))g oor > (ifactor* (destheight - 1))g oor:

Filtering mode OFF
Filtering mode ON beshfen =0
beshfen =1 Condition:
True False
| Round-off value (roundoff) 0 1 0

Step 4. Program the Inverse Scaling Factor
The Inverse Scaling Factor must be programmed with the following formula:

besviscal = ifactor + (roundoff>> 14)

The besviscal value must be in the following interval:

srcheight .

—— 2 <= <
16384 besviscal <32
Register Field

BESVISCAL besviscal
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4.10.3.2 Vertical Subpixel Compensation

For de-interlaced conversion, subpixel compensation is applied on the lower field.

Frame Lower field

Upper Field

OO ®>
OO U QO
OO ®>

Subpixel Compensation Value (S):
Downscaling:
Upper Field:

SC: 0

Lower Field:

_ 2* besviscal - 1
Sc= > 5.14

O O U Q

Upscaling:
Upper Field:
Sc=0
Lower Field:
_ destheight - intrep
Sc= " - - — 5.14
2 * (srcheight - croptop - cropbot - intrep)
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4.10.3.3 Vertical Source Positioning

Vertical Source Positioning is created in relation to subpixel compensation, source cropping, desktop
offset and data format. Upscaling and Downscaling are presented separately.

The following table shows how to set the round-off variable affecting the inverse scaling factor
calculation:

Dataformat 4:2:0 | Dataformat 4:2:2
bes420pl =1 bes420pl =0

| Data Format (dataformat) 1 2

4.10.3.3.1 Downscaling
Origin Address
The Origin Address of buffer A and B for fields 1 and 2 is achieved by:

origin_address = [croptop + offsettop * besviscal + Sz ] 240* BESPITCH * dataformat +
base_address + beshmir * (srcwidth* dataformat - 1)

Register Function Comment

BESA1ORG When de-interlace conversion is desired,
BESA20RG [ origin_address o4 the ;ubplxd compensation val ue.(SC) is
BESB1ORG | applied to the registers that contain the
BESB20RG lower field.

Chroma Plane Origin Address
The Chroma Plane Origin address of buffer A and B for fields 1 and 2 is achieved by

chroma_plane_origin_address = [(croptop + offsettop* besviscal + Sg)/2]540* BESPITCH +
chroma_plane_base address + beshmir * (srcwidth *
dataformat - 1)

Register Function Comment
BESA1CORG When de-interlace conversion is desired,
BESA2CORG the subpixel compensation value (S¢) is

BESBLCORG || C/"Oma_plane_origin_addresslo4o | jonied to the registers that contain the

BESB2CORG lower field.
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Vertical Weight Starting Value

The Vertical Weight Starting Value registers are programmed as follows (the weight is the same for buffer

A and B):
If de-interlaced conversion isdesired and is the lower field then:
If offsettop =0
Then weight=-(0.5+ [besviscal]g14)
Else weight=-0.5 + offsettop * besviscal
Else weight = offsettop * besviscal
Register Fields Function Comment
beslwght [ Welght] 0.14
BESV1IWGHT " = i ioni i
besiwghts |sign of weight When dglnterlacecon\(era_on |so_le5|red,
bes2waht ohi the subpixel compensation is applied to
BESV2WGHT esswg [.We/g ] 0.14 |the registersthat contain the lower field.
bes2wghts |sign of weight

Vertical Source Last Position

The vertical source last position for field 1 or 2 is achieved by:

vsrclst = srcheight - 1 - [croptop + offsettop * besviscal + S ]10.0

Register Fields

Function

Comment

BESV1SRCLST |besvlsrclst

BESV2SRCLST |besv2srclst

[ vsrclst]i00

When de-interlace conversion is desired,
the subpixel compensation value (S¢) is
applied to the registers that contain the
lower field.

Vertical Source Start Polarity

The vertical source start polarity for field 1 or 2 is achieved by:

Register Fields Function
besvisrcstp . _ )
BESCTL Set if [croptop + offsettop * besviscal + S isodd.
besv2srcstp it [croptop P vis clrLoor
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4.10.3.3.2 Upscaling

Origin Address

The Origin Address of buffer A and B for fields 1 and 2 is achieved by:

origin_address =

[croptop + (offsettop - S¢ ) s * besviscal] 540 * BESPITCH * dataformat +

base_address + beshmir * (srcwidth * dataformat -1)

Register Function Comment

BESA1ORG When de-interlace conversion is desired,
BESA20RG [ origin_address ], the ;ubplxd compensation val ue.(SC) is
BESB1ORG | applied to the registers that contain the
BESB20RG lower field.

Chroma Plane Origin Address
The Chroma Plane Origin address of buffer A and B for fields 1 and 2 is achieved by:

chroma_plane_origin_address =

[(croptop + (offsettop - Sc)as* besviscal) /2] 540*

BESPITCH + chroma_plane_base _address + beshmir *
(srcwidth * dataformat -1)

Register Function Comment

BESA1CORG When de-interlace conversion is desired,
BESA2CORG [ chroma_plane_origin_address | the subpixel compensation value (S¢) is
BESB1CORG Lpiane_ongin_ 240 | anplied to the registers that contain the
BESB2CORG lower field.

MGA-G200 Specification

Backend Scaler 4-107



MG Confidential

Vertical Weight Starting Value

The Vertical Weight Starting Value registers are programmed as follows (the weight is the same for buffer
A and B):
If de-interlaced conversion is desired and is the lower field, then
If offsettop * besviscal = 0.5
Then weight = -0.5 + offsettop
Else weight = -(0.5 + offsettop * besviscal)
Else weight = offsettop * besviscal

Register Fields Function Comment

BESVIWGHT beslwght [yveight] 014 | When de-interlace conversion is desired,
beslwghts |signof weight |the subpixel compensation value (Sp) is
bes2wght i lied to the registers that contain the

BESV2WGHT o9 [ weight] 014 |aPP 4

bes2wghts |sign of weight |lower field.

Vertical Source Last Position
The vertical source last position for field 1 or 2 is achieved by:

vsrclst = srcheight -1- [croptop + (offsettop - S¢) s * besviscal 1199

Register Fields Function Comment

BESVISRCLST |besvlsrclst When de-interlace conversion is desired,
the subpixel compensation value (S¢) is
applied to the registers that contain the
lower field.

[vsrclst]10,0

BESV2SRCLST |besv2srclst

Vertical Source Start Polarity

The vertical source start polarity for field 1 or 2 is achieved by:

Register Fields Function
besvilsrcstp , ) )
BESCTL Set if [croptop + (offsettop - S * hesviscal isodd.
besv2srcstp [croptop + ( P - SC)abs IFLoor
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4.10.4 Keying

& Note: Refer to the CRTC section for bandwidth usage when enabling the Backend Scaler.

4.10.4.1 Color Keying
Thefield colkeyen of XKEYOPMODE register selectsthe type of display for the video window. In color
keying mode colkeyen = 1.

Color keying works by first comparing to seeif the pixel color should be used or masked. If the pixel
color matchesthe key color; asingle bit is generated signifying a match or no match. Coordinate keyingis
used at the end to verify that the current coordinate is inside the Backend Scaler window.

colorindex 24/ Mask oo
24 A Keying
mask #24
A=B Coordinate
B keying
# backend scaler

Y
/

color index

The color key mask registers (XCOLMSKRED, XCOLMSKGREEN, XCOLMSKBLUE) mask bit-to-bit
with the color index of the palette. Some LSB of the mask value can be set to ‘0’ when range keying is
required.

The color key registers{COLKEYRED, XCOLKEYGREEN, XCOLKEYBLUE) must be programmed
with the appropriate color.

4.10.4.2 Overlay Keying

The fieldcolkeyen of XKEYOPMODE register selects the type of display for the video window. In
overlay keying modeolkeyen = 0.

The overlay keying uses only the coordinates of the Backend Scaler window to perform keying between
graphic and video data, regardless of keying color.
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4.10.5 Miscellaneous Functions

4.10.5.1 Horizontal Mirroring

Horizontal mirroring is set by beshmir control bit and the origin address must be pointing to the top right

corner of the source.

Horizontal Mirroring:

base — <
address

f origin_address

Source window

Destination window

Horizontal mirroring affects the horizontal source positioning registers BESHSRCST and
BESHSRCEND, and horizontal inverse scaling factor register BESHISCAL.
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4.10.5.2 Automatic Field Select
The Automatic Field Select must be initialized using the following procedure:

Step 1.  Set the starting field for the window:
Field select mode in software mode:
besfselm =0
Starting field in field select register:
besfsel = 00: buffer A field 1 isthe starting field
01: buffer A field 2 isthe starting field

10: buffer B field 1 isthe starting field
11: buffer B field 2 isthe starting field

Step 2. Start the automatic field selection
Field select mode in hardware mode;
besfselm =1

Buffer cycle used in hardware mode:

Buffer A Buffer B

/ field 2 field 1 \

Buffer A Buffer B
field 1 field 2

MGA-G200 Specification
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4.10.6 BES Parameter Example:

The following figure is an example of a source window with full source cropping and full destination
offset:

Source Image:
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4.11 Interrupt Programming

The MGA-G200 has 11 interrupt sources: 7 Graphics Engine Interrupts and 4 Video Interrupts.

Graphics Engine Interrupts:

1

Soft Trap interrupt

Thisinterrupt is generated when awrite to the SOFTRAP register is executed (refer to
‘Programming Bus Mastering for DMA Transfers’ page 4-11 and to theSOFTRAP register
description).

Pick interrupt

This interrupt is used to help with item selection in a drawing. A rectangular pick region is
programmed using the clipper registers@P, YBOT, CXLEFT, CXRIGHT). All planes must be
masked by writing FFFFFFFFh to tReNWT register. The drawing engine then redraws every
primitive in the drawing. When pixels are output in the clipped region, the pick pending status is
set. After a primitive has been initialized, $iBATUS register’'spickint bit can be polled to
determine if some portion of the primitive lies within the clipping region.

Vertical Sync interrupt

This interrupt is generated every time the vsync signal goes active. It can be used to synchroniz
a process with the video raster such as frame by frame animation, etsyhhenterrupt enable
and clear are both located in thBTC11 VGA register.

Vertical Lineinterrupt

This interrupt is generated when the value oflittecomp field of CRTC18 equals the current
vertical count value. This interrupt is more flexible than the vertical sync interrupt because it
allows interruption on any horizontal line (including blank and sync lines).

External interrupt

This interrupt is generated when the external interrupt line is driven active. It is the responsibility
of the external device to provide the clear and enable functions.

WARP interrupt
This interrupt is generated when the WARP executes an IRQ instruction.

WARP cache interrupt
This interrupt is generated when there is a WARP cache miss.
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Video Interrupts:
1. Video In Vertical Sync interrupt

Thisinterrupt is generated when a video input vsync is detected. This interrupt islocated in the
VSTATUS register.

2. Codec Command Complete interrupt

Thisinterrupt is generated when the codec interface has completed executing the commands in
the command buffer. The interrupt is located in the VSTATUS register

3. Codec Buffer Level interrupt

This interrupt is generated when the Codec interface’s hardware pQORECHARDPTR) is
equal to the value set in tt®DECHOSTPTR. This interrupt is located in theSTATUS register.

4. Decompression End of Image interrupt

This interrupt is posted wheatopcodec is a ‘1’. The Codec Interface is decompressing data, and
the FFD9h end of image marker was detected in the data stream. This interrupt is located in the
VSTATUS register.
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Table 4-8: Supported Functionality for each Interrupt Source

Type Interrupt STATUS EVENT ENABLE CLEAR
— softrapen softrapien softrapiclr
Soft tra
P — STATUS<0> IEN<O> ICLEAR<O>
Pick — pickpen pickien pickiclr
— STATUS<2> IEN<2> ICLEAR<2>
Vertical svnc vsyncsts vsyncpen vinten vintclr
y STATUS<3>| STATUS<4> | CRTC1l1<5>| CRTC1l1<4>
Graphic |\ jertical line — vlinepen vlineien vlineiclr
Engine — STATUS<5> IEN<5> ICLEAR<5>
extpen — extien —
External STATUS<6> — IEN<6> —
— wpen wien wiclr
WARP
— STATUS<7> IEN<7> ICLEAR<7>
— wcepen wcien wciclr
WARP cache
— STATUS<8> IEN<8> ICLEAR<8>
— vinvsyncpen |vinvsyncien | vinvsynciclr
Video In vsync
y _ VSTATUS<0> | VIEN<O> |VICLEAR<O>
— cmdcmplpen [cmdcmplien| cmdcmpliclr
Codec command done PP P P
] — VSTATUS<1>| VIEN<1> |VICLEAR<1>
Video - -
— blvipen blvlien blvliclr
Codec buffer level
— VSTATUS<2>| VIEN<2> |VICLEAR<2>
Codec decompression — dcmpeoipen | dcmpeoiien | decmpeoiiclr
end of image marker — VSTATUS<3>| VIEN<3> |VICLEAR<3>

STATUS Indicates which bit reports the current state of the interrupt source.

EVENT Indicates which bit reports that the interrupt event has occurred.

ICLEAR A pending bit is kept set until it is cleared by the associated clear bit.

IEN Each interrupt source may or may not take part in activating the PINTA/ hardware
interrupt line. The EVENT and STATUS flags are not affected by interrupt enabling or
disabling.

VSTATUS Indicates which bit reports the current state of the video interrupt source.

VICLEAR A pending bit remains set until it is cleared by the associated clear bit.

VIEN Each interrupt source may or may not take part in activating the PINTA/hardware
interrupt line. The VSTATUS flags are only set when the enable bit in VIEN for each
respective sourceis on.

& Note:

* Clear interrupts before enabling them

e vsyncpen is set on the rising edge of vsync

* pickpen is set on the first pixel within the clipping box

* vlinepen is set at the beginning of the line

* vinvsyncpen is set after a vsync is detected and the video in unit has
completed writing the data to memory.
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4.12 Power Saving Features

4.12.1 Entering Power Saving Mode

The MGA-G200 supports three power conservation features:
m DPMSissupported directly, through the following control bits:

« Video can be disabled usisgroff blanking bit SEQ1<5>)
« Vertical sync can be forced inactive usirgyncoff (CRTCEXT1)
 Horizontal sync can be forced inactive usirgyncoff (CRTCEXT1)

B The video section can be powered down using the following steps:

1. Set bitscroff, hsyncoff andvsyncoff to ‘1.
Disable the cursor (set tbermode field to ‘00’).
Set thepixclkdis field of XPIXCLKCTRL to ‘1'.
Power down the DAC.

Power down the LUT.

6. Power down the Pixel PLL.

B Chip power consumption can be further reduced by shutting-down the drawing engine and
slowing-down the system clocks.The procedure betmst be followed:

1. Power down the video section following the procedure above.

2. Wait fordwgengsts to become ‘0’

3. If the contents of the frame buffer must be preserved, MCLK must be run-
ning and thefhcnt field of theOPTION register must be re-programmed
according to the new MCLK frequency (normally, set rfhcnt to ‘0001").

4. Program the memory clock to the desired value following the procedure in
section4.7.8.3(see (B) Changing the System PLL Frequencpage 4-

79). The recommended PLL oscillation frequency is 6.66MHz (N=107,
M=28, P=7, S=0).

5. Set mclkdiv to ‘1’ (gclkdiv should already be ‘0’ and must be set to ‘0’ if
that is not already the case) following the procedure in seétibB.3(see
(C) Changing the System Clock Source, MCLK, or GCLK Division Factor
onpage 4-7%

akrwbd

®& Note: In Power Saving modelp not use, or initialize, the drawing engine.

®& Note: MGA-G200 supports PCI Bus Power Management Interface specificatioBee0. (
thePM_CSR register on page 4-23.
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4.12.2 Coming Out of Power Saving Mode

When coming out of Power Saving Mode, do the following:
Step 1. Set mclkdiv to ‘0’ following the procedure in sectioB¢e ‘(C) Changing the System Clock
Source, MCLK, GCLK or WCLK Division Factor’ on page 4)79

Step 2. Program the System PLL to normal frequency following the procedure in seégteri(B)
Changing the System PLL Frequency’ on page ¥-79

Step 3. Programrfhcnt to its normal value.
Step 4. Power up théixel PLL.

Step 5. Power up th&. UT.

Step 6. Power up théAC.

Step 7.  Set thepixclkdis field of XPIXCLKCTRL to ‘0", or reprogram th@ixel PLL to a new operat-
ing frequency if desired by following the procedure in sectg@ee('(A) Changing the Pixel
Clock Frequency or Source’ on page 4-79

Step 8. Reset bitscroff, vsyncoff andhsyncoff to ‘0’
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4.13 Accessing the Serial EEPROM

The page write sizes of serial eeproms may vary between manufactuers.The MGA-G200 is designed to
support up to 16 bytes for asmall serial eeprom (128 to 512 bytes) and up to 128 bytes for alarge seria
eeprom (32 or 64 Kbytes).

It is possible to access any combination of bytesin a dword of the serial eeprom (reading or writing).
Thereisaread or awrite cycle for each non-consecutive byte in adword, and for every dword, except
when a page write is possible (in this case there will be one write cycle for the entire page write).

To access the serial eegprom, biosen and romen must be set to 1, and rombase must be mapped.
To write the serial eeprom, eepromwt must also be set to '1".

The process of writing the serial eeprom is as follows:

Step 1. Find the size of the serial egprom
Step 2.  Find the size of the page write
Step 3. Decide how to reorder the data to be written
Step 4. Execute the writes
Step details:
1. Thesize of the serial eeprom isindicated by the reset value of biosen (biosboot).
m ‘0’: small serial eeprom
B ‘1’ big serial eeprom
2. To determine the size of the page write:
If biosboot = ‘0"

1. Write a DW at address 0x04 of the serial eeprom.

2. Write aDW at address 0x08 of the serial eegprom.

3. Read aDW at address 0x08 of the serial eeprom.

4. If the datais the one written in b), then the page write size is 16 bytes. If not, the page write size
is 8 bytes.

If biosboot ="1"

1. Writea DW at address Ox3C of the seria eeprom.

2. WriteaDW at address 0x40 of the serial eeprom.

3. Read aDW at address 0x40 of the serial egprom.

4. If the datais the one written in b), then the page write sizeis 128 bytes. If not, the page write size
iS 64 bytes.

At present, 8/16 bytes and 64/128 bytes are the only known page write sizes. If there was a
smaller page size, the procedure would continue with 5), 6), 7), 8) at half the addresses to
determine the proper page size.

In the event of a bigger page size, MGA-G200 could not support a page write only version of that
serial eeprom.

If the page size is 16 bytes (for a small serial eeprom) or 128 bytes (for a big serial eeprom),
proceed to step 4.
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3. Thesize of the page writeis smaller than the one hard-coded in the MGA-G200. That means that care
must be taken when sending the writes to the MGA-G200’s serial eeprom. The MGA-G200 has a2
dword ROMFIFO serving as a dword accumulator. The MGA-G200 will perform a page write when
the ROMFIFO isfull, the addresses are consecutive, both dwords are writes, and all the bytes within
the dwords are enabled. If the transferred dword is the last before the boundary of the page write size
(Ox7C for abig seria eeprom), then, after transferring the data, the MGA-G200 will stop the page
write. If the real page write size of the serial eeprom is smaller, the second half of the page size will
always be written over the first half.

& Note: To avoid this write the serial eeprom starting from the end, by blocks of its page
write size.
Example:

128 byte serial eeprom with an 8 byte page write size.

Access beN Address

write Ox0 1 0X78 one page write (8 bytes)
write 0x0 | Ox7c

write 0x0 | Ox70 .
write 0x0 | Ox74 asecond page write
write 0x0 | Ox68

write 0x0 | 0x6C

write 0x0 0x08

write 0x0 | Ox0C

write 0x0 0x00

write 0x0 0x04

Other possible solutions are inserting a delay or reading from the serial eeprom between the write
transfers at the end of the page write. The solution displayed above will always prove to be faster since
accessing the serial eeprom is along process (the clock runs at less than 5 MHz per bit). In reality, the
blocks could be re-arranged in any way except consecutively. This can be done even when the page write
sizeisthebiggest one, aslong asthe blocks are at |east the size of the page write. If the blocks are smaller,
there will still be a page write, but not as much data will be transferred, and you will still have to wait for
the write cycle time to complete before being able to transfer more data.

4. Transfer the data to the MGA-G200. When a page write occurs, no accesses are transferred to the
seria eeprom until the write cycletimeis over (up to 10 ms), therefore, the ROMFIFO will remain
full for along time and will force retrys on the PCI bus when accessed. Thereisno way to determine
if the ROMFIFO isfull. If retrys are an issue, insert delays between page write transfers, or program
thenoretry bitto’1’ in the OPTION register.
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5.1 Introduction

The MGA-G200 chip has been designed to minimize the amount of external logic required to build a
board. Included among its features are:

B Direct interface to the PCI bus or AGP bus

B All necessary support for external devices such as ROM

m Direct connection to the RAM

B Direct interface with the video and feature connectors

5.2 Host Interface

5.2.1 PCl Interface

The MGA-G200-PCI interfaces directly with PCI as shown in Figure 5-1. The MGA-G200-PCl isa
medium-speed (target) device which will respond with PDEV SEL/ during the second clock after
PFRAME!/ is asserted.

In order to optimize performance on the PCI bus, burst mode, disconnect, and retry are used as much as
possible rather than the insertion of wait states. Only alinearly-incrementing burst mode is supported.
Because a 5-bit counter is used, adisconnect will be generated every 32 aligned dwords. Refer to Sections
4.1.2 and 4.1.3 for more information. The MGA-G200-PCI can also act as a master on the PCI bus - refer
to Section 4.1.9 for more information.

Figure5-1: PCI Interface

> PCLK

PRST/
PGNT/
PIDSEL

PFRAME/

PCBE<3:0>/

PDEVSEL/

POESEL MGA-G200-PCl
PTRDY/

PIRDY/

PCI Bus

PPAR
PINTA/
PREQ/

PAD<31:0>
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5.2.2 AGP Interface

The MGA-G200-AGP interfaces with the AGP bus as shown in Figure 5-2. The MGA-G200-AGP acts as
an AGP master and a PCI target. The AGP master uses the AGP sideband signal in 1X and 2X modes
addressing mechanism. The PCI target is a medium speed device (it responds with PDEV SEL/ during the
second clock after PFRAME/ is asserted).

Figure5-2: AGP Interface

> PCLK

PGNT/
PRST/

PFRAME/
PCBE<3:0>/

PDEVSEL/
PSTOP/
PTRDY/

rrov  MGA-G200-AGP

PPAR
PINTA/
PREQ/

AGP Bus

PAD<31:0>

SBA<7:0>
8T<2:0>
AD_STB<1:0>
SB_STB

5.3 Snooping

The MGA-G200 performs snooping when VGA 1/0 is enabled and snooping is turned on. In this case,
two things may occur when the DAC is written to:

1. If the MGA-G200 is unable to process the access immediately, it takes control of the bus and
performs aretry cycle.

2. If the MGA-G200 is able to process the access, the access is snooped, and the MGA-G200 processes
it as soon as the transaction is completed on the PCI bus.

Under normal conditions, only a subtractive agent will respond to the access. There could also be no agent
at all (all devices are set to snoop, so a master-abort occurs). In these cases, the snoop mechanism will
function correctly. If there is another device on the PCI bus that responds to this mapping, or if another
device performs the snoop mechanism with retry capabilities, there will be a conflict on the PCI bus.
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5.4 EEPROM Devices

The MGA-G200 supports afew external devices (the SPI-EEPROM is a standard expansion device that is
supported by the MGA-G200).

Figure 5-3 shows how to connect the serial eeprom devices to the MGA-G200.

BIOS EPROM

The MGA-G200 supports 32K x 8 EEPROMSs, 64K x 8 EEPROMS, and 128 byte EEPROMS. The
following table lists specific EEPROM devices that have been verified to work with the MGA-G200.

A write cycle to the EEPROM has been defined. Another bit which locks write accesses to the EEPROM
has also been added in order to prevent unexpected writes.

Note, however, that sequencing of operations to write the memory must be performed by software.
Additionally, some requirements must be guaranteed by software (refer to the device specification and
‘Accessing the Serial EEPROM’ on page 4-118

Serial EEPROM
Manufacturer 32K x 8 64K x 8 128 x 8
Atmel AT 25256 AT 25010
SGS -Thomson M35560 ST95010

Figure 5-3: External Device Configuration

3.0-36V
E2PCS/ » S/ = vCC
E2PD > D 8 HOLD/
E2PQ < Q & W/
E2PCLK » C W
n vssi

MGA-G200

XTALO  XTAL1

o

Note: If a local oscillator is used instead of crystal, it is connected to XTALO, and
XTAL1 is left unconnected.
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5.5 Memory Interface

5.5.1

SGRAM Configurations

The principal characteristics of the MGA-G200's SGRAM interface are provided inS&bhhich
identifies the cycles that are supported by the chip, and lists all of the commands generated by the

MGA-G200.
Table 5-1: Supported SGRAM/SDRAM Commands

)

S al ol = S

5 < <|U|B| O

" c Olx|o|2|a|ld|n|la

Command( = S| S| =|5|3|3| | < | Address
Mode Register Set MRS L U U 4y L X L L opcodé@
Special Mode Register Set SMR$ |L L L L H | L opcoé@Z
Auto Refresh REF Ll Ll L] H L X [ X X
Bank Activate / Row Address 4)
(Mask Disabled) ACTV |L |L |H |H |L |X [X |Row Address
Bank Activate / Row Address ACTM 1L 1L ta 1H 11 Ix |V |Row Addresdd
(Mask Enabled)
Read / Column Address 5)
(Auto-Precharge Disabled) READ |L |H|L |[H|L |[X |V |L |Column Addres$§
Write / Column Address 5)
(Auto-Precharge Disabled) WRITE | L |H|L |L |L |X [V |[L |Column Addres$
Block Write / Column Address (5)(6)
(Auto-Precharge Disabled) BWRIT |L |[H|L |L |[H X |V |L |Column Address
Precharge (Single Bank) PRE L L H L L L X
Precharge (Both Banks) PALL L L H L LU H X
No Operation NOP Ll H H Ll X X| X X
Device De-select DESL H X X X X
Mask Write Data / Disable Read Outgut X X X X K X X X x ()
Write Data / Enable Read Output X X X X X X I X X Y

& |_egend: H = Logical High, L = Logical Low, V = Valid, X = “Don’t Care”, ‘/’ Indicates an active

low signal.

@O MCcSs=MCS<3:.0>
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@ The MGA-G200 supports CAS latency (CL=2, CL=3, CL=4, CL=5); burst type = sequential; burst length = 4.
opcodel = mrsopcod[3:0]: CLbits: ‘0": ‘010’. (Usually ‘00000110010

CLbits Caslatency
‘010° 2
‘011 3
‘100° 4
‘101 5

The mrsopcod value is a programmable field in the MEMRDBK register.

) A5 = 1 for a mask register access, and A6 = 1 for a color register access. Both registers cannot be accessed simulta-
neously.

opcode?2 = ‘00000100000’ <- load mask register
opcode? = ‘00001000000’ <- load color register

@ For 2-bank, 8 MBit SGRAM device: Row Address = MA<x> for MA<8:0>
For 2-bank, 16 MBit SGRAM device: Row Address = MA<x> for MA<9:0>
For 4-bank, 16 MBit SGRAM device: Row Address = MA<x> for MA<8:0>
For 2-bank, 16 MBit SDRAM device: Row Address = MA<x> for MDSF and MA<9:0>

©) The MGA-G200 does not support the auto-precharge function, so AP will always be forced low for READ/WRITE/
BWRIT commands.

Column Address = MA<7:0>

®) MA<2:0> are ‘don’t care’ for block write commands.
() Not a command - “MDQ mask enable’

®& Note: The MGA-G200 does not drive CKE: it should be driven high externally.

& Note: The number of address bits depends on the memory type (selected by the memconfig
field of OPTION). The addresses are mapped as follows:

Table 5-2: 10-Bit Address Configuration (memconfig <2:0>= 00x for 2-bank 8Mb(x32) device

MA
MCS<3:0>/

10 9 8 7 6 5 4 3 2 1 0
11100r | Row All | A20 | ‘O |A19 | A18 | A17 | A16 | A15 | Al4| Al3| Al2
1101 Column| A11 | ‘0 | ‘0 |A10| A9 | A8 | A7 | A6 | A5 | A4 | A3
10110r | Row ‘0" | A1l | A20 | A19 | A18| A17| A16| A15| Al14| A13| A12
0111 Column| ‘O | A11| ‘0 |A10| A9 | A8 | A7 | A6 | A5 | A4 | A3

& Note: The BAO and AP bits are remapped for the expansion for the memory SO-DIMM.
MA10 and MA9 = = BAO and AP bits for base memory.
MA9 and MA8 = = BAO and AP bits for expansion memory.

Table 5-3: 11-Bit Address Configuration (memconfig <2:0>=01x) for 2-bank, 16Mb(x32) device

MA
10 9 8 7 6 5 4 3 2 1 0
Row All A21 | A20| A19| A18| Al7| Ale Al Al4 Al3 Al12
Column | All ‘o ‘0 |A10| A9 | AB | AT | A6 | A5 | AA | A3
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Table 5-4: 12-Bit Address Configuration (memconfig <2:0>=10x) for 2-bank, 16Mb(x16) device

MA
MDSF
10 9 8 7 6 5 4 3 2 1 0
Row A22 All | A21 | A20 | A19 | A18 | Al7 | Al16 | A15 | Al4 | A13 | Al12
Column ‘o All ‘o ‘0 |A10 |[A9 |A8 |A7 |A6 |AS5 |A4 | A3

& Note: No remapping is performed for SO-DIMM access
MA10 & MA9==BAO0 & AP bits
For SDRAM (x16), connect as follows:

Eclipse: MA10 MA9 MDSF MA8 ... MAO
l ! 1 l !
SDRAM: All Al10 A9 A8 A0

Table 5-5: 11-Bit Address Configuration (memconfig<2:0>=11x) for 4-bank, 16Mb(x32) device

MA
MCS<3:0>/

10 9 8 7 6 5 4 3 2 1 0
11100r | Row All | A20 | A21| A19| A18| A17| Ale| A15 Al14 Al13 A12
1101 Column| A11 | ‘0 | A21| A10| A9 | A8 | A7 | A6 | A5 | A4 | A3
10110r | Row A21 | Al11 | A20| A19| A18| A17| Ale| A15 Al14 Al13 A12
0111 Column| A21 | A11| ‘0| A10| A9 | A8| A7 | A6 | A5 | A4 | A3

®& Note: The BA* and AP bits are remapped for the expansion memory SO-DIMM
MA10, MA9 and MA8 = = BAO, AP and BA1 bits for base memory
MA10, MA9 and MA8 == BA1, BAO and AP bits for expansion memory
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MEMCONHG="00X"

base-board bank0/1 ‘ SO-DIMM bank2/3
MCS/[3:0] ‘
[0 1] 1 2| 3]
csd/ cs/ | cs/ cs/
MCLK clk clk ; clk clk
Vee cke cke | cke cke
MRAS/ ras/ ras/ | ras/ ras/
|
MCAS casl gGRAM cal sGrAM || casl gGRAM cas gGRAM
MWE/ we/  2x128K we/  2x128K | we/  2x128K we/  2x128K
MDSF df X% af X df X% df X
MA[10,9,7:0] ' MA[9:0]
MA[10:0] a[9:0] a[9:0] ; a9:0] a[9:0]
[3:0] }
MDQM[7:0} (310] dgm[3:0] dgm[3:0] ‘ dgm[3:0] dgm[3:0]
MDQ[63:0] — dq[31:0] do[31:0] l dg[31:0] do[31:0]
|
|
[0 ] 1 | | 2 | 3|
cs/ cy : cs/ cs
MCLK2 clk clk \ clk clk
|
cke cke ; cke cke
ras/ ras/ § ras/ ras/
|
ca sGRAM s sGRAM | ca SGRAM ca sGRAM
we/  2x128K we/  2x128K| 1 we/  2x128K we/  2x128K
|
dsf x32 dsf x32 } dsf Xx32 dsf x32
MA[10,9,7:0] I MA[9:0]
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—— do[31:0] dq[31:0] : do[31:0] dq[31:0]
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memconfig="000" 4M <=— = <=
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memconfig="000" 6M
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MEMCONH G="01X"

base-board bank0/1 ‘ SO-DIMM bank2/3
MesIs0) ] ) | 2 3 |
|
od ] | od ]
MCLK clk clk ‘ clk clk
Vce cke cke } cke cke
MRAY ras/ ras/ l ras/ ras/
|
MCAY cas sGRAM s gorAM || cas gGRAM cas’ gGRAM
MWE/ wel  2x256K wel  2x256K : wel  2x256K wel  2x256K
MDSF oo | x32 of X2 waiog | % x32 df X
. | .
MA[10:0] a[10:0] a[10:0] ; a[10:0] a10:0]
3.0 !
MDQM[7:0} [;1.01 dgm[3:0] dgm[3:0] } dgm[3:Q] dgm[3:0]
MDQ[63:0] — dq[31:0] do[31:0] l do[31:0] do[31:0]
|
|
[0 | [ | i 2 3 |
cy cy [ cs cy
MCLK2 clk ck : clk ck
cke cke : cke cke
ras/ ras/ j ras/ ras/
cas’ gGRAM ca SGRAM | cas/ sGRAM cas/ gGRAM
wel  2x256K wel  2x256K w wel  2x256K wel  2x256K
|
MA[10:0] . . ' MA[10:0] . .
10:0] a[10:0] . a10:0] a[10:0]
|
74
[6£ 32} dgm[3:0] dgm[3:0] 1 dgm[3:0] dgm[3:0]
. |
dq[31:0] dg[31:0] ‘ dq[31:0] dg[31:0]
memconfig="011" 16M
memconfig="011" 12M
memconfig="011" 8M
memconfig="010" |"011" 4M <=—=
- -

memconfig="010" 8M

memconfig="010" 12M <=————=>

(.XT0, = Byuoowaw) uondauuo) adepaiu| Alowa G-Gainbi4
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Figure 5-6: Memory Interface Connection (memconfig =

MEMCONH G="10X"

MCS/[3:0]

‘10X

[0 | [1 |
cy cd
MCLK clk clk
Vce cke cke
MRAS/ ras/ ras/
MCAS ¢ spRAM s/ spRAM
MWE/ MDSE we/  2x512K we/  2x512K
MDSF aq 16 a9 16
MA[10:0] a[11:10;8:0] 8[11:10;8:0]
MDQM[1:0]
MDQM[7:0} MDQ[I50] dgm[1:0] dgm[1:0]
MDQ[63:0] —— dq[15:0] dq[15:0]
[0 | [1 )
cy/ cy
clk clk
cke cke
ras/ ras/
& spRAM & SpRAM
MDSE we/  2x512K we/  2x512K
a[11:10;8:0] 8[11:10;8:0]
MDQM[3:2]
dgm[1:0] dgm[1:0]
MDQ[31:16]
dg[15:0] dq[15:0]
[0 (1)
cy cd
MCLK2 clk clk
cke cke
ras/ ras/
¢ SpRAM s/ spRAM
MDSF we/  2x512K we/  2x512K
a[11:10;8:0] a[11:10;8:0]
MDQM5:4]
dgm[1:0] dgm[1:0]
MDQ[47:32]
dq[15:0] dq[15:0]
[0 [1)
cs/ cy
clk clk
cke cke
ras/ ras/
&/ SpRAM &l spRAM
MDSF we/  2x512K we/  2x512K
a[11:10;8:0] a[11:10;8:0]
MDQM[7:6]
dgm[1:0] dgm[1:0]
MDQ[63:48]
dg[15:0] dq[15:0]

memconfig="10x"  16M
memconfig="10x" 8M <———=

5-10 Memory Interface MGA-G200 Specification



uoneaydads 00Z29-vYoON

doeLdul Aiowapy

IT-9

MEMCONHG="11X"

base-board bank0/1 ‘ SO-DIMM bank2/3
MCS/[3:0] ‘
[0 | 1] 1 2) 3]
cs cy | cd cd
MCLK clk clk ‘ clk clk
Vee cke cke } cke cke
MRAS/ ras/ ras/ | ras/ ras/
|
MCAY casl gGRAM cal sGrAM || casl gGRAM cas gGRAM
MWE/ we/  4x128K wel  4x128K|[ we/  4x128K we/  4x128K
MDSF df X df X2 df X% df X
MA[8,10,9,7:0] ' MA[10:0]
MA[10:0] a[10:0] a[10:0] ‘ a[10:0] a[10:0]
|
3.0 !
MDQM[7:0} [;1.01 dgm[3:0] dgm[3:0] } dgm[3:0] dgm[3:0]
MDQ[63:0] —— do[31:0] dq[31:0] 1 dq[31:0] dq[31:0]
|
|
[0 | 1] | 2) 3|
cd cd ! cd cd
MCLK2 clk clk | clk clk
cke cke : cke cke
ras/ ras/ j ras/ ras/
casl gGRAM ca SGRAM | | casl gGRAM cas gGRAM
we/  4x128K wel  4x128K| we/  4x128K we/  4x128K
dsf x32 dsf x32 | o x32 dsf x32
MA[8,10,9,7:0] ' MA[10:0]
a[10:0] a10:0] : a[10:0] q[10:0]
[7:4] |
[63:37] dgm[3:Q] dgm[3:0] T dgm(3:0] dgm[3:0]
. |
dq[31:0] dg[31:0] ‘ dq[31:0] dq[31:0]
memconfig="111" 16M
memconfig="111" 12M
memconfig="111" 8M
memconfig="110" | "111" 4M <=—=
memconfig="110" 8M <———= =
-

memconfig="110" 12M

(.XTT, = Byuoowaw) uondauuo) adeuaiu| AIOWS :/-GainbiH

[enuspyuoy 19N
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5.6 Video interface

5.6.1 Slaving the MGA-G200

This section describes the operations of the VIDRST (video reset input) signal. A VIDRST is detected on
thefirst rising edge of VDOCLK where VIDRST is high. The video reset can affect both the horizontal
and/or vertical circuitry.

Thefirst time that the MGA-G200’'s CRTC is synchronized, the data may be corrupted for up to one
complete frame. However, when the CRTC is already synchronous and a reset occurs, the CRTC will
behave as if there was no VIDRST.

& Note: In order for the MGA-G200 to be synchronous with any other source, the
MGA-G200 CRTC must be programmed with the same video parameters as that
other source. VDOCLK can also be modulated in order to align both CRTCs.

Thehrsten field of theCRTCEXT1 register is used to enable the horizontal reset, which sets the
horizontal and character counters to the beginning of the horizontal SYNC.

Thevrsten field of theCRTCEXTL1 register is used to enable the vertical reset, which sets the vertical
counter to the beginning of the vertical SYNC in the even field.

Horizontal active and horizontal retrace are not affected by VIDRST when only the vertical reset is active.
Figure 5-8shows the relationship between VIDRST, the internal horizontal retrace, and the internal
horizontal and vertical active signals, when both the horizontal and vertical counters are reset.

Figure 5-8: VIDRST, Internal Horizontal/Vertical Active, and VOBLANKN

VDCLK | u i

VIDRST

Horizontal retrace

Horizontal active

Vertical active

v

VOBLANKN

5.6.2 Genlock Mode

TheVIDRST pin can be used to reset @BTC horizontally and/or vertical counters. THEDRST must
be maintained for at leastVDOCLK cycle for the reset to take effect in the MGA-G200. Whennbts
used, the/IDRST pin must be maintained low (there i® enable/disable control bit for tNDRST

pin).

5-12  Video interface MGA-G200 Specification
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If the timing on the VIDRST pin is respected, the reset operation on the chip will be completed (the
VBLANK/ pin is set to ‘1"), according to the number of VDOCLKs shown in the following table:

Pixel Width Delay to Video Pin (VDOCLKS)
BPP8 31
BPP15 21
BPP16 21
BPP24 17
BPP32 16

®& Note: Genlocking isnot supported in VGA mode.

5.6.3 Crystal Resonator Specification

Frequency 27 MHZ

Equivalent series resistance (Rs) 35 - 200

Load capacitance (Cl) 18 or 20 pF (seweparallel)
Shunt capacitance (Co) 7 pF max.

Drive level 100 - 1,00@W

Temperature stability 50 ppm

MGA-G200 Specification Video interface  5-13
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MISC_0
MISC_1
VD[7:0]
VDCLK

VDOUT[11:0]
VOBLANKN
VIDRST

VDOCLK

E2PD

E2PWN

MGA-G200

E2PQ
VESYNC
VEVIDEO
VEDCLK

MISC_2

HDATA[7:0]
VBLANKN

EXTRSTN

Figure 5-9: Video I nterface

I2CDAT
12CCLK .
< Video
< Decoder
A
» MAFC
Maven
» MAFC_CK ¢
- Video
h VDRST  Encoder
< VDCLK1
VMIA (VMIB)
DS# (RD#)
RIW# (WR#)
DTACK# (Ready)
HA_O
HA_1
HA 2 HA[3:0]
HA 3 HDI[7:0]
external
flip-flop

misc output

5-14  Video interface
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VVSYNC/
VHSYNC/

DDC<3:0>

IOR

10G

10B

GND

MGA-G200

RSET
COMP

AvDDD

AVDDP

REFD

REFP2

REFP1

Figure 5-10: Video Connector

MGA-G200 Specification

» VSYNC
» HSYNC
100 pF L :f 100 pF
sV T >
2.2kQ >
4 .
JT*1OOpF
120 uH 120 pH
1000007 100000 ld
120 pH 120 pH
100000) T 100000) L
120 pH 120 pH
Il | ]
[e] (e [©— - — — — — — —
wn wn wn
D "—EOpFT T T T T 3pF |10 pF
169 Q
——0.1uF
T ],1
I+ 1
1 T T 33V
0.1uF 10uF 0.1puF 220 :
1 1 1 VIVY I
r T T
10 pF 10nF 10uF
1
Loty
I
—— 0.1uF
E
33V |
L é 4.7 KQ ;
1 T i
0.1 uF 1.235V 3
(M |

Video Connector

Video interface
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A.1 Pin List
Table A-1: Pin Count Summary MGA-G200-PCI

Group Total I (@) /0
Host PCI 48 4 3 41
Host Local 2 1 1

Memory 93 — 28 65
Video Display 6 — 2 4
Video In 9 9 — —
MAFC/Video Out 15 1 13 1
CODEC 13 2 3 8
SEEPROM 4 1 3 —
Analog Signals 11 6 5 —
Miscellaneous Functions 3 — — 3
Test 3 3 — —
VCCIGND 102 — — —
Reserved 11 — — —
PBGA Total 320 — — —

Table A-2: Pin Count Summary MGA-G200-AGP

Group Total I (@) /0
Host PCI 61 6 12 43
Host Local 2 1 1 —
Memory 93 — 8 65
Video Display 6 — 2 4
Video In 9 9 — —
MAFC/Video Out 15 1 13 1
CODEC 13 2 3 8
SEEPROM 4 1 3 —
Analog Signals 12 7 5 —
Miscellaneous Functions 3 — — 3
Test 3 3 — —
VCCIGND 98 — — —
Reserved 1 — — —
PBGA Total 320 — — —

A-2  Pin List MGA-G200 Specification
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A.1.1 Host (PCl/AGP)

Name #Pins Type Description

PAD<31.0> 32 1/0 PCI address and data bus. During the address phase of a PCI transaction,

PAD contains a physical address. During the data phase, it contains the
datathat isread or written.

SB STB 1 O AGP Sideband address strobe. Whilein AGP 2X mode, the strobe is used
to qualify the information on the SBA bus on each of its edges.
MGA-G200-AGP only.

PCBE<3:0>/ 4 /0 PCI bus command, and byte enable. During the address phase,

PCBE<3:0>/ provides the bus command. During the data phase,
PCBE<3:0>/ is used as the byte enable.

PCLK 1 I PCI bus clock. All PCI bus activities are referenced to this clock.

PDEVSEL/ 1 /O Device select. |s asserted when a transaction is within the MGA address
range and space.

PFRAME/ 1 /O Cycleframe. Indicates the beginning of an access and its duration.

AD_STB<1.0> 2 /O AGP Data Strobe.Whilein AGP 2X mode, the strobe is used to qualify the
information on the PAD bus on each of its edges. MGA-G200-AGP only.

PGNT/ 1 | Grant. Indicates to the MGA-G200 that access to the PCI bus has been
granted.

PIDSEL 1 | Initialization device select. Used as a chip select during configuration read
and write transactions. MGA-G200-PCI only.

PINTA/ 1 O Interrupt request signal.

PIRDY/ 1 /0 Initiator ready. Indicates the initiating agent’s ability to complete the
current data phase of the transaction (used in conjunctiorPiVRIDY)).
Wait cycles are inserted until both PIRDY/ @tRDY/ are asserted
together.

PPAR 1 O PCI even parity bit for tiAD<31:0>andPCBE<3:0>/lines. Parity is
generated during read data phases and during the address phase
throughout the PCI mastering cycle.

PREQ/ 1 O Request. Indicates to the arbiter that the MGA-G200 wishes to use the
bus.

PRST/ 1 I PCl reset. This signal is used as the chip’s hard reset.

PSTOP/ 1 I/O Stop. Forces the current transaction to terminate.

PTRDY/ 1 I/0 Target ready. When asserted, indicates that the current data phase of the
transaction can be completed (used in conjunction RIRDY/). Wait
cycles are inserted until boBIRDY/ and PTRDY/ are asserted together.
In target mode, PTRDY/ is used as an input for snooping operations.

SBA<7:0> 8 O Sideband Address port. Provides an additional bus to pass addresses and
commandsdnly for the MGA-G200-AGP).

ST<2:0> 3 |  Status. Provides additional information from the arbitor indicating what

MGA-G200 Specification

the MGA-G200-AGP may do when it receives a PGNT/.
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A.1.2 Host (Local Mode)

Name #Pins Type Description

EXTINT/ 1

EXTRST/ 1

O

A.1.3 Memory Interface

External interrupt pin. Can be used by a companion chip to generate
interrupts on the PCI bus. Interrupt is an active low level interrupt.

External reset signal. Used to reset the external devices.

Name #Pins Type Description
MCS<3:.0>/ 4 O Memory Chip Select
MA<10:0> 11 O Memory addresses (row, column, bank: multiplexed). MA<10:0> are

MRAS/
MCAS/
MWE/
MDSF
MDQ<63:0>
MDQM<7:0>
MCLK
MCLK2

PRr o PP

O3o0o00o0

/0
O

used as either bank select or memory addresses, depending on the
type of memory.

Memory Row Address Strobe
Memory Column Address Strobe
Memory Write Enable

Memory special function eable.
Memory data i nputs/outputs
Memory Data mask enable
Memory Clock for MDQ<31:0>
Memory Clock for MDQ<63:32>

A.1.4 Video Display Interface

Name #Pins Type Description

DDC<3:.0> 4 /O Display Data Channel. Used to communicate with monitor.
VHSYNC/ 1 O Horizontal Sync.

VVSYNC/ 1 O Vertical Sync.

A.1.5 Video In Interface

Name #Pins Type Description

VD<7:0> 8 | VideoInData

VDCLK 1 | Video In Clock. Maximum: 27 MHz.

A.1.6 Video Out Interface

Name #Pins Type Description

VDOCLK 1 /0 Video Out Clock. (Input for mafc, output in Panel link mode.)

VDOUT<11.0> 12 O Video Out Data.

VOBLANK/ 1 O Video Out Blank. Gated clock feedback in mafc mode.

VIDRST 1 I Video Reset Input. Used to synchronize the CRTC on an external
source. The VIDRST pin must be forced inactive when not in use.

A-4  Pin List MGA-G200 Specification



MG Confidential

A.1.7 CODEC Interface

Name #Pins Type Description
VBLANK/ 1 O Datastrobe for external register
VEDCLK 1 O CODEC address <2>
VEVIDEO 1 O CODEC address <1>
VESYNC 1 O CODEC address <0>
HDATA <7:0> 8 /O CODEC data port. Also used for chip strapping
HDATA <0> VGA boot strap
HDATA <1> BIOS EEPROM installed strap
E2PW/ 1 O CODEC interface write signal when CODEC interfaceis enabled

A.1.8 SEEPROM

Name #Pins Type Description

E2PCLK 1 O Clock for the Serial EEPROM.

E2PCS/ 1 O Serial EEPROM chip select.

E2PD 1 O Serial EEPROM write data. Also, the Codec Interface read signal when
Codec interface is enabled.

E2PQ 1 |  Serial EEPROM read data. Also, the Codec Interface read/write

A.1.9 Analog Signals

Name #Pins  Type

acknowledge signal when Codec interface is enabled.

Description

COMP 1 O

OB 1 O
10G 1 O
IOR 1 O
REFAGP 1 I
REFD 3 I
REFP1

REFP2

REFSSTL 1 I
RSET 1 I
XTAL1 1 O
XTALO 1 I

MGA-G200 Specification

Compensation. COMP provides compensation for the interanl reference
amplifier. A 0.1 uF ceramic capacitor is required between COMP and
analog ground. The capacitor must be as close to the device as possible to
avoid noise pick-up.

Analog current Output Blue. This output can drive a 37.5Q load directly
(doubly-terminated 75Q load).

Analog current Output Green. This output can drive a37.5Q load directly
(doubly-terminated 75Q load).

Analog current Output Red. This output can drive a 37.5Q load directly
(doubly-terminated 75Q load).

Voltage reference for AGP PLLs.

Voltage reference for DACsand PLLS. An interna voltage reference of
nominally 1.234 V may or may not be provided, which would require an
external 0.1 uF ceramic capacitor between REF ans analog GND.
However, the internal reference voltage can be overdirven by an
externally supplied reference voltage.

Reference voltage for the SSTL/LVTTL 1/O buffers.

Full-scale adjustment pin. A resistor connected between this pin and
ground controls the full-scale range of the DACs.

Connection for a series of resonant crystals as areference for the
frequency synthesizer PLLs. XTALO may be used asa TTL reference
clock (local oscillator) input, in which case XTAL 1 is left unconnected.

Pin List A-5



MG Confidential

A.1.10 Miscellaneous Functions

Name #Pins Type Description

MISC<2:0> 3 /O Miscellaneous Control. General purpose |/O pins.
MISC <0> can be used for I2CDAT
MISC <1> can be used for I2CCLK
MISC <2> can be used for CODEC Address <3> or EOI/

A.1.11 TEST
Name #Pins Type Description
TST<2:0> 3 | These pins place the chip in test mode. They should be tied to a pull-up

during normal operation.

A.1.12 AGP VDD/GND

Name #Pins Type Description

AVDDD 3 - Anaog; attaches to +3.3 volts
AVDDP 3 - Anaog; attachesto +3.3 volts
GND 77 - Attachesto ground

AGNDP 3 - Anaog Ground

VDD 12 - Attachesto +3.3 volts.

A.1.13 PCI VDD/GND

Name #Pins Type Description

AVDDD 3 - Analog; attaches to +3.3 volts.
AVDDP 2 - Anaog; attachesto +3.3 volts
GND 77 - Attachesto ground

AGNDP 2 - Anaog Ground

VDD 12 - Attachesto +3.3 volts

VDD5 6 - Attachesto +5 volts

A-6 Pin List MGA-G200 Specification
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A.2 PCI Pinout lllustration and Table

The illustration below shows the locations of the MGA-G200’s 320 pins on the chip. The table on the next

page lists the signal names with their respective pin numbers, in numeric order.

Figure A-1: PCI Pinout I1lu

MGA-ECLIPSE PCI
Bottom View

stration

MGA-G200 Specification

PCI Pinout lllustration and Table

O OTHER (218)

YWVUTRPNMLKJHGFEDC CBA
20 @00 O0O0OCOOOOOOOLOOLOLOLOLOLOOLOOLOe® 2
19 OO0OOO0OO0O0OO0OO0OO0OOOOOLOOOOOOOO 19
18 OOOOO0OOOOOOOOOOOOOOOO 18
17 O 0000000000008 00O 17
16 OO OO OOO0OO0O 16
15 OO0 OO OO OO 15
14 O O OO 00000000 OO0 14
13 O00 @ 00000000 ® OO0 13
12 OO OO 00000000 OO0O00O 12
11 OO0 OO 00000000 OO0 1
10 OO OO 00000000 OO0O0O0O 10
09 OO OO 00000000 OO0 0O 09
08 OO0 @ 00000000 ® OO0 o8
07 OO OO 00000000 OO0 0O o7
06 OO OO OO OO0 06
05 OO OO OO0 05
(VSN CEOAON NOAGRON ROACRCAON NONCEON NORGEGNN!
03 OOOOOOOOLOLOOOLOOOOLOOOOO 03
02 OOO0OO0OOOOOOOOOOOOLOOOOO 02
01 OOCO0OO0OO0OOOOOOOOLOOOOOOOLe®@ 01
YWVUTRPNMLKJHGFEDC CBA
@
Legend: @ GND (79)
O VDD (23)

Index Mark
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Table A-3

<IE> _ _ <1Z> _ <9z> _ <0z> <er> <r> <8T> _ <e> <0> _
ano oTvLX Eaal NLSEd X1od avd avd avd avd avd NIEOd avd avd NIEOd 4
<> <0g> <z <€z> <> <zz> <rT> <97> <g> <> <> <>
raaany anoo FIvix 1SL avd avd Eal avd avd avd avd avd avd avd avd avd ¢
> <62> <82> <vz> <61> <€> <6> <o1> <>
1354 a43y go1 NINOJ NOFHd 13said $aan vy vy vy vy N3god NAGHId v vy NAQHLd NdOLSd avd Saan £
NLSHLXT el / an: NVLNId 13SA3ad <se = NIWVSd an: e <er e v
S le] 20 Bl aan S/ avd aan 5aan N3god 5aan aan Bl avd avd avd
<0> <51> <11> <o>
Saa 1SHaIA £aaany zaaany Hvdd ava ava avd S
<€> <T> <0>
oaa oaa NANLX3 e aan NSOde3 ¥1odz3 oo 9
<z> <Z> <€> <p> <I> <Z>
NANYVIEA nNmde3 oaa osm oan oan oan oan ‘
O </> <G> <9>
03aINIA ade3 e ] ano ano oan oan oan 8
<T> <0> <01> <IT> <g> <6>
ViVaH VLVaH ONASIA X19a3A oanw oanw oanw oanw 6
<5> <> <z <€> <vT> <> <€T>
ViVaH ViVaH VLVaH VLVaH gl oan oan oan or
<9> </> <Z> <ST> <I> <0>
VLYaH A1000A VLYaH aan woaw oan woanw woanw m
<0> <I> <z> <8T> <LT> <9T> <g>
PINVIEON 1noan 1noan 1noan oanw oanw oanw woanw er
<€> <> <5> <12> <0z> <6T>
1noan 1noan 1noan ano ano oanw oanw oanw er
<9> </> <8> <Ir> <Gg> <ve> <€z> <ce> »T
1noan 1noan 1noan 1noan oan oan oan oan
<6> <o1> <0> <8z> <z> <0z>
1N0aA 1N0aA an aan aan oan oan oan st
<T> <z> <0> <0> <1E> <0&> <62>
an 1007 an oS I oan oanw oan or
<€> <9> <> <19> <56> <> <> <op> <0> <e> <z> <I>
an an an ano oan @R oan ano oan woaw @R oan ano Jsan @R NSOW ano v v v 4T
<t> <I> <€9> <85> <vG> <1§> </> <G> <tv> <Tt> </E> <pE> <> <9> <G> <>
an osm Tdaany oanw oanw oan oan woaw oan oan oanw oan oan LSSH3H NOSW Namw v cdaciy v v 87
<> <09> </5> <€6> <05> <9> </p> <zp> <ge> <Ge> <ze> <0> <€> <g> <6> <>
an Ta434 NONASAA oanw oanw oanw oanw woanw oanw oanw oanw oanw oanw eI NSOW NSvoW v v 21700 YW or
<z9> <65> <05> <zg> <67> <> <9p> <€p> <6£> <0g> <€e> <> <z <o1>
NONASHA oan oan oan oan oan woanw oan oan oanw oanw oanw eI NSOW NSvan H1on v 2d434 oe
v g 2 a 3 Fl 2 H r X 1 w N d o 1 n A m A .

MGA-G200 Specification

A-8 PCI Pinout Illlustration and Table



MG Confidential

A.3 AGP Pinout lllustration and Table

The illustration below shows the locations of the MGA-G200-AGP’s 320 pins on the chip. The table on
the next page lists the signal names with their respective pin numbers, in numeric order.

Figure A-2: AGP Pinout Illustration

MGA-ECLIPSE AGP

Bottom View
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17 OC0O000000000eO00OLOeOO0O 17
16 OO OO OO0O0O00 16
15 OO OO OO0 15
14 O O OO 0000000 OO0OO00O 14
13 OO0 0 @ o o @ OO0 13
12 OO0 OO o o OO00O00O 12
11 OO OO o o OO0 1"
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09 OO OO o o OOO0O0O 09
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A.4 Electrical Specification

A.4.1 DC Specifications

Table A-5: Absolute Maximum Rating

Symbol  |Parameter Conditions Min. | Max. | Units | Notes
VDD3V  |Power Supply Voltage -05 | 46 \Y,
VDD5V  |Power Supply Voltage -05| 6.6 \%

V, Input Voltage
:%’3’ 10-6,10-9,10-12, 1-0, V| <VDD3+ 0.5V -05| 46 | V
10-6-5V, 10-9-5V V,<VDD3 + 3.0V -05 | 6.6 \Y
I-PCI 33, 10-PCI 33 V, <VDD5 + 0.5V 05| 66 | V @
IO_SSTL1,10_SSTL2 V,<VDD3+ 0.3V -03 | 46 V

Vo Output Voltage @)
10-3,10-6, 10-9, 10-12 Vo <VDD3+ 0.5V -05 | 46 \%
|0-6-5V, |0-9-5V Vo <VDD3+ 3.0V -05| 6.6 \Y,
|0-PCI 33 Vo < VDD5 + 0.5V 05| 66 | V @
IO_SSTL1,10_SSTL2 Vo <VDD3+ 0.3V -0.3 | 46 \%

lo Output Current &
10-3 10 mA
10-6 20 mA
10-9 30 mA
10-12 40 mA
10-PCI33 ? mA
10_SSTL1 8| 8 | mA
IO_SSTL2 -16 16 mA

Ta Operating Temperature 0 55 °C

Tste Storage Temperature -65 | 150 | °C

(O MGA-G200-PCI only
@ Vo the range of voltage which will not cause damage when applied to the output pin.
| o: the maximum current which will not cause damage when flowing to or from the output pin.

Caution: Exposure to the absolute maximum rating for extended periods may

affect device reliability; exceeding the rating could cause permanent
damage. The device should not be operated outside the recommended
operating conditions.

MGA-G200 Specification Electrical Specification
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Table A-6: Recommended Operating Conditions

Symbol Parameter Min. Max. Units
VDD5 Power Supply 4.75 5.25 \Y,
VDD3 (PCI) 3.0 3.6 \Y,
VDD3 (AGP) 3.15 3.45 \Y,
REFAGP AGP buffer voltage reference (V,)|0.39 VDD3|0.41 VDD3| V

Vref pininput current (1 ) +10 MA
ViH High-Level Input Voltage

|O-AGPR, I-AGP Vg +0.2 | VDD3 \Y

10-12,1-0 2.0 vVDD3 \Y,

10-9-5V, 1-0-5V 2.0 5.5V \%

I-PCI33, I0-PCI33 2.0 5.5V \%
VL Low-Level Input Voltage

10-12, 1-0 0 0.8 \%

|O-AGPR, I-AGP 0 Ve -0.2

10-9-5V, 1-0-5V 0 0.8 \%

[-PCI33, 10-PCI33 0 0.8 \Y,
t, Input Rise Time 0 200 ns
t Input Fall Time 0 200 ns

A-12  Electrical Specification
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Table A-7: DC Characteristics

(vDD3 = 3.3 0.3V, VDD5 = 5.0 £0.25V, TA = 0 to 55°)(PCl)

(vDD3 = 3.3 +0.15V, VDD5 = 5.0 £0.25V, TA = 0 to 55°)(AGP)

Symbol  |Parameter Conditions Min. Max. Units | Notes
los Output Short-Circuit Current |V =0V -250 mA W
l; Input Leakage Current Vi =VDD3 or 0V +10 A
loL |O-AGP, O-AGP VoL =0.18VDD3 2

Low-Level Output Current VoL =04V
0-3 3 mA
0-6 6 mA
0-9 9 mA
0-12,10-12 12 mA
0-24 24 mA
10-PCI33, O-PCI33 mA | ©
I0-SSTL1 8 mA
|O-SSTL2 16 mA
lon |O-AGP, O-AGP Voy =0.7VDD3 2
High-Level Output Current Vop = 2.4V
0-3 -3 mA
0-6 -6 mA
0-12,10-12 -12 mA
0-24 -24 mA
|0-PCI33, O-PCI33 mA Q
IO-SSTL1 -8 mA
|O-SSTL2 -16 mA
VoL I0-AGP, O-AGP | out=1500pA 0.1vDD3 V
Low-Level Output Voltage lop =0mA 0.1 \%
|O-SSTL VTT-0.6 \%
|O-SSTL2 VTT-0.8 \%
VoH IO0-AGP, O-AGP | out=1500pA 0.9 vDD3 \%
High-Level Output Voltage lop=0mA VDD3 - 0.1 \%
I0-SSTL1 VTT+0.6 \%
|O-SSTL2 VTT+0.8 \%
034 gjg;?i%?;?mr Thermal No Air Flow ? °clw ®
Coin Pin Capacitance F=1MHz 7 pF
ICC3 VDD3 Supply Current ? mA
ICC5 VDD5 Supply Current ? mA
@ The Output Short-Circuit timeis less than one second for one pin only.
(2 AGP and PCI buffers are characterized by their V/I curves (see the following figures).
) All GND ball connected to PCB ground plane and all VDD3 balls connected to PCB VDD plane.
MGA-G200 Specification Electrical Specification A-13
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Figure A-3: SSTL Buffer I/V Curve Pull-Up (Class 1)
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Figure A-4: SSTL Buffer I/V Curve Pull-Up (Class 2)
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Figure A-5: SSTL Buffer 1/V Curve Pull-Down (Class 1)
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Figure A-6: SSTL Buffer I/V Curve Pull-Down (Class 2)
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Figure A-7: VIl Curvesfor AGP Buffers (Best Case)
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Figure A-8: V/I Curvesfor AGP Buffers (Worst Case)
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Figure A-9: VV/I Curvesfor AGP Buffers (Typical Case)
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Table A-8: PCI Buffer Type and Pin Load (Part 1 of 2)

: Load (pF) Dampin

Signal Name Buffer Type . -~ (ohrrr)15)g Notes
PAD<31.0> 10_PCI33 0 50 - &)
PCBE<3:0>/ 10 _PCI33 0 50 - &)
PCLK |_PCI33 - - - &)
PDEV SEL/ |0_PCI33 0 50 - (1)
PFRAME/ 10_PCI33 0 50 - &)
PGNT/ |_PCI33 - - - ()
PIDSEL |_PCI33 - - - &)
PINTA/ O _PCI33 0 50 - ()
PIRDY/ 10_PCI33 0 50 - &)
PPAR 10 _PCI33 0 50 - (1)@
PREQ/ |0_PCI33 0 50 - )
PRST/ |_PCI33 - - - &)
PSTOP/ |0_PCI33 0 50 - ()
PTRDY/ 10_PCI33 0 50 - &)
EXTINT/ | O - - -

EXTRST/ 10 6 50 50 - @)
E2PCLK 10 3 12 16 - )
E2PD 109 16 96 - )
E2PQ | O 5V - - -

E2PW/ 10 6 16 80 - )
E2PCY 10 3 14 18 - @)
MCS<3:0>/ IO_SSTL1 15 65

MA<10:0> |O_SSTL2 15 65 - &)
MCAY IO _SSTL2 15 65 - )
MCLK |O_SSTL2 12 25 -

MCLK?2 IO_SSTL2 12 25 -

MCS<3:0>/ IO _SSTL1 10 40 - 2
MDQ<63:0> 10_SSTL1 10 40 -

MDQM<7:0> 10 _SSTL1 15 65 - 2
MDSF |O_SSTL2 15 65 - )
MRASY IO _SSTL2 15 65 - )
MWE/ |O_SSTL2 15 65 - @)
VBLANK/ 10 6 15 35 33 )
VD<7:0> | O 5V - - -

VDCLK | O 5V - - -

VDOCLK 109 10 35 -
VDOUT<11:0> 10 6 10 35 - &)
VEDCLK 10 6 16 80 - &)
VESYNC 10 6 16 80 - @)
VEVIDEO 10 6 16 80 - @)
HDATA<7:0> 10_6 5V 26 90

A-18 Electrical Specification
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Table A-8: PCI Buffer Typeand Pin Load (Part 2 of 2)

Signal Name Buffer Type Mirl;.oad (pF)I\/Iax. D(?)rr?:gg Notes
VHSYNC/ 10_6 10 20 33 )
VIDRST IO - - -

VOBLANK/ 109 10 35 - (2
VVSYNC/ 10_6 10 20 33 2
DDC<0> 10 9 5V 50 50 -

DDC<3:1> IO0_6 5V 50 50 -

MISC<2:0> I0_6 5V |16pF<2:0> 100 -

TST<1:.0> I O - - -

RBFN_LFT IO - - -

(1) See Table A-9

@ input mode only when TST<2:0> = ‘000’ (HiZ mode for NAND Tree test)

Table A-9: AGP Buffer Type and Pin Load

. Load (pF) Dampin

Signal Name Buffer Type i - (ohrrrzs)g Notes
PAD<31:0> I0_AGP 0 10 -

PCBE<3:0>/ 10_AGP 0 10 -

PCLK |_AGP - - -

PDEV SEL/ 10_AGP 0 10 -

PFRAME/ 10_AGP 0 10 -

PGNT/ |_AGP - - -

PINTA/ O_AGP 0 10 -

PIRDY/ 10_AGP 0 10 -

PPAR 10_AGP 0 10 - &)
PREQ/ IO_AGP 0 10 - ()
PRST/ |_AGP - - -

PSTOP/ 10_AGP 0 10 -

PTRDY/ 10_AGP 0 10 -

SBA<7:0> |0_AGP 0 10 - &)
ST<2:0> |_AGP - - -

SB_STB 10_AGP 0 10 - &)
AD_STB<1.0> 10_AGP 0 10 -

(2) Input mode only when TST<2:0. = ‘000’ (HiZ mode for NAND Tree test)

MGA-G200 Specification
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A.4.2 AC Specifications

The following tables indicate the timing parameters a device (SGRAM, BIOS ROM, or other externa
device) must meet to work properly with the MGA-G200 chip.

A.4.2.1 DAC AC Parameters

Table A-10: DAC Parameter List

Parameter Min. Typ. Max. Units
Analog output delay (Td) (D 15 - 4.4 ns
Analog output settling time (Ts) @ 42 - 55 ns
Analog output rise/fall time (Tr/f) 1.8 - 2.3 ns
Glitch impulse - 100 - pV/s
DAC to DAC crosstalk - - - -
Analog output skew - - - ns

(D Measured from the 90% point of the rising clock edge to 50% of full-scale transition.

(@ Measured from 50% of full-scale transition to settled output, within +/- 1 LSB.

(3 Measured between 10% and 90% of full-scale transition.

Table A-11: PLL Parameter List

Parameter Min. Typ. Max. Units
Pixel clock PLL frequency 6.25 - - MHz
PLL duty cycle variation 45 - 55 %
System PLL frequency 6.25 - - MHz
Frequency select to PLL output stable - 1.00 - ms
PLL phasejitter - - - -
PLL duty cyclejitter - - - -

A-20 Electrical Specification
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Figure A-10: PCI 33 MHz Waveform (MGA-G200-PCI only)

A.4.2.2 Host Interface Timing

%._.

Lns

\4

n /lupd

A /oaid

Clea
ﬁ L |espid
‘A ‘<0 Le> pod '<Q:g> /ogod ‘/jlesaspd

‘/doysd ‘/Apiid ‘/Apad ‘feudnid

Jjodd
" ‘<0 1e> pod ‘<0:e> /ogod ‘/jlesaspd
ﬁ ‘/doysd ‘/Apiid ‘/Apad ‘/eudnid

A80

n yjod

ANOC

moid

ybiyd

Yod

1sid

A-21

Electrical Specification

MGA-G200 Specification



MG Confidential

Table A-12: PCI 33 MHz 5V Signaling Environment Timing (MGA-G200-PCI only)®

Symbol Parameter Min Max Unit Notes
Toclk PCLK cycletime 30 — ns —
Tolow PCLK low time 11 — ns —
Tphigh PCLK hightime 11 — ns —
Ton Float to active delay 2 — ns —
Toa1 PCLK to signal valid delay 2 11 ns | @O
Toalo PCLK to signal valid delay 2 12 ns | ©®®
Tott Activeto float delay 28 ns ©)
Trstoff Reset active to output float delay 40 ns ®)
Taut Input setup time to PCLK 7 — ns ©)
Tep Input setup time to PCLK 10 — ns )
Th Input hold time from PCLK 0 — ns —

@Dv,=15v

@ Applies only to pframe/, pridy/, ptrdy/, pstop/, pdevsel/, pcbe/ <3:4>, pad <31.0>, ppar

() Minimum times are evaluated with O pF lumped load.
Maximum times are evaluated with 50 pF lumped load.

) Applies only to preg/
®) Hi-Z or off-state is achieved when the total current delivered through the component pin is less than or equal
to the leakage current specification.

©) Applies only to pfame/, pridy/, ptrsy/, pstop/, pdevsel/, pcbe/ <3:0>, pad <31:0>, pidsel
() Applies only to pgnt/
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Figure A-11: AGP 1X Timing (MGA-G200-AGP only)
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Table A-13: AGP 1X Timing (MGA-G200-AGP only)®

Symbol Parameter Min Max Unit Notes
Toclk PCLK cycletime 15.0 30 ns —
Tolow PCLK low time 6.0 — ns —
Tohigh PCLK hightime 6.0 — ns —
Ton Float to active delay 1.0 6.0 ns —
Toa1 PCLK to signal valid delay (Data) 1.0 6.0 ns @
Toalo PCLK to signal valid delay (Control) 1.0 5.5 ns ©)
Tott Activeto float delay 1.0 14.0 ns @)
Trstoff Reset active to output float delay 40.0 ns —
Taut Input setup time to PCLK (Data) 55 — ns ®)
Tep Input setup time to PCLK (Control) 6.0 — ns ©)
Th Input setup time from PCLK 0 — ns —

(@ Timings are evaluated with a 10pF lumped load.
Vt=0.4 VDD

@ Applies only to pframe/, pirdy/, ptrdy/, pstop/, pdevsel/, preg/, and ppar.

) Applies only to pad<31:0> and pche/<3:0>, SBA<7:0> and ppar.

) Hi-Z or off state is achieved when the total current delivered through the component pinis less than or equal
to the leakage current specification.

©) Applies only to pad<31:0>, pcbe/<3:0> and ppar.
©) Applies only to pframe/, pirdy/, ptrdy/, pstop/, pdevsel/, pgnt/ and st<2:0>.

Figure A-12: AGP 2X Timing Diagram

Data at Transmitter

STB at Transmitter

Data at Receiver

STB at Receiver
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Figure A-13: AGP 2X Strobe/Data Turnaround Timing Diagram

AGPCLK /N /NN
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AD 3 3
Strobe I ) A - TN |/
Table A-14: AGP 2X Timing (MGA-G200-AGP only)®
Symbol Parameter Min Max Unit Notes
Transmitter Output Signals:
Trse CLK to transmit strobe falling 2 12 ns —
Trsr CLK to transmit strobe rising 20 ns —
Towb Data valid before strobe 1.7 — ns —
Tova Datavalid after strobe 1.9 — ns —
Tond Float to Active Delay -1 9 ns —
Torrd Active to Float Delay 1 12 ns —
Tons Strobe active to strobe falling edge setup 6 10 ns —
Tores Strobe rising edge to strobe float delay 6 10 ns —
Receiver Output Signals:
Trssu Receive strobe setup tome to CLK 6 — ns —
Trsh Receive strobe hold time from CLK 1 — — —
Tosy Data strobe setup time 1 — ns —
Ton Strobe to data hold time 1 — ns —
TSiow 5.0 — ns —
Strobe minimum low and high time
TShigh 5.0 — ns —
Tpllock AGP 2X pll lock time 2.5 ns —

@ Timi ngs are evaluated with a 10pF lumped load.
Vt=04 VDD

MGA-G200 Specification
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A.4.2.3 Serial EEPROM Device Timing

Figure A-14. Serial EEPROM Waveform
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Table A-15: Serial EEPROM Clock Period Cycle
biosboot | serial eeprom size | MGA-G200 | tcp min (ns) | tcse (ns) tese
=P P min (ns) max (MH2)
AGP 15 tcp* 64
0 128 bytes =l 30 top* 32 960 1.04
AGP 15 tcp* 16
1 32KB or 64KB =l 20 tp* 8 240 417

& Note: tcp isthe PCI clock cycle period.
& Note: tcseisthe serial EEPROM clock cycle period.
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Table A-16: Serial EEPROM Parameter List

Name Min. (ns) |Max. (ns) | Commnet
tl | tcse/2-tcp-3 Chip select falling to clock rising
t2 tcse-1 Chip select high time
t3 tcse/2-9 Input data setup time to clock rising
t4 tcse/2-2 Input data hold time from clock rising
t5 tcse/2 Clock low time
t6 tcse/2-1 Clock high time
t7 tcp-3 Clock falling timeto chip select rising
t8 | tcse/2+tcp-3 Clock rising to chip select rising
t9 tcse-19 | Clock falling to valid output data
t10 3 Output data hold from clock falling

A.4.2.4 MAFC Feature Connector
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Figure A-15: MAFC Waveform
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Figure A-16: Panel Link Mode
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Figure A-17: Bypass Mode

T2 113 T14
« <7 <My
VDCLK
15
L‘
V[
voour<ro- N (X ¢ ]

Table A-17: MAFC Waveforms data information

Name '\(Ar:; Max. (ns) | Comment

T1 154 - VDOCLK period Mode A

T2 6.7 - VDOCLK high Mode A

T3 6.7 - VDOCLK low Mode A

T5 -04 45 |Vdiddatatime ( VOBLANK/=>VDOUT) MAFCLK

T6 6 - Setup time ( VIDRST => VDOCLK)

T7 0 - Hold time ( VIDRST => VDOCLK)

T9 0.3 57 |VDOCLK =>VH(V)SYNC Panel Link
T10 0.3 57 |VDOCLK =>VOBLANK/ Panel Link
T11 0.3 5.7 |Vaiddatatime ( VDOCLK =>VDOUT) Panel Link
T12 35 - VDCLK period Bypass mode
T13 135 - VDCLK high Bypass mode
T14 135 - VDCLK low Bypass mode
T15 6 20 VDCLK ->VDOUT<7:0> Bypass mode

A.4.25 Memory Interface Timing

Figure A-18: Memory I nterface Waveform
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Burst Read / Burst Write
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Table A-18: Memory I nterface Parameter List

Timing | Description Min. (ns) | Max. (ns)
Tmclk |MCLK period 10.0 -
Tmlow |MCLK low 3.0 -
Tmhigh |MCLK high 3.0 -
MCLK --> Command (MRAS/, MCAS/, MWE/, MDSF,
Tm2a MCS/<3:0>) valid 1.86 3.64
Tm2b |MCLK --> MDQM<7:0> valid 1.86 3.64
Tm2c |[MCLK -->MA<11:0> valid 1.86 3.64
Tm2d |[MCLK -->MDQ<63:0> valid 1.86 3.64
Tm4 |MDQ<63:0> setup --> MCLK 0.64 -
Tm5 |MDQ<63:0> hold --> MCLK 2.36 -
Tm8 |MCLK -->MDQ<63:0> low-z 1.86 -
Tm9 |MCLK -->MDQ<63:0> high-z - 3.64

Figure A-19: Read Followed by Precharge (Tcl=3)

e e e S e e e A N e

iRC
iRAS e iRP.
f«— min=tCK —LiEP

COMMAND -( ACTM DESL READ { oESL {_PrE ) DESL {acTm _

ADDR

DQMi

=4
BT = Sequential
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Figure A-20: Read Followed by a Precharge (Tcl = 2)

MCLK
iRC
min=tCK
iRP.
iRAS iEP.
COMMAND R ~cv ) DESL | reap )\ PrE ) ESL factm []
BA

AP
ADDR

DQMi

O mmm

cL=2

BL=4

BT = Sequential

Burst Read / Burst Write

Figure A-21: Write Followed by Precharge
MELK™ 1 [ L L L[ L1 | R S B
COMMAND -ACTM K DESL r\lly::ﬁ PRE K DESL ><ACTM >'
AN - I - | - s -
AP
ADDR

BL=4
BT = Sequential
Burst Read / Burst Write
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Figure A-22: Read Followed by Write (Tcl =3)

S S I Y s e e Y O e Y Y e O O B

e—————[min = CL+2]
FiiRCD—> e——IOWD-—»
COMMAND - | DESL [ remo | DESL [ wrme DESL

B e . W R
DQ
s

BT = Sequential
Burst Read / Burst Write

Figure A-23: Read Followed by Write (Tcl =2)

LS Y Y e Y e Y Y e Y O e Y e Y O O B

e————— [min = CL+2]
iRCD———» le——iIOWD—

DESL | reao | DESL [ weme DESL {

il T T | | Cvan ] | | |
DQ - - 8§ - N
CL=2
BL=4

BT = Sequential
Burst Read / Burst Write
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Figure A-24. Write Followed by Read (same chip select)

S N o B ey N s S e O e S A S

l-iCDL |
COMMAND [ em )4 DESL { wrme | reap | DESL |
AN - N - -
APEE -~ R0
ACDR I« - | oo
DQMi (CL=2) s G - ‘ ‘ ‘ I
DQ (CL=2) -0 G e o o | o
DQMi (CL=3) e G - > \ ‘ ‘ ‘ A
DQ (CL=3) - - G o o o [ o

BL=4
BT = Sequential
Burst Read / Burst Write

Figure A-25: Write Followed by Read (different chip select)

42 I Y O e e e Y Y e T o O o W

COMMAND g | acw | ot m&czﬂ READ | DESL |
d Ermees  rw  Ew
d eeew WN WS
Sl mewew  ww ew
DOV N L ——
gy e N e o (o o
=
BT = Sequential

Burst Read / Burst Write
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Figure A-26: Read to Both Banks(same chip select)

A2 T e e e e T e e 0 o B B M
k—iRRD—! +/ iCBD |+ le——iROH——]

COMMAND-<ACTM [ pest [actv | rean | DESL [ reao {reap  Jrean | DESL [Pre | best {

BAN o o (o
W e O awmE 00 |
]

BAb X BAa K BAb BAb

cab | cac | cad

00 mm B o = o | os | w0 | w0 | ow | on

CL=3

BL=4

BT = Sequential

Burst Read / Burst Write

Figure A-27: Read to Different Banks (different chip select)

LS e e e O Y Y e e O Y Y e I o
< iRCD—] < iROH

COMMAND-< acm [ actm | pest [reap | DESL [ reap | DESL [ pac | DESL 1]

BAND o= [ =~ (R -
AP

RA RA
ADDR I | s (o
DQM S [
l———{1 cycle turnaround
DO g T T T S
CL=3
BL=4

BT = Sequential
Burst Read / Burst Write
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Figure A-28: Write to Both Banks(same chip select)

MCLK™ M1 m L L L L LT

e JRCD————»]

<« iRRD—sh— | iRCD—+k-iCCD-

COMMAND‘ ACTM K DESL K ACTM K WRITE K DESL KWRITE X WRITE X WRITE K DESL X PALL K DESL X

E WA W S

PEE - SR - . -
ACDR Y o O o | o N o o | oo (N
DOV N~ | Lo e wo ] W
0Q e oo N

Burst Read / Burst Write

Figure A-29: Write to Different Banks (different chip select)

MELK™ 1 [ L L L L L Ll
iRCD

iRAS

iRRD e min=4—— FiWRJ

COMMAND -<ACTM K DESL XACTM X WRITE K DESL X WRITE K WRITE X PALL K DESL >'

G W W Eaaaaaaas

AP
ADDR
‘ l«———Burst Length=4———|
DOMi R > | ‘ ‘ U vao [ van ] |
DQ oo ) o0 | o
CL=2o0r3
BL=4
BT = Sequential

Burst Read / Burst Write
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Figure A-30: Power-On Sequence

R T Y O Y O Y Y s Y e Y e Y s Y o M e B

CKE [
Memory Initialization sequence
e repeat 8x———»
——>200us——»}+——iRP iRC iIMRD——»
COMMAND ' DESL >< PALL K DESL K REF K DESL >< MRS K DESL K ACTM >'
BA e )
AP
ADDR
DQM! 1
by e ey
BL=4
BT = Sequential
Burst Read / Burst Write

Figure A-31: Block Write and Special Mode Register command

e—IRCD——»

k—iSMD—s}«——iASD——— s+ iSMD——s+—iBWC—s«—BWC—sl——iBPL—»!

COMMAND-< swrs [ pes.  [actm DESL [ swrs  Jacrv [ ewrm Joest ) ewrm [ oes. [ewrr Joes. [eaL |

W w20 Elaeew O eow O o ew | |
G W e 20 e T W

ADDR [ orcoo (N (N o> | v+ | o
DQMi | S S S S S > (- > S >

DO . . o
BL=4

BT = Sequential
Burst Read / Burst Write
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Figure A-32: Memory Refresh Sequence

MOLKI— L L L L L L LT L L
le 1 or 2 REF commands >

ke RP e  RC RC——

COMMAND - PALL X DESL DESL

DESL X REF

BL=4
BT = Sequential
Burst Read / Burst Write

Table A-19: MGA-G200 Sync. RAM Clock-Based Parameter Table

Symbol Number of Clocks |Paramter Notes)
CL (2345  |CASLatency &)
iRRD (1,2,3) Active command to active command (other bank) )
iRCD (2,3,4) Active command to column address command (min.) )
iRAS (3...10) Row Active time (min.) €]
iRP (2...5) Row Precharge time (min.) )
iRC iRAS+iRP |Row Cycletime (min.) )
iIWR 1,2 Last data in to precharge command (write recovery time) (©)
iEP (-1,1-CL) Last data out to early prechearge command

iCCDrd Q) Read command to read command.

iCCDwr D Write command to write command

iCDL D Last datain to read command

iOWD (2 Last data out to write command

iIMRD 3 MRS to row active command

iASD iRCD Active command to SMRS command 3@
iSMD (1,2) SMRS tro block write command )
iBWC (1,2 Block write cycle time (min) 3@
iBPL (1...5) Block write command to precharge command ®)®

@ tck operatesin the range [7,10] ns. or [100, 143] MHz.
@ cas Latency is dependent upon tCK and memory device rating.

® Programmabl e paramters based on device rating and tck. For agiven A.C. paramter tXXX; iXXX =
IXXX/NCK rounded to the next largest integer.
Asin: tck =13.3 ns, tRAS = 84 ns => iRAS = 84/13.33 = 6.32, therefore, IRAS = 7.

4 paramters for SGRAM
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A.4.2.6 CODEC
Figure A-33: 133 Mode, Writes

%le —p

«— Te—» Tu
(WR#) E2PWN
< Tis 4
(ACK#) E2PQ |
Figure A-34: 133 Mode, Reads
aoor(z0) [ R
< Tu > « T
o) IS -
< Te Tn
(RD#) E2PD
< T

ACK#) E2PQ
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Figure A-35: VMI Mode A Writes

ADDRE3:0) L X o

‘47 Tar—» % TAZ%
DATA(7:0) | X |
‘<—TA3 —> 4‘ Tas ‘4*
(HR/W#) E2PWN | |
‘47 Tas —> |« Tase —»‘
(HDS#) E2PD

(HACK#) E2PQ |

Figure A-36: VMI Mode A, Reads

ADDR(3:0)| X % |
‘47 Ta1 —»‘ ‘4* Ta2 {
DATA(7:0) | X |
‘47 Tas —b‘ Tag ‘
(HR/W#) E2PWN | |
‘47 Tas —>‘<— Tae —»‘
(HDS#) E2PD | |
‘47 Ta7 —»‘
(HACK#) E2PQ |

A-38 Electrical Specification MGA-G200 Specification



MG Confidential

Figure A-37: VMI Mode B, Writes

ADDR(3:0)| |
‘47 Te1—» <« TB2 +‘
DATA(7:0) | |
‘4— Tes —>» T4 ‘
(HWR#) E2PWN | |
+T35+‘+ Tee »‘ Te7

(HACK#) E2PQ

Figure A-38: VMI Mode B, Reads

ADDR(3:0) | h
‘4 . —»‘ ‘«Tszﬂ
DATA(7:0) | |

‘47 TBS—»‘ TBQ‘

(HRD#) E2PD | |
‘fTBS#‘f TBe %‘ TB7‘

(HACK#) E2PQ
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Table A-20: Codec Parameters

name Min (ns) Max (ns) Comment

TI1 13.3 - Address setup times to falling edge of HRD#HWR# strobe
TI2 10.0 - Address hold time from rising edge of HRD#HWR# strobe
TI3 11.9 - Data setup time to falling edge of HWR# strobe

T4 13.3 - Data hold time form rising edge of HWR# strobe

TI5 [11.9+2* GCLK |17.0+ 3* GCLK |HRD#HWR# strobe rising edge from ACK# falling edge
TI6 12.7 - Required data setup time to rising HRD# strobe

TI7 0 - Required data hold time from rising HRD# strobe

TA1 14.3 - Address setup timeto falling edge of HDS# strobe

TA2 9.2 - Address hold time from rising edge of HDS# strobe

TA3 15.2 - Data setup time to falling edge of HDS# strobe

TA4 10.6 - Data hold time from rising edge of HDS# strobe

TAS5 15.7 - HR/W# setup time to falling edge of HDS# strobe

TA6 114 - HR/W# hold time from falling edge of HDS# strobe

TA7 |12.3+2* GCLK |19.7 + 3* GCLK |HDS# strobe rising edge from HACK# falling edge

TA8 12.7 - Required data setup time to rising edge of HDS# strobe
TA9 0 - Required data hold time from rising edge of HDS# strobe
TB1 11.0 - Address setup time from falling edge of HRD#/HWR#
TB2 10.0 - Address hold time from rising edge of HRD#/HWR# strobe
TB3 11.9 - Data setup time to falling edge of HWR# strobe

TB4 13.3 - Data hold time form rising edge of HWR# strobe

TB5 - 12.2 HACK# falling edge from HWR#/HRD# falling edge

TB6 0 - HACK# rising edge from HACK# falling edge

TB7 |104+2* GCLK |18.9 + 3* GCLK | HRD#/HWR# strobe rising edge from HACK# rising edge
TB8 12.7 - Required data setup time to rising HRD# strobe

TB9 0 - Required data hold time from rising HRD# strobe

(@ Note: Parameters valid for GCLK = 14ns (71.4 MHZ)
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A.4.2.7 Video In
Figure A-39: Video In Timings

<7TC

VDCLK 7—‘7—‘7—‘7—‘
HTe T

T

VD(7:0) \
Table A-21: Video In Parametrs
Name min (ns) | Max (ns) | Comment
Tclk 30 - Input clock cycle time
Tds 4 - Required data setup time to rising edge of VDCLK
Tdh 3 - Required data hold timeto rising edge of VDCLK
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A.5 Mechanical Specification
Figure A-40: MGA-G200 Mechanical Drawing
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A.6 Test Feature

The MGA-G200 is equipped with anand tree to alow the lead connections to be verified by production

test equipment. The test procedureis as follows:

1. Force the TST pins to ‘000’ to enter test mode and maintain that value during the entire test (for
normal operations, the TST pins are tied to pull-ups). This will disable all output drivers except
thePINTA/ pin. All pins (excepPINTA/, the analog pins, and TST<2:0>) are used as input for the
nand tree operation. In test moBE\TA/ acts as a normal driver and is used for the nand tree out-
put (for normal operation®NTA/ is an open drain).

Force all signal pins to logical ‘IPINTA/ should read ‘1'.

Next, apply a ‘0’ to the first pin in the nand tree. The PINTA/ output should toggle to ‘0’.
Maintain the first pin at ‘0’ and toggle the next pin to ‘0’. The output should toggle again.
Continue the shift-in of ‘0’, following the nand tree order and monitoring the toggling of the
PINTA/ pin for each new test vector.

abkrwn
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A.6.1 Nand Tree Order (for MGA-G200-AGP only)
Table A-22: AGP Nand Tree Order (Part 1 of 2)
Tree Order Pin Name Tree Order Pin Name Tree Order Pin Name
1 (1stpin) ST<0> o0 PAD<4> 99 MA<2>
2 ST<2> 51 PAD<1> 100 MA<4>
3 PRST/ 52 PAD<13> 101 MA<0>
4 ST<1> 53 PAD<9> 102 MA<3>
5 SBA<0> 54 PPAR 103 MA<5>
6 SBA<2> 55 PAD<0> 104 MA<7>
7 PREQ/ 56 PAD<2> 105 MA<9>
8 SB_STB 57 PAD<15> 106 MA<8>
9 PCLK 58 PAD<11> 107 MCLK?2
10 SBA<1> 59 PAD<6> 108 MA<6>
11 SBA<3> 60 E2PCY 109 MCS<0>/
12 SBA<4> 61 MDQ<3> 110 MA<10>
13 SBA<5> 62 E2PCLK 111 MCLK
14 SBA<6> 63 MDQ<0> 112 MWE/
15 PAD<31> 64 MDQ<4> 113 MCASY
16 SBA<7> 65 MDQ<1> 114 MRAS
17 PAD<30> 66 MDQ<2> 115 MCS<1>/
18 PAD<29> 67 MDQ<7> 116 MDSF
19 PAD<27> 68 MDQ<5> 117 MCS<3>/
20 PAD<25> 69 MDQ<6> 118 MCS<2>/
21 PAD<28> 70 MDQ<10> 119 MDQ<34>
22 AD_STB<1> 71 MDQ<11> 120 MDQ<32>
23 PAD<21> 72 MDQ<8> 121 MDQ<33>
24 PAD<23> 73 MDQ<9> 122 MDQ<40>
25 PAD<24> 74 MDQ<12> 123 MDQ<37>
26 PAD<26> 75 MDQ<14> 124 MDQ<35>
27 PAD<17> 76 MDQ<13> 125 MDQ<36>
28 PAD<19> 77 MDQM<0> 126 MDQ<38>
29 PAD<22> 78 MDQM<1> 127 MDQ<41>
30 PCBE<3>/ 79 MDQ<15> 128 MDQ<39>
31 PDEV SEL/ 80 MDQM<2> 129 MDQ<43>
32 PCBE<2>/ 81 MDQM<3> 130 MDQ<42>
33 PAD<20> 82 MDQ<16> 131 MDQ<44>
34 PAD<14> 83 MDQ<17> 132 MDQM<4>
35 PIRDY/ 84 MDQ<18> 133 MDQ<46>
36 PAD<12> 85 MDQ<19> 134 MDQ<47>
37 PAD<16> 86 MDQ<20> 135 MDQ<45>
38 PCBE<1>/ 87 MDQ<21> 136 MDQ<48>
39 AD_STB<0> 88 MDQ<22> 137 MDQM<5>
40 PAD<18> 89 MDQ<23> 138 MDQM<6>
41 PAD<10> 20 MDQ<26> 139 MDQM<7>
42 PAD<8> 91 MDQ<24> 140 MDQ<49>
43 PTRDY/ 92 MDQ<27> 141 MDQ<50>
44 PAD<7> 93 MDQ<29> 142 MDQ<52>
45 PAD<3> 9 MDQ<25> 143 MDQ<51>
46 PFRAME/ 95 MDQ<28> 144 MDQ<53>
47 PSTOP/ 96 MDQ<30> 145 MDQ<56>
48 PAD<5> 97 MA<1> 146 MDQ<55>
49 PCBE<0>/ 98 MDQ<31> 147 MDQ<54>
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Table A-22: AGP Nand Tree Order (Part 2 of 2)

Tree Order Pin Name Tree Order Pin Name Tree Order Pin Name
148 MDQ<57> 171 VDOUT<8> 194 E2PQ
149 MDQ<59> 172 VDOUT<7> 195 VBLANK/
150 MDQ<58> 173 VDOUT<6> 196 E2PW/
151 MDQ<60> 174 VDOUT<5> 197 DDC<3>
152 MDQ<62> 175 VDOUT<4> 198 DDC<2>
153 MDQ<61> 176 VDOUT<3> 199 DDC<1>
154 MDQ<63> 177 VDOUT<2> 200 DDC<0>
155 VVSYNC/ 178 VDOUT<1> 201 MISC<2>
156 VHSYNC/ 179 VDOUT<0> 202 EXTINT/
157 VD<7> 180 VOBLANK/ 203 VIDRST
158 MISC<1> 181 VDOCLK 204 EXTRST/
159 VD<6> 182 HDATA<7> 205 PGNT/
160 VD<5> 183 HDATA<6>
161 MISC<0> 184 HDATA<5>
162 VD<4> 185 HDATA<4>
163 VD<3> 186 HDATA<2>
164 VD<2> 187 HDATA<3>
165 VDCLK 188 HDATA<1>
166 VD<1> 189 HDATA<O>
167 VD<0> 190 VESYNC
168 VDOUT<11> 191 VEDCLK
169 VDOUT<10> 192 VEVIDEO
170 VDOUT<9> 193 E2PD
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A.6.2 Nand Tree Order (for MGA-G200-PClI only)

Table A-23: PCI Nand Tree Order (Part 1 of 2)

A-46

Tree Order Pin Name Tree Order Pin Name Tree Order Pin Name
1 (1st pin) PRST/ 50 MDQ<0> 99 MWE/
2 PREQ/ 51 MDQ<4> 100 MCAY
3 PCLK 52 MDQ<1> 101 MRAS
4 PIDSEL 53 MDQ<2> 102 MCS<1>/
5 PDEVSEL/ 54 MDQ<7> 103 MDSF
6 PAD<31> 55 MDQ<5> 104 MCS<3>/
7 PAD<30> 56 MDQ<6> 105 MCS<2>/
8 PAD<29> 57 MDQ<10> 106 MDQ<34>
9 PAD<27> 58 MDQ<11> 107 MDQ<32>
10 PAD<25> 59 MDQ<8> 108 MDQ<33>
11 PAD<28> 60 MDQ<9> 109 MDQ<40>
12 PAD<21> 61 MDQ<12> 110 MDQ<37>
13 PAD<23> 62 MDQ<14> 111 MDQ<35>
14 PAD<24> 63 MDQ<13> 112 MDQ<36>
15 PAD<26> 64 MDQM<0> 113 MDQ<38>
16 PAD<17> 65 MDQM<1> 114 MDQ<41>
17 PAD<19> 66 MDQ<15> 115 MDQ<39>
18 PAD<22> 67 MDQM<2> 116 MDQ<43>
19 PCBE<3>/ 68 MDQM<3> 117 MDQ<42>
20 PCBE<2>/ 69 MDQ<16> 118 MDQ<44>
21 PAD<20> 70 MDQ<17> 119 MDQM<4>
22 PAD<14> 71 MDQ<18> 120 MDQ<46>
23 PIRDY/ 172 MDQ<19> 121 MDQ<47>
24 PAD<12> 73 MDQ<20> 122 MDQ<45>
25 PAD<16> 74 MDQ<21> 123 MDQ<48>
26 PCBE<1>/ 75 MDQ<22> 124 MDQM<5>
27 PAD<9> 76 MDQ<23> 125 MDQM<6>
28 PAD<18> 77 MDQ<26> 126 MDQM<7>
29 PAD<10> 78 MDQ<24> 127 MDQ<49>
30 PAD<8> 79 MDQ<27> 128 MDQ<50>
31 PTRDY/ 80 MDQ<29> 129 MDQ<52>
32 PAD<7> 8l MDQ<25> 130 MDQ<51>
33 PAD<3> 82 MDQ<28> 131 MDQ<53>
34 PFRAME/ 83 MDQ<30> 132 MDQ<56>
35 PSTOP/ 84 MA<1> 133 MDQ<55>
36 PAD<5> 85 MDQ<31> 134 MDQ<54>
37 PCBE<0>/ 86 MA<2> 135 MDQ<57>
38 PAD<4> 87 MA<4> 136 MDQ<59>
39 PAD<1> 88 MA<0O> 137 MDQ<58>
40 PAD<13> 89 MA<3> 138 MDQ<60>
41 PAD<0O> 20 MA<5> 139 MDQ<62>
42 PPAR 91 MA<7> 140 MDQ<61>
43 PAD<2> 92 MA<9> 141 MDQ<63>
44 PAD<15> 93 MA<8> 142 VVSYNC/
45 PAD<11> 94 MCLK2 143 VHSYNC/
46 PAD<6> 95 MA<6> 144 VD<7>
47 E2PCS/ 96 MCS<0>/ 145 MISC<1>
48 MDQ<3> 97 MA<10> 146 VD<6>
49 E2PCLK 98 MCLK 147 VD<5>
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Table A-23: PCI Nand Tree Order (Part 2 of 2)

Tree Order Pin Name Tree Order Pin Name Tree Order Pin Name
148 MISC<0> 163 VDOUT<3> 1/8 VEDCLK
149 VD<4> 164 VDOUT<2> 179 VEVIDEO
150 VD<3> 165 VDOUT<1> 180 E2PD
151 VD<2> 166 VDOUT<0> 181 E2PQ
152 VDCLK 167 VOBLANK/ 182 VBLANK/
153 VD<1> 168 VDOCLK 183 E2PW/
154 VD<0> 169 HDATA<7> 184 DDC<3>
155 VDOUT<11> 170 HDATA<6> 185 DDC<2>
156 VDOUT<10> 171 HDATA<5> 186 DDC<1>
157 VDOUT<9> 172 HDATA<4> 187 DDC<0>
158 VDOUT<8> 173 HDATA<2> 188 MISC<2>
159 VDOUT<7> 174 HDATA<3> 189 EXTINT/
160 VDOUT<6> 175 HDATA<1> 190 VIDRST
161 VDOUT<5> 176 HDATA<O> 191 EXTRST/
162 VDOUT<4> 177 VESYNC 192 PGNT/
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A.7 Ordering Information

B Toreceive an AGP version of the MGA-G200, order: MGA-G200A
B Toreceive an PCI version of the MGA-G200, order: MGA-G200P
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B.1 Changes in the Document Since Revision 0300

This appendix contains the revision history of the MGA-G200 Specification. This section is meant for
customers who need to identify the functional changes that took place between various versions of the
chip. These changes may or may not be reflected elsewhere in this manual.

B.1.1 Chip Revision Notes and Changes

The changes arein reference to rev. C of the chip (document number 10581-M S-0301) and may or may
not be reflected elsewhere in this manual.

B.1.1.1 Register Modification

Bit 18 of the OPMODE (MGABASEL + 1E54h) is set td’ instead of ‘0’ (ev A and B) upon a hard o
soft reset (sepage 3-12§%

B.1.1.2 CRTC Latency Formula

The MAXHIPRI formula has been changed to resldN(HIPRILVL, (SCALE + 1)(Tmclk / Tpixclk)),
(see'CRTC Latency Formulas on page 47).

B.1.1.3 Codec Data Dammpression kplanation

The section of the Programmg Guide explaininghe codec datdecompression with thetopcodec
field of theCODECCTRL register enabled has been modified (Beompressing data’ on page 4}93

Thetest has beenmodified to reélect the fact that if thestopcodec bit is sé& during decompressitthen
the codec cannot be re-enabled solely by toggiithe stopcodec field.

B.1.1.4 Index Modfication

The index for XCOLMSK has been changed to 40h (pege 3-31)%

B.2 Changes in the Document

This appendix contains the revision histofytiie MGA-G200 SpecificatiarAlthough thisis the first

official release (10581-MS-0300, dated MHy, 1998), a preliminary rele@a§l0581-MS-0200, dated

Dec 23, 1997) was made that contains information that has since been updated. This section is meant fo
customers who need to identify the functional changes that took place between vasmuns & the

chip. Theg changes mayranay na be reflected elsewhem this manual.

B.2.1 Chip revision Notes and Changes

B.2.1.1 Revision Change
The revision change to the chip isreflecta in the revison field o the CLASS register:

00h rev A
01lh rev B

& Note: Revision A chips were prototypes; they are no longer supported.

B.2.1.2 Bus Mastering
In revision A chips, bus_mastered (both AGP and PCI) DMA cycles may not work reliably in all systems.

B-2 Changes in the Document Since Revision 0300 MGA-G200 Specification
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VGA (cont)
ovscol <7:0> .................. 3-227
PopaA<7>. ... . 3-226
page<7.0>.................... 3-271
paet0-F<50>................. 3-224
pancomp<5>.................. 3-226
pas<5>............. ... ... 3-223
pas<5> .......... ... ... 3-264
pelwidth<6>.................. 3-226
plwren<3:0>.................. 3-295
prowscan<4:0>................ 3-242
rammapen<1> ................ 3-290
rdmapsl <1.0>................. 3-282
rdmode<3>................... 3-283
refcol <3:0>................... 3-280
rot<2:0>...........0.0.. .. 3-281
scale<2:0> ... 3-269
scroff <6> . ... ... 3-294
selbrfs<6>. ... ... 3-251
selrowscan<1>................ 3-260
seqd<158>. .. ... 3-292
seqoddevmd <2>............... 3-297
setrst<3:0> .. ... 3-278
setrsten<30> .. ... L 3-279
shtldrt<2>................... 3-294
shiftfour<4>.................. 3-294
dow256<5>.................. 3-269
srintmd<5>................... 3-283
startadd <3:0>................. 3-266
Startadd <7:0>................. 3-246
Startadd <7:0>................. 3-247
switchsns<4> . ................ 3-288
syncrst<1> ................. .. 3-293
undrow<4:0> ................. 3-254
vblkend<7:0>................. 3-256
vblkstr<3> . ... 3-241
vblkstr <4:3>.................. 3-268
vblkstr<5> ................... 3-243
vblkstr <7:0>.................. 3-255
vdispend<1>.................. 3-241
vdispend<2>.................. 3-268
vdispend<6>.................. 3-241
vdispend<7:0>................ 3-252
videodis<4>.................. 3-290
vidstmx<5:4>................. 3-228

vintclr<4> . ............ .. ..., 3-251
vinten<bt>.............. ..., 3-251
vretrace<3> . ......... ... 3-289
vrsten<7>.......... ... .00, 3-267
veyncend<3:.0>................ 3-251
vsyncoff <6>.................. 3-267
vsyncpol <7> ................. 3-291
vsyncstr<2>.................. 3-241
vsyncstr<6:5> . ... .. ... 3-268
vsyncstr<7:.0> ................ 3-250
VSYNCStr <7> . ................. 3-241
viotal <O> . ................... 3-241
viotal <1.0>................... 3-268
viotal <5> .. ... 3-241
vtotal <7:0>................... 3-240
wbmode<6>.................. 3-260
wrmask <7:0>................. 3-287
wrmode<1:0>................. 3-283
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Alphabetical List of Register Fields

DAC Register Fields

aphaen<1> .................. 3-320
bcompRO<0> ................ 3-331
colkey <7:0>.................. 3-308
colkeyO<7:0>................. 3-309
colkeyen0O<O> ................ 3-323
colmsk<7:0> ................. 3-310
colmskO<7:0> ................ 3-311
credata<7:0> ................. 3-313
credata<7:0> ................. 3-314
cresel <4:0> ... 3-312
curadrh<5:0>................. 3-315
curadrl <7:0> ................. 3-316
curcol <7:0>.................. 3-317
curmode<2:.0>................ 3-318
curposx <11:.0>................ 3-300
curposy <27:16>............... 3-300
dacbgen<b>.................. 3-336
dacbgpdN <4> . ............... 3-336
dacpdN<O> .................. 3-324
ddcdata<3:0>................. 3-322
ddcoe<30>.................. 3-321
depth<2:0>................... 3-325
gcompRO<1> ................ 3-331
hzoom<1:.0>.................. 3-337
indd<7:0>.................... 3-305
logsyncdis<b>................ 3-320
mfcsel <2:1>.................. 3-324
miscdata<6:4>................ 3-322
miscoe<6:4> ................. 3-321
padata<7:0> ................. 3-301
pardadd<7:0>................ 3-302
pawtadd <7:0>................ 3-303
pedon<4>.................... 3-320
pixclkdis<2> ................. 3-326
pixclkd <1:0>................. 3-326
pixlock<6>................... 3-330
pixpllbgen<3>................ 3-336
pixpllbgpdN <2>. . ............. 3-336
pixpllm<4:0>................. 3-327
pixplin<6:0> ................. 3-328
pixpllp<2:0> ................. 3-329
PIXpHPdN<3>................. 3-326
pixplls<4:3>.................. 3-329
pixrdmsk <7:0>................ 3-304

Listing 8

ramcs<4>.................... 3-324
rcompRO<2>................. 3-331
sensepdN <7>................. 3-331
sydock<6>................... 3-335
syspllbgen<1>................ 3-336
syspllbgpdN <0>. . ............. 3-336
sysplim<4:0>................. 3-332
sysplin<6:0> ................. 3-333
syspllp<2:0> ... ..., 3-334
sysplls<4:3>.................. 3-334
vdoutsel <65> . ... ........... 3-324
vgaBdac<3>.................. 3-324
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