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1.1 Introduction

The Matrox MGA-2164W is the second member of the MGA-2 family of high performance 3D graphics
accelerators. In one low-cost package, the MGA-2164W:

B Provides superior Windows performance

B Acceerates 3D texture mapped consumer applications such as PC games with the Matrox Fast
Texture Architecture

m |sfully Microsoft DirectDraw and Direct 3D compliant
B Accelerates digital video including software MPEG
B Hasfast VGA acceleration

The Matrox MGA-2164W has special features specifically designed to provide superior 3D performance
at ahigh display resolution. It is designed for GUI environments such as Windows NT, IBM OS/2 PM,
Unix X-Windows, AutoCAD, and more.

The MGA-2164W series has the same acceleration core as the Matrox MGA-1064SG, but is intended for
applications requiring a high display bandwidth. It controls up to 16 megabytes of dual port WRAM and
supports RAMDAC up to 128 bits.

The key feature of the Matrox Fast Texture Architecture is excellent cost/performance. The Matrox
texture compression model saves on memory usage, allowing low cost and high performance even within
a 2 megabyte frame buffer.

The MGA-2164W 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-2164W can be upgraded with the
Matrox MGA-V CO64SFB video engine to achieve a comprehensive set of high quality video
capabilities.

This specification covers two chips: the MGA-2164W-PCI that connects to a PCI bus and MGA-2164W-
AGP to an AGP bus. The specification applies the term MGA-2164W to both chips. For PCI specific
information, the term MGA-2164W-PCI will apply, while the term MGA-2164W-AGP will apply to
AGP specific information.

1-2 Introduction MGA-2164W Specification
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1.2 System Block Diagram

Figure 1-1: System Block Diagram

@

32-bit 64-bit 64 or 128 bit

— MGA2164W WRAM » RAMDAC | —»

v

PCI bus or AGP bus

MGA-VCO645FB |, 4Pt

1.3 Application Areas

The MGA-2164W offers:
B Windows acceleration with high performance levels (ideal for mid-range system requirements).
The MGA-2164W complements the MGA-2 family by delivering a strong price/performance
for users who require exceptional performance at ultra high resolutions and color depths.

B Full acceleration for the next generation of Windows multimedia and game applications. Specif-
ically, 3D texture mapped games achieve a significant boost in performance and image quality
with the MGA-2164W 3D engine. In addition, all other types of games will be accelerated by a
combination of the MGA-2164W'’s DirectDraw and Direct Video engine.

m Digital video playback accelerated to full screen, full motion, with high-quality scaling.The
architecture supports all of today’s popular CODECs including Indeo and software MPEG. OM-
1 and Quartz compatibility is provided.

m Full acceleration of all MS-DOS applications via MGA-2164W'’s ultra-fast 32-bit VGA core.

1.4 Typical Implementation

MGA-2164W is ideal for use in an add-in graphics card, or on the motherboard of high performance
workstation.

1.41 Target Markets

m Professional multimedia PC markets
B Desktop publishing

m CAD

m GUI (such as WINDOWS) accelerator

MGA-2164W Specification System Block Diagram  1-3
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1.5 Features

151

1-4

Core GUI Accelerator

Based on the current award-winning MGA-2064W core
Line draw engine with patterning

3D polygons with Gouraud shading

Optional Z-buffer

2D polygons with patterning capabilities
BITBLT engine

Sync reset input for video genlock and overlay
DPMS and Green PC support

Hardware pan and zoom

DDC level 2B compliant

62.5 MHz drawing engine

62.5 MHz operation for the memory interface

Features

MGA-2164W Specification
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1.5.2 Digital Video Engine

True linear interpolation scaling filter in both X and Y
Hardware color space conversion engine
8 MByte window for ILOAD and IDUMP operations

Split frame buffer support for true graphics overlay (graphics and video are in separate sections
of the frame buffer):

» Synchronized video/graphics updates (no tearing) are supported
» Supports any number of video windows/sprites simultaneously
 Split frame buffer is supported simultaneously with shared frame buffer mode
layering
* Direct frame buffer access sees each buffer linearly
m Shared frame buffer mode supports graphics and video written to a shared surface through
layering
» Supports 8, 16, 24, or 32 bit/pixel configurations
» Graphics and video pixels must have the same pixel depth

1.5.3 DirectDraw Support

Hardware scaling and color space conversion engine fully accelerates digital video
Support BITBLT & ILOAD functions with color key for full transparent blit support
Full 16 MByte window on linear mapping of frame buffer

Equality compare with plane masking for transparent blits

Single register page flip

Programmable blitter stride

Ability to read the current scan line

Ability to tell when the vertical blank begins

Interrupt generated on VSYNC

1.5.4 Direct 3D Support

* Perspective correct
* Monochrome and true color lighting
* Decal
» Texture wrapping and clamping
* 16-bit true color or 8- or 4-bit palletized
Gouraud shading
Optional Z-buffer and Z-test
Color and Z-masking
Dithering

Memory Interface

WRAM 256K x 32. Supports block write, aligned bitblit and write per bit for added performance
Supports from 2 to 16 megabytes of memory in increment of 2 megabytes

am 9

MGA-2164W Specification Features 1-5
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1.5.6 Miscellaneous

B Host interface
e PCI 2.1 compliant (MGA-2164W-PCI) or AGP 1.0 (MGA-2164W-AGP).

B VESA 2.0-compliant DOS applications running at a resolution of 320 x 200 can be scaled up to
640 x 480.

 Higher resolutions are possible without changing the frame rate.
* Filtering in the X-direction is supported.

1.6 Function Descriptions

The MGA-2164W block diagram can be broken down into 8 sections:
* Host bus interface
* VGA graphics controller
* VGA attributes controller
* CRTC
» Address Processing Unit (APU)
» Data Processing Unit (DPU)
* Memory Controller

1.6.1 Host Bus interface

This section of the MGA-2164W chip implements the interface with the host processor. It includes:
» Decoding of all resources

 Configuration registers

1.6.2 VGA Graphics Controller

This section of the MGA-2164W implements the VGA-compatible access to the frame buffer. This
section includes:
» Graphics controller registers

» Data path between the host and the frame buffer

1.6.3 VGA Attributes Controller

This section implements the display refresh for standard VGA modes as well as for all character modes.

1.6.4 CRTC

This section generates the horizontal and vertical timing for driving display data and addresses from the
frame buffer. The CRTC is VGA-compatible, with some extensions for the Power Graphic modes.

1-6 Function Descriptions MGA-2164W Specification
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1.6.5 Address Processing Unit (APU)

This section of the MGA-2164W chip generates the sequencing for drawing operations. Each drawing
operation is broken down into a series of read and write commands which are forwarded to the DPU. The
APU section includes:

» Generation of the sequences for each drawing operation
» Generation of the addresses

» Processing of the slope for vectors and trapezoid edges
» Rectangle clipping

1.6.6 Data Processing Unit (DPU)

This section manipulates the data according to the currently-selected operation. The DPU also converts

read and write commands from the APU into commands to the memory controller. The DPU includes the:
» Generation of the sequences for every drawing operation

Funnel shifter for data alignment

Boolean ALU

Patterning circuitry

* Color space converter

Dithering circuitry

Data FIFO for blit operations

 Color expansion circuitry for character drawing

» Gouraud shading generator

» Depth generation circuitry

1.6.7 Memory Controller
This section converts the read and write commands, issued by internal modules, into memory cycles that
are sent to the frame buffer. Its functions include:

» Generation of memory cycles including special WRAM features as: split data
transfer, single and dual color block mode, and fast blit.

* Interface to the WRAM

« Arbitration of internal requests to the frame buffer
» Depth comparison circuitry

« All control circuitry for external devices

1-8 Function Descriptions MGA-2164W Specification
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The MGA-2164W chip can interface directly with WRAM chips. A frame buffer of up to 16 megabytesis
supported.

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 page
in Sections3.1.1, 3.1.2 and3.2

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. Thizibitbe set.
In theDWGCTL illustrations (inChapter 4, the ‘+’ and ‘#’ symbols have a spe- trans

cial meaning. This is explained i@verview’ on page 4-26
#l#|#|#

1.8 Locating Information

The MGA-2164W register descriptions are located in Chapter 3. These descriptions are divided into
several sections, and arranged in alphabetical order within each section.

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

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

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

Information on how to program the MGA-2164W registers is located in Chapter 4. Hardware design
information is located in Chapter 5. Appendix 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.

MGA-2164W Specification Typographical Conventions Used 1-9



MG Confidential

1-10 Locating Information MGA-2164W Specification



Chapter 2: Resource Mapping

Memory Mapping .......ceeeeeeeeeiiiieeee e 2-2
Configuration Space Mapping............ccceevvvunnnnn. 2-2
MGA General Map ........cccceeeieiieiiiiiinieeeeeiieee e, 2-3
MGA Control Aperture..........coeevvviieeeeeeeniineeen 2-4

Register Mapping.........coeeeeviiiiiiiee e ee e e e e 2-5

2-1



MG Confidential

2.1 Memory Mapping

®& Note: All addresses and bits within dwords are labelled for alittle endian processor (X 86
series, for example).

2.1.1 Configuration Space Mapping
Table 2-1: MGA-2164W 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-13nh |MGABASE?2 MGA Frame Buffer Aperture Address
14h-17h MGABASE1 MGA Control Aperture Base
18h-1Bh |MGABASE3 MGA ILOAD Aperture Base Address

1Ch-2Bh | Reserved @

Location for reading the Subsystem ID.

2Ch-2Fh  |SUBSYSID Writing has no effect.

30h-33h ROMBASE ROM Base Address
34h-37h  |CAP_PTR @ Capabilities Pointer
38h-3Bh | Reserved

3Ch-3Fh  |INTCTRL Interrupt Control

40h-43h  |OPTION Option

44h-47h MGA_INDEX MGA Indirect Access Index
48h-4Bh  |MGA_DATA MGA Indirect Access Data

Location for writing the Subsystem ID.

4Ch-4Fh  |SUBSYSID Reading will give 0's.

50h-EFh Reserved

FOh-F3h |AGP_IDENT @ AGP Capability Identifier
F4h-F7h |AGP _STS @ AGP Status
F8H-FBh |AGP CMD ©@ AGP Command

FCh-FFh Reserved

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

(@ These locations exist only for the MGA-2164W-AGP. For the MGA-2164W-PClI,
all these locations are reserved and ‘0’ will be returned when read.
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2.1.2

MGA General Map

Table 2-2: MGA General Map

Address

Condition

Name/Notes

000A 0000h-000BFFFFh

000A0000h-000AFFFFh
000B0000h-000B7FFFh
000B8000h-000BFFFFh

GCTL6<3:2>="'00", MISC<1>="1’
GCTL6<3:2> = ‘01’,MISC<1> =T
GCTL6<3:2> =‘10',MISC<1> =1’
GCTL6<3:2> = ‘11", MISC<1> =T’

VGA frame buffer® @

ROMBASE + 0000h to
ROMBASE + FFFFh

biosen =1 (seeDPTION) and
romen = 1 (seeROMBASE)

BIOS EPROMY

MGABASEL1 + 0000h to
MGABASEL1 + 3FFFh

MGA control aperture

(sedable 2-3

@

MGABASE2 + 000000h to
MGABASE2 + FFFFFFh

Direct frame buffer access aperture

eI

MGABASE3 + 000000h to
MGABASE3 + 7FFFFFh

8 MByte Pseudo-DMA window

(D4

@D 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 setting3rRIIthBE

register'simaDataSiz bits.
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2.1.3 MGA Control Aperture

Table 2-3: MGA Control Aperture (extension of Table 3-2)

MGABASE1 + Attr. | Mnemonic Device name

0000h-1BFFh W  |DMAWIN (ILOAD) 7K Byte Pseudo-DMA window
R |DMAWIN (IDUMP) 7K Byte Pseudo-DMA window @

1C0O0h-1DFFh W |DWGREGO First set of drawing registers (23®

1E0Oh-1EFFh R/W |HSTREG Host registers (9

1F00h-1FFFh RW |VGAREG VGA registers )@

2000h-2BFFh | |- Reserved (©

2C00h-2DFFh W |DWGREGL i ©f draving regis

2E00h-3BFFh |  |--- Reserved (6)

3C00h-3C1Fh R/W |DAC DAC®

3C20n-3DFFh | |- Reserved (©

3E00h-3FFFh R/W |EXPDEV Expansion ()

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 whed@®i@ON configuration register’s
powerpc bitis ‘1’.

©) The exact mapping within this range is dependent on the RAMDAC selected and how external connec-
tions are made.

4) Reads of these locations are not decoded.

® vea registers have been memory mapped to provide access@R1I@ registers in order to program
MGA video modes when the VGA I/O space is nhot enabled.

6) Reserved locations are decoded. The returned values are unknown.
() The exact mapping within this range depends on the external connections and on the external devices used.
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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 |ocations will
return unknown data. All footnote references can be found at the end of the table.

Table 2-4: Register Map (Part 1 of 7)

Memor I1/0

Register MneLnonic Name | Access| Address?) | Address? | Index Description/Comments Page
pwaGcTL © wo | 1cooh® - - | Drawing Control 3-55
MACCESS © WO | 1c04h® - - |Memory Access 3-70
- WO | 1cosh® - - |Reserved -

ZORG WO | 1coch® - - | Z-Depth Origin 3-91
PATO WO | 1c10nh™ - - | Pattern 373
PAT1 WO | 1c14h® - - |Pattern 3-73
- WO | 1c18h® - - |Reserved -

PLNWT @ WO | 1c1ch® - - |Plane Write Mask 3-75
BCOL WO | 1c20h® - - |Background Color / Blit Color Mask | 3-30
FCOL WO | 1c24h® - - |Foreground Color / Blit Color Key 3-62
- WO | 1c28n4% - - |Reserved -

- WO | 1c2ch® - - |Reserved (SRCBLT) -

SRCO WO | 1c30h® - - | Source 3-80
SRC1 WO | 1c34h® - - | Source 3-80
SRC2 WO | 1c38h% - - | Source 3-80
SRC3 WO | 1c3ch® - - |Source 3-80
XYSTRT ©) WO | 1c40n@ - - |XY Start Address 3-85
XYEND ©® WO | 1c44h® - - |XY End Address 3-84
- 1Cc48h-1c4ch® - - |Reserved -

SHIFT ® WO | 1c50n@ - - | Funnel Shifter Control 3-79
DMAPAD © WO | 1c54n@ - - |DMA Padding 3-38
SGN @ WO | 1c58h@ - - |Sign 3-77
LEN ® WO | 1c5ch@ - - |Length 3-69
ARO © WO | 1ce0n@ - - |Multi-Purpose Address 0 3-23
AR1® WO | 1c64h@ - - [Multi-Purpose Address 1 3-24
AR2 ©® WO | 1c68h@ - - | Multi-Purpose Address 2 3-25
AR3©® WO | 1c6ch@ - - | Multi-Purpose Address 3 3-26
AR4 ©) WO | 1c70n@ - - |Multi-Purpose Address 4 3-27
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Table 2-4: Register Map (Part 2 of 7)

Memory /O

Register Mnemonic Name | Access| Address®) | Address® | I ndex | Description/Comments Page
AR5 ©® WO | 1c74h® - - | Multi-Purpose Address 5 3-28
AR6 © WO | 1c78h@ - - |Multi-Purpose Address 6 3-29
- WO | 1c7ch® - - |Reserved -
CXBNDRY ©® WO | 1c80n@ - - | Clipper X Boundary 3-31
FXBNDRY © WO | 1c84h@ - - |X Address (Boundary) 3-64
YDSTLEN ® WO | 1c88h@ - - | Y Destination and Length 3-88
PITCH ©® WO | 1c8ch@ - - |Memory Pitch 3-74
YDsT ® WO | 1coon®@ - - | Y Address 3-87
YDSTORG ©® WO | 1c94n® - - |Memory Origin 3-89
yTOP ©® WO | 1c98h® - - |Clipper Y Top Boundary 3-90
yBoT ® WO | 1coch®@ - - | Clipper Y Bottom Boundary 3-86
CXLEFT ©® WO | 1cA0h@ - - |Clipper X Minimum Boundary 3-32
CXRIGHT ©® WO | 1cA4h@ - - |Clipper X Maximum Boundary 3-33
FXLEFT ® WO | 1cAsh® - - | X Address (Léeft) 3-65
FXRIGHT ® WO | 1cACh@ - - |X Address (Right) 3-66
XDST ©) WO | 1cBOh® - - | X Destination Address 3-83
- 1CB4h-1CBCh®| - - |Reserved -
DRO WO | 1cCcon@ - - |DataALU O 3-42
- WO | 1ccah® - - |Reserved (DR1) -
DR2 WO | 1ccsh® - - |DataALU 2 3-43
DR3 WO | 1ccch@ - - |DataALU 3 3-44
DR4 WO | 1cDoh™ - - |DataALU 4 3-45
- WO | 1cD4h® - - | Reserved (DR5) -
DR6 WO | 1cD8h® - - |DataALU 6 3-46
DR7 WO | 1cDch® - - |DataALU 7 3-47
DR8 WO | 1CcEOh® - - |DataALU 8 3-48

WO | 1CE4h® - - |Reserved (DR9) -
DR10 WO | 1CESh@ - - |DataALU 10 3-49
DR11 WO | 1CECh® - - |DataALU 11 3-50
DR12 WO | 1CFoh® - - |DataALU 12 3-51
- WO | 1CF4h® - - |Reserved (DR13) -

2-6 Register Mapping
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Table 2-4: Register Map (Part 3 of 7)

Memory /O

Register Mnemonic Name | Access| Address | Address® | Index| Description/Comments Page
DR14 WO | 1CF8h®@ - - |DataALU 14 3-52
DR15 WO | 1cFch® - - |DataALU 15 3-53
- 1D00h-1DFFh(*) - - | Same mapping as 1C00h-1CFCh ©) ;

- 1E00h - 1EQFh - - | Reserved -
FIFOSTATUS RO | 1E10h - - |BusFIFO Status 3-63
STATUS RO 1E14h - - | Status 3-81
ICLEAR WO | 1E18h - - |Interrupt Clear 3-67
IEN R/W | 1E1Ch - - | Interrupt Enable 3-68
VCOUNT RO 1E20h - - | Vertical Count 3-82
- 1E24h - 1E2Fh - - | Reserved -
DMAMAP30 R/W | 1E30h - - |DMA Map 3hto Oh 3-34
DMAMAP74 R/W | 1E34h - - |DMA Map 7hto 4h 3-35
DMAMAPBS8 R/W | 1E38h - - |DMA Map Bhto 8h 3-36
DMAMAPFC R/W | 1E3Ch - - |DMA Map Fhto Ch 3-37
RST R/W | 1E40h - - |Reset 3-76
- 1E44h - 1E53h - - |Reserved -
OPMODE R/W | 1E54h - - | Operating Mode 371
- 1E60h - 1E7Fh - - | Reserved -
DWG_INDIR_WT<0> | WO | 1E80h¢¥ - - | Drawing Register Indirect Write 0 3-54
DWG_INDIR_WT<1> | WO | 1E84h4) - - | Drawing Register Indirect Write 1 3-54
DWG_INDIR_WT<2> | WO | 1E88h4 - - | Drawing Register Indirect Write 2 3-54
DWG_INDIR_WT<3> | WO | 1E8Ch@® - - |Drawing Register Indirect Write 3 3-54
DWG_INDIR_WT<4> | WO | 1E90h¥ - - | Drawing Register Indirect Write 4 3-54
DWG_INDIR_WT<5> | WO | 1E94h® - - | Drawing Register Indirect Write 5 3-54
DWG_INDIR_WT<6> | WO | 1E98h® - - |Drawing Register Indirect Write 6 3-54
DWG_INDIR_WT<7> | WO | 1E9Ch(¥ - - | Drawing Register Indirect Write 7 3-54
DWG_INDIR_WT<8> | WO | 1EAOh® - - | Drawing Register Indirect Write 8 3-54
DWG_INDIR_WT<9> | WO | 1EA4h® - - |Drawing Register Indirect Write 9 3-54
DWG_INDIR_WT<10> WO | 1EA8h® - - | Drawing Register Indirect Write 10 3-54
DWG_INDIR_WT<11> WO | 1EACh® - - | Drawing Register Indirect Write 11 3-54
DWG_INDIR_WT<12> WO | 1EBOh(¥ - - | Drawing Register Indirect Write 12 3-54
DWG_INDIR_WT<13> WO | 1EB4h® - - | Drawing Register Indirect Write 13 3-54
DWG_INDIR_WT<14> WO | 1EB8h(¥ - - | Drawing Register Indirect Write 14 3-54
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Table 2-4: Register Map (Part 4 of 7)

Memory /O
Register Mnemonic Name | Access| Address®) | Address® | I ndex | Description/Comments Page
DWG_INDIR_WT<15> WO | 1EBCh® - - | Drawing Register Indirect Write 15 3-54
- 1ECOh - 1FBFh - - |Reserved -
ATTR (Index) R/W | 1FCOh 3CO0h - | Attribute Controller 3-94
ATTR (Data) WO | 1FCOh 3CO0h - | Attribute Controller
ATTR (Data) RO | 1FClh 3C1h - | Attribute Controller -
- WO | 1FClh 3C1h - |Reserved -
ATTRO R/W - - 00h | Palette entry O 3-96
ATTR1 R/W - - 0lh |Palette entry 1 3-96
ATTR2 R/W - - 02h | Palette entry 2 3-96
ATTR3 R/W - - 03h | Palette entry 3 3-96
ATTR4 R/W - - 04h | Palette entry 4 3-96
ATTR5 R/W - - 05h | Palette entry 5 3-96
ATTR6 R/W - - 06h | Palette entry 6 3-96
ATTR7 R/W - - 07h | Palette entry 7 3-96
ATTR8 R/W - - 08h | Palette entry 8 3-96
ATTR9 R/W - - 09h | Palette entry 9 3-96
ATTRA R/W - - OAh| Palette entry A 3-96
ATTRB R/W - - 0Bh | Palette entry B 3-96
ATTRC R/W - - OCh | Palette entry C 3-96
ATTRD R/W - - 0ODh | Palette entry D 3-96
ATTRE R/W - - OEh | Palette entry E 3-96
ATTRF R/W - - OFh | Palette entry F 3-96
ATTR10 R/W - - 10h | Attribute M ode Control 3-97
ATTR11 R/W - - 11h | Overscan Color 3-99
ATTR12 R/W - - 12h | Color Plane Enable 3-100
ATTR13 R/W - - 13h | Horizontal Pel Panning 3-101
ATTR14 R/W - - 14h | Color Select 3-102
- - - - 15h - 1Fh: Reserved -
INSTSO RO | 1FC2h 3C2h - |Input Status 0 3-158
MISC WO | 1FC2h 3C2h - | Miscellaneous Output 3-160
- RW | 1FC3h | 3C3h() | - |Reserved, not decoded for I/O
SEQ (Index) R/W | 1FC4h 3C4h - | Sequencer 3-162
SEQ (Data) R/W | 1FC5h 3C5h - | Sequencer -
SEQO R/W - - 00h | Reset 3-163
SEQ1 R/W - - 01h | Clocking Mode 3-164
SEQ2 R/W - - 02h | Map Mask 3--165

2-8 Register Mapping
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Table 2-4: Register Map (Part 5 of 7)

Memory /O

Register Mnemonic Name | Access| Address | Address® | Index| Description/Comments Page
SEQ3 R/W - - 03h | Character Map Select 3-166
SEQ4 R/W - - 04h | Memory Mode 3-167
- R/W - - 05h - 07h: Reserved -
- - 1FC6h - - |Reserved -
DACSTAT RO | 1FC7h 3C7h - | DAC Status(requires a byte access) 3-145
- WO | 1FC7h - - |Reserved -
- 1FC8h-1FC9%h - - |Reserved -
FEAT RO | 1FCAh 3CAh - | Feature Control 3-146

WO | 1FCAh 3CAh - |Reserved -
- - 1FCBh | 3cBh(” | - |Reserved, not decoded for I/0 -
MISC RO | 1FCCh 3CCh - | Miscellaneous Output 3-160
- WO | 1FCCh 3CCh - |Reserved -
- - 1FCDh | 3cDh(? | - |Reserved, not decoded for 1/0 -
GCTL (Index) R/W | 1FCEh 3CEh - | Graphics Controller 3-147
GCTL (Data) R/W | 1FCFh 3CFh - | Graphics Controller -
GCTLO R/W - - 00h | Set/Reset 3-148
GCTL1 R/W - - 01h | Enable Set/Reset 3-149
GCTL2 R/W - - 02h | Color Compare 3-150
GCTL3 R/W - - 03h | Data Rotate 3-151
GCTL4 R/W - - 04h | Read Map Select 3-152
GCTL5 R/W - - 05h | Graphics Mode 3-153
GCTL6 R/W - - 06h | Miscellaneous 3-155
GCTL7 R/W - - 07h | Color Don'’t Care 3-156
GCTLS8 R/W - - 08h|Bit Mask 3-157
- - - - 09h - OFh: Reserved -
- 1FDOh-1FD3h - - | Reserved -
CRTC (Index) R/W| 1FD4h| 3D4h - |CRTC Regjistergor 3B4#?) 3-104
CRTC (Data) R/W| 1FD5h 3D5h -| CRTC Registers (or 3@%}1 -
CRTCO R/W - - 00h|Horizontal Total 3-106
CRTC1 R/W - - 01h|Horizontal Display Enable End 3-107
CRTC2 R/W - - 02h| Start Horizontal Blanking 3-108
CRTC3 R/W - - 03h| End Horizontal Blanking 3-109
CRTC4 R/W - - 04h|Start Horizontal Retrace Pulse 3-110
CRTC5 R/W - - 05h|End Horizontal Retrace 3-111
CRTCS6 R/W - - 06h| Vertical Total 3-112
CRTC7 R/W - - 07h|Overflow 3-113
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Table 2-4: Register Map (Part 6 of 7)

Memory /O
Register Mnemonic Name | Access| Address®) | Address® | I ndex | Description/Comments Page
CRTCS8 R/W - - 08h | Preset Row Scan 3-114
CRTC9 R/W - - 0%h | Maximum Scan Line 3-115
CRTCA R/W - - OAh|Cursor Start 3-116
CRTCB R/W - - 0Bh | Cursor End 3-117
CRTCC R/W - - OCh| Start Address High 3-118
CRTCD R/W - - ODh| Start Address Low 3-119
CRTCE R/W - - OEh | Cursor Location High 3-120
CRTCF R/W - - OFh | Cursor Location Low 3-121
CRTC10 R/W - - 10h | Vertical Retrace Start 3-122
CRTC11 R/W - - 11h | Vertical Retrace End 3-123
CRTC12 R/W - - 12h | Vertical Display Enable End 3-124
CRTC13 R/W - - 13h | Offset 3-125
CRTC14 R/W - - 14h | Underline Location 3-126
CRTC15 R/W - - 15h | Start Vertical Blank 3-127
CRTC16 R/W - - 16h | End Vertica Blank 3-128
CRTC17 R/W - - 17h | CRTC Mode Control 3-129
CRTC18 R/W - - 18h | Line Compare 3-133
- - - - 19h - 21h: Reserved -
CRTC22 R/W - - 22h | CPU Read Latch 3-134
- - - - 23h | Reserved -
CRTC24 R/W - - 24h | Attributes Address/Data Select 3-135
- - - - 25h | Reserved -
CRTC26 R/W - - 26h | Attributes Address 3-136
- - - - 27h - 3Fh: Reserved -
i i 1FD6h | 3pgn® | - I(?)erﬁgg/gﬁ(,sgot decoded for I/O i
i i 1FD7h | 3p7r® | - (I?)erﬁgg;eﬁ(,s)r;ot decoded for I/O i
- 1FD8h-1FD%h - - |Reserved -
INSTS1 RO | 1FDAh | 3DAh | - |Input Status1 (or 3BAh®) 3-159
FEAT WO | 1FDAh | 3DAh | - |FeatureControl (or 3BAh®) 3-146
i i 1FDBh | 30BHD | - I(?)erﬁgg/sﬂ,(sr;;)t decoded for I/O i
- 1FDCh-1FDDh - - |Reserved -
CRTCEXT (Index) R/W | 1FDEh 3DEh - |CRTC Extension 3-137
CRTCEXT (Data) R/W | 1FDFh 3DFh - |CRTC Extension -
CRTCEXTO R/W - - 00h | Address Generator Extensions 3-138

2-10 Register Mapping
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Table 2-4: Register Map (Part 7 of 7)

Memory /O

Register Mnemonic Name | Access| Address | Address® | Index| Description/Comments Page
CRTCEXT1 R/W - - 01h |Horizontal Counter Extensions 3-139
CRTCEXT2 R/W - - 02h | Vertical Counter Extensions 3-140
CRTCEXT3 R/W - - 03h | Miscellaneous 3-141
CRTCEXT4 R/W - - 04h | Memory Page 3-143
CRTCEXT5 R/W - - 05h |Horizontal Video Half Count 3-144
- 1FEOh - 1FFEh - - | Reserved -
CACHEFLUSH R/W | 1FFFh - - |CacheFlush 3-103
- 2C38h-2c4ch® - - | Reserved ;
DRO_Z32 LSB WO | 2c50h@ - - | Extended DataALU 0 3-39
DRO_Z32 MSB WO | 2c54h® - - | Extended DataALU 0 3-39
- - | 2c58nh™ - - |Reserved

- - | 2c5ch@ - - |Reserved

DR2_Z32 LSB WO | 2c60n® - - | Extended Data ALU 2 3-40
DR2_732 MSB WO | 2C64h® - - |Extended DataALU 2 3-40
DR3_Z32 LSB WO | 2c68h@ - - |Extended DataALU 3 3-41
DR3_Z32 MSB WO | 2c6ch® - - |Extended DataALU 3 3-41

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

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

() Under some conditions, writi ng to these registers may create astall in the graphic pipe because their contents are
retained as long as the memory controller needs them for the current operation. We recommend that all other
drawing registers be initialized before these registers, in order to maximize performance.

(4 Reads of these locations are not decoded.

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

®) Accessi ng aregister in this range instructs the drawing engine to start a drawing operation.

() Word or dword accesses to these specific reserved locations will be decoded. (The PCI convention states that
1/0 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 I/O addresses in the 3BXh range are for monochrome (MDA) emulatioio@bdsel field is ‘0).
Exception: forlCRTCEXT, the 3BEh and 3BFh I/O addresses are reserved, not decoded.
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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 L
Reset Value <value>

N

ye Underscore bars
= field1 /
31/30| 20| 28| 27| 26| 25] 24| 23] 22| 21] 20| 19[ 18| 17] 16| 15| 14 13] 1211 [10] 9 [ 8] 7| 6| 5 | 4 [ 3| 2] 1] 0

fieldl Field 1. Detailed description of thield1 field of theSAMPLE_CS register, which
<22:0> comprises bits 22 to Qlote the font and case changes which indicate a register or
field in the text.

field2<23> Field 2. Detailed description @ield2 in SAMPLE_CS, which is bit 23.

Reserved field3

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 field must 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.

* 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 will not change during

an operation.
Reset Value

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

m 000? 0000 000S ???? 1101 0000 SO00 0000b
(b = binary,? = unknowr§ = bit’s reset value is affected by a strap setting, N/A = not applicable)
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Capabilities Pointer CAP_PTR

Address 34h (CS) for MGA-2164W-AGP only
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 1111 000O0ObL
Reserved cap_ptr
cap_ptr This field contains the hard-coded offset byte ‘FOh’ within the device configuration
RO<7:0> space of the AGP Capability Identifier register.
Reserved Reserved. Writing has no effect. Reading will give ‘O’s.

<31:8>
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AGP_IDENT AGP Capability Identifier

Address FOh (CS) for MGA-2164W-AGP only
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0001 0000 0000 0000 0000 0010b

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

agp_cap_id Thisfield contains the AGP capabilitiesidentifier: 02, which describes the

<7:0> information contained in the capability entry (FOh-F8h)
next_ptr This field contains the hard-coded value of 00h, which indicates that there is no other
<15:8> capabilitiesin the list.
agp_rev Thisfield contains the AGP specification revision to which this device complies: 10h
<23:16> (asin 1.0
Reserved Reserved. Writing has no effect. Reading will give ‘O’s.
<31:24>
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AGP Status AGP_STS

Address F4h (CS) for MGA-2164W-AGP only
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b
& &
(&) OI
CGI 2
rq Reserved @ 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
rate_cap The hard-coded ‘) indicates that the device does not support any AGP transfer rate
<1:0> mode.
sba_cap The hard-coded ‘0’ indicates that the device does not support AGP Side band
<9> addressing.
rq The hard-coded ‘00 indicates that the device does not have an AGP Request Queue.
<31:24>
Reserved Reserved. Writing has no effect. Reading will give ‘O’s.
<23:10>

<8:2>
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AGP_CMD AGP Command

Address F8h (CS) (appliesto MGA-2164W-AGP only)
Attributes R/W, BY TE/WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b
QL Q@
o Q9 )
g 2 %
CDl GJI ’“l
© o %
rq_depth Reserved % & Reserved °
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18|17 | 16| 15| 14 13| 12|11 10| 9 | 8| 7| 6| 5| 4[ 3| 2] 1] 0
data_rate Indicates the operational data rate of the device. Only one bit in this field must be set:
<2:0>
B 001: 1 x data rate
B 010: 2x data rate
B 1xx: reserved
m x11:reserved
agp_enable When set, this bit enables the master (this device) to initiate AGP operation.
<8>
sba_enable When set, the side address of the device is enabled.
<9>
rq_depth This should be programmed with the maximum number of pipelined operations that
<31:24> the master (this device) is allowed to queue. This value should be equal, or less, than
the value reported in the target rq field of AGP_STS register.
Reserved Reserved. Writing has no effect. Reading will give ‘O’s.
<23:10>
<7:3>
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Class Code CLASS
Address 08h (CS)
Attributes RO, BY TE/'WORD/DWORD, STATIC

Reset Value 0000 0011 SOO0 0000 0000 0000 0000 0000b

class

revision

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

revision Holds the current chip revision (00h).
<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 be read in thisfield according to
the vgaboot strap, which is sampled on hard reset.
vgaboot strap Value Meaning
‘o’ 038000h | Non-Super VGA display controller
‘1 030000h | Super VGA compatible controller

The sampled state of the vgaboot strap (pin MDQ<5>, described on page A-4) can be

read through this register.
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DEVCTRL Device Control

Address 04h (CS)
Attributes R/W, BY TE/'WORD/DWORD, STATIC
Reset Value 0000 0010 10?? 0000 0000 0000 0000 0000bL

o [}
@ [} O [}
—- = -(% Q o e T © E = O - & % = IS
5o, ©® 5 O £ oo o8 S
520822 % 28506 Bn S >5c 328 g9
ES>EEE v 0o 306 -= 2 aweEQ £ o
55555 3 88588 588532 g3
s 2% - 850 0 Reserved wnzz2ITE g 9
313029282726‘25@23222120191817161514131211109876543210
iospace I/0 space. Controls device response to 1/0O SPACE accesses (VGA registers).
R/W <0> _ ,
* 0: disable the device response
* 1: enable the device response
memspace Memory space. Controls device response to memory accesses (EPROM, VGA frame
R/W <1> buffer, MGA control aperture, MGA direct access aperture, and 8 MByte

Pseudo-DMA window).

* 0: disable the device response
* 1: enable the device response

specialcycle The hard-coded ‘0’ indicates that the MGA will not 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/0 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 3C9oh.
*‘1’: The chip will snoop writes to VGA DAC locations. It will not 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 assefibdEVSEL/ and force a retry
cycle by assertin@STOP/ Read accesses to VGA DAC locations are not affected

by vgasnoop.
resparerr The hard-coded ‘0’ indicates that the MGA will not 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-2164W Specification

This hard-coded ‘0’ indicates that MGA does not generate SERR interrupts. Writing
has no effect.

The hard-coded ‘0’ for MGA-2164W-PCI indicates that the configuration space does
not contain a capability list. The hard-coded ‘1’ for MGA-2164W-AGP 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.

This bit is forced to ‘0’ in the MGA-2164-W-PClI to indicate that the bus is running at
33 MHz.This bit is forced to ‘1’ in the MGA-2164W-AGP to indicate that the bus is
running at 66MHz. Writing has no effect.

The hard-coded ‘0’ indicates that the MGA does not support 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 does not assert SERR/. Writing has no effect. Reading will give ‘O’s.

MGA does not detect parity errors. Writing has no effect. Reading will give ‘0’s.

<20:9> <24>
Reserved. Writing has no effect. Reading will give ‘O’s.
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DEVID Device Identification

Address 00h (CS)
Attributes RO, BY TE'WORD/DWORD, STATIC
Reset Value 0000 0101 0001 1?11 0001 0000 0010 1011b

device vendor

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

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

<15:0>

device Thisfield contains the Matrox device identifier, which for the MGA-2164W-PCI is:
<31:16> 051Bh; for the MGA-2164W-AGP it is. 051Fh.
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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 header latentim 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

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 specifiesthe layout of bytes 10h through 3Fh in the configuration space and
RO <23:16> also indicates that the current device isasingle function device. Thisfield isread as
0oh.

Reserved: <7:0> <31:24>
Reserved. Writing has no effect. Reading will give ‘O’s.
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INTCTRL Interrupt Control
Address 3Ch (C9)
Attributes R/W, BY TEf'WORD/DWORD, STATIC
Reset Value 0000 0000 0000 0000 0000 0001 1111 1111b
max|at mingnt intpin intline

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

intline
R/W <7:0>

intpin
RO <15:8>

mingnt
RO <23:16>

maxlat
RO <31:24>

Interrupt line routing. Thefield is read/writable and reset to FFh upon hard reset. It is

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’).

Selected interrupt pins. Read as 1h to indicate that one PCl interrupt line is used (PCI
specifies that if there is one interrupt line, it must be connected RIKEA/ signal).

This field specifies the PCI device’s required burst length, assuming a clock rate of 33
MHz.

Values of ‘0’ indicate that the PCI device (the MGA-2164W board) has no major
requirements for setting the latency timer.

This field specifies how often the PCI device must gain access to the PCI bus.

Values of ‘0’ indicate that the PCI device (the MGA-2164W board) has no major
requirements for setting the latency timer.
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MGA Indirect Access Data MGA_ DATA

Address 48h (CS)
Attributes R/W, BY TE'WORD/DWORD, STATIC
Reset Value None

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

data Data. Will read or write data at the control register address provided by MGA_INDEX.
<31:0>

The MGA_INDEX and MGA_DATA registers cannot be used in Pseudo-DMA mode
(see page 4-25).
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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 index Res.

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

index Dword index. Used to reach any of the registers that 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 field must be set to ‘0’.
Reading will give ‘0’s.

TheMGA_INDEX andMGA_DATA registers cannot be used in Pseudo-DMA mode
(seepage 4-2h
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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

©
() c
8 3
s £
Q2 o e
o o o
mgabasel Reserved a 2 €
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]4a]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 space cannot 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 will be used
(listed from highest to lowest):

1. BIOS EPROM (highest precedence)

2. MGA control aperture

3. 8 MByte Pseudo-DMA window

4. VGA frame buffer aperture

5. MGA frame buffer aperture (lowest precedence)

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<13:4> Reading will give ‘0’s.

MGA-2164W Specification Power Graphic Mode Register Descriptions  3-15



MGABASE?2 MGA Frame Buffer Aperture Address

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

©
[} [an
3 2
s £
[O]
5 8 5
mgabase2 Reserved a 2 E
31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18|17 | 16| 15| 1413|1211 |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 A ‘1’ indicates that this space can be prefetchable (better system performance can be
RO <3> achieved when the bridge enables prefetching into that range).

mgabase2 Specifies the PCI start address of the 16 megabytes of MGA memory space in the PCI
<31:24> 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:

1. BIOS EPROM (highest precedence)

2. MGA control aperture

3. 8 MByte Pseudo-DMA window

4. VGA frame buffer aperture

5. MGA frame buffer aperture (lowest precedence)

Whenmgamode = 0 (CRTCEXT3<7>), the MGA frame buffer Aperture is not

usable.
Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<23:4> Reading will give ‘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

©
[} [
3 2
s £
[O]
5 & §
mgabase3 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] 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 space cannot 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:

1. BIOS EPROM (highest precedence)

2. MGA control aperture

3. 8 MByte Pseudo-DMA window

4. VGA frame buffer aperture

5. MGA frame buffer aperture (lowest precedence)

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

Address 40h (CS)
Attributes R/W, BY TE/'WORD/DWORD, STATIC
Reset Value 0S0S SSSS 0000 0000 0000 000S 0000 0000b

powerpc
biosen
Reserved
nogscale
eepromwt
Reserved
memconfig
Reserved

>
-
frus}
(]
—
o
c

vgaioen

3 Reserved

rfhent

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

vgaioen VGA /0 map enable.
<8>

product id

w
-

30(2

©
=
()]

1413‘1211‘10‘9 gl7/6|5|a|3]|2]1]0

vgaioen |Satus
VGA 1/O locations are not decoded
(hard reset mode if vgaboot = 0)

VGA I/O locations are decoded
(hard reset mode if vgaboot = 1)

iol

:11

On hard reset, the sampled vgaboot strap (MDQ<5>) will replace the vgaioen vaue.

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

memconfig Memory configuration. These 2 bits select the proper memory organization to match
<13:12> the type of external RAMDAC used.

memconfig | Satus

32 bits RAMDAC, single frame buffer mode or
64 bits RAMDAC split frame buffer mode.

64 bits RAMDAC single frame buffer mode or
128 bits RAMDAC split frame buffer mode.

10 128 bits RAMDAC single frame buffer mode.
11 Reserved

& Note: The 128 bits RAMDAC single frame buffer mode requires a
RAMDAC capable of de-interleaving the serial pixels.

®& Note: Thisfield must be set to 00b in vga emulation mode (mga mode = 0).

00

01

rfhcnt Refresh counter. Defines the rate of the MGA-2164W’s memory refresh. Note that
<19:16> the page cycles and co-processor acknowledges 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).

When programming the rfhcnt register, the following rule must be respected:

33.2p s >= (rfhent <3:1> * 512 + rfhent <0> *64 + 1) * gclk_ period * gscaling
_factor

The gscaling_factor is tied to the value of nogscale, as shown below:

nogscale gscaling_factor
lOl 4
‘v 1
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Option

OPTION

eepromwt
<20>

nogscale
<21>

productid
RO <28:24>

noretry
<29>

biosen
<30>

powerpc
<31>

Reserved:

MGA-2164W Specification

®& Note: setting rfhcnt to zero halts the memory refresh. Since zero isthe hard
reset value, no refresh activity will take place after areset. By waiting
200ps before programming this register, the proper memory
initialization requirements will be met.

EEPROM write enable. When set to 1, awrite access to the BIOS EPROM aperture
will program that location. When set to O, write access to the BIOS EPROM aperture
has no effect.

Graphic clock pre-scaler. When set to 0, the gclk signal is divided by 4 internally, and
when set to 1, gclk isnot divided. The gclk divider could be used when the external
PLL isnot able to lower the gclk enough to achieve power-down mode.

Product ID. Sampled state of the MDQ<4:0> pins after a hard reset.

These bits are available to help board designers encode their product options so that
the software and diagnostics can know which options are installed. (This field could
encode the amount of memory, an indication if awritable ROM is present, and so on).
These bits do not control hardware within the chip.

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

BIOS enable. On hard reset, the sampled biosen strap (MDQ<6>) is loaded into this
field.

* 0: TheROMBASE space is automatically disabled.
» 1: TheROMBASE space is enabledembase must be correctly initialized since it
contains unpredictable data.

Power PC mode.

* 0: No special swapping is performed. The host processor is assumed to be of little
endian type.
* 1: Enables byte swapping for the memory raM@ABASE1 + 1C00h to
MGABASEL + 1EFFh, as well adGABASE1 + 2C00h talGABASEL1 + 2DFFh.
This swapping allows a big endian processor to access the information in the same
manner as a little endian processor.

<23:22><15:14><11.:9><7:0>
Reserved. When writing to this register, the bits in these fields must be set to ‘0.
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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

[

()

e

rombase Reserved o
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16 15(14|13|12][11]10{ 0|8 | 7|6 |5|4a|3]|2]1]0
romen ROM enable. Thisfield can assume different attributes, depending on the contents of

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

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

biosen romen attribute

{0} RO (read as 0)

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

biosen rombase attribute
‘o RO (read as 0)
‘1 R/W

®& Note: the exact size of the EPROM used is application-specific (could be
32K or 64K).

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

1. BIOS EPROM (highest precedence)

2. MGA control aperture

3. 8 MByte Pseudo-DMA window

4. VGA frame buffer aperture

5. MGA frame buffer aperture (lowest precedence)

Even if MGA supports only an 8-bit-wide EPROM, this does not constitute a system
performance limitation, since the PCI specification requires the configuration
software to move the EPROM contents into shadow memory and execute the code at

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

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

subsysid subsysvid

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

subsysvid Subsystem vendor ID. Thisfield is reset with the value that is found in word location
<15:0> 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
Specia Interest Group to the manufacturer of the add-in board which contains the
MGA-2164W chip.

subsysid Subsystem ID. Thisfield is reset with the value that is found in word location 7FFAh
<31:16> 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-2164W chip.

& Note: If the biosen strap is ‘0’, the ROM will not be read and the value found
in the register will be 00000000h. In this case, the driuest write
the correct values to this register (at location 4Ch) after power-up.

®& 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 tisJBSYSID register.

®% Note: There may be a delay of up to 500 PCLKs following a hard reset
before this register is initialized.
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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 e
vialmn nmeaaer

Reset Value <value>

2

o Underscore bars
Reserved field3 :.q:) field1 /

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

fieldl Field 1. Detailed description of thield1 field of theSAMPLE_PG register, which
<22:0> comprises bits 22 to Dlote the font and case changes which indicate a register or
field in the text.

field2<23> Field 2. Detailed description @ield2 in SAMPLE_PG, which is bit 23.

field3 Field 3. Detailed description of thield3 field of theSAMPLE_PG register, which
<26:24> comprises bits 26 to 24.
Reserved Reserved. When writing to this register, the bits in this field must 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 providedter 2Note: MEM indicates
that the address lies in the memory space; 10 indicates that the address lies in the 1/0 space.

Attributes
The Power Graphic Mode attributes are:

*RO There are no writable bits.

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

* R/IW: 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 will not 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.

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.

®m 000X 0000 0000 ???? 1101 0000 0000 0000b
(b = binary,? = unknown, = reset on soft/hard reset (see above), N/A = not applicable)
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Multi-Purpose Address 0 ARO

Address MGABASE1 + 1C60h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved ar0

31/30| 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

®& Note: Writing to this register when the DWGCTL register’sarzero bit = 1
will produce unpredictable results. Make sure that a ‘0’ has been
written toarzero prior to accessingRO.

ar0 Address register 0. Tha0 field is an 18-bit signed value in two’s complement
<17:0> notation.

* For AUTOLINE, this register holds the x end address (in pix&lsg thexXYEND
register on page 3-84.

* For LINE, it holds 2 x ‘b’.

* For a filled trapezoid, it holds ‘dY['.

* For a BLIT,ar0 holds the line end source address (in pixels).

* For an ILOAD_SCALE or ILOAD_FILTERar0 holds the destination end address
(in pixels) minus one line.

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

Address MGABASE1 + 1C64h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved arl

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21] 20| 19[ 18| 17| 16| 15| 1413|1211 10| 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0

®& Note: Writing to this register when the DWGCTL register’sarzero bit = 1
will produce unpredictable results. Make sure that a ‘0’ has been
written toarzero prior to accessingR1.

arl Address register 1. Thar1 field is a 24-bit signed value in two’s complement
<23:0> notation. This register is also loaded wlae8 is accessed.

 For LINE, it holds the error term (initially 2 x ‘b’ - ‘a’ sgy]).
* This register does not 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.
*In the ILOAD_SCALE and ILOAD_FILTER algorithmsy1 contains the

destination starting address (in pixels) minus one line. Because the same value is

also required bwyr3 and becauserl is loaded when writingr3, this register
doesn't need to be explicitly initialized.

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

Address MGABASE1 + 1C68h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved ar2

31/30| 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

®& Note: Writing to this register when the DWGCTL register’sarzero bit = 1
will produce unpredictable results. Make sure that a ‘0’ has been
written toarzero prior to accessingR2.

ar2 Address register 2. Thar2 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 3-84.

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

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

* For ILOAD_SCALE, it holds the error increment which is the source dimension for

the x-axis. (dXsrc)
* For ILOAD_FILTER, it holds the error increment which is the source dimension

after the filter process for the x-axis. (2 * dXsrc - 1)
e For ILOAD_HIQH and ILOAD_HIQHYV, it holds:

(SRC_X_DIMEN - 1) << 16
(DST_X_DIMEN - 1)

This register isot used for BLIT operations without scaling.

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

Address MGABASE1 + 1C6Ch (MEM)

Attributes WO, FIFO, DYNAMIC, DWORD

Reset Value Unknown

Reserved spage ar3

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18|17 ] 16| 15| 1413|1211 10| 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0

®& Note: Writing to this register when the DWGCTL register’sarzero bit = 1
will produce unpredictable results. Make sure that a ‘0’ has been
written toarzero prior to accessingR3.

ar3 Address register 3. Tha3 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 is not used for LINE without auto initialization, nor is it used by TRAP.

* In the two-operand Blit algorithms and ILOAID3 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.
*In the ILOAD_SCALE and ILOAD_FILTER algorithmsy3 contains the

destination current address (in pixels) minus one line. This value must be initialized

as the destination starting address minus one line.

spage These three bits are used as an extensiarBton order to generate a 27-bit source or

<26:24> pattern address (in pixels). They are not 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 field must be set to ‘0’.
<31:27>
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Multi-Purpose Address 4 AR4

Address MGABASE1 + 1C70h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved ard

31/30| 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

®& Note: Writing to this register when the DWGCTL register’sarzero bit = 1
will produce unpredictable results. Make sure that a ‘0’ has been
written toarzero prior to accessingR4.

ar4 Address register 4. Thar4 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 is not used for LINE or BLIT operations without scaling.

» For the ILOAD_SCALE, ILOAD FILTER, ILOAD HIQH, and ILOAD_HIQHY,
it holds the error term, but it doesn't need to be initialized.

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

Address MGABASE1 + 1C74h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved arb

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 1413|1211 10| 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0

®& Note: Writing to this register when the DWGCTL register’sarzero bit = 1
will produce unpredictable results. Make sure that a ‘0’ has been
written toarzero prior to accessingR5.

arb Address register 5. Tha5 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 3-8At 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 is not 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 field must be set to ‘0’.
<31:18>
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Multi-Purpose Address 6 ARG

Address MGABASE1 + 1C78h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved ar6

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

®& Note: Writing to this register when the DWGCTL register’sarzero bit = 1
will produce unpredictable results. Make sure that a ‘0’ has been
written toarzero prior to accessingR6.

aré 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 3-8Buring 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 it is not necessary to reload the register when drawing a
polyline.

* This register is not used for LINE without auto initialization.

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

* For ILOAD_SCALE, it holds the error increment which is the source dimension (in
pixels) minus the destination dimension for the x-axis. (dXsrc - dXdst)

* For ILOAD_FILTER, it holds the error increment which is the source dimension (in
pixels) minus the destination dimension for the x-axis. (2 * dXsrc - 1 - dXdst)

®% Note: For ILOAD_SCALE and ILOAD_FILTERar6 must be less than or
equal to zero.
e For ILOAD_HIQH and ILOAD_HIQHYV, it holds:

(SRC_X_DIMEN - DST_X_DIMEN) << 16
(DST_X_DIMEN - 1)

This register isot used for BLIT (without scaling) or IDUMP operations.

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

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

backcol

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21] 20| 19[ 18| 17| 16| 15| 1413|1211 10| 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0

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

* In 8 and 16 bits/pixel configurations, all bitshiackcol<31:0> are used, so the color
information must be replicated on all bytes.

* In 24 bits/pixel, when not in block modeackcol<31:24> is not used.

* In 24 bits/pixel, when in block mode, alackcol bits are used.

Refer to'Pixel Format’ on page 4-1for 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 ofrtnesc field of DWGCTL for
the transparency equation.

In 8 and 16 bit/pixel configurations, all bitshiftcmsk are used, so the mask
information must be replicated on all bytes.
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Clipper X Boundary CXBNDRY

Address MGABASE1 + 1C80h (MEM)

Attributes WO, FIFO, STATIC, DWORD

Reset Value Unknown

Reserved cxright Reserved cxleft

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

The CXBNDRY register is not aphysical register; it isamore efficient way to load the
CXRIGHT and CXLEFT registers.

cxleft Clipper x left boundary. See the CXLEFT register on page 3-32.
<10:0>
cxright Clipper x right boundary. See the CXRIGHT register on page 3-33.
<26:16>

Reserved: <15:11> <31:27>
Reserved. When writing to this register, the bits in these fields must be set to ‘0'.
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CXLEFT Clipper X Minimum Boundary

Address MGABASE1 + 1CAOh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown
Reserved cxleft
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
cxleft Clipper x left boundary. The cxleft field contains an unsigned 11-bit value which is
<10:0> interpreted as a positive pixel address and compared with the current xdst (see YDST

on page 3-87). The value of xdst must be greater than or equal to cxleft to beinside
the drawing window.

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

®& Note: Thereis no way to disable clipping.

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0.
<31:11>
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Clipper X Maximum Boundary CXRIGHT

Address MGABASE1 + 1CA4h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown
Reserved cxright
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
cxright Clipper x right boundary. The cxright field contains an unsigned 11-bit value which
<10:0> isinterpreted as a positive pixel address and compared with the current xdst (see

YDST on page 3-87). The value of xdst must be less than or equal to cxright to be
inside the drawing window.

& Note: Thereisno way to disable clipping.

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<31:11>
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DMAMAP30 DMA Map 3h to Oh

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

map_regN Map register N. The 16-8-bit map registers form alook-up table used when addressing
<31:0> through the range of MGABASEL1 + 1E80h to MGABASEL1 + 1EBFh. The
DMAMAP30 register contains entries Oh to 3h of thislookup table. Refer to
DWG_INDIR_WT<15:0> for more information.

The value to placein amap_reg field is determined as follows:

if ( address is within the DWGREGD range )
map_reg? = ( drawing _reg byte address >> 2 )
& 0 x 7F

else if ( address is within DAGREGL 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 7h to 4h DMAMAP74

Address MGABASE1 + 1E34h (MEM)
Attributes R/W, STATIC, BY TE'WORD/DWORD
Reset Value Unknown
map_reg7 map_reg6 map_reg5 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 N. The 16-8-bit map registers form alook-up table used when addressing
<31:0> through the range of MGABASEL1 + 1E80h to MGABASEL1 + 1EBFh. The
DMAMAP74 register contains entries 4h to 7h of thislookup table. Refer to
DWG_INDIR_WT<15:0> for more information.

The valueto placein amap_reg field is determined as follows:

if ( address is within the DWGREGD range )
map_reg? = ( drawing reg byte address >> 2 )
& 0 x 7F

else if ( address is within DAGREGL 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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DMAMAPBS8 DMA Map Bh to 8h

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

map_regN Map register N. The 16-8-bit map registers form alook-up table used when addressing
<31:0> through the range of MGABASEL1 + 1E80h to MGABASEL1 + 1EBFh. The
DMAMAPBS register contains entries 8h to Bh of this lookup table. Refer to
DWG_INDIR_WT<15:0> for more information.

The value to placein amap_reg field is determined as follows:

if ( address is within the DWGREGD range )
map_reg? = ( drawing _reg byte address >> 2 )
& 0 x 7F

else if ( address is within DAGREGL 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 Fh to Ch DMAMAPFC

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 addressing
<31:0> through the range of MGABASEL1 + 1E80h to MGABASEL1 + 1EBFh. The
DMAMAPFC register contains entries Ch to Fh of thislookup table. Refer to
DWG_INDIR_WT<15:0> for more information.

The valueto placein amap_reg field is determined as follows:

if ( address is within the DWGREGD range )
map_reg? = ( drawing reg byte address >> 2 )
& 0 x 7F

else if ( address is within DAGREGL 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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DMAPAD DMA Padding

Address MGABASEL1 + 1C54h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown

dmapad

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21] 20| 19[ 18| 17| 16| 15| 1413|1211 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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Extended Data ALU O DRO_Z32LSB, DR0_Z32MSB

Address MGABASEL1 + 2C50h MGABASE1 + 2C54h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved dr0_z32
63 o | L] o
drO_z32 DataALUO
<47:0> » For 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, DR0O_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.

Reserved Reserved. When writing to this register, bits 63 to 48 are completely ignored. Reading
<63:48> will give ‘O’s.
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DR2_732LSB, DR2_Z32MSB Extended Data ALU 2

Address MGABASEL1 + 2C60h MGABASEL + 2C64h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved dr2_z32
63 o | L] o
dr2_z32 DataALU 2
<47:.0> * For TRAP with z, the DR2_Z32 register is used to scan the left edge of the trapezoid

and must be initialized with its starting z value. In this case, DR2_Z32 is signed
33.15 in two’s complement notation.

* For LINE with z, the DR2_Z32 register holds the z value for the current drawn pixel
and must be initialized with the starting z value. In this case, DR2_Z32 is a signed
33.15 value in two’s complement notation.

Reserved Reserved. When writing to this register, bits 63 to 48 are completely ignored. Reading
<63:48> will give ‘0’s.
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Extended Data ALU 3 DR3_Z32LSB, DR3_Z32MSB

Address MGABASEL1 + 2C68h MGABASE1 + 2C6Ch (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved dr3 z32
63 o | L] o
dr3_z32 DataALU 3.
<47:0> * For TRAP with z, the DR3_Z32 register is used to scan the left edge of the trapezoid

and must be initialized with its starting z value. In this case, DR3_Z32 is signed
33.15 in two’s complement notation.

* For LINE with z, the DR3_Z32 register holds the z value for the current drawn pixel
and must be initialized with the starting z value. In this case, DR3_Z32 is a signed
33.15 value in two’s complement notation.

Reserved Reserved. When writing to this register, bits 63 to 48 are completely ignored. Reading
<63:48> will give ‘O’s.
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DRO Data ALU O

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

drO

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

drO Data ALU register 0.

<31.0>
* For TRAP with z, th®RO register is used to scan the left edge of the trapezoid and

must be initialized with its starting z value. In this c&3R0 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 c&8®0 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 O
of DRO map to bits 31 to 16 of DRO_32MSB. Writing to this register
clears bits 15 to 0 of DRO_32LSB.
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Data ALU 2 DR2

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

dr2

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

dr2 Data ALU register 2.

<31:.0>
» For TRAP with z, théDR2 register holds the z increment value along the x-axis. In

this casePR2 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 15 to 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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DR3 Data ALU 3

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

dr3

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21] 20| 19[ 18| 17| 16| 15| 1413|1211 10| 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0

dr3 Data ALU register 3.

<31.0>
* For TRAP with zDR3 register holds the z increment value along the y-axis. In this

caseDR3 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 15to O
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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Data ALU 4 DR4

Address MGABASE1 + 1CDOh (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved dr4
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
dra Data ALU register 4. This field holds a signed 9.15 value in two’s complement
<23:0> 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 TRAP_ILOAD, this register is not used, and will be corrupted.

 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.

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<31:24>
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DR6 Data ALU 6

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, théR6 register holds the red increment value along the x-axis.

* For TRAP_ILOAD, this register is not used.
* For LINE with z, theDR6 register holds the red increment value along the major

axis.

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

Address MGABASEL1 + 1CDCh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown
Reserved dr7
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
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 TRAP_ILOAD, this register is not used.
* For LINE with z, theDR7 register holds the red increment value along the diagonal

axis.

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

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, théR8 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 TRAP_ILOAD, this register is not used, but will be corrupted.

* 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.

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

Address MGABASE1 + 1CE8h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown
Reserved dr10
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
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 TRAP_ILOAD, this register is not used.

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

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

Address MGABASEL1 + 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
dril Data ALU register 11. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

* For TRAP with z, théR11 register holds the green increment value along the y-

axis.
* For TRAP_ILOAD, this register is not used.
* For LINE with z, theDR11 register holds the green increment value along the

diagonal axis.

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<31:24>
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Data ALU 12 DR12

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 Data ALU register 12. This field holds a signed 9.15 value in two’s complement
<23:0> notation.

» For TRAP with z, thédR12 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 TRAP_ILOAD, this register is not used, but will be corrupted.

* 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.

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’
<31:24>
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DR14 Data ALU 14

Address MGABASE1 + 1CF8h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown
Reserved dr14
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 TRAP_ILOAD, this register is not used.
* For LINE with z, theDR14 register holds the blue increment value along the major

axis.

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

Address MGABASE1 + 1CFCh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown
Reserved drl5
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
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 TRAP_ILOAD, this register is not used.
* For LINE with z, theDR15 register holds the blue increment value along the

diagonal axis.

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’
<31:24>
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DWG_INDIR_WT<15:0>

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‘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

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. This indirect write register provides a
means to access non-sequential drawing registers sequentially.

Address

DWG_INDIR_WT Register

MGABASE1 + 1C00h + map_reg0

DWG_INDIR_WT<0>

MGABASE1 + 1C00h + map_reg1l

DWG_INDIR_WT<1>

MGABASEL1 + 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>

MGABASEL1 + 1C00h + map_reg6

DWG_INDIR_WT<6>

MGABASEL1 + 1C00h + map_reg7

DWG_INDIR_WT<7>

MGABASE1 + 1C00h + map_reg8

DWG_INDIR_WT<8>

MGABASE1 + 1C00h + map_reg9

DWG_INDIR_WT<9>

MGABASEL1 + 1C00h + map_rega

DWG_INDIR_WT<10>

MGABASE1 + 1C00h + map_regb

DWG_INDIR_WT<11>

MGABASEL1 + 1C00h + map_regc

DWG_INDIR_WT<12>

MGABASE1 + 1C00h + map_regd

DWG_INDIR_WT<13>

MGABASEL1 + 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

© © ©
() (&) L O o
2o £ Z S o o o
O 0 O © O N N = © © o
n c = o nE c .= ® <
Q3T Q Qc o0 c 2
X 5 o bltmod @ trans bop v o © o zmode = © opcod
Mso 29 28‘27‘26‘25@23‘22‘21‘20 19\18\17\16@14 13/12[11]10[ 9[8[ 7|6]5|4[3]2][1]0
opcod Operation code. Theopcod 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
Data from host ‘0101’'| TRAP_ILOAD
Blit RAM -> RAM ‘1000" BITBLT
RAM -> RAM ‘1100’ |FBITBLIT
HOST -> RAM ‘1001’ | ILOAD
HOST -> RAM scale ‘1101'| ILOAD_SCALE
HOST -> RAM scale, filter ‘1111'| ILOAD_FILTER
RAM -> HOST ‘1010’ | IDUMP
Hng -> RAM scale, high-quality 0111’ |ILOAD_HIQH
HOST -> RAM horizontal and 11115 |} oAD HIQHY
vertical scale, high-quality filter
Reserved ‘1011
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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)

‘010’ Reserved

‘011 Zl Depth mode with Gouraud

‘100’ BLK  |Block write mode!®

101 Reserved

‘110’ Reserved

111 I Gouraud (with depth compar&y

() When block mode i's 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 aphysical register. It provides
<11> an alternate way to load the SRC registers (see page 3-80).
* 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. Writing to any of #C0, SRC1, SRC2,

SRC3 or PATO, PAT1 registers whilesolid is ‘1’ may produce unpredictable results.

arzero AR register at zero. Tharzero field provides an alternate way to set cerfsiit
<12> registers (see descriptions startingpaige 3-23

* 0: No effect

e1: 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 (TRABcod):

dYl <=0 (ARO)
errl <=0 AR1)
-|dXI| <= 0 AR2)
errr <=0 AR4)
-|dXr| <= 0 AR5)
dYr <=0 (AR®6)

Writing to theARX registers whearzero = 1 will produce unpredictable results.

sghzero Sign register at zero. Thgnzero 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: scanleft = 0 Horizontal scan right
sdx| = 0 Left edge in increment mode
sdxr = 0 Right edge in increment mode
sdy = 0iy (seePITCH on page 3-74is added to
ydst (seeYDST on page 3-87)
For BLIT: scanleft = 0 Horizontal scan right
sdxl = 0 Left edge in increment mode
sdxr = 0 Right edge in increment mode
sdy = Oiy is added tydst

Writing to theSGN register whersgnzero = 1 will produce unpredictable results.
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DWGCTL

Drawing Control

shftzero Shift register at zero. The shftzero bit provides an alternate way to set al 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.
bop Function
‘0000’ 0
‘0001 ~(D|S)
‘0010’ D&~S
‘0011 ~S
‘0100’ (~-D)& S
‘0101 ~D
‘0110 DNS
‘0111 ~(D & S)
‘1000’ D& S
‘1001 ~(D"YS)
‘1010’ D
‘1011 D|~S
‘1100’ S
‘1101 (~D)| S
1110’ D| S
1117 1
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Drawing Control DWGCTL

trans
<23:20>

Translucency. Specify the percentage of opaqueness 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’ 1111
‘0110’
‘0111 1000’ 1001’ 1010’

B
_H
B
_H

1011’ 1100’ 1101’ 1110’

H 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.
Source is formatted when it comes from host.

Source operand is color.
For ILOAD, the source data is in 4:2:2 YUV format.

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’ "
‘1101’ K

‘0000’ BMONOLEF

‘0100’ BMONOWF

‘0010 BFCOL

1110’ BUYUV

‘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.

* For a RAM-to-RAM BITBLT operation, hardware fast clipping will be enabled if
BFCOL is specified.

* The field is also used for the IDUMP and TRAP_ILOAD operations.

Refer to the subsections containetrawing in Power Graphic Mode’ on page 4-25
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 thecCOL andBCOL register descriptions for the definitions of thieckey
andbltcmsk fields, respectively.

Reserved: <15> <24> <31>
Reserved. When writing to this register, the bits in these fields must be set to ‘0'.

MGA-2164W Specification Power Graphic Mode Register Descriptions  3-61



FCOL Foreground Color / Blit Color Key

Address MGABASE1 + 1C24h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown

forcol

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21] 20| 19[ 18| 17| 16| 15| 1413|1211 10| 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0

bltckey
forcol Foreground color. The forcol field is used by the color expansion module to generate
<31:0> the source pixels when the foreground is selected.

*In 8 and 16 bits/pixel configurations, all bitsforcol<31:0> are used, so the color
information must be replicated on all bytes.

* In 24 bits/pixel, when not in block mod®rcol<31:24> is not used.

* In 24 bits/pixel, when in block mode, &tircol bits are used.

Refer to'Pixel Format’ on page 4-1for 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 frdarcol<31:24>. In 16 bpp, when
5:5:5 mode is selected, bit 15 originates frimrcol<31>.

bltckey Blit color key. This field specifies the value of the color that is defined as the
<31:0> ‘transparent’ color. Planes that are not used must be set to ‘0’. Refer to the description
of thetransc field of DIWGCTL for the transparency equation

In 8 and 16 bit/pixel configurations, all bitshiftckey are used, so the color
information must be replicated on all bytes.
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Bus FIFO Status FIFOSTATUS

Address MGABASE1 + 1E10h (MEM)
Attributes RO, DYNAMIC, BY TE'WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0010 0100 0000b

°©
> 2
Q_ S
=
Reserved o o8 fifocount
31|30|29|28|27|26| 25| 24| 23] 22| 21| 20| 19| 18] 17| 16] 15| 14| 13[ 12] 11| 10] 9 sﬁs 5[4]3]2]1]0
fifocount Indicates the number of free locations in the Bus FIFO. On soft or hard reset, the
<5:0> 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
<9> is 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 PCI 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 fields must be set to ‘0.
Reading will give ‘O’s.
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FXBNDRY

X Address (Boundary)

Address MGABASEL1 + 1C84h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
fxright fxleft

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

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 3-66.
<31:16>
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X Address (Left) FXLEFT

Address MGABASE1 + 1CA8h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved fxleft
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
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 is not 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 field must be set to ‘0’.
<31:16>
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X Address (Right)

FXRIGHT
Address MGABASEL1 + 1CACh (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved fxright

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18|17 | 16| 15| 1413|1211 10| 9 [ 8 7| 6| 5 | 4[ 3| 2] 1] 0

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 is not 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 field must be set to ‘0’.
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Interrupt Clear

ICLEAR
Address MGABASE1 + 1E18h (MEM)
Attributes WO, DYNAMIC, BY TEflWORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b
© ©
< £ =28
s 3 £3
£ o 9o
Reserved S X oK
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
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.
Reserved: <1><4:3><31:6>

Reserved. When writing to this register, the bits in these fields must be set to ‘0'.
Reading will give ‘O’s.
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IEN Interrupt Enable

Address MGABASE1 + 1E1Ch (MEM)
Attributes R/W, STATIC, BY TE'WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

3 k5
c® 2 52
oo 9 < O
= c 9 S0
X = ) o o
Reserved TS ¥ 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
pickien Picking interrupt enable. When set to ‘1’, enables interrupts if a picking interrupt
<2> occurs.
vlineien Vertical line interrupt enable. When set to ‘1’, an interrupt will be generated when the
<5> vertical line counter equals the vertical line interrupt count.
extien External interrupt enable. When set to ‘1’, an external interrupt will contribute to the
<6> generation of a PCl interrupt on tRENTA/ line.
Reserved: <1><4:3><31:7>

Reserved. When writing to this register, the bits in these fields must be set to ‘0.
Reading will give ‘0’s.
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Length LEN

Address MGABASE1 + 1C5Ch (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

beta Reserved length

31/30| 20| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19[ 18| 17| 16| 15| 14| 13] 12|11 ]10[ 90 [ 8| 7| 6| 5 [ 4[ 3| 2] 1] 0
length Length. The length field is a 16-bit unsigned value.
<15:0>

» Thelength field does not 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.

beta Beta factor. This field is used to drive the vertical scaling in ILOAD_HIQHYV (it is not
<31:28> used for other opcodes). Theta field represents the four least significant bits of a
value between 1 and 16 (16 is 0000b), which represents a beta factor of 1/16 through
16/16.
Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<27:16>
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MACCESS

Memory Access

Address MGABASE1 + 1C04h (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b
- © e
0L 3 £ 2 <
g £ S a 2
0o 5 = 0 =2
T c = Reserved S Reserved RN 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. Specifies the size of Z values:
<3> =
zwidth
Value Mnemonic |Mode
{0} ZW16 16 bit Z
‘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 RAMSs.

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

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>
* 0: Dithering is performed on unformatted ILOAD, ZI, and | trapezoids.
« 1: Dithering is disabled.
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 <14:4><2><28:16>
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Reserved. When writing to this register, the bits in these fields must be set to ‘0.
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Operating Mode OPMODE

Address MGABASE1 + 1E54h (MEM)
Attributes R/W, STATIC BY TE'WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b
N
% @ o) D
© T ) >
© o 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’ Reserved

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<l15:8> reg<7:0>
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
o~y 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

& 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
incomplete packet.
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OPMODE Operating Mode

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 give ‘0’s.
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Pattern PATO, PAT1

Address MGABASE1 + 1C10h MGABASEL + 1C14h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
patregl patreg0
o | [ [ [P [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 ce 0
11 15 C 8
2| 23 . 16
3|31 patreg(x) 24
41 39 C. 32
5] 47 e 40
6| 55 c 48
7| 63 C. 56

The pattern-pixel pinning can be changed using the x_off andy_off fields of the
SHIFT register. See the SRCO, SRC1, SRC2, SRC3 register on page 3-80.
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PITCH Memory Pitch

Address MGABASE1 + 1C8Ch (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown
©
(&)
>
(]
£ o
Reserved E A iy
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
iy They-increment. Thisfield isa 12-bit unsigned value. The y-increment valueis
<11:0> measured in pixel unit and must be amultiple of 32 (thefive LSB = 0). It must be less

than or equal to 2048. The iy field specifies the increment to be added to or subtracted
fromydst (see YDST on page 3-87) between two destination lines. Theiy fieldisalso
used as the multiplication factor for linearizing the ydst register.

The hardware linearization unit is capable of only afew values of pitch. If the required
pitch is not within the hardware capabilities, the ylin bit should be used to disable the
linearization operation and the linearization need to be performed in software. The
following table provides the supported pitches for linearization:

Pitch iy Pitch iy

512 001000000000b 1152 010010000000b
640 001010000000b 1280 010100000000b
768 001100000000b 1600 011001000000b
800 001100100000b 1664 011010000000b
832 001101000000b 1920 011110000000b
960 001111000000b 2048 100000000000b

1024 010000000000b

This register must be loaded with a value that is amultiple of 32, 64, 128, or 256 due
to arestriction involving block mode, according to the table below. See ‘Constant
Shaded Trapezoids / Rectangle Fills’ on page.4S@épage 3-56or additional
restrictions that apply to block modatype = BLK).

pwidth memconfig = 00| memconfig =01
PW8 64 128
PW16 32 64
PW24 64 128
PW32 32 32
ylin The y-linearization. This bit specifies whether the address must be linearized or not.

<15>
* 0: The address is an xy address, so it must be linearized by the hardware
*1: The address is already linear

Reserved: <14:12> <31:16>
Reserved. When writing to this register, the bits in these fields must be set to ‘0'.
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Plane Write Mask PLNWT

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

plnwrmsk

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

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 written in
this case).

* 0 = inhibit write

* 1 = permit write

The bits from the@lnwrmsk<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 4-1fbr the definition of the slice in each mode.
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RST Reset

Address MGABASE1 + 1E40h (MEM)
Attributes R/W, STATIC, BY TE'WORD/DWORD
Reset Value 0000 0000 0000 0000 0000 0000 0000 0000b

softreset

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|1|0

softreset Soft reset. When set to ‘1, this resets all bits that permit software resets. This has the
<0> effect of flushing the BFIFO, the MOFIFO (used by idump), and the direct access read
cache, and aborting the current drawing instruction. A soft reset will not generate
invalid memory cycles, and memory contents are preservedofteset signal
takes place at the end of the PCI write cycle. The reset bit must be maintained to ‘1’
for a minimum of 1Qus to ensure correct reset. After that period, a ‘0’ must be
programmed to remove the soft reset.

Refer to Section 4.3.3 on page 4{B2 instructions on when to use this field.
*& WARNING! A soft reset will not re-read the chip strapping.

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<31:1> Reading will give ‘O’s.
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Sign SGN

Address MGABASE1 + 1C58h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
o©
Q =
- 2
= § =X @
Reserved o x 5o o0
=
©
>
©
()
®& Note: Writing to this register when DWGCTL’s sgnzero bit = 1 will
produce unpredictable results. Make sure that a ‘0’ is written to
sgnzero prior to accessingGN.
sdydxl| Sign of delta y minus delta x. This bit is shared witlanleft. 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 sditydx| 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 wilenod =
BFCOL (seeDWGCTL on page 3-55)For TRAP drawing, this bit must be set to ‘0’
(scan right).

sdxl Sign of delta x (line draw or left trapezoid edge). Ehel 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 Sign of deltax (right trapezoid edge). The sdxr field specifies the x direction of the
<5> right edge of afilled trapezoid.

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

Reserved: <4:3> <31:6>
Reserved. When writing to this register, the bits in these fields must be set to ‘0.
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Funnel Shifter Control SHIFT

Address MGABASE1 + 1C50h (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
Reserved stylelen Reserved funcnt

sila0| 29 20 27120 25 [ 23] 22 a1 o] o[ 8 4716 15 a3 12 3 10 9 181 7] s [ 5 | 4 3 2] 1 [0
! ! ! | | | A O A

Reserved funoff Reserved y_off x_off

funcnt
<6:0>

x_off
<3:0>

y_off
<6:4>

funoff
<21:16>

stylelen
<22:16>

Reserved:

Funnel count value. Thisfield is used to drive the funnel shifter bit selection.

* 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.

Pattern x offset. This field is used for TRAP operations without depth, to specify the x
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.

Pattern y offset. This field is used for TRAP operations without depth, to specify the y
offset in the pattern.

This field will be modified during Blit operations.

Funnel shifter offset. For Blit operations, this field is used to specify a bit offset in the
funnel shifter count. In this cagenoff is interpreted as a 6-bit signed value.

Line style length. For LINE operations, this field specifies the linestyle length. It
indicates a location in th@RC registers (sepage 3-8} so its value is the number of
bits in the complete pattern minus one. For 3D vectors, this field must be initialized to
‘0.

<15:7> <31:23/22>
Reserved. When writing to this register, the bits in these fields must be set to ‘0'.
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SRCO0, SRC1, SRC2, SRC3 Source

Address MGABASEL1 + 1C30h, + 1C34h, + 1C38h, + 1C3Ch (MEM)
Attributes WO, FIFO, DYNAMIC, DWORD
Reset Value Unknown
srcreg3 srcreg2 srcregl srcreg0
w2l | | | | [ Jesfes] [ [ ] [ [ fesfes] | ] ]| | [efss] | [ [ ] ] fo
srcreg Source register. The source register is used as source datafor 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 4-30
for more details.

For TRAP with the RPL or RSTR attribute, the source register is used 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 4-37 for more details.

For all 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 3-73) will load the SRC registers.
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Status

STATUS

Address

Attributes
Reset Value

Reserved

31{30|129|28|27|26|25|24|23|22(21|20(19|18{17|16|15|14|13|12|11|10|9 |8 |7 | 6

MGABASEL + 1E14h (MEM)
RO, DYNAMIC, BY TE/WORD/DWORD
0000 0000 0000 0000 0000 0000 0?00 0000b

dwgengsts
vlinepen
vsyncpen
vsyncsts
pickpen

()]
A~
w
N
EH Reserved

extpen

Reserved

1|0

pickpen
<2>

vsyncsts
<3>

vsyncpen
<4>

vlinepen
<5>

extpen
<6>

dwgengsts
<16>

'Reserved:

MGA-2164W Specification

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

This bit is cleared through theckiclr bit (seel CLEAR on page 3-679r 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 theINSTS0 VGA register).

This bit is cleared through thvéntclr 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 cé&ed.theCRTC18 register

on page 3-133. This bit is cleared through thvdineiclr bit (seelCLEAR on page 3-

67) 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 the&EXTINT/ pin during the hard reset.

Drawing engine status. Set to ‘1’ when the drawing engine is busy (a busy condition
will be maintained until the BFIFO is empty, the drawing engine is finished with the
last drawing command, and the memory controller has completed the last memory
access)

<1><15:7> <31:18>

Reserved. When writing to this register, the bits in these fields must be set to ‘0'.
Reading will give ‘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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VCOUNT Vertical Count

Address MGABASE1 + 1E20h (MEM)
Attributes RO, DYNAMIC, WORD/DWORD
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 bits in this field must be set to ‘0’.
<31:12> Reading will give ‘0’s.
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X Destination Address XDST

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 + 1CBOh (MEM)
WO, FIFO, DYNAMIC, DWORD
Unknown

Reserved xdst

xdst
<15:0>

Reserved
<31:16>

The x-coordinate of destination address. The xdst field contains the running

x-coordinate of the destination address. It is a 16-bit signed value in two'’s
complement notation.

* Before starting a vector drawglst must be loaded with the x-coordinate of the start-
ing point of the vector. At the end of a vectast contains the address of the last
pixel of the vector. This can also be done by accessingXBaRT register.

* This register does not require initialization for polyline operations.

* For BLITSs, this register is automatically loaded fréxteft (seeFXLEFT on page 3-
65) andfxright (seeFXRIGHT on page 3-66)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 éxleft or cxleft, and
an initial value must not be loaded. (S2¢LEFT onpage 3-32

Reserved. When writing to this register, the bits in this field must be set to ‘0’
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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| 20| 28| 27| 26| 25| 24| 23| 22| 21] 20| 19[ 18| 17| 16| 15| 14 13| 1211 10| 9 [ 8| 7| 6| 5 | 4[ 3| 2] 1] 0

The XYEND register is not 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 is not a physical register. It is simply an aternate 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 al the registers affected by XYSTRT are
updated to the endpoint of the vector at the end of the AUTOLINE.

When XYSTRT iswritten, the following registers are affected:

e x_start<15:0> -->xdst<15:0>

» x_start<15:0> -->ar5<17:0> (sign extended)

o y_start<15:0> -->ydst<22:0> (sign extended), 0 -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 usgYISd 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
3130 29| 28] 27| 26| 25| 24| 23] 22| 21| 20| 19] 1817 ] 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 3-87). The value of the ydst 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 (thefive LSBs= 0). Thereis
no way to disable clipping.

Reserved Reserved. When writing to this register, the bits in this field 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[ 90 [ 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 selectgihbisee
PITCH on page 3-74)

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 2048. Pitch is also a multiple of 32.

* Before starting a vector draywlst must be loaded with the y-coordinate of the start-
ing point of the vector. This can be done by accessingY18I RT register. This
register does not 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.

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

The YDSTLEN register is not aphysical register. It is simply an alternate way to load
the YDST and LEN registers.

length Length. See the LEN register on page 3-69.
<15:0>
yval They destination value. See the YDST register on page 3-87. 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-bit 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[ 90 [ 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 the first line of the intensity
buffer. Thisregister isused to initialize the YDST address.
This register must be loaded with avalue that is a multiple of 32, 64, 128, or 256
according to the table below, due to arestriction involving block mode. See ‘Constant
Shaded Trapezoids / Rectangle Fills’ on page 4Sé@&page 3-5or additional
restrictions that apply to block modatype = BLK).
pwidth memconfig = 00| memconfig = 01| memconfig = 10
PW8 64 128 256
PW16 32 64 128
PW24 64 128 256
PW32 32 32 64
Reserved Reserved. When writing to this register, the bits in this field must 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| 20| 28| 27| 26| 25| 24| 23] 22| 21| 20| 19[ 18| 17] 16| 15| 14 13] 1211 [10] 9 [ 8] 7| 6| 5 | 4 [ 3| 2] 1] 0
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 3-87). The value of theydst field must be greater than or equal to cytop to be
inside the drawing window.

This register must be programmed with a linearized line number:
cytop = (top line number) x PITCH + YDSTORG
This register must be loaded with a multiple of 32 (the five LSBs = 0).

®& Note: The cytop vaueisinterpreted as positive, any negative ydst valueis
automatically outside the clipping window.

Thereis no way to disable clipping.

Reserved Reserved. When writing to this register, the bits in this field must be set to ‘0’.
<31:24>
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Z-Depth Origin ZORG

Address MGABASE1 + 1COCh (MEM)
Attributes WO, FIFO, STATIC, DWORD
Reset Value Unknown
Reserved zorg
31/30|20| 2827 26| 25| 24 23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
zorg Z-depth origin. The zorg field is a 24-bit unsigned value used as an offset from the
<23:0> Intensity buffer to position the first Z value of the depth buffer.

The zorg field is abyte 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 512 (the nine LSBs = 0).

Equation zwidth
zorg = Z depth origin - ydstorg * 2 0
zorg = Z depth origin - ydstorg * 4 1
Reserved Reserved. When writing to this register, the bitsin thisfield are ignored.

<31:24> Setting ZORG to 200000h or 400000h will yield the fastest performance for

primitives using the Z buffer.
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ZORG Z-Depth Origin
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3.2 VGA Mode Register Descriptions

The MGA-2164W 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

n 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), MGABASEL + 1FC1h (MEM) VGA
Attributes BYTE, STATIC

Reset Value nnnn nnnn 0000 000O0b

attrd Reserved pas attrx
15 4|2 ufw]oeo|s |76 | 5] a]s]|2]1]o0
attrx Attribute controller index register. VGA.

<4:0> A binary value that pointsto the VGA Attribute Controller register where datais to 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 ATTRY 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 3C0h toggle between the
index and the palette.

* Aread at port 3C1h does not toggle the index/data pointer.
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Attribute Controller ATTR

pas
<5>

attrd
<15:8>

Reserved
<7:6>

Example of a palette write:

Reset pointer: read at port 3BAh
Write index: write at port 3COh
Write color: write at port 3COh

Example of a palette read:

Reset pointer: read at port 3BAh
Write index: write at port 3COh
Read color: read at port 3C1h

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 is forced to the overscan color. If pas = 1, the palette

is used normally by the video stream to translate color indices (CPU writes are inhib-

ited and reads return all ‘1's). Normally, the internal palette is loaded during the blank
time, since loading inhibits video translation.

ATTR data register.

Retrieve or write the contents of the register pointed to bwttine field.

Reserved. When writing to this register, the bits in this field must be set to '0'. Reading
will give ‘O’s.
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ATTRO to ATTRF Palette Entry Oh to Fh

Index attrx = 00h to attrx = OFh
Reset Value 0000 0000b

Reserved paletO-F
76| 5| a|3]2]1]0
paletO-F Internal palette data. VGA.
<5:0> These six-hit registers allow dynamic mapping between the text attribute or graphic
color input value and the display color on the CRT screen. Theseinternal palette regis-
ter 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 this register, the bitsin this field must be set to '0'.
<7:6>
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Attribute Mode Control ATTR10

Index attrx = 10h
Reset Value 0000 0000b

3
o

S E 2 S
< S o g e - o g
s 3 = 0 c [ = o
o ) ) o) = = o o
o o o o o = e ©
7 6 5 4 3 2 1 0

atcgrmode Graphics/alphanumeric mode. VGA.

<0>
* 0: Alphanumeric mode is 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 enabledi{linken = 1).
mono<1> Mono emulation. VGA.
* 0: Color emulation.
» 1. Monochrome emulation.
Igren<2> 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 charégten, should be ‘0’
Otherwise, unwanted video information will be displayed. This bit is ‘don’t care’ in
graphics modesafcgrmode = 0).
blinken Select background intensity or blink enable. VGA.
<3>

» 0: Blinking is disabled. In alpha modesdgrmode (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 modeddgrmode = 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 modeofo andatcgrmode
(ATTR10<1:0>) = 11), all pixels toggle on and off. In color graphics modes
(mono andatcgrmode (ATTR10<1:0>) = 01), only pixels that havginken
(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>

p5p4
<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 difpelcnt (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 3-102.

Reserved. When writing to this register, this field must be set to '0".
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Overscan Color ATTR11

Index attrx = 11h
Reset Value 0000 0000b

ovscol

7‘6‘5‘4‘3‘2‘1‘0

ovscol Overscan color. VGA.

<7:0> Determines the overscan (border) color displayed on the CRT screen. The value pro-
grammed is the index of the border color in the DAC. The border color is displayed
when theinternal 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>

3-100 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 3-159

Reserved. When writing to this register, the bits in this field must 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 hori-

zontally to the left, according to the following table (values 9 to 15 are reserved):

8 dot mode
pixel shifted |9dot 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 this register, 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 a]s3]2]1]o0
colsel54 Select color 5to 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’ wihete256 = 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’ nwbhdr256
(GCTL5<6>) = 1.
Reserved Reserved. When writing to this register, the bits in this field must 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]l e[ 5| a]s3]2]1]0

cacheflush Flush the cache. Writes to this register will flush the cache. For additional details,
<7.0> refer to ‘Direct Access Read Cache’ on page.4-4

Even though this register can be read, its data has no significance, and may not be con
sistent. When writing to this registeit| bits must be set to ‘0’
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CRTC

CRTC Registers

Address

Attributes
Reset Value

crtcd

Reserved

03B4h (1/0), (MISC<0> == 0;: MDA emulation)
03D4h (1/0), (MISC<0> == 1: CGA emulation)
MGABASEL + 1FD4h (MEM)
R/W, BY TE/WORD, STATIC
nnnn nnnn 0000 0000b

crtcx

15‘14‘13‘12‘11‘10‘9‘8 7 6 5‘4‘3‘2‘1‘0

crtcx
<5:0>

CRTC index register.

A binary value that pointsto the VGA CRTC register where data is to 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 End 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 0%h
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 as0 (D 19h - 21h
CPU Read Latch CRTC22 22h
Reserved - read as 0 23h

(@ writing 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
Reserved -- read as 0 28h - 3Fh
crtcd CRTC dataregister.
<15:8> Retrieve or write the contents of the register pointed to by the crtcx field.
Reserved Reserved. When writing to thisregister, the bitsin thisfield must be set to '0’. Reading
<7:6> will give ‘0’s.

MGA-2164W Specification VGA Mode Register Descriptions  3-105



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.

<7:0> 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 crtcx =02h
Reset Value 0000 0000b
hblkstr
7‘6‘5‘4‘3‘2‘1‘0
hblkstr Start horizontal blanking. VGA/MGA.
<7:0>

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 horizon-

tal character counter reaches this value.

Thisregister can be write-inhibited when crtcprotect (CRTC11<7>) = 1.
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End Horizontal Blanking CRTC3

Index crtcx =03h
Reset Value 1000 0000b

hdispskew

hblkend

~ I Reserved

6‘5 4‘3‘2‘1‘0

hblkend End horizontal blanking bits. VGA/MGA.

<4:0> 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.

hdispskew Display enable skew control. VGA/MGA.

<6:5> Defines the number of character clocks to delay the display enable signal to compen-

sate for internal pipeline delays.

Normally, the hardware can accommodate the delay, but the VGA design alows
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
Reserved Thisfield isdefined as a bit for chip testing on the IBM VGA, but is not used on the

<7> 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.

This register can be write-inhibited when crtcprotect (CRTC11<7>) = 1.
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End Horizontal Retrace CRTC5

Index

Reset Value

hsyncend
<4:0>

hsyncdel
<6:5>

hblkend
<7>

crtcx = 05h
0000 0000b

hblkend
hsyncdel

hsyncend

7] e[ 5| a]s3]2]1]0

End horizontal retrace. VGA/MGA.

The horizontal sync signal becomes inactive when, after being activated, the five
lower bits of the horizonta character counter reach the end horizontal retrace value.

Thisregister can be write-inhibited when crtcprotect (CRTC11<7>) = 1.
Horizontal retrace delay. VGA/MGA.

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
‘01’ 1 additional character delays
‘10’ 2 additional character delays
11 3 additional character delays

End horizontal blanking bit 5. VGA/MGA.
Bit 5 of the End Horizontal Blanking value. See the CRTC3 register on page 3-109.
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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>

vsyncstr
<2>

vblkstr
<3>

linecomp
<4>

vtotal
<5>

vdispend
<6>

vsyncstr
<7>

CRTC7

crtex =07h
0000 0000b

s Z g s 2

(7] [} : (7] [}
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7 6 5 4 3 2 1 0

Vertical tota bit 8. VGA/MGA.
Contains bit 8 of the Vertical Total. See the CRTC6 register on page 3-112.

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
3-124.

Vertical retrace start bit 8. VGA/MGA.
Contains bit 8 of the Vertical Retrace Start. See the CRTC10 register on page 3-122.

Start vertical blank bit 8. VGA/MGA.
Contains bit 8 of the Start Vertical Blank. See the CRTC15 register on page 3-127.

Line compare bit 8. VGA/MGA.
Line compare bit 8. See the CRTC18 register on page 3-133. This bit is not write-pro-
tected by crtcprotect (CRTC11<7>).

Vertical tota bit 9. VGA/MGA.
Contains bit 9 of the Vertical Total. See the CRTC6 register on page 3-112.

Vertical display enable end bit 9. VGA/MGA.
Contains bit 9 of the Vertical Display Enable End. See the CRTC12 register on page
3-124.

Vertical retrace start bit 9. VGA/MGA.
Contains bit 9 of the Vertical Retrace Start. See the CRTC10 register on page 3-122.
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CRTCS8 Preset Row Scan

Index crtcx = 08h
Reset Value 0000 0000b

bytepan prowscan

~ I Reserved

6 | 5[4 ]3] 2]1]o0

prowscan Preset row scan. VGA/MGA.
<4:0> 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:

* conv2t4 (CRTC9<7>) = 0: 1 scan line
e conv2t4 = 1: 2 scan lines

bytepan Byte panning control. VGA/MGA.
<6:5> This field controls the number of bytes to pan during a panning operation.

Reserved Reserved. When writing to this register, this field must be set to '0". Reading will give
<7> ‘0’s.
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Maximum Scan Line CRTC9

Index crtcx = 09h
Reset Value 0000 0000b

conv2t4
linecomp
vblkstr
maxscan

76| 5| a]s3][2]1]0

maxscan Maximum scan line. VGA/MGA.

<4:0> Thisfield specifies the number of scan lines minus one per character row.

vblkstr Start vertical blank bit 9. VGA/MGA.
<5> Bit 9 of the Start Vertical Blank register. See the CRTC15 register on page 3-127.
linecomp Line compare bit 9. VGA/MGA.
<6> Bit 9 of the Line Compare register. See the CRTC18 register on page 3-133.

conv2t4<7> 200 to 400 line conversion. VGA/MGA.

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

e conv2t4 = 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<s> Cursor off. VGA.
* Logical ‘1’ turn off the cursor
» Logical ‘0’: turn on the cursor

Reserved

Reserved. When writing to this register, the bits in this field must 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
‘00’ 0 additional character delays
‘01’

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. When writing to this register, thisfield must be set to 'O’

:101
1111

Reserved
<7>
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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 20-bit value from the star-
tadd (CRTCEXT0<3:0>) high-order and (CRTCD<7:0>) low-order start address reg-
istersisthe first address after the vertical retrace on each screen refresh.

See ‘Programming in Power Graphic Mode’ on page 4f@9more 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 3-118.
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CRTCE Cursor Location High
Index crtcx = 0Eh
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.

<r:0> These are the low-order eight bits of the cursor location. See the CRTCE register on

page 3-120.
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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 signal becomes active when the vertical line counter reaches the ver-
tical retrace start value (a 12-bit value). The lower eight bits are located here. Bit 8 is
in CRTC7<2>, bit 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}
9
o 0 c =
o = ) O
g 3 E E
o 7 > > vsyncend

~
(o]
6]
SN

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 handler must write a \tirtclr 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 setiirady 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 con-
trol 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. Thénecomp (line compare) field oERTC7 is not protected.
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CRTC12 Vertical Display Enable End

Index crtcx =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 0 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 LSBs 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 are in register
CRTCEXTO0<5:4>. The value is the number of double words (dword (CRTC14<6>)
= 1) or singlewords (dword = 0) in oneline.

See ‘Programming in Power Graphic Mode’ on page 4f@9more information about
offset programming.
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CRTC14

Underline Location

Index
Reset Value

undrow
<4:0>

count4<5>

dword<6>

Reserved
<7>

crtcx = 14h
0000 0000b

dword
count4

undrow

~ I Reserved

6

a1

4‘3‘2‘1‘0

Horizontal row scan where the underline will occur. VGA.

These bits specify the horizontal row scan of a character row on which an underline
OCCUrs.
Count by 4. VGA.

» 0: Causes the memory address counter to be clocked as definea byt field
(CRTC17<3>), ‘count by two bits’.

» 1: Causes the memory address counter to be clocked with the character clock
divided by four. Theount? field, if set, will supersedeount4, and the mem-
ory address counter will be clocked every two character clocks.

Double word mode. VGA.

» 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 theCRTC17 register for the address table.
Reserved. When writing to this register, this field must be set to '0".

2 Note: In MGA mode, dword must 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.

<7:0> The vertical blank signal becomes active when the vertical line counter reaches the
vertical blank start value (a 12-bit value). Thelower eight bitsarelocated here. Bit 8is
in CRTC7<3>, bit 9isin CRTC9<5>, and bits 10 and 11 are in CRTCEXT2<4:3>.
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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 theinternal vertical line counter reach the end vertical blanking value.
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CRTC Mode Control CRTC17

Index crtex =17h
Reset Value 0000 0000b

crtcrstN
wbmode
addwrap
count2
hsyncsel
selrowscan

[e)}

(&)
Eﬂ Reserved
w

N

-

o

cms

7

cms<0> Compatibility mode support. VGA.

» 0: Select the row scan counter bit O 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 ‘o’ ‘0’ ‘o’ ‘0’
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 A13 Al13 Al13 A13 Al15 A15 Al15 Al5
MA1 A0 A0 A0 A0 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
MAS8 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 Al12 RCO Al12 RCO Al12 RCO Al2
MA14 RC1 RC1 Al13 A13 RC1 RC1 Al13 Al13
MA15 Al4 Al4 Al4 Al4 Al4 Al4 Al4 Al4d
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CRTC Mode Control

CRTC17

Byte access {dword, wbmode} =01

{addwrap, selrowscan: cms}

Output ‘X00’ ‘X01’ ‘X10’ X111’
MAO A0 A0 A0 A0
MA1 Al Al Al Al
MAZ2 A2 A2 A2 A2
MA3 A3 A3 A3 A3
MA4 A4 A4 A4 A4
MAS A5 A5 A5 A5
MAG A6 A6 A6 A6
MAY A7 A7 A7 A7
MAS 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
<1>

hsyncsel
<2>

count2
<3>

addwrap
<5>

wbmode
<6>

crtcrstN
<7>

Reserved
<4>

3-132 VGA Mode Register Descriptions

Select row scan counter. VGA.

» 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 descrip-
tion.

Horizontal retrace select. VGA/MGA.

» 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 ver-
tical timing parameters have a resolution of two lines in divided-by-two mode, includ-
ing the scroll and line compare capability.

Count by 2. VGA.

» 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).

Address wrap. VGA.

* 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 0 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.

Word/byte mode. VGA.

* 0: When not in double word modéword (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 icrie field’s
description.

» 1: Select byte mode. The memory address counter bits are applied directly to the
video memory.

CRTC reset. VGA/MGA.
» 0: Force the horizontal and vertical sync to be inactive.

» 1: Allow the horizontal and vertical sync to run.

Reserved. When writing to this register, this field must be set to '0'. Reading will give
‘0’s.

2 Note: In MGA mode, wbmode must be set to 1, selrowscan 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.

<7:0> When the vertical counter reaches the line compare value, the memory address

counter is reset to ‘0’. This means that memory information located at 0 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 addré€$sT(CC, CRTCD) and up.
» Screen B is located at memory address 0 up t€RECC, 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 com-
pare unit is always a scan line that is independent afdhe2t4 field (CRTC9<7>).

The line compare is also used to generate the vertical line interrupt.
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CRTC22 CPU Read Latch
Index crtex = 22h
Reset Value 0000 0000b
cpudata
7‘6‘5‘4‘3‘2‘1‘0
cpudata CPU data. VGA.
<7:0>

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 rdmapsi|
field (GCTL4<1:0>) determines which of the four planesisread in Read Mode ‘0'.
This register contains color compare data in Read Mode 1.
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Attributes Address/Data Select

CRTC24
Index crtcx = 24h
Reset Value 0000 0000b
O
[%2)
©
©
= 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 field must be set to '0'.
<6:0>
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CRTC26 Attributes Address

Index crtcx = 26h
Reset Value 0000 0000b

Reserved pas attrx
7 | 6 | 5 | 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
attrx<4:0> V GA attributes address

pas<5> VGA palette enable.

Reserved
<7:6>

Reserved. When writing to this register, the bitsin this field must be set to '0'’.

» See theATTR register on page 3-94.

3-136 VGA Mode Register Descriptions MGA-2164W Specification



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 |14 1312 n]w0] 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
Reserved (D) 06h - 07h
@ Writi ng to areserved index has no effect; reading from areserved index
will give O's.
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 this register, the bitsin this field must be set to '0'.
<7:3>
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CRTCEXTO

Address Generator Extensions

Index
Reset Value

startadd
<3:0>

offset
<5:4>

interlace
<7>

Reserved
<6>

crtcextx = 00h
0000 0000b

interlace

o I Reserved

offset startadd

7

5‘4 3‘2‘1‘0

Start address bits 19, 18, 17, and 16.

These are the four most significant bits of the start address. See the CRTCC register
on page 3-118.

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
3-125.

Interlace enable.

Indicatesif interlace mode is enabled.
* 0: Not in interlace mode.
* 1: Interlace mode.

Reserved. When writing to this register, this field must be set to '0".
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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 ¢ & & _
o Q2 c c [ c 2 T
1 = > > 1% > = °
l) o] 7] [2) —_ [7)] o] —
> IS > = = = IS o

~
o
ol
IN
w
N
=
o

Horizontal total bit 8.

Thisisthe most significant bit of thehtotal (horizontal total) register. Seethe CRTCO
register on page 3-106.

Horizontal blanking start bit 8.

Thisisthe most significant bit of the hblkstr (horizontal blanking start) register. See
the CRTC2 register on page 3-108.

Horizontal retrace start bit 8.

Thisisthe most significant bit of thehsyncstr (horizontal retrace start) register. See
the CRTC4 register on page 3-110.

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 modg#&mode = 1;
seeCRTCEXT3).

Bit 6 of the End Horizontal Blanking valuSee theCRTC3 register on page 3-109.
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
()
S s 3
c 5 S
= vsyncstr  vblkstr > BS
7 | 6 \ 5 | 4 \ 3 | 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 verti-
cal total isthen 12 bits wide). See the CRTC6 register on page 3-112.

vdispend Vertical display enable end bit 10.

<2> Thisis the 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-
124,
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 is then 12 bits wide). See the CRTC15 register on page 3-
127.
vsyncstr Vertical retrace start bits 11 and 10.
<6:5> These are the two most significant bits of thevsyncstr (vertical retrace start) register
(the vertical retrace start is then 12 bits wide). See the CRTC10 register on page 3-
122.
linecomp Line compare bit 10.
<7>

Thisisthe most significant bit of thelinecomp (line compare) register (the line com-
pareisthen 11 bitswide). See the CRTC18 register on page 3-133.
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Miscellaneous

CRTCEXT3

Index

Reset Value

scale<2:0>

viddelay
<4:3>

slow256
<5>

csyncen
<6>

MGA-2164W Specification

crtcextx = 03h

0000 0000b
S
[ ©
e 8 g
8 £ =
> » o
S o »n  viddelay scale
7 6 5 | 4 3 2 ‘ 1 ‘ 0

Video clock scaling factor. Specifies the video clock division factor in MGA mode.

Scale Division Factor
‘000’ /1

‘001’ 12

‘010’ /13

‘011 14

‘100’ Reserved
‘101 /16

110’ Reserved
‘111 /8

Specifies the delay between the CRTC signals and the delayed external signals. The
number of delays to be added to the signal depends on the product’s configuration:

viddelay Configuration
00 4 MB board
01 2 MB board
1x 8 to 16 MB board

256 color mode acceleration disable.

* 0O: Direct frame buffer accesses are accelerated in VGA mode 13.
* 1: VGA Mode 13 direct frame buffer access acceleration is disabled. Unless other-
wise specified, this bit should always be ‘0’

Composite sync enable.

Generates a composite sync signal orMRASYNC/ 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 output on the
MDQ<63:56> bus. The memory address counter clock will be selected by the
count2 (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.
The VGA port of the RAMDAC should be selected. The load clock that is sent
to the RAMDAC is VCLK (or VCLK/2 if mode 13 is selected). Wheiga-
mode = ‘0’, the MGA frame buffer aperture mappedMGABASE? is unus-
able.

» 1: Select MGA mode. In this mode, it is the memory serial output stream that is
sent directly to the RAMDAC. The main port of the RAMDAC should be
selected. The memory address counter is clocked with the VCLK pin divided by
2. The load clock sent to the RAMDAC is VCLK. This mode should be used for
all Super VGA graphics modes and all accelerated graphics modes.
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Memory Page CRTCEXT4

Index crtcextx = 04h
Reset Value 0000 0000b

page Page.

<7:0> 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
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CRTCEXTS Horizontal Video Half Count
Index crtcextx = 05h
Reset Value 0000 0000b
hvidmid
7‘6‘5‘4‘3‘2‘1‘0
hvidmid Horizontal 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 program is:

Start Horizontal Retrace + End Horizontal Retrace - Horizontal Total

2
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DAC Status DACSTAT

Address 03C7h (1/0), MGABASEL + 1FC7h (MEM)
Attributes RO, BYTE, STATIC
Reset Value 0000 0000b

Reserved dsts

7 6 5 4 3 2 1 0

dsts This port returns the last access cycle to the palette.
<1:0>

» 00: Write palette cycle

» 11: Read palette cycle

Reserved This field returns zeroes when read.

<r.2> 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 trans-
mitted 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 + 1FDAh (MEM)

Attributes R/W, BYTE, STATIC

Reset Value 0000 0000b

Reserved

featcbl
featcbhO

7 6 5 4 3 2 1

o

featcb0<0> Feature control bit 0. VGA. General read/write bit.

featcb1<1> Feature control bit 1. VGA. Genera read/write bit.

Reserved Reserved. When writing to this register, the bitsin this field 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 |14 312 ufw] o8 ]|7 6 | 5 | a3 | 2]1]0
gctlx Graphics controller index register.
<3:0> A binary value that pointsto 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
Reserved @) 09h - OFh
@ writi ng to areserved index has no effect;
reading from areserved index will give ‘O’s.
gctld Graphics controller data register.
<15:8> Retrieve or write the contents of the register pointed to by the gctlx 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’.

This register is active when the graphics controller is in write mode 0 and enable set/
reset is activated.

Reserved. When writing to this register, the bits in these fields must be set to '0".
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Enable Set/Reset GCTL1

Index gctlx =01h
Reset Value 0000 0000b

Reserved setrsten

76543‘2‘1‘0

setrsten Enable set/reset planes 3to 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 repre-
sents the contents of the set/reset register. Otherwise, the rotated CPU data is used.

This register has no effect when not in Write Mode 0.

Reserved Reserved. When writing to this register, the bits in these fields must be set to '0'.
<7:4>
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GCTL2 Color Compare
Index gctlx = 02h
Reset Value 0000 0000b
Reserved refcol
7 e | s a]s3]2]1]o0
refcol Reference color. VGA.
<3:0> These bits represent a 4-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 teCTL7 (‘Color Don’t Care’;page 3-15pregister will be
tested.
Reserved Reserved. When writing to this register, the bits in these fields must 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 0000b
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 O (wrmode (GCTL5<1:0>) = 00).

Therotated datais also used as a mask together with the GCTL8 (‘Bit Mask’, page 3-
157) 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 these fields must be set to '0'.
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GCTL4 Read Map Select
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 com-
pare read mode (rdmode (GCTL5<3>) = 1).
Reserved Reserved. When writing to this register, the bits in these fields must be set to '0'.
<7:2>
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Graphics Mode GCTL5

Index gctlx = 05h
Reset Value 0000 0000b

mode256
srintmd
gcoddevmd
rdmode
Reserved

wrmode

EI Reserved
(o]
(6]
D
w
N
-
o

wrmode Write mode select. VGA.
<1:0> These bits select the write mode:

‘00" In this mode, the host data is 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 BLU 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 sys-
tem data is ANDed with the CTL8 (‘Bit Mask’, page 3-15) register

to give an 8-bit value which performs the same functioB@SL8 in
Modes 0 and 2.

rdmode Read mode select. VGA.
<3>

» 0: The host reads data from the memory plane selecte€ by 4, unlesshain4
(SEQ4<3>) equals 1 (in this case, the read map has no effect).
» 1. The host reads the result of the color comparison.

gcoddevmd Odd/Even mode select. VGA

<4>

* 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 AO to replace
bit 0 of the read plane select register, thus allowing A0 to determine odd or even
plane selection.

srintmd Shift register interleave mode. VGA.
<5>

* 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.

MGA-2164W Specification VGA Mode Register Descriptions  3-153



GCTL5 Graphics Mode

mode256<6>  256-color mode. VGA.
» 0: The loading of the shift registers is controlled bystiatmd 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 fields must be set to '0". These
fields return ‘0O’s when read.

3-154 VGA Mode Register Descriptions MGA-2164W Specification



Miscellaneous GCTL6

Index
Reset Value

gcgrmode
<0>

chainodd
even<l>

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 A0 signal of the memory address bus is used during system memory
addressing.

» 1. Allows A0 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 3-160

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 these fields must be set to '0'.

MGA-2164W Specification VGA Mode Register Descriptions  3-155



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 com-
pare read cycle.

Reserved Reserved. When writing to this register, the bits in these fields must be set to '0".
<7:4>
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Bit Mask GCTLS

Index gctlx = 08h
Reset Value 0000 0000b

wrmask

7‘6‘5‘4‘3‘2‘1‘0

wrmask Data write mask for pixels 7 to 0. VGA.

<7:0> 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), MGABASEL1 + 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> Alwaysread 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 these fields must 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 <
7] e[ 5] a]s3][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 out-
puts are used.

vidstmx diag

5 4 5 4
‘o’ ‘0’ PD2 PDO
‘o ‘7 PD5 PD4
‘1 ‘0 PD3 PD1
‘1 ‘17 PD7 PD6

<2:1><7:6>

Reserved. When writing to this register, the bits in these fields must be setto '0'. These
fields return ‘O’s when read.
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MISC

Miscellaneous Output

Address

Attributes
Reset Value

ioaddsel
<0>

rammapen
<1>

clksel
<3:2>

videodis
<4>

hpgoddev
<5>

03C2h (1/0), MGABASEL + 1FC2h (MEM) Write 03CCh (1/O)
MGABASEL + 1FCCh (MEM) Read

R/W, BYTE, STATIC

0000 0000b

vsyncpol
hsyncpol
hpgoddev
videodis
clksel
rammapen
ioaddsel

~

6 5

IN
w
N
[
o

I/O address select. VGA.

* 0: The CRTC I/O addresses are mapped to 3BXh an8TAEUS register is
mapped to 03BAh for MDA emulation.

* 1: CRTC addresses are set to 03DXh andSiiETUS register is set to 03DA for
CGA emulation.

Enable RAM. VGA.

» 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 ‘O’.

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
» Logical ‘1’: active low vertical sync pulse
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SEQ Sequencer

Address 03C4h (1/0), MGABASEL1 + 1FC4h (MEM)
Attributes R/W, BY TE/WORD, STATIC
Reset Value nnnn nnnn 0000 0000b
seqd Reserved seqx
15 4|2 ufw]oeo|s |76 |5 ]a]s3]|2]1]o0
segx Seguencer index register.
<2:0> A binary value that pointsto the VGA sequencer register where datais to 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 ((D) 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 this register, the bits in these fields must be set to '0'.
<7:3>
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Reset

SEQO

Index
Reset Value

asyncrst
<0>

syncrst
<1>

Reserved
<7:2>

segx =00h
0000 0000b

syncrst
asyncrst

Reserved

7 6 5 4 3 2

[EY

Asynchronous reset. VGA.

» 0: For the IBM VGA, this bit was used to clear and stop the sequencer asynchro-
nously. 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.

Synchronous reset. VGA.

» 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-2164W 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. When writing to this register, the bits in these fields must be set to '0".
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SEQ1

Clocking Mode

Index
Reset Value

dotmode
<0>

shftldrt

<2>

dotclkrt
<3>

shiftfour
<4>

scroff
<5>

Reserved

3-164

VGA Mode Register Descriptions

segx =01h
0000 0000b

scroff
shiftfour
dotclkrt
shftldrt
dotmode

.
Reserved
(o)}
(63}
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 charac-
ter 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.

e 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 fields must be set to '0". These
fields return ‘0O’s when read.
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Map Mask SEQ?2

Index segx =02h
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 these fields must be set to '0".
<7:4>
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SEQ3 Character Map Select

Index segx =03h
Reset Value 0000 0000b

mapasel
mapbsel
mapasel
mapbsel

\l
Reserved
(e)]
(6]
D

3‘2 1‘0

This register is reset 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
‘00r’ 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, 32> 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 these fields must be set to '0".
<7:6>
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Memory Mode SEQ4

Index segx = 04h
Reset Value 0000 0000b

seqoddevmd
memsz256

w

N

-
EI Reserved

chaind

Reserved

7 6 5 4

memsz256 256K memory size.
<1>

» Setto ‘0’ when 256K of memory is not installed. Address bits 14 and 15 are
forced to ‘0'.
» Setto ‘1’ when 256K of memory is installed. This bit should always be ‘1’.

seqoddevmd Odd/Even mode. VGA.
<2>

» 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 written unless it has been disabled by the map mask
register.

chain4 Chain four. VGA.
<3>

» 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

Reserved <0> <7:4>

Reserved. When writing to this register, the bits in these fields must be set to '0". These
fields return ‘O’s when read.
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4.1 HOST Interface

41.1

Introduction

The MGA-2164W-PCI chip interacts directly with the PCI interface, while the MGA-2164W-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

MIFIFO

MOFIFO
CACHE

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.

This is an 8-entry FIFO which is used for direct frame buffer VGA/MGA accesses, for
accesses to the DAC, and for accesses to external devices.

This is a 4-entry FIFO which is used for IDUMP operations.

This is a 4-location cache, which is used for direct frame buffer VGA/MGA read
accesses, for accesses to the DAC, or for accesses to external devices.

The following table shows when the BFIFO, MIFIFO, MOFIFO, or CACHE are used for different classes

of access.
Access Type BFIFO MIFIFO CACHE MOFIFO
. . . R
Configuration registers W
R w R
ROM W W
DMAWIN or MGABASE3 R R
W W
Drawing registers R
greg W W
. R
Host registers W
. ) R
Host registers +DRV# W W
VGA registers R
(110, MEM) w
DAC R W R
(I/0, MEM, Snooping) w w
Expansion devices R W R
P W W
R W R
VGA frame buffer W W
R wW R
MGABASE?2 W W

() 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 cycleswill be generated. A retry will be asserted when:

The BFIFO iswritten to when it is full.
The MIFIFO iswritten to when it is full.
The MOFIFO isread when it is empty.

The CACHE isread when the MIFIFO is not empty or when the datain the cache is not ready.
The VGA registers are written to when the MIFIFO is not empty.

In certain situations, retries can increase efficiency and simplify the software. For example, thereis no

need to poll the bfull flag of the BFIFO before writing to it. If the BFIFO isfull, aretry cycle will be

generated until alocation becomes free. At that point the access can be completed, and the program will
proceed to the next instruction.

& 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 performance is critical. The following table
summarizes when bursting is and is not used:

Access Access Type Burst
MGABASE1 + DMAWIN range R/W Yes
MGABASEL + drawing register range W Yes
MGABASEL1 + host reg. range +DRWI range w Yes
MGABASES3 range R/W Yes
VGA frame buffer range w Yes
VGA frame buffer range (mgamode = 0) R No @
VGA frame buffer range (mgamode = 1) R (cache hit) Yes
VGA frame buffer range (mgamode = 1) R (cache miss) No (D
MGABASE2 range W Yes
MGABASE2 range R (cache hit) Yes
MGABASE? range R (cache miss) No @
Configuration register range R/W No
I/0O range R/W No
ROMBASE range RIW No
MGABASEL + host register range R/W No
MGABASEL1 + VGA register range R/W No
MGABASE1 + DAC range R/W No @
MGABASEL1 + expansion device range R/W No @

@ The PCI Soecification (Rev. 2.1) states that atarget is required to complete the initial
data phase within 16 PCLKSs. In order to meet this specification, aread of alocation
within one of these ranges will activate the delayed transaction mechanism (when the

noretry field of OPTION = ‘0).
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®& Note: Accessesthat 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.
Burst mode is supported for reads of the MOFIFO, which isread in the DMAWIN or 8 MByte Pseudo-
DMA window range. Disconnection will occur when the MOFIFO becomes empty (such a situation can
happen when the drawing engine is busy with a memory or screen refresh cycle).

4.1.4 PCI Target-Abort Generation

The MGA-2164W generates a target-abort in two cases, as stated in the PCI Specification. The target-
abort is generated only for 1/O 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-2164W.

PAD<1:0> PCBE<3:0>/
‘00° ‘OXXT’
XOX1’
XX01
‘01 XXXO0’
‘X011
‘0111
‘10¢ XXXO’
XX01
‘0111
11° XXXO’
XX01’
‘X011’

CASE B: PCBE<3:0>/ Addresses More Than One Device

For example, if a write access is performed at 3C5h M@BE<3:0>/= ‘0101, both the VGASEQ
(Data) register and the DAC register are addressed. All of these accesses are terminated with a target-
abort, after which theigtargab 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-2164W'’s VGA or DAC.

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 four-dword cache entry. After a hard 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 access will be completed in 2 pclks.
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The following situations will cause a cache flush, in order to maintain data coherency:

A write access to the frame buffer (MGABASE2 or VGA frame buffer).
A write to the VGA registers (either 1/0 or memory).

Read accesses to the EPROM, DAC, or external devices.

A VGA frame buffer read in VGA compatibility mode (mgamode = 0).
A hard or soft reset.

ok wbdhpeE

& Note: The cacheis not flushed when the frame buffer configuration is modified (or when the
drawing engine writes to a cached location). As aresult, it isthe 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. A€ HEFLUSH 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 requiredPy 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 appear to be ‘byte-swapped'.
Certain actions are then taken within the MGA-2164W to correct this situation.

The exact action that will be taken depends on the data size (the MGA-2164W must be aware of the dat
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 are six distinct memory spaces:

1. Configuration space.

Boot space (EPROM).

I/0 space.

Register space.

Frame buffer space.

6. ILOAD and IDUMP space.

Configuration space

arwDn

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-2164W 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.

I/O space

Since I/0O is only used on the MGA-2164W for VGA emulation, it should, theoretically, only be enabled
on (Little Endian) x86 processors. However, it is still possible to use the 1/O registers with other
processors because 1/0 accesses are considered to be 8-bit. In such a case, bytes should not be swapg
anyway.
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Byte swapping considerations aside, MGA-2164W 1/O 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-2164W I/O 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 sedig@ine
configuration space registep®werpc bit to 1.

Setting thgpowerpc 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
pprocessor.
powerpc =1
PCI Bus
31 24 23 16 15 8 7 0
Byte 3 Byte 2 Byte 1 Byte 0

Internal Register

31 0

Byte 3 Byte 2 Byte 1 Byte O
powerpc =0
PCI Bus
31 24 23 16 15 8 7 0
pixels<7:0> pixels<7:0> pixels<7:0> pixels<7:0>

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

The frame buffer isorganized 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 bitsg/pixel mode, which is correctly supported only by Little Endian processors.

32 bits/pixel, dirDataSiz = 10

PCIl 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> Y0<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>

VO0<7:0> Y1<7:0> uo<7:0> YO0<7:0>

8 bits/pixel, dirDataSiz = 00

PCIl Bus
31 Pixel N+3 24 23 Pixel N+2 16 15 Pixel N+1 8 7 PixelN 0
pixels<7:0> pixels<7:0> pixels<7:0> pixels<7:0>

Frame Buffer
31 Pixel N+ 24 23 Pixel N+ 16 15 Pixel N+ 8 7 PixelN 0

pixels<7:0> pixels<7:0> pixels<7:0> pixels<7:0>
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ILOAD & IDUMP 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 IDUMP or ILOAD operationsin DMA BLIT WRITE mode). Other DMA modes - DMA
General Purpose or DMA Vector Write - should set dmaDataSiz to ‘10'.

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, ILOAD, and IDUMP 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 PCl 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 (seethe powerpc field of OPTION) isused in ILOAD and IDUMP
operations. Refer to Table 4-4 on page 4-233 and Table 4-12 on page 4-245.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211109 8 7 6 5 4 3 2 1 O

0 Pixel 3 Pixel 2 Pixel 1 Pixel 0

1

2

3

8-bit B Big endian 8-bit (see the powerpc field of OPTION) isused in ILOAD and IDUMP

operations. Refer to Table 4-4 on page 4-233 and Table 4-12 on page 4-245.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 0
Pixel 0 Pixel 1 Pixel 2 Pixel 3

w N O
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16-bit A

Little endian 16-bit (see the powerpc field of OPTION) isused in ILOAD and

IDUMP operations. Refer to Table 4-4 on page 4-233 and Table 4-12 on page 4-245.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 0

0 Pixel 1 Pixel 0
1
2
3
16-bit B Big endian 16-bit (seethe powerpc field of OPTION) isused in ILOAD and IDUMP
operations. Refer to Table 4-4 on page 4-233 and Table 4-12 on page 4-245.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 1312 11 109 8 7 6 5 4 3 2 1 O
0 Pixel O Pixel 1
1
2
3
32-bit A 32-bit RGB, used in ILOAD and IDUMP operations. Refer to Table 4-4 on page 4-
233, Table 4-6 on page 4-235, and Table 4-12 on page 4-245.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 131211 109 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 and IDUMP operations. Refer to Table 4-4 on page 4-
233, Table 4-6 on page 4-235, and Table 4-12 on page 4-245.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 1312 11 109 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 ;
32-bit C 32-bit RGB used in ILOAD_HIGHYV operations. Refer to Table 4-7 on page 4-235.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 O
0 Green: Line 0, Pixel 0 Red: Line 1, Pixel O Green: Line 1, Pixel 0 Blue: Line 1, Pixel O
1 Green: Line 0, Pixel 1 Red: Line 1, Pixel 1 Green: Line 1, Pixel 1 Blue: Line 1, Pixel 1
2 Green: Line 0, Pixel 2 Red: Line 1, Pixel 2 Green: Line 1, Pixel 2 Blue: Line 1, Pixel 2
3
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32-bit D

32-bit BGR used in ILOAD_HIGHV operations. Refer to Table 4-7 on page 4-235.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211109 8 7 6 5 4 3 2 1 O

0 Green: Line 0, Pixel O Blue: Line 1, Pixel O Green: Line 1, Pixel 0 Red: Line 1, Pixel O
1 Green: Line 0, Pixel 1 Blue: Line 1, Pixel 1 Green: Line 1, Pixel 1 Red: Line 1, Pixel 1
2 Green: Line 0, Pixel 2 Blue: Line 1, Pixel 2 Green: Line 1, Pixel 2 Red: Line 1, Pixel 2
3
24-bit A 24-bit RGB packed pixel, used in ILOAD and IDUMP operations. Refer to Table 4-4
on page 4-233, Table 4-6 on page 4-235, and Table 4-12 on page 4-245.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 131211 109 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
24-bit B 24-bit BGR packed pixel, used in ILOAD and IDUMP operations. Refer to Table 4-4
on page 4-233, Table 4-6 on page 4-235, and Table 4-12 on page 4-245.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 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
YUV A Little endian, single-buffer YUV, used in ILOAD operations. Refer to Table 4-4 on
page 4-233 and Table 4-6 on page 4-235.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 O
0 VO Y1l uo YO
1 V2 Y3 U2 Y2
2 V4 Y5 U4 Y4
3
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YUV B

Little endian, single-buffer YUV with byte swap, used in ILOAD operations. Refer to

Table 4-4 on page 4-233 and Table 4-6 on page 4-235.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 O

0 Y1 VO YO uo
1 Y3 V2 Y2 U2
2 Y5 V4 Y4 U4
3
YUV C Big endian, single-buffer YUV, used in ILOAD operations. Refer to Table 4-4 on
page 4-233 and Table 4-6 on page 4-235.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 0
0 YO uo Y1 VO
1 Y2 u2 Y3 V2
2 Y4 U4 Y5 \Z
3
YUV D Big endian, single-buffer YUV with byte swap, used in ILOAD operations. Refer to
Table 4-4 on page 4-233 and Table 4-6 on page 4-235.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 0
0 uo YO VO Y1
1 U2 Y2 V2 Y3
2 U4 Y4 V4 Y5
3
Yuv E® Little endian, double-buffer YUV, used in ILOAD_HIGHV operations. Refer to Table
4-7 on page 4-235.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 0
0 V10 Y11 u10 Y10
1 V0O Y01 uoo Y00
2 V12 Y13 u12 Y12
3 V02 Y03 uo2 Y02
4 V14 Y15 u14 Y14
5 V04 Y05 uo4 Y04
6
@ vij | Uij | Vij, wherei = line, j = pixel. For example: Y10 =Y for pixel Oonline 1.
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yuv D Little endian, double-buffer YUV with byte swap, used in ILOAD_HIGHV opera-
tions. Refer to Table 4-7 on page 4-235.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211109 8 7 6 5 4 3 2 1 O

0 v11 V10 Y10 u10
1 Yo1 V00 Y00 0o

2 Y13 V12 Y12 u12

3 Y03 V02 Y02 uo2

4 Y15 V14 Y14 U4

5 Y05 V04 Y04 U4

6

Yuv g Big endian, double-buffer YUV used in ILOAD_HIGHYV operations. Refer to Table

4-7 on page 4-235.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211109 8 7 6 5 4 3 2 1 0

0 Y10 u10 Y11 V10
1 Y00 0o Yo1 V00
2 Y12 u12 Y13 V12
3 Y02 uo2 Y03 V02
4 Y14 u14 Y15 V14
5 Y04 U04 Y05 V04
6
Yuv HD Big endian, double-buffer YUV with byte swap, used in ILOAD_HIGHV operations.

Refer to Table 4-7 on page 4-235.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211 109 8 7 6 5 4 3 2 1 0

0 u10 Y10 V10 Y11
1 uoo Y00 V00 Y01
2 Uiz Y12 V12 Y13
3 uo2 Y02 V02 Y03
4 ui4 Y14 V14 Y15
5 uo4 Y04 V04 Y05
6

@ vij | Uij | Vij, wherei = line, j = pixel. For example: Y10 =Y for pixel 0 on line 1.
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MONO A

Little endian 1-bit used in ILOAD and BITBLT operations. Refer to
Table 4-5 on page 4-234.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514131211109 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 4-5 on page 4-234.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 1211 109 8 7 6 5 4 3 2 1 0
0 |P24 P31|P16 P23|P8 P15|PO P7
1 |P56 P63 |P48 P55 | P40 P47 |P32 P39
2 |P8s 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 4-5 on page 4-234.
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 1211 109 8 7 6 5 4 3 2 1 0
0 |PO P31
1 |P32 P63
2 |P64 P95
3
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4.2 Memory Interface

42.1

Frame Buffer Organization

The MGA-2164W supports atotal of 16 megabytes of WRAM memory divided in eight 2 MByte banks.
Itispossibleto connect a64 or 128 bits RAMDAC. The actual quantity of visible memory isafunction of
the RAMDAC used. Thefirst 2 Mbyte bank is always visible and the last four 2 Mbyte banks are never

visible.

There are three different frame buffer organizations, described below:

B VGA Mode

B Power Graphic Mode (single frame buffer modes)
m Power Graphic Mode (split frame buffer modes)

Split frame buffer modes are implemented by allocated a complete bank of memory per buffer. One bank
of memory will drive the lower part of the serial bus and the other bank will drive the upper part of the

serial bus. Obviousdly, split frame buffer modes demand at |east 2 memory banks and aRAMDAC capable
of understanding that the serial busis now made of 2 video streams. The following table summarizes the

chip capabilities:

Table 4-1: Chip Capabilities

RAMDAC serial port Total memory possible Visible memory Split mode capability
2M 2M NONE
64 4M aM 2*2M
8M &M 2*2M
10,12,14,16M 8M 2*2M
2M M NONE
4M aM 2*2M
128 8M &M 2*4M
10,12,14,16M &M 2*4M

4211

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 bits Z 32 bits

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

640x480 | 2M M 2M 2M 2M 2M - M 2M 2M - 4M

720x 480 | 2M 2M M 2M M 2M - 2M M 2M - 4M

800x 600 | 2M 2M 2M M 2M 2M 4M 4M 4M 4M
1024 x 768 | 2M 2M 4M 4M 4M 4M M 4M M M
1152 x 864 | 2M M 4M 4M 4M 4M - M M aM - M
1280 x 1024 | 2M 4M 4M &M 4M M - M 8M M - 10M
1600 x 1200| 2M 4M 8M &M 8M M 12M | 10M | 12M 16M

4-14  Memory Interface
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Theresolution is also a function of the DAC bandwidth. The following table demonstrates the minimum
requirement for a given resolution:

Resolution Pixel Clock Pixel Width
@85Hz MHz 8 16 24 32
640x480 36 DAC64 DAC64 DAC64 DAC64
720x400 35.5 DAC64 DAC64 DAC64 DAC64
800x600 56.25 DAC64 DAC64 DAC64 DAC64
1024x768 94.50 DAC64 DAC64 DAC64 DAC64
1152x864 121.5 DAC64 DAC64 DAC64 DAC64
1280x1024 157.5 DAC64 DAC64 DAC64 DAC128
1600x1200 229.5 DAC64 DAC64 DAC128 DAC128

42.1.2 VGA Mode

In VGA Mode, the frame buffer can be up to 1M. In a64-bit slice, byteline 0 is used as plane O; byteline
lisused as plane 1; byte line 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:
1)

000000h

63 3231 0

Memory
Bank 0

VGA
Unused Frame

OFFFFFh Buirer

(@ 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.

Figure 4-1: memconfig [1:0] = 00

Address Memory Bank
~000000h
! 2 M
Bank 0
___1FFFFFh
200000h 2 M
¢ Baqk 1
 srrrrrn | (OPtiOnal)
400000h 2 M
¢ Bar_1k 2
5FFFFFh (optional)
~600000h > M
Bar_wk 3
__7FrFrFn | (optional)
800000h 2 M
Baqk 4
9FFFFFh (optional)
~ A00000h oM
¢ Bank 5
 Brrrrrn | (OPtional)
C00000h 2 M
¢ Bar_wk 6
orrFrrn | (OPtional)
“E00000h M
Bar_rk 7
FFFFFFh (optional)

4-16  Memory Interface
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Figure 4-2: memconfig [1:0] = 01

Address  Memory Bank Single Frame Buffer Split Frame Buffer
“oooooonh [ | T A AT
Baré; k,\/é 1 Buffer A
This range can be used
as Display memory and
3FEFFER Off screen memory
~400000h
4 M
Bank 2-3 Buffer B
(optional)
_JFFFFEh | |\ Y .Y
800000h 2M
‘ Bank 4
9FFFFFh (optional)
A00000h 2 M
Ba’."k S This range can be used
BEFEEFh (optional) exclusively as Off screen
——————————————— memory
C00000h 2 M
‘ Bank 6
_ orereen | (OPtional)
E00000h 2 M
Bank 7
__FFEFFFh __ (optlonal) ________________
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Figure 4-3: memconfig [1:0] = 10

Address Memory Bank Single Frame Buffer Split Frame Buffer

000000h
Buffer A
This range can be used
aOsff Display memory and
screen memo
8 M v X
Bank 0-1-2-3
Buffer B
\4
__IFFFFFh | | Y . N___.
800000h Bank 4
L (optional)
__ 9FFFFFh
A00000h Bank 5
¢ (optional)
This range can be used
_ BFFFFFh ,e;;(:#l:gely as Off screen
C00000h Bank 6
¢ (optional)
__ DFFFFFh
E00000h bank /
(optional)
_FFFFFFh | | Y. __.
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4.2.2 Pixel Format

The dliceis 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 is not used to drive the DAC. Note that the datais always true
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 aspecia 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 | P 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
7 Alpha 0|7 Red 0|7 Green 0|7 Blue 0|
24 bits/pixel
23 16 15 8 7
|7 Red 0|7 Green 0|7 Blue 0
16 bits/pixel (5:5:5)
15 14 10 9 5 4
|0[4 Red o0[4 Green 0|4 Blue O]
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 4 210
2 ol2 of1 0]
Red Green Blue
8 bits/pixel
7 0

Pseudo Color

4.3 Chip Configuration and Initialization

4.3.1 Reset

The MGA-2164W 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 all chip registersto their reset valuesif such values exist. Refer to the indi-
vidual register descriptionsin Chapter 3 to determine which bits are hard reset.

B All state machines are reset (possibly with termination of the current operation).

m FIFOswill be emptied, and the cache will be invalidated.

B A hardreset will activate thelocal busreset (EXTRSTY/) 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
biosen MDQ<6> | Indicates whether a ROM is installed (‘1’) or not (‘0’). The |bio-
sen strap also controls theosen field of theOPTION register
pid<4:0> | MDQ<4:0>| User-defined. Undefined bits should be strappgdby
default. These bits are loaded into fireductid field of the
OPTION register.
vgaboot MDQ<5> | Indicates whether the VGA 1/O locations are decoded (‘1’) or
not (‘0’) only if thevgaioen bit has not been written. The
vgaboot strap also controls bit 23 of thleASS register, setting
theclass field to ‘Super VGA compatible controller’ (‘1’) or to
‘Other display controller’ (‘0’).
Reserved MDQ <7>| Must be pulled-down by a 10k resistor.

A soft reset is performed by programming a ‘1’ into bit 0 ofRB& host register. Soft reset will be
maintained until a ‘0’ is programmed (see R®T register description gpage 3-7dor the details).

The soft reset should be interpreted as a drawing engine reset more than as a general soft reset. The video
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 th&XTRST/line.
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4.3.2 Operations After Hard Reset

m After ahard reset, the chip will bein aVGA-compatible state.

B Register bits that do not have areset value will wake up with unknown values.
B Frame buffer memory refreshing is not running.

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 ‘0’ To be set to ‘1’ to support Big Endian processor accesses.
rfhcnt ‘0000’ The refresh counter defines the rate of MGA memory refresh. For a
typical 62.5 MHz GCLK, a value of 8 would be programmed.
vgaioen || vgaboot strap Takes the strap value on hard reset, but is also writable:
‘0’: VGA 1/0O locations are not decoded
‘1’: VGA 1/O locations are decoded.
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4.3.3.1 WRAM Reset Sequence

In order to properly initialize the WRAM, the following sequence must be followed at power-up after a

hard reset.

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.
Step 6.
Step 7.
Step 8.
Step 9.

Step 10.
Step 11.
Step 12.
Step 13.
Step 14.
Step 15.
Step 16.

Initialize the clock generator to the proper gclk value.

Program the graphic pre-scaler (the OPTION register’snogscale field).
Set thescroff blanking field SEQ1<5>) to prevent any transfer.
Initialize theCRTC (See ‘CRTC Programming’ on page 4-247
Set thesoftreset bit of theRST register.

Wait a minimum of 20Qus.

Clear thesoftreset bit.

Program the refresh register (td@TION register’s rfhcnt field).
Wait a minimum of 20@s. (allowing the performance of more than eight refresh cycles).
Wait for the vertical retrace.

Enable the video.

Wait for the next vertical retrace.

Set thememreset bit of theMACCESS register.

Wait 1 us

Wait until the drawing engine is idle.

From this point on, the WRAM is initialized and the drawing engine can be accessed. The
drawing engine is in VGA Moder(gamode = 0).

>>> Soft Reset Sequence

Use this sequence whenever RET register softreset bit is used.

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.
Step 6.

Set thesoftreset bit of theRST register

Wait 1us

Clear thesoftreset bit

Set the memreset bit of tACCESS register
Wait 1us

Wait until the drawing engine is idle.
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4.3.4 Operation Mode Selection
The MGA-2164W provides three different display modes: text (VGA or SVGA), VGA graphics, and

SVGA graphics. Table 4-2 lists all of the display modes which are available through BIOS calls.

B Thetext 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 exten-

sions of the VGA modes.

B The VGA graphics modes can operate in either multi-plane or packed-pixel modes, asisthe case

with standard VGA..

B 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 4-2: Display Modes (Part 1 of 2)

Mode Type Organization Resolution Eocl)'c;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
10C VGA |132x60 Text 1056x480 16
100 SVGA | Packed-pixel 8 bpp 640x400 256
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 32bpp | 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 32bpp | 800x600 16M
105 SVGA | Packed-pixel 8 bpp 1024x768 256
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Table 4-2: Display Modes (Part 2 of 2)

No. of
colors

116 | SVGA |Packed-pixel 16 bpp | 1024x768 32K
117 SVGA |Packed-pixel 16 bpp | 1024x768 64K
118%) | SVGA |Packed-pixel 32bpp | 1024x768 16M
107 SVGA | Packed-pixel 8 bpp 1280x1024 256

1190 | SVGA |Packed-pixel 16 bpp | 1280x1024 32K
11A® | SVGA |Packed-pixedl 16 bpp | 1280x1024 | 64K

11B¥ | SVGA |Packed-pixel 32bpp | 1280x1024 | 16M
11C SVGA | Packed-pixel 8 bpp 1600x1200 256

11D @D | SVGA |Packed-pixel 16 bpp | 1600x1200 32K
1ME® | SVGA |Packed-pixel 16 bpp | 1600x1200 64K

Mode Type Organization Resolution

@ 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.

2.Disable the video by using the scroff blanking bit (SEQ1<5>).

3.Select the VGA or SVGA mode by programming the mgamode field of the CRTCEXT3
register.

4.If atext mode or VGA graphic mode is selected, program the V GA-compatible register to
initialize the appropriate mode.

5.Initialize the CRTC (see Section 4.6).

6.Initialize the DAC and the video PLL for proper operation.

7.Initialize the frame buffer.

8.Wait for the vertical retrace.

9.Enable the video by using the scroff blanking bit.

®& Note: The mgjority of the registers required for initialization can be accessed viathe 1/0
space. For registers that are not mapped through the I/O space, or if the 1/O spaceis
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 apertureis 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: aso that 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 thereis
no requirement to synchronize the process which is performing direct frame buffer access with the
process which is using the drawing engine. Note that the MGA-2164W has the capacity to perform data
swapping for Big Endian processors (the data swapping mode is selected by the OPMODE register’s
dirdatasiz<1:0> field).

There are no plane write masks available during direct frame buffer accesses.

4.5 Drawing in Power Graphic Mode

This section explains how to program the MGA-2164W'’s registers to perform various graphics functions.
The following two methods can be used:

B Direct access to the register. In this case all registers are accessed directly by the host, using th
address as specified in the register descriptions fouGtapter 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 used with any command.

» The DMA Vector Write mode is specifically dedicated to polyline operations.

* ILOAD and IDUMP operations always use Pseudo-DMA transfers for
exchanging data with the frame buffer.

& Note: Onlydword accesses can be used when initializing the drawing engine. This is true
for both direct register access and for Pseudo-DMA operation.

4.5.1 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 or read from. The DMA sequence can be interrupted by writing to byte O of
the OPMODE register; this mechanism can be used when the last packet is incomplete.

The first double word written to the DMA window is loaded into the Address Generator. This double
word contains indices to the next four drawing registers to be written, and the next four double word
transfers contain the data that is to be written to the four registers specified.
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When each double word of datais 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 DWGREGL range
(refer to Table 2-3 on page 2-4). Bits 1:0 are omitted, since each register is a double word. All registers
marked with the FIFO attribute in the register descriptions in Chapter 3 can beinitialized in General
Purpose Pseudo-DMA mode. When the fourth (final) index has been used, the next double word transfer
rel oads the Address Generator.

DMA General Purpose Transfer Buffer Structure

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

o N o o0 b~ W N B O

452 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
alternate function.
2. The table for eactype of object (for example, line wittkepth, solid line, constant-shaded trapezoid)
is presented as a module in a third-level subsection numbered, for exardptes &
3. The description of eadkipe of object contains a representation of EMéGCTL register. The
drawing control register illustration is repeated for each objpetbecause it can vary widely,
depending on the current graphics operation (refer tD¥&CTL description, which starts grage
3-55.
Legend for DWGCTL Illustrations:

m When a fieldnust be set to one of several possible valuesfor the current operation, it
appears as plus signs (+), one for each bit in the field. The valid settings are listed underneath.

m When a fieldcan 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.
m When a fieldnust be set to a specific value then that value appears.

4. You must program the registers listed in tB&bal Initialization (All Operations)section belowfor
all graphics operations. Once this initialization has been performed, you can select the various
objects and objedypes 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)
YDSTORG Determine screen origin
Set pixel format (8, 16, 24, 32 b, Some limitations appl
MACCESS and% precision ((16 or 32 hits) ) o
CXBNDRY Left/right clipping limits Can use CXLEFT and CXRIGHT instead
YTOP Top clipping limit
YBOT Bottom clipping limit
PLNWT Plane write mask
ZORG Z origin position Only required for depth operations

& Regarding future product compatibility: It is recommended that the last register
programmed be in the range 1d00h to 1DBFh.

4.5.4 Line Programming

Thefollowing 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 4.5.4.1 first. Also, the last register you program must be accessed in the
1D00h-1DFFh rangein order to start the drawing engine.

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 2bW

AR1 Error term: 2b - a- sdy

AR2 Minor axisincrement: 2b - 2a

SGN Vector quadrant (¢

XDST The x start position

YDSTLEN They start position and vector | Can use YDST and LEN instead; must use
length YDST and LEN when destination addressis

linear (i.e. ylin =1, see PITCH)

(@ Definitions: a= max (|dY|, |dX]), b= min (jdY], [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 vectomnnot 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 Thex 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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4542 Solid Lines

DWGCTL:

3 3 oo

2 o E Z 2 o 5 o o o

Q0 o (<) QO N N = © I

85 % g 8ES5NS 2 3

X 5 o bltmod @ trans bop X v o © v zmode = © opcod
[olofo oTo 1 ol o] #]#f#]# +[+]+]= 01t o]0t oJo[o]o] ] +]+]*]+-]~

B bop: usesany Boolean operation if atype isRSTR; if atype isRPL, bop must be loaded
with ‘0000, ‘'0011’, ‘1100, or ‘11171’
B atype: canonly be RPL or RSTR
B opcod: must be setto LINE_OPEN, LINE_CLOSE, AUTOLINE_OPEN, or
AUTOLINE_CLOSE
Register Function Comment / Alternate Function
FCOL Foreground color
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45.4.3 Lines That Use a Linestyle

DWGCTL:
? ? ® o o

>0 € > 255 o . W

S0 G S SNNGFD 5 2

83 % 0 CE SN e =

& 5 o bltmod @ trans bop X »n o @ » zmode = @ opcod
ol # o oTolx o ol #[# ¢ ] =[-]+]+ 0olo o]o]o]ofo[o]o] «|+]+]=]+-]+

B bop: usesany Boolean operation if atype isRSTR; if atype isRPL, bop must be loaded
with ‘0000’, ‘0011’, ‘1100’, or ‘1111’

B atype: canonly be RPL or RSTR

B opcod: must be LINE_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 dtylelen is from 64-95
SRC3 Linestyle pattern storage dtylelen is from 96-127
BCOL Background color lfransc =0
FCOL Foreground color

& Note: To set up a linestyle, you must define the pattern you wish to use, and load it into the
128-bit source registeBRC3-0). Next, you must progra®HIFT to indicate the
length of your pattern minus &tf/lelen). Finally, theSHIFT register’'sfuncnt field
is a count-down register with a wrap-around from zesgiytelen, which is used to
indicate the point within the pattern at which you wish to start the linestyle. At the
end of a line operatiofiuncnt 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 =
SRCO : srcreg0
SRC1 : srcregl
SRC2 : srcreg2

65, funcnt = 24
Pl XEL_STYLE( 31: 0)
Pl XEL_STYLE( 63: 32)
Pl XEL_STYLE( 65: 64)

stylelen funcnt SRCOl)
Not Used PIXEL_STYLE

127 os| | [ [ [ L[ [[R[ [ ] [P
e |

(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.:

3 k5 3o o

2o £ = 20 ® O - o

222 > P NNGTDT S o

8§ % 4 CESNG e 2

& 5 o bltmod @ trans bop X »n o @ » zmode = @ opcod
"o 0]o ofo]z]olo|#|#|#|#| 1]1]0]0]0 0 0]ojo|n|##] 0]«|+|+ + ]|

B atype: must beeither ZI or |
B opcod: must besetto LINE OPEN, LINE_CLOSE, AUTOLINE_OPEN, or
AUTOLINE_CLOSE
Register Function Comment / Alternate Function

DRO (if zwidth = 0)
DRO Z32LSB, DR0O_Z32MSB
(if zwidth = 1)

The z start position

Only if zmode <> NOZCMP
oratype = ZI

DR2 (if zwidth = 0)
DR2_732LSB, DR2_Z32MSB
(if zwidth = 1)

The z major increment

Only if zmode <> NOZCMP
oratype = ZI

DR3 (if zwidth = 0)
DR3_Z32LSB, DR3_Z32MSB

The z diagonal increment

Only if zmode <> NOZCMP

(if zwidth = 1) oratype = ZI
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

®& Note: That the MACCESS register'spwidth field must not be set to 24 bits per pixel
(PW24) when drawing lines with depth.
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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 Theglobal initialization registers (see section 4.5.3) must be set.

B Solid lines can be selected by initializing the registers as explained in subsection 4.5.4.2. Lines
with linestyle can be selected by initializing the registers as explained in subsection 4.5.4.3. In
both cases, AUTOLINE_OPEN or AUTOLINE_CLOSE must be selected.

B Bits 15-0 of the OPMODE register must be initialized to 0008h (for Little Endian processors) or
0208h (for Big Endian processors). It isimportant to access the OPMODE register (at least byte
0) since thiswill reset the state of the address generator. A 16-bit access is required (to prevent
modification of the dirDataSiz field).

The polyline/polysegment will begin when either the DMAWIN space or the 8 MByte Pseudo-DMA
window is written to.

The first double word that is transferred is loaded into the Address Generator. This double word contains

one bit of ‘address select’ for each of the next 32 vector vertices to be sent to the drawing registers. Thes
32 bits are called the vector tags. The next 32 double word 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 on¢Y&TRE

registers without setting the bit to start the drawing engine. When the tag bit is set to one (1), the addres
generator will force the index to the one of K¥END registers with the flag set to start the drawing

engine.

When each double word of data is transferred, the Address Generator checks the associated tag bit anc
sends the appropriate 8-bit index to the Bus FIFO. When the 32nd (final) tag has been used, the next
double word transfer reloads the Address Generator with the next 32 vector tags.

The Pseudo-DMA sequence can be interrupted by writing to byte 0 OPMODE 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

n Yn+1 Xn+1

31 Y30 X30

32 Y31 X31

33|v31 |vi| VO
34 YO X0

35 Y1 X1
36 Y2 X2
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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. Also, the last
register you program must be accessed in the 1D00h-1DFFh range in order to start the drawing
engine.

45.5.1 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 left

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
case FXRIGHT = 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.

Figure 4-4: Drawing Multiple Primitives

¢ solid lines represent left, top edges
¢ dotted lines represent right, bottom edges

triangle rectangle
1
\ |
\ |
\ Continuity points |
. - allow for continuous S
A

drawing without
re-initialization
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Trapezoids

The following registers must be initialized for trapezoid drawing:

Register Function Comment / Alternate Function
ARO L eft edge major axisincrement: dY|
yl_end-yl_start
AR1 L eft edge error term: errl
(sdxl == XL_NEG) ?dXI| +dYl - 1: - dXI
AR2 L eft edge minor axis increment: -|dXI||
-[xI_end - xI_start|
AR4 Right edge error term: errr
(sdxr == XR_NEG) ?dXr +dYr - 1:-dXr
AR5 Right edge minor axis increment: -|dXr|
-[xr_end - xr_start|
AR6 Right edge major axisincrement: dY'r
yr_end - yr_start
SGN Vector quadrant
FXBNDRY Filled object x left and right coordinates Can use FXRIGHT and FXLEFT
YDSTLEN They start position and number of lines Can use YDST and LEN instead;
must use YDST and LEN when des-
tination addressis linear
(i.e.ylin =1, see PITCH)

Rectangles and Span Lines

The following registers must be initialized for rectangle and span line drawing:

Register Function Comment / Alternate Function
FXBNDRY  |Filled object x left and right coordinates Can use FXRIGHT and FXLEFT
YDSTLEN They start position and number of lines Can use YDST and LEN instead;

must use YDST and LEN when
destination address is linear
(i.e.ylin =1, see PITCH)
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45.5.2 Constant Shaded Trapezoids / Rectangle Fills

DWGCTL.:

© © °©

(] (O] O O o

> o £ 2 23 g o - o

O N o (<) O N N = © ©

nc = ) n e c 9= 3] Q

VT T [ Qe o0 c 2

X 5 o bltmod @ trans bop X » o @ » zmode = © opcod

— —
TRAP|O| 1|0 O|+|+|+|+|+|+|+]|+]|0|1]|]0]|0]1 O|+|+|+|0]1
RECT|0| 1 O|+|+|+|+|+|+|+]|+]|0|1]|2]|1]|1 +|+|(+]0 |1

m trans: if atypeisBLK (block mode(l)), the transparency pattern is not supported - the value
of trans must be ‘0000’

m bop: uses any Boolean operatioratiype is RSTR; if atype is RPlhop must be loaded
with ‘0000’, ‘0011, ‘1100’, or ‘1111’; ifatype is BLK, bop must be loaded
with ‘1100’

B atype: canbe RPL, 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 either RPL or 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 WRAM. It should be used whenever pos-
sible for the fastest performance, although certain restrictions apply (se¢gpbkdield of theDWGCTL reg-
ister on page 3-55).
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455.3 Patterned Trapezoids / Rectangle Fills

DWGCTL:

© © ©

@ () O O o

2o £ s S o 5 o . o

O o [¢D] O N N = T o

nc = ) n e c .= 3] Q

VB T o Qe oo c i

X 5 o bltmod @ trans bop v o @ o zmode = © opcod

—
TRAP| O 0 O|+|+|+|+|+|[+|+|+]|O0 0/0]|0 O|+|+|+]|]0]|1
RECT| O 0 O|+ |+ |+ |+ |+ |+]|+|+]|O0 1 + |+ |+(|0]|1

m trans: if atype isBLK, the transparency pattern is not supported - the value of trans
must be ‘0000’

m bop: uses any Boolean operatioratiype is RSTR; ifatype is RPL,bop must be loaded
with ‘0000’, ‘0011, ‘1100’, or ‘1111’; ifatype is BLK, bop must be loaded
with ‘1100’

B atype: Canbe RPL, RSTR, or BLK

Register Function Comment / Alternate Function

PATO Pattern storage in Windows form liseSRCO, SRCl.’ SRC2, .SRC3 for pat-
PAT1 ®rn storage in Little Endian format
SHIFT Pattern origin offset Only ighftzero =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:
» 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, abdckcol<31:24> backcol<23:16>,back-
col<15:8>, andhackcol<7:0> are set to the same value.

& Note: If atype is BLK the WRAM feature of blockmode is used (single color block mode
whentransc = 1, or dual color block mode wheransc = 0). Whemmemconfig =
10, the casatype = BLK cannot be used.
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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 iPAh@ andPAT1 registers.
The following illustration shows thRAT 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
B d]
®© ®
c 3 31 30 29 28 27 26 25 24 c 3 42 41 40 47 46 45 44 43
S S
S 4 39 | 38 | 37 36 | 35 | 34 | 33 | 3R § 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 48 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 BR6€, SRC1, SRC2, and

SRC3 registers. 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 associated duplicate
byte. The following illustration shows tI8&RC 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

O 0 1 2 3 4 5 6 7 O 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 | 3| 3 || 37| 38 | 3 2 |60 | 70| 71| 72| 3| 74| 75| 7
I ®

c 3 48 49 50 51 52 53 54 55 c 3 85 86 87 88 89 90 91 92
S ke
S S

8 4 64 65 66 67 68 69 70 71 8 4 101 102 103 104 105 106 107 108
(&) (&)
> >

5 | 80 | 81 | 82 | 83 | 84 | 8 | 8 | 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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45.5.4 Gouraud Shaded Trapezoids / Rectangle Fills

DWGCTL:
© © °©
(] (O] O O o
> o £ 2 23 g o - o
O N o (<) QO N N = © ©
nc = ) n e c 9= 3] Q
ORI Q Qc o0 c 2
X 5 o bltmod @ trans bop X » o @ » zmode = © opcod
- —
TRAP|0|0 |0 0 1|10 of1]|0|0]O O+ ]|+|+ 1
RECT| 0 0 1|10 011 0 + [+ |+ 1
B atype: must beeither ZI or |
Register Function Comment / Alternate Function

DRO (if zwidth = 0)

DRO_Z32LSB, DRO_Z32MSB Only if zmode <> NOZCMP

The z start position

(if zwidth = 1)

oratype = ZI

DR2 (if zwidth = 0)
DR2_Z32LSB, DR2_Z32MSB
(if zwidth = 1)

The z increment for x

Only if zmode <> NOZCMP
oratype = ZI

DR3 (if zwidth = 0)
DR3_z32LSB, DR3_Z32MSB
(if zwidth = 1)

The z increment for y

Only if zmode <> NOZCMP
oratype = ZI

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

FCOL Alpha value Only ifpwidth = 32,

or pwidth = 16 anddit555 = 1.

& Note: The MACCESS register’spwidth field must not be set to 24 bits per pixel (PW24)
when drawing Gouraud shaded trapezoids.
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4555 Trapezoids / Rectangle Fills Using Host Data
DWGCTL:
© © ©
(] (O] L O o
> o £ bt S 9o @ O -
O » O o O NN = O < Q
nc = ) n e c .= 3] Q
VT T Q Qe o0 c 2
X 5 o bltmod @ trans bop v o @ o zmode = © opcod
_|
TRAP|O|O|O |+ |+ |+ |+]|0O 1/1/0 oj1(o0]0]|0 O+ |+]+ 1 1
RECT| 0 +|+[+]+]0 1/1/0 o111 O+ |[+]+ 1 1

B bltmod: must be one of the following: BU32BGR, BU32RGB, BU24BGR, or BU24RGB
B atype: must beeither ZI or |

Register

Function Comment / Alternate Function

OPMODE

Select DMA BLIT Write

DRO (if zwidth = 0)
DRO Z32LSB, DR0O_Z32MSB The z start position f _ 7
(if zwidth = 1) or atype =

Only if zmode <> NOZCMP

DR2 (if zwidth = 0)
DR2_Z32LSB, DR2_Z32MSB The z increment for x i _ 7
(if zwidth = 1) or atype =

Only if zmode <> NOZCMP

DR3 (if zwidth = 0)
DR3_Z32LSB, DR3_Z32MSB The z increment for y

Only if zmode <> NOZCMP

(if zwidth = 1) or atype = Z|
FCOL Alpha value Only ifpwidth = 32, orpwidth = 16
anddit555 = 1.
& Note: The MACCESS register’spwidth field must not be set to 24 bits per pixel (PW24)

=% Note:

=% Note:

=% Note:

MGA-2164W

when drawing this type of trapezoid.

This type of primitive (TRAP_ILOAD) employs the same algorithm as Gouraud
shaded trapezoids, with the exception that the pixel data comes from the host by
means of an ILOAD operation.

It isimportant to transfer the exact number of pixels expected by the drawing

engine, since the drawing engine will not end the current operation until all pixels
have been received. A deadlock will result if the host tranééary pixels than

expected to the drawing engine (the software assumes the transfer is completed, but
meanwhile the drawing engine is waiting for additional data). On the other hand, if
the host transfensiore pixels than expected, the extra pixels will be interpreted by

the drawing engine as register accesses.

The procedure for ILOAD (image load: Host -> RAM) operations is described in
‘ILOAD Programming’ on page 4-230
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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 range in order to start the drawing

engine.

45.6.1 Address Initialization

XY Source Addresses

lines

Register Function Comment / Alternate Function

ARO Source end address The last pixel of thefirst line
AR3 Source start address

AR5 Source y increment

FXBNDRY |Destination boundary (left and right) |Can use FXRIGHT and FXLEFT
YDSTLEN They start position and number of Can use YDST and LEN instead

Linear Source

Addresses

lines

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 use FXRIGHT and FXLEFT
YDSTLEN They start position and number of Must use YDST and LEN when destination

addressislinear (i.e. ylin = 1, see PITCH)

ARO comprises 18 bits, so a maximum of 256 K pixels can be blitted.

Patterning Operations

lines

Register Function Comment / Alternate Function
FXBNDRY |Destination boundary (left and right) |Can use FXRIGHT and FXLEFT
YDSTLEN They start position and number of Can use YDST and LEN instead; must use

YDST and LEN when destination addressislin-
ear (i.e.ylin =1, see PITCH)
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45.6.2 Two-operand Bitblts
DWGCTL.:
© © ©
(] (O] L O o
> o £ bt S 9o @ O
OO O © O N N = © @ Qo
nc = ) n e c .= 3] Q
VT T [ Qe o0 c 2
X 5 o bltmod @ trans bop v o @ o zmode = © opcod
_|
o[+]0 oj1(0]0 +|+[+]+]0]|12 0|0 O|+|+]|+]|1]|0
0|+ 111|110 +|+[(+|+|0]|1]|1 1|+|+|+]21|0
B transc: must be ‘0’ if theMACCESS register'spwidth field is set to 24 bits/pixel (PW24)
m bop: uses any Boolean operatioratiype is RSTR; ifatype is RPL,bop must be loaded
with ‘0000’, ‘0011’, ‘1100, or ‘1111’
B atype: must be either RPL or RSTR
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: The number of pixels in the sounceist equal the number of pixels in the
destination.
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45.6.3 Two-operand Fast Bitblts

Register Function Comment / Alternate Function
DWGCTL 040A600C

ARO Source end address Thelast pixel of thefirst line
AR3 Source start address

AR5 Source y increment

®& Note: When programming the ARO, AR3, and FXBNDRY registers, the destination and
source must be aligned according to the following table:

memconfig pwidth | Alignment Constraint

(SRC_START_ADDRESS mod 64) ==
((DST_LEFT_BND + Y_LINEAR + yorg) mod 64)

PW16 |(SRC_START ADDRESS mod 32) == (DST_LEFT_BND mod 32)

(SRC_START_ADDRESS mod 64) ==
((DST_LEFT_BND +Y_LINEAR + yorg) mod 64)

PW32 |(SRC_START_ADDRESS mod 16) == (DST_LEFT_BND mod 16)

(SRC_START_ADDRESS mod 128) ==
((DST_LEFT_BND + Y_LINEAR + yorg) mod 128)

PW16 (SRC_START_ADDRESS mod 64) ==
01 ((DST_LEFT_BND + Y _LINEAR + yorg) mod 64)

(SRC_START_ADDRESS mod 128) ==
((DST_LEFT_BND +Y_LINEAR + yorg) mod 128)

PW32 |(SRC_START_ADDRESS mod 32) == (DST_LEFT_BND mod 32)

PW8

00

PW24

PW8

PW24

*0 Note: Because fast hitblt isaWRAM interna feature, the source and destination must
reside in the same memory chip.

®& Note: The Fast bitblt function cannot be used when memconfig = 10

®& Note: The number of pixelsin the source must equal the number of pixelsin the
destination.
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45.6.4 Color Patterning 8 x 8
DWGCTL:

transc
pattern
Reserved
shftzero
sghzero
arzero
linear
atype

bltmod trans bop zmode opcod

o[o[x]o]o | #|#|#|#

B transc: must be ‘0’ if theMACCESS register'spwidth field is set to 24 bits/pixel (PW24)

m bop: uses any Boolean operatioratiype is RSTR; ifatype is RPL,bop must be loaded
with ‘0000’, ‘0011’, ‘1100’, or ‘1111’

B atype: canbe RPL or RSTR

1

o
o
+

Ell Reserved
+
-
N

4]

4]

4]

EII Reserved
-

ofofo[o]+[+]+[1]0]0]o0

. . Comment /
REE LS AINEIEN Alternate Function
ARO Whenpwidth = PW8, PW16, or PW3ZAR0<17:3> =
AR3<17:3>

Whenpwidth = 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 + (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 4-218color patterning is performed in a
similar manner to monochrome patterning (except thaBHIET register is not
used for pinning).
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& Note: 8, 16, 32 hit/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 0 Pattern 1 Pattern 2 Pattern 3
Pxes |lO 1 2 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
0 o 1 2 3 4 5 6 7|8 9 10 11 12 13 14 15|16 17 18 19 20 21 22 23|24 25 26 27 28 29 30 31
1 32 . . . . 39 | 40 . . . . 47 | 48 . . . . 55 | 56 . . . . 63
2 64 . . . . 71|72 . . . . 79 | 80 . . . . 87 |88 . . . . 95
4 3 96 . . . . 103|104 . . . . 111|112 . . . . 119|120 . . . . 127
3 4 128 . . . . 135|136 . . . . 143|144 . . . . 151|152 . . . . 159
5 160 . . . . 167|168 . . . . 175|176 . . . . 183(184 . . . . 191
6 192 . . . . 199|200 . . . . 207|208 . . . . 215|216 . . . . 223
7 224 . . . . 231(232 . . . . 239240 . . . . 247|248 . . . . 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
Pixls [0 1 2 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
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15(16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1 32 . . . . . . . . . . . . 47 | 48 . . . . . . . . . . . . 63
2 64 . . . . . . . . . . . . 79 | 80 . . . . . . . . . . . . 95
@ 3 96 . . . . . . . . . . . . 111{112 . . . . . . . . . . . . 127
Sl 4 |28 L 143|144 s 159
5 160 . . . . . . . . . . . . 175|176 . . . . . . . . . . . . 191
6 192 . . . . . . . . . . . . 207|208 . . . . . . . . . . . . 223
7 224 . . . . . . . . . . . . 239|240 . . . . . . . . . . . . 255
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45.6.5 BitBlts With Expansion (Character Drawing) 1 bpp

DWGCTL:

3 3 Boo

> > 253 o0 . W

223 ; sofge -

QT T Q e oD c P

X 5 o bltmod @ trans bop X »n o © » zmode = @ opcod
[ol#fo oTo o o o] +[+[+ ]|+ [+]++ 01t t]ofo]oJo[o]#]+]+]+|1]0]0]0

B trans: if atype isBLK, thetransparency pattern isnot supported - the value of trans
must be ‘0000’

H bop: uses any Boolean operatioratfype is RSTR; ifatype is RPL,bop must be loaded
with ‘0000’, ‘0011, ‘1100’, or ‘1111’; ifatype is BLK, must be loaded with ‘1100’

B atype: canbe RPL, RSTR, or BLK

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:
» 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, abdckcol<31:24> backcol<23:16>,back-
col<15:8>, antbackcol<7:0> are set to the same value.

& Note: If atype is BLK the WRAM feature of block mode is used (single color block mode
whentransc = 1, and dual color block mode whigansc = 0). Whemmemconfig
= 10, the case whestype = BLK cannot be used.

®& Note: The number of pixels in the source must equal the number of pixels in the
destination.
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45.6.6 BitBlts With Expansion (Character Drawing) 1 bpp Planar
DWGCTL:

3 3 oo

528 5 SN gz g g

Q3 & o} Qe o0 c 2

& 5 o bltmod @ trans bop X »n o @ » zmode = @ opcod
7o # 0 0fololz]o|# | #|#|#|+]+]++]0o0]1]ojojolo|o]#]+|+|+| 2]o]o]o

B bop: usesany Boolean operation if atype isRSTR; if atype isRPL, bop must be loaded
with ‘0000’, ‘0011’, ‘1100’, or ‘1111’
B atype: can be either RPL or RSTR

Register Function Comment / Alternate Function
SHIFT Plane selection

BCOL Background color Only whettansc = ‘0’
FCOL Foreground color

®& Note: ForMACCESS the planar bitblts aneot supported with 24 bits/pixel (PW24).
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4.5.7 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.  Writethe 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.
Thisway, the PCI bridge can proceed using burst transfers (assuming they are supported and enabled).

& 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 all pixels
have been received. A deadlock will result if the host transfers fewer pixels than
expected to the drawing engine (the software assumes the transfer is compl eted, 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 datais transferred.
Thetotal number of dwords to be transferred will differ, depending on whether or not the sourceislinear:
B When the sourceislinear: the datais padded at the end of the source.
Total = INT ((psiz* width * Nlines + 31) / 32)
B When the sourceisnot linear: the data is 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 4-3: ILOAD Source Size

bltmod pwidth psiz
BFCOL PW8 8
PW16 16
PW24 24
PW32 32
BMONOLEF - 1
BMONOWF - 1
BUYUV - 16
BU24RGB - 24
BU24BGR - 24
BU32RGB - 32
BU32BGR - 32

45.7.1 Address Initialization

Linear Addresses

Register Function Comment / Alternate Function

OPMODE Data format A 16-bit accessisrequired to prevent modifica-
tion of the dirDataSiz field (bits 17:16), since
direct frame buffer access may be concurrent

ARO Total number of source pixels- 1

ARS3 Must be 0

FXBNDRY Destination boundary (left and right) | Can use FXLEFT and FXRIGHT

YDSTLEN They start position and length Can use YDST and LEN instead; must use
YDST and LEN when destination addressis|lin-
ear (i.e.ylin =1, see PITCH)

XY Addresses

Register Function Comment / Alternate Function

OPMODE Dataformat A 16-bit accessisrequired to prevent modifica-
tion of the dirDataSiz 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 use FXLEFT and FXRIGHT

YDSTLEN They start position and length Can use YDST and LEN instead; must use
YDST and LEN when destination addressis|lin-
ear (i.e.ylin =1, see PITCH)
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45.7.2 ILOAD of Two-operand Bitblts

DWGCTL:
2 2 ® o o

> C > > %55 o . W

S0 g g SNNFT 5 2

88 % 0 TES5NT e =

X 5 o bltmod @ trans bop X »n o © » zmode = @ opcod
o1+ [o |+ [+ [+ T-To]#[#[#]# ]+ [+ [+]+10la]o]o]o[o]o]+]+]+|+|1o[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, BUYUV, BU32BGR, BU32RGB, BU24BGR, or BU24RGB.

B bop: uses any Boolean operatioratlype is RSTR; ifatype is RPL,bop must be loaded
with ‘0000’, ‘0011, ‘1100, or ‘1111’

B sgnzero:can be set to ‘0’ whebltmod is BFCOL, or when th®1ACCESS register'spwidth
field is PW32; otherwise, must be ‘1’

W linear: for an xy source, must be ‘0’; for a linear source, must be ‘1’

B atype: can be either RPL or RSTR

Function Comment / Alternate Function
FCOL Foreground color For the BU32BGR and BU32RGB formats, depending|on
the MACCESS register’'spwidth setting, the following bits
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 4-4 shows all
the valid format combinations. The structure of the buffers to be transferred is defined for each data
format (as shown the ‘Pixel Formats’ illustrations startingpage 4-18%

Table 4-4: 1LOAD Supported Formats

Processor Type bltmod dmaDataSiz pwidth Data Format
Little endian BFCOL ‘00’ PW8 8-bit A
PW16 16-bit A
PW24 24-bit A
PW32 32-bit A
BU24RGB ‘00’ PW8 24-bit A
PW16 24-bit A
PW32 24-bit A
BU24BGR ‘00’ PW8 24-bit B
PW16 24-bit B
PW32 24-bit B
BU32RGB ‘00’ PW8 32-bit A
PW16 32-bit A
PW32 32-bit A
BU32BGR ‘00’ PW8 32-bit B
PW16 32-bit B
PW32 32-bit B
BUYUV ‘00’ PW8 YUV A
PW16 YUV A
PW32 YUV A

‘01’ PW8 YUV B
PW16 YUV B
PW32 YUV B
Big endian BFCOL ‘00’ PW8 8-bit B
‘01’ PW16 16-bit B
‘10’ PW32 32-bit A
BU32RGB 10’ PW8 32-bit A

PW16 32-bit A
PW32 32-bit A
BU32BGR ‘10° PW8 32-hit B
PW16 32-bit B
PW32 32-bit B

BUYUV ‘00’ PW8 YUV C
PW16 YUV C

PW32 YUV C

‘01’ PW8 YUV D

PW16 YUV D
PW32 YUV D
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45.7.3 ILOAD with Expansion (Character Drawing)

DWGCTL.:

© © ©

(] (] O O o

> o £ > 23 g o - o

O N o (8} Q’NNE'O ® o

0w o s 0 0 E c g = () =

O © © D D c oo O c =

X 5 o bltmod @ trans bop X »n o © » zmode = @ opcod
[ole ol - [T+ T+ Tol e [+ [+ T+ [+ [+ [+ [+Tols 2 o o] oJo[o s [+ [+ [sTo o]z

B bltmod: must be set to either BMONOLEF or BMONOWF

m trans: if alypeisBLK, the transparency pattern is not supported - the value of trans
must be ‘0000’
B bop: uses any Boolean operatioratlype is RSTR; ifatype is RPL,bop must be loaded
with ‘0000, ‘0011’, ‘1100, or ‘1111’; ifatype is BLK, bop must be loaded
with ‘1100’
B atype: must be set to either RPL, RSTR, or BLK
Register Function Comment / Alternate Function
BCOL Background color Only whetmansc = ‘0’
FCOL Foreground color

®& Note: TheMACCESS register'spwidth field can be set to 24 bits per pixel (PW24) with
the following limitations:
» 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, abdckcol<31:24> backcol<23:16>,back-
col<15:8>, andbackcol<7:0> are set to the same value.

There are some restrictions in the data formats that are supported for this opExbt@®nA-5shows all

the valid format combinations. The structure of the buffers to be transferred is defined for each data

format (as shown the ‘Pixel Formats’ illustrations startingoage 4-18%

Table 4-5: Bitblt with Expansion Supported Formats

Processor Type bltmod dmabDataSiz || Data Format
Little endian | BMONOLER 00 MONO A
BMONOWF 00 MONO B
Big endian BMONOWH 00 MONO C
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4.5.8
The MGA-2164W supports various scaling operations:

45.8.1
Horizontal scaling uses ILOAD_SCALE (pixé replication) or ILOAD_FILTER (minimum filtering

Scaling Operations

Horizontal scaling with high quality filtering using linear interpolation

Horizontal scaling

ILOAD_SCALE Horizontal scaling by pixel replication
ILOAD_FILTER Horizontal scaling with simple filtering
ILOAD_HIQH
ILOAD_HIQHV Horizontal and vertical scaling with high quality filtering using linear interpolation

when scaling). The following operations are supported for horizontal scaling:

B Up scaling (down scaling is not supported). The minimum scaling factor is 2x when
ILOAD_FILTER isused. For ILOAD_HIQH and ILOAD_HIQHYV, the maximum
horizontal factor is 8x, and the SRC_X_ DIMEN must be 2 or higher.

m Pixel reformatting. There are some restrictions in the data formats that are supported for this
operation. Table 4-6 shows al the valid format combinations for ILOAD_SCALE,

ILOAD_FILTER, and ILOAD_HIQH. Table 4-7 shows all the valid format combinations for
ILOAD_HIQHV. Inall cases, pwidth may be set to PW8, PW16, or PW32 (but not PW?24). The
structure of the buffers to be transferred is defined for each data format (as shown the ‘Pixel For-
mats’ illustrations starting opage 4-18%

Table 4-6: Scaling Supported Formats. ILOAD_SCALE, ILOAD FILTER, and ILOAD_HIQH

Processor Type| bltmod dmabDataSiz | Data Format
Little endian| BU24RGB 00 24-bit A
BU24BGR 00 24-bit B
BU32RGB 00 32-bit A
BU32BGR 00 32-bit B
BUYUV 00 YUV A
BUYUV 01 YUV B
Big endian | BU32RGB 10 32-bit A
BU32BGR 10 32-bit B
BUYUV 00 YUV C
BUYUV 01 YUV D

Table 4-7: Scaling Supported Formats: ILOAD_HIQHV

Processor Type| bltmod dmabDataSiz | Data Format
Little endian| BU32RGB 00 32-bit C
BU32BGR 00 32-bit D
BUYUV 00 YUV E
BUYUV 01 YUV F
Big endian | BU32RGB 10 32-bit C
BU32BGR 10 32-bit D
BUYUV 00 YUV G
BUYUV 01 YUV H
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Figure4-5: ILOAD_HIQHV Beta Programming and Data Transfer to the Chip

DST_LINE ?=

MGA-2164W Specification

, DST LINE.O = SRC_LINE_O
1
!
! DST_LINE_1 from SRC_LINE 0_1
I
1
K DST_LINE_2 from SRC_LINE 0_1
II
1
!
1
!
1
1
!
, DST_LINE_? from SRC_LINE_1 2
II
Il
SRC_LINE_O
SRC_LINE_1 DST_LINE_? from SRC_LINE_2 3
SRC_LINE_2

SRC_LINE_(N-1)

SRC_LINE_(N)

' DST_LINE_? from SRC_LINE_(N-1) (N)

Y DST LINE_ (M) = SRC_LINE_(N)

SRC_BUF 0 (16 - beta’) + SRC_BUF 1 (beta’)
16

Where:
SRC _BUF O represents SRC_LINE_(X-1)
SRC BUF _1 represents SRC _LINE (X)

(X depends on the current scan source position.)
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beta beta
0 16
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15

To produce:
B DST_LINE 0=SRC _LINE O
beta= 0

SRC BUF 0= ‘don’t care’ (but must be present)
SRC_BUF_1 = SRC_LINE_O
m DST_LINE 1fromSRC _LINE O

beta = from 1 to 15
SRC BUF 0=SRC _LINE_O
SRC BUF_1=SRC_LINE_1

m DST_LINE_?from SRC_LINE_(X-1) (X)

beta = from 0 to 15
SRC_BUF 0= SRC_LINE_(X-1)
SRC_BUF_1 = SRC_LINE_(X)

m DST_LINE_(M) = SRC_LINE_(N)

beta =0
SRC_BUF_0 = ‘don’t care’ (but must be present)
SRC_BUF_1 = SRC_LINE_(N)
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BU32RGB (32-bit C):

MSB LSB
SRC_BUF_0= A0O ROO GO0 BOO
A0l RO1 GO01 BO1
A02 R0O2 G02 BO2
MSB LSB
SRC_BUF_1= A10 R10 G10 B10
All R11 Gl1 B11
Al12 R12 G12 B12
MSB LSB
DW to Send to the Chip GO0 R10 G10 B10
Go1 R11 Gl1 B11
G02 R12 G12 B12
BU32BGR (32-bit D):
MSB LSB
SRC_BUF_0= A00 BOO GO0 R0OO
A01 BO1 GO01 RO1
A02 BO2 G02 R0O2
MSB LSB
SRC_BUF_1= A10 B10 G10 R10
All B11 G11 R11
Al12 B12 G12 R12
MSB LSB
DW to Send to the Chip GO0 B10 G10 R10
GO01 B11 G11 R11
G02 B12 G12 R12

MGA-2164W Specification
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BUYUV (YUV E):

SRC_BUF_0=

SRC_BUF_1=

DW to Send to the Chip

BUYUV (YUV F):

SRC_BUF_0=

SRC_BUF_1=

DW to Send to the Chip

MSB LSB
VOO0 Y01 uoo YO0
V02 Y03 uo2 Y02
V04 Y05 uo4 Y04
MSB LSB
V10 Y11 u10 Y10
V12 Y13 U1z Y12
V14 Y15 ul4 Y14
MSB LSB
V10 Y11 u10 Y10
VOO0 Y01 uoo YO0
V12 Y13 ulz Y12
V02 Y03 uo2 Y02
V14 Y15 ul4 Y14
V04 Y05 uo4 Y04
MSB LSB
Y01 V00 Y00 uoo
Y03 V02 Y02 uo2
Y05 Vo4 Y04 uo4
MSB LSB
Y11 V10 Y10 uU10
Y13 V12 Y12 U1z
Y15 V14 Y14 ul4
MSB LSB
Y11 V10 Y10 ul1o0
Y01 V00 Y00 uoo
Y13 V12 Y12 U1z
Y03 V02 Y02 uo2
Y15 V14 Y14 ul4
Y05 Vo4 Y04 uo4
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BUYUV (YUV G):
MSB LSB
SRC_BUF_0= Y00 uoo Y01 V00
Y02 uo2 Y03 V02
Y04 uo4 Y05 V04
MSB LSB
SRC_BUF_1= Y10 ulo Y11 V10
Y12 Uiz Y13 V12
Y14 ul4 Y15 V14
MSB LSB
DW to Send to the Chip Y10 u10 Y11 V10
Y00 uoo Y01 V00
Y12 ul2 Y13 V12
Y02 uo2 Y03 V02
Y14 ul4 Y15 V14
Y04 uo4 Y05 Vo4
BUYUV (YUV H):
MSB LSB
SRC_BUF_0= uoo Y00 V00 Y01
uo2 Y02 V02 Y03
uo4 Y04 Vo4 Y05
MSB LSB
SRC_BUF 1= u10 Y10 V10 Y11
ui2 Y12 V12 Y13
uli4 Y14 V14 Y15
MSB LSB
DW to Send to the Chip ui10 Y10 V10 Y11
uoo Y00 V00 Y01
ul2 Y12 V12 Y13
uo2 Y02 V02 Y03
ul4 Y14 V14 Y15
uo4 Y04 V04 Y05
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4.5.8.2 Vertical Scaling
B For ILOAD_SCALE, ILOAD_FILTER, and ILOAD_HIQH, vertical scaling is performed using
the BITBLT function to do line replication. This type of scaling operation is divided into two
phases: one for horizontal scaling; one for vertical scaling.
B InILOAD_HIQHYV horizontal and vertical scaling is donein asingle phase. For line drawn, two
source lines must be transferred. Multiple lines can be drawn with the same beta factor.

45.8.3 Scaling Steps

The following steps must be executed for scaling:

Step 1.  Initialize the scaling engine as specified in subsection 4.5.8.4. Also, remember to program the
registerslisted in section 4.5.3. Do not start the drawing engine.

Step 2. Initialize the drawing engine for horizontal scaling. The last register you program must be
accessed in the 1D00h-1DFFh range in order to start the drawing engine.

DWGCTL:

k5 k5 ® oo

S o £ > 2 0o O o

O 0 o (<} QO N N & © @

253 2 =583 2 =

X 5 o bltmod X trans bop v »n d nzmode = @ opcod
moo+‘+‘+‘+ﬁo‘o‘o‘o 1‘1‘0‘05‘11000‘0\000‘0‘0 s[+]+ ]+

mbltmod: Can be set to BUY UV, BU32RGB, BU32BGR, BU24BGR, BU24RGB, or
BU24GBR for ILOAD_SCALE, ILOAD_FILTER and ILOAD_HIQH. Can be set
to BUY UV, BU32RGB, or BU32BGR for ILOAD_HIQHV.

mopcod: canbesetto ILOAD_SCALE, ILOAD_FILTER, ILOAD_HIQH or

ILOAD_HIQHV
Register / Space | Field Comment / Alternate Function
LEN Number of linesto draw | Without line replication:
and beta factor. When ILOAD_HIQHYV, length must be

set

to 1, and beta must be programmed.
When not ILOAD_HIQHV, beta must be
set to 0.

Step 3. Send the data that is to be used in the scaling process. Table 4-6 shows the various supported
dataformats. As with normal ILOAD operations (see the Note on page 4-230), the exact
amount of data must be transferred. The amount of datais derived from the following formula
(data must be padded on every line):

Total = INT ((psiz * width + 31) / 32) * factor * Nlines

Legend:

Total: The number of dwords to transfer

width: The number of pixels per lineto write
factor: The factor operator, according to Table 4-8
Nlines.  The number of linesto write

psiz: The source size, according to Table 4-9
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Table 4-8: Source Factor

opcod bltmod Factor
ILOAD_SCALE 1
ILOAD_FILTER
ILOAD_HIQH
ILOAD_HIQHV BUYUV 2
BU32RGB 1
BU32BGR

Table 4-9: Source Size

bltmod psiz

BUYUV 16
BU24RGB 24
BU24BGR 24
BU32RGB 32
BU32BGR 32

Step 4. For ILOAD_HIQHV, skip this step. Initialize the drawing engine for vertical scaling. The last
register you program must be accessed in the 1D00h-1DFFh range in order to start the drawing

engine.
Register / Space | Function Comment / Alternate Function
LEN Number of lines Replicated lines
DWGCTL 040C6008h (BITBLT)

Step 5. Repeat Steps 2 to 4 until the end of the scaling sequence.
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45.8.4 Scaling Initialization

ILOAD_SCALE
Register Function Comment / Alternate Function
OPMODE |Dataformat A 16-bit accessis required to prevent
modification of the dirDataSiz field
(bits 17:16).
ARO DST_END_ADDRESS- DST_Y_INCREMENT
AR2 SRC_X_DIMENSION
AR3 DST_START_ADDRESS-DST_Y_INC
AR5 DST_Y_INC Only required if vertical scaling is used
AR6 SRC_X_DIMEN - DST_X_DIMEN
FXBNDRY | Destination boundary (left and right) Can use FXLEFT and FXRIGHT
YDST Y start position
ILOAD_FILTER
Register Function Comment / Alternate Function
OPMODE |Dataformat A 16-bit accessis required to prevent
modification of the dirDataSiz field
(bits 17:16).
ARO DST_END_ADDRESS-DST_Y_INC
AR2 (2* SOURCE_X_DIMEN - 1)
AR3 DST_START_ADDRESS-DST_Y_INC
AR5 DST_Y _INC Only required if vertical scaling is used
AR6 (2* SRC_X_DIMEN - 1) - DST_X_DIMEN
FXBNDRY |Destination boundary (left and right) Can use FXLEFT and FXRIGHT
YDST Y start position

ILOAD_HIQH and ILOAD_HIQHV

Register Function Comment / Alternate Function
OPMODE A 16-bit access isrequired to prevent

Data format modification of the dirDataSiz field

(bits 17:16).

ARO DST_END_ADDRESS-DST_Y_INC
AR2

(SRC_X_DIMEN - 1) << 16

(DST_X _DIMEN - 1)

AR3 DST_START_ADDRESS-DST_Y_INC
AR5 Only required if performing vertical

DST_Y_INC scaling using the BITBLT function.
ARG

(SRC_X_DIMEN - DST_X_DIMEN) << 16

(DST_X_DIMEN - 1)

FXBNDRY |Destination boundary (left and right) Can use FXLEFT and FXRIGHT
YDST Y start position
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4.5.9 IDUMP Programming

The following subsections list the registers that must be specifically programmed for IDUMP (image
dump: SD/SGRAM -> Host) operations. You must take the following steps:

Step 1. Initialize the registers. Remember to program the registers listed in section 4.5.3.

DWGCTL:
D D ® oo
- > > 25, L
L 0N o (] O N N = © ©
253 2 $= 583 2 =
X 5 o bltmod @ trans bop v »n d nzmode = @ opcod
moo+‘+‘+‘+ﬁo‘o‘o‘o 1‘1‘0‘05‘11000‘0‘0#0‘0‘0 1]o]1]o

mbltmod: can be BU32BGR, BU32RGB, BU24BGR, or BU24RGB. See Table 4-12.

Register Function Comment / Alternate Function
OPMODE |Data format A 16-bit access is required to prevent modifica-
tion of thedirDataSiz field (bits 17:16). There
is no need to program tlienamod field of the
OPMODE register - reading the DMAWIN or
the 8 MByte Pseudo-DMA window is sufficient
to trigger the IDUMP.
ARO Source end address
AR3 Source start address
AR5 Source y increment Not required for a linear source
FXBNDRY |Destination boundary.| Can usé=XLEFT andFXRIGHT
Left = 0;
Right = number of
pixels per line minus 1
YDSTLEN |[They start position and
number of lines

®& Note: For PITCH theylin field, of thisglobal initialization register, must be set to ‘0.
The pitch value itself is not used.

Step 2.  Program the last register to access the 1D00h-1DFFh range in order to start the drawing engine

Step 3. Read the data in the appropriate format from either the DMAWIN or 8 MByte Pseudo-DMA

memory ranges.

Since the IDUMP operation generates the addresses for the destination, the addresses of the data are n
used while accessing either the DMAWIN or 8 MByte Pseudo-DMA window. Subsequently, move string
instructions can be used through the 7 KByte space of either the DMAWIN or 8 MByte Pseudo-DMA
window to read the data from the MGA-2164W. It is recommended that host CPU instructions be used in
such a way that each transfer increments the address. This way, the PCI bridge can proceed using burs

transfers (assuming they are supported and enabled).

Dwords are always transferred in whole numbers: depending on the source’s width and alignment, part o
the last dword of every line transferred may contain irrelevant data. The total number of dwords can be

calculated by the following formula:
Total = INT ((psiz * width + 31) / 32) * Nlines
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Legend:

Total: The number of dwords to transfer.

width:  The number of pixels to be read in the x direction,
according torable 4-11
Nlines: The number of lines to read, accordingdble 4-11
psiz: The destination size, accordingrable 4-10
Table 4-10: IDUMP Source Size
bltmod pwidth psiz
BU32RGB PW8 8
PW16 16
PW24 24
PW32 32
BU32BGR - 32
BU24RGB - 24
BU24BGR - 24
Table 4-11: IDUMP Width and Nlines parameters
linear | bltmode width Nlines
0 - Width of destination boundany. Number of lines associated with the destin
BU3ZRGB Width of destination boundary. Number of lines associated with the destin
, | BU32BGR y
BU24RGB ,
BU24BGR Width of source boundary 1

There are some restrictions in the data formats that are supported for this operation. Table 4-12 shows all
the valid format combinations. The structure of the buffers to be transferred is defined for each data

format (as shown the ‘Pixel Formats’ illustrations startingpage 4-18%

Table 4-12: IDUMP Supported Formats

Processor Type bltmod dmaDataSiz pwidth Data Format
Little endian BU32RGB 00 PW8 8-bit A
PW16 16-bit A

PW24 24-bit A

PW32 32-bit A

BU32BGR 00 PW32 32-bit B

BU24RGB 00 PW32 24-bit A

BU24BGR 00 PW32 24-bit B

Big endian BU32RGB 00 PW8 8-bit B
01 PW16 16-bit B

10 PW32 32-bit A

BU32BGR 10 PW32 32-bit B
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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 CRTCEXTS3 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’. Thepage field of CRTCEXT4 can be
used to select a different page of RAM in which to write pixels.

4.6.1 Horizontal Timing

Figure 4-6. CRTC Horizontal Timing

HDISPEN J ‘—‘1 |
HBLANK ’—L

HSYNC § L W
‘ Horizontal Display End

In VGA Mode, the horizontal timings are defined by the following VGA register fields:

htotal<7:0> Horizontal total. Should be programmed with the total number of displayed charac-
ters plus the non-displayed characters minus 5.

hdispend<7:0>  Horizontal display end. Should be loaded with the number of displayed
characters minus 1.

hblkstr<7:0> Start horizontal blanking

hblkend<6:0> End horizontal blanking. Should be loaded whblkstr + Horizontal Blank signal
width) AND 3Fh. Bit 6 is not used in VGA Modengamode = 0)

hsyncstr<7:0> Start horizontal retrace

hsyncend<4:0>  End horizontal retrace. Should be loaded witéy(hcstr + Horizontal Sync signal
width) AND 1Fh.

hsyncdel<1:0>  Horizontal retrace delay
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 resehyncstr (CRTC4) in Power Graphic Mode by a rising edge on
theVIDRST pin, if thehrsten bit of theCRTCEXTL1 register is set to ‘1’.
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The units of the horizontal counter are ‘character clocks’ for VGA Mode, or 8 pixels in Power Graphic
Mode. Thescale field of theCRTCEXTS3 register is used to bring the VCLK clock down to an ‘8 pixel’

clock.

The suggested scale factor settings are shown in the following table:

Bits/Pixel memconfig = 00 | memconfig = 01 | memconfig = 10
8 ‘oor ‘000’ ‘000"
16 ‘011 ‘001’ ‘000’
24 101 ‘010’ ‘010*
32 111 ‘011 ‘001’

(*) Requires special horizontal CRTC programming (use the same parameters as the horizontal zoom by 2 case).

4.6.2 Vertical Timing

Figure4-7: CRTC Vertical Timing

Vertical Display End

VDISPEN J ;\—!
VBLANK ’—L
VSYNC W

In VGA Mode, the vertical timings are defined by the following VGA register fields:

vtotal<9:0> Vertical total. Should be programmed with the total number of displayed lines 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 witblkstr -1 + Vertical Blank signal
width) AND FFh.

Start vertical retrace

End vertical retrace. Should be loaded withy(ncstr + Vertical Sync signal width)
AND OFh.

Line compare

vdispend<9:0>
vblkstr<9:0>

vblkend<7:0>

vsyncstr<9:0>
vsyncend<3:0>

linecomp<9:0>
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In Power Graphic Mode, the following fields are extended to support alarger display area:

vtotal<11:0> Vertical total
vdispend<10:0>  \ertical display end
vblkstr<11:0> Vertical blanking start

vsyncstr<11:0>  Start vertical retrace
linecomp<10:0> 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 CRTC17 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> Start address

offset<7:0> Logical line width of the screen. This is programmed with the number of double or
single words in one character line.
curpos<15:0> Cursor position

prowscan<4:0>  Preset row scan

maxscan<4:0> Maximum scan line

currowstr<4:0>  Row scan cursor begins

currowend<4:0> Row scan cursor ends

curoff<4:0> Cursor off

undrow<4:0> Horizontal row scan where underline will occur
curskew<1:0> Cursor skew control

B The row scan counter can be clocked by the horizontal sync signal or by the horizontal sync sig-
nal divided by 2, depending on the value of¢tb@v2t4 (200 to 400 line conversion) field of
the CRTCO register.

B The memory address counter clock is controlledduynt4 (CRTC14) andcount2 (CRTC17).
These fields have no effect in Power Graphic Mode.

B The memory address can be modified bydiverd (CRTC14), wbmode, addwrap, selrows-
can, 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 8 megabytes of memory.
startadd<19:0>  Start address.

offset<9:0> Logical line width of the screen. This is programmed with the number of slices in
one character line.

B Thedisplay can be placed in interlace mode if the interlace bit of the CRTCEXTO register is set
to ‘1.

B Thecurpos, 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-2164W chip conforms to VGA standards. The limitations listed below
need only be taken into account when programming extended VGA modes.

Limitations:

htotal must be greater than 0.

vtotal must be greater than 0.

htotal - hdispend must be greater than 0

htotal - bytepan + 2 must be greater thanlispend
B hsyncstr 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-2164W'’s CRTC.

In the formulas which follow, ‘cc’ represents the number of video clocks per character. The display

modes are controlled by tI8E=Q1 register'sdotmode anddotclkrt fields and theATTR10 register’s
pelwidth field as shown below:

Display Mode dotmode dotclkrt pelwidth cc
Character mode: 8 1 0 0 8
Character mode: 9 0 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 GCLK's) 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:
1. (cc* ((H_total - Byte pan) - (H_dispend + MAX(H_dispskew + 2, H_syncstr - H_dispend)) + 1) - 3) * Tvclk >= 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
6. (cc* ((H_tota - Byte pan) - H_dispend + 3) - 1) * Tvclk >= (D + C) * Tgclk

a s DN

4.6.5

The horizontal and vertical registers are programmed as for VGA Mode, and they can use the CRTC
extension fields.

Programming in Power Graphic Mode

The memory address mapper must be set to byte mode and the offset register value (CRTC13) must be
programmed with the following formula:

offset =

memconfig = 00

memconfig = 01

memconfig = 10

video pitch * bpp
64

video pitch * bpp
128

video pitch * bpp
256

For example, for a 16 bit/pixel frame buffer at a resolution of 1280 x 1024 and a memconfig value of 01:

Depending on the pixel width (bpp), the video pitch must be a multiple of one of the following:

Where: - ‘bpp’ is the pixel width, expressed in bits per pixel, and

- ‘video pitch’ is the number of pixels per line in the
frame buffer (including pixels that are not visible).

offset = (1280 x 16)/128 = 160

bpp memconfig = 00 | memconfig = 01 | memconfig = 10
8 64 128 256
16 32 64 128
24 64 128 256
32 16 32 64
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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 memconfig = 00 [memconfig = 01 | memconfig = 10
8 4 8 16
16 2 4 8
24 1%, 221 5%,
32 1 2 4

For example, to program startadd to use an offset of 64 with a 16 bit/pixel frame buffer while
memconfig = 01, startadd = 64/4 = 16. With a 24 bit/pixel frame buffer, startadd = 64/22, = 24.

®& Note: When accessing the three-part startadd field, the portion which islocated in
CRTCEXTO0 must always be written; it must always be written after the other
portions of startadd, which arelocated 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. Tearing will occur if the four LSBs of startadd change
value during the active vertical time.

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) is not available in Power Graphic Mode.
& Note: When memconfig = 10, the startadd must be an even number.

®& Note: When memconfig = 00, the start address must be selected so that no line crosses the
2 Mbyte boundary. When memconfig = 01, the start address must be sel ected so that
no line crosses the 4 Mbyte boundary. There is no boundary restriction for
memconfig = 10.

Within Power Graphic Mode there is no overscan, therefore, use the following:

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.
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A composite sync (block sync) can be generated on the HSY NC pin of the chip if the csyncen field of
the CRTCEXTS3 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

m dotclkrt =0

B dword = 0,wbmode = 1 (refer to the ‘Byte Access’ table in tBRTC17 register

description)
B selrowscan=1,cms=1

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 a 525 line displayotal = 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 by slowing down the pixel clock and re-programming the horizontal
registers of the CRTC.

B For example, to obtain a horizontal zoom rate of x2, slow the pixel clock by two and re-program
all th horizontal CRTC registers so that the period, active time, front and back porch, blank and
sync width (in ns) remain the same. The horizontal counter will have a precision of 16 or 32 pix-
els on the screen for zoom rates of x2 or x4 respectively.

Vertical zooming is achieved by re-scanning a line ‘n’ times. Prograi@RA&9 register'snaxscan
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 otothecomparator)
htotal - hdispend must be greater than O

In interlace modehtotal must be equal to or greater thasyncend + 1.

htotal - bytepan + 2 must be greater thanlispend

hsyncstr must be greater thdardispend + 2

vtotal must be greater than 0 (because of the delay registers wtothlecomparator)
In interlace modeytotal must be an even number.

(htotal modulo 16) musmot equal 15

(htotal)*(scale + 1) MOD 16 mustot be 15.
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CRTC Latency Formulas

This section presents several rules that must be followed in Power Graphic Mode in order to adhere to the
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. (cc* (H_tota - (H_dispend + MAX(startadd<3:0> + 1/cc, H_syncstr - H_dispend))) - 1.5) * Tvclk >=68 * Tgclk

2. 585* Tvclk >=68* Tgclk

3. 16* Tvclk >=Tgclk

4. (cc* (H_total - H_dispend) + MOD(pitch*cc/8 - 1, 16) + 1.5) * Tvclk >= 77 * Tgclk

5. (cc* (H_tota - (H_dispend + MAX (startadd<3:0> + 1/cc, H_syncstr - H_dispend)) +1) - 1.5) * Tvclk >=24* Tgclk

6. (cc* (H_tota - H_dispend + 1) + MOD(pitch*cc/8 - 1, 16) + 1.5) * Tvclk >= 83 * Tgclk
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Figure 4-8: Video Timing in Interlace Mode
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4.7 Interrupt Programming

The MGA-2164W has five interrupt sources:
1. Pick interrupt

Thisinterrupt is used to help with item selection in adrawing. A rectangular pick regionis
programmed using the clipper registers (YTOP, YBOT, CXLEFT, CXRIGHT). All planes must

be masked by writing FFFFFFFFh to the PLNWT 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, the STATUS register’s dwgengsts bit can be
polled to determine if some portion of the primitive lies within the clipping region.

Picking interrupts are generated when primitives are drawn using either RPL, RSTR, ZI, or I.
These access types are explained in the atype field description fdWMBETL register in
Chapter 3

2. Vertical syncinterrupt

This interrupt is generated every time the vsync signal goes active. It can be used to synchronize
a process with the video raster such as frame by frame animation, etc. The vsync interrupt enable
and clear are both located in tBRTC11 VGA register.

3. Vertical lineinterrupt

This interrupt is generated when the value of the linecomp fieltRGIC18 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).

4. 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.

The following table summarizes the supported functionality that is associated with each interrupt source.

I nterrupt STATUS EVENT ENABLE CLEAR
. - pickpen pickien pickiclr
Pick
- STATUS<2> IEN<2> ICLEAR<2>
Vertical svnc vsyncsts vsyncpen vinten vintclr
y STATUS<3> | STATUS<4>| CRTC11<5>| CRTC11<4>
Vertical line - vlinepen vlineien vlineiclr
- STATUS<5> IEN<5> ICLEAR<5>
extpen - extien -
External
STATUS<6> IEN<6>
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 disablingysyncpen is the only exception. Wherinten = 0,vsyncpen will not
be generatedjinten must be set to ‘0’ fovsyncpen to be generated.
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& Note:
* You should clear an interrupt before enabling it.
» vsyncpen is set on the rising edge of vsync.
» vsyncpen is set on the first pixel within the clipping box.
* vlinepen is set at the beginning of the line.

4.8 Power Saving Features

The MGA-2164W supports two power conservation features:
m DPMS is supported directly, through the following control bits:

* Video can be disabled usisgroff blanking bit SEQ1<5>)
* Vertical sync can be forced inactive usigyncoff (CRTCEXT1)
» Horizontal sync can be forced inactive usirgyncoff (CRTCEXT1)

B The power consumption of the chip can be reduced by slowing down the system clocks and stop
ping the video clocks. An internal divide by 4 (see the GCALE bit in the OPTION register) is

available to further reduce the gclk period.
m [f you want to preserve the frame buffer contents in power-dowmflieat field must be appro-
priately programmed.
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5.1 Introduction

The MGA-2164W chip has been designed in such away as to minimize the amount of external logic
required to implement a board. Included among its features are:

W Direct interface to the PCI bus (MGA-2164W-PCI) or AGP bus (MGA-2164W-AGP).

B All necessary support for external devices such asROM, RAMDAC, video co-processor (includ-
ing MGA-VCO64SFB), and others

B Direct connection to the RAM

5.2 PCl Interface

The MGA-2164W-PCI interfaces directly with PCI as shown in Figure 5-2. The MGA-2164W-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-2164W-PCI can also act as a master on the PCI bus -
refer to Section 4.1.9 for more information.

5.3 AGP Interface

The MGA-2164W-AGP interfaces with the AGP bus as shown in Figure 5-1. The MGA-2164W-AGP

supports the PClI 66MHz interface as medium device (i.e. it responds with PDEV SEL/ during the second

clock after PFRAME!/ is asserted). It does not use the AGP sideband signals nor the PIPE/ mechanism.
Figure 5-1: AGP Interface

> PCLK

PRST/
PGNT/
PIDSEL (1)

PFRAME/

PCBE<3:0>/

o MGA-2164W-AGP
PTRDY/

PIRDY/

AGP Bus

PPAR
PINTA/
PREQ/

PAD<31:0>

(1) The add-in card manufacturer should connect PAD16 to the PIDSEL pin of the MGA-2164W-AGP because
the PIDSEL is not a pin on the AGP connector.
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5.4 Snooping

The MGA-2164W performs snooping when VGA 1/0 is enabled and snooping is turned on. In this
specific case, two things may occur when the DAC is written to:

1. If the MGA-2164W is unable to process the access immediately, it takes control of the bus, and a
retry cycleis performed.

2. If the MGA-2164W is able to process the access, the access is snooped, and the MGA-2164W pro-
cesses it as soon as the transaction is completed on the PCI bus.

Under normal conditions, only asubtractive agent will respond to the access. There could also be no agent
at al (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.

Figure 5-2: PCI Interface

> PCLK

PRST/
PGNT/
PIDSEL

PFRAME/

PCBE<3:0>/

PDEVSEL/

PESE MGA-1064SG-PCI
PTRDY/

PIRDY/

PCI Bus

PPAR
PINTA/
PREQ/

PAD<31:0>
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5.5 External Devices

The MGA-2164W supports a few external devices (the EPROM is a standard expansion device that is
supported by the MGA-2164W). Other devices can also be added by using the MGA-2164W'’s EXTCS/
strobe.

Figure 5-3shows how to connect the standard expansion devices to the MGA-2164W. It should be noted
that the local bus interface shares pins with the RAM. This limits the load on the MDQ bus to 10 pF (1
load) per bit, which is automatically the case when there are no extra external devices.

EPROM
The MGA-2164W supports both 256K x 8 and 512K x 8 EPROMSs, as well as flash memory. Flash

memory provides the capability to modify the BIOS ‘on the fly’. The following table lists specific
EPROM and flash memory devices that have been verified to work with the MGA-2164W:

Flash Memory EPROM

Manufacturer 256K x 8 512K x 8 256K x 8 512K x 8
AMD AM28F256-150 AM28F512-150 AM27256-200 AM27C512-200

AT29C257-12 AT29C512-90
Atmel AT29C257-15 AT29C512-120

AT29C257-90 AT29C512-150
SGS M28F256-15
Intel N28F256A-150 N28F512-150
Toshiba TC57256AD-20 TMM27512AD-20
Texas TMS28F512A-10 TMS27C256-2
Instruments TMS28F512A-12

TMS28F512A-15

National NM27C256Q200 NMC27C512AQ200
Microchip 27C256-20 27C512-20

A write cycle to the EPROM has been defined in order to support flash memory. Another bit which locks
write accesses to the EPROM has also been added in order to prevent unexpected writes.

2Note: The sequencing of operations to erase and write the memory must be performed by
software. Some timing parameters (tWR, tWH1, tWH2) must be guaranteed by
software using programming loops (refer to the device specification).

2Note: If a 12V power supply is required for flash memory, it will have to be provided on the
board (the MGA-2164W will have no ability to control it).

RAMDAC

The processor interface of the RAMDAC must be connected as shawguire 5-3 For more
information on supported RAMDACSs and how to connect the video port, refer to sgation

Other Devices

Extra devices can be added to the MGA-2164W (in addition to the standard expansion devices mentioned
above). If a video co-processor or any other extra device is required, a decoder (as $howne -3

can be used to generate multiple CS/ signals. However, in order to respect load constraints on the MDQ
bus, the following rules must be respected:

B Read strobes and addresses that are used for both the EPROM and the external devices (includ-
ing the decoder) must be buffered.

m If multiple devices are added, the data bus to those external devices must be buffered.
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ROMCS/

MDQ<63:0>

MGA-2164W

DACRD/
DACWT/
EXTRST/

VCLKSL<1:0>

GCLK

VCLK

EXTCS/

Figure 5-3: Expansion Device Connection

31v

5V

i

fiiiiis

MDQ<47:32> 16 > A<15:0> vce
MDQ<ISE> 4 ——————H DT> 5 VPP
» Cs/ D:
(al
MDQ<54> » OE/ L
MDQ<55> » WT/ VSS 1
5 RS<4:0>
«—8% —— » p<7o>
ror <
()]
WT/ 2
RESET/ ¢
QF RCLK
MCLK
PLLSEL<1:0>
>
MDQ<55> >
MDQ<37:32> 6 >
MDQ<23:16> 8 >
3 S
MDQ<40:38> > A<2:0>
5V S
e &
.| —
EV/ L,
f EO/

pRitiiiis e

MDQ<6:0>

Install R, to strap high.
Install R, to strap low.

RA=RB=10k Q

MGA-2164W Specification

EXTRST/

EXTRD
EXTA<5:0>

EXTD<7:0>

EXTCS<7:0>
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5.6 Memory Interface

MGA-2164W connects directly to the WRAM chips (from 2 to 16 MB of WRAM can be connected). The
amount of memory will determine the supported resolutions, as described in Section 4.2.1.1.

5.6.1 WRAM Connection

Figure 5-4 shows how the WRAM banks connect to the MGA-2164W. Some pins require damping, as
shown in Table A-5. This table a'so lists the maximum load allowed for each pin.

5.6.2 WRAM Byte Organization

The serials port of the WRAM is half the size of its parallel port. Since MGA-2164W'’s interface to the
frame buffer is 64-bits wide, this provides a 32-bit serial bus. However, for the RAMDAC to perceive the
bytes in the correct order, MGA-2164W must take care to format the pixels correctly within a slice. The
bytes are organized as follows:

MGA-2164W Byte Line (Non-Interleaved)

7 6 3 2 5 4 1 0
B7 | B6| B3| B2|| B5| B4| B1| BO
Banks 0, 1,2,3,4,5,60r7

When memconfig = 01, an interleave mode is enabled by MGA-2164W for the reasons explained in the
previous paragraph, and in order to allow a 64-bit serial bus. Since the pixels are partially multiplexed in
the WRAM, however, MGA-2164W must take care to format the pixels correctly. The memory interface
can be seen as a 128-bit interface where access to the complete slice requires two separate memory
accesses. The bytes are organized in each bank as follows:

MGA-2164W Byte Line (Interleaved)

7 6 3 2 5 4 1 0 7 6 3 2 5 4 1 0
B15| B14| B7| B6| B13| B12 BY B4 Bll B10| B3| B2| B9| B8| B1| BO
Banks 1, or 3 Banks O or 2

B7 | B6 | B3| B2|| B5| B4 | Bl BO

Banks 4,5,60r7

In VGA Mode, only 32 of the 64 bits are used (the unused 32 bits of data are preserved):
Byte line 0 is used as VGA plane 0

[ |

B Byte line 1 is used as VGA plane 1
B Byte line 2 is used as VGA plane 2
B Byte line 3 is used as VGA plane 3
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MISTRAL

BANK 0: (2X 256K x 32)

Figure 5-4: Memory | nterface Connection

BANK 4: (2X 256K x 32)

mrasN<0> WRAMO_1 mrasN<1> WRAM4 1
mrasn<o> WRAMO_O ms<3L16> mrasn<i> WRAM4_0
mcasNi<0> msd<15:0> measNi<0>
meashi<0> meashi<0>
moeN<0> moeN<0>
moeN<0> moeN<0>
mbeN<7:6.3:2> mpeN<7:6.3:2>
mbeN<5:4,1:0> mbeN<5:4,1:0>
mds<20> mds<20>
mdsi<20> mdsi<2.0>
mig<63483L:16> mig<63483L:16>
mdq<dT:3215:0> mdq<T:3215:0>
ma<8:0> ma<8:0>
ma<8:0> ma<8:0>
msc me |
msc ms:
mraN<10> msoel| msoeN|
L]
moasNi<30> ’—) msoeN msoeN
MoeN<30> Note1 U
mbeN<7:0>
mdst<2.0> BANK 1: (2X 256K x 32) BANK 5: (2x 256K x 32)
mresN<0> WRAML1 mresN<1> WRAMS_1
mrasn<o> WRAML0 msl<63:48> mrasn<1> WRAMS.0
measN<1> msd<47:32> measN<1>
measi<1> msk150> measi<1>
moeN<1> msd<3L16> moeN<1>
moeN<1> msd<a7:32> moeN<1>
mpeN<7:6.3:2> msd<63:48> mpeN<7:6.3:2>
mbeN<514,1:0> msd<79:64> mbeN<5:4,1:0>
mds<20> msd<g5:80> mds<20>
mdsi<2.0> msd<111:96> mdsi<2.0>
mig<63483L:16> msd<127:112> mig<63483L:16>
mdq<AT:32,150> mdq<4T:32,150>
ma<8:0> 64bit RAMDAC ma<g:0>
ma<8:0> ma<8:0>
msc mse |
msc ms
mspel] msoed]
L]
ma<0> msoeN msoeN
mdg<63:0> Nl‘)!e 1 o
BANK 2: (2X 256K x 32) BANK 6: (2X 256K x 32)
mrasN<0> WRAM2_1 mresN<1> WRAMB_1
mran<o> WRAM2.0 msd<95:80> mren<t> WRAMS_0
measN<2> mi<7964> | msik150> measN<2>
meashi<2> msd<3L16> meashi<2>
moeN<2> msd<a7:32> moeN<2>
moeN<2> md<63:48> moeN<2>
mpeN<7:6.3:2> msd<79:64> mpeN<7:6.3:2>
mbeN<54,1:0> ml<95:80> mbeN<54,1:0>
mds<20> msd<111:96> mdsi<2.0>
mdst<2.0> ms<127:112> mdsi<2.0>
mdg<63:4831:16> mig<63:4831:16>
mdg<47:32,150> 128bitsRAMDAC mdg<47:32,150>
ma<8:0> ma<8:0>
ma<g0> ma<g0>
msc me_|
mse mse
mse msoel] msoeh]
L]
’e msoeN msoeN
NA‘Q 1 PU
BANK 3: (2X 256K x 32) BANKT: (2x 256K x 32)
mrasN<0> WRAM3 1 mrasN<1> WRAM7_1
mrasn<0> WRAM3 0 mek127:112> mras<t> WRAM7_0
measN<3> msd<111:96> measN<3>
meashi<3> meashi<3>
moeN<3> moeN<3>
moeN<3> moeN<3>
mbeN<7:6,3:2> mbeN<7:6,3:2>
mbeN<54,1:0> mbeN<54,1:0>
mdsf<2:0> mdsf<2:0>
mdsi<2:0> mdsi<2:0>
Miq<63:4831:16> mdg<63:4831:16>
mdg<4T:32,150> mdg<4T:32,150>
ma<g>0 ma<g:>0
ma<g0> ma<g0>
msc me |
mse mse
msoel| msoeh]
L]
msoeN msoeN
NOI‘E 1 PU

Note : for 64 bits DAC, msoeN<0> controls bank0 and bank1 and msoeN<1> controls bank2 and bank3.

For 128 bits DAC. al WRAM msoeN inputs are tied to GND.

MGA-2164W Specification

Memory Interface

5-7



MG Confidential

5.7 Video interface

In order to support both high resolutions and high refresh rates, MGA-2164W has been optimized with
the Texas Instruments TV P3026,TVP3027, and TVP3033 RAMDAC. If any other RAMDAC is selected,
care must be taken when evaluating the timing of the video interface. There are three basic operation
modes for the video interface:

1. VGA Mode: Thisrequires an 8-bit bus between the MGA-2164W and the RAMDAC.

2. Power Graphic memconfig = 01 mode: This requires a 64-bit WRAM-RAMDAC bus.

3. Power Graphic memconfig = 10 mode: Thisrequires a 128 bit WRAM-RAMDAC bus (the RAM-
DAC must be capable of interleave).

5.7.1 VGA Mode

In VGA Mode, data destined for the RAMDAC is always 8 bits wide, and comes from the MGA-2164W
chip. It always represents one pixel on the screen on each LDCCLK cycle (in VGA Mode, LDCLK =
pixel clock). If aVGA feature connector is not required, MGA-2164W can be interconnected to the
RAMDAC without any glue logic. When a feature connector is required, the VGA interface must be
modified as shown in Figure 5-8.

5.7.2 Power Graphic Mode

In Power Graphic Mode, there are two ways to connect the pixel port of the RAMDAC: 64 bit RAMDAC
or 128 bit RAMDAC. Within a configuration, it is possible to vary the memconfig to get single buffer
mode or split frame buffer mode. Figures 5-5, 5-6, and 5-7 show the serial stream formatting under
different memconfig settings.

Figure 5-5: memconfig = 00 Video Data

8 bits/pixel
31 24 23 16 15 8 7 0
Pixel (n+3) Pixel (n+2) Pixel (n+1) Pixel (n)
16 bits/pixel
31 16 15 0
Pixel (n+1) Pixel (n)
24 bitg/pixel
%31 24 23 16 15 8 7 0
1 Pixel (n+1) Pixel (n)
2 Pixel (n+2) Pixel (n+1)
3 Pixel (n+3) Pixel (n+2)
32 bitg/pixel
31 0
Pixel (n)
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Figure 5-6: memconfig = 01 Video Data

8 bits/pixel
63 56 55 48 47 40 39 32 31 24 23 16 15 8 7
Pixel (n+7) Pixel (n+6) Pixel (n+5) Pixel (n+4) Pixel (n+3) Pixel (n+2) Pixel (n+1) Pixel (n)
16 bits/pixel
63 48 47 40 39 32 31 16 15
Pixel (n+3) Pixel (n+2) Pixel (n+1) Pixel (n)
24 bits/pixel
63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0
Pixel (n+2) Pixel (n+1) Pixel (n)
Pixel (n+5) Pixel (n+4) Pixel (n+3) Pixel (n+2)
Pixel (n+7) Pixel (n+6) Pixel (n+5)
32 bits/pixel
63 32 31 0
Figure 5-7: memconfig = 10 Video Data
8 hits/pixel
127 0
~ © o I > © < © I ) & & = ] fry -
127 0
Tnet:| £ £ £ £ £ £ £ > £ £ £ £ = £ < <
[ [ [ [ [ [ [ [ [ [ [ [ a 3 o a
16 bits/pixel
127 0
Tn+1:| Pixel (n+13) | Pixel (n+12) | Pixel (n+9) | Pixel (n+8) | Pixel (n+5) | Pixel (n+4) | Pixel (n+1) Pixel (n)
127 0
Tn+1: | Pixel (n+15) | Pixel (n+14) | Pixel (n+11) | Pixel (n+10) | Pixel (n+7) | Pixel (n+6) | Pixel (n+3) | Pixel (n+2)
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24 bitg/pixel

127

(u) ;pxid  J(0T+u) [oxid | (T2+u) 19XId
an|g pay usalo
(u) ;pxid | (TT+U) 19X1d | (T2+U) 19XId
uaalo anig pay
(u) ;pxid | (TT+U) 19X1d | (22+U) 19XId
pay usaio an|g
(T+u) 1ox1d | (TT+U) 19x1d | (22+U) [9XId
an|g pay usalo
(z+u) 1oxid | (€T+u) 1oxid | (pz+u) [oxid
pay usal9 an|g
(e+u) 1ox1d | (€T+U) 1ox1d | (Fz+U) [9XId
an|g pay usaio
(e+u) 19x1d | (FT+U) ox1d | (Fz+U) [9XId
uaal9 an|g pay
(e+u) 1ox1d | (PT+u) |oxid | (G2+u) [oXId
pay usai9 an|g
(G+u) 1ox1d | (9T+u) |oxid | (92+U) [oXId
uaalo an|g pay
(g+u) 1oxid | (9T+U) oxid | (2z+U) 19xid
pay usalo an|g
(9+u) 1ox1d | (9T+U) ox1d | (2z+U) 19XId
an|g pay usalo
(9+u) 1oxid | (LT+U) oxid | (L2+U) [9XId
uaai9 an|g pay
(g+u) jaxig | €T+ 19xid | (62-+U) [9Xid
anig : pay usalo
(g+u) axig | 6T+V) 18x1d | (B2-+) 1oXid
uoalIs an|g pay
(g+u) axig | 6T+Y) 18x1d | (0E-+U) oI
pay usalo an|g
(6+u) 19x1d | (6T+U) |oxid | (0€+U) [oXId
an|g pay usal9
.. & &

z z z
= [ [

127

(T+u) 19x1d | (ZT+U) [9X1d | (22+U) 19XId
TEEIS) an|g pay
(T+u) 19x1d [ (2T+U) [9X1d | (€2+U) 19X1d
pay usalio an|g
(z+u) 19x1d [ (zT+U) [9x1d | (€2+U) 19X1d
an|g pay uaalo
(z+u) 19x1d | (€T+U) [9X1d | (€2+U) I9XId
TEEIS) an|g pay
(7+u) 19x1d | (FT+U) [2x1d | (G2+U) 19XId
an|g pay usalo
(7+u) 19x1d [(GT+U) [9x1d | (Gz+U) 19X1d
uaalo an|g pay
(p+u) 19x1d | (GT+U) [@x1d | (92+U) |8XId
pay usalo an|g
(G+u) 1xi1d | (GT+U) [9X1d | (92+U) [9XId
an|g pay usalo
(9+u) 1xi1d | (£T+U) [2x1d | (82+U) [9XId
pay usal9 an|g
(2+u) 19x1d | (2T+U) [@x1d | (82+U) [9XId
an|g pay uaalo
(2+u) 19x1d | (8T+U) [@x1d | (82+U) |9XId
TEEIS) anig pay
(£+u) 19xi1d | (8T+U) [2x1d | (62+U) I9XId
pay usal9 an|g
(6+U) 19x1d | (0z+U) [2x1d | (0€+U) 19XId
uaalo anig pay
(6+U) 19x1d | (0z+u) [@xi1d | (TE+U) |9XId
pay uaalo anig
(oT+u) 19x1d | (0z+U) 19x1d | (TE+U) 19X1d
an|g pay usalo
(oT+u) 19x1d | (T2+U) 19x1d | (TE+U) [9XId
usaln an|ig pay
.~ "o b
+ + +
P4 P4 P4
[ [ [

32 bitg/pixel

127

Pixel (n)

Pixel (n+2)

Pixel (n+4)

Pixel (n+6)

TN

127

Pixel (n+1)

Pixel (n+3)

Pixel (n+5)

Pixel (n+7)

T+t
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Figure 5-8: Feature Connector

Feature Connector

L XTAL2

= XTAL1

GCLK 1 MCLK

VCLKSEL<1:0> 2 » PLLSEL<1:0>

s CLKO

CLK1

CLK2

CLK2/

VCLK |« RCLK
VLDCLK » LCLK
VHSYNC/ > SYSHS/
VVSYNC/ » SYSVS/
VCBLNK/ »  SYSBS/
VODD » ODD
%%L VGAHS/
> VGAVS/
) VGABL/

ovs

PSEL

SFLAG

8/6/

MDQ<63:0> 8
3 > VGAD<7:0>
VIDRST |4
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5.7.3 Slaving the MGA-2164W

This section describes the operations of the VIDRST (video reset input) signal. A VIDRST is detected on
the first rising edge of VCLK where VIDRST is high. The video reset can affect both the horizontal and/
or vertical circuitry.

The first time that the MGA-2164W'’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.

2Note: In order for the MGA-2164W to be synchronous with any other source, the
MGA-2164W CRTC must be programmed with the same video parameters as that
other sourceVCLK 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 rétigue 5-9shows the
relationship between VIDRST, the internal horizontal counter\ath8YNC/ when the MGA-2164W is
already synchronized.

Figure 5-9: VIDRST, Internal Horizontal Active

VCLK

VIDRST
Horizontal counter HSYNCSTRT
.
1 »
VHSYNC/ )(

2Note: The VHSYNC/ pin of the MGA-2164W will become active following the formula
shown below (T is a number of VCLK):

T, =4+ SCALE + STARTADD<3:0>

Thevrsten field of theCRTCEXT1 register is used to enable the vertical reset, which sets the vertical
counter to the beginning of the vertical retrace in the even figdgire 5-10shows the relationship
betweerVIDRST, the internal horizontal retrace, the internal vertical retrace signal, and VVSYNC/ when
only the vertical counter is reset.

5-12 Video interface MGA-2164W Specification



MGI Confidential

Figure 5-10: VIDRST, Internal Horizontal Retrace/Vertical Retrace

VCLK )

VIDRST

Horizontal retrace (1)

Vertical retrace

VVSYNC/

(1) Horizontal counter and horizontal retrace are not affected by VIDRSTS when only the vertical reset isactive.
They are shown in the waveform as a reference to the location where VIDRSTS can be active in steady state.

Figure 5-11 shows 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 5-11: VIDRST, Internal Horizontal/\Vertical Active, and VVSYNC/
VCLK

VIDRST

Horizontal retrace —/7

Vertical retrace

VVSYNC/

5.8 Co-processor Interface

Two pins permit sharing of the WRAM bus:
B MVGNT/ (generated by the MGA-2164W)
B MVREQ/ (generated by the co-processor)

When it releases the bus to the co-processor, the MGA-2164W chip brings all WRAM control signals
high before placing them in tristate. The co-processor should do the same when releasing the bus. This
procedure will guarantee that no false access will be performed on the memory.

Figure 5-12 shows the normal sequence when the co-processor requests and releases the bus.

The priority of operationsin the MGA-2164W is organized in such away that the MGA-2164W will
notify the system when it requires the bus in order to perform data transfer or refresh cycles. When thisis
the case, the co-processor must return the bus to the MGA-2164W asillustrated in Figure 5-12.
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The MGA-2164W's priorities are as follows:

1. Data transfer

Second refresh request

Co-processor requests

Direct frame buffer or external device access
Drawing engine

6. First refresh request

asrwN

When mgamode = 0, co-processor requests will not be granted.

Pull-up resistors (10R) are required on MRAS1/ and MRASO/ when a co-processor is installed. (These
maintain level 1 logic when the bus is tristated during the interval when the bus is transferred between
MGA-2164W and the co-processor).

Figure 5-12: Co-processor Requests

MRQ/ —/\ |
MACK/ % /
Control 7 ’ 7 LZ |
MGA-2164W Co-processor MGA-2164W
Data| i i |
MGA-2164W Co-processor MGA-2164W
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Figure 5-13 detail s the connection between the MGA-2164W and the video co-processor (MGA-
VCO64SFB).

2Note: The MGA-VCOB64SFB can read and write only WRAM banks 0 and 1 (4 megabytes
maximum).

Figure 5-13: Connection with the Co-processor.

MGA-2164W %Ok%wk
MRAS1/ e » MRASY Vgﬁg',v'
MRASO/ » MRASO0/
MCAS3/ » MCAS3/
MCAS2/ » MCAS2/
MCAS1/ » MCAS1/
MCASO/ » MCASO0/
MOE3/ » MOE3/
MOE2/ » MOE2/
MOE1/ » MOE1/
MOEO0/ » MOEO/
MBE<7:0>/ » MOE<7:0>/
MDSF<2:0> » MDSF<2:0>
MDQ<63:0> » MDQ<63:0>
GLCK
\
62.5 MHz
MGA-VCO64SFB
M_CTRL <1>
M_CTRL<9>
M_CTRL<8>
M_CTRL<4>
M_CTRL<5>

M_CTRL<7,6,0>
M_DATA<63:0>

M_CLK

(42.6'MHz)
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A.1 Pin List
Table A-1: Pin Count Summary
Group Total I (@) /0
Host 48 4 3 41
Local 6 1 5
Memory 97 2 31 64
Video 12 2 10
Test 2 2
VDD/ GND/ Reserved 60
A.1.1 Host

Name #Pins Type Description

PAD<31.0> 32 1/O PCIl 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.

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 /0O Device select. Will be asserted when a transaction is within the MGA
address range and space.

PFRAME/ 1 /O Cycleframe. Indicates the beginning and duration of an access.

PGNT/ 1 | Grant. Indicates to the MGA-2164W that access to the PCI bus has been
granted.

PIDSEL 1 I Initialization device select. Used as a chip select during configuration read
and write transactions.

PINTA/ 1 O Interrupt request signal.

PIRDY/ 1 I/O Initiator ready. Indicates the initiating agent’s ability to complete the
current data phase of the transaction (used in conjunctioriPVRIDY)).
Wait cycles are inserted until boBHRDY/ andPTRDY/ 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-2164W wishes to use the
bus.

PRST/ 1 I PClreset. This signal is used as the chip’s hard reset.

PSTOP/ 1 I/0O Stop. Forces the current transaction to terminate.

PTRDY/ 1 I/O Target ready. When asserted, indicates that the current data phase of the
transaction can be completed (used in conjunction RIRDY/). Walit
cycles are inserted until boBHRDY/ andPTRDY/ are asserted together.
In target modePTRDY/is used as an input for snooping operations.

A-2  Pin List MGA-2164W Specification
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A.1.2 Local Interface

Name #Pins Type Description

ROMCY 1

DACRD/ 1
DACWT/ 1
EXTRST/ 1
EXTCY 1
EXTINT/ 1

MGA-2164W Specification

O

Bios ROM chip select. When ROMCY/ is active: MDQ<47:32> is
redefined as the ROM address; MDQ<54> as the output enable,
MDQ<55> asthe ROMREAD signal; MDQ<15:8> asthe data.
RAMDAC read control signal. When DACRD/ is active:
MDQ<52:48> is defined as the dac address, MDQ<31:24> as the
data.

RAMDAC write control signal. When DACWT/ is active:
MDQ<52:48> is redefined as the dac address; MDQ<31:24> asthe
data.

External reset signal. Used to reset the RAMDAC and expansion
devices.

Expansion device select. Use to select companion chips. When
EXTCY isasserted: pin MDQ<55> is redefined as the read/write
signal; MDQ<40:32> as the address; MDQ<23:16> as the data.
External interrupt pin. Can be used by a companion chip to generate
interrupts on the PCI bus. Interrupt is an active low level interrupt.

Pin List A-3
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A.1.3 Memory Interface

Name #Pins Type Description

MDQ<63:0> 64 1/O Memory databus. Used during read and write transactions. Also
used for BIOS EPROM and RAMDAC accesses, and chip strapping.
MDQ<4:0> = Product I1D straps or switches.
MDQ<5> = VGA boot strap or switch.
MDQ<6> = BIOS EPROM installed strap or switch.
MDQ<7> = Strap reserved for future use.Must be pulled down by a
10K resistor.
MDQ<15:8> = ROMDQ: ROM data bus. Used (if Flash ROM is
present) to read from or write to the BIOS EPROM.
MDQ<23:16> = EXTDQ: Expansion device data bus. Used to read
from or write to companion chips.
MDQ<31:24> = RDACDATA: RAMDAC host data bus. Used to
read from or write to the host palette registers.
MDQ<47:32> = EXTA<15:0>: BIOS EPROM addresses. Bits
EXTA<8:0> are also used for addressing expansion devices.
MDQ<52:48> = RS<4:0>: RAMDAC host address bus.
MDQ<54> = BIOS EPROM output enable (active low signal).
MDQ<55> = ROMREAD and EXTREAD: Used to read from or
write to a Flash ROM. (Do not connect when using an EPROM..)
Also used to indicate aread or write transaction to an expansion
device.
MDQ<63:56> = VGADAT<7:0>: VGA data output. Provides the
VGA pixel value required for VGA emulation modes. Connects to
the VGA pixel port of the RAMDAC.

MA<8:> 9 O Memory addresses (row, column multiplexed).

MRAS<1:0>/ 2 O Memory row address strobe.

MCAS<3:0>/ 4 O Memory column address strobe.

MOE<3:0>/ 4 O Memory output enable.

MBE<7:0>/ 8 O Memory byte enable. Used to determine which byte field should be
written in the 64-bit dlice.

MDSF<2:0> 3 O Controls special functions of the WRAM.

GCLK 1 | Graphic and memory interface clock.

MVREQ/ 1 I Memory control request. Used by a co-processor to get control of the
frame buffer.

MVGNT/ 1 O Memory grant. Informsaco-processor that it has control of the frame
buffer.

A-4  Pin List MGA-2164W Specification
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A.1.4 Video Interface

Name #Pins Type Description
VCLKSL 2 O Clock generator control bits. Comes from the MI1SC<3:2> register.
<1:.0>
VCLK 1 I Video clock for the CRTC and screen refresh operations.
VIDRST 1 | Video reset input. Used to synchronize the CRTC on an external source.
VHSYNC/ 1 O Horizontal sync.
VVSYNC/ 1 O Vertica sync.
VCBLNK/ 1 O Video composite blank signal.
VLDCLK 1 O Video output load clock.
VODD 1 O Video odd frame. Indicates that the odd or even frame is currently
serialized out.
MSC 1 O Memory serial clock.
MSOE<1:0>/ 2 O Memory seria output enable.
A.15 Test
Name #Pins Type Description
HIZ/ 1 | Thispinputsal output buffersin tristate for test purposes. This pin
should betied to a pull-up during normal operation.
LFT 1 I Thispinisused for chip testing only. Connect to GND for normal
operation.
A.1.6 VDD/GND
Name #Pins Type Description
VDD5 5 Attachesto +5 volts. This applies only to MGA-2164W-PCI. (These are
noconnect pins on MGA2164W-AGP)
VDD3 12 Attachesto +3.3 volts.
GND 21 Attaches to ground
Reserved 22 Do not connect.

MGA-2164W Specification
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A.2 PCI Pinout lllustration and Table

The illustration below shows the locations of the MGA-2164W'’s 225 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 Illustration
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Table A-2: PCI Pinout Legend (Bottom View)
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/<z>

<ZI>
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pomesay | SOL | anod | pewesay | TE | GO | masad | Gl | pewesa | powessw | Jon | T | TE | G o |7
Sam | dam | dam | e | G | G | Pves | G | Qi | Aed | eoisa | G| 5 v o | E
Som | oam |pewessd | pama | T\ T GE | G |@wvesa | pewesew | GO O S v o |
e e P e ASAaA aan s o ASAAA dvdd aan | pemesay | S5 ASAAA preg g
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A.3 AGP Pinout lllustration and Table

The illustration below shows the locations of the MGA-2164W-AGP’s 225 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
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Table A-3: AGP Pinout Legend (Bottom View)
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Table A-4: Buffer Assignment

Pin M GA-2164W-PCl MGA-2164W-AGP Notes
PAD <31:0> |0-PCI33 10-12

PCBE <3:0>/ |0-PCI33 10-12

PCLK I-PCI33 1-0

DEVSEL/ 10-PCI33 10-12

PFRAME/ 10-PCI33 10-12

PGNT/ I-PCI33 1-0

PIDSEL 1-PCI33 1-0

PINTA/ O-PCI33 O-12 @
PIRDY 10-PCI33 10-12

PPAR O-PCI33 O-12 @
PREQ/ O-PCI33 O-12 @
PRST/ I-PCI33 1-0

PSTOP/ 10-PCI33 10-12

PTRDY/ 10-PCI33 10-12

ROMCS/ 0-6 0-6 @
DACRD/ 0-6 0-6 @
DACWT/ 0-6 0-6 @
EXTRST/ 0-6 0-6 @
EXTCSY 0-6 0-6 @
EXTINT/ [-0 1-0

MDQ<63:0> 10-9-5V 10-9-5V

MA<8:0> O-12 O-12 @
MRAS<1:0>/ O-12 O-12 @
MCAS<3:0>/ O-12 O-12 @
MOE<3:0>/ O-12 O-12 @
MBE<7:0>/ O-12 O-12 @
MDSF<2:0> O-12 O-12 @
GCLK [-0-5V 1-0-5V

MVREQ/ I-S I-S

MVGNT/ 0-9 0-9 @
VCLKSL<1:0> 0-3 0-3 @
VCLK I-S I-S

VIDRST [-0-5V 1-0-5V

VHSYNC/ 0-6 0-6 @
VVSYNC/ 0-6 0-6 @
VCBLNK/ 0-6 0-6 @
VLDCLK 0-6 0-6 @
VODD 0-6 0-6 @
MSC 0-24 0O-24 @
M SOE<1:0>/ 0-6 0-6 @
Hiz/ 1-0 I-O

@ Reconfigured in Input when hiz/ = low (Nand Tree test).

A-10 AGP Pinout lllustration and Table
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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
10-12, 1-0, I-S Vi <VvDD3+ 0.5V -05| 46 \
10-9-5v Vi <VDD3 + 3.0V -0.5 6.6 Vv
I-PCI 33, 10-PCI 33 Vi <VDD5 + 0.5V 05| 66 | V @
Vo Output Voltage @
0-3, 0-6,0-9, O-12, O-24 Vo<VDD3+ 0.5V -0.5 4.6 \Y
10-9-5V Vo< VDD3 + 3.0V -0.5 6.6 \
|0-PCI 33, 0-PCI 33 Vo < VDDS5 + 0.5V 05| 66 | V @
VN Negative Trigger Voltage
I-S 13 15 V
Vp Positive Trigger Voltage
I-S 15 1.8 V
Vy Hysteresis Voltage
I-S 0.22 | 0.33 \Y
lo Output Current @
0-3 10 mA
0-6 20 mA
0-9 30 mA
0-12,10-12 40 mA
0-24 75 mA
10-PCI33, O-PCI33 ? mA
Ta Operating Temperature 0 55 °C
Tsre Storage Temperature -65 | 150 | °C

(O MGA-2164W-PCI only
@ V o: 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-2164W Specification
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Table A-6: Recommended Operating Conditions

Symbol |Parameter Min. | Max. | Units
VDD5 Power Supply 475 | 525 \Y
VDD3 30 | 36 \'
ViH High-Level Input Voltage

10-12, 1-0, I-S 20 |vDD3| V

10-9-5V, 1-0-5V 2.0 | 55V \Y,

I-PCI33, 10-PCI33 20 | 55V \Y,
VL Low-Level Input Voltage

10-12, 1-0, I-S 0 0.8 \Y,

10-9-5V, 1-0-5V 0 0.8 \

I-PCI33, 10-PCI33 0 0.8 V
t Input Rise Time 0 200 ns
t Input Fall Time 0 200 ns

Table A-7: DC Characteristics
(vDD3 = 3.3 0.3V, VDD5 = 5.0 £0.25V, TA = 0 to 55°)

Symbol  |Parameter Conditions Min. Typ. [Max.| Units | Notes
los Ouput Short-Circuit Current |V o =0V -2500 mA @
l; Input Leakage Current Vi =VDD3 or OV +10| MA
loL Low-Level Output Current VoL =04V

0-3 3 mA

0O-6 6 mA

0-9 9 mA

0-12,10-12 12 mA

0O-24 24 mA

|0-PCI33, O-PCI33 mA | @
loH High-Level Output Current Vop = 2.4V

0-3 -3 mA

0O-6 -6 mA

0-12,10-12 -12 mA

0O-24 -24 mA

10-PCI33, O-PCI33 mA | @
VoL Low-Level Output Voltage lop =0mA 01| V

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°)

Symbol  |Parameter Conditions Min. Typ. [Max.| Units | Notes
VoH High-Level Output Voltage loqn =0mA VDD3-0.1 \Y
03a ‘éjoneitfii%?;?_Air Thermal No Air Flow 30| °cw | ©
ChiNn Pin Capacitance F=1MHz 7 pF
ICC3 VDD3 Supply Current 450 mA
ICC5 VDD5 Supply Current 0 mA

@ The Output Short-Circuit timeis less than one second for one pin only.
(@ pCI buffers are characterized by their V/I curves (see Figure A-7)(MGA-2164W-PCI only).
(3 All GND ball connected to PCB ground plane and all VDD3 balls connected to PCB VDD plane.

Figure A-3: AGP BufferV/l Curve Pull-down (Best Case)

Vo(V)

MGA-2164W Specification Electrical Specification A-13
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Figure A-4: AGP Buffer V/I Curve Pull-Down (Worst Case)

Vo(V)
¢ N

Figure A-5: AGP Buffer V/I Curve Pull-Up (Best Case)

Vo(V)
N

-0 -0.01 -0.02 -0.03 -0.04 -0.05 -0.06 -0.07 -0.08 -0.09 -0.1
1 o(A)
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Figure A-6: AGP Buffer V/I Curve Pull-Up (Worst Case)
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Figure A-7: V/I Curvesfor O-PCI 33 and | O-PCI 33 Buffers

Pull Up Pull Down
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4
14
1 1
0.55 /
0 0
-2 -44 -100 -150 0 50 95 150 206 250
Current (mA) Current (mA)

A.4.2 AC Specifications

The following timing tables are presented from the user’s point: the tables indicate the timing parameters
a device (WRAM, BIOS ROM, RAMDAC, or other external device) must meet to work properly with the
MGA-2164W chip.

The ROM Read and Write cycle, the RAMDAC Read and Write cycle, the External Read and Write
cycle, and all the WRAM cycles assume a miningghk of 16.0 nS (a minimum of 17.3 nS, if there is
more than 8 megabytes of WRAM installed).

The video interface timing gives the chip actual timing. The designer must verify that the serial port of the
WRAM and the RAMDAC used respect each other’s timing.

& Note: It is important that thensoe<1:0>/ lines always deactivate fon/tlk cycle before
reactivating: this ensures that there is no conflict on the serial bundeg1:0>/ lines
switch only during the horizontal blank (assumingdhte is properly programmed).

A-16 Electrical Specification MGA-2164W Specification
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A.4.2.1 Host Interface Timing

Figure A-8: PCI 33 MHz Waveform (MGA-2164W-PCI only)
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Table A-8: PCI 33 MHz 5V Signaling Environment Timing (MGA-2164W-AGP only)®

Symbol Parameter Min Max Unit Notes
Todlk PCLK cycletime 30 ns
Tolow PCLK low time 11 ns
Tphigh PCLK high time 11 ns
Ton Float to active delay 2 ns
Toa1 PCLK to signal valid delay 2 11 ns 2.3
Toa2 PCLK to signal valid delay 2 12 ns 3).(4)
Tott Activeto float delay 28 ns ©)
Trstoff Reset active to output float delay 40 ns ©)
Tan1 Input setup time to PCLK 7 ns ©)
Tep Input setup time to PCLK 10 ns )
Th Input hold time from PCLK 0 ns

@ v,=15v

@ Applies only to pframe/, pridy/, ptrdy/, pctop/, pdevsel/, pcbe <3:4>/,pad <31:0>, ppar

() Minimum times are evaluated with 0 pF lumped loud.
Maximum times are eval uated with 50 pF lumped loud.

) 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/

A-18 Electrical Specification MGA-2164W Specification
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Figure A-9: AGP 1X Timing (MGA-2164W-AGP only)
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Table A-9: AGP1X Timing (MGA-2164W-AGP only)®

Symbol Parameter Min Max Unit Notes
Todlk PCLK cycletime 15.0 ns
Tolow PCLK low time 6.0 ns
Tohigh PCLK hightime 6.0 ns
Ton Float to active delay 15 6.0 ns
Toa1 PCLK to signal valid delay 1.0 6.0 ns 2)
Toa2 PCLK to signal valid delay 1.0 5.5 ns ©
Tott Activeto float delay 1.0 14.0 ns @)
Trstoff Reset active to output float delay 40.0 ns
Tan1 Input setup time to PCLK 55 ns ©)
Tep Input setup time to PCLK 6.0 ns
Th Input setup time from PCLK 0 ns

@ Timi ngs are eval uated with a 10pF lumped load.
Vt=04 VDD

@ Applies only to pframe/, pirdy/, ptrdy/, pstop/, pdevsel/, preg/, and ppar.

() Applies only to pad<31:0> and pche<3:0>/.

) 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 pframe/, pirdy/, ptrdy/, pstop/, pdevsel/, pgnt/, ppar, and pidsel.

A-20 Electrical Specification

MGA-2164W Specification



MGI Confidential

A.4.2.2 GCLK Timing

Figure A-10: GCLK Waveform

Tgclk
< »
T T
GCLK < ghigh glow >
Table A-10: GCLK Timing Requirements®
2,4 8 10, 12 14, 16
Symbol Parameter Mbytes Mbytes Mbytes Mbytes Unit
Min | Max | Min | Max | Min | Max | Min | Max
Tgelk Cycle Time 17.9 - 20.0 - 222 | - | 233 - nS
Tghigh High Time 8.0 - 9.0 - 100 - |105| - nS
Tglow Low Time 8.0 - 9.0 - 100 - |105| - nS
Mv,=05Vpp
MGA-2164W Specification Electrical Specification A-21
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A.4.2.3 External Device Timing
Figure A-11: ROM Write Waveform
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Figure A-12: ROM Read Waveform
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Table A-11; ROM Read and Write Timing™®

Symbol Parameter Min Max Unit Notes
Tromre ROMCS/ low time (Read Cycle) 215 nS
Tromes ROMREAD setup timeto ROMCY falling 35 nS
Tromch ROMREAD hold time from ROMCS/ rising 35 nS
Tromiz Delay from ROMCS/ to ROMDQ <7:0> low-z 0 nS
Tromee Delay from ROMCS/ to ROMDQ <7:0> valid 215 nS
T Delay from ROM QS/ or ROMOE/ or EXTA <15:.0> 0 nS

romoh to ROMDQ <7:0> invalid. (The earliest signal)
T D_elay from RQM CS/ or ROMOE/ to ROMDQ <7:0> 75 nS

romdf hi-z. (The earliest signal)
Tromolz Delay from ROMOE/ to ROMDQ <7:0> low z 0 nS
Tromoe Delay from ROMOE/ to ROMDQ <7:0> vaid 115 nS
Tromace Access time from exta <15:0> 215 nS
Tromwe ROMCS/ low time (Write Cycle) 215 nS
Tromgh ROMOE/ setup time ROMCS/ falling 15 nS
Tromoen ROMOE/ hold time from ROMCS rising 25 nS
Tromds ROMDQ <7:0> setup time to ROMCS/ rising 65 nS
Tromdh ROMDQ <7:0> hold time from ROMCY rising 25 nS
Tromas EXTA <15:0> setup time to ROMCS/ falling 15 nS
Troman EXTA <15:0> hold time from ROMCY/ falling 90 nS

(@ All timings refer to 0.5 Vpp.
The hi-z condition occurs when the total current delivered through the component pin isless than or equal to
the leakage current specification.
Load condition: ROMCS/ = 30 pF, ROMOE/ =95 pF, ROMREAD = 95 pF, EXTA <15:0> = 95 pF, ROMDQ
<7:0>=95pF.
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Figure A-13: RAMDAC Write Cycle
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Figure A-14: RAMDAC Read Cycle
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Table A-12; RAMDAC Read and Write Timing®-®:)

Symbol Parameter Min Max Unit Notes
Tt RA'M DAC address setup to DACRD/ or DACWT/ 10 nS
falling.
RAMDAC address hol from DACRD/ or DACWT/
Tra2 - 10 nS
falling.
Tra3 DACRD/ or DACWT/ low time. 50 nS
T I_DACWT/ to DACWT/, DACWT/ to DACRD/ high 30 nS
ra4 time.
Tras DACRD/ low to RDACDATA low-z. 0 nS
Trde DACRD/ low to RDACDATA valid. - 40 nS
Tra7 DACRD/ high to RDACDATA high-z. - 17 nS
Tras DACRD/ high to RDACDATA invalid. 0 nS
Trdo RDACDATA setup to DACWT/ rising. 35 nS
Trd10 RDACDATA hold from DAWT/ rising. 0 nS
Tran DACRD/ to DACWT/ high time. 35 - nS

(@ All timings refer t0 0.5 Vp

@ The hi-z condition occurs when the total current delivered through the component pin is less than or equal to
the leakage current specification.

(3 Load conditions; DACRD/ = 30 pF, DACWT/ = 30 pF, RS<1:0> = 95 pF, RDACDATA<7:0> = 95 pF.
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Figure A-15: External Device Write Cycle
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Figure A-16: External Device Read Cycle
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Table A-13: External Device Read and Write Timi ng(l)’(z)@

Symbol Parameter Min Max Unit Notes
Text1 EXTA setup timeto EXTCY falling 40 nS
Text2 EXTA hold-time from EXTCS/ rising 40 nS
Text3 EXTREAD setup timeto EXTCY faling 40 nS
Texta EXTREAD hold-time from EXTCS rising 40 nS
Texts EXTCY low time 100 nS
Texts EXTCS hightime 80 nS

Delay from EXTCS/ low to EXTDQ low-z (read
Text7 2 nS
cycle only)
T Delay from EXTCS/ low to EXTDQ low-z (read 9 nS
ext8 cycle only)
Texto Delay from EXTCS/ high to EXTDQ hi-z 55 nS
Text10 Delay from EXTCS/ high to EXTDQ invalid 2 nS
Text11 EXTDQ setup timeto EXTCS/ falling -20 nS
Text12 EXTDQ hold-time from EXTCS/ rising 45

@) All timings refer to 0.5 Vpp.

) The hi-z condition occurs when the total current delivered through the component pin is less than or equal to
the leakage current specification.

() Load conditions: EXTCS/ = 30 pF, EXTA<8:0> = 95 pF, EXTDQ <7:0> = 95 pF.
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mras<1:0>/

mcas<3:0>/

ma<8:0>

mdsf<2:0>

mbe<7:0>/

moe<3:0>/

mdqg<64:0>

L Out

Notes:

(1) mdsf<2:0> = 000b
moe<3:0> = 110b

(2) mdsf<2:0> = 110b

Von -
Von -

(3) mdsf<2:0> = 000b fblit read
001b color block mode
010b split read transfer

011b fblit write

Figure A-17: Page Read-Write/Load Cycle
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T N ($ Tral
ﬁ_ﬂ cah fe
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Tms(—) T Taa Tdh Tdh
le—> oea T aa T < T P a—
m T cpa T oed ds
dzc Toeo cpa — et >
§ (PWM) é > Data In (D)@Data In (E)w/gﬂ
-’rcac TCGC Tcac
Tclz Tdoh Tdoh Toez
Tbez Tbez
/ Valid Valid Valid
Q Data out (A)x Data out (B) /\ Data out (C)
T |

aa

rac

. Don't Care

101b background, foregraound or plane write mask (PWM) load

111b write cycle
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mras<1:0>/

mcas<3:0>/

ma<8:0>

mdsf<2:0>

mbe<7:0>/

moe<3:0>/

mdq<64:0>

L Out

Notes:

(1) mdsf<2:0> = 000b
moe<3:0> = 1111b

(2) mdsf<2:0> = 110b
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mras<1:0>/

mcas<3:0>/

ma<8:0>

mdsf<2:0>

mbe<7:0>/

moe<3:0>/

__In

mdq<64:0>

Notes:

| Out

(1) mdsf<2:0> = 000b
moe<3:0> = 1111b

(2) mdsf<2:0> = 000b fblit read

001b color block mode

010b split read transfer

011b fblit write

Figure A-19: Page Write/Load Cycle

Trc )
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X Ks X
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g (PW“B@ RSN ) RSSSoK_ i), RSSSSIIIIIN

: Don't Care

101b background, foreground or plane write mask (PWM) load

111b write cycle
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Figure A-20: CAS Before RAS Refresh Cycle/Reset Cycle

Trp T
Tras T
mras<1:0>/ ¥:E I \_
rpc Trpc
Tcp -[c_sr) Tchr Tcp
mcas<3:0>/ \\j:r N \_
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Vi -
s> Vs RRRREEIN () RSB

mdsf<2:1> = Don't Care

VIH -
mbe<7:0>/ VIL =
Vig -
moe<3:0>/ Vi -
___In Vi, -
V|L B
mdq<64:0>
Toff
[ Out Von -
Von - OPEN
Notes:
(1) mdsf<0> = Ob for Reset Cycle
mdsf<0> = 1b for CBR Refresh
. Don't Care
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Table A-14: CMOS Window RAM Access Parameter List (Part 1 of 2)(1)

Name Min. (ns) Max. (ns) | Comment

Tcac 12 Accesstime from CASY
Tcpa 20 Accesstime from CAY pre-charge

Taa 22 Access time from column address
Toea 12 Access time from output enable

Trac 50 Accesstime from RASY
Tcbh 0 BE/ hold referenced to CAS/
Thsc 7 BE/ setup referenced to CAS/

Tcsh 45 CAS/ hold time

Tchr 10 CAS/ hold time (CBR refresh)

Tcp 5 CASY/ pre-charge time (Ultra-fast page mode)
Tcas 6 CAS pulse width

Tcsr 5 CASY/ setup time (CBR refresh)

Tclz 0 CAS/ to output in low-Z

Terp 5 CAS/ to RAS/ pre-charge time

Tcah 0 Column address hold time

Tasc 7 Column address setup time

Tral 22 Column addressto RAS/ lead time

Tdh 0 Data hold time

Tds 7 Data setup time
Tdzc 0 Datato CAS delay
Tohc 0 OE/ high hold time from CAS/ low

Tcfh 0 DSF hold time referenced to CAS/

Trfh 8 DSF hold time referenced to RAS/

Tfsc 7 DSF setup referenced to CAS/

Tfsr 0 DSF setup referenced to RAS/
Toed 7 Output enable to data input delay

Toff 3 7 Output buffer turn-off delay from CAS/ (RAS/ = high)
Toez 3 7 Output buffer turn-off delay from OE/
Tosc 20 OE/ high to CAS/ low setup time

Torh 8 OE/ hold referenced to RAS/

Tors 0 OFE/ setup referenced to RAS/
Tdoh 3 RAM output hold time from CAS/

Trc 90 Random read or write cycle time

Trsh 15 RAS hold time

Trp 35 RAS/ pre-charge time

Trpc 10 RAS/ pre-charge to CAS/ hold time

Tras 60 10K RAS/ pulse width

Tred 20 RAS/ to CAS/ delay time

Toch 5 OE/ to CAY hold time to see vaid output
Tcho 5 CAS/ high to OE/ hold time to hide the output
Thez 3 7 Output buffer turn-off delay from CAS/ (BE/ high at falling

edge of CAY/)

MGA-2164W Specification
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Table A-14: CMOS Window RAM Access Parameter List (Part 2 of 2)()

Name Min. (ns) Max. (ns) | Comment

Toep 5 OE/ pre-charge time
Tpcrw 35 Read-write cycle time

Trah 6 Row address hold time

Tasr 0 Row address setup time

Tupc 16 Ultra-fast page mode cycle time
Tmh 8 Write/bit mask data hold

Tms 0 Write/bit mask data setup

Toeo 0 Output buffer turn-on delay from OE/
Trad 12 RAS to column address delay type

(@ Timings are defined by V|| = 0.8V and V,, = 2.4V

A.4.2.4 Co-processor Interface Timing

Bus Request/Grant
Figure A-21: Bus Request/Grant Waveform
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Data "MGA21eaw

Coprocessor

H

MGA-2164W Coprocessor |

Table A-15: Bus Request/Grant Parameter List

Name Min. (ns) Max. (ns) | Comment

Tcol 0 Control & DataHigh-Z --> MACK/ low
Tco2 0 MACK/ high -> Control & DataLow-Z
Tco3 30*Tgclk |MRQ/ low -> MACK/ low

Tcod 30*Tgclk | MACK/ high -> MRQ/ high

Tco5 2.5*Tgclk 3.5*Tgclk |MRQ/ high->MACK/ high

Tcob 2*Tgclk MACK/ low

Tco7 2*Tgclk MRQ/ high
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A.4.2.5 Video Interface Timing
Figure A-22: Clock Waveform

tTvZaQ v %Tvzj
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Figure A-23: Power Graphic Mode Waveform
e Tv3B——» l«—»Tv4B l«—»|Tv4B
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Figure A-24. VGA Mode Waveform
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Table A-16: Video | nterface Parameter List

Symbol Parameter Min. (ns) | Max. (ns)

TviA VCLK period (VGA mode) 20

TvlB VCLK period (Power Graphic mode) 14.81

Tv2A VCLK high or low time (VGA mode) 9

Tv2B VCLK high or low time (Power Graphic mode) 6.67

Tv3A VLDCLK period (VGA mode) 20

Tv3B VLDCLK period (Power Graphic mode) 14.81

Tv4A VLDCLK high or low time (VGA maode) 8

Tv4B VLDCLK high or low time (Power Graphic mode) 3

TV5 VCLK -> VLDCLK 1 15

Tv6 VLDCLK faling -> -3.00 2
VHSYNC/, VVSYNC/, VCBLNK/, VODD

Tv7 VLDCLK falling -> MDQ<56:63> (VGADAT) -4 4

Tv8 VLDCLK rising -> MSC rising -1.0 15

Tv9 VLDCLK -> VSOE<1:0>/ -2 8

Tv10 VIDRST set up -> VCLK 5

Tv1l VIDRST hold -> VCLK 0.25
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A.5 Mechanical Specification
Figure A-25: MGA-2164W Mechanical Drawing
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A.6 Test Feature

The MGA-2164W is equipped with anand tree to alow the lead connections to be verified by production
test equipment. The test procedure is as follows:

1

arwN

Force the HIZ/ pinsto ‘0’ to enter test mode and maintain that value during the entire test (for
normal operations, the HIZ/ pin is tied to the pull-up). This will disable all output drivers except
the PINTA/ pin. All pins (excepPINTA/ and HIZ/) are used as input for the nand tree operation.

In test modePINTA/ acts as a normal driver and is used for the nand tree output (for normal oper-
ations,PINTA/ 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.

A.6.1 Nand Tree Order

Table A-17: Nand Tree Order (Part 1 of 2)

Tree Ball Pin Tree Ball Pin Tree Ball Pin
Order No. Name Order No. Name Order No. Name
1(istpin)| B1l PRST/ 32 L4 PAD<14> 63 M9 | MCAS<0>/
2 C2 PGNT/ 33 M3 PAD<10> 64 L9 MRAS<0>/
3 D3 PCLK 34 N2 PAD<13> 65 R10 MRAS<1>/
4 Ci1 PREQ/ 35 P1 PAD<12> 66 P10 MSC
5 E4 PAD<30> 36 N3 PAD<7> 67 N10 MA<8>
6 D1 PAD<26> 37 P2 PAD<8> 68 R11 MA<6>
7 E3 PAD<28> 38 M4 PAD<11> 69 M10 MA<7>
8 E2 PAD<24> 39 R2 PAD<3> 70 N11 MA<5>
9 El PAD<31> 40 P3 PAD<5> 71 R12 MA<3>
10 F4 PAD<29> 41 N4 PAD<1> 72 P12 MDQ<17>
11 F3 PAD<22> 42 R3 PAD<9> 73 M1l MA<4>
12 F2 PAD<27> 43 P4 PAD<6> 74 R13 MDQ<16>
13 G4 PAD<25> 44 R4 PAD<4> 75 N12 MA<2>
14 G2 PIDSEL 45 N5 PAD<2> 76 P13 MA<O0>
15 Gl PCBE<3>/ 46 R5 PAD<0O> 77 R14 MDQ<19>
16 G5 PAD<23> 47 M6 PCBE<0>/ 78 N13 MA<1>
17 H3 PAD<21> 48 N6 MBE<6>/ 79 P14 MDQ<18>
18 H2 PAD<20> 49 P6 MBE<4>/ 80 R15 MDSF<2>
19 H1 PAD<18> 50 R6 MBE<5>/ 81 M12 MOE<1>/
20 H4 PAD<17> 51 M7 MBE<7>/ 82 P15 MDSF<0>
21 H5 PAD<19> 52 N7 MBE<2>/ 83 N14 MDSF<1>
22 J3 PAD<16> 53 P7 MBE<0>/ 84 L11 MOE<2>/
23 N} PFRAME/ 54 R7 MBE<1>/ 85 M13 MOE<0>/
24 K1 PCBE<2>/ 55 L7 EXTCY 86 N15 MOE<3>/
25 K3 PTRDY/ 56 P8 MBE<3>/ 87 M14 MDQ<20>
26 L1 PIRDY/ 57 R8 MCAS<3>/ 88 L12 MSOE<0>/
27 L2 PCBE<1>/ 58 M8 EXTINT/ 89 M15 | MSOE<1>/
28 L3 PSTOP/ 59 L8 VLDCLK/ 90 L13 MDQ<21>
29 M1 PDEV SEL/ 60 P9 MCAS<2>/ 91 L14 MDQ<22>
30 K5 PPAR 61 R9 MCAS<1>/ 92 L15 MDQ<23>
31 M2 PAD<15> 62 N9 VCLK/ 93 K12 MDQ<7>
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Table A-17: Nand Tree Order (Part 2 of 2)

Tree Ball Pin Tree Ball Pin Tree Ball Pin
Order No. Name Order No. Name Order No. Name
94 K13 | MDQ<6> 117 E12 | MVGNT/ 140 A9 | MDQ<26>
95 K14 MDQ<5> 118 C15 MVREQ/ 141 E9 MDQ<13>
96 J12 MDQ<4> 119 D13 |VCLKSL<1> 142 C8 MDQ<12>
97 J13 MDQ<3> 120 Cl4 |VCLKSL<0> 143 B8 MDQ<28>
98 Ji4 MDQ<2> 121 B15 VIDRST 144 D8 MDQ<11>
99 J15 MDQ<0> 122 C13 VHSYNC/ 145 E8 MDQ<10>
100 J11 MDQ<1> 123 B14 VCBLNK/ 146 B7 MDQ<29>
101 H13 MDQ<63> 124 D12 GCLK 147 A7 MDQ<30>
102 H12 MDQ<53> 125 B13 VVSYNC/ 148 D7 MDQ<8>
103 H11 MDQ<61> 126 Al4 VODD 149 E7 MDQ<9>
104 Gl4 MDQ<62> 127 Ell DACWT/ 150 A6 MDQ<31>
105 G15 MDQ<50> 128 C12 DACRD/ 151 B6 MDQ<51>
106 G13 MDQ<59> 129 B12 ROMCY 152 A5 MDQ<32>
107 G12 MDQ<60> 130 D11 EXTRST/ 153 B5 MDQ<34>
108 Gl1 MDQ<48> 131 Al12 MDQ<40> 154 D6 MDQ<33>
109 Fl14 MDQ<58> 132 Cua MDQ<41> 155 C5 MDQ<35>
110 F13 MDQ<56> 133 Bl11l MDQ<43> 156 A4 MDQ<37>
111 E15 MDQ<49> 134 All MDQ<54> 157 B4 MDQ<36>
112 E1l4 MDQ<57> 135 D10 MDQ<42> 158 D5 MDQ<38>
113 F12 MDQ<24> 136 C10 MDQ<52> 159 A3 MDQ<44>
114 E13 MDQ<46> 137 A10 MDQ<15> 160 B3 MDQ<39>
115 D15 MDQ<25> 138 D9 MDQ<14> 161 C3 MDQ<55>
116 D14 MDQ<45> 139 C9 MDQ<27> 162 B2 MDQ<47>
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A.7 Ordering Information

B Toreceive aMGA-2164W-PCI, order: IS MGA-2164WP-C

B Toreceive aMGA-2164W-AGP,

ISMGA-2164WA-B
order:

A-42  Ordering Information MGA-2164W Specification
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Alphabetical List of Register Fields

Power Graphic Mode Register
Fields (includes configuration
space and memory space
register fields)

agp_cap id<7:0>................ 3-4
agp_enable<8>................... 3-6
agp rev<2316>.................. 34
a0<17.0>............. ... 3-23
al<230>..............0 .. 3-24
a2<17:.0>........ .. 3-25
a3<230>. ... .. 3-26
ad<17.0>............. .. 3-27
ab<17.0>......... .. 3-28
a6<17.0>............. . ... ... 3-29
azero<12>............. ... 3-57
aype<64>........... ... ... 3-56
backcol <31:0>.................. 3-30
bempty <9>..................... 3-63
beta<31:28>.................... 3-69
bfull <8>....................... 3-63
biosen<30>..................... 3-19
bltckey <31:0> .................. 3-62
bltcmsk <31:0>.................. 3-30
bltmod<28:25>. .. ............... 3-60
bop<19:16> .................... 3-58
cap ptr RO<7:0>................. 33
cap6bémhz RO<21> ............... 39
caplist RO<20> .................. 3-9
class<31:8> ..................... 3-7
cexleft<10:0>. .. ... 331
exleft<10:0>. ... 3-32
exright <10:0>. ... ... 3-33
cxright <26:16>. ................. 3-31
cybot<23:0>.................... 3-86
cytop<23:0>......... ... .. ... 3-90
data<31:0>..................... 3-13
data rate<2:0>................... 3-6
detparerr RO<31> .............. 39
device<31:16> .................. 3-10
devseltim RO<26:25> ............. 3-9
dirdatasiz<17:16>................ 371
ditB55<31>. . ... ... 3-70
dmadatasiz<9:8> ................ 3-71
dmamod<3:2> .................. 371

dr0 <31:0>

dr10 <23:0>
drll <23:0>
drl2 <23:.0>
drl4 <23:.0>
drl5 <23:0>
dr2 <31:0>

dr3<31:0>

dr4 <23:0>
dr6 <23:0>
dr7 <23.0>
dr8 <23:0>

Listing 3

dmapad <31:0>................
drO z32<47:.0>................
dr2 z32<47.0>. ...............
dr3 z32<47.0>. ...............

dwgengsts<16> ...............
eepromwt <20>................
extien<6>....................
extpen<6> ...................
fastbackcap RO<23>...........
fifocount<5:0>................
forcol <31:0> .................
funcnt<6:0>..................
funoff <21:16> ................
fxleft<15:0>..................
fxleft<15:0>..................
fxright<15:0>.................
fxright <31:16>................
header RO<23:16>............
index <13:2>..................
intineRAW<7:0> ..............
intpin RO<158> ..............
iospace RIW<0> ..............
y<11:.0>............ ...
latentim R/W<15:11> RO<10:8>. . ..
length<15:0>.................
length<15:0>.................
linear <7> ....................
lutentry N<31:0>..............
map regN <31:.0>..............
map_ regN <31.0>..............
map regN <31:.0>..............
map regN <31:.0>..............
maxlat RO<31:24>.............
memconfig<13:12>............



Alphabetical List of Register Fields

memreset<15> . ................. 3-70
memspace RIW<1> .............. 3-8
memspaceind RO<0> ............ 3-15
memspaceind RO<0> ............ 3-16
memspaceind RO<0> ............ 3-17
memwrien RO<4>............... 3-8
mgabasel <31:14>............... 3-15
mgabase2 <31:24> . .............. 3-16
mgabase3 <31:23>............... 3-17
mingnt RO<23:16>............. 3-12
next ptr<i58> ................. 3-4
nodither <30>................... 3-70
nogscale<21>................... 3-19
noretry <29>.................... 3-19
opcod<3:0>.................... 3-55
patreg<63:0>................... 3-73
pattern<29> . ................... 3-60
pickiclr<2>..................... 3-67
pickien<2>..................... 3-68
pickpen<2> .................... 3-81
plnwrmsk <31:0>................ 3-75
powerpc<31>................... 3-19
prefetchable RO<3>.............. 3-15
prefetchable RO<3>.............. 3-16
prefetchable RO<3>.............. 3-17
productid RO<28:24> ............ 3-19
pwidth<L1:0>.................... 3-70
rate cap<l0>................... 35
recmastab RIW<29>.............. 39
rectargadb R/W<28> ............. 3-9
Reserved <23:10><7:3>............ 3-6
Reserved <23:10><8:2>............ 35
Reserved <31:24>................. 34
Reserved <31:8>.................. 3-3
Reserved<63:48>................ 3-39
resparerr RO<6>................. 3-8
revison<7:0>.................... 3-7
rfhent<19:16> . ... ... ... 3-18
rombase<31:16> ................ 3-20
romen<O0>...................... 3-20
rq<3li24> ...................... 35
rq depth<31:24>................. 3-6
sha cap<9>..................... 35
sha enable<9>................... 3-6
scanleft<0> .................... 3-77
saxl<1> ... .. 3-77

Listing 4

SOXr<S> ..., . 3-78
SOy <2>. .. 3-77
sdydxl <O> ..................... 3-77
sellin<31:29>. . ... .. ...l 3-87
serrenable RO<8 ................. 39
sgnzero<13>............. .. ... 3-57
shftzero<14> ................... 3-58
sigsyseir  RO<30>............... 3-9
sigtargab R/W<27>.............. 39
softreset<0>.................... 3-76
solid<11>...................... 3-57
spage <26:24> .................. 3-26
specidlcycle RO<3>............. 3-8
srereg<127.0> ... 3-80
stylelen<22:16>................. 3-79
subsysid<31:16> ................ 3-21
subsysvid<15:0> ................ 321
tlutload <29>. .. ................. 3-70
trans<23:20> . .......... ... ..., 3-59
transc<30>..................... 3-61
type RO<21>................. 3-16
type RO<21>................. 3-17
typeRO<2:1> .................. 3-15
udfsup RO<22>................ 39
veount<11:0>................... 3-82
vendor <15:0>................... 3-10
vgaioen<8> .................... 3-18
vgasnoop RIW<5>................ 3-8
viineiclr<b>.................... 3-67
viineien<b> ............ .. .. 3-68
viinegpen<b>.................... 3-81
vsyncpen<4> ........... ... ... 3-81
VSYNCStS<3>. ... ... 3-81
waitcycle RO<7> ................ 3-8
x end<150> ................... 3-84
X off<B0>..................... 3-79
X start<150>................... 3-85
Xdst<150>........... ... 3-83
yend<3L16>.................. 3-84
yoff<ed>..................... 3-79
y start<31:16>. ..., 3-85
ydst<22:0>. . ... 3-87
ydstorg<23:.0> .................. 3-89
ylin<15>. .. ... oo 3-74
yval <3L:16>............ ... 3-88
zmode<10:8>................... 3-56



Alphabetical List of Register Fields

Zorg<23.0>...........ccii.. 3-91 featchO<O0> ................... 3-146
Zwidth<3> . .................... 3-70 featchl<1> ................... 3-146
featinl0<6:5>. . ............... 3-158

: ; funsel <4:3> . ................. 3-151

VGA Mode Register Fields gcgrmode<0>................. 3-155
addwWrap <5> . ... ... 3-132 gcoddevmd <4> ............... 3-153
asyncrst<0> ................... 3-163 getld<15:8> . ... ... 3-147
atcgrmode <0> .. ..ot 3-97 getix <3:0> . ... 3-147
attradsel <7> . ... 3-135 hblkend<4:0>................. 3-109
Attrd <15:8>. ..o 3-95 hblkend <6> .................. 3-139
attrx<4:0> .. . 3-136 hblkend<7> .................. 3-111
attrx <4:0>. ... 3-94 hblkstr <1>................ ... 3-139
blinken<3> .. ..... ... 3-97 hblkstr <7:0>. ................. 3-108
bytepan <6:5> .. ... 3-114 hdlspend <TO0>................ 3-107
cacheflush<7:0>............... 3-103 hdispskew <6:5>............... 3-109
chaind <3>. . ... ... 3-167 hpelent<3:0> ................. 3-101
chainodd even<1> . ............ 3-155 hpgoddev <5>. . 3-160
cksel <3:2>. oo 3-160 hretrace<0> .................. 3-159
oms<0> . 3-129 hrsten<3>.................... 3-139
colcompen<3:0>. . . ............ 3-156 hsyncdel <6:5>................ 3-111
colplen<3:0> ................. 3-100 hsyncend <4:0>................ 3-111
colsalB4 <1:0>. . ... 3-102 hsyncoff <4>.................. 3-139
colsd76<3:2>. ... 3-102 hsyncpol <6> ................. 3-161
CONVUAST> . oo 3-115 hsyncsel <2>.................. 3-132
COUNt2 <3> . oo oo 3-132 hsyncstr<2>.................. 3-139
COUNtA<E> . .t 3-126 hsyncstr <7:0> ................ 3-110
cpudata<7:0> .. ............... 3-134 htotal <0>.................... 3-139
crted <15:8> .. 3-105 htotal <7:0>................... 3-106
cricextd <15:8>. . ... 3-137 hvidmid <7:0> ................ 3-144
Crteextx <2:0>. . ..o 3-137 interlace<7>.................. 3-138
CrCiNtCrt <7>. ..o oo 3-158 loaddsel <0>.................. 3-160
cricprotect <7> ... ... ... 3-123 Igren<2> ...................... 3-97
CrerstN<7> ..o 3-132 linecomp<4>................. 3-113
ortex <5:0> 3-104 linecomp<6>................. 3-115
CSYNCEN <B> .o 3-141 linecomp<7:0>................ 3-133
curloc<7:0> . ... 3-120 linecomp<7>................. 3-140
curloc<7:0> ... 3121 mapasel <5,3:2>............... 3-166
CUrOff<5> ...t 3-116 mapbsel <4, 1.0> .............. 3-166
currowend <4:0>. .. ............ 3-117 maxscan <4:0> ................ 3-115
currowstr <4:0>. . ... .. ... ... .. 3-116 memmapsl <32> 3-155
curskew <6:5>. . .. ..o 3-117 memsz256<1>................ 3-167
diag<5id>. ..o 3-159 mgamode <7>................. 3-142
dotalkrt <3>. . . . ... ... 3-164 modez256<6>.................. 3-154
dotmode<0> . . . .. . ... ... ... 3-164 mono<1>...................... 3-97
AStS<L:0> oo 3-145 offset <5:d>..............one, 3-138
dword<6> . ... ... 3-126 offset<7:0>................... 3-125

Listing 5



Alphabetical List of Register Fields

ovscol <7:0>................... 3-99
POPA<7>. ... . 3-98
page<7.0> ........... ... ... 3-143
paetO-F<5:0> ................. 3-96
pancomp<5> .................. 3-98
pas<5> ... 3-136
pas<b>............ ... ... 3-95
pelwidth<6>................... 3-98
plwren<3:0>.................. 3-165
prowscan<4:0> ............... 3-114
rammapen<l1>................ 3-160
rdmapsl <1:0>................. 3-152
rdmode<3>................... 3-153
refcol <3:0> .................. 3-150
rot<2:0>...............0.... 3-151
scale<2:0>........... ... ... 3-141
scroff <6>. ... ... 3-164
selbrfs<6> ... ... 3-123
selrowscan<1>................ 3-132
seqd<158> ... 3-162
seqoddevmd <2>............... 3-167
setrst<3:0>. ... 3-148
setrsten<3:0>. ... ... 3-149
shftldrt<2>................... 3-164
shiftffour<4>.................. 3-164
dow256<5>.................. 3-141
srintmd<5>................... 3-153
startadd<3:0>................. 3-138
Startadd <7:0>................. 3-118
startadd<7:0>................. 3-119
switchsns<4>................. 3-158
syncrst<1>................... 3-163
undrow <4:0>................. 3-126
vblkend<7:0>................. 3-128
vblkstr<3> . .......... ... .. ... 3-113
vblkstr<4:3>.................. 3-140
vblkstr<b>................... 3-115
vblkstr <7:0>. ................. 3-127
vdispend<1> ................. 3-113
vdispend<2> ................. 3-140
vdispend<6> ................. 3-113
vdispend<7:0>................ 3-124
viddelay <4:3> ................ 3-141
videodis<4>.................. 3-160
vidsmx<5:4>................. 3-100
vintclr<4> .. ................. 3-123

Listing 6

vinten<bt>.................... 3-123
vretrace<3> . ... ... ... 3-159
vrsten<7>. .. ... . 3-139
vsyncend <3:0>................ 3-123
vesyncoff <6>.................. 3-139
vsyncpol <7>.................. 3-161
veyncstr<2>.................. 3-113
vsyncstr<e6:5>................. 3-140
vsyncstr <7:.0>................. 3-122
VSYNCStr <7> . ........ ... 3-113
vtotal <0> . ................... 3-113
vtotal <1:0>................... 3-140
vtotal <5> . ........ ...l 3-113
vtotal <7:0>................... 3-112
wbmode<6>.................. 3-132
wrmask <7:0>................. 3-157
wrmode<1:.0>................. 3-153



addwrap
<5> 3-132
agp_cap_id
<7.0> 34
agp_enable
<8> 3-6
agp_rev
<23:16> 3-4
a0

<17:0> 3-23
arl

<23:0> 3-24
ar2

<17:0> 3-25
ar3

<23:.0> 3-26
ar4

<17:0> 3-27
ab

<17:0> 3-28
a6

<17:0> 3-29
arzero

<12> 3-57
asyncrst
<0> 3-163
atcgrmode
<0> 3-97
attradsel
<7>3-135
attrd

<15:8> 3-95
attrx<4:0> 3-136
attrx

<4.0> 3-94
atype

<6:4> 3-56
backcol
<31:0> 3-30
bempty

<9> 3-63
beta
<31:28> 3-69
BFIFO 170
bfull

<8> 3-63
biosen

<30> 3-19
blinken
<3>3-97



bltckey
<31:0> 3-62
bltcmsk
<31:0> 3-30
bltmod
<28:25> 3-60
bop

<19:16> 3-58
bytepan
<6:5> 3-114
CACHE 170
cacheflush
<7.0> 3-103
cap_ptr
RO<7:0> 3-3
cap66mhz
RO <21> 3-9
caplist

RO <20> 3-9
chain4

<3> 3-167
chainodd
even<l> 3-155
class

<31:8> 3-7
clksd

<3:2> 3-160
cms<0> 3-129
colcompen
<3:0> 3-156
colplen
<3:0> 3-100
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<1.0> 3-102
colsel 76
<3:2> 3-102
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<3>3-132
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<7.0>3-134
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<15:8> 3-105
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<15:8> 3-137
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<2:0> 3-137
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<7>3-158



crtcprotect
<7>3-123
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csyncen
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<4:.0> 3-117
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data rate
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<9:8> 3-71
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<3:2>3-71

dmapad

<31:0> 3-38
dotclkrt

<3>3-164

dotmode
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darl2
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<6> 3-68
extpen

<6> 3-81
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featchl<1> 3-146
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<6:5> 3-158
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funoff
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hblkend
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hblkend
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<7:0> 3-107
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<6:5> 3-109
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RO <23:16> 3-11
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<3:0> 3-101
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<5>3-160
hretrace

<0> 3-159
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<3>3-139
hsyncdel
<6:5> 3-111
hsyncend
<4:.0> 3-111
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<4>3-139
hsyncpol
<6>3-161
hsyncsel
<2>3-132
hsyncstr
<2>3-139
hsyncstr
<7.0> 3-110
htotal

<0> 3-139
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<7:0> 3-106
hvidmid
<7.0>3-144
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<13:2>3-14
interlace
<7>3-138
intline
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RO <15:8> 3-12
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<0> 3-160
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<11:0> 3-74
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RO <10:8> 3-11
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<15:0> 3-69
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<15:0> 3-88



Igren<2> 3-97
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<7> 3-56
linecomp
<4>3-113
linecomp
<6>3-115
linecomp
<7:0> 3-133
linecomp
<7>3-140
lutentry N
<31:0> 3-54
map_regN
<31:.0> 3-34
map_regN
<31:0> 3-35
map_regN
<31:0> 3-36
map_regN
<31:.0> 3-37
mapasel

<5, 3:2> 3-166
mapbsel

<4, 1.0> 3-166
max|at

RO <31:24> 3-12
maxscan
<4:.0> 3-115
memconfig 212
memconfig
<13:12> 3-18
memmaps|
<3:2> 3-155
memreset <15> 3-70
memspace
R/W <1> 3-8
memspace

ind

RO <0> 3-15
memspace

ind

RO <0> 3-16
memspace

ind

RO <0> 3-17
memsz256
<1> 3-167
memwrien

RO <4> 3-8



mgabasel
<31:14> 3-15
mgabase2
<31:24> 3-16
mgabase3
<31:23> 3-17
mgamode
<7>3-142
MIFIFO 170
mingnt

RO <23:16> 3-12
mode256<6> 3-154
MOFIFO 170
mono<1> 3-97
next_ptr
<15:8> 3-4
nodither
<30> 3-70
nogscale
<21> 3-19
noretry

<29> 3-19
offset

<5:4> 3-138
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<7.0> 3-125
opcod

<3:0> 3-55
ovscol
<7.0>3-99
pSp4
<7>3-98
page

<7.0> 3-143
pal etO-F
<5:0> 3-96
pancomp
<5> 3-98
pas<5> 3-136
pas

<5> 3-95
patreg
<63:0> 3-73
pattern

<29> 3-60
pelwidth

<6> 3-98
pickiclr
<2>3-67
pickien



<2> 3-68
pickpen
<2>3-81
plnwrmsk
<31:0> 3-75
plwren

<3:0> 3-165
powerpc
<31> 3-19
prefetchable
RO <3> 3-15
prefetchable
RO <3> 3-16
prefetchable
RO <3> 3-17
productid

RO <28:24> 3-19
prowscan
<4:0> 3-114
pwidth 212
pwidth

<1:0> 3-70
rammapen
<1>3-160
rate_cap
<1:0> 35
rdmapsl
<1:0> 3-152
rdmode
<3>3-153
recmastab
R/W <29> 3-9
rectargab
R/W <28> 3-9
refcol

<3.0> 3-150
Reserved
<23:10>
<7:3>3-6
Reserved
<23:10>
<8:2> 35
Reserved
<31:24> 3-4
Reserved
<31:8> 3-3
Reserved
<63:48> 3-39
resparerr

RO <6> 3-8



revision
<7.0>3-7
rfhent
<19:16> 3-18
rombase
<31:16> 3-20
romen

<0> 3-20

rot

<2:.0> 3-151
rq

<31:24> 3-5
rq_depth
<31:24> 3-6
sha cap

<9> 35

sha enable
<9> 3-6
scale<2:0> 3-141
scanleft

<0> 3-77
scroff

<5> 3-164
sdx|
<1>3-77
sdxr
<5>3-78

sdy

<2>3-77
sdydxl

<0> 3-77
sel5rfs
<6>3-123
sdlin
<31:29> 3-87
selrowscan
<1> 3-132
seqd

<15:8> 3-162
seqoddevmd
<2> 3-167
serrenable
RO <8> 3-9
setrst

<3:0> 3-148
setrsten
<3:0> 3-149
sgnzero
<13> 3-57
shftldrt



<2>3-164
shftzero
<14> 3-58
shiftfour

<4> 3-164
sigsyserr

RO <30> 3-9
sigtargab
R/W <27> 3-9
slow256

<5> 3-141
softreset

<0> 3-76
solid

<11> 3-57
Spage
<26:24> 3-26
specialcycle
RO <3> 3-8
srcreg
<127:0> 3-80
srintmd

<5> 3-153
startadd
<3.0> 3-138
startadd
<7:0> 3-118
startadd
<7.0> 3-119
stylelen
<22:16> 3-79
subsysid
<31:16> 3-21
subsysvid
<15:.0> 3-21
switchsns
<4> 3-158
syncrst

<1> 3-163
tlutload

<29> 3-70
trans
<23:20> 3-59
transc

<30> 3-61
type

RO <2:1> 3-16
type

RO <2:1> 3-17
type RO



<2:1>3-15
udfsup

RO <22> 3-9
undrow
<4.0> 3-126
vblkend
<7.0> 3-128
vblkstr
<3>3-113
vblkstr
<4:3> 3-140
vblkstr
<5>3-115
vblkstr
<7:0> 3-127
veount
<11:0> 3-82
vdispend
<1>3-113
vdispend
<2> 3-140
vdispend
<6>3-113
vdispend
<7.0>3-124
vendor
<15:0> 3-10
vgaioen
<8> 3-18
vgasnoop
R/W <5> 3-8
viddelay
<4:3> 3-141
videodis
<4> 3-160
vidstmx
<5:4> 3-100
vintclr

<4> 3-123
vinten
<5>3-123
vlineiclr
<5> 3-67
vlingien
<5> 3-68
vlinepen
<5>3-81
Vretrace
<3> 3-159
vrsten



<7>3-139
vsyncend
<3:0> 3-123
vsyncoff
<5> 3-139
vsyncpen
<4> 3-81
vsyncpol
<7>3-161
vsyncstr
<2>3-113
vsyncstr
<6:5> 3-140
vsyncstr
<7:0> 3-122
vsyncstr
<7>3-113
vsyncsts
<3>3-81
vtotal
<0> 3-113
vtotal
<1.0> 3-140
vtotd
<5>3-113
vtotal
<7:0> 3-112
waitcycle
RO <7> 3-8
wbmode
<6> 3-132
wrmask
<7:0> 3-157
wrmode
<1.0> 3-153
X_end
<15:.0> 3-84
x_off
<3:0> 3-79
X_start
<15:0> 3-85
xdst
<15:0> 3-83
_end
<31:16> 3-84
y_off
<6:4> 3-79
- start
<31:16> 3-85
ydst



<22.0> 3-87
ydstorg
<23:0> 3-89
ylin

<15> 3-74
yva
<31:16> 3-88
zmode
<10:8> 3-56
zorg

<23.0> 3-91
Zwidth
<3>3-70
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