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Introduction 

About This Manual 
This manual is a register description written for OEM designers and developers who wish 
to integrate A TI' s mach32 graphics controller accelerators in their hardware. It is also 
written for programmers who wish to program directly to hardware registers to optimize 
graphics performance. A working knowledge of the 80x86 family of PCs, Assembler, "C", 
and 20 graphics is assumed. 

The contents of this manual cover the following controllers-ATI68800AX, ATI68800-6, 
ATI68800LX, and ATI68800-3. In general, the "LX" and "AX" are quite similar to the 
A TI68800-6 - the "LX" is basically a "-6" without VRAM support, the "AX" a "-6" with 
support for an additional local bus type, PCI. Therefore register descriptions marked as "-6 
specific" are equally applicable to both these controllers unless otherwise indicated. (Refer 
to the appendixes for controller differences.) The registers of these controllers are backward­
compatible with the ATI68800-3. 

This manual has three parts. The first part contains an introduction and a programmer's 
overview. Part II describes the VGA controller, the display modes, memory organization, 
and both VGA-compatible and A TI-extended registers. Part III describes the coprocessor 
engine, pixel data paths, draw engine functions, and both 8514/A-compatible and ATI-ex­
tended registers. Functional and bit-field differences are indicated in the register descriptions 
(Part III) as well as summarized for each product family in the appendixes (G and H). 

Features 
• Low cost, high performance single chip graphics solution suitable for board or system 

level implementations 

• 100% register-level hardware compatible to the IBM VGA as well as the IBM 8514/A 
graphics adapter 

• I/0 Bus Types: ISA (8 and 16 bit), EISA (32 bit), and Microchannel (16-bit and 32-bit) 

• Local Buses: 486, 386DX, 386SX, VESA VL-bus, and PCI 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

REG688000-15 
1-1 



Features 

• Fully programmable direct memory interface 

• Memory Types: VRAM 256Kx4, 256Kx16; DRAM 256Kx4, 256Kx16 

• Memory Sizes: 512KB, lMB, 2MB, 4MB (using VRAM 256Kx16 only) 

• Colors/Resolutions: 
4 and 8 bpp (Bits Per Pixel) to 1280x1024 
16 bpp to 1024x768 
24 bpp to 800x600 

• High-speed point-to-point line draw; coprocessor supports 16 bpp modes 

• Supports memory mapped registers (except ATI68800-3) 

• Hardware support for ATI's Crystal Font technology 

• Support for overscan monitors in both VGA and 8514/ A modes 

• Hardware cursor: 64x64x2; XGA function compatible 

• High-speed polygon fill 

• Hardware assisted line and polygon pre-clipping 

• Support for packed bitmap data transfers 

• 32 8-bit pixel color pattern registers 

• 32 1-bit monochrome pattern registers 

• Enhanced bit block transfer (blit) operation to allow for better off-screen memory 
management 

• Extended 16-entry data FIFO 

• Improved FIFO status registers providing dramatic improvements in data throughput 

• Card ID feature supports up to seven display adapters simultaneously in a system 

• 0.7 micron CMOS VLSI technology 

• 208-pin PQFP 

REG688000-15 
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Notation Convention 

Notation Convention 
Mnemonics are used throughout this manual in place of hardware register names. The 
naming convention for registers and/or bit fields is as follows: 

• Register _Mnemonic 

• Register_Mnemonic[Bit_Numbers or Field_Name] 

The example below is the mnemonic for the Miscellaneous Output register. 

GENMO 

The examples below describe the same entity in two different ways - as bits 2 and 3 or as 
the Clock_Select field of the GENMO register. Note that square brackets are used. 

GENM0[3:2] or 
GENMO[CLOCK_SELECT] 

The convention for naming signals is similar to that used for naming hardware registers. 

• Signal_Name 

When several signals of an identical function are described, the part of the signalname that 
differs may be shown in brackets. For example, the four Select signals- SELO#, SELl#, 
SEL2#, and SEL3# - may be represented as follows. Note that round brackets are used. 

SEL(0:3}# 

© 1993 A Tl Technologies Inc. 
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Notation Convention 
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Programmer's Overview 

Overview 
The mach32 is a VLSI graphics controller chip consisting of an 8514/A-compatible 
accelerator and a VGA-compatible graphics controller. The accelerator is also known as the 
coprocessor or the draw engine. This chip may be used to implement board or system level 
solutions supporting a range of I/0 bus types, memory types, memory sizes, screen resolu­
tions, and color depths. In addition the chip supports a number of extended registers and 
enhancements. 

The built-in VGA controller can be disabled to allow the accelerator to co-exist with an 
alternate external VGA. This manual will concentrate mostly on the programming of the 
draw engine. 

The draw engine is 100% 8514/A-compatible in4bppand 8bpp display modes, and is mostly 
8514/A-compatible in 16bpp modes. All ATI draw engine extensions are available in 4, 8, 
and l 6bpp modes. The draw engine supports the 16bpp modes in the following RGB 
weightings - 555, 565, 655, and 664. It supports 24 or 32bpp modes as follows - RGB. 
BGR, RGBa, and aBGR. 

A configurable linear memory aperture is available for all modes, including VGA. It may 
be configured to 64K paged at AOOOh or to IM paged or4M linear on any lMB boundary. 
The aperture is primarily used for increasing throughput on host-to-screen and screen-to-host 
data transfers. Screen memory can be shared between the VGA and the draw engine. 
mach32-aware applications may re-configure the memory boundary (register) dynamically 
to give more or less memory to the VGA or the accelerator. 

Since mach32 boards may be equipped with a number of different RAMDACs, a protocol 
has been established for accelerator mode switching by ROM calls. VGA mode switching 
is accomplished with the standard INT .I Oh interface. The VGA and accelerator should be 
treated as two logically separate entities. Bus type and memory type should be transparent 
to applications programmers. 

A variable size hardware cursor is available for all non-VGA modes. This cursor may be 
composed of 2 colors, transparent, or complement. It is XGA function compatible. 

© 1993 AT/ Technologies Inc. 
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Overview 

All 1/0 writes to the draw engine are written to the 16-word command FIFO. Since standard 
8514/ A adapters only have an 8-word command FIFO, this draw engine use the FIFO status 
extensions to poll the state of the eight extra words. 

8514/A-compatible draw primitives include rectangle fill, blit, line draw, short stroke vector, 
and in-place polygon fill. A TI extensions provide for non-confonning rectangle fill, non­
confonning blit, point-to-point line draw, line draw, short stroke vector, horizontal raster 
draw, and blit polyfill. Extended data paths are available for packed monochrome and color 
patterns in addition to existing color, host, RAM, or monochrome pattern selections. The 
pixel ALU has 16 logical and 16 arithmetic functions available in 4bpp and 8bpp modes; 
and 16 logical functions in 16bpp modes. 

ISA/EISA/uC/Local Bus Video Memory 

CLK ROM EE PROM RAMDAC 

Figure 2-1. Mach32 Drawing Coprocessor 

REG688000-15 
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Power On Setup Registers 

Power On Setup Registers 

Microchannel POS Registers 

POS register addresses for the Microchannel configuration (uC) are from 1 OOh to 105h 
inclusive. The input signal -CD SETUP must be active for these registers to be accessed. 

uC Setup Mode ID Byte 1 Register 

0100 (R) 
VGA 

7:0 SETUP _101 (uC) 

SETUP _ID1, uC 

Mach 32 

Setup Identification byte 1 is as follows: 
ATl68800-3 is 89h. 
ATl68800-6 is 89h. (8Ah when VGA is disabled 
by external strap bit.) 

uC Setup Mode ID Byte 2 Register 

SETUP _ID2, uC 
0101 (R) 

VGA 

7:0 SETUP _ID2(uC) Setup Identification byte 2 is 80h. 

uC Setup Mode Option Select Register 

0102 (R/W) 1-----------.,..----S_E_T_U_P---.O_P_T_,_u_C_--.--------1' 
VGA 

0 SETUP _OPT(uC) 

7:1 

@ 1993 AT/ Technologies Inc. 
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O = Video adapter disabled - responds only to 
POS registers. 

1 = Video adapter enabled 

Reserved 
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Power On Setup Registers 

0103 (W) 

0 

7:1 

0104 (W) 

7:0 

0105 (W) 

7:0 

REG688000-15 
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uC ROM Base Address Setup Register 

VGA 

ROM_SETUP, uC 

O = BIOS ROM decodes disabled 
1 = BIOS ROM decodes enabled 

Mach 32 

This bit is readable in all except ATl68800-3. 

Setting of ROM base address corresponding to 
CPU addresses A17:A11, in 8514 only mode. 

uC Setup Byte 1 Register 

VGA 

SETUP _1, uC 

General purpose R/W register. The value of this 
register is read back at 52EEh. 

uC Setup Byte 2 Register 

VGA 

SETUP _2, uC 

General purpose R/W register. The value of this 
register is read back at 52EFh. 

© 1993 A Tl Technologies Inc. 
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Power On Setup Registers 

EISA Bus POS Registers 

POS register address for EISA are from OzC80h to OzC87h inclusive. The input signal AEN 
must be "O" for these registers to be accessed. The "z" in the address represents the bus slot 
number. 

EISA Setup Mode ID Byte 1 Register 

SETUP _ID1, EISA 
OzC80 (R) 

VGA 

7:0 SETUP _ID1 (EISA) Setup Identification byte 1 is 06h. 

Note: The "z" in the address is the bus slot number. 

EISA Setup Mode ID Byte 2 Register 

SETUP _ID2, EISA 
OzC81 (R) 

VGA 

7:0 SETUP _ID2(EISA) Setup Identification byte 2 is 89h. 

Note: The "z" in the address is the bus slot number. 

EISA Setup Mode ID Byte 3 Register 

SETUP _ID3, EISA 
OzC82 (R) 

VGA 

7:0 SETUP _ID3(EISA) Setup Identification byte 3 is 44h. 

Note: The "z" in the address is the bus slot number. 

© 1993 A Tl Technologies Inc. 
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Power On Setup Registers 

EISA Setup Mode ID Byte 4 Register 

OzC83 (R) 
VGA 

.·.·.·. ·.·.·.· .. ·.· ... · .... · ....•. · ......... · ..... · .... :.:::.;.:-:·:·:-:·:-:·:::>· ........ . 

:::r 'l::a1t' :u:::rn:::::::rn::::rn:::'::::NJ.ne.mo._.:.:.:.: .. :.n_:.:_:.:_.:.:_.i.:_ .. c .. :·: .. :·: .. '.·: .. :·:' .. ·.:·.:.:_::_::.:_:_:_:_._:.:_ ... _: . 
.... ..... ·······.·.·.··.·.·.·.·.·.··:····.:-:.:.:-:.:·:-:-:.:-:.:.:-:· 

7:0 SETUP _ID4(EISA) 

SETUP _104, EISA 

Mach 32 

Setup Identification byte 4 is as follows: 
ATl68800-3 is OOh 
ATl68800LX is 01 h 
ATl68800-6: 01 h 
ATl68800AX: OOh. 

Note: The "z" in the address is the bus slot number. 

EISA Setup Mode Option Select Register 

SETUP _OPT, EISA OzC84 
(R/W) VGA Mach32 

0 SETUP _OPT(uC) 

7:1 

O = Video adapter disabled - responds only to 
POS registers. 

1 = Video adapter enabled 

Reserved 

Note: The "z" in the address is the bus slot number. · 

EISA ROM Base Address Setup Register 

OzC85 (W) 
VGA 

................... ·.··.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.···•·. 

}(H::.::@:Jtll\: .. :·:::: .. :: rn::::::::y:y::Mn~mPti~~M:]fY:< 
6:0 

7 

ROM_SETUP, EISA 

Mach 32 

Setting of ROM base address corresponding to 
CPU addressesA17:A11, in 8514only mode. 

O = BIOS ROM decodes disabled 
1 = BIOS ROM decodes enabled 

Note: The "z" in the address is the bus slot number. 

REG688000-15 
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Power On Setup Registers 

EISA Setup Byte 1 Register 

Mach 32 
OzC86 {W) 

SETUP 1, EISA 

7:0 General purpose R/W register. The value of this 
register is read back at 52EEh. 

Note: The "z" in the address is the bus slot number. 

EISA Setup Byte 2 Register 

OzC87 {W) 
SETUP 2, EISA 

VGA 
·.·.·.·.·.·.·.·.· ... ·.·.·.·.·.·.·.·.·.·.·. '.',·.· .. ;.·-:-:.;-:-:-:-:-:-:-:-:-·.·,·.··· 

/'.\"'\'\::"":.':aft"\::·\· :::::::: HtH:t:::m:Mngm§tUP//: )"/} 
7:0 General purpose R/W register. The value of this 

register is read back at 52EFh. 

Note: The "z" in the address is the bus slot number. 

© 1993 AT/ Technologies Inc. 
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PC/ Configuration Registers 

PC/ Configuration Registers 
The A TI68800AX mach32 accelerator supports the Intel Peripheral Component Intercon­
nect (PCO local bus. Please refer to the PC/ Local Bus Specification for detailed descriptions 
of the PCI Configuration Space registers. A brief summary is listed as follows: 

Oh 15:0 R Vendor ID 1002 

2h 15:0 R Device ID 4158 (AX) 

4h 0 R/W 1/0 Access Enable O (Disabled) 

1 R/W Memory Access Enable O (Disabled) 

2 R Bus Master Enable O Always (Disabled) 

3 R Special Cycle Enable 0 Always (Disabled) 

4 R Mem. Write & Invalidate Enable 0 Always (Disabled) 

5 R/W Palette Snooping Enable O (Disabled) 

6h 

Sh 

9h 

Ah 

Bh 

Ch 

Oh 

Eh 

6 R Parity Error Enable 

7 R/W Read Wait Cycle Control 

8 R SERR# Enable 

15:9 Reserved 

8:0 Reserved 

10:9 R DEVSEL Timing 

11 R/W Signalled Target Abort 

12 R Received Target Abort 

13 R 

14 R 

15 R 

7:0 R 

7:0 R 

7:0 R 

7:0 R 

7:0 R 

7:0 R 

7:0 R 

Received Master Abort 

Signalled System Error 

Parity Error Detected 

Revised ID 

Register-Level Prog. Interface 

Sub-Class 
Code/Programmable Interface 

Base-Class Code 

Cache Line Size 

Latency Timer 

Header Type 

REG688000-15 
2-8 

O Always (Disabled) 

1 (Add 1WS) 

O Always (Disabled) 

0 

0 

1 (Medium) 

O (No Target Abort) 

0 Always (Inactive) 

0 Always (Inactive) 

O Always (Inactive) 

0 Always (Inactive) 

0 

0 

00 (VGA Compat. Device) 
80 (VGA Disabled) 

03 (Display Controller) 

O (Not Used) 

O (Not Used) 

0 

© 1993 AT/ Technologies Inc. 
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PC/ Configuration Registers 

::.:.~l!F::qjait&.:::::::: :::tailf::/: :]::,.:::::i::·::::.:::::::::.:::: .. :::FPO~~q ....... :::::::::1:::1:::1:::::1::1:11:::::::·:1 :::::::::1::Jjij::iif*~Btli.YP:iill,•yJ,~jJjiiJ!JJ:J:::::1:1 
Fh 7:0 R BIST 0 (Not Used) 

1 Oh 21 :0 R Mem. Aperture Base Address O 

31:22 R/W 

2F:14h Reserved 

30h 0 R/W BIOS ROM Enable 

7:1 R Reserved 

31h 7:0 R Reserved 

32h 15:0 R/W BIOS ROM Base Address 

3B:34h Reserved 

3Ch 7:0 R/W Interrupt Line 

3Dh 7:0 R Interrupt Pin 

3F:3Eh Reserved 

FF:40h Reserved 

© 1993 AT/ Technologies Inc. 
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VGA Controller 

Overview 

The VGA Controller registers are completely hardware-compatible with the registers of the 
IBM Video Graphics Array (VGA) adapter. They are also fully hardware-register-compat­
ible with IBM's Enhanced Graphics Adapter (EGA), Color Graphics Adapter (CGA), and 
Monochrome Display (MDA) adapters, as well as the Hercules graphics adapters. In 
addition, it provides a full set of Extended registers for enhanced features and performance. 

The A TI controller is not only fast, it is also capable of displaying colors and resolutions 
beyond VGA in interlaced and non-interlaced modes. It supports 8-/16-bit ROM and 1/0 
operations, 8-/16-bit video RAM data transfers, and z~ro wait-state BIOS and video memory 
operations. 

This chapter provides specific details on each mode - resolution and color support, 
horizontal/vertical sync and polarities, pixel clock rates, and interlacing (all modes are 
non-interlaced unless otherwise indicated). 

Integrated within the VGA portion of the mach 32are the following VGA functional blocks: 

• Address Decoder 

• Sequencer Controller 

• CRT Controller 

• Graphics Controller 

• Attribute Controller. 

© 1993 A Tl Technologies Inc. 
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VGA Controller 

IBM-Compatible Modes: 

• MDA 

• CGA 

•EGA 

•VGA 

80x25 

40x25 
80x25 
320x200 
640x200 

40x25 
80x25 
320x200 
640x200 
640x350 

40x25 
80x25 
320x200 
640x200 
640x350 
640x480 

(monochrome text) 

( 16-color text) 
( 16-color text) 
(2 sets of 4-color graphics) 
(2-color graphics) 

( 16/64 color text) 
(2/ or 16/64 color text) 
(4/ or 16/64 color graphics) 
(2/ or 16/64 color graphics) 
(2/ or 16/64 color graphics) 

(16/256K color text) 
(2/ or l 6/256K color text) 
(4/, 16/, or 256/256K color graphics) 
(2/, 4/, or 16/256K color graphics) 
(2/ or 16/256K color graphics) 
(2/ or 16/256K color graphics) 

High Resolution and Wide-Column Graphics/Text Modes: 

• Graphics Modes 
640x400 
720x348 
640x480 
800x600 
1024x768 

• Text Modes 
132x25* 
132x44* 

* Requires 512KB video memory 

** Requires 1 MB video memory 

REG688000-15 
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(mono, Hercules compatible) 
(mono, Hercules compatible) 
16 or 256*/256K) 
(16/ or 256*/256K) 
(16* or 256**/256K color) 

(2 or 16/64 color) 
(2 or 16 color) 
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VGA Controller 

Functional Blocks 

The Mach32 has five major functional blocks, illustrated below, including the control and 
data paths. Also shown are the connections to the video memory and video DAC. Data and 
address enter via the CPU bus on the left side. Video output in the form of ROB analog 
signals is available at the video DAC on the right side. The five functional blocks of this 
chip are described in detail as follows: 

Address Bits MEMORY MAPS 0-3 

Data Bus 

0 

Video 
DAC 

Figure 3-1. VGA Functional Block Diagram 

Address Decoder 

1 

3 

2 

RGB Analog 
Output 

The address decoder is the top-level interface between the CPU and the Controller. Addresses 
and data from the input bus are decoded for each module. The address decoder also 
incorporates PS/2 interface circuitry. The starting address of video memory is programmable 
as VGA/EGA, MDA, or CGA, for 100% adapter compatibility. 

Sequencer Controller 

The sequencer controller generates all timing signals for the video RAMs and all control 
signals for the other modules within the Controller. It prioritizes CRT and CPU accesses to 
the video memory. 
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VGA Controller 

Video memory is protected from alteration by selectively masking out CPU writes to 
memory planes through the map mask register (also called the plane mask register). 

CRT Controller 

The CRT controller generates horizontal and vertical sync signals for the monitor intetface, 
timings for cursor and underline attributes, timings for addressing the regenerative display 
buffer, and timings for refreshing the video RAM. The CRT controller registers are user 
programmable - for controlling of the display screen size, cursor type and position, 

· character size, split screen, byte panning, and smooth scrolling. 

Graphics Controller 

The graphics controller handles data transfer between the CPU and video memory with 
different types of pixel/data mappings for read and write operations. It is also the interface 
for latching display data from video memory to the attribute controller during the display 
cycles. Video memory data is sent to the attribute controller as 8-bit parallel data on 
alphanumeric mcxles, but as converted serial bit-plane data in graphics modes. 

The graphics controller supports 8- and 16-bit bus operations. It also provides color 
comparators for applications such as color filling and boundary detection. 

Attribute Controller 

The attribute controller receives data from the graphics controller. In text modes, it generates 
video signals using the character generator and the attribute ccxle. In graphics modes, it 
formats the video data into either a 1-, 2-, 4-, or 8-pixel streams, as required by the selected 
mcxle. In either case, the video data is then passed through the internal 16/64 color palette 
registers and further processed to select a color value from the color register. 

The output of the color register is then converted by a Digital to Analog Converter (DAC) 
to signals of the three primary colors, to drive a display device. The attribute controller also 
supports logics for blinking, underline, and horizontal pixel panning. 

VGA Display Modes 

The mach32 chip supports alphanumeric or graphics display modes. Modes 0 to 6 are 
emulations of CGA modes. (Mcxles 0, 2, and 4 are identical to modes 1, 3, and 5 except that 
on the CGA adapter, modes 0, 2, and 4 have color burst turned off - Color burst is not 
supported in the A TI 68800 controller.) 

REG688000-15 
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VGA Controller 

Modes with an asterisk (*)following theirmode numbers are enhanced EGA modes, namely 
O* to 3*. Modes with a plus symbol (+)are enhanced VGA modes. They are o+, I+, 2+, 3+, 
and 7+. These and other modes are fully described starting on page 3-6. Descriptions include 
character box size, screen resolution, and color/palettes. 

VGA Alphanumeric Modes (A!N) 

This section describes the supported NN modes: IBM compatible modes 0, 1, 2, 3, 7, and 
ATI extended modes 23, 27, 33, and 37. Mode numbers are expressed as hexadecimal 
numbers. 

In NN mode, the CPU transfers the character code for that mode into map 0, and attribute 
data into map 1. The CPU also transfers from ROM character patterns for that mode into 
map 2. Data from maps 0 and I are combined one byte at a time and read by the CRT 
controller. The CRTC then addresses the character generators in map 2. Dot patterns 
generated there are sent to the palette register where a color value is assigned. According to 
this value, the DAC then produces the three RGB analog signals to drive the display. 

The character byte describes the displayed character; the attribute byte describes color, 
intensity, etc. The four most significant bits (MSB) of the attribute byte define the back­
ground; the other four bits describe the foreground (character). Bit 3 of the attribute byte 
may also be used together with two 3-bit pointers in the Character Map Select register to 
produce a total of 512 characters, and two separate character sets. If the video palette is 
changed, different colors will be generated. The attribute byte description is as follows: 

7 Foreground Blinking * 

6 Background Red on 

5 Background Green on 

4 Background Blue on 

3 Foreground Highlighted* 
Enable SEQ03 [ 5 ,3 ,2] 

2 Foreground Red on 

Foreground Green on 

0 Foreground Blue on 

© 1993 AT/ Technologies Inc. 
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Background Highlighted 

Background Red off 

Background Green off 

Background Blue off 

Foreground Nonnal 
Enable SEQ03[4,1,0] 

Foreground Red off 

Foreground Green off 

Foreground Blue off 
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VGA Controller 

Bit7 Bit 0 

*Default value on mode is set by BIOS. SEQ03[xx] refers to bits xx of the SEQ03 register 
in the VGA graphics controller. 

Each character on the screen is defined using two bytes ofread/write memory. For example, 
on a 40x25 character page, a buff er memory of 2,000 bytes is required. If each of the 40x25 
characters has a resolution (box size) of 9x 16 pixels, the page has a resolution of.-360x400. 

Video data in A/N modes is addressed one character at a time. See tables below for 
descriptions of each supported mode. 

Modes o+ and 1+ 

a;r1'N.P.A:111:::::::::1a:P:¥.::sme:::::?t:)t¢,AlA~~:RP:W<:::<:':::aJ.o:iig~s: '.·'.<<<<:;:::::;:::::::::::::::::::::::::::.:.:. 

VGA 9x16 40x25 16/256K 

Modes O* and 1 * 

:::sr•&o.1:eo.1:::::r:s:ox:::sme::::rn::::::::rn::rc.01F.bt:eo.w::=urn::::::rc.cu10.es<>:<<>:=::::::::::::::::::>> ·.·.·.:.:··.:-:.:-:.:-·.·.·.·.·.·.·.·.·,·.:.·.·.·.·.·.·.:-:-·.·.·.·.-.:.:·:··· .. "'•'•"·'.-'•"•'.•"·'•'•'•'•"·'•"•"·""·"•'·""'•'•'•'•'•'•'•'•'•'•'•'•'•"·'·'•'•'•'•'•'·'•'•'•'•'•'•'•'•'•'•"•'•'•'•'•'•'•'•'•'•'•'•'•'•'·"·"·"•'•'•'•'•'·'·"·"•'·"·"·'•'•'•'•'•'•"·"·"········-·.·.·.·.·.·.·. 

EGA 8x14 40x25 16/64 

Modes O and 1 

:::§riN.P.IB.bt::rn:t:a·mx:::§JI.§::: :tt)QHA~~t:RO.W: <<<· f.QQ:~QB.$ :::::::::::::::,::::::::;::::,;::,;:;.;:;:;;;,:;:'.:'. 
CGA 8x8 40x25 16 

Modes 2+ and 3+ 

:::§tr.i.IR«AP.J:::~::::::::::mP:W,:::$.JA§:::::::<::::::::::¢t1A.R:i:aow:::):r1:::cq.4.gp$/!: ... ·.· .·.· .. ·.·. :::::::;:;:.::::;:::'.:'.:'.'. 
VGA 9x16 80x25 16/256K 

Modes 2* and 3* 

j:j§[4NQWRR::::::::::::::1P.x::§g§t::::::::::::1::::gtt.~R:xi8P:W::::::::::::::::::::::1@:µ,@fl§]j]:]]j.:( ...... . 
EGA 8x14 80x25 16/64 

Modes 2 and3 

:::§[GNQl"P:::::::::[§@X::§g§:::t::::::::::::::::::P:Hl.Bil.P:~::::::::::]:t:~@:µgfl§J::::::::::::::::::::::::::::::::::::rn::::::::rn:: 
CGA 
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VGA Controller 

Mode 7+ 

:::1ri1P.1.a1::::::::::::::111:::1~§::::]::::::::1::::11~ai:agw :t:::.::;-::::IP::t.qa§:·:::::::::t::::::::::::]::::::::::: .... 

VGA 9x16 80x25 2/256K 

Mode7 

:::§r4HP.a:Ha:::::::t::n@~::§1§::::::::::::t::::1@Hlai:a.;1::t::1::::::::;g:t.2a1::::::::1[::::::::::::::::I:I::::::1: 
EGA 
:MDA 

9x14 
9x14 

80x25 
80x25 

2/64 
Mono 

Modes 23, 27, 33, and 37 

:::§T.4.RP:~:Rm::::::t]l:ox::§m.,;::::::::::::::::::::::::::gtt.~•!:R0:1::::t1:1::0:2:,1a§:::::::...···:\>':::::::::.;.:.:.,.:·::::::: 
23 
27 
33 
37 

8X16 
8X16 
8X8 
8X8 

132x25 
132x25 
132x44 
132x44 

VGA Graphics Modes (APA) 

16/64 
Mono 
16 
Mono 

This section describes the supported APA modes: IBM compatible modes 4, 5, 6, D, E, F, 
10, 11, 12, 13; Hercules compatible Hercu I and Hercu2; and A TI extended modes 54, 55, 
62, 63, and 64. Mode numbers are expressed in hexadecimal numbers. 

Modes 4 and 5 

}j§Jtlrf.P.1:1.'-gI:::::t: :::::: ::::::::::::::::::::::':::' .... ::::::::: ... /:j{:eefs+:: ... :::"\:':::: ... :.:.: ..... }::::?Q.g:~ORSi .<::::,:,:,:iii<jj:::::jii:: 
VGA 
EGA 
CGA 

Mode6 

320x200 
320x200 
320x200 

4/256K 
4/64 
4 (2 sets) 

::::::~#:fjP.a:111:::1::::rn::::::rn::::::::::::::::::::::::':,J::::::::::::::::::::::::::::eet.§::::::::I:::::..::.:::m1:::::::::t:::::1co.:~aes::::::m:. ... :.:::::::: ..... :.:::·::::::,::·:::::;::::.: 
VGA 
EGA 
CGA 

ModeD 

640x200 
640x200 
640x200 

2/256K 
2/64 
2 

:t11.111111:i:::1:1:::::::::::::::::I:1::::::::::::::::::::::]:1::::::e1~::::::::::1:1:::::1:1::11:::::::P.o:boa$.]:::t::::::::::::::::::::::1::::::::::::]: 
VGA 
EGA 
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320x200 
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16/256K 
16/64 
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VGA Controller 

ModeE 

::::::§T.INP.l:IJl]tt::::::::::::::1:::rn:::::i:::::I:::::[:::t:::::::e§g§:::::::::::::::::::]:::::']::::::::::::::1::;g:ggl.J§J:] ::;:::;:;"":::::::::.:.:·::;:::;:;:){ 
VGA 
EGA 

ModeF 

640x200 
640x200 

16/256K 
16/64 

t:§!l.~m1:8g::t::::::::::t:::1::::1::::::1::::::::::::::::::1:::::::~:::::e§~1::::::::::::::::::::::::::::::::::::::::::::::::::::::::;g,:41g§:::::::::::::i:::::::::::::::::t::::::::::::::::: 
VGA 
EGA 

Mode 10 

640x350 
640x350 

2/256K 
2/64 

m:::§tlfiQJ.UiD::]:i::::::::tlt::::::::::::::ttY:::::::::::?t:]ee[$:::::t:i:/? .... _::::::::::::::::::::gQ,:b.Q8$ ::::_:::::::::::::: '''::::::::::::::::::::::::::: 

VGA 
EGA 

Mode 11 

640x350 
640x350 

16/256K 
16/64 

:JS.TANDA:Rol :;:;::;:::;>::;::;:::: \:::::: .. ··. ::::: J?ets/J::r ::fi::'::·:::::'::',::::::::::::gg:µQ,q§::::::: ??/???:::'?'':;::::: 

VGA 640x480 2/256K 

Mode 12 

::::::srlfil.oA.:ar> ... ·::::::::::::/''''"···:·:·· ::::::m.:::::::]:::::::::::::::,me§~§:::':::J·::: .. ,:::':: .,,.,.,:::,.::::::::co.toss.:::::::.::?.?:::·:·::::?·::<::::::·:·""'':' 

VGA 640X480 16/256k 

Mode 13 

::::::$1:4tiwi:aP:::::::::::C':::::;:::::::::',.;.::::.:_:'::::·::::::::::::::::;,::,,,,::::::::,::ei.~s:::::::::r::+rn:::::::::::+:::::::::::eo.:Lo~s:rn:ur:rn >>::::m:H<t:' 

VGA 320x200 256/256K 
(mono - 64 shades of gray) 

Mode Hercu1 

::::::§:tl.Hml:8g:::::::::::::::::::::::t:r:::r::::::::::::::::::::::::::::::::::::rn:::::e~Ei.,.,.,.,., .. :::.,.,.,.,., ::::::::::::::::::::::::::c.1:u.0:asL,,.,,,,,,,.,,.,,::·:·:·:·:·:::::::::::: 

Hercul 720X348 Mono 

Mode Hercu2 

:1s.r110.1:Rot11111::::::::::::::1::::r::::::m::::rr:reets.::::::rrm::1:::::::::::::::::1rrc.o.110.es.:r:mr:r:::m:::::::rm:::::r::::: 
'•'.-:·'.·'.·'.·:·:<·:·:·:·:·'.·'.-'.·'.·'.·'.·'.·:·>:·:·'·'."·:·>'.•'.•'•'.•'.-'.•'•'.-'.-'.•'.•'•'•'•'.',·.·.·.·.·.·.-.·.:·:··-·.·.·.·.·.·.·.·.;,·.·.·.··:-:.····:···:··-·.·.·.·.·.·.··:·······'.·'•'.-'.•'.•'.•"•'•"·"·'•"····-·.·.·.·.·.·.-.·.·.·.·.·.·.-.·.·.·.·.·.·.·.·.·.·.-.·.·.·.·.·.-.· ... ·.·.·.:·:··.-.·.·.·.·.·.·.·.·.·.··.···.-·.·.··.-.···· 

Hercu2 
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VGA Controller 

Mode54 

:::;;:111Noi:ap]::;::frn:::1:;j;::::;:;];;::::rnrn::t:::::::1:;::::eetl.1:::::::::.-::::::::::::::::::::n:t::::::1::::1g:1.1a1:::::::rn:::::1:uin:1:::@:m{ 
54 800X600 16/256K 

Mode SS 

::::::§IINP.i:f.lp:l::::::i::::::rn:t::t:I:rn::t::::::::::::::::J::::::::e§\l]::::::::::::::]:::]J::::::::::::::lPR!IOB§:rn::.tL,:)::::::::::::::::::::::-::'.·' 
55 1024X768 16/256K 

Mode62 

:1$1A.J~P.a:RP:::::::r1::::::t:t::::rn::::::::r:::1::r:::::::::::::::::~eJtsrrn:r:::::::::::1r:::::::t:'::::::qg:ggest:t:::::::1:t:t:1:::::::r::::: 

62 640X480 256/256K 

Mode63 

1:1r.~~w.1:a0::::11::::::1rn::::::]::rn:[:::]':::: :::::::::::::eet.s.>: :::::::::::]:::::t1:1:::::IP:m:4:1a§::::::f:::]:t;:]:l:rn::::it: 
63 800X600 256/256K 

Mode64 

::::\:§tlMll~:RP::: :rn:n::rn ::::::::::::::::::::.:.:- ::I,:i:::::::::::I:P§Jf.§: ?':: __ ·· ::::::::n:::::I:::::::§p:~~R§l ::::;:::::::;:/:::: ::::::::::·:::::::_::/ 
64 
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VGA Controller 

Display Mode Specifications - PS/2 (Analog) Monitors 

O+NGA 9x16 
l+NGA 9x16 

O*/EGA 8x14 
1*/EGA 8x14 

0/CGA 8x8 
1/CGA 8x8 

2+NGA 9x16 
3+NGA 9x16 

2*/EGA 8x14 
3*/EGA 8x14 

2/CGA 8x8 
3/CGA 8x8 

4NGA 8x8 
4/EGA 8x8 
4/CGA 8x8 

5NGA 8x8 
5/EGA 8x8 
5/CGA 8x8 

6NGA 8x8 
6/EGA 8x8 
6/CGA 8x8 

7+NGA 9xl6 

7/EGA 9x14 
7/MDA 9x14 

DNGA 8x8 
D/EGA 8x8 

ENGA 8x8 
E/EGA 8x8 

FNGA 8x14 
F/EGA 8x14 

lONGA 8x14 
10/EGA 8x14 

UNGA 8xl6 

12NGA 8x16 
12NGA 8x16 

13NGA 8x8 

REG688000-15 
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360x400 16/256K 
360x400 16/256K 

320x350 16/64 
320x350 16/64 

320x200 16 
320x200 16 

720x400 16/256K 
720x400 16/256K 

640x350 16/64 
640x350 16/64 

640x200 16 
640x200 16 

320x200 4/256K 
320x200 4/64 
320x200 4 (2 sets) 

320x200 4/256K 
320x200 4/64 
320x200 4(2sets) 

640x200 2/256K 
640x200 2/64 
640x200 2 

720x400 2/256K 

720x350 2/64 
720x350 Mono 

320x200 16/256K 
320x200 16/64 

640x200 16/256K 
640x200 16/64 

640x350 2/256K 
640x350 2/64 

640x350 16/256K 
640x350 16/64 

640x480 2/256K 

640x480 16/256K 
640x480 16/256K 

320x200 256/256K 

31.47 70 -/+ 28.3 
31.47 70 -/+ 28.3 

31.47 70 +/- 25.2 
31.47 70 +/- 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 28.3 
31.47 70 -/+ 28.3 

31.47 70 +/- 25.2 
31.47 70 +/- 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 28.3 

31.47 70 +/- 28.3 
31.47 70 +/- 28.3 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 +/- 25.2 
31.47 70 +/- 25.2 

31.47 70 +/- 25.2 
31.47 70 +/- 25.2 

31.47 60 -/- 25.2 

31.47 60 -/- 25.2 
37.73 72.15 -/- 32 

31.47 70 -/+ 25.2 
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PS/2 (Analog) Monitors (continued) 

Hercul 720x348 Mono 

Hercu2 640x400 Mono 

23 8x16 1056x400 16/64 

27 8x16 1056x400 Mono 

33 8x8 1056x352 16 

37 8x8 1056x352 Mono 

551 8x16 1024x768 16/256K 
55 8x16 1024x768 16/256K 
55 8x16 1024x768 16/256K 
55 8x16 1024x768 16/256K 

62 8x16 640x480 256/256K 
62 8x16 640x480 256/256K 
641 8x16 1024x768 256/256K 
64 8x16 1024x768 256/256K 
64 8x16 1024x768 256/256K 
64 8x16 1024x768 256/256K 

NOTE: 

I = Interlaced mode, 8514/ A monitors only 

© 1993 AT/ Technologies Inc. 
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31.47 

31.47 

31.47 

31.47 

31.47 

31.47 

35.52 
48.36 
56.47 
57.87 

31.47 
72.15 

35.52 
48.36 
56.48 
57.87 

70 +/-

70 -/+ 

70 -/+ 

70 -/+ 

70 -/+ 

70 -/+ 

86 +/+ 
60 -/-
70 -/-
72 -/-

60 -/-
72 -/-

87 +/+ 
60 +/+ 
70 -/-
72 -/-

VGA Controller 

28.3 

25.2 

40 

40 

40 

40 

45 
65 
75 
75 

25 
32 

45 
65 
75 
75 
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VGA Controller 

Display Mode Specifications - Multisync Monitors 

MOD.EtttiO.xtt:P:eis:tttJHtoilioes:1111:1:110.ern::::mr1tvemu?tt11Vttt\ttroo.t:::mr::::::m::::::::m1t::1::t 

l,ll!illtl!lllillll1!!~11tlllllllll~lllllrilll~lllllllllllllll~11111!1,lllllllllllil lllllllll 
O+NGA 9x16 
l+NGA 9x16 

O*/EGA 8x14 
l*/EGA 8x14 

0/CGA 8x8 
l/CGA 8x8 

2+NGA 9x16 
3+NGA 9x16 

2*/EGA 8x14 
3*/EGA 8x14 

2/CGA 8x8 
3/CGA 8x8 

4NGA 8x8 
4/EGA 8x8 
4/CGA 8x8 

5NGA 8x8 
5/EGA 8x8 
5/CGA 8x8 

6NGA 8x8 
6/EGA 8x8 
6/CGA 8x8 

7+NGA 9x16 

7/EGA 9x14 
7/MDA 9x14 

DNGA 8x8 
D/EGA 8x8 

ENGA 8x8 
E/EGA 8x8 

FNGA 8x14 
F/EGA 8x14 

lONGA 8x14 
10/EGA 8x14 

llNGA 8x16 

12NGA 8xl6 
12NGA 8xl6 

13NGA 8x8 

REG688000-15 
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360x400 16/256K 
360x400 16/256K 

320x350 16/64 
320x350 16/64 

320x200 16 
320x200 16 

720x400 16/256K 
720x400 16/256K 

640x350 16/64 
640x350 16/64 

640x200 16 
640x200 16 

320x200 4/256K 
320x200 4/64 
320x200 4 (2 sets) 

320x200 4/256K 
320x200 4/64 
320x200 4(2sets) 

640x200 2/256K 
640x200 2/64 
640x200 2 

720x400 2/256K 

720x350 2/64 
720x350 Mono 

320x200 16/256K 
320x200 16/64 

640x200 16/256K 
640x200 16/64 

640x350 2/256K 
640x350 2/64 

640x350 16/256K 
640x350 16/64 

640x480 2/256K 

640x480 16/256K 
640x480 16/256K 

320x200 256/256K 

31.47 70 -/+ 28.3 
31.47 70 -/+ 28.3 

31.47 70 +/- 25.2 
31.47 70 +/- 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 28.3 
31.47 70 -/+ 28.3 

31.47 70 +/- 25.2 
31.47 70 +/- 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 28.3 

31.47 70 +/- 28.3 
31.47 70 +/- 28.3 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 -/+ 25.2 
31.47 70 -/+ 25.2 

31.47 70 +/- 25.2 
31.47 70 +/- 25.2 

31.47 70 +/- 25.2 
31.47 70 +/- 25.2 

31.47 60 -/- 25.2 

31.47 60 -/- 25.2 
37.73 72.15 -/- 32 

31.47 70 -/+ 25.2 
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VGA Controller 

Multisync Monitors (continued) 

ll'lllllilltl;illitiillll1l!l~l1B1l!lli1~lll!1~ll~lllllll i: ?:: 
Hercul 720x348 Mono 31.47 

Hercu2 640x400 Mono 31.47 

23 8x16 1056x400 16/64 31.47 

27 8x16 1056x400 Mono 31.47 

33 8x8 1056x352 16 31.47 

37 8x8 1056x352 Mono 31.47 

54 8x14 800x600 16/256K 35.16 
54V 8x14 800x600 16/256K 35.16 
54 8x14 800x600 16/256K 37.87 
54 8x14 800x600 16/256K 44.19 

551 8x16 1024x768 16/256K 35.52 
55 8x16 1024x768 16/256K 48.36 
55 8x16 1024x768 16/256K 56.47 
55 8x16 1024x768 16/256K 57.87 

62 8x16 640x480 256/256K 31.47 
62 8x16 640x480 256/256K 72.15 

63 8x14 800x600 256/256K 35.16 
63v 8x14 800x600 256/256K 35.16 
63 8x14 800x600 256/256K 37.88 
63 8x14 800x600 256/256K 48.04 
641 8x16 1024x768 256/256K 35.52 
64 8x16 1024x768 256/256K 48.36 
64 8x16 1024x768 256/256K 56.48 
64 8x16 1024x768 256/256K 57.87 

NOTES: 

I= Interlaced mode 

V = Applicable to VESA compatible monitors. 
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70 +/-

70 -/+ 

70 -/+ 

70 -/+ 

70 -/+ 

70 -/+ 

56 -/-
56 +/+ 
60 +/+ 
70 +/+ 

86 +/+ 
60 -/-
70 -/-
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25.2 

40 

40 

40 
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36 
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36 
36 
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VGA Controller 
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VGA Memory Organization 

Overview 

The base address of video display buffers in the mach32 graphics controller is configurable 
as required by the emulated video standard. The size of this buffer depends on the selected 
display mode - higher resolution requires a larger memory buffer. 

VGA/EGA 

CGA 

MDA 

Hercules 

128k 

32k 

32k 

32K 

B8000 (Color Text) 
BOOOO (Mono Text) 
AOOOO (Graphics) 

B8000 (Color Text & Graphics) 

BOOOO (Mono Text) 

BOOOO, B8000 (Mono Graphics) 

Memory organization affects how the video data of each supported display mode is to be 
written or read. A/N mcxle is alphanumeric (text); APA mode is All-Planes-Addressable 
(graphics). Modes 0 - 13 are 100% compatible with the modes available in the various IBM 
display adapters. Hercu 1 and Hercu2 are compatible with Hercules Graphics adapters. All 
other mcxles are extended modes, supported by A TI, to provide users with enhanced display 
speed and better screen resolutions. 

The display buffer can be stored as page or map memory. Page memory access is reading 
and writing the video data one map (byte) at a time. Map memory access is applying the 
same CPU address to multiple maps (parallel locations) of video memory for data on one 
pixel - each map contributes its portion of color/attribute specifications. The processing of 
map data uses a set of four 8-bit latches which correspond to the maps. Mode 13 uses a type 
of page memory access called packed pixel format. 
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VGA Memory Organization 

Memory Maps 

The size of each memory buffer shown as blocks in the illustration is shown in KBs. The 
total amount to be reserved for a full screen is marked by arrows beside the blocks. 

For example, in display mode 0, the buffer size is 2KB and the actual amount required for 
a full screen is 2000 bytes. The base address of the video buffer can start at either B8000, 
B8800, or B9000, etc. Mode 0 uses two bytes to describe each pixel, as follows-the first 
byte of the buffer is for character code, the second byte is for attribute, the third byte is for 
character code, and the forth byte is for attribute, and so on. 

When a display mode requires more than 64KB of data to paint a full screen, as in display 
mode 62, see page 23, then the display buffer will map to multiple pages. Graphically these 
pages are shown as m _page blocks in the illustrations. For this example, the buffer has 
mapped to five m_pages, (for a total of 307,200 actual data bytes) to support one full screen. 

The following table lists page numbers for the VGA memory maps described in this chapter. 

NN Modes 0 and I ( 16-color 40x25 
NN Modes 2 and 3 ( 16-color 80x25) 
APA Modes 4 and 5 (4-color 320x200) 
AP A Mode 6 (2-color 640x200) 
NN Mode 7 (Mono- or 2-color 80x25) 
AP A Mode D (320x200) 
AP A Mode E ( 640x200) 
AP A Mode F ( 640x350) 
APA Mode 10 (640x350) 
AP A Mode 11 (2-color 640x480) 
AP A Mode 12 ( 16-color 640x480) 
AP A Mode 13 (256-color 320x200) 
AP A Mode Hercu 1 (720x348) 
APA Mode Hercu2 (640x400) 
NN Mode 23 (16-color 132x25) 
NN Mode 27 (Mono 132x25) 
NN Mode 33 (16-color 132x44) 
NN Mode 37 (Mono 132x44) 
AP A Mode 54 ( 16-color 800x600) 
AP A Mode 55 (16-color 1024x768) 
AP A Mode 62 (256-color 640x480) 
AP A Mode 63 (256-color 800x600) 
AP A Mode 64 (256-color 1024x768) 

REG688000-15 
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4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 

4-10 
4-11 
4-12 
4-13 
4-14 
4-15 
4-16 
4-17 
4-18 
4-19 
4-20 
4-21 
4-22 
4-23 
4-24 
4-25 
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VGA Memory Organization 

AIN Modes O and 1 (16-color 40x25) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Two bytes per display character. 

• Character/ Attribute Fonnat: 

BB= Blink I Intensity Background 
IF = Intensity Foreground I Character Select 
R. G, B =Color I Attribute 

• First display character (upper-left comer of display) is at B8000/l, B8800/l, or 
B9000/l etc. The display buffer is mapped as follows: 

8800:0000 8800:0001 
PageO PageO j 2K8 

(2,000 bytes) 

8880:0000 8880:0001 
Page 1 Page 1 

8900:0000 8980:0001 
Page2 Page2 

8980:0000 8980:0001 
Page3 Page3 

8AOO:OOOO 8A00:0001 
Page4 Page4 

8A80:0000 8A80:0001 
Pages Pages 

8800:0000 8800:0001 
Page6 Page6 

8880:0000 8880:0001 
Page7 Page7 

MAPO MAP 1 
Character Code Attribute Data 

Figure 4-1. Memory Organization - Modes 0, 1 
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VGA Memory Organization 

AIN Modes 2 and 3 (16-color 80x25) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Two bytes per display character. 

• Character/ Attribute Format: 

BB= Blink I Intensity Background 

Ip = Intensity Foreground I Character Select 
RGB = Color I Attribute 

• First dispia:y character (upper-left comer of display) is at B8000/1, B9000/1, or 
BA000/1 etc. The display buffer is mapped as follows: 

REG688000-15 
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8800:0000 8800:0001 
PageO PageO l 4K8 

(4,000 bytes) 

8900:0000 8900:0001 
Page 1 Page 1 

8AOO:OOOO BA00:0001 
Page2 Page2 

8800:0000 8800:0001 
Page3 Page3 

8COO:OOOO BC00:0001 
Page4 Page4 

8000:0000 8000:0001 
Pages Page 5 

8EOO:OOOO 8E00:0001 
Page6 Page6 

8FOO:OOOO 8F00:0001 
Page? Page? 

MAP 0 MAP 1 
Character Code Attribute Data 

Figure 4-2. Memory Organization - Modes 2, 3 
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VGA Memory Organization 

APA Modes 4 and 5 (4-color 320x200) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Four PELs per byte. First PEL (shaded) is in the MSB position. 

C1, Co of the PEL specify one of four colors - selectable by a video BIOS call. 

• Display buffer is organized into two blocks of 8KB each. First four PELs (upper-left 
comer of display) are at B8000. Odd scan lines are offset from even scan lines by 8K. 
It is mapped as follows: 

8800:0000 8800:0001 8KB 
(8,000 bytes) 

Block O Block o 
Even Scans Even Scans 

BAOO:OOOO BA00:0001 (8,000 bytes) 

Block 1 Block 1 
Odd Scans Odd Scans 

MAPO MAP 1 

Figure 4-3. Memory Organization - Modes 4, 5 
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VGA Memory Organization 

APA Mode 6 (2-color 640x200) 

• Map memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

1:11 col Co I Coj Co I col Co I Co/ 

Co specifies the PEL color. 

• Display buffer is organized into two blocks of 8KB each. First eight PELs (upper-left 
comer of display) are at B8000. Odd scan lines are offset from even scan lines by 8K. 
It is mapped as follows: 

REG6BB000-15 
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B800:0000 

Block O 
Even Scans 

BAOO:OOOO 

Block 1 
Odd Scans 

MAPO 

8KB 
(8,000 bytes) 

(8,000 bytes) 

Figure 4-4. Memory Organization - Mode 6 
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VGA Memory Organization 

AIN Mode 7 (Mono or 2-color 80x25) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Two bytes per display character. 

• Character/ Attribute Format: 

BB= Blink/ Intensity Background 
IF = Intensity Foreground I Character Select 
RGB = Color I Attribute 

• First display character (upper-left comer of display) is at BOOOO/l, B 1000/1, or 
B2000/1 etc. The display buffer is mapped as follows: 

8000:0000 8000:0001 
PageO PageO j 4K8 

(4,000 bytes) 

8100:0000 8100:0001 
Page 1 Page 1 

8200:0000 8200:0001 
Page2 Page2 

8300:0000 8300:0001 
Page3 Page3 

8400:0000 8400:0001 
Page4 Page4 

8500:0000 8500:0001 
Pages Pages 

8600:0000 8600:0001 
Page6 Page6 

8700:0000 8700:0001 
Page7 Page7 

MAP 0 MAP 1 
Character Code Attribute Data 

Figure 4-5. Memory Organization - Mode 7 
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VGA Memory Organization 

APA Mode D (320x200) 

• Map memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

Co, C1, C2, C3 from bit planes 0-3 specify the PEL color. 

• First eight PELs (upper-left comer of display) are at AOOOO, A2000, or A4000 etc. 
The display buffer is mapped as follows: 

AOOO:OOOO 
PageO 

A200:0000 
Page 1 

A400:0000 
Page2 

A600:0000 
Page3 

A800:0000 
Page4 

AAOO:OOOO 
Pages 

ACOO:OOOO 
Page6 

AEOO:OOOO 
Page? 

MAPO 
Blue 

I AOOO:OOOO 
PageO 

A200:0000 
Page 1 

A400:0000 
Page2 

A600:0000 
Page3 

A800:0000 
Page4 

AAOO:OOOO 
Pages 

ACOO:OOOO 
Page6 

AEOO:OOOO 
Page? 

MAP 1 
Red 

AOOO:OOOO 
PageO 

A200:0000 
Page 1 

A400:0000 
Page2 

A600:0000 
Page3 

A800:0000 
Page4 

AAOO:OOOO 
Pages 

ACOO:OOOO 
Page6 

AEOO:OOOO 
Page? 

MAP2 
Green 

AOOO:OOOO 
PageO 

A200:0000 
Page 1 

A400:0000 
Page2 

A600:0000 
Page3 

A800:0000 
Page4 

AAOO:OOOO 
Pages 

ACOO:OOOO 
Page6 

AEOO:OOOO 
Page? 

MAP3 
Intensity 

8KB 
(8,000 bytes) 

Figure 4-6. Memory Organization - Mcxle D 
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VGA Memory Organization 

APA Mode E (640x200) 

• Map memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

Co, C1, C2, C3 from bit planes 0-3 specify the PEL color. 

• First eight PELs (upper-left comer of display) are at AOOOO, A4000, or A8000 etc. 
The display buffer is mapped as follows: 

AOOO:OOOO 

Page O 

A400:0000 

Page 1 

ASOO:OOOO 

Page2 

ACOO:OOOO 

Page3 

MAPO 
Blue 

AOOO:OOOO 

PageO 

A400:0000 

Page 1 

ASOO:OOOO 

Page2 

ACOO:OOOO 

Page3 

MAP 1 
Green 

AOOO:OOOO 

Page O 

A400:0000 

Page 1 

ASOO:OOOO 

Page2 

ACOO:OOOO 

Page3 

MAP2 
Red 

AOOO:OOOO 

PageO 

A400:0000 

Page 1 

ASOO:OOOO 

Page2 

ACOO:OOOO 

Page3 

MAP3 
Intensity 

Figure 4-7. Memory Organization - Mode E 
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VGA Memory Organization 

APA Mode F (640x350) 

• Map memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

Co, C2 from bit planes 0, 2 specify the PEL color. 

• First eight PELs (upper-left comer of display) are at AOOOO or A8000. The display 
buffer is mapped as follows: 

REG688000-15 
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AOOO:OOOO 

PageO 

A800:0000 

Page 1 

MAPO 
Video 

AOOO:OOOO 

PageO 

A800:0000 

Page 1 

MAP2 
Intensity 

32KB 
(28,000 bytes) 

Figure 4-8. Memory Organization - Mode F 
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VGA Memory Organization 

APA Mode 10 (640x350) 

• Map memory. For explanation see Memory Maps on page 4-2. 

Co, C1, C2, C3 from bit planes 0-3 specify the PEL color. 

• First eight PELs (upper-left comer of display) are at AOOOO or A8000. The display 
buffer is mapped as follows: 

AOOO:OOOO 

PageO 

A800:0000 

Page 1 

MAPO 
Blue 

AOOO:OOOO 

PageO 

A800:0000 

Page 1 

MAP1 
Green 

AOOO:OOOO 

Page O 

A800:0000 

Page 1 

MAP2 
Red 

AOOO:OOOO 

PageO 

A800:0000 

Page 1 

MAP3 
Intensity 

Figure 4-9. Memory Organization - Mode 10 
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VGA Memory Organization 

APA Mode 11 (2-color 640x480) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

1:11 Co j Co I coJ Co I col Co J Co\ 
Co specifies the PEL color. 

• First eight PELs (upper-left comer of display) are at AOOOO. The display buffer is 
mapped as follows: 

REG688000-15 
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AOOO:OOOO 64KB 
(38,400 bytes) 

PageO 

MAPO 

Figure 4-10. Memory Organization - Mode 11 
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VGA Memory Organization 

APA Mode 12 (16-color 640x480) 

• Map memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

Co, C1, C2, C3 from bit planes 0-3 specify the PEL color. 

• First eight PELs (upper-left comer of display) are at AOOOO. The display buffer is 
mapped as follows: 

AOOO:OOOO 

PageO 

MAPO 
Blue 

AOOO:OOOO 

Page O 

MAP1 
Green 

AOOO:OOOO 

PageO 

MAP2 
Red 

AOOO:OOOO 

Page O 

MAP3 
Intensity 

Figure 4-11. Memory Organization - Mode 12 
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VGA Memory Organization 

APA Mode 13 (256-co/or 320x200) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• One PEL per byte. 

C7-0 specify the PEL color 

• Display buffer is linear. Bit image data is stored in four bit planes which are sampled 
twice to produce eight bit planes that address the video DAC. First PEL (upper-left 
comer of display) is at AOOOO, second at AOOOI. Video data is stored in four bit 
planes and mapped as follows: 

AOOO:OOOO 

PageO 

MAPO 

REG688000-15 
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A000:0001 A000:0002 AOOO:F9FF 64KB 
(64,000 bytes) 

Page O PageO PageO 

MAP1 MAP2 MAP3 

Figure 4-12. Memory Organization - Mode 13 
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VGA Memory Organization 

APA Mode Hercu1 (720x348) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

j:q~!I Co/ Co/ Co/ Co/ Co/ Co/ Co/ 
Co specifies the PEL color. 

• First eight PELs (upper-left comer of display) are at BOOOO or B8000. The display 
buffer is mapped as follows: 

8000:0000 32K8 
(31,500 bytes) 

PageO 

8800:0000 

Page 1 

MAPO 

Figure 4-13. Memory Organization - Mode Hercu I 
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VGA Memory Organization 

APA Mode Hercu2 (640x400) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

1·11 Co i Co I col Co I Co I Co i Co\ 

Co specifies the PEL color. 

• First eight PELs (upper-left comer of display) are at BOOOO or B8000. The display 
buffer is mapped as follows: 
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8000:0000 32K8 
(32,000 bytes) 

PageO 

8800:0000 

Page 1 

MAPO 

Figure 4-14. Memory Organization - Mode Hercu2 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 



VGA Memory Organization 

AIN Mode 23 (16-color 132x25) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Two bytes per display character. 

• Character/ Attribute Fonnat: 

BB= Blink/ Intensity Background 

Ip = Intensity Foreground I Character Select 
RGB = Color I Attribute 

• First display character (upper-left comer of display) is at B8000/1, BA000/1, or 
BC000/1 etc. The display buffer is mapped as follows: 

8800:0000 8800:0001 8K8 
(6,600 bytes) 

PageO PageO 

8AOO:OOOO 8A00:0001 

Page 1 Page 1 

8COO:OOOO 8C00:0001 

Page2 Page2 

8EOO:OOOO 8E00:0001 

Page3 Page3 

MAPO MAP1 
Character Code Attribute Data 

Figure 4-15. Memory Organization - Mode 23 
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VGA Memory Organization 

A!N Mode 27 (Mono 132x25) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Two bytes per display character. 

• Character/Attribute Format: 

BB= Blink/ Intensity Background 

Ip = Intensity Foreground I Character Select 
RGB = Color I Attribute 

• First display character (upper-left comer of display) is at BOOOO/l, B2000/1, or 
B4000/l etc. The display buffer is mapped as follows: 
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8000:0000 8000:0001 8K8 
(6,600 bytes) 

PageO PageO 

8200:0000 8200:0001 

Page 1 Page 1 

8400:0000 8400:0001 

Page2 Page2 

8600:0000 8600:0001 

Page3 Page3 

MAP 0 MAP 1 
Character Code Attribute Data 

Figure 4-16. Memory Organization - Mode 27 
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VGA Memory Organization 

AIN Mode 33 (16-color 132x44) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Two bytes per display character. 

• Character/ Attribute Format: 

1::::~1:::::~:1ffl1~:1mn~rll(::11":::~:~1:::1:111IH:111:111~1:1:~i:::t·B.i:~fig~:m~1 
BB= Blink I Intensity Background 

IF = Intensity Foreground I Character Select 
RGB = Color I Attribute 

• First display character (upper-left comer of display) is at B8000/l or BCOOO/l. The 
display buffer is mapped as follows: 

8800:0000 8800:0001 16K8 
(11,616 bytes) 

PageO PageO 

8COO:OOOO 8C00:0001 

Page 1 Page 1 

MAP 0 MAP 1 
Character Code Attribute Data 

Figure 4-17. Memory Organization - Mode 3 3 
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VGA Memory Organization 

A!N Mode 37 (Mono 132x44) 

• Page memory. For explanation see Memory Maps on page 4-2. 

• Two bytes per display character. 

• Character/ Attribute Format: 

l:::::1:.:::::1§~l:~iirRl~l!i~l:::::::::::!:iitBi~lil:§$f\::i,,,::l:~,,ll,,ll~:I 
BB= Blink I Intensity Background 

Ip = Intensity Foreground I Character Select 
RGB = Color I Attribute 

• First display character (upper-left comer of display) is at BOOOO/l or B4000/1. The 
display buffer is mapped as follows: 

REG688000-15 
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8000:0000 

PageO 

8400:0000 

Page 1 

MAPO 
Character 

8000:0001 

PageO 

8400:0001 

Page 1 

MAP 1 
Attribute 

16K8 
(11,616 bytes) 

Figure 4-18. Memory Organization - Mode 37 
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VGA Memory Organization 

APA Mode 54 (16-color 800x600) 

• Map memory. For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in the MSB position. 

Co, C1, C2, C3 from bit planes 0-3 specify the PEL color. 

• First eight PELs (upper-left comer of display) are at AOOOO. The display buffer 
(based on 256KB video memory configuration) is mapped as follows: 

AOOO:OOOO AOOO:OOOO AOOO:OOOO AOOO:OOOO 

PageO Page O PageO PageO 

MAPO MAP 1 MAP2 MAP3 

Figure 4-19. Memory Organization - Mode 54 
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VGA Memory Organization 

APA Mode 55 (16-color 1024x768) 

• Map memory (512KB required). For explanation see Memory Maps on page 4-2. 

• Eight PELs per byte. First PEL (shaded) is in MSB position. 

Co, C1, C2, C3 from bit planes 0-3 specify the PEL color. 

• First eight PELs (upper-left comer of display) are at AOOOO. The display buffer for a 
full screen is mapped to two m_pages as follows: 

64KB pages 

AOOO:OOOO AOOO:OOOO AOOO:OOOO AOOO:OOOO (65,536 bytes) 

M_Page O M_Page O M_Page O M_Page O 

AOOO:OOOO AOOO:OOOO AOOO:OOOO AOOO:OOOO (32,768 bytes) 

M_Page 1 M_Page 1 M_Page 1 M_Page 1 

MAPO MAP 1 MAP2 MAP3 

Figure 4-20. Memory Organization - Mode 55 
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VGA Memory Organization 

APA Mode 62 (256-color 640x480) 

• Page memory (512KB required). For explanation, see Memory Maps on page 4-2. 

• One PEL per byte. 

C1-o specify the PEL color. 

• First PEL (upper-left comer of display) is at AOOOO, second at AOOOl. First 640 bytes 
form the first raster scan line. The display buffer for a full screen is mapped to five 
m_pages as follows: 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 

M_Page O M_Page O M_Page o M_Page O 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 

M_Page 1 M_Page 1 M_Page 1 M_Page 1 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 

M_Page 2 M_Page2 M_Page 2 M_Page 2 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 

M_Page3 M_Page3 M_Page 3 M_Page 3 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 

M_Page4 M_Page4 M_Page4 M_Page 4 

Figure 4-21. Memory Organization - Mode 62 
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VGA Memory Organization 

APA Mode 63 (256-color 800x600) 

• Page memory (512KB required). For explanation, see Memory Maps on page 4-2. 

• One PEL per byte. 

C7-0 specify the PEL color. 

• First PEL (upper-left comer of display) is at AOOOO, second at AOOOl. First 800 bytes 
fonn the first raster scan line. The display buffer for a full screen is mapped to eight 
m_pages as follows: 

AOOO:OOOO 
M_Page O 

AOOO:OOOO 
M_Page 1 

AOOO:OOOO 
M_Page 2 

AOOO:OOOO 
M_Page 3 

AOOO:OOOO 
M_Page4 

AOOO:OOOO 
M_Page 5 

AOOO:OOOO 
M_Page 6 

AOOO:OOOO 
M_Page 7 

REG688000-15 
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64KB pages 

A000:0001 A000:0002 AOOO:FFFF (65,536 bytes) 

M_Page O M_Page O M_Page O 

A000:0001 A000:0002 AOOO:FFFF (65,536 bytes) 
M_Page 1 M_Page 1 M_Page 1 

A000:0001 A000:0002 AOOO:FFFF (65,536 bytes) 
M_Page 2 M_Page 2 M_Page 2 

A000:0001 A000:0002 AOOO:FFFF (65,536 bytes) 
M_Page 3 M_Page 3 M_Page3 

A000:0001 A000:0002 AOOO:FFFF (65,536 bytes) 
M_Page4 M_Page4 M_Page 4 

A000:0001 A000:0002 AOOO:FFFF (65,536 bytes) 
M_Page 5 M_Page 5 M_Page 5 

A000:0001 A000:0002 AOOO:FFFF (65,536 bytes) 
M_Page6 M_Page 6 M_Page 6 

A000:0001 A000:0002 AOOO:FFFF (21,248 bytes) 
M_Page 7 M_page 7 M_Page 7 

Figure 4-22. Memory Organization - Mode 63 
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VGA Memory Organization 

APA Mode 64(256-color1024x768) 

• Page memory ( IMB RAM required) For explanation, see Memory Maps on page 4-2. 

• One PEL per byte. 

l!l~:il~li@~·11~1-11111~111~1~.11 
C7-0 specify the PEL color 

• First PEL (upper-left comer of display) is at AOOOO, second at AOOOI. First 1024 
bytes fonn the first raster scan line. The display buffer for a full screen is mapped to 
twelve m_pages as follows: 64KB pages 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page o M_Page O M_Page O M_Page O 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page 1 M_Page 1 M_Page 1 M_Page 1 

r-
AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page 2 M_Page2 M_Page2 M_Page2 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page 3 M_Page3 M_Page 3 M_Page3 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page4 M_Page4 M_Page4 M_Page4 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page 5 M_Page 5 M_Page 5 M_Page5 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page 6 M_Page 6 M_Page 6 M_Page 6 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page 7 M_Page 7 M_Page 7 M_Page 7 -
AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page8 M_Page8 M_Page 8 M_Page8 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page9 M_Page9 M_Page9 M_Page 9 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page 10 M_Page 10 M_Page 10 M_Page 10 

AOOO:OOOO A000:0001 A000:0002 AOOO:FFFF 
M_Page 11 M_Page 11 M_Page 11 M Page 11 

Figure 4-23. Memory Organization - Mode 64 
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(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

(65,536 bytes) 

REG688000-15 
4-25 



VGA Memory Organization 
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VGA-Compatible Registers 

Overview 

VGA registers in mach32 controllers are fully hardware-compatible with registers in the 
IBM VGA video adapter and Hercules graphics adapters. (See Section 2, Programmer's 
Overview.) In addition to the compatible registers, ATI's controllers also contain many 
extended-VGA registers that support higher resolutions, faster video modes, and enhanced 
features. These registers are described in Chapter 6, VGA Register Extensions. 

Both VGA extended and compatible registers are listed in the Index. For convenience, they 
are also listed by 1/0 Port addresses on page 5-2. This chapter contains detailed descriptions 
on the compatible registers, arranged by functions as follows: 

• General Registers (GENxx) - see page 5-4 

• DAC Registers (DACxx) - see page 5-13 

• Sequencer Registers (SEQxx) - see page 5-15 

• CRT Controller Registers (CRTxx)- see page 5-20 

• Graphics Controller Registers (GRAxx)- see page 5-39 

• Attribute Controller Registers (A ITRxx) - see page 5-52 

© 1993 AT/ Technologies Inc. 
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VGA-Compatible Registers 

VGA Compatible Registers - by 110 Port 

:111::::::::::::::::1111:::::::::::1m1@n:!s:::::::::::::::::::::::::1m~11~~:::s@1@::::::·:::::.::.::::::·::::::::::.:::.:,.::::::.,::,::::::::::::::::::::·::::::::::::d:::1t::::e1il.1:::::::::::::,:: 
0102 R/W GENVS 
03?4 R/W CRTX 
03?5 R/W CRTOO 
03?5 R/W CRTOl 
03?5 R/W CRT02 
03?5 R/W CRT03 
03?5 R/W CRT04 
03?5 R/W CRT05 
03?5 R/W CRT06 
03?5 R/W CRT07 
03?5 R/W CRT08 
03?5 R/W CRT09 
03?5 R/W CRTOA 
03?5 R/W CRTOB 
03?5 R/W CRTOC 
03?5 R/W CRTOD 
03?5 R/W CRTOE 
03?5 R/W CRTOF 
03?5 R/W CRTlO 
03?5 R/W CRTll 
03?5 R/W CRT12 
03?5 R/W CRT13 
03?5 R/W CRT14 
03?5 R/W CRT15 
03?5 R/W CRT16 
03?5 R/W CRT17 
03?5 R/W CRT18 
03CA w GENFC 
03?A R GENSl 
03?B R/W GENLPC 
03B9 R GENLPS 
03BF R/W GENHP 
03CO w ATTRX 
03CO w ATTR(OO:OF) 
03CO w ATTRlO 
03CO w ATTRll 
03CO w ATTR12 
03CO w ATTR13 
03CO w ATTR14 
03Cl R ATTRX 
03Cl R ATTR(OO:OF) 

VGA Sleep 
CRTC Index 
Horizontal Total 
Horizontal Display Enable 
Start Horizontal Blanking 
End Horizontal Blanking 
Start Horizontal Retrace 
End Horizontal Retrace 
Vertical Total 
CRTC Overflow 
Preset Row Scan 
Maximum Scan Line 
Cursor Start 
Cursor End 
Start Address (High Byte) 
Start Address (Low Byte) 
Cursor Location (High Byte) 
Cursor Location (Low Byte) 
Start Vertical Retrace 
End Vertical Retrace 
Vertical Display Enable End 
Offset 
Underline Location 
Start Vertical Blanking 
End Vertical Blanking 
CRT Mode 
Line Compare 
Feature Control 
Input Status 1 
Light Pen Clear 
Light Pen Set (CGA) - Also see 03DC 
Hercules Page 
Attribute Controller Index 
Palette (00 to OF) 
Mode Control 
Overscan Color 
Color Map Enable 
Horizontal PEL Panning 
Color Select 
Attribute Controller Index 
Palette (00 to OF) 

5-9 
5-20 
5-20 
5-21 
5-21 
5-22 
5-23 
5-23 
5-24 
5-25 
5-26 
5-27 
5-28 
5-29 
5-30 
5-30 
5-31 
5-31 
5-32 
5-33 
5-34 
5-34 
5-35 
5-36 
5-36 
5-37 
5-39 
5-5 
5-6 
5-12 
5-11 
5-12 
5-52 
5-53 
5-54 
5-56 
5-57 
5-58 
5-59 
5-52 
5-53 

Note: ?=B when GENMO[O]=O (Monochrome emulation) 
?=D when GENMO[O]=l (Color/graphics emulation 

REG688000-15 
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03Cl R ATIRlO 
03Cl R ATIRll 
03Cl R ATIR12 
03Cl R ATIR13 
03Cl R ATIR14 
03C2 w GENMO 
03C2 R GEN SO 
03C3 R GENENB 
03C4 R/W SEQX 
03C5 R/W SEQOO 
03C5 R/W SEQOl 
03C5 R/W SEQ02 
03C5 R/W SEQ03 
03C5 R/W SEQ04 
03C6 R/W DAC_MASK 
03C7 R/W DAC_R_INDEX 
03C8 R/W DAC_ W _INDEX 
03C9 R/W DAC_DATA 
03CA R GENFC 
03CC R GENMO 
03CE R/W GRAX 
03CF R/W GRAOO 
03CF R/W GRAOl 
03CF R/W GRA02 
03CF R/W GRA03 
03CF R/W GRA04 
03CF R/W GRA05 
03CF R/W GRA06 
03CF R/W GRA07 
03CF R/W GRA08 
03D9 R/W GENB 
03DC w GENLPS 
46E8 w GENENA 

© 1993 AT/ Technologies Inc. 
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VGA-Compatible Registers 

Mode Control 
Overscan Color 
Color Map Enable 
Horizontal PEL Panning 
Color Select 
Miscellaneous Output 
Input Status 0 
VGA Subsystem Enable (Board) 
Sequencer Index 
Reset 
Clocking Mode 
Map Mask 
Character Map Select 
Memory Mode 
DAC Mask Register 
DAC Read Current Color Index Register 
DAC Write Current Color Index Register 
DAC Data Register 
Feature Control 
Miscellaneous Output 
Graphics Controller Index 
Set/Reset 
Enable Set/Reset 
Color Compare 
Data Rotate 
Read Map Select 
Graphics Mode 
Graphics Miscellaneous 
Color Don't Care 
Bit Mask 
Border - Palette (CGA) 
Light Pen Set (CGA) - Also see 03B9 
VGA Subsystem Enable (Add-On) 

5-54 
5-56 
5-57 
5-58 
5-59 
5-4 
5-5 
5-8 
5-15 
5-15 
5-16 
5-17 
5-18 
5-19 
5-13 
5-14 
5-14 
5-13 
5-5 
5-4 
5-39 
5-40 
5-42 
5-43 
5-44 
5-45 
5-46 
5-49 
5-50 
5-51 
5-10 
5-11 
5-8 
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VGA-Compatible Registers 

GENERAL REGISTERS 

3CCh (R) 
3C2h (W) 

Miscellaneous Output Register (GENMO) 

0 

1 

3:2 

4 

5 

VGA 

1/0 Address Select 

Video RAM Enable 

Clock Select 

Even/Odd Mode 
Page Select 

J l 
O = Addressing for monochrome emulation 
1 = Addressing for color/graphic emulation 

O = Disables CPU access to video RAM 
1 = Enables CPU access to video RAM 

00 =25.1744 MHz (640 PELs) 
01 =28.3212 MHz (720 PELs) 
10 =Reserved 
11 = Reserved 
To change these two bits, SEQ0[0:1] must first be 
set to zero 

Reserved 

This bit is used in Even/Odd display modes (NN 
modes: 0, 1, 2, 3, and 7). This bit is ignored when 
bit GRA06[1] or SEQ4[3] is enabled. 
O = Selects even (low) video memory locations 
1 = Selects odd (high) video memory locations 

7:6 Dual purpose bits used to select screen size and 
retrace sync polarity. (x=Bit not used for selection) 
Screen Size: 
00 = Reserved 
01 =Screen size is 400 lines 
10 =Screen size is 350 lines 
11 =Screen size is 480 lines 
Sync Polarity: 
xO = H Retrace pulse is active high 
x1 = H Retrace pulse is active low 
Ox= V Retrace pulse is active high 
1 x = V Retrace pulse is active low 

Note: In VGA mode, this register controls 1/0 port and video buffer addressing, and 
selects the dot clock frequency. 

REG688000-15 
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VGA-Compatible Registers 

GENERAL REGISTERS 

3CAh (R) 
3?Ah (W) 

2:0 

3 

7:4 

VGA 

Feature Control Register (GENFC) 

l l 
Reserved 

Vertical Sync Select 
0 = Normal vertical sync 
1 = Sync is 'vertical sync' ORed 'vertical display 

enable' 

Reserved 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENMO[O]= 1 (Color/Graphics emulation) 

GENERAL REGISTERS 

3C2h (R) 
Input Status 0 Register (GENSO) 

VGA 

·.·.·.·.·.·.·.-.·.·.·.-.·.',·,·.-.·.·.·.·.·.·.·.·.·.·. ·'.·'.·:·:·:<·:-:·:·:·:·:·:·:·:·:-:-:·:·:·:.:·:·:·:·:·:· ::::;:;:::;:;:;:;:;:;:;:;:;:;:;:;:;:::;:-:·:·: 

3:0 

4 

5 

6 

7 

© 1993 A Tl Technologies Inc. 
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Reserved 

Switch Sense 
O = Output state of the DAC Lookup Table 

Comparators is inactive 
1 = Output state of the DAC Lookup Table 

Comparators is active 

Reserved 

Reserved 

CRT Interrupt 
O = Vertical retrace interrupt is cleared 
1 = Vertical retrace interrupt is pending 

REG688000-15 
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VGA-Compatible Registers 

GENERAL REGISTERS 

VGA I I 
3?Ah (R) 

Input Status 1 Register (GENS1) 

O Display Enable 

2:1 

3 

5,4 

7:6 

Notes: 

O = Enables display of video data 
1 = Disables display of video data 

Reserved 

Vertical Retrace Status 
O = V Retrace pulse is inactive 
1 = V Retrace pulse is in progress 

Diagnostic Bits 0, 1 respectively 
•These two bits are connected to two of the 
eight color outputs (P7:PO) of the attribute 
controller. Connections are controlled by 
ATTR12[5,4] as follows: 
00 =P2, PO 
01 =PS, P4 
10 =P3, P1 
11 =P7, P6 

Reserved 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. Bits O and 3 can be used to synchronize the video buffer updates with the 
screen refresh cycles to minimize interference with the displayed image. 

REG688000-15 
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VGA-Compatible Registers 

GENERAL REGISTERS 

3?Sh (R/W) ~---M_o--.-d_e_C_o_n_tr_o_I R_e.....-g_is_t_er_(_G_E_N--.-M_C_) __ ---ll 
VGA l I 

0 

1 

2 

3 

4 

5 

Monochrome Emulation: Reserved 
Color/Graphics Emulation: 
O = 40x25 Text 
1 = 80x25 Text 

Monochrome Emulation: 
O = Text Mode 
1 = Hercules Graphics Mode 
Color/Graphics Emulation: 
0 = Text mode 
1 = Graphics mode 

Monochrome Emulation: Reserved 
Color/Graphics Emulation: 
O = Color mode 
1 = B/W mode 

Monochrome Emulation: 
1 = Enables video 
Color/Graphics Emulation: 
1 = Enables video 

Monochrome Emulation: Reserved 
Color/Graphics Emulation: 
1 = Enables 640x200 B/W mode 

Monochrome Emulation: 
1 = Enables screen blanking 
Color/Graphics Emulation: 
0 = Keeps background intensity attribute bit 
1 = Changes background intensity attribute bit 

6 Monochrome Emulation: Reserved 
Color/Graphics Emulation: Reserved 

7 Monochrome Emulation: 
O = Selects Hercules page O 
1 = Selects Hercules page 1 
Color/Graphics Emulation: Reserved 

Note:?= B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

© 1993 AT/ Technologies Inc. 
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VGA-Compatible Registers 

GENERAL REGISTERS 

Video Subsystem Enable (Add-On) Register 
46E8h (W) (GENENA) 

VGA l l 
2:0 Reserved 

3 

4 

7:5 

3C3h (R) 

0 

7:1 

REG688000-15 
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VGA Enable 
O = Puts VGA video subsystem into sleep mode, 

during which, the VGA video subsystem only 
responds to memory read operations to the 
BIOS ROM, and 1/0 writes to register 102h. 
All other 1/0 or video memory read/write 
operations are suspended. 

1 = Enables 1/0 and memory address decoding 
of VGA video subsystem, if GENVS[O] 
is also a logical one. 

GENVS[O] Enable 
0 = Disables 1/0 write to GENVS (0102). 
1 = Enables 1/0 write to GENVS (0102). 

Reserved 

GENERAL REGISTERS 

Video Subsystem Enable(Board) Register 
(GENENB) 

VGA I l 
VGA Enable 
•Read back status of GENVS[O] (0102) 

Reserved 

© 1993 AT/ Technologies Inc. 
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VGA-Compatible Registers 

GENERAL REGISTERS 

102h (R/W) 1-------V---G_A_S_le_e_p_R_e.....-g_is_te_r_(G_E_N_V-.....S_) ___ --1
1 

VGA I I 
0 

7:1 

Notes: 

VGA Sleep 
O = Disables VGA video subsystem (controller). 

The VGA video subsystem only responds 
to memory read operations to the BIOS 
ROM. All other 1/0 or memory read/write 
operations are suspended. 

1 = Enables VGA video subsystem. 

Reserved 

1. Writes to this register are controlled by GENENA[4]. 

2. This register is readable only in Micro-Channel mode 

3. Example - to enable the VGA: 
MOV DX, 46E8 
MOV AL, 10 
OUT DX, AL 
MOV DX, 102 
MOV AL, 1 
OUT DX, AL 
MOV DX, 46E8 
MOV AL, 8 
OUT DX, AL 

© 1993 A Tl Technologies Inc. 
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VGA-Compatible Registers 

GENERAL REGISTERS 

3D9h 
(R/W) 

0 

1 

2 

3 

4 

5 

REG688000-15 
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VGA 

Border (Palette) Register (GENB) 

I I 
• Selects a blue border in 40x25, 80x25 text 
modes; 16-Color 320x200, 16-Color 640x200 
graphics modes. 

•Selects a blue background in 4-Color 320x200, 
4-Color 640x200 graphics modes. 

•Selects blue as foreground in 640x200 B/W 
mode. 

•Selects a green border in 40x25, 80x25 text 
modes; 16-Color 320x200, 16-Color 640x200 
graphics modes. 

•Selects a green background in 4-Color 320x200, 
4-Color 640x200 graphics modes. 

•Selects green as foreground in 640x200 B/W 
mode. 

•Selects a red border in 40x25, 80x25 text modes; 
16-Color 320x200, 16-Color 640x200 graphics 
modes. 

•Selects a red background in 4-Color 320x200, 
4-Color 640x200 graphics modes. 

•Selects red as foreground in 640x200 B/W mode. 

•Selects an intensified border color in 40x25, 
80x25 text modes; 16-Color 320x200, 16-Color 
640x200 graphics modes. 

•Selects an intensified background color in 
4-Color 320x200, 4-Color 640x200 graphics 
modes. 

•Selects an intensified foreground color in 
640x200 B/W mode. 

Selects an intensified set of foreground colors in 4-
Color 320x200 or 4-Color 640x200 graphics mode. 

Selects an active set of colors in 4-Color 320x200 
or 4-Color 640x200 graphics mode. 
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3D9h 
(R/W) 

7:6 

VGA-Compatible Registers 

GENERAL REGISTERS 

Border (Palette) Register (GENB) 

VGA I I 
Reserved 

Note: This register is used in CGA emulation mode. 

GENERAL REGISTERS 

3B9h (R) 
3DCh (W) 

7:0 

VGA 

Light Pen Set Register (GENLPS) 

Reading or writing at this 1/0 location sets the 
Light Pen Set register. 

Note: This register is used in CGA emulation mode. 

© 1993 AT/ Technologies Inc. 
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VGA-Compatible Registers 

3?Bh 
(R/W) 

7:0 

Notes: 

GENERAL REGISTERS 

Light Pen Clear Register (GENLPC) 

VGA J J 

Reading or writing at this 1/0 location clears the 
Light Pen Clear register. 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. This register is used in CGA and Hercules emulation modes. 

38Fh 
(R/W) 

0 

1 

7:2 

GENERAL REGISTERS 

VGA 

Hercules Page Register (GENHP) 

O = Prevents graphics mode. 
1 = Allows graphics mode. 

O = Disables upper 32K of graphics mode buffer 
1 = Enables upper 32K of graphics mode buffer 

at B8000h. 

Reserved 

Note: This register is used in Hercules emulation mode. 

REG688000-15 
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03C9h 
(R/W} VGA 

VGA-Compatible Registers 

DAC REGISTERS 

DAC Data Register (DAC_DATA} 

I I 
7:0 DAC_DATA DAC data 

03C6h 
(R/W} VGA 

DAC REGISTERS 

DAC Mask Register (DAC_MASK} 

::::1:::::~~<::.J·iiiii:.·1::::::·:::::::,:::::.:::·::::::::mimin!i,~:·::i:::::i:J:i·i·iii!i·::·· 1::·111:··::::.:i:iii:i·i:i.j:J::::::::':::::::::::::::.::.:::::::::::::::::::i::::::::::B~P:!mq:!:ii!:::J:J:::::.::·::.:,:::·:.:::.::::,.:,:,[:ltx::::::::::::.:::::.: ... 
7:0 DAC_MASK Participating bit positions in the mask for DAC 

lookup are set to one. 
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VGA-Compatible Registers 

03C7h 
{R/W) 

DAC REGISTERS 

DAC Read Current Color Index Register 
{DAC_R_INDEX) 

VGA l 1 
7:0 DAC_R_INDEX The current read index for a DAC operation -

increments after every third read of DAC_DATA 
(03C9h). Also see DAC_W_INDEX (03C8h) 

Note: Only bit O of this register is readable. Writing the DAC at 03C8h results in a 
read-back value of 0. Writing the DAC at 03C7h results in a read-back value 
of 1. 

DAC REGISTERS 

03C8h 
{R/W) 

DAC Write Current Color Index Register 
(DAC_W_INDEX) 

VGA 
·:·:·:·:·:·:·:-:·:·:-:·:·:·:· ·.·.·.·.·.··:·:;:::;::;:;:;:;:;:;:;:;:;:;:;.;:; :·:·:·:·:·:-:-.·:·:·:·:·:·:·:·:·:-.·:·:·:·:-:·.·:·:·:· ·:·:-:·'.·>:·'.·>:·: 

t!i]j:[:~'-"··.·.·_::.:_::::rt::u:~:n::::trtNineffiardC:t:t:tn> :;:;:;:;:;:;:;;:;:;:;:;:;:;:;:;:;:;:;:;:::::::::::::::;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:::;:;:::::::::··-·.·.·.·.-.· 

7:0 DAC_W_INDEX The current write index for a DAC operation. Also 
see DAC_R_INDEX (03C7h) 

REG688000-15 
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3C4h 
(R/W) 

2:0 

7:3 

3C5h 
(R/W) 

0 

1 

7:2 

Notes: 

VGA-Compatible Registers 

SEQUENCER REGISTERS 

Sequencer Index Register (SEQX) 

VGA J l 
This index points to one of the sequencer registers 
(SEQ) at 1/0 port address 3C5h, for the next SEQ 
read/write operation. These registers are 
described on the following pages. 

Reserved 

SEQUENCER REGISTERS 

VGA 

Reset Register (SEQOO) 

Synchronous Reset Bit O 
O = Follows SEQ00[1]. 
1 = Allows the sequencer to run unless 

SEQ00[1] is zero. 

Synchronous Reset Bit 1 
O = Disable character clock, and display requests 

to the video memory and HIV sync signals. 
1 = Allows the sequencer to run unless 

SEQOO[O] is zero. 

Reserved 

1. Bits O and 1 must both be zero (sequencer halted) before any clock select bits 
are changed; for example, clock selects GENM0[3:2] or SEQ01 [0:3]. 

2. The SEQ00[0:1] bits must both be set to one for normal operation. 
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VGA-Compatible Registers 

SEQUENCER REGISTERS 

3C5h 
(R/W) 

0 

1 

4,2 

3 

5 

7:6 

VGA 

Clock Mode Register (SEQ01) 

l l 
8/9 Dot Clocks 
O = Selects 9-dot character clocks. 
1 = Selects 8-dot character clocks. 
•Modes 0, 1, 2, 3; 7 use 9-dot characters. 
•To change bit 0, GENVS[O] must be logical zero. 

Reserved 

Shift 4, Shift Load bits: 
00 =Loads video serializers every character clock 
01 = Loads video serializers every other 

character clock. 
10 =Loads video serializers every fourth 

character clock. 
11 =Loads video serializers every fourth 

character clock. 

Dot Clock 
O = Indicates dot clock is Master clock. 
1 = Indicates dot clock is Master clock 

divided by 2. 

•Typically, 320 and 360 horizontal modes use 
divide-by-2 to provide 40-column displays. 

•To change this bit, SEQOO[O:O] must first be set 
to zero. 

Screen Off 
O = Allows CPU:CRT interleaved access to 

video memory. 
1 = Blanks the screen and disables video­

generation logic access to video memory. 
Allows CPU uninterrupted access to video 
memory. 

Reserved 

Note: To change this register, SEQ00(1 or O] must first be logical zero. 

REG688000-15 
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VGA-Compatible Registers 

SEQUENCER REGISTERS 

3C5h 
{R/W) 

0 

1 

2 

3 

7:4 

Notes: 

VGA 

Map Mask Register (SEQ02) 

I I 
Enable Map O 
O = Disables write access to memory map 0. 
1 = Enables write access to memory map 0. 

Enable Map 1 
O = Disables write access to memory map 1. 
1 = Enables write access to memory map 1 . 

Enable Map2 
0 = Disables write access to memory map 2. 
1 = Enables write access to memory map 2. 

Enable Map 3 
0 = Disables write access to memory map 3. 
1 = Enables write access to memory map 3. 

Reserved 

1. In 4 bit per PEL graphics modes, when the value of this register is set to '1111' 
(OFh), the processor can complete a 32-bit write operation in one memory cycle. 

2. In text modes, CPU only needs to access maps O and 1; therefore, this register 
should have a value of 03h. 

3. When in odd/even modes, map mask value for maps O and 1 should be same as 
the map mask value for maps 2 and 3. 

4. Memory map updating such as bit map layering can be selectively enabled or 
disabled using bits in this register. For pixel-oriented operations, the graphics 
controller provides better control. 
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VGA-Compatible Registers 

3C5h 
(R/W) 

4,1,0 

5,3,2 

7:6 

Notes: 

SEQUENCER REGISTERS 

Character Map Select Register (SEQ03) 

VGA I I 
· Character Map Select B Bits 2:0 

Character Map Select A Bits 2:0 

Reserved 

1. Extended memory SEQ04[1] must be logical one to enable this select function; 
otherwise, the first BK of map 2 is always selected. 

2. Any changes made to this register take effect at the start of the next character line 
on the display. 

3. *Bit Pattern 
000 
001 
0 1 0 
0 1 1 
100 
1 0 1 
1 1 0 
1 1 1 

REG688000-15 
5-18 

Map Selected 
0 
1 
2 
3 
4 
5 
6 
7 

Offset into Map 
OK 
16K 
32K 
48K 
SK 
24K 
40K 
56K 
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VGA-Compatible Registers 

SEQUENCER REGISTERS 

3C5h 
{R/W) 

0 

1 

2 

3 

7:4 

VGA 

© 1993 AT/ Technologies Inc. 
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Memory Mode Register {SEQ04) 

1 
Reserved 

Extended Memory 
• Indicates 256KB of video memory is present. 
Also enables character map selection in SEQ03. 

Odd/Even 
O = Uses the LSB CPU address bit AO to select 

which memory map to access. Even CPU 
addresses access maps 0 and 2; odd add­
resses access maps 1 and 3. 

1 = Enables sequential access to video data 
maps for odd/even modes. Map Mask reg­
ister bits SEQ02[0:3] identify which maps 
are to be accessed for each CPU address. 

Chain 
O = Enables sequential data access within a bit 

map. Map Mask register bits SEQ02[0:3] 
identify which maps are to be accessed at 
any one time. 

1 = In 256-color modes map select is by CPU 
address bits AO and A 1 : 
A 1, AO Map Selected 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

•When Chain is logical one, it takes priority over 
odd/even mode bits SEQ04[2] and GRA05(4]. 
Unlike odd/even mode, SEQ04[2] is the only bit 
used to enable chain mode (double odd/even). 

•Chain does not affect CRTC access to video 
memory. 

•Odd/even bit SEQ04[2] should be the opposite of 
GRA05[4]. 

Reserved 

REG688000-15 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

314h (R/W) ____ C....-R_T_C_ln_d_e_x_R-.-e_g_is_te_r_(C_R_T--...X_) ___ --ll 
VGA l l 

4:0 

7:5 

This index points to one of the internal registers of 
the CRT controller (CRTC) at address 3?5h, for 
the next CRTC read/write operation. These 
registers are described on the following pages. 

Reserved 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

CRT CONTROLLER REGISTERS 

3?Sh(R/W)1-------H_or~iz_o_n_ta_l_T_o_ta_l~R_e_g_is_te_r_(_C_R~TO_O_) ____ ---l, 

VGA 

7:0 These bits define the active horizontal display in a 
scan line, including the retrace period. The value 
is five less than the total number of displayed 
characters in a scan line. 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

REG688000-15 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

a?Sh (R/W) Horizontal Display Enable End Register (CRT01) 

lll!ll\111~11! j~,ll!~ll!Bllli11111111111 llilllillllllilllllllil,il';i1111••1~111~11111111,11111111111Jll lll ..... 
7:0 These bits define the active horizontal display in a 

scan line. The value is one less than the total 
number of displayed characters in a scan line. 

Note: ? = B when ·GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

CRT CONTROLLER REGISTERS 

3? Sh (R/W) 1---_S_t_a_rt_H_o___,r..--iz_o_n_ta_l _B_la_n---.k_in_g_R_eg_i_st_e___,,r_( C_R_T_0_2_) ____ 
11 

VGA 
..... . .......... ·····. ·.·.:-:·:·:·:·:·:.:.;-:-:-:-:-:·:·:.: 

:::y:::1t:1tt.: >=>t:::v::1:1::::::::N.ldon:1c.: 
:::·::::::::::::;:::::::::::;:::::::::::::::::::::::::·:;:::·:: 

7:0 These bits define the horizontal character count 
that represents the character count in the active 
display area plus the right border. In other words, 
the count is from the start of active display to the 
start of triggering of the H blanking pulse. 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

REG688000-15 
5-21 



VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh(R/W)~--E_nd __ H_o~ri_zo_n_t_a_IB_l_a_nk~i_ng __ R_e_g_is_te_r~(C __ R_T0_3_) __ ~ 
VGA I l 

4:0 

6:5 

7 

H Blanking End bits 4-0, respectively 
•These are the five low-order of six bits of 
horizontal character count for triggering the end of 
the horizontal blanking pulse. The sixth bit is 
CRT05[7]. The character count is equal to the sum 
of "H blanking start" plus "H blanking pulse width". 

Display Enable Skew: 
00 =Zero-character-clock skew. 
01 =One-character-clock skew. 
10 =Two-character-clock skew. 
11 =Three-character-clock skew. 

Compatibility Read 
0 = Enables write-only to CRT10 and CRT11. 
1 = Enables read/write access to both vertical 

retrace start/end registers CRT1 O and 
CRT11. 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

REG688000-15 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh (R/W) t---_S_ta_rt_H---..or_iz_o_n_ta_l_R_e_tr-.-a_ce_R_e_gi_s_te_r-.-(C_R_T_0_4_)_---1
1 

VGA l I 
7:0 These bits define the horizontal character count at 

which the horizontal retrace pulse becomes active. 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

CRT CONTROLLER REGISTERS 

3?Sh (R/W) t----_E_n_d_H_o-.....r_iz_o_n_ta_l _R_et_r-.-ac_e_R_e_g_i_st_e_r -.-<C_R_T_0_5_) ---II 
VGA 

4:0 

6:5 

7 

H Retrace End bits 
•These are the 5-bit result from the sum of CRT04 
plus the width of the horizontal retrace pulse, in 
character clock units. 

H Retrace Delay bits 
•These two bits skew the Horizontal Retrace 
pulse. 
00 =Zero character clocks 
01 =One character clocks 
10 =Two character clocks 
11 =Three character clocks 

H Blanking End Bit 5 
•This is bit 5 of the 6-bit character count for the H 
blanking end pulse. The other five low-order bits 
are CRT03[4:0]. 

Note:?= B when GENMO(O)=O (Monochrome emulation) 
? = D when GENM0[0)=1 (Color/Graphics emulation) 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

a?Sh (R/W) ____ V_e_,_rt_ic_a_l_T_o_ta_l _R...--eg_i_st_e_r_(C_R_T--.-0_6_) __ _ 

VGA l 1 
7:0 These are the eight low-order bits of the 10-bit 

vertical total register. The two high-order bits are 
CRT07[0:5] in the CRTC overflow register. 

The value of this register represents the total 
number of H raster scans plus vertical retrace 
(active display, blanking), minus two scan lines. 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

REG688000-15 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh (R/W) i---__ C_R_T....-C_O_ve_r_flo_w----.-R_e_gi_st_e_r _(C_R--.-T_0_7) _____ 
11 

VGA J J 

0 

1 

2 

3 

4 

5 

6 

7 

Notes: 

V Total Bit 8 (CRT06) 
•Bit 8 of 10-bit vertical count for V Total (for 
functional description see CRT06 register). 

End V Display Bit 8 (CRT12) 
•Bit 8 of 10-bit vertical count for V Display enable 
end (for functional description see CRT12 register). 

Start V Retrace Bit 8 (CRT10) 
•Bit 8 of 10-bit vertical count for V Retrace start. 
For functional description see CRT1 O register. 

Start V Blanking Bit 8 (CRT15) 
•Bit 8 of 10-bit vertical count for V Blanking start 
(for functional description see CRT15 register). 

Line Compare Bit 8 (CRT18) 
•Bit 8 of 10-bit vertical count for Line Compare 
(for functional description see CRT18 register). 

V Total Bit 9 (CRT06) 
•Bit 9 of 10-bit vertical count for V Total (for 
functional description see CRT06 register). 

End V Display Bit 9 (CRT12) 
•Bit 9 of 10-bit vertical count for V Display enable 
end (for functional description see CRT12 register). 

Start V Retrace Bit 9 (CRT1 O) 
•Bit 9 of 10-bit vertical count for V Retrace start 
(for functional description see CRT1 O register). 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. Various bits in this register are functionally part of other CRTC registers. 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

315h (R/W) t---__ P_r_es-....e_t_R_o_w_S_c_a_n-,-R_e_g_is_t_e_r _(C_R~T_O_B_) ----II 
VGA I I 

4:0 

6:5 

7 

Preset Row Scan bits 4:0 
•This register is used for software-controlled 
vertical scrolling in text or graphics modes. The 
value specifies the first line to be scanned after a 
V Retrace (in the next frame.) 

• Each H Retrace pulse increments the counter by 
1, up to the Maximum Scan Line value 
programmed by CRT09, then the counter is 
cleared. 

Byte Panning Control Bits 1 and O, respectively 
•Bits 6 and 5 extend the capability of byte panning 
(shifting) by up to three characters (for description 
see H PEL Panning register ATTR13). 

Reserved 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh{R/W)--~-M_a_x_im-.-u_m_S_c_a_n_L_i~n_e_R_e_g_is_te_r_{~C_R_T_09_)~~~1 
VGA J I 

4:0 

5 

6 

7 

Maximum Scan Line bits 
•These bits define a value that is the actual 
number of scan lines per character minus one. 

Start V Blanking bit 9 (CRT15) 
•Bit 9 of 10-bit vertical count for V blanking start 
(for functional description see CRT15 registe(). 

Line Compare bit 9 (CRT18) 
•Bit 9 of 10-bit vertical count for line compare (for 
functional description see CRT18 registe(). 

200-/400-Line Scan 
O = Counter is incremented per scan line. 
1 = Clock pulses to the row scan counter are 

divided by two. Effectively, this allows the 
lines in 200-line mode to be displayed twice 
before the row scan counter is incremented 
once. 
Note: HIV display and blanking 
timings etc. (in CRTOO-CRT06 registers) 
are not affected by these bits. 

•In ATI extended modes, scan function is 
configured in ATl31[5:3] 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh {R/W) ____ C---.-ur_s_o_r _St_a_rt_R_e ___ g_is_te_r_{_C_R_T-.....OA_) ___ ---tl 
VGA I l 

4:0 

5 

7:6 

Cursor Start bits 4-0, respectively 
• These bits define a value that is the starting scan 
line (on a character row) for the line cursor. The 
five-bit value is equal to the actual number minus 
one. This value is used together with Cursor End 
bits CRTOB[4:0] to determine the height of the 
cursor. 

•The cursor height in VGA does not wrap around 
(as in EGA) and is actually absent when the 'end' 
value is less than the 'start' value. In EGA, when 
the 'end' value is less, the cursor is a full block 
cursor the same height as the character cell. 

Cursor On/Off 
O = Cursor on. 
1 = Cursor off. 

Reserved 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

a?Sh (R/W) _____ C-,....u_rs_o_r _E_nd_R_eg_i_st_e_r _(C_R_T_O-.--B_) ------fl 
VGA I l 

4:0 

6:5 

7 

Cursor End Bits 4-0, respectively 
•These bits define the ending scan row (on a 
character line) for the line cursor. In EGA, this 5-bit 
value is equal to the actual number of lines plus 
one. 

•The cursor height in VGA does not wrap around 
(as in EGA) and is actually absent when the 'end' 
value is less than the 'start' value. In EGA when 
the 'end' value is less, the cursor is a full block 
cursor the same height as the character cell. 

Cursor Skew Bits 1 and 0, respectively 
•These bits define the number of characters the 
cursor is to be shifted to the right (skewed) from 
the character pointed at by the cursor location 
registers (CATOE and CRTOF), in VGA mode. 
Skew values when in EGA mode are enclosed in 
brackets. 
00 =Zero(zero) character skew. 
01 =One (zero) character skew. 
10 =Two (one) character skew. 
11 =Three (two) character skew. 

Reserved 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh (R/W} i---_S_ta_rt_A_d_d.....-r ___ es_s_(_H_ig_h_B-.-yt_e_}_R_e_g_is_te--.-r_(C_R_T_O_C_} ---ti 
VGA I l 

7:0 

Notes: 

SA bits 15:8 
•These are the eight high-order bits of the 16-bit 
display buffer start location. The low-order bits are 
contained in CRTOD. 

•In split screen mode, CRTOC + CRTOD points to 
the starting location of screen A (top half.) The 
starting address for screen B is always zero. 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. *ATI Extended modes have additional SA bits: ATl30[6], ATl23[4]. 

CRT CONTROLLER REGISTERS 

Start Address (Low Byte} Register (CRTOD} 
3?5h (R/W} 1------~-------.------..-------11 

VGA 

7:0 

Notes: 

SA bits 7:0 
These are the eight low-order bits of the 16-bit 
display buffer start location. The high-order bits 
are contained in CRTOC. 
•In split screen mode, CRTOC+CRTOD points to 
the starting location of screen A (top half.) The 
starting address for screen B is always zero. 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. *ATI Extended modes have additional SA bits: ATl30[6], ATl23[4]. 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

a?Sh {R/W) __ c_u_r_so_r_L_o-.-c_at_io_n_{_H_ig_h---.B_yt_e )_R_e_g_is_te.....-r_{_C_R_T_OE_) ___ u 

VGA l l 

7:0 

Notes: 

CA bits 15:8 
•These are the eight high-order bits of the 16-bit 
cursor start address. The low-order CA bits are 
contained in CRTOF. This address is relative to 
the start of physical display memory address 
pointed to by CRTOC+CRTOD. In other words, if 
CRTOC+CRTOD is changed, the cursor still points 
to the same character as before. 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. ATI Extended modes use additional CA bits: ATl30[2], ATl23[3]. 

CRT CONTROLLER REGISTERS 

a?Sh {R/W) 1---_C_ur_s_o_r _L~oc_a_t_io_n_{_Lo_w~B_yt_e_)_R_e_g_is_te~r_{_C_R_T_OF_)~, 
VGA 

:,:·:::::·.::::::.:::1ij.:::.·:·.·:·=.::·.:::·::J:::.::::,::=:::·:,·:::·IBR~:1b.:<:::::::::.;. 
7:0 

Notes: 

CA bits 7:0 
•These are the eight low-order bits of the 16-bit 
cursor start address. The high-order CA bits are 
contained in CATOE. This address is relative to 
the start of physical display memory address 
pointed to by CRTOC+CRTOD. In other words, if 
CRTOC+CRTOD is changed, the cursor still points 
to the same character as before. 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. ATI Extended modes use additional CA bits: ATl30[2], ATl23[3). 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

a?Sh {R/W) t---__ S_ta_rt_V-...e_rt_i_ca_l_R_e_tr_a ....... ce_R_e_gi_s_te_r_{C....--R_T_1_0_)_---ll 
VGA l I 

7:0 

Notes: 

Bits CRT10[7:0] are the eight low-order bits of the 
10-bit vertical retrace start count. The two high­
order bits are CRT07[2:7], located in the CRTC 
overflow register. 

•These bits define the horizontal scan count that 
triggers the V retrace pulse. 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. This register is read/write enabled if CRT03[7] is set to one. It is write-only enabled 
if C RT03[7] is set to zero. 

REG688000-15 
5-32 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 



VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

a?Sh (R/W) t---__ E_n_d_V.....,.e_rt_ic_a_l _R_e_tr_ac"""'T""e_R_e_g_i_st_e_r _cc..,....R_T_1_1_) _-----1
1 

VGA I I 
3:0 

4 

5 

6 

7 

Notes: 

V Retrace End Bits 3-0 
•Bits CRT11 [0-3) define the horizontal scan count 
that triggers the end of the V Retrace pulse. 

V Retrace Interrupt Set 
O = V Retrace interrupt cleared. 

V Retrace Interrupt Disabled 
0 = Enable V Retrace interrupt. 

Reserved 

Write Protect (CRTOO-CRT07) 
O = Enables normal read/write of CRTOO to 

CRT07. 
1 = Write protect registers CRTOO to CRT07 

when in VGA mode as follows: All register 
bits except CRT07[4] are write protected. 

1. ? = B when GENMO[O)=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. This register is read/write enabled if CRT07[7] is set to one. It is write-only 
enabled if CRT03[7] is set to zero. 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh (R/W} 1---V_e_rt_i_ca_l_D""""'Ti_sp_l_ay_E_na_b_l ........ e _E_n_d_R_e_g_is_te...-r_(_C_R_T_12_}---il 
VGA l l 

7:0 These are the eight low-order bits of the 10-bit 
register containing the horizontal scan count 
indicating where the active display on the screen 
should end. The high-order bits are CRT07[1 :6] in 
the CRT overflow register. 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

CRT CONTROLLER REGISTERS 

3?Sh (R/W} i-------~O_f_fs_e_t _R_eg_i-.-st_e_r (_C_R_T_1 _3}--....------il 
VGA 

7:0 •These bits define an offset value, equal to the 
logical line width of the screen (from the first 
character of the current line to the first character of 
the next line). 

•Memory organization is dependent on the video 
mode. Bit CRT17[6] selects byte or word mode. 
Bit CRT14[6], which overrides the byte/word mode 
setting, selects Double-Word mode when it is 
logical one. 

•The first character of the next line is specified by 
the start address (CRTOC+CRTOD) plus the offset. 
The offset for byte mode is 2x C RT13; for word 
mode, 4x; for double word mode, Bx. 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh (R/W) l---__ U_nd_e-...r_lin_e_Lo_c_a_ti_o...,...n_R_e_g_is_te_r_(_C....-R_T_14_) __ --il 
VGA 1 I 

4:0 

5 

6 

7 

H Row Scan Bits 4-0 
• These bits define the horizontal scan row, from 
the top of the character line, that should be used 
for underlining. The 5-bit value is equal to the 
actual number minus one. 

Count-by-4 
O = Character clock is used unmodified at the 

memory address counter, for byte 
addressing. 

1 = Character clock is dividedby4 at the clock 
input to the Memory address counter. 
Countby4 clocks are used for double-word 
addressing. This bit overrides divide-by-2 
bit C RT17[3). 

Double-Word Mode 
O = Allows addressing mode to be selected by 

CRT17[6). 
1 = Enables double-word addressing mode. 

This bit overrides byte/word bit CRT17[6]. 

Reserved 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0)=1 (Color/Graphics emulation) 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh {R/W) 1---_S_t_art_V-....e_rt_ic_a_I B_l_a_nk_i.....-ng_R_e_gi_s_te_r--.-{C_R_T_1_5_) _---1
1 

VGA l 1 

7:0 •These are the eight low-order bits of the 10-bit 
vertical blanking start register. Bit 9 is CRT09[5]; 
bit 8 is CRT07[3]. 

• The 1 O bits specify the starting location of the 
vertical blanking pulse, in units of horizontal scan 
lines. The value is equal to the actual total number 
of displayed lines minus one. 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

CRT CONTROLLER REGISTERS 

3?Sh{R/W)r----E_nd_V--.-ert_ic_a_IB_l_a_nk_i~n_g_R_e_g_is_te_r_{C.....--R_T_16_)_--i1 
VGA l . l 

6:0 

7 

•These bits define the point at which to trigger the 
end of the vertical blanking pulse. The location is 
specified in units of horizontal scan lines. 

•The value to be stored in this register is the 
seven low-order bits of the sum of "pulse width 
count" plus the content of Start Vertical Blanking 
register (CRT15) minus one. 

Reserved 

Note: ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 
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VGA-Compatible Registers 

CRT CONTROLLER REGISTERS 

3?Sh{R/W)1--------C~R_T_M __ od_e_R_e_g_is_t~er_{_C_R_T_1~7) ______ ____ 
VGA I I 

0 

1 

2 

3 

4 
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Compatibility Mode 
O = Substitutes row scan counter bit O as bit 13 

of CRTC output during active display time. 
This allows for compatibility with, e.g. 
the 6845 controller or CGA APA modes. 

1 = Enables row scan counter bit 13 as bit 13 
of CRTC output. 

Select Row Scan Counter 
O = Selects row scan counter bit 1 (RA 1) as bit 

14 at the CRTC output during active display 
time. This substitution allows for compati­
ibility with Hercules graphics and other 
400-line graphics modes. 

1 = Selects row scan counter bit 14 (RA14) as 
bit 14 at the C RTC output. 

Vertical-by-2 
O = Increments the vertical timing counter 

every horizontal retrace. 
1 = Increments the vertical timing counter every 

two horizontal retrace pulses. It effectively 
doubles the vertical resolution by two, for 
example, to 2048 horizontal scan lines in 
VGA, and 1024 in EGA. 
Note: When bit 2 is logical one, other 
vertical register values should be adjusted 
as well (CRT06, CRT10, CRT12, CRT15, 
and CRT18). 

Count-by-2 
O = Increments the memory address counter 

every character clock. 

1 = Increments the memory address counter 
every two character clocks. 

Reserved 
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CRT CONTROLLER REGISTERS 

3?Sh (R/W) ____ C.....-R_T_M_o_d_e_R_e-.-g_is_te_r_(C_R_T_1---.-7_) -----II 
VGA l l 

5 Address Wrap 

6 

7 

Notes: 

O = Indicates only 64K video memory is to be 
addressed: In word mode, address counter 
bits are left shifted once, so bit 13 (MA 13) is 
wrapped around to bit O position at the 
CRTC output. 

1 = Enables 256K video memory addressing: 
In word mode, address counter bits are 
rotated left by one, so bit 15 (MA 15) is 
wrapped around to bit O position at the 
CRTC output. 

Byte/Word Mode 
O = Selects word mode memory addressing. 

The memory address is rotated left by one. 
1 = Selects byte mode memory addressing. 

HIV Retrace Enable 
O = Disables horizontal and vertical retrace. 
1 = Enables horizontal and vertical retrace. 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

2. 640x200 mode is programmed for 100 horizontal scan lines with two row scan 
addresses per character row. Odd scan lines are offset in the display memory by 
SK bytes. 

REG688000-15 
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CRT CONTROLLER REGISTERS 

3?Sh (R/W) r------L_in.....-e_C_o_m_p_a_re___,,R_eg_i_st_e_r _(C_R_T....--1_8) ___ --i, 
VGA J I 

7:0 • These bits are the eight low-order of the 1 0-bit 
line compare register. Bit 8 is CRT07[4], bit 9 is 
CRT09[6]. The value of this register is used to 
disable scrolling on a portion of the display screen, 
as when split screen is active. When the vertical 
counter reaches this value, the memory address 
and row scan counters are cleared. 

•The screen area above the line specified by this 
register is commonly called screen A. The screen 
below is screen B. Screen B cannot be scrolled, 
but it can be panned only together with screen A, 
controlled by the PEL panning compatibility bit 
ATTR10[5). (For a description of this control bit 
see. A TTR 10{5].) 

Note:?= B when GENMO[O]=O (Monochrome emulation) 
? = D when GENM0[0]=1 (Color/Graphics emulation) 

GRAPHICS CONTROLLER REGISTERS 

3CEh 
(R/W) 

Graphics Controller Index Register (GRAX) 

VGA 

··::::: :,:.::::::a•,t::.:::·:tJt::::::::::·:'::::::::M•o.n:1~::::y 
3:0 

7:4 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

•This index is used to address one of the internal 
registers of the graphics controller (GRAC) at 1/0 
port 3CFh. These are described on the following 
pages. 

Reserved 
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GRAPHICS CONTROLLER REGISTERS 

3CFh 
(R/W) 

0 

1 

2 
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VGA 

Set/Reset Register (GRAOO) 

1 1 
Set/Reset Map O 
O = All eight bits of buffer map O are to be written 

with zeros during CPU write if write mode is 
O (See write mode bits GRA05[1 :O]), and if 
the enable set/reset bit GRA01 [O] is a 
logical one. 

1 = All eight bits of buffer map 1 are to be written 
with ones during CPU write if write mode is 
O or 3 (See write mode bits GRA05[1 :0)), 
and if the enable set/reset bit GRA01 [O) is 
a logical one. 

Set/Reset Map 1 
0 = All eight bits of buffer map 1 are to be written 

with zeros during CPU write if write mode is 
O (See write mode bits GRA05[1 :0)), and if 
the enable set/reset bit GRA01 [1] is a 
logical one. 

1 = All eight bits of buffer map 1 are to be written 
with ones during CPU write if write mode is 
O or 3 (See write mode bits GRA05[1 :0)), 
and if the enable set/reset bit GRA01 [1] is 
a logical one. 

Set/Reset Map 2 
O = All eight bits of buffer map 2 are to be written 

with zeros during CPU write if write mode is 
O (See write mode bits GRA05[1 :0)), and if 
the enable set/reset bit GRA01 [2] is a 
logical one. 

1 = All eight bits of buffer map 2 are to be written 
with ones during CPU write if write mode is 
O or 3 (See write mode bits GRA05[1 :0)), 
and if the enable set/reset bit GRA01 [2] is 
a logical one. 
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GRAPHICS CONTROLLER REGISTERS 

Set/Reset Register (GRAOO) 3CFh 
(R/W) VGA J l 

3 

7:4 
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Set/Reset Map 3 
O = All eight bits of buffer map 3 are to be written 

with zeros during CPU write if write mode is 
0 (See write mode bits GRA05[1,0]), and if 
the enable set/reset bit GRA01 [3] is a 
logical one. 

1 = All eight bits of buffer map 3 are to be written 
with ones during CPU write if write mode is 
0 or 3 (See write mode bits GRA05[1 :O]), 
and if the enable set/reset bit GRA01 [3] is 
a logical one. 

Reserved 
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3CFh 
{R/W) 

0 

1 

2 

3 

7:4 

GRAPHICS CONTROLLER REGISTERS 

Enable Set/Reset Register {GRA01) 

VGA I I 
Enable Set/Reset Map O 
O = If write mode is O (GRA05[1 :0]=0) CPU data 

is written to memory map O. 
1 = If write mode is 0 (GRA05[1 :0]=0) GRAOO[O] 

is written to all eight bits of memory map 0. 

Enable Set/Reset Map 1 
O = If write mode is 0 (GRA05[1 :0]=0) CPU data 

is written to memory map 1. 
1 = If write mode is O (GRA05(1 :0)=0) GRA00(1] 

is written to all eight bits of memory map 1. 

Enable Set/Reset Map 2 
0 = If write mode is O (GRA05[1 :0]=0) CPU 

data is written to memory map 2. 
1 = If write mode is O (GRA05[1 :0]=0) GRA00[2] 

is written to all eight bits of memory map 2. 

Enable Set/Reset Map 3 
O = If write mode is O (GRA05[1 :0]=0) CPU 

data is written to memory map 3. 
1 = If write mode is O (GRA05(1 :0]=0)GRA00[3] 

is written to all eight bits of memory map 3. 

Reserved 

Note: This register has no effect on data source select when video memory map 
write mode is 1, 2, or 3. 

REG688000-15 
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GRAPHICS CONTROLLER REGISTERS 

Color Compare Register (GRA02) 3CFh 
(R/W) VGA I l 

3:0 

7:4 
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Color Compare Map bits 3-0 
•In Read mode (GRA05[3] being logical one), the 
four bits from this register are compared with the 4-
bit PEL value (made up of one bit from each map), 
from bit positions O to 7. 

•As long as the Color Don't Care bits 
(GRA07[0:3]) for the respective maps are logical 
ones, the compare takes place only on those bits 
of the PEL value, and CPU reads a one for a 
match in that bit position. 

• If Color Don't Care bit for one map is logical 
zero, the latched data from that map is excluded 
from the compare, and only the remaining three 
bits are compared to generate the bus data. 

Reserved 
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GRAPHICS CONTROLLER REGISTERS 

3CFh 
(R/W) 

2:0 

4:3 

7:5 

REG688000-15 
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VGA 

Data Rotate Register (GRA03) 

I I 
Rotate Count Bits 2-0 
•Specifies the number of bit positions the CPU 
data is to be rotated to the right, before doing the 
function selected by bits 3 and 4 above and 
subsequent bit mask select and write operations. 

•Rotation is carried out only in write modes O and 
3. In these two modes, the CPU data is rotated 
first, then operated on by the function bits 
GRA03[4:3), then updated by the bit mask register 
GRAOS. 

Function Select Bits 1 and 2 
00 =CPU data replaces latched data. 
01 =CPU data ANDed with latched data. 
10 =CPU data ORed with latched data. 
11 =CPU data XORed with latched data. 

These functions are performed on the CPU data 
before the selected bits are updated by the bit 
mask register, and then written to the display 
buffers. 

Reserved 
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GRAPHICS CONTROLLER REGISTERS 

3CFh 
{R/W} 

Read Map Select Register (GRA04} 

VGA 

1 :0 

7:2 

Notes: 

I l 
Bits 1 and 2, respectively 
•Read mode O only: GRA controller returns the 
contents of one of the four latched buffer bytes to 
CPU each time a CPU read loads the latches. 
These two bits (0 and 1) define a value that 
represents the bit map where CPU is to read data 
-useful in transferring bit map data between the 
maps and system RAM. 

Reserved 

1. In Odd/Even modes, the value may be binary 00 or 01 for chained bit maps O and 1 

2. In mode 13h, where all maps are chained to form one map, and in read mode 1, 
this register is ignored. 
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GRAPHICS CONTROLLER REGISTERS 

3CFh 
(R/W) 

1 :0 

2 

REG688000-15 
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VGA 

Graphic Mode Register (GRA05) 

l l 
Write Mode 
00 =The CPU data byte can be written to video 

buffers map data latches in two dimensions: 
1) Byte-oriented: to update any or all maps. 
2) Pixel-oriented: to update any or all eight 

pixels using a predefined pixel value. 
• Updates are controlled using values in the 
internal registers of this graphics controller, 
namely GRAOO-GRA08. 
•If enable set/reset bits are all zeros, CPU data 
updates the latches according to the function 
bits GRA03[4:3], and each map is updated as 
masked by GRA08[7:0]. 

01 = Each map is written with the contents of its 
respective latches. These latches are 
loaded by a previous CPU memory read 
operation. 

10 =Pixel-oriented: The four low-order bits of the 
CPU data are combined with the pixel 
values from the maps according to the 
functions specified by GRA03[4:3], and 
each map is updated as masked by 
GRA08[7:0]. 

11 =Pixel-oriented, write mode 3 involves the 
following data manipulations: 
1) CPU data is rotated by GRA03[2:0], then 
logical ANDed with the Bit Mask register bits 
GRA08[7:0]. The result is an 8-bit mask for 
use in write mode 3, to determine which 
pixels (from step 2 below) are to be updated 
by the set/reset value, and which pixels are 
updated directly from the latches. 
2) The set/reset pixel values are produced 
as follows: The set/reset bits GRA00[0:3] 
are compared with each pixel value from the 
latches according to function bits 
GRA03[4:3]. 

Reserved 
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GRAPHICS CONTROLLER REGISTERS 

3CFh 
(R/W) 

3 

4 

VGA 
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Graphic Mode Register (GRA05) 

1 I 
Read Mode 
O = Byte-oriented: CPU reads the memory map 

specified by the Read Map Select register 
GRA04 unless SEQ04[3] is logical one 
(Chain). In case SEQ04[3] is logical one, 
CPU address bits AO and A1 are used to 
read the specified memory map. 

1 = Pixel-oriented, 4-bit value: The value is 
made up of one bit from each map. CPU 
reads the result of the comparison of this 
pixel value ANDed with the 4-bit color 
compare register value. If a bit in the Color 
Don't Care register (GRA07) is zero, that bit 
position is excluded from the compare. A 
match causes that position in the byte to be 
read out by CPU as a one. This process is 
repeated for all eight pixels. 

Odd/Even Addressing Enable 
•Used to enable CGA emulation, this bit enables 
odd/even addressing mode when it is logical one. 
Normally, this bit and memory mode bit SEQ04[2] 
are set to agree with each other in enabling 
odd/even mode emulation. 
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GRAPHICS CONTROLLER REGISTERS 

3CFh 
(R/W) 

6:5 

7 

REG688000-15 
5-48 

VGA 

Graphic Mode Register (GRAOS) 

I l 
Bit 6 = 256-color Mode 
Bit 5 = Shift Register Mode 
•These bits control how data from memory is 
loaded into the shift registers. 
MODO:MOD7, M1DO:M107, M2DO:M2D7, and 
M3DO:M3D7 are representations of this data. 
The LSB bits are shifted out first: 
00 = 

MSB LSB O/P 
MODO MOD1 MOD2 M003 M004 MODS MOD6 MOD7 -7CO 
M1DO M101 M102 M103 M1D4 M1 DS M1 D6 M1 D7 -7 C1 
M2DO M201 M2D2 M203 M204 M20S M2D6 M2D7 -7C2 
M3DO M3D1 M3D2 M303 M304 M30S M3D6 M3D7 -7C3 

01 = 
MSB LSB O/P 
M1 DO M1 D2 M104 M1 D6 MODO M002 M004 MOD6 -7 CO 
M1D1 M1D3 M1DS M107 M001 MOD3 MODS MOD7 -7C1 
M3DO M3D2 M3D4 M3D6 M2DO M2D2 M2D4 M2D6 -7 C2 
M3D1 M3D3 M3DS M3D7 M2D1 M2D3 M2DS MOD7 -7C3 

10 = 
When GRA05[6] = 1, bit 5 is ignored- maps 0:3 
data is consequently read as packed pixels. 

11 = 
When GRA05[6] = 1, bit 5 is ignored - maps 0:3 
data is consequently read as packed pixels. 

Reserved 

@ 1993 A Tl Technologies Inc. 
Proprietary and Confidential 



VGA-Compatible Registers 

GRAPHICS CONTROLLER REGISTERS 

3CFh 
(R/W} 

Graphics Miscellaneous Register (GRA06} 

VGA 

0 

1 

3:2 

7:4 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

l l 
Graphics/* Alphanumeric Mode 
O = Selects A/N (alphanumeric mode): display 

data bypasses the graphics controller and 
latches into the attribute controller. 

1 = Selects APA (graphics) mode: color data is 
serialized in the shift registers before it is 
passed to the attribute controller 

Chain Odd Maps to Even 
1 = CPU address bit AO is replaced by a higher 

order address bit. Even maps (0 and 2) are 
selected when AO= zero; odd maps are 
selected when AO= one. 

Memory Map Read Bits 1 and 0, respectively 
00 =Maps the display buffer into processor 

address AOOOOh for 128K bytes. 
01 =Maps the display buffer into processor 

address AOOOOh for 64K bytes. 
10 =Maps the display buffer into processor 

address BOOOOh for 32K bytes. 
11 =Maps the display buffer into processor 

address B8000h for 32K bytes. 

Reserved 
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3CFh 
(R/W) 

GRAPHICS CONTROLLER REGISTERS 

Color Don't Care Register (GRA07) 

VGA l l 
O Ignore Map O 

1 Ignore Map 1 

2 Ignore Map 2 

3 Ignore Map 3 

7:4 Reserved 

Notes: 

1. A byte is latched from each memory map in a CPU read, mode 1. The color value 
of a pixel (PEL) is made up of a bit from each map. The 4-bit PEL value is ANDed 
with the four bits from this register. 

2. Any bit (map x) indicated by a logical zero in this register causes the corresponding 
bit in the PEL value to exclude itself from the comparison with the color compare 
bits. The remaining bits are AN Ded with the 4-bit color compare register, where a 
match produces a logical one for that bit position in the CPU data byte as read data 

3. For example, if register value is "1111 ",the entire 4-bit PEL value is compared with 
the color compare bits. If any bit position matches, a logical one in the 
corresponding bit position is generated, as CPU read data. 

REG688000-15 
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GRAPHICS CONTROLLER REGISTERS 

3CFh 
(R/W) VGA 

Bit Mask Register (GRAOS) 

1 I 
7:0 O = Data is from latches: Logical zero in a bit 
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position preserves the memory content of 
the four maps in the same bit position. 

1 = Data is from CPU byte: Logical one in a bit 
position allows updating of the four map bits 
that are in the same bit position. This 
register is used directly in write modes 0-2 
only. Bit masking in write mode 3 involves 
the CPU data, which is described in register 
GRA05. 

REGBBB000-15 
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ATTRIBUTE CONTROLLER REGISTERS 

3C1h (R) 
3COh (W) 

4:0 

5 

7:6 

Notes: 

VGA 

A TTR Index Register (ATTRX) 

I I 
ATTA Index Bits 4-0 
•This index points to one of the internal registers 
of the attribute controller (ATIR) at addresses 
3C 1 h/3COh, for the next A TIR read/write 
operation. 

Since both the index and data registers are at the 
same 1/0 port, a pointer to the registers is 
necessary. This pointer can be initialized to point 
to the index register by a read instruction to the 
GENS1 register. 

Palette Address Source 
O = Allows the processor to load the color 

palette registers. 
1 = Allows memory data to access the color 

palette registers. 

After loading the color palette, this bit should be 
set to logical one. 

Reserved 

1. After initialization, OUT commands toggle between writing to the ATTRX and the 
indexed Attribute registers. 

2. The Attribute registers operate with the Palette registers to establish the video DAC 
PEL definition. 

REG688000-15 
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ATTRIBUTE CONTROLLER REGISTERS 

Palette Registers 0-F (A TTROO-OF) 3C1h (R) 
3COh (W) VGA I I 

5:0 

7:6 

Notes: 

Color Bits 5-0 
• Bits 0-5 map the text attribute or graphic color 
input value to a display color on the screen. Color 
is disabled for those bits that are set to logical 
zero; enabled for those bits set to logical one. 

Reserved 

1. The two high-order bits of a 6-bit palette register content are stored in ATTR14[3:2]. 

2. Color bits 4 and 5 are substituted by A TTR 14[1 :O] when color source select 
ATTR10[7] is logical one. 

3. In all modes except 256-color mode, pre-mapped 4-bit pixel values are used as 
addresses into the 16 A TTR palette registers. These internal registers allow 16 
colors to be displayed simultaneously. The actual color output is the content of 
these registers. 

4. In 256-color mode, where 256 colors can be displayed simultaneously, these 
registers are used only to index into the external registers, also called the DAC 
color table, where the color output values are stored. 

5. Modification of these 16 internal palette registers enables the user to access 64 
different addresses in the DAC color table. 
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ATTRIBUTE CONTROLLER REGISTERS 

3C1h (R) 
3COh {W) 

0 

1 

2 

3 

4 

5 

6 
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VGA 

Mode Control Register (ATTR10) 

I I 
Graphics/* Alphanumeric Mode 
1 = Selects monochrome display. 
O = Selects A/N: alphanumeric mode. 
1 = Selects APA: graphics mode. 

Monochrome/*Color Attributes Select 
O = Selects color display. 
1 = Graphics/* Alphanumeric Mode 

Line Graphics Enable 
O = Sets the ninth dot to the background color: 

mandatory for character fonts that do not 
use the line graphics character codes 
(COh-DFh). 

1 = Enables the special line graphics character 
codes for monochrome emulation, and sets 
the ninth dot of a line graphics character to 
be the same as the eighth dot. 

Blink Enable/*Background Intensity 
O = Allows bit 7 of the character attribute to 

control background intensity. 
1 = Allows bit 7 of.the character attribute to 

control blinking. 

Reserved 

PEL Panning Compatibility 
O = Allows both halves of a split screen to pan 

together by preventing a line compare split 
screen function from affecting the output of 
PEL panning register ATTR13 and byte 
panning bits CRT08[6:5] 

1 = For panning only the top half of a split 
screen: by forcing A TTR 13 output to zero 
until the start of the next V sync pulse when 
line compare condition is "true". 

PEL Clock Select 
0 = Shift registers are clocked every dot clock. 
1 = For 256-color mode 13h: eight bits of video 

data are packed to form a pixel. 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 



VGA-Compatible Registers 

ATTRIBUTE CONTROLLER REGISTERS 

3C1h (R) 
3COh (W) 

7 

VGA 
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Mode Control Register (ATTR10) 

l l 
Alternate Color Source 
O = Selects palette register bits 4 and 5 (in 

A TIROO-OF) as source for color output bits 
P4 and PS. 

1 = Selects ATTR14[1 :0) as source for color 
output bits P4 and P5, respectively. 

REG688000-15 
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ATTRIBUTE CONTROLLER. REGISTERS 

3C1h (R) 
3COh (W) VGA 

Overscan Color Register (ATTR11) 

l I 
7:0 Bits 7 - 0 

Notes: 

1. These bits define the color of the border (overscan) area in 80-column modes. 
Overscan borders are not supported in 40-column modes. 

2. Refer to the description and notes for registers ATTROO-OF for information 
regarding how the color bits are substituted: bits 6 and 7, ATIR14[3:2], 
and bits 4 and 5, ATIR14[1 :O]. 
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VGA-Compatible Registers 

ATTRIBUTE CONTROLLER REGISTERS 

3C1h (R) 
3COh (W) 

Color Map Enable Register (ATTR12) 

VGA J J 
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3:0 Enable Color Map bits 3-0 

5:4 

7:6 
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O = Disables data from maps 3-0 to be used for 
video output. 

1 = Enables data from a specific map, maps 
3-0, to be used for video output. 

Video Status Mux bits 0-1 
•These are control bits for the multiplexer on color 
bits PO-P7. The bit selection is also indicated at 
GENS1 [5,4] as follows: 
00 =P2, PO. 
01 =PS, P4. 
10 =P3, P1. 
11 =P7, P6. 

Reserved 
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3C1h (R} 
3COh (W} 

3:0 

7:4 

ATTRIBUTE CONTROLLER REGISTERS 

Horizontal PEL Panning Register (A TTR13) 

VGA 1 l 
Shift Count Bits 3-0 
•The shift count value (0-8) indicates how many 
pixel positions to shift left. 

COUNT 
VALUE 

0 
1 
2 
3 
4 
5 
6 
7 
8 

Reserved 

MODES 
O+, 1+, 2+, 

3+,7, 7+ 
1 
2 
3 
4 
5 
6 
7 
8 
0 

MODE 13 ALL OTHER MODES 

0 0 
1 

1 2 
3 

2 4 
5 

3 6 
7 

Note: NN modes O+, 1+, 2+, 3+, and 7+ are enhanced modes with 9x16 box size 
resolution. NN mode 7 has a 9x14 box size. APA mode 13 has a 320x200 
screen resolution. 

REG688000-15 
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VGA-Compatible Registers 

ATTRIBUTE CONTROLLER REGISTERS 

3C1h {R) 
3COh {W) 

1 :0 

3:2 

7:4 

VGA 

© 1993 AT/ Technologies Inc. 
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Color Select Register {A TTR14) 

I I 
Color bits PS and P6, respectively. These bits are 
the color output bits (instead of bits 5 and 4 of the 
internal palette registers ATIROO-OF) when 
alternate color source, bit ATIR10[7], is logical 
one. 

Color bits P7 and P6, respectively. These two bits 
are the two high-order bits of the 8-bit color, used 
for rapid color set switching (addressing different 
parts of the DAC color lookup table). The lower 
order bits are in registers A TIROO-OF. 

Reserved 
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VGA-Compatible Registers 
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VGA Register Extensions 

Configuring VGA Extended Registers 

1/0 address and offset for ATI's VGA extended registers are user-selectable. This feature 
allows users to pick an unoccupied 1/0 address for the extended registers when there is 1/0 
port conflict with other peripheral hardware. Nonnally, on system reset, the BIOS writes the 
values for 110 Address (Al l:AO) and Offset (01:00) to locations 3CEh offset 50h and 51h. 
These registers are write-only. 

The default values for address and offset are" 1 CE" and "2" respectively, as illustrated below: 

Address: 3CEh Offset: 50h 
Bit 7 Bit 0 

I A 71 A6 I M I A4 I A3 I A2 I Al I AO I 
Address: 3CEh Offset: 5th 

Bit7 

01 00 "O" "O" 

BitO 

All AlO A9 A8 

The following code will program "I CE" as the 1/0 address, and "2" as the index offset: 

MOV DX, 3CE 
MOV AX, CESO ;CE = address bits A? to AO 
OUT DX.AX 
MOV AX, 8151 ;81 =offset bits 1, 0 +two "O", and address bits A11 to AB 
OUT DX.AX 

© 1993 AT/ Technologies Inc. 
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VGA Register Extensions 

VGA Extended Registers - by Name 

ATIX R/W 
ATIOl R/W 
ATI02 R/W 
ATI03 R/W 
ATI04 R/W 
ATI05 R/W 
ATI06 R/W 
ATI20 R/W 
ATI23 R/W 
ATI24 R/W 
ATl25 R/W 
ATI26 R/W 
ATI28 R 
ATI29 R 
ATI2B R/W 
ATl2D R/W 
ATI2E R/W 
ATl30 R/W 
ATI31 R/W 
ATI32 R/W 
ATl33 R/W 
ATl34 R/W 
ATI35 R/W 
ATI36 R/W 
ATI37 R 
ATl38 R/W 
ATI39 R/W 
ATI3A R/W 
ATI3B R/W 
ATI3C R 
ATI3D R/W 
ATl3E R/W 
ATI3F R/W 

REG688000-15 
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ATI Index 6-3 
ATI Register 1 6-5 
ATI Register 2 6-6 
ATI Register 3 6-7 
ATI Register 4 6-8 
ATI Register 5 6-9 
ATI Register 6 6-10 
ATI Register 20 6-11 
ATI Register 23 6-12 
ATI Register 24 6-13 
ATI Register 25 6-14 
ATI Register 26 6-15 
ATI Register 28 6-16 
ATI Register 29 6-17 
ATI Register 2B 6-18 
ATI Register 2D 6-19 
ATI Register 2E 6-20 
ATI Register 30 6-21 
ATI Register 31 6-22 
ATI Register 32 6-23 
ATI Register 33 6-24 
ATI Register 34 6-25 
ATI Register 35 6-26 
ATI Register 36 6-27 
ATI Register 37 6-28 
ATI Register 38 6-29 
ATI Register 39 6-30 
ATI Register 3A 6-31 
ATI Register 3B 6-32 
ATI Register 3C 6-33 
ATI Register 3D 6-34 
ATI Register 3E 6-35 
ATI Register 3F 6-36 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

ATI Index Register (ATIX) 
*(R/W) 

VGA 1 I 
0 Index Bit 10 

1 Index Bit 11 

2 Index Bit 12 

3 Index Bit 13 

4 Index Bit 14 

5 Index Bit 15 

6 Offset Bit 00 

7 Offset Bit 01 

*The 1/0 address and offset are programmed as illustrated on page I. AT/ Extended 
registers must have both 110 address and offset configured before being accessed. 

Note: 

1. Assuming that the 1/0 address for the extended registers has been configured as illus­
trated in the example at the beginning of this chapter, i.e., an address of 1 CEh with an 
index offset of 2h, the steps for writing a value of "FF" to the extended register at 
index "3E" (A TI3E) are as follows: 

a) Obtain the offset for ATI3E by concatenating the index offset "2" (bits 01-00) 
to the register index "3E" (bits 15-IO). For this example, it is "1011 1110" (BE): 

Address: I CEh Offset: 2h 

Bit 7 Bit 0 

b) Write "FF" to the extended register ATI3E by specifying "FFBE" in the 
program code as follows: 

MOV DX, 1CE 
MOV AX, FFBE 
OUT DX, AX 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

VGA I I 
*(R/W) 

ATI Register 0 (ATIOO) 

7:0 Scratch Pad Bits 7:0 

Note: 

1. *The port address of A TI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

VGA I 
*(R/W) 

ATI Register 1 (ATI01) 

7:0 Scratch Pad Bits 7:0 

Note: 

1. *The port address of A TI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

VGA l 
*(R/W) 

ATI Register 2 {ATI02) 

7:0 Scratch Pad Bits 7:0 

Note: 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
ATI Register 3 (ATI03) 

VGA 

7:0 Scratch Pad Bits 7:0 

Notes: 

1. *The port address of A TI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

VGA l 
*(R/W) 

ATI Register 4 (ATI04) 

7:0 Scratch Pad Bits 7:0 

Notes: 

I. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) ATI Register 5 {ATI05) 

VGA J l 

3:0 

5:4 

6 

7 

Notes: 

CPUCLK Select bits 3:0. 
•Selects number of CPU clocks for the basic 
command cycle in the local bus. Power-up 
default is 6 CPU clocks. 

Delay memory read ready control bits 1 :0. 
00 Read Ready signal is 1 MCLK before 

memory data is available. 
01 Read Ready signal is active at the same 

time as memory data. 
10 Read Ready signal is 1 MCLK after 

memory data is available. 
11 Read Ready signal is 2 MCLK after 

memory data is available. 

Delay latch memory read data in VGA planar 
mode by half the period of the memory clock. 

Cursor blink rate select 
O = Normal blink rate 0/GA standard) 
1 = Half normal blink rate. 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 

2. See Appendix G for register definition for the A TI 68800LX controller. 

3. ATI05[3:0] can be programmed only when ATI2E[4] is logical zero. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

ATI Register 6 (ATI06) 
*(R/W) 

VGA l 
2:0 

3 

6:4 

7 

Notes: 

Text mode character FIFO depth. Power-up 
default is 2. 

Reserved 

Programs the number of CPU CLK in the BIOS 
ROM read cycle in local bus. Power-up default is 3. 

Reserved 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 

2. See Appendix G for register definition for the A TI 68800LX controller. 

3. Bits 6:4 of this register can only be programmed when bit 4 of register A TI24 is a zero. 

REG688000-15 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

3:0 

4 

6:5 

7 

Note: 

ATI Register 20 (ATl20) 

1 l 
Display FIFO Bits 3:0 
•These bits select the video Fl FO depth at which 
Display Request changes from low priority to high 
priority in the memory controller. Power-up default 
is8. 

16-bit ROM Access 
1 = Enables 16-bit ROM access. 

RAMDAC extended address select bits RS3:2 

Reserved 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 

2. See Appendix G for register definition for the A TI 68800LX controller. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

2:0 

3 

4 

7:5 

Note: 

ATI Register 23 (ATl23) 

16-Bit ROM Access Bits 2:0 
•ROM Access Time bit (in single ROM, 16-bit 
mode). 

ATl-Ext CRTC CA Bit 17 
•This is bit 17 of the cursor start address (CA) 
when in ATI extended modes. See CATOE and 
CRTOF for descriptions. 

ATl-Ext CRTC SA Bit 17 
• This is bit 17 of the display buffer start address 
(SA) when in ATI extended modes. See CATOE 
and CRTOF for descriptions. 

Reserved. 

1. *The port address of A TI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

ATI Register 24 (A Tl24) 

l l 
0 ROM Page 0 Bit 0 

1 ROM Page 0 Bit 1 

2 ROM Page 0 Bit 2 

3 ROM Page 0 Bit 3 

4 ROM Page 1 Bit 0 

5 ROM Page 1 Bit 1 

6 ROM Page 1 Bit 2 

7 ROM Page 1 Bit 3 

Note: 

I. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

REG6BB000-15 
6-13 



VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

ATI Register 25 (ATl25) 

l ... 1.. 

0 ROM Page 2 Bit 0 

1 ROM Page 2 Bit 1 

2 ROM Page 2 Bit 2 

3 ROM Page 2 Bit 3 

4 ROM Page 3 Bit 0 

5 ROM Page 3 Bit 1 

6 ROM Page 3 Bit 2 

7 ROM Page 3 Bit 3 

Note: 

I. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

0 

2:1 

3 

5:4 

6 

7 

Note: 

ATI Register 26 (ATl26) 

I .J 
Display Enable Skew-by-2 
1 = Skews "Display Enable" by 2 characters. 

Reserved 

General Purpose R/W Bit 

Reserved 

Solid Underline 
O = Dashed underline in monochrome text 

mode. 

1 = Solid Underline in monochrome text mode. 

Forced Read 3CCh 
O = Normal read back operation. 
1 = Force data bits GENM0[7:1] to logical zero 

during read operation of 3CCh. 

I. *The port address of A TI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

ATI Register 28 (ATl28) 
*(R) 

VGA 

0 Vertical Line Counter Bit 8 

1 Vertical Line Counter Bit 9 

7:2 Reserved 

Note: 

1. *The port address of ATI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 
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6-16 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 



VGA Register Extensions 

ATI EXTENDED REGISTERS 

VGA l I 
*(R) 

ATI Register 29 (ATl29) 

7:0 Vertical Line Counter Bits 7:0 

Note: 

1. *The port address of ATI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 

© 1993 A Tl Technologies Inc. 
Proprietary and Confidential 

REGBBB000-15 
6-17 



VGA Register Extensions 

ATI EXTENDED REGISTERS 

ATI Register 28 (ATl28) 
*(R/W) 

VGA l l 

0 Video Zero Wait-State Enable 

1 

2 

3 

4 

5 

6 

7 

Note: 

1 = Enable zero wait-state support for video 
memory write. 

BIOS Zero Wait-State Enable 
1 = Enable zero wait-state support for BIOS 

read. 

1/0 Zero Wait State Enable 
1 = Enable 1/0 zero wait state. 

Double scan lock enable 
1 = Lock the CRTC9[7] bit from being altered. 

Lock DAC Write 
1 = Lock RAMDAC write select signal. 

Reserved 

Memory data delay latch in text mode 
1 = delay latching of memory data from the 

DRAM port by 1 /2 MCLK in text mode. 

Video data delay latch in text mode 
1 = Delay internal latching of video data from 

the serial port by 1/2 MCLK in text mode. 

1. *The port address of A TI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 

2. See Appendix G for register definition for the A TI 68800LX controller. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) ATI Register 2D (ATl2D) 

illii ililiill !i l\l!liilllliiittilli!1Hf IIl!!llrull;1lJilil!illltl!illi~lill;l ~iili1••llll1! l~!l~i;iilil! 
1 :0 

3:2 

7:4 

Note: 

Bits 19:18 of the Extended Cursor Address. 

Bits 19:18 of the Extended Start Address. 

Bits 19: 16 of the Extended Character Map 
Address. 

1. *The port address of ATI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 

1 :0 

3:2 

4 

7:5 

Note: 

VGA 

ATI Register 2E (ATl2E) 

I 1 

CPU Write Page Pointer bits 5:4 

CPU Read Page Pointer bits 5:4 

o = Enables programming of the CPUCLK Select 
1 = Locks CPUCLK Select bits ATI05[3:0] 

Horizontal Sync Skew 2:0 by pixel clock 

I. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

0 

1 

2 

3 

4 

5 

6 

7 

Note: 

ATI Register 30 (ATl30) 

I I 
1 = Skews Display Enable by one character clock 

Reserved 

ATl-Ext CRTC CA Bit 16 
•This is bit 16 of the cursor start address (CA) 
when in ATI extended modes. See CRTOE and 
CRTOF for descriptions. 

1 MB Memory Support 
1 = Indicates 1MB video RAM is reserved for 

VGA. 

Video Memory Size 
O = 256KB video RAM is reserved for VGA 
1 = 512KB video RAM is reserved for VGA 

ATl-Ext 256-Color Mode Select 
1 = Enables 256-color mode in A Tl extended mode 

ATl-Ext CRTC SA Bit 16 
•This is bit 16 of the display buffer start 
address (SA) when in ATI extended modes. See 
CRTOC and CRTOD for descriptions. 

Reserved 

I. *The port address of A TI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

0 

2 

5:3 

6 

7 

Note: 

ATI Register 31 {ATl31) 

I I 
EGA 1/0 Address Compatibil~y 
1 = Forces all VGA 1/0 port addresses to be 

EGA-compatible. 

EGA Register Compatibility 
1 = Forces all VGA registers to be EGA­

register-compatible. 

General Purpose R/W Bit 
• Read/write bit. Any status can be stored here 
and read back later. 

Scan Function Bits 2:0 
000 =Normal scanning. 
001 = APA mode: Enables double scanning in lieu 

of C RT09[7]. 
010 =APA mode: Enables 3 of 4 scanning. 
101 = A/N mode: Enables double scanning in lieu 

of C RT09[7]. 
110 = A/N mode: Enables 3 of 4 scanning. 

V Timings Divide-by-2 
O = Vertical timings at current clock rate. 
1 = Divides vertical timing parameters by 2. 

Reserved 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

::::t:::::::la1t:1:tt::Jrnrn:lt::::::u&t.itiM:::::::tI:II 
:;:::::::::::::;:::::::::::::;:::::::::::::::;:;:;:;::::::::::::::;:::::;:;:;:;:;:;:::;:::::::::;:;:;:;:::;:;:::::;:;:;:::::::::::::::::::::::::::::::::::::;::::: 

0 

4:1 

7:5 

Notes: 

ATI Register 32 (ATl32) 

CPU Address Read Paging bit - used with 
bits 7:5, must be set to logical zero. 

0000 = 1st 64K block or 1st 128K block. 
0001 =2nd 64K block or 2nd 128K block. 
0010 = 3rd 64K block or 3rd 128K block. 
0011 = 4th 64K block or 4th 128K block. 
0100 = 5th 64K block. 
0101 = 6th 64K block. 
0110 =7th 64K block. 
0111 = 8th 64K block. 
1000 =9th 64K block. 

•CPU Address Write Paging bits 3:0. 

•If ATl3E[3] is logical zero, bits ATl32[3:1] are 
used to control both CPU read and write paging. 

000 = 1 st 64K block or 1 st 128K block. 
001 = 2nd 64K block or 2nd 128K block. 
010 =3rd 64K block or 3rd 128K block. 
011 = 4th 64K block or 4th 128K block. 
100 = 5th 64K block. 
101 =6th 64K block. 
110 =7th 64K block. 
111 = 8th 64K block. 

•CPU Address Read Paging bits 2:0. 

•If ATl3E[3] is logical one, bits ATl32[5:7] are 
used to control CPU read paging; while ATl32[1 :3] 
are used to control CPU write paging. 

• Read/write bit. Any status can be stored here 
and read back later. 

1. *The port address of A TI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 

2. CPU page addressing control is affected by ATI3D[2], which is for enabling 128K 
CPU addressing 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) ATI Register 33 (ATl33) 

!ll•JJi!l!E]l!!•!!!•11111111;M,1i1•111111 !!!1·111!!1il!i'I :illll:ltl!~i'lllll!illlltll!! <;;,: •1r; ; 
0 

1 

2 

3 

4 

5 

6 

7 

Note: 

EEPROM data input bit. 

EEPROM clock input bit. 

EEPROM Interface Enable 

EEPROM chip select input 
O = Disable EEPROM interface. 
1 = Enable EEPROM interface. 

Reserved 

ISA bus 8-/16-Bit Video Memory Operation 

• When pin RMCE1 Bis not grounded through a 
2Kn resistor: 
O = Defaults to 8-bit video memory operation. 
1 = Enables 16-bit video memory operation. 

• When pin RMCE1 Bis grounded through a 2Kn 
resistor: 
O = Selects 16-bit video memory operation. 
1 = Selects 8-bit video memory operation. 

4-bit PEL, 1 bit/map 
1 = Enables map memory mapping for 16-color 

1024x768 mode 55h. 

Double Scan Enable 
O = Scans at the selected clock rate. 
1 = Enables double scanning when the screen 

size is programmed to be between 150 to 
250 lines. 

1. *The port address of ATI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 

2. See Appendix G for register definition for the ATI 68800LX controller. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

ATI Register 34 (ATl34) 

l l .... ·.·········.··· ........... . . . . . . .... . .. 

0 

1 

2 

3 

4 

6 

5 

7 

Note: 

Enable CGA Emulation 
1 = Enables CGA emulation. 

Enable Hercules Emulation 
1 = Enables Hercules emulation. 

Write Protect CRT09(0:4, 7] 
1 = Write protects registers CRT09[0:4, 7]. 

Write Protect V Timing Registers 
1 = Write protects all vertical timing related 

registers: 
CRT06 
CRT07[0-3,5-7] 
CRT09[5] 
CRT10, 
CRT11[0-3] 
CRT12 
CRT15 
CRT16. 

Write Protect CRTOA-CRTOB 
1 = Write protects the cursor start/end registers 

CRTOA/CRTOB. 

Write Protect CRTOO-CRT07 
1 = Replaces CRT11 [7] as the write protect bit 

for registers CRTOO-CRT07 (except bit 4 of 
CRT07, which is not protected). 

Write Protect CRT08[0-6], CRT14[0-4] 
1 = Write protects registers CRT08[0:6] and 

CRT14[0:4]. 

CRT11[7] Override 
1 = Write protect bit CRT11 (7) is ignored. See 

CRT11 {7j for list of registers to protect from 
a write operation. 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

0 

1 

2 

3 

4 

5 

6 

7 

Note: 

ATI Register 35 (ATl35) 

I I 
Blanking Signal Select 
1 = Selects the Display Enable signal as the 

output blanking signal. 

Blanking Polarity Invert 
1 = Inverts polarity of blanking signal BLANKS. 

Display Enable Signal Skewed 
1 = Skews the Display Enable signal by one 

PEL clock. 

General Purpose R/W Bit 
1 = Read/write bit. Any status can be stored 

here and read back later. 

Anti-alias Fonts Enable 
1 = Enables eight simultaneous fonts. 

Cursor Blinking Disable 
1 = Disables cursor blinking 

CGA Cursor Start/End Address 
1 = Adds a value of '5' to both cursor 

start/end registers, for CGA emulation. 

VGA Overscan Output Enable 
1 = Used as an overlay input signal to the 

RAMDAC to generate an overscan feature 
that is independent of the RAM DAC palette 
values. (A Tl68800-6) 

1. *The port address of A TI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 

2. See Appendix G for register definition for the A TI 68800LX controller. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

0 

1 

2 

3 

4 

5 

6 

7 

Note: 

ATI Register 36 (ATl36) 

I ·.·.-.1 ... 

CRTC Display Address Counter Enable 
1 = Enables VGA CRTC display address 

counter above 64KB address space. 

640x400 Hercules Graphics Emulation 
1 = Enables 640x400 Hercules graphics mode. 

Linear Addressing, 256-color Mode 
1 = Selects linear addressing, 256-color mode. 

General Read/Write Bit 

16-Color Enable, APA Mode 
1 = Enables high resolution graphics modes 

with 16 simultaneous colors. 

Vertical Interrupt Enable 
1 = Enables vertical interrupt. 

Linear Addressing, Text Mode 
1 = Selects linear addressing, text mode. 

Screen Blanking Disable (CGA/Hercules Modes) 
1 = Disables function of bit 3 in the CGA and 

Hercules mode control registers GENMC 
(at 1/0 ports 3D8h & 3B8h respectively) to 
prevent screen blanking when in these modes. 

I. *The port address of A TI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

ATI Register 37 (ATl37) 
*(R) 

l l VGA 

0 Status of ISA bus 16-bit Operation Select 
O = Selects 8-bit operation. 

2:1 

3 

4 

7:5 

Notes: 

1 = Selects 16-bit operation. 

Reserved 

Output Data - EEPROM/input 

Status of ROM Address Decode Enable/Disable Bit 
0 = Disables ROM address decode bit. 
1 = Enables ROM address decode bit. 

Reserved 

1. *The port address of A TI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 

2. On a read, all above described bits except bit 3 are external inputs during system reset. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

0 

1 

2 

3 

4 

5 

6 

7 

Note: 

ATI Register 38 (ATl38) 

Write Protect ATIROO - OF 
1 = Disable 1/0 writes to A TIROO - OF palette 

registers. 

Write Protect ATIR11 
1 = Disable 1/0 writes to ATTR 11 overscan 

register. 

Write protect VGA registers 
1 = Disable 1/0 writes to all VGA registers except: 

• CRTCOC, CRTCOD (Start Address registers . 
• CRTCOA (Cursor Start register) 
• CRTCOB (Cursor End register). 

Write Protect Register at 1/0 port 3C2h 
1 = Disable 1/0 writes to 3C2h register. 

Reserved 

640x300 Hercules graphics emulation 
1 = enable 640x300 Hercules graphics mode. 

O = Input video clock undivided. 
1 = Input video clock divided by 2. 

General Purpose Read/Write bit. 

1. *The port address of A TI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
VGA 

0 

1 

3:2 

5:4 

6 

7 

Note: 

ATI Register 39 (ATl39) 

l l 
Reserved 

General Purpose Read/Write bit. 

ROM Address Decode Bits 1 and 0, respectively 
00 =Enables 32K BIOS size, starting at COOOOh. 
01 = Enables 28K BIOS size, starting at COOOOh. 
10 =Enables 24K BIOS size, starting at COOOOh. 
11 =Enables 24K BIOS size, starting at COOOOh. 

General Purpose Read/Write bit. 

16-bit 1/0 Operation 
O = Enables 8-bit 1/0 operation. 
1 = Enables 16-bit 1/0 operation. 

Write Protects CRT18 (Line Compare) 
1 = Disables write to CRT18 (Line Compare 

register) 

1. *The port address of A TI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) 
ATI Register 3A (ATl3A) 

VGA 

2:0 General Purpose Read/Write bits 

7:3 Reserved 

Note: 

1. The 1/0 port addresses* of A TI Extended registers are user programmable. Refer to 
Note 1 in the A TIX register description. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

ATI Register 38 (ATl38) 
*(R/W) 

VGA 

7:0 General Purpose Read/Write bits 7 to O 

Notes: 

I. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

VGA I l 
*(R) 

ATI Register 3C {ATl3C) 

7:0 Reserved, all bits must be O 

Notes: 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*{R/W) 
VGA 

0 

2 

3 

7:4 

Note: 

ATI Register 3D (ATl3D) 

I I 
Composite Sync Polarity Select 
1 = Selects Composite Sync Polarity output 

Reserved 

128KB CPU Address 
1 = Enables CPU addressing of 128KB from 

AOOOOh to BFFFFh; all CPU Adrs Read 
page control bits in A Tl32 have 128KB per 
block operations. 

Composite Sync Select 
1 = Selects Composite Sync output instead of 

Horizontal Sync. 

SW3, SW2, SW1, SWO, respectively. 
•These bits emulate DIP switches SW3-SWO on 
the IBM EGA adapter. 

1. *The port address of ATI Extended registers are user programmable. Refer to Note I on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

*(R/W) ATI Register 3E (ATl3E) 

i!llJ!llllil Ii ~iliiilii~-ij:l111;iii 11,lll!liii iil!li i iii~ll-J.ll!lllml~l1 
iliili':'mji/li' ·i11J1 

0 

1 

2 

3 

4 

7:5 

Note: 

R/W V Display End Register 
1 = Allows programming of register CRT12 

(Vertical Display End); even in Double 
Scan mode. 

Interlace Operation 
1 = Enables interlace operation. 

Select Internal EGA DIP Switches 
1 = Selects the internal EGA DIP switches 

ATl3B[4:7] as Switch Sense: instead of 
GENS0[4]. 

Read/Write Paging Select 
0 = Selects CPU read/write paging, as defined 

in ATl32[1 :3]. 

1 = Selects CPU read/write paging, as defined 
in ATl32[1 :3, 5:7]. 

General-purpose read/write bit 

Reserved 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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VGA Register Extensions 

ATI EXTENDED REGISTERS 

ATI Register 3F (ATl3F) 
*(R/W) 

VGA I I 
0 

3:1 

7:4 

Note: 

1 = Disables zero wait state in planar mode. 

1 = Selects the number of MCLK delay in 
16-bit Planar mode memory operation 
before latching the first CPU data. 

Reserved 

1. *The port address of ATI Extended registers are user programmable. Refer to Note 1 on 
page 6-3 for details. 
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Coprocessor Functions 

Logical Register Groupings 
The coprocessors described in this chapter are ATI68800-3, ATI68800LX, ATI68800-6, 
and ATI68800AX. The differences among them is in the number of functions that they 
support - starting with the low-end "-3" leading up to the high-end "AX", all these 
accelerators are backward-compatible and they are all 8514/A-compatible. 

• RAMDAC Control Registers - configure the DAC for specific pixel depths of 4, 8, 
16, 24, or 32, and read/write the color lookup table for 4bpp and 8bpp modes. 

• CRT Controller Registers - set up the CRT controller for display in a particular 
mode. They are based on the 8514/ A CRT controller registers with extensions to select 
up to 16 pixel clocks. 

• Status Registers - provide the current state of the FIFO, draw engine, CRT controller, 
or memory controller. 

• Draw Engine Setup Registers- are set by the boot ROM according to the current 
adapter and system configuration. Once set, they should not be modified, with the 
exception of the memory boundary register, which is used to increase or decrease the 
memory available to the accelerator. 

• Draw Engine Control Registers- are used for setting up the current engine context. 
They control the data path, scissor region, ALU function, and various draw options. 

• Draw Registers- determine the size, trajectory, and type of draw operation to be 
performed. All draw commands are performed through a 16-word FIFO. 

• Extended Features Registers -control various hardware features such as overscan, 
hardware cursor, and memory aperture. 

• Access Control Registers-control the EEPROM access and custom configuration for 
specific platforms such as EISA. 
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Pixel Data Path 

Pixel Data Path 
The output of the monochrome mux determines the color source and ALU functions. A 
logical one selects foreground color source and ALU function. A logical zero selects 
background color source and ALU function. This provides innate color expansion abilities. 

When using monochrome host data in an A TI extended operation, data is packed into 8 
pixels/byte. This differs from the 4 pixels/byte data format in an 8514/A-compatible 
operation. When using monochrome pattern data in an A TI extended drawing operation, 

Always ·1· 

Mono Pattern 

Host 

RAM 

BKGD_COLOR 

FRGD_COLOR 

Host 

RAM 

Color Pattern 

BKGD_COLOR 

FRGD_COLOR 

Host 

RAM 
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ALU_FG_FN 

ALU_BG_FN 

EXT_MONO_SRC 

MONO 

MIX 
MUX 

MUX ...... ....,.._---1 

FG_COLOR_SRC 

FRGD 4, 8,1 

MUX 

BG_COLOR_SRC 

4, 8,1 
BKGD-­
MUX 

COLOR 
MUX 

5 

4, 8,16 SRC 
ALU ...----..... DEST 

MUX 

CMP_COLOR W_ENA# 

DEST_CMP _FN 
4, 8,16 

PIXEL 

Figure 7-1. Pixel Data Path 
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CRT Controller 

pattern length is variable. This differs from the 8-pixel fixed-length data pattern in an 
8514/ A-compatible operation. 

The 16bpp mode is both a drawing and display mode. It is similar to the 8bpp mode with the 
following exceptions: , · 

• Color host data is defined in terms of 16 bit pixels. Therefore the DAT A WIDTH field 
must be set for color host data transfers; and DATAORDER to swap bytes within each 
16 bit pixel rather than swap the order of pixels. 

• Three new destination color compare functions are defined for each of the RED, 
GREEN, and BLUE color fields within each 16 bit pixel. The result of the three tests 
are ANDed together and if TRUE will effect the drawing operation. 

• The monochrome blit source, monochrome reads, and polygon outline fill operations 
use all 16 bit planes within each pixel after the 16 bit write mask and read mask have 
been applied. 

• Display and drawing memory offset registers are defined in terms of bytes rather than 
pixels. 

• 8514/A compatible monochrome reads are not available, use extended mono reads. 

• VPIX and VNIB style rectangle fills are not available. 

CRT Controller 
The 18811-x clock chip has 16 selectable pixel clocks for maximum flexibility. The CRT 
controller can support any video mode that uses a dot clock from this list. VESA standard 
modes of 640x480, 800x600, 1024x768, and 1280x 1024 are selectable. 

For compatibility reasons, there are two logical CRT controllers on the mach32 - they 
are VGA Wonder compatible and 8514/A-compatible with extensions. These extensions 
allow two custom video modes to be locked into the CR TC shadow sets, which are then 
selected using the 8514/A pixel clock select bit ADVFUNC_CNTL[2] (4AE8). 

See Appendix E for pixel clock specifications. 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

REG688000-15 
7-3 



Pixel Transfer ALU 

Pixel Transfer ALU 
The Pixel Transfer ALU has 16 logical and 16 arithmetic functions in 4bpp and 8bpp modes 
and 16 logical functions in 16bpp modes with the exception of (A+B)/2 on ATI68800-6 
parts. The destination compare function operates on the individual RGB components of the 
color. Accelerator modes have 16 logical functions only. Function code definitions are listed 
on page 8-24. 

Destination Pixel 
For 4bpp and 8bpp modes, the destination pixel is overwritten when the result of the 
comparison function is false. For the 16bpp mode, the destination pixel is overwritten when 
the result ofR, G, and B comparison functions ANDed together is false. 

0 False 

1 True 

2 Pixel ~CMP _COLOR 

3 Pixel < CM P _COLOR 

4 Pixel != CMP _COLOR 

5 Pixel == CMP _COLOR 

6 Pixel ::;CMP _COLOR 

7 Pixel> CMP _COLOR 

(A+B)/2 Function 
The (A+B)/2 ROP function is supported in 4bpp and 8bpp for all chip versions. For the 
A TI68800-6, it has been implemented in l6bpp drawing modes as well. This function is used 
for enhancing image quality in motion video applications. It is applied separately to the red, 
green, and blue components. It will produce different results depending on which of the 
16bpp DAC mode is used. 
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Command FIFO 

Command FIFO 
All 8514/A-compatible registers with an address greater than Ox8000 and all A TI extend~d. 
registers are written to a 16-word command FIFO. Before performing an 1/0 write to any of 
these registers, the application must first check the FIFO for available entries. 

For generic 8514/ A applications, the developer may use the GE_ST AT (9 AE8) register to 
check for FIFO status. Since only the first eight entries are polled in this way, the developer 
is encouraged to use EXT_FIFO_STATUS (9AEE) to increase throughput to the draw 
engine. 

Overrunning the FIFO or attempting to read from the host data transfer register 
(PIX_ TRANS) when no data is available causes the FIFO to lock. A locked FIFO requires 
remedial action by the host to unlock it. Read operations do not use the FIFO. 

Scissor Registers 
The scissor registers are used for simple draw clipping. The 8514/A-compatible scissors 
have a range of [-1024 .. 1023] for the top and left scissors and [0 .. 2047] for the right and 
bottom scissors. The extended scissors have a range of [-2048 .. 2047]. Drawing is inhibited 
outside the scissor region. 

In certain situations, the application developer may be able to get performance improvements 
by pre-clipping the draw operation instead ofusing the scissor registers. All draw operations 
will take the same amount of time to complete even if they are mostly or entirely outside the 
scissor region, with the exception of trivially rejected line draws and clip exceptions (see 
Line Clipping on page 7-11). 

All draw operations that are entirely or partially outside the maximum device coordinates 
[-512 .. 1535], must be pre-clipped unless special line clipping provisions have been made 
(see Line Clipping on page 7-11). 

Drawing Operations 
All drawing operations are performed by first setting up the necessary control registers, then 
the trajectory control registers, and then initiating the drawing operation. Draw Engine 
Control and ALU Control registers as well as the drawing operations are summarized in the 
four tables as follows: 
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Drawing Operations 

8514/A Compatible Draw Control Registers 

·::::1:1::::1::::111::::~~~1•:1:::1:: ::::::::::::: 
.... ·>:·:-:· 

·.·.·.·.-.·. 

FRGD _COLOR (A6E8) 

BKGD_COLOR (A2E8) 

FRGD _MIX (BAE8) 

BKGD_MIX (B6E8) 

WRT _MASK (AAE8) 

RD_MASK (AEE8) 

SCISSOR _ T (BEE8[1]) 

SCISSOR _L (BEE8[2]) 

SCISSOR _B (BEE8[3]) 

SCISSOR _R (BEE8[4]) 

PIX_CNTL (B2E8[A]) 

COLOR_CMP (B2E8) 

PATTERN _L (BEE8[8]) 

PATTERN _H (BEE8[9]) 

CMD (9AE8[NO_OP]) 

REG688000-15 
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..... ::.:::: .. ::·::::::~1rre~~eg::.::·::::·:::.:::::11::::::.::::::·:::::::.:::.:::::·)}::::. 
Foreground color. Draw operations which use this as 

a color source. 

Background color. Draw operations which use this as 
a color source. 

Set foreground source All draw operations. 
and ALU function. 

Set background source Draw operations when 
and ALU function. monochrome source is non-trivial. 

Enable/disable write All draw operations. 
operations to individual 
bit planes. 

Enable/disable planes Monochrome read, monochrome 
for read operations. blit, and polygon fill types A and C. 

Top scissor. All draw operations. 

Left scissor. All draw operations. 

Bottom scissor. All draw operations. 

Right scissor. All draw operations. 

Set monochrome Monochrome source and 
source, destination destination compare function 
compare function, applies to all 8514/A compatible 
monochrome read or draw operations. Mono_read/polyfill 
polygon fill, and polygon and polygon fill type only apply to 
fill type. monochrome reads or polygon fills. 

Comparison color. Draw operations when destination 
compare function is non-trivial. 

Low 4 bits of Draw operations which use pattern 
monochrome pattern. as a monochrome source for an 

8514/A compatible draw operation. 

High 4 bits of Draw operations which use pattern 
monochrome pattern. as a monochrome source for an 

8514/A compatible draw operation. 

Draw option bits, line Short stroke vector operations. 
option bits, host transfer 
option bits. 
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Drawing Operations 

ATl-Extended Draw Control Registers ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.···························· ········································· -SB 
J>=%:::=·::):::: ... :.::fl19:1Bi.i=i:t ...... ·· .·:·:·: :::::::::: ... ::::::·::llrl!i,9~::: ......... -: .... -:al ~ 2ill <><< 
DP _CONFIG (CEEE) Set foreground and Extended draw operations. 

background color 

LINEDRAW_OPT 
(A2EE) 

sources, monochrome 
source, draw option bits, 
host transfer option bits, 
polygon fill option bit. 

Line draw options. 

SCISSOR_ TOP (DEEE) Extended top scissor. 

SCISSOR_ LEFT 
(DAEE) 

Extended left scissor. 

Line draw operations. 

All draw operations. 

All draw operations. 

SCISSOR_BOTIOM 
(E6EE) 

Extended bottom scissor. All draw operations. 

SCISSOR_RIGHT 
(E2EE) 

Extended right scissor. All draw operations. 

DEST_CMP _FN (EEEE) Destination compare 
function. 

ALU_FG_FN (BAEE) 

ALU_BG_FN (B6EE) 

PATI_DATA[O:F] 
(8EEE) 

PATI_DATA[10:11] 
(8EEE) 

Foreground ALU 
function. 

Background ALU 
function 

Color pattern shift 
registers. Use 
PATT_DATA_INDEX to 
index. 

Monochrome pattern 
shift registers. Use 
PATT_DATA_INDEX to 
index. 

PATI_INDEX (D6EE) Pattern index. 

PATI_LENGTH (D2EE) Pattern length. 
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All draw operations. 

All draw operations. 

Draw operations when 
monochrome source in non-trivial. 

Extended draw operations which 
use pattern as a color source. 

Extended draw operations which 
use pattern as a monochrome 
source 

Extended draw operations which 
use color or monochrome patterns. 

Extended draw operations which 
use color or monochrome patterns. 
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Drawing Operations 

8514/A Compatible Drawing Operations 

Line draw. Draws a line either using 
Bresenham's algorithm or draw in a 
direction which is a multiple of 45 
degrees. User must supply 
Bresenham parameters if used. 

:; 111!~1~11'. ii ! !l 'r·'.: .• ···.·.•·,:·:··,.· .• ·.'.,1 •. ·,:·'.e•, •. •.,:,.a,''.et,:' .• ·,,.:',e•.·,:'.,•,,•o .. g:'..:'.'.,'. .. :;F.::·'.~.·.: .. ,;: .. :·:·:··•.•.'.,c;;.·;::.::::·:··:ts·o·:···:;·.:·::,.:: .. n .• ·.:· .• • .• • •. ·::t····:·:.:·: .• ro.· .• • .• ·.,·.····:···:.•·.' .... : .••. 1.:.•················~········ ::::::::::::::::::;::=:;;:/{{ :::::::::::::::::::::::::::::::::::-:-:-:·:.·-:.·.·.·.· .... 

CMD (9AE8) CUR_X, CUR_ Y, 
MAJ_AXIS_PCNT, if 
Bresenham, then 
ERR_ TERM, 
DEST)(_DIASTP, 
DESTY _AXSTP. 

Rectangle fill (FILL_RECT _HOR). CMD (9AE8) CUR_X, CUR_ Y, 
MAJ_AXIS_PCNT, 
MIN_AXIS_PCNT. 

Rectangle is filled using horizontal 
lines. Polygon fill can be performed 
with this operation when the 
appropriate option bit is set. 

Rectangle fill (FILL_RECT _ VPIX). CM D (9AE8) 
Rectangle is filled using vertical 
lines. Not available in 16-bit per 
pixel modes. 

Rectangle fill (FILL_RECT_VNIB). CMD (9AE8) 
Rectangle is filled using vertical 
nibbles which alternate direction. 
Not available in 16-bit per pixel 
modes. 

Polygon boundary line. Lines are CMD (9AE8) 
guaranteed to write only one pixel 
per scan line. Lines are clamped to 
the left scissor when drawn to the 
left of it. 

Bitblt. Screen to screen copy of a CM D (9AE8) 
rectangular area. Source and 
destination areas track each other. 

Short stroke vector. Quick line draw SHORT _STROKE 
for vectors less than 16 pixels long. (9EE8) 
Generally used in degree mode. 
Can also operate in Bresenham 
mode but this has limited 
usefulness. 

REG688000-15 
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CUR_X, CUR_ Y, 
MAJ_AXIS_PCNT, 
MIN_AXIS_PCNT. 

CUR_X, CUR_Y, 
MAJ_AXIS_PCNT, 
MIN_AXIS_PCNT. 

CUR_X, CUR_Y, 
MAJ_AXIS_PCNT, if 
Bresenham, then 
ERR_ TERM, 
DESTX_DIASTP, 
DESTY_AXSTP. 

CUR_X, CUR_ Y. 
MAJ_AXIS_PCNT, 
MIN_AXIS_PCNT, 
DESTX_DIASTP I 
DESTY _AXSTP. 

CUR_X, CUR_ Y. 
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Drawing Operations 

ATl-Extended Drawing Operations 

Extended line draw. Same as line 
draw except that extended data 
paths are permitted. Can also 
draw polygon boundary lines 
when the appropriate option bit is 
set. 

Horizontal raster draw. Draws a 
horizontal line to specified X 
coordinate. useful for object 
rasterization algorithms. 

Point-to-point line draw. Draws a 
line given the end points. Can 
also draw polygon boundary lines 
when the appropriate option bit is 
set. 

,,.,.,.,..,.,.,.,.,.,.,.,.,~,.,.,,.,.,.,.,.,.,.,.,.,.,.,,.,.,.,.,.,.,.~~.,.,.,.,.,.,.,~ 

!fl:~~i~Ql~:::::::·:.>:·:::::11 ~ 11111111111 
BRES_COUNT (96EE) CUR_X, CUR_ Y, 

LINEDRAW_OPT. If 
Bresenham, then 
ERR_ TERM, 
DESTX_DIASTP, 
DESTY_AXSTP. 

SCAN_TO_X (CAEE) CUR_X, CUR_Y. 

LINEDRAW[3] (FEEE) LINEDRAW[0-2]. Use 
LINEDRAW_INDEX to 
index. 

Move to. Move to specified X,Y LINEDRAW[4-5) Use LINEDRAW_INDEX to 
index. coordinate. (FEEE) 

Extended short stroke vector. 
Same as short stroke vector 
except that extended data paths 
are permitted. 

Non-conforming bitblt. Bitblt with 
independent source and 
destination trajectories. Useful for 
efficient off-screen memory 
management. Polygon fill can be 
performed with this operation 
when the appropriate option bit is 
set. 

Gray scale font rendering assist 
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EXT_SHORT_STROKECUR_X,CUR_Y 
(C6EE) 

DEST_Y_END (AEEE) CUR_X, CUR_Y, 
SRC_X, SRC_Y, 
SRC_X_START, 
SRC_X_END, 
SRC_Y_DIR. 
DEST _X_START, 
DEST_X_END 
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Drawing Operations 

Polygon Fills 

8514/A-compatible polygon fill operations are accomplished by first drawing the polygon 
outline into off-screen memory, rectangle fill the polygon area with the polygon fill bit 
enabled, and blitting the result to the display area. With extended polygon fills, the outline 
is drawn into off-screen memory as before, and then a non-conforming blit is performed to 
the destination area with the polygon fill bit enabled. Drawing large polygons with small 
memory configurations can be accomplished by banding the polygon into narrow strips. 

Polygon fills use the alternate fill algorithm. An internal polygon fill state flag is reset at the 
beginning of every scan line. When a polygon outline has been detected the fill state flag is 
toggled. There are 3 flavors of fill operation. Type A and B are 8514/A-compatible only, 
and fill type C is extended only. 

:;1~!~i~~!i.l~B1I~ i~ll!l~1~.~·- -~·········· •
1 

Off O O Destination Destination Destination 

Off O 

Off 1 

Off 1 

On 0 

On 0 

On 1 

On 1 

Left Outlline Edge 

Right Outline Edge 

Outline Qualifier 

Outline Region 

Fill Trajectory 

Polygon Enable 
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1 

0 

1 

0 

1 

0 

1 

Destination 

Destination 

0 

Destination 

Destination 

ALU 

0 

Inclusive 

Exclusive 

RD_MASK 

Destination 

Destination 

PIX_CNTL 

Destination Destination 

Destination Destination 

Destination Destination 

Destination Destination 

Destination Destination 

ALU ALU 

ALU ALU 

Inclusive Inclusive 

Inclusive Exclusive 

WRT_MASK RD_MASK 

Destination Source 

Destination Destination 

PIX_CNTL DP_CONFIG 

© 1993 A Tl Technologies Inc. 
Proprietary and Confidential 



Line Clipping 

Line Clipping 
The mach32 has extensions to do fast line pre-clipping within the range [-32768 .. 32767),_ 
as follows: The host bursts a set of vectors through the LINEDRA W (FEEE) register. If a 
clip exception is detected, the host backs up and pre-clips that vector then it continues. In 
actual applications, clip exceptions are very rare. There are 3 flavors of pre-clip modes,· 
summarized below: 

Disabled. 

Normal. 

Always. 

Both endpoints 
within device 
coordinates and not 
trivially rejected. 

Polygon boundary Both endpoints 
lines. within device 

coordinates and not 
trivially rejected. 

Never. 

Both endpoints 
outside of one of the 
scissor boundaries. 

Endpoints both 
above or both below 
or both right of 
scissor region. 

Patterned lines. Endpoints within Never. 
device coordinates. 

Never. 

Not trivially rejected 
and not trivially 
accepted. One or 
both of the 
endpoints must be 
outside device 
coordinates. 

One or both 
endpoints are 
above, below, or 
right of device 
coordinates, or left 
endpoint is outside 
of device 
coordinates and 
right endpoint within 
scissor region. 

One or both 
endpoints outside 
device coordinate 
space. 

Polygon boundary clip exception detection is only slightly modified from normal clip 
exception detection. Left edges are normally clamped to the left scissor so the draw engine 
cannot be allowed to trivially reject any line to the left of the scissor region. 

Patterned lines are never trivially rejected so that the pattern index registers are updated 
properly. 

When a clip exception occurs, all writes to the LINED RAW (FEEE) register are ignored and 
the CLIP _OVERRUN register (found in EXT_GE_STATUS (62EE)) is incremented. The 
host may then back up to the vector which generated the exception. 
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Off-Screen Memory Management 
The mach32 offers superior off-screen memory management with its non-conforming blits 
and programmable Pitch and Offset registers. Cursors, font caches, icon caches, bitmap save 
areas, and polygon fill work areas are more effectively implemented by treating off-screen 
memory as a linear block of memory. The programmable pitch registers allow objects to be 
drawn directly into linearized cache areas without an intermediate linearization step. 

Far-Slit 
Far-Blit allows unsymetrical blit operations between any areas of memory and is particularly 
useful for efficient linearized cache management. rendering images directly into linearized 
cache and 24-bit drawing operations. For the A TI68800-6, A TI68800LX, and A TI68800AX 
mach32 accelerators, the graphics engine offset and pitch registers have been split into 
separate destination and source offset and pitch registers. These new registers are accessed 
through the GE_OFFSET and PITCH registers, combined with a 2-bit pointer in 
SHADOW_SET[9:8] 5AEE-W. A pointer value of"l" causes theGE_OFFSET and PITCH 
values to write to the destination registers; a pointer value of "2" causes the register values 
to write to the source registers. For compatibility, if the pointer is set to "O" both destination 
and source registers are written. 

Destination Color Compare Mask 
The write mask has been split into separate write mask (AAE8) and destination color 
compare mask (F2EE). This feature allows any plane or group of planes to be used as an 
alpha channel which is particularly useful in motion video applications. 

For compatibility, both registers are loaded when writing to the write mask. 

Linear Memory Aperture 
The configurable memory aperture is a region in the system address space where screen 
memory can be accessed directly. If the on-board VGA is enabled, the standard 64KB VGA 
aperture, pageable on 64KB boundary through VGA page at AOOOO, will become available 
and pageable through the entire video address space (up to 4MB). Typical mach32 
configurations include a pageable lMB aperture addressed on lMB boundary or a linear 
4MB aperture. The aperture can access both VGA and accelerator memories. 

The aperture may not always function in ISA systems. See Memory Interface on page 9-75 
for DMA details. 

REG688000-15 
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Scalable Gray Scale Fonts 
The mach32 has direct hardware support for high speed rendering of scalable anti-aliased. 
fonts. These fonts are anti-aliased in 2 dimensions using a rectangular super-sampling 
technique, as opposed to single-dimension edge enhancement methods used by other 
vendors. 

Mono Pattern 
An 8x8x 1 destination-aligned mono pattern has been implemented in the A TI68800-6, 
A TI68800LX, and A TI68800AX mach32 accelerators. It is enabled by setting D2EE[7]. 
This new mono pattern uses the four existing mono pattern registers and four additional 
mono pattern registers. The relationship between the register bits, the mono pattern, and the 
destination is as follows: 

10h 0 7 6 5 4 3 2 1 0 

11 h 7 6 5 4 3 2 1 0 

12h 2 7 6 5 4 3 2 1 0 

13h 3 7654321 0 

14h 4 7 6 5 4 3 2 1 0 

15h 5 7654321 0 

16h 6 7654321 0 

17h 7 7 6 5 4 3 2 1 0 

When the 8x8xl mono pattern is used, the bits of the pattern will be drawn aligned to the 
destination coordinates. This behaviour differs from that of the 32xl linear mono pattern, 
which has no absolute relationship between the pattern and the destination coordinates. The 
32xl linear mono pattern therefore is not considered destination-aligned. See page 9-58 for 
details. 
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Block Write and 64-Bit Fill Draw 

Block Write 
Block write is available only in the A TI68800-6 and A TI68800AX accelerators. Most 
VRAM devices have a block write mode in which they can perfonn a pseudo mono data 
expansion using an internal color register - Block Write Mono Pattern mode. Data bits 

· which are set to "1" enable an internal 4-bit color register to be drawn into a nibble of memory. 
Data bits which are "O" do not alter the addressed nibble of memory. Since there is only one 
internal color register, this mode can only be used for foreground color paint operations. A 
mono pattern may be applied if the background ALU function is transparent. The more 
common mono pattern which uses the foreground and background color registers may be 
performed in two passes by first painting the background and then applying a mono pattern 
with the foreground color. 

This feature is only supported with memory type 5 or 6. See CONFIG_STATUS[6:4] 
(12EE). Block Write mode is enabled by setting MISC_OPTIONS[lO] (36EE) to 1. Block 
Write Mono Pattern mode is enabled by setting PATT_LENGTH[l5] (D2EE) to "l ". 

The foreground color register is written into the VRAM internal color register whenever a 
block write operation is initiated after the foreground color register has been written. Block 
write enable is set by the BIOS and should not be changed. A driver must read the state of 
this bit to determine if this feature is enabled. The block write mode will only be activated 
under the following conditions: 

• The write mask is all "l "s 

• The destination compare function is false (Mode= 0) 

• The foreground select is set to the foreground color register (Mode= 0) 

• The mono select is true (Mode = 0) 

• The foreground ALU function is Paint (Function= 7) 

• The polygon file mode is disabled 

The drawing operation is horizontal degree line, horizontal degree short stroke vector (IBM 
or ATI compatible), scanline, or fill (IBM HlH4 or ATI compatible). 

64-Bit Fill Draw 
The feature is supported by the A TI68800LX, A TI68800-6, and A TI68800AX accelerators. 
A 2MB video memory configuration is required for 64-bit fill draws. Fill drawing operations 
under certain conditions will fully utilize the 64-bit data bus. The BIOS must set 
MISC_OPTIONS[l 1] (36EE-W) to "1" to enable this mode. A driver must read the state of 
this bit to determine if the feature is enabled. For 2MB DRAM video memory configurations, 
this mode may be enabled all the time. 

REG688000-15 
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Split Transfer Cycle 

Accelerated painting will be enabled when all of the following conditions are true: 

• Foreground color select is the foreground color register or the background color register. 

• If the mono select is pattern then the background color select must be either foregrom1d. 
color register or background color register. 

• The mono select is "always l" or pattern. If the type of operation is A TI then the 8x8 
mono pattern mode must be enabled - for this mode only supports destination-aligned 
mono patterns. 

• The CPUDATA bit must be "false" ifthe type of operation is IBM. 

• The FGALU function must be one of: 0, 1, 4, or 7. 

• If the mono select is pattern then the BGALU function must be one of: 0, 1, 4, or 7. 

• All color compare functions must be set to zero. 

• Polygon fill must be disabled. 

• The write mask must be all" l "s. 

• The pixel size must be 8- or 16-bit. 

• The block write function must be disabled. 

Split Transfer Cycle 
Split transfer cycle is supported by the A TI68800-6 and A TI68800AX accelerators. It has 
been added to allow decoupling of the memory clock and serial clock. This allows higher 
memory clocks in VRAM implementations with a corresponding increase in performance. 
This feature is enabled if the memory type is set to 5 or 6. See CONFIG_STATUS[6:4] 
(12EE). 

Separate Display/Drawing Pixel Sizes 
This feature is available in the A Tl68800LX. A TI68800-6, and A TI68800AX accelerators 
only. Both the display and drawing pixel sizes can be written independently. The display 
pixel size is written when EXT_GE_CONFIG[ll] is set to "l". The drawing pixel size is 
written when EXT_GE_CONFIG[l5] is set to "l". 

For compatibility, both pixel sizes are written if bits 11 and 15 are both set to "O". 
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Memory Mapped Registers 
Memory mapping of registers is supported by the A TI68800LX, A TI68800-6, and 
ATI68800AX mach32accelerators. This feature is enabled when bit 32EE[5] is "1 ".Since 
the feature is enabled by the BIOS, 32EE[5] should not be changed. A driver must read the 
state of this bit to determine if it can use the feature. 

All of the coprocessor registers may be mapped into the upper 128 dwords of a 4MB linear 
aperture. The offset from the start of the aperture to the base of the register space is FFEOO 
bytes. See diagram of memory mapped registers in Appendix A. Each 16-bit register will 
map into the lower 16 bits of a 32-bit dword. The upper 16 bits are currently unused and 
therefore should be ignored. 

The 64 IBM-compatible registers from 2E8h to FFE8h are mapped into the 64 dwords from 
FFEOO to FFEFC. The 64 A TI-extended registers from 2EEh to FFEEh are mapped into the 
64 dwords from FFFOO to FFFFF. 

To the extent that 1/0 registers are sparse for either reads or writes the memory mapped 
registers will also be sparse. Note that the 128 dwords reserved for registers are not available 
for memory operations. Examples of both IBM and A TI register mappings are described for 
your reference in Appendix A. 

FIFO discipline 
When sending data to the 16-entry machB or mach32 FIFO, you should poll the 
EXT_FIFO_STATVS register to ensure there is available FIFO space, especially when 
FIFOed registers are to be written. FIFO operation is not always as simple as it sounds. It is 
quite possible to have a situation requiring more than 16 FIFO entries. Such operations must 
be divided into multiple sequences of polling for FIFO space, followed by writing to the 
FIFO. Generally, experimentation with various configurations rather than simply waiting 
for 16 spaces and then filling the FIFO repeatedly can prove beneficial. 

It appears that a subtle placement of status reads can save a read from the card and result in 
more optimal concurrency between the host processor and graphics coprocessor. However, 
it has been our experience that this kind of FIFO tuning is rarely worthwhile due to the fact 
that timings can vary greatly- depending on the speed of the host and coprocessor, number 
of wait-states on the bus, speed of the bus, speed of the coprocessor memory, etc. 

In certain situations, performance can improve by preserving the value from the FIFO status 
register for interpretation later. For example, an operation requires three FIFO entries and 
polling of the EXT _FIFO _ST A TVS register indicates 14 available FIFO spaces. It follows 
that after the operation there would be at least 11 spaces available. This method allows the 
next write to the FIFO to proceed as if the EXT _FIFO _ST A TVS register had just been polled 
and 11 FIFO spaces were discovered. This is particularly useful for operations which are 
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divided into several logical components, or for many small operations that are performed 
separately. 

A practical example is the repeated line drawing for scan conversion of irregular solids whi~h. 
requires three 1/0 instructions (i.e., only three FIFO spaces) per scanline. Keeping track of 
the FIFO status is therefore more efficient than waiting/polling for each set of FIFO writes. 

Host FIFO Discipline 
Host data transfers involve read and write operations. Special considerations for each type 
are as follows: 

Reading from the PIX_ 1RANS register - After the operation is triggered, you must poll 
for the GE_DATA_READY bit in the EXT_GE_STATUS register in order to read data at 
full host speed. A REP prefix may be used. Memory mapped 1/0 also works if your card 
supports it. 

Although it is possible to use standard A TI FIFO discipline when performing 1/0 to the host 
data ports (PIX_1RANS, SHORT_S1ROKE andEXT_SHORT_STROKE), these registers 
have support for wait-stated 1/0 operations which are enhancements but can be somewhat 
trickier. Wait-stating is a process whereby the time required for an 1/0 operation is extended 
by an 1/0 device. 

Wait-stating is normally used by devices to ensure safe inter-device communications; but 
the machB and mach32 use it to avoid the need for FIFO discipline, for some of their 
operations. Wait-stating incurs a fixed time delay for all I/Os. When the FIFO is more than 
half full, the fixed delay may not be sufficient. In the event that a large operation is in the 
FIFO prior to this host data transfer, the FIFO should be flushed and the graphics engine 
made idle before wait stating can be trusted for adequate delays. A simple way ofdoing this 
is to use proper FIFO discipline for operation setup, then wait for enough spaces in the FIFO 
to ensure that no other operation is pending. 

For example, if an operation requires six FIFO entries, you can be assured that it is being 
processed only when fewer than six entries remain in the FIFO. This will not be the case if 
the previous operation is in the engine but not complete. 

A single additional FIFO space is also required to place the first wait-stated register in the ··· 
FIFO and cause the waitstate to occur. Thus, if your operation requires six I/Os before the 
host data, you should wait for six spaces in the FIFO, set up the operation, then wait for nine 
entries in the FIFO ( 16-( 6+ 1)) before performing host 1/0 with no additional FIFO discipline, 
regardless of the amount of data being transferred. 
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8514/ A-Compatible 
Coprocessor Registers 

DA C Operations 

Most DAC types today are compatible with the industry-standard 256 color triple-6 DAC. 
In a configuration where the VGA within the mach32 is disabled, and there is a seperate 
external VGA, then the two DACs may be programmed independently. In the special case 
where a passthrough cable is connected and PASS_THRU for VGA is set, then any 
programming made to the VGA DAC would also program the accelerator DAC. 

DAC registers are writable either at the 8514/A-compatible address of 02EAh-02EDh or 
VGA-compatible address of 03C6h-03C9h. But they are readable only from the 8514/A 
compatible address. If Advance Function Control sub-registerPASS_THRU is set to VGA, 
then access to the VGA DAC register would also affect the 8514/A DAC. 

Currently available DACs do not use a "DAC Ready" indicator. Some DAC types may even 
require at least 240ns between successive writes to DAC registers. In practice, this means 
string I/0 transfers, e.g., REP OUTSB, should be avoided when reading or writing DAC 
registers. Once a read/write DAC index is written, multiple read/write operations will not 
require further setting of the index for subsequent entries. The following sequence of 
instructions may be used to ensure acceptable timing on fast CPUs such as 33MHz 80486s. 

aJl' DX,AL 
* Place arr;x required delay :instructiais here for 

faster CPU or slower RAMt:W:: 
IroP U:x::pTcp 

See the register specifications on the target RAMDAC for exact timing requirements. 
Readers may also refer to The Programmer's Guide to the EGA and VGA Cards by R.F. 
Ferraro for additional general information. 

To write a range of palette entries to the DAC, first write the starting color index to 
DAC_W_INDEX, then for each color, write three bytes (R,G,B values) to DAC_DATA. 
(The color index auto increments after every third write.) 
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To read a range of palette entries from the DAC, write the starting color index to DAC_R_IN­
DEX and then, for each color, read three bytes (R,G,B values) from DAC_DATA (the color 
index auto increments after every third read). 

See Appendix F for details on DAC programming for extended modes - l 6bpp, 24bpp, and 
1280x 1 Kx8 etc. 

DAC Registers 

DAC Data Register 

····-:;:::::;.;:::;::::::.;:::::;:::.;::::· .. :······· .. ···:··;.·.·.·:·":····::::· ·.·.·.·.·.-.:::.: ...... : 

::::::I:::::::::::1f.t::::::::::::::·::::]::::::·:::::::::·:::::::::11men:~1::::::.:::.::::·:::::::::::: 
7:0 DAC_DATA 

DAC Mask Register 

DAC_MASK 
02EA (R/W) ----.....------.-------..-------ti 

:·:·:·:·:·:-:-:·:·:·:·:·:·:-:·:·:·:······· 

7:0 DAC_MASK Participating bit positions in the mask for DAC 
lookup are set to one. 

DAC Read Current Color Index Register 

............................. •.· ·.·.·.-.-.-.·::::::.=.·.·.·.·.·.',· ....... ·.· ... ·.·.-:·:-: .. -.. :::::::::::::::::.:.: ........... . 

: ... :::.:;.:.I:~·::~~:.·:::::::·:.;:;:.:;·::L:.:/:.:.::::JMi!!!!:l.P.:::.;::.;.;::::.;-:-<.;. 
7:0 DAC_R_INDEX 
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The current read index for a DAC operation -
increments after every third read of DAC_DATA 
(02ED). Also see DAC_W_INDEX (02EC). 
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DAC Write Current Color Index Register 

02EC (R/W) 1-------r---D_A_C ___ W....-__ IN_D_E_X_----..-----il 
8514/A J Mach 8 J. Mach 32 , . 

~{:::}~\:;:::::::::::::::::::::::::}}~: :}~:::}~:}~:~:}:{:~:}}~::::::{:}~{:~:;:::}~{:~:~:}::;:}::f}~ :f~:}~::-.· .. ·:·:::::::.;:;:;:;:::::;:;::::::·:·:-:::·:·:·;.;:::::::;.;:;.;' ... ·:-:.::::::;.;-::;:;:;.;:;:;:;.;:;:;:;.;:;:;:;::·:.·.·........ :-:·:·:<:}~{}:}~:::}::}~{:}}::~:;:::::;:::::::;:::::; 

:::::::::1:::::::11::1:::::]::J:::::::::::::rn::i1•!":~2::::::::::::l:i::::: ::I::::::::.::1·::1·:·1.·~·:··.::.·::-:::::.i.·:1:.:::::.:::.:·.·1··:·=:·::1.·:::.;-..:=:llfrtetlni ... ::11:l1t:::,:::::::i::::::::::::::::::::::::::::::1t:::i:::i: 

7:0 DAC_W_INDEX The current write index for a DAC operation. Also 
see DAC_R_INDEX (02EB). 
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CRT Operations 

The CRT registers must be set according to memory configuration and desired resolution. 
The controller and the graphics engine must be configured separately. A ·sub-register of 
Multi-Function Control, MEM_CNTL, must be set to correspond to the video control 
parameters and memory configuration for proper drawing to proceed correctly. See CRT 
parameters in Appendix D for details. 

i WARNING: 
! To avoid possible monitor damage, the CRT Controller should be put into Reset state 
I while CRT parameters are being changed. The correct sequence to do it is as follows: 

! 1. Set DISP _CNTL[5:6] to 2 (RESET). 
! 2. Set CRT parameters. 
! 3. Set DISP _CNTL[5:6] to 1 (ENABLE) 
L__~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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CRT Configuration and Status 

A standard 8514/A would selecta25MHz or45MHz pixel clock from the ADFUNC_CN1L 
(4AE8) register. To maintain compatibility without sacrificing available display modes, the. 
mach32 uses the same control bit, but selects a CRT shadow set instead. Default shadow 
sets are loaded with 640x480 and I 024x768 modes, although they may contain any valid 
mode. 

All CRT timing parameters (H_DISP, H_TOTAL, H_SYNC_STRT, H_SYNC_WID, 
V _TOTAL, V _DISP, and V _SYNC_ WID) are inclusive. For example, a value of 5 for 
H_ TOT AL implies an actual horizontal width of 6 characters (i.e., 48 pixels). 

VGA Controller Cont igurations 

The mach32 accelerator can be configured with the internal VGA controller either enabled 
(with a single monitor attached), or disabled (and use a companion VGA with a single 
monitor and a passthrough cable, or dual monitor.) 

Internal VGA Controller Enabled 
The internal VGA enabled configuration requires only a single DAC. Writing to the VGA 
DAC register will also write the (logical) accelerator DAC and vice versa. Dual adapter 
systems have independent DACs. Generally, when writing one DAC, e.g., the VGA DAC, 
the other accelerator DAC will not be written. However, there is one exception - if (and 
only it) VGA passthrough is enabled and the passthrough cable is attached- programming 
the VGA DAC will also write the accelerator DAC. 

The VGA features connector is bidirectional. When VGA passthrough is enabled, the VGA 
will supply pixel data to both DACs. Even if VGA passthrough is disabled, the mach32 
will drive both DACs. Therefore, dual monitor systems should not have the passthrough 
cable connected to display both VGA and accelerator simultaneously. Note that the features 
connector is only 8 bits wide and will not pass through Hi Color or TrueColor data. 

In a dual adapter system with no passthrough cable, and the accelerator is in VGA 
passthrough mode, normally the pixel clock is not present. To program the accelerator DAC 
pixel clocks must be present. In this situation, a PASSTHROUGH_OVERRIDE bit is 
provided to drive the pixel clock line of the features connector to allow the DAC to be 
programmed. This bit should not be set with the passthrough cable attached, and should be 
set only by the boot ROM on power up. A VGA enabled adapter uses a 32K BIOS which 
resides at segment COOOh. 

Internal VGA Controller Disabled 
A VGA disabled adapter uses a 4K BIOS and the location is determined by the on-board 
straps. A VGA disabled adapter cannot use the VGA registers to program the DAC nor the 
EEPROM; Nor does it have a 64K memory aperture. 
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CRT Registers 

Advanced Function Control Register 

4AES(W) ADVFUNC_CNTL 
8514/ A I Mach 8 I Mach 32 

0 PASS_ THROUGH 0 = Enabled - Video output is VGA, driven by 

1 

2 RESOLUTION 

15:3 

Register Description: 

data from the features connector. 
1 =Disabled- Video output is 8514. This bit is 

over-written by CLOCK_SEL[O] (4AEE). 

Reserved 

O = Shadow register set 1 , 640x480 
1 = Shadow register set 2, 1024x768 

Reserved 

1. The Advanced Function Control register is provided for compatibility with the IBM 
8514/ A. Fields indicate 8514 functions. 

2. Writing to the Advanced Function Control register forces the CRT controller to 
8514-compatible mode. (Writing to CLOCK_SEL (4AEE) forces the CRT controller 
to A TI mode.) 

3. Only machBwill reset CRT_PITCH, GE_PITCH, CRT_OFFSET, and GE_OFFSET 
registers when ADFUNC_CNTL is written, not mach32. 
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Display Control Register 

8514/A I Mach 8 .. J Mach32 .. 
22E8 (W) 

DISP _CNTL 

0 Reserved 

2:1 Y_CONTROL 

3 DOUBLE_ SCAN 

4 INTERLACE 

6:5 ENA_DISPLAY 

7 
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Line skip control: 
O = Bits 1 :2 skipped 
1 = Bit 2 skipped 
2 =Reserved 
3 =Reserved 
See V_TOTAL (12E8), V_DISP (16E8), and 
V_SYNC_STRT (1AE8). 

O = Single scan 
1 = Double scan 

O = No interlace 
1 = Interlace 

O =No change 
1=8514 CRT Controller enabled 
2 = 8514 CRT Controller reset 
3 = 8514 CRT Controller reset 

Reserved 
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Display Status Register 

02ES (R) DISP _STATUS 

11111,111r11~1Hn111111111111:1111111u11111111iii1l1Uli111111t1111illi1111~1111 iii]~ ~t '! 

O RGB_ TEST 0 = R,G,B less than or equal to 0.3V 
1 = R,G,B greater than 0.3V 

1 VERT_SYNC 

2 LINE_ SYNC 

7:3 

In 640x480 mode, typically O during vertical sync 
In 1024x768 mode, typically 1 during vertical sync 

This bit toggles on every horizontal retrace. 
O = odd scan line 
1 = even scan line 

Reserved 

Note: Sync polarity is set in V _SYNC_WID[S] (1 EES). 

Horizontal Displayed Register 

06E8 (W) 

::::::~~:~/:~/:i~{{{).: .. :.:::-:: ::;::::::::::·> ;.;.;-;.:-:·:·:·:· .:::::::::::::-:.:-:-:;:::: . . . /{:}~::-·.·.·>' 

:::::t::::::t~1::::::::::::11::::::i::::::::::::t~dP.n:iiu::tt:t< 
7:0 H_DISP 

15:8 H_ TOT AL (Alt) 
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H_DISP 

Displayed portion of the screen - measured 
horizontally in units of eight pixels. Also see 
V_DISP (16E8). 

Alternate total horizontal area of the screen - see 
H_TOTAL (2E8-W). 
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Horizontal Sync Start Register 

H_SYNC_STRT 
OAEB (W) 

8514/A l Mach a .J... Mach 32 - . 

7:0 H_:_SYNC_STRT Screen position of the H sync specified in units of 
eight pixels - measured horizontally from the 
start of the display area. 

Horizontal Sync Width Register 

OEEB (W) 

4:0 H_WIDTH 

5 H_POLARITY 

7:6 

H_SYNC_WID 

Width of the sync width measured horizontally in 
units of eight pixels 

O = Positive H sync polarity 
1 = Negative H sync polarity 

Reserved 

Horizontal Total Register 

02E8 (W) 

1:·::J·1:::.:,:·.··::11.:1::.:.:::i:1:::.·::::i::j:::·:::lj::.:·,:lllli:iill~l~ill:):li'l'l:J1l::11111.·1~: 
7:0 H_TOTAL 
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H_TOTAL 

Total horizontal area of the screen in units of eight 
pixels- pixel count measured from the beginning 
of one row to the beginning of the next row. Also 
see V_TOTAL (12E8) and alternate H_TOAL at 
H_DISP[15:8] (6E8-W). 
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Vertical Displayed Register 

8514/A l Macha l Mach 32 
16E8 {W) 

V_DISP 

11 :O V _DISP Displayed portion of the screen - measured 
vertically in lines. Also see H_DISP (06E8). 

15:12 Reserved 

Register Description: 

I. Registers that specify vertical amounts are specified with respect to the Y Counter of 
the CRT controller. This Y counter is not necessarily linear: it may skip bits according 
to the setting of DISP _CNTL[Y _CONTROL] (22E8). 

2. The different skip representations for the Vertical Displayed register are as follows: 

SKIP _1_2 Representation (only used in min mode): 
Bits I and 2 are skipped if Y _CONTROL is set to zero, 
i.e., if DISP _ CNTL[ 1,2] at 22E8h is 00. 

SKIP _2 Representation (used in normal mode): 
((linear<< 1) & OxFFF8) I (linear & Ox3) I ((linear & Ox80)>>5). 

Linear Representation (not used): 
((SKIP _2>> I) & OxFFFC) I (SKIP _2 & Ox3). 

REG688000-15 
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Vertical Sync Start Register 

V_SVNC_STRT 
1AE8 (W) 

8514/A J Mach 8 J... .. Mach 32 , . 

11 :0 V _SYNC_STRT Screen position of the V sync specified in lines -
measured from the top edge of the display. 

15:12 Reserved 

Register Description: 

1. Registers that specify vertical amounts are specified with respect to the Y Counter of 
the CRT controller. This Y counter is not necessarily linear: it may skip bits according 
to the setting of DISP _CNTL[Y _CONTROL] (22E8). 

2. The different skip representations for the Vertical Sync Start register are as follows: 

SKIP _1_2 Representation (only used in min mode): 
Bits land 2 are skipped if Y _CONTROL is set to zero, 
i.e., if DISP _CNTL[l,2] at 22E8h is 00. 

SKIP _2 Representation (used in normal mode): 
((linear<< I) & OxFFF8) I (linear & Ox3) I ((linear & Ox80)>>5). 

Linear Representation (not used) 
((SKIP _2>> 1) & OxFFFC) I (SKIP _2 & Ox3). 

© 1993 A Tl Technologies Inc. 
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Vertical Sync Width Register 

V_SYNC_WID 
1EE8 (W) 

8514/A J Mach 8 .J Mach 32 

4:0 V _WIDTH Width of the sync pulse measured vertically in lines 

5 V _POLARITY O = Positive V sync polarity 
1 = Negative V sync polarity 

15:6 Reserved 

Vertical Total Register 

12E8 (W) 
V_TOTAL 

11 :0 V_TOTAL Size of the screen specified in lines - line count 
measured from the first line of one frame to the 
first line of the next frame. Also see H_ TOTAL 
(02E8). 

15:12 Reserved 

Register Description: 

1. Registers that specify vertical amounts are specified with respect to the Y Counter of 
the CRT controller. This Y counter is not necessarily linear: it may skip bits according 
to the ~etting of DISP _CNTL[Y _CONTROL] (22E8). 

2. The different skip representations for the Vertical Total register are as follows: 

SKIP _1_2 Representation (only used in min mode 
Bits 1 and 2 are skipped if Y _CONTROL is set to zero, 
i.e., if DISP _CNTL[l,2] at 22E8h is 00. 

SKIP _2 Representation (used in normal mode) 
((linear<<l) & OxFFF8) I (linear & Ox3) I ((linear & Ox80)>>5). 

Linear Representation (not used): 
((SKIP _2>> 1) & OxFFFC) I (SKIP _2 & Ox3). 
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Engine Control 

Engine Control 

Engine Control Registers 

The 8514/A-compatible engine control registers are divided into five classes: 

• Draw Engine Setup 

• Data Path Control 

• ALU Control 

• Draw Control 

• Special 

Draw Engine Setup Registers 
The following register is nonnally not used. 

• MEM_CNTL (BEES*5) 

Data Path Control Registers 
These registers control the color and monochrome sources and multiplexers. 

• FRGD_MIX (BAES) 

• FRGD_COLOR (A6ES) 

• BKGD _MIX (B6ES) 

• BKGD_COLOR (A2E8) 

• PATIERN_L (BEES*S) 

• PA TIERN_H (BEES*9) 

• PIX_ CNTL (BEES* A) 

ALU Control Registers 
These registers control ALU and comparator function. 

• FRGD_MIX (BAE8) 

• BKGD_MIX (B6ES) 

• PIX_CNTL (BEES* A) 

• CMP _COLOR (B2ES). 

© 1993 AT/ Technologies Inc. 
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Inclusion Control Registers 
These control various aspects of the draw engine. 

• WRT_MASK (AAE8) 

• RD_MASK (AEE8) 

• SCISSOR_T (BEE8*1) 

• SCISSOR_L (BEES *2) 

• SCISSOR_B (BEE8*3) 

• SCISSOR_R (BEE8*4) 

Both the Write Mask and Read Mask registers are used to control which bit planes are to be 
involved in the operation. Scissor registers specify the pixels for the operation. 

Special Register 
These are only used for special functions such as polygon filling. 

• PIX_CNTL (BEES, Index A). 

Interrupts 
The 8514/ A can generate host interrupts (if enabled). Each interrupt has corresponding EN A 
and ACK fields in SUBSYS_CNTL, and an INT field in SUBSYS_STAT. Writing a logical 
"1" to an ACK field clears the corresponding INT field for a minimum of one clock cycle. 
The INT fields operate even if the corresponding ENA field is zero. The 8514/A interrupt 
request line is generated by OR 'ing the result of each INT field ANDed with its correspond­
ing EN A field. 

FIFO Status Register 

Graphics processor registers are writeable registers that have a "high" bit Al5 in their 
address. All host writes to these registers are queued in a 16-word command FIFO. 

The Command FIFO allows the 8514/ A to accept data from the host while the graphics 
processor is busy. This allows concurrent operation by the host and the processor. 

When 1/0 address bit A14 is set, it has the effect of adding wait states to any read or write 
operation that otherwise would cause SUBSYS_STAT[2] to be set if R/W were executed 
immediately. 

When executing draw commands with CMD[8] (CPU_ WAIT)= 1, the graphics processor 
consumes entries from the Command FIFO expecting host data. However, only those entries 
with addresses A2E8(BKGD_COLOR), A6E8(FRGD_COLOR), E2E8(PIX_ TRANS), and 
E6E8 are treated as host data. Any entry not in this group causes CMD[8] (CPU_ WAIT) to 
be ignored, and the draw operation is continued as if CMP[8] is logical 0, without further 
consumption of FIFO data. 

REG688000-15 
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When the drawing engine is not executing a draw command, it interprets E2E8 
(PIX_1RANS)asbackgroundcolorBKGD_COLOR(A2E8),andE6E8asforegroundcolor 
FRGD_COLOR (A6E8). 

Note carefully that the interpretation of PIX_1RANS and BKGD_COLOR is made when. 
the graphics processor consumes FIFO data, and not when the host writes data to the FIFO. 

PIX_ 1RANS is just BKGD _COLOR with Address Bit A 14 turned on and can be regarded 
as a convenient fiction that simplifies documentation and programming - Register Alias. 

PIX_1RANS(R) is not associated with the Command FIFO. However, both are disabled 
when SUBSYS_ST AT[2] is logical one. 

The command FIFO overruns when an 1/0 write of an 8514/A-compatible register in the 
address range [82E8-FEE8] or an extended register occurs and all 16 FIFO entries are full. 
The FIFO can also be locked if GE_STAT[8] = 0 and a read from PIX_1RANS(E2E8) is 
attempted. All applicable 1/0 writes should be preceded by checking the FIFO Status register. 
8514/A-compatible applications use GE_STAT(9AE8) and machB or mach32 aware 
applications use EXT_FIFO_STATUS(9AEE). 

Once locked, the FIFO may be cleared by resetting the draw engine using SUBSYS_CNTL 
(42E8) or by clearing the INV ALID_IO bit of the same register. 

© 1993 AT/ Technologies Inc. 
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B6EB 

BAEB 

BEEB 

92EB 

96EB 

9AEB 

9EEB 

A2EB 

A6EB 

AAEB 

AEEB 

B2EB 

B6EB 

BAEB 

BEEB 

E2EB 
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CUR_X 

DESTY_AXSTP 

DESTX_DIASTP 

ERR_ TERM 

MAJ_AXIS_PCNT 

CMD 

SHORT_STROKE 

BKGD_COLOR 

FRGD_COLOR 

WRT_MASK 

RD_MASK 

COLOR_CMP 

BKGD_MIX 

FRGD_MIX 

MUL TIFUNC_CNTL 

PIX_ TRANS 

Current X Position 

Destination Y Position/ Axial Step Constant 

Destination X Position/Diagonal Step 
Constant 

Error Term 

Major Axis Pixel Count 

Command 

Short Stroke Vector Transfer 

Background Color 

Foreground Color 

Write Mask 

Read Mask 

Color Compare 

Background Mix 

Foreground Mix 

Multifunction Control 

Pixel Data Transfer 
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Engine Control Registers 

Memory Control Register 

1 :0 GE_X_CONTROL Reserved (set to (1,0)) 

3:2 GE_Y_CONTROL 

4 PLANE_ SELECT 

11:5 

15:12 MF _INDEX 

* Index 5 of port address BEEB. 

Register Description: 

1. GE Y CONTROL 

GE Memory Control (should be equal to 
DISP _CNTL.Y _CONTROL): 
00 = SKIP1 (640x480x8, 512K configuration) 

(Not Used - ATl68800-6) 
01 =Linear (other resolutions and configurations) 
1 O = Reserved 
11 = Reserved 

Plane Select (512K configuration only) 
O =select lower 4 planes (Bank 0) 
1 = select upper 4 planes (Bank 1) 
ATl68800·6: 
Not used - min mode no longer supported 

Reserved 

Multi-Function Index (set to 5) 

Specifies skip behaviour for the draw controller and should be set to the same value as 
DISP _CNTL, Y _CONTROL. 

When GE_ Y _CONTROL is OOb the CPU must adjust the values it sends to CUR_ Y, 
DESTY_AXSTP, MULTIFUNC_CNTL [SCISSOR_T], AND 
MULTIFUNC_CNTL[SCISSOR_B]. For example, if (X,Y) is the desired start 
position for a draw command, the host must write ((2*Y)+(Y &I)) to CUR_ Y. 

2. PLANE_ SELECT 

Works for 512K configuration only, and applies to both read and write operations. 
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Subsystem Control Register 

8514/A J Mach 8 I Mach 32 
42E8 (W) 

SUBSYS_CNTL 

0 VBLANK_ACK 0 = No change 
1 = Associated interrupt status bit cleared 

1 INSIDE_SCISSOR_A 0 = No change 
CK 1 = Associated interrupt status bit cleared 

2 INVALID_IO_ACK O =No change 
1 = Associated interrupt status bit cleared 

3 GE_IDLE_ACK 0 =No change 
1 = Associated interrupt status bit cleared 

7:4 Reserved 

8 VBLANK_ENA 0 = Interrupt disabled - VBLANK 
1 = Interrupt enabled - VBLANK 

9 INSIDE_ SCISSOR_ O = Interrupt disabled - Pixel inside region 
ENA 1 =Interrupt enabled - Pixel inside region 

10 INVALID_IO_ENA 0 =Interrupt disabled - Invalid 1/0 
1 = Interrupt enabled - Invalid 1/0 

11 GE_IDLE_ENA 0 = Interrupt disabled - Engine idle 
1 =Interrupt enabled - Engine idle 

13:12 

15:14 GE_RESET 

Register Description: 

Reserved 

O =No change 
1 = Normal Engine operation 
2 = Engine & Fl FO reset 

1. The Subsystem Control register is used to clear any selected interrupt sources -
If any control bit is enabled in this register, the corresponding interrupt status bits in 
42E8-R will be set even if the associated interrupt enable is not set to monitor the 
condition. 

2. The related ACK, ENA, and INT fields bear the following relationship to one 
another - Writing logical one to an ACK will clear its corresponding INT for at least 
one period. The INT continues to operate even if the corresponding ENA is logical 
zero because mach32 interrupt request is generated only if (INT• ENA) is true. 

3. Interrupts (INT) may be generated from any of the following sources: 

• VBLANK - generated by the trailing edge of the vertical blanking signal after the 
last vertical line in a frame is displayed. The line is specified at V _DISP ( 16E8). 

REG688000-15 
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Engine Control Registers 

• INSIDE_SCISSOR- generated if the current destination pixel falls inside the scissor 
region during any draw operation. Destination is specified by DESTY _AXSTP 
(8AE8) and DESTX_DIASTP (8EE8) for IBM blits, and by CUR_X (86E8) and 
CUR_ Y (82E8) for all other draw operations. Monochrome reads ignore the scissors, 
but they still trigger the interrupt correctly. Blits trigger the interrupt only for pixels· 
on the destination trajectory. 

• INVALID _10 - generated if an attempt to write to the Command FIFO or to read 
from the CPU Data Transfer register fails even after waiting out the maximum 
permissable wait-stat~s if Al4 is logical one. The illegal l/Omay be due to afull FIFO 
or register not ready. 

• GE_IDLE - generated if the FIFO is empty and the engine is in transition to idle. 

4. See SUBSYS_STATUS (42E8-R) for INT descriptions. 
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Subsystem Status Register 

42EB (R) SUBSYS_STATUS 

1111111111111~111111111t•~1l1tt 1111111 111111i~i;iii111111~~,;111iRi11~~111111iW~~1~i111:1111 
0 V _BLANK_INT 0 = Not detected 

1 = Detected - generate interrupt if enabled 

1 INSIDE SCISSOR_IN 0 -= Not detected 
T 1 = Detected - generate interrupt if enabled 

2 INVALID_IO_INT 0 = Not detected 
1 = Detected - generate interrupt if enabled 

3 GE_IDLE_INT 0 =Not detected 
1 = Detected - generate interrupt if enabled 

6:4 MONITOR_ID 2 = IBM 8514 monitor 
5 = I BM 8503 monitor 

7 MEM_SIZE 

15:8 

6 =IBM 8513 or 8512 monitor 
7 = Monitor not connected 
Bits correspond to pins 4, 12, and 11 of the analog 
monitor connector 

O = 512KBytes 
1=1MBytes 

Reserved 

*The Subsystem Status register in 8514-compatible mode is only 8-bit wide (7:0). 

Register Description: 

1. The Subsystem Status register contains various conditions for interrupt generation. See 
SUBSYS_CNTL (42E8(W)) for ACK and ENA descriptions. 

2. For mach32, MEM_SIZE is set to 5 l 2K on 5 l 2KB boards or 1 MB boards with the 
memory boundary set to 5 l 2K; in all other cases MEM_SIZE is set to 1 M. 
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Drawing Control 

Draw Control Registers 

Registers that control the position, size, and direction of the trajectory are draw control 
registers. There are two general drawing control registers: CMD (9AE8-W) and GE_STAT 
(9AE8-R). 

• CMD(9AE8) 

• CUR_X (86E8) 

• CUR_ Y (82E8) 

• GE_ST AT (9 AE8) 

• ERR_ TERM (92E8) 

• MAJ_AXIS_PCNT (96E8) 

• MIN_AXIS_PCNT (BEE*O) 

• SRC_X/DEST _X/DIASTP (8EE8) 

• SRC_Y/DEST_Y/AXSTP (8AE8) 

The draw registers are used for trajectory control and initiating draw operations. All 8514/A 
compatible draw operations are initiated with the CMD (9AE8) with the exception of short · 
stroke vectors, which are drawn with SHORT _STROKE (9EE8). 

The CMD register defines and initiates draw commands. All draw parameters should be set 
before this register is used. Writing to the Command register is one of the few actions that 
actually causes an effect on the display screen. Most other registers are used to "set the 
stage" for draw commands. 

The Command register defines the type of drawing operation used. There are three 
categories of draw operations - line draws, rectangle fills, and BLITs. (The term BLIT is 
generally used to describe data transfer, and in particular here refers to the copying of pixel 
(or monochrome) data from one rectangular screen region to another.) These draw operations 
define trajectories, which are the paths along which pixels are drawn in order to create lines 
or rectangles. 

Several parameters influence trajectory: 

• CUR_X and CUR_ Y control position 

• MAJ_AXIS_PCNT and MULTIFUNC_CNTL [MIN_AXIS_PCNT] control size 

• DESTY _AXSTP and DESTX_DIASTP control slope (for lines) 

• The fields CMD[3] and CMD[7:5] determine quadrant/octant 
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• CMD[2] controls whether the last pixel in a line (or the last row/column in some rec­
tangle types) is drawn. 

The pixel values that are drawn into the trajectory can come from one of several possible 
sources, including the FRGD_COLOR register, the host CPU, or BLIT source. When using 
host CPU data, setting CMD[8] to 1 causes the graphics engine to wait for host 1/0. 

Scissor Registers 

The 8514/ A Scissor registers inhibit drawing outside a rectangular area of the screen. Scissor 
registers do not provide full clipping of drawing operations. This means any coordinate 
parameters falling outside the range of the graphics engine's coordinate system, which 
extends from (-512,-512) to (1535, 1535), will be interpreted incorrectly. 

Even when the scissor registers are being used, the host application may still have to perform 
pre-clipping of graphics primitives before passing them to the graphics engine. Despite of 
this, the scissor registers do have many useful applications when implementing graphics 
functions. 

Scissor registers may also be used to generate interrupts on drawing operations that fall inside 
the scissor rectangle, the INSIDE_SCISSOR_ENA bit of the SUBSYS_CNTL register 
enables this feature. INSIDE_SCISSOR interrupts are useful for implementing high-speed 
pick operations. 

The Scissor registers behave as follows. The Left and Top scissors are 11 bit registers 
interpreted as signed numbers in the range (-1024, 1023). The Right and Bottom scissors are 
interpreted as unsigned numbers in the range (0, 2047). The X and Y coordinates are 
interpreted as numbers in the range (-512, 1535). 

A point (X,Y) is compared against the Scissor registers and if it is inside the scissors, it is 
plotted modulo 1024. Memory pitch is always 1024 for 8514/A compatible mode. Specifi­
cally: 

if ( X >= SCisa:>R_L && 

X <= S:::ISOOR_R && 

Y >= S:::ISOOR_T && 

Y <= S:::ISOOR_B ) { 

if (write) setpel ( X m::xl 1024, Y ) ; 
if (read) set_data_mady (getpel ( X m:xi 1024, Y ) ) ; 

} else { 
if (read) set_data_mady (OxFF) ; 

} 

As a consequence of the above, if scissors are set at (L,R,T,B) = (-512, 1535, -512, 1535) 
then all possible points, even those off-screen, are drawn and visible (albeit with wrap­
around). 
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Drawing Control 

Color host read operations return OxFF outside the scissor region. 

The blit source is not affected by the scissors. As would be expected from the above pseudo 
code, The blit source wraps at the memory pitch in the X direction. 

The scissor region has no effect on monochrome reads. 

The Scissor registers include SCISSOR_B (BEES, Index 3), SCISSOR_L .(BEES, 
Index 2), SCISSOR_ T (BEES, Index 1 ). 

Data Transfer Registers 

The Data Transfer registers are PIX_TRANS (E2ES (R/W)) and SHORT_STROKE 
(9EES-W). 

Pixel Transfer ALU Control Registers 

The Pixel Transfer ALU (Arithmetic Logic Unit) is used to combine each pixel on a drawing 
trajectory with one or more sources of data. 

For each draw operation, one pixel from each of the color and monochrome data sources 
will be combined with the destination pixel by the pixel transfer ALU. 

The pixel transfer ALU provides 16 Boolean functions and 16 arithmetic functions. The 
ALU will use one of two independent mixes (functions) depending on the value of the 
monochrome data streams. If the value of the monochrome data stream is one for the current 
pixel, the foreground mix will be used; ifthe value is zero, the background mix will be used. 

00 

01 

10 

11 
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BKGD_COLOR register 

FRGD_COLOR register 

PIX_ TRANS register 

SLIT buffer 

REG688000-15 
8-23 



Drawing Control 

A destination color comparator allows destination pixels of pre-selected colors to be 
protected from update by drawing operations. 

Mix Control 
Registers FRGD_MIX and BKGD_MIX are used to specify foreground and background 
color sources and mix functions that are used to combine the source and destination. The 
following tables list the definitions of codes being used . 

. :::.1:1.:::·::IJiuf:N.i :1::.:::11·!·1~~::.l~!i!illtlll~m~~1ii~!1:~!9,~!~i!:i!:~!::91,1,~~19~'1i1: 
·····.· ... ·.·.-.·.·.·-:-:.:.:-:-:.:.·.:.·.·-:-:.:.·.:.:-:-:-:-:-:-:-: .·.··.·-:-·-:-:-:-:-:.:·:-;.:-:.:-:-·.:-:-:.:-:.·.:. 

00 not D 

01 Zero 

02 One 

03 D 

04 not S 

05 DxorS 

06 (Not D) xor S 

07 s 
08 (not D) or (not S) 

09 Dor (not S) 

OA (not D) or S 

OB DorS 

oc Dand S 

OD (not D) and S 

OE D and (not S) 

OF (not D) and (not S) 

10 Min (S, D) 

11 D-S 

12 S-D 

13 D+S 

14 Max (S, D) 

15 (D-S)/2 
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16 (S-D)/2 

17 (D+S)/2 

18 Max (0, D-S) 

19 Max (0, D-S) 

1A Max (0, S-D) 

18 Min (OxFF, D+S) 

1C Max (0, D-S)/2 

10 Max {O, D-S)/2 

1E Max (0, S-D)/2 

1F (OxFF<S+D) ? OxFF:(S+D)/2* 

*If function< S+D, then it evaluates to OxFF; otherwise, it evaluates to (S+D)/2. 

Pixel Transfer ALU Control registers include: 

• BKGD_COLOR (A2E8-W) 

• BKGD_MIX (B6E8-W) 

• CMP_COLOR (B2E8-W) 

• FRGD_COLOR (A6E8-W) 

• FRGD_MIX (BAE8-W) 

• PA TTERN_H (BEE8 *9-W) 

• PA TTERN_L (BEE8*8-W) 

• PIXEL_CNTL (BEE8*A-W) 

• RD_MASK (AEE8-W) 

• WRT_MASK (AAE8-W) 
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The Multi-Function Control Register 

A multi-function control register (BEE8h) is used to access nine (9) sub-registers by index, 
which is the four high bits of the register value. The sub-registers are described later in this 
chapter as follows: 

• BEE8*0- MIN_AXIS_PCNT 

• BEE8*1-SCISSOR_T 

• BEE8 *2 - SCISSOR_L 

• BEE8*3 - SCISSOR_B 

• BEE8*4- SCISSOR_R 

• BEE8*5-I\i1EM_CNTL 

• BEE8*8-PAITERN_L 

• BEE8*9-PAITERN_H 

• BEE8*A-PIXEL_CNTL 
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Drawing Control Registers 

Background Color Register 

BKGD_COLOR 
A2E8 (W) 

8514/A .. J... Mach 8 J Mach 32 

15:0 BKGD_COLOR Determines the background color. Upper eight bits 
(15:8) ignored in 8-bit mode. 

Background Mix Register 

B6E8 (W) 
BKGD_MIX 

4:0 MIX_FN Background Mix Value 

6:5 COLOR_SRC Background Source Select 

15:7 Reserved 

Register Description: 

1. The BKGD _MIX register specifies the background mix and color source (see "Mix 
Control" codes on page 8-24) 
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Draw Command Register 

CMD 
9AE8{W) 

8514/ A I Mach 8 I Mach 32 

0 RW 0 = read (READ) 
1 =write (WRITE) 

1 PIXEL_MODE 

2 LAST_PEL_OFF 

3 DIR_ TYPE 

4 DRAW 

7:5 OCTANT (Bit 3=0) 

0 =single pixel mode (SINGLE) 
1 = nibble mode (NIBBLE) 

0 = draw last pixel 
1 = do not draw past pixel 

0 = coordinate mode (XY) 
1 =degree mode (DEGREE) 

0 =no draw 
1 =draw 

Bit 7 (YPOS): 
O = negative Y direction 
1 = positive Y direction 

Bit 6 (YMAJOR) 
O = Xmajor 
1 = Y major 

Bit 5, XPOS: 
O = negative X direction 
1 = positive X direction 

DEGREES (Bit 3=1) Drawing direction: 

8 CPU_ WAIT 

9 DATA_ WIDTH 

11 :10 

12 LSB_FIRST 

REG688000-15 
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O = O degrees 
1 = 45 degrees 
2 = 90 degrees 
3 = 135 degrees 
4 = 180 degrees 
5 = 225 degrees 
6 = 270 degrees 
7 = 315 degrees 

0 = no wait for host data 
1 = wait for host data 

O = 8 bit data (Bit8) 
1 = 16 bit data (Bit16) 

Reserved (set to 00) 

O = use MSB of host data first in BIT16 data width 
1 = use LSB of host data first in BIT16 data width 
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Draw Command Register 

CMD 
9AE8 {W) 

1 l 8514/A Macha Mach 32 - · 

15:13 OPCODE Draw function: 
0 = NO_OP-Short Stroke Setup 
1 = DRAW_LINE - Draw Line 
2 = FILL_RECT _HOR - Fill Rectangle 

(horizontal direction first) 
3 = FILL_RECT _ VPIX - Fill Rectangle 

(vertical direction first) 
4 = FILL_RECT_ VNIB - Fill Rectangle 

(nibbles, up and down) 
5 = DRAW_POL Y _LINE - Draw Polygon 

Boundary Line 
6 = BLIT - Copy Screen Area (Blit) 
7 =Reserved 

Register Description: 
Some of the register fields are as follows: 

RW 
(CMD[O]) 

PIXEL MODE 
(CMD[l]) 

When CMD[O] = 0, pixels are read from the draw trajectory and fed 
to the host through PIX_ 1RANS(R). When CMD[O] = 1, data is 
written to the draw trajectory. Blit is an exception to the rule, in that 
it reads from the blit source trajectory. Read and write are exclusive 
(except for BLIT.) 

A nibble is a horizontal group of four contiguous pixels aligned on 
a modulo 4 boundary. CMD[ 1] determines the mapping of host 
data to pixels. 

In SINGLE pixel mode, one byte of host data is produced or con­
sumed for every pixel read or drawn. SINGLE mode is appropriate 
for color reads and writes. For monochrome-single-write mode, 
each pixel uses a separate byte of host data, and only the bit of host 
data corresponding to the pixel's position within its nibble is used. 

In NIBBLE mode, one byte of host data is produced or consumed 
for every nibble (or fraction of a nibble) read or drawn. NIBBLE 
mode is appropriate for monochrome reads. For monochrome-nib­
ble-write mode, each nibble in the draw trajectory uses a new byte 
of host data. 
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DIR TYPE 
(CMD[3]) 

DRAW 
(CMD[4]) 

CPU WAIT 
(CMD[8]) 

DATA WIDTH 
(CMD[9]) 

LSB FIRST 
(CMD[12]) 

REG688000-15 
8-30 

If host data is not involved, using NIBBLE mode yields a signifi­
cant performance improvement. 

This field specifies the type of draw direction as either radial (DE­
GREE) or coordinate-based (XY). The direction is then specified 
by CMD[7:5] of the CMD register 

When CMD[ 4] = "no draw", all side effects occur, but no data is 
read or written from/to either host or VRAM . At first glance, this 
would appear to be a "move to". However, it is more efficient to 
achieve this by simply updating CUR_X and CUR_ Y, as the graph­
ics processor still calculates the draw trajectory for a "no draw" 
command. 

The real intent behind the "no draw" option is the efficient imple­
mentation of "pick" operations in CAD type applications. By set­
ting the scissor rectangle to a small "pick" region near a pointing 
cursor and "re-drawing" the screen with "no draw", the application 
can determine which lines fall within the pick region by monitoring 
SUBSYS_STAT[l]. 

Note that CMD.DRA W has no effect on the FILL_RECT_ VNIB 
fill rectangle operation or the blit. . 

If CMD[8] ="wait for host data", the graphics processor waits for 
MSB of host 1/0. 

This is used for host-VRAM image transfer and for patterned 
draws. Note that either color source or monochrome source must be 
set to "host" if host data is to affect VRAM writes. 

All host 1/0 is 16 bit 1/0. If this field is "8-bit data", only the least 
significant byte (LSB) of PIX_ TRANS is used; otherwise, both 
MSB and LSB are used. 

This field affects the byte order for 16 bit host 1/0. When CMD[9] 
= 1 ( 16-bit data), the MSB of PIX_ TRANS is drawn first if 
CMD[ 12] = 0, and LSB is drawn first if CMD[ 12] = 1. This rule 
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OP CODE 
(CMD[15:13]) 

Drawing Control Registers 

also applies to host reads and monochrome data. CMD[ 12] has no 
effect when data-width is 8-bit (CMD[9] = 0). 

Side Effects - Draw operations have side effects such as changing 
CUR_X, CUR_ Y, DESTX_DIAS1P, DESTY _AXS1P, 
ERR_TERM, and MAJ_AXIS_PCNT. These should be carefully 
noted for each draw operation. The tenn "side effects" refers only 
to register side effects. Side effects occur independently of the set­
tings QfCMD[O] and CMD[4]. 

OP _CODE 7 should never be used. Although it is implemented as a 
"NO OP" on the mach32, if used, it will set the IBM 8514/A into 
an indefinite GP _BUSY state which can be cleared only by SUB­
SYS_ CNTL[ 15: 14 ]. 

Short Stroke Setup (OP _CODE= 0) 
This op code is used to set up Short Stroke Vector drawing. SSV operation is the same as 
"Draw Line" operation unless otherwise noted. The host sends Short Stroke Vectors to the 
graphics processor through the SHORT_STROKE register. 

DRAW 

DATA WIDTH 

CPU WAIT 

LSB FIRST 

No effect. The "move/draw" bit of a SHORT_STROKE command 
byte overrides CMD[4]. 

The graphics processor always processes two SSV commands per 
word. 

When CMD[O] =WRITE and host data is being written, the first 
SSV of every pair does not consume host data correctly. Therefore 
the first SSV of every pair should be 0 (a NO OP). 

When CMD[ 12] = 1 the LSB of SHORT_STROKE is processed 
first. Otherwise the MSB of SHORT_STROKE is used first. 

Side Effects - CUR_X, CUR_ Y, and ERR_ TERM behave as for 
"Line Draw". MAJ_AXIS_PCNT is replaced by 
SHORT_STROKE[3:0]. 

Draw Line (OP _CODE= 1) 
Line draw, polygon boundary draw, and short stroke vector draw all share the same basic 
behaviour. 
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LAST PEL OFF - -

DIR TYPE 
OCTANT 

When CMD[2] = 0, MAJ_AXIS_PCNT +I pixels are drawn/read. 
When CMD[2] = 1, only MAJ_AXIS_PCNT pixels are drawn. This 
bit does not alter the side effects on CUR_X or CUR_ Y or 
ERR_ TERM. 

If CMD[3] =DEGREE, lines are drawn in one of eight directions. 
If CMD[3] = XY, the current Bresenham parameters are used in the 
specified octant. 

Side Effects - (CUR_X, CUR_ Y) becomes (CUR_X+dx, 
CUR_Y+dy). MAJ_AXIS_PCNTis not changed. ERR_TERM is 
updated. 

Fill Rectangle Type FILL_RECT_HOR (OP _CODE= 2) 
In this mcxle rectangles are filled using horizontal lines. The CMD register bitfields have the 
following effects. 

LAST PEL OFF - -

DIR TYPE 
OCTANT 

When this bit is set, the last pixel in each scan line is dropped. 

For CMD.DIR_TYPE = XY, the "X direction" and "Y direction" 
bits are observed, and the "X,Y major" bit is ignored. For example, 
if CMD[7:5] = 0, the rectangle is drawn above and to the left of 
(CUR_X, CUR_ Y). If CMD[3] =DEGREE, then the quadrant is 
determined by (CMD[ 15: 13)/2) (0 and I map to the upper right 
quadrant, 2 and 3 map to upper left quadrant, etc). 

Side Effects - (CUR_X, CUR_ Y) becomes (CUR_x_-twidth, 
CUR_ Y:!height)). 

Fill Rectangle Type FILL_RECT _ VPIX (OP _CODE= 3) 
In this mcxle rectangles are filled using vertical lines. The CMD register bit fields have the 
following effects. 

PIXEL MODE 

LAST PEL OFF - -

DIR TYPE 
OCTANT 

REG688000-15 
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Effectively ignored. This operation always works in SINGLE pixel 
mode. 

When this bit is set, the last pixel in each column is dropped. 

For CMD[3] = XY, the "X direction" and "Y direction" bits are ob­
served, and the "X,Y major" bit is ignored. For example, if 
CMD[7:5] = 0, the rectangle is drawn above and to the left of 
(CUR_X, CUR_Y). If CMD[3] =DEGREE, then the quadrant is 
determined by (CMD[7:5]/2), (0 and 1 map into the upper right 
quadrant, 2 and 3 into upper left quadrant, etc). 
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Side Effects - (CUR_X, CUR_ Y) becomes (CUR_x_--twidth, 
CUR_ Y:!height)). 

Fill Rectangle Type FILL_RECT_VNIB (OP _CODE :4) 
In this mode, rectangles are filled in a vertical trajectory a nibble wide. The vertical direction 
alternates between up and down. The CMD register bitfields have the following effects. 

PIXEL MODE 

LAST PEL OFF - -

DIR TYPE 
OCTANT 

DRAW 

Effectively ignored. This operation always works in NIBBLE mode. 

NO effect on FILL_RECT_ VNIB rectangles. 

For CMD[3] = XY, the "X direction" and "Y direction" bits are ob­
served, and the "X,Y major" bit is ignored. For example, if 
CMD[7:5] = 0, the rectangle is drawn above and to the left of 
(CUR_X, CUR_ Y). If CMD[3] =DEGREE, then the quadrant is 
determined by (CMD[7:5]/2), (0 and 1 map to the upper right quad­
rant, 2 and 3 to upper left quadrant, etc). 

CMD[4] has no effect on the FILL_RECT_ VNIB rectangle fill 
command. 

Side Effects - For FILL_RECT_ VNIB, (CUR_X, CUR_ Y) re­
mains unchanged. 

Draw Polygon Boundary Line (OP _CODE = 5) 

This operation is a variantofDRA W _LINE used to draw polygon boundaries in preparation 
for polygon filling. In all respects it behaves like "Draw Line", except that only one pixel is 
drawn/read per scan line. When the X coordinate of the draw trajectory goes to the left of 
the left scissor value, pixels are plotted on the left scissor boundary line (although CUR_X 
is not affected). 

During a poly line draw, SUBSYS_STAT[l] behaves as during a normal line draw - the 
condition is tested before left scissor clamping. 

RW For mono reads see Draw Line. For color reads, if CMD[O] = 
READ, OxFF is returned forthe pixels that are skipped on the draw 
trajectory. For CMD[O] =WRITE, and CMD[8]=1, host data is con­
sumed for the skipped pixels. 

LAST_PEL_OFF For correct polygon fill operation, CMD[2] should be set to logical 
one so as to disable the last scan line. 
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BLIT (CMD[15:13] = 6) 
Blit copies pixels from a source rectangle located at (CUR_X, CUR_ Y) to a destination 
rectangle located at (DESTX_DIASTP, DESTY _AXSTP). The blit operation is mediated 
by an 8 element nibble-wide blit buffer between source and destination. Up to 32 pixels are 
copied into the buffer from source and then are copied (with suitable rotation if necessary) 
into destination. 

For a color blit to operate correctly, the foreground color source must be set to blit source 
by setting the COLOR_SRC field of-FRGD_MIX. For a monochrome blit to operate 
correctly, the MONO_SRC bitfield of PIX_CN1L must be set to blit source. 

R W Read mode ignores CMD[ 1], behaving as if CMD[ 1] = NIBBLE, 
reads from the source trajectory, and still draws to the blit destina­
tion. 

LAST PEL OFF No effect. - -

DIR TYPE These bitfields are interpreted as for the rectangle fill op codes. 
OCTANT 

DRAW CMD[4] has no effect on blit. In particular, if CMD[O] =READ, 
GE_STAT[8] will be set even when CMD[4] = 0. 

Side Effects - (DESTX_DIASTP, DESTY _AXSTP) becomes 
(DESTX_DIASTP. DESTY _AXSTP±dy) depending on quadrant 
where: 

dy = MIN_AXIS_PCNT+l. 

(CUR_X, CUR_ Y), MAJ_AXIS_PCNT and MIN_AXIS_PCNT re­
main unchanged. 

POLYGON FILL MODES 
The 8514/A has two polygon fill modes. Both types are intended to be used during a 

. FILL_RECT_HOR (Fill Rectangle) operation. Both use monochrome reads to detect out­
lines- whenever detected the Fill State is toggled. During FILL_RECT_HOR Rectangle 
Fill and BLIT, the Fill State is set to 0 at the beginning of each scan line. 

Polygon Fill Type A 
This mode is selected when PIX_ CN1L is set to XXXXX 1 OX. RD _MASK is used for the 
monochrome outline detect. That means for a pixel to be recognized as an outline all bits 
selected by RD _MASK must be high. 

WR T _MASK selects the planes to which the filled polygon is written. However, those planes 
where both read and write masks are "high" are cleared. In planes where the read mask is 
"on", the write mask is treated as "off' for the purposes of color compare and mix. The right 
edges of the outline are not included in the fill, but the left edges are. 

REG688000-15 
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Outline Plane(s): 00000000100000000100000000010001000000100000 

Fill Plane(s): 00000000111111111000000000011110000000111111 

Polygon Fill Type B 
This mode is selected when MULTIFUNC_CN1L [PIX_CN1L] is setto XXXXXl IX. The 
write mask selects both the outline and the fill planes. For a pixel to be recognized as an 
outline all bits selected by WRT_MASK must be high. RD_MASK must be non-zero, but 
is otheiwise ignored. Both left and right edges are included in the resulting filled area. 

Before (Outline): 00000000100000000100000000010001000000100000 

After (Fill): 00000000111111111100000000011111000000111111 

All draw commands use polygon fill mode if it is selected, but only FILL_RECT_HOR 
Rectangle Fill and BLIT reset the Fill State to 0 at the beginning of every scan line. Polygon 
fill mode is therefore useful only for those two commands. 

-:·:·:·:·:- .·.·.·.-.:.·-:···:::::::-:·· 
::::::::::::::::.: .·.·.·.·.··:::::::::::::::::: 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 
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Destination Compare Color Register 

8514/A Macha I Mach 32 
B2E8 {W) 

CMP_COLOR 

15:0 DCC Destination compare color is compared with the 
color destination pixel according to 

Register Description: 

DEST_CMP _FN. The upper 8 bits are ignored in 8-
bit mode. 

1. The COLOR_ CMP register specifies the destination comparison color. When a pixel on 
the draw trajectory is to be updated, it is compared to the value of COLOR_ CMP 
using the function specified in PIX_CNTL[5:3]. If the result is False, the write 
succeeds; otherwise, the destination pixel is left alone. 

2. Color compares are masked through the WRT_MASK register, (the color compare 
operation ignores unmasked planes). 

REG688000-15 
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Current X Register 

8514/A I Macha I Mach 32 , . 
86E8 (R/W) 

CUR_X 

10:0 CUR_X The starting X coordinate for the first row of the 
destination bl it 

15:11 Reserved 

Register Description: 

1. The Current X Position register is used to detennine the starting X coordinate of all 
drawing operations. Values written to this register will be considered to be in the 
range (-512 .. 1535). 

2. Bit 12 which is nonnally reserved when perfonning 8514-compatible drawing 
operations is unused when perfonning extended drawing operations. 
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82E8 (R/W) 

10:0 CUR_Y 

15:11 

Register Description: 

Current Y Register 

CUR_Y 

8514/A Macha 1 Mach 32 

The starting Y coordinate for the first row of the 
destination bl it 

-
Reserved 

1. The Current Y Position register is used to determine the destination starting point of 
most drawing operations. Values written to this register will be considered to be in the 
range (-512 .. 1535). 

2. Bit 12 which is normally reserved when performing 8514-compatible drawing 
operations is unused when performing extended drawing operations. 

3. (CUR_X, CUR_ Y) specifies the starting coordinates of all draw operations, with the 
exception of BUT, for which it specifies the starting coordinates of the source 
rectangle. 

4. (CUR_X, CUR_ Y) is affected by the execution of draw commands. 

5. These registers are interpreted as having a range of (-512 .. 1535) 

REG688000-15 
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Error Term Register 

92E8 {R/W) 

i::llli!·i:::i:.·· .. :;11111:111:1· .. : .. : .. !·i[ .. :·.l:ll!:l:i·l:!!·:1:1::1•11:~~11·1:·:11·:·:1:·111·:· .. 1:.: 

12:0 ERR_ TERM 

15:13 

Register Description: 

ERR_ TERM 

The Bresenham error term is within the range of (-
4096 ... 4096) 

Reserved 

1. The ERR_ TERM register defines the initial Bresenham error term for the current line 
draw. Before starting a line draw ERR_ IBRM should be set to: 

2* min (ldxl, ldyl) - max (ldxl, ldyl) - 1 

2* min (ldxl, ldyl) - max (ldxl, ldyl) 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

(if starting x <ending x) 

(if starting x >=ending x) 

REG688000-15 
8-39 



Drawing Control Registers 

Foreground Color Register 

ASES (W} FRGD_COLOR 

lllli~llllllJllJl!il!l:~llllll1~t!Hll lllllllii~:if i~l 1llll~ijllllilli~!ii,l,;1.i itiiijij;i imtii 
15:0 FRGD_COLOR Determines the foreground color. Upper 8 bits 

(15:8) ignored in 8-bit mode. 

Foreground Mix Register 

8514/ A ... 1 Mach 8 1 Mach 32 
BAES (W} 

FRGD_MIX 

4:0 MIX_FN Foreground Mix Value 

6:5 COLOR_SRC Foreground Source Select 

15:7 Reserved 

Register Description: 

1. The FRGD _MIX register specifies the foreground mix and color source. See "Mix 
Codes" on page 8-24. 

REG688000-15 
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Graphics Engine Status Register 

GE_STAT 
9AE8 (R) 

8514/ A I Mach 8 1 Mach 32 

0 FIFO_OCCUPIEDO 1 =FIFO postion 0 occupied 

1 FIFO_OCCUPJED1 1 = FIFO position 1 occupied 

2 FIFO_OCCUPIED2 

3 FIFO_OCCUPIED3 

4 FIFO_OCCUPIED4 

5 FIFO_OCCUPIED5 

6 FIFO_OCCUPIED6 

7 FIFO_OCCUPIED7 

8 DATA_READY 

9 GE_ BUSY 

15:10 

Register Description: 

1 =FIFO position 2 occupied 

1 =FIFO position 3 occupied 

1 = Fl FO position 4 occupied 

1 = FIFO postion 5 occupied 

1 =FIFO position 6 occupied 

1 =FIFO position 7 occupied 

O = No data available for reading by host 
1 = Data is ready to be read by host 

O = graphics processor is idle 
1 = graphics engine is busy executing a draw 

command 

Reserved 

I. This register provides the FIFO status infonnation, host read data status, and the 
hardware busy status. 

2. Bits 0:7 indicate the status of the eight FIFO entries, whether it has data or not. 
(position 0 is the first entry, position I the second, and so on. 
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Major Axis Pixel Count Register 

96E8 {W) 
MAJ_AXIS_PCNT 

8514/A I Macha l Mach 32 

10:0 COUNT Defines the major axis pixel count or Bresenham 
line length. The major axis pixel count is within the 
r(!nge of (0 ... 2047) 

15:11 Reserved 

Register Description: 

1. This register defines both the rectangle width for a blit/rectangle draw and the line 
length for a line draw. Before starting a line draw MAJ_AXIS_PCNT should be set to 
max(ldxl,ldyl). For rectangle fill or BLIT use, set to horizontal rectangle dimension - 1. 

2. CMD[2] has a one pixel effect on the width ofFILL_RECT_HOR rectangles. 

3. This register is read back at 96EEh. 

REG688000-15 
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Minor Axis Pixel Count Register 

l':.l: .. l!!~~:[.!.·:ll·!·l:1:·:1·!'l.l!l::!li·!l!l.l!l.l.l!".!.:[.:1:=1•11~l!··l!::::i·1i·ll!1!i·ll:!:1. 
10:0 Rectangle height (unsigned) 

11 Reserved 

15:12 MF _INDEX Multi-Function Index (set to 0) 

*Index O of port address BEES. 

Register Description: 

1. This register defines the rectangle height for blit/rectangle fill. Before starting these 
operations MIN_AXIS_PCNT should be set to vertical rectangle dimension -1. 

2. CMD[2] has a one pixel effect on the height of FILL_RECT _ VPIX rectangles. 
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Monochrome Pattern High Register 

BEES*g (W) f------~--P_A_TT~E_RN ___ H ______ ---11 

8514/A I Mach 8 I Mach 32 

O Reserved 

1 Monochrome pattern for pixel 3 

2 Monochrome pattern for pixel 2 

3 Monochrome pattern for pixel 1 

4 Monochrome pattern for pixel O 

11 :5 Reserved 

15:12 MF _INDEX Multi-Function Index (set to 9h) 

* Index 9 of port address BEEB. 

Register Description: 

1. This register defines the monochrome pattern for all odd numbered nibbles in a 
trajectory when the Pattern registers are selected as monochrome source in 
MULTIFUNC_CNTL {PIX_CNTL}. 

REG688000-15 
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Monochrome Pattern Low Register 

BEES*S(W) ________ -.-_____ PA_T_T_E_R_N ___ L ____ -,--~~--~1 
8514/A .l Mach 8 . J Mach 32 , . 

O Reserved 

1 Monochrome pattern for pixel 3 

2 Monochrome pattern for pixel 2 

3 Monochrome pattern for pixel 1 

4 Monochrome pattern for pixel O 

11:5 Reserved 

15:12 MF_INDEX Multi-Function Index (set to Sh) 

* Index S of port address BEES. 

Register Description: 

1. This register defines the monochrome pattern for all even numbered nibbles in a 
trajectory when the Pattern registers are selected as monochrome source in 
MULTIFUNC_CNTL {PIX_CNTL}. 

© 1993 A Tl Technologies Inc. 
Proprietary and Confidential 

REG688000-15 
8-45 



Drawing Control Registers 

Pixel Control Register 

BEES*A (W) 
PIXEL_CNTL 

- 8514/A l Macha I Mach 32 

·:::::'t'::<r:r:~=~ri:~~::'·_:':::::::::::::::r:::: 
....... . . .. : ·.· : .. ;.:;.· .. '.!~tr:}:::~~::::''.'::·I:::': .. ;:::.: .. =:::.·.· ·:::::··=:.-:.:: .. : ... : .. ::.: .... : ... : .. · ..... :".· 

·/:·:::I:r::,:::::::>r::_>·:.:·:::·::::>f\/\:.~·::···.:~~~1i~~ ·:·.· .:: ··:>: 
....... ..... 

0 - Reserved 

1 POLY_ FILL_ TYPE Select Polygon Fill 
o-= Select Polygon Fill Mode A 
1 = Select Polygon Fill Mode B 

2 POLY _FILL_ENA Polygon Fill Enable, Monochrome Read Enable-
and MONO_READ 1 = Compute monochrome data from the 

read/blit-source trajectory. One of two 
special polygon fill modes is used on the 
draw/destination trajectory. 

5:3 COLOR - CMP_ FN Color Compare Function -when result of 
comparison is True, destination data is not 
overwritten: 
O = False (destination overwritten) 
1 =True (destination not overwritten) 
2 =Destination Color>= COLOR_CMP register 
3 = Destination Color < COLOR _CMP register 
4 = Destination Color != COLOR _CMP register 
5 = Destination Color = COLOR _CMP register 
6 = Destination Color <= COLOR _CMP register 
7 = Destination Color > COLOR _CMP register 

7:6 MONO SAC Monochrome Source -
O = Bit pattern is always 1 
1 = MUL TIFUNC_CNTL [PATTERN_L, 

PATTERN _H] 
2 = CPU Data (via PIX_ TRANS) 
3 = Slit Source (using monochrome read) 

11 :8 - Reserved 

15:12 MF_ INDEX Multi-Function Index (set to Ah) 

*Index A of port address BEEB. 

Register Description: 

1. MONO_SRC-All monochrome write operations involve not only a foreground and a 
background color (from sources selected in FRG D _MIX and BK GD _MIX) but also a 
monochrome pattern. When mono patterns are not desired, set MONO_SRC to 0 
("always 1 "),which causes only the foreground source to participate. 

If both COLOR_SRC_BLIT and MONO_SRC_BLIT are selected, then bit 7 of color 
will be replaced by the mono bit. 
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Pixel Transfer Register 

PIX_ TRANS 
E2E8 (R/W) 

8514/A 1 Macha 1 Mach 32 

7:0 Color Data bits 7:0 

15:8 

Register Description: 

Monochrome Data 
Bit O =Reserved 
Bit 1 = Data bit 3 
Bit 2 = Data bit 2 
Bit 3 = Data bit 1 
Bit 4 = Data bit o 
Bits 7:5 =Not used 

Color Data bits 15:8 

Monochrome Data 
Bit 8 = Reserved 
Bit 9 = Data bit 7 
Bit 10 =Data bit 6 
Bit 11 = Data bit 5 
Bit 12 =Data bit 4 
Bits 15:13 = Not used 

1. Image and pattern data are transferred between the host and adapter through 
PIX_ 1RANS. For monochrome image transfer, read/write data is aligned by nibble 
boundary on the screen. When CMD[9]=1 (bit 16 data width), two nibbles of data can 
be transferred for each read/write. Also, in 8 bit image transfers, two pixels can be 
transferred for each read/write operation. 

2. For a monochrome read, the bit value returned for each pixel P is logical one if 
(( P I ..... RD_MASK) == OxFF ), otherwwise the value is logical zero. 

3. For monochrome writes bit value= 0 will write BKGD_MIX.COLOR_SRC, and bit 
value= 1 will write FRGD_MIX.COLOR_SRC 

4. The exact usage of the high and low bytes of this register depends on the 
DATA_ WIDTH and LSB_FIRST fields of the CMD register. 

5. For image or pattern transfers from host to adapter, either monochrome source or color 
source should be designated as the host. 
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Read Mask Register 

8514/A I Macha 
AEES (W) 

RD_MASK 

15:0 RD_MASK For each Read Mask bit: 

Register Description: 

O = Plane Compare Disabled 
1 -= Plane Compare Enabled 

l Mach 32 

1. The Read Mask register selects video memory planes as monochrome source data 
under the following circumstances: 

• Read monochrome data from screen memory 

• VRAM to VRAM blit with blit source data selected as monochrome source data 

• Convert polygon outline data 

2. Each byte of the source data is tested for OxFF. If true, foreground data; if false, 
background data: 

(SrcColor at (ml' ReadPlanesel.ect) ) == OxFF 

3. RD_MASK is never rotated in ATI operations (but is in some IBM operations). 
For IBM-only monochrome reads, the value of RD _MASK is the "true" mask rotated 
left one bit- bit 0 =mask for Plane 7, bits 1 :7 =mask for Planes 0:6 respectively. 
The upper 8 bits (15:8) are ignored in non 16-bit color modes. 

4. RD_MASK participates only in monochrome reads and poly fills. See PIX_CNTL[2] 
(BEE8* A). RD_MASK has no effect on color reads. 
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Bottom Scissor Register 

BEES*a (W) 1--------r--__ S_C_IS~S_O_R __ B __ --r-------il 
8514/ A J Mach 8 J Mach 32 

10:0 SCISSOR_B Bottom Scissor Coordinate 

11 Reserved 

15:12 MF_INDEX Multi-Function Index (set to 3h) 

* Index 3 of port address BEES. 

Left Scissor Register 

;.;.;.:-:·:·:·:·:·:·:·:·:·:-:-:·:·:·:·:·: .. ·.-. .. :·.· .. ".·.;.:.:-:-::;.;.;:::::.:.:.:: .............. ·.·.·.·.·.·.·.-.·.·.·.·.·.·.·.::::::::::::::::: 

.-:::\,\\·\·,··i\::\\i~:·=:\.\j:\.\\\·.:.:\\:\:i·\·:.1:::::.::::1::,:::Mn!mi~\fi·:~\\\::::::::'\:::,\::::::: 
10:0 SCISSOR_L Left Scissor Coordinate 

11 

15:12 MF_INDEX 

* Index 2 of port address BEES. 

© 1993 A Tl Technologies Inc. 
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Reserved 

Multi-Function Index (set to 2h) 
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Right Scissor Register 

10:0 SCISSOR_R Right Scissor Coordinate 

11 Reserved 

15:12 MF_INDEX Multi-Function Index (set to 4h) 

* Index 4 of port address BEES. 

Top Scissor Register 

.................... ;.;.;. ·.·.·.·.·.·.·.·.·.·.· 

i·ii:i:-:·:·::1·:.::i~ij::-.::::·1::: .. :::=.:··::1:.:::·:.:::::::1-.::1:.111~~:1¢.L:::·:;:::::.:::i:i:: 
10:0 SCISSOR_ T 

11 

15:12 MF _INDEX 

* Index 1 of port address BEES. 
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Top Scissor Coordinate 

Reserved 

Multi-Function lncex (set to 1 h) 
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Drawing Control Registers 

Short Stroke Vector Transfer Register 

9EE8 {W) 
SHORT_STROKE 

8514/ A J Mach 8 J. Mach 32 

3:0 LENGTH_LO Stroke Length 

4 

7:5 

DRAW_LO 

OCTANT 
(when CMD[3]=0) 

DEGREES 
when CMD[3]=1) 

DRAW_DIR_LO 

11 :8 LENGTH_HI 

12 DRAW_HI 

15:13 DRAW_DIR_HI 

© 1993 AT/ Technologies Inc. 
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0= No draw 
1 =Draw 

Bit 7 =YPOS 
O = negative Y direction 
1 = positive Y direction 

Bit 6 = YMAJOR 
0 = Xmajor 
1 = Y major 

Bit 5 = XPOS 
O = negative X direction 
1 =positive X direction 

Drawing Direction 
O = O degrees 
1 = 45 degrees 
2 = 90 degrees 
3 = 135 degrees 
4 = 180 degrees 
5 = 225 degrees 
6 = 270 degrees 
7 = 315 degrees 

Stroke Length 

O =No draw 
1 =Draw 

Drawing Direction 
O = O degrees 
1 = 45 degrees 
2 = 90 degrees 
3 = 135 degrees 
4 = 180 degrees 
5 = 225 degrees 
6 = 270 degrees 
7 = 315 degrees 
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Drawing Control Registers 

Source X Destination X Register 

SRC _X/DESTX_DIASTP 
SEES (W) 

8514/ A 1 Mach a 1 Mach 32 

10:0 SRC_X Field is Source X. It determines the starting X 
(ATI blits only) coordinate (for the first row) of the blit source. 

DEST _X Field is Destination X. It determines the starting X 
(IBM blits only) coordinate of the blit destination and trajectory. 

15:11 

SEES (W) 

..... -:-::-:·-:.:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:·:"·"''''.'.'O:•:·:-:-:·:-:·:-:·:.:-:-: 

12:0 DIASTP 

15:13 

Register Description: 

Field is 0 for IBM drawing operations 

Diagonal Step Register 

SRC _X/DESTX_DIASTP 

8514/A Macha Mach 32 

Diagonal Step Constant - should be set to 
2*min(ldxl,ldyl) - 2*max(ldxl,ldyl) before initiating 
Bresenham linedraw operations. Valid range for 
this constant is (-4096 .... 0). 
In normal operation, it is always zero or negative. 

Reserved 

1. This register functions as the Source X (SRC_X) register when it specifies the A TI blit 
source starting coordinate. 

This register functions as the Destination X (DESTX) register when it specifies the IBM 
blit destination coordinate and trajectory. 

This register functions as the Diagonal Step (DIASTP) register when it specifies the 
diagonal step constant for Bresenham linedraw operations. 

2. DESTX_DIASTP is a VESA register name. 
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Drawing Control Registers 

Source V Destination V Register 

SRC_V/DESTV_AXSTP 
8AE8 (W) 

8514/A 1 Mach 8 J Mach 32 - . 

10:0 SRC_ Y When field is Source Y, it determines the starting 
(ATI blits only) Y coordinate (for the first row) of the blit source; 

DEST_ Y When field is Destination Y, it determines the 
(IBM blits only) starting Y coordinate of the blit destination and 

trajectory. 

15:11 Reserved 

Axial Step Register 

8AE8 (W) 

-:-:-·-:.:·: -:-:·:-:.;-:.;-:-;..;-:-:-:·:·:·:-:······ .·.·.·.·........ .::::;:::;::::::::::: -:-:.;-:·:-:·:·:-:-: 

:1:::::::.·,:::::1! .. !:::·::::]:::::::i:::::::::l:::::::y-~ijj~~#:}.:.:.-:::::.·:::.: 
12:0 AXSTP 

15:13 

Register Description: 

SRC_V/DESTV_AXSTP 

Axial Step Constant - should be set to 
2*min(ldxl,ldyl) before initiating Bresenham 
linedraw operations. Valid range is (0 ... 4095). 

Reserved 

1. This register functions as the Source Y (SRC_ Y) register when it specifies the A TI blit 
source starting coordinate. 

This register functions as the Destination Y (DESTY) register when it specifies the IBM 
blit destination coordinate and trajectory. 

This register functions as the Axial Step (AXSTP) register when it specifies the axial step 
constant for Bresenham linedraw operations. 

2. DESTY _AXSTP is a VESA register name. 
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Drawing Control Registers 

Write Mask Register 

AAE8 (W) 
WRT_MASK 

8514/A I Mach 8 1 Mach 32 

15:0 WAT _MASK Write Mask selectively protects one or more video 
memory planes from updates. Upper 8 bits 
ignored in 8-bit mode. For each write mask bit: 

Register Description: 

O = Writing to the associated plane disabled 
1 = Writing to the associated plane enabled 

I. The WRT_MASK register specifies the bit-planes that are enabled for VRAM update. 
This register also participates in polygon fill modes. Planes which are masked out by 
the Write Mask register do not participate in any arithmetic ALU operations or 
destination color compares. 

2. For A Tl68800-6, see F2EE Destination Color Compare Mask register. 
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Coprocessor Register 
ExtensiOns 

CRT Control 

The 8514/A CRT controller registers are used in conjunction with the extended CRT 
controller registers to provide compatibility in the extended modes. 

• The shadow set control registers, SHADOW _SET (5AEE) and SHADOW _CTL 
(46EE), are used to load the shadow sets. 

• The CLOCK_SEL (4AEE) register is used to select one of 16 pixel clock frequencies 
from the 1881X clock chip. See Appendix E for clock synthesizer specifications. 

• The CRT _PITCH (26EE) register controls the logical width of the CRT. 

• The CRT_OFFSET_HI (2EEE) and CRT_OFFSET_LO (2AEE) registers specify the 
physical start of screen memory. 

The mach32 graphics controller provides a CRT controller that is compatible with the IBM 
8514/A CRT controller. CRTC extensions allow variable length lines in the display buffer 
in order that extended graphics modes such as 800x600 may be economically achieved 
without a significant waste of video buffer memory. Shadow CRT registers allow the 
mach32 to provide standard resolutions on non-standard monitors such as CR Ts that 
support 1024x768 non-interlaced display modes. 

Registers that describe horizontal values are specified in multiples of 8 pixels. Registers that 
specify vertical amounts are specified in lines, although values written to the vertical control 
registers are notlinear, and depend on the contents of the Y _CONTROL field of the Extended 
Display Control register. 

If the DISP _CNTL[INTERLACE] field is logical one, the Y Counter will count twice for 
each line. Current Y is incremented once in the middle of the line, and once at the end; 
although horizontal syncs are still only generated at the end of each line. If the 
DISP _CNTL[DOUBLE_SCAN] field is logical one, the Y Counter will count each line 
treating bit D 11 of the CRT controller Y register as if it were of a lower significance than 
bit 0. For example, the Y counter counts 0, 800h, 1, 801 h, 2, 802h, and so on. 

© 1993 A Tl Technologies Inc. 
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CRT Control 

If the DISP _CNTL[Y _CONTROL] field is set to zero, bits 1 and 2 of the Y counter are 
skipped. A carry out of bit zero is fed into bit 3. Bits 1 and 2 remain zero. For example, the 
Y counter counts O,l,8,9,10h,l lh .... 

If the DISP _CNTL[Y_CONTROL] field is set to one, bit 2 of the Y counter is skipped. A 
carry out of bit one is fed into bit 3. Bit 2 will remain zero. For example, the Y counter counts 
O,l,2,3,8,9,0Ah,OBh,10h, 1lh,12h,13h .... 

The current Y counter is reset at the beg_inning of the line or half-line immediately following 
the line or half-line on which current Y first becomes equal to the contents of the Vertical 
Total register. 

The vertical blank signal is de-asserted when the first horizontal sync occurs at or immedi­
ately after the beginning of the frame (for interlaced modes, the vertical blank will not be 
de-asserted until the end of the first half-line on odd frames). 

The vertical blank signal is asserted at the end of the line in which the vertical counter 
becomes equal to the contents of the Vertical Displayed register. 

The vertical sync starts at the end of the line or half-line on which the current Y counter 
becomes equal to the Vertical Sync Start register. At that time, an internal vertical sync width 
counter is set to zero. The vertical sync width counter is incremented at the end of each line 
or half line. The vertical sync drops at the end of the line or half-line in which the contents 
of the vertical sync counter first becomes equal to the contents of the Vertical Sync Width 
register. 

The mach32CRTcontroller runs in 8514/A-compatible mode or ATI-proprietary mode. 
The CRT controller mode is detennined by which of the Advanced Function Control or the 
Clock Select register was last written. 

In 8514/A-compatible mode, the CRT controller supports only 1024x768 and 640x480 
resolutions in either 4-bit or 8-bit variants. CRT registers may be selectively locked when 
running in 8514-compatible mode. Two sets of shadow CRT Controller registers are 
provided for use by the mach32. One set supplies default values for locked CRT controller 
registers when running 640x480 resolutions, the other provides default values for applica­
tions running 1024x768 resolutions. The shadow CRT registers allow the mach32 to 
provide standard 8514/A resolutions on non-standard monitors, when running applications 
that expect standard 8514/A compatible monitors. 

CRT registers may be selectively locked. When running in IBM-compatible mode, locked 
registers assume default values provided in one of two sets of shadow CRT registers, 
regardless of what was written to those registers by 8514/A applications. The primary register 
set is updated even if the specified register is marked as locked - the CRT controller 
however, uses the value in the appropriate shadow register. 
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CRT Control 

Applications that support extended mach32 graphics modes may write directly to the 
extended CRT controller registers. 

Refer to the previous chapter for descriptions of the following IBM compatible registers: 

• H_ TOT AL (02E8) 

• H_DISP (06E8) 

• H_SYNC_STRT (OAE8) 

• H_SYNC_ WID (OEE8) 

• V _TOTAL (12E8) 

• V _DISP ( l 6E8) 

• V _SYNC_STRT ( 1AE8) 

• V _SYNC_ WID (1EE8) 

• DISP _ CN1L (22E8) 

• ADVFUNC_CN1L (4AE8) 

© 1993 AT/ Technologies Inc. 
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CRT Control 

Clock Select Register 

4AEE (R/W) i-------.----C_L_O_C--.-K __ S_E_L __ --.--------11 

Mach 8 I Mach 32 

ii11i1s111 :::;;111t1&1li llll!l!I 11111-111 ::::::::::~ :::::::::: 
0 PASS_ THROUGH 

1 

5:2 CLK_SEL 

6 CLK_DIV 

7 REFRESH 

11 :8 VFIFO_DEPTH 

12 COMPOSITE_ SYNC 

15:13 

Register Description: 

0 = Enabled - video output is driven by VGA data. 
from the features connector or the internal VGA 
controller. 

1-= Disabled -video output is 8514. RAMDAC 
is driven by data from the video buffer. 

Reserved 

Selects pixel clock frequencies from the 1881x 
clock synthesizer. See Appendix E for pixel clock 
details. 

To generate pixel clocks from a selected clock as 
follows (bit 7 reserved): 
O = Clock-divide-by-1 
1 = Clock-divide-by-2 

0 = Enable video memory refresh counter 
1 = Force video memory refresh always 

When the number of video FIFO entries is less 
than VFIFO_DEPTH, mach32will start filling the 
FIFO. Although this value is used only with DRAM, 
you can optimize performance at high resolutions 
by programming it regardless of memory type. 

machB: 
O = Composite sync used when programming 

CRT shadow register sets 1 or 2 
1 = Composite sync monitor supported when using 

the primary CRT register set. 
mach32: 
O = Separate sync 
1 = Composite sync 

Reserved for programmable clock chip control bits 

1. This register read only in machB mode. All data fields are for extended functions 
(Mach8 or Mach32). 

2. This register is an extension of ADVFUNC_CNTL (4AE8). Writing it forces the 
CRT controller to ATI mode. Writing ADVFUNC_CNTL (4AE8) forces the 
CRT controller to 8514-compatible mode. 
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CRT Control 

3. Shadow register sets are always used when running in 8514-compatible mode. They 
are nonnally set during hardware reset. Nonnal program applications should not 
modify them. 

CRT Offset (High) Register 

2EEE (W) 

3:0 CRT_OFFSET_HI 

15:4 

CRT_ OFFSET _HI 

The upper 4 bits of a 20-bit linear address offset 
(19:16) which points to the start of the CRT display 
buffer. Specified in bytes/4. Also see 
CRT_OFFSET_LO (2AEE). 

Reserved 

CRT Offset (Low) Register 

2AEE (W) 
CRT_ OFFSET _LO 

Macha Mach 32 

15:0 CRT_OFFSET_LO The lower 16 bits of a 20-bit linear address offset 
(15:0) which points to the start of the CRT display 
buffer. Specified in bytes/4. Also see 
CRT_OFFSET_HI (2EEE). 

CRT Pitch Register 

26EE (W) 

·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.-.;.·.· ... ·.·.· .·.···-:-:·:-:.·-:-:.:.:·:-:-:-:-:-:·:-:-:-:-:-:-:-:-:-:-:-:-:···:.:-:·::::;:::: 

:rn:::::rn\di.6:.:.rn.:::: :::::::::::::::><Mnemon:1c.>:t::::::::> 
.·.:.;.:.:.:.;.:.;.:::;:::::::::<-:;:::::;:::;:::;:;::;:::;:·:::::;:::::::::::::::::::::::;:;:;:·:.:·:;:·:.:-:-·.··.· 

7:0 CRT_PITCH 

15:8 
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CRT_PITCH 

Macha Mach 32 

The amount of video memory pixels for one row of 
video data - specified in units of eight pixels. This 
value is 128 in 8514-compatible mode (1024/8). 
Compare with GE_PITCH (76EE). 
machB: 
When ADVFUNC_CNTL (4AE8) or MEM_CNTL 
(BEE8[5] is written, CRT _PITCH is reset to 128. 

Reserved 

REG688000-15 
9-5 



CRT Control 

Shadow Set Control Register 

SHADOW_CTL 
46EE (W) 

Macha Mach 32 

0 LOCK_CRT_PARAM Display mode CRT parameters-double scan 
and interlace 

1 LOCK_Y_CONTROL v~CONTROL field of DISP _CNTL (22E8) 

2 LOCK_H_PARAMS 

3 LOCK_H_DISP 

4 LOCK_ V _PARAMS 

5 LOCK_ V _DISP 

6 LOCK_OVERSCAN 

15:7 

Register Description: 

H sync parameters: position, width, and total 

Horizontal displayed 

V sync parameters: width, start, and total 

Vertical displayed 

mach32only: 
Selects the shadow set of overscan registers 
in the 1024x768 screen resolution. 

Reserved 

1. The Shadow Control register contains lock bits that choose between the shadow and 
primary registers in the 1024x768 screen resolution. 

2. CLOCK_SELECT ( 4AEE) is not lockable. 

REG688000-15 
9-6 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 



CRT Control 

Shadow Set Register 

5AEE (W} 

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

.... ).::,::::':-!@ij! •.. :::,:,:,:-·-··.· _,:.:·:·.::rn-::·::IB9.Piip:,'::::::::Yt}:: 

1 :0 SHADOW_SET 

7:2 

9:8 LOAD_SRC/DST 

15:10 

SHADOW_SET 

Macha Mach 32 , · 

CRT register sets: 
O = Primary CRT register set 
1 = Shadow set 1 - generally for 640x480 
2 = Shadow set 2 - generally for 1024x768 

Reserved 

ATl68800-6: 
Pointer to allow destination and source offset and 
pitch registers to be loaded independently. Allows 
unsymmetrical blit operations between any areas 
of the memory. See 6EEEh, 72EEh, and 76EEh. 
O = Load Destination and Source registers 

concurrently 
1 = Load Destination registers 
2 = Load Source registers 

Reserved 

Vertical Line Counter Register 

CEEE (R} 
VERT_LINE_CNTR 

10:0 VERT _LINE_CNTR Vertical line counter 

15:11 

@ 1993 AT/ Technologies Inc. 
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Reserved 

Mach 32 
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Engine Setup 

Engine Setup 

Setup registers are initialized by the boot ROM according to the configuration of the current 
system and adapter. Setup registers should not be modified. 

Graphics engine control provides the selection of wait states enable and disable as well as 
selection of the host 1/0 bus width of either 8, 16, or 32 bits. 

REG688000-15 
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36EE {W) 

0 W_STATE_ENA 

1 HOST_8_ENA 

15:2 

Register Description: 

Engine Setup 

FIFO Options Register 

FIFO_OPT 

O = Wait states disabled unless FIFO is full. 
1 = Wait states enabled - generates WS if Fl FO is 

at least half full. Setting is enabled on power up. 
Wait states are always generated if FIFO is full. 
This field does not affect WS generation for 
8514/A compatible registers. 

0 = 16-bit host data 1/0 - setting may not 
function correctly in some ISA systems. 

1 = 8-bit host data 1/0 

Reserved 

1. For mach32 description, see MISC_ OPTIONS (36EE) on page 9-12. 

2. This register is initialized by the POST ROM. Nonna! program applications should 
not modify it. 
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Engine Setup 

Maximum Wait-States Register 

SAEE {R/W) 1--------.---M_A_X __ W_A_l....-T_ST_A_T_E_S_--.--------tl 

3:0 

7:4 

8 

9 

10 

15:11 

Q_WSTATES 

ROM_ SPEED 

LINE_OPT_ENA 

IOR16_ENA 

PASSTHROUGH_ 
OVERRIDE 

Register Description: 

Maximum number of wait-states (in clocks divided 
by 4) that the engine is allowed to generate 
when 1/0 writes are being performed. 

Preset to Ch on a hardware reset, no wait-state if 
set to Oh. 

Number of wait-states used by the engine when 
the host processor is reading the POST ROM. 

Preset to Fh (wait forever) on a hardware reset, no 
wait-state if set to Oh. 

O = H Linedraw optimizations enabled 
1 = H Linedraw optimizations disabled 
Horizontal linedraw optimizations must be disabled 

when performing degree-mode linedraws to 
ensure that ERR_ TERM is 8514-compatible. 

O = 16-bit 1/0 read enabled 
1 = 16-bit 1/0 read disabled 
IOR16_ENA is enabled on power up. If disabled, 

1/0 read from PIX_ TRANS will be executed as 
two 8-bit bus cycles. 

When in DRAM based implementations, resetting 
of this bit to zero may allow most monochrome 
data reads to complete without over-running. 

O = Passthrough connection made 
1 = Passthrough connection not made, VGA syncs 

not detected over the passthrough. 
Proper DAC operation cannot be guaranteed if 

the setting of this bit does not reflect the system 
configuration correctly. 

Not used 

1. This Max Waitstates register description is applicable to the machB only. See 
following pages for mach32. 

2. This register is initialized by the POST ROM. It should not be modified by normal 
program applications. 
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Engine Setup 

Maximum Wait-States Register 

MAX_WAITSTATES 
6AEE (R/W) 1------.---------.-------.------il 

.. · .. ·.· ....... ·. ·.·.;.·.·.· .... ·.·.·.·.·.·.·.· .. ·.·.·.· .. ·.· .. ·.·. ..· .. ·.·.· .·.· .. ·.·.·.·.·.·.·.·.· 

::::::::::·::::::::::!!:: ?!::::':::::':::::::1::::::::·:::::1Demb.njiQ. :n:::u::::::::m: 

3:0 Q_WSTATES 

7:4 ROM_ SPEED 

8 LINE_ OPT _ENA 

15:9 

Register Description: 

Maximum number of wait-states (in clocks divided 
by 4) that the engine is allowed to generate 
when 1/0 writes are being performed. 

Preset to Ch on a hardware reset, no wait-state if 
set to Oh. 

Number of wait-states used by the engine when 
the host processor is reading the POST ROM. 
It is set to Fh on a hardware reset. 
Zero wait-state if set to Oh. 

O = H Linedraw optimizations enabled 
1 = H Linedraw optimizations disabled 
Horizontal linedraw optimizations must be disabled 

when performing degree-mode linedraws to 
ensure that ERR_ TERM is 8514-compatible. 

Reserved 

I. This Max Waitstates register description is applicable to the mach32 only. See 
previous page for machB description. 

2. This register description is applicable to the A TI68800-6. 6AEE-RW for the 
A TI68800AX is APERTURE_CN1L, a PCI control register. described on page 
9-76. 
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Miscellaneous Register 

36EE (R/W) 
MISC_ OPTIONS 

l Mach 32 

nii!lSH! , !i!'l~;iic :- ? !mi ·················· • AT 
···.·.·.·.·.·.·.·.·.·.·.·.·.·.·-:·:·····:·'.·"<·:····'.·'·:·:.:···:·>'.-'.•'·'.·:·::·:::::.:::::::::::::::::::::::::::::::::::·:·>:··· 

O W_STATE_ENA 0 =Wait states disabled unless FIFO is full. 

1 HOST_8_ENA 

3:2 MEM_SIZE_ALIAS 

4 DISABLE_ VGA 

5 16_BIT_IO 

6 DISABLE_DAC 

7 DLY_LATCH_ENA 

8 TEST_MODE 

9 

10 BLK_WR_ENA 

11 64_DRAW_ENA 

12 MEM_DATA_SEL 

13 DL Y _LATCH_ENA 

14 LATCH_FUL_ENA 

15 

Register Description: 

1 = Wait states enabled - generates WS if Fl FO is 
- at least half full. Setting is enabled on power up. 

This flag is valid only for All-extended operations 
Wait states are always generated if FIFO is full. 

O = 16-bit host data 1/0 - setting may not 
function correctly in some ISA systems. 

1 = 8-bit host data 1/0 

0 = 512KB 
1=1MB 
2= 2MB 
3= 4MB 

O = VGA controller enabled 
1 = VGA controller disabled 

O = 16-bit 8514 1/0 cycles disabled 
1 = 16-bit 8514 1/0 cycles enabled 

Disables local DAC 

VRAM - serial data delay latch enable 
DRAM - memory data delay latch enable for bits 
63:0 

Extends draw engine page write cycle to 3 clocks 
to meet tester requirements 

Reserved 

ATl68800-6: 
Block Write Enable 

ATl68800-6: 
64-bit Draw Enable 

O = Flow-through video memory read data 
1 = Latch video memory read data (by the rising 

edge of CASB) 

Memory data delay latch enable for data bits 63:0 

Memory data latch full clock pulse enable 

Reserved 

1. For machB description, see FIFO_ OPT (36EE-W) on page 9-9. 
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Engine Control 

Engine Control 

The extended engine control registers are divided into four classes: draw engine setup, data· 
path control, ALU control, base address select for the drawing buffer, and draw control. 
Remember that the 8514/A-compatible engine control registers still apply. 

Draw Engine Setup Registers 

The draw engine setup registers are used primarily for mode initialization. They are: 

• GE_PITCH (76EE) 

• GE_ OFFSET _LO ( 6EEE) 

• GE_ OFFSET _HI (72EE) 

• EXT_GE_CONFIG (7AEE) 

Extended Data Path Control Registers 
The extended data path control registers are: 

• DP _CONFIG (CEEE) 

• PATT_LENGTH (D2EE) 

• PA TT _INDEX (D6EE) 

• PATT_DATA_INDEX (82EE) 

• PA TT _DAT A[F:O] (8EEE) - Color 

• PATT_DATA[l 1:10] (8EEE) - Monochrome 

Extended ALU Control Registers 
The extended ALU control registers perform the same function as the 8514/A compatible 
registers except that they are not grouped with other pieces of information. They are: 

• ALU_FG_FN (BAEE) 

• ALU_BG_FN (B6EE) 

• DEST_CMP _FN (EEEE). 
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Engine Control 

Extended Draw Control Registers 

The extended draw control registers include: 

• DP _CONFIG (CEEE) 

• LINEDRA W _OPT (A2EE) 

• SCISSOR_ TOP (DEEE) 

• SCISSOR_BOTTOM (E6EE) 

• SCISSOR_LEFT (DAEE) 

• SCISSOR_RIGHT (E2EE) 

REG688000-15 
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Engine Control 

Data Path Configuration Register 

CEEE {W) 
DP_CONFIG 

0 READ_ WRITE 0 = Read data from drawing trajectory 
1 = Write data to drawing trajectory 

1 POLY _FILL_MODE 0 = Polygon-fill blit mode disabled 
1 = Polygon-fill blit mode enabled, blit source 

mechanism triggered, VRAM source blit 
data used as the polygon mask for blits 

Each pixel of the source data is ORed with the 
inverted RD_MASK register. If the result bits are 
all logical one, the source pixel is considered a 
polygon outline boundary and the flag is inverted. 
This flag is cleared at the start of each row of the 
blit. 

2 READ_MODE O = Read host data - color data 

3 

4 DRAW 

6:5 MONO_SRC 

8:7 BG_COLOR_SCR 

9 DATA_ WIDTH 

© 1993 AT/ Technologies Inc. 
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1 = Read host data - monochrome data 

Reserved 

O = Disables Draw 
1 = Enables Draw 

Monochrome data source: 
O = Always "1 " 
1 = Mono pattern register 
2 = Pixel transfer register 
3 = VRAM blit source 

Background color source select: 
O = Background color register 
1 = Foreground color register 
2 = Pixel transfer register 
3 = VRAM blit Ssurce 

O = 8 bits 
1 = 16 bits 
The GE may be instructed to ignore either the 
MSB or LSB byte of the 16-bit CPU Data Transfer 
register. Host data transfer is normally 16-bit wide. 
This bit must be set to logical one in 16bpp modes. 
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Engine Control 

Data Path Configuration Register 

CEEE (W) 

11 :10 

12 LSB_FIRST* 

15:13 FG_COLOR_SRC 

DP_CONFIG 

Macha 

Reserved 

O = Most-significant-byte first (D15:8) 
1 _= Least-significant-byte first (D7:0) 

Mach 32 

This bit is not ignored when DATA_WIDTH=O as 
for 8514/A draw operations. 

Foreground color source select: 
O = Background color register 
1 = Foreground color register 
2 = Pixel transfer register 
3 = VRAM blit source 
5 = Color pattern shift register 

*This bit is ignored in machB mode when DAT A_ WI DTH=O; but is not ignored in mach32 
mode. 

9AEE (R) 

15:0 

REG688000-15 
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Extended FIFO STatus Register 

EXT_FIFO_STATUS 

Extended FIFO status 
0 = FIFO Entry 1 
1 = FIFO Entry 2 
2 =FIFO Entry 3 
3 = FIFO Entry 4 
4 =FIFO Entry 5 
5 = FIFO Entry 6 
6 =FIFO Entry 7 
7 = FIFO Entry 8 
8 = FIFO Entry 9 
9 =FIFO Entry 10 
10 = FIFO Entry 11 
11 =FIFO Entry 12 
12 =FIFO Entry 13 
13 =FIFO Entry 14 
14 = FIFO Entry 15 
15 = FIFO Entry 16 
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Engine Control 

Extended Graphics Engine Configuration Register 

7AEE (W) 

..... ..... .. . . .. · .. ·.· .. ·.· .......... ·.·.·.·.·.· .. ·.·.·.· .. · 

' .. :::.:,::.,:::,.:,:l,J,t:::tm::::J':: .,.;.,. ::tnlBP"'iP::rnr:rrn> 
0 EE_DATA_OUT 

1 EE_CLK 

2 EE_CS 

3 ALIAS_ENA 

4 Z1280 

6:5 

7 EE_ SELECT 

15:8 

Register Description: 

EXT_GE_CONFIG 

Must be set to logincal zero for EEPROM 
operations 

Reserved 

Reserved 

1. The above register description is mapped for 8-bit operation (i.e., the card is in an 
8-bit slot or the 8/16 bit jumper is set for 8-bit, and ALIAS_EN A is set to logical 
zero.) 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

REG688000-15 
9-17 



Engine Control 

Extended Graphics Engine Configuration Register 

7AEE·(W) 

2:0 MONITOR_ ALIAS 

3 ALIAS_ENA 

11 :4 

12 EE_DATA_OUT 

13 EE_CLK 

14 EE_CS 

15 EE_ SELECT 

Register Description: 

EXT_GE_CONFIG 

A monitor ID which is not necessarily that of the 
attached monitor. 

O"-= Reporting of MONITOR_ALIAS disabled 
1 = Reporting enabled 
ALIAS_ENA allows the graphics engine to 
mislead 8514/ A applications as to the true identity 
of the attached monitor with the content of 
SUBSYS_STATUS[MONITOR_ID] (42E8-R) 

Reserved 

Data output for the EEPROM. 

Clock signal for the EE PROM. 

Chip select line for the EEPROM. 

1 = Enable read/write of external EEPROM 
EEPROM will not respond until this field is set to 1. 

1. This register contains control fields which deal with the external EEPROM and the 
current configuration of the graphics controller. 

2. Reads from the controllers are from the EE_DATA_IN field ofEXT_GE_STATUS 
(62EE-R). 

3. When reading or writing the EEPROM, the CRT controller must be disabled by 
setting DISP _CNTL[ENA_DISPLA Y] (22E8) to 2 (reset 8514 CRT Controller). 

4. To access the EEPROM, applications must first obtain the monitor alias from 
SUBSYS_STAT (42E8-R), and restore the monitor alias after the operation. 

REG688000-15 
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Engine Control 

Extended Graphics Engine Configuration Register 

7AEE {W) 
EXT_GE_CONFIG 

=··:.:,.J:::1::::!1::·:::1.: .. :·::::'JJ::,..:::.: ::::::::.,,::::1aat.'1t.: =-==·=···· 

2:0 MONITOR_ALIAS Alternate monitor ID, for 8514 application use. 

3 ALIAS_ENA This field allows the controller to mis-lead 8514 
applications as to the ID of the connected monitor. 
0 = Reports actual monitor ID 
1 = Reports MONITOR_ALIAS as Monitor ID in the 

Subsystem Status register 

5:4 PIXEL_ WIDTH 8 bits per pixel (bpp) when video memory is less 
than 1MB. 16 or 24 bpp when appropriate DAC 
(ATl68830, AT&T, Sierra, or Tl) is supported. 
0 = 4 bpp 
1 = 8 bpp 
2 = 16 bpp 
3 = 24 bpp 
See bits 15, 11 description below. 

7:6 16_BIT_COLOR_MOD RGB bit organization within a 16-bit color word: 
O = (5,5,5}: Red-(14:10), Green-(9:5), Blue-(4:0) 
1 = (5,6,5): Red-(15:11 ), Green-(10:5), Blue-(4:0) 
2 = (6,5,5): Red-(15:10), Green-(9:5), Blue-(4:0) 
3 = (6,6,4): Red-(15:10), Green-(9:4), Blue-(3:0) 

8 MUL TIPLEX_PIXELS 1 = Four pixels processed by the DAC in parallel 

9 24_BIT_ 
COLOR_CONFIG 

10 24_BIT_ 
COLOR_ ORDER 

11 DISPLAY PIXEL 
SIZE1 - -

13:12 DAC_EXT_ADDR 

14 DAC_8_BIT_EN 
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Bytes per pixel (Bpp) Memory organization select: 
0 = 3 Bpp 
1 = 4 Bpp 

Bit 1 O = O: LSByte in each 32 bit word reserved 
Bit 1 O = 1 : MS Byte in each 32 bit word reserved 

RGB bit organization within each 24- or 32-bit 
pixel is selected as follows: 
0 = RGB(8,8,8) 

3 Bpp: Red-(23:16), Green-(15:8), Blue-(7:0) 
4 Bpp: Red-(31 :24), Green-(23:16), Blue-(15:8) 

1 = BGR (8,8,8) 
3 Bpp: Blue-(23:16), Green-(15:8), Red-(7:0) 
4 Bpp: Blue-(23:16), Green-(15:8), Red-(7:0) 

ATl6880D-6: 
1 = Display pixel size to be written 

DAC address inputs RS(3:2) control 

O = 6-bit DAC operation 
1 = 8-bit DAC operation 

REG688000-15 
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Engine Control 

Extended Graphics Engine Configuration Register 

7AEE (W) 
EXT_GE_CONFIG 

15 DRAW PIXEL ATl68800-6: 
SIZE1 - - 1 = Drawing pixel size to be written 

Register Description: 
1. Bits 11 and 15 are pointers that allow the display and drawing pixel sizes to be set 

independently. For compatibility, if bits 15 and 11 are both "O", then both display 
and drawing pixel sizes are written. 

Graphics Engine Pitch Register 

76EE (W) 

7:0 GE_PITCH 

15:8 

Register Description: 

GE_PITCH 

Macha Mach 32 

The length of each Ii ne in the display buffer -
specified in units of eight pixels. 
machBOnly: 
Pitch is reset to 128 (1024/8) on power up and 
also whenever MEM_CNTL (BEE8[5]) or 
ADVFUNC_CNTL (4AE8) is updated. 
Compare with CRT_PITCH (26EE). 

Reserved 

1. The Drawing Pitch register determines the number of pixels on each line of the 
display buffer when drawing. 

2. For A TI68800-6: 
Depending on the Shadow Set pointer LOAD_SRC/DST[9:8] (5AEE-W), source 
and destination offset and pitch registers are loaded either concurrently or 
separately, as follows: 
0 =Both source and destination offset/pitch registers are loaded concurrently 
1 = Destination offset/pitch registers are loaded 
2 =Source offset/pitch registers are loaded 

REG688000-15 
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Engine Control 

Graphics Engine Offset High Register 

72EE {W) 

3:0 

15:4 

GE_OFFSET_HI 

The 4 MSB (19:16) of a 20-bit GE video buffer 
address offset (start of GE video buffer) 

Reserved 

Graphics Engine Offset Low Register 

6EEE {W) 

15:0 

Register Description: 

GE_OFFSET_LO 

The 16 LSB (15:0) of a 20-bit GE video buffer 
address offset (start of GE video buffer) 

1. The upper Offset bits are at GE_OFFSET_HI (72EE), the lower bits at 
GE_OFFSET_LO (6EEE). 

2. The address off set is in linear fonnat, specified in bytes/4, depending on the setting 
of DISP _CNTL[Y _CONTROL] (22E8). 

3. For A Tl68800-6: 
Depending on the Shadow Set pointer LOAD_SRC/DST[9:8] (5AEE-W), source 
and destination offset and pitch registers are loaded either concurrently or 
separately, as follows: 
0 =Both source and destination offset/pitch registers are loaded concurrently 
1 =Destination offset/pitch registers are loaded 
2 =Source offset/pitch registers are loaded 
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Engine Control 

Linedraw Options Register 

A2EE (R/W) t-------r----Ll_N_ED_R_A..--W ___ O_P_T_---.-------ll 

·.-:·.·>.·-:-:.; .......... -:.: .. ·:·.·'.··.·. . .......... . 

+r:<<eit::. :::::::::::•:•::::·:::::·>·' t=:''1•~n:~ij:::::> 
·:·:·:·.·:;:;:;:;:::-:;:;:;::: .·.·.·.·.·.·.·.·.·.··.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.'.','• 

0 

1 POLY_MODE 

2 LAST_PEL_OFF 

3 DIR_ TYPE 

4 

7:5 OCTANT (Bit 3=0) 

DEGREE (Bit 3=1) 

REG688000-15 
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Reserved 

O = Normal linedraw mode 
1 _= Polygon linedraw mode 

As in edge flag polygon fill algorithm 

0 = Last pixel drawn 
1 = Last pixel not drawn 
Applies to both raw Bresenham and direct 

linedraws 

O = Bresenham/Octant 
Lines based on Bresenham parameters or 
specified octant 

1 = Line length/degree 
Bresenham count determines length and 
OCT ANT determines Ii ne direction 

Used by both raw Bresenham linedraw and short 
stroke vector operations. 

Reserved 

Bit 7 - YDIR 
0 = Decrement Y coordinate 
1 = Increment Y coordinate 
Bit 6 - YMAJOR 
0 = X-Major 
1 = Y-Major 
Bit 5- XDIR 
O = Decrement X coordinate 
1 = Increment X coordinate 

0 = 0° 
1=45° 
2 = 90° 
3 = 135° 
4 = 180° 
5 = 225° 
6 = 270° 
7 = 315° 
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Engine Control 

Linedraw Options Register 

A2EE (W) 

8 BOUNDS_RESET 

10:9 CLIP _MODE 

15:11 
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LINEDRAW_OPT 

O =No reset 
1 =The four bounds accumulator registers reset to: 

Left:2047 
Top:2047 
Right: -2048 
Bottom: -2048 

O = Clip exception disabled 
1 = Stroked line segments 
2 = Polygon boundary lines 
3 = Patterned lines 

Reserved 
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Read Extended Graphics Engine Configuration Register 

8EEE (R) 

2:0 

3 

5:4 

7:6 

MONITOR_ALIAS 

ALIAS_ENA 

PIXEL_ WIDTH 

16_BIT_ 
COLOR_MODE 

R_EXT _GE_CONFIG 

Monitor ID, for application use. 

O = Reports actual monitor ID 
1 = Reports MONITOR_ALIAS as Monitor ID in 

Subsystem Status register 

Pixel width is forced to 8 bits per pixel (bpp) when 
video memory size is less than 1MB. 16 and 24 
bpp modes allowed only if appropriate RAM DAC 
is installed. 
0 = 4 bpp 
1 = 8 bpp 
2 = 16 bpp 
3 = 24 bpp 

RGB bit organization within 16-bit color word: 
O = (5,5,5): Red-(14:10), Green-(9:5), Blue-(4:0) 
1 = (5,6,5): Red-(15:11 ), Green-(10:5), Blue-(4:0) 
2 = (6,5,5): Red-(15:10), Green-(9:5), Blue-(4:0) 
3 = (6,6,4): Red-(15:10), Green-(9:4), Blue-(3:0) 

8 M UL Tl PLEX_PIXELS 1 = Two bits are passed to the DAC in parallel 

9 24_BrT_ 
COLOR_CONFIG 

10 24_BIT_COLOR 
_ORDER 

11 

13:12 DAC_EXT_ADDR 

14 DAC_8_BIT _EN 
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Bytes per pixel (Bpp) Memory organization select: 
0 = 3 bpp 
1 = 4 bpp 
If 4 Bpp & 24_BIT_COLOR_ORDER field= 0, 

LSByte in each 32 bit word is reserved 
If 4 Bpp & 24_BIT_COLOR_ORDER field= 1, 

MSByte in each 32 bit word is reserved 

RGB bit organization within each 24- or 32-bit 
pixel is selected as follows: 
0 = RBG(8,8,8) 

3 Bpp: Red-(23:16), Blue-(15:8), Green-(7:0) 
4 Bpp: Red-(31 :24), Blue-(23:16), Green-(15:8) 

1 = BGR (8,8,8) 
3 Bpp: Blue-(23:16), Green-(15:8), Red-(7:0) 
4 Bpp: Blue-(23:16), Green-(15:8), Red-(7:0) 

Reserved 

DAC address inputs RS(3:2) control 

O = 6-bit DAC operation 
1 = 8-bit DAC operation 
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Engine Control 

Read Extended Graphics Engine Configuration Register 

8EEE (R) 
R_EXT_GE_CONFIG 

15 

Register Description: 
1. 8EEE-R is the read address ofEXT_GE_CONFIG which is at 7AEE (W). 
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Drawing Operations 

Drawing Operations 

Overview 
Draw extensions include: 

• Line draw with extended data path 

• Short stroke vector with extended data path 

• Horizontal raster scan 

• Point-to-point line draw 

• Non-confonning bitblts 

These operations are initiated by: 

• BRES_COUNT (96EE) 

• EXT_SHORT_STROKE (C6EE) 

• SCAN_TO_X (CAEE) 

• LINEDRAW[3] (FEEE) 

• DEST_Y_END(AEEE) 

Extended trajectory control registers are: 

• LINEDRA W[0-2] (FEEE) 

• LINEDRA W[ 4-5] (FEEE) 

• SRC_X_ST ART (B2EE) 

• SRC_X_END (BEEE) 

• DEST_X_START (A6EE) 

• DEST_X_END (AAEE) 

• SRC_ Y _DIR (C2EE) 

Drawing (and clipping) capabilities of the mach32 graphics processor are described here. 
Control is provided by configuration settings in registers associated with each type of 
drawing operation. Sample codes on engine-assisted pre-clipping and test conditions used 
in the modified Cohen-Sutherland algorithm are included. 

REG688000-15 
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Drawing Operations 

Scissor rectangles define the area where pixels are drawn. Direct linedraws consist of placing 
line segments on the screen. Short-stroke vectors are vectors shorter than 16 pixels, and have 
directions that are multiples of 45 degrees. Short-stroke vectors are generally used for 
drawing text characters. Blit operations do rectangle fills and polygon fills. 

Drawing Control registers are as follows: 

• General Drawing Control Registers 

• Scissor Registers 

• Direct Linedra w Registers 

• Short-Stroke Vector Register 

• Raw Bresenham Linedraw Registers 

• Blit Registers 

• Scanline Draw to X 

• Pattern Registers 

General Drawing Control Registers 
General drawing controls include datapaths, current X/Y positions, foreground/background 
and color/monochrome source/destination information for use in various drawing opera­
tions. 

Scissor Registers 
Scissor registers are used to inhibit drawing outside a rectangular area of a screen. This 
function is also called "Post-Clipping." 

Scissor registers do not provide full clipping of drawing operations. If the coordinates are 
outside the range of (-512,-512) to (1535, 1535), they are interpreted incorrectly by the 
engine. In that case, the host application may have to perform clipping of coordinates before 
passing them to the engine. 

Despite this limitation, Scissor registers do have many useful applications when implement­
ing graphics functions. For example, they may be used to generate interrupts on drawing 
operations which operate inside the scissor rectangle. The INSIDE_SCISSOR_ENA bit of 
the Subsystem Control register will enable this feature. Inside interrupts are useful for 
implementing high-speed pick operations. 

The four ATI extended scissor registers operate in the range of (-2048 .... 2047). This range 
is larger when compared to the standard IBM 8514/A compatible LEFf and TOP scissor 
registers which operate only in the range (-1024 .... 1023), and the RIGHT and BOTTOM 
scissor registers which operate in the range (0 .... 2047). 
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A pixel is considered to be inside the scissor rectangle if the values of the four A TI scissor 
registers (each 12-bit wide) have the following relationship: 

SCISSJR_LEPT $ CUR_X $ S::ISS:>R_RICHI' 

SCISSJR_'IOP $ COR_Y $ SCISSJR_EOl'IQI 

Data field names and port addresses of the four scissor registers are listed on the following 
page. 
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Direct Linedraw Registers 
Direct Linedraw registers provide high-speed linedrawing capabilities. These extended 
registers allow applications to perfonn direct block transfers of line end-points to the 
mach32 graphics engine. Coordinates are provided in (X, Y) fonnat. 

Full 16-bit precision direct line-clipping allows more than 99% of typical line-segments to 
be clipped at the engine without intervention by the host processor. 

The operations of Linedraw registers are detennined by the value in the Linedraw Register 
Index register. Therefore, before writing to any linedraw register, the index register must be 
set to a known value. Then with each write to the linedraw register, the index register value 
increments (by I) to keep track of the data transfer. 

If CLIP _MODE (in the Linedraw Options register) is not disabled, and the host processor 
attempts to draw a line segment which must be clipped, the mach32 graphics engine raises 
an "exception" condition for the host to clip the line. A simple recovery mechanism then 
allows lines to be clipped at speeds approaching unclipped linedraw speed for all typical 
applications. 

Pre-Clip Modes 

Pre-clipping is supported by hardware in the mach32 graphics engine. Pre-clip modes are 
set in the Linedraw Options register. Clip_Mode 0 disables clip exceptions. Clip_Mode I 
enables clipping of stroked plain lines. Clip_Mode 2 pre-clips polygon boundary lines. 
Clip_Mode 3 pre-clips patterned lines. 

The hardware pre-clipping mechanism allows arbitrary lines to be drawn quickly and 
efficiently with little intervention by the host processor. Despite the fact that the mach32 
is only able to draw lines in the range (-512,-512) to (1535, 1535), the pre-clipping mechanism 
allows almost all lines in the range (-32768,-32768) to (32767 ,32767) to be drawn without 
intervention by the host processor. 

1m1:·:::::1e~~.:::1::::t::::g~:11:::§itim@o~1 
Pre-clipping of line segments is perfonned using a modified version of the Cohen-Sutherland 
algorithm. The pre-clipping hardware examines each line to determine whether the drawing 
engine must actually draw the line, pixel by pixel, or whether the line needs to be drawn at 
all. As lines are drawn, each line segment is classified into one of three categories: 

• Trivially Rejected 

• Trivially Accepted 

• Exception 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

REG688000-15 
9-29 



Drawing Operations 

I 
/ 

----

Scissors Rectan_g_le 

Device Coordinate S ace 

Figure 9-1. Trivially rejected lines. 

1. Trivially Rejected Lines - are lines that definitely fall outside the scissor rectangle. 
Because they do not pass through the scissor rectangle they need not be drawn at all. 
When encountering a trivially rejected line, the graphics engine perfonns a "move" to 
the end coordinate of the line without attempting to draw any of the intervening pixels. 

Trivially rejected lines can be identified quickly using the following test 

• Both endpoints of the line must be either above, below, to the left of, or to the right 
of the scissor rectangle (both left, both right, both above, or both below). 
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Device Coordinate S ace 

Figure 9-2. Trivially accepted lines. 
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2. Trivially Accepted Lines - are lines that lie entirely within the device coordinate space, 
and probably pass inside the scissor rectangle. These lines are drawn, pixel by pixel, 
by the graphics engine. 

A trivially accepted line must satisfy the following criteria: 

• Both endpoints of the line must lie within the device coordinate space 

• The line must not satisfy the criteria for Trivially Rejected lines (see previous 
section). 

Scissors Rectan le 

Device Coordinate S ace 

Figure 9-3. Lines generating exceptions. 

3. Exception Lines - are lines that fall into neither of the two previous categories. Lines 
in this category may pass inside the scissor rectangle, but are not drawable by the 
graphics engine because one or both endpoints lie outside the device coordinate space. 

When the graphics engine encounters exception lines, two events occur: it generates a 
clip exception condition and stops drawing the current line as·well as all subsequent 
lines until the clip exception condition has been cleared by the host processor. The 
graphics engine provides sufficient information to the host processor to allow the host 
to back up, identify, and process the line which generated the exception condition. 

In practice, very few lines are exception lines. In a typical CAD drawing, one or two 
lines out of many thousands will cause a clip exception and require further processing 
by the host. The majority of lines will be fully clipped and processed by the graphics 
engine without further inteivention by the host. Since exception lines must span the 
scissor rectangle and the device coordinate rectangle, they must be at least 512 pixels 
long. For typical drawings, the average line length is significantly less than five pixels. 
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When a clip exception occurs, CLIP _OVERRUN field of EXT_GE_STATUS is set 
to logical one immediately. All subsequent attempts to write to the Line End Y through 

. the Linedraw register are rejected by the engine, and each attempt to draw is recorded 
in the CLIP _OVERRUN counter. CLIP _OVERRUN is reset to zero when 
CLIP _MODE is set to zero, and when Y is written from LINEDRA W. 

The CLIP _OVERRUN count may be used to identify the line segment which caused 
the exception condition. The host may then back up, endpoint-clip the offending line 
to device coordinate space, and continue with the rest of the transfer. 

1'°"1®me~i:::1:::f::::ee,uen:::1s1:P:~1::::m:n11 
The polygon boundary line pre-clipping algorithm is almost identical to the nonnal linedraw 
algorithm. It is only slightly modified to allow for correct pre-clipping of polygon boundary 
lines. 

Scissors Rectan le 

Device Coordinate S ace 

Figure 9-4. Polygon boundary lines. 

1. Trivially Accepted Lines - Two polygon boundary lines are shown in figure 9-4. Both 
are to be drawn to the left of the scissor rectangle; but they should actually generate 
lines along the left edge of the scissor rectangle. A two-step procedure to draw these 
lines is as follows: 
1) The graphics engine clamps the endpoints to the edge of the device coordinate space; 
2) The nonnal linedraw procedure clamps the lines, pixel by pixel, to the left edge of 
the scissor rectangle. 

Lines that are outside the scissor rectangle are trivially accepted provided they are 
polygon boundary lines and their endpoints are neither above nor below the scissor. 
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Scissors Rectan le 

Device Coordinate S ace 

Figure 9-5. Polygon exception lines. 

2. Exception Lines - Since endpoint clamping alters the angle of affected lines, lines for 
which one endpoint lies to the left of the device coordinate space, and the other to the 
right of the left edge of the scissor rectangle must generate exception conditions, for 
processing by the host processor. 

Although polygon line pre-clipping seems complicated, the mechanism resembles 
normal line pre-clipping- the engine automatically classifies each line segment as it 
is passed in. In both cases, the host processor writes line endpoints to the graphics 
processor, and checks for exception condition. If exception condition occurs, the host 
processor fully clips the line that generated the exception condition. 

The lines that generate exception conditions in the two clip modes discussed so far are 
of the same classification. The difference is only in the algorithm used. The Polygon 
Pre-clipping algorithm draws lines that would otherwise be trivially rejected by the 
Normal Linedraw algorithm. 
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'''1:219~1::\3::1 ::1111rn~::::iJ.n• 
CLIP _MODE 3 supports pre-clipping of patterned lines. Patterned lines that are inside the 
device coordinate space are drawn. Patterned lines that are wholly or partially outside the 
device coordinate space generate exceptions. 

Scissors Rectan le 

Device Coordinate S ace 

Figure 9-6. Patterned lines. 

1. Patterned Lines - are lines entirely inside the device coordinate space, as shown in 
figure 9-6, is drawn by the graphics engine. They are classified as trivially accepted 
lines. 

The graphics engine attempts to draw all lines which would have been trivially rejected 
if the Normal Linedraw Pre-Clipping algorithm were used. It is faster to have the 
graphics engine draw a line and update the PA ITERN_INDEX than to have the host 
processor reject a line and calculate a value for the PA ITERN_INDEX. 
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2. Exception Lines- are lines wholly or partially outside the device coordinate space. All 
lines shown in figure 9-7 generate exception conditions. The host processor is required 
to fully clip these lines to the device coordinate space. The patterned linedraw algorithm 
then attempts to draw these lines and update the PAITERN_INDEX counter. 

Device Coordinate S ace 

Figure 9-7. Exception generating patterned lines. 

Using the Pre-Clipping Hardware 

Although internal implementation of linedraw pre-clipping is quite complicated, the code 
required to use it is actually fairly simple. A code example for pre-clipping of lines in clip 
modes I and 2 is provided on the following page. 

Once an offending line has been identified in an exception condition, it is clipped to the 
scissor (or device coordinate space) using the traditional Cohen-Sutherland algorithm. Since 
exception lines rarely occur, the time spent using the full clipping algorithm is minimal. In 
-tests conducted by ATI, using standard industry benchmark AutoCAD drawings, the time 
spent executing the full clipping algorithm was not a measurable percentage of the total 
pan/zoom redrawing times. 
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void clipped_polyline (int npoints, :int points [] ) 

{ :int n; 

c:utpw(linedraw_imex, 0) ; 

c:utpw( linedraw I points++) ; 

c:utpw( linedraw I points++) ; 

- npoints; 

\liiile (npoints != 0) 

{ /* block c:utpit line segments *I 

n = min(8,npoints); 

npoints -= n; 

n *= 2; 

\liiile(-q;x:>ints) /* equi val.ent to rep c:utsw *I 

} 

} 

c:utpw( linedraw, points++) ; 

/* check far overrun calditicn */ 

n = inpw(overrtm_camt) ; 

npoints += (n +1)/2; /*back up to x coordinate */ 

points -= (n+l)& {-1); 

/* check far clip excepticn */ 

n = inpw(ext_ge_status) & OxOf; /*clip_overrun ca.mt*/ 

} 

if (n != 0) 

{ points -= n*2-2; /*back to segment causing excepticn* I 

draw_clig;>ed_line(points [0], points [1], points [2], 

points [3] ) ; 

points += 2; 

c:utpw( linedraw_imex, o) ; /* reset current x and y *I 

C:Utpw'( linedraw I points++) ; 

C:Utpw'( linedraw I points++} ; 

npoints += (n-1}; /* ccn:01:ect IlUlri:>er of points left*/ 

Modes 1 and 2 Preclipping Code Sample 

REG688000-15 
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Extended Short-Stroke Vector Register 
The Extended Short-Stroke Vector register accepts data in IBM 8514/ A Short-Stroke Vector 
(SSV) fonnat. This register operates in the same way as the IBM compatible Short-Stroke 
Vector register, except that monochrome data must be supplied in packed-bit format, and it 
supports color patterns. The IBM-compatible short-stroke vector register monochrome data 
is supplied in nibble format. 

Short-stroke vectors are vectors of length less than 16, in pixels. Short-stroke vectors are 
used by the IBM AI for certain text fonts (including all the default mono-spaced fonts 
provided in the 8514 distribution kit.) Short-stroke text fonts are composed entirely of 
short-stroke vectors. Vector length is the projection of the line on the horizontal or vertical 
axis, whichever is greater. 

This register ignores the contents of the data-width field, although the LSB _FIRST bit will 
be respected. All writes to this port must be 16-bit 1/0 operations. Two short-stroke vectors 
are drawn for each transfer (one may be a null vector). Short-stroke vectors also respect the 
current setting of LAST_PEL_OFF (Linedraw Options register). Note that short-stroke 
vectors are generally only useful in degree mode (DIR_TYPE=l). 

Short-stroke vectors can also operate in Bresenham mode using pre-supplied Bresenham 
parameters. In this case, the direction field of each short-stroke vector overwrites the 
OCT ANT field of the Linedraw Options register. Refer to the Direct Linedraw registers 
section for more details. Note that the DRAW bit overrides the DRAW bit previously set in 
DP_CONFIG. 

Raw Bresenham Linedraw Registers 
Raw Bresenham Linedraw Registers provide finer control over the actual linedraw opera­
tions than do the Direct Linedraw registers. Under certain circumstances it may be desirable 
to slightly alter the path of the linedraw. 

Bresenham Error Term register is used to set up raw Bresenham linedraw operations. Val.id 
range for the error term is (-4096..4095). If starting Xis less than ending X, the Error Term 
register should be set to: 

2~Cldxl, ldyl )-nax( ldxl, ldyl )-1 

otherwise, the register is set to: 

2~( fdxl, ldyl )-nax( ldxl, ldyl) 

DESTY _AXSTP, DESTX_DIASTP registers determine the starting point of the Blit source 
pointer. Programmers should be aware that for 8514/A compatible drawing operations, the 
most significant five bits of Source Y, Source X registers are reserved (0). 
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When these registers are used to perfonn setup for raw Bresenham linedraw operations, 
before initiating the operation, both the Axial Step tenn and the Diagonal Step constant 
should be set as follows: 

AXIAL STEP TERM (0 to 4095): 2"'1nin Cl dx I , I dy I ) 

DIAGONAL STEP CONSTANT (-4096 to 0): 2*(min( ldxl, ldyl > - mx( ldxl, ldyl > > 

Under nonnal operation, the Diagonal Step constant_is always zero or negative. 

Bresenham Count register is used to initiate raw Bresenhamlinedraw operations.Valid range 
for the Bresenham count is (0 ... 2047). The drawing control registers listed below must be 
correctly initialized before the Bresenham Count register is written: 

CUR_X (86E8) 
CUR_ Y (82E8) 
SRC_ Y /DESTY _AXSTP (8AE8) 
SRC_X/DESTX_DIASTP (8EE8) 
ERR_ 1ERM (92E8) 
LINEDRAW_OPT (A2EE) 

The value for the Bresenham Count register should be: 

max( ldxl, ldyl} 

Slit Registers 
Blit is short for Bit Block Transfer. A TI Extended Blit operations support rectangle fills, 
polygon fills, and data transfers between the host processor and the mach32 graphics 
engine. Unlike 8514/A-compatible blits, the exact operation of extended blits is detennined 
by the configuration of the DP _CONFIG register. 

If a blit region is selected as data source in the Datapath Configuration register, or if 
POLY _FILL_MODE is selected, blit source operations begin. 

If the Pixel Transfer register is selected as data source, the mach32 automatically waits for 
data to be transferred by the host processor. 

Extended Blits allow more flexible specifications of the shapes of the source and destination 
areas - the shape and direction of the source area is independent of the shape and direction 
of the destination area. Extended blits also allow packed monochrome data to be passed 
directly to the drawing engine. 
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The extent and direction of motion of the source data pointer are determined by the following 
blit parameter registers: 

SRC_X (8EE8) 
SRC_Y (8AE8) 
SRC_X_START (B2EE) 
SRC_X_END (BEBE) 
SRC_Y_DIR (C2EE) 

SRC_X_START 

(SRC_X, SRC_Y) 

SRC_X_END 

Figure 9-8. Source Data Pointer 

If Blit Source X Row Start register is equal to Blit Source X Row End register at the time 
the Blit source is activated, the engine aborts the drawing routine immediately. 

The graphics controller has an internal Blit-Source Data FIFO built-in. It is used to increase 
engine performance. It picks up 32 bytes of data at a time regardless of the actual length 
(size) of the data. Therefore, at the end of a blit operation, the contents of the Blit Source 
Current X and Blit Source Current Y registers will be indeterminate. However, all other Blit 
parameter registers will contain predictable values at that time (See Blit Source Data FIFO 
on page 9-41). 

•11~:m1~~en:::1!1:::ne,nlr 
The extent and direction of motion of the destination data pointer are determined by the 
following blit parameter registers: 

CUR_X (86E8) 
CUR_ Y (82E8) 
DEST_X_START (A6EE) 
DEST_X_END (AAEE) 
DEST_Y_END (AEEE) 
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The Blit starts automatically as soon as the Destination Y End register is written. 

(CUR_X, CUR_ Y) 

DEST_X_START DEST_)(_END 

DEST_Y_END 

Figure 9-9. Destination Data Pointer 

:ll:f:,~:::g~:•J,P:P:! 
The first row of the blit starts at Current_X, and ends at Destination_X_End. All subsequent 
rows start at Destination_X_Start, and end at Destination_X_End. In general, the left edge 
of the area is inclusive and the right edge is not. 

X Direction 

If Destination_X_Start is less than Destination_X_End, then the Blit is performed in 
left-to-right order (L-to-R). Current_X and Destination_X_Row_Start are inclusive. 
Destination_X_Row _End is exclusive. 

If Destination_X_Start is greater than Destination_X_End, then the Blit is performed in 
R-to-L order. In this case, both Current_X and Destination_X_Row_Start are exclusive and 
Destination_X_End is inclusive. 

If the starting X coordinate is equal to the ending X coordinate, then the drawing operation 
is indeterminate. Note that in the case of lines drawn with the SCAN_X register, lines for 
which CUR_X and SCAN_X are given the same value are indeterminate and must be tested. 

The source data area behaves similarly. 

Y Direction 

If Destination_ Y End is less than Current_ Y, the Blit is performed in bottom-to-top order 
(B-to-T). Destination_ Y _End is exclusive. 

If Destination_Y _End is greater than Current_Y, the Blit is performed in T-to-B order. 
Destination_ Y _End is exclusive. 
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If Destination_ Y _End is equal to Current_ Y, the drawing operation does not take place. 

The source Y direction is detennined by the SRC_ Y _DIR register. 

:1JJ.~:::199~9~ 
If the Blit source is named as color or monochrome source, or if Polygon Fill mode is enabled, 
the Blit source participates in the Blit operation. The extent and motion of the Blit source 
data pointer are detennined by the Source Data Pointer registers. 

:g~Jro:~n99!il:::g@,1:::§,FQ 
Advanced programmers who wish to exploit the Blit source data FIFO when performing 
blits to different destination areas from a single source area should be aware of the following 
characteristics of the source data FIFO: 

• Blit Source operation commences when a graphics processor drawing operation first 
requests data from the source FIFO, and operates until it is halted. 

• Blit Source operation halts, and the contents of the Blit-source data FIFO are flushed 
whenever any of the following actions occur: 

• Any of the Blit Source registers are updated. 

• The Datapath Configuration register is updated . 

• The engine is reset throughSUBSYS_CNTL (42E8-W). 

• The contents of the Blit-source data FIFO are destroyed whenever the color pattern 
registers are updated. Conversely, Color Pattern registers are destroyed when any 
draw operation is perfonned with the Blit source activated. 

_ :gp§~:::§~:§I 
NIA 

Operations 

1e~mr:::gnr1::::111.:~1~1r~ 
In order to improve engine perfonnance, color pattern registers are used to provide extra 
entries for the Blit Source Data FIFO whenever a blit operation is perfonned, unless these 
registers have been explicitly selected as a color source. 
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D.111:\:mrihif.!t.1 
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Data is transferred from the host to the Pixel Transfer register if the register is designated as 
a color or monochrome source. During a blit operation, the engine waits for the host to supply 
the necessary data. After the blit is complete, any extra data written to the register overwrites 
the current value of the Background Color register. 

When reading data from the Pixel Transfer register during blit operations, data is read from 
the destination trajectory. (Note that in 8514/A-compatible blit drawing operations, data is 
read from the source trajectory.) Data is read from each pixel in the drawing trajectory ifthe 
READ_ WRITE field of the Datapath Configuration register is set to 0. If the READ_MODE 
field of the Datapath Configuration register is set to logical one, monochrome data is read 
from the drawing trajectory. Data is packed 8 bits per byte and transferred from the screen 
as follows: 

1. During a left-to-right (L-to-R) blit operation, the MSB screen bit is transferred to the 
register first. 

2. During a right-to-left (R-to-L) blit operation, the LSB screen bit is transferred first. In 
other words, the left-most screen bit will always be read into the MSB bit of the Pixel 
Transfer register regardless of the direction of blit transfer. 

Monochrome data is expected to be in most-significant-bit-left order. In 16-bit monochrome 
data transfers, data is expected to be in least-significant-byte-left order. Although byte 
ordering is independently selected by the LSB_FIRST field of the Datapath Configuration 
register, generally, LSB_FIRST should be set to 1 for L-to-R Blits and set to 0 for R-to-L 
Blits. 

8- or 16-bit transfers are detennined by the DATA_ WIDTH field of the Datapath Configu­
ration register. Byte ordering is selected by the LSB_FIRST field of the same register. For 
example, in 8-bit transfers, the LSB_FIRST bit should be set to 0 (msb-first), the (16-bit) 
DAT A_ WIDTH field should be set to 0 (8-bit), and I/0 should be perfonned to address 
OE2E9h (PIX_TRANS+l). This behavior is supported only for ATI extended drawing 
operations (IBM drawing operations ignore the LSB_FIRST field when operating in 8-bit 
mode). 

Examples: 

I. When a 16-bit monochrome read is perfonned in R-to-L order, pixels will be read 
sequentially off the screen and transferred to the host in this bit order: D8 to D15, DO 
toD7. 

2. If a 16-bit monochrome write is perfonned in L-to-R order, pixels will be transferred 
from the host to the video buffer in this order: D7 to DO, D15 to D8. 
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Monochrome host data is considered row-packed. This means the last bit of a row of data is 
followed immediately by the first bit of the next row of data, regardless of byte boundaries 
in the host data stream. 

Data is considered row-packed in a manner consistent with the direction of transfer. Thus 
for R-to-L monochrome transfers, the first bit of a row of data will be followed immediately 
by the last bit of the next row of data. This allows several lines of data to be transferred by 
the following code regardless of byte alignment: 

'WN CX, WlDlH * HEICHl' 

REP aJl'SB 

; LeDgth of transfer 

; Perfonn block transfer 

Bitmap data in byte-aligned row format may be transferred to memory directly, by shifting 
the right edge of the destination area, and scissoring extraneous bits. 

If the Blit uses either the color or monochrome pattern as a source, the Pattern Index register 
will be updated as follows: 

• Post-incremented if the Blit is performed left-to-right; 

• Pre-decremented if the Blit is performed right-to-left. 

In order to facilitate pattern fills, the Pattern Index is reset to the previous value whenever 
Current X becomes equal to Blit X End, if the blit is dependent on either the monochrome 
or color pattern registers. 

Sample codes for Blit Destination and Blit Source Addressing are provided on the following 
pages. 
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/* If tbe Blit mXie is Ccmfacming 

then calculate starting parameters* I 

IF PattecnDeper.ldent () '!HEN 

startPatternindex : = Patternindex 

WEmE (RaWSta:rt 1 = ~) AND (CUr.rentY ! = Y_End) 

00 BEXllN 

IF c~ .xom == o > '!HEN BEnIN 

!* Transfer and post-:incranent */ 

VRAM[C\lrrentY,C\lrrentX] = AIDresult (); 

currentX += 1; 

IF (PAT'lERNIEPENIE') 

++ Patternindex; 

END; 

ElBE BEXllN 

/* Pre-decrement and then transfer*/ 

currentX -= 1; 

IF (P.AT'l'ERNIEPENl) 

- Pattern.Index; 

VRAM[currentY,currentX] = AWresultO; 

END; 

IF (C\lrrentX == Row&ld) '!HEN :BEX:;m" 

IF PatternDepe!ldent () '!HEN 

Pattern.Index : = startPatternindex; 

currentX = RowStart; 

IF c~.mm = O) 

C\lrrentY += 1; 

ElBE 

currentY -= 1; 

END; 

END. MU.le} 
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Src.XDir := Sign(~-Sc:w:ceXRowStar); 

WEmE (~taRequ:ixed()) ID BmlN 

IF (ScrXdir == 1) 'DIEN IE3IN' 

I* left to right ••• */ 

PassPixel (GetPixel ( C\.u:rentsrcX, C\.u:rentsrcY) ) ; 

currentSrcX += 1; 

END; 

ELSE IE3IN' 

CUr.r:entSrcX -= l; 

I* Post incranent *I 

/* Pre-decranent *I 

PassPixel (GetPixel (C\.u:rentsrcX, C\.u:rentsrcY) ) ; 

END; 

IF (C\lrrentSrcX == Soorce:XRowEod) mEN BmlN 

currentSrcX : = SourceXRowStart; 

IF (Srcmir == 1) mEN IE3IN' 

currentSrcY += l; 

END; 

ELSE 

C\lrrentSrcY -= 1; 

END. {Mlile} 

Blit Source Addressing 

Drawing Operations 

Source Blit Parameter Registers are modified during Blit/Fill operations only if the Blit 
source is named as a monochrome source, a color source, or if the Polygon-Fill mode is 
enabled. 

The Blit Source also operates if Blit Source is selected as a data source in the Datapath 
Configuration register, or if the Polygon Fill mode is selected when performing drawing 
operations other than Blit operations, such as linedraws, short-stroke vectors, or Scan-to-X 
operations. Data is read from the Blit Source area for these operations as for regular blits as 
soon as the drawing operation is initiated. 
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Miscellaneous Drawing Commands 
As well as supporting linedraws and blits, the mach32 graphics processor provides several 
additional drawing commands that are generally useful for implementing graphics library 
primitives. 

Pattern Registers 
The graphics engine supports a 32-pixel color pattern register block, a 32-bit monochrome 
pattern register block, and an 8x8x 1 monochrome· pattern extension. (The 8x8x 1 mono 
pattern extension is only available in A TI68800-6 or higher controllers. See page 7-13 for 
description.) Each of these sets of registers may be selected as data source. These pattern 
registers are accessed via a data register and an index register. 

Linear vs Rectangular 
The graphic engine uses the 32 bit pixel color pattern register block as a variable length linear 
color pattern source, which is tiled into the destination. The monochrome pattern register 
block normally behaves in a similar fashion; but on an A TI68800-6 or higher controller, the 
monochrome pattern register block may also be configured as an 8x8 rectangular pattern 
which is tiled aligned to the destination. 

Pixel Transfer Control Registers 
The Pixel Transfer ALU is used to combine each pixel on a drawing trajectory with one or 
more sources of data. Pixel transfer control registers collectively define how destination 
pixels are modified during draw operations. 

Pixel Transfer Function Registers 
Two registers, Foreground ALU Function and Background ALU Function, are provided for 
in the engine. The Write Mask register affects all arithmetic/Boolean operations performed 
by the pixel transfer ALU. Planes which are masked out by the Write Mask register do not 
participate in any ALU operation. Effectively, all unmasked planes are treated as if they were 
contiguous. During add and subtract operations, carries or borrows entering into a bitposition 
which is masked by the plane mask are passed through, unmodified, to the next most 
significant bit, except over R/G/B boundaries in l 6bpp modes. 

SUBTRACT-The exact implementation is equivalent to: 

Result : = (X AND PlaneMask) - (Y AND PlaneMask) 

ADD - The exact implementation is equivalent to: 

Result := ( (X AND PlaneMask) + (Y OR (?DI' PlaneMask))) XOR (ID!' Pl.aneMa.sk) 
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DIVIDE-BY-TWO-is perfonned by shifting the result of the previous operation (ADD 
or SUBTRACT, Saturated or Unsaturated) right by one bit. The carry or borrow from the 
preceding operation is shifted into the most significant bit of the result. 

MAX and MIN - use unsigned comparisons. The plane mask affects the comparison 
between source and destination data. The decision on whether the source data or destination 
data is passed as a result is based on whether a SUBTRACT(D,S) operation would produce 
a borrow from the most significant bit position. 

Pixel Transfer Registers 
The mach32 graphics controller supports many different fonnats of data transfers to and 
from the graphics engine. Each of the following described registers is used to transfer a 
stream of image data to or from the graphics engine. It is the responsibility the host 
application to ensure that the appropriate Pixel Transfer register is selected as a color or 
monochrome source. 

Background Function Register 

86EE {W) 

4:0 ALU_BG_FN 

15:5 

ALU_BG_FN 

Macha 

Background ALU function code. Code definitions 
are listed on page 8-24 of this manual. 

Reserved 

Foreground Function Register 

BAEE (W) 

4:0 ALU_FG_FN 

15:5 
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ALU_FG_FN 

Foreground ALU function code. Code definitions 
are listed on page 8-24 of this manual. 

Reserved 
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Bounds Accumulator Bottom Register 

7EEE (R) 
BOUNDS_BOTTTOM 

::::::::.:!:i!!!:·:::~~:::::::!i·!:::::1:.:.;.:::::::::::::::.:<:·:.:1•1P:·i~:·:.:::.::::::::::::]::: 
15:0 BOUNDS_BOTTOM The bottom edge of the bounding box containing 

the points written through the linedraw register. 
Reset to -2048 when LINEDRAW_OPT[8] (A2EE) 
is one. 

Bounds Accumulator Left Register 

72EE (R) 

15:0 BOUNDS_LEFT 

BOUNDS_LEFT 

The left edge of the bounding box containing the 
points written through the linedraw register. Reset 
to 2047 when LINEDRAW_OPT[8] (A2EE) is one. 

Bounds Accumulator Right Register 

7AEE (R) 

15:0 BOUNDS_RIGHT 

BOUNDS_RIGHT 

The right edge of the bounding box containing the 
points written through the linedraw register. Reset 
to -2048 when LINEDRAW_OPT[8] (A2EE) is one. 

Bounds Accumulator Top Register 

76EE (R) 

15:0 BOUNDS_ TOP 

REG688000-15 
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BOUNDS_ TOP 

The top edge of the bounding box containing the 
points written through the linedraw register. Reset 
to 2047 when LINEDRAW_OPT[8] (A2EE) is one. 
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Bresenham Count Register 

96EE {R/W) l---_______ B_R_E_S __ c_o_U_N_T __ ....--___ ---11 

10:0 COUNT The Bresenham count is MAX (ldxl,ldyl); it should 
be within the range of (0 ... 2047). 

15:11 Reserved 

Register Description: 
1. The Bresenham Count register is used to initiate raw Bresenham linedraw 

operations. Before writing this register, the following drawing control registers 
must be correctly initialized: 

CUR_X (086E) 
CUR_ Y (082E8) 
SRC_ Y /DESTY _AXSTP (8AE8) 
SRC_X/DESTX_DIASTP (8EE8) 
ERR_ TERM (92E8) 
LINEDRA W _OPT (A2EE) 

2. The contents of MAJ_AXIS_PCNT (96E8) can be read through this register. 
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Destination Color Compare Function Registers 

EEEE {W) 
DEST_CMP _FN 

Macha Mach 32 
··.· .. ·.::::::-·.·:·:·.······· ..... · .... ;.·.·. ..·.·.· .. ·.·.····.<<·:.: 

<<ert:n< .<<:>r+:::t:unem11n:1t::::::::::,,,,:::::::::::::: 
·:·:·:·:-'.·:·:·:·>>:·:·:·:;:·:·:;:;:;:·:;:·:·:;:;:;::;:'.:;:;:;:;:;:::;:;:;:;:;.;:::::;:;:;.;:;:;.;:::;:;:;:;:-:;:;:;:;:;:;:;:;:;:;:;:;:::;:·:·:·:··········· 

2:0 Reserved 

5:3 DEST_CMP _FN_ 4/8 4/8-bit mode destination compare function code 1 

8:6 DEST_CMP _FN_B 16-bit blue destination compare function code 1 

11 :9 DEST_CMP _FN_G 16-bit green destination compare function code 1 

14:12 DEST_CMP _FN_R 16-bit red destination compare function code1 

15 Reserved 

Register Description: 
1. The ccxles in the DEST_CMP _FN fields of this register are described as follows: 

Code Function Descriptions 
Oh False 
lh True 
2h Destination Pixel>= DEST_CMP _CLR 
3h Destination Pixel < DEST_ CMP _ CLR 
4h Destination Pixel!= DEST_CMP _CLR 
Sh Destination Pixel = DEST_ CMP _ CLR 
6h Destination Pixel<= DEST_CMP _CLR 
7h Destination Pixel> DEST_CMP _CLR 

2. The pixel data in the comparison are unsigned. The result of the comparison 
according to the selected relation is as follows: 

If TRUE: Destination pixel unchanged 
If FALSE: Destination pixel written 

3. In 4- and 8-bit pixel modes the compare function is applied to each destination pixel. 

4. Only planes that have been enabled by the Write Mask participate in the comparison. 
The separate Red, Green, and Blue compare functions are applied to the Red, 
Green, and Blue color fields of the destination pixel. If all three relations hold, 
the destination pixel is not over-written. 
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Destination Color Compare Function Registers 

Mach 32 
F2EE {R/W) 

DEST_COLOR_CMP_MASK 

Register Description: 
I. This register is applicable only to A TI68800-6 mach32 controllers. (Note: 

A TI68800LX and A TI68800AX controllers have compatible registers as the 
A TI68800-6.) 
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Destination X End Register 

AAEE (W) 

10:0 DEST_X_END 

15:11 

DEST_X_END 

The last X coordinate of each row of the 
destination blit 

Reserved 

Destination Start X Register 

AGEE (W) 

10:0 DEST_X_START 

15:11 

DEST_X_START 

The starting X coordinate for the second and 
subsequent rows of the destination blit. Valid 
range is (-512 ... 1535) 

Reserved 

Destination V End Register 

AEEE (W) 

-:.;-:-:-:-:-:-:-:.:-:.;-:-:-:-;.:-: ··········.···.·.·,·.·.·.·-:-·-:····-:-:.;-.. ·-:-:-::.:::::::::::::::::.;:::<::::::;:::::::-:-:-:-:-:.;-

.),/,:::::::::1i. :::tr::c::,yc:rn:::Mni.1.t•tti~M>>><> 
10:0 DEST_Y_END 

15:11 

Register Description: 

DEST_V_END 

The last line of the destination blit for VRAM-to­
VRAM, rectangle file, or polyfill operation 

Reserved 

1. The blit source is enabled if one of the following is true: 

• Color source is set to VRAM blit source 

• Monochrome source is set to VRAM blit source 

• DP _CONFIG[POLY _FILL_MODE] (CEEE) enabled 

REG688000-15 
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Drawing Operations 

Extended Bottom Scissor Register 

E6EE(W) 

11 :0 EXT _SCISSOR_B 

15:12 

Register Description: 

EXT_SCISSOR_B 

Coordinate of extended mode bottom scissor, has 
a range of (-2048 ... 2047). 

Reserved 

1. Extended mode scissor registers operate in the range of (-2048 ... 2047). Compare 
with 8514/A compatible bottom scissor range of (0 ... 2047). 

Extended Left Scissor Register 

DAEE (W) 

11:0 EXT _SCISSOR_L 

15:12 

Register Description: 

EXT_SCISSOR_L 

Macha Mach 32 

Coordinate of extended mode left scissor, has a 
range of (-2048 ... 2047). 

Reserved 

1. Extended mode scissor registers operate in the range of (-2048 ... 2047). Compare 
with 8514/ A compatible left scissor range of (-1024 ... 1023). 
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Drawing Operations 

Extended Right Scissor Register 

E2EE (W) 

11:0 EXT_SCISSOR_R 

15:12 

Register Description: 

EXT _SCISSOR_R 

Macha Mach 32 

Coordinate of extended mode right scissor, has a 
range of (-2048 ... 2047). 

Reserved 

1. Extended mode scissor registers operate in the range of (-2048 ... 2047). Compare 
with 8514/A compatible right scissor range of (0 ... 2047). 

Extended Top Scissor Register 

DEEE (W) 

.·.·.··:·:·:-:-:-:·:·:-:·:·:·:···:·:·:·:::·:::·:·:;:::::::::;:::::::::::::::::;:;:;:;:::::::;:::::::::-:-:-:-::;.·:·.·.· 

11 :0 EXT_SCISSOR_ T 

15:12 

Register Description: 

EXT_SCISSOR_T 

Macha Mach 32 

Coordinate of extended mode top scissor, has a 
range of (-2048 ... 204 7). 

Reserved 

1. Extended mode scissor registers operate in the range of (-2048 ... 2047). Compare 
with 8514/A compatible top scissor range of (-1024 ... 1023). 
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Drawing Operations 

Extended Short Stroke Vector Transfer Register 

Macha Mach 32 
C6EE {W) 

EXT_SHORT_STROKE 

7:0 SHORT _STROKE_2 A short stroke vector (SSV). 

15:8 SHORT _STROKE_ 1 A short stroke vector. 

Register Description: 
1. The Extended Short-Stroke Vector Transfer register accepts two bytes concurrently 

in IBM-compatible SSV fonnat. Both bytes are always used regardless of data 
transfer size. The fonnat is: 

~ D I D I D I 0 I L I L I L I L ~ 
D - Direction of Vector 
0 - Operation Type: 

O=Move 
1 =Draw 

L - Length of the projection of the vector on the horizontal or vertical 
axis, whichever is greater, in pixels 

2. Color patterns are supported; monochrome data must be in packed-bit fonnat. 

3. The operation of this register is similar to the Short-Stroke Vector Transfer register 
(9EE8). 1/0 operations are 16-bit. 

4. Null vectors are valid extended SSV s. 
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Drawing Operations 

FEEE (W) 

15:0 LINED RAW 

Register Description: 

Linedraw Register 
LINEDRAW 

Macha Mach 32 

Value is determined by the Linedraw Index 
register as follows: 
Set Current X 
Set Current Y · 
Set Line End X 
Set Line End Y and draw/move operation 

1. All references to the Y coordinates through this register are linear, regardless of the 
value ofMEM_CN1L (B8EE, Index5). 

REG688000-15 
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Linedraw Index Register 

9AEE (W} 
LINEDRAW_INDEX 

2:0 LINEDRAW_INDEX 0 =Set current X 
1 = Set current Y 
2 = Set line end X 
3 =·set line end Y, draw line, 

reset index to 2 
4 = Set current X 

Drawing Operations 

5 = Set current Y, reset index to 4 

15 :3 Reserved 

Register Description: 
1. The linedraw index specifies the operation to be perfonned by the Direct Linedraw 

Data register. Continuous lines can be written in two steps as follows: 

a. Setting this register: 
m::w dx, linedraw_index 
m::w ax, 0 

out dx, ax 
; start with a ICDVe 

b. Block-copying moveto/lineto/lineto commands to the graphics engine: 
m::w dx, linedra.w 
m::w ex, points*2 
lea si, [:pointbuffer] 

cld 

rep outsw 

2. The bounding box of a series of points may be determined by using a "moveto" 
command on each point in the buffer, by setting the index to 4. The GE will test 
each point against the current content of the Bounds Accumulator register and 
enlarge the bounds accumulator rectangle to enclose all points. 
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Drawing Operations 

Color Pattern Data Registers 

SEEE {W) 
PATT_DATA_* 

15:0 

Register Description: 

1. *The 16 Color Pattern Data registers are numbered Oh to Fh: PATT_DATA_O to 
PATI_DATA_F 

Monochrome Pattern Data Registers 

SEEE {W) 
PATT_DATA_* 

15:0 Monochrome pattern data bits 

Register Description: 
1. *The eight (8) Monochrome Pattern Data registers are numbered lOh to l 7h, i.e., 

PATI_DATA_lO to PATT_DATA_l7. These registers contain up to 32 bits of 
monochrome patterns to be used as the monochrome source during pixel 
transfers. PA TT _INDEX and PA TT _LENGTH will determine the first pixel and 
the number of pixels respectively to participate in the mix. The 32-bit linear 
monochrome pattern (which only has uses for mono pattern data registers) are 
not destination-aligned. 

2. On A TI68800-6 or later controllers, it is possible to configure the monochrome data 
contained in PA TT _DAT A as an 8x8 rectangular destination-aligned region, to 
be tiled into the destination. See PATT_LENGTH (D2EE-W) and Linear vs 
Rectangular description on pages 9-46 and 9-60. 

3. The 16 Color Pattern Data registers are numbered from Oh to Fh. Together they may 
contain up to 32 bytes of color information for a 32-byte color pattern. When the 
registers participate in a pixel transfer, as color source, determined by 
DP_CONF[FG_COLOR_SRC] (CEEE), the twoPATT_INDEX (D6EE) and 
PA TI _LENGTH (D2EE) registers will indicate the first pixel and the number of 
pixels, respectively. 

4. If color pattern is not selected as a source, these registers are used as scratch area for 
the blit-source data FIFO during draw operations. 
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Drawing Operations 

Pattern Data Index Register 

82EE (R/W) 
PATT_DATA_INDEX 

7:0 PATT_DATA_INDEX ATl68800-3, using bits 7:0: 

15:8 

Register Description: 

A pointer to one of the 18 internal registers of the 
color pattern register, 16 color pattern registers 
and 2 monochrome pattern registers. 
ATl68800-6, using bits 4:0: 
A pointer to one of the 24 internal registers of the 
color pattern register, 16 color pattern registers 
and 8 monochrome pattern registers. Bits 7:5 
reserved. 

Reserved 

1. The Pattern Data Index register is incremented after each write. 

D6EE (W) 

4:0 PATT_INDEX 

15:5 
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Pattern Index Register 

PATI_INDEX 

Determines the next pixel in the color or 
monochrome pattern for the destination. 

Reserved 
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Drawing Operations 

D2EE (W) 

4:0 PATT_LENGTH 

6:5 

7 

14:8 

15 

Register Description: 

Pattern Length Register 

PATT_LENGTH 

Determines the length of color or monochrome 
pattern. Value is actual length less 1. 

Reserved 

8x8 Mono Pattern Enable 

Reserved 

8x8 Block Write Mono Pattern Enable 

I. If bits 7 and 15 are both "O" -
This register detennines the length of the color or monochrome pattern to be 
repeated linearly into the destination. 

2. If bit 7 is "l" -
Bits 4:0 are ignored. The pattern data contained in PATT_DATA_[l0:17] will be 
used as an 8x8 destination-aligned rectangular monochrome pattern to be tiled 
onto the destination. 

3. If bit 7 and 15 are both "l" -
Bits 4:0 are ignored. An 8x8 pattern will be used as described in step 2. This 
monochrome pattern will be used as a transparency mask for the block write 
capable memory. During a block write operation, the ALU foreground function 
(BAEE-W) should be set to "Paint (7)". The ALU background function 
(B6EE-W) should be set to "Leave Alone (3)". 

4. Bit 15 must not be set unless Block Write Enable, MISC_ OPTIONS[ I 0] (bit 400h of 
36EE), is also set. 

Read Source X Register 

DAEE(R) 
R_SRC_X 

10:0 R_SRC_X Source current X 

15:11 Reserved 

Register Description: 
I. DAEE-R is the read address of SRC_X which is at 8EE8-W. 

REG688000-15 
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Drawing Operations 

Read Source Y Register 

DEEE (R) 
R_SRC_Y 

.·.·.·.·.··.·.·.·.·.·.··:::::::::-
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10:0 R_SRC_Y Source current Y 

15:11 Reserved 

Register Description: 
1. DEEE-R is the read address of SRC_Y which is at 8AE8-W. 

Scan To X Register 

CAEE (W) 
SCAN_X 

10:0 SCAN_TO_X Scan line draw to X data 

15:11 Reserved 

Register Description: 
1. The Scan To X register may be used by .the host processor to perform fast polygon 

scan conversions. 

a. The host sets CUR_X and CUR_ Y with the address of the first point in the active 
edge table and sets SCAN_TO_X with the address of the destination. At this 
time, the SCAN_ TO _X_ST A 1E internal fill flag is cleared. 

b. The draw engine traverses each scan line from left to right (if the address in 
CUR_X> SCAN_ TO_X) or right to left (if the address in 
CUR_X <SCAN_TO_X). In either case, the left edge is inclusive and the right 
edge is exclusive. 

c. After each operation, the fill flag is toggled. When the flag is cleared, scan 
conversion takes place as specified by the mix in the ALU. When the flag is set, 
the operation is setting CUR_X and does not draw. 

2. The Scan To X register can also be used to draw fast horizontal lines. 

a. The host sets CUR_X and CUR_ Y. 
b. Any blit control must be set as the line will use the A TI blit engine. 
c. The host writes SCAN_TO_X. 
d. The left edge will always be inclusive and the right exclusive regardless of 

direction. 
e. CAUTION: Do not optimize out the writing of CUR_X. See step I. 
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Source X End Register 

BEEE (W) 
SRC_X_END 

:·]:.···.:::.:.::I~:::::.:.:.:.·::·: :::::rn::::::::::::Y:::rJJmon:1c.:Yt::::: ·:-:·:: 
:·:·:-:::::::::::::::::::::::::::::::::::;:·:::·:::;:;:;:;:;:;:;:;:;:;:;:::::::::::·:::::::::::: 

10:0 SRC_X_END The last pixel of the blit source data. 

15:11 Reserved 

Source X Start Register 

B2EE (W) 

10:0 SRC_X_START 

15:11 

SRC_X_START 

Macha Mach 32 

The X coordinate of the first pixel of the second 
and subsequent rows of the blit source data. 

Reserved 

Source Y Direction Register 

C2EE (W) 

0 SRC_Y_DIR 

15:1 

REG688000-15 
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SRC_Y_DIR 

The direction of the drawing operation: 
O =Bottom-to-top 
1 =Top-to-bottom. 

Reserved 
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Status Registers 

Status Registers 

The mach32 graphics controller contains a set of registers that indicate the general status 
of the engine as follows: 

• Extended FIFO Status 

• FIFO Status 

• FIFO Control 

• Subsystem Status 

• Extended Graphics Engine Status 

• Configuration Status I 

• Configuration Status 2 
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Status Registers 

Configuration Status 1 Register 

12EE (R) 

CLK_MODE 

BUS_16 

2 MC_BUS 

3 EEPROM_ENA 

4 DRAM_ENA 

6:5 MEM_INSTALLED 

7 ROM_ENA 

8 ROM_PAGE_ENA 

15:9 ROM_LOCATION 

REG688000-15 
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CONFIG_STATUS_1 

O = Use crystals only 
1 = Use clock chip 

0 = 8-bit bus configured 
1 = 16-bit bus configured 

O = ISA/EISA bus configured 
1 = MicroChannel bus configured 

Default parameters are loaded from EEPROM 
after power on reset. 
0 = EEPROM disabled 
1 = EEPROM Enabled 

0 = VRAM installed 
1 = DRAM installed 

O = 512K memory 
1 = 1024K memory 
2,3 = ReseNed 

O =Disabled 
1 = Enabled 

O = Disabled 
1 = Enabled 

Page O of the boot ROM will be enabled after 
power on reset, at COOOOh + 800h*n, where n is 
the value of this field, if the following conditions 
are true: 

EEPROM_ENA = 0 
MC_BUS = 0 
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Status Registers 

Configuration Status 1 Register 

12EE (R) 
CONFIG_STATUS_1 

- [ - Mach 32 

wiiiliiT\«liillli!i;nlil•<········ ii -····· .............. ·.·.·.·.· ... ·.·.· .. ·.:-·-:.:-:.··:.·.·.:.:·:.:-:-:-:·:<·:-:· 

0 

3:1 

6:4 

7 

8 

11 :9 

12 

15:13 

8514_0NLY 

BUS_ TYPE 

MEM_TYPE 

CHIP _DIS 

TST_VCTR_ENA 

DACTYPE 
(See Appendix F for 
a detailed listing of 
supported DACs.) 

MC_ADR_DECODE 

CARD_ID 

© 1993 AT/ Technologies Inc. 
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0 = VGA+8514 function enabled 
1 = VGA function disabled 

0 = .16-Bit ISA 
1 = EISA 
2 = 16-Bit MicroChannel (µC) 
3 = 32-Bit MicroChannel (µC) 
4 = LBus_SX; 386SX specific 
5 = LBus_ 1, LBus_2; 386DX specific 
6 = LBus_ 1, LBus_2; 486 specific 
7= PCI 

ATl68800-3: 
0 = 256Kx4 DRAM memory 
1 = 256Kx4 VRAM memory; 512-bit serial transfer 
2 = 256Kx4 VRAM memory; 256-bit serial transfer 
3 = 256Kx16 DRAM memory 
ATl68800-6: 
O = 256Kx4 DRAM memory 
1 = 256Kx4 VRAM memory; 512-bit serial transfer 
2 = 256Kx16 VRAM memory; 256-bit serial transfer 
3 = 256Kx16 DRAM memory 
4 = 256Kx4 Graphics DRAM memory 
5 = 256Kx4 VRAM memory; 512-bit split transfer 
6 = 256Kx16 VRAM memory; 256-bit split transfer 

O = Chip enabled 
1 = Chip disabled 

O = Normal operation 
1 = Delay memory write data by 1 /2 MCLK for 

test vector generation 

0= ATl68830 
1 = SC11483 
2= ATl68875 
3= Bt476 
4 = Bt481 
5 = ATl68860 (requires ATl68800AX or higher) 

O = Enable external µC address decode 
1 = Enable internal µC address decode 

Indicator of controller ID, used for multiple 
controller systems. 
0 = Multiple controllers not supported. 
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Configuration Status 2 Register 

16EE (R) 

0 SHARE_ CLOCK 

1 HIRES_BOOT 

2 EPROM_ 16_ENA 

3 WRITE_PER_BIT 

4 FLASH_ENA 

15:5 

REG688000-15 
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CONFIG_STATUS_2 

Macha 

O = machB does not share clock with VGA 
1 = machBshares clock with VGA 

This bit is for the benefit of the boot ROMs which 
must know whether to enforce the higher 
resolutions but may not be using the monitor ID: 
O = Not hi-res 
1 = Hi-res 

O = Adapter not configured for 16-bit boot ROM 
1 = Adapter configured for 16-bit boot ROM 

For VRAM configuration supporting internal plane 
masks: 
O = Faster write-masked operation not supported 
1 = Faster write-masked operation supported 

O = Flash page writes not supported 
1 = Flash page writes supported 

Reserved 
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Status Registers 

Configuration Status 2 Register 

16EE (R) 
-

:.:-:-:-:-:-: \Bif /%?:/@~~ ):,i:.:11ti•mb.riia ·1:::::1::%:::1:::: .·.·.:.:·'.·'.·'·'·'.•'·:·'.·'.-:·:·:;:·::::::::::::::::::: ..... '.·'.·'.·'.·'.·'.-'.·'·'.·'.·'.-:···:<·'.·'.·'.<·>:·:·:·:·:········ 

0 SLOW_ SEQ_ EN 

1 MEM _ADDA - DIS 

2 ISA_ 16_ ENA 

3 KOR_TXT_ MODE_ 
ENA 

5:4 LOCAL_ BUS_ 
SUPPORT 

6 LOCAL_ BUS_ 
CONFIG_2 

7 LOCAL_BUS_ 
RD_ DLY_ENA 

8 LOCAL_ DAC_ EN 

9 LOCAL_ ADY_ EN 

10 EE PROM ADA SEL - -

11 GE_STRAP - SEL 

12 VESA_ ADY 

13 Z4GBYTE 

© 1993 A Tl Technologies Inc. 
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CON FIG _STATUS_2 

l - J Mach 32 -- -::::::] ::: ):\::!ii 
A Tl68800-3: 
O = Enable 1 clock sequencer timing (Default) 
1 = Enable 2 clock sequencer timing 
A Tl68800-6: Reserved 

1 = Disable mern address range FEOOOO :FFFFFF 

ISA only (Bit ignored in other configurations): 
0 = 8-Bit ISA bus enabled 
1 = 16-Bit ISA bus enabled 

0 = Korean character font support disabled 
1 = Korean character font support enabled 

O = Reserved 
1 = LOCAL2# local bus signal selected 
2 = LOCAL3# local bus signal selected 
3 = LOCAL 1 # local bus signal selected 

O = LBus_ 1 configuration (multiplexed) 
1 = LBus_2 configuration (non-multiplexed) 

1 = Read data to be held for 1 bus clock after RDY 

1 = Disable local decode of RAM DAC write in a 
local bus configuration 

0 = Enable 1 bus clock ADY delay for write 
1 = Disable 1 bus clock ADY delay for write 

0 = BIOS EEPROM decode at EOOO:O - E7FF:F 
1 = BIOS EEPROM decode at COOO:O - C7FF:F 

EISA Bus: 
0 = Always enable chip in lieu of POS register 
1 = Enable POS register function 
Local Bus: 
0= Enable local decode of 102h register 
1 = Disable local decode of 102h register 

O = Enable VESA compliant ADY format 

ATl68800-3: Reserved 
ATl68800-6: 
O =Enable 128MB memory aperture 
1 =Enable 4GB memory aperture 
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Configuration Status 2 Register 

16EE (R) 

14 LOC2_MDRAM 

15 

Register Description: 

CONFIG_STATUS_2 

A Tl68800-3: Reserved 
A Tl68800-6: 
O =Support 1 MB DRAM in LBus_2 configuration 
1 =Support 2MB DRAM in LBus_2 configuration 

Reserved 

1. This register is an indicator of the controller strap configuration. 

Extended Graphics Engine Status Register 

62EE (R) 
.·.·.·.·.··.·.·.·.·.·.·.·.·.·.·.·.·.·.· .................................................... . 

:·::.·::::::·a1t·:::: -::.:::::·:::··.:::::::·:·.:::.··M~t..1~ij:i~:::::::::::::::::·:'.:::.: 

3:0 CLIP _OVERRUN 

7:4 

8 CLIP _INSIDE 

12:9 CLIP _FLAGS 

13 GE_ACTIVE 

14 EE_DATA_IN 

15 POINTS_ OUTSIDE 

15:13 
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EXT_GE_STATUS 

:<::: 2:>> ,,,, <: !::U.?H?U.t?:J 
Clip Overrun 

Reserved 

Clip Inside 

For each bit definition: 
O = Outside scissor 
1 = Inside scissor 

O = Graphics engine is idle 
1 = Graphics engine is busy 

EE Data In 

Points Outside 

Reserved 
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Vertical Line Counter Register 

CEEE (R) 
VERT _LINE_CNTR 

10:0 VERT _LINE_CNTR Vertical line counter 

15:11 

© 1993 AT/ Technologies Inc. 
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Reserved 

Status Registers 
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Overscan 

Overscan 

The overscan registers are used for defining a color in the overscan area of the screen. Since 
high refresh video modes tend to have very small overscan areas, CRT parameters should 
be recomputed using higher pixel clocks. 

The overscan feature allows a rectangular oorder region around the active display area to be 
displayed in the overscan color. Normally this region would be blanked or set to black. The 
width of the left and right border regions is defined in terms of characters with a range of 0 
to 15 characters. The height of the top and bottom oorder regions is defined in terms oflines 
with a range ofO to 255 lines. The horizontal sync may be adjusted on a pixel basis to improve 
horizontal alignment. By setting all overscan widths, heights, and alignments to zero, the 
overscan feature is effectively disabled. 

All overscan registers are included in the 640x480 and 1024x768 resolution shadow register 
sets. An overscan lock bit, SHADOW _CTL[6] (46EE), chooses between one of these 
shadow register sets and the primary register set. This capability provides transparent 
overscan support in the basic 1024x768 8514/ A resolutions. Overscan feature in non-stand­
ard resolutions must be supported by an application display driver. 
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Overscan 

Horizontal Overscan Register 

62EE (W) 

3:0 

7:4 

10:8 H_SYNC_DELAY 

11 

12 OSCAN_INV 

13 SYN_CONT _SEL 

14 HSYN_CONT 

15 VSYN_CONT 

Register Description: 

HORZ_OVERSCAN 

Overscan width - left side 

Overscan width - right side 

Horizontal sync delay 

Reserved 

1 =Inverts Overscan Polarity 

Uses bits 15:14 of this register as the VSYNC and 
HSYNC signal outputs for use in Monitor Power 
Down mode 

General purpose bit. HSYNC when bit 13 = 1 

General purpose bit. VSYNC when bit 13 = 1 

1. On the ATI68800-3 mach32, the upper byte (15:8) ofthis register is reserved 

2. The Horizontal Overscan Control register defines the left and right overscan widths 
in character units. It also defines a delay value in pixel units for horizontal sync 
to allow exact centering of the overscan screen. In l 280x 1024 multiplexed pixel 
modes, the adjustment is in steps of two pixels. 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

REG688000-15 
9-71 



Overscan 

Vertical Overscan Register 

66EE (W) 
VERT_OVERSCAN 

Mach 32 

1.':.::.::.::.:.:.:'.·.·.··:.i.'.i.: ... e.'.·.:.'.]t::! :/:,,,,,, -.: ::/\:inn•iri:•~.: .. ~:.::.i,.·:· .. ir~ 
:::::;:;:;:;:;:;:::;:;::;:-:;:;:::;:;:;:;:;: :·:·:·:·:·:::::::;:;:::;:;:::<: 

7:0 Overscan height - top 

15:8 Overscan height - bottom 

Register Description: 

1. The Vertical Overscan Control register defines the top and bottom overscan heights 
in line uni ts. 

02EE (W) 

7:0 OVER SCAN_ 
COLOR_8 

Overscan Color Register 

OVERSCAN_COLOR_8 

The 4- and 8-bpp overscan color 

24-Bit Blue Overscan Component 

02EF (W) 

7:0 OVER SCAN_ 
BLUE_24 

Register Description: 

OVERSCAN_BLUE_24 

The 16- and 24-bpp blue overscan color 

1. 16-bpp video modes do not use the lower color bits. 

2. The other two color components are defined in registers OVERSCAN_GREEN 
(06EE) and OVERSCAN_RED (06EF). 
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Overscan 

24-Bit Green Overscan Component 

Mach 32 
06EE (W) 

OVERSCAN_GREEN_24 

7:0 OVER SCAN_ 
GREEN_24 

The 16- and 24-bpp green overscan color 

Register Description: 
1. 16-bpp video modes do not use the lower color bits. 

2. The other two color components are defined in registers OVERSCAN_BLUE 
(02EF) and OVERSCAN_RED (06EF). 

24-Bit Red Overscan Component 

06EF (W) 
OVERSCAN_RED_24 

7:0 OVERSCAN_RED_24 The 16- and 24-bpp red overscan color 

Register Description: 
1. 16-bpp video modes do not use the lower color bits. 

2. The other two color components are defined in registers OVERSCAN_BLUE 
(02EF) and OVERSCAN_GREEN (06EE). 

© 1993 AT/ Technologies Inc. 
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Memory Boundary 

The memory boundary register controls a logical memory divider that separates available 
video memory for use by the VGA and the accelerator. Without memory boundary, VGA 
and accelerator will be permitted to write anywhere in the video memory. 

Memory boundary is specified in units of 256 KByte pages, in the MEM_PAGE_BNDRY 
field of this register. It is enabled by setting MEM_BDR Y _ENA to logical one. 

With memory boundary enabled, all memory writes through the 64K aperture are handled 
as follows: VGA drawing circuitry is prohibited from writing to any memory page above or 
at the specified boundary. At the same time, the accelerator drawing circuitry is prohibited 
from writing to any memory page below the boundary, 

The memory boundary setting has no effect on memory aperture. See Memory Interface for 
details. 

Memory Boundary Register 

42EE (R/W) 
MEM_BNDRY 

3:0 MEM_PAGE_BNDRY Video memory boundary specified in units of 
256KB-pages: 

VGA cannot access memory page >= 
8514 cannot access memory page< 

4 MEM_BNDRY _ENA Video memory partition enable flag: 
O = VGA and 8514 drawing circuitry can write 

anywhere in the video memory 
1 = VGA and 8514 drawing circuitry must write 

within their memory partition 

15:5 Reserved 

REG688000-15 
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Memory Interface 

The direct memory interface (DMA) allows fast image data transfer by mapping the video 
memory to the system memory address space. The size of this memory aperture is normally 
either lMB or 4MB as specified by MEM_APERTURE_SEL. This aperture must be aligned 
to a lM byte page boundary which is specified by MEM_APERTURE_LOC. Page selection 
of a IM byte aperture is controlled by MEM_APERTURE_PAGE. The DMA is fully 
software programmable. 

A 64K aperture is also available if the VGA circuitry is enabled. This aperture is accessible 
at the VGA graphic page (B800). To set it up, the VGA must have initial access to the full 
address range; therefore, the DMA should be disabled during setup, i.e., MEM_APER­
TURE_SEL = 0. 

Memory Aperture Configuration Registers 

5EEE (R/W) 1------~--M_E_M ___ C_F_G __ ~------11 

1 :0 MEM_APERT_SEL The direct memory interface maps the video 
memory to the system memory address space. 
Size of memory aperture is as follows: 
O = Direct memory interface disabled 
1 = 1 MB memory aperture 
2 = 4MB memory aperture 
3 = Reserved 
Note: The PCI configuration only supports O and 2 

i.e., disabled or 4MB aperture 

3:2 MEM_APERT _PAGE Memory aperture page select of video memory 
configurations: 
0= PageO 
1 = Page 1 
2 =Page 2 
3 =Page 3 

7:4 ATl68800-6: 

© 1993 A Tl Technologies Inc. 
Proprietary and Confidential 

Multiplexed local bus configurations: 
Bits 7:4 are used together with bits 15:8 to allow 
mapping of the aperture between O and 4GB. 
It is done through input straps, 16EE[13] = 1 

PCI configurations: 
Memory aperture base is always bits 15:4. 
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Memory Aperture Configuration Registers 

5EEE(R/W)~-~--,-----M_EM_-~C_F_G ____ --.-_____ ----B 

..... :(,:::gi~:·:::·:L:.:_:·:_::::=u:::_ .. ::,:@:iiirn~~i~f.:> ·.·.· 
15:8 MEM_APERT _LOC Memory aperture location aligned to any 1 MB 

boundary, between O and 127MB. 

Register Description: 
I. PCI configuration- uses only bits 1:0 (value is always "2") and bits 15:4 which is 

always the Memory Aperture Base. Bits 3:2 are reserved. 

Memory Aperture Configuration Registers 

SAEE (R/W) ~------.--A_P_E_R_T_U_R_E_....-C_N_T_L_(_P_CI_) --.----------II 
Mach 32 

::::::::::::::;: 

:[:)::)::/Y\±J±''' :Y .····· 
9:0 Reserved 0 

10 F _APERT _ENA Enables zero waitstate aperture O (Disabled) 
write, i.e., a single write to the 
aperture can be done in as few 
as 2 bus cycles. 

11 FIFO_RD_AHEAD Enables Read Ahead for O (Disabled) 
aperture read operation -
speeds up host memory reads if 
reads are sequential. 

12 SCLK_DLY Pixel Stream 1 SCLK Delay O (No Delay) 

13 DEC_BURST_ENA O =Disables Decrement Burst O 
1 = Enables Decrement Burst 

14 INC_BURST Direction of burst: O 
O =Decrements Burst 
1 =Increments Burst 

15 PCl_TIMEOUT_DIS Bus Timeout on burst read/writes O 
O = Enables Timeout 
1 = Disables Timeout 

Register Description: 
I. This register description is applicable to the PCI configuration only. 6AEE-RW for 

the A TI68800-6 is the MAX_ W AITST A TES register, described on page 9-11. 
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Hardware Cursor 

Hardware Cursor 

The hardware cursor is programmable to be any size up to 64x64 pixels. The cursor shape 
is defined in off-screen memory and offers 2 colors plus transparent and complement. Cursor 
pitch is always 64 pixels, meaning the cursor definition is always 64 pixels (eight words) 
wide although pixels outside the visible cursor area are ignored. The cursor definition is in 
reverse pixel order within each word. See Cursor Definition Mapping on the following page. 
Once the cursor is defined, it is moved around on screen simply by updating the cursor 
position. This cursor is available in any accelerator display mode. The color of each cursor 
pixel is defined by two bits, as follows: 

:::1::·1:::1:::::::::::::::1:::1e"1tr-ei*~'-::vi.1I :::::::::1::::::::::::::::,: :::_:·:::-::::::::::::::::::::::::::::··.m.~ :::> ~::::::::::: >: :·:·::::::::::::::.t· :::: 

00 Cursor Color O 

01 Cursor Color 1 

10 Transparent 

11 Complement 

The cursor is stored as a linear block of off-screen video memory, starting at an address 
specified by registers CURSOR_OFFSET_HI and CURSOR_OFFSET_LO. The upper left 
comer of the cursor is specified by HORZ_CURSOR_POSN and VERT_CURSOR_POSN. 
The cursor size may be as large as 64x64 pixels, as specified by HORZ_ CURSOR_ OFFSET 
and VERT_CURSOR_OFFSET. The cursor is enabled if the CURSOR_OFFSET_HI[l5] 
bit to set to logical one. Once defined, the cursor is moved by simply updating the cursor 
position. 

Cursor color in 4 and 8 bpp modes is defined by registers CURSOR_COLOR_O and 
CURSOR_COLOR_l. Cursor color in 16 and 24 bppmodes requires two additional registers 
- EXT_CURSOR_COLOR_O and EXT_CURSOR_COLOR_l. 
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Cursor Definition Mapping 

CURSOR OFFSET 
_HI/LO -------_;;.======= 

Cursor Definition 

HORZNERT 

64 pixels 
(64 Scan 

Lines) 

Word n 

~-Visible 
Cursor 

_CURSOR_POSN-r============::::::----i 

Visible 
i Cursor 

CURSOR OFFSET I ! 
_HI/LO -

~----------111=::::::--~::r-::::::·~~~~e~jj~,~~!;~1~\~~ij~i{L:::~-::!·!:·:-r:::~;;~o~~~~" 
I I Word n 
1 

Off-Screen Memory i 

Word 1 

Physical Location of Cursor and Cursor Definition 

Word 1 Word 2 . . . Word n 

Pixel #~ 8 I 7 I 6 I 5 14 I 3 I 2 I 1 II 16 I 1 s I 14 I 13 I 12 I 11 I 1 O I 9 II 

\ Pixel # 8 7 6 I II 
Bit# 15,14 

Pixel# 16 

Bit# 15,14 
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13,12 

15 

13,12 

11,10 9,8 

Word2 

14 I 13 I 
11,10 9,8 

... Word n 

7,6 5,4 3,2 1, 0 

12 11 10 9 

7,6 5,4 3,2 1,0 
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Hardware Cursor 

Cursor Offset Low Register 

OAEE (W) 
CURSOR_OFFSET_LO 

15:0 CURSOR_ OFFSET_ The lower bits of the cursor offset, a 2 bits/pixel 
LO count from the start of display memory. Also see 

CURSOR_ OFFSET_HI (OEEE). 

Cursor Offset High Register 

CURSOR_ OFFSET _HI 
OEEE (W) 

Mach 32 

!!Bit ····•••••••••••1!\!ii!!Ml!!!~[i; I ·········~··••?· ':IB ..... ·········••••••· .. <·······•····· w••••••I 
3:0 CURSOR_ OFFSET_ The upper bits of the cursor offset, a 2 bits/pixel 

HI count from the start of display memory. Also see 
CURSOR_OFFSET_LO (OAEE). 

14:4 Reserved 

15 CURSOR_ ENA Cursor enable 

Horizontal Cursor Position Registers 

12EE (W) 

10:0 H_CUR_POSN 

15:11 
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HORZ_CURSOR_POSN 

Screen position of the cursor specified in units of 
eight pixels - measured horizontally from the left 
edge of the display area. 

Reserved 
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Hardware Cursor 

Vertical Cursor Position Register 

16EE {W) 

11 :0 V_CUR_POSN 

15:12 

VERT_CURSOR_POSN 

Mach 32 

Screen position of the cursor specified in lines -
measured vertically from the top edge of the 
display area. 

Reserved 

Cursor Color O Register 

1AEE {W) 

7:0 CUR_COLOR_O 

EXT_CURSOR_ 
COLOR_O_B 

CURSOR_COLOR_O 

Mach 32 

4-and 8-bpp modes: 
Cursor color O 

16- and 24-bpp modes: 
Blue extended cursor color 0. 
Also see EXT _CURSOR_COLOR_O (3AEE). 

Cursor Color 1 Register 

1AEF {W) 

7:0 CUR_COLOR_ 1 

EXT_CURSOR_ 
COLOR_1_B 
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CURSOR_ COLOR_ 1 

Mach 32 

4- and 8-bpp modes: 
Cursor color 1 

16- and 24-bpp modes: 
Extended blue cursor color 1 . 
Also see EXT_CURSOR_COLOR_1 (3EEE). 
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Hardware Cursor 

Horizontal Cursor Offset Register 

1EEE {W) 

5:0 CUR_H_OFFSET 

7:6 

13:8 

15:14 

HORZ~CURSOR_OFFSET 

Mach 32 

A horizontal offset at which to begin the display of 
the 64x64 pixel cursor. Also see CUR_ V _OFFSET 
(1 EEF). 

Reserved 

Reserved 

Reserved 

Vertical Cursor Offset Register 

1EEF {W) 
VERT_CURSOR_OFFSET 

J Mach 32 

:-.::::::::-:-.::::.:e.1t·::-:-ry: ,m:::·rn''::·.r::]~~=-t>-ri!1d·-:.:-:,: ::.. .. ;:rn;::: ;:. ;:~~ 
.:-:.:.:-:-:<·>.<<·:·:.:.::.:.:-:.:.:·>'.·>>:.::.:-::·:·:.:.:-:·:.:::<-:::·>:::::::::::·:::-:::::::::::::::::::::::::::::::::::::::::.:.:-;.·.·.·.··.·. 

5:0 CUR_V_OFFSET 

7:6 

13:8 

15:14 
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A vertical offset at which to begin the display of the 
64x64 pixel cursor. Also see CUR_H_OFFSET 
(1 EEE). 

Reserved 

Reserved 

Reserved 
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Extended Cursor Color O Register 

3AEE (W) 
EXT_CURSOR_COLOR_O 

7:0 EXT_CUR_COL_O_G 16- and 24-bpp green extended cursor color O 

15:8 EXT_CUR_COL_O_R 16- and 24-bpp red extended cursor color O 

Register Description: 
I. Blue extended cursor color 0 is at CURSOR_COLOR_O (lAEE). 

Extended Cursor Color 1 Register 

Mach 32 
3EEE (W) 

EXT_ CURSOR_ COLOR_ 1 

7:0 EXT_CUR_COL_1_G 16- and 24-bpp green extended cursor color 1 

15:8 EXT _CUR_COL_ 1_R 16- and 24-bpp red extended cursor color 1 

Register Description: 
1. Blue extended cursor color 1 is at CURSOR_COLOR_l (lAEF). 
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Miscellaneous Registers 

Local Control Re_gister 

32EE (R/W) 
LOCAL CNTL 

- - J Mach 32 - -
:>:::J::.::.:.::~~._:,J·:'::::::_,:::: =:::.:=:,rn:::=m::::::::M&on:ib :·:-:-: [::.[:.·:.:-;:::::: ::::::::::: 

·:-:.:-:·:·:·:·:-:·:·:·:·:-:·:···:·:·:.:·:·'.-'.·'.•:.:-:-;.:-:-:-:·:·:···:·:-:-:·· -:.:-:· ::::: ~ 

0 MED_ 
NON-PAGE-CYC 

1 LONG_ 
NON-PAGE-CYC 

2 SHORT_ CAS_ 
PULSE EN 

3 DAC BLANK ADJ 

4 FIFO _TEST 

6:5 Bits 6:5: 
FIFO TIMING ADJ 

Bit 5: 
MEM MAP ENA 

Bit 6: 
LOC - BIOS_ ENA 

9:7 ROM WAIT 

11 :10 MEM R DELAY - -

15:12 LOCAL_ BUS_ WAIT 

851410 _WAIT 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

Enables 6 clock non-page cycle. 

Enables 7 clock non-page cycle. 

Enables 1/2 memory clock CAS precharge time 

Enables DAC to be clocked on positive clock edge 

Enables testing of FIFO 

ATl68800-3: 
Enables filtering of 1 clock IOW low or high pulse 

ATl68800-6: 
Memory Mapped Register Enable 

ATl68800·6: 
Local Bus BIOS ROM Decode Enable, provided 
that Strap bit P15 is also enabled. (Local decode 
is disabled when either this bit or P15 is set for 
disablel 
Number of ROM wait states. Default=?. 

Additional wait states inserted for memory reads. 
Default= 3 

ATl68800-x: 
Minimum local bus wait states. Default=15 

ATl68800AX PCI Control only: 
Modifies the number of wait states on 1/0 
read/write operations 
e.g., 3 = increases the wait states by 3 bus clocks. 
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ROM/EEPROM/DAC Control Register 

7EEE{W) 
......... ·.·.· ... ·.·.·.-.·.·.·...... ···························· 

><<+:B.it>:'tt+Y:Y:t_::.::.::.::: .. '.:M.·:·.·:.·:.:ne.m.:: .. ::.::.·.:.: .. :.:.:.:.:.:.:.::.·: ... ~.:.'.::.·:.-.:.'1.':.:.:: .. ':ii:m::::t":··:· ...... 
·.·.·.·-:·:·:<·>:<<<"·'.-'.<·>:-:-:.:-:-:-:-:.:--:-:·:·:-:- :-:-:-:·:.:.:-:-:-:.;.;.:.:-;.;.: 

0 EE_DATA_OUT 

1 EE_CLK 

2 EE_CS 

3 EE_ SELECT 

7:4 ROM_PAGE_SEL 

9:8 BLANK_ADJUST 

11 :10 PIXEL_DELAY 

12 PASSTHRU_ 
OVER I DE 

15:13 CARD_SELECT 

Register Description: 

MISC_CNTL 

Enables the external EEPROM for reading or 
writing. The EEPROM will not respond until this bit 
is set to logical one. 

Selects a 2K age within the 32K ROM 

Type 2 DAC only (ATl68875): 
Delays BLANK b 1 or 2 PCLK 

Adjusts pixel data skew from PCLK (adjusts setup 
and hold times to suit different DACs) 

8514/A mode: 
Allows the pixel clock to remain active even when 
PASSTHROUGH = 0. 

For selecting a card in a multi-card system. The 
card is selected if its card select strap value is 
equal to CARD_SELECT or zero. 

1. The ROM Page Select and EEPROM Control register allows software-controlled 
reading and writing of user configuration data stored in the EEPROM. 

2. This register is read back at 92EE. 

ROM Page Select & EEPROM Control Register 

92EE {R) 

3:0 

7:4 ROM PAGE SEL 

9:8 BLANK_ ADJUST 

11 :10 PIXEL_DELAY 

15:12 
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R_MISC_CNTL 

Reserved 

Selects a 2K _e_age within the 32K ROM 

Type 2 DAC only (ATl68875): 
Delays BLANK_ 1_PCLK 

Adjusts pixel data skew from PCLK (adjusts setup 
and hold times to suit different DACs) 

Reserved 
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FIFO Test Data Register 

FIFO_TEST_DATA 
1AEE {R) 

Mach 32 
............................... -;.;.;.;.:-:-:.;.;-:. ·.·.·.·.·.·.·.·.·.·:.·.·.·.·.·.·,•.·.·· ... 

i'·_·::.::_:·.·:.::_::.:=:_:B_'.: .. :.':_it_:._-::.:-:,]:::: :>'?:::::?=:::iiitinotuct>t:::= 
-:···:·····:·:·:··:::::::::::::::;:;:::::::::::::::::::::::;:;:·:·:;.·:-:-:· 

15:0 Fl FO test data 

Fl FO Test Tag Register 

FIFO_TEST_TAG 
3AEE {R) 

Mach 32 

4:0 Fl FO test data 

7:5 Reserved 

R Horizontal Displayed & Total Register 

B2EE {R) 

7:0 H_DISP 

15:8 H_TOTAL 

Register Description: 

R_tl_ TOTAL&DISP 

Displayed portion of the screen - measured 
horizontally in units of eight pixels. 

Total horizontal area of the screen in units if eight 
pixels - pixel count measured from the beginning 
of one row to the beginning of the next row. 

1. This is the read register of both H_ TOT AL (02E8) and H_DISP (06E8). 
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Horizontal Sync Start Register 

B6EE (R) 
... .. . ..... .. . . .. . . .. 

:.:.:·:.:·.:.:.::: .. :.:::.::.::.:r.:s.·:.::·~.:J::::::r·::::: :::::::x:::<·i:M.•a~iiti::::::::::::::::::::::;:::;: 
'.::::;:::::::::::::;:::::::::::::;:;:;:::;:;:·:· 

7:0 H_SYNC_STRT 

Register Description: 

R_H_SYNC_STRT 

Screen position of the H sync specified in units of 
eight pixels - measured horizontally from the 
start of the display area. 

I. This is the read register of H_SYNC_STRT (OAE8). 

Horizontal Sync Width Register 

BAEE (R) 

4:0 H_WIDTH 

5 H_POLARITY 

7:6 

Register Description: 

R_H_SYNC_WID 

Width of the sync width measured horizontally in 
units of eight pixels. 

O = Positive H sync polarity 
1 = Negative H sync polarity 

Reserved 

I. This is the read register of H_SYNC_ WID (OEE8). 

C2EE (R) 

11 :0 V_TOTAL 

15:12 

Register Description: 

Vertical Total Register 

R_V_TOTAL 

Size of the screen specified in lines- line count 
measured from the first line of one frame to the 
first line of the next frame. 

Reserved 

1. This is the read register of V _TOT AL ( 12E8). 
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Miscellaneous Registers 

Vertical Displayed Register 

C6EE (R) 
R_V_DISP 

Mach 32 
·.·.·.·.·.·.-.· .. ·.-:.;-;.:-:·:·:·:-: :;:;:;:;:;:;:;:;:;:;:::::::;::-:-:-:-·-·.· .. · ... 

·>n:::a1t: :m::m:::rn:: ::>:::.:=-~:::[-hemotuc::=::>::::::: :::::< .. =·=·=-=·=-=<·=-=-=·=-=·=-=-=-= 
··.·.·.·.·.·.·.··:·:·:···:···:···:-:-:·:·:·:·:·:·:·:··:-:·:·:···: :;:;:::::::::;:;:;:::::;:;:::::::;:;:::::::::;:;:::::::;::::·::-:;:;:::;:· 

11 :0 V_DISP Displayed portion of the screen - measured 
vertically in lines. 

15:12 Reserved 

Register Description: 
1. This is the read register of V _DISP ( 16E8). 

Vertical Sync Start Register 

CAEE (R) 
R_V_SYNC_STRT 

Mach 32 

11 :0 V_SYNC--'-STRT Screen position of the V sync specified in lines -
measured from the top edge of the display. 

15:12 Reserved 

Register Description: 
1. This is the read register of V _SYNC_STRT (1AE8). 

Vertical Sync Width Register 

D2EE (R) 
R_V_SYNC_WID 

8514/A Macha Mach 32 

4:0 V_WIDTH Width of the sync pulse measured vertically in lines 

5 V_POLARITY 

15:6 

Register Description: 

0 = Positive V sync polarity 
1 = Negative V sync polarity 

Reserved 

1. This is the read register of V _SYNC_ WID ( 1EE8). 
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Chip ID Register 

FAEE (R) 
CHIP _ID 

4:0 CHIP _CODE_O The chip ID is a coded (abbreviated) ASCII 
11---

9
:-
5

--+--C-H-IP ___ C_O_D_E __ -
1
----i number which is decoded by adding 41 h to it. For 

11 :10 CHIP _CLASS 

15:12 CHIP _REV 

Register Description: 

example, if bits 4:0 = 17h, adding 41 h to it yields 
58h, which is ASCII for X 
Current chip ID: 

XX = ATl68800-6 
LX = ATl68800LX 
AX = ATl68800AX 

The class number of the controller 

The revision number of the controller 

1. This register is only applicable to A TI68800-6 and higher mach32 controllers. 

Scratch Pad 0 Register 

52EE (R/W) 
SCRATCH_PAD_O 

.·.·.·.·.·.·.· .. ·.·.·.·.·.·.·.·.· -:.:-:-:-;.:-:-::-:-:-:-:·:-.•: ::;:::::::;:-:-:-:-·-·.·.···.··.·.··. 

::<:J·::.·.:.e,ij ><>: :+:u:::u:::::::::Mrnmt<>:tH<= <>><>•:-:·:-::.:. """":-:-:-:·:-:-: 

15:0 Scratch pad O -for use by the boot ROM. Do not 
overwrite. 

Scratch Pad 1 Register 

SGEE (R/W) i--------.---S_C_R_A_T_C.,...-H __ P_A_D ___ 1 _--y--___ __,, 

15:0 
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Scratch pad 1 -for use by the boot ROM. Do not 
overwrite. 
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Miscellaneous Registers 

PCI Control Register 

22EE {R/W) 
PCl_CNTL 

Mach 32 

Y<Y=_)Q@IY:Jt<= < :::: 

2:0 DAC _RW _ WS RAM DAC Read/Write Wait 0 
States - the length of active-
low DAC R/W pulse 

3 TARGET_ABORT_ Enable Target Abort Cycle 0 
EN O = Disable Target Abort 

1 = Enable Target Abort 

4 PCl_DAC_DL Y PCI DAC Delay 0 
O =No delay 

5 DAC_SNOOP _EN 

6 FAST_BURST 

7 FAST_MEM_IO 

15:8 
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1 =Increases the hold time of 
the register select signals 
w.r.t. the falling edge of the 
DAC Write signal. 

O = No snooping on DAC read 
1 = Snooping on DAC read 

O = Fast Burst disabled 
1 = OWS on aperture Burst Write 

O = No Fast Mem. 1/0 R/W 
1 = Fast memory-mapped 1/0 

read/write operation enabled 

Reserved 
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DAC Registers 

DA C Registers 

The mach32supports a wide variety ofRAMDACs. Special consideration should be made 
for 16bpp and 24/32bpp (bits per pixel) modes when using the ATI 68860 or any other 
Hi Color RAMDAC - The recommended method of initializing a DAC is through a BIOS 
call. See Appendix F for specifications, DAC register descriptions, and programming 
examples. 
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Coprocessor Registers 

Register Names and Addresses 

This appendix provides two register listings showing the register attributes and page 
references to their descriptions - the first one is sorted by register names, the second by 1/0 
addresses. Both lists contain 8514/ A-compatible registers and A TI-extended registers. 

One way to differentiate between 8514/A-compatible registers and A TI-extended registers 
is by looking at their 1/0 addresses. Compatible registers usually end in "8", for example, 
EE8h. Extended registers usually end in "EE", as in 36EEh. 

VGA register listings are provided at the beginning of each VGA chapter- IBM-compatible 
registers are in Chapter 5, A TI-extended VGA registers in Chapter 6. 
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A - Coprocessor Registers 

ADVFUNC_CNTL 4AE8h w 8-6 
ALU_BG_FN B6EEh w 9-47 
ALU_FG_FN BAEEh w 9-47 
BKGD_COLOR A2E8h w 8-27 
BKGD_MIX B6E8h w 8-27 
BOUNDS_BOTIOM 7EEEh R 9-48 
BOUNDS_LEFf 72EEh R 9-48 
BOUNDS_RIGHT 7AEEh · R 9-48 
BOUNDS_TOP 76EEh R 9-48 
BRES_COUNT 96EEh R/W 9-49 
CHIP_ID FAEEh R 9-88 
CLOCK_SEL 4AEEh R/W 9-4 
CMD 9AE8h w 8-28 
CMP_COLOR B2E8h w 8-36 
CONFIG_STATUS_l (mach8) 12EEh R 9-64 
CONFIG_ST A TUS_l (mach32) 12EEh R 9-65 
CONFIG_ST A TUS_2 (mach8) 16EEh R 9-66 
CONFIG_STATUS_2 (mach32) 16EEh R 9-67 
CRT_OFFSET_HI 2EEEh w 9-5 
CRT_OFFSET_LO 2AEEh w 9-5 
CRT_PITCH 26EEh w 9-5 
CUR_X 86E8h R/W 8-37 
CUR_Y 82E8h R 8-38 
CURSOR_COLOR_O lAEEh w 9-80 
CURSOR_COLOR_l lAEFh w 9-80 
CURSOR_OFFSET_LO OAEEh w 9-79 
CURSOR_ OFFSET _HI OEEEh w 9-79 
DAC_CONT (PCI) 22EEh R/W 9-89 
DAC_DATA 02EDh R/W 8-2 
DAC_MASK 02EAh R/W 8-2 
DAC_R_INDEX 02EBh R/W 8-2 
DAC_ W _INDEX 02ECh R/W 8-3 
DEST_CMP_FN EEEEh w 9-50 

\ 

DEST_COLOR_CMP _MASK F2EEh R/W 9-51 
DEST_X_END AAEEh w 9-52 
DEST_X_START A6EEh w 9-52 
DEST_Y_END AEEEh w 9-52 
DISP_CNTL 22E8h w 8-7 
DISP _STATUS 02E8h R 8-8 
DP_CONFIG CEEEh w 9-15 
ERR_ TERM 92E8h R/W 8-39 
EXT_CURSOR_COLOR_O 3AEEh w 9-82 
EXT_CURSOR_COLOR_l 3EEEh w 9-82 
EXT _FIFO_STA TUS 9AEEh R 9-16 
EXT_GE_CONFIG (mach8 8-bit) 7 AEEh w 9-17 
EXT_GE_CONFIG (mach8 16-bit) 7 AEEh w 9-18 
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A - Coprocessor Registers 

EXT_GE_CONFIG (mach32) 7AEEh w 9-19 
EXT_GE_STATUS 62EEh R 9-68 
EXT _SCISSOR_B E6EEh w 9-53 
EXT _SCISSOR_L DAEEh w 9-53 
EXT _SCISSOR_R E2EEh w 9-54 
EXT _SCISSOR_T DEEEh w 9-54 
EXT_SHORT_STROKE C6EEh w 9-55 
FIFO_OPT 36EEh w 9-9 
FIFO_TEST_DATA lAEEh R 9-85 
FIFO_ TEST_ TAG 3AEEh R 9-85 
FRGD_COLOR A6E8h w 8-40 
FRGD_MIX BAE8h w 8-40 
GE_ OFFSET _HI 72EEh w 9-21 
GE_ OFFSET _LO 6EEEh w 9-21 
GE_PITCH 76EEh w 9-20 
GE_STAT 9AE8h R 8-41 
GENENA (Add-On) 46E8h w 5-8 
H_DISP 06E8h w 8-8 
H_SYNC_STRT OAE8h w 8-9 
H_SYNC_WID OEE8h w 8-9 
H_TOTAL 02E8h w 8-9 
HORZ_CURSOR_OFFSET lEEEh w 9-81 
HORZ_CURSOR_POSN 12EEh w 9-79 
HORZ_OVERSCAN 62EEh w 9-71 
LINEDRAW FEEEh w 9-56 
LINED RAW _INDEX 9AEEh w 9-57 
LINEDRA W _OPT A2EEh R/W 9-22 
LOCAL_CNTL 32EEh R/W 9-83 
MAJ_AXIS_PCNT 96E8h w 8-42 
MAX_ W AITSTA TES (mach8) 6AEEh R/W 9-10 
MAX_ W AITSTA TES (mach32) 6AEEh R/W 9-11 
MEM_BNDRY 42EEh R/W 9-74 
MEM_CFG 5EEEh R/W 9-75 
MEM_CNTL BEE8*5h w 8-17 
MIN_AXIS_PCNT BEE8*0h w 8-43 
MISC_CNTL 7EEEh w 9-84 
MISC_ CONT (PCI) 6AEEh R/W 9-76 
MISC_OPTIONS 36EEh R/W 9-12 
OVERSCAN_BLUE_24 02EFh w 9-72 
OVERSCAN_COLOR_8 02EEh w 9-72 
OVERSCAN_GREEN_24 06EEh w 9-73 
OVERSCAN_RED _24 06EFh w 9-73 
PATT_DATA 8EEEh w 9-58 
PATT_DATA_INDEX 82EEh R/W 9-59 
PATT_INDEX D6EEh w 9-59 
PATT_LENGTH D2EEh w 9-60 
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PATIERN_H BEE8*9h w 8-44 
PATIERN_L BEE8*8h w 8-45 
PIX_ TRANS E2E8h R/W 8-47 
PIXEL_CNTL BEE8*Ah w 8-46 
R_EXT_GE_CONFIG 8EEEh R 9-24 
R_H_SYNC_STRT B6EEh R 9-86 
R_H_SYNC_ WID BAEEh R 9-86 
R_H_TOTAL&DISP B2EEh R 9-85 
R_MISC_CNTL 92EEh R 9-84 
R_SRC_X DAEEh R 9-60 
R_SRC_Y DEEEh R 9-61 
R_V_DISP C6EEh R 9-87 
R_ V _SYNC_STRT CAEEh R 9-87 
R_ V _SYNC_ WID D2EEh R 9-87 
R_V_TOTAL C2EEh R 9-86 
RD_MASK AEE8h w 8-48 
ROM_SETUP, EISA zC85h w 2-6 
ROM_SETUP, uC 0103h w 2-4 
SCAN_X CAEEh w 9-61 
SCISSOR_B BEE8*3h w 8-49 
SCISSOR_L BEE8*2h w 8-49 
SCISSOR_R BEE8*4h w 8-50 
SCISSOR_T BEE8*1h w 8-50 
SCRATCH_PAD_O 52EEh R/W 9-88 
SCRATCH_PAD_l 56EEh R/W 9-88 
SETUP _1, EISA zC86h w 2-7 
SETUP_l, uC 0104h w 2-4 
SETUP_2, EISA zC87h w 2-7 
SETUP_2, uC 0105h w 2-4 
SETUP _ID 1, EISA zC80h R 2-5 
SETUP _ID 1, uC OlOOh R 2-3 
SETUP _ID2, EISA zC81h R 2-5 
SETUP _ID2, uC OlOlh R 2-3 
SETUP _ID3, EISA zC82h R 2-5 
SETUP _ID4, EISA zC83h R 2-6 
SETUP _OPT, EISA zC84h R/W 2-6 
SETUP_OPT, uC 0102h R/W 2-3 
SHADOW_CTL 46EEh w 9-6 
SHADOW_SET 5AEEh w 9-7 
SHORT_STROKE 9EE8h w 8-51 
SRC_X/DEST_X/DIASTP 8EE8h w 8-52 
SRC_X_END BEEEh w 9-62 
SRC_X_ST ART B2EEh w 9-62 
SRC_ Y /DEST_ Y /AXSTP 8AE8h w 8-53 
SRC_Y_DIR C2EEh w 9-62 
SUBSYS_CNTL 42E8h w 8-18 
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SUBSYS_STA TUS 
V_DISP 
V _SYNC_STRT 
V_SYNC_WID 
V_TOTAL 
VERT_CURSOR_OFFSET 
VERT_CURSOR_POSN 
VERT_LINE_CNTR 
VERT_OVERSCAN 
WRT_MASK 
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Proprietary and Confidential 

42E8h 
16E8h 
1AE8h 
1EE8h 
12E8h 
lEEFh 
16EEh 
CEEEh 
66EEh 
AAE8h 

A - Coprocessor Registers 

R 
w 
w 
w 
w 
w 
w 
R 
w 
w 

8-20 
8-10 
8-11 
8-12 
8-12 
9-81 
9-80 
9-7 
9-72 
8-54 
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A - Coprocessor Registers 

OlOOh 

OlOlh 
0102h 

0103h 
0104h 

0105h 

02E8h 

02E8h 

02EAh 

02EBh 

02ECh 

02EDh 

02EEh 

02EFh 

06E8h 

06EEh 

06EFh 

OAE8h 

OAEEh 
OEE8h 

OEEEh 

12E8h 
12EEh, 

12EEh 

12EEh 

16E8h 

16EEh 

16EEh 

16EEh 

1AE8h 

lAEEh 

lAEEh 

lAEFh 
1EE8h 

lEEEh 

lEEFh 
22E8h 

22EEh 

26EEh 

2AEEh 

2EEEh 

32EEh 

REG688000-15 
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SETUP _ID 1, uC 

SETUP _ID2, uC 
SETUP_OPT, uC 

ROM_SETUP, uC 

SETUP_l, uC 

SETUP_2, uC 

DISP _ST A TUS 
H_TOTAL 

DAC_MASK 
DAC_R_INDEX 

DAC_W_INDEX 

DAC_DATA 

OVERSCAN_COLOR_8 

OVERSCAN_BLUE_24 

H_DISP 

OVERSCAN_GREEN_24 

OVERSCAN_RED _24 

H_SYNC_STRT 

CURSOR_OFFSET_LO 
H_SYNC_WID 

CURSOR_ OFFSET _HI 

V_TOTAL 

CONFIG_STA TUS_l (mach8) 

CONFIG_STA TUS_l (mach32) 

HORZ_CURSOR_POSN 

V_DISP 

CONFIG_STATUS_2 (mach8) 

CONFIG_STATUS_2 (mach32) 

VERT_CURSOR_POSN 

V _SYNC_STRT 

FIFO_TEST_DATA 

CURSOR_COLOR_O 

CURSOR_COLOR_l 

V_SYNC_WID 

HORZ_CURSOR_OFFSET 

VERT_CURSOR_OFFSET 
DISP_CNTL 

DAC_CONT (PCI) 

CRT_PITCH 

CRT_OFFSET_LO 

CRT_OFFSET_HI 

LOCAL_CNTL 

R 2-3 

R 2-3 

R/W 2-3 

w 2-4 
w 2-4 

w 2-4 

R 8-8 
w 8-9 

R/W 8-2 

R/W 8-2 
R/W 8-3 

R/W 8-2 
w 9-72 
w 9-72 

w 8-8 
w 9-73 

w 9-73 

.w 8-9 
w 9-79 
w 8-9 
w 9-79 
w 8-12 

R 9-64 
R 9-65 
w 9-79 

w 8-10 
R 9-66 

R 9-67 
w 9-80 
w 8-11 
R 9-85 
w 9-80 
w 9-80 

w 8-12 
w 9-81 
w 9-81 
w 8-7 

R/W 9-89 

w 9-5 
w 9-5 
w 9-5 

R/W 9-83 
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36EEh MISC_OPTIONS R/W 9-12 

36EEh FIFO_OPT w 9-9 

3AEEh FIFO_TEST_TAG R 9-85 

3AEEh EXT_CURSOR_COLOR_O w 9-82 

3EEEh EXT_CURSOR_COLOR_l w 9-82 
42E8h SUBSYS_ST A TVS R 8-20 

42E8h SUBSYS_CNTL w 8-18 

42EEh MEM_BNDRY R/W 9-74 

46E8h GENENA (Add-On) w 5-8 

46EEh SHADOW_CTL w 9-6 

4AE8h ADVFUNC_CNTL w 8-6 

4AEEh CLOCK_SEL R/W 9-4 

52EEh SCRATCH_PAD_O R/W 9-88 

56EEh SCRA TCH_P AD _1 R/W 9-88 

5AEEh SHADOW_SET w 9-7 

5EEEh MEM_CFG R/W 9-75 

62EEh EXT_GE_STATUS R 9-68 

62EEh HORZ_ OVERSCAN w 9-71 

66EEh VERT_OVERSCAN w 9-72 

6AEEh MAX_ W AITST A TES (mach8) R/W 9-10 

6AEEh MAX_ W AITST A TES (mach32) R/W 9-11 

6AEEh MISC_CONT (PCI) R/W 9-76 

6EEEh GE_ OFFSET _LO w 9-21 

72EEh BOUNDS_LEFf R 9-48 

72EEh GE_OFFSET_HI w 9-21 

76EEh BOUNDS_TOP R 9-48 

76EEh GE_PITCH w 9-20 

7AEEh BOUNDS_RIGHT R 9-48 

7AEEh EXT_GE_CONFIG (mach8 8-bit) w 9-17 

7AEEh EXT_GE_CONFIG (mach8 16-bit) w 9-18 

7AEEh EXT_GE_CONFIG (mach32) w 9-19 

7EEEh BOUNDS_BOTTOM R 9-48 

7EEEh MISC_CNTL w 9-84 

82E8h CUR_Y R/W 8-38 

82EEh PATT_DATA_INDEX R/W 9-59 

86E8h CUR_X R/W 8-37 

8AE8h SRC_ Y /DEST_ Y /AXSTP w 8-53 
8EE8h SRC_X/DEST_X/DIASTP w 8-52 

8EEEh R_EXT_GE_CONFIG R 9-24 

8EEEh PATT_DATA w 9-58 

92E8h ERR_ TERM R/W 8-39 

92EEh R_MISC_CNTL R 9-84 

96E8h MAJ_AXIS_PCNT w 8-42 
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96EEh BRES_COUNT R/W 9-49 
9AE8h GE_STAT R 8-41 

9AE8h C:MD w 8-28 
9AEEh EXT_FIFO_STATUS R 9-16 
9AEEh LINEDRA W _INDEX w 9-57 
9EE8h SHORT_STROKE w 8-51 
A2E8h BKGD_COLOR w 8-27 
A2EEh LINEDRAW_OPT R/W 9-22 
A6E8h FRGD_COLOR w 8-40 
A6EEh DEST_X_START w 9-52 
AAE8h WRT_MASK w 8-54 

AAEEh DEST_X_END w 9-52 
AEE8h RD_MASK w 8-48 

AEEEh DEST_Y_END w 9-52 
B2E8h CMP_COLOR w 8-36 
B2EEh R_H_TOT AL&DISP R 9-85 
B2EEh SRC_X_ST ART w 9-62 

B6E8h BKGD_MIX w 8-27 
B6EEh R_H_SYNC_STRT R 9-86 

B6EEh ALU_BG_FN w 9-47 
BAE8h FRGD_MIX w 8-40 

BAEEh R_H_SYNC_ WID R 9-86 
BAEEh ALU_FG_FN w 9-47 

BEE8*0h MIN_AXIS_PCNT w 8-43 
BEE8*1h SCISSOR_T w 8-50 
BEE8*2h SCISSOR_L w 8-49 

BEE8*3h SCISSOR_B w 8-49 
BEE8*4h SCISSOR_R w 8-50 
BEE8*5h MEM_CNTL w 8-17 
BEE8*8h PATTERN_L w 8-45 

BEE8*9h PATTERN_H w 8-44 
BEE8*Ah PIXEL_CNTL w 8-46 

BEEEh SRC_X_END w 9-62 
C2EEh R_V_TOTAL R 9-86 

C2EEh SRC_Y_DIR w 9-62 
C6EEh R_V_DISP R 9-87 

C6EEh EXT_SHORT_STROKE w 9-55 
CAEEh R_ V _SYNC_STRT R 9-87 

CAEEh SCAN_X w 9-61 

CEEEh VERT_LINE_CNTR R 9-7 
CEEEh DP_CONFIG w 9-15 
D2EEh R_ V _SYNC_ WID R 9-87 
D2EEh PATT_LENGTH w 9-60 
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D6EEh PATT_INDEX 
DAEEh R_SRC_X 

DAEEh EXT_SCISSOR_L 
DEEEh R_SRC_Y 

DEEEh EXT_SCISSOR_T 
E2E8h PIX_ TRANS 

E2EEh EXT_SCISSOR_R 
E6EEh EXT_SCISSOR_B 

EEEEh DEST_C:MP _FN 

F2EEh DEST_COLOR_CMP _MASK 
FAEEh CHIP_ID 

FEEEh LINEDRAW 

zC80h SETUP _IDl, EISA 

zC81h SETUP _ID2, EISA 

zC82h SETUP _ID3, EISA 

zC83h SETUP _ID4, EISA 
zC84h SETUP _OPT, EISA 

zC85h ROM_SETUP, EISA 

zC86h SETUP_l, EISA 

zC87h SETUP _2, EISA 

@ 1993 AT/ Technologies Inc. 
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w 
R 

w 
R 

w 
R/W 
w 
w 
w 
w 
R 

w 
R 

R 
R 

R 

R/W 
w 
w 
w 

9-59 
9-60 

9-53 
9-61 

9-54 
8-47 

9-54 
9-53 

9-50 

9-51 
9-88 

9-56 
2-5 

2-5 
2-5 

2-6 
2-6 

2-6 
2-7 

2-7 
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A - Coprocessor Registers 

Memory Mapped Registers 

Memory mapping is available only in the following mach32 accelerators: A TI68800LX, 
A TI68800-6, and A TI68800AX. 

The register space of the accelerator is mapped onto the 128 dwords at the end of the linear 
aperture. IBM compatible registers are mapped onto the lower 64 dwords; ATI-extended 
registers follow directly above them in the top 64 dwords. The exact mapping places register 
2E8 first, at offset FFEOO from the base of the aperture. Register 6E8 follows at FFE04 and 
so on up to register FEEE at offset FFFFC. See illu-stration and tables below. Each 16-bit 
register maps into the lower 16 bits of a 32-bit dword. The upper 16 bits, i.e., the shaded 
region in the illustration are reserved for future use. 

For configurations with 4MB on-board video memory, note that the memory at the top of 
the aperture is otherwise not accessible when memory mapped registers are enabled. 

i 
I 
I 
I 
i 
! 4MB 
i APERTURE 

I 
I 

REG688000-15 
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0 

dword 127 

dword 63 

dword O 

Shaded region is reserved. 

Figure A-1. Memory Mapped Registers 
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A - Coprocessor Registers 

Memory Mapping of IBM-Compatible Registers 

········· !tiiii~~~ ll!!@l\fll~llll!!-·;:;;::ls:::::'•ll2fil:::::::.>u::: 
2ES FFEOO DISP _STATUS; H_TOTAL 

6ES FFE04 H_DISP 

AES FFEOS H_SYNC_STRT 

EES FFEOC H_SYNC_WID 

12E8 FFE10 V_TOTAL 

16ES FFE14 V_DISP 

1AES FFE1S V_SYNC_STRT 

1EES .FFE1C V_SYNC_WID 

22ES FFE20 DISP _CNTL 

26ES FFE24 

2AES FFE2S 

2EES FFE2C 

32ES FFE30 

36ES FFE34 

3AE8 FFE38 

3EES FFE3C 

42ES FFE40 SUBSYS_STATUS;SUBSYS_CNTL 

46ES FFE44 ROM_PAGE_SEL 

4AEB FFE48 ADVFUNC_CNTL 

4EES FFE4C 

52E8 FFESO 

56ES FFE54 

SAES FFE58 

SEES FFESC 

62ES FFE60 

66ES FFE64 

6AES FFE6S 

GEES FFE6C 

72ES FFE70 

76ES FFE74 

?AES FFE7S 

7EEB FFE7C 
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B2EB 

B6E8 

8AE8 

BEEB 

92EB 

96E8 

9AE8 

9EE8 

A2E8 

A6E8 

AAEB 

AEEB 

B2E8 

86EB 

BAEB 

BEES 

C2E8 

C6E8 

CAEB 

CEEB 

D2E8 

D6E8 

DAEB 

DEEB 

E2E8 

E6E8 

EAEB 

EEEB 

F2E8 

F6E8 

FAES 

FEES 

REG688000-15 
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FFESO 

FFE84 

FFE88 

FFEBC 

FFE90 

FFE94 

FFE98 

FFE9C 

FFEAO 

FFEA4 

FFEAB 

FFEAC 

FFEBO 

FFEB4 

FF EBB 

FFEBC 

FF ECO 

FFEC4 

FFECS 

FFECC 

FFEDO 

FFED4 

FFEDB 

FFEDC 

FFEEO 

FFEE4 

FFEEB 

FFEEC 

FFEFO 

FFEF4 

FFEFB 

FFEFC 

::;::: 
::::: {:':;) {({:): 

~;:;:;:;:;:;: 
j:<~ << 

CUR_Y 

CUR_X 

SRC_ Y/DEST _ Y/AXSTP 

SRC_X/DEST _X/DOASTP 

ERR_ TERM 

MAJ_AXIS_PCNT 

GE_STAT; CMD 

SHORT _STROKE 

BKGD_COLOR 

FRGD_COLOR 

WRT_MASK 

RD_MASK 

CMP _COLOR 

BKGD_MIX 

FRGD_MIX 

Multi-Fune Control 

PIX_ TRANS 
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Memory Mapping of ATl-Extended Registers 

2EE FF FOO 

6EE FFF04 

AEE FF FOB 

EEE FFFOC 

12EE FFF10 

16EE FFF14 

1AEE FFF18 

1EEE FFF1C 

22EE FFF20 

26EE FFF24 

2AEE FFF28 

2EEE FFF2C 

32EE FFF30 

36EE FFF34 

3AEE FFF38 

3EEE FFF3C 

42EE FFF40 

46EE FFF44 

4AEE FFF48 

4EEE FFF4C 

52EE FFFSO 

56EE FFF54 

SAEE FFF58 

SEEE FFFSC 

62EE FFF60 

66EE FFF64 

6AEE FFF68 

6EEE FFF6C 

72EE FFF?O 

76EE FFF74 

7AEE FFF78 

7EEE FFF?C 
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OVERSCAN_ COLOR_[24,8] 

OVERSCAN_[RED,GREENL24 

CURSOR_OFFSET_LO 

CURSOR_OFFSET _HI 

CONFIG_STATUS_1 

CONFIG_STATUS_2; VERT_CURSOR_POSN 

FIFO_TEST_DATA; CURSOR_COLOR_O 

[VERT/HORZLCURSOR_OFFSET 

DAC_CONT (PCI) 

CRT_PITCH 

CRT _OFFSET _LO 

CRT_OFFSET_HI 

LOCAL_ CONTROL 

MISC_ OPTIONS 

FIFO~TEST_TAG; EXT_CURSOR_COLOR_O 

EXT _CURSOR_COLOR_ 1 

MEM_BNDRY 

SHADOW_CTL 

CLOCK_SEL 

SCRATCH_PAD_O 

SCRATCH_PAD_1 

SHADOW_SET 

MEM_CFG 

EXT_GE_STATUS;HORZ_OVERSCAN; 
SYNC (PCI) 

VERT_OVERSCAN 

MAX_WAITSTATES; MISC_CONT 

GE_OFFSET_LO 

BOUNDS_LEFT; GE_OFFSET_HI 

BOUNDS_ TOP; GE_PITCH 

BOUNDS_RIGHT; EXT_GE_CONFIG 

BOUNDS_BOTTOM; MISC_CNTL 
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82EE 

86EE 

8AEE 

BEEE 

92EE 

96EE 

9AEE 

9EEE 

A2EE 

A6EE 

AAEE 

AEEE 

82EE 

86EE 

BAEE 

BEEE 

C2EE 

C6EE 

CAEE 

CEEE 

D2EE 

D6EE 

DAEE 

DEEE 

E2EE 

E6EE 

EAEE 

EEEE 

F2EE 

F6EE 

FAEE 

FEEE 

REG688000-15 
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I 

FFFBO 

FFF84 

FFF88 

FFFBC 

FFF90 

FFF94 

FFF98 

FFF9C 

FFFAO 

FFFA4 

FFFAB 

FFFAC 

FFFBO 

FFFB4 

FFFBB 

FFFBC 

FFFCO 

FFFC4 

FFFCB 

FFFCC 

FFFDO 

FFFD4 

FFFDB 

FFFDC 

FFFEO 

FFFE4 

FFFEB 

FFFEC 

FFFFO 

FFFF4 

FFFFB 

FFFFC 

PATT_DATA_INDEX 

R_EXT_GE_CONFIG; PATT_DATA 

R_MISC_CNTL 

BRES_COUNT 

EXT_FIFO_STATUS; LINEDRAW_INDEX 

LINEDRAW_OPT 

DEST_X_START 

DEST_X_END 

DEST_Y_END 

R_H_TOTAL&DISP; SRC_X_START 

R_H_SYNC_STRT;ALU_BG_FN 

R_H_SYNC_WID; ALU_FG_FN 

SRC_X_END 

R_V_TOTAL; SRC_Y_DIR 

R_V_DISP; EXT_SHORT_STROKE 

R_V_SYNC_STRT;SCAN_X 

VERT_LINE_CNTR; DP _CONFIG 

R_V_SYNC_WID; PATT_LENGTH 

PATT_INDEX 

R_SRC_X; EXT_SCISSOR_L 

R_SRC_Y; EXT_SCISSOR_T 

EXT _SCISSOR_R 

EXT _SCISSOR_B 

DEST_CMP _FN 

DEST_COLOR_CMP_MASK 

CHIP_ID 

LINED RAW 
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Coprocessor Registers 

Register Names and Addresses 

This appendix provides two register listings showing the register attributes and page 
references to their descriptions - the first one is sorted by register names, the second by 1/0 
addresses. Both lists contain 8514/A-compatible registers and A TI-extended registers. 

One way to differentiate between 8514/A-compatible registers and ATI-extended registers 
is by looking at their 1/0 addresses. Compatible registers usually end in "8", for example, 
EE8h. Extended registers usually end in "EE", as in 36EEh. 

VGA register listings are provided at the beginning of each VGA chapter - IBM-compatible 
registers are in Chapter 5, ATI-extended VGA registers in Chapter 6. 
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A - Coprocessor Registers 

ADVFUNC_CNTL 4AE8h w 8-6 
ALU_BG_FN B6EEh w 9-47 
ALU_FG_FN BAEEh w 9-47 
BKGD_COLOR A2E8h w 8-27 
BKGD_:MIX B6E8h w 8-27 
BOUNDS_BOTTOM 7EEEh R 9-48 
BOUNDS_LEFf 72EEh R 9-48 
BOUNDS_RIGHT 7AEEh R 9-48 
BOUNDS_TOP 76EEh R 9-48 
BRES_COUNT 96EEh R/W 9-49 
CHIP_ID FAEEh R 9-88 
CLOCK_SEL 4AEEh R/W 9-4 
CMD 9AE8h w 8-28 
CMP_COLOR B2E8h w 8-36 
CONFIG_STATUS_l (mach8) 12EEh R 9-64 
CONFIG_STA TUS_l (mach32) 12EEh R 9-65 
CONFIG_ST A TUS_2 (mach8) 16EEh R 9-66 
CONFIG_ST A TUS_2 (mach32) 16EEh R 9-67 
CRT_OFFSET_lll 2EEEh w 9-5 
CRT_OFFSET_LO 2AEEh w 9-5 
CRT_PITCH 26EEh w 9-5 
CUR_X 86E8h R/W 8-37 
CUR_Y 82E8h R 8-38 
CURSOR_COLOR_O lAEEh w 9-80 
CURSOR_COLOR_l lAEFh w 9-80 
CURSOR_ OFFSET _LO OAEEh w 9-79 
CURSOR_ OFFSET _ID OEEEh w 9-79 
DAC_CONT (PCI) 22EEh R/W 9-89 
DAC_DATA 02EDh R/W 8-2 
DAC_MASK 02EAh R/W 8-2 
DAC_R_INDEX 02EBh R/W 8-2 
DAC_ W _INDEX 02ECh R/W 8-3 
DEST_CMP_FN EEEEh w 9-50 
DEST_COLOR_CMP _MASK F2EEh R/W 9-51 
DEST_X_END AAEEh w 9-52 
DEST_X_START A6EEh w 9-52 
DEST_Y_END AEEEh w 9-52 
DISP_CNTL 22E8h w 8-7 
DISP _STA TVS 02E8h R 8-8 
DP_CONFIG CEEEh w 9-15 
ERR_ TERM 92E8h R/W 8-39 
EXT_CURSOR_COLOR_O 3AEEh w 9-82 
EXT_CURSOR_COLOR_l 3EEEh w 9-82 
EXT _FIFO_STA TVS 9AEEh R 9-16 
EXT_GE_CONFIG (mach8 8-bit) 7AEEh w 9-17 
EXT_GE_CONFIG (mach8 16-bit) 7 AEEh w 9-18 
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A - Coprocessor Registers 

EXT_GE_CONFIG (mach32) 7AEEh w 9-19 
EXT_GE_STATUS 62EEh R 9-68 
EXT _SCISSOR_B E6EEh w 9-53 
EXT_SCISSOR_L DAEEh w 9-53 
EXT _SCISSOR_R E2EEh w 9-54 
EXT_SCISSOR_T DEEEh w 9-54 
EXT_SHORT_STROKE C6EEh w 9-55 
FIFO_OPT 36EEh w 9-9 
FIFO_TEST_DATA lAEEh R 9-85 
FIFO_ TEST_ TAG 3AEEh R 9-85 
FRGD_COLOR A6E8h w 8-40 
FRGD_MIX BAE8h w 8-40 
GE_ OFFSET _HI 72EEh w 9-21 
GE_ OFFSET _LO 6EEEh w 9-21 
GE_PITCH 76EEh w 9-20 
GE_STAT 9AE8h R 8-41 
GENENA (Add-On) 46E8h w 5-8 
H_DISP 06E8h w 8-8 
H_SYNC_STRT OAE8h w 8-9 
H_SYNC_WID OEE8h w 8-9 
H_TOTAL 02E8h w 8-9 
HORZ_CURSOR_OFFSET lEEEh w 9-81 
HORZ_CURSOR_POSN 12EEh w 9-79 
HORZ_ OVERSCAN 62EEh w 9-71 
LINEDRAW FEEEh w 9-56 
LINED RAW _INDEX 9AEEh w 9-57 
LINEDRAW_OPT A2EEh R/W 9-22 
LOCAL_CNTL 32EEh R/W 9-83 
MAJ_AXIS_PCNT 96E8h w 8-42 
MAX_ W AITSTA TES (mach8) 6AEEh R/W 9-10 
MAX_ W AITSTA TES (mach32) 6AEEh R/W 9-11 
:MEM_BNDRY 42EEh R/W 9-74 
:MEM_CFG 5EEEh R/W 9-75 
:MEM_CNTL BEE8*5h w 8-17 
MIN_AXIS_PCNT BEE8*0h w 8-43 
MISC_CNTL 7EEEh w 9-84 
MISC_CONT (PCI) 6AEEh R/W 9-76 
MISC_OPTIONS 36EEh R/W 9-12 
OVERSCAN_BLUE_24 02EFh w 9-72 
OVERSCAN_COLOR_8 02EEh w 9-72 
OVERSCAN_GREEN_24 06EEh w 9-73 
OVERSCAN_RED _24 06EFh w 9-73 
PATI_DATA 8EEEh w 9-58 
PATI_DATA_INDEX 82EEh R/W 9-59 
PATI_INDEX D6EEh w 9-59 
PATI_LENGTH D2EEh w 9-60 
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A - Coprocessor Registers 

PATIERN_H BEE8*9h w 8-44 
PATIERN_L BEE8*8h w 8-45 
PIX_ TRANS E2E8h R/W 8-47 
PIXEL_CNTL BEE8*Ah w 8-46 
R_EXT_GE_CONFIG 8EEEh R 9-24 
R_H_SYNC_STRT B6EEh R 9-86 
R_H_SYNC_ WID BAEEh R 9-86 
R_H_TOTAL&DISP B2EEh R 9-85 
R_MISC_CNTL 92EEh R 9-84 
R_SRC_X DAEEh R 9-60 
R_SRC_Y DEEEh R 9-61 
R_V_DISP C6EEh R 9-87 
R_ V _SYNC_STRT CAEEh R 9-87 
R_ V _SYNC_ WID D2EEh R 9-87 
R_V_TOTAL C2EEh R 9-86 
RD_MASK AEE8h w 8-48 
ROM_SETUP, EISA zC85h w 2-6 
ROM_SETUP, uC 0103h w 2-4 
SCAN_X CAEEh w 9-61 
SCISSOR_B BEE8*3h w 8-49 
SCISSOR_L BEE8*2h w 8-49 
SCISSOR_R BEE8*4h w 8-50 
SCISSOR_T BEE8*1h w 8-50 
SCRATCH_PAD_O 52EEh R/W 9-88 
SCRA TCH_PAD_l 56EEh R/W 9-88 
SETUP _1, EISA zC86h w 2-7 
SETUP_l, uC 0104h w 2-4 
SETUP _2, EISA zC87h w 2-7 
SETUP_2, uC 0105h w 2-4 
SETUP _ID 1, EISA zC80h R 2-5 
SETUP _ID 1, uC OlOOh R 2-3 
SETUP _ID2, EISA zC81h R 2-5 
SETUP _ID2, uC OlOlh R 2-3 
SETUP _ID3, EISA zC82h R 2-5 
SETUP _ID4, EISA zC83h R 2-6 
SETUP _OPT, EISA zC84h R/W 2-6 
SETUP_OPT, uC 0102h R/W 2-3 
SHADOW_CTL 46EEh w 9-6 
SHADOW_SET 5AEEh w 9-7 
SHORT_STROKE 9EE8h w 8-51 
SRC_X/DEST_X/DIASTP 8EE8h w 8-52 
SRC_X_END BEEEh w 9-62 
SRC~X_ST ART B2EEh w 9-62 
SRC_ Y /DEST_ Y /AXSTP 8AE8h w 8-53 
SRC_Y_DIR C2EEh w 9-62 
SUBSYS_CNTL 42E8h w 8-18 
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SUBSYS_STA TUS 
V_DISP 
V _SYNC_STRT 
V_SYNC_WID 
V_TOTAL 
VERT_CURSOR_OFFSET 
VERT_CURSOR_POSN 
VERT_LINE_CNTR 
VERT_OVERSCAN 
WRT_MASK 

© 1993 AT/ Technologies Inc. 
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42E8h 
16E8h 
1AE8h 
1EE8h 
12E8h 
lEEFh 
16EEh 
CEEEh 
66EEh 
AAE8h 

A - Coprocessor Registers 

R 
w 
w 
w 
w 
w 
w 
R 
w 
w 

8-20 
8-10 
8-11 
8-12 
8-12 
9-81 
9-80 
9-7 
9-72 
8-54 
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A - Coprocessor Registers 

OlOOh SETUP _ID 1, uC R 2-3 
OlOlh SETUP _ID2, uC R 2-3 
0102h SETUP_OPT, uC R/W 2-3 

0103h ROM_SETUP, uC w 2-4 
0104h SETUP_l, uC w 2-4 

0105h SETUP_2, uC w 2-4 
02E8h DISP _STA TVS R 8-8 
02E8h H_TOTAL w 8-9 

02EAh DAC_MASK R/W 8-2 
02EBh DAC_R_INDEX R/W 8-2 
02ECh DAC_ W _INDEX R/W 8-3 
02EDh DAC_DATA R/W 8-2 

02EEh OVERSCAN_COLOR_8 w 9-72 
02EFh OVERSCAN_BLUE_24 w 9-72 

06E8h H_DISP w 8-8 
06EEh OVERSCAN_GREEN_24 w 9-73 

06EFh OVERSCAN_RED _24 w 9-73 
OAE8h H_SYNC_STRT w 8-9 

OAEEh CURSOR_OFFSET_LO w 9-79 
OEE8h H_SYNC_WID w 8-9 

OEEEh CURSOR_OFFSET_HI w 9-79 
12E8h V_TOTAL w 8-12 

12EEh CONFIG_ST A TUS_l (mach8) R 9-64 
12EEh CONFIG_STA TUS_l (mach32) R 9-65 
12EEh HORZ_CURSOR_POSN w 9-79 

16E8h V_DISP w 8-10 
16EEh CONFIG_ST A TUS_2 (mach8) R 9-66 

16EEh CONFIG_STA TUS_2 (mach32) R 9-67 
16EEh VERT_CURSOR_POSN w 9-80 

1AE8h V _SYNC_STRT w 8-11 
lAEEh FIFO_TEST_DATA R 9-85 
lAEEh CURSOR_COLOR_O w 9-80 
lAEFh CURSOR_ COLOR_ I w 9-80 

1EE8h V_SYNC_WID w 8-12 
lEEEh HORZ_CURSOR_OFFSET w 9-81 

lEEFh VERT_CURSOR_OFFSET w 9-81 
22E8h DISP_CNTL w 8-7 

22EEh DAC_CONT (PCI) R/W 9-89 

26EEh CRT_PITCH w 9-5 
2AEEh CRT_OFFSET_LO w 9-5 

2EEEh CRT_OFFSET_HI w 9-5 
32EEh LOCAL_CNTL R/W 9-83 
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A - Coprocessor Registers 

36EEh MISC_OPTIONS R/W 9-12 

36EEh FIFO_OPT w 9-9 

3AEEh FIFO_ TEST _TAG R 9-85 

3AEEh EXT_CURSOR_COLOR_O w 9-82 

3EEEh EXT_CURSOR_COLOR_l w 9-82 

42E8h SUBSYS_STA TUS R 8-20 

42E8h SUBSYS_CNTL w 8-18 

42EEh l\1EM_BNDRY R/W 9-74 

46E8h GENENA (Add-On) w 5-8 

46EEh SHADOW_CTL w 9-6 

4AE8h ADVFUNC_CNTL w 8-6 

4AEEh CLOCK_SEL R/W 9-4 

52EEh SCRATCH_PAD_O R/W 9-88 

56EEh SCRA TCH_PAD _1 R/W 9-88 

5AEEh SHADOW_SET w 9-7 

5EEEh l\1EM_CFG R/W 9-75 

62EEh EXT_GE_STATUS R 9-68 

62EEh HORZ_ OVERSCAN w 9-71 

66EEh VERT_ OVERS CAN w 9-72 

6AEEh MAX_ W AITST A TES (mach8) R/W 9-10 

6AEEh MAX_ W AITST A TES (mach32) R/W 9-11 

6AEEh MISC_CONT (PCI) R/W 9-76 

6EEEh GE_OFFSET_LO w 9-21 

72EEh BOUNDS_LEFf R 9-48 

72EEh GE_ OFFSET _HI w 9-21 

76EEh BOUNDS_TOP R 9-48 

76EEh GE_PITCH w 9-20 

7AEEh BOUNDS_RIGHT R 9-48 

7AEEh EXT_GE_CONFIG (mach8 8-bit) w 9-17 

7AEEh EXT_GE_CONFIG (mach8 16-bit) w 9-18 

7AEEh EXT_GE_CONFIG (mach32) w 9-19 

7EEEh BOUNDS_BOTTOM R 9-48 

7EEEh MISC_CNTL w 9-84 

82E8h CUR_Y R/W 8-38 

82EEh PATT_DATA_INDEX R/W 9-59 

86E8h CUR_X R/W 8-37 

8AE8h SRC_ Y /DEST_ Y /AXSTP w 8-53 

8EE8h SRC_X/DEST_X/DIASTP w 8-52 

8EEEh R_EXT_GE_CONFIG R 9-24 

8EEEh PATT_DATA w 9-58 

92E8h ERR_ TERM R/W 8-39 

92EEh R_MISC_CNTL R 9-84 

96E8h MAJ_AXIS_PCNT w 8-42 
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A - Coprocessor Registers 

96EEh BRES_COUNT R/W 9-49 

9AE8h GE_STAT R 8-41 

9AE8h CMD w 8-28 
9AEEh EXT _FIFO_STA TUS R 9-16 

9AEEh LINEDRA W _INDEX w 9-57 
9EE8h SHORT_STROKE w 8-51 

A2E8h BKGD_COLOR w 8-27 

A2EEh LINEDRAW_OPT R/W 9-22 

A6E8h FRGD_COLOR w 8-40 

A6EEh DEST _X_ST ART w 9-52 

AAE8h WRT_MASK w 8-54 

AAEEh DEST_X_END w 9-52 

AEE8h RD_MASK w 8-48 

AEEEh DEST_Y_END w 9-52 

B2E8h CMP_COLOR w 8-36 

B2EEh R_H_ TOT AL&DISP R 9-85 

B2EEh SRC_X_ST ART w 9-62 

B6E8h BKGD_MIX w 8-27 

B6EEh R_H_SYNC_STRT R 9-86 

B6EEh ALU_BG_FN w 9-47 
BAE8h FRGD_MIX w 8-40 

BAEEh R_H_SYNC_ WID R 9-86 

BAEEh ALU_FG_FN w 9-47 

BEE8*0h MIN_AXIS_PCNT w 8-43 

BEE8*1h SCISSOR_T w 8-50 

BEE8*2h SCISSOR_L w 8-49 

BEE8*3h SCISSOR_B w 8-49 

BEE8*4h SCISSOR_R w 8-50 

BEE8*5h MEM_CNTL w 8-17 

BEE8*8h PATTERN_L w 8-45 

BEE8*9h PATTERN_H w 8-44 

BEE8*Ah PIXEL_CNTL w 8-46 

BEEEh SRC_X_END w 9-62 

C2EEh R_V_TOTAL R 9-86 

C2EEh SRC_Y_DIR w 9-62 

C6EEh R_V_DISP R 9-87 

C6EEh EXT_SHORT_STROKE w 9-55 

CAEEh R_ V _SYNC_STRT R 9-87 

CAEEh SCAN_X w 9-61 

CEEEh VERT_LINE_CNTR R 9-7 

CEEEh DP_CONFIG w 9-15 

D2EEh R_ V _SYNC_ WID R 9-87 

D2EEh PATT_LENGTH w 9-60 
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D6EEh PATT_INDEX 
DAEEh R_SRC_X 

DAEEh EXT_SCISSOR_L 
DEEEh R_SRC_Y 

DEEEh EXT_SCISSOR_T 
E2E8h PIX_ TRANS 

E2EEh EXT _SCISSOR_R 
E6EEh EXT _SCISSOR_B 

EEEEh DEST_ C:MP _FN 

F2EEh DEST_COLOR_CMP _MASK 
FAEEh CHIP_ID 

FEEEh LINEDRAW 
zC80h SETUP _IDl, EISA 

zC81h SETUP _ID2, EISA 

zC82h SETUP _ID3, EISA 

zC83h SETUP _ID4, EISA 
zC84h SETUP _OPT, EISA 

zC85h ROM_SETUP, EISA 

zC86h SETUP _1, EISA 

zC87h SETUP _2, EISA 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 

A - Coprocessor Registers 

w 
R 

w 
R 

w 
R/W 
w 
w 
w 
w 
R 

w 
R 

R 

R 

R 

R/W 
w 
w 
w 

9-59 
9-60 

9-53 
9-61 

9-54 
8-47 

9-54 
9-53 
9-50 

9-51 
9-88 

9-56 
2-5 

2-5 

2-5 

2-6 
2-6 
2-6 

2-7 

2-7 
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A - Coprocessor Registers 

Memory Mapped Registers 

Memory mapping is available only in the following mach32 accelerators: A TI68800LX, 
A Tl68800-6, and A TI68800AX. 

The register space of the accelerator is mapped onto the 128 dwords at the end of the linear 
aperture. IBM compatible registers are mapped onto the lower 64 dwords; ATI-extended 
registers follow directly above them in the top 64 dwords. The exact mapping places register 
2E8 first, at offset FFEOO from the base of the aperture. Register 6E8 follows at FFE04 and 
so on up to register FEEE at off set FFFFC. See illustration and tables below. Each 16-bit 
register maps into the lower 16 bits of a 32-bit dword. The upper 16 bits, i.e., the shaded 
region in the illustration are reserved for future use. 

For configurations with 4MB on-board video memory, note that the memory at the top of 
the aperture is otherwise not accessible when memory mapped registers are enabled. 

l<Y ····· 
I 
I 
I 
I 

• 

I 
I 

I 

I 4MB I 

l APERTURE I 
i · I 

I I I , 

I 
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0 

Bit 31 Bit 0 
dword 127 

dword 63 

dword O 

Shaded region is reserved. 

Figure A-1. Memory Mapped Registers 
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2E8 

6E8 

AES 

EE8 

12E8 

16E8 

1AE8 

1EE8 

22E8 

26E8 

2AE8 

2EE8 

32E8 

36E8 

3AE8 

3EE8 

42E8 

46E8 

4AE8 

4EE8 

52E8 

56E8 

5AE8 

SEES 

62E8 

66E8 

6AE8 

6EE8 

72E8 

76E8 

7AE8 

7EE8 
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FFEOO 

FFE04 

FFEOB 

FFEOC 

FFE10 

FFE14 

FFE18 

FFE1C 

FFE20 

FFE24 

FFE28 

FFE2C 

FFE30 

FFE34 

FFE38 

FFE3C 

FFE40 

FFE44 

FFE48 

FFE4C 

FFESO 

FFE54 

FFE58 

FFESC 

FFE60 

FFE64 

FFE68 

FFE6C 

FFE70 

FFE74 

FFE78 

FFE7C 

A - Coprocessor Registers 

H_DISP 

H_SYNC_STRT 

H_SYNC_WID 

V_TOTAL 

V_DISP 

V_SYNC_STRT 

V_SYNC_WID 

DISP _CNTL 

~ SUBSYS_STATUS;SUBSYS_CNTL 

ROM_PAGE_SEL 

ADVFUNC_CNTL 
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A - Coprocessor Registers 

82E8 

86E8 

BAEB 

BEEB 

92E8 

96E8 

9AE8 

9EE8 

A2E8 

AGES 

AAEB 

AEEB 

82E8 

86E8 

BAEB 

BEEB 

C2E8 

CGEB 

CAEB 

CEEB 

D2E8 

06E8 

DAEB 

DEEB 

E2E8 

E6E8 

EAEB 

EEEB 

F2E8 

FGEB 

FAES 

FEES 
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FFEBO 

FFE84 

FFE88 

FFEBC 

FFE90 

FFE94 

FFE98 

FFE9C 

FFEAO 

FFEA4 

FFEAB 

FFEAC 

FF EBO 

FFE84 

FF EBB 

FFEBC 

FF ECO 

FFEC4 

FFEC8 

FFECC 

FFEDO 

FFED4 

FFEDB 

FFEDC 

FFEEO 

FFEE4 

FFEEB 

FFEEC 

FFEFO 

FFEF4 

FFEFB 

FFEFC 

CUR_Y 

CUR_X 

SRC_ Y/DEST _ Y/AXSTP 

SRC_X/DEST _X/DOASTP 

ERR_ TERM 

MAJ_AXIS_PCNT 

GE_STAT; CMD 

SHORT _STROKE 

BKGD_COLOR 

FRGD_COLOR 

WRT_MASK 

RD_MASK 

CMP _COLOR 

BKGD_MIX 

FRGD_MIX 

Multi-Fune Control 

PIX_ TRANS 
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A - Coprocessor Registers 

Memory Mapping of ATl-Extended Registers 

liii ii(Ji:il(i!l'. ... ;;;•#i,ii! ji)-
2EE FF FOO 

GEE FFF04 

AEE FFFOS 

EEE FFFOC 

12EE FFF10 

16EE FFF14 

1AEE FFF18 

1EEE FFF1C 

22EE FFF20 

26EE FFF24 

2AEE FFF28 

2EEE FFF2C 

32EE FFF30 

36EE FFF34 

3AEE FFF38 

3EEE FFF3C 

42EE FFF40 

46EE FFF44 

4AEE FFF48 

4EEE FFF4C 

52EE FFFSO 

56EE FFF54 

SAEE FFF58 

SEEE FFFSC 

62EE FFF60 

66EE FFF64 

6AEE FFF68 

6EEE FFF6C 

72EE FFF70 

76EE FFF74 

7AEE FFF78 

7EEE FFF7C 
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OVERSCAN_ COLOR [24,8] 

OVERSCAN_[RED,GREENL24 

CURSOR_OFFSET_LO 

CURSOR_OFFSET _HI 

CONFIG_STATUS_1 

CONFIG_STATUS 2; VERT CURSOR POSN 

FIFO_TEST_DATA; CURSOR_COLOR_O 

[VERT/HORZLCURSOR_OFFSET 

DAC_CONT (PCI) 

CRT_PITCH 

CRT_OFFSET_LO 

CRT_OFFSET_HI 

LOCAL_ CONTROL 

MISC_ OPTIONS 

FIFO_ TEST_ TAG; EXT _CURSOR_COLOR_O 

EXT _CURSOR_COLOR_ 1 

MEM_BNDRY 

SHADOW_CTL 

CLOCK_SEL 

SCRATCH_PAD_O 

SCRATCH_PAD_1 

SHADOW_SET 

MEM_CFG 

EXT_GE_STATUS;HORZ_OVERSCAN; 
SYNC (PCI) 

VERT_OVERSCAN 

MAX_WAITSTATES; MISC_CONT 

GE_OFFSET_LO 

BOUNDS_LEFT; GE_OFFSET_HI 

BOUNDS_ TOP; GE_PITCH 

BOUNDS_RIGHT; EXT _GE_CONFIG 

BOUNDS_BOTTOM; MISC_CNTL 
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A - Coprocessor Registers 

82EE 

86EE 

BAEE 

BEEE 

92EE 

96EE 

9AEE 

9EEE 

A2EE 

AGEE 

AAEE 

AEEE 

B2EE 

86EE 

BAEE 

BEEE 

C2EE 

C6EE 

CAEE 

CEEE 

02EE 

06EE 

DAEE 

DEEE 

E2EE 

E6EE 

EAEE 

EEEE 

F2EE 

F6EE 

FAEE 

FEEE 
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A-14 

FFFBO 

FFF84 

FFFBB 

FFFBC 

FFF90 

FFF94 

FFF98 

FFF9C 

FFFAO 

FFFA4 

FFFAB 

FFFAC 

FFFBO 

FFFB4 

FFFBB 

FFFBC 

FFFCO 

FFFC4 

FFFCB 

FFFCC 

FF FOO 

FFFD4 

FF FOB 

FFFDC 

FFFEO 

FFFE4 

FFFEB 

FFFEC 

FFFFO 

FFFF4 

FFFFB 

FFFFC 

PATT _DATA_INDEX 

R_EXT _GE_CONFIG; PATT _DATA 

R_MISC_CNTL 

BRES_COUNT 

EXT_FIFO_STATUS; LINEDRAW_INDEX 

LINEDRAW_OPT 

DEST_X_START 

DEST_)(_END 

DEST_Y_END 

R_H_TOTAL&DISP; SRC_X_START 

R_H_SYNC_STRT;ALU_BG_FN 

R_H_SYNC_WID; ALU_FG_FN 

SRC_X_END 

R_V_TOTAL; SRC_Y_DIR 

R_ V _DISP; EXT _SHORT _STROKE 

R_V_SYNC_STRT;SCAN_X 

VERT _LINE_CNTR; DP _CONFIG 

R_V_SYNC_WID; PATT_LENGTH 

PATT_INDEX 

R_SRC_X; EXT_SCISSOR_L 

R_SRC_Y; EXT_SCISSOR_T 

EXT _SCISSOR_R 

EXT _SCISSOR_B 

DEST_CMP _FN 

DEST_COLOR_CMP_MASK 

CHIP_ID 

LINED RAW 
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BIOS Interface 

The base ROM address is detennined by bits 0-6 of register 52EEh. This address in the 
mach32is a scratch pad register. However, the boot ROM will set it up to contain the proper 
address, which is calculated as follows: 

RCM_BA9E_SEG!ENI' = (BYTE_VAUJE_lN_52EE &: Ox7F) * Ox80 + OxCOOO 

ROM services are accessible by absolute calls at these addresses: 

xxxx: 0064 Load ShadcM Set 
ah = Oh, 8 bit per pixel (existing drivers must load ah=O) 
ah = IEEl? _COI.DR_OPI'IONS 

(0) : '1' 

(2-1) : PIXEL_WII1IH, O~, 1=~, 2=16l::pp, 3=2~ 
(3-4) : 16_BIT_CX>IDR_M:>IE, 0=555, 1=565, 2=655, 3=664 
( 5) : urmsed. 
( 6) : 24_BIT_CX>IDJLCDNFIG, 0=3 bytes/pixel, 1=4 bytes/pixel 
(7) : 24_BIT_CX>IDR_ORIER, O=RGB, l=OOR 

al = Oh, default (shadow set 1=640x480x8, 2=1024x768x8) 
al = lh, load 800x600 into shadow set 1 (lores) 
al = 2h, load 800x600 into shadow set 2 (hires) 
al = llh, load 1280x1024 into shadow set 1 (lores) 
al = 12h, load l280x1024 into shadow set 2 (hi.res) 
al = 21h, load 640x480 into shadow set 1 (lores) 
al = 22h, load 640x480 into shadow set 2 (hires) 

al = 41h, load 1024x768 into shadow set 1 (lores) 
al = 42h, load 1024x7 68 into shadow set 2 (hires) 
al = 81h, load altemate m:::>de into shadow set 1 (lores) 
al = 82h, load altemate m:::>de into sha1cM set 1 (hires) 
bx = PI'Iai, 0=1024, l:pitch of m:::>de ra.n:rled up to next 128, 

2=1536, 3:::do not m:Xlify pitch 

xxxx: 0068 Set M:x1e 
al = Oh, ~ passthrough m:::>de 
al = lh, lores m:::>de 
al = 2h, hires m:::>de 

© 1993 AT/ Technologies Inc. 
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B - BIOS Interface 

xxxx: 006C QueJ:Y 

al = O, QueJ:Y infamaticn structure size in bytes 
Returns size in ax 

al = 1, QueJ:Y device lona 
es:l::oc points to structure to fill in 
(see Queey structure en next page) 

al = 2, QueJ:Y device short 
Returns: 
al = ASIC revision 
ah = aperture ccnfiguraticn 
l::oc = aperture address 
cl = m::mse configuration 
ch = Il\C type 

xxxx: 0070 Accelerator services 
ah = O, Reset accelerator 
ah = 1, Set na.c to default colors 
ah = 2, EEPRCM services 

al = 0, Read fran EEPRCM (returns result in ax) 
al = 1, Write to EEPRCM 

REG688000-15 
8-2 

bx = EEPRCM l«>rd address 
dx = Data to write 
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B - BIOS Interface 

Query structure 

DEVICE STATUS TABLE 

O:lh 

2h 

3h 

4:5h 

6h 

7h 

8h 

9h 

Ah 

Size of Structure, in bytes 

Revision of Structure 

Number of Mode Tables 

Offset to Mode Table, in bytes 

Size of Mode Table, in bytes 

ASIC Revision 

Status Flags 
Bit 0 =host data transfers forced to 8-bit 

VGA Type: 
0 =Disabled 
1 =Enabled 

VGA Boundary: 
O=Ok 
I= 256k 
2 = 5I2k 
3 = 768k 
4= IM 
OFFh = Full access 

Bh Memory Size: 
0 = 256k 
I= 512k 
2= IM 
3=2M 
4=4M 

Ch DACType: 
0 = ATI68830 
I =SCI I483/6/8 
2= ATI34075 
3 = Bt476/8 
4 = Bt481/2 
5 = ATI68860 (ATl68800AX only) 

See Appendix F for further details. 

Dh Memory Type: 
0 = 256Kx4 DRAM 
I = 256Kx4 VRAM 
2 = 256Kx4 VRAM 
3 = 256Kxl6 DRAM 

See 12EE-R[6:4] on page 9-65 for further details. 
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B - BIOS Interface 

Eh 

Fh 

IO:llh 

12:13h 

14:15h 

16h 

17h 

18h 

REG6BB000-15 
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Bus Type: 
0 = 16-Bit ISA 
1 =EISA 
2 = 16-B it Micro Channel 
3 = 32-Bit Micro Channel 
4 = 386SX Local Bus 
5 = 386DX Local Bus 
6 = 486DX Local Bus 
7 =Reserved 

See 12EE-R[3: 1] on page 9-65 for further details. 

Monitor Alias 

Shadow 1 Status 

Shadow 2 Status 

Aperture Address (OMB to 4095MB) 

Aperture Configuration: 
Bits 1:0: 

0 =Disabled 
1 = 1 MB Aperture 
2 = 4MB Aperture 

Mouse Configuration: 
Bits 1 :0: MOUSE_ADDR_SEL 

0 =Disabled 
1 = Secondary Address Selected 
2 = Primary Address Selected 

Bits 3:2: INT_HANDLER_SEL 
0= IRQ5 
1 = IRQ4 
2= IRQ3 
3 = IRQ2 

DAC Support 
Bit Description 
0 664 
1 655 
2 565 
3 555 
4 Reserved 
5 32bpp 
6 BGR 
7 RGB 
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B - BIOS Interface 

Mode tables are located immediately following the Device Status Table, starting at byte 19h. 
A forward pointer should be used to reference the mode tables since these tables may be 
expanded in the future. A query typically returns two to seven mode tables; but it is also 
possible none is returned. 

MODE TABLE 

0: 1 Horizontal display resolution in pixels 

2:3 Vertical display resolution in pixels 

4 Maximum pixel depth 

5 Status Flags: 
Bit 0: 1 =Non-linear Y addressing mode 
Bit 6: 1 = MUX mode 
Bit 7: 1 = PCLK is divided by 2 

6:9 Reserved 

A:B CLOCK_SELECT 

C H_TOTAL 

D H_DISP 

E H_SYNC_STRT 

F DISP_CNTL 

10 H_SYNC_ WID 

I I V _SYNC_ WID 

I2:13 V _TOTAL 

I4:I5 V _DISP 

I6:I7 V _SYNC_STRT 

I8:I9 HORIZONTAL_OVERSCAN 

IA:IB VERTICAL_OVERSCAN 

IC OVERSCAN_COLOR_8 

ID OVERSCAN_COLOR_BLUE 

IE OVERSCAN_COLOR_GREEN 

IF OVERSCAN_COLOR_RED 
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EEPROM Map 

OOh 

01h 

02h 

15:0 

15:8 

7:0 

15:8 

EEPROM Map 

EEPROM_ WRITE_COUNTER 

MOUSE_ADDR_SEL 
OOh = Mouse disabled 
08h = Secondary address selected 
18h = Primary address selected 

INT _HANDLER_SEL 
20h = IRQ5 
28h = IRQ4 
30h = IRQ3 
38h = IRQ2 

POWER_UP _VIDEO_MODE 
03h = VGA color - secondary 
05h = VGA monochrome - secondary 
07h = VGA lores color - primary 
09h = VGA hires color - primary 
Obh = VGA monochrome - primary 
12h = EGA lores color - secondary 
13h = EGA hires color - secondary 
15h = EGA monochrome - secondary 
17h = EGA lores color - primary 
19h = EGA hires color - primary 
1bh =EGA monochrome - primary 
20h = CGA 
30h = Hercules 720x348 
40h = Hercules 640x400 

7:6 MONO_COLOR_SEL 
0 =White 
1 =Green 
2 =Amber 
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C - EEPROM Map 

EEPROM Map 

02h 5 DUAL_MONITOR_ENA 
4 POWER_UP _FONT 

O = 8x14 or 9x14 
1=8x16 or 9x16 

3 VGA Bus 1/0 
O = 8 bits 
1 = 16 bits 

2 ZERO_WSTATE_RAM_ENA 
O =disable 
1 =enable 

1 ZERO_WSTATE_ROM_ENA 
O =disable 
1 =enable 

0 ROM_ 16_ENA 
O =disable 
1 =enable 

03h 15 Scrolling Fix enable 
14 Korean BIOS support 

13:2 Reserved 
3:0 EEPROM table revision number 

04h 15:0 CUSTOM_MONITOR_INDICES 

05h 15:14 HOST_DATA_TRANSFER_WIDTH 
O =Auto select 
1=16 bit 
2 = 8 bit 
3 = 8 bit host data/16 bit other 

13:8 MONITOR_CODE 
7 Reserved 

6:4 VGA Boundary 
O =Shared 
1=256K 
2= 512K 
4=1MB 

3 ALIAS_ENA 
2:0 MONITOR_ALIAS 

06h 15:4 APERTURE_LOCATION in Mbytes 
3:0 APERTURE_SIZE 

REG688000-15 
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O =disabled 
1=1M 
2=4M 
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C - EEPROM Map 

EEPROM Map 

07h 15:8 Offset to 640x480 table in words 
7:2 Reserved 
1 USE_STORED_PARMS_FOR_640_ 480 
0 640_ 480_72HZ_ENA 

08h 15:8 Offset to 800x600 table in words 
7 USE_STORED_PARMS_FOR_800x600 
6 Reserved 
5 800_600_72Hz_ENA 
4 800_600_70Hz_ENA 
3 800_:600_60Hz_ENA 
2 800_600_56Hz_ENA 
1 800_600_89Hz_ENA 
0 800_600_95Hz_ENA 

09h 15:8 Offset to 1024x768 table in words 
7 USE_STORED _PARMS_FOR_ 1024x768 

6:5 Reserved 
4 1024_768_66Hz_ENA (not active) 
3 1024_768_72Hz_ENA 
2 1024_768_70Hz_ENA 
1 1024_768_60Hz_ENA 
0 1024_768_87Hz_ENA 

OAh 15:8 Offset to 1280x1024 table in words 
7 USE_STORED _PARMS_FOR_ 1280x1024 

6:2 Reserved 
1 1280_ 1024_95Hz_ENA 
0 1280_ 1024_87Hz_ENA 

OBh 15 :8 Offset to alternate mode table in words 
7 USE_STORED_PARMS_FOR_AL TERNATE 

6:2 Reserved 
1 1152x900 
O 1120x750 

OCh 15:0 Reserved 

OD:1Bh CRT Parameter Table 1, description starts on page C-5 

1C:2Ah CRT Parameter Table 2,·description starts on page C-5 

2B:39h CRT Parameter Table 3, description starts on page C-5 

3A:48h CRT Parameter Table 4, description starts on page C-5 

49:57h CRT Parameter Table 5, description starts on page C-5 
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C - EEPROM Map 

.••·· <<·>>: ·········· :::::::::::::::/:: 

::::11aa':: ::::::s.1m:,::: 
.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::;:;:;:-: 

58:66h 

67:75h 

76:7Dh 

7Eh 

7Fh 

15 
14 

13:11 
10:8 
7:0 

15:0 

REG688000-15 
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EEPROM Map 

CRT Parameter Table 6, description starts on page C-5 

CRT Parameter Table 7, description starts on page C-5 

Reserved 

Reserved 
VGA ENABLE 
MEMORY SIZE - see Query Structure, byte B, page B-3 
DAC TYPE - see Query Structure, byte C, page B-3 
Reserved 

EEPROM Checksum 
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0 15 
14 
13 
12 

11 :9 

8 

7 

6 

CRT Parameter Table x* 

VERTICAL_SYNC_POLARJTY 
HORIZONTAL_ SYNC _POLARITY 
Interlace 
MUX_MODE 
MAXIMUM_PIXEL_DEPTH 

0 = 8 bits/pixel 
1 = 16 bits/pixel 
2 = 24 bits/pixel 

PARM_ TYPE 
O = VGA parameters to follow 
1 = 8514 parameters to follow 

DOT_CLOCK_SEL 
O =Use default dot clock 

C - EEPROM Map 

1 =Use user supplied dot clock (not active) 
CRTC_USAGE 

O =Use sync polarities only 
1 = Use all CRTC parms in EEPROM 

5:4 CLOCK_DIV 
3:0 CLOCK_CHIP _SEL 

VGA Parameters 

1 15:8 VIDEO_MODE_SEL_ 1 
7:0 VIDEO_MODE_SEL_2 

2 15:8 VIDEO_MODE_SEL_3 
7:0 VIDEO_MODE_SEL_ 4 

3 15:8 H_ TOTAL (CRTOO) 
7:0 V_TOTAL (CRT06) 

4 15:8 H_RETRACE_STRT 
7:0 (CRT04) 

H_RETRACE_END (CRT05) 

5 15:8 V_RETRACE_STRT 
7:0 (CRT10) 

V _RETRACE_END (CRT11) 

6 15:8 H_BLANK_STRT (CRT02) 
7:0 H_BLANK_END (CRT03) 

7 15:8 V _BLANK_STRT (CRT15) 
7:0 V _BLANK_END (CRT16) 

8 15:8 CRT _OVERFLOW (CRT07) 
7:0 MAX_SCANLINE (CRT09) 

© 1993 AT/ Technologies Inc. 
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8514 Parameters 

Reserved 
Reserved 

VFIF0_24 
VFIF0_16 

H_TOTAL 
H_DISP 

H_SYNC_STRT 
H_SYNC_WID 

V_TOTAL (15:8) 
V _TOT AL (7:0) 

V _DISP (15:8) 
V _DISP (7:0) 

V _SYNC_STRT (15:8) 
V _SYNC_STRT (7:0) 

V_SYNC_WID 
DISP _CNTL 

REG6BB000-15 
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C - EEPROM Map 

~tr<:::::~:(~:~t ... :}~:}~\:::.. ·:·:-:- .·.· :::::::::::::::~:::::::::::::::: 

:~11161§1:: '.":i'.:i:i:·:::1=11:11:;:·,:::.·::::=:: 

9 

10 

11 

12 

13 

14 

15:8 
7:0 

15 
14 

13:8 
7:0 

15:0 

15:0 

15:8 
7:0 

15:8 
7:0 

CRT Parameter Table x* 

V_DISPLAYED (CRT12) I CLOCK_SEL (15:8) 
CRT _MODE (CRT17) I CLOCK_SEL (7:0) 

PCLK/2 flag 
MUX flag 
SIZEOF_MODE_TABLE in words 
Offset to alternate table 

HORIZONTAL_OVERSCAN 

VERTICAL_OVERSCAN 

OVERSCAN_COLOR_BLUE 
OVERSCAN_COLOR_8 

OVERSCAN_COLOR_RED 
OVERSCAN_COLOR_GREEN 

*The mach32EEPROM has seven CRT parameter tables, starting at words ODh, 1Ch,2Bh, 
3Ah, 49h, 58h, and 67h. 
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CRT Parameters 

640x480 60Hz Non-interlaced 

640x480 72Hz Non-interlaced 

640x480 72Hz Non-interlaced (Alternate) 

800x600 89Hz Interlaced 

800x600 95Hz Interlaced 

800x600 56Hz Non-interlaced 

800x600 60Hz Non-interlaced 

800x600 70Hz Non-interlaced 

800x600 72Hz Non-interlaced 

800x600 76Hz Non-interlaced 

1024x768 87Hz Interlaced 

1024x768 60Hz Non-interlaced 

1024x768 66Hz Non-interlaced 

1024x768 70Hz Non-interlaced 

1024x768 72Hz Non-interlaced 

1024x768 76Hz Non-interlaced 

l 280x 1024 87Hz Interlaced 

1280xl024 95Hz Interlaced 

1280xl024 60Hz Non-interlaced 

1280xl024 70Hz Non-interlaced 

1280xl024 74Hz Non-interlaced 

© 1993 A Tl Technologies Inc. 
Proprietary and Confidential 

D-2 

D-3 

D-4 

D-5 

D-6 

D-7 

D-8 

D-9 

D-10 

D-11 

D-12 

D-13 

D-14 

D-15 

D-16 

D-17 

D-18 

D-19 

D-20 

D-21 

D-22 
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D - CRT Parameters 

640x480 60Hz Non-interlaced 

H_TOTAL = Ox63 
H_DISP = Ox4F 
H_SYNC_STRT = Ox52 
H_SYNC_ WID = Ox2C 
DISP _ CN1L = Ox23 
CLOCK_SEL = Ox50 
DOT_CLOCK = 25.125MHz 

Resolution 640 

V_TOTAL = Ox418 
V _DISP = Ox3BF 
V _SYNC_STRT = Ox3D6 
V _SYNC_ WID = Ox22 

480 

Scan Frequency 31.406KHz 59.82Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 

REG688000-15 
D-2 

(-) 

3.821us 12 chars 

0.637us 2 chars 

1.910us 6 chars 

25.473us 80 chars 

6.368us 20 chars 

(-) 

0.064ms 2 lines 

0.350ms 11 lines 

1.019ms 32 lines 

15.284ms 480 lines 

1.433ms 45 lines 
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D - CRT Parameters 

640x480 72Hz Non-interlaced 

H_TOTAL = Ox69 
H_DISP = Ox4F 
H_SYNC_STRT = Ox52 
H_SYNC_ WID = Ox25 
DISP _ CNTL = Ox23 
CLOCK_SEL = Ox24 
DOT_CLOCK = 32.00MHz 

Resolution 640 

V _TOTAL= Ox40B 
V _DISP = Ox3BF 
V _SYNC_STRT = Ox3DO 
V _SYNC_ WID = Ox23 

480 

Scan Frequency 37.736KHz 72.57Hz 

Polarity 

Sync Width 1.250us 

Front Porch 0.750us 

Back Porch 4.500us 

Active Time 20.000us 

Blank Time 6.SOOus 

@ 1993 AT/ Technologies Inc. 
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(-) 

5 chars 0.080ms 

3 chars 0.239ms 

18 chars 0.742ms 

80 chars 12.720ms 

2s·chars 1.060ms 

(-) 

3 lines 

9 lines 

28 lines 

480 lines 

40 lines 
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D - CRT Parameters 

640x480 72Hz Non-interlaced (Alternate) 

H_TOTAL = Ox70 
H_DISP = Ox4F 
H_SYNC_STRT = Ox57 
H_SYNC_ WID = Ox30 
DISP _ CN1L = Ox23 
CLOCK_SEL = Ox6C 
DOT_CLOCK = 40.00MHz 

Resolution 640 

V _TOTAL= Ox4CA 
V _DISP = Ox3BF 
V _SYNC_STRT = Ox421 
V _SYNC_ WID = Ox2C 

480 

Scan Frequency 44.148KHz 71.79Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 
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(-) 

3.207us 

1.604us 

1.804us 

16.036us 

6.61 Sus 

(-) 

16 chars 0.272ms 12 lines 

8 chars 1.133ms 50 lines 

9 chars 1.654ms 73 lines 

80 chars 10.872ms 480 lines 

33 chars 3.058ms 135 lines 
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800x600 89Hz Interlaced 

H_TOTAL = Ox84 
H_DISP = Ox63 
H_SYNC_STRT = Ox6E 
H_SYNC_ WID =Ox IO 
DISP _CNTL = Ox33 
CLOCK_SEL = Ox7C 
DOT_CLOCK = 32.50MHz 

Resolution 800 

D - CRT Parameters 

V_TOTAL = Ox580 
V _DISP = Ox4AB 
V _SYNC_STRT = Ox4C2 
V _SYNC_ WID = Ox2C 

600 

Scan Frequency 31.492KHz 89.72Hz 

Polarity 

Sync Width 0.985us 

Front Porch 0.492us 

Back Porch 5.662us 

Active Time 24.615us 

Blank Time 7.138us 
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(+) 

4 chars 0.191ms 

2 chars 0.175ms 

23 chars 1.254ms 

100 chars 9.526ms 

29.chars 1.619ms 

(-) 

12 lines 

11 lines 

79 lines 

600 lines 

102 lines 
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D - CRT Parameters 

800x600 95Hz Interlaced 

H_TOTAL = Ox84 
H_DISP = Ox63 
H_SYNC_STRT = Ox6D 
H_SYNC_WID = OxlO 
DISP _CN1L = Ox33 
CLOCK_SEL = OxC 
DOT_CLOCK = 36.00MHz 

Resolution 800 

V _TOTAL= Ox580 
V _DISP = Ox4AB 
V _SYNC_STRT = Ox4C2 
V _SYNC_ WID = OxC 

600 

Scan Frequency 33.835KHz 96.39Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 
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(+) 

3.556us 

2.222us 

1.556us 

22.222us 

7.333us 

(+) 

16 chars 0.177ms 12 lines 

1 O chars 0.163ms 11 lines 

7 chars 1.167ms 79 lines 

100 chars 8.867ms 600 lines 

33 chars 1.507ms 102 lines 
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D - CRT Parameters 

800x600 56Hz Non-interlaced 

H_TOTAL = Ox7F 
H_DISP = Ox63 
H_SYNC_STRT = Ox66 
H_SYNC_ WID = Ox9 
DISP _ CN1L = Ox23 
CLOCK_SEL = OxC 
DOT_CLOCK = 36.00MHz 

Resolution 800 

V _TOTAL= Ox4EO 
V _DISP = Ox4AB 
V _SYNC_STRT = Ox4BO 
V _SYNC_ WID = Ox2 

600 

Scan Frequency 35.156KHz 56.25Hz 

Polarity 

Sync Width 2.000us 

Front Porch 0.667us 

Back Porch 3.556us 

Active Time 22.222us 

Blank Time 6.222us 
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(+) 

9 chars 0.057ms 

3 chars 0.028ms 

16 chars 0.626ms 

100 chars 17.067ms 

28 chars 0.711ms 

(+) 

21ines 

1 lines 

22 lines 

600 lines 

25 lines 

REG688000-15 
D-7 



D - CRT Parameters 

800x600 60Hz Non-interlaced 

H_TOTAL=Ox83 
H_DISP = Ox63 
H_SYNC_STRT = Ox68 
H_SYNC_WID=OxlO 
DISP _CN1L = Ox23 
CLOCK_SEL = Ox30 
DOT_CLOCK = 40.00MHz 

Resolution 800 

V _TOT AL = Ox4E3 
V _DISP = Ox4AB 
V _SYNC_STRT = Ox4B3 
V _SYNC_ WID = Ox4 

600 

Scan Frequency 37.879KHz 60.32Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 
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(+) 

3.200us 16 chars 

1.000us 5 chars 

2.200us 11 chars 

20.000us 100 chars 

6.400us 32 chars 

(+) 

0.106ms 4 lines 

0.026ms 1 lines 

0.607ms 23 lines 

15.840ms 600 lines 

0.739ms 28 lines 
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800x600 70Hz Non-interlaced 

H_TOTAL = Ox7d 
H_SYNC_STRT = Ox64 
V _TOTAL= Ox4f3 
V _SYNC_STRT = Ox4c0 
DISP _ CN1L = Ox23 
DOT_ CLOCK= 44.90MHz 

Resolution 800 

H_DISP = Ox63 
H_SYNC_ WID = Oxl2 
V _DISP = Ox4ab 
V _SYNC_ WID = Ox2c 
CLOCK_SEL = Ox I c 

Scan Frequency 44.544KHz 

Polarity (+) 

Sync Width 3.207us 18 chars 0.269ms 

Front Porch 0.535us 3 chars 0.202ms 

Back Porch 0.891us 5 chars 0.337ms 

D - CRT Parameters 

600 

70.04Hz 

(+) 

12 lines 

9 lines 

15 lines 

Active Time 17.817us 100 chars 13.470ms 600 lines 

Blank Time 4.633us 
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D - CRT Parameters 

800x600 72Hz Non-interlaced 

H_TOTAL = Ox82 
H_DISP = Ox63 
H_SYNC_STRT = Ox6A 
H_SYNC_ WID = OxF 
DISP _ CNTL = Ox23 
CLOCK_SEL = OxlO 
DOT_CLOCK = 50.35MHz 

Resolution 800 

V_TOTAL= Ox531 
V _DISP = Ox4AB 
V _SYNC_STRT = Ox4F8 
V _SYNC_ WID = Ox6 

600 

Scan Frequency 48.044KHz 72.14Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 
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(+) 

2.383us 

1.112us 

1.430us 

15.889us 

4.926us 

(+) 

15 chars 0.125ms 6 lines 

7 chars 0.770ms 37 lines 

9 chars 0.479ms 23 lines 

100 chars 12.489ms 600 lines 

31 chars 1.374ms 66 lines 
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800x600 76Hz Non-interlaced 

H_TOTAL = Ox86 
H_SYNC_STRT = Ox6D 
V _TOTAL= Ox565 
V _SYNC_STRT = Ox4FA 
DISP _CNTL = Ox23 
DOT_CLOCK = 56.64MHz 

Resolution 800 

H_DISP = Ox63 
H_SYNC_ WID = Ox28 
V _DISP = Ox4AB 
V _SYNC_ WID = Ox24 
CLOCK_SEL = Ox 14 

Scan Frequency 52.444KHz 

Polarity (-) 

Sync Width 1.130us 8 chars 0.076ms 

Front Porch 1.412us 10 chars 0.744ms 

Back Porch 2.401 us 17 chars 0.896ms 

D - CRT Parameters 

600 

76.01Hz 

(-) 

41ines 

39 lines 

47 lines 

Active Time 14.124us 100 chars 11.441 ms 600 lines 

Blank Time 4.944us 
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Proprietary and Confidential 

35 chars 1.716ms 90 lines 
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D - CRT Parameters 

1024x768 87Hz Interlaced 

H_ TOT AL = Ox9D 
H_DISP = Ox7F 
H_SYNC_STRT = Ox81 
H_SYNC_WID=Ox16 
DISP _ CNTL = Ox33 
CLOCK_SEL = Ox 1 C 
DOT_CLOCK = 44.90MHz 

Resolution 1024 

V _TOT AL = Ox668 
V _DISP = Ox5FF 
V _SYNC_STRT = Ox600 
V _SYNC_ WID = Ox8 

768 

Scan Frequency 35.522KHz 86.64Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 

REG688000-15 
D-12 

(+) 

3.742us 

0.535us 

1.069us 

22.806us 

5.345us 

(+) 

21 chars 0.113ms 4 lines 

3 chars 0.028ms 1 lines 

6 chars 0.563ms 20 lines 

128 chars 10.838ms 385 lines 

30 chars 0.704ms 25 lines 
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1024x768 60Hz Non-interlaced 

H_TOTAL = OxA7 
H_DISP = Ox7F 
H_SYNC_STRT = Ox82 
H_SYNC_ WID = Ox31 
DISP _ CN1L = Ox23 
CLOCK_SEL = Ox3C 
DOT_CLOCK = 65.00MHz 

Resolution 1024 

V _TOTAL= Ox649 
V _DISP = Ox5FF 
V _SYNC_STRT = Ox602 
V _SYNC_ WID = Ox26 

D - CRT Parameters 

768 

Scan Frequency 48.363KHz 60.00Hz 

Polarity 

Sync Width 2.092us 

Front Porch 0.369us 

Back Porch 2.462us 

Active Time 15.754us 

Blank Time 4.923us 

© 1993 AT/ Technologies Inc. 
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(+) 

17 chars 0.124ms 

3 chars 0.062ms 

20 chars 0.600ms 

128 chars 15.880ms 

40 chars 0.786ms 

(+) 

6 lines 

31ines 

29 lines 

768 lines 

38 lines 
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D - CRT Parameters 

1024x768 66Hz Non-interlaced 

H_TOTAL = OxAD 
H_DISP = Ox7F 
H_SYNC_STRT = Ox85 
H_SYNC_WID=Ox16 
DISP _ CN1L = Ox23 
CLOCK_SEL = Ox38 
DOT_CLOCK = 75.00MHz 

Resolution 1024 

V _TOTAL= Ox65B 
V _DISP = Ox5FF 
V _SYNC_STRT = Ox60B 
V _SYNC_ WID = Ox4 

768 

Scan Frequency 53.879KHz 66.03Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 

REG688000-15 
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(+) 

2.347us 22 chars 

0.640us 6 chars 

1.920us 18 chars 

13.653us 128 chars 

4.907us 46 chars 

(+) 

0.074ms 4 lines 

0.148ms 8 lines 

0.668ms 36 lines 

14.254ms 768 lines 

0.891ms 48 lines 
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1024x768 70Hz Non-interlaced 

H_TOTAL = OxA5 
H_DISP = Ox7F 
H_SYNC_STRT = Ox83 
H_SYNC_ WID = Ox31 
CLOCK_SEL = Ox38 
DOT_CLOCK = 75.00MHz 

Resolution 1024 

V_TOTAL=Ox649 
V _DISP = Ox5FF 
V _SYNC_STRT = Ox602 
V _SYNC_ WID = Ox26 

D - CRT Parameters 

768 

Scan Frequency 56.476KHz 70.07Hz 

Polarity 

Sync Width 1.813us 

Front Porch 0.320us 

Back Porch 1.920us 

Active Time 13.653us 

Blank Time 4.053us 

© 1993 AT/ Technologies Inc. 
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(-) 

17 chars 0.106ms 

3 chars 0.053ms 

18 chars 0.513ms 

128 chars 13.599ms 

38 chars 0.673ms 

(-) 

6 lines 

3 lines 

29 lines 

768 lines 

38 lines 
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D - CRT Parameters 

1024x768 72Hz Non-interlaced 

H_TOTAL = OxAO 
H_DISP = Ox7F 
H_SYNC_STRT = Ox82 
H_SYNC_ WID = Ox31 
DISP _ CN1L = Ox23 
CLOCK_SEL = Ox38 
DOT_CLOCK = 75.00MHz 

Resolution 1024 

V _TOTAL= Ox649 
V _DISP = Ox5FF 
V _SYNC_STRT = Ox602 
V _SYNC_ WID = Ox26 

768 

Scan Frequency 58.230KHz 72.245Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 

REG688000-15 
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(-) 

1.813us 

0.320us 

1.387us 

13.653us 

3.520us 

(-) 

17 chars 0.103ms 6 lines 

3 chars 0.052ms 3 lines 

13 chars 0.498ms 29 lines 

128 chars 13.189ms 768 lines 

33 chars 0.653ms 38 lines 
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D - CRT Parameters 

1024x768 76Hz Non-interlaced 

H_TOTAL = OxA2 
H_DISP = Ox7F 
H_SYNC_STRT = Ox87 
H_SYNC_ WID = OxB 
DISP _CN1L = Ox23 
CLOCK_SEL = Ox2C 
DOT_CLOCK = 80.00MHz 

Resolution 1024 

V_TOTAL=Ox64A 
V _DISP = Ox5FF 
V _SYNC_STRT = Ox60B 
V _SYNC_ WID = Ox4 

768 

Scan Frequency 61.350KHz 76.02Hz 

Polarity 

Sync Width 1.100us 

Front Porch 0.800us 

Back Porch 1.600us 

Active T:;ne 12.BOOus 

Blank Time 3.SOOus 
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(+) 

11 chars 0.065ms 

8 chars 0.130ms 

16 chars 0.440ms 

128 chars 12.518ms 

35chars 0.636ms 

(+) 

41ines 

8 lines 

27 lines 

768 lines 

39 lines 
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D - CRT Parameters 

1280x1024 87Hz Interlaced 

H_TOTAL = OxC7 
H_DISP = Ox9F 
H_SYNC_STRT = OxA9 
H_SYNC_ WID = OxA 
DISP _CN1L = Ox33 
CLOCK_SEL = Ox2C 
DOT_CLOCK = 80.00MHz 

Resolution 1280 

V _TOTAL= Ox8F8 
V _DISP = Ox7FF 
V _SYNC_STRT = Ox861 
V _SYNC_ WID = OxA 

1024 

Scan Frequency 50.000KHz 87.03Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 

REG688000-15 
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(+) 

1.000us 

1.000us 

2.000us 

16.00us 

4.000us 

(+) 

10 chars 0.100ms 10 lines 

10 chars 0.500ms 50 lines 

20 chars 0.650ms 65 lines 

160 chars 10.240ms 1024 lines 

40 chars 1.250ms 1251ines 
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1280x1024 95Hz Interlaced 

H_TOTAL = OxC7 
H_DISP = Ox9F 
H_SYNC_STRT = OxA9 
H_SYNC_ WID = OxA 
DISP _CN1L = Ox33 
CLOCK_SEL = Ox2C 
DOT_CLOCK = 80.00MHz 

Resolution 1280 

V_TOTAL = Ox838 
V _DISP = Ox7FF 
V _SYNC_STRT = Ox811 
V _SYNC_ WID = OxA 

D - CRT Parameters 

1024 

Scan Frequency 50.000KHz 94.97Hz 

Polarity 

Sync Width 1.000us 

Front Porch 1.000us 

Back Porch 2.000us 

Active Time 16.00us 

Blank Time 4.000us 

© 1993 A Tl Technologies Inc. 
Proprietary and Confidential 

(+) 

10 chars 0.100ms 

10 chars 0.100ms 

20 chars 0.090ms 

160 chars 10.240ms 

40 chars 0.290ms 

(+) 

10 lines 

10 lines 

9 lines 

1024 lines 

29 lines 
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D - CRT Parameters 

1280x1024 60Hz Non-interlaced 

H_ TOT AL= OxD6 
H_DISP = Ox9F 
H_SYNC_STRT = OxA9 
H_SYNC_ WID = Ox2E 
DISP _ CN1L = Ox23 
CLOCK_SEL = Ox28 
DOT_CLOCK = 110.00MHz 

Resolution 1280 

V _TOTAL= Ox852 
V _DISP = Ox7FF 
V _SYNC_STRT = Ox800 
V _SYNC_ WID = Ox25 

1024 

Scan Frequency 63.953KHz 59.94Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 

REG688000-15 
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(-) 

1.01 Sus 14 chars 

0.727us 10 chars 

2.255us 31 chars 

11.636us 160 chars 

4.000us 55 chars 

(-) 

0.078ms 5 lines 

0.016ms 1 lines 

0.579ms 37 lines 

16.012ms 1024 lines 

0.672ms 43 lines 
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1280x1024 70Hz Non-interlaced 

H_ TOT AL = OxD2 
H_DISP = Ox9F 
H_SYNC_S1RT = OxA9 
H_SYNC_ WID = Ox.E 
DISP _ CN1L = Ox23 
CLOCK_SEL = Ox4 
DOT_CLOCK = 126.00MHz 

Resolution 1280 

V _TOTAL= Ox851 
V _DISP = Ox7FF 
V _SYNC_S1RT = Ox800 
V _SYNC_ WID = Ox5 

D - CRT Parameters 

1024 

Scan Frequency 74.645KHz 70.02Hz 

Polarity 

Sync Width 0.889us 

Front Porch 0.635us 

Back Porch 1.714us 

Active Time 10.159us 

Blank Time 3.238us 

@ 1993ATI Technologies Inc. 
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(+) 

14 chars 0.067ms 

10 chars 0.013ms 

27 chars 0.482ms 

160 chars 13.718ms 

51 chars 0.563ms 

(+) 

5 lines 

1 lines 

36 lines 

1024 lines 

42 lines 
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D - CRT Parameters 

1280x1024 74Hz Non-interlaced 

H_TOTAL = OxCF 
H_DISP = Ox9F 
H_SYNC_STRT = OxAE 
H_SYNC_ WID = Ox 11 
DISP _ CNTL = Ox23 
CLOCK_SEL = Ox20 
DOT_CLOCK = 135.00MHz 

Resolution 1280 

V _TOTAL= Ox85 l 
V _DISP = Ox7FF 
V_SYNC_STRT= Ox818 
V _SYNC_ WID =Ox 10 

1024 

Scan Frequency 78.855KHz 74.11Hz 

Polarity 

Sync Width 

Front Porch 

Back Porch 

Active Time 

Blank Time 

REG6BB000-15 
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(+) 

1.067us 

0.237us 

1.896us 

9.481us 

3.200us · 

(+) 

18 chars 0.380ms 30 lines 

4 chars O.OOOms O lines 

32 chars 0.127ms 10 lines 

160 chars 12.986ms 1024 lines 

54 chars 0.507ms 40 lines 
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II 
Pixel Clock Specifications 

18811-0 Clock Chip Pixel Clocks (MHz) 

Select 
(MHz) 

Select 
(MHz) 

30.24 32.00 110.00 80.00 39.91 44.90 75.00 65.00 

18811-1 Clock Chip Pixel Clocks (MHz) 

Select 
(MHz) 

Select 
(MHz) 

135.00 32.00 110.00 80.00 

© 1993 AT/ Technologies Inc. 
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39.91 44.90 75.00 65.00 
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E - Pixel Clock Specifications 

This page intentionally left blank. 
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RAMDAC Programming 

mach32 graphics accelerators support different RAMDACs for various display resolution 
and color depth requirements. The RAMDAC type is readable in register 
CONFIG_STATUS_l[l 1:9] (12EE-R). All RAMDACs listed below and their compatibles 
will provide the performance as indicated: 

ATl68830 

IMS-G173 
MU9C4870 
SC11483 
SC11486 
SC11488 

ATl68875 
Bt885 

TLC34075 

Bt476 
Bt478 

INMOS176 
INMOS178 

0 

2 

3 

© 1993 A Tl Technologies Inc. 
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8-bit Bbpp 640x480 

8-bit 

24-/32-bit 

8-bit 

800x600 
1024x768 

16bpp 640x480 

Bbpp 

16bpp 

Bbpp 

800x600 
1024x768 

640x480 
800x600 
1024x768 

640x480 
800x600 

640x480 
800x600 
1024x768 
1280x1024 

16bpp 640x480 
800x600 
1024x768 

24bpp 640x480 

Bbpp 

800x600 

640x480 
800x600 
1024x768 

REG688000-15 
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F-RAMDAC Programming 

AT&T20C490 4 8-bit Bbpp 640x480 
AT&T20C491 

Bt481 
Bt482 

IMS-G174 
MU9C1880 
MU9C4910 
SC15025 
SC15026 

ATl68860 5 24/32/64-bit 

RAMDAC DESCRIPTIONS 

Type 0 RAMDAC - AT/68830 

aooxsoo 
1024x768 

16bpp 640x480 
aooxsoo 

24bpp 640x480 

Bbpp 640x480 
SO Ox GOO 
1024x768 
1280x1024 

16bpp 640x480 
800x600 
1024x768 
1280x1024 

24bpp 640x480 
BO Ox GOO 

1024x768 
1280x1024 

This DAC type is rated at 80MHz with a maximum pixel width of 16bpp (555, 565, 655, 
and 664) for screen resolutions up to 1024x768 and 4bpp/8bpp up to 1280xl024 interlaced. 
No special programming is required for initializing the DAC to a specific video mode. 
Sample source code is provided on page F-7. In general, the procedure for programming a 
video mode is as follows: 

1. Set up the CRT controller by programming it directly or by using one of the shadow 
register sets configured at ADVFUNC_CNTL[2] (4AE8). 

2. Set EXT_GE_CONFIG[5:4] (7 AEE) to the desired pixel width. 

3. Set mode-specific values for pixel delay MISC_CNTL[ 11: 10] (7EEE-W). 

REG688000-15 
F-2 
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F - RAMDAC Programming 

Type 1 RAMDAC- IMS-G173/SC11486 

This DAC type is rated at 80MHz with a maximum pixel width of 8bpp for screen resolutions 
up to 1024x768 and l 6bpp up to 800x600. A sample source code is provided on page F-7. 
In general, the procedure for programming a video mode is as follows: 

1. Set up the CRT controller by programming it directly or by using one of the shadow 
register sets configured at ADVFUNC_CNTL[2] (4AE8). 

2. Select a clock rate from CLOCK_SEL[6] (4AEE). 

3. Set the high DAC address bits RS(3:2) on EXT_GE_CONFIG[ 13: 12] (7 AEE-W). 

4. Program the Command register of the RAMDAC to the desired mode. 

5. Reset EXT_GE_CONFIG[5:4] to the desired pixel width. 

6. ResetPASSTHRU. 

Type 2 RAMDAC - AT/68875/TLC34075 

The A TI68875{fLC34075 DAC type is a high perfonnance palette DAC with a pixel clock 
rating of 135MHz. These DACs are 100% compatible with industry standard triple-6 
RAMDACs. They also feature triple-8 support, wide pixel data path, and a variety of 
multiplexing options - support for four pixel arrangements in 24bpp mode (RGB, BGR, 
RGBa, and aBGR) as well as four weightings in l 6bpp mode (555, 565, 655, and 664). The 
24bpp mode supports up to a screen resolution of 800x600; the 16bpp mode supports up to 
1024x768, and 4bpp/8bpp modes support up to 1280x1024. Select pins RS(3:0) are used to 
select RAMDAC registers as follows: 

~j1.llli11)jjjjjjjjjlill1111111jjjjjjjjjjj1111111ljjjjjjjjjjjjjjjj~jjjjjjjjjjjj1jjjjjjjjjjjjjjjjjjjjjjjjjjjl111111111111~111111111l11111l11111l1111111l1l1111l1jjjjjjjjjjjjjjjj)jl1111l111l11111111111111l1l11111111)\ 
Oh Palette address register - write mode 
lh Color palette holding register 
2h Pixel read mask 
3h Palette address register - read mode 
4:7h Reserved 
8h General control register 
9h Input clock selection register 
Ah Output clock selection register 
Bh Mux control register 
Ch Palette page register 
Dh Reserved 
Eh Test register 
Fh Reset state 

Registers 0, 1, 2, and 3 are mapped to ports 2EC, 2ED, 2EA, and 2EB respectively. The other 
registers are accessed by mapping the two high address bits RS(3 :2) to 

© 1993 AT/ Technologies Inc. 
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F-RAMDACProgrammmg 

EXT_GE_CONFIG[l3:12] (7AEE), setting the register code for RS(3:2), and writing the 
values to ports 2EC, 2ED, 2EA, and 2EB. The procedure to initialize this DAC to a given 
mode is as follows: 

1. Set up the CRT controller by programming it directly or by using one of the shadow 
register sets configured at ADVFUNC_CNTL[2] (4AE8). 

2. Ensure that the DAC is receiving clean pixel clocks by disabling VGA passthrough 
mode and selecting a sufficiently low clock rate from CLOCK_SEL (4AEE). 

3. Configure the high DAC address RS(3:2) by setting EXT_GE_CONFIG[l3:12] 
(7AEE) and ensure that EXT_GE_CONFIG[5:4] is set to 8bpp pixel width. 

4. Program the following RAMDAC registers: INPUT_CLK_SEL, 
OUTPUT_CLK_SEL, and MUX_CNTL. 

5. If the mode requires a 32 bit data path (e.g., in 16bpp and 24bpp modes) ensure that 
CLOCK_SEL[5:2] (4AEE) is set for clock-divide-by-I; and the DAC is set for 
VCLK/2. 

6. Reset EXT_GE_CONFIG[5:4] (7 AEE) to the desired pixel width and configure 
EXT_GE_CONFIG[8] for multiplex pixels accordingly. All modes with a pixel 
clock above 80MHz should have multiplex set to Mux mode. 

7. Configure EXT_GE_CONFIG[ 14] appropriately. It is enabled for all 16bpp and 
24bpp modes; but disabled for all other modes. 

8. Set DAC_MASK to OxOF for 4bpp modes, OxFF for 8bpp modes, and zero for all 
other pixel widths. 

Type 3 RAMDAC - INMOS176/INMOS178 

No initialization is required for Type 3 VGA-compatible DACs. 

REG688000-15 
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F- RAMDAC Programming 

Type 4 RAMDAC - Bt481/Bt482 

The Bt48 l/Bt482 are rated at 80MHz. and are capable of supporting a maximum pixel width 
of 24bpp (ROB only) at a 640x480 screen resolution; 16bpp (555 and 565 only) up to 
800x600, and 4bpp/8bpp up to 1280xl024 interlaced. The DAC registers are as follows: 

111!111l111l1l1111111EJl1111111111l11111l1111111l1l1~111ll11l1l1jjjjjjjjl111j1lllllllll1!111!1ll!ll1llllll111l~~11111!~1ll11111l111111~111111l1l1l1l111l1ll1l1111ll~11l111ll11ll!l!llll1llllll1ll1ll1111llllll11l1l~~ 
Oh Palette address register- RAM write mode 
lh Color palette holding register 
2h Pixel read mask 
3h Palette address register - RAM read mode 
4h Palette address register - overlay write mcxle 
5h Overlay register 
6h Mode Control register 
7h Palette address register - overlay read mcxle 

The procedure to initialize this DAC to a given mode is as follows: 

1. Set up the CRT controller by programming it directly or by using one of the shadow 
register sets configured at ADVFUNC_CNTL[2] (4AE8). 

2. Ensure that the DAC is receiving clean pixel clocks by disabling VGA passthrough 
mcxle and selecting a sufficiently low clock rate from CLOCK_SEL ( 4AEE). 

3. Configure the high DAC address bits RS(3:2) by setting EXT_GE_CONFIG[ 13: 12] 
(7AEE) and ensure that EXT_GE_CONFIG[5:4] is set to 8bpp pixel width. 

4. Program the MODE_ CONTROL register (6h) on the DAC. It should be enabled for 
16bpp and 24bpp mcxles. Note that "8-bit Enable" is not configured in 
EXT_GE_CONFIG[ 14]. 

5. Program mode-specific values for PIXEL_DELA Y and HORIZONT AL_SKEW. 

6. Reset EXT_GE_CONFIG[5:4] (7 AEE) to the desired pixel width remembering to re­
set the high DAC address bits RS(3:2). 

7. Set DAC_MASK to Ox OF for 4bpp modes, O:xFF for 8bpp modes. and zero for all 
other pixel widths. 

© 1993 AT/ Technologies Inc. 
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F - RAMDAC Programming 

Type 5 RAMDAC-AT/68860 

This RAMDAC type is supported by the A TI68800AX or higher mach32 controllers only. 
The ATI68860 is a high petfonnance palette DAC that can operate at 135MHz and support 
display modes up to 1280x1024 at 24bpp. It supports different multiplexed modes in 16bpp, 
24bpp and 32bpp configurations. This DAC is downward compatible with the IMS-G 176 
and IMS-G 178. See sample code segments on page F-7 for details. The procedure to initialize 
this DAC to a given mode is as follows: 

1. Set EXT_GE_CONFIG[13:12] to configure the high DAC address RS(3:2). 

2. Program the CLOCK_SELECT. 

3. Program the Graphic Mode Control register GMR[ 6:0] to set a graphics mode. 

4. Reset EXT_GE_CONFIG[5:4] to the desired pixel width. 

5. Reset PASSTHRU. 

REG688000-15 
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F-RAMDACProgrammmg 

Sample Code Segments 

j ============================================================ 
; INI'l'mC.A.9' - Ccpyright (c) l.992 ATI Tecbrr:>l.og.l.es IDc. All rights reserved 

; Utility 68800 D1IC functions. 

; Carpi~: 

masm /Ml /D<:merrm:y ncdel> initac.asm; 

<naro:r:y nodel.> = :mem_s for SQLL ncdel, 

:mem_M for MBDitM nodel., 

:mem_L for IAIGB ncdel 

i =========================================================================== 

i:nclude at18514 .i:nc 

IFDEF :mem_s 

PARM 

EI.SE 

PARM 

BNDJF 

IFD.BF :mem_S 

.M'Jl:EL SMALL, C 

EI.SEIFDEl1' :mem_M 

.M'Jl:EL MEDIUM, C 

EI.SE 

.M'Jl:EL IARGB, C 

BNDJF 

.DATA 

.com 

.286 

A!l'I68830_D1'C equ 

AT1'20C491_t:IAC equ 

TI_D1'C equ 

BR:lCRT.REB_D11C equ 

BT48l_D11C equ 

ATI_68860 equ 

ATl'_!l:DB_CNl'L equ 

INPt71'_~_SEC equ 

4 ; passed paraneters start at l:p+4 for small nodel. 

6 ; passed paraneters start at l:p+6 for other nodel.s 

0 

2 

4 

6 

8 

5*2 

D11C_Ml!SK 

1 

1 MacJ:0 for I c:alJ. I ncdel bandJ 1 rg 
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F - RAMDAC Programming 

NEAR P1'R :toutine 

call FAR Pl'R rou.titie 

; INI'l'_DrtC - Sets up R1'MIW:! on 68800 for specified coilfiguration. 

; This is a main :toutine to be invoked to initialize a RAMD1oC. 

; For exanple, if yoo. want to set RAMDi'\C to 8 bit m:Xle, call 

init_dac ( 1 ) ; 

; :I?puts al = ~ configuration 

bits 1:0 - Pixel width 

0 = 4~ 
1=8~ 

2 = 16 l::pp 

3 = 24 l::pp 

bits 3:2 - 16 bit color m:Xle 

0 = 555 

1 = 565 

2 = 655 

3 = 664 

bit 4 - !tl1X bit for nan-interlaced 1280 m:Xle on ti dac 

0 = DO llUX m:x3e 

; outpUts: mne 

1 = turn on llllX node 

bit 5 - 24 bit color ooilfig 

O = 3 bytes per pixel 

1 = 4 bytes per pixel 

bit 6 - 24 bit color order 

0 = RGB 

1 = BGR 

bit 7 - D1tC reset 

0 = use bits 6: O to config (DO reset) 

1 = igoore bits 6: O aIJd reset D1tC 

public init_dac 

IFDBF mern_s 
init_dac p:roc near 

BIBB 

init_dac p:roc far 

ENDIF 

; save used registers 

push 

push 

REG688000-15 
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F-RAMDACProgrammmg 

JX>_reset: 

JX>_:mJX_l: 

check_8l:pp: 

push dx 

; check for reset bit 

test al, 80h 

j z JX>_reset 

; :reset dac aIXi leave 

Mcall 'l.UliDit_ti_dac 

ax, Ofh 

l'IDV' dx, VGl\_mcJfASK 

out dx, al 

jnp init_dac_erxl 

; use bits 6:0 to initialize dac 

aIXi al, 7fh zero bit 7 

xor 

cl, al 

cl, 3 

bh, bh 

bl, al 

shl bx, 4 

save i.Dput in cl 

zero upper six bits 

l'IDV' dx, R_EXT_GB_~G ; p:r:e8e%Ve nonitor alias 

in ax, dx 

or 

or 

ax, OOOeh 

ax, OOOSh 

ax, bx 

; zero all l:ut nonitor alias 

; enable rrcilitor alias bit 

; map ix:put bits an ax 

; call dac initialization rcutiDe depeDdiDg on oolor depth 

arp cl, 0 ; check for 4 ~ 

j:oe check_8l:pp 

push ax 

aIXi ah, Ofeh zero nux bit 

Mcall init_ti_8 

pop ax 

test ah, 1 ; check if nux bit is set 

jz JX>_~l 

Mcall init_ti_:m.rx 

jnp init_dac_erxl 

arp cl, 1 ; check for 8 ~ 

j:oe check_lQ:g;> 

push ax 

aIXi ah, Ofeh ; zero nux bit 

Mcall init_ti_8 

pop ax 

test ah, l ; check if nux bit is set 
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F - RAMDAC Programming 

j Z IIO_m1X_2 

Mcall init_ti_m.ix 

IIO_IIUX_2: 

jnp init_dac_eod 

check_lQ:g;>: 

ar.d ah, Ofeh 

arp cl, 2 

jne checlL241::.g> 

Mcall init_ti_l6 

jnp init_dac_eod 

check_241::.g>: 

arp cl, 3 

jne init_dac_eod 

Mcall init_ti_24 

init_dac_eod: 

; restore saved registers 

pep dx 

pep ex 

pep bx 

ret 

init_dac e:OOp 

; PASSI'H_8514 - Disable VGrl. passthrough 

; IDputs : :o::>De 

; OUtpits: :o::>De 

public passth_8514 

D'DBF :man_s 
passth_8514 proc near 

BI.SE 

passth_8514 proc far 

ENDIF 

; save :registers used 

push ax 

push dx 

; disable vm. passthrough 

REG688000-15 
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in ax, dx 

or ax, 1 

out dx, ax 

; restore registers used 

pop dx 

pop ax 

ret 

passth_BS14 en:3p 

; Ir.puts : :cone 

; outputs: :cone 

public passth_vga 

IPDBF mem_s 
passth_vga p:roc: Dear 

ELSE 

passth_vga p:roc: far 

ENDIF 

; save :registers used 

push ax 

push dx 

; disable ~ passthroogh 

m::N dx, cux::!LSBLB:T 

in ax, dx 

airl ax, Offfeh 

out dx, ax 

; restore registers used 

pop dx 

pop ax 

ret 

© 1993 A Tl Technologies Inc. 
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F - RAMDAC Programming 

; SBl'_BIANlt)\00' - Sets the bl.alllt adjust and pixel delay values 

; II:puts : al = blank adjust and pixel delay 

; outplts: :ixme 

public setJ>].ank_adj 

lFDBF :meDLS 

set_blailk_adj p:coc near 

BISE 

setJ:>laDk_adj p:coc far 

BNDIF 

; save registers used 

push dx 

; set blarJk adjust 

ncv ah, al 

ncv dx, R_RCM_~l 

in al, dx 

and al, Of Oh 

or al, ab 

ncv dx, RCM_EEPRJ(_CN.I'L+l 

out dx, al 

; restore registers used 

pq;> dx 

ret 

set....PlaDk_adj eirlp 

INIT_'l'I_S - Initialize me for sta?ldard a bit per pixel rrcde 

; II:puts : ax = default En'_GE_CXN1'IG 

; Ou.tpits : :rx>IJe 

( sboold be OAb for 4l::g;>, 

1Ah for St:g;>) 

public init_ti_S 

lFDBF :meDLS 

init_t1_8 p:coc near 

BISE 

init_t1_8 p:coc far 

BNDIF 

; save used registers 

REG688000-15 
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push bx 

push ex 

push dx 

; place iI:put value in ex 

m:w ex, ax 

; set PIXBIJJB[AY to 3 

m:w bh, Och 

m:w dx, CCNFIG_Sl'ATUS_l 

in ax, dx 

aIXi ah, Oeh 

arp ah, ATJ:6SS3o_mc 

j:ne t18_3 

m:w bh, 04b 

ti8_3: 

push ax 

m:w al, bh 

Mcall set_blank_adj 

pep ax 

t18_4: 

arp ah, AT.1'20C491_D1C 

je t18_2 

arp ah, B'l'48l_D1C 

j:ne ti8_1 

t18_2: 

; Set EXT_DlC_AIDR 

m:w dx, EXT_GB_OCN?IG 

m:w ax, lOlah 

out dx, ax 

m:w dx, AT.I'_HDE_CN!'L 

m:w al, 0 

out dx, al 

t18_1: 

m:w dx, CCNFIG_Sl'ATUS_l 

in ax, dx 

aIXi ah, Oeh 

arp ah, TI_:CW:: 

j:ne tiS_end. 

; Set EXT_DlC__.AIER field 

m:w dx, EXT_GB_OCN?IG 

m:w ax, 201ah 

out dx, ax 

; ir.put clock source is CI.RO 

m:w dx, INPt7l'_CI.R_sm. 

m:w al, 0 

out dx, al 
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F - RAMDAC Programming 

; output clock is St:llf./ 1 aild VCIK disabled 

DDV dx, <X7l'PUT_CLK_SBL 

DDV' al, 30h 

out dx, al 

; set MUX control to 8/16 

:m::w dx, MUX_CNl'L 

DDV' al, 2db 

out dx, al 

ti8_eild: 

; reset Bn'...J»IC_AIDR, put D1IC in 6 bit node 

DDV dx, EXT_GB_c:aF.IG 

DDV ax, ex 

out dx, ax 

; enable mc_!m.SK 
DDV' dx, D11C_!mSK 

DDV' al, Offh 

out dx, al 

; restore saved registers 

pep dx 

pep ex 

pep bx 

ret 

init_ti_B endp 

; IDputs : ex = value to program ~_GB_CCNFJ:G 

; outputs: ax = value to program Graphics Mode Control register 

Applicable to AT:C68860 only 

IFDEF mem_s 
fiild_Gm_da.ta p:coc near 

EISB 

fiild_CHt_da.ta p:coc far 

BNDll' 

xor 

atp 

jIIZ 

DDV' 

@@: atp 

jIIZ 

DDV' 
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ax, ax 

cx,2ah 

@F 

ax,20h 

cx,6ah 

@F 

ax,2lh 

;16l:::g> 555 

;16l:::g> 565 
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@@: alp c.x,Oaah ;16t:pp 655 

jm @F 

DOV' ax,22h 

@@: alp ex, Oeah ;16t:pp 664 

jm @F 

DOV' ax,23h 

@@: alp cx,3ah ; 24J:::g> RGB 

jm @F 

DOV' ax,40h 

@@: alp cx,43ah ; 24J:::g> BGR 

jm @F 

DOV' ax,4lh 

@@: alp cx,23ah ; 24J:::g> RGBa 

jm @F 

:m:w ax,60h 

@@: alp ex, 63ah 

jm @F 

:m:w ax,6lh 

@@: ret 

IFDEF mem_S 

i.Di.t_68860 p:roc near 

BISE 

i.Di.t_68860 proc far 

ENDIF 

:m:w dx, EXT_GB_CCNFIG 

m::w ax,201ah 

out dx,ax 

:m:w dx,OO'l'Pt7.l'_CIB:_SEL 

:m:w ax,O 

out dx,ax 

call find_<m\..._da.ta 

DOV' dx, EXT_GB_CCNFIG+1 

:m:w a.l,30h 

out dx,al 

:m:w dx,2ech 

out dx,al 

DOV' dx, EXT_GB_CCNFIG 

m::w ax, ex 

out dx,ax 

ret 

i.Di.t_68860 ezXlp 

IFDEF mem_s 

i.Di.t_34075 proc near 

BISE 
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F - RAMDAC Programming 

iul.t_34075 proc far 

BR>IP 

; set BIANK.Jt,nJ'tm'::l, PIXBk_DELAY=O 

push ax 

m::w al, 1 

Mcall set_.Plank_adj 

pep ax 

; Set EXT_DlC_AIDR field 

m::w dx, ~_GB_cx:H"IG 

m::w ax, 201ah 

out dx, ax 

; il:put clock sow::ce is CUO 

m:w dx, INPUr_cm_sm.. 
m::w al, INPUr_cm_~ 

out dx, al 

; outl"lt clock source is ~/1 aDi VCI..K/1 

- for rrcdes which require PCLK/2, set VCI..K/2 

m::w dx, cu:x.:::K_SEIB:T 

in ax, dx 

test ax, OcOh 

jz ti16_2 

aDi ax, Off3fh 

out dx, ax 

m::w dx, SR:_Jt_STARl' 

in al, dx ; get H_mSP 

arp al, 4fh ; 640? 

j:ce ti16_4 

; exception case: 640x480 60 Hz needs laoger blank adjust ( 2) 

ti16_4: 

ti16_2: 

til6_3: 

push ax 

m::w al, 2 

Mcall set_.Plank_adj 

pep ax 

m::w al, 8 

jnp sb::>rt ti16_3 

m::w al, 0 

m::w dx, <X71'PUT_CLK_SEL 

out dx, al 

; set MOX control to 24/32 

m::w 

m::w 

out 

dx, MUX_CNl'L 

al, Odb 

dx, al 
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l'lPV' dx, ma'_GB_cx:le!G 

l'lPV' ax, ex 

or ax, 4000h 

out dx, ax 

l'lPV' dx,mc_MASK 

l'lPV' al,O 

out dx,al 

ret 

init_3407S ~ 

; INIT_TI_16 - Initialize me for 16 bit per pixel node 

; IIJputs : ax = default value for ma'_GB_cx:le!G 

(sb:W.d be 2Ah for SSS 16 !:g>, 

6Ah for S6S 16 !:g>, 

AAh for 6SS 16 !:g>, 

~ for 664 16 l:g>) 

; Outpits: mm 

public 1nit_ti_16 

lFDEF :mE!llLS 

1nit_ti_16 p:r:oc near 

EI.SE 

1nit_ti_16 p:r:oc far 

ENDIF 
; save used registers 

push bx 

push ex 

push dx 

; place itput value in ex 

l'lPV' ex, ax 

; set pixel del.a,y=l for 68830 aDi 3 for all others 

m::N bh, Och 

l'lPV' dx, CCNFJ:G_Sl'ATUS_l 

in ax, dx 

aDi ah, Oeb 

arp ah, A!.t'I68830_mc 

j?Je t116_S 

m::N bh, 04h 

ti16_5: 

push ax 

l'lPV' al, bh 

Mcall set_blallk_adj 

pep ax 
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imtl6_1: 

atp ah, B'l'48lJ)11C 

je attl6_1 

atp ah, AT1'20C49l_D11C 

je attl6_1 

atp ah, T.I_I»\C 

je til6_1 

atp ah, ATI:_68860 

jm set_ext_ge_l6 

call imt_68860 

jnp ti_l6_et:d 

set_ext_ge_l6: 

IlOV' ax, ex 

IlOV' dx, Em'_GILCCNFIG 

out dx, ax 
jnp ti_l6_et:d 

; AT1'20C491 iilitialization 

attl6_1: 

IlOV' dx, D11C_MASK 

IlOV' al, 0 

out dx, al 

; set EXT_D11C_AIDR 

mov dx, Em'_GB_CCNFIG 

IlOV' ax, lOlab 

out dx, ax 

; detexnd..De 555 or 565 

test 

jz 

IlOV' 

in 

am 
atp 

je 

rrPV' 

jnp 

bt16_1: 

rrPV' 

jnp 

att16_2: 

IlOV' 

in 

am 
atp 

je 

rrPV' 

jnp 
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ax, OOcOh 

attl6_2 

dx, CCNFIG_Sl'ATUS_l 

ax, dx 

ah, Oeh 

ah, B'l'481_D11C 

btl6_1 

al, Oc2h 

sb:>rt att16_5 

al, OeBh 

sb:>rt att16_5 

dx, CCNFIG_Sl'ATUS_l 

ax, dx 

ah, Oeh 

ah, B'l'4Bl_D11C 

bt16_2 

al, Oa2h 

soort att16_5 

565, 8 bit 

565, 8 bit 

555, 8 bit 
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bt16_2: 

m::JV' al, OaBh 555, 8 bit 

att16_5: 

m::JV' dx, ld'l'_llDB_CNl'L 

out dx, al 

m::JV' dx, CI.DCK_~ 

in ax, dx 

test ax, OOcOh ; test for divide by 2 

jz att16_3 

am ax, Off 3fh ; di vi.de by 1 instead 

jnp sb::>rt att16_4 

attl6_3: 

m::JV' bx, ax 

aid bx, 003ch 

atp bl, 30h 40 MHz? 

j:ce att16_4 

aid ax, Offc3h 

or ax, 2ch 80 MHz 

att16_4: 

out dx, ax 
jnp set_ext_ge_16 

; TIC34075 initialization 

ti16_1: 

; disable overlay feature 

m::JV' dx, DM::_MASK 

m::JV' al, 0 

out dx, al 

call init_34075 

ti_16_eIXi: 

; make sure VG1t. OM:: MASK is set to 4 l::pp 

m::JV ax, Ofh 

m::JV' dx, VG11._DM::_!mSK 

out dx, al 

; resto:re saved registers 

pq> dx 

pq> ex 

pq> bx 

ret 

i.Ili.t_ti_16 eJXlp 

; INIT_TI_24 - Initialize OM:: for 24 bit per pixel m:::>de, 3 bytes, RGB 
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F - RAMDAC Programming 

; IIputs : ax = default EXT_GB_cx::leIG 

(03Ah for B:m, 

43Ah for BGR, 

23Ah for BGBa, 

63Ah for aE!GR) 

; outputs: n:>ne 

public init_ti_24 

IFDEF mE!l'l\_S 

init_ti_24 p:roc near 

ELSE 

init_ti_24 p:roc far 

ENDIF 
; save used registers 

push bx 

push ex 

push dx 

; place i.I:put value in ex 

m:w 

m:w 

m:w 

in 

aid 

arp 

jne 

m:w 

ti24_5: 

push 

m:w 

Mcall 

pop 

ll:d.t24_1: 

arp 

je 

arp 

je 

arp 

je 

arp 

jnz 

call 
jnp 

set_ext_ge_24: 
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ex, ax 

bh, Och 

dx, CCNFIG_STATOS_l 

ax, dx 

ah, Oeb 

ah, ATI68830_I:lAC 

ti24_5 

bh, 04h 

ax 

al, bh 

set..,Pl.ank_adj 

ax 

ah, TI_I:lAC 

ti24_1 

ah, BT48l_Z:W::: 

att24_1 

ah, AT1'20C49l_Z:W::: 

att24_1 

ah, ATI_68860 

set_ext_ge_24 

init_6BB60 

ti_24_eni 

© 1993 AT/ Technologies Inc. 
Proprietary and Confidential 



F- RAMDAC Programming 

m::iv ax, ex 

m::iv dx, EX!I'_GE_CXlNFIG 

out dx, ax 

jnp ti_24_en:i 

; AT1'20C491 initialization 

att24_1: 

m::iv dx, D11C_n9K 

m::iv al, 0 

out dx, al 

; set EX!I'_D11C_AIDR field 

m:w dx, EX!I'_GE_CXlNFIG 

m:w ax, lOlah 

out dx, ax 

; set 24l:pp bypass m::de 

m:w dx, C<H?IG_Sl'ATUS_l 

in ax, dx 

aIJd. ah, Oeb 

alp ah, BT48l_D11C 

je bt24_1 

m:w al, Oe2h 

jnp sb:>:r:t att24_2 

bt24_1: 

m:w al, Of Sh 

att24_2: 

m:w dx, ATl'_MCDE_CNl'L 

out dx, al 

; set pixel clock to 75 MHz (640x480/60 is ar::U.y valid rrcde) 

m:w dx, cu:x:::K_SEl:..E:T 

in ax, dx 

aIJd. ax, Off03h 

or ax, 38h 

out dx, ax 

jnp set_ext_ge_24 

; TIC34075 initializaticm 

t124_1: 

call init_34075 

ti_24_en:i: 

; make sure Vta D1IC n9K is set to 4 l:::pp 

m:w ax, Ofh 

m:w dx, VGl\_D11C_n9K 

out dx, al 

; restore saved registers 

pep dx 
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pep ex 

pep bx 

ret 

init_ti~4 en:3p 

; INIT_'l'IJruX - Put TI me into MUX m:x3e for 1280 IIOJ:l-interlaced displays 

; IIplts : ax = default EXT_GE_OEFIG 

(sbc:W.d be lOAh for ,4l:pp, 

l1Ah for Bl:pp) 

; outpats: mne 

public init_ti_IRJX 

IF.DEF lllEll\_S 

init_ti_mJX. p:roc near 

BISE 

init_ti_IRJX proc far 

ENDIF 

; save used registers 

push ex 

push dx 

m::IV' ex, ax 

; cbeck if me is TI 

m::1V' dx, CCNFIG_SI'ATUS_l 

in ax, dx 

a:cd ah, Oeb 

arp ah, TI_mc 

je is_ti_dac 

jnp ti_IRJX_end 

is_ti_dac: 

m::IV' dx, CIDCK_SEL'ECT 

in ax, dx 

push ax save clock select 

m::IV' al, llh ; guarantee a low pixel clock (50 MHz) 

out dx, ax 

; Set EX!l'__l:W:_AIDR field 

m::IV' dx, EXT_GE_OEFIG 

m::w ax, 201ah 

out dx, ax 

; outpit clock is S/::U{/2 aild VCT.Z\/2 
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m:w al, 9h 

out dx, al 

; set MUX caot:rol to 8/16 

m:w dx, MUX_CNl'L 

m:w al, ldh 

out dx, al 

; il:put clock scurce is CUO (rrust be last) 

m:w dx, INPUl'_CI.K_SBL 

m:w al, INPUl'_CI.K_SR: 

out dx, al 

; reset EXI'_DltC_AIDR, put D1tC in 6 bit rrode, ecgine in 8 bit rrode, enable MUX m:Xle 

ti_nux_end: 

m:w dx, EXI'_GE_CXNr.IG 

m:w ax, ex 

out dx, ax 

; set ~_Annm=l, PIXEL_DEIAY=O 

push ax 

m:w al, 1 

Mcall set_blank_adj 

pq;> ax 

; restore saved registers 

pq;> dx 

pq;> ex 

ret 

illit_ti_nux eIX3p 

1 UNDlCT_T.I_DltC - Prepare D1IC for 8514/A cucpatible operation 

; IIlputs : none 

; outputs: none 

public uninit_ti_dac 

IFDEF man_S 

uninit_ti_dac proc near 

EI.SB 

uninit_ti_dac proc far 
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; save used. registers 

push ax 

push dx 

Mcall passth_8514 ; can only p:cogram rw::: in 8514 m::Xle 

utd6: 

llPV' dx, CCNFIG_Sl'ATUS_l 

in ax, dx 

and ab, Oeh 
cnp ab, Bl'481J)11C 

je utdS 
cnp ab, MT20C491_tw:: 

je utdS 

cnp ah, TI_DltC 

j:ce utd2 

; set default 8l:pp pixel delay and blank adjust 

llPV' dx, ~-CNl'L 

in ax, dx 

or ax, 8 

out dx, ax ; TI_tw::_BIANK_AOOUST is alwa;ys an 

utdS: 

llPV' ax, lah 

Mcall init_ti_e 

llPV' dx, BXT_GE_~G 

llPV' ax, 201ah 

out dx, ax 

; output clock is SCLK/1 and VCI.K/1 

llPV' dx, <X71'POT_C:LICSEJ:. 

llPV' al, Oh 

out dx, al 

utd2: 

; reset EKT_DAC_.Atlm, put DAC in 6 bit m::Xle, EmJ'ine in 8 bit m::Xle 

11PV' dx, BXT_GE_~G 

llPV' ax, 1ah 

out dx, ax 

Mcall passth_ VQ'a 

; restore saved. registers 

pq> dx 

pq> ax 

ret 

un:i.Ili.t_ti_dac amp 
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ATl68800-6 & ATl68800LX 
Features 

A range of enhancements has been addded to the A TI 68 800-3 mach32 accelerator to create 
two new chips, the A TI68800-6 and A TI68800LX. They are identical to each other except 
for video memory device support - the A TI68800-6 supports both DRAM and VRAM; the 
ATI68800LX supports only DRAM. With all "-3" functionalities retained, these new chips 
are therefore backward-compatible to the A TI68800-3. 

Descriptions on the enhancements are incorporated into Chapters 7, 8, and 9. However, for 
the convenience of comparing with the "-3" chip, they are also included in this-appendix. 
New or updated registers are as follows: 

• CONFIG_STATUS_l (12EE-R) 

• CONFIG_STA TUS_2 ( l 6EE-R) 

• LOCAL_CONTROL (32EE-W) 

• MISC_ OPTIONS (36EE-RW) 

• SHADOW_SET(5AEE-W) 

• MEM_CFG (5EEE-RW) 

• EXT_GE_STATUS (62EE-R) 

• EXT_GE_CONFIG (7AEE-W) 

• PATT_DATA_INDEX (82EE-RW) 

• PATT_LENGTH (D2EE-W) 

• DEST_ COLOR_ CMP _MASK (F2EE-W) 

• CHIP_ID (FAEE-R) 
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G-ATl68800-6 & AT/68800LX Features 

Mono Pattern 

An 8x8xl destination-aligned mono pattern has been implemented. It is enabled by setting 
D2EE[7]. This new mono pattern uses the four existing mono pattern registers and four 
additional mono pattern registers. The relationship between the register bits, the mono 
pattern, and the destination is as follows: 

1iiil!iif ;~II . I IBf ",llBll~!l~lillllill; 
..... ·.·.··:·:::::::: .;.:-:-:·:-:::.:-:· -:.:::::: :;:::;:::::::;::::::::::···::::::::;:;:;;:::::::::::::::::::::::::;:;::::::::::::::::::::::··::::::::::::::::::;:::;:;:;:;::;:;:;:-:;:·:;:;:-:·:.·.;-:-:-;.:-:.:.:··.·.·.·.·.·.·.·.·.·.·. 

10h 0 7654321 0 

11h 7654321 0 

12h 2 7 6 5 4 3 2 1 0 

13h 3 7 6 5 4 3 2 1 0 

14h 4 7654321 0 

15h 5 7 6 5 4 3 2 1 0 

16h 6 7654321 0 

17h 7 7 6 5 4 3 2 1 0 

When the 8x8x 1 mono pattern is used, the bits of the pattern will be drawn aligned to the 
destination coordinates. This behaviour differs from that of the 32x I linear mono pattern, 
which has no absolute relationship between the pattern and the destination coordinates. The 
32x 1 linear mono pattern therefore is not considered destination-aligned. See page 9-58 for 
details. 

(A+B)/2 16-Bit ROP 

The (A+B)/2 function in 16bpp drawing modes has been implemented. This feature is used 
for enhancing image quality in motion video applications. 

Destination Color Compare Mask 

A write mask has been split into separate write mask (AAE8) and destination color compare 
mask (F2EE). This feature allows any plane or group of planes to be used as an alpha channel 
which is particularly useful in motion video applications. 

For compatibility, both registers are loaded when writing to the write mask. 
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G - A T/68800-6 & A T/68800LX Features 

Far-Bl it 
The graphics engine offset and pitch registers have been split into separate destination and 
source offset and pitch registers. The new registers are accessed through a 2-bit pointer in 
SHADOW _SET[9:8] 5AEE-W. A pointer value of" l 11 will load the destination registers. A 
pointer value of 11211 will load the source registers. 

This feature allows unsymetrical blit operations between any areas of the memory and is 
particularly useful for efficient linearized cache management, rendering images direc1:[y into 
linearized cache and 24-bit drawing operations. 

For compatibility, if the pointer is set to "011 both the destination and source registers will be 
loaded concurrently. 

Block Write and 64-Bit Fill Draw 
Block Write 

Most VRAM devices have a block write mode in which they can perform a pseudo mono 
data expansion using an internal color register- Block Write Mono Pattern mode. Data bits 
which are set to 11 1 11 enable an internal 4-bit color register to be drawn into a nibble of memory. 
Data bits which are 110" do not alter the addressed nibble of memory. Since there is only one 
internal color register, this mode can only be used for foreground color paint operations. A 
mono pattern may be applied if the background ALU function is transparent. The more 
common mono pattern which uses the foreground and background color registers may be 
performed in two passes by first painting the background and then applying a mono pattern 
with the foreground color. 

This feature is only supported with memory type 5 or 6. See CONFIG_STATUS[6:4] 
(12EE). Block Write mode is enabled by setting MISC_OPTIONS[IO] (36EE) to 1. Block 
Write Mono Pattern mode is enabled by setting PAIT_LENGTH[l5] (D2EE) to "l ". 

The foreground color register is written into the VRAM internal color register whenever a 
block write operation is initiated after the foreground color register has been written. Block 
write enable is set by the BIOS and should not be changed. A driver must read the state of 
this bit to determine if this feature is enabled. The block write mode will only be activated 
under the following conditions: 

• The write mask is all "l "s. 

• The destination compare function is false (Mode = 0). 

• The foreground select is set to the foreground color register (Mode= 0). 

• The mono select is true (Mode = 0). 
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G - A T/68800-6 & A T/68800LX Features 

• The foreground ALU function is Paint (Function= 7). 

• The polygon file mode is disabled. 

• The drawing operation is horizontal degree line, horizontal degree short stroke vector 
(IBM or ATI compatible), scanline, or fill (HlH4 IBM or ATI compatible). 

64-Bit Fill Draw - 2MB DRAM 

Fill drawing operations under certain conditions will fully utilize the 64-bit data bus. 
MISC_OPTIONS[l l] must be set to "l" by the BIOS to enable this mode. A driver must 
read the state of this bit to determine if the feature is enabled. For 2MB DRAM video memory 
configurations, this mode may be enabled all the time. 

Accelerated painting will be enabled when all of the following conditions are true: 

• Foreground color select is the foreground color register or the background color regis­
ter. 

• If the mono select is pattern then the background color select must be either fore­
ground color register or background color register. 

• The mono select is "always l" or pattern. If the type of operation is A TI then the 8x8 
mono pattern mode must be enabled - for this mode only supports destination-aligned 
mono patterns. 

• The CPUDA TA bit must be "false" if the type of operation is IBM. 

• The FGALU function must be one of: 0, l, 4, or 7. 

• If the mono select is pattern then the BGALU function must be one of: 0, 1, 4, or 7. 

• All color compare functions must be set to zero. 

• Polygon fill must be disabled. 

• The write mask must be all "l "s. 

• The pixel size must be 8- or 16-bit. 

• The block write function must be disabled. 

512KB Support 

With 5 l 2KB of video memory, the coprocessor will now support the packed 4bpp and 8bpp 
drawing modes. The 8514/A-compatible min mode is no longer supported. 

Split Transfer Cycle 

Split transfer cycle support has been added to the A TI68800-6 to allow decoupling of the 
memory clock and serial clock. This allows higher memory clocks in VRAM 
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G - A T/68800-6 & A T/68800LX Features 

implementations with a corresponding increase in petfonnance. The A TI68800LX does not 
support this feature. 

This feature is enabled if the memory type is set to 5 or 6. See CONFIG_STATUS[6:4] 
(12EE). 

Separate Display/Drawing Pixel Sizes 
Both the display and drawing pixel sizes can be written independently. The display pixel 
size is written when EXT_GE_CONFIG[l l] is set to "1 ".The drawing pixel size is written 
when EXT_GE_CONFIG[l5] is set to "1". 

For compatibility, both pixel sizes are written if bits 11 and 15 are both set to "O". 

Memory Mapped Registers 
Memory mapping of coprocessor registers is supported by the A TI68800LX, A TI68800-6, 
and A TI68800AX mach32 accelerators. This feature is enabled when bit 32EE[5] is "I". 
Since the feature is enabled by the BIOS, 32EE[5] should not be changed. A driver must 
read the state of this bit to determine if it can use the feature. 

All of the coprocessor registers may be map~d into the upper 128 dwords of a 4MB linear 
aperture. The address offset from the start of register space relative to the base of linear 
aperture is FFF80. Each 16-bit register will map into the lower 16 bits of a 32-bit dword. 
The upper 16 bits are currently unused and therefore should be ignored. 

The 64 dwords from FFEOO to FFEFF are mapped into 64 IBM-compatible registers which 
are aliased to 1/0 address 2E8h. The 64 dwords from FFFOO to FFFFF are mapped into 64 
ATI-extended registers which are aliased to 1/0 address 2EEh. 

To the extent that 1/0 registers are sparse for either reads or writes the memory mapped 
registers will also be sparse. Note that the 128 dwords reserved for registers are not available 
for memory operations. Examples of both IBM and ATI register mappings are described for 
your reference in Appendix A. 
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• 
ATl68800AX Features 

The "AX" is at the high-end of all mach32 graphics accelerators. Like all other mach32, 
it is compatible with the IBM 8514/A, and with one another. The "AX" is an enhanced 
A TI68800-6, with support for an additional local bus configuration - Intel's Peripheral 
Component Interconnect (PCI). Also introduced in the "AX" are five new display modes 
that provide high-resolution Hi-Color Support using the new A TI68860 palette DAC and 
32-bit overlay. The new modes are as follows: 

• 800x600x32 

• 1024x768x24 

• 1024x768x32 

• 1280xl024x16 

• 1280xl024x24 

All mach32 PCI-exclusive configuration registers are described in Chapter 2. Other 
PCI-related control registers are described in chapters 7, 8, and 9 as follows: 

• PCI_CNTL (22EE-RW) 

• LOCAL_CNTL (32EE-RW) 

• MISC_OPTIONS (36EE-RW) 

• APERTURE_BASE (5EEE-RW) 

• APERTURE_CNTL (PCD (6AEE-RW) 
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Index 
A 
Address decoder 3-3 
ADVFUNC_CNTL 8-6 
ALU_BG_FN 9-47 
ALU_FG_FN 9-47 
APERTURE_CNTL (PCI) 9-76 
ATixx VGA-extended registers start from 

page 6-3 
ATTR index register 5-52 
Attribute controller 3-4 
ATTRxx VGA attribute controller registers 

start from page 5-52 
AXSTP 8-53 

B 
Bit mask register 5-51 
BKGD_COLOR 8-27 
BKGD_MIX 8-27 
Blit 8-34 
Blit registers 

Blit directions 9-40 
Blit source 9-41 
Blit source data FIFO 9-41 
Color pattern registers 9-41 
Destination data pointer 9-39 
Hoat FIFO 9-41 
Source data pointer 9-39 

Block diagrams, VGA 3-3 
Block write 7-14 
Border (palette) register 5-10 
BOUNDS_BOTTOM 9-48 
BOUNDS_LEFf 9-48 
BOUNDS_RIGHT 9-48 
BOUNDS_TOP 9-48 
BRES_COUNT 9-49 
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c 
Character generator 3-5 
Character map select register 5-18 
CHIP _ID 9-88 
Clock mode register 5-16 
Clock synthesizer 7-3 
CLOCK_SEL 9-4 
Clocks 3-10 to 3-13 
CMD 8-28 
CMP _COLOR 8-36 
Color compare register 5-43 
Color don't care register 5-50 
Color map enable register 5-57 
Color select register 5-59 
Command FIFO 7-5 
Components, VGA 3-3 
CONFIG_STATUS_l 9-64 to 9-65 
CONFIG_STATUS_2 9-66 to 9-67 
Configuring ATI extended registers 6-1 
CRT controller 3-4 
CRT mode register 5-37 
CRT registers 8-4 
CRT_OFFSET_HI 9-5 
CRT_OFFSET_LO 9-5 
CRT _PITCH 9-5 
CRTC index register 5-20 
CRTC overflow register 5-25 
CRTxx VGA CRTC registers start from 

page 5-20 
CUR_X 8-37 
CUR_Y 8-38 
Cursor end register 5-29 
Cursor location (high byte) register 5-31 
Cursor location (low byte) register 5-31 
Cursor start register 5-28 
CURSOR_COLOR_O 9-80 
CURSOR_COLOR_l 9-80 
CURSOR_ OFFSET _HI 9-79 
CURSOR_OFFSET_LO 9-79 
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D 
DAC 3-3 to 3-4 
DAC data register 5-13 
DAC mask register 5-13 
DAC operations 8-1 
DAC read current color index register 

5-14 
DAC registers 9-90 
DAC write current color index register 

5-14 
DAC_DATA 8-2 
DAC_MASK 8-2 
DAC_R_INDEX 8-2 
DAC W INDEX 8-3 
Data ~otate register 5-44 
DEST CMP FN 9-50 
DEST=COLOR_CMP _MASK 9-51 
DEST_X 8-52 
DEST_X_END 9-52 
DEST _X_START 9-52 
DEST_Y 8-53 
DEST Y END 9-52 
Des~ti~n color compare mask 7-12 
DIASTP 8-52 
DISP _ CNTL 8-7 
DISP _STATUS 8-8 
Display mode specifications 

Multi-frequency monitors 3-12 
PS/2 monitors 3-10 

Display modes 
Mode resolutions and colors 3-2 

DP CONFIG 9-15 
Dn~w control registers - 8514/A 7-6 
Draw control registers - ATI-extended 7-7 
Draw line 8-31 
Draw polygon ooundary line 8-33 
Drawing control registers 

Blit registers 9-38 
Clip-mode 1 - line segments 9-29 
Clip-mode 2 - polygon boundary lines 

9-32 
Clip-mode 3 - patterned lines 9-34 
Direct linedraw registers 9-29 
Extended short-stroke vector register 

9-37 
General drawing control registers 9-27 
Miscellaneous drawing commands 9-46 
Overview 9-26 
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Pattern registers 9-46 
Pre-clip modes 9-29 
Raw Bresenham linedraw registers 9-37 
Scissor registers 9-27 
Using pre-clipping hardware 9-35 

Drawing operations 9-26 to 9-62 
Drawing operations - 8514/A 7-8 
Drawing operations - ATI-extended 7-9 

E 
Enable set/reset register 5-42 
End horizontal blanking register 5-22 
End horizontal retrace register 5-23 
End vertical blanking register 5-36 
End vertical retrace register 5-33 
Engine control 9-13 
Engine control registers 8-13 
Engine setup 9-8 
ERR_TERM 8-39 
EXT_CURSOR_COLOR_O 9-82 
EXT_CURSOR_COLOR_l 9-82 
EXT FIFO STATUS 9-16 
EXT=GE_CONFIG 9-17 to 9-19 
EXT_GE_STATUS 9-68 
EXT_SCISSOR_B 9-53 
EXT _SCISSOR_L 9-53 
EXT_SCISSOR_R 9-54 
EXT SCISSOR_T 9-54 
EXT=SHORT_STROKE 9-55 

F 
Far-Blit 7-12 
Feature control register 5-5 
FIFO_OPT 9-9 
FIFO_TEST_DATA 9-85 
FIFO_TEST_TAG 9-85 
Fill draw, 64-bit 7-14 
Fill rectangle, horizontal lines 8-32 
Fill rectangle, vertical lines 8-32 
Fill rectangle, vertical-nibble 8-33 
FRGD_COLOR 8-40 
FRGD _MIX 8-40 
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G 
GE_OFFSET_HI 9-21 
GE_OFFSET_LO 9-21 
GE_PITCH 9-20 
GE_STAT 8-41 
GENxx VGA general registers start from 

page 5-4 
Graphic mode register 5-46 
Graphics controller 3-4 
Graphics controller index register 5-39 
Graphics miscellaneous register 5-49 
GRAxx VGA graphics controller registers 
start from page 5-39 

H 
H_DISP 8-8 
H_SYNC_STRT 8-9 
H_SYNC_ WID 8-9 
H_TOTAL 8-9 
H_TOTAL (Alternate) 8-8 
Hardware Cursor 9-77 
Hercules page register 5-12 
Horizontal display enable end register 

5-21 
Horizontal PEL panning register 5-58 
Horizontal scan rates 3-10 
Horizontal sync 3-10, 3-12 
Horizontal total register 5-20 
HORZ_CURSOR_ OFFSET 9-81 
HORZ_CURSOR_POSN 9-79 
HORZ_OVERSCAN 9-71 

I 
Input status 0 register 5-5 
Input status 1 register 5-6 

L 
Light pen clear register 5-12 
Light pen set register 5-11 
Line clipping 7 -11 
Line compare register 5-39 
Linear memory aperture 7-12 
LINEDRAW 9-56 
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LINEDRA W _INDEX 9-57 
LINEDRAW_OPT 9-22 
LOCAL_CNTL 9-83 

M 
MAJ_AXIS_PCNT 8-42 
Map mask register 5-17 
MAX_WAITSTATES 9-10 to 9-11 
Maximum scan line register 5-27 
MEM_BNDRY 9-74 
MEM_CFG 9-75 
MEM_CNTL 8-17 
Memory Boundary 9-74 
Memory Interface 9-75 to 9-76 
Memory mapped registers 7-16, A-1 O 
Memory mode register 5-19 
Memory start addresses 4-1 
MIN_AXIS_PCNT 8-43 
MISC_CNTL 9-84 
MISC_OPTIONS 9-12 
Miscellaneous output register 5-4 
Mode control register 5-7, 5-54 
Modes, display 

Modes 0/1 3-6 
Modes 0/1 4-3 
Modes 2/3 3-6, 4-4 
Modes 4/5 3-7, 4-5 
Mode 6 3-7, 4-6 
Mode 7 3-7, 4-7 
Mode D 3-7, 4-8 
Mode E 3-8, 4-9 
Mode F 3-8, 4-10 
Mode 10 3-8, 4-11 
Mode 11 3-8, 4-12 
Mode 12 3-8, 4-13 
Mode 13 3-8, 4-14 
Mode 23 3-7, 4-17 
Mode 27 3-7, 4-18 
Mode 33 3-7, 4-19 
Mode 37 3-7, 4-20 
Mode 54 3-9, 4-21 
Mode 55 3-9, 4-22 
Mode 62 3-9, 4-23 
Mode 63 3-9, 4-24 
Mode 64 3-9, 4-25 
Mode Hercul 3-8, 4-15 
Mode Hercu2 3-8, 4-16 

Index 
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Index 

0 
Off-screen memory 7-12 
Off-screen memory management 7-12 
Offset register 5-34 
Overscan 9-70 
Overscan color register 5-56 
OVERSCAN_BLUE_24 9-72 
OVERSCAN_COLOR_8 9-72 
OVERSCAN_GREEN_24 9-73 
OVERSCAN_RED_24 9-73 
Overview, VGA controller 3-1 

p 
Palette registers 0-F 5-53 
PATT_DATA 9-58 
PATT_DATA_INDEX 9-59 
PATT_INDEX 9-59 
PATT_LENGTH 9-60 
PATTERN_H 8-44 
PATTERN_L 8-45 
PCI ontrol register 9-89 
PCI_ CNTL 9-89 
PIX_TRANS 8-47 
Pixel data path 7-2 
Pixel Transfer ALU 7-4 
Pixel transfer ALU compare functions 7-4 
Pixel transfer ALU functions 9-47 
Pixel transfer control registers 

ALU function registers 9-46 
Pixel transfer registers 9-47 
PIXEL_CNTL 8-46 
Polygon boundary clip exception 7-11 
Polygon fill mode A 8-34 
Polygon fill mode B 8-35 
Polygon fills 7-10 
Power on setup registers 2-3 
Preset row scan register 5-26 

Q 
Query structure - BIOS interface B-3 
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R 
R_EXT_GE_CONFIG 9-24 
R_H_SYNC_STRT 9-86 
R_H_SYNC_ WID 9-86 
R_H_TOTAL&DISP 9-85 
R_MISC_CNTL 9-84 
R_SRC_X 9-60 
R_SRC_ Y 9-61 
R_ V _DISP 9-87 
R_ V _SYNC_STRT 9-87 
R_ V _SYNC_ WID 9-87 
R_ V _TOTAL 9-86 
RD _MASK 8-48 
Read map select register 5-45 
Register listings 

coprocessors registers A-1 
VGA compatible registers 5-2 
VGA extended registers 6-2 

Registers by address 
0100-R SETUP _IDl, uC 2-3 
0101-R SETUP _ID2, uC 2-3 
0102-RW GENVS 5-9 
0102-RW SETUP _OPT, uC 2-3 
0103-W ROM_SETUP, uC 2-4 
0104-W SETUP _1, uC 2-4 
0105-W SETUP _2, uC 2-4 
02E8-R DISP _STATUS 8-8 
02E8-W H_TOTAL 8-9 
02EA-RW DAC_MASK 8-2 
02EB-RW DAC_R_INDEX 8-2 
,02EC-RW DAC_ W _INDEX 8-3 
02ED-RW DAC_DATA 8-2 
02EE-W OVERSCAN_COLOR_8 9-72 
02EF-W OVERSCAN_BLUE_24 9-72 
03B4-RW CRTX 5-20 
03B5-RW CRT(00:18) 5-20 
03B9-R GENLPS 5-11 
03BA-R GENS 1 5-6 
03BA-W GENFC 5-5 
03BB-RW GENLPC 5-12 
03BF-RW GENHP 5-12 
03CO-W ATTR(OO:OF) 5-53 
03CO-W ATTRX 5-52 
03Cl-R ATTR(OO:OF) 5-53 
03Cl-R ATTRX 5-52 
03C2-R GENSO 5-5 
03C2-W GENMO 5-4 
03C3-R GENENB (On-Board) 5-8 
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03C4-RW SEQX 5-15 
03C5-RW SEQ(00:04) 5-15 
03C6-RW OAC_MASK 5-13 
03C7-RW OAC_R_INDEX 5-14 
03C8-RWOAC_W_INDEX 5-14 
03C9-RW OAC_OATA 5-13 
03CA-R GENFC 5-5 
03CC-R GENMO 5-4 
03CE-RWGRAX 5-39 
03CF-RW GRA(00:08) 5-40 
0304-RW CRTX 5-20 
0305-RW CRT(OO: 18) 5-20 
0309-RW GENB 5-10 
030A-R GENS 1 5-6 
030A-WGENFC 5-5 
030B-RW GENLPC 5-12 
030C-W GENLPS 5-11 
06E8-W H_DISP 8-8 
06EE-W OVERSCAN_GREEN_24 9-73 
06EF-W OVERSCAN_RE0_24 9-73 
OAE8-W H_SYNC_STRT 8-9 
OAEE-W CURSOR_OFFSET _LO 9-79 
OEE8-W H_SYNC_ WID 8-9 
OEEE-W CURSOR_OFFSET_HI 9-79 
12E8-W V _TOTAL 8-12 
12EE-R CONFIG_STATUS_l mach32 

9-65 
12EE-R CONFIG_STATUS_l mach8 

9-64 
12EE-W HORZ_CURSOR_POSN 9-79 
16E8-W V _DISP 8-10 
16EE-R CONFIG_STATUS_2 mach32 

9-67 
16EE-R CONFIG_STATUS_2 mach8 

9-66 
16EE-W VERT _CURSOR_POSN 9-80 
1AE8-W V _SYNC_STRT 8-11 
lAEE-R FIFO_TEST_OATA 9-85 
lAEE-W CURSOR_COLOR_O 9-80 
lAEF-W CURSOR_COLOR_l 9-80 
1EE8-WV_SYNC_WID 8-12 
lEEE-W HORZ_CURSOR_OFFSET 

9-81 
lEEF-W VERT_CURSOR_OFFSET 

9-81 
22E8-W DISP _CNTL 8-7 
22EE-RW PCI_CNTL 9-89 
26EE-W CRT_PITCH 9-5 
2AEE-W CRT_ OFFSET_LO 9-5 
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2EEE-W CRT_OFFSET_HI 9-5 
32EE-RW LOCAL_CNTL 9-83 
36EE-RW MISC_OPTIONS 9-12 
36EE-W FIFO_OPT 9-9 

Index 

3AEE-R FIFO_TEST_TAG 9-85 
3AEE-W EXT_CURSOR_COLOR_O 

9-82 
3EEE-W EXT_CURSOR_COLOR_l 

9-82 
42E8-R SUBSYS_STATUS 8-20 
42E8-W SUBSYS_CNTL 8-18 
42EE-RW J\rIEM_BNORY 9-74 
46E8-W GENENA (Add-On) 5-8 
46EE-W SHADOW_CTL 9-6 
4AE8-W ADVFUNC_CNTL 8-6 
4AEE-RW CLOCK_SEL 9-4 
52EE-RW SCRATCH_PAD_O 9-88 
56EE-RW SCRATCH_PAD_l 9-88 
5AEE-W SHADOW_SET 9-7 
5EEE-RW MEM_CFG 9-75 
62EE-R EXT_GE_STATUS 9-68 
62EE-W HORZ_OVERSCAN 9-71 
66EE-W VERT_OVERSCAN 9-72 
6AEE-RW APERTURE_CNTL (PCI) 

9-76 
6AEE-RW MAX_ WAITSTATES 

mach32 9-11 
6AEE-RWMAX_WAITSTATES mach8 

9-10 
6EEE-WGE_OFFSET_LO 9-21 
72EE-R BOUNDS_LEFT 9-48 
72EE-W GE_OFFSET_HI 9-21 
76EE-R BOUNDS_TOP 9-48 
76EE-W GE_PITCH 9-20 
7 AEE-R BOUNDS_RIGHT 9-48 
7AEE-W EXT_GE_CONFIG mach32 

9-19 
7AEE-W EXT_GE_CONFIG mach8 

(16-bit) 9-18 
7 AEE-W EXT _GE_CONFIG mach8 

(8-bit) 9-17 
7EEE-R BOUNDS_BOTTTOM 9-48 
7EEE-W MISC_ CNTL 9-84 
82E8-RW CUR_Y 8-38 
82EE-RW PATT_OATA_INDEX 9-59 
86E8-RW CUR_X 8-37 
8AE8-W SRC_Y/DESTY_AXSTP 8-53 
8EE8-W SRC_X/DESTX_DIASTP 8-52 
8EEE-R R_EXT_GE_CONFIG 9-24 
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8EEE-WPATI_DATA_* 9-58 
92E8-RW ERR_ TERM 8-39 
92EE-R R_MISC_ CNTL 9-84 
96E8-WMAJ_AXIs_pcNT 8-42 
96EE-RW BRES_COUNT 9-49 
9 AE8-R GE_STAT 8-41 
9AE8-W CMD 8-28 
9AEE-R EXT_FIFO_STATUS 9-16 
9AEE-W LINEDRAW _INDEX 9-57 
9EE8-W SHORT _STROKE 8-51 
zC80-R SETUP _IDl, EISA 2-5 
zC81-R SETUP _ID2, EISA 2-5 
zC82-R SETUP _ID3, EISA 2-5 
zC83-R SETUP _ID4, EISA 2-6 
zC84-RW SETUP _OPT, EISA 2-6 
zC85-W ROM_SETUP, EISA 2-6 
zC86-W SETUP _1, EISA 2-7 
zC87-W SETUP _2, EISA 2-7 
A2E8-W BKGD_COLOR 8-27 
A2EE-RW LINEDRA W _OPT 9-22 
A6E8-W FRGD _COLOR 8-40 
A6EE-W DEST_X_START 9-52 
AAE8-WWRT_MASK 8-54 
AAEE-WDEST_X_END 9-52 
AEE8-W RD_MASK 8-48 
AEEE-W DEST_Y_END 9-52 
B2E8-WCMP_COLOR 8-36 
B2EE-R R_H_TOTAL&DISP 9-85 
B2EE-W SRC_X_START 9-62 
B6E8-W BKGD_MIX 8-27 
B6EE-R R_H_SYNC_STRT 9-86 
B6EE-W ALU_BG_FN 9-47 
BAE8-WFRGD_MIX 8-40 
BAEE-R R_H_SYNC_ WID 9-86 
BAEE-W ALU_FG_FN 9-47 
BEE8*0-W MIN_AXIS_PCNT 8-43 
BEE8*1-W SCISSOR_T 8-50 
BEE8*2-W SCISSOR_L 8-49 
BEE8*3-W SCISSOR_B 8-49 
BEE8*4-W SCISSOR_R 8-50 
BEE8*5-W :MEM_CNTL 8-17 
BEE8*8-W PATTERN_L 8-45 
BEE8*9-W PATTERN_H 8-44 
BEES* A-W PIXEL_ CNTL 8-46 
BEEE-W SRC_X_END 9-62 
C2EE-R R_ V _TOTAL 9-86 
C2EE-W SRC_ Y _DIR 9-62 
C6EE-R R_ V _DISP 9-87 
C6EE-W EXT_SHORT_STROKE 9-55 
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CAEE-R R_ V _SYNC_STRT 9-87 
CAEE-W SCAN_X 9-61 
CEEE-R VERT_LINE_CNTR 9-7, 9-69 
CEEE-WDP_CONFIG 9-15 
D2EE-R R_ V _SYNC_ WID 9-87 
D2EE-W PATI_LENGTH 9-60 
D6EE-W PATI_INDEX 9-59 
DAEE-R R_SRC_X 9-60 
DAEE-W EXT _SCISSOR_L 9-53 
DEEE-R R_SRC_Y 9-61 
DEEE-W EXT_SCISSOR_T 9-54 
E2E8-RW PIX_TRANS 8-47 
E2EE-W EXT _SCISSOR_R 9-54 
E6EE-W EXT_SCISSOR_B 9-53 
EEEE-W DEST_CMP _FN 9-50 
F2EE-RW DEST_COLOR_CMP _MASK 

9-51 
FAEE-R CHIP _ID 9-88 
FEEE-WLINEDRAW 9-56 

Reset register 5-15 
ROM_SETUP, EISA 2-6 
ROM_SETUP, uC 2-4 

s 
Scalable gray scale fonts 7-13 
SCAN_X 9-61 
Scissor registers 7-5 
SCIS SOR_B 8-49 
SCISSOR_L 8-49 
SCIS SOR_R 8-50 
SCISSOR_ T 8-50 
SCRATCH_PAD _O 9-88 
SCRATCH_PAD_l 9-88 
Sequencer controller 3-3 
Sequencer index register 5-15 
SEQxx VGA sequencer registers start 

from page 5-15 
Set/reset register 5-40 
SETUP _1, EISA 2-7 
SETUP _1, uC 2-4 
SETUP _2, EISA 2-7 
SETUP _2, uC 2-4 
SETUP _IDl, EISA 2-5 
SETUP _ID 1, uC 2-3 
SETUP _ID2, EISA 2-5 
SETUP _ID2, uC 2-3 
SETUP _ID3, EISA 2-5 
SETUP _ID4, EISA 2-6 
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SETUP _OPT, EISA 2-6 
SETUP_ OPT, uC 2-3 
SHADOW_CTL 9-6 
SHADOW _SET 9-7 
Short stroke setup 8-31 
SHORT_STROKE 8-51 
SRC_X 8-52 
SRC_X_END 9-62 
SRC_X_START 9-62 
SRC_Y 8-53 
SRC_ Y _DIR 9-62 
Start address (high byte) register 5-30 
Start address (low byte) register 5-30 
Start horizontal blanking register 5-21 
Start horizontal retrace register 5-23 
Start vertical blanking register 5-36 
Start vertical retrace register 5-32 
Status Registers 9-63 
SUBSYS_CNTL 8-18 
SUBSYS_STATUS 8-20 
Sync signal/polarity 3-10 

u 
Underline location register 5-35 

v 
V_DISP 8-10 
V _SYNC_STRT 8-11 
V_SYNC_WID 8-12 
V _TOTAL 8-12 
VERT _CURSOR_OFFSET 9-81 
VERT _CURSOR_POSN 9-80 
VERT _LINE_ CNTR 9-7, 9-69 
VERT_OVERSCAN 9-72 
Vertical display enable end register 5-34 
Vertical scan rates 3-10 
Vertical sync 3-10, 3-12 
Vertical total register 5-24 
VGA controller 3-1 
VGA display modes 3-4 

alphanumeric modes 3-5 
graphics modes 3-7 

VGA memory organization 4-1 
VGA register extensions 6-1to6-36 
VGA sleep register 5-9 
VGA-compatible registers 5-1 
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Video subsystem enable (add-on) 
register 5-8 

Video subsystem enable (board) register 
5-8 

w 
WRT_MASK 8-54 
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--User Response Form 
\ 

Thank you for taking the time to complete this response fonn. Because ATI products serve customers 
with a wide range of experience, we want our documentation to meet your needs. Your response will 
help us achieve this goal. Using a scale of 1 to 6, with 6 representing the most favorable, and 1 the least 
favorable, please circle the number that best reflects your opinion. 

Name and Organization: ---------------------------

Title: -----------------------

How do you rate the manual, generally? 

Is the technical level of the manual appropriate? 

Are operating instructions clear and complete? 

Are terms and concepts explained clearly? 

Is the manual well organized? 

Are the tables easy to understand? 

Is the artwork clear and easy to understand? 

How helpful is the index? 

How does this manual compare with other similar 
manuals you have used? 

Comments 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Years in position: __ 

Release No. 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

What do you suggest to improve this document? -------------------

What features or techniques that you've seen in other manuals would you like to see in ours? 

What type of information would you like to see included or expanded upon? 

Are there any errors or omissions in the manual? (please specify): 
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