






















































































































VGA 

VGA 

Feature Control Register (GENFC) 

a Vertical Sync Select: 
o = Normal vertical sync. 
1 = Sync is 'vertical sync' ORed 'vertical display enable'. 

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

a Switch Sense: 
o = Output state of the DAC Lookup Table Comparators is inactive. 
1 = Output state of the DAC Lookup Tab!e Comparators is active. 

b CRT Interrupt: 
0= Vertical retrace interrupt is cleared. 
1 = Vertical retrace interrupt is pending. 
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VGA 

a Display Enable: 
o = Enables display of video data. 
1 = Disables display of video data. 

b Vertical Retrace Status: 
o = V Retrace pulse is inactive. 
1 = V Retrace pulse is in progress. 

c Diagnostic Bits 0, 1 respectively: 

Input Status} Register (GENS}) 

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 =P5, P4 
10 =P3, P1 
11 =P7, P6 

Notes: 

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

2. Bits 0 and 3 can be used to synchronize the video buffei updates with the 
screen refresh cycles to minimize interference with the displayed image. 
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eGA 

Mode Control Register (GENMC) 

a 0= 
1 = 

b 0= 
1 = 

c 0= 
1 = 

d 1 = 

e 1 = 

f 0= 
1 = 

VGA -500700-05 
4-8 

40x25 Text. 
80x25 Text. 

Text mode. 
Graphics mode. 

Color mode 
81W mode 

Enables video 

Enables 640x200 81W mode 

Keeps background intensity attribute bit. 
Changes background intensity attribute bit. 
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VGA 

VGA 

Video Subsystem Enable (Add-On) Register 

Video Subsystem Enable (Add-On) Register 
(GENENA) 

4 3 

b a 

a 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 I/O writes to register 1 02h. All other liD or video memory readlwrite 
operations are suspended. 
1 = Enables liD and memory address decoding ofthe VGA video subsystem, 
if GENVS[O] is also a logical one. 

b GENVS[O] Enable: 
0= Disables lID write to GENVS (0102). 
1 = Enables liD write to GENVS (0102). 

a VGA Enable: 
Read back status of GENVS[O] (0102). 

© 1994 ATI Technologies Inc. 
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VGA 

VGA Sleep Register (GENVS) 

a VGA Sleep: 
0= Oisables VGA video subsystem (contro"er). The VGA video subsystem 
only responds to memory read operations to the BIOS ROM. All other I/O or 
memory read/write operations are suspended. 
1 = Enables VGA video subsystem. 

Notes: 

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

2. Example - to enable the VGA: 
MOV OX, 46E8 
MOV AL,10 
OUT OX, AL 
MOV OX, 102 
MOV AL,1 
OUT OX, AL 
MOV OX, 46E8 
MOV AL,8 
OUT OX, AL 
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eGA 

Border (PaleUe) Register (GENB) 

a 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 81W mode. 

b 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 81W mode. 

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

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

Selects red as foreground in 640x200 81W mode. 

d 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 81W mode. 

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

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

Note: This register is used in CGA emulation mode. 

© 1994 AT1 Technologies 1nc. 
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CGA 

CGA 

Light Pen Set Register (GENLPS) 

a 

Reading or writing at this liD location sets the Light Pen Set register. 

Note: This register is used in CGA emulation mode. 

a 

Reading or writing at this liD location clears the Light Pen Clear register. 

Note: This register is used in CGA emulation modes. 
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VGA 

VGA 

VGA 

a 

a 

a 

DAC_DATA 
DAC data 

DAC_MASK 

DAC Data Register (DAC_DATA) 

a 

a 

Participating bit positions in the mask for DAC lookup are set to one. 

a 

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 (03CBh). 

© 1994 ATI Technologies Inc. 
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VGA 

VGA 

DAC Write Current Color Index Register (DAC_W_INDEX) 

a 

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

a 

a DAC_W_INDEX 
Current write index for a DAC operation. Also see DAC_R_INDEX (03C7h). 
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VGA 

VGA 

Sequencer Index Register (SEQX) 

a This index points to one of the sequencer registers (SEQ) at I/O port address 
3C5h, for the next SEQ read/write operation. These registers are described on 
the following pages. 

a Synchronous Reset Bit 0: 
o = Fo!!ows SEQOO[1]. 
1 = Allows the sequencer to run unless 

SEQOO[1] is zero. 

b Synchronous Reset Bit 1 : 
o = Disable character clock, and display requests to the video memory and 

HN sync signals. 
1 = Allows the sequencer to run unless SEQOO[O] is zero. 

Notes: 

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

2. The SEQOO[O:1] bits must both be set to one for normai operation. 

© 1994 ATI Technologies Inc. 
Proprietary and Confidential 

VGA -S00700-05 
4-15 



VGA 

Clock Mode Register (SEQOI) 

a 8/9 Dot Clocks: 
0= 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. 

b 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. 

c 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, SEOOO[O:O] must first be set to zero. 

d SCieen Off: 
0= 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. 

Note: To change this register, SEOOO[1 or 0] must first be logical zero. 
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VGA 

3 

d 

a Enable Map 0: 
o = Disables write access to memory map O. 
1 = Enables write access to memory map O. 

b Enable Map 1 : 
o = Disables write access to memory map 1. 
1 = Enables write access to memory map 1. 

c Enable Map 2: 
o = Disables write access to memory map 2. 
1= Enables write access to memory map 2. 

d Enable Map 3: 

Notes: 

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

Map Mask Register (SEQ02) 

2 1 o 

c b a 

1. In 4 bit per PEL graphics modes, when the value of this register is set to 111111 
(OFh), the processor can compiete a 32-bit write operation in one memory cycle. 

2. In text modes, the CPU only needs to access maps 0 and 1; therefore, this register 
should have a value of 03h. 

3. When in odd/even modes, the map mask value for maps 0 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. 

© 1994 ATI Technologies Inc. 
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VGA 

Character Map Select Register (SEQ03) 

Character Map Select Register (SEQ03) 

5 4 3 

b a b a 

a Character Map Select B Bits 2:0. 

b Character Map Select A Bits 2:0. 

Notes: 

1. The above register may seem unusual in that bit 0-3 is identical to bit 4-5. This is 
correct and the above notation is valid. 

2. Extended memory SEQ04[1] must be logical in order to enable this select function; 
otherwise, the first 8K of map 2 is always selected. 

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

4. *Bit Pattern 
000 
001 
010 
o 1 1 
100 
1 0 1 
1 1 0 
111 
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Map Selected 
0 
1 
2 
3 
4 
5 
6 
7 

Offset into Map 
OK 
16K 
32K 
48K 
8K 
24K 
40K 
56K 
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VGA 

Memory Mode Register (SEQ04) 

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

b 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 addresses access 
maps 1 and 3. 
1 = Enables sequential access to video data maps for odd/even modes. Map 
Mask register bits SEQ02[O:3] identify which maps are to be accessed for 
each CPU address. 

c Chain 
o = Enables sequential data access within a bit map. Map Mask register bits 
SEQ02[O:3] identify which maps are to be accessed at anyone time. 
1 = In 256-color modes map select is by CPU address bits AO and A 1: 

A 1, AO Map Selected 
o 0 0 
o 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]. 

© 1994 ATI Technologies Inc. 
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VGA 

VGA 

CRTC Index Register (CRTX) 

a 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. 

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

a 

a 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). 
? = 0 when GENMO[O]=1 (Color/Graphics emulation). 
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VGA 

VGA 

Horizontal Display Enable End Register 

a 

a 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 GENMO[O]=1 (Color/Graphics emulation). 

a 

a 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 the H blanking pulse. 

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

© 1994 ATI Technologies Inc. 
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VGA 

End Horizontal Blanking Register (CRT03) 

c b a 

a H Blanking End bits 4-0, respectively. 
These are the five low-order (of six bits in total) of horizontal character count 
fortriggering the end ofthe 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". . 

b Display Enable Skew: 
00 = Zero-character-clock skew. 
01 =One-character-clock skew. 
10 = Two-character-c1ock skew. 
11 = Three-character-c1ock skew. 

c Compatibility Read 
o = Enables write-only to CRT10 and CRT11 . 
1 = Enables read/write access to both vertical retrace start/end registers 
CRT10 and CRT11 . 

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

VGA 

Start Horizontal Retrace Register (CRT04) 

a 

a 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 GENMO[0]=1 (Color/Graphics emulation). 

c b 

a H Retrace End bits. 

a 

This is the 5-bit result from the sum of CRT04 plus the width of the horizontal 
retrace pulse, in the character clock units. 

b 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. 

c 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 GENMO[0]=1 (Color/Graphics emulation). 

© J994 ATJ Technologies Inc. 
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VGA 

VGA 

Vertical Total Register (CRT06) 

a 

a 

These are the eight low-order bits of the 1 O-bit vertical 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 GENMO[0]=1 (Color/Graphics emulation). 

7 6 5 4 3 2 1 o 

h 9 f e d c b a 

a V Total Bit 8 (CRT06). 
Bit 8 of 1 O-bit vertical count for V Total (for functional description see CRT06 
register). 

b End V Display Bit 8 (CRT12). 
Bit 8 of 1 O-bit vertical count for V Display enable end (for functional description 
see CRT12 register). 

c Start V Retrace Bit 8 (CRT10). 
Bit 8 of 1 O-bit vertical count for V Retrace start. For functional description see 
CRT10 register. 

d Start V Blanking Bit 8 (CRT15). 
Bit 8 of 1 O-bit vertical count for V Blanking start (for functional description see 
CRT15 register). 

VGA-S00700-05 
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VGA 

7 6 5 4 3 2 1 o 

h 9 f e d c b a 

e Line Compare Bit 8 (CRT18). 
Bit 8 of 1 O-bit vertical count for Line Compare (for functional description see 
CRT18 register). 

f V Total Bit 9 (CRT06). 
Bit 9 of 1 O-bit vertical count for V Total (for functional description see CRT06 
register). 

9 End V Display Bit 9 (CRT12). 
Bit 9 of 1 O-bit vertical count for V Display enable end (for functional description 
see CRT12 register). 

h Start V Retrace Bit 9 (CRT10). 
Bit 9 of 1 O-bit vertical count for V Retrace start (for functional description see 
CRT10 register). 

Notes: 

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

2. Various bits in this register are functionally part of other CRTC registers. 

© 1994 ATI Technologies Inc. 
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VGA 

Preset Row Scan Register (CRT08) 

a 

a 

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. 

b Byte Panning Control Bits 1 and 0, 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). 

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

Maximum Scan Line Register (CRT09) 

d c b a 

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

b Start V Blanking bit 9 (CRT15). 
Bit 9 of 1 O-bit vertical count for V blanking start (for functional description see 
CRT15 register). 

c Line Compare bit 9 (CRT18). 
Bit 9 of 1 O-bit vertical count for line compare (for functional description see 
CRT18 register). 

d 200-/400-Line Scan: 
0= 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: HN display and blanking timings etc. (in CRTOO-CRT06 registers) are 
not affected by these bits. 

In ATI extended modes, scan function is configured in ATI31 [5:3] 

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

Cursor Start Register (CRTOA) 

b a 

a 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 Istartl value. In EGA, when the 
'end' value is less, the cursor is a full block cursor, which is the same height as 
the character cell. 

b Cursor On/Off 
o = Cursor on. 
1 = Cursor off. 

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

a 

Cursor End Register (CRTOB) 

a 

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 Istartl value. In EGA when the 'end' 
value is less, the cursor is a full block cursor, which is the same height as the 
character cell. 

b 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 
(CRTOE 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. 

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

© 1994 ATI Technologies Inc. 
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VGA 

Start Address (High Byte) Register (CRTOC) 

a 

Notes: 

a 

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). 
? = 0 when GENMO[0]=1 (Color/Graphics emulation). 

2. *ATI Extended modes have additional SA bits: ATI30[6], ATI23[4]. 

WA a 

a 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. 

Notes: 

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

2. * ATI Extended modes have additional SA bits: ATI30[6], ATI23[4]. 
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VGA 

a 

Notes: 

Cursor Location (High Byte) Register (CRTOE) 

a 

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) 
? = 0 when GENMO[0]=1 (Color/Graphics emulation) 

2. *ATI Extended modes use additional CA bits: ATI30[2], ATI23[3]. 

VGA a 

a 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 GRTOE. This address is relative to the start 
of the 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. 

Notes: 

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

2. * ATI Extended modes use additional CA bits: ATI30[2], ATI23[3]. 

© 1994 ATI Technologies Inc. 
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VGA 

Start Vertical Retrace Register (CRTIO) 

a 

a Bits CRT10[7:0] are the eight low-order bits of the 1 O-bit vertical retrace start 
count. The two high-order bits are CRT07[2:7]. located in the GRTC overflow 
register. 

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

Notes: 

1. ? = B when GENMO[O]=O (Monochrome emulation). 
? = D when GENMO[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 CRT03[7] is set to zero. 
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VGA 

End Vertical Retrace Register (CRT11) 

End Vertical Retrace Register (CRTll) 

7 6 5 4 3 

d c b a 

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

b V Retrace Interrupt Set: 
o = V Retrace interrupt cleared. 

c V Retrace Interrupt Disabled: 
o = Enable V Retrace interrupt. 

d 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. 

Notes: 

1. ? = B when GENMO[O]=O (Monochrome emulation) 
? = D when GENMO[O]=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. 

© 1994 AT! Technologies Inc. 
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VGA 

VGA 

Vertical Display Enable End Register (CRT12) 

a 

a 

These are the eight low-order bits of the 1 O-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 GENMO[O]=1 (Color/Graphics emulation). 

a 

a 

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 CRT13; for 
word mode, 4x; for double word mode, ax. 

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

Underline Location Register (CRT14) 

c b a 

a 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. 

b Count-by-4: 
o = Character clock is used unmodified at the 

memory address counter, for byte 
addressing. 

1 = Character clock is divided-by-4 at the clock 
input to the Memory address counter. 
Count-by-4 clocks are used for double-word 
addressing. This bit overrides divide-by-2 
bit CRT17[3]. 

c 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]. 

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

Start Vertical Blanking Register (CRTlS) 

a 

a 

These are the eight low-order bits of the 1 O-bit vertical blanking start register. 
Bit 9 is CRT09[S]; bit 8 is CRT07[3]. 

The 10 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). 
? = 0 when GENMO[O]=1 (Color/Graphics emulation). 

a 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 (CRT1S) 
minus one. 

Note: ? = B when GENMO[O]=O (Monochrome emulation). 
? = 0 when GENMO[O]=1 (Color/Graphics emulation). 
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CRT Mode Register (CRT17) 

7 6 5 4 3 2 1 o 

9 f e d c b a 

a Compatibility Mode: 
0= Substitutes row scan counter bit 0 as bit 13 of CRTC output during active 
display time. For example, this allows for compatibility with the6845controller 
or CGA APA modes. 
1 = Enables row scan counter bit 13 as bit 13 of CRTC output. 

b 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 compatibility with Hercules 
graphics and other 400-line graphics modes. 
1 = Selects row scan counter bit 14 (RA 14) as bit 14 at the CRTC output. 

c Vertical-by-2: 
0= Increments the vertical timing counter for every horizontal retrace. 
1 = Increments the vertical timing counter for 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). 

d Count-by-2: 
0= Increments the memory address counter for every character clock. 
1 = Increments the memory address counter for every two character clocks. 

e Address Wrap: 
0= 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 0 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 0 position at the CRTC output. 

f Byte/Word Mode: 
o = Selects word mode memory addressing. The memory address is rotated 
left by one. 
1 = Selects byte mode memory addressing. 

9 HN Retrace Enable: 
0= Disables horizontal and vertical retrace. 
1 = Enables horizontal and vertical retrace. 
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CRT Mode Register (CRT17) 

7 6 5 4 3 2 1 o 

9 f e d c b a 

Notes: 

1. ? = B when GENMO[O]=O (Monochrome emulation). 
? = 0 when GENMO[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 
8K bytes. 
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VGA 

a 

Line Compare Register (CRT18) 

a 

These bits are the eight low-order of the 10-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 the 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 A TTR 10[5]. (For a description of this control bit see 
A TTR 1 O[5J.) 

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

a This index is used to address one of the internal registers of the graphics 
controller (GRAC) at I/O port 3CFh. These are described on the following 
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Set/Reset Register (GRAOO) 

3 2 1 o 

d c b a 

a Set/Reset Map 0: 
o = All eight bits of buffer map 0 are to be written with zeros during CPU write 
if write mode is 0 (See write mode bits G RA05[1 :0]), and if the enable set/reset 
bit GRA01 [0] 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 0 or 3 (See write mode bits GRA05[1 :0]), and if the enable 
set/reset bit GRA01 [0] is a logical one. 

b 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 0 (See write mode bits GRA05[1 :O]),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 0 or 3 (See write mode bits GRA05[1 :0]), and if the enable 
set/reset bit GRA01 [1] is a logical one. 

c Set/Reset Map 2: 
0= All eight bits of buffer map 2 are to be written withzerosduringCPUwrite 
if write mode is 0 (See write mode bits GRA05[1 :O]),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 0 or 3 (See write mode bits GRA05[1 :0]), and if the enable 
set/reset bit GRA01 [2] is a logical one. 

d Set/Reset Map 3: 
0= All eight bits of buffer map 3 are to be written withzerosduringCPUwrite 
if write mode is 0 (See write mode bits GRA05[1 ,0D,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 :0]), and if the enable 
set/reset bit GRA01 [3] is a logical one. 
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Enable Set/Reset Register (GRAOl) 

7 6 5 4 3 2 1 o 

d c b a 

a Enable Set/Reset Map 0: 
0= If write mode is 0 (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 o. 

b 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 0 (GRA05[1 :0]=0) GRAOO[1] is written to all eight bits of 
memory map 1. 

c Enable Set/Reset Map 2: 
0= If write mode is 0 (GRA05[1 :0]=0) CPU data is written to memory map 2. 
1 = If write mode is 0 (GRA05[1 :0]=0) GRAOO[2] is written to all eight bits of 
memory map 2. 

d Enable Set/Reset Map 3: 
0= If write mode is 0 (GRA05[1 :0]=0) CPU data is written to memory map 3. 
1 = If write mode is 0 (GRA05[1 :0]=0)GRAOO[3] is written to all eight bits of 
memory map 3. 

Note: This register has no effect on data source select when the video memory map 
write mode is 1, 2, or 3. 
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Color Compare Register (GRA02) 

a 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 0 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 
the CPU reads a one for a match in that bit position. 

If the 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. 
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Data Rotate Register (GRA03) 

a Rotate Count Bits 2-0. 
Specifies the number of bit positions the CPU data is to be rotated to the right. 
This is done 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 0 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. 

b 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. 
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Read Map Select Register (GRA04) 

a Bits 1 and 2, respectively. 

Notes: 

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

1. In Odd/Even modes, the value may be binary 00 or 01 for chained bit maps 0 
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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Graphic Mode Register (GRAOS) 

a 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 
GRAOO[O:3] are compared with each pixel value from the latches according to 
function bits GRA03[4:3]. 

b 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 the case 
where SEQ04[3] is logical one, CPU address bits AO and A 1 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 the CPU as a one. This process is repeated 
for all eight pixels. 
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Graphic Mode Register (GRA05) 

c Odd/Even Addressing Enable 
Used to enable CGA emulation, this bit enables the 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. 

d 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, M1 DO:M1 07, 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 MOD3 MOD4 MOD5 MOD6 MOD7 -> CO 
M1DO M1D1 M1D2 M1D3 M1D4 M1D5 M1D6 M1D7 -> C1 
M2DO M2D1 M2D2 M2D3 M2D4 M2D5 M2D6 M2D7 -> C2 
M3DO M3D1 M3D2 M3D3 M3D4 M3D5 M3D6 M3D7 -> C3 

01 = 
MSB LSB O/P 
M1DO M1D2 M1D4 M1D6 MODO MOD2 MOD4 MOD6 -> CO 
M1D1 M1D3 M1D5 M1D7 MOD1 MOD3 MOD5 MOD7 -> C1 
M3DO M3D2 M3D4 M3D6 M2DO M2D2 M2D4 M2D6 -> C2 
M3D1 M3D3 M3D5 M3D7 M2D1 M2D3 M2D5 MOD7 -> C3 

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. 
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Graphics Miscellaneous Register (GRA06) 

a Graphics/Alphanumeric Mode: 
0= Selects AlN (alphanumeric mode): display data bypasses the graphics 
controller and latches into the attribute controller. 
1 = Selects APA (graphics) mode: color data is serializediniheshiftregisters 
before it is passed to the attribute controller. 

b 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. 

c 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. 
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Color Don 't Care Register (GRA07) 

7 3 2 1 o 

d c b a 

a Ignore Map o. 

b Ignore Map 1. 

c Ignore Map 2. 

d Ignore Map 3. 

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 ANDed 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. 

I 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 the CPU reads the data. 
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ATIVGA 

a 

a 

Note: 

Bit Mask Register (GRAOS) 

a 

o = Data is from latches: Logical zero in a bit 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 GRADS. 

a 

This register contains the low eight bits (A7:AO) of the base I/O address of the 
ATI extended VGA registers. 

This register only exists on the mach64GX-0 and the mach64GX-1. For the mach64GX-2, 
mach64CX, and mach64EX chips, the ATI register address is fixed at 1 CE and 1 CF and 
cannot be programmed to other addresses. 
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Extended I/O Base Address High (GRASl) 

a The high four bits (A 11 :A8) of the base I/O address of the ATI extended VGA 
registers. 

b This two bit field is the index offset match field for the ATI extended VGA 
registers. The high two bits of the indices wrtten to the ATI extended VGA index 
register must match this field in order for the VGA to respond. 

Note: 

This register only exists on the mach64GX-O and the mach64GX-1. For the mach64GX-2, 
mach64CX, and mach64EX chips, the ATI register address is fixed at 1CE and 1CF and 
cannot be programmed to other addresses. 
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VGA 

ATTR Index Register (ATTRX) 

b a 

a ATTR Index Bits 4-0. 
This index points to one of the internal registers of the attribute controller 
(ATTR) at addresses 3C1 h/3COh, for the next ATTR read/write operation. 

Since both the index and data registers are at the same I/O 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. 

b Palette Address Source: 
0= 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. 

Notes: 

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. 
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Palette Registers O-F (ATTROO-OF) 

a Color Index. 
This field maps 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, and 
enabled for those bits set to logical one. 

Notes: 

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 ATTR14[1 :0] 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 ATTR 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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Mode Control Register (ATTRIO) 

7 6 5 4 3 2 1 o 

9 f e d c b a 

a Graphicsl*Alphanumeric Mode: 
1 = Selects monochrome display. 
0= Selects AlN: alphanumeric mode. 
1 = Selects APA: graphics mode. 

b Monochromel*Color Attributes Select: 
o = Selects color display. 
1 = Graphicsl*Alphanumeric Mode 

c 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. 

d Blink Enablel*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. 

e 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:S]. 

1 = For panning only the top half of a split screen: by forcing ATTR13 output 
to zero until the start of the next V sync pulse when line compare 
condition is "true". 

f PEL Clock Select: 
o = Shift registers are clocked every dot clock. 
1 = For 2S6-color mode 13h: eight bits of video data are packed to form a 

pixeL 

9 Alternate Color Source: 
0= Selects palette register bits 4 and S (in ATTROO-OF) as source for color 

output bits P4 and PS. 
1 = Selects ATTR14[1 :0] as source for color output bits P4 and PS, 

respectively. 
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Overscan Color Register (ATTRll) 

a 

Notes: 

1. These bits define the color of the border (overscan) area in BO-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, ATTR14[3:2], 
and bits 4 and 5, ATTR14[1 :0]. 
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Color Map Enable Register (ATTR12) 

Color Map Enable Register (ATTR12) 

5 4 3 

b a 

a Enable Color Map bits 3-0: 
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. 

b 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 =P5, P4. 
10 =P3, P1. 
11 =P7, P6. 
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Horizontal PEL Panning Register (ATTR13) 

Horizontal PEL Panning Register (ATTR13) 

7 4 3 

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

COUNT MODES MODE 13 ALL OTHER 
VALUE 0+,1+,2+,3+,7,7+ MODES 

0 1 0 0 

1 2 - 1 

2 3 1 2 

3 4 - 3 

4 5 2 4 

5 6 - 5 

6 7 3 6 

7 8 - 7 

8 o 

Note: AlN modes 0+, 1 +, 2+, 3+, and 7+ are enhanced modes with 9x16 box size 
resolution. AlN mode 7 has a 9x14 box size. APA mode 13 has a 320x200 
screen resolution. 
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Color Select Register (ATTR14) 

a Color bits P5 and P6, respectively. These bits are the color output bits (instead 
of bits 5 and 4 of the internal palette registers ATTROO-OF) when alternate color 
source, bit ATTR10[7], is logical one. 

b 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 look up table). The lower order bits are in registers ATTROO-OF. 
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Chapter 
egister Extel1siol1S 

Configuring VGA Extended Registers 

The mach64GX, mach64CX, and mach64EX VGA controllers provide a 
full set ofVGA extended registers for enhanced features and performance. 
These registers are fully described in this chapter. 

For the mach64GX-0 and mach64GX-l, the I/O address and offset for 
ATI's VGA extended registers are user-selectable. This feature allows 
users to pick an unoccupied I/O address for the extended registers when 
there is an I/O port conflict with other peripheral hardware. On system reset, 
the BIOS normally writes the values for I/O Address (All: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 A7 I A6 I A5 I A4 I A3 I A2 I Al I AO 
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Address: 3CEh Offset: 5Ih 

Bit7 Bit 0 

I 01 I 00 I "O'~ I "0" I All IAIO IA9 I A8 

The following code will program "ICE" as the 110 address, and "2" as the 
index offset: 

MOV DX,3CE 
MOV AX,CE50 
OUT DX,AX 
MOV AX,8151 

OUT DX,AX 

; CE = address bits A 7 to AO. 

; 81 = offset bits 1,0 and address bits 
; All to A8. 

For the mach64GX-2, mach64CX, and mach64EX chips, the ATI register 
address is fixed at I CE and I CF and cannot be programmed to other 
addresses. 

VGA Extended Registers - By Name 

The following table lists all AT!' s VGA extended registers and the page 
numbers of their descriptions. 

Na.II1e~:" Type Desclip9~n Page 

ATIX RIW ATI Index 5-4 

ATIOI RIW A TI Register 1 

ATI02 RIW A TI Register 2 

ATI03 RIW A TI Register 3 

ATI04 RIW A TI Register 4 

AT105 RIW A TI Register 5 5-5 

ATI06 RIW A TI Register 6 5-6 

ATI20 RIW A TI Register 20 5-7 

ATI23 RIW A TI Register 23 5-8 

ATI24 RIW ATI Register 24 5-9 

ATI25 RIW A TI Register 25 5-10 

ATI26 RIW A TI Register 26 5-11 

ATI28 R A TI Register 28 5-12 

ATI29 R A TI Register 29 5-13 

ATI2B RIW A TI Register 2B 5-14 

ATI2D RIW A TI Register 2D 

ATI2E RIW A TI Register 2E 

ATI30 RIW A TI Register 30 5-15 

ATI31 RIW ATI Register 31 5-16 

ATI32 RIW A TI Register 32 5-17 

ATI33 RIW ATI Register 33 5-18 

VGA -S00700-05 © 1994 ATI Technologies Inc. 
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ATI34 

ATI35 

ATI36 

ATI37 

ATI38 

ATI39 

ATI3A 

ATI3B 

ATI3C 

ATI3D 

ATI3E 

ATI3F 

© 1994 ATI Technologies Inc. 
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RfW 

RfW 

RfW 

R 

RfW 

RfW 

RfW 

RfW 

R 

RfW 

RfW 

RfW 

A TI Register 34 

A TI Register 35 

A TI Register 36 

ATI Register 37 

ATI Register 38 

A TI Register 39 

A TI Register 3A 

ATI Register 3B 

A TI Register 3C 

A TI Register 3D 

A TI Register 3E 

ATI Register 3F 

5-19 

5-20 

5-21 

5-22 

5-23 

5-24 

5-25 

5-26 

5-27 

5-28 
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ATIVGA 

ATI Index Register (ATIX) 

7 

h 

a 

b 

c 

d 

e 

f 

9 

h 

6 5 4 3 2 1 o 

9 f e d c b a 

Index Bit 10 

Index Bit 11 

Index Bit 12 

Index Bit 13 

Index Bit 14 

Index Bit 15 

Offset Bit 00 

Offset Bit 01 

*The 110 address and offset is programmed as illustrated on page 5-1. 
ATI Extended registers must have both liD address and offset configured before 
being accessed. 

Note: 

• Assuming that the 110 address for the extended registers has been configured as 
illustrated in the example at the beginning of this chapter, (i.e., an address of 1CEh 
with an index offset of 2h), the steps for writing a value of "FF" to the extended 
register at index "3E" (ATI3E) are as follows: 

(a) Obtain the offset for ATI3E by concatenating the index offset "2" (bits 01-00) 
to the register index "3E" (bits 15-10). For this example, it is "1011 1110" (BE): 

Address: 1 CEh Offset: 2h 

Bit 7 BitO 

(b) Write "FF" to the extended register A TI3E by specifying "FFBE" in the program 
code as follows: 

MOV DX, ICE 
MOV AX,FFBE 
OUT DX,AX 

VGA -S00700-05 
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ATIVGA 

AT/ Register S (AT/OS) 

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

b Cursor blink rate select: 
o = Normal blink rate (VGA standard) 
1 = Half normal blink rate. 

Notes: 

1. *The port address of A TI Extended registers is user-programmable. 
Refer to Note on page 5-4 for details. 

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

© 1994 ATI Technologies Inc. 
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ATI VGA 

ATI Register 6 (A TI06) 

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

VGA -500700-05 
5-6 

Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 
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ATI VGA 

ATI Register 20 (ATI20) 

ATI Register 20 (ATI20) 

5 4 

b a 

a Display FIFO Bits 3:0. 
These bits select the video FIFO depth at which Display Request changes from 
low priority to high priority in the memory controller. Power-up default is 8. 

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

c DAC extended address select bits RS3:2. 

Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© J994 ATJ Technologies Inc. 
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ATI VGA 

ATI Register 23 (ATI23) 

a GX-O/GX-1: 
16-Bit ROM Access Bits 2:0. 
ROM Access Time bit (in single ROM, 16-bit mode). 

CXlEXlGX-2: 
Horizontal sync skew: 
0= No skew 
1 = Skew by 1 character clock 
2 = Skew by 2 character clocks 
3 = Skew by 3 character clocks 
4-7 = Reserved 

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

VGA -S00700-05 
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Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 
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ATI VGA 

ATI Register 24 (ATI24) 

7 6 5 4 3 2 1 o 

h 9 f e d c b a 

a ROM Page 0 Bit o. 

b ROM Page 0 Bit 1. 

c ROM Page 0 Bit 2. 

d ROM Page 0 Bit 3. 

e ROM Page 1 Bit o. 

f ROM Page 1 Bit 1. 

9 ROM Page 1 Bit 2. 

h ROM Page 1 Bit 3. 

Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 ATI Technologies Inc. 
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ATIVGA 

ATI Register 25 (ATI25) 

7 6 5 4 3 2 1 o 

h 9 f e d c b a 

a ROM Page 2 Bit O. 

b ROM Page 2 Bit 1. 

c ROM Page 2 Bit 2. 

d ROM Page 2 Bit 3. 

e ROM Page 3 Bit O. 

f ROM Page 3 Bit 1. 

9 ROM Page 3 Bit 2. 

h ROM Page 3 Bit 3. 

Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

VGA -S00700··05 
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ATI VGA 

ATI Register 26 (ATI26) 

7 6 5 4 

b a 

a Solid Underline: 
o = Dashed underline in monochrome text mode. 
1 = Solid Underline in monochrome text mode. 

b Forced Read 3CCh: 
0= Normal read back operation. 
1 = Force data bits GENMO[7:1] to logical 0 

during read operation of 3CCh. 

Note: 

ATI Register 26 (ATI26) 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 ATI Technologies Inc. 
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ATIVGA 

ATI Register 28 (ATI28) 

a Vertical Line Counter Bit 8. 

b Vertical Line Counter Bit 9. 

Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

VGA -500700-05 
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ATIVGA 

ATI Register 29 (ATI29) 

a 

Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 ATI Technologies Inc. 
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ATIVGA 

ATI Register 2B (ATI2B) 

a Video Zero Wait-State Enable: 
1 = Enable zero wait-state support for video memory write. 

b BIOS Zero Wait-State Enable: 
1 = Enable zero wait-state support for BIOS read. 

c I/O Zero Wait State Enable: 
1 = Enable liD zero wait state. 

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

e Lock DAC Write: 
1 = Lock DAC write select signal. 

Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

VGA -S00700-05 
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ATI VGA 

a 1 M Memory Support: 
1 = Indicates 1 M video RAM is reserved for VGA. 

b Video Memory Size: 
o = 256K video RAM is reserved for VGA. 
1 = 512K video RAM is reserved for VGA. 

c ATI-Ext 256-Color Mode Select: 
1 = Enables 256-color mode in ATI extended mode. 

d ATI-Ext CRTC SA Bit 16: 

ATI Register 30 (ATI30) 

This is bit 16 of the display buffer start address (SA) when in ATI extended 
modes. See CRTOC and CRTGD for descriptions. 

Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 AT1 Technologies Inc. 
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AT) VGA 

AT! Register 3! (AT!3!) 

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

of CRT09[7]. 
010 = APA mode: Enables 3 of 4 scanning. 
101 = AlN mode: Enables double scanning in lieu 

of CRT09[7]. 
110 = AlN mode: Enables 3 of 4 scanning. 

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

Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

VGA -500700-05 
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ATIVGA 

ATI Register 32 (ATI32) 

c b a 

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

b 0000 = 1 st 64K block or 1 st 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 ATI3E[3] is logical zero, bits ATI32[3:1] are used to control both CPU read 
and write paging. 

c 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 ATI3E[3] is logical one, bits ATI32[5:7] are used to control CPU read paging; 
while AT132[1 :3] are used to control CPU write paging. 

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

Notes: 

1. *The port address of A TI Extended registers is user-programmable. 
Refer to Note on page 5-4 for details. 

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

© 1994 ATI Technologies Inc. 
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ATIVGA 

AT! Register 33 (AT!33) 

7 6 

b a 

a 4-bit PEL, 1 bit/map: 
1 = Enables map memory mapping for 16-color 1024x768 mode 55h. 

b Double Scan Enable: 
o = Scans at the selected clock rate. 
1 = Enables double scanning when the screen size is programmed to be 
between 150 lines. 

VGA -S00700-05 
5-18 

Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 
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ATIVGA 

a Enable CGA Emulation 
1 = Enables CGA emulation. 

b Write Protect CRT09[O:4, 7] 
1 = Write-protects registers CRT09[0:4, 7]. 

c Write-Protect V Timing Registers 
1 = Write-protects all vertical timing 

related registers: 
CRT06 
CRT07[O-3,5-7] 
CRT09[5] 
CRT10, 
CRT11 [0-3] 
CRT12 
CRT15 
CRT16. 

d Write-Protect CRTOA-CRTOB 

ATI Register 34 (ATI34) 

1 = Write protects the cursor start/end registers CRTOAICRTOB. 

e 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). 

f Write-Protect CRT08[O-6], CRT14[0-4] 
1 = Write-protects registers CRT08[O:6] and CRT14[O:4]. 

9 CRT11 [7] Override 
1 = Write-protect bit CRT11 [7] is ignored. 

See CRT11[7J for a list of registers to protect from a write operation. 

Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 ATI Technologies Inc. 
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ATIVGA 

ATI Register 35 (ATI35) 

a Blanking Signal Select: 
1 = Selects the Display Enable signal as the output blanking signal. 

b Blanking Polarity Invert: 
1 = Inverts polarity of blanking signal BLANKB. 

c Anti-alias Fonts Enable: 
1 = Enables eight simultaneous fonts. 

d Cursor Blinking Disable: 
1 = Disables cursor blinking 

e CGA Cursor Start/End Address: 
1 = Adds a value of' 51 to both cursor start/end registers, for CGA emulation. 

f VGA Overscan Output Enable: 
1 = Used as an overlay input signal to the DAC to generate an overscan feature 

that is independent of the DAC palette values. (ATI68800-6). 

VGA -S00700-05 
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Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 
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ATI VGA 

ATI Register 36 (ATI36) 

a CRTC Display Address Counter Enable: 
1 = Enables VGA CRTC display address counter above 64K address space. 

b Linear Addressing, 256-color Mode: 
1 = Selects linear addressing, 256-color mode. 

c Vertical Interrupt Enable: 
1 = Enables vertical interrupt. 

d Linear Addressing, Text Mode: 
1 = Selects linear addressing, text mode. 

e Screen Blanking Disable (CGA/Hercules Modes): 
1 = Disables function of bit 3 in the CGA and in the Hercules mode control 
registers GENMC (at I/O ports 3D8h & 3B8h respectively, to prevent screen 
blanking when in these modes). 

Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 ATI Technologies Inc. 
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ATIVGA 

ATI Register 38 (ATI38) 

a Write-Protect ATTROO - OF. 
1 = Disable I/O writes to ATTROO - OF palette registers. 

b Write-Protect ATTR11. 
1 = Disable I/O writes to ATTR11 overscan register. 

c Write-protect VGA registers. 
1 = Disable I/O writes to all VGA registers except: 

CRTCOC, CRTCOD (Start Address registers). 
CRTCOA (Cursor Start register) 
CRTCOB (Cursor End register). 

d Write Protect Register at I/O port 3C2h. 
1 = Disable I/O writes to 3C2h register. 

e 0 = Input video clock undivided. 
1 = input video ciock divided by 2. 

f General Purpose ReadlWrite bit. 

Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

VGA -S00700-05 
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ATIVGA 

a Clock Frequency Synthesizer select bit 2 (See ATI3E). 

b ROM Address Decode Bits 1 and a, respectively: 
00 = Enables 32K BIOS size, starting at Caaaah. 
01 = Enables 28K BIOS size, starting at CaaDDh. 
10 = Enables 24K BIOS size, starting at Caaaah. 
11 = Enables 24K BIOS size, starting at Caaaah. 

c General Purpose Read/Write bit. 

d Write Protects CRT18 (Line Compare): 
1 = Disables write to CRT18 (Line Compare register). 

Note: 

ATI Register 39 (ATI39) 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 ATI Technologies Inc. 
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ATIVGA 

ATI Register 3B (ATI3B) 

VGA -S00700-05 
5-24 

a 

Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 
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ATIVGA 

ATI Register 3C (ATI3C) 

a 

Note: 

*The port address of A TI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 ATI Technologies Inc. 
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ATI VGA 

AT/ Register 3D (AT/3D) 

a Composite Sync Polarity Select: 
1 == Selects Composite Sync Polarity output 

b 128K CPU Address: 
1 == Enables CPU addressing of 128K from AOOOOh to BFFFFh; all CPU Adrs 
Read page control bits in ATI32 have 128K per block operations. 

c Composite Sync Select: 
1 == Selects Composite Sync output instead of Horizontal Synco 

VGA -S00700-05 
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Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 
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ATIVGA 

ATI Register 3E (ATI3E) 

a RIW V Display End Register: 
1 = Allows programming of register CRT12 (Vertical Display End); even in 
Double Scan mode. 

b Interlace Operation: 
1 = Enables interlace operation. 

c ReadIWrite Paging Select: 
o = Selects CPU read/write paging, as defined in AT132[1 :3]. 
1 = Selects CPU read/write paging, as defined in AT132[1 :3, 5:7]. 

d Clock Frequency Synthesizer Select bit 3 (See AT139). 

Note: 

*The port address of ATI Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 

© 1994 ATI Technologies Inc. 
Proprietary and Confidential 

VGA -S00700-05 
5-27 



ATIVGA 

ATI Register 3F (ATI3F) 

a 1 = Disables zero wait state in planar mode. 

b 1 = Selects the number of MCLK delay in 16-bit Planar mode memory opera­
tion before latching the first CPU data. 

VGA -S00700-05 
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Note: 

*The port address of AT! Extended registers is user-programmable. Refer 
to Note on page 5-4 for details. 
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VGA Controller 

AH=O ; set video mode (AL = video mode) 

IBM Compatible Modes: 

OOh color/alpha 

01h color/alpha 

02h color/alpha 

03h color/alpha 

04h color/graphics 

05h color/graphics 

06h color/graphics 

07h mono/alpha 

ODh color/graphics 

OEh color/graphics 

OFh mono/graphics 

10h color/graphics 

llh color/graphics 

12h color/graphics 

13h color/graphics 

© 1994 ATI Technologies Inc. 
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640x200 40x25IBW 

640x200 40x25/16 

640x200 80x25IBW 

640x200 80x25/16 

320x200 40x25/4 

320x200 40x25IBW 

320x200 80x25IBW 

720x350 80x25IBW 

320x200 40x25/16 

640x200 80x25/16 

640x350 80x25/BW 

640x350 80x25/16 

640x480 80x30IBW 

640x480 80x30/16 

320x200 80x25/256 

BIOS FU11Ctioli Calls 

B800h:O 

B800h:O 

B800h:O 

B800h:O 

B800h:O 

B800h:O 

B800h:O 

BOOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 
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BIOS Function Calls 

ATI Enhanced Modes: 

21h 

22h 

23h 

33h 

55h 

61h 

62h 

63h 

64h 

6Ah 

AH=l 

AH=2 

AH=3 

color/alpha SOOx400 

color/alpha SOOx4S0 

color/alpha lO56x200 

color/alpha lO56x352 

color/graphics lO24x76S 

color/graphics 640x400 

color/graphics 640x4S0 

color/graphics SOOx600 

color/graphics lO24x76S 

color! graphics SOOx600 

; set cursor type 

CH = start line of cursor 
CL = end line of cursor 
CX = 1 FOOh to tum off cursor 

; set current cursor position 

lOOx25 

lOOx30 

132x25J16 

132x44/16 

12Sx4S/16 

SOx25/256 

SOx30/256 

lOOx42/256 

12Sx4S/256 

lOOx42J16 

BH = page number of the desired page 
DH, DL = row and column of cursor 

; read current cursor position at the specified page 

BH = page number of the desired page 
on exit: 
CH, CL = cursor type 
DH, DL = row, column of cursor at the specified page 

VGA -500700-05 
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BSOOh:O 

BSOOh:O 

BSOOh:O 

BSOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 

AOOOh:O 
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AH=4 

AH=5 

AH=6 

AH=7 

AH=8 

AH=9 

AH=OAh 

AH=OBh 

AH=OCh 

BIOS Function Calls 

read current light pen position (VGA does not support light pen) 

select active display page 

AL = page number to be active 

; scroll active page up 

AL = number of lines to be scrolled 
= 0 ; blanks the whole window 

BH = attribute of blanked line 
CH, CL = row, column of upper left hand comer of scrolling window 
DH, DL = row, column of lower right hand comer of scrolling window 

; scroll active page down 

AL = number of lines to be scrolled 
= 0 ; blanks the whole window 

BH = attribute of blanked line 
CH, CL = row, column of upper left hand comer of scrolling window 
DH, DL = row, column of lower right hand comer of scrolling window 

; read character/attribute at current active cursor position 

BH = page number of the desired page 
on exit: 
AL = character 
AH = attribute (for text mode only) 

; write character/attribute at current cursor position of a specified page 

AL = character to be written 
BL = attribute of character 
BH = page number 
CX = count of character to write 

; write character at current cursor position of a specified page 

AL = character to be written 
BH = page number 
CX = count of character to write 

; set color palette, valid for modes 4 and 5 only 

BH = 0 ; selects the background color 
BL = color value used with that color id 

= 1 ; selects the palette to be used 
BL = 0 ; palette value is GREEN(l)/RED(2)/BROWN(3) 

= 1 ; palette value is CYAN(1)/MAGENTA(2)/wHITE(3) 

; write dot (graphics mode) 

BH = page number 
DX, CX = row, column of dot position 

© 1994 ATI Technologies Inc. 
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BIOS Function Calls 

AH=ODh 

AH=OEh 

AH=OFh 

AH = IOh 

VGA -500700-05 
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AL = color value of dot (if bit 7 of AL is ON, the color value will be XOR'd with the 
current 

value of the dot) 

; read dot (graphics mode) 

BH = page number 
DX, ex = row, column of dot position 
on exit 
AL = color value of dot 

; write teletype to active page 

AL = character to write 
BL = foreground color in graphics mode 

; return current video setting 

on exit: 
AL = current mode 
AH = number of column (in characters) on screen 
BH = current active display page 

; set palette registers 

AL = 0 ; set individual palette register 
BL = palette register 
BH = palette value 

AL = ; set overscan register 
BH = palette value 

AL = 2 ; set all palette and overscan registers 
ES:DX = pointer to palette value table (17 bytes long), bytes 0 - 15 are 

palette 
values for 16 palette registers, byte 16 is palette value for the 
overscan register 

AL = 3 ; toggle between intensity/blinking bit 
BL = 0 ; set intensity on 
BL = 1 ; set blinking on 

AL = 7 ; read individual palette register 
BL = palette register 
on exit: 
BH = palette value 

AL = 8 ; read overscan register 
on exit: 
BH = overscan value 

AL = 9 ; read all palette and overscan registers 
ES:DX = pointer to 17-byte buffer 
on exit: 
ES:DX = pointer to palette value table (17 bytes long), bytes 0 - 15 are 

palette 
values for 16 palette registers, byte 16 is palette value for the 
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AH=llh 

overscan 
register 

AL = 10h ; set a color register 
BX = color register 
DH = red value 
CH = green value 
CL = blue value 

AL = 12h ; set a block of color registers 
BX = first color register to be set 
CX = total number of color registers to be set 

BIOS Function Calls 

ES:DX = pointer to table of color register values in red, green, blue, red, 
green, 

blue , ... format 
AL = 13h ; set color pages (only valid for 16 color modes) 

BL = 0 ; select color page mode 
BH = 0 ; select 4 pages of 64 color registers each 
BH = I ; select 16 pages of 16 color registers each 
BL = I ; select color page 
BH = color page number 

AL = I5h ; read a color register 
BX = color register 
on exit: 
DH = red value 
CH = green value 
CL = blue value 

AL = 17h ; read a block of color registers 
BX = first color register to be set 

green, 

CX = total number of color registers to be set 
ES:DX = pointer to buffer to store the color register values 
on exit: 
ES:DX = pointer to table of color register values in red, green, blue, red, 

blue, ... , format 
AL = 1Ah ; read current color page information 

BL = current color page mode 
BH = current color page 

AL = 1Bh ; change color values to gray shades 
BX = first color register to be changed 
CX = total number of color registers to be changed 

; character generator routines 

AL = 00 ; load user specified character set 
ES:BP = pointer to character table 
CX = number of characters to be stored 
DX = character of offset into current table 
BL = block to load 
BH = bytes per character 

© 1994 ATI Technologies Inc. VGA-S00700-05 
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AL = 01 ; load 8x14 character set 
BL = block to load 

AL = 02 ; load 8x8 character set 
BL = block to load 

AL = 03 ; set block specifier 
BL = character generator block specifier 

AL = 04 ; load 8x16 character set 
BL = block to load 

The function AL = I? is similar in function to AL = O? except the number of rows on the 
screen is recalculated. 

AL = 10h ; load user specified character set 
ES:BP = pointer to character table 
ex = number of characters to be stored 
DX = character of offset into current table 
BL = block to load 
BH = bytes per character 

AL = Ilh ; load 8x14 character set 
BL = block to load 

AL = 12h ; load 8x8 character set 
BL = block to load 

AL = 14h ; load 8x 16 character set 
BL = block to load 

AL = 20h ; update alternative character generator pointer (lNT IF) 
ES:BP = pointer to table 

AL = 21h ; update alternative character generator pointer (lNT 43) 
ES:BP = pointer to table 
ex = bytes per character 
BL = row specifier 

= 0 ; DL = rows 
= ; rows = 14 
= 2 ; rows = 25 
= 3 ; rows = 43 

AL = 22h ; update alternative character generator pointer (INT 43) with the 8x14 char-
acter 

; generator in ROM 
AL = 23h ; update alternative character generator pointer (INT 43) with the 8x8 charac-
ter 

; generator in ROM 
AL = 24h ; update alternative character generator pointer (lNT 43) with the 8x16 char-
acter 

; generator in ROM 
AL = 30h ; return EGA character generator information 

BH = 0 ; return current INT IF pointer 
= 1 ; return current INT 43 pointer 
= 2 ; return pointer to 8x 14 character generator 
= 3 ; return pointer to 8x8 character generator (lower) 
= 4 ; return pointer to 8x8 character generator (upper) 

VGA-S00700-05 © 1994 AT! Technologies Inc, 
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AH= 12h 

= 5 ; return pointer to alternate 9x 14 alpha 
= 6 ; return pointer to 8x16 character generator 
= 7 ; return pointer to alternate 9x16 alpha 

on exit: 
ES:BP = pointer to table as requested 
CX = points (pixel column per char) 
DL = rows (scan line per char) 

; return current EGA settings/print screen routine selection 

BL = 10h ; return EGA information 
on exit: 
BH = 0 ; color mode in effect 

= 1 ; monochrome mode in effect 
BL = 3 ; 256k video memory installed (always return 3) 
CH = simulated value of feature bits 
CL = simulated EGANGA dip switch setting 

BL = 20h ; select alternate print screen routine for EGA graphics mode 
BL = 30h ; select number of scan lines for alpha modes 

AL = 0 ; 200 scan lines 
= 1 ; 350 scan lines 
= 2 ; 400 scan lines 

on exit: 
AL = 12h ; function s!lPported 

BL = 31h ; default palette loading during mode set 
AH = 0 
AL = 0 ; enable 

= 1 ; disable 
on exit: 
AL = 12h ; function supported 

BL = 32h ; video controller 
AL = 0 ; enable video controller 

= 1 ; disable video controller 
on exit: 
AL = 12h ; function supported 

BL = 33h ; summing of color registers to gray shades 
AL = 0 ; enable summing 

= 1 ; disable summing 
on exit: 
AL = 12h ; function supported 

BL = 34h ; cursor emulation 
AL = 0 ; enable cursor emulation 

= 1 ; disable cursor emulation 
on exit: 
AL = 12h ; function supported 

BL = 36h ; video screen on/off 
AL = 0 ; video screen on 

= 1 ; video screen off 
on exit: 
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AH= 13h 

AH=lAh 

AH=lBh 

VGA -S00700-05 
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AL = 12h ; function supported 
BX=5506h ; VGAWONDER BIOS extension 

AL = video mode 
BP = OFFFFh 
DI = 0 
SI = 0 
on exit: 
if BP is not equal to OFFFFh 

then ES:BP = pointer to parameter table 
if SI is not equal to 0 

then ES:SI = pointer to parameter table supplement 

; write string to specified page 

ES:BP = pointer to string 
ex = length of string 
BH = page number 
DH,DL = starting row and column of cursor in which the string is placed 
AL = 0 ; cursor is not moved 

BL = attribute 
string = (char, char, char, char, .. 0) 

AL = 1 ; cursor is moved 
BL = attribute 
string = (char, char, char, char, ... ) 

AL = 2 ; cursor is not moved 
string = (char, attr, char, aUf, """) 

AL = 3 ; cursor is moved 
string = (char, aUr, char, aUr, ... ) 

; read display combination code 

AL = 0 ; read current display combination information 
on exit 
AL = 1Ah 
BL = current active display code 
BH = alternate display code 
Display codes 
00 - No display 
01 - MDA mode 
02 - eGA mode 
04 - EGA in color mode 
05 - EGA in monochrome mode 
07 - VGA with analog monochrome monitor 
08 - VGA with analog color monitor 

; return VGA functionality and state information 

BX = 0 
ES:DI = pointer to buffer used to store the functionality and state informa-

tion 
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(mininum 64 bytes) 
on exit: 
AL = IBh 
ES:DI = pointer to buffer with functionality and state information 
[DI+OOh] word = offset to static functionality information 
[DI+02h] word = segment to static functionality information 
[DI+04h] byte = current video mode 
[DI+05h] word = character columns on screen 
[DI+07h] word = page size in number of bytes 
[DI+09h] word = sta.rting address of current page 
[DI+OBh] word = cursor position for eight display pages 
[DI+IBh] word = current cursor type 
[DI+ IDh] byte = current active page 
[DI+ lEh] word = current CRTC address 
[DI+20h] byte = current 3x8 register setting 
[DI+21h] byte = current 3x9 register setting 
[DI+22h] byte = number of character rows on screen 
[DI+23h] word = number of scan lines per character 
[DI+25h] byte = active display combination code 
[DI+26h] byte = alternate display combination code 
[DI+27h] word = number of colors supported in current mode 
[DI+29h] byte = number of pages supported in current mode 
[DI+2Ah] byte = 0 ; 200 scan lines in current mode 

= 1 ; 350 scan lines in current mode 
= 2 ; 400 scan lines in current mode 
= 3 ; 480 scan lines in current mode 

[DI+2Bh] byte = Reserved 
[DI+2Ch] byte = Reserved 
[DI+2Dh] byte = miscellaneous state information 

bits 7, 6 = Reserved 
bit 5 = 0 ; background intensity 

= 1 ; blinking 
bit 4 = 1 ; cursor emulation active 
bit 3 = 1 ; mode set default palette loading disabled 
bit 2 = 1 ; monochrome display attached 
bit 1 = 1 ; summing active 
bit 0 = 1 ; all modes on all display active 

[DI+2Eh] byte = Reserved 
[DI+2Fh] byte = Reserved 
[DI+30h] byte = Reserved 
[DI+31h] byte = 3; 256Kb of video memory available 
[DI+32h] byte = save pointer information 

bits 7, 6 = Reserved 
bit 5 = 1 ; DCC extension active 
bit 4 = 1 ; palette override active 
bit 3 = 1 ; graphics font override active 
bit 2 = 1 ; alpha font override active 
bit 1 = 1 ; dynamic save area active 
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bit 0 = 1 ; 512 character set active 
[DI+33h] 13 bytes = Reserved 

static functionality table format 
o -function not supported 
1 - supported function 

[OOh] byte = supported video mode 
bit 7 = mode 07h 
bit 6 = mode 06h 
bit 5 = mode 05h 
bit 4 = mode 04h 
bit 3 = mode 03h 
bit 2 = mode 02h 
bit 1 = mode 01h 
bit 0 = mode OOh 

[Olh] byte = supported video mode 
bit 7 = mode OFh 
bit 6 = mode OEh 
bit 5 = mode ODh 
bit 4 = mode Oeh 
bit 3 = mode OBh 
bit 2 = mode OAh 
bit 1 = mode 09h 
bit 0 = mode OSh 

[02h] byte = supported video mode 
bits 7 to 4= Reserved 
bit 3 = mode 13h 
bit 2 = mode 12h 
bit 1 = mode llh 
bit 0 = mode 10h 

[03h] to [06h] = Reserved 
[07h] = scan lines availabe in text modes 

bits 7 to 3 = Reserved 
bit 2 = 400 scan lines 
bit 1 = 350 scan lines 
bit 0 = 200 scan lines 

[OSh] = number of character fonts available in text modes 
[09h] = maximun number of character fonts that can be active in text modes 
[OAh] byte = miscellaneous functions 

bit 7 = color paging 
bit 6 = color palette (color register) 
bit 5 = EGA palette 
bit 4 = cursor emulation 
bit 3 = default palette loading when mode set 
bit 2 = character font loading 
bit I = color palette summing 
bit 0 = all modes supported on all displays 

[OBh] = scan lines availabe in text modes 
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bits 7 to 4 = Reserved 
bit 3 = DCC supported 
bit 2 = background intensitylblinking control 
bit I = save/restore supported 
bit 0 = iight pen supported 

[OCh] to [ODh] = Reserved 
[OEh] = save pointer fucntions 

bits 7 to 6 = Reserved 
bit 5 = DCC extension supported 
bit 4 = palette override 
bit 3 = graphics font override 
bit 2 = alpha font override 
bit 1 = dynamic save area 
bit 0 = 512-character set 

[OFh] = Reserved 

; save and restore video state 

AL = 0 ; return video save state bufffer size requirement 
CX = requested states 

on exit: 

bit 0 = video hardware state 
bit 1 = video BIOS data area 
bit 2 = video DAC state and color registers 

AL = lCh 

BIOS Function Calls 

BX = number of 64 bytes block required for the states requested in CX 
AL = 1 ; save video state 

CX = requested states (see AL=O) 
ES:BX=pointer to buffer to store the video states information 
on exit: 
AL = lCh 

AL = 2 ; restore video state 
CX = requested states (see AL=O) 
ES:BX = pointer to buffer with previous saved video states information 
on exit: 
AL = lCh 
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Numerics 

Modes, display 
Modes 0/13-8 
Modes 2/3 3-8 
Modes 4/53-10 
Mode 63-10 
Mode 7 3-9 
Mode 03-10 
Mode E 3-10 
Mode F 3-10 
Mode 10 3-10 
Mode 11 3-11 
Mode 12 3-11 
Mode 13 3-11 
Mode 233-9 
Mode 27 3-9 
Mode 333-9 
}v1ode 37 3-9 
Mode 54 3-11 
Mode 553-11 
Mode 62 3-11 
Mode 633-11 
Mode 64 3-11 

Registers by address 

A 

zC80-R SETUP _101, EISA 2-5 
zC81-R SETUP _102, EISA 2-5 
zC82-R SETUP _103, EISA 2-6 
zC83-R SETUP _104, EISA 2-6 
zC84-RW SETUP _OPT, EISA 2-6 
zC85-W ROM_SETUp, EISA 2-7 
zC86-W SETUP_I, EISA 2-7 
zC87-W SETUP _2, EISA 2-8 

Address decoder 3-5 
ATI Enhanced Modes A -2 
ATI Extended registers 
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Index 

ATI Register 25 (ATI25) 5-10 
ATI register 26 (ATI26) 5-11 
ATI register 28 5-12 
ATI register 29 (ATI29) 5-13 
ATI register 2B (ATI2B) 5-14 
ATI register 30 (ATI30) 5-15 
ATI register 31 (ATI31) 5-16 
ATI register 32 (ATI32) 5-17 
ATI register 33 (ATI33) 5-18 
ATI register 34 (ATI34) 5-19 
ATI register 35 (ATI35) 5-20 
ATI register 36 (ATI36) 5-21 
ATI register 38 (ATI38) 5-22, 5-24 
ATI register 39 (ATI39) 5-23 
ATI register 3C (ATI3C) 5-25 
ATI register 3D (ATI30) 5-26 
ATI register 3E (ATI3E) 5-27 
ATI register 3F (ATI3F) 5-28 

ATI extended registers 
ATI index register (ATIX) 5-4 
ATI register 20 (ATI20) 5-7 
ATI register 23 (ATI23) 5-8 
ATI register 24 (ATI24) 5-9 
ATI register 5 (ATI05) 5-5 
ATI register 6 (ATI06) 5-6 

ATlxx VGA-extended registers start from 
page 5-4,5-5,5-6, 5-7, 5-8, 5-9 

ATTR index register 4-51,4-52 
Attribute byte 3-7 
Attribute controller 3-6 
ATTRxx VGA attribute controller registers 

start from page 4-51 

B 

Bit mask register 4-49, 4-50 
Block diagrams, VGA 3-4 
Border (palette) register 4-11 
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Index 

c 
Character generator 3-7 
Character generator routines A-5 
Character map select register 4-18 
Clock mode register 4-16 
Clocks 3-30, 3-32 
Color compare register 4-42 
Color don't care register 4-48 
Color map enable register 4-55 
Color select register 4-57 
Components, VGA 3-4 
Configurable memory aperture 2-1 
Configuring ATI VGA extended registers 5-1 
CRT controller 3-5 
CRT mode register 4-37 
CRTC 3-5 
CRTC index register 4-20 
CRTC overflow register 4-24 
CRTxx VGA CRTC registers start from page 

4-20 
Cursor end register 4-29 
Cursor location (high byte) register 4-31 
Cursor location (low byte) register 4-31 
Cursor start register 4-28 

D 

DAC 3-4, 3-6 
DAC data register 4-13 
DAC mask register 4-13 
DAC read current color index register 4-13 
DAC write current color index register 4-14 
DACs 2-2 
Data rotate register 4-43 
Display memory 

Organization 3-22 
Display memory paging 3-16 
Display memory plane selection 3-15 
Display modes 

E 

Mode resolutions and colors 3-2 
Summary 3-20 

EISA bus POS registers 2-5 
Emulations 3-17 
Enable set/reset register 4-41 
End horizontal blanking register 4-22 
End horizontal retrace register 4-23 
End vertical blanking register 4-36 
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End vertical retrace register 4-33 
Extended display modes 3-17 

F 

Feature control register 4-6 
Features 1-2 

G 

GENxx VGA general registers start from 
page 4-5 

Graphic mode register 4-45 
Graphics controller 3-5 
Graphics controller index register 4-39 
Graphics miscellaneous register 4-47 
GRAxx VGA graphics controller registers 

start from page 4-39 

H 

Hardware cursor 2-2 
High-resolution and wide-column graphics/ 

text modes 3-2 
Horizontal display enable end register 4-21 
Horizontal PEL panning register 4-56 
Horizontal scan rates 3-30 
Horizontal sync 3-30, 3-32 
Horizontal total register 4-20 
Host address space/host window 3-12 

I 

IBM Compatible Modes A-I 
Input status 0 register 4-6 
Input status 1 register 4-7 

L 

Light pen clear register 4-12 
Light pen set register 4-12 
Line compare register 4-39 

M 

mach64 
Configurable memory aperture 2-1 
DACs 2-2 
Features 1-2 
Functional blocks 3-4 

Address decoder 3-5 
Attribute controller 3-6 
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CRT controller 3-5 
Graphics controller 3-5 
Sequencer controller 3-5 

Hardware cursor 2-2 
Programmer IS overview 2-1 
VGA controller 2-1 

Map mask register 4-17 
Maximum scan line register 4-27 
Memory maps 3-3 
Memory mode register 4-19 
Memory start addresses 3-3 
Miscellaneous ou tpu t regis ter 4-5 
Mode control register 4-8, 4-53 
Modes 

o 

Graphics 
Extended 3 -24 

Setting by BIOS call 3-18 
Text 

Extended 3-22 

Offset register 4-34 
Overscan color register 4-54 

p 

PCI configuration registers 2-9 
Pixels 

Packed vs. planar 3-14 
Power-on setup registers 2-5 

EISA bus pas registers 2-5 
Preset row scan register 4-26 
Print screen routine selection A-7 
Programmer IS overview 2-1 

R 

Read character/attribute A-3 
Read current cursor position A-2 
Read current light pen position A-3 
Read display combination code A-8 
Read dot A-4 
Read map select register 4-44 
Register listings 

VGA compatible registers 4-2 
VGA extended registers 5-2 

Registers by address 
Ol02-RW GENVS 4-10 
03B4-RW CRTX 4-20 
03BS-RW CRT(OO:18) 4-20 
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03B9-RGENLPS 4-12 
03BA-R GENSI 4-7 
03BA-W GENFC 4-4, 4-6 
03BB-RW GENLPC 4-12 
03CO-W ATTR(OO:OF) 4-52 
03CO-W ATTRX 4-51 
03CI-R ATTR(OO:OF) 4-52 
03CI-RATTRX 4-51 
03C2-R GENSO 4-6 
03C2-W GENMO 4-5 
03C3-R GENENB (On-Board) 4-9 
03C4-RW SEQX 4-15 
03CS-RW SEQ(OO:04) 4-15 
03C6-RW DAC_MASK 4-13 
03C7-RW DAC_R_INDEX 4-13 
03C8-RW DAC_W_INDEX 4-14 
03C9-RW DAC_DATA 4-13 
03CA-R GENFC 4-4, 4-6 
03CC-R GENMO 4-5 
03CE-RW GRAX 4-39 
03CF-RW GRA(OO:08) 4-40 
03D4-RW CRTX 4-20 
03DS-RW CRT(OO:18) 4-20 
03D9-RW GENB 4-11 
03DA-R GENS14-7 
03DA-W GENFC 4-4, 4-6 
03DB-RW GENLPC 4-12 
03DC-W GENLPS 4-12 
46E8-W GENENA (Add-On) 4-9 

Reset register 4-15 
Return current EGA settings A-7 
Return current video setting A-4 
Return VGA functionality and state 

information A-8 
ROM_SETUp, EISA 2-7 

s 
Save and restore video state A-II 
Scroll active page down A-3 
Scroll active page up A-3 
Select active display page A-3 
Sequencer controller 3-5 
Sequencer index register 4-15 

Index 

SEQxx VGA sequencer registers start from 
page 4-15 

Set color palette A -3 
Set current cursor position A -2 
Set cursor type A -2 
Set palette registers A-4 
Set video mode A-I 

VGA -S00700-05 
Index - 3 



Index 

Set/reset register 4-40 
SETUP_I, EISA 2-7 
SETUP _2, EISA 2-8 
SETUP _101, EISA 2-5 
SETUP _102, EISA 2-5 
SETUP _103, EISA 2-6 
SETUP _104, EISA 2-6 
SETUP_OPT, EISA 2-6 
Start address (high byte) register 4-30 
Start address (low byte) register 4-30 
Start horizontal blanking register 4-21 
Start horizontal retrace register 4-23 
Start vertical blanking register 4-36 
Start vertical retrace register 4-32 
Sync signal/polarity 3-30 

u 
Underline location register 4-35 

v 
Vertical display enable end register 4-34 
Vertical scan rates 3-30 
Vertical sync 3-30, 3-32 
Vertical total register 4-24 
VGA alphanumeric modes 3-7 

Character byte and Attribute byte 3-7 
VGA Controller A-I 
VGA controller 2-1, 3-1 

High-resolution and wide-column 
graphics/text modes 3-2 

IBM-compatible modes 3-2 
Memory maps 3-3 
Overview 3-1 
VGA memory organization 3-3 

VGA display modes 3-7 
alphanumeric modes 3-7 
graphics modes 3-10 

VGA memory organization 3-3 
VGA register extensions 5-1 

Configuring 5-1 
VGA sleep register 4-10 
VGA-compatible registers 4-1 
Video subsystem enable (add-on) register 4-9 
Video subsystem enable (board) register 4-9 

w 
Write character at current cursor position A-3 
Write character I attribute A-3 
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Write dot A-3 
Write string to specified page A-8 
Write teletype to active page A-4 
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User Response Form 

In our continuing effort to improve our products and documentation, ATI Technologies Inc. is anxious to 
obtain your feedback on this manual. Using a scale of 1 to 5, with 5 representing the most 
favorable, and 1 the least favorable, please circle the number that best reflects your opinion. 
Everyone who completes and returns this questionnaire will receive an ATI souvenir (e.g. golf shirt, mug 
etc.) depending on availability. 

Name and Organization 

Title Years in position 

Name of Manual mach64 VGA Register Guide Release No. 

How do you rate the manual, generally? 1 2 3 4 5 

Is the technical level of the manual appropriate? 1 2 3 4 5 

Are operating instructions clear and complete? 1 2 3 4 5 

Are terms and concepts explained clearly? 1 2 3 4 5 

Is the manual well organized? 1 2 3 4 5 

Are the tables easy to understand? 1 2 3 4 5 

Is the artwork clear and easy to understand? 1 2 3 4 5 

How helpful is the index? 1 2 3 4 5 

How does this manual compare with other, 
similar manuals you have used? 1 2 3 4 5 

Comments 

What did you like best about this manual? 

What did you like least about this manual? ___________________ _ 

Are there any errors/omissions in the manual? __________________ _ 

THANK YOU FOR YOUR COMMENTS! Please mail to: ATI Technologies Inc., 33 Commerce 
Valley Drive East, Thornhill, Ontario, Canada L3T 7N6. You may also fax this to (905) 882-2620 (attn: 
Technical Publications) 
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