




































































































































































































































































































































































CHAPTER 

�§�[�i�l�l�~�~�~�~�§� 
V7VGA Programming 

NOTE: The examples in this chapter are provided for clarification only. �V�i�d�e�~�S�e�v�e�n� assumes no 
responsibility for their functionality or fitness for a specific purpose. 

Throughout this chapter, unless otherwise noted, all addresses refer to VGA modes, typically mode 3 for 
text display (80x25 text) and mode 10 for graphics display (640x350). 
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6.1 General Programming Information 

Text Memory Map 

All EGA and VGA-compatible text modes use video memory in the same fonnat Memory plane 0 stores 
the character, plane I stores the attributes, plane 2 stores the font tables, and plane 3 is not used. (Note: In 
the V7VGA, plane 3 is sometimes used to hold font or extended attribute information). This is shown in 
Figure 6-1. 

In text mode the program writes two bytes to video memory to display a character; a character code and an 
attribute byte. The hardware uses the character code as an index into a lookup table (character ROM) to 
retrieve the actual bitmap that will form the character as each scan line is displayed The attribute byte 
selects foreground and background colors for that particular character cell. Thus, when writing to memory, 
even addresses store the character, odd addresses store the attribute. 

Mode 7 = _BOOOOh (Mono) I Plane ::Ji ~ (Not Used) 
A 11 others - B8000h (Co lor) r:::!:1 Plane 2 ~ Character Generator 

~ r GI Plane 1 (. Attributes 
I ~ L Plane 0 (. Character 

... ::: .. , VGA Memory 
... ::: .. , S\,!stem Memor\,! 
~ ~ t tAttribute i'--B009Fh (Mono) 
LCharacter B809Fh (Color) 

BOF9Eh (Mono) 
JI. ~ B8F9Eh (Co lor) -------, 

Figure 6-1. Text Mode Video Memory Mapping (Mode 3) 

Memory plane 0 stores the character to be displayed on the screen. As shown in Figure 6-1 (color mode), 
the character at address BSOOOh is displayed at the top of the screen, the character stored at address BS04Fh 
is displayed at the top right side of the screen. The character stored at address BS7CFh is displayed at the 
bottom right side of the screen. The addresses for monochrome mode begins at address BOOOOh instead of 
BSOOOh, and ends at B07CFh instead of BS7CFh. The character code stored at the location in VGA 
memory plane 0 is actually an address to the character generator in memory plane 2. 

Memory plane 1 stores the attribute of the corresponding character. As shown in Figure 6-1~ the attribute 
byte is divided into two parts, one controlling the foreground characteristics and one contro11ing the 
background characteristics. 
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Text Mode Character Attributes 

Background 

Foreground 

Figure 6-2. Attribute Byte Layout 

7 Palette Address Bit 3, Foreground Character Blinking 
6 Palette Address Bit 2 
5 Palette Address Bit 1 
~ Palette Address Bit 0 
3 Palette Address Bit 3, Character Generator Select 
2 Palette Address Bit 2 
1 Palette Address Bit 1 
o Palette Address Bit 0 

Attribute bit 3 is used in conjunction with the Character Map Select Register in the Sequencer (SR3) to select 
one of the character fonts. When the bit is a '0' the character map pointed to by bits 1-0 of SR3 is selected. 
When the bit is a '1' the character map pointed to by bits 3-2 of SR3 is selected. 

Attribute bit 7 enables a blinking character mode on an individual character basis. This function is enabled 
with bit-3 of the Attribute Controller Mode Control Register (ARlO). Refer to chapter 3 for further 
information on this register. 

As shown in Table 6-1, the attributes will have a different effect depending on the mode selected (7 for 
monochrome or 0-3 for color). 

Table 6-1. Text Character Attributes 

Foreground Bits 0 1 2 3 Mooochrome Monochrome 
Backgrwnd Bits 4 5 6 7 Color (foreground) (background) 

0 0 0 0 Black Black Black 
1 0 0 0 Blue White Black 
0 1 0 0 Green White Black 
1 1 0 0 Cyan White Black 
0 0 1 0 Red White Black 
1 0 1 0 Magenta White Black 
0 1 1 0 Brown White Black 
1 1 1 0 White White White 
0 0 0 1 Gray Black Black 
1 0 0 1 Lt. Blue Int. White Black 
0 1 0 1 Lt. Green Int. White Black 
1 1 0 1 Lt. Cyan Int. White Black 
0 0 1 1 Lt. Red Int. White Black 
1 0 1 1 Lt. Magenta Int. White Black 
0 1 1 1 Lt Yellow Int. White Black 
1 1 1 1 Int White Int. White Int. White 
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Character Generator 

The character generator bit map is loaded from the BIOS ROM into plane 2. The addresses of the character 
generators are shown in Figure 6-3. 

OOOOh Character 
Generator 0 1FFFh 

2000h Character 
Generator 1 3FFFh 

4000h Character 
Generator 2 5FFFh 

6000h Character 
Generator 3 7FFFh 

BOOOh Character 
Generator 4 9FFFh 

AOOOh Character 
Generator 5 BFFFh 

COOOh Character 
Generator 6 DFFFh 

EOOOh Character 
Generator 7 FFFFh 

Figure 6-3. Character Font Addresses 

The basic EGA only implements character generators 0, 2,4, and 6 (the memory areas where character 
generators 1,3,5, and 7 are now located was unused in the EGA). To point to the four EGA character 
generators, Sequencer register 3 (SR3) bits 0-1 pointed to the primary character generator (character 
attribute bit-3 = 0) and bits 2-3 pointed to the secondary character generator (character attribute bit-3 = 1). 

To implement VGA compatibility, the V7VGA adds new bits 4 and 5 to SR3 allowing selection of 2 of 8 
fonts instead of 2 of 4. The new bit-4 of SR3 becomes the new Isb of the primary character generator 
pointer and bit-5 becomes the new Isb of the secondary character generator pointer. The 2 original font 
selection bits become bits 1 and 2 of the pointer. This scheme is EGA compatible if bits 4 and 5 are set to 0, 
as all values in SR3 point to the same locations in memory for fonts as before. The renumbering of the 
fonts shown in the figure above is only a documentation difference. 

V7VGA Technical Reference Manual 6-4 V7VGA Programming - General Information 



Graphiai Memory Map 

Figure 6-4 shows the relationship between addresses in system memory and infonnation in the V7VGA 
memory. 

1 P.l 

~ MSB 
I rJ!~r-----~""'_=-Pl~~:n~ 3_- 8~} Color 

1.1 r- Plane 1 - C1 Selection 
1.0 1 r- Plane 0 CO 

LSB VGA Memory 

MSB 10'01 0'01 0'01 0' 01 LSB Sy stem Memory 

~ ~~ixels / byte) 

AoOOOh A004Fh 640 pixels 
8 pixels/byte = 80 by tes across 

(Display) 

A6D5Fh 

350 lines x 80 by tes across = 28,000 bytes / plane 

Figure 6-4. Graphics Mode Video Memory Mapping (Mode 10) 
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Global Progranuning Infonnation 

The infonnation in this section applies to all the programming examples in the fonowing sections. 

;-----------------------------------------------------------------------
; 
; Structure of a BIOS video parameter table for one mode 
; 
vidyrm struc 

width db 1 ; number of columns 
height db 1 ; number of rows 
chr ht db 1 ; height of a character 
pg_size dw 1 ; size of a page in bytes 
r_seq db 4 dup (1) ; sequencer registers 
r misc db 1 ; miscellaneous register 
r crtc db 25 dup (1 ) ; crtc registers 
r attr db 20 dup (1) ; attr. cont. registers 
r graph db 9 dup (1) ; graphics registers 

vidyrm ends 
i-----------------------------------------------------------------------
; 

Miscellaneous registers 
; 
MISC equ 3c2h ; miscellaneous output 
FEATURE equ 3dah ; feature control 
STATUS 0 equ 3c2h ; input status reg 0 (feature read) 
STATUS equ 3dah ; input status reg 1 (display status) 

;-----------------------------------------------------------------------
; 
; Sequencer 
; 
SEQUENCER equ 3c4h ; sequencer index 

RESET equ 0 ; reset 
CLOCK equ 1 ; clocking mode 
MAP MAS K equ 2 ; map mask 
CHARMAP equ 3 ; character map select 
MODE equ 4 ; memory mode 

;-----------------------------------------------------------------------
; 
; Crt Controller 
; 
CRTC equ 3d4h . CRTC index , 

OVFL equ 07h ; overflow register 
PRS equ 08h . preset row scan , 
HI STRT equ Och ; start address high 
LO STRT equ Odh ; start address low 
HI-CPOS equ Oeh ; cursor position high 
LO-CPOS equ Ofh ; cursor position low 
VRE equ llh ; vertical retrace end 
LLW equ l3h ; offset register 
LCR equ l8h ; line compare register 
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i-----------------------------------------------------------------------
; 
; Graphics Controller 
; 
GRAPHICS equ 3ceh ; graphics controller index 

SET RES equ 0 ; set/reset 
EN SET equ 1 ; enable set reset 
CCMP equ 2 ; color compare 
ROTATE equ 3 ; data rotate 
READ MAP equ 4 ; read map select 
GMODE equ 5 ; graphics mode 
GMISC equ 6 . miscellaneous , 
CDONTC equ 7 ; color don't care 
BITMASK equ 8 ; bit mask 

i-----------------------------------------------------------------------

; Attribute Controller 

ATTR equ 3cOh ; attribute controller index 
PALETTE equ 0 ; o - 15 palette registers 
AMODE equ 10h . attribute mode control , 
OVRSCAN equ 11h ; overscan color register 
PLANE equ 12h ; color plane enable 
PAN equ 13h ; horizontal panning 
COLOR equ 14h ; color select 

i-----------------------------------------------------------------------
; 
; 
; 
; 

The following macro outputs a word value to two consecutive data 
ports. Its calling sequence is just as if we were outing ax to dx. 
The implementation must preserve both the arguments. 

PC equ 0 
PC AT equ 1 

outwrd macro port, value 

if PC 
out port, value 

endif 

if PC AT 
out port,al ; index select 
inc port ; data register 
xchg ah,al ; data into al 
out port,al ; data value 
dec port ; restore port 
xchg ah,al ; restore data 

endif 
endm 
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6.2 Setting the Palette Registers 

This section shows how to set the colors in the attribute controller. The attribute controller contains 16 
registers, 0 through F, which are addressed by the four color bits (CO-C3 as shown in Figure 6-4). These 
bits select one of 16 colors to be displayed at the specific location. The palette register provides a choice of 
64 colors, and any of the 64 colors can be mapped into any of the 16 registers. Figure 6-5 shows a color 
wheel of the 6 most common colors, the varying shades from low intensity (middle circle) to high intensity 
(outer circle). Table 6-2 shows the common colors, their hex equivalent (to be loaded into the attribute 
controller register) and the R, B, B, R', G', and B' equivalents. From this you can calculate the hex value 
of any other colors. 

Table 6-2. Common Color Value Calculation 

HexValu~ RGD R'G'D' c.owr 
24 100 100 Intense Red 
20 100 000 Bright Red 
04 000 100 Light Red 
2D 101 101 Intense Magenta 
28 101 000 Bright Magenta 
05 000 101 Light Magenta 
09 001 001 Intense Blue 
08 001 000 Bright Blue 
01 000 001 Light Blue 
IB o 1 1 o 1 1 Intense Cyan 
18 o 1 1 000 Bright Cyan 
03 000 o 1 1 Light Cyan 
12 010 010 Intense Green 
10 010 000 Bright Green 
02 000 010 Light Green 
36 1 1 0 110 Intense Yellow 
30 110 000 Bright Yellow 
06 000 1 1 0 Light Yellow 
3F 111 111 Intense White 
38 111 000 Bright White 
07 000 111 Gray 
00 000 000 Black Red 

Magenta 

Green 

Figure 6-5. Common Color Values. 
Cyan 
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The following example shows how to set the attribute in one of the 16 registers. This is summarized as 
follows: 

• Disable the interrupts. 

• The flip-flop in the attribute controller is set to address a specific register ([bpJ). 

• A value for that register is output to the register. 

• Since this disables video. the flip-flop in the attribute controller is loaded with a 1 in bit 5 to re-enable 
video. 

mov dx,3DAh ; status one 
cli ; don't want attr ctlr interupted 
in al,dx ; set attr address flip/flop 
mov dx,3COh ; attr controller 
mov aI, reg [bp] ; disable palette + palette reg. 
out dx,al ; select palette register 
mov al,val[bp] ; the color value 
out dx,al ; select palette value 
mov al,20h ; palette address source 
out dx,al ; enable palette 
sti ; ok to be interrupted now 
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6.3 Writing a Pixel 

This section provides an example of how to write a pixel using the graphics controller. This is summarized 
as follows: 

• Calculate the location of the pixel in the display buffer (video RAM). The byte offset (from 
AOOO:OOOOh) is fIrst calculated and then the bit offset into the byte is determined. 

• Select write mode 2 on the graphics controller. 
• Shift the bit mask into position and set the bit mask register. 
• Latch the current data by reading it (4 bytes). 
• Write the color out. Seven bits in four planes get values from the latches (and are immune to change). 

Plane 0 gets bit 0 of al, plane 1 gets bit 1 of al, etc. 

mov ax,80 ; bytes per scan line 
mul y[bp] ; times row number 
mov si,x[bp] ; column number 
mov cx,si Isb's in cl 
shr si,l ; eight pixels 
shr si,l ; per byte gives 
shr si,l offset into row 
add si,ax . plus offset to row , 
and cl,OOOOOlllb ; offset into byte 

push ds ; save caller's ds 
mov ax,OaOOOh regen segment 
mov ds,ax into our data segment 

mov dx,3CEh graphics controller 
mov ax,0200h+GMODE ; write mode 2 
outwrd dx,ax set it 

mov al,BITMASK ; bit mask register 
mov ah,80h ; the mask 
shr ah,cl shifted into place 
outwrd dx,ax ; set it 

mov aI, [si] ; latch old data 
mov ax,c[bp] ; get the color 
mov [si],al set it 

pop ds ; restore caller's ds 
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6.4.~Reading a Pixel 

This section provides an example of how to read a pixel using the graphics controller. This is summarized 
as follows: 

• Calculate the location of the pixel in the display buffer (video RAM). The byte offset (from 
AOOO:()()()()h) is first calculated and then the bit offset into the byte is detennined. 

• Since bh will accumulate results, put mask into bI. 
• Select read mode 0 on the graphics controller. 
• Read the plane (map) number into ab. 
• Read a full byte from the plane number in ab. 
• Make space for the new bit, test for bit "1", and if so OR it into the results. 
• Loop back to pick up all the planes. 
• Return the pixel value (palette register) as a word value in ax. 

planes: 

mov 
mul 
mov 
mov 
shr 
shr 
shr 
add 
and 
mov 

ax,80 
y[bp] 
si,x[bp] 
cx,si 
si,l 
si,l 
si,l 
si,ax 
cl,OOOOOlllb 
bx,80h 

shr bl,cl 

mov dx,3CEh 
mov al,GMODE 
xor ah,ah 
outwrd dx,ax 

push ds 
mov ax,OaOOOh 
mov ds,ax 

mov ah,3 
mov al,READMAP 

outwrd 
mov 
shl 
test 
jz 
or 

dx,ax 
cl, [sil 
bh,l 
cl,bl 
continue 
bh,l 

continue: dec 
jns 

ah 
planes 

mov 
cbw 

pop 

al,bh 

ds 
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; bytes per scan line 
; times row number 
; column number 
; Isb's in cl 
; eight pixels 
; per byte gives 
; offset into row 
; plus offset to row 
; offset into byte 
; bh gets results, bl is mask 

; byte mask for this pixel 

; graphics controller 
; graphics mode register 
; read mode 0 
; set read mode 0 

; save caller's ds 
; regen buffer segment 
; into our data segment 

; start with map )plane) 3 
; read map select 

; select plane 
; get regen byte, this plane 
; make a spot for new bit 
; this bit on ? 
; nope 
; set result bit 

; more pixels to read ? 
; yes 

; get result 
; word return value 

; restore caller's ds 
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6.5 Enabling Vertical Retrace Interrupts 

Sometimes events must be synchronized with vertical retrace, such as when perfonning a smooth pan or 
scroll. 

; 

; 
; 
; 

• Use DOS function calls to get and set interrupt Oah 

• Two bits in one of the CRTC registers control the vertical retrace interrupt in the EGA and VGA, the 
others must be preserved, so look up the value in the BIOS. Note the testing for optional modes. 

• Save the value above, because it will be needed in the interrupt service routine. 

• Note that bit 5 of the vertical retrace control bits in CR 11 is an interrupt enable. If it is set, interrupts 
are enabled (the interrupt output will be driven to an active state corresponding to the state of the 
interrupt flip-flop). If it is clear, interrupts are disabled and other devices can use IRQ2. 

• Note that bit 4 of the vertical retrace control bits in CRII is an interrupt flip-flop clear control. Clearing 
bit-4 holds the interrupt flip-flop in a cleared (inactive) state. Setting bit-4 enables the next vertical 
retrace to set the interrupt flip/flop. 

• Finish with the nonnal PC hardware interrupt enable, i.e. 8259 interrupt controller 

get the old vector 

mov sves [bp] , es save caller's es 
mov ax,350ah get interrupt vector 
int 21h DOS function call 
mov oldoff[bp),bx save the offset 
mov oldseg[bp),es save the segment 
mov es,sves[bp) restore es 

set the new vector 

mov sves[bp),ds ; save caller's ds 
mov dx,isr[bp) new isr offset 
mov ax,cs new isr segment 
mov ds,ax into ds 
mov ah,250ah set interrupt vector 
int 21h DOS function call 

V7VGA Technical Reference Manual 6 - 12 V7VGA Programming - Interrupt Enabling 

I 



; 
; enable vertical retrace interrupt on the CRTC. We only want to 

change two bits of the vertical retrace end register on the CRTC 
; and leave the rest alone. Since the register was write-only in the 
; EGA, we look up the current value in the BIOS parameter table. 

mov 
mov 

mov 
mov 

mov 
test 
jz 
cmp 
ja 
add 
jmp 

chk flO: 
cmp 
jb 
add 

get_parm: 
mov 
mul 

mov 
Ids 
Ids 
add 
lea 
add 

mov 
and 
mov 
mov 

mov 
mov 
or 

cli 

ax,40h 
ds,ax 

si,087h 
bl, [si] 

cx,vrnod[bp] 
bl,Ol100000b 
get parm 
cl, "3 
chk flO 
cl,13h 
short get_parm 

cl,Ofh 
get parm 
cl,2" 

ax,type vid_prm 
cx 

si,Oa8h 
si, [si] 
si, [si] 
si,ax 
si,r crtc[si] 
si,011h 

ah, [si] 
ah,OOOOllllb 
ds,sves[bp] 
vr_vre,ah 

dx,CRTC 
al,VRE 
ah,lOh 

outwrd dx,ax 
; 

BIOS data segment 
; address BIOS data segment 

; offset of info 
; get "info" byte 

; video mode 
; any optional memory ? 
; nope, 64k card 

hi-res alternates ? 
; nope 
; alternate tables 
; get the crtc parameter 

; mode f or 10 ? 
; nope 
; use alternate mode f, 10 

; sizeof(video parm struc) 
; base of our mode table 

; offset of save ptr 
; ds:si -> save table 
; ds:si -> video parameters 
; ds:si -> vid-prm, our mode 
; ds:si -> crtc registers 
; ds:si -> vertical retrace 
; end value 
; value into ah 
; enable + clear 
; restore ds 
; save vertical retrace 
; end value 

; crtc address 
; vertical retrace end 
; enable vertical retrace 
; flip/flop 
; don't want interrupts now 
; enabled on crtc 

enable IRQ2 on the 8259 interrupt controller 
; 

in 
mov 
mov 
and 
out 

sti 

al,21h 
si,icmask[bp] 
[si],al 
al,not 04h 
21h,al 
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; get enabled interrupts 
; -> to old 8259 mask 
; save old mask 
; IRQ2 enable mask 
; and back out 

; vertical retrace enabled 
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6.6 Servicing Vertical Retrace Interrupts 

Servicing the vertical retrace interrupt is a integral pan of smooth scrolling and smooth panning. The 
following infonnation and code example discusses proper servicing of the vertical retrace interrupt. 

; 

; 

; 

• The msb of status register zero is supposed to tell if it was the V7VGA that produced the interrupt, but 
since it is tied to IRQ2 on the bus all it shows is that an IRQ2 occurred, which we know since the code 
is running. 

• Clearing bit 4 of the vertical retrace end register clears the interrupt condition (brings IRQ2 down). 

• Clear the interrupt condition on the interrupt controller chip (8259) 

• Re-enable vertical retrace interrupts by setting bit 4 of the vertical retrace end register. 

• Test and set a reentrancy lock. 

• Test a countdown timer. 

• Establish the proper environment for the update routine and call it. 

• Clear the re-entrancy lock. 

• See if someone else had vertical retrace interrupts enabled. 

• Return from the interrupt. 

push ax save ax 
push ds ; save ds 
mov ax,cs:dataseg value for our ds 
mov ds,ax ; ds -> to our data now 
assume ds:dgroup ; and tell the assembler 

verify that this is our interrupt. A PC/AT can have 
multiple hardware devices on IRQ2 (the cascaded 8259) . 

push dx ; save dx 
mov dx,STATUS_ 0 ; status register zero 
in al,dx ; get status 
test al,80h ; CRTC interrupt? 

; Tnis is supposed to be the bit the VGA put 
; onto IRQ2, but its actually IRQ2 itself, 
; so we'll never take this branch since this 
; code is running because of an IRQ2 

jz exit 
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; 

mov 
mov 
mov 
out 

mov 
out 

mov 
or 
out 

test 
jnz 

dec 
jnz 

inc 
sti 
cld 
push 
push 
push 
push 

call 

dec 
pop 
pop 
pop 
pop 

dx,CRTC 
al,VRE 
ah,vr vre 
dx,ax-

al,20h 
20h,al 

al,VRE 
ah,lOh 
dx,ax 

10ck,Offh 
exit 

vr cnt 
exit 

lock 

bx 
cx 
si 
di 

lock 
di 
si 
cx 
bx 

; crtc address 
; vertical retrace end 
; get vert. retrace end value 
; this brings IRQ2 down 

end of interrupt 
; to the 8259 

; vertical retrace end 
; set vertical retrace flf 
; and interrupt enabled 

already running ? 
yes 

; count down yet ? 
; nope 

; set entrancy lock 
; enable intis on iAPX 
; strings forward 

; ok to be reentered now 

; see if someone else had IRQ2 enabled. 
; If so, pass through to them. 
, 
exit:pop dx 

test 
jnz 

pushf 
call 

eoi: pop 
pop 
iret 

ir~mask,04h 
eoi 

old Oa 

ds 
ax 
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; was IRQ2 enabled before? 
; nope 

; next isr in chain 

; restore interrupted ds 
; and ax 
; and return 
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6.7 Smooth Scrolling and Panning 

Programming Notes: 

1. The "smooth" in the following sections comes from the fact that these operations are perfonned under 
vertical retrace interrupts. Thus, they occur while the display is in vertical blanking, and at a rate that is 
fast enough to avoid visual perception. 

2. The following sections assume text mode, such as mode 3. 

3. When using either the preset row scan register or the pixel panning register, there will be more than the 
normal 80 by 25 characters displayed, i.e. part of the fIrst character, 24 whole rows (or 79 whole 
columns), and part of the last character. 

Smooth ScroJJjm: 
The preset row scan register can be used to scroll the screen by a single scan line, even though the CRT 
controller is in text mode. The screen can be scrolled as much as one less than the character height, i.e. 13 
in high resolution text mode. Setting the preset row scan register to zero causes the display to begin with 
the topmost scan line of a character. Setting the preset row scan register to one causes the display to begin 
with the second scan line of the topmost character row and end with the topmost scan line of the 26th 
character row. 

mov dx,CRTC ; crt controller 
mov al,PRS ; preset row scan register 
mov ah,n[bp] ; preset row scan value 
outwrd dx,ax ; set it 

Smooth Pannim: 

mov dx,STATUS ; status one 
cli ; don't want attr ctlr int'd 
in al,dx ; set attr address flip/flop 

mov dx,ATTR ; attr controller 
mov al,20h + PAN ; enable palette + pel panning 
out dx,al ; select panning register 
mov al,pels[bp] ; panning value 
out dx,al . select panning value , 
sti ; ok to be interrupted now 

Smooth Pannim: and Scrollin, (Start Addrm Hj,bILow) 
The start address higMow in the CRTC determine the offset into the display memory buffer of the upper left 
comer of the display. This is how whole rows and columns of characters are scrolled. 

mov bx,buf[bp] 
shr bx,l 

mov dx,CRTC 
mov al,LO_STRT 
mov ah,bl 
outwrd dx,ax 

mov aI, HI_ STRT 
mov ah,bh 
outwrd dx,ax 
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; starting offset in bytes 
; starting address (words) 

; crt controller 
; start address low 
; 10 byte of start address 
; set it 

; start address high 
; hi byte of start address 
; set it 
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6.8 Split Screen 

I• Offset Register -I 
(Defaults to 80 for 80 columns) I ~~-~~f:;oB:!~) 

Set by 
start Address ~ 
High/Low [ 

+.J' . : : . : . : . : :. ..:.:: 

: )::~:;.;·::::·~:::·::·:::t:[; . Controlled by 

. ::E~::·~·::·;·:::r:·~·:f::~:·::·::~:·:·::::i ::{;i:::·F 
Line Control Register 

,- 1 60 By tes ., 

~~----... rDisplay 

Screen A 

Screen B 

Figure 6-6. Split Screen Mapping. 

When the scan line reaches the value in the line compare register, the row scan counter is cleared to zero. 
This the lower screen (on the display) begins at offset zero in the display memory buffer (Plus any panning 
in effect). 

mov bx,n[bp] ; line compare value 

mov dx,CRTC ; crt controller 
mov al,LCR ; line compare register 
mov ah,bl 10 byte of start address 
outwrd dx,ax set it 

mov al,OVFL overflow register 
mov ah,Ofh default value 
test bh,Olh ; more than 255 scan lines? 
jz st ovfl ; nope 
or ah;lOh set high bit 

st ovfl: outwrd dx,ax ; out to the CRTC 
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6.9 Performance Improvement Extensions 

V7VGA Extensioos 

V7VGA-based graphics adapters are flilly compatible with the mM VGA--and then some. The architectural 
enhancements and extended features of the V7VGA m~e it an extremely fast VGA, reducing wait states by 
as much as 90%. Thanks to reduced wait states, the V7VGA considerably speeds the perfonnance of 
existing VGA code. 

Peak performance comes with software that takes full advantage of the extended features of the V7VGA, 
however. These features include a hardware graphics pointer, the ability to modify selected bits in memory 
without a read cycle (masked writes), color text expansion capabilities, dithering support, extended 
underlining, and extended 256-color modes. 

If you're only developing generic VGA software, you won't need to know about or use the extended 
features, since the V7VGA runs standard VGA software just as an IBM VGA does (except much faster). 
Even if this is the case, though, we suggest you read farther; you may well find that the extended features 
can greatly enhance your software's performance. 

The baseline performance of the V7VGA--that is, the performance in VGA-compatible operation--far 
surpasses the mM VGA. 16-bit memory, I/O, and ROM interfaces, a near-zero-wait-state mechanism on 
CPU writes, and more efficient timing states combine to improve CPU access to display memory by 350% 
or more in all VGA modes, with standard 120 ns D-RAMs. The V7VGA also supports V-RAMs 
transparently to all VGA software; with V-RAMs, CPU access to display memory is improved 700% or 
more over the mM VGA. 

The color and resolution capabilities of the V7VGA also far exceed the mM VGA. 720040 and 800x600 
16-color modes are supported with 120 ns D-RAMs, 640x400 and 640x480 256-color modes are supported 
with 100 ns D-RAMs, and all the above modes plus 720x540 256-color and 1024x768 2- and 16-color 
modes are supported with V -RAMs. 

We won't tell you how to program a VGA in this chapter; that's a book's worth and more. We're just 
going to tell you how to use the V7VGA's extended features. H you need more information about VGA 
programming, take a look at mM's Display Adapter Technical Reference. (1be same material is also found 
in a slightly different form in the technical reference manuals for the Model 50/60 and for the Model 80.) 
You might also want to look at Programmer's Journal, issues 5.1-5.4 and 6.1-6.2, which contain articles 
which cover a variety of VGA programming issues. 

We will tell you how to take advantage of the V7VGA's performance-enhancing features. We'll cover: 
Data path enhancements, identifying the V7VGA and enabling the extended features, using masked writes, 
dithering, color text expansion, the hardware cursor, and 256 color mode. 

A Note About 16-Bit Outs 

You can use 16-bit outs--out dx,ax--ifyou want. The problem is that this won't work in some PC clones, 
notably some of those made by Olivetti and sold by AT&T. If you know your code won't end up in such a 
machine, go for the faster and more compact 16-bit form. 
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Data Patb Enbancemmts 

The data path followed from the CPU to display memory--the write data path---in the V7VGA is a superset 
of the IBM VGAts data path. (The read data path is functionally identical in the two chips.) Figure 6-7 
below shows one plane's data path in the V7VGA. 

In Figure 6-7, standard mM VGA data paths and registers are shown with bold lines, and V7VGA 
extensions are shown with normal lines. (By the way, Figure 6-7 is quite useful for understanding normal 
VGA programming, since it shows all components of the VGA's write data path as well.) The following 
explanations will refer to Figure 6-7 frequently. 

CPU Data Byte 
I 

The data path below this line is I 

duplicated once for each plane I Barrel Rotator : ~ ~ Data Rotate Register I __________ t ____________ 
------- -----------------------------

~, ~ 
Set / Reset Register: --.. Set/Reset Solid ~I FG/BG Pattern Register I r 

Circuitry Foreground! 
Enable Set/Reset Reg: .. (Plane Background ~I FG Color Register I r 

-by- Circuitry 
~I BG Color Register I Graphics Controller Plane (Mono-to-

Mode Register .. Color Color I FG/BG Control Register r Control) Expansion) (Write Mode) l (FG/BG Source) 

+ l 
CPU -Side Data Source Select ~ 

I FG/BG Control Register 
I (FG/BG Mode) 

~, + 
~ / Data Rotate Register 

(Logical Function) ALU 

Graphics Controller 
Mode Register (Write Mode) 

.. ~ 
~, , , 

-WAND~X .. 
"": Bit Mask Bit Mask r Circuitry Register .... .....,. 

Masked Write Mask Register r----- Masked Write 
Masked Write Control Register ~ Circuitry 

• -" 

Standard VGA Data I Control Path: -
V7VGA Data I Control Path: --

To Display Memory 
(Map Mask, Odd/Even, 
and Chain4 Permitting) 

Figure 6-7. V7VGA Write Data Path 
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Identjfrlo2 the V1YGA and Enablio2 Extensions 

Before you can use any of the V7VGA's extended features, you must enable access to the extension 
registers. Before you do that, you should check to make sure you're running on a Video Seven adapter. 

Positively identifying the V7VGA is a two-stage process. First, see whether you're running on a Video 
Seven VGA. Then, see what Video Seven chip is installed. Both of these steps can be taken with extended 
BIOS calls. The following function does all the necessary identification. 

V7VGA Identification & Information Code 

i Function to determine whether a Video Seven VGA is installed, 
and if so what its capabilities are. 

Input: 

Output: 

VGA ID PRoe 
mov 
int 
sub 
cmp 
jnz 
mov 
int 
mov 

Done: ret 
VGA ID ENDP 

none 

AL = 1 if a Video Seven VGA is installed, 0 otherwise 
If AL = 1: 

AB = bits 6-0: # of 256Kb banks of RAM (1-4) 
bit 7: 1 if V-RAM is installed, 0 if D-RAM is installed 

BH chip revision (SIC chip rev # on VEGA VGA) 
BL = chip revision (G/A chip rev # on VEGA VGA) 
ex = 0 (reserved for future use) 

NEAR 
ax,6fOOh 
10h 
al,al 
bX,'V7' 
Done 
ax,6f07h 
10h 
al,l 

iis this a Video Seven VGA? 
iyes, check what kind 
;get revision code info to return to user 
imark that this is a Video Seven VGA 

BIOS function 6Fh, subfunction 0, returns the character pair 'V7' in BX if a Video Seven VGA is installed. 

On return from extended BIOS function 6Fh, subfunction 7, AH contains the number of 256K RAM banks 
installed (1-4), with bit 7 of AH set to 1 if this is a V-RAM board and 0 if this is a D-RAM board, and BH 
and BL both contain the revision number of the VGA chip. V7VGA chip revision numbers start at 70h, 
while VEGA VGA revision numbers are all greater than 80h. Practically speaking, if the chip revision 
number is in the range 70h-7Fh, the chip is a V7VGA. (BH and BL are both used because the VEGA VGA 
chipset has two chips, and hence two revision numbers). 

ex is set to zero because it is "reserved for future use;" this is our way of saying, "we're going to trash 
ex now, so later when we decide to return some useful value in it, your code isn't going to blow up." 

So, after you've called VGA_ID, you know that if AL = 1, 70h <= BL < 80h, and bit 7 of AH is 1, then 
you're running on a V7VGA-based graphics adapter. Once you know that, you can enable access to the 
extensions registers (Sequencer registers 80h-FFh, also known as ER80-ERFF) by writing the value OEAh 
to Video Seven Extensions Enable register. SR6. Once access to the extensions registers is enabled, SR6 
reads back as 1. You can disable access to the extensions registers by writing OAEh to SR6. When access 
to the extensions registers is disabled. SR6 reads back as O. 
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Here's how to turn extensions on and off: 

Extension Enable & Disable Code 

mov dx,3c4h 
mov al,6 
inc dx 
mov al,Oeah 
out dx,al 

Extensions are now enabled. 

mov dx,3c4h 
mov al,6 
inc dx 
mov al,Oaeh 
out dx,al 

Extensions are now disabled. 

We suggest that you keep access to the extensions registers disabled as much as possible, to guard against 
the possibility of code accidentally writing to the extensions registers and wreaking havoc. Also, be aware 
that many BIOS calls turn off access to the extensions registers. 

The extensions registers that you, as a graphics application/driver (as opposed to BIOS) programmer may 
need to use are: 

94 - Pointer Pattern Address 
9C - Pointer Horizontal Position High 
9D - Pointer Horizontal Position Low 
9E - Pointer Vertical Position High 
9F - Pointer Vertical Position Low 
AO - Graphics Controller Latch Plane 0 
Al - Graphics Controller Latch Plane I 
A2 - Graphics Controller Latch Plane 2 
A3 - Graphics Controller Latch Plane 3 
A5 - Cursor Attributes 

FI - Fast Latch Load State 
F2 - Fast Background Latch Load 
F3 - Masked Write Control 
F4 - Masked Write Mask 
F5 - Foreground/Background Pattern 
F6 - I Mb DRAM Bank Select 
F9 - Extended Page Select 
FA - Extended Foreground Color 
FB - Extended Background Color 
FC - Compatibility Control 
FE - Foreground/Background Control 

See Table 6-3 for a list of all bits in these extended registers. Remember, access to the extensions registers 
must be enabled by SR6 before you can read or write any of the above registers. 

There are many other extended registers in the V7VGA. Don't touch them! The BIOS takes care of 
controlling the other extended registers, which are of no use to any other software (but which can easily 
scramble the screen if misprogrammed). 

A final note: Please, please, please put any extensions registers you modify back to zero when your 
program ends. (Or, better yet, back to the state you found them in--they are readable, you know.) The 
BIOS does not force the state of the extensions registers on mode sets, so if you leave masked writes or 
color expansion on, the next program that runs is going to look mighty strange. 
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Masked Writes (Write:Per-Bitl 

On the mM VGA, the Bit Mask register and the latches are used to make it possible to selectively alter bits 
within a byte of display memory. Unfortunately, the use of the Bit Mask always requires a read as well as a 
write, since the latches must be loaded from the target memory byte. This not only adds instructions, but 
also introduces many wait states; since CPU memory access slots are spaced evenly, the second (write) 
access of a paired read/write operation always ends up waiting the maximum possible time. 

(To put this another way, the read access suffers the average access latency, which is 1/2 the time between 
successive CPU memory access slots--but the write access suffers the maximum access latency, since it 
always occurs immediately after the CPU read access has just been completed. If this makes no sense to 
you, don't worry about it--just take our word for it that a read/write access takes 3 times, not 2 times, as 
long as a standalone write access.) 

There's no way around this limitation with D-RAMs. V-RAMs, however, support the modification of 
selected bits within a byte without any reads whatsoever. This is known as a masked write, or write-per­
bit, access. The V7VGA fully supports masked writes when V -RAMs are installed, with the masked write 
mask value coming either from the rotated CPU byte (think of this as being similar to write mode 3), or 
from the Masked Write Mask register (extension register F4). The Masked Write Control register 
(extension register F3) enables masked write operation as follows: 

Extension Register F3 bit 0: 1 to enable masked writes, 0 to disable masked writes. 
Extension Register F3 bit 1: 1 to select the rotated CPU byte as the source for the masked write mask 

o to select the Masked Write Masked register (extension register F4) as 
the source for the masked write mask. 

The masked write can be used like the bit mask, to keep selected bits in the target memory byte from being 
changed. Here's the D-RAM code for setting bit 4 of the byte at AOOO:OOOO to 1, leaving all other bits 
unchanged (without masked writes): 

mov 
mov 
sub 
mov 
mov 
out 
inc 
mov 
out 
mov 
mov 

ax,OaOOOh 
ds, Ix 
bx,bx 
dx,3ceh 
al,8 
dx,al 
dx 
al,OlOh 
dx,al 
aI, [bx) 
[bx),Offh 

DRAM (Non-Masked Write) Bit Setting Code 

ipoint DS to display memory 
ipoint to offset 0 
iGC Index register 
iindex of Bit Mask register 
ipoint GC Index to Bit Mask register 
iGC Data register 
iBit Mask pattern to allow CPU to modify only bit 4 
iset Bit Mask register to preserve all bits but bit 4 
iread memory in order to load latches 
iwrite to the target byte-Bit Mask register preserves 
i all bits but bit 4, which is set to 1 
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Here's the equivalent V -RAM code, using a masked write controlled by the Masked Write Mask register 
(assuming extensions are enabled): 

mov 
mov 
sub 
mov 
mov 
out 
inc 
mov 

out 
dec 
mov 
out 
inc 
mov 
out 
mov 

VRAM (Masked Write Based 011 Masked Write Mask Reg) Bit Setting Code 

ax,OaOOOh 
ds,ax 
bx,bx 
dx,3c4h 
al,Of3h 
dx,al 
dx 
al,l 

dx,al 
dx 
al,Of4h 
dx,al 
dx 
al,010h 
dx,al 
[bx] ,Offh 

;point DS to display memory 
;point to offset 0 
;Sequencer Index register 
;index of Masked Write Control register 
;point Sequencer Index to Masked Write Control register 
;Sequencer Data register 
;bit pattern to select masked writes sourced 
;from Masked Write Mask register 
;enable masked writes sourced from the Masked Write Mask 
;Sequencer Index register 
;index of Masked Write Mask register 
;point Sequencer Index to Masked Write Mask register 
;Sequencer Data register 
;pattern to preserve all bits but bit 4 
;set Masked Write Mask to preserve all bits but bit 4 
;write to the target register-masked write preserves 
; all bits but bit 4, which is set to 1. No read is needed 

and here's the same thing with a masked write controlled by the CPU byte: 

VRAM (Masked Write Based on CPU Byte) Bit Setting Code 

mov ax,OaOOOh 
mov ds,ax 
sub bx,bx 
mov dx,3c4h 
mov al,Of3h 
out dx,al 
inc dx 
mov al,3 
out dx,al 
mov dx,3ceh 
mov al,O 
out dx,al 
inc dx 
mov al,Ofh 
out dx,al 
dec dx 
mov al,l 
out dx,al 
inc dx 
mov al,Ofh 
out dx,al 
mov [bx],OlOh 

;point DS to display memory 
;point to offset 0 
;Sequencer Index register 
;index of Masked Write Control register 
;point Sequencer Index to Masked Write Control register 
;Sequencer Data register 
;pattern to enable masked writes, source from the CPU byte 
;enable masked writes sourced from the CPU byte 
;Graphics Controller Index register 
;index of Set/Reset register 
;point Graphics Controller Index to Set/Reset register 
;Graphics Controller Data 
;pattern for color 15, white 
;set set/reset color to white 
;Graphics Controller Index 
;index of Enable Set/Reset register 
;point Graphics Controller Index to Enable Set/Reset register 
;Graphics Controller Data 
;pattern to enable set/reset for all planes 
tenable set/reset for all planes 
;write to the target register-CPU byte becomes the 

masked write mask & preserves all bits but bit 4, 
; which is set to 1. No read is needed 

Sure, I know this doesn't look real convenient, but we're only changing one bit here. Once you've set up 
the masked write mode, and enable4 Set/Reset and so forth, you can just whiz along without doing any outs 
at all--and without doing any of those slow, slow, slow reads. 

V7VGA Technical Reference Manual 6 - 23 V7VGA Programming - Extensions 



A particularly nifty aspect of masked writes is that while they can serve the same function as the bit mask, 
they don't keep the bit mask from working, if you need both the bit mask and masked writes at once. This 
means that you can, for example, use the masked write mask for clipping and the bit mask as a selector 
between a foreground color and a background pattern. 

Here's a scenario: Suppose you're writing red text on a background dither pattern of blue and green, and 
you need to clip the memory access so that only the upper nibble of the display memory byte is changed. 
You can set the masked write mask to OFOh to preserve the lower nibble of display memory, fIll the latches 
with the dither pattern (we'll cover how to do this later), put the V7VGA into write mode 3, load the 
Set/Reset register with red, and write the character. That single write will do everything you need: Clip, 
mix foreground and dithered background, and modify display memory. 

Here's the code (as usual, extensions must be enabled): 

Masked Write-Based Clipped Text on a Dithered Background 

Enable masked writes, with the mask coming from the Masked Write Mask register 

mov dx,3c4h 
mov al,Ofch 
out dx,al 
inc dx 
mov al,l 
out dx,al 
dec dx 

Set the Masked Write Mask reg to preserve the lower nibble of the target byte 

mov al,Ofdh 
out dx,al 
inc dx 
mov al,OfOh 
out dx,al 
dec dx 

Load the latches with the dither pattern 
(note that the V7VGA lets you load the latches directly) . 

mov 
out 
inc 
in 
mov 
out 
mov 
out 
sub 
out 
out 

(continued) 

al,Of2h 
dx,al 
dx 
al,dx 
al,55h 
dx,al 
al,Oaah 
dx,al 
al,al 
dx,al 
dx,al 

iblue plane's part of the dither pattern 
iset blue plane latch 
igreen plane's part of the dither pattern 
iset green plane latch 
ired and intensity planes don't contribute to dither pattern 
iset red plane latch 
iset intensity plane latch 
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Set to write mode 3 

mov dx,3ceh 
mov aI,S 
out dx,al 
inc dx 
in 
or 
out 
dec 

al,dx 
al,3 
dx,al 
dx 

iget current Graphics Mode setting 
iset the write mode field to 3 
inow we're in write mode 3 

Set the Set/Reset color to red 

mov al,O 
out dx,al 
inc dx 
mov 
out 

al,4 
dx,al 

ired is color 4 
ithe Set/Reset color is now red 

Write the character 

mov ax,OaOOOh 
mov 
mov 

mov 
mov 
cld 

es,ax 
di, [CharacterLocation] 

si, [CharacterFont] 
cx, [CharacterHeight] 

ipoint ES to display memory 
iget the character's starting offset 
i in display memory 
iget the character's font pattern offset 
iget the character's height in scan lines 
imake string instructions count up 

CharacterLoop: 
lodsb 
stosb 

iget the next character scan line 
iwrite the character scan line to display 

memory, with the Masked Write Mask 
clipping, the latches providing the 
background dither pattern, the Set/Reset 
register providing the text color, and 
the CPU byte selecting between foreground 
and background on a bit-by-bit basis 

add di,SCREEN_WIDTH-I 

loop CharacterLoop 

ipoint to the display memory offset for the 
i next scan line of the character 
ido next character scan line 

Once again, this seems like a lot of trouble to go to just to write a single clipped character, but it's even more 
trouble (and slower) to do the same thing on a standard VGA. Besides, you'll want to do a whole column 
of clipped characters at a time for speed, and then the masked write approach really flies! 

This is far from the only way to mix dithers, colors, and clips. If you spend some time understanding 
Figure 6-7, you'11 see that Bullet's data path provides a remarkably rich set of possible data sources and 
combinations. 
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Djtberina: 
Dithering is the process of drawing with a pattern made of pixels of two or more colors, in order to 
approximate a color that the hardware does not support. Dither patterns are often used as backgrounds for 
windows and other objects, and sometimes for foregrounds (such as halftone text) as well. 

The problem with dither patterns on a normal VGA is that, by definition, a dither pattern must be a full 32 
bits wide--that is, 8 bits per plane, so each of the 8 pixels at a given address can be any color. 
Unfortunately, this means that there's no way to write an arbitrary dither pattern directly from the CPU 
(although a two-color dither pattern can be controlled directly by the CPU using the color text expansion 
feature of the V7VGA, discussed below). 

On the other hand, it is possible to write a full 32-bit (8x4) dither pattern from the latches, since there's an 
8-bit latch for each plane. Getting information into the latches is a real bear on a standard VGA, though, 
since there's no way for the CPU to write directly to the latches. You have to write each plane's dither 
pattern separately to an off-screen address, then read the address to latch the pattern. 

The V7VGA's latches are (hallelujah!) directly readable and writable, at extension registers AO-A3. The 
latches can be accessed just like any other extension register. Better yet, all four latches can be loaded at a 
single I/O port, the Fast Background Latch Load register (extension register F2). 

The way the Fast Background Latch register works is this: Each write to the Fast Background Latch 
register goes to the latch for the plane selected by bits I and 0 of the Fast Latch Load State register 
(extension register Fl). If bits 1 & 0 of ERFI are 0, the plane 0 (blue plane) latch is loaded, if bits 1 & 0 
are 1, the plane 1 (red plane) latch is loaded, and so on. Each time the Fast Background Latch register is 
written to, the field made up of bits 1 & 0 of the Fast Latch Load State register is incremented by 1, modulo 
4. When you read the Fast Background Latch register, bits 1 & 0 of the Fast Latch Load State register are 
reset to O. 

The nonnal way to load a dither pattern is to read the Fast Background Latch register, then write the blue, 
green, red, and intensity plane dither bytes to the Fast Background Latch register in succession. 
Here's a function to load the dither pattern in CX:BX on the IBM VGA: 

mM VGA Dither Pattern Load 

Load a dither pattern. 

Input:CH = intensity plane dither byte 
CL = red plane dither byte 
SH = green plane dither byte 
SL = blue plane dither byte 

Output: none 

LoadDither 
push 
mov 
mov 
mov 
mov 
mov 
out 
inc 
mov 
out 
mov 
mov 
out 
mov 

proc 
ds 
ax,OaOOOh 
ds,ax 
si,Offffh 
dx,3c4h 
al,02h 
dx,al 
dx 
al,l 
dx,al 
[si],bl 
al,2 
dx,al 
[si] ,bh 

near 

;point DS to display memory 
;point to the last byte of display memory 
; (which is presumably unused) 

;map mask pattern to select blue plane only 
;set map mask to allow writes to blue plane only 
;write blue plane dither byte to blue plane 
;map mask pattern to select green plane only 
;set map mask to allow writes to green plane only 
;write red plane dither byte to green plane 
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mov 
out 
mov 
mov 
out 
mov 
mov 
pop 
ret 

LoadDither 

al,4 
dx,al 
[si),cl 
aI,S 
dx,al 
[si),ch 
aI, [bx) 
ds 

endp 

imap mask pattern to select red plane only 
iset map mask to allow writes to red plane only 
iwrite red plane dither byte to red plane 
imap mask pattern to select intensity plane only 
iset map mask to allow writes to intensity plane only 
iwrite intensity plane dither byte to intensity plane 
iload the dither pattern into the latches 

and here's the code to do the same thing on the V7VGA, using the fast latch load capability: 

V7VGA Dither Pattern LaId 

Load a dither pattern 

Input: CH 
CL 
BH 
BL 

Output: 

intensity plane dither byte 
red plane dither byte 
green plane dither byte 
blue plane dither byte 

none 

Assumes extensions are enabled. 

LoadDither proc near 
mov dx,3c4h 
mov al,Of2h 
out dx,al ipoint Sequencer Index to Fast Background Latch Load register 
inc dx 
in 
mov 
out 
mov 
out 
mov 
out 
mov 
out 
ret 

LoadDither 

al,dx 
al,bl 
dx,al 
al,bh 
dx,al 
al,cl 
dx,al 
al,ch 
dx,al 

endp 

iset 
iget 
iset 
iget 
iset 
iget 
iset 
iget 
iset 

background latch load state to select latch ° 
blue plane dither byte 
blue plane dither byte 
green plane d.ither byte 
green plane dither byte 
red plane dither byte 
red plane dither byte 
intensity plane dither byte 
intensity plane dither byte 

Enough said. (Well, almost enough--note that because the V7VGA version doesn't access memory, no wait 
states are incurred, while wait states occur oil each of the five memory accesses in the standard VGA 
version.) 
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Color Text Expansiop 

One of the most annoying tasks on a standard VGA is simply turning a binary font pattern into colored text 
on an opaque, colored background. Most software handles this case by ftrst drawing the character box with 
the background color, then drawing the text on top of the new background. This causes flicker and requires 
three memory accesses per byte of font pattern: One write to draw the background and a read/write pair to 
load the background into the latches, then mix in the foreground (text) pixels and write the final result to 
memory. 

Astute programmers may immediately notice that we could load the background color into the latches, just 
as we did with the dither pattern in the last example, set the set/reset color to the desired foreground color 
and enable set/reset for all planes, and use write mode 3, and then we'd only have to do one write per font 
byte. Very ingenious ... but the V7VGA has a better solution yet. 

The V7VGA can expand I-bits in either the CPU byte or the Foreground / Background Pattern (extension 
register F5) to one color, and O-bits to another color. It's sort of like having one set/reset color for 1 bits 
and another set/reset color for 0 bits. The result: You can produce colored text on an opaque, colored 
background with a single write--and you can change either or both of the colors very easily. 

Color text expansion is controlled by the ForegroundlBackground Control register (extension register FE). 
The bits in this register are: 

Bits 3 & 2: 00 = nonna! mM VGA operation 
01 = color expansion mode 
10 = reserved 
11 = reserved 

Bit 1: 1 = select the rotated CPU byte as the data to be expanded 
o = select the contents of the Foreground / Background register as the data to be expanded 

Take another look at Figure 6-7, paying special attention to the foreground / background section toward the 
upper right. The box labeled "CPU-Side Data Source Select Circuitry" selects between the output of the 
set/reset circuitry (which may be the rotated CPU data byte, the set/reset value, or a byte-expanded bit of the 
CPU data, depending on the mode) and the output of the foreground / background circuitry (which for each 
bit is either the foreground color--for 1 bits--or the background color--for 0 bits). When bits 3 & 2 of 
extension register FE are 00, the set/reset output is selected; when bits 3 & 2 are 01, the foreground / 
background output is selected. 

Fine. Now, where do the foreground and background colors come from, and how is one or the other 
selected? That's easy enough: The foreground color is stored in the Extended Foreground Color register 
(extension register FA), and the background color is stored in the Extended Background Color register 
(extension register FB). These two colors are selected between on a bit-by-bit basis by a byte from one of 
two sources: The rotated CPU byte or the Foreground / Background Pattern register (extension register 
F5). 1 bits in the selector byte choose the foreground color, and 0 bits choose the background color. 

Here's code that draws yellow characters on a blue background, using the V7VGA's color expansion 
capabilities (assuming access to the extension registers is enabled): 

An Example of Color Expansion 

Set to color expansion mode 

mov dx,3c4h 
mov al,Ofeh 
out dx,al 
inc dx 
mov al,6 
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out dx,al ;enable color expansion mode, sourced by the CPU byte 
dec dx 

Set the foreground color to yellow 

mov al,Ofah 
out dx,al 
inc dx 
mov al,14 
out dx,al 
dec dx 

Set the background color to blue 

mov al,Ofbh 
out dx,al 
inc dx 
mov al,l 
out dx,al 

Write the character 

mov ax,OaOOOh 
mov eS,ax 
mov di,[ CharacterLocation] 
mov si,[CharacterFont] 
mov cX,[CharacterHeight} 
cld 

CharacterLoop: 
lodsb 
stosb 

add di,SCREEN_ WIDTH-l 
loop CharacterLoop 

;point ES to display memory 
;get the character's starting offset in display memory 
;get the character's font pattern offset 
;get the character's height in scan lines 
;make string instructions count up 

;get the next character scan line 
;write the character scan line to display memory, 
; with 1 bits converted to yellow and 0 bits converted to blue. 
;point to display memory offset for next scan line of character 
;do next character scan line 

As always, masked writes are still available to clip the data written to display memory; in fact, the bit mask 
is available should you need to mix the foreground / background output with yet a third color or even a 
dither pattern. You could, for example, put a pattern in the Foreground / Background Pattern register, and 
set up the foreground and background color registers to the two colors you want associated with that 
pattern. Then you could put a dither pattern in the latches (don't forget that neat fast latch load capability!), 
put the V7VGA in write mode 3, and use the rotated CPU byte to select the mixing of the two colors from 
the color expansion with the dither pattern; in fact, since in write mode 3 the rotated CPU byte is ANDed 
with the Bit Mask register before serving as the bit mask, you could set the Bit Mask register to further 
adjust the mixing. Finally, you can use the Masked Write Mask register to clip the final result. 

Or, you could route the CPU byte to the masked write circuitry, and use the Bit Mask register to control the 
dither mixing with the color expansion. Or, you could route the CPU byte to the color expansion ... or you 
could use write mode 2 and route the CPU byte through the set/reset; and or course you can use set/reset 
too, if you wish. And don't forget that you can rotate the CPU byte. 

The point? The V7VGA's data paths give you incredible data selection and mixing capabilities. The CPU 
data byte can go to five different places in the data path, performing a different function in each place. 
Whatever you want to do with color expansion, color mixing, rotation, and clipping, odds are you can come 
up with a clever way to get the V7VGA's data path to do it. 
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Extended IJnderiinju2 

One nuisance with the mM VGA is that only text with attribute XOOOXOOI can be underlined; this makes it 
impossible to suppon bold, blinking, underlined text (that is, text with arbitrary attributes). The V7VGA 
solves this by letting you store a specific underline pattern for each character in plane 3, the intensity plane, 
which is normally unused in text modt!. This feature is known as extended attributes, although it might just 
as well be called extended underlining. (It's called extended attributes instead of extended underlining 
because the underline pattern resides at the same address as the normal attribute, but in plane 3, and because 
any texture of underline, rather than just solid, is supponed. 

Here's how extended attributes work. Normally, a character and its attribute are fetched from a given 
address in planes 0 & 1, and the character is used to look up font data in plane 2. However, you can enable 
extended attributes by setting bit 0 of extension register FC (the Compatibility Control register) to 1. Now, 
when each character and attribute is fetched from planes 0 and 1, the byte at the same address is fetched 
from plane 3. If the current row scan (character scan line within the character row) is the underline scan 
line, as selected by CRT Controller register 14, then the byte fetched from plane 3 is used as the font data in 
place of the byte looked up in the font plane. Basically, this means that at the underline scan line, the byte at 
the character's address in plane 3 provides the video data. 

This means that you can solidly underline a character by putting OFFh at the same address as the character's 
attribute, but in plane 3; you can also get a dotted underline by putting 55h in plane 3, or a half-underline by 
putting OFh in plane 3. Whatever 8-bit pattern you want to see for an underline for a given character, you 
can get it by putting that pattern in plane 3. (By the way, extended attribute pixels show up in the 
foreground and background colors specified by the normal attribute, just like any other character data.) 

How do you write to plane 3? Just set the Map Mask register to 08h, and then write to the same address as 
you would write to if you were changing the attribute of the character that you're underlining. The Map 
Mask setting of 8 will make sure that the write ends up in plane 3. When you're done modifying the 
extended attributes in plane 3, put the Map Mask back to a value of 3 (or, better yet, its original value, 
which you readout before starting all this. Didn't you?) 

Important safety tip: Always write to odd locations in plane 3 only, and only set the Map Mask to 8, not 
OCh or anything like that. Otherwise, you could wind up trashing your fonts, which is not a good idea. 
Also--you can't use extended attributes when you're in V-RAM 1:4 text mode (132-column on a 31.5 KHz 
monitor), because that mode requires the font to be duplicated in plane 3. 

When extended attributes are enabled, normal underlining is disabled, so the fabled XOOOXOO} attribute just 
gives you some son of blue, and nothing more. 

I realize that all this may not be }OO% clear, so here's an example. (Not a very practical example, but it 
does illustrate all the actions needed to use extended attributes.) 

An Example of Extended Attributes 

Enables extended attributes, then puts a green "A" at column 0, row 0, 
with a dashed underline. 

Assumes extensions are enabled and that mode 3 is set. 

Set the underline scan line to 8, 
so we can see the extended attribute underline. 

mov dx,3d4h iCRTC Index 
mov al,14h iUnderline register index 
out 
inc 

dx,al 
dx 

ipoint CRTC Index to Compatibility Control register 
iCRTC Data 

mov al,8 ;underline setting of scan line 8 
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out dx,al iset underline to show up at scan line 8 

Enable extended attributes 

mov 
mov 
out 
inc 
in 
or 
out 

dx,3c4h 
al,Ofch 
dx,al 
dx 
al,dx 
al,1 
dx,al 

iSequencer Index 
iCompatibility Control register index 
ipoint Sequencer Index to Compatibility Control register 
iSequencer Data 
iget extension register FC setting 
iset extended attributes enable bit 
iturn on extended attributes 

Write the character & attribute 

mov ax,Ob800h 
mov ds,ax ipoint to display memory (mode 3) 
mov bx,O 
mov aI, 'A' 
mov [bx] , al ;write character "A" 
inc bx 
mov al,2 ;color green 
mov [bx],al ;set attribute for this "A" to green 

Write the extended attribute of dashed underline 

mov 
mov 
out 
inc 
in 
push 
mov 
out 
mov 
mov 
pop 
out 

dx,3c4h 
al,2 
dx,al 
dx 
al,dx 
ax 
al,08h 
dx,al 
al,55h 
[bx],al 
ax 
dx,al 

iSequencer Index 
:Map Mask register index 
;point Sequencer Index to Map Mask register 
;Sequencer Data 
iget Map Mask setting 
isave Map Mask setting to restore it later 
;Map Mask setting to enable only plane 3 
iset Map Mask to allow writes only to plane 3 
;dashed underline pattern 
iwrite dashed underline extended attribute 
iget back original Map Mask setting 
;restore original Map Mask setting 
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Extended 2S6-Color Modes 

To set a pixel in the 256 color graphics modes the software must compute the address of that pixel. For the 
640x400, 64Ox480, and 720x540 resolution 256-color modes video memory is greater than 64 KBytes. 
The V7VGA allows the software to access the video memory in 64 KByte banks at AOOO:O. In order to get 
the proper 64K bank into the memory window at AOOO:O the software must set the bank. The bank is 
usually detennined by computing a 19-bit address into video memory and using the 3 msb's as the bank 
select. The 640x400 256-color mode only requires the use of 2 bits for the bank select, so some efficiency 
can be gained by ignoring the 19th bit. 

These bank bits currently translate into the following register locations: 

bit 0 - Extended page select bit - bit 0 of extension register F9 
bit 1 - Page select bit - bit 5 of the Miscellaneous Output Register 
bit 2 - CPU bank select bit 0 - Extension register F6 bit-O (W) and bit-2 (R) 

The following code illustrates what must be done to set the correct bank: 

Set Bank for 256 color modes 

Routine: set_256_bank 
Entry: DX = bank to set and DS = CS. 
Exit: Correct bank set, AX,BX,DX are 

destroyed. SC_INDEX has been changed. 

Assume: Extensions are enabled. The active page 
variable has been properly initialized 
with a call to this routine while dx = O. 

activeyage db 1 
SC INDEX equ 3c4h 
ER PAGE SEL equ Of9h 
MISC_INPUT equ 3cch 
MISC OUTPUT equ 3c2h 
ER BANK SEL equ Of6h 

(continued on following page) 
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set 256 bank - -
push 

proc 
ds 

near 

cmp 
je 

activeyage,dl 
sp_ext_256_support_lO 

mov 
mov 

mov 

activeyage,dl 
bl,dl 

dx,SC_INDEX 
mov ah,bl 
and ah,l 
mov al,ER_PAGE SEL 
out dx,ax 

mov 
and 
shl 

ah,bl 
ah,2 
ah,l 

shl ah,l 
shl ah,l 
shl ah,l 
mov dx,MISC_INPUT 
in al,dx 
and aI, not 20h 
mov dx,MISC_OUTPUT 
or al,ah 
out dx,al 

IFDEF 3 BANK BITS - -
mov 
mov 
out 
inc 
in 
mov 

dx,SC_INDEX 
al,ER_BANK_SEL 
dx,al 
dx 
al,dx 
ah,al 

iIs this the currently selected bank? 
iyes, do nothing. 

ino, set bank. 

ibank bit 0 

ibank bit 1 

ibank bit 2. 

iget ER BANK SEL register 

duplicate 
shr 
shr 
add 
not 
and 
and 

bit 2 into bit 0 (set read and write bank equal) 
bl,l 
bl,l 
bl,? 
bl 
bl,S 
ah,OfOh iclear bank select bits 

or ah,bl 
mov al,ah 
out dx,al 

ENDIF 

sp_ext_2S6_support_lO: 
pop ds 
ret 

set 256 bank endp 
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Hardware Graphia Cursor CPointer) 

This section shows how to program the V7VGA hardware cursor (also called the pointer). Routines are 
shown to turn the pointer on and off, read and write the current pointer pattern number (up to 256 patterns 
may be stored simultaneously in display memory), read and write the current pointer XY screen position, 
and load pointer patterns to display memory. In addition, a number of example pointer data patterns are 
listed at the end of the pointer pattern load routine. 

Note that the pointer XY position on the screen is the position of the upper left corner of the pointer pattern. 
If the program requires that the pointer be located partially off the screen to the left or at the top, the 
programmer must adjust the pointer pattern in memory accordingly. No code is given in this section to 
handle these cases (this is left as an exercise for the reader). Since the XY position indicates the upper left 
of the pointer pattern, the V7VGA chip automatically handles cases where the cursor is located partially off 
the screen at the bottom or at the right side. 

The following defInitions are used in the code examples: 

Display Memory Definitions . , 
RAMSEG EQU OAOOOH ;Display memory start address 
RAMSIZ EQU 64*1024 ;Display memory size 

3Cx I/O Port Address Definitions . , 
ATR EQU 03COH ;Attribute controller 
FEAT EQU 03C2H ;Feature read register 
MISC EQU 03C2H ;Misc output register write 
SEQ EQU 03C4H ;Sequencer index reg (seq data is SEQ+l) 

EQU 03C6H ;Color Palette 
; EQU 03C8H ;Color Palette 
FCRD EQU 03CAH ;Feature Control register read 
MSRD EQU 03CCH ;Misc output register read 
GRC EQU 03CEH ;Graphics Controller 

V7VGA Extension Register Index Definitions 
; 
GRLO EQU OAOH iGraphics Controller Data Latch 0 
GRL1 EQU OA1H iGraphics Controller Data Latch 1 
GRL2 EQU OA2H ;Graphics Controller Data Latch 2 
GRL3 EQU OA3H ;Graphics Controller Data Latch 3 

CURS EQU OASH ;Cursor Attributes 
PPA EQU 094H iPointer Pattern Address 

PXH EQU 09CH ;Pointer X position High 
PXL EQU 09DH ;Pointer X Position Low 
PYH EQU 09EH ;Pointer Y Position High 
PYL EQU 09FH ;Pointer Y Position Low 
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The following code sequence should be executed before accessing any of the extension registers to enable 
access to the extension registers: 

MOV 
MOV 
OUT 
INC 
MOV 
OUT 

DX,SEQ 
AL,6 
DX,AL 
DL 
AL, DEAH 
DX,AL 

;Point at SR6 

;Enable access to extensions 

The following routine turns the pointer on so that it will be visible on the screen: 

PTRON PROC 
MOV 
MOV 
OUT 
INC 
IN 
OR 
OUT 
RET 

PTRON ENDP 

NEAR 
DX, SEQ 
AL,CURS 
DX,AL 
DL 
AL,DX 
AL,8DH 
DX,AL 

;Point at the Cursor extension register 

;Read the current contents 
;Turn the pointer on 
;Write it back 

The following routine turns the pointer off so that it will not be visible on the screen: 

PTROFF PROC 
MOV 
MOV 
OUT 
INC 
IN 
AND 
OUT 
RET 

PTROFF ENDP 

NEAR 
DX,SEQ 
AL,CURS 
DX,AL 
DL 
AL,DX 
AL,7FH 
DX,AL 

;Point at the Cursor extension register 

;Read the current contents 
;Turn the pointer off 
;Write it back 

The following code reads the current pointer number and returns with it in AL: 

GETPPA PROC 
1fK)V 

MOV 
OUT 
INC 
IN 
RET 

GETPPA ENDP 

NEAR 
DX,SEQ 
AL,PPA 
DX,AL 
DL 
AL,DX 

;Point at Pointer Pattern Address register 

;Read current pointer pattern number 

The following code loads a new pointer number from a value in AH. This should be a valid pointer number 
corresponding to a pattern that has been loaded into display memory (or will be before the 1?omter is 
enabled). Valid pomter numbers for the example pointer load routine at the end of this secuon are between 
'MAXCNT' (255) and 'MAXCNT-PTRCNT' (PTRCNT is the number of pointers loaded at the end of 
display memory). 

GETPPA PROC 
1fK)V 
1fK)V 

OUT 
INC 
1fK)V 

NXTPAT: OUT 
RET 

GETPPA ENDP 

NEAR 
DX,SEQ 
AL,PPA 
DX,AL 
DL 
AL,AH 
DX,AL 
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;Point at Pointer Pattern Address register 

;Get pointer pattern number 
;Load it 
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The following routine reads the current location of the pointer on the screen: 

;------------------------------------------------------------------------------
Get Pointer Position 

Call with: AL= Start Index (PXH) 
DX = I/O Address of Sequencer Index Reg 

Returns with: BX = X Position 
CX = Y Position 
AX,DX preserved 

; 
GETPTR PROC NEAR 

PUSH AX 

OUT DX,AL ;Point at XH 
INC DL ;Bump I/O address 
KJV AH,AL :Save for next reg 
IN AL,DX :Program XH 
KJV BH,AL :Save XH value 
DEC DL ;Reset I/O address to index reg 

INC AH ;Bump index 
M)V AL,AH ;Get index 
OUT DX,AL ;Point at XL 
INC DL :Bump I/O address 
IN AL,DX :Program XL 
M)V BL,AL ;Save XL value 
DEC DL :Reset I/O address to index reg 

INC AH ;Bump index 
M)V AL,AH ;Get index 
OUT DX,AL :Point at YH 
INC DL :Bump I/O address 
IN AL,DX :Program YH 
KJV CH,AL ;Save YH value 
DEC DL ;Reset I/O address to index reg 

INC AH ;Bump index 
M)V AL,AH ;Get index 
OUT DX,AL ;Point at YL 
INC DL ;Bump I/O address 
IN AL,DX ;Program YL 
KJV CL,AL ;Save YL value 
DEC DL ;Reset I/O address to index reg 

POP AX 
RET 

GETPTR ENDP 
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The following routine updates the current location of the pointer on the screen: 

-------------------------------------------------------------------------------, . , 
; Update Pointer Position 

Call with: AL = Start Index (PXH) 
BX = X Position 
CX = Y Position 

; OX = I/O Address of Sequencer Index Reg 
; 

Returns with: All registers preserved 
; 
PUTPTR PROC NEAR 

PUSH AX 

OUT DX,AL ;Point at XH 
INC DL ;Bump I/O address 
M:N AH,AL ;Save for next reg 
M:N AL,BH ;Get XH value 
OUT DX,AL ;Program XH 
DEC DL ;Reset I/O address to index reg 

INC AH ;Bump index 
M:N AL,AH ;Get index 
OUT DX,AL ;Point at XL 
INC DL ;Bump I/O address 
KN AL,BL ;Get XL value 
OUT DX,AL ;Program XL 
DEC DL ;Reset I/O address to index reg 

INC AH ;Bump index 
KN AL,AH ;Get index 
OUT DX,AL :Point at YH 
INC DL ;Bump I/O address 
M:N AL,CH ;Get YH value 
OUT DX,AL :Program YH 
DEC DL ;Reset I/O address to index reg 

INC AH ;Bump index 
KN AL,AH ;Get index 
OUT DX,AL ;Point at YL 
INC DL ;Bump I/O address 
KN AL,CL ;Get YL value 
OUT DX,AL ;Program YL & update screen position 
DEC DL ;Reset I/O address to index reg 

POP AX 
RET 

PUTPTR ENDP 

For example, a code sequence to move the pointer right one pixel would be: 

KN 
KJV 
CALL 
INC 
CALL 

DX,SEQ 
AL,PXH 
GETPTR 
BX 
PUTPTR 

;Point at sequencer index register 
;Point at pointer position register group 
;Get current X and Y location 
;Bump X to move the pointer right one pixel 
;Load new location 

All four position registers should be updated as a group as the write of the last register of the group actually 
updates the position on the screen. The V7VGA cbip pipelines the actual screen update like this so that the 
cursor does not appear at spurious positions on the screen during the update sequence. 
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The next three pages list a routine that may be used to load the pointer patterns into display memory. The 
fIrst page (this page) is the start of the routine and shows code required to save the appropriate V7VGA 
registers and reprogram them appropriately for the actual pointer load routine which is listed on the next 
page. The page after the pointer load code lists the code required to put everything back the way it was 
before the routine is called. 

The seven pages following the code for the routine list the data fIles used by the routine (a number of 
example pointer patterns). 

This routine will work completely independent of what mode the V7VGA is in (text, graphics, monochrome, 
4-plane color, byte-per-pixeI256-color, etc, makes no difference) . 

. _-----------------------------------------------------------------------------, 

Load Pointer Patterns to Memory 

Entry: none 
Exit: AX, DX modified 

LOADPTR PROC NEAR 
IDV DX,GRC 
IDV AL,6 
OUT DX,AL 
INC DL 
IN AL,DX 
PUSH AX 
AND AL,1 
OR AL,04H 
OUT DX,AL 

IDV DX,GRC 
IDV AL,S 
OUT DX,AL 
INC DL 
IN AL,DX 
PUSH AX 
IDV AL,1 
OUT DX,AL 

MJV DX,SEQ 
IDV AL,4 
OUT DX,AL 
INC DL 
IN AL,DX 
PUSH AX 
IDV AL,7 
OUT DX,AL 

MJV DX,SEQ 
MJV AL,2 
OUT DX,AL 
INC DL 
IN AL,DX 
PUSH AX 
MJV AL,OFH 
OUT DX,AL 
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:Point at GR6 

;Read current value 
;Save for later 
;Mask all except text/graphics bit 
;No chaining, mem map = AOOOO-AFFFF 
;and put it back 

;Point at GRS 

;Read current value 
;Save for later 
;Turn off odd/even bit & set to write mode I 
;and put it back 

;Point at SR4 

;Read current value 
;Save for later 
;Turn off odd/even and double odd/even 
;and put it back 

;Point at SR2 

;Read current value 
;Save for later 

;Set to write all planes 

6 - 38 V7VGA Programming - Extensions 



Now that the appropriate registers are saved away on the stack and everything set up for the pointer load, the 
following code is used to actually load the pointer patterns into display memory. The pointer patterns and a 
pointer table used to load the patterns are listed later in this section. 

Note: The pointer patterns are loaded at the end of display memory (pPA register values starting from 255 
and below). The routine loads pointer data until all pointers are loaded, then exits. So the pointers take up 
as much display memory as there are pointers in the table, starting from the end of display memory. More 
pointers can be added to or deleted from the table without changing any of the code. Also, in order to make 
the data patterns easy to edit, the data is entered as binary formatted double words. This places the data 
bytes in the 'wrong' order in memory, so the following code just loads them in the reverse order, starting 
with byte 3 instead of byte O. 

Now 

MOV 
MOV 
MOV 
MOV 
SAR 
SAR 
MOV 

MOV 
MOV 

LPOLUP: MOV 

LPLOOP: MOV 
CALL 
MOV 
CALL 
MOV 
CALL 
MOV 
CALL 

MOV 

INC 
DEC 
JNZ 

DEC 
JNZ 

JMP 

load the pointers 

AX,RAMSEG 
ES,AX 
AH,256-PTRCNT 
AL,O 
AX, I 
AX,1 
DI,AX 

SI,OFFSET PTRS 
CH,PTRCNT 

CL,64 

AL,GRL3 
LDGRL 
AL,GRL2 
LDGRL 
AL,GRLI 
LDGRL 
AL,GRLO 
LDGRL 

ES: [DIl,AL 

Dr 
CL 
LPLOOP 

CH 
LPOLUP 

SHORT LDEXIT 

;Point at display memory 
;Calculate where to start in display memory 

;Initialize display memory index 

;Pointer Table Index 
;This many pointers 

;64 * 4 (256) bytes per pointer 

;Load data latch 3 

;Load data latch 2 

;Load data latch 1 

;Load data latch 0 

;Write 4 bytes to display memory 

;Bump display memory index 
;Decrement pointer byte count 
;Loop over this pointer 

;Decrement pointer count 
;Loop over all pointers 

; Done 
;------------------------------------------------------------------------------

Support Subroutine for Pointer Load 

LDGRL PROC 
MOV 
OUT 
INC 
MOV 
OUT 
INC 
RET 

LDGRL ENDP 

NEAR 
DX,SEQ 
DX,AL 
DX 
AL,DS: [SI] 
DX,AL 
SI 
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;Get pointer byte 
:Write to data latch 
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Restore original data values 

LDEXIT: MOV DX,SEQ 
MOV AL,2 
OUT DX,AL ;Point at SR2 
INC DL 
POP AX 
OUT DX,AL ;Restore original value 

MOV DX,SEQ 
M)V AL,4 
OUT DX,AL ;Point at SR4 
INC DL 
POP AX 
OUT DX,AL ;Restore original value 

MOV DX,GRC 
MOV AL,S 
OUT DX,AL ;Point at GRS 
INC DL 
POP AX 
OUT DX,AL ;Restore original value 

M)V DX,GRC 
M)V AL,6 
OUT DX,AL ;Point at GR6 
INC DL 
POP AX 
OUT DX,AL ;Restore original value 
RET 

LOADPTR ENDP 
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; Graphics Cursor (Pointer) Table 
: 
PTRTAB: DW OFFSET ARROW ;Type 00 - Arrow (16xI6) 

DW OFFSET BOX ;Type 01 - Box (32x32) 
OW OFFSET BOX2 ;Type 02 - Box #2 (32x32) 
OW OFFSET CROSS ;Type 03 - Cross (32x32) 
OW OFFSET INVBLK ;Type 04 - Inverse Block (32x32) 
OW OFFSET WHTBLK ;Type 05 - White Block (32x32) 
DW OFFSET BLKBLK ;Type 06 - Black Block (32x32) 

PTRSIZ EQU ($-PTRTAB) /2 
PTRS: 
; Graphics Cursor Pattern: Arrow (black with white border) 
; 
ARROW: DD 00111111111111111111111111111111b ; AND 00 AND XOR Result 

DD 00011111111111111111111111111111b ; AND 01 --- --- ------
DD 00001111111111111111111111111111b ; AND 02 0 0 Black 
DD 00000111111111111111111111111111b ; AND 03 0 1 White 
DD 00000011111111111111111111111111b ; AND 04 1 0 Clear 
DD 00000001111111111111111111111111b ;AND 05 1 1 Invers 
DD 00000000111111111111111111111111b ;AND 06 
DD 00000000011111111111111111111111b ;AND 07 
DD 00000000001111111111111111111111b ;AND 08 
DD 00000000000111111111111111111111b :AND 09 
DD 00000001111111111111111111111111b ;AND 10 
DD 00010000111111111111111111111111b ;AND 11 
DD 00110000111111111111111111111111b ;AND 12 
DD 01111000011111111111111111111111b :AND 13 
DD 11111000011111111111111111111111b :AND 14 
DD 11111100011111111111111111111111b :AND 15 
DD 11111111111111111111111111111111b :AND 16 
DD 11111111111111111111111111111111b :AND 17 
DD 11111111111111111111111111111111b :AND 18 
DD 11111111111111111111111111111111b :AND 19 
DD 11111111111111111111111111111111b :AND 20 
DD 11111111111111111111111111111111b :AND 21 
DD 11111111111111111111111111111111b :AND 22 
DD 11111111111111111111111111111111b :AND 23 
DD 11111111111111111111111111111111b :AND 24 
DD I1111111111111111111111111111111b :AND 25 
DD I1111111111111111111111111111111b :AND 26 
DD 11111111111111111111111111111111b ;AND 27 
DD 11111111111111111111111111111111b ;AND 28 
DD I1111111111111111111111111111111b ;AND 29 
DD I1111111111111111111111111111111b ;AND 30 
DD 11111111111111111111111111111111b ;AND 31 

ARROWX: DD 11000000000000000000000000000000b ;XOR 00 AND XOR Result 
DD 10100000000000000000000000000000b ;XOR 01 --- --- ------
DD 10010000000000000000000000000000b ;XOR 02 0 0 Black 
DD 10001000000000000000000000000000b ;XOR 03 0 1 White 
DD 10000100000000000000000000000000b ;XOR 04 1 0 Clear 
DD 10000010000000000000000000000000b ;XOR 05 1 1 Revers 
DD 10000001000000000000000000000000b ;XOR 06 
DD 10000000100000000000000000000000b ;XOR 07 
DD 10000000010000000000000000000000b ;XOR 08 
DD 10000001111000000000000000000000b ;XOR 09 
DD 10001001000000000000000000000000b ;XOR 10 
DD 10010100100000000000000000000000b ;XOR 11 
DD 10100100100000000000000000000000b ;XOR 12 
DD 11000010010000000000000000000000b ;XOR 13 
DD 10000010010000000000000000000000b ;XOR 14 
DD 0000OOO1110000000000000000000000b ;XOR 15 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 16 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 17 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 18 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 19 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 20 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 21 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 22 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 23 
00 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 24 
00 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 25 
00 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 26 
00 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 27 
OD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 28 
00 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 29 
00 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 30 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 31 
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;------------------------------------------------------------------------------
; Graphics Cursor Pattern: Box (32x32) 
; 
BOX: DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 00 AND XOR Result 

DD OOllllllllllllllllllllllllllllOOb ;AND 01 --- ------
DD OlOllllllllllllllllllllllllllOlOb ;AND 02 0 0 Black 
DD 0110lllllllllll1lll111lll1110ll0b ;AND 03 0 1 White 
DD 01110llllllllllllllllllllll0lll0b ;AND 04 1 0 Clear 
DD OllllOllllllllllllllllllllOllllOb ;AND 05 1 1 Invers 
DD 011111Ollllllllllllll1lll01l1ll0b ;AND 06 
DD OllllllOllllllllllllllllOllllllOb ;AND 07 
DD OlllllllOllllllllllllllOlllllllOb ;AND 08 
DD OllllllllOllllllllllllOllllllllOb :AND 09 
DD OlllllllllOllllllllllOlllllllllOb ;AND 10 
DD OllllllllllOllllllllOllllllllllOb ;AND 11 
DD OlllllllllllOllllllOlllllllllllOb ;AND 12 
DD OllllllllllllOllllOllllllllllllOb :AND 13 
DD OlllllllllllllOllOlllllllllllllOb ;AND 14 
DD OllllllllllllllllllllllllllllllOb :AND 15 
DD OllllllllllllllllllllllllllllllOb ;AND 16 
DD OlllllllllllllOllOlllllllllllllOb :AND 17 
DD OllllllllllllOllllOllllllllllllOb ;AND 18 
DD OlllllllllllOllllllOlllllllllllOb ;AND 19 
DD OllllllllllOllllllllOllllllllllOb ;AND 20 
DO Oll1111111011111111110111l111l10b ;AND 21 
DO 0111l1l110l1l1l1lllll10l1ll1ll10b ;AND 22 
DO OlllllllOllllllllllllllOlllllllOb ;AND 23 
DO OllllllOllllllllllllllllOllllllOb ;AND 24 
00 OlllllOllllllllllllllllllOlllllOb ;AND 25 
DD OllllOllllllllllllllllllllOllllOb ;AND 26 
00 OlllOllllll11l111l11ll1111101110b ;AND 27 
00 OllOllllllllllllllllllllllllOllOb ;AND 28 
DO OlOllllllllllllllllllllllllllOlOb ;AND 29 
00 00111111111111111111111111111100b ;AND 30 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 31 

BOXX: DO 1111111lllll1111111l11111111111lb ;XOR 00 AND XOR Result 
00 l100000000000000000000000000001lb iXOR 01 --- ------
DO 10100000000000000000000000OOOlOlb ;XOR 02 0 0 Black 
DO 1001000OOOOOOOOOOOOOOOOOOOOOlOOlb ;XOR 03 0 1 White 
OD 1000l0000000000000000000000l000lb ;XOR 04 1 0 Clear 
OD 10000100OOOOOOOOOOOOOOOOOOlOOOOlb ;XOR 05 1 1 Invers 
DO 10000010000000OOOOOOOOOOO1000001b ;XOR 06 
DO 1000000100000000000000001000000lb ;XOR 07 
DO 10000000100000000000000100000001b ;XOR 08 
DD 100000000l000000000000100000000lb ;XOR 09 
DD 1000000000100000000001000000000lb ;XOR 10 
DD 10000000000100000000l0000000000lb ;XOR 11 
DD 1000000000001000000100000000000lb ;XOR 12 
DD 10000000000001000010000000000001b ;XOR 13 
DO 10OOOOOOOOOOOO100100000000000001b ;XOR 14 
DO 10000000000000011000000000000001b ;XOR 15 
OD 1000000000000OO11000000000000001b ;XOR 16 
OD 100000OOOOOOOO100100000000000001b ;XOR 17 
DD 10000000OOOOO10000l0000000000001b ;XOR 18 
DD 100000000000l0000001000000000001b ;XOR 19 
DD 100000000OO100000000100000000001b ;XOR 20 
DD 10000000001000000000010000000001b ;XOR 21 
DD 100000000l0000000000001000000001b ;XOR 22 
DD 10000000l00000000000000100000001b ;XOR 23 
DD 10000001000000000000000010000001b ;XOR 24 
DD 10000010000000000000000001000001b ;XOR 25 
DD 10000100000000000000000000100001b ;XOR 26 
DD 1000l000000000000000000000010001b ;XOR 27 
DD 1001000000000000000000000000100lb ;XOR 28 
DD 10100000000000000000000000000101b ;XOR 29 
DO 110000000000000000000000000000llb ;XOR 30 
DD 11111111ll111111l111111111111111b ;XOR 31 
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-------------------------------------------------------------------------------, . , . Graphics Cursor Pattern: Box i2 (32x32) , 
: 
BOX2: DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 00 AND XOR Result 

DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 01 --- ------
to OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 02 0 0 Black 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 03 0 1 White 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 04 1 0 Clear 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 05 1 1 Invers 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 06 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 07 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 08 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 09 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 10 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 11 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 12 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 13 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 14 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 15 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 16 
DO 0011111111l111100111111111111100b :AND 17 
DO 00111111111111100111111111111100b ;AND 18 
DO 00111111111111100111111111111100b :AND 19 
DO 00111111111111100111111111111100b ;AND 20 
DO 00111111111111100111111111111100b :AND 21 
DO 00111111111111100111111111111100b :AND 22 
DO 00111111111111100111111111111100b :AND 23 
DO 00111111111111100111111111111100b :AND 24 
DO 00111111111111100111111111111100b ;AND 25 
DO 00111111111111100111111111111100b :AND 26 
DO 00111111111111100111111111111100b :AND 27 
DO 00111111111111100111111111111100b :AND 28 
DO 00111111111111100111111111111100b ;AND 29 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 30 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 31 

BOX2X: DO 11111111111111111111111111111111b ;XOR 00 AND XOR Result 
DO 11111111111111111111111111111111b ;XOR 01 --- ------
DO 11000000000000011111111111111111b ;XOR 02 0 0 B1ack 
DO 11000000000000011111111111111111b ;XOR 03 0 1 White 
DO 11000000000000011111111111111111b ;XOR 04 1 0 Clear 
DO 11000000000000011111111111111111b :XOR 05 1 1 Invers 
DO 11000000000000011111111111111111b ;XOR 06 
DO 11000000000000011111111111111111b ;XOR 07 
DO 11000000000000011111111111111111b :XOR 08 
DO 11000000000000011111111111111111b ;XOR 09 
DO 11000000000000011111111111111111b :XOR 10 
DO 11000000000000011111111111111111b :XOR 11 
DO 11000000000000011111111111111111b ;XOR 12 
DO 11000000000000011111111111111111b ;XOR 13 
DO 11000000000000011111111111111111b ;XOR 14 
DO 11111111111111111111111111111111b ;XOR 15 
DO 11111111111111111111111111111111b :XOR 16 
DO 11000000000000011111111111111111b ;XOR 17 
DO 11000000000000011111111111111111b ;XOR 18 
DO 11000000000000011111111111111111b ;XOR 19 
DO 11000000000000011111111111111111b ;XOR 20 
DO 11000000000000011111111111111111b ;XOR 21 
DO 11000000000000011111111111111111b ;XOR 22 
DO 11000000000000011111111111111111b ;XOR 23 
DO 11000000000000011111111111111111b ;XOR 24 
DO 11000000000000011111111111111111b :XOR 25 
DO 11000000000000011111111111111111b :XOR 26 
DO 11000000000000011111111111111111b ;XOR 27 
DO 11000000000000011111111111111111b :XOR 28 
DO 11000000000000011111111111111111b ;XOR 29 
DO 11111111111111111111111111111111b ;XOR 30 
DO Il111111111111111111111111111111b ;XOR 31 
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._-----------------------------------------------------------------------------, 
; 
; Graphics Cursor Pattern: Cross (32x32) 
; 
CROSS: DD 11111111111111100111111111111111b ; AND 00 AND XOR Result 

DD 11111111111111100111111111111111b ; AND 01 --- --- ------
DD 11111111111111100111111111111111b ; AND 02 0 0 Black 
DD 11111111111111100111111111111111b ; AND 03 0 1 White 
DD 11111111111111100111111111111111b ; AND 04 1 0 Clear 
DD 11111111111111100111111111111111b ; AND 05 1 1 Invers 
DD 11111111111111100111111111111111b ; AND 06 
DD 11111111111111100111111111111111b ; AND 07 
DD 11111111111111100111111111111111b ; AND 08 
DD 11111111111111100111111111111111b ; AND 09 
DD 11111111111111100111111111111111b ; AND 10 
DD 11111111111111100111111111111111b ; AND 11 
DD 11111111111111100111111111111111b ; AND 12 
DD 11111111111111100111111111111111b ; AND 13 
DD 11111111111111100111111111111111b ; AND 14 
DD 0000000OOOOOOOO11000000000000000b ; AND 15 
DD OOOOOOOOOOOOOOOllOOOOOOOOOOOOOOOb ; AND 16 
DD 11111111111111100111111111111111b ; AND 17 
DD 11111111111111100111111111111111b ; AND 18 
DD 11111111111111100111111111111111b ; AND 19 
DD 11111111111111100111111111111111b ; AND 20 
DD 11111111111111100111111111111111b ; AND 21 
DD 11111111111111100111111111111111b ; AND 22 
DD 11111111111111100111111111111111b ; AND 23 
DD 11111111111111100111111111111111b ; AND 24 
DD 11111111111111100111111111111111b ;AND 25 
DD 11111111111111100111111111111111b ;AND 26 
DD 11111111111111100111111111111111b ;AND 27 
DD 11111111111111100111111111111111b ;AND 28 
DD 11111111111111100111111111111111b ;AND 29 
DD 11111111111111100111111111111111b ;AND 30 
DD 11111111111111100111111111111111b ;AND 31 

CROSS2: DD OOOOOOOOOOOOOOOllOOOOOOOOOOOOOOOb ;XOR 00 AND XOR Result 
DD OOOOOOOOOOOOOOOllOOOOOOOOOOOOOOOb ;XOR 01 --- --- ------
DD 00000000000000011000000000000000b ;XOR 02 0 0 Black 
DD 00000000000000011000000000000000b ;XOR 03 0 1 White 
DD 00000000000000011000000000000000b ;XOR 04 1 0 Clear 
DD 00000000000000011000000000000000b ;XOR 05 1 1 Invers 
DD 00000000000000011000000000000000b ;XOR 06 
DD OOOOOOOOOOOOOOOllOOOOOOOOOOOOOOOb ;XOR 07 
DD 000OOOOOOOOOOOO11000000000000000b ;XOR 08 
DD 00000000000000011000000000000000b ;XOR 09 
DD 00000000000000011000000000000000b ;XOR 10 
DD 00000000000000011000000000000000b ;XOR 11 
DD 00000000000000011000000000000000b ;XOR 12 
DD 00000000000000011000000000000000b :XOR 13 
DD 00000000000000011000000000000000b ;XOR 14 
DD 11111111111111111111111111111111b ;XOR 15 
DD 11111111111111111111111111111111b ;XOR 16 
DD 00OOOOOOOOOOOOOl1000000000000000b ;XOR 17 
DD OOOOOOOOOOOOOOOllOOOOOOOOOOOOOOOb ;XOR 18 
DD OOOOOOOOOOOOOOOllOOOOOOOOOOOOOOOb ;XOR 19 
DD 00OOOOOOOOOOOOOl1000000000000000b ;XOR 20 
DD 0OOOOOOOOOOOOOO11000000000000000b ;XOR 21 
DD OOOOOOOOOOOOOOOl1000000000000000b ;XOR 22 
DD 00OOOOOOOOOOOOO11000000000000000b :XOR 23 
DD 0OOOOOOOOOOOOOO11000000000000000b :XOR 24 
DD 00OOOOOOOOOOOOO11000000000000000b ;XOR 25 
DD OOOOOOOOOOOOOOOllOOOOOOOOOOOOOOOb :XOR 26 
DD OOOOOOOOOOOOOOO11000000000000000b ;XOR 27 
DD 0OOOOOOOOOOOOOO11000000000000000b ;XOR 28 
DD 000OOOOOOOOOOOO11000000000000000b :XOR 29 
DD OOOOOOOOOOOOOOOllOOOOOOOOOOOOOOOb ;XOR 30 
DD 0OOOOOOOOOOOOOO11000000000000000b ;XOR 31 
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·_-----------------------------------------------------------------------------, . , 
; Graphics Cursor Pattern: Inverse Block 
; 
INVBLK: DD Illlllllllllllllllllllllllllllllb ; AND 00 AND XOR Result 

DD Illlllllllllllllllllllllllllllllb ; AND 01 --- --- ------
DD Illlllllllllllllllllllllllllllllb ; AND 02 0 0 Black 
DD I1111111111111111111111111111111b : AND 03 0 1 White 
DD I1111111111111111111111111111111b ; AND 04 1 0 Clear 
DD I1111111111111111111111111111111b ; AND 05 1 1 Invers 
DD I1111111111111111111111111111111b ; AND 06 
DD I1111111111111111111111111111111b ; AND 07 
DD I1111111111111111111111111111111b ; AND 08 
DD I1111111111111111111111111111111b ; AND 09 
DD I1111111111111111111111111111111b ; AND 10 
DD I1111111111111111111111111111111b ; AND 11 
DD I1111111111111111111111111111111b ; AND 12 
DD I1111111111111111111111111111111b ; AND 13 
DD' I1111111111111111111111111111111b : AND 14 
DD I1111111111111111111111111111111b : AND 15 
DD I1111111111111111111111111111111b : AND 16 
DD I1111111111111111111111111111111b : AND 17 
DD I1111111111111111111111111111111b ; AND 18 
DD I1111111111111111111111111111111b : AND 19 
DD I1111111111111111111111111111111b : AND 20 
DD I1111111111111111111111111111111b ; AND 21 
DD I1111111111111111111111111111111b ; AND 22 
DD I1111111111111111111111111111111b ; AND 23 
DD I1111111111111111111111111111111b ; AND 24 
DD I1111111111111111111111111111111b ;AND 25 
DD I1111111111111111111111111111111b ;AND 26 
DD I1111111111111111111111111111111b ;AND 27 
DD 111111111111111111111l1111111111b ;AND 28 
DD 1111111111l11111111111l11111111lb ;AND 29 
DD 11ll1l11111111111111111111111111b ;AND 30 
DD 11111111111111111111111111111111b ;AND 31 

INVXOR: DD 11111111111111111111111111111111b :XOR 00 AND XOR Result 
DD I1111111111111111111111111111111b :XOR 01 --- --- ------
DD I1111111111111111111111111111111b :XOR 02 0 0 Black 
DD I1111111111111111111111111111111b ;XOR 03 0 1 White 
DD I1111111111111111111111111111111b ;XOR 04 1 0 Clear 
DD I1111111111111111111111111111111b ;XOR 05 1 1 Invers 
DD I1111111111111111111111111111111b ;XOR 06 
DD I1111111111111111111111111111111b ;XOR 07 
DD 11111111111111111111111111111111b ;XOR 08 
DD I1111111111111111111111111111111b ;XOR 09 
DD 1111111111111111111111111111111lb ;XOR 10 
DD I1111111111111111111111111111111b ;XOR 11 
DD I1111111111111111111111111111111b ;XOR 12 
DD 1111111111111111l111111111111111b ;XOR 13 
DD I1111111111111111111111111111111b ;XOR 14 
DD Illlllllllllllllllllllllllllllllb ;XOR 15 
DD Illlllllllllllllllllllllllllllllb ;XOR 16 
DD Illlllllllllllllllllllllllllllllb ;XOR 17 
DD Illlllllllllllllllllllllllllllllb ;XOR 18 
DD I1111111111111111111111111111111b :XOR 19 
DD Illlllllllllllllllllllllllllllllb ;XOR 20 
DD I1111111111111111111111111111111b ;XOR 21 
DD Illlllllllllllllllllllllllllllllb ;XOR 22 
DD Illlllllllllllllllllllllllllllllb ;XOR 23 
DD Illlllllllllllllllllllllllllllllb ;XOR 24 
DD I1111111111111111111111111111111b ;XOR 25 , 
DD Illlllllllllllllllllllllllllllllb ;XOR 26 
DD I1111111111111111111111111111111b ;XOR 27 
DD I1111111111111111111111111111111b ;XOR 28 
DD I1111111111111111111111111111111b ;XOR 29 
DD I1111111111111111111111111111111b ;XOR 30 
DD I1111111111111111111111111111111b ;XOR 31 

V7VGA Technical Reference Manual 6 -45 V7VGA Programming - Extensions 



;------------------------------------------------------------------------------
; 
; Graphics Cursor Pattern: White Block 
; 
WHTBLK: DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 00 AND XOR Result 

DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 01 --- ------
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 02 0 0 :alack 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 03 0 1 White 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 04 1 0 Clear 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 05 1 1 Invers 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 06 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 07 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 08 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 09 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 10 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 11 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 12 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 13 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 14 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 15 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 16 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 17 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 18 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 19 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 20 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 21 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 22 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 23 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 24 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 25 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 26 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 27 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 28 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 29 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 30 
DO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :AND 31 

WHTXOR: DO 11111111111111111111111111111111b :XOR 00 AND XOR Result 
DO 11111111111111111111111111111111b ;XOR 01 --- ------
DO 11111111111111111111111111111111b ;XOR 02 0 0 Black 
DD 11111111111111111111111111111111b ; XOR 03 0 1 White 
DD 11111111111111111111111111111111b :XOR 04 1 0 Clear 
DD 11111111111111111111111111111111b ;XOR 05 1 1 Invers 
DD 11111111111111111111111111111111b :XOR 06 
DO I1111111111111111111111111111111b :XOR 07 
DD 11111111111111111111111111111111b :XOR 08 
DO I1111111111111111111111111111111b ;XOR 09 
DO I1111111111111111111111111111111b ;XOR 10 
DO I1111111111111111111111111111111b ;XOR 11 
DD I1111111111111111111111111111111b :XOR 12 
DD I1111111111111111111111111111111b :XOR 13 
DO I1111111111111111111111111111111b :XOR 14 
DD I1111111111111111111111111111111b ;XOR 15 
DD 11111111111111111111111111111111b ;XOR 16 
DO I1111111111111111111111111111111b ;XOR 17 

.DD I1111111111111111111111111111111b ;XOR 18 
DD 11111111111111111111111111111111b ;XOR 19 
DO 11111111111111111111111111111111b ;XOR 20 
DO I1111111111111111111111111111111b ;XOR 21 
DO I1111111111111111111111111111111b ;XOR 22 
DO I1111111111111111111111111111111b ;XOR 23 
DO I1111111111111111111111111111111b ;XOR 24 
DO I1111111111111111111111111111111b ;XOR 25 
DO Ill11111111111111111111111111111b ;XOR 26 
DO Illl1111111111111111111111111111b ;XOR 27 
DO I1111111111111111111111111111111b ;XOR 28 
DO I1111111111111111111111111111111b ;XOR 29 
DO Illll111111111111111111111111111b ;XOR 30 
DO 11111111111111111111111111111111b ;XOR 31 
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-------------------------------------------------------------------------------, 
; 
; Graphics Cursor Pattern: Black Block 
; 
BLKBLK: DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 00 AND XOR Result 

DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 01 --- --- ------
DD OOOOOOOOOOOOOOOOOOOOOOOOGOOOOOOOb ;AND 02 0 0 Black 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 03 0 1 White 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 04 1 0 Clear 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 05 1 1 Invers 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 06 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 07 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 08 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 09 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 10 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 11 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 12 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 13 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 14 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 15 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 16 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 17 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 18 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 19 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 20 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 21 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 22 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 23 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 24 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 25 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 26 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 27 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 28 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 29 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 30 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;AND 31 

BLKXOR: DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 00 AND XOR Result 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb :XOR 01 --- --- ------
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 02 0 0 Black 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 03 0 1 White 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 04 1 0 Clear 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 05 1 1 Invers 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 06 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 07 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 08 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 09 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 10 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 11 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 12 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 13 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 14 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 15 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 16 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 17 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 18 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 19 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 20 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 21 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 22 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 23 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 24 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 25 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 26 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 27 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 28 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 29 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 30 
DD OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOb ;XOR 31 

PTRCNT EQU ($-PTRS) /256 ;Number of pointers 
MAXCNT EQU 255 ;Max pOinter pattern * 
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Table 6-3: V7VGA User-Programmable Extension Register Summary 

Index 

94 

9C 

9D 

9E 

9F 

AO-A3 

Description. 

Pointer Pattern Address: bits 13-6 of the address at which the currently displayed pointer 
pattern (hardware graphics cursor) is stored. Bits 15 & 14 are always 0, and each pointer 
pattern is 64 addresses long (accounting for bits 5-0). 

Pointer Horizontal Position Low: bits 7-0 of the X coordinate of the hardware graphics cursor 
(in pixels). The value in this register does not actually take effect on the screen until extension 
register 9F is written. 

Pointer Horizontal Position High: bits 10-8 of the X coordinate of the hardware graphics 
cursor (in pixels), The value in this register does not actually take effect on the screen until 
extension register 9F is written. 

Pointer Vertical Position Low: bits 7-0 of the Y coordinate of the hardware graphics cursor (in 
pixels). The value in this register does not actually take effect on the screen until extension 
register 9F is written. 

Pointer Vertical Position High: bits 9 & 8 of the Y coordinate of the hardware graphics cursor 
(in pixels). Writing this register updates the actual screen position. 

Graphics Controller Latches 0-3: the blue, green, red, and intensity plane latches, respectively. 

AS Cursor Attributes: Bit 7: 1 to enable the hardware graphics cursor 
o to disable 

Bit 3: 1 to select XOR text cursor 
o to select nonnal (overwrite) cursor 

Bit 0: 1 to disable cursor blink, 
o to enable cursor block (nonnal) 

Fl Fast Latch Load State: Bits 1 & 0: the latch register (0-3 correspsonds to AO-A3) written to by 
the next write to the Fast Background Latch Load register. 

F2 Fast Background Latch Load: on reads, resets bits 1 & 0 of the Fast Latch Load State register 
to O. On writes, data written to this register goes to the one of four latch registers (AO-A3) 
selected by bits 1 & 0 of the Fast Latch Load State register, and the field made up of bits 1 & 0 
of the Fast Latch Load State register is incremented after the write is complete. 

F3 Masked Write Control: 

Bit 1: 1 to select the rotated CPU byte as the masked write mask source 
o to select the Masked Write Mask register as the masked write mask source 
(No effect if bit 0 is 0.) 

Bit 0: 1 to enable masked writes (write-per-bit), 
o to disable masked writes. Masked writes only work with V -RAM. 

F4 Masked Write Mask: the bit pattern used for the masked write mask when bit 1 of the Masked 
Write Control register is 0 and bit 1 of that register is a 1. 

F5 ForegroundIBackground Pattern: the bit pattern to be expanded to a two-color pattern when bits 
3 & 2 of the Foreground/Background Control register are 01 and bit 1 of that register is O. 1 
bits are expanded to the color in the Extended Foreground Color register, and 0 bits are 
expanded to the color in the Extended Background Color register. 

(continued) 
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Table 6-3: V7VGA User-Programmable Extension Register Summary (continued) 

F6 1 Mb DRAM Bank Select 

Bit 7: 1 to reset the bank when line compare occurs 
o to load the bank select from bits 5 & 4 of this register when line compare occurs 

Bit 6: 1 to let banks tum over (scan into the next bank) 
o to keep the bank from turning over 

Bits 5 & 4: Bank from which CRTC starts fetching video data at the start of a frame 
Bits 3 & 2: Bank from which the CPU reads 
Bits 1 & 0: Bank to which the CPU writes 

F9 Extended Page Select 

Bit 0: 1 to select extended page 1 
o to select extended page 0 
(No effect when bit-2 of the Compatibility Control register is 0) 

Exact action depends on the settings of bits 5, 4, and 1 of the Compatibility Control register. 

FA Extended Foreground Color: Bits 3-0: color 1 bits are expanded to when bits 3 & 2 of the 
ForegroundlBackground Control register are 01. 

FB Extended Background Color: Bits 3-0: color 0 bits are expanded to when bits 3 & 2 of the 
ForegroundlBackground Control register are 01. 

FC Compatibility Control: 

Bit 5: 1 to select sequential chain 4 mode (useful for hi-res V-RAM 256-color modes) 
Bit 4: 1 to select sequential chain mode (useful for hi-res V-RAM 256-color modes) 
Bit 2: 1 to enable extended 256-color modes 

o to select normal 256-color operation 
Bit 1: 1 to select 128K extended 256-color mode 

o to select 64K extended 256-color modes 
Bit 0: 1 to enable extended attributes (extended underlining). 

FE ForegroundIBackground Control: 

Bits 3 & 2: Foregroundlbackground mode selection. 00 for normal mM VGA operation, 
01 for color text expansion, 10 and 11 reserved. 

Bit 1: 1 to select the rotated CPU byte as the color expansion source 
o to select the FG / BG Pattern register as the color expansion source. 

FF 16-Bit Interface Control: 

Bits 6 & 5: select the bank in which the pointer pattern 
(hardware graphics cursor masks) resides. 

Bit 4:. 1 to select banked operation with 256K of V -RAM or D-RAM 
o to select banked operation with 1 Mbit D-RAM chips 

* * *Important* * * Do not change any unused bits in any registers, since some of those bits are used by the 
BIOS. To change selected bits, read the register, change just the bits of interest, and 
write the result back to the register. Failure to observe this could result in unreadable 
displays or reduced performance. 
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APPENDIX 

~~~~~~~ 
Register Initialization Tables 

This appendix shows the default values for the registers when operating the V7VGA board in all modes. 
There are two tables: 1) VGA-Standard modes and 2) Video Seven proprietary modes. 

IStandard Modes VlsQlays 
0,1 40x25 Color Text (8x8 font) AD, MS 
0,1* 4Ox25 Color Text (8x14 font) AD, MS Note: MS = Multi-Frequency Display 
0,1+ 4Ox25 Color Text (9x16 font) AD, MS 
2,3 80x25 Color Text (8x8 font) AD, MS AD = PS/2-Type Fixed-
2,3* 80x25 Color Text (8x14 font) AD, MS Frequency Analog Display 
2,3+ 80x25 Color Text (9x16 font) AD, MS (Color or Monochrome) 

7 80x25 Mono Text (9x14 font) AD, MS (ffiM 8512,8513,8514 

7+ 80x25 Mono Text (9x16 font) AD, MS Color or IBM 8503 Mono 
or equivalent) 

6 640x200 Mono Graphics (2-color) AD, MS 
F 640x350 Mono Graphics (4-color) AD, MS XL = MultiSync XL (19"), 
11 640x480 Mono Graphics (2-color) AD, MS Nanao 9070S (16"), 

4,5 320x200 Color Graphics (4-color) AD, MS 
or equivalent 

D 320x200 Color Graphics (16-color) AD, MS 
E 640x200 Color Graphics (16-color) AD, MS 
10 640x350 Color Graphics (16-color) AD, MS 
12 640x480 Color Graphics (16-color) AD,MS 

~ 
BIOS S~ttnod~; 

13 320x200 Color Graphics (256-color) AD, MS - movax,mode 
Pronnetm Modes Vlsolavs int lOh 
40 80x43 Color Text (8x8 font) AD, MS 
41 132x25 Color Text (8x14 font) AD, MS 
42 132x43 Color Text (8x8 font) AD, MS 
43 80x60 Color Text (8x8 font) AD, MS 
44 l00x60 Color Text (8x8 font) AD, MS 
45 132x28 Color Text (8x14 font) AD, MS 
46-5F (reserved) 

60 752x41O Color Graphics (16-color) AD, MS ~ BIOS Setmode: 
61 720x540 Color Graphics (16-color) XL, MS I ---............ mov ax,6f05h 
62 800x600 Color Graphics (16-color) XL, MS mov bl,mode 
63 1024x768 Color Graphics (2-color) XL . IOh 
64 1024x768 Color Graphics (4-color) XL L.,.ID_t ____ --' 
65 1024x768 Color Graphics (16-color) XL 
66 64Ox400 Color Graphics (256-color) AD, MS 
67 640x480 Color Graphics (256-color) AD, MS 
68 72Ox540 Color Graphics (256-color) XL, MS 
69 (future) 800x600 Color Graphics (256-color) XL 
6A-7F (reserved) 6/27/88 
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6/27/88 
Table A -1. Mode of Operation (PS/2-Type Analog Displays) 

Cbara1:1I:d5li1:5 U 1.3 U i D E Z I lJl iU.! l..3! !lLl± lL3..t. 1± 11 U U 
Text / Graphics Text Text Or Or Or Or Text Or Or Text Text Text Text Text Or Or Or 
Colors 16 16 4 2 16 16 4* 2 16 16 16 16 16 4* 16 16 256 

Pixels H Resolution 320 640 320 640 320 640 720 640 640 320 640 360 720 720 640 640 320 
Pixels V Resolution 200 200 200 200 200 200 350 350 350 350 350 400 400 400 480 480 200 

Chars Text Columns 40 80 - - - - 80 - - 40 80 40 80 80 - - -
Rows Text Rows 25 25 - - - - 25 - - 25 25 25 25 25 - - -

Pixels Character Width 8 8 8 8 8 8 9 8 8 8 8 8 9 9 8 8 8 
Pixels Character Height 8 8 1 1 1 1 14 1 1 14 14 16 16 16 1 1 2 

CPU:CRT Bandwidth (O-Ram) 3:2 1:4 3:2 1:4 3:2 1:4 1:4 1 :4 1:4 3:2 1:4 3:2 1:4 1:4 1:4 1:4 1 :4 
CPU:CRT Bandwidth (V-Ram) 1: 1 1:1 1: 1 1:1 1: 1 1: 1 ] : 1 1: 1 1:] 1: ] 1: 1 1: ] 1:] 1: 1 1:1 ] : 1 ] : 1 
MHz Pixel Clock 12 25 12 25 12 25 28 25 25 12 25 14 28 28 25 25 25 

KHz H Sync Rate 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 31.5 
Hz V Sync Rate 70 70 70 70 70 70 70 70 70 70 70 70 70 70 60 60 70 

Chars H Displayed 40 80 40 80 40 80 80 80 80 40 80 40 80 80 80 80 80 
Chars H Total 57 100 57 100 57 100 100 100 100 57 ]00 57 100 ]00 100 100 100 

Lines V Displayed 400 400 400 400 400 400 350 350 350 350 350 400 400 400 480 480 400 
Lines V Total 449 449 449 449 449 449 449 449 449 449 449 451 449 449 524 524 449 

1l15RII;t: IimlDK U U U i D E Z I lJl iU.! l..3! !lLl± lL3..t. 1± 11 U U 
Display Type IJ) IJ) IJ) IJ) IJ) IJ) IJ) IJ) IJ) IJ) IJ) IJ) IJ) AD IJ) AD AD 

usee H Sync Delay 4.5 1.9 4.5 1.9 4.5 1.9 1.9 1.9 1.9 4.5 1.9 4.5 1.9 1.9 1.9 1.9 1.9 
usee H Sync Width 3.9 3.8 3.9 3.8 3.9 3.8 3.8 3.8 3.8 3.9 3.8 3.9 3.8 3.8 3.8 3.8 3.8 

usee V Sync Delay 414 413 414 413 414 413 1207 1208 1208 1210 1208 414 413 413 254 254 413 
usee V Sync Width 64 64 64 64 64 64 64 64 64 64 64 64 64 64 381 381 64 

EI1~D5hzDIi Ll U U i D E Z I l.Jl U! U! ~2LJ± Z± 11 U II 
FD Timing State (ON) 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 22/82 
A4 Clock 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
-- Sony Fixup 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
FC Compatibility CuI 08 08 08 08 08 08 08 08 08 08 0.8 08 08 08 08 08 08 
F6 Bank Select 00 00 00 00 00 00 00 00 00 00 clo 00 00 00 00 00 00 
F8 Extended Clock 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
FF 16-Bit Interface 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

MIs: Info Ll U U i D E Z I lJl SU! ~ ~ lL3..t. Z± 11 U 1J 
Text Columns 40 80 40 80 40 80 80 80 80 40 80 40 80 80 80 80 40 
Text Rows - 1 24 24 24 24 24 24 24 24 24 24 24 24 24 24 29 29 24 
Font Height 8 8 8 8 8 8 14 14 14 14 14 16 16 16 16 16 8 
Page Size 0800 1000 4000 4000 20004000 1000 8000 8000 0800 1000 0800 1000 100096009600 FAOO 

Segumm Ll U U i D E Z I l.Jl JU! U! ~ lLJ.:i: Z± 11 U 1J 
SRI Clocking Mode 9 1 9 1 9 1 0 5/1 5/1 9 1 8 0 0 1 1 1 
SR2 Plane Mask 3 3 3 1 F F 3 F F 3 3 3 3 3 F F F 
SR3 Char Map Select 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SR4 Memory Mode 2 2 2 6 6 6 3 0/6 0/6 2 2 2 2 2 6 6 E 

EIII:I:DII B=5 Ll U U i D E Z I lJl JU! ~ ~ lLJ.:i: Z± 11 U 1J 
MISC Miscellaneous 63 63 63 63 63 63 A6 A2 A3 A3 A3 67 67 66 E3 E3 63 
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3/31/88 
Table A-I. (continued) Mode of Operation (PS/2-Type Analog Displays) 

~BI ~lrJ[ Jl,l U U i Jl E I E lJl Ll! 1.J! Jllh 2LJ.t. l:t. II 11 U 
CRO H Total - 5 2D 5F 20 5F 20 5F 5F 5F 5F 20 5F 20 5F 5F 5F 5F 5F 
CRI H Display End 27 4F 27 4F 27 4F 4F 4F 4F 27 4F 27 4F 4F 4F 4F 4F 
CR2 H Blanking Start 28 50 28 50 28 50 50 50 50 28 50 28 50 50 50 50 50 
CR3 H Blanking End 90 82 90 82 90 82 82 IA/82 17/82 90 82 90 82 82 82 82 82 
CR4 H Retrace Start 2B 55 2B 54 2B 54 55 54 64 2B 55 2B 55 55 54 54 54 
CR5 H Retrace End AO 81 80 80 80 80 81 EO/80 BA/80 AO 81 AO 81 81 80 80 80 
CR6 V Total - 2 BF BF BF BF BF BF BF BF BF BF BF BF BF BF OB OB BF 
CR7 Overflow IF IF IF IF IF IF IF IF IF IF IF IF IF IF 3E 3E IF 
CR8 Preset Row Scan 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
CR9 Char Cell Height C7 C7 CI CI CO CO 40 40 40 40 40 4F 4F 4F 40 40 41 
CRA Cursor Start 06 06 00 00 00 00 OB 00 00 OB OB 00 00 00 00 00 00 
CRB Cursor End 07 07 00 00 00 00 OC 00 00 OC OC OE OE OE 00 00 00 
CRC Start Address H -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRD Start Address L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRE Cursor Location H -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRF Cursor Location L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRIO (R) Light Pen H -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRII (R) Light Pen L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRIO (W) V Retrace Start 9C 9C 9C 9C 9C 9C 83 83 83 83 83 9C 9C 9C FA FA 9C 
CRll (W) V Retrace End 8E 8E 8E 8E 8E 8E 85 85 85 85 85 8E 8E 8E 8C 8C 8E 
CR12 V Display End 8F 8F 8F 8F 8F 8F 50 50 50 50 50 8F 8F 8F OF OF 8F 
CR13 Offset 14 28 14 28 14 28 28 14/28 14/28 14 28 14 28 28 28 28 28 
CR14 Underline Row IF IF 00 00 00 00 00 00 00 IF IF IF IF OF 00 00 40 
CR15 V Blanking Start 96 96 96 96 96 96 63 63 63 63 63 96 96 96 E7 E7 96 
CR16 V Blanking End B9 B9 B9 B9 B9 89 BA BA BA BA BA B9 B9 B9 04 04 B9 
CR17 Mode Control A3 A3 A2 C2 £3 E3 A3 8B$38B/E3 A3 A3 A3 A3 A3 C3 E3 A3 
CR18 Line Compare FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 

Alttibllli: S;;lrl[ Jl,l U U i Jl E I E lJl Ll! 1.J! Jllh 2LJ.t. l:t. II 11 U 
ARO Palette 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
ARI Palette 01 01 01 13 17 01 01 08 08 01 01 01 01 01 08 3F 01 01 
AR2 Palette 02 02 02 15 17 02 02 08 00 02 02 02 02 02 08 3F 02 02 
AR3 Palette 03 03 03 17 17 03 03 08 00 03 03 03 03 03 08 3F 03 03 
AR4 Palette 04 04 04 02 17 04 04 08 18 04 04 04 04 04 08 3F 04 04 
AR5 Palette 05 05 05 04 17 05 05 08 18 05 05 05 05 05 08 3F 05 05 
AR6 Palette 06 06 06 06 17 06 06 08 00 14 14 14 14 14 08 3F 14 06 
AR7 Palette 07 07 07 07 17 07 07 08 00 07 07 07 07 07 08 3F 07 07 
AR8 Palette 08 10 10 10 17 10 10 10 00 38 38 38 38 38 10 3F 38 08 
AR9 Palette 09 11 11 11 17 11 11 18 08 39 39 39 39 39 18 3F 39 09 
ARA Palette OA 12 12 12 17 12 12 18 00 3A 3A 3A 3A 3A 18 3F 3A OA 
ARB Palette OB 13 13 13 17 13 13 18 00 3B 3B 3B 3B 3B 18 3F 3B OB 
ARC Palette OC 14 14 14 17 14 14 18 00 3C 3C 3C 3C 3C 18 3F 3C OC 
ARD Palette 00 15 15 15 17 15 15 18 18 3D 3D 3D 3D 3D 18 3F 3D 00 
ARE Palette OE 16 16 16 17 16 16 18 00 3E 3E 3E 3E 3E 18 3F 3E OE 
ARF Palette OF 17 17 17 17 17 17 18 00 3F 3F 3F 3F 3F 18 3F 3F OF 
ARlO Mode Control 08 08 01 01 01 01 OE OB 01 08 08 OC OC OE 01 01 41 
ARll Overscan Color 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
AR12 Color Plane Ena OF OF 03 01 OF OF OF 05 OF OF OF OF OF OF OF OF OF 
AR13 H Pixel Pan 00 00 00 00 00 00 08 00 00 00 00 08 08 08 00 00 00 

lIraRbi:li Ctrlr Jl,l U M i Jl E I E lJl Ll! 1.J! Jllh~ l:t. II 11 U 
GRO Set/Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
GRI Enable Set/Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
GR2 Color Compare 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
GR3 Data Rotate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
GR4 Read Map Select 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
GR5 Mode 10 10 30 00 00 00 10 10/00 10/00 10 10 10 10 10 00 00 40 
GR6 Miscellaneous OE OE OF 00 05 05 OA 7/5 7/5 OE OE OE OE OA 05 05 05 
GR7 Color Don't Care 00 00 00 00 OF OF 00 OF OF 00 00 00 00 00 01 OF OF 
GR8 Bit Mask FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
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Table A -2. Mode of Operation (Video Seven Proprietary Text Modes) 

CbIDII:11:[JliliS:5 jJl II U jJ H jS ~ 
Text / Graphics Text Text Text Text Text Text Text 
Colors 16 16 16 16 16 16 16 

Pixels H Resolution 640 1056 1056 640 800 1056 720 
Pixels V Resolution 350 350 350 480 480 400 540 

Chars Text Columns 80 132 132 80 100 132 80 
Rows Text Rows 43 25 43 60 60 28 67 

Pixels Character Width 8 8 8 8 8 8 9 
Pixels Character Height 8 14 8 8 8 8 8 

CPU:CRT Bandwidth (D-Ram) 
CPU:CRT Bandwidth (V-Ram) 
MHz Pixel Clock 25 40 40 25 40 40 

KHz H Sync Rate 31.5 31.5 31.5 31.5 31.5 31.5 
Hz V Sync Rate 70 70 70 60 60 70 

Chars H Displayed 80 132 132 80 100 132 80 
Chars H Total 

Lines V Displayed 344 350 344 480 480 400 540 
Lines V Total 

Di51111! IlmloK jJl II U jJ H jS ~ 
Display Type N) N) N) N) N) N) MS 

usee H Sync Delay 
usee H Sync Width 

usee V Sync Delay 
usee V Sync Width 

EIll:D5laD5 jJl !1 U jJ ~ jS it 
FD Timing State (ON) 22 22 22 22 22 22 22 
A4 Clock 00 00 00 00 00 00 00 
-- Sony Fixup 00 00 00 00 00 00 00 
FC Compatibility Ctrl 08 08 08 08 08 08 08 
F6 Bank Select 00 00 00 00 00 00 00 
F8 Extended Clock 00 00 00 00 00 00 00 
FF 16-Bit Interface 00 00 00 00 00 00 00 

MiS Info jJl !1 U !J ~ jS it 
Text Columns 80 132 132 80 100 132 80 
Text Rows - 1 42 24 42 59 59 27 66 
Font Height 8 14 8 8 8 14 8 
Page Size IBOO lAOO2DOO 26002FOO 1000 2AOO 

Scgucg;er jJl !1 U !J ~ jS it 
SRI Clocking Mode 1 1 1 1 1 1 0 
SR2 Plane Mask 3 3 3 3 3 3 3 
SR3 Char Map Select 0 0 0 0 0 0 0 
SR4 Memory Mode 2 2 2 2 2 2. 2 

EIlI:[DIIB= jJl !1 U !J ~ ~ it 
MISC Miscellaneous A3 AF AF E3 E7 6F 
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Table A • 2. (continued) Mode of Operation (Video Seven Proprietary Text Modes) 

CRTCtrIr jJl .u jl jJ it .u !6 
CRO H Total - 5 5F 9C 9C 5F 7C 9C 
CRI H Display End 4F 83 83 4F 63 83 
CR2 H Blanking Start 50 84 84 50 64 84 
CR3 H Blanking End 82 9F 9F 82 9F 9F 
CR4 H Retrace Start 55 89 89 55 6E 89 
CR5 H Retrace End 81 IC IC 81 9D IC 
CR6 V Total - 2 BF BF BF OB OB BF 
CR7 Overflow IF IF IF 3E 3E IF 
CR8 Preset Row Scan 00 00 00 00 00 00 00 
CR9 Char Cell Height 47 4D 47 47 47 4D 47 
CRA Cursor Start 06 OB 06 06 06 OB 06 
CRB Cursor End 07 OC 07 07 07 OC 07 
CRC Start Address H -- -- -- -- -- -- --
CRD Start Address L -- -- -- -- -- -- --
CRE Cursor Location H -- -- -- -- -- -- --
CRF Cursor Location L -- -- -- -- -- -- --
CRIO (R) Light Pen H -- -- -- -- -- -- --
CRll (R) Light Pen L -- -- -- -- -- -- --
CRIO (W) V Retrace Start 83 83 83 FA FA 9C 
CR 11 (W) V Retrace End 85 85 85 8C 8C 8E 
CRI2 V Display End 57 5D 57 DF DF 87 
CRI3 Offset 28 42 42 28 32 42 
CRI4 Underline Row IF IF IF IF IF IF IF 
CRI5 V Blanking Start 63 63 63 E7 E7 90 
CRI6 V Blanking End BA BA BA 04 04 B9 
CRI7 Mode COlltrol A3 E3 E3 A3 E3 E3 
CRI8 Line Compare FF FF FF FF FF FF FF 

.6nrJbull: ~SI:J[ jJl .u jl jJ it .u !6 
ARO Palette 00 00 00 00 00 00 00 00 
ARI Palette 01 01 01 01 01 01 01 01 
AR2 Palette 02 02 02 02 02 02 02 02 
AR3 Palette 03 03 03 03 03 03 03 03 
AR4 Palette 04 04 04 04 04 04 04 04 
AR5 Palette 05 05 05 05 05 05 05 05 
AR6 Palette 06 14 14 14 14 14 14 14 
AR7 Palette 07 07 07 07 07 07 07 07 
AR8 Palette 08 38 38 38 38 38 38 38 
AR9 Palette 09 39 39 39 39 39 39 39 
ARA Palette OA 3A 3A 3A 3A 3A 3A 3A 
ARB Palette OB 3B 3B 3B 3B 3B 3B 3B 
ARC Palette OC 3C 3C 3C 3C 3C 3C 3C 
ARD Palette OD 3D 3D 3D 3D 3D 3D 3D 
ARE Palette OE 3E 3E 3E 3E 3E 3E 3E 
ARF Palette OF 3F 3F 3F 3F 3F 3F 3F 
ARlO Mode Control 08 08 08 08 08 08 08 
ARll Overscan Color 00 00 00 00 00 00 00 
ARI2 Color Plane Ena OF OF OF OF OF OF OF 
AR13 H Pixel Pan 00 00 00 00 00 00 08 

GIJIRbi:li Ctrlr jJl .u jl jJ .u H !6 
ORO Set/Reset 0 0 0 0 0 0 0 
ORI Enable Set/Reset 0 0 0 0 0 0 0 
OR2 Color Compare 0 0 0 0 0 0 0 
OR3 Data Rotate 0 0 0 0 0 0 0 
OR4 Read Map Select 0 0 0 0 0 0 0 
OR5 Mode 10 10 10 10 10 10 10 
OR6 Miscellaneous OE OE OE OE OE OE OE 
OR7 Color Don't Care 00 00 00 00 00 00 00 
OR8 Bit Mask FF FF FF FF FF FF FF 
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Table A - 3. Mode of Operation (Video Seven Proprietary Graphics Modes) 

CbIOU:lt:rJ5lil:5 in il U 6J ~ .6..S i6 6Z 61 §.2 
Text / Graphics Or Or Or Or Or Or Or Or Or Or 
Colors 16 16 16 2 4 16 256 256 256 256 

Pixels H Resolution 752 720 800 102410241024 640 640 720 800 
Pixels V Resolution 410 540 600 768 768 768 400 480 540 600 

Chars Text Columns - - - - - - - - - -
Rows Text Rows - - - - - - - - - -
Pixels Character Width 8 8 8 8 8 8 8 8 8 8 
Pixels Character Height I I I I I I I 1 I 1 

CPU:CRT Bandwidth (D-Ram) 1:4 1:4 pl:4 pl:4 pl:4 pl:4 pl:4 pl:4 pl:4 pl:4 
CPU:CRT Bandwidth (V -Ram) I: 1 I: 1 1:2 1 :4 1 :4 1:4 1 :4 1 :4 1:4 1 :4 
MHz Pixel Clock 28.3 32.5 40 65 65 65 50.4 50.4 65 65 

KHz H Sync Rate 31.6 35.0 37.9 48.5 48.5 48.5 31.5 31.5 35.0 32.9 
Hz V Sync Rate 70 60 60 60 60 60 70 60 60 53 

Chars H Displayed 94 90 100 12'8 128 128 80 80 90 100 
Chars H Total 

Lines V Displayed 410 540 600 768 768 768 400 480 540 bOO 
Lines V Total 

1l1511111: Ilmlu& in il U 6J ~ .6..S i6 6Z 61 §.2 
Display Type AD MS XL XL XL XL AD AD MS XL 

usee H Sync Delay 
usee H Sync Width 

usee V Sync Delay 
usee V Sync Width 

~X1S:DSi2D5 0 il 11 U ~ ~ ti il 61 i! 
fD Timing State (ON) 0/0 0/0 0/90 GIAO O/AO OIAO O/AO O/AO OIAO O/AO 
A4 Clock 00 10 10 10 10 10 10 10 10 10 
-- Sony H Skew 00 00 00 00 00 00 00 00 00 00 
FC Compatibility Ctrl 08 08 08 18 18 08 6C 6C 6C 6C 
F6 Bank Select 00 00 00 00 00 CO 00 CO CO CO 
F8 Extended Clock 00 00 10 00 00 00 00 00 00 00 
FF 16-Bit Interface 00 00 00 00 00 10 00 10 10 10 

MI5C IUfo in il U 6..l ij ~ " 62 61 6! 
Text Columns 94 90 100 128 128 128 80 80 90 100 
Text Rows - 1 50 66 74 95 95 95 24 29 66 74 
Font Height 8 8 8 8 8 8 16 16 8 8 
Page Size 9700 BEOO EBOO 6000 COOO >64K FAOO >64K >64K >64K 

Segymm 0 il i1 6..l ij ~ Ai 62 61 6! 
SRI Clocking Mode 1 9 1 5 S 1 1 1 1 1 
SR2 Plane Mask F F F 3 F F .F F F F 
SR3 Char Map Seleet 0 0 0 0 0 0 0 0 0 0 
SR4 Memory Mode 6 6 6 2 2 6 E E E E 

Ert@rDILI BrlS iJl il i1 6..l ij ~ " 62 61 6! 
MISC Miscellaneous E7 E7 EF E7 E7 C7 43 C3 C7 C7 
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Table A - 3. (cont) Mode of Operation (Video Seven Proprietary Graphi~ Modes) 

S:;BI S:;&[i[ 6Jl i1 .u 6J ij ~ .u AI iJl i2 
CRO H Total - 5 6D 6F 7F A3 A3 A3 C6 C3 E3 F2 
CRI H Display End 5D 59 63 7F 7F 7F 9F 9F B3 C7 
CR2 H Blanking Start 5E 5A 64 83 83 82 A3 A2 B6 CA 
CR3 H Blanking End 90 92 82 A5 A5 A6 86 85 85 94 
CR4 H Retrace Start 61 5C 67 8D 8D 8D M A8 B8 CB 
CR5 H Retrace End 8F 85 18 82 82 82 00 00 8A 8E 
CR6 V Total - 2 BF 47 77 29 29 29 EO OB 47 70 
CR7 Overflow IF FO FO fD FD FD 10 3E FO FO 
CR8 Preset Row Scan 00 00 00 00 00 00 00 00 00 00 
CR9 Char Cell Height 40 60 60 60 60 60 40 40 60 60 
CRA Cursor Start 00 00 00 00 00 00 00 00 00 00 
CRB Cursor End 00 00 00 00 00 00 00 00 00 00 
CRC Start Address H -- -- -- -- -- -- -- -- -- --
CRD Start Address L -- -- -- -- -- -- -- -- -- --
CRE Cursor Location H -- -- -- -- -- -- -- -- -- --
CRF Cursor Location L -- -- -- -- -- -- -- -- -- --
CRI0 (R) Light Pen H -- -- -- -- -- -- -- -- -- --
CRII (R) Light Pen L -- -- -- -- -- -- -- -- -- --
CRlO (W) V Retrace Start A2 26 5C 07 07 07 CE FA 26 59 
CRll (W) V Retrace End 8E 08 OE 8A 8A 8A 85 8C 08 OC 
CR12 V Display End 99 IB 57 FF FF FF C7 DF IB 57 
CR13 Offset 2F 2D 32 20 20 40 50 50 5A 64 
CR14 Underline Row 00 00 00 00 00 00 00 00 00 00 
CR15 V Blanking Start At 24 5C 07 07 07 CC E7 24 59 
CR16 V Blanking End B9 3F 74 22 22 22 DC 04 3F 6A 
CR17 Mode Control E3 E3 E3 EB EB E3 E7 E3 E3 E3 
CR18 Line Compare FF FF FF FF FF FF FF FF FF FF 

AUIlbuu: s::lI:lI: 6Jl i1 .u 6J ij ~ .u AI iJl i2 
ARO Palette 00 00 00 00 00 00 00 00 00 00 00 
ARI Palette 01 01 01 01 3F 3C 01 01 01 01 01 
AR2 Palette 02 02 02 02 3F 00 02 02 02 02 02 
AR3 Palette 03 03 03 03 3F 00 03 03 03 03 03 
AR4 Palette 04 04 04 04 3F 3A 04 04 04 04 04 
AR5 Palette 05 05 05 05 3F 3F 05 05 05 05 05 
AR6 Palette 06 14 14 14 3F 00 14 06 06 06 06 
AR7 Palette 07 07 07 07 3F 00 07 07 07 07 07 
AR8 Palette 08 38 38 38 3F 00 38 08 08 08 08 
AR9 Palette 09 39 39 39 3F 00 39 09 09 09 09 
ARA Palette OA 3A 3A 3A 3F 00 3A OA OA OA OA 
ARB Palette OB 3B 3B 3B 3F 00 3B OB OB OB OB 
ARC Palette OC 3C 3C 3C 3F 00 3C OC OC OC OC 
ARD Palette OD 3D 3D 3D 3F 00 3D OD OD OD OD 
ARE Palette OE 3E 3E 3E 3F 00 3E OE OE OE OE 
ARF Palette OF 3F 3F 3F 3F 00 3F OF OF OF OF 
ARlO Mode Control 01 01 01 01 01 01 41 41 41 41 
ARll Overscan Color 00 00 00 00 00 00 00 00 00 00 
AR12 Color Plane Ena OF OF OF 01 05 OF OF OF OF OF 
AR13 H Pixel Pan 00 00 00 00 00 00 00 00 00 00 

GraDbi:l Ctrir 0 i1 .u 6J ij ~ .u AI iJl i! 
ORO Set/Reset 0 0 0 0 0 0 0 0 0 0 
ORI Enable Set/Reset 0 0 0 0 0 0 0 0 0 0 
OR2 Color Compare 0 0 0 0 0 0 0 0 0 0 
OR3 Data Rotate 0 0 0 0 0 0 0 0 0 0 
OR4 Read Map Select 0 0 0 0 0 0 0 0 0 0 
OR5 Mode 00 00 00 10 10 00 40 40 40 40 
OR6 Miscellaneous 05 05 05 07 07 05 05 05 05 05 
OR7 Color Don't Care OF OF OF OF OF OF OF OF OF OF 
OR8 Bit Mask FF FF FF FF FF FF FF FF FF FF 
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6/24/8E 
TableA- 4. eGA / MDA / Here Register Initiali1Jltion Tables (for reference only) 

Mode 0 Mode 1 Mode 2 Mode 3 Bricks Mode 4 Mode 5 Mode 6 Mode 7 
Mode 

ffiA rnA rnA ffiA ffiA ffiA rnA ffiA MDA Here 

40x2S 40xlS 80x2S 80x2S 160xlOO 320x200 320x200 640x200 720x3S0 720x348 
Mono Color Mono Color 16-Color Mono 4-Color Mono Mono Mono 
I.W I.W I.W I.W ~[llIblli::i ~[llIbl.a s:iragblfi:i GElPbi~ I.W ~lJIllbili::i 

Mode 2C 28 2D 29 09 OE/2A OA/2E IE 28/29 OA 
Color 30 30 30 30 30 30 30 3F n/a n/a 
Config (Full) n/a n/a n/a n/a n/a n/a n/a n/a 02 03 
Config (Half) n/a n/a n/a n/a n/a n/a n/a n/a 00 01 

6845: 
RO H Total - 1 38 38 71 71 71 38 38 38 61 35 
RI H Displayed 28 28 50 50 50 28 28 28 50 2D 
R2 H Sync Pos 2D 2D 5A 5A 5A 2D 2D 2D 52 2E 
R3 Sync Width OA OA OA OA OA OA OA OA OF 07 

R4 V Total - 1 IF IF IF IF 7F 7F 7F 7F 19 5B 
R5 V Adjust 06 06 06 06 06 06 06 06 06 02 
R6 V Displayed 19 19 19 19 64 64 64 64 19 57 
R7 V Sync Pos - 1 lC lC 1C lC 70 70 70 70 19 57 

R8 Display Mode 02 02 02 02 02 02 02 02 02 02 
R9 Cell Height - 1 07 07 07 07 01 01 01 01 OD 03 
RA Cursor Start 06 06 06 06 06 06 06 06 OB 00 
RB Cursor End 07 07 07 07 07 07 07 07 OC 00 

RC StartAddr H 00 00 00 00 00 00 00 00 00 00 
RD StartAddr L 00 00 00 00 00 00 00 00 00 00 
RE Cursor Addr H 00 00 00 00 00 00 00 00 00 00 
RF Cursor Addr L 00 00 00 00 00 00 00 00 00 00 

Page Size 4000 4000 

Pixels Cell Size 8x8 8x8 8x8 8x8 8x2 8x2 8x2 16x2 9x14 16x4 

Chars H Displayed 40 40 80 80 80 40 40 40 80 45 
Chars H Total 57 57 114 114 114 57 57 57 98 54 

Lines V Displayed 200 200 200 200 200 200 200 200 343 348 
Lines V Total 262 262 262 262 262 262 262 262 370 370 

MHz Dot Clock 14.318 14.318 14.318 14.318 14.318 14.318 14.318 14.318 16.257 16.257 
KHz HFreq 15.70 15.70 15.70 15.70 15.70 15.70 15.70 15.70 18.43 18.82 
Hz VFreq 59.92 59.92 59.92 59.92 59.92 59.92 59.92 59.92 49.82 50.85 

V7VGA Technical Reference Manual A-8 Register Initialization Tables 



APPENDIX 

§~~~~~§§ 
Character Fonts 
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Character Fonts 

The following figure shows the 8x 14 character set. 
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The following figure shows the monochrome (9x14) supplement to the 8x14 character set. 

1D .. 5A Z 98 ¢ 

4D M 
F 1 + 
F6 -:-

The following figure shows the 8x8 character set. 
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0123456789ABCDEF 
o ~~~~~~=F-~~~~ 
1 

2 ~~~~~~~~~~~ 
3 ~~~~~~~+H~~~ 
4 ~~~~~~~~~~~ 
5 ~~~~F-+~~~~~T.H 
6 ~~F-m~F+~~~~~~ 
7 ~~~~~~~~~~~ 
e F-T~F-T.MF.&T~~~~~~ 
9 ~~~~~~~+a~~~ 
A ~~~~~~~~~~~ 
B F-+~~~r.r.~~~*F~~ 
C ~~~~~+.M~~~~~ 
DF.:::t--:+-t:-+.~+-'T.=+-=::+.H~+:rl=;m:+-t 
E ~~~~Etfn~~~~~ 
F ~~~~~~~~~~~ 
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APPENDIX 

§[9~~~~~ 
Connector Pinouts 

Analog Video Connector 

fJ.n Name 
1 Red (Analog 0-.7V) 
2 Green (Analog 0-. 7V) 
3 Blue (Analog 0-.7V) 
4 MonID[2] 
5 -reserved-

Feature Connector 

fill Name 
1 CO 
2 Cl 
3 C2 
4 C3 
5 C4 
6 C5 
7 C6 
8 C7 
9 FEATCLK 
10 BLANK* 
II HSYNC 
12 VSYNC 
13 Gnd 

Qir 
Out 
Out 
Out 
In 

PCB Component Side 

.eJ,n Name JlY 
6 RedRetum 
7 Green Return 
8 Blue Return 
9 (no pin) 
10 Sync Return 

I2iI ·f.m Nam~ 
I/O 14 Gnd 
I/O 15 Gnd 
I/O 16 Gnd 
I/O 17 VIDENA 

--
--
--
--
--

I/O 18 SYNCENA 
I/O 19 CLKENA 
I/O 20 -reserved-
I/O 21 Gnd 
I/O 22 Gnd 
I/O 23 Gnd 
I/O 24 Gnd 
I/O 25 -reserved-
-- 26 -reserved-

.r.m is.ame 
11 MonID[O] 
12 MonID[I] 
13 Hsync (TIL) 
14 Vsync (TIL) 
15 -reserved-

PCB Solder Side 

lm: 
In 
In 

Out 
Out 
--

Dir 
--
--
--
In 
In 
In 
--
--
--
--
--
--
--

Note: The lowest numbered pin on each side of the board is located on the end nearest the Video Connector 
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PCI AT Bus Pinout Summary (shown viewed from top front of system motherboard) 

fin Name 
Bl GND 
B2 RESET 
B3 +5V 
B4 IRQ2 (PC/AT IRQ9) 
B5 -5V 
B6 DRQ2 (Floppy) 
B7 -12V 
B8 CARDSEL* (PC/ATOWS) 
B9 +12V 

BlO GND 
B11 MEMW* 
B12 MEMR* 
B13IOW* 
B14IOR* 
B15 DACK3* 
B16 DRQ3 (Lowest Priority) 
B17 DAOC1* 
B18 DRQ1 (Highest Priority) 
B19 DACKO* (PC/AT REFRESH*) 
B20 CLK (4.772727 MHz) 
B21 IRQ7 (Lowest Priority - LPT1) 
B22 IRQ6 (Floppy) 
B23 IRQ5 
B24 IRQ4 (Serial I/O 1) 
B25 IRQ3 
B26 DACK2* (Floppy) 
B27 TC 
B28 AlE 
B29 +5V 
B30 OSC (14.31818 MHz) 
B31 GND 

f5f ~CS16* 
D2 IOCS16* 
D3 IRQlO 
D4 IRQll 
D5 IRQ12 
D6 IRQ13 
D7 IRQ14 
D8 DACKO* 
D9 DRQO 

DlO DACK5* 
Dll DRQ5 
D12 DACK6* 
DB DRQ6 
D14 DACK7* 
D15 DRQ7 
D16 +5V 
D17 MASTER* 
D18 Gnd 

DrrectIon 
In 
In 
In 
Out 
n/e 
n/e 
In 
Out 
In 
In 
In 
In 
In 
In 
n/e 
n/e 
n/e 
n/e 
In 
n/e 
n/e 
n/e 
n/e 
n/e 
n/e 
n/e 
n/e 
n/e 
In 
In 
In 

DirectIon 
Out 
Out 
n/e 
n/c 
n/c 
n/e 
n/c 
n/c 
n/c 
n/c 
n/c 
n/c 
n/c 
n/c 
n/c 
In 
n/c 
In 

~m riame 
Al NMI* 
A2 D7 
A3 D6 
A4 D5 
AS D4 
A6 D3 
A7 D2 
A8 Dl 
A9 IX) 

A10 WAIT* 
All AEN 
A12 A19 
A13 A18 
A14 A17 
A15 A16 
A16 A15 
AI7 A14 
A18 A13 
A19 A12 
A20 All 
A21 AlO 
A22 A9 
A23 A8 
A24 A7 
A25 A6 
A26 AS 
A27 A4 
A28 A3 
A29 A2 
A30 Al 
A31 AO 

J.)rrectIon 
Out 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
Out 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 

!:m ~ame DIreCtIOn 
Cl SHBE* In 
C2 LA23 In 
C3 LA22 In 
C4 LA21 In 
C5 LA20 In 
C6 LA19 In 
C7 LA18 In 
C8 LA17 In 
C9 XMEMR* n/c 
ClO XMEMW* n/c 
Cll D8 110 
C12 D9 110 
C13 D10 110 
C14 D11 110 
C15 D12 110 
C16 DB 110 
C17 D14 I/O 
C18 D15 110 

Note: The C /D connector is only available on PC/AT-class systems (not on PC and PC/XT systems) 
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PS/2 (MicroChanneI) Bus Pinouts (shown viewed from top front of system motherboard) 

fin ~ Qirection Pin ~ Qilectj2D 
B01 AUDIOOND A01 CDSETUP* In 
B02 AUDIO A02 MADE24 In 
B03 GND GND A03 GND GND 
B04 14.31818MHZ A04 A1l In 
B05 GND GND A05 A10 In 
B06 A23 In A06 A09 In 
B07 A22 In A07 +5V +5V 
B08 A21 In A08 A08 In 
B09 GND GND A09 A07 In 
BI0 A20 In AlD A06 In 
Bl1 A19 In A1l +5V +5V 
B12 A18 In A12 A05 In 
B13 GND GND A13 A04 In 
B14 A17 In A14 A03 In 
B15 A16 In A15 +5V +5V 
B16 A15 In A16 A02 In 
B17 GND GND A17 A01 In 
B18 A14 In A18 AOO In 
B19 A13 In A19 +12V 
B20 A12 In A20 ADL* In 
B21 GND GND A21 PREEMPI'* 
B22 IRQ09* A22 BURST* 
B23 IRQ03* A23 -12V 
B24 IRQ04* A24 ARBOO 
B25 GND GND A25 ARBOI 
B26 IRQ05* A26 ARB02 
B27 IRQ06* A27 -12V 
B28 IRQ07* A28 ARB03 
B29 GND GND A29 ARB/ONT* 
B30 -reserved- A30 TC* 
B31 -reserved- A31 +5V +5V 
B32 CHCK* A32 SO* In 
B33 GND GND A33 SI* In 
B34 CMD* In A34 MIIO* In 
B35 CHRDYR1N A35 +12V 
B36 CDSFDBK* Out A36 RDY Out 
B37 GND GND A37 DOO I/O 
B38 DOl IJO A38 D02 I/O 
B39 D03 I/O A39 +5V +5V 
B40 D04 I/O A40 D05 I/O 
B41 GND GND A41 D06 I/O 
B42 RESEr In A42 D07 I/O 
B43 -reserved- A43 GND GND 
B44 -reserved- A44 DSI6R1N* 
B45 GND GND A45 REFRESH* In 
B46 -key- no pin A46 KEY no pin 
B47 -key- no pin A47 KEY no pin 
B48 D08 I/O A48 +5V +5V 
B49 D09 I/O A49 DlD I/O 
B50 GND GND A50 D11 I/O 
B51 012 I/O A51 D13 I/O 
B52 014 I/O A52 +12V 
B53 DIS I/O A53 -reserved-
B54 GND GND A54 SBHE* In 
B55 IRQI0* A55 CDDSI6* Out 
B56 IRQ11* A56 +5V +5V 
B57 IRQ12* A57 IRQI4* 
B58 GND GND A58 IR 15* 
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APPENDIX 

§~~~~~§ 
Jumper / Switch Settings 

Dipswitches 1·3: Monitor Type (future· ignored in present BIOS revisions) 
h1 ~ M Monitor Modes Available Max Res ei!£h Y1lkl H <KHz) 

- - - Automatic Detect Color/Mono PS/2 Monitor - - - - -
on - - MultiSync (NEC),Nanao 8060S all 800x540 .31mm 56-62 NP 15.5-35 NP 
- on - MultiScan (Sony).JVC,Thompson.Mitsubishi all 800x540 .26mm 50-100 NP 15.5-34 NP 

on on - MultiSync Plus all 960x720 .31mm 56-80 NP 21.845 NP 
- - on ACD (Analog Color Display) 0-7, 0-13 640x480 .31mm 50-70 NP 31.5 NP 

on - on 
- on on 

on on on 

VlHB.trc(usec 

50/2 min 
SOil min 
SOil min 

Dipswitch 4: 16·Bit I/O Enable (future· ignored in V7VGA chip revision 3 based boards) 

on = Enabled oft' = Disabled 

Dipswitch 5: eGA / MGA Emulation Enable 

on = Enabled 

Dipswitch 6: 16·Bit ROM Enable 

on = Enabled 

Dipswitch 7: 16·Bit Memory Enable 

on = Enabled 

Dipswitch 8: Pure Mode 

on = Pure VGA Mode 

V7VGA Technical Reference Manual 

oft' = Disabled 

oft' = Disabled 

oft' = Disabled 

off = V7VGA Extensions Enabled 
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PCB Jumper Settina; 

TSTI - DCLK I CCLI( Test Connector - for factory test only, no jumper installed 
Pin 1 = DCLK (dotclock), Pin 2 = Ond, Pin 3 = CCLK (character clock) 

JMP4 - Memory Enable 1-2; Enable 2-3: Disable Default = 1-2 

JMP3 - ROM Enable 1·2; Enable 2-3: Disable Default = 1-2 

JMP2 - Port 2E9 Enable 1·2; Enable 2-3: Disable Default = 1-2 

JMPI - Interrupt Enable 1-2: Disable 2-3: Enable Default = 2-3 

Note: pin 1 is not connected for all jumpers JMPI-JMP4 
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