
























































































































































































































































































































































































































































































































































6.1 General Programming Information

Text Memory Map

All EGA and VGA-compatible text modes use video memory in the same format. Memory plane O stores
the character, plane 1 stores the attributes, plane 2 stores the font tables, and plane 3 is not used. (Note: In
the V7IVGA, 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) S—
- - 4
All others = BBOOOh (Color) et ESr 2 (ot Used) o ator

!:l Plane 1{ %, Attributes
I _FPane0 %, Character
- VGA Memory
. System Memory

L avees BOOSFh (Mono)
Attribute
L Char acter B809Fh (Color)

BOFSEh (Mono)
BSF9Eh (Color)

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 B800Oh is displayed at the top of the screen, the character stored at address B804Fh
is displayed at the top right side of the screen. The character stored at address B87CFh is displayed at the
bottom right side of the screen. The addresses for monochrome mode begins at address BOOOOh instead of
B8000h, and ends at BO7CFh instead of B87CFh. 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 contralling the
background characteristics.
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Text Mode Character Attributes

Palette Address Bit 3, Foreground Character Blinking
Palette Address Bit 2

Palette Address Bit 1

Palette Address Bit 0

Palette Address Bit 3, Character Generator Select
Palette Address Bit 2

Palette Address Bit 1

Palette Address Bit 0

Background

Foreground

o.—-mwlame«q

Figure 6-2. Attribute Byte Layout

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 (AR10). 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 0123 Monochrome Monochrome

Background Bits 4 56 17 Color (foreground) (background)
0000 Black Black Black
1000 Blue White Black
0100 Green White Black
1100 Cyan White Black
0010 Red White Black
1010 Magenta White Black
0110 Brown White Black
1110 White White White
0001 Gray Black Black
1001 Lt. Blue Int. White Black
0101 Lt. Green Int. White Black
1101 Lt. Cyan Int. White Black
0011 Lt. Red Int. White Black
1011 Lt. Magenta  Int. White Black
0111 Lt. Yellow Int. White Black
1111 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.

0000h  character
Generator 0 {fFFh

2000h  Character
Generator 1 zpprh

4000h  Ccharacter
Generator 2 scrrp

6000h  Character
Generator 3 rFFh

8000h  Character
Generator 4 offfh

ADOOOh  character
Generator 5 prFFh

COOOh  character
Generator 6 prfFh

EOOCh  character
Generator 7 prrrh

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.
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Graphics Memory Map

Figure 6-4 shows the relationship between addresses in system memory and information in the VIVGA
memory.

1 Pel
MSB
ol ] — Plane 3 — C3
JI-l r_l"—P]Plan:;n% e (C:%}Sﬁolmj
= — Plane
ke — Plane 0 Go _J Selection
LSB VGA Memory
MSB [T T--1LSE System Memory
(8 pixels / byte)
640 pixels
AOOOOh AOO4Fh | —————— =
& pixels/byte 80 bytes across
(Display)
AGDSFh

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

Figure 6-4. Graphics Mode Video Memory Mapping (Mode 10)
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Gilobal Programming Information

The information in this section applies to all the programming examples in the following sections.

Structure of a BIOS video parameter table for one mode

4

4

vid_prm
width
height
chr ht
pg_size
r_seq
r misc
r_crtc
r attr
r_graph

vid_prm

E&5EEZEEE

struc

?

?

?

?

4 dup (?)
?

25 dup (?)
20 dup (?)
9 dup (?)

number of columns
number of rows

height of a character
size of a page in bytes
sequencer registers
miscellaneous register
crtc registers

attr. cont. registers
graphics registers

Miscellaneous registers

3cz2h
3dah
3c2h
3dah

miscellaneous output

feature control

input status reg 0 (feature read)
input status reg 1 (display status)

sequencer index
reset

clocking mode

map mask

character map select
memory mode

P i  — ——————————————————————————— ————————————————— —— —————————— ———— ——————————

r

MISC equ

FEATURE equ

STATUS O equ

STATUS equ

; Sequencer

SEQUENCER equ
RESET equ
CLOCK equ
MAPMASK equ
CHARMAP equ
MODE equ

4

’

; Crt Controller

14

CRTC equ
OVFL equ
PRS equ
HI_ STRT equ
LO_STRT equ
HI_CPOS equ
LO_CPOS equ
VRE equ
LLW equ
LCR equ

3d4h
07h
08h
Och
0dh
Oeh
Ofh
11h
13h
18h

Ne We Ws We We We e e “We “o

CRTC index

overflow register
preset row scan

start address high
start address low
cursor position high
cursor position low
vertical retrace end
offset register

line compare register
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; Graphics Controller

.
14

GRAPHICS egu 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
READMAP 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
" ———————————————————————————————————————————————————————————————————————
; Attribute Controller
4
ATTR equ 3cOh ; attribute controller index
PALETTE equ 0 ;: 0 - 15 palette registers
AMODE equ 10h ; attribute mode control
OVRSCAN equ 11lh ; overscan color register
PLANE equ 12h ; color plane enable
PAN equ 13h ; horizontal panning
COLOR equ 14h ; color select
; 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
14

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

Hex Value RGB R'G'B' Color
24 100100 Intense Red
20 100000 Bright Red
04 000100 Light Red
2D 101101 Intense Magenta
28 101000 Bright Magenta
05 000101 Light Magenta
09 001 001 Intense Blue
08 001 000 Bright Blue
01 000001 Light Blue
1B 011011 Intense Cyan
18 011000 Bright Cyan
03 000011 Light Cyan
12 010010 Intense Green
10 010000 Bright Green
02 000010 Light Green
36 110110 Intense Yellow
30 110000 Bright Yellow
06 000110 Light Yellow
3F 111111 Intense White
38 111000 Bright White
07 000111 Gray
00 000000 Black Red

Magenta

Yellow ’f
Figure 6-5. Common Color Values.
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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 ([bp]).
* 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 al, 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
A000:0000h) is first calculated and then the bit offset into the byte is determined.

e o o o

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 O gets bit O of al, plane 1 gets bit 1 of al, etc.

mov ax, 80

mul y [bpl

mov si,x[bp]
mov cx, si

shr si,1

shr si,1

shr si,1

add si,ax

and cl,00000111b
push ds

mov ax, 0a000h
mov ds, ax

mov dx, 3CEh
mov ax, 0200h+GMODE
outwrd dx,ax

mov al, BITMASK
mov ah, 80h

shr ah,cl
outwrd dx, ax

mov al, [si]
mov ax,c[bp]
mov [si],al
pop ds

Ne We Ne We W N N N, W

Ne W& Ne “o

bytes per scan line
times row number
column number
1sb's in cl
eight pixels

per byte gives

offset into row

plus offset to row
offset into byte

save caller's ds
regen segment
into our data segment

graphics controller
write mode 2
set it

bit mask register
the mask

shifted into place
set it

latch old data
get the color
set it

restore caller's ds
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6.4 :Readin

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

as follows:

e o o o o o o

planes:

continue:

Calculate the location of the pixel in the display buffer (video RAM). The byte offset (from
A000:0000h) is first calculated and then the bit offset into the byte is determined.
Since bh will accumulate results, put mask into bl.

Select read mode O on the graphics controller.

Read the plane (map) number into ah.

Read a full byte from the plane number in ah.

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.

mov
mul
mov
mov
shr
shr
shr
add
and
mov

shr
mov

mov
Xor

outwrd

push
mov
mov

mov
mov

mov
shl
test
jz
or

dec
jns

mov
cbw

pop

outwrd

ax, 80

y [bp]
si,x[bp]
cx,si

si,1

si,1

si, 1l

si,ax
cl1l,00000111b
bx, 80h

bl,cl

dx, 3CEh
al, GMODE
ah,ah
dx,ax

ds
ax, 0a000h
ds,ax

ah,3
al, READMAP

dx, ax
cl, [si]
bh,1
cl,bl
continue
bh,1

ah
planes

al,bh

ds

We We W "y Ne W W N W W,

Ne We “Ne “o

Ne We We W We W,

Ne

.
4

bytes per scan line
times row number
column number
1sb'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 O

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 performing 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 CR11 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 CR11 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 normal PC hardware interrupt enable, i.e. 8259 interrupt controller

; get the old vector

‘mov sves [bp],es
mov ax, 350ah

int 21h

mov oldoff [bp], bx
mov oldseg[bp], es
mov es, sves [bp]

; set the new vector

mov sves [bp],ds
mov dx, isr[bp]
mov ax,cs

mov ds, ax

mov ah, 250ah
int 21h

Ne We W we wo we

Ne We We we we W

save caller's es

get interrupt vector
DOS function call
save the offset

save the segment
restore es

save caller's ds
new isr offset
new isr segment
into ds
set interrupt vector
DOS function call
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and leave the rest alone.

Ne We W We W W,

mov ax,40h
mov ds, ax
mov si, 087h
mov bl, [si]
mov cx, vimod [bp]
test b1,01100000b
jz get_parm
cmp cl,3
ja chk_f10
add cl,13h
jmp short get parm
chk_f10:
cmp cl,0fh
jb get_parm
add cl,?2
get parm:
mov ax,type vid prm
mul cx
mov si, 0a8h
1ds si, [si]
lds si, [si]
add si,ax
lea si,r crtc[si]
add si,01l1lh
mov ah, [si]
and ah,00001111b
mov ds, sves [bp]
mov vr_vre,ah
mov dx, CRTC
mov al,VRE
or ah, 10h
cli

outwrd dx, ax

.
’

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

Ne Ve We Ve Se N w

NWe Ve Ve Ve e We Ve Ve Ny N, we w

Ne We We Ne “e e

We only want to

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 £, 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 al,21h

mov si, icmask [bp]
mov [si],al

and al,not 04h
out 21lh,al

sti

We We We we w

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 part of smooth scrolling and smooth panning. The
following information 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).

Ne we we W,

push dx ; save dx

mov dx, STATUS_O ; status register zero

in al,dx ‘ ; get status

test al, 80h ; CRTC interrupt?
; This 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 dx, CRTC
mov al, VRE
mov ah,vr_vre
out dx, ax
mov al,20h
out 20h,al
mov al, VRE
or ah, 10h
out dx,ax
test lock,0ffh
inz exit
dec vr_cnt
jnz exit
inc lock
sti
cld
push bx
push cx
push si
push di
call vr_upd
dec lock
pop di
pop si
pop Ccx
pop bx
’
; see if someone else had IRQ2
; If so, pass through to them.
exit :pop dx
test irq_mask,04h
jnz eoi
pushf
call old_Oa
eoi: pop ds
pop ax
iret

We We “e N

Ve “e “e

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 f/f
and interrupt enabled

already running ?
yes

count down yet ?

nope

set entrancy lock
enable int's on iAPX
strings forward

ok to be reentered now

enabled.

was IRQ2 enabled before?
nope

next isr in chain
restore interrupted ds

and ax
and return
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6 7 Smooth Scrolhng and Panmng

Programming Notes:

1. The "smooth" in the following sections comes from the fact that these operations are performed 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.

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 Panning
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

The start addness h1gh/low in the CRTC determme the offset into the display memory buffer of the upper left
corner of the display. This is how whole rows and columns of characters are scrolled.

mov bx,buf [bp] ; starting offset in bytes
shr bx,1 ; starting address (words)
mov dx, CRTC ; crt controller

mov al,LO_STRT ; start address low

mov ah,bl ; lo byte of start address
outwrd dx,ax ; set it

mov al,HI_STRT ; start address high

mov ah,bh ; hi byte of start address
outwrd dx,ax ; set it
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6.8 Split Screen

[—————— Offset Register

(Defaults to 80 for 80 columns)
pr— = _Regen Buffer

v~ (Video RAM)

Set by
Start Address —,

High/Low
rk——1 60 Bytes——|

N

Controlled by
Line Control Register

<~ Display
Screen A

l Screen B J

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 ; lo byte of start address

outwrd dx,ax set it

mov al,OVFL ; overflow register
mov ah,0fh ; default value
test bh, 01lh ; more than 255 scan lines?
jz st_ovfl ; nope
or ah, 10h ; set high bit
st_ovfl: outwrd dx,ax ; out to the CRTC
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6.9 Performance Im

V7VGA Extensions

V7VGA-based graphics adapters are fully compatible with the IBM VGA--and then some. The architectural
enhancements and extended features of the V7VGA make it an extremely fast VGA, reducing wait states by
as much as 90%. Thanks to reduced wait states, the VIVGA considerably speeds the performance of
existing VGA code.

Peak performance comes with software that takes full advantage of the extended features of the VIVGA,
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 IBM 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 IBM VGA.

The color and resolution capabilities of the V7VGA also far exceed the IBM VGA. 720x540 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 VIVGA's extended features. If you need more information about VGA
programming, take a look at IBM's Display Adapter Technical Reference. (The 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--if you 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 Path Enhancernents

The data path followed from the CPU to display memory--the write data path---in the V7IVGA is a superset
of the IBM VGA's 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 VIVGA.

In Figure 6-7, standard IBM VGA data paths and registers are shown with bold lines, and VIVGA
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

The data path below this line is
duplicated once for each plane Barrel Rotator [¢~— Data Rotate Register

Set / Reset Register f——pp] Set/Reset Solid 4__[ FG/BG Pattern Register ]
Circuitry Foreground/ -
Enable Set / Reset Reg —-br (Plane Background FG Color Register }
Dy Circuitry «—[BG ColorRegister |
Graphics Controller gﬁ?; (Mggg rto- g
Mode Register = . FG/BG Control Register
(Write Mode) Control) Expansion) (EG/BG Source)
v FG/BG Control Register

| CPU-Side Data Source Select [¢—— (FG/BG Mode)

2
Data Rotate Register V
(Logical Function)
Graphics Controller
Mode Register (Write Mode)
AND 5 \ 4
Bit Mask Bit Mask Memory Data Latches
Register Circuitry (Also used as BG Latches)
| Masked Write Mask Register > pr- o4 Write
| Masked Write Control Register —» Circuitry
v
To Display Memory From Display Memory
Standard VGA Data / Control Path: s (Map Mask, Odd/Even, (On CPU Reads)
V7VGA Data / Control Path: ——— and Chain4 Permitting)

Figure 6-7. V7VGA Write Data Path
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Identifving the VIVGA and Enabling Extensi

Before you can use any of the VIVGA'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 VIVGA 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

Function to determine whether a Video Seven VGA is installed,
and 1f so what its capabilities are.

Input: none
Output: AL = 1 if a Video Seven VGA is installed, 0 otherwise
If AL = 1:

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

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

<s. Ne N4 e Ne Ne Ne We Ne Ne Ne Ne Ne e

GA_ID PROC NEAR
mov ax, 6£00h
int 10h
sub al,al
cmp bx,'v7

jnz Done ;is this a Video Seven VGA?

mov ax,6f07h ;yes, check what kind

int 10h ;get revision code info to return to user
- mov al,l ;mark that this is a Video Seven VGA
Done: ret

VGA_ID ENDP
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 O if this is a D-RAM board, and BH
and BL both contain the revision number of the VGA chip. VIVGA 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 VIVGA. (BH and BL are both used because the VEGA VGA
chipset has two chips, and hence two revision numbers).

CX is set to zero because it is "reserved for future use;" this is our way of saying, "we're going to trash
CX 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 0AEh to SR6. When access
to the extensions registers is disabled, SR6 reads back as 0.
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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
dx,al

out
; Extensions are now enabled.

mov

dx, 3c4dh
mov al,é6
inc dx
mov al,Oaeh

dx,al

out
; 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

AQ - Graphics Controller Latch Plane 0
Al - Graphics Controller Latch Plane 1
A2 - Graphics Controller Latch Plane 2
A3 - Graphics Controller Latch Plane 3

F1 - Fast Latch Load State

F2 - Fast Background Latch Load
F3 - Masked Write Control

F4 - Masked Write Mask

F5 - Foreground/Background Pattern
F6 - 1 Mb DRAM Bank Select

F9 - Extended Page Select

FA - Extended Foreground Color

FB - Extended Background Color

AS - Cursor Attributes 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 VIVGA. 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-Bif)

On the IBM 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-RAMSs, 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 VIVGA 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:
Extension Register F3 bit 1:

1 to enable masked writes, 0 to disable masked writes.
1 to select the rotated CPU byte as the source for the masked write mask

0 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 A000:0000 to 1, leaving all other bits
unchanged (without masked writes):

mov
mov
sub
mov
mov
out
inc
mov
out
mov
mov

ax,0a000h
ds, dx
bx,bx

dx, 3ceh
al,s8
dx,al

dx
al,010h
dx,al

al, [bx]
[bx],0£f£fh

DRAM (Non-Masked Write) Bit Setting Code

;point DS
;point to
;GC Index
;index of
;point GC

to display memory

offset 0

register

Bit Mask register

Index to Bit Mask register

;GC Data register

;Bit Mask

pattern to allow CPU to modify only bit 4

;set Bit Mask register to preserve all bits but bit 4
;read memory in order to load latches

;write to

; all bits but bit 4,

the target byte-Bit Mask register preserves
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):

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

mov ax, 0a000h

mov ds,ax ;point DS to display memory
sub  bx,bx ;point to offset 0
mov dx, 3c4h ;Sequencer Index register
mov al,0£3h ;index of Masked Write Control register
out dx,al ;point Sequencer Index to Masked Write Control register
inc dx ;Sequencer Data register
mov al,1l ;bit pattern to select masked writes sourced
;from Masked Write Mask register
out dx, al ;enable masked writes sourced from the Masked Write Mask
dec dx ;Sequencer Index register
mov  al,0f4h ;index of Masked Write Mask register
out dx,al ;point Sequencer Index to Masked Write Mask register
inc dx ; Sequencer Data register
mov  al,(010h ;pattern to preserve all bits but bit 4
out dx, al ;set Masked Write Mask to preserve all bits but bit 4
mov [bx],0£ffh ;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, 0a000h

mov  ds,ax ;point DS to display memory

sub bx, bx ;point to offset 0

mov  dx, 3c4dh ; Sequencer Index register

mov al,0£f3h ;index of Masked Write Control register

out dx, al ;point Sequencer Index to Masked Write Control register
inc dx ;Sequencer Data register

mov al,3 ;pattern to enable masked writes, source from the CPU byte
out dx, al ;enable masked writes sourced from the CPU byte

mov  dx, 3ceh ;Graphics Controller Index register

mov al,o0 ;index of Set/Reset register

out dx,al ;point Graphics Controller Index to Set/Reset register

inc dx ;Graphics Controller Data

mov al,0fh ;pattern for color 15, white

out dx, al ;set set/reset color to white

dec dx ;Graphics Controller Index

mov al,l ;index of Enable Set/Reset register

out dx,al ;point Graphics Controller Index to Enable Set/Reset register
inc dx ;Graphics Controller Data

mov al,0fh ;pattern to enable set/reset for all planes

out dx, al ;jenable set/reset for all planes

mov [bx],010h ;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 enabled 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.
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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, 1
out dx, al
dec dx

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

mov al,0fdh
out dx,al
inc dx

mov al,0f0h
out dx,al

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

mov al,0f2h
out dx, al

inc dx
in al,dx
mov al,55h ;blue plane's part of the dither pattern
out dx,al ;set blue plane latch
mov al, 0aah ;green plane's part of the dither pattern
out dx,al ;set green plane latch
sub al,al ;red and intensity planes don't contribute to dither pattern
out dx,al ;set red plane latch
out dx,al ;set intensity plane latch
{continued)
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Set to write mode 3

~

mov  dx, 3ceh
mov al, 5
out dx,al

inc dx
in al,dx ;get current Graphics Mode setting
or al,3 ;set the write mode field to 3
out dx,al ;now we're in write mode 3
dec dx
H Set the Set/Reset color to red

mov al,o
out dx,al

inc dx
mov al, 4 ;red is color 4
out dx,al ;the Set/Reset color is now red

~e

; Write the character

mov ax, 0a000h

mov  es,ax ;point ES to display memory
mov di, [CharacterLocation] ;get the character's starting offset
; in display memory

mov si, [CharacterFont] ;get the character's font pattern offset

mov cx, [CharacterHeight] ;get the character's height in scan lines

cld ;make string instructions count up
CharacterLoop:

lodsb ;get the next character scan line

stosb ;write 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-1 ;point to the display memory offset for the
; next scan line of the character
loop CharacterLoop ;do 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'll see that Bullet's data path provides a remarkably rich set of possible data sources and
combinations.
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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 1 and O of the Fast Latch Load State register
(extension register F1). If bits 1 & O of ERF1 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 0.

The normal 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:

IBM VGA Dither Pattern Load

Load a dither pattern.

Input: CH = intensity plane dither byte

CL = red plane dither byte
BH = green plane dither byte
BL = blue plane dither byte

Output: none

[T THEE TN PUNL PR N R

oadDither proc near
push ds
mov ax, 0a000h
mov ds,ax ;point DS to display memory
mov si,0ffffh ;point to the last byte of display memory
mov dx, 3c4h ; (which is presumably unused)

mov al,02h
out dx,al

inc dx

mov al,1 ;map mask pattern to select blue plane only

out dx,al ;set map mask to allow writes to blue plane only
mov [si],bl ;write blue plane dither byte to blue plane

mov al,2 ;map mask pattern to select green plane only

out dx,al ;set map mask to allow writes to green plane only
mov [si],bh ;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
al, 8
dx,al
[si],ch
al, [bx]
ds

endp

;map mask pattern to select red plane only

;set map mask to allow writes to red plane only
;write red plane dither byte to red plane

;map mask pattern to select intensity plane only

;set map mask to allow writes to intensity plane only
;write intensity plane dither byte to intensity plane
;load 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 Load

H Load a dither pattern

; Input

; Outpu

:CH
CL
BH
BL

[}

t: none

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

H Assumes extensions are enabled.

;

LoadDither
mov
mov
out
inc
in
mov
out
mov
out
mov
out
mov
out
ret

LoadDither

proc near

dx, 3c4h
al,0f2h

dx,al ;point Sequencer Index to Fast Background Latch Load register

dx

al,dx ;set
al,bl ;get
dx,al ;set
al,bh ;get
dx,al ;set
al,cl ;get
dx,al ;set
al,ch ;get
dx,al :set

endp

background latch load state to select latch 0
blue plane dither byte

blue plane dither byte

green plane dither 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 on each of the five memory accesses in the standard VGA

version.)
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Color Text Expansion

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 first 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 1-bits in either the CPU byte or the Foreground / Background Pattern (extension
register F5) to one color, and 0-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 Foreground/Background Control register (extension register FE).
The bits in this register are:

Bits 3 & 2: 00 = normal IBM VGA operation
01 = color expansion mode
10 = reserved
11 = reserved

Bitl: 1 = select the rotated CPU byte as the data to be expanded
0 = 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 O 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
dec dx

;enable color expansion mode, sourced by the CPU byte

; Set the foreground color to yellow

mov al,0fah
out dx,al
inc dx
mov al,14
out dx,al
dec dx

; Set the background color to blue

mov al,0fbh
out dx,al
inc dx
mov al,l
out dx,al
; Write the character
mov  ax,0a000h
mov es,ax
mov  di,[CharacterLocation]
mov si,[CharacterFont])
mov  cx,[CharacterHeight]
cld
CharacterLoop:
lodsb
stosb

add di,SCREEN_WIDTH-1
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 O 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 VIVGA'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 Underlini

One nuisance with the IBM VGA is that only text with attribute X000X001 can be underlined; this makes it
impossible to support bold, blinking, underlined text (that is, text with arbitrary attributes). The VIVGA
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 mode. 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 supported.

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 O 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 read out 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 X000X001 attribute just
gives you some sort of blue, and nothing more.

I realize that all this may not be 100% 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.

Ne Ne Se Ne Ne Se o Ne N

mov dx, 3d4h ;CRTC Index

mov al,l4h ;Underline register index

out dx,al ;point CRTC Index to Compatibility Control register
inc dx ;CRTC Data

mov al,8 ;underline setting of scan line 8
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out

Ne Ne N

mov
mov
out
inc
in
or

out

; Write

mov
mov
mov
mov
mov
inc
mov
mov

Write

Ne  Se N

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

dx,al

dx, 3c4h
al,0fch
dx,al
dx
al,dx
al,1l
dx,al

;set underline to show up at scan line 8

Enable extended attributes

;Sequencer Index

;Compatibility Control register index

;point Sequencer Index to Compatibility Control register
; Sequencer Data

;get extension register FC setting

;set extended attributes enable bit

;turn on extended attributes

the character & attribute

ax, 0b800h
ds, ax
bx, 0
al,'A’
[bx],al
bx

al,2
[bx],al

;point to display memory (mode 3)

;write character "A"

;color green
;set attribute for this "A" to green

the extended attribute of dashed underline

dx, 3c4h
al,2
dx,al
dx
al,dx
ax

al, 08h
dx, al
al,55h
[bx],al
ax

dx, al

; Sequencer Index

:Map Mask register index

;point Sequencer Index to Map Mask register
; Sequencer Data

;get Map Mask setting

;save Map Mask setting to restore it later
;Map Mask setting to enable only plane 3
;set Map Mask to allow writes only to plane 3
;dashed underline pattern

;write dashed underline extended attribute
;get back original Map Mask setting
;restore original Map Mask setting
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Extended 256-Color Modes

To set a pixel in the 256 color graphics modes the software must compute the address of that pixel. For the
640x400, 640x480, 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 A000:0. In order to get
the proper 64K bank into the memory window at A00Q:0 the software must set the bank. The bank is
usually determined 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-0 (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 = 0.

R P T S T T TR Y

’

active_page db 1

SC_INDEX equ 3c4h
ER_PAGE_SEL equ 0£9h
MISC_INPUT equ 3cch
MISC_OUTPUT equ 3c2h
ER_BANK_SEL equ 0f6h

(continued on following page)
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set_256_bank
push

cmp
je

mov
mov

mov
mowv
and
mov
out

mov
and
shl
shl
shl
shl
mov
in

and
mov
or

out

proc near
ds
active_page,dl

;Is this the currently selected bank?

sp_ext_256_support_10 ;yes, do nothing.

active_page,dl
bl,dl

dx, SC_INDEX
ah,bl

ah,1
al,ER_PAGE_SEL
dx, ax

ah,bl

ah,2

ah,1

ah,1

ah,1

ah, 1
dx,MISC_INPUT
al,dx

al, not 20h
dx,MISC_OUTPUT
al,ah

dx,al

IFDEF 3_BANK BITS

mov dx, SC_INDEX
mov al,ER BANK SEL
out dx, al
inc dx
in al,dx
mov ah,al
; duplicate bit 2 into bit 0 (set
shr bl,1
shr bl,1
add bl,7
not bl
and bl,5
and ah, 0£f0h
or ah,bl
mov al,ah
out dx,al

ENDIF

sp_ext_256_support_10:

pop
ret
set_256_bank

ds

endp

;no, set bank.

;bank bit 0

;bank bit 1

;bank bit 2.

;get ER_BANK_ SEL register

read and write bank equal)

;clear bank select bits
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Hard Graphics C (Pointer)
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 comer 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 VIVGA 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:

H Display Memory Definitions

RAMSEG EQU 0AO0O0OH ;Display memory start address
RAMSIZ EQU 64*1024 ;Display memory size

H 3Cx I/0 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+1)
; EQU 03C6H ;Color Palette

; EQU 03C8H ;Color Palette

FCRD EQU 03CaH ;Feature Control register read

MSRD EQU 03CCH :Misc output register read

GRC EQU O03CEH ;Graphics Controller

; VTVGA Extension Register Index Definitions

GRLO EQU OACH ;Graphics Controller Data Latch 0
GRL1 EQU OAlH ;Graphics 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 ;Pointer Pattern Address

PXH EQU 09CH ;Pointer X Position High

PXL EQU 0SDH ;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 DX, SEQ

MOV AL, 6

ouT DX,AL ;Point at SR6
INC DL

MOV AL, OEAH

ouT DX, AL ;Enable access to extensions

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

PTRON PROC NEAR

MOV DX, SEQ

MOV AL, CURS

ouT DX,AL ;Point at the Cursor extension register
INC DL

IN AL, DX ;Read the current contents

OR AL, 80H ;Turn the pointer on

ouT DX, AL ;Write it back

RET

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

PTROFF PROC NEAR

MOV DX, SEQ

MOV AL,CURS

ouT DX,AL ;Point at the Cursor extension register
INC DL

IN AL,DX ;Read the current contents

AND AL, 7FH ;Turn the pointer off

ouT DX, AL ;Write it back

RET

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

GETPPA PROC NEAR

MOV DX, SEQ

MOV AL, PPA

ouT DX, AL ;Point at Pointer Pattern Address register
INC DL

IN AL,DX ;Read current pointer pattern number

RET

GETPPA ENDP

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 pointer is
enabled). Valid g)omter numbers for the exampmintcr load routine at the end of this section are between

) and 'MAXCNT-PTRCNT ( CNT is the number of pointers loaded at the end of

'MAXCNT' (25
display memory).
GETPPA PROC NEAR
MOV DX, SEQ
MOV AL, PPA
our DX,AL ;Point at Pointer Pattern Address register
INC DL
MOV AL,AH ;Get pointer pattern number
NXTPAT: OUT DX,AL ;Load it
RET

GETPPA ENDP
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The following routine reads the current location of the pointer on the screen:

P o o —————— ————————— — —— — ——— ——— T —— ————— T ——— —— ——— — —— T T~ _—— ————— —————— —— ——— —— — -~ —

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
MOV AH,AL ;Save for next reg
IN AL,DX ;Program XH
MOV BH,AL ;Save XH value
DEC DL ;Reset I/0 address to index reg
INC AH ;Bump index
MOV AL,AH ;Get index
outr DX,AL ;Point at XL
INC DL ;Bump I/O address
IN AL,DX ;Program XL
MOV BL,AL ;Save XL value
DEC DL ;Reset I/O address to index reg
INC AH ;Bump index
MOV AL,AH ;Get index
ouT DX,AL ;Point at YH
INC DL ;Bump I/O address
IN AL, DX ;Program YH
MOV CH,AL ;Save YH value
DEC DL ;Reset I/O address to index reg
INC AH ;Bump index
MOV AL,AH ;Get index
ouTr DX,AL ;Point at YL
INC DL ;Bump I/O address
IN AL,DX ;Program YL
MOV CL,AL ;Save YL value
DEC DL ;Reset I/0O 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
; DX = I/O Address of Sequencer Index Reg
H Returns with: All registers preserved
PUTPTR PROC NEAR
PUSH AX
ouT DX,AL ;Point at XH
INC DL ;Bump I/O address
MOV AH,AL ;Save for next reg
MOV AL, BH ;Get XH value
ouT DX,AL ;Program XH
DEC DL ;Reset I/0 address to index reg
INC AH ;Bump index
MOV AL,AH :Get index
ouT DX,AL ;Point at XL
INC DL ;Bump I/0 address
MoV AL,BL ;Get XL value
ouT DX,AL ;Program XL
DEC DL ;Reset I/0 address to index reg
INC AH ;Bump index
MOV AL,AH ;Get index
ouT DX,AL ;Point at YH
INC DL ;Bump I/O address
MOV AL,CH ;Get YH value
ouT DX,AL ;Program YH
DEC DL ;Reset I/O address to index reg
INC AH ;Bump index
MoV AL,AH ;Get index
ouT DX,AL ;Point at YL
INC DL ;Bump I/O address
MOV AL,CL ;Get YL value
ouT DX,AL ;Program YL & update screen position
DEC DL ;Reset I/0O address to index reg
POP AX
RET

PUTPTR ENDP

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

MOV DX, SEQ ;Point at sequencer index register

MOV AL, PXH ;Point at pointer position register group
CALL GETPTR ;Get current X and Y location

INC BX ;Bump X to move the pointer right one pixel
CALL PUTPTR ;Load new location

All four gsition registers should be updated as a %;oup as the write of the last register of the group actually
updates the position on the screen. The V7VGA chip 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 VIVGA
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-pixel 256-color, etc, makes no difference).

Load Pointer Patterns to Memory

Entry: none
Exit: AX, DX modified

OADPTR PROC NEAR
MOV DX, GRC
MOV AL, 6
ouT DX,AL ;Point at GR6
INC DL
IN AL,DX :Read current value
PUSH AX ;Save for later
AND AL,1 ;Mask all except text/graphics bit
OR AL, 04H ;No chaining, mem map = AQQOOQ-AFFFF
ouT DX,AL ;and put it back
MOV DX, GRC
MOV AL,5
ouT DX,AL ;Point at GRS
INC DL
IN AL,DX ;Read current value
PUSH AX ;Save for later
MOV aL,l ;Turn off odd/even bit & set to write mode 1
ouT DX, AL sand put it back
MOV DX, SEQ
MOV AL, 4
ouT DX,AL ;Point at SR4
INC DL
IN AL,DX sRead current value
PUSH AX ;Save for later
MOV AL,7 :Turn off odd/even and double odd/even
ouT DX,AL ;and put it back
MOV DX, SEQ
MOV AL, 2
ouT DX,AL ;Point at SR2
INC DL
IN AL,DX :Read current value
PUSH AX ;Save for later
MOV AL, OFH
ouT DX,AL ;Set to write all planes
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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 0.

; Now load the pointers

MOV AX, RAMSEG

MoV ES,AX ;Point at display memory

MOV AH, 256-PTRCNT ;Calculate where to start in display memory

MOV AL, O

SAR AX,1

SAR Ax,1

MOV DI,AX ;Initialize display memory index

MOV SI,OFFSET PTRS ;Pointer Table Index

MOV CH, PTRCNT ;This many pointers
LPOLUP: MOV CL, 64 ;64 * 4 (256) bytes per pointer
LPLOOP: MOV AL, GRL3

CALL LDGRL ;Load data latch 3

MOV AL, GRL2

CALL LDGRL :Load data latch 2

MOV AL,GRL1

CALL LDGRL ;Load data latch 1

MOV AL, GRLO

CALL LDGRL ;Load data latch O

MOV ES: [DI],AL ;Write 4 bytes to display memory

INC DI ;Bump display memory index

DEC CL ;Decrement pointer byte count

JNZ LPLOOP ;Loop over this pointer

DEC CH ;Decrement pointer count

JNZ LPOLUP :Loop over all pointers

JMP SHORT LDEXIT :Done

H Support Subroutine for Pointer Load

LDGRL  PROC NEAR

MOV DX, SEQ

ouT DX,AL

INC DX

MOV AL,DS: [SI] ;Get pointer byte
ouT DX,AL ;Write to data latch
INC ST

RET

LDGRL  ENDP
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.
v

.
’

iDEXIT:

LOADPTR ENDP

Restore original data values

MOV
MoV
OouT
INC
POP
ouT

MOV
MOV
ouT
INC
POP
ouT

MoV
MOV
ouT
INC
POP
OouT

MoV
MoV
ouT
INC
POP
ouT
RET

DX, SEQ
AL,2
DX,AL

;Point at SR2

;Restore original

;Point at SR4

;Restore original

;Point at GRS

;Restore original

;Point at GR6

;Restore original

value

value

value

value
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: Graphics Cursor (Pointer) Table

PTRTAB: DW
DwW
DW
DwW
DwW
DwW
DwW

PTRSIZ EQU

PTRS:

; Graphics Cursor Pattern:

ARROW: DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD

ARROWX: DD
DD
DD

OFFSET ARROW ;Type 00 - Arrow
OFFSET BOX : Type 01 Box

OFFSET BOX2 :Type 02 - Box #2
OFFSET CROSS ;Type 03 - Cross

OFFSET INVBLK ; Type 04
OFFSET WHTBLK ; Type 05
OFFSET BLKBLK ; Type 06
($S-PTRTAB) /2

White
Black

0011111111311111311111111111111111b
000111111111113111111111111111111b
00001111111111111111111111111111b
000001111111311111111111111111111b
00000011111111111111111111111111b
00000001111111111111111111111111b
00000000111111111111111111111111b
00000000011111111111111111111111b
00000000001111111111111111111111b
00000000000111111111111111111111b
000000011111111311111111111111111b
00010000111111111111311111111111b
001100001111111311311113111111111b
01111000011111111111111111111111b
11111000011111111111111111111111b
1111110001111113111311111111111111b
1111111113111311313111311113111111111b
111111113111311131111111111111111b
111111311111311111311111111111111b
11311111111111111311111111111111b
1111131112131111311111111111111111b
1111113131333111133313311211211111111b
111111111131111111111313131111111b
111113131113111111112111311111311111b
11113117171313331123131313113133313111111b
11113111111111131113111111111111111b
1111311111113113111111311111111111b
11111111311311113111111111111111111b
11111211113113111131131111331111111111b
1111111111311111131131111111111111b
111111111111111311111111111111111b
11111111311131131113111111111111111b
11000000000000000000000000000000b
10100000000000000000000000000000b
10010000000000000000000000000000b
10001000000000000000000000000000b
10000100000000000000000000000000b
10000010000000000000000000000000b
10000001000000000000000000000000b
10000000100000000000000000000000b
10000000010000000000000000000000b
10000001111000000000000000000000b
10001001000000000000000000000000b
10010100100000000000000000000000b
10100100100000000000000000000000b
11000010010000000000000000000000b
10000010010000000000000000000000b
00000001110000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b
00000000000000000000000000000000b

(16x16)
(32x32)
(32x32)
(32x32)

Inverse Block (32x32)
Rlock (32x32)
Block (32x32)

Arrow (black with white border)

oco0o0o
wWhHO
O%
<

o

Py

o

7]

o

—

ot

0
1 White
0
1

oo
S
HHO

Invers

558BEEEEE

558EEEEE

Ne Ne Ne e Ne Ne Se V6 o Se e e Ns Ne Yo Se Ne Ve Se Se e Ve Se No Se Se Se ve e ve Ve
o w

;XOR 00 AND XOR Result
;XOR 01 —== === ——————
;XOR 02 0 0
;XOR 03 0 1
;XOR 04 1 0 Clear
;XOR 05 1 1
;XOR 06

;XOR 07

;XOR 08

;XOR 09

;XOR 10

;XOR 11

;XOR 12

;XOR 13

;XOR 14

;XOR 15

;XOR 16

;XOR 17

;XOR 18

;XOR 19

;XOR 20

;XOR 21

s XOR 22

;XOR 23

;XOR 24

;XOR 25

;XOR 26

;XOR 27

;XOR 28

;XOR 29

:XOR 30

sXOR 31
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Graphics Cursor Pattern: Box (32x32)

BOX: DD 00000000000000000000000000000000b ;AND 00 AND XOR Result
DD 001111111111111111121111111111100b JAND 01 =-= -== ====--
DD 01011111111111111111111111111010b ;AND 02 0 0 Black
DD 01101111111111131111111111110110b ;AND 03 0 1 White
DD 01110111111111111111111111101110b ;AND 04 1 0 Clear
DD 01111011111111111111111111011110b ;AND 05 1 1 Invers
DD 01111101111111111111111110111110b ;AND 06
DD 01111110111111111111111101111110b ;AND 07
DD 01111111011111111111111011111110b ;AND 08
DD 01111111101111111111110111111110b ;AND 09
DD 011111111310111111111101111111110b ;AND 10
DD 01111111111011111111011111111110b ;sAND 11
DD 01111111111101111110111111111110b ;AND 12
DD 01111111111110111101111111111110b ;AND 13
DD 01111111111111011011111111111110b ;JAND 14
DD 01111111111111111111111111111110b ;JAND 15
DD 01111111111111131111111311111110b ;AND 16
DD 01111111111111011011111111111110b ;AND 17
DD 01111111111110111101111111111110b ;AND 18
DD 01111111111101111110111111111110b ;AND 19
DD 01111111111011111111011111111110b ;AND 20
DD 011111111101111112111101111111110b ;AND 21
DD 011111111011111111121110111111110b ;AND 22
DD 01111113011111111111111011111110b ;AND 23
DD 011111101112111111111111101111110b ;AND 24
DD 011111011113111111111111110111110b ;AND 25
DD 01111011111111111111111111011110b ;AND 26
DD 01110111111111113111111111101110b ;AND 27
DD 011011111111111112111111111110110b ;AND 28
DD 01011111111111111111111111111010b ;AND 29
DD 00111111111111131111111111111100b ;AND 30
DD 00000000000000000000000000000000b ;JAND 31

BOXX: DD 111111311111111111111111111111111b ;XOR 00 AND XOR Result
DD 11000000000000000000000000000011b ;XOR 01 -—-- -== —==---
DD 10100000000000000000000000000101b ;XOR 02 0 0 Black
DD 10010000000000000000000000001001b ;XOR 03 0 1 White
DD 10001000000000000000000000010001b ;XOR 04 1 0 Clear
DD 10000100000000000000000000100001b ;XOR 05 1 1 Invers
DD 10000010000000000000000001000001b ;XOR 06
DD 10000001000000000000000010000001b ;XOR 07
DD 10000000100000000000000100000001b ;XOR 08
DD 10000000010000000000001000000001b ;XOR 09
DD 10000000001000000000010000000001b :XOR 10
DD 10000000000100000000100000000001b sXOR 11
DD 10000000000010000001000000000001b :XOR 12
DD 10000000000001000010000000000001b ;XOR 13
DD 10000000000000100100000000000001b ;XOR 14
DD 10000000000000011000000000000001b sXOR 15
DD 10000000000000011000000000000001b ;XOR 16
DD 10000000000000100100000000000001b ;XOR 17
DD 10000000000001000010000000000001b ;XOR 18
DD 10000000000010000001000000000001b ;XOR 19
DD 10000000000100000000100000000001b :XOR 20
DD 10000000001000000000010000000001b ;XOR 21
DD 10000000010000000000001000000001b ;XOR 22
DD 10000000100000000000000100000001b ;XOR 23
DD 10000001000000000000000010000001b ;XOR 24
DD 10000010000000000000000001000001b ;XOR 25
DD 10000100000000000000000000100001b :XOR 26
DD 10001000000000000000000000010001b ;XOR 27
DD 10010000000000000000000000001001b s XOR 28
DD 10100000000000000000000000000101b ;XOR 29
DD 11000000000000000000000000000011b ;XOR 30
DD 111111111113111111111111111111111b ;XOR 31
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; Graphics Cursor Pattern: Box #2 (32x32)
BOX2: DD 00000000000000000000000000000000b

;AND 00 AND XOR Result
DD 00000000000000000000000000000000b ;AND 01 --—- === —=———-
LD 00000000000000000000000000000000b ;AND 02 O 0 Black
DD 00000000000000000000000000000000b ;AND 03 O 1 White
DD 00000000000000000000000000000000b :AND 04 1 0 Clear
DD 00000000000000000000000000000000b JAND 05 1 1 Invers
DD 00000000000000000000000000000000b ;AND 06
DD 00000000000000000000000000000000b ;AND 07
DD 00000000000000000000000000000000b ;AND 08
DD 00000000000000000000000000000000b ;AND 09
DD 00000000000000000000000000000000b ;JAND 10
DD 00000000000000000000000000000000b ;AND 11
DD 00000000000000000000000000000000b ;AND 12
DD 00000000000000000000000000000000b ;AND 13
DD 00000000000000000000000000000000b ;AND 14
DD 00000000000000000000000000000000b ;AND 15
DD 00000000000000000000000000000000b ;AND 16
DD 00111111111111100111111111111100b ;AND 17
DD 00111111111111100111111111111100b ;AND 18
DD 00111111111111100111111111111100b ;AND 19
DD 00111111111111100111111111111100b ;AND 20
DD 00111111111111100111111111111100b ;AND 21
DD 00111111111111100111111111111100b ;AND 22
DD 001111111111311100111111111111100b ;AND 23
DD 00111111111111100111111111111100b ;AND 24
DD 00111111111111100111111111111100b ;AND 25
DD 00111111111111100111111111111100b ;AND 26
DD 00111111131111100111111111111100b ;AND 27
DD 00111111111111100111111111111100b ;AND 28
DD 00111111111111100111111111111100b ;AND 29
DD 00000000000000000000000000000000b ;AND 30
DD 00000000000000000000000000000000b ;AND 31
BOX2X: DD 1111111111111113113111111111111111b ;XOR 00 AND XOR Result
DD 1111311111113111111111111111111111b ;XOR 01 -—-—= === —=———-
DD 11000000000000011111111111111111b ;XOR 02 0 0 Black
DD 11000000000000011111111111111111b ;XOR 03 O 1 White
DD 11000000000000011111111111111111b ;XOR 04 1 0 Clear
DD 11000000000000011111111111111111b ;XOR 05 1 1 Invers
DD 11000000000000011111111111111111b ;XOR 06
DD 11000000000000011111111111111111b :XOR 07
DD 11000000000000011111111111111111b :XOR 08
DD 1100000000000001111111131313111111b :XOR 09
DD 110000000000000111111111311111111b ;XOR 10
DD 11000000000000011111111111111111b ;XOR 11
DD 11000000000000011131111111111111b ;XOR 12
DD 11000000000000011111111111111111b ;XOR 13
DD 11000000000000011111111111111111b ;XOR 14
DD 11111111111111111111111111111111b :XOR 15
DD 111111111211131111111111111111111b ;XOR 16
DD 11000000000000011111111111111111b ;XOR 17
DD 11000000000000011111111111111111b s XOR 18
DD 11000000000000011111111111111111b ;XOR 19
DD 11000000000000011111111111111111b ;XOR 20
DD 11000000000000011111111111111111b sXOR 21
DD 11000000000000011111111111111111b ;XOR 22
DD 11000000000000011111111111111111b ;XOR 23
DD 11000000000000011111111111111111b ;XOR 24
DD 11000000000000011111111111111111b :XOR 25
DD 11000000000000011111111111111111b ;XOR 26
DD 11000000000000011111111111111111b ;XOR 27
DD 11000000000000011111111111111111b ;XOR 28
DD 11000000000000011111111111111111b ;XOR 29
DD 11111111111111111111111111111111b ;XOR 30
DD 111111111311111131113311111111111b ;XOR 31
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: Graphics Cursor Pattern: Cross (32x32)
CROSS: DD 11111111111111100111111111111111b

;AND 00 AND XOR Result
DD 11111112112111111001121111111111111b ;AND 01 --- === —=—---
DD 1111111211111111001112111111111111b ;AND 02 0 0 Black
DD 111111121111111100111111121111111b ;AND 03 0 1 White
DD 111111111111111001112111111111111b ;AND 04 1 0 Clear
DD 1111111212111111200111111111111111b ;AND 05 1 1 1Invers
DD 111111111111111001111111121111111b ;AND 06
DD 1111111211111111001111111211111111b ;AND 07
DD 1111111112111111001111121111111111b ;AND 08
DD 1111111211111111001111111211111111b ;AND 09
DD 111111111111111001111121111111111b ;AND 10
DD 11111111111112110011111211111121111b ;AND 11
DD 11111111111111100111111111111111b ;AND 12
DD 11111111111111100111111111111111b JAND 13
DD 111111111111111001112111111111111b JAND 14
DD 00000000000000011000000000000000b JAND 15
DD 000000000000000112000000000000000b JAND 16
DD 1111211111111111001112111111111111b JAND 17
DD 1111111111211111002111112111111111b ;AND 18
DD 111111111121111100111211212111111111b ;AND 19
DD 11111111111111100111111111111111b ;AND 20
DD 111111112111111100111111111111111b ;AND 21
DD 111111111111121100111111111111111b ;AND 22
DD 111111112111111001111111211111111b ;AND 23
DD 111111111211111100111111111111111b ;AND 24
DD 111111111111231100111111111111111b ; AND
DD 11111111212111211001111111121111111b ;AND 26
DD 1111111111113111001131122121111111121b ;AND 27
DD 11111112131711111100111111111111111b ;AND 28
DD 111111111111111001111111211111111b ;AND 29
DD 1111111211111211100111111111111111b ;AND 30
DD 111111121111111100111111111111111b ; AND
CROSS2: DD 00000000000000011000000000000000b :XOR 00 AND XOR Result
DD 00000000000000011000000000000000b ;XOR 01 -== === =—————o
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 00000000000000011000000000000000b ;XOR 07
DD 00000000000000011000000000000000b ;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 11111111311111111211121112111111111b ;XOR 15
DD 1111111112111212121111121111111111111b ;XOR 16
DD 00000000000000011000000000000000b :XOR 17
DD 00000000000000011000000000000000b ;XOR 18
DD 00000000000000011000000000000000b :XOR 19
DD 00000000000000011000000000000000b :XOR 20
DD 00000000000000011000000000000000b ;XOR 21
DD 00000000000000011000000000000000b JXOR 22
DD 00000000000000011000000000000000b ;XOR 23
DD 00000000000000011000000000000000b ;XOR 24
DD 00000000000000011000000000000000b ;XOR 25
DD 00000000000000011000000000000000b ;XOR 26
DD 00000000000000011000000000000000b ;XOR 27
DD 00000000000000011000000000000000b :XOR 28
DD 00000000000000011000000000000000b :XOR 29
DD 00000000000000011000000000000000b ;XOR 30
DD 00000000000000011000000000000000b ;XOR 31
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Graphics Cursor Pattern: Inverse Block

INVBLK: DD 11111111111111111111113111111111b ; AND 82 AND XOR Result

DD 11111111111131111111111111111111b JAND 01 --- —-== =====—-
DD 11111111311111131111131111111111111b ;AND 02 0 0 Black
DD 111111111111131111113111111111111Db ;AND 03 0 1 White
DD 11111111313111311131111111111111111b ;AND 04 1 0 Clear
DD 111111311131311313131111111111311111111b ;AND 05 1 1 Invers
DD 111111313113111111311111111111111111b ;AND 06
DD 11111313111111111111111131111111111b ;AND 07
DD 11111131111111131113311131111111111b ;AND 08
DD 11111111113111131313111113111111111b ;JAND 09
DD 111111111111113313111131111111111b ;AND 10
DD 111111111113131131111131111111111b ;AND 11
DD 111111311131113111331111111111111111b ;AND 12
DD 1111113131313111111313113111111111111Db ;JAND 13
DD 111111311131113111111131111111111111Db ;AND 14
DD 11111111111111111111111111111111b ;AND 15
DD 11111111311111111111111111111111b ;AND 16
DD 1111111111111111131131111111111111b ;AND 17
DD 1111113111211111111111111111111111b ;AND 18
DD 1111131111311111111111311111111111b ;AND 19
DD 111111111211311131111111111111111b ;AND 20
DD 1111131113313131131111111111111111b ;AND 21
DD 11111311131113113131111111111111111b ;AND 22
DD 1113111113311111111111131111111111b ;AND 23
DD 111111113131111111111111111111111b ;AND 24
DD 111111311111313113111311111111111111b ;AND 25
DD 111111313131311313111111311111111111111b ;AND 26
DD 11111113111131311313113131111131111111b ;AND 27
DD 1111111111313121313131111311211111111b ;AND 28
DD 11111113113311223311113111111111111b ;AND 29
DD 11111121311111111111111111111111b ;AND 30
DD 111111111131111112111113131111111111b ;AND 31
INVXOR: DD 11111113113131111111111111111111111b :XOR 00 AND XOR Result
DD 11111131113111311131111111111111111b ;XOR 01 -=-= === —————-
DD 1111113111311131313111131111111111111b ;XOR 02 0 0 Black
DD 11111111331131313131111111111111111b ;XOR 03 0 1 White
DD 111113111311113111131111111111111111b ;XOR 04 1 0 Clear
DD 11111331113111311131111111111111111b ;XOR 05 1 1 Invers
DD 11111111111111111111111111111111b ;XOR 06
DD 111111311131131131311111111111111111b ;XOR 07
DD 11111313113131113131111111111111111111b ;XOR 08
DD 11111313113131113113111311111111111111b ;XOR 09
DD 1111111111113311311111111111111111b ;XOR 10
DD 11111132113111331131113111113111111111b ;XOR 11
DD 111111111313111131331111113311111111b ;XOR 12
DD 1111113113111131131111111111111111b ;XOR 13
DD 11111111111111111111311111111111b ;XOR 14
DD 11111111111111111111111111111111b ;XOR 15
DD 111111111111113113311131111111111b ;XOR 16
DD 11111111311131131131311111111111111b ;XOR 17
DD 111111113131113311111111111111111b ;XOR 18
DD 1111111131113111111311311111111111b ;XOR 19
DD 11111111311111111111111111111111b ;XOR 20
DD 1111113113131111111111131111111111b ;XOR 21
DD 111111111231311331131111111111111111b ;XOR 22
DD 111111111111131111111111111111111b ;XOR 23
DD 1111111113131321111111111111111111b ;XOR 24
DD 11111111131113111311111111111111111b ;XOR 25
DD 11111111331111311111111111111111b ;XOR 26
DD 111113111111111111111111111111111b :XOR 27
DD 1111111113111131111111111111111111b ;XOR 28
DD 11111111111333211111111111111111b ;XOR 29
DD 1111111111111313111111111111111111b ;XOR 30
DD 1111111132111113111111111111111111b ;XOR 31
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: Graphics Cursor Pattern: White Block
WHTBLK: DD 00000000000000000000000000000000b

;AND 00 AND XOR Result
DD 00000000000000000000000000000000b JAND 01 --- —== —————-
DD 00000000000000000000000000000000b ;AND 02 0 0 3lack
DD 00000000000000000000000000000000b ;AND 03 0 1l White
DD 00000000000000000000000000000000b ;AND 04 1 0 Clear
DD 00000000000000000000000000000000b ;AND 05 1 1 Invers
DD 00000000000000000000000000000000b ;AND 06
DD 00000000000000000000000000000000b ;AND 07
DD 00000000000000000000000000000000b ;AND 08
DD 00000000000000000000000000000000b ;AND 09
DD 00000000000000000000000000000000b ;AND 10
DD 00000000000000000000000000000000b ;AND 11
DD 00000000000000000000000000000000b ;AND 12
DD 00000000000000000000000000000000b ;AND 13
DD 00000000000000000000000000000000b ;AND 14
DD 00000000000000000000000000000000b ;AND 15
DD 00000000000000000000000000000000b ;AND 16
DD 00000000000000000000000000000000b ;AND 17
DD 00000000000000000000000000000000b ;AND 18
DD 00000000000000000000000000000000b ;AND 19
DD 00000000000000000000000000000000b ;AND 20
DD 00000000000000000000000000000000b ;AND 21
DD 00000000000000000000000000000000b ;AND 22
DD 00000000000000000000000000000000b ;AND 23
DD 00000000000000000000000000000000b ;AND 24
DD 00000000000000000000000000000000b ;AND 25
DD 00000000000000000000000000000000b ;AND 26
DD 00000000000000000000000000000000b ;AND 27
DD 00000000000000000000000000000000b ;AND 28
DD 00000000000000000000000000000000b ;AND 29
DD 00000000000000000000000000000000b ;JAND 30
DD 00000000000000000000000000000000b ;AND 31
WHTXOR: DD 1111111132111121111131111111111111b ;XOR 00 AND XOR Result
DD 111111113111111111111111111111111b ;XOR 01 --- -== ——=-—-
DD 1111111111111113111113111111111111b ;XOR 02 0 0 Black
DD 11111111111111311113111111111111b ;XOR 03 0 1 White
DD 11111111311111111111111111111111Db ;XOR 04 1 0 Clear
DD 1111111121113113113111111111111111b ;XOR 05 1 1 Invers
DD 11111111311111311111311111111111b ;XOR 06
DD 1111111121111311211111111111111111b 7 XOR 07
DD 11111111111111311111111111111111b ;XOR 08
DD 111111113111111111111111111111111b ;XOR 09
DD 11111111111311111111111111111111b ;XOR 10
DD 11111111111111111111111111111111b sXCR 11
DD 1111111111111131311111111111111111b :XOR 12
DD 1111111131111113111111111111111111b ;XOR 13
DD 11111111311111311111111111111111b ;XOR 14
DD 111111113111111111111111111111111b ;XOR 15
DD 1111111313111111111111111111111111b ;XOR 16
DD 111111131111111111111111111111111b s XOR 17
.DD 111111131111113311111111111111111b ;XOR 18
DD 11111111111111111111111111111111p ;XOR 19
DD 1111111111111313111131111111111111b ;XOR 20
DD 11111111111111311111111111111111Db s XOR 21
DD 11111111111111111111111111111111b ;XOR 22
DD 11111111111111111111111111111111b ;XOR 23
DD 1111111131111131311111111111111111b :XOR 24
DD 11111111111111111111111111111111b ;XOR 25
DD 11111111111111111111111111111111b :XOR 26
DD 11111111111111111111111111111111b ;XOR 27
DD 111111111311111111111111111111111b ;XOR 28
DD 111111131111113111111111111111111b :XOR 29
DD 11111111111111311111111111111111b :XOR 30
DD 1111131311111113131311111111111111111b ;XOR 31
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Graphics Cursor Pattern: Black Block

O ~e ~e ~e e

LKBLK: DD 00000000000000000000000000000000b ;AND 00 AND XOR Result
DD 00000000000000000000000000000000b JAND 01 === === ——————
DD 00000000000000000000000060000000b ;AND 02 0 0 Black
DD 00000000000000000000000000000000b ;AND 03 0 1 White
DD 00000000000000000000000000000000b ;AND 04 1 0 Clear
DD 00000000000000000000000000000000b ;AND 05 1 1 Invers
DD 00000000000000000000000000000000b ;AND 06
DD 00000000000000000000000000000000b ;AND 07
DD 00000000000000000000000000000000b ;AND 08
DD 00000000000000000000000000000000b ;AND 09
DD 00000000000000000000000000000000b ;AND 10
DD 00000000000000000000000000000000b ¢AND 11
DD 00000000000000000000000000000000b ;AND 12
DD 00000000000000000000000000000000b ;JAND 13
DD 00000000000000000000000000000000b ;AND 14
DD 00000000000000000000000000000000b ;AND 15
DD 00000000000000000000000000000000b ;AND 16
DD 00000000000000000000000000000000b ;AND 17
DD 00000000000000000000000000000000b ;AND 18
DD 00000000000000000000000000000000b ;JAND 19
DD 00000000000000000000000000000000b ;AND 20
DD 00000000000000000000000000000000b ;AND 21
DD 00000000000000000000000000000000b ;AND 22
DD 00000000000000000000000000000000b ;AND 23
DD 00000000000000000000000000000000b ;AND 24
DD 00000000000000000000000000000000b ;AND 25
DD 00000000000000000000000000000000b ;AND 26
DD 000000000Q00000000000000000000000b ;AND 27
DD 00000000000000000000000000000000b ;AND 28
DD 0000000000000006460000000000000000b ;AND 29
DD 00000000000000000000000000000000b ;AND 30
DD 00000000000000000000000000000000b ;AND 31

BLKXOR: DD 00000000000000000000000000000000b ;XOR 00 AND XOR Result
DD 00000000000000000000000000000000b ;XOR 01 -== == ==
DD 00000000000000000000000000000000b ;XOR 02 0 0 Black
DD 00000000000000000000000000000000b ;XOR 03 0 1 White
DD 00000000000000000000000000000000b ;XOR 04 1 0 Clear
DD 00000000000000000000000000000000b :XOR 05 1 1 Invers
DD 00000000000000000000000000000000b ;XOR 06
DD 00000000000000000000000000000000b ;XOR 07
DD 00000000000000000000000000000000b ;XOR 08
DD 00000000000000000000000000000000b :XOR 09
DD 00000000000000000000000000000000b ;XOR 10
DD 00000000000000000000000000000000b ;XOR 11
DD 00000000000000000000000000000000b :XOR 12
DD 00000000000000000000000000000000b ;XOR 13
DD 00000000000000000000000000000000b ;XOR 14
DD 00000000000000000000000000000000b ;XOR 15
DD 00000000000000000000000000000000b ;XOR 16
DD 00000000000000000000000000000000b ;XOR 17
DD 00000000000000000000000000000000b ;XOR 18
DD 00000000000000000000000000000000b ;XOR 19
DD 00000000000000000000000000000000b :XOR 20
DD 00000000000000000000000000000000b :XOR 21
DD 00000000000000000000000000000000b ;XOR 22
DD 00000000000000000000000000000000b :XOR 23
DD 00000000000000000000000000000000b :XOR 24
DD 00000000000000000000000000000000b ;XOR 25
DD 00000000000000000000000000000000b :XOR 26
DD 00000000000000000000000000000000b :XOR 27
DD 00000000000000000000000000000000b ;XOR 28
DD 00000000000000000000000000000000b s XOR 29
DD 00000000000000000000000000000000b :XOR 30
DD 00000000000000000000000000000000b ;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

9D

9E

9F

| A0-A3

F1

F3

F4

FS

(continued)

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.

Cursor Attributes: Bit7: 1 to enable the hardware graphics cursor
0 to disable
Bit 3: 1 to select XOR text cursor
0 to select normal (overwrite) cursor
Bit O: 1 to disable cursor blink,
0 to enable cursor block (normal)

Fast Latch Load State: Bits 1 & 0: the latch register (0-3 correspsonds to A0-A3) written to by
the next write to the Fast Background Latch Load register.

Fast Background Latch Load: on reads, resets bits 1 & O of the Fast Latch Load State register
to 0. On writes, data written to this register goes to the one of four latch registers (A0-A3)
selected by bits 1 & O 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.

Masked Write Control:

Bit 1: 1 to select the rotated CPU byte as the masked write mask source
0 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),
0 to disable masked writes. Masked writes only work with V-RAM.

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 registeris a 1.

Foreground/Background 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 registeris 0. 1
bits are expanded to the color in the Extended Foreground Color register, and O bits are
expanded to the color in the Extended Background Color register.
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Table 6-3: V7VGA User-Programmable Extension Register Summary (continued)

Fé6

FA

1 Mb DRAM Bank Select
Bit7: 1 to reset the bank when line compare occurs

0 to load the bank select from bits 5 & 4 of this register when line compare occurs
Bit 6: 1 to let banks turn over (scan into the next bank)

0 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

Extended Page Select

Bit 0: 1 to select extended page 1
0 to select extended page O
(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.

Extended Foreground Color: Bits 3-0: color 1 bits are expanded to when bits 3 & 2 of the
Foreground/Background Control register are O1.

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

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

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

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

Foreground/Background Control:

Bits 3 & 2: Foreground/background mode selection. 00 for normal IBM 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
0 to select the FG / BG Pattern register as the color expansion source.

16-Bit Interface Control:

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

Bit4: 1 to select banked operation with 256K of V-RAM or D-RAM
0 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.

tandard Modes Dasplays
0,1 40x25  Color Text (8x8 font) AD, MS
0,1* 40x25 Color Text (8x14 font) AD, MS Note: MS =Multi-Frequency Display
0,1+ 40x25 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 (Oxl4font)  AD, MS (IBM 8512,8513,8514
7+  80x25 MonoText  (9x16font)  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 Setmode:
13 320x200 Color Graphics (256-color) AD, MS —
mov ax,mode

Proprietary Modes Displays int 10h
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 100x60  Color Text (8x8 font) AD, MS
45 132x28  Color Text (8x14 font) AD, MS
46-5F (reserved)
60 153410 Color Graphics (16<olon) AD, MS[~_ | BIOS Seumode:
61 720x540 Color Graphics (16-color) XL, MS mov ax.6f05h
62 800x600 Color Graphics (16-color) XL, MS mov bl ’mode
63 1024x768 Color Graphics (2-color) XL int ldh
64 1024x768 Color Graphics (4-color) XL
65 1024x768 Color Graphics (16-color) XL
66 640x400 Color Graphics (256-color) AD, MS
67 640x480 Color Graphics (256-color) AD, MS
68 720x540 Color Graphics (256-color) XL, MS
69 (future) 800x600 Color Graphics (256-color) XL

6A-7TF (reserved) 6/27/88
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Table A - 1. Mode of Operation (PS/2-Type Analog Displays)
Characteristics 01 23 45 6 D E 1 F 10 01* 2.3*101+ 23+ 7+ 11 12 13
Text / Graphics Text Text Gr Gr Gr Gr |Text Gr Gr Text Text |Text Text Text Gr Gr Gr
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 9 8 8 8 8 9 9 8
Pixels Character Height 8 8 1 1 1 1 14 1 1 14 14 |16 16 16 1 1 2
CPU:.CRT Bandwidth (D-Ram){3:2 1:4 3:2 1:4 3:2 1::4]1:4 1:4 1.4 1:4 13:2 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 }J1:1 1:1 1:1 1:1 1:1
MHz Pixel Clock 12 25 12 25 12 25|28 25 25 25 |14 28 28 25 25
KHz H Sync Rate 31.5 31.5 31.5 31.5 31.5 31.5131.5 31.5 31.5 31.5 31.531.5 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 }170 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 100100 100 100 57 100 | 57 100 100 100 100 100
Lines V Displayed 400 400 400 400 400 400350 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
01 23 45 6 D EJ|1 EF 10 Q1* 23*|01+23+ 7+ 1 12 13
Display Type AD AD AD AD AD AD|AD AD AD AD AD |AD AD AD AD AD AD
usec H Sync Delay 45 19 45 19 45 19119 19 19 45 19145 19 19 19 19 1.9
usec H Sync Width 39 38 39 38 39 38(13.8 3.8 3.8 39 38|39 3.8 3.8 3.8 38 3.8
usec V Sync Delay 414 413 414 413 414 41311207 1208 1208 1210 1208|414 413 413 254 254 413
usec V Sync Width 64 64 64 64 64 64|64 64 64 64 64 |64 64 64 381 381 64
Extensions 01 23 45 6 D E |Z F 10 I° 23°|00: 23+ 7z 11 12 13
FD Timing State (D/V) |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
Ad Clock 00 00 00 00 OO O0O}JOO0O OO0 00 00 00 |JOO 00 00 00 00 OO
- Sony Fixup 00 00 00 00 00 00|00 00 00 OO0 OO0 JOO OO0 OO0 00 OO OO
FC Compatibility Ctrl1 | 08 08 08 08 08 08 |08 08 08 08 08 |08 08 08 08 08 08
F6 Bank Select 00 00 00 00 00 00)00 00 00 00 0D |QGD 00 00 00 00 00
F8 Extended Clock 00 00 00 OO0 00 OOjJOO OO0 00 00 00)]OO0O OO0 OO0 00 00 OO
FF 16-Bit Interface 00 00 00 OO0 00 00}J00 OO0 OO0 OO 00 )OO0 OO 00 OO0 OO OO
Misc Info 01 23 45 6 D E|Z F 10 01* 23*[0d:23: 7z U 12 13
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 24124 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 2000 4000{1000 8000 8000 0800 1000|0800 1000 1000 9600 9600 FA0O
Sequencer 01 23 45 6 D E |1 EF 10 01* 23*|01+2[3+ 7+ M 12 13
SR1 Clocking Mode 9 1 9 1 9 1 0 5/1 51 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
External Regs 01 23 45 6 D E |1 E 10 01* 23*|04+23+ 7+ 1L 12 13
MISC Miscellaneous 63 63 63 63 63 63 JA6 A2 A3 A3 A3 |67 67 66 E3 E3 63
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Table A - 1. (continued) Mode of Operation (PS/2-Type Analog Displays)

CRTCtrlr 01 23 45 6 D EJ]1 E 10 01* 23*|01+23:+ 7+ 11 12 13
CRO H Total - 5 2D SF 2D 5F 2D SF|SF SF SF 2D S5F |2D 5F S5F 5F 5SF SF
CR1 H Display End 27 4F 27 4F 27 4AF|4F 4F 4F 27 4F |27 4F 4F AF 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 1A/8217/82 90 82 |90 82 82 82 82 82
CR4 HRetrace Start | 2B 55 2B 54 2B 54|55 54 64 2B 55 |2B 55 55 54 54 54
CRS5 H Retrace End A0 81 80 80 80 80|81 EO/SOBA/80 A0 81 | A0 81 81 80 80 80
CR6 V Total - 2 BF BF BF BF BF BF|BF BF BF BF BF |BF BF BF 0B 0B BF
CR7 Overflow IF 1F 1F 1F 1F 1F|1F 1F 1F 1F 1F |1F 1F 1F 3E 3E 1IF
CRS Preset Row Scan | 00 00 00 00 00 00|00 ©00 00 00 00 |0O 00 00 00 00 00
CR9 Char Cell Height |C7 C7 C1 C1 CO CO|4D 40 40 4D 4D |4F 4F 4F 40 40 41
CRA Cursor Start 06 06 00 00 00 00|OB 00 00 OB OB |OD OD OD 00 00 00
CRB Cursor End 07 07 00 00 00 00O|OC 00 00 OC OC|OE OE OE 00 00 00
CRC Start Address H P R T
CRD Start Address L B - .
CRE Cursor Location H| -- - - - -- - - - - - -- - - - - - --
CRF Cursor LocationL| -- -~ -~ — — | - - T -
CR10 (R) Light Pen H e e
CR11 (R) Light Pen L e e
CR10 (W) V Retrace Start | 9C 9C 9C 9C 9C 9C |83 83 83 83 83 |9C 9C 9C EA EA 9C
CR11 (W) V Retrace End SE S8E S8E B8E 8E SE |85 85 85 85 85 |8 B8E B8E 8C 8C 8E
CR12 V Display End 8F 8F 8F 8F 8F 8F|5D SD 5D 5D 5D |8F 8F 8F DF DF S8F
CR13 Offset 14 28 14 28 14 28 |28 14/2814/28 14 28 |14 28 28 28 28 28
CR14 Underline Row 1IF 1IF 00 00 00 O0O|OD 00 00 1F 1F |1F 1F OF 00 00 40
Icr1s 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 B9 |BA BA BA BA BA |BY B9 B9 04 04 B9
CR17 Mode Control A3 A3 A2 C2 E3 BE3 (A3 SB/E3SB/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

Attribute Ctrir 0.1 23 45 6 D E|Z E 10 Q1* 23*|01+ 23+ 21+ 11 12 13
ARO Palette 00 00 00 00 00 00 00]00 00 o00 00 00 |00 00 00 00 OO0 OO0
AR1 Palette 01 01 01 13 17 01 o01]08 08 ©01 01 01 |01 O1 08 3F 01 01
AR2 Palette 02 02 02 15 17 02 o02]{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
ARG 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
ARS8 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 0A 12 12 12 17 12 12|18 00 3A 3A 3A|3A 3A 18 3F 3A oA
ARB Palette 0B 13 13 13 17 13 13|18 00 3B 3B 3B |3B 3B 18 3F 3B OB
ARC Palette 0C 14 14 14 17 14 14|18 00 3C 3C 3C|3C 3C 18 3F 3C 0C
ARD Palette 0D 15 15 15 17 15 15|18 18 3D 3D 3D |3D 3D 18 3F 3D 0D
ARE Palette OF 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
AR10 Mode Control 08 08 01 01 01 O1]|]OE OB o©01 08 08 |J]oc oC OE 01 01 41
AR11 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 OO0 OO0 |08 08 08 00 00 00

Graphics Ctrir 01 23 45 6 D E|Z1 E 10 01* 23*|0/1+2/3+ 7+ 11 12 13
GRO Set/Reset o o0 o0 o0 o0 o]0 o 0 0 ojo o o0 o0 o0 O
|lor1 Enable Set/Reset | 0 0 O ©0 o0 o0 ]o0o o 0 0 ojlo o o o0 o0 O
GR2 Color Compare 0o 0 o0 0 o0 o]Jo o 0 0 oJo o o o 0 O
GR3 Data Rotate o o0 o0 o0 O o]Jo o 0 0 ojlo o0 0o o0 o0 o
GR4 ReadMapSelet | 0 0 0 0 0 0 ]O0 0 0 0 olo o 0o o0 o0 o
GR5 Mode 10 10 30 00 00 00| 10 10/0010/00 10 10 |10 10 10 00 00 40
GR6 Miscellaneous OE OE OF OD 05 05|0A 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 O1 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)
Characteristics 40 141 42|43 44| 45 46
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 350350 350]480 480400 540
Chars Text Columns 80 J132 132} 80 100]132 80
Rows Text Rows 43 125 43160 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 25140 40 ] 25 40 ] 40
KHz H Sync Rate 31.5/31.5 31.5}31.5 31.5|31.5
Hz V Sync Rate 70170 70|60 60| 70
Chars H Displayed 80 |132 132| 80 100}132 80
Chars H Total
Lines V Displayed 344 1350 344|480 480|400 540
Lines V Total
Display Timing 40 141 42143 44| 45 46
Display Type AD | AD AD|AD AD| AD MS
usec H Sync Delay
usec H Sync Width
usec V Sync Delay
usec V Sync Width
Extensions 40141 42143 44| 45 46
FD Timing State (D/V)| 22 | 22 22 |22 22| 22 22
Ad Clock 0000 00|00 O00] 00 OO0
-- Sony Fixup 0000 00}]00 00] 00 00
FC Compatibility Ctrl | 08 | 08 08 | 08 08 | 08 08
Fé6 Bank Select 0000 00]J00 00] 00 OO0
F8 Extended Clock 0000 00}00 00] 00 00
FF 16-Bit Interface 0000 00}00 00] 00 00
Misc Info 40|41 42|43 44| 45 46
Text Columns 80 1132 132 80 100|132 80
Text Rows - 1 42124 42159 59| 27 66
Font Height 8 |14 8 8 8 14 8
Page Size 1B00j1 A00 2D00|2600 2F00{1D00 2A00
Sequencer 40141 42143 44 )45 46
SR1 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
External Regs 40141 42|43 44| 45 4¢
MISC Miscellaneous A3 | AF AF | E3 E7 | 6F
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Table A - 2. (continued) Mode of Operation (Video Seven Proprietary Text Modes)

CRT Ctrix 40141 42|43 44|45 46
CRO H Total - 5 S5F |9C 9C | SF 17C | 9C
CR1 H Display End 4F | 83 83 | 4F 63 | 83
CR2 H Blanking Start 50184 84|50 64| 84
CR3 H Blanking End 82 | 9F 9F | 82 9F | 9F
CR4 H Retrace Start 55189 89|55 6E | 89
CRS5 H Retrace End 81 |1C 1C |81 9D | 1C
CR6 V Total - 2 BF | BF BF | OB OB | BF
CR7 Overflow 1IF|1F 1F | 3E 3E | 1F
CR8 Preset Row Scan 00100 00}00 00} 00 00
CR9 Char Cell Height 47 4D 47 | 47 47 4D 47
CRA Cursor Start 06 0B 06 }06 06]0B 06
CRB Cursor End 07 J0C 07}07 07]0C 07
CRC Start Address H - - -- - . -- --
CRD Start Address L - - -- - -- -- —
CRE Cursor Location H | -- - -- - - -- -
CRF Cursor Location L - -- -- - - - -
CR10 (R) Light Pen H -- - - - -- -- -
CR11 (R) Light Pen L - -- -- - -- -- -
CR10 (W) V Retrace Start 83 | 83 83 |EA EA | 9C
CR11 (W) V Retrace End 85 ] 85 85 ]|8C 8C | 8E
CR12 V Display End 57|5D 57 |DF DF| 87
CR13 Offset 28 | 42 42|28 32 42
CR14 Underline Row 1IF | 1F 1F | 1F 1F | 1F 1F
CR15 V Blanking Start 63163 63| E7 E71]90
CR16 V Blanking End BA|BA BA| 04 04| B9
CR17 Mode Control A3 | E3 E3|A3 E3|E3
CR18 Line Compare FF | FF FF | FF FF | FF FF

Attribute Ctrir 40 | 41 42|43 44| 45 46
ARO Palette 00 0000 00]00 00)] 00 OO0
AR1 Palette 01 01}101 01101 O1]01 01
AR2 Palette 02 02102 02]02 02]02 02
AR3 Palette 03 03103 03}03 03]03 03
AR4 Palette 04 04104 04104 04]04 04
AR5 Palette 05 0505 05]05 05]05 05
AR6 Palette 06 14114 14|14 14 )14 14
AR7 Palette 07 07107 07107 07]07 07
ARS8 Palette 08 38138 38138 38138 38
AR9 Palette 09 39139 39139 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 0C 3C |3C 3C|3C 3C|3C 3cC
ARD Palette 0D 3aD|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
AR10 Mode Control 08} 08 08]08 08] 08 08
AR11 Overscan Color 00100 00100 00}O0OC OO0
AR12 Color Plane Ena OF | OF OF | OF OF | OF OF
AR13 H Pixel Pan 0000 00)]00 00} 00 oO8

Graphics Ctrir 40141 4243 44|45 46
GRO Set/Reset 0 0 0 0 0 0 0
GR1 Enable Set/Reset 0 0 0 0 0 0 0
GR2 Color Compare 0 0 0 0 0 0 0
GR3 Data Rotate 0 0 0 0 0 0 0
GR4 Read Map Select 0 0 0jo o 0 0
GRS Mode 10110 10]10 10)]10 10
GR6 Miscellaneous OE|OE OE |OE OE | OE OE
GR7 Color Don't Care 00100 00]00 00})00 OO0
GRS Bit Mask FF | FF FF|FF FF| FF FF
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Table A - 3. Mode of Operation (Video Seven Proprietary Graphics Modes)

Characteristics 60 61 62163 64 65)|66 67 68 69
Text / Graphics G G G |G G G |G G G G
Colors 16 16 16| 2 4 16 |256 256 256 256
Pixels H Resolution 752 720 800 [1024 1024 1024|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
Pixels Character Height 1 1 1 1 1 1 1 1 1 1
CPU:CRT Bandwidth (D-Ram)| 1:4 1:4 pl:4|pl1:4 pl:4 pl:4|pl:4 pl:4 pl:4 pl:4
CPU.CRT Bandwidth (V-Ram)] 1:1 1:1 1:2]1:4 1:4 1:4]1:4 1:4 1:4 1:4
MHz Pixel Clock 28.3 325 40| 65 65 65 ]50.4 504 65 65
KHz H Sync Rate 31.6 35.0 37.9148.5 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 100128 128 128t 80 80 90 100
Chars H Total
Lines V Displayed 410 540 60031768 768 7681400 480 540 600
Lines V Total
Display Timing 60 61 62|63 64 65|66 67 68 69
Display Type AD MS XL |XL XL XL|AD AD MS XL
usec H Sync Delay
usec H Sync Width
usec V Sync Delay
usec V Sync Width
"Extensions 60 61 62|63 64 65166 61 68 69
FD Timing State (D/V)]0/0 0/0 0/90]0/A0 0/A0 0/A0}0/AO0 0/A0 0/A0 0/A0
A4 Clock 00 10 10}10 10 10f10 10 10 10
-- Sony H Skew 00 00 00}00 OO0 O00jJO0 OO0 00 @0C
FC Compatibility Ctrl | 08 08 08 | 18 18 08 )6C 6C 6C 6C
F6 Bank Select 00 00 O0C}00 OO CO)jJOD CO CO CO
F8 Extended Clock 00 00 10}j00 00 oO00)}00 00 00 OO0
FF 16-Bit Interface 00 00 00j00 00 10}J00 10 10 10
Misc Info 60 61 62|63 64 65|66 67 68 69
Text Columns 94 90 100)128 128 128| 80 80 90 100
Text Rows - 1 50 66 74195 95 95}24 29 66 74
Font Height 8 8 8 8 8 8 |16 16 8 8
Page Size 9700 BEOO EB00|6000 CO00 >64K FAOO >64K >64K >64K
Sequencer 60 61 62|63 64 65|66 67 68 62
SR1 Clocking Mode 1 9 1 5 5 1 1 1 1 1
SR2 Plane Mask F F F 3 F F | F F F F
SR3 Char Map Select 0 0 0 0 0 0 0 0 0 0
SR4 Memory Mode 6 6 6 2 2 6 E E E E
External Regs 60 61 62|63 64 65|66 67 68 62
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 Graphics Modes)

CRICtrlr |60 61 62|63 64 65|66 67 68 69
CRO H Total - 5 6D 6F T7F A3 A3 A3 }C6 C3 E3 F2
CR1 H Display End 5D 59 63| 7F 7F 7TF | 9F O9F B3 C7
CR2 H Blanking Start SE 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 678D 8D 8D |AA A8 B8 CB
CRS5 H Retrace End 8F 85 18|82 82 82|00 00 B8A S8E
CR6 Y Total - 2 BF 47 77129 29 29| E0O OB 47 70
CR7 Overflow 1IF FO FO|FD FD FD |10 3E FO0O FO
CR8 Preset Row Scan 00 00 00]J00 00 00|00 00 00 OO
CR9 Char Cell Height 40 60 60 ] 60 60 60|40 40 60 60
CRA Cursor Start 00 00 00}J00 00 0000 OO0 00 OO0
CRB Cursor End 00 00 00] 00 00 O0O}jOO 00 00 OO0
CRC Start Address H - - - -- - -- - - - -
CRD Start Address L - - - - - - - - - -
CRE Cursor Location H - - - -- - -- -- - - -
CRF Cursor Location L -- -- - - -- - - -- - -
CR10 (R) Light Pen H e
CR11 (R) Light Pen L - - - -- -- -- - - - -
CR10 (W) V Retrace Start A2 26 5C |07 07 O07)CE EA 26 59
CR11 (W) V Retrace End 8E 08 OE |8A 8A B8A |85 8C 08 OC
CR12 V Display End 99 1B 57| FF FF FF|C7 DF 1B 57
CR13 Offset 2F 2D 32120 20 4050 50 5A 64
CR14 Underline Row 00 00 00fj00 00 0000 00 OO0 0O
CR15 V Blanking Start Al 24 5C |07 07 O07]|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

Attribute Cirlr 60 61 6263 64 65|66 67 68 69
ARO Palette 00 00 00 00jJ00 00O 00|00 00 00 OO0
AR1 Palette 01 01 01 O01})3F 3C 01)]01 oO01 oO01 01
AR2 Palette 02 02 02 O02}3F 00 02102 02 02 02
AR3 Palette 03 03 03 03 }13F 00 03103 03 03 03
AR4 Palette 04 04 04 04 ]3F 3A 04104 04 04 04
ARS Palette 05 05 05 O5]|3F 3F 05]05 05 05 05
AR6 Palette 06 14 14 14 y3F 00 14106 06 06 06
AR7 Palette 07 07 07 O7|3F 00 0707 07 07 07
ARS8 Palette 08 38 38 38 |3F 00 38|08 08 08 08
AR9 Palette 09 39 39 39}13F 00 39}09 09 09 09
ARA Palette OA 3A 3A 3A|3F 00 3A|J0A 0OA O0A 0A
ARB Palette OB 3B 3B 3B |3F 00 3B |0B OB OB OB
ARC Palette 0C 3C 3C 3C|3F 00 3Cc]oCc oC oC ocC
ARD Palette OD 3b 3D 3D|3F 00 3D 0D OD OD OD
ARE Palette OE 3E 3E 3E|3F 00 3EJOE OE OE OE
ARF Palette OF 3F 3F 3F|3F 00 3F|OF OF OF OF
AR10 Mode Control 01 01 O01]101 O01 O01]41 41 41 41
AR11 Overscan Color 00 00 00]J00 00 OO0OjJO00 00 00 OO0
AR12 Color Plane Ena OF OF OF |01 05 OF|OF OF OF OF
AR13 H Pixel Pan 00 00 00jJ00 00 OO0)JO0O0 00 OO0 00

Graphics Ctrir 60 61 62|63 64 65|66 67 68 69
GRO Set/Reset 0 0 0 0 0 0 0 0 0 0
GR1 Enable Set/Reset 0 0 0 0 0 0 0 0 0 0
GR2 Color Compare 0 0 0 0 0 0 0 0 0 0
GR3 Data Rotate 0 0 0 0 0 0 0 0 0 0
GR4 Read Map Select 0 0 0 0 0 0 0 0 0 0
GRS Mode 00 00 00}10 10 O00}]40 40 40 40
GR6 Miscellaneous 05 05 05107 07 05)]05 05 05 OS5
GR?7 Color Don't Care OF OF OF|OF OF OF |OF OF OF OF
GRS Bit Mask FF FF FF|FF FF FF|FF FF FF FF
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Table A - 4. CGA / MDA / Herc Register Initialization Tables (for reference only)
Mode 00 Model Mode2 Mode3 Bricks Mode4 Mode5 Mode6 Mode7
Mode
CGA CGA CGA CGA OGA CGA OGA CGA MDA Herc
40x25 40x25 80x25 80x25 160x100 320x200 320x200 640x200 720x350 720x348
Mono Color Mono Color 16-Color Mono 4-Color Mono Mono Mono
Text JText Text Iext  Graphics QGraphics Graphics Graphics Text — Graphics
Mode 2C 28 2D 29 09 0EN2A 0A/2E 1E 28/29 0A
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
R1 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 0A 0A 0A 0A 0A 0A 0A 0A OF 07
R4  V Total - 1 1F 1F 1F 1F 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 1C 1C 1C 1C 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 0D 03
RA  Cursor Start 06 06 06 06 06 06 06 06 0B 00
RB  Cursor End 07 07 07 07 07 07 07 07 0oC 00
RC  Start Addr H 00 00 00 00 00 00 00 00 00 00
RD  Start Addr 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 14318 14318 14.318 14318 14.318 14.318 14318 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 V Freq 59.92 59.92 59.92 59.92 59.92 59.92 59.92 59.92 49.82 50.85
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Character Fonts
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The following figure shows the monochrome (9x14) supplement to the 8x14 character set.

The following figure shows the 8x14 character set.
The following figure shows the 8x8 character set.
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Connector Pinouts

Analog Video Connector
Pin Name Dir Pin Name Dir Pin Name Dir
1 Red (Analog0-.7V) Out 6 Red Return -- 11 MonIDI[0] In
2 Green (Analog(0-7V) Out 7 Green Return -- 12 MonIDJ[1] In
3 Blue (Analog0-.7V) Out 8 Blue Return -- 13 Hsync (TTL) Out
4 MonlIDJ[2] In 9 (nopin) -- 14 Vsync (TTL) Out
5 -reserved- - 10 Sync Return -- 15 -reserved- --
Feature Connector
Pin Name Dir Pin Name Dir
1 CO /O 14 Gnd --
2 Ci1 I/O 15 Gnd --
3 C2 /O 16 Gnd --
4 C3 I/O 17 VIDENA In
5 ¢4 /O 18 SYNCENA In
6 C5 I/O 19 CLKENA In
7 C6 I/0 20 -reserved- --
8 C7 11O 21 Gnd -
9 FEATCLK I/0 22 Gnd --
10 BLANK* 1/0 23 Gnd --
11 HSYNC /O 24 Gnd --
12 VSYNC /O 25 -reserved- --
13 Gnd -- 26 -reserved- -
PCB Component Side PCB Solder Side

Note: The lowest numbered pin on each side of the board is located on the end nearest the Video Connector
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PC/AT Bus Pinout Summary

(shown viewed from top front of system motherboard)

Pin Name Direction Pin Name Direction
B1 GND In Al NMI* Out
B2 RESET In A2 D7 /0
B3 +5V In A3 D6 11O
B4 IRQ2 (PC/ATIRQ9) Out A4 D5 11O
B5 -5V n/c A5 D4 1/0
B6 DRQ2 (Floppy) n/c A6 D3 1/0
B7 -12V In A7 D2 1/0
B8 CARDSEL* (PC/AT OWS) Out A8 D1 /O
B9 +12V In A9 DO I/O
B10 GND In A10 WAIT* Out
B11 MEMW#* In All AEN In
B12 MEMR* In Al2 A19 In
B13 IOW* In Al3 Al8 In
B14 IOR* In Ald Al17 In
B15 DACK3* n/c Al5 Al6 In
B16 DRQ3 (Lowest Priority) n/c Al6 AlS5 In
B17 DACK1* n/c Al7 Al4 In
B18 DRQ1 (Highest Priority) n/c Al8 Al3 In
B19 DACKO* (PC/AT REFRESH*) In Al19 Al2 In
B20 CLK (4.772727 MHz) n/c A20 All In
B21 IRQ7 (Lowest Priority - LPT1) n/c A21 A10 In
B22 IRQ6 (Floppy) n/c A22 A9 In
B23 IRQ5 n/c A23 A8 In
B24 IRQ4 (Serial /O 1) n/c A24 A7 In
B25 IRQ3 n/c A25 A6 In
B26 DACK2* (Floppy) n/c A26 A5 In
B27 TC n/c A27 A4 In
B28 ALE n/c A28 A3 In
B29 +5V In A29 A2 In
B30 OSC (14.31818 MHz) In A30 Al In
B31 GND In A31 A0 In
Pin Name Direction Pin Name Direction
D1 MEMCSI16* Out Cl1 SHBE* In
D2 I0CS16* Out C2 LA23 In
D3 IRQIO0 n/c C3 LA22 In
D4 IRQI11 n/c C4 LA21 In
D5 IRQI2 n/c C5 LA20 In
D6 IRQI13 n/c C6 LAI9 In
D7 IRQl14 n/c C7 LA18 In
D8 DACKO* n/c C8 LA17 In
D9 DRQO n/c C9 XMEMR* n/c
D10 DACKS* n/c C10 XMEMW* n/c
D11 DRQ5 n/c C11 D8 10
D12 DACK6* n/c Cl12 D9 10
D13 DRQ6 n/c C13 D10 1/0
D14 DACK7* n/c C14 D11 1/0
D15 DRQ7 n/c C15 D12 110
D16 +5V In C16 D13 110
D17 MASTER* n/c C17 D14 10
D18 Gnd In C18 D15 1/0

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 (MicroChannel) Bus Pinouts

(shown viewed from top front of system motherboard)

Pin  Name Direction Pin Name Direction
B01 AUDIOGND - AO01 CDSETUP* In
B02 AUDIO - A02 MADE24 In
B03 GND GND A03 GND GND
B04 14.31818MHZ - A04  All In
B05 GND GND A05 A10 In
B06 A23 In A06  A09 In
B07 A22 In A07 +5V +5V
B08 A2l In A08 A08 In
B09 GND GND A09 A07 In
B10 A20 In Al10  A06 In
Bl11 A19 In All  +5V +5V
B12 A18 In Al12  A05 In
B13 GND GND Al13  A04 In
B14 A1l7 In Al4  AO03 In
B15 Al6 In Al5  +5V +5V
B16 AlS In Al6  A02 In
B17 GND GND Al17  A01 In
B18 Al4 In Al18 A00 In
B19 Al3 In Al19  +12V --
B20 A1l2 In A20 ADL* In
B21 GND GND A21 PREEMPT* -
B22 IRQO09* - A22 BURST* -
B23 IRQO3* - A23 12V -
B24 IRQO4* - A24  ARBO0O -
B25 GND - GND A25 ARBO1 -
B26 IRQOS5* . A26 ARBO2 -
B27 IRQO6* - A27  -12V -
B28 IRQO7* - A28 ARBO03 -
B29 GND GND A29 ARB/GNT* -
B30 -reserved- - A30 TC* -
B31  -reserved- - A31  +5V +5V
B32 CHCK* - A32 SO* In
B33 GND GND A33  S1* In
B34 CMD* In A34 M/O* In
B35 CHRDYRTN - A35 +12V -
B36 CDSFDBK* Out A36 RDY Out
B37 GND GND A37 D00 1/0
B38 DOl /O A38 D02 10
B39 DO03 1/0 A39  +5V +5V
B40 D04 1/0 A40 DOS I/0
B41 GND GND A41 D06 1/0
B42 RESET In A42 D07 1/0
B43  -reserved- - A43  GND GND
B44  -reserved- -- A44 DS16RTN* -
B45 GND GND A45 REFRESH* In
B46  -key- no pin A46 KEY no pin
B47  -key- no pin A47 KEY no pin
B48 D08 1/0 A48  +5V +5V
B49 D09 I/0 A49 D10 1/0
B50 GND GND A50 D11 1/0
B51 Di2 I/0 A51 Di3 1/0
B52 Di4 I/0 A52  +12V -
B53 D15 1/0 A53  -reserved- -
B54 GND GND A54 SBHE* In
B55 IRQ10* - A55 CDDS16* Out
B56 IRQi11* - A56 +5V +5V
B57 IRQI12* - A57 IRQ14* -
B58 GND GND A58 IRQ15* --
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APPENDIX

Jumper / Switch Settings

Dipswitches 1-3: Monitor Type (future - ignored in present BIOS revisions)

Sw] Sw2 Sw3

on
on on

on

Monitor
Automatic Detect Color/Mono PS/2 Monitor

- MultiSync (NEC),Nanao 8060S

- MultiScan (Sony),JVC,Thompson,Mitsubishi all 800x540 .26mm 50-100 NP 15.5-34 NP  50/1 min

- MultiSync Plus

on
on
on
on

ACD (Analog Color Display)

Modes Avajlable Max Res Pitch  V(Hz)

all 800x540 .31mm 56-62 NP 15.5-35 NP 50/2 min

all 960x720 .31mm 56-80 NP 21.8-45 NP  50/1 min
0-7, D-13  640x480 .31mm 50-70 NP  31.5 NP

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

on = Enabled

Dipswitch 5: CGA / 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

off = Disabled

off = Disabled

off = Disabled

off = Disabled

off = VIVGA Extensions Enabled

V7VGA Technical Reference Manual
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PCB Jumper Seftings:

TST1 - DCLK / CCLK Test Connector - for factory test only, no jumper installed
Pin 1 = DCLK (dotclock), Pin 2 = Gnd, 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
JMP1 - Interrupt Enable  1-2: Disable 2-3: Enable Default = 2-3

Note: pin 1 is not connected for all jumpers JMP1-JMP4

V7VGA Technical Reference Manual D-2 Jumper / Switch Settings
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