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8.1. Video Control, continued

8.1.7. VIDEO TIMING

The video signals and registers work together to drive the
signals that control the monitor. Remember, all counts are
in units of CRTC_CLK (see figure 125).

HORIZONTAL VIDEO TIMING

Figure 132 presents the timing sequence for horizontal
video control . All of the horizontal timing registers are
loaded with counts derived from CRTC_CLK which may
represent multiple pixels. Each of the values stored in the
horizontal timing registers represents the total count mi-
nus one to allow for zero in the count sequence.

Figure 130 describes the functions of the horizontal timing
registers.

The programmer must satisfy the following condition:

hrzsr < hrzbr < hrzbf < hrzt

Register Description/Function

hrzt Defines the number of CRTC_CLKs from the
falling edge of HSYNC- to the falling edge of
the next HSYNC—.

hrzc Counts from zero to hrzt and then repeats.

hrzsr Specifies the HSYNC- active low count.

hrzbr Specifies the distance from HSYNC- low to
the rising edge of HBLINK-.

hrzbf Specifies the distance from HSYNC— low to
the falling edge of HBLINK-.

Figure 130. Horizontal timing registers

VERTICAL VIDEO TIMING

Figure 133 presents the timing diagram for vertical video
timing control. All of the vertical timing registers are
loaded with counts that represent horizontal scan lines.
Also, each number loaded into a vertical timing register
represents the total count in the count sequence.

Figure 131 describes the functions of the vertical timing
registers.

The programmer must satisfy the following condition:

vrsr < vrtbr < vrtbf < vrtt

Register Description/Function

vrit

In the vertical timing sequence, vrtt defines
the number of horizontal lines from the falling
edge of VSYNC- to the falling edge of the
next VSYNC- (the number of horizontal lines
in a complete vertical scan cycle). The vric
register counts from zero to vrit—1 and then
repeats.

Specifies the VSYNC- active low count. The
rising and falling transitions of VSYNC-
should match those of HSYNC-.

Specifies the distance from VSYNC- low to
the rising edge of VBLNK—.

Specifies the distance from VSYNC- low to
the falling edge of VBLNK-.

Figure 131. Vertical timing registers

vrtsr

vrtbr

vribf

hbink-

All horizontal times are in terms of CRTC_CLK

/ \
\ / \
hsync— \
hrzsr + 1
hrzbr + 1
hrzbf + 1
hrzt + 1

Figure 132. Power 9100 horizontal video timing parameters
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8.1. Video Control, continued

Scan line

Top of screen

Bottom of screen

/

All vertical times are in terms of horizontal scan lines

vbink— /
vsync—

vrisr

vrtbr

vrtbf

vrit

Figure 133. Power 9100 vertical video timing parameters

8.1.8. EXTERNAL SYNCHRONIZATION
The VSYNC-and HSYNC- pins can be defined as inputs

to provide synchronization from an external source. This
allows merging of Power 9100 video with video generated
by an external source. With values programmed into
prehrzc and prevrtc, the Power 9100 can synchronize ex-
actly with the external source, regardless of internal and
external delays in the system.

There are two standard modes for implementation of ex-
ternal sync timing: external VSYNC- only and external

VSYNC- and HSYNC-.

With external VSYNC~ only, the Power 9100 preloads
both the horizontal and vertical counters (hrzc and vric)
on the falling edge of an external VSYNC- pulse. This syn-
chronizes both HSYNC~ and VSYNC- to the external
source.

With external VSYNC— and HSYNC—, the Power 9100

preloads the hrze counter on the falling edge of an external
HSYNC-and preloads the vrtc counter on the falling edge
of an external VSYNC-.

HSYNC- and VSYNC- input pulses must be at least one
DDOTCLK wide, but must also be shorter than the hori-
zontal sync rising edge defined in the hrzsr register.

8.1.9. SCREEN REPAINT CONTROL

Screen repaint is a generic descriptor for the functions used
by the frame buffer memory to provide pixel information
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to the “back-end” of the video subsystem to display stored
information on the monitor. The Power 9100 provides
two basic methods to ensure that the shift registers of the
VRAMs always contain the correct data to be shifted onto
the screen. These two methods are controlled by the set-
ting of the hbink_reload bit in the srtctl register (see figure
74).

NORMAL (SPLIT SHIFT MODE)

For normal operation, the hbink_reload bit in the srtctl
register is zero. During a vertical retrace operation
(VBLNK=- asserted), the Power 9100 reloads the entire
shift register inside the VRAMs and then performs a split
shift register reload whenever the VRAM output shift reg-
isters are more than half empty, based on the internally
generated QSF signal.

The Power 9100 does not intervene between scan lines
(during HBLNK-), this method requires that each scan line
of the image be located in sequential linear memory and
that the VRAM shift clock be inhibited during HBLNK-
intervals.

The physical scan line width of the monitor must exactly
match the logical scan line width loaded into the drawing
engine. This requires that there be no extra pixels between
scan lines in memory. The initial scan-line increment after
VBLNK- equals one row of VRAM addresses and subse-
quent increments equal one-half row.
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8.1. Video Control, continued

RESTRICTED (HBLNK- RELOAD MODE)

For restricted operation, the hblnk_reload bit in the srictl
register is one. The entire VRAM shift register is reloaded
for every scan line (HBLNK-asserted). In this mode, every
scan line in the VRAM must be entirely contained within a

single shift register. This constrains scan line length to be
less than one whole, one half, or one quarter of the entire
shift register length. When using this mode, the available
screen resolutions are restricted, as defined in figure 134.

VIRTUAL SCREEN SIZES 8bpp Values (Restricted Mode)
(Divide by 2 for 15/16bpp, divide by 4 for 32bpp)
Maximum Screen s Doubl
+ : Resolution can oubte
men_config.config : : Increment | Buffering Memory Banks
Horizontal Vertical

1 bank, 256K

0001, 0010, 0100 1024 1024 1/2 row No i 2 banks, 128K
4 banks, 128K

0011, 0101, 0110 2048 1024 1/2 row No 2M 2 banks, 256K
2 banks, 256K

1011, 1110, 1101 1024 1024 1/4 row Yes M 4 banks, 128K
1111 2048 1024 1/4 row Yes 1M 4 banks, 256K

01 2048 2048 1/4 row No 4M 4 banks, 256K

Figure 134. Screen resolutions in 8 bpp values, restricted mode (divide by 2 for 15/16bpp, divide by 4 for 32bpp)
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8.2. RAMDAC

Figure 135 shows the RAMDAC read cycle. Figure 139  Brooktree 485). The host has 8-bit data access to the
shows the RAMDAC write cycle. The Power 9100 designs RAMDAC through the shared frame buffer pins. Only the
are expected to utilize a triple 8-bit color with VGA pseu- RAMDAC status read register is shadowed in Power
do-color look up table and pixel unpack RAMDAC (e.g.  9100.

MEMCLK | L | | | l | | | L | l | L | | [

. X .
MAg_ o AMAVAVVIVWWWWWVNWVIVVVWWAVY VWV WW
WE13.0 K RAMDAC RS[3:0] Co Co NP Co

RS ERE C PR Lo Lo Lo
RAS; o HOLD
wow T =
I A
weoo- I
MDa_o m' : : : : DATA FROM RAMDAC ): '
JEC N SRR RN R R R Y
DACWR- ' Co . —— —— ——

Figure 135. RAMDAC Read cycle (mem_config.dac_access_adj = 0, mem_config.dac_mode = 0)

MEMCLK ] l ] L L | | | L L1 l [ [

- I ’ \ : ‘ - XXKKRARKARAARAARARAKKR ]

MAS..O - VVV xvvvxvvvxvxv vxl vxvvvvv
WE13 o " RAMDAC RS[3:0] Kx Lo Lo Lo Co
RAS{ o— HOLD 6 more

— . [dotcks
CAS, - j Do A Lo Lo Lo Lo L . . . | worth of

H—— — — — —— E——— — —— Idle

OE4..0_ -j : i : : : ' | l ' ' ' 1 ' ' : il : : : ' : : ) ' Cycles
L R

' 1 ' ' ! ! W\ wwWwWwwwwwiwwww !
MD3; o m — — )M))MONMMM DATA FROM RAMDAC ) —
pacRD- [ oo\ e
DACWR- ' Lo Co Lo Co Co ' ' Co

Figure 136. RAMDAC Read cycle (mem_config.dac_access_adj = 1, mem_config.dac_mode = 0)
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8.2. RAMDAC, continued

MEMCLK | 1 | | | L | L | L | | I | | [

' ' 1
RARAARAARAARARRARRRARARARARAARARAAAAAAKRKRAKRAARAARAR

MAg_o _ PAREAANE DN 000004 )000000000]

T g T T g 1 T

WE13 o K RAMDAC RS[3:0] u Lo T Co Lo

RAS o HOLD

s T
e e
WEOs.o- [ ! L ‘

gx».—-——-—— — —-.—< DATA TO RAMDAC >
MD31 "0 - 1 ' 1 ' ' T

' 1 [ [ [ | | ' [ | [ ' [ ' 1 ' ¢

DACRD- ( R L R
o TN L T

Figure 137. RAMDAC Write cycle (mem_config.dac_access_adj =0, mem_config.dac_mode =0)

MEMOLK — [ I L 1. I 1 i I—1L 51T

MAg. o

WE13.0

LAAAAALAAAAAAAAA Y
T T T T T

RAS{ o— : HOLD 6 more
—_— [ dotclks
worth of

CAS4. .0~

j: NSNS ISR S S NS S NS S 1 idle
Oeom  Mfvo b | Oyles
/

WEOs.0~ Co Co Co N Co Lo Lo Co
MD31__0 m—i—i——-%-< DATA TO RAMDAC >
DACRD- ——
SO sunn VR RS REEN ERRE RRRN REREY,

Figure 138. RAMDAC Write cycle (mem_config.dac_access_adj= 1, mem_config.dac_mode =0)
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8.2. RAMDAG, continued

MEMCLK N

/
|||||||||||| - - S~ -
-
< S R IV R N I A N
>4
<« T N R A B - S _
-
>
- I T D R . - -1 ¥ - - - - -F -
>
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<
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: &
> - .- - |-} - -q- - - st --]--c-}F -
> <
< i
> - - - -1 -} - <) - - --lob------}-
= (=

A;
" 5
- --- al-l- - N -3 S S
> -
= ol - ail I Al R e
v._ _ =) N R U N R N
>
.
-
>
~ N -1 1-I - -]- - - - =1 % - - <f- - -} -
-
.
21 I I O A Y R AR DR
>
> N D I RN P U D R DRI A
>
-
ml ||||||| - - NS - - - - -} -
O F F-- o) - RN R R
]
s
Q
<i1.1 |-|---]--- U R S S
a
>3 I I I I I R U D
<
[ o I R U N R R |
_ = e e
< 5 L | L o D_\ﬂ R_)
e s S ¢ b 4 2 gdh 33
Lo 2 2 5 @ & 2¢ 99
s = £ O O =2 = a0oe as

)

=0, mem_config.dac_mode =1

onfig.dac_access_adj

mem_cC

Figure 139. RAMDAC Write cycle (

)

.dac_mode =1

1, mem_config

onfig.dac_access_adj=

mem_cC

/
IIIIIIIIIIII - = I[lllll
ll
-
»-o-« SN N I S AR R AR I
<
o N B I U PR - P DR
s ----1 |-
<
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<
-
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- ----1 |-1---|-- --jat---F-- -
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< < | __}---.
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>l - ---18&8l-|---]-- - U D A .
IS o
SOl I S BN R D R A
=
e
<SS
< S
=S -1 |-|---]--- Sl I ST B
<> s
o o<
S-S5 -1{4 |-|---|-- - --F Ft---1-----
S o<
2o o< I N O R
2 ©o<l-1 |-
2SS o<
=2 B3
> - -
=== N . N I R A
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o I=1-1 |-}--]-- R N SR P I
2 |12
S | &
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2] |2
T o
=
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=B N A B P
< |12
>l 1=21.] |.--]--- U R R
oS <C -
< 1]
s 41 1-1 - --1-- - ---k--4-------
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— — L 1 LI ] 1
o ! ! L [
4 e 9 | 2 o o7 £
o © - < 9 o - W
Y @ o 5 g 2 o8 0F
< << < w << <<
o =2 £ J O =2 = Aoe8 as

Figure 140. RAMDAC Write cycle (

100



POWER 9100 GRAPHICS
CONTROLLER

PRELIMINARY DATA
November 1993

Chapter 9. Coprocessor Interface

The video coprocessor interface allows a separate
coprocessor to share the Power 9100 host interface and
frame buffer. The first set of timing diagrams allow the
host to read and write control registers of the video
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coprocessor. The second set of diagrams specifies how the
protocol for sharing the frame buffer operates. The
coprocessor uses the VCEN- signal to qualify the shared
VCGRNT-, VCIOR- and VCIOW- signals.



9.1. Video Coprocessor I/0O Read

This template is invoked to read a 32-bit register from the

video coprocessor.

MEMCLK T

[ )

sampled here

1 1 1 J l ' 1] ] t l 1 I 1 1 ' L ] 1 1 I 1 : : : : I\

MAg..0 ( Video coprocessor I/0 address<7:0> >—‘—‘—-———' Lo
PR P F— P T . Lo

RAS- . HOLD Co L C C D L

L) L 1) 1) ! 1 t t ' t i 1 1 1 1 ] ] ¥ t 1

CAS4 o~ / Co Co Co Co L Co , ,

OE- -/ o v Lo Co Lo o o

N 1] ' L 1l ) 1 1 1 ) 1 ! + 1 1} 1 1 ] 1 1 I 1

T L ’ L T 1 ) T 1 1 [} 1 1 T 1 1 1

WEO3_o— _/ C Lo Lo Lo Lo N . l

WE1 3= - ' ) ) ' ' ( } ' fl ' ( i il ) ' b i} | | ' il

. ' ) DATA FROM — A,

MDS1..0 - ' Video Coprocessor/, \ ) , ,

1] 1 t 1 1} 1 1 ] 1 1 1 1 1 ! ] t 1 1 ] 1 1

VCIOR~ —\ ' ) ' \ ) , , \ ) . ) ) . . ‘ /_.—_.— — , i

— e — ——— —— AR Co

VCBUSY- ri-stated Pulled high . Driven High wristated Pulled bigh » .« L | istated Pulldd high

Figure 141. Video coprocessor I/O Read operation (0 wait states)

MEMCLK ]

MAg o

RAS-

CAS, o-

OE-

WEQ3 o
WE15-

MD31.0
VCIOR-

VCBUSY-

MDA RN NS D R N E

( Video coprocessor I/O address<7:0> >——-——
. HOLD R L L oo Lo
IVAEREREN IR R DA A A R B
“WW ' WWWWIWWWWIWWYWY YWY WWYYWYWYYWYWWYWYWAWAIWYWWWYIWWWVVVWY !
’A‘A‘A0 \ .\’A‘A‘ .’A’A’A‘A‘A‘A’A’A’A‘A’A’A‘ ’A’A‘A‘A’A’A‘A‘A‘A’&A‘A ’A’A’A’A’A’l’A‘A’A’A’A‘ A’A‘A’A’A’A‘A’L’A‘A‘A’A‘, \.A‘A ' \[;iAdﬁ g?owée sor>. C
ri-stated Pulled high \ Driven Low . / | vistated Puled hign] .+ . . N L

[ [ ‘Drive;1 Hig!i. [ Lo '

Figure 142.

Video coprocessor I/O Read operation (1 wait states)
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MEMCLK N

This template is invoked to write a 32-bit value to a regis-

9.2. Video Coprocessor I/0O Write
ter in the video coprocessor.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ] e e el
o S [ N RERE
[
L 2
©
S
|||||||||||||||||||||||||||||||||||||||||||||||||||||||| *lnl
&
Q
.............................. ] A
Q
3
.......................... o - - e e e g e e e e e e ey e e e e
2 L
7]
[’
......................... @ _ S IR R AN DR ISR R B PR R
g
Q
........................... 8_ . | S U R O DR DR R U
38
e e et e e ey e e e e e g - - g = - R (G S A DR ISR R d-- -1 - -
a S
=
kel S —
= =
= )
L R N P I N Dvn- _ L. R P I ||||hny
F g 2 8
- B N O R I 1---t8-- | = I | B U O O [ R gl-- -]z
= L o g
= = 5 L
- L. N Y I Pool S PR < o S
2 2 - o e I e R of~~"Ils -~
% m S - 2 E
- 2 g S= - — °
N 3 i g A >
N I3 D S A I I A sl..Ll2.. |8 S =T [ S N A I A el Ll-.. ¢
3 ° & = ~ < k=3
ped 32 3 ~ v = I
I = D A I DR ISR A -3 B B - S I I E A D I A =3 I I -
L] > 8 o — 7] a NS @
© e ¢ .2 o 2
lot-F-bv---4---F-- Lol DR B - o N x> D SR NN DEREE RN SR R D R Q
= < < =]
-5 a 8, - -9
% - © = 3
-{ol-F-t-I1---1---F-- -2 - (9] - oOl-+-t-l---4---F+--1 1---F - 31 -
o x B a 3
a c S @ =g
Agl-b-t-- -0 )R §-- |8 I I O R ) A I RN I §1.-
o & <4 &
A81-F-H---)---F--&]---F)--- @] 8-k DS - - - - - -
3 = 8 =
> = — 3 uV"A“
5 w e <SS k=3
N N (N O O R N - N 3 ) I O O I A || 2.
| b (§) — o
o = o o) 2
- TEI L "1 "1 It A - TZEt V-1 11" g -
3 Q ®
- T 1L L L = I g-- |9 - N >« I - B
0 3
= by N ==L
L NSNS 8 ~N SN ™S
T 1 UL ) | T | 1 T
> |x
: =
| ! O |
| ! [~ n p= | L L
) e o =2 @ — o Q o = @«
o ;] H D o w { ] g S
< oo < O s Q | <~ Do .~ 0O
s 9 4 4 Eudos B 5 s 9 9 4 Fuwdo B
<
= o 6 O =22 3 > > ._.m.a £§f © & o =2z s > >
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Figure 144. Video coprocessor I/O Write operation (1 wait states)



9.3. Video Coprocessor Grant

The video coprocessor requests direct access to the frame  Note that once VCREQ- is asserted, it must remain as-
buffer by asserting the VCREQ- signal. After some num-  serted until a complete grant/release sequence has com-
ber of cycles, the Power 9100 will grant access to the frame  pleted.

buffer. Figure 145 shows the Power 9100 grant sequence.

Mewow —— ——1 L [ 1L 1 [

s ' |
VCGRNT- T S L
AAS- T T, |
CASs.o- T T o, |
O- T T T e o, |
Wers S U B e LI BRI
MDs1.0 * Ty |

] e e
osF — . |

* These four signals are not tri-stated, but weakly held, and the coprocessor can drive them.

Figure 145. Video coprocessor grant operation
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9.4. Video Coprocessor Release

When the video coprocessor wishes to release the frame
buffer back to the Power 9100 is deasserts VCREQ-. The
Power 9100 responds by deasserting VCGRNT- two

cycles later. It also again drives all of the frame buffer con-
trol signals starting in the same cycle. The video coproces-
sor must retain VCREQ- deasserted for at least 2 cycles.

MAg o

VCGRNT-

RAS-
CAS3 o-
OE-

WEO3_o-
WE 15~

MD31. 0

VCREQ-

DSF

Mewox —— — 1 [ L [ 1 [ 1L I

{ ' C (Trisstatedy  +
I I A I i 1 I 1 1 i I\ 1 ’ (weak ho]d') 1
— — Nt | ooy
— — /o N (Weakhold®) |

X . /. . . N . (Weak hold*)

] 1 ] [ ) ) 1 l 1l t ’—-!——P'——— X ] 1
- r v T r - r r T -1 1 ' (Tri-stated):
L N A e (Trizstated),

* These four signals are not tri-stated, but weakly heid, and the coprocessor can drive them.

Figure 146. Video coprocessor release operation
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9.5. Video Coprocessor Preempt

For higher priority operations (shift register reload and  priority operation is pending. It must complete the current
memory refresh) the Power 9100 will preempt the video  operation and release the frame buffer by deasserting the
coprocessor. This is done by deasserting the VCGRNT—  VCREQ- just like in the release operation.

signal. This informs the video coprocessor that a higher

MEMCLK [ [~ } ( 1 5 1 r
e N N PSR S
MAB 0 ~4(Tii-stated) (( /
- | 1 f ! //(( ! ) ! , \ \ \ \
veant- /oo M s b
RAS— __ngalkholdl‘) ' ' I(L ' ' ‘ ) ' ' ' / . . . . . ‘
' ' ' ' l// ' ' ' 1 ' ' ' 0 1 ¢ 1\—!——!—"-
CAS: — | (Weakhold") G - . : . . / | ] AN )
>0 A L re——
OE- _Lovedkhaign ' & , ) , , : ' [ , ; N : '
Lo A Lo L Lo I\—i—l--
WEOso-  Amedeatr | ¢ 1 1 - T [\
WE15- Co /AN Vo o G \—-———
i d}! ' ] fl ] \ ! ) ! ! ] ] ' N
What.o e T T T —
VOREQ-  _|rmidecs) Y A o |
Nisiaen’ YA o o Co BEEEN
DSF Co /A Co o | o
* These four signals are not tri-stated, but weakly held, and the coprocessor can drive them.

Figure 147. Video coprocessor preempt operation
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10.1. EEPROM Control

The optional EEPROM is connected via two shared pins:
CKSEL[2]and VCEN~-. We use the I2C slave protocol. The

CONFIG[66].CKSEL[2], and CONFIG[64].EEDAIN. The

circuit schematic for connecting them is shown in figure

software sees three bits: CONFIG[66].VCEN, 148
CONFIG[66].VCEN {>@ i PAD™S, . »  VCEN-
E +5V

CONFIG[64].EEDAIN TTL 1 é > CKSELZ
CONFIG[66].CKSEL[2] —

() —
MISCOUTPUT.CS[2] —> : External to Power 9100
CONFIG[65].MODESELECT A :

Internal to Power 9100

Figure 148. EEPROM control schematic.

10.2. Clock Synthesizer Control

The Power 9100 directly supports programmable clock
synthesizers such as the ICD2016A from IC Designs. This
requires 2 output pins to drive: CKSEL[1..0]. The pins are

driven directly by the miscellaneous output register (/O
port 0x3CC in emulation mode) or from the
CONFIG[66].CKSEL configuration bits in native mode.

CONFIG[66].CKSEL[2..0]

MISCOUTPUT.CS[2..0]

‘>

'

mux

CONFIG[65].MODESELECT

Internal to Power 9100

'
'
[
1
1
[
[
'
]
'
'
'
'
'

CKSEL[2..0]

External to Power 9100

Figure 149. Clock synthesizer control logic
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10.3. BIOS Access

Figure 150 shows the BIOS read cycle during the period  enough data turn off time, which is typical for regular
when native mode is activated. It takes total of 8 memclk  EPROMSs. At 50 MHz, the Power 9100 will work with a
cycles to do one access. The last two cycles should provide ~ 120ns EPROM.

MEMCLK — 1 1L L L L 5 1L I J I 1.r
JuuuuuuyiuuuyuuuivvuyirrvvnUuuruuuyuuy

1 1 [ l 1 [ I ' I 1 1 l J ' I ' '
ROMADDR;._ Address ,' >"'_

S NI NER EEE U RERE R R
w TRl T T T
wor T

w Tt

\AARARRRARARARARRAARAARR AR AR AR R AR AR A AR AR AR XA AR R ARR AR ARARN)

DAL SERELAREEEEL AR R R )

.

DATA FROM BIOS >—-——
PN N NN NN N N NNV Y YN YN YU NN YRR YD )
Vo ) B N Vo ITI Vo I N —l Lo

Figure 150. BIOS ROM Read cycle

FBDATA;_g
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Chapter 11. SVGA Overview

11.1. SVGA Compatible Text/Graphics Engine

Resetting the Power 9100 sets it to VGA-emulation mode. ~ The Power 9100 supports all VGA modes, as shown in fig-
The Power 9100 is 100% VGA-compatible in this mode.  ure 151. (None of these modes are Hercules-compatible

When used as an SVGA, the Power 9100’s performance is ﬁ;ifif:h?%%i Is_iilr.lcc‘il igcsi.)graphlcs compatibility is not

comparable to other high-performance VGA controllers
on the market.

VGA Resolution Character Display Format Number of | Display Mode Resolution

Name Cols x Rows Cell Text Pages (in pixels)
0] 40 x 25 8x8 16/256K bw 8 Alpha 320 x 200
o* 40 x 25 8x14 16/256K bw 8 Alpha 320 x 350
0+ 40 x 25 9x16 16/256K bw 8 Alpha 360 x 400
1 40 x 25 8x8 16/256K 8 Alpha 320 x 200
1* 40 x 25 8x 14 16/256K 8 Alpha 320 x 350
1+ 40 x 25 9x16 16/256K 8 Alpha 360 x 400
2 80 x 25 8x8 16/256K bw 8 Alpha 640 x 200
2* 80 x 25 8x14 16/256K bw 8 Alpha 720 x 400
2+ 80 x 25 9x16 16/256K bw 8 Aipha 720 x 200
3 80 x 25 8x8 16/256K 8 Alpha 640 x 350
3* 80 x 25 8x14 16/256K 8 Alpha 720 x 400
3+ 80 x 25 9x 16 16/256K 8 Alpha 320 x 200
4 40 x 25 8x8 4/256K 1 Graph 320 x 200
40 x 25 8x8 4/256K bw 1 Graph 320 x 200

6 80x 25 8x8 4/256K bw 1 Graph 640 x 200
80 x 25 9x 14 bw 8 Alpha 720 x 400

7+ 80 x 25 9x 16 bw 8 Alpha 320 x 200
D 40 x 25 8x8 16/256K 8 Graph 320 x 200
E 80x25 8x8 16/256K 4 Graph 640 x 200
F 80 x 25 8x14 bw 2 Graph 640 x 350
10 80 x 25 8x 14 16/256K 2 Graph 640 x 350
11 80 x 30 8x16 2/256K 1 Graph 640 x 480
12 80 x 30 8x16 16/256K 1 Graph 640 x 480
13 40 x 25 8x8 256/256K 1 Graph 320 x 200

Figure 151. Standard VGA display modes. All these modes are supported by the Power 9100 SVGA Mode
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11.2. Enhanced Display Modes

Screen Resolution

Vertical Refresh Rates

Number of Display Colors *

Frame Buffer

DRAM32

Hz Size 50 MHz MEMCLK
640x480 56 to 60 16 256K Yes
640x480 56 to 60 256 512K Yes
640x480 56 to 60 32K 1MB Yes
640x480 56 to 60 16M 1MB Yes
640x480 72 16 256K Yes
640x480 72 256 512K Yes
640x480 72 32K 1MB Yes
640x480 72 16M 1MB Yes
800x600 56 to 60 16 256K Yes
800x600 56 to 60 256 512K Yes
800x600 56 to 60 32K 1MB Yes
800x600 72 16 256K Yes
800x600 72 256 512K Yes
800x600 60 Hz max 32K 1MB No
1024x768 60 16 512K Yes
1024x768 60 256 1MB Yes
1024x768 70 Hz max 16 512K Yes
1024x768 70 Hz max 256 1MB Yes
1024x768 43.5int 16 512K Yes
1024x768 43.5int 256 1MB Yes

1280x1024 J 43.5 int J 16 ( 1MB | Yes

Frame buffers sizes in parenthesis indicate the smallest frame buffer configuration allowed with this type memory chips.

* 32K colors (15-bits per pixel) requires Hi-Color DACs and 16M colors (24-bits per pixel) requires true color DACs.

Figure 152. Power 9100 enhanced modes and memory requirements
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11.3. Signal Description, DRAM32 System
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Signal
BLANK-
CASO1-
CAS23-
DACRD-
DACWR-
HSYNC
MA[8..0]
MD[31..0]
MEMCLK
MWR[3..0}-
PIXCLK
RAS01-
RAS23-
ROMEN-
SENSE
VIDOUTI[7..0]
VIDOUTCLK
VSYNC

Type
Output
Output
Output
Output
Output
Output
Output
Yo
Input
Output
Input
Output
Output
Output
Input
Output
Output
Output

Description

Blanking period in progress

Column-address strobe for planes 0 and 1
Column-address strobe for planes 2 and 3

DAC read

DAC write

Horizontal retrace in progress

Multiplexed frame buffer address bus

Frame buffer data bus

Memory clock

Memory strobes for planes 0 through 3

Video pixel clock input

Row-address strobe for lower bank planes 0 and 1
Row-address strobe for lower bank planes 2 and 3
ROM enable

SENSE signal from the RAMDAC

Video data output

Video pixel clock output

Vertical retrace in progress

Figure 153. Signal description, DRAM32 configuration
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Chapter 12. SVGA Registers

All documentation in the chapter applies only when the Power 9100 is functioning in SVGA emulation mode.

12.1. WEITEK-Specific Registers

The extra functionality of the Power 9100 is controlledby  12.1.1. POWER 9100 EXTENDED REGISTERS
the Power 9100 extended registers, the Power 9100 ex- Fi 154 lists th ded P 9100 reei

tended bits, and a Power 9100 additional I/O port. The ex- lgure Ists the extended Yower registers.
tended bit definitions are unused or reserved bits in exist-

ing VGA registers. Also, one EGA bit is redefined for

Power 9100 use.

Name Port Index Lock Protection* Section

Power 9100 Additional Sequencer Registers

Power 9100 Control Register 0 03C5 05 Write 12.5.7
Power 9100 Control Register 1 03C5 06 Write 12.5.8
Power 9100 Revision 03C5 07 — 12.5.9
Power 9100 ID 03C5 (read) 10 Read 12.5.10
Power 9100 Miscellaneous 03C5 11 Read/Write 12.5.11
Power 9100 Output Control 03C5 12 Read/Write 12.5.12
Power 9100 Additional Controller Registers
Power 9100 Interlace 03x5 19 — 12.6.27
Power 9100 Serial Start Address High 03x5 1A — 12.6.28
Power 9100 Serial Start Address Low 03x5 1B — 12.6.29
Power 9100 Serial Offset 03x5 iC — 12.6.30
Power 9100 Total Characters per Line 03x5 1D — 12.6.31
Power 9100 Additional Attribute Registers
Power 9100 Overscan Color High | 03C0/03C1 [ 15 ] — | 12.8.8
Power 9100 Additional CRT Registers
Power 9100 Attributes states [ 03D5 | 24 l — | 12.6.32

* = Lock protection provided by control register lock bit (Power 9100 miscellaneous register, bit 5)
x = B hex in monochrome mode and D hex in color mode. :

Figure 154. WEITEK-specific extended registers
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12.1. WEITEK-Specific Registers, continued

LOCKING AND UNLOCKING REGISTERS

Locking and Unlocking. Except for the Power 9100 revi-
sion register (which is always available), the Power 9100
extended registers must be unlocked before they can be ac-
cessed. Bit 5 of the Power 9100 miscellaneous register (see
section 12.5.11) must be reset to zero to unlock the Power
9100 extended registers using the following procedure:

1. Disable interrupts

Write I/O 3C4 with 11 hex
Write I/O 3CS

Write I/O 3CS

Read I/O 3CS5 in AL
Logical AND AL, DF hex
Write to 3C5 with AL

Enable interrupts

® NN vk wDd

12.1.2. POWER 9100 ADDITIONAL I/O PORT

The bank select register is an additional register that is ac-
cessed at the port location shown in figure 155.
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Name Port (Hex) Section
Power 9100 Bank Select 03CD/03CD 12.4.10

Figure 155. WEITEK-specific register at additional I/O
port

12.1.3. POWER 9100 EXTENDED BIT
DEFINITIONS

The extended bit definitions are unused or reserved bits in
existing VGA registers and are always accessible. Fig-
ure 156 lists the extended bits, the registers that contain
the extended bits, and the register index for those registers.

VGA Register Bits | Register Index |Section
Sequencer index 34 |— 12.5.1
Clocking mode 6,7 |Sequencer 01 12.5.3
CRT underline location | 7 [CRT controller 14 | 12.6.22
CRT cursor start posi- | 6,7 | CRT controller0A | 12.6.12
tion
CRT preset row scan 7 | CRT controller 08 | 12.6.10
Attribute mode control | 1,2 |Attribute 10 12.8.3
Attribute color plane | 6,7 |Attribute 12 12.8.5

enable
Figure 156. WEITEK extended bit definitions




12.2. Register Groups

12.2.1. VGA AND WEITEK REGISTER GROUPS
The VGA and WEITEK register groups are presented in

POWER 9100 GRAPHICS
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PRELIMINARY DATA
November 1993

12.2.2. REGISTERS ORGANIZED BY GROUP
The VGA and WEITEK registers organized by group are

figure 157. presented in the five-part figure 158.

Group Port |Function Use Mode Fields Section

General 94 Enable Color, monochrome | Read, write VGA (Motherboard) 12.4
102 Enable Color, monochrome | Read, write | VGA (Adaptor) 12.4
3BA Data Monochrome only Read, write VGA 12.4
3C2 Data Color, monochrome | Read, write | VGA 12.4
3C3 Enable Color, monochrome Read, write VGA (Motherboard) 12.4
3C7 Data Color, monochrome | Read, write VGA 12.4
3CA |Data Color only Read only VGA 12.4
3CC Data Color, monochrome |Read only VGA 12.4
3CD Data Color, monochrome Read, write Power 9100 12.4
3DA  |Data Color only Read, write | VGA 12.4
46E8 |Enable Color, monochrome |Read, write VGA (Adaptor) 12.4

Sequencer 3C4 Index Color, monochrome |Read, write VGA, Power 9100 12.5
3C5 Data Color, monochrome |Read, write | VGA, Power 9100 125

CRT controller 3B4 Index Monochrome only Read, write VGA 12.6
3B5 Data Monochrome only Read, write | VGA, Power 9100 12.6
3D4 Index Color only Read, write |VGA 12.6
3D5 Data Color only Read, write | VGA, Power 9100 12.6

Graphics controller |3CE Index Color, monochrome |Read, write | VGA, Power 9100 12.7
3CF Data Color, monochrome |Read, write | VGA, Power 9100 12.7

Attribute controller | 3CO Index and data | Color, monochrome | Write only VGA, Power 9100 12.8
3C1 Index and data | Color, monochrome |Read only VGA, Power 9100 12.8

Figure 157. VGA/WEITEK register groups
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12.2. Register Groups, continued

Register Groilp Port |Index |Access {Use |Register Fields Section
General 94 — R/wW Both | VGA enable register (Motherboard) VGA 12.4.1
102 |— R/W Both | VGA enable register (Adaptor) VGA 12.4.2
3BA |— Read Mono |Input status 1 register VGA 12.4.5
— Write Mono | Feature control register VGA 12.4.6
3C2 |— Read Both |Input status O register VGA 12.4.4
— Write Both |Miscellaneous output register VGA 12.4.3
3C3 |— R/W Both | VGA enable register (Motherboard) VGA 12.4.7
3C7 |— R/W Both | DAC status register VGA 12.4.8
3CA |— Read Color | Feature control register VGA 12.4.6
3CC |— Read Both | Miscellaneous output register VGA 12.4.3
3CD |— R/W Both | Power 9100 bank select register Power 9100 |12.4.10
3DA |— Read Color |Input status 1 register VGA 12.4.5
— Write Color |Feature control register VGA 12.4.6
46E8 | — R/W Both | VGA enable register (AT) VGA 12.4.9
Sequencer 3C4 |— RW Both | Sequencer index register Both 12.5.1
3C5 |00 R/W Both | Reset register VGA 12.5.2
01 R/W Both | Clocking mode register Both 12.5.3
02 R/W Both | Map mask register VGA 12.54
03 RW Both |Character map select register VGA 12.5.5
04 RW Both | Memory mode register VGA 12.5.6
05 R/W Both | Power 9100 control register 0 Power 9100 |12.5.7
06 R/W Both | Power 9100 control register 1 Power 9100 [12.5.8
o7 RW Both | Power 9100 revision register Power 9100 |12.5.9
10 Read Both |Power 9100 ID Power 9100 |12.5.10
11 R/W Both | Power 9100 miscellaneous register Power 9100 |12.5.11
12 R/W Both | Power 9100 output control register Power 9100 |12.5.12

Figure 158. VGA/WEITEK registers organized by group (part 1 of 6)
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12.2. Register Groups, continued

Register Group Port |Index |Access |Use |Register Fields Section
CRT controller 3B4 |— RW Mono |CRT controller index register VGA 12.6.1
3B5 |00 R/W Mono |Horizonta! total register . VGA 12.6.2
01 R/W Mono |Horizontal display enable end register VGA 12.6.3
02 R/W Mono | Start horizontal blanking register VGA 12.6.4
03 RW Mono | End horizontal blanking register VGA 12.6.5
04 R/W Mono | Start horizontal retrace pulse register VGA 12.6.6
05 R/W Mono | End horizontal retrace register VGA 12.6.7
06 RW Mono | Vertical total register VGA 12.6.8
07 R/W Mono |Overflow register VGA 12.6.9
08 RW Mono |Preset row scan register Both 12.6.10
09 R/W Mono | Maximum scan line register VGA 12.6.11
0A R/W Mono |Cursor start register Both 12.6.12
0B RW Mono | Cursor end register VGA 12.6.13
oC RW Mono | Start address high register VGA 12.6.14
oD R/W Mono | Start address low register VGA 12.6.15
OE R/W Mono | Cursor location high register VGA 12.6.16
OF R/W Mono | Cursor location low register VGA 12.6.17
10 R/W Mono | Vertical retrace start register VGA 12.6.18
11 RW Mono | Vertical retrace end register. VGA 12.6.19
12 RW Mono | Vertical display enable end register VGA 12.6.20
13 RW Mono | Offset register VGA 12.6.21
14 RW Mono | Underline location register Both 12.6.22
15 RW Mono | Start vertical blank register VGA 12.6.23
16 R/W Mono | End vertical blank register VGA 12.6.24
17 RW Mono |CRT mode control register VGA 12.6.25
18 RW Mono |Line compare register VGA 12.6.26
19 RW Mono |Power 9100 interlace register Power 9100 |12.6.27
1A RW Mono |Power 9100 serial start address highreg. | Power 9100 |12.6.28
1B R/wW Mono |Power 9100 serial start address low reg. Power 9100 |12.6.29
1C RW Mono |Power 9100 serial offset register Power 9100 |12.6.30
1D RW Mono | Power 9100 total characters per line reg. Power 9100 |12.6.31

Figure 158. VGA/WEITEK registers organized by group (part 2 of 6)
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12.2. Register Groups, continued

Register Group Port |Index |Access {Use |Register Fields Section

CRT controller 3D4 |— RW Color |CRT controller index register VGA 12.6.1

(continued) 3D5 |00 RW Color |Horizontal total register VGA 12.6.2
01 R/W Color |Horizontal display enable end register VGA 12.6.3
02 RW Color | Start horizontal blanking register VGA 12.6.4
03 RW Color | End horizontal blanking register VGA 12.6.5
04 R/W Color |Start horizontal retrace pulse register VGA 12.6.6
05 R/W Color | End horizontal retrace register VGA 12.6.7
06 R/W Color | Vertical total register VGA 12.6.8
07 R/W Color |Overflow register VGA 12.6.9
08 RW Color |Preset row scan register Both 12.6.10
09 R/W Color | Maximum scan line register VGA 12.6.11
0A RW Color |Cursor start register Both 12.6.12
0B R/W Color | Cursor end register VGA 12.6.13
0oC RW Color | Start address high register VGA 12.6.14
oD R/W Color | Start address low register VGA 12.6.15
OE RW Color |Cursor location high register VGA 12.6.16
OF RW Color | Cursor location low register VGA 12.6.17
10 R/W Color | Vertical retrace start register VGA 12.6.18
1 RW Color | Vertical retrace end register VGA 12.6.19
12 RW Color | Vertical display enable end register VGA 12.6.20
13 R/W Color |Offset register VGA 12.6.21
14 R/W Color | Underline location register Both 12.6.22
15 RW Color | Start vertical blank register VGA 12.6.23
16 RW Color | End vertical blank register VGA 12.6.24
17 R/W Color |CRT mode control register VGA 12.6.25
18 R/W Color |Line compare register ‘ VGA 12.6.26
19 R/W Color |Power 9100 interlace register Power 9100 |12.6.27
1A R/W Color |Power 9100 serial start address high reg. | Power 9100 |12.6.28
1B RW Color |Power 9100 serial start address low reg. Power 9100 |12.6.29
1C R/W Color | Power 9100 serial offset register Power 9100 |12.6.30
1D RwW Color |Power 9100 total characters per line reg. Power 9100 |12.6.31
24 R Power 9100 attributes state register Power 9100 |12.6.32

Figure 158. VGA/WEITEK registers organized by group (part 3 of 6)
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L —————————— N
12.2. Register Groups, continued
Register Group Port |Index |Access |Use |Register Fields Section
| Graphics controller |3CE |— R/W Both | Graphics index register Both 12.7.1
3CF 100 R/W  |Both |Set/reset register VGA 12.7.2
01 RW Both | Enable set/reset register VGA 12.7.3
02 R/W Both | Color compare register VGA 12.7.4
03 R/W Both | Data rotate register Both 12.7.5
04 RW Both | Read map select register VGA 12.7.6
05 R/wW Both | Graphics mode register Both 12.7.7
06 RW Both | Miscellaneous register VGA 12.7.8
07 RW Both | Color don’t care register VGA 12.7.9
08 RW Both | Bit mask register VGA 12.7.10
09 Reserved
0A Reserved
oB Reserved
ocC Reserved
0D Reserved
OE Reserved
OF Reserved

Figure 158. VGA/WEITEK registers organized by group (part 4 of 6)
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12.2. Register Groups, continued

Register Group Port |Index |Access |Use |Register Fields Section
Attribute controller |3C0 |— Write Both | Attribute index register VGA 12.8.1
00 Write Both [ Palette register 00 VGA 12.8.2
01 Write Both |Palette register 01 VGA 12.8.2
02 Write Both | Palette register 02 VGA 12.8.2
03 Write Both |Palette register 03 VGA 12.8.2
04 Write Both |Palette register 04 VGA 12.8.2
05 Write Both | Palette register 05 VGA 12.8.2
06 Write Both | Palette register 06 VGA 12.8.2
07 Write Both | Palette register 07 VGA 12.8.2
08 Write Both |Palette register 08 VGA 12.8.2
09 Write Both | Palette register 09 VGA 12.8.2
0A Write Both |Palette register OA VGA 12.8.2
oB Write Both | Palette register 0B VGA 12.8.2
oC Write Both | Palette register 0C VGA 12.8.2
oD Write Both | Palette register 0D VGA 12.8.2
OE Write Both | Palette register OE VGA 12.8.2
OF Write Both |Palette register OF VGA 12.8.2
10 Write Both | Attribute mode control register Both 12.8.3
11 Write Both | Overscan control register VGA 12.8.4
12 Write Both |Color plane enable register Both 12.8.5
13 Write Both | Horizontal pixel panning register VGA 12.8.6
14 Write Both | Color select register VGA 12.8.7
15 Write Both | Power 9100 overscan color high register Power 9100 [12.8.8

Figure 158. VGA/WEITEK registers organized by group (part 5 of 6)
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12.2. Register Groups, continued T

Register Group Port |Index |Access |[Use |Register Fields Section

Attribute controller |3C1 | — Read Both | Attribute index register VGA 12.8.1

(continued) 00 Read |Both |Palette register 00 VGA 12.8.2
01 Read Both | Palette register 01 VGA 12.8.2
02 Read Both | Palette register 02 VGA 12.8.2
03 Read Both |Palette register 03 VGA 12.8.2
04 Read Both |Palette register 04 VGA 12.8.2
05 Read Both | Palette register 05 VGA 12.8.2
06 Read Both ! Palette register 06 VGA 12.8.2
07 Read Both | Palette register 07 VGA 12.8.2
08 Read Both | Palette register 08 VGA 12.8.2
09 Read Both | Palette register 09 VGA 12.8.2
OA Read Both | Palette register OA ' VGA 12.8.2
0B Read Both | Palette register 0B VGA 12.8.2
oc Read Both |Palette register 0C VGA 12.8.2
oD Read Both | Palette register 0D VGA 12.8.2
OE Read Both | Palette register OE VGA 12.8.2
OF Read Both | Palette register OF VGA 12.8.2
10 Read Both | Attribute mode control register Both 12.8.3
1 Read Both [ Overscan control register VGA 12.8.4
12 Read Both | Color plane enable register Both 12.8.5
13 Read Both |Horizontal pixel panning register VGA 12.8.6
14 Read Both | Color select register VGA 12.8.7
15 Read Both | Power 9100 overscan color high register Power 9100 |12.8.8

Figure 158. VGA/WEITEK registers organized by group (part 6 of 6)
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12.3. Memory Map

Port |Index | Group Access [Use |Register Fields Section
94 |— General R/W Both |VGA enable register (Motherboard) VGA 12.4.1
102 | — General RW Both | VGA enable register (Adaptor) VGA 12.4.2
3B4 |— CRT controller RW Mono |CRT controller index register VGA 12.6.1
3B5 |00 CRT controller RW Mono |Horizontal total register VGA 12.6.2
01 CRT controller R/W Mono |Horizontal display enable end register VGA 12.6.3
02 CRT controller R/W Mono | Start horizontal blanking register VGA 12.6.4
03 CRT controller RW Mono | End horizontal blanking register VGA 12.6.5
04 CRT controller R/W Mono | Start horizontal retrace pulse register VGA 12.6.6
05 CRT controller R/W Mono | End horizontal retrace register VGA 12.6.7
06 CRT controller RW Mono | Vertical total register VGA 12.6.8
07 CRT controller R/W Mono |Overflow register VGA 12.6.9
08 CRT controller R/W Mono | Preset row scan register Both 12.6.10
09 CRT controller R/W Mono |Maximum scan line register VGA 12.6.11
0A CRT controller RW Mono | Cursor start register Both 12.6.12
0B CRT controller R/W Mono | Cursor end register VGA 12.6.13
oC CRT controller R/W Mono | Start address high register VGA 12.6.14
ob CRT controller R/W Mono | Start address low register VGA 12.6.15
OE CRT controller RW Mono |Cursor location high register VGA 12.6.16
OF CRT controller R/W Mono | Cursor location low register VGA 12.6.17
10 CRT controller R/W Mono | Vertical retrace start register VGA 12.6.18
11 CRT controller RW Mono | Vertical retrace end register VGA 12.6.19
12 CRT controller RW Mono | Vertical display enable end register VGA 12.6.20
13 CRT controller R/W Mono |Offset register VGA 12.6.21
14 CRT controller RW Mono | Underline location register Both 12.6.22
15 CRT controller RW Mono | Start vertical blank register VGA 12.6.23
16 CRT controller RW Mono | End vertical blank register VGA 12.6.24
17 CRT controller RW Mono |CRT mode control register VGA 12.6.25
18 CRT controller R/W Mono |Line compare register VGA 12.6.26
19 CRT controller R/wW Mono |Power 9100 interlace register Power 9100 |12.6.27
1A CRT controller R/W Mono | Power 9100 serial start address high reg. |Power 9100 |12.6.28
1B CRT controller RW Mono | Power 9100 serial start address low reg. Power 9100 |12.6.29
1C CRT controller RW Mono | Power 9100 serial offset register Power 9100 |12.6.30
1D CRT controller R/W Mono | Power 9100 total characters per line reg. Power 9100 |12.6.31

Figure 159. VGA/WEITEK registers organized by I/O address (part 1 of 5)
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12.3. Memory Map, continued

Port |Index |Group Access |Use |Register Fields Section

3BA |— General Read Mono |Input status 1 register VGA 12.45
— General Write Mono | Feature control register VGA 12.4.6

3C0 |— Attribute controller | Write Both | Attribute index register VGA 12.8.1
00 Attribute controller | Write Both | Palette register 00 VGA 12.8.2
01 Attribute controller | Write Both | Palette register 01 VGA 12.8.2
02 Attribute controller | Write Both [ Palette register 02 VGA 12.8.2
03 Attribute controller | Write Both | Palette register 03 VGA 12.8.2
04 Attribute controller | Write Both | Palette register 04 VGA 12.8.2
05 Attribute controller | Write Both | Palette register 05 VGA 12.8.2
06 Attribute controller | Write Both | Palette register 06 VGA 12.8.2
07 Attribute controller * | Write Both | Palette register 07 VGA 12.8.2
08 Attribute controller | Write Both | Palette register 08 VGA 12.8.2
09 Attribute controller | Write Both | Palette register 09 ) VGA 12.8.2
0A Attribute controller | Write Both | Palette register 0A VGA 12.8.2
0B Attribute controller | Write Both | Palette register 0B VGA 12.8.2
oc Attribute controller | Write Both | Palette register 0C VGA 12.8.2
oD Attribute controller | Write Both | Palette register 0D VGA 12.8.2
OE Attribute controller | Write Both | Palette register OE VGA 12.8.2
OF Attribute controller | Write Both | Palette register OF VGA 12.8.2
10 Attribute controller | Write Both | Attribute mode control register Both 12.8.3
1 Attribute controller | Write Both | Overscan control register VGA 12.8.4
12 Attribute controller | Write Both | Color plane enable register Both 12.8.5
13 Attribute controller | Write Both | Horizontal pixel panning register VGA 12.8.6
14 Attribute controller | Write Both | Color select register VGA 12.8.7
15 Attribute controller | Write Both [ Power 9100 overscan color high register Power 9100 (12.8.8

Figure 159. VGA/WEITEK registers organized by I/O address (part 2 of 5)
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12.3. Memory Map, continued

Port |Index |Group Access |Use |Register Fields Section
3C1 |— Attribute controller | Read Both | Attribute index register VGA 12.8.1
00 Attribute controller Read Both | Palette register 00 VGA 12.8.2
01 Attribute controlier Read Both | Palette register 01 VGA 12.8.2
02 Attribute controller |Read Both | Palette register 02 VGA 12.8.2
03 Attribute controller  |Read Both | Palette register 03 VGA 12.8.2
04 Attribute controller | Read Both | Palette register 04 VGA 12.8.2
05 Attribute controller | Read Both | Palette register 05 VGA 12.8.2
06 Attribute controller Read Both | Palette register 06 VGA 12.8.2
07 Attribute controller | Read Both |Palette register 07 VGA 12.8.2
08 Attribute controller |Read Both | Palette register 08 VGA 12.8.2
09 Attribute controller | Read Both | Palette register 09 VGA 12.8.2
O0A Attribute controller | Read Both | Palette register OA VGA 12.8.2
0B Attribute controller | Read Both | Palette register 0B VGA 12.8.2
oc Attribute controller [ Read Both |Palette register 0C VGA 12.8.2
oD Attribute controller Read Both | Palette register 0D VGA 12.8.2
OE Attribute controller [ Read Both |Palette register OE VGA 12.8.2
OF Attribute controller | Read Both | Palette register OF VGA 12.8.2
10 Attribute controller Read Both | Attribute mode control register Both 12.8.3
11 Attribute controller | Read Both | Overscan control register VGA 12.8.4
12 Attribute controller Read Both | Color plane enable register Both 12.8.5
13 Attribute controller | Read Both |Horizontal pixel panning register VGA 12.8.6
14 Attribute controller Read Both | Color select register VGA 12.8.7
15 Attribute controller | Read Both | Power 9100 overscan color high register Power 9100 |12.8.8
3C2 |— General Read Both |Input status O register VGA 12.4.4
— General Write Both | Miscellaneous output register VGA 12.4.3
3C3 |— General RW Both | VGA enable register (Motherboard) VGA 12.4.7

Figure 159. VGA/WEITEK registers organized by I/O address (part 3 of 5)
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Port |Index | Group Access |Use |Register Fields Section
3C4 |— Sequencer R/W Both | Sequencer index register Both 12.5.1
3C5 |00 Sequencer RW Both |Reset register VGA 12.5.2
01 Sequencer RW Both | Clocking mode register Both 12.5.3
02 Sequencer R/W Both | Map mask register VGA 12.5.4
03 Sequencer RW Both | Character map select register VGA 12.5.5
04 Sequencer RW Both | Memory mode register VGA 12.5.6
05 Sequencer R/W Both | Power 9100 control register 0 Power 9100 |12.5.7
06 Sequencer R/W Both | Power 9100 control register 1 Power 9100 [12.5.8
07 Sequencer RW Both | Power 9100 revision register Power 9100 (12.5.9
10 Sequencer Read Both |Power 9100 ID Power 9100 |12.5.10
11 Sequencer R/W Both | Power 9100 miscellaneous register Power 9100 |12.5.11
12 Sequencer R/W Both | Power 9100 output control register Power 9100 |12.5.12
3C7 |— General RW Both | DAC status register VGA 12.4.8
3CA |— General Read Color |Feature control register VGA 12.4.6
3CC |— General Read Both |Miscellaneous output register VGA 12.4.3
3CD |— General R/W Both | Power 9100 bank select register Power 9100 (12.4.10
3CE |— Graphics controller | R/W Both | Graphics index register Both 12.7.1
3CF |00 Graphics controller |R/W Both | Set/reset register VGA 12.7.2
01 Graphics controller | R/W Both | Enable set/reset register VGA 12.7.3
02 Graphics controller | R/W Both | Color compare register VGA 12.7.4
03 Graphics controller |R/W Both | Data rotate register Both 12.7.5
04 Graphics controller |R/W Both |Read map select register VGA 12.7.6
05 Graphics controller |R/W Both | Graphics mode register Both 12.7.7
06 Graphics controller | R/W Both | Miscellaneous register VGA 12.7.8
07 Graphics controller |R/W Both | Color don't care register VGA 12.7.9
08 Graphics controller | R/W Both | Bit mask register VGA 12.7.10
09 (Reserved) Reserved
0A (Reserved) Reserved
0B (Reserved) Reserved
oC (Reserved) Reserved
oD (Reserved) Reserved
OE (Reserved) Reserved
OF (Reserved) Reserved

Figure 159. VGA/WEITEK registers organized by I/O address (part 4 of 5)
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12.3. Memory Map, continued

Port |Index | Group Access |Use |Register Fields Section
3D4 |— CRT controller R/W Color |CRT controller index register VGA 12.6.1
3D5 |00 CRT controller R/W Color |Horizontal total register VGA 12.6.2
01 CRT controller R/W Color |Horizontal display enable end register VGA 12.6.3
02 CRT controller R/W Color | Start horizontal blanking register VGA 12.6.4
03 CRT controller R/W Color | End horizontal blanking register VGA 12.6.5
04 CRT controller R/W Color | Start horizontal retrace pulse register VGA 12.6.6
05 CRT controller RW Color |End horizontal retrace register VGA 12.6.7
06 CRT controller RW Color | Vertical total register VGA 12.6.8
07 CRT controller R/W Color |Overflow register VGA 12.6.9
08 CRT controller RW Color |Preset row scan register Both 12.6.10
09 CRT controller R/W Color |Maximum scan line register VGA 12.6.11
0A CRT controller R/W Color | Cursor start register Both 12.6.12
0B CRT controller R/W Color | Cursor end register VGA 12.6.13
oC CRT controller R/W Color | Start address high register VGA 12.6.14
oD CRT controller R/W Color |Start address low register VGA 12.6.15
.| OE CRT controller RW Color | Cursor location high register VGA 12.6.16
“|OF CRT controller RW Color |Cursor location low register VGA 12.6.17
10 CRT controller RW Color | Vertical retrace start register VGA 12.6.18
11 CRT controller RW Color | Vertical retrace end register VGA 12.6.19
12 CRT controller R/W Color | Vertical display enable end register VGA 12.6.20
13 CRT controller R/W Color |Offset register VGA 12.6.21
14 CRT controller R/W Color |Underline location register Both 12.6.22
15 CRT controller R/W Color | Start vertical blank register . VGA 12.6.23
16 CRT controller R/W Color |End vertical blank register VGA 12.6.24
17 CRT controller R/W Color | CRT mode control register VGA 12.6.25
18 CRT controller RW Color |Line compare register VGA 12.6.26
19 CRT controller RW Color |Power 9100 interlace register Power 9100 |12.6.27
1A CRT controller R/W Color |Power 9100 serial start address high reg. | Power 9100 |12.6.28
iB CRT controller R/W Color |Power 9100 sérial start address low reg. Power 9100 [12.6.29
1C CRT controller R/W Color | Power 9100 serial offset register Power 9100 {12.6.30
1D CRT controller R/W Color | Power 9100 total characters per line reg. Power 9100 |12.6.31
24 CRT controlier Read Power 9100 attributes states Power 9100 |12.6.32
3DA |— General Read Color |Input status 1 register VGA 12.4.5
—_ General Write Color | Feature control register VGA 12.4.6
46E8 | — General R/W Both | VGA enable register (Adaptor) VGA 12.4.9

Figure 159. VGA/WEITEK registers organized by /O address (part § of §)
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12.4. General Registers

The general register group controls the timing interface be-
tween the VGA hardware and the CPU, system memory,
palette DAC, and monitor.

Register Type General Register Port Section
Standard VGA registers VGA enable register (Motherboard) 94 12.4.1
VGA enable register (Adaptor) 102 12.4.2
Miscellaneous output register 3CC (read) 12.4.3
3C2 (write) 12.4.3
Input status O register 3C2 (read) 12.4.4
Input status 1 register 3BA (monochrome, read) 12.4.5
3DA (color, read) 12.4.5
Feature control register 3CA (color, read) 12.4.6
3BA (monochrome, write) 12.4.6
3DA (color, write) 12.4.6
VGA enable register (Motherboard) 3C3 12.4.7
DAC status register 3C7 (read) 12.4.8
VGA enable register (Adaptor) 46E8 12.4.9

Figure 160. General registers
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12.4. General Registers, continued

12.4.1. VGA ENABLE REGISTER

The VGA enable register enables and disables the video I/
O and memory address decoding. The register at port 94 is
used only in motherboard systems.

12.4.2. VGA ENABLE REGISTER

The VGA enable register enables and disables the video I/
O and memory address decoding. The register at port 102
is used in both adaptor and motherboard systems.

REGISTER FORMAT REGISTER FORMAT
VGA Enable (microChannel) Port 94 VGA Enable Port 102

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Reserved VSE5( R VSE3 Reserved Reserved VSE

Bit No. Meaning Bit No. Meaning

7.6 Reserved 7.1 Reserved

5 Video Subsystem Enable (VSES5) 0 Video Subsystem Enable (VSE)

4 Reserved

3 Video Subsystem Enable (VSE3)

2.0 Reserved

Figure 161. VGA enable register format

FIELD DEFINITION
Bit5 | Bit3 |Meaning
0 0 Disable video I/O and address decoding
0] 1 Disable video I/O and address decoding
1 0 Disable video 1/O and address decoding
1 1 Enable video I/O and address decoding

Figure 162. VGA enable register fields

REGISTER DESCRIPTION

Port 102 is enabled only when bit 4 of address 46E8 is 1
(for adaptor systems) and when bit 5 of address 94 is 0

{for motherboard systems). Otherwise, port 102 remains
locked.

The Power 9100 enable logic for adaptor systems is pres-
ented in figure 179 and the enable logic for motherboard
systems is presented in figure 180.

For motherboard configurations, the Power 9100 re-
sponds to ports 3C3 and 94 only. For adapter configura-
tions, the Power 9100 responds to address 46E8 and disre-
gards any attempt to write to ports 3C3 or 94.
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Figure 163. VGA enable register format

FIELD DEFINITION
Bit | Value |Meaning
0 0 Disable video I/O and address decoding

1 Enable video I/0O and address decoding
Figure 164. VGA enable register fields

REGISTER DESCRIPTION

Port 102 is enabled only when bit 4 of address 46E8 is 1
{for adaptor systems) and when bit 5 of address 94 is 0
(for motherboard systems). Otherwise, port 102 remains

locked.

The Power 9100 enable logic for adaptor systems is pres-
ented in figure 179 and the enable logic for motherboard
systems is presented in figure 180.
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12.4. General Registers, continued

12.4.3. MISCELLANEOUS OUTPUT REGISTER

The miscellaneous output register controls sync pulse po-
larity, clock frequency, CPU access, and emulation.

REGISTER FORMAT

Miscellaneous Output Port 3CC (Read), 3C2 (Write)

7 6 5 4 3 2 1 0
VSP | HSP | PB R - CS ER | IOA
Bit No. Meaning

Vertical Sync Polarity (VSP)
Horizontal Sync Polarity (HSP)
Page Bit for Even/Odd (PB)
Reserved

2 Clock Select (CS)
Enable RAM (ER)
Input/Output Address (I0A)

ocmwrOON

Figure 165. Miscellaneous output register format

REGISTER DESCRIPTION

All bits of this register are reset to 0 with a hardware reset.

Bits 7 and 6 specify sync polarity to determine the scan rate
in multifrequency monitors (see figure 166).

Bits 3 and 2 select the video clock rate to establish the
screen resolution and display type (monochrome or color)
used. This field also selects one of the four configuration
switches on the hardware board to let the software know
the type of monitor used via the input status 0 register
sense switch (SS) field (see figure 170). The reset register
synchronous reset (SR) field of the sequencer registers
group (see figure 189) must be 0 to change this field.

Bit O determines the address location of the CRT controller
index register of the CRT controller registers group (see
figure 211).

Bit7 Bit 6 Vertical Size Active Lines
0 0] Reserved Reserved
0 1 400 lines 414 lines
1 0 350 lines 362 lines
1 1 480 lines 496 lines

Figure 166. Vertical size and sync polarity

FIELD DEFINITION

Bits | Value | Meaning
7 0 Positive vertical retrace sync pulse
1 Negative vertical retrace sync pulse
6 0 Positive horizontal retrace pulse
1 Negative horizontal retrace pulse
5 0 Low 64K memory page, diagnostic use in
Odd/Even modes (0-5)
1 High 64K memory page, diagnostic use in
Odd/Even modes (0-5)
3.2 00 |25.175 MHz clock (640 horizontal pixels)
01 [28.322 MHz clock (720 horizontal pixels)
10 | External clock from auxiliary video connec-
tor (clock between 14.3 and 28.4 MHz)
11 Reserved
1 0 Disable video memory access from CPU
Enable video memory access from CPU
0 0 Monochrome emulation (CRTC addresses
set to 3Bx, input status 1 register address
set to 3BA)
1 Color emulation (CRTC addresses set to
3Dx, input status 1 register address set to
3DA)

Figure 167. Miscellaneous output register fields
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12.4. General Registers, continued

12.4.4. INPUT STATUS 0 REGISTER

The input status 0 register monitors the status of the verti- FIELD DEFINITION
cal retrace interrupt and senses the setting of the selected
configuration switch on the hardware board. Bit Value |Meaning
REGISTER FORMAT 7 0 Vertical retrace interrupt is pending
1 Vertical retrace interrupt is cleared
4 0 Selected sense switch = OFF
Input Status 0 Port 3C2 (Read) -
1 Selected sense switch = ON
7 5 5 4 3 2 1 o Figure 169. Input status O register fields
Cl | Reseved | SS Reserved REGISTER DESCRIPTION

Bit No. Meaning

7 CRT Interrupt (Cl)
6..5 Reserved

4 Switch Sense (SS)
3.0 Reserved

Figure 168. Input status 0 register format

Bit 4 reports the status of the sense switch selected by the
miscellaneous output register clock select (CS) field (see
figure 170). This information is used by the software at
power-on self-test to determine the type of display hard-
ware (color or monochrome) being used.

Clock Select Bit4 |Display Type
00 Switch 1 | 320 or 640 columns (color)
o1 Switch 2 | 720 columns (monochrome)
10 Switch 3 | External clock (color)
11 Switch 4 | Reserved

Figure 170. Sense switches
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12.4. General Registers, continued

12.4.5. INPUT STATUS 1 REGISTER

The input status 1 register permits the software to examine
the color outputs of the attribute controller and to syn-
chronize updates with display retrace periods.

REGISTER FORMAT
Input Status 1 Port 3DA/3BA (Read)
7 6 5 4 3 2 1 0
Reserved DU VR Reserved DE

Bit No Meaning

7.6 Reserved

5.4 Diagnostic use (DU)

3 Vertical Retrace (VR)

2.1 Reserved

0 Display Enable NOT (DE)

Figure 171. Input status 1 register format

FIELD DEFINITION
Bits Value |Meaning
5.4 XX Shows color outputs as specified

by VSM field of color plane enable
register (see figures 173 and 285)

3 0 Video information is being dis-
played
1 Vertical retrace interval
0 0 Display is in display mode
1 Horizontal or vertical retrace inter-

val (real-time status of inverted
display enable signal)

Figure 172. Input status 1 register fields

REGISTER DESCRIPTION

The video status mux (VSM) field of the color plane enable
register in the attribute controller group controls the color
output contents of bits 5 and 4 (see figures 173 and 285).

Bits 3 and 0 are used together to synchronize software up-
dates of the display with the horizontal and vertical retrace
periods. Bit 3 can be programmed to interrupt the CPU on
IRQ2 using the enable vertical interrupt (EVI) and clear
vertical interrupt (CVI) fields of the vertical retrace end
register in the CRT controllers group (see figure 240).

VSM DU Meaning
00 Bit5 |Color output P2
Bit4 |Color output PO
01 Bit5 |Color output P5
Bit4 |Color output P4
10 Bit5 |Color output P3
Bit4 |Color output P1
1 Bit5 |Color output P7
Bit4 | Color output P6

Figure 173. Color output contents of diagnostic bits

Bit3 Bit 0 Display Status
0 . 0 Display mode
0 1 Horizontal retrace period
1 0 Reserved
1 1 Vertical retrace period

Figure 174. Retrace periods
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12.4. General Registers, continued

12.4.6. FEATURE CONTROL REGISTER

The feature control register selects the vertical sync output
signal sent to the monitor.

REGISTER FORMAT

Feature Control Port 3CA (Read), 3DA/3BA (Write)

7 6 5 4 3 2 1 0
Reserved VSS Reserved
Bit No. Meaning
7.4 Reserved
3 Vertical Sync Select (VSS)
2.0 Reserved

REGISTER FORMAT
VGA Enable (motherboard) Port 3C3
7 6 5 4 3 2 1 0
Reserved VSE
Bit No. Meaning
7.1 Reserved
0 Video Subsystem Enable (VSE)

Figure 177. VGA enable register format -

FIELD DEFINITION

Figure 175. Feature control register format

FIELD DEFINITION
Bit Value |Meaning
3 0 Normal vertical sync output

1 Not allowed

Figure 176. Feature control register fields

REGISTER DESCRIPTION
Bit 3 must be set to O (see figure 176).

12.4.7. VGA ENABLE REGISTER

The VGA enable register enables and disables the video I/
O and memory address decoding. The register at port 3C3
is used only in motherboard systems.

Bit Value |Meaning
0 0 Disable video I/O and address decoding
1 Enable video I/O and address decoding

Figure 178. VGA enable register fields

REGISTER DESCRIPTION

The Power 9100 enable logic for adaptor systems is pres-
ented in figure 179 and the enable logic for motherboard
systems is presented in figure 180.

46E8 (Hex) | 46E8 (Hex) | 102 (Hex)
bit 4 bita |  bit0 Power 9100
0 1 1 Enable *

* Disable = any other combination

Figure 179. Power 9100 enable logic for adaptor systems

3C3 (Hex) | 102 (Hex) | 94 (Hex) | 94 (Hex) | Power
bit 0 bit 0 bit 5 bit 3 9100
1* 1* 1 (ignored) | Enable *

* Disable = any other combination

Figure 180. Power 9100 enable logic for motherboard sys-

tems
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12.4. General Registers, continued

12.4.8. DAC STATUS REGISTER

The DAC status register reflects whether the palette DAC
is being read or written.

REGISTER FORMAT
DAC Status Port 3C7 (Read)
7 6 5 4 3 2 1 0
Reserved STA
Bit No. Meaning
7.2 Reserved
1.0 DAC State Value (STA)

Figure 181. DAC status register format
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12.4.9. VGA ENABLE REGISTER

The VGA enable register enables and disables the video I/
O and memory address decoding. The register at port
46E8 is used only in adaptor systems.

REGISTER FORMAT
VGA Enable (adaptor) Port 46E8
7 6 5 4 3 2 1 0
Reserved VSE Reserved
BitNo.  Meaning
7.5 Reserved
4.3 Video Subsystem Enable (VSE)
2.0 Reserved

FIELD DEFINITION
Bits | Value |Operation
1..0 00 |Read, PEL address read register
accessed last
01 Not used
10 | Not used
" Write, PEL address write register

accessed last

Figure 182. DAC status register fields

REGISTER DESCRIPTION
Bits 1 and 0 are located in the palette DAC.
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Figure 183. VGA enable register format

FIELD DEFINITION
Bits | Value |Meaning
4.3 00 |Disable video I/O and address decoding
01 Enable video I/O and address decoding
10 | Disable video I/O and address decoding
11 Disable video 1/O and address decoding

Figure 184. VGA enable register fields

REGISTER DESCRIPTION

Port 102 is enabled only when bit 4 of address 46ES is 1
(for adaptor systems) and when bit 5 of address 94 is 0
(for motherboard systems). Otherwise, port 102 remains

locked.

The Power 9100 enable logic for adaptor systems is pres-
ented in figure 179 and the enable logic for motherboard
systems is presented in figure 180.



12.4. General Registers, continued

12.4.10. POWER 9100 BANK SELECT REGISTER

The Power 9100 bank select register provides the most sig-
nificant four bits of the display memory address.

REGISTER FORMAT
Power 9100 Bank Select Port 03CD
7 6 5 4 3 2 1 0

Read Bank/Bank 0[3..0] Write Bank/Bank 1 [3..0]

Bit No. Meaning
7.4 Read Bank/Bank 0 {3..0] (RB0)
3.0 Write Bank/Bank 1 [3..0] (WB1)

Figure 185. Power 9100 bank select register format -

FIELD DEFINITION

Bits [7..4] are the read bank/bank 0 [3..0] bits. When the
host address maps only the “A” segment to the display
memory, if bank switching is enabled, these four bits pro-
vide the most significant four bits of the 20-bit display
memory address during read operations. When both the
“A” and “B” segments are mapped, read or write accesses
to the “A” segment will use this register to provide the
most significant four bits of the display memory address.

Bits [3..0] are the write bank/bank 1 [3..0] bits. When the
host address maps only the “A” segment to the display
memory, if bank switching is enabled, these four bits pro-
vide the most significant four bits of the 20-bit display
memory address during write operations. When both the
“A” and “B” segments are mapped, read or write accesses
to the “B” segment will use this register to provide the
most significant four bits of the display memory address.

REGISTER DESCRIPTION

Refer to section 12.5.11, the Power 9100 miscellaneous
register, for information about the bank switching enable
bit. Note that this register is specific to the Power 9100 and
is not a standard VGA register.
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12.5. Sequencer Registers

The sequencer register group controls the update sequence
of display functions. These registers are accessed via the se-
quence index register port at hex address 3C4 and the se-
quencer data registers port at hex address 3CS5.

12.5.1. SEQUENCER INDEX REGISTER

The sequencer index register provides the address index
for the sequencer data registers and enables Power 9100
additional registers in the general registers group.

value is referred to as the index. In addition, the sequencer
index register contains a bit which enables additional
Power 9100 registers.

Bits [7..5] are reserved.
Bit 3 is reserved.

Bits 4 and 2..0 together address the VGA and Power 9100
extended registers in the sequencer registers group (see fig-
ure 187). Bit 4 is the index high bit and is reserved in the
standard VGA. Bits [2..0] are defined as in the standard

REGISTER FORMAT VGA.
FIELD DEFINITION
Sequencer Index Port 3C4
Bit | Bits . Sec-
; 6 5 . s 2 ; 0 4 | 2.0 Register Port tion
Reserved HB RSVD B 0 | 000 |Reset register 3C5 |12.5.2
0 | 001 | Clocking mode register 3C5 [12.5.3
. . 0 | 010 | Map mask register 3C5 |12.5.4
Bit No. Meaning
7.5 Reserved 0 | 011 | Character map select register 3C5 |12.5.5
4 P 9100 Index High Bit (IHB
3 R:zfrrved hdex Figh Bit (IHB) 0 | 100 | Memory mode register 3C5 |12.5.6
2.0 Standard VGA Index Bits (1B) 0 | 101 |Power 9100 control register 0 |3C5 |12.5.7
0 | 110 | Power 9100 control register 1 3C5 [12.5.8
0 | 111 | Power 9100 revision register 3C5 (1259
1 | 000 {Power 9100 ID (read) 3C5 {12.5.10
Figure 186. Sequencer index register format 1 | 001 [Power 9100 miscellaneous 3C5 [12.5.11
register
REGISTER DESCRIPTION 010 | Reserved
The index register is a pointer register which is located at 1| 011 | Power 9100 output control 3C5 12.5.12
address 03C4 hex. The value loaded in this register deter- register
mines which sequencer register is accessed when I/O oper- 1 | 1xx | Reserved

ations are performed by the host to address 03C5 hex. This

Figure 187. Index field definition



12.5. Sequencer Registers, continued

12.5.2. RESET REGISTER

The reset register resets the VGA controller by causing a
clear-and-halt condition to occur.

REGISTER FORMAT
Reset Port 3C5, Seq Index 00
7 6 5 4 3 2 1 0
Reserved SR AR

Bit No. Meaning

7.2 Reserved

1 Synchronous Reset (SR)

0 Asynchronous Reset (AR)

Figure 188. Reset register format
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FIELD DEFINITION
Bit1 | Bit0 |Meaning
0 0] Generate and hold the system in reset

0 1
1 0
1 1 Release the reset
Figure 189. Reset fields

REGISTER DESCRIPTION

Bit 1 must be 0 before changing the dot clock (DC) or 8/9
dot clock (8/9) fields of the clocking mode register in the
sequencer registers group (see figure 191), or the clock se-
lect (CS) field of the miscellaneous output register in the
general registers group (see figure 167).

Using bit 0 to reset the VGA controller can cause a loss of
memory contents.
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12.5. Sequencer Registers, continued

12.5.3. CLOCKING MODE REGISTER

The clocking mode register configures the sequencer tim-
ing circuits.

REGISTER FORMAT
Clocking Mode Port 3C5, Seq Index 01
7 6 5 4 3 2 1 ]

DSP13 MPMD SO S4 DC SL R 8/9

o
=
4
o

Meaning

Power 9100 Disable Serial Planes 1 & 3 (DSP13)
Power 9100 Memory Page Mode Disable (MPMD)
Screen Off (SO)

Shift Four (S4)

Dot Clock (DC)

Shift Load (SL)

Reserved

8/9 Dot Clocks (8/9)

Q=aNWHMOON

Figure 190. Clocking mode register format

FIELD DEFINITION
Bit | Value | Meaning
7 0 Power 9100 input to planes 1 & 3 enabled
1 Power 9100 input to planes 1 & 3 dis-
abled
6 0 Power 9100 page mode access enabled
1 Power 9100 page mode access disabled
5 0 |Normal screen operation
1 Video screen off, maximum memory
bandwidth assigned to CPU
4 0 |Load serializers every character clock
1 Load serializers every fourth clock
3 0 | Set dot clock to master clock frequency
1 Divide master clock by 2 for dot clock for
use with 320 and 360 horizontal pixel
modes
2 0 Load serializers every character clock
1 . |Load serializers every other clock
0 0 [Character clocks are 8 dots wide
1 Character clocks are 9 dots wide

Figure 191. Clocking mode register fields

REGISTER DESCRIPTION

This memory and video control read/write register is ac-
cessed through location 03C5 hex when the index field of
the sequencer index register is set to 01. In the standard
VGA, bits [6..7] are reserved. In the Power 9100, these bits
(DSP13 and MPMD) have specific meanings as follows:

1. TheDSP13 field should be set in overlap modes when
graphics planes are chained together to create two
long graphics planes. Bit 7 is the disable serial planes 1
and 3 bit. When this bit is set to 1, the serial input of
planes 1 and 3 is disabled.

2. The MPMD field should be set only for non-page-
mode VRAMs and DRAMs. Bit 6 is the memory page
mode disable bit. When this bit is set to 1, page mode
accesses to the frame buffer DRAM/VRAM are dis-
abled. This bit should be set only for non-page-mode
VRAM/DRAM.

Bits [5..0] are defined as in the standard VGA.

Bits 4 and 2 together control the loading of the VGA video
serializers (see figure 192).

Bit 3 affects all other timings because they are derived from
the dot clock.

The horizontal total register in the CRT controller regis-
ters group uses bit 0 to specify the character width in pixels
for graphics modes (see figure 214).

The reset register synchronous reset (SR) field of the se-
quencer registers group (see figure 189) must be 0 before
changing bits 3 or 0.

Bit4 | Bit2 |Serializer Load Resolution
0] 0] Every character clock |720 dots/line
0] 1 Every other clock 360 dots/line
1 0 Every fourth clock 180 dots/line
1 1 Every fourth clock 180 dots/line

Figure 192. Serializer fields
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12.5. Sequencer Registers, continued

12.5.4. MAP MASK REGISTER

The map mask register enables CPU writing to the four
display memory planes.

REGISTER FORMAT
Map Mask Port 3C5, Seq Index 02
7 6 5 4 3 2 1 0
Reserved EM3 | EM2 | EM1 | EMO

Bit No. Meaning

7.4 Reserved

3 Mask Memory Plane 3 (EM3)
2 Mask Memory Plane 2 (EM2)
1 Mask Memory Plane 1 (EM1)
0 Mask Memory Plane 0 (EMO)

Figure 193. Map mask register format

FIELD DEFINITION
Bit Value CPU Write Operations
3 0 Memory plane 3 disabled
1 Memory plane 3 enabled
2 0] Memory plane 2 disabled
1 Memory plane 2 enabled
1 0 Memory plane 1 disabled
1 Memory plane 1 enabled
0 0 Memory plane 0 disabled
1 Memory plane 0 enabled

Figure 194. Map mask register fields

REGISTER DESCRIPTION

The chain four (C4) field of the memory mode register (see
figure 200) controls display memory bit plane access. In
write modes, the display plane is selected normally by bits
3..0. In read modes, the active bit plane is selected normal-
ly by the read map select (RMS) field of the read map select
register in the graphics controller registers group (see fig-
ure 267).

When bits 3..0 are set to a value of all 1’s, the CPU can per-
form a 32-bit write operation in one memory cycle to en-
hance scrolling operations. In odd/even modes, bits 1 and
0 should have the same map mask value and bits 3 and 2
should have the same map mask value. All maps should be
enabled when chain mode 4 is selected.
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12.5. Sequencer Registers, continued

12.5.5. CHARACTER MAP SELECT REGISTER

The character map select register permits up to 512 char-
acters to be displayed simultaneously.

REGISTER FORMAT

Character Map Select Port 3C5, Seq Index 03

7 6 5 4 3 2 1 0

Reserved SAH | SBH SA SB

Meaning

Reserved

Select Char Generator A, High Order (SAH)
Select Char Generator B, High Order (SBH)
Select Character Generator A (SA)

Select Character Generator B (SB)

merOOND
o~

o

Figure 195. Character map select register format

FIELD DEFINITION
Bit5 | Bits 3..2 | Character Table | Address Offset
0 00 1 0K
0 0t 2 16K
0 10 3 32K
0 11 4 48K
1 00 5 8K
1 01 6 24K
1 10 7 40K
1 11 8 56K

Figure 196. SAH and SA fields

Bit4 | Bits 1..0 | Character Table | Address Offset
0 00 1 oK
0 01 2 16K
0 10 3 32K
0 1 4 48K
1 00 5 8K
1 01 6 24K
1 10 7 40K
1 11 8 56K
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Figure 197. SBH and SB fields

REGISTER DESCRIPTION

Bits 5..0 and attribute byte together determine the appear-
ance of the displayed text (see figure 198). When bits 5 and
3..2 and bits 4 and 1..0 superfields have identical contents,
the system uses bit 3 of the attribute byte to select the fore-
ground colors. When these two superfields are different,
the system uses bit 3 of the attribute byte to select a charac-
ter generator.

Condition Attribute Byte | Selection
Bits 5and 3.2 = Bit3=0 Standard
bits 4 and 1..0 foreground colors
Bit3 =1 Intensified
foreground colors
Bits 5 and 3..2 # Bit3=0 Character gen B
bits 4 and 1..0
Bit3=1 Character gen A

Figure 198. Color and character generator selection
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12.5. Sequencer Registers, continued

12.5.6. MEMORY MODE REGISTER

The memory mode register controls the way display
memory functions.

REGISTER FORMAT
Memory Mode Port 3C5, Seq Index 04
7 6 5 4 3 2 1 0
Reserved Cc4 O/E EM R
Bit No. Meaning
7.4 Reserved
3 Chain Four (C4)
2 Odd/Even (O/E)
1 Extended Memory (EM)
0 Reserved (VGA, Power 9100)

Figure 199. Memory mode register format

FIELD DEFINITION

At A0 Map Selected
0 0 0]
0 1 1
1 0 2
1 1 3

Bit | Value | Meaning

3 0 |Display planes selected by map mask and

read map select registers (see figure 194)

1 Display planes selected by low-order A1
and AO address bits (see figure 201)

2 0 |Odd (maps 1 and 3) and even (maps 0 and
2) addressing mode enabled
1 Sequential addressing mode enabled
1 0 |No extended memory present (display

memory less than 64 KB)

1 Extended memory present (display memory

greater than 64 KB)

Figure 200. Memory mode register fields

Figure 201. Memory mode when bit 3 = 1

REGISTER DESCRIPTION

Bit 3 controls display memory bit plane access. In write
modes, the display plane is selected normally by the
EMS3..EMO fields of the map mask register (see figure 194).
In read modes, the active bit plane is selected normally by
the read map select (RMS) field of the read map select reg-
ister in the graphics controller registers group (see fig-
ure 267).

Bit 2 of the memory mode register must be the complement
of the O/E field of the graphics mode register in the graph-
ics controller registers group (see figure 269).

Bit 0 of the memory mode register is reserved, as in the
standard VGA.
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12.5. Sequencer Registers, continued

12.5.7. POWER 9100 CONTROL REGISTER 0

The Power 9100 control register O determines character
width and the order of memory displays.

The Power 9100 control register 0 must be unlocked be-
fore it can be accessed. See section 12.1.1 for more infor-
mation.

REGISTER FORMAT
Power 9100 Port 03C5 Seq Index 05
Control Register 0
7 6 5 4 3 2 1 0
|DVSAE BO OCWN+CPU02 L |svst7|  cL
Bit No Meaning
7 Dual Video Start Addr/Offset Enable (DVSAE)
6 Bit Order (BO)
5 Odd Character Width Mode (OCWM)
4 CPU Divide 2 (CPUD2)
3 Interlace (IL)
2 Serial Video Start Address Bit 17 (SVS17)
01 Character Length (CL)

Figure 202. Power 9100 control register O format

FIELD DEFINITION

Bits [0..1] are the character width high bits. These are used
in conjunction with the sequencer clocking mode register
(SCMR) bit 0 to define the width of a character in pixels
according to figure 203.

Bit 2 is serial video start address bit 16. This is the most
significant bit of the 17-bit serial video start address regis-
ter. The serial video start address consists of the serial vid-
eo start address low register (bits [7..0]), the serial video
start high register (bits [15..8]) and bit 2 of this register (bit
16). A seventeen bit start address enables the serial video
frame buffer to start anywhere within the first 512 K of
video memory.

Bit 3 is the interlace bit. When this bit is set, interlace mode
is used for all modes of operation.

Bit 4 is the CPU divide 2 bit. When this bit is set to 1, it
enables the CPU divide 2 mode. In this mode, the entire
16-bit CPU memory address is shifted down by one bit so
that A[16..1] is mapped to MA[15..0]. A[0] is used to select
either maps 0 and 1 or maps 2 and 3. In the Power 9100,
MA[16] is provided by host A[17].
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Bit S is the odd character width mode bit. When this bit is
clear and the Power 9100 is programmed to generate char-
acters of odd width, then the last pixel of the character is
determined by the character code and bit 2 of the attribute
mode control register (see figure 282) as in standard VGA.
When this bit is set, the last pixel of the character always
comes from the font data.

Bit 6 indicates bit order. When this bit is reset to 0, bit 7 is
displayed first; this is the IBM bit order. When this bit is set
to 1, bit 0 is displayed first.

Bit 7 is the dual video start address/offset enable bit and is
used only in applications where sufficient VRAM to store
two frame buffers is installed. One of the two frame buff-
ers is an alphanumeric or graphics frame buffer whose
start address and offset are specified by the usual CRT con-
troller registers. The second frame buffer is a graphics
frame buffer whose start address and offset is specified by
the serial video start address and serial video offset regis-
ters. This mode is used for the Power 9100 overlapping
text and graphics modes of operation and is used in the
8-bit planar graphics mode.

Also, when bit 7 is set, the standard horizontal display en-
able end register displays the total number of graphics pix-
els in a scan line, and the Power 9100 characters per line
register specifies the total number of characters per scan
line.

When this bit is 0, only the standard set of CRT controller
registers is used for either VRAM or DRAM applications.

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03C5 hex when the index field of the sequencer
index register is 05. After a reset, this register is initialized
to a value of 01.

Bit 1 Bit0 | SCMR B0 | Character Width (pixels)
0 -0 1 6
0 0 0 7
0 1 1 8
0 1 0 9
1 0 1 10
1 0 0 11
1 1 1 12
1 1 0 13

Figure 203. Character length



12.5. Sequencer Registers, continued

12.5.8. POWER 9100 CONTROL REGISTER 1

The Power 9100 control register 1 provides the display
mode and memory plane parameters.

The Power 9100 control register 1 must be unlocked be-
fore it can be accessed. See section 12.1.1 for more infor-
mation.

REGISTER FORMAT
Power 9100 Port 03C5 Seq Index 06
Control Register 1
7 6 5 4 3 2 1 0

RTVLI| Res |APME|HBSE| BSE | OPE | Rsvd | DPI

Bit No Meaning

7 Real-Time Video Load Inhibit (RTVL1)

6 Reserved

5 Alpha Page Mode Enable (APME)

4 Half Bit Shift Enable (HBSE)

3 Power 9100 Attributes (BSE)

2 Overlapping Planes Enable (OPE)

1 Reserved

0 DRAM Port Inhibit (DPI1)

Figure 204. Power 9100 control register 1 format

FIELD DEFINITION

Bit 7 is the real-time video load inhibit bit. In applications
which use the serial output port of VRAM as a source of
graphics data, the VRAM internal shift register is loaded
during the horizontal blanking period. Also, in modes
where the VRAM internal shift register does not hold an
integral number of video lines, it is also necessary to reload
the shift register during the active line period. When the
real-time video load inhibit bit is set to 1, shift register re-
loading is inhibited during the active line period. This bit
should be set only when there is an integral number of lines
in the shift register (that is, 1024 pixels per line). Setting
this bit provides a small increase in host-to-VRAM band-
width.

Bit 6 is reserved. This bit should be set to 0.

Bit § is the alpha page mode enable bit. When this bit is set
to 1, the memory address bits [4..0] and [12..8] are
swapped during a video refresh font data fetch. This al-
lows page-mode accesses to be used by assuring that all
font data fetches occurring during a scan line access the
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same page of dynamic RAM. The system software must
compensate for the memory address bit swapping when
loading the fonts. Note that the memory controller is de-
signed to use page mode whenever possible.

Bit 4 is the half-bit shift enable bit. When this bitis setto 1,
bit 14 of the character font indicates half-bit shift and
causes the character pixel row to be shifted half a pixel to
the right.

Bit 3 is the Power 9100 attributes bit. When this bit is set to
1, the special Power 9100 attributes are used. The attrib-
ute byte is defined according to the figure 205.

Bit 2 is the overlapping planes enable bit. When this bit is
setto 1, the character video stream derived from the paral-
lel VRAM port is superimposed on the graphics video
stream derived from the serial VRAM port. This mode ap-
plies only to implementations which use VRAM.

Bit 1 is reserved.

Bit 0 is the DRAM port inhibit bit. When this bit is reset to
0,the DRAM portis always enabled. When this bit is set to
1, the Power 9100 automatically disables the DRAM port
and uses the VRAM port whenever the mode of operation
allows for VRAM operation.

REGISTER DESCRIPTION

This video control read/write register is accessed though
location 03C5 hex when the index field of the sequencer
index register is set to 06. After a reset, this register is ini-
tialized to a value of 01. The BSE field enables the Power
9100 struck through position (STP) field of the cursor
start register in the CRT controller registers group (see fig-
ure 231).

Bit Attribute

0 Color 0 (Half Bright in monochrome)
1 Underline

2 Reverse Video

3 Blinking

4 Bold

5 Struck Through

6 Color 1

7 Color 2

Figure 205. Power 9100 Attributes
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12.5. Sequencer Registers, continued

12.5.9. POWER 9100 REVISION REGISTER

The Power 9100 revision register provides device identifi-
cation and revision level for the SVGA portion of the Pow-
er 9100.

12.5.10. POWER 9100 ID REGISTER
The Power 9100 ID register is a read-only register.

Power 9100 Port 03C5 (Read) Seq Index 10
REGISTER FORMAT ID Register
7 6 ‘5 4 3 2 1 0
Power 9100 Revision Port 03C5 Seq Index 07 0 1 0 1 Reserved
7 6 5 4 3 2 1 0
Bit No. Meaning
Device ID R d isi 7.4 ID Bits
evice Reserve Revision Level 6.0 Reserved
Bit No. Meaning
7.5 Device ID (DID)
4.3 Reserved
2.0 Revision Level (RL)

Figure 206. Power 9100 BIOS ROM status register format

FIELD DEFINITION

Bits [7..5] are the device id bits. These bits identify the de-
vice. This field is 010 for the Power 9100

Bits [4..3] are reserved for WEITEK use. This field may
contain any combination of bits, as determined by

WEITEK.

Bits [2..0] are the revision level bits. These bits identify the
revision level of the device. This field is reserved for

WEITEK use, and may contain any combination of bits, as
determined by WEITEK.

REGISTER DESCRIPTION

This host /O read-only register is accessed through loca-
tion 03C5 hex when the index field of the sequencer index
register is 07 hex. Note that this register is specific to the
Power 9100 and is not a standard VGA register.
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Figure 207. ID register

This read-only register is accessed through location 03C5
hex when the index field of the sequencer address register
is 10 hex. Note that this register is specific to the Power
9100 and is not a standard VGA register.

Bits [7..4] are always 0101.

Bits [3..0] are reserved.

REGISTER DESCRIPTION

This host /O write-only register is accessed through loca-
tion 03C5 hex when the index field of the sequencer index
register is 10 hex. This register is only accessible at this lo-
cation on the Power 9100. Note that this register is specific
to the Power 9100 and is not a standard VGA register.



12.5. Sequencer Registers, continued

12.5.11. POWER 9100 MISCELLANEOUS REGISTER

The Power 9100 miscellaneous register controls the host
I/O read/write interface.

The Power 9100 miscellaneous register must be unlocked
before it can be accessed. See section 12.1.1 for more in-
formation.

REGISTER FORMAT
Power 9100 Port 03C5, Seq Index 11
Miscellaneous
7 6 5 4 3 2 3 0
1 | BSE | CRL 1 1 BRE 1 | 0
Bit No. Meaning
7 This field must always be setto a 1.
6 Bank Switching Enable (BSE)
5 Power 9100 Control Register Lock (CRL)
4 This field must always be setto a 1.
3 This field must always be setto a 1.
2 BIOS ROM Enable (BRE)
1 Reserved, settoa 1.
0 Reserved, setto a 0.

Figure 208. Power 9100 miscellaneous register format

FIELD DEFINITION

Bit 6 is the bank switching enable bit. When this bit is reset
to 0 and the address mappingis “A” segment or “A and B”
segments, the four most-significant bits of the 20-bit frame
buffer address are provided by the bank select register, as

defined in the bank select register description. When this
bit is set to 1, address mapping is disabled.

Bit § is the Power 9100 control register lock bit. When set
to 1, the Power 9100 extended registers (except for the
Power 9100 revision register), as shown in figure 209, are
read and write protected. When this bit is O, these registers
can be accessed. Upon reset, this bit is set to 1. To unlock
the Power 9100 miscellaneous register, see section 12.1.1.

Bit 2 is the BIOS ROM enable bit. When this bit is reset to
0, the external BIOS ROM is disabled. When this bit is set
to 1, the external BIOS ROM is enabled and responds to
addresses XC0000 hex to XC7FFF hex. On reset, this bit is
equal to 1.

REGISTER DESCRIPTION

This host I/O read/write register is accessed through loca-
tion 03C5 hex when the index field of the sequencer index
register is 11 hex. This register is only accessible at this lo-
cation on the Power 9100. Note that this register is specific
to the Power 9100 and is not a standard VGA register. It is
set to FF hex by RESET.

Name Port (Hex) |Index (Hex)
Power 9100 Control Register 0 03C5 05
Power 9100 Control Register 1 03C5 06
BIOS ROM Status 03C5 (read) 10
Power 9100 Miscellaneous 03C5 1
Power 9100 Output Control 03C5 13

Figure 209. Registers affected by control register lock bit
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12.5. Sequencer Registers, continued

12.5.12. POWER 9100 OUTPUT CONTROL REGISTER

The Power 9100 output control register causes the least
significant 8-bit AT bus data to be clocked into an off-chip
register for the purpose of controlling other peripherals.

The Power 9100 output control register must be unlocked
before it can be accessed. See section 12.1.1 for more in-
formation.

REGISTER FORMAT
Power 9100 Port 03C5, Seq Index 12
Output Control
7 6 5 4 3 2 1 0
“User Defined
Bit No. Meaning
7.0 User Defined (UD)

Figure 210. Power 9100 output control register format
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FIELD DEFINITION

Bits [7..0] are user defined. This register is implemented
on-chip for purposes of read back only. Accessing this reg-
ister causes the Power 9100 output signal MISCWR-to be
asserted. This signal should be used to clock the data on
the 8 least significant AT bus data lines into an off-chip
register for the purpose of controlling of chip peripherals.
The Power 9100 asserts the MISCWR- signal when it de-
tects a write to either address 03C5 when the sequencer ad-
dress register is 12 hex or address 03C2 hex (the standard
VGA miscellaneous output register). The WEITEK
supplied Power 9100 BIOS accesses this register. When us-
ing the Power 9100 BIOS, do not define another use for
this register.

REGISTER DESCRIPTION

This host I/O read/write register is accessed through loca-
tion 03C5 hex when the index field of the sequencer index
register is 12 hex. Note that this register is specific to the
Power 9100 and is not a standard VGA register. This regis-
ter is only accessible at this location on the Power 9100.



12.6. CRT Controller Registers

The CRT controller register group define the raster dis-
play. In color systems, these registers are accessed via the
CRT controller index register port at hex address 3D4 and
the CRT controller data registers port at hex address 3D5.
In monochrome systems, these register ports are at hex ad-
dress 3B4 and hex address 3B3, respectively.

12.6.1. CRT CONTROLLER INDEX REGISTER

The CRT controller index register provides the address in-
dex for the CRT controller registers.

REGISTER FORMAT
CRT Controller index Port 3D4/3B4
7 6 5 4 3 2 1 0
Reserved CRT
Bit No. Meaning
7.6 Reserved

5.0 CRT Controller Register Index (CRT)

Figure 211. CRT controller index register format

REGISTER DESCRIPTION

The input/output address (I1OA) field of the miscellaneous
output register of the general registers group (see fig-
ure 167) determines whether the CRT controller index
register is located at address 3B4 (monochrome emula-
tion) or 3D4 (color emulation).

Note that in the VGA specification, bit § is specified as a
chip test bit that must be set to zero. In order to access the
VGA hidden register at index 24, this bit must be set to
one.

FIELD DEFINITION

Field |Register Section
00 |Horizontal total register 12.6.2
01 Horizontal display enable end register |12.6.3
02 | Start horizontal blanking register 12.6.4
03 | End horizontal blanking register 12.6.5
04 | Start horizontal retrace pulse register 12.6.6
05 | End horizontal retrace register 12.6.7
06 | Vertical total register 12.6.8
07 |Overflow register 12.6.9
08 |Preset row scan register 12.6.10
09 |Maximum scan line register 12.6.11
OA | Cursor start register 12.6.12
0B | Cursor end register 12.6.13
0C | Start address high register 12.6.14
0D | Start address low register 12.6.15
OE |Cursor location high register 12.6.16
OF | Cursor location low register 12.6.17
10 | Vertical retrace start register 12.6.18
1 Vettical retrace end register 12.6.19
12 | Vertical display enable end register 12.6.20
13 | Offset register 12.6.21
14 | Underline location register 12.6.22
15 | Start vertical blank register 12.6.23
16 | End vertical blank register 12.6.24
17 |CRT mode control register 12.6.25
18 | Line compare register 12.6.26
19 | Power 9100 interlace register 12.6.27
1A | Power 9100 serial start address high 12.6.28
1B Povyer 9100 serial start address low 12.6.29

register
1C | Power 9100 serial offset register 12.6.30
‘1D | Power 9100 total characters per line 12.6.31
register

24 | Power 9100 attributes state

Figure 212. Bits 4..0 field definition
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12.6. CRT Controller Registers, continued
12.6.2. HORIZONTAL TOTAL REGISTER

The borizontal total register determines the total horizon-
tal scan time, including active display and retrace.

REGISTER FORMAT

Horizontal Total Port 3D5/3B5, CRT Index 00

7 6 5 4 3 2 1 0
HT

Bit No. Meaning

7.0 Horizontal Total (HT)

Figure 213. Horizontal total register format

FIELD DEFINITION

The value loaded into the HT field is the total horizontal
character count per line minus 5.

HT = horizontal_character_total — 5

REGISTER DESCRIPTION

The horizontal total field and the horizontal character
counter internal to the CRT controller together determine
the total horizontal scan time (see figure 214). All horizon-
tal and vertical timing is based on character clock inputs to
this register.

12.6.3. HORIZONTAL DISPLAY ENABLE END
REGISTER

The horizontal display enable end register determines the
number of characters on a horizontal line.

REGISTER FORMAT

Horizontal Display Port 3D5/3B5, CRT Index 01

Enable End
7 6 s 4 3 2 1 0
HDE
Bit No. Meaning
7..0 Horizontal Display Enable (HDE)

Mode Horizontal Character Counter

Text Incremented after each character is output to

the screen

Reset after reaching value in horizontal total
register

Graphics |Incremented every 8 or 9 pixels as specified in
8/9 field of clocking mode register (see figure

191)

Reset after reaching value in horizontal total
register

Figure 214. Determining horizontal scan time

Figure 215. Horizontal display enable end register format

FIELD DEFINITION

The value loaded into the horizontal display enable (HDE)
field is the number of displayed characters on a horizontal
scan line minus one.

HDE = number_of displayed_characters — 1

REGISTER DESCRIPTION

The horizontal display enable field defines the length of
the horizontal display enable signal.
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12.6. CRT Controller Registers, continued

12.6.4. START HORIZONTAL BLANKING
REGISTER

The start horizontal blanking register determines the start
of the horizontal blanking period.

REGISTER FORMAT

12.6.5. END HORIZONTAL BLANKING

REGISTER

The end horizontal blanking register determines the end of
the horizontal blanking period.

REGISTER FORMAT

Start Horizontal Port 3D5/3B5, CRT Index 02

End Horizontal Port 3D5/3B5, CRT Index 03

Blanking Blanking
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
SHB 1 DES EHB
Bit No. Meaning Bit No. Meaning
7.0 Start Horizontal Blanking (SHB) 7 Chip Testing Bit (must be set to 1)
6.5 Display Enable Skew (DES)
4.0 End Horizontal Blanking (EHB)

Figure 216. Start Horizontal Blanking Register

FIELD DEFINITION

The value loaded into the start horizontal blanking field is
the value of the horizontal character counter at the time
the horizontal blanking period should begin.

REGISTER DESCRIPTION

The horizontal blanking signal stops the display of data
during horizontal CRT refresh. The start horizontal
blanking field is used by the end horizontal blanking
(EHB) field of the end horizontal blanking register (see fig-
ure 218).

Figure 217. End Horizontal Blanking Register

FIELD DEFINITION
Bits | Value |Meaning
6..5 00 |{Character clock skew =0
01 | Character clock skew = 1
10 [Character clock skew =2
11 | Character clock skew = 3
4.0 | xxxxx | End of horizontal blanking period
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Figure 218. End horizontal blanking register fields

REGISTER DESCRIPTION

Bits 6 and $ contain the six least-significant-bit value of the
horizontal character counter when the horizontal blank-
ing interval is to become inactive according to the follow-
ing formula:

EHB = SHB + blanking_signal_width

The start horizontal blanking (SHB) field is located in the
start horizontal blanking register (see figure 216) and the
blanking signal width is in character clock units. A sixth
end horizontal blanking bit is located in the EHB field of
the end horizontal retrace register (see figure 221).



12.6. CRT Controller Registers, continued

12.6.6. START HORIZONTAL RETRACE PULSE
REGISTER

The start borizontal retrace pulse register determines the
start of the horizontal retrace period.

REGISTER FORMAT
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CONTROLLER

PRELIMINARY DATA
November 1993

12.6.7. END HORIZONTAL RETRACE
REGISTER

The end horizontal retrace register determines the end of
the horizontal retrace period.

REGISTER FORMAT

Start Horizontal
Retrace Pulse

Port 3D5/3B5, CRT Index 04

7 6 4 3 2 1 0

SHR

Bit No.
7.0

Meaning
Start Horizontal Retrace Pulse (SHR)

End Horizontal Port 3D5/3B5, CRT Index 05

Retrace register

7 (] 5 4 3 2 1 0

EHB HRD EHR
Bit No. Meaning

7 End Horizontal Blanking (EHB)-
6.5 Horizontal Retrace Delay (HRD)
4.0 End Horizontal Retrace (EHR)

Figure 219. Start horizontal retrace pulse register format

FIELD DEFINITION

The value loaded into the start horizontal retrace field is
the value of the horizontal character counter at the time
the horizontal retrace period should begin.

REGISTER DESCRIPTION

The start horizontal retrace field is used to center the
screen horizontally and is used by the end horizontal re-
trace (EHR) field of the end horizontal retrace register (see
figure 221).

149

Figure 220. End horizontal retrace register format

FIELD DEFINITION
Bits | Value | Meaning
7 X | The sixth bit the the EHB field in the end

horizontal blanking register (see figure 218)

6.5 00 |Horizontal retrace delay =0

01 |Horizontal retrace delay = 1

10 |Horizontal retrace delay = 2

11 Horizontal retrace delay = 3
4..0 | xxxxx | End of horizontal retrace period

Figure 221. End horizontal retrace register fields

REGISTER DESCRIPTION

Bits 4..0 contain the five least-significant-bit value of the
horizontal character counter when the horizontal retrace
signal is to become inactive according to the formula:

EHR = SHR + rétrace_signal__width

The start horizontal retrace (SHR) field is located in the
start horizontal retrace pulse register (see figure 219) and
the retrace signal width is in character clock units. A sixth
end horizontal retrace bit is located in the EHB field of the
end horizontal retrace register (see figure 221).



12.6. CRT Controller Registers, continued
12.6.8. VERTICAL TOTAL REGISTER

The vertical total register determines the total number of
vertical scan lines on the monitor.

REGISTER FORMAT
Vertical Total Port 3D5/3B5, CRT Index 06
7 6 5 4 3 2 1 0
VT
Bit No. Meaning
7.0 Vertical Total (VT)

Figure 222. Vertical total register format

FIELD DEFINITION

The value loaded into the vertical total field is the total
horizontal line count per screen minus two.

VT = vertical_retrace + horizontal_scan_lines — 2

REGISTER DESCRIPTION

The ninth and tenth vertical total bits are located in the VT

and VT1 fields of the overflow scan register (see figure
224).

12.6.9. OVERFLOW REGISTER

The overflow register supplies the higher-order bits for
several of the CRT controller registers.
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REGISTER FORMAT
Overflow Port 3D5/3B5, CRT Index 07
7 6 5 4 3 2 1 0
VRS | VDE | VTi LC VBS | VRS | VDE VT
Bit No Meaning
7 Vertical Retrace Start Bit 9 (VRS)
6 Vertical Display Enable End Bit 9 (VDE)
5 Vertical Total Bit 9 (VT1)
4 Line Compare Bit 8 (LC)
3 Start Vertical Blanking Bit 8 (VBS)
2 Vertical Retrace Start Bit 8 (VRS)
1 Vertical Display Enable End Bit 8 (VDE)
0 Vertical Total Bit 8 (VT)
Figure 223. Overflow register format
FIELD DEFINITION
Bit |Meaning Section
7 The tenth VRS bit of the vertical retrace |12.6.18
start register (the ninth VRS bit is in
field VRS, bit 2)
6 The tenth VDE bit of the vertical display |12.6.20
end enable register (the ninth bit is in
field VDE, bit 1)
5 The tenth VT bit of the vertical total reg- | 12.6.8
ister (the ninth VT bit is in field VT, bit 0)
4 The ninth L.C bit of the line compare 12.6.26
register
3 The ninth VBS bit of the start vertical 12.6.23
blanking register
2 The ninth VRS bit of the vertical retrace |12.6.18
start register (the tenth VRS bit is in
field VRS, bit 7)
1 The ninth VDE bit of the vertical display |12.6.20
end enable register (the tenth VDE bit
is in field VDE, bit6) -
VT | The ninth VT bit of the vertical total 12.6.8

register (the tenth VT bit is in field VT1,
bit 5)

Figure 224. Overflow register fields




12.6. CRT Controller Registers, continued
12.6.10. PRESET ROW SCAN REGISTER

The preset row scan register controls scrolling and pan-
ning operations.

REGISTER FORMAT

Preset Row Scan Porf 3D5/3B5, CRT Index 08

SVAWQ BP PRS
Bit No. Meaning
7 Power 9100 Serial Video Address Wrap Control
(SVAWC)
6..5 Byte Panning (BP)
4.0

Preset Row Scan (PRS)

Figure 225. Preset row scan register format

FIELD DEFINITION

Bit 7 is the serial video address wrap control bit. When this
bit is reset to 0, the serial video RAM address counter
wrapsto 0 after a count of 64K. This ensures compatibility
with IBM 256K VGA implementation. When this bit is set
to 1, the counter wraps after address 128K, enabling ac-
cess to the maximum 512K memory.

Bits 6 and $ control the number of bytes to pan, and the
horizontal pixel pan (HPP) field in the horizontal pixel
panning register of the attribute controller registers group
determines the number of pixels to pan (see section
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12.8.6). The value of bits 6..5 is normally 0 because there
are currently no modes programmed for multiple-shift op-
eration.

The value of bits 4..0 are normally 0 because the entire ver-
tical extent of the top character row is usually displayed.

The preset row scan register and maximum scan line regis-
ter (see section 12.6.11) together specify the size of the
character box. The CE field of the cursor end register {see
figure 233) in conjunction with the cursor end (CS) field of
the cursor start register (see flgure 231) specify the cursor
location within this box.

The pixel panning compatibility (PPC) field of the attrib-
ute mode control register of the attribute controller regis-
ters group (see figure 282) allows line compare (see fig-
ure 249) to affect horizontal pixel panning and preset row
scan register outputs (see figures 286).

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03B5 hex (monochrome mode) or 03D5 hex (col-
or mode) when the index field of the CRT controller index
register is 08.

Bits | Value |Meaning
7 0 Serial video RAM address counter wraps
to 0 after a count of 64K
1 Serial video RAM address counter wraps
to O after address 128K
6..5 xx | Specifies number of bytes to pan
4..0 | xxxxx | The starting row of a character box
displayed on the top character row

Figure 226. Preset row scan register fields



12.6. CRT Controller Registers, continued
12.6.11. MAXIMUM SCAN LINE REGISTER

The maximum scan line register specifies the number of

scan lines per character.

REGISTER FORMAT

Maximum Scan Line Port 3D5/3B5, CRT Index 09

2T4 | LC | VBS MSL

Bit No. Meaning

7 200~to—400-line Conversion (2T4)
6 Line Compare Bit 9 (LC)

5 Start Vertical Blanking Bit 9 (VBS)
4.0 Maximum Line Scan (MSL)

Figure 227. Maximum scan line register format
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FIELD DEFINITION
Bits | Value |Meaning
7 0 The row scan counter clock is equal to

the horizontal scan rate and line
doubling is not enabled

Allows a 200-line mode to be displayed
on 400 display scan lines by dividing the
row scan counter clock by 2 to duplicate
each line twice

6 X The tenth LC bit of the line compare
register (see section 12.6.26)
5 X The tenth VBS bit of the start vertical
blanking register (see section 12.6.23)
4.0 xxxxx | The number of scan lines in a character

minus 1 to specify the number of scan
line characters per row

Figure 228. Maximum scan line register fields

REGISTER DESCRIPTION

The preset row scan register (see section 12.6.10) and
maximum scan line register together specify the size of the
character box.




12.6. CRT Controller Registers, continued
12.6.12. CURSOR START REGISTER

The cursor start register determines the first line of the
character box that’s part of the cursor.

REGISTER FORMAT

Cursor Start Port 3D5/3B5, CRT index OA
7 6 5 4 3 2 1 0
.8TP ... COO Cs
Bit No. Meaning
7.6 Power 9100 Struck Through Position (STP)
5 Cursor On/OFF (COO)
4.0 Row Scan Cursor Start (CS)

Figure 229. Cursor start register format

FIELD DEFINITION

Bits 7..6 designate the struck through position. When the
Power 9100 attributes are used, these bits specify which
character line is struck through according to figure 230.

Bits 5..0 are defined as in the standard VGA.

Struck through position [1..2] Line number
0 1
1 5
2 9
3 13

Figure 230. Struck through position
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REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03B5 hex (monochrome mode) or 03D5 hex (col-
or mode) when the index field of the CRT controller ad-
dress is OA hex.

The preset row scan register (see section 12.6.10) and
maximum scan line register (see section 12.6.11) together
specify the size of the character box.

Bits 4..0 in conjunction with the cursor end (CE) field of
the cursor end register (see figure 233) specify the cursor
location in the character box. No cursor is generated when
the value in bits 4..0 exceeds the value in the CE field.

Bits 7..6 are enabled by the Power 9100 attributes (BSE)
field of the Power 9100 control register 1 of the sequencer
registers group (see figure 204).

Bits | Value | Meaning
7.6 00 |Line 1 struck through
(Power 9100 attributes)
01 |Line 5 struck through
(Power 9100 attributes)
10 |Line 9 struck through
(Power 9100 attributes)
11 | Line 13 struck through
(Power 9100 attributes)
5 0 Cursor turned off
Cursor turned on
4..0 | xxxxx |First scan line in character box
representing start of cursor

Figure 231. Cursor start register fields
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12.6. CRT Controller Registers, continued
12.6.13. CURSOR END REGISTER

The cursor end register determines the last scan line of the
character box that’s part of the cursor.

REGISTER FORMAT
Cursor End Port 3D5/3B5, CRT Index OB

7 6 5 4 3 2 1 0
R CsK CE

Bit No. Meaning

7 Reserved

6..5 Cursor Skew (CSK)

4.0 Cursor End (CE)

Figure 232. Cursor end register format

FIELD DEFINITION
Bits | Value | Meaning
6.5 00 |Clock skew = 0 characters

01 Clock skew = 1 character

01 Clock skew = 2 characters

11 Clock skew = 3 characters

C4..0 Bottom scan line of character row for

cursor display
Figure 233. Cursor end register fields

XXXXX

REGISTER DESCRIPTION

The preset row scan register (see section 12.6.10) and
maximum scan line register (see section 12.6.11) together
specify the size of the character box.

Bits 6..5 specify the number of characters to delay cursor
data for proper synchronization.

Bits 4..0 in conjunction with the cursor end (CS) field of
the cursor start register (see figure 231) specify the cursor
location in the character box. No cursor is generated when
the value in the CS field exceeds the value in bits 4..0.

12.6.14. START ADDRESS HIGH REGISTER

The start address high register, in conjunction with the
start address low register, points to the origin of the display
data in the display buffer memory.

REGISTER FORMAT

Start Address High Port 3D5/3B5, CRT Index 0C

7 6 5 4 3 2 1 0
SAH

Bit No. Meaﬁing

7.0 Start Address High (SAH)

Figure 234. Start address high register format

FIELD DEFINITION

The value loaded into the start address high field is the
high-order 8 bits of the start address. The low-order 8 bits
are located in the start address low (SAL) field of the start
address low register (see figure 235).

REGISTER DESCRIPTION

The 16-bit value obtained from the start address high and
start address low (see figure 235) registers is the first ad-
dress after the vertical retrace on each screen refresh.
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12.6. CRT Controller Registers, continued
12.6.15. START ADDRESS LOW REGISTER

The start address low register, in conjunction with the start
address high register, points to the origin of the display
data in the display buffer memory.

REGISTER FORMAT
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12.6.16. CURSOR LOCATION HIGH REGISTER

The cursor location high register, in conjunction with the
cursor location low register, points to the cursor position
in the display buffer memory.

REGISTER FORMAT

Start Address Low Port 3D5/3B5, CRT Index 0D

Cursor Location High  Port 3D5/3B5, CRT Index OE

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
SAL CLH
Bit No. Meaning Bit No. Meaning
7.0 Start Address Low (SAL) 7.0 Cursor Location High (CLH)

Figure 235. Start address low register format

FIELD DEFINITION

The value loaded into the start address low field is the low-
order 8 bits of the start address. The high-order 8 bits are
located in the start address high (SAH) field of the start ad-
dress high register (see figure 234).

REGISTER DESCRIPTION

The 16-bit value obtained from the start address high (see
figure 234) and start address low registers is the first ad-
dress after the vertical retrace on each screen refresh.

Figure 236. Cursor location high register format

FIELD DEFINITION

The value loaded into the cursor location high field is the
high-order 8 bits of the cursor location. The low-order
8 bits are located in the cursor location low (CLL) field of
the cursor location low register (see figure 237).
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12.6. CRT Controller Registers, continued
12.6.17. CURSOR LOCATION LOW REGISTER

The cursor location low register, in conjunction with the
cursor location high register, points to the cursor position
in the display buffer memory.

REGISTER FORMAT

12.6.18. VERTICAL RETRACE START
REGISTER

The vertical retrace start register determines the start of the
vertical retrace period.

REGISTER FORMAT

Cursor Location Low  Port 3D5/3B5, CRT Index OF

Vertical Retrace Start  Port 3D5/3B5, CRT Index 10

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
CLL VRS
Bit No. Meaning Bit No. Meaning
7.0 Cursor Location Low (CLL) 7.0 Vertical Retrace Start (VRS)

Figure 237. Cursor location low register format

FIELD DEFINITION

The value loaded into the cursor location low field is the
low-order 8 bits of the cursor location. The high-order
8 bits are located in the cursor location high (CLH) field of
the cursor location high register (see figure 236).

Figure 238. Vertical retrace start register format

FIELD DEFINITION

The value loaded into the vertical retrace start field is the
value of the scan line counter at the time when the vertical
retrace period should begin.

REGISTER DESCRIPTION

Access to the vertical retrace start and vertical retrace end
(see figure 239) registers is enabled by the end horizontal
blanking register compatibility read (CR) field in the CRT
controller registers group (see figure 218).

The ninth and tenth vertical retrace start bits are located in
the VRS fields of the overflow register (see figure 224).
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12.6. CRT Controller Registers, continued
12.6.19. VERTICAL RETRACE END REGISTER

The vertical retrace send register determines the end of the
vertical retrace period.

REGISTER FORMAT

Vertical Retrace End Port 3D5/3B5, CRT Index 11

7 6 5 4 3 2 1 0o

PR BW | EVI Cvi EVR

Meaning

7 Protect Registers 0-7 (PR)

6 Select 5 Refresh Cycles (BW)
5 Enable Vertical Interrupt (EVI)
4 Clear Vertical Interrupt (CVI)
3.0 Vertical Retrace End (EVR)

Figure 239. Vertical retrace end register format

FIELD DEFINITION
Bits | Value |Meaning
7 0 Protection disabled (writing enabled)
1 Writing from host to CRTC registers dis-
abled
6 0 Select three DRAM cycles
Select five DRAM cycles for 15.75 MHz
sweep-rate displays
5 0 Vertical retrace interrupt on {RQ2 enabled
and latched in VR field of input status 0 reg-
ister (see figure 172)
Vertical retrace interrupt disabled
4 0 Vertical retrace interrupt cleared by inter-

rupt handler, then set to 1 to avoid holding
vertical retrace interrupts inactive

1 Enable additional vertical retrace interrupts

3..0 | xxxx |End of vertical retrace period

Figure 240. Vertical retrace end register fields
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REGISTER DESCRIPTION

Access to the vertical retrace start (see figure 238) and ver-
tical retrace end registers is enabled by the end horizontal
blanking register compatibility read (CR) field in the CRT
controller registers group (see figure 218).

The vertical retrace (VR) field of the the input status O reg-
ister in the general registers group (see figure 172) can be
programmed to interrupt the CPU using bit 5 and bit 4
when the IRQ2 interrupt level is shared.

The value programmed into bits 3..0 is based on the verti-
cal retrace start (VRS) field of the vertical retrace start reg-
ister (see figure 238) and the width of the vertical retrace
signal in horizontal scan units as follows:

EVR = VRS + vertical_retrace_signal_width
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12.6. CRT Controller Registers, continued

12.6.20. VERTICAL DISPLAY ENABLE END
REGISTER

The vertical display enable end register spec1ﬁes the last
horizontal scan line displayed at the bottom of the screen.

REGISTER FORMAT

Vertical Dis|
Enable En

7

Port 3D5/3B5, CRT Index 12

J)Iay

VDE

Bit No.
7.0

Meaning
Vertical Display End Enable (VDE)

Figure 241. Vertical display enable end register format

FIELD DEFINITION

The value loaded into the vertical display end field is the
number of the last horizontal scan line at the bottom of the
screen.

REGISTER DESCRIPTION

Vertical blanking normally occurs before the value in the
vertical display enable register is reached.

The ninth and tenth vertical display end bits are located in
the VDE fields of the overflow register (see figure 224).

The border area includes the horizontal lines occurring be-
tween the value in the start vertical blanking register (see
section 12.6.23) and the value in the vertical display en-
able register. The overscan color register in the attribute
controller registers group determines border color (see sec-
tion 12.8.4).

12.6.21. OFFSET REGISTER
The offset register specifies the width of the display.

REGISTER FORMAT

Offset Port 3D5/3B5, CRT Index 13

4 3 2 0

OFF

Bit No.
7.0

Meaning
Logical Line Width of Screen (OFF)
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Figure 242. Offset register format

FIELD DEFINITION

The value loaded into the logical line width field is the dif-
ference in bytes or words between the addresses of verti-
cally adjacent scan lines.

next_row_address = current_byte_start_addr + [(off) * (K

where:
K =2, byte addressing
K =4, word addressing

REGISTER DES CRIPTION

The count by two (CBT) field of the CRTC mode control
register specifies VGA addressing in either byte mode or
word mode (see figure 248).



12.6. CRT Controller Registers, continued
12.6.22. UNDERLINE LOCATION REGISTER

The underline location register determines the horizontal
line used for underlining characters.

REGISTER FORMAT

Underline Location Port 3D5/3B5, CRT Index 14

7 6 5 4 3 2 1 ]

SVLD | DW | CB4 uL

Bit No. Meaning

7 Power 9100 Serial Video Line Doubling (SVLD)
6 Double Word Mode (DW)

5 Count by Four (CB4)

4.0 Underline Location (UL)

Figure 243. Underline location register format

FIELD DEFINITION

Bit 7 is the serial video line doubling bit. When this bit is set
to 1, lines which are accessed through the VRAM serial
port are displayed twice (line duplication or double scan).

Bits [6..0] are defined as in the standard VGA.
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Bits Value |Meaning

Single-scan lines accessed through
VRAM serial port

Double-scan lines accessed through
VRAM serial port

Normal word addressing

Double word addressing

Normal clocking

- O = | O

Divide character clock to memory ad-
dress counter by 4

4..0 Underline at character box horizontal

scan line minus 1

XXXXX

Figure 244. Underline location register fields

- REGISTER DESCRIPTION
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This video control read/write register is accessed through
location 03B5 hex (monochrome mode) or 03D5 hex (col-
or mode) when the index field of the CRT controller index
register is 14 hex.

The number of scan lines per character is specified by the
maximum scan line register (see section 12.6.11).

When bit 6 field is 0, the word/byte (W/B) field of the
CRTC mode control register (see figure 248) controls the
addressing; and when bit 6 is 1, the addressing is shifted by
two bits.



12.6. CRT Controller Registers, continued

12.6.23. START VERTICAL BLANKING
REGISTER

The start vertical blanking register determines the start of
the vertical blanking period.

REGISTER FORMAT

12.6.24. END VERTICAL BLANKING
REGISTER

The end vertical blanking register determines the end of
the vertical blanking period.

REGISTER FORMAT

Start Vertical Blanking Port 3D5/3B5, CRT Index 15

End Vertical Blanking Port 3D5/3B5, CRT Index 16

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
VBS VBE
Bit No. Meaning Bit No. Meaning
7.0 Vertical Blank Start (VBS) 7.0 End Vertical Blanking (VBE)

Figure 245. Start vertical blanking register format

FIELD DEFINITION

The value loaded into the vertical blanking start field is the
value of the scan line counter at the time when the vertical
blanking period should begin.

REGISTER DESCRIPTION

A ninth vertical blanking start bit is located in the VBS
field of the overflow register (see figure 224), and a tenth
vertical blanking start bit is located in the VBS field of the
maximum scan line register (see figure 228).

The border area includes the horizontal lines occurring be-
tween the value in the start vertical blanking register and
the value in the vertical display enable register (see sec-
tion 12.6.20). The overscan color register in the attribute
controller registers group determines border color (see sec-
tion 12.8.4).

Figure 246. End vertical blanking register format

FIELD DEFINITION

The value loaded into the end vertical blanking field is the
horizontal scan count value when the vertical output sig-
nal becomes inactive, and is determined from the value in
the SVB field of the start vertical blanking field (see fig-
ure 245) and the width of the vertical blank signal in hori-
zontal scan units as follows:

VBE = (SVB — 1) + vertical_blanking_signal
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12.6. CRT Controller Registers, continued
12.6.25. CRTC MODE CONTROL REGISTER
The CRTC mode control register assists in display control. ~ FIELD DEFINITION
REGISTER FORMAT Bit | Value | Meaning
7 0 Horizontal and vertical retrace cleared
CRTC Mode Control Port 3D5/3B5, CRT index 17 1 Horizontal and vertical retrace enabled
6 0 Word mode selected (MSB output on LSB
7 6 5 4 3 2 1 0 address line depends on AW field)
HR |wB | AW | R | CBT | HRS | SRS | CMs Byte mode selected
5 0 Address bit 13 sent as LSB to display
memory in byte address mode and ad-
Bit No Meaning ;Iress bit 0 sent as LSB to display memory
7 Hardware Reset (HR) in word address mode
6 Word/Byte Mode (W/B : -
5 Addressyt Wrap ( A\(N) ) 1 Address bit 15 sent as LSB to display
4 Reserved memory
3 Count by Two (CBT) ;
2 Horizontal Retrace Select (HRS) 3 0 %ZTa%%? ggfks isnczltmter clocked with
1 Select S]qw Scan Counter (SRS) P
0 Compatibility Mode Support (CMS) 1 Memory address counter clocked every
other character clock input
Figure 247. CRTC mode control register format 2 0 Sc:an line counter clocked every horizontal
retrace
REGISTER DESCRIPTION 1 gg?w?allirrl:tf:g:ter clocked every other hor-
When the double word mode (WD) field of the underline 1 0 | Row scan counter bit 1 placed on memory
location register (see figure 244) is 0, bit 6 controls the ad- address bus bit 14 during active display
dressing; and when the WD field of the underline location time
register is 1, the addressing is shifted by two bits. T [Sequential output of memory addresses
Bit 3 creates either a byte or word refresh address for the 0 0 | Substitute row scan address bit O for
display buffer in conjunction with the offset register (see memory address bit 13
section 12.6.21). —
1 No substitution (memory address output
bit 13 signal of CRT controller is memory
address bit 13)

Figure 248. CRTC mode control register fields



12.6. CRT Controller Registers, continued
12.6.26. LINE COMPARE REGISTER

The line compare register allows a split-screen display.

REGISTER FORMAT

Line Compare Port 3D5/3B5, CRT Index 18

7 6 4 3 2 1 0

LC

Bit No.
7.0

Meaning
Line Compare Target (LC)

Figure 249. Line compare register format

FIELD DEFINITION

The value loaded into the line compare field is the low-ord-
er 8 bits of the horizontal scan line counter at the time
when the horizontal line counter is to be cleared.

REGISTER DESCRIPTION

A ninth line compare bit is located in the LC field of the
overflow register (see figure 224), and a tenth line compare
bit is located in the LC field of the maximum scan line reg-
ister (see figure 228).

12.6.27. POWER 9100 INTERLACE REGISTER

The Power 9100 interlace register determines when the
vertical counter is clocked for the second time during inter-
lace modes of operation.

The Power 9100 interlace register must be unlocked be-
fore it can be accessed. See section 12.1.1 for more infor-
mation.

REGISTER FORMAT

Power 9100 Port 03B5 (monochrome)CRT Index 19

Interlace Port 03D5 (color)
7 6 5 4 3 2 1 0
Interlace Extra Clock Position
Bit No. Meaning
7.0 Interlace Extra Clock Position (IECP)
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Figure 250. Power 9100 interlace register format

FIELD DEFINITION

Bits [7..0] define the horizontal counter value at which the
vertical counter is clocked for the second time during inter-
laced modes of operation.

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03B5 hex in monochrome mode and location
03D5 hex in color mode when the index field of the CRT
controller index register is 19 hex.
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12.6.28. POWER 9100 SERIAL START ADDRESS HIGH REGISTER

The Power 9100 serial start address bigh register specifies
the high-order bits of the start address of the frame buffer.

The Power 9100 serial start address high register must be
unlocked before it can be accessed. See section 12.1.1 for
more information.

REGISTER FORMAT
Power 9100 Serial ~ Port 03B5 (mono)  CRT Index 1A
Start Adress High  Port 03D5 (color)

7 [ 5 4 3 2 1 0

' Serial Video Start Address Bits [15..8]

Bit No.
7.0

Meaning
Serial Video Start Address bits [15..8] (SVSAH)

Figure 251. Power 9100 serial start address high register
format
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FIELD DEFINITION

Bits [15..8] are the high-order bits of the 17-bit serial video
start address that consists of the serial video start address
low register (bits [7..0]), the serial video start high register
(bits [15..8]) and bit 2 of the Power 9100 control register 0
(bit 16).The Power 9100 has two sets of start address reg-
isters. When bit 7 of the Power 9100 control register 0 is
reset to 0, only the set or start address registers that occu-
pies the standard VGA addresses is enabled. When bit 7 of
the Power 9100 control register 0 is set to 1, both sets of
start address registers are enabled. When both sets of regis-
ters are enabled, the serial video start address specifies the
location of the first pixel displayed for the frame buffer
which is accessed through the VRAM serial port. The re-
maining set of registers, the standard VGA start address
low and high registers, specify the start address of the
frame buffer which is accessed through the VRAM parallel
port.

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03B5 hex in monochrome mode or location 03D5
hex in color mode when the index field of the CRT control-
ler index register is 1A hex.



12.6. CRT Controller Registers, continued

12.6.29. POWER 9100 SERIAL START ADDRESS LOW REGISTER

The Power 9100 serial start address low register specifies
the high-order bits of the start address of the frame buffer.

The Power 9100 serial start address low register must be
unlocked before it can be accessed. See section 12.1.1 for
more information.

REGISTER FORMAT
Power 9100 Serial  Port 03B5 (mono) CRT Index 1B
Start Address Low Port 03D5 (co]or)
7 6 5 4 3 2 1 0

Serial Video Start Address Bits [7..0]

Bit No. Meaning
7.0 Serial Video Start Address bits [7..0] (SVSAL)

Figure 252. Power 9100 serial start address low register
format

FIELD DEFINITION

Bits [7..0] are the low-order bits of the 17-bit serial video
start address that consists of the serial video start address
low register (bits [7..0]), the serial video start high register
(bits [15..8]) and bit 2 of the Power 9100 control register 0
(bit 16). The Power 9100 has two sets of start address reg-
isters. When bit 7 of the Power 9100 control register O is
reset to 0, only the set that occupies the standard VGA ad-
dresses is enabled. When bit 7 of the Power 9100 control
register O is set to 1, both sets of start address registers are
enabled. When both sets of registers are enabled, the serial
video start address specifies the location of the first pixel
displayed for the frame buffer which is accessed through
the VRAM serial port. The remaining set of registers, the
standard VGA start address low and high registers, specify
the start address of the frame buffer which is accessed
through the VRAM parallel port.

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03B5 hex in monochrome mode or location 03D5
hex in color mode when the index field of the CRT control-
ler index register is 1B hex.
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12.6.30. POWER 9100 SERIAL OFFSET REGISTER

The Power 9100 serial offset register specifies the logical
line width of the frame buffer that is accessed through the
VRAM serial port.

The Power 9100 serial offset register must be unlocked be-
fore it can be accessed. See section 12.1.1 for more infor-
mation.

REGISTER FORMAT
Power 9100 Port 03B5 (mono) CRT Index 1C
Serial Offset Port 03D5 (color)
7 6 5 4 3 2 1 0
Serial Video Offset
Bit No. Meaning
7.0 Serial Video Offset (SVO)

Figure 253. Power 9100 serial offset register format
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FIELD DEFINITION

Bits [7..0] are the serial video offset. This value specifies
the logical line width of the frame buffer which is accessed
through the VRAM serial port. The starting memory ad-
dress for the next character row is two or four times this
amount. The serial video offset register is programmed
with a word address. Depending on the clocking mode of
the CRT controller, this is either a word address or a dou-
ble-word address. The Power 9100 has two offset regis-
ters. When bit 7 of the Power 9100 control register 0 is
clear, only one is enabled and it occupies the standard
VGA addresses. When bit 7 of the Power 9100 control reg-
ister 0 is set, both offset registers are enabled. In this case,
the standard VGA offset register defines the offset for the
frame buffer which is accessed through the VRAM parallel
port; the other, the serial video offset register, defines the
offset for the frame buffer which is accessed through the
VRAM serial port.

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03B5 hex in monochrome mode and location
03D5 hex in color mode when the index field of the CRT

controller index register is 1C hex.



12.6. CRT Controller Registers, continued

12.6.31. POWER 9100 TOTAL CHARACTERS PER LINE REGISTER

The Power 9100 total characters per line register specifies
the total number of characters per line when the frame
buffer is accessed through the parallel VRAM port.

The Power 9100 total characters per line register must be
unlocked before it can be accessed. See section 12.1.1 for
more information.

REGISTER FORMAT

Power 9100 Total Port 03B5 (monochrome) CRT Index 1D
Characters/Line Port 03D5 (color)

7 6 5 4 3 2 1 0

‘ Total Characters Per Line

Bit No. Meaning
7.0 Total Characters Per Line (TCPL)

Figure 254. Power 9100 total characters/line register for-
mat

FIELD DEFINITION

Bits [7..0] specify the total characters per line. The Power
9100 has two registers which can specify the number of
characters in a line. When bit 7 of the Power 9100 control
register 0 is clear, only the horizontal display enable end
register is enabled and it occupies the standard VGA ad-
dresses. When bit 7 of the Power 9100 control register 0 is
set, both registers are enabled. In this case, the standard
VGA horizontal display end register defines the number of
graphics bytes per line for the frame buffer which is ac-
cessed through the VRAM serial port; the other, the total
characters per line register, defines the total number of
characters per line for the frame buffer which is accessed
through the VRAM parallel port.

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03B5 hex in monochrome mode or 03D5 hex in
color mode when the index field of the CRT controller in-
dex register is 1D hex. When DRAM is used in the packed
pixel modes, this register must be programmed with a val-
ue equal to the total number of bytes in a line divided by 8.
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12.6.32. POWER 9100 ATTRIBUTES STATE REGISTER

The Power 9100 attributes state register is a read only reg-
ister which returns the state of the Attributes toggles flip-
flop.

Power 9100 Port 03B5 (monochrome)CRT Index 24

Attributes State  Port 03D5 (color)

7 -] 5 4 3 2 1 0

Bit No. Meaning

7 Returns state of Attributes toggle flip-flop
0 = index mode
1 = data mode

6..0 Reserved

Figure 255. Power 9100 attribute state register

FIELD DEFINITION

Bit 7 of this read—only register returns the state of the at-
tributes toggle flip-flop. 0 indicates index mode and 1 indi-
cates data mode.

Bits [6..0] are reserved.

REGISTER DESCRIPTION

This video control read register is accessed through loca-
tion 03B5 hex in monochrome mode and location 03D5
hex in color mode when the index field of the CRT control-
ler index register is 24 hex.
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12.7. Graphics Controller Registers

The graphics controller register group provide hardware  [Field [ Register Section
assistance to graphics drawing operations. These registers 0 Sev = TR
are accessed via the graphics controller index register port etreset register L
at hex address 3CE and the graphics controller data regis- 1 |Enable set/reset register 12.7.3
ters port at hex address 3CE. 2 | Color compare register 12.7.4
12.7.1. GRAPHICS INDEX REGISTER 3 | Data rotate register 1275
.. . . . 4 R lect register’ 12.7.6
The graphics index register provides the address index for ead r.’nap selec re.g|s l
the graphics controller registers. 5 | Graphics mode register 12.7.7
6 | Miscellaneous register 12.7.8
REGISTER FORMAT 7 |Color don't.care register 12.7.9
8 | Bit mask register 12.7.10
Graphics Index Port 3CE 9 |Reserved
A |Reserved
7 6 5 4 3 2 1 0
B |Reserved
Res Reserved GRA C |Reserved
D |Reserved
Bit No. Meaning E |Reserved
7 Reserved
6.4 Reserved . F |Reserved
3.0 Graphics Controller Register Index (GRA) Figure 257. Bit 3..0 field
REGISTER DESCRIPTION
The graphics index register is a pointer register which islo-
cated at address 03CE hex. The value loaded in this regis-

Figure 256. Graphics index register format

FIELD DEFINITION
Bit 7 is reserved.
Bits [6..0] are defined as in the standard VGA.

ter determines which sequencer register is accessed when
I/O operations are performed to address 03CF hex. This
value is referred to as the index.
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12.7.2. SET/RESET REGISTER

The set/reset register provides color fill data to the display
memory maps.
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12.7.3. ENABLE SET/RESET REGISTER

The enable set/reset register determines the memory maps
that receive fill data from the set/reset register.

REGISTER FORMAT REGISTER FORMAT
Set/Reset Port 3CF, Gra Index 00 Enable Set/Reset Port 3CF, Gra Index 01
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Reserved S/R Reserved ESR
Bit No. Meaning Bit No. Meaning
7.4 Reserved 7.4 Reserved
3.0 Set/Reset (S/R) 3.0 Enable Set reset (ESR)

Figure 258. Set/reset register format

Figure 260. Enable set/reset register format

FIELD DEFINITION FIELD DEFINITION
Bit Value |Meaning Bit Value |Meaning
3 X Fill data for memory map 3 3 0 Disable set/reset for Map 3
2 X Fill data for memory map 2 1 Enable set/reset for Map 3
1 X Fill data for memory map 1 2 0 Disable set/reset for Map 2
0] X Fill data for memory map 0 1 Enable set/reset for Map 2
Figure 259. S/R field 1 0 Disable set/reset for Map 1
1 Enable set/reset for Map 1
REGISTER DESCRIPTION -
) ) 0 0 Disable set/reset for Map 0
Bits 3..0 are enabled by the enable set/reset (ESR) field of ] Enabie soUresel for Mo 0
the enable set/reset register (see figure 261). Memory nable setreset for Map

maps that are disabled by the ESR field receive regular
data from the CPU.

The bit mask (BM) field of the bit mask register (see fig-
ure 276) write-protects individual memory bits from set/
reset fill operations.

Figure 261. ESR field

REGISTER DESCRIPTION

Bits 3..0 enable the memory maps that receive fill data
from the set/reset (S/R) field of the set/reset register (see
figure 259). Memory maps that are disabled by bits 3..0
receive regular data from the CPU.

The bit mask (BM) field of the bit mask register (see fig-
ure 276) write-protects individual memory bits from set/
reset fill operations.
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12.7. Graphics Controller Registers, continued

12.7.4. COLOR COMPARE REGISTER

The color compare register permits the comparisonofdata ~ FIELD DEFINITION
on all four color maps to a reference color and reports
whether a match was found for each plxel position. Bit | Value |Meaning |
REGISTER FORMAT 3 X Color compare value for Map 3
' 2 X Color compare value for Map 2
* 1 X | Color compare value for Map 1
Color Compare Port 3CF, Gra Index 02
0 X Color compare value for Map 0
7 s 5 4 3 2 1 0 Figure 263. Bits 3..0 field
~ Reserved cC

Bit No. Meaning
7.4 Reserved
3.0 Color Compare (CC)

Figure 262. Color compare register format
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12.7. Graphics Controller Registers, continued

12.7.5. DATA ROTATE REGISTER

The data rotate register modifies data as it is being trans-
ferred from the CPU to the display memory.

REGISTER FORMAT

Data Rotate Port 3CF, Gra Index 03

1

Res Res FS DR

Meaning

Reserved

Reserved

Reserved

Function Select (FS)
Data Rotate (DR)

Figure 264. Data rotate register format

REGISTER DESCRIPTION

This graphics read/write register is accessed through loca-
tion 03CF hex when the index field of the graphics address
register is 03.

The data rotate operation occurs before other operations
such as:

set/reset controlled by the set/reset (S/R) field of the
set/reset register (see figure 259) and the enable set/re-
set (ESR) field of the enable set/reset register see (fig-
ure 261)
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write mode selected by the write mode (WM) field of
the mode register (see figure 269)

logical read before write controlled by the FS field
bit mask selected by the bit mask (BM) field of the bit
mask register (see figure 276)

FIELD DEFINITION

Bits [7..5] are reserved.

Bits [4..0] are defined as in the standard VGA.

Bits | Value |Meaning
7 Reserved
6 Reserved
5 Reserved
4.3 00 Data written unmodified
01 Data ANDed with latched data
10 | Data ORed with latched data
11 Data XORed with latched data
D2..0 | 000 |Rotate right shift O bits
001 | Rotate right shift 1 bit
010 | Rotate right shift 2 bits
011 | Rotate right shift 3 bits
100 | Rotate right shift 4 bits
101 | Rotate right shift 5 bits
110 | Rotate right shift 6 bits
111 | Rotate right shift 7 bits

Figure 265. Data rotate register fields



12.7. Graphics Controller Registers, continued

12.7.6. READ MAP SELECT REGISTER

The read map select register enable the memory map to be
read by the CPU.

REGISTER FORMAT

Read Map Select Port 3CF, Gra Index 04

7 6 5 4 3 2 1 0
Reserved RMS
Bit No. Meaning
7.2 Reserved

1..0 Read Map Select (RMS)

Figure 266. Read map select register format

FIELD DEFINITION
Bits | Value |Meaning
1.0 00 Select Map 0

(0] Select Map 1
10 | Select Map 2
11 Select Map 3
Figure 267. Read map select register fields

REGISTER DESCRIPTION

Bits 1..0 are not active in color compare mode (see fig-
ures 263).

The chain four (C4) field of the memory mode register of
the sequencer registers group (see figure 200) controls dis-
play memory bit plane access. In write modes, the display
plane is selected normally by the EM3..EMO fields of the
map mask register of the sequencer registers group (see fig-
ure 194). In read modes, the active bit plane is selected nor-
mally by bits 1..0.
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12.7. Graphics Controller Registers, continued

12.7.7. GRAPHICS MODE REGISTER

The graphics mode register controls read and write modes.

REGISTER FORMAT
Graphics Mode Port 3CF, Gra Index 05
7 6 5 4 3 2 1 0

0 |256CM SRM | O/E | RM R WM

Bit No. Meaning

Reserved (must be 0)

256 Color Mode (256CM)
Shift Register Mode (SRM)
Odd/Even (O/E)

Read Mode (RM)
Reserved

.0 Write Mode (WM)

SNWAROON

Figure 268. Graphics mode register format

REGISTER DESCRIPTION

This graphics read/write register is accessed through loca-
tion 03CF hex when the index field of the graphics address
register is 05.

Bit 4 of the graphics mode register must be the complement
of the O/E field of the memory mode register in the sequen-
cer registers group (see figure 200).

Operation of bit 3 depends on read map select (RMS) field
of read map select register (see figure 267), chain four (C4)
field of sequencer memory mode register (see figure 200),
and color compare (CC) field of color compare register
(see figure 263).

Operation of bits 1..0 depend on data rotate (DR) field of
rotate register (see figure 265), set/reset register (see fig-
ure 259), enable set/reset register (see figure 261), and bit
mask register (see figure 276).
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FIELD DEFINITION

Bits [6..0] are defined as in the standard VGA.

Bits

Value

Meaning

6

0

SRM field controls shift register loading

Shift register load supports 256-color mode

Normal serial data stream formatting

1
0
1

Serial data stream formatted with even-

numbered bits from both maps on even-
numbered maps and odd-numbered bits
from both maps on odd-numbered maps

Normal VGA operating mode

Even host addresses even display planes 0
and 2, odd host address odd display planes
1and3

Read mode 0: CPU reads memory map se-
lected by read map select register (see fig-

ure 267), but has no effect when C4 field of
sequencer memory mode register (see fig-

ure 200) = 1

Read mode 1: CPU reads results of com-
parison of the four memory maps with CC
field of color compare register (see fig-
ure 263)

1..0

00

Direct CPU write (write mode 0) either ro-
tated by DR field of rotate register (see fig-
ure 265), or by the contents of the set/reset
register (see figure 259) when enabled (see
figure 261)

01

Use latch content as write data (write mode

1)

10

Color plane nfilled with bit n value in pro-
cessor write data (write mode 2)

11

Write each plane with 8 identical bits (write
mode 4) from set/reset register (see fig-
ure 259), with rotated CPU data ANDed
with bit mask register data (see figure 276)

Figure 269. Graphics mode register fields



12.7. Graphics Controller Registers, continued

12.7.8. MISCELLANEOUS REGISTER

The miscellaneous register controls the display mode, = REGISTER DESCRIPTION

monochrome graphics emulation, and memory mapping. Bit 0 should have the same contents as the G/A field of the

attribute mode control register in the attribute controller

REGISTER FORMAT registers group (see figure 282).
Miscellaneous Port 3CF, Gra Index 06 i ; Dispiay Buffer | Length
MM bit 1 MM bit 0 Starts at (bytes)
7 6 5 4 3 2 1 0 0 0 AO0000H 128K
Reserved MM COE | G/A 0 | AOGOOH 64K
1 0 BOOOOH 32K

Figure 272. Location of frame buffer in memory page
Bit No. Meaning

7.4 Reserved

3.2 Memory Map (MM)

1 Chain Odd-Even (COE)

0 Graphics/Alphanumeric Mode (G/A)

Figure 270. Miscellaneous register format

FIELD DEFINITION

Bits | Value |Meaning

3.2 00 [Memory location AOOOO-BFFFF hex, 128K
memory length

01 | Memory location AGOOO—-AFFFF hex, 64K
memory length

10 |Memory location BOOOO-B7FFF hex, 32K
memory length

11 Memory location B8O00-B7FFF hex, 32K
memory length

1 0 |Standard addressing

Higher-order address bit replaces host ad-
dress bit (even and odd addresses access
even and odd planes, respectively)

0 0 | Select alphanumeric mode

1 Select graphics mode

Figure 271. Miscellaneous register fields
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12.7. Graphics Controller Registers, continued

12.7.9. COLOR DON’T CARE REGISTER

The color don’t care register masks particular memory
maps from being tested during color compares.
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12.7.10. BIT MASK REGISTER

The bit mask register prevents certain bit positions from
being modified during memory read-modify-write cycles.

REGISTER FORMAT REGISTER FORMAT
Color Don’t Care Port 3CF, Gra Index 07 Bit Mask Port 3CF, Gra Index 08
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Reserved cDC BM
Bit No. Meaning Bit No. Meaning
7.4 Reserved 7.0 Bit Mask (BM)
3..0 Color Don’t Care (CDC)

Figure 273. Color don’t care register format

Figure 275. Bit mask register format |

FIELD DEFINITION FIELD DEFINITION
Bit | Value |Meaning Bit | Value | Meaning
3 0 Participate in color compare cycle, Map 3 X 0] Bit ximmune to change

1 Bit x writes enabled

1 Ignore color compare cycle, Map 3

2 0 Participate in color compare cycle, Map 2
1 Ignore color compare cycle, Map 2

1 0 Participate in color compare cycle, Map 1
1 Ignore color compare cycle, Map 1

0 (0] Participate in color compare cycle, Map 0

1 Ignore color compare cycle, Map 0

Figure 274. Color don’t care field
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Figure 276. Bit mask field

REGISTER DESCRIPTION

Bit x is immune to change when the bit mask field is 0 only
if the location being written is the last location read.

The bit mask write-protects individual memory bits from
set/reset fill operations specified by the set/reset (S/R) field
of the set/reset register (see figure 259) and enabled by the
enable set/reset (ESR) field of the enable set/reset register
(see figure 261).



12.8. Attribute Controller Registers

The attribute controller register group controls displayat-  FIELD DEFINITION
tributes such as color, blinking, and underlining. These
registers are written at hex address 3C0, with access alter-  [Field Registers Section
nating between the attribute controller index register and -
the selected attribute controller data register. These regis- | 90000 Palette register 00 12.8.2
ters are read at hex address 3C1, with access alternating 00001 Palette register 01 12.8.2
between the address and data registers. 00010 Paletie register 02 1282
12.8.1. ATTRIBUTE INDEX REGISTER ooot Palette register 03 12.8.2
. . . . . | i 4 12.8.2
The attribute index register provides the address index for 00100 Palette reg!ster 0 8
the attribute controller registers. 00101 Palette register 05 1282
00110 Palette register 06 12.8.2
REGISTER FORMAT 00111 Palette register 07 12.8.2
01000 Palette register 08 12.8.2
Attribute Index Port 3C1 (Read), 3C0 (Write) 01001 Palette register 09 12.82
01010 Palette register OA 12.8.2
7 6 5 4 3 2 1 0
01011 Palette register 0B 12.8.2
Reserved PAS ACR 01100 Palette register 0C 12.8.2
01101 Palette register OD 12.8.2
Bit No. Meaning i
7.6 Reserved 01110 Palette register OE 12.8.2
5 Palette Address Source (PAS) 01111 Palette register OF 12.8.2
4.0 Attribute Address (ACR) - -
10000 Attribute mode control register 12.8.3
10001 Overscan control register 12.8.4
10010 Color plane enable register 12.8.5
10011 Horizontal pixel panning register |12.8.6
Figure 277. Attribute index register format 10100 Color select register 128.7
10101 Power 9100 overscan color high |12.8.8
register
10110..11111 | Reserved
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12.8. Attribute Controller Registers, continued

12.8.2. PALETTE REGISTERS

The 16 palette registers allow the CPU to determine which ~ FIELD DEFINITION
colors are displayed at any time.

Bit Value |Meaning
REGISTER FORMAT 5 0] Secondary red not present
1 Secondary red present
Palette Port 3C1 (Read), 3C0O (Write)
ACR Indices 00-0F 4 0 Secondary green not present
; 6 5 4 3 2 } 0 1 Secondary green present
3 0] Secondary blue not present
Reserved SR SG SB R G B
1 Secondary blue present
2 0] Red not present
Bit No. Meaning
7.6 Reserved ! Red present
5 Secondary Red (SR) 1 0 Green not present
4 Secondary Green (SG)
3 Secondary Biue (SB) 1 Green present
2 Red (R
1 G?ee(n ()G) 0 0 Blue not present
0 Blue (B) 1 Blue present
Figure 280. Palette register fields

Figure 279. Palette registers format REGISTER DESCRIPTION

The palette registers should be modified only during the
vertical retrace interval.
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12.8. Attribute Controller Registers, continued

12.8.3. ATTRIBUTE MODE CONTROL REGISTER

The attribute mode control register controls VGA attrib-
utes.

REGISTER FORMAT
Attribute Mode Control Port 3C1 (Read), 3C0 (Write)
ACR Index 10
7 6 5 4 3 2 1 0
P54S |PELW [PELPC| R EB | ELG |MEBB| EGM
Bit No. Meaning
7 P5-P4 Select (Pr4S)
6 Pixel Width (PELW)
5 Pixel Panning Compatibility (PELPC)
4 Reserved
3 Enable Blink or Intensity (EB)
2 Enable Line Graphics Char Codes/Clip
Disable (ELG)
1 Mono Mode/Black Background (MEBB)
0 Enable Graphics Mode (EGM)

Figure 281. Attribute mode control register format

FIELD DEFINITION

Bits [7..5] are defined as in the standard VGA.
Bit 4 is reserved, as defined in the standard VGA.
Bit 3 is defined as in the standard VGA.

Bit 2 is the enable line graphics character codelclip disable
bit. In normal VGA modes, when this bitis is reset to 0, the
ninth dot of nine-dot-wide characters is the background
color. When this bit is set to 1, the eighth bit of the font
data is duplicated into the ninth bit for character codes CO
through DF. When the Power 9100 character attributes
are used, this bit defines whether a character is allowed to
stretch over the edges of a character cell, as can be invoked
by the bold and half-bit-shift attributes. When this bit is
clear, the character is clipped at the edges of the character
cell; when this bit is set, the character is not clipped.

Bit 1 is the mono mode/black background bit. (Note that
this is also a standard VGA bit.) In normal VGA modes,
when this bit is set to 1, monochrome mode is enabled.
When this bit is reset to 0, a color mode is enabled. When
the Power 9100 overlapping text and graphics mode is in-
voked, if this bit is set to 1, the character background color
is the first entry in the attribute color palette.
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Bit O is defined as in the standard VGA.

Bit Value

0

Meaning

Palette register bits 4 and 5 provide ad-
dress bits 4 and 5 to color registers (see
figure 280)

Color select register C45 field provides
address bits 4 and 5 to color registers
(see figure 289).

Pixel data changed each dot clock cycle

Pixel data changed every other dot clock

Prevent line compare from affecting pixel
panning register output

Allow line compare to affect horizontal
pixel panning and preset row scan regis-
ter outputs (see figures 286 and 226)

Character attribute code bit 7 selects
background color. inhibit blinking

Character attribute code bit 7 enables or
disables blinking

Set ninth character dot to background
color

Set ninth character dot to eighth charac-
ter dot for all graphics characters

Select color display attributes

Select IBM Monochrome Display Adapter
attributes

Select alphanumeric mode

Select graphics mode

Figure 282. Attribute mode control register fields

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03CO hex (write) or 03C1 hex (read) when the in-
dex field of the attribute address register is 10 hex.

Bit 5 allows line compare (see figure 249) to affect hori-
zontal pixel panning and preset row scan register outputs
(see figure 226 and 286).

Bit 0 should have the same contents as the G/A field of the
miscellaneous register in the graphics controller registers
group (see figure 271).



12.8. Attribute Controller Registers, continued

12.8.4. OVERSCAN COLOR REGISTER

The overscan color register determines the color of the
border area displayed on the CRT.

REGISTER FORMAT

Port 3C1 (Read), 3C0 (Write)
ACR Index 11

7 6 5 4 3 2 1 0

Overscan Color

P7 | Pe | P5 | P4 | P3| P2 | P1 | PO

o
e
=z
°

Meaning

Pixel Address 7 (P7)
Pixel Address 6 (P6)
Pixel Address 5 (P5)
Pixel Address 4 (P4)
Pixel Address 3 (P3)
Pixel Address 2 (P2)
Pixel Address 1 (P1)
Pixel Address 0 (PO)

O=NWMNION

Figure 283. Overscan color register format
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REGISTER DESCRIPTION

The border area includes the horizontal lines occurring be-
tween the value in the start vertical blanking register (see
section 12.6.23) and the value in the vertical display en-
able register of the CRT controller registers group (see sec-
tion 12.6.20).

The overscan color high (OCH) field of the Power 9100
overscan color high register of the attribute controller reg-
isters group (see figure 290) provide 8 additional high-
order border-color bits for Power 9100 modes.
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12.8. Attribute Controller Registers, continued

12.8.5. COLOR PLANE ENABLE REGISTER

The color plane enable register controls which color
planes will be enabled during the display process.

REGISTER FORMAT

Color Plane Enable Port 3C1 (Read), 3CO (Write)

ACR Index 12
7 6 5 - 4 3 2 1 0
SBE | HBM.. VSM CPE
Bit No Meaning
7 Power 9100 Slow Blink Enable (SBE)
6 Power 9100 Half Bright Mode (HBM)
5.4 Video Status MUX (VSM)
3.0 Color Planes Enable (CPE)

Figure 284. Color plane enable register format

FIELD DEFINITION

Bit 7 is the slow-blink enable bit. The character/line blink-
ing rate on the standard VGA is determined by a counter
which counts a fixed number of vertical frame periods. On
modes with higher frame rates, this results in faster blink-
ing. When this bit is set to 1, the blinking rate is halved.

Bit 6 is the half-bright mode bit. This mode is intended for
use with monitors which have only two levels of grey.
When this bit is set to 1, and the half-bright attribute is
used, alternate lines of the character are blanked, simulat-
ing half brightness.
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Bits [5..0] are defined as in the standard VGA.

Bits | Value |Meaning
7 0 Normal blinking rate
1 Cut blinking rate in half
6 0 |Normal brightness control
1 Blank alternate lines of the character when
the half bright attribute is being used
5.4 00 DU field shows color outputs P2/P0
01 | DU field shows color outputs P5/P4
10 | DU field shows color outputs P3/P1
11 | DU field shows color outputs P7/P6
3..0 | xxx0O | Do not select display plane 0
xxx1 | Select display plane 0
xx0x | Do not select display plane 1
xx1x | Select display plane 1
x0xx | Do not select display plane 2
x1xx | Select display plane 2
Oxxx | Do not select display plane 3
1xxx | Select display plane 3
Figure 285. Color plane enable register fields

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03CO hex (write) or 03C1 hex (read) when the in-
dex field of the attribute address register is 12 hex.

Bits 5..4 specify the color output contents of the diagnostic
use (DU) field of the input status 1 register in the general
registers group (see figure 173).
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12.8. Attribute Controller Registers, continued

12.8.6. HORIZONTAL PIXEL PANNING REGISTER

The horizontal pixel panning register selects the numberof ~ FIELD DEFINITION
pixels by which to left-shift the video data horizontally.

Bits 3..0 Number of Pixels Shifted to Left
REGISTER FORMAT
0+, 1+, 2+, 3+, All Other Modes Mode
7,7+ 13
Horizontal Pixel Panning  Port 3C1 (Read), 3CO (Write) 0000 1 0 0
ACR Index 13 0001 2 1 —
7 6 5 4 3 2 1 0 0010 3 2 1
Reserved HPP 0011 4 3 —
0100 5 4 2
BitNo.  Meaning 0101 6 5 —
7.4 Reserved
3.0 Horizontal Pixel Pan (HPP) 0110 7 6 3
o1 8 7 —
1000 0 — —
1001~-1111 — — —
Figure 287. Bits 3..0 field
Figure 286. Horizontal pixel panning register format REGISTER DESCRIPTION

Bits 3..0 determine the number of pixels to pan, and the
preset row scan register byte panning (BP) field in the CRT
controller registers group controls the number of bytes to
pan (see figure 226). The pixel panning compatibility
(PPC) field of the attribute mode control register of the at-
tribute controller registers group (see figure 282) allows
line compare (see figure 249) to affect horizontal pixel
panning and preset row scan register outputs (see fig-
ure 226).
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12.8. Attribute Controller Registers, continued

12.8.7. COLOR SELECT REGISTER

The color select register combines with the palette registers
to address the video DAC registers.

REGISTER FORMAT
Color Select Port 3C1 (Read), 3C0 (Write)
ACR Index 14
7 6 5 4 3 2 1 0
Reserved ce67 C45

Bit No. Meaning

7.4 Reserved

3.2 Color Register Address Bits 6 and 7 (C67)

1.0 Color Register Address Bits 4 and 5 (C45)

Figure 288. Color select register format

FIELD DEFINITION

Bits
3..2 | Combined with 6 color palette output bits to form
8-bit address to color registers

1..0 | Combined with C67 field and 4 low-order color pal-
ette output bits for form 8-bit color register address
(see figure 280)

Meaning

Figure 289. Color select register fields

REGISTER DESCRIPTION

Bits 1..0 are used only when the internal palette size (IPS)
field of the attribute mode control register is set to 1 (see
figure 282).

12.8.8. POWER 9100 OVERSCAN COLOR
HIGH REGISTER

The Power 9100 overscan color bigh register, in conjunc-
tion with the standard VGA overscan color register, deter-
mines the border color.

REGISTER FORMAT

Power 9100 Port 03CO (write) Att Index 15
Overscan Color High  Port 03C1 (read)

7 6 5 4 3 2 1 0

Overscan Color High

Bit No. Meaning
7.0 Overscan Color High (OCH)

Figure 290. Power 9100 overscan color high register
format

FIELD DEFINITION

Bits [7..0] are the overscan color bigh bits. This 8-bit value
determines the 8 high-order bits of the overscan or border
color. The border is a band of color, one 80-column char-
acter wide, around the edges of the display area. Borders
are not supported in 40-column alphanumeric modes or in
320 PEL graphics modes, except mode 13 (256 color).
This register is usable in 16-bit direct color modes.

REGISTER DESCRIPTION

This video control read/write register is accessed through
location 03CO hex (write) or location 03C1 hex (read)
when the index field of the attribute address register is 15
hex. This Power 9100 register is not a standard VGA regis-
ter.

The 8 low-order bits specifying border colors for either
standard VGA modes or Power 9100 modes s provided by
the overscan color register of the attribute controller regis-
ters group (see figure 283).
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Chapter 13. Specifications

13.1. DC Specifications

13.1.1. ABSOLUTE MAXIMUM RATINGS

Parameter Value Unit
Supply Voltage -0.5t0 +7.0 Voits
Input Voltage -0.5to Vcc + 0.5 Volts
Output Voltage —0.5to Vec + 0.5 Volts
Storage Temperature Range -40to +125 e
Lead Temperature (~10 seconds) 250 °C

Figure 291. Absolute maximum ratings

13.1.2. RECOMMENDED OPERATING

13.1.3. PIN CAPACITANCE

CONDITIONS

Minimum | Nominal | Maximum Parameter Description Value

Parameter Value Value Value - -
Cin Input capacitance 12 pF (typical)
?\7§gy Voltage 4.75VDC | 50VDC | 525VDC Coutr |Output capacitance 12 pF (typical)
Operating Case . . Cio Bidirectional capacitance 15 pF (typical)
T_?mperature 0cC 85 C Cclk Clock capacitance 12 pF (typical)

(Tcase) Figure 293. Pin capacitance (Capacitance not tested,

Figure 292. Recommended operating conditions

13.1.4. DC CHARACTERISTICS

TA =25°C, f=1 MHz, VCC = 5§ VDC)

Parameter | Description Test Conditions Minimum Maximum
ViH High-level input voltage Vco = MAX 2.0VDC

Vile High-level input voltage for clock signals | Vo = MAX 2.4VDC

ViL'Vie Low-level input voltage Vce = MIN 0.8 vDC
Vou High-level output voltage Vo =MIN, loy =~ 1.0 mA 28VDC

Vor Low-level output voltage Vee =MIN, g, =4.0 mA 0.4 VDC
Lo Output leakage current Ve = MAX, VouTt= 0to Ve —-10 uA +10 UA
I Input leakage current Ve = MAX, Viy=0to Ve -10 uA +10 uA
lcc Standby current Vec=MAX, f=1MHz - 150 mA
Ibp Switching current Vee = MAX, f = 50 Mhz TBD
loHp HD[31..0] drive current -8 mA +8 mA
loLp HD[31..0] drive current -8 mA +8 mA

Figure 294. DC characteristics over the operating range
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13.2. Supported Components

WEITEK has analyzed the AC specifications of a number
of VRAM, RAMDAC, and clock generator parts. The

products listed below have published AC specifications
that are compatible with the Power 9100..

[Editor’s Note: Results of the component analysis effort
were not available at press time.]
13.2.1. COMPATIBLE VRAMS

The following VRAMs work with the Power 9100. Some
are not fast enough for 50 MHz operation, but will run at
40 or 45 MHz.

VRAM Type 40 MHz 45 MHz 50 MHz

Micron

MT42C8256-6 v - v

Micron

MT42C8256—7 o v
v - v
P> > -
- o -

Figure 295. VRAMs known to work with the Power 9100
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13.2.2. COMPATIBLE RAMDACS

The following RAMDACs are electrically compatible with
the Power 9100. See the “Comments” field for informa-
tion about software driver support for individual RAM-
DAG:s.

Type -Comments
Brookiree Bt485
AT&T 20C505
Brooktree Bt885
TITVP3010

TI TVP3020

Figure 296. Power 9100-compatible RAMDACs

Bt485 compatible

13.2.3. COMPATIBLE CLOCK GENERATORS

The following clock generators are compatible with the
Power 9100.

Type Comments
IC Designs 1CD2061
IC Designs ICD2062

Figure 297. Power 9100-compatible clock generators
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13.3. AC Specifications

Param. Description Reé?;z:fe M:: M:'AZAX Unit | Loading
VESA Local Bus Interface
Tier LCLK cycle time 20 ns
TicHL | LCLK high/low time 8 ns
Tats am[géiﬂ’ﬁ?&s"o] , M/I0—, RESET—, RDYRNT LCLK 7 ns
TeiH BE[3..0]-, M/IO—, RESET—, RDYRNT— input hold time 0] ns
TLrop |LRDY- output delay time LCLK 10 ns 100 pF
TLrovy |LRDY- output valid time LCLK 3 ns 100 pF
Tps DATA[31..0] input setup time LCLK 7 ns
ToH DATA[31..0] input hold time 0 ns
Top DATA[31..0] output delay time LCLK 15 ns 100 pF
Toto DATA[31..0] output turn-off time LCLK 3 ns 100 pF
TLop LDEV- output delay time ADR{31..2], BE- 20 ns 33 pF
Tirpvy |LDEV- output valid time . 0 ns 33 pF
PCI Bus Interface
TeeT BCLK cycle time 20 ns
TecHL |BCLK high/low time 8 ns
TINS C/BE[3..0]-, FRAME—, IRDY—, IDSL input setup times BCLK 7 ns
TiNH C/BE[3..0}-, FRAME—, IRDY—, IDSL input hold times 0 ns
Tios ADI[31..0], PAR input setup times BCLK 7 ns
Tios AD[31..0], PAR input hold times 0 ns
Tiop AD[31..0], PAR output delay times BCLK 11 ns 50 pF
Tiov AD[31..0], PAR output valid times ns 50 pF
TioTo AD[31..0], PAR turn-off times 15 ns 50 pF

Figure 298. AC Specifications for VL and PCI bus interfaces
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13.3. AC Specifications, continued

Param. Description Re;f;f‘:fe MIN | MAX | Unit | Loading
Video Interface

Tocpy DIVPIXCLK period 11.76 ns

TopcH DIVPIXCLK high 6.12 ns

TopcL DIVPIXCLK low 4.23 ns
Tpcy PIXCLK period 12.5 ns
TpcH PIXCLK high 6.5 ns
TecoL PIXCLK low 45 NS
THsD HSYNC- output delay VIDOUTCLK+ 5 ns
Tvsp VSYNC- output delay VIDOUTCLK+ 5 ns
Tep BLANK- output delay VIDOUTCLK+ 5 ns
THss HSYNC- setup time TBD ns
THsH HSYNC- hold time TBD ns
Tvss VSYNC- setup time TBD ns
TvsH VSYNC- hold time TBD ns
Tsco SC output delay VIDOUTCLK 1 TBD ns
Tsep SE output delay VIDOUTCLK TBD
Tou 0 ns
Toe 6M
Tacc &M

Video Coprocessor interface

[Editor’s Note: These specs are not available yet.]

Figure 299. Switching characteristics over the operating range
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13.3. AC Specifications, continued

M = one memclk period [ns]. mem_config.vram_read_adj=1

Timings for SOMHz mode depend on the following set- mem_config.vram_write_adj=1

tings:

mem_config.vram_miss_adj=1

mem_config.vram_sample_adj=1

Param. Description Reé?;ﬁ';fe MIN MAX | Unit | Loading
VRAM Interface
ToLL I?ALI.-ILZCFI;Z% lock time at 25 MHz after reset for 50 clocks
TaA Access time from column address 2.25M-15 ns
i Tar Column address hold time RAS- 3M-10 ns
Tasc Column address setup time CAS- 0.25M-5 ns
TasR Row address setup time! RAS- 2M-9 _ ns
Tcac Access time from CAS-! 1M-12 ns
TcaH Column address hold ﬁme CAS- 0.75M-5 ns
Tcas CAS- pulse width 1M-5 ns
TcHR CAS- hold time during refresh? 3M-9 ns
Tecp CAS- precharge time during page mode 0.75M-5 ns
Tcpa Access time from CAS— precharge 2.25M-13 | ns
TepN CAS- precharge time' 0.75M-5 ns
Tcrp CAS- to RAS- precharge time! 3M-9 ns
TesH CAS- hold time RAS- 3M ns
Tcsr CAS- setup time during refresh? 2M-9 ns
TowL Write command to CAS— lead time! 2M-9 ns
ToH Data input hold time CAS- 0.75M-5 ns
ToHR Data input hold time RAS- 3.25M-9 ns
Tobs Data input setup time CAS- 0.25M-5 ns
Trsh DSF setup time! RAS- 3M-9 ns
TmcH MEMCLK high 8 ns
TmoL MEMCLK low 8 ns
Tmeys T™M MEMCLK period 20 ns
TMH Mask data to RAS—- hold time! 2M-9 ns
Tms Mask data to RAS— setup time1 1.75M-9 ns
Toea Toe | Access time from OE-1 1M-5 ns
Toez Output disable time OE- 0 15 ns
TorF Output buffer turn-off delay from CAS-! 0 15 ns
Tpc CAS- page mode cycle time 2M ns
1. Not tested, but guaranteed by design.

Figure 299, continued. Switching characteristics over the operating range
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13.3. AC Specifi;;ions, continued

Param. Description Reé?;ﬁ;fe MIN MAX Unit | Loading
VRAM Interface, continued

TraAC Access time from RAS-1 3M ns
TRAH Row address hold time? 1M-10 ns
TraL Column address to RAS— lead time! 2M-5 ns
Tras RAS- puise width' 3M ns
TRASP RAS- pulse width during page mode! 4M-6 ns
TRe RAS- random cycle time 6M—10 ns
Treo RAS-to CAS- delay time! 2M-9 ns
TacH Read command hold time1 CAS- 1M-9 ns
Thes Read command setup time? CAS- 0.75M-6 ns
TREH DSF hold time! RAS- 1M-10 ns
TRoOH RAS- hold time OE- 1.5M-9 ns
Trp RAS- precharge time 2M-6 ns
Trec RAS-to CAS- precharge time'! 1M-9 ns
TRRH Read command hold time' RAS- 1M-9 ns
TRsH RAS- hold time 1M-5 ns
TRwH WE- to RAS~ hold time’ 2M-9 ns
TRwL Write command to RAS— lead time! 2M-9 ns
TthH, Tyn | OE- high hold time? 2.5M-9 ns
TtHs, Tys | OE- high setup time? amM-9 ns
TTLH OE- low hold time from RAS-! 1M-10 ns
T1is OE- low setup time to RAS-! 2M-9 ns

Ttrw.TTp | TR(OE-) precharge time 8.5M-9
TtrpP OE- to RAS- precharge time! 6M—9 ns
TwcH Write command hold time? CAS- 1.5M-9 ns
Twer Write command hold time? RAS- 4M-9 ns
Twcs Write command setup time? CAS- 0.5M-9 ns
Twe Write command pulse width? 2M-9 ns
Twsr WE- to RAS- setup time! 2M-9 ns

1. Not tested, but guaranteed by design.

Figure 299, continued. Switching characteristics over the operating range
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Figure 300. Pin configuration: VL Bus signals
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Figure 301. Pin configuration: PCI Bus signals
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13.6. Pin Assignments

Signal / .
Pin VL Bus PCl Bus RAMDAC BIOS ROM Video Coprocessor
Signal Type Signal Type Signal | Type | Signal | Type Signal Type
1 HSYNC- |Input/
Output
2 BLANK- Output
3 DACWR- |Output
4 DACRD- | Output
5 VCC
6 GND
7 RAS[1]- Tri-stated/
Output
8 RAS|[0}- Tri-stated/
Output
9 WEOQ[0]- Tri-stated/
Output
10 | WEOQ[1]- Tri-stated/
Output
11 VCC
12 | GND
13 | WEO[2]- Tri-stated/
Output
14 WEO[3]- Tri-stated/
Output
15 | WE1[0]- Tri-stated/ RS[0] |OQutput
Output
16 WE1[1]}- Tri-stated/ ‘ RS[1] [Output
Output
17 [VCC
18 |GND
19 | WE1[2]- Tri-stated/ RS[2] | Output
Output '
20 | WE1[3}- Tri-stated/ RS[3] |Output
Output
21 MEMCLK | Input
22 |GND
23 |CAS[3}- Tri-stated/
. Output
24 | CAS[2}- Tri-stated/
Output
25 (VCC
26 |GND

Figure 302. Pin assignments (1 of §)
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13.6. Pin Assingments, continued

Signal / .
Pin VL Bus PCl Bus RAMDAC ~BIOS ROM Video Coprocessor
Signal Type Signal Type Signal | Type | Signal | Type Signal Type

27 | CAS[1}- Tri-stated/
Output

28 | CAS[0]B~ |Tri-stated/
Output

29 |VCC

30 PIXCLK Input

31 DIV- Input

PIXCLK

32 CASI[0JA— | Tri-stated/
Output

33 |GND

34 VID- Output

OUTCLK

35 |VvCC

36 SC[1] Output

37 |GND

38 | SC[0] Output

39 SE[0]- Output

40 | SE[3]- Output

41 VIDOUT([7] | Tri-stated/
Output

42 | VIDOUTI6] | Tri-stated/
Output

43 | VIDOUTI[5] | Tri-stated/
Output

44 | VIDOUTI[4] |Tri-stated/ VCIOW- | Output
Output

45 | VIDOUTI[3] | Tri-stated/ VCIOR- Output
Output

46 | VIDOUT[2] |Tri-stated/ VCGRNT- | Output
Output

47 |GND

48 | VIDOUT[1] |Tri-stated/ VCBUSY- |Input
Output

49 | VIDOUTIO] |Input/ ‘| VCREQ- |Input
Output

50 |VCC

51 PLLVDD

52 | SENSE Input

53 |PLLGND

Figure 302. Pin assignments (2 of 8)
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13.6. Pin Assingments, continued

Signal / .
Pin VL Bus PCl Bus RAMDAC BIOS ROM Video Coprocessor
Signal Type Signal Type Signal | Type Signal | Type Signal Type
54 | OE[0]B- Tri-stated/
Output
55 | OE[O]A—- Tri-stated/
Output
56 | OE[1]- Tri-stated/
Output
57 | OE[2]- Tri-stated/
OQutput
58 OE[3]- Tri-stated/
Output
59 MD[31] Input/ D[7] Input | VDDAT[31] |Input/
Output Output
60 | MD[30] Input/ DI[6] Input | VDDAT([30] |Input/
Output Output
61 MD[29] Input/ D[5] Input | VDDAT[29] |input/
Output : Output
62 | MD[28] Input/ D[4} Input | VDDAT[28] |Input/
Output Output
63 |[GND
64 | MD[27] Input/ D[3] Input | VDDAT[27] |Input/
Output Output
65 | MDJ[26] Input/ D[2] input | VDDAT[26] | Input/
Output Output
66 MD[25] Input/ D[1] Input VDDAT[25] | Input/
Output Output
67 | MD[24] Input/ D[O] Input | VDDAT[24] |Input/
Output Output
68 MD[23] Input/ D[7] Input/ VDDAT[23] |Input/
, Output Output Output
69 [ MD[22] Input/ DI[6] Input/ VDDAT{22] |Input/
Output Output Output
70 | MD[21] Input/ D[5] Input/ VDDAT[21] | input/
Output Output Output
71 vCC
72 MDI[20] ‘Input/ D[4] Input/ VDDAT([20] | Input/
Output Output Output
73 MD[19] Input/ D[3] Input/ VDDAT[19] | Input/
Output Output Output
74 MD[18] Input/ D[2] Input/ VDDAT[18] ! Input/
) Output Output Output
75 MD[17] Input/ D[1] Input/ VDDAT([17] |Input/
Output Output Output
76 | MDI[16] Input/ D[] Input/ VDDATI[16] | Input/
Output Output Output

Figure 302. Pin assignments (3 of 8)
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13.6. Pin Assingments, continued

Signal / .
Pin VL Bus PCl Bus RAMDAC BIOS ROM Video Coprocessor
Signal Type Signal Type Signal | Type | Signal | Type Signal Type
77 |GND
78 |GND
79 |VvCC
80 |MD[15] Input/ VDDAT[15] | Input/
Output Output
81 MD[14} Input/ A[14] |Output | VDDAT[14] | Input/
Output Output
82 |MD[13] Input/ A[13] |Output | VDDAT[13] |Input/
‘| Output Output
83 MD[12]} Input/ A[12] |Output | VDDAT[12] |Input/
Output Output
84 | MDJ[11}] Input/ A[11] | Output | VDDAT[11] |Input/
Output Output
85 MD[10j Input/ A[10] |Output | VDDAT[10] |Input/
Output Output
86 | MD[9] Input/ A[9] Output | VDDATI[9] |Input/
Output Output
87 MD[8] Input/ A[8] Output | VDDAT[8] |Input/
Output Output
88 MD[7] Input/ A[7] Output | VDDAT[7] |Input/
Output Output
89 |VCC
90 |MDI6]} Input/ Al6] Output | VDDAT[6] |Input/
Output Output
91 MDI5] Input/ A[5] Output | VDDAT[S] |Input/
Output Output
92 |GND
93 |MDJ[4] Input/ Al4] Output | VDDAT[4] |Input/
Output Output
94 MDI[3] Input/ A[3] Output | VDDAT[3] |Input/
Output . ) Output
95 | MD[2] Input/ A2] Output | VDDAT[2] |Input/
Output Output
96 MD[1] Input/ A[1] Output | VDDAT[1] |Input/
Output Output
97 | MDI0} Input/ A[0] Output- [ VDDAT[O] | Input/
Output Output
98 DSF Output
99 | MA[8] Tri-stated/ VDADR][8] | Tri-stated/
Output Qutput

Figure 302. Pin assignments (4 of 8)
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oin yignal/ PCI Bus RAMDAC BIOSROM | Video Coprocessor
Signal Type Signal Type Signal | Type Signal | Type Signal Type

100 |GND

101 |VCC

102 | MA[7] Tri-stated/ VDADR[7] |Tri-stated/
Output Output

103 | MA[6] Tri-stated/ VDADR(6] | Tri-stated/
Output Output

104 | MA[5] Tri-stated/ VDADRI[5] |Tri-stated/
Output Output

105 | MA[4] Tri-stated/ VDADRI[4] |Tri-stated/
Output Output

106 | MA[3] Tri-stated/ VDADRI(3] | Tri-stated/
Output Output

107 | MA[2] Tri-stated/ VDADRI[2] |Tri-stated/
Output Output

108 |VCC

109 |GND

110 | MA[1] Tri-stated/ VDADR[1] |Tri-stated/
Output Output

111 | MA[0] Tri-stated/ VDADRI[0] | Tri-stated/
Output Output

112 | ADR[2] Input GND

113 | ADR[3] Input GND

114 | ADR[4] Input GND

115 | ADR[5] Input GND

116 | ADR[6] Input GND

117 | ADR[7] Input GND

118 | ADR[8] Input GND

119 | ADR[9] Input GND

120 | ADR[10] Input GND

121 | ADR[11} Input GND

122 | ADR[12] Input GND

123 | ADR[13] Input GND

124 | ADR[14] Input GND

125 | ADR[15] Input GND

126 | ADR{16] Input GND

127 | ADR{[17] Input GND

128 | ADR[18} Input GND

Figure 302. Pin assignments (5 of 8)
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13.6. Pin Assingments, continued

i Tignal/ PCI Bus RAMDAC BIOSROM | Video Coprocessor
Signal Type Signal Type Signal | Type | Signal | Type Signal Type

129 | ADR[19] Input GND

130 [ADRI20] Input GND

131 | ADR[21] Input GND

132 |GND

© 133 |VvCC

134 | ADR[22] Input GND

135 [ADRI23] Input GND

136 -| ADR[24] Input GND

137 | ADR|[25] Input GND

138 | ADRJ[26] Input GND

139 | ADR|27] Input GND

140 | ADR[28] Input GND

141 | ADR[29] Input GND

142 | ADR[30] Input GND

143 | ADR[31] Input GND

144 |LRDY- Tri-stated TRDY- Tri-stated

145 |GND

146 |VCC

147 |LDEV- Output DEVSEL- |Tri-stated

148 | BE[3]- Input C/BE[3]- |Input

149 | BE[2]- input C/BE[2]- |Input

150 |BE[1]- Input C/BE[1]- |Input

151 | BE[0]- Input C/BE[0]- Input

152 | BCLK Input CLK- Input

153 | M/IO- Input IDSEL Input

154 | ADS- Input FRAME- |input

155 | RDYRTN- |Input IRDY- Input

156 | RESET- Input

157 |IRQ Output IRQ— Open
Collector

158 |D/C- Input STOP- Input/
Output

159 |VvCC

160 |GND

Figure 302. Pin assignments (6 of 8)
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13.6. Pin Assingments, continued

Signal / PCI Bus RAMDAC BIOSROM | Video Coprocessor
Pin VL Bus
Signal Type Signal Type Signal | Type Signal | Type Signal Type
161 | W/R- Input PAR Input/
Output
162 {DATA[31] |Input/
Output
163 | DATA[30] |Input/
Output
164 | DATA[29] |Input/
Output
165 |DATA[28] |Input/
Output
166 | DATA[27] |Input/
Output
167 | DATA[26] |Input/
Output
168 | DATA[25] |Input/
Output
169 |DATA[24] |Input/
Output
170 [VCC
171 |GND
172 | DATA[23] |Input/
Output
173 |DATA[22] |Input/
Output
174 | DATA[21] |Input/
Output
175 | DATA[20] |Input/
' Output
176 |DATA[19] |Input/
Output
177 |DATA[18] |Input/
Output
178 |DATA[17] |Input/
Output
179 | DATA[16] |Input/
Output
180 |[DATA[15] |Input/
Output
181 | DATA[14] |InpuV/
Output
182 |DATA[13] |Input/
Output

Figure 302. Pin assignments (7 of 8)
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13.6. Pin Assingments, continued

Signal / :
Pin VL Bus PCl Bus RAMDAC BIOS ROM Video Coprocessor
Signal Type Signal Type Signal | Type Signal | Type Signal Type
183 |DATA[12] |inpuV/
Output
184 |[VCC
185 |GND
186 | DATA[11] |Input/
Output
187 | DATA[10] |Input/
Output
188 | DATA[9] Input/
Output
189 | DATA[8] Input/
Output
190 |[VCC
191 [GND
192 | DATA[7] Input/
Output
193 | DATA[6] input/
Output
194 | DATA[5] Input/
Output
195 | DATA[4] Input/
Output
196 | DATA[3] Input/
Output
197 | DATA[2] Input/
Output
198 | DATA[1] Input/
Output
199 | DATA[O] Input/
Output
200 | CKSEL[0] |Output
201 [ CKSEL[1] |Output
202 |CKSEL[2] |Output
203 |GND
204 | VCEN- Output
205 |vCC
206 | ROMEN- |Output
207 |[VSYNC- |Input/
Output
208 | GND

Figure 302. Pin assignments (8 of 8)
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13.7. Mechanical Specifications

D1

SYMBOL INCHES MM

MAX MIN MAX MIN
Al 0.130 TYP 3.49 TYP
D1 1.106 1.098 28.10 27.90
D2 1.215 1.195 30.85 30.35
D3 1.004 REF 25.5 REF
Ef 1.106 1.098 28.10 27.90
E2 1.215 1.195 30.85 30.35
E3 1.004 REF 255 REF
L1 0.026 0.016 0.650 0.400
L2 0.008 0.004 0.2 0.1
L3 0.0197 TYP 0.50 TYP
L4 0.009 TYP 0.22TYP
L5 0.020 0.010 05 0.25
L6 — 0.016 — 0.40

Figure 303. Physical dimensions (208-pin QFP)
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13.8. Test Conditions
Signal Description Pir,
Loading
MD[31..0] | Memory data bus 50 pF
RAS[1..0]- Row address strobe 80 pF
CAS[1..0]- Column address strobe 80 pF
wg%gg}: Write enable 50 pF
MA[8..0] Memory address bus 150 pF
OE- Output enable 150 pF
DSF Special function control 150 pF
RAMDAC chip enable 50 pF
A 33Q damping resistor is used in test load for the VRAM
and RAMDAC controller signals.

Figure 304. VRAM and RAMDAC controllers test load-
ing
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13.9. I/0 Characteristics

POWER 9100 GRAPHICS
CONTROLLER

PRELIMINARY DATA
November 1993

Vop

Pin

B
L

CiNn p—

-l

Output
Pin

—I E —— Cout

Figure 305. Input equivalent circuits

Figure 308. Output equivalent circuits

CLK transitions are

considered to occur

at 1.5 V on both the
rising and falling
edge of CLK

SIGNAL

CLK transitions are
considered to occur
at 2.0 V on both the

15V, rising and falling
cLK edge of CLK

SIGNAL 1.5

Figure 306. Reference levels in delay measurements on
frame buffer controller pins -

Output
Pin

o—

CL = total load on device —
pin, including stray capaci-
tance.

Figure 309. Reference levels in delay measurements on
all pins other than frame buffer controller pins

CLK
— Tgr
— TRy =~
RESET- VB
—~ <—10 CLK Cycles Minimum

Figure 307. AC test load for test measurement

Figure 310. Reset timing
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13.9. I/0 Characteristics , continued

e Tey —————>

le— TeH—»la—ToL—
3.5V
"""" ) J2av
18 N /

.- 0.8V
0.4V - -
> TF > Tr |

TR and TF are not measured but are guaranteed by design.

Figure 311. Clock timing

13.10. Ordering Information

Package Type

Speed Grade

Temperature Range (Case)

Order Number

208-pin PQFP

50 MHz

0-85°C

P9100-050-PFP

Figure 312. Ordering information
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Name Title

Company Phone

Address

Comments
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POWER 9x00 SERIES WORKSTATION PRINTER
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O Power 9100 SW Designer’s Guide [0 W8720 (]

O Power 9100 Technical Specification [J W3171 O

0 Power 9000 Data Book
O Power 9000 PCI Application Note
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like to see in a future edition.
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WEITEK 4

WEITEK’S CUSTOMER COMMITMENT:

Weitek’s mission is simple: to provide you with VLSI solutions
to solve your compute-intensive problems. We translate that

mission into the following corporate objectives:

1. To be first to market with performance breakthroughs, allow-
ing you to develop and market systems at the edge of your art.

2. To understand your product, technology, and market needs, so
that we can develop Weitek products and corporate plans that
will help you succeed.

3. To price our products based on the fair value they represent to
you, our customers.

4.To invest far in excess of the industry average in Research and
Development, giving you the latest products through techno-
logical innovation.

5.To invest far in excess of the industry average in Selling, Mar-
keting, and Technical Applications Support, in order to pro-
vide you with service and support unmatched in the industry.

6. To serve as a reliable, resourceful, and quality business part-
ner to our customers.

These are our objectives. We’re committed to making them
happen. If you have comments or suggestions on how we can
do more for you, please don’t hesitate to contact us.
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