










































































































































































































8.1. Video Control, continued 

Register Description/Function 

HORIZONTAL TIMING 

hrzc Horizontal counter. Read only. Specifies the current pixel position along a horizontal sweep; the Power 
9100 increments this counter, which is originally set by the host, upon each occurrence of CRTC_ClK. 
The value occupies the lower 12 bits of the register, which is set by the Power 9100. 

hrzt Horizontal length. Read/write. Specifies the length of a horizontal scan line. The value occupies the lower 
12 bits of the register, which is set by the host. The Power 9100 compares the current hrzc value (the cur-
rent pixel position) to this value to determine when to wrap around. 

hrzsr Horizontal sync rising edge. Read/write. Specifies the location along a horizontal sweep which defines the 
horizontal sync rising edge. The value occupies the lower 12 bits of the register, which is set by the host. 

hrzbr Horizontal blank rising edge. Read/write. Specifies the location along a horizontal sweep which defines 
the horizontal blank rising edge. The value occupies the lower 12, bits of the register, which is set by the 
host. 

hrzbf Horizontal blank falling edge. Read/write. Specifies the location along a horizontal sweep which defines 
the horizontal blank falling edge. The value occupies the lower 12 bits of the register, which is set by the 
host. 

prehrzc Horizontal counter preload value. Read/write. Specifies the value with which to preload hrzc upon receipt 
of an internal or external HSYNC- or an external VSYNC-; allows synchronization of the Power 9100 with 
external video sources, whatever the combination of internal or external delays. The value occupies the 
lower 12 bits of the register, which is set by the host. Set this register to zero when using only internal 
syncs. 

VERTICAL TIMING 

vrtc Vertical counter. Read only. Specifies the current line position along a vertical sweep; the Power 9100 
increments this counter upon each occurrence of HSYNC-. The value occupies the lower 12 bits of the 
register, which is set by the Power 9100. 

vrtt Vertical length. Read/write. Specifies the number of lines in a vertical sweep. The value occupies the low-
er 12 bits of the register, which is set by the host. The Power 9100 compares the current vrtc value (the 
current line position) to this value to determine when to wrap around. 

vrtsr Vertical sync rising edge. Read/write. Specifies the location along a vertical sweep which defines the verti-
cal sync rising edge. The value occupies the lower 12 bits of the register, which is set by the host. 

vrtbr Vertical blank rising edge. Read/write. Specifies the location along a vertical sweep which defines the ver-
tical blank rising edge. The value occupies the lower 12 bits of the register, which is set by the host. 

vrtbf Vertical blank falling edge. Read/write. Specifies the location along a vertical sweep which defines the 
vertical blank falling edge. The valu,e occupies the lower 12 bits of the register, which is set by the host. 

prevrtc Vertical counter preload value. Read/write. Specifies the value with which to preload vrtc upon receipt of 
an internal or external VSYNC-; allows synchronization of the Power 9100 with external video sources, 
whatever the combination of internal or external delays. The value occupies the lower 12 bits of the regis-
ter, which is set by the host. Set this register to zero when using only internal syncs. 

SCREEN REPAINT 

srtctl2 Screen refresh timing control. Read/write. Specifies controls for screen refresh, as set by the host. Figure 
75 defines this register. 

srtctl Screen refresh timing control. Read/write. Specifies controls for screen refresh, as set by the host. Figure 
74 defines this register. 

qsfcounter QSF counter. Read only. Used to determine when to generate a shift register load operation. It is a dupli-
cate of the QSF signal from the VRAMs. It keeps track of which part of the SAM is being shifted out. It is 
loaded with a zero after every read transfer and incremented by CRTC_ClK. 

Figure 129. Video control registers 
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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 tImmg regIsters 

hblnk-

\ 
hsync-

\ 

hrzsr + 1 

hrzbr + 1 

hrzbf + 1 

hrzt + 1 

All horizontal times are in terms of CRTC_ClK 

V 
J 

Figure 132. Power 9100 horizontal video timing parameters 
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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: 

vrtsr < vrtbr < vrtbf < vrtt 

Register Description/Function 

vrtt 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 vrtc 
register counts from zero to vrtt-1 and then 
repeats. 

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

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

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

FIgure 131. VertIcal tImmg regIsters 

I \ 
I \ 

\ 
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8.1. Video Control, continued 

Scan line 

vblnk- \ 
\ I 

vsync-
\ I 

vrtsr 

vrtbr 

vrtbf 

vrtt 

All vertical times are in terms of horizontal scan lines 

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 vrtc) 
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 hrzc 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 

Top of screen Bottom of screen 
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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 hblnk_reload bit in the srtctl register (see figure 
74). 

NORMAL (SPLIT SHIFT MODE) 

For normal operation, the hblnk_reload bit in the srtctl 
register is zero. During a vertical retrace operation 
(VBLNK- asserted), the Power 9100 reloads the entire 
shift register insid~ 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. 



8.1. Video Control, continued 

RESTRICTED (HBLNK- RELOAD MODE) 

For restricted operation, the hb/nk_re/oad bit in the srtct/ 
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 
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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 
men_config.config Resolution Scan Double Memory Banks 

Increment Buffering 
Horizontal Vertical 

0001,0010,0100 1024 1024 1/2 row No 1M 1 bank, 256K 
2 banks, 128K 

0011,0101,0110 2048 1024 1/2 row No 2M 4 banks, 128K 
2 banks, 256K 

1011,1110,1101 1024 1024 1/4 row Yes 2M 2 banks, 256K 
4 banks, 128K 

1111 2048 1024 1/4 row Yes 4M 4 banks, 256K 

0111 2048 2048 1/4 row No 4M 4 banks, 256K 
.. 

Flgure 134. Screen resolutlOns III 8 bpp values, restncted mode (dlvlde by 2 for 15/16bpp, dlvlde by 4 for 32bpp) 
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8.2. RAMDAC 

Figure 135 shows the RAMDAC read cycle. Figure 139 
shows the RAMDAC write cycle. The Power 9100 designs 
are expected to utilize a triple 8-bit color with VGA pseu­
do-color look up table and pixel unpack RAMDAC (e.g. 

MEMCLK 

, , , I , , , , , , , , , 

MAs .. o 11111.111111 III 1,1,11111 ,1111111111 11111111,11 
, 

I 
, , , , , , , , 

WE13 .. 0 ( RAMDAC RS[3:0] 
, , 

II 11111111111 II , , 
, , 

, , , , , , , , , , , , 

HOLD 
, , , , , , , , , , , , 

.V 
, , , , , , , , , , , , 
, , , , , , , , , , , 
, , , , , , , , , , , , 

-V 
, , , , , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , , , , 

WE03 .. 0-

MD31..0 
:~: 

, , , , , , , , , , , 
, , , , , , , , , , , 
, , , , , 

11,11111 111110111,11 - , , , , , , 
, , , , , , , , , 

DACRD- ~ , , , 
1\ 

, , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , , , , 

DACWR- ~ , , , , , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , , , , 

Brooktree 485). The host has 8-bit data access to the 
RAMDAC through the shared frame buffer pins. Only the 
RAMDAC status read register is shadowed in Power 
9100. 

, , , , , , , , , , , , 

illllllllli 11111111111 11111111111 UllllllllI 
, , , , , , , , , , 
, , , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , 
, , , , , , , , , , , , 

, , , , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , , , 

, , , , , , , , , 
, , , , , , , , , , , 

\ 
, , , 

11111 DATA FROM RAMDAC 
F, , , , 

, , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , , , , 
, , , , , , , , , , 

, , , , , , , , , , 
, , , , , , , , , , 

, , , , , , , , , I 

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

, , I I , I I I I I I I I I I I I I I 
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V 

, , I I I I I I I I I I 

I\. 
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~ I I I I I I 

I I I I I I I I I I I 

, , I I I I , I , I I I I I I I I I I 

HOLD 
, , , I I , I , , , , I I , I I , I I I I I I I 
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I , , , , I I I , , I I I I I I I I I I I I I I 
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, I I I I I , , I I I , , I , I I I I 

, , , , , I , I I I I I I I I I I I I I I I 
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MD31 .. 0 
.~ 

, I , I , , I I , , I I I I I I I 

, , , I , , , , , , , , , , , , , , , , I , 
, , , , , 

\ I 

11,11111 1.IIIUII,1I 1111 DATA FROM RAMDAC . , , , , , , I, I , 
, , , I , 

DACRD- I , , , 
1\ 

, , , , , , , , , , , I I , , I , , I I , 
, I , , , , I , , , , , I I , , I 

, , , , , , , , , , , I , I I , I 

DACWR- I , , , , , , , , , , , , , , , , , , , , I 

, , , , , , , , , I I I 

, , , , , , , I I , , , , I , I I I 

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 

MAs .. o 11111.11111 11111.11111 11l1I1I1.1I 1I.III1U,1I 1111111111 111111111111111111111111111111111 

WE1 3 .. 0 ( RAMDAC RS[3:0] 1I11111111111111 

RAS1..0- HOLD 

CAS4 .. 0- )' 
OE4 .. 0- }' 

WE03 .. 0- .} : 
MD31 .. 0 .1 '/ DATA TO RAMDAC 

DACRD- I , 

I 
, 

DACWR-

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

MEMCLK 

MAs .. o 11111.1111111 1.11.11111 ,1111111111 11111111,11 II II IIU 1 11111111111 111111111 11.11111111 

WE13 .. 0 K. RAM DAC RS[3:0] II JlIIIIIIIIIIII 

RAS1 .. 0- HOLD 

CAS4 .. 0- .v ' 
OE4 .. 0- .v ' 
WE03 .. 0- .v : 

m' DATA TO RAMDAC MD31 .. 0 .~: ....... 

DACRD- ~ , 

DACWR- ~ , 1\ ' I. 
Figure 138. RAMDAC Write cycle (mem_config.dac_access_adj = 1, mem_config.dac_mode = 0) 
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8.2. RAMDAC, continued 

MEMCLK 

MAs .. O 11111.11111111111.11111 1111 UII.II 1IIIIIIII,II111111111IJIIIIIIIIUI 1IIIIIIIIIIII11lllUII 

I 
WE13 .. 0 K RAMDAC RS[3:0] UJlIIIIIIIUIII 

RAS1 .. 0- HOLD 

WE03 .. 0-

MD31 .. 0 

_lIl~:, __ ~: __ ~: __ ~ __ :~<~,~_: __ ~ ___ : ___ : ___ : __ ~ __ : ___ : ___ : __ ~ ___ : ___ : ___ :--~--:---:----:--~--:---'---:--~--'----:---'--~ 
IT"...... DATA TO RAMDAC 

" , 

DACRD­
(DACCE-) 

DACWR­
(DACRJW) 

, 

~ : : : \: : /. 
I I I I I I 

~r-\ __ +' __ ~: __ ~: __ ~~:~-r: --~:--+-~:--~:--~:--~--~' --r:--~:--+-~:--~:--~:--~--r:--~:--T:--~~:--~:---:~~--~'--T,--~'--~I 

Figure 139. RAMDACWrite cycle (mem_config.dac_access_adj = 0, mem_config.dac_mode = 1) 

MEMCLK 

FAS .. O 11111.11111 .11111.11111 11111111,11 III 1111 II,IIJIII II II lin 111111111111111111111111111111 11.111 

WE13 .. 0 ( RAMDAC RS[3:0] II 1111111111111 

HOLD 

CAS4 .. 0-

WE03 .. 0-

6 more 
dotclks 
worth of 
Idle 

Cycles 

MD31..0 DATA TO RAMDAC 

~~~~~~------r---~~---~~~---~~-------~~~---~~-r----------r~ 
DACRD­
(DACCE-) 

DACWR­
(DACRJW) 

~ , \ ' J 

Figure 140. RAMDACWritecycle (mem_config.dac_access_adj = 1, mem_config.dac_mode = 1) 
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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 YO Read 

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

I I I I I I I I I I I I I I I I I I I I 

I 

MAS .. o 
, 

Video coprocessor 1/0 address<7:0> '\. 

RAS-

CAS4 .. 0-

OE-

WE03 .. o­
WE13-

MD31 .. 0 

VCIOR-

VCBUSY-

I I I 

I HOLD 

I 

_J: I I 

I I 

I I 

_J: I 

I I 

I I I 

_J: I 

I 

~~ 
I 

II 
I 

I I I - I I I 

\ I I 

I I I 

ri-stated Pulled Iiligh 
I I 

I 

I I I I I I I I I 

I I I I I I I I 

I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I 

I I I 

I I I I 

I I I I I I I I I 

I I I I I 

I I I I I I 

I I I I 

IIIIIIIIIIIJ 111'111111111 11111111111 
I I I I I I I I 

I I I I I I 

I I 

I I I I I I I 

I DriIJen High tri-stated Pulled igh I I 

I I I I I 

I I I I 

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

MAs .. o 

RAS-

CAS4 .. o-

OE-

WE03 .. 0-
WE13-

MD31 .. 0 

VCIOR-

VCBUSY- I 

ri-stated Pulled Iiligh I Dri\!en Low tri·stated Pulled high 

'Driveh High 

Figure 142. Video coprocessor I/O Read operation (1 wait states) 
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9.2. Video Coprocessor 1/0 Write 

This template is invoked to write a 32-bit value to a regis­
ter in the video coprocessor. 

I I I 
MAa .. o Video coprocessor I/O address<7:0> \ 

I~------------~--------------'-------------~r-------JI I 

RAS-

CAS4 .. 0- JJ : 
OE-

HOLD 

I 

I 

I I I 

I 

I I I 

I I I 

I 

I I I 

I I I 

WE03 .. 0-
WE13-

MD31 .. 0 

VCIOW-

-_m~', ___ ~~~~~' ~ II 111I I DATA TO Video Coprocessor I 

I I I I I I I I I I I I I -
\ 

I I I I I I I I 

I I I I I 

VCBUSY-
ri-stated Pulled Iiligh I DrilAen High ~ri-sta,ted Pulled igh I tri-stated PUIlE d higlil 

Figure 143. Video coprocessor I/O Write operation (0 wait states) 

FAs .. o 

RAS-

OE-

WE03 .. 0-
WE13-

MD31 .. 0 

VCIOW-

VCBUSY-

I I I I I I I I I I I I 

'( 
Video coprocessor I/O address<7:0> 1\ 

I I I I I I I I I I I I 

I HOLD I I I 

I I I I I I I I I I I I 

-IJ : 
I I I I I I I I I I I 

I I I I I I I I I I 

I I I I I I I I I I 

-ll : I I I I I I I I I I I 

I I I I I I I I I I I 

I I I I I I I I I I I 

JJ : 
I I I I 

I I I I I I I I I I I 

I I I I I I I I I I 

=~ 
I 

:XX n~ DATA TO Video Coprocessor 
I 

I I I I I I I I I I I I -
~ 

I I I I I I I I I I I 

I I I I I I I I I I I I 

I I I I I I I I I I I 

I I I I 

ri-stated Pulled Iiligh I Dri\fen Low I I I tri-stated Pulled high 
I I I I I I I 

I I I I I I 'Driveh High I I I 

Figure 144. Video coprocessor I/O Write operation (1 wait states) 
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9.3. Video Coprocessor Grant 

The video coprocessor requests direct access to the frame 
buffer by asserting the VCREQ- signal. After some num­
ber of cycles, the Power 9100 will grant access to the frame 
buffer. Figure 145 shows the Power 9100 grant sequence. 

I I 
MAs .. o \ 

I 1 

VCGRNT-

RAS- I 1 \, 

CAS3 .. 0- I I \: 

OE- I 1 \1 

WE03 .. 0- I I 
\' 

WE13-

MD31..0 
\ 1 

I 1 

DSF 
I 

Note that once VCREQ- is asserted, it must remain as­
serted until a complete grant/release sequence has com­
pleted. 

(Tri-stated) 1 

(Wea~ hold·) : 

1 

(Wea~ hold·) 1 

(Wea~ hold·) : 

1 I 

(Weak. hold·) 1 

(Tri-stated) 1 

(Tri-st~ted) 1 

1 

(Tri-stated) 1 

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

MAa .. o 
\~----------~----------~ 

VCGRNT-

RAS-

CAS3 .. 0-

OE-

WE03 .. 0-
WE13-

MD31..0 

VCREQ-

DSF 

t-----:------:----:---+---:----:------......" I 

t--.....,....--..,.....--,...---t---.....,......--,...----,.--.....,' I 

t----'----'----o.....---t---~--o.....---'---....." I 

\ 

* These four signals are not tri-stated, but weakly held, 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 
memory refresh) the Power 9100 will preempt the video 
coprocessor. This is done by deasserting the VCGRNT­
signal. This informs the video coprocessor that a higher 

I I I I I I I I 

MAa .. o {Tri-~~~t"'rl\' 
, I 1{ , , , 

I , I , I'll I , , 

VCGRNT- _J , , , , :II I , , 
I I I I I I I I 

RAS- (We~k hold~) 
I I 'll , , , 

,II I , , I , , , 

CAS3 .. 0- (We~k hOld~\ 
, , 

:ll 
, , , 

I I I I , 
, I I , 'II , , , 

OE-
, , I I 

:" 
I , , 

(WA~k hold") , , , , , 
I I I I :11 I I I 

, , I , 
(We~k hold~\ 

, , 'll I I , 

, , , I :II I , , 
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priority operation is pending. It must complete the current 
operation and release the frame buffer by deasserting the 
VCREQ- just like in the release operation. 
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* 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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Chapter 10. Auxiliary Chip Control 

10.1. EEPROM Control 

The optional EEPROM is connected via two shared pins: 
CKSEL[2] and VCEN-. We use the 12C slave protocol. The 
software sees three bits: CONFIG[66].VCEN, 

CONFIG[66].VCEN 

CONFIG[64].EEDAIN 

CONFIG[66].CKSEL[2] 

MISCOUTPUT.CS[2] 

CONFIG[65].MODESELECT 

M 
U 
X 
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CONFIG[66].CKSEL[2], and CONFIG[64].EEDAIN. The 
circuit schematic for connecting them is shown in figure 
148 

VCEN-

CKSEL[2] 

External to Power 9100 

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 

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

MISCOUTPUT.CS[2 .. 0] 

CONFIG[65].MODESELECT 

driven directly by the miscellaneous output register (1/0 
port Ox3CC it? emulation mode) or from the 
CONFIG[66].CKSEL configuration bits in native mode. 

I 

I 

I - I - - CKSEL[2 .. 0] mux I -
I - I - I 

I 

t 
I 

I 

I 

I 

I 

I 

I 

Internal to Power 9100 I External to Power 9100 
I 

FIgure 149. Clock syntheSIzer control logic 
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10.3. BIOS Access 

Figure 150 shows the BIOS read cycle during the period 
when native mode is activated. It takes total of 8 memclk 
cycles to do one access. The last two cycles should provide 

MEMCLK 

ROMADDR22-1 

ROM EN-

RAS- : HCLD 

CAS3-Q-

OE-

FBDATA7-Q 

Figure 150. BIOS ROM Read cycle 
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enough data turn off time, which is typical for regular 
EPROMs. At 50 MHz, the Power 9100 will work with a 
120ns EPROM. 



Chapter 11. SVGA Overview 

11.1. SVGA Compatible Text/Graphics Engine 

Resetting the Power 9100 sets it to VGA-emulation mode. 
The Power 9100 is 1000/0 VGA-compatible in this mode. 

When used as an SVGA, the Power 9100's performance is 
comparable to other high-performance VGA controllers 
on the market. 
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The Power 9100 supports all VGA modes, as shown in fig­
ure 151. (None of these modes are Hercules-compatible 
graphics modes; Hercules graphics compatibility is not 
part of the VGA standard.) 

VGA Resolution Character Display Format Number of Display Mode Resolution 
Name Cols x Rows Cell Text Pages (in pixels) 

0 40 x25 8x8 16/256K bw 8 Alpha 320 x 200 

0* 40x25 8 x 14 16/256K bw 8 Alpha 320 x 350 

0+ 40 x25 9 x 16 16/256K bw 8 Alpha 360 x 400 

1 40x25 8x8 16/256K 8 Alpha 320 x 200 

1* 40x25 8 x 14 16/256K 8 Alpha 320 x 350 

1+ 40x25 9 x 16 16/256K 8 Alpha 360 x 400 

2 80 x25 8x8 16/256K bw 8 Alpha 640 x 200 

2* 80x25 8x 14 16/256K bw 8 Alpha 720 x 400 

2+ 80x25 9 x 16 16/256K bw 8 Alpha 720 x 200 

3 80 x25 8x8 16/256K 8 Alpha 640 x 350 

3* 80 x25 8 x 14 16/256K 8 Alpha 720 x 400 

3+ 80x25 9 x 16 16/256K 8 Alpha 320 x 200 

4 40x25 8x8 4/256K 1 Graph 320 x 200 

5 40 x25 8x8 4/256K bw 1 Graph 320 x 200 

6 80x25 8x8 4/256K bw 1 Graph 640 x 200 

7 80x25 9 x 14 bw 8 Alpha 720 x 400 

7+ 80x25 9 x 16 bw 8 Alpha 320 x 200 

D 40x25 8x8 16/256K 8 Graph 320 x 200 

E 80x25 8x8 16/256K 4 Graph 640 x 200 

F 80x25 8 x 14 bw 2 Graph 640 x 350 

10 80x25 8 x 14 16/256K 2 Graph 640 x 350 

11 80x30 8 x 16 2/256K 1 Graph 640 x 480 

12 80x30 8 x 16 16/256K 1 Graph 640 x 480 

13 40x25 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 43.5 int 16 512K Yes 

1024x768 43.5 int 256 1MB Yes 

1280x1024 43.5 int 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 

Signal Type 

BLANK- Output 

CAS01- Output 

CAS23- Output 

DACRD- Output 

DACWR- Output 

HSYNC Output 

MA[8 .. 0] Output 

MD[31 .. 0] I/O 

MEMCLK Input 

MWR[3 .. 0]- Output 

PIXCLK Input 

RAS01- Output 

RAS23- Output 

ROMEN- Output 

SENSE Input 

VI DOUT[7 .. 0] Output 

VIDOUTCLK Output 

VSYNC Output 

FIgure 153. SIgnal descnptIOn, DRAM32 confIguratIOn 

Description 
Blanking period in progress 
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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 
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Chapter 12. SVGA Registers 
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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 controlled by 12.1.1. POWER 9100 EXTENDED REGISTERS 
the Power 9100 extended registers, the Power 9100 ex-
tended bits, and a Power 9100 additional 110 port. The ex- Figure 154 lists the extended Power 9100 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 03CS OS Write 12.S.7 

Power 9100 Control Register 1 03CS 06 Write 12.S.8 

Power 9100 Revision 03CS 07 - 12.S.9 

Power 910010 03CS (read) 10 Read 12.S.10 

Power 9100 Miscellaneous 03CS 11 ReadIWrite 12.S.11 

Power 9100 Output Control 03CS 12 ReadIWrite 12.S.12 

Power 9100 Additional Controller Registers 

Power 9100 Interlace 03xS 19 - 12.6.27 

Power 9100 Serial Start Address High 03xS 1A - 12.6.28 

Power 9100 Serial Start Address Low 03xS 1B - 12.6.29 

Power 9100 Serial Offset 03xS 1C - 12.6.30 

Power 9100 Total Characters per Line 03xS 10 - 12.6.31 

Power 9100 Additional Attribute Registers 

Power 9100 Overscan Color High 03CO/03C1 1S - 12.8.8 

Power 9100 Additional CRT Registers 

Power 9100 Attributes states 030S 24 - 12.6.32 

* = Lock protection provided by control register lock bit (Power 9100 miscellaneous register, bit S) 
x = B hex in monochrome mode and 0 hex in color mode. 

.. 
FIgure 154. WEITEK-speClftc 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 

2. Write 1/0 3C4 with 11 hex 

3. Write I/O 3C5 

4. Write I/O 3C5 

5. Read I/O 3C5 in AL 

6. Logical AND AL, D F hex 

7. Write to 3C5 with AL 

8. Enable interrupts 

12.1.2. POWER 9100 ADDITIONAL 1/0 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 3,4 - 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 controller OA 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 
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12.2.1. VGA AND WEITEK REGISTER GROUPS 12.2.2. REGISTERS ORGANIZED BY GROUP 

The VGA and WEITEK registers organized by group are 
presented in the five-part figure 158. 

The VGA and WEITEK register groups are presented in 
figure 157. 

Group Port Function Use 

General 94 Enable Color, monochrome 

102 Enable Color, monochrome 

38A Data Monochrome only 

3C2 Data Color, monochrome 

3C3 Enable Color, monochrome 

3C7 Data Color, monochrome 

3CA Data Color only 

3CC Data Color, monochrome 

3CD Data Color, monochrome 

3DA Data Color only 

46E8 Enable Color, monochrome 

Sequencer 3C4 Index Color, monochrome 

3CS Data Color, monochrome 

CRT controller 384 Index Monochrome only 

385 Data Monochrome only 

3D4 Index Color only 

3D5 Data Color only 

Graphics controller 3CE Index Color, monochrome 

3CF Data Color, monochrome 

Attribute controller 3CO I ndex and data Color, monochrome 

3C1 Index and data Color, monochrome 

FIgure 157. VGAlWEITEK regIster groups 
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Mode Fields Section 

Read, write VGA (Motherboard) 12.4 

Read, write VGA (Adaptor) 12.4 

Read, write VGA 12.4 

Read, write VGA 12.4 

Read, write VGA (Motherboard) 12.4 

Read, write VGA 12.4 

Read only VGA 12.4 

Read only VGA 12.4 

Read, write Power 9100 12.4 

Read, write VGA 12.4 

Read, write VGA (Adaptor) 12.4 

Read, write VGA, Power 9100 12.S 

Read, write VGA, Power 9100 12.S 

Read, write VGA 12.6 

Read, write VGA, Power 9100 12.6 

Read, write VGA 12.6 

Read, write VGA, Power 9100 12.6 

Read, write VGA, Power 9100 12.7 

Read, write VGA, Power 9100 12.7 

Write only VGA, Power 9100 12.8 

Read only VGA, Power 9100 12.8 



12.2. Register Groups, continued 

Register Group Port Index Access Use Register Fields Section 

General 94 - RIW Both VGA enable register (Motherboard) VGA 12.4.1 

102 - RIW 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 0 register VGA 12.4.4 

- Write Both Miscellaneous output register VGA 12.4.3 

3C3 - RIW Both VGA enable register (Motherboard) VGA 12.4.7 

3C7 - RIW Both OAC 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 - RIW 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 - RIW Both VGA enable register (AT) VGA 12.4.9 

Sequencer 3C4 - RIW Both Sequencer index register Both 12.5.1 

3C5 00 RIW Both Reset register VGA 12.5.2 

01 RIW Both Clocking mode register Both 12.5.3 

02 RIW Both Map mask register VGA 12.5.4 

03 RIW Both Character map select register VGA 12.5.5 

04 RIW Both Memory mode register VGA 12.5.6 

05 RIW Both Power 9100 control register 0 Power 9100 12.5.7 

06 RIW Both Power 9100 control register 1 Power 9100 12.5.8 

07 RIW Both Power 9100 revision register Power 9100 12.5.9 

10 Read Both Power 9100 10 Power 9100 12.5.10 

11 RIW Both Power 9100 miscellaneous register Power 9100 12.5.11 

12 RIW Both Power 9100 output control register Power 9100 12.5.12 

FIgure 158. VGAlWEITEK registers organized by group (part 1 of 6) 
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12.2. Register Groups, continued 

Register Group Port Index Access Use 

CRT controller 384 - RIW Mono 

3B5 00 RIW Mono 

01 RIW Mono 

02 RIW Mono 

03 RIW Mono 

04 RIW Mono 

05 RIW Mono 

06 RIW Mono 

07 RIW Mono 

08 RIW Mono 

09 RIW Mono 

OA RIW Mono 

OB RIW Mono 

OC RIW Mono 

OD RIW Mono 

OE RIW Mono 

OF RIW Mono 

10 RIW Mono 

11 RIW Mono 

12 RIW Mono 

13 RIW Mono 

14 RIW Mono 

15 RIW Mono 

16 RIW Mono 

17 RIW Mono 

18 RIW Mono 

19 RIW Mono 

1A RIW Mono 

1B RIW Mono 

1C RIW Mono 

1D RIW Mono 
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Register Fields Section 

CRT controller index register VGA 12.6.1 

Horizontal total register VGA 12.6.2 

Horizontal display enable end register VGA 12.6.3 

Start horizontal blanking register VGA 12.6.4 

End horizontal blanking register VGA 12.6.5 

Start horizontal retrace pulse register VGA 12.6.6 

End horizontal retrace register VGA 12.6.7 

Vertical total register VGA 12.6.8 

Overflow register VGA 12.6.9 

Preset row scan register Both 12.6.10 

Maximum scan line register VGA 12.6.11 

Cursor start register Both 12.6.12 

Cursor end register VGA 12.6.13 

Start address high register VGA 12.6.14 

Start address low register VGA 12.6.15 

Cursor location high register VGA 12.6.16 

Cursor location low register VGA 12.6.17 

Vertical retrace start register VGA 12.6.18 

Ve rtical retrace end reg ister. VGA 12.6.19 

Vertical display enable end register VGA 12.6.20 

Offset register VGA 12.6.21 

Underline location register Both 12.6.22 

Start vertical blank register VGA 12.6.23 

End vertical blank register VGA 12.6.24 

CRT mode control register VGA 12.6.25 

Line compare register VGA 12.6.26 

Power 9100 interlace register Power 9100 12.6.27 

Power 9100 serial start address high reg. Power 9100 12.6.28 

Power 9100 serial start address low reg. Power 9100 12.6.29 

Power 9100 serial offset register Power 9100 12.6.30 

Power 9100 total characters per line reg. Power 9100 12.6.31 

Flgure 158. VGAlWEITEK reglsters orgamzed 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 304 - RIW Color CRT controller index register VGA 12.6.1 

(continued) 305 00 RIW Color Horizontal total register VGA 12.6.2 

01 RIW Color Horizontal display enable end register VGA 12.6.3 

02 RIW Color Start horizontal blanking register VGA 12.6.4 

03 RIW Color End horizontal blanking register VGA 12.6.5 

04 RIW Color Start horizontal retrace pulse register VGA 12.6.6 

05 RIW Color End horizontal retrace register VGA 12.6.7 

06 RIW Color Vertical total register VGA 12.6.8 

07 RIW Color Overflow register VGA 12.6.9 

08 RIW Color Preset row scan register Both 12.6.10 

09 RIW Color Maximum scan line register VGA 12.6.11 

OA RIW Color Cursor start register Both 12.6.12 

OB RIW Color Cursor end register VGA 12.6.13 

OC RIW Color Start address high register VGA 12.6.14 

00 RIW Color Start address low register VGA 12.6.15 

OE RIW Color Cursor location high register VGA 12.6.16 

OF RIW Color Cursor location low register VGA 12.6.17 

10 RIW Color Vertical retrace start register VGA 12.6.18 

11 RIW Color Vertical retrace end register VGA 12.6.19 

12 RIW Color Vertical display enable end register VGA 12.6.20 

13 RIW Color Offset register VGA 12.6.21 

14 RIW Color Underline location register Both 12.6.22 

15 RIW Color Start vertical blank register VGA 12.6.23 

16 RIW Color End vertical blank register VGA 12.6.24 

17 RIW Color CRT mode control register VGA 12.6.25 

18 RIW Color Line compare register VGA 12.6.26 

19 RIW Color Power 9100 interlace register Power 9100 12.6.27 

1A RIW Color Power 9100 serial start address high reg. Power 9100 12.6.28 

1B RIW Color Power 9100 serial start address low reg. Power 9100 12.6.29 

1C RIW Color Power 9100 serial offset register Power 9100 12.6.30 

10 RIW 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. VGAlWEITEK registers organized by group (part 3 of 6) 
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12.2. Register Groups, continued 

Register Group Port Index Access Use Register 

. Graphics controller 3eE - RIW Both Graphics index register 

3CF 00 RIW Both Set/reset register 

01 RIW Both Enable set/reset register 

02 RIW Both Color compare register 

03 RIW Both Data rotate register 

04 RIW Both Read map select register 

05 RIW Both Graphics mode register 

06 RIW Both Miscellaneous register 

07 RIW Both Color don't care register 

08 RIW Both Bit mask register 

09 Reserved 

OA Reserved 

OB Reserved 

OC Reserved 

00 Reserved 

OE Reserved 

OF Reserved 

FIgure 158. VGAlWEITEK regIsters orgamzed by group (part 4 of 6) 
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Fields Section 

Both 12.7.1 

VGA 12.7.2 

VGA 12.7.3 

VGA 12.7.4 

Both 12.7.5 

VGA 12.7.6 

Both 12.7.7 

VGA 12.7.8 

VGA 12.7.9 

VGA 12.7.10 



12.2. Register Groups, continued 

Register Group Port Index Access Use Register Fields Section 

Attribute controller 3eO - 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 

OA Write Both Palette register OA VGA 12.8.2 

OB Write Both Palette register OB VGA 12.8.2 

oe Write Both Palette register oe VGA 12.8.2 

OD Write Both Palette register OD 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 

Flgure 158. VGAlWEITEK reglsters orgamzed by group (part 5 of 6) 
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12.2. Register Groups, continued 

Register Group Port Index Access Use 

Attribute controller 3C1 - Read Both 

(continued) 00 Read Both 

01 Read Both 

02 Read Both 

03 Read Both 

04 Read Both 

05 Read Both 

06 Read Both 

07 Read Both 

08 Read Both 

09 Read Both 

OA Read Both 

OB Read Both 

OC Read Both 

OD Read Both 

OE Read Both 

OF Read Both 

10 Read Both 

11 Read Both 

12 Read Both 

13 Read Both 

14 Read Both 

15 Read Both 

Register 

Attribute index register 

Palette register 00 

Palette register 01 

Palette register 02 

Palette register 03 

Palette register 04 

Palette register 05 

Palette register 06 

Palette register 07 

Palette register 08 

Palette register 09 

Palette register OA 

Palette register OB 

Palette register OC 

Palette register OD 

Palette register OE 

Palette register OF 

Attribute mode control register 

Overscan control register 

Color plane enable register 

Horizontal pixel panning register 

Color select register 
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Fields Section 

VGA 12.8.1 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

Both 12.8.3 

VGA 12.8.4 

Both 12.8.5 

VGA 12.8.6 

VGA 12.8.7 

Power 9100 overscan color high register Power 9100 12.8.8 

FIgure 158. VGAlWEITEK regIsters orgamzed by group (part 6 of 6) 
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12.3. Memory Map 

Port Index Group Access Use Register Fields Section 

94 - General RIW Both VGA enable register (Motherboard) VGA 12.4.1 

102 - General RIW Both VGA enable register (Adaptor) VGA 12.4.2 

3B4 - CRT controller RIW Mono CRT controller index register VGA 12.6.1 

385 00 CRT controller RIW Mono Horizontal total register VGA 12.6.2 

01 CRT controller RIW Mono Horizontal display enable end register VGA 12.6.3 

02 CRT controller RIW Mono Start horizontal blanking register VGA 12.6.4 

03 CRT controller RIW Mono End horizontal blanking register VGA 12.6.5 

04 CRT controller RIW Mono Start horizontal retrace pulse register VGA 12.6.6 

05 CRT controller RIW Mono End horizontal retrace register VGA 12.6.7 

06 CRT controller RIW Mono Vertical total register VGA 12.6.8 

07 CRT controller RIW Mono Overflow register VGA 12.6.9 

08 CRT controller RIW Mono Preset row scan register Both 12.6.10 

09 CRT controller RIW Mono Maximum scan line register VGA 12.6.11 

OA CRT controller RIW Mono Cursor start register Both 12.6.12 

OB CRT controller RIW Mono Cursor end register VGA 12.6.13 

OC CRT controller RIW Mono Start address high register VGA 12.6.14 

00 CRT controller RIW Mono Start address low register VGA 12.6.15 

OE CRT controller RIW Mono Cursor location high register VGA 12.6.16 

OF CRT controller RIW Mono Cursor location low register VGA 12.6.17 

10 CRT controller RIW Mono Vertical retrace start register VGA 12.6.18 

11 CRT controller RIW Mono Vertical retrace end register VGA 12.6.19 

12 CRT controller RIW Mono Vertical display enable end register VGA 12.6.20 

13 CRT controller RIW Mono Offset register VGA 12.6.21 

14 CRT controller RIW Mono Underline location register Both 12.6.22 

15 CRT controller RIW Mono Start vertical blank register VGA 12.6.23 

16 CRT controller RIW Mono End vertical blank register VGA 12.6.24 

17 CRT controller RIW Mono CRT mode control register VGA 12.6.25 

18 CRT controller RIW Mono Line compare register VGA 12.6.26 

19 CRT controller RIW Mono Power 91 00 interlace register Power 9100 12.6.27 

1A CRT controller RIW Mono Power 91 00 serial start address high reg. Power 9100 12.6.28 

1B CRT controller RIW Mono Power 91 00 serial start address low reg. Power 9100 12.6.29 

1C CRT controller RIW Mono Power 9100 serial offset register Power 9100 12.6.30 

10 CRT controller RIW Mono Power 91 00 total characters per line reg. Power 9100 12.6.31 

Figure 159. VGAlWEITEK registers organized by I/O address (part 1 of 5) 

122 



12.3. Memory Map, continued 

Port Index Group Access 

3BA - General Read 

- General Write 

3CO - Attribute controller Write 

00 Attribute controller Write 

01 Attribute controller Write 

02 Attribute controller Write 

03 Attribute controller Write 

04 Attribute controller Write 

05 Attribute controller Write 

06 Attribute controller Write 

07 Attribute controller I Write 

08 Attribute controller Write 

09 Attribute controller Write 

OA Attribute controller Write 

OB Attribute controller Write 

OC Attribute controller Write 

00 Attribute controller Write 

OE Attribute controller Write 

OF Attribute controller Write 

10 Attribute controller Write 

11 Attribute controller Write 

12 Attribute controller Write 

13 Attribute controller Write 

14 Attribute controller Write 

15 Attribute controller Write 

Use 

Mono 

Mono 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Both 

Register 

Input status 1 register 

Feature control register 

Attribute index register 

Palette register 00 

Palette register 01 

Palette register 02 

Palette register 03 

Palette register 04 

Palette register 05 

Palette register 06 

Palette register 07 

Palette register 08 

Palette register 09 

Palette register OA 

Palette register OB 

Palette register OC 

Palette register 00 

Palette register OE 

Palette register OF 

Attribute mode control register 

Overscan control register 

Color plane enable register 

Horizontal pixel panning register 

Color select register 

POWER 9100 GRAPHICS 
CONTROLLER 

PRELIMINARY DATA 
November 1993 

Fields Section 

VGA 12.4.5 

VGA 12.4.6 

VGA 12.8.1 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

VGA 12.8.2 

Both 12.8.3 

VGA 12.8.4 

Both 12.8.5 

VGA 12.8.6 

VGA 12.8.7 

Power 9100 overscan color high register Power 9100 12.8.8 

Figure 159. VGAlWEITEK 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 controller 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 

OA Attribute controller Read Both Palette register OA VGA 12.8.2 

OB Attribute controller Read Both Palette register OB VGA 12.8.2 

OC Attribute controller Read Both Palette register OC VGA 12.8.2 

OD Attribute controller Read Both Palette register OD VGA 12.8.2 

OE Attribute controller Read Both Palette register OE VGA 12.8.2 

OF Attribute controller Head 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 0 register VGA 12.4.4 

- General Write Both Miscellaneous output register VGA 12.4.3 

3C3 - General RIW Both VGA enable register (Motherboard) VGA 12.4.7 

Flgure 159. VGAJWEITEK reglsters orgamzed by I/O address (part 3 of 5) 
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12.3. Memory Map, continued 

Port Index Group Access Use 

3C4 - Sequencer RIW Both 

3C5 00 Sequencer RIW Both 

01 Sequencer RIW Both 

02 Sequencer RIW Both 

03 Sequencer RIW Both 

04 Sequencer RIW Both 

05 Sequencer RIW Both 

06 Sequencer RIW Both 

07 Sequencer RIW Both 

10 Sequencer Read Both 

11 Sequencer RIW Both 

12 Sequencer RIW Both 

3C7 - General RIW Both 

3CA - General Read Color 

3CC - General Read Both 

3CD - General RIW Both 

3CE - Graphics controller RIW Both 

3CF 00 Graphics controller RIW Both 

01 Graphics controller RIW Both 

02 Graphics controller RIW Both 

03 Graphics controller RIW Both 

04 Graphics controller RIW Both 

05 Graphics controller RIW Both 

06 Graphics controller RIW Both 

07 Graphics controller RIW Both 

08 Graphics controller RIW Both 

09 (Reserved) 

OA (Reserved) 

OB (Reserved) 

OC (Reserved) 

OD (Reserved) 

OE (Reserved) 

OF (Reserved) 

Register 

Sequencer index register 

Reset register 

Clocking mode register 

Map mask register 

Character map select register 

Memory mode register 

Power 9100 control register 0 

Power 9100 control register 1 

Power 9100 revision register 

Power 9100 ID 

POWER 9100 GRAPHICS 
CONTROLLER 

PRELIMINARY DATA 
November 1993 

Fields Section 

Both 12.5.1 

VGA 12.5.2 

Both 12.5.3 

VGA 12.5.4 

VGA 12.5.5 

VGA 12.5.6 

Power 9100 12.5.7 

Power 9100 12.5.8 

Power 9100 12.5.9 

Power 9100 12.5.10 

Power 9100 miscellaneous register Power 9100 12.5.11 

Power 9100 output control register Power 9100 12.5.12 

DAC status register VGA 12.4.8 

Feature control register VGA 12.4.6 

Miscellaneous output register VGA 12.4.3 

Power 9100 bank select register Power 9100 12.4.10 

Graphics index register Both 12.7.1 

Set/reset register VGA 12.7.2 

Enable set/reset register VGA 12.7.3 

Color compare register VGA 12.7.4 

Data rotate register Both 12.7.5 

Read map select register VGA 12.7.6 

Graphics mode register Both 12.7.7 

Miscellaneous register VGA 12.7.8 

Color don't care register VGA 12.7.9 

Bit mask register VGA 12.7.10 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Figure 159. VGAlWEITEK 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 

304 - CRT controller RIW Color CRT controller index register VGA 12.6.1 

305 00 CRT controller RIW Color Horizontal total register VGA 12.6.2 

01 CRT controller RIW Color Horizontal display enable end register VGA 12.6.3 

02 CRT controller RIW Color Start horizontal blanking register VGA 12.6.4 

03 CRT controller RIW Color End horizontal blanking register VGA 12.6.5 

04 CRT controller RIW Color Start horizontal retrace pulse register VGA 12.6.6 

05 CRT controller RIW Color End horizontal retrace register VGA 12.6.7 

06 CRT controller RIW Color Vertical total register VGA 12.6.8 

07 CRT controller RIW Color Overflow register VGA 12.6.9 

08 CRT controller RIW Color Preset row scan register Both 12.6.10 

09 CRT controller RIW Color Maximum scan line register VGA 12.6.11 

OA CRT controller RIW Color Cursor start register Both 12.6.12 

OB CRT controller RIW Color Cursor end register VGA 12.6.13 

OC CRT controller RIW Color Start address high register VGA 12.6.14 

00 CRT controller RIW Color Start address low register VGA 12.6.15 

OE CRT controller RIW Color Cursor location high register VGA 12.6.16 

OF CRT controller RIW Color Cursor location low register VGA 12.6.17 

10 CRT controller RIW Color Vertical retrace start register VGA 12.6.18 

11 CRT controller RIW Color Vertical retrace end register VGA 12.6.19 

12 CRT controller RIW Color Vertical display enable end register VGA 12.6.20 

13 CRT controller RIW Color Offset register VGA 12.6.21 

14 CRT controller RIW Color Underline location register Both 12.6.22 

15 CRT controller RIW Color. Start vertical blank register VGA 12.6.23 

16 CRT controller RIW Color End vertical blank register VGA 12.6.24 

17 CRT controller RIW Color CRT mode control register VGA 12.6.25 

18 CRT controller RIW Color Line compare register VGA 12.6.26 

19 CRT controller RIW Color Power 9100 interlace register Power 9100 12.6.27 

1A CRT controller RIW Color Power 91 00 serial start address high reg. Power 9100 12.6.28 

1B CRT controller RIW Color Power 91 00 serial start address low reg. Power 9100 12.6.29 

1C CRT controller RIW Color Power 91 00 serial offset register Power 9100 12.6.30 

10 CRT controller RIW Color Power 9100 total characters per line reg. Power 9100 12.6.31 

24 CRT controller Read Power 9100 attributes states Power 9100 12.6.32 

30A - General Read Color Input status 1 register VGA 12.4.5 

- General Write Color Feature control register VGA 12.4.6 

46E8 - General RIW Both VGA enable register (Adaptor) VGA 12.4.9 

Figure 159. VGAlWEITEK regIsters orgamzed by I/O address (part 5 of 5) 
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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 

Standard VGA registers VGA enable register (Motherboard) 

VGA enable register (Adaptor) 

Miscellaneous output register 

Input status 0 register 

Input status 1 register 

Feature control register 

VGA enable register (Motherboard) 

DAC status register 

VGA enable register (Adaptor) 

FIgure 160. General regIsters 
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Port Section 

94 12.4.1 

102 12.4.2 

3CC (read) 12.4.3 

3C2 (write) 12.4.3 

3C2 (read) 12.4.4 

3BA (monochrome, read) 12.4.5 

3DA (color, read) 12.4.5 

3CA (color, read) 12.4.6 

3BA (monochrome, write) 12.4.6 

3DA (color, write) 12.4.6 

3C3 12.4.7 

3C7 (read) 12.4.8 

46E8 12.4.9 



12.4. General Registers, continued 

12.4.1. VGA ENABLE REGISTER 

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

REGISTER FORMAT 

VGA Enable (microChannel) Port 94 

7 6 5 4 3 2 

Reserved I VSEsl R ! VSE3! Reserved 

Bit No. 
7 .. 6 
5 
4 
3 
2 .. 0 

Meaning 
Reserved 
Video Subsystem Enable (VSE5) 
Reserved 
Video Subsystem Enable (VSE3) 
Reserved 

Figure 161. VGA enable register format 

FIELD DEFINITION 

BitS Bit3 Meaning 

o 

0 0 Disable video 1/0 and address decoding 

0 1 Disable video 1/0 and address decoding 

1 0 Disable video 1/0 and address decoding 

1 1 Enable video 1/0 and address decoding 

FIgure 162. VGA enable regIster fIelds 

REGISTER DESCRIPTION 

Port 102 is enabled only when bit 4 of address 46£8 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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12.4.2. VGA ENABLE REGISTER 

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

REGISTER FORMAT 

VGA Enable 

7 

Bit No. 
7 .. 1 

6 5 4 

Reserved 

Meaning 
Reserved 

Port 102 

3 2 

o Video Subsystem Enable (VSE) 

Figure 163. VGA enable register format 

FIELD DEFINITION 

Bit Value Meaning 

o 

0 0 ~isable video 1/0 and address decoding 

1 Enable video 1/0 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. 



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 

I VSP I HSP PB R CS 

Bit No. 
7 
6 
5 
4 
3 .. 2 
1 
o 

Meaning 
Vertical Sync Polarity (VSP) 
Horizontal Sync Polarity (HSP) 
Page Bit for Even/Odd (PB) 
Reserved 
Clock Select (CS) 
Enable RAM (ER) 
Input/Output Address (lOA) 

o 

ER lOA 

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 (S8) 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. 

Bit7 Bit 6 

0 0 

0 1 

1 0 

1 1 

POWER 9100 GRAPHICS 
CONTROLLER 

PRELIMINARY DATA 
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Vertical Size Active Lines 

Reserved Reserved 

400 lines 414 lines 

350 lines 362 lines 

480 lines 496 lines 

Flgure 166. Vertical Slze and sync polanty 

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 

1 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) 

Bit 0 determines the address location of the CRT controller Flgure 167. Mlscellaneous output reglster fIelds 
index register of the CRT controller registers group (see 
figure 211). 
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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. 

REGISTER FORMAT 

Input Status 0 

7 

CI 

Bit No. 
7 
6 .. 5 
4 
3 .. 0 

6 5 4 

Reserved SS 

Meaning 
CRT Interrupt (CI) 
Reserved 
Switch Sense (SS) 
Reserved 

Port 3C2 (Read) 

3 2 

Reserved 

Figure 168. Input status 0 register format 

o 
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Bit Value Meaning 

7 0 Vertical retrace interrupt is pending 

1 Vertical retrace interrupt is cleared 

4 0 Selected sense switch = OFF 

1 Selected sense switch = ON 

Figure 169. Input status 0 register fields 

REGISTER DESCRIPTION 

Bit 4 reports the s~atus 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 Bit 4 Display Type 

00 Switch 1 320 or 640 columns (color) 

01 Switch 2 720 columns (monochrome) 

10 Switch 3 External clock (color) 

11 Switch 4 Reserved 

Figure 170. Sense sWitches 



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 

I nput Status 1 Port 3DAl3BA (Read) 

7 6 

Reserved 

Bit No. 
7 .. 6 
5 .. 4 
3 
2 .. 1 
o 

5 4 3 2 

DU VR 

Meaning 
Reserved 
Diagnostic use (DU) 
Vertical Retrace (VR) 
Reserved 
Display Enable NOT (DE) 

Reserved 

o 

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 
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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 Bit 5 Color output P2 

Bit 4 Color output PO 

01 Bit 5 Color output P5 

Bit 4 Color output P4 

10 Bit 5 Color output P3 

Bit4 Color output P1 

11 Bit 5 Color output P7 

Bit4 Color output P6 

FIgure 173. Color output contents of dIagnostic bits 

Bit 3 BitO Display Status 

0 0 Display mode 

0 1 Horizontal retrace period 

1 0 Reserved 

1 1 Vertical retrace period 

Figure 174. Retrace periods 



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), 3DAl3BA (Write) 

7 6 4 3 2 0 

Bit No. 
7 . .4 
3 
2 .. 0 

Reserved 

Meaning 
Reserved 

I vss 

Vertical Sync Select (VSS) 
Reserved 

Reserved 

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 0 (see figure 176). 

12.4.7. VGA ENABLE REGISTER 

REGISTER FORMAT 

VGA Enable (motherboard) 

7 

Bit No. 
7 .. 1 

6 4 

Reserved 

Meaning 
Reserved 

Port 3C3 

3 2 

o Video Subsystem Enable (VSE) 

Figure 177. VGA enable register format 

FIELD DEFINITION 

Bit Value Meaning 

o 

0 0 Disable video liD 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) Power 9100 
bit 4 bit 3 bit 0 

0* 1 * 1 * Enable * 

* Disable = any other combination The VGA enable register enables and disables the video II 
o and memory address decoding. The register at port 3C3 Figure 179. Power 9100 enable logic for adaptor systems 
is used only in motherboard systems. 
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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 



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 

7 

Bit No. 
7 .. 2 

6 5 4 

Reserved 

Meaning 
Reserved 

Port 3C7 (Read) 

3 2 

1 .. 0 DAC State Value (STA) 

Figure 181. DAC status register format 

FIELD DEFINITION 

Bits Value Operation 

STA 

1 .. 0 00 Read, PEL address read register 
accessed last 

01 Not used 

10 Not used 

11 Write, PEL address write register 
accessed last 

Figure 182. DAC status reglster fields 

REGISTER DESCRIPTION 

Bits 1 and 0 are located in the palette DAC. 

o 
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12.4.9. VGA ENABLE REGISTER 

The VGA enable register enables and disables the video II 
o and memory address decoding. The register at port 
46£8 is used only in adaptor systems. 

REGISTER FORMAT 

VGA Enable (adaptor) Port 46E8 

7 6 5 4 3 2 

Reserved VSE 

Bit No. 
7 .. 5 
4 .. 3 
2 .. 0 

Meaning 
Reserved 
Video Subsystem Enable (VSE) 
Reserved 

Figure 183. VGA enable register format 

FIELD DEFINITION 

Bits Value Meaning 

Reserved 

o 

4 .. 3 00 Disable video liD and address decoding 

01 Enable video liD and address decoding 

10 Disable video liD and address decoding 

11 Disable video liD and address decoding 

Flgure 184. VGA enable reglster fields 

REGISTER DESCRIPTION 

Port 102 is enabled only when bit 4 of address 46£8 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 91 00 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 o 

I Read 8ankIBank 0 [3 .. 0] I Write BankIBank 1 [3 .. 0] I 
Bit No. 
7 . .4 
3 .. 0 

Meaning 
Read Bank/Bank 0 [3 .. 0] (RBO) 
Write Bank/Bank 1 [3 .. 0] (WB1) 

Figure 185. Power 9100 bank select register format 
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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. 



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 3C5. 

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. 

REGISTER FORMAT 

Sequencer Index 

7 6 5 

Reserved 

Bit No. 
7 .. 5 

Meaning 
Reserved 

Port 3C4 

4 3 2 

IHB I RSvol 

4 
3 

Power 9100 Index High Bit (IHB) 
Reserved 

2 .. 0 Standard VGA Index Bits (IB) 

Figure 186. Sequencer index register format 

REGISTER DESCRIPTION 

o 

IB 

The index register is a pointer register which is located at 
address 03C4 hex. The value loaded in this register deter­
mines which sequencer register is accessed when I/O oper-
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CONTROLLER 

PRELIMINARY DATA 
November 1993 

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 
VGA. 

FIELD DEFINITION 

Bit Bits Register Port Sec-
4 2 .. 0 tion 

0 000 Reset register 3CS 12.S.2 

0 001 Clocking mode register 3CS 12.S.3 

0 010 Map mask register 3CS 12.S.4 

0 011 Character map select register 3CS 12.S.S 

0 100 Memory mode register 3CS 12.S.6 

0 101 Power 9100 control register 0 3CS 12.S.7 

0 110 Power 9100 control register 1 3CS 12.5.8 

0 111 Power 9100 revision register 3CS 12.S.9 

1 000 Power 9100 I D (read) 3CS 12.S.10 

1 001 Power 9100 miscellaneous 3CS 12.S.11 
register 

1 010 Reserved 

1 011 Power 9100 output control 3CS 12.S.12 
register 

1 1xx Reserved 
ations are performed by the hostto address 03C5 hex. This Figure 187. Index field definition 
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12.5. Sequencer Registers, continued 

12.5.2. RESET REGISTER 

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

REGISTER FORMAT 

Reset Port 3C5, Seq Index 00 

7 

Bit No. 
7 .. 2 
1 
o 

6 5 4 

Reserved 

Meaning 
Reserved 

3 

Synchronous Reset (SR) 
Asynchronous Reset (AR) 

Figure 188. Reset register format 

2 

SR 

o 

AR 
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Bit 1 BitO 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 mis~ellaneous 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. 



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 0 

I OSP1,MPM9 SO S4 DC SL R 8/9 

Bit No. 
7 
6 
5 
4 
3 
2 
1 
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) 

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 

Flgure 191. Clockmg mode register fields 
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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. The DSP13 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 DRAMlVRAM are dis­
abled. This bit should be set only for non-page-mode 
VRAMIDRAM. 

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 O. 

Bit 4 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 

Flgure 192. Senahzer fields 



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 3CS, Seq Index 02 

7 

Bit No. 
7 . .4 
3 
2 
1 
o 

6 5 

Reserved 

Meaning 
Reserved 

4 3 2 

EM31 EM21 EM1 

Mask Memory Plane 3 (EM3) 
Mask Memory Plane 2 (EM2) 
Mask Memory Plane 1 (EM1) 
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 ftelds 

o 

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 rna p select (RMS) field of the read rna p select 
register in the graphics controller registers group (see fig­
ure 267). 

When bits 3 .. 0 areset to a value of alii'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 
o 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 

Reserved I SAH I SBH SA SB 

Bit No. 
7 .. 6 
5 
4 
3 .. 2 
1 .. 0 

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) 

Figure 195. Character map select register format 

FIELD DEFINITION 

o 

Bit 5 Bits 3 .. 2 Character Table Address Offset 

0 00 1 OK 

0 01 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 
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Bit 4 Bits 1 .. 0 

0 00 

0 01 

0 10 

0 11 

1 00 

1 01 

1 10 

1 11 

POWER 9100 GRAPHICS 
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Character Table Address Offset 

1 OK 

2 16K 

3 32K 

4 48K 

5 8K 

6 24K 

7 40K 

8 56K 

Figure 197. SBH and SB fIelds 

REGISTER DESCRIPTION 

Bits 5 .. 0 and attribute byte together determine the appear­
ance ofthe 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 5 and 3 .. 2 = Bit 3 = 0 Standard 
bits 4 and 1 .. 0 foreground colors 

Bit 3 = 1 Intensified 
foreground colors 

Bits 5 and 3 .. 2 "# Bit 3 = 0 Character gen B 
bits 4 and 1 .. 0 

Bit 3 = 1 Character gen A 

FIgure 198. Color and character generator selectIon 



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 

Reserved C4 OlE 

Bit No. 
7 . .4 
3 
2 
1 
o 

Meaning 
Reserved 
Chain Four (C4) 
OddlEven (OlE) 
Extended Memory (EM) 
Reserved (VGA, Power 9100) 

Figure 199. Memory mode register format 

FIELD DEFINITION 

Bit Value Meaning 

EM 

o 

R 

3 0 Display planes selected by map mask and 
read map select registers (see figure 194) 

1 Display planes selected by low-order A 1 
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 

A1 AO Map Selected 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

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 
EM3 .. 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 OlE field of the graphics mode register in the graph­
ics controller registers group (see figure 269). 
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Bit 0 of the memory mode register is reserved, as in the 
standard VGA. 



12.5. Sequencer Registers, continued 

12.5.7. POWER 9100 CONTROL REGISTER 0 

The Power 9100 control register 0 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 
Control Register 0 

Port 03C5 Seq Index 05 

765 4 320 

Bit No. 
7 
6 
5 
4 
3 
2 
0-1 

Meaning 
Dual Video Start Addr/Offset Enable (DVSAE) 
Bit Order (BO) 
Odd Character Width Mode (OCWM) 
CPU Divide 2 (CPUD2) 
Interlace (Il) 
Serial Video Start Address Bit 17 (SVS17) 
Character length (Cl) 

Figure 202. Power 9100 control register 0 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[O] 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 5 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 BitO SCMR BO 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 

Flgure 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 
Control Register 1 

Port 03C5 Seq Index 06 

7 6 5 4 3 2 1 0 

I RTVLlIRes J APME I HSSE I SSE lOPE I HsYd I DPI 

Bit No. 
7 
6 
5 
4 
3 
2 
1 
o 

Meaning 
Real-Time Video Load Inhibit (RTVL 1) 
Reserved 
Alpha Page Mode Enable (APME) 
Half Bit Shift Enable (HBSE) 
Power 9100 Attributes (BSE) 
Overlapping Planes Enable (OPE) 
Reserved 
DRAM Port Inhibit (DPI) 

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 O. 

Bit 5 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 bit is set to 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 91 00 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 
set to 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 port is 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 SSE 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 Attnbutes 
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12.5.9. POWER 9100 REVISION REGISTER 12.5.10. POWER 9100 ID REGISTER 

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

REGISTER FORMAT 

Power 9100 Revision Port 03C5 

7 6 5 4 3 

Device 10 Reserved 

Bit No. 
7 .. 5 
4 .. 3 
2 .. 0 

Meaning 
Device 10 (DID) 
Reserved 
Revision Level (RL) 

Seq Index 07 

2 o 

Revision Level 

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 110 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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Power 9100 
10 Register 

Port 03C5 (Read) Seq Index 10 

7 

Bit No. 
7 . .4 
6 .. 0 

6 5 

o 

Meaning 
10 Bits 
Reserved 

Figure 207. ID register 

4 3 2 o 

Reserved 

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 I/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 
Miscellaneous 

Port 03C5, Seq Index 11 

7 6 4 3 2 

IBSE leRll BRE 

Bit No. 
7 
6 
5 
4 
3 
2 
1 
o 

Meaning 
This field must always be set to a 1. 
Bank Switching Enable (BSE) 
Power 9100 Control Register Lock (CRL) 
This field must always be set to a 1. 
This field must always be set to a 1. 
BIOS ROM Enable (BRE) 
Reserved, set to a 1. 
Reserved, set to a O. 

o 

o 

Figure 208. Power 9100 miscellaneous register format 

FIELD DEFINITION 

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

Bit 5 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 0, 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 xCOOOO 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 11 

Power 91 00 Output Control 03C5 13 

Bit 6 is the bank switching enable bit. When this bit is reset 
to 0 and the address mapping is" A" segment or" A and B" 
segments, the four most-significant bits ofthe 20-bit frame 
buffer address are provided by the bank select register, as Figure 209. Registers affected by control regIster lock bIt 
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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 
Output Control 

Port 03CS, Seq Index 12 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 

User Defined 

Meaning 
User Defined (UD) 

o 

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 IJO 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- FIELD DEFINITION 
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 3DS. 
In monochrome systems, these register ports are at hex ad­
dress 3B4 and hex address 3BS, 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 

7 6 

Reserved 

Bit No. 
7 .. 6 

5 

Meaning 
Reserved 

Port 304/384 

4 3 2 

CRT 

5 .. 0 CRT Controller Register Index (CRT) 

Figure 211. CRT controller index register format 

REGISTER DESCRIPTION 

o 

The input/output address (lOA) 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 5 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. 
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Field Register 

00 Horizontal total register 

01 Horizontal display enable end register 

02 Start horizontal blanking register 

03 End horizontal blanking register 

04 Start horizontal retrace pulse register 

05 End horizontal retrace register 

06 Vertical total register 

07 Overflow register 

08 Preset row scan register 

09 Maximum scan line register 

OA Cursor start register 

08 Cursor end register 

OC Start address high register 

00 Start address low register 

OE Cursor location high register 

OF Cursor location low register 

10 Vertical retrace start register 

11 Vertical retrace end register 

12 Vertical display enable end register 

13 Offset register 

14 Underline location register 

15 Start vertical blank register 

16 End vertical blank register 

17 CRT mode control register 

18 Line compare register 

19 Power 9100 interlace register 

1A Power 9100 serial start address high 

18 Power 9100 serial start address low 
register 

1C Power 9100 serial offset register 

10 Power 9100 total characters per line 
register 

24 Power 9100 attributes state 
... 

Figure 212. Bits 4 .. 0 fteld deftmtlOn 

Section 

12.6.2 

12.6.3 

12.6.4 

12.6.5 

12.6.6 

12.6.7 

12.6.8 

12.6.9 

12.6.10 

12.6.11 

12.6.12 

12.6.13 

12.6.14 

12.6.15 

12.6.16 

12.6.17 

12.6.18 

12.6.19 

12.6.20 

12.6.21 

12.6.22 

12.6.23 

12.6.24 

12.6.25 

12.6.26 

12.6.27 

12.6.28 

12.6.29 

12.6.30 

12.6.31 



12.6. CRT Controller Registers, continued 

12.6.2. HORIZONTAL TOTAL REGISTER 

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

REGISTER FORMAT 

Horizontal Total Port 305/385, CRT Index 00 

7 

Bit No. 
7 .. 0 

6 5 4 

HT 

Meaning 
Horizontal Total (HT) 

3 2 o 

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. 

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 
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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 
Enable End 

Port 305/385, CRT Index 01 

7 

Bit No. 
7 .. 0 

6 4 3 2 o 

HOE 

Meaning 
Horizontal Display Enable (HOE) 

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. 

REGISTER DESCRIPTION 

The horizontal display enable field defines the length of 
the horizontal display enable signal. 



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 

Start Horizontal 
Blanking 

Port 305/3B5, CRT Index 02 

7 6 5 4 3 2 

SHB 

Meaning Bit No. 
7 .. 0 Start Horizontal Blanking (SHB) 

Figure 216. Start Horizontal Blanking Register 

FIELD DEFINITION 

o 

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 

12.6.5. END HORIZONTAL BLANKING 
REGISTER 

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

REGISTER FORMAT 

End Horizontal 
Blanking 

Port 305/3B5, CRT Index 03 

7 

Bit No. 
7 
6 .. 5 
4 .. 0 

6 5 4 3 2 

DES EHB 

Meaning 
Chip Testing Bit (must be set to 1) 
Display Enable Skew (DES) 
End Horizontal Blanking (EHB) 

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 

o 

] 

(EHB) field ofthe end horizontal blanking register (see fig- FIgure 218. End honzontal blankmg regIster fields 
ure 218). 
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REGISTER DESCRIPTION 

Bits 6 and 5 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 horizontal retrace pulse register determines the 
start of the horizontal retrace period. 

REGISTER FORMAT 

Start Horizontal 
Retrace Pulse 

Port 305/385, CRT Index 04 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 o 

SHR 

Meaning 
Start Horizontal Retrace Pulse (SHR) 

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). 
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12.6.7. END HORIZONTAL RETRACE 
REGISTER 

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

REGISTER FORMAT 

End Horizontal 
Retrace register 

Port 305/385, CRT Index 05 

7 6 5 4 3 2 

EHB I HRD EHR 

Bit No. 
7 
6 .. 5 
4 .. 0 

Meaning 
End Horizontal Blanking (EHB) 
Horizontal Retrace Delay (HRD) 
End Horizontal Retrace (EHR) 

Figure 220. End horizontal retrace register format 

FIELD DEFINITION 

Bits Value Meaning 

o 

7 x The sixth bit the the EH8 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 ftelds 

REGISTER DESCRIPTION 

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

EHR = SHR + retrace _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 REGISTER FORMAT 
vertical scan lines on the monitor. 

REGISTER FORMAT 

Vertical Total Port 305/385, CRT Index 06 

7 6 

Bit No. 
7 .. 0 

5 4 

VT 

Meaning 
Vertical Total (VT) 

3 2 

Figure 222. Vertical total register format 

FIELD DEFINITION 

o 

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

VT = vertical Jetrace + horizontal_scan Jines - 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. 

150 

Overflow Port 305/3B5, CRT Index 07 

7 6 5 4 3 2 o 

I VRS I VDE VT1 LC I VBS I VRS I VDE VT 

Bit No. 
7 

Meaning 
Vertical Retrace Start Bit 9 (VRS) 
Vertical Display Enable End Bit 9 (VDE) 
Vertical Total Bit 9 (VT1) 

6 
5 
4 
3 
2 
1 
o 

Line Compare Bit 8 (LC) 
Start Vertical Blanking Bit 8 (VBS) 
Vertical Retrace Start Bit 8 (VRS) 
Vertical Display Enable End Bit 8 (VDE) 
Vertical Total Bit 8 (VT) 

Figure 223. Overflow register format 

FIELD DEFINITION 

Bit Meaning 

7 The tenth VRS bit of the vertical retrace 
start register (the ninth VRS bit is in 
field VRS, bit 2) 

6 The tenth VOE bit of the vertical display 
end enable register (the ninth bit is in 
field VDE, bit 1) 

5 The tenth VT bit of the vertical total reg-
ister (the ninth VT bit is in field VT, bit 0) 

4 The ninth LC bit of the line compare 
register 

3 The ninth VBS bit of the start vertical 
blanking register 

2 The ninth VRS bit of the vertical retrace 
start register (the tenth VRS bit is in 
field VRS, bit 7) 

1 The ninth VOE bit of the vertical display 
end enable register (the tenth VOE bit 
is in field VOE, bit 6) 

VT The ninth VT bit of the vertical total 
register (the tenth VT bit is in field VT1 , 
bit 5) 

FIgure 224. Overflow regIster fields 

Section 

12.6.18 

12.6.20 

12.6.8 

12.6.26 

12.6.23 

12.6.18 

12.6.20 

12.6.8 

I 



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 Port 3D5/385, CRT Index 08 

7 6 5 4 3 2 o 

PRS 

Meaning Bit No. 
7 Power 9100 Serial Video Address Wrap Control 

(SVAWC) 
6 .. 5 
4 .. 0 

Byte Panning (BP) 
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 
wraps to 0 after a count of 64 K. 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. 
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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 figure 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 0385 hex (monochrome mode) or 0305 hex (col­
or mode) when the index field of the CRT controller index 
register is OB. 

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 0 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 

Bits 6 and 5 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 FIgure 226. Preset row scan regIster fields 
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12.6. CRT Controller Registers, continued 

12.6.11. MAXIMUM SCAN LINE REGISTER 

The maximum scan line register specifies the number of FIELD DEFINITION 
scan lines per character. 

REGISTER FORMAT 

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

7 6 5 4 3 2 0 

2T4 LC VBS I MSL 

Bit No. Meaning 
7 20Q-tcr-400-line Conversion (2T 4) 
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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Bits Value Meaning 

7 0 The row scan counter clock is equal to 
the horizontal scan rate and line 
doubling is not enabled 

1 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. Maxlmum scan lme reglster ftelds 

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 3D5/385, CRT Index OA 

7 6 

STP 

Bit No. 
7 .. 6 
5 
4 .. 0 

5 4 3 2 

cool CS 

Meaning 
Power 9100 Struck Through Position (STP) 
Cursor On/OFF (COO) 
Row Scan Cursor Start (CS) 

Figure 229. Cursor start register format 

FIELD DEFINITION 

o 

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 controJ read/write register is accessed through 
location 0385 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 (8SE) 
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 

1 Cursor turned on 

4 .. 0 xxxxx First scan line in character box 
representing start of cursor 

FIgure 231. Cursor start register fields 



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 305/385, CRT Index 08 

7 

R 

Bit No. 
7 
6 .. 5 
4 .. 0 

6 5 

CSK 

Meaning 
Reserved 

4 

Cursor Skew (CSK) 
Cursor End (CE) 

3 2 

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 xxxxx 80ttom scan line of character row for 
cursor display 

FIgure 233. Cursor end regIster fields 

REGISTER DESCRIPTION 

o 

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 305/385, CRT Index OC 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 

SAH 

Meaning 
Start Address High (SAH) 

Figure 234. Start address high register format 

FIELD DEFINITION 

o 

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 

Start Address Low Port 305/385, CRT Index 00 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 

SAL 

Meaning 
Start Address Low (SAL) 

Figure 235. Start address low register format 

FIELD DEFINITION 

o 

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. 
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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 

Cursor Location t-iigh Port 305/385, CRT Index OE 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 

CLH 

Meaning 
Cursor Location High (CLH) 

Figure 236. Cursor location high register format 

FIELD DEFINITION 

o 

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 (ell) field of 
the cursor location low register (see figure 237). 



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 

Cursor Location Low Port 3D5/385, CRT Index OF 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 

Cll 

Meaning 
Cursor location low (Cll) 

Figure 237. Cursor location low register format 

FIELD DEFINITION 

o 

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). 

12.6.18. VERTICAL RETRACE START 
REGISTER 

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

REGISTER FORMAT 

Vertical Retrace Start Port 3D5/385, CRT Index 10 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 

VRS 

Meaning 
Vertical Retrace Start (VRS) 

Figure 238. Vertical retrace start register format 

FIELD DEFINITION 

o 

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 shquld 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 305/385, CRT Index 11 

7 6 5 4 3 2 0 

PR BW EVI CVI EVR 

Bit No. 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 

1 Select five DRAM cycles for 15.75 MHz 
sweep-rate displays 

5 0 Vertical retrace interrupt on IRQ2 enabled 
and latched in VR field of input status 0 reg-
ister (see figure 172) 

1 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 0 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 + vertica(!etrace _signaC width 



12.6. CRT Controller Registers, continued 

12.6.20. VERTICAL DISPLAY ENABLE END 
REGISTER 

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

REGISTER FORMAT 

Vertical Display 
Enable End 

Port 305/385, CRT Index 12 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 o 

VDE 

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 305/385, CRT Index 13 

7 6 5 4 3 2 

OFF 

Meaning Bit No. 
7 .. 0 Logical Line Width of Screen (OFF) 

Figure 242. Offset register format 

FIELD DEFINITION 

o 

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. 
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nextJow _address '= current_byte_start_addr + [(off) * (K 

where: 

K = 2, byte addressing 

K = 4, word addressing 

REGISTER DESCRIPTION 

The count by two (CST) 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 3D5/385, CRT Index 14 

7 6 

Bit No. 
7 
6 
5 

5 4 3 2 o 

UL 

Meaning 
Power 9100 Serial Video Line Doubling (SVLD) 
Double Word Mode (DW) 
Count by Four (CB4) 

Bits Value 

7 0 

1 

6 0 

1 

5 0 

1 

4 .. 0 xxxxx 
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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 

Divide character clock to memory ad-
dress counter by 4 

Underline at character box horizontal 
scan line minus 1 

Figure 244. Underline location register fields 

4 .. 0 Underline Location (UL) 
. REGISTER DESCRIPTION 

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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This video control read/write register is accessed through 
location 03B5 hex (monochrome mode) or 0305 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 

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

7 

Bit No. 
7 .. 0 

6 5 4 3 2 

VBS 

Meaning 
Vertical Blank Start (VBS) 

Figure 245. Start vertical blanking register format 

FIELD DEFINITION 

o 

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). 

12.6.24. END VERTICAL BLANKING 
REGISTER 

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

REGISTER FORMAT 

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

7 

Bit No. 
7 .. 0 

6 4 3 2 

VBE 

Meaning 
End Vertical Blanking (VBE) 

Figure 246. End vertical blanking register format 

FIELD DEFINITION 

o 

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: 

VEE = (SVE - 1) + vertical_blanking_signal 
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12.6.25. CRTC MODE CONTROL REGISTER 
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The CRTC mode control register assists in display control. FIELD DEFINITION 

REGISTER FORMAT 

CRTC Mode Control Port 305/3B5, CRT Index 17 

7 6 

HA I WIB 

Bit No. 
7 
6 
5 
4 
3 
2 
1 
o 

5 4 3 2 1 0 

AW R CBT I HAS I SAS I CMS I 
Meaning 
Hardware Reset (HR) 
Word/Byte Mode (W/B) 
Address Wrap (AW) 
Reserved 
Count by Two (CBT) 
Horizontal Retrace Select (HRS) 
Select Slow Scan Counter (SRS) 
Compatibility Mode Support (CMS) 

Figure 247. CRTC mode control register format 

REGISTER DESCRIPTION 

When the double word mode (WD) field of the underline 
location register (see figure 244) is 0, bit 6 controls the ad­
dressing; and when the WD field of the underline location 
register is 1, the addressing is shifted by two bits. 

Bit 3 creates either a byte or word refresh address for the 
display buffer in conjunction with the offset register (see 
section 12.6.21). 
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Bit Value Meaning 

7 0 Horizontal and vertical retrace cleared 

1 Horizontal and vertical retrace enabled 

6 0 Word mode selected (MSB output on LSB 
address line depends on AW field) 

1 Byte mode selected 

5 0 Address bit 13 sent as LSB to display 
memory in byte address mode and ad-
dress bit 0 sent as LSB to display memory 
in word address mode 

1 Address bit 15 sent as LSB to display 
memory 

3 0 Memory address counter clocked with 
character clock input 

1 Memory address counter clocked every 
other character clock input 

2 0 Scan line counter clocked every horizontal 
retrace 

1 Scan line counter clocked every other hor-
izontal retrace 

1 0 Row scan counter bit 1 placed on memory 
address bus bit 14 during active display 
time 

1 Sequential output of memory addresses 

0 0 Substitute row scan address bit 0 for 
memory address bit 13 

1 No substitution (memory address output 
bit 13 signal of CRT controller is memory 
address bit 13) 

Flgure 248. CRTC mode control reglster 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 3D5/385, CRT Index 18 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 

LC 

Meaning 
Line Compare Target (LC) 

Figure 249. Line compare register format 

FIELD DEFINITION 

o 

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). 
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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 
Interlace 

Port 0385 (monochrome~RT Index 19 
Port 03D5 (color) 

7 6 

Bit No. 
7 .. 0 

5 4 3 2 

Interlace Extra Clock Position 

Meaning 
Interlace Extra Clock Position (IECP) 

Figure 250. Power 9100 interlace register format 

FIELD DEFINITION 

o 

] 

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 0385 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 high 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 0385 (mono) CRT Index 1A 
Start Adress High Port 03D5 (color) 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 o 

Serial Video Start Address Bits [15 .• 8] 

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 ofthe 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 0385 hex in monochrome mode or location 03D5 
hex in color mode when the index field of the CRT control­
ler index register is 1 A 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 1 B 
Start Address Low Port 0305 (color) 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 o 

Serial Video Start Address Bits [7 .. 0] 

Meaning 
Serial Video Start Address bits [7 .. 0] (SVSAL) 

Figure 252. Power 9100 serial start address low register 
format 
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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 ofthe 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 that occupies the standard VGA ad­
dresses 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 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 ~hen the index field of the CRT control­
ler index register is 1 B hex. 



12.6. CRT Controller Registers, continued 

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 
Serial Offset 

7 

Bit No. 
7 .. 0 

6 

Port 0385 (mono) CRT Index 1C 
Port 0305 (color) 

5 4 3 2 o 

Serial Video Offset 

Meaning 
Serial Video Offset (SVO) 

Figure 253. Power 9100 serial offset register format 
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FIELD DEFINITION 
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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 0385 hex in monochrome mode and location 
03D5 hex in color mode when the index field of the CRT 
controller index register is 1 C 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 0385 (monochrome) CRT Index 10 
Characters/Line Port 03D5 (color) 

7 

Bit No. 
7 .. 0 

6 5 4 3 2 o 

Total Characters Per Line 

Meaning 
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 0385 hex in monochrome mode or 0305 hex in 
color mode when the index field of the CRT controller in­
dex register is 1 0 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 ATIRIBUTES STATE REGISTER 

The Power 91 00 attributes state register is a read only reg­
ister which returns the state of the Attributes toggles flip­
flop. 

Power91 00 Port 0385 (monochrome)CRT Index 24 
Attributes State Port 0305 (color) 

7 6 5 4 3 2 

Bit No. Meaning 
7 Returns state of Attributes toggle flip-flop 

o = index mode 
1 = data mode 

6 .. 0 Reserved 

Figure 255. Power 9100 attribute state register 

o 
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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 0385 hex in monochrome mode and location 0305 
hex in color mode when the index field of the CRT control­
ler index register is 24 hex. 



12.7. Graphics Controller Registers 

The graphics controller register group provide hardware 
assistance to graphics drawing operations. These registers 
are accessed via the graphics controller index register port 
at hex address 3CE and the graphics controller data regis­
ters port at hex address 3CF. 

12.7.1. GRAPHICS INDEX REGISTER 

The graphics index register provides the address index for 
the graphics controller registers. 

REGISTER FORMAT 

Graphics Index 

7 

I Res I 

Bit No. 
7 

6 5 

Reserved 

Meaning 
Reserved 
Reserved 

Port 3CE 

4 3 2 

GRA 

6 .. 4 
3 .. 0 Graphics Controller Register Index (GRA) 

Figure 256. Graphics index register format 

FIELD DEFINITION 

Bit 7 is reserved. 

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

o 
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Field Register Section 

0 Set/reset register 12.7.2 

1 Enable set/reset register 12.7.3 

2 Color compare register 12.7.4 

3 Data rotate register 12.7.5 

4 Read map select register 12.7.6 

5 Graphics mode register 12.7.7 

6 Miscellaneous register 12.7.8 

7 Color don't.care register 12.7.9 

8 Bit mask register 12.7.10 

9 Reserved 

A Reserved 

B Reserved 

C Reserved 

D Reserved 

E Reserved 

F Reserved 

FIgure 257. BIt 3 .. 0 field 

REGISTER DESCRIPTION 

The graphics index register is a pointer register which is lo­
cated at address 03CE hex. The value loaded in this regis­
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 12.7.3. ENABLE SET/RESET REGISTER 

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

REGISTER FORMAT REGISTER FORMAT 

SeVReset Port 3CF, Gra Index 00 

7 

Bit No. 
7 . .4 
3 .. 0 

6 5 4 

Reserved 

Meaning 
Reserved 
Set/Reset (SIR) 

3 2 

SIR 

Figure 258. Set/reset register format 

FIELD DEFINITION 

Bit Value Meaning 

3 x Fill data for memory map 3 

2 x Fill data for memory map 2 

1 x Fill data for memory map 1 

0 x Fill data for memory map 0 

FIgure 259. SIR fIeld 

REGISTER DESCRIPTION 

o 

Bits 3 .. 0 are enabled by the enable set/reset (ESR) field of 
the enable setlreset register (see figure. 261). Memory 
maps that are disabled by the ESR field receive regular 
data from the CPU. 

The bit mask (8M) field of the bit mask register (see fig­
ure 276) write-protects individual memory bits from set! 
reset fill operations. 
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Enable Set/Reset Port 3CF, Gra Index 01 

7 

Bit No. 
7 . .4 
3 .. 0 

6 5 

Reserved 

Meaning 
Reserved 

4 3 

Enable Set reset (ESR) 

2 

ESR 

Figure 260. Enable set/reset register format 

FIELD DEFINITION 

Bit Value Meaning 

3 0 Disable set/reset for Map 3 

1 Enable set/reset for Map 3 

2 0 Disable set/reset for Map 2 

1 Enable set/reset for Map 2 

1 0 Disable set/reset for Map 1 

1 Enable seVreset for Map 1 

0 0 Disable set/reset for Map 0 

1 Enable set/reset for Map 0 

FIgure 261. ESR fIeld 

REGISTER DESCRIPTION 

o 

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 (8M) field of the bit mask register (see fig­
ure 276) write-protects individual memory bits from set/ 
reset fill operations. 



12.7. Graphics Controller Registers, continued 

12.7.4. COLOR COMPARE REGISTER 

The color compare register permits the comparison of data FIELD DEFINITIO N 
on all four color maps to a reference color and reports 
whether a match was found for each pixel position. 

REGISTER FORMAT 

Color Compare 

7 

Bit No. 
7 . .4 

5 

Reserved 

Meaning 
Reserved 

Port 3CF, Gra Index 02 

4 3 2 

CC 

3 .. 0 Color Compare (CC) 

Figure 262. Color compare register format 

o 

Bit Value Meaning 

3 x Color compare value for Map 3 

2 x Color compare value for Map 2 

1 x Color compare value for Map 1 

0 x Color compare value for Map 0 

FIgure 263. Bits 3 .. 0 fIeld 
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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 

7 

Bit No. 
7 
6 
5 
4 .. 34 
2 .. 0 

6 5 

Meaning 
Reserved 
Reserved 
Reserved 

4 3 

FS 

Function Select (FS) 
Data Rotate (DR) 

2 

Figure 264. Data rotate register format 

REGISTER DESCRIPTION 

DR 

o 

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: 

POWER 9100 GRAPHICS 
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PRELIMINARY DATA 
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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 (8M) 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 0 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 

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) FIgure 265. Data rotate regIster fields 
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12.7. Graphics Controller Registers, continued 

12.7.6. READ MAP SELECT REGISTER 

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

REGISTER FORMAT 

Read Map Select Port 3CF, Gra Index 04 

7 

Bit No. 
7 .. 2 
1..0 

6 5 4 

Reserved 

Meaning 
Reserved 

3 

Read Map Select (RMS) 

2 

Figure 266. Read map select register format 

RMS 

o 
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Bits Value Meaning 

1 .. 0 00 Select Map 0 

01 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. 



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 

o I 256Cj SRM OlE RM 

Bit No. 
7 
6 
5 
4 
3 
2 
1 .. 0 

Meaning 
Reserved (must be 0) 
256 Color Mode (256CM) 
Shift Register Mode (SRM) 
Odd/Even (OlE) 
Read Mode (RM) 
Reserved 
Write Mode (WM) 

2 

R 

Figure 268. Graphics mode register format 

REGISTER DESCRIPTION 

WM 

o 

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 OlE field of the memory mode register in the seq uen­
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). 

POWER 9100 GRAPHICS 
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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 

1 Shift register load supports 256-color mode 

5 0 Normal serial data stream formatting 

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 

4 0 Normal VGA operating mode 

1 Even host addresses even display planes 0 
and 2, odd host address odd display planes 
1 and 3 

3 0 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 

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 n filled 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) 

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). Figure 269. Graphics mode register fields 
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12.7. Graphics Controller Registers, continued 

12.7.8. MISCELLANEOUS REGISTER 

The miscellaneous register controls the display mode, 
monochrome graphics emulation, and memory mapping. 

REGISTER FORMAT 

Miscellaneous Port 3CF, Gra Index 06 

7 6 5 4 3 2 o 

Reserved MM I COE I G/A 

Bit No. 
7 . .4 
3 .. 2 
1 
o 

Meaning 
Reserved 
Memory Map (MM) 
Chain Odd-Even (COE) 
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 AOOOO-AFFFF hex, 64K 
memory length 

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

11 Memory location B8000-B7FFF hex, 32K 
memory length 

1 0 Standard addressing 

1 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 

REGISTER DESCRIPTION 

Bit 0 should have the same contents as the G/ A field of the 
attribute mode control register in the attribute controller 
registers group (see figure 282). 

MM bit 1 MM bit 0 Display Buffer Length 
Starts at (bytes) 

0 0 AOOOOH 128K 

0 1 AOOOOH 64K 

1 0 BOOOOH 32K 

FIgure 272. LocatIOn of frame buffer In memory page 
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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. 

REGISTER FORMAT 

Color Don't Care 

7 

Bit No. 
7 . .4 

6 

Reserved 

Meaning 
Reserved 

Port 3CF, Gra Index 07 

4 3 2 

CDC 

3 .. 0 Color Don't Care (CDC) 

Figure 273. Color don't care register format 

FIELD DEFINITION 

Bit Value Meaning 

o 

3 0 Participate in color compare cycle, Map 3 

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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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 

Bit Mask Port 3CF, Gra Index 08 

7 

Bit No. 
7 .. 0 

6 4 3 

8M 

Meaning 
Bit Mask (BM) 

Figure 275. Bit m;1sk register format 

FIELD DEFINITION 

Bit Value Meaning 

x 0 Bit x immune to change 

1 Bit x writes enabled 

FIgure 276. BIt mask fIeld 

REGISTER DESCRIPTION 

2 o 

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 display at- FIELD DEFINITION 
tributes such as color, blinking, and underlining. These 
registers are written at hex address 3CO, with access alter­
nating between the attribute controller index register and 
the selected attribute controller data register. These regis­
ters are read at hex address 3C1, with access alternating 
between the address and data registers. 

12.8.1. ATTRIBUTE INDEX REGISTER 

The attribute index register provides the address index for 
the attribute controller registers. 

REGISTER FORMAT 

Attribute Index Port 3C1 (Read), 3CO (Write) 

7 6 

Reserved 

Bit No. 
7 .. 6 
5 
4 .. 0 

PAS I 

Meaning 
Reserved 

4 3 2 

ACR 

Palette Address Source (PAS) 
Attribute Address (ACR) 

Figure 277. Attribute index register format 

o 
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Field Registers 

00000 Palette register 00 

00001 Palette register 01 

00010 Palette register 02 

00011 Palette register 03 

00100 Palette register 04 

00101 Palette register 05 

00110 Palette register 06 

00111 Palette register 07 

01000 Palette register 08 

01001 Palette register 09 

01010 Palette register OA 

01011 Palette register OB 

01100 Palette register OC 

01101 Palette register OD 

01110 Palette register OE 

01111 Palette register OF 

10000 Attribute mode control register 

10001 Overscan control register 

10010 Color plane enable register 

10011 Horizontal pixel panning register 

10100 Color select register 

10101 Power 9100 overscan color high 
register 

10110 .. 11111 Reserved 
... 

FIgure 278. Attnbute mdex fIeld defImtIOn 

Section 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.2 

12.8.3 

12.8.4 

12.8.5 

12.8.6 

12.8.7 

12.8.8 



12.8. Attribute Controller Registers, continued 

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

REGISTER FORMAT 

Palette Port 3C1 (Read), 3CO (Write) 
ACR Indices OO-OF 

7 6 

Reserved 

Bit No. 
7 .. 6 
5 
4 
3 
2 
1 
o 

5 4 3 

SR SG SB 

Meaning 
Reserved 
Secondary Red (SR) 
Secondary Green (SG) 
Secondary Blue (SB) 
Red (R) 
Green (G) 
Blue (B) 

Figure 279. Palette registers format 

2 o 
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Bit Value Meaning 

5 0 Secondary red not present 

1 Secondary red present 

4 0 Secondary green not present 

1 Secondary green present 

3 0 Secondary blue not present 

1 Secondary blue present 

2 0 Red not present 

1 Red present 

1 0 Green not present 

1 Green present 

0 0 Blue not present 

1 Blue present 

FIgure 280. Palette regIster fields 

REGISTER DESCRIPTION 

The palette registers should be modified only during the 
vertical retrace interval. 



12.8. Attribute Controller Registers, continued 

12.8.3. ATTRIBUTE MODE CONTROL REGISTER 

The attribute mode control register controls VGA attrib- Bit 0 is defined as in the standard VGA. 
utes. 

REGISTER FORMAT 

Attribute Mode Control Port 3C1 (Read), 3CO (Write) 
ACR Index 10 

7 654 3 2 1 0 

Bit No. 
7 
6 
5 
4 
3 
2 

1 
o 

EB I ELG I MEBBI EGM I 
Meaning 
P5-P4 Select (Pr4S) 
Pixel Width (PELW) 
Pixel Panning Compatibility (PELPC) 
Reserved 
Enable Blink or Intensity (EB) 
Enable Line Graphics Char Codes/Clip 
Disable (ELG) 
Mono Mode/Black Background (MEBS) 
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 code/clip disable 
bit. In normal VGA modes, when this bit is 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 OF. 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 Value Meaning 

7 0 Palette register bits 4 and 5 provide ad-
dress bits 4 and 5 to color registers (see 
figure 280) 

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

6 0 Pixel data changed each dot clock cycle 

1 Pixel data changed every other dot clock 

5 0 Prevent line compare from affecting pixel 
panning register output 

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

3 0 Character attribute code bit 7 selects 
background color. inhibit blinking 

1 Character attribute code bit 7 enables or 
disables blinking 

2 0 Set ninth character dot to background 
color 

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

1 0 Select color display attributes 

1 Select IBM Monochrome Display Adapter 
attributes 

0 0 Select alphanumeric mode 

1 Select graphics mode 

FIgure 282. Attnbute 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 

Overscan Color Port 3C1 (Read), 3CQ (Write) 
ACR Index 11 

7 

P7 

Bit No. 
7 
6 
5 
4 
3 
2 
1 
o 

6 

P6 

5 4 

P5 P4 

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) 

3 2 

P3 P2 

Figure 283. Overscan color register format 

o 

P1 PO 
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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. 



12.8. Attribute Controller Registers, continued 

12.8.5. COLOR PLANE ENABLE REGISTER 

The color plane enable register controls which color Bits [5 .. 0] are defined as in the standard VGA. 
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 0 

I SBE I HBMI 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 

I 

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 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/PO 

01 DU field shows color outputs PS/P4 

10 DU field shows color outputs P3/P1 

11 DU field shows color outputs P7/P6 

3 .. 0 xxxO Do not select display plane 0 

xxx1 Select display plane 0 

xxOx Do not select display plane 1 

xx1x Select display plane 1 

xOxx Do not select display plane 2 

x1xx Select display plane 2 

Oxxx Do not select display plane 3 

1 xxx Select display plane 3 

Flgure 285. Color plane enable reglster 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). 



12.8. Attribute Controller Registers, continued 
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12.8.6. HORIZONTAL PIXEL PANNING REGISTER 

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

REGISTER FORMAT 

Horizontal Pixel Panning Port 3C1 (Read), 3CO (Write) 

7 

Bit No. 
7 . .4 
3 .. 0 

6 5 

Reserved 

Meaning 
Reserved 

4 

ACR Index 13 

3 2 

HPP 

Horizontal Pixel Pan (HPP) 

o 

Figure 286. Horizontal pixel panning register format 
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Bits 3 .. 0 Number of Pixels Shifted to Left 

0+, 1 +, 2+, 3+, All Other Modes Mode 
7,7+ 13 

0000 1 0 0 

0001 2 1 -
0010 3 2 1 

0011 4 3 -
0100 5 4 2 

0101 6 5 -
0110 7 6 3 

0111 8 7 -

1000 0 - -
1001-1111 - - -

FIgure 287. BIts 3 .. 0 fIeld 

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 
(ppe) 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). 



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), 3CO (Write) 
ACR Index 14 

7 

Bit No. 
7 . .4 

6 5 

Reserved 

Meaning 
Reserved 

4 3 2 

C67 C45 

3 .. 2 
1 .. 0 

Color Register Address Bits 6 and 7 (C67) 
Color Register Address Bits 4 and 5 (C45) 

Figure 288. Color select register format 

FIELD DEFINITION 

Bits Meaning 

o 

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) 

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 high 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 

Bit No. 
7 .. 0 

6 5 4 3 2 

Overscan Color High 

Meaning 
Overscan Color High (OCH) 

o 

Figure 290. Power 9100 overscan color high register 
format 

FIELD DEFINITION 

Bits [7 .. 0] are the overscan color high 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 is 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 

Supply Voltage 

Input Voltage 

Output Voltage 

Storage Temperature Range 

Lead Temperature (-10 seconds) 

FIgure 291. Absolute maXImum ratmgs 

13.1.2. RECOMMENDED OPERATING 
CONDITIONS 

Parameter Minimum Nominal Maximum 
Value Value Value 

Supply Voltage 4.75 VDC 5.0VDC 5.25 VDC 
(Vee) 

Operating Case 
O°C B5° C Temperature 

(TeASE) 
.. 

FIgure 292. Recommended operatmg COndItIOns 

13.1.4. DC CHARACTERISTICS 

Parameter Description 

VIH High-level input voltage 

VIHe High-level input voltage for clock signals 

VILNILe Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

ILo Output leakage current 

III Input leakage current 

Icc Standby current 

IDD Switching current 

IOHD HD[31 .. 0] drive current 

IOLD HD[31 .. 0] drive current 

FIgure 294. DC charactenstics over the operatmg range 
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Value Unit 

-0.5 to +7.0 Volts 

-0.5 to Vcc + 0.5 Volts 

-0.5 to Vcc + 0.5 Volts 

-40 to +125 ° C 

250 °C 

13.1.3. PIN CAPACITANCE 

Parameter Description Value 

CIN Input capacitance 12 pF (typical) 

Cour Output capacitance 12 pF (typical) 

CIO Bidirectional capacitance 15 pF (typical) 

CeLK Clock capacitance 12 pF (typical) 

FIgure 293. Pm capaCItance (CapacItance not tested, 
TA = 25° C, f = 1 MHz, VCC = 5 VDC) 

Test Conditions Minimum Maximum 

Vee = MAX 2.0 VDC 

Vee = MAX 2.4 VDC 

Vee = MIN O.B VDC 

Vee = MIN, IOH = -1.0 rnA 2.B VDC 

Vee = MIN, IOL = 4.0 mA 0.4 VDC 

Vee = MAX, Vour= 0 to Vee -10 uA +10 uA 

Vee = MAX, VIN = 0 to Vee -10 uA +10 uA 

Vee = MAX, f = 1 MHz· 150mA 

Vee = MAX, f = 50 Mhz TBD 

-BmA +BrnA 

-BmA +BmA 

183 



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 
J/ J/ J/ MT 42C8256-6 

Micron 
J/ J/ MT 42C8256-7 

J/ J/ J/ 

J/ J/ J/ 

J/ J/ J/ 

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
DACs. 

Type Comments 

Brooktree Bt485 

AT&T 20C505 Bt485 compatible 

Brooktree Bt885 

TI TVP3010 

TI TVP3020 

FIgure 296. Power 9100-compatlble RAMDACs 

13.2.3. COMPATIBLE CLOCK GENERATORS 

The following clock generators are compatible with the 
Power 9100. 

Type Comments 

IC Designs ICD2061 

IC Designs ICD2062 

FIgure 297. Power 9100-compatlble clock generators 



13.3. AC Specifications 

Paramo Description 

VESA Local Bus Interface 

TLCT LCLK cycle time 

TLCHL LCLK high/low time 

TG1S 
ADR[31 .. 2], BE[3 .. 0]-, M/IO-, RESET -, RDYRNT-
input setup time 

TG1H BE[3 .. 0]-, M/IO-, RESET -, RDYRNT - input hold time 

TLRDD LRDY- output delay time 

TLRDV LRDY- output valid time 

TDS DATA[31 .. 0] input setup time 

TDH DATA[31 .. 0] input hold time 

TDD DATA[31 .. 0] output delay time 

TDTO DATA[31 .. 0] output turn-off time 

TLDD LDEV- output delay time 

TLRDV LDEV- output valid time 

PCI Bus Interface 

TSCT BCLK cycle time 

TSCHL BCLK high/low time 

TINS C/BE[3 .. 0]-, FRAME-, IRDY-, IDSL input setup times 

TINH C/BE[3 .. 0]-, FRAME-, IRDY-, IDSL input hold times 

TIOS AD[31 .. 0], PAR input setup times 

TIOS AD[31 .. 0], PAR input hold times 

TIOD AD[31 .. 0], PAR output delay times 

Tlov AD[31 .. 0], PAR output valid times 

TIOTO AD[31 .. 0], PAR turn-off times 
.. 

Figure 298. AC SpecificatIOns for VL and PCI bus mterfaces 
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Reference 
Signal 

LCLK 

LCLK 

LCLK 

LCLK 

LCLK 

LCLK 

ADR[31 .. 2], BE-

BCLK 

BCLK 

BCLK 

POWER 9100 GRAPHICS 
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PRELIMINARY DATA 
November 1993 

50 MHz 
Unit . Loading 

MIN MAX 

20 ns 

8 ns 

7 ns 

0 ns 

10 ns 100 pF 

3 ns 100 pF 

7 ns 

0 ns 

15 ns 100 pF 

3 ns 100 pF 

20 ns 33 pF 

0 ns 33 pF 

20 ns 

8 ns 

7 ns 

0 ns 

7 ns 

0 ns 

11 ns 50 pF 

2 ns 50 pF 

2 15 ns 50 pF 



13.3. AC Specifications, continued 

Paramo Description Reference MIN MAX Unit Loading 
Signal 

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 

TpCl PIXCLK low 4.5 NS 

THSO HSYNC- output delay VIDOUTCLK+ 5 ns 

Tvso VSYNC- output delay VIDOUTCLK+ 5 ns 

TBO 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 

TSEO SE output delay VIDOUTCLK TBD 

TOH 0 ns 

TOE 6M 

TACC 6M 

Video Coprocessor Interface 

[Editor's Note: These specs are not available yet.} 

FIgure 299. SWItchmg charactenstics over the operatmg range 
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13.3. AC Specifications, continued 

M = one memclk period [ns]. 

Timings for 50MHz mode depend on the following set­
tings: 

mem_config.vram_miss_adj=1 

Paramo Description 

VRAM Interface 

TpLL 
PLL clock lock time at 2S MHz after reset for SO 
MHz part1 

TAA Access time from column address 

TAR Column address hold time 

TASC Column address setup time 

TASR Row address setup time 1 

TCAC Access time from CAS-1 

TCAH Column address hold time 

TCAS CAS- pulse width 

TCHR CAS- hold time during refresh 1 

Tcp CAS- precharge time during page mode 

TCPA Access time from CAS- precharge 

TCPN CAS- precharge time 1 

TCRP CAS- to RAS- precharge time 1 

TCSH CAS- hold time 

TCSR CAS- setup time during refresh 1 

TCWL Write command to CAS- lead time 1 

TOH Data input hold time 

TOHR Data input hold time 

Tos Data input setup time 

TFSR DSF setup time1 

TMCH MEMCLKhigh 

TMCL MEMCLKlow 

TMCy,TM MEMCLK period 

TMH Mask data to RAS- hold time 1 

TMS Mask data to RAS- setup time 1 

TOEA,ToE Access time from OE_1 

TOEZ Output disable time 

TOFF Output buffer turn-off delay from CAS-1 

Tpc CAS- page mode cycle time 

1. Not tested, but guaranteed by design. 

POWER 9100 GRAPHICS 
CONTROLLER 

PRELIMINARY DATA 
November 1993 

mem_config. vram_read_adj= 1 

mem_config. vram_write_adj=1 

mem_config. vram_sample_adj= 1 

Reference MIN MAX Unit Loading 
Signal 

clocks 

2.2SM-15 ns 

RAS- 3M-10 ns 

CAS- 0.2SM-S ns 

RAS- 2M-9 ns 

1M-12 ns 

CAS- 0.7SM-S ns 

1M-S ns 

3M-9 ns 

0.7SM-S ns 

2.2SM-13 ns 

0.75M-S ns 

3M-9 ns 

RAS- 3M ns 

2M-9 ns 

2M-9 ns 

CAS- 0.7SM-S ns 

RAS- 3.2SM-9 ns 

CAS- 0.2SM-S ns 

RAS- 3M-9 ns 

8 ns 

8 ns 

20 ns 

2M-9 ns 

1.7SM-9 ns 

1M-S ns 

OE- 0 1S ns 

0 1S ns 
--

2M ns 

FIgure 299, contmued. SWltchmg charactenstlcs over the operatmg range 
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13.3. AC Specifications, continued 

Paramo Description 
Reference MIN MAX Unit Loading 

Signal 

VRAM Interface, continued 

TRAC Access time from RAS-1 3M ns 

TRAH Row address hold time 1 1M-10 ns 

TRAL Column address to RAS- lead time 1 2M-5 ns 

TRAS RAS- pulse width 1 3M ns 

TRASP RAS- pulse width during page mode 1 4M-6 ns 

TRC RAS- random cycle time 6M-10 ns 

TRCD RAS- to CAS- delay time 1 2M-9 ns 

TRCH Read command hold time 1 CAS- 1M-9 ns 

TRCS Read command setup time 1 CAS- O.75M-6 ns 

TRFH DSF hold time1 RAS- 1M-10 ns 

TROH RAS- hold time OE- 1.5M-9 ns 

TRP RAS- precharge time 2M-6 ns 

TRPC RAS- to CAS- precharge time 1 1M-9 ns 

TRRH Read command hold time 1 RAS- 1M-9 ns 

TRSH RAS- hold time 1 1M-5 ns 

TRWH WE- to RAS- hold time 1 2M-9 ns 

TRwL Write command to RAS- lead time 1 2M-9 ns 

TTHH,TYH OE- high hold time 1 2.5M-9 ns 

TTHS, Tys OE- high setup time 1 3M-9 ns 

TTLH OE- low hold time from RAS-1 1M-10 ns 

TTLS OE- low setup time to RAS-1 2M-9 ns 

TTRW,TTP TR(OE-) precharge time B.5M-9 

TTRP OE- to RAS- precharge time 1 6M-9 ns 

TWCH Write command hold time 1 CAS- 1.5M-9 ns 

TWCR Write command hold time 1 RAS- 4M-9 ns 

Twcs Write command setup time 1 CAS- O.5M-9 ns 

Twp Write command pulse width 1 2M-9 ns 

TWSR WE- to RAS- setup time 1 2M-9 ns 

1. Not tested, but guaranteed by design. 

FIgure 299, contmued. SWltchmg characterIstIcs over the operatmg range 
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13.4. VL Bus Pin Configuration 

IRQ 
OC­
VCC 
GNO 

W/R-
OATA[31] 
OATA[30] 
OATA[29] 
OATA[28] 
OATA[27] 
OATA[26] 
OATA[25] 
OATA[24] 

VCC 
GNO 

OATA[23] 
OATA[22] 
OATA[21] 
OATA[20] 
OATA[19] 
OATA[18] 
OATA[17] 
OATA[16] 
OATA[15] 
OATA[14] 
OATA[13] 
OATA[12] 

VCC 
GNO 

OATA[11] 
OATA[10] 

OATA[9] 
OATA[8] 

VCC 
GNO 

OATA[7] 
OATA[6] 
OATA[5] 
OATA[4] 
OATA[3] 
OATA[2] 
OATA[1] 
OATA[O] 

CKSEL[O] 
CKSEL[1] 
CKSEL[2] 

GNO 
VCEN­

VCC 
ROMEN­
VSYNC­

GNO 

157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 

207 
208 

• 

WEIT~ 

Weitek Power 9100 
User Interface 

Controller 
Top View 
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104 
103 
102 
101 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 

MA[5] 
MA[6] 
MA[7] 
VCC 
GNO 
MA[8] 
OSF 
MO[O] I A[O] 
MO[1]/A[1] 
MO[2]/A[2] 
MO[3]1 A[3] 
MO(4)/ A[4] 
GNO 
MO[5]/A[5] 
MO[6] I A[6] 
VCC 
MO[7]/A[7] 
MO[8]/A[8] 
MO[9]/A[9] 
MO[10] / A(10) 
MO[11]/A(11) 
MO(12) / A(12) 
MO(13) / A(13) 
MO(14) I A(14) 
MO[15] 
VCC 
GNO 
GNO 
MO(16) I 0(0) 
MO(17)/0[1] 
MO[18] / 0[2] 
MO[19] I 0[3] 
MO(20) /0[4] 
VCC 
MO(21) / 0[5] 
MO(22) I 0(6) 
MO[23) / 0[7] 
MO(24) / 0(0) 
MO(25) / 0[1] 
MO(26) / 0(2) 
MO(27) / 0(3) 
GNO 
MO(28) I 0(4) 
MO[29] I 0(5) 
MO(30) / 0(6) 
MO(31) / 0(7) 
OE(3)­
OE(2)­
OE(1)­
OE[O)­
OE(4)­
VSSPLL 

206 / PIN 1 DOT 

-~w~~m~oowo=~w~~~~oo~~~~~~~~~~~~~~~~~~~~~~~~~t~~~~~g~~ 

Figure 300. Pin configuration: VL Bus signals 
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13.5. PCI Bus Pin Configuration 

IRQ 
STOP­

vce 
GNO 
PAR 

OATA[31] 
OATA[30] 
DATA[29] 
DATA[28] 
DATA[27] 
DATA[26] 
DATA[25] 
DATA[24] 

vce 
GND 

DATA[23] 
DATA[22] 
DATA[21] 
DATA[20] 
DATA[19] 
DATA[18] 
DATA[17] 
DATA[16] 
DATA[15] 
DATA[14] 
DATA[13] 
DATA[12] 

VCC 
GNO 

DATA[ll] 
DATA[10] 

DATA[9] 
OATA[8] 

vce 
GNO 

OATA[7] 
DATA[6] 
DATA[5] 
OATA[4] 
OATA(3) 
DATA(2) 
DATA[l) 
DATA[O) 

CKSEL[O] 
CKSEL[l] 
eKSEL(2) 

GNO 
veEN­

vce 
ROMEN­
VSYNC­

GNO 

157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~NNNNNNNNNN~~~~~~~~~~ooooo 
m~~~N~o~~~m~~~N~o~~~m~~~N~o~~~m~~~N~o~~~m~~~N~o~~~m~ 

WEIT~ 

Weitek Power 9100 
User Interface 

Controller 
Top View 

206 / PIN 1 DOT 
207 
208 

·N~~~m~~~o~N~~~m~oom~~~~~~~~~m~~~~~~~~~~~~~~t*~~~~~~~ 

Figure 301. Pin configuration: PCl Bus signals 
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104 
103 
102 
101 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
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80 
79 
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77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 

MA[5] 
MA[6] 
MA[7] 
vee 
GNO 
MA[8] 
OSF 
MD[O] I A[O] 
MO[1)/A[1] 
MO[2] I A[2] 
MD[3] I A[3] 
MD[4] I A[4] 
GND 
MD[5]1 A[5] 
MO[6]/A[6] 
vee 
MO[7]/A[7] 
MO[8] I A[8] 
MO[9]/A[9] 
MO[10]/A[10] 
MO[11]/A[11] 
MD[12] I A[12] 
MO[13]/A[13] 
MO[14]/A[14] 
MO[15] 
vee 
GND 
GNO 
MO[16] I 0[0] 
MO[17] I 0[1] 
MO[18] I 0[2] 
MO[19] I 0[3] 
MO[20] I 0[4] 
vee 
MO[21] I 0[5] 
MD[22] I 0[6] 
MO[23] I 0[7] 
MO[24] I 0[0] 
MO[25] I 0[1] 
MO[26] I 0[2] 
MO[27] I 0[3] 
GNO 
MO[28] I 0[4] 
MO[29] I 0[5] 
MO[30] I 0[6] 
MO[31] I 0[7] 
OE[3]­
OE[2]­
OE[1]­
OE[O]­
OE[4]­
VSSPLL 



13.6. Pin Assignments 

Signal! 
Pin VLBus 

Signal Type 

1 HSYNC- Input! 
Output 

2 BLANK- Output 

3 DACWR- Output 

4 DACRD- Output 

5 VCC 

6 GND 

7 RAS[1]- Tri-statedl 
Output 

8 RAS[O]- Tri-statedl 
Output 

9 WEO[O]- Tri-statedl 
Output 

10 WEO[1]- Tri-statedl 
Output 

11 VCC 

12 GND 

13 WEO[2]- Tri-statedl 
Output 

14 WEO[3]- Tri-statedl 
Output 

15 WE1[0]- Tri-statedl 
Output 

16 WE1[1]- Tri-statedl 
Output 

17 VCC 

18 GND 

19 WE1[2]- Tri-statedl 
Output 

20 WE1[3]- Tri-statedl 
Output 

21 MEMCLK Input 

22 GND 

23 CAS[3]- Tri-statedl 
Output 

24 CAS[2]- Tri-statedl 
Output 

25 VCC 

26 GND 

FIgure 302. Pm assIgnments (1 of 8) 

PCIBus RAMDAC 

Signal Type Signal Type 

RS[O] Output 

RS[1] Output 

RS[2] Output 

RS[3] Output 
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13.6. Pin Assingments, continued 

Signal I PCIBus RAMDAC BIOS ROM Video Coprocessor 
Pin VLBus 

Signal Type Signal Type Signal Type Signal Type Signal Type 

27 CAS[1]- Tri-statedl 
Output 

28 CAS[O]8- Tri-statedl 
Output 

29 VCC 

30 PIXCLK Input 

31 DIV- Input 
PIXCLK 

32 CAS[O]A- Tri-statedl 
Output 

33 GND 

34 VID- Output 
OUTCLK 

35 VCC 

36 SC[1] Output 

37 GND 

38 SC[O] Output 

39 SE[O]- Output 

40 SE[3]- Output 

41 VIDOUT[7] Tri-statedl 
Output 

42 VI DOUT[6] Tri-statedl 
Output 

43 VI DOUT[5] Tri-statedl 
Output 

44 VIDOUT[4] Tri-statedl VCIOW- Output 
Output 

45 VI DOUT[3] Tri-statedl VCIOR- Output 
Output 

46 VIDOUT[2] Tri-statedl VCGRNT- Output 
Output 

47 GND 

48 VIDOUT[1] Tri-statedl VCBUSY- Input 
Output 

49 VIDOUT[O] Input! VCREQ- Input 
Output 

50 VCC 

51 PLLVDD 

52 SENSE Input 

53 PLLGND 

Flgure 302. Pm asslgnments (2 of 8) 
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13.6. Pin Assingments, continued 

Signal! PCIBus 
Pin VLBus 

Signal Type Signal Type 

54 OE[0]8- Tri-statedl 
Output 

55 OE[O]A- Tri-statedl 
Output 

56 OE[1]- Tri-statedl 
Output 

57 OE[2]- Tri-statedl 
Output 

58 OE[3]- Tri-statedl 
Output 

59 MO[31] Input! 
Output 

60 MO[30] Input! 
Output 

61 MO[29] Input! 
Output 

62 MO[28] Input! 
Output 

63 GNO 

64 MO[27] Input! 
Output 

65 MO[26] Input! 
Output 

66 MO[25] Input! 
Output 

67 MO[24] Input! 
Output 

68 MO[23] Input! 
Output 

69 MO[22] Input! 
Output 

70 MO[21] Input! 
Output 

71 vee 
72 MO[20] Input! 

Output 

73 MO[19] Input! 
Output 

74 MO[18] Input! 
Output 

75 MO[17] Input! 
Output 

76 MO[16] Input! 
Output 

FIgure 302. Pm assIgnments (3 of 8) 

RAMDAC 

Signal Type 

0[7] Input! 
Output 

0[6] Input! 
Output 

0[5] Input! 
Output 

0[4] Input! 
Output 

0[3] Input! 
Output 

0[2] Input! 
Output 

0[1] Input! 
Output 

0[0] Input! 
Output 
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Signal Type Signal Type 

0[7] Input VDOAT[31] Input! 
Output 

0[6] Input VDOAT[30] Input! 
Output 

0[5] Input VDOAT[29] Input! 
Output 

0[4] Input VDOAT[28] Input! 
Output 

0[3] Input VOOAT[27] Input! 
Output 

0[2] Input VOOAT[26] Input! 
Output 

0[1] Input VOOAT[25] Input! 
Output 

0[0] Input VOOAT[24] Input! 
Output 

VOOAT[23] Input! 
Output 

VOOAT[22] Input! 
Output 

VOOAT[21] Input! 
Output 

VOOAT[20] Input! 
Output 

VOOAT[19] Input! 
Output 

VOOAT[18] Input! 
Output 

VOOAT[17] Input! 
Output 

VOOAT[16] Input! 
Output 



13.6. Pin Assingments, continued 

Signal I pel Bus RAMDAC BIOS ROM Video Coprocessor 
Pin VLBus 

Signal Type Signal Type Signal Type Signal Type Signal Type 

77 GND 

78 GND 

79 vee 
80 MD[1S] 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 MD[11] Input! A[11] Output VDDAT[11] Input! 
Output Output 

85 MD[10] Input! A[10] Output VDDAT[10] Input! 
Output Output 

86 MD[9] Input! A[9] Output VDDAT[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 vee 
90 MD[6] Input! A[6] Output VDDAT[6] Input! 

Output Output 

91 MD[S] Input! A[S] Output VDDAT[S] Input! 
Output Output 

92 GND 

93 MD[4] Input! A[4] Output VDDAT[4] Input! 
Output Output 

94 MD[3] Input! A[3] Output .VDDAT[3] Input! 
Output Output 

9S MD[2] Input! A[2] Output VDDAT[2] Input! 
Output Output 

96 MD[1] Input! A[1] Output VDDAT[1] Input! 
Output Output 

97 MD[O] Input! A[O] Output· VDDAT[O] Input! 
Output Output 

98 DSF Output 

99 MA[8] Tri-stated/ VDADR[8] Tri-stated/ 
Output Output 

Figure 302. Pm assignments (4 of 8) 

194 



13.6. Pin Assingments, continued 

Signal I PCIBus 
Pin VL Bus 

Signal Type Signal 

100 GND 

101 vee 
102 MA[7] Tri-statedl 

Output 

103 MA[6] Tri-statedl 
Output 

104 MA[5] Tri-statedl 
Output 

1.05 MA[4] Tri-statedl 
Output 

106 MA[3] Tri-statedl 
Output 

107 MA[2] Tri-statedl 
Output 

108 vee 
109 GND 

110 MA[1] Tri-statedl 
Output 

111 MA[O] Tri-statedl 
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 

Flgure 302. Pm asslgnments (5 of 8) 

RAMDAC 

Type Signal Type 
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BIOS ROM Video Coprocessor 

Signal Type Signal Type 

VDADR[7] Tri-statedl 
Output 

VDADR[6] Tri-statedl 
Output 

VDADR[5] Tri-statedl 
Output 

VDADR[4] Tri-statedl 
Output 

VDADR[3] Tri-statedl 
Output 

VDADR[2] Tri-statedl 
Output 

VDADR[1] Tri-statedl 
Output 

VDADR[O] Tri-statedl 
Output 



13.6. Pin Assingments, continued 

Signal I PCIBus RAMDAC BIOS ROM Video Coprocessor 
Pin VLBus 

Signal Type Signal Type Signal Type Signal Type Signal Type 

129 ADR[19] Input GND 

130 ADR[20] Input GND 

131 ADR[21] Input GND 

132 GND 

133 VCC 

134 ADR[22] Input GND 

135 ADR[23] Input GND 

136 ADR[24] Input GND 

137 ADR[25] Input GND 

138 ADR[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[O]- Input C/BE[O]- 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 VCC 

160 GND 

Flgure 302. Pm asslgnments (6 of 8) 
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13.6. Pin Assingments, continued 

Signal I PCIBus 
Pin VLBus 

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 vee 
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] Input! 
Output 

182 DATA[13] Input! 
Output 

FIgure 302. Pm assIgnments (7 of 8) 

RAMDAC 

Signal Type 
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13.6. Pin Assingments, continued 

Signal I PCIBus RAMDAC BIOS ROM Video Coprocessor 
Pin VLBus 

Signal Type Signal Type Signal Type Signal Type Signal Type 

183 DATA[12] Input! 
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[O] Output 

201 CKSEL[1] Output 

202 CKSEL[2] Output 

203 GND 

204 VCEN- Output 

205 vce 
206 ROMEN- Output 

207 VSYNC- Input! 
Output 

208 GND 

Figure 302. Pm assignments (8 of 8) 
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13.7. Mechanical Specifications 
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~ ______________ D1 ______________ ~ 

SYMBOL INCHES MM 

MAX MIN MAX MIN 

A1 0.130 TYP 3.49 TYP 

01 1.106 1.098 28.10 27.90 

02 1.215 1.195 30.85 30.35 

03 1.004 REF 25.5 REF 

E1 1.106 1.098 28.10 27.90 

E2 1.215 1.195 30.85 30.35 

E3 1.004 REF 25.5 REF 

L1 0.026 0.016 0.650 0.400 

L2 0.008 0.004 0.2 0.1 

L3 0.0197TYP 0.50TYP 

L4 0.009 TYP 0.22 TYP 

L5 0.020 0.010 0.5 0.25 

L6 - 0.016 - 0.40 

Figure 303. Physical dimensions (208-pin QFP) 
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13.8. Test Conditions 

Signal Description Pin 
Loading 

MD[31..0] Memory data bus 50 pF 

RAS[1 .. 0]- Row address strobe SO pF 

CAS[1 .. 0]- Column address strobe SO pF 

WEO[3 .. 0]- Write enable 50pF 
WE1[3 .. 0]-

MA[S .. O] Memory address bus 150 pF 

OE- Output enable 150 pF 

DSF Special function control 150 pF 

RAMDAC chip enable 50 pF 

A 330 damping resistor is used in test load for the VRAM 
and RAMDAC controller signals. 

Figure 304. VRAM and RAMDAC controllers test load­
mg 
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13.9. 110 Characteristics 

Voo 

Input 
Pin -.......----~----I 

Figure 305. Input equivalent circuits 

ClK 

SIGNAL 
2.4 

0.8 

ClK transitions are 
considered to occur 
at 1 .5 V on both the 
rising and falling 
edge ofClK 

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

Output~ 

Pin 1 

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

I C
L 

Figure 307. AC test load for test measurement 
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Output 
1-------.......--- Pin 

COUT 

Figure 308. Output equivalent circuits 

ClK 

SIGNAL 

ClK transitions are 
considered to occur 
at 2.0 V on both the 
rising and falling 
edge of ClK 

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

ClK __ I 

RESET-
---+-------' 

10 ClK Cycles Minimum 

Figure 310. Reset timing 



13.9. I/O Characteristics, continued 

~---Tcy 

}:.S,! _ _ _ _ _ _-----,. 
2.4V 

1.SV 

OAV - - Q.§\[ 

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. Ordenng mformatlOn 
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